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C is the most popular and widely used language for
d ping p prog! . P all over
the world embrace the C language as it provides them
maximum control and efficiency. One of the major benefits
of learning C is its user friendliness that allows the user to
read and write codes for a wide range of platforms, ranging

Preface

Since C is such a widely accepted and used language,
jumping to other modem-day p g lang such
as C++ and Java becomes much easier for a person who
is well acquainted with C. The programming constructs
in C, such as ‘if" statements, ‘for’ and *while” loops and
the types of variables used can be found in many modemn
1 therefore the ideas expressed in C are well

from embedded mi 16 ad
systems. The versatility of C is apparent from the fact that
many modern opcrating systems have used C to develop
their core.

Developed by Dennis Ritchie in 1972, C has derived
numerous features from its precursors such as ALGOL,
BCPL, and B. Its tremendous growth resulted in the
development of different versions of the language that

d d by program d pers. M ver. unlike most
of these modern-day languages that apply object-oriented
design, C applies a procedural style of design. i.e.. it uses
procedures such as functions, methods, or routines to call
itself or other procedures. However, many applications are
still better suited to the procedural style of design. which
often goes untaught to many programmers, who focus

y on object: ted design. Learning C provides

were similar but incompatible with each other, for !
the traditional C and K&R C. Therefore, the American
National Standards Institute (ANSI) in December 1989
defined a standard for the language and renamed it as ANSI
C. In 1990, the International Standards Organization (ISO)
adopted the ANSI standard. This version of C was known
as C89. In 1995, some minor changes were made to C89
and the new modified version was known as C95. During
1990s, C++ and Java became popular among the users
and hence the standardization committee felt the need to
integrate a few features of C++/Java in C to enhance its
usefulness. Some significant changes were made in 1999
and the modified version became C99.

a strong procedural background, which is a worthy skill-
set.

Some other features of C that give it the tag of the most
widely used professional language include its portabiliny,
that is, a C program written on one computer can be made
to run on any other computer with a little or no medification
and its extensibility, that is, any number of functions can
be added to the C library and called any aumber of times
in the program, thus making the code easier 1o write and
understand. Therefore, it is not only desirable but also
necessary to have a strong fundamental knowledge of the

C language.
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ABOUT THE BOOK

Progromming in C 1s designad 10 senve as a textbook
for undergraduate-level courses 1n computer science and
engincering and postgraduate-level courses of computer
applications. The book explains the fundamental concepts
of the C programmung language and shows a step-by-step
approach of how to apply these concepts for solving real-

world problems.

Unlike existing texthooks on C which concentrate more
on the theory, this book focuses on its zpplicability angle in
addition to the theory by rrv\ldm: ‘numerous programming
examples and a nch set of programming excrcises at the
end of each chapter. The book is also useful as a reference
and resource 1o computer professionals operaung i the
domain of C and other C-like lznguages.

Every chapter in this book contams multiple
programming examples to impan practical knowledge of
the concepts. To reinforce the concepts, there are numerous
objective, suhjective, and programming exercises at the
end of each chapter.

The overall objectne of this book is 10 provide the
reader 2 sound und ding of the fund Is of C
and how to apply them effectnely. Efforts have been made

10 acquant the reader with the techniques and applications
in the arca. The sahient features of the book include:

Lucid style of presentation that makes the concepts
casy to understand

Plennv of illustrations to support the explanations,
which help clarify the concepts in a clear manner

Solved examples within the chapters to demonstrate
the applicability of concepts discussed

Glossary of important terms at the end of each
chapter for recapitulation of the important concepts
learnt

Comprehensive exercises at the end of each chapter
1o facilitate revision

Numerous example programs that have been tested

and executed

. dices to provide
cnthusiast readers

" Case studies containing programs that hamess the

concepts learnt in chapters

Programming tips in between the text educating the

reader about common programming errors and how

to avoid them.

Notes highlighting important terms and concepts for

a quick recap.

Aditional

information to

ORGANIZATION OF THE BOOK

The book is organized 1nto 14 chapters.

Chapter I provides an introduction to computer software.
It also provides an insight into differemt programming
languages and their enerations through which these
languages have evolved.

Chapter 2 discusses the building blocks of the C
programming language. The chapter talks about idemtifiers,
constants, variables, and operators supported by the
language.

Annexure ] gives the ASCIl codes of characters and
discusses some of the Bitwise operations.

Chapter 3 deals with special types of statements such
as decision control statement, iterative statement, break
control and jump

.

Chapter 4 deals with declaring, defining, and calling

functions. The chapter also discuss the storage classes

as well as variable scope in C. The chapter ends wah an
p concept of ive functions and a d

on the Tower of Hanoi problem.

Annexure 2 unleashes the usage of user-defined header
files.

Chapter 5 provides a dctallcd explanation of arrays that
includes di two-di ional, and multi-
dimensional arrays. Finally, the operations that can be
performed on such arrays are also explained,

Annexure 3 presents some of the widely used sorting
techniques.

Chapter 6 unleashes the concept of strings which are better
known as character arrays. The chapter not only focuses

~—

on reading and writing strings but also explains various
operations that can be used to manipulate the character
arrays.

Chapter 7 presents a detailed overview of painters, pointer
variables, pointer arithmetic, so and so forth. The chapter
also relates the use of pointers with arrays, strings, and
functions. This helps the reader to understand how pointers
can be used to write better and efficient programs.

Annexure 4 explains the process of deciphering pointer
declarations.

Chapter 8 introduces two user-defined data types. The
first is a structure and the sccond is a union. The chapter
includes the use of structures and unions with pointers,
arrays, and fi so that the int ivity between
the programming techniques can be well understood.

Annexure 5 talks about bit fields and slack bytes.

Chapter 9 discusses how data can be stored in files. The
chapter deals with opening, processing, and closing of files
though a C program. These files are handled in text mode
as well as binary mode for better clarity of the concepts.
Chapter 10 unleashes the concept of pre-processor
directives. The chapter includes small program codes that
illustrate the use of different directives in a C program.
Annexure 6 provides an introduction to data structures.
Chapter 11 discusses different types of linked lists such
as singly linked list, doubly linked list, circular linked list,
doubly circular linked list, and header linked list. Linked
list is a preferred data structure when memory needs to be

Preface l vii '

dynamically allocated for the data. So the chapter gives the
technique to insert and delete data from the linked hst.

Chapter 2 introduces the data  structures—stack
and queue. In this chapter, these data structures are
implemented using arrays. The chapter also provides the
operations and applications of stacks and queues in the
world of programming.

Chapter |3 focuses on binary trees, their traversal schemes.
and representation in memory. The chapter also discusses.
cxpression trees and tournament trees which are variants
of simple binary trees.

Chapter 14 contains an introduction to graphs. The chapter
di the memory traversal schemes.
and applications of graphs in the real world.

The book also provides appendices to various chapters.

Appendix A lists some of the ANSI C library functions and
their descriptions.

Appendix B introduces some adh 1 type qualifiers as
wellasmlm:ﬁmcnons

Appendix C discusses the different vanamis of C
language.

Appendix D introduces the term algorithm and the
technique to computer their efficiency.

Appendix E d graphics prog

Appendix F mouse p

Apart from these, the book includes the answers to end-
chapter objective questions as well as some frequently
asked questions and their solutions.
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Introduction to
Programming

Learning Objective

Cis a third p ing language. This book will

unleash the concepts and features of the C language in detail. In this chapter
we will first learn the basic termii ies, before ing to the language.
We will learn what a computer software is, the classification of computer
software, i and the lution of pi i

languages through the five generations. A basic knowledge on these topics

will help us to understand the subject better.

INTRODUCTION TO COMPUTER
SOFTWARE

When we talk about a computer, we actually mean two
things (Figure 1.1):

e First is the computer hardware that docs all the

physical work computers are known for.

o Second is the computer software that commands the

hardware what to do and how to do it.

If we think of computer as a living being, then the
hardware would be the body that does things like secing
with eyes, lifting objects, and filling the lungs with air;
the software would be the intelligence which helps in
interpreting the images that are seen by the eyes, insmnc_ling
the arms how to lift objects, and understandable to the
filling the lungs with air.

Computer system

Computer hardware I Computer software I

System software I Application soflwarel

Panﬁ of a Computer System

Since the computer hardware is part of a machine, it
can only understand two basic concepts: on and off. The
on and off concept is called binary. Computer software
was developed to make efficient use of binary to instruct
the hardware to perform meaningful tasks.
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\ 2 l Programming in C

The computer hardware cannot think and make decisions
on its own. So, it cannot be used to analyse a given sct of

[
Nutt (1997)] provides
jronment in which
cations to suit

o System software [according to
a general programming ¢V ;
can create specific appli

data and find a solution on its own. The hard needs
a software (a set of programs) to instruct what has to be
done. A program is a sct of instructions that is arranged in
a sequence 10 guide a computer to find a solution for the
given problem. The process of writing a program is called
programming.

Computer software is written by computer programmers
using a prog ing language. The p writes a
set of instructions (program) using a specific programming
language. Such instructions are known as the source code.
Another computer program called a compiler is then used
on the source code. to transform the instructions into a
language that the comp «can und d The resultis an
executable computer program, which is another name for
software.

Examples of computer software include:

« Computer games are widely used as a form of enter-
tainment software that has many genres.
Driver software which allows a computer to interact
with additional hardware devices such as printers,
scanners, and video cards.
E fitv includes progr and games
that help in teaching and providing drills to help
1ze facts. E i iy -an be di ]
used—from teaching computer-related activities like
typing to higher education subjects like Chemistry.
Media players and media development software that
are specifically designed to play and/or edit digital
media files such as music and videos.
Productivity software is an older term used to

:hci; needs. This environment provides new functions
that are not available at the hardware levFI ?nd
performs tasks related 10 executing the application
rogram.

gystcm software represents programs that allow
the hardware to run properly. System .soﬂwm
is transparent to the user and acts as an interface
between the hardware of the computer and the
application software that users need to nmvon ll-u:
computer. Figure 1.2 illustrates the relationship
between application software, system software and

o Application software is designed to solve a
particular problem for users. It is generally what
we think of when we say the word computer
programs. Examples of application software include
spreadsheets, database systems, desktop publishing
systems, program development software, games,
web browser, among others. Simply put, application
software répresents programs that allow users to do
something besides simply run the hardware. E

User1]  User2 f---- UserN |

Ly Iy U7

Application programs (games, spreadsheets,
| word processor, database, web browsers)

Lt

denote any program that allows the user to be System Software (operating system) I
more productive in a business sense. Examples of ,
such software include word processors, database g ﬂ
utilities, and software, Computer Hardware
e Operating  system software which helps in (printer, mouse, scanner, keyboard, CPU, disk)
inating system and allows i

of other programs. Some operating systems include
Windows Vista, Mac OS X, and Linux.

SOFTWARE ¢

Computer software can be broadly classified into two
groups: system software and application software.

H CLASSIFICATION OF COMPUTER

Relationship trvelwee;{ ha;dv)aré, syslén'{'
software, and application software

1.2.1 System Software

System software is software designed to operate the
computer hardware and to provide and maintain a platform
for running application software,

R

£ T— N

ANt |

The mn.sl widely used system software are discussed in
the following sections:

Computer BIOS and Device drivers

The computer BIOS and device drivers provide basic
functionality to operate and control the hardware connected
to or built into the computer,

BIOS or the basic input/output system is a de facto
standard defining a firmware interface. The BIOS is built
into the computer and is the first code run by the computer
when it is switched on. The key role of the BIOS is to load
and start the operating system.

~ /‘;,I\When the computer starts, the first function that BIOS

-~ performs is to initialize and identify system devices such
as the video display card, keyboard and mouse, hard disk,
CD/DVD drive, and other hardware. In other words, the
code in the BIOS chip runs a series of tests called POST
&P&ver,On,Sclf Test) to ensure that the system devices are
working correctly.

Introduction to Programming ' 3 l

The BIOS then locates software held on a peripheral
device such as a hard disk or a CD, and loads and executes
that software, giving it control of the computer. This
process is known as boating.

BIOS is stored on a ROM chip built into the system. A
BIOS will also have a user interface like that of a menu
(Figure 1.3) that can be accessed by pressing a certain
key on the keyboard when the PC starts. The BIOS menu
can enable the user to configure hardware, set the system
.clock, enable or disable system components, and most
importantly, select which devices are eligible to be a
potential boot device and set various password prompts.

To summarize, BIOS performs the following
functions:

* Initializes the system hardware

* Initializes system registers

* Initializes power management system
® Tests RAM

Phoenixj=tAdard Workstat ionB10S; CMOS Setup Utility

) Standard CHOS Features

» Advanced BI0S'Features

} Advanced ChipsetiFeatures
} Integrated Peripherals

} Power Hanagement!Setup

) PnP/RCI' Conf igurations

» PC'Health'Status

Date, Hard Disk Type...

¥ Genie BI0S Setting

F CMOS ' Reloaded
Load Dptimized Defanlts
Set Supervisor Password
Set User Passuord
Save & Exit Setap
ExitiWithout Saving

Tl s« = Select Itea

m The BIOS Menu
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* Testall the serial and parallel ports
* Initializes floppy disk drive and hard disk controllers
* Displays system summary information

Operating System

The primary goal of an operating system is to make the
computer system (orany other device inwhich itis installed
like the cell phone) comvenient and efficicnt to use. The
operating system offers genenic services to support user
applications. .

From the user’s point of view the primary consideration
is always the convenience. Users should find it easy to
launch an application and work on it For cxample, we use
icons which gives usa clue about which applicationitis. We
have a different icon for launching a web browser, e-mail

pp or even a ds P ion applicati
In other words. it is the human computer interface which
helps to identify and launch an application. The interface
hides a lot of details of the instructions that performs all
these tasks.

Similarly, if we examine the programs that help us in using
input devices like keyboard mouse. all the complex details of
the character reading program are hidden from the user. We
as users simply press buttons to perform the input operation
regardless of the complexiry of the details involved.

An operating system ensures that the system resources
(like CPU. memory, I'O devices, etc.) are utilized efficiently.
For example, there may be many service requests on a web
server and each user request need to be serviced. Moreover,
there may be many programs residing in the main memory.
Therefore, the system needs to determine which programs
are currently bemg executed and which programs need to
wait for some 'O operation. This information is necessary
because the programs that need to wait can be suspended
temporanly from engaging the processor. Hence, it is
important for an operating system to have a control policy
and algorithm to allocate the system resources.

Utility Software

Utility software is used to analyse, configure, optimize, and

maintain the computer system. Utility programs may be
qr d by appli P during their execution

for multiple purposes. Some of them are as follows:

* Disk defragmenters can be used to detect computer
files whose contents are broken across several

o the fragments
Jocations on the hard disk, and move the fragment

to one location in order to increase efficiency.
an be used to scan the contents
ither

Disk checkers ¢
of a hard disk to find files or areas that are ci
corrupted in some Way, or were not correctly s:\Vf:d.
and climinate them in order to make the hard drive
operate more efficiently.
Disk cleancrs can be used to locate files that are
either not required for computer opcralvion, or take
up considerable amounts of space. Disk clcancl:s
help the user to decide what to delete when their
hard disk is full.
Disk space analysers are used for visualizing the
disk space usage by getting the size for each fc}der
(including sub folders) and files in a folder or drive.
Disk partitions are used to divide an individual drive
into multiple logical drives, each with its own file
system. Each partition is then treated as an individual
drive.
Backup utilities can be used to make a copy of all
information stored on a disk. In case a disk failure
occurs, backup utilities can be used to restore the
entire disk. Even if a file gets deleted accidentally,
the backup utility can be used to restore the deleted
file.
Disk compression can be used to enhance the
capacity of the disk by compressing/decompressing
the contents of a disk.
File managers can be used to provide a convenient
method of performing routine data management
ks suchas deltin,renaming, cataloguing, moving,
copying, merging, generating, and modifying data
sets.
System profilers can be used to provide detailed
information about the software installed and
hardware attached to the computer.
Anti-virus utilities are used to scan for computer
viruses.

Data compression utilities can be used to output a
file with reduced file size.

Cryptographic utilities can be used to encrypt and
decrypt files.

Launcher applications can be used as a convenient
access point for application software.

&

* Registry cleaners can be used to clean and optimize

the Windows regisiry by deleting the old registry
keys that are no longer in usc.
Network utilities can e used 1o analyse the
cnn?pulcr's network conncctivity, configure network__
seltings, check data transfer, or log cvents, §
Command line interface (CLI) and Graphical user
inferface (GUI) can be used to make changes to the
operating system,

.

Compiler, Interpreter, Linker, and Loader

Compiler 1t is a special type of program that transforms _
source code written in a programming language (the source
language) into machine language comprising just two digits,
Is and Os (the target language). The resultant code in 1s and
0s is known as the object code. The object code is the one
which will be used to create an executable program.

Therefore, a compiler is used to translate source code
from a high-level programming language to a lower level
language (c.g., assembly language or machine code).

If the source code contains errors then the compiler will
not be able to perform its intended task. Errors that limit
the compiler in understanding a program are called syntax
errors. Syntax errors may be spelling mistakes, typing
mistakes, etc. Another type of error is logical error which

. Introduction to Programming ' 5 l

Usually, a compiled program cxecutes faster than
an interpreted program. However, the big advantage of
an interpreter is that it does not need to go through the
compilation stage during which machine instructions are
gencrated. This process can be time consuming if the
program s long. Morcover, the interpreter can immediately
execute high-level programs.

All in all, compilers and interpreters both achieve
similar purposes, but inherently different as to how they
achieve that purpose.

Linker _(link editor binder), It is a program that combines
object modules to form an executable program. Gener-
ally, in case of a large program, the programmers prefer
to break a code into smaller modules as this simplifies the
programming task. Eventually, when the source code of all
the modules has been converted into object code, you need
to put all the modules together. This is the job of the hinker.
Usually, the compiler automatically invokes the linker as
the last step in compiling a program.

Loader Itisa special type of program that copies programs
from a storage device to main memory, where they can be
executed. However, in this book we will not go into the
details of how a loader actually works. This is because
the functionality of a loader is generally hidden from the

occurs when the program does not function
Logical errors are much harder to locate and correct.

The work of a compiler is simply to translate humnan
readable source code into computer executable machine
code. It can locate syntax errors in the program (if any)
but cannot fix it. Until and unless the syntactical error
is rectified the source code cannot be converted into the
object code.

p Like th iler, the is alsoexecutes
instructions written in a high-level language. Basically, a
program written in a high-level language can be executed
in any of the two ways. First by compiling the program
and second, to pass the program through an interpreter.

While the compiler translates instructions written in
high level programming language directly into the machine
language; the interpreter on the other hand, translates
the instructions into an intermediate form, which it then
executes. This clearly means that the interpreter interprets
the source code line by line. This is in striking contrast with
the compiler which compiles the entire code in one go.

ly.

P Asap it suffices to learn that the
task of a loader is to bring the program and all its related
files into the main memory from where it can be executed
by the CPU.

1.2.2 Application Software

Application software is a type of computer software that
employs the capabilities of a computer directly to perform
a user-defined task. This is in contrast with system
software which is involved in integrating a corhputer’s
capabilities, but typically does not directly apply them in
the performance of tasks that benefit the user.

To better understand application software consider an
analogy where hardware would depict the relationship of
an electric light bulb (an application) to an electric power
generation plant (a system) that depicts the software.

The power plant merely generates electricity which is
not by itselfof any real use until hamessed to an application
like the clectric light that performs a service which actually
benefits the user.
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Typical examples of software applications are word
processors, spreadsheets, media players, education software,
CAD, CAM. data i software, statistical and
operational rescarch software, ctc. Multiple applications
bundled together as a package are sometimes referred to as
an application suite.

EEN PROGRAMMING LANGUAGES

A prog ing 1 is a | pecificall
d to express that can be performed

by the p Py 1 are used 1o
create programs that control the behaviour of a system,
to express algorithms, or as a mode of human-computer
communication.

Usually, p have a vocabulary of
syntax and ics for i inga

g to perform
specific tasks. The term programming language usually
refers to high-level languages, such as BASIC, C, C+,
COBOL, FORTRAN, Ada, and Pascal to name a few. Each
of these languages has a unique set of keywords (words
that it understands) and a special syntax for organizing
program instructions.

While high-level programming languages arc easy
for the humans to rcad and understand, the computer
actually understands the machine language that consists
of numbers only. Each different type of CPU has its own
unique machine language.

In between the machine languages and high-level
languages, there is another type of language known as
assembly language. Assembly languages are similar to
machine languages, but they are much easier to program
because they allow a programmer 10 substitute names for
numbers.

However, irrespective of what language the programmer
uses, the program writien using any programming language
has to be converted into machine language so that the
computer can understand it. There are two ways to do this:
compile the program or inferpret the program

The question of which language is the best depends on
the following factors:

o The type of computer on which the program has to

be executed

® The type of program

o The expertise of the programmer

For cxample, FORTRAN is a paﬂ|CUIfsr3' gooti
language for processing numerical data, but it ole’s no]
Icna jtself very well to organizing large programs. asc?
can be used for writing, well-structured and rcada? e
programs, but it is not as flexible as the C Programm!ng
language. C++ goes one step ahead ofCl bly incorporating
powerful object-oriented features, but it is complex and

difficult to learn.

"GENERATION OF PROGRAMMING
LANGUAGES

We now know that programming languages are the
primary tools for creating software. As of now, hundreds
of programming languages exist in the market, some more
used than others, and each claiming to be the best. However,
back in 1940s when computers were being developed there
was just one language—the machine language.
The concept of g ions of prog ing |
(also known as levels), is closely connected to the adva'nces
in technology that brought about computer generations.
The four g ions of p ing 1 include:
o machine language
o assembly language
o high-level language (also known as third generation
language or 3GL)
o very high-level language (also known as fourth
generation language or 4GL).

1.4.1 First Machine L

Machine language was used to program the first stored
program on computer systems. This is the lowest level
of programming language.-The machine language is the
only language that the computer understands. All the
commands and data values are expressed using 1 and 0s,
corresponding o the ‘on’ and ‘off” electrical states in a
computer.

In the 1950s cach computer had its own native
language, and programmers had primitive systems for
combining numbers to represent instructions such as add
and subtract. Although there were similarities between
cach of the machine languages a computer could not
understand programs written in another machine language
(Figure 1.4).

MACHINE LANGUAGE
This is an example 91 a machine language Pprogram that will add
two n'umhers and find their average. It is in hexadecimal
notation instead of binary notation because this is how the
computer presented the code to the programmer. The program
Was run on a VAX/VMS computer, a product of the Digital
Equipment Corporation.
D000000A  DOOO
DO0000OF D09
D000000B  DOO9
D009
D009
D0G0
FFS5 CF FFS4 CF FFS3 CF C1  DODO
FF24  CF FF27  CF b2 ¢7 Dooc
DOE4
DdoD
Dd3D
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1.4.2 Second ion: A bly L

The second generation of programming language includes
the bly | Assembly | are symboli
2 ing languages that use notation to
represent machine-language instructions. These languages
are closely connected to machine language and the internal
architecture of the computer system on which they are
used. Since they are close to the machine, assembly
language is also called low-level language. Nearly all
computer systems have an assembly language available
for use.

Assembly language developed in the mid 1950s
Wwas a great leap forward. It used symbolic codes also
known as mnemonic codes that are easy-to-remember
abbreviations, rather than numbers. Examples of these
cod.cs include ADD for add, CMP for compare, MUL for
multiply, etc,

) /'\sAsembly language programs consist of a series of

divid or i ions that instruct the

GIETEREN A machine language program

Inmachine language, all instructions, memory locations,
numbers, and characters are represented in strings of Is
and 0s. Although machine-language programs are typically
displayed with the binary numbers represented in octal
(base 8) or hexadecimal (base 16), these programs are not
easy for humans to read, write, or debug.

The main advantage of machine language is that the
code can run very fast and efficiently, since it is directly
executed by the CPU.

However, on the down side, the machine language is
difficult to learn and is far more difficult to edit if errors
occur. Morcover, if you want to add some instructions
into memory at some location, then all the instructions
after the insertion point would have to be moved down
to make room in memory to accommodate the new
instructions.

Last but not the least, the code written in machine
language is not portable across systems and to transfer
the code to a different computer it needs to be completely
rewritten since the machine language for one computer

Ip what to do. Basically, an assembly language
statement consists of a label, an operation code, and one
©or more operands.

Labels are used to identify and reference instructions in
the program. The operation code (opcode) is a mnemonic
that specifies the operation that has to be performed such
as move, add, subiract, or compare. The operand specifies
the register or the location in main memory from where
the data to be processed is located.

However, like the machine language, the statement
or instruction in the assembly language will vary from
‘machine to another because the language is directly related
to the internal architecture of the computer and is not
designed to be machine independent. This makes the code
written in assembly language less portable as the code
written for one machine will not run on machines from a
different or sometimes even the same manufacturer.

No doubt, the code written in assembly language will be
very efficient in terms of execution time and main memory
usage as the language is also close to the computer.

Programs written in assembly language need a
translator often known as the assembler to convert them
into machine language. This is because the computer will
understand only the language of Is and Os and will not

d d like ADD and SUB.

could be significantly different from another comp
Architectural considerations made portability a tough
issue to resolve.

The following instructions are a part of assembly
language code to illustrate addition of two numbers:
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MOV AX.4 Steres the value 4 in the AX
of CPU
MOV EX. € the value € in the BX

ster of CFU

Stere the result in
er
Although assembly languages are much better to work
as compared to the machine language. they still require the
programmer to think on the machine’s level. Even today,

Although 3GLs relieve the programmer ufdcm.amllng
details they do not provide the flexibility available in low-
Jevel languages. However, a few high-level In'ng‘;l'mges
like C and FORTRAN combine some of the flexibility of
assembly language with the power of high-level languages,
but lhcs'c languages are not well suited to the amateur

mer.
I‘m\g\:mllc some high level-languages were designed to serve
a specific purpose (such as controlling industriall robots
or creating graphics), other languages were flexible and

some prog sull use bly 1. 10 write idered to be g 1-purp g Mo-sl of the
parts of applications where speed of execut ~|s critical,  progr preferred to use general purpose lugh-lev‘f:l
such as video games but most p today have like BASIC (Begil " All-purpose Sy
switched to 3GL or 4GLs to do the same. Instruction Code), FORTRAN, PASCAL, COBOL, C++or
Java to write the code for their applications.
1.4.3 Third jon P ing L Again.alranslavarisneedcdlotranslatclhcins!ructions
N . written in high-level language into computer-cxecutable
Ajthind g i ing language (3GL) is  machine language. Such translators are commonly known
a rch of: thexisecond P i as interp: and pilers. Each high level language
language. The 2GL languages brought logical STUCture 0z many compilers.

software. The third generation was introduced to make the
languages more programmer friendly.
3GLs spurred the great increase in data p ing that

For example, the machine language generated by one
computer’s C compiler is not the same as the machine
1

occurred in the 1960s and 1970s. In these languages, the
program statements are not closely related to the internal
charactenstics of the computer and is therefore often
referred 1o as high-level language.

Generally, a statement written in a high-level
programming language will expand into several machine
language instructions. This is in contrast to assembly
languages. where one statement would generate one
machine language instruction. 3GLs made programming
easier, efficient, and less prone to errors.

High-level languages fali somewhere between natural
languages and machine languages. 3GL includes languages
like TORTRAN (FORmula TRANslator) and COBOL
(COmmon Business Oriented Language) that made
it possible for scientists and business people to write
programs using familiar terms instead of obscure machine
instructions.

The first widespread use of high-level languages in the
carly 1960s changed programming into something quite
different from what it had been. Programs were written
in an English-like manner, making them more

f some other Therefore, it is necessary
to have a C compiler for each type of computer on which
the C program has to be executed.

3GLs make it easier to write and debug a program and
gives the programmer more time to think about its overall
logic. The programs written in such languages are portable
between machines. For example, a program written in
standard C can be compiled and exccuted on any computer
that has a standard C compiler.

1.4.4 Fourth Generation: Very High-Level
Languages

With each ion, p ing | started
becoming easier to use and more like natural languages.
However, 4GLs is a little different from its prior generation
because they are basically non-procedural. When writing
code using a dural language, the p has to
tell the computer how a task is done—add this, compare
that, do this if the condition is true, and so on, in a very
specific step-by-step manner. In striking contrast, while

to use and giving the programmer morc time 1o address a
client’s problems.

using a procedural language the p define
only what they want the computer to do, without supplying
all the details of how it has to be done.

Tl\cr.c is no standard rule that defines what a fourth-
generation language is but certaj

5 n characteristics
language include: of such

® the ?odc. comprising instructions are written in
English-like sentences;

® they are non-procedural, so users concentrate on
what’ instead of the *how’ aspect of the task;
® the code is casier to maintain;

® 4GL code enhances the productivity of the

programmers as they have to type fewer lines of code
to get something done. It is said that a programmer
becomes 10 times more productive when he writes
the code using a 4GL than using a 3GL.

A typical example of a 4GL is the query language that
allows a user to request information from a database with
precisely worded English-lik . A query language
is used as a database user interface and hides the specific
details of the database from the user. For example, when
working with Structured Query Language (SQL), the
p just needs to ber a few rules of syntax
and logic, but it is easier to learn than COBOL or C.

Let us take an example in which a report has to be
generated that displays the total number of students
enrolled in each class and in each semester. Using a 4GL,
the request would look similar to this:

TABLE FILE ENROLLMENT
SUM STUDENTS BY SEMESTER BY CLASS

So we see that a 4GL is much simpler to learn and work
with. The same code if written in C language or any other
3GL would require multiple lines of code to do the same
task.

4GLs are still evolving, which makes it difficult to
define or standardize them. The only down side of a 4GL
is that it does not make efficient use of the machine’s
resources. However, the benefit of executing a program
fast and easily, far outweighs the extra costs of running it.

* A computer has two parts—computer hardware
which does all the physical work and the computer
software which tells the hardware what to do and
how to do it.

« Aprogram isa set of instructions that Is arranged In
a sequence to guide a computer to find a solution

SUMMARY
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1.4.5 Fifth G jon Prog ing L g

SGLs are centred on solving problems using constraints
given to the program. rather than using an algorithm
written by a programmer. Most constraint-based and logic
programming languages and some declarative languages
form a part of the fifth-gencration languages. SGLs are
widely used in artificial intelligence research. Typical
examples of a SGL include Prolog. OPS5. and Mercury.

Another aspect of a SGL is that it contains visual tools
to help develop a program. A good example of a fifth
generation language is Visual Basic.

So taking a forward leap than the 4GLs, SGLs are
designed to make the computer solve a given problem
without the programmer. While working with a 4GL, the
programmer had to write specific code 1o do a work but
with 5GL, the programmer only needs to worry about what
problems need to be solved and what conditions need to be
met, without worrying about how to implement a routine
or algorithm to solve them.

Generally, SGLs were built upon Lisp, many originating
on the Lisp machine, such as ICAD. Then. there are many
frame languages such as KL-ONE.

In the 1990s. SGLs were considered 1o be the wave of
the future, and some predicted that they would replace all
other languages for system development (except the low-
level languages). In 1982 to 1993 Japan had put much
research and money into their fifth generation computer
systems project, hoping to design a massive computer
network of machines using these tools. But when larger
programs were built, the flaws of the approach became
more apparent. Researchers began lo observe that starting
from a set of constraints for defining a particular problem,
then deriving an efficient algorithm to solve the problem
is a very difficult task. All these things could not be
automated and still requires the insight of a programmer.

However, today the fifth-generation languages are back
as a possible level of computer language. Software vendors
across the globe currently claim that their software meets the
visual ‘programming’ requirements of the SGL concept.

for the given problem. The process of writing a
program is called programming.

e Computer software is written by computer
programmers using a programming language.

o Application software is designed to solve a
particular problem for users.
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* System software represents programs that allow
the hardware to run properly. System software
acts as an Interface between the hardware of the
computer and the application software that users
need to run on the computer.

 The key role of the BIOS is to load and start the
operating system. The code in the BIOS chip runs
a series of tests called POST (Power On Self Test)
to ensure that the system devices are working
correctly. BIOS is stored on a ROM chip built into
the system.

¢ Utility software Is used to analyse, configure,
optimize, and maintain the computer system.

Fill In the Blanks

1 tells the hardware what to do and how

todoit.
. The hardware needs a
has to be done.
The process of writing a program Is called
programming

Is used to write computer software,

5. transforms the source code Into binary
language.

6. allows a computer to Interact with
additional hardware devices such as printers,
scanners, and video cards.

7. helps In coordinating system resources
and allows other programs 1o execute,

8 provides a platform for running application
software

9. can be used to encrypt and decrypt files.

10. An assembly language statement conslsts of a
an and .

~

to Instruct what

o

a

1

Multiple Cholce Questions
1. BIOS Is stored In

(a) RAM (b) ROM
(c) Hard disk (d) None of these
2. Which language should not be used for organizing
large programs?
(a) C (b) Ce+
(c) coBoL (d) FORTRAN

r————————'

« A compller Is @ special type of prosrzn:mill\:;
transforms source code written ina pvf:xrm‘hh“E
larguage (the :aurcc’ J!nn‘g‘l::gz‘-i)lk::\:ih it

mprising of Jus
1::5:;5;;7‘771211:77?}, The resultant code In 1sand
0s Is known as the object code.

o Linker Is a program that comblines object modules
to form an executable program.

« A loader Is a speclal type of program that coples
programs from a storage devlce to maln memory,
where they can be executed.

3. Which language Is a symbolic language?
(2) Machine language  (b) €
(c) Assembly language (d) All of these
4. Which language Is a 3GL?
(a) C (b) COBOL
(c) FORTRAN (d) All of these
5.Which language does not need any translator?
(a) Machine language (b} 3GL
(c) Assembly language  (d) 4GL
6. Choose the odd one out.
(a) Compller (b) Interpreter
(c) Assembler (d) Linker
7. Which one Is a utility software?
(a) Ward processor
(b) Antivirus
{c) Desktop publishing tool
(d) Compiler
8. POST Is performed by
(a) Operating system
(c) BIOS

(b) Assembler
(d) Linker

9. Printer, monitor, keyboard, and mouse are examples |

of

(a) Operating system
(b) Computer hardware
(c) Firmware

(d) Device drivers

2

—

10. Windows VISTA, Linux, Unix
(a) Operating system
(b) Computer hardware
(c) Firmware
(d) Device drivers

are examples of

State True or False

1. Computer hardware does all the physical work,

2. The computer hardware cannot think and make
decisions on Its own,

w

. Asoftware Isasetof instructions thatisarranged In
asequence ta guide a computer to find a solution
for the given problem,

ES

. Word processor Is an example of educational
software,

v

. Desktop publishing system Is a system software,
BIOS defines firmware Interface,

Pascal cannot be used for writing well-structured
programs.

N e

8. Assembly language Is a low-level programming
language.

9. Operation code Is used to Identify and reference
Instructions In the program.

10. 3GLs are procedural languages,
Review Questions

1. Broadly classify the computer system Into two
parts. Also make a comparison between a human

~
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body and the computer system thereby explalning
what each part does.

. Differentiate between computer hardware and

o v oA w

~

-
«©

1!

software,

Define programming.

Define source code,

What Is booting?

What criterla Is used to select the language In
which the program will be written?

Explain the role of operating system.

Glve some examples of computer software.

Oifferentiate between the source code and the
object code,

Why are compllers and Interpreters used?

. Is there any difference between a compilerand an

Interpreter?

. What Is application software? Give examples
. What Is BIOS?

=

Il

o

=

What do you understand by utility software? Is It 2
must to have it?

. Differentiate between syntax errors and logical

errors.

. Can a program written In a high-level language be

execute-without a linker?

Glve a brlef d of of prog

ming languages. Highlight the advantages and dis-
d of | In each
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Learning Objective

This chapter aims at acquainting students with writing programs in C. To start
with we will read about the background of C language, its key features, and
uses in the real world. Then we will gradually move forward to understand
the structure of a C program and the types of files that will be used to execute
the program. Then moving a step further, we will learn about data types,
identifiers, constants, variables, and operators available in C language.

EEW inTRODUCTION

The p ing | C was developed in the early
1970s by Dennis Ritchic at Bell Laboratories to be used
by the UNTX operating system. It was named ‘C" because
many of its features were derived from an earlier language

E——

2.1.1 Background

Like many other modem languages, C is derived from
ALGOL (the first language to usc a block structure).
Although ALGOL was not accepted widely in the United
States but it was widely used in Europe. ALGOL's
introduction in the 1960s led the way for the development

called ‘B". Although C was designed for impl

system software, it was later on widely used for developing
portable application sofiware.

of dp concepts.
Before C, several other programming languages were
developed. For example, in 1967 Martin Richards developed

C is one of the most popular 1 It
is being used on several different software platforms. In a
nutshell, there are a few computer architectures for which
a C compiler does not exist.

It is a good idea to leamn C because it has been around
for a long time which means there is a lot of information
available on it. Quite a few other programming languages
such as C++ and Java are also based on C which means
you will be able to learn them more easily in the future.

a language called BCPL (Basic Combined Programming
Language). BCPL was basically a type-less (had no concept
of data types) language which facilitated the user with
direct access of memory. This made it useful for system
programmers. Then in 1970, Ken Thompson developed a
language called B. B was used to develop the first version
of UNIX. C was developed by Dennis Ritchie in 1972 that
took concepts from ALGOL, BCPL, and B. In addition to

-

the concepts of these languages, C also supports the concept
of data types. Since UNIX operating system was alfo
developed at Bell Laboratories along with C language, C
and UNIX are strongly associated with each nlhcr,_ *

) F.or .many years, C was mainly used in academic
institutions, but with the release of different C compilers
for comrlngrcial use and popularity of UNIX, C was widely

Y computer professionals,

C (also known as Traditional C) was documented and
popularized in the book The C Programming Language
by Brian W. Kemighan and Dennis Ritchie in 1978. This
book was so popular that the language came to be known
as 'K & R C'. The tr dous growth of C I
resulted in the development of different versions of l;c
language that were similar but incompatible with each
other. Therefore, in the year 1983, the American National
Standards Institute (ANSI) started working on defining the
standard for C. This standard was approved in December
1989 and came to be known as ANSI C. In 1990, the
International Standards Organization (ISO) adopted the
ANSI standard. This version of C came to be known as
C89. In 1995, some minor changes were made to C89, the
new modified version was known as C95. Figure 2.1 which

ALGOL

I

BCPL

Traditional C

It

K&RC

© ANSIC

ANSI/ISO C

et

R C95

€99

m Taxonomy of C language
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shows the taxonomy of C language. During 1990s C—
and Java programming languages became popular among
the users so the standardization commutice of C felt that
a few features of C++/Java if added to C would enhance
its uscfulness. So, in 1999 when some significant changes
were made to C93, the modified version came to be known
25 (99. Some of the changes madz in the C99 version are
as follows:

* Extension to the character types, so that they can

support even non-English characters

¢ Boolean data type

* Extension to the integer data type

* Including type definitions in the for

* Inclusion of imaginary and complex types

® Addition of //, better known as C++ style lime comment

2.1.2 Characteristics of C

C is a robust language whose rich set of built-in functions
and operators can be used to write complex programs. The
C compiler combines the features of assembly language
and high-level language which makes it best suited for
writing system software as well as business packages.
Some basic characteristics of C language that defines the
language and have lead to its popularity as a programming
language are listed below. In this book we will learn all
these aspects.

® A high level programming language enables the
programmer to concentrate on the problem at hand
and not worry about the machine code on which the
program would be run.

Small size—C has only 32 keywords. This makes
it relatively easy to leam as compared to other
languages.

Makes extensive use of function calls.

C is well suited for structured programming. In this
programming approach, C enables the users to think
of problem in terms of functions/modules where the
collection of all the modules makes up a complete
program. This feature facilitates easiness in program
deb testing, and

Unlike PASCALitsupports loose typing (as a character
can be treated as an integer and vice versa).
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* Structured language as the code ¢an be organized as
a collection of one or more functions.

Stable language. ANSIC was created in 1983 and
since then 1t has not been revised.

Quick language: as a well written C program is likely
10 be as quick as or quicker than a program written in
any other language. Since C programs make use of
operators and data types. they are fast and efficient.
For example. 2 program written to increment a value
from 0-15000 using BASIC would take $0 seconds
whereas a € program would do the same in just 1
second.

Facilitates low level (bitwise) programming

* Supports pointers to refer computer memory, array,
structures, and functions.

Core language. C is a core language as many other
programming languages (like C++, Java, Perl, etc.) are
based on C. If you know C, learning other

and convenicnce Feasons, Cis
sometimes used as an intermediate Iang\mg‘c ﬁ;;
- R o ey e l“szlﬂaiL the
compilers who use C this way are an?.

Glasgow Haskell Compiler. Squeak, and Vala. )
Bui}nllv. C was designed as a pmgmmmglng
langungé and was not meant to be used as a compiler

target language. Therefore, although C can be used

i i it ideal option.
intermediate language it is notan I i
Thi { C-based intermediate

This led to the development 0!
languages suchas C™~ .
o Cis widely used to implement end-user applications.

» For ponabiluy

EEN STRUCTURE OF ACPROGRAM

d
C program is posed of prep: s a
global declaration section, and one or more functions
(Figure 2.2).

languages becomes much easier.

C is a portzble language, ice., 2 C program written
for one computer can be run on another computer
with litle or no modification.

* C is an extensible language as it enables the user to
2dd his own functions to the C library.

Cis often treated as the second best language for any
given programming task. While the best language
depends on the particular task to be performed, the
second best language, on the other hand, will always
be C.

2.1.3 Usesof C

C s a very simple language that is widely used by software
professionals around the globe. The uses of C language
can be summanized as follows.

e C language is pnimarily used for system program-
ming. The portability, efficiency, the ability to
access specific hardware addresses and low runtime
demand on system resources makes it a good choice
for implementing operating systems and embedded
system applications.

e C has been so widely accepted by professionals
that compilers, libraries, and interpreters of other

are often impl| din C.

] Pmpvxa;sor directives |

Global declarations

main()

(
Local declarations
Statements
}

Function 1()

{
Local declarations
Statements

Function N()
{

Local declarations
Statements
)
—

m Structure ofa C programv s}

The preprocessor directives coy
that indicate how to prepare the
One of the most important and ¢
sor commands is include

ntain special instructions
program for compilation.
ommonly used preproces-
which tells the compiler that to
execute the program, some information is needed from the
specified header file.

In this section we will omit the global declaration part
and will revisit it in the chapter on Functions,

A C program contains one or more functions, where
a function is defined as a group of C statements that are

c d together. The in a C program are
written in a logical sequence to perform a specific task.
The main () function is the most important function and is
a part of every C program. The execution of a C program
begins at this function.

All functions (including main()) are divided into two
parts—the declaration section and the statement section.
The declaration section precedes the statements section
and is used to describe the data that will be used in the
function. Note that data declared within a function are
known as local declaration as that data will be visible only
within that function. Stated in other terms, the life-time of
the data will be only till the function ends. The

Introductionto C | 15 |

#include <stdic.h>
int main()
Printf(*\n Welcome to the world of C *);
return 0;
)
Output

Welcome to the world of C

\}mﬁude <stdio.h>

This is a preprocessor command that comes as the first
statement in our code. All preprocessor commands start
with symbol hash (). The #includz statement tells the
compiler to include the standard input'output lib / or
header file (stdic.h) in the program. This filc has some
in-built functions. So simply by including this file in our
code we can use these functions dircctly. The standard
input/output header file contains functions for input and
output of data like reading values from the keyboard and
printing the results on the screen.

e

\Afit main()
int is the return value of the main function. After all
the statements in the program have been written, the last

section in a function contains the code that manipulates
the data to perform a specified task.

From the structure given above we can conclude that a
C program can have any number of functions depending
on the tasks that have to be performed and each function

Tip: of the program will
If you will not place  TCfur an integer value to the
aparenthesisafter = OPeraling system. The concepts

‘main’, a compiler will be clear to us when we read
error will be | the chapter on Functions. So even
generated. if you do not understand certain

things, do not worry.

can have any number of arranged di
specific meaningful sequence.

to

Note, Programmers can choose any name for

%/ the functions. It is not mandatory to write
Functionl, Function2, etc., but with
an exception that every program must
contain one function that has its name as
main() .

[EZEH WRITING THE FIRST C PROGRAM

To write a C program, we first nced to write the code. For
this, open a text cditor. If you are a Windows user you may
use Notepad and if you prefer working on UNIX/Linux you
can use emacs or vi. Once the text editor is opened on your
screen, type the following statements:

{} The two curly brackets arc used to group all the related
statements of the function main. All the statements between
the braces form the function body. The function body
contains a st of instructions to perform the given task.

\/wlnd("\n Welcome ta the world of C");

The princ£ function is defined in the stdio.h file and is
used to print texton the screen. The message that has to be
displayed on the screen is enclosed within double quotes
and put inside brackets.

Programming Tip: The message is quoted because in
Placing a semi- Catext (also known as a string or
colon after the asequence of characters) is always

! parenthesis of main  Put between inverted commas. The

will generate a *\n’ is an escape sequence and
compiler error. represents @ newline character.
It is used to print the message on
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- istak ade and on which line
anew line on the screen. Like the newline character, the  will tell you the mistake you bave m": :‘:d s
other escape sequences supported by C language are shown you made it. In case of cr.rors you o e
Pl ' o ¢ file and correct those mistakes. However,

iler
Bl i right then no error(s) will be reparted anfl e l:ol‘chpcan
QRN Escopesequences T T o e an exe fle for your program. This cxe

irectly run by typing
Escape Esca be direct i i
sequence | PUPose = Purpose ‘hello.exe’ for Windows and *./hello’ for
i UNIX/Linux operating system.
Audible N e eogram
\a signal \? Question mark When you run the exe file, the output of the !
\b Backspace \\ Back slash will be displayed on screen. Thatis,
™ [mb N [smglequoe | velcone to the world of €
o 'NEWL v Double quote Nete, | The printf and return statements have
v Vertical tab \o Octal constant ! g  been indented or moved away from the
\f New page\ Hexadecimal left side. This is done to make the code
Clear screen b constant more readable.
v Carriage
return

FILES USED IN A C PROGRAM !

Every C program has four kinds of files associated with it

Néy Note Escape sequences are actually non-
(Figure 2.3). These include:

printing control characters that begin
with 3 backslash (\).

Jém\ 0; Files in a C program
This is a return command that is used to return the value

0 to the operating system to give an indication that there 1 J l
were no errors during the execution of the program, i Header J Object

file file

-
[/ ICP XN Filesina C program
! >
//Nﬁw that you have written all the statements using

the text editor, save the text file as first.c. If youarea 241 Source Code File
Windowsluser then O.pen_lhe comménd prm_np% by clicking The source code fife contains the source code of the
sgr:»xu.n andtypmg;‘command?and chdung ok % program. The file extension of any ¢ source code file is
US{ng theseommand prompt, change o «‘hc. directory. *.c’. This file contains C source code that defines the
which you hiad;saved your fle.and then'type: main function and maybe other functions. The main ()
is the starting point of execution when you successfully
In case you are working on UNIX/Limx operating  compile and run the program. A C program in general
system, then exit the text editor and type may include even other source code files (with the £ile
extension.c).

Executable
file file

Note Every statement in the main function
"E/ ends with a semi-colon (;).

C:\>tc first.c

$cc first.c -ofirst

The -ois for the output f{lc name. If you leave out the 2A.2 Header Files
~o then the file name a.out is used=— o
This command is used to compile your C program. If en working with large projects, it is often desirable to

there are any mistakes in the program then the compiler  separate out certain sub routines from the main() of the

L———

b -: //, 'rogramming Tip:
/]

-

t

program. There also may be case that the same subrout

Ims'lo tzc used in different Programs,In the latter ca:‘:‘i'“c
option is to copy the code of the desired suh-mulir;e r:)r:

- But copying th i

tedious as well as error prone nl:iymagkescmca(;:c!ai,:asifl‘im
more difficult. 'Y
So, éother option is to make
in a different file known as he:
header files can be realized in

subroutines and store them
ader ﬁlc)’l‘he advantage of
the following cases:

‘)// The programmer wants to use the same subroutines
in different programs. For this,
Ccompile the source code of the subroutines once,
and then link to the resulting object file in any other
program in which the functionalities of these sub-
routines are required.

T/ Thde/urogrammer wants to change or add subroutines,
and have those changes reflected in all the other
programs. In this case, he just
needs to change the source file
for the subroutines, pile its
file in the C program  SOUrce code, and then recompile
willgenerateanerror, 20d re-link programs that use
Such a program may them. This way enormous time
compilebutthelinker can be saved as compared to
will give an error editing the subroutines in every
messageasitwillnot ' individual program that uses
be able to find the | tpem.
functions used in the -
program.

he simply has to

Missing the inclusion

Thus, we see that using a header
file produces the same results as
copying the header file into each source file that needs it.
Also when a header file is included, the related declarations
appear in only one place. If in future we need to modify
the subroutines, we just need to make the changes in
one place, and programs that include the header file will
automatically use the new version when recompiled later.
There is no need to find and change all the copies of the
subroutine that has to be changed.

Conventionally, header files names ends with a *dot
h* (.h) extension and its name can use only letters, digits,
EEE}E;, and underscorcs. Although some standard header
files are ical ilable to C p: but in
addition to those header files, the programmer may have
his own user defined header files.

S pisdbadda) q/) (o
&
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Jﬁarﬂ Header Files In all our programs that we had
been writing till now, we were using many functions that
were not written by us. For example, strcmp() function
which compares two strings. We just pass string arguments
.:’:\d retrieve the result. We do not know the details of how

ese functions work. Such functions that_are provided
by all C compilers are included in standard header files.

‘Examples of these standard header files include:

~—* string.h: for string handling functions
*-stdlib.h : for some miscellancous functions
_* stdio.h : for standardized input and output
functions
: for mathematical functions
* alloc.h : for dynamic memory allocation

¢ conio.h : forclearing the screen _—

All the header files are referenced at the start of the source
code file that uses one or more functions from that file.

® math.h

2.4.3 Object Files
Object files are generated by the compiler as a result

of processing the source code file, Object files contain
compact binary code of the function definitions. Linker
uses this object file to produce an executable filc (,exe
file) by combining the of abject files together. Object files
havea *.o extension, although some operating systems
including Windows and MS-DOS havea *.obj extension
for the object file.

2.4.4 Binary Executable File

The binary executable file is generated by the linker. The
linker links the various object files to produce a binary
file that can be directly executed. On Windows operating
system, the executable files have ' .exe’ extension.

COMPILING AND EXECUTING C
PROGRAMS

C is a compiled language. So once the C program is
written, you must run it through a C compiler that can
create an executable file to be run by the computer. While
the C program is human-readable, the executable file on
the other hand, is a machine-readable file available in an
executable form.
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lT‘hc mechanical pant of running a € program begins
With one or more program source files. and ends with an
exccutable file, which can be run an a computer.

The programming process starts with creating a source
file that consists of the statements of the program writtenin C
language. This source file usually contains ASCH characters
and can be produced with a text editor, such as Windows
notepad. or in an Integrated Design Environment.

The source file is then processed by a special program
called a compiler. )

iy mmhngumh;;mm

The compiler translates the source code into an object code.
The object code contains the machine instructions for the
CPU. and calls to the operating system APl (Application
Programming Interface).

However. even the object file is not an cxecutable file.
Therefore. in the next step. the object file is processed with
another special program called a linker. While there is a
different compiler for every individual language, the same
linker is used for object files regardless of the original
language in which the new program was written. The
output of the linker is an executzble or unnable file. The
process is shown in Figure 2.4,

E“ﬁ““‘j";)‘“‘fﬁl

Figure 2.4 mdw@mrﬂmm

two kinds of souree

rams, there are
file, which

(.c) source
here arc also header (1)
output in © programs
every C program
These header files
de for modular

InC language progr
files. In addition to the main
contains executable statements !
source files. Sinee all input am’
is done through library functions,
therefore uses standand header files.
should be written as part of the source €0
C programs.

The process shawn 1n Figure 2.5 is done

in two steps. In the first step. the pref SS0r pmgnm:
reads the source file as text. and pmduccsl ano?hcr tex
file as output. Source code lines ;\,higl?leg!n with the fi..
symbol are actually not written incbut j_n_l,hL?EDm_E_SSOr
l;nguagc. The qqtpu@@cssor is a text ﬁ{c
which docs ot CoNtain any Preprocessor si.’slcmcns..l'hm
file is ready to be processed by the cgmpilcr. The h}llfcf
Combines the object file with library routines (supplied.
with the compiler) to produce the final executable ﬁ!c:

1n modular programming the source code is divided
into two or more source files. All these source files are

mpiled scparately thereby prod ing multiple object
files. These object files are combined by the linker to
produce an executable file (Figure 2.6).

X3 USING COMMENTS
meijgime purpose of the program
;diis’ ot clear to the reader. Therefore, it is a good

__ programming practice to place some comments in the code

to help the reader understand the code clearly. Comments
are just a way of explaining what a program does. It is
merely an internal program documentation. The compiler
ignores the comments when forming the object file. This
means that the are

C supports two types of commenting.

Compiler

Figure 2.5 € before

cw‘
Cip"e}

Source Pre-
file processor

Source Pre-
file processor

Object
files

Library l . Executable
files Linker fles
Object
files
and f process

_//// is used to comment a single statement. This is
known as a line comment. A line comment can be
placed anywhere on the line and it does not require
to be specifically ended as the end of the line
automatically ends the line.

//;ii@i to comment multiple statements. A_/* is
ended wiu}r* / and all statements that Irierwiv.hin these

K are d. This type of comment is
known as block comment.
e

Note that commented statements are not executed by

f Programming Tip: the compiler. Rather, they are
Not putting the */ ignored by the compiler as they
| after the termination | are simply added in the program

| oftheblockcomment | to make the code understandable

is a compiler error by the programmer as well as
: other people who read it. It
is a good habit to always put a comment at the top of a
program that tells you what the program does. This will
help in defining the usage of the program the moment you
open it.

Commented statements can be used anywhere in the
program. You can also use comments in between your
code to explain a piece of code that is a bit complicated.
The code given below shows the way in which we can
make use of comments in our first program.

/* Author: Reema Thareja
Description: To print ‘Welcome to the
world of C’ on the scrsen ¢/
#include <stdio.h>
int main()

(
printf("\n Welcome to the world of C *);
// prints message
return 0; // returns a value O to the
cperating system
}

Output
Welcome to the world of C

Since comments are not executed by the compiler, they do
not affect the execution speed and the size of the compiled
program. Therefore, use comments Iib:r;lil)'" in your
programs so that other users can understand the operations
of the program and will serve as an aid to debugging and
testing,

EEH xeYwoRrbs

Like every computer language, C has a set of reserved
words often known as keywords that cannot be used as
an identifier. All keywords are basically a sequence of
characters that have a fixed meaning. By convention all
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keywords must be written in lowercase (small) leters.
Table 2.2 contains a hist of kevwords in C.

Kevwnrdxhchw

|auto [break [case [char const  |contiue |defaut

ldouhle else  |enum eremiﬂoal for goto
[t Jiong [regster [retum [shot  |sgned |szeot
lm switch | typedef | union |unsigned |void | volatie
[0 #

[satic  {whie |

When you read this book. the meaning and wtility of cach
keyword will become automatically clear to you.

EXM 10ENTIFIERS

Identifiers, as the name suggests helps us to identify data
and other objects in the program. Identifiers are basically
the names given 1o program elements such as variables,
arrays, and functions. 1dentifier may consist of an alphabet,
digit, or an undérscore.

2.8.1 Rules for Forming Identifier Names

Some rules have to be followed while forming identifier
names. They are as follows:
f“ cannot include any special characters or
punctuation marks (like £, ¢, =, 7, ., etc.) except
the underscore *_* .

reasonable length. They
han 31 characters. Tt can
but the compiler looks at
the name.

« ldentifiers can be of any
<hould not contain more l
actually be longer than 31,
only the first 31 characters of’ _—

iti ice to use meaningful identific
M‘hk‘“ﬂ‘_ i li‘ﬁ::‘ dx'::\::xcl::) Good identifiers are
o To cut short the identifier, you may
ows identifiers (names) to beupto
longer than 63 characters,

names,
descriptive but short.
use abbreviations, C all .
63 characters long. If a name 1§
then only the first 31 characters are us.cd. R

As a general practice, if the identifier is a little long,
' may usc an underscore (o separate the parts of the

you may
theny N ach part.

name Or you may use capital letters for ¢
Examples of valid identifiers include:
emp_number, basic_

mber, marks, name,
i peptCode, RollNo,

pay, ERA, DA, dept_code,
EMP_NO

Examples of invalid identifiers include:
23 student, %marks, @name, #emp_number,

basic.pay, -HRA, (DA), &dept_code, auto

.\/% Cis a case-sensitive language. Therefore
e

> o, Ko, RNo, RNO are different
considered as identifiers.

EEH BASIC DATA TYPES IN C

C language provides very few basic data types. Table
23 lists the data type, their size, range, and usage for a

~ There cannot be two ive cores.

/ Keywords cannot be used as identifiers.
The casc of alphabetic characters that form the
identifier name is significant. For example, *FIRST"
is different from *£irst’ and *Firsc’.

Cp on a 16-bit Table 2.3 show the
basic data types. In addition to this, we also have variants
of int and float data types.

The char data type is one byte and is used to store single
characters. Note that C does not provide any data type for
storing text. This is because text is made up of individual

Ve The identificr name must begin with an alphabet or
an und However, use of unds as the first
character must be avoided because
several compiler-defined identifi-

ers in the standard C library have

:;:;‘::;’g::vw underscore as their first character.

' printf, thenanerror | Hence, inadvertently duplicated

will be generated. names may cause definition con-
flicts.

gramming Tip:
Cis a case sensitive

You will be surprised to sce that the range of char is
given as -128 to 127. char is supposed to store characters
not numbers, so why this range? The answer is that, in
memory characters are stored in their ASCII codes. For
example, the character "’ has the ASCII code 65. In

memory we will not store ‘A’ but 65 (in binary number
format).

Baslc data types in ¢

e, e
Data type Keyword | Size in
lised bytes Range Use
Character | ch
ar 1 |-128t0127 (7o store
| - characters
nteger int 2 ~32768to |To store
32767 integer
i numbers
Flu.anng float 4 |3.4E-38t0 |Tostore
Point 3.4E438 floating point
numbers
Double double 8  |1.7E-308to|To store big
1.7e+4308 floating point
numbers
Valueless void 0 |Valueless =

Table 2.4 shows the variants of basic data types in detail.

In Table 2.4, we have unsigned char and signed
char. Do we have negative characters?—no, then why do
we have such data types? The answer is that we use signed
and unsigned char to ensure portability of that
store non-character data as char.

Table 2.4 [T list of data -ty;)eﬁ =

While the smaller data types take less memory, the larger
types incur a performance penalty. Although the data type
we use for our variables does not have a big impact on the
speed or memory usage of the application, but we should
always try to use in unless there is a special need to use
any other data type,

4I..m but not the least the void type holds no value. It is
\)nmarily uscd in three cases: -

\-/1'0 specify the return type of a function (when the
function returns no valuc)
* To specify the parameters of the function (when the
function accepts no arguments from the caller)
® To create generic pointers. We will read about
generic pointers in the chapter on Pointers.

We will discuss the void data type in detail in the
coming chapters.

Note, . Unsigned int/char keeps the sign bit free

ﬁ/ and makes the entire word available for
storage of the non-negative numbers.

Sign bit is the leftmost bit of a memory

word which is used to determine the sign

- of the content stored in that word. When
Data type Sizein Range itis 0, the value is positive and when it is
bytes 1, the value is negative.

char 1 -1281t0127 : .
unsigned char 1 0to 255
signed char 1 T128t0127 2.9.1 How are Float and Double Stored?
int 2 —32768 to 32767 In computer memory, float and double values are stored
unsigned int* 2 0o 65535 in mantj d_exponent_forms where the exponent
signed short int 2 —32768 to 32767 P power of 2 (not 10). The number of bytes used
signed int 2 —32768 to 32767 to represent a floating point number generally depends on
short int 2 —32768 to 32767 the precision of the value. While float is used to declare
unsigned short int 2 010 65535 single-precision values, double is used to represent double-
long int 4 -2147483648 to precision values.

3 2147483647 Floating-point numbers use the IEEE (Institute of
unsigned long int 4 0 to 4294967295 Electrical and EI i ) format to
signed long int 4 -2147483648 to mantissa and exponents. According to the [EEE format,

2147483647 a floating point value in its binary form is known as a
float 4 3.4E-38103.4E+38 normalized form. In the normalized form, the exponent is
double 8 1.76-308t0 1.76+308 | gdjusted in such a way that the binary point in the mantissa
long double 10 3.4E-493210 always lies to the right of the most significant non-zero
1.1E+4932 digit.
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IEEEE convert the floating point number 5.32 into an

|EEE normalized form.

032x2=064,0
064x2=128|1
0.28x2=056(0
0.56x2=112v1

2|5, R

212 1| Wrnethe
2 remanders inthe
reverse order of
01| Lememson

Thus, the binary equivalent of 5.32 = 101.0101.
The normalized form of this binary number is obtained by
adjusting the exponent until the decimal point is to the
right of the most significant 1.
Therefore, the dbinary

=1010101x2%

~’

umeric variables '
¢ used to store cither integer
ues. While an integer value is
r decimal point a

2.10.1

Numeric Vanaves <
s o floating Po!
r withou!

floating point value can have
Numeric variables  May

ables can b
nt val
ta fraction part or ¢
a decimal point. )

also be associated  with

T ke short,long, signed: and wnsigned. The diffe-
modificrs like s "4 and unsigned numeric variables is
n:ncc‘bcn\'cc.n SIIE)‘I‘cs can be cither negative or positive
that ﬂgncd ‘ﬁables can only be positive. Thcrefo're, by
but unsxg::i ;“cd Jariable we can increase the maximum
an unsig

o When we donot specify the signed/unsigned

——

Moreover, the IEEE format for storing floating point num-
bers uses a sign bit. mantissa, and the exponent (Figure
2.7). The sign bit denotes the sign of the value. If the val-
ue is positive, the sign bit contains 0 and in case the value
is negative it stores 1.

Floating

type point type

Character String.
type type

Integer l

P"(;é;;;‘ C language automatically takes it as a sigged
I:m'ablc'To decl;m; an unsigned variable, the unsigned
v 3

modifier must be explicitly added during the declaration of
the variable.

2.10.2 Character Variables

Character variables can include any letter from the

alphabet or from the ASCII chart and numbers O-—9 t.hat are

given within single quotes. In C, a number tha.t is given in

single quotes is not the same as a number without th?m.

This is because 2 is treated as an integral value but 2isa
idered character not an integer.

2730 CF M IEEE format for storing floating point numbers

Generally, exponent is an integer value stored in
unsigned binary format after adding a positive bias. In
other words, because exponents are stored in an unsigned
form, the exponent is biased by half its possible value. For
type float, the bias is 127; for type double, it is 1023. You can

the actual value by ing the bias
value from the exponent value. Finally, the normalized
binary equivalent is stored in such a way that lower byte is
stored at higher memory address. For example, ABCD is
actually stored as DCBA.

VARIABLES

A variable is defined as a meaningful name given to the
data storage location in computer memory. When using a
variable, we actually refer to address of the memory where
the data is stored. C language supports two basic kinds of
variables—numeric and characler.

2.10.3 Declaring Variables

Each variable to be used in the program must be declared.
To declare a variable, specify the data type of the jgnﬂe_
w The data type indicates the kind of
data that the variable will store. Variable names should
always be meaningful and must reflect the purpose of
their usage in the program. The memory location of the
variable is of importance to the compiler only and not to
the programmer. Programmers must only be concerned
with accessing data through their symbolic names. In C,
variable declaration always ends with a semicolon, for
example:

.nt emp_num;

float salary;

char grade;

double balance_amount;

unsigned short int acc_no;

e

T
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In C variables can be declared at any place in the
program but two things must be kept in mind. First,
variables should be declared before using them. Second,
variables should be declared closest to their first point of
usc,to make the source code easier to maintain,

(zl.allows multiple variables of the same type to be
declared in one statcmcnt)Su the following statement is
absolutely legal in C.

" float temp_in_celsius, temp_in_farenheit;

In C variables are declared at three basic places as
follows:
wwo"When a variable is declared inside a function it is
known as a local variable.
a #~When a variable is declared in the definition of
function parameters it is known as formal parameter
(we will study this in the chapter on Functions).
wa=When the variable is declared outside all functions,
it is known as a global variable.
v ey

2.10.4 Initializing Variables

While declaring the variables, we can also initialize them
with some value. For-example,

Avariable cannot be of type vdid.

int emp_num = 7;

float salary = 5000;

char grade = ‘A’;

double balance_amount = 100000000;

The initializer applies only to the variable defined
immediately before it. Therefore, the statement

int count, flag = 1; 3

initializes the variable £1ag andpot count. If you
wang both the variables to be declared inl a single statement
then Write, -

int couRETZ 0, flag = i;

When variables are declareq but not initialized they
usually contain garbage vnlucsj(there are exceptions to

this that we will study later).

CONSTANTS

Constants are identifiers whose value does not change.
ariables can change their value at any time but constants

can never change their value. Constants are uscd to defin
fixed values like pi or the charge on an electron so that
their value does not get changed in the program even by
mistake,

A cnstant is an explicit data value specified by the
programmer/The valuc of the constant is known to the
compiler at the compile li@(‘ allows the programmer
to specify constants of integer type, floating point type.
character type, and string type (Figure 2.8).

Constants in a C program I

Character I

String

type point type type type

oz L

2.11.1 Integer Constant

A constant of integer type consists of a sequence of digits.
For example, 1, 34, 567, 8907 are valid integer constants.
A literal integer like 1234 is of type int by default. For a
long integer constant the literal is succeeded with either ‘L’
or ‘I" (like 1234567L). Similarly, an unsigned int literal is
written with a *U’ or ‘u” suffix (ex, 12U). Therefore, 1234L,
12341, 1234U, 1234u, 1234LU, 1234ul are all valid
integer constants.

Integer literals can be expressed in decimal, octal or
hexadecimal notation. By default an integer is expressed
in decimal notation. Decimal integers consist of a set of
digits, 0 through 9, preceded by an optional - or + sign.
Examples of decimal integer constants include: 123,-123,
+123,and 0.

While writing integer constants, embedded spaces, com-
mas, and non-digit characters are not allowed. Therefore,
integer constants given below are totally invalid in c.

Integer I Floating l

123 456 12,34,567 $123

An integer constant preceded by a zero (0) is an octal
number. Octal integers consist of a set of digits, 0 through
7. Examples of octal integers include

012 0 01234

Similarly, an integer constant is expressed in hexadecimal
notation if it is preceded with Ox or 0X. Hexadecimal
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numbers contains digits from 0-9 and alphabets A through
F. The alphabets A through F represent numbers 10 through
I5. For example, decimal 72 is equivalent to 0110 in octal
notation and 0x48 in hexadecimal notation. Examples of

hexadecimal integers are 0X12 0x7F 0xABCD 0X1A3B

Note,  InC, adecimal integer constant is treated as

E/ an unsigned long if its magnitude exceeds

that of signed long. An octal or hexadecimal

integer that exceeds the limit of int is taken

to be unsigned. If even this limit is exceeded,

it is taken as long; and in case this limit is
exceeded, it is treated as unsigned long.

2.11.2 Floating Point Constant

Integer numbers are inadequate to express numbers that

have a fractional part. A floating point constant therefore

consists of an integer part, a decimal point, a fractional
Ppart, and an exponent field containing an ¢ or E (¢ means
exponent) followed by an integer where the fraction part
and integer part are a sequence of digits. However, it is not
necessary that every floating point constant must contain
all these parts. Some floating point numbers may have
certain parts missing. Some valid examples of floating
point numbers are: 0.02, -0.23, 123.456, +0.34 123, 09,
0.7, +0.8 etc.

A literal like 0.07 is treated as of type double by
default. To make it a float type literal, you must specify
it using suffix *F* or ‘£’ Consider some valid floating
point literals given below. (Note that suffix L is for long
double)

0.02F 0.34f 3.141592654L 0.002146 2.146E-3

3 Character Constant
f a single character

2.11. s o
t consis
er constan ‘o' are

A charact Rl o
Josed in single quotes. For ¢ E i,

chanc stants. In computers, chara store

con: . ]

s hine’s character set using ASCII codes. Al

e |cnccs mentioned in Table 2.1 are also character

escape sequ

constants.

11.4 String Constant

; ence of characters enclosed in
A string “"";':::::g:mesam”s ra’. Thecharacters
doublgquoles;e tring constant are stored in successive
compnsu;g ations, When a string constant is encountered
fncmory oc: m ¢ compiler records the address of the
| BICIP ds a null character (*\0*) to the

first character and appen '
string to mark the end of the string. Thus, length of a string

constant is equal to number of characters in the string plus 1
(for the null character). Therefore, the length ofstrjmg literal

“hello" is 5'.]

}.{1.5 Declaring Constants

To declare a constant, precede the normal variable
declaration with const keyword and assign it a value. For
example,

Gonst float pi = 3.14; /

The const keyword specifies that the value of pi

cannot changcij
However, another way to designate a constant is to
use the pre-processor command define. Like other
defime is ded with a #

A floating point number may also be d in
scientific notation. In this notation, the mantissa is either
a floating point number or an integer and exponent is an
integer with an optional plus or minus sign. Therefore, the

numbers given below are valid floating point numbers
0.5e2 14E-2 1.2e+3 2.1E-3 -5.6¢-2
Thus, we see that scientific notation is used to express
numbers that are either very small or very large. For
example,

120000000 = 1.2E8 and -0.000000025 =-2.5E-8

symbol. Although #define statements can be placed
anywhere in a C program, it is always recommended that
these be placed at the beginnii g of the program
to make them easy to find and modify at a later stage. Look
at the example given below which defines the value of p1
using define.

#define PI 3.14159
#define service_tax 0.12 /

Iy.n these examples, the value of PI will never change but
service tax may change. Whenever the value of the service

-

e ey e
Al

\ e ——

s

- g

tax is altered, it can needs to be corrected only in the define
statement.

When the preprocessor reformats the Pprogram to be
compiled by the compiler, it replaces each defined name
(like p1, service_tax) in the source program with its
corresponding value. Hence, it just works like the Find
and Replace command available in a text editor.

Let us take a look at some rules that necds to be applied
to a #define statement which defines a constant.

Rule 1 Constant names are usually written in capital
letters to visually distinguish them from other variable
names which are normally written in lower case characters.
Note that this is just a convention and not a rule.

Rule 2 No blank spaces are permitted in between the #
symbol and define keyword.

Rule 3 Blank space must be used between #define and
constant name and between constant name and constant
value.

AN
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Streamsina
C program

Text stream I Binary stream l

LiLUEP XN Streams in C

We can do inputoutput from the keyboard/monitor or
from any file but in this chapter we will assume that the
source of data is the keyboard and destination of the data
is the monitor (Figure 2.10). File handling, i.e., handling
input and output via C programs will be discussed later as
a separate chapter.

Keybnardl-— Input text stream )-— Data l

J[!fe-i #define isapi p
and not a statement. Therefore, it does not end with a

semi-colon.

EEEY INPUT/OUTPUT STATEMENT INC
Before going straight away into performing input and
output in C programs let us first understand the concept
fromscratch. Thissectiondeals withthe basicund di
of the ph involved in pti
output in C programs.

g input and printing

2.12.1 Streams

A stream acts in two ways. It is the source of data as well
as the destination of data. C programs input data and output
data from a stream. Streams are associated with a physical
device such as the monitor or with a file stored on the
secondary memory. C uses two forms of streams—text and
binary, as shown in Figure 2.9.

In a text stream, sequence of characters is divided
into lines with each line being terminated with a new-
line character (\n).On the other hand, a binary stream
contains data values using their memory represeatation.

Monitor I-— Output text stream )—— Data I
Input and output streams in C

2.12.2 Formatting Input/Output

C language supports two formatting functions printf and
scanf. printf is used to convert data stored in the program
into a text stream for output to the monitor, and scanf is
used to convert the text stream coming from the keyboard
to data values and stores them in program variables. In this
section, we will discuss these functions.

Background

The most fundamental operation in a C program is to accept
input values to the program from standard input device
(keyboard) and output the data produced by the program
to a standard output device (monitor). So far we had
been assigning values to variables using the assignment
operator =. For example,

int a = 3;
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But what if we want to assign value to variable l!"""
is inputted by the user at run-time. This is done by using
the scant function that reads data from the keyboard
Similarly, for outputting results of the program. PT i"ff
function is used that sends results out to a terminal. Like
printf and scant, there are different functions in C}h:"
can carry out the input/output operations. These fur{cuons
are collectively known as standard Input Output Library-
A program that uses standard input/output functions must
contain the statement

#include <stdio.h>

at the beginning of the program:

2.12.3 printf()

The print function (stands for print formatting) is used
to display information required by the user and also prints
the values of the variables. For this, the prizt£ function
takes data values, converts them to a text stream using
formatting functions specified in a control string and
passes the resulting text stream to the standard output.
The control string may contain zero or more conversion
specifications, textual data, and control characters to be
displayed (Figure 2.11).

Each data value to be formatted into the text stream
is described using a separate conversion specification in
the control string. The specification in the control string
describes the data value's type size and specific format
information as shown in Figure 2.11.

—
n can be given as

S
N tio
of printf func
ax of P variable list);

The synt ing®

¢f (vcontrol string .
prin ) cccpts WO lmrmm:(cr.\'4conlml string
The function 3¢ he control string may also contain

and variable list Tl ons to the user, captions,

. d like instructi
fext to be Pf:‘;':; other text to make the output readable,
identifiers, ©

<ntf statements you may find only a text string
In some print displayed on screen (as scen in the first
that has to be ( ‘;s" ay e e
that prin
program

hello world). The
" 1so b -ncludcdinlhcprinlfsmtcmcm. These contro|
canalsobel
chamcmsintludc \n, \t, \rs \a,

etc.
After the control string,

the function can have as many
ditional arguments as specified in the control string. The
tional arg .
a ng in the p

rintf () is nothing buta

control stri .
gu;x:earet; at contains the text that has to be written on to
stnng

dard output device. .
the Ns:::mm {here must be enough arguments otherwise, the

t will be come completely unpredictable. However, if
by mistake you specify more number of arguments, the
excess arguments will simply be ignored. The prototype
of the control string can be as given below.

t[flags] [width] [.precision] [length] specifier

Each control string must begin with a % sign. The 3
character specifies how the next variable in the list of
variables has to be printed. After % sign follows.

resull

Flags specifie output justification such as decimal point,
numerical sign, trailing zeros or octal, decimal, or
hexadecimal prefixes. Table 2.5 shows the different types
of flags with their decription.

printfina C program

l

Contral string

l

! Textual data '
Data value’s Data value’s Specific format Escape sequence
type size information characters

m The printf(}in C 7

1

| i et

b B LR

ST -
e ———
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m Flags in printf()

Flags Description

- | Left-justify within the data given field width

+ | Displays the data with its numeric sign (either + or -)

#  [Used to provide additional specifiers like o, x, %,
0, 0x, or 0X for octal and hexadecimal values,
respectively, for values different than zero.

0 | The number is left-padded with zeros (0) instead of
| |spaces

Note that when data is shorter than the specified width
then by default the data is right justified. To left justify the
data use minus sign () in the flags field.

When the data value to be printed is smaller than the
width specified; then padding is used to fill the unused
spaces. By default, the data is padded with blank spaces.
If zero is used in the flag field then the data is padded
with zeros. One thing to remember here is that zero flag is
ignored when used with left justification because adding
zeros after a number changes its value.

Width specifies the minimum number of characters to
print after being padded with zeros or blank spaces, i.e., it
specifies the minimum number of positions in the output.
If data needs more space than specified, then printf

Its format can be given as .m, where m specifies the
number of decimal digits. When no precision modifier is
specified, printf prints six decimal positions.

When both width and precision fields are used, width
must be large enough to contain the integral value of the
number, the decimal point and the number of digits after
the decimal point. Therefore, a conversion specification
%7.3f£ means print a floating point value of maximum 7
digits where 3 digits are allotted for the digits after the
decimal point.

Length field can be explained as given in Table 2.6.

QTN (ength Field in printf)
Length Description
When the argument is a short int or unsigned
shortint.

