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' - o utcomes
After completing this unit students will be able to
m Describe the concept of Integrated Development Environments (IDE)

m Explain the following modules of the C programming environment
o TextEditor

o Compiler

Identify the reserved words

m Describe the structure of a C program covering

o Include

o main () function

o Bodyofmain {}

Explain the purpose of comments and their syntax
Explain the difference between a constant and avariable
Explain the rules for sp_ecifyihg variable names

Know the following data types offered by C and the number of bytes taken by each data
type i L = 5 . =T y

o Integer—int (signed/unsigned) -

o Floating point—float o T ‘

o Character—char. - - - sie, i mag gy e

m Explainthe process of declaring and initializing vari_ables i
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Computers have become an important part of our daily lives. They can help to

solve several problems ranging from complex mathematical problems and
searching on the internet to controlling and operating satellites and rocket
launchers. In reality, computers are not very smart on their own. In order tq
perform all the tasks, they have to be fed a series of instructions by humans Which
tell them how to behave and perform when faced with a particular type of
problem. These series of instructions are known as a computer program or
software, and the process of feeding or storing these instructions in the
computer is known as computer programming. The person who knows how tg
write a computer program correctly is known as a programmer.

Computers cannot understand English, Urdu or any other common language
that humans use for interacting with each other. They have their own special
languages, designed by computer scientists. - Programmers write computer
programs in these special languages called programming languages. Java, C,
C++, C#, Python are some of the most commonly used programming languages.
In this book, we are using C language to vyrite computer programs. This chapter
discusses some basics of computer programming using C language.

C Ianguage was developed by Dennis Ritchie between 1969 and 1973 at |
. Bell Labs.

1.1 Programming Environment

In order to correctly perform any task, we need to have proper tools. For example
for gardening we need gardenihg tools and for painting we need a collection of
paints, brushes and.canvas. Similarly we need propeftools for programming.

A collection of all the necessary tools for programming makes up a
programming environment. It is essential to setup a programming environment
before we start writing programs. It works as a basic platform for us to write and
execute programs. |
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'/1? 1 Integrated Development Environment (IDE)

Asoftware that provides a programming environment to facmtéte programmers
in writing and executing computer programs is known as an Integrated
pevelopment Environment (IDE).
AnIDEhasa graphical user interface (GUI), meaning that a user can mteract with
it using windows and buttons to provide input and get output. An IDE consists of
. tools that help a programmer throughout the phases of writing, executing and
testing a computer program. This is ' achieved by combining text editors,
compilers and debuggers in a single interface. Some of the many available IDEs
for C programming Ianguage are: =
1) VlsuaIStudlo
2) Xcode
3) Code::Blocks
4) Dev C++
Figure 1.1 shows the main screen ofCode BIockleE | =

Nhlﬁv-mwnn—n—q.ummi_ .w—-u.
i_‘!‘;"-_" ;-.“ g o

o |t
l :
"

|
g

T -p* et T SRR v—x*rr—-"-’v“-'?—“"_« TR Y"P‘”""""W "#"’ Wﬁu??-""&m“ "W“‘g

n Ghmm b Shwaw  Son Jlmwn jOeowween e jieskme [Smessn | jes

I e e S
5

?

Ifi; I S A A

o
o

)y T o Y i T = e T -
(g seerrae W deley SRR < X e

Figure 1.1: Main mterface of Code::Blodcs

Use your web browser to find out the names of three different IDEs that
can be used for C programmmg language.
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1.1.2 Text Editor

An text editor is a software that all
| IDEs have their own specific tex

ows programmers to write and edit computer

t editors. Itis the main screen of an

programs. Al
IDEwhere we can write our programs.

3 M - a amiovs o mwio:h_n___ﬂé'ﬁ__ e 2 el .
EEERRIEN & A st s niie Lo ———
e pmben |1y Fonclude <sidio s> e LR R

() workspace

“void main()
printf ( “Hallo world™ ),

|
I

pir B bt :

Figure 1 L Text edltor in Code Blocks

Figure 1.2 shows a basic C language program written in the text editor of IDE
Id! on computer

'Code::Blocks. When executed, this program displays Hello Wor
o save our file before it can be executed. We have named our

screen. We have t
program file as "HelloWorld.c”. We can click on the build and run button to see the

program's output, as pointed by anarrow in Flgure_1 3.

fios@ <o s-o anfereoq whueciobg 4
PR U BTG T BEETE =2 ae ot i R TS
e 11 T ey e e - et
oy r-ver g G [HeMoworde x| : 3

i"m_..’.—fw 5 L ‘.1 : -‘ Z

" J workspace el

(} Sk B

A4

>5 voldsain()
: printf { “Hello world" ):

6
ey |
feele ll

Figure 1.3: Running program in Code::Blocks
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A console screen showing the output is displayed, as shown in Figure 1.4.

Process returned 0 (0x0) execution time: 0.032 s
Press any key to continue; .

O

pen the IDE installed on your lab computer. Write the program written in
igure 1.2 inthe text editor ofyour IDE and execute it.

A

1.1.3 Compiler

Computer ProgramFile
Computers only understand and work in-machine ‘L
language consisting of 0s and 1s. They require the

conversion of a program written in programming
language to machine language, in order to execute it.

Compilation

This is achieved using a compiler. A compiler is a  Computer Binary File
software that is responsible for conversion of a -~ - l
computer program written in some “high level

programming Ianguage to machme Ianguage code |
(Flgure1 5) i

- Flgure 1.5: Program Execution
1.2 Programmmg Basrcs | |

Each programming language has some prlmltlve burldmg blocks and provides
some rules in order to write an accurate program This set of rules is known as
syntax of the language. Syntax can be thought of as grammarof a programmlng
language. While programmlng, if proper syntax or rules of the programming
language are not followed, the program does’ not get complled In th|s case, the
compiler generates an error. This kmd of errors are called syntax errors.

Scanned with CamScanner



| C Unit1 lntroductlontoProgrammmg

omputer Science
——_

.

1.2.1 Reserved Words
Every programming language has a list of words that are predefined. Each word
has its specific meaning already known to the compiler. These words are known
as reserved words or keywords. If a programmer gives them a definition of his
own, it causes a syntax error. Table 1.1 shows the list of reserved words in C
programming language.

auto double int - |struct
break else long | switch
case enum register typedef
char extern return union
const float short unsigned
continue for signed void
default goto sizeof volatile
do.- " . if | static while

Table 1.1: Reserved words in C language -

From the following list, encircle the reserved words in C language:
int, pack, create, case, return, small, math, struct, program, library.

1.2.2 Structure of a C Program

We can understand the structure of a C language program, by observing the
: program written in Figure 1.2. We can see that a program can be divided into
three main parts: | 7.
1. Link section or header section: While Writing programs in C language, we
: make extensive use of functions th.at are already defined in the language. But
5 before using the existing functions, we need to include the files where these
“} functions have been defined. These files are called header files. We include
|

(| these header files in our program by writing the include statements at the top
|
of program.
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General structure of an include statement is as follows:
#include<header *_file_name>

Here header_file_name can be the name ofany headerfile.

In the above example (Figure 1.2), we have included file stdio.h that contains

.information related to input and output functions. Many other header files

are also available, for example file math.h contalns all predefmed

mathematics functions.
Main section: It consists of a main() function. Every C program must contain a
main() function and it is the starting point of execution.
Body of main() function: The body of main() is enclosed in the curly braces {
). All the statements inside these curly braces make the body of main
function. In the above program (Figure 1.2), the stat_emen‘t
printf(“Hello world!”); uses a‘predefined function printf to display the
statement Hello World! on computer screen. We can also create other
functionsin our program and use them inside the body of mdino function.

ImportantNote:

Following points’ must be kept in-mind in order to write syntactlcally

correct Clanguage programs.

~ The sequence of statements in a C Ianguage program should be
accordmg to the sequence in which we want our program to be
executed. '

o Clanguageiscase sensrtlve It means that rf a keyword is defined with

all small case letters, we cannot capitalize any letter i.e. int is dlfferent
from /nt. Former is a keyword, whereas latter is not.

Each statement ends with a semi-colon; symbol.
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Identify different parts of the following C program:
#include <stdio.h>

#include <conio.h>

void main()

{
printf(“I am a student of class 18”);
getch();
} ,
__ . e —— S E—————

1.2.3 Purpose and Syntax of Comments in C Programs

Comments are the statements in a program that are ignored by the compiler and
do not get executed. Usually comments are written in natural language e.g. in

English language, in order to provide description of our code.

Purpose of writing comments.

Comments can be thought of as documentation of the program. Their purpose is
twofold. '

1) They facilitate other programmers to understand our code.

2) They help us to understand our own code even after years of writing it.

We do not want these statements to be executed, because it may cause syntax
error as the statements are written in natural language.

Syntax of writing comments

In C programming language, there are two types of comments.

1- Single-line Comments

2- Multi-line Comments.
Single-line comments start with //. Anything after // on the same line, is
considered acomment. Forexample, //This is a comment.

Multi-line comments start with /* and end at */. Anything between /* and */ is
considered acomment, even on multiple lines. For example,
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/*this is
amulti-Line
comment*/

Following example code demonstrates the usage of comments:

</> EXAMPLECODE 1.1
#include <stdio.h>
/*this program displays “I am a student of class 10” on the
output screen*/
void main()
{ //body of main function starts from here

- printf(“I am a student of class 16”);
\} //body of main function ends here

=)
\
Tick valid comments among thefollowing: =
s *commentgoeshere*
e /commentgoeshere/
e %commentgoes here%
e /*comment goes |
here*/
@ = /?*4commentgpeshere/ = EEE
e //commentgoeshere*/ - ..
' el =,

1.3 Constants and Variables

Each language has a basic set of alphabets (character set).'tﬁat areicom;biin‘ied in
an allowable manner to form words, and then these words can be used to form
sentences. Similarly in C programming Ianguage we have a character set that
includes: o e |

2) Digits (0 - 9)
3) Special symbols (~ 1@ #% A &* () _- + =|\{}[1:;""' < >,.?/)
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These alphabets, digits and special symbols when combined in an allowable
manner, form constants, variables and keywords (also known as reserved words).
We have already discussed the concept of reserved words. In the following, we

discuss the concept of constants and variables.
1.3.1 Constants

Constants are the vélues that cannot be changed by a program e.g. 5, 75.7, 1500

etc. InClanguage, primarily we have three types of constants:

1- Integer Constants: These are the values without a decimal point e.g. 7,
1256, 30100, 55555, -54, -2349 etc. They can be positive or negative. If the

valueis not preceded by a sign, it is considered as positive.

2- Real Constants: These are the values including a decimal p_oint e.g.3.14,
15.3333, 75.0, -1575.76, -7941.2345 etc. They can also be positive or
negative. )

3- Character Constants: Any single small case letter, upper case letter, digit,
punctuation mark, special symbol enclosed within * * is considered a
character constante.qg.'5','7','a’, 'X, '!', "' etc,

Q" IMPORTANT TiP

A digit used as a character constant i.e. '9', is different from a digit used as
an integer constant i.e. 9. We can add two integer constants to get the
obvious mathematical result e.g. 9 + 8 = 17, but we cannot add a character

constant to another character constant to get the obvious mathematical

Lresult e.g.'9'+'8' £ 17.

858 AcTiviTY 1:6) * -
Identify the type of constant for each of the following values:

12 - IR 21 32.768
at -12.3 41 400 '\
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1.3.2 Variables

Each variable has a unique name called tdentifier and has a data type. Data
type describes the type of data that can be stored in the variable. C language has
different»datf'a types such as int, float, and char. The types int, float and char are

- used to store integer, real and character data respectively. Table 1.2 shows the
matching data types in C language, against different types of data.

Typeof Data - Matching Data Type in C[Sample Values

e language > , (i :
Integer <alint , 2 123
-~ [Real e i flogtss o con : 23.5.
Character  [char S

T.';uble 1.2:: Matching data types against differen:t types of data
In the following, we discuss in detail the possible déta types and names of
variables. SSS et e
1.3.3 Data Type of a Variable

Each variable in C language has a data ty'p'e; The data type not only describes the
type of data to be stored inside the variable but also the number of bytes that the
compiler needs to reserve for data storage. In the following, we discuss different
data types provided by C language. "

N
" DID YOU'KNOW? m
Some compilers use two bytes of mémory to store an int value. In stjch
compilers, an int value ranges from -32,768 to 32,768. B
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e Integer—int (signed/u |
Integer data type is used to storé integer ‘
takes up 4 bytes of memory. T0 declare avan
the keyword int.
Signed int. A signed int can store
ranging from -2,147,483,648 1O 2,

considered as a signed integer. | ‘
t can store only positive values and its value

95. Keyword unsigned int.is used to declare

igned)
nsigné mbers). Integer

values (whole nu
able of type integer, we use

both positive and negative values

147,483,647. BY default, type int is

Unsigned int: An unsigned in
ranges from 0 to +4,294,967,2

an unsigned integer.

e Floating Point—float
real number (number with floating point)

Float data type is used to storea
ble of type float, we Us€ the

up to six digits of precision. To declare a varia
keyword float. A float Uses 4 bytes of memory. Its value ranges from

34X10%t03.4X10".

e Character—char
To declare character type variables in C, we use the keyword char. It takes

up just 1 byte of memory for storage. A variable of type char can storeone
character only.
1.3.4 Name of a Variable

Each variable must have a unique name or identifier. Following rules are used to

name a variable.
1. A variable name can only contain alphabets (uppercase or lowercase)
L}

digitsand underscore _sign.

2. Variable name must begin with a letter or an underscore, it cannot begin

with adigit.
3. Areserved word cannotbe used as avariable name
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4. There is no strict rule on how long a variable name should be, but we
should choose a concise length for variable name to follow good design

practice.

Some examples of valid variable names are height, AverageWeight, _var1.

