C

was developed in 1972 by Dennis Ritchie at Bell Telephone
Laboratories ( now AT & T Bell Laboratories ). It is an
outgrowth of an earlier language called B, which was also
developed at Bell Laboratories. C was largely confined to use within
Bell Laboratories until 1978, when Brian Kernighan and Ritchie
published a definitive description of the language. This description
is often referred as "K & R C".

And after this there was no looking back, as more and more computer
professionals switched over to C. Today there are C compilers
available under every conceivable environment from DOS to Windows to Unix, and on all sizes of computers from micros to
mainframes. Power, portability, performance and flexibility are possibly the four most important reasons for C's popularity. C has been
designed to have a relatively good progamming efficiency as compared to Machine oriented languages like Assembly or Machine
language, and a relatively good machine efficiency as compared to
Problem oriented languages like COBOL and FORTRAN.

Variables and Constants in C
Simply put, a variable is a tool to reserve space in computer's
memory. The reserved space is given a name, which we call a variable
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name. Constants are stored in this reserved space. The constants
stored in the space reserved by the variable may vary from time to
time, hence the name variable. The name once given to a location,
however, remains unchanged. Thus in the statement,
i=5
5 is a constant which is being stored in a location which has been
given a name i. So, i is a variable just as a, x, note or str are. They
all designate memory locations that will hold different values assigned to these variables from time to time.
Depending on the purpose for which you want to utilize memory, C
allows you to decide how much memory to allocate to a variable.
Accordingly memory comes in three convenient versions: char, int
and float, which occupy 1,2 and 4 locations ( bytes ) respectively. A
char can store values in the range -128 to +127, whereas an int can
store values in the range -32768 to +32767. When do we use float?
When we want to store numbers like 3.1415, or 0.0005672 in
memory. A float can store values ranging from -3.4e+38to +3.4e+38.
Now that is certainly a very impressive range!
The memory occupied by each datatype can be found out using an
operator called sizeof. For example, sizeof ( i n t ) would yield 2.
Similarly, sizeof ( float ) would yield 4. The essence of these
datatypes has been captured in Figure 1.1.
The chars and ints can also be expressed in hexadecimal and octal
notations. For example, 16 can be expressed in hex as 0x10, and as
020 in octal. Similarly, 22 can be expressed in hex as 0x16, and as
026 in octal. A hex number is always preceded by Ox or OX whereas
an octal is preceded by 0 ( zero, not o or O ). C doesn't accept floats
in hex or octal.
With constants out of the way, let us now take a look at the variables.
Certain rules have been framed to create variable names. A variable
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name can be any combination of alphabets, digits and an underscore,

Figure 1.1 Integer, Character and Float ranges
with a proviso that the first character is an alphabet. The length of the
variable is a compiler dependent feature. Turbo C accepts a variable
name upto 32 characters.
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Operations on Data
C programs are concise partly because of the large number of
operators available with it. There are as many as 45 operators available in C. For starters we will concentrate only on arithmetic and
assignment operators..These are shown in the Figure 1.2. Operators
are classified as unary, binary or ternary depending on the number of
operands they operate upon. For example, + is a binary operator since
it operates on two operands that it adds.

Figure 1.2 Arithmetic and Assignment Operators
Except for % the other operators are as usual. % is read as 'modulus'
operator, and it returns the remainder on dividing an int with another.
As against this, a / returns the quotient. While evaluating an expression,- C gives priorities to some operators above the others. A unary
minus has the highest priority, followed by arithmetic operators and
lastly the assignment operator. Within arithmetic operators, *, / and
% enjoy a higher priority than + and -.
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Integer and Float Conversions
It is important to understand the rules that govern the conversion of
floating point and integer values in C. These are mentioned below.
(a)
(b)
(c)
(d)
(e)

An arithmetic operation between an integer and integer always
yields an integer result.
An arithmetic operation between a float and float always
yields a float result.
In an arithmetic operation between an integer and float, the
integer is first promoted to float and then the operation is
carried out. And hence it always yields a float result.
On assigning a float to an integer ( using the = operator ) the
float is demoted to an integer.
On assigning an integer to a float, it is promoted to a float.