When the argument is a long int or unsigned long
int for integer specifiers.

h

When the argument is a long double (used for
floating point specifiers)

Specifier is used to define the type and the interpretation
of the value of the corresponding argument (Table 2.7).
TR seecifierfield inprinti)

f)vemdes the width s'pemﬁed by the user. Mt:lv.h is a very e Qualifying input
important field especially when you have to align output in
columns. However, if the user does not mention any width | © For single character
then the output will take just enough room for data. da For decimal values
Precision specifies the maximum number of ch o |F For floating point numbers
print. E, e | Floating point numbers in exponential format
o Forinteger specifiers (d, i, o, u, x, X) : precision 6 6 Floating point numbers in the shorter of e
flag specifies the minimum number of digits to be ! format
written. However, if the value to be written is shorter ° For octal number l
than this number, the result is padded with leading
g . N s F f (strin characters
zeros. Otherwise, if the value is longer, it is not or a sequence of (string of) e ‘
truncated. u For unsigned decimal value
e For ch strings,  precisi pecifies  the x, X | For hexadecimal value ‘\

maximum number of characters to be printed.

e For floating point numbers, the precision flag
specifies the number of decimal places to be
printed.

Note that if the user specifies a wrong specifier then
some strange things will be seen on the screen and the
error might propagate to other values in the printf{) list.
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The most simple printf statement is
printf ("Welceme to the world of C
language®) ;
. «enclosed
When executed, the function prompts the message enclos
in the quotation to be displayed on the screen.

printf(*\n Result: \dicf®, 12, ‘a'y 2.3)3

Result:12a2.3

printf("\n Result: 3d tc 3¢, 12, ‘a’s 2.3)1

Result:12 a 2.3

Printf("\n Result: S\t¥c\trfs, 12, ‘a’y 2.3);

Result:12 a 2.3

printf("\n Result: $d\tic\ts6.2£%, 12, ‘a’s
245.37154);

Result:12 a 2i5.37

printf("\n Result: $5d \t %x \t %#x", 234,
234, 234);

Result: 234 EA OXEA .

print£(*\n The nuzber is %6d*, 12);

The number is 12

printf("\n The number is %2d°, 1234);

The rumber is 1234

printf(*\n The nuzber is $6d*, 1234);

The mumber is 1234

printf("\n The mumber is %-6d%, 1234);

The number is 1234__ // 2 _ indicates 2
white space

printf(*\n The number is %06d", 1234);

The number is 001234

printf("\n The price of this item is %09.2f
rupeea®, 123.456);

The price of this item is 00123.45 rupees
printf("\n This is \’so\’ beautiful®),
" This is ‘so’ beautiful

Programming Tip:

Not placing a printf(*\n This is \"so\*
comma after the beautiful®);

format string in This is "so" beautiful

areadorwrite e\ This 48 \\ so

statementisa beautiful *),
compiler error. )
This is \ so beautiful

2,120
ars - example, -~ means left justify, + meang
(Note ﬂ:]alc I:im 7 speciies the width, and 2 specifies the
display the SIER
Pnusloﬂi(.\n 47.4E \n 87.2f \n $-7.2F \n 3¢
priot 0.2¢ \n $11.4¢ \n §-10.2¢ \n %en,
\n ::5‘ 9g.7654, 98.7654, 98.7654,
::'7554: 98.7654, 98.7654, 98.7654);
98.7654
98.77
98.77
98.7654
9.88e+01
9.8765e+01
9.88e+01

9.8765402+01

char ch = ‘A’;
printf("\n %c \n %3c \n %5¢", ch, ch, ch);

a
A
A

ngi';nimln'ﬂp: | char str[] = "Good Morning";

Placinganaddress ~ printf("\n %s", str);
operator with a printf ("\n %20s", str);
 variable in the printf ("\n %20.108", str);

printf statement printf("\n %.78", str);
| will generatearun- | printf("\n %-20.10s", str);
! time error. printf("\n %78", str);

Good Morning
Good Morning
Good Morni

Good Mo
Good Morni
Good Morning

ENote that in'lhe last printf statement the complete string

‘Good Moming” is printed. This is because if data needs
more space than specified, then printf overrides the width
specified by the user.)

2124 scanf()

The function scanf () stands for scan formatting and is

used to read formatted data from the keyboard. The scanf

Introductionto C | 29,

function takes a text stream from the keyboard, extracts
and formats data from the stream according to a format
control string and then stores the data in specified program
variables. The syntax of the scanf() can be given as,

scanf ("control string", argl, arg2, arg3,
......... argn) ;

Nete,  The minimum field width and precision

‘E/ specifiers are usually constants. However,
they may also be provided by arguments
to printf(). This is done by using the *
modifier as shown in the printf statement
below.

printf ("$*.+£", 10, 4, 1234.34) ;
Here, the minimum field width is 10, the

precision is 4, and the value to be displayed
is 1234.34.

The control string specifies the type and format of the
data that has to be obtained from the keyboard and stored
in the memory locations pointed by the arguments arg1,
arg2,.., argm, i.e., the arguments are actually the variable
addresses where each piece of data are to be stored.

The prototype of the control string can be give as:

[=%[*] [width] [mcdifiers] type=]

user. The type specifiers for scanf function are given in
Table 2.8.

Table 2.8 bType spedﬁe;s for siznf()

Type Qualifying input
< For single character

d For decimal values

4 For floating point numbers

E, e | Floating point numbers in exponential format

G, G | Floating point numbers in the shorter of e format

o For octal number
s For a sequence of (string of) characters
u For unsigned decimal value

%X | For hexadecimal value

The scanf function ignores any blank spaces, tabs,
and newlines entered by the user. The function simply
returns the number of input fields successfully scanned
and stored.

‘We will not discuss functions in detial in this chapter. So
ing scanf function in depth will be a bit difficult

Here * i l argument that
of the input field, i.e., it indicates that data should be read
from the stream but ignored (not stored in the memory
location).

Width isan optional arg that specifies the

number of characters to be read. However, fewer characters
will be read if the scanf function encounters a white space
or an inconvertible character because the moment scanf
encounters a white space character it will stop processing

further.

Modifiers is an optional argument that can be h, 1, or
fields L. for the data pointed by the corresponding additional
arguments. Modifier his used for short int orunsigned
ghort int, 1lisused for long int, unsigned long
int, or double values. Finally, Lis used for 1ong double
data values.

Type specifies the type of data that has to be read. It also
indicates how this data is expected to be read from the

here, but for now just understand that the scanf function is
used to store values in memory locations associated with
variables. For this, the function should have the address of
the variables. The address of the variable is denoted by an
‘&’ sign followed by the name of the variable.

Nete, Whenever data is read from the keyboard,

g there is always a return character from a
previous read operation. So we should
always code at least one white space
character in the conversion specification
in order to flush that whitespace character.
For example, to read two or mare data
values together in a single scanf statement,
we must insert a white space between two
fields as shown below:
scanf ("$d %c", &i, &ch) ;

Now let us quickly summarize the rules to use a scanf
function in our C programs.
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I 30 | Progra 3 The scanf function reads a floating point numbe

Rule 1: The scanf function works until:

(a) the maximum number of characters has been

processed. dor
(b) a white space character is encountered, O!
i d.
(c) an error is detecte !
- st have
Rule 2: Every variable that has to be pmfﬂjtd mu
. jon specification associated with it. Therefore,
e nt will generate an error as
the following scanf statement W it it
num3 has no conversion specification associated with It.
scanf ("td $d*, &numl, &num2, &num3) ;
Rule 3: There must be a variable address for each
conversion specification. Therefore, the ljnllowmg scar.xf
statement will generate an crror as no variable address is
given for the third conversion specification.
scanf("d ¥d 1d*, &numl, &num2);
Remember that the ampersand operator (&) before each
variable name specifies the address of that variable name.
Rule 4: A fatal error would be generated if the format
string is ended with a white space character.
Rule 5: The data entered by the user must match the
character specified in the control string (except white
space or a conversion specification), otherwise an error
will be generated and scant will stop its processing. For
example, consider the scanf statement given below.
scanf("%d / ¥d", &numl, &num2);
Here, the slashes in the control string are neither white
space ch nor a part of ion specification, so
the users must enter data of the form 21/46.

Rule 6: Input data values must be separated by spaces.
Rule 7: Any unread data value will be considered as a part
of the data input in the next call to scanf.
Rule 8: When the field width specifier is used, it should be
large enough to contain the input data size.
Look at the code given below that shows how we input
values in variables of different data types.
int num;
scanf(" ¥d ", &num);
The scanf function reads an integer value (because
the type specifier is $d) into the address or the memory
location peinted by num.

float salary;
scanf (" ¥f ", gsalary);

(because the type specifier is 3£) into the address or the
memory location pointed by salary.

char ch;

scanf(" %¢ ", &ch) ;

The scanf function reads a single character (because
the type specifier is ¥c) into the address or the memory
location pointed by ch.

char str[10];

scanf(" ¥s ", str);

The scanf function reads a string or a sequence of
characters (because the type
specifier is %) into the address or
the memory location pointed by
str. Note that in case of reading

Programming Tip:
A compiler error
will be generated if

the read and write N i
parameters are string, we do not use the & sign
not separated by in the scanf function. This wil]

be discussed in the chapter on
Strings.

Look at the code given below which combines
reading of variables of different data types in one single
statement.

commas.

int num;

float fnum;

char ch;

char str[10];

scanf ("%d $f $c %s", &num, &fnum, &ch, str);

Look at the scanf statement given below for the same
code. The statement ignores the character variable and
does not store it (as it is preceded by *).

scanf ("¥d %f ¥*c $s", &num, &fnum, &ch, str);

Remember that if an attempt is made to read a value
that does not match the expected data type, the scanf
function will not read any further and would immediately
return the values read.

2.12.5 Examples printf/scanf
Look at the code given of below that shows how we
output values of variables of different data types.

int num;

acanf(" %4 =, &num) ;
Printf("sd*, num);

oo«
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The printf function prints an integer value (because
the type specifier is $d) pointed by num on the screen.

float salary;

scanf (" %f », &salary) ;

Printf(".2%£", salary);

The printf function prints the floating point number
(because the type specifier is %) pointed by salary on the
screen. Here, the control string specifies that only two
digits must be displayed after the decimal point.

i char ch;
. Programming Tip: scanf (" %c ", &ch);
A float specifier printf("%c", ch);

cannot be used
toread an integer
value. 45

The printf function prints a
single character (because the type
specifier is %c) pointed by ch on
the screen.

char str([10];
scanf (" %s ", str);

The print£ function prints a string or a sequence of
characters (because the type specifier is $s) pointed by str
on the screen.

scanf ("%2d %5d", &numl, &num2);

The scanf statement will read two integer numbers. The
first integer number will have two digits while the second
can have maximum of 5 digits.

Look at the code given below which combines printing
alt these variables of different data types in one single
statement.

int num;

float faum;

char ch;

char str(10])

double dnum;

short snum;

long int lnum;

printf ("\n Enter the values : ");

scanf ("%d %f %c %8 %e %hd %1d", &num, &fnum,
&ch, str, &dnum, &soum, &loum);

printf("\n pum = %d \n foum = %£ \o ch = %c
\n str = %8 \n doum = %e \n enum = %hd \n
lmm = %1d", num, foum, ch, str, doum,

soum, loum);

Nete,  Inthe printf statement, *\n’, is called

{g the newline character and is used to print
the succeding text on the new line. The
following output will be generated on
execution of the print function.

Enter the values

2 3456.443 a abcde 24.321E-2 1 12345678

num = 2
foum = 3456.44
ch = a

str = abcde
dnum = 0.24321
smum = 1

lnum = 12345678

Remember one thing that scanf terminates as soon as

it encounters a white space character so if your enter the
string as abe def, then only abc is assigned to stz.

1. Find out the output of the following program.

#include <stdio.h>
main()
{
int a, b;
printf("\n Enter two four digit mumbers:");
scanf ("%2d %4d", &a, &b);
printf ("\n The two numbers are: ¥d and

%", a, b);
return 0;
}
Output
Enter two four digit numbers : 1234 5678
The two numbers are : 12 and 34

Here, the variable a is assigned

Programming TIp:  the value 12 because it is specified
| Usinganincorrect 5 559 5o it will accept only the
specifier for !he first two digits. The rest of the
‘:::: ?rp;:;l::wm number will be gsi@ed to b: The
* generate a run-time value 5678 that is unread will be
error, assigned to the first variable in the

next call to the scanf function.
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nelude <atdio. h>

i
Nete,  The &n specifier is used to assign the main ()
U number of characters read till the point (
at which the $nwas encountered to the {nt num;
variable pointed to by the corresponding float amt;

argument. The code fragment given below
illustrates its usage.

int count;

char code;

double pi;
long int population of_india;

printf ("Hello $nWorld!", &count) ; char msg[10];

printf ("%d", count);
printf ("\n Enter the value of num : »);

scanf ("%d", &num);

printf ("\n Enter the value of amt : v);
scanf ("¥f", &amt);

printf ("\n Enter the value of pi : "};
scanf ("%e", &pi);

The output would be—Hello Worldl 6
because 6(H, e, |, |, 0,) is the number of
characters read before the %n modifier.

S —— _—

———-

2. Write a program to demonstrate the use of printf
statement to print values of variables of different data printf ("\n Enter the population of india : v);

| types. scanf ("%1d", &population of_india);

| printf ("\n Enter the value of code : 7);
] . .
S scanf ("%c", &code);

i main () printf("\n Enter the message : ");

{ scanf ("$s", msqg);

——

// Declare and initialize variables

= s printf("\n NUM = %d \n AMT = %f \n PI =

float amt = 123.45; te \n POPULATION OF INDIA = %1d \n ccoz
| = VAT .

char cod? = ‘A'; = %c \n MESSAGE = $s", num, amt, code,

double pi = 3.1415926536;

pi, population_of_ india, msg);
return 0;

}

Output
, Print the values of variables .
| //. Enter the value of num : 5
printf ("\n NUM = %¥d \t AMT = %f \t CODE Enter the value of amt : 123.45
= %c \n PI = %e \t POPULATION OF INDIA = Enter the value of pi : 3.14159
$1d \n MESSAGE = $s", num, amt, code, pi, Enter the population of india :

population of_india, msg); Enter the value of code : ¢

long int population_of_india =
10000000000;
i char msg[] = "Hi";

12345

‘ return 0; Enter the message : Hello
) )
| NUM = 5
Output AMT = 123.45000
NUM = 7 PI = 3.141590e+00
EMT - 123.45000 POPULATION OF INDIA = 12345
CODE = A CODE = ¢

PI = 3,141590e+00

POPULATION OF INDIA = 10000000000 _ ' .
MESSAGE = Hi 4. Write a program to calculate the area of a mangle using

| ) Hero's formula.
3. Write a program to demonstrate the use of printf and #include <stdio.h»

scanf statements to read and print values of variables of #include <conio.h>»
different data types. fiinclude <math.h»

MESSAGE = Hello
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int main()

float a, b, ¢, area, S;
printf ("\n Enter the lengths of the three
gides of the triangle: ");
scanf ("%f %f %f", &a, &b, &c);
S=(a+bs+c)/z;
// sqrt is a mathematical function defined
in math.h header file
area = sqrt(S*(S-a)*(5-b)*(S-c));
printf("\n Area = %f", area);
return 0;
}
Output
Enter the lengths of the three sides of the
triangle : 12 16 20
Area = 96

5. Write a program to calculate the distance between two
points.
#include <stdio.h>
#include <conio.h>
#include <math.h>

int main()
{
int %1, »2, yl, ¥2;
float distance;
printf("\n Enter the x and y coordinates
of the first point : ");
secanf ("%d %d", &x1, &yl):
printf ("\n Enter the x and y coordinates
of the second point :");
scanf ("%d %d", &x2, &y2);

// sqrt and pow are mathematical
functions defined in math.h header file

distance = aqrt(pow(txz—xl),2)+pow((y2-

Yl) " 2] ) i
printf ("\n Distance = %£",

return 0;

}

Output
Enter the X and

distance) ;

y coordinates of the first

point : 2 5

Enter the X and y coordinates of the second

point : 3 7
pistance = 2.236068

2.12.6 Detecting Errors During Data Input

When the scanfl function completes reading all the data
values, it returns number of values that are successfully
read. This return value can be used to determine whether
there was any error while reading the input. For example,
the statement,

gcanf ("%d %f %c", &a, &b, &c);

will return 3 if the user enters, say,
12 12.24 A

It will return | if the user enters erroneous data like
12 ABC 12.34

This is because a string was entered while the user was I
expecting a floating point value. So, the scanf reads only
first data value correctly and then terminates as soon as it
encounters a mismatch between the type of data expected
and the type of data entered.

ZHE]| OPERATORS IN C

An operator is defined as a symbol that specifies the
mathematical, logical, or relational  operation to be
performed. C language supports a lot of operators to be
used in expressions. These operators can be categorized
into the following major groups:

s Arithmetic operators

e Relational operators

e [quality operators

o Logical operators

e Unary operators

e Conditional operators

‘\® Bitwise operators

e Assignment operalors
¢ Comma operator
e Sizeof operator
In this section, we will discuss about all these operators.

2.13.1 Arithmetic Operators
Consider three variables declared as,

int a=9, b=3, result;

We will use these variables to explain arithmetic
Table 2.9 shows the arithmetic operators, their

operators.
syntax, and usage n C language.
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‘Table 29 Arithmetic operators
Operation Operator | Syntax Comment | Result

Multiply ’ | a*b result=a*b | 27

Divide result = a/b 3

=
Addit

ddition result=a+b| 12
result=a—»b

——
result=a%b

Subtraction
Sdaiabet bt

Modulus

InTable 2.9, a and (on which the operator is applied)
are called operands. Arithmetic operators can be applied

to any Integer or floating-point number. The addition,
subtraction, and multiplication (4, -,

perform the usual arithmetjc operations

you are already familiar with these ope
However,

and *) operators
in C programs, so
rators.
the operator 3 must be new to you. The
m.odulus operator (%) finds the remainder of an integer
division. This operator can be applied only to integer
operands and cannot be used on figat or double operands.
Therefore, the code given below generates a compiler
eITor.
#include <stdio.h>
#include <conio.h>
int main()
{
float c = 20.0;
printf ("\n Result = $f", c % 5);

// WRONG. Modulus operator is being applied
to a float operand
return 0;

)

While performing modulo division, the sign of the
result is always the sign of the first operand (the dividend).
Therefore,

16%3=1-16%3=-1

16%-3=1-16%-3=-1

When both operands of the division operator (/) are
integers, the division is performed as an integer division.
Integer division always results in an integer result. So, the
result is always rounded-off by ignoring the remainder.
Therefore,

9/4=2 and -9/4=-3

From the above observation, we can conclude two
things. If op1 and op2 are integers and the quotient is not
an integer, then we have two cases:

e If opl and op2 have the same sign, then op1/ op2
is the largest integer less than the true quotient,

« If op1 and op2 have opposite signs, then op1/op2 g
the smallest integer greater than the true quotient,

Note that it is not possible to divide any number by zerg,
This is an illegal operation that results in a run-time division-
by-zero exception, thereby terminating the program..

Except for modulus operator, all other a_nthmetic
operators can accept a mix of integer and ﬂoatmlg point
numbers. Ifboth operands are integers, the result will be an
integer. If one or both operands are floating point numbers,
then the result would also be a floating point number,

All the arithmetic operators bind from left to right, As
in mathematics the multiplication, division, and modulys
operators have higher precedence over the addition and
subtraction operators, i.e., if an arithmetic expression
consists of a mix of operators, then multiplication, division,
and modulus will be carried out first in a left to right order,
before any addition and subtraction could be performed.
For example,

344 %7
3+ 28
a1

]

6. Write a program to perform addition, subtraction,
division, integer division, multiplication, and modulo
division on two integer numbers.

#include <stdio.h>
#include <conio.h>
int main{()

{

int numl, num2;

int add res=0, sub_res=0, mul_res=0
idiv_res=0, modiv_res=0;

float fdiv res=0.0;

clrscr();

!

printf ("\n Enter the first number : ") ;
scanf ("%d", &numi);
printf ("\n Enter the second number : ")
scanf ("§%d", &num2);

add res= numl + num2;
sub_res=numl - num2;
mul_res = numl * num2;
idiv_res = numl/num2 ;
modiv_res = numlinum2;
fdiv_res = (float) numl/numz ;
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printf("\n %d + %d = %d", numl, nume,

add_res) ;

printf("\n %d - %d = %d", numl, numz,
sub_res) ;

printf("\n %d X %d = %d", numl, numz,
mul_res) ;

L}

printf("\n %d / %d = %d (Integer
Division)", numl, num2, idiv res);
printf ("\n %d %% %d = %d (Moduluo
Division)", numl, num2, modiv res);
printf("\n %d / %d = %.2f (Normzl
Division)", numl, num2, fdiv res);
return 0; -

}

Output

Enter the first number : 9
Enter the second number : 7

9+ 7 =16

9 -7=2

9 * 7 =63

9/ 7 =1 (Integer divisién)
9.% 7 = 2 (Moduluo division)

9 / 7 = 1.29 (Normal division)

7. Write a program to perform addition, subtraction,
division, and multiplication on two floating point
numbers.

#include <stdio.h>
#include <conio.hs>
int main()

{
float numl, num2;
clrscr();
printf ("\n Enter the first number: ");
scanf ("%f", &numl); ‘
printf("\n Enter the second number: ");
scanf ("%£f", &num2);
printf ("\n %f + %f = %f", numl, num2,
numl + num2);
printf("\n %f - %f = %f", numl, num2,
numl - num2);
printf ("\n %f X %f = %£", numl, num2,
numl * num2) ;
printf ("\n %£ / %f = %f ", numl, num2,
numl / num2);
return 0;
}

Output

Enter the first number : 3.5
Enter the second number : 1.2

3.5 + 1.2 = 4,700000
3.5 - 1.2 = 2.300000
3.5 * 1.2 = 4.200000
3.5 /1.2 = 2,196667

8. Write a program to subtract two long integers.

ftinclude <stdio.hs>

#include <conio.h>

int main()

{
long int numl= 1234567, num2, diff=0;
clrscr();
printf ("\n Enter the number: ");
scanf ("%$1d", &num2);
diff = numl - num2;
printf ("\n Difference = %1d4d", diff);
return 0;

}

Output

Enter the number: 1234
Difference = 1233333

2.13.2 Relational Operators

Arelational operator, also known as a comparison operator,
is an operator that compares two values. Expressions
that contain relational operators are called relational
expressions. Relational operators return true or false
value, depending on whether the conditional relationship
between the two operands holds or not.

For example, to test the expression, if x is less than y,
relational operator < is used as x < y. This expression will
return TRUE if x is less than y; otherwise the value of the
expression will be FALSE.

Relational operators can be used to determine the
relationships between the operands. These relationships
are illustrated in Table 2.10.

INNIPRTY Relationaloperators _ S}

Operator Meaning Example
< Less than 3<5gives 1
> Greater than 7>9gives0
3= Less than or equal to 100 >= 100 gives 1
<= Greater than equalto | 50>=100 gives 0
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The relational operators are evaluated from left to right.
The operands of a relational operator must evaluate to a
number. Characters are considered valid operands since
they are represented by numeric values in the computer
system. So, if we say, ‘A’ < ‘B’, where A is 65 and B is
66 then the result would be 1 as 65 < 66.

When arithmetic expressions are used on either side of
a relational operator, then first the arithmetic expression
will be evaluated and then the result will be compared.
This is because arithmetic operators have a higher priority
over relational operators.

However, relational operators should not be used for
comparing strings as this will result in comparing the
address of the string and not their contents. You must
be wondering why so? The answer to this question will
be clear to you in the later chapters. A few examples of
relational operators are given below.

If x=1, y=2, andz = 3, then ]

Expressions that evaluate Expressions that evaluate
o TRUE to FALSE

Note that these expressions | Note that these

are true because their
value is not zero,

expressions are false
because their value is

Zero.
(x) (x - 1)
(x + y) (1 (z))
(z * 9) (0 *y)
(z +10 - 5 * a) (y == 1)
lz-x4+y) (ys2)

Nete,  Although blank spaces are allowed
between an operand and an operator,
no space is permitted between the
components of an operator (like > =is
not allowed, it should be >=). Therefore,
writing, x==y is correct but writingx==y
is not acceptable in C language.

9. Write a program to show the use of relational
operators.

#include <stdio.h»

main ()

{
int x=10, y=20;
printf("\n %¥d < %d = %d", x, vy, x<y);
printf("\n %¥d == %d = %d", x, y, x==y);
printf("\n %¥d != %d = %4d", x, vy, x!=y);

printf("\n %d > %d = 3
printf("\n %d >= %4 =
printf("\n %d <= %d =
return 0;

}

Output

10 < 20 = 0
10 == 20 =

10 !

10 >20 =0
10 >= 20 = 0
10 <= 20 = 1

d"l X, Y, x>y);
%d"r X, y; X>=y) :
3", x, y, x<=y);

2.13.3 Equality Operators

C language supports two kinds of equality operators tg
compare their operands for strict equality or inequality,
They are equal to (==) and not equal to (=) operators,
The" equality operators have lower precedence than the
relational operators.

The equal-to operator (==) returns true (1) if operands
on both the sides of the operator have the same value;
otherwise, it returns £alse (0). On the contrary, the not-
equal-to operator (1=) returns true (1) if the operands do
not have the same value; else i returns false (0). Table
2.11 summarizes equality operators.

Table 2.11 Equﬁt\}raﬁ—e-rators }

= a= R et Sa b el e

Operator Meaning

== Returns 1 if both operands are equal,0
otherwise

Returns 1 if operands do not have the same
value, 0 otherwise

2.13.4 Logical Operators

C language supports three logical operators—logical
AND (&%), logical OR (| |), and logical NOT (1). As in
case of arithmetic expressions, the logical expressions are
evaluated from left to right.

Logical AND

Logical AND operator is used to simultaneously evaluate
two conditions or expressions with relational operators.
If expressions on both the sides (left and right side) of
the logical operator is true then the whole expression is
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true. The truth table of logical AND operator is given in
Table 2.12.

m :Tfuth table of logical AND

A B A &&B

0 0 0

0 1 0

1 0 0

1 1 1
For example,

(a < b) & (b > c)

The expression to the left is' (a < b) and that on the
right is (b > c). The whole expression is true only if both
expressions are true, i.e., if bis greater than aand c.

Logical OR

Logical OR operator is used to simultaneously evaluate
two conditions or expressions with relational operators. If
one or both the expressions on the left side and right side
of the logical operator is true then the whole expression
is true. The truth table of logical OR operator is given in

Table 2.13.

m'ritﬁﬁt?fé of logical OR \

! A B AllB
. 0 0 0
0 1 1
1 0 1
p 1 1
For example,

(a<b || ®>c

The expression to the left is (a < b) and that on the
right is (b > c). The whole expression is true if either b is

greater than a or b is greater than c.

Logical NOT

The logical NOT operator takes a single expression and
negates the value of the expression. That is, logical NOT

f the expression evaluates to a non-zero
sion produces a Z€ro-

Jue of the expression.
r is given in

produces a zero i
value and produces a 1 if the expres

In other words, it just reverses the va
The truth table of logical NOT operato

Table 2.14.

=TTRERT] Truth table of Logical NOT
A [A o
1
1 0

For example,

int a = 10, b;

b = la;

Now the value of b = 0. This is because value of a =
10. 1a = 0. The valie of ta is assigned to b, hence, the

result.
Logical expressions operate in a short cut fashion and

stop the evaluation when it knows for sure what the final
outcome would be. For example, in a logical expression
involving logical AND, if the first operand is false, then
the second operand is not evaluated as it is for sure that
the result will be false. Similarly, for a logical expression
involving logical OR, if the first operand is true, then the
second operand is not evaluated as it is for sure that the

result will be true.
But this approach has a side effect. For example,

consider the following expression:

(x > 9) & (y > 0)
OR
(x>9) || (y>0)
In the above logical AND expression if the first operand
is false then the entire expression will not be evaluated and
thus the value of y will never be incremented. Same is the

case with the logical OR expression. If the first expression
is true then the second will never be evaluated and value

of y will never be incremented.

2.13.5 Unary Operators

Unary operators act on single operands. C language
supports three unary operators unary minus, increment,
and decrement operators.
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Unary Minus

Unary minus (-) operator is strikingly different from the
binary arithmetic operator that operates on two operands
and subtracts the second operand from the first operand,
When an operand is preceded by a minus sign, the unary
operator negates its value. For example, if a number is
positive then it becomes negative when preceded with a
unary minus operator. Similarly, if the number is negative,

it becomes positive after applying the unary minus
operator. For example,

int a, b = 10;
a = -(b);

The result of this expression is a

= -10, because a
variable bhas a positiv

€ value. After applying unary minus
operator (-) on the operand b, the value becomes -10,
which indicates it as a negative value.

Increment Operator (++) and Decrement
Operator (--)

The increment operator is a unary operator that increases
the value of its operand by 1. Similarly, the decrement
operator decreases the value of its operand by 1. For
example, --x is equivalent to writingx = x - 1,

The increment/decrement operators have two variants—
prefix and postfix. In a prefix EXpression (++x or --x),
the operator is applied before an operand is fetched for
computation and thus, the altered value is used for the
computation of the expression in which it occurs. On the
contrary, in a postfix expression (x++ or X--) an operator
is applied after an operand is fetched for computation.
Therefore, the unaltered value is used for the computation
of the expression in which it occurs.

Therefore, an important point to note about unary
increment and decrement operators is that ++x is not the
same as x++. Similarly, --x is not the same as x-- . Both
++x and x++ increment the value of x by 1. In the former
case, the value of x is returned before it is incremented
whereas, in the latter case, the value of x is returned after
it is incremented. For example,

int x = 10, y;

Y = X++;

is equivalent to writing

Y = x;

X =X+ 1;
whereas,

Y = +4+x;

is equivalent to writing

X=X+ 1;
Y = x;
The

same principle applies to unary decrement
operators. The unary operators have a higher precedence
than the binary operators. If in an expression we have more
than one unary operator then unlike arithme
they are evaluated from right to left.

When applying the increment or decrement operator,
the operand must be a variable. This operator can never
be applied to a constant or an expression. Therefore the
following codes will generate a compiler error.

tic operators,

Nete,  When postfix ++ or ——is used with
‘ %/ avariable in an expression, then the

expression is evaluated first using the :
original value of the variable and then the
variable is incremented or decremented
by one.
Similarly, when prefix ++ or —— is used
with a variable in an expression, then
the variable is first incremented or
decremented and then the expression

is evaluated using the new value of the
variable.

10. Write a program to illustrate the use of unary prefix
increment and decrement operators.
#include <stdio.h»
main ()

{

int num = 3;

i

// Using unary prefix increment operator

Printf ("\n The value of num =

printf ("\n The value of ++num =
printf (v

$4", num);

%¥d", ++mum) H
\n The new value of num = yg» . num) ;
// Using unary prefix decrement operator

printf ("\n\n The value of num = §g» . um) ;
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printf ("\n The value of --num = $d", --num) ;

printf ("\n The new value of num = ¥d", num) ;
return 0;

)
Output

The value of num = 3

The value of ++num = 4

The new value of num = 4
The value of num = 4

The value of --num = 3
The new value of num = 3

11. Write a program to illustrate the use of unary postfix
increment and decrement operators.

#include <stdio.h>

main()

{

int num = 3;
// Using unary postfix increment operator

printf ("\n The value of num= %d", num) ;
printf ("\n The value of num++ = ¥d", num++) ;

printf(“\nThenewvalueofnwn=%d",num);
// Using unary postfix decrement operator

printf ("\n\n The value of num=%d", num) ; .
printf(“\nThevalueoEnum:%d",num-d;
printf(“\nThenewvalueofnum:%d",num);
return 0;
}
Output
The value of num = 3

The value of num++ = 3

The new value of num = 4
The value of num = 4
The value of num-- = 4
The new value of num = 3

2.13.6 Conditional Operator

The conditional operator or the ternary (?:) is just like an
if—else statement that can be within expressions. Such

an operator is uscful in situations in which there arc two
or more alternatives for an expression. The syntax of the
conditional operator is

expl ? exp2 : exp3

explisevaluated first. Ifitis true, then exp2 is evaluated
and becomes the result of the expression, otherwise exp3
is evaluated and becomes the result of the expression. For
example,

large = (a >b) 2 a : Db

The conditional operator is used to find largest of two
given numbers. First exp1, that is (a > b) is evaluated. If
a is greater than b, then large = a, else large = b. Hence,
large is equal to either a or b but not both.

Hence, conditional operator is used in certain situations,
replacing if-else condition phrases. Conditional
operators make the program code more compact, more
readable, and safer to use, as it is easier to check any error
(if present) in one single line itself. Conditional operator is
also known as ternary operator as it is neither a unary nor
a binary operator; it takes three operands.

Since a conditional operator is itself an expression, it
can be used as an operand of another conditional operation.
That means C allows you to have nested conditional
expressions. Consider the expression given below which
illustrates this concept.

int a=5, b=3, c= 7, small;

smﬂl:(a<b?(a<c?a:m:(bcc?b:cn;

12. Write a program two find the largest of two numbers

using terary operator.

#include <stdio.h>

#include <conio.h>

int main()

{
int numl, num2, large;
clrscr();
printf ("\n Enter the first number: ") ;
gcanf ("¥d", &numl);
printf ("\n Enter the second number: ");
scanf ("$d", &num2);

large = numl>num2?numl :num2 ;
printf ("\nThe largest number is: ¥d", large);
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return 0;

}
Output

Enter the first number: 23
Enter the second number: 34
The largest number is: 34

13. Write a program two find the largest of three numbers

using terary operator.

#include <stdio.h>

#include <conio.hs

int main() .

{
int numi, num2, num3,
clrscr();

large;

printf ("\n Enter the first number:
scanf ("%d", &num1);
printf (v

");

\n Enter the second number: V) ;
scanf ("%d", snum2) ;
Printf ("\n Enter the third number: w)
scanf ("3q4", &ﬁumB);

.
r

large = numlsnum2? (num1>num3?i'1mnl:num3):
(num2>num3?num2:num3);

printf ("\n The largest number is: %dr,
large) ;
retun 0;

}
Output

Enter the first number: 12
Enter the second number: 34
Enter the third number: 23
The largest number is: 34

2.13.7 Bitwise Operators

As the name suggests, bitwise operators are those
operators that perform operations at bit le.ve!. These
operators include: bitwise AND, bitwise OR, bitwise XOI.{,
and shift operators. The bitwise operators expect their
operands to be integers and treat them as a sequence of
bits.

Bitwise AND

The bitwise AND operator (&) is a small version of the

boolean AND (&&) as it performs operation on bits insteaq
of bytes, chars, integers, etc. When we use
AND operator, the bit in the first operand is
the corresponding bit in the second operan
table is same as we had seen in logical AN
i.e., the bitwise AND Operator compares each bit of jts first
operand with the corresponding bit of its second operand,
If both bits are 1, the corresponding bit in the resul js 1
and 0 otherwise. For example,

the bitwise
ANDed with
d. The truth
D operation,

10101010 & 01010101 = 00000000

Ina C program, the & operator is used as follows,

int a = 10, b = 20, c=0;
C= a&b;

Bitwise OR

The bitwise OR operator () is a small
OR (|) as it performs operation on
chars, integers, etc, When we use th
the bit in the first operand is ORed
bit in the second operand. The

version of the boolean
bits instead of bytes,
e bitwise OR operator,
with the corresponding

truth table is same as we
had seen in logical OR operation, i.e., the bitwise-OR

oOperator compares each bit of its first operand with the
corresponding bit of its second operand. If one or both
bits are 1, the corresponding bit in the result is 1 and 0
otherwise, For example,

10101010 & 01010101 = 11111111

In a C program, the | operator is used as follows.

int a = 10, b = 20, c=0;
c= a|b

Bitwise XOR

The bitwise XOR operator (*) performs operation on
individual bits of the operands. When we use the bitwise
XOR operator, the bit in the first operand is XORed with
the corresponding bit in the second operand. The truth
table of bitwise XOR operator is as shown in Table 2.15.
The bitwise XOR operator compares each bit of its first
operand with the corresponding bit of its second operand.

If one of the bits is 1, the corresponding bit in the result is
land 0 otherwise. For example,

10101010 * 01010101 = 11111111
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m Truth table of bitwise XOR

A B AAB
0 0 0
0 1 1
1 0 1
1 1 0

In a C program, the * operator is used as follows:

int a = 10, b = 20, ¢=0;
c= a“b

Bitwise NOT

The bitwise NOT, or complement, is a unary operation that
performs logical negation on each bit of the operand. By
performing negation of each bit, it actually produces the
1s complement of the given binary value. Bitwise NOT
operator sets the bit to 1 if it was initially 0 and sets it to 0
if it was initially 1. For example,

~10101011 = 01010100

Notey

Bitwise operators are used for testing the
bits or shifting them left or right. Always
remember that bitwise operators cannot !
be applied to float or double variables. -

Shift Operator

C supports two bitwise shift operators. They are shift-left
(<<) and shift-right (>>) . These operations are simple and
are responsible for shifting bits either to the left or to the
right. The syntax for a shift operation can be given as

operand op num

where the bits in operand are shifted left or right
depending on the operator (left if the operator is << and
right if the operator is >>) by the number of places denoted
by num.

For example, if we have x = 0001 1101, then

x << 1 produces 0011 1010

~ When we apply a left-shift, every bit in x is shifted to
the left by one place. So, the MSB (most significant bit) of
x is lost, the LSB of x is set to 0.

Therefore, if we have x = 0001 1101, then
x << 4 produces 1010 0000.

If you observe carefully, you will notice that shifting
once to the left multiplics the number by 2. Hence,
multiple shifts of 1 to the left, results in multiplying the
number by 2 over and over again.

On the contrary, when we apply a shift-right operator,
every bit in x is shifled to the right by one place. So, the
LSB (lcast significant bit) of x is lost, the MSB of x is set
to 0. For example, if we have x = 0001 1101, then

x >> 1 produces = 0000 1110
Similarly, if we have x = 0001 1101, then

x << 4 produces 0000 0001.

If you observe carefully, you will notice that shifting
once to the right divides the number by 2. Hence, multiple
shifts of 1 to the right, results in dividing the number by 2
over and over again.

2.13.8 Assignment Operators

In C, the assignment operator is responsible for assigning
values to the variables. While the equal sign (=) is the
fundamental assignment operator, C language also supports
other assignment operators that provide shorthand ways to
represent common variable assignments.

When an equal sign is encountered in an expression, the
compiler processes the statement on the right side of the
sign and assigns the result to the variable on the left side.
For example,

int x;

x = 10;

assigns the value 10 to variable x. If we have,

int x = 2, y =3, sum = 0;
sum = X + Y;
then sum = 5,

The assignment operator has right-to-left associativity,
so the expression

a=>b=c=10;
is evaluated as
(a= (b= (c=10)));

First 10 is assigned to c, then the value of ¢ is assigned
to b. Finally, the value of b is assigned to a.
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The operand to the left of the assignment operator
must always be a variable name. C does not allow any
cxprcssinn: constant. or function to be placed to the left of
the assignment operator. Therefore, the statementa + b = 0,
is invalid in C language.

To the right of the assignment operator you may have
an arbitrary expression. In that case, the expression would
be evaluated and the result would be stored in the location
denoted by the variable name,

Other Assignment Operators

C language supports a set of shorthand assignment
operators of the form

variable op = expression

where op is a binary arithmetic operator.
Table 2.16 contains a list of other assignment operators
that are supported by C.

The advantage of using shorthand assignment operators
are as follows:

e Shorthand expressions are easier to write as the
expression on the left side need not be repeated.

® The statement involving shorthand operators are
easier to read as they are more concise.

¢ The statement involving shorthand operators are
more efficient and easy to understand.

14. Write a program to demonstrate the use of assignment
operators.
#include <stdio.h>
main()
{
int numl = 3, num2 = 5;
printf("\n Initial value of numl = %d and
num2 = %d4d", numl, num?2);
numl += num2 * 4 - 7;
printf ("\n After the evaluation of the
expression numl = %d and num2 = %4",
numl, num2);

return 0;

}
Output

Initial value of numl = 3 and num2 = 5
After the evaluation of the expression numl
= 16 and num2 = 5

2.13.9 Comma Operator

The comma operator in C takes two operands, It works
by cvaluating the first and discarding its value, and then
cvaluates the second and returns the value as the result of
the expression. Comma separated operands when chained
together are evaluated in lef-to-right sequence with the
right most value yielding the result of the expression,
Among all the operators, the comma operator has the
lowest precedence.

Therefore, when a comma operator is used, the entire
expression evaluates to the value of the right expression,
For example, the following statement assigns the value of
bto x, then increments a, and then increments b.

int a=2, b=3, x=0;
x = (++a, b+=a);

Now, the value of x = 6.

2.13.10 Sizeof Operator

The operator sizeof is a unary operator used to calculate
the size of data types. This operator can be applied to all
data types. When using this operator, the keyword sizeof
is followed by a type name, variable, or expression. The
operator returns the size of the variable, data type, or
expression in bytes, i.e., the sizeof operator is used to
determine the amount of memory space that the variable/
expression/data type will take,

When a type name is used, it is enclosed in parentheses,
but in case of variable names and expressions they can be
specified with or without parentheses. A sizeof expression
returns an unsigned value that specifies the space in
bytes required by the data type, variable, or expression.
For example, sizeof (char) retums 1, ie., the size of a
character data type. If we have,

int a = 10;
unsigned int result;
result = sizeof(a);

then result = 2, which is the space required to store
the variable a in memory. Since a is an integer, it requires
2bytes of storage space.

2.13.11 Operator Precedence Chart

C operators have two properties: Ppriority and associativity.
When an expression has more than one operator then it is
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the relative priorities of the operators with respeet to c:llch
other that determine the order in which the expression
will be evaluated. Associativity defines the direction in
which the operator having the same precedence acts on
the operands. It can be cither left-to-right or right-to-
left. Priority is given precedence over associativity to
determine the order in which the expressions are evaluated.
Associativity is then applied, if the need ariscs,

Table 2.17 lists the operators that C language supports
in the order of their precedence (highest to lowest). The
associativiry indicates the order in which the operators of
equal precedence in an expression are evaluated,

R opersorprecedence

i . d

Operator | Associativity | Operator Associativity
() left-to-right left-to-right
[
. A
->
++ -
+H - right-to-left left-to-right
+ -
| ~
(type) I
*
&
sizeof
*/ % left-to-right | && left-to-right
+ - left-to-right | || left-to-right
<< >> left-to-right | ?: right-to-left
left-to-right | = right-to-left
+= =
< <= *= /=
> >z %= &=
Az |=
<<= >>=
== |= left-to-right |, left-to-right
& left-to-right

You must be wondering why the priority of the
assignment operator is so low. This is because the action of
assignment is performed only when the entire computation
is done. It is not uncommeon for a programmer to forget the

r———_——

priority of the operators while writing any program. So
it is recommended that you use the parentheses operator
to override default prioritics. From Table 2.17 you can
sce that the parenthesis operator has the highest priority.

So any operator placed within the parenthesis will be
evaluated before any other operator.

m Expressions Using the Precedence Chart

L x=3+44+5=+g¢
=12 + 5 * ¢
12 + 30
= 42
2. x =3 % (44+5) g
=3 %9 +*g
=27 * 6
= 162
J.x=3*4%5/2
=12%5/2
=2/ 2
=1
4. x=3* (4%5) /2
=3*a/2
=12/ 2
=6
S.x=3*4%(5/2)
3*xag52
12 § 2
0
3 *x ((4%5) /2
3% (4/2)
=3 *2
=6

&
b
nowmonon

Take the following variable declaration,

inta=0,b=1, ¢ = -1;
float x = 2.5, y = 0.0;
If we write,

a=b=c=7;

Since the assignment operator works from
right-to-left, therefore

¢ = 7. Then since b = ¢, therefore b = 7.
Now a = b, soa = 7.

T a+=b-=c 10

This is expanded as
a=a+(b=b-(c=c*10))
=a+(b‘1‘ ("10)
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a+ (b=11)

=04+ 11 m Programming Examples
=11
8 -a* (54+4b) /2-ces *p 15. Write a program to calculate the arca of a circle.

-8 *6 /2 -c++ * b
-;a*6/2--1*p

(Value of ¢ has been incremented but its altered value will int main()
not be visible for the evaluation of this expression) {

#include <stdio.h>
#include <conio.h>

=-1%*6/2--1%1 float radius;

double area, circumference;

clrscr();

printf ("\n Enter the radius of the circle: ");
scanf ("$£", &radius);

(Value of a has been incremented and its altered value will

be used for the evaluation of this expression)
=-1%3 - -1+%1

=-3--1+*1 area = 3.14 * radius * radius;
=-3--1 circumference = 2 * 3.14 * radius;
= -2 printf (" Area = %.2le", area);
9. 2a+Db*cs printf("\n CIRCUMFERENCE = %.2e",
; £ ]
= (@ * b) * c (because associativity of * CEEEUNESYCICS) S
. . return 0;
is from left-to-right)
=0 }
=0 Enter the radius of the circle:
1. a<bs&&c<b Area = 153.86
o CIRCUMFERENCE = 4.40e+01
12.b+c || ! a
=(b+c || (1a) 16. Write a program to print the ASCII value of a
=11 character.
=1 #include <stdio.h>
13. x*5& 5 || (b /<) #include <conio.h>
= ((x*5) & 5) || (b / c) ) int main()
= (1.25 && 5) || (1/-1) {
=1 char ch;
14, a <= 10 && x >= 1 & b clrscr();
= ((a <= 10) && (x >= 1)) & b printf ("\n Enter any character: ");
=1 &1 && 1 scanf ("$c", &ch);
=1 printf("\n The ascii value of %c is:
15. ix || le || b+c %d",ch,ch) ;
= ((1x) || (te)) || (b + @) return 0;
o llo]lo )
=0
16 x *y<a+b || c Output
= ((x*y) < (a+b)) ||c Enter any character: A
=0<1]|| -1 The ascii value of A is: 65
=1 . .
17. Write a program to read a character in upper case and
17, (x> 31+ 13 | o hen print it in lower case
= ((x>y) + (13)) || (c++) then pnnt 1t in \ '
#include <stdio.h>
=2.5+1]|0 ,
1 #include <conio.h>
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int main()

{

char ch;

clrscr();

printf("\n Enter any character in upper
case: ");

scanf ("$c", &ch);

printf("\n The character in lower case
is: %c", ch+32);

return 0;

Output

Enter any character: a
The character in lower case is: a

18. Write a program to print the digit at ones place of a

number.

#include <stdio.hs
#include <conio.hs
main ()

{

}

int num, digit_at_ones place;

clrscr();

printf ("\n Enter any number: ") ;

scanf ("%d", &num);

digit _at_ones place = num % 10;

printf ("\n The digit at ones place of 3%d
is %d", num, digit_at_ones place);

return 0;

Output

Enter any number: 123
The digit at ones place of 123 is 3

19. Write a program to Swap two numbers using a

temporary variable.
#include <stdio.h>
#include <conio.h>
int main()

{

int numl, num2, temp;

clrscr();

printf ("\n Enter the first number: ");
scanf ("%d", &numl) ;

printfi“\n Enter the second number: ");
scanf ("$d", &num2) ;

temp = numl;
numl = num2;

20. Write a program to swap two numbers with

num2=temp;

printf("\nThefiratnumberls%d",numh;
printf("\nTheaecondnumbetis%d"

s UMZ) .
return 0;

)

l Output

Enter the firat number : 3
Enter the second number : s
The first number ig 5

The second number is 3

out using
temporary variable,
#include <stdio.hs
#include <conio.h>
int main()
{
int numi, num2 ;
clrscr() ;
printf ("\n Enter the first number: ")
scanf ("$d", &numl) ;

’

printf("\n Enter the second number: ");

scanf ("$d", snum2) ;
LY

numl = numl + num2 ;
num2= numl - num2;

numl = numl - numa2 ;

printf(“\nThefirstnumberis%d".numl);
printf("\nThesecondnumberis%d",numz):
return 0;

Output

Enter the first number: 3
Enter the second number: 5
The first number is 5

The second number is 3

21, Write a program to calculate average of two numbers.

Also print their deviation.

#finclude <stdio.h>
#include <conio.hs
main()
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}

int numl, num2;

float avg, devl, dev2;

printf ("\n Enter the two numbers: ");

scanf ("%¥d %d", &numl, &num2);

avg = (numl + num2) / 2;

devl = numl - avg;

dev2 = num2 - avg;

printf ("\n AVERAGE = %.2f", avg);

printf ("\n Deviation of first number =
$.2f", devl);

printf ("\n Deviation of second number =
%.2f", dev2);

return 0;

Output

Enter the two numbers: 45 32
AVERAGE = 38.00

Deviation of first number = 7.00
Deviation of first number = -6.00

22. Write a program to convert degrees Fahrenheit into
degrees celsius.
#include <stdio.h>
#include <conio.h>

main()

{

}

float fahrenheit, celsius;

printf ("\n Enter the temperature in
fahrenheit: ");

scanf ("%$£", &fahrenheit);

celsius = (0.56) * (fahrenheit - 32);

printf ("\n Temperature in degrees celsius
= %f", celsius);

returm 0;

23, Write a program that displays the size of every data
type.
#include <stdio.h>
#include <conio.h>
int main()

{

clrscr();
printf ("\n The size of short integer is:

$d", sizeof (short int));

printf ("\n The gize of unsigned integer
ig: %d", sizeof (unsigned int));

printf ("\n The size of signed integer is:
4", sizeof (signed int));

}

printf ("\n The gize of integer is: %d",

gizeof (int));
printf ("\n The gize of long integer is:
4d", eizeof(long int));

printf ("\n The size of character is: %d",
sizeof (char));

printf ("\n The size of unsigned character
is: 3d", sizeof (unsigned char));

printf ("\n The size of signed character
ig: %d", sizeof (signed char));

printf ("\n The size of floating point
number is: %d", sizeof (float));

printf ("\n The size of double number is:
sd", sizeof (double));

return 0;

Output
The size of short integer is: 2
The size of unsigned integer is: 2
The size of signed integer is: 2
The size of integer is: 2
The size of long integer is: 2

The size of character is: 1
The size of unsigned character is: 1
The size of signed character is: 1

The size of floating point number is: 4
The size of double number is: 8

24. Write a program to calculate the total amount of
money in the piggybank, given the coins of Rs 10,

Rs 5,Rs 2,and Re 1.

#include <stdio.h>
#include <conio.h>

main()

{

int num_of_10_coins, num of 5_coins, num_
of_2_coins, num_of_1_coins;

float total_amt = 0.0;

clrscr();

printf ("\n Enter the number of Rsl0 coins
in the piggybank: ");

scanf ("$d", &num_of_10_coins);

printf ("\n Enter the number of Rs5 coins
in the piggybank: ");
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scanf ("%d", &num of_5 coins);

printf ("\n Enter the number of Rs2 coins
in the piggybank: ");

scanf ("%¥d", &num of_2 coins);

printf ("\n Enter the number of Rel coins
in the piggybank: ");

scanf ("%d", &num of_1_coins);

total_amt = num of_10_coins * 10 + num_
of 5 coins * 5 + num_of 2 coins * 2 +
num_of_1 coins;

printf ("\n Total amount in the piggybank
= %f", total amt);

getch() ;

return 0;

}

Output

Enter the number of Rs10 coins in the
piggybank: 10

Enter the number of Rs5 coins in the
piggybank: 23

Enter the number of Rs2 coins in the
piggybank: 43

Enter the number of Rel coins in the
piggybank: 6

Total amount in the piggybank = 307

25. Write a program to calculate the bill amount for an
item given its quantity sold, value, discount, and tax.

#include <stdio.h>
#include <conio.h>
main ()

{

float total_amt, amt, sub_total,

discount_amt = (amt * discount)/100.0;
sub_total = amt - discount_amt;

tax_amt = (sub_total * tax) /100.0;
total_amt = sub_total + tax_amt;

printf ("\n\n\n ****** BILL *xakakn) .
printf ("\nQuantity Sold: %£", gty) ;
printf ("\nPrice per item: %£f", val);
printf("\n------------. ");

printf ("\nAmount: %f", amt) ;
printf("\nDiscount:—%f",discount_amt);
printf(“\nDiscountedTotal:%f",sub_total);
printf ("\nTax: + $f", tax_amt);

Printf ("\n-=---ooooo__ 2l

printf ("\nTotal Amount $£", total amt);
returno;

}

Output

Enter the quantity of item sold: 20
Enter the value of item: 300

Enter the discount percentage: 10
Enter the tax: 12

kkkkkkkhkkkdk BT, Akkkdhkdkwkkkhakll

Quantity Sold : 20
Price per item : 300
Amount 6000
Discount : - 600
Discounted Total : 5400
Tax : + 648
Total Amount 6048

TYPE CONVERSION AND

discount_amt, tax amt, gty, val, / TYPECASTING
discount, tax; ) ;

printf ("\n Enter the quantity of item Till now we have assumed that all the expressions involved
sold: "); data of the same type. But what happens when expressions
scanf ("$£", &gty); involve two different data types, like multiplying a floating
printf("\n Enter the value of item: "); point number and an integer. Such type of situations are
scanf ("$f", &val); handled either through type conversion or typecasting.
printf ("\n Enter the discount percentage: "); v~ Type conversion or typecasting of variables refers to
scanf ("3f", &discount); changing a variable of one data type into another. Type
printf ("\n Enter the tax: "); conversion is done implicitly whereas, typecasting has

ccanf ("$£", &tax); to be done explicitly by the programmer)We will discuss
both of them here.

amt = gty * val;
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2.15.1 Type Conversion

Type conversion is done when the expression has
variables of different data types, To cvaluate the
expression, the data type is promoted from lower to
higher level where the hierarchy of data types (from
higher to lower) can be given as: double, float, long,
int, short, and char. Figure 2.12 shows the conversion
hierarchy of data types.

Higher level

long double I
= double I

Float

unsigned long int I

long int I
unsigned int |
C————
int |
. Lower
. short  char I level

ST -w M PH Conversion hierarchy of data types

Type conversion is automatically done when we assign
an integer value to a floating point variable. Consider the
code given below in which an integer data type is promoted
to float. This is known as promotion (when a lower level
data type is promoted to a higher type).

float x;

int y =

x =Y

Now, x = 3.0, as automatically integer value is
converted into its equivalent floating poirgrepresentation.
In some cases, when an integer is convertZd into a floating
point number, the resulting floating point number may
not exactly match the integer value. This is because the
floating point number format used intemally by the
computer cannot accurately represent every possible
integer number. So even if the value of x = 2.99999995,
you must not worry. The loss of accuracy because of this
feature would be always insignificant for the final result.
Let us summarize how promotion is done:

e float operands are converted to double.

s char or short operands whether signed or unsi gned
are converted to int.

« If any onc operand is double, the other operand is
also converted to double. Hence, the result is also

of typc double.

o Ifany one operand is 1ong, the other operand is also
converted to long. Hence, the result is also of type
long.

Figure 2.13 exhibits type conversions in an expression.

char ch;
inti: When a char type is
! operated with an int type
float f; data, char is promoted
toint.
double d, res; o
r=(ch+i) X (f/i)+(d-f); When a float type data is

operated with an int, then
int is promoted to float.

":EJ Lfl_o'at L(;Ijuble

|nt float double

float When a float type datais
subtracted from a double
double type data, then float is

promoted to double.

double

NGk Type conversion

Consider the following group of statements.

float £ = 3.5;

int 1i;

‘1= f;

he statement 1 = f results in f to be demoted to type
int, i.e., the fractional part of £ will be lost and i will
contain 3 (not 3.5).)In this case demotion takes place, i.e.,
a higher level data type is converted into a lower type.
Whenever demotion occurs, some information is lost. For
example, in this case the fractional part of the floating
point number is lost.

Similarly, if we convert an integer to a short integer or a
long int to int, or int to char, the compiler just drops the extra
bits (Figure 2.14).

Note No compile time warning message is
‘H’ generated when information is lost while
demoting the type of data.
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char ch;

inti; 00000100 | 1101 0010 11010010

i=1234; Contents of i (binary Contents
equivalent of 1234) of ch

ch=i;

TEPHEN Implicit conversion example

Thus we can observe the following changes that are
unavoidable when performing type conversions.

* When a float value is converted to an integer value,
the fractional part is truncated.

* When a double value is converted to a float value,
rounding of digits is done.

* Whenalongintis converted into int, the excess higher
order bits are dropped.

These changes may cause incorrect results,

.15.2 Typecasting

tlmccasting is also known as forced convcrsio@Typc-
casting an arithmetic expression tells the compiler to

represent the value of the expression in a certain wny.Q

Q/is done when the value of a higher data type has to be
converted in to the value of a lower data type. But this
cast is under the programmer’s control nd not under
compiler’s control. For example, if we need to explicitly
type cast an integer variable into a floating point variable,
then the code to perform type casting can be given as,

float salary = 10000.00;
int sal;
sal = (int) salary;

When floating point numbers are converted to integers
(as in type conversion), the digits after the decimal are
truncated. Therefore, data is lost when floating-point
representations are converted to integral representations.
So in order to avoid such type of inaccuracies, int type
variables must be typecast to float type.

As we see in the cod¢{ typecasting can be done by

_P.l_fﬁi—nﬂ the destination data Type in parentheses followed

by the variable name that has to be conveﬂe?Hence, we

conclude that typecasting is done to make & variable of
one data type to act like a variable of another type,

We can also typecast integer values tq its chargg,
equivalent (as per ASCII code) and vice versa, TYPQCasﬁ o
is also done in arithmetic operations to get corect rcsuT
For example, when dividing two integers, the result cqp hl.
of floating type. Also when multiplying twq integers thc
result can be of long int. So to get correct precision Valu:
typecasting can be done. For instance: '

int a = 500, b = 70
float res;

res = (float) a/b;

i

Let us look at some more examples of typecasting,
(int)9.5;

9.5 is converted to 9 by truncation and thena
to res.

® res =
Ssigned

¢ res = (int)12.3 / (int)4.2;
Itis evaluated as 12/4 and the value 3 js assigned o reg,
¢ res = (double)total/n;

total is converted to double and then division is
done in floating point mode,

¢ res = (int) (a+b);

The value of a+b is converted to integer and then
assigned to res.

® res = (int)a + b;

a is converted to int and then added with b.
* res = cos((double)x);
Itconverts x 10 double before finding its cosine value,

Ite a program to convert a floating point number
into the corresponding integer.
#include <stdio.hs
#include <conio.hs
int main()
{
float f num;
int i_num;
clrscr();
Printf("\n Enter any floating point mmber: ");
Scanf ("§fn, &f_num) ;
i num = (int) f_num;
printf ("\n The integer variant of $f is =
¥d", £_num, i_num);
Treturn 0;

)
Output

Enter any floating point number: 23.45
The integer variant of 23.45 jg = 23

I——— == -
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. Write a program to convert an integer into the
corresponding floating point number

#include <stdio.h>

#include <conio.hs

int main()

{
float f_num;
int i_num;
clrser();
printf ("\n Enter any integer: ");
scanf ("¥d", &i_num);
f num = (float)i_num;
printf ("\n The floating point variant of
td is = %£", i_num, £ num);
return 0;
}

Output

Enter any integer: 12
The floating point variant of 12 is =
12.00000

28. Write a program to calculate a student’s result based
on two examinations, one sports event, and three
activities conducted. The weightage of activities =
30%, sports = 20%, and examination = 50%.
#include <stdio.h>
#include <conio.h>
#define ACTIVITIES WEIGHTAGE 30
#define SPORTS_WEIGHTAGE 20
#define EXAMS_WEIGHTAGE 50
#define EXAMS TOTAL 200
#define ACTIVITIES_TOTAL 60
#define SPORTS_TOTAL 50
main ()
{
int exam scorel, activities_scorel,
sports_score;
int exam_score2, activities_score2,
activities_score3;
float exam_total, activities_total;
float total percent, exam_percent,
gports_percent, activities_percent;

clrecr();
printf (“\n Enter the score obtained in
two examination (out of 100);: ")

scanf ("%¥d $d*, Lexam_scorel, &exam_

score2) ;
printf ("\n Enter the score obtained in

pports events (out of 50): ")

~__Introduction to ?7] 51 I

scanf ("&d", &eporta_score)

printf{"\n Enter the score obtained in
three activities (out of 20): ");

scanf ("%d %d %d", &activities scorel,
tactivities score2, gactivities_

acorel);

exam_total = exam_scorel + exam_scoreZ;
activities total = (activities scorel +
activities_score2 + activities_score3);

exam_percent = (float)exam_total * EXAMS_
WEIGHTAGE / EXAMS_TOTAL;

sports_percent = (float)sports_score *
SPORTS_WEIGHTAGE / SPORTS_TOTAL;

activities_percent = (float)activities_
total * ACTIVITIES WEIGHTAGE /
ACTIVITIES_TOTAL;

total_percent = exam percent + SpOrts_
percent + activities_percent;

printf(“\n\n e ok ek ek e e gk ok ok ok ok ek ek
R_ESU’LT dedk gt e e de g e ok A e e ok e e ek ek e ok ") H

printf ("\n Total percent in examintaion :
$f", exam percent);

printf ("\n Total percent in activities
$f", activities_percent);

printf ("\n Total percent in Sports :
3f", sports_percent);

printf ("\n ------===-------==-=---------s-

printf ("\n Total percentage : $f", total_
percent) ;

return 0;

}

Output

Enter the score obtained in two examination
(out of 100): 78 89

Enter the score obtained in sports events
(out of 50): 34

Enter the score obtained in three activities
(out of 20): 19 18 17

' T2 2322222222220 22 RESULT S22 0022022222 R A0

Total percent in examintaion: 41.75

Total percent in activities : 27

Total percent in sports : 13

............................................

Total percentage ¢ B82%
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SUMMARY

* Cwasdeveloped in the early 1970s by Dennls Ritchle
at Bell Laboratories.

* Afunction Is defined as a group of C statements that
are executed together. The execution of a C program
begins at this function.

¢ Every word in a C program Is either a keyword or an
Identifier. C has a set of reserved words often known
as keywords that cannot be used as an Identifier.

* A varlable is defined as a meaningful name given
to the data storage location In computer memory.
When using a varlable, we actually refer to address
of the memory where the data s stored.

* The difference between signed and unsigned
numeric variables Is that signed varlables can be
either negative or poslitive but unsigned varlables
can only be positive, By default, C takes a signed
variable,

* The statement return 0; returns the value 0 to the
operating system to give an indication that there no

errors were encountered during the execution of
the program.

ANSI C American National Standards Institute’s
definition of the C programming language. It Is the
same as the I1SO definition.

Constant A value that cannot be changed.

Data type Definition of the data. For example, Int, char,
float.

Escape sequence Control codes that comprises of
combinations of a backslash followed by letters or
digits which represent non printing characters.

Expression A sequence of operators and operands
that may yield a single value as the result of its
computation,

Executable program Program which will run In the
environment of the operating system or within an
appropriate run time environment,

Floating-point number Number that comprises of a
decimal place and exponent.

Format specification A string which controls the

manner in which input or output of values has to be
done.

¢ The conditional operator or the ternary () Is
just llke an If-else statement that can be Within
expressions. Conditional operator is also kngyp a
ternary operator as itis neither a unary nor 3 binary
operator; It takes three operands.

e The bitwise NOT, or complement, produces tha is
complement of the given binary value.

¢ The comma operator evaluates the first expression
and discards its value, and then evalyates the
second and returns the value as the result of the
expression.

o slzeof is a unary operator used to calculate the siz
of data types. This operator can be applied to all
data types.

¢ While type conversion is done implicitly, typecasting
has to be done explicitly by the programmer, Type-
casting is done when the value of a higher data type
has to be converted to a lower data type.

Identifier The names used to refer to stored data values
as in case of constants, variables or functions.

Integer A number that has no fractional part.

Keyword A word which has a predefined meaning to
a C compiler and therefore must not be used for any
other purpose.

Library file The file which comprises of compiled
versions of commonly used functions that can be linked
to an object file to make an executable program.

Library function A function whose source code is
stored in the external library file.

Linker The tool that connects object code and libraries
to form a com plete, executable program,

Operator precedence The order in which operators
are applied to operands during the evaluation of an
expression.

Preprocessor A processor that manipulates the initial
directives of the source file. The source file contains

Instructions that specifies how the source file shall be
Pracessed and compiled.
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GLOSSARY

Preprocessor directive Instructions In the source file

that specifies how the file shall be processed and
compiled,

Program A text file that contains the source code to be
compiled.

Runtime error A program that is encountered when a
program is executed.

Source code A text file that contains the source code
to be compiled.

Fill in the Blanks

1, Cwas developed by
2. is a group of C statements that are
executed together.
. Execution of the C program begins at

. The statement return 0, returns O to the

3

4. In memory characters are stored as

5

6 finds the remainder of an integer

division.
7. operator reverses the value of the
expression.

8. sizeofisa operator used to calculate the
size of data types.
9. is alsa known as forced conversion.
10. The function scanf() returns

11. is executed when the value of the
variable does not match with any of the values of
the case statement.

12. function prints data on the monitor.

13, establishes the original value for a
variable.

14. Character constants are quoted using

15. A C program ends with a

16. file contains mathematical functions.

17. ___ causes the cursor to move to the next
line.

18. Floating point values denote
default.

19. Avariable can be made constant by declaringit with
the qualifier at the time of initialization.

values by

Introductionto C_| 53 |

Statement A simple statement in C language that is
followed by a semicalon.

Syntax error An error or mistake in the source code
that prevents the compiler from converting it into
object code.

Varlable An identifier (and storage) for a data type.

The value of a variable may change as the program
runs.

20. The sign of the result Is positive in modulo division
if .

21. Associativity of operators defines

22.  can be used to change the order of
evaluation expressions.

23. _ operator returns the number of bytes
occupied by the operand.

24, The
short integer.

25. The specification is used to read/write a
hexadecimal integer.

26. Toprintthedataleft-justified,
is used.

specification is used to read/write a

specification

Multiple Choice Questions

1. The operator which compares two values is
(a) assignment (b) relational
(c) unary (d) equal
2. Which operator is used to simultaneously evaluate
two expressions with relational operators?
(a) AND (b) OR
(c) NOT (d) all of these
3. Ternary operator operates on how many
operands?
(@1 (b) 2
(c) 3 (c) 4
4. Which operator produces the 1s complement of
the given binary value?
(a) logical AND
(c) logical OR

(b) bitwise AND
(c) bitwise OR
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5. Which operator has the lowest precedence?
(a) sizeof (b) unary
(c) assignment (d) comma

6. Shortinteger has which conversion character
associated with it

(3) %c (b) %d
(€) %hd (d) %f
7. Which of the following is not a character
constant?
@@ w (b) "aA"
(c) ** (d) **
8. Which of the following is not a floating point
constant?
(a) 20 (b) -4.5
(c) @ (d) pi
9. Identify the invalig variable names,
(@) Initial.Name (b) A+B
(c) Samt (d) Floats
10. Which operator cannot be used with float
operands?
@ + (b) -
(c) % (d) *
11. Identify the erroneous expression.
(@) x=y=2, 4; (b) res=+4+a * 5;
(c) res=/4; (d) res=a++—p*
State True or False
1

We can have only one functioninac program.

2. Header files are used to store

program'’s source
code.

3. Keywords are case sensitive.
. Variable first is same as First.

- Anidentifier can contain any valid printable ASCI|
character,

- Signed variables can increase the maximum
positive range.,

. Commented statements are not executed by the
compiler.

8. Samount is a valid identifier in C.
9. Comments cannot be nested,

10. The equality operators have higher precedence
than the relational operators.

11. Shifting once to the left multiplies the number by
2

12,

13,
14.

15.

16.

17,

18,

19.

20.

21,
22,
23,

24,
25,

26.

B

printf("%d", scanf("%d"

» &num)):
statement.

i5 a valig C

1,234 is a valid integer constant,

A printf statement can

generate only one |
output, i

stdio.h is used to store the
program,

The closing brace of
the program,

source coda of the

main() is the logical eng of
The declaration section
computer.

Any valid printable AS
for a variable Name,

Declaration of variab
the program,

gives instructiong tothe
Cll character ¢an be useq

les can be done anywhere i

Underscore can be used anywhere

in the Variable
name,

The variable amt is same a5 AMTincC.
void is a data typeinC.
The function sca nfcanb

€ used to read only one
value at a time,

All arithmetic Operatars have same Precedence,

The modulus operator can be

used only with
integers.

The expression containing all integer operands is
called an integer expression,

Review Questions

1

N oow;

10

What are header files? Why are they important?

Can we write a C program without using any
header file?

- What are variables?

- Explain the difference between declaration and

definition.

. How is memory reserved using a declaration

statement?

- What does the data type of a variable signify?

Give the structure of a C program.

+ What do you understand by identifiers and

keywords?

- Write a short note on basic data types that the

C language supports.

- Why do we need signed and unsigned char?

Explain the terms varlables and constants? How
many type of variables are supported by C?

1
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11.
12,

13.
14,
15.

16.

17.

18.

19,

20.

21.

22.

23,

24,

25,

26.

27.

Why do we include <stdio.h> in our programs?

Write a short note on operators available in C
language.

Give the operator precedence chart.
Evaluate the expression: (x > y)+++a || lc

Differentiate between typecasting and type
conversion,

Write a program to read an integer. Then display

the value of that integer in decimal, octal, and
hexadecimal notation.

Write short notes on printf and scanf functions.

Explain the utility of #define and #include
statements.

Write a program that prints the a floating point
value in exponential format with the following
specifications:

(a) correct to two decimal places;

(b) correct to four decimal places; and

(c) correct to eight decimal places.

Write a program to read 10 integers. Display
these numbers by printing three numbers in a line
separated by commas.

Write a program to print the count of even numbers
between 1 and 200. Also print their sum.

Write a program to count number of vowels in a
text.

Write a program to read the address of a user.
Display the result by breaking it into multiple lines.

Write a program to read two floating point
numbers. Add these numbers and assign the result
to an integer. Finally display the value of all the
three variables.

Write a program to read a floating point number.
Display the rightmost digit of the integral part of
the number.

Write a program to calculate simple interest and
compound interest.

Write a program to calculate salary of an employee,
given his basic pay (to be entered by the user), HRA
= 10% of the basic pay, TA = 5% of basic pay. Define
HRA and TA as constants and use them to calculate
the salary of the employee.
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28. Write a program to prepare a grocery bill. For that

29

30.

31

32.

enter the name of the items purchased, quantity In
which it is purchased, and its price per unit, Then
display the bill in the following format.

dhkdodkdokokdoh koo okok B I L L #*wetdnvddrbakad

Item Quantity Price Amount

Total Amount to be paid

Write a C program using printf statement to print
BYE in the following format.

BBB Y Y EEEE

B B Yy E

BEB Y EEEE

B B Y E

BEB Y EEEE ,
Find errors in the following declaration
statements.
Int n;
float a b;

double = a, b;

complex a b;

a,b : INTEGER

long int a;b;

Find error(s) in the following code.
int a = 9;

float y = 2.0;

a=b% a;

printf("%d", a);

Find error(s) in the following scanf statement.
scanf ("$d%f", &marks, &avg);

Give the output of the following programs.

