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INDEX

Sr Page Date of

No. Name of Experiment No Submission Grade | Sign

1.1 Installation & Setup of Python and any
Framework (Pycharm etc.)
1.2 Write a program to pint Hello World on
1 screen. <<DD/MM/YYYY>><GRADE>| << SIGN >>
1.3 Write Python programs to demonstrate the
following:

i1) input ii) ‘end’

2.1Write a program to check entered number is
even-odd.

2.2 Demonstrate the following control transfer
2 . . . . <<DD/MM/YYYY>><GRADE> | << SIGN >>
statements in Python with suitable examples: 1)

break ii) continue iii) pass.

3.1 Write a program to find maximum and
minimum from 3 entered numbers.

3 3.2 Write a program to print sum of first 50 <<DD/MM/YYYY>><GRADE> | << SIGN >>
numbers with different loops.

4.1 Write Python programs to print the following
Patterns:

k%

% sk ok

* %k ok %
% ok ok ok sk

4 4.2 Write Python programs to print the following

<<DD/MM/YYYY>> <GRADE> << SIGN >>
Patterns:
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Sr . Page Date of .
No. Name of Experiment N% Submission Grade | Sign
5.1 Write a program to perform searching and
sorting in given list. <<DD/MM/YYYY>><GRADE> | << SIGN >>
5 5.2 Write a program to learn different types of
structures (list, dictionary, tuple) in python.
Display all information of student.
6.1 Write a program using user define function to
6 print factorial series. <<DD/MM/YYYY>><GRADE>| << SIGN >>
6.2 Write a program using user define function to
print Fibonacci series.
Write a program to understand working of
7 exception handhpg and assertions. ‘ <<DBMMYYYY>><GRADE> | << SIGN >
7.1 Handle divide by zero exception.
7.2 Handle any user define exception.
Write following programs using regular
expressions:
8.1 (1) Character Only (i) Mobile number
8 only <<DD/MM/YYYY>><GRADE>| << SIGN >>
8.2 Regular expression for email like. [a-
z].[az]@[a-z].domainname ("@" not be
repeated and last "." not repeated).
9.1 Demonstrate the following functions/methods
which operates on strings in Python with
suitable examples:
e count()
9 * replace() <<DD/MM/YYYY>><GRADE>| << SIGN >>
e split()
e join()
* upper()
o len()
10 10.1 Write a Pythqn program to demonstrate <<DD/MMYYYY>><GRADE> | << SIGN >
Local and Global variables.
1 11.1 Wr@te a program to.dem.onstrate use of all <<DDIMMIYYYY>><GRADE> | << SIGN >>
types of inheritance by using simple example.
12.1Write a program to demonstrate file
handling.
12 12.2Write a program to create a file of random <<DD/MM/YYYY>><GRADE>| << SIGN >>
numbers then separate even an < O
numbers in separate file. /e\)f—\bf'{n
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13.1 Plot graph of result of student (Name vs.

13 | Percentage, Subject vs. Percentage, Pass vs. Fail) <<DD/MM/YYYY>><GRADE>| << SIGN >>
using Pyplot.

14 14.1 Draw graphics Smiley using Turtle.
15.1 Write a program to create three push buttons
using tkinter. Background color of a frame

15 should be changed when different buttons are <<DDMM/YYYY><GRADE>| << SIGN >>
clicked.
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1.2 Write a program to print Hello World on screen.

print("Hello world")

QOutput

Hello world

1.3 Write Python programs to demonstrate the following:
i) input ii) ‘end’

i)
x=input(‘Nisha')

QOutput

Nisha

i1)
for 1 in range(1,10):
print(i)

QOutput

1

O 00 1O\ D B~ W

for 1 in range(1,10):
print(i,end="")

Output m

123456789 [ N5\
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2.1Write a program to check entered number is even-odd.

num = int(input("Enter a number: "))
if (num % 2) == 0:

print(" {0} 1s Even".format(num))
else:

print("{0} 1s Odd".format(num))

QOutput

Enter a number: 5
51s Odd

2.2 Demonstrate the following control transfer statements in Python with suitable
examples: i) break ii) continue iii) pass.

1) break

stock=5
x=int(input("How many cholates you want?"))
i=1
while 1<=x:
if i>stock:
print("out of stock")
break
print("Chocolate")
=i+l

QOutput

How many cholates you want?6

Chocolate
Chocolate
Chocolate
2 Unj
Chocolate m
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Chocolate
out of stock

i1) continue

for 1 in range(1,10):

1f(1%2!=0):
continue
else:

print(i)

QOutput

2
4
6
8

1i1) pass

for 1 in range(1,10):

1f(1%2!=0):
pass
else:

print(1)

Output

2

4
6
8

3.1 Write a program to find maximum and minimum from 3 entered numbers.

Maximum

a=int(input("Enter variable a="))
b=int(input("Enter variable b="))
c=int(input("Enter variable c="))

if(a>b and a>c):

© +912812563445 +91 281 256395
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print(" {} is > than {} and {} ".format(a,b,c))
elif(b>a and b>c):

print(" {} 1s >than {} and {} ".format(b,a,c))
else:

print(" {} is > than {} and {} ".format(c, a, b))

QOutput

Enter variable a=10
Enter variable b=20
Enter variable ¢=30
30 is > than 10 and 20

Minimum

a=int(input("Enter variable a="))
b=int(input("Enter variable b="))
c=int(input("Enter variable c="))

if(a<b and a<c):

print(" {} is <than {} and {} ".format(a,b,c))
elif(b<a and b<c):

print(" {} i1s <than {} and {} ".format(b,a,c))
else:

print(" {} is <than {} and {} ".format(c, a, b))

Output

Enter variable a=10
Enter variable b=20
Enter variable ¢=30
10 1s < than 20 and 30

3.2 Write a program to print sum of first 50 numbers with different loops.

Using For loop
sum=0
for 1 in range(1,6): U
: n
sum=sum-i ‘QMG,
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print("sum=",sum)

Output

sum= 15

Using While loop

sum=0

1=0

while(i<6):
sum=sum-i
i=i+1

print("sum=",sum)

QOutput

sum= 15

4.1 Write Python programs to print the following Patterns:

*

* %

% % %
* % % %

* % %

n=6
for 1 in range(0,n):
for j in range(0,i+1):
print(ﬂ*ﬂ ,end — HH)
print("\r")

QOutput
*
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ek

skokek

Aok

sokokkok

eskoskockokok

4.2 Write Python programs to print the following Patterns:

*

* %

* % %

* % % %

* % % % %

n=5
print("pattern")
for 1 in range(0,n):
for j in range(i,n):
print(ﬂ " ,end —n ")
for j in range(0,i+1):
print(ﬂ*ﬂ’end —n ")
print("\r")

QOutput

pattern
*

* %k sk ok

* % % % % @
3|
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5.1 Write a program to perform searching and sorting in given list.

def linearsearch(arr, x):

for 1 in range(len(arr)):

if arr[i] == x:
return i

return -1
arr = ['t,'u','t','o'",'r",'1','a",'l']
x="'a'
print("element found at index "+str(linearsearch(arr,x)))

Output

element found at index 6

5.2 Write a program to learn different types of structures (list, dictionary, tuple) in
python. Display all information of student.

Import struct

print(struct.pack('14s i', b'Tutorialspoint', 2020))
print(struct.pack('i 1 f3s', 1, 2, 3.5, b'abc"))

list1=["hello’,'world']
print(listl)
list2=[2,3,4,5,6,7]
print(list2)

list2[0:2]

list2.append
list2.append([10,30,201)

tuple=(123,'hello")
print(tuple)
tup=(1,2,3.4)

tup

tup[1]

tuple[1]
print(tuple[1]) Sp=e,
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list =["a',10,'b',0.4,True]
print("List:", list)

tuple = ('a',10,'b',0.4,True)
print("Tuple:", tuple)
dictionary = {'a":True,10:'Ten'}
print("Dictionary:", dictionary)

Output

['hello', 'world']
(2,3,4,5,6,7]

[2,3]
[2,3,4,5,6,7,[]10,20,30]]

(123, 'hello")
(1,2,3,4)

2

'hello’

hello

List: ['a', 10, 'd', 0.4, True]
Tuple: (‘a', 10, 'b', 0.4, True)
Dictionary: {'a": True, 10: '"Ten'}

6.1 Write a program using user define function to print factorial series.

def factorial(n):
if(n==1 or n==0):
return 1
else:
return (n * factorial(n - 1))
num = int(input("Enter any number"))
print("number : ",num)
print("Factorial : ",factorial(num))

Qutput L Unip\, aUn[k'

Number : 5 (877 N\%e)\
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Factorial : 120

6.2 Write a program using user define function to print fibonacci series.

def fb(nterm):
nl,n2=0,1
count=0
if nterm<=0:
print("Enter positive number")
elif nterm==1:
print("fibonacci series=")
print(nl)
else:
print("fibonacci series=")
while count<nterm:
print(nl)
next num=nl+n2
nl=n2
n2=next num
count=count+1
nterm=int(input("How many terms?="))
fb(nterm)

QOutput

How many terms? 5
fibonacci series=

W= —=O

7.1 Handle divide by zero exception.

/'TT;.‘:\
a=6 /gwo:;\
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try:
print(a/b)
except ZeroDivisionError as e:
print(e)
finally:
print("Exception handled successfully")

QOutput

division by zero
Exception handled successfully

7.2 Handle any user define exception.

class VoterAgeCheck(Exception):
def init (self):
super()
try:
if age<18:
raise VoterAgeCheck
except VoterAgeCheck:
print("your age less than 18")
finally:
print("This is example of User defined exception")

QOutput

enter your age=12
your age less than 18
This is example of User defined exception

8. Write following programs using regular expressions:

8.1 character

mmport re as re 2 Un/
str="this i1s atmiya university time and 6th g@gre starts from morning 7:30 to 1:30"
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x=re.findall("\D+',str)
print(x)

QOutput

['this is atmiya university time and ', 'th semester lecture starts from morning ', ':', ' to ',

':']

8.2 Regular expression for email like. [a-z].[az] @[a-z].domainname (" @' not be repeated
and last "." not repeated). Extract email from text

import re

txt='this is my email abc.xyz@gmail.com
myemail=re.findall('[\w\.-[+@[\w\.-]+',txt)
print(myemail)

QOutput

abc.xyz@gmail.com

9.1 Demonstrate the following functions/methods which operates on strings in Python
with suitable examples:
e count()

e replace()
o split()

e join()

e upper()
e len()

e count()

alist = [123, 'xyZ, 'zara', 'abc', 123];
print "Count for 123 : ", aList.count(123)
print "Count for zara : ", aList.count('zara")

Output

Count for 123 : 2
Count for zara : 1
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10.1 Write a Python program to demonstrate Local and Global variables.

11.1 Write a program to demonstrate use of inheritance by using simple example.

class Animal:
def speak(self):
print("Animal Speaking")
#child class Dog inherits the base class Animal
class Dog(Animal):
def bark(self):
print("dog barking")
d = Dog()
d.bark()
d.speak()

QOutput

dog barking
Animal Speaking

12.1 Write a program to demonstrate file handling.

fl=open('filel.txt','r")
f2=open('file2.txt','r+")
for 11in f1:

£2.write(i.upper())
print(f2.read())
2.close()

Output m\

CONVERT THIS TEXT INTO UPPER /
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filel.txt content File2.txt content

convert this text into upper CONVERT THIS TEXT INTO UPPER

12.2 Write a program to create a file of random numbers then separate even and odd
numbers in separate file.

fl=open("filel.txt",'w")
n=int(input("enter how many numbers you want to filter in odd & Even="))
for 1 in range(1,n+1):

print("enter number ",i," =",end="")

f1.write(input()+"\n")

f2=open("odd.txt",'w+")
f3=open("even.txt",'w+')
f2.write("List of odd numbers\n")
f3.write("List of even numbers\n")

fl=open("filel.txt",'r")
foriin f1:
if int(1)%2==0:
£2.write(i)
else:
3. write(1)
print("Successfully filtered odd and even numbers")

Output

enter how many numbers you want to filter in odd & Even=5
enter number 1 =10

enter number 2 =5

enter number 3 =63

enter number 4 =2 I
enter number 5 =7 @
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Successfully filtered odd and even numbers

filel.txt content odd.txt content even.txt content

13.1 Plot graph of result of student (Name vs. Percentage, Subject vs. Percentage, Pass vs. Fail)
using Pyplot.

import matplotlib.pyplot as plt
# x-coordinates of left sides of bars
left=11, 2, 3,]

# heights of bars

height = [80, 24, 50,]

# labels for bars

tick label = ['Sanjay', 'Vijay', 'Rajesh',]

# plotting a bar chart

plt.bar(left, height, tick label = tick label,
width = 0.8, color = ['red', 'green'])

# naming the x-axis
plt.xlabel('Student Name')
# naming the y-axis
plt.ylabel('Marks")

# plot title

plt.title('Maths Result')

# function to show the plot
plt.show()

.
Output Q‘}w&
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Maths Result

Marks

Sanjay Wijay Rajesh
Student Name

14.1 Draw graphics Smiley using Turtle.

import turtle

pen = turtle. Turtle()

# function for creation of eye

def eye(col, rad):
pen.down()
pen.fillcolor(col)
pen.begin_fill()
pen.circle(rad)
pen.end_fill()
pen.up()

# draw face

pen.fillcolor('yellow")

pen.begin_fill()

pen.circle(100)

pen.end_fill()

pen.up()
# draw eyes

pen.goto(-40, 120)
eye('white', 15)
pen.goto(40, 120)
eye('white', 15)

# draw mouth

pen.goto(-40, 85) § @)

© +912812563445 +91 281 256395

Page 21 of 28

agdtmiyauni.ac.in 4P www.atmiyauni.ac.in




vox2 ATMIYA UNIVERSITY

/ (Established under the Gujarat Private University Act 11, 2018)

Yogidham Gurukul, Kalawad Road, Rajkot - 360005, Gujarat (INDIA)

pen.down()
pen.right(90)
pen.circle(40, 180)
pen.up()
pen.end_fill()
pen.hideturtle()

Output

§ Python Turtie Graphics - [m] ®

15.1 Write a program to create push buttons using tkinter. Background color of a frame
should be changed when buttons are clicked.

from tkinter import *

gui = Tk(className='Python Examples - Window Color")
gui.geometry("400x200")

#set window color

bg clr="white"

gui.configure(bg=bg_clr)

def change clr blue():
bg clr="blue"
gui.configure(bg=bg_clr)

Page 22 of 28
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bg clr="red"
gui.configure(bg=bg_clr)

def change clr green():
bg clr="green"
gui.configure(bg=bg_clr)

btn=Button(gui, text="click me to make background color to blue",
fg='blue',command=change clr blue).pack()

btn=Button(gui, text="click me to make background color to red",
fg="red',command=change clr red).pack()

btn=Button(gui, text="click me to make background color to green",
fg='green',command=change clr green).pack()

gui.mainloop()

output

# python Examples - Window Color — O X

click me to make background color to blue |

chick me to make background color to red ‘

click me to make background color to green I

On blue btn click

© +912812563445 +91 281 256395
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f python Examples - Window Color — O x

click me to make background color to blue

click me to make background color to red

click me to make background color to green

On greenbtn click

’ python Examples - Window Color = O X

click me to make background color to blue

chick me to make background color to red

click me to make background color to green

Extra Practicals:

for 1 in range(0,n): R
for j in range(i,n):
print(" *" ,end ="") * %k ok %
print("\r")
k %k ok sk
* %k %k
k) 3k
*
for 1 in range(0,n): *
for j in range(0,i+1): %
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print(ﬂﬂ,end — H") %k
for j in range(i,n):
print("*",end ="") * 5k
print("\r")
skokoksk
ekskokok
skoskeskokeskok
n=6 *
for 1 in range(0,n):
for j in range(0,i+1): %
print("*" ,end ="") sokok
print("\r")
for 1 in range(0,n): s ke o
for j in range(i,n):
print(" *" ,end ="") sk ko ok
print("\r")
for 1 in range(0,n): stk ko

for j in range(i,n):
print(ﬂ " ,end — HH)

for j in range(0,1+1): % % sk ok %k
print("*",end ="")
print("\r") * ok ok k%
for 1 in range(0,n):
for j in range(0,1+1): ok ok ok
print("",end = "")
for j in range(i,n): * k%
print("*",end — vm)
print("\r'") * %
for 1 in range(0,n):
for j in range(i,n): *

print(ﬂ " ’end — H")
for j in range(0,1+1):
print("*" end ="") Unjp»
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for j in range(0,i+1):
print("*",end ="") ok
print("\r")
for 1 in range(0,n): s ek
for j in range(i,n):
print(" " ,end ="") ok ok
for j in range(0,1):
print("*",end ="") ook ok ok
for j in range(0,i+1):
print("*",end ="") ok ok ok ok
print("\r")
for 1 in range(0,n):
for j in range(0,i+1): st sk s sk ok
print(" " ,end ="")
for j in range(i,n-1): s ke e o
print("*"’end — vm)
for j in range(1,n): s ke o
print("*",end — mv)
print("\r") s ok
for 1 in range(0,n):
for j in range(i+1): sk ok
print( i+1,end ="")
print("\r") *
for 1 in range(0,n):
for j in range(0,i+1):
print(" " ,end ="") * %
for j in range(i,n-1):
print(i,end = "") *ok ok ok
for j in range(i,n):
print(i,end = "") stk sk ok ok o
print("\r")
for 1 in range(0,n): st otk ke o
for j in range(i+1):
print( i,end ="") stk ok ok ok o o ok ok ok
print("\r")
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Problem Solving Methodology & Programming in C

UNIT -1

Pre-Programming Techniques
& Introduction to C

4+ What is Program?
A program is a specific set of ordered operations for a computer to perform a specific task. The
computer gets one instruction and performs it and then gets the next instruction. The storage
area or memory can also contain the data that the instruction operates on. Note that a program
is also a special kind of data that indicates how to operate on application or user data.

» Pre-programming Techniques:
The techniques which are used to solve any problem definition by analyzing any problem are
known as pre-programming techniques. The pre-programming tools are used to analyze and
make some decision about the problem.

» Pre-Programming Tools:
There are two pre-programming tools which are helpful to analyze the problem & to take
decisions about the problem.
1) Flow Charts
2) Algorithms

(1) Flow Charts:

We all know that to represent anything the “Graphical Method” is the best way. The graphical
(pictorial) representation of any problem is known as “Flow Chart”. In Flowcharts, the decisions
& results of the decisions are mapped out in individual shapes. It is also referred to as “Blue
Print” or “Diagrammatic Representation” of any problem/algorithm. It shows a flow of logic
involved in solving a problem.

» How Flow Charts are useful?
v" They represent the data flow.
v" They show all major elements & their relationships.
v" They give the visual layout of the program.
v" They provide a clear overview of the entire problem & its solution.

» Rules to draw a flowchart:
v" Use the symbols as they are designed to be used.
v Be consistent in the use of the symbols.
v" Be sure that meaning is clear, both in the way you draw the flowchart & in the entries
you make within the symbol.

B.C.A./ B.CA. (IIP) / B.Sc.L.T.
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» The symbols which are used to draw a flow chart are as given below:

2

Name Symbol Task/Function
Indicates starting and ending points of the
flowchart.
Oval C) This symbol may contain the words like
Start, Begin, Stop, End Etc.
Used to indicate Input/output in
Parallelogram / / flowchart.
Used to indicate the Process part in
Rectangle flowchart. Also used to declare the
variables.
Used to indicate condition for
Decision making.
Diamond This symbol always contains the
conditions or expressions.
Used to Indicate the control flow of the
flowchart.
—
Arrows T l Generally, the flow of control may be top
— to bottom or left to right.
On Page Used to connect multi way flow of the
Connector control & direct the control to the
particular point.
Used to show off page connectivity in
Off Page flowchart.
Connector

Department of Computer Science
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Examples of Simple Flowchart
Flowchart 1: A Flowchart that print the simple message.

C s )

A 4

Print “ATMIYA”

!
o

» Concept of Variable & Constant:

Variable:
A variable is a name given to the memory location. During the execution of the program the
value of the variable will be changed or altered.

Constant:
A constant is a value which is stored inside the variable. In short, they are the fixed values.
Fore.g.:
3a + 5bin this equation, a & b are variables and 3 & 5 are constants.

Flowchart 2: A Flowchart to input two numbers and print sum as an output.

{ Start )

A4
A B, &C
as numeric

'
/ Input A /

v

Input B

!

C=A+B
.

/ Print C /

B.C.A./ B.CA. (IIP) / B.Sc.L.T.
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» Examples of Conditional Flowchart
Flowchart 3: A flowchart to check whether the no. is odd or even.

Declare No as
Numeric

\ 4

/ Input No /

Is
No % 2 ==

v

Print No. is Print No. is
OoDD Even

| » < |
L <

Flowchart 4: A flowchart to find out maximum value from two values.

Declare X, Y as
Numeric

A

/ Input X & Y /

PrintY Print X

=, = [~

| o e |
Ll ]
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» Example of Looping (Iterative Flowchart)
Flowchart 5: A flowchart to print 1 to 10 numbers.

( Start )

A 4

No Numeric
No=1

No=No+1

(2) Algorithms:
+ An algorithm is a list of instructions, procedures or formulas used to solve a problem.
* An algorithm is a step-by-step representation to solve any problem.
* Algorithms are just the textual presentation of the flowchart.
+ |t consists of English like statements. Each statement must be precise and well- defined to
perform a specific operation. When these statements are executed for a given set of
conditions, they will produce the required results.

Algorithmic Notation:
* While writing algorithms the following notations are considered.

Name of the algorithm:
+ |t specifies the problem to be solved.

Step Number:
+ |dentification tag of an instruction and it is an unsigned positive integer.

Termination:
+ |t specifies the end of the algorithm. It is generally a STOP statement and the last
instruction in the algorithm.

B.C.A. / B.C.A. (IIP) / B.Sc.LT.
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Facilities Provided by Algorithms:

* |t makes the program easy-to-read and understands.

+ |t makes the program portable & efficient.

+ |t displays easy steps for processing

+ |t simplifies the modification & updating the existing program.
+ |t facilitates testing of program at development stage.

Algorithm 1: An algorithm to print message on the screen.
Step 1: Begin

Step2:  Print “Atmiya”

Step 3: End

Algorithm 2: An Algorithm to add two numbers.

Step 1: Begin

Step 2: Declare the variables a, b & c as numeric

Step 3: Input the value of a

Step 4: Input the value of b

Step 5: add the values of variable a & b and assign the answer in variable ¢
Step 6: print c Step 7: End

Algorithm 3: An Algorithm to check whether the no. is ODD or EVEN.

Step 1: Begin

Step 2: Declare the variable No as Numeric

Step 3:  Input the value of No

Step 4: Divide the No with 2 and check the reminder, if reminder is 0 then
goto step 5 otherwise goto step 6

Step 5: print “No. is Even”, goto step 7

Step 6:  print “No. is Odd”

Step 7: End

OR

Step 1: Begin

Step 2: Declare the variable No as Numeric

Step 3: Input the value of No

Step 4: if a%2 == 0 then Print “No. is Odd” and goto step 5 else
print “No. is Even”

Step 5: End

Algorithm 4: An Algorithm to find out maximum no. from given two numbers.
Step 1: Begin
Step 2: Declare the variables a & b as numeric
Step 3: Input the value of a
Step 4: Input the value of b
Step 5: if a>b then Print the value of a and goto step 6
Else print the value of b
Step 6: End

6 Department of Computer Science
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Introduction to C

4+ What is Language?

+ We can simply define a Language as a medium of Communication and it is a collection of
alphabets and symbols.

+ In our real life, the main purpose of the language is communication, not more than it. And
we all know that the proper communication is only possible if both the sides the language
is well understood.

+ So, if we want to perform our task on a computer, we should have clear idea about the
language of computer. (That means if we want to communicate with computer!)

+ By using the language of computer, one can perform his/her task on a computer in form of
Program.

+ A Computer language is just a collection of some keywords and identifiers and with the
help of this, a communication is possible between two peripherals of computer, two
computers and in between computer and a user.

+ And here we have to learn ‘C Language’ as a first computer programming language.

4+ What is C Language?
» Cis aProgramming Language.
» Developed By Dennis Ritchie.
> Inthe year 1972.
» At the place AT & T’s Bell Laboratory, USA.

4+ History of C Language:
The short chart representation of this history is as given below:

Year Language Developed By Description
1960 |ALGOL International Root of all modern Languages.
Committee
CPL Cambridge It was hard to learn and difficult to
1963 |(Combined University learn.
Programming
Language)
BCPL Martin Richards at
1967 (Basic Combined Cambridge Developed for writing system
Programming University software. Less Powerful.
Language)
1970 B Ken Thompson Used to create early version of UNIX
operating system.
Structured, High level, Machine
1972 C Dennis Ritchie independent Programming Language.

4+ WHAT ARE LANGUAGE TRANSLATORS?
As we know that computer understands only the instruction written in the Machine language
(Binary).
Therefore, a program written in any other language should be translated to Machine language.

ATMIYA UNIVERSITY, RAJKOT
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There are two types of Translators.
(1) Compiler (2) Interpreters

(1) Compiler:

+ A Compiler checks the entire program written by user and if it is free from error and
mistakes then produces a complete program in Machine language known as object
program.

+ But if it founds some error in program then it does not execute the single statement of the
program.

+ So, compiler translate whole program in Machine language before it starts execution.

(2) Interpreters:

¢ Interpreters perform the similar job like compiler but in different way.

+ It translates (Interprets) one statement at a time and if it is error — free then executes that
statement. This continues till the last statement in the program has been translated and
executed.

+ Thus, Interpreter translates and executes the statement before it goes to next statement.

+ When it founds some error in statement it will immediately stop the execution of the
program.

+ Since compiler of Interpreter can translate only a particular language for which it is
designed one has to use different compiler for different languages.

+ Difference of Compiler — Interpreter:
¢ Error finding is much easier in Interpreter because it checks and executes each statement
at a time. So, wherever it fines some error it will stop the execution.
* Where Compiler first checks all the statement for error and provide lists of all the errors in
the program.
+ Interpreter take more time for the execution of a program compared to Compilers because
it translates and executes each statement one by one.

4 C Character Set:
A Character denotes any alphabet, digit or special symbol used to represent information.
The characters in C are grouped into the following categories:
> Letters
» Digits
» Special Symbols
» White Spaces

» Letters:
¢ Upper Case A....Z Lower Case a....z

» Digits:

Department of Computer Science
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> Special Characters:

, Comma & Ampersand [ Left bracket

. Period A Carot ] Right bracket

; Semi colon — Minus sign { Left brace

: Colon * Asterisk } Right brace # Number sign
? Question mark + Plus sign ( Left parenthesis
“ Apostrophe < Opening angle bracket ) Right parenthesis
“ Quotation mark (or less than sign) / Slash

I Exclamation mark | > Closing angle bracket \ Backslash

| Vertical bar (or greater than sign) % Per cent sign

~ Tilde S Dollar sign

_ Underscore

» White Space:
+ Blank space
+ Horizontal tab
¢ Carriage return
+ New line
¢ Form feed

4+ C-Tokens:

In a passage of text, individual words and punctuation marks are called tokens.
Similarly, “ The smallest Individual part of the program is known as Token.”

Given below are C Tokens:

C Tokens
|
L L] — e L) L
' I' s \l \' > \'Special \' l
Keywords Identifiers Constants Strings Symbols Operators
> Keywords:

+ Keywords are the words whose meaning is already explained to the ‘C’ compiler.
+ All keywords have fixed meaning, and these meanings cannot be changed.
¢ The keywords cannot be used as an Identifier.
¢ The keywords are also known as “Reserved Words”.
+ Given below is the list of keywords supported by ANSI C. There are total 32 keywords

available in ANSI C.

B.C.A. / B.C.A. (IIP) / B.Sc.LT.
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Key words in C
Auto Double Int Struct
Break Else Long Switch
Case Enum Register Typedef
Char Extern Return Union
Const Float Short Void
Continue For Signed Unsigned
Default Goto Sizeof Volatile
Do If static While

» ldentifiers:

The name given to the variables, functions and arrays is referred to as an Identifier.

These are user-defined names and consist of letters, digits & Special symbol (Only Underscore).
There are some rules to define an Identifier. They are as given below:

Rules:

First character must be an alphabet (or underscore).
Must consist of only letters, digits or underscore.
Only first 31 characters are significant.

Must not be a keyword.

Must not contain any white space.

> Constants:
Constants are the fixed values which are stored inside the variable.

During the execution of the program constants remains fixed.

C Supports several types of constants, they are as given below:

Constants

Character

Numeric

Constants Constants

Single
Character
Constants

Integer
Constants

String

constants
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Numeric Constants:
As its name suggests the numeric constants are made up of digits. There are 2 types of
numeric constants as given below.

(1) Integer constants:

There are some rules for defining integer constants.

An Integer constant must have at least one digit.

It must not have a decimal point. It could be either positive or negative.
If no sign proceeds, an integer constant assumed is positive.

No commas or blanks are allowed within an integer constant.

Example: - 436,45 10

() Real constants:

There are some rules for defining a real constant.

A Real constant must have at least on digit.

It must have a decimal point. It could be either positive or negative.

If no sign proceeds, an integer constant assumed is positive.

No commas or blanks are allowed within an integer constant.

A real number may also be expressed in exponential (or scientific) notation.
Example: - 134.98, 235.67

Character Constants:
As its name suggests the character constant always contains one character or no. of
characters. There are 2 types of character constants.

(I) Single character Constants:

There are some rules for defining single character constants. They are as given below.

v Rules:

+ A character constant is a single alphabet, a single digit or a single special symbol enclosed
within a single inverted comma.
Note that the character constant ‘5’ is not the same as the number 5.
Character constants have integer values known as ASClI values.
For e.g. the statement printf(“%d”,’a’); would print the number 97, the ASCII value of the
letter a. Similarly, the statement printf(“%c”,97); would output the letter ‘a’.

+ Since each character constant represent an integer value it is also possible to perform
arithmetic operations on character constants.

¢+ Example: - ‘A’, ‘*’, ‘1’

(1) String constants:

The rules of defining string constants are as given below.

v Rules:

¢ The string constants are always enclosed within double inverted commas. The string
constants are just combination of characters, digits, and special symbols.

+ Example: - “Welcome”, “Hello”

Backslash character Constants:
C supports some special backslash charg
Note that each one of them reprg
characters.

ATMIYA UNIVERSITY, RAJKOT
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These character combinations are known as escape sequences.
A list of such backslash character constants is given below:
Backslash character constants

Constant Meaning
\a’ audible alert(bell)
“\b’ back space
‘\f’ form feed
“\n’ new line
“\r’ carriage return
WV vertical tab
\t’ horizontal tab
\ single quote
\" double quote
\?’ guestion mark
AN backslash
\0’ Null

SYMBOLIC CONSTANTS:

+ We often use certain unique constants in a program.

¢ These constants may appear repeatedly in a number of places in the program. egl.
Constants 3.14 representing the value of the mathematical constant “pi”. eg2. Total
number of Students, TOTAL.

¢+ We may use the name STRENGTH to define the number of students and PASS_MARKS to
define the pass marks required in a subject.
Constant values are assigned to these names at the beginning of the program.
Subsequent use of the names STRENGTH and PASS_MARK in the program has the effect
of causing their defined values to be automatically substituted at the appropriate points.

A constant is defined as follows:
Syntax:
#define symbolic-name value of constants

Example:

#define STRENGTH 100

#define PASS_MARK 50

#define P1 3.14159

o Symbolic names do not appear in declaration.

NOTE:

+ A #define is a pre-processor compiler directive and not a statement. Therefore #define
line should not end with a semicolon.

¢ Symbolic constants are generally written in uppercase so that they are easily
distinguished from lowercase variable names.
#define instructions are usually placed at the beginning before the main() function.
Symbolic constants are not declared in declaration section.

» Strings:

E—— ]
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You can perform many operations on a string as per the requirement like......
¢ Can compare two strings
* Can concate two strings
¢ Can calculate length of the string
¢ Can copy the string.
And all these operations can be possible by using the built-in functions available in
<string.h> header file.

Special Symbols:

As the name suggest, each and every symbol is used for some special purpose.

We are already aware the available special symbols in C Character Set. (Read the Special
Symbol list under the topic C Character Set).

Some are used as operators and may be some are used in some function, to complete the
task.

Operators:

Operators are the symbols that can perform some operations on data or operands.

In short, it tells to computer to perform some mathematical or logical manipulation.

Before we learn the various operators, we have basic idea about the operator that is
whether it is unary or binary?

What is Unary/Binary?

Generally, operators are classified into two main categories, namely Unary & Binary.

Unary: the operator that can operate only one operand at a time comes under this category.
For e.g.: -X, X++ etc.

Binary: the operator that can operate two operands at a time comes in this category.

For e.g.: a+b, a-b, a>b, a=10 etc.

C has rich set of operators; they are as given below:
(1) Arithmetic operators

(2) Relational operators

(3) Logical operators

(4) Assignment operators

(5) Increment and Decrement operators

(6) Conditional operators

(7) Bitwise operators

(8) Special operators

(1) Arithmetic Operators:

Arithmetic operators are used to perform arithmetic operations on data. The arithmetic
operators are as given below.

Operator Meaning

+ Addition or unary plus

- Subtraction or unary minus
* Multiplication

/ Division

%

=
w
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Integer Arithmetic
If a and b are integers, then for a = 14 and b = 4 we have the following results:a—b =10
a+b=18a*b="56
a /b =3 (decimal part truncated) a % b = 2 (remainder of division)
If one of them is negative, the direction of truncation is implementation dependent. That is,
6/7 = 0and —6/-7 = 0 but —6/7 may be zero or —1. (Machine dependent)

Similarly, during modulo division, the sign of the result is always the sign of the first operand
(the dividend). That is,

-14%3=-2
-14%-3=-2
14%-3=2

Real Arithmetic

An arithmetic operation involving only real operands is called real arithmetic. If x, y, and z are
floats, then we will have:

x=6.0/7.0=0.857143 y=1.0/3.0 =0.333333 2 =-2.0/3.0 =-0.666667

The operator % cannot be used with real operands.

Mixed-mode Arithmetic
When one of the operands is real and the other is integer, the expression is called a mixed-
mode expression. Thus 15/10.0 = 1.5 whereas 15/10 = 1.

(2) Relational Operators:
The Relational operators are also known as “Comparison operators”. Because comparisons
can be done with the help of relational operators. Relational operators are used to show the
relationship between 2 variables and variables and constants. They evaluate to either true or
false.

Given below are the relational operators.

Operator Meaning
< is less than
<= is less than or equal to
> is greater than
>= is greater than or equal to
== is equal to
I= is not equal to

(3) Logical Operators:
Logical operators are used to combine two or more expressions. In order to combine two or
more, the one relational operator, the logical operators are used.

There are 3 logical operators as given below:

AND (&%)
OR (I])
NOT (!)

The logical operators && and || are used when we want to test more than one condition
and make decisions.

For example: - if (age>18 && nationalit
The expression which combines two gfrd
“Logical Expression” or “Compound fx

| expression is known as

14 Department of Computer Science
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(4) Assignment Operator:
Assignment operators are used to assign a value to the variables.
“=" Sign is used to perform an assignment operation.
For e.g.: x=10;
Arithmetic assighment operators are also used in combination to simplify the use of both
operators.
The combinations of both (arithmetic & assignment) operators are known as “Arithmetic
Assignment Operators” or “Short Hand Operators” . Given below are the arithmetic
assignment operators, which are most commonly used.
Short Hand Operators OR Arithmetic Assignment Operators:

Simple
. P Short hand ..
Assignment Description
Operator
Operator
Add the value 10 to the variable X and store the
x=x+10 x+=10 . .
answer in variable x.
Subtract the value 10 from the variable X and
x=x-10 x-=10 . .
store the answer in variable x.
«=x*10 *=10 MultlpIY the vaI}Je 10 with variable x and store the
answer into variable x.
Divide the value 10 by
x=x/10 x/=10 variable x and store the answer into variable x.
Divide the value 10 by
= 0, 0, =
X=x%10 X%=10 variable x and store the reminder into variable x.

(5) Increment / Decrement Operators:
The increment or decrement operators are used to increase or decrease the value of the
operand.
They come under the category of Unary operators, because they can handle only one
operand at a time.
Increment Operator -> ++
Decrement Operator -> --
They simply increment or decrement the value of the variable by 1, which is by default.
They are always used with only an integer value can’t be used with the floating-point value.

(6) Conditional Operators:
Refer Unit No. -2

(7) Bitwise Operators:
C has a distinction of supporting special operators known as bitwise operators for
manipulation of data at bit level.
Bitwise operators are used to perform operations at binary digit level.
These operators are used for testing the bits or shifting them right or left.
Bitwise operators may not be applied to float or double.
These operators are not commonly used and are used only in special applications where
optimized used of storage is required.
Following are the bitwise operators usedj age.

B.C.A. / B.C.AA. (IIP) / B.Sc.L.T.
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Operator Meaning
<< Shifts the bits to left
>> Shifts the bits to right
~ Bitwise inversion(one’s complement)
& Bitwise logical AND
| Bitwise OR
A Bitwise exclusive OR

(8) Special Operators

16 Department of Computer Science
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C supports some special operators of interest such as comma operator, sizeof operator,
pointer operators (& and *) and member selection operators (. and ->). The comma and
sizeof operators are discussed in this section.

The Comma Operator

The comma operator can be used to link the related expressions together. A comma-linked
list of expressions is evaluated left to right and the value of right — most expression is the
value of the combined expression. For example, the statement value = (x =10,y =5, x +y);
First assigns the value 10 to x, then assign 5 to y, and finally assigns 15(i.e. 10+5) to value.
Since comma operator has the lowest precedence of all operators, the parentheses are
necessary. Some applications of comma operator are:

In for loops:
for(n=1, m=10; n <= m; n++, m++)

In while loops:
while ( ¢ = getchar(), c !=‘10")

Exchanging values:
t=xx=y,y=t

The sizeof Operator

The sizeof is a compile time operator and, when used with an operand, it returns the number
of bytes the operand occupies. The operand may be a variable, a constant or a data type
qualifier.

Examples:

m=sizeof(sum); n=sizeof(long int); k=sizeof(235L);

The sizeof operator is normally used to determine the lengths of arrays and structures when
their sizes are not known to the programmer. It is also used to allocate memory space
dynamically to variables during executions of a program.

Variable:
* AVariable is the name given to memory location.
* During the execution of the program the value of the variable may be changed / altered.
¢ The variable is also known as a container, because they contain values as a data.
¢ Generally, the variable name consist ers, digits and special symbol, but there are
some rules to define a variable napfeAt s given below :
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* Rules:
The variable name must begin with alphabets.
¢ The variable name should be meaningful. That means the variable should clearly indicate
the purpose.
No special symbols rather than underscore (_) is allowed.
The variable name must not be a keyword.
No commas or blanks are allowed while defining a variable.
The variable name may be combination of alphabets, digits and underscore.
Uppercase and lowercase are significant. That is, the variable Total is not the same as
total or TOTAL.
Examples (Valid Variable names)
Number, Total, Marks_C, R_nol
Examples (Invalid Variable names)
1_marks, (Area), R.no

L)

* 6 6 o o *

* & o o

How to Declare a Variable?
Syntax:
Data type variablel, variable2, ....... variable n;

Example:
int a,b,c;
float x, y;

How to assign values to the variable?
You can assign values to the variables by using the assignment operator.

Syntax:
Variable_name = value;

Assignment
Operator

Example:

int A=0; // assignment at declaration time also called Initialization.
int X; // Declaration of a variable.

X=10; // Assigning a value 10 to the variable X.

X=A; // Assigning a value of one variable to another variable.

Note : the assignment notation always work from right to left, that means value at the right
side is assigned to the variable at the left side.

B.C.A./ B.CA. (IIP) / B.Sc.L.T.
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Data Types:
The predefined identification of any variable is known as “Data type”.
The data type of any variable tells that what kind of values will be stored inside the variable.

ANSI c supports basically three classes of data types:
1. Primary (or Fundamental) data types
2. Derived data types
3. User-defined data types

Primary (or Fundamental) data types:
Basically, there are 5 primary data types in C, but all data types have some modifiers which
helpful to extend the functionality of data types.
The primary data types with its respected bytes, range and keywords are as given below:

Data Types
Data Type Keyword Bytes Range
Integer int 2 -32768 to 32767
Float float 4 3.4e-38 to 3.4e+38
Character char 1 -128to 127
Double double 8 1.7e-308 to 1.7e+308
Void void Empty date types
¢ Integer:
This data type is used to store the numeric value, without decimal point. (The whole
number)
If we use a 16-bit word length, the size of the integer value is limited to the range -32768
to +32767.

For E.g.: 123, 456, 890

¢ Float:
This data type is used to store the numeric value with a decimal point that is the floating-
point number (Real number).
It supports 6 digits after the decimal point.
For Eg: 123.89, 78.09

¢ Character:
This data type is used to store one or more character type data.
For Eg: ‘a’, ‘@’, “Atmiya” etc.

¢ Double:
Used to handle double precision floating point number (i.e., More accurate Floating-
point value).
It provides accuracy up to 14 digits.
All the data types have some modifigrs elpful to extend the meaning & facility of
the data type. The modifiers, alo ' #.Memory space and range are as given in
the table:
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+ void data type:
“void” data type is known as “Empty Data Type”. ‘void’ is a qualifier in C which can be
used with function. When any function does not return anything or it does not have any
arguments to declare, it can be declared using ‘void’.

Eg.:
void change (int a)

Return nothing J

void change(void)

Return nothing No argument

Though the ‘void’ is not compulsory, it is advisable to use with functions returning
nothing otherwise computer shows a message in form of warning at the time of
compilation i.e., ‘function should return a value’. This thing is not going to output of the
program. By providing the ‘void’ keyword along with function name, we are explicitly
telling the computer that the functions do not return values.

Data types along with their modifiers

Type Bytes Range
char or signed char 1 -128 to 127
unsigned char 1 0to 255
int or signed int 2 -32768 to 32767
unsigned int 2 0 to 65535
short int or signed short int 1 -128 to 127
unsigned short int 1 0 to 255
long int or signed long int 4 -2147483648 to 2147483647
unsigned long int 4 0to 4,294,483,647
float 4 3.4e-38 to 3.4e+38
double 8 1.7e-308 to 1.7e+308
long double 10 3.4e-4932 to 1.1e+4932
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L Basic Structure of C Program

Documentation Section

Link Section

Definition Section

Global Declaration Section

main() function Section

{

Declaration Part

Executable Part

}

Sub Program Section
Function 1

Function 2
Function3 (User Defined Function)

Function n

The detailed content about all the section is as given below:

Documentation Section:

This section consists of a set of comment lines giving the name of the program, the author
and other details, which the program would like to use later.

What is Comment?
The non-executable part of the program is known as comment.
There are two types of comment.

Single line comment:
Single | ine comment starts with //.
// this is single line comment

Multiline Comment:

Multiline comment encloses within /* and */
/* This is

Multi-line Comment */

Link Section:
This section provides instructions to the campiler to link functions from the system library.
For example, if you want to use the et f(), then you have to define link to the

, . Y . A
stdio.h (header file) and it is possible fol
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For Example:

#include<stdio.h>
#include<conio.h>
#include<math.h>
#include<stdlib.h>

Definition Section:

This section defines all the symbolic constants.

o Fore.g.: PI=3.1412

By defining symbolic constant one can use these symbolic constants instead of constant
value.

The symbolic constants are defined with the help of pre-processor.

Fore.g.:

#define PI1 3.1412

Global Declaration Section:

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

main() function Section:
A main() function is a heart of any ‘C’ language program. Every C program must have one
main() function section.

This section contains two parts:
(1) Declaration part and (2) Executable part.

Declaration Part:
The declaration part declares all the variables used in the executable part.

Executable Part:

This part contains all the executable statements.

Each & every statement in the executable part terminated by a semicolon.

These two parts must appear between the opening and closing braces. The program
execution begins at the opening brace and ends at the closing brace.

The closing brace of the main function section is the logical end of the program.

Note: All sections, except the main function section may be absent when they are not
required.

Example: 1 A program to print a simple message on the screen.

#include<stdio.h>
#include<conio.h>
main()
{
printf(“Atmiya University”);
return O;

}

Output:
Atmiya University

ATMIYA UNIVERSITY, RAJKOT
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Example: 2 A program to add two numbers.

#include<stdio.h>

#include<conio.h>

main()

{
inta, b, ¢
clrscr();
printf(“Enter the value of a : ”);
scanf(“%d”,&a);
printf(“Enter the value of b : ”);
scanf(“%d”,&b);
c=a+b;
printf(“\n Addition of a & b is %d”,c);
return 0;

1

Output:

Enter the value of a: 10

Enter the value of b: 20

Addition of a & b is 30

Example: 3 A program to calculate area of circle.
#include<stdio.h>

#include<conio.h>

#define P1 3.14

main()
{
floatr, a;
clrscr();
printf(“\n Enter Radius : ”);
scanf(“%f”,&r);

a=Pl*r*r;
printf(“\n Area of Circle is : %f”,a);
return 0;

}

Output:
Enter Radius: 10
Area of Circle: 314

Sub-program Section:

+ The subprogram section contains all the user-defined functions that are called in the main
function. They are the code section which is defined outside the boundary of main function.

* This section defines all User Define Functions (UDF).

1/0 functions of ‘C’ language.
+ Reading, processing and writing of data are the three essential functions of a computer
program. There are two methods of providing data to the program variables.
¢ One method is to assign values to variable through the assignment statements such as
x=100;
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Another method is to use the input function scanf which can read data from keyboard, and
the function printf which sends result out to a terminal.

All input/output operations are carried out by two functions printf and scanf.

Each program that uses a standard input/output function must contain the statement
#include <stdio.h> at the beginning.

The stdio.h is an abbreviation for standard input/output header file.

The above #include <stdio.h> tells the compiler ‘to search for a file stdio.h and place its
contents at this point in the program.

The contents of the header file become part of the source code when it is compiled.

Reading data from keyboard:

The general format of scanf is as follows:

scanf (“control string”, &variablel, &variable2,....);

The control string contains the format of data being received.

The ampersand symbol & before each variable name is an operator that specifies the
variable name’s address.

We must always use this operator; otherwise, unexpected results may occur.

Example: scanf(“%d”,&number);

When this statement is encountered by the computer, the execution stops and waits for the
value of the variable number to be typed in.

Since the control string “%d” specifies that the integer value is to be read from the terminal,
we have to type in the value in integer form.

Once the number is typed in and the ‘Return’ key is pressed, the computer then proceeds to
the next statement.

Thus, the use of scanf provides an interactive feature and makes the program ‘user friendly’.

Printing data

The general purpose of printf statement is to print the message.

Example: printf (“Hello Everybody”);

The general format of printf is as follows:

printf (“control string”, variablel, variable2,....);

The control string contains the format of data being received.

Example: printf (“%d”,number);

When this statement is encountered by the computer, the computer prints the value of the
variable that is read by the user.

Since the control string “%d” specifies that the integer value is read from the terminal, we
will get the value in integer form.

Once the number is printed on the monitor, the computer then proceeds to the next
statement. Thus, the use of printf provides an interactive feature and makes the program
‘user friendly’.

Type Casting
Converting one datatype into another is known as type casting or, type-conversion.
For example, if you want to store a 'float' value into a simple integer then you can type cast
'int' to 'float'. You can convert the values from one type to another data type using the cast
operator as follows -
(type_name) expression
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¢ Sometimes we are needed to force the compiler to explicitly convert the value of an
expression to a particular data type.

This would be clear form the following example.

main()
{
int x = 100;
float div;
div=x/3;
printf("Value of div : %f", div );
}
Output:

Value of div = 33.000000
The answer turns out to be 33.000000 and not 33.33. This is because of value 100 and 3 are
both integer and hence 100/3 yields an integer. This 33 when stored in a is converted to

33.000000. At that time use type casting.

The following program illustrates this.

main()

{
int x = 100;
float div;

div = (float) x / 3;
printf("Value of div : %f",div);

Output:

Value of a = 33.333333
This program uses type casting. This consists of putting a pair of parentheses around the
name of the data type in this program we said,

div = (float) x/3;

This expression (float) causes the variable x to be converted from type int to type float
before used in the division operation which called Type Casting.
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..::QUESTION BANK ::..

One Mark Questions.

w N e

The graphical representation of any problem is known as .— Flow Chart

The step-by-step representation of any problem is known as . — Algorithm

The techniques which are used to solve any problem definition by analyzing any problem are
known as . Pre-Programming Techniques

Which symbol is used to show the condition? — Diamond

Which symbol is used to show the variable declaration? — Rectangle

How many types of connectors in flowchart? — 2

Which symbol is used to start every flow chart? — Oval

in the year . — Dennis Ritchie, 1972

BCPL stands for . — Basic Combined Programming Language

Cis developed by

. How many character set categories are available in C— Language? — 4

. Whose meaning of the words is already explained to the C Compiler? — Keywords

. How many keywords are available in C-Language? — 32

. Keywords are known as .— Reserve Words

. The name given to the variable, function or array is known as . — Identifier

is the name given to memory location. — Variable
are the values, stored inside the variable. — Constants

. How many types of Constants are available in C-Language? — 2

. How many types of Numeric Constants are available in C-Language? — 2

. How many types of Character Constants are available in C-Language? — 2
. The Collection of Character is known as . — Character Set

are the symbols that can perform some operations on operand. — Operator

. How many types of Arithmetic operators are available in C-Language? - 5

. How many basic data types are available in C-Language? — 5

. ASClI stands for .— American Standard Code for Information Interchange
. What is used to define a symbolic constant? — #define

. Which symbol is used to termination of C programming statements? — Semicolon
. Which language translator is used in Turbo-C? — Compiler

. Which translator is interpreting the statements line by line? — Interpreter

. Which type of operator is X+=10? — Short hand operator

. Which operator is used to find the size of particular variable? — sizeof Operator

. Which operator is used to store value into the variable? — Assignment Operator (=)
. Which data type is known as empty data types? — void

. What is the non-executable part of the program? — Comments

. How many types of comments are available in C? — 2

Section is used to include the header files in C-Program. — Link

f X=9andZ= X++ + X — —=X thenvalueof Zis .—8
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Descriptive Questions.

(1) What is program? Explain programming technique.
e What is program?
e Programming Techniques
e Programming Tools.

(2) Explain Flow chart in detail.
e Definition
e How flow chart is useful.
e Rules to draw a flow chart.
e Symbol for draw a flow chart.

(3) Explain Language Translator.
e About Translator.
e Two types of Translators
o Compiler
o Interpreter
o Difference of Compiler and Interpreter

(4) Explain C-Character Set.
e Letter
e Digit
e Special Character
e White Space

(5) Explain C-Tokens.
e Keywords
e |dentifiers
e (Constants
e Strings
e Special Symbols
e QOperators

(6) Explain Constants in detail.
(1) Numeric Constants
o Integer Constants
o Real Constants
(2) Character Constants
o Single Character Constants
o String Constants
» Backslash character Constants
» Symbolic Constants
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(7) Explain Different C-Operators.
e Arithmetic operators
e Relational operators
e Logical operators
e Assignment operators
e Increment and Decrement operators
e Conditional operators
e Bitwise operators
e Special operators

(8) Explain Logical operator with an example.
e (1) AND (&&) (2)OR(]1]) (3) NOT (1)
e Examples (1), (2) and (3)

(9) What is Variable? Explain in detail.
e What is Variable?

e Rules for define variable.
e How to declare variable?
e How to assign a value to the variable?

(10) What is Data Type? Explain Primary (Fundamental) Data Types.
e What is Data Type?
e Primary Data Types.
o Integer, Float, Character, Double, Void

(11) Explain Basic Structure of C program.
e Documentation Section
e Link Section
o Definition Section
e Global Declaration Section
e Main function Section
o Declaration Part
o Executable Part
e Sub Program Section

(12) Explain reading & writing data from keyboard.
e Scanf function
e Printf function
e Example

(13) What is Type Conversion? Explain with an example.
e Definition of Type-Cast
e Description
e Example

B.C.A. / B.C.A. (IIP) / B.Sc.LT.
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Unit-2

Control Structure

+ Introduction of Control Structure
(Decision Making Statements or Conditional statements)

v Until this point, we have seen that the C program executes from top to bottom sequentially,
without skipping any single statement but this type of execution is not useful every time.

v" Many times, it is necessary to change (alter) the flow of sequence of instruction. That
means execute the program conditionally.

v" C language supports statements that can be helpful to change the flow of program
execution.

v" These statements are called ‘Control Statements’ OR ‘Decision Making Statements’ OR
‘Conditional Statements ’.

v" These statements help to execute the program conditionally, that means depending on the
result of condition, some part (block) of the program will execute and some part (block) of
the program will skip.

v" The list of statements is as given below:

(A) if statement (Forms of if)

(B) switch statement

(C) Conditional operator statement
(D) goto statement

v" These statements are purely known as “Decision Making”. And they are also ‘control’ the
flow of execution, they are also known as “Control Statement”.

v Decision making with “if” statement

v If statement is the powerful decision making statement and is used to control the flow of

execution of the statements.

C uses the keyword if to implement the decision control instruction.

Depending upon the no. of conditions and complexity of the program, one can use any form

of if statement from the given list.

(A)Forms of if:
1. Simple if statement
2. if.....else statement
3. Nested if....else statement
4. elseif ladder statement

AN

(1) Simple if statement:
v It allows the computer to evaluate the expression first and then, depending on whether the
value of the expression (relation or expression) is ‘true’ (non-zero) or ‘false’ (zero), it
transfers the control to a particular statement.

> Syntax:
if(test -expression)

{

statement-block

}

statement-x;
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> Flowchart:

Test Expression

v

Statement-block

A

Statement -x

> Description:
v If the test expression is evaluated to true, then the statement-block will be executed.
And the statement-x will also be executed.
v If the test expression is evaluated to false. Then the statement-block will be skipped
and directly the control will jump to the statement-x.
v" Note that, in both the cases the statement-x will be executed.
v" The statement-block may be a single statement or the block of statements.

» Example: A program to check the entered age value.

// A program to show the use of simple if condition.

#include<stdio.h>
#include<conio.h>
main( )
{
int age;
clrscr();
printf(“ \n Enter your age : ”);
scanf(“%d”,&age);
if(age>=18)
{
printf(“ \n You can get license”);
}
printf(“ \n Good Bye ‘);
return 0;

}

> Output:
Enter your age: 20
You can get license
Good Bye

B.C.A./ B.CA. (IIP) / B.Sc.LT.
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(2) If ... else statement:
If ... else statement is the extension of the simple if statement. The general form
(syntax) of if...else is as given below:

> Syntax:
if(test expression)
{
True-block statement(s);
}
else
{
False-block statement(s);
}

Statement-x;

> Flowchart:

True

Test

Expression
9

False

A4 A4

False-block statement(s) True-block statement(s)

Statement - x <

A 4

> Description:

v’ First the expression is evaluated; if the expression is true then the control is
transferred to the True-block of the program, and then the statement-x will be
executed, which is out of the if else block.

v If the expression is false, then the control is transferred to the False-block of the
program. And then the statement-x, which is out of if ... else block.

v" Note that, the statement-x will be executed in both the cases; they are not related
with the result of the expression.

v' An Example of If...Else is as given below:
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» Example: A Program to check whether the inputted no is positive or negative.
#include<stdio.h>
#include<conio.h>
main( )

{

}

int no;

clrscr( );

printf(“ \n Enter any number”);
scanf(“%d”,&no);

if(no>0)

{

printf(“ \n The no. is Positive”);

printf(“ \n The no. is Negative”);
!

return O;

> Output:
Enter any number: 12
The no. is Positive

(3) Nested if ... else Statement:
Some time it may happen that, the program require more than one condition, or we can say
that series of conditions, at that time we have to use more than one ifelse statements in our

program.

The one “if...else” statement within another “if....else” is known as “Nested if ... else”.

The general form of the “Nested if ... else” is as given below:

> Syntax:
if(test expression -1)

{

else

{
}

Statement —x;

if(test expression -2 )

{

Statement-1;
}
else
{

Statement-2;
}

Statement-3;

B.C.A./ B.CA. (IIP) / B.Sc.LT.
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> Flowchart:

Entry

Test expression-1?

False True

Test expression-2?