The following figure illustrates these conversions, demotions and
promotions. Assume i to be an int and a to be a float.

Operation

Result

Operation

Result

i = 5/2
i = 5.0/2
i = 5/2.0
i = 5.0/2.0
i = 2/5
i = 2.0/5
i = 2/5.0
i = 2.0/ 5.0

2
2
2
2
0
0
0
0

a = 5/2
a = 5.0/2
a = 5/2.0
a =5.0/2.0
a = 2/5
a = 2.0/5
a = 2/5.0
a = 2.0/5.0

2.0
2.5
2.5
2.5
0.0
0.4
0.4
0.4

Figure 1.3 Integer and Float Conversions

The ABC Of C

7

printf() and scanf()
printf() is one of the most versatile statements in C. In fact, it is a
standard library function used to display the output on the screen. The
general form of printf() looks like this...
printf ("Format string", list of variables);
And here are a few examples...
printf ("%c %d %f, name, age, sal);
printf ("name = %c age = %d salary = %f, name, age, sal);
printf ("name = %c\nage = %d\nsalary = %f, name, age, sal);
Assuming the value of name as 'A', that of age as 23, and that of sal
as 1500.00, the output of the above printf( )s would be
A 23 1500.000000
name = A age = 23 salary = 1500.000000
name=A
age = 23
salary = 1500.000000
The first printf() prints the values of the variables name, age and
sal. As against this, the second would print messages against each
value displayed. In the third printf(), the \n is used to send the cursor
to the next line, hence the three values are printed on three different
lines.
Sometimes the list of variables may be dropped, as in,
printf ("Enter values of a and b");
In this case everything enclosed within the pair of double quotes
would be printed as it is on the screen.
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Having imbibed those details, now let us switch over to scanf().
scanf( ) is once again a standard library function. It is used to receive
values of variables from the keyboard. For example, the following
scanf() would let you supply the values of variables a and b.
scant ("%d%f,&a,&b);
>
The general form of scanf() is almost similar to printf( ), except for
two important differences:
(a)
(b)

Within the pair of double quotes there should occur only format
specifications like %c, %d, %f etc.
The variable names must always be preceded by the 'address
of operator &.
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Exercise
[A]

Complete the following:

(1)

C has been developed by
working at
.

(2)

Binary equivalent of 762 is
and its hex equivalent is

(3)

Maximum allowable width of a variable in Turbo C is
characters.

(4)

First character in any variable name must always be an a

(5)

C variables are case

(6)

A character variable can at a time store _ characters).

[B]

Point out which of the following variable names are invalid:

in the year

while

, its octal.equivalent is
.

( sensitive / insensitive ).

gross-salary
INTEREST
salary of emp
avg.
thereisagirlinmysoup
[C]

Point out which of the following C constants are invalid:
124.567
0001
0xbc40
0Xbc40
0x12.45
Oxfgff

.
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.001
-12e-12
[D]

What will be the output of the following programs:

(1)

main()
{
printf ("%d %d %d %d", 72,072,0x72,0X72);
}

(2)

main()
.{

printf("%d%o%x",72,72,72);

}

(3)

main()
{
char ch;
inta;
float b;
printf ("bytes occupied by ch = %d\n", sizeof (ch));
printf ("bytes occupied by a = %d\n", sizeof ( a ) ) ;
printf ("bytes occupied by b = %d\n", sizeof ( b ) ) ;
}

(4)

main()
{
printf ("char occupies %d bytes\n", sizeof (char));
printf ("int occupies %d bytes\n", sizeof (int));
printf ("float occupies %d bytes\n"„sizeof (float));
}

main()
printf ("bytes occupied by 7' = %d", sizeof ( T ) ) ;
printf ("bytes occupied by 7 =i%d", sizeof ( 7 ) ) ;
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printf ("bytes occupied by 7.0 = %d", sizeof (7.0));
I
(6)

main()
{
char ch = 291;
printf ("%d %d %c", 32770, ch, ch);
}

(7)

main()
{
printf ("%d%c\n");
printf ("%d%c\n");
}

(8)

main()
{
int a = 33000;
float b = 3.4e100;
printf("a = %db = %f\n",a,b);
printf ("%d %d", sizeof (a), sizeof ( b ) ) ;
}

