Preface to the Fourth
Edltlon o

C s a powerful ﬂemble portable: end e]egantly structured pregrammmg 1anguege Bince
C combines the features of high-level language with the elements of the assembler, it 1s
suitable for both systems and applications pregremmlng It is undoubtedly the mest widely
used general-purpose language today. :

Bince its standardization in 1989, C has undergone a series of changes- and improvements
_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 numercus suggestions received both from teachers
and students across the ceuntry but also to hlghhght the enhaneements and new features
. added by C99. : L

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
expressmne using them. The fourth ehepter details the input and output operations. Deci-
sion making and branching is discussed 1n the fifth chapter, which talks about the if-else,
switch and goto statements. Further, decision making and looping is discussed in Chapter
six, 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
eovered in Chapter eleven in the most user-friendly manner. Chapiers twelve and thirteen”
. are on'file management and dynamic memory allocation respectively. Chapter fourteen dedls

with the preprocessor, and finally Chapter-15 is on developing a C program, which provides
an insight gn how to preceed with development of a program. The above organization would
help the students in understanding C better if followed appropriately.



- Preface

MNew to the edition

The content has been revised keeping the updates which have taken placed in the field of C
progrsieicing and the present day syllabus needs. As always, the concept of ‘learning by
&5 .. een 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 seetion at the beginning to introduce the topic in a proper per-

spective. It also provides a quick look into the features that.are diseussed in the chapter.

Wherever necessary, pictorial descriptions of concepts are included to improve clarity and to
facilitate better understanding. Language tips and other special considerations are high-
lighted as notes wherever essential. In order to make the book more user-friendly, we have
incorporated the following key features. Rl o e I P
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. L :
O Guidelines for developing efficient C programes are given in the last chapter, together
with a lisf of some commeon mistakes that aless experienced C programmer could
make . it : i

O Cuase studies at the end of the chapters:illustrate common ways C features are put
together and also show real-life applications. ; . .

O The Just Remember section at the end of the chapters lists out helpful hints and
possible problem areas. )

O Numerous chapter-end questions and exercises provide ample opportunities to the
readers to review the concepts learned and to practice their applications.-

O

Programming projects discussed in the appendix give insight on how to integrate

the varipus features of C when handling large programs.

Supplementary Material

With this revision we have tried to enhance the online learning center too. The supplemen-
tary materizl would include the following:

For the Instructor

O Solutions to the debugging exercises
For the Student .
O Exclusive project for implementation with code, step-by-step deseription and user
manual : i i

O Code for the two projects (given in the book)

0 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.
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Overview of C

i

0’ zeems a strange name for a programming language. But this strange sounding F:mcwm.m
. is one of the most popular computer languages today because it is a structured, high-level,

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 a block 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. L _ i

In 1967, Martin Richards developed a language ealled 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.

.&n was evolved w.am: bﬂﬁmn”_mm_ BCPL and B by Dennis Ritehie at the Bell Laboratories in
1972, C uses many concepts from these languages and added the concept of data types and
other powerful features. Sinee it was developed along with the UNIX operating system, it 1s
strongly associated with UNIX. This operating system, which was also developed at Bell
Lahoratories, 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 n.._m
release of many C compilers for commercial use and the increasing popularity of UNIX, it
began to gain widespread support among computer professionals. 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 Languoge’ by Brian
Kerningharn 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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Al e e e o ARSI C -
v e wactuted will produce the following catpul:
[ I see, I remember ; a

Let us have a close look at the program| The first line informs the system that the name of
the proo—. + = ziain and the execution begins at this line. The main( ) is a special function
used by the U 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. 4

The crepis pair of parentheses immediately, following main indicates that m.._m ?:nwmﬁ
main has no urguments (or parameters). The concept of arguments will be discussed in
detail later when we discuss functions (in Chapter 9).. = o e B

The opening brace | ” in the second line marks the beginning of the function main and
the closing brace “I” in the last ling indicates 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 inig program to enhance its readability and ::umﬂ._.ma&b_m.
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 ",

Although comments can appear anywhere, they cannot be nested in C. That means, we
cannot have comments inside comments. Once the compiler finds an opening token, it
ignores cverything until it finds a closing token. The comment line

ﬁaulln.‘.!ﬂhnﬂumuluui_‘_

is not valid and therefore results in an error. . .