988 ACTIVITVAL7:

Encircle the valid variable names among the following:

_Hello, Tvar roll_num Air23Blue float
Case $car name =color Float
ImportantNote:

Good programming practice suggests that we should give appropriate
name to a variable, that describes its purpose e.g. in order to store salary

of a person, appropriate variable name could be salary or wages.
1.3.5 Variable Declaration

We need to declare a variable before we can use it in the program. Declaring a
variable includes specifying its data type and giving it a valid name. Following.
syntax can be followed to declare a variable. - '

data_type v_ariable_namé;
Some exarﬁples of valid variable declarations are as fi)'_ll<o_ws:
unsigned int ége»; 7 | |
float height;
int salary;
char marital_status;

Multiple variables of same data type may also be declared in a single'statement,f

as shown in the following examples:
1

unsigned int age, basic_salary, gross_salary;

int points_scored, steps;
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float height, marks;

char marital_status, genders; |
e mention its data type. After declaring a

d. Declaring @ variable specifies the type
d by that variable, and the kind of
g example shows @ program

A variable cannot be declared unless W
variable, its data type cannot be changé
of variable, the range of values allowe
operationé that can be performed on it. Followin

declaring two variables:

<[> EXAMPLE CODE 1.2

vold main()
{
char grade;
int value; -
| . L e )

1.3.6 V_ariable Initialization

alue to a variable for the first time is called variable init
declaration, and

Assigning v ialization. C

language allows us to initialize a variable both at the time of
after declaring it. For initializing a variable at the time of declaration, we use the
following general structure.

| data_type variable_nhame = value;
Follbwing example shows a program that demonstrates the declaration and

initialization of two variables.

</> EXAMPLE CODE 1.3 ,

#include<stdio.h>
void main()

{

char grade; //Variable grade is declared

int value = 25; /*variable value 1is declared and
initialized.*/

grade = 'A'; //Variable grade is initialized
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rite a program that declares variables
data. Initialize these variables with thefo
initial letter of your name

initial letter of your gender

yourage
your marks in 8" class

your height-

o store your personal |

of appfopriate data types t

llowing data:
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b g  series of nstructions by humans which
tions

Computers need to be f These series of instruc

tell them how to performa
areknownasa computer prog

cess of feeding or storing t
ing and the perso

particular task.

ram or software. |
he instructions in the computer is

The pro n who knows how

known as computer progr amim ) rogrammer.
to write a computer prog ram correctly 1S knownasap

r programs ar itten in la o ogrammin

Computer progra e written In | nguages alled [Iﬂf g g
m I [ es are

languages. Some com only known P ogramrmng anguag

Java, C, C++, Python. .
s for programming makes up a

A collection of all the necessary tool . '
ent. Programming environment provides

te and execute programs.
nvironment which

programming environm
us the basic platform to wri

A software that provides a programming e
facilitates the programmer in writing and executing computer

programs is known as an Integrated Development Environment

(IDE).
A text editor is a softwar

computer programs. All IDEs have their own specific editors.

A compiler is a software that is responsible for conversion of a
g language to

computer program written in some programmin

machine language code.
Every programming language has some primitive building blocks and

follows some grammar rules known as its syntax.

Every programming language-has a list of words that are predefined.
Each word has its specific meaning already known to the compiler.'
These words are known as reserved words or keywords.

A program is divided into three parts. Header section is the part
where header files are included. Main section corresponds to the
main function and the body of the main function includes
everything enclosed in the curly braces.

e that allows programmers to write and edit
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B Comments are the statements that are ignored by the compiler a‘nc_ﬂ
do not get executed. To include additional information about the
program, comments can be used.

"B Constants are the values that do not change. The three types of
constants are integer constants, real constants and character
constants. -

B Variables is a name given to a memory location as the data is
physically stored inside the computer's memory. Each variable has a |
uhique name or identifier by which we can refer to that variable, and
an associated data type that describes the type of constant that can

“bestored in thatvariable. |

B A variable ‘must be declared before its use Vanable declaration

~ includes specifying varlable sdatatypeand glvmg itavalid name,

H 'ASSlgmng value to a variable for the first tlme is called vanable '

| _ initialization. The variable can be initialized at the time of
( declaration or after declaration. | :

/ .
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Q1 Multiple Choice Questions

1)

2)

3)

4)

S)

6)

A software that facilitates programmers in writing computer program:s is

known as .

a)acompiler b) an editor ¢)anIDE
is a software that is responsible for the conversion of program

files to machine understandable and executable code.

a) Compiler b) Editor ~ ¢) IDE- - d)Debugger

Every programming Ianguage has some pnmltlve building blocks and

follows some grammar rules known as its
a) programming rules b) syntax ¢) building blocks d) semantic rules

A list of words that are predefined and must not be used by the

programmer to name his own variables are known as .

d) adebugger

a) auto words b) reserved words
c) restricted words  d) predefined words

include statements are written in section.
a) header b) main c) comments d) print
are added in the source code to further explain the techniques

and algorithms used by the programmer.
a) Messages -b) Hints c) Comments d) Explanaticns

'7) are the values that do not change during the whole execution
of program. B | Rt |
a) Variables - b)Constants  ¢) Strings | d) Comments
8) Afloatuses bytes of memory. | e
a)3 A b)4 )5 | d)6
9) Forinitializinga variabl_e, we use e operator. .
e L = 0@ d)?

10

can be thought of as a container to store constants

a) box b) jar c) variable | d) collection
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Computer SCIence E = Unit 1: IntroductiontoProgramming

Q2 True or False
1) An IDE combines text editors, libraries, compilers and debuggers in a

single interface. T/F
2) Computers require the conversion of the code written in program file to
machine language in order to execute it. T/F
3) Columnisareserved word in C programming language. T/F
4) *comment goes here*is a valid comment. T/F
5) float can store areal number upto six digits of precision. T/F
Q3 Define the follpw;ng
1) IDE 2) Compiler 3) Reserved Words 4) Main section of a program
- 5) char data type

Q4 Briefly answer the following questions.
1) Why do we need a programming environment?
2) Write the steps to create a C program file in the IDE ofyour lab computer.
3) Describe the purpose of a compiler.
4) Listdown five reserved words in C programming language.
5) Discuss the main parts of the structure of a C program.
6) Why do we use comments in programming?
7) Differentiate between constants and variables.
8) Write down the rules for naming variables.
9) Differentiate between charand int.
10)How can we declare and initialize a variable?

Q5 Match the columns. ;- =8
" N . i
1) IDE _ S5 | a) Machme exec;ltable code
2) Text Editor b) include statement
3) Compiler ¢ c) Python
4) Programming Language | d) CLion %
5) Reserved words | e) /* (a+b) */
6) Link Section f) Notepad
7) Body of main() | g) struct
8) Comment ~ {h){}
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talled on your lab computer for

Exercise 1
. Withthe help of you
writing C programs.
. Write the following pro
#include <stdio.h> |
|

#include <conio.h>
void main()

r teacher open the IDE ins

graminthe editorand saveitas “welcome.C".

/*A simple C language progr‘am*/
printf(“Welcome to C 1anguage”) 5
getch();

}

« Run the program to se€
output.

Welcome to C language printed on the screen as

Exercise 2
Write a program that declares variables of appropriate data types to store the
hese variables-with the following

personal data aboutyour best friend. Initialize t

data:

o initial letter of hisname

« initial letter of his gender
hisage
his height
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Students Learning Outcomes

After completing this unitstudents willbeable to

Use output functions like printf()
Useinput functions like

o scanf()

o getch()

Use statement terminator (semicolon)
Define format specifiers

o Integer- %i

o Decimal - %d

o Float-%f

o Char-%c .
Define an escape sequence

Explain the use of the following escape sequences using programming-ex'amples:

o Newline-\n

o Tab-\t

Define an arithmetic 6perator

Use the following arithmetic operators:
Addition (+)

Subtraction (-)

Multiplication (*)

Division (/)

Remainder (%)

O 0O o o©
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Use the assignment operator

Define relational operators

B Usethe following relational operators:

Less than (<)

Greaterthan (>)

Less than orequalto (<=)

Greaterthanorequalto (> =)

Equalto (==)

Not Equalto (!=)

Define alogical operator

B Usethefollowinglogical operators:

o AND (&&)

o OR()

o NOT(})

Differentiate between the assignment operator (=) and equal to operator (==
B Differentiate between the unary and binary operators
Define and explain the order of precedence of operators

[} |
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Computer Science - Unit2: User Interaction

Unit Introduction:

A computer is a device that takes. data as input, processes that data and
generates the output. Thus all the programming languages must provide
instructions to handle input, output and processing of data. In this chapter, we
discuss different pre-built input/output functions available in C lanquage. We
also discuss different operators that we can apply to process the data.

2.1 Input/output (I/O) functions:

We need a way to provide input and show output while writing programs. Each
programming language has its keywords or standard library functions for 1/O
operations. C language offers printf function to display the output, and scanf
function to get input from user. In the following section, we discuss these two
functions. ‘ |

2.1.1 printf()

printf is a built-in function in C programming language to show output on
screen. Its name comes from “print formatted” that is used to print the formatted
‘output on screen. All data types discussed in the previous chapter can be
displayed with printf function. To understand the working of printf function, let's
look at the following example program: | ’ :

<[> EXAMPLE CODE 2.1
#include<stdio.h>
void main ()

{

printf(“Hello World”); -

}
Output:

Hello World

J .

\_
In this example, printf function is used to display Hello World on screen.
Whatever we write inside the double quotes * and “ in the printf() function, gets

' displayed on screen. E
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Write down the output of following code: ~

# include<stdio.h>

void main () |

{ | - ~ |
printf(“I am UPPERCASE and this is lowercase”);

Write a program that shows your first name in Uppercase and your Iast
name in lower case Iet‘ers on screen

2.1.2 Format Spemflers

- What if we want to dlsplay the value of a variable? Let's declarea vanable and
then check the behavior of printf.” '

" int age = 35;

" Now | want to dlsplay the value of this vanable age on screen. So | write the

followmg statement:
prlntf(“age”),

But, it does not serve the purpose, because it displays the following on screen.
age | | | |

It does not display the value stored inside the variable age, instead itjust displays
whatever was written inside the double quotes of printf. In fact, we need to
specnfy the format of data that we want to display, using format specifiers. Table
2.1 shows format specifiers against different data typesin C Ianguage.
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' Data Type Format Specificr -

F

|

:

int %dor%i
float % f
char % C

Table 2.1: Format specifiers for /O eperations

suppose we want to show int type data, we must specify it inside the printf by

using the-format specifier %d or %t. In the same way, for float type data we must

use %f. Itis illustrated in the following example.

<[> EXAMPLE CODE 2.2

#include<stdio.h>
void main()

{
float height = 5.8;

int age = 35; :

: ~ printf(“My age is %d and my height is %f”, age, height);
o i 2351 - |

Output: _

My age is 35 and my height is 5.800000

o

We can observe that while displaying output, first format specifier is replaced
with the valu:c of first variable/data after the ending quotation marki.e.ageinthe
above example, and second format specifier is replaced with the second

.y,

voitable/data.

Q__IMPORTANT.TIP ‘ — \

When we use %fto display a float value, it displays 6 digits after the decimal point.
If we want to specify the number of digits after decimal point then we can write
%.nf where n is the number of digits. In the above example, if we write the
following statement: , e

printf(“My age is %d and my height is %.2f”, age, height);
The outputis A
My age is 35 and my height is 5.80 g

.
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ey

! Important Note:

Format specifiers are not only used for variables. Actually they are used to
display the result of any expression involving variables, constants, or both,
asillustrated in the following example.

</>'EXAMPLE/CODE 23 . ~

# include <stdio.h>
void main ()

{

printf(“Sum of 23 and 45 is %d”, 23 +45);

}
Output

\Sum of 23 and 45 is 68 gl

2.1.3 scanf()

scanf is a built-in function in C language that takes input from user into the
variables. We speciﬂr the expected input data type in scanf function with the help
of format specifier. If user enters integer data type, format specifier mentioned
inscanfmust be %d or %i. Consider the following example: ’

</> EXAMPLE CODE 2.4 —

#include <stdio.h>

void main ()

{
char grade; _
scanf(“%c”, &grade);

}

- o

In this example, %c format specifier is used to specify character type for the input
variable. Input entered by user is saved in variable grade..

There are two main parts of scanf function as it can be seen from the above code.
First part inside the double quotes is the list of format specifiers and second part
is the list of variables with & sign at their left.
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Unit2: User Interaction

Example B
it includ_e <stdio.hs
void main ()

{ .
int number;
Printf(“Enter g Number between 9-19: *¥;
scanf(“%d”>, &number) ;
} printf(“The number you entered is: %d”, number);
Output: |

Enter a number between o- 10: 4
Lhe number you entered is-: 4

Important Note , | | J

We can take multrple INputs using a single scanf function e. g. look at the
followrng statement.

scanf (“%d%d%f”, &a‘ &b, &c);

It takes input into two integer type variables a and b, and one float type
variable c. After each input, user should enter a space or press enter key.
Afterall thei mputs user must press enter key.

Write a program that takes roll number, percentage of marks and grade
from user as input. Program should display the formatted output like
foIIowrng :
Roll No : input value
Percentage ] input value % S
8 Grade ; input value =3 )
Important Note

It is a very common mistake to forget & sign in the scanf function. Without

& sign, the program gets executed but does not behave as expected.
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2.1.4 getch()

getch() function is used to read a character from us
onis generally used to hold the

er. The character entered by

user does not get displayed on screen. This functi

execution of program because the program does not continue further until the

user types a key. To use this function, we need to include the library conio.h in the

header section of program.

# include<stdio.h>

# include<conio.h>
void main ()

{ ' .
printf(“Enter any key if you want to exit program ”);
getch();

1} }

In the above, program prompts user to enter a character and then waits for the

~ user'sinput before finishing the execution of program.

# include<stdio.h>

# include<conio.h>

void main ()

{
char key ; ooy .
printf(“Enter any key : ”);
keyv=vgetch(); //Gets a character from user into variable key
J ' ' = )

If we run this program, we notice a difference between reading a character using
scanf and reading a character using getch functions. When we read character
through scanf, it requires us to press enter for further execution. But in case of

getch, it does not wait for enter key to be pressed. Function reads a character and
proceeds to the execution of nextline.
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* statementwith a; itres

c
2.1.5 Statement Terminator

A statement terminator is identifier for compiler which identifies end of aline. In

C language semi colon () is used as statement terminator. If we do not end each
ults into error.

. s » Statement
printf(“Hello World Terminatorl

2.1.6 Escape Sequence

Purpose
Escape sequences are used in prmtf function inside the * and “. They force printf
to change its normal behavnor of showing output. Let's understand the concept

of an escape sequence by looking at the following example statement:
printf(“My name is \“All\””) H

‘The output of above statement is

My name is “AL1i” , .
In the above example \" is an escape sequence It causes prmtf to dlsplay on

computer screen.