(9)

main()
{
int a, b;
a = -3--3;
b = -3--(-3);
printf("a = %db = %d",a,b);
}

(10) main()
{
intx;
x = 3*4%5;
printf ("x = %d",x);
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}

(11) main()
{
intx;
x = 3 + 4-7*8/5%10;
printf ("x = %d", x ) ;
}

(12) main()
{
intx;
x = -3 + 4 - 7 * 8 / 5 % 1 0 ;
printf ("x = %d",x)i
}

(13) main()
{
intx;
x = 4%5 + 6%5;
printf (*x = %d",x);
}

(14) main()
{
intx;
x = -3M%-6/-5;
printf ("x = %d",x);
}

(15) main()
{
printf ("%d ",4/3);
printf ("%d", 4 / - 3 ) ;
printf ("%d ",-4/3);
printf ("%d",-4/-3);
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(16) main()
{
printf ("%d", 4% 3 ) ;
printf ("%d ",4%-3);
printf ("%d , -4 % 3 ) ;
printf ("%d ",-4%-3);
M

(17) main()
{
float a = 5, b = 2;
int c;
c = a%b;
printf ("%d", c ) ;
(18) main()
{
int x;
x = 3**4-7 8;
printf ("x = %d",x);
A

(19) main()
{
int g = 300 * 300/300;
printf ("g = %d",g);
}

(20) main()
{
floata=1.5;
int b = 3;
a = b/2 + b * 8 / b - b + a / 3 ;
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printf ( a = %f a ) ;
u

,

I

}

(21) main()
{
int i = 3, a = 4, n;
float t = 4.2.;
n = a * a / i + i/2*t + 2 + t;
printf ("n = %d", n ) ;
}
(22) main()
{
int q = 2, d = 3, st;
st = q*d/4-12/12+ 12/3*16/d
printf ("st = %d", st);
}

(23) main()
{
int a, b;
a = 5.999999;
b = 5.000001;
printf {"a = %d b = %d", a, b ) ;
}

(24) main()
{
float a;
a=4/2;
printf("%f%f,a,4/2);
}
(25) main()
{
printf ("%d %An", 4 , 4 ) ;

printf ("%d%f\n", 4.0,4.0);
}

(26) main()
{
float a = 4;
inti = 2;
printf ("%f %d", i/a, i / a ) ;
printf ("%d%f,i/a,i / a ) ;
(27) main()
{
printf ("%d Vsizeof (4) / sizeof (2.0));
printf ("%d", sizeof (2.0) / sizeof ( 4 ) ) ;
}

(28) main()
{
printf ("nn \n\n nn\n");
printf ("nn /n/n nn/n");
}

(29) main()
{
int p, q;
scanf ("Enter values of p and q %d %d", &p, &q);
printf ("p = %d q = %d", p,q);
}

(30) main()
{
int a, b;
printf ("Enter values of a and b " ) ;
scanf (" %d%d ",&a,&b);
printf ("a = %d b = %d",
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}

(31) main()
{
int p, q;
printf ("Enter values of p and q");
scant ("%d\n\n%d", &p,&q);
printf ("p = %d q = %d", p, q ) ;
}

(32) main()
{
int p, q;
printf ("Enter values of p and q");
scant ("%d % d \ p , q ) ;
printf ("p = %dq = %d", p,q);
}

(33) main()
{
/* This program attempts to find what happens when
integer range I* -32768 to +32767 */ is exceeded */
int a = 330000;
float b = 3.4e100;
printf("a = %db = %f\n" a,b);
I

}
(34) main()
{
printf ("Menu is a list of options you have at a \
particular point in a program. It is just \
like a restaurant menu - everything has a \
misleading name and what you want is never \
available.");
}

fE]

Attempt the following:

(1)

Write a program to round off an integer i to the next largest
multiple of another integer j . For example, 256 days when
rounded off to the next largest multiple divisible by a week
results into 259.