A\ 4 A 4
Statement -3 Statement -2 Statement -1

v

Statement-x

A\ 4

Next statement

> Description:

v If the Exp.1 evaluated to true, then the control will proceeds to the next expression
(Exp.2). If both the Expressions are evaluated to true then the statement-1 will be
executed.

v If the Expl evaluated to true and Exp.2 evaluated to false then the control will
transferred to the statemene-2.

v' And if the Exp.1 will evaluated to false, the control will transferred to the else
portion of the main condition. That means the statement-3 will be evaluated.

v" And in any of the cases the control will proceeds always to the statement-x. Which is
not depending on the result of the condition?
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» Example: A Program to find out maximum value from given three values.

#include<stdio.h>
#include<conio.h>

main( )
{
int a,b,c;
printf(“ \n Enter a: “);
scanf(“%d”,&a);
printf(“ \n Enter b: “);
scanf(“%d”,&b);
printf(“ \n Enter c: “);
scanf(“%d”,&c);
if(a>b)
{
if(a>c)
{
printf(“ \n A is Big”);
}
else
{
printf(“\n C is Big”);
}
}
else
{
if(c>b)
{
printf(“\n C is Big”);
}
else
{
printf(“ \n B is Big”);
}
}
return 0;
}
> Output:
Enter a: 20
Enter b: 30
Enter c: 40
Cis Big.
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(4) else...if ladder:

v’ Just observe that the program uses the nested if-else. This leads to three disadvantages:

v" As the No. of conditions is going increased the level of indentation is also increased. An
as a result the program is shifted to the right hand side, and readability of your program
will be decreased.

v In case of nested if-else you must take care about the pair of the ifs and elses.

v" You must take care of the opening braces and closing braces of each & every ifs and
elses.

» The general form of else...if ladder is as given below:
Syntax:
if(condition-1)

statement-1;

else if (condition-2)
statement-2;

else if (condition-3)
statement-3;

else if (condition-n)
statement-n;
else
default-statement; _

statement-x;

> Description:

v This construct is known as the “ELSE...IF LADDER”.
v" The conditions are evaluated from top to bottom, downwards.

v" As soon as a true condition is found, the statement associated with that condition
will be executed, and then the control will transferred to the statement-x.(by
skipping the rest of ladders).

v" When all the condition become false, then the else portion that is the final else that
contains the default- statement will be executed, and the control will transferred at
the statement-x.

v' That means the program execution will become faster, when you are using the
else...if ladder instead of more than one ifs. Because after execution of a particular
statement, there is not more conditions are checking, that means skipping the rest
of ladder.
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Statement-1
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Statement-2
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True

l

Statement-3

| Statement-x |

v

Next statement

e r> (B
)

|

False

A

Statement-n

Default

Statement
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» Example: A Program to generate Mark sheet.
main( )
{
int m1,m2,m3 ,tot;
float per;
printf(“ \n Enter Mark1: “);
scanf(“%d”,&m1 );
printf(“ \n Enter Mark2: “);
scanf(“%d”,&m?2 );
printf(“ \n Enter Mark3: “);
scanf(“%d”,&m3 );
tot=m1+m2+m3;
per=(tot*100)/300;
if(per>=80)
{
printf(“ \n You get Distinction”);
printf(“ \n Percentage : %f”,per);

}
else if (per>=60)
{
printf(“ \n You get First Class”);
printf(“ \n Percentage : %f”,per);
}
else if(per>=45)
{
printf(“ \n You get Second Class”);
printf(“ \n Percentage : %f”,per);
}
else
{
printf(“ \n You get Pass Class”);
printf(“ \n Percentage : %f”,per);
}
return 0;
}
> Output:

Enter Mark1: 80
Enter Mark2: 75
Enter Mark3: 85

You get Distinction
Percentage: 80.00
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(B) “Switch...Case” statement (Multi way decision making statement):

v
v
v

We have already done the decision making using simple ifs and multiple ifs and elses.
And as we know that each new form of if was reduced the limitations of previous one.
Actually there is no limitation of else if ladder. But when the no. of conditions are going
to increasing the level of indentation will also going to increasing, at that time even a
designer of a program will confuse about the program.

So remove this limitation of the else...if ladder, C provides a facility called the Switch-
Case statement, also known as “Branching Statement”.

The syntax of the Switch is as given below:

Syntax:
switch(expression)
{
case value-1:
block-1;
break;
case value-2:
block-2;
break;
default:
Default-block;
}
Description:

v’ The switch statement is particularly used for menu driven programming.

v’ The switch statement checks value of the expression against a list of case value, and
when a match is found, a block of statements associated with that case is executed.

v The expression is an integer or character expressions.

v’ Value-1, value-2.... are the integer constants or the character constants.

v’ Each value in the list of case must be unique, that means no 2 case have similar
values.

v Not that, each case keyword with expression is followed by a colon.

v/ The block-1, block-2.... Are the statement blocks and may contain 1 or more
statement that will be executed.

v’ The value of switch (expression) will compared with a list of case values, and when a
match is found the statement of that case will be executed.

v Note that, each block contain the “break” statement at the end of each statement
block will signals the control at the statement-x which is out of the switch statement.

v When there is no match found between switch and case value the default case which
is optional, and known as else case will be executed.

v ANSI C permits the use of as many as 257 case labels.
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» Advantage:

v/ The main advantage of switch statement over if is that it leads to more structured
program & the level of indentation is manageable, more so if there are multiple
statements within each case of switch.

v’ Drawback is the use of logical operators. That means the logical operators cannot be
used in switch...case.

> Flowchart:

Switch
Expression

‘ ‘ Expression=value-1
» Block-1
Expression=value-2 l
> Block-2 —»(P
(no-match) found
> Block-3 —b?

Statement-x

'
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» Example: A menu driven program using switch...case:

main( )

{

int ch,a,b,c;

Problem Solving Methodology & Programming in C

printf(“\n 1.Addition”);
printf(“\n 2.Subtraction”);
printf(“\n 3. Multiplicatioin”);
printf(“\n 4. Division”);
printf(“\n Enter your choice : ”);

scanf(“%d”,&ch);
printf(“\n Enter A :”);
scanf(“%d”,&a);
printf(“\n Enter B : ”);
scanf(“%d”,&b);
switch(ch)
{
case 1:
c=a+b;
printf(“%d”,c);
break;
case 2:
c=a-b;
printf(“%d”,c);
break;
case 3:
c=a*b;
printf(“%d”,c);
break;
case 4:
c=a/b;
printf(“%d”,c);
break;
default:
printf(“\n Invalid choice”);
}
return O;
}
» Output:

1. Addition

2. Subtraction

3. Multiplication
4. Division

5. Exit
Enter your choice: 1

Enter A: 10
Enter B: 20

30

B.C.A./ B.CA. (IIP) / B.Sc.LT.

ATMIYA UNIVERSITY, RAJKOT

w
o



ATMIYA UNIVERSITY
(C) Conditional Operator:

v’ The conditional operator is also known as a “Ternary operator”.
v’ It used as an alternative of simple if...else statement.

v The combination of ? and : is known as a conditional operator.
v’ The general form of conditional operator is as given below:

> Syntax:
Conditional expression ? expression 1 : expression 2;

> Description:

v In which the conditional expression is evaluated first, if the conditional expression is
evaluated to true, then the expression 1 which is immediately followed by conditional
expression will be executed.

v If the conditional expression is evaluated to false then the expression2 will be
executed.

v’ The conditional operators can be used as an alternate of the simple if......else block.
Since it can take 3 operands.

v/ The example of the conditional operator and it’s comparison with simple if...else
block is as given below:

> Example: Using conditional Operator

tinclude<stdio.h>
ttinclude<conio.h>

main( ) The same thing can be done
{ using if..else is as given below:
int x,y;
printf(“\n Enter the value of X :”); if(x>y)
scanf(“%d”,&x); printf(“X”);
printf(“\n Enter the value of Y :”); e
scanf(“%d”,&y);
printf(“Y”);

(x>y)?printf(“X”): printf(“Y”);

return O;

The following points can be noted out:
It's not necessary that the conditional operators should be used only in arithmetic
statements.

> Example:
inti;
scanf(“%d”,&i);
(i==1)? printf( “Hi”) : printf( “ Hello”);

The conditional operator can be nested as shown below:

> Example:
char a="7’;
printf(“%c”,(a>="a’ ? a:‘1");
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(D) “goto” statement:

v The goto statement is known as Jumping Statement.

v’ The goto statement is used to alter the normal sequence of program execution by
transferring control to some other part of the program.

v That means if you want to control the flow of control according to a certain condition
then you can do it with the help of “goto Statement ”.

v' Actually this statement is referred to as “goto label ”.

v’ C supports the goto statements to branch unconditionally from one point to another in
the program.

v’ The goto requires a label to identify the place where the branch is to be made.

v’ The label is any valid variable name, and must be followed by a colon.

v The label is placed immediately before the statement where the control is to be
transferred.

» Syntax:

goto label;—— label: D E—
________ statement ;

label — | | oo.o-.

statement ; goto label;
Forward Jump Backward Jump

The label can be anywhere in the program either before or after the goto label; statement.

> Description:

v Note that a goto breaks the normal execution of the program.

v' If the label: is placed before the statement goto label; a loop will be formed and some
statements will be executed repeatedly. And such jump is known as “Backward
Jump”.

v If the label is placed after the goto label; some statements will be skipped & the jump
is known as a “Forward Jump ”.

v The most common applications of the goto is as given below:

v’ Branching around the statements and group of statements under certain conditions.

v Jumping it the end of a loop under the certain conditions, thus bypassing the
reminder of the loop during the current pass.

v’ Jumping completely out of the loop under the certain conditions, thus terminating
the execution of the loop.
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» Example: A Program to print “ATMIYA” 3 times on screen.

#include<stdio.h>
#include<conio.h>

void main( )
{
int cnt=1;
XYZ: //label
printf(“\n ATMIYA”);
cnt++;
if(cnt<=3)
goto XYZ;
getch();

}

» Output:
ATMIYA
ATMIYA
ATMIYA

4+ Various Looping Structures

> What is Loop?
To perform a particular task no. of times the concept of loop is used.
Or we can say that when we want to perform execute some program code repeatedly,
at that time loop is used.

» Types of Loop:
Basically there are two types of Loop:
I. Finite Loop:
II. Infinite Loop:

(1) Finite Loop:
When no. of iterations is fixed, that type of loop is known as Finite loop.

(1) Infinite Loop:
When no. of iterations is not fixed, that type of loop is known as Infinite loop.

Before learning about anything about loop, we first know following things:
Iteration: The meaning of the word “Iteration” is “Repetition”.

» Counter Variable:
v' The variable which is used to count the no. of iterations is known as counter variable.
v’ Types of Looping Structure/Statements:
v’ There are three types of looping structure supported by C.
i.  while statement
ii. do...while statement
ii.  for statement
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(i) While statement:

v The while statement is the simplest of all the loop structure in the C language.

v’ The syntax of the while statement is as given below:

> Syntax:

while (test expression)

{
body of the loop

}

statement-x;

> Description:

v/ The while statement is known as entry-controlled loop. Because the condition is
checked first and then the body of the loop will be executed if the condition is true.

v’ Here “while” is the keyword which denotes that the following block is the loop.

v If test expression is evaluated to true then and then the body of the loop will be
executed, otherwise the control will transfer to the statement-x, which is
immediately after the loop.

v If the condition is true and the loop will executed, then again the condition will be
checked if the condition is true than the body of the loop will be executed. This
process is continued while the test condition is not evaluated to false.

> Flowchart:

Test-
Condition?

Body of the loop
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» Example: A Program to print 1 to 10 on screen.

#include<stdio.h>
#include<conio.h>

main( )
{
int no=1;
while(no<=10)
{
printf(“\n %d”,no);
no++;
}
return O;
}
> Output:
1
2
3
4
5
6
7
8
9
10

(ii) Do...while statement:

44
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v The do...while statement is known as an “Exit-Controlled Loop”.

v In case of while loop, the condition is checked first and then the body of the loop will
be executed. That means if the condition is not satisfied at first attempt then the
control will jump out of the loop.

v" Where as in case of do...while statement the body of the loop is executed first and then
the condition will checked, that means the body of the loop is executed if a condition is
not satisfied at first attempt.

> Syntax:

do
{

body of the loop
} while (condition);

Description:

v' In above syntax the do & while are the keywords which defines the loop.

v’ Consider the syntax the condition is not checked at the entry of the loop, but the
condition is checked on exiting the loop.

v’ According to the syntax, when the control will be reached at the do statement, then
the control will proceeds to the body of the loop. And at last the condition will check.

v Now if the condition is true the
body of the loop is executeg
condition is true.
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» Example: A Program to print 1 to 10 on screen.

#include<stdio.h>
#include<conio.h>

main( )
{
int sum=0,count=1;
do
{
sum=sum-+count;
count=count+1;
while(count<=10);
printf(“\n The Summation of 1 to 10 is : %d”,sum);
return O;

> Output:
The summation of 1 to 10 is 55

(iii) for statement:

v The for statement is the most widely used looping control statement among the all
statements. This is again an entry controlled looping statement and provides a more
concise loop control structure.

v The for loop is very simple and the syntax of the for loop is something different from the
other 2 statements.

> Syntax:
for (initialization ; test condition ;increment)

{
body of the loop;

» Description:

v’ You can see the initialization of the counter variable is also the part of the loop.

v’ Here the “for” statement is consisting of 3 parts:

1. Initialization
2. Testing
3. Increment

v The initialization of the counter variable is done only once, using an assighment
statement.

v’ The second part is consisting of the conditional statement that is the used to control
the loop. If you want to know the maximum iterations of the loop, then you can
identify it using the conditional expression.

v The last part is consisting of the increment or decrement of the counter variable,
through which the value of the counter variable is finally reach at the maximum
iterations of the loop.

v’ After executing this increment and decrement of the variable the value of the
variable the new value of the variable is again tested, if the new value of the variable
is satisfy the condition then the PMthe loop is again executed. This process is
continued till the value of thg iridble is reached at the maximum value of
the variable. 3
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» Example: A Program to print even numbers between 1 to 10 on screen.
#include<stdio.h>
#include<conio.h>

main()
{
inti;
clrscr();
for(i=2; i<=10;i+=2)
{
printf(“ \n %d”,i);
}
return O;
}
> Output:
2
4
6
8
10

> Features of for loop:

v’ You can initialize more than one variable at a same time in the for statement.

v You can give multiple arguments as an increment and decrement part of the for
statement.

v’ The test condition has any compound relation and the testing need not be limited
only to the loop control variable.

v’ It is also possible to use the expression to initialize the value of the counter variable.

v’ It is also possible to omit one or more sections of the for statement.

<+ Nesting of for loop:
v’ Like if statement, the for loop may be nested, that means one for loop within another
for loop. This is as given below:
> Example:
for(i=1; i<=5; i++)

-------- Inner Loop Part Outer Loop Part

allows up to 15 levels of the nestj
The outer loop is for the rows arje

46 Department of Computer Science



Problem Solving Methodology & Programming in C

» Example: A Program using nested for loop
#include<stdio.h>
#include<conio.h>

main( )
{
int 1,j;
clrscr ();
for(i=1;i<=5;i++)
{
for(j=1; j<=5; j++)
{
printf(“%d”,i);
}
printf(“\n”);
}
return O;
}
> Output:
11111
22222
33333
44444
55555

+ Break & Continue Statement:

1. break statement:

The break statement is used to terminate loops or to exit a switch.
The break statement will break or terminate the inner-most loop.
It can be used within a while, a do-while, a for or a switch statement. The break statement is

written simply as break;
Without any embedded expressions or statement.

» Example:
for(i=1; i<=10; i++)
{
if(i==5)
break;
printf(“\n i=%d",i);
}

> Output:
1234

Note: Here break will terminate the loop when the value of the variable | reach at the 5 &

stops the execution.
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2.

Continue statement:

The continue statement is used to skip or to bypass some step or iteration of looping

structure.

It does not terminate the loop but just skip or bypass the particular sequence of the loop

structure. It is simply written as continue.

» Example:
for(i=1; i<=10; i++)
{
if(i==5)
continue;
printf(“\n i=%d",i);
}
> Output:
1234678910

Note: The output of the above program will be 1,2,3,4,6,7,8,9,10. The 5th iteration of the
loop will be skipped as we have defined the continue for that iteration. So, it will not print the

value ‘5’.

< Entry Controlled Loop v/s Exit Controlled Loop:

Entry Controlled Loop

Exit Controlled Loop

while statement is used an
controlled loop.

entry

do..while statement is used an an exit
controlled loop.

Here the condition is checked first, and
then body of the loop is executed.

Here the body of the loop appears first,
prior to the condition.

If the condition is evaluated false at first
attempt, the body of the loop will never
execute.

Here the body of the loop executes at least
once, if the condition is false.

4+ Differences between while and do...while.

While

Do...while

The while loop is known as an “Entry
Controlled Loop”.

The do...while loop is known as “Exit-
controlled Loop”.

Here the condition is checked first, and
then the body of the loop is executed.

Here the body of the loop is executed and
then the condition is checked.

If the condition is evaluated false at the
first attempt, the body of the loop will
never execute.

If the condition is evaluated false at the
first attempt, the body of the loop will
execute at least once.

Syntax: Syntax:
while(expression) do
{ {

Body of loop. Body of loop.
} } while(expression);

When we want to execute the body of the
loop, when the expression evaluates true.

When we want to execute the body of the
loop only once at that time this looping

A Tisskatement is used.
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..::QUESTION BANK : : ..

One Mark Questions.

Ll

i

19.
20.
21.

. Basically, there are

How many forms of if available in C? — 4

What is another name of Switch Case? — Branching Statement

What is the multi way decision making statement? — Switch Case

When we put conditions with every else in program, that Notation is known as .—else
if ladder

Which case is executed, while all the expression values are unmatched in switch statement?
— default

When we put one if...else statement within another, is known as .— Nested if else
What is the alternate of the simple if......else block? — Conditional Operator

Which keyword is used for Jumping Statement? — goto

Which error will occur while we put semicolon (;) after the if()? — Misplaced if

. Which keyword is used to transfer the control out of switch case block? — break
. What concept is used to perform repetitive task no. of times? — Loop

types of loops in C-Language. — Two

. How many looping structures are available in C-Language? — Three

. What is the Entry Control Loop in C? — While

. What is the Exit Control Loop in C? — Do...While

. How many parts (parameters) consisting in For Loop? - Three

. What is the first part (parameter) of For Loop? — Initialization

. The variable which is used to count the no. of iterations is known as ___ . — Counter

Variable.

Loop within another loop is known as .— Nested Loop

Which keyword is used to terminate the loop? — break

Which keyword is used to skip or bypass the iteration of loop? — continue

Descriptive Questions.

(1) Explain Decision making statements.

if statement (Forms of if)
switch statement

Conditional operator statement
goto statement

(2) Explain Form of if in C.

e Simple if statement
e if.....else statement
Nested if....else statement

else if ladder statement
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(3) Explain Branching Statement.
e About Switch Case.
e Syntax
e Description
e Advantage

(4) What is Conditional Operator? Explain with an example.
e About Conditional Operator
e Syntax
e Description
e Example

(5) What is Loop? Explain various looping structure.
e What s loop?

e Type of loop.

e Three looping structure
o For, While, Do...While

(6) Explain Exit Control Loop with an example.
e About Do...While loop
e Example.

(7) Explain For Loop with an example.
e About For loop
e Description with 3 parts
e Example.

(8) Explain break & continue statements with an example.
e break statement
e break example
e continue statement
e continue example

(9) Explain difference between Entry control loop and Exit control loop
(10) Explain difference between While and Do...While loop

(11) Any type of program of Control structure.
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Unit-—3
Functions (UDF & In-built)

4+ What is Function?
A function is self-contained block of statements that perform a particular task.
There are two types of functions:
(1) Built-in Function
(2) User Defined Function

Built-in Function: Built in functions are provided by the language itself, they are also known
as “Library Functions”.

User Defined Function (UDF): User Defined Functions are created by the user as per the
requirements of the user.

(1) Built-in Functions:

4 Functions used with <stdio.h>:
< printf( ):
v printf( ) function is used to print or display values of variables using the standard output
device (monitor). It has following form:
v printf(“fromat string”, v1, v2, ...... vn);
v" Where v1, v2, ... vn are variables whose values are to be displayed in the monitor.
“Format string” is the control string which represents the format specification.
v" There are several format specifiers - the one you use should depend on the type of the
variable you wish to print out. Here are the common ones:

Format Specifier Type
%d ( or %i) int
%h short int
%u unsigned int
%ld long int
%cC char
%f float
%lf double
%L Long double
%s string
%X Hexadecimal

v This function apply first format specifier_to first argument, second format specifier to

second argument, third to third ..
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v' Example:
#include<stdio.h>

main()

{
int a=10;
printf(“\n a equal to %d”,a);
return O;

}

+» Scanf() :

v’ scanf() function is used to read or input values of variables using the standard input

device (keyboard). It has following form.
e scanf(“control string”,&v1, &v2, ..... &vn);

v" where v1, v2, ... vn are variables whose values are to be read from the keyboard.
“Control string” represents the format specification.

v" The symbol & (ampersand) represents the memory address where the variable value is
to be stored.

v" When this function is executed, the computer will wait for the values of the variable
listed in scanf which are to be entered using the keyboard.

v' Example:

main()
{
int a;
printf(“\n enter any number:”);
scanf(“%d”,&a);
return O;
}

< fflush():
v' Syntax:
fflush (file *stream);
If the given stream has buffered output, fflush writes the output for stream to associated
file and if it is input stream then it will flush out the buffered memory.
The stream remains open after fflush has executed.
fflush has no effect on unbuffered stream.

v" Example:
fflush(stdin);
fflush(stdout);
< gets():
v gets() function is used to read a string of characters including white spaces. Note that a
string containing a white spaces canot read using scanf() with %s format specifier. It has
the following form.

v" Example:
void main()
{
string s[80];
gets(s);
printf (“%s”, s );

}
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< Puts():

v

v

puts function is used to display a character string on the monitor screen. It works same
as printf function but only for string value.

Example:

main()

{
string s[80];
gets(s);
puts(s);
return 0;

}

<+ Functions used with <conio.h>:

«» getchar():

v

v

getchar( ) function is used to read one character at a time form the standard input device
(keyboard).
Example:
main()
{
char ch;
ch=getchar();
return O;
}
When this function is executed, the computer will wait for a key to be pressed and
assigns the value to the variable when the enter key is pressed.

getche( ):

v

v

getche( ) function is used to read a character form the keyboard without expecting the
enter key press. However any key pressed by the user will be displayed on the monitor.
Example:
main()
{

char ch;

ch=getche();

return O;

}

getch( ):

v

v

getch( ) function is used to read a character form the keyboard without expecting the
enter key press.
Example:
main()
{
char ch;
ch=getch();
return 0;

}
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 clrser():

v’ clrscr( ) function is used to clear the output screen. It places the cursor to the top left-
hand corner.

v" Example:
#include<conio.h>
main()
{

clrscr();

}

* putchar():
v putchar( ) function is used to display one character at a time on the monitor screen.
v" Example:

charc="'H’;

putchar(c);

< putch():
v putchar() function is used to display a character on the monitor screen. It has following
form.
v" Example:
charc="'H’;
putch(c);

<+ gotoxy( ):

v gotoxy( ) function is used to move the position of cursor at the specified row no. and
column no. on the screen. It has no effect when specified row no. and column no. are out
of rage.

v' Syntax:
gotoxy(col no., row no.)
where column number is in the range from 1 to 80 and row number is in the range from
1to 25

v" Example:
main()

{
gotoxy(20,15);
printf(“\n hello world”);
return O;

}

++ textcolor():
textcolor() function is used to selects new color for the characters.

It selects only foreground color in text mode.

It will not affect any characters that are already printed on the screen.
It affects only the characters that printed after this function is called.
Syntax:

textcolor(Var_Name or Number);
where no is a int variable or constant y

DN NI NN

iehrange is 0 to 15.
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¢ textbackground():

v" This function selects new background color for character. Only 0 to 7 colors are
supported in background color. It will not affect any character already exist on the
screen.

v' syntax:
textbackground (Var_Name or Number);
where no is a int variable or constant which range is 0 to 7.

< cprintf():
v cprintf() sends formatted output to the screen. It works similarly as printf(). When we
wants to use taxtcolor() or textbackground () like formatting functions, we must use
cprintf() to see the affect of that function.

v" Syntax:
cprintf(“fromat string”, v1, v2, ...... vn);
v' Example:
main()
{
inti;
for(i=1;i<10;i++)
{
textcolor(i);
textbackground(i+1);
cprintf(“\n hello world”);
}
return O;
}
+ Differences between getch, getche and getchar.
getch() getche() getchar()
This function gets one This function gets one This function accepts one
character from the keyboard | character from the keyboard | character from the keyboard.
without display on the by echoing (displaying) it on | (but you can feel that u are
screen. screen. entering no. of characters).
Ex: Ex: Ex:
char ch; char ch; char ch;
printf(“\n Enter any printf(“\n Enter any printf(“\n Enter any
character:”); character:”); character:”);
ch=getch(); ch=getch(); ch=getchar();
printf(“You entered %c”,ch); | printf(“You entered %c”,ch); | printf(“You entered %c”,ch);
Output: Output: Output:
Enter any character : a Enter any character : a Enter any character : atmiya
You entered a You entered a You entered a

B.C.A. / B.C.A. (IIP) / B.Sc.LT.

& ATMIYA UNIVERSITY, RAJKOT



ATMIYA UNIVERSITY
4 Functions used with <math.h>:

+ abs():
v abs() gets the absolute value of an integer. This function will return the integer value. All
the absolute value will be positive. It takes argument of -32768 to +32767 and returns
the value from 0 to +32767.

v" Syntax:
abs(Var_Name);
where x is a int variable.

v' Example:

#include<math.h>

main()

{
int a,b;
a=-1234;
b=abs(a);
printf(“A=%d, B=%d", a,b);
return 0;

}

< pow ():
v This function will return the value of xMy. If x, y both are 0 then it will return 1. Here x
acts as base and y acts as exponent.

v' Syntax:
pow (Var_Namel, Var_Name2);

v" Example:

#include<math.h>

main()

{
float x = 5.5,y = 4.0, p;
p = pow(x, y);
printf("The value : %f", p);
return O;

}

< ceil():
v This function returns smallest possible integer which is greater than or equal to x. It
means it returns the nearest integer larger then x.
v' Syntax:
ceil(Var_Name);

v" Example :

#include<math.h>

main()

{
double x=123.54,result;
result=ceil(x);
printf(“original number is %
return 0;

®l&d number is %If”,x,result);

}
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+ floor():
v’ This function returns largest possible integer which is less than or equal to x. It means it
returns the nearest integer smaller then x.
v" Syntax:
floor(Var_Name);
v" Example :
#include<math.h>
main ()
{
float X;
X=2.7;
printf("Value = %f", floor(X));
return 0;

}

< fmod():
v" Function fmod() returns the reminder of real value.
v' Syntax:
fmod(Var_Namel, Var_Name2);
fmod() calculates x modulo y (x%y).
It returns the reminder of x/y.

v' Example:

#include<stdio.h>

#include<conio.h>

#include<math.h>

main()

{
double x=5.5,y=2.5, result;
result=fmod(x,y);
printf(“ the reminder of %If / %lf is %If”, x, y, result);
return O;

}

e fabs():
v’ fabs () returns absolute value for real numbers. It returns positive real number and get
real number as an argument.
v It works same as abs (). But abs () gets integer and returns integers only, where fabs ()
can get real number and return real numbers.
v' Syntax:
fabs (Var_Name);
v' Example :
#include<math.h>
main()
{
double x=123.54, result;
result=fabs(x);
printf(“absolute value of %lf is %If”, esult);
return 0;
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4 Functions used with <ctype.h>:
< isdigit():
v Isdigit() function is used to check whether the given character is digit or not.(0 to 9)
v’ This function returns TRUE value if value of x is a digit (0 to 9) otherwise it returns FALSE
value.
v' Syntax:
isdigit (Var_Name);
Where x is a character type argument
v' Example:
#include<ctype.h>
main()
{
char a;
printf(“\n enter any character:”);
scanf(“%c”,&a);

if(isdigit(a))
{
printf(“\n it is a digit.”);
}
else
{
printf(“\n it is not a digit.”);
}
return 0;

}

+» isalpha():
v’ isalpha() function is used to check whether the given character is alphabet or not.
v’ This function returns TRUE value if value of x is an alphabet (A to Z, a to z) otherwise it
returns FALSE value.

v' Syntax:
isalpha (Var_Name);
Where x is a character type argument

v' Example:
#include<ctype.h>
main()
{
char a;
printf(“\n enter any character:”);
scanf(“%c”,&a);

if(isalpha(a))
{
printf(“\n it is a alphabet.”);

}

return O;

}
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+ isalnum():

v
v

v

isalnum() function is used to check whether the given character is digit/alphabet or not.
This function returns TRUE value if value of x is either alphabet or digit (AtoZ, atoz, 0 to
9) otherwise it returns FALSE value.

Syntax:
isalnum (Var_Name);
Where x is a character type argument

Example:
#include<ctype.h>
main()
{
char a;
printf(“\n enter any character:”);
scanf(“%c”,&a);
if(isalnum(a))

{
printf(“\n it is an alphanumeric value.”);
}
else
{
printf(“\n it is not an alphanumeric value.”);
}
return O;

}

+» isspace():

v
v

v

Function isspace() is used to check whether the given character is space or not.
This function returns TRUE value if value of x is space character (space, tab, new line,
carriage return, vertical tab) otherwise it returns FALSE value.

Syntax:
isspace (Var_Name);
Where x is a character type argument

Example:
#include<ctype.h>
main()
{
char a;
printf(“\n enter any character:”);
scanf(“%c”,&a);
if(isspace(a))

{

printf(“It is a space”)
}
else
{

printf(“It is not a spag
}
return O;
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< isprint():

v
v

v

isprint() is used to check whether the given character is printing character or not.
This function returns TRUE value if value stored in x is printable character otherwise it
returns FALSE value.
Syntax:
isprint (Var_Name);
Where x is a character type argument

Example:

#include<ctype.h>

main()

{
char a;
printf(“\n enter any character:”);
scanf(“%c”,&a);

if(isprint(a))

{
printf(“\n it is a printing character.”);
}
else
{
printf(“\n it is not a printing character.”);
}
return 0;

}

+ islower():

v
v

v

islower() is used to check whether the given character is in lower case or not.

This function returns TRUE value if value of x is lower alphabet (a to z) otherwise it
returns FALSE value.

Syntax:

islower(x);

Where x is a character type argument

Example:
#include<ctype.h>
void main ()
{
char a;
printf (“\n enter any character :”);
scanf (“%c”, &a);
if (islower(a))
{
printf (“\n it is in lower case.”);
}
else
{
}
}
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< isupper():
v’ isupper() is used to check whether the given character is in upper case or not.

v This function returns TRUE value if value of x is upper alphabet (a to z) otherwise it
returns FALSE value.

v" Syntax:
isupper (x);
Where x is a character type argument

v' Example:
#include<ctype.h>
main()
{
char a;
printf(“\n enter any character:”);
scanf(“%c”, &a);

if(isupper(a))

{
printf(“\n it is in upper case.”);
}
else
{
printf(“\n it is not in upper case.”);
}
return O;

}

«» toupper():
v toupper() function is used to convert the character to upper case if it is in lower case else
it will remain unchanged.

v' Syntax:
toupper (Var_Name);
Where x is a character type argument

v' Example:

#include<ctype.h>

main()

{
char a;
printf(“\n enter any character:”);
scanf(“%c”, &a);
printf(“\n %c”,toupper(a));
return 0;

}

< tolower():
v Function tolower() is used to convert the character to lower case if it is in upper case else
it will remain unchanged.

v" Syntax:
tolower (Var_Name);
Where x is a character tygé€
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v" Example:

#include<ctype.h>

main()

{
char a;
printf(“\n enter any character:”);
scanf(“%c”, &a);
printf(“\n %c”,tolower(a));
return 0;

(2) user Defined Functions (UDF)

v User Defined Function (UDF): User Defined Functions are created by the user as per the
requirements of the user.

v" How to create a user defined function? OR Elements of UDF.
1) Function Declaration
2) Function Definition
3) Function Call

(1) Function Declaration:
Before creating any Function, one should declare the function. The function declaration
is also known as “Function Prototype”. The function prototype tells three things about
the function...

1. Name of the function: Define the name of the function. The name of the function
should be meaningful.

2. No. & type of Arguments of the function: The values which go inside the function are
called arguments. In prototype you can define total no. of arguments and data type
of the arguments.

3. Return type of function: The value comes out of the function are called return value.

Syntax of function declaration:
Return_data_type function_name (Parameter List)

Example:
int sum(int, int);

Terms of Function Declaration:

v" The parameter list must be separated by commas.

v" The types must match the types of parameters in the function definition, in number
and order. Use of parameter names in the declaration is optional.

If the function has no formal parameters, the list is written as (void).

The return type is optional, when the function returns int type data.

The return type is void if no value is returned.

When the declared types do not match with the types in the function definition,
compiler will produce an error.

ANANENEN
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(2) Function definition:

AN

AN

<

SNANENEN

The part of the functions contains all the details of task, which is performed when the
function is called.
In short, the function definition contains the coding, which is executed when the function
is called.
Syntax:
ReturnDataType function_name (parameter_list)
{
Local variable declarations;
Executable statements;

return (expression);
}
All parts are not essential. Some may be absent. For example, the argument list and its
associated argument declaration parts are optional.
Similarly, the declaration of local variables is required only when any local variables are
used in the function.
A function can have any number of executable statements.

Function Header:

The first line Return_Type Function_Name(parameter_list) is also known as function
header and the statements within the opening and closing braces constitute the function
body, which is a compound statement.

The return statement is the mechanism for returning a value to the calling function.

The function name should be appropriate to the task performed by the function.

If the function is not returning anything then we need to specify the return type as void.
Void is one of the fundamental data types in C.

Parameter list:

The argument list contains valid variable names separated by commas.

The list must be surrounded by parenthesis.

The argument variables receive values from the calling function, thus providing a means
for data communication from the calling function to the called function. They are often
referred to as formal parameters.

These values can also be used to send values to the calling program. Parameters are also
known as arguments.

Some examples of functions with arguments are:

int sum(int a, int b)

Function Body:
The Function Body contains the declarations and statements necessary for performing
the required task.

Local declarations that specify the variables needed by the function.

Function statements that perform the task of the function.

A return statement that returns the vaheerenaluated by the function.

If a function does not return any vy 4'8',. it the return statement. Its return type
should be specified as void. Agefr t@f ave a return statement even for void
functions.
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NOTE:

v

When a function reaches its return statement, the control is transferred back to the
calling program. In the absence of a return statement the closing brace acts as a void
return.

v" Alocal variable is a variable that is defined inside a function and used without having any
role in the communication between functions.

v' A function may or may not send back any value to the calling function. If it does, it is
done through the return statement. While it is possible to pass to the called function any
number of values, the called function can only return one value per call, at the most.

(3) Function Call (Calling a Function):

v A function can be called by simply using the function name in a statement.

e.g.

main()

{
int ans;
ans = mul(10, 5);
printf(“%d”, ans);
return O;

}

v" When the compiler encounters a function call, the control is transferred to the function
mul (x, y).

v" The function is then executed line by line as described and a value is returned when a
return statement is encountered.

v" This value is assigned to ans.

v" A function cannot be used on the right side of an assighment statement.

v" In a function call the function name is operand and the arguments specified in the
parenthesis are called actual arguments. The actual arguments must match the
function’s formal arguments in type, order and number. Multiple actual parameters must
be separated by commas.

NOTE:

v' If the actual parameters are more than the formal parameters, the extra actual
arguments will be discarded.

v On the other hand, if the actual are less than the formals, the unmatched formal
arguments will be initialized to some garbage.

v" Any mismatch in data types may also result in some garbage values.

v" When you call the function, the function, the function which called, is known as “Called

Function” & the other function from which the function is called is known as “Calling
Function”.

The Function can be one of the following types:

.

Function with argument and with return value.
Function with argument and no return value.
Function with no argument and with return value.




(1) Function with argument and with return value:

v

(2)

Problem Solving Methodology & Programming in C

This type of function can send arguments (data) from the calling function to the called
function and wait for the result to be returned back from the called function back to the

calling function.

This type of function is mostly used in programming world because it can-do two-way

communications.

It can accept data as arguments as well as can send back data as return value.

Example:

int sum(int, int);

void main( )

{
inta, b, ¢
printf(“\n Enter two values :”);
scanf(“%d %d”, &a, &b);
c =sum(a, b); // Function Call
printf(“\n Sum = %d”, c);

getch();
}
int sum(int x, inty)
{
int z;
Z = X+y;
return(z); //Return Value
}

Function with argument and no return value:

This type of function can accept data from calling function. In other words, you send data
to the called function from calling function but you cannot send result data back to the

calling function.

Example:

void sum(int, int);

void main( )

{
int a, b;
printf(“\n Enter two values :”);
scanf(“%d %d”, &a, &b);
sum(a, b); // Function Call

getch();
}
void sum(int x, int y)
{
int z;
7= X+y;
printf(“\n Sum = %d”, z);
}
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(3) Function no argument and with return value:

v" We may need a function which does not take any argument but only returns values to
the calling function then this type of function is useful.

v' Example:

#include <stdio.h>

#include <conio.h>

int sum( );

void main( )

{
intc;
c =sum(a, b); // Function Call
printf(“\n Sum = %d”, c);

getch();
}
int sum()
{
intx,y,z;
printf(“\n Enter two values :”);
scanf(“%d %d”, &x, &y);
7= X+Y;
return z; //Return value
}

(4) Function no argument and no return value:

v' A C function without any arguments means you cannot pass data (values like int, char
etc) to the called function. Similarly, function with no return type does not pass back
data to the calling function.

v Itis one of the simplest types of function in C.

v This type of function which does not return any value cannot be used in an expression it
can be used only as independent statement.

v" Example:

void sum( );
void main( )
{
sum(); // Function Call
getch();
}
void sum()
{
intx,y,z
printf(“\n Enter two values :”);
scanf(“%d %d”, &x, &y);
Z = X+y;
printf(“\n Sum = %d”,z);
}
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Array as a function argument

To pass an entire array to a function, only the name of the array is passed as an argument. To
pass an array, there are [] is required in the function declaration to catch an arrays value. This
informs the compiler that you are passing a one-dimensional array to the function. In C
programming, you can pass arrays to function but you cannot return arrays from functions.
NOTE: You can pass the entire array as a function argument and also can pass individual
elements of an array to the function.

Ex.:
void xyz(int []); // declaration
void main()
{
int x[5],i;
clrscr();
for(i=0;i<5;i++)
{
printf(“Enter Value : ”);
scanf(“%d”,&x[i]);
}
xyz(x); // function call
1
void xyz(int x[]) // definition
{
int i,sum=0;
for(i=0;i<5;i++)
{
sum=sum-+x[i];
}
printf(“Sum of 5 values : %d”,sum);
1

Passing individual elements of an Array.
void ATMIYA (int)
void main()
{
inti;
int val[]={45, 65, 85};
for(i=0;i<=2;i++)

{
ATMIYA(val[i]); // Calling a function by passing one element each time.
} 5
getch(); =
} =
void ATMIYA(int m)  // UDF =
{ &
printf(“\n %d”,m); %
} -]
<
Output: >
45 E
<
65 _—
85 67
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< Recursion:

Recursive function is a function which contains a call to itself. Recursive function can be
effectively used to solve problems where solution is expressed in terms of successively
applying the same solution to subsets of the problem. When we write recursive function, we
must have an “if statement” somewhere to force the function to return without the
recursive call being executed. Otherwise, the function will never return.

Example of using recursive function:

Recursive function is closely related to definitions of functions in mathematics so we can
solve factorial problems using recursive function

A function to evaluate factorial of n is as follows:

int fact(int);
void main()

{

intn;

printf(“Enter number :”);

scanf(“%d”, &n);

printf(“Factorial value = %d”, fact(n));

int fact(int n)

{

Let us see how the recursion works. Assume that n=3, first time f=1, and f become 3, then n
become 2, then the function will call again and f=3*2=6, n=1, then again fact will call and
f=6*1=6, n=0. Now n=0 so, the condition if(n>0) become false then 6 will be return to the

If(n==0)
{

return O;
}
else if(n==1)
{

return 1;
}
else
{

return n + ( fact(n-1) );

calling function.

Department of Computer Science




Problem Solving Methodology & Programming in C

.. :: QUESTION BANK ::

One Mark Questions.

1. Which header file should be included to use printf()? — stdio.h

2. Which header file should be included to use gets()? — stdio.h

3. Which header file should be included to use getchar()? — conio.h

4. Which header file should be included to use cprintf()? — conio.h

5. Which header file should be included to use ceil()? — math.h

6. Which header file should be included to use isdigit()? — ctype.h

7. Which header file should be included to use strcmp()? — string.h

8. How many types of UDF available in C? — Four

9. A function call itself is known as .— Recursion

10. A is a self-contained block of statements that perform a particular task. — Function
11. How many types of function are available in C? — Two

12. Which function asks a character from user but not display its input on screen? — getch()
13. What is the output of 2 floor(-9.5)=?-  -10

14. What is the output of 2 ceil(0.1)=?- 1

15. What will be the output of 2 abs(-10)=?- 10

16. What will be the output of - fabs(10.7)? -  10.7

17. Which function is used to clear the previous input of user? — fflush()

18. The function name with the coding block is known as . — Function definition
19. What is the default return data type of UDF? — int

20. What is the range of argument of textcolor()? — 0 to 15

21. What is the range of argument of textbackground()? —0to 7

22. Which function is necessary to get effect while textcolor() is used? — cprintf()

23. How many argument(s) is/are required for gotoxy()? — Two

Descriptive Questions.

(1) What is Function? Explain the function used with stdio.h.
e What is Function?
e Types of Function
e Function list used with stdio.h.
e Example

(2) What is Function? Explain the function used with conio.h.
e What is Function?
e Types of Function
e Function list used with conio.h.
e Example
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(3) Whatis Function? Explain the function used with math.h.
e Whatis Function?
e Types of Function
e Function list used with math.h.
e Example

(4) Whatis Function? Explain the function used with ctype.h.
e What s Function?
e Types of Function
e Function list used with ctype.h.
e Example

(5) Whatis Function? Differences between getch , getche and getchar
e What is Function?
e Difference with an example

(6) What is User Define Function? Explain Elements of UDF.
e Whatis UDF?
e Elements of UDF
o Function Declaration
o Function Call
o Function Definition
e Example

(7) What is User Define Function? Explain types of UDF.
e What is UDF?
e Types of UDF
e Example

(8) Whatis Recursion? Explain with an example.
e Whatis Recursion?
e Descriptions with an example

(9) Explain formatting function.
e gotoxy(), textcolor(), textbackground(), cprintf()
e Descriptions with an example

(10) Explain single character function.
e getchar(), getche(), getch()
e putchar(), putch()
e Example

(11) Explain Array as a function argument with an example.
e Description

e Example

(12) Any type of program of Function.
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+ Array

+»* Introduction:

Unit-4
Array

v" Up to this step, we have learned how to declare variable & how to store values in a

variable?

v" Some time it may happens that, in our program, we require more no. of values of same

data type. For E.g. Storing of marks of 50 students.

v At that time it is not proper to take the 50 variables for storing marks and also it is really

very difficult to manage no. of values.

v’ So, to solve the problem, we have one concept, known as an “Array”.

*

< What is an Array?

v' An array is a collection of elements having similar data type.

Or

v' An array is a group of related data items that share a common name or we can say that
An Array is a fixed-size sequenced collection of elements of the same data type.

v" An Array is also known as “Derived Data type .
Note:

v A Particular value in an array is indicated by a number called “index number” specified in

a “subscript”.
Each value in an array is called “elements of an array”.

ANANEN

valid data type available in C.

+ Types of an Array:
(1) One Dimensional Array

(2) Multi Dimensional Array

(1) One Dimensional Array:

The “index number” is always starts from 0[zero] and the last index is always size-1.
The name of the array can be any valid identifier, which represents a set of values of any

The array is said to be a one dimensional, if the array variable name has only one subscript.
That means a list of items can be given one variable name using only one subscript and such
variable is called a “Single scripted variable ” or “ One dimensional Array ”.

Syntax:

Data-type Variable- name[size];
Where,

The data type is any valid ¢ data type.
Variable is any valid c identifier.

And the size specifies the no. of values can be stored inside the array.

Example:
int a[5];
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The computer reserves the five locations as shown below:

a[o]
a[1]
a[2]
a[3]
a[4]
Description:
v Declares the variable named “a” and can hold 5 values at a same time.
v All the values may belong to only one data type that is integer.
v Consider the figure; the array variable name has one subscript that is called the index
number.
v' The array index begins with 0 and the last subscript is always size of array minus 1.
v If you want to access the elements of an array then you must access only by using its index

values.

Note: Any references to the arrays outside the declared limits would not necessarily cause an
error. Rather it might result in unpredictable results.

The size should be either a numeric constant or a symbolic constant.

Example: Program of using an Array:

#tinclude<stdio.h>
#tinclude<conio.h>

void main( )

{

72 Department of Computer Science

int a[5],i;

for(i=0;i<5;i++)

{
printf(“\n Enter Value:”);
scanf(“%d”,&ali]);

for(i=0;i<5;i++)
{
printf(“\n%d” ,a[i]);

}
getch( );
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Output:
Enter Value: 10
Enter Value: 20
Enter Value: 30
Enter Value: 40
Enter Value: 50

10
20
30
40
50

v' Initialization of One-dimensional array:

As an ordinary variable we can also initialize the array variable. The array can be initializing

either “Compile time” or “Run time”.

v" Compile Time Initialization:

You can initialize an array at compile time by defining a set of values within {.......}.

Syntax:
data type variable name(size] = {list of values};

Examplel:

int no[3]={1,2,3 };
where,

no[0]=1 no[1]=2 no[3]=2

Example2:

float a[4]={0.08,0 .10,6.78,45 .5 };
where,

a[0]=0.08;

a[1]=0.10;

a[2]=6.78;

a[3]=45.5;

Example3:
char nm[5]={'A",’T", M’,’I',Y',A’,\O’};
or

char nm[5]= “ATMIYA”;
where,

nm[0]="A’;

nm[1]="T’;

nm[2]="M’;

nm[3]="1’;

nm[4]="Y’;

nm[5]="A’;

nm[6]="\0’;
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(2) Multi Dimensional Array:

v' We all know that an array variable can store a list of values. Now, if we want to store a
list of value in form of table, at that time multi-dimensional array is used.

v The multi-dimensional array is just a variable name with 2 or more subscript.

v The same rule is applied over here. That is the subscript is start from 0 and the last
subscript is size-1.

v Two-dimensional arrays are used to store two or more 1-D array.

Syntax:
Data-type variable-name [row size] [column size];

Example:
int no[ 3][ 4];

v’ The above variable no can hold total 12 values. The memory representation of the no
variable is as given below:

no[0][0] no[0][1] no[0][2] no[0][3]
no[1][0] no[1][1] no[1][2] no[1][3]
no([2][0] no[2][1] no[2][2] no([2][3]

Initialization of Two dimensional arrays:

Example:

int mat[2][2]={{1,2}3,4}}

Department of Computer Science
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Example: A Program using 2 - D Array:

#include<stdio.h>
#includE<conio.h>

void main()
{
int marks[3][3],i,j,total,avg; clrscr();
/* Input marks of 3 subject of 3 student */
for(i=0; i<3;i++)
{
for(j=0; j<3;j++)
{
printf(“Enter matks %d of student %d::”, j+1,i+1 );
scanf(“%d”,&marks[i][j]);
!
printf(“\n”);
}
for(i=0; i<3;i++)
{
printf(“ \n Student %d::”,i+1 );
printf(“\n \n”);
total=0;
for (j=0; j<3;j++)
{
printf(“%5d”,marksl[i][j]);
total+=marks[ i][j];
}
avg=total/3;
printf(“ \n\ntotal of student %d is %d”,i+1 ,total);
printf(“ \n Average of Student %d is %d \n ”,i+1,avg);
}
getch();

4+ Character Array

Character Array=String. We have discussed the string as a Token.
String: A String is a collection of characters. And we know collection means array and array
of characters means string.

Any group of characters (except double quote sign) defined between double quotations
marks is a constant string. Character strings are often used to build meaningful and readable
programs.

Syntax (Declaration of String):
char string_nm[ size];
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Example:

char city[10];

char name[20];

Each character of the string is treated as an element of the array is stored in the memory as
follows:

charnm[10];

Here the character variable nm can hold 10 characters that is string of maximum 10
characters.

Suppose we store the string value- “WEL COME”.

IWI

IEI

ILI

IEI

I\Of

Note: When the compiler sees a character string, it terminates with an additional character called
null character (\0’) i.e slash zero.

Reading & Writing Strings:

1. Reading Strings:
We can read strings by using one of two functions:
scanf() & gets()

scanf(): We can read strings with the help of scanf() function by following the standard syntax
of scanf() function.
That means we have to specify the format specifier as “%s” and the name of the string variable.

Example:

char clg_nm[10];

printf(“ Enter Name of College : ”);
scanf(“%s” ,clg_nm);

printf(“ \n You entered : %s “,clg_nm);

Output:
Enter Name of College : Atmiya University
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The problem with the scanf function is that it terminates its input on the first white space
it finds. (A white space includes blanks, tabs, carriage returns, form feeds, and new lines.)
Therefore, if the following line of text is typed in at the terminal,

=>» Virani Science
Then only the string “Atmiya” will be read into the array address, since the blank space
after the word “Atmiya” will terminate the string.
In many text-processing applications, we need to read in an entire line of text from the
terminal.
It is not possible to use scanf function to read a line containing more than one word.
This is because the scanf terminates reading as soon as a space is encountered in input.

However, C supports a format specification known as the edit set conversion code %[..]
that can be used to read a line containing a variety of characters, including whitespaces.
char Z[80];
scanf(“%[*\n]”,2);
printf(“%s”,Z);

v This will read line of text from the keyboard and display the same on the screen.

gets(): This is a special function for getting a string from terminal.
This is a simple function with one string parameter and called as under:

Syntax:

gets(str);

Example:

char clg_nm[10]; Output:

printf(“ Enter Name of College :"); Enter Name of College : Atmiya University
gets(clg_nm); You entered : Atmiya University

printf(“\n You entered : %s “,clg_nm);

Note: The scanf() function can’t recognize the white space in a string where as the gets()
function can recognize the string.

Like other variable name no need to specify & when you are getting string by using scanf().
When you want to store only one string, one dimensional character array is used, and when we
want to store no. of string at that time two-dimensional character array is used.

2. Writing Strings to Screen

Using printf function:

v

We have used extensively the printf function with %s format to print strings to the screen.
The format %s can be used to display an array of characters that is terminated by the null
character.

For example, the statement -> printf(“%s”,name); can be used to display the entire contents
of the array name.

Using putchar() and puts() Function:

=» Please Refer Unit no.—3
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String — Handling Functions: <string.h>
Following are the most commonly used string-handling functions.

Sr. No. Function Action
1 strcat( ) Concatenates two strings.
2 strcemp() | Compare two strings.
3 strcpy() | Copies one string over another.
4 strlen() | Finds the length of a string.
5 strrev() | Reverse given string
6 strlwr() | Converts given string into lower case letters
7 strupr() | Converts given string into upper case letters

1) strcat( ) function:

The strcat function joins two strings together. It takes the following form:

Syntax: strcat (stringl, string2);

stringl and string2 are character arrays. When the function strcat is executed, string2 is
appended to stringl. It does so by removing the null character at the end of stringl and placing
string2 from there. The string at string2 remains unchanged. For example, consider the
following three strings:

0 1 2 3 4 5 6 7 8 9 10 11 12

stringl =
L vielr[y[ [ [ [ [ | [ [ |
0 1 2 3 4 5 6
string2:|G|o\o\D\\0\ \ \

Execution of the statement
strcat(partl,part2);
will result in:
0 1 2 3 4 5 6 7 8 9 10 11 12

string1=‘V‘E‘R‘Y‘ ‘G‘O‘O‘D‘\O‘ ‘ | ‘

0 1 2 3 4 5 6
string2= | ¢ | o] o] p| \0] | |

2) strcmp( ) Function :

v" The strcmp function compares two strings identified by the arguments and has a value 0 if
they are equal. If they are not, it has the numeric difference between the first nonmatching
characters in the strings. It takes the form:

v' Syntax:
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v" Examples are:
strcmp(namel,name2);
strcmp(namel,”Xyz");
strcmp(“Xyz”,” Abc”);

if return value is < 0 then string1 is less than string2
return value is == 0 then string1 is equal to string2
return value is >0 then stringl is greater than string2.

ANENENEN

Our major concern is to determine whether the strings are equal; if not, which is

alphabetically above. The value of the mismatch is rarely important. For example, the

statement -> strcmp(“their”,”there”);

will return a value of =9 which is the numeric difference between ASCII “i” and ASCII “r”.

“. n

That is, “i” minus “r” in ASCIl code is —9. If the value is negative, stringl is alphabetically

above string2.

strcpy( ) Function :

v" The strcpy function works almost like a string-assignment operator. It takes the form

v" Syntax: strcpy (stringl, string2);

v"and assigns the contents of string2 to stringl. Stringl may be a character array variable or

a string constant.
v" For example, the statement
=> strcpy(city, “RAJKOT”);
will assign the string “RAJKOT” to the string variable city.
v Similarly, the statement
strcpy(cityl,city2);

will assign the contents of the string variable city2 to the string variable cityl. The size of
the array cityl should be large enough to receive the contents of city2.

strlen( ) Function :

This function counts and returns the number of characters (length) in a string.

Syntax:
n = strlen(string);
Ex. n = strlen(“Atmiya”); or n=strlen(strl);

Where n is an integer variable, which receives the value of the length of the string. The
argument may be a string constant. The counting ends at the first null character.

strrev( ) Function :

This function changes all characters in a string to reverse order except the terminating null

character.
Syntax:
strrev(string);
Examplel:
printf(“%s”,sterev(strl));

Examplel:
strrev(strl);
printf(“%s”,strl); /* or puts(str1),2
Where, strl is a character string.

B.C.A./ B.CA. (IIP) / B.Sc.LT.
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6) strlwr() Function :
Syntax: char strlwr(char string);
This function converts given string into lower case letters if it contains any upper case alphabets
(A= Z). Other characters remain as it is.

Examplel:
strl = “AtMiYal123”;
striwr(strl);
printf(“%s”, strl);
this will print atmiyal23 on the screen

Example2:
void main()
{
char s1[20];
scanf(“%s”,s1);
printf(“%s”,strlwer(s1));
}

7) strupr() Function :

Syntax: strupr(string);
This function converts given string into upper case letters if it contains any lower case alphabets
(a —z). Other characters remain as it is.

Example:
strl = “AtMiYal123”;
strupr(strl);
printf(“%s”, strl);
this will print ATMIYA123 on the screen.

+ Two Dimensional Character Array:

v' The two-dimensional array can be defined as an array of arrays. The 2D array is organized
as matrices which can be represented as the collection of rows and columns.

v 2D character arrays are very similar to 2D integer arrays. We store the elements and
perform other operations in a similar manner. A 2D character array is more like a String
array. It allows us to store multiple strings under the same name.

Syntax:
char string_nm[row size][col size];
Where,

Row size: denotes the total no. of strings
Col size: denotes the no. of characters per string.

Example:
char [5][10]={“INDIA”; “GUJARAT”; “RAIKOT”; “ATMIYA”;“UNIVERSITY”;}
| N D | A
G u J Al R [ AT
R A J K | oI
A LT [ m [ 1 /QRHAN
u N | VISEA TReNs [ [ 1Y
T
* *
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A Program that accepts 5 names of students and print it in reverse sequence.

#include<stdio.h>
#include<conio.h>

vois main()

{

char name[5][20];

inti;
clrscr();

for(i=0; i<5;i++)

{

printf(“Enter name”);

scanf(“%s”,nameli]); // Or gets(namel[i]);

}

printf(“\n\n");
for(i=4; i>=0;i++)

{

printf(“Name[%d]:%s \n”,i+1,name][i]);

}
getch();

Output:

Enter Name
Enter Name
Enter Name
Enter Name
Enter Name

: INDIA

: GUJIARAT

: RAJKOT
:ATMIYA

: UNIVERSITY

Name[ 5] : UNIVERSITY
Name[ 4] : ATMIYA
Name[ 3 ] : RAJKOT
Name[ 2 ] : GUJARAT
Name[ 1] : INDIA

B.C.A./ B.CA. (IIP) / B.Sc.LT.
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One Mark Questions.

