Constants,Variables,
and Data Types

INTRODUCTION

A programming 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
called a program. These instructions are formed using certain symbols and words according
o some rigid rules known as syntex rules (or grammar). Every program instruction must
confirm precisely to the syntax rules of the language.

- Like any other language, C has its own vecabulary and grammar. In this chapter, we will
discuss the concepts of constants and variables and their types as they relate to C program-
é_n_ling language.

CHARACTER SET

'The characters that can be used to form words, numbers and expressions depend upon the
computer on which the program is run. However, a subset of characters is available that can
be used 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

The entire character set is given in Table 2.1.

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

may be used to separate words, but are prohibited between the characters of keywords and
identifiers,
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a g
Trigraph Characters .

Many non-English keyboards do not support all the characters mentioned in Table 2.1. ANSI
C introduces the concept of “trigraph” sequences to provide a way to enter certain characters
that are not available on some keybeards. Each trigraph sequence consists of three charac-
ters (two question marks followed by another character) as shown in Table 2.2,
For example, if a keyboard does not support square hrackets, we can still use them in a
program using the trigraphs 72 and m B "
ErLaE - Table 2.1: m. m?.uk.m\.mnnw mWn_ Teoa
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Special Characters

. oEh

& ampersand
. period “ caret
; semicolon - m...sn__ww.
s colon — ninus sign
T question mark +plus sig .- g0 o e
‘ aposmophe < opening angle bracket :
“ guotation mark (or less than sign)
! exclamation mark > closing angle bracket -
| vertical bar {or greater than sign} -
/ slash { lefi parenthesis
* backslash ) rigltt parepthesis
~tilde [ 1eft bracket
_umder score ] right bracket
£ dollar sign . fleftbrace
%% pereent sign " ¥ right bface
: ’ # number sign
White Spaces
Blank space
Herizontal tab A,
Carriage return WS
Mew line
‘Form feed
Table 2.2 ANSI C Trigraph Sequences
. e nn do i THGrGpRSequeNce. . % . o " Telinslation .+ ;. .2 ]
- = R . # number sign
™ [ beft bracket,
m 1 right bracket
M { lef brace
= ) ) nghtbrace
i | vetticalbar
™ _ "\ back shash
™ ~garet
- - tilde
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In a passage of text, individual words and punctuation marks are called fohens

a C program the smallest individ 1 v Voot ens. Similarly, in
as shown in Fig. 2.1: C progran ual units are known as C tokens. C has six types of tokens

i mh.m_.:.u are ﬁ.ﬁ.ﬁ: using these tokens and the syntax of the lan-
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G Figl2i1C tokens and examples

[24] KEYWORDS AND IDENTIFIERS

Every C word is au.wﬁ.mmm as eit s s . :
Hisilngs and Hhse maank either a keyword or an identifier. All Eeywords have fixed

ngs caonot be changed. Keywords serve as basic buildi
for program statements. The list of all keywords of ANSI C are listed in .HM_uHm mmuwwpﬂnawm

words must be written in lo £ i iti
be identified from the C E%ﬂwmm. i S = AeE e Repaly et

, KR G99 a0 corik o oo S Agpapave GO Featurd 27

_n_ﬂ_ma.__nuun long . ] " switd
- register : typedel
i Teturn UrLon
” | shon unsigned
Hﬁ”ﬂ% for signed g vioid -
N . m.a.a - sizeol volatile
: i static : while -

:Eﬁﬂnmmﬂwﬂm HH.,E. to the names of ,_.,.mlmEmm. functions and arrays. These are user-defined
es and consist of a sequence of letters and digits, with a letter as a first character. Both
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0.0083 -0.75 435,36 +247.0

These numbers are shown in decimal notation, having a whole number followed
decimi! point and the fractional part. It is possible to.omit digits before the decimal point;
dig:is. atter the decimal point. That is, - : )

. : “2is. 85 =T &5
are all valid real numbers. - : A 5 K . :

/ vl number may also be expressed in exponential (or scientific) notation. For examp
the value 215,65 may be written as 2.1565e2 in exponential notation. €2 means multiply’

E Note that the character constant 5 iz not the same as the number 5. The last constant is
- g blank space.
Character constants have integer values known as ASCII values, For example, the state-
F ment
k" printf(*5d", 'a'});
would print the number 97, the ASCII value of the letier a. Similarly, the statement
: printf("%c”, '97'); )
‘would output the letter ‘a’. ASCIL values for all characters are given in Appendix II.

_ Since cach character constant veprescnis an integer value, it is also possible to perform
f arithmetic operations on character constants. They are discussed in Chapter 8.

10° The general formeis: 000 v . i
25 agh “ax T 21 i .......w}x,\

| ...mﬁm:m Constants

Y

B string constant is a sequence of characters enclosed in double quotes. The characters may
E he letters, numbers, special characters and blank space. Examples are:

“Hello! “1987" “WELL DONE™ #2...1" “§+3" “X*

B - Remember that a character constant le.g.. X} is not equivalent to the single character
S :tring constant (e.g., “X". Further, a single character string constant does not have an

B cquivalent integer value while a character constant has an integer value. Character strings
are often used in programs to build meaningful programs. Manipulation of eharacter strings
fire considered in detail in Chapter 8.

The mantisse is either a real number expressed in decimal notation or an integer. The ex,
nent is an intéger number with an optienal plus or minus sign, The letter e separating
mantissa and the exponent ean be written in either lowercase or uppercase. Since the ex
nent causes the decimal point to “float”, this notation is said to represent a real number
floating point form. Bxamplés of legal floating-point eonstants are; ;
i 0.65¢4 - 12e-2..-1.5e+5. 3.18E3 . -1.26-1 .. -
Embedded white space is not allowed. . :

_Exponential notation is useful for representing nu mbers that are either very large or vei
small in magnitude. For example, 7500000000 may be written as 7.5E9 or T5E8. Similarbyi
0.000000368 is equivalent to ~3.68E-7. _ .

Floating-point constants are normally represented as double-precision quantities. Hovwgl
ever, the suffixes f or F may be used to force single-precision and L or L to extend doubiEge
precision further. k-

Some examples of valid and invalid numeri

. : Backslash Character Constants

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

¢ constants are mi._ms in Table 2.4.

Table 2.4 -Exomples of Numeric Constants

Table 2.5 Backsiash Character Constants ~
Constant, vise ¢ s wiis Lk s Retarks. . :
6983541 Represents long integer B Constan! Meaning
25000 Comuna is ned allewed ) "yt audible alert (bell}
F5.0E3 {ANSI C supports imary plus) “ht : back space
3.5¢5 " : fonm feed
T.led Mo white space is permitted g’ new line
- 5¢-2 “rt CArTIaEs TEmm
1.5E+2.5 Exponent st be an integer Wyt horizontal b
$255 $ symbol iz not permitted I vertical 1ab
078 e : - Hexadesimal integer L single quote
8 e double quote
Single Character Constants " question mark
¢ A o : : L hackslash
A single character constant {or simply character constant) contains a single character e W aull

closed within a pair of single quote marks. Example of character constants are:
...mw .-.uﬂ L —“ i (3 ]
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integers, unsigned intcgers 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

|_.|[ .u_._n__._ ._,.Hﬁ \F

m ]

sl ol
=ity

i
P

range on a 16-bit machine,

fong

Fig. 2.5 - Integer types

L. . We declare long and unsigned integers to increase the range of values. The use of gualj-
i~ 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

-

s Table 2.8 Size and Range

of Data Types on o 1é-hir Machine

- Type
char or signed char
wnsigned char
tntor signed int
unsigned int

short int or

B R

b S T CR

“Range sfvalies

A ~ char, : : .. ~12810 127 _ signed short int
B % int = i = . =32,768 o 32,767 unsigned shogt int
float . . . 5 e 3.4c-3810 3 de+elB lang int or
double . 1.7¢-308 10 1.7e+308 signed long int
TE v e unsigned _¢_..H int
Integer Types . : dauble
Integers are whole numbers with a range of values supported by a particular machine, Geng fong doubie

Size (hits)
&
&
15
16

¥
3

32

]
-

L¥A
o4
&0

Range

=128 127
Q10255

=32, 76810 32 767
(11063535

=128 10 127
Mo 253

-2, 147,483,048 10 2, 147 483 647
004,294 967,295

3AE=381w0 3 4E+ 38

I.TE- 30810 1.7E+ 308
34E=-493210 | IF + 4932

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 wél
use a 16 bit word length, the size of the integer value is limited to the range —32768 to +3276!
(that is, ~2'° to +2'5-1), A signed integer uses one bit for sign and 15 bits for the magnitud
of the number. Similarly, a 32 bit word length can store an integer ranging from
2,147,483,648 10 2,147 483,647, : :

In order to provide some control over the range of numbers and storage space, C has thredflf:
classes of integer storage, namely short int, int, and long int, in both signed and ungh
signed forms. ANSI C defines these types so that they can be organized irom the smallest 1
the largest, as shown in Fig. 2.5. For example, short int represents fairly small integ
values and requires half the amount of storage as a regular int number uses. Unlike signedy

Floating Point Types

s illustrated in Fig. 2.6,

Floating peint (or real) numbers are store

At d in 32 bits (on all 16 bit and 32 bit machines), with
§ digits of precision. Floating point numbers are defined in € by the keyword float. When
the aceuracy provided by a float number is not sufficient, the type double can be used ta
define the number. A double data type number uses 64 bits giving a precisien of 14 digits.
These are known as double precision numbers. Remember that deuble type represents the
Same data type that float represents, but with a greater precision. To extend the precision
further, ye may use long double which uses 80 bits. The relationship among floating types
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- Programming in ANSIC
When an adjective {qualifier} short, long, or unsigned is used without a basic data type
specifier, C comipilers treat the data type as an int. If we want to declare a character variable

as unsigned, then we must do so using both the terms like unsigned char.

. :Defailt values of Constants ¢

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: ;
Literal tw . Type Value | 4
#1711 ki N i
-222 i, i L =222
456780 - . . . . unsigned int - 45,678
~567891 long int -56,789
987654UL unsigned long int 9,687,654

Similarly, floating point n...u”.:_m"”m:s_ by default represent double type data. If we
want the resulting data type to be float or long dotble, we must append the letter f
or F to the number for float and letter | or L for long double as shown below: .

Literai . Type Value
0. double. 0.0
0 : double’ 0.0
120 © double’ 12.0
1,234 double 1.234
-1.2f : float =1.2
1.23456789L

long double 1.23456789

4

User-Defined Type Umn...-wnw.mos

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

* tyede e identifies;
Where type refers to an existing data J._.um and “identifier” refers to the “new” name given
the data type. The existing data type may belong to any class of type, including the usez
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];

s

F constants), After

' 50 on, However, the automatie assignments

Variables in C ean have not onl
mvoﬁ their location and visibi
within which the variahles are recognized. Consider the following example:

{37
batch1 and rmﬂ"r.m are H._.=nHE.ma_ as int variable and namel [50] and nam e2[50} are declared as
50 element ﬁomram point array variables. The main advantage of typedef is that we can
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. 1t is
defined as follows:

 Constants, Varidbles, ind Data Types.

The “identifier” is a user-defined enumerated data type which
ables that can have one of the values enclosed wi

PR

can bo used to declare vari-
; f ¢ thin the braces (known as enumeration
this definition, we can declare variables to be of this ‘new’ iype as below;
enum identifier v1, v2, ... vni = g
The enumerated variables v1, v2, ... vn can only have ene of the values valuel, value2, .
valuen. The assignments of the following types are valid: : o :
i : = ¥l = value3; -
«¥5 = valuel; -

3 s

An example; : ;
~enum day {Monday,Tuesday, ..
epum day week st week end
. week_st = Monday; B
week end = Friday;
if{week st == Tuesday)
week end = -Saturday;

g signs integer digits beginning with 0 to all the enumeration
is, the enumeration constant valuel is assigned 0, value2 is assigned 1, and
can be overridden by assigning values explicitly

Sunday};

- The compiler automatically assi
constants. That

to the enumeration constants. For example: ;
enum day {Monday = 1, Tuesday, ... Sunday}i

_ Here, the constant Monday is assigned the value of 1. The remaining constants are as-
signed values that increase successively by 1, .

m_ The .Wm_mzm_._..“_s and declaration of enumerated variables can be combined in one statement,
xample: :

enum day {Monday, ... Sunday) week_st, week_end;

i} [25] DECLARATION OF STORAGE CLASS

y data type but also storage class that provides information
lity. The storage class decides the portion of the program

/* Example
int m;

mainf)

{

of storagé classes */

int i;
float balance;

e
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o

The process of giving initial values to variables is called initialization. C permits the i
tialization of more than one variables in one statement using multiple assignment opera
For example the statements

p=g=s5=10
x =y =z = HAX;

are ﬁ_:m The first mEﬂmEmE.. initializes the ﬂB.E.En@ P O, and s to zero while the se

Emw :
mmEmE._umu that external E"&, static quhﬂEmm are E_ﬂm_ﬁmm to,zero by mm_.n E_u. .._E
,.___E.._mEmu ,Eu.mw are not, ::E@:um_u _mkm..rnn__w .s._: contain mmhvmmn.