1, #include <stdio.h>
main()

{

int x=3, Y=5. z=7;
int a, b;

a=x*2+y/5-z*y;
be=+tx* {y-13) /2 -z¢s ¥y
printf("\n a = %d", a);
printf("\n b = ¥d", b);

return 0;
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printf ("\n Result = %¥d" reg),
2. #include <stdio.hs res = (a +b) /c - d * g;
main() printf ("\n Result = %d", res);
{_ res=a+ (b/ (c-d)) + e,
int a, b =3; printf ("\n Resul = %d",res);
charbc =AY return 0;
a=b+c;
printf("\n a = $d", a); }
) return 0; 7. #include <stdio.h>
| main()
t 3. #include <stdio.hs { ) b= 5 |
k main() int a = 4, = 3;
{ { printf(*"\n %d ", (a > b)? a;: b);
t % return 0;
Printf("\n $d", 1/3 + 1/3); }

printf("\n %f£n, 1.0/3.0 + 1.0/3.0); |
a = 15/10.0 + 3/2; 8. #include <stdio.h> :
| printf("\n %d", a); int main() |
return 0; { {

[

}

inta=4, b=12, ¢= -3, res;

. res=a>b&&a<c,; |
4. #include <stdio.hs

‘ it mada) printf("\n %4 -, res); :
. ( res =a==c || a < b; |
; it = 4] s printf("\n %q ", res); !
| Printf("\n %d ", 10 + a4s); Ts=b>0 [l bec<o|laso |
; printf("\n %4 v, 19 ++a) ; Printf("\n %q "+ res);
’ return 0; res=(a/2.0==0.0&&b/2.01=0.0) ||e<o0.0;
I } printf("\n gq », res);
‘ return, 0; 1
,! 5. #include <stdio.h» } ;
| main() !
| { 9. #include <stdio.hs .
| int a = 4, b <5, ¢ 6; int main() T
1 a =D>b == ¢ d
!r printf("\n a = g4 », a); int a = 20, b = 5, result; |
’_ return 0; float ¢ - 20.0, dg= 5.0;
| } PHRLE(\N104a /4 4b=3dx, 1042 /avD); |
6. #include <stdio.h» i:::f"(\’f-‘c/d*b+a-b=%d",c/d*b+a—b):

#include <conio.h» i

main/() )

{ 10. #include <gpq; |

int a=1, b=2, c=3, da4, e=5, res; e main()s dio.h»
clrscr();

res-a+b/c-d*e;
lﬂta,b,
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printf("\n a = $d \t b=3d \t a + b
= %d", a, b, a+b);
return 0;

11. #include <stdio.h>
int main()
{
printf("\n %d", ‘F’);
return 0;

}

12. $include <stdio.h>
int main()
{
int n = 2;
n = In;
printf("\n n = %d", n);
return 0;

}

13.#include <stdio.h>

int main{()

{
int a = 100, b = 3;
float c;
c = a/b;
printf("\n c = %£f", c);
return 0;

}

14. #include <stdio.h>
int main()
{
int n =-2;
printf("\n n = %¥d", -n);
- return 0;

}

15. #include <stdio.h>

int main()

{
inta=2, b=3, ¢, d;
C = a++;
d = +4b;
printf("\nc = %d d = %d", c, d);
return 0;

16. #include <stdio.h>
int main()

{
int _ = 30;
printf("\n _ = %d", _);
return 0;

}

17. #include <stdio.h>
int main()
{

}

int a=2,b=3,c¢,d;

a++;
++b;

printf("\n a = ¥d b = %¥d", a, b);
return 0;

18. #include <stdio.hs>
int main()

{

}

int a=2, b=3;
printf ("\n %d", ++(a - b));
return 0;

19. #include <stdio.hs
int main()

{

}

int a =2, b = 3;
printf("\n %d", ++a - b);
return 0;

20. #include <stdio.h>
int main()

{

}

int a =2,b = 3;

printf("\n a * b = ¥d", a*b);
printf("\n a / b = %d", a/b);
printf("\n a ¥ b = %d", a%b);

printf("\n a && b = %d", a*&&b);
return 0;

21. #include <stdio.h>
int main()

{
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int a = 2;
Q = a &+ J*apy;
Printf("\n a= g4, a);
return 0;

}

22. #include <stdio.hs

int main{()

{
int result;
remﬂt=3+5-1*17%-lh
printf ("%d", result);
result=3+24 (15/4%7);
printf("%d",result);
result=18/9/3%*2+3*5%10/4;
printf("%d",result);
return0;

}

23.#include <stdio.hs
int main()
{
int n = 2;
printf("\n %4 %4 %d", n++, n, ++n);
return 0;

}

24. #include <stdio.hs
int main()

{
int a = 2,b = 3, c=4;
a=b==c;
printf("\n a = %dv,a);
return 0;

)

25. #include <stdio.h>
int main()
{

int num = 070;
printf("\n num = %d", num);
printf("\n num = %o", num);
printf("\n num = %xv, num) ;
return 0;

)

26. tinclude <stdio.h>
int main{()

(

27. #include <stdio.h>

printf ("\n %40.27s Welcome tq c
programming") ;
printf("\n %40.208 Welcome t. c

programming”) ;
printf("\n %40.14s Welcome to ¢
programming") ;

printf("\n %-40.27s Welcome to ¢
programming”) ;

printf ("\n %-40.20s Welcome to ¢
programming") ;

printf("\n %-40.14s Welcome to c
programming") ;

return 0; |

} |

main () '

{

int a = -21, b = 3;
printf("\n %d", a/b + 10);

b = -b;
printf ("\n %d", a/b + 10); i
return 0; i
) f
|
28.¢#include <stdio.hs i
main () |
{ r
int a; :
float b; |
printf(“\nEnterfourdigitnumber:"); |
scanf ("$2d", ga); ?
Printf(“\n Enter any floating point |
number: "), !

scanf ("$£v, &b);

printf("\n The numbers are : %d and !
3f', a, b); .
return 0; i
}
|
29. #include <stdio.h> |
main() j
{ |

Char a, b, c:
Printf ("\nEnter three characters: "); |
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)

scanf ("%c %c %c", ka, &b, &C);

a++; b++; C==;

printf("\n a = ¢ b = $c and d = %c",
a, b, c);

return 0;

30. #include <stdio.h>

{

int x=10, y=20, res;
res = Y++ + X++;
TeS 4= +4Y + +4X;

}

printf("\n x = ¥d Yy = $d RESULT =
$d", x,y, res");
return 0;

31.#include <stdio.h>

{

int x=10, y=20, res;

res = X+++b;

printf("\n x = ¥d ¥y = $d RESULT =
&d", x,y, res");

return 0;
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T Ty

N\&W ASCII CHART OF CHARACTERS

IDec HxOct Char Dec Hx Oct Himl Chr [Dec Hx Oct Himl Chrl Dec Hx Oct Himl Chr
0 0 000 NUL (null) 32 20 040 «#32; Space| 64 40 100 «#64: @ | 96 60 140 <#95;
l 1 00l SOH (start of heading) 33 21 041 <«#33; ! 65 41 101 «f#65; A | 97 61 141 «#97; a
2 2 002 STX (start of text) 34 22 042 «#34; " 66 42 102 «#66: B | 98 62 142 «#98; b
3 3 003 ETX (end of text) 35 23 043 &#35; # 67 43 103 &#67; C | 99 63 143 «#99; ¢
4 4 004 EOT (end of transmission) 36 24 044 «#36; ¢ 68 44 104 «#68; D |100 64 144 «#100; d
S 5 005 ENQ (enquiry) 37 25 045 &#37; % 69 45 105 ¢#69; E |10l 65 145 «#101; e
6 6 006 ACK (acknowledge) 38 26 046 «#38. ¢ 70 46 106 «#70: F |102 66 146 <#102;: ¢
7 7 007 BEL (bell) 39 27 047 «#39; ' 71 47 107 «#71; G |103 67 147 «#103; g
8 8 010 BS (backspace) 40 28 050 &«#40: ( 72 48 110 &«#72; H |104 68 150 <§104: h
9 9 011 TAB (horizontal tab) 41 29 051 &«#41: ) 73 49 111 «#73; I |105 69 151 <#105; 1
10 A 012 LF (NL line feed, new line)| 42 2A 052 «#42: * 74 4A 112 «#74: J |106 6A 152 <#106; ]
11 B 013 VT (vertical tab) 43 2B 053 «#43; + 75 4B 113 «#75; K [107 6B 153 &#107; k
12 C 014 FF (RP form feed, new page)| 44 2C 054 &«#44; , 76 4C 114 &«#76; L |108 6C 154 <#108: 1
13 D 015 CR (carriage return) 45 2D 055 &#45; - 77 4D 115 &«#77: M |109 6D 155 &«#109; a
14 E 016 SO (shift out) 46 2E 056 &«#46: . 76 4E 116 «¥#78; N (110 6E 156 &«#110: n
1S F 017 SI (shift in) 47 2F 057 «#47; / 79 4F 117 «#79; 0 |11l 6F 157 &#lll: o
16 10 020 DLE (data link escape) 48 30 060 «#48:; 0 80 50 120 «#80; P (112 70 160 &fl12: p
17 11 021 DC1 (device control 1) 49 31 061 <#49: 1 81 51 121 «#81; Q [113 71 161 &f#ll3: gq
18 12 022 DC2 (device control 2) 50 32 062 «#50; 2 82 52 122 «#82; R [114 72 162 «#ll4; ¢
19 13 023 DC3 (device control 3) 51 33 063 &#51: 3 83 53 123 «#83; 5 |115 73 163 &fll5; 3
20 14 024 DC4 (device control 4) 52 34 064 «#52; 4 84 54 124 «#84; T [116 74 164 &fll6: t
21 15 025 NAK (negative acknowledge) 53 35 065 &«#53: S 85 55 125 «#85; U (117 75 165 &#117: u
22 16 026 SYN (synchronous idle) 54 36 066 «#54:; 6 86 56 126 «#86; V |118 76 166 &«#l18; v
23 17 027 ETB (end of trans. block) 55 37 067 &«#55; 7 87 57 127 «#87; W (119 77 167 &«#l19; ¥
24 18 030 CAN (cancel) 56 38 070 «#56; 8 88 58 130 «#88; X |120 78 170 &«#120; x
25 19 031 EM (end of medium) 57 39 071 «#57: 9 89 59 131 «#89; Y (121 79 171 &«#l21:Y
26 1A 032 SUB (substitute) 58 3A 072 «#58; : 90 SA 132 «#90; Z |122 7A 172 &#122; =
27 1B 033 ESC (escape) 59 3B 073 «#59: ; 91 5B 133 «#91; [ [123 7B 173 «#123; |
28 1C 034 FS (file separator) 60 3C 074 «#60; < 92 5C 134 «#92; \ |124 7C 174 «f124; |
29 1D 035 GS (group separator) 61 3D 075 &«#61; = 93 5D 135 «#93; ] |125 7D 175 &#125: )
30 1E 036 RS (record separator) 62 3E 076 «#62; > 94 S5E 136 «#94; * [126 7E 176 «#126; -
31 1F 037 US (unit separator) 63 3F 077 «#63; ? 95 5F 137 «#95; _ |127 7F 177 &«#127: DEL
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—_
[IZEBY Ascil CHART OF CHARACTERS
Dec HxQct Char ' Dec bix Qct Him Chr [Dec b Oct Himi Chr| Dot Hr Oct Him cpy
0 0 000 NUL (null) 32 20 040 <#32; Zpace| 64 40 100 «#64; B | 96 60 140 <g96:
1 001 SOH (scart of heading) 33 21 041 <#33; ! 65 41 101 «f#65; A | 97 61 14] cg37: a
2 2 002 STX (start of text) 34 22 042 c#34: " 66 42 102 <#66; B | 98 62 142 <#98: b
3 3 003 ETX (end of text) 35 23 043 «#35; # 67 43 103 «#67; C | 99 63 143 <99;: -
4 4 004 EOT (end of transmission) 36 24 044 <#36; § 68 44 104 <#68; D (100 64 144 <#100: 4
5 5 005 ENQ (enquiry) 37 25 045 «#37; % 69 45 105 «#69: E |101 65 145 ¢#101; =
6 6 006 ACK. (acknowledge) 38 26 046 «#38; ¢ 70 46 106 &«#70; F |102 66 1456 <#102: ¢
7 7 007 BEL (bell) 39 27 047 <#39; 71 47 107 &#71; G |103 67 147 <f103; g
8 8 010 BS (backspace) 40 28 050 «#40; ( 72 48 110 &#72; H |104 68 150 <#104; h
9 9 Oll TAB (horizontal tah) 41 29 051 «f4l; ) 73 49 111 «#73; I |105 69 151 <#105; 1
10 A 0lZ LF (NL line feed, new line)| 42 2A 052 «#42; * 74 4A 112 &«F74; J |106 6A 152 <#105; J
11 B 013 VT (vertical tab) 43 2B 053 «#43; + 75 4B 113 <#75:; K |107 6B 153 <#107; k&
12 C 014 FF (NP form feed, new page)| 44 2C 054 <f44; , 76 4C 114 «#76: L |108 6C 154 <#108: 1
13 D 015 CP (carriage return) 45 2D 055 «#45; - 77 4D 115 #77: M |109 6D 155 <£109; a
14 E 016 SO (shift out) 46 2E 056 <#46; . 78 4E 116 «#782 W |110 6E 156 «#l10: n
15 F 017 SI (shift in) 47 2r 057 «#47: / 79 4F 117 &#79; 0 (111 6F 157 <flll; o
16 10 020 DLE (data link escape) 48 30 060 &«#48: 0 80 50 120 «#80; P |112 70 160 <fl12; p
17 11 021 DCL (device control 1) 49 31 061 «§49; 1 81 51 121 «#81; Q [113 71 161 <#113; q
18 12 022 DC2 (device control 2) 50 32 062 «#50; 2 82 52 122 «#82: P |114 72 162 &fll4;
19 13 023 DC3 (device control 3) 51 33 063 &#51; 3 83 53 123 <#83; 5 [115 73 163 <#115: =
20 14 024 DC4 (device control 4) 52 34 064 &#52; 4 84 54 124 <#84; T |116 74 164 «#ll6: t
21 15 025 NAE (negative acknowledge) | 53 35 065 <#53; 5 85 55 125 <#85: U 117 75 165 «#117; u
22 16 026 SYN (synchronous idle) 54 36 066 «#54: 6 86 56 126 «#86: V (118 76 166 <#ll18: v
23 17 027 ETB (end of trans. block) 55 37 067 &«#55: 7 87 57 127 «#87; W [119 77 167 &fll9;: v
24 18 030 CAN (cancel) 56 38 070 «#56: 8 88 58 130 «#88: X |120 78 170 «#120; x
25 19 031 EM (end of medium) 57 39 071 &#57: 9 89 59 131 «#89; Y (121 79 171 <#l2l: ¥
26 1A 032 SUB (substitute) 58 3A 072 &«#58; : 90 SA 132 &«#90; Z |122 7A 172 <f122; z
27 1B 033 ESC (escape) 59 3B 073 &#59: ; 91 5B 133 «#91: [ |123 7B 173 &#l123: |(
28 1C 034 FS (file separator) 60 3C 074 «#60; < 92 5C 134 «#92: \ [124 7C 174 «Fl24: |
29 1D 035 GS (group separator) 61 3D 075 &#61; = 93 5D 135 &«#93; ] |125 7D 175 &#125; )
30 1Z 036 RS (record separator) 62 3E 076 «#62; > 94 5E 136 «#94: * |126 7E 176 &#126: -
31 1F 037 US (unit separator) 63 3F 077 «#63; ? 95 5F 137 <#95; _ [127 7F 177 <#127; DEL

Extended ASCII Codes

12 ¢ |14 E 161 i 1 Z [ 193 L | 200 & [ 25 8 | 201 2
122 u (145 = | 162 ¢ | 172 W | 194 + | A0 ¢ | 26 | 2¢ =
130 ¢ 16 £ |16 o | 179 | |19 F | v | 2 | 28 <
131 & 147 & | 164 & | 1890 1% - [ 22 L | 28 v | 244 [
132 o |14 o (165 R [ 181 {4 | 199 + | A3 | 2 o | 245 J
133 @ 19 ¢ 166 ? 182 18 b N4 o | VO | 246 -
134 & |10 o 167 * (18 4 (19 } | S } | Bl . | 247 =
135 ¢ (151 © | 168 | 184 4 [ 200 & | 6 4 | B2 o | 248 ¢
13 & (152 _ |1 _ |18 4 |0 |07 )| B3 0|
137 ¢ | 153 O | 170 | 186 ] (22 L | 28 .| B4 ol 2%
138 ¢ 154 U [ 171 % | 137 3 |28 ¢ | 29 B | B & | 231 ¥
39 9 | 156 € [ 172 V| 18 4 204 b 20 o | B6 o | 22 _
0 i 17 ¥ (a3 1 0 L 205 -l g ;7o | 23
4 3 158 _ 174 « 190 J 06 § m | B . 254 B
2 A |19 4 |15 . | W01y 7 L | ;3 m oy | s
3 A | 160 ¢ 176 192 L |28 L | 24 o | 20 o

e ——— L
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[EXE] BIT LEVEL PROGRAMMING

A C programmer usually does not need to care about
operations at the bit level. He has to think only in terms of
int and double, or even higher level data types composed
of a combination of these. However, at times it becomes
necessary to go to the level of an individual bit. For
example, in case of exclusive-OR (XOR) encryption or
when dealing with data compression, a programmer needs
to operate on individual bits of the data and thus needs to
do programming at the bit level. Moreover, bit operations
can be used to speed up your program.

Thinking About Bits

The byte is the lowest level at which data can be accessed.
C does not support bit type. Therefore, we cannot perform
any operation on an individual bit. Even a bitwise operator
will be applied to, at a minimum, an entire byte at a time.

We have already studied bitwise NOT, AND, OR, and
XOR operators in Chapter 1. To summarize:

e The bitwise NOT ("), or complement, is a unary
operator used to perform logical negation on each
bit thereby resulting in 1s complement of the given
binary value. Digits that were 0s become 1s, and
vice versa. For example:

"(1010) = 0101

e A bitwise OR (]) takes two bit patterns of cqual
length, and produces another one of the same length
by performing the logical inclusive OR operation
on each pair of corresponding bits. In each pair, the
result is 1 if the first bit is 1 OR the second bit is 1
OR both bits are 1, and otherwise the result is 0.

1001 | 0101 = 1101

e A bitwise exclusive or (*) takes two bit patterns of
equal length and performs the logical XOR operation
on each pair of corresponding bits. In the result, a bit
is set to 1 if the two bits are different, and 0 if they
are the same.

The XOR operation is generally used by assembly
language programmers as a short-cut to sct the
value of a register to zero. Performing XOR on a
value against itself always results in zcro. The XOR
operation requires fewer CPU clock cycles when

introduction toC_| 61 |
compared with the sequence of operations that has
to be performed to load a zero value and save it to
the register. The bitwise %OR is also used to toggle
flags in a sct of bits. For example,

1010 * 0011 = 1001

e Abitwise AND (&) takes two bit patterns of equal
length and performs the logical AND operation on each
pair of corresponding bits. In each pair, the resultant
bit is set to 1 if the first bitis 1 AND the second bit
is 1. Otherwise, it is set to 0. For example:

1010 & 0011 = 0010

The bitwise AND is commonly used to perform
bit masking. This is done to isolate part of a string
of bits, or to determine whether a particular bit is 1
or 0. For example, to determine if the second bit is
1, you can straightaway do a bitwise AND to it and
another bit pattern containing 1 in the second bit. For
example,

1010 & 0010 = 0010

Since theresultis 0010 (non-zero), it clearly indicates
that the second bit in the-original pattern was 1. Such
an operation is called bit masking because it masks
the portions that should not be altered or which are
not of interest. In this case, the 0 values mask the
bits that are not of interest.

The bitwise AND can also be combined with the
bitwise NOT to clear bits.

BITWISE SHIFT OPERATORS

In bitwise shift operations, the digits are moved, or shifted,
to the left or right. The CPU registers have a fixed number
of available bits for storing numerals, so when perform
shift operations; some bits will be ‘shifted out’ of the
register at one end, while the same number of bits are
‘shifted in’ from the other end.

In an arithmetic shift, the bits that are shifted out of
either end are discarded. There are two types of arithmetic
shift: left arithmetic shift and a right arithmetic shift.

In a left arithmetic shift, zeros are shifted in on the right.
For example, consider the register with the following bit
pattern:
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7 6 5

3 2 1 0

.Note that in arithmetic shift left, the leftmost digit was
shifted past the end of the register, and a new 0 was shifted

into the rightmost position. The general form of doing a
left shift can be given as

Op << n

Here, op is an integer expression that has to be shifted
and n is the number of bit positions to be shifted. For
example, if we write

unsigned int x = 11000101;
Then x << 2 = 00010100

If a right arithmetic shift is performed on an unsigned
integer then zeros are shifted on the left.

o2 [afofofo a]o]a]

7 6 5 4 3 2 1 0

[ofsf[sJofoosTo]
0

7 6 5 4 3 2 1

The general form of an arithmetic right shift can be
given as:

op >>n

Here, op is an integer expression that has to pe shifteg
and n is the number of bit positions to be shifteq, For
example, if we write

unsigned int x = 11000101;

Thenx >> 2 = 00110001

Note that in arithmetic shift right operation, bits j opare
shifted to right by n positions. In this process, the rightmogt
n bits will be lost and zeros will be shifted in the leftmogt
bits. (This is true for unsigned integers, for signed in, gers
the shift right operation is machine dependent),

Points to Remember

* op and n can be constants or variables.

e n cannot be negative.

¢ n should not exceed the number of bits used to

represent op.

o Left shifting is the equivalent of multiplying by a
power of 2.
Right shift will be the equivalent of integer division
by 2.

Nete, The left and right shift operators will result ,
, %/ in significantly faster code than calculating |
and then multiplying by a power of two. 5

Have you wondered what will happen if you shift a
numberlike 128 and storeing itinasingle byte: 100000007
Since, 128 * 2 = 256, and a register is incapable of storing
a number that is bigger than a single byte, so it should not
be surprising that the result is 00000000.
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In the last chapter, we have learnt to write basic programs in C language
but that knowledge is not sufficient to write real-world applications. This is
because, often a programmer encounters a situation in which he needs to
alter the sequential flow of control to provide a choice for action. For this,
the programmer needs to conduct logical tests at different points within the
program. The action to be taken will depend on the outcome of the test. This
is called conditional expression. In C, conditional expressions are implemented
using selection process through decision control statements.

Moreover, repetitive execution of statements, also called iteration, is
implemented using looping statements. In this chapter, we will learn about
decision control (branching) statements and iterative statements.

ﬂ INTRODUCTION TO DECISION
CONTROL STATEMENTS
Till now we know that the code in the C program is executed
sequentially from the first line of the program to its last
line, i.e., the second statement is executed after the first, the
third statement is executed after the second, and so on.
Although this is true, but in some cases we want only
selected statements to be executed. Such type of conditional
processing extends the usefulness of programs. It allows
the programmers to build programs that determine which
statements of the code should be exccuted and which
should be ignored.

Learning Objective

Decision Control and
Looping Statements

C supports two types of decision control statements
that can alter the flow of a sequence of instructions. These
include conditional type branching and unconditional type
branching. Figure 3.1 shows the categorization of decision
control statements in C language.

ﬂ CONDITIONAL BRANCHING
STATEMENTS

The conditional branching statements help to jump from
one part of the program to another depending on whether
a particular condition is satisfied or not. These decision
control statements include:
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< |

3.21 If Statement

The if statement is the simplest form of decision control
statements that is frequently used in decision making. The
general form of a simple if statement is shown in Figure 3.2.

m If statement construct -

|

Test - FALSE
Expression

SYNTAX OF IF STATEMENT

if (test expression)
{
Statement 1;

...........

StatementBlock1 |
statement n;

} k‘ -
statement x;

Statementx |

The if structure may include one slalc_ment or n
statements enclosed within curly brackets. First the test
i expression is evaluated. If the test

expression is (rue, the statement
of if block (statement 1 to
n) are executed otherwise these
| statements  will  be  skipped
and the execution will jump to

ptatement x.

Programming Tip:
Properly indent
the statements
that are dependent
on the previous
statements.

g

T
The statement in an  if conslruc:l 18 any yajig "
language statement and the test expression s any vajiy ¢

language expression that may include logical OPeratgyg
Note that there is no semicolon afler the test cxWCSsiUn'
This is becausc the condition and statement shoy) be pui
together as a single statement.

fHinclude <sgtdio.hs>
»int main()

{

int x=10; // Initialize the value of
if ( x>0) // Test the value of x

X4+ // Increment xif it ig> g
printf("\n x = %d", x);

// Print the value of x
return 0;

}

Output
X =11

In the above code, we take a variable x and initialize
it to 10. In the test expression we check if the value of x
is greater than 0. If the test expression evaluates to trye
then the value of x is incremented. Then the value of x jg
printed on the screen. The output of this program is:

X = 1]

Observe that the printf statement will be executed
even if the test expression is false,

L. Write a program to determine whether a person is
eligible to vote,

#include <stdio.h>

#include <conio.hs

main ()

{

int age;

printf("\n Enter the age: ");
scanf ("%d", gage);

if (age »>= 18)

printf("\n You are eligible to vote");
getch()

return 0;

)
Output

Enter the age: 28
You are eligible to vote
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Note Incasethe statement block contains only one
@ stat.ement, putting curly brackets becomes
optional. If there is more than 1 statementin

the statement block, putting curly brackets
becomes mandatory.

2. Write a program to determine the character entered by

the user.

#include <stdio.h>

#include <ctype.hs

#include <conio.h>

main()

{

char ch;

printf("\n Press any key: ");

scanf ("%c", &ch);

if (isalpha (ch) >0)

printf ("\n The user has entered a
character") ;

if (isdigit (ch) >0)

printf ("\n The user has entered a digit");

if (isprint (ch)>0)

printf ("\n The user has entered a printable
character") ;

if (ispunct (ch) >0)

printf ("\n The user has entered a
punctuation mark");

if (isspace(ch) >0)

printf ("\n The user has entered a white
space character");

getch();

return 0;

}

Output

Press any key: 3
The user has entered a digit

Now let us write a program to detect errors during data
input. But before doing this we must remember that when
the scanf () function completes its action, it returns the
number of items that are successfully read. We can use this
returned value to test if any error has occurred during data

" input. For example, consider the following function:

scanf ("%d %f %c", &a, &b, &c);
If the user enters:

11.2A

then the scant () will return 3, since three values have
been successfully read. But had the user entered,

1 abc A

then the scanf () will immediately terminate when it
encounters abc as it was expecting a floating point value
and print an error message. So after understanding this
concept, let us write a program code to detect an error in
data input.

#include <stdio.h>

main ()

{

int num;

char ch;

printf("\n Enter an int and a char value: ");
// Check the return value of scanf()

if (scanf (*%d %c", &num, &ch)==2)

printf("\n Data read successfully");

else

printf("\n Error in data input");

}
Output

Enter an int and a char value: 2 A
Data read successfully

3.2.2 If-Else Statement

We have studied that the if statement plays a vital role
in conditional branching. Its usage is very simpte, the
test expression is evaluated, if the result is true, the
statement(s) followed by the expression is executed else
if the expression is false, the statement is skipped by the
compiler.

But what if you want a separate set of statements to be
executed if the expression returns a zero value? In such
- cases we use an if-else statement
. rather than using simple if
statement. The general form of a
simple if-else statement is shown
in Figure 3.3,

In the above syntax, we have written statement block.
A statement block may include one or more statements.
According to the if—else construct, first the test expression

Programming Tip:

+ Align the matching
| if-else clause

i vertically
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mu OF IF-ELSE STATEMENT
}f(testexpression)

statementblockl:

else

{

TRUE

' Stét_éme

|

Test -~ FALSE

M \\\\Eiszjggfafﬂ'

StatementBlock2 |

ntBlock1 |

statementblockz;

Statement X;

m If-else siatement construct
is evaluated. If the €Xpression is true, statement block 1
is executed and statement block 2 is skipped. Otherwise,
if the expression is false, statement block 2 is executed and
Statement block 1 is ignored. Now in any case after
the statement block 1 or 2 gets executed the control

will pass to statement x. therefore, statement x is
executed in every case.

3. Write a program to find the largest of two numbers.
#include <stdio.h>
main ()
{
int a, b, large;
printf("\n Enter the values of a and b: ");
scanf ("%d %d", &a, &b);

if (asb)
large = a;
else
large = b;
printf (“\n LARGE = %¥d", large);
return O;
)
Output

Enter the values of a and b: 12 32
LARGE = 32
4. Write a program to find whether the given number is

even or odd.
#include <stdio.h>
#include <conio.h>

main()

{

L

Statementx |

int num;

clrser();

printf ("\n Enter any number: );
scanf ("%d", &num) ;

if (num%2 == 0)

printf("\n %d is an even number", num) ;
else

printf("\n %d is an odd number", num) ;
return 0;

}
Output

Enter any number: 11
11 is an odd number

S. Write a program to enter any character. If the entered
character is in lower case then convert it into upper
case and if it is a lower case character then convert it
into upper case.

#include <stdio.hs
#include <conio.hs
int main()

{

char ch;

clrscr() ;

printf ("\n Enter any character: ");
scanf ("scn, &ch) ;

if (ch >='At gg Cche='21)

Printf ("\n The entered character was in
UPPer case. In lower case it is: $c",
(ch+32));

else
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printf ("\n The entered character was in
lower case. In upper case it ig: %c",
(ch-32));

return 0;

)
Output

Enter any character: a
The entered character was in lower case. In
upper case it is: A

6. Write a program to enter a character and then determine
whether it is a vowel or not.
#include <stdio.h>
#include <conio.h>
main()
{
char ch;
clrécr();

printf ("\n Enter any character: ");
scanf ("$c", &ch);

if(ch ='a' ||ch =='e' ||ch=='i' ||ch=='0"
||ch=='u' II ch=="'A" !ICh=='E' ||Ch=='I'
||ch=="0" ||ch=="U" )

printf("\n %c is a VOWEL", ch);

else
printf("\n %c is not a vowel");

getch();
return 0;

)
Output

Enter any character: v
v is not a vowel

Write a program to find whether a given year is a leap

year or not.

#include <stdio.h>

#include <conio.h>

int main()

{

int year;

clrecr();

printf ("\n Enter any year: ");

scanf ("$d", &year);

if ((year$d == 0) && ((year¥100 1=0) ||
(year¥400 == 0)))
printf ("\n Leap Year") ;

7
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else
printf ("\n Not A Leap Year");

return 0;

)

Output

Enter any year: 1996
Leap Year

Pitfall Avery common pitfall is to use assignment operator
(=) instead of comparison operator (==). For example,
consider the statement

if(a = 10)

printf ("$d", a);

Here, the statement does not test whether a is equal to
10 or not. Rather the value 10 is assigned to a and then the
value is returned to the if construct for testing. Since the
value of a is non-zero, the if construct returns a 1.

FProgramming Tio= o} The compiler cannot detect
(L h | such kinds of error and thus the
|
- |
1

! Do not use floatin :
< programmer should carefully use

| point numbers
! for checking for the operators. The program code
given below shows the outcome

| equality in the test
1’ expression. of mishandling the assignment
and the comparison operators.

#include <stdio.h>

main()
{ |
int x=2, y=3;
if(x = y)

printf ("\n EQUAL");
else

printf ("\n NOT EQUAL");
}

Output

EQUAL
#include <stdio.h>
main()
{
int x =2, y=13;
if(x == y)

printf (*\n EQUAL");
else

printf (*\n NOT EQUAL");

}

Qutput
NOT EQUAL
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3.2.3 If-Else-If Statement

C Ian'guagc supports if-clse-if statements to test additional
(.tondnions apart from the initial test expression. The
if-clse-if construct works in the same way as a normal if
statement. If-else-if construct is also known as nested if
construct. Its construct is given in Figure 3.4.

It is not necessary that every if statement should have
an else block as C supports simple if statements. After the
first test expression or the first if branch, the programmer

Programming Tip:  can have as many else-if branches

. Braces must be as he wants depending on the

placed on separate  expressions that have to be tested.

 lines so that the For example, the following code

. block of statements | (ests whether a number entered

’ ;:::nl:i‘:i::.s"v by the user is negative, positive,
or equal to zero.

8. Write a program to demonstrate the use of nested if
structure.
#include <stdio.h>
main()
{
int x, y:
printf ("\n Enter two numbers: ");
scanf ("%$d %4d", &x, &y);
if(x == y)
printf ("\n The two numbers are equal");
else if(x > y)
printf ("\n %d is greater than %d", x, y);
else

printf(“\n 3d is less than %¥d", %, ¥);

return 0;

)

Qutput
Enter two numbers:
12 is less than 23

12 23

9. Write a program to test whether a number entered ig
positive, negative or equal to zero.

#include <stdio.h>

main()

{

— _______ int num;
[ Programming Tip: | printf("\n Enter any
 Keep the logical | number: ") ;
;’expressionsmmp_le | ccanf(*3d", &mum);
3 andshort. Forthis, | .. . _q)
| you may use nested

| if statements. printf("\n The value is

equal to zero");
else if (num>0)
printf ("\n The number is positive");
else

printf ("\n The number is negative");
return 0;

}
Output

Enter any number: 0
The number is equal to zero

“ Test -

8 . FALSE
SYNTAX OF IF-ELSE-IF STATEMENT Expression1 .
if ( test expression1) — \\‘\\\\yf”,ﬂ” ‘
statement block 1; _ B .
) , StatementBlock1 , Test
else if ( test expression 2) ’ ck I ) FALSE

{
statement block 2;

.......................

statementBlockx;

)
StatementY:

TRUE

- - - - — ’ -
StatementBlock2 | Statement BlockXJ

|

If-else=if statément cqnstrug

Figure 3.4

‘StatementY l
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10. A con.munly decides to give bonus to all its employees  then rest of the statements in the code will be ignored and
on Diwali. A 5% bonus on salary is given to the  after exceuting the printf statement which displays "The
male workers and 10% bonus on salary to the female ~ value is equal to zero", the control will jump to
workers. Write a program to enter the salary and sex  return 0 statement. Consider the following code which
of the employee. If the salary of the employce is less  shows usage of the if-clsc-if statement.
than Rs 10,000 then the employce gets an extra 2%
bonus on salary. Calculate the bonus that has to be iy
given to the employee and display the salary that the g
employee will get.

The AND operand (&&) is used to form a
compound relation expression. In C, the
following expression is invalid.

if (60 < marks s 75)

include <stdio.h ‘
o . 4 . g The correct way to write is as follows:
fiinclude, reario, B> if ((marks = 60) && (marks = 75)
main()
{ 11. Write a program to display the examination result.
char ch; #include <stdio.h>
float sal, bonus, amt_to be paid; main()
printf ("\n Enter the sex of the employee (m {

or £:°"); int marks;

printf ("\n Enter the marks obtained: ");
scanf ("%d", &marks);
if ( marks >= 75)

scanf ("$c", &ch);
printf ("\n Enter the salary of the employee: ");

scanf ("$£f", &sal); .
printf ("\n DISTINCTION");
3 _ ’
if(ch == 'm") else if ( marks >= 60 && marks <75)
bonus = 0.05 * sal; printf ("\n FIRST DIVISION");

else if ( marks >= 50 && marks < 60)
printf ("\n SECOND DIVISION");

else if ( marks >= 40 && marks < 50)
Z2 e « printf ("\n THIRD

else
bonus = 0.10 * sal;
if (sal < 10000)

bonus += 0.20 * sal; ' Programming Tip: | DIVISION") ;
amt_to_be paid = sal + bonus; | Try to use the | else ’
printf ("\n Salary = %f", sal); | most.l:froba_ble | printf("\n FAIL");
printf("\n Bonus = %", bonus);  condition firstso 1 0 o,
printf ("\n R T L. s S T T L LD ' that unnecessary | }
printf ("\n Amount to be paid: %f", amt_to_ (estsale el!mlnated :
be_paid) ; " and the efficiency [ Output
getch() ; i of the program is Enter the marks obtained:
g ! improved, 55
return 0; .
} SECOND DIVISION
Output 12. Write a program to calculate tax, given the following
conditions:

Enter the sex of the employee (m or f): £
Enter the salary of the employee: 12000
Salary = 12000

Bonus = 1200
B T 2 A e i Ll A hd e if taxable income is in the range 3,00,001-500,000

then charge 20% tax

e ifincome is less than 1,50, 000 then no tax

e iftaxable income is in the range 1,50,001-300,000
then charge 10% tax

Amount to be paid: 13200
o if taxable income is above 5,00,001 then charge

In the program to test whether a number is positive or
30% tax

negative, if the first test expression evaluates a true value

Scanned with CamScanner



| 70 | Programming in C

#include <stdio.hs
#include <conio.hs
#define MIN1 150001
#define MAX1 300000
#define RATE1 0.10
#define MIN2 300001
#define MAX2 500000
#define RATE2 0.20
#define MIN3 500001
#define RATE3 0.30

main ()
{

double income, taxable income;
clrscr();

printf ("\n Enter the income: ");
scanf ("%1£", &income) ;

taxable_income = income - 150000;
if (taxable_income <= 0)
pPrintf("\n NO TAX");
else if(taxable_income >= MIN1 & taxable
income < Max1)
tax = (taxable_income - MIN1) * RATEL;
else if (taxable_income >= MIN2 && taxable
income < MAX2)

tax = (taxable income - MIN2) * RATE2;
else

tax = (taxable income - MIN3) * RATE3;
printf("\n TAX = %1f", tax) ;
getch () ;
return 0;

}
Output

Enter the income: 500000
TAX = 74999.70

13. Write a program to find the greatest three numbers,
#include <stdio.h>
#include <conio.h>
int main()
{
int numl, num2, num3, big=0;
clrser();
printf ("\n Enter the first number: v);

I

gcan€ ("%d", &numl);
printf("\n Enter the second number, ",
scanf ("%¥d", &num2);
printf("\n Enter the third number. ",
scanf ("¥d", &num3);

if (numl>num2)

(

if (numl>num3)

printf("\n %d is greater than %d ang %dn,
numl, num2, num3) ;

else

printf("\n %d is greater than %d ang %dn,
num3, numl, num2);

}

else if (num2>num3)
printf("\n %d is greater than %d and %d-,
num2, numl, num3);
else

TN A e ]

; PrdgmMmihg‘i'iﬂp-: | Printf("\n %4 is greater
b

+ Itis always | than %d and 33", nums3,
- recommended | numl, num2);
g%to,inc_jentthg ,' return 0;

| statements in the - ‘B

| block by at least

| three spacesto the | Output

. right of the braces. | Enter the first number: 12

Enter the second number: 23

Enter the third number: 9
23 is greater than 12 and 9

14. Write a program to input three numbers and then find
largest of them using && operator,
#include <stdio.h>

#inelude <conio.hs
main ()

{

int numl, numg, num3;
clracr();

PTNntf ("\n Enter the

first number: v);
Scanf (vggn,

\n Enter the se
scanf (nggn, &numg) .
printf (n\n Enter the ¢
scanf("%d", &num3) .

cond number: ");

hird number: v);

if(num1>nUm2
& num
Drintf("\n >num3)

td ig the largest number", numi);

k
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if (num2>numl  && num2>snum3)

printf(“\n 3d is the largest number", num2)
else

printf("\n %d is the largest number", num3)
getch();

return 0;

)

QOutput
Enter the first number: 12
Enter the second number: 23
Enter the third number: 9
23 is the largest number

.
!

15. Write a program to enter the marks of a student in
four subjects. Then calculate the total, aggregate, and

display the grades obtained by the student.
#include <stdio.h>
#include <conio.h>

main()

{

int marksl, marks2, marks3, marks4, total =0;
float avg =0.0;

clrscr();

printf ("\nEnter the marks inMathematics: ");

scanf ("¥d", &marksl);

printf ("\n Enter the marks in Science: ");

scanf ("%d", &marks2);

printf("\n Enter the marks in Social
Science: ");

scanf ("%d", &marks3);

printf("\n Enter the marks in Computer
Science: ");

scanf ("%d", &marks4);

total = marksl + marks2 + marks3 + marks4;

avg = total/4;

printf ("\n Total = %d", total);

printf("\n Aggregate = %.2f", avg);

if (avg >= 75)
printf ("\n DISTINCTION") ;
else if (avg>=60 && avg<75)
printf("\n FIRST DIVISION");
else if (avg>=50 && avg<60)
printf("\n SECOND DIVISION");
else if (avg>=40 && avg<50)

printf ("\n THIRD DIVISION") ;
else

printf ("\n FAIL");
return 0;

}

Output

Enter the marks in Mathematics: 90
Enter the marks n Science: 91

Enter the marks in Social Science: 92
Enter the marks in Computer Science: 93
TOTAL = 366

AGGREGATE = 91.00

DISTINCTION

16. Write a program to calculate the roots of a quadratic

equation.

#include <stdio.h>
#include <math.h>
#include <conio.h>

void main()

{
int a, b, c¢;
float D, deno, rootl, root2;
clrscr();
printf("\nEnterthevaluesofa,b,andc:“);
scanf ("%d %4 %4d", &a, &b, &c);
D=(b*b) - (4 *xa*c);
deno = 2 * a;
if (D > 0)
{
printf ("\n REAL ROOTS");
rootl = (-b + sqrt(D)) / deno;
root2 = (-b - sqrt(D)) / deno;
printf ("\n ROOT1 = %f \t ROOT 2 = %f",
rootl, root2);
}
else if (D == 0)
{
printf ("\n EQUAL ROOTS");
rootl = -b/deno;
printf ("\n ROOT1 = %f \t ROOT 2 = %¥f",
rootl, root2);
}
else
printf ("\n IMAGINARY ROOTS");
getch(); :
}
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Output

Enter the values of a, b, and c:3 4 5
IMAGINARY ROOTS

Let us now summarize the rules for using if, if-else,
and if-else-if statements.

Rule 1: The expression must be enclosed in parentheses.

Rule 2: No semicolon is placed after the if/if-else/
if-else-if statement. Semicolon is placed only at the
end of statements in the statement block.

Rule 3: A statement block begins and ends with a curly
brace. No semicolon is placed after the opening/closing
braces.

Dangling Else Problem

With nesting of if-else statements, we often encounter a
problem known as dangling else
problem. This problem is created
when there is no matching else for
every if statement. In such cases,
C always pair an else statement
to the most recent unpaired if
statement in the current block.
Consider the following code
which shows such a scenario.

Programming Tip:
While forming

the conditional
expression, try

to use positive
statements

rather than using
compound negative
statements.

if(a > b)

if(a > ¢)

printf ("\n a is greater than b and c");
else .-
printf ("\na isnot greater thanbandc");

The problem is that both the outer if statement and the
inner if statement might conceivably own the else clause.
The C solution to pair the if-construct with the nearest if
may not always be correct. So the programmer must always
see that every if statement is paired with an appropriate
else statement.

Comparing Floating Point Numbers

Never test floating point numbers for exact equality. This
is because floating point numbers are just approximations,
so it is always better to test floating point numbers for
‘approximately equal’ rather than testing for exactly

equal.

ximate equality by subtracting

st for appro?
c?lnalt?ng point numbers (that are to be tested) ang
the two 110

. their absolute value of the difference against 5
comparng ber, epsilon. For example, consider the code
wg;ysmallnuf:"hicl’1 compares two floating point numbers,
given below :lon is chosen by the programmer to be smaj|
Notegtﬁastoegfat the two numbers can be considered equal,
enou

We

#include <stdio.h>

#include <math.h>
#define EPSILON 1.0e-5

main()

: = 9.5;
double numl = 10.0, num2 = 9.5;
double resl, res2;

resl = num2 / numl * numl;
res2 = numz2;

/* fabs() is a C library function that

returns the floating point absolute value */

if (fabs(res2 - resl) < EPSILON)
printf ("EQUAL") ;

else
printf ("NOT EQUAL");

return 0;

}

Also note that adding a very small floating point value
to a very large floating point value or subtracting floating
point numbers of widely differing magnitudes may not
have any effect. This is because adding/subtracting two
floating point numbers that differ in magnitude by more

than the precision of the data type used will not affect the
larger number.

3.2.4 Switch Case

' tch case statement is g multi-way decision statement

1t 1s a simplified version of an if-else blocgﬁhat evaluates
Programming Tip; only one variabte" The general
It is always . form of a switch statement is
recommendedto |, SNOWn in Figure 3.5.

- Usedefault labeljn | Table 3.1t compares general

| @ switch statement, | form of a switch statement with

that of an if—else statement.
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Syntax of Switch Statement

?witch ( variable )

case valuel:
Statement Block 1;break:;
break;

case value2:
Statement Block 2;break;
break;

case valueN:
Statement Block N; break;
break;

default:
Statement Block D;
break;break;

}

Statement X;

|

l—& Valuel
—  StatementBlock1 l FALSE
l& Value2
—  StatementBlock2 | FALSE
FALSE

TRUE

[ e

—  StatementBlockN I FALSE

Statement Block D J

StatementX I

m The switch statement'cons{r,uct

SRSEERN Comparison between the switch and if-else
_construct :

y
i
|

e S e e T < =

Generalized switch Generalized if-else
statement statement
switch(x) { if(exp1) {

case 1: // do this // do this

case 2: // do this } else if(exp2) {
case 3: // do this // do this

. } else if(exp3) {
default: // do this

//do this }

}

Here, statement blocks refer to statement lists that may
contain zero or more statements. These statements in the
block are not enclosed within opening and closing braces.

The power of nested if-else statements lies in the fact that
it can evaluate more than one expression in a single logical
structure [Switch statements are mostly used in two situations:

/ When there is only one variable to evaluate in the
expression.

\/ When many conditions are being tested tﬂ

When there are many conditions to test, using the if and
else-if construct becomes a bit complicated and confusing.
Therefore, switch case statements are often used as an
alternative to long if statements that compare a variable
to several integral values (integral values are those values
that can be expressed as an integer, such as the value of a
char). Switch statements are also used to handle the input
given by the user.

We have already seen the syntax of the switch statement.
The switch case statement compares the value of the
variable given in the switch statement with the value of
each case statement that follows. When the value of the
switch and the case statement matches, the statement block
of that particular case is executed.

Did you notice the keyword default in the syntax of the
switch case statement? E{zmll is also a case that is executed
when the value of the variable does not match with any
of the values of the case statement, i.e., the default case
is executed when there is no match found between the
values of switch and case statements and thus there are
no statements to be executed. Although the default case
is optional, it is always reCommended to include it as it
handles any unexpected cases, |

—-—
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In the syntax of the switch
case stateiaent, we have used
another keyword break. The break
statement must be used at the end
of cach casc because if it were
not used, then all the cases from
the one met will be executed. For
example, if the value of switch
statement matched with that of
cas¢ 2, then all the statements
in casc 2 as well as rest of the
cases including default will be
cxecuted. The break statement
tells the compiler to jump out

of the switch case statement and
execute the statement following the switch case construct.
Thus, the keyword break is used to break out of the case
statements. It indicates the end of a case and prevents the
program from falling through and executing the code in all
the rest of the case statements.

Consider the following example of switch statement.

Programming Tip;
C supports decision
control statements
that can alter the
flow of a sequence
- of Instructions.
A switch-case
statement is a
multi-way decision
Statement thatis a
simplified version
of an if-else block
that evaluates only
one variable.

char grade = ‘c*;
switch(grade)

{

case ‘0’ :

printf ("\n Outstanding");
break;

case ‘A’:
printf ("\n Excellent");
break;

case ‘B’:
printf ("\n Good");
break;

case ‘'C’:
printf ("\n Fair");
break;

case ‘F’:
printf ("\n Fail");
break;

default:
printf ("\n Invalid Grade");
break;

}

Output
Fair

I

e —

of switc
gram 0 demonstratc the use of switch
17. Write a pro

statement without a break.
#include .ptdio. h>

main()

{ |

int option = 1;

switch (option)

{ case 1");
case 1: printf("\n In

"y .
case 2: printf("\n In case 2");

default: printf("\n In case default") ;

}
return 0;
}

Output
In case 1
In case 2

In case default

Had the value of option been 2, then the output would
have been

In case 2
In case default

And if option was equal to 3 or any other value then
only the default case would have been executed, thereby
printing

In case default

To summarize the switch case construct, let us go
through the following rules:

* The control expression that follows the keyword

switch must be of integral type (i.e., either be an
Integer or any value that can be converted to an

integer,

Poms e, * Each case label should be
.i :;::r:: ':"‘_‘I‘ 1:93 5 followed with a constant or a
5 € logica constant i

| expresslons simple \ i

© and short, For this, p Every case label must evalu_atc
¥ You may use nested '0aunique constantexpression
| if statements, value,

* Case labelg must end with a
colon.
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* Two case labels may have the

Programming Tip: same set of actions associated

Default is also with it.
a case that is
executed when * The default label is optional

and is executed only when

the value of the expression

does not match with any
labelled constant expression,

It is recommended to have a

default case in every switch

case statement.

o The default label can be placed anywhere in the
switch statement. But the most appropriate position
of default case is at the end of the switch case
statement.

o There can be only one default label in a switch
statement.

the value of the

- variable does not
match with any of
the values of the

o C permits nested switch statements, i.e., a switch
statement within another switch statement.

18. Write a program to determine whether an entered

character is a vowel or not,

#include <stdio.h>

int main()

{

char ch;

printf("\n Enter any character: ");

scanf ("%c", &ch);

switch(ch)

{

case ‘A’':

case ‘a’:
printf ("\n % c is VOWEL", ch) ;
break;

case ‘E’':

case ‘e’:
printf ("\n % c is VOWEL", ch) ;
break;

case ‘I':

case ‘i’:
printf("\n % c¢ is VOWEL", ch);
break;

case ‘0':

case ‘o':
printf(*\n % c is VOWEL", ch);

break;

case ‘U’':
case ‘'u':
printf("\n % ¢ is VOWEL", ch);
break;
default: printf("$c is not a vowel", ch) ;

}

return 0;

}

Output

Enter any character: E
E is a VOWEL

19. Write a program to enter a number from 1-7 and

display the corresponding day of the week using
switch case statement.

#include <stdio.h>

#include <conio.h>

int main()

{

int day;

clrscr();

printf ("\n Enter any number from 1 to 7: ");
scanf ("%d", &day) ;

switch (day)

{

case 1l: printf ("\n SUNDAY");
break;

case 2: printf ("\n MONDAY");
break;

case 3: printf ("\n TUESDAY");
break;

case 4: printf("\n WEDNESDAY");
break;

case 5: printf ("\n THURSDAY");
break;

case 6: printf ("\n FRIDAY");
break;

case 7: printf("\n SATURDAY");
break;

default: printf("\n Wrong Number");
}

return 0;

}

Output

Enter any number from 1 to 7: 5§
THURSDAY
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\_/2('/\\’[1[2 a pro

Print whetp
Case constryct,

#include <stdio.hs

main ()

{

int num;

Printf ("\n Enter
Scang ("§", &num) ;
switch(num)

{
Case
case
Case

N U W

Case

Case 9:

any number (1 to 10):

printf ("\n oDDp") ;

break;
case 2:
Case 4:
case 6:
case B:
case 10:

printf ("\n EVEN");

default :

printf ("\n INVALID INPUT");

break;

#include <stdio.h>

main ()

{

int num, rem;
printf ("\n Enter
scanf ("%", &num);
rem = num%2;
switch(rem)

{

case 0:

any number (1 to 10):

printf ("\n EVEN") ;

break;
case 1l:

printf ("\n ODD");

break;

}
}

Output
Enter any number

oDD

from 1 to 10: 7

ra
gram that accepts a number from 1 to 10.

er ;
the number js cven or odd using a switch

");

II)‘.

Note that there is no break statement after case A, so if
the character ‘A’ is entered, then the control will execute
the statements given in case ‘a’‘.

For example, consider a simple calculator program
that can be used to add, multiply, subtract, and divide two
integers.

Advantages of using a Switch Case Statement

Switch case statement is preferred by programmers due to
the following reasons:

¢ Easy to debug.

¢ Easy to read and understand.

\8~Ease of maintenance as compared with its equivalent
if-else statements.
e Like if-else statements, switch statements can also be
nested.

f\/ Executes faster than its equivalent if-else construct.

[EEN ITERATIVE STATEMENTS -

Iterative statements are used to repeat the execution of a
list of statements, depending on the value of an integer
expression. C language supports three types of iterative
statements also known as looping statements. They are:

e While loop

e Do-while loop

e Forloop

In this section, we will discuss all these statements.

3.3.1 While loop

The while loop provides a mechanism to repeat one or
more statements while a particular condition is true. Figure
3.6 shows the syntax and general form of representation
of a while loop.
,. In the while loop, the condition
. is tested before any of the
statements in the statement block
.~ is executed. If the condition is
| true, only then the statements

Programming Tip:
Iterative statements
are used to repeat
the execution of a

, list of statements . .
e e the‘ will be ext?cuted otherwise if the
VelUs ST R Intdece condition is false, the control

will jump to statement y, which is
the immediate statement outside
the while loop block.

expression,
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Syntax of wWhile Loop
statement x:

Yh11e (condition)
statement block:

statement y;

Update the
) condition expression

Statemltx_l

?

Condition
Statement block | TRUE FALSE
N }
Statementy

The whil_e ‘Io"o'p- construct

From the flow chart diagram, it is clear that we need to
constantly update the condition of the while loop. It is this
condition which determines when the loop will end. The
while loop will execute as long as the condition is true.
Note if the condition is never updated and the condition

never becomes false then the -

Programming Tip:  computer wilt run into an infinite

Chec'k that the loop which is never desirable.
relational operator . .
: A while loop is also referred
is not mistyped . .

: : to as a top-checking loop since
as an assignment

control condition is placed as
the first line of the code. If the
control condition evaluates to
false, then the statements enclosed in the loop are never
executed.

For example, look at the following code which prints
first 10 numbers using a while loop.

operator.

#include <stdio.h>

int main()

{

int i = 0; // initialize loop variable

while(i<=10) // test the condition

{ // execute the loop
statements

printf (" %d", 1i);:

i=14+1; // condition updated

}

getch() ;

return 0;

)

Output
0123456782910

Initially i = 0 and is less than 10, i.e., the condition is
true, so in the while loop the value of i is printed and the
condition is updated so that with every execution of the
loop, the condition becomes more approachable. Let us
look at some more programming examples that illustrate
the use of while loop.

. Write a program to calculate the sum of first 10
numbers.

#include <stdio.h>

int main()

{

int i = 0, sum = 0;

while(i<=10)

{

sum = sum + 1i;
i=14+1; // condition updated
]

printf("\n SUM = %d", sum);

return 0;

}

Output
SUM = 55

22. Write a program to print 20 horizontal asterisks(*).
#include <stdio.h>
main()

(
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int i=1;
while (i<=20)
{

Printf (nan),
1+4;

}

Treturn 0;

}
Output

*ii**t*itfi****i**i*

23. Write a program to calculate the sum of numbers from
m to n.
#include <stdio.h»>
int main()
{
int n, m, sum =0;
clrscr();

printf("\n Enter the value of m: ");
scanf ("¥d", &m);

printf("\n Enter the value of n: ");
scanf ("%d", &n);

while (m<=n)
{
Sum = sum + m;
m=m+ 1;
}
printf("\n SUM = %d", sum);
return 0;

}

Output

Enter the value of m: 7
Enter the value of n: 11
SUM = 45

24. Write a program to display the largest of 6 numbers
using ternary operator.
#include <stdio.h>
#include <conio.h>
int main()
{
int i=0, large = -1, num;
clrser();

while (i<=5)

{

rintf ("\n Enter the number: ");
p

izi::(:%2:;52::;;?num:large;
1445
intf ("\n The largest of five numbers
prt;mered ig: %d", large);
return 0;
}

Output

Enter the number : 29
Enter the number : 15
Enter the number : 17
Enter the number : 19

Enter the number : 25
The largest of five numbers entered is: 29

25. Write a program to read the numbers until -] s

encountered. Also count the negative, positive, and
zeros entered by the user.

#include <stdio.h>

#include <conio.h>

int main()

{

int num;

int negatives=0, positives=0, zeros=0;
clrscr();

printf("\n Enter -1 to exit...")

Printf("\n\n Enter any number: ") ;
scanf("%d",&num);

r

while (num 1= -1)
{
if(num>0)
Positives++;
else if (num<o)
negatives4+;
else
Zeroes++;

Printf ("\n\n Enpter

Bcanf(u%du'&num). any number: ");
’

}
Printf ("\n oo
“Nt of positive
- , n
h tdn, PoBitives) umbers entered
Printf (w\p
= %dn Count. of Negative numbers entered
Brines (u, oocives);
n
("\n coune 0f Zerss
zerog) ; €ntered = %4-,
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getch();
return 0;

}
Output

Enter any number:
Enter any number:
Enter any number:
Enter any number:
Enter any number:
Enter any number:
Enter any number:
Count of positive
Count of negative
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=12
108
-24
99

-23
101
-1

numbers entered

]
w

numbers entered

n
w

Count of zeros entered = 0

26. Write a program to calculate the average of numbers

entered by the user.

#include <stdio.h>

int main()

{

int num, sum = 0,
float avg;

printf ("\n Enter
STOP: ");

! Programming Tip:

{ Placing a semicolon
after the while/for
loop in not a syntax

" error. So it will not

. be reported by the
compiler. However,

. itis considered to
be a logical error
as it changes the
output of the

- program.

}
Output

Enter any number.
Enter any number.
Enter any number.
Enter any number.
Enter any number.

count = 0;

any number. Enter -1 to

. scanf ("%d", &num);

| while(num != -1)

{

count++;
sum = sum + num;

printf ("\nEnter any number.

Enter -1 to STOP: ") ;

scanf ("%d", &num);

}

avg = (float)sum/count;
printf ("\nSUM=%d", sum) ;
printf ("\nAVERGAE = %f",
avg) ;

return 0;

Enter -1 to STOP: 23
Enter -1 to STOP: 13
Enter -1 to STOP: 3
Enter -1 to STOP: 53

Enter -1 to STOP: 4

Enter -1 to STOP: 63
Enter -1 to STOP:
Enter -1 to STOP: -6
Enter -1 to STOP: -1

Enter any number.
Enter any number.
Enter any number.
Enter any number.
SUM =130
AVERAGE = 16.25

Thus, we see that while loop is very useful for designing
interactive programs in which the number of times the
statements in the loop has to be executed is not known in
advance. The program will execute until the user wants to
stop by entering -1.

Now look at the code given below which makes the
computer hang up in an infinite loop. The code given
below is supposed to calculate the average of first 10
numbers, but since the condition never becomes false,
the output will not be generated and the intended task will
not be performed.

#include <stdio.h>
int main()

{

int i = 0, sum =0; -
float avg = 0.0;

While(i<=10)

{
}

avg = sum/10;

printf ("\n The sum of first 10 numbers =
%d", sum);

printf ("\n The average of first 10 numbers =
$f", avg):

return 0;

}

sum = sum + 1i;

3.3.2 Do-while Loop

The do-while loop is similar to the while loop. The only
difference is that in a do-while loop, the test condition
is tested at the end of the loop. Now that the test condition
is tested at the end, this clearly means that the body of the
loop gets executed at least one time (even if the condition
is false). Figure 3.7 shows the syntax and general form of
representation of a do-while loop:

Note that the test condition is enclosed in parentheses
and followed by a semicolon. The statements in the
statement block are enclosed within curly brackets. The
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Syntax of do-while Loop
statement x;

do

{

statement block;
Jwhile (condition):

statement y;

Figure 3.7 Do-while coristﬁ_xcf

curly bracket is optional if there is only one statement in
the body of the do—while loop.

Like the while loop, the do-while loop continues to
execute whilst a condition is true. There is no choice
whether to execute the loop or not because the loop will be
executed at least once irrespective of whether the condition
is true or false. Hence, entry in the loop is automatic.
There is only one choice:to continue or to exit. The do—
while loop will continue to execute while the condition is
true and when the condition becomes false, the control
will jump to statement following the do-while loop.

Similar to the while loop, the do-while is an indefinite
loop as the loop can execute until the user wants to stop.
The number of times the loop has to be executed can thus
be determined at the run time. However, unlike the while
loop, the do—while loop is a bottom-checking loop, since the
control expression is placed after the body of the loop.

The major disadvantage of using a do—while loop is that
it always executes at least once, cven if the user enters
some invalid data, the loop will execute. One complete
execution of the loop takes place before the first comparison
is actually done. However, do—while loo!:s are widely used
to print a list of options for a menu-driven program. For

example, look at the following code.

#include <gtdio.h>
int main()

{

StatementXx J

r/’_:a-te_r;nt block J
.
Updatethe
condition
expression
O.__EJE— Condition
FALSE

Statementy l

int i 0;
do

{
printf("\n %d", i);
i i+ 1;
} while(i<=10);
return 0;

}

What do you think will be the output? The code will
print numbers from 0-11 and not till 10.

27. Write a program to calculate the average of first n

numbers.
e _ #include <stdio.h>

Programming Tip: = int main()

‘ Do not forget to | {
, place a semicolon int n, i = 0, sum =0;
- atthe end of float avg = 0.0;
! the do-while printf ("\n Enter the value
| statement. of n: ");

scanf (“§d", &n);
do

Sum = sum + i;
i = 1 + 1;
} While(i<=n)‘-

avg = sum/n;
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printf ("\n The sum of first n numbers = %d",
sum) ;

printf("\n The average of first %d numbers
$f", n, avg);
return 0;

}

Output

Enter the value of n: 18
The sum of first n numbers = 171

The average of first %d numbers = 9.00

28. Write a program using do-while loop to display the

square and cube of first n natural numbers.
#include <stdio.h>
#include <conio.hs>
int main()
{
int i, n;
clrscr() ;

printf ("\n Enter the value of n: ");
scanf ("%d", &n);

pPrintf("\n ----=-com e _____ " ;

i=1;

do

{

Pty e o printf("\n | \t %d \t | \t
g Sl | a1

IBEE S j*i*q) -

* while loop for Li 1riri);

implementing P
pre-testloopsand | | ‘f’h;ﬁ'fi‘n’_'_ _____________
prefer to use the prin - )
do-whileloopfor | ~~7TTTTTTTTTTTT i
post-test loops. ‘;Et“m 0;

Output

Enter the value of n: 5

...........................................

| 1 I 1 I 1|
| 2 | 4 | 8 |
| 3 | 9 I 27 |
| 4 | 16 I 64 |
| 5 | 25 1 125 |

...............................

29. Write a program to list all the leap years from 1900 to

2100.
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linclude <stdio.hs
finclude <conio.hs
int main()

{

int m=1900, n=2100;

clrscr();
do
{

v if (i == 0
Programming Tip: ri‘ﬂ:("\ Zd s
If you want that the = P . )_“ %d is a leap
body of the loop i

else

must get executed .
atleast once, then | PFintf("\n %d is not a

use the do-while leap year", m);

Ioop m = m+l;
;;;_;ng___u___;] }while (m<=n) ;
return 0;
}

30. Write a program to read a character until a * is
encountered. Also count the number of upper case,
lower case, and numbers entered by the users.

#include <stdio.h>

#include <conio.h>

int main()

{

char ch;

int lowers = 0, uppers = 0, numbers = 0;
clrscr();

printf ("\n Enter any character: ");
scanf ("%c, &ch);

do

{

if (ch >='A' && ch<='2Z")
Uppers++;

if(ch >='a’' && ch<='z’)
lowers++;

if(ch >='0' && ch<='9’)
numbers++;

fflush(stdin);

/* The function is used to clear the
gtandard input file. */

printf ("\n Enter another character. Enter *
to exit.");

scanf ("%¥c", &ch);
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} While(ch I= V#r)

-
’

Printf ("\n Total count of lower case
characters entered = $d", lowers);

Printf (“\n Total count of upper case
characters entered = %d", uppers);

Printf ("\n Total count of numbers entered
%¥d", numbers);

return 0;

)

Output

Enter any character: 0

Enter another character. Enter * to exit.
Enter another character. Enter * to exit.
Enter another character. Enter * to exit.
Enter another character. Enter * to exit.
Enter another character. Enter * to exit.
Enter another character. Enter * to exit.

* LMo m K

Total count of lower case characters entered =3
Total count of upper case characters entered =3

//m

else if (num<0)

{

sum_negatives += numi
negatives++i

printf("\n\n Enter any number: ");

scanf ("¥d", &num) ;
} while(num I= -1)i

mean_positives = sum_positives/positives;
mean negatives = sum_negatives/negatives;

printf ("\n Sum of all positive numbers
entered = %$d", sum_positives);

printf ("\n Mean of all positive numbers
entered = %¥f£", mean_positives);

printf("\n Sum of all negative numbérg
entered = ¥d", sum_negatives);

printf("\n Mean of all negative numbers
entered = $f", mean_negatives);

Total count of numbers entered = 0 return 0;
31. Write a program to read the numbers until -1 is }
encountered. Also calculate the sum and mean of all  Output
positive numbers entered and the sum and mean of all Enter -1 to exit...

negative numbers entered separately,

#include <stdio.h>

#include <conio.h>

int main()

{

int num;

int sum_negatives=0, sum_positives=0;

int positives = 0, negatives = 0;

float mean_positives = 0.0, mean_negatives
= 0.0;

clrscr();

printf("\n Enter -1 to exit..");
printf ("\n\n Enter any number: ");
scanf ("%¥d", &num) ;

do
{

if (num>0)

{

sum_positives += num;
pQSitives++:

Enter any number: 9

Enter any number: 8

Enter any number: 7

Enter any number: -6

Enter any number: -5

Enter any number: -4

Enter any number: -1

Sum of all positive numbers entered = 24
Mean of all positive numbers entered = 8.000
Sum of all negative numbers entered = -15

Mean of all negative numbers entered =
-5.000

3.3.3 For Loop

Like the while and do-while loop, the for loop provides 2
mechanism to repeat a task until a particular condition ’
true. For loop is usually known as a determinate or definite
l?op because the programmer knows exactly how many
times the loop wil] repeat. The number of times the 100P
has tﬂ_be executed can be determined mathematically bY
;hcckmg the logic of the loop. The syntax and genes
orm of a for loop is as given in Figure 3.8.
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When a for loop is used, the loop variable is initialized
only once. With every iteration of the
the loop variable is updated and the condition is checked.
If the condition is true, the statement block of the loop is
executed, else the statements comprising the st
block of the for loop are skipped and the control jumps to
the immediate statement following the for loop body.

In the syntax of the for loop, initialization of the
loop variable allows the programmer to give it a value,
Second, the condition specifies that while the conditional
expression is TRUE the loop should continue to repeat
itself. Every iteration of the loop must make the condition
near to approachable. So, with every iteration, the loop
variable must be updated. Updating the loop variable may
include incrementing the loop variable, decrementing the
loop variable or setting it to some other value like, i +=2,
where i is the loop variable.

Note that every section of the for loop is separated from
the other with a semicolon. It is possible that one of the
sections may be empty, though the semicolons still have to
be there. However, if the condition is empty, it is evaluated
as TRUE and the loop will repeat until something else
stops it.

The for loop is widely used to execute a single or a
group of statements a limited number of times. Another

alement

loop, the value of
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point to consider is that in a for loop, condition is tested
before the statements contained in the body are cxecuted.
So if the condition does not hold true, then the bady of the
for loop may never get executed.

Look at the following code which prints the first n
numbers using a for loop.

#include <stdio.h>

int main()
{
int 1, n;

printf("\n Enter the value of n "y
scanf ("%d", &n);

for(i=0;i<=n;i++)
printf("\n %d", i);
return 0;

}

Programming Tip:
Itis a logical error
to update the loop
. control variable in
 the body of the for
. loop as well as in
" the for statement.

In the code, i is the loop

- variable. Initially, it is initialized
- with value zero. Suppose the user
enters 10 as the value for n. Then
the condition is checked, since
the condition is true as i is less
than n, the statement in the for

Syntax of for Loop
for (initialization; condition;
increment/decrement/update)

{

statement block;

Statement Y;

Figure 3.8 For loop construct

)

Initialization
ofloopvariable

Controlling
Condition for

FALSE

Statement block I

1

Updatethe
loopvarlable

Statementy I
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loop is executed and the value of i is printed. After evclry
iteration, the value of i is incremented. When i=n, the
control jumps to the return 0 statement.

Points to Remembe_r About for Loop

e In a for loop, any or all the expressions can be
omitted. In case all the expressions are omitted, then
there must be two semicolons in the for statement.

e There must be no semicolon aftera for statement. If
you do that, then you are sure to get some unexpected
results. Consider the following code.

#include <stdio.h>
main()

{

int i;

for(i=0;i<10;i++);
printf (" &dv, i);

return 0;

}

In this code, the loop initializes i to 0 and increments
its value. Since a semicolon is placed after the loop, it
means that loop does not contain any statement. So even
if the condition is true, no. statement is executed. The loop
continues till i becomes 10 and the moment i=10, the
statement following the for loop is executed and the value
of i (10) is printed on the screen.

When we place a semicolon after the for statement, then
the compiler will not generate any error message. Rather
it will treat the statement as a null statement. Usually such
type of null statement is used to generate some time delays.
For example, the following code produces no output and
simply delays further processing.

#include <stdio.h>
main/()

{

int i;

for (i=10000;i>0;i--);
printf(" %d", i);

return 0;

}

e Multiple initializations must be separated with g
comma operator as shown in the following code
segment,

#include <stdio.h>
main()

{

. ﬁroéramming Tip:

' forloop, but try to
* avoid it as much as
i possible.

int i, sum; .
sum=0;1<10;1i++)

for (izo ]
sum += 17
printf (" ", sum);
return 0;
}

e If there is no initialization to be done, then the
initialization  statement can
be skipped by giving only 5
semicolon. This is shown in the

hwe
glihoue following code.

can place the i
initialization, testing 4 n~10ude <stdio.hs

* and updating ' main()
the loop control {
variable outside the int i=0;

for(;i<10;i++)
printf ("%d", i);
return 0;

e Multiple conditions in the test. expression can be
tested by using the logical operator (z& or ||).

» If the loop controlling variable is updated within the
statement block, then the third part can be skipped.
This is shown in the code given below.

#include <stdio.h>
main ()

{

int i=0;

for(;i<10;)

{
printf (" sd», i);
i=14+1;

}

return 0;

}

* Multiple statements can be included in the third part
of the for statement by using the comma operator
‘FOT example, the for statement given below is valid
inC,

for(i=p, 3=10;i<i; i++, §--)

* ghe controlling variable can also be incremented
decremented by valyes other than 1. This is shoW!
:)ﬂtlh&;gode below which prints all odd numbers from

o 10,

#include <s8tdio.hs>
main ()
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{

int 1i;

for(i=1;i<=10;1i+=2)
printf (" %d", i);

return 0;

}

* Ifthe for loop contains nothing but two semicolons,
thatis no initialization, condition testing and updating
of the loop control variable then the for loop may

become an infinite loop if no
stopping condition is specified
in the body of the loop. For
example, the following code will
infinitely print ¢ Programming
on the computer screen.

Programming Tip:
Although placing
an arithmetic
expression in
initialization and
updating section
of the for loop is

permissible, but #include <stdio.h>
1]

trytoavoidthem  main()

asthey may cause | {

some round-off for(;;)

and/or truncation | printf(" C Programming") ;

errors. return 0;

}

* Never use a floating point variable as the loop
control variable. This is because floating point
values are just approximations and therefore may
result in imprecise values and thus inaccurate test
for termination. For example, the following code
will result in an infinite loop because of inaccuracies
of floating point numbers.

#include <stdio.hs>
main()
{
float i;
for(i=100;i>=10;)
{
printf (" %f", i);
i = (float)i/10;
)

return 0;

}

Selecting an appropriate loop Loops can be entry-
controlled (also known as pre-test) or entry-controlled
(also known as post-test). While in entry-controlled loop,
condition is tested before the loop starts, the exit-controlled
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loop, on the other hand, tests the condition after the loop
is executed. If the condition is not met in entry controlled
loop, then the loop will never execute. However, in case of

post-test, the body of the loop is executed unconditionally
for the first time.

If your requirement is to have a pre-test loop, then
choose either f£or loop or while loop. In case you need to
have a post-test loop then choose a do-while loop.

Look at Table 3.2 which shows a comparison between
a pre-test loop and a post test loop.

Comparison of pre-test and pdéi-tgétﬁibﬁias' R

Feature Pre-test Loop | Post-test Loop
Initialization 1 1
Number of tests N+1 N
Statements executed N N

L contr

v::)iZble upc(;late N N
Minimum iterations 0 1

When we know in advance the number of times, the
loop should be executed, we use a counter-controlled loop.
The counter is a variable that must be initialized, tested,
and updated for performing the loop operations. Such a
counter controlled loop in which the counter is assigned a
constant or a value is also known as a definite repetition
loop.

When we do not know in advance the number of times
the loop will be executed, we use a sentinel controlled
loop. In such a loop, a special value called the sentinel
value is used to change the loop control expression from
true to false. For example, when data is read from the
user, the user may be notified that when they want the
execution to stop, they may enter -1. This -1 is called the
sentinel value. A sentinel-controlled loop is often useful
for indefinite repetition loops.

If your requirement is to have a counter-controlled
loop, then choose for loop, else if you need to have a
sentinel-controlled loop, then go for either a while loop or
a do-while loop. Although a sentinel-controlled loop can
be implemented using for loop, but while and do-while
loop offers better option.
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EXM NesteDOOPS

C allows its users to have nested loops, i.e., loops that Cfiﬁ
be placed inside other loops. Although this feature Wi
work with any loop like while, do-while, and for but
it is most commonly used with the for loop, because this
is easiest to control. A for loop can be used to contrql the
number of times that a particular set of statements will be
executed. Another outer loop could be used to control the
number of times that a whole loop is repeated.

In C, loops can be nested to any desired level. However,
the loops should be properly indented in order to enable the
reader to easily determine which statements are contained
within each for statement. To see the benefit of nesting

loops, we will see some programs that exhibits the use of
nested loops.

32. Write a program to print the following pattern.
Pass 1\- 12345
Pass2-12345
Pass3-12345
Pass4-12345

Pass5-12345
#include <stdio.h»>
main ()

{

int i, j;
for(i=1;i<=5;i++)
{

printf ("\n Pass %d- v,i);
for(j=1;j<=5;j++)
printf (" %d", 4§);
}

return 0;

}

33. Write a program to print the following pattern,

sk ok o ok ok ok
T
ok oo o e e o o
T T )

W o ko o o o ok ok

#include <stdio.hs>
main()

{

int i, j;
for(i=1;i<=5;1+4+)

[

printf ("\n");
for(j=1:3<=5i3++)
printf("*")F

}

return 0;
}

34, Write a program to print the following pattery
*

*k
*okok
*RKK
ok o ook

#include <stdio.h>
main()

{
int i, j;
for(i=1;i<=5;i++) wal -
{ "

printf(f\g");

for(j=1;j<=1i;j++)

v A .
printf(n*n),

} r
return 0;

}

35. Write a program to print the following pattern.
1

12
123
1234
12345

#include <stdio.hs
main ()

{
int i, j;
for(i=1

;i<=5;i++}
{
printf(u\nu} ;
for(j=1ij<=i;j++)
printf("%du' i) ;

Feturn o,

36. Writ
: € a program tq print the foliowing pattern.
22
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333
444
55555

#include <stdio.h>
main()
{
int i, j;
for(i=1;i<=5;i++)
{
printf ("\n");
for(j=1;j<=1i;j++)
printf ("$d", 1i);
}

return 0;

}

37. Write a program to print the following pattern.

0

12
345
6789

#include <stdio.h»>
main()
{
int i, j, count=0;
for(i=1;i<=5;i++)
{
printf("\n");
for(j=1;j<=1i;j++)
printf ("%d", count++);

}

return 0;

}

38. Write a program to print the following pattern.

A

AB

ABC
ABCD
ABCDE
ABCDEF

#include <stdio.h>

main()

{

char i, j;

for (i=65;i<=70;i++)

{
printf("\n");
for(j=65;j<=1i;j++)

printf ("%c", j);

Decision Control and Looping Statements I 87 I

} .
return 0;

}

39. Write a program to print the following pattern.
1
12
123
1234
12345

#include <stdio.h>
#define N 5
main()
{
int i, j, k;
for(i=1;i<=N;i++)
{
for (k=N;k>=1i;k--)
printf (" ");
for(j=1;j<=1i;J++)
printf("%d", j);
printf ("\n");

}
return 0;
)
40. Write a program to print the following pattern.
1
121
12321
1234321
123454321
#include <stdio.h>
#define N 5
main()
{

int i, j, k, 1;
for(i=1;i<=N;i++)
{
for (k=N;k>=1i;k--)
printf (" ");
for(j=1;j<=1i;j++)
printf("&%d", 3);
for(l=j-2;150;1--)
printf("%d", 1);
printf ("\n");
}

return 0;

}
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41. Write a program to print the following pattern.
1
22
333
4444
55555

#include <stdio.h»>
#define N 5
main()
{
int i, j, k, count=5, c;
for(i=1;i<=N;i++)
{
for (k=1;k<=count ; k++)
printf(" ) ;
for(j=1;j<=i;j++)
printf ("%24", i);
printf ("\n");
c--;

}

return 0;

}

42. Write a program to print the multiplication table of n,

where n is entered by the user.
#include <stdio.h»>

int main()

{

int n, i;

printf ("\n Enter any number: ") ;
scanf ("¥d", &n);

printf ("\n Multiplication table of Fdn,
printf ("\n t****i*i*ii**i*i******i*H);
for(i=0;1<=20;1i++)
printf("\n %d X %d = %d»
return 0;

}
Output

Enter any number: 2
Multiplication table of 2

ko kh ko koo ko

2X0=0
2X1=2
2 X 20 =40

43. Write a program to print numbers from m 1o n.

- =

0, il (n*i)),'

#include <stdio.h>
#include <conio.h>

int main()

{

int n, m, i;
printf("\n Enter the value of m: n),

scanf ("¥d", &m);

printf ("\n Enter the value of n: »),
scanf ("%d", &n);

for (i=m;i<=n;i++)
printf ("\t ¥d", 1);
return 0;

}
Output

Enter the value of m: 5
Enter the value of n: 10
5 6 7 8 9 10

44, Write a program using for loop to print all the numbers
from m to n, thereby classifying them as even or odd

#include <stdio.h»
#include <conio.h>
int main()

{

int i, m, n;
clrscr();

Printf ("\n Enter the value of m: ");
scanf ("sd", &m) ;

printf ("\n Enter the value n: n)
scanf ("%d", &n);
for{i:m;i<=n;i++)
{
if (i%2 == 0)
printf (»
else

: Printf ("\n gq is odd", i)

r

\n %4 is evenn,i);

i
returmm 0;

}
Output

Enter the val
Enter the va
5 is odqg

§ is evep

7 18 oqq

ue of m: s
lue of n. 7
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45. Write a program using for loop to calculate the average
of first n natural numbers.

#include <stdio.h»>

#include <conio.hs

int main()

{

int n, i, sum =0;

float avg = 0.0;

clrscr();

printf ("\n Enter the value of n: ");
scanf ("%d", &n);

for(i=1;i<=n;i++)
sum = sum + i;

avg = sum/n;

printf ("\n The sum of first n natural
numbers = %d", sum);

printf ("\n The average of first n natural
numbers = %f", avg);

return 0;

)

Output

Enter the value of n: 10

The sum of first n natural numbers = 55

The average of first n natural numbers =
5.500

46. Write a program using for loop to calculate factorial
of a number.

#include <stdio.h>

#include <conio.h>

int main()

{

int fact = 1, num;

clrscr();

printf ("\n Enter the number: ");
scanf ("%d", &num) ;

if (num == 0)
fact = 1;

else

{

for (int i=1; i<=num;i++)
fact = fact * i;

Decision Control and Looping Statements l 89 ,

printf ("\n Factorial of %d is: %d ", num,
fact) ;
return 0;

}

Output

Enter the number: 5
Factorial of 5 is: 120

47, Write a program to classify a given number as prime

or composite.
#include <stdio.h>
#include <conio.h>
int main()

{

int flag = 0, i, num;
clrser();

printf("\n Enter any number: ");
scanf ("¥d", &num);
for(i=2; i<num/2;i++)
{
if (num¥i == Q)
{
flag =1;
break;

}
if (flag == 1)
printf("\n %d is a composite number", num);
else
printf ("\n %d is a prime number", num);
return 0;

}

Output

Enter the number: 5
5 is a prime number

48. Write a program using do-while loop to read the

numbers until -1 is encountered. Also count the
number of prime numbers and composite numbers
entered by the user

#include <stdio.h>

#include <conio.h>

int main()

{

int num, {i;
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int prim99=0.compositen=o,flag=0:
clrser (),

Printf ("\n Enter -1 to exit...");
Printf ("\n\n Enter any number:");
scanf ("%d", khum) ;

do
{
for(i=2;ic=num$2;1i++)
{
if (num$i==0)
i
flag=1;
break;
}
}
if (flag==0)
pPrimes++;
else
composites++;
flag=0;

printf ("\n\n Enter any number: ");

scanf ("$4", &num) ;

} while(num 1= -1);

printf ("\n Count of prime numbers entered =
¥d", primes);

printf ("\n Count of composite numbers
entered = ¥d", composites);

return 0;

}

49. Write a program to calculate pow(x,n) i.e to calculate
X"

#include <stdio.h>

#include <conio.h>

#include <math.h>

int main()

{

int i, num, n;

long int result =1;

clrserl();

printf ("\n Enter the number: *);

scanf ("$d", &num);
printf ("\nTill whichpower tocalculate: ¥);
peanf ("¥d", &n);

for(i=1;icsn;i++)

P

result = result * num;

printf ("\n pow(¥d, ¥d) = 31d", num,

result);

return 0/

)

Qutput
Enter the number: 2
Till which power to calculate: 5

pow(2, 5) = 32
50, Write a program to print the reverse of a Number.

#include <stdio.h>
#include <conio.h>
int main()

{

int num,
clrscr();

temp;

printf ("\n Enter the number: ");

scanf ("%d", &num);

printf ("\n The reversed number is: ");
while(num != Q)

[ X
{ temp = num%10; rlbh : hidth
printf ("3d", temp) ; Lo ?
num = num/10;
) . e~ .
return 0; 13,
) 'y
o
Output )
Enter the number: 123
The reversed number is: 331
-

T

»
A

S1. Write a program to enter a number and then calculate

the sum of its digits.