An array is also known as Data Type. — Derived

An array is indicated by number is known as .— Index Number
Which character is used to terminate a string array? — NULL Character or (\0)
What is the collection of elements having similar data type? — Array

What is the last index of an array? — n-1

Which function is used to concatenate two strings? — strcat()

Which function is used to compare two strings? — stremp()

What is the return data type of the strcmp()? — int

What value is return by strcmp(), if both the values are match? — 0 (ZERO)

W N U e WDN R

Descriptive Questions.

(1) What is an Array? Explain in detail.
e Whatis an Array?
e Types of an Array with syntax

(2) Explain one dimensional array with an example.
e Description
e Example

(3) Explain two dimensional array with an example.
e Description
e Example

(4) What is a Character Array? Explain in detail.
e Whatis an Array?

e Character Array with an example

(5) Explain String Handling Function with an example.
e Strcat(), strcmp(), strlen(), strcpy(), strrev(), strupr(), striwr()
e Examples

(6) Explain Array as a function argument.
e Description

e Example

(7) Any types of programs can ask using Control Structure or an Array.
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Unit-5

Structure & Union

Introduction:

When we want to store no. of elements having similar data type, the concept of array is used.

If we want to represent a collection of data items of different types using a single name, then
we cannot use an array.

But sometimes in our program, it is required to store collection of elements that belongs to
different-different data types. At that time the concept of structure is used.

What is Structure?
The structure is the collection of elements having different data types grouped under the same
name using the struct keyword. It is also known as the “user-defined data type” that enables
the programmer to store different data type records in the Structure. Furthermore, the
collection of data elements inside the Structure is termed as the member.
The structure is mainly used to group the no. of data items that are logically related by giving
them a single name.
Syntax:
struct tag_name
{

data type member..1;

data type member..2;

data type member..3;

data type member..n;
2

struct tag_name struct_type_variable;

Description:

The keyword “struct” defines the structure. The tag name is the name f the structure which
should be meaningful identifier. Member..1, member..2, member..3 are the members of the
structure which belongs to any valid C Data type. The template of the structure must be
enclosed within curly braces {...} and terminated by a semicolon (;).

Declaring a Structure type variable:

And in the last you can see one variable which is not belongs to a particular data type. Its data
type is structure.

Note:

Remember one point: - Internally the members of the structure have not any space in the
memory at compile time, when they are associated with the structure type variable at that
time, they have been given a memory.

To access the members of the structure the (.) dot is used.

B.CA./B.CA. (IIP) / B.Sc.LT.
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Example: Name of Structure
struct student OR
{ Tag Name
int RolINo; Members of
char nm[20]; Structure
2

Declaring a Structure type variable:

struct student D1, DZ;\
N—
Kevword Name of structure Name of accessing variable

4 Accessing members of Structure:
We cannot access the members of the structure directly like an ordinary variable, we have to use
the [.] dot operator with structure type variable to access the members of structure.
Example:
D1.RolINo=1;
strcpy(D1.nm,” Atmiya”);
D2.RolINo=2;
strcpy(D2.nm,"University”);

Example Program using Simple Structure
#include<stdio.h>
#include<conio.h>

void main( )
{
struct stud
{ Output: -
int rno; Enter Roll No. 12
char nm[15]; Enter Name: Atmiya
2
struct stud s; Roll No: 12
printf(“\n Enter your Roll No. :”); Name : Atmiya

scanf(“%d”,&s.rno);
printf(“\n Enter your Name :”);
scanf(“%s”,s.nm);
printf(“\n Roll No. %d :”,s. rno);
printf(“\n Name : %s”,s.nm);
getch();

!

4 Array within Structure:
When we take an array as a member of a structure, it is called Array within Structure.

Example: )
struct Employee One character array is
{ declared as member of

int RolINo; / structure. That is within the
char nm[20]; \s :
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4 Array of structure:
Like an ordinary data type, we can also define an array of structure. When we make structure type
variable as an array type, that is called Array of Structure.

Example:

struct Book

{

in

thb_id;

Char b_nm[20];

|3

struct Book b[2];

Example

Program a Program of Array of structure

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

{

struct stud

{
intr_no;
char nm[20];

%
struct stud S[3]; 4/

inti;

clrscr();

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

{
printf(“\n Enter Roll No :”);
scanf(%d”,&S[i].r_no);
printf(“\n Enter Name :”);
scanf(“%s”,S[i].nm);

}

printf(“\n  \n”);
for(i=0;i<3;i++)

{
printf(“\n Roll No : %d”,S[i].r_no);
printf(“\n Name : %s”,S[i].nm);

}

getch();

4 Structure as a Function Argument:
¢ Like a simple variable, the whole structure or array of structure can also be passed as function
argument. When the structure type variable is being passed as function argument, we have to
keep in mind that the variable which is catching the value, must also be of same data type i.e.

same structure type. To do this, structure cap-e

Character

// We are making array of structure variable.

“S” is a member

access variable and it is define

as array.
structure.

That is Array of

daclared globally before main().

Nf
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Example program: Passing Structure as argument to the function.

#include<stdio.h>
#include<conio.h>

void ATMIYA(struct Book)

struct Book

{
intid;
char nm[20];
|3
void main()
{
struct Book Z;
printf(“\n Enter Book ID: ”);
scanf(“%d”,&Z.id);
printf(“\n Enter Book Name: ”);
gets(Z.nm);
ATMIYA(Z);
getch();
}
void ATMIYA(struct Book X)
{
printf(“\n Book id=%d”,X.id);
printf(“\n Book Name is %s.”,X.nm);
}
Output:
Enter Book ID: 1208
Enter Book Name: Advance C & DS
Book ID=1208
Book Name is Advance C & DS.
4 Union:
*

Unions are a concept borrowed from structures and therefore follow the same syntax as
structures. However, there is major distinction between them in terms of storage. In structures,
each member has its own storage location, whereas all the members of a union use the same

location. This implies that, although a union may contain many members of different types, it
can handle only one member at a time.

+ Like structures, a union can be declared using the keyword union as follows:

union item

{
int m;
float x;
charc;

1Z;
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This declares a variable Z of type union item. The union contains three members, each with a
different data type. However, we can use only one of them at a time. This is due to the fact that
only one location is allocated for a union variable, irrespective of its size.

Storage of 4 bytes
1001 1002 1003 1004

A4

>

The compiler allocates a piece of storage that is large enough to hold the largest variable type in
the union. In the declaration above, the member x requires 4 bytes which is the largest among
the members. Figure above shows how all the three variables share the same address. This
assumes that a float variable requires 4 bytes of storage.
To access a union member, we can use the same syntax that we use for structure members.
That is...

Z.m

Z.x

Z.c
are all valid member variables. During accessing, we should make sure that we are accessing the
member whose value is currently stored. For example, the statements such as

Z.m =379;

Z.x =7859.36;

printf(“%d”,Z.m);
would produce erroneous output (which is machine dependent).
In effect, a union creates a storage location that can be used by any one of its members at a
time. When a different member is assigned a new value, the new value supersedes the previous
member’s value.

Differences between Structure and Union.
Structure Union
‘struct’” keyword is used to declare a | ‘union’ keyword is used to declare a union.
structure.
Example: struct stud Example: union stud
{ {
intr_no; intr_no;
char nm[20]; char nm[20];
1 }
Here each and every member’s value stores | Here all members’ value is stored on the
on its own memory location. memory location of the member which has
the largest memory space among all the
members.
Practically most widely used. Rarely used in practical.
g > Unﬁ,@ﬁ
@
-t
* *
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Differences between Array and Structure.

Array

Structure

An array is a collection of elements having
similar data type.

Structure is a collection of elements having
different data type.

In an array the data items are related to
only one data type.
[same type of data stored sequentially]

The structure is used to store logically
related data items.

No keyword is used to declare an array.

The ‘struct’ keyword is used to declare a
structure.

An array has types, like... Single Dimension
Multi Dimension

The structure has no such types.

The elements of an array are accessed by
their index values.

The elements of structure are accessed by
the member access operator.

For Ex:
One Dimensional: int x[10];
Two Dimensional Int x[3][4];

For Ex:
struct stud

{

int r_no; char nm[20];

}

Structure within array is not possible.

Array within structure is possible.
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..::QUESTION BANK ::..

One Mark Questions.

W N R WDN R

The
Structure is known as Data Types. — User Defined

is the collection of elements having different data types. — Structure

Union is known as Data Types. — User Defined

Which keyword is used to define a Structure? — struct

Which keyword is used to define a Union? — union

The collection of data variable inside the structure is known as variable. — Member
What is used to access the members of the structure? — Dot operator

Dot operator is known as .— Member Accessing Operator

An array as a member of a structure is known as . — Array within Structure

10. An array as a structure access variable is known as . — Array of Structure

Descriptive Questions.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

What is Structure? Explain structure type variable.
e About Structure
e Declaring a structure type variable
e Example

What is Structure? How to access the member variable of structure?
e About Structure
e Accessing the member variable
e Example

Explain array within structure and array of structure.
e Description of array within structure
e Description of array of structure
e Example

Explain structure as a function argument with an example.
e Description of Structure as a function argument
e Example

Explain Union in detail.
e Description of Union
e Example

What is Union? Explain difference between Structure and Union.
e About Union
o Difference of Structure and Union
e Example

Explain difference between Array and Structure.
o Difference of Array and Structure
e Example

Any type of program of Structure.
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Pointers, Sorting & Searching Techniques

3 What is Pointer?
¢ A pointer is a variable that stores a memory address. Pointers are used to store the

addresses of other variables or memory items. Pointers are very useful for another type of
parameter passing, usually referred to as pass by Address. Pointers are essential for
dynamic memory allocation.

Some C programming tasks are performed more easily with pointers, and other tasks, such
as dynamic memory allocation, cannot be performed without using pointers. So, it
becomes necessary to learn pointers to become a perfect C programmer.

A pointer is the most powerful feature of the C language. Using the pointer one can get
no. of advantages in programming. It has added power and flexibility to the language.
Pointer is a derived data type in C. It is called derived because it is built from one of the
fundamental data types available in C.

3 How to Use Pointer? Or How Pointer works?

L 4

There are a few important operations, which we will do with the help of pointers very
frequently.
(a) We define a pointer variable,

(b) Assign the address of a variable to a pointer and
(c) Finally access the value at the address available in the pointer variable.

This is done by using unary operator * that returns the value of the variable located at the
address specified by its operand.

Variable —»

X ptr
valve —»
Address ——» 65524

23UGCA202/23UGCS202 — Data StrudilieUsing C 1
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Example:

void main()
{
int X=10;
int *PTR;
PTR = &X;
printf(“Value of X = %d”,X);
printf(“Address of X = %u”,&X);
printf(“Value of X = %d”,*ptr); // access the value using pointer
printf(“Address of X = %u”,ptr); // access the address using pointer

}

+ PTRis a pointer variable that stores the address of variable X.
+ The data type of pointer variable ptr and variable X should match because and integer
pointer can only hold the address of integer variable.

3 Advantage of using pointer

* & 6 6 o o

Pointers are more efficient in handling arrays and data tables.

Pointers provide a way to return more than one value to the functions.

Pointers allow C to support dynamic memory management.

Pointers reduce length and complexity of programs.

They increase the execution speed and thus reduce the program execution time.

Pointers are helpful in allocation and de-allocation of memory during the execution of the
program.

¢ Pointers enhance the execution speed of a program.
+ Passing on arrays by pointers saves lot of memory because we are passing on only the

address of array instead of all the elements of an array, which would mean passing on
copies of all the elements and thus taking lot of memory space.

3 Pointer Arithmetic

*

*

A pointer in ¢ is an address, which is a numeric value. Therefore, you can perform
arithmetic operations on a pointer just as you can on a numeric value. There are four
arithmetic operators that can be used on pointers: ++, --, +, and -

To understand pointer arithmetic, let us_cansider that ptr is an integer pointer which
points to the address 1000. Assumipg egers, let us perform the following
arithmetic operation on the pointer...

N\Zajkot ATMIYA UNIVERSITY
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>

ptr++

(ptr) ++

(1000) + (Size of Integer * Increment by 1 in previous value)
(1000) + (2*1)

1000+2

1002

After the above operation, the ptr will point to the location 1002 because each time ptr is
incremented, it will point to the next integer location which is 2 bytes next to the current
location. This operation will move the pointer to the next memory location without
impacting the actual value at the memory location. If ptr points to a character whose
address is 1000, then the above operation will point to the location 1001 because the next
character will be available at 1001.

3 Array & Pointer

*

An array name is a constant pointer to the first element of the array. Therefore, in the
declaration -

int X[50];
X is a pointer to &X[0], which is the address of the first element of the array X. Thus, the
following program fragment assigns ptr as the address of the first element of X -

int X[10], int *ptr, ptr = X;

It is legal to use array names as constant pointers, and vice versa. Therefore, *(X + 4) is a
legitimate way of accessing the data at X[4].

Once you store the address of the first element in 'ptr', you can access the array elements
using *ptr, *(ptr+1), *(ptr+2) and so on.

Example:
#include<stdio.h>
#include<conio.h>

void main()
{
int X[5], *ptr, i;
ptr=X;
for(i=0;i<5;i++)
{
pritnf(“Enter Value : ”);
scanf(“%d ”,&X[i]);
}

for(i=0;i<5;i++)

pritnf(“\t %d ”,*(ptr+i s Un/],

o)
getch(); <
*
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3 Pointer to Structure:

+ We can create a pointer that points to the array, same way we can create the pointer that
points the structure.

¢ The pointer to structure is declared by:
A. Making the structure variable as a pointer
B. By assigning the address of structure variable to the pointer variable of that type;

¢ Consider the following declaration:

struct XYZ

{
char name[30];
int number;
float price;

}product[2], *ptr;

» Access member variable of structure using Pointer:

+ This statement declares product as array of two elements, each of the type struct
inventory. The assignment ptr = product; would assign the address of the zeroth element
of product to ptr. That is, the pointer ptr will now point to product[0].

+ |ts members can be accessed using the following notation.

ptr ->name

ptr-> number

ptr -> price

¢ The symbol -> is called the arrow operator (also known as member selection operator) and
is made up of a minus sign and a greater than sign. Note that ptr -> is simply another way
of writing product[0].

+ When the pointer ptr is incremented by one, it is made to point to the next record, i.e.,
product[1]. The following for statement will print the values of members of all the
elements of product array.
for( ptr = product; ptr < product+2; ptr++)

{

printf(“ %s %d %f”, ptr->name, ptr->number, ptr->pricr);

}
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5 Static Array v/s Dynamic Array
+ An array created at compile time by specifying size in the source code has a fixed size and

cannot be modified at run time. The process of allocating memory at compile time is
known as static memory allocation and the array that receives static memory allocation

are called static arrays.

This approach works fine as long as we know exactly what our data requirements are.
Suppose we don't know what our data requirements are in that case we can use dynamic

arrays.

In C, it is possible to allocate memory to arrays at run time. This feature is known as
dynamic memory allocation and the arrays created at run time are called dynamic arrays.
Dynamic arrays are created using pointer variables and memory management functions

malloc, calloc and realloc.

3 Differences between Static Array and Dynamic Array.

Static Array

Dynamic Array

The array that is created by specifying
size, at compile time (in source code), is
known as static array.

The array that is created at run time is known
as dynamic array.

The size of array can’t change at run
time as it is static.

The size of array can be modifying at run time
as it is dynamic.

This approach works fine as long as you
know the size of an array in advance.

This approach works fine or beneficial
because, the size of an array specified at run
time.

Static arrays are created just by
specifying size of array at compile time.

Dynamic arrays are created by using pointer
variable and memory management functions.

Static arrays are not useful to create any
data structures, but only used to store
multiple values.

Dynamic arrays are useful to create and
manipulate data structures like linked lists,
stacks and queues.

Example: intal[5];

Example: int *ptr;
ptr=(int*)calloc(5,sizeof(int));

3 How to call C functions in a program?
* There are two ways that a C function can be called from a program. They are,

1. Call by value
2. Call by reference

[1] Call by value:

+ In call by value method, the value of the variable is passed to the function as parameter.
¢ The value of the “actual parameter” (The parameters that appear in function calls) cannot

be modified by “formal parameter” (The parameters that appear in function declarations).

In short original value is can’t change or

Different Memory is allocated for botjf g\

actual parameter is copied to formal gg
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¢ For Example:

#include<stdio.h>

#include<conio.h>

int sum(int,int);

void main()

{
inta, b, c;
pritnf(“Enter two number”);
scanf(“%d %d”, &a, &b);
c=sum(a, b);
printf(“Sum = %d”, c);

getch();
}
int sum(int x, inty)
{
return (x +v);
}

[2] Call by reference:

¢ In call by reference method, the address of the variable is passed to the function as
parameter.

+ The value of the actual parameter can be modified by formal parameter. In short original
value is changed or modified in program.

+ Same memory is used for both actual and formal parameters since only address is used by
both parameters.

¢ Example:
ttinclude<stdio.h>
#include<conio.h>
int sum(int *, int *);

void main()

{
inta, b;
pritnf(“Enter two number”);
scanf(“%d %d”, &a, &b);
printf(“Sum = %d”, sum(&a, &b));

getch();
1
int sum(int *x, int *y)
{
return *x + *y;
}
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3 Dynamic Memory Allocation functions

¢ The C programming language provides several functions for memory allocation and
management.

¢ An array is a collection of a fixed number of values. Once the size of an array is declared,
you cannot change it. Sometimes the size of the array you declared may be insufficient. To
solve this issue, you can allocate memory manually during run-time. This is known as
dynamic memory allocation in C programming.

+ C provides four functions to achieve these tasks. These functions can be found in the
<stdlib.h> header file.

1. malloc()
2. calloc()
3. free()
4. realloc()
(1) malloc()

+ The name "malloc" stands for memory allocation.
The malloc() function reserves a block of memory of the specified number of bytes. And, it
returns a pointer of void which can be casted into pointers of any form.

*

¢ Syntax:
ptr = (castType*) malloc(n*size);

*

Example:
void main()

{

intn, i, *ptr, sum = 0;
printf("Enter number of elements: "),
scanf("%d", &n);

ptr = (int*) malloc(n * sizeof(int));

for(i = 0; i< n; ++i)
{
printf("Enter Value : ");

scanf("%d", ptr +i);
sum =sum + *(ptr +i);
1
printf("Sum = %d", sum);
getch();
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(2) calloc()

¢ The name "calloc" stands for contiguous allocation.
¢ The malloc() function allocates memory and leaves the memory uninitialized, whereas the
calloc() function allocates memory and initializes all bits to zero.

+ Syntax:
ptr = (castType*)calloc(n, size);

¢ Example:
void main()

{

intn, i, *ptr, sum = 0;

printf("Enter number of elements: ");
scanf("%d", &n);

ptr = (int*) calloc(n, sizeof(int));

for(i=0;i<n; ++i)

{
printf("Enter Value : ");
scanf("%d", ptr +i);
sum =sum + *(ptr +i);

1

printf("Sum = %d", sum);

getch();

1
(3) free()

¢ Dynamically allocated memory created with either calloc() or malloc() doesn't get freed on
their own. You must explicitly use free() to release the space.

¢ Syntax:
free(ptr);

¢ Example:
void main ()

{

char *str;

str = (char *) malloc(20);
strcpy(str, "Atmiya University");
printf("%s", str);

free(str); // Free the allocated memory
getch();

ATMIYA UNIVERSITY



Dept. Of Information Technology

(4) realloc()

¢ “realloc” or “re-allocation” method in C is used to dynamically change the memory
allocation of a previously allocated memory. In other words, if the memory previously
allocated with the help of malloc or calloc is insufficient, realloc can be used to
dynamically re-allocate memory. re-allocation of memory maintains the already present
value and new blocks will be initialized with default garbage value.

+ Syntax:
ptr = realloc(ptr, x);

¢ Example:

void main()

{
int *ptr, i, nl, n2;
printf("Enter size: ");
scanf("%d", &n1);
ptr = (int*) malloc(n1 * sizeof(int));
for(i=0;i<nl;i++)
{

scanf("%d",ptr + i);

1

printf("\nEnter the new size: ");
scanf("%d", &n2);
ptr = realloc(ptr, n2 * sizeof(int)); // rellocating the memory

for(i=nl;i<n2;i++)

{

scanf("%d", ptr +i);
1
getch();

3 Difference between malloc & calloc:
In summary, the key difference is in the initialization of the allocated memory. Both
functions allocate dynamic memory on the heap.

Malloc does not initialize the memory (contains garbage values), while calloc initializes the
allocated memory to zero.

Calloc requires two arguments (number of elements and size of each element), while
malloc requires only one argument (total size in bytes).

Calloc can be slightly slower than malloc since it initializes the memory, but the difference
might not be noticeable in many cases.

If you need memory that is already initighZ ro, calloc() might be a more convenient
choice. However, keep in mind that cgflé '
initialization step. :
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3

[1]

10

Sorting Techniques:

Sorting is the process of arranging the data or information in some logical
order. This logical order may be ascending or descending in case of numeric
values.

Various techniques are available to sort the data depending upon length of the
data, speed of sorting, number of swapping being done during the procedure
of sorting.

Techniques can be listed as follows:

1. Bubble sort

2. Selection sort

3. Insertion sort

4, Merge sort

5. Quick Sort
Bubble Sort

Bubble Sort is oldest and simplest sorting technique of use. It can be said as a
comparison sort. The algorithm gets its name from the way smaller elements
“bubble” to the top of the list. The bubble sort works by comparing each item
in the list with the next and swapping then if required. The algorithm repeats
this process until all the items are in the correct order.

Advantages:

One of the primary advantages of the bubble sort is that it is fairly easy to
write (about 5 lines of code). It is also fairly easy to understand in terms of a
sorting algorithm.

Disadvantages:
Unfortunately, the bubble sort is also a relatively slow algorithm, and
therefore, should not be used on large tables.

Example:

#include<stdio.h>
#include<conio.h>
#define size 10
void bbl_sort(int[]);
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void main()

{
int x[sizel,i;
clrscr();
for(i=0;i<size;i++)
{
printf("Enter Value %d : ",i+1);
scanf("%d",&x[i]);
}
bbl sort(x);
getch();
}
void bbl_sort(int x[])
{
inti,j,temp;
for(i=0;i<size-1;i++)
{
for(j=0;j<size-i-1;j++)
{
if(x[j]1>x[j+1])
{
temp=x[j];
x[jl=x[j+1];
x[j+1]=temp;
}
1
1
for(i=0;i<size;i++)
{
printf(" %d",x[i]);
1
1

[2] Selection Sort:

Selection sort is another technique to_arrange the data in proper order. This
type of sorting is called “Selec glbaipt@ because it works by repeatedly
selecting smallest element. C
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» How it works?
Find first smallest element & exchange it with first position. Then find second
smallest element & exchange it with second position if it is smaller than the
first element. Continue this up to an array which is not sorted.

Repeatedly find next large/small element and swap it to its final position. Find
the minimum value. Swap it with the first position.

Repeat the step above for remain list.

» Example:
#include<stdio.h>
#include<conio.h>
#define size 10
void sel_sort(int[]);

void main()

{
int x[sizel,i;
clrscr();
for(i=0;i<size;i++)
{

printf("Enter Value %d : ",i+1);
scanf("%d",&x[i]);
}
sel_sort(x);
getch();
1

void sel_sort(int x[])

{
inti,j,temp;
for(i=0;i<size;i++)

{
for(j=i+1;j<size;j++)
{
if(x[i]>x[j])
{
temp=x[j];
x[j]=x[i];
x[i]=temp;
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for(i=0;i<size;i++)
{
printf(" %d",x[i]);

[3] Insertion Sort:

Insertion sort works similar to the sorting of playing cards in hands. It is
assumed that the first card is already sorted in the card game, and then we
select an unsorted card. If the selected unsorted card is greater than the first
card, it will be placed at the right side; otherwise, it will be placed at the left
side. Similarly, all unsorted cards are taken and put in their exact place.

The same approach is applied in insertion sort. The idea behind the insertion
sort is that first take one element; repeat it through the sorted array.

» Insertion sort has various advantages such as:
e [tissimple implementation.
e Efficient for small data sets.
e |tis appropriate for data sets that are already sorted.

» Disadvantage of Insertion sort:
e |tissimple to use but itis not appropriate for large data sets.

» Example:
#include<stdio.h>
#include<conio.h>
#define size 10
void insr_srch(int[]);

void main()
{
inti, x[size];
clrscr();
for (i =0; i < size; i++)
{
printf("Enter value %d : ",i+1);
scanf("%d",&x[i]);
1
insr_srch(x);
getch();
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void insr_srch(int x[])
{
inti,j,temp;
for (i=1;i<size;i++)
{
temp=x[i];
j=i-1;
while((temp<x[j]) && (j>=0))
{
x[j+1]=x[j1;
J=
}
x[j+1] = temp;
}
printf("After Sorting :\n");
for (i=0;i<n;i++)
{
printf(" %d",x[i]);

[4] Merge Sort:
Merge Sort uses divide & conquer strategy to sort the elements.

The merge sort splits the list to be sorted into 2 equal levels and place them in
separate arrays.

Both the list in a merge sort must be in a sorted order, otherwise first of all
sort both the list individually by using any other sorting technique, the by
comparing values of both the lists, sort it finally in the 3rd list. (In short, this
technique requires total no. of 3 arrays).

» Example:
#include<stdio.h>
#include<conio.h>
void main()

{

int x[5], y[5], z[10], i, j=0, k=0;
clrscr();
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for(i=0; i<5; i++)
{
printf("Enter Value : ");

scanf("%d",&x[i]);

for(i=0;i<5;i++)

{
printf("Enter Value : ");
scanf("%d",&yl[i]);
}
i=0;
while(k<10)
{
if(x[i]<y[j] && i<5)
{
z[k++]=x[i++];
}
else if(x[i]>y[j] && j<5)
{
z[k++]=y[j++];
}
else if(i<5)
{
z[k++]=x[i++];
1
else
{
z[k++]=y[j++];
1

for(i=0;i<10;i++)

{

printf(" %d",z[i]);
}
getch();
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3 Searching Techniques:

Searching technique refers to finding a key element among the list of
elements. If the given element is present in the list, then the searching process
is said to be successful. If the given element is not present in the list, then the
searching process is said to be unsuccessful.

C language provides two types of searching techniques. They are as follows -

e Linear search
e Binary search

[1] Linear Search:

16

Linear search is also called as sequential search algorithm. It is the simplest
searching algorithm. In Linear search, we simply traverse the list completely
and match each element of the list with the item whose location is to be
found. If the match is found, then the location of the item is returned;
otherwise, the algorithm returns NULL. It is widely used to search an element
from the unordered list.

Advantage of Linear Search:
e |tisthe simplest searching technique.
e |t does not expect the list to be sorted.

Disadvantage of Linear Search:
e |t consumes more time and reduces the power of system.

Example:
t#include<stdio.h>
#include<conio.h>
void Inr_srch(int[]);

void main()

{
inti,x[10],z;
clrscr();
for(i=0;i<10;i++)
{

printf("Enter Value %d : ",i+1);
scanf("%d",&x[i]);
1
Inr_srch(x);
getch();
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void Inr_srch(int x[])
{
int z,i,flag=0;
printf("\nEnter Element you want to search : ");
scanf("%d",&z);
for(i=0:i<10;i++)

{
if(x[i]==2)
{
printf("Value %d is found at no %d.",z,i+1);
flag=1;
break;
}
}
if(flag==0)
{
printf("Search Unsuccessful..");
1

[2] Binary Search:

Binary search is the search technique that works efficiently on sorted lists.
Hence, to search an element into some list using the binary search technique,
we must ensure that the list is sorted.

Binary search follows the divide and conquer approach in which the list is
divided into two parts, and the item is compared with the middle element of
the list. If the match is found then, the location of the middle element is
returned. Otherwise, we search into either of the part depending upon the
result produced through the match.

» Example:
#include<stdio.h>
#include<conio.h>
#define size 10
void bin_search(int []);
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void main()
{
int a[size], i;
clrscr();
printf("Enter value in Ascending Order...");
for(i=0; i<size; i++)
{
printf("\n Value %d : ",i+1);
scanf("%d", &alil]);
}
bin_search(a);
getch();
}

void bin_search(int a[])
{
int key, flag=0, first=0, last=size-1, mid=(first+last)/2;
printf("\n Enter element to find : ");
scanf("%d", &key);
while((flag==0)&&(last>=first))

{
if(key==a[mid])
{
printf("\n %d found at position %d." ,key,mid+1);
flag=1,
break;
1
else if(key<a[mid])
{
last=mid-1;
1
else
{
first=mid+1;
1
mid=(first+last)/2;
1
if(flag==0)
{

printf("\n Value not foung%
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& Question Bank: (1 Mark Questions)

Which searching technique is known as sequential search? — Linear Search

Which sort only compares adjacent elements? — Bubble Sort

Which sort works similar to the sorting of playing cards in hands? — Insertion Sort

Which sort should not be used on large amount of data? — Bubble Sort

Which sort works by repeatedly finding smallest element from data? — Selection Sort
Which searching techniques required sorted list to search a particular data? — Binary
Search

Which technique is used to search element from unsorted list? — Linear Search

Which searching technigue consumes more time and reduces the power of system? —
Linear Search

Which searching technique follows the divide and conquers approach? — Binary Search

10) Which sorting technique required sorted list? — Merge Sort
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& Question Bank: (7 Marks Questions)

1)  What is sorting technique? Explain Bubble sort.
Ans. Sorting Technique
Bubble Sort
Advantages
Disadvantages

2)  Whatis sorting technique? Explain Selection sort.
Ans. Sorting Technique
Selection Sort
How it works?

3)  Whatis sorting technique? Explain Insertion sort.
Ans. Sorting Technique
Insertion Sort
Advantages
Disadvantages

4)  What is sorting technique? Explain Merge sort.
Ans. Sorting Technique
Merge Sort

5)  Whatis Searching Techniques? Explain Linear Search.
Ans. Search Techniques
Linear Search
Advantages
Disadvantages
Example

6) Whatis Searching Techniques? Explain Binary Search.
Ans. Searching Techniques
Binary Search
Example

7)  Any type of program from this chapter.
Ans. Program code
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UNIT-2

Introduction to Data Structure, Stack & Queue

3 What is Data structure?

A data structure is a specialized format for organizing, processing, retrieving and storing
data.

Data Structure can be defined as the group of data elements which provides an efficient
way of storing and organizing data in the computer so that it can be used efficiently.
Some examples of Data Structures are arrays, Linked List, Stack, Queue, etc.

A data structure is a technique of storing and organizing the data in such a way that the
data can be utilized in an efficient manner. In computer science a data structure is
designed in such a way that it can work with various algorithms.

A data structure is classified into two categories:
e Linear data structure
e Non-linear data structure

Now let's have a brief look at both these data structures.

» What is the linear data structure?
A linear data structure is a structure in which the elements are stored sequentially, and
the elements are connected to the previous and the next element. As the elements are
stored sequentially, so they can be traversed or accessed in a single run. The
implementation of linear data structures is easier as the elements are sequentially
organized in memory. The data elements in an array are traversed one after another
and can access only one element at a time.

The types of linear data structures are Array, Queue, Stack, and Linked List. Let's discuss
each linear data structure in detail.

Linear D ructure
-} Uni.
Oy @

Arrays Linked List
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e Array: An array consists of data elements of a same data type. For example, if we
want to store the roll numbers of 10 students, so instead of creating 10 integer type
variables, we will create an array having size 10. Therefore, we can say that an array
saves a lot of memory and reduces the length of the code.

e Stack: It is linear data structure that uses the LIFO (Last In-First Out) rule in which the
data added last will be removed first. The addition of data element in a stack is
known as a push operation, and the deletion of data element form the list is known
as pop operation.

e Queue: It is a data structure that uses the FIFO rule (First In-First Out). In this rule,
the element which is added first will be removed first. There are two terms used in
the queue front end and rear The insertion operation performed at the back end is
known ad enqueue, and the deletion operation performed at the front end is known
as dequeue.

e Linked list: It is a collection of nodes that are made up of two parts, i.e., data
element and reference to the next node in the sequence.

> What is a Non-linear data structure?

A non-linear data structure is also another type of data structure in which the data
elements are not arranged in a contiguous manner. As the arrangement is non-
sequential, so the data elements cannot be traversed or accessed in a single run. In the
case of linear data structure, element is connected to two elements (previous and the
next element), whereas, in the non-linear data structure, an element can be connected
to more than two elements.

Non-Linear Data Structure
I

Tree Graph

Trees and Graphs are the types of non-linear data structure.

» Primitive and non-primitive Storage

In C, each variable has a specific data type, where a data type tells us the size, range
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7

% Primitive data types

Primitive data type is a data type that can hold a single value in a specific location
whereas the non-linear data type can hold multiple values either in a contiguous
location or random locations

The examples of primitive data structure are float, character, integer and pointer. The
value to the primitive data structure is provided by the programmer. The following are
the four primitive data structures:

o Integer: The integer data type contains the numeric values. It contains the whole
numbers that can be either negative or positive. When the range of integer data type
is not large enough then in that case, we can use long.

e Real (Float): The float is a data type that can hold decimal values. When the
precision of decimal value increases then the Double data type is used.

e Boolean: It is a data type that can hold either a True or a false value. It is mainly used
for checking the condition.

e Character: It is a data type that can hold a single character value both uppercase and
lowercase such as 'A' or 'a'.

e Pointer: A pointer is a reference to a data structure. A pointer is a variable, which is
pointing to another variable’s addresses.

< Non-primitive data type

The non-primitive data type is a kind of data structure that can hold multiple values
either in a contiguous or random location. The non-primitive data types are defined by
the programmer. The non-primitive data type is further classified into two categories,
i.e., linear and non-linear data structure.

In case of linear data structure, the data is stored in a sequence, i.e., one data after
another data. When we access the data from the linear data structure, we just need to
start from one place and will find other data in a sequence.
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3 Stack:
» Definition and Concept

s Whatis Stack?
A Stack is a linear data structure that follows the LIFO (Last-In-First-Out) principle. Stack
has one end. It contains only one pointer tos (Top of Stack) pointing to the topmost
element of the stack. Whenever an element is added in the stack, it is added on the top
of the stack, and the element can be deleted only from the stack. In other words,
a stack can be defined as a container in which insertion and deletion can be done from

the one end known as the top of the stack.

5

2
TOP TOP —> s N
2 ~\
3 \ S —
: & -
r NV
Stack of Coins Stack of Plates Can of Tennis Balls Stack of Books

% Operation on Stack
The following are some common operations implemented on the stack:

e Push():
When we insert an element in a stack then the operation is known as a push. If all
the elements occupy Stack memory and the Stack is full then the Stack overflow

condition occurs.

Push Operation

tos=-1 tos=0 tos=1 tos=2
-
20 20
10 10 10
Empty
e Pop():

When we delete an element from
stack is empty means that no el£
Stack underflow state.
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Pop Operation
tos=2 tos=1 tos=0 tos=-1
T
20 20
10 10 10
Empty
e Peek():

If we want to access some information stored at some location in a stack then peek
operation is required. In this operation we just move the pointer to the desired
location and then fetch the information associated with that location. In short it
returns the element at the given position.

e Change():
Update operation is required when the content of some location in a stack is to be
changed. Suppose one wants to update information at any particular location in the
Stack. We move pointer to that particular location from the top of the stack and
input the new value of that location. In short it updates the element at the given
position.

o Display():
It prints all the elements available in the stack. It displays from first to tos index
value.

% Application of Stack in Recursion

The example of recursion as an application of stack is keeping books inside the
drawer and the removing each book recursively.

e Recursion: The recursion means that the function is calling itself again. To maintain
the previous states, the compiler creates a system stack in which all the previous

records of the function are maintained.
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e A program for find the factorial of n value.

. T3 3 3
IZT;(;Z?I;S | xyz(n)| n = return 1; (4]
printf("‘%d", z); ‘ xyz(n)| n = n*xyz(n-l); 1] [3]

: xyz(n)| n= 3| n*xyz(n-1); | 2 | [2]

?_vzmtm xyz(n)| n = n*xyz(n-1); | 3 § [1]
if(n:r::t)jrn N xyz(n) n*xyz(n-1); | 4 J [0]
elsereturn n*xyz(n-1); =S ERAC Rk -

}

When a function is called, it occupies memory in the stack to store details about the
execution of the function. And when the function ends, the memory occupied by it is
also released. Now in recursion, as we know a function is called in itself. Hence at every
function call, a block of memory is created in the stack to hold the information of the
currently executing function. When the function ends, it returns to its calling statement
written in the outer function i.e., an outer function is resumed from where it stopped.

Queue:

Definition and Concept

A queue is a linear data structure used to represent a linear list and permits deletion to
be performed at one end of the list (called the front of the queue) and the insertion at
the other (called the rear of the queue).

Unlike stacks, a queue is open at both its ends. One end is always used to insert data
(enqueue) and the other is used to remove data (dequeue). Queue follows First-In-First-
Out methodology, i.e., the data item stored first will be accessed first.

A real-world example of queue can be a single-lane one-way road, where the vehicle
enters first, exits first. More real-world examples can be seen as queues at the ticket
windows and bus-stops.

A queue can be defined as an ordered list which enables insert operations to be

performed at one end called REAR and delete operations to be performed at another
end called FRONT.
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e This makes queue as FIFO (First in First Out) data structure, which means that
element inserted first will be removed first.

0 1 2 3 4
Dequeue 23 72 50 Enqueue
Front Rear

s [ s ]

Front Rear

EEIENEIE

Front Rear

EEIEREIE)

Front Rear

Example of a queue, in the real world is:
— Aline at the bank.
— Aline at bus stop.
— Aline at petrol pump.

Operation on Queue

Unlike arrays and linked lists, elements in the queue cannot be operated from their
respective locations. They can only be operated at two data pointers, front and rear.
Also, these operations involve standard procedures like initializing or defining data
structure, utilizing it, and then wholly erasing it from memory. Here, you must try to
comprehend the operations associated with queues:

e Enqueue (Push)— Insertion of elements to the queue is known as Enqueue.
e Dequeue (Pop) — Removal of elements from the queue is known as Dequeue.

e Display — Display all elements starting from front to ending from rear position.

Limitations of Queue
We can only add indexes 0 and 1 only when the queue is reset (when all the elements
have been dequeued).

We can’t insert the new element ay position, till the last element did not

remove from queue.

23UGCA202,/23UGCS202 — Data Structure Using C 27



Dept. Of Computer Application

3 Circular Queue:
e Let we have an array Q that contain n elements in which Q[0] comes after Q[n].

When this technique is used to construct a queue then the queue is called circular
queue.

e In other word we can say that a queue is called circular when the last position of a
gueue just comes before the first position.

e Figure related a circular queue:

Rear Q5] Q[0]  Front

Q[4] Q[1]

% As per above figure, in a circular queue
e If the queue is a full then front is at the first position and rear is at the last

position. If user delete first element, then instead of increasing rear = rear + 1,
we reset rear = 0.

e If queue contains only one element i.e. front = rear and suppose that element
is removed then the front & rear pointers now assigned -1 to indicate that the

gueue is empty.

% Advantages of circular queue:
e In a circular queue when rear=n, if we insert an element then this element is

assigned to Q[0]
e i.e.instead of increasing rear to n+1. Be reset rear to O.
e In asimple queue when rear=n, if we insert an element then displays message

III

“queue is full”, so you cannot insert.
e In a circular queue memory cannot wasted and we can also insert element at
the position from where one element is deleted. While in simple queue,

memory is wasted when we perfg lehidn operation.
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& Question Bank: (1 Mark Questions)

1) A data structure is classified into categories. — Two

2) How many type(s) of data structure is/are available in C? — 2

3) Which type of data structure is Queue? — Linear type

4) Which principle followed by Stack in DS? — LIFO

5) Which data type that can hold either a True or a False value? — Boolean

6) The first element to be inserted will be removed last, that type of method is known as
.—LIFO

7) Which type of data structure is Queue in C? — FIFO

8) In which method last entered value is stay at top of the position in C? — Stack

9) Insert data is known as operation in stack. — Push

10) Which operation is used to remove or delete the data from stack? — POP

11) A line at the bus stop is an example of .—Queue

12) Which value is deleting in Queue of DS? — First

13) In which type of method Q0] comes after the Q[n] in DS? — Circular Queue

14) What is the value of front while Queue is empty? — -1

15) How many element(s) is/are in Queue while rear and front got same position? — 1

16) Which types of situations occurred while entered element got last position in Queue? —

Overflow
17) Insertion of elements to the queue is known as .—Enqueue
18) Removal of elements from the queue is known as .— Dequeue

19) Which value is assigned to front and rear after deletion of last value of Queue? - -1
20) What is an example of nonlinear data structure? — Tree, Graph

21) If in an array implementation of circular queue, the elements were inserted in the order

10, 20, 30 and 40 and the array now looks like | 30 | 40 10 | 20 [then the value of

front is and value of rear is =21
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& Question Bank: (5/7 Marks Questions)

1)

10)

What is Data Structure? Explain Linear Data Structure.
Ans. About Data Structure
Linear Data Structure

What is Data Structure? Explain Non-Linear Data Structure.
Ans. About Data Structure
Non-Linear Data Structure

What is Data Structure? Explain Primitive and Non primitive data type.
Ans. About Data Structure

Primitive data type

Non primitive data type

What is Stack? Explain operation on stack.
Ans. Concept of Stack
Operations: Push, Pop, Display, Delete,

Explain the application on stack in recursion.
Ans. Explanation of Stack in Recursion

What is Queue? Explain operation on Queue.
Ans. Concept of Queue
Operations: Enqueue, Dequeue, Display, Update

What is Circular Queue? Explain advantages of Circular Queue.
Ans. Concept of Circular Queue
Operations: Enqueue, Dequeue, Display, Update

Write a program of Stack.
Ans. Program Code

Write a program of Queue.
Ans. Program Code

Write a program of Circular Queue.
Ans. Program Code

30
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UNIT-3

Linked List

3 What is Linked List?

» Definition

A linked list is a linear data structure that stores a collection of data elements
dynamically.

Linked List can be defined as collection of objects called nodes that are randomly stored
in the memory.

A node contains two fields, the information stored in a linked list and the pointer which
contains the address of the next node in the memory.

Nodes represent those data elements, and links or pointers connect with each node.
The last node contains null in its second field because it will point to no node.
A linked list can grow and shrink its size, as per the requirement.

It does not waste memory space.

> Concept:

@3 The computers are used in data processing to perform operations like deletion of
information, insertion of information, updating information, report writing etc.

3 Fixed length memory storage (array) is not always possible to perform above task.

@3 Linked list is a very common data structure often used to store similar data in

memory. While the elements of an array occupy contiguous memory locations,

those of a linked list are not constrained to be stored in adjacent locations.

A linked list is defined a collection of nodes (structures).

Where each node is divided in to two or more parts as following:

1. Information
2. Pointers to next node.

& &
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@3 A linked list allocation storage method can result in efficient use of computer
memory and computer time.

@3 In other words, a linked list consists of series of structure, which are not necessarily
contiguous. Each structure contains one or more than one contiguous information
fields and a pointer to a structure containing its successor.

«»+ Structure representation in linked list

struct TagName

{
Data typel Field1,;
Data type2 Field2;
Data type n Field n;
struct Tag Name *Next;
L

» Linked List Representation

Linked list can be visualized as a chain of nodes, where every node point to the next

node.
DATA NEXT DATA NEXT DATA NEXT
[ 36 1010}— [ 18 1020}— [ 27 NULL]
1000 1010 1020
FIRST LAST

As per the above illustration, following are the important points to be considered.

e Linked List contains a link element called first.

e FEach link carries a data field(s) and a link field called next.
e Fach link is linked with its next link using its next link.

e Llast link carries a link as null to mark the end of the list

> Uses of Linked List

e The list is not required to be contiguously present in the memory. The node can
reside anywhere in the memory and linked together to make a list. This achieves
optimized utilization of space.

e Listsize is limited to the memory size and doesn't need to be declared in advance.
e Empty node cannot be present in the linked list.
e We can store values of primitive type jects in the singly linked list.
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» Types of Linked List
Following are the various types of linked list.

@ Singly Linked List

Singly linked list is also known as a linear linked list or one-way linked list.
In this Item navigation direction is forward only.

In singly linked list each node is divided in two parts.

First part contains the information of the elements.

Second part called the link field or next pointer field contains the address of the
next node in the list.

o O O O O

o Address part of each node contains address of the next node.
o But address part of last node contains “NULL” which indicates the last node of

list.
O Example:
DATA NEXT DATA NEXT DATA NEXT
[ 36 | 1010 [ 18 1020—]— [ 27 NULL]
1000 1010 1020
FIRST LAST

o The above figure illustrates a linked list structure with 3 nodes, each node
containing one information field(data) and pointing to next node.

o A linked list also contains a list pointer variable called ‘First’” which contains the
address of the first node in the list.

o The arrow operator indicates that there is a link between nodes. If there is no
node in the list, the list is called NULL list or empty list.

o Advantages:
o Singly linked list is easy to understand & implement.
o Itis easy toinsert & delete node from list.

O Disadvantages:
o Time consuming process for searching records.
o It provides only one way traversal so; we cannot go back in the list.
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@ Singly Circular Linked List:

o Alinked list in which last node points to the first node is called circular linked list.
o The chain does not indicate first or last node.

o Inthis case, external pointer provides a frame of reference because last node of a
circular linked list not contains the NULL value.

O Example:
DATA NEXT DATA NEXT DATA NEXT
[ 36 | 1010 [ 18 | 1020 | 27 | 1000]
1000 1010 1020
I LAST

O Advantages:
Circular linked lists have a number of advantages over traditional linked lists.

o First, because there is no defined beginning or end to the list, data can be added
and removed from the list at any time. This makes circular linked lists ideal for
applications where data needs to be constantly added or removed, such as in a
real-time application.

o Second, because data is stored in a ring-like structure, it can be accessed in a
continuous loop. This makes circular linked lists ideal for applications where data
needs to be processed in a continuous loop, such as in a real-time application or
simulation.

o Third, Circular linked lists are typically more efficient than traditional linked list.
Traditional linked lists often require additional memory for pointers that point to
the beginning and end of the list. Circular linked lists, on the other hand, only
require a single pointer to be stored in memory.

o Finally, circular linked lists are often easier to implement than traditional linked
lists. This is because traditional linked lists often require the use of additional data
structures, such as stacks and queues, to keep track of the list's beginning and
end. Circular linked lists, on the other hand, only require a singly linked list data
structure.

@ Doubly Linked List:
o In Doubly linked list Item can be navigated forward and backward both sides.

o Doubly linked list holds the base address of the previous node as well as the base
address of the next node.

o This type of argument in structu ‘b
o Doubly linked list is also knowf\@3
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(@) Doubly linked list consists of three parts as following.

1. Pointer to previous node (pointer to predecessor)
2. Information field
3. Pointer to next node (pointer to successor)

O Example:

PREV DATA NEXT PREV DATA NEXT PREV DATA NEXT
[NULL 9 | 1010 1000 | 2 | 1020 1010 | 7 NULL]
1000 1010 1020
FIRST LAST

o The forward link is a pointer to the next node in the list, where as the backward
link is a pointer to the preceding node.

o The backward link of left node and the forward link of right most nodes are both
NULL, indicating the end of list for each direction.

o In singly linked list structure, traversing is possible only in one direction.
Sometimes it is required to traverse the list in either direction forward or
backward. This increases the performance and efficiency of algorithms.

o So, traversing of linked list in both the direction requires nodes having two
pointers one pointing to left node and other pointing to the right node.

O Advantages:
o It provides two-way traversal, so it is best method of linked list.
o It provides faster search then singly linked list.

o Disadvantages:
o Insertion and deletion are little complex than singly linked list.

O Structure representation in doubly linked list

Struct Tag Name

{
Data typel Field_1;
Data type2 Field_2;

Data type n Field n;
struct TagName *Prev;
struct TagName *Next;
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@ Doubly Circular Linked List:

o

In this Linked List, Last item contains link of the first element as next and the first
element has contained a link to the last element as previous.

o Alinked list in which last node points to the first node is called circular linked list.

o The chain does not indicate first or last node.

o Inthis case, external pointer provides a frame of reference because last node of a

circular linked list not contains the NULL value.

o Doubly circular linked list can traverse in both directions.
O Example:
FIRST LAST
PREV DATA NEXT PREV DATA NEXT PREV DATA NEXT
[ 1020 | 9 | 1010 1000 | 2 | 1020 1010 | 7 | 1Q00 ]
10f00 1010 1(120

O Advantage of Circular List over Singly link list:

©)

@)

©)

36

It is concerned with the accessibility of node.
In circular list every node is accessible from given node.

It concerns the deletion operation. In singly linked list to delete desired node, it is
necessary to give the address of first node of the list.

This necessity results from the fact that in order to delete desired node, the
predecessor of this node has to be found.

To find the predecessor required that a search could be carried out by changing
through node from the first node of the list such requirement does not exist for
circular list.

Disadvantage

It is possible that without some care in processing, it is possible to get into an
infinite loop.
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» Basic Operations on linked list.

Following are the basic operations supported by a list.

v

Insertion:

Using Add function elements are inserted at the end of the List.

The insertion into a singly linked list can be performed at different positions. Based on
the position of the new node being inserted.

Traverse (Display):

In traversing, we simply visit each node of the list at least once in order to perform
some specific operation on it, for example, printing data part of each node present in
the list. Using traversing we can display the complete list.

Update:
To update the value of the node, we just need to set the data part to the new value.
This operation set the new value at the position of specified old value.

Search:

Searches an element using the given key. In searching, we match each element of the
list with the given element. If the element is found on any of the location, then
location of that element is returned otherwise null is returned.

Delete:

The Deletion of a node from a singly linked list can be performed at different
positions. Based on the position of the node being deleted. We can delete an element
using the given key data by user.

Count:
The count function returns how many values are available in to the record list.

Sorting:
To sort the elements in specified order (ascending or descending) sort function is
used in linked list.
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& Question Bank: (1 Mark Questions)

1) Alinked listis a type data structure. — Linear

2) Which keyword is used to provide some meaningful names for the data type? — typedef

3) Linked List can be defined as collection of objects known as .—node

4) Which operator is used to access the member variable of structure using pointer? — Aero
Operator

5) The last node of simple linked list contains in its next address field. — NULL

6) Which function is used to allocate memory for data? —malloc

7) Which function is released the memory space which are not required? — free

8) Which value contain last pointer, while all the data are deleted in circular linked list? -
NULL

9) Which type of linked list is also known as one-way linked list. — Singly Linked List

10) A linked list in which last node points to the first node is called linked list. —
Circular

11) Which linked list is two-way traverse and no contain NULL value? — Doubly Circular

12) Which linked list can traverse in reverse order? — Doubly Linked List

13) Which option returns how many values are available in to the record list? — Count

14) To visit each node or record is required in linked list. — Traversing

15) Which type of linked list required and used two NULL value in it? — Doubly Linked List
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& Question Bank: (7 Marks Questions)

1)  Whatis Linked list?
Ans.  Definition
Concept
Linked List Representation
Uses of Linked List

2)  Whatis Linked List? Explain singly linked list.
Ans.  Definition of linked list
Singly linked list
Example
Advantages
Disadvantages

3) Whatis Singly Linked List? Explain basic operations of linked list.
Ans.  Definition of linked list
Singly circular linked list
Basic Operations on linked list.

4)  What s Linked List? Explain doubly linked list.
Ans.  Definition of linked list
Example
Advantages
Disadvantages

5)  Whatis Linked List? Explain doubly circular linked list.
Ans.  Definition of linked list
Example
Advantages
Disadvantages

6)  Program for any operation of linked list.
Ans.  Add, Display, Delete, Update, Search, Sort, Count
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UNIT-4

Tree

3 What is Tree?

» Definition and concept

Aswe know, there are two types of data structures. Linear and non-linear. Tree falls
under the title “non-linear data structure”. Tree is one of the most commonly
used data structures.

A tree is a hierarchical data structure defined as a collection of nodes. Nodes
represent value and nodes are connected by edges.

Tree in C is the non-linear(hierarchical) data structure, that consists of nodes
connected by edges.

» A tree has the following properties:

v

Root: The root node is the topmost node in the tree hierarchy. In other words, the
root node is the one that doesn't have any parent. In the above structure, node
numbered 1 is the root node of the tree. If a node is directly linked to some other
node, it would be called a parent-child relationship.

Child node: If the node is a descendant of any node, then the node is known as a
child node. Nodes at next level are called children.

Parent: If the node contains any sub-node, then that node is said to be the parent of
that sub-node. Root of all nodes is called parent.

Sibling: The nodes that have the same parent are known as siblings.

Leaf Node: The node of the tree, which doesn't have any child node, is called a leaf
node. A leaf node is the bottom-most node of the tree. There can be any number of
leaf nodes present in a general tree. The leaf nodes are also called terminal nodes

and rest of the nodes are called non-terminal. Leaf nodes can also be called external
nodes. A leaf node has always zero degree.

Internal nodes: A node has at least one child node known as an internal node.

Edge: A tree can be defined as a collection of nodes and each node is connected with

anothernode with the help of branch known as edge.
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v

Level: In a tree, each step from top to bottom is called as level of a tree. The level
count starts with 0 and increments by 1 at each level or step.

Height: It is the total number of edges from the node to the deepest leaf. The tree
height is also considered the root height. The longest path from any leaf node to a
particular node is called as height of that node. Height of a tree is the height of root
node. Height of all Leaf nodes = 0.

Depth: Total number of edges from a particular node to the root node is called

as depth of that node. Depth of a tree is the total number of edges from root node to
a leaf node in the longest path. Depth of the root node =0

Forest: A forest is a set of disjoint trees.

» To understand the above terms, let’s take one example:

8 9 10 11 12

v" Here, nodes 8,9,10,11,12 are leaf or terminal nodes, while others (1,2,3,4,5,6,7)
are non- terminal nodes.

1 is the special node which is root node of the tree.

2 and 3 are root nodes of sub-trees.

4 is the parents of 8,9,10 and in turn 8,9,10 are children of node 4.

LSRN NN

Ancestors of 8 include 4, 2, and 1.

» Types of trees:

42

O3 Binary Tree

3 Binary Search Tree
O3 AVL Tree

(3 Red & black tree
3 Expression Tree
3 B-Tree
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O Binary Tree:

e Here, binary name itself suggests two numbers, i.e., 0 and 1. In a binary tree, each
node in a tree can have utmost two child nodes. Here, utmost means whether the
node has 0 nodes, 1 node or 2 nodes.

e A binary tree is a hierarchical data structure in which each node has at most two
children, referred to as the left child and the right child. It is a fundamental data
structure used in computer science for various applications such as searching,

sorting, and representing hierarchical relationships.

e Example:
Datais 8§,5,2,7,3,4

© Binary Search Tree (BST):

e Binary tree is a special type of data structure. A binary tree has a special condition
that each node can have a maximum of two children, which are known as Left
child and Right Child.

e Binary search tree is a binary tree which has special property called BST.

e Where each node contains only smaller values in its left subtree and only larger
values in its right subtree. This rule is applied recursively to the left and right
subtrees of the root.

Root

/\
/\ /\
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e Inthe above figure, we can observe that the root node is 40, and all the nodes of the
left subtree are smaller than the root node, and all the nodes of the right subtree are
greater than the root node.

e Similarly, we can see the left child of root node is greater than its left child and
smaller than its right child. So, it also satisfies the property of binary search tree.

Therefore, we can say that the tree in the above image is a binary search tree.

(3 Operation on binary tree

There are operations on binary tree to placing, locating and traversing the records in
a database, especially when all the data is known to be in random access memory
(RAM).

@ Create:

v Insert operation starts from the root node. It is used whenever an element is to
be inserted.

v" A new key in BST is always inserted at the leaf. To insert an element in BST, we
have to start searching from the root node; if the node to be inserted is less than
the root node, then search for an empty location in the left subtree. Else, search
for the empty location in the right subtree and insert the data.

v" Insert in BST is similar to searching, as we always have to maintain the rule that
the left subtree is smaller than the root, and right subtree is larger than the root.