The qmﬂac_mw x and p have been %&mﬂ@a as nuwr-..méouﬁp ﬁ:mEnu. Zq_h m..ma the
the value of 1.234567890000 that we assigned to x is displayed thder different oltpu
mats. The value of x is displayed as 1.294567880630, under %.121f format, while the.
value assigned is 1,.234567890000. This is because the _._E,E_u—m x EE_ been declared as a fl
that can store values only up to-six decimal places. =

The variable m that has been declared as int is not able to store the _.__awsm mamuu LOETE,
Instead, it contains some garbage. Since nr.m program was run on a 16-bit machine
maximum value that an int variable can store is only 32767, However, the variable k
clared as unsigned) has stored the value 54321 correctly. Similarly, the long int variab
has stored the value 1234567890 correctly.

The value 9.87654321 assigned to y declared as double has been stored correctly but
value is printed as 9.876543 under %If format. Note that unless specified otherwise;
printf function will always display a float or double value fo six decimal places. We
discuss later the output formats for displaying numbers. -

| Program
! main)

g . {

B e amnrrn}4_g=m o S *f
float  x,p; i s

= double q._..:

; unsigned k
: \&..+.+.+...=mnrr=rﬂﬁm=m AND ASSTGNMENTS............ *f
H int .m = 54321 ; 2t ;
i leng int n = 1234567890 :
e ASSIGRMENTS . o vrenrsns P T 1
H % = 1.234567890000 .
I y = 9.87654321 ;

k = 54321 ;

p=q=1.0

Vi NP PRANTENGL iisvmanisiamsiss T i T

m——— Congtants, Variables, and Data Types “re v _a._

printf("m = %din", m)
printf(*n = %1d\n", n)
printf("x = %.121f\n", x)
printf(*x = %f\n", x)
printf("y = %.121f\n", ¥}
printf("y = if\wn", ¥} ;
printf{"k = %u p = ¥f q =

B

5.1211\n", Kk, p. Q) &

Output
m= -11215
n = 1234567590
x = 1.234567880630
% = 1.234568
¥ = 9.876543210000
y = 9.576543
k = 54321 p = 1.G0000C q

= 1.000000000000

Fig. 2.8  Examples of amﬁaansﬁ

: ﬁhﬂh-:m Data from Kevboard

ﬁba_&mq wiy of giving values to variables is to input data through keyboard using the scanf
function. It is a general input function available in € and is very similar in concept to the
‘printf function. 1t works much like an INPUT statement in BASIC. The general format of
'scanf is as follows:

scanf(“control string”, &variablel,&variablel,....);

‘The control string contains the format of data being received. The amperszand symbol &
before vach variable name is an operator that specifies the variable name’s address. We must
m“im.w.w use this operator, otherwise unexpected results may occur. Let us look at an exam-
ple:

scanf(“%d", &number);

When this statement is encountered by the computer, the execution stops and waits for
the value of the variable number to be typed in. Since the control string “%d” specifies that
an Eﬂmﬁmﬂ value is ta be read from the terminal, we have to type in the value in inleger form.
Once the number is typed in and the ‘Return’ Key is pressed, the computer then proceeds to
the next statement. Thus, the use of seanf provides an interactive feature and makes the
Program ‘uger friendly’. The value is assigned to the variable number.

[Example 2, 3] The program in Fig. 2.9 illustrates the wse of scanf function.

»
The first executable statement in the program is a printf, requesting the user to enter an
integer number. This is known as “prompt message” and appears on the screen like

Enter an inleger number

As soan as the user types in an integer number, the computer proceeds to compare the
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a4} - Brbgramming i ANSLC
three variables amount, inrate, and period, the computer begins to calculate the amoun
at te nd of each year, up to ‘perind’ and produces output as shown in Fig. 2.10. .

Maote that the seanf function contains three variables. In such cases, care should be exer-]
eisnd o e that the values entered match the order and ¢ype of the variables in the list. An;
mis.agteh might lead to unexpected results. The compiler may not detect such errors,

We often use certain unique constants in a program. These constants may appear repeated
in a number of places in the program. One example of suchi a constant is 3.142, represent
the value of the matherdatical constant “pi”. Another example is the total number of st
dents whose mark-sheets are analysed by a ‘test analysis program’. The number of studen
say 50, may be used for calculating the class total, class average, standard deviation, etc.
face two problems in the subSequent use of such programs. These are .

1. problem in modification of the program and

- 2. problem ?.c:m@..mﬁu&bm.wrm PrOgram.

Modifiability

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

Understandability

When a numeric value appears in a program, its use is not always clear, especially when
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 ancther place of the sar
program. We may forget what a certain number meant, when we read the program s
days later. .

Assignment of such constants to a symbelic name frees us from these problems. For exa
ple, we may use the name STRENGTH to define the number of students and PASS_MA
to define the pass marks required in a subject. Constant values are assigned to these nami
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

congtant is defined as.follows: 2

WValid examples of constant definitions are: :
#define STRENGTH 100
§define PASS MARK 50
fdefine MAX 200
) #define P1 3.14159
Symbolic names are sometimes called constarnt identifiers. Since the symbolic names a
constants (not variables), they do not appear in declarations. The following rules apply to

#define statement which define a symbolic constant: ‘

—_— Canstants, Variables, and Data Types

- .Tm

1. mw.:.&a,_mn nares have the same form as variable names. (Symbolic names are written
in .ﬁ,_ﬁ _..H.}_..m. to visvally distinguish them from the normal variable names, which arve
written in lowercase letters. This is only a convention, nol a rule.)

2. Noblank space between the pound sign ‘#' and the word define is permitted.

4. ¥ must be the first character in the line.

4 A E.E.w space is required between #define and symbolic name and between the sym-

- bolic neame and the consfant, :

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

6. After nm_E_:Ew. the uu.s__wur.ﬁ name should not be assigned any other value within the
w:_hm.nm..s by using an assignment statement. For example, STRENGTH = 200; is ille-
gal.

7. Symbolic names are NOT declared for data types. Its data type dopends on the type of
constant.

LS .w.._wmsn 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}.

#defline wEE:H:._“ 15 a preprocessor compiler directive and is much more powerful than

what d..sm ﬁmz mentiened here. More advanced types of definitions wiil be discussed later.
Tahle 2.11 illustrates some invalid statements of #define.

Table 2.11  Examples of Invalid ftdefine Statements

hSfatement Validity Remark
#define X = 2.5 Irvalid Y=t sign is not allowed
Han%%h.«nh.—ﬁ% 10 Invalid Mo E_.:-.f.mm.ﬁ.n between £ and define
.#_u_..:n z.m. 5 i “_._.r_._._:_..* Mo semicolon i the end
pi il .#mr_—n..__.w.._. S n._a-.._.r.r__. A statement can define only one name
i w 4 _z....__.E defing mFJ.___.E B in lowercase letters
fine PRICES 100 lvwalid E svmbol is not permntted in name

{212] DECLARING A VARIABLE AS CONSTANT

We may like the ﬁmw.w of certain variables to remain constant during the execution of a
ﬁ:wmwwﬂ.. i..m can achieve this by declaring the variable with the qualifier const at the time
of initialization. Example:
) const int class_size = 40;
Ma_um_,. 15 2 new m»ru. type qualifier defined by ANSI standard. This tells the compiler that the
..__” mMm of the ini v ariable class_size must not be modified by the program, However, it can be
on the right_hand side of an assignment statement like any other variable.

E DECLARING A YARIABLE AS YOLATILE

M-..__.M,.m_._mﬁmnnna ;mm.._s_wm anuther qualifier volatile that could be used to tell explicitly the

i Piler that a variable's value may be changed at any time by some external sources {from
side the program). For cxample:

volatile int date;
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10 Sum. =

£ T

. S

The variable number is déclared as float and therefore-it can'take both integer and real
numbers. Since the symbolic constant N is assigned the value of 10 using the u@mﬁﬂa state-
mient, the ‘program accepts ten values: and -calculates: their sum-using the while loop. .H._E
variable count counts the number of values and as'soon ag’it becomes 11; the i_wm—m loop is
exited and thén the Avérage'is calculated.” i e R T (T :

" 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 depefiderit on'the computer system. Such an inaccuracy
is due to the way the floating point numbers are internally represented inside the computer.
2. ..H.nhu_um-.wr....-ﬁ Conversion Problem. = i

The program presented in Fig: 2,12 converts the given temperature in fahrenheit to celsius
using the following conversion formula: .

F-32

kT

Program :
: #define F_LOW .0 J* mmmmmm——— e */
: #define F_MAX 250 J* SYMBOLIC CONSTANTS  */
fdefine STEP. 25 L R */

main()
.m 3
typedef float REAL ;

REAL fahrenheit, celsius ;

J* TYPE DEFINITION */
/* DECLARATION */

fahrenheit = F_LOW ; /* INITIALIZATION */
printf("Fahrenheit Celsius\nin")
while{ fahrenheit <= F_MAX )
{
celsius = ( fahrenheit - 32.0 } / 1.8 ;
printf(" %5.1f 57,2f\n", fahrenheit, celsius);

A e R D R R LR

br deadin b

A L

A e b i e

]
-sns e Lo i
fahrenheit = fahrenheit + STEP ;
y
3 Dutput
w Fahrenheit Celsius |
7 0.0 =17.78
m 25.0 -3.89
i 50.0- .- 10,00
1 /5.0 £3.89
] 100.0 .37.78,
125.0 51.67.
150.0 . 65.56
; 175.0 . 79.44
- 200.0 © 93,33
225.0 107 .22

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 specifieations %56.17 and %7.2 in the second printf statement produces two-
column output as shown.

@n:mms__ 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 gquotes, "
{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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the remainder of an tateger division. Exag

Operators and

o i 1 & a2 h
i o ] - .-. r
Expressions ‘s
e i 2 % 3 sl ot h
o . RORRER L O N T Ly Here a and b are variables and are Ynewn as aperieds The modulo divizion operator %
. ' annot be uwsed ¢n floating polnt © odues not have an operator for
% FAE ” # - Tl St UL wVE an o AT
. . PN o e TN porentiation. Older versions of C does not 2uppart vnaey plas but ANSL O SUPDOTTS it.
[37] INTRODUCTION . kb ¢Integer Arithmetic

C supports a rich set of built-in operators. We have already used several of them, st i
+ — * & and <. An operator is a symbol that tells the computer to perform certain Integer arithmetic ! e
ematical or logical manipulations. Operators are used in programs to manipulate: data * machine, as ___.c__._, nm_.w.c.:.q. " : an ...,:__ ; :
variables. They usually form a part of the mathematical or logical expressions. . . "/ 4 5 b 4 L
C operators.can be classified into a number of categories. They include: .. . |4

seger arichoctie.
¢ depends on the

RN I F T .v.rn =

1. Arithmetic operators ; : a-bh =

2. Relational operators _ ; a+bh = 1%

3. Logical operators - & o g : T

4. Assignment operators ; : A ,.4“5. alp o= :

5. Increment and decrement operators ; ; A = . LS T i

B. ﬁwduﬂ@mﬂwﬁﬁmu. ﬂh—mﬂ,ﬁ.ﬂﬂg ﬂu EH_H_.M m.-._.ﬂnﬂ_.“_-, givienr i ettt hae apeegad - e ad [T runcared
H 3 . e sefl e LTIMCATOC

[ v imis s am_.___a:_m Zero. If one of them 1x negative. e direcizon n ¢ applementation

8. Special operators v Sependent. That i, L e ntaiie

An expression is a sequence of operands and operators that reduces to a &:&n ..,...mwﬁm ;
example, . ) : S

.,.._u__u_.:n rm___q may be zern oy
a .m“_._._.:_mlw., during
4 .wﬁ...wm:n_ {the dividend: T

i, R

10+15

. TP : ) : ; Sl mealt e sl oy the sipn of the fir
is an expression whose value is 25. The __,mEmnmu_ummu_w type .Eumirmneanh. = gn of the first

[3:Z]. ARITHMETIC OPERATORS

C provides all the basic arithmetic operators. They are listed E Table 3.1. The opera
,*, and / all work the same way as they do in other languages. These can operate:.cn.