#include <stdio.hs
#include <conio.hs
int main()

{

int num, temp, sumofdigits = 0;
clrscr();

printf(“\n Enrer the number: *);
8canf (*%d*, &num) ;

while (num 1. 0)

(

temp = numyig;
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sumofdigits += temp;
num = num/10;

}

printf("\n The sum of digits = 4",
sumofdigits);

return 0;

}

Output

Enter the number: 123
The sum of digits = 6

52. Write a program to enter a decimal number, Calculate

and display the binary equivalent of this number.
#include <stdio.h>
#include <conio.h>
#include <math.h>

int main()

int decimal num, remainder, binary num = 0,
i=0;

clrscr();

printf ("\n Enter the decimal number: ");

scanf ("%d", &decimal_num) ;

while (decimal_num != 0)

{

remainder = decimal_num%2;

binary num += remainder*pow(10,1);

decimal num = decimal_num/2;

i++;

}

printf ("\n The binary equivalent = %d",
binary num);

return 0;

}

Output

Enter the decimal number: 7
The binary equivalent = 111

53. Write a program to enter a decimal number. Calculate

and display the octal equivalent of this number
#include <stdio.h>
#include <conio.h>
#include <math.h>

int main()

{

int decimal_num, remainder, octal_num= 0,
1=0;
clrscr();

printf ("\n Enter the decimal number: ");

scanf ("%d", &decimal_num);

while(decimal num != 0)

{

remainder = decimal_num%s;

octal num += remainder*pow(10,i);

decimal num = decimal_num/8;

i4+;

}

printf ("\n The octal equivalent = %d",
octal_num) ;

return 0;

}
Output

Enter the decimal number: 18
The octal equivalent = 22

54. Write a program to enter a decimal number. Calculate
and display the hexadecimal equivalent of this
number.

#include <stdio.h>
#include <conio.h>
#include <math.h>

int main()

{

int decimal_num, hex num=0, i = 0, remainder;
clrscr();

printf ("\n Enter the decimal number: ");
scanf ("%d", &decimal_num);
while (decimal_num != 0)
{
remainder = decimal_num%16;
hex_num += remainder*pow(10,1) ;
decimal_num = decimal_nﬁm/ls;
i++4;
}
printf("\n The hexa decimal equivalent =
$d", hex_num);

return 0;

}
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Output

Enter the decimal number: 18
The hexadecimal equivalent =C

, _ ate
S5. Write a program to enter a binary number. Calculat

and display the decimal equivalent of this number.
#include <stdio.hs
#include <conio.hs
#include <math.h>

int main()

int decimal_num= 0, remainder, binary_num,
i=90;

clrser();

printf ("\n Enter the binary number: ");

scanf ("$d", &binary num);

while (binary num != 0)

{

remainder = binary num$10;

decimal num += remainder*pow(2,i);

binary_pum = binary num/10;

i++;

}

printf ("\n The decimal equivalent of = %4,
decimal num);

return 0;

}
Output

Enter the binary number : 111
The decimal equivalent = 7

56. Write a program to enter an octal number. Calculate
and display the decimal equivalent of thjs number.
#include <stdio.h>
#include <conio.hs
#include <math.hs

int main()

{

int decimal_num= 0, remainder,
i=0;

clrscr();

octal num,

printf("\n Enter the octal number; «),
gcanf ("%d", &octal num);
while (octal_num (= 0)

{

R f_,———"’/”—_—\

1 num%10;

der = octal

remiigl qum += remainder*pow(8,1i);
decimal_:

tal num = octal_num/10;
octal

1+4i

)
printf(
decimal_num) ;

return 0;

}

n\n The decimal equivalent = %¥dn,

Output

Enter the octal number: 22
The decimal equivalent = 18

57. Write a program to enter a hexadecimal NUmber

Calculate and display the decimal equivalent of this
number

#include <stdio.h>

#include <conio.h>

#include <math.h> ///

int main()

(

int decimal _num= 0, remainder, hex_num
=0;
clrscr();

» 1

printf ("\n Enter the hexadecimal number: ");
scanf ("%d", &hex num) ;

while (hex num != Q)

{

remainder = hex_num$1o0;

decimal_num += remainder*pow(16,1i) ;
hex num = hex num/10;
it++;

}

Printf ("\n The decimal equivalent = %",
decimal_num);
Yeturn g,

}

Output

: 39
The decima) &quivalent = 57

58. Write a program to calculate GCD of two numbers.
#inclyge <8tdio.h.
#inclyge <conio.hs
Nt majn()
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int numl, num2, temp;
int dividend, divisor, remainder;
clrser();

printf("\n Enter the first number: ");
scanf ("%d", &numl);
printf("\n Enter the second number: ")
scanf ("%d", &num2);

if (numl>num2)

{

dividend = numl;
divisor = num2;

}

else

{

dividend = num2;
divisor = numl;

}

while (divisor)

{

remainder = dividend%divisor;

dividend = divisor;

divisor = remainder;

}

printf("\n GCD of %d and %d is = %d", numl,
num2, dividend) ;

return 0;

}

Output

Enter the first number: 64
Enter the second number: 14
GCD of 64 and 14 is = 2

1

I 1
59. Write a program to sum the series 1+ 5 +5---+ $=rd

n

#include <stdio.h>
#include <conio.h>
main()

{

int n;

float sum=0.0, a, i;
clrscr();

printf (“\n Enter the value of n: "
scanf (*¥d", &n);

for(i=1.0;i<=n;i++)

A |
60. Write a program to sum the series — + — + -

61. Write a program to sum the series — + — +«++

Decision Control and Looping Statements | 93 |

{ a=1/1;

sUm = sum +a;

} \

printf ("\n The sum of series 1/1 + 1/2 +
.+ 1/%d = %f",n,sum);

return 0;

}

Output

Enter the value of n: 5

The sum of series 1/1 + 1/2 + .... + 1/5 = 2.2838

1
P F

#include <stdio.h>

#include <math.h>

#include <conio.h>

main()

{

int n;

float sum=0.0, a, i;

clrscr() ;

printf("\n Enter the value of n: ");

scanf ("%d", &n);

for(i=1.0;i<=n;i++)

{ a=1/pow(i,2);

sum = sum +a;

}

printf("\n The sum of series 1/1% + 1/ 2° +

w. 1/n® = %£",sum);
return 0;

}

Output

Enter the value of n: 5
The sum of series 1/12 + 1/ 2° + ... 1/n® = 1.4636

1 2 n

2 3 (n+1)
#include <stdio.h>
#tinclude <conio.h>
main()
{
int n;
float sum=0.0, a, i;
clrecr();
printf("\n Enter the value of n; "),
scanf ("%¥d", &n);
for(i=1.0;i<=n;1i++)
{ a= i/(i+1);
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for(i:l;i":n"i“)
)
. _ { .
printf("\n The sum of series 1/2 + 2/3 + term = pow(1.3)?
«v-.. = %f",n,n+1,sum); gum += termi
return 0;
3 3 -
! printf ("\n 1P+ 20+ 3 e =AY, gy,
Output return 07
Enter the value of n :5 }
The sum of series 1/2 + 2/3 + .... = 2.681+4E Output
62. Wn .1 2% 3 Enter the value of n:5
., nteaprogramtosumthesenesI+-2—+-3—+-'- 12+ 2%+ 3 4 e =225
#include <stdio.hs 64. Write a program to calculate sum of squares of firstp
#include <conio.h> b
even numbers.
#include <math.h> #include <stdio.h>
main()

#include <conio. h>

{ #include <math.h>
int n, NUM;

float i,sum=0.0;

clrser(); main()

printf ("\n Enter the value of n: "); int -

scanf ("%d", &n); _

for(i=1.0;i<=n;i++) int term, sum = 0;
clrscr () ;

{
NUM = pow(i,i);
sum += (float)NUM/i;

printf ("\n Enter the value of n: ");
scanf ("%d", &n);

} for(i=1;i<=n;i++)
printf("\n 1/1 + 4/2 + 27/3 + .... = %f", {
sum) ; 1f(1%2 == 0)
return 0; { term = pow(i,2);
} sum += term;
}
Output }
Enter the value of n:5 printf("\n 22 + 4% + 62+ ...... = %d", sum);
1/1 + 4/2 + 27/3 + .... = 701.000 return 0;
. }
63. Write a program to calculate sum of cubes of first n
numbers. Output
By ; ~— ¢ #include <stdio.h> Enter the value of n: 5
ip: :
Prf:glamrr\inng | #include <conio.h> 2+ 4t 674 L. 2 20
. Itis alogical error i .
-~ 3 #include <math.h> 65. Writ ] .
to skip the updating | « Ynie a program to find whether the given number 1S
. of I-oop c-ontrol | main() an armstrong number or not.
variable in the r #include .
while/do-while ) . <stdio.h>
. int i, n; #include <conio.h
loop. Without an . ) .h>
dote statement, | °C Cerm. sum = 0; #include <math. ps
e i S clreer(); main()
the loop .
. 5 rintf ("\n Ent
become an infinite B er the value {
of n: "); int num, sum=q, y
loop. scanf ("$d", &n); clrscr(),. PR
Printf(

“\n Enter the number: ");
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printf ("\n Enter the number: ");
scanf ("$d", &num);
n=num;
while (n>0)
{
r=n%10;
sum += pow(r,3);
n=n/10;
}
if (sum==num)
printf ("\n %d is an armstrong number", num) ;
else
printf("\n %d is not an armstrong number",
num) ;
return 0;

}

Output

Enter the number : 432

#include <stdio.h>

main()

{

double initval, futureVal, ROI;

int yrs, i;

printf ("\n Enter the investment value: ");

scanf("%lf"; &initval) ;

printf ("\n Enter the rate of interest: ");

scanf ("$1f", &ROI);

printf ("\n Enter the number of years for
which investment has to be done: ")

scanf ("%d", &yrs);

futureVal=initVal;
printf ("\n YEAR \t\t VALUE") ;

printf ("\n ");
for (i=1;i<=yrs;i++)
{

futureVal = futureval * (1 + ROI/100.0);

432 is not an armstrong number printf("\n %d \t 31f", i, futureval);

. : ST }
66. Write a program to print the multiplication table. R

#include <stdio.h> }

#include <conio.h>

int main() Output

{ Enter the investment value: 20000

int i, j; Enter the rate of interest: 12

clrscr(); Enter the number of years for which

investment has to be done: 5

for (i=1;1<=20;i++) YEAR VALUE
{
printf("\n\n\n\t\t Multiplication table of
$dv, 1i); : 1 22400.00
printf(“\n kkkkkdkk kAR kkk kR ko kkk kR kA k) 2 25088.00
for(j=1;j<=20;j++) 3 28098.56
printf("\t %d X %d = %d",1i,3, (i*3)); 4 31470.38
} 5 35246.83
iii:l) ; ,‘ 68. Write a program to generate calendar of a month given
} the start day of the week and the number of days in
that month.
Output #include <stdio.h>
Multiplication table of 1 main()
e L L 2 A A2 A {
1+*1=1 1+*2=2 1+%*3=3 1*4=4 int i, j, startDay, num_of_days:

printf ("\n Enter the starting day of the
week (1 to 7): ");

scanf ("%¥d", &startDay);

printf ("\n ENter the number of days in that
month: ");

67. Write a program using for loop to calculate the value
of an investment, given the initial value of investment
and the annual interest. Calculate the value of
investment over a period of time.
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. " ;
printf (" Sun Mon Tue Wed Thurs Fri Sat\n")

printf ("\n _
for(i=0;i<startDay-1;i++)
printf (" ")
for(j=1;j<=num_of_days;j++)
{
if (i>6)
{
printf("\n");
i=1;
}

else

i++;
printf ("%2d

}

return 0;

}
Output

", 3);

Il);

Enter the starting day of the week (1 to 7): 5

ENter the number of days in that month :

Sun Mon Tue Wed Thurs Fri Sat
1 2 3 4 5 6 7

3.5.1 The Break Statement

THE BREAK AND CONTINUE
STATEMENT

31

In C, the break statement is used to terminate the execution
of the nearest enclosing loop in which it appears. We have

already seen its usage in

:r' Programming Tip:

| The break

- statement is used {
to terminate the

| execution of the

nearest enclosing

loop in which it

appears.

while

the break statement appears,

: switch statement. The break
- statement is widely used with
for loop, while loop and do-
loop. When compiler
encounters a break statement,
the control passes to the Statement
that follows the loop in which

the

Its

syntax is quite simple, Just type

keyword break followed with a semicolon,
break;

In switch statement if the break statemen; js missin
then every case from the matched case labe] (]| the end

of the switch, including the defaulr,

is €xecuted.

iven below shows the manner in Which

This example &
n

preak stateme

which it 18 embedded.

clude <stdio.h>

¢ is used to terminate the statemep, in

#in
int main()

{

int i = 0;
while(i.::lO)

{

if (i==5)
break; _
printf("\n ¥d", 1);
i=1+1;

}

return 0;

}

Note that the code is meant to print ﬁrst 10 numbers
using a while loop, but it will actually print only numbers
from 0 to 4. As soon as i becomes equal to 5, the breax
statement is executed and the control jumps to the statement
following the while loop.

Hence, the break statement is used to exit a loop from
any point within its body, bypassing its normal termination
expression. When the break statement is encountered
inside a loop, the loop is immediately terminated, and
program control is passed to the next statement following
the loop. Figure 3.9 shows the transfer of control when the
break statement is encountered.

3.5.2 The Continue Statement

Likethe break statement, the cont inue statement can only
appear in the body of a loop. When the compiler encounters
B continue statement then the
rest of the statements in the loop
are skipped and the control is

i ngramming Tip:
When the compiler

|
]
i
| encounters 3 !
{

| continue unconditionally transferred to
| Statement, then . the loop-continuation portion of
ithe rest of,t-he - the nearest enclosing loop. Its
 statements in tha | syntax i . .

' loop are skipped '# Quite simple, just type

| and the control j5, | KCYWord

{ unconditionally

' transferred tg tha
I 10op-continyation
| Portion of the - -
. Nearest [ogp,

continue followed

with a semicolon.

continue;

Again like the break statement,
the continue statement cannot
be used without an enclosing for,
“hile, or do-while statement.
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while(...) do

{ {

if (condition) iéiééndition)
break; ——— break;

} Jwhile(...);

Transfers control out of
the while loop

Transfers control out of
the do-while loop

for(...) for( )

{ {

if (condition) for(..)
break; —— {

) if (condition)
ecs s s s ] break;
Transfers control out }

of the for loop } i -

Transfers control out of
inner for loop

G The break stéiemeht

be used without an enclosing for, while, or do-while
statement. When the continue statement is encountered
in the while loop and in the do-while, the control is
transferred to the code that tests the controlling expression.
However, if placed with a for loop, the continue statement
causes a branch to the code that updates the loop variable.
For example, look at the following code.

#include <stdio.h>

int main()

{

int i;

for (i=0; i<= 10; i++)

{
if (i==5)

continue;

printf("\t %d", i);
i=1i+1;

}

return 0;
}

The code given here is meant to print numbers from 0
to 10. But as soon as i becomes equal to 5, the continue

statement is cncountered, so rest of the statements in
the for loop arc skipped and the control passes to the
expression that increments the value of i. The output of

this program would thus be

ProgrammingTip: 01 2 3 4 6 7 8 9 10
As far as possible,
try not to use

goto, break,

and continue

(Note thatthere isno 5 in the serics.
It could not be printed, as continue
caused early incrementation of i

st.a:emeﬁt asthey  and skipping of the statement that
violate the rules printed the value of i on screen).
of structured

programming. Figure 3.10 illustrat?s the use of
continue statement in loops.
Herice, we conclude that the continue statement is
somewhat the opposite of the break statement. It forces
the next iteration of the loop to take place, skipp.ng
any code in between itself and the test condition of the
loop. The continue statement is usually used to restart

while(...)<+— do

.....

if (condition) if (condition)
continue;

continue; —‘:I
A }while(...):

(Transfers the control to
the condition expression
of the do-while loop)

(Transfers the control to
the condition expression
of the while loop)

for(.e.) =— for(...)

{ {

if (condition) 208 Lo v v} om——
continue; {

%. {f (condition)
....... continue;
(Transfers the control to }

the condition expression ) """"

of the for loop) (Transfers the control to

the condition expression
of the for loop)

SFITCERUE The continue statement
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Look at {lye

program code given below that demonstrates
the use of b

reak and continue statement.

69. Write a program 1o calculate square root of @
number,
#include <stdio.h>
#include <math.hs
main ()
{
int num;
do

{

Printf ("\n Enter any number. Enter 999 to
stop: ");

scanf ("%d", &num);

if (num == 999)

break; // quit the loop
if (num < 0)
{

printf("\n Square root of negative numbers
is not defined");

continue; // skip the following statements

}

printf ("\n The square root of %¥d, is %f",
num, sqgrt(num));

}while(1);

return 0;

}

EXA coto sTATEMENT

The goto statement is used to transfer control to a
specified 1abel. However, the 1abel must reside in the
same function and can appear only before one statement
in the same function. The syntax of goto statement is as
shown in Figure 3.11.

Here, label is an identifier that specifies the place
where the branch is to be made. Label can be any valid
variable name that is followed by a colon (:). The 1abe1
is placed immediately before the statement where the
control has to be transferred.

The label can be placed anywhere in the program
either before or after the goto statement. Whenever the
goto statement is encountered the control is immediately
transferred to the statements following the 1abe; .
Therefore, goto statement breaks the normal sequentia)
execution of the program. If the 1abel is placed afier the
goto statement, then it is called a forward jump and in

I ——
S

ase it is located before the goto statement,
Cl In L] 3 14

a hackward jump.

S

goto label
qqqaqaqdaq
qaqq4d9adq

label: +——u-—_]
statements

Forward jump

label : =————
statements
gqqaaqaqaqq

qqqqaq9qq
goto label

Backward jump

Figure 3.11 The goto statement : T

The goto statement is often combined with the if
statement to cause a conditional transfer of contro].

IF condition THEN goto label

In this book, we will not use the goto statement because
computer scientists usually avoid this statement in favoyr
of the “structured programming’ paradigm. Some scientists
think that the goto statement should be abolished from
higher-level languages because they complicate the task
of analysing and verifying the correctness of programs
(particularly those involving loops).

Moreover, structured program theorem proves that the
availability of the goto statement is not necessary to write

programs, as combination of se-

;ﬁr;émmr};lng Ti;): ' quence, selection, and repetition
- Follow proper constructs are sufficient to per-
. indentation for . form any computation. The code
 better clarity, given below demonstrates the use

readability, and
! understandlng of
~ the loops,

of a goto statement. The program
calculates the sum of all positive
numbers entered by the user.

#include <stdio.h>
main()

{

int num, sumeo;
read;

/1 label for goto statement

PEINtf (*\n pprer the number. Enter 999 to
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read: // label for goto statement
printf ("\n Enter the number. Enter 999 to
end: ");

scanf ("¥d", &num);
if (num != 999)

{

if (num < 0)

goto read; // jump to label- read
sum += num;
goto read; // jump to label- read

}

printf("\n Sum of the numbers entered by the
user is = %d", sum);
return 0;

}

Conclusion

e It is not necessary to use goto Statement, as it can
always be eliminated by rearranging the code.

e Using the goto statement violates the rules of
structured programming,.

e It is good programming style to use the break,
continue, and return statement in preference to
goto whenever possible.

e Goto statements make the program code complicated
and renders the program unreadable.

Note,  One must avoid the use of break,
E/ continue, and goto statementsas
~  much as possible as they are techniques
used in unstructured programming.

In structured programming, you must prefer to use if and
if-else construct to avoid such statements. For example,

look at the following code which calculates the sum of
numbers entered by the user. The first version uses the
break statement. The second version replaces break by

if-else construct.

// Uses break statement
#include <stdio.h>
main()

{

int num, sum=0;
while (1)

{

printf("\n Enter any number. Enter 999 to

stop: ")

_ Declslon Control and Looping Statements | 99 |

pcanf ("%d", &num);

if (num==999)

break; // quit the loop
BUm4+=num;

}

printf ("\n SUM = %d", sum);
return 0;

}

// Same program without using break
statement

#include <stdio.h>

main()

{

int num, sum=0, flag=1;

// flag will be used to exit from the loop

while(flag==1) // loop control variable

{

printf ("\n Enter any number. Enter 999 to

stop: ");

scanf ("%¥d", &num);

if (num!=999)

sum+=num;

else X

flag=0; // to quit the loop

}

printf ("\n SUM = %d", sum);

return 0;

}

Now let us see how we can eliminate continue

statement from our programs. Let us first write a program
that calculates the average of all non-zero numbers
entered by the user using the continue statement. The
second program will do the same job but without using

continue,

#include <stdio.h>

main()

{

int num, sum=0, flag=1, count=0;

float avg;
// flag will be used to exit from the loop

while(flag==1)

{

printf(“\n Enter any number. Enter 999 to
stop: "),
scanf ("§d", &num);
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if (num==0)

continue;

// skip the following statements

if (numl=999)

{

sum+=num;
count++;

}

else
flag=0;

// set loop cntl var to jump out of loop

}

pPrintf("\n SUM = ¥d", sum);
avg = (float) sum/count;

Printf ("\n Average = &f",

avg) ;

return 0;

}

// Same program without using continue statement
#include <stdio.h>

main ()

{

int num, sum=0, flag=1, count=0;
float avg;

-

C supports conditional type branching'and'

unconditional type branching. The conditional
branching statements help to jump from one part
of the program to another depending on whether
a particular condition is satisfied or not,

With nesting of ifelse statements, we often
encounter a problem known as dangling else
problem. This problem is created when there is no
matching else for every if statement. In such cases,
Calways pairs an else statement to the most recent
unpaired if statement in the current block.

Switch case statements are often used as an alterna-
tive to long if statements that compare a variable to
several integral values, Switch statements are ajso
used to handle the input given by the user,

Default is a case that is executed when the value of
the variable does not match with any of the valyeg
of the case statement, .

-

printf ("\n Average = &£",

// £lag will be used to exit from the
while(flag==l)

(

rintf ("\n Enter any number. Enter gggq 4
P .

lOQD

stop: ")
gcanf (" d", &num) ;
if (num!=0)
{
if (num!=999)
{
sum+=num;
count++;
}
else
flag=0;
1
}

printf("\n SUM = %d", sum);
avg = (float) sum/count;

avg) ;

return 0;

-}

' lterative statements are used to repeat the
execution of a list of statements, depending on the
value of an integer expression.

The while/do-while/for loop provides a mechanism
torepeatone or more statements while a particular
condition is true. In the do-while loop, the test
condition is tested at the end of the loop while
in case of for and while loop the test condition is
tested before entering the loop.

The break statement is used to terminate the

execution of the nearest enclosing loop in whichit
dppears.

* The goto statement is used to transfer control to

a specified labe|, However, the label must reside
In the same function and can appear before only
before one Statement in the same function. |
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Break statement Statement used to terminate the exe-
cution of the nearest enclosing loop in which it appears.
Conditional branching Conditional branching state-
ments is used to jump from one part of the program to
another depending on whether a particular condition
is satisfied or not.

Continue statement Statement that can appear in the
body of a loop. When the compiler encounters a contin-
ue statement then the rest of the statements in the loop
are skipped and the control is unconditionally trans-
ferred to the loop-continuation portion of the nearest
enclosing loop.

Dangling else problem Problem encountered with nest-
ing of if-else statements which is created when thereis
no matching else for every if statement.

Do-while loop The do-while loop is similar to the while
loop. The only difference is that in a do-while loop, the
test condition is tested at the end of the loop.

For loop: The mechanism used to repeat a task until a
particular condition is true. For loop is usually known as
a determinate or definite loop because the programmer
knows exactly how many times the loop will repeat.
Goto statement It is used to transfer control to a speci-
fied label. However, the label must reside in the same

Fill in the Blanks

1. Dangling else problem occurs when

2. The switch-case control expression must be of

type.

3. In a do-while loop, if the body of the loop is
executed n times, the test condition is evaluated

__times.

4, The statement is used to skip
statements in a loop.

5. A loop that always satisfies the test condition is

loop.

known as a
6. In a counter-controlled loop,
variable is used to count the number of times the
loop will execute.
7. statements help to jump from one

function and can appear only before one statement in

the same function.

If statement Simplest form of d
ment that is frequently used in decision making.
If-else-if statement Decision control statement that
works in the same way as a normal if statement. Itis
also known as nested if construct.

f-else statement Decision control statement in which
first the test expression is evaluated. If the expression
is true, statement block 1 is executed and statement
block 2 is skipped. Otherwise, if the expression is false,
statement block 2 is executed and statement block 1

ecision control state-

is ignored.

Iterative statement Statements used to repeat the ex-
ecution of a list of statements, depending on the value
of an integer expression.

Nested loop Loops placed inside other loops.

Switch case statement A switch case statement is a
multi-way decision statement that is a simplified ver-
sion of an if-else block that evaluates only one vari-
able. »
While loop The mechanism used to repeat one or more
statements while a particular condition is true.

part of the program to another depending on

whether a particular condition is satisfied or not.
8. The control expression that follows the keyword
switch must be of type.
9. __ statements are used to repeat the
execution of a list of statements.
10. In loop, the entry is automatic and
there is only a choice to continue it further or not.

11. When we do not know in advance the number

of times the loop will be executed, we use a
loop.
12, The statement is used to transfer
control to a specified label.
13. statement violates the rules of
structured programming.
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atement.
ermi
ceasemicolon after the for statement
will generate an error message,

switch st
1. Decision control statementsare 54, C does not p
execution of a list of statements. whenwepla
2. The expression in a selection statement can have & the compiler
no side effects. losed
3. An expression in an if statement must be enclose .
withi:parentheses. Review Questlons

used to repeat the t nested switch statements,

are decision control statements? Explain i

4. No two case labels can have the same value. L. What
5. The case labelled constant can be a constant or 2 detail.

variable. 5. Compare the use of if-else construct with that of

i ires i alues in its .

6. The rf-elfe statement reguires integral v rernary operator.

expressions. . ; witch ca

fault case in the switch- 3. Explamthelmportance of'as tchc se'stateme,,_t_

7. There can be only one default cas€ » switch case desirable? Also

se statement In WhiCh situations is
i ' jve its Iirnitat‘ions.

i expression and g _

8. The do-while loop checks the test exp or " 3

then executes the statements placed within its 4. How is com
Explain with the help of relevant examples.

body. ‘
Write a short note on goto statement. As a

9. In a while loop, if the body is executed n time§'. 5.
then the test expression is executed (n+1) times. programmer would you prefer to use this

10. The number of times the loop control variable is statement? Justify your answer.
updated is equal to the number of times the loop 6. With the help of an example explain the dangling
if-else problem.

iterates.
11. In the for loop, the value of the loop control 7. Why floating point numbers should not be used |
variable must be less than that of its ending for equality in expressions?
SE. 8. Explain the usefulness of default statement in |
12. Itis n_ecessary tq have_initiadization, testing, and switch case statement.
updating expressions within the for statement . . . )
13. In a pre-test loop, the test condition is checked & 5;;;'1:3 \F.Jv(:irllzslozf S'?'Ia;'t? :_r;dl differences
after the body of the loop. p and a do-while [00p-
14. Post-test loops get executed at least for one time. 10. Distinguish between the break and the continue
15. In a while loop, the loop control variable is statement:
initialized in the body of the loop. 11. Write a short not on iterative statements that C
language supports.

16. The loop control variable may be updated before
or after the loop iterates.

17. The number of times the loop control variable is
updated is equal to the number of times the loop

12. Write a program to read a floating point number
and an integer. If the value of the floating point
number is greater than 3.14 then add 10 to the

is executed. integer.
18. Counter-controlled loop must be designed as pre- 13. Enter two integers as dividend and divisor. If the
test loops. divisor is greater than zero then divide the dividend
19, The do-while loop is a post-test loop. by the divisor. Assign their result to an integer
20. The for loop and while loop are pre-test loops. variable rem and their quotient to a floating point
number quo.

21. Everycase label must evaluate to a unique constant

expressian valve: 14, When will you prefer to work with a switch
22. Two case labels may have the same set of actions statement?
associated with it. 15, Write
' a program to pri i of a
23, The default label can be placed anywhere In the number, print the prime factors *

16. ‘
6. Write a program to test if a given number isa
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17.
18.

19.

20.

21.

22.

23.

24,

25.

power of 2,

Hint: A number x is a power of 2 if x I= 0 and x &
(x-1)) ==

Write a program to print the Floyd's triangle.
Write a program to read two numbers. Then find
out whether the first number is a multiple of the
second number.

Write a program using switch case to display a
menu that offers 5 options- read three numbers,
calculate total, calculate average, display the
smallest and display the largest value.

Write a program to display the sin(x) value where x
ranges from O to 360 in steps of 15.

Write a program to display the cos(x), tan(x) value
where x ranges from 0 to 360 in steps of 15.

Write a program to calculate electricity bill based
on the following information.

Consumption Rate of Charge
Unit

0-150 Re 3 per unit

151-350 Rs 100 plus Rs 3.75 per unit
exceeding 150 units

301-=450 Rs 250 plus Rs 4 per unit
exceeding 350 units

451 -600 Rs 300 plus Rs 4.25 per unit
exceeding 450 units

Above 600 Rs 400 plus Rs 5 per unit
exceeding 600 units

Write a program to read an angle from the user
and then display its quadrant. -

Write a program that accepts the current date and
the date of birth of the user. Then calculate the
age of the user and display it on the screen. Note
that the date should be displayed in the format
specified as- dd/mm/yy.

A class has 50 students. Every student is supposed
to give three examinations. Write a program to
read the marks obtained by each student in all
three examinations. Calculate and display the total

26.
27.
- 28.
29.
30.

31.

32.

33.

34.

35.
36.

37.

Decision Control and Looping Statements | 103 |

marks and average of each student in the class.
Write a program in which the control variable is
updated in the statements of the for loop.
What is a null statement? How can it be useful in
our programs?
Write a short note on goto statement. Why should
it be avoided?
Write a program which demonstrates the use of
goto, break and continue statements
In what situation will you prefer to use for, while
and do while loop?
Can we use a for loop when the number of
iterations is not known in advance? If yes, give a
program that illustrates how this can be done.
Write a program that displays all the numbers from
1-100 that are not divisible 2 as well as by 3.
Write a program to calculate parking charges of
a vehicle. Enter the type of vehicle as a character
(like ¢ for car, b for bus, etc) and number of hours
then calculate charges as given below:

e Truck/bus— 20 Rs per hour

e Car—10Rs per hour

e Scooter/ Cycle/ Motor cycle —5 Rs per hour
Modify the above program to calculate the parking
charges. Read the hours and minutes when the
vehicle enters the parking lot. When the vehicle
is leaving, enter its leaving time. Calculate the
difference between the two timings to calculate
the number of hours and minutes for which the
vehicle was parked. Finally calculate the charges
based on following rules and then display the
result on the screen.

Vehicle Name Rate till | Rate after
3 hours 3 hours
Truck/bus 20 30
Car 10 20
Cycle/ Motor cycle/ | S 10
Scooter )

Write a program to read month of the year as an
integer. Then display the name of the month.

Write a program to print the sum of all odd
numbers from 1 to 100.

Write an Interactive program to read an integer.
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(a) int 1 .

If it is positive then display the corresponding for(1=0;1<10;1++)
binary representation of that number. The user rintf (%d”, 1)
must enter 999 to stop. In case the user enters a P

m;
negative number then ignore that input and ask (b) int i, nul L)
the user to re-enter any different number. for(i=0;1<10;
38. Write a program to print 20 asterisks. {
39. Change the following for loop in to a while loop. num = i+1;
Also convert the for loop into a do-while loop. printf ("%d”, num);
int i; }
for(i=10;i>0;i--) (c) int i;
printf(“3d”, i); for (i=1;i<=10;1i++)
40. Change the following do while loop into a for Ioolp- {
Also re-write the code by changing the do-while printf (“%d”, i);
loop into a for loop. ,
i+4;
int num; ]

printf(“\n Enter any number. Enter 999

to stop : “); 44. Write a program to generate the following pattern,

scanf (“%d”, &num); * & Kk k *

do * * |
{ * *

printf(“%d”, x); * *

printf (“\n Enter any number. Enter 999 x % % * *

to stop : “);

scanf (*$d", &mum) ; 45. Write a program to generate the following pattern.

}while(num != 999); CEMF S
* $ *
41. Write a program that accepts any number and 5 *
prints the number of digits in that number, * $ *
42, Change the following while loop in to a do-while * ok ok ok g
loop. Also convert the while loop into a for loop. 46. Write a program to generate the following pattern.
int num; S x x g
printf (*\n Enter any number. Enter 999 LA T -
to stop : “); 5w
scanf (*%$d”, &num); * g § *
while (num != 999) $ * * w $
{ 47. Wri
printf (*+d", x); - Write programs to implement the following
printf(*\n Enter any number. Enter 999 sequence of numbers. '
to stop : *); 1, 8, 27, 64,..
scanf (“%d”, &num); -5, -2, o, 3, 6,9, 12, .
) 2 -4, -6, -g, -10, 13, _

1, 4, 7, 10

LT

43, Thefollowingforloo;:sarewr!ttentoprlntnumbers 48
from 1 to 10. Are these loops correct? Justify your - Write a Program that reads integers until the

user
answer. Wants to stop, When the user stops entering

t
entered, Y the largest of all the numbers
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49. Write a program to print the sum of the following
series.

=X + X* - x4 x4
1+ (142) + (142+43) +..

1 - x+ x3/2!1 = x*/31 +..

50. Write a program to print the following pattern.

51. Write a program to print the following pattern.
1
212
32123

52. Write a program to read a 5 digit number and then
display the number in the following formats... for
example the user entered 12345, the result should
be

12345 1

2345 12

345 123

45 1234

5 12345
Program Output

Give the output of the following program codes.

1. include <stdio.h>

main()

{

int a=2, b=23, c=4;

if ( c!= 100)
a = 10;

else
b = 10;

if(a + b > 10)

c = 12;
a = 20;
b = ++C;

printf(" \n a = $d \t b = %d \t c = &d"
, a, b, ¢);

return 0;

,}.

2. #include <stdio.h>
main()
{
int a=2, b=3, c=4;
if (b==2)
a=10;
else
c=10;
printf("\na= %d \t b = ¥d \t ¢ = %¥d",
a, b, c);
return 0;

}

3. #include <stdio.h>
main()
{
int a=2, b=3, ¢ = 4;
if (a&&b)
c=10;
else
c=20;
printf("\n a
a, b, c);
return 0;

}

%d \t b = ¥d \t ¢ = %d" ,

4, #include <stdio.h>
main ()
{
int a =2, b=3, c=4;
if(a || b || @
c=10;
else
c=20;
printf("\n a = ¥d \t b = $d \t ¢ = %d",
a, b, c);
return 0;

}

'5. #include <stdio.h>

main()

(

inta=2, b=3, c=4;
if (a)
if (b)
c=10;
else
c=20;
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printf(n \n a=1%4 \t b = td \t c= d",
a, b, c);
return 0;

}

#include <stdio.hs
main ()
{
int a =2, b = 3, c = 4;
iffa == 0 || b >=c & c > 0)
if(a && Db)
c=10;
else
c=20; .
printf(" \na = $d \t b = %d \t ¢ = %d",
a, b, c);
return 0;

}

- #include <stdio.h>

main()

{

inta=2,b=23, ¢c= 4;

if( a= b)
C++;

printf(" \na = %d \t b = %4 \t ¢ = %d"
, a, b, ¢);

returm 0;

}

. #include <stdio.h>

main ()
{
inta=2, b=3, ¢c= 4;
if( a= b < )
{
C++;
a--;
}
+4b;
printf(" \na = %d \t b = %4 \t ¢ = %qv,
a, b, c);
return 0;

}

. switch(ch)

case ‘a’:
case ‘A':

printf ("\n A");
case ‘'b":
case ‘B':
printf("\n B") i

default:
printf("\n DEFAULT") ;

}
10.switch(ch)

{
case ‘a':
case ‘'A’:
printf("\n A");
case ‘b’:
case 'B':
printf ("\n B");
break;
default:
printf ("\n DEFAULT") ;

11.switch(ch)

{

case ‘a':

case ‘A':
ﬁrintf("\n A");
break;

case 'b’:

case 'B':
printf("\n B”);
break;

default;

printf ("\n DEFAULT") ;

}

12.#include <stdio.h>
void main()
(
int num = 10;
printf (v\n %d-,

J

a>100) ;

B.#include <geqig p,
main ()

{

PTinte ("HEprow)
iE (-1)

PTintE (vWorppw) |
]

Scanned with CamScanner



Decislon Control and Looping Statements I 107'

14.#include <stdio.hs
main()
(
int a = 3;
if(a < 10)
printf ("\n LESS");
if(a < 20)
printf("\n LESS");
if(a < 30)
printf ("\n LESS");
}
15.#include <stdio.hs
main ()
{
int a=10, b=20, c=30, d=40);
if( ¢ < 4)
if ( ¢ < b)
printf("\n c”);
else if(a < c)
printf("\n a”);
if(a > b)
printf ("\n b”);
else
printf ("\n 4”);

}

16.#include <stdio.h>
main()
{
char ch = 'Y’;
switch(ch)
{
default:
printf ("\n YES OR NO") ;
case ‘'Y':
printf ("YES") ;
break;
case ‘N’:
printf ("NO”) ;
break;
)
}

17.#include <stdio.h>
main()
{
int num=10;
for (num++; NUM++ ; UM++)

)

printf(, %d4", num);
return 0;

}

18.#include <stdio.h>

main ()

{

int num=10;
for(;--num;)
printf (" %d”, num);
return 0;

}

19.#include <stdio.h>

main()

{

int num=10;

for (; !num; num++)

printf (" %d”, num); ‘
return 0; 1

}

20.#include <stdio.h>

main()

{

float PI = 3.14, area;

int r = 7;

while (r>=0)

{

area = PI * r * r;

printf ("\n Area = %f", area);
}

return 0;

}

21,.#include <stdio.h>

main()

(

int i=0, n=10;

while (i==0)

{

if (n<10)

break;

n--;

}

printf("\n i=%d and n=%d”, i,n);

Scanned with CamScanner



|108 |_Programming in c

printf ("\n LARGE") ;

22 #include <stdio.h> ' }
main ()
? . 97.#include <stdio.h>
int i=0; main()
do
{
{ char ch = -63;
printf("\n %d.;i); iﬂt num = '36;
i++f . unsigned int unum = -18;
Jwhile (i<=0); if (ch > num)
printf("\n STOP”"); {
) printf ("A") ;
{f (ch > unum)
23.#include <stdio.h> il . ng#) ;
amin) printf ("B”);
{ else
s ||CII' ;
int i, §; printf ("C”)
for(i=0;i<=10;i++) }
{ else
printf ("\n"); { G "
for (§=0;j<=10;j++) printE (D g
printf (* ") ; if (num < unum)
printf("\n %d", j); printf ("E");
} else
} printf ("F*) ;
}
24.#include <stdio.h> }
void main()
.#include <stdio.h>
28.#includ dio.h
int num = 10; main()
printf ("\n %d”, a>10); {
} int num=10;
for (; ++num; num-=2)
25.#include <stdio.h> printf (" %d”, num);
main() return Q;
{ }
printf ("HELLO") ;
if (!1) 29.#include <stdio.h>
printf ("WORLD") ; main ()
} {
int num=10;
26.#include <stdio.h> for(;;)
main() pPrintf (“HI!yv),
{ return 0;
int x&-1; }
unsigned int y=1;
if(x < y) 30.#include
o i <st 1
printf("\n SMALL"); main () iy
else - {
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int num=10;

35.#include <stdio.hs
for (num++; num<=100; num=100)

printf(, %d4", num); main‘ 0
i int i, §;
return 0; . .
) for(i=10;i>=0;1i--)
{
intf ("\n") ;
31.#include <stdio.h> prln. f En : .
main () for(j=i;j>=0;3--)
{ printf("%d”, j);
while (1) ; i
printf ("Hi”) ;
return 0; Give the functionality of the following loops given.
} (a) int i=1, sum=0;
while(i!=10)
32.#include <stdio.h> {
main() sum +=ij;
{ i= i+2;
int i=0; }
char ¢ ='0';
while (i<10) (b) int i, sum=0;
{ for (i=1;i<=10)
printf ("%c”, c + 1i); sum+=i;
i++;
} (¢) int i;
return 0; for (i=1;i<=10;i++)
) e
33.#include <stdio.h> (d) int i=10;
main() do
{ { printf("%d, 1i);
int i=0; } while(i>0);
do
{ (e) int i=10;
if (i>10) do .
continue; { printf("%d", i);
i+4; } while(i<5);
}while (i<20); O
printf("\n i=%a*, i); (f) int i=1, n=10, sum=0;
} while (i<=n)
34.4include <stdio.h> o
main () sum+=1;
{ 1447
int i=1; )

for(;ic=1;i++) {
printf ("\n %d%,i); fg) dat 1, wum=0;

for (i=1;;1++)
intf ("\n STOP*);
?rln:f( \n S ) st
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(h) int i=10;
While(i--:O)
printf("gdv, i);

(i) int i;
for (i=10;i>5;i-=2)
printf (vsd", i);

() int i;
for (i=10;i>5;)
printf(rgqr, i);

Find errors in the following codes.

(a) #include <stdio.h>

main()

{

int i=1;

while (i<=10)
{
i=1;
printf("sdr, i);

i++;

[b)include <

stdio.h>

main()

{
int 1i; '
for(i:O,i<=1o;1++)

printf ("%d", i):
}

(c) #include <stdio.h>

main()

{

int i=1;
do

{

printf ("%d", 1i);
i++4;
}while (i=10)

}

(d) #include <stdio.h>

main ()

{

int 1i,3;

for(i=1,j=0;i+j<=10;i++)
 printf("sd", i);

J+=2;

}

e e bt % o i S ~

///—\
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Case Study
for Chapters 2 and 3

We l_'xave learnt the basics of programming in C language and the concepts to write decision-
making programs, let us now apply our learning to write some useful programs.

g et T —

Roman Numerals

IR (e S S A A TR RN R s A

Roman numerals are written as combinations of the seven letters. These letters include:

=1 C=100
V=5 D =500
X=10 M = 1000
L=50

If smaller numbers follow larger numbers, the numbers are added. Otherwise, if a smaller
number precedes a larger number, the smaller number is subtracted from the larger. For example,
to convert 1,100 in Roman numerals, yow would write M for 1000 and then a C after it for 100.
Therefore, 1100 = MC in Roman numerals. Some more examples include:

o V|I=5+2=7

e [X=10-1=9

e XL=50-10=40

e CX=100+0=11

o MCMLXXXIV = 1000+(1000-100)+50+30+(5-1) = 1984

Roman Numeral Table

I |14 | xiv |27 | Xxvi 150 CL

nf{as | xv [ 28 ] Xxvi 200 CC

16 | XVl | 29 | XXX 300 CcccC
v | 17 | xvil | 30 XXX 400 CD
v | 18 | Xvil | 31 | XXX 500 D

nid | |WIN |-
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1. Write a program to show the Roman number rep

#include <stdio.h>
#include <conio.h>

main()

{

int number;
int ones, tens, hundreds, thousand;
clrscr();

printf ("\n Enter any number (1-3000):

");

scanf ("$d", &number) ;
if (number==0| | number>3000)
printf ("\n INVALID NUMBER");

thousand = number/1000;
hundreds = ( (number/100) $10) ;
tens = ((number/10)%10);

ones

( (number/1) $10) ;

if (thousand ==1)
printf ("M") ;

else if (thousand ==2)
printf ("MM") ;

else if (thousand ==3)
printf ("MMM") ;

if (hundreds == 1)
printf (vcn);

else if (hundreds == 2)
printf ("ccv);

else if (hundreds == 3)
printf("cccn) ;

else if (hundreds == 4)

printf ("cp");
else if (hundreds =-=5)
printf("Dn);

else if (hundreds

== 6)

printf ("DC");

else if (hundreds

== 7)

printf ("DCC");

T

—————T 5 | 600 | DC
6lwvi| 19| XX C}Ei:__,ﬁk—-”’{2i;ﬂ—ﬂ_]5zsa;-—
7[wi]z0 [ xx [50] t - 800 pocc |
g|vin| 21 | xx jP_,.L—W oM |
o[ 1x |22 | o | 70 | XX ™
10 x [ 25 [ooun [ &0 | U042
11] X1 | 24 [ xxiv | 90 ,_"EC___-—ll—:gof— MDCC

Xi| 25 | xxv |100[ € | 1700 |
;j xin| 26 |xovi [101] ¢ | 1900 hicH!

resentation of a given number.
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else if (hundreds ==8)
printf ("DCCC") ;

else if (hundreds == 3)
printf("cM");

if (tens == 1)
printf("x*);
else if (tens == 2)
printf ("XX") ;
else if (tens == 3)

printf ("0OX");
elege if (tens == 4)
printf ("XL");
else if (tens ==5)
printf ("L");
else if (tens == 6)
printf ("LX");
else if (tens == 7)
printf ("LXX");
else if (tens ==8)
printf ("LXXX") ;
else if (tens == 9)
printf ("XC");

if (ones == 1)
printf("I");
else if (ones == 2)
printf ("II");
else if (ones == 3)

printf ("III");
else if (cnes == 4)
printf("IV");
else if (cnes ==5)
printf ("V");
else if (ones == 6)
princf ("VI®*);
else if (ones == 7)
printf ("VII");
else if (ones ==8)
printf ("VIII");
else if (ones == 9)
printf ("IX");
getch();
)

Output
Enter any number (1-3000): 139
CXXXIX
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Program to Find the Day of a given Date

Given below is an algorithm to calculate the day of the
1. Centuries: Use the centuries table given below to

2. Years: We know that there are 365 days in 2
starts on the day of the week aft
more day than a common year.
If we know on which day a century starts
elapsed since the start of the century, plust
the start of the century, we get the day of the week 0
is the last two digits of the year

Months: Use the months table to find the day of the wee
Day of the month: Once we know on which day of the week the

week:
calculate the century.
that is, 52 weeks plus 1 day. Each year

year,
year. Each leap year has one

er that starting the preceding

(from above), and we add the number of years
he number of leap years that have elapsed since
n which the year starts. Where year

k a month starts.
month starts, we simply

add the day of the month to find the final result.

Centuries table

1700 - 1799 4
1800 - 1893 2
1900 - 1999 0
2000 - 2099 6
2100 - 2199 4
2200 - 2299 2
2300 - 2399 0
2400 - 2498 6
2500 - 2599 4
2600 - 2699 2

Let us calculate the day of April 24, 1982.

s W

N oo

Months table Days table
January 1 (in leap year 6) Sunday 1
February 4 (in leap year 2) Monday 2
March 4 Tuesday 3
April 0 Wednesday | 4
May 2 Thursday |5
June 5 Friday 6
July 0 Saturday |7
August 3
September 6
October 1
November 4
December 6

Find the century value of 1900s from the centuries table: 0
Last two digits give the value of year: 82

Divide the 82 by 4: 82/4 = 20.5 and drop the fractional part: 20
Find the value of April in the months table: 6 '

Add all numbers from steps 1-4 to the day of the month (in this case, 24):

0+82+20+6+24=132.

Divide the result of step 5 by 7 and find the remainder- 132/7=
. Look up the day’s table for the remainder obtained, 6=Saturday

18 remainder 6
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That the values in the century table, months table, and days table are pre-determined. We will

only be using them to calculate the day of a particular date.

2. Write a program to find out the day for a given date.

#include <stdio.h>
#include <stdlib.hs
#include <conio.h>

main()

{

int dd,mm,yy,year,month,day,i,n;

clrscr();

printf("\n Enter the date: ");
scanf ("%d %d %d",&dd, &mm, &yy) ;
if( dd>31 || mm>12)

{

}

printf (" INVALID INPUT ");

getch();
exit(0);

year = yy-1900;
year = year/4;

year = year+yy-1900;

switch (mm)

{

case 1:
case 10:
month
break;
case 2:
case 3:
case 11:
month
break;

]
[

L]
'S
~

case 7:

case 4:
month = 0;
break;

case 5:
month
breék;

case 6:
month
break;

case 8:

1]
V]

5;

I}
w
~

month
break;
case 9:
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case 12:
month = 6;
break;

)

year = year+month;
year = year+dd;
day = year%7;
switch (day)

{

jjs:i:;e 7%7 = 0, case 0 means it's a Saturday
printf("\n SATURDAY'");
break;
case 1:
printf("\n SUNDAY");
break;
case 2:
printf ("\n MONDAY");
break;
case 3:
printf ("\n TUESDAY");
break;
case 4:
printf ("\n WEDNESDAY") ;
break;
case 5:
printf ("\n THURSDAY");
break;
case 6: -

printf ("\n FRIDAY");
break;

-

}
getch();
return 0;

}

Output .

Enter the date: 29 10 1981
THURSDAY
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Till now, we have heard the word ‘function’ several times and we know that
main(), printf(), and scanf() are the functions that we have been using in every
program. Basically, C supports two types of functions: user-defined functions
and library functions. While main() is a user-defined function, printf() and scanf()
are library functions.

The difference between a library function and a user-defined function is that
we as programmers do not have to write the code to implement the library
function whereas we need to code the user-defined function to perform a
well-defined task. In this chapter, we will explore in depth functions and their
importance.

[EEW iNTRODUCTION

C enables programmers to break up a program into Tam“ funcl()

segments commonly known as functions, each of which ~ *=rrreereee FLaramenEH e
can be written more or less independently of the others. funcl().-//}

Every function in the program is supposed to performa ~ rrecerresns i

well-defined task. Therefore, the program code of one 'return0;

function is completely insulated from the other functions. IA Aot

Every function interfaces to the outside world in terms - . AT PSR i !
of how information is transferred to it and how results R The function main() calls funcl() o
generated by the function are transmitted back from it. This

interface is basica-lly specified by the function name. For From the figure we see that main () calls the function
example, look at F:.gurc 4.1 which explains how the main () named funci (). Therefore, main () is known as the calling
calls another function to perform a well-defined task. JSunction and funci () is known as the called function. The

T T — e -
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----------------

¥4 Function calling another function

moment the compiler encounters a function call, instead of
executing the next statement in the calling function, the
control jumps to the statements that are a part of the called
function. After the called function is executed, the control
is returned back to the calling program.

It is not necessary that the main() can call only one
function, it can call as many functions as it wants and as
many times as it wants. For example, a function call placed
within a for loop, while loop, or do-while loop may
call the same function multiple times until the condition
holds true.

Another point is that it is not only the main () that can
call other functions. A function can call any other function.
For example, look at Figure 4.2 which shows one function
calling another, and this function in turn calling some other
function. From this we see that every function encapsulates
a set of operations and when called it returns information
to the calling program.

4.1.1 Why are Functions Needed?

Let us analyse the reasons for segmenting a program
into manageable chunks as it is an important aspect to
programming.
¢ Dividing the program into separate well-defined
functions facilitates each function to be written
and tested separately. This simplifies the process of
getting the total program to work. Figure 4.3 shows
that the main () calls other functions for dividing the
entire code into smaller sections (or functions). This
approach is referred to as the top-down approach.

........ T~ \\ ‘]\ return;
return 0; return; return; }
= ) }

----------------

Main function I

=T T

Function A | Function B I Function C I

I |
Function B1 | Function B2 |

[(-X:¥c8 Top-down approach of solving a problem

Understanding, coding, and testing multiple separate
functions are far easier than doing the same for one
huge function.

If a big program has to be developed without the use
of any function other than main (), then there will be
countless lines in the main() and maintaining this
program will be very difficult. A large program size
is a serious issue in micro-computers where memory
space is limited.

All the libraries in C contain a set of functions that
the programmers are free to use in their programs.
These functions have been pre-written and pre-
tested, so the programmers can use them without
worrying about their code details. This speeds up
program development, by allowing the programmer
to concentrate only on the code that he has to write.
When a big program is broken into comparatively
smaller functions, then different programmers

working on that project can divide the workload by
writing different functions,
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» Like C librarics, programmers can also write their
functions and use them from different points in the
main program or any other program that needs its
functionalities.

Consider a program that exccutes a set of instructions
repeatedly n times, though not continuously. In case the
instructions had to be repeated continuously for n times,
they can better be placed within a loop. But if these
instructions have to be executed abruptly from anywhere
within the program code, then instead of writing thesce
instructions wherever they are required, a better idea is to
place these instructions in a function and call that function
wherever required. Figure 4.4 explains this concept.

Y- ¥ M Function funcl() called twice from main()

EE] usING FUNCTIONS

In the first chapter we have said that when we execute a C
program, the operating system calls the main () function of
the program which marks the entry point for the execution.
When the program is executed, the main () returns some
value to the operating system.

Any function (including main) can be compared to
a black box that takes in input, processes it, and then
produces the result. However, we may also have a function
that does not take any inputs at all, or the one that does not
return anything at all.

While using functions we will be using the following
terminologies:

A function £ that uses another function g, is known

as the calling function and q is known as the called
Junction.

The inputs that the function takes are known as
arguments/parameters.,

_Functions | 119

/thn a called function returns some result back to
the calling function, it is said to refurn that result.

e Thecalling function may or may not pass paramefers
to the called function. If the called function accepts
arguments, the calling function will pass parameters,
clse it will not do so.

e Function declaration is a declaration statement that
identifies a function with its name, a list of arguments
that it accepts, and the type of data it returns.

o Function definition consists of a function header
that identifies the function, followed by the body of
the function containing the executable code for that
function.

FUNCTION DECLARATION/
FUNCTION PROTOTYPE

Before using the function, the compiler must know about
the number of parameters and type of parameters that
the function expects to receive and the data type of the
value that it will return to the calling program. Placing the
function declaration statement prior to its use enables the
compiler to make a check on the arguments used while
calling that function.

The general format for declaring a function that accepts
some arguments and returns some value as a result can be
given as:

| return_data_type function_name (data_type
j variablel, data_type variable2,...);
Here, function name is a valid name for the function.
Naming a function follows the same rules as naming
variables. A function should have a meaningful name that
must clarify the task that the function will perform. The
function name is used to call it for execution in a program.
Every function must have a difTerent name that indicates
the particular job that the function does.
return_data_type specifies the data type of the value
that will be returned to the calling function as a result of
the processing performed by the called function.
data_type variablel, data_type variablel, ..
is a list of variables of specified data types. These variables
are passed from the calling function to the called function.
They are also known as arguments or parameters that the
called function accepts to perform its task. Table 4.1 shows
examples of valid function declarations in C.
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;Va'lid fun&ion declarations

char convert_to_
uppercase (char ch);

Function declaration Use of the function
Converts a character to upper case.
The function receives a character as
Return data type an argument, converts it into upper
case and returns the converted

character back to the calling
program.

Function name

float avg (int a, int b);

Calculates average of two numbers
aand breceived as arguments. The
function returns a floating point
value,

int find_largest (int
a, intb, intc);

Data type of
variable

Finds the largest of three
numbers— a, b, and ¢ received as
arguments. An integer value which
is the largest of the three numbers
is returned to the calling function.

double multiply
(float a, float b);

Multiplies two floating point
numbers a and b that are received

Variable 1 | 35 @rguments and returns a
double value.
void swap Swaps orinterchanges the value of
(inta, int b); integer variables a and b received

as arguments. The function returns
no value, therefore the data type is
void.

void print(void);

The function is used to print
information on screen. The
function neither accepts any
value as argument nor returns
any value. Therefore, the return
type is void and the argument list
contains void data type.

[EZH FUNCTION DEFINITION

When a function is defined, space is allocated for that

Things to remember about function declaration

* After the declaration of every function, there should
be a semicolon. If the semicolon is missing, the

compiler will generate an error message.

¢ The functionisdeclaration global. Therefore, the declared

function can be called from any point in the program.

Programming Tip:
Though optional,

use argument names |

in the function

dedalatlon- , int func (int‘ char, float) i

e Use of argument names in the
function declaration statement
is optional. So both declaration

statements are valid in C.

| S

or

int func(int num, char ch, float fnum);

* A function cannot be declared within the body of
another function.

* A function having void as its retum type cannot
return any value.

* A function having void as its parameter list cannot
accept any value. So the function declared as

void print (void) ;
or

void print()

does not accept any input/arguments from the callin g
function.

e If the function declaration does not specify any
return type, then by default, the function returns an

integer value. Therefore when a function is declared
as

sum(int a, int b);

Then the function sum accepts two integer values
from the calling function and in tum returns an
integer value to the caller.

* Some compilers make it compulsory to declare the
function before its usage while other compilers make
it optional. However, it is good to always declare the
function before its usage as it allows error checking
on the arguments in the function call.

1

function in the memory. A function

Programming Tip: o -
definition comprises two parts:

Itis an error to
place a semicolon
after the function
header in the
function definition.

s Function header
* Function body

The syntax of a function definition
can be given as:

return_data_type function_name(data_type
variablel, data_type variable2,...)

.......

return( variable);

}
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I

e ——

The number of arguments and

ramming Tip: ;

Prog Ak the order of arguments in the
The parameter .
2 function hcader must be same
list in the function . . :

: as that given in the function
definition as well as ,

. declaration statement,
function declaration Whil . "
N1IC return ata e

must match. o - - HYP

function name(data _ type
variablel, data _ type variable2,..)
is known as the function header, the rest of the portion
comprising of program statements within { } is the function
body which contains the code to perform the specific task.

The function hcader is same as that of function
declaration. The only difference between the two is that
a function header is not followed by a semicolon. The
list of variables in the function header is known as the
formal parameter list. The parameter list may have zero
or more parameters of any data type. The function body
contains instructions to perform the desired computation
in a function.

‘ Programming Tip: The function definition itself
A function can | can act as an implicit function
be defined either declaration. So the programmer
before or after the | may skip the function declaration
main(). statement in case the function is

defined before being used.

The argument names in the function
declaration and function definition need
not be the same. However, the data types
of the arguments must match with that
specified in function declaration as well
as function definition.

X FuncTIiON cALL

The function call statement invokes the function. When
a function is invoked the compiler jumps to the called
function to exccute the statements that are a part of that
function. Once the called function is executed, the program
control passes back to the calling function.

Function call statement has the following syntax.

v~ function_name(variablel, variable2, ...);

When the function declaration is present before the
function call, the compiler can check if the correct number
and type of arguments are used in the function call and the
returned value, if any, is being used reasonably.

Function definitions are ofien placed in a separate
header file which can be included in other C source files

that wish to use the functions. For example, the header
file stdio. h, contains the definition of scanf and printf
functions. We simply include this header file and call these
functions without worrying about the code to implement
their functionality.

Note List of variables used In function call
is known as actual parameter list. The
actual parameter list may contain variable

names, EKprSS'OI‘\S, or constants.

4.5.1 Points to Remember While Calling a
Function

The following points are to be kept in mind while calling
a function:

e Function name and the number and type of arguments

in the function call must be same as that given in the

function declaration and function

header of the function definition.

e If by mistake the paramcters
passed to a function are more
than what it is specified to
accept then the extra arguments
will be discarded.

e [f by mistake the parameters passed to a function
are less than what it is specified to accept then the
unmatched argument will be initialized to some
garbage value.

¢ Names (and not the types) of variables in function
declaration, function call, and header of function
definition may vary.

e Ifthe datatype of the argument passed does not match
with that specified in the function declaration then
either the unmatched argument will be initialized to
some garbage value or compile time error will be
generated.

Programming Tip:
A logic error will

be generated if the
arguments in the
function call are placed
inthe wrong order.

o Arguments may be passed in the form of expressions
to the called function. In such cases, arguments are
first evaluated and converted to the type of formal
parameter and then the body of the function gets
executed.

o The parameter list must be separated with commas.

e [ the return type of the function is not void, then the
value returned by the called function may be assigned
to some variable as shown in the following statement.

.~ variable name = function_name (variablel,
variable2, ...);
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Let us now try writing a program using function.

J«"ritc a program to add two integers using functions.

#include <stdio.h»>
// FUNCTION DECLARATION
int sum(int a, int b);
int main()
{
int numl, num2, total = 0;
printf ("\n Enter the first number: ");
scanf ("%d", &numl) ;
printf ("\n Enter the second number: ");
scanf ("%d", &num2) ;
total = sum(numl, num2) ;
// FUNCTION CALL

printf ("\n Total = %d", total);
return 0;

}

// FUNCTION DEFINITION

int sum (int a, int b) // FUNCTION HEADER

{ // FUNCTION BODY
int result;

result = a + b;
recurn result;

}

Output

Enter the first number: 20
Enter the secend number: 30

Total = 50

Programming Tip: The Vaﬁ:’lblcs def:lared within
ltisanerrortouse  'N€ function and its parameters
void as the return are local to that function. The
type when the prograrpmer may use same names
function is expected | for variables in other functions.

This eliminates the need for

the calling function. thinking and . keeping uniql.'Jc

. mm— R for vanables declared in

all the functions in the program.

In the function sum (), we have declared a variable result

just like any other variable. Variables declared within a

function are called automatic local variables because of
two reasons.

to return a value to

* First, they are local to the function. So, their effect (in
terms of scope, lifeume, or accessibility) is limited
to the function. Any change made to these variables
is visible only in that function.

* Sccond, they are automatically created whenever the
function is called and they cease 1o exist at the end
of the function.

A function cannot be used on the left side
of an assignment statement. Therefore
writing, func (10) = 100; is invalid in
C, where funcis a function that accepts an
integer value,

[ZE3 RETURN STATEMENT

The return statement is used to terminate the execution
of a function and returns control to the calling function.
When the return statement is encountered, the
program execution resumes in the calling function at
the point immediately following the function call. Refer
Figure 4.2 in which the control passes from the called
function to the calling function
when the return statement is
encountered.

A return statement may or may
not return a value to the calling
function. The syntax of return
_| statement can be given as

Programming Tip:
It is an error to use
a return statement
in a function that
has void as its
return type.

e TR

return <expressions;

Here expression is placed in between angular
brackets because specifying an expression is optional.
The value of expression, if present, is returned to the

_calling function. However, in case expression is omitted.

the return value of the function is undefined.

The expression, if present, is converted to the type
returned by the function. A tunction that has void as
its return type cannot return any value to the calling
function. So a function that has been declared with
return type void, a return statement containing an
expression generates a warning and the expression is not
evaluated.

For functions thathave no return statement, the control
automatically returns to the calling function after the last
statement of the called function is executed. In other words
an implicit return takes place upon completion of the last
statement of the called function, and control automatically
retumns to the calling function.

Note,  The programmer may or may not place
B/ the expression in a return statement
within parentheses angular brackets,

By default, the return type of a function
Is Int.

Scanned with CamScanner



Functions ! 123]

A function may have more than
When the value oneé return = statement.  For
returned by a c::cample, consider the program
function is assigned ~ 81ven below.

to a variable, then
the returned value
is converted to the
type of the variable

receiving it.
Em. ny [T

Programming Tip:

#include <stdio.h»>
| #include <conio.h>
int check_relation(int a,
int b);
// FUNCTION DECLARATION
main()

{

EE—

int a=3, b=5, res;
clrscr();
res = check_relation(a, b);
// FUNCTION CALL
if (res==0) // Test the returned value
printf ("\n EQUAL") ;
if (res==1)
printf ("\n a is greater than b");
if (res==-1)
printf("\n a is less than b");
getch() ;
return 0;

)

int check_relation(int a, int b)
// FUNCTION DEFINITION

Programming Tip: (

. if (a==b)

An error is return 0;
generated when if (asb)

the function does return 1;
not return data of else if (a<h)
the specified type. return -1;

oy

Output

a is less than b

In the above program there are multiple return
statements, but only one of them will get executed
depending upon the condition. The return statement,
like the break statement, is used to cause a premature

termination of the function.

Programming Tip: An expression appearing in a
A function that return stalement is converted
' does not return to the return type of the function
any value cannot in which the statement appears.
be placed on , If no implicit conversion is
the right side of | Possible, the return statement is
the assignment invalid. Since the retum type of
operator. the function check relation()

is int, so the result either 0, 1,
or -1 is evaluated as an integer.

We have mentioned earlier that the variables declared
inside the function cease to exist after the last statement
of the function is executed. So how can we return the
value of sum in the program that adds two integers using a
function? The answer to this question is that a copy of the
value being retuned is made automatically and this copy
is available to the return point in the program.

4.6.1 Using Variable Number of Arguments

Some functions have a variable number of arguments
and data types that cannot be known at the compile time.
Typical examples of such functions include the printf ()
and scanf () functions. ANSI C offers a symbol called
ellipsis to handle such functions. The ellipsis consists of
three periods (...). It can be used as

int func(char ch, ...);

The function declaration statement given above states
that func is a function that has an arbitrary number and
type ol argument. However, one must ensure that both the
function declaration and function definition should use the
cllipsis symbol.

[C77A| PASSING PARAMETERS TO THE
FUNCTION

When a function is called, the calling, function may have
to pass some values to the called function. We have been
doing this in the programming examples given so far.
We will now learn the technicalities involved in passing
arguments/parameters to the called function,

Basically, there are two ways in which arguments or

parameters can be passed to the called function. They
include:

»._¢~Call by value in which values of the variables are
passed by the calling function to the called function.
The programs that we have written so far all call
the function using call by value method of passing
parameters.

+_*-€all by reference in which address of the variables

arc passed by the calling function to the called
function.

4.7.1 call by Value

Till now, we had been calling functions and passing
arguments to them using call by value method. In the call-
by-value method, the called function creates new variables
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to store the value of the arguments passed to it. Therefore,
the called function uses a copy of the actual arguments to
perform its intended task.

If the called function is supposed to modify the value of
the parameters passed to it, then the change will be reflected
only in the called function. In
the calling function no change
will be made to the value of the
variables. This is because all the
changes were made to the copy
of the variables and not on the
actual variables.

To understand this concept, consider the code given
below. The function add () accepts an integer variable
num and adds 10 to it. In the calling function, the value of
2. In add (), the value of num is modified to 20 but
in the calling function the change is not reflected.

Programming Tip:
Itis legal to have
multiple return
statementsin C.
BRI W

num =

#include <stdio.hs
void add(int n); // FUNCTION DECLARATION

int main()

{
int num = 2;
printf ("\n The value of num before
calling the function = %d", num);
add (num) ; // FUNCTION CALL
printf ("\n The value of num after calling
the function = %d", num);
return 0;
}

void add(int n) // FUNCTION DEFINITION

{
n=ns+ 10;

printf ("\n The value of num in the called
function = %¥d", n);

)
Output

The value of num before calling the function = 2
20

The value of num after calling the function = 2

The value of num in the called function =

Since the called function uses a copy of num, the value
of num in the calling function remains untouched. This
concept can be more clearly understood from Figure 4.5,

%4 int add (int n);
A

2

num in the calling function,
is known as n in the
called function

T

num in the calling function n is modified in the
remains unchanged called function

-GS Call-by-value method of argument passing

num in the calling function

In the above program, the called function could not
directly modify the value of the argument that was
passed to it. In case the value has to be changed, then the
programmer may use the return statement. This is shown
in the following code.

,ﬁginclude <stdio.h>
d // FUNCTION DECLARATION
int main()

{

int num = 2;

printf("\n The value of num before
calling the function = %d4", num);

num = add(num); // FUNCTION CALL

printf ("\n The value of num after calling
the function = %d", num);

return 0;

}

int add(int n)

{

// FUNCTION DEFINITION

n=n+ 10;
printf("\n The value of num in the called
function = %d", n);
return n;
}
Output
The value of num before calling the functicn = 2

12
The value of num after calling the function s 12

The value of num in the called functien =

The following points are to be noted while passing
arguments 1o a function using call-by-value method.
e When arguments are passed by value, the called
function creates new variables of the same data type
as the arguments passed to it.
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e The values of the arguments passed by the function
are copied into the newly created variables.

o Arguments are called by value when the function
does not need to modify the values of the original
variables in the calling program.

e Values of the variables in the calling functions remain
unaffected when the arguments are passed using call
by value technique.

Therefore, call by value method of passing arguments
to a function must be used only in two cases:

o When the called function does not modify the value
of the actual parameter. It simply uses the value of
the parameters to perform its task.

e When you want that the called function should only
temporarily modify the value of the variables and not
permanently. So although the called function may
modify the value of the variables, but these variables
remain unchanged in the calling program.

Pros and Cons

The biggest advantage of using call by value technique
to pass arguments to the called
function is that arguments can be
variables (e.g., x), literals (e.g.,
6), or expressions (e.g., x+1).
The disadvantage is that copying

Programming Tip:
Using call by value
method of passing
values must be

prefer_red to data consumes additional storage
a;oud inadvertent space. In addition, it can take
changes to | a lot of time to copy, thereby

variables of the
calling function in

the called function.
[ it G

resulting in performance penalty,
especially if the function is called
many times.

4.7.2 Call by Reference

When the calling function passes arguments to the called
function using call by value method, the only way to
return the modified value of the argument to the caller is
explicitly using the return statement. The better option
‘.whcn a function wants to modify the value of the argument
is to pass arguments using call-by-reference technique.
In call by reference, we declare the function parameters
as references rather than normal variables. When this is
t'ionc any changes made by the function to the arguments
It receives are visible to the calling program.,

To indicate that an argument is passed using call by
rcfcrrt-ncc, an ampersand sign (&) is placed after the
type in the parameter list. This way, changes made to the

parameter in the called function body will then be reflected
in its value in the calling program.

Hence, in call-by-reference method, a function reccives
an implicit reference to the argument, rather than a copy
of its value. Therefore, the function can modify the value
of the variable and that change will be reflected in the
calling function as well. The following program uses this
concept.

To understand this concept, consider the code given
below.

#include <stdioc.h>
void add (int *n);
int main()

{

int num = 2;
printf ("\n The value of num before

calling the function = %4", num) ;

add (&num) ;
printf ("\n The value of num after calling

the function = %d", num);
return 0;

}
void add( int *n)

{

*n = *n + 10;
printf ("\n The value of num in the called

function = %d", n);

}

Output
The value of num before calling the function = 2
The value of num in the called function = 20
The value of num after calling the function = 20

Advantages
The advantages of using call-by-reference technique of
passing arguments are as follows:

e Since arguments are not copied into new variables, it
provides greater time- and space-efficiency.

e The function can change the value of the argument
and the change is reflected in the caller.

e A function can return only one value. In case we
need to return multiple values, pass those arguments
by reference so that modified values are visible in
the calling function.

Disadvantages
However, the side-efTect of using this technique is that
when an argument is passed using call by address, it

; |129]
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becomes difficult to tell whether that argument is meant
for input, output, or both.

Now let us write a few programs that use the call-by-
value and the call-by-reference mechanisms.

2. Write a function to swap the value of two variables.

sinclude <stdio.h>

void swap_call_by_val(int, int);
void swap_call by ref (int *, int *);
main ()

{

int a=1, b=2, c=3, d=4;

printf ("\n In main(), a = %d and b = %d",
a, b);

swap_call by val(a, b);

printf("\n In main(), a = %d and b = sd",
a, b)i

printf ("\n\n In main(), c = 2d and d =
3d", c, d); .

swap_call_by_ref (&c, &d);
// address of the variables is passed

printf("\n In main(), c = %d and d =
¥d", c, d); .
return 0;
}
void swap_call by val(int a, int b)
{
int temp;
temp = a;
a=Db;
‘b = temp;
printf("\n In function (Call By Value
Method) a = $d and b = %d", a, b);
)
void swap_call_by ref(int *c, int *d)
{
int temp;
temp = *c;
// *operator used to refer to the value
*c = *d;
*d = temp;

printf ("\n In function (Call By Reference
Method) ¢ = %d and d = %¥d", *c, *d);

}

Output

In main(), a = 1 and b = 2
In function (Call By Value Method) a = 2
and b = 1

In main(), a =1 and b = 2

In main(), ¢ = 3 and d = 4
In function (Call By Reference Method) ¢
=4 and d = 3
In main(), ¢ = 4 and d = 3

3. Write a program to find biggest of three integers using

functions.

#include <stdio.h>
int greater(int a, int b, int c)i

int main{()

{
int numl, num2, num3, large;
printf("\n Enter the first number: ") ;
scanf ("$d", &numl);
printf ("\n Enter the second number: "});
scanf ("%d", &num2);
printf ("\n Enter the third number: ");
scanf ("3d", &num3) ;
large = greater(numl,num2,num3);
printf ("\n Largest number = %d", large);
return 0;

}

int greater(int a, int b, int c)
{
if (asb && a=>c)
return a;
if (b>a && b>c)
return b;
else
return c;

}

Output

Enter the first number : 45
Enter the second number: 23
Enter the third number : 34
Largest number = 45

4. Write a program to calculate arga of a circle using

function.

#include <stdio.h>
float cal_area(float r);

int main()
{
float area, radius;
printf ("\n Enter the radius of the
circle: ");
scanf ("$£", &radius);
area = cal_area(radius);
printf ("\n Area of the circle with radius
$f = %¥f", radius, area);
return 0;
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float cal_area(float radius)

{

}

Output

Enter the radius of the circle: 7
Area of the circle with-radius 7 = 153.83

return (3.14 * radius * radius);

. Wnte a program, using functions, to find whether a

number is even or odd.

#include <stdio.h>
int evenodd(int);

int main()

{

int num, flag;
printf ("\n Enter the number: ");
scanf ("%d", &num);
flag = evenodd(num);
if (flag == 1)

printf("\n %d is EVEN", num);
else

printf("\n %d is ODD", num);

return 0;

}

int evenodd(int a)

{
if (a%2 == 0)
return 1;
else
return 0;

}

Output

Enter the number : 42
EVEN

6. Write a program to convert time to minutes.

#include <stdio.h>

#include <conio.h>

int convert_time_in mins(int hrs, int
minutes) ;

main ()

{
int hrs, minutes, total mins;
printf("\n Enter hours and minutes: ");
scanf ("td $d", &hrs, &minutes);
total mins = convert_time_in_mins (hrs,

minutes) ;

printf ("\n Total minutes = %d", total_
mins) ;

getch();

return 0;

int convert time_in mins(int hrs, int minutes)

int mins;
mins = hrs*60 + minutes;
return mins;
}
Output

Enter the hours and minutes: 4 30
Total minutes = 270

7. Write a program to calculate P(n/r).

#include <stdio.h>
#include <conio.h>
int Fact(int);
main ()
{
int n, r;
float result;
clrscr();
printf ("\n Enter the value of n: ");
scanf ("%d", &n);
printf ("\n Enter the value of r: ");
scanf ("%d", &r);
result = {float)Fact (n)/Fact(r);

printf ("\n P(n/r): P(%d)/(%d) = %£f", n,
r, result);

getch();

return 0;

}

int Fact (int num)

{
int f=1, i;

for(i=num;i>=1;i--)

f = £*%5;
return £;

}

Output

Enter the value of n: 4
Enter the value of r: 2
P(n/r): P(12)/(3) = 12.00
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float cal_area(flcat radius)

{

return (3.14 * radius * radius);
)
Qutput

Enter the radius of the circle: 7
Area of the circle with-radius 7 = 153.83

€. Write a program, using functions, to find whether a

number is even or odd.

#include <stdio.h>
int evenodd(int) ;

int main()

{

int num, flag;
printf ("\n Enter the number: ");
scanf ("$d", &num);
flag = evenodd (num) ;
if (flag == 1)

printf("\n %d is EVEN", num);
else

printf ("\n %d is ODD", num);

return 0;

}

int evenodd(int a)

{
if(a%2 == 0)
return 1;
else
return 0;

}

Output

Enter the number : 42
EVEN

6. Write a program to convert time to minutes.

#include <stdio.h>

#include <conio.h>

int convert_time_in mins(int hrs, int
minutes) ;

main()

{
int hrs, minutes, total_mins;
printf ("\n Enter hours and minutes: ");
scanf ("%d $d", &hrs, &minutes);
total _ming = convert_time_in_mins (hrs,

minutes) ;

Functions l 127 I

printf ("\n Total minutea = %d", total_
mins) ;

getch() ;

return 0;

int convert_time_in mins(int hrs, int minutes)

{

int ming;
mins = hrs*60 + minutes;
return mins;

}

Output

Enter the hours and minutes: 4 30
Total minutes = 270

7. Write a program to calculate P(n/r).

#include <stdio.h>
#include <conio.h>
int Fact (int);
main ()
{
int n, r;
float result;
clrscr();
printf("\n Enter the value of n: ");
scanf ("%d", &n);
printf ("\n Enter the value of r: ");
scanf ("%d", &r);
result = (float)Fact(n)/Fact(r);

printf ("\n P(n/r): P(%d)/(%d) = %", n,
r, result);

getch();

return 0;

}

int Fact (int num)

{
int f£=1, i;
for(i=num;is>=1;i--)

f = £*1i;
return f;

}

Output

Enter the value of n: 4
Enter the value of r: 2
P(n/r): P(12)/(3) = 12.00
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8. Write a program to calculate C(n/r).