@ Traverse

v" Traversal is a process to visit all the nodes of a tree and may print their values
too. Because, all nodes are connected via edges (links) we always start from the
root (head) node. That is, we cannot randomly access a node in a tree. There are
three ways which we use to traverse a tree —

v There are three techniques of traversal:

1) Inorder Traversal
2) Preorder Traversal

3) Postorder Traversal
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1) Inorder Traversal

An inorder traversal technique follows the “Left-Root-Right” policy. Here, Left
Root Right means that the left subtree of the root node is traversed first, then
the root node, and then the right subtree of the root node is traversed.

/\

/ 30 \ / 50 \
/ \ / \
y/ A\ /4 \
A . \/__ \
Left Sub-Tree Right Sub-Tree

We start from root-40, and following in-order traversal, we move to its left
subtree 30. 30 is also traversed in-order, so we move again left side of 30. If
found NULL node at left then access that node The process goes on until all the
nodes are visited.

The output of in-order traversal of this tree will be —

25— 30— 35— 40 — 45 — 50 — 60
2) Preorder Traversal

In pre-order traversal method, the root node is visited first, then the left subtree
and finally the right subtree.

/\

/ 30 \ / 50 \
35 \ / 45
/ _________ \ /== _ = _ \
Left Sub-Tree Right Sub-Tree

We start from root-40, and following pre-order traversal, we first access 40 itself
and then move to its left subtree 30. 30 is also traversed pre-order, so access
that node and move ahead. The process goes on until all the nodes are visited.

vroe will be -

45 — 60

The output of pre-order travefg

40 — 30 — 2b

23UGCA202/23UGCS202 — Data ‘é-'-"" sing C 45



Dept. Of Computer Application

3) Postorder Traversal
In post-order traversal method, the root node is visited last, hence the name.
First, we traverse the left subtree, then the right subtree and finally the root
node.

/0300 /0908 \
/ \ / \
/ \ // \
4
/.25 35 \ /. 45 60 \\
[ T \/_ = __ _= \
Left Sub-Tree Right Sub-Tree

We start from root-40, and following post-order traversal, we first visit the left
subtree 30.30is also traversed post-order. The process goes on until all the
nodes are visited.

The output of post-order traversal of this tree will be -

25 > 35— 30— 45 - 60 — 50 — 40

(13 Advantages of Binary Search Tree:
v" Searching an element in the Binary search tree is easy as we always have a hint
that which subtree has the desired element.
v' As compared to array and linked lists, insertion and deletion operations are
faster in BST.

O AVL tree:

v It is one of the types of the binary tree, or we can say that it is a variant of the
binary search tree. AVL tree satisfies the property of the binary tree as well as of
the binary search tree. It is a self-balancing binary search tree that was invented
by Adelson-Velsky and Landis. Here, self-balancing means that balancing the
heights of left subtree and right subtree. This balancing is measured in terms of
the balancing factor.

v' We can consider a tree as an AVL tree if the tree obeys the binary search tree as
well as a balancing factor. The balancing factor can be defined as the difference
between the height of the left subtree and the height of the right subtree.
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v" Here we see that the first tree is balanced and the next two trees are not

balanced -
2 2

0 1 / a "\ 1
\ B / \ B B /
0 L N 6.l g

C

\, /

\
S —— — —

Balanced Not balanced Not balanced

v" In the second tree, the left subtree of C has height 2 and the right subtree has
height O, so the difference is 2. In the third tree, the right subtree of A has height
2 and the left is missing, so it is 0, and the difference is 2 again. AVL tree permits
difference (balance factor) to be only 1.

Balance Factor = height(left-sutree) — height(right-sutree)

3 AVL Rotations

v" To balance itself, an AVL tree may perform the following four kinds of rotations -
1) Left rotation
2) Right rotation
3) Left-Right rotation
4) Right-Left rotation

v" The first two rotations are single rotations and the next two rotations are double
rotations. To have an unbalanced tree, we at least need a tree of height 2. With
this simple tree, let's understand them one by one.

1) Left Rotation:

v If a tree becomes unbalanced, when a node is inserted into the right subtree of
the right subtree, then we perform a single left rotation —

2
\..\ ) .
(B ) B
. ‘ vt N
( A) c

'\,/“ N 'y =D

(A

g_Jt

Right unbalanced tree Left Rotation Balanced

v" In our example, node A has b
subtree of A's right subtree. fW
subtree of B.

anced as a node is inserted in the right
\e left rotation by making A the left-

23UGCA202/23UGCS202 — Data ‘é-'-"" sing C 47



Dept. Of Computer Application

48

2) Right Rotation:

v" AVL tree may become unbalanced, if a node is inserted in the left subtree of the
left subtree. The tree then needs a right rotation.

2

e ) (C)

Ui et
1 / 0
\ B/

(B)
Sl - O
[ A LA ) ( A) C
N N N/ ==
Left unbalanced Tree Right Rotation Balanced Tree

v" As depicted, the unbalanced node becomes the right child of its left child by
performing a right rotation.

3) Left-Right Rotation:

v" Double rotations are slightly complex version of already explained versions of
rotations. To understand them better, we should take note of each action
performed while rotation. Let's first check how to perform Left-Right rotation. A
left-right rotation is a combination of left rotation followed by right rotation.

2 \
(e,
1 /\/ A node has been inserted into the right subtree of the
(A left subtree. This makes Can unbalanced node. These
‘ x»\ scenarios cause AVL tree to perform left-right rotation.
0
(B )
./

We first perform the left rotation on the left subtree
of C. This makes A, the left subtree of B.

% / Node C is still unbalanced, however now, it is because of
the left-subtree of the left-subtree.
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We shall now right-rotate the tree, making B the new
root node of this subtree. Cnow becomes the right
subtree of its own left subtree.

/v& The tree is now balanced.
0, 0

4) Right-Left Rotation:

v" The second type of double rotation is Right-Left Rotation. It is a combination of
right rotation followed by left rotation.

2

(A)

\/\ ; A node has been inserted into the left subtree of the
C/,‘ right subtree. This makes A, an unbalanced node with
/“/ balance factor 2.

—< 0
B

Ry

A )

° First, we perform the right rotation alongC node,
making C the right subtree of its own left subtree B.

Now, B becomes the right subtree of A.
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1 . . .
J\ Node A is still unbalanced because of the right subtree
\ B of its right subtree and requires a left rotation.

A left rotation is performed by making B the new root
o node of the subtree. A becomes the left subtree of its
right subtree B.

\

B
0 //\ 0 The tree is now balanced.
LA ([ C

N N

O Red and Black tree

v

The red-Black tree is a binary search tree. The prerequisite of the red-black tree
is that we should know about the binary search tree. In a binary search tree, the
values of the nodes in the left subtree should be less than the value of the root
node, and the values of the nodes in the right subtree should be greater than
the value of the root node.

Each node in the Red-black tree contains an extra bit that represents a color to
ensure that the tree is balanced during any operations performed on the tree
like insertion, deletion, etc.

(3 Properties of Red-Black tree

v

v

50

It is a self-balancing Binary Search tree. Here, self-balancing means that it
balances the tree itself by either doing the rotations or recoloring the nodes.

This tree data structure is named as a Red-Black tree as each node is either Red
or Black in color. Every node store-ane extra information known as a bit that
represents the color of the f'lf@ﬁmple, 0 bit denotes the black color
while 1 bit denotes the red A\Helle. Other information stored by the
node is similar to the binary 1 Hf)rt, left pointer and right pointer.
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In the Red-Black tree, the root node is always black in color.

In a binary tree, we consider those nodes as the leaf which have no child. In
contrast, in the Red-Black tree, the nodes that have no child are considered the
internal nodes and these nodes are connected to the NIL nodes that are always
black in color. The NIL nodes are the leaf nodes in the Red-Black tree.

If the node is Red, then its children should be in Black color. In other words, we
can say that there should be no red-red parent-child relationship.

Every path from a node to any of its descendant's NIL node should have same
number of black nodes.

* However, we should know that a red-black tree is balanced when it follows the
conditions -

AN NI NN

(\

Every Root Node must be Black.

Every node is either Red or Black.

If the tree is not empty, then a new node should be a red color.

There are no two adjacent red nodes (A red node cannot have a red parent or
red child). If a node is red, then its children must be black.

The path from the root till the end must contain an equal number of black
nodes.

» Structure representation in TREE:

v’ We

use a double linked list to represent a binary tree. In a double linked list, every

node consists of three fields. First field for storing left child address, second for

stori

ng actual data and third for storing right child address.

In this tree representation, a node has the following structure...

v In this tree representation every node is stored separately and keeps the address of
other nodes as follows:

Left Child DATA Right Child
Address Address

v’ Example:

Struct tree

{

struct tree left;
int data;
struct tree right;
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& Question Bank: (1 Mark Questions)

1) Which type of data structure is Tree? — Non-Linear/Hierarchical

2) Which node doesn’t have any parent? — Root

3) The connecting link between any two nodes is known as an .—edge.

4) How many edges are used for n number of nodes in a tree? — n-1

5) The nodes that have the same parent are known as . —siblings

6) All terminal nodes are known as node. — Leaf

7) How many degree(s) is/are available of leaf node? — Zero

8) Leaf nodes are known as . — External/Terminal nodes

9) Anode has at least one child node knownas .—an Internal node

10) Number of nodes connected with one node is called .—degree.

11) Total number of edges from the node to the deepest leaf is known as of that
node. — Height

12) Total number of edges from a particular node to the root node is calledas  of
that node. — Depth

13) What is a process to visit all the nodes of a tree and may access values too? — Traversal

14) How many types of traversal techniques are available in a tree? — Three

15) In which traversal method, the root node is visited first? — pre-order

16) In which traversal method, the root node is visited last? — post-order

17) Stand by: AVL — Adelson-Velsky and Landis

18) Which tree obeys the binary search tree as well as a balancing factor? — AVL Tree

19) The balancing factor's value must be .- 0,-1,1

20) How many types of rotations are used in AVL tree? — Four

21) Which tree contains an extra bit that represents a color? — Red-black

22) In the Red-Black tree, the root nodeisalways _ in color. —black

23) Which nodes have always zero height? — Leaf

24) Which nodes has always zero depth? — Root
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& Question Bank: (7 Marks Questions)

1)  Whatisa Tree? Explain its properties (important terms).
Ans. Definition and concept
Different properties

2)  Whatis a Tree? Explain types of trees.
Ans. Definition and concept
Different Types (Binary, BST, AVL, Red & Black)

3)  Whatis BST? Explain traverse with an example.
Ans. About Binary Search Tree
Advantages of Binary Search Tree
Three types of traverses (in-order, Pre-order, Post-order)

4)  Whatis AVL Tree? Explain its balance factor. Or Explain different rotations.
Ans. Concept of AVL tree
Different rotations

5)  Whatis Tree? Explain Red and Black tree.
Ans. Definition of tree
Concept of Red & Black tree
Properties of red-black tree.

6) Create a Binary Search Tree from given series and write in-order traverser.
Ans. BST Structure

7)  Create a AVL Tree from given series and write down the values of second level.
Ans. AVL Tree Structure
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UNIT-5

Graph

(3 Basic Introduction

A graph is a pictorial representation of a set of objects where some pairs of objects are
connected by links. The interconnected objects are represented by points termed
as vertices, and the links that connect the vertices are called edges.

Formally, a graph is a pair of sets (V, E), where V is the set of vertices and E is the set of
edges, connecting the pairs of vertices.

There is the example of graph...

In other word, a graph can be defined as group of vertices and edges that are used to
connect these vertices. A graph can be seen as a cyclic tree, where the vertices (Nodes)
maintain any complex relationship among them instead of having parent child
relationship.

In the above graph,
V={A,B,C,D,E}
E = {AB, AD, BC, BD, CE, DE}
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XX Applications of Graphs:

Since they are powerful abstractions, graphs can be very important in modeling data.
In fact, many problems can be reduced to known graph problems. Here we outline just
some of the many applications of graphs.

Graphs are considered an outstanding modelling tool used to model several stages of
relationships between all physical conditions. Several real-world problems can be
represented with graphs. Here are some important graph applications:

v Information Graphs: Geographical information is structured according to a graph,
and information A is linked to information B, when A stands for B in a certain way.

Graphs can be used to model transportation systems, such as roads and flights,
and to find the shortest or quickest routes between locations.

01 Shortest Paths in
GoogleMaps . -

V: Landmarks/Cities

E: Roads/Flights

v’ Social Networks: Graphs are special network conditions, with only one type of
edge between vertices.

Users on Facebook are referred to as vertices, and if they are friends, there is an
edge connecting them. The Friend Suggestion system on Facebook is based on
graph theory.

02 Social Networking
(FB, LinkedIn, Quora,
Instagram) XTI N R

V: People [p1,p2,p3..]
E: Connections
Generate News Feed,
Find Mutual Friends
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v Circuit Design: Graphs are used in the design of electronic circuits, such as logic
circuits and circuit diagrams.

03 Circuit Design

Minimum Length of wire
that supplies current

to all ‘nodes' and completes
the circuit.

V = Resistors

E = Wire

v" Web Graphs: The web is an extensive collection of references to hyperlinks. In
other words, the web is another excellent set of graph data.

Web pages are referred to as vertices on the World Wide Web. Suppose there is a
link from page A to page B that can represent an edge. This application is an
illustration of a directed graph.

v’ Biological Networks: Space (or biological networks) is one of the significant
sources of real-world graphs. Examples are brain networks, protein
communication networks, and diet networks.

v" Telecommunication: Graphs are used to model telecommunication networks, such
as telephone and computer networks, and to analyze traffic and routing.

3 Types of Graphs:
%X Simple Graph:

A graph having no self-loops and no parallel edges in it is called as a simple graph.
A simple graph which has n vertices, the degree of every vertex is at most n -1.

This graph consists of three vertices and three edges. There are neither self-loops nor
parallel edges. Therefore, it is a simple graph.
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XX Multi Graph:

A graph having no self-loops but having parallel edge(s) in it is called as a multi graph.

This graph consists of three vertices and four edges out of which two edges are
parallel edges. There are no self-loops but a parallel edge is present. Therefore, it is a
multi-graph.

%X Null Graph:

A graph having no edges is called a Null Graph. In other words, a null graph does not

contain any single edge in it.

In the above graph, there are four vertices named ‘A’, ‘B’, ‘C’ and ‘D’, but there are no
edges among them. Hence it is a Null Graph.

%X Complete Graph:

A graph in which exactly one edge is present between every pair of vertices is called as
a complete graph.

% Regular Graph:

A Regular graph is a graph in which degree of all the vertices is same.
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In these graphs,
e All the vertices have 2 degrees.
e Therefore, they are 2-Regular graphs.

XX Bipartite Graph:

A bipartite graph is a graph in which the vertex set can be partitioned into two sets
such that edges only go between sets, not within them.

) (F
@ —@
_——— - J
Group 1 Group 2

%X Weighted Graph:

A weighted graph is a graph whose edges have been labeled with some weights or
numbers. The length of a path in a weighted graph is the sum of the weights of all the
edges in the path.

%X Digraph (Directed Graph):

A graph in which all the edges are directed is called as a directed graph. In other
words, all the edges of a directed graph contain some direction. Directed graphs are
also called as digraphs.

%X Undirected Graph

A graph in which all the edges/@a gction is called as a non-directed or

undirected graph.
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In other words, edges of an undirected graph do not contain any direction.

In above graph,
® This graph consists of five vertices and six undirected edges.
® Since all the edges are undirected, therefore it is a non-directed graph.

%X Connected Graph:

A graph in which we can visit from any one vertex to any other vertex is called as a
connected graph. In connected graph, at least one path exists between every pair of
vertices. So that we can say that it is connected to some other vertex at the other side
of the edge.

%X Disconnected Graph:

A graph in which there does not exist any path between at least one pair of vertices is
called as a disconnected graph.
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XX Cyclic Graph:

A graph containing at least one cycle in it is known as a cyclic graph.

%X Directed Acyclic Graph:

A graph refers to a set of vertices which are connected by lines called edges. In a
directed graph or a digraph, each edge is associated with a direction from a start
vertex to an end vertex. “Directed” means that each edge has a defined direction, so
each edge necessarily represents a single directional flow from one vertex to another.
“Acyclic” means that there are no loops (i.e., “cycles”) in the graph.

v

) 4

(3 Graph Representations:

In graph theory, a graph representation is a technique to store graph into the
memory of computer. Graph data structure is represented using following
representations...

O Adjacency Matrix
O Adjacency List

O Adjacency Matrix

In this representation, the graph is represented using a matrix of size total number of
vertices by a total number of vertices. That means a graph with 4 vertices is
represented using a matrix of size 4X4. In this matrix, both rows and columns
represent vertices. This matrix is fill ' '
is an edge from row vertex to cq
from row vertex to column vertex:

o
G
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For example, consider the following undirected graph representation...

B C

= O R O M
== 0O = O

moOwm>

/HQOHO\>

O Adjacency List

This is another type of graph representation. It is called the adjacency list. This
representation is based on Linked Lists. In this approach, each Node is holding a list of
Nodes, which are Directly connected with those vertices. At the end of list, each node
is connected with the null values to tell that it is the end node of that list.

A = B
B = A
C= B
D= C
E = A

In this representation, every vertex of a graph contains list of its adjacent vertices.

(3 Graph Traversal:

The graph is one non-linear data structure. That is consists of some nodes and their
connected edges. The edges may be director or undirected. This graph can be
represented as G(V, E).

Graph traversal is a technique used to search for a vertex in a graph. It is also used to
decide the order of vertices to be visited in the search process. A graph traversal finds
the edges to be used in the search process without creating loops.

The graph has two types of traversal algorithms. These are called...
O Breadth First Search
O Depth First Search

O Breadth First Search:

The Breadth First Search (BFS) traversal is an algorithm, which is used to visit all of the
nodes of a given graph. In this traversglalgorithm one node is selected and then all of
the adjacent nodes are visited ¢ P@ After completing all of the adjacent
vertices, it moves further to ch¢ YeYtex and checks its adjacent vertices
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Output: A, B, E, C, D G, F

O Depth First Search:

The Depth First Search (DFS) is a graph traversal algorithm. In this algorithm one
starting vertex is given, and when an adjacent vertex is found, it moves to that
adjacent vertex first and try to traverse in the same manner.

Output: A, D, C E F, G I J, K L H B

(3 Shortest Path Algorithms:
O Kruskal algorithm
O Dijkstra's shortest path algorithm

O Kruskal algorithm:

Kruskal's Algorithm is used to find the minimum spanning tree for a connected
weighted graph. The main target of the algorithm is to find the subset of edges by
using which we can traverse every vertex of the graph.

Kruskal's algorithm to find the minimum cost spanning tree uses the greedy approach.
This algorithm treats the graph as a forest and every node it has as an individual tree.
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How does Kruskal's algorithm work?

In Kruskal's algorithm, we start from edges with the lowest weight and keep adding
the edges until the goal is reached. The steps to implement Kruskal's algorithm are
listed as follows -

v’ First, sort all the edges from low weight to high.

v" Now, take the edge with the lowest weight and add it to the spanning tree. If the
edge to be added creates a cycle, then reject the edge.

v' Continue to add the edges until we reach all vertices, and a minimum spanning
tree is created.

The applications of Kruskal's algorithm are -
v" Kruskal's algorithm can be used to layout electrical wiring among cities.

v It can be used to lay down LAN connections.

O Dijkstra's shortest path algorithm:

The Dijkstra’s algorithm finds the shortest path from a particular node, called the
source node to every other node in a connected graph. It produces a shortest path
tree with the source node as the root. It is profoundly used in computer networks to
generate optimal routes with the aim of minimizing routing costs.

First, we have to consider any vertex as a source vertex. Suppose we consider vertex
‘A’ as a source vertex.

Here we assume that ‘A’ as a source vertex, and distance to all the other vertices is
infinity. Initially, we do not know the distances. First, we will find out the vertices
which are directly connected to the vertex ‘A’. As we can observe in the above graph
that three vertices are directly connected to vertex ‘A’.

3 Minimum Spanning Tree

In a weighted graph, a minimum spanning tree is a spanning tree that has minimum
sum of weight than all other spanpirg.trees of the same graph. In real-world
situations, this weight can be =.-$" dkeaistance, congestion, traffic load or any
arbitrary value denoted to the edges
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& Question Bank: (1 Mark Questions)

1) Which graph has no self-loops and no parallel edges? — Simple Graph

2) Which graph has no self-loops but having parallel edges? — Multi graph

3) Which graph does not contain any single edge in it? — Null Graph

4) Which graph is labeled with some weights or numbers? — Weighted Graph

5) Which graph containing at least one cycle in it? — Cyclic Graph

6) Which graph is never connected with same group or set but connect with another group

or set? — Bipartite Graph

7) Users on Facebook are referred to as in graph application. — Vertices
8) are the edges of google map graph application. — Road or Flights
9) In google map graph application cities or landmark is known as . —Vertices

10) Which value is represented while row and column vertices are connected with each

other? -1
11) BFS stands for . — Breadth First Search
12) DFS stands for . — Depth First Search

13) Which graph representation is based on Linked List? — Adjacency List
14) finds the edges to be used in the search process without creating loops. —
Graph traversal

15) A graph is required to find out a minimum spanning tree. — Weighted
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& Question Bank: (7 Marks Questions)

1)  Whatis graph? Explain the different types of graphs.
Ans. Graph Introduction
Types of Graphs

2)  Whatis graph? Explain the graph application.
Ans. Graph Introduction
Different graph application

3)  Whatis Graph? Explain Graph representations.
Ans. Graph Introduction
Adjacency Matrix
Adjacency List

4)  What is Graph traversal. Explain Breadth First Search.
Ans. Introduction of Graph traversal
Breadth First Search
Example

5)  Whatis Graph traversal. Explain Depth First Search.
Ans. Introduction of Graph traversal
Depth First Search
Example

6)  Explain Kruskal algorithm. How does Kruskal's algorithm work?
Ans. Kruskal algorithm
How it works.

7)  Explain Dijkstra's shortest path algorithm. Explain Minimum Spanning tree with an
example.
Ans. Dijkstra's shortest path algorithm
Minimum spanning tree
Example

8)  What is graph representation? Create the Adjacency Matrix and Adjacency List from
following graph.

Ans. About graph representation
Adjacency Matric
Adjacency List
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Faculty of Science
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Part A (10X1= 10 marks)
Answer ALL questions

1. XXXXX  XXXX O XXXXX XXXX XXXXX  XXXX o XXXXX < XXXX

I
\

10. XXXXX  XXXX O XXXXX O XXXX  XXXXX  XXXX o XXXXX o XXXX

Part B (5X5= 25 marks)
Answer ALL questions
l1a. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX
OR
11b. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX

v
I5a. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX

OR
I5b. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX

Part C (5X7= 35 marks)
Answer ALL questions

I6a. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX
OR
16b. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX

v
20a. XXXXX XXXX XXXXX XXXX XXXXX XXXX XXXXX XXXX

20b. XXXXX XXXX XXXXX XXX by XX  XXXXX XXXX

s

\ *

*
N

(

Rajkol
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Enrolment No.

ATMIYA UNIVERSITY
SEMESTER END EXAMINATION SUMMER - 202
Faculty of Science
BCA/ B.Sc. Information Technology
23UGCA202/23UGCS202 — Core 4: Data Structure using C

Duration of Exam — 3 hrs Semester — 11 Max. Marks — 70

Part A (10 Questions X 1 Mark = 10 Marks)
Answer ALL questions

1. Which sort works similar to the sorting of playing cards in hands.

2. Which searching technique is dividing the list into two parts?

3. Insertion of elements to the queue is known as

4, Which data type that can hold either a True or a False value?

5. Which linked list has no NULL link?

6. Which function is used for memory allocation in C?

7. Which nodes are also called as non-terminal nodes?

8. What is pre-order traverse output of - 1,2, 3,4, 5, 6.

9. BFS stands for .

10.  Which graph is never connected with same group but connect with another group set?
Part B (5 Questions X 5 Marks = 25 Marks)

Answer ALL questions

11la.  Write a program of linear search.

OR

11b.  Write a program binary search.

12a.  What is Data Structure? Explain Linear & Non-linear Data Structure.

OR

12b.  Explain Queue and its operations.

13a.  Explain Singly Linked List with update operation.

OR

13b.  Explain Circular Singly Linked List with display operation.

14a.  What is Tree? Explain Binary tree component.

OR

14b.  Explain AVL tree with Rotation tecljm
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15a.  What is Graph? Explain types of Graphs.
OR

15b.  Explain Graph Representation with an example.

Part C (5 Questions X 7 Marks = 35 Marks)
Answer ALL questions

16a.  Write a program of insertion sort.
OR
16b.  Write a program of bubble sort.

17a.  Explain Stack with an example.
OR

17b.  Explain Circular Queue. Explain the advantages of Circular Queue.

18a.  Explain Circular Singly Linked List with delete algorithm.
OR
18b.  Explain Doubly Linked List with display & update algorithm.

19a.  Explain tree terminology.
OR

19b.  Explain Binary Search Tree with its traverse techniques.

20a.  Explain Kruskal algorithm with minimum spanning tree.
OR
20b.  Explain Dijkstra’s shortest path algorithm with an example.
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Object-oriented Programming
with PHP

This chapter introduces the readers to the basic features of object-oriented
programming with PHP and then provides an overview of the common design
patterns. Later, we will go over how error handling and exception handling are
performed in PHP. PHP has traditionally not been an object-oriented programming
(OOP) language until PHP 5 when the language was revamped for a great deal to
support the OOP features.

PHP in programming

PHP is a scripting language that is often used to build dynamic web applications.
PHP inherits its programming style from C and Java. PHP comes with powerful
libraries and strong community support, making it one of the favorite languages that
developers use for building web applications. We will be utilizing the PHP libraries
that were installed in Bonus chapter 1, Installation of PHP, MariaDB, and Apache to
execute our scripts. Let us look at the three ways in which PHP scripts can be executed:

e Via the PHP shell

e Viathe command line

e Using a web server such as Apache
The PHP shell is commonly used as a playground to test small scripts, and the shell
can get tedious when working with bigger scripts. Executing files via command line
is the second option where the PHP scripts will live inside the files. As we will be

using object-oriented design to build our scripts, we will skip the first method and
use the second and third methods to execute our scripts.
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Object-oriented Programming with PHP

Object-oriented programming

Object-oriented programming is a popular programming paradigm where concepts
are grouped into reusable objects that carry their own attributes and behaviors.

An attribute can be described as a variable that is in the object, which is used to
hold data pertaining to that object, while a behavior describes what an object can
do. Let us consider the example of a User object; a user will have a name, an age,

and an address, and these will be the attributes for a user. As the User object stores
the address, we could have a behavior to allow and facilitate address retrieval; the
behaviors are referred to as class methods. An object is a complex data structure that
can have one or more types of attributes and one or more types of behaviors. The
attributes and behaviors are defined in a class, and an object is an instance of a class.
Therefore, the instances carry the same attributes and behaviors of that class. Though
there could be multiple objects of the same class, the data stored in each object would
be stored in different memory locations.

OOP is not a new concept and has been around for a very long period. OOP

allows us to group our code based on behaviors and attributes and also allows us
to organize our code for better reusability. Basic object-oriented features such as
objects and classes were introduced into PHP 3in 1998.1n 2000, PHP 4 was released
with a better support for object-oriented features but the implementation of objects
was still an issue, as the object referencing was handled similar to value types. So a
whole object would be copied when an object had to be passed in as a parameter to
a function. As the object had to be copied, recreated, and stored several times, this
led to poor scalability for big applications, extra usage of memory, and unnecessary
overhead on the resources. PHP 5, which was shipped in 2004, arrived with a far
superior object model that was better at handling objects, thereby increasing the
performance and scalability of the web applications. Now that we have a basic idea
about OOP, let us dive into understanding classes and objects.

= Sublime textis used as the text editor for this series. Itis recommended
@ to use a text editor or IDE of your choice. A few popular IDEs are
Eclipse for PHP and the NetBeans IDE for PHP development.

Classes and objects

In our first example, let us define a class. For creating a class, we would at least need
one piece of information, the unique name for the class. In PHP, a class definition
begins with the keyword class, and the keyword is followed by the unique name of
the class. This is followed by a pair of curly braces and any class attributes and/or
methods are enclosed into these curly braces.
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There are two rules for naming a class in PHP mentioned as follows:

e [t should begin with a letter or an underscore

e [t can only contain letters, numbers, or underscores

It is a good practice to have the name of the class as part of the filename (for example,
class.Students.php) or the actual filename itself (for example, Students.php). It is
also common to use camel case, which is a common practice for naming the classes,
class attributes, and class methods where multiple words are compounded into one,
and the first letter of each word is written in upper case. Consider the following code
snippet as an example showing a Students class:

<?php
class Students

{

public function construct ()
/**
* Code to be executed
*upon object instantiation

*/

?>

In this example, we are creating a Sstudents class with a constructor using

the _ construct keyword. A constructor is the first function that is triggered upon
the object instantiation. A constructor is commonly used for any bootstrapping
purposes such as importing configurations and/or performing setup operations.
The ___construct () keyword is reserved by the PHP engine to identify the
constructors in a class. Therefore, a constructor cannot be declared outside a class.
The PHP engine treats a constructor like any other function; so, if a constructor is
declared more than once, we will receive an error. Now that we understand how to
create a class, let us continue with our students class and add a few class attributes
and class methods. After adding the attributes and methods, let us instantiate an
object to access the attributes and methods. To instantiate an object, we will use

the new keyword. We would need at least two pieces of information for the object
instantiation; the first piece is the name of the object and the second is the name of
class for which an object is being instantiated. Consider the following code example:

<?php
class Students

{




21BCACL502 - MVC design Pattern with PHP (AP) BCA/BSC.LT

Object-oriented Programming with PHP

public $first name;
public $last name;
public S$address;

public function construct ($first name
, $last name, Saddress) {

$this->first name = $first name;
$this->last name = $last name;
Sthis->address = $address;

public function greeting() {
return "Hello ".Sthis->first name."\n";

public function getAddress () {
return $this->address."\n";

Sstudent = new Students ("John", "Doe", "3225 Woodland Park
st");
echo $student->greeting();
echo $student->getAddress();
>

In this example, we have added three class attributes or properties to store the
first name, the last name, and the address of the student. We are initializing our
properties via the constructor and the value for our properties will be passed in
after the object instantiation. We have also added two class methods that would
print out a greeting and return the address of the student. We are using the sthis
keyword to access our properties, and it can also be used to access the class methods
as it is a reference to the Students object. We are using the -> notation to access the
properties or the methods of a class. After defining the class, we are instantiating

an object of the students class, and are calling the $student object. During the
instantiation, we are passing in the arguments that are expected by our constructor,
and these values are assigned to the properties. After the object instantiation, we are
invoking the class methods using our $student object.
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The output for the previous code will be as follows:

Hello John
3225 Woodland Park St

Static properties and methods

It is not always necessary to instantiate an object to access the properties or methods
of a class. A class can also have static methods and properties that are bound to the
class, rather than the object. To access a static method or a static property, we will
use the scope resolution operator (: :). To create a static property or static method,
we will append the static keyword ahead of the variable. A static property or
method will be commonly used to instantiate a database connection or a connection
to a remote service that can add significant overhead. For a method to be accessible,
the object of the class has to be created, during which a virtual method and member
table are created for that class. While accessing static methods, we can avoid this
overhead of creating a virtual method and member table for the class. Static methods
are commonly used for high-performance systems.

We have successfully built our first class, instantiated the class, accessed the class
methods, and discussed static methods and properties. During this process, we
have already come across one of the four principles of OOP, which is abstraction.
Abstraction is a concept about exposing the behavior and properties and hiding
the particular code that performs that behavior. In our previous example, we have
abstracted all the functionalities that a student object can have into the Students
class, and have accessed those functionalities by creating an object of that class.
The other three principles that we would look at are encapsulation, inheritance,
and polymorphism.

Encapsulation

With abstraction, we have seen how to hide the underlying implementation that
provides properties and methods. With encapsulation, let us see how we can expose
a specific set of methods and properties, while hiding or restricting access to another
set of properties and/or methods based on who is accessing this functionality. In our
last example, we have used the keyword public while declaring the properties to
define the access to those properties.
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The access to the properties and methods in a class can be defined using public,
protected, or private keywords as shown in the following table:

Visibility Description Comment

public A public variable or a method can be All properties and methods
accessed by anybody who can access are public by default.
the class.

protected A protected variable or a method can only

be accessed by the class members and the
class members of a child class.

private A private variable or a method can only
be accessed by the internal class members.

Inheritance

Inheritance is commonly used when we want to create classes that would reuse the
properties and/or class methods that are similar to existing classes. It is common to
have this abstract high level functionality in a class that is referred to as the base or
the parent class and then group this functionality into multiple different subclasses or
child classes that would use properties or methods from that base class. In PHP, we
use the extends keyword to inherit the functionality of a base class. There are at least
two pieces of information that we would need for inheritance; the firstis the parent
class or base class and the second is the child class or subclass. In PHP, a child class
can only have one parent class. Let's go over an example of inheritance where we
create an Animal class and then inherit the functionality from the Animal base class to
aDog subclass. For this example, we will be housing these classes in different files, so
the Animal class will go into Animal.php and the Dog subclass will go into Dog. php.
Consider the following example where the Animal class will go into Animal . php:

<?php

class Animal/{
public $name;

public function construct ($Sname) {
Sthis->name = S$name;

}

public function greet () {
return "Hello ".Sthis->name."\n";

}

?>
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Consider the following example where the Dog subclass will go into Dog.php:

<?php
require ('Animal.php');

class Dog extends Animal {
public function run() {
return $this->name." likes to run \n";

$dog = new Dog ("scooby") ;
echo $dog->greet();
echo $dog->run();

?>

In this example, we have two classes: the first class is the Animal class that has a public
property $name and a public method greet. The value of $name can be set when an
object is created for the Animal class or for a subclass that extends the Animal class.

In the greet method, we are greeting the animal. In the Dog class, we begin by requiring
the file that contains the Animal class in order to inherit from that class.

The require keyword is used to insert the content of a PHP file

[ into another file and the PHP engine explicitly verifies that the

content has only been added once.

After requiring the Animal .php file, we are creating the Dog subclass and are using the
extends keyword to inherit the functionality of the Animal class. As dogs love to run,
let us add a run method into the Dog class. After we have defined the Dog class, we will
go forward and create an object of the Dog class and pass in a name to it. Though we
have not declared and defined a constructor for the Dog class or the greet method in
the Dog class, they would be available as we are inheriting the method from the Animal
base class and both the constructor and the greet method are public.

The output for the previous code snippets is as follows:

Hello scooby
scooby likes to run
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Magic methods

Before we move onto polymorphism, let us go over a few magic methods that are
provided by PHP to perform operations such as property overloading, method
overloading, and representing an object as text. These magic methods are collections
of special methods that respond to an event. The magic methods follow a unique
naming convention where the name is prepended by two underscores ("__"); one of
the magic method that we have already worked with is the__construct () method
that is automatically fired upon object instantiation. A few other magic methods
that we would work with are__destruct(),_ get(),__set(),___toString(),
clone (), and __call ().

=y Itis recommended to refer to the official PHP documentation at
php.net to understand and read more about these and more
’ magic methods that are made available by PHP.

Constructors and destructors

We have already seen a couple of examples of how a constructor can be used to
bootstrap an object upon instantiation. Constructors are commonly used to initialize
properties and run any setup operations that are required to get the operations
started. A destructor is called when the object is about to be destroyed. A destructor
is used to perform clean-up operations such as destroying any open resource
connections to the database or destroying an open file handle that has been
created by the object. Consider the following example of ConsDesc.php:

<?php
classConsDesc{
/**
* Constructor
*/

public function  construct() {
// initialize variables
// log the time zone of the user
// open database connections
// open file handles

/**
* Destructor

*/
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public function destruct () {
// close database connections
// close file handles

?>

In this example, we are creating a class with a constructor and a destructor, and
mentioning the common functionalities that can be part of these magic methods.

In PHP, overloading refers to dynamic generation of a
property or a method that has not yet been declared or is
visible in the current scope.

Property overloading

Property overloading is performed when code attempts to access or set a missing
property. For example, let us add a $type property with protected visibility to
our Animal class. As the $type property is of a protected type, we will not be able
to set a value after object instantiation. However, the value of the $type property
should be available with read-only capabilities. To accomplish this task, we will use
the _ get () magic method provided by PHP as shown in the following example in
Animal .php:

<?php
class Animal/{
public $name;

protected $type;

public function construct ($Sname) {
Sthis->name = S$name;

public function greet () {
return "Hello ".S$this->name."\n";

?>
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The only change that has been made to the Animal class that we built in the last
section was to add the stype property with protected visibility. Now let us extend
the Animal class and set the type based on the type of animal that we are creating the
class for, as shown in the Dog.php file present in the code bundle:

<?php
require ('Animal.php');

class Dog extends Animal {
protected Stype= CLASS ;

public function get (Sproperty) {
if (property exists ($this, S$property)) {
return Sthis->$property."\n";
}
else(
return S$property." does not exist \n";

public function run() {
return $this->name." likes to run \n";

}

$dog = new Dog ("scooby") ;
echo $dog->type;

echo $dog->greet () ;

echo $dog->run() ;

?>

In this example, we are extending the Animal class and setting the value of the $type
protected property using _ CLASS _, which is a magic constant. Then we are using
the _ get () magic method to return the value of $type. In our magic method,

we are using a conditional statement to verify that the requested property exists
within the scope of the current class. After checking to see if the property exists,

we are gracefully allowing the execution to either return the value of the property

on success, or display a message if the property does not exist.

% The CLASS keyword is a magic constant that returns the
& name of the class it is in.
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The output of the previous code snippets is as follows:

Dog
Hello scooby
scooby likes to run

We have looked atthe___get () method that allows us to retrieve the value of

a property; now let us look at the __set () method that allows us to change the
value of a property. The setter magic method is commonly used to set values

into an overloaded property, and take two arguments, the first being the name of
the property and the second being the value to be assigned to that property. It is
important to note that a setter magic method can expose protected and private class
properties if the necessary checks are not performed. Let us build a User class that
would store its overloaded properties into a private class property and let us see
that the data can be populated via the setter method and retrieved via the getter
method in User.php as shown in the following example:

<?php

class User({
private $data = array();

public function set (Skey, S$value) {
Sthis->datal[S$key] = S$value;
}

public function get (Skey) {
if (array key exists(Skey, Sthis->data)) {
return $this->datal[S$keyl];
t

Suser = new User () ;

Suser->first name = "John";
Suser->last name = "Doe";
echo Suser->first name.' '.Suser->last name."\n";

?>

In this example, we are building a User class with a private class property.

This private class property can store an array of dynamically declared properties;
this type of dynamic property declaration is done while dealing with schema-less
data architectures or architectures that support multiple schemas.
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Here the __get () method is as important as the ___set () method as if we try and
access the first name and last name properties for the Suser object without defining
the __get () method, we would get an Undefined Property error.

The output of the previous code is as follows:

John Doe

Method overloading

PHP provides the __call () method to handle the concept of method overloading.
This magic method is fired when the code attempts to call for methods that are either
not accessible due to the scope or do not exist. This magic method can be either used
to provide minimal access to such inaccessible methods or could be used to print out
an error message gracefully. The __call () method takes two arguments, the first
argument is the name of that function and the second argument could either be

a single value or an array of values that have to be passed into that function.

Let us build a MyMath class with a__call () magic method in MyMath.php shown

as follows:
<?php
classMyMath({
public $a=0;
public $b=0;

public function construct ($a, $b) {
Sthis->a = Sa;
$Sthis->b = $b;

}

public function add() {
return Sthis->a + Sthis->b."\n";

}

public function call ($name, S$arguments) {
return "A function with name: ".S$name." does not
exist\n";

}
Smath = new MyMath(5,6);
echo S$math->add() ;

echo $math->subtract();

?>
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In this example, we are working with a class that takes two values upon object
instantiation and returns the sum of those values when the add () method is called.
This class does not have a subtract method but, when the subtract method is
called by the object, the execution is gracefully passed into the ___call () magic
method. In this example, we are returning an error statement that says that the
function does not exist. We could also use PHP's call user func array() method
to invoke any other functions that could serve this purpose; this is another example
of code abstraction.

The output of the previous code is as follows:

11
A function with name: subtract does not exist

Representing an object as text

The last magic method that we will work with is the_ _toString() magic method,
which is invoked when an object is treated like a string. In this case, the code tries to
print out the object and at that point the PHP engine looks for an implementation of
the _ toString() method. If we do nothave the _ toString() magic method and
if we print the object, we would receive a notice that would say that object could not
be converted to a string. We will be going over this method while working on the
factory design pattern.

Polymorphism

Polymorphism, as the name suggests, is a principle that allows different classes to
have common methods that have the same name and signature but provide different
functionality. It is a practice of sharing common programming functionality among
classes in a single project. Let us take the example of a cat, a dog, and a duck. All

of them are animals; cats and dogs belong to the family of mammals, while a duck
belongs to the family of birds. Though all of them are animals, when representing
them as objects, they share a few common features and those common features can
live in the Animal base class. Let us consider a common feature such as talking or
speaking, while a human can speak, a dog barks, a cat meows, and a duck quacks.
So if the common feature is communication, the way communication is implemented
among them is different. Let us use the concept of polymorphism to tackle this
example and represent it in objects and classes in Animal . php as shown in the
following example:

<?php

class Animal/{
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public $name;
protected $type;

public function construct ($name) {
Sthis->name = S$name;

public function greet () {
return "Hello ".S$this->name."\n";

public function run() {
return $this->name." runs \n";

public function communicate () {
return $this->name." says rrrrrr";

?>

Consider the following example in the Dog.php file extending the Animal base class:

<?php
require ('Animal.php');

class Dog extends Animal
protected Stype= CLASS ;

public function get (Sproperty) {
if (property exists ($this, Sproperty)) {
return Sthis->S$property."\n";
}
else(
return $property." does not exist \n";

public function run () {

return $this->name." likes to run \n";
}
public function communicate () {

return $this->name." says bow wow \n";

}
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$dog = new Dog ("scooby") ;
echo $dog->type;

echo $dog->greet () ;

echo $dog->run();

echo $dog->communicate();

?>

Let us discuss this example before we look at our new Cat class. We have added the
run () and communicate () methods to our Animal base class and are overriding these
methods in the Dog subclass. My dog loves to run, so [ am overriding the run method
in the base class as it is too generic; by overriding this method in my subclass, [ am
making sure that my subclass functionality is implemented.

The output of the previous code snippet is as follows:

Dog

Hello scooby
scooby likes to run
scooby says bow wow

Upon execution, the name of the class is printed as our___get () magic method

is fired. Then the greet () method is executed, and the outputs of the two methods
that were overridden in the subclass are printed. Scooby really loves to run and is
quite a talker. Now let us look at the implementation of these methods in our cat

class in cat.php as shown in the following example:

<?php
require ('Animal.php');

class Cat extends Animal {
protected Stype=_CLASS ;

public function get (Sproperty) {
if (property exists ($this, Sproperty)) {
return $this->$property."\n";
}
else(
return S$property." does not exist \n";
}
}

public function run() {
return $this->name." hates to run \n";

}
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public function communicate () {
return $this->name." says meow \n";

}

Scat = new Cat ("cuddles");
echo $cat->type;

echo $cat->greet () ;

echo S$cat->run();

echo S$cat->communicate();

?>

Our cat class is similar to the Dog class, except for the implementation of the run ()
and communicate () method. We are using the greet () method from the Animal
base class. Let us execute this code and examine the output shown as follows:

Cat

Hello cuddles
cuddles hates to run
cuddles says meow

Upon execution, the name of the class is fired by our getter method and the greet ()
method is fired next. After the greet () method, the overridden implementations of
the run () and communicate () method are fired. Unlike Scooby, Cuddles is very lazy
and hates to run.

Interfaces

In our previous example, we noticed that the run () method and the communicate ()
method are not being used by the animal class, but are only present in that class so
the subclasses can inherit those methods and override them. As we start building
bigger applications, we will be dealing with different types of data with different
types of functionality. Though the underlying functionality is different, the
high-level description and aim could still be the same, as in case of run and
communicate. So, using multiple names for the same functionality would lead

to confusion and inconsistency. To avoid this confusion, we can utilize the object
interfaces provided by PHP 5. Unlike a regular class, an object interface would only
specify the methods that the class must implement, but doesn't provide a specific
implementation for those methods, unlike the Animal class in the previous example.
All methods in an interface are public by default. Let us move the run () method
and the communicate () method into the interface as the Animal class is not the apt
location for those methods.
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Creation of an interface would at least need two pieces of information, the first one
being a unique name of the interface and the second the signature of at least one
method. It is a common convention to prefix the names of interfaces with the letter
"I"in uppercase. The interface, like a class, will be stored in a separate file with the
same name as the interface. Let us build our first interface and see how we cascade the
changes into the rest of our files. To implement an interface, we use the implements
keyword followed by the name of the interface in IAnimal .php shown as follows:

<?php

interfaceIAnimal{
function run () ;
function communicate();

?>

Now that we have moved the run () method and the communicate () method into
our interface into our Animal class, which is implementing the interface, those
methods have to be implemented in Animal.php as shown in the following example:

<?php
require once ('IAnimal.php');

class Animal implements IAnimal{
public S$name;
protected S$type;

public function construct ($Sname) {
Sthis->name = S$name;

}

public function greet () {
return "Hello ".S$this->name."\n";
}
public function run() {
return $this->name." likes to run \n";

}

public function communicate () {
return $this->name." says bow wow \n";

}

?>
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Now let us extend the Animal class in the Dog class in Dog.php as shown in the
following example:

<?php
require ('Animal.php');

class Dog extends Animal {
protected Stype= CLASS ;

public function get (Sproperty) {
if (property exists ($this, S$property)) {
return Sthis->$property."\n";
}
else(
return S$property." does not exist \n";

$dog = new Dog ("scooby") ;
echo $dog->type;

echo $dog->greet () ;

echo $dog->run();

echo $dog->communicate();

?>

We begin by requiring the file that carries the interface; once the snippetis
ingested into our Dog.php file, the interface can be implemented by using the
implements keyword.

Abstract classes

One thing that we have noticed here is that we are not creating an object for the Animal
class, and are only using this class to house the definitions of common functionality
among animals. PHP 5 arrives with a concept of abstract classes. Abstract classes
cannot be instantiated and should only be used to provide functional direction and
behavior to the subclasses. To create an abstract class, add the keyword abstract
before the class keyword in Animal.php as shown in the following example:

<?php

abstract class Animal({
public $name;
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protected S$type;

public function construct ($Sname) {
Sthis->name = S$name;

}

public function greet () {
return "Hello ".S$this->name."\n";

?>

The output would still remain the same as before but one thing that we have noticed
is that our code looks a lot cleaner, consistent, and scalable. If we add a new animal,
we would have to extend the Animal abstract class, implement the TAnimal interface,
and add any custom functionality that the new animal requires. Now that we are at a
good place with the OOP concepts, let us look at a few popular design patterns.

Design patterns

Design patterns are generalized solutions to common problems that have already
been solved by programmers. These patterns are reusable solutions that have been
built by software development teams and the community of software developers.
Design patterns are often agnostic to the programming languages as they focus on
the problem, rather than the implementation of the solution. The popular design
patterns that we will look at are the factory pattern and the singleton pattern.

The factory pattern

The factory pattern is one of the most commonly used design patterns. As the name
suggests, there will be a class that is dedicated just to the generation of objects.
Rather than directly creating an object, we will use the factory class to create objects
for a class. This is done in order to minimize the amount of changes that have to be
made across the project due to a change in the class for which the factory is being
used. Let us look at the following example in DesignPattern-Factory.php to
simplify this:

<?php
class Car{
private S$make;
private $model;
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public function construct (Smake, S$model) {
Sthis->make = Smake;
Sthis->model = S$model;

public function toString () {

return "The make is ".S$this->make." and the model is
".$this->model." \n";

}

classCarFactory({
public static function create ($Smake, S$model) {
return new Car (Smake, Smodel) ;

}
Scar = CarFactory::create ("Audi", "Q5");
echo $car;

?>

In this example, we begin by building the car class that has $make and $model as
private properties. The values for these properties will be assigned upon the object's
instantiation. We are using the __toString() magic method to print out the make
and the model of the car object that is being built. After the Car class, we have the
CarFactory class that has the static function that creates and returns the car object.

The output of the previous code is as follows:

The make is Audi and the model is Q5

The singleton pattern

The singleton pattern is commonly used while establishing a connection to the
database or while working with a remote service, as they can add significant
overhead that affect the operations of the application. In a singleton pattern, the
instantiation is restricted to a single instance, thereby avoiding overhead of multiple
instances. We will need at least three pieces of information to use the singleton
pattern: the first is a unique name for the class, the second piece would be a private
constructor that would free us from creating multiple objects, and the third being

a static method that would return the instance. Consider the following code in
DesignPattern-Singleton.php:

<?php
class DB{
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private static $singleton;
private function construct () {}

public static getInstance() {
if (self::$singleton) {
self::$singleton = new DB();

return self::$singleton;

$db = new DB::getInstance();
2>

In this example, we are using the singleton pattern to restrict object instantiation
by using a private constructor. We are using the static getInstance () method to
instantiate an object to the DB class. As this is a static method, it is bound to the class.

_ This is not a full-fledged example and this should only be used as
, a high-level concept. We will be adding the connection parameters
&S to this class in Chapter 3, Advanced Programming with PHP, while

working with the MariaDB database.

Error handling

Error handling is a very important part of the software development life cycle. Errors
can be briefly divided into three categories:

e Syntax errors

e Runtime or external errors

e Logicerrors
A syntax error could be caused due to a missing semicolon or a missing closing
brace. A runtime or an external error could be caused due to a missing file that has
been added to our script using require or require once, a broken file handle, or a

broken database connection. At runtime, if the execution is expecting a specific set of
resources and if they are not provided, we would receive runtime errors.
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Logic errors are caused due to wrong interpretations of requirements or just

faulty code. They are referred to as bugs, and are common part of the software
development life cycle. PHP is shipped with a built-in support for error handling,
and groups these errors into different severity levels. It is a common practice to log
the errors that are generated, and based on the severity of the error, itis also advised
to send notifications as required. PHP's core settings are located in the php.ini file
thatis located in the server configurations folder, a constant name is assigned to each
of the severity levels. Let us look at the different levels of errors that are provided by
PHP as shown in the following table:

Constant
E_ERROR

Description

These are fatal runtime errors and the execution cannot be
recovered from these errors. Until the error is not fixed, this error
will not subside. For example, a script is expecting a connection to
a database that does not exist.

E_WARNING These are non-fatal runtime warnings that do not halt the
execution. For example, a file that has been included via include

or include once does not exist.

E_PARSE These are fatal errors that occur when a script cannot be parsed
due to a syntax error. For example, the script is missing a

semicolon or an apostrophe.

E NOTICE
E_DEPRECATED

E STRICT

E ALL

E_CORE_ERROR

E_COMPILE
ERROR

These are nonfatal notices that are encountered by the script.

These are nonfatal notices that are provided by PHP to warn
about code that will not be available in future versions.

These are runtime notices that suggest changes that will ensure
the best interoperability and forward compatibility with future
versions of PHP.

These are all errors and warnings supported by PHP.

These are fatal run-time errors that are generated in the PHP
core engine.

These are fatal compile-time errors generated by the PHP
core engine.
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These are the common types of errors, warnings, and notices that we come across
while scripting with PHP. In order to display them during execution, we will have
to update the php.ini file as shown in the following table:

Setting

Description

Note

error_reporting

display errors

log errors

report memleaks

html errors

This setting controls the types of
errors, warnings, and notices that
have been triggered.

This setting controls whether or

not to display errors to the screen.

This setting controls whether the
errors are logged or not.

This setting helps in tracking the
memory leaks in the application.

This setting displays the error
with a better HTML format
making it easier to read.

E_ALL, ~E DEPRECATED
and ~E_STRICT are the
recommended settings for
production.

The display errors
setting should only be turned
on in the development

and testing environments.
This has to be turned off

for staging and production
environments.

It is recommended to
turn this setting on in all
environments.

This setting willneed E_
WARNING to be included in
error reporting.

It is recommended to
turn this setting on in all
environments.

PHP also contains the trigger error () function that allows the user to fire a
custom error from a script. There are three levels of custom errors that can be
generated by using the trigger error () function:

e E USER NOTICE

e E USER WARNING

e E USER _ERROR
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Consider the following code in Trigger error.php:

<?php
Svalue = 0;

if (Svalue>0) {
while (Svalue < 10) {
echo $value;
Svalue++;
}
}
else(
trigger error("Value is not greater than 0");

}
?>

In this example, we are initializing the $value variable to 0, and are checking to
see if the value is greater than zero. This condition will certainly fail, as this is an
example of a logic error. In our else block, we are using the trigger error()
method to fire a PHP notice to indicate this logic error.

The output of the previous code is as follows:

PHP Notice: Value is not greater than 0 in
/var/www/chapter4/Trigger error.php on line 12

Letus look at an alternative for not printing out warnings, notices, and errors.

PHP provides the error suppression operator (@) to hide any warnings, errors, or
notices that will be printed out on the page. This is not a recommended practice and
should only be used to avoid printing them onto the page, as shown in the following
code in error suppression.php:

<?php
include ("fileDoesNotExist") ;

function add(Sa, $b){
return $a+Sb."\n";

}

echo add(5,14);
?>
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When this script is executed, a PHP warning would be fired as the include function
cannot locate the file; however, as it is just a warning, the execution will continue and
the output will be the value returned by the add function.

The warning generated will be:

PHP Warning: include (fileDoesNotExist): failed to open stream: No
such file or directory in /var/www/chapter4/error suppression.php on

line 3
PHP Warning: include(): Failed opening 'fileDoesNotExist' for
inclusion (include path='.:/usr/share/php:/usr/share/pear') in /var/

www/chapterd4/error suppression.php on line 3
The output generated will be:
9

Now let us prepend the suppression operator to the include statement as shown in
the following code in error suppression.php

<?php
@include ("fileDoesNotExist") ;
function add(Sa, $b) {
return $a+$b."\n";
echo add(5,14);

?>

After we have added the suppression operator, the script executes smoothly and the
warning is not fired onto the output shown as follows:

9
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Summary

In this chapter, we have gone through the concepts of Object-oriented programming
such as classes and objects, abstraction, encapsulation, inheritance, magic methods,
polymorphism, interfaces, and abstract classes. We have also covered the basics of
design patterns and error handling.

In the next chapter, we will go over the new features that are part of PHP 5.4 and 5.5;
we will focus on another aspect of error handling, exception handling, and how PHP
5.5 has made exception handling better. Then we will continue to focus on avoiding
errors and exceptions by setting up unit tests for our code.
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(1)What is operating System? Explain the abstract view of the components of a computer

system.

An operating system (OS) is a collection of software that manages computer hardware
resources and provides various services for computer programs. It acts as an
intermediary between the user of a computer and the computer hardware.

E-mail Music
Web reader player
browser 1 _[
User mode O O O
User interface program Software
Kermel mode { Operating system

Os is one kind of system software which is directly interact with hardware device and
end user application program

Figure 1-1. A computer system consists of hardware, system programs, and application

programs.
The placement of the operating system is shown in Fig. 1-1. At the bottom is the
hardware, which, consists of integrated circuit chips, wires, disks, a key board, a monitor
and similar physical devices.
On the top of the hardware is the software.(1.system software 2.application software )
Operating system runs on the hardware and it provides base for the rest of the
software.
Most computers have two modes of operation: kernel mode and user mode.
The operating system is the most fundamental piece of software and runs in kernel
mode.
In this mode it has complete access to all the hardware and can execute any instruction
that the machine is capable of executing
The rest of the software runs in user mode, in which only a subset of the machine
instructions is available. Here we find the command interpreter (shell), compilers,
editors, and other system programs.
Finally, above the system programs are the application programs. These programs are
purchased or written by the users to solve their particular problems, such as word

processing, spreadsheets, web b%mic play To hide complexity of hardware.
A LA

¥
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Function of operating system

Operating systems perform two basically unrelated functions: providing a clean abstract set
of resources instead of the messy hardware to application programmers and managing
these hardware resources.