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

A DN Rl 1o conve o
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fEE

arithmetic expressions will be evaluated first and then the results compared.

| SE@» am EEE of arunging program. We :mqw already used the i_.u:_w mEFEwE_ inG

]
56§

S - ——== Operators and Expressions — = Hmw

..:..,.
aet .E?na_.& operator B! [34) LOGICAL OPERATORS
ee-1 and ae-2 are’ wzwrﬁmﬂn mxuammmmoﬁ which E»u be m:s_u_n constants, dmﬁu&
zombination of ﬁ._n_a Given below are’ moEm mmeu_mm oﬁEEuE um_,mg;m_ mu._:.mmﬁ

In addition to the relational operators, € has the following three logical operators.
their ﬂm_:mm

&& meaning lepgical AND

| wearing logical OR
4.5 <= 10 TRUE ! meaning logical NOT
45 <--10 FALSE The logical operators && and | | arc nsed when we want to tesi more than one condition
_35 »= 0 FALSE - and malke decisions. An example is:
10 <745 TRUE

a=bh&& x == ()

An expression of this kind, which combines two or more relational expressions, is termed
- a5 a ?m__.ni PADresSivn or 4 Szrac,:.a. refationad expression. Like the simple relational
L expressions, a logical expression alsc yields a value of vne or zero, according to the truth
1 .Ww—m shown in Table 3.3. The logical exprassion given above is true enly if a > b is frue and
= 10 is frue. If either {or boviv of then are false, the expression is false.

[ (A1)

. E& = n._..”_ ﬁmc.m au&_. _mn._m sum of .c_&:mm of a mam bi is ma:_mw S _._5 sum omﬂw_

n&,mum d.

.,_ﬂpmu arithmetic axﬁ_dmm_osm are used on either side of a Hm_ﬁsobm__ aumumg

arithmetic operators have a higher priority over w@mﬁ% T
xpre itements such as i1 and while to decid
e Rt ﬁm%hﬁ_ e i Table 3.3 Truth Teble

1. Decision statements are Emn:mmmm in detail in- Chapters.5 and 6..

Yalue of the expression

op-2
A, 3 i .... e N e TR ETI
o .ﬁ._\ﬁ{,ww@ Py v ik ap-2 ap-1 1 op-2
?..? b Mon-zére Man-wemo : 1
; A T g " Mon-zero 0 0 i
Among the six _m_m:oﬁm_ operators, mmn: ane is m.__“oEEm:.a:ﬁ of m:g;mq o_um;ﬁuﬁ b e : H
> is complement of <= 0 I 0
< is complement of 3 mssm examples of the usage of logical rx
- is complement of I= : :

L if{age » 55 && salary < 1000:
2. if (number < Q | | mamber > 100

We shall see more of them when wo di
z.-u.m..mu. Wmm.ﬁ._.._._r.m. Eﬂn..ﬂm.r__._.n.._ i of (e wple

“We can simplify an expression involving the not and the less than operators
using the complements as shown below:

e ._ S{RIFALETS aa foll &,
Actual one Simplified one peeraiars is as follows
.re_,. e il > BE € aw
TlE>Y ST L Kemy
Hxl=y) X ==y
g < =y} x>y 8
x> =yl diin |

W == y}.

Iti . : o
& Mportant to remernber this when we nse those operaters in componnd cxpressions,

B8] ASSIGNMENT OPERATORS

m&Eﬁ.Eu:p operators sre used buri. the: result of an 2 t_m.mmr.n to o variable, We hawve

mm,m ..
: _..ﬁm:u. the usual assignment operator, ‘=7 In addition, C has g sel o ‘shorthand assignmoent
ators of the form
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8 % ] CONDITIONAL OPERATOR

“ham; Ts equivalent to m = mel; {or m +=°1;)

--m; is equivalent to m = m=1; {or m == 1;)
We use the increment and decrement statements in for and while loops | extensively
While ++m and m++ mean the same thing when they form statements independe w i

they behave differently when they are used in mx_ﬂmmm.oam on :5 BNE. -hand m:_m of"

cxpl ? expl : exp3

-where expl, exp2, and expd are oxpressions.
*“The operator ? : works as follows: exp1 is evaluated first. If it iz nonzero (truel. then the

wmm_m-pﬁmﬁ statement: __ucaﬂmm.. the following: 140" =0 0 & = sl expression exp2 is evaluated and becomes the value of the expression. [fexp! is false, expJ is
; e e % L Ry : evaluated and its value becomes the value of the expression. Note that only cne of the
i ?.i | > “expressions {either exp? or expd) is evaluated. For example, consider the following
ey ‘statements.
In this case, the value of ¥ mum m would be 6. m__uﬁemm. :. we rewrite the above state : a = 10s
e S £ b = 15;
u.u-._.ﬂu... x=fa>n) 2a:h

In this example, x will be assigned the value of b. Thiz ean be achieved uzing the if. eise

then, the ﬁ._:m of y would be 5 and m would be 6, 4 _ﬁ,ﬁmabmﬁ.ﬁnw first adds I to the %ﬂw :
statements as follows:

and then the result is assigned fo the variable on feft..On the other hand, o postfix ope

first assigns the value to the variable on left and then increments the operand. i if {a * &)
Similar is the case, when we use ++ (or ——)-in subscripted variables, That is, the mrm_ﬂa i T
uT.I._ 10; alse
is equivalent te 2= b;
ali] = 10;
1= i+l;

BITWISE OPERATORS
The increment and decrement oﬁmwmnqﬁm can be used in complex statements. Example: @

m = n++ —j+10; E
Old value of n is used in evaluating the expression. n is E@ndﬁﬂﬁa after the ?..&:mﬁ
Some compilers require a space on either side of n++ or ++n.

- Chas a distinetion of supporting special operators known as bitwise operators for manioula-
ton of data at bit level. These operators are used for testing the bits, or shifting them mgit
or left. Bitwise eperators may not be applicd to float or doubie. Toble 34 lists the bitwio
operators and their meanings. They are discussed in detail in Appendix |

Table 3.5 Birwise Operators

Increment and decrement operators are unary operators and they reguire

variable as their operands. Uperatar Meaning
T % = et " &) =" il ANT
When postfix ¥+ for <=} 'is used with a variable in an expression, the a_n __u. ”__;_. n..,_w &
i L b1

mxuz..mmmo:_mm:m_:mﬁm...___ma_:m..zwq:mcz.m_zm_._.m_cmn_:_._méqac_mm:a”:mj
the variable is incremented {or decremented} by one, - o :

.T:e. me exchsive OR

When prefix + + {or — -} is used in an expression, the variable is incremented
[or‘decrementedy first and then the expression: is m_..meEn_ .._mim Sm new
vaiue of the variable,

@ SPECIAL OPERATORS

The precedence and associatively of + + m_ﬁ_ ~ — operators are the same as '
_:..cmm nm r:._m_:_. + m:n _._:mj... -

C sy =

uEﬂnﬂﬂawE S0me special gperators of interest such 25 comina eperator, sizeof opersie

sizeof Operators (& and *) and member sole id - 1 The comma wm
operators are discnssed in this section while the pointer opecators are disc
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KE")
1

[

&)
]
Lad mme W5

() (x+y) i ...,_.:+.=H..-_\.x el aly
: x4y 3 +y) R o A
hnWw L : i a*bic CRECR S € S  SE  - BE
wvﬁndpuun..-u. 5 Hix,...un...N..W.._..“_.. _:.._s;_n_:.. = S P\R wu_u
. - printf("y = %f\a", y);
Elee ™ L Xyre i in prinzf("z = ¥f\n", 2);
¥ ‘_\ ; i E : : i
: . -
) . Output
I EVALUATION OF mx_.xmmm_ozm
5. RN x = 10.000000
y = 7.00000C

Expressions are m__.muam_h.m ﬂwEm. an ﬁmmﬁnﬂmuﬂ mﬂu&gﬁsﬁ of the _.2.3
. : ; y ; - : z = 4000600

Variable is any valid C ...mﬁmEn name. When :5 mSSnﬁ.ﬂﬁw magsssnma the Eﬁ?.mm_

evaluated first and the result then replaces the previous value of the variable on th
hand side. All variables nsed in the expression must be assigned values before evalua
attempted. Examples of evaluation statements are .

Fig. 3.4 ilusiretions of avaluation of expressions

x=a*h-ce; . L arithmetic expression without parentheses will be evaluated from left fo right using the
y=b/c™a; s of precedence of aperatars. There are two distinet priority levels of arithmetic operators
z=a-b/c+d;

The blank space around an operator is a_uﬂa:u_ and adds only to improve reada High prionity * ¢ %
When these statements are used in a program, the variables a, b, ¢, and d must be

before they are used in the expressions.

Y _EH basie evaluation precedure includes ‘two’ lefi-to-right passes through the expression.
B the first pass. the bigh privrity eperaters (il any) are applied as they are encountered.
ng the second pass, the low priority operators (if any) are applied as they arc

quwmw.& Censider the following evaluation stalement that has been used in the program

The progrom in Fig. 3.4 fllustrotes the use of variables in mxu_mmm_
their evaluation. :

Output of the program also illustrates the effect of presence of m_E.m....Em@mm in mxwu_.m.wm.u

This iz discussed in the next section. 1= p-hiis p*2-

. 43 A Bia=9h= 2, and © = 3, the statement becomes
; Program s X 7 9-1 23 + 3421
iy . i = o b5 evaluated as foliows
; .ﬂ:u: = : AR Tl S ¥st pass

Stepl: x = G=ga3va.1

float a, b, ¢, X, ¥. Z3.
: Step2: x = 9_ ..y
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The third problem is to aveid overflow or underflow errors. It is our responsi
guaranteé that operands-are of the'correct type and range, and the result may no
anv overflow or underflow. ; Yo sl B a5 N e

. - 69

“rDuring evaluation it adh ; :
¢'During RIS T to very strict rules of type conversion. If the operands are f

-~ different types, the ‘lower’ type is automatically converted to the ‘higher’ type before ﬂ.ﬂm.

ums__:cnmﬂ_u.m.:qgms_:ma: . . ... .
.mm_&_.mwz.mﬁmﬁ_ e 57, _.._nr—n:.mﬂ.rwtm...anwﬁ:.:_n_wﬂmnc_:.mwm-s_..ﬁ.dnnmmwm

Output of the program in Fig. 3.6 shows round-off errors that can

computation of fioating point numbers. - S -
: i L gl i i i, ®
e e — : - i e I,
L D e - Sl o e b . f
S el 2 0 Sum of p terms OF Y |-, longint. . % w
! 1..&;:3 v T "k IR D S SR T I (L » i
covfloaty Sum, s B Skl . q : w.
o0 T et = LYot e T e 2 o]
. ..orintf("Enter-value of AT ... ol u.
R e f R, T e L ol
: term = 1.0/ 3 _ X
il o oahdelcount.e=n b gl !
v sum = sum +'term ;. .-
A . e L
w . i printf("Sum = sf\n®, sum) ;
M il : _ - Fig: 3.7 Process of implicit type conversion
: u
14 p . Given b i
- SaB o elow is the sequence of rules th i i
L A : at are applied while evaluati i
4 mmnmw value of n L ,Mw“.aﬁ mm_:w.w_._ char are automatically converted to int; nro“_ St
c ! ) . - T, € 0 the operands is long doubl i1
y 2 ‘ g double, the cther will be :
m wuﬂmq ,Ha.m_umwcww ] M_ﬁ qmw:: will be long double; - _ will be converted to long double and
4 e Z, s 7 i se, if one of the operands is double i :
e . » H.—._ 1y
: W”w . p.._uwi..,‘_.ﬁpz ke dunible & other will be converted to double and the
1 [ . else, , .
if one of the operands is float, the other will be converted to float and the result