Formation of escape sequence ,
Escape sequences consist of two characters The flrst character is always back |
slash (\) and the second character varies accordmg to the functionality that we

- want to achieve. Back slash (\) is called escape character which is associated with

each escape sequence to notify about escape. Escape character and character
next to it are not displayed on screen, but they perform specuf c task aSS|gned to

=~ DID.YOU! Kl’i’l‘civ'\i’?‘- '

Be5|des different escape sequences dlscussed in_this section, followmg
escape sequences are also commonly used in Clanguage. :

Sequence Purpose . .~ . Sequence fPurpose = o )
| . Disp!ays.Sing_le:Quote‘(f) \A ,.'G_ene’rates:_ an alert sound
W\ . [Displays Back slash(\) - \b Removes previous char -

~
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i New Line (\n) ,
f After escape character, h specifies movement

| _line. This escape sequence is used to print theo |
the following example to further understand this escape sequence:

<I> EXAMPLE CODE 2.8 e T

Ii #include <stdio.h>
void main ()

{

of the cursor to start of the next
utput on multiple lines. Consider

printf(“My name is Ali. \n”);
printf(“I live in Lahore.”);
}
Output
My name is Ali. :
I live in Lahore. | - )

Important Note:

In the absence of an escape sequence, even if we have multiple printf
statements, their output is displayed on a single line. Following example
illustrates this point.. ' '

</> EXAMPLE CODE 2.9

#include<stdio.h>
void main() '

{

w

printf(“My name is”);
printf(“ Ahmad”);

} \
Output

My name is Ahmad

Tab (\t) S : .

~ Escape sequence \t specifies the I/0 function of moving to the next tab stop
horizontally. A tab stop is collection of 8 spaces. Using \t takes cursor to the next
tab stop. This escape sequence is used when userpresents data with more spaces
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void main ()

{

printf("Name: \tAli\nFname: \tHammad\nMarks: \t1000");

Output

Name: Ali
Fname: Hammad
Marks 1000

=

2.2 Opet ators

The name computer suggests that computation is the most important aspect of -
computers. We need to perform computations on data th'rod.gh programming.
We have a lot of mathematical functions to perform calculations on data. We can
also perform mathematical operations in our programs. C language offers

numerous operators to manipulate and process data. Followmg is the list of
some basic operator types:

. Assignment operator
«  Arithmetic operators
e Logical operators

* Relational operators ~
2.2.1 Assignment Operator

‘Assignment operator is used to assign a va|ue to a variable, or assign a value of
varlable to another varlab|e

Equal sign (=) is used as aSS|gnment operator in C. Consider the following .
example; ‘

int sum = 5;

" .

. Value 5is assigned to a variable named sum after executingthislineofcode.
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"~ Let'shavealookatanother example:
int sum = 6;
int var = sum; . |
First, value 6 is assigned to variable sum. In the next line, the value of sum is

assigned to variable var.

5] PROGRAMMING TIME 2.1 R
Write a program that swaps the values of two integer variables. |
Program: , _ |
void main () | ) .
{ _ !
inta=2,b =3, temp; 1
. temp =a;
amnb;
b =temp; -
printf ("value of a after swapping: %d\n", a);
4 printf ("Value of b after swapping::%d\n", b);
} \ _ : 7 A -

2.2.2 Arithmetic Operators

. Arithmetic operators are used to perform arithmetic operations on data Table
2.2 represents arithmetic operators with their description.

Operator| Name ' Description

74 Division Operator It is used to divide the value on left S|de by the
g value on right side.

Multiplication Operator | It is used to multiply two values.

+ | Addition Operator It is used to add two values.

: Subtraction Operator - | It is used to subtract the value on right side
: from the value on left side.

% Modulus Operator It gives remainder value after dividing the left
: : ‘| operand by right operand.

Table 2.2: Arithmetic Operators

- Division

Division operator (/} ivides the value of left operand by the value of rlght
operand eg look at the following statement.
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= float result = 3.0 / 2.0;
After this statement, the variable result contains the value 1.5.
Impertant Note

If both the Operands are of type mt then result of divisionis also oftype (nt.
Remainder is truncated to give the integer answer. Consider the following
line of code: '

float result = 3 / 23 :
As both values are of type int so answer is also an mteger Wthh is 1. When
this value 1 is assigned to the variable result of type float, then this 1 is
converted to float, so value 1.0 is stored in variable result. If we want to get
- the precise answer then one of the operands must be of floating type.
Consider the following line of code:

float result = 3.6/ 2;
Inthe above example, the value stored in variable result|s1 5.

L' PROGRAMMING TIME2:2!
/*This program takes as input the price of a box of chocolates and
the total number of chocolates in the box. The program finds and |
displays the price of one chocolate.*/ B l

# include <stdio.h> '
void main ()

{- _

float box_price, num_of chocolates, un1t_pr‘1ce,

printf (“Please enter the price of whole box of chocolates 1133

scanf(“%f”, &box_price);

printf (“Plgase'ent‘er‘ the number of chocolates in the box: »);

~scanf(“%f”, &num_of_chocolates);

unit_price = box_prlce / num_of chocolates, _

prlntf(“The price of a 51ng1e chocolate is %-F”, un1t_pr'1ce), A
} o ik
Output: ,
Please enter the price of whole box of chocolates: 150
Please enter the number of chocolates in the box: 56

: @e priée of a single chocolate is 3.000000 -
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Multiplication

Multiplication operator (*) is a binary operator which performs the product of

two numbers. Look at the followmg statement:
int multiply =5 * 5;

After the execution of statement, the variable multiply contains value 25.

L] PROGRAMMING TIME 2.3 S —

/* Following program takes as input the length and width of a |
rectangle. Program calculates and dlsplays the area of rectangle on |
screen. */ _

# include<stdio.h> ' ,
void main ()
{ |
float length, width, area;
Pf‘intf(“Please enter the length of rectangle: *);
scanf(“%f” &1ength), . _ '
Pr‘lntf(“Please enter the width of r‘ectangle e ¥ |
- scanf (“%f”, gwidth);
area = length * width; _
printf(“Area of rectangle is : %f”, area);
} .
Output .
Please enter.the length of rectangle: ,6.5'

Please enter the length of rectangle: 3 = . _ _ o f

Area of rectangle is : 19.500000 SR - , }
N ) : v

Write a program that takes as input the length of one side of a square
and calculates the area of square.
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—  Addition

Addition operator (+) calculates the sum of two operands Let's look at the
followmg statement: ' | ,

int add = 10 + 16

Resultant value in variable add is 20.

(] PROGRAMMING TIME 2:4"
/* This program takes marks of two subjects from user and displays
the sum of marks on console. */

#include <stdio.h>

_ void main )

{

\

int.sum, math, science;

' printf (“Enter marks of Mathematics: ”);
scanf (“%d”, &math); '
printf (“Enter marks of Science: ”);
scanf (“%d”, &cience);

' sum =math +science;

, printf (“sum of marks is : %d”, sum);
g .
Output
Enter marks of Mathematics: 90
Enter marks of SCiénce: 80
Sum of marks is : 170 _ | L

Write a program that takes as input the number of balls in jar A and the

number of balls in jar B. The program calculates and displays the total
numberofballs

IMPORTANT TIP

A ' '
The statement a = a + 1; is used to increase the value of variable a by 1. In

C language, this statement can also be written as a++; or ++a;. Similarly, |
a--; or--a; is used to decrease the value of aby 1.
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Subtraction

Subtraction operator (—)'éubtracts right operand from the left operand. Let's:

look at the following statement:
~ int result = 20 - 15;
After performing subtraction, value 5 is assigned to the varliable result.

l erte a program that takes original price of a shirt; and discount percentage from
'i user. Program should display the original price’ of shirt, discount on price aﬂd

- price after discount.

Modulus operaxor

Modulus operator (%) performs division of Ieft operand by the nght operand and
returns the remainder value after division. Modulus operator works on integer
datatypes. | | |

int remaining = 14 % 3;
As, when we divide 14 by 3 we get a remalnder of 2 so the value: stored in

“variable remainingis 2.

(<515 PROGRAMMING TIME 2.5 E—
/* This program finds and dlsplays the rlght most d1g1t of an input
number. */ : _ .
#include <stdio.h>

‘void main()

{.,

y

int num, d1g1t :

pr1ntf(“Enter a number: ”),

scanf(“%d”, &num);

digit = num% 10; . - :
printf(“Right most digit of number you entered is: %d’_’,

d1g1t),

| AR
Output

| Enter a number: 789 . :
'Right most digit of number you entered is.: 9 - - .

e
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Write a program that takes 2 digit number from user, computes the
product of bothrdigits and show the output |

number.of hours, minutes and seconds

Bﬂte a program that takes seconds as input and calculates equivalent \
ot

Important Note:

- While writing arithmetic statements in C language a common mistake is
| to follow the usual algebrarc rulese.g. wntrng 6*yas 6y. and writing X *
X * xasx? etc It resultsmacompller error o '

Convert the followmg algebrarc expressrons into C expressrons
- Xx=6y —I—z ' {
X =yz+ 3y
- Z= X —|— ﬁ
X
z=(X.- 2) + 3y = |
(x+—)+z +—,' e s e e it
S ¢ e ' et o o =5 ’: - )

2.2. 3Re|ational-0perators

Relataonal operators compare two values to determlne the relatlonshlp between
values. Relatlonal operators rdentrfy either the values are equal not equal

greater than or Iess than one another. C Ianguage allows us to perform relatlonal
operators on numeric and char type data Table 2.3 presents relatronal operators_
in C language and their descrlptrons ‘ :
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Relational Operator Description

Equal to

1 N | b, Not equal

Greater than

>

e : Less than

\%
I

Greater than equal to

Less than equal to

A
1

Table 2.3: Basic relational operators with their description
Relational operators perform operations on two operands and return the result

in Boolean expression (true or false). A true value is represented by 1, whereas a
false value is represented by a 0. This concept is further illustrated in Table 2.4.

Relational Expression | Explanation Result
> = - 5isequal to 5? | | True
S51=7 ., " |5isnot equalto 7? : True

5 7. : 5is greater than 77 | False
5<7 ‘ : 5islessthan 77 True
S5 T 5is greater than orequalto 5? |True
5<=4 5isless than or equal to 4? False

Table 2.4: lllustration of relational operators with examples
2.2.4 Ass:gnment operator (=) and equal to operator ==
In C language, = = operator is used to check for equality of two expressions,
whereas = operator assigns the result of expression on right side to the variable
on left side. Double equal operator (==) checks whether r|ght and left operands
are equal or no’g Single equal operator (=) assigns right operand to the variable
on left side. ' | - | :

Important Note
We can also use printf function to show the results of 3 relétional
expression, e.g.look at the following examples: - X
printf(“%d”, 5==5); // This statement displays 1 »
printf(“%d”, 5>7); // This statement displays @ '
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expressions.

2.2.5 Logical Operators

Logical operators perform operations on Boolean expressions and produce a

Boolean expression as aresult.

As we have studied that result of a relational operation is a Boolean expression,
so logical operators can be performed to evaluate more than one relational

expressions. Table 2.5 shows the logical operators offered by C language.

Operator - Description

&8 | Logical AND

1R | Logical OR
1! Logical NOT

Table 2.5: Basic logical operators and their description

AND operator (&&):

Consider the variables x=3, y=7. Find out the Boolean result of following |

(2+5)>y (x+4) ==y
x!l=(y-4) - /2)>=x |
1 <x (x*3)<=20 J

AND operator. && takes two Boolean expressions as operands and produces the
result true if both of its operands are true. It returns false if any of the operands is

false. Table 2.6 shows the truth table for AND operator.

Expression Result ]

False && False False

False &8 True False s

True && False False ~
True &8& True True

Table 2.6: Truth table for AND operator

\
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OR operator (|]):

u
| OR operator accepts Boolean expression and returns tr

e if at least one of the

11' ~ operands s true. Table 2.7 shows the truth table for OR operator.
| Expression . Result

False || False False

False || True True

True || False True

True-li[ True True

NOT operator (N:- .

NOT operator negates or reverses the value of Boolean expressmn It makes it
true, if it is false and false if It is’ true Table 2.8 presents the truth table for Not

Table 2.7: Truth table for OR operator .

operator. A
Expression Result
| !(True)‘i | False
| !(False) - True

Table 2.8: Truth table for NOT operator .
Examples of Logical Operators

Table 2.9 illustrates the concept of logical operators W|th the help of examples.

less than or equal to 0)?

Logical Expression Explanatuon Result
3<48&7> 8.- 3 is less than 4 AND 7 is greater False
than 82 | s 58
3==4| 3 > 1 3isequalto 4 OR3is greater | True -
. |than 1? -

I (4 >2||2==2 NOT (4is greaterthan20R2|s False
4 equal to 2)?

6 <=6 8&& !(~1 >2) 6 is less than or equal to 6 AND |True

‘ . et NOT (1is greaterthan 2)7- -
18> 9]| (1 <=0) | 8 is greater than 9 OR NOT (1is | True

Table 2.9: Illustration of.Ioglcal operators with examples‘ '
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C language performs short-circuit evaluation. lt meansthat: . |
1- While evaluating an AND operator, if sub expression at left side of the |
; operator is false then the result is immediately declared as false without
evaluating complete expression. l
2- While evaluating an OR operator, if sub expresSion at left side of the

operator is true then the result is immediately declared as true without |
evaluating complete expression.