(2)

Temperature of a city in farenheit degrees is entered through
the keyboard. Write a program to convert and print the
temperature in centigrade degrees.

(3)

Two variables a and b contain values 10 and 20. Write a
program to interchange the contents of a and b without using
a third variable.

(4)

Write a program to find out how many days and how many
weeks have passed between the dates 01/01/92 to 31/05/92.
Also find out how many days could not get evened out into
weeks.
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Answers
Answers to [A]
(1)

D e n n i s R i t c h i e , 1972, A m e r i c a n
Telecommunication's Bell Laboratories

(2)

1011111010,1372, 2FA

Telegraph

&

The way to convert a decimal number to binary, octal or
hexadecimal is as shown in Figure 1.4. Take the case of
conversion to binary first. Since binary numbering system is a
base 2 numbering system, we carry out divisions successively
by 2 till we get a zero. The remainders obtained, when written
in reverse direction yield the binary equivalent. Similar procedure is carried out for conversion to octal and hexadecimal,
only difference being instead of 2 we carry out divisions by 8
and 16 respectively for octal and hex. Also note that octal
numbering system is a base 8 numbering system, and hence
any number in this system is built as a combination of digits 0
to 7. Similarly, hex is a base 16 numbering system, and any
number in hex is constructed using 16 digits 0 to 9 and A to F
( A being 10 and F being 15 ).
Once we have obtained the binary equivalent there is a simpler
and faster way of obtaining the octal and hexadecimal
equivalent. Let us first convert 1011111010 to octal. All that
we need to do is pick up 3 digits at a time ( from right to left)
and then go on writing their octal equivalents as shown below.
1 011 111 010
13 7 2
For example, octal equivalent of 010 is 2, whereas octal
equivalent of 111 is 7 and so on.
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The same method can be used to convert 011111010 to its
hex equivalent. Only difference being this time we would take
4 digits at a time. This is shown below.
101111 1010
2 F A

2
2
2
2
2
2
2
2
2
2

762
381 0
190 1
95 0
1
47
1
23
1
11
1
5
1
2
1
0
0
1

8
8
8
8

762
95 2
11 7
1
3
0
1

16
16
16

762
47
2
0

A
F
2

Figure 1.4
(3)

32 characters
This maximum allowable width changes from compiler to
compiler. Some compilers like Turbo C allow the user to set
this maximum width through its Integrated Development Environment ( IDE ) by selecting items from the menu in the
order: Options, Compiler, Source, Identifier length.

(4)

alphabet

(5)

sensitive. This means that variables sal, Sal and SAL would
be treated as different variables in C.
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only one character. In fact, if we execute the following statements, what gets stored in variable ch is not really the character
constant, but the ascii value of 'A', which is 65.
char ch;
ch = A ;
,

1

Answers to [B]
gross-salary

-

Because a minus ( - ) is not allowed in
the variable name. However an underscore (_ ) is acceptable.

salary of em p

-

Because spaces are not allowed within a
variable name. Thus, salaryofemp
would have been acceptable.

avg.

-

Because a V is not allowed in the variable name.

0x12.45

-

Because C accepts only integers in octal
and hexadecimal numbering systems,
not floats.

Oxfgff

-

Because ' g ' cannot be a part of a
hexadecimal number. Only alphabets allowed in a hex number are a to f, or A to
F.

Answers to [C]

Answers to fD]
(1)

Output
/258 114 114
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Explanation
C accepts integer constants in three numbering systems decimal, octal and hexadecimal. To differentiate between the
three, C specifies that the octal integer must be preceded by a
0, whereas a hex integer must be preceded by Ox or OX.
In this example, we are printing 072,0x72 and 0X72 using %d.
%d specifies that the value should be printed as a decimal
numbering system integer ( hence the d ). Therefore, decimal
equivalents of octal 072, hex 0x72 and 0X72 get printed.
(2)

Output
7211048
Explanation
Here %d prints out as a decimal number, whereas %o prints
octal equivalent of 72 and %x prints hexadecimal equivalent
of 72.

