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Preface to the Fourth
Edltlon .

-is a-powerful, flexible; portable and elegantly structured programmiing language. Since

C combines the features of high-level language with the elements of the assembler, it is
suitable for both systems:.and apphcatlons programmlng It is undoubtedly the most widely
used general-purpose language today. :

Since its standardization in 1989, C has undergone a series of changes and 1mprovements
,in order to enhance the usefulness of the language. The version that incorporates the new
features is now referred to as C99. The fourth edition of ANSI C has been thoroughly revised
and enlarged not only to incorporate the numerous suggestions received both from teachers
and students across the country but also'to h1ghl1ght the enhancements and new features
added by C99. i

Organization of the book

The book starts with an overview of C, which talks about the history of C, basic structure of
C programs and their execution. The second chapter discusses how to declare the constants,
variables and data types. The third chapter describes the built-in operators and how to build
expressions using them. The fourth chapter details the.input and output operations. Deci-
sion making and branching is discussed in the fifth chapter, which talks about the if-else,

- switch and goto statements. Further, decision making and looping is discussed in Chapter

$ix, which covers while, do and for loops. Arrays and ordered arrangement of data elements
are important to any programming language ‘and have been covered in chapters seven and
eight. Strings are also covered in Chapter eight. Chapters nine and ten are on functions,
structures and unions. Pointers, perhaps the most difficult part of C to understand, is
. covered in Chapter eleven in the most user-fnendly manner. Chapters twelve and thirteen”
are on'file management and dynamic memory allocation respectively: Chapter fourteen deals
with the preprocessor, and finally Chapter 15 is on developing a C.program, which provides
an insight on how to proceed with development of a program. The abéve organization would
help the students in understanding C better if followed appropriately.
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New to the edition

The content has been revised keeping the updates which have taken placed in the field of C
programming and the present day syllabus needs. As always, the concept of ‘learning by
exo. o has been stressed throughout the book. Each major feature of the language is
treated in depth followed by a complete program example to illustrate its use. The sample
programs are meant to be both simple and educational. Two new projects are added at the
end of the book for students to go through and try on their own.

Each chapter includes a section at the beginning to introduce the topic in.a proper per-
spective. It also provides a, quick look:into the features that-.are discussed-in the chapter

Wherever necessary, pictorial deseriptions of concepts are included to improve clarity and'to |

facilitate better understanding. Language tips and other special considerations are high
lighted as notes wherever essentiak In order to make the book more user:friendly, we have
incorporated the following key features. 4 H

O Codes with comments are provided throughout the book to illustrate how the vari-

ous features of the language are put together to accomplish specified tasks. )

O Supplementary information and notes that complement but stand apart from the

general text have been included in boxes. ‘

O Guidelines for developing efficient C programs are given in the last chapter, together
- with alist of some:common mistakes that a‘less experienced C programmer 'cé‘“ui@
make. oo T e e i . ERRRER AN
Case studies at the end of the chapters:illustrate common ways.C features are put
together and also show real-life applications. : ST S b
The Just Remember section at the:end: of the chapters lists out helpful hints and
possible problem areas. - : . e
Numerous chapter-end questions and exercises provide ample opportunities to the
readers to-review the concepts learned and to practice their applications.- ey

.Programming projects discussed in the appendix give insight on how to integrate
the various features of C when handling large programs. IS O

o 0 o O

Supplementary Material

With this revision we have tried to enhance the online learning center too.. The supﬁlemen,—
tary material would include the following:

For the Instructor
Q Solutions to the debugging exercises
For the Student o v o
O Exclusive ﬁroject for implerhentation with code, step-by-step. description and user
~manual s s , :
O Code for the two projects (given in the book)
Q Two mini projects
O Reading material.on C ‘ ‘
This book is designed for:all those who wish to be C programmers, regardless of their past

knowledge and experience in programming. It explains in a simple and easy-to-understand
style the what, why and how of programming with ANSI C:

E BALAGURUSAMY

Overview of C

:HISTORY OF C

" ¢ seems a strange name for a proéramming language. But this strange soﬁ_nding !anguage
'is one of the most popular computer languages today because it is a structured, hlghtlevel,
“machine independent language. It allows software developers to develop programs without

worrying about the hardware platforms where they will be implemented.

The root of all modern languages is ALGOL, introduced in the early 1960s. ALGOL was
the first computer language to use 4 bloek structure. Although it never became popular in
USA, it was widely used in Europe. ALGOL gave the concept of structured programming to
the computer science community. Computer scientists like Corrado Bohm; Guiseppe Jacopini
and Edsger Dijkstra popularized this concept during 1960s. Subsequently, several languages
were announced: o . .

In 1967, Martin Richards developed a language called BCPL (Basic Combined Program-
ming Language): primarily for writing system software. In 1970, Ken Thompson created a
language using many features of BCPL and called it simply B. B was used to create early
versions of UNIX operating system at Bell Laboratories. Both BCPL and B were “typeless”-
system programming languages. . o

C was evolved from ALGOL, BCPL and B by Dennis Ritchie at the Bell Laboratories in
1972. C uses many concepts from these languages and added the concept of data types and

. other powerful features. Since it was developed along with the UNIX operating system, it is

strongly associated with UNIX. This operating system, which was also developed at Bell
Laboratories, was coded almost entirely in C.. UNIX is one ‘of the most popular network
operating systems in use today and the heart of the Internet data superhighway.

For many years, C was used mainly in academic environments, but eventually with thp
release of many C compilers for commercial use and the increasing popularity of UNIX, it
began to gain widespread support among computer pyofessionéls. Today, C is running under
a variety of operating system and hardware platforms. : :

During 1970s, C had evolved into what is now Bnown as “traditional C”. The language
became more popular after publication of the book “The C Programming Language’ by Brian
Kerningham and Dennis Ritchie in 1978. The book was so popular that the language came to
be known as “K&R C” among the programming community. The rapid growth of C led to the
development of different versions of the language that were similar but often incompatible.
This posed a serious problem for system developers.
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To assure that the C language remains standard, in 1983, American National Standards
Institute (ANSI) appointed a technical committee to define a standard for C. The committee
approved a version of C in December 1989 which is now known as ANSI C. It was then
approved by the International Standards Organization (ISO) in 1990. This version of Cis
also referred to as C89.

During 1990's, C++, a language entirely based on C, underwent a number . of
improvements and changes and became an ANSI/ISO approved language in November 19717,
C++ added several new features to C to make it not only a true object-oriented language but

also a more versatile language. Durmg the same perlod Sun M1crosystems of USA created
. new laniguage Java modelled on C and C+. L AR

All popular computer languages are dynamlc in nature They continue to 1mpr0ve the1r
power and scope by incorporating new features and C is no exception. Although C++ and
Java were evolved out of C, the standardization committee of C felt that a few features of
C++/Java, if added to C, would enhance the usefulness of the language. The result was the

1999 standard for C. This version is usually réferred to as C99. The hlstory and development 3

of Cis 1llustrated in Fig. 1.1. B > AT

’ Hgso ' lntetnatiopal Group!

1967 il Mamn Ricﬁérdg ,
1970 Ken Thompson
1972 Denis Ritchie
1978 Kernl.’ghan‘andﬁit‘chie
1?'89
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1990 IS0 Committee . -

-1999"

"+ Standardization Committee :

: OveWiequf C % 3

Although C99 is an improved version; still many commonly available compilers do not .
support all of the new features incorporated.in C99. We, therefore, discuss all the new
features added by C99 in an-appendix separately so that the readers who are interested can
quickly refer to the new material and use them wherever possible.

'IMPORTANCE OF C

The i increasing popularity of Cis probably due to its many desirable qualities. It is a robust
language whose rich set.of built-in functions and operators can be used to write any complex
program, The C compiler combines the capab1ht1es ofan assembly language thh the features
ofa hlgh ‘level language and therefore it is well suited for writing both system software and
busmess packages In fact, many of the C compllers avaﬂable in the market are written in C.

Programs written in C are efﬁc1ent and fast. This is due to its vanety of data types and
powerful operators It is many times faster than ‘BASIC. For example, a program to
increment a variable from 0 to 15000 takes dbout one second in C while it takes more than 50
seconds in an interpreter BASIC. -

'Theré are only 32 keywords in ' ANSI C and its strength lies in its bu1lt-1n functions.
Several standard functions are avallable which can be used for developmg programs

'C is highly portable. This means that C programs written for one computer can be run on
another with little or no modification. Portablhty is 1mportant if we plan to use a new
computer with a different operatmg ‘system.’

C language is well suited for structured programming, thus requiring the user to think of
a problem in terms of function modules or blocks. A proper collection of these modules would
make a complete program. This modular structure makes program debugging, testing and
maintenance easier.

Another important feature of C is its ability to extend itself. A C program is basically a
collection of functions that are supported by the C library. We can continuously add our own
functions to C library. With the availability of a large number of functions, the programming
task becomes simple. ‘

Before discussing specific features of C, we shall look at some sample C programs, and
analyze and understand how they work.

| SAMPLE PROGRAM I: PRINTING A MESSAGE

Consider a very simple progral'n given in Fig: 1.2.

main(. )

printing begins
printf("I see, I remember");
printing. ends.....*/
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LHS Paugies waen cxecuted will produce the following output:
e : : I see,” I'remember : ‘ SN ‘

Let us have a close look at the program? The first line informs the system that the name of

the progra -+ ain and the execution begins:at this line. The main():is a special function

used by the C system to tell the computer where the program starts. Every program must

have exactly one main function; If we use more than one main function, the compiler cannot - .

~understand which one marks the beginning of the program. /

The eropty pair of parentheses immediately following main indicates that the‘f\un:ct'ivoh
main has no arguments (or parameters). The concept of arguments will be discussed in

‘ sécond line marks the beginning of thefunctlon mam and
the closing brace “}”.in the last liné inc { 4

detail later when we discuss functions (in Chapter 9).- .
‘The opening brace “{ ?;in the second line mark: ,
‘ ‘ dicates the end of the function. In this case, the closing
brace also marks the end.of the program. All the statements between these two braces form

the function body. The function body contains a set of instructions to perform the given task.
In this case, the function body contains three statements out of which only the printf line

is an executable statement. The lines beginning with /* and-ending with */ are known as
comment lines. These are used infa program to enhance its readability and understanding.

Comment lines are not executable statements and therefore anything between /* and ¥/ is
ignored by the compiler. In general, a comment can be inserted wherever blank spaces can
occur—at the beginning, middle or end of a line—“but never in the middle of a word v
Although comments can appear anywhere, they cannot be nested in C. That means, we
cannot have comments inside comments. an_é the compiler ‘finds_an _opening token, it
ignores everything until it finds a closing token. The comment line . R
/*====-*====*/-,=1===*/

is not valid and therefore results in an error. o
Since comments do not affect the execution speed and the size of a compiled program, we
should use them liberally in our programs. They help the: programmers and other users in
understanding the various functions' and operations of a program:and serve as an aid to
debugging and testing. We shall see the use of comment lines more in the examples that
follow. : o : R S TN = L
Let us now look at the printf( ) function, the only executable statement of the program.

printf("I see, I remember") ;

printf is a predefined standard C function for printing output. Predefined means that itis a
function that has already been written and compiled, and linked together with our program
at the time of linking. The concepts of compilation and linking are explained later in this

chapter. The printf function causes everything between the starting and the ending

quotation marks to be printed out. In this case, the output will be:
I see, I remember

Note that the print line ends with a semicolon. Every statement in C should end with a

semicolon (;) mark.
Suppose we want to print the above quotation in two lines as

I see,
I remember!

This can be achieved by adding another printf function as shown below:

printf("I ses;, \n");
printf ("I reémember !");

. The ipformation contained between the parentheses is called the argument of the func-
tion. This argument of the first printf function is “ I see, \n” and the second is “I remember !”.
These .arguments are simply strings of characters to be printed out.

Notice that the argument of the first printf contains a combination of two characters \

and n at the end of the string. This combination is collectively called the newline character.

A newline c¢haracter instructs the computer to go to the next (new) line. It is similar in
concept to the carriage return key on a typewriter. After printing the character comima (,)
the presence of the newline‘character Vi CAniSeS the string “I remember !” to be printed on

the next line. No space is allowed between \ and n. . _
If we omit the newline character from the first- printf statement, then: the ‘output will
again be a single line as shown below... 1!’ SR ’ '
. e e e S T e I See,I

m,e‘mber’_.!._‘.,.:v e 5
This is similar to the output of the' program in Fig.'1.2. However; note that there is no
space between , and L. | B TS et g

- Itisalso possible to produce two or more lines of output by one printf statement with the
‘use of newline character at appropriate places: For example, the statement ' '

: printf("l see,\n I remember 1");
will output '

I see,

I remember !
while the statement ’

‘ Pifi"tf( "I\n.. see,\n.. ... I\n. .. . remember 1");
will print out o milf et e v :
.. see,’
o L remember !

NOTE: Some authors recommend the inclusi()h :;(')f the statement
o  #include <stdio.h> |
‘:dt the beginning of all programs that use any input/output library functions. However, this
is not necessary for the functions prinif and scanf which have been defined as a part of the
C language. See Chapter 4 for more on input and output functions. /
Before we .proc.eed to discuss further-examples, we miist note one’important point. C does
make a distinction between uppercase and lowercase letters. For example, printf and

"PRINTF are not the same: In.C, everything is:written in lowercase letters. However,

uppercase letters are used for symbolic names: representing constants. We may also use
uppercase letters in output strings like “I SEE” and “I REMEMBER” AR
The above example. that printed I see, I remember is one of the ‘simplest programs.

Figl.lre 1.3 highlights the general format of such simple programs. All C programs need a
main function. ' :




- Function name
Start of program

Program statements

End of program

The main is a.part of every C program.. gpermiis different forms of r;'na_i‘n stétg,ment.
Following forms are allowed. ‘
e maing 0T '

int main()

void main()

main(void)

void main(void)

int mainvoid) - ’
The empty pair c‘>f.>parent‘heses indicates that the function has no arguments. This
may be explicitly indicated by. using the keyword void inside the parentheses. We
may also specify the keyword int or void before the word main. The keyword void
means that the function does not return any information to the operating system and

int means that the function returns.an-integer value to the operating system. When
int is specified, the last statement in the program must be “return 0”. For the sake of

_ simplicity, we use the first form in our programs.

‘SAMPLE PROGRAM 2: ADDING TWO NUMBERS -

Consider another Iirogram, which performs addition on tWo numbers and displaysv the:re-
sult: The complete program is shown in ¥ig. 1.4 sl : A

{

/* Programm ADDITION
/* Written by EBG , ‘
main() /*

/*

int number; /* Tine-5 */
float amount; /* line-6 */
' ! /* line-7 *

number = 100; /* line-8 *;
/* *Tine-9 */

amount = 30.75 + 75.35; /* line-10 */
printf("%d\n",number) ; /* line-11 */
printf("%5.2f",amount); " /* line-12 */
/* line-13 */

= e

This program when executed will produce the following output:
: 100
106.10

. Th(_a first two }ings of the‘progrgm are comment lineg. It isa good practice to use comment
lines in the beginning to give information such as name of the program, author, date, etc.
Comment characters are also used in other lines to indicate line numbers. .

The wor@s number and amount are variable names that are used to store numeric data.
The numeric data may b.e either in integer form or in real form. In C, all variables should be
declarec% to tell the compiler what the variable names are and what type of data they hold.
The variables must be declared before they are used. In lines 5 and 6, the declarations

int number;
- . . float amount;

ell the compiler Fhat number is an integer (int) and amount is a floating (float) point

;?’(ﬂbzr;qll)leglaliatlon statements must appear at the beginning of the functions as shown in
1.4, eclaration statements end with a semicolon; C supports many other data t;
and they are discussed in detail in Chapter 2. d ypes

The worfis such as int and float are called the keywords and cannot be used as variable
names. A list of keywords is given in Chapter 2.

i IIJ_ata is stgred in a variable by assigning a data value to it. This is done in lines 8 and 10.
rzs;?f-gf ag épteger value 100 is assigned to the integer variable number and in line-10, the
ult-of addition of two real numbers 30.75 and 75.35is assigned to th i oi
variable amhount. The statements d © the floating point
number = 100;
amount = 30.75 + 75.35;
Z:et }(l:glletil the assignment statements. Every assignment statement must have a semicolon
end.

The next i .
statomoe: statement is an output statemgnt that prints the value of number. The print
»

. printf("%d\n", number);
:Z?{fﬁ:in: t\_yp arguments. The first arg};ment “%d” tells the comipiler that the value of the
oo lz“gl_;lfnent number should be Prlnted as a decimal integer. Note that these arguments
Separatgd by a comma. The newline character \n causes the next output to appear on a

3

new line; -




Let us consider the new features introduced in this program. The second and third lines
begin with #define instructions. A #define instruction defines value to a symbolic constant
for use in the program. Whenever a symbolic name is encountered, the compiler substitutes
the value associated with the name automatically. To change the value, we have to simply
change the definition. In this example, we have defined two symbolic constants PERIOD
and PRINCIPAL and assigned values 10 and 5000.00 respectively. These values remain
constant throughout the execution of the program. .

The last statement of the program
: printf("%5.2f", amount); e
prints out the value of amount in floating point format. The format spec1ﬁcat1on %5.2f tell

the compiler that the output must be in ﬂoatmg point, with five places'in all:and two place
to the rlght of the decimal pomt

(23] SA‘MP‘“ PROGRAM 3: INTEREST CALCULATION

The program in F1g 1.5, calculates the value of money, at.the end of each year of investment 0 5000.00
assuming an mterest rate of 11 percent and prlnts ‘the year, and the correspondmg amount 1 5550.00
2 6160.50
; 3 6838.15
Value at the end: of year Value at ‘start of year il +interest rate) ; g "1590.35

In the program the variable value represe 'he value of money at the end of the yea )
whlle > am nt represents the value of money ¢ 5. 8425.23
o 6 9352.07
7 10380.00
o P INVESTMENT PROBLEM 8 11522.69
, z#def1ne PERIOD e 10, 9 12790.00

;,#deﬁne PRINCIPAL 5000 00 : 10

MAIN PROGRAM BEGINS

. DEC LARATION STATEMENTS

do ‘~1nt year,
¢ oot cofiloatt amounts: value, 1nrate, e
v /*—————— ASSIGNMENT STATEMENTS ———/. L st D e
?Sg::::gRi?CIPAL’ ) il b A #define is a preprocessor compiler directive and not a statement. Therefore
k : 'year' e “ #define lines should not end with a semicolon. Symbolic constants are generally
Bait . H . . . . . . f | . bl
/* . COMPUTATION STATEMENTS ko written in uppercase so.that they areleasI:y d:tngIShbed from ot:mfercasi variable
N — COMPUTATION USING While LOOP */ names. #define instructions are usually placed at the, eginning before the main()
T whﬂe(year <« PERIOD) ' function. Symbolic constants are not declared in declaration section. Preprocessor
{ printf("s2 %8.2f\n", year smount) directives are discussed in Chapter 14.
© .value = amoun,t +.inrate * amount;
coyear, =-year + 1

amount = value;
We must note that the defined constants are not variables. We may not change their
values within the program by using an assignment statement. For example, the statement

- while LOOP ENDS -
{ PRINCIPAL = 10000.00;

PROGRAM ENDS
is illegal.

The declaration section declares year as integer and amount, value and inrate as float-
ing point numbers. Note all the floating-point variables are declared in one statement. They
can also be declared as .




.. float amount;
float value;
float inrate;

|
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When two or more variables are declared in one statement, they are separated by.a comma.
‘All computations and printing are accomplished in a while loop. while is a mechanism
for evaluating repeatedly a statement or.a group of statements. In this case as longas the
value of year is less than or equal to the value of PERIOD, the four statements that follow
while are executed. Note that these four statements are grouped by braces. We exit the loop
when year becomes greater than PERIOD. . The concept and types of loops are discussed in
Chapter 6. v L R o
" C'supports the basic four arithmetic operators (-, +, *, /) along with several others. They
are discussed in Chapter 3. 5 I - ’ L

SAMPLE PROGRAM 4: USE OF SUBROUTINES

So far, we have used only printf function that hasbeen provided for us by the C system. The

program shown in Fig. 1.7 uses a user-defined function. A function defined by the user is

" equivalent to a subroutine in FORTRAN or subprogram in‘BASIC: ' ‘

Figure 1.7 presents a very simple program that uses a mul () function. The program will

print the following output. S '
Multiplication'of 5 and 10 is 50

/¥~ PROGRAM USING FUNCTION ————*/

int mul (int a, int b); /*—— DECLARATION —*/
J¥————— MAIN PROGRAM BEGINS ————*/
main ()

{ e
int a, b, c;
a =5;
b = 10;
c:= mul (a,b);.

printf ("multiplication of %d and %d is %d",a,b,c);

/¥ — MAIN PROGRAM ENDS
MUL() FUNCTION STARTS _— )
int mul (int x, int y)
int p; : :
{ . o
P =ix*y;

retum(p) :

FUNCTION ENDS

MUL

|
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The mul () function multiplies the values of x and y and the result is returned to the
main () function when it is called in the statement
¢ = mul (a, b);
The mul () has two arguments x and y that are declared as integers. The values of 'a and

- bare passed on to x and y respectively when the function mul () is called. User-defined

functions are considered in detail in Chapter 9.-

SAMPLE PROGRAM 5: USE OF MATH FUNCTIONS

We often use standard mathematical functions such as cos, sin, exp, etc. We shall see now
the use of a mathematical function in a program. The standard mathematical functions are
defined and kept as a part of C math library. If we want to use any of these mathematical
functions, we must add an #include instruction in the program. Like #define, it is also a
compiler directive that instructs the compiler to link the specified mathematical functions
from the library. The instruction is of the form
' . #include <math.h> »

math.h is the filename containing: the required function. Figure 1.8 illustrates the use of
cosine function. The program: calculates cosine values for angles 0, 10, 20............. 180 and
prints out the results with headings.

*/

/%————— PROGRAM USING COSINE FUNCTION
#include <math.h>

#define PI3.1416

#define MAX 180

main ()

{

/

int angle;
float x,y;
angle = 0;
printf(" Angle Cos(angle)\n\n");
while(angle <= MAX)
{
x = (PI/MAX)*angle;
y = cos(x);
printf("%15d %13.4f\n", angle, y);
angle = angle + 10;

Output
Angle Cos(angle)
0 1.0000
10 0.9848
20 0.9397

30 0.8660




0.7660
0.6428
0.5000
0.3420"
“0.1736
'~0.0000
=0.1737
—0:3420 .
~0.5000
¢ =0:6428 0005
-0.7660..

_ Another #include instruction that is often required is
. ' o #include <stdio.h>

stdio.h refers to the standard T/O header filé"'containing ‘standard input and output’

functions

As mentioned earlier, C programs are divided into modules or functions. Some
functions are written by users, like us, and many others are stored in the C library.
Library functions are grouped category-wise and stored in different files known as
header files. If we want to access the functions stored in the library, it is necessary
to tell the compiler about the files to be accessed. .

This is achieved by using the preprocessor directive #include as follows:
#include < filename >

filename is the name of the library file that contains the required function defini-
tion. Preprocessor directives are placed at the beginning of a program.

A list of Iibrary functions and header files containing them are given in Appendix III.

BASIC STRUCTURE OF C PROGRAMS

The examples discussed so far illustrate that a C program can be viewed as a group of build-

ing blocks called functions. A function is a subroutine that may include one or more state-

parts end with a semicolon(;).

|
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ments designed to perform a specific task. To write a C program, we first create functions
and then put them together. A C program may contain one or more sections as shown in Fig.
1.9. : ’

The documentation section consists of a set of comment lines "giving the name of the pro-
gram, the author and other details, which the programmer would like to use later. The link
section provides instructions to the compiler to link functions from the system library. The
definition section defines all symbolic constants. - ' o ’

. There are some variables that are used in more than one function. Such variables are
called global variables and are declared in the global declaration section that is outside of all
the functions. This section also declares all the user-defined functions. L '

Every C program must have one main() flinction section. This section contains two parts,
declaration part and executable part. The declaration part declares all the variables used in
the executable part. There is at least one statement in the executable part. These two parts
must appear between the opening and the closing braces. The program execution begins at
the opening brace and ends at the closing brace. The closing brace of the main function
section is the logical end of the program.’ All statéments in the declaration and executable

b

Ehe S.ubprogram section contains all the user-defined functions that are called:in the main
tunction. User-defined functions are generally placed immediately after the. main function,
although they may appear in any order.