-

—
Assume the followmg variable valuesx 4, y =7,z=8. Find out the
resultant expression.
N=i= ” y==. : 7->=y && ZV<5~
z>=5 || x<=-3 . y==7 && l(true)
e x!=y || y<5 r(z>x)v_' j

2 2.6 Unary Vs Bmary Operators

'AII the operators discussed in this chapter can be divided into two basic types,
based on the number ofoperands on whrch the operator canbe applled

—

: -_Unary Operators Unary operators are applled over one operand only eg
logical not (!) operator has- only one operand Sign operator (-) is another
_exampleofaunaryoperatoreg -5. 5 '

- Binary Operators: Blnary operators requ'ire_ two operands to perform the
operation e.g. all the arithmetic operators, and relational operators_are binary

operators. The logical operators && and || are also binary operators. -

- DID'YOU KNOW"

C language also offers a ternary'operatorthat isapplied on three operands. ] :
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2.2.7 Operators’ Precedence Isﬁﬂ'md{ wmt“

IFtHUHY e multiple operators in an expression, the qUestllodr A
dberalbr s evaluated first. To solve this issue, a precedence has bee d

each operator (Table 2.10). An operator with higher precedence is evaluated
before the operator with lower precedence. In case of equal precedence, the

operator at left side is evaluated before the operator at right side.
Example: .

result =18 /2*3+7%3+ (5*4);
result=18 /2*3+7%3+20;
result=9*3+7%3+20;

result =27+7%3+ 20;

result = 27 + 1 + 20;

result = 28 + 20;

result = 48;

// evaluate ()
// evaluate /
// evaluate *
// evaluate %
// evaluate +
// evaluate +

bperator 4_ Precedence

() : 1

! 2

%7 % 3

+ , - 4 .
S , <, >=, <= . 5

— = 16

& & 7

1 8

= 9

_ ‘Table 2.10: Operators with their precedence ,

. 4 & oW - L4 . .
:ﬂiéACTIVI_IYfZAZ ‘ A
- | Find out the results of the following Expressions: : | '

16/ (5 + 3) ‘

7+3*(12 +2)

25%3*4

34—9*2/'(3*_3) .
__ﬂi’f’i__"\____)

. o e ed - s \ LR
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B We need a way to provide ihput and show output while wrlting
programs. Each programming language has its keywords or standard
built-in function for I/O operations. |

B printf is a built-in function in C programming language. It's namea
comes from “print formatted” that is used to show the formatted
outputonscreen. - |

B Format specifiers are used to specify format of data type duringi
input and output operations. Format specifier is always preceded by a

. percentage (%) sign

B scanfis a built-in functlon in C Ianguage that takes input from user
into the variables

B getch() function is used to read a character from user. This function
accepts characters only. The character entered by user does not get
displayed on screen. |

B Astatement terminatorisidentifier for compiler which identifies end
of a statement. In C language semi colon () is used as statement

terminator. . .
B Escape sequence forces printf to escape from its normal behavior. Itis

. the combination of escape character(\) and a character associated

with special functionality.
W Escape sequence \n specifies the movement of cursor to start of the |

next line. This escape sequence is used to d|splay the output on

multiple lines. | |
B Escape sequence \t specifies the movement of cursor to the next tab

“stop horizdntelly. Atab stop is collection of 8 spaces.
B Basic operators are arithmetic operators, assignment operator,
relational operators, and logical operators.
B Arithmetic operators Arithmetic operators .are used to perform
arithmetic operations on data to evaluate arithmetic functions.
Arithimetic operatorsare +,-,* /, /, %.
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B Modulus operator is also a binary operator, which performs division
of left operand to the right operand and returns the remainder value
after division. Modulus operator works on integer data types.

B. Relational operators compare two values 1O detgrmine the
relatlonshlp between values.

] Log:cal operator performs operation on Boolean expressions and
returns a Boolean value as a result.

B Logical AND operator returns true when the result of expressions on
both sides is true whereas the Logical OR operator returns true when
either of the two expressions is true. =

B Logical NOT operator returns true if the expressuon is false and vice
versa. _ :

B Short circuiting is to deduce the result of an operation without

_ computing the whole expression.

B There are three types of operators. Unary, bmary and ternary
operators require one, two and three operands respectively, to
performthe operation. - f

B Precedence tells which operation should be performed first. Different

~ operators have different precedence. Operators with higher
precedence are evaluated first and the ones with lowest precedence

are evaluated last. : 2 : :
k . » 2 : ¢ i { . S
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_ Bxercise

Q.1 Multiple Choice Questions

1) printfisused to print type of data. |

a) int - b)float c) char d) All of them
2) scanfisa in C programming language.

a) Keyword b) library | c) function d) none of them
3) getch()is usedto take asinputfromuser. -

a) (nt b) float c) char d) All of them

4) Let the following part of code, what will be the value of variable a after
execution; | ’

inta=4;
floatb=2.2;
~a=a*b; | | :
2)8.8 b)8 80 . d)82
5) Which of the following is a valid line of code. - |
a)int=20; b) grade-:"A'.; ‘ | c) line= thisis aline; d) none of them
6) Which operator has highest precedence among .thefollowivng:' |
A/ b= 9> 4
" 7) Which ofthe folloWing is notatypé of oﬁpe‘rator:‘ .
a) Arithmetic operator ' , : ) Rélationaloperator |
b) Check operator d) Logical operatolr
8) The operator % is used to calculate ‘ " |
a) Percehtage b) Reméinder ) Factoriéi. ~d)Square |
9) Which of the following is a valid character: , | y .
a) 'here’ b) "a" . q) 9 - d)Noneofthem

10) What is true about C language:
a) Cis not a case sensitive language
b) Keywords can be used as variable names -
¢) All logical operatérs—are binary operators
d).[\lone ofthem
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H Q.2 True or False | |
| 1) Maximum value that can be stored by an integer is 32000. T/F
T/F
ith a % sign.
2) Format specifiers begin wi
3; pPrecedence of division operator is greater than multiplication operator. T/F
ri
4) getch is used to take all types of data input from user. T/F
5) scanf is used for output operations. T/F
Q.3 Define the following.
1) Statement Terminator 2) Format Specifier 3) Escape Sequence
4) scanf 5) Modulus Operator .
Q.4 Briefly answer the following questions. "

1) What is the difference between scanf and getch?

2) Which function of C language is used to display output on screen?

3) Why format specifiers are important to be specified in /O operations?
4) What are escape sequences? Why do we need them?

5) Which operators are used for arithmetic operations?

6) What are relational operators? Describe with an example.

7) What are logical operators? Describe with an example.

8) What is the difference between unary operators and binary operators?
9) What is the difference between == operator and = operator?

10) What is meant by precedence of operators? Wthh operator has the
highest precedence in C language?
Q.5 Write down output of the following code segments.
a) # include<stdio.h>
void main ()
{ |
intx=2,y=3, 2 =6;
int ansi1, ans2, ans3;
ansl=x/z"'y;
ans2 “y+z/y*2;
ans3 - z/x+x*y;
printf(“%d %d %d”, ans1, ans2,

ans3 );
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b) # include<stdio.h>
void main ()
i
printf ( "nn \n\n nnn\nn\nt\t" ) ;
printf ( "nn /n/n nn/n\n" ) ;
}
c) #include<stdio.h>
void main()

{ .
inta=4, b;
float c = 2.3;
b=c * a;
printf(“%d”, b);
}

d) #include<stdio.h>
void main()
{
inta=4*3/(5+1)+7%4;
printf(“%d”, a);
} %
e) #include<stdio.h>
void main()

{

| i) - 7
Q.6 Identify errors in the following code segments.
a) #include<stdio.h>
voidmain () . . .. ...

printf(“%d”, (( (5>3)8& (456)) || (7>3)));

inta, b=13;
b=a%2; | = ¥
printf(“Value of b is : %d, b); =~

|
|
|
|
|
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b) #include<stdio.h>
void main ()

{
inta, b, c,
printf(“Enter First Number: ”);
scanf(“%d”, &a);
printf(“Enter second number : ”);
scanf(“%d”, &b), ey
a+b=c;

]

c) #include<stdio.h>;

main ()

{
int num;
printf(Enter number: ”);
scanf(%d, &num);

Lo

include<stdio.h>

int main ()

{
float f;
printf[“Enter value: *];
scanf(“%c”, &f);

}

Programming Exercises

Exercise 1
The criteria for calculation ofwages ina company is given below.

e D EE——— e

Basic Salary =Pay Rate Per Hour X Working Hours OfEmponee
OvertimeSalary =Overtime PayRate X Overtime Hours OfEmpone_e.
TotalSalary  =BasicSalary + OvertimeSalary

Write a program “that should take Worklng hours and overtime hours of

employee as input. The program should calculate and dlsplay the total salary of
employee.
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Exercise 2
Write a program that takes Celsius temperature as input, converts the

temperature into Fahrenheit and shows the output. Formula for conversion of

temperature from Celsius to Fahrenheitis:
F=3C+32
Exercise 3 |
Write a program that displays the following output using single printfstatement:
* * * *
1 2 3 4
Exercise 4
Write a program that displays the following output using single printf statement:
lam a Boy

[ live in Pakistan

| am a proud Pakistani

Exercise 5

A clothing brand offers 15% discount on each item. A lady buys 5 shirts from this
brand. Write a program that calculates total price after discount and amount of
discount availed by the lady. Original prices of the shirts are:

Shirt1 = 423
Shirt2 = 320
Shirt3 = 270
Shirt4 = 680
Shirt5 = 520
Note: Use 5 variables to store the prices of shirts.
Exercise 6

Write a program that swaps the values of two integer variables without help of

any third variable.
Exercise 7

-

Write a program that takes a 5 digit number as input, calculates and displays the

sum of first and last digit of number. .

40}
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Exercise 8

following:
* Totalmonthly expenses '
» Totalyearly expenses
* Monthlysavings |
* . Yearlysaving
* Average saving per month
* Average expense per month

Exercise 9

Write a program that takes a character and number of steps as input from

user. Program should then jump number of steps from that character.
Sample output:

Enter character: a
Enter steps: 2
New character: ¢

Exercise 10
Write a program that takes radius of a circle as input. The program should

calculate and display the area of circle.
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students Learning Outcomes

After completing this unit students will be able to
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|

Define a control statement

Define a selection statement

Know the structure of if statement

Use if statement

Know the structure of if-else statement
Use nested selection structures
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" Unit3: Conditional Logic

Unit Introduction

In our daily life, we often do certain tasks depending upon the situation e.g. T will
go for awalk if wake up at 6 am. If the weather turns cloudy, | will take umbrella
with me. If Sara passes the exam, | will gift her a watch. All these decisions are
taken on the basis of condition. If the condition is true, we perform the speciﬁed
task, otherwise we do not. Sometimes, if the condition is not true then we
perform some other task. This ic called conditional logic. In this chapter, we

discuss how to implement conditional logicinC programming language.
- 3.1 Control Statements

In order to solve a problem, there is a need to control the flow of execution of a
program. Sometimes we need to execute one set of instructions if a particular
condition is true and another set of instructions if the condition is false.
Moreover, sometimes we need to repeat a set of statements for a number of
times. We can control the flow of program execution through control
statements. There are three types of control statements in C language.

1: Sequential Control Statements

- 2- Selection Control Statements

3- Repetition Control Statements
Sequential control is the default control structure in C language. According to
the sequential control, all the statements are executed in the given sequence. Till

now, we have just worked according to the sequential control. In this chapter, our
focusis on the selection control statements.

3.2 Selection Statements

The statements which help us to decide which stétements should be executed
next, on the basis of conditions, are called selection statements.

Two types of selection statements are:
1. Ifstatement

2. If-else statement
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3.2.1If statement
c language provides if statement in which we specify a condition, and associate
acodetoit. The code gets executed if the specified condition turns out to be true,

otherwise the code does not get executed.
structure of if statement

If statement has the following structurein C language:
if (condition)
Associated Code
Here is a brief description of different components involved in the general

structure of if statement.

1- In the given structure, if is a keyword that is followed by a condition inside

parentheses ().

2- A condition could be any valid expression including arithmetic expressions,
relational expressions, logical expressions, or a combination of these. Here

are a few examples of valid expressions that can be used as condition.

a- 5 (true)
b- 5+4 (true)
c- 5-5 ' (false)
d- 5>4 (true)
e- 5== (false)
f- 1(4>5) (true)
g- (5>4)&8&(10<9) (false)
h-  (5>4)]|(9<10) (true)

Any expression that has a non-zero value calculates to true, e.g. expressions @
and b above produce a true value, but the expression ¢ produces a false value.
The expression can also include variables, in that case values inside the
variables are used to calculate the true/ false value of the expression.
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3- Theassociated code s any valid C language set of statements. It may cont?.—
One or more statements.

The following flow chart shows the basic flow of an if statement.

LStart ]

Associated Code

&
(s )

If we want to associate more than one statements to an if statement, then they
need to be enclosed inside a { } block, but if we want to associate only one
statement, then although it may be enclosed inside { } block, but it is not
mandatory. It is demonstrated through the following examples.

[</> EXAMPLE CODE 3.1

#include<stdio.h>
void main()
i .
int a = 12;
if (a%2==0)
{ .
printf(“The variable a contains an even value.”);
printf(“\nYou are doing a great job.”);

|3
Output:
The variable a contains an even value

doing a great job. = e o
Youare gag J . ; SRR
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~ Because, when value 12 is divided by 2, it gives a remainder equal to 0, 5-0 th}
condition inside if parentheses is true. As both the printf statements are inside {
biock, so both the statements get executed.

Now look at the following example:

<[> EXAMPLE CODE 3.2
#include<stdio.h>
void main()

{

int a = 4;
‘intb=5;
if (a > b)
~ printf(“The value of a is greater than b.”);
- printf(“\nYou are doing a great Job.2 )
}
Output:
kYou are doing a great job.

e

As the condition inside the if pareniheses is false, and the stétements following
the if statement are not inside { } block, so only the 2™ statement is executed
because without a {} block, only 1% statement is Considered to be associated with
the if statement. )

Using if statementin C

Let's understand the concept of if statement using different examples.

(2] PROGRAMMING TIME 3.1

Problem: | .
Write a program in C language that takes the percentage of student as
an input and displays “PASS" if the percentage is above 50.

#include <stdio.h> . |

| void main()

4

float percentage;
printf (“Enter the percentage: *);
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scanf (“%f”, @percentage);
if (percentage > 50)

| printf (“PASS\n");

| }
Output:

On the input 47, progra
condition turns false.

Enter the percentage : 47 @

m simply ends because 47 is less than 50 and the

When 67.3 is entered as an input, "PASS” gets printed on console

because condition is true, as 67.3 is greater than 50.
; Enter the percentage : 67.3 &
PASS (OC) : |

[55] PROGRAMMING TIME 312

Problem:
A marketing firm calculates the salary of its employees according to the

following formula.
Gross Salary = Basic Salary + (Number of Items Sold X 8) + Bonus

If the number of sold items are more than 100 and the number of broken
items are 0, then bonus is Rs. 10000, otherwise bonus is 0.