(1) Give the view of OS as an extended machine (Operating System as an Extended Machine)

e The architecture (instruction set, memory, I/0, and bus structure) of most computers at
the machine level language is primitive and awkward to program, especially for input /
output operations.

e The major task is to convert human readable form in to machine level language vice
versa
e Users do not want to be involved in programming of storage devices and such kind of converter.
e Operating System provides a set of basic commands or instructions to perform various
operations such as read, write, modify, save or close.
e Dealing with them is easier than directly dealing with hardware.

e Todeal with such complexity, system program is available known as system call the task
of system call is to accepts command from user’s application software and generate
interrupt for the os

e Thus, Operating System hides the complexity of hardware and presents a beautiful
interface to the users.

Application programs

Operating system

7 B =

<— Beautiful interface

,.A.

<— Ugly interface

Hardware
L System call
Operating System
Machine Language Virtual
N Machine Language (Extended)
Hardware M Machine
Hardware

hardware into beautiful abstractions.

Figure 1-2. Operating Systems turn ugl
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programmer from the disk hardware and presents a simple file-oriented interface, it

also conceals a lot of unpleasant business concerning interrupts, timers, memory
management, and other low level features.

In each case, the abstraction offered by the operating system is simpler and easier to
use than that offered by the underlying hardware.

In this view, the function of the operating system is to present the user with the
equivalent of an extended machine or virtual machine that is easier to work with than
the underlying hardware.

The operating system provides a variety of services that programs can obtain using
special instructions called system calls.

(2) Give the view of OS as a Resource Manager.

The concept of an operating system as providing abstractions to application programs is
a top down view.

Alternatively, bottom up view holds that the OS is there to manage all pieces of a
complex system.

A computer consists of a set of resources such as processors, memories, timers, disks,
printers and many others.

The Operating System manages these resources and allocates them to specific
programs.

As a resource manager, Operating system provides controlled allocation of the
processors, memories, |/0O devices among various programs.

Multiple user programs are running at the same time.

The processor itself is a resource and the Operating System decides how much
processor time should be given for the execution of a particular user program.

Operating system also manages memory and /O devices when multiple users are
working.

The primary task of OS is to keep the track of which programs are using which
resources, to grant resource requests, to account for usage, and to resolve conflicting
requests from different programs and users.

An Operating System is a control program. A control program controls the execution of
user programs to prevent errors and improper use of computer.

Resource management includesW(sharing) resources in two ways: in time
and in space. Nl
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(3)

Time multiplexing

e When a resource is time multiplexed, different programs or users take turns using it.
First one of them gets to use the resource, then another, and so on the algorithm known
as time multiplexing.

e Forexample, CPU and printer are time multiplexed resources. OS decides who will use it
and for how long.

Space multiplexing

e The other kind of multiplexing is space multiplexing, instead of the customers taking
turns, each one gets part of the resource the algorithm known as space multiplexing.

e For example, both primary and secondary memories are space multiplexed. OS
allocates them to user programs and keeps the track of it.

Explain different types of tasks done by 0S. OR

Write different services provided by operating system.

e Operating system services and facilities can be grouped into following areas:
Program development

e Operating system provides editors and debuggers to assist (help) the programmer
in creating programs.

e Usually these services are in the form of utility programs and not strictly part of
core operating system. They are supplied with operating system and referred as
application program development tools.

Program execution
= A number of tasks need to be performed to execute a program, such as instructions
and data must be loaded into main memory. 1I/O devices and files must be
initialized.
» The operating system handles these scheduling duties for the user.
Access to 1/0O devices
» Each I/O devices requires its own set of instruction for operations.

= QOperating system provides a uniform interface that hides these details, so the
programmer can access such devices using simple reads and writes.

Memory Management

= QOperating System manages
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= |t keeps the track of which parts of memory are in use and free memory.
= |t allocates the memory to programs when they need it.

» |t de-allocates the memory when programs finish execution.

Controlled access to file

= |nthe case of file access, operating system provides a directory hierarchy for easy
access and management of files.

= OS provides various file handling commands using which users can easily read,
write, and modify files.

* |n case of system with multiple users, the operating system may provide protection
mechanism to control access to file.

System access

* In case of public systems, the operating system controls access to the system as a
whole.

» The access function must provide protection of resources and data from
unauthorized users.

Error detection and response

= Various types of errors can occur while a computer system is running, which
includes internal and external hardware errors. For example, memory error, device
failure error and software errors as arithmetic overflow.

® |n case, operating system must provide a response that clears error condition with
least impact on running applications.

Accounting

= A good operating system collects usage for various resources and monitor
performance parameters.

= On any system, this information is useful in anticipating need for future
enhancements.

Protection & Security
= QOperating systems provides various options for protection and security purpose.
= |t allows the users to secure files from unwanted usage.
* |t protects restricted memory area from unauthorized access.

= Protection involves ensuring that all access to system resources is controlled.
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(4)Types of os

All the operating system consist of similar component and perform similar functions but the
method and procedure for performing these function are different.
Operating system classified in to different categories based on their features

(4.1)Give the features of Batch Operating System.

Batch operating system is one that processes routine jobs without any interactive user

presents. Such as claim processing in insurance and sales reporting etc.

To improve utilization, the concept of batch operating system was developed.

The batch operating system place the users job on a input queue and these jobs are stored as batch
A batch is sequence of users job

Jobs with similar needs were batched together and were run through the computer as

a group.

The primary function of batch processing system is to implement the processing of job

in batch without requiring any intervention of the operator

It is the task of the batch monitor to execute all jobs at define interval of time

The batch monitor accept the commands for initialization, processing and termination
of batch it execute the next job in sequence

The part of the memory occupied by the batch monitor is called system area and the
part occupied by the user is known as user area.

The scheduling is based on FCFS algorithm

With the use of this type of operating system, the user no longer has direct access to
machine.

* advance inputs i

b g

advance inputs storage
nic+memory=40
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e Advantages:
= Move much of the work of the operator to the computer.
® |ncrease performance since it was possible for job to start as soon as the
previous job finished.
e Disadvantages:
= lLarge Turnaround time.
= More difficult to debug program.
= Due to lack of protection scheme one batch job can affect pending jobs.

(4.2)Explain the features of Time Sharing System.

e Time Sharing is a logical extension of multiprogramming.

o Multiple jobs are executed simultaneously by switching the CPU back and forth among
them.

e The switching occurs so frequently (speedy) that the users cannot identify the presence
of other users or programs.

e Users can interact with his program while it is running in timesharing mode.

e Processor’s time is shared among multiple users. An interactive or hands on computer
system provides online communication between the user and the system.

e Atime shared operating system uses CPU scheduling and multiprogramming to provide
each user with a small portion of a time shared computer. Each user has at least one
separate program in memory.

e A time shared operating system allows many users to share computer simultaneously.
Since each action or command in a time shared system tends to be short, only a little
CPU time is needed for each user.

e The time known as time slice or cpu quantum
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Time
slice

e Advantages :-
= Easytouse
= User friendly
= Quick response time

e Disadvantages:-
= |f any problem affects the OS, you may lose all the contents which have stored

already
Unwanted user can use your own system in case if proper security options are not available

(4.3)Explain the features of Multiprogramming Operating System:

e Multiprogramming is technique to execute number of program simuntensiouly by

single cpu
TR Main memory
- ~5\
"\_ P Operating system
& s AC_J
S Writing output data Job A
N o
R Job B
\\_ o —
o R/
— Job C

Secondary‘disi storage (Waiting for CPU)

Execution in
progress . [ cPU

e |In multiprogramming number of process in main memory
e The os picks and begin to execute one of the job in main memory
If any input output happens in process then cpu switch to another job it is called

multiprogramming
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e The os allows multiple jobs to execute multiple job in single cpu
e Advantages

e Cpuis notideal at any time
e Efficient memory utilization
e Throuput put time is increase

(4.4)Explain the features of Real Time Operating System.

e A real time operating system is used, when there are rigid (strict) time requirements on
the operation of a processor or the flow of data.

e |t is often used as a control device in a dedicated application. Systems that control
scientific experiments, medical imaging systems, and industrial control system are real
time systems. These applications also include some home appliance system, weapon
systems, and automobile engine fuel injection systems.

e Real time Operating System has well defined, fixed time constraints. Processing must be
done within defined constraints or the system will fail.

e Since meeting strict deadlines is crucial in real time systems, sometimes an operating is
simply a library linked in with the application programs.

e There are two types of real time operating system,
= Hard real system:

v' This system guarantees that critical tasks complete on time.

v" Many of these are found in industrial process control, avionics, and military
and similar application areas.

v’ This goal says that all delays in the system must be restricted.
= Soft real system:

v'In soft real-time system, missing an occasional deadline, while not desirable,
is acceptable and does not cause any permanent damage.

v Digital audio or multimedia systems fall in this category.

e Anexample of real time system is e-Cos.
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Process

(1) Whatis Process? Give the difference between Process and Program.

Process:

Process is a program under execution.

It is an instance of an executing program, including the current values of the pro-
gram counter, registers & variables.

Process is an abstraction of a running program.

Process is start when cpu allocate to program

There are many resources are required to create process such as memory, cpu ,i/o files
Once a program is in the process there are many operation done on it like delete , suspend
interrupt, create and dead lock.

Process Program

A process is program in execution. A program is set of instructions.

A process is an active/ dynamic entity. | A program is a passive/ static entity.

A process has a limited life span. It is A program has a longer life span. It is
created when execution starts and stored on disk forever.
terminated as execution is finished.

A process contains various resources A program is stored on disk in some file.
like memory address, disk, printer It does not contain any other resource.
etc... as per requirements.

A process contains memory address A program requires memory space on
which is called address space. disk to store all instructions.

(2) Explain Process Control Block (PCB).

PCB (Process Control Block):

To implement the process model, the operating system maintains a table (an array
of structures) called the process table, with one entry per process, these entries
are known as Process Control Block.

Process table contains the information what the operating system must know to
manage and control process switching, including the process location and process
attributes.

&@adesh Khachariya, CS&IT nt | Operating




O @

Ared "dgnn 1 - ProceSS

e Each process contains some more information other than its address space. This in-

formation is stored in PCB as a collection of various fields. Operating system main-

tains the information to manage process.

PROCESS ID

PRIORITY
PROGRAMN STAE

PROGRAM
COUNMNTE

RGISTERS

EVEMNT
INFORMATIOMN

MEMORY
ALLOCATION

RESOURCE HELD
PCB POINTER

e Various fields and information stored in PCB are given as below:

Process Id: Each process is given Id number at the time of creation.

Priority : it comes in number lesser number has high priority.

Process state: The state may be ready, running, and blocked.

Program counter: The counter indicates the address of the next instruction to
be executed for this process.

CPU registers: The registers vary in number and type, depending on the com-
puter architecture. They include accumulators, index registers, stack pointers,
and general-purpose registers, plus any condition-code information. Along with
the program counter, this state information must be saved when an interrupt
occurs, to allow the process to be continued correctly afterward.
CPU-scheduling(event) information: This information includes a process
priority, point- ers to scheduling queues, and any other scheduling parameters.
Memory-management information: This information may include such infor-
mation as the value of the base and limit registers, the page tables, or the seg-
ment tables, depending on the memory system used by the operating system.
Accounting information(resource held): This information includes the amount
of CPU and real time used, time limits, account numbers, job or process
numbers, and soon.

Status information(Pcb pointer): The information includes the list of I/O devices
allocated to this process, a list of open files, and so on.the pcb pointer point to
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(3)PSTD (Process state transition diagram ):

e PSTD indicate the current nature of the process it display information about the
active process those are scheduled.

e When user is assign program to the system os generate PCB for that job basis on the
policy process are passed in to PSTD with different five state known as process state

transition diagram.

( NEw (TERMINATED

NEW (HOLD) STATE:
e Any process submited to the system it enter in new state job scheduler select the
job basis on the predetrmine policy and send it to ready state.
READY STATE:
e In this state process are ready to get excute , reside in main memory and wait for
theprocessor
RUNNING STATE:

e Process shceduler select the job basis on the algorithem and send it to the
processor there are different types of algorithem as per the os.

WAITING STATE:

e During the execuation of process any input is require then it send to the waiting
state and then ready state.if timer interrupt arise then it directly send to ready
state.

TERMINATED(FINISH) STATE:

e Process shceduler terminate the process. It may be many situation like finish the
process,delete etc.
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(4)What is scheduler? Explain queuing diagram representation of process scheduler with

figure.
Scheduler:
e A program or a part of operating system that arranges jobs or a computer's
operations into an appropriate sequence is called scheduler.
Long-term Timeout
scheduling
[
|
Batch ' Ready queue Short-term Releast
_jobs ' e scheduling —_—
— s Processor
‘ >
Medium-term
: scheduling
Interactive l
o y Ready, suspend queue
~—l
pEa— N\
N
\\
Medium-term
scheduling
7/
/
Blocked, suspend queue L
S ’/
Blocked queue
Event & Event wait
oceurs B

Figure 3-6 A Queuing diagram representation of process scheduler

&@afesh Khachariya, CS&IT nt | Operating




/

ATMIYA

Sy

UNIVERSITY

7red wdgEna 1 = PrOCeSS

As processes enter the system, they are put into a job queue (batch jobs), which
consists of all processes in the system.

The processes that are residing in main memory and are ready and waiting to
execute are kept on a list called the ready queue and wait there until it is selected
for execution or dispatched.

The process therefore may have to wait for the disk. The list of processes waiting for
a particular 1/0 device is called a device queue. Each device has its own device
queue.

Once the process is allocated the CPU and is executing, one of several events could
occur:

v The process could issue an I/O request and then be placed in an I/0 queue.

v" The process could create a new sub process and wait for the sub process's
termination.

v' The process could be removed forcibly from the CPU, as a result of an
interrupt, and be put back in the ready queue.

Scheduler

Schedulers are special system software which handles process scheduling in various
ways.

Their main task is to select the jobs to be submitted into the system and to decide
which process to run.

Schedulers are of three types:

1. Long Term Scheduler

2. Short Term Scheduler

3. Medium Term Scheduler

Long Term Scheduler

It is also called job scheduler.

Long term scheduler determines which programs are admitted to the system for
processing.

Job scheduler selects processes from the queue and loads them into memory for
execution.

Process loads into the memory for CPU scheduling. The primary objective of the job
scheduler is to provide a balanced mix of jobs, such as I/O bound and processor
bound.

It also controls the degree ofAQal 6% mming.
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e |f the degree of multiprogramming is stable, then the average rate of process
creation must be equal to the average departure rate of processes leaving the
system.

e Onsome systems, the long term scheduler may not be available or minimal.

e Time-sharing operating systems have no long term scheduler.

e When process changes the state from new to ready, then there is use of long term
scheduler.

Short Term Scheduler

e |tisalso called CPU scheduler.

e Main objective is increasing system performance in accordance with the chosen set
of criteria.

e |tis the change of ready state to running state of the process.

e CPU scheduler selects process among the processes that are ready to execute and
allocates CPU to one of them.

e Short term scheduler also known as dispatcher, execute most frequently and makes
the fine grained decision of which process to execute next.

e Short term scheduler is faster than long term scheduler.

Medium Term Scheduler

e Medium term scheduling is part of the swapping.

e |t removes the processes from the memory.

e |t reduces the degree of multiprogramming.

e Running process may become suspended if it makes an /O request.

e Suspended processes cannot make any progress towards completion.

e Inthis condition, to remove the process from memory and make space for other
process, the suspended process is moved to the secondary storage.

e This process is called swapping, and the process is said to be swapped out or rolled
out.

e Swapping may be necessary to improve the process mix. e of handling the swapped
out-processes.
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(5)What is scheduling algorithm, Types of algorithm? How it is handled a process?

@

Basis on the algorithm which process execute first and which process execute last there are

two types of algorithm.
Preemptive scheduling algorithm:

Preemptive Scheduling is a CPU scheduling technique that works by dividing time slots of
CPU to a given process. The time slot given might be able to complete the whole process or
might not be able to it.

Currently running process may be interrupted by os and put into ready state

Time interrupt is done then context switches is occurs

In preemptive scheduling algorithm running process may be interrupted by high
priority process with low priority process.

Non Preemptive scheduling algorithm:

in non-preemptive scheduling, any new process has to wait until the running process
finishes its CPU cycle.

A non preemptive scheduling it process scheduled request to completion state

In non —preemptive scheduling cpu transfer one job to another when first job gets
complete

The list of pending request never contain preempted request

(5.1)What is interrupt? How it is handled by an 0S?

A software interrupt is caused either by an exceptional condition in the processor it-
self, or a special instruction in the instruction set which causes an interrupt when it
is executed.

The former is often called a trap or exception and is used for errors or events occur-
ring during program execution that is exceptional enough that they cannot be han--
dled within the program itself.

Interrupts are a commonly used technique for process switching.
Two types of interrupts timer interrupt and priority interrupt

Associated with each I/O device class (e.g., floppy disks, hard disks etc...) there is a
location (often near the bottom of memory) called the interrupt vector.

It contains the address of the interrupt service procedure.

Suppose that user process 3 is running when a disk interrupt occurs.

User process 3’s program counter, program status word, and possibly one or more
registers are pushed onto the (current) stack by the interrupt hardware.

The computer then jumps to th iy ss specified in the disk interrupt vector.
That is all the hardware doegey . <
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(5.2)What is context switching?

Switching the CPU to another process requires saving the state of the old process and
loading the saved state for the new process.

This task is known as a context switch.

The context of a process is represented in the PCB of a process; it includes the value of
the CPU registers, the process state and memory-management information.

When a context switch occurs, the kernel saves the context of the old process in its PCB
and loads the saved context of the new process scheduled to run.

Context-switch time is pure overhead, because the system does no useful work while
switching.

Its speed varies from machine to machine, depending on the memory speed, the num-
ber of registers that must be copied, and the existence of special instructions.

process P, operating system process P,

interrupt or system call

executing Jl
T save state into PCB,
.
reload state from PCB;

ridle interrupt or system call executing

v
save state into PCB, l
: idle
J reload state from PCB,
executing l[

Figure 2-1. Context Switching

idle
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(5.3)Define following terms:
Race Condition

e Race condition can be defined as situation where two or more processes are reading
or writing some shared data and the final result depends on who runs precisely
when (their relative execution order).

Mutual Exclusion

e |t is a way of making sure that if one process is using a shared variable or file; the
other process will be excluded (stopped) from doing the same thing.

Turnaround Time

e Time required to complete execution of process is known as turnaround time.
e Turnaround time = Process finish time — Process arrival time.

Throughput
e Number of processes completed per time unit is called throughput.
Critical Section

e The part of program or code of segment of a process where the shared resource is
accessed is called critical section.

Waiting time
e |tis total time duration spent by a process waiting in ready queue.
e Waiting time = Turnaround time — Actual execution time.

Response Time

It is the time between issuing a command/request and getting output/result
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(11)

Explain FCFS, Round Robin, Shortest Job First, Shortest Remaining Job First and Priority
Scheduling algorithms with illustration.

FCFS (First Come First Serve):

e Selection criteria :

The process that request first is served first. It means that processes are served in the
exact order of their arrival.

e Decision Mode :
Non preemptive: Once a process is selected, it runs until it is blocked for an 1/0 or
some event, or it is terminated.

¢ Implementation:

This strategy can be easily implemented by using FIFO queue, FIFO means First In First
Out. When CPU becomes free, a process from the first position in a queue is selected
to run.

e Example:

Consider the following set of four processes. Their arrival time and time required to
complete the execution are given in following table. Consider all time values in
milliseconds.

Process | Arrival Time (TO) | Time required for completion (AT)
(CPU Burst Time)

PO 0 10
P1 1 6
P2 3 2
P3 5 4

e Gantt Chart :
‘ PO P1 P2 P3

0 10 16 18 22

e Initially only process PO is present and it is allowed to run. But, when PO completes,

all other processes are present. So, next process P1 from ready queue is selected and
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allowed to run till it completes. This procedure is repeated till all processes completed
their execution.
e Statistics :
Process Arrival CPU Burst Finish Time Turnaround Time | Waiting Time
Time (T0) Time (AT) (T1) (TAT=T1-T0) (WT=TAT-AT)
PO 0 10 10 10 0
P1 1 6 16 15 9
P2 3 2 18 15 13
P3 5 4 22 17 13
Average Turnaround Time: (10+15+15+17)/4 | =57/4 = 14.25 ms.
Average Waiting Time: (0+9+13+13)/4 | =35/4 =8.75 ms.

e Advantages:
» Simple, fair, no starvation.

» Easy to understand, easy to implement.

¢ Disadvantages:
> Not efficient. Average waiting time is too high.

» Convoy effect is possible. All small 1/0 bound processes wait for one big CPU
bound process to acquire CPU.

» CPU utilization may be less efficient especially when a CPU bound process is
running with many 1/0 bound processes.

Il | Shortest Job First (SJF):

e Selection Criteria :
The process, that requires shortest time to complete execution, is served first.
e Decision Mode :

Non preemptive: Once a process is selected, it runs until either it is blocked for an 1/0
or some event, or it is terminated.

¢ Implementation :
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This strategy can be implemented by using sorted FIFO queue. All processes in a
gueue are sorted in ascending order based on their required CPU bursts. When CPU
becomes free, a process from the first position in a queue is selected to run.

Example :
Consider the following set of four processes. Their arrival time and time required to
complete the execution are given in following table. Consider all time values in

milliseconds.
Process Arrival Time Time required for completion (AT)
(TO) (CPU Burst Time)
PO 0 10
P1 1 6
P2 3 2
P3 5 4
e Gantt Chart:
PO P2 P3 P1
0 10 12 16 22

Initially only process PO is present and it is allowed to run. But, when PO completes,
all other processes are present. So, process with shortest CPU burst P2 is selected and
allowed to run till it completes. Whenever more than one process is available, such
type of decision is taken. This procedure us repeated till all process complete their
execution.

e Statistics :
Process Arrival Time CPU Burst Finish Time Turnaround Time Waiting Time
(TO) Time (AT) (T1) (TAT=T1-TO) (Wt=TAT-AT)
PO 0 10 10 10 0
P1 1 6 22 21 15
P2 3 2 12 9 7
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P3 5 4 16 11 7
Average Turnaround Time: (10+21+9+11)/4 =51/4 =12.75 ms.
Average Waiting Time: (0+1547+7)/ 4 =29/4 =7.25 ms.

e Advantages:

> Less waiting time.
» Good response for short processes.

Disadvantages :
» It is difficult to estimate time required to complete execution.

» Starvation is possible for long process. Long process may wait forever.

Shortest Remaining Time Next (SRTN):

Selection criteria :
The process, whose remaining run time is shortest, is served first. This is a preemptive
version of SJF scheduling.

Decision Mode:

Preemptive: When a new process arrives, its total time is compared to the current
process remaining run time. If the new job needs less time to finish than the current
process, the current process is suspended and the new job is started.

Implementation :

This strategy can also be implemented by using sorted FIFO queue. All processes in a
gueue are sorted in ascending order on their remaining run time. When CPU becomes
free, a process from the first position in a queue is selected to run.

Example :

Consider the following set of four processes. Their arrival time and time required to
complete the execution are given in following table. Consider all time values in
milliseconds.

Process | Arrival Time (TO) | Time required for completion (AT)

(CPU Burst Time)

PO 0 10

P1 1 6

Haresh Khachariya CS&IT| Operating System (20




A
@V ATMIYA
UNIVERSITY
A A Ared BAygenn

Vv Process Scheduling
P2 3 2
P3 5 4
e Gantt Chart:
PO |(P1 (P2 |P1 P3 PO
0 1 3 5 9 13 22
e |Initially only process PO is present and it is allowed to run. But, when P1 comes, it has shortest
remaining run time. So, PO is preempted and P1 is allowed to run. Whenever new process
comes or current process blocks, such type of decision is taken. This procedure is repeated
till all processes complete their execution.
e Statistics :
Process Arrival time Completion Finish Time Turnaround Time | Waiting Time
(T0) Time (AT) (T1) (TAT=T1-TO) (WT=TAT-AT)
PO 0 10 22 22 12
P1 1 6 9 8 2
P2 3 2 5 2 0
P3 5 4 13 8 4
Average Turnaround Time: (22+8+2+8) / 4 =40/4 =10 ms.
Average Waiting Time: (12+2+0+4)/4 =18/4 =4.5 ms.
e Advantages:

> Less waiting time.

» Quite good response for short processes.

Disadvantages :

» Again it is difficult to estimate remaining time necessary to complete execution.
» Starvation is possible for long process. Long process may wait forever.

» Context switch overhead is there.
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IV | Round Robin:

e Selection Criteria:

e Each selected process is assigned a time interval, called time quantum or time slice.
Process is allowed to run only for this time interval. Here, two things are possible:
First, Process is either blocked or terminated before the quantum has elapsed. In this
case the CPU switching is done and another process is scheduled to run. Second,
Process needs CPU burst longer than time quantum. In this case, process is running
at the end of the time quantum. Now, it will be preempted and moved to the end of
the queue. CPU will be allocated to another process. Here, length of time quantum is
critical to determine.

e Decision Mode:

Preemptive:

¢ Implementation:
This strategy can be implemented by using circular FIFO queue. If any process comes,
or process releases CPU, or process is preempted. It is moved to the end of the queue.
When CPU becomes free, a process from the first position in a queue is selected to
run.

e Example:
Consider the following set of four processes. Their arrival time and time required to
complete the execution are given in the following table. All time values are in
milliseconds. Consider that time quantum is of 4 ms, and context switch overhead is
of 1 ms.

Process | Arrival Time (TO) | Time required for completion (AT)

PO 0 10
P1 1 6
P2 3 2
P3 5 4

e Gantt Chart:
PO \ ]m \ \pz PO \ \ps \ \m \ \po
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0 4 5 910121317 1822232526 28

e At4dms, process PO completes its time quantum. So it preempted and another process
P1 is allowed to run. At 12 ms, process P2 voluntarily releases CPU, and another
process is selected to run. 1 ms is wasted on each context switch as overhead. This
procedure is repeated till all process completes their execution.

e Statistics:
Process Arrival time Completion Finish Time Turnaround Time | Waiting Time
(T0) Time (AT) (T1) (TAT=T1-T0) (WT=TAT-AT)
PO 0 10 28 28 18
P1 1 6 25 24 18
P2 3 2 12 9 7
P3 5 4 22 17 13
Average Turnaround Time: (28+24+9+17)/4 =78/4 =19.5ms
Average Waiting Time: (18+18+7+13)/4 | =56/4 =14 ms

e Advantages:
» One of the oldest, simplest, fairest and most widely used algorithms.
e Disadvantages:
» Context switch overhead is there.
» Determination of time quantum is too critical. If it is too short, it causes frequent context

switches and lowers CPU efficiency. If it is too long, it causes poor response for short
interactive process.

V | Non Preemptive Priority Scheduling:

e Selection criteria:

The process, that has highest priority, is served first.

e Decision Mode:

Non Preemptive: Once a process is selected, it runs until it blocks for an 1/O or some
event, or it terminates.
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Implementation :

This strategy can be implemented by using sorted FIFO queue. All processes in a
queue are sorted based on their priority with highest priority process at front end.
When CPU becomes free, a process from the first position in a queue is selected to
run.

Example :

Consider the following set of four processes. Their arrival time, total time required
completing the execution and priorities are given in following table. Consider all time
values in millisecond and small values for priority means higher priority of a process.

Process | Arrival Time (TO) | Time required for completion ( AT) | Priority
PO 0 10 5
P1 1 6 4
P2 3 2 2
P3 5 4 0

Here, process priorities are in this order: P3 > P2 > P1 > PO.

Gantt Chart :

PO P3 ‘ P2 ‘ P1 ‘
0 10 14 16 22

Initially only process PO is present and it is allowed to run. But, when PO completes, all other
processes are present. So, process with highest priority P3 is selected and allowed to run till
it completes. This procedure is repeated till all processes complete their execution.

Statistics :

Process Arrival time Completion Finish Time Turnaround Time | Waiting Time
(TO) Time (AT) (T1) (TAT=T1-TO) (TAT-AT)
PO 0 10 10 10 0
P1 1 6 22 21 15
P2 3 2 16 13 11
P3 5 4 14 9 5

Average Turnaround Time: ‘ (10+ +9) /4 ‘ =53/4
& Unjp
N @

=13.25ms

A .
L
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Average Waiting Time: (0+15+11+5) / 4 =31/4 =7.75ms

e Advantages:
» Priority is considered. Critical processes can get even better response time.
o Disadvantages:
» Starvation is possible for low priority processes. It can be overcome by using
technique called ‘Aging’.
» Aging: gradually increases the priority of processes that wait in the system for a
long time.

Preemptive Priority Scheduling:

e Selection criteria :
The process, that has highest priority, is served first.

e Decision Mode:

Preemptive: When a new process arrives, its priority is compared with current
process priority. If the new job has higher priority than the current, the current
process is suspended and new job is started.

e Implementation :
This strategy can be implemented by using sorted FIFO queue. All processes in a
gueue are sorted based on priority with highest priority process at front end. When
CPU becomes free, a process from the first position in a queue is selected to run.

e Example:
Consider the following set of four processes. Their arrival time, time required
completing the execution and priorities are given in following table. Consider all time
values in milliseconds and small value of priority means higher priority of the process.

Process | Arrival Time (TO) | Time required for completion ( AT) | Priority
PO 0 10 5
P1 1 6 4
P2 3 2 2
P3 5 4 0

Here process priorities are in this order: P3>P2>P1>P0
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e Gantt chart:
PO |P1 |P2 |P3 P1 PO
0 1 3 5 9 13 22
e Initially only process PO is present and it is allowed to run. But when P1 comes, it has higher
priority. So, POis preempted and P1is allowed to run. This process is repeated till all processes
complete their execution.
e Statistics:
Process Arrival time Completion Finish Time Turnaround Time | Waiting Time
(TO) Time (AT) (T1) (TAT=T1-TO) (TAT-AT)
PO 0 10 22 22 12
P1 1 6 13 12 6
P2 3 2 5 2 0
P3 5 4 9 4 0
Average Turnaround Time: (22+12+2+4) / 4 =40/4 =10 ms
Average Waiting Time: (12+6+0+0) / 4 =18/4 =4.5ms
e Advantages:
» Priority is considered. Critical processes can get even better response time.
o Disadvantages:
» Starvation is possible for low priority processes. It can be overcome by using
technique called ‘Aging’.
» Aging: gradually increases the priority of processes that wait in the system for a
long time.
» Context switch overhead is there.
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(2) | Five batch jobs A to E arrive at same time. They have estimated running times 10,6,2,4 and 8
minutes. Their priorities are 3,5,2,1 and 4 respectively with 5 being highest priority. For each
of the following algorithm determine mean process turnaround time. Ignore process swapping
overhead.

Round Robin, Priority Scheduling, FCFS, SJF.

Process Running Time Priority
Time required for completion ( AT)
A 10 3
B 6 5
C 2 2
D 4 1
E 8 4

First Come First Served:

| A B [c] Do | E |
0 10 16 18 22 30
Process | Arrivaltime | Completion Finish Time Turnaround Time | Waiting Time
(T0) Time (AT) (T1) (TAT=T1-T0) (TAT-AT)
A 0 10 10 10 0
B 0 6 16 16 10
C 0 2 18 18 16
D 0 4 22 22 18
E 0 8 30 30 22
Average Turnaround Time: (10+16+18+22+30) /5 | =96/5 =19.2 ms
Average Waiting Time: (0+10+16+18+22) /5 | =56/5 | =13.2ms
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Average Turnaround Time: ‘ (24+ 0+14)/5 ‘ =100/5
& G Uﬂfy
2 S

Shortest Job First:
el o [ 8 [ B | A |
0 2 6 12 20 30
Process Arrival Completion Finish Time Turnaround Time | Waiting Time
time (TO) Time (AT) (T1) (TAT=T1-TO) (TAT-AT)
A 0 10 30 30 20
B 0 6 12 12 6
C 0 2 2 2 0
D 0 4 6 6 2
E 0 8 20 20 12
Average Turnaround Time: (30+12+2+6+20) / 5 =70/5 =14 ms
Average Waiting Time: (20+6+0+2+12) /5 =40/5 =8 ms
Priority:
B E A | c| b |
0 6 14 24 26 30
Process Arrival Completion Finish Time | Turnaround Time | Waiting Time
time (TO) Time (AT) (T1) (TAT=T1-TO) (TAT-AT)
A 0 10 24 24 14
B 0 6 6 6 0
C 0 2 26 26 24
D 0 4 30 30 26
E 0 8 14 14 6
=20ms
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Average Waiting Time: (14+0+24+26+6) / 5 =70/5 =14 ms
Round Robin:

Time slice OR Quantum time= 2min.

jafejcfofefafsjojefajofe|aje]n
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Process | Arrival time Completion Finish Time Turnaround Time | Waiting Time
(T0) Time (AT) (T2) (TAT=T1-T0) (TAT-AT)
A 0 10 30 30 20
B 0 6 22 22 16
C 0 2 6 6 4
D 0 4 16 16 12
E 0 8 28 28 20
Average Turnaround Time: (30+22+6+16+28) /5 | =102/5 | =20.4ms
Average Waiting Time: (20+16+4+12+20) /5 | =72/5 | =14.4ms

(3) | Suppose that the following processes arrive for the execution at the times indicated. Each
process will run the listed amount of time. Assume preemptive scheduling.

Process Arrival Time (ms) Burst Time (ms)
P1 0.0 8
P2 0.4 4
P3 1.0 1

What is the turnaround time for these processes with Shortest Job First scheduling algorithm?
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(4) | Consider the following set of processes with length of CPU burst time given in milliseconds.

Process Burst Time  Priority
P1 10 3
P2 1 1
P3 2 3
P4 1 4
P5 5 2

Assume arrival orderis: P1, P2, P3, P4, P5 all at time 0 and a smaller priority number implies a
higher priority. Draw the Gantt charts illustrating the execution of these processes using
preemptive priority scheduling.
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(1) Compare multiprogramming with fixed partition & multiprogramming with
variable partition with diagram. OR

Explain swapping in memory management.

Swapping

In practice total amount of memory needed by all the processes is often much more
than the available memory.
Swapping is used to deal with memory overhead.
Swapping consists of bringing in each process in its entirety, running it for a while,
then putting it back on the disk.
The event of copying process from hard disk to main memory is called as Swapped-
in.
The event of copying process from main memory to hard disk is called as Swapped-
out.
When swapping creates multiple holes in memory, it is possible to combine them all
into one big one by moving all the processes downward as far as possible. This
technique is called as memory compaction.
Two ways to implement Swapping System

=  Multiprogramming with Fixed partitions.

=  Multiprogramming with dynamic partitions.

Multiprogramming with Fixed partitions

This method allows multiple processes to execute simultaneously.
Here memory is divided into fixed sized partitions. Size can be equal or unequal for

different partitions.

Generally unequal partitions are used for better utilizations.
Each partition can accommodate exactly one process, means only single process can
be placed in one partition.
The partition boundaries are not movable.
Whenever any program needs to be loaded in memory, a free partition big enough
to hold the program is found. This partition will be allocated to that program or
process.
If there is no free partition available of required size, then the process needs to
wait. Such process will be put in a queue.
There are two ways to maintain queue

= Using multiple Input Queues.
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e The disadvantage of sorting the incoming jobs into separate queues becomes
apparent when the queue for a large partition is empty but the queue for a small
partition is full, as is the case for partitions 1 and 3 in Fig. 5-1(a).

o Here small jobs have to wait to get into memory, even though plenty of memory is
free. An alternative organization is to maintain a single queue as in Fig. 5-1(b).
Whenever a partition becomes free, the job closest to the front of the queue that
fits in it could be loaded into the empty partition and run.

D—D— Partition - 4 Partition - 4
Partition - 3 Partition - 3
Multiple
Input
Queues
|:| Partition - 2 Partition - 2
D—D—D— Partition - 1 Partition - 1
Operating Operating
System System

Figure 5-1. (a) Fixed memory partitions with separate input queues for each partition.

(b) Fixed memory partitions with a single input queue.

Multiprogramming with dynamic partitions
e This method also allows multiple processes to execute simultaneously.
e Here, memory is shared among operating system and various simultaneously
running processes.

e Memory is not divided into any fixed partitions. Also the number of partitions is not

fixed. Process is allocated exactly as much memory as it requires.

e |Initially, the entire available memory is treated as a single free partition.

e Whenever any process enters in a system, a chunk of free memory big enough to fit
the process is found and allocated. The remaining unoccupied space is treated as
another free partition.

e If enough free memory is not available to fit the process, process needs to wait until
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e Whenever any process gets terminate, it releases the space occupied. If the
released free space is contiguous to another free partition, both the free partitions
are merged together in to single free partition.

e Better utilization of memory than fixed sized size partition.

e This method suffers from External fragmentation.

Time —>

7 // [ iz ewd i vz,

/ c c c c c

% %
A B B B B 2
i Wil

D D D
Operating Operating Operating Operating Operating Operating Operating
system system system system system system system

(@ (b) () (d) (e) (f) ()
Figure 5-2. Memory allocation changes as processes come into memory and leave it.

The shaded regions are unused memory.

(2) Explain memory management with Linked list and Bit maps.

e When memory is assigned dynamically, the operating system must manage it.
e Ingeneral there are two ways to keep track of memory usage.

=  Memory Management with Bitmap.

=  Memory Management with Linked List.

Memory Management with Bitmap

With bitmap, memory is divided into allocation units.

e Corresponding to each allocation unit there is a bit in a bitmap.

e Bitis O if the unit is free.

e Bitis 1if unitis occupied.

e The size of allocation unit is an important design issue, the smaller the size, the
larger the bitmap.

e The main problem is that when it has been decided to bring a k unit process, the
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map.
e Searching a bitmap for a run of a given length is a slow operation.
e Figure 5-3 shows part of memory and the corresponding bitmap.

Memory Management with Linked List

e Another way to keep track of memory is to maintain a linked list of allocated and
free memory segments, where segment either contains a process or is an empty
hole between two processes.

e The memory of Fig. 5-3(a) is represented in Fig. 5-3(c) as a linked list of segments.

e Each entry in the list specifies a hole (H) or process (P), the address at which it starts

the length and a pointer to the next entry.

>////v lllBLL lcll %/ lllDll lEl ’V/A//é :j

11111000 Plo[s] J=[H[s]3] J=[rP]e]6[ J[rP[1a[4] 4
11111111
11001111 C
11111000 :1132‘—'-*-53206 —=| P |26 3| | H|29| 3| X
X A / 1 \ T
L———— 7 Hole Starts Length Process
at18 2
(b) {c)

Figure 5-3. (a) A part of memory with five processes and three holes. The tick marks
show the memory allocation units. The shaded regions (0 in the bitmap) are free. (b)
The corresponding bitmap. (c) The same information as a list.

e The segment list is kept sorted by address. Sorting this way has the advantage that
when a process terminates or is swapped out, updating the list is straightforward.

e Aterminating process normally has two neighbors (except when it is at the very top
or bottom of memory).

e These may be either processes or holes, leading to the four combinations of Fig. 5-4.
In Fig. 5-4(a) updating the list requires replacing a P by an H. In Fig. 5-4(b) and Fig. 5-
4(c) two entries are merged into one, and the list becomes one entry shorter.

e In Fig. 5-4(d), three entries are me and two items are removed from the list.
& njy
N [SA ]
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- A

Before X terminates After X terminates
(a)lAleBl becomes IAI%AﬂBl

(b) | A I X V% becomes | A V %
(c) WA X I B | becomes V// 4 B |
(d) IV/A X WA becomes V // %

Figure 5-4. Four neighbor combinations for the terminating process X.

(3) Given memory partition of 100K, 500K, 200K, 300K, and 600K in order, how would
each of the First-fit, Next fit, Best-fit and Worst-fit algorithms place the processes of
212K, 417K, 112K and 426K in order? Which algorithm makes the most efficient
use of memory? Show the diagram of memory status in each case.

Given memory Partition is as shown below.

100k 500k 200k 300k 600k

First Fit:

e Search Starts from the starting location of the memory.

e First available hole that is large enough to hold the process is selected for allocation.

e The hole is then broken up into two pieces, one for process and another for unused
memory.

e Search time is smaller here.

e Memory loss is higher, as very large hole may be selected for small process.

e Here process of size 426k will not get any partition for allocation.

100k 176k 200k 300k 183k

Haresh Khachariya Dept: CS&IT | — Operating Sys
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e Next fit is minor variation of first fit algorithm.

e |t works in the same way as first fit, except that it keeps the track of where it is
whenever it finds a suitable hole.

e The next time when it is called to find a hole, it starts searching the list from the
place where it left off last time.

e Search time is smaller here.

e Here process of size 426k will not get any partition for allocation.

100k 288k 200k 300k 71k

e Entire memory is searched here.
e The smallest hole, which is large enough to hold the process, is selected for

Best Fit

allocation.
e Search time is high, as it searches entire memory.

e Memory loss is less. More sensitive to external fragmentation, as it leaves tiny holes

into which no process can fit.

1’n’m

e Entire memory is searched here also. The largest hole, which is largest enough to
hold the process, is selected for allocation.

e This algorithm can be used only with dynamic partitioning.

e Here process of size 426k will not get any partition for allocation.

100k 500k 200k 300k 276k

Best fit algorithm gives the efficient allocation of memory.

(4) Whatis Virtual Memory? Explain.
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e The basic idea behind virtual memory is that each program has its own address
space, which is broken up into pages.

e Each page is a contiguous range of addresses.

e These pages are mapped onto the physical memory but, to run the program, all
pages are not required to be present in the physical memory.

e The operating system keeps those parts of the program currently in use in main
memory, and the rest on the disk.

e Virtual memory works fine in a multiprogramming system, with bits and pieces of
many programs in memory at once.

e While a program is waiting for part of itself to be brought in, it is waiting for I/0 and
cannot run, so the CPU can be given to another process.

e In a system using virtual memory, the physical memory is divided into page frames
and the virtual address space is divided in into equally-sized partitions called pages.

(5) Whatis paging? Explain the conversion of virtual address in paging with example.
Paging

e The program generated address is called as Virtual Addresses and form the Virtual
Address Space.

e Most virtual memory systems use a technique called paging.

e Virtual address space is divided into fixed-size partitions called pages.

e The corresponding units in the physical memory are called as page frames.

e The pages and page frames are always of the same size.

e Size of Virtual Address Space is greater than that of Main memory, so instead of
loading entire address space in to memory to run the process, MMU copies only
required pages into main memory.

e In order to keep the track of pages and page frames, OS maintains a data structure
called page table.

The conversion of virtual address to physical address

e When virtual memory is used, the virtual address is presented to an MMU (Memory
Management Unit) that maps the virtual addresses onto the physical memory
addresses.

e Avery simple example of how this mapping works is shown in Fig. 5-6.

e In this example, we have a computer generated 16-bit addresses, from 0 up to 64K.
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However, only 32 KB of physical memory is available, so although 64-KB programs
can be written, they cannot be loaded in to memory in their entirety and run.

A complete copy of a program’s core image, up to 64 KB, must be present on the
disk. Only required pages are loaded in the physical memory.

Virtual
address
space
60K—64K X
56K—60K X } Virtual page
52K—56K X
48K—52K X
44K—48K 7
40K-44K | X _
36K—40K 5 ﬁgﬁg‘;'
32K-36K X address
28K—32K X 28K—32K
24K—28K X 24K—28K
20K—24K 3 20K—24K
16K—20K 4 16K—20K
12K 16K | o0 TRy 12K 16K
8K—12K 6 8K—12K
4K—8K 1 4K-8K
OK—4K 2 N\ h\ OK—aK

Page frame

Figure 5-5. The relation between virtual addresses and physical memory addresses is
given by the page table.

With 64 KB of virtual address space and 32 KB of physical memory, we get 16 virtual
pages and 8 page frames.

Transfers between RAM and disk are always in units of a page.

The virtual address is split into a virtual page number (high order bits) and an offset
(low-order bits).

With a 16-bit address and a 4 - KB page size, the upper 4 bits could specify one of
the 16 virtual pages and the lower 12 bits would then specify the byte offset (0 to
4095) within the selected page.

The virtual page number is used as an index into the Page table.

If the present/absent bit is O, it is page-fault; a trap to the operating system is
caused to bring required page into main memory.

If the present/absent bit is 1, required page is there with main memory and page
Un
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frame number found in the page table is copied to the higher order bit of the output
register along with the offset.
offset address.

Physical Address = Page frame Number + offset of virtual address.

Together Page frame number and creates  physical

Outgoing
[ To]o[o[e[o[o[o[o[o o[ 0[] physical

L (24580)
15| 000 0
14| 000 0
13| 000 0
12| 000 0
11 111 1
10 000 | O

i L ! 12-bit offset

-bit offse
Page 9] 00 1O copied directly
table 7| _000 0 from input

6| 000 0 to output

5 011 1

4| 100 1

3| 000 1

2 110 [1}] 110 |

1| 001 1 p ”

resen

0 _oio L ‘/absent bit

Virtual page = 2 is used

as an index into the

page table |?;‘3g‘|ling

A Vi
d
[oe[To[oTolo[o[o]o[o o[o[1[o[o] o
i

Figure 5-6. The internal operation of the MMU with 16 4-KB pages.

(6) Explain page table in brief. OR

Explain Structure of Page Table.

Page Table

Page table is a data structure which translates virtual address into equivalent

physical address.

The virtual page number is used as an index into the Page table to find the entry for
that virtual page and from the Page table physical page frame number is found.
Thus the purpose of page table is to map virtual pages onto page frames.

Typical fields of page table are
)
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bits, Modified field, Referenced field, Cashing disabled field etc...

Caching
disabled Modified Present/absent

V-, /

%////% \ \ r Page frame number

\ \

Referenced Protection

Figure 5-7. A typical page table entry

o Different fields of typical page table are as below
o Page frame Number: This field shows the corresponding physical page frame

number for a particular virtual page.
e Present/Absent bit: If this bit is 1, the entry is valid and can be used, if it is O the
virtual page to which the entry belongs is not currently in memory. Accessing

page table entry with this bit set to 0 causes a page fault.
e The Protection bits: This tells what kind of access is permitted. In the simplest
form, this field contains 1 bit, with O for read/write and 1 for read only.

e Modified bit: When a page is written to, the hardware sets the modified bit. If
the page in memory has been modified, it must be written back to disk. This bit
is also called as dirty bit as it reflects the page’s state.

o Referenced bit: A references bit is set whenever a page is referenced, either for

reading or writing. Its value helps operating system in page replacement
algorithm.

e Cashing Disabled bit: This feature is important for pages that maps onto device
registers rather than memory. With this bit cashing can be turned off.

(7) Explain Following Terms.
Demand Paging

e In paging system, processes are started up with none of their pages in memory.

e When CPU tries to fetch the first instruction, it gets page fault, other page faults for
global variables and stack usually follow quickly.

e After a while, the process has most of the pages it needs in main memory and it has
few page faults.
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e This strategy is called demand paging because pages are loaded only on demand,
not in advance.

Working Set

e The set of pages that a process is currently using is known as working set.

Thrashing

e A program causing page faults every few instructions is said to be thrashing.
Pre-paging
e Many paging systems try to keep track of each process‘working set and make sure
that it is in memory before letting the process run.
e Loading pages before allowing processes to run is called pre-paging.

Explain the various page replacement strategies.
Various page replacement strategies are explained below.

Optimal Page Replacement Algorithm

e The moment a page fault occurs, some set of pages will be in the memory.

e One of these pages will be referenced on the very next instruction.

e Other pages may not be referenced until 10, 100, or perhaps 1000 instructions later.

e Each page can be labeled with the number of instructions that will be executed
before that page is first referenced.

e The optimal page algorithm simply says that the page with the highest label should
be removed.

e The only problem with this algorithm is that it is unrealizable.

e At the time of the page fault, the operating system has no way of knowing when
each of the pages will be referenced next.

FIFO Page replacement Algorithm

e The first in first out page replacement algorithm is the simplest page replacement
algorithm.

e The operating system maintains a list of all pages currently in memory, with the
most recently arrived page at the tail and least recent at the head.

e On a page fault, the page at head is removed and the new page is added to the tail.

e When a page replacement is required the oldest page in memory needs to be

replaced.
e The performance of the FIFO
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that the page which is the oldest is frequently referred by OS.
e Hence removing the oldest page may create page faultagain.

The Second Chance Page Replacement Algorithm

e A simple modification to FIFO that avoids the problem of throwing out a heavily
used page is to inspect the R bit of the oldest page.

o Ifitis O, the page is both old and unused, so it is replaced immediately. If the R bit is
1, the bit is cleared, the page is put onto the end of the list of pages, and its load
time is updated as though it had just arrived in memory. Then the search continues.

e The operation of this algorithm is called second chance.

e What second chance is doing is looking for an old page that has not been referenced
in the previous clock interval. If all the pages have been referenced, second chance
degenerates into pure FIFO.

Page loaded first
\ Most recently

0o 3 12 14 15 ‘8/1oadedpage
AHHBIHHCcHHDHEHFHHGHH

-~
@

A is treated like a
e newly loaded pagel

()
Figure 5-8. Operation of second chance. (a) Pages sorted in FIFO order. (b) Page list ifa
page fault occurs at time 20 and A has its R bit set. The numbers above the pages are
their loading times.

The Clock Page Replacement Algorithm

e Although second chance is a reasonable algorithm, it is unnecessarily inefficient
because it is constantly moving pages around on its list.

e Abetter approach is to keep all the page frames on a circular list in the form of a
clock, as shown in Fig. 5-9.

e A hand points to the oldest page.

e When a page fault occurs, the page being pointed to by the hand is inspected.
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When a page fault occurs,
the page the hand is
r D pointing to is inspected.

The action taken depends

on the R hit:
R = 0: Evict the page
R = 1: Clear R and advance hand

G

Figure 5-9. The clock page replacement algorithm.

If its R bit is 0, the page is evicted, the new page is inserted into the clock in its
place, and the hand is advanced one position. If Ris 1, it is cleared and the hand is
advanced to the next page.

This process is repeated until a page is found with R = 0. Not surprisingly, this
algorithm is called clock.

It differs from second chance only in the implementation.

LRU (Least Recently Used) Page Replacement Algorithm

A good approximation to the optimal algorithm is based on the observation that
pages that have been heavily used in last few instructions will probably be heavily

used again in next few instructions.

When page fault occurs, throw out the page that has been used for the longest
time. This strategy is called LRU (Least Recently Used) paging.

To fully implement LRU, it is necessary to maintain a linked list of all pages in
memory, with the most recently used page at the front and the least recently used
page at the rear.

The list must be updated on every memory reference.

Finding a page in the list, deleting it, and then moving it to the front is a very time
consuming operations.

There are other ways to implement LRU with special hardware.

For a machine with n page frames, the LRU hardware can maintain a matrix of n x n
bits, initially all zero.
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e Whenever page frame k is referenced, the hardware first sets all the bits of row k to
1, and then sets all the bits of column k to 0.

e At any instant, the row whose binary value is lowest is the least recently used; the
row whose value is next lowest is next least recently used, and so forth.

e The workings of this algorithm are given in Fig. 5-11 for four page frames and page
references intheorder0123210323.

e After page 0 is referenced, we have the situation of Fig. 5-11(a).

o After page 1 is reference, we have the situation of Fig. 5-11(b), and so forth.

e Asshownin Fig. 5-11(j), if page fault occurs at that moment, the page from the page
frame 1 with lowest binary value will be replaced.

Page Page Page Page Page
0 1 2 3 0 1 2 3 0o 1 2 3 0 1 2 3 0 1 2 3
ojo|1|1]1 ofo 1|1 0]0|0]1 0joJoO0|oO ofofofoO
1{0]0]0]O 11011 11001 1{0]0]0 110]0]0
ofojo|o ofofofo 11|01 1(1[0]0 1]1(0]1
3glofojofoO ofofofoO 0j]0J0]O 1(1]1]0 1]1[(0]O0

(@) (b) () (d) (€)
ofojo|o o111 0o|j1]11]0 0|j1]0|O0 o[f1]0]o0
11011 ofo|1]|1 0jo0|1]0 0joJjo|oO ofojo|o
1]0[0]1 ofof|oO|1 0j]0|0]O 11|01 1]1[(0]O0
1]0[(0]O0 ofofofo 1(1]1]0 1(1[0]0 1]1([(1]0

() (9) (h) (i) )
Figure 5-11. LRU using a matrix when pages are referenced in the order 0, 1, 2, 3, 2, 1,
0,3,2,3.

NRU (Not Recently Used)

e NRU makes approximation to replace the page based on R and M bits.

e When a process is started up, both page bits for all pages are set to 0 by operating
system.

e Periodically, the R bit is cleared, to distinguish pages that have not been referenced
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e When page fault occurs, the operating system inspects all the pages and divide
them into 4 categories based on current values of their R and M bits
= Case 0: not referenced, not modified
= Case 1: not referenced, modified
= Case 2 :referenced, not modified
= (Case 3 :referenced, modified
e The NRU (Not Recently Used) algorithm removes a page at random from the lowest
numbered nonempty class.
e Ingiven example,
= Page-0is of class-2 (referenced, not modified)
= Page-1is of class-1 (not referenced, modified)
= Page-2is of class-0 ( not referenced, not modified)
= Page-3is of class-3 (referenced, modified)

So lowest class page-2 needs to be replaced by NRU.

(9) Compare optimal, LRU and FIFO page replacement algorithms with illustration.
OR
For the Page Reference String: 7,0, 1, 2,0, 3,0, 4, 2,3,0,3,2,1,2,0,1, 7,0, 1
Calculate the Page Faults applying (i) Optimal (ii) LRU and (iii) FIFO, Page
Replacement Algorithms for a Memory with three frames.

Optimal Page Replacement Algorithm

e The moment a page fault occurs, some set of pages will be in the memory.

e One of these pages will be referenced on the very next instruction (the page
containing that instruction).

e Other pages may not be referenced until 10, 100, or perhaps 1000 instructions later.
Each page can be labeled with the number of instructions that will be executed
before that page is first referenced.

e The optimal page algorithm simply says that the page with the highest label should
be removed.

e |f one page will not be used for 8 million instructions and another page will not be
used for 6 million instructions, removing the former pushes the page fault that will
fetch it back as far into the future as possible.

e The only problem with this algorithm is that it is unrealizable.

e At the time of the page fault, the operating system has no way of knowing when
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FIFO Page replacement Algorithm
e The firstin first out page replacement algorithm is the simplest page replacement
algorithm.
e The operating system maintains a list of all pages currently in memory, with the
most recent arrived page at the tail and least recent at the head.
e On a page fault, the page at head is removed and the new page is added to the tail.
e When a page replacement is required the oldest page in memory needs to be

replaced.
e The performance of the FIFO algorithm is not always good because it may happen

that the page which is the oldest is frequently referred by OS.
e Hence removing the oldest page may create page fault again.

Page 7,011,203/ 0/4|2|3|0/3|2(1{2|0(1|7 |01
Requests
Frame 1 7177122 (2|2|4|4|4|0/0]0|0|0|0|0O7|7)|7
Frame 2 0000333222221 (1(1(1(1(0/|0O
Frame 3 1({1{1(1(]0/0]0|3]3|3[3|3]2 21221
PageFaults | F | F| F | F F|F|F|F|F]|F F|F FIE|E
(15)

LRU (Least Recently Used) Page Replacement Algorithm

e A good approximation to the optimal algorithm is based on the observation that
pages that have been heavily used in last few instructions will probably be heavily

used again in next few instructions.

e When page fault occurs, throw out the page that has been used for the longest
time. This strategy is called LRU (Least Recently Used) paging.

Page 7/0(1,2(0/3/0/{4|2/3|0({3|2|1/2|0|1[7|0|1
Requests
Frame 1 71771222 |2(4|4(4|]0(0|O0]2]|2]1]|21]1|1
Frame 2 o,o0,0,0|j00|0|0|{3|3/3|3|3|3|0|0|0O0|0]|O
Frame 3 1(1(1(3|3(3|2|2|2|2|2|2|2|2|2|7|7]|7
PageFaults | F| F| F | F F FIF|F|F F F F
(12)

(10) A computer has four page framWf loading, time of last access and the
> Uﬂ/’,,,
2 A
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R and M bit for each page given below. Which page NRU, FIFO, LRU will replace.

FIFO

Page | Loaded LastRef. |R M
0 126 280 1 0
1 230 265 0 1
2 140 270 0 |0
3 110 285 1 1

Page which is arrived first needs to be removed first, so here Page — 3 having
minimum loading time so as per FIFO page-3 needs to replace.