]
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. All'séctions, except the main function section may be absent when they are not required.

V'PROGRAMMING ‘STYLE

Unhke ‘some other'] programmmg languages (COBOL FORTRAN, etc.,) C is a free-form_lan-

guage. That is, the C compiler does not care, where on the line we begin typing. While this
may be a licence for bad _programming, we should try to use this fact to our advantage in &
developing readable programs. Although several alternatlve styles are pos51b1e we should

select one style and use it with total cons1stency

First of all, we must develop the habit of’ wr1t1ng programs in 1owercase letters. C rogram ‘

statements are wntten in lowercase letters Uppercase letters are used only for bohc

constants. . 'f‘ :
Braces, group program statements together and mark the begmnmg and the end of func-

tmns A proper indentation of braces and' ‘ would make a program easier to read

and debug. Note how the braces are ahgned and t

of Fig. 1.5.
Since C is a free-form language we can group statements together on one line. The state-
ments : SN

< o
CHF

N > &
non-n
X

we

can be written on one line as
‘ = b; x =y+l; z = a+x;
The program IS
i main( )

printf(*hello C");

may be written in one line like
main( ) {pri ntf("Hel lo C“)}

However, this style make the program more difficult to’ understand and should not be

used. In this book; each statement is written on a separate line.

The generous use of comments inside a program cannot be overemphasized. Judiciously
inserted comments not only increase the readability but also help to understand the program
logic. This is very important for debugging and testing the program.

EXECUTING A ‘C’ PROGRAM

Executing a program written in C involves a series of steps. These are:
1. Creating the program; ‘
2. Compiling the program;
3. Lmkmg the program with functmns that are needed from the C library; and
4. Executing the program. :
Figure 1.10 illustrates the process of creatmg, complhng and executing a C program.
Although these steps remain the same irrespective of the operating system,| system

st tatements are mdented in the prograrn '

l
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commands for implementing the steps and conventions for naming files may differ on
different systems.

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

The two most popular operating systems today are UNIX (for minicomputers) and MS-
DOS (for microcomputers). We shall discuss briefly the procedure to be followed in executing
C programs under both these operating systems in the following sections.

Source Program

Yes:

No g Object Code

Executable Object Code

Data Error Logic Error

No Errors
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Creating the program '

we load the UNIX operating system into the memory, the computer is ready 'to receive.
am. The program must be entered into a file. The file name can consist of letters, digits
vecial characters, followed by:a dot and a letter.c. Examples of valid file names are:
L ’ w chello.e+ ool :
i _program.c
‘ ebgl.c

. The file is created with the help of a_text editor
the editor and creating the fileis = .
| L ed filenome

Eon L

; leither ed or v1 The cqmnyland_forvcalling;

4

If the file existed before, it is loaded..If it does not yet exist,.the file has to-be created. so;
that it is ready to receive the new program. Any:corrections in the program are done under
the editor. (The name of your system’s ed,it;@&‘: may-be different. Check your system manual.)

When the editing is over, the file is saved on disk: It can then be referenced any time later
by its file name. The program that is entered into the file is known as the source program,

since it represents the original form of the ,program."” 7

Compiling and Linking

Let us assume that the source program has'been created in a file named ebgl.c. Now the

program is ready for compilation. The cbmpilatidn command to achieve this task under UNIX o

is . :
- -cc.ebgl.c

The source program instructions-are. 'riowv:translated'.i‘r_i‘fp” ‘a2 form that is suitable for ";‘, .

execution by the computer. The translation is'done after examining each instruction for its

correctness. If everything-is ‘alright,‘the~c’ompi1ation proceeds silently and the translated .
program is stored on another file with the name ebgl.o. This. program is known as object i

code.

required by the 'program. For example, if the:program is using exp() function, then the
object code of this function’should be brought, from the math library of the system and’
linked to the main program. Under UNIX, the linking is automatically done (if no errors are
detected) when the cc command is used. .

If any mistakes in the syntax and semantics of the language are discovered, they are listed
out and the compilation process ends right there, The errors should be corrected in the
source program with the help of the editor and the compilation is done again.

The compiled and linked program is called the executable object code and is stored
automatically in another file named a.out. . -

Note that some systems use different compilation command for linking mathematical
functions. ' '

S TR T e Filename - Tme
is the command under YNIPLUS SYSTEM V operating system.

Linking is the procéss of putting togéthér other progra.r‘x; files and functions that are

Executing the Program

Execution is a simple task. The command

a.out

would load the executable object code into the computer memory and execute the instruec-
tions. During execution, the program may request for some data to be entered through the
keyboard. Sometimes the program does not produce the desired results. Perhaps, something
is wrong with the program logic or data. Then it would be necessary to correct the source
program or the data. In case the source program is modified, the entire process of compiling,
linking and executing the program should be repeated. .

Creating Your Own Executable File

Note that the linker always assigns the same name a.out. When we compile another pro-
gram, this file will be overwritten by the executable object code of the new program. If we
want to prevent from happening, we should rename the file immediately by using the
command. o _
’ mv a.out:name
We may also achieve this by specifying an option in the cc command as follows:
cc —¢ name source-file

This will store the executable object code in the file name and prevent the old file a.out
from being destroyed.

Multiple Source Files
To compile and link multiple source program files, we must append all the files names to the
cc command.
cc filename-l.c ... filename-n.c
These files will be separately compiled into object files called
filename-i.o

and then linked to produce an executable program file a.out as shown in Fig. 1.11.
It is also possible to compile each file separately and link them later. For example, the
commands

¢c —c modl.c
cc —c mod2.c

will compile the source files modl.c and mod2.c into objects files modI.0 and mod2.0. They
can be linked together by the command

» cc modl.o mod2.0
We may also combine the source files and object files as follows:
cc modl.c mod2.0

Only mod1.c is compiled and then linked with the object file mod2.0. This approach is useful
When one of the multiple source files need to be changed and récompiled or an already exist-
Ing object files is to be used along with the program to be compiled.




The program can'bé;cfééte(l_i’ﬁs_‘ir_fgfény word p}i)'c’fes";sin:g, ’spﬁvsiéi’i'e-lg non-document mode Th
file name should énd with the Qhéractex‘s “¢” like program.c, pay.c, etc. Then the comman
under MS’-DO‘S operating é‘ystem would loadthe pgongvl:am stored in the file pay.c avl,.ld' gener
ate the object ¢ode. This code is stored in another file under name pay.obj. In case an
language:‘ierrorsl are found, the compilétion is not completed. The progr‘z‘\mvsvhogld then b
corrécted and compiled again. = . ‘ : -

The linking is done by the command
Whi’ch‘genefatesthe executable code with the filename pay.exe. Now the command

would execute the program and give the results.

MS-DOS SYSTEM..

Compiler and
preprocessor

“/tinker

§

2/ MSC: pay: Cos

LINK pay.obj

pay

5 B:BR B B B B

" is illegal). The place main is where the program execution begins."

Tprogram. o B

_the program refers:to special names and functions that it does'not define

Every C program requires amain() function (Use of more than one main()

The execution of a function begins at'the opening brace of the function and
ends at the corresponding closing brace.

C programs. are written in lowercase letters. However, uppercase letters
are-used for symbolic names and ‘output strings.

All the words in a program line must be separated from each other by at,

least one space, or a tab, or a punctuation mark. ‘ -
Every program statement in a'C language must end with a semlcolqn.
All variables thust be déclared for their types before they are -psed in the

‘We must make sure ;co 'i.r‘lélude‘header files using #include directive when

Compiler directives such as define and include are special instruction

5

I4
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to the compiler to help it compile a program. They do not end with a semi-

colon. ’ ‘

The sign # of compiler directives must appear in the first column of the

line.

When braces are used to group statements, make sure that the opening !

brace has a corresponding closing brace.

2 B

various sections would improve legibility of the program.

B

member to match the symbols /* and */ appropriately.

C is a free-form language and therefore a proper form of indentation of

A comment can be inserted almost anywhere a space can appear. Use of
appropriate comments in proper places increases readability and under-
standability of the program and helps users in debugging and testing. Re-

view Questions

11

12
13

14

1.5

State whether the following statements are true or false. =
‘(a)- Every line in a C program should end with a semicolon.
(b) In C language lowercase letters are significant.

(c) Every C program ends with an END word.

(d) main( ) is where the program- begins its execution.

(e) Aline in a program may have more than one statement.
(H A printf statement can generate only one line of output.

—©

(g) The closing brace of the main( ) in a program is the logical end of the program.
(h) The purpose of the header file such as stdio.h is to store the source code of a

program.

(i) Comments cause the computer to print the text enclosed between /* and */ when

executed.

() Syntax errors will be detected by the compiler.
Which of the following statements are true?

(a) Every C program must have at least one user-defined function.

(b) Only one function may be named main( ).

(c) Declaration section contains instructions to the computer.
Which of the following statements about comments are false?

(a) Use of comments reduces the speed of execution of a program.

(b) Comments serve as internal documentation for programmers.

(c) A comment can be inserted in the middle of a statement.

(d) In C, we can have comments inside comments.
Fill in the blanks with appropriate words in each of the following statements.
(a) Every program statement in a C program must end with a

(b) The Function is used to display the output on the screen.
(¢) The header file contains mathematical functions.

(d) The escape sequence character

--next line on thé screen.

causes the cursor to move to the

Remove the semicolon at the end of the printf statement in the program of Fig. 1.2

and.execute it. What is the output?
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Overview of C- % 21
1.6 Ll:rt(:)};e rf;::;)gli?f’rogram 2, delete line-5 and execute the program How helpful is the Seoon d‘line . Door No, Street
17 Modify the Sample Program 3 to display the following output: 19 Modif lt}]l;rd Lme : City, Pin code _
Year Amount 1.3 Wo.tl y the above program to prov1de border hne§ to the address.
PR . B500.00. : . bell"(l) ‘:a program using one print statement to print the pattern of asterisks as shown
2 6160:00 ;i "
" T ' B et * Ed Ed
o oot X0me e AT b s e % % %
1.8 Find errors;if:an; the followmg program : i . . .
e L b 1.4 Write a program that will print the following figure using suitable characters.

> 5|

e 1 9~ Fmd errors, 1f any, in" the following’ program:‘

) o # 1.5 Given th
Finchude. (std1o (S e radius of a circle, write a program to compute and display its area. Use a

symbolic constant to define the © value and assume a suitable value for radius.
1.6 Write a program to output the following multiplication table:

prmt("HeHo C") Sx1=35
1.10 Flnd €rrors, 1f any, in the followmg program:: : 5x2=10
Include <math:h>. - 5x3=15
cmain L}
FLOAT X;
X =2.5 .
Y = exp{x); 5x10=50
CiPrint(x,y)

L7 Given two integers 20 and 10, write a program that uses a function add( ) to add these
two numbers and sub( ) to find the difference of these two numbers and then display
the sum and difference in the following form:

20+10=30
20-10=10

1 8 GlVe]l t lle Va]l]eS ()l
t}l] ee Varlables a, b and C, Wr Ite a program to com ute an dlSplay

)

1.11 Why and when do we use the #define directive?
1.12 Why and when do we use the #include dlrectlve”
1.13 What does void main(veid) mean? )
1.14 Distinguish between the following palrs

(a) main() and void main(void) . )

(b) int main( ) and v01d main()
1.15 Why do we need to use comments in programs‘7
1.16 Why is the look of a program is 1mportant‘7 ,
1.17 Where are blank spaces permitted in a C program"
1.18 Describe the structure of a C program.
1.19 Describe the process of creatmg and executmg aC program under UNIX system.
1.20 How do we 1mpleme t.multlple source program ﬁles" :

a
b-c
Execute your program for the following values:
(@) a=250,b=85c=25
(b) a=300,b=70,c=70
. lgomment on the output in each case.
elationship between Celsius and Fahrenheit is governed by the formula

X =

' rog rammmg Exerclses

9C

1.1 erte a program t that Wlll print your maﬂmg address in- the followmg form
: F="—+32
5

Firstline: . :.; Name -

Write a program to convert the temperature
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(a) from Celsius to Fahrenheit and
(b) from Fahrenheit to Celsius.
1.10 Area of a triangle is given by the formula

A= /S(S-a)(S-b) (S-0)

Where a, b and c are sides of the triangle and 2S = a + b + c. Write a program #
compute the area of the triangle given the values of a, b and c.
1.11 Distance between two points (x4, y1) and (%, y2) is governed by the formula

D= x)? 4 -y

Write a program to compute D given the coordinates of the points. . -
1.12 A point on the circumferénce of a circle whose center is (o, 0) is (4,5). Write a progra
to compute perimeter and area of the circle. (Hint: use the formula given in t
Ex. 1.11)
1:13' The liné joining the points (2,2) and (5,6) 'which lie on the circumference of a circlé
the diameter of tlie circle. Write a program to compute the area of the circle.
1.14 Write a program to'display the equation of a'line in the form . + .

Constants,Variables, e
land Data Types '

ax+by=c

for a=5b=8 and c=18. ;
1.15" Write a program to display the following simple arithmetic calculator

INTRODUCTION

A prqgramming language is designed to help process certain kinds of data consisting of
‘numbers, characters and strings and to provide useful output known as information. The
task of processing of data is accomplished by executing a sequence of precise instructions
alled a program. These instructions are formed using certain symbols and words according
ome rigid rules known as syntax rules (or grammar). Every program instruction must
onﬁm precisely to the syntax rules of the language.
b Like any other language, C has its own vocabulary and grammar. In this chapter, we will
discuss the concepts of constants and variables and their types as they relate to C p’rogram-
ming language.

T e R —
sum l::_—] Difference = [:
Product = I: Diﬁsiqn = ::]

CHARACTER SET

: :l chéiracters ffhat can be usedA to form words, numbers and expressions depend upon the
= upuder on which the program is run. However, a subset of characters is available that can
] sed on most personal, micro, mini and mainframe computers. The characters in C are
grouped into the following categories:

1. Letters

2. Digits

3. Special characters

4. White spaces
ghe entire character set is given in Table 2.1.

he compiler ignores white spaces unless they are a part of a string constant. White spaces

ay be u s :
dentiﬁer?d to separate words, but are prohibited between the characters of keywords and

.
3
:
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Trigraph Characters

Many non-English keyboards do not sup
C introduces the concept of “trigraph” sequences
that are not available on some keyboards. Each trigraph sequence consists of three charac-
ters (fwo question marks followed by another character) as shown in Table 2.2.
For example, if-a keyboard does not support square brackets, we can still use them in a.
program using the trigraphs ?2( and ??).. - '

Table 2.1 € Cha cter Set

port all the characters mentioned in Table 2.1. ANSI
to provide a way to enter certain characters

Uppercase A....Z
Lowercase a.....Z .

& ampersand

, comma
. period ~ caret
; semicolon * asterisk
% colon — minus sign
? question mark + Plus SigNe, surcs voo v iy g
¢ apostrophe < opening Angle bracket
“ quotation mark (or less than sign)
“Y'exclamation ark "> closing dngle bracket '~
~ | vertical bar : (or'gteaterthan sign) -«
“:./ slash ‘(left parenthesis
. \backslash ) right parenthesis
~tilde- [ left bracket - :
_ under score R - ]right bracket
$ dollar sign, .. {leftbrace
- % percent sign ‘ " “Yrightbrace
' o * #number sign

White Spaces
Blank space
Horizontal tab iy
Carriage return e
New line
‘Formfeed

Table 2.2 “/,\NSI C 'l"r_igrbph Sequences

#number sign

[ left bracket.., T TS
27) ] right bracket o A
7< { left brace o 1
7> Y right brace :

vl ' | vétical'bar

27/ “\'back slash
27?1 A caret
- ~tilde

|25

23| C TOKENS

In . . . " .‘ » V 3 . ' ;
. Ca }frisgizgnei (t)fl ze:it;; ;ﬁils‘éldliial Y(vlpr(lls and punctuation marks are called tokens Similarly, in
‘ Individual units are known as C tok C has si ; ,
as shown in Fig: 2.1: C programsare writtén. using these ens. © has six types of tokens
B ‘p grams are yntte‘a@umﬂng Fhes}e tokens and the syntax of the lan-

_."ABC"
"vear"

main
amount

KEYWORDS AND IDENTI FIEkS

E:;ZZHC Wor(cii i}i classi'ﬁec}”as‘ ei:the’r a ‘k’eyword. or an’identifier. All lfeywords have fixed
péanit gs an tt ese meanings cannot be changed. Keywords serve as basic building blocks
program statements. The list of all keywords of ANSI C are listed in Table 2.3. All key-

Wor dS must be written m 10 wercase. Solne COIIlplleIS may use addltlonal key wor dS tllat must
.
be ldelltlfled fl om the C nla]lua,l' »

Table 2.3 .. ANSI C Keywords

break e

‘case g

switch

enum

‘register
v char extern return typ'edef
‘const “fli : P ! sH .
oot float 't . sHort unsigned
oo nue for * signed 'dg o
efault i o
o ‘ . 1_gfovto : s1ze.0f volatile
R static ¢ -while

Id . . X
- ::ngrs ref’er to the names of variables, functions and arrays. These are user-defined
consist of a sequence of letters and digits, with a letter as a first character. Both
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rcase and lowercase letters are permitted, although lowercase letters.are commo_n% | Note: ANSI C supports unary plus which was not defined earlier.
ngg The underscore character is also permitted in identifiers. It is usually used as a'lin An octal integer constant consists of an

y combination of digits from the set 0 through 7,
between two words in long identifiers. v Sl with a leading 0. Some examples of octal integer are:

037 0 0435 0551
A sequence of digits preceded by 0x or 0X is considered as hexadecimal integer. They may
also include alphabets A through F or a through f. The letter A through F represent the

b Iohabet (or underscore) B ' numbers 10 through 15. Following are the examples of valid hex integers:
. First character must be an alphabe or unde : : L 0X2 0x9F 0Xbed Ox
. Must consist of only letters, digit.s‘.(')r‘ underscore. We rarely use octal and hexadecimal numbers in programming.
. Only first 31 characters are significant. : The largest integer value that can be stored is machine-dependent. It is 32767 on 16-bit
. Cannot use a keywo[d. ; o o machines and 2,147,483,647 on 32-bit machines. It is also possible to store larger integer -
. Must not contain white space. " , , v constants on these machines by appending qualifiers such as U,L and UL to the constants.
: ‘ Examples:
56789U or 56789u (unsigned integer)
: i 98761234 7UL or 98761234ul (unsigned long integer)
S ; . 9876543L or 98765431 (long integer)
CONSTANT e By )

The concept of unsigned and long integers are discussed in detail in Section 2.7.
Constants in C refer toﬁxed vzil&es that do not change during the éxggption of a program
supports several types of constants as illustrated in Fig. 2.2.

mpl‘ez.1 Representation of integer constants on a 16-bit computer,

The program in Fig.2.3 illustrates the use of integer constants on a 16-bit machine. The
output in Fig. 2.3 shows that the integer values larger than 32767 are not properly stored on

a 16-bit machine. However, when they are qualified as long integer (by appending L), the
values are correctly stored. :

Program
main()

printf("Integer values\n\n");

printf("%d %d %d\n", 32767,32767+1,32767+10);

printf("\n");

printf("Long integer values\n\n");

| printf("%1d %1d %1d\n", 32767L,32767L+1L,32767L+10L);

Output
Integer values
32767 -32768 -32759
Long integer values
32767 32768 32777

Integer Constants

An integer constant refers to a sequence of digits. There are three types of integers, nam
decimal integer, octal integer and hexadecimal integer. . - .
Decimal integers consist of a set of digits, 0 through 9, preceded by an optional —or + s
Vali les of decimal integer constants are:
Valid examples of decima ;g123 =321 0 654321 +78 ez (Ilf}teger numbers are inade
Embedded spaces, commas, and non-digit characters are not permitted between di Istances, heights, temper
For example ’ - : : T numbers containing fracti
. o 15750 20,000 “$1000 ‘ ‘ ~ Point) constants. Further

Fig. 2.3 Representation of integer constants on’ }6-bit ‘machihe i
Real Constants ,

quate to represent quantities that vary continuously, such as
atures, prices, and so on. These quantities are represented by

onal parts like 17.548. Such numbers are called real (or floating

examples of real constants are:
are illegal numbers.
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Note that the character constant 5" is not the same as the number 5. The last constant is

plank space.
Character constants have integer values known as ASCII values. For example, the state-

0.0083—0.75 435:36 +247.0 ., - i

These numbers are shown in‘decimal notation; having a whole number: followed b;
decimal point and the fractional part. It is possible to omit digits before the decimal point

ter the decimal point. That is, - SR

) T s, 95 -7l x5
are all valid real numbers. ipes et pEan TIE W R Cowt S
A veal number may also be expressed in exponential (or scientific) notation. For exam
the value 215.65 may be written as;2.1565e2:in- exponential notation. e2 means multiply
10%:The getieral formiis: RETREEE I e et

LR

ent

P
SHE: 84

printf("%d", 'a');

sould print the number 97, the ASCII value of the letter a. Similarly, the statement
printf("%c”, '97');

ould output the letter ‘a’. ASCII values for all characters are given in Appendix II.

Since each character constant represents an integer value, it is also possible to perform

thmetic operations on character constants. They are discussed in Chapter 8.

Pk A

| String Constants

tring constant is a sequence of characters enclosed in double quotes. The characters may
e letters, numbers, special characters and blank space. Examples are:

“Hello!” “1987” “WELL DONE” “?..1” “5+3” “X”

Remember that a character constant (e.g., X)) is not equivalent to the single character
¥ string constant (e.g., “X”). Further, a single character string constant does not have an
ivalent integer value while a character constant has an integer value. Character strings
¢ often used in programs to build meaningful programs. Manipulation of character strings
e considered in detail in Chapter 8.

The mantissa is either a real number expressed in decimal notation or an integer. Th:
nent is an intéger number with an optional plus or minus. sign, The letter e separating 1
mantissa and th jonent can be written in either lowercase or uppercase. Since the exp
nent causes the decimal point to, “float”, this notation is said to represent a real numbe
floating point form. Examples of legal floating-point constants are:

' 0.65¢4 12¢-2,.1,5¢+5 - 3.18E3 - -1.2E-1 ..

Embedded white space is not allowed. . o e >
. Exponential notation is useful for representing numbers that are either very large or ve
small in magnitude. For example, 75000000
0.000000368 is equivalent to —3.68E-7. , ‘
Floating-point constants are normally represented as double-precision quantities. Ho
ever, the suffixes f or F may be used to force single-precision and 1 or L to extend doub
precision further. y ' :
Some.examples of valid and invalid numeric constants are given in Table 2.4.

Backslash Character Constants

C supports some special backslash character constants that are used in output functions. For
example, the symbol ‘\n’ stands for newline character. A list of such backslash character
constants is given in Table 2.5. Note that each one of them represents one character, al-
though they consist of two characters. These characters combinations are known as escape
sequences.

Table 2.4 Examples of 'Numgric Constants
- Lo Table 2.5 Backslash Character Constants

698354L epresents long integer Constant Meaning
25,000 No Comma isnotallowed “a’ audible alert (bell)
+5.0E3 Yes (ANSI.C supports unary plus) b’ back space
3.5¢-5 Yes L S of form feed
7.1e4 No ‘ --'No whité space is permitted An’ new line
-4.5e-2 . Yes : ! : AV carriage retum
1.5E+2.5 No : Exponent must be an integer Gt ‘ horizontal tab
$255 No $ symbol is not permitted Ay vertical tab
0X7B s i et YesE T W S ~ ..+ Hexadecimal integer o single quote
- - - - g o double quote
Single Character Constants N question mark
S > A I SRRy ; . A\ backslash
A single character constant (or simply character constant) contains a single:character:er a0 null

closed within a pair of single quote marks. Example of character constants are:
c57, &X? c;v [N .
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If only the first eight characters are recognized by a compiler, then the two names

VARIABLES
v ‘ : : , average_height

A variable is a data name that may be used to store a data value. Unlike constants th average_weight
remain unchanged during the execution of a program, a variable may take different valu
at differeat times during execution. In Chapter 1, we used several variables. For instan
we used the variable amount in Samplé Program 3 to store the value of money at the end
each year (after adding the interest earned during that year). :
A variable name can be choéen by the'pr(‘)gramm'er ina méaningful way so as to reflec
function or nature in the program. Some examples of such names are: co
i1k i

mean the same thing to the computer. Such names can be rewritten as

avg_height and avg_weight

or

ht_average and wt_average

Average ‘_ | without changing their meanings.
height /

Total . o - DATA TYPES

Counter_1 . ‘ ‘ |

"C language is rich‘in.its data types. Storage representations and machine instructions to
“handle constants differ from machine to machine. The variety of data types available allow

the I}J}I:ogrammer to select the type appropriate to the needs of the application as well as the
machine.