Write a program that takes basic salary, the number of sold and broken
items as input from user, then calculates and displays the gross salary of the

employee.
\ _J
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0 10 Woll afiT ZAi6IgRa
Program:
#include<stdjo,h>
void main()
{
é:{}ss—bsii;lr‘cy_;salary, items_sold, items_broken,
int bonus - 0;
Printf(“Enter the basic salary: “);
scanf(yd» &basic_salaryy;
Printf(“Enter the number of items sold: *);
scanf(“%d»; &items_sold);
Printf(“Enter the number of items broken: “);
scant(“y%d», &items_broken);
if (items_sold s 100 && items_broken == 0)
bonus = 10000;
gross_salary = basic_salar'y + (items_sold * g
printf(“Gross salary of the employee
gross_salary); » .
}
Description: , _
In the above example, bonus is initialized to 0 because if the number of sold
items are not more than 100, then automatically bonus is considered 0.
Inside the if statement, it is checked that whether the number of sold items
are greater than 100. If so, the bonus is assigned 10000. Itis to be noted that
gross salary is calculated outside the if block,‘ because whether the number |
gf sold items are more than 100 or not, the gross salary must be calculated. |

NI T T A
1| QItERGiS]

) + bonus;

]

Scanned with CamScanner



s COMPUtBTScience 7 Unit 3: Conditional '-Oglc !

 .'_; Foliéwing figure explains the flow of program with the help of a flow chart,\
| Start |

Bonus=0

. INPUT
basuc salary. :
_itemssold,
|tems broken

bonus=10000

grosssalary =basicsalary +(items sold *8) +bonus

/. Print

/. gros S’salar»

[ .stop |

Write a program that takes the age of a person as an input and displays
“Teenager” if the age lies between 13 and 19.

Write a program that takes year as input and displays "Leap Year” if the
input year is leap year. Leap years are divisible by 4.
S ) >
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@ iIMPORTANTTIP!

PrOperIy indent the instructions under if statement using tab. It improves
the readability of the program.

3.2.2 If-else Statement

Till now, we have demonstrated how to execute a set of instructions if a particular
condition is true, but if the condition turns out to be false then we are not doing
anything. What if we want to execute one set of instructions if a particular
condition is true and another set of instructions if the condition is false. In such
situations we use if-else statement. It executes the set of statements under if

statement if the condition is true, otherwise executes the set of statements under
else statement. '

General structure of the if-else statement is as follows:

i1f (condition)
Associated Code
else |

Associated Code

Associated code of if statement is executed if the condition is true, otherwise the

code associated with else statement is executed. Following flow chart shows the
structure of if-else statement.

[CodeAssociated ' CodeAssoclated;'
“with e ith
ELSE st atement L IF statement
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losed e compiler issues @
enclose
understand th|s concept, let's look att

#include<stdio.h>
void main() |
' |
int a = 15; ,
f(a%2==0) ]
e printf(“The variable a contains an even value.”);|
printf(“\nYou are doing a great job.”); |
else <« : —
printf(“The variable a contains an odd value.”);
} it
W

The above code cannot be compiled, because as discussed earlier, without a { }

biock only one statement is associated with if statement. In this case, the 1
statement i.e. printf(“The ‘variable a contains an even value.”),
associated with if statement, but the 2™ statement i.e. printf(“\nYou are
doing a great jOb P s not associated with if statement. So, the else partis
also disconnected from if statement. We know that an else block must be
associated to an if block. In order to solve this problem, we can put both

sT

statements before else keywoi‘d inside {} block.

@ DID.YOUKNOW?

A set of mu|t|ple instructions enclosed in braces is called a block or a |
compound statement.
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§ﬂ° 1)'4! £ CODE 3.4

#1nc1ude<std10 h>
1 ' void main()

; {
1 int a=15;
j if (a%2==9)
j { ' : »
{ printf(“The variable a contains an even value.”);
I prlntf(“\nYou are doing a great job.”);
! } : . ' -:
else T : : |
printf(“The variable a contains an odd value.”); :
Cutout: |
| Output:
The variable a centains an odd value. z ' = 4)’

Use of if-else statement ,
The following program takes a character as input and displays “DIGIT" if the
character entered by user is a digit between 0 to 9, otherwise dlsplays "NOT

DIGIT".

</> EXAMPLE CODE 3.5
#include <stdio.h>
void main()

{ :

char input;

printf (“Please enter a character: “);

scanf (“%c”, &input); '

if (input >= '8’ && input <= '9")
printf (“DIGIT\n”);

else ) ‘ o
printf (“NQT DIGIT\n”); ’
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output I -

Ifuser enters a digit, e.g. 5, then "DIGIT" is displayed on the screen.
Please enter a character: 5
| DIGIT
If user enters another character, e.g. k, then "NOT DIGIT" is displayed as the
~ condition turns false.
| Please enter a character: k
NOT DIGIT

b

Write a program that takes the value of body temperature of a person as an
input and displays “You have fever.” if body temperature is more than 98.6
otheryvis_e displays "You don't have fever.”

oy e e
éggrgygggggiqgggggg-—— — — —
~ Ifthere are more than one instructions under if statement or else statement,
enclose them in the form of a block. Otherwise, the compiler considers only
one instruction under it and further instructions are considered

_independent.

Important Note _
C language also provides an if-else-if statement that has the following
- structure. -
if (condition 1)
Code to execute if condition 1 is tr'ue}
else if (condition 2) .
Code to execute if condition 1 is false but condition 2

is true;

else if (condition N)
- Code to execute if all previous conditions are false but

condition N is true;

else
Code to execute if all the conditions are false;
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' §Write a program that takes percentage“marks of student as input and
displays his grade. Following table shows grades distribution criteria.

Percentage v Grade
| 80% and above , T A
70% - 80% | B
: 60%—70% - C
- |50% - 60% D
.f Below 50% = s liE
.
fPrqgranu
;#include<stdio;h>
' void main()
o ‘
g float percentage; _
5 printf (“Enter the percentage: 2
scanf (“%f”, &percentage);
, 1f (percentagéA>= 89). '
printf (“A\N*);
! else if (percentége'>= 70)
: printfi(“B\n?); - .
else if (percentage >= 60)
brintf (“C\n”);
else if (pehcentage'>='50)
printf (“D\n”); f
else ; - ;
| printf (“F\n”); )
'

Unit3: Conditional Logic
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3.2.3 Nested Selection Structures
n below:

Let's closely observe the general st
if (condition‘)
Associated Code

ructure of an if-else statement give

else

Associated Code

de associated with an if statement Or with an
It means that inside a

guage set of statements.
e can have other if statements OF if-else statements. |

r if statements OF if-else state

else statement can be any

The co '
n if block or inside an

valid C lan
else block, W
inside those inne

t also means that
ven more if
within

ments we can have e

tatements and so on. Conditional statements

lled nested selection structures.
id nested selection structures.

statements Of if-else s
conditional statements are ca
All the following structures are val
if (conditionl is true)

if (conditionl is true)
if (condition2 is true)

 if (condition2 is true)
Associated code

_ else

Associated code

Associated code

else ,
if (condition3 is true)

Associated code

if (conditionl is true)
if (condition2 is true)
| Associated code
else
Associated code
‘else ' g |
if (condition3 is true)
' Associated code

if (conditionl is true)
if (condition2 is true)
Associated code
else : ’
Associated code
else ' :
" if (condition3 is true)
Associated code
else

Associated code
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use of Nested Selection Structures

In order to understand the usage of nested selection structures, Iet s have alook
at the following example problem. ‘

T o sy ——
Q;K{é%k;ﬁ%_;gigw AMI h«(wii"}iﬁﬁ-u BN S e
Problem:

An electricity billing company calculates the electricity bill accordmg to the
following formula.

Bill Amount = Number of Units Consumed X Unit Price
There are two types of electricity users i.e. Commercial and Home Users. For
home users the unit price varies according to the following:

Units Consumed Unit Price

Units < = 200 S Rs 12

Units > 200 but Units < = 400 Rs 15

Units > 400 . |Rs 20

For commercial users, the unit price varies according to the following:

Units Consumed Unit Price =

Units < = 200 Rs 15

Units > 200 but Units < = 400 | Rs 20

Units > 400 - Rs 24

Write a program that takes the type of consumer and number of units

consumed as mput The program then dlsplays the electnaty bill of the
user.

Program:
#include<stdio.h>
void main()
{
. int units, unit_price, bill;
char user_type;
printf(“Please enter h for- home user and c for commercial
user: ”); L : '
scanf(“%c”, &user_type);
printf(“Please enter the number of un1ts consumed: “);
scanf(“%d”, &units);
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| if(units <~ 200)
| : if(user_type == 'h’")
‘ unit_price - 12,
else if(user_type == "C')
unit_price = 15;
else if(units > 200 && units <= 40Q)
if(user_type == 'h")
unit_price = 15;
else if(user_type == "¢ ')
unit_price = 29;

PR A it e 2= _—
LContinyed:
-Lontinyed:|

else
if(user_type == 'h")
unit_price = 15;
else if(user_type ==.¢")
unit_price = 24;
bill = units * unit_price; -
* printf(“Your electricity bill is %d”, bill); :

|

‘ In compound statements, it is a common mistake to omit one or two braces
' while typing. To avoid this error, it is better to type the opening and closing
~ braces first and then type the statementsin the block.

"a‘%@f"ﬁ!ég-* i

;’The eligibility criteria of a university for its different undergraduate

" programs is as follows:
& BSSE Program: 80% or. more marksin Intermediate

BSCS Program: 70% or more marksin | ntermediate
| BSIT Program: 60% or more marks in Intermediate
Otherwise the university do not enroll a student in any of its programs.
| Write a program that takes the percentage of Intermediate marks and tells
' for which programs the student is eligible to apply.

2
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C Programmmg Ianguage also provides Switch-Case structure to deal with
conditions, but Switch-Case structure is applicable only in limited
scenarios. The if, |f-e|se structures cover all the possnble decision making

e
!
f
|
|
|
|
i
19
{

scenaruo s "
SIS, L e )
Write a program that takes tWO'Chaite ey Og,éraﬁdn
- mtegers as input and asks the user to |— ‘ o
| e_nter a choice from 1 to 4. The|! = Addition
program should perform the|z . |Subtraction
operatlonaccordmgtotheglventable' R ¥ T B
and dlsplaythe result | 3 : '\ Multuplnc_at:on
A Tl L (Aeeie S Bivision T e
3 2. 4So!ved Exampie Problems - '
| if’*f _PROGRAMMING‘[IME : '.5‘:;: ' .
" | Problem: - - L
.ertea program that dlsplays Iarger one out ofthe three glven numbers
Program: | -
include <std10 h>
"vqld main ()
' int n1, n2, n3;. e
prlntf gl Enter three numbers"), : ‘ b Bagnd -
scanf ("%d%d%d", ‘&1, &n2, &n3), ‘
if (n1 > n2 && nl1 > n3) | ]
prlntf ( ‘The largest number 1s‘7d“, n1),
else if (n2 > n3 && n2 > n1) ; 1.
printf ("The lar'gest number is %d", nz), ‘
-else ' ' -
printf ("The lar‘gest number is %d", n3);
gl )
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£5] PROGRAMMINGTIME
| Problem:
l Write a program that calculates the volume of cube, cylinder or sphere,
| according to the choice of user.
1 Program:
;#include<stdio.h>
' void main()

| {
int choice;
float volume;

printf ("Find Volume\n");

printf ("1.Cube\n2.Cylinder\n3.Spher'e\nEnter_ your choice:
i - |
scanf ("%d", &choice);

if (choice == 1)

,‘ { :
float length;
printf ("Enter Length: ");
; scanf ("¥f", &length);

volume = length * length * length;
printf ("Volume is %f", volume);

}

else if (choice == 2)

{

float lengthl, radiusl;

printf ("Enter Length: ");

\ scanf ("%f", &lengthl);. |

’ printf (“Enter Radius: ");

scanf ("%f", &radiusl);

volume = 3.142 * radiusl * radiusl * lengthl;
printf ("Volume is ¥f", volume);
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else if (choice == 3) : a
: h
float radius;
printf ("Enter Radius: ");
scanf ("%f", &radius);
volume = 3.142 * radius * radius * radius;
printf ("Volume is %f", volume);
else .
printf (“Invalid Choice”);
}
4

- Write a program that finds and d|5plays area of a trlangle parallelogram
rhombus or trapezmm according to the chmce of user.

Scanned with CamScanner



Un’[o- NI WA .-

The flo

the given sequence.

_expressions, relational expressmns,

| combination of these.

* Anif statement may not have an associ

* Selection statem

a ‘.ﬂ“‘ . -’D“‘:‘l‘ .‘i 77777777 - R . .
MMARY
tion is controlled through control

w of ptogram execu
ucture in C language.

statements g
the. default control str
ts are executedin

Sequentml control is
emen

According tothe sequential control aII the stat

thh statements should be

nelp us to decide w
re called selectton

The statements which
dltlons, a

executed next, on the basis of con

statements.
In if statement we specify
code gets executed if the spea

e code does notget executed.
ession: mcludmg arlthmetlc

logical expressmns, or al

a condltlon and associate a code to it. The |
ified condition turns out to be trué,

otherwise th
A condition could be any valid expr

The asSOéiated code in if statement is any valld C Ianguage set of

' ctatements. S st bl 1 : |
If-elses der if statement if"

tatement executes the set of statements un

the: condltlon is true and executes the set of statements under else

otherWIse
iated else statement butan else
statement must have an tfstatementto whichitis assoaated

ents. wuthln selectlon statements are called nested

-—,———— iy
B S ~

selection structures.
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11 Multipie Choice Questions

1)

2)

3)

4

.

6)

7)

| 8) Asetofmultiple mstructnons enclosed in braces is called a

Conditional logic helpsin

fa)deC'S'ONS ~ b) iterations - c)trév'ersing = d)all-

statements describe the sequence in which

,statement.s ofthe program should be executed S o
.a) Loop ‘ b) Conditional “c) Control d)All

In zfstatement what happens if condztcon is false7
a) Program crashes B

b) Index outof bound error

- ) Further code executes:

d) Compiler asks to change condrtson
int a = 5; '
if (a-< 16)
£ a++;
else =
Cif (a'>'4)

o st

’Wh:ch of the followmg statements will execute? R (T E,
“a)a++; : b) a--i . c) both (a )and (b) d) None
‘Which ofthe followmg is the condition to checka is a factor of ¢?

a)a%c= . b)c%a==0 c)a* c=2075 - d)a+c==
Acond:tlon canbeany . - e <8 expressmn

a) arittiematic % 5 - b) relational

c)logical P d) arithematic, relatlonalorloglgal
An if statement inside another tfstatement is called _ structure.
ajnested . . - b) boxed ¢) repeated - d)de._omposed

a)box b)(lst c)block _' d)Job

Q2 Define the following. | | e e
1) Control Statements 2) Selectlon Statements 3) Sequ'ential Control

4) Condition 5)-Nested Selec_tlon Structures

Scanned with CamScanner



ComputerScience Unit 3: Conditional Logic

N

Q3 Briefly answer the following questions.
1) Why do we need selection statements?
2) Differentiate between sequential and selection statements.
3) Differentiate between ifstatementand if else statement with an example.
4) Whatisthe use of nested selection structures?