LRU (Least Recently Used)

When page fault occurs, throw out the page that has been used for the longest
time.

Page page-1 is not used for the long time from all four, so LRU suggest replacing
page-1.

NRU (Not Recently Used)

NRU make approximation to replace based on R and M bits.
When a process is started up, both page bits for all pages are set to 0 by operating
system.
Periodically, the R bit is cleared, to distinguish pages that have not been referenced
recently from those that have been
When page fault occurs, the operating system inspects all the pages and divide
them into 4 categories based on current values of their R and M bits

= Case 0: not referenced, not modified

= Case 1: not referenced, modified

= Case 2 :referenced, not modified

= Case 3:referenced, modified
The NRU (Not Recently Used) algorithm removed a page at random from the lowest
nonempty class.
In given example

=  Page-0is of class-2 (referenced, not modified)

= Page-1is of class-1 (not referenced, modified)

= Page-2is of class-0 ( not referenced, not modified)

= Page-3is of class-3 (referenced, modified)

= So lowest class page-2 needs to be replaced by NRU

(11) What is page fault handling? Hovmk{page fault handling?
A
£
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The sequence of events is as follows:

1.

The hardware traps to the kernel, saving the program counter on the stack.

An assembly code routine is started to save the general registers and other volatile
information, to keep the operating system from destroying it.

The operating system discovers that a page fault has occurred, and tries to discover
which virtual page is needed. Often one of the hardware registers contains this
information. If not, the operating system must retrieve the program counter, fetch
the instruction, and parse it in software to figure out what it was doing when the
fault hit.

Once the virtual address that caused the fault is known, the system checks to see if
this address is valid and the protection consistent with the access. If not, the
process is sent a signal or killed. If the address is valid and no protection fault has
occurred, the system checks to see if a page frame is free. It no frames are free, the
page replacement algorithm is run to select a victim.

If the page frame selected is dirty, the page is scheduled for transfer to the disk,
and a context switch takes place, suspending the faulting process and letting
another one run until the disk transfer has completed. In any event, the frame is
marked as busy to prevent it from being used for another purpose.

As soon as the page frame is clean (either immediately or after it is written to disk),
the operating system looks up the disk address where the needed page is, and
schedules a disk operation to bring it in. While the page is being loaded, the
faulting process is still suspended and another user process is run, if one is
available.

When the disk interrupt indicates that the page has arrived, the page tables are
updated to reflect its position, and the frame is marked as being in normal state.

The faulting instruction is backed up to the state it had when it began and the

program counter is reset to poi t instruction.
2 YN/,
o A
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9. The faulting process is scheduled, and the operating system returns to the
assembly language routine that called it.

10. This routine reloads the registers and other state information and returns to user
space to continue execution, as if no fault had occurred.

(12) What is Segmentation? Explain.

e Virtual memory is one-dimensional in nature because the virtual address space go
from 0 to some maximum address, one address after another.

e There are many problems where separate virtual address space for different
entities of process is much better.

Segment

e A general solution is to provide the machine with many independent address
spaces called segments.

e Each segment consists of a linear sequence of addresses, from 0 to the maximum
allowed.

e Different Segments may have differentlengths.

e Segment lengths may change during execution.

e Different Segments can grow or shrink independently without affecting each other.

e To specify address in these segments or two dimensional memories, the program
must supply a two part address, a segment number and address within the
segment.

Advantages of Segmentation

e Segmentation provides simplified data structure to handle growing and shrinking of
data.

e |f each procedure occupies a separate segment, with address O as its starting
address, the linking of procedures compiled separately is simplified.

e |f the procedure in segment n is modified and recompiled, no other procedures
need to be changed.

e Segmentation also facilitates sharing procedures or data between several
processes. A common example is shared library.

e Each segment forms a logical entity of which the programmer is aware, such as
procedure, or an array, or a stack, different segments can have different kind of
protection.
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In paging system programmer is unaware of the content of pages, but in
segmentation user knows in advance the content of the segments.

Paged Segmentation

Generally in segmented memory swapping done entirely in segment wise. Entire
segment get swapped-out or swapped-in.

If segments are large, it may be inconvenient or even impossible to keep them in
main memory in their entirely.

Idea of paging the segments is practical one, so only those pages from segments
that are actually needed have to be around, these concept dividing segments into
pages is called paged segmentation.

Symbol Parse
Table Tree call
Source Stack
Text
Constants
Segment Segment Segment Segment Segment
0 1 2 3 4

Different Logical Segments of Compiler having five tables

Figure 5-12. A segmented memory allows each table to grow or shrink independently

Here, an example of MULTICS is considered to understand segmentation with
paging.
Segmented memory Virtual Address consists of two parts: the segment nhumber and

address within segment, the address within segment is further divided into a page

number and a word within a page.
Program has a segment table, with one entry per segment, its entry contains pointer
to its page table.
When memory reference occurs, the following steps occur...
o The segment number used to find segment descriptor.
o Check is made to see if the segment’s page table is in memory.
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= |fthere is a protection violation, a fault (trap) occurs.
o Page table entry for the requested virtual page examined.
= |f the page itself is not in memory, a page fault is triggered.
= Ifitis in memory, the main memory address of the start of the page
is extracted from the page table entry
o The offset is added to the page origin to give the main memory address
where the word is located.
o The read or store finally takes place.

Address within
the segment

Segment number Page Offset within
number the page
18 6 10

Figure 5-13. A 34-bit MULTICS virtual address.

36 bits

‘L ,L Page 2 entry

Page 1 entry

Segment 6 descriptor Page O entry

Segment 5 descriptor Page table for segment 3

Segment 4 descriptor
Segment 3 descriptor l l

Segment 2 descriptor i 18 T

Segment 1 descriptor Page 2 entry

Segment O descriptor Page 1 entry
Descriptor segment Page O entry

Page table for segment 1

Figure 5-14 (a). The MULTICS virtual memory. The descriptor segment points to the
Page tables.
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18 9 T A 3 3
Main memory address Segment length /
of the page table (in pages) 2
A A
Page size:
0 = 1024 words
1 = 64 words

0 = segment is paged
1 = segment is not paged

Miscellaneous bits

Protection bits

(b)

Figure 5-14. The MULTICS virtual memory. (b) A segment descriptor. The numbers are
the field lengths.

(13) Discuss the issues associated with paging and solution of it.

In any paging system, two major issues must be faced:
1. The mapping from virtual address to physical address must be fast.

2. Ifthe virtual address space is large, the page table will be large.

The mapping from virtual address to physical address must be fast.

In the absence of paging, to fetch an instruction requires only one memory
reference.

With paging, one more memory reference is required to access the page table.

Since execution speed is generally limited by the rate at which the CPU can get
instructions and data out of the memory, having to make two memory references
per instruction reduce performance by half.

Most programs access a small number of pages frequently.

The solution that has been devised is to equip computers with a small hardware
device for mapping virtual addresses to physical addresses without going through
the page table.

The device, called a TLB (Translation Lookaside Buffer) or sometimes an associative
memory, is illustrated in Fig. 5-15.

It is usually inside the MMU and consists of a small number of entries, eight in this
example, but rarely more than 256.
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Valid | Virtual page | Modified | Protection | Page frame
1 140 1 RW 31
1 20 0 R X 38
1 130 1 RwW 29
1 129 1 RW 62
1 19 0 R X 50
1 21 0 R X 45
1 860 1 RW 14
1 861 1 RW 75

Figure 5-15. A TLB to speed up paging.

e Each entry contains information about one page, including the virtual page
number, a bit that is set when the page is modified, the protection code
(read/write/execute permissions), and the physical page frame in which the page is
located.

e These fields have a one-to-one correspondence with the fields in the page table,
except for the virtual page number, which is not needed in the page table. Another
bit indicates whether the entry is valid (i.e., in use) or not.

e Let us now see how the TLB functions.

e When a virtual address is presented to the MMU for translation, the hardware first
checks to see if its virtual page number is present in the TLB by comparing it to all
the entries simultaneously (i.e., in parallel).

e Doing so requires special hardware, which all MMUs with TLBs have.

e [favalid match is found and the access does not violate the protection bits, the
page frame is taken directly from the TLB, without going to the page table.
e [f the virtual page number is present in the TLB but the instruction is trying to write

on a read-only page, a protection fault is generated.

e When the virtual page number is not in the TLB, the MMU detects the miss and
does an ordinary page table lookup.

e [t then evicts one of the entries from the TLB and replaces it with the page table
entry just looked up.

e Thus if that page is used again soon, the second time it will result in a TLB hit rather
than a miss.
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e When an entry is purged from the TLB, the modified bit is copied back into the
page table entry in memory.

e The other values are already there, except the reference bit. When the TLB is
loaded from the page table, all the fields are taken from memory.

A Secondary
Virtual Address ain Memory Memory
Page # | Offset \/\
Translation
Lookaside Buffer
TLB hit I
Offset ?
Load
Page Table page g I
Lo,
TLB miss Present \/\ ] g
Absent
Frnmeit| Offset l—
Real Address \/\
Page fault

Figure 5-16. Translation Lookaside buffers Example

If the virtual address space is large, the page table will be large.

There are two ways of dealing with very large virtual address spaces.

1. Multilevel Page Tables
e The secret to the multilevel page table method is to avoid keeping all the page
tables in memory all the time.
e |n particular, those that are not needed should not be kept around.
e InFig. 5-17(b) we see how the two-level page table works.
e On the left we see the top-level page table, with 1024 entries, corresponding to the
10-bit PT1 field.

e When avirtual address is presented to the MMU, it first extracts the PT1 field and

uses this value as an index inml page table.
Y
s
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e Each of these 1024 entries in the top-level page table represents 4M because the
entire 4-gigabyte (i.e., 32-bit) virtual address space has been chopped into chunks
of 4096 bytes.

e The entry located by indexing into the top-level page table yields the address or the
page frame number of a second-level page table.

e Entry O of the top-level page table points to the page table for the program text,
entry 1 points to the page table for the data, and entry 1023 points to the page
table for the stack.

e The other (shaded) entries are not used. The PT2 field is now used as an index into
the selected second-level page table to find the page frame number for the page

itself.
DECOUNTU IV
page tables
34— | Page
—— table for
—1 » [ the top
—1 o | 4M of
— - memory
———
—t—
Top-level
page table
1023 ’/
6 S
Bits 10 10 12 5 =
[PT1] PT2] Oftset | 4 = B
3 ———
(a) 2 1 e
1 o -
[0} \‘\ ——
1023
6 1
5 ——
a ——
a 11— O
2 -1 _, pages
1 -
o ~——

Figure 5-17. (a) A 32-bit address with two page table fields. (b) Two-level
page tables.

2. Inverted Page Tables
e An alternative to ever-increasing levels in a paging hierarchy is known as inverted
page tables.

e In this design, there is one Wframe in real memory, rather than one
) @
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entry per page of virtual address space.

e For example, with 64-bit virtual addresses, a 4-KB page size, and 4 GB of RAM, an
inverted page table requires only 1,048,576 entries.

e The entry keeps track of which (process, virtual page) is located in the page frame.

e Although inverted page tables save lots of space, at least when the virtual address
space is much larger than the physical memory, they have a serious down-side:
virtual-to-physical translation becomes much harder.

e The solution is to make use of the TLB.
e [fthe TLB can hold all of the heavily used pages, translation can happen just as fast
as with regular page tables.
e On aTLB miss, however, the inverted page table has to be searched in software.
e One feasible way to accomplish this search is to have a hash table hashed on the
virtual address.
Traditional page

table with an entry
for each of the 252

pages
2524
1-GB physical
memory has 218
4-KB page frames Hash table
218 1 218 4 T —{ I ]
] 1 J
0 1 0 OT — I ]
Indexed Indexed / \
by virtual by hash on Virtual Page
page virtual page page frame

Figure 5-18. Comparison of a traditional page table with an inverted page table.

e All the virtual pages currently in memory that have the same hash value are
chained together, as shown in Fig. 5-18.

e If the hash table has as many slots as the machine has physical pages, the average
chain will be only one entry long, greatly speeding up the mapping.

e Once the page frame number has been found, the new (virtual, physical) pair is
entered into the TLB.
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(14) Compare paging and segmentation.

Paging

Segmentation

Paging was invented to get large address
apace without having to buy more physical
memory.

Segmentation was invented to allow programs
and data to be broken up into logically
independent address space and to add sharing
and protection.

The programmer does not aware that paging
is used.

The programmer is aware that segmentation is
used.

Address space is one dimensional.

Many independent address spaces are there.

Procedure and data cannot be distinguished
and protected separately.

Procedure and data be distinguished and
protected separately.

Change in data or procedure requires

compiling entire program.

Change in data or procedure requires compiling
only affected segment not entire program.

Sharing of different procedures not available.

Sharing of different procedures available.
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(1) Whatis Unix? What is Linux?

e UNIXis a powerful operating system originally developed at AT&T Bell Labs.

e |t is very popular among the scientific, engineering, and academic communities due to
its multi-user and multi-tasking environment, flexibility and portability, electronic mail
and networking capabilities, and the numerous programming, text processing and
scientific utilities available.

e The UNIX system is mainly composed of three different parts: the kernel, the file
system, and the shell.

e The kernel is that part of the system which manages the resources of whatever
computer system it lives on, to keep track of the disks, tapes, printers, terminals,
communication lines and any other devices.

e The file system is the organizing structure for data. The file system is perhaps the most
important part of the Linux operating system. The file system goes beyond being a
simple repository for data, and provides the means of organizing the layout of the data
storage in complex ways.

e The shell is the command interpreter. Although the shell is just a utility program, and is
not properly a part of the system, it is the part that the user sees. The shell listens to
your terminal and translates your requests into actions on the part of the kernel and
the many utility programs

e Linux is a freely available, open source, Unix-like operating System. Written originally
for the PC by Linus Torvalds (A young student in the University of Helsinki), with the
help of many other developers across the internet.

e Linux now runs on multiple hardware platforms, from the smallest to the largest, and
serves a wide variety of needs from servers to movie-making to running businesses to
user desktops.

(2) Explain the Features of the Unix in detail.

e The following features are provided by the UNIX operating System.
e Open Source
> Linux source code is freely available and it is community based development
project.
> Multiple teams are working in collaboration to enhance the capability of Linux
operating system and it is continuously evolving.
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Multiuser capability

>

>

In a multi user system the same computer resources hard disk, memory etc are
accessible to the many users.

Users are given the different terminal to operate, a terminal in turn, is a keyboard
and a monitor. All the terminals are connected to the main computer whose
resources are available by all users.

So the user at any of the terminals cannot use only the computer but also any
devices that may be attached like a printer.

Multitasking capability

>

>

It means that it is capable of carrying out more than one job at the same time it
allow you to type in a program in its editor while simultaneously executes some
other command you might have given earlier.

Say for example you might have given earlier sort and copy a huge file this job will
perform in the background while in foreground you use editor.

This is managed by dividing the CPU time between all processes being carrying out.

Communication

>

>

UNIX has the excellent communication with the users. The communication may be
within the network of a single main computer or between two or more such
computer network.

The users can easily exchange mail, data, and programs through such networks.

Security

>

Unix Has the three provisions for protecting the data. The first is provided by
assigning the passwords and login names to the individual users and ensuring that
nobody has excess to your work.

All the five have the read write and execute permissions to each file which decide
who can excess a particular file, which can modify and execute it.

Lastly there is a file encryption utility which encodes your file into an unreadable
format so even if someone succeeds in opening it your secrets are safe.

Portability

>
>

Portability means software can works on different types of hardware in same way.
It is one of the main reasons for the popularity of the Unix. It can be ported to

almost any computer system We minimum adoptions.
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> A portability credit of the UNIX is because of the C language, it written in C
language and C language is portable.

(3) Explain Linux Architecture.

User

Utility Program

Standard library

UNIX operating system (Kernel)

Hardware

e Hardware

> The bottom layer is hardware.
» It contains physical devices of computer like CPU, Memory, Disk, printer etc.
» UNIX kernel will interface with this hardware.

e UNIX Kernel
» Kernel is program which provides services of OS like memory management, file
management and process management.
» Kernel will provide interface with hardware and user programs.

e Standard library
» It contains set of procedures.
> This is collection of system level files.

e Utility program:
» Utility programs are used to make user programs and make work easier.
> Utility programs like compilers, assemblers, editors etc.

e User
> User programs are comes for processing and interact with system.
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(4) Explain the Linux Kernel Structure.

e The following Figure shows the overall structure of the Linux. The kernel sits directly on
the hardware and enables the interactions with I/O devices and memory management.

System calls
Memory mgt Process mgt
I/O component component component
: ; Virtual Signal
Virtual file system memory handling
Terminals || Sockets 5 :t"l: e
: y Paging Process/thread
s Bl wetwark Generic page creation &
i & § protocols block layer replacement termination
| © /O scheduler
Character Netvgork Block Page CPU
device device device cache scheduling
drivers drivers drivers J
Ao e 4 % 2
Interrupts Dispatcher

Structure of the Linux kernel

e At the lowest level it contains interrupt handlers which are the primary way for
interacting with the device, and low level dispatching mechanism.

e The dispatching occurs when an interrupt happens and also when the kernel completes
some operations and it is time to start up a user process again.

e Now we divide the various kernel subsystems into the three main components. The I/o
component contains the kernel pieces and responsible for interacting with the devices
and performing the network and storage 1/0 operations.

e At the highest level the 1/O operations are all integrated under a virtual file system and
at lowest level, all /O operations pass through some device driver.

K'_'Jj.','?\

T
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e All Linux drivers are classified as either a character device driver or block device drivers,
with the main difference that random accesses are allowed on the block devices and
not on the character devices.

e Technically network devices are really character devices, but they are handled
somewhat differently, so It is preferable to separate them.

e The layer above the network drivers handle a kind of the routing function and making
sure that the right packet goes to the right devices.

e Sockets interface which allows the program to create sockets for the particular
network.

e On the top of the disk drivers is the 1/0O scheduler who is responsible for ordering and
issuing disk operation request in a way that tries to converse waste full disk head
movement.

e At the very top of the block device column are the file systems Linux may have the
multiple file system excising concurrently. In order to hide the architectural differences
of the various hardware devices from the file system implementation, a generic block
device layer provides an abstraction layer used by all file system.

e At the right side of the fig there are two key components of the Linux kernel these are
responsible for the memory and process management tasks.

e Memory management tasks include maintaining the virtual to physical memory
mappings, maintaining a cache of the recently accessed pages and implementing a good
page replacement policy.

e The key responsibility of the process management component is the creation and
termination of the process. It also includes the process scheduler and code for the
signal handling.

e Finally at the very top is the system call interface in to the kernel. All system calls come
here, causing a trap which switches the execution from the user mode in to the kernel.
Mode.

(5) Explain the directory Structure or file system structure of the Unix/linux.

e The initial Linux file system was the MINIX 1 file system. However, infect it limited file
names to 14 characters and its maximum file size was 64 MB.

e The first improvement was the ext files system which allow file names of 255 characters
and file size of 2 GB, but it was slower than MINIX 1 file system so the ext 2 file system
was invented, with long file name, long file, and better performance and it has became
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the main file system.

e A Linux file is sequence of 0 or more bytes containing arbitrary information. No
distinction is made between ASCII file, binary file or any other kinds of the file.
e File names consists of a based name and an extension, separated by a dot. For example

prog.c is ¢ program anprog.o is an object file. Extension may be of any length and file
may have multiple extensions, for example prog.java.gz is a compressed java program.

e File can be grouped together in directories. Directories are stored as a files and it can be
treated like files.

e The / characters is known as the root directory and also use to separate directory

names.
X Contents
bin Binary (executable) programs
dev Specials files for I/O devices
etc Miscellaneous system files
lib Libraries
usr User directories

Some important directory found in most Linux systems

ROOT DIRECTORY
OF TRE ENTIRE
FILE SYSTEM ] MOUN Ry
winancrr g FILESYSTEM HIERARCHY
/ - K00.0W APPUIC ¢ Packase STANDARD ( FHS )

reisatr enesren

n /:
@ This is the root directory which should contain only the directories needed at the top level of the
file structure.
= /bin:
@ This is where the executable files are located. They are available to all user.
o /dev:
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@ [tincludes files for devices, holds the software necessary to update peripherals such as printers
and terminal.

= [etc:
@ |t contains various administrative files such as lists of user name and passwords, configuration
files, disk configuration files.

= /mnt
o Used to mount other temporary file systems, such as cdrom and floppy for the CD-ROM drive and
floppy diskette drive, respectively
=  /home
@ Contains the home directory for users and other accounts.
/tmp
@ Holds temporary files used between system boots
Jusr
o Used for miscellaneous purposes, or can be used by many users. Includes administrative
commands, shared files, library files, and others
Jvar

o Typically contains variable-length files such as log and print files and any other type of file that
may contain a variable amount of data

e There are 2 ways to specify file names in Linux.
1) Absolute path :-

> It tells us how to get the file starting at the root directory. For example / usr/ ast/
books/ mos3/ chap-10. This tells system to look in the root directory for an usr
directory. Then looks for the directory ast. The ast directory contains book
directory which contains the mos3 directory which contains the file chap-10.

2) Relative path :-

» Absolute path name are often long and inconvenient for this reason Linux allows
the users to designate the directory in which they are currently working as the
working directory. A path name specified relative to the working directory is a
relative path. For example if / usr/ ast /books/mos3 is the working directory
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(6) Explain the role or function of the kernel.

e Each process asks for the system resources like computing power, memory network
connectivity etc. The kernel is the bulk of the executable code in charge of handling
such request.

e The kernel is the main component of most computer operating systems. It is a bridge
between applications and the actual data processing done at the hardware level.

The following are the major role of the kernel :

e Resource allocation :-

» The kernel's primary function is to manage the computer's resources and allow
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other programs to run and use these resources. These resources are- CPU, Memory and |/O devices.

Language

Process Management :-

> The kernel is in charge of creating, destroying and handling the input output of the
process.

» Communications amongst the different processes is the responsibility of the kernel.

Memory Management :-

» The memory is the major resource of the computer and the policy used to deal
with it is a critical.

» The kernel builds a virtual address space for all the process on the top of the
resource. The different parts of the kernel interact with the memory management
subsystem by using the function calls.

File System :-

» The kernel builds the structured file system on the top of the unstructured
hardware.

> Kernel also supports the multiple file system types that is different way of
managing the data.

Device Control :-

» Every system maps into the physical device.

» All the device control operations are performed by the code that is specific to the
device being addressed. This code is called device driver.

Networking :-

> It will be managed by the operating system and also control the program execution
according to the network activity.

> Routing and address resolution issues are also handled by the kernel.

Inter - Process Communication

> Kernel provides methods for Synchronization and Communication between
processes called Inter- Process Communication (IPC).

» There are various approaches of IPC say, semaphore, shared memory, message
queue, pipe (or named fifo), etc.

Security or Protection Management

» Kernel also provides protection from faults (error control) and from malicious
behaviors (Security).

» One approach toward this can be Language based protection system, in which the
kernel will only allow code to execute which has been produced by a trusted
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(7) Explain in brief roles/ functions of shell.

e UNIX shell act as a command interpreter.

e It gathers input from user and executes programs based on that input, when a
program finishes executing; it displays that program's output.

e |tis primary interface between a user sitting at his terminal and operating system,
unless the user is not using a graphical interface.

e Ashell is an environment in which user can run our commands, programs, and shell
scripts.

e There can various kinds of shells such as sh (bourne shell), csh (C shell), ksh (korn
shell) and bash.

e When any user logs in, a shell is started.

e The shell has the terminal as standard input and standard output.

e |t starts out by typing the prompt, a character such as $, which tells user that shell is
waiting to accept command at user level if you are root then sign is #.

e For example if user types date command,
$ date
sat Mar 12 08:30:19 IST 2016

e The shell creates a child process and runs date program as child.

o While the child process is running, the shell waits for it to terminate.

e When child finishes, the shell types the prompt again and tries to read the next input
line.

e Shell is work as interface, command interpreter and programming language.

e Shell - As interface

> Shell is interface between user and computer.

» User can directly interact with shell.

> Shell provide command prompt to user to execute commands.
e Shell - As command interpreter

» It read command enter by user on prompt.

> It Interpret the command, so kernel can understand it easily.
e Shell - As programming language

» Shell is also work as programming language.

> It provides all features of programming language like variables, control structures

and loop structures.
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e Cshell: -
» The C shell was written by Bill Joy at the University of California at Berkeley. His main intent for
writing the C shell was to create a shell with C language-like syntax.
e Customizable environment. The C shell has three separate files which are used for customizing its
environment. These three files are .cshrc, .login, and .logout.

e Abbreviate commands. (Aliases.)

e History. (Remembers commands typed before.)

e Job control. (Run programs in the background or foreground.)
e Shell scripting. (One can write programs using the shell.)

e Keyboard shortcuts.

e Default prompt is % denoted as csh %.

e Kornshell: -

» The Korn shell uses two startup files, the .profile and the .kshrc. The .profile is read once, by your
login ksh, while the .kshrc is read by each new ksh.

» The Korn shell was developed in the early 1980s by David Korn of AT&T labs, and contains many
similar features to the sh and csh shells.

» The Korn shell has an advantage over the traditional Unix shell in that it contains the
functionality of many scripting and programming languages, such as perl and awk, meaning that
programs can be run quickly and efficiently within the Korn shell.

» Default prompt is S denoted as ksh.

e Bourne shell : -

> It was written by Steve Bourne at AT&T Bell Labs. It is the original UNIX shell. It is faster and
more preferred. It lacks features for interactive use like the ability to recall previous commands.
It also lacks built-in arithmetic and logical expression handling. It is default shell for Solaris OS.

> Default prompt is $ for user denoted as sh.

e Bourne-again shell : -

» The Bourne-Again Shell (bash) is a clone of the Bourne shell, written and licensed under the GNU
General Public License, meaning the code for the shell, as well as the shell itself, is freely
available.

» The bash shell runs using very similar syntax to the sh, ksh and csh shells. However, there are
some small changes with the bash shell. For example, the bash shell runs under all GNU/Linux
variant operating systems, such as Ubuntu and Debian.

» The bash shell also supports many interactive features, such as a command history that can be
accessed with a few keystrokes.

» Itis the default shell on Linux operating system.

> Default prompt is $ for user denoted as bash.

Note * Root user default prompt is hostname #.

Ll
- IBaddl
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(8) Files and Directory permission:
Permission level:
UGOA:
user -

The user permissions apply only the owner of the file or directory, they will not impact the actions of
other users.
group -

The group permissions apply only to the group that has been assigned to the file or directory, they will
not effect the actions of other users.

others -

The others permissions apply to all other users on the system, this is the permission group that you
want to watch the most.

all users -

The All Users permissions apply to all other users on the system, this is the permission group that you
want to watch the most.
Permission Types:
RWX-:
o read - The Read permission refers to a user’s capability to read the contents of the file.
e write - The Write permissions refer to a user’s capability to write or modify a file or directory.
o execute - The Execute permission affects a user’s capability to execute a file or view the contents of a
directory.
e - no permission.
How to assign permission:

Symbolic Mode
In the Absolute mode, you change permissions for all 3 owners. In the symbolic mode, you can modify
permissions of a specific owner. It makes use of mathematical symbols to modify the file permissions.

Operator Description
+ Adds a permission to a file or directory
= Removes the permission

= Sets the permission and overrides the
permissions set earlier.
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The octal notations

You can also use octal notations like this.

0 000

1 001 X
2 010 -W-
3 \011 -WX
4 1100 =

5 '101 r-X
6 110 w-
7 M WX

Absolute(Numeric) Mode
In this mode, file permissions are not represented as characters but a three-digit octal number.
The table below gives numbers for all for permissions types.

Number Permission Type Symbol

0 No Permission ---

1 Execute ==X

2 Write -w-

3 Execute + Write -wXx

4 Read r--

5 Read + Execute r-x

6 Read +Write rw-

7 Read + Write +Execute rwx
Urr
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Let's see the chmod command in action.

Checking Curvent File permissions

ubuntu@ubuntu:~$ ls -1 sample

-f'W-rw-r-- 1 ubuntu ubuntu 15 Sep 6 08:00 sample

§ chmod T4 and checking parm'\ss'\ons aﬂ_)aun

jubuntu@ubuntu:~$ chmod 764 sample
dubuntu@ubuntu:~$ 1ls -1 sample
]-rwxrw-r-- 1 ubuntu ubuntu 15 Sep 6 08:00 sample

In the above-given terminal window, we have changed the permissions of the file 'sample to '764".

Read + Write + Execule (vuix)

B NCTE

Read + Write (vu-)

'764" absolute code says the following:
e Owner can read, write and execute
e Usergroup can read and write
e World can only read

This is shown as '-rwxrw-r-
This is how you can change the permissions on file by assigning an absolute number.
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(9) Give comparison of UNIX and Windows Operating System.

UNIX is a open source operating system (we can modify the code), easily available free
of cost. Windows requires licensing and is a paid operating system.

UNIX is a command based operating system while windows is menu based.

In UNIX 1/O components are stored as file while windows does not support this
functionality.

Windows must boot from a primary partition. UNIX can boot from either a primary
partition or a logical partition inside an extended partition.

Windows allows programs to store user information (files and settings) anywhere. This
makes it impossibly hard to backup user data files and settings and to switch to a new
computer.

UNIX is CLUI (Command Line User Interface) operating system while a window is GUI
(Graphical User Interface) Operating System.

Windows program are event driven i.e. main program waits for some events to happen
and calls a procedure to handle it. In contrast unix program consist of code that does
something or makes system calls to get some services done.

In UNIX there is one to one relation between system calls and library procedures, while
in windows library calls and system calls are decoupled. Win 32 API(Application
Program Interface) are used to get operating system services.

UNIX supports various functionality as linking files, mounting and unmounting of files,
file permissions using chmod command, which are not present in windows.

UNIX is less affected by viruses and malwares and hence more secure compared to
windows.

Examples of UNIX operating system are Ubuntu, Fedora, Red Hat, Debian, Archlinux,
Androidetc while examples of windows operating system are Windows 8, 8.1, 7, Vista,
XP.

Haresh Khachariya DeptCS&T| — Operating System (




- N/ATMIYA

UNIVERSITY
ned iy

Unix Commands

1) cal:- Displays a calendar
Syntax:- cal [options] [ month ] [year]
Description :-

» cal displays a simple calendar. If arguments are not specified, the current month is

displayed. The switching options are as follows:

Display single (current) month output. (This is the default.)

Display prev/current/next month output

Display Sunday as the first day of the week (This is the default.)

Display Monday as the first day of the week

Display Julian dates (days one-based, numbered from January 1)

Display a calendar for the current year

-1
-3
-s
-m
i
Y
Example:-
Scal
or
Scal 02 2016
Feb 2016
Su Mo
1
7 8
14 15
21 22
28 29

2) clear :- It clears the terminal screen.

Syntax :- clear

Description :-

10
17
24

Th

11
18
25

Fr

12
19
26

Sa

13
20
27

> Clear clears your screen if this is possible, including its scroll back buffer.
> Clear ignores any command-line parameters that may be present.

3) pwd :- Displays path from root to current directory
Syntax :- pwd [options]
Example:

$ pwd
/home/kumar/progs

4) cd:- Itis used to change the directory.
Syntax :- cd [directory]
Description:-
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» Used to go back one directory on the majority of all UNIX shells. It isimportant
that the space be between the cd and directory name or ..
Example:-
$ pwd
/home/kumar
$ cd progs
$ pwd
/home/kumar/progs
Scd..
/home/kumar

5) Is:- Lists the contents of a directory
Syntax :- Is [options]
Description :-
-a | Shows you all files, even files that are hidden (these files begin with a dot.)
-A | List all files including the hidden files. However, does not display the working
directory (.) or the parent directory (..).
-d | If an argument is a directory it only lists its name not its contents
-l Shows you huge amounts of information (permissions, owners, size, and when last
modified.)
-p | Displays a slash (/) in front of all directories
-r | Reverses the order of how the files are displayed
-R | Includes the contents of subdirectories
Example:-
Sls—1
-FW-r----- 1 student student 23 Jan 16 15:27 filel.txt
Field Explanation:
If first character is —then it is normal file
If it is d then it is directory
Field 1 — File Permissions: Next 9 character specifies the files permission. Each 3
characters refers to the read, write, execute permissions for user, group and world
In this example, -rw-r—— indicates read-write permission for user, read permission
for group, and no permission for others.
> Field 2 — Number of links: Second field specifies the number of links for that file. In
this example, 1 indicates only one link to this file.
> Field 3 — Owner: Third field specifies owner of the file. In this example, this file is
owned by username ‘student’.
> Field 4 — Group: Fourth field specifies the group of the file. In this example, this file
belongs to “student’ group.
> Field 5 - Size: Fifth field specifies the size of file. In this example, ‘13’ indicates the

YV V V
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6)

7)

8)

9)

file size.

> Field 6 — Last modified date & time: Sixth field specifies the date and time of the
last modification of the file. In this example, ‘Jan 16 15:27' specifies the last
modification time of the file.

> Field 7 — File or directory name: The last field is the name of the file or directory.
In this example, the file name is filel.txt

exit :- It is used to terminate a program, shell or log you out of a network normally.
Syntax :- exit

echo :- It prints the given input string to standard output.
Syntax :- echo string
Example:-

S echo “hi.. hello unix”

hi.. hello unix

who :- who command can list the names of users currently logged in, their terminal, the
time they have been logged in, and the name of the host from which they have logged in.
Syntax :- who [options] [file]

Description:-
ami Print the username of the invoking user, The 'am' and 'i' must be space
separated.
-b Prints time of last system boot.
-d print dead processes.
-H Print column headings above the output.
1 Include idle time as HOURS:MINUTES. An idle time of . indicates activity
within the last minute.
-m Same as who ami.
-q Prints only the usernames and the user count/total no of users logged in.
Example :-
$ who

dietstaffpts/1 2016-02-20 22:42 (:0.0)
dietstaffpts/2 2016-02-20 09:30 (:0.0)

> Here first column showsuser name, second shows name of the terminal the user
is working on. Third& fourth column shows date and time of logging, last column
shows machine name.

who am i:- Print effective userid
Syntax :- who am i
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Description: - Print the user name associated with the current effective user id.
Example :-
Swhoami
dietstaffpts/3 2016-02-10 08:52 (:0.0)
» Here first column shows user name, second shows name of the terminal the user
is working on. Third & fourth column shows date and time of logging, last column
shows machine name.

10) mkdir:- This command is used to create a new directory
Syntax :- mkdir [options] directory

Description :-
-m Set permission mode (as in chmod)
-p No error if existing, make parent directories as
needed.
-V Print a message for each created directory
directory | The name of the directory that you wish to
Create
Example:-
$ mkdir aaa

> The above command will create directory named aaa under the currentdirectory.
We can also create number of subdirectories with one mkdir command.

11) rmdir:- It is used to delete/remove a directory and its subdirectories.
Syntax :- rmdir [options..] Directory
Description :-
> It removes only empty directory.

-p | Allow users to remove the directory and its parent directories which become
empty.

12) bc:- bc command is used for command line calculator. It is similar to basic calculator. By
using which we can do basic mathematical calculations.
Syntax :- bc [options]
Description :-
» bc is a language that supports arbitrary precision numbers with interactive
execution of statements.
> bc starts by processing code from all the files listed on the command line in the
order listed. After all files have been processed, bc reads from the standard input.
All code is executed as it is read.
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-q | To avoid bc welcome message
-l | Toinclude math library functionalities

Example:-

Shc
bc 1.06 Copyright 1991-1994,1997,1998,2000 Free Software Foundation,Inc. This
is free software with ABSOLUTELY NO WARRANTY. For details type ‘warranty'. 2*3
6

» The above command used is for mathematical calculations.
Shbc-l
bc 1.06 Copyright 1991-1994,1997,1998,2000 Free Software Foundation,Inc. This
is free software with ABSOLUTELY NO WARRANTY.For details type ‘warranty'.11+2
13

» The above command displays the sum of '11+2".
$ bc calc.txt
bc 1.06 Copyright 1991-1994,1997,1998,2000 Free Software Foundation,Inc. This
is free software with ABSOLUTELY NO WARRANTY. For details type ‘warranty'. 13

> 'calc.txt' file have the following code:11+2. Get the input from file and displays the
output.

13) uname:- It is used to print system information.
Syntax :- uname [options]

Description :-
> Print certain system information.
-S print the kernel name
-n print the network node hostname
-r print the kernel release
-V print the kernel version
-m print the machine hardware name
-0 print the operating system
Example:-
$ uname
Linux

14) tty:- Print the file name of the terminal connected to standard input.
Syntax :- tty
Description :-
» tty writes the name of the terminal that is connected to standard input onto
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15)

16)

standard output.

» Command is very simple and needs no arguments.

Example :-
Stty

/student/tty10

stty:- Change and print terminal line settings.
Syntax :- sty
Description :-

» stty sets certain terminal I/0 modes for the device that is the current standard
input.
> Without arguments, it writes the settings of certain modes to standard output.

Example :-
$sty
speed 19200 baud, 25 rows, 79 columns
kill = ~U
cat:- It is used to create, display and concatenate file contents.
Syntax : - cat [options] [FILE]...
Description :-
-A | Show all.
-b | Omits line numbers for blank space in the output.
-e | A'S character will be printed at the end of each line prior to a new line.
-E | Displays a S (dollar sign) at the end of each line.
-n | Line numbers for all the output lines.
-s | If the output has multiple empty lines it replaces it with one empty line.
-T | Displays the tab characters in the output.
v Non-printing characters (with the exception of tabs, new-lines and form-feeds) are
printed visibly.

Exa

> Two basically three uses of the cat command.
1) Create new files.
2) Display the contents of an existing file.
3) Concatenate the content of multiple files and display.
mple :-
S cat filel.c
» Above syntax will display the content of filel.c

S cat > filel.c

> Above syntax creates filel.c and allow us to insert content for this file.
Lig:
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» After inserting content you can use ctrl+d to exit the file.
» If file with same name exist then it will overwrite that file.

$ cat filel.c
process management
memory management
file mgmt
S cat filel.c >> file2.c
> It can concatenate the contents of two files. For this you have to use append
output redirection operator.
> The contents of file2.cwill be appended to filel.c.

17) cp:- cp command copy files from one location to another. If the destination is an existing
file, then the file is overwritten; if the destination is an existing directory, the file is copied
into the directory (the directory is not overwritten).

Syntax :- cp [options]... source destination
Description:-
» Here, after cp command contents of both source file and destination file files are
the same.

It will copy the content of source file to destination file.

If the destination file doesn’t exist, it will be created.

If it exists then it will be overwritten without any warning.

If there is only one file to be copied then destination can be the ordinary file or the

directory file.

-a archive files

-f force copy by removing the destination file if needed

-i interactive - ask before overwrite

-l link files instead of copy

-L follow symbolic links

-n no file overwrite

-u update - copy when source is newer than dest

YV V VYV

Example:-
S cp filel file2
» The above cp command copies the content of filel.php to file2.php.
Copy folder and subfolders:
S cp-R scripts scriptsl
» The above cp command copy the folder and subfolders from scripts to scripts1

18) rm:- Itis used to remove/delete the file from the directory.
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Syntax :- rm [options..] [file|directory]
Description :-
> Files can be deleted with rm. It can delete more than one file with a single
invocation. For deleting a single file we have to use rm command with filename to
be deleted.
» Deleted file can’t be recovered. rm can’t delete the directories. If we want to
remove all the files from the particular directory we can use the * symbol.

-f | Ignore nonexistent files, and never prompt before removing.
-i | Prompt before every removal.

Examlple :-

$ rm myfile.txt

» Remove the file myfile.txt. If the file is write-protected, you will be prompted to
confirm that you really want to delete it.
Srm*

» Remove all files in the working directory. If it is write-protected, you will be
prompted before rm removes it.
S rm -f myfile.txt

» Remove the file myfile.txt. You will not be prompted, even if the file is write-
protected; if rm can delete the file, it will.
Srm-f*

> Remove all files in the working directory. rm will not prompt you for any reason
before deleting them.
Srm-i*

> Attempt to remove every file in the working directory, but prompt before each file
to confirm.

19) mv:- Itis used to move/rename file from one directory to another.
Syntax :- mv [options] oldname newname
Description :-

» mv command which is short for move.

» mv command is different from cp command as it completely removes the file from
the source and moves to the directory specified, where cp command just copies
the content from one file to another.

> mv has two functions: it renames a file and it moves a group of files to a different
directory. Mv doesn’t create a copy of the file , it merely renames it. No additional
space is consumed on disk during renaming. For example if we rename a file os to
os1 and then if we try to read file os we will get error message as it is renamed to
os1 there is no existence of file named os.
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-f mv will move the file(s) without prompting even if it is writing over an
existing target. Note that this is the default if the standard input is not a
terminal

-i Prompts before overwriting another file

Example:-

S cat filel
Memory
Process
Files
S mv filel file2

> rename filel to file2

> If the destination file doesn’t exist it will be created. mv can also be used to
rename a directory. A group of files can also be moved to a directory. mv doesn’t
prompt for overwriting destination file if it exists.

20) nl:-
nl numbers the lines in a file.
Syntax: - nl [OPTION] [FILE]

Example :-

Scat list.txt

apples

oranges

potatoes

lemons

garlic

Snl list.txt

apples

oranges

potatoes

lemons

5 garlic

» Inthe above example, we use the cat command to display the contents oflist.txt.
Then we use nl to number each line and display the result to standard output.
Snl list.txt > nlist.txt
Scat nlist.txt

H WN B

1 apples

2 oranges
3 potatoes
4 lemons
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5 garlic
> Inthe above example, we run the same nl command, but redirect the output to a
new file, nlist.txt. Then we use cat to display the results.

cut :- cut command is used to cut out selected fields of each line of a file. The cut
command uses delimiters to determine where to split fields.
Syntax :- cut [options] filename
Description :-
file | A path name of an input file. If no file operands are specified, or if a file
operand is -, the standard input will be used
-c | The list following -c specifies character positions
-d | The character following -d is the field delimiter
-f select only these fields on each line
-b | Select only the bytes from each line as specified in LIST
Example :-
» For example, let's say you have a file named data.txt which contains the following
text:
one two three  four five
alpha beta gamma delta epsilon
> In this example, each of these words is separated by a tab character, not spaces.
The tab character is the default delimiter of cut, so it will by default consider a
field to be anything delimited by a tab.
> To "cut" only the third field of each line, use the command:
S cut-d’ ‘ -f 3 data.txt
three
gamma
> let's say you want the third field and every field after it, omitting the first two
fields. In this case, you could use the command:
$ cut -d’ ‘ -f 3- data.txt
three four five
gamma delta epsilon
$ cut -c 3 file.txt
r
m
> For example, to output only the third-through-twelfth character of every line of
data.txt, use the command:
$ cut -c 3-12 data.txt
e two thre
pha beta g
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22) paste:- paste command is used to paste the content from one file to another file. It is also
used to set column format for each line.
Syntax :- paste [option] file
Description :-
> Paste prints lines consisting of sequentially corresponding lines of each specified
file. In the output the original lines are separated by TABs. The output line is
terminated with a newline.

-d Specify of a list of delimiters.
-S Paste one file at a time instead of in parallel.
File | A path name of an input file. If - is specified for one or more of the file s, the
standard input will be used.
Example:-

Scat>a

Unix

Linux

Windows

Scat>b

Dedicated server

Virtual server

Spasteab

Unix Dedicated server

Linux Virtual server

Windows

Spaste-d"|"ab

Unix | Dedicated server

Linux | Virtual server

Windows |

Spaste-sab

Unix Linux Windows

Dedicated server Virtual server

Spaste-s—-d”,”ab

Unix,Linux,Windows

Dedicated server,Virtual server

23) more:- Displays text one screen at a time.
Syntax :- more [options] filename
Description :-
> More command displays its output a page at a time. For example we are having a
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big file with thousands of records and we want to read that file then we should
use more command. Consider a file named employees then we will use following
command to read its contents a page at a time.

-c | Clear screen before displaying.
-e | Exitimmediately after writing the last line of the last file in the argument list.
-n | Specify how many lines are printed in the screen for a given file.

+n | Starts up the file from the given number.

Example:-

S more -c myfile.txt

» Clears the screen before printing the file .

$ more -3 myfile.txt

» Prints first three lines of the given file. Press Enter to display the file line by line.

$ more +/"hope" myfile.txt

> Display the contents of file myfile.txt, beginning at the first line containing the

string "hope".

24) cmp:- It compares two files and tells you which line numbers are different.
Syntax : - cmp [options..] filel file2
Description :-
» Let’s create a file named 0s2. And use cmp command to compare os and os1files.

- ¢ | Output differing bytes as characters.
Ny Print the byte number (decimal) and the differing byte values (octal) for each
difference.
-s | Prints nothing for differing files, return exit status only.
- ¢ | Output differing bytes as characters.
Example:-
$ cat filel
memory
process
files
S cat > file2
memory
process
files mgmt
$ cmp filel file2
Filel file2 differ: char 21, line 3
» The two files are compared byte by byte and the location of the first mismatch is

echoed to the screen. cmp doesn’t bother about possible subsequent mismatches.
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25) comm:- compare two sorted files line by line
Syntax:- comm [option]... FILE1 FILE2
Description :-
» Compare sorted files FILE1 and FILE2 line by line.
> Requires two sorted files and lists differing entries in different columns. produces
three text columns as output:
1 Lines only in filel.
2 Lines only in file2.
3 Lines in both files.
-1 suppress lines unique to FILE1
-2 suppress lines unique to FILE2
-3 suppress lines that appear in both files

> For example let’s create two files named filel and file2 with following data.
S cat > filel
c.k.shukla
chanchalsanghvi
s.n.dasgupta
sumit [1] + Stopped

S cat > file2
anilaggarwal
barunsengupta
c.k.shukla
lalit
» Now let’s use comm. Command with these two files.
$ comm filel file2
anilaggarwal
barunsengupta
c.k.shukla
chanchalsanghvi
lalit
s.n.dasgupta
sumit
> In the above output we can see that first column contains two lines unique to the
first file and second column contains three lines unique to the second file and the
third column contains two lines common to both the files. Comm. Can produce the
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single column output using 3 options -1,-2 or -3. To drop a particular column,
simply use its column number as a prefix.

Example :-
$ cat filel
fl.c
f2.c
f3.c
f4.c
f5.c

S cat file2

fl.c

f3.c

fd.c

fé.c

f7.c

» Now, When you run the comm command on these files, this is what you get:

$ comm filel file2

fl.c
f2.c
f3.c
f4.c
f5.c
fé.c
f7.c

» The output is split in 3 columns. Column1 indicates files which are unique in filel,
column 2 indicates files unique to file2. Column 3 indicates files common between
them. comm command provides some real good options with which you can filter
the output better.

> Now, say you want to find out only the list of files which were there in the older
version but not in the newer version:
$ comm -23 filel file2
f2.c
f5.c

» The option -23 indicates to remove the second and third columns from the comm
command output, and hence we are left with only the first column which is the
files unique in filel.

> Similarly, to find out the list of files which were not there in the old version, but
has been added in the new version:
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S comm -13 filel file2
fé.c
f7.c
» As explained above, -13 option tells to remove the first and third columns from
the comm output.
> Finally, to know the list of files which have been retained, or common in both the
versions:
$ comm -12 filel file2
fl.c
f3.c
fd.c
> When you apply comm command on files, the files should be sorted. This
command works only on sorted files.
26) diff:- It is used to find differences between two files.
Syntax :- diff [options..] fileone filetwo
Description :-
> Diff is the third command that can be used to display file differences. Unlike its
fellow members ,cmp and comm. , it also tells us which lines in one file have to be
changed to make the two files identical.
-b Ignore any changes which only change the amount of whitespace (such as
spaces or tabs).
-w | Ignore whitespace entirely.
-B | Ignore blank lines when calculating differences.
-y Display output in two columns.
-i Ignore changes in case.consider upper- and lower-case letters equivalent.
Example:-
S cat 1.txt
aaa
bbb
ccc
ddd
eee
fff
g8sg
$ cat 2.txt
bbb
cc
ddd
eee
fff
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888
hhh

S diff 1.txt 2.txt
1d0
< aaa
3c2
< cce
>cc
7a7
> hhh
> Lines like "1d0" and "3c2" are the coordinates and types of the differences
between the two compared files, while lines like "< aaa" and "> hhh" are the
differences themselves.
» diff change notation includes 2 numbers and a character between them.
Characters tell you what kind of change was discovered:
e d-aline was deleted
e c-aline was changed
e a-aline wasadded
> Number to the left of the character gives you the line number in the original (first)
file, and the number to the right of the character tells you the line number in the
second file used in comparison.
> So, looking at the two text files and the diff output above, you can see what
happened:

1d0
< aaa

> This means that 1 line was deleted. < aaa suggests that the aaa line is present only
in the original file.
3c2
< ccc
>cc

> And this means that the line number 3 has changed. You can see how this
confirms that in the first file the line was "ccc", and in the second it now is "c c".
7a7
> hhh

> Finally, this confirms that one new line appeared in the second file, it's "hhh" in
the line number 7.
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27) chmod:- chmod command allows you to alter / Change access rights to files and

directories.

Syntax:- chmod [options] [MODE] FileName

Description :-

> chmod command is used to set the permissions of one or more files for all three

categories of users (user,group and others ). It can be run only by the user and
super user. Command can be used in two ways. Let’s first take a look at the
abbreviations used by chmod command.

Category | Operation Permission

u | User + | Assigns permission | r | Read permission

g | Group | - | Removes w | Write permission
permission

o | Others | = | Assigns absolute X | Execute permission

File Permission :

read and execute
read and write
set all permissions

# File Permission

0 none

1 execute only

2 write only

3 write and execute
4 read only

5

6

7

Relative permissions

> When changing permissions in a relative manner, chmod only changes the
permissions specified in the command line and leaves the other permissions
unchanged. In this mode it uses the following syntax:

> let’s first check the permission of file shortlist. It shows read/write permission.
Let’s assign execute permission to this file for owner.
Sls-I
-rw-r--r—1 shortlist None 241 Feb 21 04:02
S chmod u+x shortlist
Sls-l
-rwxr--r-- 1 shortlist None 241 Feb 21 04:02

» Here chmod uses expression u+x means — u shows user category that is user, +
shows we need to assign the permission and x shows execute permission.
Sameway we can assign other permissions.
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Absolute permissions

» Sometimes you don’t need to know what a file’s current permissions are, but want
to set all nine permission bits explicitly. The expression used by chmod here is a
string of three octal numbers. Each type of permission is assigned a number as
shown:
Read permission-4
Write permission-2
Execute permission -1

> For each category we add numbers that represent the assigned permission. For
instance , 6 represents read and write permission , and 7 represents all
permissions.

Example :

$ chmod 666 myfile or(chmod u=rw,g=rw,o=rwmyfile) shortlist

> Shows read and wrie (4 +2) permissions for all three types of users.

28) chown:- Command for system V that changes the owner of afile.
Syntax :- chown [options] newowner filename/directoryname
Description:-
Change the permission on files that are in the subdirectories of the directory that
you are currently in.
-c | Change the permission for each file.
Prevents chown from displaying error messages when it is unable to change the
ownership of a file.
Example :-
$ s -l demo.txt
-rw-r--r-- 1 root root 0 Jan 31 05:48 demo.txt
S chownvivek demo.txt
-rw-r--r-- 1 vivek root 0 Jan 31 05:48 demo.txt

29) chgrp:- chgrp command is used to change the group of the file or directory. This isan
admin command. Root user only can change the group of the file or directory.
Syntax:- chgrp [options] newgroup filename/directoryname
Description:-

R Change the permission on files that are in the subdirectories of the directory
that you are currently in.
-C Change the permission for each file.
-f Force. Do not report errors.
Example :-

SIs -l demo.txt
-rw-r--r-- 1 root root 0 Jan 31 05:48 demo.txt
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S chgrp vivek demo.txt
-rw-r--r-- 1 root vivek 0 Jan 31 05:48 demo.txt

30) file:- file command tells you if the object you are looking at is a file or a directory.
Syntax:- file [options] directoryname/filename
Description:-
» File command is used to determine the type of file, especially of an ordinary file.

We can use it with one or more filenames as arguments. For example we canuse
file command to check the type of the os1 file that we have created.
S file os1
os1: short english text

31) finger:- finger command displays the user's login name, real name, terminal name and
write status (as a "*" after the terminal name if write permission is denied), idle time,
login time, office location and office phone number.

Syntax:- finger [username]

Description :-
-l Force long output format
-S Force short output format
Example :-
$ finger rahul
Login: abc Name: (null)
Directory: /home/abc Shell: /bin/bash

On since Mon Nov 1 18:45 (IST) on :0 (messages off)
On since Mon Nov 1 18:46 (IST) on pts/0 from :0.0
New mail received Thu Feb 7 10:33 2015 (IST)
Unread since Mon Feb 8 12:59 2016 (IST)

No Plan.

32) sleep:- Delay for a specified amount of time
Syntax :- sleep NUMBER[SUFFIX]
Description:-
> The sleep command pauses for an amount of time defined by NUMBER.
» SUFFIX may be "s" for seconds (the default), "m" for minutes, "h" for hours, or "d"
for days.
Example :-
» Tosleep for 5 seconds, use:
Ssleep 5
> Tosleep for 2 minutes, use:
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S sleep 2m

> Tosleep for 3 hours, use:
S sleep 3h

» Tosleep for 5 days, use:
S sleep 5d

33) kill:- kill command is used to kill the background process.
Syntax:- kill [options] pid
Description :-
» The command kill sends the specified signal to the specified process or process
group.
> If no signal is specified, the TERM signal is sent. The TERM signal will kill processes
which do  not catch this signal.
> For other processes, it may be necessary to use the KILL (9) signal, since this signal
cannot be caught.

pid. Specify the list of processes that kill should signal
-S send the specified signal to the process

-l list all the available signals.

-9 Force to kill a process.

34) users :- users command displays currently logged in users.
Syntax:- users
Output:-
$ users
dietstaff dietstaff

35) ps:-Itis used to report the process status. ps is the short name for Process Status.
Syntax:- ps [options]

Description :-

-a | List information about all processes most frequently requested: all those except
process group leaders and processes not associated with a terminal

-A | List information for all processes. Identical to -e, below

-f | Generate a full listing

-j Print session ID and process group ID

-l | Generate a long listing
Example :-

Sps
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PID TTY TIME CMD
291 console 0:00 bash

36) In:-In command is used to create link to a file (or) directory. It helps to provide soft link
for desired files.
Syntax:- In [options] existingfile(or directory)name newfile(or directory)name
Description:-

>

What Is A Link?

A link is an entry in your file system which connects a filename to the actual bytes
of data on the disk. More than one filename can "link" to the same data. Here's an
example. Let's create a file named filel.txt:

S echo "This is a file." > filel.txt

This command echoes the string "This is a file". Normally this would simply echo to
our terminal, but the > operator redirects the string's text to a file, in this case
filel.txt

When this file was created, the operating system wrote the bytes to a location on
the disk and also linked that data to a filename, filel.txt so that we can refer to the
file in commands and arguments.

If you rename the file, the contents of the file are not altered; only the
information that points to it.

The filename and the file's data are two separate entities.

Filel.txt

\

“This is a file””

What the link command does is allow us to manually create a link to file data that
already exists.

So, let's use link to create our own link to the file data we just created. In essence,
we'll create another file name for the data that already exists.

S link filel.txt file2.txt

The important thing to realize is that we did not make a copy of this data. Both
filenames point to the same bytes of data on the disk. Here's an illustration to help
you visualize it:

Filel.txt File2.txt
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“This is a file”

> If we change the contents of the data pointed to by either one of these files, the
other file's contents are changed as well. Let's append a line to one of them using
the >>operator:
$ echo "It points to data on the disk." >> filel.txt

» Now let's look at the contents of file1.txt:
S cat filel.txt
This is a file.

» now let's look at the second file, the one we created with the link command.
S cat file2.txt
This is a file.