#include <«<gtdioc.h>
#include <ceonio.h>
int Factlint);
main()
{
int n, r;
float result;
clrecr():
printf ("\n Enter the value of n: ");
scanf ("%d", &n);
printf ("\n Enter the wvalue of r: ");
scanf ("%d", ar);
result = (flcat)Fact(n)/(Fact(r)*Fact(n-r));
printf("\n C(n/r) : C(%d/%d) = %.2f", n,
r, result);
getchl();
return 0;
}
int Fact(int num)
{
int £=1, i;
for(i=num;i>=1;i--)
£ = £%i;
return £;

}
Output

Enter the wvalue of 4
Enter the wvalue of 2
Cln/r): C(12)/(2) = 6.00

"o

9. Write a program to sum the series—1/1! + 1/2! + 1/3!
+....+ 1/n!

#include <stdioc.n»>
#include <conio.h>
int Fact(int);
main()
{
int n, £, i;
£loat result=0.0;
clrscr();
printf("\n Enter the value of n: ");
scanf ("%d", &n);
for(i=1;ic=n;i++)
{
f=Fact(i);
result += 1/(float)f;
}
printf ("\n The sum of the series 1/1! +
1/2! + 1/321,.. = %f", result);
getch();
return 0;

}

int Fact (int num)

{

int f=1, i;

for{i=num;is=1;i--)

£ = f=4;
return f;
}
Output
Enter the value of n: 2
The sum of the series 1/1!+ 1721+ 1/3!...= 1.5

10. Write a program to sum the series—1/1! +4/21 + 27/3!
+....

#include <stdio.h>

#include <c

#include

int Fact(int);

main ()

{
int n, i, NUM, DENO;
float sum=0.0;
clrscr();
princf("\n ");
scanf ("24", &n) ;
for(i=1;i<=n;i++)

{
NUM = powl(i,i);
DENO = Fact(i);
sum += (float)NUM/DENO;
i
printf("\n 1/1! + 2/21 4 27/3! + . ...=
%", sum);
getch() ;
return 0;
}
int Fact (int n)
{
int f=1, i;
for(i=n;is=1;i--
f=f=j;
return £;
}
Output
Enter the value of n: 2
1/1! + 4/21 « 27/3! + ....= 3

XN scoPE OF VARIABLES

In C, all constants and variables have a defined scope.
By scope we mean the accessibility and visibility of the
variables at different points in the program. A variable or a

constant in C has four types of scope: block. function, file,
and program scope.
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4.8.1 Block Scope

We have studied that a statement block is a group of
statements enclosed within opening and closing curly
brackets ({ }). I a vanable is declared within a statement
block then, as soon as the control exits that block, the
variable will cease to exist. Such a variable also known as
a local variable is said to have a block scope.

So far we had been using local variables. For example,
if we declare an integer x inside

Programming Tip: R . \
.g B 1ip a function, then that variable
Itis an error to . N
is unknown to the rest of the
use the name of a ) : .
g . program outside (that is, outside
function argument |

that function).

Blocks of statements may be
placed one afler the other in a
program; such blocks that are
placed at the same level are known as parallel blocks.
However, a program may also contain a nested block, like
a while loop inside main (). If an integer x is declared and
initialized in the main(), and then re-declared and re-
initialized in the while loop, then the integer variable x
will occupy different memory slots and will be considered
as different variables. The following code reveals this
concept.

local variable.

asthe nameof a J
EEmgTT T

#include <stdio.h>
int main()

{
int x = 10;
int i=0;
printf ("\n The value of x outside the
while loop is %d", x);
while (i<3)
{
int x = i;
printf ("\n The value of x inside the
while loop is %d", x);
i+4;
}
princf{"\n The value of x outside the
while locp is %4", x);
return 0;
}
Output

The value of x outside the while loop ia 10
The value of x inside the while loop is 0
The value of % inside the while loop is 1
The value of x inside the while loop is 2
The value of x outside the while loop is 10

Functions I 129'

You may get an error message
while exccuting this code. This
VHAB(E mamias that | ' because some € compilers
hides variablesin | make 1t mandatory to declare all
outer scope. | the vanables first before you do
I | anything with re., they permit
declaration  of variables right

after the curly brackets of main() starts.

Hence, we can conclude two things:

Programming Tip:
Try to avold

o Variables declared with same namcs as those in
outer block, masks the outer block variables while
exccuting the inner block.

o Innested blocks, variables declared outside the inner
blocks are accessible to the nested blocks, provided
these variables are not re-declared within the inner
block.
Note In order to avoid error, a programmer
r.%/ must prefer to use different names for

variables not common to inner as well as

outer blocks.

4.8.2 Function Scope

Function scope indicates that a variable is active and
visible from the beginning to the end of a function. In C,
only the goto label has function scope. In other words
function scope is applicable only with goto label names.
This means that the programmer cannot have the same
label name inside a function.

Using goto statements is not recommended as it is not
considered to be a good programming practice. We will
not discuss the goto statement in detail here but, we will
take a look at an example of code that demonstrates the
function scope.

int main()

{
loop: /* A goto label has function
scope */
goto loop; /* the goto statement */
return 0;

)
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Inthis example, the label loop is visible from the beginning
to the end of the main() function. Therefore, there should
not be more than one label having the same name within
the main () function.

4.8.3 Program Scope

Till now we have studied that variables declared within
a function are local variables. These local variables (also
known as internal variables) are automatically created
when they are declared in the function and are usable only
within in that function. The local variables are unknown
to other functions in the program. Such variables cease to
exist after the last statement in the function in which they
are declared and are re-created each time the function is
called.

However, if you want is function
toaccess some variables which are
not passed to them as arguments,
then declare those variables
outside any function blocks. Such
variables are commonly known
as global variables and can be
accessed from any point in the

| program.

Programming Tip:
The value of a
global variable
can be used

from anywhere

in the program
whereas the local
variable cease to
exist outside the
function in which it
is declared.

| iy [

Lifetime Global variables are
created at the beginning of
program execution and remain in
existence throughout the period
of execution of the program. These variables are known to
all the functions in the program and are accessible to them
for usage. Global variables are not limited to a particular
function so they exist even when a function calls another
function. These variables retain their value so that they can
be used from every function in the program.

Place of Declaration The global variables are declared
outside all the functions including main (). Although there
is no specific rule that states where the global variables
must be declared, it is always recommended to declare
them on top of the program code.

Name Conflict If we have a variable declared in a function
that has same name as that of the global variable, then
the function will use the local variable declared within it
and ignore the global variable. However, the programmer
must not use names of global variables as the names of

local variables, as this may lead to confusion and lead to
crroneous result.

If a global variable is not initialized during
its Initialization then it is automatically
initialized to zero by default.

Note s

Consider the following program.

##include <stdio.h>
int x = 10;

void print();

int main()

{

printf ("\n The value of x in the main{() =
§d", x);

int x = 2;

printf ("\n The value of local variable x
in the main() = %d", x);

print () ;

return 0;

}

void print ()

printf("\n The value of x in the print()
= 3d", x);

}
Output

The value of x in the main() = 10
The value of local variable X in the main() = 2
The value of x in the print() = 10

From the code we see that local variables overwrite the
value of global variables. In big programs use of global
variables is not recommended until it is very important to
use them because there is a big risk of confusing them with
any local variables of the same name.

Note Functions are considered to be self-

S@( contained and independent modules. So
they need to be isolated from the rest of
the code, but using global variables loose
this idea behind making functions.

4.8.4 File Scope

When a global variable is accessible until the end of the
file, the variable is said to have file scope. To allow a
variable to have file scope, declare that variable with the
static keyword before specifying its data type, as shown:

static int x = 10;
A global static variable can be used anywhere from the
file in which it is declared but it is not accessible by any

other files. Such variables are useful when the programmer
writes his own header files.
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The storage class of a variable defines the scope (visibility)
and lifetime of variables and/or functions declared within
a C program. In addition to this, the storage class gives the
following information about the variable or the functjon.

* The storage class of a function or a variable
determines the part of memory where storage space
will be allocated for that variable or function (whether
the variable/function will be stored in a register or in
RAM).

* It specifies how long the storage allocation will
continue to exist for that function or variable.

* Itspecifics the scope of the variable or function, i.c.,
the storage class indicates the part of the C program
in which the variable name is visible or the part in
which it is accessible. In other words, whether the
variable/function can be referenced throughout the
program or only within the function, block, or source
file where it has been defined.

It specifies whether the variable or function has

internal, external, or no linkage.

e Itspecifies whether the variable will be automatically
initialized to zero or to any indeterminate value.

C supports four storage classes: automatic, register,
external, and static. The general syntax for specifying the
storage class of a variable can be given as

<storage class_specifiers> <data types>
<variable names

4.9.1 The auto Storage Class

The auto storage class specifier is used to explicitly declare
a variable with automatic storage. 1t is the default storage
class for variables declared inside a block. For example,
if we write

auto int x;

then x is an integer that has automatic storage. It is deleted
when the block in which x was declared exits,

The auto storage class can be used to declare variables
in a block or the names of function parameters. However,
since the variable names or names of function parameters
by default have automatic storage, the auto storage class
-;];cciﬁcr is therefore treated as redundant while declaring

la,

Important things to remember about variables declared
with auto storage class include:

Functions I ]_31'

* Alllocal variables declared within a function belong
to automatic storage class by default.

® They should be declared at the start of the program
block. (Right after the opening curly bracket ()

® Memory for the variable is automatically allocated

upon entry 10 a block and freed automatically upon
exit from that block,

® The scope of the variable is local to the block in
which itis declared. These variables may be declared
within a nested block.
 Every time the block (in which the automatic variable
is declared) is entered, the value of the variable
declared with initializers is initialized.
* Theauto variables are stored in the primary memory
of the computer.
e If auto variables are not initialized at the time of
declaration, then they contain some garbage value.
The following code uses an auto integer that is local to the
function in which it is defined.

#include <stdio.h>
void funecl ()

{

int a=10;
printf("\n a = %¥d", a);
// auto integer local to funcl()

]
void funec2 ()
{
int a=20;
printf("\n a = 4", a);
// auto integer local to func2()
]

vold main()
(
int a=30 // auto integer local to main()
funcl () ;
func2() ;
printf ("\n a = %d", a);

’

}

Output
a =10
a = 20
a = 30

4.9.2 The register Storage Class

When a variable is declared using register as its storage
class, it is stored in a CPU register instead of RAM. Since
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the vanable is stored in RAM, the maximum size of the
variable is equal to the register size. One drawback of
using a register variable is that they cannot be operated
using the unary ‘&’ operator because it does not have a
memory location associated with it, A register variable is
declared in the following manner.

register int x;

Register variables are used when quick access to the
variable is needed. It is not always necessary that the
register variable will be stored in the register. Rather, the
register variable might be stored in a register depending on
the hardware and implementation restrictions.

Hence, programmers can only suggest the compiler
to store those variables in the registers which are used
repeatedly or whose access times are critical. However,
for the compiler, it is not an obligation to always accept
such requests. In case the compiler rejects the request to
store the variable in the register, the variable is treated as
having the storage class specifier auto.

Like auto variables, register variables also have
automatic storage duration. That is, each time a block is
entered, the storage for register variables defined in that
block are accessible and the moment that block is exited,
the variables becomes no longer accessible for use. Now let
us have a look at the following code that uses a register
variable.

#include <stdio.h>

int exp(int a, int b); // FUNCTION DECLARATION

main()

{

int a=3, b=5, res;

res = exp(a, b);// FUNCTION CALL

printf("\n %d to the power of %d = %d",
a, b, res);

getch() ;

return 0;

}

int exp(int a, int b)

{

// FUNCTION DEFINITION

register int res=1;
int i;
for(i=1;i<=b;i++)

res = res*b;
return res;

}
Output

3 to the power of 5 = 243

4.9.3 The extern Storage Class

A large C program can be broken down into smaller
programs. When these smaller programs arc compiled,
they are joined together to form a large program. However,
these smaller programs may need to share certain variables
for processing. For such situations C language provides an
external storage class that is specified using the keyword
extern.

The storage class extern is used to give a reference of
a global variable that is visible to all the program files.
Such global variables are declared like any other variable
in one of the program file. When there are multiple files
in a program and you need to use a particular function or
variable in a file apart from which it is declared, then use
the keyword extern. To declare a variable x as exterm
write,

extern int x;

External variables may be declared outside any function
in a source code file as any other variable is declared. But
usually external variables are declared and defined at the
beginning of a source file.

Memory is allocated for external variables when the
program begins execution, and remains allocated until the
program terminates. External variables may be initialized
while they are declared. However, the initializer must be a
constant expression. The compiler will initialize its value
only once during the compiler time. In case the extern
variable is not initialized, it will be initialized to zero by
default.

External variables have global scope, i.e., these
variables are visible and accessible from all the functions
in the program. However, if any function has a local
variable with the same name and types as that of the global
or extern variable, then references to the name will access
the local variable rather than the extern variable. Hence
extern variables are overwritten by local variables.

Let us now write a program in which we will use the
extern keyword.
// FILE 1.C

#include <stdio.h>
#include <FILEZ2.C>
// Programmer's own header file
int x;
void print (void) ;
int main()
{

x = 10;
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printf("\n x in FILE1l = %d", x);
print();
return 0;

)

// END OF FILEl.C
// FILE2.C
#include <stdio.h>

extern int x;
void print()

{

printf(«\n x in FILE 2 = %ds, Xx);

main()

{

// Statements

}

// END OF FILE2.C

Output

x in FILE1l 10
X in FILE2 = 10

L

In the program, we have used two files—Filel and
File2. Filel has declared a global variable x. Filel also
includes File2 which has a print function that uses the
external variable x to print its value on the screen.

Nore The extern specifier tells the compiler that

‘\3/ the variable has already been declared
elsewhere and therefore it should not
allocate storage space for that variable
again, During compilation of the program,
the linker will automatically resolve the
reference problem.

In a multi-file program, the global variable must be
declared only once (in any one of the files) without using
the extern keyword. This is because, otherwise the linker
will have a conflict as to which variable to use and therefore
in such a situation it raises a warning message.

4.9.4 The static Storage Class

While auto is the default storage class for all local
variables, static is the default storage class for all
global variables. Static variables have a lifetime over the
entire program, i.e., memory for the static variables is
allocated when the program begins running and is freed
when the program terminates. To declare an integer x as
static, wrile,

static int x = 10;

Here x is a local static variable. Static local variables
when defined within a Tunction are initialized at the
runtime, The difference between an auto variable and
a static variable is that the static variable when defined
within a function is not re-initialized when the function is
called again and again. Itis initialized just once and further
calls of the function share the value of the static variable.
Hence, the static variable inside a function retains its value
during various calls.

When a static variable is not explicitly initialized by
the programmer then it is automatically initialized to zero
when memory is allocated for them. Although static
automatic variables exist even after the block in which
they are defined terminates, their scope is local to the
block in which they arc defined.

Static storage class can be specified for auto as well
as extern variables. For example we can write,

gtatic extern int x;

When we declare a variable ns extermal static
variable, then that variable is accessible from all the
functions in this source file.

Note,  Static variables can be initialized while they
(B/ are being declared. But this initialization
is done only once at the compile time
when memory is being allocated for the
static variable. Also the value with which
the static variable is Initialized must be a
constant expression.

Look at the following code which clearly differentiates
between a static variable and a normal variable,

#include <stdio.h>
void print (void) ;
int main()

{

// FUNCTION DECLARATION

printf("\n First call of print()");
print () ; // FUNCTION CALL

printf ("\n\n Second call of print()");
print(); // FUNCTION CALL

printf ("\n\n Third call of print()");

print(); // FUNCTION CALL
return 0;
)
void print() // FUNCTION DEFINITION
{

static int x;
int y = 04
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printf("\n Static integer variable, x = call is made which does not require a call to itself. Every
¥d", x); recursive solution has two major cases, they are
: . - )
iir.lt“ \R Idteger variable, y = 3% ¥); * Base case, in which the problem is simple enough to
Y+*:‘ be solved directly without making any further calls
} to the same function.

Output ® Recursive case, in which first the problem at hanq is
First call of print() divided into sxm.pler sub parts. Second the ﬁmc_tlon
Static integer variable, x = 0 calls itself but with sub parts of the prf)blem qbta:ncd
Integer variable, y = 0 in the first step. Third, the result is obtained by

combining the solutions of simpler sub-parts.
2\::2:: E:tigz ﬁ;i’:g’le % & i Therefore, recursion is defining large and complex

Integer variable,y = 0 problems in terms of a smaller and more easily solvable
problem. In recursive function, a complex problem is
defined in terms of simpler problems and the simplest
problem is given explicitly.

Tounderstand recursive functions, letus take an example
of calculating factorial of a number. To calculate n!, what
we have to do is multiply the number with factorial of the
Table 4.2 compares the key features of all the storage number that is 1 less than that number. In other words,
classes. ol =m¥ (n-1)!

Let us say we need to find the value of 51 . . .

Third call of print()
Static integer variable, x =
Integer variable,y = 0

|
]

4.9.5 Comparison of Storage Classes

5 =5 X4 X3 xXx2xX1

[EET] RECURSIVE FUNCTIONS - 120

A recursive function is defined as a function that calls  This can be written as

itself to solve a smaller version of its task until a final 5! =5 X 4! , where 41= 4 x 3

eI RN Comparison of storage classes. 3 A s g e e e - -—~——\1

STORAGE CLASS
FEATURE

auto extern register

static

Local: Accessible within
Accessible within

Accessible within the : Accessible within the the function or block in
Accessibility function or block in which it all program files function or block in which it is declared.

is declared. that are a part of which it is declared Global: Accessible

the program. ’ within the program in
which it is declared.

Storage Main Memory Main Memory CPU Register Main Memory

Exists when the function Exists when the function

or block in which it is or block in which it is Local: Retains value

declared is entered. Ceases | Exists throughout | declared is entered. between function calls
Existence to exist when the control the execution of | Ceases to exist when the | orblock entries.

returns from the function the program. control returns from the | Global: Preserves value

or the block in which it was function or the block in in program files.

declared. which it was declared.
Default value | Garbage Zero Garbage Zero
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Therefore,

51 =5 X 4 X 3!
Similarly, we can also write,

5! = 5X 4 X3 X 2!
Expanding further

51 =5X4X3X2X 1!
We know, 1! =1

Therefore, the series of problem and solution can be
given as shown in Figure 4.6. '

PROBLEM SOLUTION
5! 5x4x3x2x1!
=5x4! = 5x4x3x2x1
=5Xx4x3! = 5x4x3xX2
=5x4x3x2! =5%x4X%X6
=5X4X3X2X1! _g5xo24

= 120

AT M Recursive factorial function

" Now if you look at the problem carefully, you can
see that we can write a recursive function to calculate
the factorial of a number. Every

" Programming Tip:  recursive function must have a
Every recursive base case and a recursive case.
function must have For the factorial function,
atleastoneb‘ase e Base case is when n = 1,
case, Otherwise, the . ;

; SEry because ifn = 1, the result will
recursive function will

ol belas1!=1.
generate an infinite

sequence of calls
thereby resultingin an
i error condition known
| asaninfinite stack.

o Recursive case of the factorial
function will call itself but with
a smaller value of n, this case
can be given as

factorial(n) = n x factorial (n—1)

Look at the following code which calculates the factorial
of a number recursively.

#include <stdio.h>

int Fact(int); // FUNCTION DECLARATION
main ()
{

int num;

printf ("\n Enter the number: ");

scanf ("%d*, &num) ;

printf ("\n Factorial of %d = %d", num,

Fact (num) ) ; // FUNCTION CALL
return 0;

int Fact( int n) // FUNCTION DEFINITION

{
if (n==1)
return 1;
return (n * Fact(n-1)); // FUNCTION CALL

}

From the above example, let us analyse the basic steps
of a recursive program.

'Srep 1: Specify the base case which will stop the function
from making a call to itself.

Step 2: Check to see whether the current value being
processed matches with the value of the base
case. If yes, process and return the value.

Step 3: Divide the problem into a smaller or simpler sub-
problem.

Step 4: Call the function from the sub-problem.

Step 5: Combine the results of the sub-problems.

Step 6: Return the result of the entire problem.

Note The base case of a recursive function

@/ acts as the terminating condition. So, in
the absence of an explicitly-defined base
case, a recursive function would call itself
indefinitely.

4.10.1 Greatest Common Divisor

The greatest common divisor of two numbers (integers)
is the largest integer that divides both the numbers. We
can find the GCD of two numbers recursively by using the
Euclid’s algorithm that states
Gcp(a, b) = b, if b divides a
GCD (b, a med b), otherwise

GCD can be implemented as a recursive function
because if b does not divide a, then we call the same
function (GCD) with another set of parameters that are
smaller and simpler than the original ones. Here we assume
thata > b. Howeverifa < b, then interchange a and b
in the formula given above.

Working
Assume a = 62 and b = 8

GCD (62, 8)
rem = 62 ¥ 8 = 6
GCD(8, 6)
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rem = 8 §$ 6 = 2
GCD (6, 2)
rem =6 §¥ 2 = 0
Return 2
Return 2
Return 2

11. Write a program to calculate GCD using recursive
functions,

#include <stdio.h>

int GCD(int, int);
main()

{

// FUNCTION DECLARATION

int numl, num2, res;

printf ("\n Enter the two numbers: ") ;

scanf ("%d td", &numl, &num2);

res = GCD(numl, num2); // FUNCTION CALL

printf("\n GCD of %d and %d = $¥d", numil,
numz, res) ;

return 0;

}

int GCD(int x, int y) // FUNCTION DEFINITION
{

int rem;
rem = x%y;
if (rem==0)

return y;
else

return (GCD(y, rem)); // FUNCTICN CALL

4.10.2 Finding Exponents

We can find a solution to find exponent of a number using
recursion. To find x?, the base case would be when y-=o,
as we know that any number raise to the power 0 is 1.
Therefore, the general formula to find x¥ can be given as

1, if y ==
EXP(x, y) = Y

x * EXP(x ¥'), otherwise

Working

exp_rec(2, 4) = 2 * exp rec( 2, 3)
exp_rec(2, 3) = 2 * exp rec( 2, 2)
exp_rec(2, 2) 2 * exp rec( 2, 1)
exp_rec(2, 1) = 2 * exp rec( 2, 0)
exp_rec( 2, 0) =1
exp_rec( 2, 1) =2 * 1 =2
exp_rec( 2, 2) =2 * 2 = 4
exp rec( 2, 3) =2 + 4 = 8
exp_rec( 2, 4) =2 * 8 = 16

12, Write a program to calculate exp (x, y) using recursive
functions.

#include <stdio.h>
int exp_rec(int, int);
main ()

(

int numl, num2, res;

printf ("\n Enter the two numbers: ");
scanf ("%¥d %d", &numl, &num?2);

res = exp_rec(numl, num2) ;

printf ("\n RESULT = %d", res); -
return 0;
}
int exp_rec(int x, int y)
{
if ( y==0)
return 1;
else

return ( x * exp _rec( x, y-1));

4.10.3 The Fibonacci Series
The Fibonacci series can be given as

01123581321 34 55

That is, the third term of the series is the sum of the
first and second terms. On similar grounds, fourth term
is the sum of second and third terms, and so on. Now we
will design a recursive solution to find the n*™ term of

the Fibonacci series. The general formula to do so can
be given as

1, i =
FIB(n) - if ne<=2

FIB (n - 1) +FIB (n - 2), otherwise
As per the formula, F1B(1) =1 and FIB(2) = 1. So

we have two base cases. This is necessary because every

problem is divided into two smaller problems (Figure 4.7).

13. Write a program to print the Fibonacci series using
recursion.

#tinclude <stdio.h»
int Fibonaccei (int) ;
main ()
{
int n;
printf ("\n Enter the number of terms in
the series: ")
scanf ("¥d", &n) ;
for(int i=0;i<n;i++)
printf ("\n Fibonacci (%d) = sd», i,
Fibonacci(i));

Scanned with CamScanner



Functions | 137|

/Fm_(k

A
FIB(4) I FIB(4) I

as3)| FB2)| FiB(3) FIB(Z)J na(z)l F!B(lﬂ

/FIB_(S){
FIB(4) I FIB(3)

/HBlﬂ{

FIB(3)

int Func(int n)

if (n==0)
return n;
return(Func(n-1));

FIB(3)| FIB(2)| FIB(Z)I nau)[ FIB(ﬂ FIB(l)I FIB(Z)I FIB(IH
FiB(2)| FiB(1)
FEICE 54 Recursion structure of fib function
return 0;
}
int Fibonacci (int num) {
{
if (num <= 2)
return 1; }

return (Fibonacci (num - 1) +
Fibonacci (num - 2));

TYPES OF RECURSION

Recursion is a technique that breaks a problem into one
or more sub-problems that are similar to the original
problem. Any recursive function can be characterized
based on:
o whether the function calls itself directly or indirectly
(direct or indirect recursion),
o whether any operation is pending at each recursive
call (tail-recursive or not), and
e the structure of the calling pattern (/inear or tree-
recursive).

In this section, we will read about all these types of
recursions.

4.11.1 Direct Recursion

A function is said to be directly recursive if it explicitly
calls itself. For example, consider Figure 4.8.

Figure48 Direct recursion

Here, the function Func() calls itself for all positive
values of n, so it is said to be a directly recursive function.

4.11.2 Indirect Recursion

A function is said to be indirectly recursive if it contains a
call to another function which ultimately calls it. Look at
the functions given in Figure 4.9. These two functions are
indirectly recursive as they both call each other.

int Funcl (int n)

if (n==0)
return n;
return Func2(n);
}

int Func2(int x)
{

}

return Funcl(x-1l):

Figure 4.9

Indirect recursion
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4.11.3 Tail Recursion

A recursive function is said to be fail recursive if no
operations are pending to be performed when the recursive
function returns to its caller (Figure 4.10). When the called
function returns, the returned value is immediately returned
from the calling function. Tail recursive functions are highly
desirable because they are much more efficient to use as the
amount of information that has to be stored on the system
stack is independent of the number of recursive calls.

int Fact(int n)
{
if (n==1)
return 1;

return (n * Fact(n-1));

FOTECRUN Tail recursion

For example, the factorial function that we have written
is a non-tail-recursive function, because there is a pending
operation of multiplication to be performed on return from
cach recursive call.

Whenever there is a pending operation to be performed,
the function becomes non-tail recursive. In such a non-
tail recursive function, information about each pending
operation must be stored, so the amount of information
directly depends on the number of calls.

However, the same factorial function can be written in
a tail-recursive manner as shown in Figure 4.11,

int Fact (n)

{

return Factl(n, 1);
)

int Factl(int n, int res)
{
if (n==1)
return res;
return rFactl(n-1, n*res);

}

FT(LECHEN Tail-recursive and non-tail-recursive function

—_—

In the code, Fact1 function preserves the syntax of the
Fact (n) . Here the recursion occurs in the Fact1 functiop
and not in Fact function, Carefully observe that Face;
has no pending operation to be performed on return from
recursive calls. The value computed by the recursive call i
simply returned without any modification. So in this case,
the amount of information to be stored on the system stack
is constant (just the value of n and res needs to be stored)
and is independent of the number of recursive calls,

Converting Recursive Functions to Tail Recursive

A non-tail recursive function can be converted into a
tail-recursive function by using an awxiliary parameter
as we did in case of the Factorial function. The auxiliary
parameter is used to form the result. When we use such a
parameter, the pending operation is incorporated into the
auxiliary parameter so that the recursive call no longer
has a pending operation. We generally use an auxiliary
function while using the auxiliary parameter. This is done
to keep the syntax clean and to hide the fact that auxiliary
parameters are needed.

4.11.4 Linear and Tree Recursion

Recursive functions can also be characterized depending
on the way in which the recursion grows in a linear fashion
or forming a tree structure (Figure 4.12),

In simple words, a recursive function is said to be
linearly recursive when the pending operation (if any)
does not make another recursive call to the function. For
example, observe the last line of recursive factorial function.
The factorial function is linearly recursive as the pending
operation involves only multiplication to be performed and
does not involve another recursive call to Fact.

On the contrary, a recursive function is said to be
free recursive (or non-linearly recursive) if the pending
operation makes another recursive call to the function.
For example, the Fibonacci function Fib in which the
pending operations recursively calls the Fib function.

TOWER OF HANO!

The tower of Hanoi is one of the main applications of a
recursion. It says, ‘if you can solve n-1 cases, then you
can easily solve the n*" case’

Look at Figure 4.13 which shows three rings mounted on
pole A. The problem is to move all these rings from pole A to
pole C while maintaining the same order. The main issue is
that the smaller disk must always come above the larger disk.
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int Fibonacci(int num)
(
if(num <= 2)
return 1;

return ( Fibonacci (num - 1) + Fibonacci(num - 2));

}

Observe the series of function calls. When the function returns, the
pending operations in turn calls the function
Fibonacci(7) = Fibonacci(6) + Fibonacci(6) = Fibonacci(5) + Fibonacci(4)
Fibonacci(5) = Fibanacci(4) + Fibonacci(3)
Fibonacci(4) = Fibonacci(3) + Fibonacci(2)
Fibonacci(3) = Fibonacci(2) + Fibonacci(1)

Now we have, Fibonacci(3)=1+1=2
Fibonacci(4)=2+1=3
Fibonacci(5)=3+2=5
Fibonacci(6)=3+5=8
Fibonacci(7)=5+8=13

FFAT Y. s Pd] Tree recursion

FEOICEREN Tower of Hanoi

We will be doing this using a spare pole. In our case, A
is the source pole, C is the destination pole, and B is the
spare pole. To transfer all the three rings from A to C, we
will first shift the upper two rings (n-1 rings) from the
source pole to the spare pole. We move the first two rings
from pole A to B as shown in Figure 4.14.

Now that n-1 rings have been removed from pole A,
the source pole, the n™® ring can be easily moved from
the source pole (A) to the destination pole (C). Figure 4.15

shows this step.

| 11
(2]

FEOTEEBEH Move ring from Ato C

The final step is to move the n-1 rings from the spare
pole (B) to the destination pole (C). This is shown in
Figure 4.16.

L

-

e |

UCICE BTN Move rings from A to B

[c]

(4] (<]
Mové rings fromBto C e '
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To summarize, the solution to our problem of moving n

rings from A to C using B as spare can be given as:
Base case: if n=1

* Move the ring from A to C using B as spare

Recursive case:

e Move n-1rings from A to B using C as spare
* Move the one ring left on A to C using B as spare
e Move n-1 rings from B to C using A as spare

The following code implements the solution of the
Tower of Hanoi problem.

#include <stdio.hs

move (n, "A',
return 0;

ICI’ iBJ",

)

void movel(int n, char source, char dest, char
spare)

if (n==1)

printf("\n Move from %c to
%c",source,dest) ;

else

(
move (n-1, source, spare,dest) ;
move (1, source, dest, spare) ;
move (n-1, spare,dest, source) ;

}

int main() )

( Let us look at the Tower of Hanoi problem in detail
int n; using the program given above. Figure 4.17 on the next
printf ("\n Enter the number of rings: "); page explains the working of the program using one, then
scanf ("%d", &n); two, and finally three rings.

A B C A B Cc A B Cc
(Step 1) (Step 1) (Step 2)
A B C A B C A B c
(Step 2) (Step 3) (Step 4)
(If th?re is only one ring, then simply move (If there are two rings, then first move ring 1 to the spare
the ring from source to the destination.) pole and then moave ring 2 from source to the destination.
Finally move ring 1 from the source to the destination.)

=N

Al LLL 14l

A B Cc A B
(Step 1) (Step 2) (Step 3) (Step 4)

A B Cc A B C A B Cc A B Cc
(Step 5) (Step 6) (Step 7) (Step 8)

(Consider the working with three rings.)

AT B YA Working of Tower of Hanol with one, two and three rings
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[EBE] RECURSION VERSUS ITERATION

Recursion is more of a top-down approach to problem
solving in which the original problem is divided into
smaller sub-problems. On the contrary, iteration follows
a bottom-up approach that begins with what is known and
then constructing the solution step by step.

Recursion is an excellent way of solving complex
problems especially when the problem can be defined in
recursive terms. For such problems, a recursive code can
be written and modified in a much simpler and clearer
manner.

However, recursive solutions are not always the best
solutions. In some cases, recursive programs may require
substantial amount of run-time overhead. Therefore,
when implementing a recursive solution, there is a trade-
off involved between the time spent in constructing and
maintaining the program and the cost incurred in running-
time and memory space required for the execution of the
program.

Whenever a recursive function is called, some amount
of overhead in the form of a run time stack is always
involved. Before jumping to the function with a smaller
parameter, the original parameters, the local variables, and
the return address of the calling function are all stored on
the system stack. Therefore, while using recursion a lot of
time is needed to first push all the information on the stack
when the function is called and then time is again involved
in retrieving the information stored on the stack once the
control passes back to the calling function.

To conclude, one must use recursion only to find
solution to a problem for which no obvious iterative

e Every function in the program is supposed to

S
o
<
2
=
=
(%)

perform a well defined task. The moment the
compiler encounters a function call, the control
jumps tothe statements that are a part of the called
function. After the called function is executed, the
control is returned back to the calling program.
All the libraries in C contain a set of functions
that have been prewritten and pre-tested, so
the programmers use them without worrying
about the code details. This speeds up program
development,

While function declaration statement Identifies
a function with its name, a list of arguments that
it accepts and the type of data it returns, the

solution is known. To summarize the concept of recursion
let us briefly discuss the pros and cons of recursion.

The advantages of using a recursive program includes
the following:

® Recursive solutions often tend to be shorter and
simpler than non-recursive ones.

e Code is clearer and casicr to use.

® Reccursion works similar to the original formula to
solve a problem.

* Follows a divide and conquer technique to solve
problems.

* [n some (limited) instances, recursion may be more
efficient.

The drawbacks/disadvantages of using a recursive

program includes the following:

e For some programmers and readers, recursion is a

difficult concept.

e Recursion is implemented using system stack. If the
stack space on the system is limited, recursion to a
deeper level will be difficult to implement.

» Aborting a recursive process in midstream is slow
and sometimes nasty.

* Using a recursive function takes more memory and
time to execute as compared to its non-recursive
counter part.

e It is difficult to find bugs, particularly while using
global variables.

The advantages of recursion pays off for the extra overhead
involved in terms of time and space required.

function definition, on the other hand, consists
of a function header that identifies the function,
followed by the body of the function containing
the executable code for that function

®* main() Is the function that is called by the
operating system and therefore, it is supposed to
return the result of its processing to the operating
system,

* Placing the function declaration statement prior to
its use enables the compiler to make a check on
the arguments used while calling that function.

* A function having void as its return type cannot |
return any value. Similarly, a function having void
as its parameter list cannot accept any value. |
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* When a function is defined, space is allocated for
that function in the memory. A function definition
comprises of two parts: function header and
function body.

* Call-by-value method passes values of the variables
tothe called function. Therefore, the called function
uses a copy of the actual arguments to perform
its intended task. This method is used when the
function does not need to modify the values of the
original variables in the calling program.

® Incall-by-reference method, address of the variables
are passed by the calling function to the called
function. Hence, in this method, a function receives
an implicit reference to the argument, rather than a
copy of its value. This allows the function to modify
the value of the variable and that change will be
reflected in the calling function as well.

® Scope means the accessibility and visibility of the
variables at different points in the program. A

Argument A value passed to the called function by the
calling function

Block A sequence of definitions, declarations, and
statements, enclosed within curly brackets.

Divide and conquer Solving a problem by dividing it into
two or more smaller instances. Each of these smaller
instances is recursively solved, and the solutions are
combined to produce a solution for the original problem.
Iteration Solving a problem by repeatedly working on
successive parts of the problem.

Recursion An algorithmic technique where a function
calls itself with a smaller of the task in order to solve

Fill in the Blanks

1. provides an interface to use the
function.

2. After the function is executed, the control passes
back to the

variable or a constant in C has four types of scope;

block, function, file, and program scope.

* The storage class of a variable defines the scope
(visibility) and life time of variables and/or functions
declared within a C program.

* The auto storage class is the default storage class
for variables declared inside a block. The scope
of the variable is local to the block in which it
is declared. When a variable is declared using
register as its storage class, it is stored in a CPy
register instead of RAM. Extern is used to give a
reference of a global variable that is visible to 3|
the program files. Static is the default storage class
for global variables.

® A recursive function is defined as a function that
calls itself to solve a smaller version of its task until
a final call is made which does not require a call to
itself. They are implemented using system stack.

that task.

Recursion termination The point at which base
condition is met and a recursive algorithm stops calling
itself and begins to return values.

Recursion tree Technique to analyse the complexity of an
algorithm by diagramming the recursive function calls.
Tail recursion A form of recursion in which the last
operation of a function is a recursive call.

Tower of hanoi Given three towers or poles and n disks
of decreasing sizes, move the disks from one pole to

another one by one without putting a larger disk on
smaller one.

3. Afunction that uses another function is known as

the

4. The inputs that the function takes are known as |

Scanned with CamScanner

-



S. main() Is called by the .
6. Function definition consists of

and

7. In method, address of the variable
is passed by the calling function to the called
function.

8. Function scope is applicable only with In '

9. Function that calls itself is known as a
function.

10. Recursive functions are Implemented using

11. function is defined as a function that

calls itself.

12. The function int func(); takes
arguments.

13, variables can be accessed from all

functions in the program.
14. The execution of a program starts at
15. By default, the return type of a function Is

16. Parameters used in function call are called

.

17. Variable declared inside a function is known as

Multiple Choice Questions

1. The function that is invoked is known as
(a) calling function
(c) called function

2. Function declaration
function with its

(a) name

(b) arguments

(c) datatype of return value
(d) all of these

3. Which return type cannot return any value to the
caller?

(a) int (b) float
(c) void {(d) double

4. Memory Is allocated for a function when the
function is

(a) declared
(c) called

(b) caller function
(d) invoking function
statement Identifies a

(b) defined
(d) returned

5

. Which varlable

_ Functions | 143 I

Which keyword allows a varlable to have file
scope? |

(a) auto (b) static

(c) register (d) extern ‘
. The default storage class of global variables Is

(a) auto (b) static

(c) reglster (d) extern

retalns Its value In-between

function calls?

(a) auto (b) static

(c) reglster (d) extern
The default storage class of a local varlable is
(a) auto (b) static

(c) reglster (d) extern

State True or False

1.

The calling function must pass parameters to the
called function.

Function header Is used to identify the function.

3. The name of a function is global

-9

[==T B = I ¥

10.

11,
12,
13,

14,

15,

16,

17,

. No function can be declared within the body of

another function.

. The function call statement invokes the function.
. Auto variables are stored inside CPU registers.
. Extern variables are initialized by default.

The default storage class of local variables is
extern.

Recurslon follows a divide-and-conquer technique
to solve problems,

Local variables overwrite the value of global
varlables.

A C function can return only one value.
A function must have at least one argument.

A function can be declared and defined before the
main().

A function can be defined in the main{() .

Variable names in the function definition must
match with those specified in the function decla-
ration, |

Specifying variable names in the function declara-
tion Is optional,

The main() Is a user-defined function.
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Review Questions

1. Define a function. Why are they needed?
2. Explain the concept of making function calls.
3. Differentiate between function declaration and

10.

11.

12.

13.
14,

15.

16.

function definition.

. Differentiate between formal parameters and

actual parameters,

. How many types of storage classes C language

supports? Why do we need different types of such
classes?

. Give the features of each storage class.
. Explain the concept of recursive functions with

example.

. Differentiate between an iterative function and a

recursive function. Which one will you prefer to
use and in what circumstances?

- What will happen when the actual parameters are

less than formal parameters in a function?
What will happen when data type of a variable in
the function declaration does not match with the
corresponding variable in the function header?
What will happen when a function returns a value
that does not match with the return type of the
function?

Write a program to calculate factorial of a number
using recursion. Also write a non recursive
procedure to do the same job.

Explain the tower of Hanoi problem.

Write a program using function that calculates the
hypotenuse of a right-angled triangle.

Write a function that accepts a number n as input
and returns the average of numbers from 1 to n.
Differentiate between call by value and can

the corresponding month of the year (For example
if month = 1, then display JANUARY)

22. Write a function is_leap_year which takes the year
as its argument and checks whether the year is a
leap year or not and then displays an appropriate
message on the screen.

23. Write a program to concatenate two strings using
recursion.

24. Write a program to read an integer number. Print
the reverse of this number using recursion

25. Write a program to swap two variables that are
defined as global variables.

26, Write a program to compute F (x, y) where
Fix, y) = F(x-y, ¥v) + 1 if y=sx

And F(x, y) = 0 if x<y

27. Write a program to compute F (n, r) where
F(n, r) can be recursively defined as
F(n, r) = F(n-1, 1) + Fin-1, r-1)

28. Write a program to compute Lambda(n) for all

positive values of n where Lambda(n) can be

recursively defined as

Lambda (n) = Lambda(n/2) + 1 if n»>1
AND Lambda(n) = 0 if n =1

29. Write a program to compute F (M, N) where
F (M, N) can be recursively defined as
F(M,N) = 1 if M=0 or M=Na1
AND F(M,N) = F(M-1,N) + F(M-1, N-1)

otherwise

30. Write a menu driven program to add, subtract,
multiply, and divide two integers using functions.

31. Write a program to find the smallest of three
integers using functions.
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38.

39.

40.

41.

42.

43,

45.

46.

47.

48,

49.

50.

Write a program using function to calculate
compound interest given the principal, rate of
interest and number of years.

Write a program to swap two integers using call
by reference method of passing arguments to a
function.

Write a program to calculate factorial of a number
(a) using recursion (b) without using recursion.
Write a program to convert the given string “hello
world” to “dlrow olleh” without using recursion.
Write a program to find HCF of two numbers (a)
using recursion (b) without using recursion.

Write a program to calculate x" (3) using recursion
(b) without using recursion.

. Write a program to print the Fibonacci series

(a) using recursion (b) without using recursion.
Write a program using functions to perform
calculator operations.

Write a function that converts temperature given
in Celsius into Fahrenheit.

Write a function that prints the conversion table of
Degrees Fahrenheit into Degrees Celsius ranging
from 32-212 degrees Celsius.

Write a function to draw the following pattern on
the screen

hhkkkd kN

223 8 8 & 4
Write a function to print a table of binomial
coefficients which is given by the formula-
B(m, x) = m!/ (x! (m-x)!) where m > X
Hint: B(m,0) = 1, B(0,0) =1 and
B(m,x) = B(m, x-1) * [(m - x + 1)/x]
Write a program to evaluate
E(x) = x - ¥/31 + x*/51 = X"/T1 4.,

Program Output

Find out the output of the following codes.
1. #include <stdio.h>

int func();
main()

printf ("%d", func()); '
printf ("%d", func());

printf ("%¥d", func());

printf ("%d", func());

return 0;

}

int func()
int counter=0;
return counter;

}

2. #include <stdio.h>

int func();

main ()

{
printf ("%d", func());
printf ("%d", func());
printf ("%d", func());
printf ("%d", func());
return 0;

}
int func()
{
static int counter=0;

return counter;

}

3. #include <stdio.h>

int func();

int counter = 5;

main()

{
printf ("%d", func());
printf ("s$d", func());
printf ("%d", func());
printf("3$d", func());
return 0;

}

int func()

{

return counter++;

}

4. #include <stdio.h>
int add(int, int);
main()

v e
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int a=2, b=3;
printf("%d %d %d", a, b, add(a, b));
return 0;

)

int add(int a, int b)
{

int ¢;

c = a+b

return;

}

5. #include <stdio.h>
int add(int, int);
main()

{
int a=2, b=3;
printf("%d %d %d", a, b, add(a, b));
return 0;
}
int add(int a, int b)
{
int c;
c = a+b

}

6. #include <stdio.hs
int func(int);
main()
{
int a=2;
printf ("%¥d", func(a));
return 0;

)

int func(int a)

{

if (a>»1)

return func(--a) + 10;
else

return 0;

}

7. #include <stdio.hs>
void funel(int);

main()
{
int a=127;
printf ("%d”, a);
func(a);

return 0;

)
void funec(int a)
{
ar;
printf ("%d", a);

}

8. Hlinclude <gtdio.h>
void func(int);
auto int a;

main()
{
int a=10;
printf ("%d", a);
func(a) ;
return 0;
}

void func(int a)
at+;
printf("%d", a);

}

9. #include <stdio.h»
static int add(int wval)
(
static int sum;
sum += val;
return sum;

}

main ()
{
int i, n=10;
for(i=0;i<10;i++)
add (i) ;

printf ("\n sUM = %d", func(0));
return 0;

}

10. #include <stdio.h»
int func(int);
main()
{
int a=2;
printf ("%d", func(a));
return 0;

)

int fune(int a)

{
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{ }
H void func(char a)
} {
{ printf ("td", a) ;
{: }
} 13. #include estdio.h>
return a; -
} int a;
) static int func()
(
11. #include <stdio.h> return a++;
void func(int); }
int a=10; main()
main() {
{ a=10;
int a=2; printf ("%d", func()); "
printf("%d", a); a *= 10;
func(a) ; printf ("$d", func()); i
princf ("%d", a); . return 0; g
return 0; )
} . ] 14. #include <stdio.h> |
void func(int a) . . .
{ int prod(int x, int y) [.
a=20; {
return (x*y);
) } ‘
12. #include <stdio.h> main()
void func(char); { l’
main() int x=2, y=3, z; s
{ z = prod(x,prod(x,y)); :
char ch=256; printf("%d", z);
func(ch) ; return 0;
return 0; }

jm_-‘. D e e e A e e T T AL O B B S e e
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USER DEFINED HEADER FILES

At times the programmer may need a function that provides
additional processing capabilities and may want to create
a separate source code file to contain that function. This
would help to segregate the function from rest ol the main
source code. In such a situation, the user may create a user
defined header file so that the compiler knows how to call
this function.

For example, if we want the factorial function to be
stored in a user defined header file, then write the code
of the factorial function in a file and save it as "lacl.h".
Then in the main program file, we will include the fact.h
file and call the function in the same way as we call other
functions. Look at the code given below which illustrates
this concept.

int factorial (int num)

{
long int f=1;
for(;num >= 1;num--)
£ = £ * num;
return f;
)

// Contents for the main file
#include <stdio.h>
#include <conio.h>

fIinelude"fact. h"
main()
{
{nt num, f;
clrocr ()
printlf("\n Enter any numner: ");
peanf ("%d", &num) ;
f = factorial (num);
printf ("\n FACTORIAL of %d = %d", num, f);
getchl();
return 0;

}

In the above code, a user defined header file —fact.h has
been used. The name of the header file has been enclosed
within quotes to tell the compiler not to look along the
standard library path, but to look in the same path as the
source file.

Note that you will compile the file that contains the
source code, that is the file contains the main(). The
compiler will compile it into object code. As long as the
C program is syntactically correct, the object code will be
crealed.

The linker will combine the object code, library files,
and create the exceutable Itis the header file that links the
definition of the function with the implementation.
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LearningObjective

Till now we have been storing data in simple variables. Although storing values
in a simple variable is useful, we often need a variable that can store multiple
values. In this chapter, we will read about arrays. An array is a user-defined data |
type which stores related information together. However, all the information
stored in an array belongs to the same data type.

In this chapter we will learn how arrays are defined, declared, initialized,
accessed, etc. This chapter will also discuss different operations that can
be performed on array elements and different types of arrays such as two- E
dimensional arrays, multidimensional arrays, and sparse matrices. }
e : T

EEl iNTRODUCTION

—_— . ) Marks1 Marks5 Marks9 Marks13 Marks17
Take a situation in which we have 20 students in a class

and we are asked to write a program that reads and prints I | | | |
the marks of all these 20 students. In this program, we will Marks2 Marks6 Marks10 Marks14 Marks18
pced 20 integer variables with different names, as shown | | ' | | |
in Figure 5.1,

Now to read values for these 20 different variables, we Marks3 Marks7 Marks1l ~ MarkslS  Marks19
must have 20 read statements, Similarly, to print the value | | | | |
of these variables, we need 20 write statements. If it is
just a matter of 20 variables, then it might be acceptable ~ Marks4 Marksg ~ Marks12  Marksl6  Marks20
for the user to follow this approach. But imagine, will it be | | | | I
possible to follow this approach if we had to read and print
marks of the students m Twenty variables with _different names

* in the entire course (say 100 students)

* in the entire college (say 500 students) The answer is no, definitely not. To process large

* in the entire university (say 10000 students) amount of data, we need a data structure known as arry:

- - - s -r T EEE Y
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|

Programmlng‘np;\/\“ array is a collection of
In an array of size similar data elements. These

n,the indexranges  data elements have the same data
fromOto n-1. type. The elements of the array
are stored in consecutive memory
locations and are referenced by an index (also known
as the subscript). Subscript indicates an ordinal number
of the elements counted from the beginning of the array.
Some examples where the concept of an array can be used

include:
e List of temperatures recorded on every day of the
month
List of employees in a company
List of students in a class

List of products sold
List of customers

[EEJl DECLARATION OF ARRAYS

We have already seen that every variable must be declared
before it is used. The same concept is true in case of array
variables also. An array must be declared before being
used. Declaring an array means specifying three things:
e Data type—what kind of values it can store ,for
example int, char, float, double.
e Name—to identify the array.
e Size—the maximum number of values that the array
can hold.

Arrays are declared using the following syntax:
type name[size];

Here the type can be either int, float, double, char

or any other valid data type. The number within brackets
indicates the size of the array,

Programming Tip: . .
i.e.,, the maximum number of
To declare and X
elements that can be stored in the
define an array, . :
B must specify array. The size of the array is a -
y P constant and must have a value at

Itis name, type, and compilation time. For example, if
i we write,
int marks([10];

The above statement declares a marks variable to be an
array containing 10 elements. In C, the array index (also
known as subscripts) starts from zero, This means that
the array marks will contain 10 elements in all. The first

0

_“‘h~‘“‘\

clement will be stored in marks [0], the second clemen :
marks (1], and so on. Therefore, the last elemeny, | :m'
10" clement will be stored in marks (5. Note that. 0
2, 3 written within square brackets are subscriptg/; D
In memory, the array will be stored as shown in Figu
Arrays of different data types and sizes and thejr mem
representation is shown is Figure 5.3.

ndex,
res..

ory

Points to Remember

¢ Note that C does not allow declaring an array whose
number of elements is not known at the compile
time. Therefore, the following array declarations are
illegal in C.

int arrl(];
int n, arr(n];

e Generally it is a good programming practice to define
the size of an array as a symbolic constant as shown
in the following code.

#include <stdio.h>
#define N 100
main()

{

int arr[N];

¢ The size of the array can be specified using an
expression. However, the components of the
expression must be available for evaluation of
the expression when the program Is compiled.
Therefore, the following array declarations are valid

in C language.

#include <stdio.h>

#define N 100
main ()

{
int i=10;
int arr(N+10]), my_arr(i-5*10];

..........

Note,  Carray indices start from 0. So for anarray
@ with N elements, the index of the last
elementisN-1.

* C never checks the validity of the array index—
neither at compile time nor at run time. So even if
you declare an array as

int arr(N]y
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znd
element

3rd
element

4th
element

element

1!1
element

element

6 10"

element

gth
element

B"\
element

element

marks[0) marks[1] marks[2] marks[3] marks[4] marks[S]) marks[6] marks[7] marks(8] marks(9]
m Memory representation of an array of 10 elements

data type
intmarks [10) (0] (1] 2] [3) (4] (5] (6] “(7 (8] (9]
array name
charname [15] [0) 1 [2) (3] [4] (5] (6] (7) (8] [9] (10] [11] [12] [13] [14])
array size
|
floatsalary[S] o [ @2 B 4

ZT0 kW Declaring arrays of different data types and sizes

The C compiler will not raise any error but the result
of running such code is totally unpredictable. Even if
you declare an array of 10 elements and later on by
mistake try to access the 11th element, no error will
be generated. But the results will be unpredictable
as the memory occupied by the (so-called) 11th

element may be storing data of another object.
ﬂ ACCESSING ELEMENTS OF THE
ARRAY
For accessing an individual element of the array, the array
subscript must be used. For example, to access the fourth

element of the array, you must write arr [3]. The subscript/
index must be an integral value or

Programming Tip: )

an expression that evaluates to an
acoess Al the integral value
e of e Although toring the elated d
array, you must use . UBAS orlmg ere abcl _ a}:a
aloop.Therelsho | \cmsina sm.L, ¢ adrray enables l. e
single statement programmers to develop concise

and efficient programs there is no
single operation that can operate
on all the elements of the array.

that can do the
work.

To access all the elements of the array, you must use a
loop. That is, we can access all the elements of the array
by varying the value of the subscript into the array. But
note that the subscript must be an integral value or an
expression that evaluates to an integral value. As shown
in Figure 5.2, the first element of the array marks [10]
can be accessed by writing, marks [0]. Now to process all
the elements of the array, we will use a loop as shown in
Figure 5.4. Figure 5.5 shows the result of the code shown
in Figure 5.4.

// Set each element of the array to -1

int i, marks([10];
for(i=0;i<10;i++)
marks([i] = -1;

GIITEERC M Code to initialize each element of the array
to-1

The code accesses every individual element of the array
and sets its value to ~1. In the for loop, first the value of
marks [0) is set to -1, then the value of the index (i) is
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incremented and the next value, i.c., marks [1] issctto—1.
The procedure is continued until all the 10 clements of the
array are set to —1.

|T1 T R S
0] 1) [21 3] (4 (51 (6] (7] (8] [9]

The array marks after executing the code
given in Figure 5.4.

The name of the array is a symbolic reference for the
address to the first byte of the array. Therefore, whenever
we use the array name, we are actually referring to the first
byte of that array. The index specifies an offset from the
beginning of the array to the element being referenced.

a

There is no single statement that can read,
access, or print all the elements of the array.
To do this, we have to do it using a for/
while/do—while loop to execute the same
statement with different index values.

5.3.1 Calculating the Address of Array
Elements

You must be wondering, how C knows where an individual
element of the array is located in the memory? The answer
is tha@e array name is a symbolic reference for the address
to the first byte of the array. When we use the array name,
we are actually referring to the first byte of the ar:;?

The subscript or\the index represents the offstt from
the beginning of the ¥rray to the element being referenced.
With just the array name and the index, C can calculate the
address of any element in the arralﬂ

An array stores all its data eléments in consecutive
memory locations. So, storing just the base address, i.e,
the address of the first element in the array is sufficient.
The address of other data clements can simply be
calculated using the base address. The formula for doing
this calculation is,

Address of data element, A[k] = BA(A) + w(k
- lower_bound)

—'\\\

Here, A is the array, k is the index of the clemeny
which we have to calculate the address, ga g the or
address of the array A, w is the word size of one elemm;l?c
memory (for example, size of int is 2), and 1owey b
is the index of the first element in the array. =

Example 5.1

Given an array int marks[] = {99, 67, 78, 56, 88, 90, 34

Calculate the address of marks[4] if base address = 100q, &l

Solution
99 67 78 56 88 S0 | 34 | g5
Marks 0] (1 (21 B 4 B (6

1000 1002 1004 1006 1008 1010 1012 1014

We know that storing an integer value requires 2 bytes,
therefore here, word size is 2 bytes.
Marks[4] = 1000 + 2(4 - 0)
= 1000 + 2(4) = 1008

el Given an array,

float avg[] = {99.0, 67.0, 78.0, 56.0, 88.0,

90.0, 34.0, 85.0}. Calculate the address of avg (4] if
base address = 1000.

99.0 | 67.0 | 78.0 | 56.0 | 88.0 | 90.0 | 34.0 | 85.0

avg (0] [ [20 @31 [ (51 © W
1000 1004 1008 1012 1016 1020 1024 1028

We know that storing a floating point number requires 4
bytes, therefore, word size is 4 bytes.
Avg[4] = 1000 + 4(4 - 0)
= 1000 + 4(4) = 1016

———

When we write arr{i], the compiler
interprets it as the contents of memory
slot which Is | slots away from the
beginning of the array am.

Note »
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[EZH STORING VALUES IN ARRAYS

When we declare and define an array, we are just allocating
space for the elements; no values are stored in the array.
To store values in the array, there are three ways—first,
to initialize the array elements; second, to input value for
every individual clement; third to assign values to the
elements. This is shown in Figure 5.6.

Initialize the
elements
Store values Input values for
in the array the elements

Assign values
to the elements

T4 Storing values in an array

5.4.1 Initialization of Arrays

Elements of the array can also be initialized at the time of
declaration as in the case of every other variable. When an
array is initialized, we need to provide a value for every
clement in the array. Arrays are initialized by writing,

vitype array name(size]={list of values);

The values are written with curly brackets and every value
is separated by a comma. It is a compiler error to specify
more number of values than the

Programming Tip:  number of clements in the array.
By default, the When we write,
elements of the

t ks[5]1=({90, B2, 78,
array are not \‘//;Z Z‘:; ° (
initialized. They ' '

may containsome  an array with name marks is
garbage value, so declared that has space that is
before using the enough to store 5 elements. The
array you must first clement, i.c., marks(0]
Initialize the array {5 4¢sipned with the value 90,
or read some Similarly, the second element
meaningful data of the array, i.c., marks (1] has
to 1. been assigned 82, and so on.

This is shown in Figure 5.7,

_—

__Amays | 153

marks[0] 90

marks[1] 82

marks|2] 78

marks|3] 95

marks[4] | 88

m Initialization of array marks[5]

While initializing the array at the time of declaration,
the programmer may omit to mention the size of the array.
For example,

int marks[]= {98, 97, 90};

The above statementis absolutely legal. Here, the compiler
will allocate enough space for all initialized elements. If
the number of values provided is less than the number of
clements in the array, the un-assigned elements are filled
with zeros. Figure 5.8 illustrates initialization of arrays.

int marks [5] = (90, 45, 67, 85, 78};
| 90| as [ 67 [ 85 | 78 ]
© [ @ B @

int marks [5] = (90, 45);
o [as oo o]
o [ @ B @

Rest of the
elements are
filled with Os

int marks [] = (90, 45, 72, 81, 63, 54);
|90 | as [ 7281 e3]sa]
o 1 [ @B (& 5]

. int marks [5] = {0)};

o lofofofofol]

©F 1 21 B @B B[

AR RH Initialization of array elements

If we have more initializers than the
declared size of the array, then a compile
time error will be generated. For example,
the following statement will result in a
compiler error.

int marks(3] ={1,2,3,4}

£

!
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5.4.2 Inputting Values

An amay can be filled by imputting values from the
keyboard. In this method, a while/do-while or a for
loop is exccuted to input the value for cach clement of the
array. For example, look at the code shown in F igure 5.9.

/7 Input value of each element of the array

int i, marks(10];
for(i=0;i<10;i++)
scanf("%d", &marks([i]);

AR N Code for inputting each element of the array

In the code, we start with the index i at 0 and input
the value for the first element of the array. Since the array
can have 10 elements, we must input values for elements
whose index varies from 0 to 9. Therefore, in the for

loop, we test for condition (i<10) which means the
number of elements in the array.

5.4.3 Assigning Values

The third way to assign values to individual elements of
the array is by using the assignment operator. Any value
that evaluates to an appropriate data type as that of the
array can be assigned to the individual array element, A
simple assignment statement can be written as,

marks[3] = 100;

Here, 100 is assigned to the fourth element of the array
which is specified as marks [3] .

We cannot assign one array to another array, even if the
two arrays have the same type and size. To copy an array,
you must copy the value of every element of the first array
into the element of the second array. Figure 5.10 illustrates
the code to copy an array.

// Copy an array at the individual element level
int i, arrl1[10], arr2(10);

for(i=0;i<105i++)
arr2[i) =arrlli];

Code to copy an array at the individual
element level

In Figure 5.10, the code accesses each elemeny of
first array and simultancously assigns it value 1, ::‘
corresponding element of the second array. Fing), l}c
index value i is incremented to access the ey C':r'r,p:
in succession, Therefore, when this code |4 °’”~‘Cw;;
arr2[0] = arr1(0], arr2(1] = arr1(1], 3”2{2)':
arri(2],and soon,

We can also usc a loop to assign a pattern of Vil
the array elements. For example, if we want to fij] an arry,
with even integers starting (from 0), then we wij|
code as shown in Figure 5.11.

// Fill an array with even nunbers

int i, arr(10];
for(i=0;i<10:1++)
arr[i] =i*2;

m Code for filling an array with even numbers

In the code, we assign to each element value equal to
twice of its index, where index starts from zero. So afier
executing this code we will have, arr [0] =0, arr[1] = 2,

WTite the

arr(2] =4, and so on.

ﬂ CALCULATING THE LENGTH OF
THE ARRAY

Length of the array is given by the number of elements
stored in it. The general formula to calculate the length of
the array is,

Length = upper_bound - lower_bound + 1

where upper bound is the index of the last element
and lower_bound is the index of the first element in the
array.

Usually, lower bound is zero but this is not 3
compulsion as we can have an array whose index may
start from any non-zero value.

SLILICE¥Y Let Age be an array of integers such that

Age[0]) = 2
Age(]] = 1

Age[l] = 5
Age(4] = 7

Age[2] = 3

) el
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Solution
Show the memory representation of the array and calculate

its length.
Memory representation of the array Age is as given

2 5 3 1 7

Age[0] Age(l] Age[2] Age[3] Age[4]

Length = upper_bound - lower_bound + 1
Here, lower_bound = 0, upper_bound = 4
Therefore, length=4-0+1=35

OPERATIONS THAT CAN BE
PERFORMED ON ARRAYS

There are a number of operations that can be preformed on
arrays. These operations include:

e Traversal
o Insertion
e Search
¢ Deletion
s Merging
e Sorting

We will study all these operations in detail in this
section.

5.6.1 Traversal

Traversing the array element means accessing each and
every element of the array for a specific purpose. We have
already seen this while reading about accessing array
elements. This is just a re-visit of the topic.

If A is an array of homogencous data elements, then
traversing the data elements can include printing every
clement, counting the total number of elements, or
performing any processing on these clements. Since an
array is a linear data structure (because all its elements
forms a sequence), traversing its clements is very simple

ar-zd straightforward. The algorithm for array traversal is
given in Figure 5.12.

- —— Amays | 155|

Step 1l: [Initialization] Set I = lowar bound
Step 2: Repeat steps 3 to4d while I <= u;pet_bound
Step 3: Apply Process to A[1]
Step4: Set I=1+1

[End of Loop]
Step 5: Exit

m Algorithm for array traversal

In Step 1, we initialize index to the lower bound of the
array. In Step 2, a while loop is executed. Steps 3 and
4 form a part of the loop. Step 3 processes the individual
array element as specified by the array name and index
value. Step 4 increments the index value so that the next
array clement could be processed. The while loop in
Step 2 is executed until all the elements in the array
are processed. In other words, the while loop will be
executed until 1 is less than or equal to the upper bound
of the array.

Assume that there is an array Marks| ], such
that the index of the array specifies the roll number of the
student and the value of a particular element denotes the
marks obtained by the student. For example, if it is given
Marks[4] =78, then the student whose roll number is 4
has obtained 78 marks in the examination. Now, write an
algorithm to:

(a) Find the total number of students who have secured
80 or more marks.

(b) Print the roll number and marks of all the students
who have got distinction.

Solution
(a) Step I: [Initialization] Set I =1 +1
Step 2: Repeat for I = lower_bound to upper_
bound
If Marks[I] »= 80, then: Set Count =
Count + 1
End of Loop]
Step 3: Exit
(b) Step I: (Initialization] Set I =TI + 1
Step 2: Repeat for I = lower_bound to upper_

bound
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v

If Marks[I]) >= 75, Write: I,
Marks [I)

[End of Loop]
Step 3: Exit

1. Write a program to read and display n numbers using
an array.

#include <stdio.h>

#include <conio.hs

int main()

{

}

int i=0, n, arr(20);
clrscr();

printf ("\n Enter the number of elements: ") ;
scanf ("%d", &n);

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

{

printf ("\n Arr(%d] = ", i);
scanf ("%¥d", &arr([i]);

}

printf ("\n The array elements are ");
for{(i=0;i<n;i++)

printf ("Arr(%d] = %d\t", i, arr[i]);
return 0;

Output

Enter the number of elements: 5
Arr (0]
Arr([1)
Arr (3]
Arr [4]
Arr (5]
The array elements are
Arr (0]
Arr (4]

]

"

] I
(5B S PV N

]

1 Arrll] = 2 Arr([3] = 3
4 Arr(s)] =5

Write a program to read and display n random numbers
using an array

#include <stdio.h>
#include <conio.h>
‘T#include <stdlib.h>

#define MAX 10 4-—“~_ﬁ“‘~‘&\\‘\

main()

{

}

int arr[MA;],i,RandNo;
for(i=0;i< MAX;{++)

{
/* Scale the random number j
T in
0 to MAX-1 #/ the xang,
RandNo = rand() % MAX;
// rand() is a pre-defined ¢
un
arr(i] = RandNo; R
}
printf("\n The contents of ¢
\n"); " Y are.

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

printf ("\t %d", arr(i]);
getch();
return 0;

Output

The contents of the array are:

6

0 8 4 7 1 0 2 7 5

3. Write a program to find mean of n numbers using
arrays.

#include <stdio.h>

#include <conio.hs
int main()

{

int i, n, arr(20], sum =0;
float mean = 0.0;
clrscr();

printf ("\n Enter the number of elements in
the array: ");
scanf ("%d4", &n);

for(i=0;i<n;i++)
{
printf ("\n Arr[%d] = ", i);
scanf ("%d", &arr (i) );
}
for (i=0;i<n;i++)
sum += arr(i];
mean = sum/n;
printf ("\n The sum of the array elements =
¥d", sum);
printf ("\n The mean of the array elements

= %f", mean);
return 0;
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Enter the number of elements in the array: 5
Arr[0] =1

Arr(l] = 2

Arr([2] = 3

Arr[3] =4

Arr[4] = 5

The sum of the array elements = 15

The mean of the array elements = 3.00

4. Write a program to find the largest of n numbers using
arrays.
#include <stdio.h>
#include <conio.h>
int main()
{
int i, n, arr(20], large = -1111;
/* Note we have assigned large with a
very small value so that any value in the
array is assured to be greater than this
value */
clrscr();
printf ("\n Enter the number of elements in
the array: ");
scanf ("%d", &n);
for(i=0;i<n;i++)
scanf ("%d", &arr[i] );
for(i=0;i<n;i++)
{
if (arr[i] >1large)
large = arr[i];
}
printf("\n The largest number is: %d",
large);
return 0;
}
Output
Enter the number of elements in the array: 5
12345
The largest number is: S
5. Write a program to print the position of the smallest of

n numbers using arrays.

#include <stdio.h>
#include <conio.h>

Arrayg_l 157'

int main()

{

int i1, n, arr[20], small =1234, pos = -1;

clracr();

printf ("\n Enter the number of elements in
the array: ");
scanf ("%d", &n);
for(i=0;i<n;i++)
scanf ("%d", karr[i]);
for(i=0;i<n;i++)
(

if (arr[i]<small)

{

small < arr([i];

pos = i;
b
}
printf("\n The smallest of element is
%¥d", small);

printf("\n The position of the smallest
number in the array is: %d", pos);

return 0;

}

Output

Enter the number of elements: 5

12345 -

The smallest number is: 1

The positicon of the smallest number in the
array is: 0

Write a program to interchange the largest and the
smallest number in the array.

#include <stdio.h>
#include <conio.h>
int main()
{
int i, n, arr(20], temp;
int small = 9999, small pos =0;

int large = -9999, large_pos = 0;
clrscr();
printf (*\n Enter the number of elements in

the array:
scanf (“%d*, &n);

"),
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}

for(i=0;i<n;i++)
{
printf ("\n Enter the value of element
¥d: ", 1);
pcanf ("%d", &arr[i]);

}
for(i=0;i<n;i++)
{
if (arr[i) <small)
{
small = arr([i];
small pos = i;
}
if (arr (i) >large)
(
large = arrl[i];
large pos = i;

}

printf("\n The smallest of these numbers
is : %d", small);
printf("\n The position of the smallest
: number in the array is: %d",small_
pos);
printf ("\n The largest of these numbers
is: %d", large);
printf("\n The position of the largest
number in the array is: %d",large_
pos);
temp = arr(large_pos];
arr [large_pos] =arr(small pos];
arr [small_pos] = temp;
printf ("\n The new array is: ");
for(i=0;i<n;i++)
printf(" \n arr(%d] = %d ", i, arr[i]);

return 0;

Output

Enter the number of elements: 5
12345

Enter the value of elements 1:1
Enter the value of elements 2:2

Enter the value of elements 3:3

Enter the value of elements 4:4

Enter the value of elements 5:5

The smallest of these numbers is ; 1

The position of the smallest number in the
array is: 0

— -

The largest of these numbers is: 5

The position of the largest number in the
array is: 4

The new array is:

5 4 3 2 1

7. Write a program to find the second biggest Number

using an array of n numbers.

ftinclude <stdio.h>
include <conio.h>
int main()

(

int i, n, arr([20], large =-1111, second
large = -1234;
clrser();

printf{"\n Enter the number of elementsg
in the array: ");
scanf ("%d", &n);

for(i=0;i<n;i++)
{
printf ("\n Enter the number: ");
scanf ("%d", &arr[i] );
}
for(i=0;ien;i++)
{
if (arr[i] >large)
large = arr[i];
}
for(i=0;i<n;i++)
{
if (arr (i)

{

if (arr[i] >second_large)

!= large)

second_large = arr[i];
}
}

printf ("\n The numbers you entered are: ");
for(i=0;i<n;i++)

printf("sd ", arr[i]);
printf ("\n The largest of these numbers
is: %d",large); -
printf ("\n The second largest of these
numbers is: %d",second large);

return 0;
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Output

gnter the number of elements in the array: 5
Enter the number: 1

gnter the number: 2

Enter the number: 3

Enter the number: 4

Enter the number: 5

The numbers you entered are in the array:
12 3 4 5

The largest of these numbers is: §

The second largest of these numbers is: 4

8. Write a program to enter n number of digits. Form a
number using these digits.

#include <stdio.h>

#include <conio.h>

#include <math.h>

int main()

{
int number=0, digit [10], numofdigits,i;
clrscr();

printf ("\n Enter the number of digits: ");
scanf ("%d", &numofdigits);

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

{
printf ("\n Enter the %d th digit: ", 1i);
scanf ("3%d", &digit[i));

)

i=0;

while (i<numofdigits)

{
number = number + digit[i] * pow(10,1) ;
i++;

)

printf ("\n The number is: %d", number);

return 0;

}
Output

Enter the number of digits: 3
Enter the Oth digit: 3

Enter the 1th digit: 4

Enter the 2th digit: s

The number is: 543

- Write a program to find whether the array of integers
contain a duplicate number,

Arrays I 159|

#include <stdio.h>
#include <conio.h>
int main{()

(

int array1(10], i, n, j, flag=0;
clrsecr();

printf ("\n Enter the size of the array:");
scanf ("%d", &n);

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

{
}

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

scanf ("%d", &arrayl (i]);

{
for(j= i+1l;j<n;j++)
{
if (arrayl[i] == arrayl[j] && i!=j)
{
flag=1;
printf ("\n Duplicate number %d found
at location %d and %4", arrayl[i],
i, 3);
}
}
}
if (flag==0)
printf ("\n No Duplicate");
return 0;
}
Output

Enter the size of the array: 5
12345
No Duplicate

10. Write a program to read marks of 10 students in the
range of 0-100. Then make 10 groups: 0-10, 10-20,
20-30, etc. Count the number of values that falls in
each group and display the result.

#include <stdio.h>
#include <conio.h>
main()
{
int marks[50], i;
int group([10]={0};
printf ("\n Enter the marks of 10 students
: \n");
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for(i=0;i<10;i++) {
{ printf ("\n MARKS [¥d] = ", i);
Printf ("\n MARKS[%d] = », i), scanf ("%d", &marks[i]);
scanf ("%d", &marks[i]); ++group [ (int) (marks(i])/10];
++group|[ (int) (marks[i])/10] ; }
} printf ("\n\n **tti**tt*i*tttt*ltiiti*tnh
printf ("\n\n FRAKR KRR A AR AR AR A AR ) printf ("\n GROUP \t\t FRQUENCY");
Printf ("\n GROUP \t\t FREQUENCY"): for(i=0;i<10;i++)
for(i=0;i<10;i++) printf ("\n %d \t\t %d", i, groupli]);
printf("\n  %d \t\t %d-, i, group [i]); i=0;
getch(); printf ("\n\n FREQUENCY HISTOGRAM");
return 0; for (index=0; index<10; index++)
} {
printf ("\n GROUP %d | ",index);
Output Eoriiiad 4 g .
or (i=0;i<group [index] ; i++)
Enter the marks of 10 students: printf (v *v);
MARKS [0] = 95 }
MARKS [1] = 88 getch();
MARKS [2] = 67 return 0;
MARKS [3] = 78 }

MARKS [4] = 81
MARKS [5] = 98
MARKS [6] = 55
MARKS [7] = 45
MARKS[8] = 72

Output
Enter the marks of 10 students:
MARKS [0] = 95
MARKS[1] = 88
MARKS [2] = &7

MARKS [9] = 90
[ 2 R e T ] MARKS[]] = 178
GROUP FREQUENCY MARKS [4] = g1
0 MARKS [5] = 98
il 0 MARKS [6] = 55
2 0 MARKS[7] = 45
3 0 MARKS[8] = 72
4 1 MARKS[9] = 9p
5 1 iiiﬁ*itiit**t*ii*t*i*t**i
6 1 GRrOUP FREQUENCY
0
7 2 0
1 0
8 2
2 0
9 3 3’ o
11. Modify the above program to display frequency 4 1
histograms of each group. 5 .
6
#include <stdio.h> ) 1
2
main() 8
2
: (10, i ° 3
i ks [10], 1;
int mar FREQUENCY HISTOGRAM
int group[10]={0}; GROUP o
printf(“\n Enter the marks of 10 studentg GROUP 1 |
\n"); GROUP 2 |
for(i=0;i<10;1++) GROUP 1 :
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GROUP 4 |
GROUP 5 | *
GROUP 6 | *
GROUP 7 | * +
GROUP 8 | * *
GROUP 9 | * » «

12. Write a program to read a sorted list of floating point
values and then calculate and display the median of
the values.

#include <stdio.h>

#include <conio.h>

main()

{
int i, j, n;
float median, wvalues([10];
printf("\n Enter the size of the array: ");
scanf ("%d", &n);
printf ("\n Enter the values: ");
for(i=0;i<n;i++)

scanf ("$£", &values[i]);

if (n%$2==0)
median = (values(n/2]+values[n/2+1])/2.0;
else

median = values[n/2 + 1];
printf ("\n MEDIAN = %f", median);
getch();
return 0;

)
Output

Enter the size of the array: 5
Enter the values:

12 34 56 78 B9

MEDIAN = 56.00

5.6.2 Insertion

Inserting an element in the array means adding a new data
element in an already existing array. If the element has to
be inserted at the end of the existing array, then the task
of inserting is quite simple. We just have to add 1 to the
upper_bound and assign the value. Here we assume that
the memory space allocated for the array is still available.
Forexample, if an array is declared to contain 10 elements,
but currently it is having only 8 elements, then obviously
there is space to accommodate two more elements. But if
it already has 10 elements, then we will not be able to add
another element to it.

Figure 5.13 shows an algorithm to insert a new element
to the end of the array.

Step 1: Set upper_bound = upper_bound + 1
Step 2: Set Alupper_bound] = VAL
Step 3: EXIT

Algorithm to append a new element to an
existing array

In Step 1 of the array, we increment the value of the
upper_bound. In Step 2, the new value is stored at the
position pointed by upper bound.

For example, if we have an array that is declared as

int marks([60];

The array is declared to store marks of all the students
in the class. Now suppose there are 54 students and a new
student comes and is asked to given the same test. The
marks of this new student would be stored in marks (S5] .
Assuming that the student secured 68 marks, we will
assign the value as,

marks [55] = €8;

However, if we have to insert an element in the middle
of the array, then this is not a trivial task. On an average,
we might have to move as much as half of the elements
from its position in order to accommodate space for the

‘new element.