5) Write the structure of if statement with brief description.
Q4 Identify errors in the following code segments. Assume that
variables have already been declared.

a) if (x 2 19)
printf (“Good”);

b) if (a<b&&b<c);
) sum=a+b+c;
else
multiply=a*b*c;

¢ if(a<7<b)
printf (“7”);

d) if (a==b&| x==y)
flag = true;
else
flag = false;
e) if (sum==60 || product == 175)
printf (“Accepted %c), sum);
else
if (sum >= 45 || product > 100)
printf (“Considered %d” + sum);
else |
printf (“Rejected”);

Scanned with CamScanner



computerSciencge | Unit 3: Conditional Logic

p——— '
Q5 Write down output of the following code segments.
a) int a - 7, b'S&
a=a-+b;
if (a>208.b<20)
b = a " b
printf ( “a=%d, b = %d”, a, b),
b) int x = 45;
if (x + 20 ’*j_7 == 455)
printf (“Look's Good’;);
else | ‘
printf ,(“Hope for the Best”);
¢ charcl="'Y", c2="'N'; |
intnl =5, n2 = 9;
‘nl=n1-+ e
cl=c2;
1F (N1 ==n28&&cl = c2)
prlntf (“%d = /d and %c = %c”, n1 n2 cl cl),
else .
if (n1 <n2 && cl==c2)
pr‘1nt1c (“%d < %d and %c = %c”, nl1, n2, cl, c2),
else | , ‘
~ printf (“Better Luck Néxt Timel”);
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d)inta=24,b=22,¢c=7,d=15;

‘5’8’1%}
3a=a"* 2;

b=b"*c;

c=c+d

1se

D

if(a>b&c>d||bs=d+c)

L
>

c *ey
b*b;
¥ :
printf (“a=%d, b=%d, c=%d, d=%d”, a, b, c, d);
e) intx=5,y=7,2z=g9; :
if (x%2==0)
X4+

d
2

else
X=Yy+2Z;
printf (“ x = %Zd\n”, x);
if(x%2==188y%2==18R2%2==1)
- printf (“All are 0dd”);
x>y Il x<z)
I

if(x>y)
y++;_
else '
if(x<z)
X++;

}
pr‘int‘F (“-X = %d) Y= %d; E = %d”J X, V¥, Z);
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Write a program that takes two integers as input and tells whether first one is a

factor of the second one?

Fxercise 2

Write a program that takes a number as input and displays "YES” if the input
numberis a multiple of 3, and has 5 in unit's place e.g. 15, 75. -

Exercise3

: Follgwing is the list of discounts available in “Grocery Mart".

Total Bili : IR
1000 - ' ' 10%
2500 o
5000 ' 35%
10000 i 50%

Write a program that takes total bill as input and tells how much discount the
user has got and what is the discounted price. |

xercise 4 = -
Write a program that takes as input, the original price and sale price of a product
and tells whether the product is sold on profit or loss. The program should also
tell the profit/loss percentage. '

Exercise 5 A , M 4
Write a program that takes as input, the lengths of 3 sides of a triangle and tells

whether it is a right angle triangle or not. Foraright angled triangle,
 hypotenuse’= base’ + height’.

Exercise 6

Following is the eligibility criteria fo

. Atleast 60% marksin Matric.
rks in Intermediate (Pre-Engineering or ICS).

radmission in an IT University.

-

* Atleast 65% ma
. Atleast 65% marksin entrance test.
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Write 3 program that takes as input, the obtained and total marks of Matric,
Intermediate and Entrance Test. The program should tell whether the student is
eligible or not. |

Exercise7
Write a program that calculates the bonus an employee can get on the following
basis:
Salary Expe.rience with Company | Bonus Tasks Bonus
10000  |2Years | 2|5 1500
10000 3 Years = 110 2500
25000  |3Years 14 2000
75000 |4 Years % 17 3500

100000 5 Years 10 5000
\he program should take as input, the salary, experience and number of bonus
tasks fthe employee. The program should display the bonus on the screen.
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Students Learning Outcomes

‘ After completing this unit students will be able to
.‘ B Understand the structure of array
B Dedare and use one dimensional arrays
' Use variable as an index inarray
Read and write values in array

| Explain the concept of loop structure
| Know that for loop structure is composed of:
;' o For
| o Initialization expression
} | o Test expression

o Body of the loop

o Increment/decrement expression
B Explain the concept of a nested loop
B Useloopstoread and write data in array

e ¢ ¥ 153 53
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Unit Introduction

While writing computer programs, we may find situations whepe e need 1O

process large quantities of data. The techniques that we have learnt oo far may

not seem suitable in these situations. So we need to have better rnechanioms for

storage and processing of large amounts of data. Another cormrmon problem

that we face is how to repeat a set of instructions for multiple tirmes without

writing them again and again. This chapter discusses the ways that

programming language provides in order to deal with data and repetitions

4.1 Data Structures

In the previous chapters, we learnt how to store pieces of data in the variables.
What if we need to store and process large amount of data e.g. the marks of 100
students? Probably, we need to declare 100 variables, which does not seem an
appropriate solution. So, high level programming languages provide data
structures in order to store and organize data, A data structure can be defined as

follows:

Data structure is a container to store collection of data items in a
specific layout.

Different data structures are available in C programming language, however this
chapter discusses only one of them, which is called Array. It is one of the most
commonly used data structures.

4.1.1 Array

An array is a data structure that can hold multiple values of same data type e.g. an
" int array can hold multiple integer values, a float array can hold multiple real

values and so on. An important hroper‘ty of array is that it stores all the values at
- consecutive locations inside the computer memory.
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4.1.2 Array Declaration

InClanguage, an array can be declared as follows: :

e — . )
> 4| :

[:J'pc of data to be [ maximum number of

Stored in array elements that can be stored
T 1

data_type Lc_:rray__name.'[ array_size];
|

identifier of
. array
\ . . % )

If we want to declare an array of type int that holds the daily wages of a laborer
forseven days, then we can declare it as follows:

int daily wage[7];

Following is the example of the declaration of a float type array that holds marks
of 20 students. '

float mar‘ks[ze]j ‘
4.1.3 Array Initialization

Assigning values to an array for the first time, is called array initialization. An array
can be initialized at the time of its declaratlon or later. Array- |n|tnahzat|on at the
time of declaration can be done in the following manner.

. data_typearray._ name[N] {value1 valuez value3 ........ , valueN}; |

. Following example demonstrates the declaratlon and |n|t|aI|zat|on of a float

array to store the heights of seven persons.
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float height[7] = {5.7, 6.2, 5.9, 6.1, 5.0, 5.5, 6.2};
Here is another example that initializes an array of characters to store five vowels
of English language.
char vowels[5] = {'a‘', 'e', 'i', '0', 'u'};
Important Note:

If we do not initialize an array at the time of declaration, then we need to
initialize the array elements one by one. It means that we cannotinitialize
all the elements of array in a single statement. This is demonstrated by

the following example.

</> EXAMPLE!CODE 4.1

: . initializing whole
void main() [ERRORJarray after declaration|.
1 { ' not allowed

int array[5];
array[5] = {10, 20, 30, 40, 50}; <

}

_ ' Y

- The compiler generates an error on the above example code, as we try to
~_initialize the whole array in one separate statement after declaringit.

4.1.4 Accessing array elements
Each element of an array has an index that can be used with the array name as
array_name[index] to access the data stored at that particular index.

First element has the index 0, second element has the index 1 and so on. Thus
height[0] refers to the first element of array height, height[1] refers to the second

element and so on. Figure 4.1 shows graphical representation of array height
initialized in the last section.

\\'L\.o\

o9 \\x.\\\ \\\.\7’\ \\x@\ . “‘\b.\
A\

: . &
‘\e\g \\e\‘) ‘\é\Q \\Q\Q \‘é\‘)‘\‘ \\é\‘)‘\‘

57|62 |59 61| 50| 55| 624

Value

Index——> 0 1 2 3 4 5 6
Figure 4.1: Graphical representation of array height
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L2l PROGRAMMING TIMIE 4i1

and then

Write a program that stores the ages of five persons in an array,
displays on screen.

Solution:
#include<stdio.h>

void main()

{

int age[5];

/* Following .statements assign values at different
indices of array age. We can see that the first value is
stored at index @ and the last value is stored at index 4

*/

age[0] = 25;
age[1] = 34;
age[2] = 29;
age[3] =43;
agel[4] =19;

/* Following statement displays the ages of five persons

- stored in the array */
printf(“The ages of five persons are: %d, %d, %d, %d,

%d”, age[@], age[1], age[2], age[3], age[4]);

ket

L2 PROGRAMMING TIME 4.2 g — =
Write a program that takes the marks obtained in 4 subjects as input from

| the user, calculates the total marks and dlsplays onscreen.

Solution: '

#include<stdio.h>
void main()

{ ' SR .
float marks[4], total_marks; .

printf(“Please enter the marks obtained in 4 subjects:

7%
scanf(“%f%f%f%f”,&mar‘ks [6], &mar-ks'[‘.l'],. &marks [2],

&marks[3]);
total_marks =marks [9] + marks[l] +marks[2] +marks[3];

=pr1ntf(“Total marks obtained " by. student are %f”,
total_marks);

=
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415 Using variables as array indexes

Avery important feature of arrays is that we can use variables as array indices e.q.
look at the followmg program:

4</> EXAMPLE CODE 4.2

#include<stdio. h> |
void main() ' ';
{
int array[5] = {19, 20, 30, 46 50};
int i; .
/* Following statements ask the user to input an index
into variable i. */ |
printf(“Please enter the index whose value you want to |
display”);
scanf(“%d”, &i);
/* Following statement displays the value of the array i
at the index entered by user. */ ,
printf(“The value is %d”, array[i]); |
L

Following program demonstrates that when we change the value of a variable,
its later usage uses the updated value.

<l> EXAMPLE CODE4.3 3

#include<stdio.h> - 2
void main() Fio2 SR

i1

int array[5] = {10, 20, 30, 40, 59},
inti=2;

/* Following statement dlsplays value 3@, as i contains |
2 and the value at array[2] is 36 */ ‘

i
printf(“%d”, array[i]); -
i+4; %

/* Following statement dlsplays value 496, as i has been

incremented to 3 and the value at ar‘r'ay[a] is 46. =/
: prlntf(“\n%d”, array[i]);
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4.2 Loop Structure
If we need to repeat one or more statements, then we use loops. For example, if
we need to write Pakistan thousand times on the screen, then instead of writing
printf(“Pakistan”); a thousand times, we use loops. C language provides
three kind of loop structures:
1- Forloop
2- Whileloop
3- DoWhile loop
In this chapter, our focus is on for loops.
4.2.1 General structure of loops
If we closely observe the process that humans follow for repeating a task for
specific number of times then it becomes easier for us to understand the loop
structures that C language provndes us for controlling the repetitions.
 Let’s assume that our sports instructor asks us to take 10 rounds of the i
~ running track. How do we perform th|s task? First we'set a counter to W
~ zero, because we have notyet taken a smgle round of the track. Then Wei s
start taking the rounds. After each round we increase our counter by 1 158
“and check whether we have completed 10 rounds or not yet If we have
-"not yet completed the 10 rounds then we agaln take a round, mcrease
our counter by 1, and agam check whether we have taken 10 rounds or_ :
" " not, We repeat this process t|II our counter reaches 10 % 2
leferent programming languages follow similar phllosophy in the Ioop
structures for repeatmg a set of instructions. :
4.2.2 General syntax of forloop

~ InCprogramming Ianguage, forloop has the following general syntax
for(tmtmlzzatton condition; mcrement/decrement)

{ |
Codeto repeat
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N order o uUnderstand the for loop structure let's look at the following flow chart.

l Stai_r_t l

Initialization

~ Increment/
~ Decrement

T

True Execute
Associated Code

From the flow chart, we can observe the following sequence:
1- Initialization is the first part to be executed in a for loop. Here we initialize
ourcounter variable and then move to the condition part.
2- Condition is checked, and if it turns out to be false, then we come out of
loop.

w
]

If the condition is true, then body of the loop is executed.

F -
1

After executing the body of loop, the counter variable is increased or
decreased depending on the used logic, and then we again move to the
step2.

After executing the body of loop, the counter variable is increased or decreased
depending on the used logic, and then we again move to the step 2.

</> EXAMPLE CODE 4.4 —y

for(int i =0; i < 3; i++)
{

}
Output:
Pakistan
Pakistan

printf(“Pakistan\n”);

Pakistan

S —

Scanned with CamScanner



ComputerScience . : o ~ Unit4: Dataand Repetition

Description: sconiiiea:
If we observe the written code and compare it to the flowchart description,
we can see the following sequence of execution. |

1- Initialization expression is executed, i.e. int i = 0. Here counter
variable iis declared and initialized with value 0.

2- Conditionis tested, i.e. i<3. As variable { has value O which is less than
3.s0 conditf'on turns out to be true, and we move-to the body of the
loop.

3- Loop body is executed, ie. prmtf( “Pakistan\n"); thus Pakistan is
displayed on screen.

4- Increment/decrement expression is executed, i.e. i++. Thus the value
of i is incremented by 1. As variable i had value 0, so after this
statement i contains value 7. A '

5- Now condition is again tested. Because, value of i is 7 which is less

“than 3 so condition again turns_out to be true and loop body is
executed again i.e. Pakistan is again displayed on screen. The value
of igetsincremented to 2.

6- Now condition is again tested. Becausé, value of i is 2 which is less
than 3 so Pakistan is again displayed on screen. The value of i gets
incremented to 3. ' ,

7- Now condition is again tested. Because, value of i is 3 which is not less

than 3, so the condition turns out to be false and control comes out of
the loop.

)

</>|  PROGRAMMING TIME 4.3

Write a program that dlsplays the values from 1 -10 on the computer

screen.
Program:
for(int i =1;i<=10;i++)
{ | G
printf(“%d\n”, i);
}
0
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Description:
Consider the example program given

« First ofall, the value of iis setto 1

« Asthe conditionis true (1<=10) sO lo

body, we are displaying the value o
displayed on console.

e After increment, the value o
checked. Itis true as (2<=10) so this ti
The procedure continues till 70 is disp
value of i becomes 11. Condition is check

false (11>10) so the loop finally termina

above.
and then condition is checked.

op body executes. As in the loop
f the counter variable, so T is

f i becomes 2. The condition is again
me 2is printed. _

layed and after increment the
ed and it turns out to be
tes after printing the

L numbers from 7to T0. )
Write a program that displays the table of 2.
. N

IMPORTANTTIR!
Always make sure that the condition becomes false at some point,
otherwise the loop repeats infinitely and never terminates. - oy

~(()7DID YOUKNOWZ! |
Each run of a loop is called an iteration. J

[£2]" PROGRAMMING TIME4:4"
Write a program that calculates the factorial of anumber input by user.