‘ _ . class_strength ‘
o V-As,mentiéned ,garlier,.yaﬁablé_na‘mes,m_ay,cgnsist of letters, digits, and the underscor:
character, subject to the following conditions: . - , Y

1., They must begin with a letter. Some systems permit underscore as the first charac
9. ANSI standard recognizes a length of 31 characters. However, length:should not
normally more than eight characters, since only the first eight characters are trea
as significant by many compilers. (In C99, at,least 63 characters are significant.)
3. Uppercase and lowercase are significant. That is, the varible Total is not the same
total-or TOTAL. e

4. Tt should not be a keyword.

5. White space is not allowed.’
Some examples of valid variable names are:

ANSI C supports three classes of data types:
1. Primary (or fundamental) data types

2. Derived data types

3. User-defined data types

& The primary data types and their extensions are discussed in this section. The user-de-
f»Iled.data types are defined in the next section while the derived data types such as arrays,
unctions, structures and pointers are discussed as and when they are encountered.

John Value T raise ¢ I?H C com.pilers.support,ﬁve fundamental data types, namely integer (int), character
Delhi ‘ x1 ‘ ph_value t;:l ar), ﬂoating point (float), double-precision floating point (double) and void. Many of
mark g distance em also offer extended data types such as long int and long double. Various data types

and the terminology used to describe them are given in Fig. 2.4. The range of the basic four

Invalid examples include: types are given in Table 2.7. We discuss briefly each one of them in this section.

123 (area)
% 25th

Further examples of variable names and their correctness are given in Table 2.6.

“‘099 adds three more data types, namely _Bool, _Complex, and _Imaginary. See the
Appendix “C99 Features”. ’ ‘

Table 2.6 Examples of Variable Names

First_tag Valid

char ) Not valid char is a keyword

Price$ Not valid .Dollar sign is illegal

group one ° Not valid Blank space is not permitted
average_number Valid First eight characters are significant

int_type Valid Keyword may be part of a name




1 ~1281t0.127
int' - f:

: Sl 327681032767
T e S - 3.4¢-3810 3.4ete38
. double. ) 1.7e-308 to 1.7e+308
Integer Types

Integers are whole numbers with a range of values supported by a particular machine. G
erally, integers occupy one word of storage, and since the word sizes of machines vary (typ
cally, 16 or 32 bits) the size of an integer that can be stored depends on the computer. If w
use a 16 bit word length, the size of the integer value is limited to the range —32768 to +3276
(that is, -2'° to +25-1). A signed integer uses one bit for sign and 15 bits for the magnitu
of the number. -Similarly, a 32 bit word length can store an integer ranging from
2,147,483,648.t0 2,147,483,647. :

In order to provide some control over the range of numbers and storage space, C has thre
classes of integer storage, namely short int, int, and long int, in both signed and un
signed forms, ANSI C defines these types so that they can be organized from the smallest t
* the largest, as shown in Fig. 2.5. For example, short int represents fairly small intege
values and requires half the amount of storage as a regular int number uses. Unlike signe

Constants, Variables, and Data Types
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integers, unsigned integers use all the bits for the magnitude of the number and are always

- positive. Therefore, for a 16 bit machine, the range of unsigned integer numbers will be from

0 to 65,535.

short int ) L
r ©int }
L longint® ;

Fig. 2.5 -Integer types.

i;» We declare long and unsigned integers to increase the range of values. The use of quali-
fier signed on integers is optional because the default declaration assumes a signed number.
‘Table 2.8 shows all the allowed combinations of basic types and qualifiers and their size and

~.range on a 16-bit machine.

m% allows long long integer types. See the Appendix “C99 Features”. i j

Table 2.8 Size and Range of Data Types on a | 6-bit Machine

J Size (bits) Range
char or signed char 8 -128t0 127
unsigned char 8 0to255
int or signed int 16 -32,768 to 32,767
unsigned int o 16 0to0 65535
short int or '
signed short int 8 —-128to 127
unsigned short int 8 0to255
long int or
signed long int 32 ~2,147,483,648 t0 2,147,483,647
unsigned long int 32 01t04,294,967,295
float 32 3.4E—-38t03.4E + 38
double 64 1.7E—-308to 1.7E + 308
long double 80 3.4E-4932to 1.1E+4932
Floating Point Types
Floa

ating point (or real) numbers are stored in 32 bits (on all 16 bit and 32 bit machines), with
6 digits of precision. Floating point numbers are defined in C by the keyword float. When
the accuracy provided by a float number is not sufficient, the type double can be used to
define the number. A double data type number uses 64 bits giving a precision of 14 digits.
€se are known as double precision numbers. Remember that double type represents the
Same data type that float represents, but with a greater precision. To extend the precision

fu{‘ther, We may use long double which uses 80 bits. The relationship among floating types
18 illustrated in Fig. 2.6.
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Void Types i , ;
The void type has no values. This igustallyused to specify the type of functions. The type
a function is sald to be void yhen it does not return-any value to the calling function. It ¢;
alse play the role of a generi¢ type, meaning that it can represent any of t

X

Character Types o o ; B
A single character can be defined asra‘:chﬁféé&ér(éﬁéﬁffyﬁe'dﬁétafCHai;acters» areu
stored in 8. bits (one byte) of internal storage. The qualifier signed or unsigned may
explicitly applied-to: char: While unsigned: chars have values betweén 0"and 255, sign
chars have values from -128 t0 127. . ...

DECLARATION OF VARIABLES

After designing suitable variable names, we must declare them to the compiler. Declaratio
does two things: ' o
1. Tt tells the compiler what the variable name is.
2. It specifies what type of data the variable will hold. ,
The declaration of variables must be done before they are used in the program.

Primary Type Declaration
A variable can be used to store a value of any data type. That is, the name has nothing t(} »
with its type. The syntax for declaring a variable is as follows:

v1, v2, ...vn are the names of variables. ,Variables are separated by commas. A declaratic
statement must end with a semicolon. For example, valid declarations are:
; i “int count;

int. numbef, total; °
e © pdoubles ratios.

mtand di;uble are the ké’jrwords‘ éq represent ii‘l_teger_v type and real type data values resp
tively. Table 2.9 shows various data types and their keyword equivalents. ;

_———————— Constants, Variables, and Data Types

Table 2.9 Data Types and Their Keywords

Unsigned integer
Unsigned short integer

Data type Keyword equivalent
Character char
Unsigned character \insigned char
Signed character signed char
Signed integer signed int (or int)
Signed short integer signed short int

(or short int or short)
Signed long integer signed long int

(or long int or long)
unsigned int (or unsigned)
unsigned short int

(or unsigned short)

Unsigned long integer unsigned longint
(or unsigned long)

Floating point float

Double-precision

floating point double

Extended double-precision

floating point long double

‘beginning of the program. The opening brace { signals the execution of the program. Decla-

The program segment given in Fig. 2.7 illustrates declaration of variables. main() is the

ati‘on of variables is usually done immediately after the opening brace of the program. The
ariables can also be declared outside (either before or after) the main function. The impor-

‘tance of place of declaration will be dealt in detail later while discussing functions.

‘Note: C99 permits declaration of variables at any point within a function or block, prior to their use.

r?ain() Y A JProgram Name........oovevvnnevnnnnn. */
[ e Declaration.....oeeeueeeenineennn */
float X, Y3
int code;
short int count;
Tong int amount ;
double deviation;
unsigned n;
char c;
YA e Computation...oeeveiiiveeniannnnns */
b/ Program endS.....ooevenieinnneeeeeianns */ i

Fig. 2.7  Declaration of variables




When an adjective (qualifier) short, long, or unsigned is used without a basic data‘type,
specifier, C conipilers treat thé data type as an int. If we want to declare acharacter variable
as unsigned, then we must do so using both the terms like unsigned char.

Integer constants, by: default; represent int type data. We.can override this default
by specifying unsigned:or long after the number (by appending U or L) as shown
‘below: .

‘ , —e7
| batchl and batch2 are inclared as int variable and namel[50] and name2[50] are declared as
50 element floating point array variables. The main advantage of typedef is that
create meaningful data type names for increasing the readability of the program.

Another user-defined data type is enumerated data type provided by ANSI standard. It is
defined as follows:

we can

/ The “identifier” is a user-defined enumerated daté,type which can be used to declare vari-
ables that can have‘one of thevalues:enclosed within ‘the braces (known as‘enumeration

Value .

11 o
45,678
-56,789
:9,87,654

Literal . .
+111
=222
45678U
-56789L
987654UL

Similarly, floating point constants, by default represe doubletypedata If we
want the resulting data type to be float or long double, we -mustvvapp‘gn‘d’ the letter f
-or F to the number for float and letter.| or-L-for long doublevavs shown.below: .

; wovi ¥

‘f‘;vuﬁ'signed int
.long int ,
unsigned long int

Type "
" double
double’
“double’
double"
float. .
long double

Literal
0.
12:00 e
1234
—-1.2f ‘
1.23456789L

User-Defined Type Declaration

C supports a feature known as “type definition” that allows users to define an identifier t.
would represent an -existing data type. The user-defined ‘data type identifier can later
used to declare variables . It takes the general form:

Where type refers to an existing data type and “identifier” refers to the “new” name given

the data type. The existing data type may belong to any. class of type, including the userf

defined ones. Remember that the new type is ‘new’ only in name, but not the data type
typedef cannot create a new type. Some examples of type definition are:
typedef int units;
typedef float marks; )
Here, units symbolizes int and marks symbolizes float. They can be later used to decl
variables as follows:

units batchl, batch2;
marks namel[50], name2[50];

constants). After this definition, we can declare variables to be of this ‘fiew’ type as below:
enum identifier.vl, v2, ... vn;, .o . L
| The enumerated variables v1, V2, ....vn can only hay_e;one;gg thg-,values valuel, value2, ...

valuen. The assignments of the following types are valid: _
ey e SR vl =ivalue3y B
= valuel; - - IR

e l[ vb
An example: i .

“enum day {Monday, Tuesday, Sunday}; -
enum- day: week st;: week ends = :

- week st = Monday; '
week_ end = Friday; - v
if(week st == Tuesday) "~ "
week”end =-Saturday; v

- The compiler automatically assigns integer digits beginning with 0 to all the enumeration
constants. That is, the enumeration constant valuel is assigned 0,‘value2,is assigned 1, and
so on. However, the automatic assignments can be overridden by assigning values explicitly
to the enumeration constants. For example: :

enum day {Monday =1, Tuesday, ... Sunday};”
Here, the constant Monday is assigned‘tvhe‘ yalué of 1. The remaining constants are as-
signed values that increase successively by 1.

" The définition and declaration of enumerated variables can be combined in one statement.
Example: ' o : s

enum day {Monday, - Sunday} week_st, week_end;

E

t, ]
4

DECLARATION OF STORAGE CLASS

j Variables in C can have not only data type but also storage class that provides information

about their location and vigibility. The storage class decides the portion of the program
Wwithin which the variables are recognized. Consider the following example:

/* Example of' storageé

int m;

main()

classes */

int i;
float balance;
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. value = amount + i *
functionl(); : inrate * amount;
b 0 while (year <= PERIOD)
functionl() {
Int 18 year = year + 1;

float sum;

valllrlletilsofj;sltii:ic;rzirgi thedn}cl}rlneric Zalue stored in the variable inrate is multiplied by the
: an e product is added to amount. The result i i
. . : . ult
Z:Zi?bl‘e valuel. This process is possible only if the variables amount and inraltse s}fz(i)\l;eeda]l:e tge
e df‘g:; ;i‘oliets}.l Thet varls:}kile va_lu; is called the target variable. While all the va‘rial?le)s,
eir type, the variables that are used in ex i i

lare ‘ pressions (on th i
:g:il gn)ts}ign ofa cqmpu'tai';lonal statement) must be assigned values before th:yralgztezlde o
jpred [n. etprogram. Similarly, 'the variable year and the symbolic constant PERI(;:].Su¥l~
: hile atement must be assigned values before this statement is encountered "

>'The variable m. which has been declared before the main is-called global _vai'iable. Itc
be used in all the functions in'the program. It need not be declared in other functions.
global variable is also known as an external variable.

- The variables i, balance a% sum are called local variables because they are ‘declar
inside a function. Local variables are visible ‘and meaningful only inside the. functions:
which they are declared. They are not known to other functions. Note that the variable i h
been declared in both the functions. Any change in the value of i in one function does n
affect its value in the other. v Coiea

C provides a variety of storage class specifiers that. can be used to declare explicitly t
scope: and lifetime of variables: The cqncepts-,of scope and lifetime are important only
multifunction and multiple file programs and therefore the storage classes are considered
detail later when functions are discussed. For now, remember that there are four stora
class specifiers (auto, register, static, and extern) whose meanings are given in Ta

Assignment Statement

Yalues can be assigned to variables using the assignment operator = as follows:

We have already used such statements in Chépter 1. Furﬁler examples are:

2.10. RN initial value = 0
The storage ‘c1~ass[i,s another qualifier (like long or unsigned) that can be added t final_value = 100;
variable declaration as shown below: ' ; S:lance = 75.84;

: = IX 1 ;

“auto int count;
register char ch;
static int Xx;
extern long total;

Static and external (extern) variables are: automatically initialized to zero. Automa
(auto) variables contain undefined values (known as ‘garbage’) unless they are initiali
explicitly. o

C permits multiple assignments in onevline. For example
initial = 0; fi =
are valid statements. ~ralue = 03 Final_value = 100;
An . . - '
ciger ::Zg:n:lzzlli s‘g\ltement implies that.the value of the variable on the left of the ‘equal
q o the value of the quantity (or the expression) on the right. The staten?ent

year = year + 1;

mean <. 3 h
u; flhat the new value otf year is equal to the ‘old value’ of year plus 1
t7pe o g} :?S}%nlxlf;?nt oper.atlon, C converts the type of value on the right-};and side to th
eft. This may involve truncation when real value is converted to an integer ‘

It l.S aISO 1 1 \%
pOSSlble to assi, a 1 i i i
h ; gn value to a arlable at ‘,he time the Vanable iS declared. ThiS

Table 2.10 Storage Classes and Their Meéning

auto Local variable known only to the function in which it is declared. Default is auto.

static ‘Local variable which exists and retains its value even after the control is transferred . ]
thé calling function. - ’ : ooomindar _data-type variabl L ;
| o e Lyp: e _name = constant;
extern Global variable known to all functions in the file. . Some = . . e’ ; C‘OnS’taI:;t,
register Local variable which is stored in the register. : examples are: o
int final _value = 100;
char yes = txt,

ASSIGNING VALUES TO VARIABLES

double balance = 75.84;
Variables are created for use in program statements such as,
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The process of giving initial values to variables is called initialization. C permits the pra ntf(::m = %d\n", m) 3
tialization of more than one variables in one statement using multiple assignment opera print f( U :/°l d\n", n) ;
For example the statements : prlntf(“x = /a.llelf\n“, X) 3

: p=gq=s=0; printf("x = %f\n", x) ;
X =y = 2= MAK; printf("y = %.121f\n",y) ;
printf("y = %1f\n", y) ;

are vahd ‘The first statement 1mt1ahzes the vamables p, B and s to,ze printf("k = %u p = %f q = %.121f\n", k, p, q) ;

Output
) = -11215
= 1234567890
= 1.234567880630
= 1.234568
9.876543210000
= 9.876543
= 54321 p = 1.000000 g = 1.000000000000

The vanables x and P have been declared as ﬂoatlng point variables. Note that the
the value of 1. 234567890000 that we assigned to x is displayed’ uhder different’ outpu
mats. The value: of 3 x is dlsplayed as 1.234567880630.under %.12lf forma hile the.a
value assigned is 1. 234567890000. This is because the vanable x has been declared as a f
that can store values only up te'six decunal places
The variable m that has been declared as.intis not able to store the value 54321 corr
Instead, it contains some garbage Since thlS program was run on a 16- b1t machme
maximum value that an int variable can store is only 32767. However, the variable k
clared as unsigned) has stored the value 54321 correctly. Sxmllarly, the long int varia
has stored the value 1234567890 correctly .
The value 9.87654321 assigned to y declared as double has been store
value is printed as 9.876543 under %I format Note that unless ‘specifi
printf function will always display a float or double value fo six demmal Pplaces; W
d1scuss later the output formats for dlsplaymg numbers '

1< < x X =T 3
: I

Fig. 2.8 Examples of assignments

Reading Data from Keyboard

Another way of giving values to variables is to input data through keyboard using the scanf
function. It is a general input function available in C and is very similar in concept to the
printf function. It works much like an INPUT statement in BASIC. The general format of
scanf is as follows:

scanf(“control string”, &variablel &variablez,....)’

The control string contains the format of data being received. The ampersand symbol &
before each variable name is an operator that specifies the variable name’s address. We must

: always use this operator, otherwise unexpected results may cccur. Let us look at an exam-
ple:

Program

n{wam(‘) Ly e f ; S scanf("%d", &number);
g ! DECLARATIONS ‘ . When this statement is encountered by the computer, the execution stops and waits for
. float o e RS e the value of the variable number to be typed in. Since the control string “%d” specifies that
double. y’ z ’ Lo ?)n integer value is to be read from the terminal, we have to type in the value in integer form.
unsigned K ; »q 3 thnce the number is typed in and the ‘Return’ Key is pressed, the computer then proceeds to
€ next statement. Thus, the use of scanf provides an interactive feature and makes the
* * <
/% 1nt T fDECLARQqus R AND ASSIGNMENTS' TTEETEITY / Program ‘user friendly’. The value is assigned to the variable number.
long int n = 1234567890 ; TR - ’
[*eeiiiianns ASSIGNMENTS....... [ S X mple 2. 3] The program in Fig. 2.8 illustrates the use of scant function. -

= 1.234567890000 ;

X b.23is676s -~ The first executable statement in the program is a prmtf requesting the user to enter an
y =9 >

k

p

2.876 integer number. This is known as “prompt message” and appears on the screen like

=q=1.0;
[F i PRINTING . ¢ v e eveeanneenneinnaeennnennnns */

Enter an integer number

As soon as the user types in an integer number, the computer proceeds to compare the
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and then waits for input values. As soon as we ﬁmsh entenng the three values correspond-

value w1th 100. If the value typed in is less than 100 then a message
ing to the

Your number is smaller than 100
is printed on the screen. Otherwise, the message
Your number contains more than two digits

'Program
main()

{

is printed. Outputs of the program run for two dlﬁ‘erent inputs are also shown in Fig. 2.9
o i int year, period ;

float amount, inrate, value ;

Program
'“a"',‘() S R
{ X4 : I

int numbei‘;

printf("Input amount, interest rate, and period\n\n")
scanf ("%f %f %d", &amount, &inrate, &period) ;
printf(*\n")

year = 1 ;

pmntf(“’Enter an integer number\n“)

scanf ("%d", &number); while( year <= period )

{
value = amount + inrate:* amount ;
printf("%2d Rs %8.2f\n", year, value) ;
amount = value ; . &
year = year + 1 ; ) !

g number <. 100 )
pmntf(“Your number is smaHer than 100\n\n")

else
pr1ntf("Your number contawns move’ than two d1g1ts\n")

} e F I SERENCE T L
Output

" Enter :dn- 1nteger number Input amount, interest rate, and period
-54
Your number is smaller than 100
Enter an jinteger number
108 '
Your. number contams more than two chg1ts
s :

10000 0.14 5

1 Rs 11400.00
2 Rs 12996.00
3 Rs 14815.44
4 Rs 16889.60
5 Rs 19254.15

Input amount, interest rate, and period

Some compilers‘permit the use of the ‘prompt message’ as a part of the control strin;

gcanf like 20000 0.12 7

scanf("Enter a number ‘/nd",&number) ;

We discuss more about scanf in Chapter 4.
In Fig. 2.9 we have used a decision statement if...else to decide whether the num )
less thar 100. Decision statements are dlscussed in depth in Chapter 5. :

Rs 22400.00
Rs 25088.00
Rs 28098.56
Rs 31470.39
Rs 35246.84
Rs 39476.46

Sample program 3 discussed in Chop‘rer 1 can be converted into a ; ;
) Rs 44213.63 »

flexible interactive’ progrom using ‘'scanf 'as shown in an 2.10.

TN oY O W N

In this case, computer requests the user to 1nput the values of the amount to be i mv
interest rate and period of investment by printing a prompt message )

Input amount, interest rate, and perlod
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three variables amount, inrate, and peljiod,‘,the computer begins to calculate the amou
at the end of each year, up to ‘period’ and produces output as shown in Fig. 2.10.

Note that the scanf function contains three variables. In such cases, care should be exer
cised to see that the values entered match the order and type of the variables in the list.
mismatch might lead to unexpected results. The compiler may not detect such errors.

[Z11] DEFINING SYMBOLIC CONSTANTS

We often use certain unique constants in a program. These constants may appear repeated};

in a number of places in'thé program: One example of such a constant is 3.142, representin

the value of the mathematical ‘constant “pi”. Another example is'the total number of stu

dents whose mark-sheets are analysed by a ‘test analysis program’. The number of students

say 50, may be used for calculating the class total, class average, standard deviation, etc.. W

face two problems in the'subgsequent use of such ptog_rams.'These are . ., :
1. problem in modification of the program and o ’ '
2. problem in understanding the program. .

Modifiability . P :
We may like to change the value of “pi” from 3.142 to 3.14159 to improve the accuracy
calculations or the number 50 to 100 to process the test results of another class. In both th
cases, we will have to search throughout the program and explicitly change the value of tl
constant wherever it has been used. If any value is left unchanged, the program may pr

duce disastrous outputs.

Understandability

When a numeric value appears in a program, its use is not always clear, especially when tl
same value means different things in different places. For example, the number 50 m:
mean the number of students at one place and the ‘pass marks’ at anfotheirf place of the san
program. We may forget what a certain number meant, when we read the program sor
days later. v :

Assignment of such constants to a symbolic name frées us from these problems. For exa
ple, we may use the name STRENGTH to define the number of students and PASS_MAR!
to define the pass marks required in a subject. Constant values are assigned to these nam
at the beginning of the program. Subsequent use of the names STRENGTH a
PASS_MARK in the program has the effect of causing their defined values to be automa
cally substituted at the appropriate points. A constant is defined as follows:

Valid examples of constant definitions are .
#define STRENGTH 100
#define PASS MARK 50
#define MAX 200
v #define PI 3.14159 /
Symbolic names are sometimes called constarit identifiers. Since the symbolic names arl
constants (not variables), they do not appear in declarations. The following rules apply to’

#define statement which define a symbolic constant: .
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1. Symbolic names hgve the same form as variable names. (Symbolic names are written
in QAPITALS to visually distinguish them from the normal variable names, which are
written in lowercase letters. This is only a convention, not a rule.) ,

2. No blank space between the pound sign ‘4’ and the word define is permitted

3. “# must be the first character in the line. ' '

4. A bl.ank space is required between #define and symbolic name and between the sym-

~ bolic name and the constant. ’

5. #define statements must not end with a semicolon.

6. After deﬁmtlor.l, the symb.olic name should not be assigned any other value within the
prtl)gram by using an assignment statement. For example, STRENGTH = 200; is ille-
gal. ,

7. Symbolic names are NOT declared for data types. Its dat

. a type d
Symbolic yp S ype depends on the type of

8. #defme statements may appear anywhere in the program but before it is referenced

in the program (.the usual practice is to place them in the beginning of the program).