» In, by default, creates a hard link just like link does. So this In command:
S In filel.txt file2.txt

> It is the same as the following link command. Because, both commands create a
hard link named file2.txt which links to the data offilel.txt.
$ link filel.txt file2.txt

> However, we can also use In to create symbolic links with the -s option. So the
command:
$ In -s filel.txt file2.txt

> It will create a symbolic link to filel.txt named file2.txt. In contrast to our hard link
example, here's an illustration to help you visualize our symbolic link:

Filel.txt File2.txt

“This is a file””

> You should also be aware that, unlike hard links, removing the file (or directory)
that a symlink(symbolic linkl) points to will break the link. So if we createfilel.txt:
S echo "This is a file." > filel.txt

> Now, create a symbolic link to it:
S In -s filel.txt file2.txt

> we can cat either one of these to see the contents:
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S cat filel.txt

This is a file.

S cat file2.txt

This is a file.

But, if we remove filel.txt:

S rm filel.txt

we can no longer access the data it contained with our symlink:
$ cat file2.txt

cat: file2.txt: No such file or directory

-S Makes it so that it creates a symbolic link

-f If the destination file or files already exist, overwrite them.

37) head:- head command is used to display the first ten lines of a file, and also specifieshow
many lines to display.
Syntax:- head [options] filename
Description:-

>

Head command displays the top of the file. When used without an option, it
displays the first ten lines of the file.

-n To specify how many lines you want to display.
The number option-argument must be a decimal integer whose
-n number | . A : -
sign affects the location in the file, measured in lines.
c number The number option-argument must be a decimal integer whose
sign affects the location in the file, measured in bytes.
Example :-

>

>

$ head myfile.txt

Display the first ten lines of myfile.txt.

$ head -15 myfile.txt

Display the first fifteen lines of myfile.txt.

$ head -c 20 myfile.txt

Will output only the first twenty bytes (characters) of myfile.txt. Newlines countas
a single character, so if head prints out a newline, it will count it as a byte.

$ head -n 5K myfile.txt

Displays the first 5,000 lines of myfile.txt.

38) tail:- tail command is used to display the last or bottom part of the file. By default it
displays last 10 lines of a file.
Syntax :- tail [options] filename
Description:-
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-l To specify the units of lines.

-b To specify the units of blocks.
-n To specify how many lines you want to display.

The number option-argument must be a decimal integer whose
-c number

sign affects the location in the file, measured in bytes.

The number option-argument must be a decimal integer whose
sign affects the location in the file, measured in lines.

-n number

Example : -
$ tail index.txt
> It displays the last 10 lines of 'index.txt'.
$ tail -2 index.txt
> It displays the last 2 lines of 'index.txt'.
S tail -n 5 index.txt
» It displays the last 5 lines of 'index.txt'.
$ tail -¢ 5 index.txt
» It displays the last 5 characters of 'index.txt'.

39) sort:- It is used to sort the lines in a text file.
Syntax:- sort [options] filename
-b Ignores spaces at beginning of the line
-C Check whether input is sorted; do not sort
-r Sorts in reverse order
-u If line is duplicated only display once
-r Reverse the result of comparisons.

Example:-
$ cat > data.txt
apples
oranges
pears
kiwis
bananas
$ sort data.txt
apples
bananas
kiwis
oranges
pears
> Note that this command does not actually change the input file, data.txt. If you
want to write the output to a new file, output.txt, redirect the output like this:
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S sort data.txt > output.txt

it will not display any output, but will create the file output.txt with the same
sorted data from the previous command. To check the output, use the cat
command:

$ cat output.txt

apples

bananas

kiwis

oranges

pears

You can also use the built-in sort option -o, which allows you to specify an output
file:

$ sort -0 output.txt data.txt

Using the -o option is functionally the same as redirecting the output to a file;
neither one has an advantage over the other.

Sorting In Reverse Order :

You can perform a reverse-order sort using the -r flag. For example, the following
command:

$ sort -r data.txt

pears

oranges

kiwis

bananas

apples

Checking For Sorted Order

If you just want to check to see if your input file is already sorted, use the -c
option:

$ sort -c data.txt

If your data is unsorted, you will receive an informational message reporting the
line number of the first unsorted data, and what the unsorted data is.

40) find:- Finds one or more files assuming that you know their approximate path.
Syntax :- find [options] path

Description :-

» Find is one of the powerful utility of Unix (or Linux) used for searching the files in a
directory hierarchy

path

A path name of a starting point in the directory hierarchy

-maxdepth

Descend at most levels (a non-negative integer) levels of directories
below the command line arguments.

ignore the case in the current directory and sub-directories.
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| -size | Find file based on size |
Example:-
$ find -name "sum.java"
./bkp/sum.java
./sum.java
$ find -iname "sum.java"
./SUM.java
./bkp/sum.java
./sum.java
$ find -maxdepth 1 -name "sum.java"
./sum.java
> Find Files Under Home Directory
» Find all the files under /home directory with name myfile.txt.
$ find /home -name myfile.txt
/home/myfile.txt
S find . -size 10M
> Display files whose size is exactly 10M
S find . -size +10M
» Display files larger than 10M size
$ find -newer "sum.java"
» Display the files which are modified after the modification of a give file.
$ find . -perm 777
> display the files based on the file permissions.
» This will display the files which have read, write, and execute permissions. To
know the permissions of files and directories use the command "lIs-I".
S find -name '*' -size +1000k
» The system would search for any file in the list that is larger than 1000k.

41) uniq:- Report or filter out repeated lines in a file.
Syntax:- uniq [option] filename

Description : -
-C Precede each output line with a count of the number of times the line
occurred in the input
-d Suppress the writing of lines that are not repeated in the input
-D Print all duplicate lines
-f Avoid comparing first N fields
-i Ignore case when comparing
-S Avoid comparing first N characters.
-u Prints only unique lines
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| -W | Compare no more than N characters in lines

Example:-

$ cat example.txt
Unix operating system
unix operating system
unix dedicated server
linux dedicated server

> The default behaviour of the unig command is to suppress the duplicate line. Note
that, you have to pass sorted input to the uniqg, as it compares only successive
lines.
$ uniq example.txt
unix operating system
unix dedicated server
linux dedicated server

> The -c option is used to find how many times each line occurs in the file. It prefixes
each line with the count.
$ uniq -c example.txt
2 unix operating system
1 unix dedicated server
1 linux dedicated server

» You can print only the lines that occur more than once in a file using the -d option.
$ uniq -d example.txt
unix operating system

» The -D option prints all the duplicate lines.
$ uniq -D example.txt
unix operating system
unix operating system

42) tr:- Translate characters.
Syntax:- tr [options] setl [set2]

Description:-
-C Complement the set of characters specified by stringl
-d Delete all occurrences of input characters that are specified by stringl
-S replaces repeated characters listed in the string1l with single occurrence
Setl First string or character to be changed
set2 Second string or character to change the stringl

Example:-

» Convert lower case letters to upper case
» The following tr command translates the lower case letters to capital letters in the
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give string:
$ echo "linux dedicated server" | tr "[:lower:]" "[:upper:]"
LINUX DEDICATED SERVER
$ echo "linux dedicated server" | tr "[a-z]" "[A-Z]"
LINUX DEDICATED SERVER

> The -c option is used to replace the non-matching characters with another set of
characters.
$ echo "unix" | tr-c"u" "a"
uaaa

> You can squeeze more than one occurrence of continuous characters with single
occurrence. The following example squeezes two or more successive blank spaces
into a single space.
$ echo "linux server" | tr -s
linux server

» The following example removes the word linux from the string.
$ echo "linuxserver" | tr -d "linux"
Server

43) history:- history command is used to list out the recently executed commands in the
number line order.
Syntax:- history [options]
Description:-
> The history command performs one of several operations related to recently-
executed commands recorded in a history list. Each of these recorded commands
is referred to as an ““event".

| -C | clear the history list by deleting all of the entries.
Example :-
> To list the recently executed commands:
$ history
> This command is used to list the history.
To find specific command in history list:
S history | grep cd
33 cd Pictures/
37cd ..
39 cd Desktop/
61 cd /usr/bin/
68 cd
> This command is used to list only cd commands from history list.
To copy history list to file
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S history -a history.txt
> This command is used to copy history list to history.txt file .
To Clear all history:
S history -c
> This command can be used to clear all history from history list.

44) write:- Send a message to another user.
Syntax:- write person [ttyname]
Description:-
» The write utility allows you to communicate with other users, by copying lines
from your terminal to theirs.
> When you run the write command, the user you are writing to gets a message of
the format:
Message from yourname@yourhost on yourtty at hh:mm ...
» Any further lines you enter will be copied to the specified user's terminal. If the
other user wants to reply, they must run write as well.
> When you are done, type an end-of-file or interrupt character. The other user will
see the message ‘EOF’ indicating that the conversation is over.
person If you wish to talk to someone on your own machine, then person is just the
person's login name. If you wish to talk to a user on another host, then
person is of the form 'user@host'.
ttyname | If you wish to talk to a user who is logged in more than once, the ttyname
argument may be used to indicate the appropriate terminal name, where
ttyname is of the form 'ttyXX' or 'pts/X".

45) grep:- It selects and prints the lines from a file which matches a given string or pattern.
Syntax:- grep [options] pattern [file]
Description:-
» This command searches the specified input fully for a match with the supplied
pattern and displays it.
>  While forming the patterns to be searched we can use shell match characters, or
regular expressions.
» Let us begin with the simplest example of usage of grep.

-i Ignore case distinctions
-v Invert the sense of matching, to select non-matching lines.
-wW Select only those lines containing matches that form whole words.
-X Select only matches that exactly match the whole line.
-C print a count of matching lines for each input file.
Example :-
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46)

47)

S grep "Error" logfile.txt

> This searches for the string "Error" in the log file and prints all the linesthat has
the word "Error".
$ grep "string" filel file2

> Searching for a string in multiple files.
S grep -i "UNix" file.txt

» The -i option enables to search for a string case insensitively in the give file. It
matches the words like "UNIX", "Unix", "unix".
S grep -w "world" file.txt

» By default, grep matches the given string/pattern even if it found as a substring in
a file. The -w option to grep makes it match only the whole words.
S grep -c "sting" file.txt

» We can find the number of lines that matches the given string/pattern
S grep -l "string" *

» We can just display the files that contain the given string/pattern.
$ grep -n "string" file.txt

> We can make the grep command to display the position of the line which contains
the matched string in a file using the -n option

pwd:-Displaying your current directory name (Print working directory).

Syntax:-pwd [options]

Description:-

> At the time of logging in user is placed in the specific directory of the file system.

You can move around from one directory to another, but any point of time, you
are located in only one directory. This directory is known as your current directory.
pwd command tells your current directory.

Example:-
$ pwd
/home/abc

wc:- Word Count (wc) command counts and displays the number of lines, words,

character and number of bytes enclosed in afile.

Syntax: - wc [options] [filename]

Description:-

> This command counts lines, words and characters depending on the options used.

It takes one or more filenames as its arguments and displays four-columnar
output. For example let’s read our osl file. And we use wc command with that
filename.

-l print the newline counts.
-w | print the word counts.




- N/ATMIYA

UNIVERSITY
ned iy

Unix Commands

-C print the byte counts.
-m | print the character counts.

-L | print the length of the longest
line.

Example :-

Scat myfile.txt
Red Hat
CentOS
Fedora
Debian
Scientific Linux
OpenSuse
Ubuntu
Xubuntu
Linux Mint
Pearl Linux
Slackware
Mandriva

> The ‘wc’ command without passing any parameter will display a basic result of
"myfile.txt’ file. The three numbers shown below are 12 (number of lines), 16
(number of words) and 112 (number of bytes) of the file.
Swc myfile.txt
12 16 112 myfile.txt

> To count number of newlines in a file use the option ‘-I‘, which prints the number
of lines from a given file. Say, the following command will display the count of
newlines in a file. In the output the first filed assigned as count and second field is
the name of file.
Swc -l myfile.txt
12 myfile.txt

> Using “w’ argument with ‘wc’ command prints the number of words in a file. Type
the following command to count the words in a file.
Swc -w myfile.txt
16 myfile.txt

» When using options ‘-c’ and “m‘ with ‘wc’ command will print the total number of
bytes and characters respectively in a file.
Swc -c myfile.txt
112 myfile.txt

> The ‘wc‘command allow an argument ‘-L’, it can be used to print out the length of
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longest (number of characters) line in a file. So, we have the longest character line
(‘Scientific Linux‘) in a file.

Swc -L myfile.txt

16 myfile.txt

48) man:- man command which is short for manual, provides in depth information about the
requested command (or) allows users to search for commands related to a particular
keyword.

Syntax:- man commandname [options]
Description :-

-a Print a one-line help message and exit.
-k Searches for keywords in all of the manuals available.

Example:-
S man mkdir
» Display the information about mkdir command

49) | (Pipeline command):- Used to combine more than one command. Takes output of 15t

command as input of 2" command.

Syntax:- commmandl| command2]......

Example:-
Sls -1 | grep "Feb"
-rw-r--r-- 1 dietstaffdietstaff 336 Feb 19 14:41 calcl.sh
-rw-r--r—1 dietstaffdietstaff 410 Feb 19 14:28 calc.sh
drwxr-xr-x 7 dietstaffdietstaff 4096 Feb 24 09:04 Desktop
drwxr-xr-x 7 dietstaffdietstaff = 12288Feb 26 07:44 Downloads
drwxr-xr-x 3 dietstaffdietstaff 4096 Feb 26 08:55 lab
drwxr-xr-x 2 dietstaffdietstaff 4096 Feb 24 08:00 shellscript
-rw-r--r—1 dietstaffdietstaff 81 Feb 24 12:34 temp3.sh

Explain the basic system administration commands of unix
1) date : - Prints or sets the date and time.

Syntax :- date[options] [+format] [date]

Description :-

» Display the current date with current time, time zone.

» The command can also be used with suitable format specifies as arguments. Each
format is preceded by a + symbol, followed by the % operator, and a single
character describing the format.

Format

| %a | Abbreviated weekday(Tue). |
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%A | Full weekday(Tuesday).

%b | Abbreviated month name(Jan).

%B | Full month name(January).

%c | Country-specific date and time format..

%D | Date in the format %m/%d/%y.

%j | Julian day of year (001-366).

%p | String to indicate a.m. or p.m.

%T | Time in the format %H:%M:%S.

%t | Tab space.

%V | Week number in year (01-52); start week on Monday.

Example:-
$ date
Fri Feb 19 09:55:15 IST 2016
$ date +%m
02
$ date +%h
Feb
S date +%y
16
$ date +"Date is %D %t Time is %T"
date is 19/02/16 Time is 10:52:34
> To know the week number of the year,
$ date -V
11
» To set the date,
$ date -s "10/08/2016 11:37:23"
> The above command will print Wed Oct 08 11:37:23 IST 2016
2) wall:-send a message to everybody's terminal.
Syntax :- wall [ message ]
> Wall sends a message to everybody logged in with their mesg(1) permission set to
yes. The message can be given as an argument to wall, or it can be sent to wall's
standard input. When using the standard input from a terminal, the message
should be terminated with the EOF key (usually Control-D).
» The length of the message is limited to 20 lines.
Example : -
Ssudo wall message.txt
» Using the sudo command to run wall as the superuser, sends the contents
ofmessage.txt to all users.

ulimit : Setting limits on file size
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Syntax: - ulimit [limit]
Description :-

>

The ulimit command imposes a restriction on the maximum size of the file that a
user is permitted to create, so that there is less wastage of disk space.

3) passwd:- It is used to change your password.
Syntax:- passwd

Description :-
> Passwd changes the password or shell associated with the user given by name or
the current user if name is omitted.
> First user has to insert current password. Then new password will be asked
followed by confirm new password field.
> passwd command can also be used to change the home directory where the path

stands for the home directory.

4)  suid:-set userid.
Description :-

>

>

>

>

suid (Set owner User ID up on execution) is a special type of file permissions given
to a file.

Normally in Linux/Unix when a program runs, it inherits access permissions from
the logged in user.

suid is defined as giving temporary permissions to a user to run a program/file
with the permissions of the file owner rather that the user who runsit.

In simple words users will get file owner’s permissions as well as owner UID and
GID when executing a file/program/command.

Example:-

S chmod u+s a.out
Sls-la.out
-rwsr-xr-rw 1 dietstaff dietstaff 121 Feb 21 11:18 a.out
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1) Write a shell script to scans the name of the command and executes it.
Program :-
echo "enter command name"
read cmd
Scmd

Output :-

enter command name

cal

February 2016

Su Mo Tu We Th Fr Sa

1 2 3 4 5 6

7 8 9 10 11 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27

28 29

2) Write a shell script Which works like calculator and performs below operations Addition
, Subtract ,Division ,Multiplication
Program :-
i) using if..elif statement
echo " Enter one no."
read nl
echo "Enter second no."
read n2

echo "1.Addition"
echo "2.Subtraction"
echo "3.Multiplication"
echo "4.Division"
echo "Enter your choice"
read ch
if [Sch="1"]
then
sum="expr Snl + Sn2’
echo "Sum ="Ssum
elif [Sch="2"]
then
sum="expr Snl - Sn2’
echo "Sub ="Ssum
elif [Sch="3"]
then
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sum="expr Sn1\* $n2’
echo "Mul = "Ssum
elif [ Sch = "4" ]
then
sum="expr $Sn1/5n2"
echo "Div = "Ssum
fi

Output :-

Enter one no.

32

Enter second no.
12

1.Addition
2.Subtraction
3.Multiplication
4.Division

Enter your choice
2

Sub =20

ii) using while loop and switch statement

s n

=7y

while [ Si="y" ]

do

echo " Enter one no."
read nl

echo "Enter second no."
read n2

echo "1.Addition"

echo "2.Subtraction"

echo "3.Multiplication"

echo "4.Division"

echo "Enter your choice"

read ch

case Schin
1)sum="expr Snl + Sn2"
echo "Sum ="Ssum;;
2)sum="expr Snl - Sn2’
echo "Sub = "Ssum;;
3)sum="expr Sn1\* Sn2
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echo "Mul = "Ssum;;
4)sum="expr Snl/Sn2"
echo "Div = "Ssum;;
*)echo "Invalid choice";;

esac

echo "Do u want to continue ? y/n"

read i

if [Sil="y"]

then
exit

fi

done

Output :-

Enter one no.

32

Enter second no.
22

1.Addition
2.Subtraction
3.Multiplication
4.Division

Enter your choice
2

Sub =10

Do u want to continue ? y/n
N

3) Write a shell script to print the pyramid structure for the given number.
Program :-
echo "enter the number"
read n
printf "\n"
for((i=1;i<=Sn;i++))
do
for((j=1;j<=$i;j++))
do
printf "Sj"
done
printf "\n"
done
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Output :-

enter the number
4

1

12

123

1234

4) Write a shell script to find the largest among the 3 given numbers.
Program :-
clear
echo "Enter first number: "
read a
echo "Enter second number: "
read b
echo "Enter third number: "
read c

if [ Sa -ge Sb -a Sa -ge Sc ]
then

echo "S$a is largest integer"
elif [ Sb -ge Sa -a Sb -ge Sc ]
then

echo "Sb is largest integer"
elif [ Sc -ge Sa-a Sc-ge Sb ]
then

echo "Sc is largest integer"
fi

Output :-

Enter first number:

22

Enter second number:
33

Enter third number:
42

44 is largest integer

5) Write a shell script to find factorial of given number n.
Program :-
clear
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fact=1
echo "Enter number to find factorial : "
read n
a=$n
#if enter value less than O
if[Sn-le0]
then
echo "invalid number"
exit
fi

#factorial logic

while [Sn -ge 1]

do
fact="expr Sfact \* Sn’
n="exprSn-1

done

echo "Factorial for Sa is Sfact"

Output :-

Enter number to find factorial :
5

Factorial for 5is 120

6) Write a shell script to print all prime numbers from 1 to n.
Program :-
clear
echo "enter the range"
read n
echo "the prime no are:"
m=2
while [ Sm -le $n ]
do
i=2
flag=0
while [ Si-le ‘exprSm/2']
do
if [ ‘'exprSm % Si* -eq 0]
then
flag=1
break
fi
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i="expr Si+1°
done

if [ Sflag -eq 0]
then

echo Sm

fi

m="expr Sm+ 1"
done

Output :-

enter the range
10

the prime no are
2

3
5
7

7) Write a shell script to reverse a number supplied by a user.

Program :-
if [S#-eql]
then
if [$1-gt0]
then
num=51
sumi=0
while [ Shum -ne 0]
do

Inum="expr Snum % 10°
sumi="expr Ssumi \* 10 + Slnum®
num="expr Snum / 10
done
echo "Reverse of digits is Ssumi of S1"
else
echo " Number is less than 0"
fi
else
echo "Insert only one parameter "
fi
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Output :-
bash pr81.sh 123
Reverse of digits is 321 of 123

8) Write a shell script to find first n Fibonacci numbers like: 01, 1, 2, 3, 5, 13,...
Program :-
clear
echo "How many number of terms to be generated ?"
read n
x=0
y=1
i=2
echo "Fibonacci Series up to Sn terms :"
echo "Sx"
echo "Sy"
while [ Si-lt Sn ]
do
i="exprSi+1°
z="expr Sx + Sy
echo "$z"
x=Sy
y=5z
done

Output :-

How many numbers of terms to be generated?
5

Fibonacci Series up to 5 terms :

W N = = O

9) Write a shell script to check whether the given number is Perfect ornot.
Program :-
echo Enter a number
read no
i=1
ans=0
while [ Si-le ‘expr Sno /2" ]
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do
if [ ‘expr Sno % Si* -eq 0]
then
ans="expr Sans + Si’
fi
i="exprSi+1'
done
if [ Sno -eq Sans ]
then
echo Sno is perfect
else
echo Sno is NOT perfect
fi

Output :-

Enter a number
6

6 is perfect

Enter a number
10
10is NOT perfect

10)
have read, write and execute permissions
Program :-
for File in *
do
if [ -r SFile -a -w SFile -a -x SFile ]
then
echo SFile
fi
done

Output :-
Desktop
Documents
Downloads
lab

Music

Write a shell script which displays a list of all files in the current directory to which you
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Pictures
Public
shellscript
Templates
Videos

11) Write a shell script that deletes all the files in the current directory which are 0 bytes in
length.
Program :-
clear
find . -name "*" -size -1k —delete
echo “files deleted”

Output :-
files deleted

12) Write a shell script to check whether the given string is Palindrome or not.
Program :-
clear
echo "Enter the string:"
read str
echo
len="echo Sstr | wc -¢’
len="expr Slen - 1
i=1
j="exprSlen /2’
while test Si -le §j
do
k="echo Sstr | cut -c Si°
|="echo Sstr | cut -c Slen’

if test Sk 1= Sl

then

echo "String is not palindrome"
exit

fi

i="exprSi+1°

len="expr Slen - 1

done

echo "String is palindrome"
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Output :-

Enter the string:
abba

String is palindrome

Enter the string:
abc
String is not palindrome

13) Write a shell script to display the digits which are in odd position in a given 5 digit
number
Program :-
echo "Enter a 5 digit number"
read num
n=1
while[Sn-le 5]
do
a="echo Snum | cut -c Sn°
echo $Sa
n="expr Sn+ 2’
done

Output :-

Enter a 5 digit number
12345

1

3

5

14) Write a shell script to check given year is leap year or not.
Program :-
clear
echo "enter any year"
read num
if [ ‘expr Snum % 4" -eq 0]
then
if [ ‘expr Snum % 100" -eq 0 -a ‘expr Snum % 400" -ne 0 ]
then
echo "Not a leap year"
else
echo "Leap year "
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fi
else

echo "Not a leap year"
fi

Output :-
enter any year
2016

Leap year

enter any year
2100
Not a leap year

15)
Program :-
echo "Input number"
read no
echo "Input power"
read power
counter=0
ans=1
while [ Spower -ne Scounter ]
do
ans="echo Sans \* $no | bc’

counter="echo Scounter + 1 | bc'

done

echo "S$no power of Spower is Sans"
Output :-

Input number

5

Input power

3

5 power of 3 is 125

16)

Write a shell script to find the value of one number raised to the power of another.

Write a shell script to display the following details in a pay list Pay slip details, House

rent allowance, Dearness allowance, Provident fund. HRA is to be calculated at the rate
of 20% of basic, DA at the rate of 40% of basic and PF at the rate of 10% of basic.

Program :-
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s n

i="y
while [ Si="y" ]
do
echo "Please enter your Basic:"
read basic
echo "PAY SLIP DETAILS"
echo "1. HOUSE RENT ALLOWANCE"
echo "2. DEARNESS ALLOWANCE"
echo "3. PROVIDENT FUND"
echo "your choice:"
read ch
case Schin
1) hra="expr Sbasic \* 20 / 100
echo Your HOUSE RENT ALLOWANCE is Rs. Shra;;
2) da="expr Sbasic \* 40 / 100'
echo Your DEARNESS ALLOWANCE is Rs. $da;;
3) pf="expr Sbasic \* 10 / 100
echo Your PPOVIDENT FUND is Rs. Spf;;
*) echo "Not a valid choice";;
esac
echo "Do u want to continue ?"
read i
if [Sil="y"]
then
exit
fi
done

Output :-

Please enter your Basic:
1000

PAY SLIP DETAILS

1. HOUSE RENT ALLOWANCE
2. DEARNESS ALLOWANCE

3. PROVIDENT FUND

your choice:

1

Your HOUSE RENT ALLOWANCE is Rs. 200
Do u want to continue ?
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17) Write a shell script to find sum of digits of a number.
Program :-
clear
echo "enter the number"
read n
sum=0
a=$n
while((Sn >0))
do
x="expr Sn % 10°
sum="expr Ssum + Sx’
n="expr Sn/ 10°
done
echo "the sum of Sa is Ssum"
Output :-
enter the number
3355
the sum of 3355is 16

18) Write a shell script that greets the user by saying Good Morning, Good Afternoon, and
Good Evening according to the system time.
Program :-
clear

#hours="date|cut -c 12-13"
hours="date +%H"
if [ Shours -le 12 ]
then
echo "Good Morning"
elif [ Shours -le 16 ]
then
echo "Good Afternoon"
elif [ Shours -le 20 ]
then
echo "Good Evening"
else
echo "Good Night"
fi

Output :-
Good Afternoon
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19) Write a shell script to generate mark sheet of a student. Take 3 subjects, calculate and
display total marks, percentage and Class obtained by the student.
Program :-

Clear
echo "Enter the five subject marks for the student"
read s1s2s3
suml="expr $s1+ Ss2 + $s3°
echo "Sum of 5 subjects are: " Ssum1
per=‘expr Ssum1 /3’
echo " Percentage: " Sper
if [ Sper -ge 60 ]
then
echo "You get Distinction"
elif [ Sper -ge 50 ]
then
echo a€ceYou get First classa€e
elif [ Sper -ge 40 ]
then
echo "You get Second class"
else
echo "You get Fail"
fi

Output :-

Enter the five subject marks for the student
78 8892

Sum of 5 subjects are: 258

Percentage: 86

You get Distinction

20) Write a shell script that finds total no. of users and finds out how many of them are
currently logged in.
Program :-
cat /etc/passwd>user.txt
set 'wc -l user.txt’
log="who|wc -I'
echo "There are $1 users in network "
echo "There are Slog user loged in right now"
Output :-
There are 49 users in network
There are 2 user loged in right now
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Que-1 Installation and Configuration of Linux - Using with Ubuntu

» Here is official installation steps for ubuntu
https://ubuntu.com/tutorials/tutorial-install-ubuntu-desktop#1-overview
https://ubuntu.com/tutorials/tutorial-install-ubuntu-server#fl-overview (server)

e steps for dual boot installation (How To Install Ubuntu18.04 LTS Alongside Windows 10)

step 1: Make a backup [optional]
It is always nice to make a back up, just in case if you mess up with the system. There are

numerous articles on the web to show you how to backup your system.

Step 2: Create a live USB/disk of Ubuntu
The next thing you need to do is to create a live USB or disk. | recommend Universal USB

Installer to create a live USB of Linux OS in Windows
Read this screenshot tutorial on: how to create a live USB of Ubuntu Linux in Windows

Step 3: Make a partition where Ubuntu will be installed
If you have just one partition like this, you need to make some free space out of it for Linux. If you
have several partitions of considerable size, use any of them except C drive because it may erase
the data
To make a partition in Windows 8, go to Disk Management tool. You can find disk management

tool by searching for ‘disk’ in Control Panel.

£ disk - Control Panel - o IEN
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Or if you have free space in your drive make it is not a window drive then delete particular volume

o Disk Management - 8 u
Fle Action View Help
G o 7} P a@

| Volurne | Layout Type FileS... | Status Capacity FreeSpa.. | % Free
s Smple Bosic
Simple B
Simple B
Sumpie Bask
Smpie 8
8

a5 Q) Sirmple < NTFS Heathy ge Fie, C.. 2215568 1822468 21N

4Dk 0 —— e il e ——=
| Bask 0$ )

23835 GB 300 MB QOMe OM8 221.53 GB NTFS
Onlne Meslthy (EF1 Sy | Heskthy | Healthy (fecer | Heslthy (Boct, F

68

Open I
e Reby (OEM Partition

bxplore

Change Drive Letter and Poths.

| W Unaliccated [l Primary partition 8 ! |
Shrnk Volume I

Properties
Help

You can leave the free space as it is. We shall use it while installing Ubuntu.

Step 4: Disable fast startup in Windows [optional]
Windows 8 introduced a new feature called “fast startup” for quick boot. While it is not
mandatory, it would be better to have it disabled.
Go to Control Panel > Hardware and Sound > Power Options > System Settings > Choose what the
power buttons do and uncheck the Turn on fast startup box

Step 5: Disable secure boot in Windows 10 and 8.1
This is the most important step. The new secure boot feature of Windows 8, originally intended
for security feature for root kit viruses, prevents dual booting of Windows with Linux. To dual
boot Windows 8 with Linux, we must disable secure boot in UEFI.

Step 6: Installing Ubuntu along with Windows 10, 8.1

you have booted in the live USB, you will be presented with option to try or install Ubuntu.
You can also boot from any bootable media now you are entering in installation steps of ubuntu
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Step 7 :select language option and click on install button

install

Welcome

Espatiol
Esperanto
Euskara
Frangais
Gaeilge
Calego
Hrvatsk|

islenska

itatiano Try Ubuntu Install Ubuntu
Kurdi

Latviski
Letuvidkai You ¢an try Ubuntu without making any changes to your computer, directly from this €D,
Magyar Or if you're ready, you can install Ubuntu slongside (or instead of) your current operating system. This
Nederiands shouldn't take too long

Norsk bokmal

% 0 9 @ 0 @ 0

Step 8: Prepare to install Ubuntu

v" you will first be asked to select your keyboard layout After selecting Continue you will be
asked What apps would you like to install to start with?

o The two options are ‘Normal installation” and ‘Minimal installation’.

v The first is the equivalent to the old default bundle of utilities, applications, games and media
players — a great launchpad for any Linux installation.

v" The second takes considerably less storage space and allows you to install only what you need.
Beneath the installation-type question are two checkboxes; one to enable updates while
installing and another to enable third-party software.

e We advise enabling both Download updates and Install third-party software.

e Stay connected to the internet so you can get the latest updates while you install Ubuntu.

o If you are not connected to the internet, you will be asked to select a wireless network, if available.
We advise you to connect during the installation so we can ensure your machine is up to date
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Install

Updates and other software

What apps would you like to Install to start with?
© Normal installation
Web browser, ctilties, office software, games, and media players.
Minimalinstallation
2r 2nd basi utlibes,
Other options
@ Download updates while installing Ubuntu
This saves time after intallation.
install third-party soRwace for graphics and Wi-Fi hardware and additional media Formats

This software & subject to license terms incleded with s documentation. Some is proprietary.

Step 9 : installation type:
The main screen which you should pay attention to is Installation Type. Choose Something
else here:

2 Install

Installation type

This computer currently has no detected operating systems. What would you like to do?

Erase disk and instalt Ubuntu
Warning: This will delete any files on the disk.

Encrypt the new

You will choose a se:

Thi It aliows taking snapshots and easier partition resizing.

© Something else
You can create or resize partitions yurself, or choose multiple partitions for Ubuntu.

Quit | Back continue

Remember we had created some free space beforehand? We shall use the free space to create
Root, Swap and Home. Select the free space and click on the + sign to create partition .
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X Instatt
Installation type

- - —— o ey
[ free space sdat (Fat32) M sdaz (Fat32) M sda3 (unknown) sdod (ntfs) B sdas (ntfs) [ free spoce M sda7 (ntfs) |
o ets 5% ¥ R R PR S e 3360 Co 113066 e

Device Type Mountpolnt Format? Size Used System
Jdev/sda3 134 M6 unknown
Jdev/sdad ntfs S13MB 293 MB
i RO0MG 3263 MB
y s S6e6MB
Jdev/sdas 8556 M8  unknown
free space omMe
Dewice for boot toader installation:

[dev/sda ATA SAMSUNG S50 PM84.(256.1 GB) -

Quit Back instail Now

It will provide you with option to create Linux partition. We are creating the Root partition. Any
thing above 20 GB is more than sufficient for it. Choose the size, select Ext 4 as file type and /
(means root) as the mount point.there basic three partition root , boot and swap area

Create partition

size: | 17983 — +|mB
Type for the new partition: @ Primary

() Logical

Location for thenewpartitior‘ @ Beginning of Jhis space

() End of this space

Use asI Ext4 journaling file system v

Mount point: | / v |

Clicking on OK in previous step will bring you to the partition screen. Next we will create swap.
Like previously, click on the + sign again. This time use the file type as Swap area. Suggestible
swap size is double of RAM
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Create partition

Size:| 8000 — + | MB
Type for the new partition: @ Primary

() Logical

Location for the new partitiorg © Beginning of this space

() End of this space

Use as: | swap area v

Cancel OK

(ubuntu)

In similar fashion, boot and then create a Home partition. Allocate it maximum space (in fact
allocate it rest of the free space) because this is where you’ll save music, pictures and

downloaded files.

Create partition

size: | 92000 — + |MB
Type for the new partition: @ primary

' Logical

Location For the new partitior‘ © Beginning of this space

(") End of this space
Usdas: | Ext4 journaling file system v
Mount point: | /home ' =
cancel || | OK

Once you are ready with Root, Swap and Home, click on Install Now:
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XX

Install

Installation type

sdas (ext4) [ sdas (linux-s'
& 5

[l free space [ sdat (fat32) M sda2 (Fat32) M sda3 (unknown) [@ sda4 (ntfs) [ sdas (ntfs) W
10848 S243 148 419MB 138203 SISEME 118548 180Gl 8068
Device Type Mountpoint Format? Size Used System
119500 MB 43263 MB
jdev/sdad extd [ % 17983 M8  unknown
/dev/sdag swap 7959 MEB  unknown
5% 91999 M8 unknown

8365MB 7566 MB

fdev/sdas 8596 MB  unknown
free space oMB
+ | = [change:: _NewPartition Table... | Revert

Device for boot loader installation:
| [dev/sda  ATA SAMSUNG SSD PM84 (256.1 GB)

v

Quit Back Install Now

Step 10 Select Your Time zone:

Where are you?

Kolkata

3 Caontinue

Step 11 Provide your User Credentials
In the next screen you will be prompted to provide your user credentials. In this screen

provide your name, computer name, username and the password to login into Ubuntu
18.04 LTS

Haresh Khachariya Dept:CS&IT|Operating System



NATMIYA

UNIVERSITY

e Unit - 4,5Getting Started with Linux

(ubuntu)

tnstall
Who are you?

Your name: | linuktechl
Your computer's name: | UBGRRERGES
he nama

The name it uses when it tilks to othee compiters
Pick s username:  linuxtechl
Choosea password. HOO0000000080®  Strong passwoed

Confem your password: 1990000000000
Login automatically
© Require my password to log in

Step 12 Start Installing Ubuntu 18.04 LTS:

The installation of Ubuntu 18.04 LTS starts now and will take around 5-10 mins depending

on the speed of your computer,

The Official documentation covers many of
t common areas about Ubuntu. It's
and via the Help icon in

Supp y
ay be provided by your

4
‘1’
|

e R S

ointers to other useful resources, ple#%e®
or

Step 13 Restart Your System:

Once the installation is completed, remove the USB/DVD from the drive and Click “Restart

Now” to restart your system

Installation Complete

@ Installation is complete. You need to restart the computer in order to use the new installation.

www.linuxtechi.com

| Restart Now

Haresh Khachariya Dept:CS&IT|Operating System



A}]%!XA
S e Unit - 4,5Getting Started with Linux ~ (ubuntu)

Step:14 Login to Your Ubuntu 18.04 desktop
Once your system has been rebooted after the installation then you will get the beneath

login screen, enter the User name and password that you have set during installation (St

@ linuxtechi

Password:

Cancel ¥ Signin

Wed 07:47

1N

]
E

=
=
@

B PoeB &
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Que -2 Add a new user account

uhwNeE

Screen:

v You can add multiple user accounts to your computer. Give one account to each person in your
household or company. Every user has their own home folder, documents, and settings.
You need administrator privileges to add user accounts.
Open the Activities overview and start typing Users.
Click on Users to open the panel.
Press Unlock in the top right corner and type in your password when prompted.
Press the + button, below the list of accounts on the left, to add a new user account.
If you want the new user to have administrative access to the computer, select Administrator for the
account type.
Administrators can do things like add and delete users, install software and drivers, and change the
date and time.
Enter the new user’s full name. The username will be filled in automatically based on the full name. If
you do not like the proposed username, you can change it.
You can choose to set a password for the new user, or let them set it themselves on their first login.
If you choose to set the password now, you can press the  icon to automatically generate a random
password.
Click Add.

=  Open Terminal by pressing Crtl+Alt+T or Search 'Terminal' in Dash.
= Execute the following command in terminal

= sudo apt-get install gnome-system-tools

= Search "Users" in Dash
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User Accounts

v Click and it will run the Users and Groups :

x Users Settings

dad dad Change...
test
Account type: Custom Change
Password: Asked on login Change...
Add Delete
Manage Groups Advanced Settings
Help Close

v" Click Add Button to add new user

x Users Settings

dad Change.
Account type: Custom Change
Password: Asked on login Change..
Click on Add
Add Delete
Manage Groups Advanced Settings
Help | Close
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Steps to Create a New Sudo User command line:

= Loginto your server as the root user.
= Use the adduser command to add a new user to your system.
@ Hadduser username
= Set and confirm the new user's password at the prompt. A strong password is highly recommended!
= Set password prompts:
= Enter new UNIX password:
= Retype new UNIX password:
= passwd: password updated successfully
= Userinformation prompts:
= Changing the user information for username Enter the new value, or press ENTER for the default Full
Name []:
=  Room Number []:
=  Work Phone []:
= Home Phone []:
= QOther][]:
= |s the information correct? [Y/n]

Que-3 Install / Uninstall Software

v Terminal:

= H#sudo apt-get install pakege name
= #sudo apt-get remove pakege_name

v GUL
Install additional applications

» An application is software that has a graphical user interface (GUI). The Ubuntu development
team has chosen a default set of applications that we think makes Ubuntu very useful for most
day-to-day tasks. However, you will certainly want to install more applications to make
Ubuntu more useful to you. To install an application, you can use Ubuntu Software.

» Applications are available in two formats: snap packages and Debian packages. An application
available as a snap package is from now on referred to as a snap. Some applications are
available in both formats. In such a case in Ubuntu Software the snap will be listed first.

You may also wish to install software that does not have a GUI. To install such software, you
can use Synaptic. Note that Synaptic does not list snaps.
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e To install an application:

Click the Ubuntu Software icon in the Dock, or search for Software in the Activities search bar.
When Ubuntu Software launches, search for an application, or select a category and find an
application from the list.

Select the application that you want to install and click Install.

You will be asked to authenticate by entering your password. Once you have done that the
installation will begin. The installation usually finishes quickly, but could take a while if you have a
slow Internet connection.

1.
2.

s w

e To Remove an application

>

>

>

An application is software that has a graphical user interface (GUI). You can use Ubuntu
Software to remove applications that you no longer use.

Applications are available in two formats: snap packages and Debian packages. An application
available as a snap package is from now on referred to as a snap. Some applications are
available in both formats. In such a case in Ubuntu Software the snap will be listed first.

You may also wish to remove software that does not have a GUI. To remove such software,
you can use Synaptic. Note that Synaptic does not list snaps.

v" To remove an application:

1.
2.
3.

o

Click the Ubuntu Software icon in the Dock, or search for Software in the Activities search bar.
When Ubuntu Software opens, click the Installed button at the top.

Find the application that you want to remove by using the search box or by looking through
the list of installed applications.

Select the application and click Remove.

Confirm that you want to remove the application.

You will be asked to authenticate by entering your password. After you have done that, the
application will be removed.
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Que-4 FTP Server:

v

v
v
v

@)

File Transfer Protocol (FTP) is a TCP protocol for uploading and downloading files between
computers. FTP works on a client/server model.

The server component is called an FTP daemon.

It continuously listens for FTP requests from remote clients.

When a request is received, it manages the login and sets up the connection. For the duration of
the session it executes any of commands sent by the FTP client

Access to an FTP server can be managed in two ways:

v Anonymous
v" Authenticated

> In the Anonymous mode, remote clients can access the FTP server by using the default user account

called “anonymous” or “ftp” and sending an email address as the password.

> In the Authenticated mode a user must have an account and a password. This latter choice is very

insecure and should not be used except in special circumstances. If you are looking to transfer files
securely see SFTP in the section on OpenSSH-Server.

> User access to the FTP server directories and files is dependent on the permissions defined for the

account used at login. As a general rule, the FTP daemon will hide the root directory of the FTP server and
change it to the FTP Home directory. This hides the rest of the file system from remote sessions.

vsftpd - FTP Server Installation
v’ vsftpd is an FTP daemon available in Ubuntu. It is easy to install, set up, and maintain. To

install vsftpd you can run the following command:
sudo apt install vsftpd

Anonymous FTP Configuration
v By default vsftpd is not configured to allow anonymous download. If you wish to enable
anonymous download edit /etc/vsftpd.conf by changing:

anonymous_enable=YES

v’ During installation a ftp user is created with a home directory of /srv/ftp. This is the
default FTP directory.

v If you wish to change this location, to /srv/files/ftp for example, simply create a directory
in another location and change the ftp user’s home directory:

sudo mkdir -p /srv/files/ftp
sudo usermod -d /srv/files/ftp ftp

v After making the change restart vsftpd:

sudo systemctl restart vsftpd.service\
v Finally, copy any files and directories you would like to make available through
anonymous FTP to /srv/files/ftp, or /srv/ftp if you wish to use the default.
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® User Authenticated FTP Configuration
v By default vsftpd is configured to authenticate system users and allow them to download
files. If you want users to be able to upload files, edit /etc/vsftpd.conf:

write_enable=YES
v" Now restart vsftpd:

sudo systemctl restart vsftpd.service
v" Now when system users login to FTP they will start in their home directories where they
can download, upload, create directories, etc.
v Similarly, by default, anonymous users are not allowed to upload files to FTP server. To
change this setting, you should uncomment the following line, and restart vsftpd:

anon_upload_enable=YES
v" To configure FTPS, edit /etc/vsftpd.conf

Que-5 Domain Name Service (DNS)

v" Domain Name Service (DNS) is an Internet service that maps IP addresses and fully
qualified domain names (FQDN) to one another. In this way, DNS alleviates the
need to remember IP addresses.

v' Computers that run DNS are called name servers. Ubuntu ships with BIND (Berkley
Internet Naming Daemon), the most common program used for maintaining a
name server on Linux.

Installation
At a terminal prompt, enter the following command to install dns:

sudo apt install bind9

A very useful package for testing and troubleshooting DNS issues is the dnsutils package. Very often these tools
will be installed already, but to check and/or install dnsutils enter the following:

sudo apt install dnsutils

Configuration
There are many ways to configure BIND9. Some of the most common configurations are a caching nameserver,
primary server, and secondary server.
e When configured as a caching nameserver BIND9 will find the answer to name queries and remember
the answer when the domain is queried again.
e Asaprimary server, BIND9 reads the data for a zone from a file on its host and is authoritative for that
zone.
e Asasecondary server, BIND9 gets the zone data from another nameserver that is authoritative for the
zone.
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Overview
The DNS configuration files are stored in the /etc/bind directory. The primary configuration file
is /etc/bind/named.conf, which in the layout provided by the package just includes these files.
e /etc/bind/named.conf.options: global DNS options
e /etc/bind/named.conf.local: for your zones
¢ /etc/bind/named.conf.default-zones: default zones such as localhost, its reverse, and the root hints

Caching Nameserver
The default configuration acts as a caching server. Simply uncomment and edit /etc/bind/named.conf.options to
set the IP addresses of your ISP’s DNS servers

Primary Server

In this section BIND9 will be configured as the Primary server for the domain example.com. Simply
replace example.com with your FQDN (Fully Qualified Domain Name).

Secondary Server

Once a Primary Server has been configured a Secondary Server is highly recommended in order to maintain the
availability of the domain should the Primary become unavailable.

First, on the Primary server, the zone transfer needs to be allowed. Add the allow-transfer option to the example
Forward and Reverse zone definitions in /etc/bind/named.conf.local
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Que-6 How to Configure Ubuntu’s Built-In Firewall

v

Ubuntu includes its own firewall, known as ufw — short for “uncomplicated firewall.” Ufw is an easier-to-
use frontend for the standard Linux iptables commands. You can even control ufw from a graphical
interface.

Ubuntu’s firewall is designed as an easy way to perform basic firewall tasks without learning iptables. It
doesn’t offer all the power of the standard iptables commands, but it’s less complex.

Firewall

status [N

Incoming: | Deny = I

Outgoing: | Allow ~

Rules

To Action From

Terminal Usage

The firewall is disabled by default. To enable the firewall, run the following command from a terminal:
sudo ufw enable

You don’t necessarily have to enable the firewall first. You can add rules while the firewall is offline, and
then enable it after you're done configuring it.

howtogeek@ubuntu: ~

howtogeek@ubuntu:~$ sudo ufw enable
[sudo] password for howtogeek:
Firewall is active and enabled on system startup

howtogeek@ubuntu:~$ [ |

v" To open a port (SSH in this example):

v

v

= sudo ufw allow 22

Rules can also be added using a numbered format:
= sudo ufw insert 1 allow 80

Similarly, to close an opened port:
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= sudo ufw deny 22

To remove a rule, use delete followed by the rule:
= sudo ufw delete deny 22

It is also possible to allow access from specific hosts or networks to a port. The following example allows

SSH access from host 192.168.0.2 to any IP address on this host:
= sudo ufw allow proto tcp from 192.168.0.2 to any port 22

Replace 192.168.0.2 with 192.168.0.0/24 to allow SSH access from the entire subnet.
ufw can be disabled by:

= sudo ufw disable
To see the firewall status, enter:

sudo ufw status
Logging is disabled by default, but you can also enable logging to print firewall messages to the system
log:

sudo ufw logging on
e GUFW Graphical Interface
v' UFW is a graphical interface for ufw. Ubuntu doesn’t come with a graphical interface, but

gufw is included in Ubuntu’s software repositories. You can install it with the following
command:

sudo apt-get install gufw
v' GUFW appears in the Dash as an application named Firewall Configuration. Like ufw itself,

GUFW provides a simple, easy-to-use interface. You can easily enable or disable the
firewall, control the default policy for inbound or outbound traffic, and add rules.

Firewall
Status

Incoming: | Deny » I

Outgoing:  Allow »
Rules

To Action From
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Firewall

status [N

™ Firewall: Add Rule

Preconfigured Simple Advanced

From

Allow » |[In ~ TCP +

Show extended actions

v' Remember, you can’t do everything with ufw — for more complicated firewall tasks, you'll
have to get your hands dirty with iptables.

Que-7 Web Servers:

v' A Web server is a software responsible for accepting HTTP requests from clients, which
are known as Web browsers, and serving them HTTP responses along with optional data
contents, which usually are Web pages such as HTML documents and linked objects
(images, etc.).

e HTTPD - Apache2 Web Server

v Apache is the most commonly used Web server on Linux systems. Web servers are used to
serve Web pages requested by client computers. Clients typically request and view Web
pages using Web browser applications such as Firefox, Opera, Chromium, or Internet
Explorer.

v Users enter a Uniform Resource Locator (URL) to point to a Web server by means of its
Fully Qualified Domain Name (FQDN) and a path to the required resource. For example, to
view the home page of the Ubuntu Web site a user will enter only the FQDN:

www.ubuntu.com

v" To view the community sub-page, a user will enter the FQDN followed by a path:
www . ubuntu. com/community
v" The most common protocol used to transfer Web pages is the Hyper Text Transfer Protocol (HTTP).

Protocols such as Hyper Text Transfer Protocol over Secure Sockets Layer (HTTPS), and File Transfer
Protocol (FTP), a protocol for uploading and downloading files, are also supported.
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v" Apache Web Servers are often used in combination with the MySQL database engine, the HyperText
Preprocessor (PHP) scripting language, and other popular scripting languages such as Python and Perl.
This configuration is termed LAMP (Linux, Apache, MySQL and Perl/Python/PHP) and forms a powerful
and robust platform for the development and deployment of Web-based applications.

Installation
The Apache2 web server is available in Ubuntu Linux. To install Apache2:
v' At a terminal prompt enter the following command:

U sudo apt install apache2

Configuration
Apache2 is configured by placing directives in plain text configuration files. These directives are separated
between the following files and directories:

1. apache2.conf: the main Apache2 configuration file. Contains settings that are global to Apache2.

2. httpd.conf: historically the main Apache2 configuration file, named after the httpd daemon. Now the file
does not exist. In older versions of Ubuntu the file might be present, but empty, as all configuration
options have been moved to the below referenced directories.

3. conf-available: this directory contains available configuration files. All files that were previously
in /etc/apache2/conf.d should be moved to /etc/apache2/conf-available.

4. conf-enabled: holds symlinks to the files in /etc/apache2/conf-available. When a configuration file is
symlinked, it will be enabled the next time apache?2 is restarted.

5. envvars: file where Apache2 environment variables are set.
6. mods-available: this directory contains configuration files to both load modules and configure them. Not
all modules will have specific configuration files, however.

7. mods-enabled: holds symlinks to the files in /etc/apache2/mods-available. When a module configuration
file is symlinked it will be enabled the next time apache?2 is restarted.

8. ports.conf: houses the directives that determine which TCP ports Apache?2 is listening on.

9. sites-available: this directory has configuration files for Apache2 Virtual Hosts. Virtual Hosts allow Apache2
to be configured for multiple sites that have separate configurations

10.sites-enabled: like mods-enabled, sites-enabled contains symlinks to the /etc/apache?2/sites-
available directory. Similarly when a configuration file in sites-available is symlinked, the site configured by
it will be active once Apache2 is restarted.
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11. magic: instructions for determining MIME type based on the first few bytes of a file..
In addition, other configuration files may be added using the Include directive, and wildcards can be used to
include many configuration files. Any directive may be placed in any of these configuration files. Changes to the
main configuration files are only recognized by Apache2 when it is started or restarted.

Method-2 for LAMP and individual

S Sudo apt-get update (First time after installation)
S sudo apt-get install apache2

S sudo apt-get install phpmyadmin

S sudo apt-get install mysql-server

Go to browser: http://localhost  or
http://127.0.1.1 (Home page)

Store your demo.php page at /var/www

Now run http://localhost/demo.php

® Another way to Install apache web server, phpmyadmin and MySQL:

S sudo apt-get install tasksel (if not installed)
S sudo tasksel
Choose LAMP server and press ok
LAMP : L-Linux
A- Apache
M-MySQL
P-phpmyadmin

Run services of Apache and then run php file
S sudo service apache2 start
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Que-8 Samba Server

v’ This section of the Ubuntu Server Guide introduces principles and tools used in configuring your Ubuntu
Server for sharing network resources with Windows computers

v' Successfully networking your Ubuntu system with Windows clients involves providing and integrating
with services common to Windows environments. Such services assist the sharing of data and
information about the computers and users involved in the network, and may be classified under three
major categories of functionality:

1. File and Printer Sharing Services. Using the Server Message Block (SMB) protocol to facilitate the sharing
of files, folders, volumes, and the sharing of printers throughout the network.

2. Directory Services. Sharing vital information about the computers and users of the network with such
technologies as the Lightweight Directory Access Protocol (LDAP) and Microsoft Active Directory®.

3. Authentication and Access. Establishing the identity of a computer or user of the network and
determining the information the computer or user is authorized to access using such principles and
technologies as file permissions, group policies, and the Kerberos authentication service.

File Server
v" One of the most common ways to network Ubuntu and Windows computers is to configure Samba as a
File Server. This section covers setting up a Samba server to share files with Windows clients.

Installation
v The first step is to install the samba package. From a terminal prompt enter:

sudo apt install samba

Configuration
v" The main Samba configuration file is located in /etc/samba/smb.conf. The default configuration file has a
significant number of comments in order to document various configuration directives.
1. First, edit the following key/value pairs in the [global] section of /etc/samba/smb.conf:

workgroup = EXAMPLE

security = user

The security parameter is farther down in the [global] section, and is commented by default. Also,
change EXAMPLE to better match your environment.

2. Create a new section at the bottom of the file, or uncomment one of the examples, for the directory to be
shared:

[share]
comment = Ubuntu File Server Share

path = /srv/samba/share

browsable = yes[OK TO YES FQR
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guest ok = yes|[printer ok TO YES]
read only = no

create mask = 0755

1. comment: a short description of the share. Adjust to fit your needs.

2. path: the path to the directory to share.

This example uses /srv/samba/sharename because, according to the Filesystem Hierarchy Standard
(FHS), [srv is where site-specific data should be served. Technically Samba shares can be placed
anywhere on the filesystem as long as the permissions are correct, but adhering to standards is
recommended.

3. browsable: enables Windows clients to browse the shared directory using Windows Explorer.

guest ok: allows clients to connect to the share without supplying a password.

5. read only: determines if the share is read only or if write privileges are granted. Write privileges are
allowed only when the value is no, as is seen in this example. If the value is yes, then access to the share
is read only.

6. create mask: determines the permissions new files will have when created.

B

3.Now that Samba is configured, the directory needs to be created and the permissions changed. From a
terminal enter:

sudo mkdir -p /srv/samba/share
sudo chown nobody:nogroup /srv/samba/share/

v Finally, restart the samba services to enable the new configuration:

v’ After editing smb.conf restart Samba:

sudo systemctl restart smbd.service nmbd.service

v" From a Windows client you should now be able to browse to the Ubuntu file server and see the
shared directory. If your client doesn't show your share automatically, try to access your server by
its IP address, e.g. \\192.168.1.1 OR 127.0.0.1, in a Windows Explorer window. To check
that everything is working try creating a directory from Windows.

v" To create additional shares simply create new [dir] sections in /etc/samba/smb.conf, and
restart Samba. Just make sure that the directory you want to share actually exists and the
permissions are correct.
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Que-9 Why use Wine:

v' With the increasing popularity of Linux desktops, There is another requirement occurred that we should
have an application which can be used to run windows applications. Windows has a long list of beautiful
applications for users which is not available for Linux users. As we know that Linux does not support
windows executable so WineHQ_is a solution to run windows applications and Linux systems.

This article will help you to install Wine 1.7.38 Development Release on RHEL based systems.

For ubuntu you have to use “apt-get “

Installing Prerequisite
v" Wine required many development packages, So we need to install required packages for Wine using yum

package manager using following commands.

# yumgroupinstall 'Development Tools'

# yum install 1libX1ll-devel freetype-develzlib-devellibxcb-devel

Install Wine
v" RPM packages for wine are not available for latest versions, So we need to download wine source code.
Use below commands to download it.

cd /usr/src

wget http://prdownloads.sourceforge.net/wine/wine-1.7.38.tar.bz2

tar xjf wine-1.7.38.tar.bz?2

cd wine-1.7.38

v" Configure wine using one of following command based on your system architecture.

For 32-Bit Systems:
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# ./configure

For 64-Bit Systems:

# ./configure --enable-win64

v Finally compile wine source with make command

# make

# make install

Check Wine Version

v Use following command to check version of wine installed on your system

On 32-Bit Systems:

# wine --version

On 64-Bit Systems:

# wine64 —-version
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How to Use Wine

v" To use wine we need to login on GUI desktop. After that Download a windows executable (.exe) file

like on your system and open it with Wine as below screenshot or use following command.