R i e e e I
will be float:
else, if one of the o 1 i
Ise, perands 1s unsigned long int, th ri
: ] , the other will be -
m"uw_.“._mu_._mw long int and the result will be unsigned long int; feszimesioen
= _.,m MH..MM_M:M .avn_sﬁs.uw is _E..mn”mﬁ and the other is unsigned int, then
; int can be converted to long int, the unsigned int i
. M._uh_mrm_.uncr”m as such and the result will be long int; g i
) operands will be ; i i
. e et converted to unsigned long int and the result will be

m_mn_.moamc:r .
; & operands i
result will be —u:w.n.”:ﬂ s iz long int, the other will be converted to long int and the

« else, if one of th
e operands i1s unsigned int, the oth i g i
int and the result will be ndmmm...:nm_ ma_... A Sl S

L AT ; R St s e e
. We know that the sum.of n terms of 1/nis 1. However, due.to errors in. ]
representation, the result is not always 1. g | N

il

TYPE CONVERSIONS IN .mHﬂﬂmMm_DZm

Implicit Type Convérsion. S wg h

¢ permits mixing of constants and variables of different types in‘an expression. C au
-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. 1 E

L e —— -
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Because one of the conditions is FALSE, the complex condition is FALSE,

52 fntout
: e In the case of &&, it is guaranteed that the second operand will not be evaluated if the

O_vu-_n__nz u_._n m%«mﬂ.azn { 73 . '
M
1

11.0000
1.5000 - ' Hw“ is zero and in the case of | |, the second operand will not be evaluated if the first i is non-
1.8333" .
b M”Wwww R i ;s w Table 3.8 Summary of C Operators
Wuwwm A E g, T s ki i : §i .. @lﬂhﬁnﬁw y Description’ i Associativity S T - Rank:-
2.7179 * R : 0 Function call Lefi to right i
2.8290 il Aray element reference :
10 2.9290 W Unary plus :
ST = Unary minus Rightto leRt 2
T Increment :
== Decremment 3
! Logical negation
S = Ones complement
{5 OPERATOR EmnmUmznm AND ASSOCIATIVITY . . i ]
- g . : . E
As mentioned earlier. mmaw. operator, inC hias a precedence Eaﬂm&& with it. This ﬁﬁnm&mﬁ. ”“MM. .mﬁﬂ.uanaommw_ﬂ” .ro..n.h_n_..__..u_ r
is used to determine how an expression involving more than one operator is evaluated. There = A : 3
are distinct levels of precederice ‘and’an’ gperator may belong to one of these levels. Thig J Duwﬁh:aa_. Left toright 3 3
operators at the higher level of preceds are evaluated first. The operators of the samg % Mo g
precedence are evaluated either from .,._.nwn to right’ or from ‘right to left’, depending on \." % Additi :
level. This is known as the assaciativity property of an operator. Table 3.8 provides " m..!“.hnﬁa::: Lefi 1o right 4
complete list of operators, their precedence levels, and their rules of association. The groups = s _
are listed in the order of decreasing precedence. Rank 1 indicates the highest precedend 5 £ m_ﬂhw Lefi ta right 5
level and 15 the lowest. The list also inchudes those operators, which we have not yet bee =3 r.m&”
discussed. AR 3 £xs than Leit ta right & :
It e very pﬁgﬂmw_n to nb...,m nnqm_.c_a__ ﬂ_um E.nmw of w-donn_wsnm E.& mmmonﬁﬁﬁﬁu af Hr. ¥ MM““H.M.“ equal o 3
operators. Consider the following conditional statement: > GeentarBiaciiir st o
if (x == 10+ 15 &&y < 10) - Equality Lefi to right 7 1
The precedence rules say that the addition operator has a higher priority than the logical r.|_w.,| _“u..u,..:__:__._ . ]
vpernior (&d) and the relational operators ( == and < ). Therefore, the addition of 10 and _. — b fivibe AW Lefi o right ) i
is executed first. This is equivalent to i — Bitwise XOR Left to right 9
i 1&. S Bitwise OR Leftin hmﬂ.—u“ 10
if (x == 25 && y < 10 : % .
o s = Logical AND Left toright i
The next step is to determine whether x is equal to 25 and ¥ is less than 10. If we mmmca—% E Logical OR Leniofight =
a value of 20 for x and 5 for y, then : e W I Conditional expression Right to left 13
x == 25 is FALSE (0) m 5 - Assignmient operators Right to lefi 14
y<10is TRUE (1) F ,% 0
Note that since the operator < enjoys a higher _uzo:a__ compared to ==, y < 10 is tested maw “=I=
and ﬁ—ug x==25i8 ﬁmu.ﬁmﬂ. : = eis ism
Finally we get: : . o] Commaocperator Leftta right s
if (FALSE && TRUE)
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1. Salesman’s mm__w-.,u__ _ :
A computer manufacturing company has the following monthly compensation policy to th
sales-prrsons: . : g

Mini:oum base salary : 1500.00
Bonus for every computer sold . : 20000
Commission on the total monthly sales . .- 2-per cent

Since the prices of computers are changing, the sales price of each computer is fixed at

-~ beginnng of every month. A program to compute a sales-person’s gross salary is given B
.Fig.39., W bl

i ¥ sk 2o ik Vg oY T o 3 ..

i ~Program ol — LR, 3
m o .7 " fdefine 'BASE_SALAR 1500.00
: : #define BONUS_RATE 200.00
W #dafine COMMISSION U
- main{}’ I e
o { e e B
m“ int quantity 5 ;o :
b = . © flpat gross_salary, price ;
; float bonus, commission ; )
H . printf(*Input fumber sold and price\n")’;
7 . scanf("%d %f*, &quantity, &price) ;
& bonus < BONUS_RATE * quantity ;
w . iy ' commissian = COMMISSION * quantity * _ulnn...
i gross salary = BASE_SALARY + bonus + commission ;
i printf("\n")3 i -
P ' printf{"Bonus = %6.2f\n", bonus) ;
- < printf(“Commissian = %6, 2f\n", commission) ;
printf{"Gross salary = %6.2f\n", gross_salary) ;
L 9 sk o
. Qutput g — :
& Input number sold and price A
7 5. 20450.00 T :
‘s Bonus = 1000.00
; Commission = 2045.00
Gross salary = 4545.00

R S T e S

@,ﬂmmw.m awwﬁ.ﬁm ;

A

.m.?m.s the base salary, bonus, and ..E!meaqﬂ rate, the inputs necessary to calculate
gross salary are, the price of each computer and the number sold during the month.
The gross salary is given by the equation:

Operaters and Bxprssions
Gross salary = base salary + {quantity * bonus rate)
: *(quantity ® Price) * commission rate

— 77

2. Solution of the quadratic equation

An equation of the form

wl+bx+c=0

is known as the quadratic
the roots of the equation. A
two formulae;

equation. The values of x that satisfy the e i
: : quation are know
quadratic equation has two roots which are given by the ma:?.__w:”m

root 1 = ~bsqrt(b? - dac)
2a
T I_ulu.u:_,..cnl.._mnw

2 2a

A program to evaluate these roots

, is given in Fig. 3.10, :
input the values of a, b and ¢ and outputs e rcat & ProgTam requestsitiio noer to

outputs root 1 and root 2.

Program

#include <math.h>

_ME.__._E
float a, b, c, discriminant,
- rootl, root2;
printf("Input values of a, b, and e\n");
scanf("%f &f %%, &a, &b, &c); d
discriminant = b*b - §*a%; :
if(discriminant < @)
m._umu._._gn_.n;:f:mo_...qw ARE E}E:xmﬁ:;f

{

rootl « (-b + sqrt{discriminant})/{2.0*
root? 8 M-w - mnlmammniaima:wmmm.?w“
printf("\n\nRootl = %5.2f\n\nRoot2 = %5.7

e
rootl,root? ); W

}
}
Output
Input values of a, b, and ¢
24 -16
Rootl = 2.00
RootZ = -4.00
Imput values of a, b, and ¢
123
ROOTS ARE IMAGIMARY

T —
e e o e -
s i N R i R e P T AT =
L e R e A BRI LT A o s R e s g R 8 e P e BT L P
¢ BRI L A e e gt...%u.....nn....h.a?.r.,urs_.a,_..”.._En...“&oﬂm@..ﬁ...q_ﬁ

. Fig.3.10 " Solution of & quadratic equation
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s0} RETIABEANS €
3.11 What is the output of the following program? -
pin () ¢ - :
{
char x5
int ¥;
x = 100;
y = 125;
printf ("%c\n", X} . %
printf {(*%c\n®, ¥) i
printf (“xd\a", x) 3 .
rn ¥ _. 5 R LR § t ] et
3.12 Find the output of E%%%Em program? . :
main _.. w o L .......
int x = 1003 -, L
printf(sd/n, 10 +.x4+); .
printf{*%d/n®, 10°¥ +¥x);
3.13 What is printed by the following program?
-main

{ . .
int x = 5, y ~ 10, z = 10 ;
X =y == Z; -
printf("%d",x } -

]
3.14 What is the output of the following program?

main ()

{ .
int % = 100, y = 200;

printf (*%d*, (x > y)? x : ¥);
415 What is the output of the following program?

main ()
unsigned x = 1 3
signed char'y = -1 3
if(x > ¥ . _
else
printf(*x<= y") ;

}

Did you expect this output? Explain.

—— Operators and Expressions {81
; 3,16 What is the output of the following program? Explain the output.
. main { }
{
int x = 10 :
if{x = 20) printf("TRUE") ;

eise printf("FALSE") ;

3.17 What is the error in each of the following statements?
(a) ifm==1&n!=0

printf{“OK");

if{x =<5}

printf (“Jump”);

18 What is the error, if any, in the following segment?
int x = 10 ;

float y =" 4.25 ;

X = ¥in

3.19 What is printed when the following is executed?

for (m= 0; m <3; ++4m)

printf(*%d/n", (m%2) ? m: m+2);

:20 What is the output of the following segment when executed?
intm=- 14, n = 3;

printf{"%d\n", m/n * 10) ;

n = -n;

printf{"%d\n", m/n * 10):

(b}

fogramming Exercises

_ -8

.u.w Given the values of the variables x, y and g, write a program to rotate their values
s ﬂ_.wn.r that x has the value of y, y has the value of z, and z has the value of x.
S+ Vntea program that reads a floating-point number and then displays the right-most
3 mﬁﬂ.em the integral part of the number,

4 Modify the above program to display the two right-most digits of the integral part of
the number.
4 Write o program that will obtain the length and width of a rectangle from the user and
35 Mu..s.._..._:S its area and perimeter.