Program Logic:
When we want to solve a problem programmatically, first we need to know
exactly what we want to achieve. In this example, we are required to find the

| factorial of a given number, so first we need to know the formula to find

factorial of a number.
Nl=1*2*3*4* . *(N-1)*N |
We can see the pattern that is being repeated, so we can solve the problem

X \. 35 A T o S .
o e ) AS L B R T e b T AL LA AR R 10t
: ) o R acd (B N ET LAY S A A i 3% e
o D P Al R kT ¥ S o R L P NG VR
AFEMEL Sl g 8.7 v ’ ' IS ‘.“\ Fika A3

- b o W Tl
IV L LIPS TR € BT

» 1 M
B G O s
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Program:

#include<stdio.h>
void main()

{
int n, fact = 1; :
printf(“Please enter a positive number whose factorial
you want to find”);
scanf(“%d”, &n); _
for(int i =1; i <= n; i++)
( 2%
fact = fact * i;
} . ‘ |
printf(“The factorial of input number %d is %d”, n,
fact); ; N , ‘ h '
} ‘
Description:

Following table shows the working of program, if the input number is 5. It
demonstrates the changes in the values of variables at each iteration.

Iteration | Value of counter Condition |Loopbody Res'ult v
| : fact=1

1 =1 |TRUE (1<=5) |fact=fact *i | fact=1"1=1 _
2 i= TRUE(2<=5) | fact=fact*i |fact=1*2=2 =
3 i=3 | TRUE(3<=5) |fact=fact*i |fact=2"3=6
4 i=4 TRUE (4<=5) |fact =fact *i | fact=6"4=24

5 i TRUE (5<=5) |fact =fact *i | fact=24*5=120
6 i=6 FALSE (6>5) ' '

it ,

4.2.3 Nested Loops

Let's careful ly observe the general structure of a loop. . =
for(initialization; condition; increment/decrement)

{

Code to repeat
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We can observe that Code to repeat could be any valid C language code. It can

also be anotherfor loop e.g. the following structure is a valid loop structure,

for(initialization; condition; increm

ent/decrement)

for(initialization; condition; increment/decrement)

{

Code to repeat

}

When we use aloop inside another loop, itis called nested loop structure.

When do we use nested loops?
When we want to repeat a pattern for multiple times, then we use nested loops,

e.g. if 10 times we want to display the numbers from 1 - 10. We can do this by
writing the code of displaying the numbers from 1— 10 in another loop that runs

10 times.

(2] PROGRAMMING'TIME 4.5,

: Problgm:

screen.
| Program:

#include<stdio.h>
void main{()

{
‘ for(inti=1;1i<=5; i++)
{ » .
for(int j =1; j <=10; j++)
q _ :
printf(“%d ”, j);

} .
printf(“\n”);

Write a program that 5 times displéys the numbers from 1—-10 on computer
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‘Continued

Output:

Here is the output of above program.
12345678910

12345678910
12345678910
12345678910
12345678916'
Description:

As we understand the working of inner loop, so here let's focus on outer
loop. ,

1- Forthevaluei=17, condition in outer loop is checked which is true (1
<=5),s0 whole Inner loop is executed and numbers from 1-10 are
displayed.

2- When control gets out of inner Ioop, prlntf(“\n”), is executed

“whichi inserts a new line on console. |

3- Then i is incremented and it becomes 2. As it is less than 5, so
condition is true. The whOIe. inner loop is executed, and thus
numbers from 1-10 are again displayed on screen. Coming out of
theinner loop new lineisinserted again.

4-- After five times dlsplaymg the numbers from 1 - 10 on screen, the

‘value of gets incremented to 6 and condition of outer loop turns
~ false.So outer loop also terminates,

)

2] PROGRAMMING TIME 4.6

Problem: . .
Write a program to display the following pattern of stars on screen.

%

*%
-
*kkk

kkkkk

KKk KK
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(Program:

#include<stdio.h>

void main()

{ .
for(inti=1; i <=6; i++)
{ L
| for(int j=1;3 <=1 J++)

printf(“*”)i
printf(“\n”);

y _ .

}

Description:

Here is the description of above code.

1- As we have to display 6 lines containing stars, so we run the outer

3 loop from 1to 6. |

f 2 We can observe that in the given pattern W

N, ~ stars on 2" ling, 3 stars on 3" line and so on. So, the inner loop is
\4 dependent on the outer Ibop, ie. if counter of outer loop is 1 then

. inner loop should run 1 tinié, if the counter of outer loop is 2 then

e have 1 staron 1% line, 2

inner loop should run 2 times and so on. 50, we use the counter of
outer loop in the termination condition of inner loop ie.j <=1,

~ 3- When outer loop counter i has value 1, inner loop only runs 1 time,

 soonly 1 star is displayed. When outer loop’counter is 2, the inner

loop runs 2 times, so 2 stars are displayed and the process is
repeated until six lines are complete. - -

s

Write a program that displays the tables of 2, 3,4, 5 and 6. } i j

_IMPORTANT.TIP
We can use if structures inside loop structures or loop structures inside if
structures in any imaginable manners. '
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4 2 4 Solved Example Problems

Problem:
Write a program that counts multlples of a given number Iymg between
two numbers.
Program:
#include <stdio. h>
void main ()
{ | j '
int n, lower, upper, count = 9;
printf ("Enter the number: ");
scanf ("%d", &n); : : ,
printf ("Enter the 1ower and upper limit of
multiples:\n"); - : : , :
scanf ("%d%d", &lower, &upper),
for(int i = lower; i <= upper; 1++)
' .1-F(1 %»n==0) '
count++; . ' o g
pr-1ntf (“Number oF: multiples of %d between %d and %d are
%d", n, lower, upper count),

B L= PROGRAMMING TIME 4.8 g
Problem: CRET i
Write a program to find even numbers in mtegers ranglng from ni to n2
(wherenTis greater than n2) | '
Program: ‘

| #include <std10 h>
void main ()

{
int ni, n2; 25,
printf ("Enter the lower‘ and upper limit of even

: numbers:\n"); -
~ scanf ("%d%d", &n2, &nl);
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if(nl1> n2)
| { 1)
'5 for (int i=n1; i>= n2; I-
i { o
= if(i%2==90) .
! printf ("%d ", 1)
3
}
}
} . !
Nes
(2] PROGRAMMING TIME 4.9 ~
Froblen i is prime number o
Write a program to determine whether a given number is prim r
not.
N Program:
#include <stdio.h>
void main ()
{
int n;
int flag=1;
printf ("Enter a number: “);
scanf ("%d", &n);
for (int i=2; i< n; i++)
{
if (n%i==0)
flag = 0;
} .
if (flag ==1) :
printf ("This is a prime number");
else |
printf ("This is not a prime number");
} |
= o
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Problem:
Write a program to display prime numbers ranging from 2 to 100.
Program:
# include<stdio.h>
int main ()
{
2 int flag;
for (1nt j=2;3<= 180, j++)
{
flag = 1; X e
for (1nt i= 2 1<% i)y
T w.ri'F_("j _%‘i =-%6') e
o flag = @;
) |
if (flag==1) = ..
printf ("%d ", 3);
N : .

4.2. 5LoopsandArrays ST et
As varlables can be used as array mdexes Ko} we can use Ioops to perform
different operations on arrays. If we want to dlsplay the whole array, then instead
of writing all the elements one by one, we can Ioop over the array elements by

e (.

using the loop counter as array mdex
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In the following, we discuss how loops can be used to read and write values in

arrays.

| 1) Writing values in Arrays using Loops: Using loops, we can easily take
inputin arrays. [f we wantto take input from user in an array of size 10, we can

simply use aloop as follows:

4

#

e T

</>/EXAMPLE CODE.5"
int a[1@];
for (inti=0; i< 10; i++) ‘

scanf ("%d", &a[i]); . J
k .
[25] PROGRAMMING TIME 4.11
Problem: .
Write a program that assigns first 5 multiples of 23 to an array of size 5.

Program:

#include<stdio.h>

void main()

{ ;

o~ int multiples[5];

. for (inti=0;1i<5; i++) ,
multiples[i]= (i +1) *23;

} , | - o SE
2) Reading values from Arrays using Loops: Let's see how loops help us in
reading the values from array. The following code can be used to display the

elements of an array having 100 elements:

</> EXAMPLE CODE 46
for (inti=0; i< 100; i++)
printf("%d ", a[i]);

The following code can be used to add all the elements ofan array having 7.1 00
elements. '
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<[> EXAMPLE CODE 4.7 = N
~lint sum = @: , T T

for(inti =0; i <¢100; i++)
sum = sum + af[i];
@intf(“The sum of all the elements of array is %d”, sum);

®a® ACTIVITY 4.3
Write a program that takes as input the marks obtained in matriculation by

30 students of a class. The program should dlsplay the average marks of |
the class.

4.2.6 Solved Example Problems

[>] ‘PROGRAMMING TIME 4.12

=
Problem: : ,
: Write a program that adds corresponding elements of two arrays
| Program:
| #include <stdio.h>
void main () - ;
inta[] = {2, 3, 54, 22, 67, 34, 29, 19};
intb[] = {65,73,26, 10, 4, 2, 84, 26};
for (int i=0; i<8; 1++) s
e = printf ("%d. ", a[i] + b[l]):
L} J
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B Data structure is a container to store collection of data items in a

specific layout. |
B AnArrayisadatastructure that can hold multiple values of same data

type. It stores all the values at contiguous locations inside the
computer's memory.
m InClanguage, an array can be declared as follows:

data_type array_name[array_size];
o Data Typeis the type of data that we want to store in the array.

o Array Name is the unique identifier that we use to refer to the

array. .
o Array Size is the maximum number of elements that the array

can hold. .

M Assigning values to an array for the first time, is called Array
Initialization. An array can be initialized at the time of its declaration,
or later. Array initialization at the time of declaration can be done in
the following manner.
data_type array_name[N] = {valuel, value2, value3,..., valueN};

B Each element of an array has an index that can be used with the array
name as array_name[index] to access the data stored at that particular
index. Variables can also'be used as array indices.

B Loop Structure is used to repeat a set of statements. Three types of
loops are forloop, while loop, do-while loop.

B In C programming language, for loop has the following general
structure, A

for(initialization; condition; increment/decrement)

{
}

B When we use a loop inside another loop, it is called nested loop
structure. We use nested loops to repeat a pattern multiple times.
B Loops make it easier to read and write values in arrays.

Code to repeat;

Per——-— J
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1) An array iStge=g "L structure | i ) “ il
a) LOOp ~b) Control ¢)Data d) Condltlonal
2) Array elements are stored at memory Iocatlons g 3
a) Contlguous b) Scattered c) Drwded , d) None ‘r
3) If the size of an array is 100, the range of indexes will b
a) 0- 99 - 0):0-1007 c) 1—100. -d) 2-102
4) — structure allows repetition of a set of instructions,
a) Loop b) Conditional  ¢) Control d) Data
5)

is the unique identifier, used to refer to the array.
a) Data Type - b) Array name

c) Array size' d) None
6) Array can be initialized _ e

declaratlon
a) At the tlme of b) After = €) Before - d) Both a&b
7) Using loops inside loops is called 1% 5= loops. <
"a)For - b) While c) Do-while d) Nested
8) | ___part of for loop i'srrekevct:uted first. o |
a) Condition " pbBody
c) Initialization d) Increment/Decrement
9) make it easier to read and write values i ln array
‘a) Loops - b) Conditions c) Expressrons d) Functionsw
10) To initialize the array in a smgle statement |mt|ahze it . '
f'. declaration. R : A3
a) At the time of b) After ¢)Before ’d):'Both'a &b
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Q2 Define the following terms.

1) Data Structure 2) Array
5) Nested Loops
Questions.

3) Array Initialization

4) Loop Structure
Q3 Briefly answer the following

1) Is loop a data structure? Justify your answer.

2) What is the use of nested loops?
3) What is the advantage of initializing an array at the time of declaration?

4) Describe the structure of a for loop.

y? Briefly describe the three parts of array

5) How can you declare an arra

declaration. :
Q4 Identify the errors in the following code segments.

a) int a[] = ({2},{3},{4});

b) for (inti-= e, i< 16, i++).
printf (“%d\n”, 1);

c) int a[] = {1,2,3,4,5};
for (int j = 0; j < 5; j++)
printf (“%d “, a(ji));

d) float f[] = {1.4, 3.5, 7.3, 5.9};
int size=4;
for (int n=-1; n < size; n--)
‘printf (“%f\n”, f[n]);

e) int count =0;
for (inti=4;1<6;1i--)
for (int j =1, j < 45; j++)

{

count++;
printf (“%count”, count)
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Q5 Write down output of the following code segments.
a) int sum = @, p;
for (p=5; p <= 25; p=p+5)
sum = sum + 5;
printf (“Sum is %d”, sum);

|

5
P

N

b) int j;
for (1=34; i<=60; i=1*2)
printt ™ *):

| ) for (int i =50; i <= 50; j++)
{

for (j=1; j >=48; §--)
| printf (“j = %d \ n”, J):
| printf (“i = %d\n”, 1),
} ;
d) int i, arr[] = {2, 3, 4, 5, 6, 7, 8};
- for (i =9; i<7; i++)
3
printf (“%d\n”, arr[i] * arr[i]);
i++;

e) inti,j;
- float ari[] = {1:1,:1.2, 1.3};
float ar2[] = {2.1, 2.2, 2.3};
for (i =0; i< 3; j++)
for (j=1; j <3; §++)
' printf (“%f\n”, ar1[1] 3 arz[]] *4 3),
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7 " Programming Exercises "

Exercise 1

Use loops to print the following patterns on console.
a) L s 2 2 53

-
b) A
BC
DEF
GHU
KLMN
Exercise 2
Write a program that takes two positive integers a and b as input and displays the

valueofd”’.

Exercise 3
Write a program that takes two numbers as input and displays their Greatest

Common Divisor (GCD) using Euclidean method.