Sines 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. ! i . 2

Let us now look at the printf( ) function, the only executable statement of the program.

printf({"1 see, [ 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

.Zowm that the _.._1.3 line ends with a semicalon. Every statement in C should end with a )

semicelon {;) mark, g i
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:

* again be a single line as shown below.

oG |5
priatf("I se2, \n");
printf ("l remember !");

The information contained between the parentheses is called the argument of the fune-
tion. This argument of the first printf function i= * I see, \n" and the second is *I remember I".
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 character instructs the computer to go to the next (new) line. It is similar in
concept to the carriage return key on & typewriter, After printing the character comma (,)
the presence of the newline'character \ii cdusés 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

. - see, I ....unaa..ﬂw_m-q_.._..... Frg-t Er e o
This is similar to the output of fthe’ frogrim in Fig. 1.2, Howevér, note that there is no
mﬂﬂcﬂ&wwﬂwg..nﬂ&—.. \ o : O

It is also 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("I see,\n I remember !%};

will output
1 see,
1 remember !
while the statement )
printf{ "I\n.. see,\n_ .. _ I\n_ . . remember !™};
will print out . e o
& % ;
.. see,
e 4
- - - Temember !

NOTE: Some authors recommend the mnn_.:w&.ﬂ of the statement

Finclude <stdio.h=

at the beginning of all programs that use any input/output library functions. However, this
is not necessary for the functions priniffand seanf which have been defined as a part of the
C language. See Chapter 4 for more on input and output functions.

Before we proceed to discuss further examples, we must 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 nanies: representing constants. We may also use
uppercase letters in output strings like “1 SEE” and “I REMEMBER" - .

The above example that printed I see, I remember is one of the simplest. programs.

Figure 1.3 highlights the general format of such simple programs. All C programs need a
main function.

R ]
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The last statement of the program
: printf("55.2f", amount);
prints out the ﬁinw of amount in floating point format. The format speci m....m:uu %5.2f .,._m__m,

the compiler that the output must be in floating point, with five placesin all-and two 123 i
to the Em_.; uw ﬂ..sm decimal point.

;]
W

F_m_ mpzmﬁ mwnn__hz 3: INTEREST CALCULATION

S

The uEm.._.mH in m.ﬁ 1.5 calculates the value of money at the end of each year of investment;
assuming an interest rate of 11 percent and prints the year, and the corresponding amount,
in two columns. The output is shown in Fig. 1.6, mo.. a. _“_mH.Em of 10 years sﬁ_u an _Efw_
investment of 5000:00, The p cﬁ.ﬁma_ usés the m.c;:asanm ula:

Value at the end of year =-Value atstart of year {1 + interest rate) - . - .

In the program, the variable value represents _..rm value of money at the end of the year

s&:m .E.ho:uﬂ Eﬂqmmm_._ﬁ the ....wEm of money at n_.._m start em arm year. ..E_w m&mﬂmﬂm:ﬁ
: ; S T T “amounit = “valge 77

makes the valize’ at m..m m.E aw t—n nuw:.im wmu_. as the value' at wﬂ; of the 33..& unmn_x

ARSI o INVESTHENT BROBLEM il SR .M.
. R [~ vmmHan T : b b T
] _ #define PRINCIPAL _5000.00 i
L MAIN PROGRAM BEGINS |
main()
# R DECLARATION mqpqm;mzﬁm o
- R G - imt year; :
T ¢ - . float* amount, ,..m.__.___m inrate; .

: I ASSIGNMENT STATEMENTS J iE §
aFiy amount. = PRINCIPAL; G g
“ inrate = 0.11; : w
- i . year = 0; : 3
; C B _COMPUTATION  STATENENTS —t f : : !

. : \F|. COMPUTATION USING While LOOP . —

while(year <= PERIOD) ;

. { printf("%2d %8.2f\n",year, amount): "
: ; value = amount + fnrate * amount: E
.3 1-.. year =-year # 1: :
. amount = value; IF |
I PR R :
“ _:.II while LOOP ENDS *f : m
: e a..|| _VEEE m___a *f :

5 is'-sar;.m' e s b

e

Overview of C E

Lot us consider the new features introduced in this program. The seeond and third lines
begin with #define instructions. A #define instruction defines value to a symbolic constant
for uge in the program. Whenever a symbolic name is encountered, the compiler substilutes
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 symbelic constants PERIOD
and PRINCIPAL and assigned values 10 and 5000.00 respectively. These values remain
constant throughout the execution of the program.