™ HIVen an integer number, write a program that displays the number as follows:

m_w_.”nﬁ line : all digits
- . ond line : il t first digit
Mg all except first digi

all except first two digits

Lastline . The last digit
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— e Plgpoging Input and Ouipur Uperations - rr— |-L BS5

¢ n.% i X . .
B ; e file neme sidic b = oan ui

jon Ainclude osiily
tents at thiz po .
o code when 1t ks carmpiiad

ot sherefiief sheprielenatond feader file, The in-

. READING A THARACTTER

mplest of all inputatitpu operations is reading a character from the ‘standard input’

. = s . a1 |-, 1 A ! L v ) BE e ; 3
.—.W\‘mm.H —.m.m_-bm h_.s—.ﬁ gﬂ ayy B i usually the keyboenii and writing it 10 the ‘standard output’ unit iusuaily the sereen),

ng a single mwu.ﬁﬁ.r:. can he done by using the function getchar, (Thiz can also be done
ghe help of the scanf function which is discussed in Section 4.4.) The getehar takes the
ing form: )

L 1

and Output
Operations

variable_name = getchar( );

e_name iz a valid C name that has been daclared as char type. When this statement
ntered, the computér waits until 2 key is pressed and then assigns this character as
e to getchar function: Since getehar is used on the right-hand side of an asgsignment
ent, the character value of getehar is in wurn assigmed to the variable name on the
or example

Shar hame:

name = gaichar(}:

[43] INTRODUCTION

Reading, processing, and writing of data are the three essential functions .2 ﬂ cq
program. Most programs take some data as input and display the processed da g ’
known as information or results, on a suitable medium. So mmw we have seen two m..___...m...
providing data to the program variables. One method is to assign values E_Mmﬁm_wm i
the assignment statements such as x = 5; a = 0; and so0 on. Another method is to" ! et

function scanf which can read data from a keyboard. We have used both the'meth
most of our earlier example programs. For outputting results we have used extensn

m.“ mﬂhﬁm character ' Lo G varmile name whcn we piess the key H on the keyboard.
elehar iz ¢ i i

dfufe o o7 reuairos o =mof 0 ....;._“._:..-..._.T.n et LI

T4 [y

Thes ¢

a2 s of gelehor tunchon in aninterac-
| A=

£ Program displavs o

ingle characror -¥ o, M.

function printf which sends results out to a terminal. iy o g DA TR R LU ACR T
Unlike other high-level languages, C does not have any built-in input/output sta e

as part of its syntax. All input/output operations are carried out through function 8- 15€, Outputs

as printf and scanf. There exist several functions that have more or less become SH3E

for input and output operations in C. These functions are collectively known as a&_w.ui Yo ure gowd S notling
/O library. In this chapter we shall discuss some comimon /O functions that canbe
many machines without any change. However, one should consult the system

manual for exact details of these functions and also to see what other functions u.nﬁm_

T wpe LT W [ LI 1l Gded L Ihess

It may be recalled that we have included a statement o 4_

#include <math.h> . i o A A ;

in the Sample Program 5 in Chapter 1, where a math library function cos(x) has ,umME inf m
This is to instruet the compiler to fetch the funetion cos(x) from the math library, an i3 1

is not a part of C language. Similarly, each program that uses a standard 1PY Shav aniwer: _

function must contain the statement sringt("iouid you Tike 10 kiow my sane?in®): _

#include <stdic.h>

at the beginning. However, there might be exceptions. For example, this is not 33%%.. .
the functions printf and scanf which have been defined as a part of the C langu

priciti"fyre ¥ {20 YRS arep G

i
Answey = eftohard
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‘Table 4.1 Character Test Functions

s

_uw.__E:A” c) Isc nﬂm,__.uu_gcn—gnnwmgﬂﬁq
isalpha(c) Is ¢ an alphabetic character?
isdigit{c) Iseadigit?

islowen(c) s ¢ lower case lener?

isprint(c) s ¢ a printable character?
ispunctic) Iscapunctuation mark? -
isspace(c) . Iscawhite space character?
isupper{c) * | Iscanupper case letter?

[43] WRITING A n_._.“»\m_pﬂ..mm

Like getchar, there is an analogous function putchar for writing characters one at a ti
form as shown below: :

m_w..“h__...;mn. ..-“W.‘mns .t_"_..ﬁwﬁ . da...?xr...._ ...
; SR R A R 2 L i
where variable_name is a type char variable containing a character. This statement d
plays the character contained in the variable_name at the terminal. For example, the sta

ments i

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.

Example:4.3) A program that reads a character from keyboard and fhen prints it iG]
= reverse cose is given in Fig. 4.3. That is, if the input Is upper caose, theazl
output will be lower case and vice versa. -

The program uses three new functions: islower, toupper, and telower. The functio R
islower is a conditional function and takes the value TRUE if the argument is a lowercas
alphabet; otherwise takes the value FALSE. The function toupper converts the lowercase:

argument into an uppercase alphabet while the function tolower does the reverse, - 1

Program

#include =stdio.h=

finctude <ctype.h=

main{) .- -

{ :
char alphabet;
printf{"Enter an alphabet");
putchar{'\n'); /* move to-next line */
alphabet = getchar();
if (islower{alphabet})

~ Mariaging Input and Output-Operatians.

—{ 80

a4 putchar{tou
] pper{aiphabet)); /+ ;
& aloe . p ))3/* Reverse and display */

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

i

“.n. OQutput

o Enter an alphabet
2 a

w A

m Enter an alphabet
o Q

i q

Enter an alphabet

¥,
(o]

= N LT ST FT
SRS s GEEZ TN e =

el AN et Tt T e LA S T
R e T e R e U R TR T T

[44] FORMATTED INPUT

Formatted input refers to an in _
y put data that has been arranged in a i
example, consider the following data: . L

15.75 123 John

This line contains three pieces of data, arran i i
. data, ged in a particular form. Such data h
H.”“___Mo“c_.ﬁwnw to the _”nuamn of its appearance. For example, the first part of .,,_.”_M M.g_”
; Je read into a variable float, the second into int, and the third part into c¢har. This
3 u..mmm&_m in C using the seanf function. (scanf means sean formatted.) .
e have already used this input function in a number of exam ples. Here, we shall explore

B._u& H_UW a 1
m_H— of E_..w 1ons are ava _.W._-_m m.: _mn—n_:_ [ w.uv at n_.ﬂ-_lm. f-_-wﬂ—u. H-“_ _ tion —HHM
W HH.—. 1T —.-m.n— s0¢a uncty .

- scanf (“control string”, aw._h....y.&-.m..w... nnws_ ..
The controf string specifies the field format i i i .

: n which the data is to be entered and th
m..m.ssmua .E_w_. arg2, ..., argn specify the addross of locations where the data is uSqm%
cmaamamﬂﬁsw and arguments are separated by commas. ,

. wontrol string (also known as format string) contains field i i ich di

Interpretation of input data. It may E&:mm"m e
. M”ME {or m..mwﬁmn. mu.w&m“nﬂwasm, consisting of the conversion character %, a data type

racter (or type speeifier), and an opticnal numbe ifyi i e

m. e e s p umber, specifying the field width.

lanks, tabs and newlines are ignored. The data type character indicates the type of data

that is to be assj, i i i
: gned to the variable associated with the correspondin t
width specifier is optional. The discussions that follow will clarify .nw.wmw,,_nﬂnsﬁmﬂ,. i
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The first seanf requests input data for three integer values a, b, and ¢, and mﬁnnm.mam_m.w
thes 7 -1 2 and 3 aré keved in. Because of the specification %%d the value 2 has been- §
skipged and 3 is assigned to the variable b. Notice that since no data is available for ¢, L |

o

w warbage. ; 2
¢« ~vad scanf specifies the format %2d and %4d for the variables x and ¥ respectivel
Wheoever we specify field width for reading integer numbers; the input numbers should o

Lo U]

contain more digits that the specified size. Otherwise, the extra digits on the right-hand sideg

wiki iz 1uncated and assigned to the next variable in the list. Thus, the second seanf
Lrvtiar v four digit number 6789 and assigned 67 to x and 89 to y. The value 4321
bezi. iwugned to the first variable in the immediately following scanf statement,
NOTE: It 15 legal to use a non-whitespacé character between field specifications, Howeve
the scanf expects a matching character inrthe given location. For example,
o ,‘. scanf("4d-%d",  Ba," &b); .
accepts mpui like i S e
. 123-456
to assign 123 toa and 456 tob. -~ T

ie gt

Inputting Real Numbers

Unlike integer numbers, the field width of réal numbers is not to be specified and therefor
scanf reads real numbers using the simple specification %f for both the notations, namel
decimal point notation and exponential notation, For example, the statement :
scanf("%f %f %", ix, &y, 82);
with the input data
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
be separated by any arbitrary blank spaces: : :

If th« number to be read is of double type, then the specification should be %If instead .

simple %f. A number may be skipped using %*f specification.

amanmjmormo_:ca_um_;:Uo:.__amn__.:u_no_guna mxno:m::ﬂ_:ﬁ
tion) is ilustrated in Fig. 4.5. :

a

i mﬂam.ﬁ.
main(}
{
float x,y;
double p,q;

printf{"Values of x and y:"};
scanf{"%f %e", &x, &y):
printf{“\n");.

printf("x = %f\ny = %f\n\n", x, y);
printf("Values of p and q:");

g

3 Wmtrw:z\m«ﬂ!'

Managing _:mﬁ.u.l..b«m?ﬂ _,..Uu.n.qﬁaa

scanf("31f $1F", &p, Eq):
printf("\n\np = %.121f\np = %.12e", P}

Output

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

Values of p and q:4.142857142857 18.5678901234567390

p = 4.142857142857
q = 1.856780012346e+001

Jos

B N s o 0 P T ' o s e m e

61 ] ._Huu_:».mﬂw Character Strings

We have already seen how a single character can be read from the terminal using the
getehar function. The same can be achieved using the scanf function also. In addition, a
seanf function can input strings containing more than one character. Following are the

HE : specifications for reading character strings:

%ws or q\T_.rvn....

used to read a single character when the argument is a pointer to a char variable.

Example. 4.6] Reading of stings using %we and %ws is ilustrated in Fig. 4.6,

The program in Fig. 4.6 illustrates
When we use %we for reading a stri

S The corresponding argument should be a pointer to a character array. However, %¢ may be

the use of various field specifications for reading strings.
ng, the system will wait until the w'™ character is keved in.

Note that the specification %s terminates reading at the encounter of a blank space.

Therefore, name2 has read only ¢
automatically assigned to name3. However, during the second run,

torrectly assigned to name2.

" —

et (%0 o

BT

he fivst part of *New York” and the second part is
the string “New-York” is

R R

Program
a_m_.:__.._
{
int no;
char namel[15], namez[15], name3[15]:

grintf("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");

i
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Detection of Errors in Input i
nax

15 p: 1.575 coffee .
correctiy and assign the values to the varinbles in the order in which they appear. Son
systems accept integers in the place of real nuinbers and vice versa, and the input da

corwerted to the type specified in the control string. !
MEYUE: A space hefore the %c specification in the format string is necessary to skip the white s
hafore 1 k neombe H

When a scanf function ﬁ.rﬁE..ﬁm reading. its _Wr it returns the value of number of iter
that are successfully read. This value can be used to test whether, any errors occurre
reading the input. For example, the statement

scanf{"%d %f %s, &a, &b, name);-
will return the value 3 if the following data is typed in:

. 20 150.25 mator- . !

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-po
value, and would therefore terminate its scan after reading the first value.

The program presented in Fig.4.8 llustrotes the testing for comeciness &
reading of data by scanf function. _

The function scanf is expected to read three items of data and therefore, when the values
all the three variables are read correctly, the program prints out their values. During:
third run, the second item does not match.with the type of variable and therefore the readi
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 hi
been printed. When we attempt to read a real number for an int variable, the integer part

assigned to the variable, and the truncated decimal part
16 ChiaEgAtep; 218 akighed ta

Program
g mainf}
. ol
int a; Vet
float b; : g . ak
char. 3 7 . - i 5
orintf("Enter values of a, b and c\n"); " 4
if (scanf("%d %f %", 3a, &b, &¢) == 3) orehe
printf("a'= %d b = %f ¢ = %" , g, b, c); .
else
printf{"Error in input.\n");
}

—_— e —— Managing Input and Qutput.Operations

Uutput
Enter values of a, b and ¢
12 3,45 A
a =12 b = 3,450000 c*A
Enter values of a, b and ¢ _
23 749
a=23 b =78000000 ¢ =98
Enter values of a, b and <
8 AS5.25
Error in input.
Enter values of a, b and ¢
Y 12 &7
Error in input.
Enter values of a, b and C
15.7% 23 X
cse=Z

a =15 b = 0.750000

Fig. 4.8 Detection of errors in-scanf input
Commonly used scanf format codes are given in Table 4.2

Table 4.2 Commanly used scanf Farmat Codes

e Code Meaning

= Y vead a single charactar
Yol read a dectmal integer
Yot read a floating point value
Yl read a floating point value
o read 3 floating point value
Yah read a short integer
Yol read a decimal, hexadecimal or octal integer
iy read an ool integer
Y5 read asiring
You read an unsigned decimal integer
Sl read a hexadecimal integer
%] vead a string of word(s) ;

The following letters may be used as prefix for certain conversion characters.
h for short integers
I for long integers or double 3
L for long double
 format, e B

nﬁ%oﬁ more format codes. See the Appendix "C99 Features".