Exercise 4 |

Write a program to display factorials numbers from 1 to 7. (Hint: Use Nested
Loops)

Exercise 5

Write a program that takes 10 numbers as input in an array and displays the
product of first and last element on console. |

Exercise 6
Write a program that declares and initializes an array of 7 elements and tells how

many elements in the array are greater than 10.
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Students Learning Outcomes

. After completing this unit students will be able to
B Explain the concept and types of functions
Explain the advantages of using.functions
Explain the signature of function (Name, Arguments, Return type)
- Explain the following termsrelated to functions
- o Definition of a function’
o Useofafunction
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A good problem solving approach is ;cQ divide the problem into multiple smal|e
parts or sub-problems. Solution of the whole problem thus consists of solving
the sub-problems one by one, and then integrating all the solutions. In this way,
it becomes easier for us to focus on a single smaller problem at a time, instead of

thinking about the whole problem all the time. This problem solving approach is

called divide and conquer. C programming language provides us with functions
that allow us to solve 3 programming problem using the divide and conquer

approach. In this chapter, we will learn the concept of functions, their
advantages, and how to work withthem. |

5.1 Functions

Afunction s a block of statements which performs a particular task, e.g. printfis a

function that is used to display anything on computer screen, scanf is another
function that is used to take input from the user. Each program has a main

function which performs the tasks programmed by the user. Slmllarly, we can
write other functions and use them multiple times.

5.1.1 Types of Functions
There are basically two types of functions: .
1) Built-inFunctions

2) User Defined Functions

Built—in Functions

The functions which are available in C Standard Library are called built-in
functions. These functions perform commonly used mathematical calculatnons

string operations, input/output operations etc. For example, printfand scanf are
built-in functions.

User Defi ned Functions

e —
—m————

The functions which are defined by a programmer are called user-defined
functions. In this chapter we will learn how to write user defined functlons
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5.1.2 Advantages of Functlons
Functions provide us several advantages.

1) Reusability: Functions provide reusability of code. It means that whenever
we need to use the functionality provided by the function, we just call the
fu nction. We do not need to write the same set of statements again and again.
2) Separation of tasks: Functions allow us to separate the code of one task
from the code of other tasks. If we have a problem in one function, then we do
not need to check the whole program for removing the problem. We just need
to focus at one single function. ,
3)' Handling the complexity of the p'rdbllém:' If we write the whole program
as a single procedure, management of the program becomes difficult.
Functions divide the prog}‘am into smaller units, and thus reduce the
~ complexity of the problem. | ]
4) Readability: Dividing the program into multiple functions, improves the
readability of the program.
- 5.1.3 Signature of a Function

A function is a block of statements that gets some inputs and provides some
output. Inputs of a function are called parameters of the function, and output of
the function is called its return value. A functlon can have multuple parameters,
but it cannot return more than one values.

Function signature is used to defme the inputs and output of a functlon The

general structure of a functionsignature s as follows: -

function cdenttﬁer
[ ]

return_type functlon name(data typei1, data typez, ..,data typeN),
. . i
data typeoj . : [ | dat,a'types of 1 :

return value  function parameters
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- Example Functlon S:gnatureS'

——
Table 5.1 shows the descriptions of some functions and their signatures.

: 2 W o )
Function Description EH Function Signature

—

A function that takes an integer as | int square (int);
inputand returns its square.

A functlon that takes length and

| width of a rectangle as input and float perimeter (float, float);
returns. the perimeter of the| : . A

rectangle.

Afunctlon that takes three integers | int largest (int, int, int);
as input and returns the Iargest e
| value among them.

A function that takes radius of a|float area (float);

circle as input and returns the area
of circle.

A function that takes a character as|int isVowel ( char);
input and returns 1, if the character
is a vowel, otherwise returns 0.

Table 5.1: Some functions and their Slgnatures
5. 1 -4 Defining a Function |

The function signature does not describe how the function performs the task
aSS|gned to it. Function defmltlon does that. A function definition has the '
following general structure.

return_type function_name (data_type var1, data_type va
{

A datd_ typevarN) |

Body of the function

A S ot I rikgin . VA AT i M M) o L R it e R ducratio
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Body of the function s the set of statements which are executed i the function to
perform the specified task. Just after the function's signa -
statements enclosed insjde {}form the body of the function.

Followung example defines 3 function showPangram() that does not take 'any
Input and does not return anything, ‘ S

but displays A quick brown fox jumps ov
_ erthe.
lazy dog. on CoOmputer screen. b e

ture, the 's‘e;t of

</> EXAMPLE CODE 5.1

void showPa;p{am( )
{ ,

@nction nam'é—|

printf(“\nA quick- brown fox jumps over the lazy
dog.\n”);
}
L' J
As the above function does not return anytl;ling thus return type of the functioniis
void. ‘ P e L ST s et s

Let's take another example of a function that takes as input two integers and
returnsthe sumofbothintegers, = Mo

8</> EXAVIPLE CODE 5.2

W
int add(int x, inty : , : S5
\"““""‘—"P___ parameters of function | |
{ - R —— ' | function name |
: int result; — | zeturn type| - s doa :
result=x+y; e o
CrpeturnPeSUlty T s
\' fogds .‘ P LT S e S - —— TR

. Inside the function, return is akeyword that s usedto retufn_a value to the calling
function. i i -
ImportantNote: . . o e
A function cannot return more than one values. eg the following
statement results in acompilererror.. i st ' :

return (4, 5);
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Important Note:

There may be multiple return statements in a function but as soon as the

first return statement is executed, the function call returns and further

statements in the body of function are not executed.

Using a Function
We need to call a function, so that it performs the programmed task. Following is

the general structure used to make a function call.
function_name(valuel, value2,.., valueN);
Forexample, let's observe the following program.

</> FXAMPLE CODE 5.3 )

void main (')

{ :
printf(“Hello from main()”);
showPangram();&—— function call :
printf (“Welcome back to main()”);

} | | :

Output:

Hello from main() -
A quick brown fox jumps over the lazy dog.

Welcome back to main() ‘
N % J

We can see that the program starts its execution from main() function. When it
encounters a function call (inside the rectangle), it transfers the control to called

function. After executing the statements of called function, the control is

transferred back to the calling function, i.e. main() in the above example.

The following program inputs two numbers and displays their sum.

The statement inside the rectangle in the following code includes a call to the add

function defined in previous section.
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void main ()
{:.:
int nl, n2, sum;
Scanf ("%d%d“ &nl &n22, function name
sum-add (nl,\&Z),{ function call
printf ("Sum is %d", sum); function argumeﬂt_s_
d | s =

In the function call h7 and n2 are arguments to the function add() discussed in

Example 5.2.

Variable sumis declared to store the result returned from the function addO.

The variables passed as arguments are not altered by the function. The
function makes a copy of the variables and all the modifications are made to

that copy only.

In the above example when n7 and n2 are passed, the function makes copies
of these variables. The variable xis the copy of n7 and the variable yis the copy

of n2.
- Important Note:

The values passed tothe function are called arguments, whereas variables
in the function deflmtlon that receive these values are called parameters .

| | ofthe function.

In the above example, values of varlables n1 and n2 are arguments to the
function add(), whereas the varlables X and y inside function addO are

parameters of the function.
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Important Note:
It is not necessary to pass the variables with same names to the function

as the names of the parameters. However, we can also use same names,

Here another important point is that even if we use same names, still the

variables used in the function are a copy of the original variables. This is

illustrated here through following example:

</> EXAMPLE CODE 5.5
#include<stdio.h>

void fun(int x, inty)

{
X = 20;
-y =10;
printf (“values of x and y in fun(): %d %d”, x, y):

void main()
{ |
intx =10,y = 29;

“fun(x,y); e . ,

printf (“Values of x and y in main() %d %d”, X' Y e

g Output.

~.|values of x and y in fun(): 20 10

Values of x and y in main(): 10 20 _ gy
. : : . :
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Following points must be kept in mind for the arrangement of
functionsinaprogram.

1- If the definition of called function appears before the definition of
calling function, then function signature is not required.

2- Ifthe definition of called function appears after the definition of calling
| function, then function signature of called function must be written

before the definition of calling function.
Both the following code structures are valid.

a) int add(int, int); . |b) int add(int a, int b)
voidmain(da sl s etigle plosie e
{ : _ return a + b;
printf(*%d #add(4, 5)); | }
} : R s void main()
: int add(int a, intb) | { :
g i | & - ' pr‘int-F(”%d»”-add(4,'5-)'
| return a + b; ‘ }
| ) e *
}
|

Problem: _ |
- Write a function isPrime() that takes a number as input and returns 1 if the
= mput number is prime, otherwise returns 0. Use th|sfunct|on inmain(). {
| ' Program: : .
| #include <stdio.h> ,
l.int prime (int n) ) )
{ ; |
!

[‘ for (int i =2; 1< n; i++)

if(n%1i==0)
| return 0; ‘ | ..
| return 1; . | - ¢
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Void main()

.-{7 -

int x; _

printf ( "Piease enter a number: ");
“scanf (“%d”,‘&x);
Cif(prime(x)) |
~ printf ("%d is a Prime Number",x);
- -else ST GEE R S

| printf ("%d is not a_Primeqube_r"_,x); '

j

.Problem- ’

Write a functlon whlch takes a p05|t|ve number as |nput and returns the sum
;of numbers fromOtothat number s == Bt 3
: Program- e s Ee AT e .

=Y '1nt d1g1tsSum(1nt n) 4
int sum = 0; &= TS
-;‘;'-Eopr(j_nt_i‘ =051 <=n; i++)
- sum=sum+i;

y :

voidmain(): ~Ten- ol a e S e

=int number-, TE i = T e
printf("Please enter a p051t1ve number' o

scanf("%d", &number), £ s
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T
if(numbepr 5= 0)

{

int sum = d1g1tsSum(number),

printf("The sum of numbers upto given number is
%d",sum)

}

else

printf("You entered a negative number.");

= A
‘. = = = : B i
7
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" Body of the function is the set of statements which are executed in the

vnito, runctions

A function is a block of statements that performs a particular task. i
The functions which are available in C Standard Library are called |

built-in functions.
The functions which are defined by a programmer are called user- |

defined functions. l
Some advantages of using functions are: reusability of code,
separation of tasks, reduction in the complexity of problem, and‘

readability of code. f
Function signature describes the name, inputs and output of the

|

function.
We can define a function as follows . |
return_type name (Parameters) |

{
Body of the Function

| R
The return type of the function is the data type of the value returned

by function.
The name of the function should be related to its task.

Parameters are variables of different data types, that are used to
receive the values passed to the function as input..

function to fulfil the specified task.
Calling a function means to transfer the control to that particular

function.
During the function call, the values passed to the function are called

We can call a user-defined function from another user defined
function, same as we call other functionsin main function.
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Q1 Muitiple Choice Questions

1) Functions could be built-in or

a) admindefined'b) server defined c)userdefined d)Bothaandc
2) The functions which are available in C Standard Library are called

a) user-defined  b) built-in

c) recurswe “d) repetitive
3) Thevalues passed toafunctionarecalled .
a) bodies - b)returntypes c)arrays -~ d)arguments
4) charcd(){return" a'}. Inthlsfunctlon"char iS: S '
a)body - ‘b)returntype ) array : d) érguments'

5) The advantages of using functions are |
~.a) readablllty . b) reusablllty

c) easy debugglng d) all
6) If there are three return statements in the function body, ___of
them will be executed

a)one - b) two SaEEs ©) three - d)firstand last
7) Readabmtyhelpsto - | thecode 2
o a) understand b) modlfy o1 debug s dyallz
8) i meanstotransferthecontroltoanotherfunctlon
'a)t:alling B ) deflnmg == c) re- wntmg d)lncludmg
Q2 Define the followmg et s ;
 1)Functions 2) Bunlt-mfunctlons 3) FunctiqnsParameters
4) Reusability - s)cCalingafuncton |

Q3 Briefly answer the foilowing questions. |

1) What is the dlfference between arguments and parameters7 Give an
example.

2) Enlistthe parts of a function defmltlon .

3) Is it necessary to use compatible data types in function deﬁn|t|on and
function call? Justify your answer with an example.

4) Describe the advantages of using functions. '

5) What do you know about the return keyword?
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Q4 Identify the errors in the following code segments.
a) void sum (int a, intb)
{
returna+b;
}
b) void message ();
{ |
printf (“Hope you are fine :)”);
return 23;
}
| c) intmax (int a; intb)
| { :
| if (a>b)
! returna;
| returnb;
| y
d) int product (intnl, intn2)
return nl*n2;
: e) int totalDigits (int x)
{ -
int count =9;
for (inti=x;i>=1,i=1/10)
| count++; | |
i _ return count
[ }s
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£ QS ert‘-\ down output of the fol!owmg code segmen'&s
-Vl a) 1nt Xyz (th n)
—T: :f_ -{ S _ :
. returnnin;
r .
int main() -
| - |
~int p= xyx(§),
p=Xyz(p); e
- printf (#gd w.p)y o
- b) void abc (int a, int b, int Cyi o~
sy int sum =a+ b+C,
*}‘; —
int main()
int x=4,y=7, z= 123, suml = @;
~abc (X, y, 2); : :
printf (“%d %d %d” x, y ,z);
¢) int aa (int x)
Intp=x/10; =
.Xf+;
=P+ (P*X); - ‘ '
return p; e ==
int main()
printf (“We got %d “, aa(aa(23)));
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Soihe d) tloat f3(int n1, int 62)" . | | .

Nl =nl+ n2;
Nn2=n2-n1;
- return 9;
- 1nt main() :
- printf (“%f\n”, £3(3, 2));
printf (“4f\n”, f3(1e, 6));
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Wnte afunction mtsquare(mtx) to calculate the square ofan lntegerx a2 ]
Exercise 2 151 D3

Write a function mtpower(mtx mt y), to calculate and retu m x’
'Exerase 3 e : s ;

Write a functlon to calculate factorlal ofa number. .
Exercise 4

Write a functlon which takes values for three angles of a trlangle and prlnts

_whether the given values make a vahd tnangle or not. Avalld triangle is the one,
: where the sum of three angles is equal to 180. ’

_ -“erase 5

Write a function whlch takes the amount and the mterest percentage and return
the interest amount = S

é.:iEr‘s..ESE@ =

‘Writea functlon whlch takes a number as mput and dlsplays |ts dlglts wnth spaces
inbetween, ‘ ' : ' :

Exercise 7 2 - £ o
Write a functlon to pnnt the table of a number
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