5000.00
5550.00
6160.50
6838.15
7590.35
8425.29
9352.07
10380.00
1152269
12790.00
14197.11

R T T, P e i

R VR

SRS

Wy Ee g

st Sy

e w e o o ;B W e O

—

Fig. \__m Output of .q.._...n. L:nmwﬁ_dmi ?.oﬁ.:ﬂ:. !

d.:., #gmj:m G_..mn:e_m e 0

Bt A #define is a preprocessor nn_:._—u._mq n__m.mn__cm. ..:.__a not a ma.m:.n:* Emﬂmqo_m
#define lines should not end with a semicolon. Symbaolic constants are generally
written in uppercase so that they are easily distinguished from lowercase variable
names, #define instructions are usually placed at the beginning before the mainQ
function. Symbolic constants are not declared in declaration section. Preprocessor
directives are discussed in Chapter 14,

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

PRINCIPAL = 10000.00;

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
tan also be declared as '
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12 “  Programming i ANSI.C.

_._u.

a0 g 0.7660 ments designed to perform a specific, task. To write a C program, we first create functions

50 . 0.5478 n_a.w_ then put them together. A C program may contain one or more sections as shown in Fig.

60 - 0.5000 9. _

mn o 0.3420 The documentation section consists of a set of comment lines giving the name of the pro-

e - 01736 gram, the author and other details, which the programmer would like to use later. The link
, 50 . S 0.0000 section provides instructions to the compiler to link Functions from the systemn library. The
g 100 -0.1137 definition section defines all symbolic constants. d

S R There are some variables that are used in more than one function. Such variables are

. 120" _0.5000 called global variables and are declared in the globa! declarstion section that is outside of all
+ . 3130, S =0,6428.. the functions, This section also declares all the user-defined functions. T B
8| B, e a0 Every C program must have one main () function section. This section contains two parts,
7 T Y declaration part and executable part. The declaration part declares all the variables used in
[T 80 catiis o) 0200 the executable part. There is at least one statement in the executable part. These two parts
[ S AT - SR TR must appear between the opening and the closing braces. The program execiition begins at
m . 180 EE 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 statements in the declaration and executable
parts end with & semicolon(;).

. finclude <stdio.h> 5
stdioh refers to the standard /O header file containing standard input and cutputs
funetions ¢ 4

i

o oy SRR AN

As mentioned earlier, C programs are divided inta modules or functions. Some
functions are wrilten 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
fieader files. If we want to access the functions stored in the library, it is necessary
to tell the compiler about the files 1o be accessed.

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

#include < filename >

s filename is the name of the library file dhat containg the required function defini-
‘1| tion. Preprocessur directives are placed at the beginning of a program.

-

; ,w ._m_.”ra w:_ubunmamn. section containg all the user-defined functions that are ealled _.= the main

; il 5 H v : . \
The examples discussed so far illustrate that a C program can be viewed as a group of dﬂﬂn._.ﬂw ﬂ.&a““.m._ WM@HMMH:MQ mﬂ._”.n.__..np._gm wﬂmﬂ%m_...mum:w placed immediately after the main function,
ing blocks called funetions. A function is a subroutine that may include one or more sfate- | e PR LI AT .

[1:8] BASIC STRUCTURE OF C PROGRAMS

L
A
4

A
I

SR
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[1.11) UNIX SYSTEM

Croating the program _ )
i1 e viad the UNIX operating system into the memory, the computer is ready to receive
. The program must be entered into a file. The file name can consist of letters, digits ‘3
o smecral characters, followed by a det and-a letter ¢. Examples of valid file names are: 4
- : ... hello.c . 3 .
progrom. ¢
n.uﬁ it
The file is ereated with the ?wu__w of a text editor, either ed or vi. The command for calling
the editor and creating the file is .

. [ . .: ' jriehome . stEeTmE
- If the file existed before, it is loaded. If it does not vet exist, the file has to be created =0
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 editor ay 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, - e 3

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 eompilation command to achieve this task under UNTY i
is
ce. ebgl.c
The source program instructions are now translated into 2 form that is suitable for §
execution by the computer. The translation is done after examining each instruction for its
covrectness, If everything is alright, the compilation proceeds silently and the translated
program is stored on another file with the name ebgl.s. This program is known as object m
code. : E
Linking is the procdss of putting together other program files and functions that are .m
required by the program. For example, if the program is using exp() function, then the 3
object eude of this function should be brought from the math library of the system and
linked to the main program. Under UNLX, the linking is automatically done (if no errors are *
detected) when the cc command is used. - 1
If any mistakes in the syatax 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 dene again. !
The compiled and linked program is called the exeeufable object code and is stored |
automatically in another file named a.out. :
Note that some systems use different compilation command for linking mathematical
functions. d

Lak e A

4

E

u
1 L

5 ‘¢ filénome - Im:
is the command under UNIPLUS SYSTEM V operating system.