(3)

Output
bytes occupied by ch = 1
bytes occupied by a = 2
bytes occupied by b = 4
Explanation
sizeof is an operator which yields the memory occupied ( in
bytes ) by its argument. In C, a char is always 1 byte long, an
int is always 2 bytes long, and a float is always 4 bytes long.
Hence the output.
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(4)

Output
char occupies 1 bytes
int occupies 2 bytes
float occupies 4 bytes
Explanation
sizeof is an operator which yields the memory occupied by its
argument in bytes, sizeof can take as its argument not only
variables ( as shown in the previous example ), but also the
datatypes themselves. Output, as expected, would be 1, 2 and
4, confirming the fact that in C, a char is always 1 byte long,
an int is always 2 bytes long, and a float is always 4 bytes long.

(5)

Output
bytes occupied by 7' = 2
bytes occupied by 7 = 2
bytes occupied by 7.0 = 8
Explanation
A small surprise! Size of '7' is reported as 2. How come?
Because when we say '7', we are really specifying the ascii
value of 7, which is 55, an integer, and hence its size is 2. The
second output is as expected - an integer 7 being reported as
occupying 2 bytes in memory. Third output is of course unexpected. We were really expecting 4 instead of 8. This so
happens because a floating point constant by default is stored
as an 8 byte number. The same floating point constant, if stored
in a float variable, would be stored as a 4 byte number.
Consider the following example.
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float a = 0.7;
printf (*%d %d", sizeof (a), sizeof (0.7));
Here the output would be 4 and 8, confirming the fact mentioned above.
(6)

Output
-32766 35 #
Explanation
32770 falls outside the integer range ( -32768 to +32767 )
hence goes to the other side and becomes an appropriate
negative number (-32766) which gets printed.
Same thing happens to 291, which also falls outside the range
of char ( -128 to +127 ), hence goes to the other side and
becomes 35, which is then printed. The third output is the hash
character. This is nothing but the character corresponding to
ascii value 35. %c always prints the character corresponding
to the ascii value.

(7)

Output
-22A
-22A
Explanation
Here, even though we have not supplied any variables to
printf( ), still some garbage integers ( for %d ) and characters
( for %c ) get printed. This is however true only of characters
and integers. For example try the following statement:
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printf ("%f%f);
This statement gets compiled, but during run-time it flashes
the error message: printf: floating point formats not linked,
Abnormal program termination.
(8)

Output
a = -32536b = +INF
24
Explanation
33000 exceeds the valid integer range, whereas 3.4el00 exceeds the valid float range. In the first case the number from
the other side of the range is picked up, which in this case turns
out to be -32536. However, in case of 3.4el00 the printf()
simply prints out +INF, which should be read as 'plus infinity',
telling us that we are going beyond the valid float range on
positive side. If we attempt to print out - 3.4el00, printf( )
would output -INF.
Whether the range is exceeded or not, the number of bytes
occupied by variables a and b in memory remains unchanged
- 2 for an int and 4 for a float.

(9)

Output
a = 0b = -6
Explanation
'Minus of minus is plus'. This is true in usual arithmetic, so
also in C. Hence -3 - -3 becomes -3 + 3, which is equal to 0,
and is assigned to variable a. Similarly, while evaluating the
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next statement, -(-3) becomes +3 and therefore the statement
gets reduced to -3 - +3, which is equal to -6. This -6 is assigned
to variable b. The values of a and b are then outputted through
printf().
(10)

Output
x= 2
Explanation
The first operation performed here is multiplication, which
yields 12. And then 12 % 5 is performed, which yields the
remainder 2. This 2 is assgined to the variable x and then
printed out.