#define statemen't is a preprocessor compiler directive and is much more powerful than

what has bfzen mentioned here. More advanced types of definitions will be discussed later.
Table 2.11 illustrates some invalid statements of #define. V

Table 2.11 Examples of Invalid #define Statements

tatement” Validity Remark
#define X =2.5 Invalid ‘="sign is not allowed
z(;i:f?::gl%?( 10 Invah:d No whit'e space between # and define
e ™ g }VI " inv]alfd No semicolon at the end
g AR,RAY . lmfil{d A statement can Fiefine only one name.
Hripietisin nval'xd define sh(?uld be in lowercase letters
$ 100 Invalid $ symbol is not permitted in name

2.12] DECLARING A VARIABLE AS CONSTANT

gigrrnay l\iilte the value of certain variables to remain constant during the execution of a

ogram. We can achieve this by declaring the variable with th i ime’

of nitialzatinn Bt g e qualifier const at the time

. ’ const int class size = 40;

v::lnst is a new data. type qualifier defined by ANSI standard. This tells the compiler that the

usel(lie of the lI.lt variable (%lassﬂsize must not be modified by the program. However, it can be
on the right_hand side of an assignment statement like any other variable.

DECLARING A VARIABLE AS VOLATILE

ﬁ\oljnSI‘lstandard deﬁnes another qualifier velatile that could be used to tell explicitly the
out p(l1 er that a variable’s value may be changed at any time by some external sources (from
Side the program). For example:
volatile int date;
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The value of date may be altered by some external factors even if it does not appear on the
left-hand side of an assignment statement. ‘When we declare a variable as volatile, the
compiler will examine the value of the variable each t1me 1t 1s encountered to see whether
any externasl alteration has changed the value.

Remember that the value of a variable declared as volatlle can be modlﬁed by its own
program as well. If we wish that the value must not be modlﬁed by the program wh1le it may
be altered by some other process, then we may declare the v"’ rlable as both const and vola-
tile as shown below ;

ﬂ;.volétﬂé con‘st int ]oc‘_a.tjon'

'
OVERFLOW AND UNDERELOW OF- DATA.’-

Problem of data overﬂow occurs When the value of a var1able is e1ther too b1g or- too small for
the data type to hold.:The largest value that a variable.can hold also depends;on: the ma-
chine. Since floating-point values are; rounded, off.to.the number, of significant digits allowed
" (or specrﬁed) an overflow normally results in the largest p0351ble real value, whereas an
underflow results in zero. ... : -
Integers are always exact Wlthm the hmlts of the range of the 1ntegral data types used.
However, an overflow which'is a se; e T oceur if the data type does not. match
the value of the constant..C does not prov1de any warning or indication of integer overflow.
It simply, gives, incorrect, results .(Overflow normally produces a negative number.) We
should therefore exercise a greater care to define correct data types for handhng the. input/

output values.

s S

B

: underscore.

of programs.
Do not use keywords or any. system hbrary names for identifiers.
- Use meaningful and.intelligent variable. names.:
- Do not create variable names.that differ only by one or two letters
Each variable used must be declared for its type at the beginning of the
program or function. . . . &
All variables must be initializéd before" they are used in the program '
Integer constants, by’ default; assume int types. To make the numbers
“ long or unsrgned we mist ‘dppend the letters L and U to them.

or long double, we must append the létters F or L to the numbers.’

B B BB BBRBB B

Do not use the underscore as the first character of identifiers (or variable
names) because. many of the 1dent1ﬁers in‘the system 11brary start w1th

Use only 31 or less characters for 1dent1ﬁers This helps ensure portalnhty i

Fléatihg point constants default to double: To make them to denote float

Do not use lowercase 1 for long as it is usually confused with the number 1.

E@@E‘

' “Arvariable:defined before the mam

i+ ableto: other* functlonsw

—————————-———~——-—-—%{47

Use single quote for ch

s aracter constants and double quotes for string ‘con-
A character is stored as. an inte
metic operations on characters,

Do not combine declarations w1th executable statements

A variable can be made constant either by using the preprocessor com-

mand #define at the beginnin
g of the program or b
]q)uahﬁer const at the time of 1mtral1zall'jlo§r e dedaﬂng thowih the
0 not use semicolén at the:end of: #define di
irective. ¢
The character # should be ; in the first coliimn. .
Do not give any space between # and define.

C-does not provide: any: Warnmg or mdlcatlon of oyerﬂo

w. It sim l
incorrect results. Care should be exercised i in deﬁnmg correct dafl;)ayt;i])‘ees

functxon is avallable tor all the functlons

ger. It is therefore possrble to perform ar1th-

:in: the: program. : b
A'variable: deﬁned ms1de a: fu

-v',v;. b

nct1on is local to that functlon and not ava1l-

1. Calculatlon of Average of! Numbers Clareeie
A program to, calculate the average ¢ of] !

Program

#define N 10

5, average =

a set of N, numbers is glven in Flg 2 11.. : |

/* SYMBOLIC C(lNSTANT */

main()
int count ; . /* DECLARA‘ ON* e
H ARATION “OF *
float sum, .average, number; /* VARIABLES */ /
zgl::nt ;8 , s SR IN‘I'TIALIZATI'ON*/
/* OF VARIABLES */

while( count <N)

§canf("%f_'7v, &number) ‘;
sum =:sum-+ number
count = count + 1

sum/N

printf("N-= %d Sum = %:f ,‘N,k sum) e | ‘ ‘l
printf(™ Aver‘age f average) S




Ao
N

®© N

T SE =1

=B W b
bl A =

38 99999 Aver‘age. 3 880 iy

j%

The vanable number is: d

variable count counts the number of values and as'soon as’ 1t becomes 11 the whlle 1oop is
exxted and then the average'is, calilated.”
Notice that the actual value of sum is 38.8 but the value displayed is 38.799999. In fact, the

actual value that is displayed is quite dependent on' ‘the computer system. Such an inaccuracy

is due to the way the ﬂoatmg pomt numbers age mternally represented inside the computer

2, Temperature Conver51on Problem o P T

The program presented in Fig-2.12 converts ‘the gwen temperature in fahrenhelt to celsius '

using the following conversion formula:

clared as float and therefore it can'take:both iriteger and real i
numbers..Since the symbolic constant N is assigned the value of 10 using the #define state-
ment, the program accepts ten. walues and -calculates their’sum using.the while loop. The .}

F-32
(}_ -~
718
Program - ‘
#deﬁne F Low S0 [* mmmmmmmmm e */
#defme F MAX - 250 /* SYMBOLIC CONSTANTS */

_ #define STEP. ~ 25 [ ———m e —— */

main()

{
typedef float REAL /* TYPE DEFINITION */
REAL fahrenheit,’ ce]slus s /* DECLARATION */

fahrenheit = F_LOW ; /* INITIALIZATION */
I'prmtf("Fahr‘enhelt Ce]sws\n\n") ‘
while( fahrenheit <= F MAX )
{ :
celsius = ( fahrenheit - 32.0 ) / 1.8 ;
printf(" %5.1f %7.2f\n", fahrenheit, celsius);

i
§49

fahrenheit = fahrenheit + STEP ;
}
}
Output

Fahrenheit Celsius
0.0 -17.78
25.0 -3.89
50.0- 10.00
75.0 23.89
100.0 37.78
125.0 51.67
150.0 65.56.
175.0 79.44
200.0 93.33
225.0 107.22

~N
[5,]
(=]
o

The program prints a conversmn table for readmg temperature in celsms given the
fahrenheit values. The m1mmum and 1 max1mum ‘values and step size are defined as symbolic
constants. These values can be changed by redefining the #define statements. An user-
defined data type name REAL is used to declare the variables fahrenheit and celsius.

The formation specifications %5.1f and %7.2i in the second printf statement produces two-
column output as shown.

»

eview Questions

2.1 State whether the following statements are true or false.

(a) Any valid printable ASCII character can be used in an identifier.

(b) All variables must be given a type when they are declared.

(c) Declarations can appear anywhere in a program.

(d) ANSI C treats the variables name and Name to be same.

(e) The underscore can be used anywhere in an identifier.

(f) The keyword void is a data typein C. . )

(g) Floating point constants, by default, denote float type values

(h) Like variables, constants have a type.

(i) Character constants are coded using double quotes.

(j) Initialization is the process:of:assigning a value to a variable at the time of decla-

ration.

(k) All static variables are automatically initialized to zero.

(1) The scanf function can be used to read only one value at a time.
2.2 Fill in the blanks with appropriate words.
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(a) The keyword can be used to create a data type identifier. #define PI 3.14159

(b) : is the largest value that an un31gned short int type variable can sto main()

(¢) A'global variable is also knownas - variable. {

(d) A variable can be made constant by declaring it with the quahﬁer ___a int R,C; /* R-Radius of circle

time of initialization. . float perimeter; /* Circumference of circle */

2.3 What are trigraph characters? How are they useful" float area; /* Area of circle */
2.4 Describe the four basic data types How could we extend the range of values C =PI

represent? R =5;
2.5 What is an unsigned integer constant" What is the s1gmﬁcance of declaring a con Perimeter = 2.0 * C *R;

unsigned? Area = C*R*R;

printf("%f", "%d",&perimeter,&area)

}

2.6 Describe the characteristics and purpose of escape sequence characters.
2.7 What is a variable and hat is meant by the “yalue” of a varlable‘7
2.8 How do variables and ¢ s bolic names differ? '
2.9 State the differences between the ’eclaratlon of a va “'»able and the definition
symbolic name. e
2.10 Whatis 1n1t1ahzatlon‘7 Why is it 1mportant‘7
-2:11. What are the qualifiers that an.int.can have at.a. tlme‘? -
2.12 A programmer. would like to: use the word DPR to declare all the double—pre
floating point values in his program: How could he achieve this?
92.13 What are enumération va ables How ‘are. they"declared" What is the advant
‘ using them in.a program? . o L :
9, 14 Describe the | purpose of the’ quah‘ er nd' volatlle o
2 15 When deahng wit very small or very. la ¥ e numbers what steps Would you te
~ improve the accur i _
2.16° Whlch of the followmg are invalid constants and why'? B

ogramming Exercises

2.1 Write a program to determine and print the sum of the following harmonic series for a
given value of n:

1+ 12+1/3+..4+ 1/n

The value of n should be given interactively through the terminal.

. 2.2 Write a program to read the price of an item in decimal form (like 15.95) and print the
output in paise (like 1595 paise).

2.3 Write a program that prints the even numbers from 1 to 100.

2.4 Write a program that requests two float type numbers from the user and then divides

0.0000  Bx15 99999
+100 75.45 E-2 «15.757 ) the first number by the second and display the result along with the numbers
_45.6 179 e+ 4 0.00001234 5 g‘he Izrtllcle of one kg of rice is Rs. 16.75 and one kg of sugar is Rs. 15. Write a program
. 0
2.17 Which of the following are invalid variable names and why? - * *EiIS'I??)eFV?’}‘%)e;/IgS‘I’Q"the vser and display the prices 8 Rllows:
-~ Minimum First.name- - -nl+n2- - ... &pame - Ttem p
doubles . 3rd_row n$ Row1l Rice lezz 75
float Sum Total.. Row Total . Column-total =i Sugar R: 15‘00
2.18 Fm;lnet:n;(o’rs if any, in the f(‘)llowmgvdecl’aratmn statements. | . : 2.6 Write program to count and print the number of negative and positive numbers in a
float letter,DIGIT; gIV((éln set of numbers. Test your program with a suitable set of numbers. Use scanf to
double - p.q o read the numbers. Reading should be terminated when the value 0 is encountered.

Write a program to do the following:

(a) Declare x and y as integer variables and z as a short integer variable.
(b) Assign two 6 digit numbers to x and y

(c) Assign the sum of x and y to z

(d) Output the values of x, y and z

Comment on the output.

exponent alpha,beta;.:

m,n,z: INTEGER

short char c;

long int m; count; sl
long float temp; - 'ri P 0

219 Wilat wouldll())e the value of x after executlon of the: followmg statements" : 2.8 Write a program to read two floating point numbers using a scanf stat t,
Whabimo ‘ , statement, assign
Char 1 R - | ) %eli' sum to an integer variable and then output the values of all the three variables.
=y +z; .. . R o ,‘f 2 1 Ilte a program to illustrate the use of typedef declaration in a program.

o ' 0 Write
2.20 Identlfy syntax errors in the followmg program. After corrections, what output w a program to illustrate the use of symbolic constants in a real-life application.

you expect when you execute it?
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st 3.1 Arith

Operaior

*

1 operation produces

aiors are;

peratorsand

'.
S
AXPressions
) S e s S a%b a*h
N Here a e variables P R SR T
T i ‘ | and b are variables and are known : perands. The modulo division operator %

cannot be used on floating point data.

te that U does not he an operat
e . 0in 5 not | n operator for
exponentiation. Older versions of C does not support unary plus but ANSI C supports it

INTRODUCTION Integer Arithmetic

When both the operands in a single arithmetic e +h are integers, the

xXpression is called an 1 10T, AN
nteger arithmetic alwavs 3 an integer value
achine, as pointed out earlier. In the above exampi
4dand b = 4 we have the %!l

C supports a rich set of built-in operators,/We have already used several of them,,
+,~,* & and <. An operator is a symbol that tells the computer to.perform certai
ematical or logical manipulations. Operators are used in programs:to manipulate:
variables. They usually form a part of the mathematical or logical expres.sliqng, .

C operators. can be classified into a number of categories. They include

and

1. Arithmetic operators, ; i b 14

2. Relational operators F S - 18

3. Logical operators, - .. . St L [ 56

4. Assignment operators- : 3 idecim

5. Increment and decrement operators / 2 tremainder of di )

6. Conditional operators During integer division. if )

7. Bitwise operators : wards zero. If one of them i g .f‘\:ﬁ trzmca#ed
8. Special operators . - : dependent. That is, ection of Lriund implementation

An expression is a sequence of :operar;x,ds‘.a’nld operatbgjé "that reduces to a,singlie;,‘x}:al}i_ :
example, Lt R ; U677 may be yers or -

10+15 Similarly, during o

is an expression whose value is 25. The value ¢an be any type other than void..

I

Operand (the divigend). ’i."};zxt is

10 sign of the first

: _ “ ~14 % 3 Y
. ARITHMETIC OPERATORS AR AT 14%-3 = -2
: 14%-3 = 2

C provides all the hasic arithmetic operators: They arelisted in Table 3.1. The:ope
,* and / all work the same way as they do in other languages. These can: operatg;o

built-in data type allowed in C. The unary minus operator, in effect, multiplies:its s1fk
operand by —1. Therefore, a number preceded by-a minus sign changes its sign. s

stic 1o convert o
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Program ' ixed-mode Arithmetic
“main ()

{

int months, days ;

printf("Enter days\n") 15/10.0 =
scanf(“%d", &days)
- months = days / 30 SRR 15/10=1
~days; = ddys %30 - i 0
i re about mixed operations will be discussed later when we deal w1th the evaluation of

";iriﬁf’cf("Months = %d "Day's'=_°/ad", months, days)

Output v S
o Entersdays oo T L B msivy
-1}265 soafs 13 o : RN
Months 8. Days 25, BT S N

xpressions.

" RELATIONAL OPERATORS

Ne often compare two quantities and depending on their relation, take certain decisions. For
ample, we may compare the age of two persons, or the price of two items, and so on. These

gg:er days R _ , i Iﬁa;isons can be done with the help of relational operators. We have already used the
TGN mbol ‘<‘, meaning ‘less than’. i

Months - 12 Days = 4 g ‘less than’. An expression such as

Enter days b ' ' ASDOLIS2

g 5 itaining a relational operator is termed as a relational expression. The value of a relational

pression is either one or zero. It is ore if the specified relation is true and zero if the
ation is false. For example

10 <20 1s true

20 < 10 is false

'(’13‘ :ﬁp%o;ts six relational operators in all. These operators and their meanings are shown
€ 0.2.

The variables months and days are declared as integers. Therefore, the statement
_months = days/30;

truncates the declmal part and a351gns the integer part to months Slrmlarly, the stat

~.days = days%30; {3 .

assigns the remamder part of the division to days. Thus the given number of :d

converted into an equivalent number of months and days and the result is printed as

in the output

Table 3.2 Relational Operators

Operator Meaning

is less than

is less than or equal to

E is greater than

is greater than or equal to
== is equal to

is not equal to

Real Arlthmetlc

An arithmetic operatlon involving only real operands is called real arzthmetw A-real opé
may assume values either in decimal or exponential notation. Since floating point value
rounded to the number of significant digits permissible, the final value is an approx1m
of the correct result If x, 'y, and z are floats, then we will have:
o v : : : x =.6.0/7.0 = 0.857143
.y =1.0/3.0 =0.333333
z = =2.0/3.0 = —0.666667
@ The operator % cannot be used with real operands.

A sun 1 .
°H0W1ngpf§r;elatmnﬂ expression contains only one .rt?latlonal operator and takes the
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. e LOGICAL OPERATORS
ae»l 'and‘"i’ie‘- " ar
In addition to the relational operators, C has the following three logical operators.

thelr values && meaning logical AND

4.5 <= 10 TRUE || meaning logical OR
: ! meaning logical NOT
4.5 <-10 FALSE
The logical operators && and || are used when we want to test more than o it
-35 >= 0 FALSE and make decisions. An example is: an one condition
] 10<7+5TRUE . . . ) a>bh && x == 1
" ath = c+d TRUE‘ only 1f the sum of values of a and b is equal to the sum 0

. An expression of this kind, which combines two or more relational expressions, is termed
as a logical expression or a compound relaiional expression. Like the simple relational
expressions, a logical expression also yields a value of one or zero, according to the truth
‘table shown in Table 3.3. The logical expression given above is true only if a > b is true and
x == 10 is true. If either (or both) of them are false, the expression is false.

?fand d.

When arlthmetm expressmns are used on -either;side:of-a; relat nal perato'
arithmetic expressions will be evaluated first and then the results compared. Th
anthmet1 er, tors have a higher pnonty oyer relation; al operators. .

Table 3.3 Truth Table

Value of the expression

op-2
O[?*." && ()[}—.? ) op-1 |l OP-Z
. : o ‘Non-zero Non-zero | '
R L . s i : ““Non-zero '
Among the six relational operators, each one is a.complement ‘of -another operator. 0 0 0 1
v Non-zero O i
> is complement of' <= 0 0 0 0
< is complement of >=

Some gxamples of the usage of logical expressions are:
1. if (age > 55 && salary < 1000)
2. if (number < 0 | | number > 100
We shall see more of them when we disc

== is complement of I=

.. We can simplify an expression. mvolvmg the not and the less than operators
using ‘the complements as shown below: ' '

s decisio

statements.

Lo

NOTE: N NN 5
Actual one » Simplified one » Relative precedence of the relational and al npm ators is as follows
W ix<y) TTEESLy Highest %
i '(x>y) ..... > >z < <=
I(x!=y) == i=
&8
Lowest P

Itis '
S impo ‘o .. £ : :
portant to remember this when we use these operators in compound expressions.

ASSIGNMENT OPERATORS

Assi
gument operators are used Lo assig

se
0 €0 the usual assignment operator, ‘=’
Perators of the form

"}' of an expression to a variabie We have
1oy, C has a set of ‘shorthend’ assignment
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quence of squares of numbers Note the -

Program of Fig. 3.2 prints a se
use of the shorthand operator *=

opérater op= is Kriown as'the shorthand’ asmgnment operato' R The program attempts to print a sequence of squares ofn i ) e
The assignment statement i S | ment N q umbers starting from 2. The state-
yop= exp; : ' a *= as '

is equlvalent to b e Wthh)iS identical tO
e o =V op (exp); iy 4 :
with v evaluated only ence. Con51der an example

T © X 4= y+1,

a = a*a;
replaces the current value ofa by its square. When the v

v e lue of a becom 1
s ton o e ) than N (=100) the while is t 2 es equal or greater
3 . . A | - 16 ‘ is terminated. Note that the output contains only three values 2,4

Thisis sam'e as the *’s“ta{;émént

‘ The shorthand operator

Program
above statement becomes g

#define N 100

and when this statement is executed 3is dded to X. “If the old value of x is, say 5; then th #define A 2

new -value -of x is- 8. Some of the commonly used- shorthand: asmgnment} operators-are | main()
1llustrated in Table 3 4 RS : {
~int a;
‘a =Aj
" while( a<N)
rintf("%d\n" .
a=a+] a+=1 B . g*= a.(- \n", a);
a=a—1 enoca—=1 i } ’
a=a*(n+l) a*=n+1 o SR N } d
a=a/(n+l) : af=tkl e P i i Output
a=a%b ca%=b. 0 i %
The use of shorthand assignment operators has three advantages B % i
1. What appears on the left-hand side need no’c be repeated and therefore it become§ 16

easier to write.
2. The statement is more concise and easier to read.
3. The statement is more efficient.

These advantages may be apprec1ated 1f we cons1der a shghtly more 1nvolved statement likl

INCREMENT AND DECRE ' ;
WA MENT OPERATORS

C allows two very useful operators not

Wlth the help of the += operator ‘this can be written as follo ' lncrement and decrement t
! nt operators:

generally found in other languages. These are the
value(5*j~2) += delta' ++ and - -~ |

The operator ++ adds 1 to the o

P .
* It'is easier to read and understand and is ‘more efﬁc1ent because the expressmn 5% 2 15 ] ’ perand, while — — subtracts 1. Both. are unary operaters and

evaluated only once.  takes the following form:
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CONDITIONAL OPERATOR

I et ; : e s ‘ternary operator pair “? :” is available in C to construct conditional expressions of the form
++m; s equivalent to m = m+1; (or'm +=‘1;)

—-m; is equivalent to m'= m-1; (or m —= 1;) expl ? exp2 : exp3

We use the increment and decrement statements in for and while loops extens1ve1 .
here expl, exp2, and exp3 are expressions.

he operator ? : works as follows: exp1 is evaluated first. If it is nonzero (true), then th

expression exp? is evaluated and becomes the value of the expression. If expl is false, exp3 is

evaluated and its value becomes the value of the expression. Note that only one of the

expressions (either exp2 or exp3) is evaluated. For example, consider the foll
atements.

a = 10;
b = 15;
{a>b) 7a: b;

then the value of y would be 5 and m Would be 6 A preﬁx operator first adds 1 to the op '

In this example, x will be assigned the value of b. This can be achieved using the if..else
" and then the result is assigned to the variable on left.,On.the other hand, a postfix op

statements as follows:

first assigns the value to the variable on left and then increments the operand. - if {(a > b)
Similar is the case, when we use ++ (or —=)in subscrlpted variables. That is, the statem X o= ay
a[i++] = 10; ’ else
is equivalent to ARG %X = b;
a[i] = 10;
i= i+1;

;E BITWISE OPERATORS

The increment and decrement operators can be used in complex statements. Example:
; m .= n++ -J+10 . ’

Old value of n is used in evaluating the expression. n is mcremented after the evalu {
Some compilers require a space on either side of n++ or +¥n"

Chas a distinction of supporting special operators known as bitwise operators for manigula-
tion of data at bit level. These operators are used for testing the bits, or shifting them right
.or left. Bitwise operators may not be applied to float or double. Table 3.6 lists the bitwi
°Perators and their meanings. They are discussed in detail in Appendix 1.