For example, consider an array whose elements are
arranged in ascending order. Now, if a new element has
to be added, it will have to be added probably somewhere
in the middle of the array. To do this, what we will have
to do is, first find the location where the new element will
be inserted and then move all the elements (that have a
value greater than that of the new element) one space to

the right so that space can be created to store the new
value.

Datal] is an array that is declared as int
Data [20) ; and contains the following values:

Data([] = {12, 23, 34, 45, 56, 67, 78, 89, 90, 100};
(a) Calculate the length of the array.
(b) Write the upper bound and lower bound.
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(c) Give the memory representation of the array.
(d) Ifanew data element with value 75 has to be inserted,
find its position.
(e) Insertthe new data element and then give the memory
representation of the array.
(f) length of the array = number of elements
Therefore, length of the array = 10

(g) By default, lower_bound = 0, (it can be set to any
value) and upper bound = 9

|i2 23(3a|as[56 6778 89 ] 90 | 100
Data [0] [1] (2] (3] (4 (5] (6] (71 (8] [9]

(h) Since the elements of the array are stored in ascending
order, the new data element will be stored after 67,
i.e., at the 6th location. So, all the array elements from
the 6th position will be moved one space towards the
right to accommodate the new value.

|12 [23]34]45]56] 6775 78] 89 [ 50 [100]
Data [0] [1] [2] [3] [4] [5] [6) (7] (8] [9] [10]

Algorithm to insert an element in the middle of the

array
The algorithm INSERT will be declared as INSERT (a, N,

POS, VAL) . The arguments are
(@) A, the array in which the element has to be inserted
(b) N, the number of elements in the array
(c) pos, the position at which the element has to be
inserted and
(d) VAL, the value that has to be inserted.

In the algorithm given in Figure 5.14, in Step 1, we first
initialize I with the total number of elements in the array.

Step 1: [INITIALIZATION] SETI =N

Step 2: Repeat Steps 3 and 4 while I >= POS

Step 3: SETA[I +1) =A[I]

Step 4: SETI=I-1
[End of Loop]

Step 5: SETN=N+1

Step 6: SET A[POS] = VAL

Step 7: EXIT

R LY Algorithm to Insert a new element at a
specified position ™

In Step 2, a while loop is executed which will move a]]
the elements that have index greater than POS one space
towards right to create space for the new element. In Step
5, we increment the total number of elements in the array
by 1 and finally in Step 6, the new value is inserted at the
desired position.

Now, let us visualize this algorithm by taking an
example. Initial Data[] is given as shown in Figure 5.15,
Calling INSERT (Data, 6, 3, 100) will lead to the
following processing in the array:

45 23 34 12 56 20 20

Data[0] Data[l] Data[2] Data[3] Data[4] Data[S] Data[6]

45 23 34 12 56 56 20

Data[0) Data[1] Data[2] Data[3] Data[4] Data[5] Data[6]

45 .23 34 12 12 56 20

Data[0] Data[1] Data[2] Data[3] Data[4] Data[5] Data[6]

45 23 34 10 12 56 20 |

Data[0] Data[1] Data[2] Data[3] Data[4] Data[S] Data[6]

m Inserting a new value in an existing array

13, Write a program to insert a number at a given location
in an array,
#include <stdio.hs
#include <conio.hs
int main()
{
int i, n, num, pPos, arr([10];
clrser();

Printf("\n Enter the number of elements
in the array: ");

scanf ( "¥qn ’ &n);

for(i-o;i<n;i++)
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{
printf(*"\n Arr[%d] = : ", i);
scanf ("%d", &arr(i]);
}
printf ("\n Enter the number to be
inserted: ");
scanf ("%d", &num);
printf ("\n Enter the position at which
the number has to be added: ");
scanf ("%d", &pos);

for(i=n;i>=pos;i--)
arr[i+l] = arr[i];

arr[pos] = num;

n++;

printf ("\n The array after insertion of
$d is: ", num);

for(i=0;i<n+1l;i++)

printf ("\n Arr([%d] = %d", i, arr[i]);
getch();
return 0;

}
Output

Enter the number of elements in the array: 5
Enter the values:

12345

Enter the number to be inserted: 7

Enter the position at which the number has
to be added: 3

The array after insertion of 7 is:
123745

14. Write a program to insert a number in an array that is
already sorted in ascending order

#include <stdio.h>
#include <conio.h>
int main()
{
int i, n, j, num, arr(10];
clrscr();

printf ("\n Enter the number of elements
in the array: ");
scanf ("%d", &n);

printf ("\n Enter the array elements:");
for (i=0;i<n;i++)
scanf ("%d", &arr[i]);
princf("\nEnterthenumbertobeinserted:"h

Arrays ! 163,

scanf ("%d", &num);
for (1=0;i<n;i++)
{ .
if (arr(i] > num)
{
for(j = n-1; §>=1; j--)
arr[j+1] = arr[j];
arr(i] = num;
break;

}

n++;
printf ("\n The array after insertion of
%d is: ", num);
for(i=0;i<n+l;1i++)
printf ("\t %d", arr[i]);
getch();
return 0;

}

Output

Enter the number of elements in the array: 5
12345

Enter the number to be inserted: 6

The array after insertion of 6 is:
123456

5.6.3 Deletion

Deleting an element from the array means removing a data
element from an already existing array. If the element has
to be deleted from the end of the existing array, then the
task of deletion is quite simple. We just have to subtract 1
from the upper_bound. Figure 5.16 shows an algorithm to
delete an element from the end of the array.

wtep 1: wet upper_bound = upper_bound - 1
otep 2: EXIT

Figure 5,16 Algorithmfo delete the last element of an ‘
array o

v i < RS 5 |

For example, if we have an array that is declared as
int marks(]; °
The array is declared to store marks of all the students

in the class. Now suppose there are 54 students and the
student with roll number 54 leaves the course. The marks
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of this student was therefore stored in marks [54]. We just
have to decrement the upper_bound. Subtracting 1 from
the upper bound will indicate that there are 53 valid data
in the array.

However, if we have to delete the element from the
middle of the array, then this task is not trivial. On an
average, we might have to move as much as half of the
elements from its position in order to occupy the space of
the deleted element.

For example, consider an array whose elements are
arranged in ascending order. Now, if an element has to be
deleted probably from somewhere middle in the array. To
do this, what we will have to do is, first find the location

from where the element has to be deleted and then move
all the elements (that have a value greater than that of the
element) one space towards the left so that space vacated by
the deleted element be occupied by rest of the elements.

13 HEENY] Datal] is an array that is declared as int
Data [10] ; and contains the following values:

Data(] = {12, 23, 34, 45, 56, 67, 78, 89, 90, 100};

(a) Calculate the length of the array.

(b) Write the upper bound and lower bound.

(c) Give the memory representation of the array.

(d) If a data element with value 56 has to be deleted, find
its position.

(e) Delete the data element and hence give the memory
representation of the array.

Solution

(a) length of the array = number of elements
Therefore, length of the array = 10

[12]23] 34|45 |56]67]78]8s9 90]106

(b) By default, lower_bound = 0, (it can be set to any
value) and upper_bound= 9

(c) Data[0] Datall] Data[2] Data[3] Data[4] Data[5)
Datal6] Data[7] Data[8] Data[9]

(d) Since the elements of the array are stored in ascending
order, we will compare the value that has to be deleted
with the value of every element in the array. As soon
as VAL = Datal[I], where Iistheindex or subscript
of the array, we will get the position from which the
element has to be deleted. For example, if we see this

array, here VAL = 56. pata[0] = 12 which is not
equal to 56. Like this, we will compare and finally get
the value of POS = 4.

(e) Data[0] Data(l] Data[2] Data[3] Data[4] Data(5)
Data[6) Data[7] Data[8] Data[9]

[12]23]3a[45[56]67] 78|89 50]100
Data [0) [1) [2] (3] (41 [5] (6] (7] (8] (9]

[12]23]3a]as 6767 78] 8990100
Data [0] [1] [2] [3) (4] (5] (6] (71 (8] (9]

|12 23| 34|45 | 67| 78| 78| 89| 90 100
Data [0] [1] (2] (3] [4] (5] (6] (7] (8] (9]

[12 23 (34| a5 | 67| 78| 89| 89| 90100

Oata [0] [1] (2] (3] [4] (5] (6] (71 (8] [9]

FIZ 23 | 34 | 45 | 67 | 78 | 89 | 90 | 90 | 100

Data [0] [1] (2] (3] [4] [S1 (6] (7] (8] [8]

|12 | 23[3a[4s[67] 78] 89 [ 90 | 200[200
Data [0] [1] [2] (3] (4] (5] (6] (71 (8] (9]

|12 23[3a[a5]67] 78] 8050|100
Data [0] [1] (2] (3] (4] (5] (6] (7] I8

Algorithm to delete an element from the middle of the
array

The algorithm DELETE will be declared as DELETE (A, N,
pOs) . The arguments are as follows:
(a) A, the array from which the element has to be deleted
(b) N, the number of elements in the array

(c) pos, the position from which the element has to be
deleted
Figure 5.17 shows the algorithm in which we first
initialize I with the position from which the element has
to be deleted. In Step 2, a while loop is executed which
will move all the elements that have index greater than
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POS one space towards left to occupy the space vacated by
the deleted element. When we say that we are deleting an
element, actually we are overwriting the element with the
value of its successive element. In Step 5, we decrement
the total number of elements in the array by 1.

Step 1: [INITIALIZATION] SET I = POS
Step 2: Repeat Steps 3 and 4 whileI<=N-1
Step 3: SETA[I] =A[I +1]
Stepd: SETI=I1I+1
[End of Loop]
Step 5: SETN=N-1
Step 6: EXIT

Algorithm to delete an element from the
middle of the array

Now, let us visualize this algorithm by taking an
example and having a look at Figure 5.17.
Initial Data[] is given as shown in Figure 5.18.
Calling DELETE (Data, 6, 2) will lead to the following
processing in the array:

45 23 34 12 56 20

Data[0] Data[l] Data[2] Data(3] Data(4] Data[5]

(a)

45 23 12 12 56 20

Data([0] Data([l] Data(2] Data[3]) Data[4] Data[5]

(b)

45 23 12 56 56 20

Data[0] Data[l) Data[2]) Data[3) Data[4] Data[5]

(c)

45 23 12 56 20 20
Data[0] Data[l) Data[2] Data[3] Data([4] Datal[5]
(d)

45 23 12 56 20

Data[0] Data[l] Data(2] Data[3) Datal[4]

(e)

GEOTCEREN Deleting elements from the array
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15. Write a program to delete a number from a given
location in an array.

#include <stdio.h>
#include <conio.h>
int main()
{
int i, n, pos, arr(10];
clrscr();

printf ("\n Enter the size of the array:");
scanf ("%d", &n);
printf ("\n Enter the elements of the
array : ");
for(i=0;i<n;i++)

scanf ("%d", &arr([il);
printf ("\n Enter the position from which
the number has to be deleted: ");
scanf ("%d", &pos);

for(i= pos; i<n;i++)

arr[i] = arr [i+1];
n--;
printf ("\n The array after deletion is:");
for(i=0;i<n;i++)

printf ("\n Arr[%d] = %d", i, arr[i]);
getch();
return 0;

}
Output

Enter the size of the array: 5

Enter the elements of the array:

12345

Enter the position from which the number has
to be deleted: 3

The array after deletion is:

Arr(0] =1
Arr(1] = 2
Arr(2] = 3
Arr([3] =5

16. Write a program to delete a number from an array that
is already sorted in ascending order.

#include <stdio.hs>

#include <conio.h>
int main()

{

int i, n, j, num, arr ([10];
clrscr();
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Printf("\n Enter the number of elements
in the array : ");
scanf ("§d", &n);

for(i=0;i<n;i++)
scanf ("$d", &arr([i]);

printf("\n Enter the number to be deleted
");

scanf ("%d", &num);

for(i=0;i<n;j++)

{
if(arr(i] == num)
{
for(j=i; j<n;j++)
arr(j] = arr[j+1];
"}
}

printf ("\n The array after deletion is:
");
for(i=0;i<n-1;i++)
printf ("\t%d", arr([i]);
getch();
return 0;

}

Output
Enter the number of elements in the array:
5
12345
Enter the number to be deleted: 3
The array after deletion is: 1 2 4 5

3.6.4 Merging

Merging two arrays in a third array means first copying
the contents of the first array into the third array and
then copying the contents of the second array into the
third array. Hence, the merged array contains contents
of the first array followed by the contents of the second
array.

If the arrays are unsorted then merging the arrays is
very simple as one just needs to copy the contents of
one array into another. But merging is not a trivial task
when the two arrays are sorted and the merged array
also nceds to be sorted, Let us first discuss (he merge
operation on unsorted arrays. This operation is shown in
Figure 5.19.

Array 1 |NO|56|8N 77| 6N

array 2 [45]88]76|m|12|58]81

array 3 [N0|s6]en[77]6n[45 /88|76 [m|12{58]81

A CERCN Merging of two unsorted arrays

17. Write a program to merge two unsorted arrays.

#include <stdio.h>
#include <conio.h>
main ()
{
int arrl[10], arr2([10], arr3[20];
int i, nl, n2, m, index=0;
clrser();
printf ("\n Enter the number of elements
in array 1: ");
scanf ("%d", &nl);
printf ("\n\n Enter the Elements of the
first array");
printf ("\n ***i*******ii****i**i**t****“h
for(i=0;i<nl;i++)

scanf ("%4", &arrl[i] );

Printf ("\n Enter the number of elements
in array 2: »);

scanf ("%d", &n2);

printf ("\n\n Enter the Elements of the
second array");

printf ("\n ********t*ti*****it******‘**.h
for(i=0;1<n2;i++)

scanf ("%d", sarr2([i])
m = nl+n2;

i

for(i:o;i<n1;i++)
(

arr3 [index] = arrl([i);
index++;

}

for(i=0;1<n2;i++)

{

arr3[index] = arr2(i);
index++;

}
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printf ("\n\n The merged array is");
printf("\n tti&*tiﬁ*tttnqoaa-itu“
for(i=0;ic<m;i++)

printf ("\t Arr(%d] = %d", i, arrd[i]);
getch();
return 0;

}
Output

Enter the number of elements in array 1: 3
Enter the Elements of the first array

10 20 30 dddkk ok ko ok ok ok okk kR

Enter the number of elements in array 2: 3
Enter the Elements of the second array

15 25 35 Fhdk ok dkddk ok

The merged array is
o v e ok dr ok ok ok ek
Arr[0]= 10
Arr[4] = 15

Arr[1]
Arr (5]

20 Arr (3]
25 Arr (6]

30
35

If we have two sorted arrays and the resultant merged
array also needs to be a sorted one, then the task of merging
the arrays becomes a little difficult. The task of merging
can be explained using Figure 5.20.

array 1- |20]30]40|s0{60]

array 2- [15[22]31]a5]s6[62]78]

array 3- [15|20]22]30]31]40[4s]50]56]60]62]7s]
Merging of two sorted arrays

The figure shows how the merged array is formed using
two sorted arrays. Here, we first compare the 1st element
of array 1 with the 1st element of array 2, put the smaller
element in the merged array. Since 20 > 15, we put 15 as the
first element in the merged array. We then compare the 2nd
element of the second array with the 1st element of the first
array. Since 20 < 22,now 20 is stored as the second element
of the merged array. Next, 2nd element of the first array is
compared with the 2nd element of the second array. Since
30 » 22, we store 22 as the third element of the merged
array, Now, we will compare the 2nd element of the first
amray with 3rd element of the second array. As 30 < 31,
we store 30 as the 4th element of the merged array. This
procedure will be repeated until elements of both the arrays
are placed in the right location in the merged array.

18. Write a program to merge two sorted arrays.

#include <stdio.h>
#include <conio.h>
main ()
{
int arril(10], arr2(10], arr3[20];
int i, nl, n2, m, index=0;
int index_first = 0, index_second = 0;
clrsecr();
printf ("\n Enter the number of elements
in arrayl: ");
scanf ("%d", &nl);
printf ("\n\n Enter the elements of the
first array");
printf(" \n **ﬁ***ii****i*t*****t*t*f**an);
for(i=0;i<nl;i++)
scanf ("%d", &arrl[i]);

printf ("\n Enter the number of elements
in array2 : ");
scanf ("%d", &n2);
printf ("\n\n Enter the elements of the
second array");
printf (“\n *****************t**i****ii*")’-
for(i=0;i<n2;i++)
scanf ("$4", &arr2[i]l);
m = nl+n2;
while (index_first < nl && index_second < n2)
{
if(arrllindex first]<arr2[index_second])
{
arr3[index] = arrl(index first];
index first++;
)

else

{
arr3[index] = arr2(index second];
index_second++;

}

index++;

}

/* if elements of the first array is over
and the second array has some elements */

if (index_first == nl)
{
while (index_second<n2)
{
arr3 (index] = arr2[index_second];
index_second++;
index++;

)
}
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e If
h delements of the second array is over
o .
the first array has some elements */

else if (index_second == n2)

while (index_first<n1)

{
arr3[index] = arrl[index first];
index_ first++;
index++;

}

}

printf ("\n\n The contents of the merged
array are");
printf("\n Hhkhkkkkhhkkhhhhdhhkhrhhhhwl) -
for(i=0;i<m;i++)

printf ("\n Arr(%d] = %d", i, arr3[i]);
getch() ;
return 0;

}
Output

Enter the number of elements in arrayl: 3
Enter the Elements of the first array

P de & ok g ok i

10 20 30

Enter the number of elements in array2: 3
Enter the Elements of the second array

v % o e e ke ok e

15 25 35

The contents of the merged array is

o % % de g v ok o R
Arr(0]= 10
Arr[4)] = 25

15 Arr([3]
30 Arr (6]

20
35

Arr (1]
BArr[5)

]
I

I
[}

5.6.5 Searching the Array Elements

Searching means to find whether a particular value
is present in the array or not. If the value is present in
the array then searching is said to be successful and the
searching process gives the location of that value in the
array. Otherwise, if the value is not present in the array, the
searching process displays the appropriate message and in
this case searching is said to be unsuccessful.

There are two popular methods for searching the array
elements. One is linear search and the second is binary
search. The al gorithm that should be used depends entirely
on how the values are organized in the a.rray_ For‘cxampl e,
if the elements of the array are arrangfd_ in asccndmg ord?r,
then binary scarch should be usc.d as it is more _Cfﬁment for
sorted list in terms of complcxn.y. We will discuss these
two methods in detail in this section.

Linear Search

Linear search, also called sequential scarch is a very simple
method used for searching an array for a particular valye,
It works by comparing cvery element of the array one by
one in sequence until a match is found. Linear search is
mostly uscd to scarch an unordered list of clements (array
in which data clements are not sorted). For example, if an
array A[] is declared and initialized as,

int A[] = ( 10: Bl 2! 7! 3! 41 91 1; 6, 5};

and VAL = 7, then searching means to find out whether
the value ‘7’ is present in the array or not. If yes, then
the search is successful and it returns the position of
occurrence of VAL. Here, the POS = 3 (index starting from
0). Figure 5.21 illustrates this concept.

LAOlI=VAL
A

100|827 ]|3]|4]|9]|1]|6]5

Al0] A[1] A[2] A[3] A[4] A[S] Al6] A[7] A[8] A[9]

(Al=vaL
P

08|27 )|3|4]29 1|]6]|5

A[0] A[1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9]

u[Z] 1=VAL
P

10, |8 BBl s73]e3.4 ) 4|94k 10|n6a]n2

A[0] A[1] A[2] A[3] A[4] A[S] A[6] A[7] A[8] Al9]

 A3]=VAL
G

108273 (4]|9}|1]6

=]
A[0] A[1] A[2] A[3] A[4) A[5] A[6] A[7] A[8] Al9]

PRI AN Linear search

Thus, we see that linear search executes in 0(n) time
where n is the number of elements in the array. Obvious!y:
the best case of linear search is when VAL is equal to thé
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first element of the array. In this case, only one comparison
will be made.

Likewisc, the worst case will happen when either VAL is
not present in the armay or it is equal to the last element of the
array. In both the cases, n comparisons will have to be made.
However, the performance of the lincar search algorithm
(Figure 5.22) can be improved by using a sorted array.

LINEAR_SEARCH(A, N, VAL, POS)

Step 1: [INITIALIZE] SET POS = -1
Step 2: [INITIALIZE) SETI=0

Step 3: Repeat Step 4 while I<N
Step 4: IFA[I] =VAL, then
SETPOS=1
PRINT POS
Go to Step 6

[END OF IF]
(END OF while LOOP]
Step 5: PRINT "Value Not Present In The Array"
Step 6: EXIT

FI ¥ P Algorithm for linear search

In Step 1 and Step 2 of the algorithm, we initialize the
value of Pos and I. In Step 3, a while loop is executed
that would be executed until T is less than N (total number
of elements in the array). In Step 4, a check is made to see
if a match is found between the current array element and
the VAL. If a match is found, then the position of the array
clement is printed else the value of I is incremented to
match the next element with VAL. However, if all the arrays
clements have been compared with VAL, and no match is
found then it means that the VAL is not present in the array,

19. Write a program to implement linear search.

#include <stdio.hs>
#include <conio.h>
main()

{

int arr(10], num, i, n, found = 0, pos = -1;
clrscr();

printf("\n Enter the number of elements
in the array : ")

scanf ("¥d", &n);

printf ("\n Enter the elements -");
for(i=0;i<n;i++)

__Amays | 169|
scanf ("%d", &arr[il);

printf ("\n Enter the number that has to

be searched : ");

scanf ("%¥d", &num);

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

(
if (arr(i] == num)
{
found =1;
pos=i;
printf("\n %d is found in the array
at position = %d", num, 1i);
break;
}
}

if (found == 0)
printf ("\n %¥d DOES NOT EXIST in the
array", num);
getch();
return 0;

}

Output
Enter the number of elements in the array:
5
Enter the elements: 1 2 3 4 5
Enter the number that has to be searched: 7
7 DOES NOT EXIST in the array

Binary Search

We have seen that the linear search algorithm is very slow.
[f we have an array with 1 million entries then to search
a value from that array, we would need to make 1 million
comparisons in the worst case. However, if the array is
sorted, we have a better and efficient alternative, known
as binary search.

Binary search is a searching algorithm that works
efficiently with a sorted list. The algorithm finds out the
position ofa particular clement in the array. The mechanism
of binary search can be better understood by using the
analogy of a telephone directory. When we are searching
for a particular name in the directory, we will first open
the directory from the middle and then decide whether to
look for the name in the first part of the directory or in
the second part of the dircctory. Again we will open some
page in the middle and the whole process will be repeated
until we finally find the name.
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.T_akc another analogy. How do we find words in a
dlsuonary? We first open the dictionary somewhere in the
middle. Then we compare the first word on that page with
the desired word whose meaning has to be found. If the
word comes before the word that appear on the page we
will look in the first half of the dictionary else we will
look in the second half. Again, we will open up some page
in the first half of the dictionary pages. Compare the first
word on that page with the desired word and repeat the
same procedure until we finally get the word. The same
mechanism is applied in binary search.

Now let us consider how this mechanism will be applied

to search for a value in a sorted array. Given an array that
is declared and initialized as,

int A} = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10};

and VAL = 9, the algorithm (Figure 5.23) will proceed in
the following manner.

BEG = 0, END = 10, MID = (0 +10)/2 =5

Now, VAL = 9 and A[MID] = A[5) =5

A[5] isless than VAL, therefore, we will now search for
the value in the later half of the array. So, we change the
values of BEG and MID.

Now,BEG = MID + 1 = 6, END = 10, MID =
10)/2 =16/2 = 8

Now, VAL = 9 and A[MID] = A-[S] =8

(6 +

—_—

A[8] is less than VAL, therefore, we will n(?w search fo
the value in the later half of the array. So, again we change
the values of BEG and MID.

Now, BEG = MID + 1 = 9, END = 10, MID = (g ,
10)/2 = 9

Now VAL = 9 and A[MID] = 9.

Now VAL = 9 and A[MID] = 9.

In this algorithm we see that BEG and END are the
beginning and ending positions of the scgment that we
are looking to scarch for the element. MID is calculateg
as (BEG + END)/2. Initially, BEG = lower_bound ang
END = upper_bound. The algorithm will terminate whep
A[MID] = VAL. When the algorithm ends, we will set pog
=MID. POS is the position at which the value is present in
the array. '

However, if VAL is not equal to A [MID] , then the values
of BEG, END, and MID will be changed depending on
whether VAL is smaller or greater than A [MID] .

(a) If VAL < A[MID], then VAL will be present in the left
segment of the array. So, the value of END will be
changed as, END = MID - 1

(b) If VAL > A[MID], then VAL will be present in the

right segment of the array. So, the value of BEG will
be changed as, BEG = MID + 1

Finally, if that VAL is not present in the array, then
eventually, END will be less than BEG. When this happens,

BINARY_SEARCH (A, lower_bound, upper_bound, VAL, POS)

Step 1: [INITIALIZE] SET BEG = lower_bound, END = upper_bound, POS = -1
Step 2: Repeat Step 3 and Step 4 while BEG <=

Step 3: SET MID = (BEG + END) /2
Step 4: IF A[MID] = VAL, then
POS = MID
PRINT POS
Go to Step 6

IF A[MID] > VAL then;
SET END = MID - 1

ELSE

SET BEG = MID + 1

[END OF IF]
(END OF while LOOP)
Step 5: IF POS = -1, then
PRINTF
[END OF IF)
Step 6: EXIT

"VAL 15 NOT PRESENT IN THE ARRAY~

END

m Algorithm for binary search
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(he algorithm should terminate as it will indicate that the

clement is not present in the array and the search will be

unsuccessful.
Let us consider another example.
int All = {0, 1, 2, 3, 4, 5, 6 7, 8, 9,
10}; and VAL = 2
Step 1: BEG = 0, END
A[MID] > VAL
Step 2: BEG = 0, END
A[MID] = VAL
Figure 5.23 shows an algorithm for binary se_arch.

In Step 1, we initialize the value of variables—BEG,
g and Pos. In Step 2, a while loop is executed until
BEG is less than or equal to END. In Step 3, value of MID
is calculated. In Step 4, we check if the value of MID is
equal to VAL (item to be searched in the array). If a match
is found then value of the Pos is printed and the algorithm
exits. However, if a match is not found then if the value
of A[MID] is greater than VAL, then the value of END is
modified otherwise if A[MID) is less than VAL, then value
of BEG is altered. In Step 5, if the value of POS = -1, then
it means VAL is not present in the array and an appropriate
message is printed on the screen before the algorithm
exits.

The complexity of the binary search algorithm can be
expressed as f (n), where n is the number of elements in
the array. The complexity of the algorithm is calculated
depending on the number of comparisons that are made. In
binary search algorithm, we see that with each comparison,
the size of the segment where search has to be made is
reduced to half. Thus, we can say that, in order to locate
a particular VAL in the array, total number of comparisons
that will be made is given by,

2itnl

10, MID = 5

MID - 1 = 4, MID = 2

>nor £(n) = log,n

20. Write a program to implement binary search.
#include <stdio.h>

#include <conio.h>
main()

{

int arr(10], num, i, n, pos = -1, beg, end,
mid, found =0;
clrscr();

Printf ("\n Enter the number of elements
in the array: ");

scanf ("$d", &n);
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printf ("\n Enter the elements: ");
for(i=0;i<n;i++)

{
gcanf ("%d", &arr([i]);
}
printf("\n Enter the number that has to
be searched: ");
scanf ("%d", &num);

beg = 0, end = n-1;
while (beg <end)

{
mid = (beg + end)/2;
if (arr(mid] == num)
{
printf ("\n %d is present in the array
at position = %d", num, mid);
found=1;
break;
}
if (arr([mid] >num)
end = mid-1;
else if (arr([mid] < num)
beg = mid+1;
}

if ( beg > end && found == 0)
printf ("\n %d DOES NOT EXIST IN THE
ARRAY", num);
getch();

return 0;

}
Output

Enter the number of elements in the array: 5
Enter the elements: 1 2 3 4 5

Enter the number that has to be searched: 7
7 DOES NOT EXIST in the array

ciyAN ONE-DIMENSIONAL ARRAYS FOR
INTER-FUNCTION COMMUNICATION

Like variables of other data types, we can also pass an
array to a function. While in some situations, you may
want to pass individual elements of the array, and in other
situations you may want to pass the entire array. In this
section, we will discuss both these cases. Look at Figure
5.24 which will make the concept easier to understand.

Scanned with CamScanner




| 172 |_Programminginc_

——

One-dimensional
arrays

Passing Passing an
individual elements entire array

Passing Passing
data values addresses
350 % L8 One-dimensional arrays for inter-function

communication

Passing Individual Elements

The individual elements of an array can be passed to a
function either by passing their addresses or their data

values.

Passing Data Values

The individual elements can be passed in the same manner

as we pass variables of any other data type. The condition
is just that the data type of the array element must match
the type of the function parameter. Figure 5.25 shows the
code to pass an individual array element by passing data

value.
Calling
function
main()
(
int arr([s] ={1, 2, 3, 4, S};
funclarr(3]):
Called )

function
void func (int num)

{
printf(”td*, num);

)

passing individual array elements to a
function

In the above example, only one clement of the ammay
is passed to the called function. This is done by using the
index expression. So arr [3] actually evaluates to a sing),
integer value. The called function hardly bothers whether
a n;nml integer variable is passed to it or an array valy,

is passed.

Passing Addresses
Now again like ordinary variables, we can pass the
address of an individual array clement by preceding the
address operator (&) to the element’s indexed reference.
Therefore, to pass the address of the fourth element of the
array to the called function, we will write &arr[3].
However, in the called function the value of the ammay
element must be accessed using the indirection (+)
operator (Figure 5.26). We will read more about this
technique later in this chapter.

Calling
function

main()
{
int arr[5] ={1, 2, 3, 4, 5):

func(&arr[3]):
Called )

function
\—-—J\
void func (int *num)

{

printf (*%d*, num);
}

TR R Passing individual array elements to
function

Passing the Entire Array

We have studied that in C, the array name refers t0 the
first byte of the array in memory. The address of rest of
the elements in the array can be calculated using the army
name and the index value of the element. Thercfore.
when we need to pass an entire array fo a function,
We can simply pass the name of the array. Figure 5.27

illustrates the code which passes the entire array 10 the
called function.
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Calling
function

sain()

{
int arr(5) ={1, 2, 3, 4, 5}:
func(arr);

Called . }
function
\_-ﬁ\
void func(int arr[5])

{
inti,
for(i=0;1<5;i++)
printf("%d", arr(i]);
)

Arrays I 1'13]

int {1;

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

{
printf("\n array(td] = *, 1i);
scanf ("%d", Larr(i]);

}

void display_array( int arr([10], int n)
{
for(int i=0;i<n;i++)
printf ("\n array(%¥d] = %d", i, arr[i]);

}

Output

Enter the size of the array: 5
12345

12

345

P YA Passing entire array to function

In cases where we do not want the called function to 22. Write a program to read an array of n numbers, then

Programming Tip:
When an entire
array is to be

sent to the called
function, the calling
function just needs
to pass the name of

make any changes to the array,
the array must be received as
a constant array by the called
function. This prevents any type
of un-intentional modifications of
the array elements. To declare the
array as a constant array, simply

add the keyword const before
the data type of the array.

the array.

21. Write a program to read and print an array of n
numbers.

#include <stdio.h>

#include <conio.h>

void read_array( int arrl[], int);
void display array( int arr(], int);

int main()

{
int num[10], n;
clrscr();
printf ("\n Enter the size of the array:");
scanf ("¥d", &n);
read_array(num, n);
display_array(num, n);
getch();
return 0;

)

void read array( int arr(10], int n)

{

find out the smallest number.

#include <stdio.h>

#include <ccnio.h>

void read array(int arr[], int);

int find small(int arr(], int n);

int main()

Programming Tip:
While using arrays,
we must check for
validity of the index
because such checks
are not made by the
compiler, An invalid
index when used
with an assignment
operator may destroy
the data of another
part of the program
and thus cause it

to fail later. While
initializing the array,
if we provide more
initializers than the
number of elements

- inthearray,a

compiler error will be

generated.
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int num([10], n, smallest;

clrscr();

printf ("\n Enter the size
of the array:");

scanf ("%d", &n);

read_array(num, n);

smallest = find_
small (num, n);

printf ("\n The smallest
number in the array is =
%d", smallest);

getch();

return 0;

B

void read_array( int
arr([10], int n)

{
int i;
for(i=0;i<n;ie+)
scanf ("%d", s&arr(i]);
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int find small(int arr[10], int n)
{
int i, small = 12345;
for(i=0;i<n;i++)
{
if(arr(i] < small)
small = arrl[i];
}

return small;

}
Output

Enter the size of the array: 5
12345
The smallest number in the array is = 1

23. Write a program to merge two integer arrays. Also
display the merged array in reverse order,

#include <stdio.h>
#1nclude <conio.h>
void read_array(int my_array([], int);
void display_array(int my_arrayl(]), int);
void merge_array (int my_array3 (], int, int
my_arrayl([], int, int my_array2[], int);
void reverse_array(int my_array(], int);
int main{()
{
int arrl(10), arr2[10], arr3(20], n, m, t;
clrscr();

printf ("\n Enter the number of elements
in the first array: ");

scanf ("$d", &m);

read_array(arrl, m);

printf ("\n Enter the number of elements
in the second array: ");

scanf ("$d4", &n);

read_array(arr2, n);

t =m+ n;

merge_array(arr3, t, arrl, m, arr2, n);

printf ("\n The merged array is : ");
display_array(arr3, t);

printf ("\n The merged array in reverse
order is: ");

reverse_array(arr3, t);

getch();

e — e —
return 0;
}
void read array(int my_array(10], int n)
{
int 1i;

for(i=0;i<n;i++)
scanf ("%d", &my_array (i1);
}
void merge_array(int my_array3(], int t, int
my arrayll], int m, int my_array2(], int n)

{
int i, Jj=0;
for(i=0; i<m; i++)
{

my_array3(j] = my_arrayl([i];
e+
)

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

{

my_array3 [j] = my_array2[i];

J++;
}
)
void display_array(int my_array(], int n)
{
int 1i;

for(i=0;i<n;i++)
printf ("\n arr([%d) = %d", i,
my arrayl[i]);
}

void reverse_array(int my_array[], int m)

{
int i, 5§;
for(i=m-1, J=0;i>=0;i--, j++)
printf ("\n arr(%d] = %d", 7,
my_array (i) );

}

Output
Enter the number of elements in the first
array: 3
10 20 30

Enter the number of elements in the second
array: 3

15 25 15

The merged array 'is:

giztgi“ 10 Arr(1] = 20 Arr[2] = 30
=15 Arr(4] = 25 Arr(s] = 35

;:i[ﬁ?rQEd array in reverse order is:
Are(3] =35 Arr[1) = 25 Arr[2] = 15
= 30 Arr[4] = 20 Arr(s] = 10
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24. Write a program to interchange the biggest and the
smallest number in the array.

#include <stdio.hs

#include <conio.h»>

void read_array(int wmy_array(], int);

void display_array(int my_arrayl[], int);
void interchange(int arr(], int);

int find_biggest_pos(intmy_array(10], intn);
int find_smallest_pos(int my_array[10], intn);

int main()

{
int arr(10), n;
clrscr();

printf ("\n Enter the size of the array:");
scanf ("%d", &n);
read_array(arr, n);
display_array(arr, n);
interchange (arr, n);
display_array(arr, n);
getch();
return 0;
}

void read_array(int my array[10], int n)

{
int i;
for(i=0;i<n;i++)
scanf ("%¥d", &my_arrayl[il);
}
void display array(int my_array(10], int n)
{
int i;
printf ("n");
for(i=0;i<n;i++)
printf ("\t array(%d] = %d4", i, my_
arrayl(i] );

}

void interchange(int my_array(10], int n)

{
int temp, big pos, small_pos;
big pos = find biggest_pos(my_arr, n);
small_pos = find_smallest_pos (my_arr,n);
temp = my_array[big_pos];
my_array[big_pos] = my_array[emall_pos];

Arrays | 175|

int i, large = -123456, pos=-1;
for(i=0;i<n;i++)

{
if (my_arrayl[i] > large)
{
large = my_array(i];
pos=i;
}
}

return pos;

}

int find_smallest_pcs(int my_array(10], int

n)
{
int i, small = 123456, pos=-1;
for(i=0;i<n;i++)
{
if (my_arrayl[i] < small)
{
small = my_arrayl[i];
pos=i;
}
}
return pos;
}
Output
Enter the size of the array: 5
12345
Arr[0] = 1 Arr|l] = 2 Arr([2] =3
Arr[3] = 4 Arr[4] =5
Arr[0] =5 Arr(1l] = 2 Arr[2] = 3
Arr(3] = 4 Arr[4] = 1

If a function receives an array that does
not change it, then the array should be
received as a constant array. This would
ensure that the contents of the array are
not accidentally changed. To declare an
4 array as constant, prefix its type with the
const keyword, as shown below.

int sum(const int arr[ ], int n);

[EXl] TWO-DIMENSIONAL ARRAYS

my array[small_pos) = temp; Till now we have read only about one-dimensional arrays.
} - A one-dimensional array is organized linearly and only in
int find biggest_pos(int my_array[10], int n) one direction. But at times, we need to store data in the form
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of matrices or tables, Here the concept of one-dimension
amay is extended to incorporate two-dimensional data
structures. A two-dimensional array is specified using two
subscripts where one subscript denotes row and the other
denotes column. C considers the two-dimensional array
as an array of a one-dimensional array. Figure 5.28 shows

a two-dimensional array which can be viewed as an array
of armays.

First
dimension

Second dimension

T B ¥ 28 Two-dimensional array

5.8.1 Declaration of Two-dimensional Arrays

Similar to one-dimensional arrays, two-dimensional
arrays must be declared before being used. The declaration
statement tells the compiler the name of the array, the data
type of each element in the array, and the size of cach
dimension. A two-dimensional array is declared as:

data_ type array_ name[row_size] [column_size];

Therefore, a two-dimensional m X n array is an array that
contains mx n data elements and each element is accessed
using two subscripts, i and j where i<= m and j<= n.

For example, if we want to store the marks obtained
by 3 students in 5 different subjects, then we can declare a
two-dimensional array as

int marks[3] (5]

- w_ﬁ"“—-.
A two-dimensional array called marks is declareg that
has m(3) rows and n(5) columns. The first elemen of
the array is denoted by marks [0] [0], the second elemeng
as marks (0] [1], and so 4" Here, marks (0] (0] stores
the marks obtained by the first student in the first SUbjcct,
marks [1] [0] stores the marks obtained by the second
student in the first subject, and so on.

Each dimension of the two-dimensional
array is Indexed from zero to its maximum
size minus one. The first index selects the
row and the second selects the column.

The pictorial form of a two-dimensional array is givep
in Figure 5.29.

Hence, we sce that a 2D array is treated as a collection
of 1D arrays. The elements of the 2D array comprises 1p
array (the rows). To understand this, we can also see the
representation of a two-dimensional array as shown in
Figure 5.30.

marks([0]

marks [0]|marks[1])|marks [2])|marks [3]|marks(4]

marks[1] [marks[0]|marks [1]|marks [2]|marks[3)|marks (4]

marks(2)

marks [0]|marks (1]|marks [2]| marks [3]|marks[4]

IO Representation of two-dimensional array
marks[3][5] as individual 1D arrays

Although Figure 5.30 showns a rectangular picture of
a two-dimensional array, these elements will be actually
stored sequentially in memory. Since computer memory
15 basically one-dimensional, a multidimensional amay
cannot be stored in memory as a grid.

Row/Columns

Column 0

Colu.mn 1

Column 2 Column 3 Column 4

marks (0] (3] [ marks[0) [4]

marks (1] (3]

Row 0 marks (0] [0] | marks(0] (1] marks (0] [2)
Row 1 marks(1] (0] marks[1)(1) marks(1](2)
Row 2 marks[2] (0] marks(2] (1]

markalz]m]

marks (1] [4]

marks(2)[3)

marks(2][4]

m Two-dimensional array

e —
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Basically, there are two ways of storing a two-
dimensional array in memory. The first way is row major
order and the second is column major order. Let us sce
how the clements of a 2D array are stored in a row major
order. Here, the clements of the first row are stored before
the elements of the second and third row, i.c., the elements
of the array are stored row by row where n clements of
the first row will occupy the first nth locations. This is
illustrated in Figure 5.31.

5 I £ 750 0 Y ) ) ) I )|

(0,0) (0,1) (0,2) (0,3) (1,0) (1,1) (1,2) (1,3) (2,0) (2,1) (2,2) (2,3)

m Elements of 2D array in row major order

When we store the elements ina column major order, the
elements of the first column are stored before the elements
of the second and third column, i.e., the elements of the
array are stored column by column where n clements of
the first column will occupy the first nth locations. This is
illustrated in Figure 5.32.

EES N O N R ! = [T 0 S

(0,0)(1,0) (2,0) (3,0) (0,1) (1,1) (2,1) (3,1) (0,2) (1,2) (2.2) (3,2)
Elements of 2D array in column major order

In one-dimensional arrays, we have seen that computer
does not keep track of the address of every element in the
array. It stores only the address of the first element and
calculates the addresses of other elements from the base
address (address of the first element). Same is the case with
a two-dimensional array. Here also, the computer stores
the base address and the address of the other elements is
calculated using the following formula.

Address(A[I) (J] =B_A+w{M(J-1) + (I-1)}, if the
array elements are stored in column major order, and

Address (A[1) (3] =B_A+w{N (I-1) + (J-1)}, if
the array elements are stored in row major order,

Wher_e. w is the number of words stored per memory
location, m is the number of columns, n is the number of

rows.' T'and J are the subscripts of the array element, and
B_A is the base address,

. Consider a 20 x 5 two-dimensional array
Marks which has base address = 1000 and number of

—Amays |177]

words per memory location of the array = 2, Now compute
the address of the clement Marks (18, 4] assuming that
the elements are stored in row major order.

Address (A[I] [J]
= Base_Address + w{N (I - 1) + (J - 1)}
Address (Marks [18,4])
= 1000 + 2{5(18 - 1) + (4 - 1) }
1000 + 2 { 5(17) + 3}
1000 + 2 (88)
1000 + 176 = 1176

1

5.8.2 Initialization of Two-dimensional Arrays

Like in case of other variables, declaring a two-dimensional
array only reserves space for the array in the memory.
No values are stored in it. A two-dimensional array is
initialized in the same way as a one-dimensional array.
For example,

int marks[2] [3] = {90, 87, 78, 68, 62, 71};

The initialization of a two-dimensional array is done
row by row. The above statement can also be written as

int marks(2) [3]={{90,87,78},{e68, 62, 71}};

The given two-dimensional array has 2 rows and 3
columns. Here, the elements in the first row are initialized
first and then the elements of the second row are
initialized.

Therefore,

marks [0] [0] = 90 marks [0] (1] = 87
marks [0] [2] = 78 marks (1] [0] = €8
marks (1] [1] = 62 marks (1] (2] = 71

Therefore, in the above example, each row is defined
as a one-dimensional array of three elements that are
enclosed in braces. Commas are used to separate the
elements in the row as well as to separate the elements of
two rows.

In case of one-dimensional array, if the array is
completely initialized, we may omit the size of the array.
Same concept can be applied to a two-dimensional armay,
except that only the size of the first dimension can be
omitted. Theretore, the declaration statement given below
is valid.
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irt markn() (3]={{90,87,70}, (68, 62, 71})s

In order to initialize the entire two-dimensional army to
zero, simply specify the first value as zero, i.c., simply
write

int marks(2]) [3] = {0};

If some values are missing in the initializer then it
is automatically set to zero. For example, the statement
given below will initialize the values in the first row but
the clements of the second row will be initialized to zcro.

int marks[2] [3] ={ {50, 6O, 70)}};

Notes  An un-initialized array contains
unpredictable contents.

5.8.3 Accessing the Elements

The clements in a multidimensional array arc stored
in contiguous memory locations. While accessing the
clements, remember that the last subscript varies most
rapidly whereas the first varies least rapidly.

In case of one-dimensional arrays we used a single for
loop to vary the index i in every pass, so thatall the elements
could be scanned. Similarly, since a two-dimensional array
contains two subscripts, we will use two £or loops to scan
the elements. The first £or loop will loop for cach row in
the 2D array and the second for loop will scan individual
columns for cvery row in the array.

However, individual clements of a two-dimensional
array can be initialized using the assignment operator as
shown below.

marks (1] [2) = 79; or

marks (1] (2] = marks[1] [1) + 10;

In order to input the values from the keyboard, you
must usc the following code.
for(i=0;1<25i++)

for(j=0;j<2;j++)
scanf ("%d", &arr(i] (§]);

Look at the code given below which prints the elements
of a 2D array on the screen.

25. Write a program to print the clements of a 2D array,

#include <stdio.h»>
#include <conio.h>
main ()

- ——

{ int arr[2][2] - {121 34, 56,32};
int if jf
for(i=0;1<2;14++)
printf ("\n");
for(§=0;3<2;3++)
printf ("%d\t", arr(i] (3]);
}
return 0;
)
Output
12 34
56 32

26. Write a program to generate Pascal’s triangle.
ftinclude <stdic.h>
finclude <conio.hs

main()

(

int arr(7] [7]={0};

int row=2, col, i, j;

arr[0) [0] = arr[1] [0] = arr(1][1]) = 1;
while (row <= 7)

{

arr [row] (0] = 1;

for(col = 1;col <= row;col++)

arr [row] [col] = arr[row-1] [col-1] +
arr [row-1] [col] ;

row++;
)
for(i=0;1<7;i++)
{

printf ("\n");
for(j=0;j<=1;9++)
printf ("\t $d", arr(i] (§]);

}
getch();
return 0;
}
Output
1
dg il
121
1 3 23 1
1 46 4 1
15 10105 4
1 6 1520156 ;
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27. In a small company there are 5 salesmen. Each

salesman is supposed to sell 3 products. Write a
program using two-dimensional array to print (i) the
total sales by each salesman and (ii) total sales of cach

item.

#include <stdio.h>
#include <conio.h>
main()

{

int sales(5])[3], i, j, total_sales=0;
//INPUT DATA
printf ("\n ENTER THE DATA");
printf ("\n tt*********i*ii**");
for(i=0;1i<5;1++)
{
printf ("\n Enter the sales of 3 items
sold by salesman %d: ", i);
for(j=0;3j<3;j++)
scanf ("%¥d", &sales[i] [j1);
}
// PRINT TOTAL SALES BY EACH SALESMAN
for(i=0;i<5;i++)
{
total_sales = 0;
for(j=0;j<3;j++)
total sales += sales[i] [j];
printf ("\n Total Sales By Salesman %d
= %d",i, total_sales);
}
// TOTAL SALES OF EACH ITEM
for(i=0;i<3;i++) // for each item
{ .
total sales=0;
for(j=0;j<5;j++) // for each salesman
total sales += sales[j] [i];
printf("\n Total sales of item %d
= %d", i, total_sales);
}
getch();
return 0;

)

Output

ENTER THE DATA

LAS SR KRR RN ER RS

Enter the sales of 3 items sold by saleman

0: 23 23 4%
Enter the gales of 3 items pold by salesman

1: 34 45 63

Enter the sales of 3 items sold by salesman
2: 36 33 43
Enter the sales of 3 items sold by salesman
3: 33 52 35
Enter the sales of 3 items sold by salesman

4: 32 45 64

Total Sales By Salesman 0 = 91

Total Sales By Salesman 1 = 142
Total Sales By Salesman 2 = 112
Total Sales By Salesman 3 = 120
Total Sales By Salesman 4 = 141

Total sales of item 0 = 158
Total sales of item 1 = 198
Total sales of item 2 = 250

28. In a class there are 10 students. Each student is
supposed to appear in 3 tests. Write a program using
two-dimensional arrays to print

(i) the marks obtained by each student in different
subjects

(ii) total marks and average obtained by each
student
(iii) store the average of each student in a separate
1D array so that it can be used to calculate the
class average.
#include <stdio.h>
#include <conio.h>
main()
{
int marks(10] (3], i, J;
int total marks[10)={0};;
float class_avg=0.0, total_avg = 0.0;
float avg([10];

//INPUT DATA
printf ("\n ENTER THE DATA");
printf("\n tt*t#ii*iwtttti*tuh
for(i=0;i<10;i++)
{
printf (*\n Enter the marks of student %d
in 3 subjects : ", 1i);
for(j=0;j<3;j++)
scanf ("%d", &marks(il] [1);

// CALCULATE TOTAL MARKS OF EACH STUDENT
for(i=0;1<10;i++)

{
for(j=0;j3<3;j++)
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total_marks(i] += marks(i] [3]; Enter the marks of student 9 in 3 subjectg,

} 66 75 78
// CALCULATE AVERAGE OF EACH STUDENT STUD NO. MARKS OBTAINED IN THREE SUBJECTS
for(i=0;i<10;i++) TOTAL MARKS  AVERAGE

{ de ok e o e ke e e ok ok ok e e e

for(j:o;j<3;j++) 0 78 89 90 257 85.67
avg[i] = (float)total_marks[i]/3.0; 1 98 87 76 261 87.00
} 2 67 78 89 234 78.00
// CALCULATE CLASS AVERAGE 3 90 87 65 242 80.67
fpr(i=0;i<10;i++) 4 56 87 97 240 80.00
total_avg += avgl[i]; 5 45 67 89 201 67.00
class_avg = (float)total_avg/10; 6 66 77 88 231 77.00
// DISPLAY RESULTS 7 76 87 98 261 87.00
printf ("\n\n STUD NO. MARKS OBTAINED IN B 67 88 66 221 73.67
THREE SUBJECTS TOTAL MARKS \t AVERAGE"); 9 66 75 78 210 73.00
printf("\n*t****tiii*i******i************ CLASS AVERAGE = 78.90
*i***itit*************“); . . v
oA T 29. Write a program to read a two-dimensional array
or(i=0;i<10;i++ . . .
{ printf("\n 4d", i) marks which stores marks of 5 students in 3 subjects.
fcr(j=0;j<3;j++; ' Write a program to display the highest marks in each
printf("  $d", marks[i] [3]) subject:
printf ("$4d \t%2.2f", total marks[i], #include <stdio.h>
avg[il); #include <conio.h>
} main ()
printf ("\n\n CLASS AVERAGE = %f", class_ {
avg); int marks(5] [3], i, j, max_marks;
getch(); for(i=0;i<5;i++)
return 0; {
} printf ("\n Enter the marks obtained by
Chnput student %d",1i);
B _— for(j=0;j<3;j++)
222222223222 22 22 {' intf ( \ " [%d][%d] 3 jr
; ) prin "\n marks =", 1, ]k
sgtzz zze marks of student 0 in 3 subjects: scanf ("$d", &marks[i] [31)%
}
Enter the marks of student 1 in 3 subjects: ]
98 87 76 for(§=0;9<3;j++)
Enter the marks of student 2 in 3 subjects: {
$7' 74 82 max_marks = -999;
Enter the marks of student 3 in 3 subjects: " Ny !
a0 €7 E5 for(i=0;1i<5;i++)
Enter the marks of student 4 in 3 subjects: { f
56 87 97 if (marks [i] [j] >max_marks)
m = i il ;
Enter the marks of student 5 in 3 subjects: } ax_marke « mazks(d] 3]
45 67 B9 .
Enter the marks of student 6 in 3 subjects: printf(*\n The highest marks obtained
66 77 88 in the subject %d= %d", 3.
Enter the marks of student 7 in 3 subjects: } max_marks);
76 B7 98
getch();
marko of student 8 in 3 subjects:
E:t:: :Ze Jects return 0;
F )
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PR

Output

Enter the marks obtained by student 0
marks (0] [0] = 89

marks[0] [1] = 76

marks [0] [2] = 100

Enter the marks obtained by student 1
marks [1] [0] = 99

marks [1] [1] 90

marks [1] [2] 89

Enter the marks obtained by student 2

marks [2] [0] = 67
marks [2] [1] = 76
marks (2] [2] = 56

Enter the marks obtained by student 3
marks [3] [0] = 88
marks [3] [1] 77
marks [3] [2] 66
Enter the marks obtained by student 4

marks [4]) [0] = 67
marks [4] [1] = 78
marks [4] [2] = 89

The highest marks obtained in the subject 0
= 99
The highest marks obtained in the subject 1
= 90
The highest marks obtained in the subject 2
= 100

OPERATIONS ON TWO-
DIMENSIONAL(2D) ARRAYS

We can perform the following operations on a two-
dimensional array:

Transpose: Transpose of am x n matrix A is given as a
n X m matrix B where,

Bij = A5,
Sum: Two matrices that are compatible with each other
can be added together thereby storing the result in the third
matrix. Two matrices are said to be compatible when they

have the same number of rows and columns. Elements of
the matrices can be added by writing:

Cy,y = Ag,y + Byy

Difference; Two matrices that are compatible with each
other can be subtracted thereby storing the result in the
third matrix. Two matrices are said to be compatible when

they have the same number of rows and columns. Elements
of the matrices can be subtracted by writing:

Ci,qy = Ayy - Byy

Product: Two matrices can be multiplied with each other

if the number of columns in the first matrix is equal to the
number of rows in the second matrix. Therefore, m x n
matrix A can be multiplied withap x gmatrixifn = q.
Elements of the matrices can be multiplied by
writing:

ch = Z ALkBLk for k=1 to k < n

30. Write a program to read and display a 3 X 3 matrix.

#include <stdio.h>
#include <conic.h>
int main()
{
int i, j, mat[3][3];
clrser();

printf ("\n Enter the elements of the

matrix ");
printff"\ﬂ I 2222222222323 XXX RS2 2 2 2 2 2l )’-

for (i=0;1i<3;i++)
{
for (j=0;3<3;j++)
scanf ("%d", &mat (1] [J] )

printf ("\n The elements of thematrixare ");
printf(u\n ****t****************i**iHh

for(i=0;i<3;1i++)

printf ("\n");
for(j=0;j<3;j++)
printf ("\t %d%d%d",i, j, mat[i] [3])
}

return 0;

}
Output

Enter the elements of the matrix
ok 3 % W ok o v o o v v vk e v o v ok ok ok ok ok b ok
1234567829

The elements of the matrix are
I 22 2222 222222222222 ]

123

456

789
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31. Write a program to transpose a 3 X 3 matrix.

#include <stdio.h>
#include <conio.h>
int main()

{

int i, j, mat([3](3], transposed mat [3] (3]
clrscr();

printf ("\n Enter the elements of the
matrix");

printf("\n P e 2 2 2 A 2 A R L DT
for(i=0;i<3;i++)
{
for(§=0;3<3;j++)
{
printf ("\n mat [%d] [%¥d] = ",i, )i
scanf ("$d", &mat[i] [3]1);
}
}

printf("\nTheelementsofthenatrixare"h

|

printf(“\n ***t*t*****************i*ll);
for(i=0;i<3;1i++)
{
printf ("\n");
for (3j=0;3<3;j++)
printf ("\t mat [3d] [%¥d] = %d", i, 3,
mat [1] [§]);
)
for(i=0;i<3;i++)
for (j=0;j<3;j++)
transposed_mat [i] [j] = mat[j] [i];
}

printf("\n The elements of the transposed

matrix are ");
printf("\ﬂ **iit****i*i***i****ii*i*")l.

for(i=0;i<3;i++)
{
printf ("\n");

for(j=0;j<3:3++)
printf ("\t transposed_mat [%d] [%d]

= %d",i, j, transposed mat [i]
[31)

return 0;

Output

Enter the elements of the matrix

*!*****i*ii**i***iti*t*il—

123456 789
The elements of the matrix are

*****i***i*t***iii*'ﬁ**t**

123
4 56

78389
The elements of the transposd matrix are

e Lt A LA R
147

258
789

32. Write a program to input two m X n matrices and then

calculate the sum of their corresponding elements and
store it in a third m X n matrix.

#include <stdio.h>
#include <conio.h>
int main()
{
int i, 3j;
int rowsl, colsl, rows2, cols2, rows_sum,
cols_sum;
int matl[s5] [5], mat2[5] (5], sum[5] [5];

clrscr();

printf ("\n Enter the numbers of rows in
the first matrix: ");

scanf ("%d", &rowsl);

printf ("\n Enter the numbers of columns
in the first matrix: ");

scanf ("%d", &colsl);

printf ("\n Enter the numbers of rows in
the second matrix: ");

scanf ("%¥d", &rows2);
printf ("\n Enter the numbers of columns

in the second matrix:");
scanf ("%d", &cols2);
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if (rowsl l= rows2 || colsl I= cols2)
{
printf ("\n The number of rows and
columns of both the matrices must
be equal");
getch ();
exit ();

}

rows_sum

rowsl;
cols_sum = colsl;

printf("\n Enter the elements of the
first matrix"); '

printf (ll\n (2 E X2 RS2 222222222 XX 222 Al )'-

for(i=0;i<rowsl;i++)
{
for(j=0;j<colsl;j++)
scanf ("%¥d", &matl [i] []);
}
printf ("\n Enter the elements of the
second matrix");

printf (“\n (X222 2 332222222t l 2 S Al );

for(i=0;i<rows2;i++)
{
for(j=0;j<cols2;j++)
scanf ("%d", &mat2 [i] [j]);
}
for(i=0;i<rows_sum;i++)
{
for(j=0;j<cols_sum, j++)
sum[i] [§j] = matl([i] [§] + mat2[i] (§];
}
printf (“\n The elements of the resultant
matrix are");

Printf("\n **sdwddraddhnkbhhhhwhnha ke )

for(i=0;i<rows_sum;i++)
{
printf (“\n");
for (j=0;j<cols_sum;j++)
printf (*\t %d*, sum(i] []);

}

return 0;

Output

Enter the numbers of rows in the first
matrix: 2

Enter the numbers of columns in the first
matrix: 2

Enter the numbers of rows in the second
matrix: 2

Enter the numbers of columns in the second
matrix: 2

Enter the elements of the first matrix

YT I2222222222 32222222 2 24

1234

Enter the elements of the second matrix
222222223322 RX2 222 R 2 2 28 2

5678

The elements of the resultant matrix are
2222222222222 22 2 2 2 22 2

6 8

10 12

33. Write a program to multiply two m X n matrices.

#include <stdio.h>

#include <conio.h>

int main()

{
int i, j, k;
int rowsl, colsl, rows2, cols2, res_
rows, res_cols;
int matl (5] (5], mat2[5] [5], res[S][5];
clrscr();

printf ("\n Enter the number of rows in
the first matrix: ");

scanf ("%d", &xowsl) ;

printf ("\n Enter the number of columns
in the first matrix: ");
scanf ("%d", &colsl);

printf ("\n Enter the number of rows in
the second matrix: ");
scanf ("$d", &rows2) ;

printf ("\n Enter the number of columns in
the second matrix:");

scanf ("%d", &cols2);

if (colsl != rows2)
{
printf ("\n The number of columns in
the first matrix must be equal
to the number of rows in the
second matrix");
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getch();

exit ()
}
res_rows = rowsl;
res_cols = cols2;

printf ("\n Enter the elements of the

first matrix");
printf ("\n R T L s A A R A A A A AT

for(i=0;i<rowsl;i++)
{
for (j=0;j<colsl;j++)
scanf ("$d", &matl (i) [3]1 )
}
printf ("\n Enter the elements of the

second matrix");
printf("\n ******1—**1****t*****l—*i**");

for(i=0; i <rows2;i++)
{
for(j=0; j <cols2;j++)
scanf ("%$d", amat2 [i] (3] );

}

for(i=0; i <res_rows;i++)
|
j=0;
for(j=0; j < res_cols;j++)
{
res[i] [j]1=0;
for(k=0; k<res_cols; k++)

res[i] [j] += matl[i] [k] * mat2[k]

[31:

}

printf (*\n The elements of the product

matrix are");
prim:f("\n ttit*itttittt*titt*iiiti*ll).
1

for(i=0;icres_rows;i++)

{
printf("\n");
for(j=0; j <res_cols;j++)
printf ("\t %d",res[i] [j]);

}

return 0y

e ——
i ——

e —

Output
Ent
matrix: 2
Enter the numbe
matrix: 2
Enter the numbers of rows in the secong

matrix: 2
Enter the numbers of columns in the seconqd

eor the numbers of rows in the firge

rs of columns in the Eirgt

matrix: 2

gnter the elements of the first matrix

i*i***i*******i*****i****
123 4
Enter the elements of the second matrix

*****i**********i********

56 78
The elements of the product matrix are

********************.*****

19 22
43 50

TWO-DIMENSIONAL ARRAYS FOR
INTER-FUNCTION COMMUNICATION

There are three ways of passing parts of the two-
dimensional array to a function (process). First, we ca
pass individual elements of the array. This is exactly
same as we passed element of a one-dimensional array.
Second, we can pass a single row of the two-dimensional
array. This is equivalent to passing the entire on¢
dimensional array to a function. This has already been
discussed in the previous section. Third, we can pass
the entire two-dimensional array to the function. Refer
Figure 5.33 which shows the three ways of using -

dimensional arrays for inter-function, interprocess
communication.
__——-‘_

2D array for inter-
function communication

| ]

Passing Passing a0
individual elements Passingarow | gntire 20 arroY

Figu :
LELLEEN Two-dimensional arrays for inter-function
communication
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5.10.1 Passing a Row

A row of a two-dimensional array can be passed by
indexing the array name with the row number, When we
send a single row of a two-dimensional array, then the
called function receives a one-dimensional array. Figure
5.34 illustrates how a single row of a two-dimensional
array is passed to the called function,

* Calling function

A

main()

{
intarr(2](3]=((1, 2, 3}, (4,5, 6)};
func(arr([1]);

Called function

void func(int arr(])

{
inti;
for(i=0;i<5;i++)
printf("%d", arr(i] * 10);
}

TR %N Passing two-dimensional arrays for inter-
function communication

5.10.2 Passing an Entire 2D Array

Programming Tip:  To pass a two-dimensional array

" A compiler error to a function, we use the array
' will be generated name as the actual parameter,
if you omit the (The same we did in case of a 1D
array size in array). However, the parameter
the parameter in the called function must
 declaration for any | indicate that the array has two

' array dimension
- other than the first.

dimensions.

34, Write a menu-driven

program to read and display an
m X n matrix. Also find the sum, transpose, and
product of two m x n matrices.

#include <stdio.h»

#include <conio.h»

vold read matrix(int mat[2) (2], int, int),

e aps s Arieys | 185

vold oum_matrix(int matl(2] (2], int mat2(2])
(2], int, int)

voild mul _matrix(int matl(2) (2], int mat2(2]
(2], int, int),

void tranppose_matrix(int mat2(2] (2], int,
int);

void display _matrix(int mat (2] (2], int r,
int c);

int main()

{
int option, row, col;
int matl(2] (2], mat2([2] (2];
clrscr();

do

(

printf ("\n #%#*sx+ MATN MENU *#wswsrsn) .
printf("\n 1. Read the two matrices");

printf ("\n 2. Add the matrices");
printf ("\n 3. Multiply the matrices");
printf ("\n 4. Transpose the matrix");
printf ("\n 5. EXIT");

printf ("\n\n Enter your option: ");
scanf ("%¥d", &option);
switch(option)
{
case 1:
printf ("\n Enter the number of
rows and columns of
the matrix: ");
scanf ("%d %d", &row, &col);
printf ("\n Enter the first
matrix: ");
read matrix(matl, row, col);
printf (*\n Enter the second
matrix: ");
read_matrix(mat2, row, col);

break;
cage 2;
sum_matrix(matl, mat2, row,
col);
break;
casge 3:

if (col == row)

mul _matrix(matl, mat2, row,
cal);

elae

princf("\n To multiply two
matrices, number of
columna in the first
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}

matrix must be equal to
number of rows in the
second matrix");

break;
case 4:
transpose_matrix(matl, row, col);
break;
}
}while (option != 5);
getch();

return 0;

void read matrix(int mat([2] [2], int r, int c)

{

}

int i, j;
for(i = 0;i < r;i++)
{ printf("\n");
for(j = 0;j < c;j++)
{
printf ("\t mat [(%d] [%d] =
scanf ("%$d", &mat[i] [j]1);

}

"1,k

}

void sum matrix(int matl[2] [2], int mat2[2]

}

[2], int r, int c)

int i, j, sum[2] [2];
for(i=0;i<r;i++)
{
for(j=0;j<c;j++)
sum[i] [j] = matl[i] [j] + mat2(i] [j];
}

display matrix(sum, r, c);

void mul_matrix(int matl(2] (2], int mat2 (2]

{

[2], int r, int c)

int i, j, k, prodl2][2];
for(i=0;icr;i++)
{

for(j=0;j<c;j++)

(
prod(i] [j] = 0;
for(k=0;k<c;k++)
prod(i] (3] += mati(il [x] * mat2 (k] (4] ;
)
)

display _matrix(prod, r, c);

void tra

nspose_matrix(int mat [2] (2], int r,

int c)

int i

, j, tp_mat[2](2];

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

{

for(j=0;j<c;j++)

}

tp_mat (] [i] = mat(i] (3]

display_matrix(tp_mat, r, c);

}

void dis

play matrix(int mat [2] [2], int r,

int c)

int i: jl‘
for (i=0;1icr;i++)

i

printf ("\n");
for(j=0;j<c;j++)

}
Output

4k kkok ok k

. Read

. Add t
Multi
. Trans
EXIT

Enter yo
Enter th
matrix:

Enter th
mat [0] [0
mat [1] [0

[C = VI S I

printf ("\t mat [%d] [%d] = %d", i, j,
mat [1] [3]);

MAIN MENU dhkkkkkkk
the two matrices
he matrices

ply the matrices
pose the matrix

ur option: 1
e number of rows and columns of the
2 2

e first matrix:

1 =1 mat [0] [1]

] =3 mat (1] [0]

o
=N

Enter the second matrix :

mat [0] [0
mat [Q] [0
W e ke o e
. Read
. Add ¢
. Multi

M oe W N R

. EXIT

1 =2 mat [0] [0]
] =4 mat [0] [0]
MAIN MENU #**%*kkkk
the two matrices
he matrices

ply the matrices

]
n w

. Transpose the matrix

Enter your option: 2

mat [0] [0
mat [0] [0

.......

) =3
1 =7

mat [0] [0]) = 5
mat [0] (0] = 9
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35. Write a program to fill a square matrix with value zero

on the diagonals, 1 on the upper right triangle, and -1
on the lower left triangle.

#include <stdio.h>
#include <conio,h>
void read_matrix(int mat [S] [5], int);
void display_matrix(int mat (5] [5], int);
int main()
{
int row;
int matl1(5] [S], mat2[5] [5];
clrscr();
printf ("\n Enter the number of rows and
columns of the matrix ");
scanf ("%$d", &row);
read matrix(matl, row);
display matrix(matl, row);
getch();
return 0;

void read matrix(int mat[5] (5], int r)

{
int i, 3j;

for(i = 0;1 < r;i++)

{
for(j = 0;3 < r;j++)
{
if (i==3)
mat [i] [J) = 0;
if (i>j)
mat [i] [j] = -1;
else
mat [i] [j] = 1;
}
}

}

void display matrix(int mat (5] [5], int r)

{

int i, j;
for(i=0;i<r;i++)
{

printf ("\n");
for(j=0;<r;j++)

Arrays | 187 |

printf ("\t mat[%d] (¥d] = %d4", i, 3,
mat (1] () );

}
}

Output

Enter the number of rows and columns of
the matrix: 2
1 0

-1 1

MULTIDIMENSIONAL ARRAYS

A multidimensional array in simple terms is an array of
arrays. Like we have one index in a one-dimensional
array, two indices in a two-dimensional array, in the
same way we have n indices in a, n-dimensional array or
multi dimensional array. Conversely, an n-dimensional
array is specified using n indices. An n-dimensional
mXmy, X my X .. m, array is a collection m;*m,*my* ...
*m; elements. In a multidimensional array, a particular
element is specified by using n subscripts as A[T,] [T,]
[1,]..[T,], where,

I, <=M I,c = M, Iy <= My e, I, <= M

A multidimensional array can contain as many indices
as needed and the requirement of the memory increases
with the number of indices used. However, practically
speaking we will hardly use more than three indices in
any program. Figure 5.35 shows a three-dimensional

array. The array has three pages, four rows, and two
columns.

e LT

Second -7 B R M

dimension " [ | [ S| w

(Columns) -
First  =- -~ FERIBN il | X
dimension | A E K 0 Page3
(Rows) [ | F L| e

C G Page 2

D H

Page 1

Third dimension

HHIER RN Three-dimensional array
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Y

Amultidimensiona] array is declared and initialized similar
to one- and two-dimensional arrays.

Consider a three dimensional array defined as
int A[2](3][2). Calculate the number of elements in the array.
Also give the memory representation of the array in row
major order and column major order.
Note A three-dimensional array consists of
@/ Pages. Each page in turn contains m rows
and n columns.

LIIIIIII]IIII
§ A R 8§ 9N 8388 3 R
S 2 2 d 4 d g g g'dd o
€ 2 2 ¢ 8 38 & 4 4 4 4 4

(a) Row major order

&
=)
=
=)

(1,1,2) ]

(0,1,0)
(0,0,1)
(0,1,1)
(0,0,2)
(0,1,2)

(1,0,0)
(1,1,0)
{1,0,1)
(1,1,1)
(1,0,2)

(b) Column major order

The three dimensional array will contain 2 x3 x 2 = 12
elements.

e =s_ = |

36. Write a program to read and display a 2 x 2 x 2 array.

#include <stdio.h>

#include <conio.hs

int main()

{
int arrayl([3] [3] [3], i, j, k;
clrscr();

printf ("\n Enter the elements of the
matrixt);

prmtf(ll\n *itti*t*ittiiit****ii****ii*t*lI) ;

for(i = 0;1i < 2;i++)
{
for(j = 0;3 < 2;3++)
{
for(k = 0;k < 2;k++)
{
printf ("\n array[%d] [ %d) [ $%d)
=", i- j: k-):'

—\‘\\

scanf ("%d", &arrayl[i) (4] [k]);

}

}

printf ("\n The matrix is: ),
printf ("\n *******************i**wo*...tttﬂ.
!

for(i = 0;1 < 2;i++)

{

printf ("\n\n");
for(j = 0;j < 2;j++)
{
printf ("\n");
for(k = 0;k < 2;k++)
printf("\tarray[%d] (¥d] %d] = %dv, i, 5,
k, arrayl[i] [j] [k]);

}

getch ();
return 0;
)
Output
Enter the elements of the matrix
************i*****************
12345678
arr [0] [0] [0]
arr[0] [1] [0]
arr[1] [0] [0]
arr[1] [1] [0]

]
n

1 arr (0] [0] [1]
3 arr([0] [1] [1]
5 arr[1] [0] [1]
7 arr (1] [1] [1]

[] ]
oo
@ o Wb N

[EEE] sPARSE MATRICES

Sparse matrix is amatrix that has many elements withavalue
zero. In order to efficiently utilize the memory, specialized
algorithms and data structures that take advantage of the
Sparse structure of the matrix should be used. If we apply
operations using standard matrix structures and algorithms
to sparse matrices, then execution will slow down and the
matrix will consume large amounts of memory. Sparse datd
can be easily compressed which in tum can significantly
reduce memory usage,

Basically, there are two types of sparse matrices. In the
first type of sparse matrix, all elements above the main
diagonal have a valye zero. This type of sparse matrix i_s
also called a Jowey triangular marrix because if you see It
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pictorially, all the elements with a non-zero value appear
below the diagonal. In a lower triangular matrix, A; ;=0
where i >= j.Ann x nlower triangular matrix A has one
non zero element in the first row, two non-zero element,
in the second row and likewise, n non-zero elements in the
nt® row. Figure 5.36 shows a lower triangular matrix.

1
5 3
2 7 -1
3 1 4 2
-9 2 -8 1 7

FFA e Lower triangular matrix

To store the lower triangular matrix efficiently n
memory, we can use a one-dimensional array which stores
only the non-zero elements. The mapping between a two-
dimensionalmatrix and a one-dimensional array can be
done in any one of the following ways:

(2) Row wise mapping—here the contents of array A[]
willbe {1, 5, 3, 2, 7, -1, 3, 1, 4, 2, -9,
2, -8, 1, 7}

(b) Column wise mapping—here the contents of array
AQl willbe {1, 5, 2, 3, -9, 3, 7, 1, 2, -1,
4, -8, 2, 1, 7}

Like a lower triangular matrix, we also have an upper
triangular matrix in which A; ; = 0 where i<=j. An
n X nupper triangular matrix A has n non zero element in
the first row, n-1 non zero element in the second row and
likewise, 1 non zero elements in the nth row. Figure 5.37
shows an upper triangular matrix.

|

[y
0w W N B
N W o= 00U

Figure 5.37 Uppél" tﬂangtllér matrix

In the second variant of a sparse matrix, elements
with a non-zero value can appear only on the diagonal
or immediately above or below the diagonal. This type
of matrix is also called a tridiagonal matrix. Hence
in a tridiagonal matrix, A; 4= 0 where |1 - j[> 1.
Mathematically, in a tridiagonal matrix, if elements
are present on the main diagonal, then it contains non-
zero elements for i = j. In all there will be n elements
diagonal by below the main diagonal, it contains non-
zero clements for i = j + 1. In all there will be n -1
elements diagonal above the main diagonal, it contains
non zero elements for i =3 - 1. Inall there will ben-1

elements
Figure 5.38 shows a tridiagonal matrix.

1
2
9 3
4

Ffigﬁ_i'éz 538 Tridiagonal matrix

To store the tridiagonal matrix efficiently in memory,
we can use a one-dimensional array which stores only
the non-zero elements. The mapping between a two-
dimensionalmatrix and a one-dimensional array can be
done in any one of the following ways:

(a) Row wise mapping—here the contents of array A[]
willbe {4, 1, 5, 1, 2, 9, 3, 1, 4, 2, 2, 5,
1, 9, 8, 7}

(b) Column wise mapping—here the contents of array
A[l willbe {4, 5, 1, 1, 9, 2, 3, 4, 1, 2, 5,
2, 1, 8, 9, 7}

(c) Diagonal wise mapping—here the contents of array
A[] willbe (s, 9, 4, 5, 8, 4, 1, 3, 2, 1, 7,
1, 2, 1, 2, 9)
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® An array is a collection of similar data elements of
the same data type.

* The elements of the array are stored in consecutive
memory locations and are referenced by an index
(also known as the subscript). Subscript indicates an
ordinal number of the elements counted from the
beginning of the array.

® Declaring an array means specifying three things:
data type, name, and its size.

® The name of the array is a symbolic reference for
the address of the first byte of the array. Therefore,
whenever we use the array name, we are actually
referring to the first byte of that array. The index
specifies an offset from the beginning of the array
to the element being referenced.

* A two-dimensional array is specified using two
subscripts where one subscript denotes row and
the other denotes column. C considers the two-

Array An array is a collection of similar data elements.
Array index Location of an item in an array,

Binary search Search a sorted array by repeatedly
dividing the search interval in half. Begin with an
interval covering the whole array. If the value of the
search key is less than the item in the middle of the
interval, narrowtheintervaltothe lower half. Otherwise
narrow it to the upper half. Repeatedly check until the
value is found or the interval is empty.

k-dimensional array An array with exactly k orthogonal
axes or k dimensions.

Linear search Search an array by checking elements
one at a tiine.

Lower triangular matrix A matrix A; forms a lower
triangular when i 2 j.

Fill in the Blanks

1. Anarrayisa .
2. Every element is accessed using a

3. An expression that evaluates to an
value may be used as an index.

dimensional array as an array of a one-dimension,
array.

o A multidimensional array in simple terms s a
array of arrays. Like we have one index in 3 One.
dimensional array, two indices ina two-dimensiong)
array, in the same way we have n indices i an
n-dimensionalormultidimensionalarray.Conversery,
an n-dimensional array is specified using n indices.

e Sparse matrix is a matrix that has many elements
with a value zero. Basically, there are two types of
sparse matrices. In the first type of sparse matriy,
all elements above the main diagonal have a va|ye
zero. This type of sparse matrix is called a lower
triangular matrix.

e In the second variant of a sparse matrix, elements
withanon-zerovalue canappear only onthediagonal
or immediately above or below the diagonal. This
type of sparse matrix is called a tridiagonal matrix,

Matrix A two-dimensional array in which the first index
is the row and the second index is the column.
One-dimensional array An array with one dimension
or one subscript/index.

Rectangular matrix An n x m matrix whose size may
not be the same in both dimensions.

Sparse matrix A matrix that has relatively few non-zero
elements.

Three-dimensional array An array with three
dimensions or three subscripts/indices.
Two-dimensional array An array with two dimensions
or two subscripts/indices.