—— Overview ol C.. -

|* 17

Executing the Program

Execution is a simple task. The command
d.out

would load the executable object code into the computer memory and execute the instruc-
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 logie 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 Exectitable File

Note m_mm the linker always assigns the same name a.out. When we comipile 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.

mv a.out.nome
We may also achieve this by specifving an option in the ce command as follows:
€C =0 name source-file

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

Multiple Source Files
To eompile and link muitiple source program files, we must append all the files names 1o the
ce command,
ot filenome-1.¢ .. filenaome-n.c
These filcs will be separately compiled into object files called
filename-i.a

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

ec -c modl.c
ce —¢ modZ.c

will compile the source files modIe and mod2.c into objects files mod .o and mod2.0. They
¢an be linked together by the command

cc modl.o modZ.o
We may also combine the source files and object files as follows:
cc modt.c modZ.o

Only mod 1.¢ 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 recompiled or an already exist-
ing object files is to be used along with thie program to be compiled.
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16 In the Sample Program 2, delete line-5 and execute the program: How helpful is theff

error message? | 9

e

¢ ®ieddify the Sample Program 3 to display the following output:
Year Amount
i 5500.00
2 6160.00

I T T e 2
.-1.8 .Find errors, if any, in the following progranmy.. .~~~ = "
©o e ihesdmple prograR e s den: L n B et e

: H.ﬂﬂ.am@_wﬁ i B .

; st h_,.__,1 ummm.na;;m J_,.

b foua a1l
»1.9 Find errors, if any, in"the following program:
_ “ Finclude {stdio.h) .., ..

void main(veid} ;

{

_ } i
1.10 Find errers, if any, in the following program:
Include <math.h>
main | | . : il
h FLOAT X3 =
X = 2.5%
Y = exp(x);
g i Print{x,y);
1.11 Why and when do we use the #define directive?
1.12 Why and when do we use the #include directive?
1,13 What dees void main(void) mean?
1.14 Distinguish between the following pairs: :
{a) main{ ) and void main{yeid) ) = -
{b) int main( ) and void main( )
1.15 Why do we need to use comments in programs? .
1.16 Why iz the look of a program is important?
1.17 Where are blank spaces permitted in a C program?
1.15 Describe the structure of a C program. : ;
1.19 Describe the process of creating and executing a C program under UNIX system. .
1.20 How do we implement multiple source program files?

print{*Hello T")y °

@E@ﬁm.:iiﬂ Exercises _ e
1.1 Write a program that will print your mailing address in the following form:
Firstline. :. Name :

<1

|

e . . ——  Owerview of C . . = mNa

Second line :  Door No, Street
Third line  :  City, Pin code
1.2 Modify the above program to provide border lines to the address.
1.3 Write a program using one print statement to print the patlern of asterisks as shown
below .L.
Ll L]
£ * - 3

& * ¥ *

L4 Write a program that will print the following figure using suitable characters.

5 Given _..rw radius of a cirele, write a program to compute and display its area. Use a
symbolic constant to define the n value and assume a suitable value for radius.
1.6 Write a program to output the following m ultiplication table:

Sxl=3
Sx%2=10
5x3=135

mx_:umo

7 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 twe numbers and then display
the sum and difference in the following form:

2000 10 =30
0= i0=10

1.8 Given the values of three variables a, b and ¢, write a program to compute and display

the value of x, where

a
A=
b-c
Execute your program for the following values:
(a) a=250,b=8% ¢c=25
(b) a=300,b=70,c=70
Comment on the output in each case.

1.9 Relationship between Celsius and Fahrenheit is governed by the formula

F= %.m,..w

Write a program to convert the temperature




PR T

22} g HANSIC

(a) from Celsius to Fahrenheit and
(b) from Fahrenheit to Celsius.
1.10 Area of a triangle is given by the formula -

A= 552 ED) (B0 -

Where a, b and ¢ are sides of the triangle and 25 = a + b + c. Write a plugram. t
compute the area of the triangle given the values of a, b and c. ' '
1.11 Distance between two points (x,, yy) and (%, y,) is governed by the formula
L D=y x)P e - _ :
Write a program to compute D given the coordinates of the points. 3
1,12 A point on the circhmfeq-_énce of a circle whose center is {0, 0) is (4,5). Write a progral
to compute perimeter and area of the circle. (Hint: use the formila given in t}
1:13' The liné joining the points (2,2) and (5.6)-which lie on the circumference of a circlé
the diameter of the circte. 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 -

ax+by=c¢

for a=5b=8 Iand c=18. * g
1.15 Write a program to display the following simple arithmetic calculator

%= [ y= S
em [ ] Difference= . [ ]
Product= [ ] Division= [ 7 ]