Table 3.5 Bitwise Operators

-Increment and-decrement- operators are -unary- operators and.they require -

variable as their operands. v Operator Meaning
* When postfix #+7or <-)"is used’ with“a variable in an expression, the | Ei:;::z g;’zu
1 S
expression is evaluated first using the original value of the vanable and then» A bitwise exclusive OR

the variable is incremented(or decremented):hy one;

<< shift left

- When prefix + +(or~-) is used in an expressnon the vanable is |ncremented, = shift right
* " (or decremented)-first and ‘then the™ express:on is' evaluated '
value of the variable. e SPECIAL OPERATORS

o The precedence and assocnatlvely of + + and - operators are the same as

C su
those of unary + and-( unary s, e & St pports som

Pointer operaty,
sizeof operator:

e special operators of interest such as comma ¢ perator sueof L,perat
s (& and *) and member sslection operators (., and —> .
s are discussed in this section while the pointer operators are discussed
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We can print the character % by placing it immediately after another % character in the
ntrol string. This is illustrated by the statement
= s printf("a%%b = %d\n", a%bh);
The program also illustrates that the expression
c>d?1:0
assumes the value 0 when c is less than d and 1 when c is greater than d.

discussed in Chapters 10 and 11. ANSI committee has introdﬁc_ed two preprocessor opera
“known as “string-izing” and “token-pasting” operators' (# and ##). They will be discussed irf
Chapter 14. o ER ey RS L

The Comma Operator' *

* The comma operator can be used to ligk the rel?téd,expréssi)pns tqgéther. A comm; 1i
- list of expressions are evaluated left to right and the value of 'right-most expression is
value of the co\mbin,e_d‘expres§iorv1:ff,Eotigxample, the statement . - PSR
: jpo wvalue = (xi=10, y = 5, x+y);

Program

- main()

{

5 : : i ‘ TS T . e
first assigns the value 10 to x, then assigns 5 to y, and finally assigns 15 (i.e. 10 + 5)toval int.a, b
Since comma operator Has the lowest precedence of all operators, the parentheses- a f 153
necessary. Some applica}:ions of comma operator are: ‘ ; - 12; - b

In for loops: , c ;

v -~ for (n =1, m= 10, n <=m; n++, mi+) printf("a =%d b = %d ¢ = %d\n",a, b, ¢c);
" In while Toops: o ' o PR 0 d = b+ ¥ag
while (c = getchar( ), ¢ != '10")

' printf("a = %d b = %d d = %d\n",a, b, d);
Exchanging values: - . printf("a/b = %d\n", a/b)),
t=x,x=y,y=t; printf("a%%b = %d\n", a%b);
- )’ ¢ printf("a *= b = "/nd)\n", a*=bg;
i intf("%d\n", (c>d) 72 1 : 0);
The sizeof Operator ) printf(

printf("%d\n", (c<d) ? 1 : 0);
The sizeof is a compile time operator and, when used with an.operand, itreturns the num] '
of bytes the operand occupies. The operand may be a variable, a constant or a data t;
qualifier, : : :

Examples: - m = sizeof (sum); .
’ Lo 1 = sizeof (long int); SR
k = sizeof (235L); '
The sizeof operator is normally used. to determine the lengths of arrays and structu
when their sizes are not known to the programmer. It is also used to allocate memory"
dynamically to variables during execution of aprogram. 0 7 e

‘In Fig. 3.3, the prégrom empiloys different kinds of operators, The re!
of thelir evaluation are also shown for comparison.

Notice the way the increment operator ++ works when used in an expression. In the
ment ' B :

'ARITHMETIC EXPRESSIONS
o c=++a-—.b.; . » i
‘new value of a (= 16) is used thus giving the value 6 to c. That s, a is inctementéd'by'1 be
it is used in the expression. However, in the statement
" Cd o= b+ ag

the old value of b (=10) is used in the expression. Hers, b is in“crem‘ehted'by 1 after itisu
in the expression. ‘ ' : '

An arithmetic expression is a combination of variables, constants, and operators arranged as
'Derthe syntax of the language. We have used a number of simple expressions in the examples
discussed so far. C can handle any complex mathematical expressions. Some of the examples
of C expressions are shown in Table 3.6. Remember that C does not have an operator for
‘€Xponentiation.

¢



axb-c

(rtm) (x4)

Table 3.6 Expressions:.
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Variable is any valid C vanable name. When the statement is encountered, the expr'
evaluated first and the result then replaces the previous value of the variable on
hand side. All variables used in the expression must be assigned y values before evalu
attempted. Examples of evaluatlon statements are '

-The blank space around an. operator is optlonal and adds only to improve rea
When these statemeénts are used in a program, the variables a, b,’ c and d miust be ¢

=a*b-c;
b/ c*a;
-b / ¢ +:d;

o< X
1]

zZ =

before they are used in the expressmns

Output of the program also 1llustrates the eﬂ'ect of presence of parentheses in express

The progrom inFig: 3.4 ||Ius’rrcn‘es the use of vcrlobles in expresmo
their evaluation.

This is discussed in the next section.

a = G
b= 12:
o= 3;
a*b xo=a-b /'3 c * 2 -1
(min) * (xcty) o /AT
AW =a-b/ (3+c)*(2-1);
a¥bie . z=a-{b/{3+c)*2)-1;
3“*x‘b"x¥2*;:f orintf{"x-= %f\n", x);
: Lo printf("y = %f\n", y);
printf("z = %f\n", z);
}
Output
x = 10.000000
v = 7.000000
z = 4.000000
Fig. 3.4 tlustrotions of evaluation of expressions

PRECEDENCE OF ARITHMETIC OPERATORS

rithmetic expression without parentheses will be evaluated from left to right using the
s of precedence of operators. There are two distinct priority levels of arithmetic operators

High priority */ %
Low priority + —

'he basic evaluation procedure includes ‘two’ lefi-to-right passes through the expression.
g the first pass, the high priority operators (if any) are applied as they are encountered.
ing the' second pass, the low priority operators (if any) are applied as they are

F(llgm:tgeZEdA Consider the following evaluation statement that has been used in the program

X = a-bi3 + c*2-1
Aen g = 9 b=

=12, and ¢ = 3, the statement becomes

Program

{

nain()

i

float a, b,

Cy X5 Y

%= 9-12/3 + 3%2-1
1s evaluated as follows

tepl: X =0-443%g.1
tep2: x = 9_4.6-1

z;
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arentheses may be nested, and in such cases, evaluation of the expression will proceed
ward from the innermost set of parentheses. Just make sure that every opening
smthesis has a matching closing parenthesis. For example

Second‘pass‘ - R o e i
‘Step3: x = 5+6-1 ,

Step4: x = 11-1 9-(12/(3+3) *2) -1 =4
Step5: x = 10 _ S
bel’ghese steps are illustrated m»iFlg.‘ 3.5.4’1:‘he.numbers’ 1ns1d§ pareptheses refer to ste 9-((12/3)+3%2)—1=-2

ile parentheses allow us to change the order of priority, we may also use them to
ve understandability of the program. When in doubt, we can always add an extra pair
o make sure that the priority assumed is the one we require.

Rules for Evaluation of Expression

First, parenthesized sub expression from left to right are evaluated.

If parentheses are nested, the evaluation begins with the innermost sub-expres-
sion. i

The precedence rule is applied in determining the order of application of op-
erators in evaluating sub-expressions

The associativity rule is applied when two or more operators of the same prec-
edence level appear in a sub-expression.

.

Arithmetic expressions are evaluated from left to right using the rules of
precedence.

= = - A i ; S o

rentheses into

3 HoWever, the order of evaluation can be changed by introducing pa:
pression. Consider the same expression with parentheses as shown below: -
. 912133 2-1) o

i Whenever parentheses are used, the expressions within parentheses assume highes
ority. If two or more sets of parentheses appear one after another as-shown above
pression contained in the left-most set is evaluated first and the right-most in the la
below are the HGW‘ S'tepS. N T e g 1 E FR R T IR TN e T X

When parentheses are used, the expressions within parentheses assume highest
priority.

| SOME COMPUTATIONAL PROBLEMS

Fi_‘l_‘ét:‘pésé"" B

n eXpI"essions include real values, then it is important to take necessary precautions to
d against certain computational errors. We know that the computer gives approximate
: for real numbers and the errors due to such approximations may lead to serious
Ieﬂ}S. For example, consider the following statements:

7 Stepl: 9:12/6 *(2-1) -
Step2: 9-12/6 * 1

: Second pass

Hues

a = 1.0/3.0;
Step3: 9-2 * 1 b=a*3.0; :
Step4: 9-2-. We kQOYV that (1.0/3.0) 3.0 is equal to 1. But there is no guarantee that the value of b .
Third pass ‘( :::id s progr?m w ill equal 1.
: » ; R TIEI T T ST e v e . er PI‘Oblem. is division by zero. On most computers, any attempt to divide a number
-Stepb: 7 ; : e ‘ L Y0 will result in abnormal termination of the program. In some cases such a division

‘This time, the procedure consjs,fs of three left-to-right passes. However, the smduce meaningless results. Care should be taken to test the denominator that is likely
evaluation steps remains the same as 5 (i.e equal to the number of arithmetic operaters Ume zero value and avoid any division by zero.
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The third problem is to avoid’
guarantee that operands are of th
any overflow or underflow. ;

During eva]uation‘ it adl,leres to very strict rules of type conversion. If the operands are of
ferent types, the ‘lower’ type is automatically converted to the ‘higher’ type befo ri}? '
ration Qrocgeds. The result is of the higher type. A typical type conversi re the
ustrated in Fig. 3.7. TSION process is

sverflow or underflow. errorsi It is “our responsi
e correct type and range, and the result‘'may not:

fi

gram in Fig. 3.6 shows round-off’erfors that can.o

Output of the pfo
Compu‘rcﬂon of floating point numbers.
. i [ i . e H 0 int i X;
n float f;
e double d;
Igpg int 1;
X i = _ d
tf("Enter value of n\n
scanf (%", At
cyrv - double —_.
e B : double

i sum) s

e

printf("Sum - %t
N - Fig. 3.7 Process of implicit type conversion

b
Output

Given below is the s
equence of rules that are applied while evaluati i
t 2
All ?;);‘t agxgl char are automatically converted to int; then e PEprEssons
L € of the operands is long doub i1l y '
t}lle rosult i e e dOUtg)lef)u le, the other will be converted to long double and
- else, if one of the operands i , i
relzsult e doub;i;an s is double, the other will be converted to double and the
- else, if one of th ’ i il
will be float e operands is float, the other will be converted to float and the result
- else, if one of the o i i
se, ! perands is unsigned long int, the other will b
. :;sgen?? long.mt and the result will be unsigned long int; 1iibe converted foun:
= ’if li)rr::iof the 'operands is long int and the other is unsigned int, then
o tg‘ned int can be converted to long int, the unsigned int operand will be
®) o f;;"ed as such and the result will be long int;
N 3 oth operands will be converted to unsigned long int and the result will b
else .;Slgned long int; e
. » L one of the o i i 1
I‘(Iisult il be longp;:;at\.nds is long int, the other will be converted to long int and the
! "else, if one of the o ’ i i ‘ '
N perands is unsigned int, the oth i igne
int and the s ey unSignegd od other will be converted to unsigned

LH

Eﬁter' value of n

99 e e
Sum = 1.000001
Enter value of n

N DU
Sum = 0.999999

,W.e.know that .the ,sum;, of n téﬁms,of 1/n:is 1. However, due.to. _errdn
representation, the result is not always 1. : T e

TYPE CONVERSIONS IN EXPRESSlONS

Tiplicit Type Conversion R
C permits mixing of‘constants and variables of different typesm 'ani expression..Cal
cally:converts any intermediate values to the proper type so that the expression
evaluated without loosing any significance. This automatic conversion is known:as

type conversion. i
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The operator (float) converts the female number to floating point for the purpose of
uation of the .expres-sm*l Then using the rule of automatic conversion, the division is
rmed in floating point mode, thus retaining the fractional part of result.

te that in no way does the operator (float) affect the value of the variable female
Note’ that c uses ‘the rule that m all expressnons except’ assngnments ber. And also, the type of female number remains as int in the other parts of the
any implicit type conversions are made from a. lower size type toa g
hlgher size type as shown below ' e process of such a local conversion is known as explicit conversion or casting a value.
eneral form of a cast is:

(type-name)expression

e type-name is one of the standard C data types. The expression may be a constant,
. ble or an expression. Some examples of casts and their actions are shown in Table 3.7.
Conversion ‘ ‘ ; L :

HlerarchY : | N T . Table 3.7 Use of Casts

mple Action

x= (.int) 7.5 7.5 is converted to integer by truncation.

a=(int) 21.3/(int)4.5 , Evaluated as 21/4 and the result would be 5.
(flouble)sum/n Division is done in floating point mode.

Y (fnt) (atb) The result of a+b is converted to integer.

.. z=(int)a+b ais converted to integer and then added to b.

p= cos((double)x) Converts x to double before using it.

g can be used to round-off a given value. Consider the following statement:
x = (int) (y+0.5);

prec131on. |
¢:'The final result of an exprestn is converted to th ,'{Y,Pe Qf 1 . Iy is 27.6, y+0.5 is 28.1 and on casting, the result becomes 28, the value that is
ass1gnment gign before assigning the. value to'it. However th_ follow ng ch Sighed to x. Of course, the expression, being cast is not changed

introduced during the final assignment. .
1. float to int causes truncation of the fractxonal part
2. double to ﬂoat causes rounding of digits. .

Figure 3.8 shows a program using a cast to evaluate the equation

3. long int to int causes dropping of the excess ‘hig her order bits. n
g pping g sum = $(1/)
£k gt 3 PR R i=1
Explicit Conversmn e v e . o
We have just ‘discussed how C performs type conversion automatlcally Howev Program
are instances whén we want to force'a: type conversion in‘a way' that is different fro main()

{

float sum

automatic conversion. Cons1der for example the calculatmn of ratlo of females to mal'
; ‘ int n

town TR TR SRR S KN ; A

ratlo female number/male number sum = 0 :
- T B

for{ n =1 : - .
decimal part of the result of the division- would be lost and ratlo would represen {or\ = line<=10; +m)
ﬁgure This problem can be solved by convertlng locally.one of the variables to thedl

pomt as shown below:

sum = sum + 1/(float)n ;
printf("%2d %6.4f\n", n, sum)

ratio = (float) female_number/male_number
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3:15] . OPERATOR PRECEDENCE AND ASSOCIATIVITY. ... '

As mentloned earher each operator i@ has a'precedence assocxated w1th it. This:preceden
is used to determine how'an expression involvingmore than one operator is evaluated. The:
are distinct levels of* precedence 'and an’ operator may belong to one’of these levels. Th
operators at the hlgher level of 1 prec dence aré’evaluated first. The operators of the sa
precedence are evaluated either m ‘left to nght’ or from ‘right to left’, ependmg on t.
level. This is known as. ‘the asso ativity property of an. operator. Table 3.8 provides
complete list of operators their precedence levels, and their rules of association. The grou
are listed in the order of decreasing precedence. Rank 1 indicates the highest preceden
level and 15 the lowest. The list also includes those operators, which we have not yet beern
discussed. . :

It is very 1mportant to note carefully, ]
operators. Consider the followmg conditional statement:

i (x =10+ 15 &&y<10) -

The precedence rules say.that the addition operator has a higher priority than the logi
operator (&&) and the relational operators ( == and <). Therefore the addition of 10 and 1

is executed first. This is equivalent to
if (x==25 &&y< 10)
The next step is to determine whether x is equal to 25 and y is less than 10. If we assumé
a value of 20 for x and 5 for y, then L o
x ==25is FALSE (0) v
y <10 is TRUE (1)
Note that since the operator < enjoys a higher priority compared to ==, y < 10 is tested firs

and then x == 25 is tested.
Finally we get:

dence : and_.assoela‘tlv;ty‘ of

i

if (FALSE && TRUE)

-k

‘Because one of the conditions is FALSE, the complex condition is FALSE.
In the case of &&, it is guaranteed that the second operand will not be evaluated if the

first is zero and in the case of | | the second operand will not be evaluated if the first is non-

zero.

Table 3.8 Summary of C Operators

: Qp}:ﬁétops‘ ‘ré_ss[dh; 5 | 73

1

erator \““ Description " Associariviry
Function call Left to right 1 .
Aray element reference
Unary plus
- Unary minus Rightto left 2
Increment
L= Decrement
! Logical negation
~ Ones complement
_‘» * Pointer reference (indirection)
& Address
sizeof Size of an object
(type) Type cast (conversion)
* Multiplication Left to right 3
/ Division
% Modulus
+ Addition Left to right 4
- Subtraction
<< Left shift Left toright 5
>> Right shift
< Less than Left to right : 6
<= * Less than or equal to
> Greater than
o= Greater than or equal to
= Equality Left to right 7
= Inequality
Bitwise AND Left to right 8
N Bitwise XOR Left to right
| Bitwise OR Left to right 10
&& Logical AND Left to right 11
I Logical OR " Lefttoright 12
% Conditional expression Right to left 13
:_ o Assignment operators Right to left 14
= /==
= R »
A= =
<<=>>=
> Comma operator Left to right 15
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4. C99 has added float and long double versions of these fuctions.
5. C99 has added many more mathematical functions:

6. See the Appendix "C99 Features" for details.
As pointed out earlier in C ‘
include the line:

L - - PR — e
Precedence.rules decides the order in which different operators are app
[ ] ) ] |
» SR L S s e he same
e Associativity rule decides the order in which ‘multiplé 0ccurr}ence{§ of t i
~~level operator ,aregppligd-»'

hapter 1, to use-any of these functions in a program; we should

#include <math.h>
- in the beginning of the program.

1

o M
MATHEMATICAL FUNCTIONS -

NERE ; ‘ ) waia b 11 A Use decrement and increment operators carefully. Understand the differ-
s mictions such'as cos, sqrt, log, etc. dre fréquently us?et:l\ IlianalySIS of real .h - ence between: ostfix and prefi}:{: operations befzre using them. -
Mathematical functions such'as cos, sqrt, log, e ‘basic math-functions! However, there a _ > by P P Dolore using them. .
ost:of the C compilers support th_es? basic mut “should consult the referen . & Add parenthesés wherever you feel they would help to make,the_.e_va_lua—
problems. Mg}slt of a more comprehensive math ibrary and one should consu e e ~ tion order cleayt R T
System thaft' gv:ut which functions are available. Table 3.9 lists some standard m # Be aware of sidd effects produced by some expressions. L i
manl%al to fin el e v s _ : e A Avoid any attempt to divide ¥ zéro. It is normally undefined. Tt will either
functhl’lS . ',;:' i : L B result in a fatal error or in‘incorrect results. =
T ' £ Do not forget a semicolon at the end of an expression. L
£ Understand clearly the precedence of operators in an expression. Use pa-
. Tentheses, if necessary. , . o
Trigonometric Arc cosine of x B Assogiativ_ity- iszgppliedj,vghgn .niore than one opera‘xtor of the same prece-
.- 8008(x) “Arcsine ofx dence are used in. an e;g')ressmn..Understand Wthh operators associate
asin(x) - Arc tangent of x from right tg left and which associate from left t9 rlghf. ‘
atan(x) Arc mngent of x/y . Do not use. increment .or decrement,(operators with any expression other
atan 2(x,y) Cosine of x .. .+ -than a yariable ‘identifier. . : .
cos(x) Sineofx 4 Ttisillegal to apply modules operator % with anything other than integers.
sin(x) ‘ Tangentofx - . “ Do not'use a variable in an expression before it has been assigned a value
tan(x) e 4y Integer division always truncates the decimal part of the result. Use it
Hyperbolic T Hyperbolic cosine of x . " carefully. Use. casting where necessary. ‘
cosh(x) : L Hyperbolic sine ofx -~ - #_ The result of an expression is converted to the type of the variable on the
: 2?:&; 7 e .~ Hyperbolic tangent ofx L left of the assignment before assigning the value to it. Be careful about the
. Other functions : . the nearest integer loss of information during the conversion.
Coeg‘(g " § :trg‘:}?:;‘;‘(‘)lx:rt(?;‘:arm mteg # All mathematical functions implement double type parameters and return , ]‘
exp(x) Absolute valu of . doyble type vgluesﬁ. : |
fabs(X)) ; x rounded down to the nearest integer & Ttisan t’arrorf if agy' Space appears between the two symbols of the opera- j
Aloor(x) . ainder of x/y tors ==, I=, <= and 5=, ~ _
fimod(x,y) ‘ i}iﬁral logofx, x>0, & Ttisan error if the two.symbols of the operators !=, <= and >= are reversed. .
iog(l);))( ;! ’ Base 10 log of x, Xy)> 0 #1 Use spaces on either side of binary operator to improve the readability of
loglO(x) : Co x to the power y (x*) " the code. I o
5;:&%” v Square root of x, x>=0 4. Do not ﬁse)’1p¢rement~and decrement operators to floating point variables.

: R * Do not confuse the equality operator == with the assignment oper. ator
T R : . d as double. ; ; _ ‘ ¥ | nt :
Note: 1::x and y should be declare _

2. In trigonometri¢ and hyperbolic furctions, x and y are in radians.
3. All the functions return a double.

-
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Gross‘salary = base salary + (quantity * bonus rate)
+ (quantity * Price) * commission rate

1. Salesman’s Salary 2. Solution of the quadratic equation
A computer manufacturing company has the following mon
sales-persons: ‘ C
" Minimnum base salary - 1500.00

Bonus for every computer sold - v :.1200.00

Commission on the total monthly sales. .1 r2iper cent v ‘ :

Since the prices of computers are changing, the sales price of each computer is fixed a
jrogram to compute a sales-person’s gross salary is give

An equation of the form
ax’+bx+c=0

is known as the quadratic equation. The values
the roots of the equation. A quadratic e
two formulae: -

thly compensation policy to t

of x that satisfy the e i
. quation are known'
quation has two roots which are given by the followirilgS

—b+sart(b? -~ dac)

.. beginning of ‘every month. A p. ‘
CRagg roit 1 =
I GEtEI AT S R L TN SN AL h DR e RRETI ) 2a
© Program s BN . _ —b—sqrt(b?-4ac
‘ “ U hdefine ‘BASE SALAR 0 1500.00 . r°°t2‘if‘——‘~j£;—-——-3
#define BONUS RATE ~  200.00 . .. . A program to ev 1’ te th ’ P
“#define COMMISSION . = 0.02 i ' aluate these roots is given in Fig. 3.10. Th ;
main() R - a5 input the values of a, b and ¢ and outputs root 1 and root 2e Program requests the user to
O dint quantity’; , P -
float ‘gross_salary, price ;" N;fgi'r‘lac"]‘ de <
float bonus, commission ; main(sl e <math.h>

printf("Input humber sold and ~pric'e\ﬁ“") 5
scanf("%d %f", &quantity, dprice) s

float a, b, c, discriminant,

bonus- = BONUS_RATE * quantity ; - rootl, root2;
commission = = COMMISSION * quantity * price ; printf("Input values of a, b "y,
scanf ("1 4f %1%, da, b ach;

gross_salary BAS'E_'SALARY‘T‘+ bonus -+ -commission. ;

printf(*\n")3+ discriminant = b*b - 4%axc ;

if(discriminant < 0)

© printf("Bonus = %6.2f\n", ‘bonus) ; : p
printf("Commission = %6:2f\n", commission) 3 e]s§r1ntf( \n\nROOTS ARE IMAGINARY\n");
printf("Gross salary = %6.2f\n", gross-salary) ; {
} ) s el e o Syl g rootl = (-b + s . L.
_ . qrt(discriminant 2.0%a):
Output ; » oo root2 ="(-b - sqrt(discriminant%%%%?.g*gg7
Input number: sold.and price printf("\n\nRootl = %5.2f\n\nRoot2 = %5.2f\n"
5.20450.00. . N ) rootl,root2 );
Bonus = 1000.00 }
Commission .= 2045.00... Output
Gross salary 4545.00 Input values of a, b, and c
2 4 -16 T
Rootl = 2.00
Root2 = -4.00
Input values of a, b
123 » b, and ¢

ROOTS ARE IMAGINARY

'Gngfg,the base salary, bonus, and commission rate, the input:s necessary to calcula
gross salary are, the price of each computer and the number sold during the month.

The gross salary is giveh by the equation:
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- The term (b2—4ac) is called the discriminant. If the-discriminant is less than'z
squiare roots cannot be evaluated, In such cases, the mots are said to be'i 1magmary 1t
and the prog'ram outputs an appropnate message

(a) The statement a = 1/3.+ 1/3 + 1/3; assigns the value 1 to a.
(b) The statement b = 1.0/3.0 + 1.0/3.0 + 1.0/3.0; assigns a value 1.0 to b.
(¢) The statement b =1.0/3.0 * 3.0 gives a value 1.0 to b.
(d) The statement b = 1.0/3.0 + 2.0/3.0 assigns a value 1.0 to b.
s (e) The statement a = 15/10.0 + 3/2; assigns a value 3 to a.
5 Which of the following expressions are true?
(a) 1(5+5>=10)
b)) 5+5==10]]1+3==5
() 5>10 ]} 10<20 &&3<5
(d) 10!=15 && 1(10<20) || 15> 30
Which of the following arithmetic expressions are vahd ? If valid, give the value of the
expression; otherwise give reason.