Points to Remember While Using scank

If we do not plan carefully, some ‘erazy’ things can happen with seanf. Since the /0 routines
are not a part of C language, they are made availahle either as a scparate module of the C
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the % character, as .qu______...._...x.__ the fourth example above, It is also possible to pad with. z
- the leading blanks by placing a 0 (zero) before the field width, speci

s R .

Output of

.__E'__m =TT e Maraging Input and Outpur Operatians — ——-- |-||_ 101

©+ Format
print{“%d”, 9876) 58176 : e
: : , The integer i indicates the minimum number of positions that are to be used for the display
printf“%6d”, 9876) _ _ _ 9 ﬁ & __ 7 _ml_ f of the value and the integer p indicates the aumber of digits to be displayed after the decimal
—— : ¥ ; £ point (precision). The value, when displayed, is rounded to p decimal places and printed
printf(*%2d”, 9876) 9]8]7]6] \  right:justified in the field of w columns. Leading blanks and trailing zeros will appear as
- a ) : . ) ¥ necessary. The default precision is 6 decimal places, The negative numbers will be printed
printf{“%-6d”, %76) . |9]8|7[6] " e e f _with the minus sign. The number will be displayed in the form | - | mmm-nnn.
i o e T R : We can also display a real number in exponential notation by using the specification:
2gy .ﬁﬂﬂ.ﬂ_wmugmﬁ_#. 9876) ﬁ 0 ﬁd ﬁ ﬂ_ muﬁ....._. _ﬂ . J i e

Itis possiblo to force the printing o be eft ustified by placing r.a minus sign directly s % w.p e
3 - The display takes the form
ifier as shown in the i

. [ -] m.nunnefl + Jex
where the length of the string of n's is specified by the precision p. The default precision is 6.
The ficld width w should satisfv the condition.
; W2 p+T
The value will be rounded off and printed right Jjustified in the field of w columns.
Padding the leading blanks with zeros and printing with lefl-justification arc also possible
by using flags 0 or - before the field width specifier w,

item above. The minus (-) and zero (0} are known as flags. :
Long integers may be printed by specifying 1d in the place of d in the format specifica
mu._.qmﬂm.zu,, we may use hd for printing short integers. - :

&
LT e R T

9) The nxﬁm. ram in Fig. 4.9 ilustrates the oulput-of integer ntirmbers un
.éﬂccm.ﬂoﬁo@. il (RS ity i

& Program
main{) The following examples illustrate the output of the number y = 98,7654 under different
{ format specifieations:
int m = 12345,
long n = 987654, Format Qutpiet
printf(“%d\n*,m); printf“%7.41",y) ? [8].1776[574]
printf("%10d\n",m); o=
printf{“%010d\n",m}; printi*%7.26,y) h .m|_|o.“ Ll ! _P_
nlsni..,.wu_.an...;...a_: i 4 [ e T H.. =
printf{“5101d\n",n); printf“5-7.2F y) __rEm._l_.__lﬁ_._m i ]
Cprintf("%101d\n",-n); et -
| : printfi“%f y) SRR LEBLD
Qutput . =—u G e
T ", ~ 1 a1 = T
E#:E printfi*%10.2¢" ) ENLEE .iM_ =T0 .".m
0000012345 printh“%11.4e”, -y} E@ | ._<m I3 _f.ﬂ.ﬁul_h | c_ 1]
i 12345 _ S e T
: 987654 PrintR"%-10.2¢" y} Y88 e[+ T0 1T 1)

printf(“%e”,y) T8 7T sTa [0 el=ToTT]
Some systems also support a special field specification character that lets the user define *
the field size at run time. This takes the following form:

Al ik 3
Real Z._.._H.f_wu..m ; o .
The sutput of a real number may be displayed in decimal notation using the following format
specification: $

printf(“%". *f", width, precision, nitmiber);
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104 - ; e — . Managing Input and Qutput Operations -—— mmmem— e |m 105
s printf{"\n"): . i : T Code Meaning
i _ . printf("0UTPUT OF STRINGS\n\n"); e il ot L
printf("ss\n", name) ; LH M“.”“H ”,““”M_ mteger, without leading yenp
n_.J :n“ n._#wbu.__.n 4 .__m—_.__m.,_ : o print an ._.%._...“:E_ decrmal intweger
u..”:—.“ {"% _”.Lum.u:_ » name); o print & hexadecimal integer, without leading €x
" printf("%.55\n"; name); .
printf("%-20,10s\n", name); - ' The following letters may be used as prefix for certain conversion charactors,
printf("%5s\n", name); b for short integers
) 1 for long integers or double
il Outpat ;v o e L R T "L for long double,
%_, OUTPUT "OF CHARACTERS
m _____“\\h ¥ Table 4.4 Commonly used Qutput Formor Flags
wm ; | A b . : m Flag Meaning
W =ird Yok s A LS R oy W B .. - % - Output is lef-justified within the field. Remaining Geld will be blank.
él R i & e R * + or - will precede the signed numeric item.
w. S OIS - T "...”E._.;.c._. OF:STRINGS. ... i -, .o .- 0 Causes leading zeros to appear.
# -ANIL KUMAR.GUPTA -~ ... # (with 0.0 ) Causes octal and hex items 1o be preceded by O and Ox, respectively.
i ANIL KUMAR GUPTA #{withe, rorg) Causes a decimai point to be present in all floating point numbers, even
# ANTL KUMAR il'itis whole number. Also prevents the truncation of railing 2eros in g-
, tvpe conversion.
K BRI C99 sdds some more forma: codes, See the Appendix - C9 Peatares’,

i
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.m:bmsnwzﬂ the Readability of Output

§ Computer outputs are used as information for analysing certain relationships between vari-
i§ ables and for making decisions. Therefore the correctness and clarity of outpuls are of ut-
IE Tost importance. While the correctness depends on the solution procedure, the clarity de-
pends on the way the oulput is presented. Following are seme of the steps we can take to
imprave the clarity and heace the readability and understandability of sutputs.

1. Provide enough blank space between two numbers.

2. Introduce sppropriate headings and variable names in the aulput,

4. Print special messages whenever a peeuliar condition vecurs in the outpus,

4. Introduce blank lines hetween the important sections of the output,
. The system usually provides two blank spaces between the numbers, However, this can be
Mereased by selecting a suitable field width for the numbers or by intraducing a ‘tab’ charac-
ter between the specifications. For example, the statement

printf{“a = %d\t b = %d", a, b};

¥ill provide four blank spaces between the two fields. We can also print them on two separate
.. lines by using the statement
printf{®a = %d\n b = %d", a, b):
Messages and headings can be printed by using the character strings directly in the printf
Satement, Examples:

Mixed Data _Dﬁsﬁ.:n " % . .

It is permitted to mix data types in one printf statement, For example, the statement of

o printf("%d & %s:%¢c", a, b, ¢, d); - !
is valid. As pointed out earlier, printf uses iis control string to decide how many variablesll
be printed and what their types are. Therefore, the format specifications should mateh ¢
variables in number, order, and type. If there are not enough variables or if they are of;
wrong type, the cutput results will be incorrect. . 4

i

Table 4.3  Commonly used printf Format Codes

Js%m&ﬁ%.wﬁwﬁﬁw..b&
printasingle character . -

print adecimal integer i

print a floating point value in exponent form

print a floating point value without exponent :
print a floating point value ¢ither e-type or Ftype depending on

PRI
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[ eer.Printing of End of Table,.....eeneensersns®/

BT

S04
Output s % ;

", ognm b2

value = goantity[i]" = rate[i];

printf(*%5s %10d %10.2f %e\n",code[i],quantity[i],
rate[i],value);

total value += value;

i+

2

}

printf("=—————————=——=--\n"};

printf(* -~ v " Totdl-VaTue = %e\n”,total_value);
ulaﬁ:._llnnwnu|.||n||_,..|._n|.4_m..;u i)

m._f__a. code, quantity, and rate:F105 275 575.00
Enter code, quantity, and rate:H220 107 99.95 .
Enter code; quantity, and rate:1019 321 215.50

.. Enter. code, -quantity, and rate:M315 B9 Hmm-S

R e

saand b DHENTORY REFORE- " ~ "= T T
. :Code. - Quantity -Rate...- .. Value. - o
FI05 75 575.00 1.561250e+005
: K220 107 99.95 1.069465e+004
: 1019 321 215.50  6,917550e+004
M315 89 725.00 6.452500e+004

Total Yalue = 3.025202e+005
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2. Reliability Graph .
Problem: The reliability of an electronic component is given by

=&t

reliability (v) =e

where 2 is the compoient failure rate per hour and t is the time of operation in hours
graph = required to determine the reliability at various operating times, from 0 to 30

hours The failure rate

ke DA e

A A A

et e W AP AR

A (lambda) is 0.001.

el Problem

i #include <math.h>

¥ fdefine LAMBOA 0.001
¢ main() . g s ) —
’ & : g

i double t; :

T float r;

'y int i, R

n for (i=1; i<=27; ++i)

; {

Output

Sk

- KRS

C TR e N i

o

;
b
]

X

Mraragiig JFpus

printf("~-");
}
printf("\n");
for {t=0; t<=3000; t+=150)
4 :
r = exp(-LAMBDA*L);
B = (int)(50*r+0.5);
printf{* |");
for (i=l; i<=R; ++i)
{

}
printf("#wn"); .- B W 4 - T
| A -

mo,,._“..mur m.nw“ ..r.”_ .

ﬂ..... .
uqmnﬁﬂﬁ._f:;un_ . .
| & i

} B i

printf(*+*);
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Decision Making'and Branching “ 115

ansfers the contral to a particular statement. This point of program has two hn...“_‘.uu to fol-
low, one for the true condition and the other for the false condition as shown in Fig. 5.1.

Decision Making

and Branching

True

A
AT
ST

ik
Ll

Fig. 5.1 Two-way branchin :
Some examples of decision making, using if statements are: Sk g o
1. #f (bank balance is zero}

borrow money
2. if (room is dark)
put on lights
3. if (eodeis 1)
person is male
4 if (age is more than 55)
person is retired ) _
The if statement may be implemented in different forms depending on the complexity of
cenditions to be tested. The different forms are:

L. Bimple if statement

2. if.....else statement

3. Nested if....else statement

4. else if ladder.

We shall discuss each one of them in the next few sections.

[5] INTRODUCTION

We have seen that a C program is a set of statements which are normally execu
sequentially in the order in which they appear. This happens when no options or
repetitions of certain caleulations are necessary. However, in practice, we have a numbei
situations where we may have to change the order of execution of statements based
certain conditions, or repeat a group of statements until certain specified conditions arem
This involves a kind of decision making to see whether a particular condition has occurred of
not and then direct the computer to execute certain statements accordingly. .-

C language possesses such decision-making capabilities by supporting the follow
statements; Wy t

1. if statement

2. switch statement

3. Conditional operator statement

4. goto statement £ g

These statements are popularly known as decision-making statements. Since these s
ments ‘control’ the flow of execution, they are also known as control statements.