Upper triangular matrix A matrix A;; forms an upper
triangular when i <j.

4. The elements of an array are storedin___—
memory locations,
5. An n-dimensional array contains ____—

subscripts,
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6. Name of the array acts as a |
7. Declaring an array means specifying the
, and

8. The subscript or the index represents the offset
from the beginning of the array to

9. is used to access an element in the
array.

10. is the address of the first element in
the array.

11. Length of the array is given by the number of

12. means accessing each element of the
array for a specific purpose.

13. Performance of the linear search algorithm can be
improved by using a .

14. The complexity of linear search algorithm is

15. An array occupies memory locations.

16. An array name is often known to be a
pointer.

17. A multi-dimensional array in simple terms is an

18. arr[3] = 10; initializes the element of
the array with value 10.

19. The search locatesthe value by starting
at the beginning of the array and moving towards
its end.

Multiple Choice Questions

1. If an array is declared as arr[] = {1,3,5,7,9}; then
what is the value of sizeof(arr(3])?

(a) 10 (b) 20
(c) 30 (d) 40
2.Ifan array is declared as arr[] ={1,3,5,7,9}; then what
is the value of arr[3]?
(@) 1 (b) 7
(c) 9 (d) 5

3. If an array is declared as double arr{50], how many
bytes will be allocated to it?
(a) 50 (b) 100
(c) 200 (d) 400

4, If an array is declared as int arr(50], how many
elements can it hold?

(a) 49
(c) 51

(b) 50
(d) 0

5. If an array is declared as int arr[5][5], how many
elements can it store?
(a) 5 (b) 25
(c) 10 (d) O
6. The worst case complexity is_____when compared
with the average case complexity of a binary
search algorithm.

(a) equal (b) greater

(c) less (d) none of these
7. The complexity of binary search algorithm is

(a) O(n) (b) O(n?)

(c) O(nlogn) (d) Oflog n)
8. In linear search, when VAL is equal to the first
element of the array, which case is it?
(b) average case
(d) amortized case

(a) worst case
(c) bestcase
9. Given an integer array, arr[]; the ith element can be
accessed by writing

(a) (arr+i)
(c) arrli]

(b) *(i+arr)
(d) all of these

State True or False

1. An array is used to refer to multiple memory
locations having the same name.

2. An array need not be declared before being used.

3. An array contains elements of the same data
type.

4. A loop is used to access all the elements of the
array.

5. All the elements of the array are automatically
initialized to zero when the array is defined.

6. An array stores all its data elements in non-
consecutive memory location.

7. To copy an array, you must copy the value of every
element of the first array into the element of the
second array.

8. Lower bound is the index of the last element in the
array.
9, Merged array contains contents of the first array
followed by the contents of the second array.
10. Binary search is also called sequential search.
11. Linear Search is performed on a sorted array.

12. Binary search is the best searching algorithm for
all types of arrays.
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9.

10.
11.
12,

13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24.
25.
26.

Merged array contains contents of the first array
followed by the contents of the second array.
Binary search is also called sequential search.
Linear Search is performed on a sorted array.
Binary search is the best searching algorithm for
all types of arrays.

It is possible to pass entire array as a function
argument.

arr[i] is equivalent to writing *(arr+i).

Array name is equivalent to the address of its last
element.

When an array is passed to a function, C passes the
value for each element.

When an array is passed to a function, it is always
passed by call-by-reference method.

Linear search can be used to search a value in any
array.

Linear search is recommended for small arrays.

A two-dimensional array is nothing but an array of
one-dimensional arrays.

A two-dimensional array contains data of two
different types.

When an array is declared, all its elements are
automatically initialized to zero.

A char type variable can be used as a subscript in
an array.

By default, the first subscript of the array is zero.
A long int value can be used as an array subscript.

The maximum number of dimensions that an array
can have is 4.

Review Questions

1. Why are arrays needed?

2. What does array name signify?

)

4. How is a two-dimensional array represented in

How is an array represented in memory?

memory?

. How can arrays be used for inter-function

communication?

. How are multi-dimensional arrays useful?
. What happens when an array is initialized with

(a) fewer initializers as compared to its size?

(b) more initializers as compared to its size?

8. Explain sparse matrix.
9. Why does storing of sparse matrices need extr,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23,

24,
25,

consideration? How are sparse matrices storeq
efficiently in the computer’s memory?

For an array declared as int arr[50], calculate the
address of arr[35], if Base(arr) = 1000 and w=2,
Consider a 10 X 5 two dimensional array Markg
which has base address = 2000 and the number of
words per memory location of the array = 2, Now
compute the address of the element- Marks(g,
5] assuming that the elements are stored in row
major order.

Given an array, int arr[] = (9, 18, 27, 36, 45, 54, 63,
72, 81, 90, 99}); Trace the steps of binary search
algorithm to find value 90 and 17 from the array.
Which technique of searching an element in the
array do you prefer to use and in which situation?
Write a program which deletes all duplicate
elements from the array.

Write a program that tests the equality of two one-
dimensional arrays.

Write a program that reads an array of 100 integers.
Display all pairs of elements whose sum is 50.
Write a program to input an array of 10 numbers
and swap the value of the largest and smallest
number.

Write a program to interchange second element
with the second last element.

Write a program that calculates the sum of squares
of the elements.

Write a program to calculate the number of
duplicate entries in the array.

Write a program to arrange the values of an array

in such a way that even numbers precede the odd

numbers.

Given a sorted array of integers; calculate the sum,
mean, variance and standard deviation of the
numbers in the array.

Write a program to compute the sum and mean of
the elements of a two dimensional array.

Write a program to read and display a 3X3 matrix.
Write a program to transpose a 3X3 matrix.
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30.

31.

32.

33.

34.

35.
36.
37.

38.

39,

40.

41,

. Write a program that computes the sum of

elements that are stored on the main diagonal of a
matrix using pointers.

. Write a program to count the total number of non-

zero elements in a two dimensional array.

. Write a program to read and display an array of 10

floating point numbers.

. Write a program to read and display an array of 10

floating point numbers using functions.

Write a program to read an array of 10 floating
point numbers. Display the mean of these numbers
till two decimal places.

Write a program to read an array of 10 floating
point numbers. Display the position of the largest
number.

Write a program to read an array of 10 floating
point numbers. Display the smallest number and
its position in the array.

Write a program to input the elements of a two-
dimensional array. Then from this array make two
arrays- one that stores all odd elements of the two
dimensional array and the other stores all even
elements of the array.

Write a program to merge two integer arrays. Also
display the merged array in reverse order

Write a program to transpose a 3X3X3 matrix.
Write a program to multiply two mXn matrices.
Write a menu driven program to add, subtract,
and transpose two matrices.

Write a program that reads a matrix and displays
the sum of its diagonal elements.

Writeaprogram that reads amatrixanddisplays the
sum of the elements above the main diagonal.
Hint: Calculate sum of elements of array A, where
A;and i<j

Write a programthatreadsamatrix and displaysthe
sum of the elements below the main diagonal.
Hint: Calculate sum of elementsof array A ,where
Ajand i>f

Hint: Calculate sum of elements of array A where
Ajand i>j
Writeaprogramthatreadsasquarematrixofsize nxn.
Write a function int isUpperTriangular (int

42.

43,

44,

45.

46.

47.

48,

49,

50,

51.

52.

53.

54.

55.

a[l[], int n) that returns 1 if the matrix is
upper triangular.

Hint: Array A is upper triangular if A= 0 for i>j
Writeaprogramthatreadsasquarematrixofsizenxn.
Write a function int isLowerTriangular (int
all[], int n) that returns 1 if the matrix is
lower triangular.

Hint: Array A is lower triangular if A;= 0 for i<j
Write a program that reads a square matrix of size
nxn. Write a function int isSymmetric (int
all[], int n) that returns 1 if the matrix is
upper triangular.

Hint: Array A is symmetric if A= A;; for all values of
iandj

Write a program to calculate XA + YB where A and
B are matricesand X=2,and Y =3.

Write a program to find a given number from an
unsorted array.

Write a program to find a given number from a
sorted array.

Write a program to read an array of 10 floating
point numbers. Display the position of the secorid
largest number.

Write a program to enter five single digit numbers
in an array. Form a number using the array
elements.

Write a program to find whether number 3 is
present in the array “arr[]={1,2,3,4,5,6,7,8}.

Write a program to read a floating point array.
Update the array to insert a new number at the
specified location.

Write a program to read a sorted floating point
array. Update the array to insert a new number.
Write a program to read a floating point array.
Update the array to delete the number from the
specified location.

Write a program to read a sorted floating point
array. Update the array to delete the given
number.

Modify the linear search program so that it
operates on a sorted array.

Write a program to build an array of 100 random

numbers in the range 1 to 100. Perform the
following operations on the array.
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53. Write a program to read a sorted floating point
array. Update the array to delete the given
number.

54, Modify the linear search program so that it
operates on a sorted array.

55. Write a program to build an array of 100 random
numbers in the range 1 to 100. Perform the
following operations on the array.

(a) Count the number of elements that are
completely divisible by 3.

(b) Display the elements of the array by displaying
a maximum of ten elements in one line.

(c) Display only the even elements of the array by
displaying a maximum of ten elements in one
line.

(d) Countthe number of odd elements.

(e) Find the smallest element in the array.

(f) Find the position of the largest value in the
array.

56. Write a program to read two floating point arrays.
Merge these arrays and display the resultant
array.

57. Write a program to read two sorted floating
point arrays. Merge these arrays and display the
resultant array.

58. How can one dimensional array be used for inter-
process communication?

59. Write a program to to read and display a p*q*r
array.

60. Write a program to initialize all diagonal elements
of a two-dimensional array to zero.

61. Considera 10X 10twodimensionalarray which has
base address = 1000 and the number of words per
memory location of the array = 2. Now compute
the address of the element arr(8](5] assuming that
the elements are stored in row major order. Then
calculate the same assuming the elements are
stored in column major order.

62. Consider an array MARKS[20][5) which stores the
marks obtained by 20 students in 5 subjects, Now

write a program to

(a) find the average marks obtained in each -
subject

(b) find the average marks obtained by every
student

(c) find the number of students who have scored
below 50 in their average

(d) display the scores obtained by every student

Program Output

Identify errors, if any, in the following declaration
statements.

(a) int marks(10);

(b) int marks[10, 5];

(¢) int marks[10],[5];

(d) int marks[10];

(e) int marks[];

(f) int marks[10] [5];

(g) int marks[9+1][6-1];

Identify errors, if any, in the following initialization
statements.

(a) int marks[ ] ={0,0,0,0};

(b) int marks[2][3] = {10,20,30,40};

(c) int marks[2,3] = {10, 20,30},{40,50,60}};

(d) int marks[10]={0};

Find out the output of the following codes.

1. #include <stdio.hs>
main|()
{
int i, arr[10)];
for(i=0;i<10;i++)

arr[i*2] = 1;
for(i=0;1i<10;i++)
arr[i*2+1] = -1'-

for(i=0;i<10;i++)
printf (*\t %d”, arr([i]);
return 0;

}

2. #include <stdio.h»>
main ()

{
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int arr()={0,1,2,0,1,2,0,1,2};
printf (*\\n %¥d”,arr([3]);
printf (*\\n %d",arrlarr(3]1]1);
printf ("\\n %d",arr(arr(3)+arr[1]]);
printf (“\\n %d-,
arr[arr(arr[arr(1]1]1]]);
return 0;

)

3. #include <stdio.h>
main ()

1

int arri{l={0,1,2,0,1,2,0,1,2,0};
int i, arr2[10];
for(i=0;1<10;1i++)

arr2[i] = arri[9-i]);
for(i=0;i<10;1i++)

printf (“\t %d", arr2(i]);
return 0;

R
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[ZEE] INTRODUCTION TO SORTING

The term sorting means arranging the elements of the array
in some relevant order which may either be ascending or
descending, i.e., if A is an array, then the elements of A are
arranged in sorted order (ascending order) in such a way
that, A[0] <A[1) < A[2] < ... < A[N].

For example, if we have an array that is declared and
initialized as,

int A[] = {21, 34, 11, 9, 1, 0, 22};

Then the sorted array (ascending order) can be given as,
All = {o, 1, 9, 11, 21, 22, 34}

A sorting algorithm is defined as an algorithm that
puts elements of a list in a certain order (that can either
be numerical, lexicographical, or any user-defined order).
Efficient sorting algorithms are widely used to optimize the
use of other algorithms like search and merge algorithms
which require sorted lists to work correctly. There are two
types of sorting:

e Internal sorting which deals with sorting the data
stored in computer’s memory.

e External sorting which deals with sorting the data
stored in files. External sorting is applied when
there is voluminous data that cannot be stored in
computer’s memory.

In this section we will discuss only about internal

sorting.

[EE] BUBBLE SORT

Bubble sort is a very simple method that sorts the array
elements by repeatedly moving the largest element to
the highest index position of the array (case of arranging
elementsinascending order). Inbubble sorting, consecutive
adjacent pairs of elements in the array are compared with
each other. If the element at the lower index is greater
than the element at the higher index, the two elements are
interchanged so that the smaller element is placed before
the bigger one. This process is continued till the list of
unsorted elements gets exhausted.

This procedure of sorting is called bubble sorting
because the smaller elements ‘bubble’ to the top of the list,
At the end of the first pass, the largest element in the list

will be placed at the end of the list. Bubble sort is g,

referred to as sinking sort.

s

If the elements are to be sorted in
descending order, then with each pass the
smallest element is moved to the lowest

index of the array.

Bubble Sort Example

To discuss the bubble sort let us consider an array that has

the following elements:
All = {30, 52, 29, 87, 63, 27, 18, 54}

Pass 1:
(a) Compare 30 and 52. Since30 < 52, then no swapping
is done.
(b) Compare 52 and 29. Since 52 > 29, swapping is
done. 30, 29, 52, 87, 63, 27, 19, 54
(c) Compare 52 and 87. Since 52 < 87, no swapping is
done.
(d) Compare, 87 and 63. Since, 87 > 83, swapping is
done. 30, 29, 52, 63, 87, 27, 19, 54
(e) Compare 87 and 27. Since 87 > 27, swapping is
done. 30, 29, 52, 63, 27, 87, 19, 54
(f) Compare 87 and 19. Since 87 > 19, swapping Is
done. 30, 29, 52, 63, 27, 19, 87, 54
(g) Compare 87 and 54. Since 87 > 54, swapping IS
done. 30, 29, 52, 63, 27, 19, 54, 87
Observe that after the end of the first pass, the largest

element is placed at the highest index of the array. All the
other elements are still unsorted.

Pass 2:

(2) Compare 30 and 29. Since 30 > 29, swapping is done-
29, 30, 52, 63, 27, 19, 54,87

(b) ((iiompare 30 and 52. Since 30 < 52, no swapping i
one,

(c) ((;Dmpare 52 and 63. Since 52 < 63, no swapping is
one,

(d) Compare 63 and 27. Since 63 > 27, swapping is don®
29,30, 52,27, 63, 19, 54, 87
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(e) Compare 63 and 19. Since 63 > 19, swapping is done.
29, 30, 52, 27,19, 63, 54, 87

(f) Compare 63 and 54. Since 63 > 54, swapping is done.
29, 30, 52, 27, 19, 54, 63, 87

Observe that after the end of the second pass, the second

largest element is placed at the second highest index of the
array. All the other elements are still unsorted.

Pass 3:
(a) Compare 29 and 30. Since 29 < 30, no swapping is
done.
(b) Compare 30 and 52. Since 30 < 52, no swapping is
done.
(c) Compare 52 and 27. Since 52 > 27, swapping is done.
29, 30, 27,52, 19, 54, 63, 87
(d) Compare 52 and 19. Since 52 > 19, swapping is done.
29, 30, 27, 19, 52, 54, 63, 87
(¢) Compare 52 and 54. Since 52 < 54, no swapping is
done.
Observe that after the end of the third pass, the third
largest element is placed at the third highest index of the
array. All the other elements are still unsorted.

Pass 4:

(a) Compare 29 and 30. Since 29 < 30, no swapping is
done.

(b) Compare 30 and 27. Since 30 > 27, swapping is done,
29,27, 30, 19, 52, 54, 63, 87

(c) Compare 30 and 19. Since 30 > 19, swapping is done.
29,27, 19, 30, 52, 54, 63, 87

(d) Compare 30 and 52. Since 30 < 52, no swapping is
done.

Observe that after the end of the fourth pass, the fourth
largest element is placed at the fourth highest index of the
array. All the other elements are still unsorted.

Pass 5:

(a) Compare 29 and 27. Since 29 > 27, swapping is done.
27,29, 19, 30, 52, 54, 63, 87

(b) Compare 29 and 19. Since 29 > 19, swapping is done.
27,19, 29, 30, 52, 54, 63, 87

(c) Compare 29 and 30. Since 29 < 30, no swapping is done.

Observe that after the end of the fifth pass, the fifth
largest element is placed at the fifth highest index of the
array. All the other elements are still unsorted.

Pass 6:

(a) Compare 27 and 19. Since 27 > 19, swapping is done.
19, 27, 29, 30, 52, 54, 63, 87

(b) Compare 27 and 29. Since 27 < 29, no swapping is
done.

Observe that after the end of the sixth pass, the sixth
largest clement is placed at the sixth largest index of the
array. All the other elements are still unsorted.

Pass 7:

(a) Compare 19 and 27. Since 19 <27, no swapping is

done.
Observe that the entire list 1s sorted now.

Algorithm for Bubble Sort

If we see the basic methodology of the working of bubble
sort, we can generalize the working as follows:
1. In Pass 1, A[1] and A[2] are compared, then A[2]
is compared with A[3],A[3] is compared with A [4],
and so on. Finally, A([N-1] is compared with A[N].
Pass 1 involves N-1 comparisons and places the
biggest element at the highest index of the array.

2. In Pass 2, A[1) and A[2] are compared, then A[2]
is compared with A[3],A (3] is compared with A[4],
and so on. Finally, A [N-2] is compared with A [N-1].
Pass 2 involves N-2 comparisons and places the
second biggest element at the second highest index
of the array.
3. In Pass 3, A[1] and A[2] are compared, then A[2]
is compared with A [3],A[3] is compared with A [4],
and so on. Finally, A [N-3] is compared with A [N-2].
Pass 3 involves N-3 comparisons and places the
third biggest element at the second highest index
of the array N-1) In Pass N-1, A[1] and A[2] are
compared so that A[1]<A[2]. After this step, all
the elements of the array are arranged in ascending
order.
Figure A3.1 shows the algorithm for bubble sort. In
this algorithm, the outer loop is for the total number of
passes which is N-1. The inner loop will be executed for
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every pass. However, the frequency of the inner loop will
decrease with cvery pass because afier every pass one
clement will be in its correct position. So, for every pass,
the inner loop will be executed N-1 times, where N is the
number of elements in the array and I is the count of the
pass. '

BUBBLE_SORT (A, N)

Step 1: Repeat steps 2 For I =0 toN-1
Step 2: Repeat For J=0toN-1I
Step 3: IfA[J) >A[J + 1), then
SWAP A[J) and A[J+1]
[End of Inner Loop]
[End of Quter Loop]
Step 4: EXIT

T X.E 88 Algorithm for bubble sort

1. Write a program to enter n numbers in an array. Redisplay

the array with elements being sorted in ascending order.
#include <stdio.h>
#include <conio.h>

int main()
{
int i, n, temp, j, arr [10];
clrscr();
printf ("\n Enter the number of elements
in the array: ");
scanf ("%¥d", &n);
printf ("\n Enter the elements ");
for(i = 0;1i < n;i++)
scanf ("%d4", &arr [i]);
for(i = 0;i < n;i++)

{
for(j =0;3 < n-i;j++)
{
if(arr [j] > arr [j+1])
{

temp = arr [j);
arr [j] = arr [+1);
arr [j+1) = temp;

)

}
)
printf("\n The array eorted in ascending
order is: \n");

for(i = 0;1 « n;i+s)
printf (*\t %d", 1, arr[i])),

e

getch();
return 0;

)

Output
Enter the number of elements in the

array: 6

Enter the elements 27 72 36 63 45 54
The array sorted in ascending order ig.
27 36 45 54 63 72

2. Write a program to entern numbers inanarray, Redisplay
the array with elements being sorted in descending

order.

#include <stdio.h>
#include <conio.h>
int main()

{

int i, n, j, temp, arr([10];
clrscr();
printf ("\n Enter the number of elements
in the array: ");
scanf ("%d", &n);
printf("\n Enter the elements ");
for(i = 0;1 < n;i++)
scanf ("%d", &arr[i]);

for(i = 0;i < n;i++)
{
for(j= 0;j<n-1-1;j++)
{
if (arr[j] < arr(j+1])
{
temp = arr([j];
arr(j] = arrl[j+1];
arr(j+1] = temp;
}
}
}
printf("\n The array sorted in descendird
order ig:");
for(i = 0;i < n;i++)
printf ("\n Arr(%d] = %d*,i,arr[il)
getch();
return 0;
}
Output

E
E::Zer the number of elements in the array:
Th er the elements 27 72 36 63 45 54
€ array sorted in descending order is:
72 63 54 45 36 29
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[EXE] INSERTION SORT

Insertion sort is a very simple sorting algorithm, in which
the sorted array (or list) is built one element at a time.
We all are familiar with this technique of sorting as we
usually use it for ordering a deck of cards while playing
bridge.

The main idea behind insertion sort is that it inserts
each item into its proper place in the final list. To save
memory, most implementations of the inscrtion sort
algorithm work by moving the current data element past
the already sorted values and repeatedly interchanging
it with the preceding value until it is in its correct
place.

Although insertion sort is less efficient when
compared with other more advanced algorithms such
as quick sort, heap sort, and merge sort, we will still

read about its technique to gain an understanding of the
subject.

The Technique

Insertion sort works as follows:

e The array of values to be sorted is divided into two
sets. One that stores sorted values and the other
contains unsorted values.

* The sorting algorithm will proceed until there are
elements in the unsorted set.

¢ Suppose there are n elements in the array. Initially the
element with index 0 (assuming LB, Lower Bound =

0) is in the sorted set, rest of the elements are in the
unsorted set.

* The first element of the unsorted partition has array
index 1 (if LB = 0). '

* During each iteration of the algorithm, the first
clement in the unsorted set is picked up and inserted

into the correct position in the sorted set. EL98 €L (AR, ) shiere AKK A% SR asTay of W alemsats
Step 1: Repeat Steps 2 to 5 forK=1toN
. i Step 2: =
Consider an array of integers given below. Stz T 23 E‘Efl; _AlRRlK]
Sort the values in the array using insertion sort. Step 4: Repeat while TEMP <= ARR(J)
SET ARR[J + 1] = ARR[J)
SETJ=J-1
|39] 9 [as[e3[ 18] a1 108] 54 [72 [ 36 (END OF TNVER LOOP]
Step 5: SET ARR(J + 1] = TRMP
[END OF LOOP)
Pass1: | 39| 9 | 45| 63| 18| 81 |108| 54 | 72| 36 Step 6: EXIT

passa;[ 9 |39|45|63|18]81|108] 54|72 26

Pass4:| 9 |39 (45|63 |18 |81 1108) 54| 72 | 36

PassS:F’ 18 | 39 [ 45 | 63 | 81 |108| 54 | 72 | 36

Passﬁ:rg 18 | 39| 45| 63 | 81 [108] 54 | 72| 36

Pass7:| 9 |18|39|4as|63|81{108|54|72] 36

Passs:l 9 [18(39]45|54|63|81]|108] 7236

Pa559:| 9 1839|4554 | 63| 73| 81|108| 36

Pasle:‘ 9 118(36|39|45|54|63|72) 81108

In Pass 1, A[0] is the only element in the sorted set. In
Pass 2, A[1] will be placed either before or after A[0],
so that the array A is sorted. In Pass 3, A[2] will be placed
either before A[0], in-between A[0] and A[1] or after
A[1], so that the array is sorted. In Pass 4, A[4] will be
placed in its proper place so that the array A is sorted. In
Pass N, A[N-1] will be placed in its proper place so that
the array A is sorted.

Therefore, to insert the element A[K] in the sorted list
A[0], A[1], ...., A[K-1], we need to compare A[K)]
with A[K-1], then with A(k-2], then with A[K-3] until
we meet an element A [J] such that A[J) <=A[K] .

In order to insert A[K] in its correct position, we need
to move each element A[K-1], A[K-2], ..., A[J] by one
position and then A (K] is inserted at the (J+1) ™ location.
The algorithm for insertion sort is given in Figure A 3.2.

Pass2: | 9 |39|45|63| 18|81 |108| 54|72} 36

m Algorithm for Insertion sort
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In the algorithm, Step 1 exccutes a £or loop which will
be repeated for each element in the array. In Step 2, we
store the value of K™ element in TEMP. In step 3, we sct
the 3™ index in array. In Step 4, a for loop is executed that
will create space for the new element from the unsorted
list to be stored in the list of sorted elements. Finally, in
Step §, the element is stored at the J*" location.

Advantages of Insertion Sort

The advantages of this sorting algorithm are as follows:
e Easy to implement
e Efficient to use on small sets of data

* Efficient implementation on data sets that are already
substantially sorted

e Performs better than algorithms such as selection
sort and bubble sort. Insertion sort algorithm is much
simpler than the shell sort, with only a small trade-
off in efficiency. While, the insertion sort is twice as
fast as the bubble sort, it is almost 40% faster than
the selection sort.

e Requires less memory space

e Considered to be online as it can sort a list as and
when it receives new elements

3. Write a program to sort an array ARR using insertion
sort algorithm.
#include <stdio.h>
#include <ccnio.h>
void insertion_sort (int arr(],int n);
void main()
{
int arr[10], i, n, j, k;
clrscr();
printf ("\n Enter the number of elements
in the array: ");

scanf ("%¥d", &n); ¢
printf("\n Enter the elements of the

array");
for(i = 0;1 < n;i++)
{
printf(“\n arr(%d) = ", i)

geanf ("$dY, Garr(i]);

}

ingertion_sort(arr,n);
printf ("\n The sorted array is: \n%);

for(i = 0;i < 1071++)

printf ("%d\t", arr[i]);
getch();

}

void insertion_sort(int arr(], int n)

{

int i, j, temp;

for(i = 0;1 < n;i++)

{
temp = arr(i];
j = i-1;
while((temp < arr(j]) && (j>=0))
{
arr[j+1] =
Fjsiey
}

arr[j+1]

arr(jl;

]

temp;

}
Output

Enter the number of elements in the array: &
Enter the elements of the array 27 72 36 63
45 54

The sorted array is:

27 36 45 54 63 72

[EH] SELECTION SORT

Selection sort is a sorting algorithm that has quadratic
running time complexity given as O(n?) thereby making
it inefficient to be used on large lists. Although, selection
sort performs worse than insertion sort al gorithm it is noted
for its simplicity, and also has performance advantages
over more complicated algorithms in certain situations.
Selection sort is generally the prefereed choice for sorting
files with very large objects (records) and small keys.

The Technique

Consider an array ARR with N elements. The selection
sort takes N-1 passes to sort the entire array and works a5
.fo!lows. First find the smallest value in the array and place
Itin the first position. Then find the second smallest value
in the array and place it in the second position. Repeat this
proced)urc until the entjre array is sorted. Therefore,

In Pass 1, find the position pos of the smallest value

in the array and (he
‘ N Swap ARR[p R(0].
Thus, Arr (0] s sorted. P [POs] and AR
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In pass 2, find the position Pos of the smallest value
in sub-ammay of N-1 clements. Swap ARR[POS] with
ARR [1]. Now, A[0] and A[1] is sorted.

In pass 3, find the position pos of the smallest value
in sub-array of N-2 elements. Swap ARR(POS] with
ARR[2]. Now ARR [0], ARR [1] and ARR [2] is sorted.

In pass N-1, find the position POS of the smaller of
the clements ARR [N-2] and ARR [N-1). Swap ARR [POS]
and ARR [N-2] so that ARR[0], ARR[1], ..., ARR[N-1]
is sorted.

The algorithm for selection sort is shown in Figure
A 3.3. In the algorithm, during the K*" pass we need to find
the position POS of the smallest elements from ARR (K],
ARR[K+1], ..., ARR[N]. To find the smallest element
we will use a variable SMALL to hold the smallest value in
the subarray ranging from ARR [K] to ARR [N] . Then swap
ARR [K] with ARR [POS] . This procedure is repeated until
all the elements in the array are sorted.

SMALLEST (ARR, K, N, POS)

Step 1:-[Initialize] SET SMALL = ARR(K]
Step 2: [Initialize] SET POS =K
Step 3: Repeat for J=K+1 to N

IF SMALL > ARR[J], then

SET SMALL = ARR[J]

SETPOS=J

[END OF IF]

[END OF LOOP]

Step 4: Exit

371174 . %% Sort the array given below using selection sort

Selection Sort to sort an array ARR with N elements
Step 1:
Step 2:
Step 3:

Step 4:

Repeat Steps 2 and 3 for K =1 to N-1
CALL SMALLEST (ARR, K, N, POS)

SWAP A[K] with ARR[POS]

[END OF LOOP]

Exit

UG Algorithm for selection sort

The advantages of the sclection sort algorithm are as
follows:

« simple and easy to implement
» can be used for small data sets
+ 60% more efficient than bubble sort algorithm

The disadvantage is that it is inefficient for large data sets.
Insertion sort is considered to be better than selection sort
and bubble sort.

4. Write a program to sort an array using selection sort
algorithm.

#include <stdio.h>
#include <conio.h>
int smallest (int arr(], int k, int n);
void selection_sort (int arr(), int n)
void main()
{

int arr(10], i, n, j.k;

clrscr();

|39 9|8 [as[o0]27|72] 18]

PASS | LOC | ARR[0] | ARR[1] | ARR[2] | ARR[3] | ARR[4] | ARR[S] | APR[6] | ARR[7]
1 1 9 39 81 45 90 27 72 18
2 7 9 18 81 45 90 27 72 39
3 5 9 18 27 45 90 81 72 39
4 7 9 18 27 39 90 81 72 45
5 7 9 18 27 39 45 81 72 20
6 6 9 18 27 39 a5 72 81 90
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Printf ("\n Enter the number of elements
in the array: ");

scanf ("%d", &n);

printf ("\n Enter the elements of the

array");
for(i = 0;i < n;i++)
{
printf ("\n arr([%d] = ", i);

scanf ("%d", &arr([i]);
}
selection_sort (arr, n);
printf ("\n The sorted array is: \n");
for(i = 0;i<n;i++)
printf ("sd\t", arr[il);
getch();
}
int smallest (int arr(], int k, int n)
{
int pos = k, small=arr(k], i;
for(i = k+1;i < n;i++)
{
if (arr[il< small)
{
small = arr([i];
pos = i;
}
}

return pos;

}
void selection_sort(int arr(],int n)
{
int k, pos, temp;
for(k = 0;k < n;k++)
{
pos = smallest (arr, k, n);
temp = arr(k];
arr (k] = arr[pos];
arr [pos] = temp;

}
Output

Enter the number of elements in the array: 6
Enter the elements of the array 27 72 36 63
45 54

The sorted array is:

27 36 45 54 63 72

m RADIX/BUCKET SORT

Radix sort is a linear sorting algorithm for integers that
uses the concept of sorting names in alphabetical order.
When we have a list of sorted names, the radix is 26 (or
26 buckets) because there are 26 letters of the alphabet,
Observe that words are first sorted according to the first
letter of the name, i.e., 26 classes are used to arrange the
names, where the first class stores the names that beging
with *A’, the second class contains names with ‘B’, and
SO on.

During the second pass, names are grouped according
to the second letter. After the second pass, the names are
sorted on the first two letters. This process is continued
till the n' pass, where n is the length of the names with
maximum letters.

After every pass, all the names are collected in order
of buckets, i.e., first pick up the names in the first bucket
that contains names beginning with ‘A’. In the second pass
collect the names from the second bucket, and so on.

When radix sort is used on integers, sorting is done on
each of the digits in the number. The sorting procedure
proceeds by sorting the least significant to most significant
digit. When sorting numbers 0-9, we will have ten buckets,
each for one digit (0, 1, 2,..., 9) and the number of passes

will depend on the length of the number having maximum
digits.

FEMLIEERH  Sort the numbers given below using radix sort.

345, 654, 924, 123, 567, 472, 555, 808, 911
In the first pass the numbers are sorted according to the digit

in the ones place. The buckets are pictured upside down as
shown,

—1

Number| 0 | 1 [ 2 |3 | 4|5 ]|6] 7 9]
345 345
654 654 |
L 924 ]
123 123 ]
567 567 |
472 an| B
k] 555 :
808 808 | |
911 911 :_,

i -
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After this pass, the numbers are collected bucket by
bucket. The new list thus formed is used as an input for
the next pass. In the second pass, the numbers are sorted
according to the digit in the tens place. The buckets are

pictured upside down.

Number| O 1 2 3 q

911 911

472 472

123 123

654 654

924 924

345 345
555 555

567 567

808 |808

Number0123455189

808 808

911 911

123 123

924 924

345 345

654 654

555 555

567 567

472 472

Afier this pass, the numbers are collected bucket by
bucket. The new list thus formed is used as an input for
the next pass. In the third pass the numbers are sorted
according to the digit at the hundreds place. The buckets

are pictured upside down.

After this pass, the numbers are collected bucket
by bucket. The new list thus formed is the final sorted
result. After the third pass, the list can be given as,

123, 345, 472, 555, 567, 654, 808, 911, 924.

==
Pros and Cons
Radix sort is a very simple algorithm. When programmed
properly, it is one of the fastest sorting algorithms for
numbers or strings of letters (Figure A3.4).

Algorithm for RadixSort (ARR, N)

Step 1: Find the largest number in ARR as LARGE
Step 2: [Initialize) SET NOP = Number of digits in LARGE

Step 3: SET PASS =0

Step 4: Repeat Step 5 while PASS <= NOP - 1

Step 5: SET I = 0 AND Initialize buckets

Step 6: Repeat Step 7 to Step 9while I <N-1

Step 7: SET DIGIT = digit at PASSth place in A[I]

Step 8: Add A[I] to the bucket numbered DIGIT

Step 9: INCEREMENT bucket count for bucket numbered DIGIT

[END OF LOOP)

Step 10: Collect the numbers in the bucket

[END OF LOOP]
Step 11: END

APY.E X M Algorithm for radix sort
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But there are certain tradeoffs for radix sort that makes
it less preferable than other sorting algorithms. Radix
sort takes more space than other sorting algorithms, since
besides the array of numbers, we need 10 buckets to
sort numbers, 26 buckets to sort strings containing only
alphabets, and at least 40 buckets to sort a string containing
alphanumeric characters.

Another drawback of the radix sort is that the
algorithm is dependent on the digits or letters. This feature
compromises with the flexibility to sort input of any data
type. For every different data type, radix sort algorithm
has to be rewritten. Even if the sorting order changes, the
algorithm has to be rewritten again. Thus, radix sort takes
more time to write and writing a general purpose radix sort
algorithm that can handle all kinds of data is not a trivial
task.

Although radix sort is a good choice for many programs
that need a fast sort, there are faster sorting algorithms.
This is the main reason why radix Sort is not as widely
used as other sorting algorithms.

S. Write a program to implement radix sort algorithm.
#include <stdio.hs
#include <conio.h>
int largest (int arr(], int n);
void radix_sort (int arr(], int n);
void main()
{
int arr(10], i, n, j,k;
clrscr();

printf ("\n Enter the number of elements
in the array : ");

scanf ("$d", &n);
printf ("\n Enter the elements of the
array");
for(i = 0;i < n;i++)
{
printf("\n arr(%d] = ", i);

scanf ("$d", &arr[i]);
}
radix_sort (arr, n);
printf("\n The sorted array is: \n");
for(i = 0;i < nj;i++)
printf ("%d\t", arr[i]);
getch();

}

int largest (int arr[], int n)

}

int large=arr[0], i;
for(i = 1;i < n;i++)
{
if(arr[i]> large)
large = arrl[i];

}

return large;

void radix_sort (int arr(], int n)

{

int bucket[10] (10], bucket_count [10] ;
int i, j, k, remainder,NOP=0,divisor=L
large, pass;
large = largest (arr, n);
while (large > 0)
{
NOP++;
large/=10;
}
for(pass = 0;pass < NOP;pass++) //
Initialize the buckets
{
for(i = 0;1i < 10;i++)
bucket_count [i]=0;
for(i = 0;i < n;i++)
{
// sort the numbers according to the
digit at the place specified by pass
remainder = (arr([i] /divisor)%10;
bucket[remainder][bucket_
count [remainder]] = arr(i];
bucket_count [remainder] += 1;

}

// collect the numbers after PASS pass
i=0;

for(k = 0;k < 10;k++)

{

for(j = 0;j < bucket_count [k] ;j++)

{

arr(i] = bucket [k] [§];

1++;
}

}

divisor #= 10;

}
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Enter the number of elements in the array: 5
Enter the elements of the array: 54 39 63 44 27
The sorted array is: 27 39 44 54 63

X3 sHELL SORT

Shell sort, invented by Donald Shell, is a sorting algorithm
that is a generalization of insertion sort. While reading
about insertion sort you must have observed two things.

* Insertion sort works well when the input data is
‘almost sorted’

* Itis quite inefficient to use as it moves values just
one position at a time.

Shell sortis considered as an improvement overinsertion
sort as it compares elements separated by a gap of several
positions. This enables the element to take bigger steps
towards its expected position. In shell sort, the elements
are sorted in multiple passes and in each pass data are
taken with smaller and smaller gap sizes. However, the last
step of shell sort is a plain insertion sort. But by the time
we reach the last step, the elements are already ‘almost
sorted’, and hence provides good performance.

If we take a scenario in which the smallest element is
stored in the other end of the array then sorting such an
array with either bubble sort or insertion sort will take
0(n?) time and roughly n comparisons and exchanges
to move this value all the way to its correct position. On
the other hand, shell sort first moves small values using
giant step sizes, so a small value will move a long way

towards its final position, with just a few comparisons and
exchanges.

The Technique

To visualize the way in which shell sort works, perform
the following steps:

Step 1: Arrange the elements of the array in the form of a
table and sort the columns (using an insertion sort).

Step 2: Repeat Step 1, each time with smaller number of

longer columns in such a way that at the end there is only
one column of data to be sorted.

Arrays I 205|

We are only visualizing the elements being arranged in
a table, the algorithm does its sorting in-place.

BEILIEERE  Sort the elements given below using shell sort.

03,19, 7,90, 81, 36, 54, 45, 72,27, 22,9, 41, 59, 33
Arrange the elements of the array in the form of a table
and sort the columns.

63 SIS 7 90 | 81 | 36 | 54 | 45
12, 2| 22 9 | 41 | 59 | 33

Result

63 | 19 7 9 41 36 | 33 | 45
72, 18278 22 O] 8] 59 | 54

The elements of the array can be given as: 63, 19, 7, 9,
41, 36, 33, 45, 72, 27, 22, 90, 81, 59, 54.
Now again, arrange the elements of the array in the

form of a table and sort the columns with smaller number
of long columns.

63 19 7 9 41
36 33 45 72 27
22 90 81 39 54

Result
22 19 7 9 27
36 33 45 59 41
63 90 81 72 54

Again arrange the elements of the array in the form of

a table and sort the columns with smaller number of long
columns.

22 19 7

9 27 36
33 45 59
41 63 90
81 72 54
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Result 27
9 19 7 36
22 27 36 33
33 45 54 41
41 63 59 %
81 72 90 45
Again arrange the elements of the array in the form of 63
a table and sort the columns with smaller number of long 59
columns 31
9 19 72
7 22 90
27 36
Result
23 43 The final list of the array is sorted using insertion sort and
54 41 the sorted list can be given as:
63 50 7,9,19,22,27,33,36,41, 45, 54, 59, 63, 72, 81, 90
90 Algorithm
Result The algorithm to sort an array of elements using shell sort
. e can be given as shown in Figure A3.5.
9 22
Shell_Sort( Arr, n)
27 36
Step 1: SET Flag =1, gap_size=n
33 4] Step 2: Repeat Steps 3 to 6 while Flag = 1 OR gap_size>1
Step 3: SET Flag=0
54 45 Step 4: SET gap_size = (gap_size + 1) / 2
Step 5: Repeat Step 6 FOR i = 0 to i < (n - gap_size)
63 59 Step 6: IF Arr(i + gap_size] > Arr(i], then
SWAP Arr(I + gap_size], Arr(il
81 72 SET Flag =0
Step 7: END
90 A

Finally arrange the elements of the array in a single column Algorithm for shell sort
and sort the column

In the algorithm, we sort the elements of the array m
z in multiple passes. In cach pass, we reduce the gap_size

19 (visualize it as number of columns) by a factor of half :5
9 done in Step 4. In each iteration of the for loop in Step 2

We compare the values of the array and interchange the™
22

if we have a larger value preceding the smatler one.

"
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6. Write a program to implement shell sort.

#include <stdio.h>

main()

{
int arr([10];
int i, j, n, flag = 1, gap_size, temp;
printf ("\n Enter the number of elements
in the array: ");
scanf ("%d", &n) ;
printf ("\n Enter %d numbers: )3
for(i= 0;i< n;i++)
scanf ("%d", &arr(il);
while(flag == 1 || gap_size > 1)

{
flag = 0;
gap_size = (gap_size + 1)/2;

for (1=0; i< (n - gap_size); i++)

}

Output

{

if ( arr(i+gap_size] > arr(i])
{
temp = arr [i+gap_size];
arr(i+gap_size] = arr(il;
arr(i] = temp;
}
}
}
printf ("\n The sorted array is: \n");
for(i = 0;i < n;i++)

printf("%d",arr[i]);

Enter the number of elements in the array: 5

Enter 5 numbers:

54 27 36 63 45 54

The sorted array is: 27 36 45 54 63
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Case Study
for Chapters 4 and 5

In this case study, we will apply the concepts of functions and arrays to implement merge sort and
quick sort. Both these sorting techniques use divide and conquer technique to sort the elements.
Merge sort and quick sort are widely used for online sorting where data may not be present as
one big chunk in the beginning but may be available in pieces.

Merge Sort

Merge sortis asorting algorithm that uses the divide, conquer, and combine algorithmic paradigm,
where

¢ Divide means partitioning the n-element array to be sorted into two sub-arrays with n/2
elements in each. (If Ais an array containing zero or one element, then it is already sorted.
However, if there are more elements in the array, divide A into two sub-arrays, A; and A,,
each containing about half of the elements of A).

* Conquer means sorting the two sub-arrays recursively using merge sort.

¢ Combine means merging the two sorted sub-arrays of size n/2 each to produce the sorted
array of n elements.

Merge sort algorithm focuses on two main concepts to improve its performance (running time):
1. Asmaller list takes few steps and thus less time to sort than a large list.

2. Less steps, thus less time is needed to create a sorted list from two sorted lists rather than
creating it using two unsorted lists.

The basic steps of a merge sort algorithm are as follows:

1. If the array is of length 0 or 1, then it is already sorted. Otherwise:

2. (Conceptually) Divide the unsorted array into two sub-arrays of about half the size.
3. Use merge sort algorithm recursively to sort each sub-array. .
4

- Merge the two sub-arrays to form a single sorted list.
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Sort the array given in Figure | using merge sort.

[39] 9 |81]45[s027] 72T 18]

m Unsorted array

Divide and conquer the array [Figure Il (a)].

[39] 9 [81]45[90]27]72] 18]

39| 9 |81[a5] [90]27]72T18]

[39] 9 J[81]4s5] 90|27 72]18]

EIEEE]  [0)E7) ) E]
(a)

Combine the elements to form a sorted array [Figure Il (b)].

%7”2%}5-'2%%”1%718-‘
9 39| 45 81| 27 90| 18 72|

N/ N/

9 39 45 81|18277290|

\ /

9 w1BT. 39 745 . 72.--81 0 |
(b)
w Divide and Conquer technique to sort the elements

The merge sort algorithm (Figure 1) uses a function merge which combines the sub-arrays to
form a sorted array. While the merge sort algorithm recursively divides the list into smaller lists,

the merge algorithm conquers the list to sort the elements in the individual lists. Finally, the
smaller lists are merged to form one list.

MERGE_SORT( ARR, BEG, END)

Step 1: IF BEG < END, then
SET MID = (BEG + END) /2
CALL MERGE_SORT ( ARR, BEG, MID)
CALL MERGE_SORT (ARR, MID + 1, END)
MERGE (ARR, BEG, MID, END)
[END OF IF)
Step 2: END

———

m Algorithm for merge sort
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of understanding we have taken two
erstand the merge algorithm, consider
list. The same concept can be utilized
b-lists having just one element.

The merge algorithm is shown in Figure IV. For the sake
sub-lists each containing four elements (Figure V). To und
Figure VI which shows how we merge two lists to form one
to merge 4 sub-lists containing two elements, and eight su

MERGE (ARR, BEG, MID, END)

Step 1: [Initialize] SET I = BEG, J = MID + 1, INDEX = 0
Step 2: Repeat while (I <= MID) AND (J<=END)
IF ARR[I] < ARR[J], then
SET TEMP [INDEX] = ARR[I]
SETI=I+1
ELSE
SET TEMP [ INDEX] = ARR[J]
SETJ=J+1
[END OF IF]
SET INDEX = INDEX + 1
[END OF LOOP]
Step 3: [ Copy the remaining elements of right sub-array, if any] IF I > MID, then
Repeat while J <= END
SET TEMP [INDEX] = ARR[J]
SET INDEX = INDEX + 1, SET T =J + 1
[END OF LOOP]
[Copy the remaining elements of left sub-array, if any] Else
Repeat while I <= MID
SET TEMP [ INDEX] = ARR[I]
SET INDEX=INDEX+1, SETI=I+1
[END OF LOOP]
[END OF IF]
Step 4: [Copy the contents of TEMP back to ARR] SET K=0
Step 5: Repeat while K < INDEX
a. SET ARR[K] = TEMP [K]
b. SETK=K+1
[END OF LOOP]
Step 6: END

HT{TANAS Merge algorithm

I8 [ 39 [ a5 [ er [T38 [ 27 [ 72 | 50 |

BEG, I MID J END

ZTACAAN Merging of two sub-lists containing 4 element each

Compare ARR[I] and ARR[J], the smaller of the two Is placed in TEMP at the location specified by
INDEX and subsequently the value | or J is incremented (Figure Vi).
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TEMP
(i ] i R - ] e i -]
INDEX
(@)
L 9 [ 39 [ as [ 81 T 18] 27 72 90 |
BEG I MID J END
TEMP
2 e el o e e |
INDEX
(b)
[ o [E395] 45 | 81 | 18 [E27] 72 | 90
BEG I MID J END
TEMP
T ] e ) ) et PR e |
INDEX
(c)
[o [REsm 45 [ sy [ 187 %27 [@a28] 90|
BEG I MID J END
TEMP
PETE T [ () s s s B
INDEX
(d)
[ 9 [ 39 [as e ] 18] 27] 72 ] 9 |
BEG i MID J END
TEMP
I U P T (BT | [r=owi)
INDEX
(e)
[ o [T 39 [ as [ 82 ] 18] 27 72 ] 90 ]
BEG I MID J END
TEMP
[ 9 T [ 2739 a5 72] | |

INDEX

(f)

ZFMCAY M Merging of two sub-lists to form one sorted list (contd)

When | is greater than MID copy the remaining elements of the right sub-array in TEMP
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[ [ 39 [ 4 [ e ]| 18 [ 27 |

72 | 90 |

BEG I MID J END

TEMP

5 [ 18 [ 27 [ 39 | 45 [ 72 |

s | |

INDEX

(8)

[9'39]45[81[18[27:|

72 | 90 |}

BEG MID I

EM

J END

fT9P]18|27|39]45|72|

81 | 90 |

(h)

INDEX

ITOTCAYE Merging of two sub-lists to form one sorted list

Figures Vi(g) and (h) show the merging of two sorted sub-lists to form sorted list.

1. Write a program to implement merge sort.

#include <stdio.h>
#include <conio.h>

void merge(int al[], int, int, int);
void merge_sort(int al[l,int, int);
void main()

{

}

int arr[10], i, n, j,k;

clrscr();

printf ("\n Enter the number of elements in
scanf ("%d", &n);

printf ("\n Enter the elements of the array:

scanf ("%d", &arr[i]);

merge_sort (arr, 0, n-1);

printf ("\n The sorted array is: \n");
for(i = 0;i < n;i++)

printf ("%d\t", arr(i));
getch() ;

void merge(int arr[], int beg, int mid, int end)

{

int i= beg, j=mid + 1, index:beg, tEmp[].O] , k;

while((i < =mid) && (j <=end))

{

if(arr[i] < arr(j])

the array: ");

");

’

. 4,__—gsiﬂsla
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}

void merge_sort (int arr[], int beg, int end)

{

{
temp(index] = arr(i]:
i++;
}
else
{
temp [index] = arr(j];
j++;
b
index++;
}
if (i >mid)
{
while(j <= end)
[
temp [index] = arr(jl;
J++; '
index++;
)
}
else
{
while (i < =mid)
{
temp [index] = arr(i];
1++;
index++;
}

}

for (k=beg;k<index;k++)
arr (k] = templ[kl];

int mid;
if (beg < end)

{

}
Output

Enter the number of elements in the array:

mid = (beg+end)/2;
merge_sort (arr, beg, mid) ;
merge_sort (arr, mid+1, end) ;
merge (arr, beg, mid, end) ;

Enter the elements of the array:
9 99 18 36 27 45 90 54 63 72
The sorted array is:

9 18 27 36 45 54 63 72 90 99

10

Case Study for Chapters4and 5 | 213,
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Quick Sort

Like merge sort, quick sort algorithm (also known as part'itior.\ exchange STTL‘J’E:::: using a
divide and conquer strategy to divide a single unsorted array into two smalle ys.

The quick sort algorithm works as follows:

1. Select an element pivot from the array elements

2. Rearrange the elements in the array in such a way that all elemen.ts that are less than the
pivot appear before the pivot and all elements greater than the pivot e'lement c?n'}e a.fter
it (equal values can go either way). After such a partitioning, the pivot is placed in its final
position. This is called the partiiion operation.

3. Recursively sort the two sub-arrays thus obtained. (One with sub-list of lesser value than
that of the pivot element and the other having higher value elements).

Like merge sort, the base case of the recursion occurs when array has zero or one element
because in that case, the array is already sorted. After each iteration of the algorithm, one
element (pivot) is always in its final position. Hence, with every iteration, there is one element
less to be sorted in the array.

Thus, the main task in the quick sort algorithm is to find the pivot element, which will partition
the array into two halves. To understand how we find the pivot element follow the steps given
below. (we will take the first element in the array as pivot)

Step 1: Set the index of the first element in the array to /oc and left variables. Also set the index
of the last element of the array to the right variable, i.e., loc =0, left = 0, and right = n-1
(where n in the number of elements in the array).

Step 2: Start from the element pointed by right and scan the array from right to left, comparing
each element on the way with the element pointed by variable loc, i.e., a[loc]should be
less than a[right].

(a) Ifthatisthe case then simply continue comparing until right becomes equal to foc.
Once right = loc, then it means the pivot has been placed in its correct position.

(b) However, if at any point we have a[loc] > a[right] then, interchange the two values
and jump to Step 3.

(c) Setloc =right.
Step 3: Start from the element pointed by left and scan t

each element on the way with the element point
greater than a[left).

he array from left to right, comparing
ed by variable /oc, i.e., a[loc]should be

(a) Ifthatis the case then simply continue comparing until left becomes equal to loc.
when left = loc, then it means the pivot has been placed in its correct position.

(b) However, if at any point we have afloc] < alleft], then interchange the two values
and jump to Step 2.

(c) Setloc = left.

. et
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m Consider the array given in Figure VIl and sort the elements using quick sort algorithm.

27 10 36 18 25 45

loc right
left

m Unsorted Array

We choose the first element as the pivot. Set loc = 0, left = 0, right = 5 as,

(a) | 27 10 36 18 | 25 45

loc right
left

Scan from right to left. Since a[loc] < a[right], decrease the value of right.

(b)| 27 10 36 18 25 45

loc right
left

Since, a[loc] > a[right], interchange the two values and set Joc = right.

()| 25 10 36 18 27 45 (d)| 25 10 36 18 27 45

left right left right
loc loc
Start scanning from left to right. Since, a[loc] > a[right], increment the value of left.

(e) 25 10 36 18 27 45
left right
Loc
Now since, a[loc] < a[right], interchange the values and set loc = left

(f)] 25 10 27 18 36 45

left right
loc

Scan from right to left. Since a[loc] < a[right], decrement the value of right.

()| 25 10 27 18 36 45

left  right
loc

Since, a[loc] > a[right], interchange the two values and set loc = right.

(h)| 25 10 18 27 36 45

left  right
loc

Scanned with CamScanner



|216 | Programming in C

Start scanning from left to right. Since, a(loc] > alright], increment the value of left.

(| 25 10 18 27 36 45

right
loc
left

Now left = loc, so the procedure terminates as the pivot element (the first element of the array,
i.e., 27) is placed in its correct position. Now all elements that are less than 27 are placed before it and
elements greater than 27 are placed after it.

Now the left sub-array containing elements 25, 10, 18 and right sub-array containing elements 36
and 45 are sorted in the same manner.

A function partition (Figure VIII) is used, by the quick sort algorithm (Figure IX), to divide the array
into two sub-arrays.
Pros: Faster than other algorithms like bubble sort, selection sort, and insertion sort. It is one of
the most favourable algorithm when speed is a big concern. Quick sort can be used to sort arrays
of small size, medium, or large size.

Cons: Complex and massively recursive.

PARTITION ( ARR, BEG, END, LOC)

Step 1: [Initialize] SET LEFT = BEG, RIGHT = END, LOC = BEG, FLAG =0
Step 2: Repeat Steps 3 to while FLAG =0
Step 3: Repeat while ARR[LOC] <= ARR[RIGHT] AND LOC != RIGHT
SET RIGHT = RIGHT - 1
[END OF LOOP]
Step 4: IF LOC == RIGHT, then
SET FLAG =1
ELSE IF ARR[LOC] > ARR[RIGHT] , then
SWAP ARR[LOC)] with ARR[RIGHT)
SET LOC = RIGHT
[END OF IF]
Step 5: IF FLAG = 0, then

Repeat while ARR[LOC] >= ARR([LEFT] AND LOC != LEFT
SET LEFT = LEFT + 1

[END OF LOOPR]
IF LOC == LEFT, then
SETFLAG =1
ELSE IF ARR[LOC) < ARR [LEFT], then
SWAP ARR[LOC] with ARR[LEFT]
SET LOC = LEFT
[END OF IF)
[END OF IF)
Step 7: [END OF LOOP)
Step B: END

GTATCRY IR Partition function

Step 6:
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QUICK_SORT ( ARR, BEG, END)

Step 1: IF (BEG < END), then
CALL PARTITION ( ARR, BEG, END, LOC)
CALL QUICKSORT (ARR, BEG, LOC - 1)
CALL QUICKSORT (ARR, LOC + 1, END)
[END OF IF]
Step 2: END

w 'Quick sort algorithm

2. Write a program to implement quick sort algorithm.

#include <stdio.h>
#include <conio.h>
int partition(int al[], int beg, int end);
void quick_sort(int al[], int beg, int end);
void main()
{
int arr([10], i, n, j.k:
clrscr();
printf ("\n Enter the number of elements in the array: ");
scanf ("%d4", &n);
printf("\n Enter the elements of the array: ");
for(i=0;i<n;i++)
scanf ("%d", &arr([i]);
quick_sort (arr, 0, n-1);
printf ("\n The sorted array is: \n'");
for(i=0;i<n;i++)
printf ("%d\t", arr[i]);
getch();
}
int partition(int a[], int beg, int end)
{
int left, right, temp, loc, flag;
loc = left = beg;
right = end;
flag = 0;
while(flag I= 1)
{
while((a[loc]) <= alright]) && (loc!=right))
right--;
if (loc==right)
flag =1;
else if(a[loc]>a[right])
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{
temp = alloc];
alloc] = alrightl];
alright] = temp:
loc = right;
}
if (flag!=1)
{
while((a[loc] >= a[left]) &&
left++;
if (loc==1left)
flag =1;
else if(a[loc] <a[left])
{
temp = alloc];
alloc] = alleft];
alleft] = temp;
loc = left;
}
}
}
return loc;
}
void quick_sort(int a[], int beg, int end)
{
int loc;
if (beg<end)
{
loc = partition(a, beg, end);
quick_sort(a, beg, loc-1);
quick_sort({a, loc+1, end) ;
}
}
Output

Enter the number of elements in the array:

Enter the elements of the array:

9 59 18 36 27 45 90 54 63 72
The sorted array is:

9 1B 27 36 45 54 63 72 90 99

10

(loct=1left))
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Strings

\Learning Objective:

In the last chapter we have seen that we can have arrays of integers, floating E

point numbers, double values, etc. Taking a step further, in this chapter, we
will read about array of characters commonly known as strings. We will see
how strings are stored, declared, initialized, and accessed. We will learn about
different operations that can be performed on strings and learn about array

of strings.

%M INTRODUCTION

Nowadays, computers are widely used for word processing
applications such as creating, inserting, updating, and
modifying textual data. Besides this we need to search for
a particular pattern within a text, delete it, or replace it
with another pattern. So there are actually a lot we as users
do to manipulate the textual data.

In c language, a string is nothing

?Programmlng‘rlp: but a null-terminated character
.. Character constants  array. This means that after the
3|'¢¢"¢'°$9d in last character, a null character
‘ ;tl:ig'e q“m::'ts (*\0’) is stored to signify the
' String constants are ,
end of the character array. For
+ enclosed in double 4

quotes example, if we write,

char str(] = "HELLO";

We are declaring a character array that has five usable
characters namely, H, E, L, L, and 0. Apart from these
characters, a null character (*\0‘) is stored at the end
of the string. So, the internal representation of the string
becomes HELLO'\0. To store a string of length s, we
need 5 + 1 locations (1 extra tor the null character). The
name of the character array (or the string) is a pointer to
the beginning of the string. Figure 6.1 shows the difference
between character storage and string storage.

If we had declared str as,

char str(5) = "HELLO";

Then the null character will not be appended
automatically to the character array. This is because, str
can hold only s characters and the characters in HELLO
have already filled the space allocated to it.
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charstr{]="HELLO";

string

Beginning
of string

charch="H';
Here H is a character not a string.

The character H requires
only one memory location.

charstr[]="H";

4]\

Here H is a string not a character. The

string H requires two memory locations. One
to store the character H and another to store

the null character.

charstr[]="";

)

Although C permits empty string,
it does not allow an empty character.

TR W Difference between character storage and string storage

When the compiler assigns a character
string to a character array, it automatically
appends a null character to the end of

the string. Therefore, the size of the string .
should be equal to maximum number of
characters in the string plus one.

w

Like we use subscripts (also known as index) to access
the elements of an array, the same

Pr ogramming Tip: ¢ bscripts are also used to access
When allocating the elements of the character array.
memory space for

The subscript starts with a zero
(0) . All the characters of a string
array are stored in successive
memory locations. Figure 6.2 shows
how str[] is stored in memory,

a character array,
reserve space

to hold the null
character also.

strf0]) 1000 [ H
str(1] 1001 E
str(2) 1002 L
str(3] 1003 L
str(4]) 1004 o
str[S) 1005 | \o

LOICLF N Memory representation of a character array

Thus we see that in simple terms a string is a sequence
of characters. In Figure 6.2, 1000, 1001, 1002, andsoon
are the memory addresses of individual characters. From
the figure, we see that H is stored at memory location 1000
but in reality the AScIT codes of characters are stored in
memory and not the character itself; i.e., at address 1000,
72 will be stored the ASCII code for His 72.

char str[] = "HELLO";

The above statement declares a constant string as we have
assigned value to it while declaring the string. However,
the general form of declaring a string is,

char str(size];

When we declare the string in this way, we can store size
-1 characters in the array because the last character would
be the null character. For example, char mesg[100]; ¢an
store maximum 99 usable characters.

Till now we have seen one way of initializing strings.
The other way to initialize a string is to initialize it as a0
array of characters, like

char str(] = (‘u’, ‘B', ‘v, ‘L', ‘0*, '\0'}:

In this example, we have explicitly added the null
character. Also observe that we have not mentioned }hc
size of the string (or the character array). Here, the compiler
will automatically calculate the size based on the numbef
of elements initialized. So, in this example 6 memory slotS
will be reserved to store the string variable, str.
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We can also declare a string with size much larger than
the number of elements that are initialized. For example,
consider the statement below.

char str[10] = "HELLO";

In such cases, the compiler creates a character array of
size 10; stores the value "HELLO" initand finally terminates
the value with a null character. Rest of the elements in
the array are automatically initialized to NULL. Figure 6.3
shows the memory representation of such a string.

char str([10] = "HELLO";

HELLO\P\O\O\O\O

L%

A

\ /s

Beginning Beginning End of
of string of string character array

FTOE M Memory representation of a string

However, the following declaration is illegal in ¢ and
would generate a compile time error because of two
reasons. First, the array is initialized with more elements
than it can store. Second, initialization cannot be separated
from declaration.

char str[3];
str = "HELLO";

&

An array name cannot be used as the
left operand of an assignment operator.
Therefore, the following statement is
illegal in C.

char str2, strl(]="HI";

str2 = strl;

6.1.1 Reading Strings

If we declare a string by writing
char str[100];

Then str can be read from the user by using three
ways:

1. using scanf function
2. using gets () function

3. using getchar(), getch()or getche ()function
repeatedly

The string can be read using scanf () by writing
scanf ("%s", str);

Although the syntax of scanf() function is well
known and easy to use, the main pitfall with this function
is that the function terminates as soon as it finds a blank
space. For example, if the user enters Hello World, then
str will contain only Hello. This is because the moment
a blank space is encountered, the string is terminated by
the scanf () function. You may also specify a field width
to indicate the maximum number of characters that can

be read in. Remember that extra

Ert_:gra;ming T(I:Ip : characters are left unconsumed in
bt the input buffer.
with a string

T iR tha Unlike integer, float, and

scanf statement j characters, %s format does not

require the ampersand before the
variable str.

generates an error.
Shi e

When scanf() encounters a white space
character, it terminates reading further
and appends a null character to the string
that has been read. The white space
character is left in the input stream and
might be mistakenly read by the next
scanf() statement. So in order to delete
the white space character from the input
stream, either use a space in the format
string before the next conversion code
or FLUSH the input stream by using the
fflush function by writing fflush(stdin);.

Note ¢

The next method of reading a string is by using gets ()
function. The string can be read by writing

gets(str) ;

gets () is a simple function that overcomes the drawbacks
of the scanf () . The gets () takes the starting address of
the string which will hold the input. The string inputted
using gets() is automatically terminated with a null
character,

Last but not the least, the string can also be read by
calling the getchar () repeatedly to read a sequence of
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single characters (unless a terminating character is entered)

and simultaneously storing it in a character array as shown
below.

. \

1=0;

getchar(ch); // Get a character
while(ch 1= ‘*')

{

str[i) = ch;

// Store the read character in str

i++;

getchar(ch); // Get another character
}
str(il = ‘\o’;

// terminate str with null character

str[i] = *\0’;

Note that in this method, you have
to deliberately append the char-

acters with a null character, The

other two functions automatically
¢ do this.

Programming Tip:

A compile time error
will be generated if a
string is assigned to
a character variable.

6.1.2 Writing Strings

The string can be displayed on screen using three ways:

1. using printf () function
2. using puts () function
3. using putchar () function repeatedly

The string can be displayed using print£ () by writing

printf("$s", str);

We use the conversion character ‘s’ to output a string,
Observe carefully that there is no & character used with
the string variable. We may also use width and precision
specifications along with $s (as discussed in Chapter 1).
The width specifies the minimum output field width. If
the string is short, extra space is either left padded or right
padded. The precision specifies the maximum number of
characters to be displayed. A negative width left pads short
string rather than the default right justification. If the string
is long, the extra characters are truncated. For example,

printf ("%5.3s8", str);
The above statement would print only the first three

characters in a total ficld of five characters. Also these
three characters are right justified in the allocated width.

To make the string left justified, we must use a minyg sign,
For example,

printf ("%-5.3s", str);

When the field width is less than the
length of the string, the entire string
will be printed. Also if the number of
characters to be printed is specified
as zero, then nothing is printed on the
screen.

The next method of writing a string is by using puts ()
function. The string can be displayed by writing

puts (str) ;

puts () is a simple function that overcomes the drawbacks
of the printf (). The function puts () writes a line of
output on the screen. It terminates the line with a newline
character (*\n’) . It returns an EOF (-1) if an error occurs
and returns a positive number on success.

Last but not the least, the string can also be written by
calling the putchar () repeatedly to print a sequence of
single characters.

i=0;

while(str[i]

{

'= '\0’)

putchar(str[i]) ;
// Print the character on the screen

. 1++4;
}
Note,  Note one interesting point from the given
(g fragment.
char str = “Hello”;

printf (“\n $s”, str); // prints Hello

printf (“\n 3s”, sstr); // prints Hello

printf ("\n %", &str(2)); // prints 110
This is possible because a string is an
array of characters.

6.1.3 Summary of Functions Used to Read and
Write Characters

; d
Table 6.1 contains a list of functions that are used to T

e
characters from the keyboard and write characters 0 th
screen,
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Function

Operation

getchar()

Used to read a character from the
keyboard; waits for carriage return (enter
key). It returns an integer, in which the
low-order byte contains the character. The
getchar() can be used to input any key,
including RETURN, TAB, and ESC.

getch()

Getch() is an alternative for the getchar().
Unlike getchar(), the getch() waits

for a keypress, after which it returns
immediately.

getche()

Similar to getch(). The only difference is that
getche() echoes the character on screen.

putchar()

Used to write a character to the screen.
It accepts an integer parameter of which
only the low-order byte is output to the
screen. Putchar() returns the character
written, or EOF (—1) if an error occurs.

1. Write a program to display a string using printf().

#include <stdio.h>

#include <conio.h>

main ()

{

char str[] = "Introduction to C";
clrscr();

printf("\n |%s|", str);

printf ("\n |%20s|", str);

printf ("\n |%-20s|", str);
printf("\n |%.4s|", str);
printf("\n |%20.4s|", str);
printf (“\n |%-20.4s|", str);
getch();

return 0;

}
Output

| Introduction to C|
| Introduction to C|
|Introduction to C |

|Intr|

|Intr

Intr |

2. Write a program to read and display a string.

#include <stdio.h>
#include <conio.h>

main()

{

char str[50];
printf ("\n Enter the string: ");
scanf ("%s", str);

clrscr();

printf("\n |%s|", str);
printf ("\n |%20s|", str):
printf("\n |%-20s|", str);
printf("\n |%.4s|", str);
printf("\n |%20.4s|", str);
printf("\n |%-20.4s|", str);

getch() ;
return 0O;

}
Output

Enter the string:

| Introduction |

Introduction|

| Introduction |
| Intr|

|

| Intr

Intr]| ¢

I

The printf function in UNIX supports specification of
variable field width or precision, i.¢., if we write,

printf ("\n %*.s*, w, p, str);

the printf statement will print first p characters of
str in the field width of w.

3. Write a program to print the following pattern.

H
H
H
H
H
H
H
H
H
H

oo B o I o I o T 3 N 5 I o I
[l A 0 2 2

L O
L O

#include <stdio.h»>
##include <conio.h»>

main()

{

int i, w, pi
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}

4. Write a program to print the following pattern.

char str()] = "HELLO";
printf("\n");
for(i=0;i<=5;1i++)
{
P = i+l;
printf("\n %-5.*s", p, str);
}
printf("\n");
for(i=5;i»=0;i--)
{
P = i+1;
printf("\n %-5.*s", p, str);

}

getch() ;
return 0;

e

e
t
om P e mom
fo =T co B o N e Y R R O o

o=l o> I B B @ B @ T o B o

#include <stdio.hs>

#include <conio.h>
main()

{

int i, w, p;
char str(] = "HELLO";
printf("\n");
for(i = 0;i <= 5;i++)
{
p = i+1;
printf ("\n %5.*s", p, str);
}
printf("\n");
for(i = 5;i >= 0;i--)
{
P = i+1;
printf ("\n %5.*s", p, Btr);
)
getch();
return 0;

The sprintf() Function

The library function sprintf () is similar to prines ().
The only difference is that the formatted output is written
to a memory area rather than directly to a standard outpyt
(screen). The sprintf()is useful in situation when
formatted strings in memory has to be transmitted over 5
communication channel or to a special device.

The syntax of sprintf () can be given as

int sprintf(char * buffer, const char *
format [ , argument, ...] );

Here, buffer is the place to store the resulting string
from using the function. The arguments command is an
ellipsis so you can put as many types of arguments as you
want. Finally, the Format is the string that contains the
text to be printed. The string may contain format tags.

#include < stdio.h>
main()
{
char buf[100];
int num = 10;

sprintf (buf, "num = %3d4", num);

[N suPPRESSING INPUT

The function scanf () can be used to read a field without
assigning it to any variable. This is done by preceeding
that field’s format code with a *. For example, given:

scanf("%d*c%d",&hr,&min);

The time can be read as 9:05 as a pair. Here the colon
would be read but not assigned to anything. Therefore,

assignment suppression is particularly useful when part of
what is input needs to be suppressed.

6.2.1 Using a Scanset

The ANST standard added the new scanset feature to the
C language. A scanset is used to define a set of chamctf?fs
which may be read and assigned to the corresponding
string. A scanset is defined by placing the character
inside square brackets prefixed with a %, as shown in the
example:

% ["aeiou")

o

. / _
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When we use the above scanset, scanf () will continue
to rcad characters and put them into the string until it
encounters a character that is not specified in the scanset,
For example, consider the code given below.

#include <stdio.h>

int main()

{

char str([10];

printf ("\n Enter string: " );
scanf ("% [aeiou] ", str );

printf( "The string is: %s", str);
return 0;

}

The code will stop accepting a character as soon as the
user enters a character that is not a vowel.

However, if the first character in the set is a * (caret
symbol), then scanf () will accept any character that is
not defined by the scanset. For example, if you write

scanf ("% ["aeiou] ", str);

Then, str can contain characters other than those
specified in the scanset, ie,, it will accept any non-vowel
character. However, the caret and the closing bracket can be
included in the scanset anywhere. They have a predefined
meaning only when they are included as the first character
of the scanset. So if you want to accept a text from the
user that contain caret and opening bracket then make sure
that they are not the first characters in the scanset. This is
shown in the following example.

scanf ("%[0123456789.7%[] () _+-$%&*]", str);

In the given example, str can accept any character
enclosed in the opening and closing square brackets
(including * and [).

The user can also specify a range of acceptable
characters using a hyphen. This is shown in the statement
given below.

scanf ("% [a-z]¥, str );

Here, str will accept any character from small a to
s'mall z. Always remember that scansets are case sensi-
ll'\'c. However, if you want to accept a hyphen then it must
either be the first or the last character in the set.

To better understand the scanset try the
following code with different inputs

f#include <ptdio.h>

int main()

.
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{

char str(10];
printf ("\n Enter string: " );
scanf ("% [A-Z]", str ) ;

// Reads only upper case characters
printf( "The string is: %s", str);
return 0;

A major difference between the scanset and the string
conversion codes is that scanset does not skip leading
white spaces. If the white space is a part of the scanset,
then scanset accepts any white space character otherwise,
it terminates if a white space character is entered without
being specified in the scanset.

The scanset may also terminate if a field width
specification is included and the maximum number of
characters that can be read has been reached. For example,
the statement given below will read maximum 10 vowels.
So the scanf statement will terminate if 10 characters has
been read or if a non-vowel character is entered.

scanf ("%10 [aeiocu]l ", str );

The sscanf() Function

The sscanf function accepts a string from which to read
input. It accepts a template string and a series of related
arguments. The sscanf function is similar to scanf function
except that the first argument of sscanf specifies a string
from which to read, whereas scanf can only read from
standard input. [ts syntax is given as

sscanf (const char *str, const char *format, (pl, p2, ...1);:

Here the sscanf () reads data from str and stores
them according to the parameter format into the
locations given by the additional arguments. Locations
pointed by each additional argument are filled with their
corresponding type of value specified in the format
string.

Consider the sscanf example given below,
&num) ;

sscanf (str, "%dv,

Here, sscanf takes three arguments. The first is str
that contains data to be converted. The second is a string
containing a format specifier that determines how the
string is converted. Finally, the third is a memory location
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to place the result of the conversion. When the sscanf

function completes successfully it returns the number of
items successfully read.

Similar scanf (), the sscanf () will terminate as
s0on as it encounters a space, i.e, if data continues till it
comes across a blank space.

IGEl STRING TAXONOMY

In ¢, we can store a string either in fixed-length format or
in variable-length format as shown in F igure 6.4,

|;mi’1

Fixed Variable
length

length

Length Delimited
controlled

Figurg (LW String taxonomy

Fixed-length string When storing a string in a fixed
length format, you need to specify an appropriate size for
the string variable. If the size is too small, then you will
not be able to store all the elements in the string. On the
other hand, if the string size is large, then unnecessarily
memory space will be wasted.

Variable-length string A better option is to use a variable
length format in which the string can be expanded or
contracted to accommodate the elements in it. For example,
if you declare a string variable to store the name of a student,
If a student has a long name of say 20 characters, then
the string can be expanded to accommodate 20 characters,
On the other hand, a student name has only 5 characters,
then the string variable can be contracted to store only 5
characters. However, 10 use a variable length string format
you need a technique to indicate the end of elements that

are a part of the string. This can be done cither by using
length-controlled string or a delimiter.

Length-controlled string In length-controlled String,
you need to specify the number of characters in the string,
This count is used by string manipulation functiong o
determine the actual length of the string variable.

Delimited string In this format, the string is endeq
with a delimiter. The delimiter is then used to identj
the end of the string. For example, in English language
every sentence is ended with a full-stop (.). Similarly, in
C we can use any character such as comma, semicolon,
colon, dash, null character, etc. as the delimiter of a string.
However, null character is the most commonly used string
delimiter in the ¢ language.

You must be having some confusion when we use the term
string and character array. Basically a string is stored in an
array of characters. If we are using the null character a
the string delimiting character then we treat the part of the
array from the beginning to the null character as the string
and ignore the rest. Figure 6.5 illustrates this concept.

char str[10];
gets (str);

Ifthe userenters HELLO, then array of characters
canbegivenas

llefe]elolNo[ 7]

Althoughthearray has 10 locations, only the
first 6 locations will be treated asastring.

TGS Delimited string

Nate,  In C, a string is a variable length array of
@/ characters that is delimited by the null
character.

Part of the array
not of the string

|

N sTRING OPERATIONS

In this section, we will leamn about different operations
that are performed on character arrays. But before We
start with these operations, we must understand the Way
arithmetic operators can be applied to characters.

In c, characters can be manipulated in the same way
we do with numbers, When we use a character coﬂS"}“t b
a character variable in an expression, it is automatically
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converted into an integer value, where the value depends
on the local character set of the system. For example, if we
write,

int 1i;

char ch = ‘A’;

i = ch;

printf("%d", i);

// Prints 65, ASCII value of ch that is ‘A’

c also enables programmers to perform arithmetic
operations on character variables and character constants.
So, if we write,

int 1i;
char ch = ‘A’;
i=ch + 10;

printf ("sd", i);
// Prints 75, ASCII value of ch that is ‘A’ + 10

Character variables and character constants can be used
with relational operators as shown in the example,

char ch = ‘C’;

if(ch >= ‘A’ && ch <= ‘2')

printf ("The character is in upper case");

6.4.1 Length

The number of characters in the string constitutes the length
of the string. For example, LENGTH ("C PROGRAMMING IS
FUN") will return 20. Note that even blank spaces are
counted as characters in the string.

LENGTH('0’) = 0 and LENGTH(**) = 0 because both
the strings do not contain any character and the ASCII
code of '\o’ is zero. Therefore, both the strings are
empty and of zero length. Figure 6.6 shows an algorithm
that calculates the length of a string.

otep 1: [INITIALIZE) uET I =0
utep 2: Repeat utep 3 while uTR[I] != *\0'
utep 3: UVETI=TI+1
[END OF LOOP)
utep 4¢ uET LENGTH = I
utep 5: END

QT A Algorithm to calculate the length of a string

Inthis algorithm, 1 is used as an index of the string STR.
To traverse each and every character of STR we increment

the value of I. Once the null character is encountered,
the control jumps out of the while loop and initialize
length with the value of 1. This is because the number of
characters in the string constitutes its length.

Note,  There is a library function strlen(s1) that
‘@' returns the length of s1. It is defined in
string.h.