(1.1)

Output
x=6
Explanation
While evaluating an expression, the order in which the operations are performed depends upon the priority of operators
involved. In this example, the operations are performed in the
order * , / , % , + and -. Thus, the evaluation proceeds as follows:
x
x
x
x
x

=3
=3
=3
=7
=6

+ 4-56/5%10
+ 4-ll%10
+ 4 -1
-1

operation: *
operation:/
operation : %
operation : +
operation : -
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Note that 5 6 / 5 yields 11, since 56 and 5 both are integers, and
hence must yield an integer on performing any arithmetic
operation on them.
(12)

Output
x=0
Explanation
Here, the unary - gets the highest priority while evaluation,
followed by *, /, %, + and the binary minus. Stepwise, these
operations would be performed as follows:
x = - 3 + 4 - 7 * 8 / 5 % 10
x
x
x
x
x

(13)

= -3 + 4 - 56 / 5 % 10
= -3 + 4 - 1 1 % 10
= -3 + 4 - 1
= 1 -1
=0

operation : unary
minus
operation: *
operation:/
operation : %
operation: +
operation : -

Output
x=5
Explanation
% has a higher priority than +. But in the above expression
which % gets the priority? The one which occurs earlier. Thus
4 % 5 is performed before 6 % 5. 4 % 5 yields 4, whereas 6
% 5 yields 1, which when added results into 5, which is
assigned to x.
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Output
x=0
Explanation
Going by priorities of evaluating arithmetic expressions, firstly
the unary minuses are bound to their operands. This would
make 3 as -3, 4 as -4, 6 as -6 and 5 as -5. This is followed by
*, % and /. The step-by- step evaluation is shown below.
x = -3 * -4 % -6 / -5
x = 12%-6/-5
x = 0 / -5
x= 0

(15)

operation:
minuses
operation:
operation:
operation:

unary
*
%
/

Output
1-1-11
Explanation
On dividing two integers we always get an integer. If you
imbibe this fact, then the above program is a breeze. 4 / 3 will
resultinto 1, and not 1.333333. Whenever either the numerator
or denominator is negative, the answer will be negative. If both
are negative, then they cancel out, and the answer would be
positive.

(16)

Output
11-1-1
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Explanation
% operator always returns the remainder on dividing the first
integer by the second. If one of them is negative, then the result
takes the sign of the numerator. Once these facts sink in, the
above output is fairly straight-forward.
(17)

Output
Error message: Illegal use of floating point in function main.
Explanation
The % operator works only on integers, never on floats. Here
we are using it with floats a and b. Hence the error message.

(18)

Output
Error message: Invalid indirection
Explanation
The culprits here are ** and . Unlike many other languages
where exponentiation operator ( usually ** or ) is available,
C doesn't offer this facility. An omission which seems all the
more surprising when weighed against the fact that C offers as
many as 45 operators!
A

A

(19)

Output
g = 81
Explanation
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On first analysis, we would have expected the output to be 300.
But then the least that C langauge does is spring surprises on
you when you least expect them., forcing you to analyse things
a little more carefully. Here, on actually carrying out the
multiplication ( 3 0 0 * 300 ), the result exceeds the range of
integers (-32768 to +32767), hence goes to the pther side and
becomes an appropriate number, which is certainly not 300.
Hence, dividing this number by 300 doesn't yield 300.
(20)

Output
6.500000
Explanation
Steps involved in the evaluation of the expression are given
below. Note the following points carefully:
(a)

An operation between an int and an int would result into
an int. Thus, 3 / 2 would give 1 and not 1.5.

(b)

An operation between a float and an int would result
into a float.

Let us first replace the variables in the expression by their
values and then proceed with evaluation.
a
a
a
a
a
a
a
a

3 / 2 + 3 * 8 / 3 - 3 + 1.5/3
1 + 3 * 8 / 3 - 3 + 1.5/3
1 + 2 4 / 3 - 3 + 1.5/3
1 + 8 - 3 + 1.5/3
.1 + 8 - 3 + 0.5
9 - 3 + 0.5
6 + 0.5
6.5

operation:
operation:
operation:
operation:
operation:
operation:
operation:

/
*
/
/
+
+