We have already used some of these statements in the earfier examples. Here, we sh
discuss their features, capabilities and applications in more detail, . : _

[53] SIMPLE IF STATEMENT

The general form of a simple if statement is
if (test expression)
.H . -
statement-bhlock:

[Ri2] DECISION MAKING WITH IF STATEMENT

The if statement is a powerful decision-making statement and is used to control the flow of

P S R

execution of statements. It is basically a two-way decision statémient and is used g }

conjunction with an expression. It takes the following form: e statement-x;
S L e iz . The ‘statement-block’ may be a single statement or a group of statements. If the unm,_mﬁ
3 %W?uh .wﬁﬁn.mhﬁ,.ax ey 4K Pression is true, the statement-block will be executed; otherwise the statement-block w

It allows the computer to mﬁm_._gm_..m the mx_uwmmm_aa m:.mn and-then, mmwmu&_.ﬁ on .E_um ..._".._. skipped ang the execution will jump te the statement-x. Remember, when the condition is

the value of the expression (relation or condition) is ‘true’ (or non-zero) or ‘false’ (zero), m_..« i

b
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if (weight <.50)
if (height = 170)
count = count +Hi;

T.. ; Applying De Morgan’s Rule

While designing decision stateme

] . nts, we often come across a situation where the
_omam_ _7__04 aperator s .mmu_._mm. E a compound logical expression, like
x& m%._ +1z). However, a positive logic is always easy Io read and comprehend than
a negative logic. In such cases, we may apply what is known as De Mor __‘V._zH |

make the total expression positive. This rule js as fetlows: Kbt

gt turn is another if statemint. This if statement tests height and if the height is gre
than 170, then the count is incremented by 1. R ?

y — ..___Z_u_..wn Mg et S : Remove the ?.:mq__..mwmm by applying the NOT cperalor 1o every logical expres-
: | : v ! o iy sion component, while complementing the relational operatars®
: A : That is,

_\ fnt. count, 1},
) float weight, height;

% becomes Ix

i

Ix becomes x

count = 0; 4

i . . && becomes H
printf{“Enter weight and height‘for 10 boysin"};

s ;
tases, the control is transferred subsequently to the statement-x.

¢ I becomes &&
i for (i =1;'i <= 10; i++) —
: * . o
& scanf("%f %, &weight, &height); fx && y || 12) becomes ix || Iy && z
el if (weight < 50 && height > 170) Wi &t el .
: Cint = coanl =~ . 0 i} lcondition) becomes x >0&& condition _
hE
i } _
& printf{"Number of boys with weight < 50 kg\n");
2 printf("and height > 170 em = %d\n", count); N
k- & B SR S g B4 THEIF....ELSE STATEMENT
w Dutput - 6 o T ”.ﬂ..mmm.:m_.wm . ; : , :
w“ . p . ) o 5 > wgﬁﬁwuww_m:wi”&. the simple if statement. The general form is
_..,M [ Enter weight and height. for 10-boys % ﬁ I TR ==
w 45  176.5 } | (test expression)
B . 85 e . ¢ . 3 i
¥ 47 :168.0 .- “ h e True-block statement(s)
o 49 170.7 ; k }
& 84 169.0 B : else
m.ﬁn 53 170.5 f
: 49  167.0 . !
i 48  175.0 - Lo , False-block statement(s)
4 47 167 T AR G
i 5 . ) R T : - |
5 U fumber of boys with weight < 50 kg | i B
i i S e | 38 fest ex O i i :
_m. 2:_ :.mﬁ.:m. va..:é cm =3 e e s Matements mq%.“.”w”“.ﬂw% E.“.Fm. then the true-block statement(s), immediately following the if
Lo e ) N O aE cith., Erite Blach o : ;ot .mjﬁ.mm.ﬁvm_wiua.ﬁenw statemeni(s! are executed. In either case,
: .”._x.n_u th or false-block will be executed, not both. This is illustrated in Fig. 5.5. In
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Decision Making and Branthing f

. = term = .sum = count 113
il ; g T—1If  {test condition.1) .
q _”_.:m (n <= 100) L i (test conditon-2);
._. term = term * x/n; ._u"u_m_.,..m:,._“ —
3 sum = sum + term; )
H- . count = count.+ 1; "y
3 " i if {term:< ACCURACY)" .“ﬁa_ms..m:_ R e
: n = 999, 5 *
else }
i : neEan o+ 1 eise

i _ .
w\.ﬁ_,_i:;_.m:ﬁ = %d Sum = %f\n", count, sum);

mu_ﬁ_.mw_.m__u._ <3;

e |

stalement -x;
statement-1 will be evaluated; otherwise the
control is transferred to the statement-x.

Lo SR e
" ¥ v 3 =1
g . is

Output %
Enter value of x:0
Terms = 2 Sum = 1.000000

statement-2 will be evaluated and then the

#

] Enter value of x:0.1

Z Terms = 5 Sum = 1.105171
: w Enter value of x:0.5
; “ Terms = 7 Sum = 1.648720
% Enter value of x:0.75

Era

Terms = & Sum = 2.116997
Enter value of x:0.99
Terms = 9 Sum-= 2.691232
Enter value of x:1

Terms =9 Sum = 2.718279
e T L e P B T e TR M o o R o e e g

(Hrh

EETp Tty

The program uses count to count the number of terms mnnmn The program stops W

the value of the term is less than 0.0001 (ACCURACY). Note that when a term is less

! ACCURACY, the value of n is set equal to 999 (a number higher than 100) and therefore ¥
E while loop terminates. The results are printed outside the while loop. - B

(5.5] NESTING OF IF...ELSE STATEMENTS

When a series of decisions are involved, we may rwﬁw to use more than one if..€
statement in nested form as shown below:
The logic of execution is illustrated in Fig. 5.7. If the condition- I is false, the mnmgmﬁﬁ.@
be executed; otherwise it continues to perform the second test. If the condifion-2 is true;
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128}

if (code 1= 1}
if (code 1= 2)

if {code 1= 3) 3
colour = “TELLGI™;

else p
colour = "WHITE";

else
colour = "GREEN"; !
else : il

colour = "RED";.

In such situations, the choice is left to, the wuom.umﬁ..ﬂmﬂ However, in order to nwoo@m anjfg
structare that is both e._ﬂmnaqw and efficient, it is important that the programmer is ful 4
aware of the various forms of an if statement. and the rules governing their nesting. i

Decision Making and Branching -~ — ——m —__ _____

Customer No:101 Charges = 75.00

Enter CUSTOMER MO. and UNITS consumed 2062 275
Customar No:Z02 Charges - 116.25

Enter CUSTOMER NO. and UNITS consgmed 303 375
Customer No:303 Charges = 213.75

Enter CUSTOMER MO. and UNITS consumed 404 520
Customer fHo:404 Charges = 326.00

Enter CUSTOMER NO. and UNITS consumed 505 625

Customer Ko:505 Charges = 415.00

L T <

Fig. 5.10 IMustration of else..if ladder

An electric power distribution company charges its domestic consumers { _ =
ﬂn%:ﬁh.moamwﬁmm ril zm@%mﬂ_ Oﬂ__wwﬂq_mm: _.ﬂ._,.,_..ﬂ:__cm.,:w control structures, a statement often controls many other statements |m
i bty ; that follow it In such siteations if i s . : :
201 - 400 Rs. 100 plus Rs. 0.65 per unit excess of 200 she intiontid Hotsmacss aoe el BRUCBHchos tonse Incntitian o show ha |
401 - 600 Rs. 230 plus Rs. 0.80 per unit excess of 400 : g ents ate dependent on the preceding contralling statement, |
; plus Ks. 0.oI . some guidelines that could be followed while using indentation are listad below:
. 601 and above Rs. 390 plus Rs..1.00 per unit excess of 600 : d . : listed below:
The program in Fig. 5.10 reads the customer number and power consumed and pririg ¢ Indent statements that are dependent on the previous statements: provide
the amount o be paid by the custormer. # et R al least three spaces of indentation.
. Align vertically else clzuse with their matching if clause.
w R *  Use braces on separate lines to identify a block of statements.
mai :
H: .n __.__“H. . ' * Indent the staterments in the block by at feast throse spaces to the righn of 1he
. A brares. . !
int units, custnum;
float charges; ki . u_ S ; *  Align the opening and closing braces.
printf(*Enter CUSTOMER NO. and URITS consumed\n”); - g i G
scanf(“%d %d", &custnum, Zunits); ; *  Use appropriate comments 1o signify the beginning and end of blucks,
: if (units <= 200) 'k *  Indent the nested statements as per the above rules.
charges = 0.5 * units; i 3 ) ‘ . .
else if ({units <= 400) : b | s Code only one clawse or statement an cach line.
charges = 100 + 0.65 * (units - 200); i1 o
else if (units <= 600} 1 _
charges = 230 + 0.8 * {units - 400}; . _ rlfil |
else . SEESE 88 157 THE swiTc
charges = 390 + (units - 600): 18 H STATEMENT
£ W o a = ! f I-. - . |
: ﬂl.n“_____nm_q_._w.=.”_=§a.w__=mm“mn“=mm”__.. No: %d: nsmﬂmn...q... %.2 .E & m HM have seen that when one of the many alternatives is to be selected, we can use an if
4 , s ; . i g M.H..M:.d:ao control the sclection. However, the complexity of such a Program increaszes
s Fiad ._...n_M.»_. w_mc...rm: the number of alternatives increases. The program becomes difficult to
p . ; - ] biag o low. },w times, it may confuse cven the person who designed it Fortunately,
Eater CUSTOMER NO. and UNITS consumed 101 150 i # . A built-in multiway decision statement known as a switeh. The switch statement tesls
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character = getchar(};
switch {character)
{
case 'A' ¥
air-display{});
break; . .
: case 'B' : g
bus-display();
; _ break;
case 'T' :
7l train-display{};
& break;
i default : ) __
& printf{* No choice\n"};
by y -

132} rimming in ANSEC

Note that we have used a conversion statement
. index = marks / 10:

where index is defined as an integer. The variable index takes the following integer valu

Marks Index
100 10

90 - 99

80 -89

70-79 "

50-59

40, 49

o= N R -]

This segment of ‘the uu.m,m..wﬁ illustrates two important features. First, it uses empty ez
The first three cases will execute the same statements _ ;
grade = "Honours";
. . ] S ey L.wﬂnm._.__n". w4 i i .
Same 18 the case s__.;.m Emm.n_. and case.6. Second, n_,mwm:_n. E_.EE@ is ﬂm& .w_.u .m.,__ Eu._.mﬂ
TE i i T S R e T - : i
i.%ﬂm ﬁﬁhﬂﬁwﬂ-ﬂﬁﬁ is often used for menu selection. For example:

: printf{* TRAVEL GUIDE\n\n"}; "
& printf(* A Air Timings\n" );
Y printf(* T Train Timings\n"};
) printf(* B Bus Serviceln" }; i
i printf(" X To skip\n" );: f
printf{"\n Enter your choiceln");

T
s o

o

: ..._.”..m_u?sn:mm«rwm an vnusual o

g

- *Valuated ang jis v

— Dedisien Making and Branching - —.

tis nsmzm_..._m to nest the switeh statemente. That is, 2 switch m
- ment. ANSI C permits 13 levels of nesting,

———————133

Ay be part of a ease state.

Rules for switch statement

——

The: switch expression must be an

integral type.

]

labels can have the same value,

Case labels must he constans or constant expressions,

Case labels must be unique, Mo two

Case labels must end with semicolon.

. The break statement transiers the conirol gut of

The break statement is optional, That
belang to the same statements,

the switch statement.

is, bwo or more case labels may

The default label js aptional, If present, il

. will be executed when the ex-
pression does not find 3 matching case lat

1l
There can be at most one default [abel.

The default may be placed anywhere b uswally placed a1 the end.
u *  ltis permitted 1 nest switch statements,

]

perator, useful for making two-wa v decisions.
X and takes three uperands. This operator
The general form of use of the conditional

& combination of ? and :
tonditional operator.

This operator
is popularly known as
operator is as follows:

conditional expression ? expressiond - expression?
tonditional expression
Wated and is retur

is evalvated
ned as the value of th
alue is returned. For

first. If the result js nenzero, expressionl is

e conditional expression, Otherwise, expression?
example, the segment

if {x <)
flag = 0;
else
flag = 1;

be Written as

i flag= {x<D)20: 1;

®F the evaluation of the following function:
¥=1lbx+dforxg2
¥Y=2x+5frxs2
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s Keep logical expressions simple. We cah achieve this using nested if state
ments, if necessary (KI55 - Keep It Simple and Short).

Awa“

= Try to code the normal/anticipated condition first.

.. 23t prahable conditicn fic Tids will eliminate urnecossaty t2sts,
thus improving the efficiency of the program.

s« The choice between the nested if and switch statements is a matter of indi-
vidual's preference. A good rule of thumb is to use the switch when alter-
_nalive paths are three to ten,. .. i

«  Use proper indditations (See Rules for Indentation). -~
. Have the habit .wa using default clause in switch statements.