5. Write a program to find the length of a string.

#include <stdio.h»>
#include <conio.h»>
int main()
{
char str([100], i = 0, length;
clrscr();
printf ("\n Enter the string :");
gets(str) ;
while (str[i] != *\0’)
i++4;
length = i;
printff ("\n The length of the string is :
%d", length) ;
getch() ;

}

Output

Enter the string : HELLO
The length of the string is: S

6.4.2 Converting Characters of a String into
Upper Case

We have already seen that in memory the ASCIT codes are
stored instead of the real value. The ASCII code for A-2
varies from 65 to 91 and the ASCII code for a-z ranges
from 97 to 123. So if we have to convert a lower case
character to upper case, then we just need to subtract 32
from the ASCII value of the character. Figure 6.7 shows
an algorithm that converts characters of a string into upper
case.

Note,  There is a library function toupper() that
5@/ converts a character into upper case, It is
defined in ctype.h

Scanned with CamScanner

Y . T ». . J




|228 | Programming in C

-yutepl: [Initialize] SET I=0
Step 2: Repeat Step 3 while STR[I] I='\0'

Step 3: IF STR[I] > 'a' ANDSTR[I] < 'z’
SET Upperstr[I] = STR[I] - 32
ELSE
SET Upperstr [I] = STR[I]
[END OF IF]
[END OF while LOOP]
Step 4: SET Upperstr([I] = '\0'
Step 5: EXIT

IO Al Algorithm to convert characters of a string
into upper case. iel

In the algorithm, we initialize I to zero. Using I as the
index of STR, we traverse each character from step 2 to 3.
If the character is already in upper case, then it is copied
in the Upperstr string else the lower case character is
converted into upper case by subtracting 32 from its ASCIT
value. The upper case character is then stored in Upperstr.
Finally, when all the characters have been traversed a null
character is appended to the Upperstr (as done in Step 4).

6. Write a program to convert characters of a string to
upper case.

#include <stdio.h>

#include <conio.h>

int main()

{
char str([100], upper_str [100];
int i=0, j=0;

clrscr() ;

printf ("\n Enter the string:");
gets(str);

while (str[i] != '\0')

{

if (strfil>='a' && str[il<='z"')
upper_str(j] = str[i] -32;

else
upper_str([i] = str[i);
i+4; J++;

}

upper_str[j] = '\0';

printf ("\n The string converted into
upper case is: ");

puts (upper_str) ;

return 0;

Output
Enter the string: hello
The string converted into upper cage

is: HELLO

6.4.3 Converting Characters of a String Into
Lower Case

The ASCII code for A-Z varies from 65 to 91 and the
AsCII code for a-z ranges from 97 to 123. So if we haye
to convert an upper case character into lower case, then we
just need to add 32 to its ASCII value. Figure 6.8 shows
an algorithm that converts characters of a string into lower

case.

Note o

In C, there is a library function tolower()
that converts a character into lower case.
It is defined in ctype.h

Step 1l: [Initialize] SET I=0
Step 2: Repeat Step 3 while STR[I] !='\0"'
Step 3: IF STR[1] > 'A' AND STR[I] < 'Z'
SET Lowerstr [I] = STR[I] +32
ELSE
SET Lowerstr[I] = STR[I]
[END OF IF]
[END OF while LOOP]
Step 4: SET Lowerstr[I] = '\0"
Step 5: EXIT

FEOTECHM Algorithm to convert characters of a string
into lower case. i

In the algorithm, we initialize T to zero. Using I as the
index of STR, we traverse each character from Steps 2 10
3. If the character is already in lower case, then it is copied
in the Lowerstr string else the upper case character s
converted into lower case by adding 32 to its ASCIT value:
The lower case character is then stored in Lowerstr:
Finally, when all the characters have been traversed a mull
character is appended to the Lowerstr (as done in Step 4)-

7. Write a program to convert characters of a string 100
lower case,

#include <stdio.h>
#include <conio.hs
int main()
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char str([100], lower_str [100];
int i =0, j = 0;

clrscr(); .
printf ("\n Enter the string :");
gets(str);
while(str([i]

{

1= '\0'")

if(str[i]l>='A" && str(il<='2")
lower str[j]l = str[i] + 32;
else
lower_str[i] = strl[i];
1++; J++;
}
lower_str([j]l = '\0';
printf ("\n The string converted into
lower case is : ");
puts (lower_str) ;
return 0;

}

Output
Enter the string: HeLLo

The string converted into lower case is:
* hello

6.4.4 Concatenating Two Strings to form a
New String

IF s1 and s2 are two strings, then concatenation operation
produces a string which contains characters of s1 followed
by the characters of s2. Figure 6.9 shows an algorithm
that concatenates two strings.

Step 1: InitializeI=0andJ =0
Step 2: Fepeat Step 3 to 4 while I <= LENGTH (strl)
' Step 3: SET new_str[J) = strl[I]
Step 4. Set I=I+landJ=J+1
[END of Step 2)
Step 5: SET 1=0
Step 6: Repeat Steps 6 to 7 while I <= LENGTH (str2)
Step 7: SET new_str[J) = strl[I)
Step 8; Set T=1I+1andJ=J+1
[END of step 5)
Step 9: SET new_str[J] = ‘\0"
 Step 10; EXIT

WAL Algorithm to concatenate two strings

Strings | 229 I

In this algorithm, we first initialize the two counters I
and J to zero. To concatenate the strings, we have to copy
the contents of the first string followed by the contents of
the second string in a third string, new_str. Steps 2 to
4 copies the contents of the first string in the new_str.
Likewise, Steps 6 to 8 copies the contents of the second
string in the new_str. After the contents have been copied
a null character is appended at the end of the new_str.

8. Write a program to concatenate two Strings.

#include <stdio.h>

#include <conio.h>

int main()

{
char str1[100], str2[100], str3[100];
int i=0, j=0;
clrscr();
printf ("\n Enter the first string : ");
gets(strl);
printf ("\n Enter the second string : ");
gets(str2);
while(strl[i]

{

1= *\0")

str3[j] = strll[i];
1++;
J++;
}
1=0;
while(str2[i] != '\0')
{
str3[j] = str2[i];
i+v+;
J++;
)
str3[j] = '\0';
printf ("\n The concatenated string is:");
puts (str3l);
getch();
return 0;

}
Output

Enter the first string: Hello,

Enter the second string: How are you?

The concatenated string is: Hello, How are
you?
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6.4.5 Appending

Appending one string to another string involves copying
the contents of the source string at the end of the destination
string. For example, if s1 and s2 are two strings, then
appending S1 to S2 means we have to add the contents
of S1 to s2. Here s1 is the source string and S2 is the
destination string. The appending operation would leave
the source string S1 unchanged and destination string S2
= 52 + S1. Figure 6.10 shows an algorithm that appends
two strings.

Note,  There is a library function strcat(s1, s2)
@/ that concatenates s2 to s1. It is defined in
string.h.

Step1: [Initialize] SET I =0 and J=0
Step 2: Repeat Step 3 while Dest_Str[I] !="'\0'
Step3: SETI+I+1
[END OF LOOP]

Step 4: Repeat Step 5 to 7 while Source_Str[J] != '\0"'
Step 5: Dest_Str[I] = Source_Str[J]
Step6: SETI=I+1
Step7: SETJ=J+1

[END OF LOOP]
Step B: SET Dest_Str([J] = '\0°'
Step 9: EXIT

FEOICA B U Algorithm to append two strings

In this algorithm, we first traverse through the
destination string to reach its end, i.e., reach the position
where a null character is encountered. The characters
of the source string are then copied in to the destination
string starting from that position. Finally, a nul1 character
is added to terminate the destination string.

9. Write a program to append a string to another string

#include <stdio.h>
#finclude <conio.h>
main()
{
char Dest_Str([100], Source_Str([50];
int i = 0, J = 0;
clrscr();
printf (*\n Enter the source string: ");
gets (Source_Str) ;
printf ("\n Enter the destination string:");
gets (Dest_Str);

while (Dest_sStr(i] I= *\0")

1+4;
while (Source_Str[j] = '\0*)
{
Dest_Str[i] = Source_Str(j];
14+
J4+i
}

Dest_str[i] = *\0’;

printf ("\n After appending, the
destination string is: ");

puts (Dest_Str) ;

getch() ;

return O0;

}
Output

Enter the source string: How are you?
Enter the destination string: Hi,

After appending, the destination strirng is:
Hi, How are you?

6.4.6 Comparing Two Strings

If s1 and s2 are two strings then comparing two strings
will give either of these results:

(@) s1and s2 are equal
(b) S1>s2, when in dictionary order 1 will come after $2
(¢) s1 < s2, when in dictionary order s1 precedes S2

To compare the two strings, each and every character
is compared from both the strings. If all the characters a
same then the two strings are said to be equal. Figure 6.1l
shows an algorithm that compares two strings.

| Note,  There is a library function strcmPV(SL 52)_.
q that compares s2 with s1. It is defined in
string.h. "

In this algorithm, we first check whether the two Strinés
are of same length. If not, then there is no point in moving
ahead as it straightaway means that the two strings ar¢ not
same. However, if the two strings are of the same length.
then we compare character by character to check if all the
characters are same. If yes, then variable SAME is s¢t ©°
elsc if SAME = o, then we check which string preee%®®

the other in dictionary order and print the correspondin
message.
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Step 1: [Initialize) SET I=0, SAME =0
Step 2: SET Lenl = Length(STR1), Len2 = Length (STR2)
Step 3: IF lenl != len2, then
‘ Write "String Are
ELSE
Repeat hile I<Lenl
IF STR1[I] == STR2[I]

tE al"

SETI=I+1
ELSE

Go to Step
[END OF IF]

[END OF LOOP]
IF I = Lenl, then

SET SAME = 1
Write "Strings are equal"
[END OF IF)

Step 4: IF SAME = 0, then
IF STR1[I] > STR2[I], then
Write "Stringl is greater than String2"
ELSE IF STR1[I) < STR2[I], then
Write "String2 is greater than Stringl"
[END OF IF)
[END OF IF]
Step 5: EXIT

1011 MM Algorithm to compare two strings

10. Write a program to compare two strings.

#include <stdio.h>
#include <conio.h>
#include <string.h>
main()
{
char stril(50], str2[50];
int i=0, lenl = 0, len2 = 0, same= 0;

clrscr() ;

printf ("\n Enter the first string: ");
gets(strl);

printf ("\n Enter the second string : ");

gets(str2);
lenl = strlen(strl);
len2 = strlen(str2);
if(lenl == len2)
{
while (i<lenl)
{
if (str1[i) == str2[i))
i++;
else break;
}
if(i==lenl)

same=];

printf("\n The two strings are equal");

}
}

if(lenll=len2)
printf ("\n The two strings are not
equal');
if (same == 0)
{
if(stri(i]>str2(i])
printf("\n Stringl is greater than
string2") ;
else if(strl[i]<str2[i])
printf ("\n String2 is greater than
stringl") ;
}
getch() ;
return 0;

}

Output
Enter the first string: Hello

Enter the second string: Hello
The twc strings are equal

6.4.7 Reversing a String

If s1= "HELLO", then reverse of S1 "OLLEH". To
reverse a string we just need to swap the first character with
the last, second character with the second last character,
so on and so forth. Figure 6.12 shows an algorithm that
reverses a string.

Note, There is a library function strrev(s1) that

c@/ reverses all the characters in the string
except the null character. It is defined in
string.h.

Step 1: [Initialize] SET I=0, J= Length(STR)
Step 2: Repeat Step 3 and 4 while I< Length(STR)
Step 3: SWAP( STR(I), STR(J))
Step4: SETI=1I+1,J0=0-1

[END OF LOOP]
Step 5: EXIT

NGB PA Algorithm to reverse a string

In Step 1, 1 is initialized to zero and J is initialized
to the length of the string STR. In Step 2, a while loop is
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executed until all the characters of the string are accessed.
In Step 3, we swap the i*" character of STR with its 3"
character. (As a result, the first character of STR will be
replaced with the last character, the second character will
be replaced with the second last character of STR, and so
on). In Step 4, the value of I is incremented and J is
decremented to traverse STR in the forward and backward
direction, respectively.

11. Write a program to reverse the given string.

#include <stdio.h>
#include <conio.h>
#include <string.h>
int main()
{
char str[100], reverse str(100], temp;
int i = 0,3 = 0;
clrscr() ;
printf ("\n Enter the string: ");
gets(str);
j=strlen(str)-1;
while (i<j)
{
temp = str[j];
str[j] = strli];
str[i] = temp;
i++;
p [t
}
printf ("\n The reversed string is: ");:
puts(str);
getch() ;
return 0;

)
Output

Enter the string: Hi there
The reversed string is: ereht iH

6.4.8 Extracting a Substring from Left

In order to extract a substring from the main string we
need to copy the content of the string starting from the
first position to the n® position where n is the number of
characters to be extracted.

For example, ifs1 = "Hel1lo World", then Substr
Left(S1, 7) = Hello W -

Figure 6.13 shows an algorithm that extracts the first n
characters from a string,

Step 1: [Initialize] SET I=0
Step 2: Repeat Step 3 while STR[I] != '\0' ND Iy
Step3:  SET Substr[I] = STR[I]
Step 4: SETI=I+1
[END OF LOOP]
Step 5: SET Substr([I] ='\0"
Step 6: EXIT

AMCAMEN Algorithm to extract first n characters from
astring 7

In Step 1, we initialize the index variable I with zero.
In Step 2, a while loop is executed until all the characters
of STR have been accessed and I is less than N. In Step
3, the 1*" character of STR is copied in the I character
of Substr. In Step 4, the value of I is incremented to
access the next character in STR. In Step 5, the Substr is
appended with a null character.

12. Write a program to extract the first N characters of a
string.

#include <stdio.h>
#include <conio.hs>
int main()

{

char str[100], substr[100];

int i=0, n;

clrscr();

printf("\n Enter the string: ");
gets(str) ;

printf ("\n Enter the number of characters
to be copied: ");

scanf ("sd", &n);

i=0;
while (str[i] 1= *‘\0’' && i< n)
{
substr[i] = str(i];
i+4;
}

substr [i] = ‘\o’;

printf ("\n The substring is: ");
puts (substr) ;

getch() ;

return 0Q;

}

Output

Enter the string: Hi there

Enter the number of characters to be copied: 2
The substring is: i

. -
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6.4.9 Extracting a Substring from Right of the
String

In order to extract a substring from the right side of the
main string we need to first calculate the position. For
example, if S1 = "Hello World" and we have to copy 7
characters starting from the right, then we have to actually
start extracting characters from the Sth position. This is
calculated by, total number of characters - n.

Forexample, if S1 = "Hello World", then Substr_
Right (S1, 7) = o World

Figure 6.14 shows an algorithm that extracts n characters
from the right of a string.

Step 1: [Initialize] SET I=0, J = Length(STR) - N + 1
Step 2: Repeat Step 3 while STR[J] != '\0'
Step 3: SET Substr(I] = STR[J]
Step 4: SETI=I+1,J3=J0+1
[END OF LOOP]
Step 5: SET Substr[I] ='\0’
Step 6: EXIT

Figure 6.14 Algorithfn to extract n characters from the
right of a string 7

In Step 1, we initialize the index variable I to zero and J
to Length (STR) — N + 1, so that J points to the character
from which the string has to be copied in the substring. In
Step 2, a while loop is executed until the null character
in STR is accessed. In Step 3, the ™" character of STR
is copied in the 1" character of Substr. In Step 4, the
value of I and J is incremented. In Step 5, the Substr
is appended with a nul1 character.

13. Write a program to extract the last N characters of a
string.

#include <stdio.h>
#include <conio.h>
int main()
{
char str[100]), substr(100];
int i=0, j=0, n;
clrser();
Printf ("\n Enter the string: ");
gets (str) ;
Printf(*\n Enter the number of characters
to be copied: *);
scanf ("$d*, &n);
j = strlen(str) - n+l;
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while(str(j]
{

1= *\o0")

substr([i] = str(jl;
144, J++;

}

substr (1] = '\0’;

printf ("\n The substring is: ");
puts (substr) ;

getch();

return 0;

}
Output

Enter the string : Hi there
Enter the number of characters to be
copied : 5

The substring is : there

6.4.10 Extracting a Substring from the Middle
of a String

To extract a substring from a given string requires
information about three things. The main string, the
position of the first character of the substring in the given
string, and maximum number of characters/length of the
substring. For example, if we have a string,

str(] = "Welcome to the world of
programming";
then,

SUBSTRING (str, 15, 5) = world

Figure 6.15 shows an algorithm that extracts the
substring from a middle of a string.

Step 1; [INITIALIZE] Set I=N, J=0
Step 2: Repeat steps 3 to 6 while str(I] !="'0"' and N>=0
Step 3: SET substr([J] = str(I]
Step 4: SETI=I+1
Step 5: SETJ=J+1
Step 6: SETN=N-1
[END of loop]
Step 7: SET substr([J] = '\0'
Step 8: EXIT

FFTTCAREN Algorithm to extract a substring from the
middle of a string

In this algorithm, we initialize a loop counter I to M,
i.c., the position from which the characters have to be
copied. Steps 3 to 6 are repeated until N characters have
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been copied. With cvery character copied, we decrement
the value of N. The characters of the string are copied into
another string called substr. At the end a nu11 character
is appended to the substr 1o terminate the string.

14, Write a program to extract the substring from a given
string.

#include <stdio.hs
#include <conio.hs
int main()
{
char str[100], substr([100];
int i=0, j=0, n, m;
clrscr();
printf ("\n Enter the main string: ");
gets(str);
printf ("\n Enter the position from which
to start the substring: ");
scanf ("&d", &m);
printf ("\n Enter the length of the
substring: ");
scanf ("%d", &n) ;
i=m;
while(str[i] !='\0’ && n>=0)
{
substr[j] = str([i];
i+4;
J++;
n--;
}
substr[j] = ‘\o’;
printf("\n The substring is: ");
puts(str);
getch() ;
return 0;

}
Output

Enter the main string : Hi there

Enter the position from which to start the
substring: 1

Enter the length of the substring:; 7

The pubstring is : i there

6.4.11 Insertion

The insertion operation inserts a string s, in the main text
T, at the k™" position. The general syntax of (his operation
is: INSERT (text, position, string), For example,
INSERT ("XYZXYZ", 3, “AAA") = “XYZAARXyzw

Figure 6.16 shows an algorithm to insert 3 string in g
given text at the specified position.

Step 2: Repeat steps 3 to 4 while text[1] |- g
Step 3: IF I = pos, then
Repeat while str (K] I= "\0°'
new_str([j] = str(k]
SET J=J+1
SET K = K+1
[END OF INNER LOOP]
ELSE
new_str[[J] = text[I]
SET J =J+1
Step 4: SET I = I+1
[END OF OUTER LOOP]
Step 5: SET new_str [J] = *\0'
Step 6: EXIT

FIICAFH L Algorithm to insert a string in a given text at
the specified position

This algorithm first initializes the indexes in the string
to zero. From Steps 3 to 6, the contents of new str are
built. If T is exactly equal to the position at which the
substring has to be inserted into
the text, then the inner loop copics
the contents of the substring into
the new_str. Otherwise, the
contents of the text are copied
into it.

- Programming Tip:
A program must
include stdio.h
for standard 1/0
operations, ctype.h
for character
handling functions,
string.h for string
functions, and
stdlib.h for other
general utility
functions.

15. Write a program to insert a
string in the main text.

#include <stdio.h>
#include <conio.h>
main ()

{

char text[100], str(20].

ins_text [100];
int i=p, j=0, k=0, pos;
clrsecr();

Printf ("\n Enter the main text : ");
gets (text) ;

Printf ("“\n Enter the string to be
inserted ; "),

gets(str);
Printf ("\n Enter the position at which

the string hag to be inserted: ");
Scanf (nggn, &pos) ;
Yhile(text[i]!n'\O')

if (i.-pos)

While(atr[k] I='\0")
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{
ins_text[jl=str[k];
J++;

k++;

}
}

else

{
ins_text[jl=text[i];
J++7
}
i++;
)
ins_text[j]="\0";
printf ("\n The new string is: ");
puts (ins_text);
getch();
return 0;

}
Output

Enter the main text: How you?

Enter the string to be inserted: are

Enter the position at which the string has
to be inserted: 6

The new string is: How are you?

6.4.12 Indexing

Index operation returns the position in the string where the
string pattern first occurs. For example,

INDEX ("Welcome to the world of programming",
"world") = 15

However, if the pattern does not exist in the string, the
INDEX function returns 0. Figure 6.17 shows an algorithm
to find the index of the first occurrence of a string within a
given text.

Step 1: [Initialize] SET I=0 and
MAX = LENGTH(text) = LENGTH (str) +1
Step 2: Repeat Steps 3 to 6 while I <= MAX
Step 3: Repeat step 4 for K = 0 To Length(str)
Step 4: IF str[K] != text[I + K], then GOTO step 6
[END of inner loop]
Step 5: SET INDEX = I. Goto step 8
Step 6: SET I = I+l
[END OF OUTER LOOP]
Step 7: SET INDEX = -1
Step 8: EXIT

IR VA Algorithm to find the index of the first
occurrence of a string within a given text
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In this algorithm, MAX is initialized to LENGTH (text) -
Length(str) + 1. Take for example, if a text contains-
"Welcome To Programming" and the string contains
"World". In the main text we will look for at the most
22 - 5 + 1 = 18 characters because after that there is
no scope left for the string to be present in the text.

Steps 3 to 6 are repeated until each and every character
of the text has been checked for the occurrence of the
string within it. In the inner loop, in Step 3, we check n
characters of string with n characters of text to find if the
characters are same. If it is not the case, then we move to
Step 6, where I is incremented. If the string is found,
index is initialized with I else set to -1. For example, if

TEXT =WELCOME TO THE WORLD
STRING = COME

In the first pass of the inner loop, we will compare
WORLD with WELC character by character. As soon as E and
o do not match, the control will move to Step 6 and then
ELCO will be compared with WORLD. In the next pass, COME
will be compared with COME.

We will write the programming code of indexing
operation in the operations that follows.

6.4.13 Deletion

The deletion operation deletes a substring from a given
text. We write it as, DELETE (text, position, length).
For example,
DELETE ("ABCDXXXABCD", 5, 3) = "ABCDABCD"
Figure 6.18 shows an algorithm to delete a substring
from a given text.

Step 1: [INITIALIZE] SET I=0 and J=0
Step 2: Repeat steps 3 to 6 while text[I] !=*\0"'
Step 3: IF I=N, then
Repeat Step 4 while N>=0
SET I = I+l
SETN=N-1
[END of inner loop]
(END OF IF)
Step 4: SET new_str([J] = text[I]
Step 5: SETJ=J+ 1
Step6: SETI=I+1
[ END of outer loop]
Step 7: SET new_str([J] = '\0*
Step 8: EXIT

FPMCLREN Algorithm to delete a substring from a text
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In this algorithm, we first initialize indexes to zero.
The Steps 3 to 6 are repeated until all the characters of the
lext are scanned. If 1 is exactly equal to M, the position
from which deletion has to be done, then the index of the
textis incremented and N is decremented. N is the number
of characters that have to be deleted starting from position
M. However, if I is not equal to M, then the characters of
the text are simply copied into the new_str,

Delete operation can also be used to delete a string from
a given text. To do this, we first find out the first index
at which the string occurs in the text. Then we delete n
number of characters from the text, where n is the number
of characters in the string.

16. Write a program to delete a substring from a text.

#include <stdio.h>
#include <conio.hs
main ()
{
char text[200], str[20], new_text[200];
int i=0, j=0, found=0, k, n=0, copy_
loop=0;
clrser();
printf("\n Enter the main text: ");
gets (text) ;
fflush(stdin);
printf ("\n Enter the string to be deleted: ";
gets (str) ;
fflush(stdin);
while (text [1] !='\0")
{
j=0, found= 0, k=i;
while (text [k]==str[j] && str[jli="\0")
{
k++;
J++;
}
if(str([j]=="\0")
copy_loop=k;
new_text [n) = text [copy loop] ;
1+4;
copy_loop++;
Nt++;
}
new_strn]='\0;
printf ("\n The new string is: v);
puts (new_text) ;
getch();
return 0;

Output
Enter the main text: Hello, how are you?
Enter the string to be deleted: , how are

you?
The new string is: Hello

6.4.14 Replacement

Replacement operation is used to replace the pattern p1 by
another pattern p2. This is done by writing, REPLACE (text,
patternl, patterm2)

Forexample, ("AAABEBCCC", "BBB", "X") = ARAXCCC
("AAABBBCCC", "X", "YYY")= AAABBBCC.

In the second example, there is no change as ‘%’ does
not appear in the text. Figure 6.19 shows an algorithm to
replace a pattern P1 with another pattern P2 in the text.

Step 1: [INITIALIZE] SET Pos = INDEX (TEXT, P;)
Step 2: SET TEXT = DELETE (TEXT, Pos, LENGTH(P,))
Step 3: INSERT (TEXT, Pos, P,)

Step 4: EXIT

Figure CBEN Algorithm to replace a pattern P, with
' another pattern P, in the text

The algorithm is very simple, where we first find the
position Pos, at which the pattern occurs in the text, then
delete the existing pattern from that position, and insert
4 new pattern there. String matching refers to finding
occurrences of a pattern string within another string.

17. Write a program to replace a pattern with another
pattern in the text,

#include <stdio.h>

#include <conio.h>

main ()

{
char str(200]), pat[20], new_str(200],
rep pat([100);
int i=0, j=0, k, n=0, copy loop=0, rep_
index=0;
clrscer();
printf ("\n Enter the string: ");
gets (atr) ;
£flush (stdin) ;
Printf("\n Enter the pattern: ");
gets(pat) ;
fflush(stdin) ;
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}

printf ("\n Enter the replace pattern: ");
gets (rep_pat) ;
while(str[i]!="\0")
{
j=0,k=1;
while(str[k]==pat[(j] && pat[jl!=’\0’)

{

K++;
J++;
}
if (pat(j)=="\0")
{
copy_ loop=k;
while (rep_pat[rep_index] !='\0')
{
new_str([n] = rep_pat[rep_index] ;
rep_index++;
N++;
}
}
new_str[n] = str[copy locp];
i44;

copy_loop++;
N++;
}
new_str[n]="\0";
printf ("\n The new string is: ");
puts(new_str);
getch() ;
return 0;

Output

Enter the string: How ARE you?
Enter the pattern: ARE
Enter the pattern: are

The new string is

: How are you?

CHARACTER FUNCTIONS

H MISCELLANEOUS STRING AND

In this section, we will discuss some character and
string manipulation functions that are part of ctype.h,
string.h, and stdlib.h.

6.5.1 Character Manipulation Functions

Table 6.2 illustrates some character functions contained in
Ctype.h

(EETEY Fincéons incypedn

Function

Usage

Example

isalnum(int c)

Checks whether
character cis an
alphanumeric character

isalpha('A’);

isalpha(int c)

Checks whether
character cis an
alphabetic character

isalpha('z’);

iscntrl(int c)

Checks whether
character cis a control
character

scanf("%d",
&c);
iscntrl(c);

isdigit(int c)

Checks whether
character c is a digit

isdigit(3);

isgraph()

Checks whether
character c is a graphic
or printing character.
The function excludes
the white space
character

isgraph(‘!l’);

isprint(int ¢)

Checks whether
character c is a printing
character. The function
includes the white
space character

isprint(‘@’);

islower(int c)

Checks whether the
character cis in lower
case

islower(‘'k’);

isupper(int c) | Checks whether the isupper(‘K’);
character cis in upper
case

ispunct(int c) | Checks whether ispunct(‘?’);

the charactercis a
punctuation mark

isspace(int c)

Checks whether the
character cis a white
space character

isspace(’ );

isxdigit(int c)

Checks whether
the charactercis a
hexadecimal digit

isxdigit(‘F’);

tolower(int c)

Converts the character

tolower('K’)

c to lower case returns k
toupper(int c) | Converts the character | tolower('k’)
c to upper case returns K
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6.5.2 String Manipulation Functions

In this section we will look at some commonly used string
functions present in the string.h header file.

The strcat Function
Syntax:
char *strcat(char *strl, const char *str2);

Programming Tip: .
Bef:re usingg F The strcat function appends
string copy and the string pointed to by str2 to
concatenating the end of the string pointed to
functions, ensure by stri. The terminating null
that the destination  character of str1 is overwritten.

string has enough
space to store all

the elements so that |
memory overwriting
does not take place.

The process stops when the
terminating null character of
str2 is copied. The argument
strlis returned. Note that str1
should be big enough to store
the contents of str2,

#include <stdio.h>
#include <string.h>
int main()

{
char- strl[50] = "Programming";
char str2[] = "In C";
strcat (strl, str2);
printf("\n stril: $%s", stri);
return 0;
}
Output
strl: Programming In C
The strncat Function
Syntax:

char *strncat(char *strl, const char *str2,
size_t n);

Appends the string pointed to by str2 to the end of
the string pointed to by strl up ton characters long, The
terminating null character of str1 is overwritten, Copying
stops when n characters are copied or the terminating null
character of str2 is copied. A terminating null character is

appended to str1 before retumning to the calling function.
#include <stdio.hs>
#include <string.h>
int main()

—-—‘\
{ char strl([50] = "Programming";
char str2[] = "In C";
strncat (strl, str2, 2);
printf ("\n strl: %s", stril);
return 0;
}
Output

strl: Programming In

The strchr Function
Syntax:
char *strchr(const char *str, int c);

The strchr () function searches for the first occurrence
of the character c (an unsigned char) in the string pointed
to by the argument str. The function returns a pointer

pointing to the first matching character, or null if no match
was found.

#include <stdio.hs>
#include <string.hs
int main()
{
char str([50]
char *pos;

= "Programming In C";

Pos = strchr(str,

if (pos)

\n:)’.

printf ("\n n is found in str at
position %d", pos);
else

. Printf ("\n n is not present in the
string") ;
return 0;
Output

n is found in str at position 9

The strrchr Function
Syntax:

char *strrchr(const char *str, int c);

The strchr () function searches for the first occuﬂfﬂi‘:
of the character ¢ (an unsigned char) beginning at ‘hf re d
end and working towards the front in the string point®

. or
to by the argument str, i.e. is, the function Sem}@ ;r
the last occurrence of the character ¢ and returns a poin
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pointing to the last matching character, or nu11
match was found.
#include <stdio.h>
#include <string.h>
int main{()
{
char str([50] = "Programming In C*;
char *pos;

if no

pos = strrchr(str, 'n’);
if (pos)

printf ("\n The last position of n is:
$d", pos-str) ;
else

printf("\n n is not present in the
string");
return 0;

}
Output

The last position of n is: 13

The strcmp Function
Syntax:

int strcmp(const char *strl, const char
*str2);

The stremp compares the string pointed to by stri to
the string pointed to by str2. The function returns zero if
the strings are equal. Otherwise, it returns a value less than
Zero or greater than zero if stri is less than or greater
than str2 respectively.

#include <stdio.h>

#include <string.h>

int main()

{

char stri[10] = "HELLO";
char str2([10] = "HEY" ;
if (stremp(strl,str2)==0)
printf ("\n The two strings are
identical");
else
printf ("\n The two strings are not
identical“);
return 0;

Output

The two strings are not identical

The strncmp Function
Syntax:

int strncmp(const char *strl, const char
*str2, size_t n);

This function compares at most the first n bytes of
strl and str2. The process stops comparing after the
null character is encountered. The function retums zero
if the first n bytes of the strings are equal. Otherwise, it
returns a value less than zero or greater than zero if str1
is less than or greater than str2, respectively.

#include <stdic.hs>

#include <string.hs

int main()

{
char strl(10] = "HELLO";
char str2([10] = "HEY";

if (strncmp (strl,str2,2)==0)
printf("\n The two strings are
identical");
else
printf{"\n The two strings are not
identical");
return 0;

}
Output

The two strings are identical

The strcpy Function
Syntax:

char *strcpy(char *st rl, const char *str2);

This function copies the string pointed to by str2 to
strl including the null character of str2. It returns the
argument strl. Here str1l should be big enough to store
the contents of str2.

#finclude <stdio.h>

#include <string.h>

int main()

{

char str1[10], str2[10] = "HELLO";
strcpy(strl,str2);

printf("\n strl: %s", strl);
return 0;

}

Output
HELLO
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The strncpy Function
Syntax:

char *strncpy(char *st rl, const char *str2,
size t n);

This function copies up to n characters from the
string pointed to by str2 to stri. Copying stops when n
characters are copied. However,
if the null character in str2 is
reached then the null characters
functionsona are continually copied to strl
characterarray that  ypygj| n characters have been

isnotterminated | ohied. Finally, a null character

Programming Tip:
Do not use string

with a null character. must be appended to stril.
L R . . .
However, if nis zero or negative

then nothing is copied.
#include <stdio.h»>

#include <string.h>

int main()

{
char str1(10], str2[10] = "HELLO";
strncpy(strl,str2, 2);
printf ("\n strl: %s", strl);
return 0;

}
Output
HE

To copy the string str2 in stri, a better ‘
way is to write

strncpy(strl, str2,
sizeof (strl)-1);

This would enforce the copying of only that
much characters for which str1 has space
to accommodate. We have written size of
strl minus 1 to store the null character,

The strlen Function
Syntax:
size_t strlen(const char *str);

This function calculates the length of the string str up to
but not including the null character, i.c., the function
returns the number of characters in the string,

#include <stdio.h>
#include <string.h>
int main()

{

char str[] = "HELLO";.

printf ("\n Length of str is: %d-,
strlen(str));

return 0;

}

Output
Length of str is: 5

The strstr Function
Syntax:

char *strstr(const char *strl, const char
*str2) ;

The function is used to find the first occurrence of string
str2 {not including the terminating null character) in the
string strl. It returns a pointer to the first occurrence of

str2 in strl. If no match is found, then a null pointeris
returned.

#include <stdio.h>
#include <string.h>
int main()

{

char stri(]

"HAPPY BIRTHDAY TO YOU";

char str2(] = "DAY";

char *ptr;
ptr = strstr(strl, str2);
if (ptr)

printf ("\n Substring Found");
else

printf("\n Substring Not Found"):
return 0;

}
Output

Substring Found

The strspn Function
Syntax:

. )i
8l2e_t strspn(const char *strl, const char *str

. in
The function returns the index of the first charactef
strl that doesn't match any character in str2.

]

.  m————
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#include <stdio.h>
#include <string.h>

int mainf()

{
char stril[] = "HAPPY BIRTHDAY TO YOU";
char str2(] = "HAPPY BIRTHDAY JOE";

printf ("\n The position of first
character in str2 that does not
match with that in strl is %d",
strspn(strl,str2));

return 0;

}
Output

The position of first character in str2
that does not match with that in strl is 15

The strespn Function
Syntax:
size t strespn(const char *strl, const char *str2);

The function returns the index of the first character in
strl that matches any of the characters in str2.
#include <stdio.h>
#include <string.h>
int main()
{
char strl[] = "PROGRAMMING IN C";
char str2[] "IN ;
printf ("\n The position of first
character in str2 that matches with that
in strl is %d", strcspn(strl,str2));

n

returm 0;
}
Output

The position of first character in str2
that matches with that in strl is 8

The strpbrk Function
Syntax;
char *stypbrk (const char *strl, const char *str2) ;

The function strpbrk () retumns a pointer to the first
Occurrence in str1 of any character in str2, or NULL if
none are present. The only difference between strpbrk ()
and strespn is that strespn () returns the index of the
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character and strpbrk() returns a pointer to the first
occurrence of a character in str2,
#include <stdio.h>
#include <string.hs
int main()
{
char strl(] "PROGRAMMING IN C";
char str2([] = "AB";
char *ptr = strpbrk(strl,str2));
if (ptr==NULL)
printf ("\n No character matches in the
two strings");
else

I

printf ("\n Character in str2 matches
with that in stri");
return 0;

}
Output

No character matches in the two strings

The strtok Function
Syntax:

char *strtok( char *strl, const char
*delimiter );

The strtok() function is used to isolate sequential
tokens in a null-terminated string, str. These tokens are
separated in the string using delimiters. The first time that
strtokis called, strshould be specified; subsequent calls,
wishing to obtain further tokens from the same string,
should pass a NULL pointer instead. However, the delimiter
must be supplied each time, though it may change between
calls.

The strtok() function returns a pointer to the
beginning of each subsequent token in the string, atter
replacing the token itself with a NULL character. When all
tokens are left, a null pointer is returned.

#iinclude <stdio.h>

ffinclude <string.h>

main ()

{

char str([] = "Hello, to, the, world of,
programming”;

char delim([] = ",";

char result[20];

result = strtok(str, delim);

while (result!=NULL)
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{

printf("\n ¥s", result);
result = strtok(NULL, delim);

}

getch();
return 0;

)

Output

Hello
to

the
world of

programming

The strtol Function
Syntax:

long strtol (const char *str, char **end, int

base) ;

The strtol function converts the string pointed by str
toa long value. The function skips leading white space
characters and stops when it encounters the first non-
numeric character. strtol stores the address of the first
invalid character in str in *end. If there were no digits at
all, then the strtol function will store the original value
of strin *end. You may pass NULL instead of *end if
you do not want to store the invalid characters anywhere.

Finally, the third argument base specifies whether
the number is in hexa-decimal, octal, binary, or
decimal representation.

#include <stdio.h>

#include <stdlib.h>

main ()

{

long num;

num = strtol (12345 Decimal Value", NULL, 10);

printf ("%1d", num);

num = strtol("65432 Octal Value",

princf ("%1d", num);

NULL, 8);

num = strtol (*10110101 Binary Value", NULL, 2);
printf ("%1d", num);
num = strtol ("A7CB4 Hexadecimal Value",

NULL, 16);
printf ("$1d", num);
getch();
return 0;

)

Output
12345
27418
181
687284

The strtod Function

Syntax:
double strtod(const char *str, char *+*enq),

The function accepts a string str that has an optiona]
plus (*+') orminus sign (*-*) followed by either:

¢ a decimal number containing a sequence of decimal
digits optionally consisting of a decimal point, or

e 2 hexadecimal number consisting of a "0x" or
nox" followed by a sequence of hexadecimal digits
optionally containing a decimal point.

In both cases, the number may be optionally followed
by an exponent (*E’ or ‘e’ for decimal constants ora
'p’ or ‘p’ for hexadecimal constants), followed by an
optional plus or minus sign, followed by a sequence of
decimal digits. For decimal constants and hexadecimal
constants, the exponent indicates the power of 10 and 2,
respectively, by which the number should be scaled.

#include <stdio.h>

#include <stdlib.h>

main ()

{

double num;

num = strtod("123.345abcdefg", NULL);
printf ("$1£", num);

getch();

return 0;

}

Output
123.345000

The atoi () Function

Till now you must have understood that the value 152"
integer and *1” is a character. So there is a huge differenc
when we write the two statements given below

int i=1; // here i =1

int i='1'; // here i =49, the ASCII
value of character 1

is @

Similarly, 123 is an integer number but *123' :
tege

string of digits. What if you want to operate some in

= BB i L &
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operations on the string *123¢? For this, ¢ provides
a function atoi that converts a given string into its
corresponding integer.

The atei () function converts a given string passed to it
as an argument into an integer. The atoi () function returns
that integer to the calling function. However, the string
should start with a number. The atoi () will stop reading
from the string as soon as it encounters a non-numerical
character. The atoi () is included in the stdlib.h file. So
before using this function in your program, you must include
this header file. The syntax of atoi () can be given as,

int atoi( const char *str );

Example i = atoi( "123.456" );
RESULT: i = 123.

The atof() Function

The function atof () converts the string that it accepts as

an argument into a double value and then return that value

to the calling function. However, the string must start with

a valid number. One point to remember is that the string

can be terminated with any non-numerical character, other

than "E" or "e" . The syntax of atof () can be given as,
double atof( const char *str );

Bample x = atof( "12.39 is the answer" );
RESULT: x = 12.39

The atol() Function

The function atol () converts the string into a long int
value. The atol function returns the converted long value
to the calling function. Like atoi, the atol () will read
from a string until it finds any character that should not be
in a long. Its syntax can be given as,

long atol( const char *str );

Example X = atol( "12345.6789" );

RESULT: x = 12345L.

The fur;ctions atoi(), atof(), and ato.l() are
a part of stdlib.h header file.

(Ng

X3 ArRAY OF STRINGS

Tillnow we have seen that a string is an array of characters.
For example if we say, char name[] = "Mohan", then
name is a string (character array) that has five characters.

Strings | 243|

Now suppose that there are 20 students in a class and
we need a string that stores names of all the 20 students.
How can this be done? Here, we nced a string of strings
or an array of strings. Such an array of strings would store
20 individual strings. An array of string is declared as,

char names[20] [30];

Here, the first index will specify how many strings are
needed and the second index specifies the length of every
individual string. So here, we allocate space for 20 names
where each name can be a maximum of 30 characters long.
Hence, the general syntax for declaring a two-dimensional
array of strings can be given as,

<data type> <array_name> [<row _size]
[<column_sizes] ;

Let us see the memory representation of an array of
strings. If we have an array declared as,

char name (5] [10] = {"Ram", "Mohan", "Shyam",
"Hari" , “Gopal"};

then in memory the array is stored as shown in Figure 6.20.

Name[0] | R [ A | "M [*\O"

Name[l] | M 0 H A | N |"\O
Name (2] S H Y A M |'\O'
Name [3] H A R I |*\O
Name[4] G 0] P A L |'\O'

FigureSZO Memory representation of a 2D character array

By declaring the array names, we allocate 60 bytes. But
the actual memory occupied is 28 bytes. Thus we see, more
than half of the memory allocated lies wasted. Figure 6.21
shows an algorithm to process an individual string from an
array of strings.

Step 1: [Initialize] SET I=0

Step 2:; Repeat step 3 while I<N

Step 3: Apply Process to NAMES[I]
[END OF LOOP]

Step 4: EXIT

FOTCA A M Algorithm to process an individual string
tfrom an array of strings
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In Step 1, we initialize the index

Programming Tip: :
Wh:n acoessi:g - variable 1 t.o zero. In St.ep 2,a
elements of a whileloopisexecuteduntilallthe

characterarray, make ~ strings in the array are accessed.
surethattheelements  In Step 3, each individual string

are within the array 1s processed.
boundaries.

18. Write a program to read and print the names of n
students of a class.

#include <stdio.h>

#include <conio.h>
main()

{

}

char names [5] [10];
int i, n;
clrscr() ;
printf ("\n Enter the number of students:");
scanf ("%d", &n);
for(i=0;i<n;i++)
{
printf ("\n Enter the name of
student %d: ", i+1);
gets (names [i]) ;
}
printf("\n Names of the students are:\n");
for(i = 0;i < n;i++)
puts (names[i]);
getch() ;
return 0;

Output

Enter the number of students: 3

Enter the name of student: Aditya

Enter the name of student: Goransh

Enter the name of student: Sarthak

Names of the students are: Aditya Goransh
Sarthak

19. Write a program to sort names of students,

#include <stdio.h>
#include <conio.h>
maini()

(

char names [5) [10], temp[10];
int i, n, j;

clrscr();
printf ("\n Enter the number of students; ),
gcanf ("%¥d", &n);
for(i=0;1icn;i++)
{
printf ("\n Enter the name of the
student %d: ", i+l);
fflush(stdin) ;
gets(names[i]);
}
for(i = 0;1 < n;i++)
{
for(j = 0;j < n-i-1;3j++)
{
if (strcmp (names [j], names [j+1])>0)
{
strcpy (temp, names[j]);
strcpy (names [j], names[j+1]) ;
strcpy (names [j+1], temp);

Programming Tip: i
Strings cannot be }

manipulated with
arithmetic or other
operators available

printf ("\n Names of the
students are: ");

£ W
in C boundaries. ox{i=0 1<n.l++)
puts (names [i]) ;
getch () ;
return 0;
}
Output
E

E

nter the number of students: 3
nter the name of student: Sarthak

Enter the name of student: Goransh
Enter the name of student: Aditya

Names of the students are: Aditya Goransh
Sarthak

I PROGRAMMING EXAMPLES

20.

Write a program to read a sentence until 3 *.
entered.

#include <stdio.h>
#include <conio.hs
int main()

{

char str(1000);
int i=0;
clrscr();

A

—
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m— -
printf("\n Enter . to end");
printf("\n hLARALLAAELEL TR
printf ("\n Enter the sentence: ");
scanf ("%c", &strli]);
while(str[i) 1= *.7)

{
i+4;

scanf ("%c", &str[i]);

}
str[i] = *\0';

printf ("\n The text is: ");
1=0;

while (str[i]

{

1= "\o")

printf ("%c", str[i]);
i+4;
}

return 0;

}
Output

Enter . to end

(2222222222222

Enter the sentence: Welcome to the world of
programming.

The text is: Welcome to the world of
programming

21. Write a program to read a line until a newline character
is entered.

finclude «<stdio.hs>
#include <conio.hs>
int main()
{
char str[1000];
int i=p;
clrser();
Printf ("\n Enter a new line character to
end") ;
printf("\n Fhk kAR R Rk R RN )
Printf ("\n Enter the line of text: ");
scanf ("§c", &str(i]);
while(str(i] 1= *\n’)

ive;

Bcanf ("§c", &str[i));

}

Btr[i] = |\0| ;

printf ("\n The text is: ");

1=0;

while(str[i] 1= *\0")

{
printf ("%c", str(i]);
i++;

}

return 0;

}
Output

Enter a newline character to end
Frhkdkdhhhhhhhhh

Enter the sentence: Welcome to the world of
programming

The text is: Welcome to the world of
programming

22, Write a program to read and print the text until a * is
encountered. Also count the number of characters in
the text entered.

#include <stdio.h>
#include <conio.h>
int main()

{
char str[1000];
int i=0;
clrscr();
printf ("\n Enter * to end");
printf(“\n Kkkkkkkkkkwkkkl) o
printf ("\n Enter the text: ");
scanf ("%c", &strl[i]);
while(str[i] = ‘*')
{
1++;
scanf ("$c", &str(i));
)
str[i]l = *\0‘;
printf ("\n The text is: ");
i=0;
while(str(i] != ‘\0’')
{
printf ("$c", str(i]);
1+4;
)
printf ("\n The count of characters is:
td",i-1);
return 0;
}
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— ]
Output { ™ E
’
Enter * to end scanf ("%c", &str[i]);
LA AL R 2 R T T
. }
Enter the sentence: Hi there str(il = ‘\0';
The text is: Hi there 1=0;
The count of characters is: 7 while (str[il 1= *'\0*)
23, Write a program to read a sentence. Then count the {
number of words in the sentence. if(str(i]l == "\n’ || i==79)
line_count++;
#?nclude <std%o.h> if (str(i] == ' ' &&strli+l] 1=+
flncluée <conio.h> word_count++;
?nt jpataly char_count++;
i4+;
char str[1000]; } *
int i=0, t=0;
:2rszr() S printf ("\n The total count cf words is:
H " d unt) ;
printf ("\n Enter the sentence: "); %d_' jie SLScunt) . ,
SEtBIEE] printf ("\n The total count of lines is:
! " 3 .
while(str[i] 1= *\0') %$d", line count);
{ ~ printf("\n The total count of characters
if(str(i] == * ¢ && str[is1] 1= * 7) is: %d", char_count);
=T . return 0;
i4+; }
} Output

3 " 1 -
printf ("\n The total count of words is: Enter the text: Hi there#
%$d", count);

The total count of words is: 2
return 0; The total count of lines is: 1
} The total count of characters is: 7

Output 25. Write a program to copy a string into another usiz3

Enter the sentence: How are you strepy function.

The total count of words is: 3 #include <stdio.h>

24, Write a program to read multiple lines of text until #laclude: <Btripg.ha
A #include <conio.hs>
a * is entered. Then count the number of characters ¢ .
: R ? int main()
words, and lines in the text. {
#include <stdio.h> char str(100], copy str(100];
#include <conio.h> int i=0, n;
int main() clrscr();
{ printf("\n Enter the string: "):
char str[1000); gets(str) ;
int i=0, word_count = 1, line count =1, strepy (copy str, str);
char_count = 1; Printf ("\n The copied text is: "}i
clrecr(); puts(copy_str) ;
printf ("\n Enter a * to end"); retwn 0,
printf("\n ttiihi-ttitttlu)i }
printf ("\n Enter the text: “); (hﬂpul

scanf ("%c", &strli));
: Enter the string: How are you?
while(str[i] 1= ‘*’) Th

e copied text is: How are you?

il
—e— R g 55
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26. Write a program to copy n characters of a string from

the m™® position in another string.

#include <stdio.h>
#include <conio.h>
int main()
{
char str[1000], copy str([1000];
int i=0, 3j=0, m, n;
clrscr();
printf ("\n Enter the text: ");
gets(str);
printf ("\n Enter the position from which
to start: ");
scanf ("%d", &m);
printf ("\n Enter the number of characters
to be copied: ");
scanf ("$d", &n);

i=m;
while(str[i] != '\0’ && n>0)
{
copy_str(j]l = strli];
i4+;
J++;
n--;

)

copy_str([j] = ‘\0’;

printf ("\n The copied text is: ");
puts (copy_str) ;

return 0;

}

Output

Enter the text: How are you?

Enter the position from which to start: 2
Enter the number of characters to be copied:
5

The copied text is: w are

27. Write a program to enter a text that has commas.

Replace all the commas with semi colons and then
display the text,

#include <stdio.h>

#include <conio.h>

int main()

{
char str[1000), copy_str[1000];
int i=0;
clrecr();
printf (*\n Enter the text: ");
gets(str);
while(str[i] (= *\0’)

if(atr(i] ==',")

copy_str[i] = *';’;
else

copy_str(i] = str(i];
144

}

copy_str(i] = '\0’;

printf ("\n The copied text is: ");
1=0;

while (copy_str[i] != *\0")
{
printf ("%c", copy_str(il);
144
}
return 0;
}

Output

Enter the text: Hello, How are you
The copied text is: Hello; How are you

28. Write a program to enter a text that contains multiple

lines. Rewrite this text by printing line numbers before
the text of the line starts.

#include «stdio.h»>
#include <conio.h>
int main()
{
char str([1000];
int i=0, linecount = 1;
clrscr();
printf ("\n Enter a * to end");
printf("\n hkkkkkhkkkkkdwn) o
printf ("\n Enter the text: ");
scanf ("%c", &str(il);
while(str[i] != **')
{
1++;
scanf ("$c", &strlil);
}
str(i] = '\0‘';
i=0;"
while(str[i] != *\0*)
{
if (linecount == 1 && i == 0)
printf ("\n %d\t", linecount);
if (str(i] == ‘\n’)
{
linecount++;
printf ("\n %d\t", linecount) ;

}
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printf("$c", str(i)); {
i44; n--;
} linecount++; ‘
return 0; ) printf ("%d \t", linecount); i
) ) |
} {
OUTput } i
Enter a * to end else
T2 222222" {
Enter the text: i++;
Hello if (str(i] == *\n’)
how linecount++;
are You? }
1 Hello ]
2 how getch();
3 are you? return 0;
29. Write a program to enter a text that contains multiple }
lines. Display the n lines of text starting from the m™
: Output
line.
. Enter the text : Hello
#include <stdio.h> how
#include <conio.h> are you?
int main() *
{ Enter the line number from which to copy: 1
char str[1000]; Enter the line number till which to copy: 2
int i = 0, m, n, linecount = 0; Hello 1
clrscr(); how 2

printf ("\n Enter the text: ");
scanf ("%c", &str[i]);
while(str[i]l!="*")
{ i++;
scanf ("%c", &str[i]);

30. Write a program to enter a text. Then enter a patiem
and count the number of times the pattern is repeated
in the text.

#include <stdio.h>

} #include <conio.h>
main()

str[ii+l] = '\0‘;

printf (“\n Enter the line number from
which to copy: ");

scanf ("%$d", &m);

printf (*\n Enter the line number till
which to copy: ")i

scanf ("%d", &n);

{

char str([200], pat([20];

int i=0, j=0, found=0, k, count=0;
clrscr() ;

printf ("\n Enter the string: ")i
gets(str) ;

printf ("\n Enter the pattern: ")i

i=0,
while (str([i) 1= *\0’) 3:&?2?:;L211! ‘\o’)
{ ! -

if (linecount == m )

j=0, k=i;

{ i mh while(str (k] ==pat [}] && 13"“[3“"'\0.I
while (n>0) { k
{ i
printf (“sc", str(j)); S
Jaeg }

if (Btr(j) == *\n*)

if (pat [j)=="\0")

d
q

4

-

44______-lll.'£i
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found=1;
count++;

}

i+4+;
)
if (found==1)
printf("\n PATTERN FOUND %d TIMES",
count) ;
else
printf ("\n PATTERN NOT FOUND");
return 0;

}

Qutput

Enter the string: She sells sea shells on
the sea shore

Enter the pattern: sea

PATTERN FOUND 2 TIMES

31. Write a program to enter a text. Then enter a pattern,
if the pattern exists in the text then delete the text and
display it.

#include <stdio.h>
#include <conio.h>
main ()
{
char str[200], pat[20], new str[200];
int i=0, j=0, found=0, k, n=0, copy_
loop=0;
clrscr();
printf ("\n Enter the string: ");
gets(str) ;
fflush(stdin) ;
printf ("\n Enter the pattern: ");
gets(pat) ;
fflush(stdin) ;
while(str([i) !=’\0’)
{
j=0, found= 0, k=i;
while (str(k]==pat[j] && pat[j]1='\0')
{ .
k++;
J++;
}
if (pat[jl=="\0")
copy_loop=k;
new_str(n] = str(copy_loop);
i+4;
copy_loop++;
N++;

Strings , 249|
new_str(n]="\0';
printf ("\n The new string is: ");
puts (new_str) ;
return 0;

Output

Enter the string: She sells sea shells on
the sea shore

Enter the pattern: sea

The new string is: She sells shells on the
shore

32. Write a program to enter a text. Then enter a pattern,

if the pattern exists in the text then replace it with
another pattern and then display the text.

ftinclude <stdio.h>
#include <conio.h>
main()
{
char str[200], pat([20], new_str[200],
rep_pat [100];
int i =0, j =0, k, n=0, copy_loop=0,
rep_index=0;
clrscr();
printf ("\n Enter the string: ");
gets(str);
fflush(stdin) ;
printf ("\n Enter the pattern: ");
gets(pat) ;
fflush(stdin) ;
printf ("\n Enter the replace pattern: "};
gets (rep_pat) ;
while(str(il!="\0")
{
j=0,k=1i;
while(str[k]l==pat(j] && pat(jl!="\0")

{

K++;

J++i
)
if(pat (j)l=="\0")
{

copy_loop=k;
while (rep_pat [rep_index] !='\0')
{
new_str[n] = rep_pat[rep_index];
rep_index++;
n++;
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}
new_str[n] = str(copy_loop] ;
i44;
copy_loop++;
N++;
}
new _strn)="\0';
printf ("\n The new string is: ");
puts (new_str) ;
return 0;

}

Output

Enter the string: She sells sea shells on
the sea shore

Enter the pattern: sea

Enter the pattern: C

The new string is: She sells C shells on the

C shore

33. Wnite a program to find whether a given string is a

palindrome or not.

#include <stdio.h>

#include <conio.h>

int main()

{
char str(100];
int i = 0, j, length = 0;
clrscr();
printf ("\n Enter the string: ");
gets(str) ;
while (str[i] !=
length++;

'10')

i++;
i=0;
j = length - 1;
while(i <= length/2)
{
if(str[i] == str[j])
{
1++;
3--:
}
else
break;

}
if (i>=9)

}

printf ("\n PALINDROME") ;

else

printf ("\n NOT A PALINDROME");

return 0;

Output
Enter the string: madam
PALINDROME

34. Write a program to implement a quiz program.

#include <stdio.h>
#include <string.h>
#include <conio.h>
main ()

{

char quest [5] [100];

char optionil[3] [20],option2 (3] [20],
option3 [3] [20],option4 [3] [20],

options5 (3] [20];

int response [5], correct_ans([5], optiocn,

i, marks;

clrscr();
strcpy (quest [0] , "Name
India") ;

strcpy (optionl [0], "1.
strcpy (optionl[1],"2.
strcpy(optionl [2],"3.
correct ans([0] = 1;
strepy (quest (1], "Name
of India");

strcpy (option2 (0], "1.
strepy (option2[1],"2.
strcpy (option2([2], "3.
correct_ans [1]=0;
strepy (quest (2], "Name
minister of India");
strcpy (option3 [0], 1.
strcpy (option3[1],"2.
strcpy (option3 (2], "3,
correct_ans[2]=2;
strcpy (quest [3], "Name
president of India");
Strcpy (optiond [0], 1.
strcpy (optiond [1],"2.
Strcpy (optiond (2], "3.
correct_ans([3] = 0;
Strcpy (quest [4] , "Name
minister of India");
strcpy (options[0], "1.
strcpy (options (1], "2.

the capital of

Mumbai") ;
New Delhi");
Chennai") ;

the national bird

Peacock") ;
Sparrow") ;
Parrot");

the first prime

M D Gandhi"):
S D Sharma"):
J L Nehru');

the first female

Pratibha Patil"):
Sonia Gandhi");
Indira Gandhi"):
the youngest primé
Rajiv Gandhi")/
Sanjay Gandhi")i
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strcpy (optionS([2],"3. Rahul Gandhi");
correct_ans([4] = 0;
do
{
printf ("\n\n\n\n QUIZ PROGRAM");
printf("\n*i**i***iﬁ*ttf*i*ﬁ*ll) i
printf("\n 1. Display Questions");
printf("\n 2. Display Correct Answers");
printf("\n 3. Display Result");
printf("\n 4. EXIT");
printf ("\n *t******tt****i*******tt*") H
printf ("\n\n\n Enter your option: ");
scanf ("%d", &option);
switch(option)
{
case 1:
printf("\n %s \n", quest[0]);
for(i=0;i<3;i++)
printf("\n %s", optionll[i]);
printf ("\n\n Enter your answer number: ");
scanf ("%d", &response[0]);
printf("\n %s \n", quest[1]);
for(i=0;i<3;i++)
printf ("\n %s", option2[i]);
printf ("\n\n Enter your answer number: ");
scanf ("$d", &response[1]);
printf("\n %s \n", quest[2]);
for(i=0;i<3;i++)
printf ("\n %s", option3[i]);
printf ("\n\n Enter your answer number: ");
scanf ("%¥d", &response[2]);
printf("\n %s \n", quest[3]);
for(i=0;i<3;i++)
printf("\n %s", option4[i]);
printf ("\n\n Enter your answer number: ");
scanf ("%d", &response(3]);

array.

A string is terminated with a null character (\0') to
signify the end of the character array.

A string is a character array from which individual
characters can be accessed using a subscript that
starts from zero.

All the characters of a string array are stored in
Successive memory locations,

A string is nothing but a null-terminated character

Strings ] 251 '

printf("\n %s \n", quest[4]);
for(i=0;i<3;i++)
printf ("\n %s", option5(i]);
printf ("\n\n Enter your answer number: ");
scanf ("$d", &responsel[4]);
break;
case 2:
printf ("\n\n CHECK THE CORRECT ANSWERS");
printf ("\n AAKK KA K KA I IR ARk bk A b k)
printf("\n %s \n
%s",quest [0] ,optionl [correct_ans[0]]);
printf ("\n\n %s \n
¥s",quest [1],coption2 [correct_ans(1]]);
printf ("\n\n %s \n
%s",quest[Z],option3[correct_ans[Z]]);
printf ("\n\n %s \n
%s",quest [3],,option4 [correct ans[3]]);
printf ("\n\n %s \n
%s",quest [4] ,options [correct_ans[4]]);
break;
case 3:
marks = 0;
for(i = 0;i <= 4;i++)
{
if (correct ans[i]l+l == response[i])
marks++;
}
printf ("\n Out of 5 you score %d",
marks) ;
break;
}
}while(option!=4);
getch();
return 0;

® A string can be read from the user by using three

ways—using scanf function, using gets() function, or
using getchar()function repeatedly.

scanf function terminates as soon as it finds a blank
space.

The gets() takes the starting address of the string
which will hold the input. The string inputted
using gets() is automatically terminated with a null
character,
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* The string can also be read by calling the getchar()
repeatedly to read a sequence of single characters
{unless a terminating character is entered).

* A string can be displayed on the screen using three
ways—=using printf function, using puts() function or
using putchar()function repeatedly

 In printf(), the width specifies the minimum output
field width. If the string is short, extra space is either
left padded or right padded. The precision specifies
the maximum number of characters to be displayed.
A negative width left pads short string rather than
the default right justification. If the string is long,
the extra characters are truncated.

e The number of characters in the string constitutes
the length of the string.

String An array of characters terminated by a NULL
character.

String matching Finding occurrences of a pattern string
within another string.

Fill in the Blanks

1. Strings are .
2. Every string is terminated with a

3. If a string is given as “AB CD”, the length of this
string is

4. The subscript of a string starts with

5. Characters of a string are stored in
memory |ocations.

6. char mesg[100]; can store maximum
characters.

function terminates as soon as it
finds a blank space.

8. LENGTH(") =

9. The ASCII code for A- Z varies from
10. toupper() is used to
11, 51>52, means i
12. The function to reverse a string Is

13. If 51 = “GO0D MORN]NG“, then Substr Left
(51,7)= 9

\'r

Appending one string to another St.ring involyeg
copying the contents of the source string at the gqg
of the destination string. There is a library functig,
strcat(s1, s2) that concatenates s2 to s1. It is defineg
in string.h

To extract a substring from a given string requires
information about three things—the main sty
the position of the first character of the substring
in the given string, and the maximum number of
characters/length of the substring.

Index operation returns the position in the string
where the string pattern first occurs.
Replacement operation is used to replace the
pattern P1 by another pattern P2,

String taxonomy A string can be stored either in fixed-
lenght or in variable-length format.

14.

15,

16.

17.
18.
19.

20.

M
1

INDEX(“Welcome to the world of programming”,
“world”) =

returns the position in the string where
the string pattern first occurs.

The function atoi() is presentin ____ header
file.

strncat is used to
stremp(strl, str2) returns 1 if

function computes the length of 2

string.

Besides printf(), function can be used 9
print a line of text on the screen. i

ultiple Choice Questions ;

. LENGTH('0") = !
(a) -1 (b) 0 !
(c) 1 (d) None of these
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2. ASCIl code for a—z ranges from
(a) 0-26 (b) 35-81
(c) 97-123 (d) None of these
3. Insert("XXXYYYZ2Z", 1, "PPP") =
(a) PPPXXXYYYZZZ (b) XPPPXXYYYZZZ
(c) XXXYYYZZZPPP
4. Delete("XXXYYYZZZ", 4,3) =
(a) XXYZ
(c) XXXyzz

5. If str[] = “Welcome to the world of programming”,
then, SUBSTRING(str, 15, 5) =

(b) XXXYYZZ

(a) world (b) programming

(c) welcome (d) none of these
6. strcat() is defined in which header file?

(a) ctype.h (b) stdio.h

(c) string.h (d) math.h

7. Astring can be read using which functions?
(a) gets() (b) scanf()
(c) getchar() (d) all of these
8. Replace(“XXXYYYZZZ", “XY”", “AB") =

(a) XXABYYZZZ (b) XABYYYZZZ
(c) ABXXXYYYZZ

9. The index of U in Oxford University Press is?
(a) 5 (b) 6
(c) 7 (d) 8

10. s1 = “HI”, s2 = “HELLO”, s3 = “BYE”. How can we
concatenate the three strings?
(a) strcat(s1,52,s3)
(b) strcat(s1(strcat(s2,s3)))
(c) strcpy(sl, strcat(s2,s3))
11. strlen(“Oxford University Press”) is ?
(a) 22 (b) 23
{c) 24 (d) 25
12. Which function adds a string to the end of another
string?
(a) stradd()
(c) strtok()

(b) strcat()
(d) strepy()

State True or False

1. Astring Hello World can be read using scanf()

2. Initializing a string as, char str[]="HELLO";
is incarrect as a null character has not been
explicitly added

3. Astring when read using scanf() needs an
ampersand character

10.

11.

12.

13.

14.

15.

16.

17.

Strings ! 253|

. The gets () takes the starting address of the

string which will hold the input.

. Thegets () and scanf () automatically

appends a null character at the end of the string
read from the keyboard,

. The function scanf () can be used to read a line

of text that includes white space characters.

. The function tolower () is defined in ctype.h

header file.

. Arithmetic operators can be applied to string

variables.

. String variables can be present either on the left

or on the right side of the assignment operator.
If 81 and S2 are two strings, then concatenation
operation produces a string which contains
characters of S2 followed by the characters of
S1.

Appending one string to another string involves
copying the contents of the source string at the
end of the destination string.

$1<52, when in dictionary order S1 precedes 52
If S1 = “GOOD MORNING”, then Substr_Right(S1,
5) = MORNING.

Replace (“AAABBBCCC”, “X”, “YYY”)= AAABBBCC.
When a string is initialized during its declaration,
the string must be explicitly terminated with a
null character.

The function strcmp(“and”,”ant”) will return a
positive value.

Assignment operator can be used to copy the
contents of one string into another.

Review Questions

1,

What are strings? Discuss some operations that
can be performed on strings.

. Explain how strings are represented in main

memory.

. Explain operations that can be performed on

strings.

How are strings read from the standard input
device? Explain the different functions used to |
perform string input operation.

. Explain how strings can be displayed on the

screen.
Explain the syntax of printf() and scanf().

. Write a short note on string operations.
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10.
11.
12,

13.

14.

15,
16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28,

. Differentiate between gets() and scanf().
. Give the drawbacks of getchar() and scanf().

Which function can be used to overcome the
shortcomings of getchar() and scanf()?

How can putchar() be used to print a string?
Differentiate between a character and a string.
Differentiate between a character array and a
string.

List all the substrings that can be formed from the
string “ABCD".

What do you understand by pattern matching?
Give an algorithm for it.

Write a short note on array of strings.

How is an array of strings represented in the
memory?

Explain with an example how an array of strings is
stored in main memory.

If Substring function is given as- SUBSTRING(string,
position, length) then, find S(5,9) if S = “Welcome
to world of C Programming”.

If Index function is given as- INDEX(text, pattern),
then find the index(T, P) where T = “Welcome to
world of C Programming” and P = “of”.

Write a program in which a string is passed as an
argument to a function.

Write a program in C to concatenate first n
characters of a string to another string.

Write a program in C that compares first n
characters of one string with first n characters of
another string.

Write a program that reads your name and then
displays the ASCII value of each character in your
name on a separate line.

Write a program in C that removes leading and
trailing spaces from a string.

Write a program to read a word and re-write its
characters in alphabetical order.

Write a program that accepts an integer value from
0 to 999. Display the value of the number read in
words. That is, if the user enters 753, then print
Seven Hundred Fifty Three.

Write a program to insert a word before a given
word in the text.

Write a program to (a) read a name and then
displayitin abbreviated form, (b) Janak Raj Thareja

29,

30.

31.

32.

33.

34.

35.

36.

37.

38.

391

40.

41,
42,

43,

44,

should be displayed as JRT; (c) Janak Raj Tharejs
should be displayed as J.R. Thareja.

Write a program in Cthat replaces a given character
with another character in the string.

Write a program to display the word Hello in the
following format:
H
H E
HEL
HELL
HELLO

Write a program to display the given string arrayin
reverse order.

Write a program to count the number of characters,
words, and lines in the given text.

Write a program to count the number of digits,
upper case characters, lower case characters, and
special characters in a given string.

Write a program to count the total number of
occurrences of a given character in the string.

Write a program to accept a text. Count and display -

the number of times the word “the” appearsinthe
text.

Write a program to count the total number of
occurrences of a word in the text.

Write a program to find the last instance of
occurrence of a sub-string within a string.

Write a program to insert a sub-string in the middle
of a given string.

Write a program to input an array of strings. Then
reverse the string in the format shown below.

“HAPPY BIRTHDAY TO YOU” should be displayed as

“YOU TO BIRTHDAY HAPPY”.

Write a program to append a given string in the
following format.

“GOOD MORNING MORNING GOOD”
Write a program to trim a string.

Write a program to input a text of at least tW0

paragraphs. Interchange the first and second

paragraphs and then re-display the text on screef- |

Write a program to input a text of at least tWO
paragraphs. Construct an array PAR such that

PAR[I] contains the location of the I™* paragraph in ;

TEXT.

Write a program to find the length of
MORNING”,
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EXERCISES

45.

46.

47.

(a) Write a program to convert the given string
“GOOD MORNING” to “good morning”.

Write a program to convert the given string
“hello world” to “HELLO WORLD”,
Write a program to concatenate two given strings

“Good Morning” and “World”. Display the resultant
string.

(b)

Write a program to append two given strings
“Good Morning” and “World”. Display the resultant
string.

. Write a program to check whether the two given

strings “Good Morning” and “GOOD MORNING”
are same.

. Write a program to convert the given string “hello

world” to “dlrow olleh”,

. Write a menu driven program that demonstrates

the use of string functions present in the string.h
header file.

. Write a menu driven program that demonstrates

the use of character handling functions present in
the ctype.h header file.

. Write a program to extract the string “Good” from

the given string “Good Morning”.

. Write a program to extract the string “od Mo” from

the given string “Good Morning”.

. Write a program to insert “University” in the given

string “Oxford Press” so that the string should read
as “Oxford University Press”.

. Write a program to delete “University” from the

given string “Oxford University Press” so that the
string should read as “Oxford Press”.

. Write a menu driven program to read a string,

display the string, merge two strings, copy n
characters from the m™ position, calculate the
length of the string.

. Write a program to copy the last n characters of

a character array in another character array. Also
convert the lower case letters into upper case
letters while copying.

. Write a program to copy “University” from the given

string “Oxford University Press” in another string.

. Write a program to simulate the strcpy function.
. Write a program to program to rewrite the string

“Good Morning” to “Good Evening”,

. Write a program to read and display names of

employees in a department.

62.

63.

64,

65.

66.

67.

68.

69.

70.

71.

72.

73.
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Write a program to sort the names of employees
alphabetically.

Write a program to read a short story and count
the number of characters, words, lines in the
story.

Write a program to enter a text that has both
lower case as well as uppercase characters.
Replace all the lower case characters with upper
case characters and then display the text.

Write a program to read a short story. Display the
n lines of story starting from the m™ line.

Write a program to read a short story. Rewrite
the story by printing the line number before the
starting of each line.

Write a program to display a list of candidates.
Prompt 100 users to cast their vote. Finally display
the winner in the elections.

Write a program to delete the last character of a
string.

‘Write a program to delete the first character of a
string.

Write a program to count the number of times a
given character appears in the string.

Write a program to insert a new name in the string
array STUD[][], assuming that names are sorted
alphabetically.

Write a program to delete a name in the string
array STUD[][], assuming that names are sorted
alphabetically.

In a class there are 20 students. Each student is
supposed to appear in three tests and two quizzes
throughout the year. Make an array that stores the
names of all these 20 students. Make five arrays
that stores marks of three subjects as well as scores
of two quizzes for all the students. Calculate the
average and total marks of each student. Display
the result.

Find errors in the following codes.

1.

main()
{
char strl[]="Programming";
char str2([] = "In C";
strl = sBtr2;
printf ("\n strl = ¥s", strl);
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‘.ﬁ 2. main() a3 {main()
ﬂ { h trll {‘H' rer,'1','1",'0"' }; char strl(l= "programming in Cn;
= SEInEEIND e AR0 Begdy int i;
5< } A ' while(str[i]1="\0")
X _ { ‘
“ . {mam” if (1%2==0)
char str([5]="HELLO"; printf("%c", strlil);
printf ("\n str = %s", str); 1++4;
} }
4. main() }
{ 3. main()
char str(10); {

strnecpy(strl, "HELLO", 3); char str[]="GGOD MORNING";

printf("\n str = ¥s", str); printf ("\n %20.10s", str);
} printf ("\n %s", str([0]);
printf ("\n %s", &str(5]};

5. main()
{ }
char str(10]; . 4. main()
strcpy(str, "Hello there"); {
printf ("\n str = %s", str); char ch = ‘k’;
} printf ("%c", ch+10);
6. main() | }
( 5. main()
char str[]= "Hello there"; {
if (strstr(str, "Uni")==0) char strl(]= "Programming";
printf ("\n Substring Found") ; chat str2(] = "Is Fun";
} sStrcpy (strl, str2);
7. main() printf ("\n %s", strl);
{ }
char str1[10], str2[10]; 6. main()
gets(strl, str2); {
printf("\n strl = %s and str2 = %s", char strl[]= "Programming";
strl, str2); chat str2[] = "Is Fun";
} strncpy(strl, str2, 3);
printf("\n %s", strl);
Find the output of the following codes. }
1. main() 7. main()
( {
char stril)= {‘H/,'1'}; char strl[)= "Programming";
char strz2(] = (', 17, "o} ; chat str2[] = "pProject";
if (stremp(strl, str2) == 0) pPrintf("%d", strncmp(strl, str2, 3
e1;:rintf("\n The strings are equal"); 8. {nain()
pPrintf ("\n Strings are not {
equal*), char str()s “Oxford University Press’’
} printf (*¥s", strstr(str, "Uni"))i
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In this chapter, we will learn about a special variable known as pointers.
Pointer variables are used to directly access memory using memory
addresses and form a very useful concept in C language. In this chapter, we
will use variables that point to all types of variables —int, float, double, char.
Pointers also provide a handy way to access arrays and strings. Moreover, we
may also have function pointers in our C programs. Last but not the least,
the most powerful use of pointers is to dynamically allocate memory for
variables. In this chapter, we will learn about the basics of pointers and then
in the subsequent chapters, we will be using them to implement our data

structures.

UNDERSTANDING THE
COMPUTER’S MEMORY

Every computer has a primary memory. All data and
Programs nced to be placed in the primary memory for
execution. The primary memory or RAM (Random Access
Memory which is a pant of the primary memory) is a
collection of memory locations (often known as cells)
and cach location has a specific address. Each memory
location is capable of storing 1 byte of data (though new
Computers are able to store 2 bytes of data but in this book
we havc been talking about locations storing 1 byte of
da‘ﬂ): Therefore, a char type data needs just 1 memory
Ocalion, an int type data needs 2 memory locations.

Snmil_arl)f, float and double type data need 4 and 8 memory
locauons, respectively.

Learning Objectlve

Pointers

Generally, the computer has three areas of memory
each of which is used for a specific task. These areas of
memory include—stack, heap, and global memory.

Stack A fixed size of stack is allocated by the system and
is filled as needed from the bottom to the top, one element
at a time. These elements can be removed from the top to
the bottom by removing one element at a time, i.e., the last
element added to the stack is removed first,

When the program has used the variables or data stored
in the stack, it can be discarded to enable the stack to be
used for other programs to store its data. We have already
read a little bit on the system stack in Functions when we
discussed Recursion. We will read more about them in the
chapter on Stacks.
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Stack is the section of memory that is

allocated for automatic variables within
functions.

Heap Itisa contiguous block of memory that is available

for use by the program when the need arises. A fixed size
heap is allocated by the system and is used by the system
in a random fashion.

The addresses of the memory locations in heap that are
not currently allocated to the program for use are stored in
a free list. When the program requests a block of memory,
the dynamic allocation technique (discussed at the end
of this Chapter) takes a block from the heap and assigns
it to the program. When the program has finished using
the block, it returns the memory block to the heap and the
location of the memory locations in that block is added to
the free list.

Compared to heaps, a stack is faster but smaller and
expensive. When a program begins execution with
the main(), all variables declared within main() are
allocated space on the stack. Moreover, all the parametres
passed to the called function will be stored on the stack.

Global memory The block of code that is the main ()
program (along with other functions in the program) is
stored in the global memory. The memory in the global
area is allocated randomly to store the code of different
functions in the program in such a way that one function is
not contiguous to another function. Besides, the function
code, all global variables declared in the program are
stored in the global memory area.

Other memory layouts cC provides some more memory

areas such as text segment, BSS, and shared library
segment.

* The text segment is used to store the machine
instructions corresponding to the compiled program.
This is generally a read-only memory segment.

¢ BSS (Block Started by Symbol) is used to store
un-initialized global variables,

* Shared library segment contains the executable

image of shared libraries that are being used by the
program.

INTRODUCTION TO POINTERS

Every variable in C language has a name and a value
associated with it. When a variable is declared, a specific
block of memory within the computer is allocated g hold
the value of that variable. The size of the allocated block
depends on the type of the data. Let us write a Program
to find the size of the various data types on your System,
(Note the size of integer may vary from one system ¢,
another. In 32 bit systems, integer variable is allocated 4
bytes while on 16 bit systems it is allocated 2 bytes),

1. Write a program to find th