Jeview Questions

3.1-State whether the following statements are true or false:
>i(a) All arithmetic operators have-the same. level of precedence::
(b) The modulus operator % can be used only with integers,
(c) 'The operators <&, >= and ! 1=all enJoy the same level of pnonty
(d) During modulo/ fhv1s10n the sign of the result is positive, if both the oper:

of the same sign. (a) 25/3.% 2 (e) -14 % 3
(e) In C,if a data item is zero, it is con51dered false . ((13 ;?4270 +35 ((gf; (155/.32)5:3;5507 5
! = . s o
(f) The expression /(x<=y) is same as the expressmn x>y. W) 14%3+7%2 () 21 % (int)d.5

(g) A unary expressxon consists of only oné opetrand with no operators
.- (h):Associativity i i used to dec1de whlch of several. dlfferent expressmns is-ey
first. ‘ " fare Lisis
(i) An expression statement is termlnated W1th a per1od
(§) During the evaluation of Inlxed expressions, an’ 1mphc1t cast is generate
~ matically. SR

(k) An explicit cast can be used to change the’ expression.”
(1) Parentheses can be used to change the order of evaluatlon expressxons
3.2 Fill in the blanks with appropriate words.
(a) The expression contammg all theinteger operands is called_ expr

.7 Write C asSIgnment statements to evaluate the following equations:
(a) Area=rr*+2 wrh

(b) Torque = 12
my + my

(c) Side = \/a2+bz—2ab cos(x)

(d) Energy = mass Laccelerahon x height + _(velcuw} l

]

(b) The operator __: cannct be used with real operands I
(¢) C supports as many as’ .[’ ' relatlonal operators : (;i)erz‘(c}liv( igilec)e;ga)uy ;;rentheses in the following arithmetic expressions.
(d) An expression that combinés two or more relatmnal expressions is te (b) ((x—y}; ;)Z+q0 +
__expression. (© (m*n) + (wxdy)
(e) The operator returns the number of bytes the operand occupi (@) w(3*y) )
() The order of evaluatlon can be changed by using in an expression. Find errors, if any, in the following assignment statements and rectify t
(g) Thetse of ' “on a‘variable ¢an change its type in the memory. @ x = v - 0’ 5. gn na rectity them.
(h) __-." " isusedto determme the order in Wh1ch different operators in an ®) m - i , i ;. 2.0. ~5.75;

sion are evaluated.
3.3 Given the statement
inta=10,b =20, c;
determme whether each of the following statements are true or false
(a) The statement a = + 10, is valid.
(b) The expression a + 4/6 * 6/2 evaluates to 11.
(c) The expression b + 3/2 * 2/3 evaluates to 20.
(d) The statement a + =b; gwes the values 30 to a and 20 to b
(e) The statement ++a++; gives the value 12toa -
(f) The statement a = 1/b; assigns the value 0.5toa"
3.4 Declared a as int and b as float, state whether the followmg statements are't
false:

(©) y = sqrt(100);

@ p* = x/y;

(&) s = /5,

® a = b++ -C*2

?eteé’mme the value of each of the following logical expressions ifa = 5, b = 10 and
@ a>h&&a<ec

b) a<b&&asec ®
© a==c [1b>a

@ b>15&&c<0|]a>0

(©) (/2.0 == 0.0 && b/2.0 1= 0.0) | | ¢ < 0.0
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311 What is the output of the following pmg..ram.?' 3.16 What %s tl(xe)output of the following program? Explain the output.
' Sl e ' main
main () - {
{ int x = 10 ;
ghar‘ X3 if(x = 20) printf("TRUE") ;
int {(,)0 else printf("FALSE") ;
X = 5 } .
= 1253 . . .
zrintf ("%c\n", X) 3. 17 What is the error in each of the following statements?
. ngc\n" : (a) if(m==1&n!=0)
printf ("%c\n”, y
‘ o printf(“OK”);
i .f} : e . (b) if(X =< 5)
3.12 Find the output of theé/%olloWing program? printf ("Jump”;
in ( ) - NE S ‘ 18 What is the error, if any, in the following segment?
‘ int x .= 10 ; .
int x =100; float y =" 4.25 ;
printflad/ni }g:f:g iz X =y 5 :
» printf(*sd/n", o B P R AT TR : 19 What is printed when the following is executed?
3.13 What is printed by the following program? T e for (m = 05 m <3; ++m) '
main o g printf("%d/n", (m%2) ? 'm: m#2); ,
( ) ‘ 20 What is the output of the following segment when executed?
int x =6,y =10, z'= 10 intm=-14,n=3;_>
X =y ==2; - printf("%d\n", m/n * 10) ;
printf(*%d",x ) 5 n=-n
. ) . printf("sd\n", m/n * 10);
3.14 What is the output.of thefollowing program? .: 1 5 :
' main () | 'Mnming Exercises )
{ ORI :
- int x = 100, y = 200; .
printf (uv{n/odlll , (x> :y\)‘? X :,,::‘/)-,; e -1 Given the values of the variables X, y and 2z, write a program to rotate their values

such that x has the value of ¥, ¥ has the value of z, and z has the value of x.

2 Write a program that reads a floating-point number and then displays the right-most
. digit of the integral part of the number. ,
-3 Modify the above program to display the two right-most digits of the integral part of
the number.

Write a program that will obtain the length and width of a rectangle from the user and
¢ompute its area and perimeter. . '

Ven an integer number, write a program that displays the number as follows:
First line .
Second line -
Third line

Last line

3:15 What is the oﬁtput of the following program? _

-main ()
s
unsigned x = 1 3 ,
signed char'y = -1;
xSy e o
et printf (x> YY)y
else :
printf("x<= y") ; ;

all digits
all except first digit

| all except first two digits

Did you expect this output? Explain. The last digit
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.11 Write a program to read a four digit, m%eger and print the sum of its digits

For example, the number 5678 will bedisplayed as: * -
S Hint: Use / and % operators.

N A .
Zg ; 8 2 Write a program to print the size of various data types in C.
o g 3 Gmlen three ;failues wnce a program to read three values from keyhoard and print out
’ the largest of them without using if statement.
e . 4 WI:ltP a program to read two integer values m and n and to decide and print whether
The straight-line method of computing the yearly deprec1at10n of the value of a m is a multiple of n. _ HEL
: ) 5 Write a program to read e Ve 5
is given by b o Vg progr read three values using scanf statement and print the following
Depreciation = Perchase Price — Salvage Value . (a) Sum of the values

T Years of Service (b) Average of the three values

(¢) Largest of the three

(d) Smallest of the three

6 The cost of one type of mobile service is Rs. 250 plus Rs. 1.25 for each call made over
and above 100 calls. Write a program to read customer codes and caﬂs made and print

Write a program to determine the salvage value of an item when the purchas
years of service, and the,}ax;mual depreciation are given. T

Write a program that will read a real numbper from the keyboard and prlnt th o
ing output in one line:

Smallest integer . The given Largest integer ) * the bill for each customer.
‘not-less than.- =+ number not greater than 7 Write a program to print a table of sin and cos functions fi
v é or the interve
the number _the number . degrees in increments of 15 as shown below. erval from 0o 180

The total distance travelled by a vehlcle in ¢ seconds is ngen by

i s o

_ 2

distance = ut + (ar')/2 e x (degrees) sin (x} cos (x)
Where u is the initial:velocity. (metres: per. second), @is, the acceleratlon (met: o o
second 2). Write a program to evaluate the distance travelled at regular inte s

time, given the values of # and a. The program should prov1de the flexibility

user o select his own time intervals and repeat the calculations for dlfferent v
v and a.
In inventory management, the Economic Order Quantlty for a smgle 1tem 1s gl

&6

. Write a program to compute the values of square-roots and squares of the

- numbers 0
0100 in steps 10 and print the output in a tabular form as shown below.

E 0 Q 2 x demand rate x setup costs
\ holding cost per item per unit time -

and the optxmal Tlme Betweefl Orders ’ R Number Square-—root Sgure
L - ; . J.‘, . i 0 4]
TB = frna i 2><setupcosts VLean o ; 100 o 0 ol
1\ démand rate x holding cost per item per umt time 5 1000(
W,
 Write a program to compute, EOQ and TBO glven deman d rate (items Der th::le a program that determines whether a given integer is odd or even and displays
setup costs (per order), and the holdlng cost (per item per unit time). 20 umber and description on the same line. ’

3.10

For a certain electrical circuit with an inductance. L.and resistance R, the Write a program to illustrate the use of cast operator in a real life

situation.
natural frequency 1s gwen by

Frequency = o —

It is desired to study the variation of this frequency w1th c (capa ance) L Wr
program to calculate the frequency for different values of C starting from 0.01 t0 0
steps of 0.01.

i
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e file name stdi
ction #include <

e code when it is

READING A CHARACTER

implest of all input/cutput operations is reading a cl ¢
1 put $ 18 reading a character from the ‘stan 1 ]
usually the keyboard dard input

kY
s

j1ed

writing it to the ‘standard output’ unit (usu '
\ : : 2 ‘sta unit (usually the screen)
ing a single character can he done by using the function getchar. (This can also be done

e help of the scanf function which is discussed in Secti
ing form: ion which is discussed in Section 4.4.) The getchar takes the

Input
Fnpt

variable name = getchar( );

le_name is a valid C name that has been declared as char type. When this stat

ountered, the computer waits until a kev is pressed and then aqs} ns this hs i imen%
to getehar function. Since getchar is used on the rig‘nt—havé jde of anc signment

ent, the character value of getchar is in turn assigned to t};c variable sz;irsllcggxrln S}?etz

char name;

INTRODUCTION name = getchar(};

ORI SISTS iy sl § 1
abie name when we press the key H on the keyboard
s a set of parentheses as shown. -

Reading, processing, and writing of data are the three essential functions of’
program. Most programs take some data as input and display the processed
known as information or results, on.a suitable medium. So far we have seen
providing data to the program variables. One method is to assign values to variab
the assignment statements such as x = 5; a = 0; and so on. Another method-1s"
function scanf which can read data from a keyboard: We havé used both’ thi “m
most of our earlier example programs. For outputting results we have used exten
function printf which sends results out to a terminal. R
Unlike other high-level languages, C does not have any built-in input/output:s
as part of its syntax. All input/output operations are carried out through functio
as printf and scanf. There exist several functions that have more or less:become
for input and output operations in-C: These functions are collectively known-as-the
T/O library. In this chapter we shall discuss some common I/O functions that cani!
many machines without any change. However, one should consult the syster
manual for exact details of these functions and also to see what other functions
Tt may be recalled that we have included a statement ‘ :

#include <math.h>

4. | The pr

he | vs the use of gelchor function in an'i
Mol g f ion in aninterac-

Program

nclu

in the Sample Program 5 in Chapter 1, where a math library function cos(x) has be
This is to instruct the compiler to fetch the function cos(x) from the math library, a0
is not a part of C language. Similarly, each program that uses a standard inpt N
function must contain the statement

#inclTude <stdio.h>

a ”Ie l)e 1 1 i i 191 ece i C YES and N for NO: ©5-
t . ions. For exam le, this is not nec S,S AR G e )i
gmning Howev er, there rmght be except ns ple, answer = (}G?Ch&.? {} PR A 7"

the functions printf and scanf which have been defined as a part of the C languag

:ding a character...*/




if(answer == 'Y' || answer == 'y')
printf("\n\nMy name is BUSY BEE\n");
else
printf("\n\nYou are good for nothing\n");
3
Output

Would you like to know my name?

Type.Y for YES-and:N. for NO: .Y
.My name:.is BUSY.BEE.~. -~

WouTd ‘you like to know ‘my name?

Type Y for YES and N for'NO: n
You are/Good for nothing

" The "getéﬁér;fuxfétibri"ma{y bé called successively to read the charadters contained in a
line of text. For ‘eéxample, the following program segment reads characters from keyboard
one after anocher until the ‘Return’ key is pressed. :

- char character;
character = ' '3
while(character <= '\n')
{

character = getchar();

The getchar() function accepts any character keyed in. This includes'RETURN-
and TAB. This means when we enter single character input, the newline character
is waiting in the input queue after getchar() returns. This could create problems
when we use getchar() in a loop interactively. A dummy getchar() may be used to

'eat' the unwanted newline character. We can also use the fflush function to flush
out the unwanted characters. :

lg
187

ple 4.2 Tr!\e program of Fig. 4.2.requests the user to enter a character and dis-
plays a message on the:screen telling the user whether the character is
an alphabet or digit, or any other special character,

: g‘r}lxés ;)ég%za;?l treaciil\;esss :1 iharactgy fri)m the keyboard and tests whether it is a letter or digit
: ac g wi

Lt ge accordingly. These tests are done with the help of the following

i jsg]phagcharacter)

) isdigit(character)

For example, isalpha assumes a value i
> a as e non-zero (TRUE) if the argument character i

an alphabet; otherw1$e it assumes 0 (FALSE). Similar is the case with the functioncioslgfgl‘?ts

Program:

#include <stdio.h>
#include <ctype.h>
’?ain() :

char ch?nacter;, S

printf("Press any key\n“);

character = getchar();‘ ,

if (isalpha(character) > 0)/* Test for letter */

printf("The character is a Tetter.");
else e '
if (isdigit (character) > 0)/* Tes igi
. t for d *
printf("The character is a digit."); o/
else . ‘ '
printf("The character is not alphanumeric.");

Output

Press any key
h

The character is a letter.

Press any key

5

The character is a digit.
Press any key

*

The character is not alphanumeric.

%

v »
- C supports man imi i ‘
: y other similar functions, which i i

{ S / : s, which are given in T

unctions are contained in the file ctype.h and thereforilthe stateﬁlﬁxf 1 These character

» #include <ctype.h>

must be included in the program. ’



v Like getchar; there is an analogous fuhction pufélﬁxf'fdf Wntmg characters one at a tim

‘“Table 4.1 Character Test Functions

" isalnum(c) - Is c an alphanumeric character?
isalpha(c) Is c an alphabetic character? -~
isdigit(c) Is ¢ a digit? S
islower(c) Is c lower case letter?
isprint(c) ., Iscaprintable character?
ispunct(c) . " Iscapunctuation mark? ; .

.. isspace(c) | . .. Iscawhite space character?
isupper(c)’ " Is c an upper case letter?
‘WRITING A CHA/‘RACTER

= 0 = &
where variable_name is a type char variable containing a character. This statement
. plays the character contained in the variable_name at the terminal. For example, the sta

ments : > ‘
answer = 'Y';
putchar (answer);
will display the character Y on the screen. The statement
: putchar ('\n');
would cause the cursor on the screen to move to the beginning of the next line.

A program that reads a character from keyboard and then prints it |
reverse case is given in Fig. 4.3. Thatis,"if the input is upper case, th
output will be lower case and vice versa. '

The program uses three new functions: islower, toupper, and tolower. The functio;
islower is a conditional function and takes the value TRUE if the argument is a lowerc
alphabet; otherwise takes the value FALSE. The function toupper converts the lowercas
argument into an uppercase alphabet while the function tolower does the reverse. -

Program

#include <stdio.h>

#include <ctype.h>

ma-i_n() Dy e

{
char alphabet;
prmtf("Enter‘ an a]phabetu);
putchar('\n'); /* move to‘next line */
alphabet = getchar(); B
if (islower(alphabet))

Mania}gri‘ngf},r‘_)‘pjuﬁ;;:i[\d;Oétpﬁtg{@ﬁ@rﬁtiong‘, j{ 89
putchar(toupper(a]phabet));/* Reverse and display */
else

putchar(tolower(alphabet)); /* Reverse and display */

Enter an alphabet
a

e

Enter an alphabet
Q

q

Enter an alphabet
z
Z

FORMATTED INPUT

Formatted input refers to an in
put data that has been arranged i i
example, consider the following data: 86410 & particuar format. For

15.75 123 John

re;I(‘ihlcso Il:fl}e cqntams three pieces of data, arranged in a particular form, Such data has to be
s orming to the f:ormat of its appearance. For example, the first part of the data
shou ‘be r.ead into a variable float, the second into int, and the third part into char. Thi
1s possible in C using the seanf function. (scanf means scan formatted.) o
We have already used this input function in a number of examples. Hére, we shall explore

fthe Options hat are a 1 a 1 i
ad ‘,h f i i
aH ) t a va 1 b e 101 re lng e Ormatted data Wlth Scanf functloll. Ihe

scanf( “control stﬁﬁg’i' argl ,urg2, : ren); 12
N The control string specifies the field format in whiéh the data isl to be eﬁféred and the
s gurnents.argl, arg2, ..., argn specify the address of locations where the data is stored
ogtrol string and arguments are separated by commas. .
ontrol string (also known as format strin i i 1 i '
) . g) contains field specificat i
Interpretation of input data. It may include: peciieations, which direct the

o F}ileld (i)r f(()rmat) specifications, consisting of the conversion character %, a data type.
character (or type specifier), and an optional number, specifyi d wi "
* Blanks, tabs, or newlines.  PECTITE the fReld width.
" Eﬁlfﬁlnks, tabs {md newlines are ignored. The data type character indicates the type of data
Widt}lls to bfe ass‘lgned. to the variable associated with the corresponding argument. The field
th specifier is optional. The discussions that follow will clarify these concepts.
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Inputting Integer Numbers .

The ficld specification for reading an intéger number is: .

The percentage sign (%) indicates that a conversion specification follows. w is an inteé
number that specifies the field width of the number to be read and d, known as data t
.character, indicates that the number to be read is in integer mode. Consider the followi
exain u! » i
: ~scanf ("%2d %5d", &numl, &num2);

Data. iine: m . i !

150, 31426 ! Coe

The value 50 is assigned to num1 and 31426 to num2. Suppose the input data is
follows: J . . :

B : 31426 500, .o e o

The variable numi will be assigned 31 (because of %2d) and num2 will be assigned
.(unread part of 31426). The value 50 that is unread will be assigned to_the first variable
the next scanf call. This kirld of errors’may be eliminated if we iise the field specificati
without the field width specifications. That is, the statement
) ' ) scanf ("%d %d", &numl, &num2);: e iETL B RO
will read the data ’
AR 31426 507 0 e
correctly and assign 31426 to num1 and 50 to num2.- AR R -

Input dataitems must be separated:by: spaces, tabs or newlines. Punctuation marks do
count as separators. When the scanf function searches the input data line for a value to
read, it will always bypass any white space characters., LT

What happens if we enter a floating point number instead of an integer? The fractio
part may be stripped away! Also, scanf may skip reading further input.. =~ ’
When the scanf reads a particular value, reading of the value will be terminated as s
as the number of characters specified by the field width-is reached (if specified) or unt
character that is not valid for the value being read is éncountered. In the case of integ
valid characters are an optionally signed sequence of digits. e ' o
An input field may be skipped by specifying * in the place of field width. For example,
statement TET L e e TR o R R
) scanf("%d %*d %d", &a, &b)
will assign the data : L
123 456 789
as follows:
123 to a v A
456 skipped (because of *)
) - 789 to b fh b IR C ,
The data type character d may be preceded by ‘1" (letter ell) to read long integers and h
read short integers. 7 ‘ R

P A e e AR

R

T

|
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Various input formatting options for reading integers are experimente

in the program shown in Fig. 4.4.

Program

main()

{
int a,b,c,x,y,z;
int p.q,r; " , :
printf("Enter three integer numbers\n");
scanf("%d %*d %d",&a,8b,&c);
printf("%d %d %d \n\n",a,b,c);
printf("Enter two 4=digit numbers\n");
scanf("%2d %4d",&x,8&y);
printf("%d %d\n\n", x,y);
printf("Enter two integers\n");
scanf("%d %d", &a,&x);
printf("%d %d \n\n",a,x);
printf(fEnter a nine digit number\n");
scanf("%3d %4d %3d",&p,&q,8&r); '
printf("%d %d %d \n\n',p,q,r);
printf("Enter two three digit numbers\n");
scanf("%d %d",8x,8y);
printf("%d %d",x,y);

Output - .
Enter three integer numbers
123

13 -3577

Enter two 4-digit numbers
6789 4321
67 89

Enter two integers

44 66

4321 44
Enter a nine-digit number
123456789
66 1234 567
Enter two three-digit numbers
123 456
Q0
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The first scanf.requests input data for three integer values a, b, and ¢, and accordin . scanf("51f 51", &p, &q);

threc v 701, 2, and 3 are keyed in. Because of the specification %*d the value 2 has beer printf("\n\np = %.121f\np = %.12¢", p,q);
skipped and 3-is assigned to the variable b. Notice that since no data is available for e, i b ’
containg garbage. ’ S '

The zecond scanf specifies the format %2d and %4d for the variables x and y respective
Whenever we specify field width for reading integer numbers, the input numbers should n
‘contain more digits that the specified size. Otherwise, the extra digits on the right-hand si
will be truncated and assigned to the next variable in the list. Thus, the second scanf h
wedd Lhe four digit number 6789 and assigned 67 to x and 89 to y. The value 4321 h;
+ assagned to the firstvariable in the immediately: following scanf statement.

NOTE: It is legal to use a non:whitespacé character between field specifications. However,
the scanf expects a matching cHaracter ifirthe given location. For example, '

i ryfséanf("%d?%d";f&a;ﬂ&b);-t;

Values of x and y:12.3456 17.5e-2
x = 12.345600
y = 0.175000

1

Values of p and q:4.142857142857 18.5678901234567890

1"

4.142857142857
1.856789012346e+001

p
q

n

accepts 1nput like DT
. o . 123-856
to assign 123 to a and 456 tob. .| S

Inputting Real Numbers ;
We have already seen how a single character can be read from the terminal using the
“getchar function. The same can be achieved using the scanf function also. In addition, a
“scanf function can input strings containing more than one character. Following are the
specifications for reading character strings:

Unlike integer numbers; the ﬁeld‘-widthbf réa\l;numbe'rs'is: not to be specified and therefo

scanf reads real numbers using the'simple specification %f for both the notations, name
decimal point notation and exponential notation. For example, the statement

‘  scanf("sf %F %", 8x, 8y, &z); RN

» . AR ‘ Jows . or TJowc.

with the input data ‘ o

475.89 43.21E-1 678

will assign the value 475.89 to x, 4.321 to y, and 678.0 to z. The input field specifications m
be separated by any arbitrary blank spaces. ©* Co ;

If the number to be read is of double type, then the specification should be %If instea
simple %f. A number may be skipped using %*f specification.

The corresponding argument should be a pointer to a character array. However, %c may be
_used to read a single character when the argument is a pointer to a char variable.

mple4.6| Reading of strings using %we and %ws is illustrated in Fig. 4.6.

- The program in Fig. 4.6 illustrates the use of various field specifications for reading strings.
- When we use %we for reading a string, the system will wait until the w'™ character is keyed in.
Note that the specification %s. terminates reading at the encounter of a blank space.
Therefore, name2 has read only the first part of “New York” and the second part is
automatically assigned to name3. However, during the second run, the string “New-York” is

Reading o‘f real numbers (in both decimal point and exponential not
tion) is illustrated in Fig. 4.5. ~

Program correctly assigned to name2.
main() a0
{ {\ Program
float x,y; main()
double p,q; {
printf("Values of x and y:"); int no;

char namel[15], name2[15], name3[15];

printf("Enter serial number and name one\n");
scanf("%d %15¢", &no, namel);

printf("%d %15s\n\n", no, namel);
printf("Enter serial number and name two\n");

scanf("%f %e", 8x, &y);
printf("\n"); :
printf("x = %f\ny = %f\n\n", x, y);
printf("Values of p and g:"); -
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printf("Enter- address\n");
scanf("%[a-z]", address);
printf("%-80s\n\n", address);

scanf("%d %s", ‘&no; nameZ);

printf("%d %15s\n\n", no, name2);
printf("Enter serial numbér and name three\n");
scanf("%d %15s", &no, name3);
printf("%d-%15s\n\n"; no, name3); Output

Enter address

Output new de1h1i 110002 -
“Enter serial number and name one new delhi
1 123456789012345 Progran-B
1 1234567890123451" main()

{ '

Enter serial number and

2 NewYork char address[80];
2 New rintf("Enter address\n");
Enter: serial number and- printii thuer 2
scanf("%[*\n]", address);
. 2 York intf("%-80s", address);
Enter serial number and \ pmn‘-z $-0Us", ad &
| 1 123456789012

1 123456789012r Output

Enter address

' ’Enter seérial number and“' y
% New Delhi 110 002

t2 New York

25 T New=York New DeThi 110
Enter serial number and ¢ .
3 London

3 ) London”

)

We have earlier seen that %s specifier cannot be used to read strings with blank
spaces. But, this can be done with the help of %[] specnf:catlon Blank spaces may

; /[characters] - . Do ~ be included within the brackets, thus enabling the scanf to read strings with spaces.
%[~characters] B o : . Remember that the lowercase -and -uppercase -letters are distinct.  See:
Fig. 4.7.