# wine putty.exe

w™ Applications Places System @ & o = Tue Sep 17, 11:04 AM  TecAdmin.net

PuTTY Configuration

[ Basic options for yout PuTTY session

Open with Other Application... ~Specify the destination you want to connect to
{ Host Name (of 1P address) Port

Cut o [ [

Copy res Connection type
= C Raw  Telne (" Rlogir v SSH ( Sena
Make Link —= S - g

Load, save of delete o stored session
Rename..

« Saved Sessions
Moye to Trash ction |

Default Settings

Stretch Icon...

Send To...
Extract Here

http://tecadmin.net

Properties f Cicse window on exit

© Alwaye C Never (& Onlyon clean exit

Open I Cancel
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Virtualization Concepts

(1) What is virtualization? Explain in details.

Virtualization is the process of creating a software-based, or virtual,
representation of something, such as virtual applications, servers, storage and
networks.

It is the single most effective way to reduce IT expenses while boosting efficiency
and agility for all size businesses.

Operating systembased Virtualizationreferstoanoperating system featureinwhich
the kernel enables the existence of various isolated user-space instances.

The installation of virtualization software also refers to Operating system-based
virtualization.

It is installed over a pre-existing operating system and that operating system is
called the host operating system.

In this virtualization, a user installs the virtualization software in the operating
system of his system like any other program and utilize this application to operate
and generate various virtual machines.

The virtualization software allows direct access to any of the created virtual machine
to the user.

Asthehost OS canprovide hardware devices with themandatory support, operating
system virtualization may affect compatibility issues of hardware even when the
hardware driver is not allocated to the virtualization software.

Virtualization software is able to convert hardware IT resources which require
unique software for operation into virtualized IT resources.

As the host OS is a complete operating system in itself, many OS based services are
available as organizational management and administration tools canbe utilized for
the virtualization host management.

Full Virtualization:

Virtual machine simulates hardware to allow an unmodified guest OS to be run in
isolation.
There is two type of Full virtualizations in the enterprise market.
Onboth full virtualization types, guest operating system’s source information will
not be modified.

1. Software assisted full virtualization

2. Hardware-assisted full virtualization
It is also referred as true or pure virtualization.
It completely relies on binary translation to trap and virtualize the execution of
sensitive, non-virtualizable i
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It emulates the hardware using the software instruction sets.
Due to binary translation, it often criticized for performance issue.

Uses of OS Virtualization

Used for virtual hosting environment.

Used for securely allocation of finite hardware resources among a large number of
distrusting users.

System administrator uses it to integrate server hardware by moving services on
separate hosts.

To improvised security by separating several applications to several containers.
These forms of virtualization don't require hardware to work efficiently.

Benefits of Virtualization:

Reduced capital and operating costs.

Increased IT productivity, efficiency, agility and responsiveness.
Faster provisioning of applications and resources.

Greater business continuity.

Simplified data centre management.

-A Guest Guest

Llﬂth > Operating Operating

System System
VIRTUALIZATION APPLICATION
HOST OPERATING SYSTEM
Windows 8

HOST HARDWARE

Figure 1-1. Virtualization
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How OS Virtualization Works

The steps for how these virtualization works are listed below:
Connect to OS Virtualization Server

Connect to virtual disk

Then connect this virtual disk to the client

OS is streamed to the client

Virtual Machine

Virtualization technology enables a single PC or server to simultaneously run
multiple operating systems or multiple sessions of a single OS

A machine with virtualization software can host numerous applications, including
those that run on different operating systems, on a single platform

The host operating system can support anumber of virtual machines, each of which
has the characteristics of a particular OS

The solution that enables virtualization is a virtual machine monitor (VMM), or
hypervisor

Virtual machines are divided in two categories based on their use and correspondence
to real machine.

System virtual machines: It provides a complete system platform that executes
complete operating system.

Process virtual machines: It will run a single program.




Virtualization Concepts

* When we run different processes on an operating system, it creates an illusion that
each processis running onadifferent processorhavingits ownvirtual memory, with
the help of CPU scheduling and virtual-memory techniques.

» There are additional features of a process that cannot be provided by the hardware
alone like system calls and a file system.

* The virtual machine approach does not provide these additional functionalities but
it only provides an interface that is same as basic hardware.

* Each process is provided with a virtual copy of the underlying computer system.

* Wecan create a virtual machine for several reasons, all of which are fundamentally
related to the ability to share the same basic hardware yet can also support different
execution environments, i.e., different operating systems simultaneously.

* The main drawback with the virtual-machine approach involves disk systems. Let
us suppose that the physical machine has only three disk drivesbut wants to support
seven virtual machines.

* Obviously, it cannot allocate a disk drive to each virtual machine, because virtual-
machine software itself will need substantial disk space to provide virtual memory
and spooling. The solution is to provide virtual disks.

» Users are thus given their own virtual machines. After which they can run any of
the operating systems or software packages that are available on the underlying
machine.

* The virtual-machine software is concerned with multi-programming multiple virtual
machines onto a physical machine, but it does notneed to consider any user-support
software.

* This arrangement can provide a useful way to divide the problem of designing a
multi-user interactive system, into two smaller pieces.

Example:

» Thisisideal for testing out other operating systems, like Windows 10 or alternative
Linux operating systems.

*  You can also use virtual machines to run software on operating systems it wasn’t
designed for.

* Forexample, youcanrun Windows programs ona Mac or run multiple copies of an
app on a Mac with a virtual machine.

VM Advantages:

* Multiple OS environments can exist simultaneously on the same machine, separate
from each other;
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=  Virtual machine can offer an instruction set architecture that differs from real
computer.
» Easy maintenance, application provisioning, availability and convenient recovery.

VM Dis-advantages:

* When multiple virtual machines are simultaneously running on a host computer,
eachvirtual machine may introduce anunstable performance, which depends onthe
workload on the system by other running virtual machines.

» Virtual machine is not that much efficient as a real one when accessing the hardware.

(3) Explain virtual machine application.

» Virtual Machine isolates the hardware of our computer such as CPU, hard drives,
memory, NIC (Network Interface Card) etc, into many different execution

environments as per our requirements, feel like a single computer.

* Examples: VirtualBox, VMWare Workstation & Microsoft Hyper-V.

VirtualBox VMWare Workstation Microsoft Hyper - V
VirtualBox

* VirtualBox is a great, open-source application that runs on Windows, macOS, and
Linux.

* One of the best parts about VirtualBox is that there’s no commercial version.

* Thismeansyou get all features for free, including advanced features like
snapshots.

» This allows you to save a virtual machine’s state and revert to that state in the
tuture, which is great for testing.

VMWare Workstation
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VMware Workstation allows for the installation of multiple instances of different
operating systems, including client and server operating systems.

It helps the network or system administrators to check, test and verify the client
server environment.

Administrator can also switch between different virtual machines at same time.

VMware Workstation has its limitations, including hardware support, operating
system issues, and network protocols hurdles.

Microsoft Hyper - V

Hyper-V is virtualization software that virtualizes software.

It cannot only virtualize operating systems but also entire hardware components,
such as hard drives and network switches. Unlike VirtualBox.

Hyper-V is not limited to the user’s device. You can use it for server virtualization.
Hyper-V is available in three versions.

1. Hyper-V for Windows Servers

2. Hyper-V Servers

3. Hyper-V on Windows 10

(4) Use of Virtual Machine

Take trial on newer versions of operating systems
Virtualization from your own desktop

Test with different operating systems

Utilizing software that requests an outdated operating system
Run software formatted for other operating systems

Test software on many different platforms

Compile different servers for business use

Safety and Security
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What is Data Science?

/
GO

® Data Science is the area of study which involves extrz
insights from vast amounts of data using various scientific
methods, algorithms, and processes. It helps you to discover
hidden patterns from the raw data. The term Data Science
has emerged because of the evolution of mathematical
statistics, data analysis, and big data

® Data Science is an interdisciplinary field that allows you to
extract knowledge from structured or unstructured data.
Data science enables you to translate a business problem
into a research project and then translate it back into a
practical solution.




Why Data Science?

Technology:

> Data is the oil for today’s world. With the right tools,
technologies, algorithms, we can use data and convert it into a
distinct business advantage

> Data Science can help you to detect fraud using advanced
machine learning algorithms

° |t helps you to prevent any significant monetary losses
> Allows to build intelligence ability in machines




Why Data Science?

> You can perform sentiment analysis to gauge customer brand
loyalty

° |t enables you to take better and faster decisions

° |t helps you to recommend the right product to the right
customer to enhance your business
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Data Science Components

o Statistics:

o Statistics is the most critical unit of Data Science basics, and it
is the method or science of collecting and analyzing numerical
data in large quantities to get useful insights.

e Visualization:

° Visualization technique helps you access huge amounts of data
in easy to understand and digestible visuals.

® Machine Learning:

> Machine Learning explores the building and study of algorithms
that learn to make predictions about unforeseen/future data.
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®Deep Learning:

> Deep Learning method is new machine learning research
where the algorithm selects the analysis model to follow.




Data Science Process

® Now in this Data Science , we will learn the Data
Science Pr

Discovery
Commnicate Data
Results Preparation
. Model
Operation Planning
Model

Building




Data Science Process

e |. Discovery:

> Discovery step involves acquiring data from all the identified
internal & external sources, which helps you answer the
business question.

> The data can be:
Logs from webservers
Data gathered from social media
Census datasets
Data streamed from online sources using APls




Data Science Process

®2. Preparation:

> Data can have many inconsistencies like missing values, blank columns, an
incorrect data format, which needs to be cleaned. You need to process,
explore, and condition data before modelling. The cleaner your data, the
better are your predictions.

®3. Model Planning:

> |n this stage, you need to determine the method and technique
to draw the relation between input variables. Planning for a
model is performed by using different statistical formulas
and visualization tools. SQL analysis services, R, and SAS/access
are some of the tools used for this purpose.




Data Science Process

®4. Model Building:

° In this step, the actual model building process starts. Here,
Data scientist distributes datasets for training and testing.
Techniques like association, classification, and clustering are
applied to the training data set. The model, once prepared, is
tested against the “testing” dataset.

®5. Operationalize:

° You deliver the final baselined model with reports, code, and
technical documents in this stage. Model is deployed into a
real-time production environment after thorough testing.




Data Science Process

6. Communicate Results

° |n this stage, the key findings are communicated to all
stakeholders. This helps you decide if the project results are a
success or a failure based on the inputs from the model.




—

Data Science Jobs Roles

®Most prominent Data Scientist job titles are:
> Data Scientist
> Data Engineer
> Data Analyst
o Statistician
> Data Architect
> Data Admin
> Business Analyst
> Data/Analytics Manager




Data Science Jobs Roles

@ Data Scientist:

° Role: A Data Scientist is a professional who manages enormous
amounts of data to come up with compelling business visions by
using various tools, techniques, methodologies, algorithms, etc.

° Languages: R, SAS, Python, SQL, Hive, Matlab, Pig, Spark
®Data Engineer:

° Role: The role of a data engineer is of working with large amounts
of data. He develops, constructs, tests, and maintains architectures
like large scale processing systems and databases.

° Languages: SQL, Hive, R, SAS, Matlab, Python, Java, Ruby, C + +,
and Perl




Data Science Jobs Roles

e Data Analyst:

> Role: A data analyst is responsible for mining vast amounts of data.
They will look for relationships, patterns, trends in data. Later he or
she will deliver compelling reporting and visualization for analyzing
the data to take the most viable business decisions.

- Languages: R, Python, HTML, JS, C, C+ +, SQL
e Statistician:

> Role: The statistician collects, analyses, and understands qualitative
and quantitative data using statistical theories and methods.

- Languages: SQL, R, Matlab, Tableau, Python, Perl, Spark, and Hive




Data Science Jobs Roles

e Data Administrator:

> Role: Data admin should ensure that the database is accessible
to all relevant users. He also ensures that it is performing
correctly and keeps it safe from hacking.

- Languages: Ruby on Rails, SQL, Java, C#, and Python
® Business Analyst:

> Role: This professional needs to improve business processes.
He/she is an intermediary between the business executive team
and the IT department.

- Languages: SQL, Tableau, Power Bl and, Python




Tools for Data Science

Data Analysis Data Warehousing Data Visualization Machine Learning

R, Hado op, R, Tableau, Raw Spark, Azure ML studio
Spark, Python and
SAS

Department of Computer Science & I.T.




/ Difference Between Data Science
with Bl (Business Intelligence)

Parameters Business Intelligence Data Science

Perception  Looking Backward Looking Forward

Data Structured Data. Mostly SQL, but some time | Structured and Unstructured data.Like logs, SQL,
Sources Data Warehouse NoSQL, or text

Approach  Statistics & Visualization Statistics, Machine Learning, and Graph
Emphasis Past & Present Analysis & Neuro-linguistic Programming

Tools Pentaho, Microsoft Bl, QlikView, R, TensorFlow

Department of Computer Science & I.T.




Applications of Data Science

® Some application of Data Science are:

® Internet Search:

> Google search uses Data science technology to search for a specific result
within a fraction of a second

® Recommendation Systems:

> To create a recommendation system. For example, “suggested friends”
on Facebook or suggested videos” on YouTube, everything is done with
the help of Data Science.

® Image & Speech Recognition:

> Speech recognizes systems like Siri, Google Assistant, and Alexa run on
the Data science technique. Moreover, Facebook recognizes your friend
when you upload a photo with them, with the help of Data Science.




Applications of Data Science

® Gaming world:

> EA Sports, Sony, Nintendo are using Data science technology. This
enhances your gaming experience. Games are now developed using
Machine Learning techniques, and they can update themselves when
you move to higher levels.

® Online Price Comparison:

° PriceRunner, Junglee, Shopzilla work on the Data science

mechanism. Here, data is fetched from the relevant websites using
APls.




Introduction of Python
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STeCt-
oriented scripting language.

®Python is designed to be highly readable. It uses English
keywords frequently where as other languages use
punctuation, and it has fewer syntactical constructions
than other languages.




Introduction of Python

the interpreter. You do not need to compile your program
before executing it. This is similar to PERL and PHP.

> Python is Interactive: You can actually sit at a Python
prompt and interact with the interpreter directly to write your
programes.

> Python is Object-Oriented: Python supports Obiject-
Oriented style or technique of programming that encapsulates
code within objects.




Introduction of Python

for the beginner-level programmers and supports the
development of a wide range of applications from simple text
processing to WWW browsers to games.

o Python is an example of a high-level language; other high-level
languages you might have heard of are C++, PHP, Pascal, C#, and
Java.

o Thus, programs written in a high-level language have to be
translated into something more suitable before they can run.




Introduction of Python

because of their advantages. It is much easier to program
in a high-level language so programs take less time to
write, they are shorter and easier to read, and they are
more likely to be correct.

®Second, high-level languages are portable, meaning that
they can run on different kinds of computers with few or
no modifications.




are two ways to use it:

> immediate mode and script mode. In immediate mode, you type Python
expressions into the Python Interpreter window, and the interpreter
immediately shows the result:

| Le

File Edit Shell Debug Options Window Help

Python 2.6.7 Shell

=

;Python 3.6.7 (v3.6.7:6ec5cf24b7, Cct 20 2018, 12:45:02) [MSC «.1%900 32 bit (Inte

|
{

1)] on win32
Type "help™, "copyright™, "credits" or

 >>> 242
| 2

|

| >>> |

"license ()™

for more information.

Ln:5 Col: 4




Introduction of Python

e The >>> is called the Python prompt. The interpreter uses the promf)t to
indicate that it is ready for instructions.




Python History

e Invented at the National Research Institute for Mathematics
and Computer Science in the Netherlands, early 90s by
Guido Yan Rossum

® Python was conceived in the late 1980s and its implementation was
started in December 1989

® Python is derived from many other languages, including ABC,
Modula-3, C, C++, Algol-68, SmallTalk, Unix shell, and other
scripting languages.

e Open sourced from beginning

o Considered a scripting language, but is much more Scalable, object
oriented and functional from the beginning

e Used by Google from the beginning




Python History

® Author is Guido Van Rossum

® Convinced in Late 1980

® Finally released in 1991

@ Start implementation in December 1989 at CWI in Netherland.
® Successor of ABC Programming language.

® Name came from BBC’s TV Show — ‘Monty Python’s Flying Circus’




Features of Python

® Easy-to-learm: Python has few keywords, simple structure, and a
clearly defined syntax.

® Easy-to-read: Python code is more clearly defined and visible to
the eyes.

® Easy-to-maintain: Python's source code is fairly easy-to-maintain.

® A broad standard library: Python's bulk of the library is very
portable and cross- platform compatible on UNIX, Windows, and
Macintosh.

® /nteractive Mode: Python has support for an interactive mode
which allows interactive testing and debugging of snippets of code.

® Portable: Python can run on a wide variety of hardware platforms
and has the same interface on all platforms.




Features of Python

® Extendable: You can add low-level modules to the Python
interpreter. These modules enable programmers to add to
or customize their tools to be more efficient.

® Databases: Python provides interfaces to all major
commercial databases.

® GUI Programming: Python supports GUI applications
that can be created and ported to many system calls,

libraries, and windows systems, such as Windows MFC,
Macintosh, and the X Window system of UNIX.

® Scalable: Python provides a better structure and support
for large programs than shell scripting.




Installing Python

®Python is pre-installed on most Unix systems, including
Linux and MAC OS X

®But for Windows Operating Systems, user can download
from the

®Form the above link download latest version of python
IDE and install.
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Python Data Types

®Built-in Data Types
®|n programming, data type is an important concept.

®Variables can store data of different types, and different
types can do different things.




Python Data Types

®Built in Datatypes
> None Type
> Numeric Types (int, float)
> Bool Type
> Sequences (list, tuple)
o Sets (sets, frozenset)
> Mappings (dict)




Python Data Types

®Python Numbers
eint

ofloat

eint

®Int, or integer, is a whole number, positive or negative,
without decimals, of unlimited length.




Python Data Types

e Example

®Integers:

ox = |
y = 3565622255488771 |
z = -3255522

print(type(x))
print(type(y))
print(type(z))




Python Data Types

o Float

® Float, or "floating point number" is a number, positive or
negative, containing one or more decimals.

® Example
® Floats:

ex=1.10
y=1.0
z = -35.59

print(type(x))
print(type(y))
print(type(z))




Python Data Types

o Float

® Float, or "floating point number" is a number, positive or
negative, containing one or more decimals.

® Example
® Floats:

ex=1.10
y=1.0
z = -35.59

print(type(x))
print(type(y))
print(type(z))




Python Data Types

¢ Bool Type
®Booleans represent one of two values: True or False.

® The bool() function allows you to evaluate any value, and
give you True or False in return.

e Example

®Evaluate a string and a number:

eprint(bool("Hello")) ‘ True

print(bool(15))




Python Data Types

®here are four collection data types in the Python
programming language:

o List is a collection which is ordered and changeable. Allows
duplicate members.

> Tuple is a collection which is ordered and unchangeable.
Allows duplicate members.

> Set is a collection which is unordered, unchangeable™, and
unindexed. No duplicate members.

- Dictionary is a collection which is ordered™ and changeable.
No duplicate members.




Python Data Types

® Sequences (list, tuple)
> Python Lists
®Lists are used to store multiple items in a single variable.

®Lists are one of 4 built-in data types in Python used to
store collections of data

®Lists are created using square brackets:

o thislist = ["apple”, "banana”, "cherry"]

print(thislist)
‘ ['apple’, 'banana’, ‘cherry']




Python Data Types

oList Items

®List items are ordered, changeable, and allow duplicate
values.

oList items are indexed, the first item has index [0], the
second item has index [|] etc.




Python Data Types

eList Length

> To determine how many items a list has, use the len() function:
e Example
®Print the number of items in the list:

o thislist = ["apple”, "banana", "cherry"]
print(len(thislist))
° Ans is :- 3




Python Data Types

®Tuple

® Tuples are used to store multiple items in a single
variable.

® Tuple is one of 4 built-in data types in Python used to
store collections of data, the other 3 are List, Set, and
Dictionary, all with different qualities and usage.

® A tuple is a collection which is ordered and
unchangeable.

® Tuples are written with round brackets.




Python Data Types

e Example
®Create a Tuple:

o thistuple = ("apple”, "banana”, "cherry")
print(thistuple)
Output :- (‘apple’, 'banana’, ‘cherry’)




Python Data Types

e Example
®Create a Tuple:

o thistuple = ("apple”, "banana”, "cherry")
print(thistuple)
Output :- (‘apple’, 'banana’, ‘cherry’)




Python Data Types

® Tuple Items

® Tuple items are ordered, unchangeable, and allow duplicate
values.

® Tuple items are indexed, the first item has index [0], the
second item has index [|] etc.

@ Ordered

® When we say that tuples are ordered, it means that the
items have a defined order, and that order will not change.

® Unchangeable

® Tuples are unchangeable, meaning that we cannot change,
add or remove items after the tuple has been created.




Python Data Types

e Allow Duplicates

®Since tuples are indexed, they can have items with the
same value:

e Example
® Tuples allow duplicate values:

", "cherry", "apple", "cherry")

o thistuple = ("apple”, "banana
print(thistuple)

® Output :- (‘apple', 'banana), 'cherry’, 'apple’, ‘cherry')




Python Data Types

®Access Tuple Items

®You can access tuple items by referring to the index
number, inside square brackets:

e Example

° Print the second item in the tuple:

o thistuple = ("apple", "banana”, "cherry")
print(thistuple[1])

® Output :- banana




Python Data Types

®Negative Indexing
®Negative indexing means start from the end.

®-| refers to the last item, -2 refers to the second last
item etc.

e Example
° Print the last item of the tuple:

> thistuple = ("apple", "banana”, "cherry")
print(thistuple[-1])

> OUTPUT :- Cherry




Python Data Types

® Range of Indexes

® You can specify a range of indexes by specifying where to
start and where to end the range.

® When specifying a range, the return value will be a new
tuple with the specified items.

® Example
o Return the third, fourth, and fifth item:

o thistuple = ("apple", "banana”, "cherry", "orange", "kiwi", "melon",
"mangoll)
print(thistuple[2:5])

o Qutput :- (‘cherry', 'orange’, 'kiwi')




Python Data Types

but NOT included, "kiwi":

o thistuple = ("apple”, "banana", "cherry", "orange”, "kiwi",
"melon”, "mango")
print(thistuple[:4])

OUTPUT :- (‘apple), 'banana’, 'cherry’, 'orange’)




Python Data Types

@ This example returns the items from "cherry" and t
end:

o thistuple = ("apple”, "banana", "cherry", "orange”, "kiwi",
"melon”, "mango")
print(thistuple[2:])

> OUTPUT :- (‘cherry', 'orange’, 'kiwi', 'melon’, 'mango’)




Python Data Types

® Range of Negative Indexes

® Specify negative indexes if you want to start the search from
the end of the tuple:

® Example

® This example returns the items from index -4 (included) to
index -1 (excluded)

e thistuple = ("apple”, "banana”, "cherry”, "orange", "kiwi",
"melon”, "mango")
print(thistuple[-4:-1])

® OUTPUT :- (‘orange’, 'kiwi', 'melon’)




Python Data Types

o Check if Item Exists

® To determine if a specified item is present in a tuple use
the in keyword:

o thistuple = ("apple", "banana”, "cherry")
if "apple” in thistuple:
print("Yes, ‘apple’ is in the fruits tuple”)

- OUTPUT:-

Yes, 'apple’ is in the fruits tuple




Python Data Types

®Change Tuple Values

®Once a tuple is created, you cannot change its values.
Tuples are unchangeable, or immutable as it also is
called.

®But there is a workaround. You can convert the tuple
into a list, change the list, and convert the list back into a
tuple.




Python Data Types

e Example
® Convert the tuple into a list to be able to change it:

ox = ("apple”, "banana”, "cherry")
y = list(x)
y[11 = "kiwi"

x = tuple(y)
print(x)

oOutput: - (“"apple”, "kiwi", "cherry")




Python Data Types

e Add Items

® Since tuples are immutable, they do not have a build-in
append() method, but there are other ways to add items to
a tuple.
® Example
® Convert the tuple into a list, add "orange", and convert it
back into a tuple:
o thistuple = ("apple
y = list(thistuple)
y.append("orange")
thistuple = tuple(y)
- OUTPUT:- (‘apple’, 'banana’, 'cherry’, 'orange’)

, "banana", "cherry")




Python Data Types

e Add tuple to a tuple. You are allowed to add tuples't&
tuples, so if you want to add one item, (or many), create a
new tuple with the item(s), and add it to the existing tuple:

® Example

® Create a new tuple with the value "orange", and add that
tuple:

e thistuple = ("apple”, "banana”, "cherry")
y = ("orange",)
thistuple +=y
print(thistuple)
e OUTPUT:- (‘apple’, 'banana’, 'cherry’, 'orange’)




Python Data Types

Remove Items

Tuples are unchangeable, so you cannot remove items
from it, but you can use the same workaround as we used
for changing and adding tuple items:

® Example

® Convert the tuple into a list, remove "apple", and convert it
back into a tuple:

o thistuple = ("apple”, "banana”, "cherry")
y = list(thistuple)
y.remove("apple")
thistuple = tuple(y) Output :- (‘banana’, 'cherry')




Python Data Types

Example
® The del keyword can delete the tuple completely:

ethistuple = ("apple", "banana”, "cherry")
del thistuple
print(thistuple) #this will raise an error because the
tuple no longer exists




Python Data Types

eUnpacking a Tuple

®When we create a tuple, we normally assign values to it.
This is called "packing” a tuple:

e Example

®Packing a tuple:

efruits = ("apple", "banana”, "cherry")




Python Data Types

But, in Python, we are also allowed to extract the value
back into variables. This is called "unpacking”:

e Example
®Unpacking a tuple:

fruits = ("apple”, "banana”, "cherry")
(green, yellow, red) = fruits
print(green)

print(yellow)

print(red)




Python Data Types

® Using Asterisk*

@ If the number of variables is less than the number of values, you can
add an * to the variable name and the values will be assigned to the
variable as a list:

® Example
® Assign the rest of the values as a list called "red":

e fruits = ("apple”, "banana”, "cherry
(green, yellow, *red) = fruits
print(green)
print(yellow)
print(red)

® Output :-27?

n n
)

strawberry", "raspberry")




Python Data Types

Python will assign values to the variable until the number of values
left matches the number of variables left.

® Example
® Add a list of values the "tropic" variable:

o fruits = ("apple", "mango", "papaya”, "pineapple”, "cherry")
(green, *tropic, red) = fruits
print(green)

print(tropic)
print(red)

® Output :-?7?




Python Data Types

Python will assign values to the variable until the number of values
left matches the number of variables left.

® Example
® Add a list of values the "tropic" variable:

o fruits = ("apple", "mango", "papaya”, "pineapple”, "cherry")
(green, *tropic, red) = fruits
print(green)

print(tropic)
print(red)

® Output :-?7?




Python Data Types

®Python Sets
®Sets are used to store multiple items in a single variable.

® A set is a collection which is unordered, unchangeable®,
and unindexed.

®Sets are written with curly brackets.
e Example
®Create a Set:

ea = {"apple", "banana", "cherry"}
print(a)




Python Data Types

@ Output :- {'banana’, 'apple’, 'cherry'}

o# Note: the set list is unordered, meaning: the items will
appear in a random order.

o# Refresh this page to see the change in the result.




Python Data Types

e Set Items

® Set items are unordered, unchangeable, and do not allow
duplicate values.

® Unordered

® Unordered means that the items in a set do not have a
defined order.

® Set items can appear in a different order every time you use
them, and cannot be referred to by index or key.

® Unchangeable

® Set items are unchangeable, meaning that we cannot change
the items after the set has been created.




Python Data Types

®Duplicates Not Allowed

®Sets cannot have two items with the same value.
e Example

®Duplicate values will be ignored:

> a = {"apple", "banana", "cherry", "apple"}
print(a)
- OUTPUT :-

{'banana’, 'cherry', 'apple'}




Python Data Types

o Get the Length of a Set

® To determine how many items a set has, use the len()

function.
e Example
® Get the number of items in a set:
ea = {"apple", "banana”, "cherry"}
print(len(a))
o Output : - {'apple’, 'cherry', 'banana'}




Python Data Types

® The set() Constructor

®lt is also possible to use the set() constructor to make a
set.

e Example
® Using the set() constructor to make a set:

®a = set(("apple", "banana", "cherry")) # note the double
round-brackets
print(a)




Python Data Types

e Add Set Items

® To add one item to a set use the add() method.
e Example

® Add an item to a set, using the add() method:

ea = {"apple", "banana”, "cherry"}
a.add("orange")
print(a)

o OUTPUT :- {'apple, 'cherry', 'orange’, 'banana'}




Python Data Types

e Add Sets

® To add items from another set into the current set, use the
update() method.

® Example
® Add elements from tropical into a:

ea = {"apple”, "banana", "cherry"}
tropical = {"pineapple”, "mango”, "papaya"}
a.update(tropical)
print(a)

® Output : - {"apple’, 'mango’, 'cherry’, 'pineapple’, 'banana’,
‘papaya’}




Python Data Types

®Remove lItem

® To remove an item in a set, use the remove(), or the
discard() method.

e Example
®Remove "banana" by using the remove() method:

ea = {"apple", "banana", "cherry"}
a.remove("banana")
print(a)

e Output : - {"apple’, 'cherry'}




Python Data Types

e Example
®Remove "banana" by using the discard() method:

ea = {"apple", "banana", "cherry"}
a.discard("banana")
print(a)

®Output : - {'cherry', 'apple}




Python Data Types

this method will remove the /astitem. Remember that sets
are unordered, so you will not know what item that gets
removed.

® The return value of the pop() method is the removed item.
® Example
® Remove the last item by using the pop() method:

> a = {"apple", "banana", "cherry"}
X = a.pop()
print(x)

print(a)




Python Data Types

e Example
® The clear() method empties the set:

ea = {"apple",
a.clear()
print(a)

e Example

® The del keyword will delete the set completely:

ea = {"apple", "banana", "cherry"}
del thisset

print(a)

banana", "cherry"}




Python Data Types

® Python frozenset() Function

® The frozenset() function returns an unchangeable frozenset
object (which is like a set object, only unchangeable).

® Example
® Try to change the value of a frozenset item.
® This will cause an error:
e mylist = ['apple’, 'banana’, ‘cherry']
x = frozenset(mylist)
# x[1] = "strawberry"

® print(x)




Python Data Types

ePython Dictionaries

®Dictionaries are used to store data values in key:value
pairs.

® A dictionary is a collection which is ordered®, changeable
and do not allow duplicates. (As of Python version 3.7,
dictionaries are ordered. In Python 3.6 and earlier,
dictionaries are unordered.)

®Dictionaries are written with curly brackets, and have
keys and values:




Python Data Types

ePython Dictionaries

o thisdict = {
"brand": “Maruti -Suzuki",
"model": “Brezza",

"year": 2021
}

print(thisdict)




Python Data Types

® Dictionary Items

® Dictionary items are ordered, changeable, and does not allow
duplicates.

® Dictionary items are presented in key:value pairs, and can be
referred to by using the key name.

® Example
® Print the "brand" value of the dictionary:
e thisdict = {

"brand": “Maruti -Suzuki",

"model": “Brezza",
"year": 2021

print(thisdict)




Python Data Types

® Duplicates Not Allowed
® Dictionaries cannot have two items with the same key:
e Example
® Duplicate values will overwrite existing values:
e thisdict = {

"brand": “Maruti -Suzuki”,

"model”: “Brezza",

"year": 2021,
"year": 2020
}

print(thisdict)




Python Data Types

® Duplicates Not Allowed
® Dictionaries cannot have two items with the same key:
e Example
® Duplicate values will overwrite existing values:
e thisdict = {

"brand": “Maruti -Suzuki”,

"model”: “Brezza",

"year": 2021,
"year": 2020
}

print(thisdict)
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Python Conditions

o If statements

®Python if Statement is used for decision-making
operations. |t contains a body of code which runs only
when the condition given in the if statement is true.

ePython if Statement Syntax:

> if expression :

Statement




Python Conditions

e Example
®a = 33
b =200
if b > a:
print("b is greater than a")




Python Conditions

® Indentation

® Python relies on indentation (whitespace at the beginning of
a line) to define scope in the code. Other programming
languages often use curly-brackets for this purpose.

® Example
e If statement, without indentation (will raise an error):
®a =33

b =200

if b > a:

print("b is greater than a") # you will get an error




Python Conditions

®Else

®The else keyword catches anything which isn't caught by
the preceding conditions.
®a =200
b=33
if b> a:
print("b is greater than a")
else:
print("a is greater than b")




Python Conditions

o Elif

® The elif keyword is pythons way of saying "if the previous
conditions were not true, then try this condition".

ea =200
b =33
if b > a:
print("b is greater than a")
elif a ==
print("a and b are equal")
else:
print("a is greater than b")




Python Conditions

o Elif

® The elif keyword is pythons way of saying "if the previous
conditions were not true, then try this condition".

ea =200
b =33
if b > a:
print("b is greater than a")
elif a ==
print("a and b are equal")
else:
print("a is greater than b")




Python Loops

® Python has two primitive loop commands:
> while loops
o for loops

® The while Loop

® With the while loop we can execute a set of statements as
long as a condition is true.

e Example
®Print i as long as i is less than 6:
oi=|

while i < 6:

print(i)
i += |




The break Statement

e With the break statement we can stop the loop ever”
the while condition is true:

e Example
®Exit the loop when i is 3:
®i=|
while i < 6:
print(i)

if i == 3:




The continue Statement

//?«s"g‘

® With the continue statement we can stop the current
iteration, and continue with the next:

e Example
® Continue to the next iteration if i is 3:
oi=0
while i < 6:
i += 1
if i == 3:
continue
print(i)
® # Note that number 3 is missing in the result




The else Statement

®With the else statement we can run a block of co
once when the condition no longer is true:

e Example
®Print a message once the condition is false:
oi=|

while i < 6:

else:
print("i is no longer less than 6")




Python For Loops

her a list, a tuple, a dictionary, a set, or a string).
e Example

®Print each fruit in a fruit list:

efruits = ["apple", "banana”, "cherry"]
for x in fruits:

print(x)




Python For Loops

eLooping Through a String

®Even strings are iterable objects, they contain a sequence
of characters:

e Example
®Loop through the letters in the word "banana™:

efor x in "banana";
print(x)




Python For Loops

®The break Statement

®With the break statement we can stop the loop before it
has looped through all the items:

e Example
o Exit the loop when x is "banana”:

efruits = ['apple”, "banana", "cherry"]
for x in fruits:
print(x)
if x == "banana":
break




Python For Loops

®The continue Statement

®With the continue statement we can stop the current
iteration of the loop, and continue with the next:

e Example
®Do not print banana:

efruits = ['apple”, "banana", "cherry"]
for x in fruits:
if x == "banana":
continue
print(x)




Python For Loops

® The range() Function

®To loop through a set of code a specified number of
times, we can use the range() function,

® The range() function returns a sequence of numbers,
starting from O by default, and increments by | (by
default), and ends at a specified nhumber.

e Example
®Using the range() function:
efor x in range(6):

print(x)




Python For Loops

however it is possible to specify the starting value by
adding a parameter: range(2, 6), which means values
from 2 to 6 (but not including 6):

e Example
® Using the start parameter:

efor x in range(2, 6):
print(x)




Python For Loops

by |, however it is possible to specify the increment
value by adding a third parameter: range(2, 30, 3):

e Example
®|ncrement the sequence with 3 (default is 1):

efor x in range(2, 30, 3):
print(x)




Python For Loops

®Else in For Loop

® The else keyword in a for loop specifies a block of code
to be executed when the loop is finished:

e Example

®Print all numbers from 0 to 5, and print a message when
the loop has ended:
efor x in range(6):
print(x)
else:
print("Finally finished!")




Python For Loops

® Nested Loops
® A nested loop is a loop inside a loop.

® The "inner loop" will be executed one time for each
iteration of the "outer loop™:

e Example

® Print each adjective for every fruit:

‘adj — ["red"’ "big"’ "tasty"]

fruits = ["apple”, "banana”, "cherry"]

for x in adj:
for y in fruits:

print(x, y)




Python assert Keyword

e Definition and Usage
® The assert keyword is used when debugging code.

® The assert keyword lets you test if a condition in your
code returns True, if not, the program will raise an
AssertionError.

®You can write a message to be written if the code
returns False, check the example below.




Python assert Keyword

e Example
® Test if a condition returns True:

x = "hello"

#if condition returns True, then nothing happens:
assert X == "hello"

#if condition returns False, Assertion Error is raised:
assert x == "goodbye"




Python assert Keyword

e Example
®Write a message if the condition is False:
®x = "hello”

H#if condition returns False, AssertionError is raised:

assert x == "goodbye", "x should be 'hello




Python pass Statement

e Definition and Usage

® The pass statement is used as a placeholder for future
code.

®When the pass statement is executed, nothing happens,
but you avoid getting an error when empty code is not
allowed.

®Empty code is not allowed in loops, function definitions,
class definitions, or in if statements.




Python pass Statement

e Example
® Create a placeholder for future code:

efor x in [0, I, 2]:
pass




Python Arrays

variable:
e Example
® Create an array containing car names:

cars = [ Ford", "Volvo", "BMW"]




Python Arrays

® What is an Array?

® An array is a special variable, which can hold more than one value
at a time.

® If you have a list of items (a list of car names, for example), storing
the cars in single variables could look like this:

® carl = "Ford"
car2 = "Volvo"
car3 = "BMW"

® However, what if you want to loop through the cars and find a
specific one? And what if you had not 3 cars, but 300?

® The solution is an array!

® An array can hold many values under a single name, and you can
access the values by referring to an index number.




Python Arrays

® Access the Elements of an Array

®You refer to an array element by referring to the /ndex
number.

e Example
® Get the value of the first array item:
x = cars[0]




Python Arrays

e Example

®Modify the value of the first array item:
o cars[0] = "Toyota"

® The Length of an Array

®Use the len() method to return the length of an array
(the number of elements in an array).

e Example
®Return the number of elements in the cars array:
®x = len(cars)




Python Arrays

eLooping Array Elements

®You can use the for in loop to loop through all the
elements of an array.

e Example
®Print each item in the cars array:

efor x in cars:
print(x)




Python Arrays

e Adding Array Elements

®You can use the append() method to add an element to
an array.

e Example
® Add one more element to the cars array:
o cars.append("Honda")




Python Arrays

®Removing Array Elements

®You can use the pop() method to remove an element
from the array.

e Example
®Delete the second element of the cars array:
®cars.pop( )




Python Arrays

//?a?g

®You can also use the remove() method to remove a
element from the array.

e Example
®Delete the element that has the value "Volvo":
®cars.remove("Volvo")




Python Arrays

e Array Methods

® Python has a set of built-in methods that you can use on lists/arrays.
e Method Description

append() Adds an element at the end of the list

clear() Removes all the elements from the list

copy() Returns a copy of the list

count() Returns the number of elements with the specified value
extend()Add the elements of a list (or any iterable), to the end of the current list
index() Returns the index of the first element with the specified value

insert() Adds an element at the specified position

pop() Removes the element at the specified position

remove() Removes the first item with the specified value

reverse() Reverses the order of the list

sort() Sorts the list
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What is NumPy?

®lt also has functions for working in domain of linear
algebra, fourier transform, and matrices.

®NumPy was created in 2005 by Travis Oliphant. It is an
open source project and you can use it freely.

® NumPy stands for Numerical Python.




Why Use NumPy?

but they are slow to process.

®NumPy aims to provide an array object that is up to 50x
faster than traditional Python lists.

® The array object in NumPy is called ndarray, it provides
a lot of supporting functions that make working with
ndarray very easy.

®Arrays are very frequently used in data science, where
speed and resources are very important.




Why Use NumPy?

but they are slow to process.
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Installation of NumPy

elInstallation of NumPy

olf you have and already installed on a system,
then installation of NumPy is very easy.

®|nstall it using this command:
® C:\Users\ Your Name>pip install numpy




Import NumPy

¢ Import NumPy

®Once NumPYy is installed, import it in your applications
by adding the import keyword:

eimport numpy
e Example

@import numpy
arr = numpy.array([l, 2, 3, 4, 5])
print(arr)




Import NumPy

® NumPy as np
® NumPy is usually imported under the np alias.

@ alias: In Python alias are an alternate name for referring to the
same thing.

® Create an alias with the as keyword while importing:
® import numpy as np

® Now the NumPy package can be referred to as np instead of
numpy.

® Example

® import numpy as np
arr = np.array([l, 2, 3, 4, 5])
print(arr)




NumPy as np

® NumPy as np
® NumPy is usually imported under the np alias.

@ alias: In Python alias are an alternate name for referring to the
same thing.

® Create an alias with the as keyword while importing:
® import numpy as np

® Now the NumPy package can be referred to as np instead of
numpy.

® Example

® import numpy as np
arr = np.array([l, 2, 3, 4, 5])
print(arr)




Checking NumPy Version

® Checking NumPy Version

® The version string is stored under __ version___
attribute.

e Example

@import numpy as np
print(np.__ version__ )




NumPy Creating Arrays

® Create a NumPy ndarray Object

® NumPYy is used to work with arrays. The array object in
NumPy is called ndarray.

® We can create a NumPy ndarray object by using the array()
function.

e Example

® import numpy as np
arr = np.array([ 1, 2, 3, 4, 5])
print(arr)
print(type(arr))




Dimensions in Arrays

©0-D Arrays

®0-D arrays, or Scalars, are the elements in an array. Each
value in an array is a 0-D array.

e Example
®Create a 0-D array with value 42
®@import numpy as np

arr = np.array(42)

print(arr)




Dimensions in Arrays

® |-D Arrays

® An array that has 0-D arrays as its elements is called uni-
dimensional or |-D array.

® These are the most common and basic arrays.

e Example

® Create a |-D array containing the values 1,2,3,4,5:
® import numpy as np

arr = np.array([1, 2, 3, 4, 5])

print(arr)




Dimensions in Arrays

® 2-D Arrays
® An array that has I-D arrays as its elements is called a 2-D array.
® These are often used to represent matrix or 2nd order tensors.
e Example

® Create a 2-D array containing two arrays with the values 1,2,3 and
4,5,6:

® import numpy as np
arr = np.array([[I, 2, 3], [4, 5, 6]])

print(arr)




Dimensions in Arrays

@ 3-D arrays

® An array that has 2-D arrays (matrices) as its elements is
called 3-D array.

® These are often used to represent a 3rd order tensor.
® Example

® Create a 3-D array with two 2-D arrays, both containing
two arrays with the values 1,2,3 and 4,5,6:

® import numpy as np
arr = np.array([[[I, 2, 3], [4, 5, 6]], [[I, 2, 3], [4, 5, 6]]])

print(arr)




Dimensions in Arrays

® Check Number of Dimensions?

® NumPy Arrays provides the ndim attribute that returns an integer that tells us
how many dimensions the array have.

e Example
® Check how many dimensions the arrays have:
® import numpy as np

a = np.array(42)

b = np.array([l, 2, 3, 4, 5])

c = np.array([[I, 2, 3], [4, 5, 6]])

d = np.array([[[I, 2, 3], [4, 5, 6]], [[I, 2, 3], [4, 5, 6]]])

print(a.ndim)
print(b.ndim)
print(c.ndim)
print(d.ndim)




Dimensions in Arrays

® Higher Dimensional Arrays
® An array can have any number of dimensions.

® When the array is created, you can define the number of
dimensions by using the ndmin argument.

® Example

® Create an array with 5 dimensions and verify that it has 5
dimensions:

® import numpy as np
arr = np.array([1, 2, 3, 4], ndmin=5)

print(arr)
print('number of dimensions :', arr.ndim)




NumPy Array Indexing

® Access Array Elements
® Array indexing is the same as accessing an array element.
® You can access an array element by referring to its index number.

® The indexes in NumPy arrays start with 0, meaning that the first
element has index 0, and the second has index | etc.

® Example
® Get the first element from the following array:
® import numpy as np

arr = np.array([1, 2, 3, 4])
print(arr[0])




NumPy Array Indexing

® Access 2-D Arrays

® To access elements from 2-D arrays we can use comma separated
integers representing the dimension and the index of the element.

® Think of 2-D arrays like a table with rows and columns, where the
row represents the dimension and the index represents the
column.

® Example
® Access the element on the first row, second column:
® import numpy as np

arr = np.array([[1,2,3,4,5], [6,7,8,9,10]])

print('2nd element on Ist row: ', arr[0, I])




NumPy Array Indexing

® Access 3-D Arrays

® To access elements from 3-D arrays we can use comma
separated integers representing the dimensions and the
index of the element.

® Example

® Access the third element of the second array of the first
array:

® import numpy as np
arr = np.array([[[|, 2, 3], [4, 5, 6]], [[/, 8, 9], [10, |1, 12]]])
print(arr[0, 1, 2])




NumPy Array Indexing

®Negative Indexing
®Use negative indexing to access an array from the end.
e Example

®Print the last element from the 2nd dim:

®@import numpy as np
arr = np.array([[1,2,3,4,5], [6,7,8,9,10]])

print('Last element from 2nd dim: ', arr[l, -1])




NumPy Array Slicing

@ Slicing arrays

@ Slicing in python means taking elements from one given index to
another given index.

® We pass slice instead of index like this: [start.end).

® We can also define the step, like this: [start.end step].

® Example

® Slice elements from index | to index 5 from the following array:

® import numpy as np

arr = np.array([l, 2, 3,4, 5, 6, 7])

print(arr[1:5])




NumPy Array Slicing

® Negative Slicing
® Use the minus operator to refer to an index from the end:

e Example

® Slice from the index 3 from the end to index | from the end:
® import numpy as np

arr = np.array([ 1, 2, 3, 4, 5, 6, 7])

print(arr[-3:-1])




NumPy Array Slicing

®Slicing 2-D Arrays
e Example

® From the second element, slice elements from index |
to index 4 (not included):

@import numpy as np
arr = np.array([[I, 2, 3,4, 5], [6, 7, 8,9, 10]])

print(arr[ 1, 1:4])




NumPy Data Types

eData Types in Python
®By default Python have these data types:

@strings - used to represent text data, the text is given
under quote marks. e.g. "ABCD"

e®integer - used to represent integer numbers. e.g. -1, -2,
-3

efloat - used to represent real numbers. e.g. 1.2, 42.42

eboolean - used to represent True or False.




NumPy Data Types

®Checking the Data Type of an Array

® The NumPy array object has a property called dtype that
returns the data type of the array:

e Example
® Get the data type of an array object:
®@import numpy as np

arr = np.array([1, 2, 3, 4])

print(arr.dtype)




NumPy Data Types

e Converting Data Type on Existing Arrays

® The best way to change the data type of an existing
array, is to make a copy of the array with the astype()
method.

® The astype() function creates a copy of the array, and
allows you to specify the data type as a parameter.

® The data type can be specified using a string, like 'f' for
float, 'i' for integer etc. or you can use the data type
directly like float for float and int for integer




NumPy Data Types

e Example

® Change data type from float to integer by using 'i' as
parameter value:

® import numpy as np
arr = np.array([ 1.1, 2.1, 3.1])
newarr = arr.astype('i)

print(newarr)
print(newarr.dtype)




NumPy Data Types

e Example

® Change data type from float to integer by using int as
parameter value:

® import numpy as np
arr = np.array([ 1.1, 2.1, 3.1])
newarr = arr.astype(int)

print(newarr)
print(newarr.dtype)




NumPy Data Types

e Example
® Change data type from integer to boolean:
@import numpy as np

arr = np.array([l, O, 3])
newarr = arr.astype(bool)

print(newarr)
print(newarr.dtype)




Operations on NumPy array

® NumPy Array Shape
® Get the Shape of an Array

® NumPy arrays have an attribute called shape that returns a
tuple with each index having the number of corresponding
elements.

e Example
® Print the shape of a 2-D array:
® import numpy as np

arr = np.array([[|, 2, 3, 4], [5, 6, 7, 8]])

print(arr.shape)




Operations on NumPy array

NumPy Array Reshaping

eshaping arrays

Reshaping means changing the shape of an array.

The shape of an array is the number of elements in each dimension.

By reshaping we can add or remove dimensions or change number of elements in each
dimension.

Reshape From |-D to 2-D

Example

Convert the following |-D array with 12 elements into a 2-D array.
The outermost dimension will have 4 arrays, each with 3 elements:
import numpy as np

arr = np.array([1, 2, 3,4,5,6,7,8,9, 10, |1, 12])
newarr = arr.reshape(4, 3)

print(newarr)




Operations on NumPy array

® Can We Reshape Into any Shape?
® Yes, as long as the elements required for reshaping are equal in both shapes.

® We can reshape an 8 elements ID array into 4 elements in 2 rows 2D array but
we cannot reshape it into a 3 elements 3 rows 2D array as that would require 3x3
= 9 elements.

e Example

® Try converting | D array with 8 elements to a 2D array with 3 elements in each
dimension (will raise an error):

® import numpy as np
arr = np.array([l, 2, 3,4, 5, 6, 7, 8])
newarr = arr.reshape(3, 3)

print(newarr)




Operations on NumPy array

® NumPYy Joining Array

® Joining NumPy Arrays

® Joining means putting contents of two or more arrays in a
single array.

® # Joining with empty separator

elistl = ['A, T, 'M, I, 'Y A"

e print("".join(listl))

® # Joining with string
elistl =" ATMIYA "
e print("$".join(listl))




Operations on NumPy array

® NumPy Joining Array
® # elements in tuples
e listl = ('1', 2", '3, '4")

® # put any characher to join

® Ss= -

® # joins elements of listl by '-'
® # and stores in string s
® s = s.join(listl)

® # join use to join a list of
® # strings to a separator s
® print(s)




Operations on NumPy array

e Splitting NumPy Arrays

® Splitting is reverse operation of Joining.

® Joining merges multiple arrays into one and Splitting breaks one array into
multiple.

® We use array_split() for splitting arrays, we pass it the array we want to split and
the number of splits.

e Example
® Split the array in 3 parts:
® import numpy as np

arr = np.array([1, 2, 3, 4, 5, 6])
newarr = np.array_split(arr, 3)

print(newarr)




Operations on NumPy array

e text ='ATMIYA form RAJKOT'

e # Splits at space
e print(text.split())

e word ='ATMIYA, form, RAJKOT'

e # Splits at ')’
e print(word.split(',"))

e word ='ATMIYA:form:RAJKOT'

e # Splitting at "'
e print(word.split(":"))

e word ='ATMIYARAJKOTGUJARATINDIA'

e # Splitting at A
e print(word.split('A"))




Operations on NumPy array

® Searching Arrays

® You can search an array for a certain value, and return the indexes
that get a match.

® To search an array, use the where() method.
® Example

® Find the indexes where the value is 4:

® import numpy as np

arr = np.array([1, 2, 3, 4, 5, 4, 4])
X = np.where(arr == 4)

print(x)




Operations on NumPy array

otxt = "Hello, welcome to my world."
ox = txt.find("'to")

e print(x)




Operations on NumPy array

® Sorting Arrays
® Sorting means putting elements in an ordered sequence.

® Ordered sequence is any sequence that has an order
corresponding to elements, like numeric or alphabetical, ascending
or descending.

® The NumPy ndarray object has a function called sort(), that will
sort a specified array.

® Example
® Sort the array:
® import numpy as np

arr = np.array([3, 2, 0, 1])

print(np.sort(arr))




Operations on NumPy array

® Sorting Arrays
® Sorting means putting elements in an ordered sequence.

® Ordered sequence is any sequence that has an order
corresponding to elements, like numeric or alphabetical, ascending
or descending.

® The NumPy ndarray object has a function called sort(), that will
sort a specified array.

® Example
® Sort the array:
® import numpy as np

arr = np.array([3, 2, 0, 1])

print(np.sort(arr))




Operations on NumPy array

e Filtering Arrays

® Getting some elements out of an existing array and creating a new array out of them is
called filtering.

® In NumPy, you filter an array using a boolean index /ist.

® If the value at an index is True that element is contained in the filtered array, if the value at
that index is False that element is excluded from the filtered array.

e Example
® Create an array from the elements on index 0 and 2:
® import numpy as np

arr = np.array([41, 42, 43, 44])
x = [True, False, True, False]
newarr = arr[x]

print(newarr)




Subject Name: 21UFSDE309 Data Science Using Python

By: Dr. Hiren Kavathiya




Introduction to Pandas in Pytho

®Pandas is an open-source library that is made mainly
working with relational or labeled data both easily and
naturally.

®lt provides various data structures and operations for
manipulating numerical data and time series.

® This library is built on top of the NumPy library.

®Pandas is fast and it has high performance & productivity
for users.




Introduction to Pandas in Pytho

e History: Pandas were initially developed by Wes
McKinney in 2008 while he was working at AQR Capital
Management.

®He convinced the AQR to allow him to open source the
Pandas.

® Another AQR employee, Chang She, joined as the
second major contributor to the library in 2012.

® Over time many versions of pandas have been released.
The latest version of the pandas is |.4.1




Introduction to Pandas in Pytho

® Advantages
® Fast and efficient for manipulating and analyzing data.
® Data from different file objects can be loaded.

® Easy handling of missing data (represented as NaN) in floating point
as well as non-floating point data

® Size mutability: columns can be inserted and deleted from
DataFrame and higher dimensional objects

® Data set merging and joining.
® Flexible reshaping and pivoting of data sets
® Provides time-series functionality.

® Powerful group by functionality for performing split-apply-combine
operations on data sets.




What is Matplotlib?

that serves as a visualization utility.
®Matplotlib was created by John D. Hunter.
®Matplotlib is open source and we can use it freely.

®Matplotlib is mostly written in python, a few segments
are written in C, Objective-C and Javascript for Platform
compatibility.




What is Matplotlib?

that serves as a visualization utility.
®Matplotlib was created by John D. Hunter.
®Matplotlib is open source and we can use it freely.

®Matplotlib is mostly written in python, a few segments
are written in C, Objective-C and Javascript for Platform
compatibility.




What is Matplotlib?

eInstallation of Matplotlib

®lf you have Python and PIP already installed on a system,
then installation of Matplotlib is very easy.

®|nstall it using this command:
® C:\Users\ Your Name>pip install matplotlib




What is Matplotlib?

e Import Matplotlib

® Once Matplotlib is installed, import it in your applications by
adding the import module statement:

® import matplotlib

® Checking Matplotlib Version
® The version string is stored under __version___ attribute.
® Example

® import matplotlib
print(matplotlib. _ version_ )




What is Data Structure in Pandas

®Pandas is divided into three data structures when it
comes to dimensionality of an array. These data
structures are:

®Series
e DataFrame
®Panel




What is Data Structure in Panda

eData Structure Dimensions
® Series | D
@ DataFrame 2D
® Panel 3D

®Series and Data Frames are the most widely used
data structures based on the usage and problem solving
sets in data science. If we look at these data structures in
terms of a spreadsheet then Series would be a single
column of an excel sheet, whereas DataFrame will have
rows and columns and be a sheet itself.




What is a Series in Pandas?

can have values of integer, float and string. Ve use series
when we want to work with a single dimensional array.
It is important to note that series cannot have multiple
columns. It only holds one column just like in an excel
sheet. Series does have an index as an axis label. You can
have your own index labels by customizing the index
values.




What is a Series in Pandas?

® This is Series
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What is a Series in Pandas?

®Creating a Series in Pandas

®Pandas Series can be created in different ways from
MySQL table, through excel worksheet (CSV) or from
an array, dictionary, list etc. Let’s look at how to create a
series. Let’s import Pandas first into the python file or
notebook that you are working in:

eimport pandas as pd
eps = pd.Series([1,2,3,4,5])
e print(ps)







Introduction of Python?

Python is a high-level, interpreted, interactive and object-oriented scripting language.

Python is designed to be highly readable. It uses English keywords frequently where as other languages
use punctuation, and it has fewer syntactical constructions than other languages.

Python is Interpreted: Python is processed at runtime by the interpreter. You do not need to compile
your program before executing it. This is similar to PERL and PHP.

Python is Interactive: You can actually sit at a Python prompt and interact with the interpreter directly
to write your programs.

Python is Object-Oriented: Python supports Object-Oriented style or technique of programming that
encapsulates code within objects.

Python is a Beginner's Language: Python is a great language for the beginner-level programmers and
supports the development of a wide range of agpgtieations from simple text processing to WWW
browsers to games.




= Python is an example of a high-level language; other high-level languages
you might have heard of are C++, PHP, Pascal, C#, and Java.

= Thus, programs written in a high-level language have to be translated into
something more suitable before they can run.

" |t is much easier to program in