»  Group the caselabels that have' similar

o T L T
- F
%\ s

[58) THE GOTOSTATEMENT A

So far we have discussed ways of controlling the flow of execution based on certain speci i
conditions. Like many other languages, C supports the goto statement to bray
unconditionally from one point to anether in the program. Although it may not be essen
to use the goto statement in a highly structured language like C, there may be occas
when the use of goto might be desirable. T : 5 )

The goto requires a label in order o identify the place where the branch is to be made.
label is any valid variable name, and must be followed by a colon. The label is m_m...q
immediately before the statement where the control is to be'transferved. The general mg
of goto and label statements are shown below:’ U

b -
A
5 . : . L _-n-.zlﬂ.n‘lﬁ....-ilur | - B 5 Rl Lk ”ullv .-rl\l- u‘mlrlh-.—.—.nﬁn J”.u :. ..
The label: can be anywhere in the program either before or after the goto label; stateme
During running of a program when a stafement like. . = .. . . ... .. . .=
- - goto beging . - :

is met, the flow of control will jump to the statement immediately following the label be
This happens unconditionally. Hla e & g omew

Note that a gote breaks the normal sequential execution of the program. If the labe
before the statement goto label; a loop will be formed and some statements E_,m be execu S
repeatedly. Such a jump is known as a bechwerd jump. On the other hand, if the label:¥

—m— e s s Decigion Making and Branching - o——— — .o Iw._u._«

placed after the goto lebel; some statements will be skipped and the jump is known as a
forteard jump.

Agote is often used at the end of 2 program to direcl the control to go to the input statement,
to read turther data. Consider the following example:

main{} |

{
double X, Vi “
! read:
scanf("3f", &x};
if (x < 0) goto read;
y = sqrifx};
printf{"sf Sf\n", x,
goto read; !

¥)s
}

This program is written to evaluate the square root of a scries of numbers read from the
terminal. The program uses two gote statements, one at the end, afler printing the results
to transfer the control back to the input statement and the other to skip any further
computation when the number is negative. .

Due to the vnconditional goto statement at the end, the contrel is always transforred
back to the input statement. In fact, this program puts the computer in a permanent lnop
known as an infinite loop. The computer goes round and round until we take some special
steps o terminate the loop. Such infinite loops should be avoided. Example 5.7 illustrates
how such infinite loops can be eliminated.

Exomple mM_ Progrom presented in fig. 5.13 illushrates the use of the gote sialement,

e Ihe program evaluotes the sguare oot for five numbers. The voriable
count keeps the count of numbers road. When count is less than or
equct 1o 5, goto read: directs the control 10 the labe! read: ctherwise,
ihe program prints @ message and stops,

—l..ll et I I T L e —— s e e e e e L R . n mem 1t e 1 "

Program !

f ginclude <math.h>

¥ main{}

i .. _”

doubie =, y:
int count:
count = 1;
printf{"Enter FIVE real values in a LINE \n");
read: !
scanf("3¥f", &x); i
printf("\a");
if (x < 0)

printf{"¥alue - %d is negative\n",count):
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Proam: A program to determine the range of values and the average cost of a
comisuter in the market is given in Fig. 5.14.

A

s

o A T

Sgrammingin ANSI €

gy f
e n g ] |

gt —wﬂsﬂn.... s 1, ” . .
ot oscand{ T - Gvalue); . v [T

5 o range = high: - Jow; .. . d

Program - :
main() £ s
coocdnt, county o L .
Tloat value, high, low, Sum, average, range;
ete . SUM k- .
srvies Leount-o=mDsL, . i Eais 3
©printf("Enter numbers in a line a3

Ne

Caa - e vinput a NEGATIVE number to.end\n*); .-

o P T e

oif{value <0} goto. output;., ..
ut o count-= count + 1; T
Loz dfe(countmm 1) 5 n .
~ high = low = value; -, . .
-else if-{value > high}. .. ... . e ?
high = value; ; g
-t celse B (value < Tow)eo
low = value;
sum = sum + value: ..
so-goto: u_._._._u:_.w“ ey .
Output: 3 : ;
d dverage. = .w_.___B.__‘..nQ..:-_n.“ " .

printf{*¥nin"}; : !

printf{"Total values : %d\n", coint):
printf("Highest-value: ZfhaLowest-value

high,” low);
printf{"Range :
; range, average);

5%f\n",
%fAndverage : %f\n",

I

- Output . . i i
~Enter numbers in a 1ine : input & NEGATIVE number to
35 40.50 25 31.25 68.15 47 26.65 29 53.45 62.50 -1

Total values : 10
Highest-value ; 68.150002
Lowest-value : 25.000000

Range : 43.150002

Average : 41.849993 "

i) A
B ST

S e S

o

e R e B R e P e v

EE.EE of 3%&:.&:3 -

— — Decition Making and Branching — -— —— e F a4

[ .

When the value is read the first time, 1t is assigned Lo two buckets, high and low, through
the statement
high =
For subsequent values, the value read js compared with high; if it is larger, the value is
assigned to high. Otherwize, the value is compared with low; if it is smaller, the value is
assigned to low. Note that at a given point, the buckets high and low hold the highest and the
lowest values read so far.
The values are read in an input loop created by the goto input; statement. The control is
transferred out of the loop by inputting a negative number. This is caused by the statement

if (vaiue < §) goto output;
Note that this program can be written without using goto statements. Try.

low = value;

2. Pay-Bill Calculations

Problem: A manufacturing company has classified its exeeutives into four levels for the
benefit of certain perks. The levels and corresponding perks are shown below:

Perks
Level e e e [R—— — e e e e s
Comvepanee Entertainnneir
ailovwence allowarce
1 1K 300
2 750 200}
3 500 [IHH
1 250 -

An execulive’s gross salary includes basic pay, house rent allowanece at 25% of basic pay and
B b

Other perks. Income tax is withheld from the salary on a purcentage hasis as fullows:

Grass sedory Fore vente

Girogs <= 2000 N tax educiion
2000 = Giross <= 300 o
HO0D - Ciroms < S6000) L.
Ciross = 5000

———

Write » program that will read an executive’s job number, level number, and basic pay and
then compute the net salary afier withholding income tax.
Problem analysis:
Gross salary = basic pay + house rent allowance + perks
Net salary = Gross salary - income tax,
The computation of perks depends on the level, while the income tax depends on the gross
Salary, The major steps are:
L. Read data.
2. Decide level number and caleulate perks.
3. Caleulate gross salary.
4. Caleulate income tax.
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@m:..mi Questions

B xemnw ir..._“_ﬁ.. the following are h:a or false:

without an else,

{b) One if can have more than one else amsmm.
ic) A switch statement can always be replaced by a series of if..else statemen
{d) A switch expression can be of any type.

{e} A program stops its execution when a break statement is encountered.

(N Each expression in'the elsé-if must tést the same variable.

{g)} Any expressioryedn be used for the if expression.
(h) Each case label can have only one statement.

(i) The default case is required ini the switch statement.

{j) The predicate I (x = 10)!(y = = 5)} is equivalent to (x < 10) && (y !=5 ).

5.2 Fill in the blanks in the following statements.
{a) The operator is true only when both the operands are true.

(b} Multiway selection can be accomplished using an else if statement o

statement.

{¢) The statement £?E.. EEEH& in a switch statement causes imm

exit from the structure.’
(d) The ternary conditional expression using the operator %

using statement.
{e) The expression ! (x ! = ¥ J can be replaced by the expression

5.3 Find errors, if any, in each of the following segments:
(a) if(x+y=2z8y>0)
printf{* *);
(b)y if {code = 1);
=h+cC

could be easily

else
a=10
¢) if{p=<0) || (q<0) ;
printf (" sign is _._mumn.:__m.._
5.4 The following is a segment of a program:
1 =1;
y= L
if {n > 0)
xo=x+ 1
yuy-1L
printf(" %d &d", x, y);
What will be the values of x and y if n assumes a value of (2) | and (b) 0.
5.5 Rewrite each of the following without using compound relations:
{a) if (grade <= 59 && grade >= 50}
second = second + 1;

-~ Decision Making aid Branching |145
{(b) if {number = 100 || number < g)
printf(" Out of range"):
else
sum = sum + aumber;
(€) if ((M1 > 60 & M2 > 60) || T > 200)
\ printf(* Admitted\n");
eise
printf(” Not admitted\n*):
5.6 Assuming x = 10, state whether the followin
@) x==10&& x> 10 && Ix
mqmﬂpw nmowwuﬁv.uc__ﬁﬁ E.vunu:u__rch___H
; errors, if any,
risbagie Lol uMﬂ. um.“__.q___ H_”“ _“.meo_HEwa MM,.,HMH u_“n_mm_h_mm statements. Assume that the vari-
{a) switch (v}
(b} case 10;
(c) switch (x + y)
(d} switch (x) {case. 2: y = x + ¥: break);
58 Simplify the following compound logical expressions
] Ly
M”W __nw_mnu_.uvu ) : b) Nx==10) | |1 ({y==5) I (z<0))
x+y==1z) && Yz > 5) ) 1 (x <=5) && (y = =1l & &{z<5))

mwbmmcﬁﬁfﬁ?wﬁxuc.wi
the following code .,..Mé.m_._ Spt #= Linitially, what will be their values after executing

(a) if {x &% y)
A= 10;
else

g logical expressions are true or false.
(b) x==10 || x>10&& ! x

¥
®) if (x || y || 2)
¥y = 10;
else

dif(x==0| x88y)

vl
510 Assumingthatx=2,y=landz=
the following code segments?
{a} switch (x)

O initially, what will be their values after executing
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printf{*Number is positive"); X gy

else
printf(“Number is negative");
wo0A What will be the output when the following segment is executed?

o tdx, =n
The set has a unique solution

shar cho = 'a' ; xl= o = bu
switch (ch) © ad-ch
i _ na — me
case 'a' : A= ad ~ ¢b
rintf( "A" } ; ; i i
mem : um 3 . iy provided the denominator ad —¢b is not equal to zero,
el Write a program that will read the values of constants a, b, ¢, d, m, and n and compute
default : 2 - WJMMMWHMMW_ m:m Xg. .___5 appropriate message should be printed if ad — cb = 0.
printf ("¢ "); it awmﬁcmummaﬂww, ranging from 0 to 100, write a program to compute and print the

1 TR
5.19 What will be the output of the following segment when executed?

int x = 10, y = 20; _ !

if{ (x<y) || (x+5) > 10)

printf{"%d", x);

else

printf("%d*, v); .
5.20 What will be output of the following segment when executed?

int a = 10, b = 5;

{a} who have obtained more than 80 marks,
(b) who have obtained more than 60 marks,
{c) who have obtained more than 40 marks,
(d) who have obtained 40 or less marks,
(e} in the range 81 to 100,
(f) in the range 61 to 80,
(g} in the range 41 to 60, and
(h} in the range 0 to 40.
The program should use a minimum number of if statements,
3.5 Admission to a professional course is subject to the following conditiona:

HFEY

if {a > b) {a) Marks in Mathematics == 60
{ . (b) Marks in Physics >= 50
if{b > 5) (c} Marks in Chemistry >= 40

h::,_:.n_nﬁ_.wm;. _”L.u _"..n: Total in m..__ -._..__-mm m;—ﬁ.mh&m == 200
or
mﬁcn__ in Mathematics and Physics >= 150
iven the marks in the three subjects, write a icati
3 \ program to process the appl
_ list the eligible candidates. . et
2.6 Write a program to print a two-dimensional Square Root Table as shown below to
provide the square root of any number from 0 to 9.9 For example, the value x will give
~ the square root of 3.2 and y the square root of 3.9,

else
printf("%d", a);

@qﬁﬂ.ﬁi.ﬂwzm Exercises

-

5.1 Write a program to determine whether a given number is ‘odd’ or ‘even’ and print

message Square Root Table

NUMEER IS EVEN

ar Mumber 0.0 0.1 0.2 - L 0o

NUMEER 15 ODD 0.0

(a) without using else option, and (b) with else option. o " = 1.0
5.2 Write a program to find the number of and sum of all integers greater than 100 |20

less than 200 that are divisible by 7. _ 30 & "
5.3 A set of two linear equations with two unknowns x1 and x2 is given helow: R

9.0
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