Some versmns of scanf support the followmg conversmn spec1ﬁcatxons for strmgs.

The spemﬁcatlon %[characters] means that only the chardcters specified within
brackets are perinissible in the input string. Tf the input string contains any other chara
the string will be terminated at the first ericounter of such a character. The specifica
%l ~characters] does exactly the reverse. -That is, the characters specified after
circumflex (*) are not permitted in the input string. The reading of the string wﬂ]
termlnated at the encounter of one of these characters.

Reading Mixed Data Types _ ‘
It is possible to use one scanf statement to input a data line containing mixed mode data. In
such cagses, care-should be exercised to ensure that the input data items match the control

Specifications in order and type. When an attempt is made to read an item that does net
‘match the type expected, the scanf function does not read any, further and immediately

The program in Fig. 4.7 illusfro’res the function of %() specification.

Progr::ti-: () o returns the values read. The statement .
{ scanf ("%d %c %f %s", &count, &code, &ratio, name);

char address[80]; will read the data



Detection of Errors in; ppﬁt E

‘When a scanf functioﬂ coinpl
‘that are successfully read.

will return the value 3 if thevf'ollowing;data' is typed-in::

‘been printed. When we attempt to

96 |-
575 coffee

correctly and assign the values to the’ variables in the ‘order in which they appear. S
systems accept integers in the place of real numbers and vice versa, and the input da:
converted to the type specified in the control string. ’ o ,
NOTE: A space before the %c specification in the format string is necessary: to skip the white sp:
before 1. R Ceenhn n i

s reading its list, it returns the value of number of i
lis value -can-be used to test whether, any errors occurred
reading the input. For example, the statement ' '

scanf("%d %f %s, 8a, &b, name);: -

20 150.25 e TR
and will return the value 1 if the following line is entered :
' 20 motor 150.25 .
This is because the function would encounter a string when it was expecting a floating-p
value, and would therefore terminate its scan after ye_ading the first value. :
The program presented in Eig;4.8 illustrates the testing for correctnes
reading of data by scanf function.

The function scanf is expected o read three items of data and therefore, when the values f

all the three variables are read correctly, the program prints.out their values. During

third run, the second item does not match iyith the type of variable and therefore the rea
is terminated and the error message is printed. Same is the case with the fourth run.

In the last run, although data items do not match the variables, no error message

read a real number for an int variable, the integer p

ted decimal part is assigned to the next variabl

assigned to the variable, and the

Progrém’
main() -

{

int-a;
float bs
char, ¢; .

}‘pf"ihff(“Eﬁté'r'\‘/aﬂvu‘és of a, b and c\n");"

“if (scanf("%d %f %c", &a, b, &) ==3)
printf(*a’= % b = %f ¢ = %c\n" , a, b, )

else S B
printf("Error in input.\n");
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_ Qutput
Enter values of a, b and ¢

12 3.45 A

a =12 b = 3.450000 c=A
Enter values of a, b and ¢

23 78 9

a =23 b = 78.000000 ¢ =9
“Enter values of a, b and ¢

8 A 5.25

Error in input.

Enter values of a, b and ¢

Y 12 67

Error in input.

Enter values of a, b and ¢
15.75 23 X

a =15 - b = 0.750000 c =2

Fig. 4.8 Detection of errors in scanf input. HEAE

Commonly used scanf format codes are given in Table 4.2

Table 4.2 Commonly used scanf Format Codes

Code Meaning
%c read a single character
Y%d read a decimal integer
%oe read a floating point value
%f read a floating point value
%g " read a floating point value
%h read a short integer
%l read a decimal, hexadecimal or octal integer
%0 read an octal integer
%s read a string
You read an unsigned decimal integer
Yox read a hexadecimal integer
%f..] read a string of word(s) \

The following letters may be used as prefix for certain conversion characters.
h for short integers
‘1 for long integers or double
L for long double

ma €99 adds some more format codc?f;See the Appe

Points to Remember While Using scanf

ndix "C99 Features”.

If we do not plan carefully, some ‘crazy’ things can happen with scanf. Since the I/O routines
are not a part of C language, they are made available either as a separate module of the C




98]

|99

The printf statement provides certain features that can be effectively exploited to control
the alignment and spacing of print-outs on the terminals. The general form of printf state-
ment is:

hbrary or as a part’of the operating system (like UNIX) New features- are added o the

routines from time to time as new versions of systeins are released. We should consult t
system reference manual before using these routines. Given below are some of the gene
pomts to keep in:mind while writing a seanf statement. ‘

ontrol. string”, argl, arg?

1. All function arguments, except the control string, must be pointers to vanables
2. Format specifications contained in the control strmg should match the ar, ments
order. ..

3. Input ‘data 1tems must be separated by spaces and mustmatc
..the mpu_t in the same order.

.'The re "dmg wﬂl be termmated when scanf encounters a mlsmatch’ of data or

" dharacter that is not valid for the value' bexng yead, T e o

5. When" searchmg for a; \‘falue scanf i 1gnores line boundanes and s1mply looks for t’

_ next appropriate character _

6. Ay unread data items in a line will be consxdered as part of the data input line to th
next scanf call.

. When the field w1dth spec1ﬁer w 1s used it should be large enough to contain the inpu

Control string consists of three types of items:

. Characters that will be printed on the screen as they appear.

2 Format specifications that define the output format for display of each item.

3. Escape sequence characters such as \n, \t, and \b.
The control string 1nd1cates how many arguments follow and what their types are. The
" arg'uments argl, arg2, ....., argn are the variables whose values are formatted and printed
ordmg to the spemﬁcatlons of the control string. The arguments should match in number,
order and type with'the format specifications.
. A s1mple format specification has the following form:

hé "Variahles receivi

; where w is an integer number that spec1ﬁes the total number of columns for the output value

: and p is another integer number that specifies the number of digits to the right of the decimal -
pomt (of a real number) or the number of characters to be printed from a string. Both w and

‘ ’ » p are optlonal Some examples of formatted printf statement are:

e Each variable to be read must have a filed specification

printf("Programming in C");
printf(" ");

printf("\n");

printf("%d", x);

printf(*a = %f\n b = %f", a, b);
printf("sum = %d", 1234);
printf("\n\n");

»  For each field specrfrcatlon there must be a variable address of proper
type.

e Any non-whitespace: character used in the format string must have a match
ing character in the user'input.

o Never end the format string with whitespace. It is a fatal error!

e The scanf reads until:

prmtf never supplies a newline automatically and therefore multiple printf statements
may be used to build one line of output. A newline can be introduced by the help of a newline
tharacter ‘\n’ as shown in some of the examples above.

frie et A whrtespace character is found in a numberic specrflcatron of’

The maxrmum number of characters have been read or -

_ An error is detected, or

Output '
The end of file is reached “utput of Integer Numbers

The format specification for printing an integer number is:

E ORM ATTED OUTPUT ‘ :’here w specifies the minimum ﬁeld width for the output. However, if a number is greater
than the specified field width, it will be printed in full, overriding the minimum specifications

d Specifies that the value to be printed is an integer. The number is written right-justified in
the given field width. Leading blanks will appear as necessary. The following examples

ilustrate the output of the number 9876 under different formats:

We have seen the use of prmtf functlon for pnntmg cap on's and numencal )
hlghly desirablé that the outputs are produced in suéh'd way that they ar ‘understan
and are in an easy-to-use form. It is therefore necessary for the programmex‘ to give careful
consxderatlon to the appearance and clarity of the output produced by his program.




' Sin;:i_laljly, we may use hd for printing short integersf.' :

~ Output of Real Numbers ;

'100F

+"Format
printf“%d”, 9876)

printf(“%6d”, 9876)

Printf{“%2d”, 9876)

;_ﬁﬁntﬂ‘{‘%-sd”_,;gsfzg); R EGEE

printf'%06d”, 9876) - [0T0[98]7[6] « -
e the printing.to be leftjustified by placing.a minu$ sign direct]

item above. The minus (=) and zero (0) !ai'ev known as flags. : oo L
Long integers may be printed by specifying 1d.in the place of d in the format specificas

THe program in Fig; 4.9- ilustrates the output
- various formafs. e T

Program
main() ,
{ -
int m = 12345; )
Tong n = 987654;.

printf(*%d\n",m);
printf("%10d\n",m);
printf("%010d\n",m);
printf("%-10d\n",m);
printf("%101d\n",n);
- printf("%101d\n",-n);

12345
12345 Ted sty gy
0000012345
12345 '
987654
~ 987654

i

The output of a real number may be displayed in decimal notation using the folloWihg form
specification: '

Managing Input.and Output Operations

ﬁg»m

Yo w.p f

The integer w indicates the minimum number of positions that are to be used for the display -

- ofthe value and the integer p indicates the number of digits to be displayed after the decimal
s point (precision). The value, when displayed, is rounded to p decimal places and printed
- right-justified in the field of w columns. Leading blanks and trailing zeros will appear as
. necessary. The default precision is 6 decimal places. The negative numbers will be printed
. with the minus sign. The number will be displayed in the form [ - | mmm-nnn. :

We can also display a real number in exponential notation by using the specification:

% w.p e

- The display takes the form

[ -] munnnel = Jxx

where the length of the string of n’s is specified by the precision p. The default precision is 6.

~The field width w should satisfy the condition.

w 2 p+]
The value will be rounded off and printed right justified in the field of w columns.
Padding the leading blanks with zeros and printing with left-justification are also possible
by using flags 0 or — before the field width specifier w.
The following examples illustrate the output of the number y = 98.7654 under different
format specifications: '

Output
[o18].T7T6]514]
LI [ofsT-1717]
LIl I77] ]
4]
L[ Io[.[8]8 eT+T0T1]
1ol 187 e s eT+To]T]
L 18]8e[+ o] ]
9]-18]7][6[5]4J0]e[+]0 1]

Some systems also support a special field specification character that lets the user define ~
¢ field size at run time. This takes the following form:

Format

printf(“%7.4f” y)

printfi“%7.2f”y)

printf(“%-7.2f” y)

printf(“%f”,y) 'th } 8 I[ : l 7 JI 6 ] 5

printf{(“%10.2¢”y)

printf(“%11.4e” -y}

printf(“%-10.2¢e”y)

printf(“%e”,y)

printf(“%*. *f”, width, precision, number);
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In this case, both the field width and the precision are given as arguments which will sup
the values for w and p. For example,
‘ printf("%*.*f",7,2,number);

Printing of a Single Character
A single character can be displayed in a desired position using the format:

is equivalent to _ Towe
, printf("%7.2f",number); ,
The advantage of this format is that the values for width and precision may be supplied
run time, thus making the format a dynamic one. For example, the above statement can
used as follows: ; BREERPE R ' : SR :
int width = 7;
1n‘t, precision = 2;

The character will be displayed right-justified in the field of w columns. We can make the
display left-justified by placing a minus sign before the integer w. The default value for wis 1.

Printing of Strings

The format specification for outputting strings is similar to that of real numbers. It is of the
form

.........

.......

pr}i‘ntf("%*.*f", width, precision, .number);

Jow.ps

where w specifies the field width for display and p instructs that only the first p characters
of the string are to be displayed. The display is right-justified.

. The following examples show the effect of variety of specifications in printing a string
‘NEW DELHI 110001, containing 16 characters (including blanks).

/\v_llﬂfhe‘_bpﬂons:‘of pryin‘x“ingﬁo 'réol nbuvr&ﬁber are il!u§Trqfed in Fig. 4.10.

Program
main()

{

‘ o Specification Output
float y ='98.7654;

printf("57.4f\n", y);
printf("%f\n", y);
printf("%7.2f\n", y);
printf("%-7.2f\n", y);
printf("%07.2f\n", y);
printf("s*.*f"; 7, 2, y);
printf("\n");
printf("%10.2e\n", y);
printf("412.4e\n", -y);
printf("%-10.2e\n", y);
printf("%e\n", y);

(N[elw] [ole[e[wi ] TaTao o o 4] [T 1]

%s

waos [T [ [ [NJe[w] Jole[t[ali] [1[1[ololo]1]

w200 [ [ [ | [ [ [ [ | | InE[w [o[e[c[n]] ]

wss  [NEW[ o[ [T T [ [[TTTIIT]]]

%20t0s NJefw] Jole[u[n [ [T T TTTTTTT]

%5s INEJW] Tolef[c[n[i] Ta]t]ofofo[a[ [ [ ] |

98.7654
98.765404
98.77

98.77
0098.77
98.77
9.88e+001
-9.8765e+001
9.88e+001

Printing of characters and strings is illustrated in Fig. 4.11.

Program
main()
{
char x = 'A';
char name[20] = "ANIL KUMAR GUPTA";

printf("OUTPUT OF CHABACTERS\n\n");
printf("%c\n%3c\n%5c\n", x,x,x):
printf("%3c\n%c\n", x,x);
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i | ) ~oprintf("\n"); . : Code Meaning
l ; " wy. %oi print a signed decimal integer
B ’ AL pm ntf( }O;UTPU]: *QF STRINGS\"\U s %0 rint an octal integer, without leading zero
i i P g
| printf( '%S\n » name); Yos : print a string :
J printf("%ZOs\n" > name); %u ) print anunsigned decimal integer
printf(*%20. 105-\n" », _name); Yox print a hexadecimal integer, without leading Ox
Cprint s, 5s\n”; - name)’; : : :
T printf(t%-20010s\n", riame) s ¢ The following letters may be used as prefix for certain conversion characters.
printf("%5s\n", name); +h . for short integers
-1 - for long integers or double
et s v e e e T L for long double.
OUTPUT OF CHARACTERS . @77 = :
A)/ v Table 4.4 Commonly used Output Format Flags
A g ST
. A ‘ - ) ) Flag ‘ Meaning
iRk i P — Output is left-justified within the field. Remaining field will be blank.
A ) + + or— will precede the signed numeric item.
; p.
B ERRLE OUTPUT:-QF:cSTRINGS. . v 0 Causes leading zeros to appear.
ANTLKUMAR, GUPTA +oc o ion # 4w oy # (with o or x) Causes octal and hex items to be preceded by O and Ox, respectively.
ANIL KUMAR GUPTA #(withe, for Causes a decimal point to be present in all floating point numbers, even
( s forg) : n 4
ANTL"KUMAR if it is whole number. Also prevents the truncation of trailing zeros in g-
= ANIL. type conversion. :
CANIL KUMAR

‘ ANIL® KUMAR GUPTA ~ ° NC TE C99 adds some more format codes. See the Appendix " C99 Features". |

Enhancing the Readability of Cutput

. Computer outputs are used as information for analysing certain relationships between vari-
ables and for making decisions. Therefore the correctness and clarity of outputs are of ut-
most importance. While the correctness depends on the solution procedure, the clarity de-
| pends on the way the output is presented. Following are some of the steps we can take to
| improve the clarity and hence the readability and understandabhility of outputs.

1. Provide enough blank space between two numbers.

2. Introduce appropriate headings and variable names in the output.

3. Print special messages whenever a peculiar condition occurs in the cutput.

- 4. Introduce blank lines between the important sections of the output.

. D€ system usually provides two blank spaces between the numbers. However, this can be
increaged by selecting a suitable field width for the numbers or by introducing a ‘tab’ charac-
; ter between the specifications. For example, the statement

printf("a = %d\t b = %d", a, b);
Will provide four blank spaces between the two fields. We can also print them on two separate

» o "‘rjrjntf(;“"‘/od %f %si%c", a, b,.c, d); iy
is valid. As pointed out earlier, printf uses its control string to decide how many variables
be printed and what their types are. Therefore, the format specifications should matc]
variables in number, order, andtype. If there are not-enough variables or if they:are
wrong type, the output results will be incorrect. o

Table 4.3 Commonly used printf Format}Code‘s.

o SRR - 1nes by using the statement
(8 . printa singlecharacter . : PR o )
%d print a decimal integer L printf(“a = %d\n b = %d", a, b);
%e print a floatihg point value'in exponent form Messages and headings can be printed by using the character strings directly in the printf
Yof . print a floating point value without exponent Statement. Examples:
%g print a floating point value either e-type or f-type depending on
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printf("\n OUTPUT RESULTS \n");
printf("Code\t Name\t Age\n");
printf("Error in input data\n");

F105 .
H220 107 99.95

1019 . 321 215.50
M315 89 725.00

printf("Enter your name\n");

It is required to prepare the inventory report table in the following format: ‘
INVENTORY REPORT '

“ Whlle using getchar functmn care should be exerclsed to clear
unwanted characters in the input stream. o .
£ Do not forge to include, <stdio.h> headerfiles When using functions - o [ -
standard input/output library. - - - _
" # Do'not forget to include <ctype.hs> header file when using functmns T Total Value: -
. character handhng hbrary . .
! £ Provide proper field sp ;c1ﬁcat10ns fOl‘ every variable tO be read or pri The value of each item is given by the product of quantity and rate.
.. # Enclose format contrOl  strings in double quotes. Program: The program given in Fig. :4.12 reads the data from the terminal and generates the
g D Do .not forget. to use address operator & for basic type vanables 11 ‘required output. The program uses subscnpted vanables which are dlscussed in Chapter 7.
. input list of scanf. . .
# Use double quotes for character strmg constants. Pro
gram
# Use single quotes for single character constants. sdefine ITEMS 4
" #  Provide sufficient field with to handle a value to be printed. ma1 n()
# Be aware of the situations’ where. output- may be imprecise dii { /* BEGIN * /
" formatting. int i, quantity[5];
#> Do not specify any precision in input field specifications. float rate[5], value, total value;
# Do not provide any whité-space at the end’of format string of a s char code[5][5]; -
statement. /* READING VALUES */
£ Do not forget to close the format strmg in the scanf or printf state i=1;
with double quotes. . while (i <= ITEMS)
# Using an incorrect conversmn code for data type bemg read or written {
result, in runtime error. printf("Enter code, quantity, and rate:");
# Do not forget the comma after the format strmg in scanf and P scanf("%s %d %f", code[i], &quantity[i],&rate[i]);
statements. b .
& Not separatmg read and write arguments is an error. } ’
fa Do not use commas in the format string of a scanf statement. /*.......Printing of Table and Column Headings....... */
£ Using an address operator & with a variable in the printf statement ’ pr1 ntf("\n\n");
result mn runtlme error pY‘] ntf(“ INVENTORY REPORT \nu) ;
printf("~——-——-—-———— \n");
printf(" Code Quantity Rate Value \n");
printf("~——-mmmm— \n");
Y AN Preparation of Inventory Position.......... */ - *
total value = 0;
1. Inventory Report i=1;
Problem: The ABC . Electric Company manufactures four consumer products. Th while ( i <= ITEMS)
inventory position on a particular day is given below: {




value = quantity[i]"* rate[il;

printf("%5s %10d %10.2f %e\n", code[1] quant1ty[1],
rate[i],value); .

total value += value;

i+t
|- e
/;’f_.‘q._,.. Pr1nt1ng of End, of, Tab]e.._..,., e veo®/
printf(" -\n");
printf(" <Tota1 WaTue = %e\n",total va]ue),

; \n n )

Entef code, quantity, and rate:F105 275 575.00
Enter code, quantity, and rate:H220 107 99.95
Enter code;-quantity, a and rate:1019 321 215.50
- Enter codeu quantity; and- rate: M315 -89 725 00

INVENTORY REPORT “@

ey

: et.C:ode Quant1 ty Rate criyey Va] ue -

FI05 275  575.00 T 58T25067005
H220 107 99.95  1.069465e+004
1019~ 321 215.50  6,917550e+004
M315 89 725.00  6.452500e+004

Total Value = 3.025202é+005

2. Rellablhty Graph

Problem: The rehabﬂlty of an electronic component is given by

reliability (r) =e
where A is the component failure rate. pér. our and t.is the time of operation in hours.

graph is required to determine the reliability at various operatmg times, from 0 to 30
hours. The failure rate A (lambda) is 0.001.

Problem
#include <math.h>
#define LAMBDA 0.001
main() o
BT
double t;
float r;
int i, R;
for (i=1; i<=27; ++i)

{

printf("=-");
}
printf("\n");
for (t=0; t<=3000; t+=150)
{
r = exp(~LAMBDA*t);
R = (int) (50*r+0.5);
printf(" |");
for (i=1; i<=R; ++i)

{

"

n

printf("*");

printf('#\n");
for (i=1; i<3; ++i)
(.
printf(" |\n");

|**********************************************:*;:;——
|*******************************************#
|*************************************#
I**************w*****************#
|***************************#
I************************#
|********************#
|*****************#
'**tx***********#g

I*************#

|***********#

|**********#

[********#

l*******#

[******#

J*****#

1*****#

‘****#

‘***#

‘***#

'l**#
e
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Program: The program given in Fig. 4.13 produces a shaded graph. The values of t are self
generated by the for statement - . '

for (t=0; t <= 3000; t = t+150)
in steps of 150. The integer 50 in the statement
R = (int)(50*r+0.5)

 is a scale factor which converts r to a large value where an integer is used for plotting t
Hemember r is always less than 1. : S

avicw Juestions

T
t
i

4.1 State whether the following statements are true or false: _
(a) The purpose of tli)e header file <studio.h> is to store the programs created by t|
users. ' : o 4
(b) The C standard function that receives a sigglq character from the keyboard
getchar. CoTe ‘ - ‘
(c) The getchar cannot be used to read a line of text from the keyboard.
"(d) The input list in a scanf statement can contain one or more variables.
(e) When an input stream contains more data items than the himber of specifié
tions in-a scanf statement, the unused items-will be used by the next scanf call
the program. =+ - s e ' :
() Format specifiers for'output convert internal representations for data to readab
characters. LT AL e e Fide an o '
(g) Variables form a legal element of the format control'string of a printf stateme
(h) The scanf function cannot be used-to read a single character from the keyboar
(i) The format specification %+ —8d prints an iriteger left-justified in a field wid
8 with a plus sign, if the number is positive. '
() Ifthe field width of a format specifieris-larger‘than the actual width of the va
the value is. printed right-justified in the field: ‘
(k) The print list in a printf statement can contain function calls.
(1) The format specification %5s will print only the first 5 characters of a given stri
to be printed. o
4.2 Fill in the blanks in the following statements.

(a) The specification is used to read or write a short integer.

(b) The conversion specifier is used to print integers in hexadecimal fo

(¢) For using character functions, we must include the header file i
program.

(d) For reading a double type value, we must use the specification .

+ (e) The specification is used to read a data from input list and discard it w

out assigning it to many variable. : . »

(H The specification may be used in scanf to terminate reading at the enc
ter of a particular character.’ ‘ C :

(8) The specification %[ ] is used for reading strings that contain

(h) By default, the real numbers are printed with a precision of

decimal pla

: Qutput Operations. —xg—ﬁf 11
(i) To print the data left-justified, we must use in the field specification |

() The specifier i i i

prints floating-point values in the scienti i

. . . e t
4.3 Distinguish between the following pairs: e notation.

(a) getchar and scanf functions.

(b) %s and %c specifications for reading.

(c) %s and %[ ] specifications for reading.

(d) %g and %f specification for printing,

(e) %f and %e specifications for printing.
4.4 Write scanf statements to read the fo

(a) 78 B 45

(c) 15-10-2002

4.5 State the outputs produced by the followin,
(a) printf (“%d%c%f”, 10, %', 1.23);
() printf (“%2d %c %4.2f7, 1234, :x’ 1.23);
(©) printf (“%d\t%4.2P, 1234, 456). .
(d) printf (“\"%08.2f\"”, 123.4); ’
(e) printf (“o%d%d %d”, 10, 20);
For questions 4.6 to 4.10 assume that the followin
int year, count;
float amount, price;
char code, city[10];
double root;
4.6 State errors, if any, in the following input statements
(a) scanf(“%c%f%d”, city, &price, &year): .
(b) scanf(“%s%d”, city, amount); ’
(c) scanf(“%f, %d, &amount, &year):
(d) scanf( \n"%f”, root); ’
(e) scanf(“%c %d %1d”, *code, &count, Root);
4.7 What will be the values stored in the variabll
_ 1988, x
is keyed in as a response to the foll
(a) scanf(“o%d %c”, &year, &code):
(b) scanf(“%c %d”, &year, &code)"
(¢) scanf(“%d %c”, &code, &year);

(d) scanf(“%s %c”, &year, &code);
The variables coun

llowing data lists:

(b) 123 1.23 45A
(d) 10 TRUE 20

g printf statements,

g declarations have been made in the program:

es year and code when the data

owing statements:

4.8

t, price, and city have the following values: o
count <—— 1275 ' |

price <—— 23574
sh h01ty <——— Cambridge
ow the exact output that the following ouf
: g output statements will : !
(a) Printf(“%d %f”, count, price); v A |
(b) pr?ntf(“%2d\n%f”, count, price);
() printf(“%q %1, price, count);

(@ Printf("%10dxxxx%5 .2f" ,count, price);
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() printf(“%s”; city);
)y prmtf(%-lOd %-155”, count, c1ty)
4.9 State what (if anything) is wrong with each of the followmg output statements

(a) printfi%d 7.2%f, year, amount);
(b) printf(“%-s, %c”\n, city, code);
(¢) printf(“%f, %d, %s, price, count, c1ty)
(d) pnntf(“%c%d%f \n”, amount, code year)
4.10 In response to the input statement '
_scanf(“%4d%*%d”, &year &code &count)
the following data is. keyed in:
I 19883745 st e’
‘What values does the cibmputer as51gn to the vanables yea, A de,. an " eoun 7
4.11 How can we use the getchar() function to read multlcharac strings? ,
4.12 How can we use the putchar () function to ‘oui ut multlcharacter strlngs »
4.13 What is the purpose of scanf( ) function? = "/
4.14 Describe the purpose of commonly used conversion character
4.15 What happens when an input- data item contai
(a) more characters than the’ spec1ﬁed field Wldth and. .
(b) fewer characters than the specified field wldth‘? -
e ose of print() function? = .~ L Tk ‘
i ig %Vt?sac:qlsetilhep;dfpose ofpcommonly used conversion: characters in a printf( ) functxo_
4.18 How does a control stringiin-a prlntf( ) function: differ from the control string in-
secanf( ) function? o : . ! .
4.19 What happens if an output data item contams
(a) more characters than the specified field width and
(b) fewer characters than the specified field width?
4.20 How are the unrecognized characters w1th1n the control stnng are 1nterpreted in
(a)" scanf functioniand: "% * K 2B :
(b) printf function?

a 's(‘:g‘ilf( ):ﬁ'mction

(P)rogramming Exercises

4.1 Given the string “WORDPROCESSING” write a program to read the strmg from thi

terminal and dlsplay the same in the followmg formats: o :

(a) WORD PROCESSING
(b) WORD :
PROCESSING

() WP. :
4.2 Write a program to. read the values of x and y and pnnt the results of the follow
expressions in one line: s o S
@ X+y

X-y

(© (x4y)x-y)

+4.10 Write a program toread and display the following table of data.

c dtput Opegatnons 5 113

4.3 Write a program to read the followmg numbers, round them off to the nearest integers
and print out the results in integer form:
35.7 50.21 -23.73 —46.45

4.4 Write a program that reads 4 floating point values in the range, 0.0 to 20.0, and prints
a horizontal bar chart to represent these values using the character * as the fill char-
acter. For the purpose of the chart, the values may be rounded off to the nearest
integer. For example, the value 4.36 should be represented as follows.

* * * *
* * S % 4.36

Note that the actual ‘}alues are shown at the end of each bar.

4.5 Write an interactive program to demonstrate the process of mulfxphcatxon The program should
ask the user to enter two two-digit integers and print the product of i mtegers as shown below. *

45
: X 37
7 X 45 is 315
3x45is 135
Add them 1665

4.6 Write a program to read three 1ntegers from the keyboard using one scanf statement
and output them on one line using:
(a) three printf statements;
(b) only one printf with conversion specifiers, and
(c) only one printf without conversion specifiers.
4.7 Write a program that prints the value 10.45678 in exponentlal format with the follow-
ing specifications: ‘
(a) correct to two decimal places;
(b) correct to four decimal places; and
(c) correct to eight decimal places.
4.8 Write a program to print the value 345.6789 in fixed-point format with the followmg
specifications:
(a) correct to two dec1mal places;
(b) correct to five decimal places; and
(c) correct to zero decimal places.

4.9 Write a program to read the name ANIL KUMAR GUPTA in three parts using the

scanf statement and to display the same in the following format using the printf
statement.

(a) ANIL K. GUPTA
(b) AK. GUPTA
() GUPTA AK.

Name Code Price
Fan 67831 1234.50
Motor 450 5786.70

The name and code must be left-justified and price must be right-justified.
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ransfers the control to a particular statement. This point of program has two pa.ths to fol-
ow, one for the true condition and the other for the false condition as shown in Fig. 5.1.

Decision Making

and Branching

" Fig. 5.1._ Two-waybbvr;dhch" :

Some examples of decision making, using if statements are: : v gas
1. if (bank balance is zero)

borrow money
. . . : o , R 2. if (room is dark)
segue:n.t:ally in the order in which they appear. This :happens-when no options or put on lights
situations where we may have to:change the order of éxecjltidh"oﬁjsfaﬁeménts base 3 if (cpde 1s‘1)

: person is male
L ) . . . R 4. i i than 55
This involves a kind of decision making to see whether a particular condition has occurred if (segr‘;;i ?;oxf:tirea:in ) _
not and then dirECt the computer to exacute certain sta!:gn‘.lents according} Yoo The if statement may be implemented in different forms depending on the complexity of
sta(iéla:gglager ‘possesses such decision-making capablhtles _;by} supporting: the fqllow conditions to be tested. The different forms are:
ments: AT e T Thoem e L n :
1. if statement 1. Simple if statement
. 2. .switch statement . 2. if.....else statement
3. Conditional operator statement 2 I\;es't?d if..—elge statement
4. goto statement et s an o ’ - e Se“f ladder. ) ]
These statements are popularly known as deci.sion;making.sﬁatemqnt;. Since these sta We shall discuss each one of them in the next few sections.

ments ‘control’ the flow of execution, they are also known as control statements.
. We have already used some of these statements in the earlier examples. Here, we sh
discuss their features, capabilities and applications in more detail,

INTRODUCTION

S

SIMPLE IF STATEMENT

The general form of a simple if statement is

DECISION MAKING WITH IF STATEMENT if (test expression)
The if statement is a powerful decision-making statement and is used to control the flow
execution of statements. It i$ basically a two-way ‘decision "statement ‘and is used
conjunction with an expression. It takes the following form:

statement-block;
}
statement-x;
The ‘statement-block’ may be a single statement or a group of statements. If the te.s:t ex-
Pression is true, the statement-block will be executed; otherwise the statement-block .V‘{'IH }{e .
Skipped and the execution will jump to the statement-x. Remember, when the condition is

It allows the coinp.utéf to evaluate the expression first and»then, depending on wheth
the value of the expression (relation or condition) is ‘true’ (or non-zero) or ‘false’ (zero), it
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true both the statement-block and the statement-x are executed:in sequence. This i illu

trated in Fig. 5.2

Consider the following segment of a program that is written for prqpes‘Sing of marks«

tained in an entrance examination.

.........

oo iisse e

if (category == SPORTS) . @ ..

marks = marks + bonus_marks;
}
printf("%f", marks);

The program tests the type of category of the student.,If the student belongs.t

SPORTS category, then additional bonus_marks are added to his marks before they

printed. For others, bonus_marks are not added.

c-d is not equal to zero. , ;
The program given in Fig. 5.3 has been run for two sets.of.d
properly. The result of the first run is printed as,
‘ : SN Ratio = -3.181818

The program in Fig. 5.3 redds fout values a, b, ¢, and d from the termi
and evaluates the ratio of (qfr_b_)‘ to (c-d) and prints the resulf

ata to sée that the paths func

]
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" Program ' , : : _]

main()

{

int a, b, ¢, d;
float ratio;

printf("Enter four integer values\n");
scanf("%d %d %d %d", &a, &b, &c,&d);

Zf (c-d != 0) /* Execute statement block */

ra?‘io = (float) (a+b)/(float) (c-d);
printf("Ratio = %f\n", ratio);

}
Output:

Enter four:integer values
12 23 34 45
Ratio = -3.181818

\\

Enter i“our;integef values
12 23 34 34

s

Th i
i fhzei(;llgen;? (ha(si )n'elther ;{roduced any results nor any message. During the second
, ¢—d) 1s equal to zero and therefore, th i i
statement ok s oy tal 1 , the statements contained in the
3 pped: Since no other state
stolss without pradueta e p—— atement follows the statement-block, program
" S
oa ‘:)0 i?i tt}:lel use 9f float conversion in the statement evaluating the ratio. This is necessar
s printer ;1;21;1:11 d\'xe (tio 1pteglerld1v151on. Remember, the output of the first run —3 18181%,
0 six decimal places. Th i .
h : P e answer contains a round off i
agf}ll illgher accuracy, we must use double or long double data type errer. ffwe wish to
simple if is often used for counting purposes. The Example 5.2 illustrates this

The program in Fig. 5.4 counts the numb
. 5. er of boys wh i i
than 50 kg and height is greater than 170 cm. y 058 Welght s loss

Tﬁe pro
! gram has to test two conditions wei i ;
using o o S oA ions, one for: eight and another for height. This is done

if (weight < 50 && height > 170)
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in woild have beeri e‘qﬁivaléntl‘y done using two'if s‘_tatexir'}v_ep_’t.s_av_s follows:

if (weight < 50)
if (height > 170)
count = count +1;
‘ weight is le 4 en the following statement is executed, w
- If the value of weight is less than 50, then the 1g stat . C , Wi
turn is another.if statement. This if statement tests hgl_ght and if the helght is

w0’ Program*ti 33

tmain(). ',

1nf/\éount,:‘.vi;‘»v\ hes
float weight, height;

count = 0; ' :
printf("Enter weight and height;?

for 10 boys\n");

Applying De Morgan’s Rule

While designing decision statements, we oft
logical. NOT operator is applied to a

I(x&&y||1z). However, a positive logic is alw
anegative logic. In such cases, we may apply
make the total expression positive. This rule

€n come across a situation where the
compound logical expression, like
ays easy to read and comprehend than
what is known as De Morgan’s rule to
is as folows:

“Remove the parentheses by applying the NOT ¢
sion component, while complementing the relation

That is,

perator to every logical expres-
al operators”

x becomes Ix
Ix becomes x
&& becomes ||
|| becomes &&
Examples:
x &&y || 1z) becomes Ix || ly && 7

'x <=0 || Icondition) becomes x >0&& condition

for (i =137 <=-105 i++):
{ ' o : L .
scanf ("%f %f', &weight, ‘&heéight);
- if (weight < 50-88&-height > 170)
- count = count. +:1; > :
} o

printf("Number of boys with weight < 50 kg\n");
printf("and height > 170 cm %d\n“, ‘count) ;

} :

The if,
o oOutput. i

¥
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THE IF.....ELSE STATEMENT

--else statement is an extension of the simple if statement. The general form is

>Entier’: wejght :a'nd .heighf : for_' 10~boys«: ... If (test expression)
45 '176.5 {
3% 55 :174.2 True-block statement(s)
: 47 168.0 }
49. -170.7 else
54 - 169.0 : {
170.5: o
ig 167.0 False-block statement(s)
48 175.0: }
47 167 - L statement-x
' :Number‘. f boys with ‘i’?;ght = 5 g . Ifthe test expression is true, then the true-block statement(s), immediately following the if
and h 19ht > 170 cm . ,:‘tements are executed; otherwise, the false-block statement(s) are executed. In either case,
0T true-block or false-block will be executed, not both. This is illustrated in Fig. 5.5. In
Oth the cases,

the control is transferred subsequently to the statement-x.
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code 1 for a boy and 2 for a girl. The ‘program statement to d6 this may be written as foll

DecisionMaking and ‘B i V » ‘
g and Branching — R—{ —4121

Here, if the code is equal to 1. th

, S ; the statement boy = boy + 1; is ex ‘
| re, ) A _ . ; ecuted i
;ri?;miifd to tltui) statelir)lent XXXxxX, after skipping the else part. If the co?;;(ist }rf): throll E.S
, tne statement boy = boy + 1; is skipped and the stat in t givl 4

, the sta ‘ ; ement irl = gi
1; 15 (,x(?;uted before the control reaches the statement xxxxx:(r:(;he clee pert girl w girl +
Ca]m?ﬁi; ;rartlgetﬁzorg)xgri g1ve21 in Fi.gh5.3. When the value (¢c—d) is zero, the ratio is not

late 3 am stops without any message. In such c :

. ases we may not know

whether the program stopped
; pped due to a zero valie o i
improved by adding the else clause as follows: 7 some other error. This D

_—_—

: {
‘ raFio = (f]oat)(a+b)/(f]oat)(c—d);
} printf("Ratio = %f\n", ratio);
else

printf("c-d is zero\n");

Let us consider an example of countiﬁg.the nﬁmBe‘r of b\oys'z‘m‘d’ girls in a class. Wé
xample 5. A program to evaluate the power series

X3

2
X _ X n
e=1+x+ 24 +...+2<T,0<x<1
n!

1f(c0d - Y o 20l
boy = boy + Iyi oiiiw 7o i wipn Ty is given in Fig. 5.6. It uses if......else to test the accur
oy oy The power series contains the recurrence relationship of the type 7

girl.= girl#l; . .. - T
v T, Tn_](n)forn>1

T)=xforn=1

The first test determines whether or not the student is a boy. If yes, the number of bo
increased by 1 and the program continues to'the second test. The second test again d
mines whether the student is a girl. This is unnecessary. Once a student is identified-
boy, there is no need to test again for a girl. A student can be either a boy or a girl, not b
The above program segment can be modified using the else clause as follows:

Ty=1
If ¥
A Toq (usually known as previous term) is known, then T

easily found by multiplying the previous term by x/n. Therrl (know, &5 pregent forend ean b‘e

X :
e =To+T;+T,+ ... +T,=sum

rogram a —
#define ACCURACY 0.0001 SN

main()

. 'boy i boy + 1‘;

ese o int n, count;
g]kkr‘,] : ,g1r1‘-.:+‘131,; float x, term, sum;
CXXXXXXXXXX, . l
xx o printf("Enter value of x:"); e

scanf("%f", &x);
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M= term = isum =rcount = 13
- while (n <= 100)

term = term * x/n;

sum =:.sum-+ term;

count =:count:+ Iy v oo b
i (term:< ACCURACY) =~ ' - o

n = 999;
else
n=mn+1l;

i . L o .
j printf("Terms = %d Sum = %f\n", count, sum); |

value 6f X:O

Terms = 2 Sum = 1.000000
Enter value of x:0.1
' Terms = 5 Sum = 1.105171

Enter value of x:0.5 -~

Terms = 7 Sum = 1.648720
Enter value of X:0.75°
Terms = 8 Sum = 2.116997

Enter value of x:0.99
Terms =.9:Sum-=2.691232

value of x:1°

' The program uses count to co‘unt,the number of terms added. The program stops
the value of the term is less than 0.0001 (AGCURACY). Note that when a term is less't
ACCURACY, the value of n is set equal to 999 (a:number higher than 100) and therefore
while loop terminates. The results are printed outside the while loop.

'NESTING OF IF...ELSE STATEMENTS -

When a series of decisions are involved, we may have to use more than one if...
statement in nested form as shown below: e
The logic of execution is illustrated in Fig. 5.7. If the condition-1 is false, the statement-3
be executed; otherwise it continues to perform the second test. If the condition-2 is true,

if

}

else

}

else

{ statement -3;

}

statement -x;
statement-1 will be evaluated; otherwise the statement-

control is transferred to the statement-x.

(test condition-1)
if (test condition-2);

{

statement -1;

statement -2:

.\{;123

2 will be evaluated and then the
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A commercial bank has introduced an incentive policy of giving bonus to all its depo
holders. The policy is as follows: A bonus of 2 per cent of the balance held on 31st Decem
is given to every one, irrespective of their balance, and 5 per cent is given to female accor
holders if their balance is more than Rs. 5000. This logic can be coded as follows: :

if (sex is fema]é

if (balance > 5000)
bonus = 0.05 * balance;

_else

o bonus = 0.02"* balance;

\," } .

else

' bonus = 0.02 * balanc y
} ek :

balance = balance. +:honus;

.........

.........

When nesting, care should be exercised to match every .if with an else. Consider i,
following alternative to the above program (which looks right at the first sight):
if (sex is female) ‘
if (balance > 5000)
bonus = 0.05 * balance;
else
bonus.= 0.02 * balance;
balance =balance + bonus;

There is an ambiguity as to over which if the else belongs to. In C, an else is linked to t
closest non-terminated if. Therefore; the else is associated with the inner if and there
else option for the outer if. This means that the computer is trying to execute the state

balance = balance + bonus;

without really éaibhl'éting the bonus for the male acédunt holders:
Consider another alternative, which also looks correct:

if (sex is female)
{ .
if (balance > 5000)
bonus = 0.05 *'balance;
} ;
else )
bonus = 0.02. * balance;
balance

]
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The program in Fig. 5.8 selects and prints the largest.of the three numbers
using nested if....else statements.

Program
"~ main()
{ ’
float A, B, C;
printf("Enter three values\n");
scanf("%f %f %f", &A, &B, &C);

printf("\nLargest value is ");

if (A>B)
{
if (A>C)
printf("%f\n", A); -
else

printf("%f\n", C);
} ;

else
{
if (C>B)
printf("%f\n", C);
else

pri{ntf("%f\n", B);

}
Output

Enter three values
‘23445 67379 88843

Largest value is 88843,000000‘,

One of the classic problems encountered when we start using nested if....else state-
ments is the dangling else. This occurs when a matching else is not available for an
if. The answer to this problem is very simple. Always match an else to the most
recent unmatched if in the current block. In some cases, it is possible that the false
condition is not required. In such situations, else statement may be omitted

"else is always paired with the most recent unpaired if"
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THE ELSE IF LADDER

There is another way-of putting ifs together when multipath decisions are‘involved
multipath decision is a chain of ifs in which the statement ass0c1ated with each else is a
It takes the following general form:

if ( condition 1)
statement-1;

else if ( condition 2) ,
statement-2; | e

else if (af’condition 3)
statement-3; -

else if ( condition'in)
statement-n; —————

defau]t—statement&—‘ |
statement-x; AL AL .

This construct is known as the else if ladddr. The condmons are evaluated from thi
(of the ladder), downwards. As soon as a true condition is found, the statement assoc
with it is executed and the control is transferred to the statement-x (sk1pp1ng the rest
ladder). When all the n conditions become false, then the final else containing the de
statement will be executed. Fig. 5.9 shows the logic of executlon of else if ladder statem

Let us consider an example of grading the students in an academic 1nst1tut10n
grading is done-according to the following’ rules ‘ =

Average marks Grade
.80t0.100 .- - .. ... Honours:
60 to 79 , First Division
-50:t059 - - Second Division:
40 t6:49;. v 7 o w7 Third Division
0to 39. . ... Fail .

This gradlng can be done usmg the else if ladder as follows

.1f (marks > 79)
grade = "Honours“
else if (marks > 59)
grade = "First D1v151on"
else if (marks > 49)
“grade =""Second Division";
else if (marks > 39) o
.. .grade = "Third Division"; .. .
else e

grade = "Fail";
printf ("%s\n", grade);

Consider another example given below:

if (code == 1)
colour = "RED";
else if (code == 2)
colour = "GREEN";
else if (code == 3)
colour = “WHITE“-
else
colour = “YELLOW"

Code numbers other than 1, 2 or 3:are consadered to represent YELLOW colour. The same
results can be obtained by usmg nested if...else statements.

Entry
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if (code 1= 1)
if (code != 2)
if (code != 3)

colour = "YELLGH";
else
colour = "WHITE";
else
colour = "GREEN"; ;
“else e
colour = "RED";" "

it : : Doy TEonnin .
In such situations, the'choice is left to the fpro'gxta.mmer.: However, in-order to choos.e ?r;
structure that is both efféctive and efficient, it. is important that the programmer is fu

aware of the various forms of an if statement.and the rules governing their nesting.

Jasfollows . oLy s

Consumpﬁon Units= ' Rate‘of Charge: == =

§
H

! cix [

- 0-200 Rs. 0.50 per unit - ‘
201 - 400 Rs. 100 plus Rs. 0.65 per unit excess of 200
4071 - 600 Rs. 230 plus Rs. 0.80 per unit excess of 400

601 and above Rs. 390 Eilﬁ§—R's.-::1 .00 per-unit excess of 600

The program in Fig. 5.10 reads the customer number"enddeer gonsumed and pri

the amount to be paid by the customer.

An electric power distribution corﬁp_ony charges its domestic consum

Customer No:101 Charges = 75.00

Enter CUSTOMER NO. and UNITS consumed 202 225
Customer No:202 Charges = 116.25

Enter CUSTOMER NO. and UNITS consumed 303 375
Customer No:303 Charges = 213.75

Enter CUSTOMER NO. and UNITS consumed 404 520 .
Customer No:404 Charges = 326.00

Enter CUSTOMER NO. and UNITS consumed 505 625
Customer No:505 Charges = 415.00

R T T R R

Fig. 5.10 Jliustration of else..if ladder
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Rules for Indentation

When using control structures, a statement often controls many other statements
that follow it. In such situations it is a good practice to use indentation to show that
the indented statements are dependent on the preceding controlling statement.
Some guidelines that could be followed while using indentation are listed below:

g . S
s Indent statements that are dependent on the previous statements; provide
at least three spaces of indentation.

e Align vertically else clause with their matching .if clause.

Program
main() o o
{ LR & », A 7.,,‘_
int units,  custnum;
float charges; . .
printf(“Enter CUSTOMER NO. and UNITS consumed\n");
scanf("%d %d", &custnum, &units);
if (units <= 200)
o charges = 0.5 * units;
(units <= 400)
charges = 100 + 0.65 * (units - 200);
else if (units <= 600)
charges =230 + 0.8 * (units - 400);
else s e
charges = 390 + (units --600);
printf("\n\nCustomer No: %d: Charggs fY%TZf\n“,
custnum, charges); i ‘o

else if

}
Output

Enter CUSTOMER NO. and UNITS consumed 101 150

®  Use braces on separate lines to identify a block of statements.

® Indent the statements in the block by at least three spaces to the right of the
braces.

® Align the opening and closing braces.
® Use appropriate comments to signify the beginning and end of blocks.

° Indent the nested statements as per the above rules.

o Code only one clause or statement on each line.

: THE SWITCH STATEMENT

We have seen that when one of the many alternatives is to be selected, we can use an if
Statement to control the selection. However, the complexity of such a program increases

famatically when the number of alternatives increases. The program becomes difficult to
read and follow. At times, it may confuse even the persen who designed it. Fortunately, C
a8 a built-in multiway decision statement known as a switch. The switch statement tests
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the value-of a given variable (or expression) against a list of case values and when a match
is found, a block of statements associated with that case is executed. The general form of th
switch statement is as shown below:

—-——--————-———-——-}131

switch

<\@ression

switch (expression)

{

case va]ue,—l:‘

Expression = value-1

-~ block-1 .
- | break. B Expression = value-2
‘case va]ue 2 do
f IR b]ockZ
] “ br
| = | eak. (no match) default default

i iiblock i

’ defau]t'
“idefaul t=block:
bk
ks Fig. 5 11 Selectron proc ss of the: swrtch stotement
Thg switch statement can be used to
This is illustrated below:

statement x, y

grade the students as dlscussed in the last section.

The expression is 'an integer expressmn or characters Value-1, value-2 ...
constant expressions (evaluable to an integral constant) and are known as case labels. E
of these values should be unique within a sw1tch statement. block-l block-2 .
statement lists and may contain zero or more statements. There is no need to put br
around these blocks. Note that case labels end with a colon ().
When the switch is executed, the value of the expression is successfully compared aga

index = marks/10
?witch (index)

the values value-1, value-2,.... If a case is found whose value matches with the value of case 10:
expression, then the block of statements that follows the case are executed.’ case 9:
The break statement at the end of each block signals the end of a particular case case 8:
causes an exit from the switch statement, transferring the control to the stateme: grade = "Honours";
following the switch. case I7Jrea ks
The default is an ‘optional case. When present, it will be executed if the value of case 6.
e6:
expression does not match with any of the case values. If not present, no action takes pla grade = "Fi L
all matches fail and the control goes to the statement-x. (ANSI C permlts the use of as mi break: 1rst Division";
as 257 case labels). ; case§5:
. The selection process of switch statement is illustrated in the flow chart showr grade = "Second Division":
Fig. 5.11. 