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CHAPIER 1

INTRODUCTION
TO
DATA STRUCTURE




DEFINITION OF
DATA STRUCTUR

Data  structure  is @
specialized format for
organizing and storing
data.

Any data structure s
designed to organize
data to suit a specific
ourpose so that it can
be  accessed and
worked with in
Qppropriate ways.




TYPES OF DATA |
DATA STRUCTURE

Primitive and
non-primitive
(data type)

Linear and
non-linear
(structure)
Static and
dynamic ‘
(structure)




PRIMITIVE &
DATA TYPES

RENCE BETUWEEN
NON PRIMITIVE




Primitive Non-primitive

Data Types Data Types

« Available in most of the ¢ Not defined by the

orogramming languages orogramming language
« Used to represent single but created by the
values orogrammer
s Integer « Used to store a group
« Example: of values

v Foat and Double ¢ Example:

v Character v Arrays

v’ String v Structure

v' boolean v' Union
v Linked list
v Stacks
v Queue
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Linear

Data Types

Non-linear

Data Types

Data elements ARE
arranged sequentially or
linearly

Single level is involved
Are easy to implement
because computer
memory is arranged in a
incar way

Data elements can be

traversed in a single run

Data elements ARE
arranged in
hierarchically manner
Multiple levels are
involved.

Not easy to implement
because it utilizes
computer memory
efficiently

Data elements can't be
traversed in a single run

only.



Linear Non-linear

Data Types Data Types

o Memory is NOT utilized ¢ Memory is utilized in an

in an efficient way efficient way
« Application: « Applications :

v Software v’ Artificial

development intelligence and

s Example: image processing

v Array « Example:

v Stacks v Graph

v Queue v Tree

v' Linked List
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Rear =1
Front =-1
Fig. 4.1. Queue Is empty.
Front
Rear =0
10 Front = 0
Rle
Fig. 4.2. push(10)
Front
Rear =1
10| 3 Front=0
Rear
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Static Behaviour
(Structure)

Dynamic Behaviour

(Structure)

« The size of the structure
is fixed - once created
the size cannot be
change

« Very good for storing @
well-defined number of
data items

« Example: Array

The data structure is
allowed to grow and
shrink as the demand for
storage arises - size
can be change while
running

The number of items to
be stored is not known
before hand,

Need to set a

maximum size 1o help
avoid memory collisions

Example: Tree

14



Advantages
Static Behaviour

v/ Compiler allocates spaces
W/ Easy to program
W/ Easy to check overflow

v/ Allow arrays random access

Disadvantages
/ Static Behaviour

N

W/ Have 1o estimate the size needed

v/ Memory waste

15



Advantages
Dynamic Behaviour

\ \\\"b
\\\\\\\l\\\\\llllllll“ll“l\l\llIl||ml\‘

Vv Only use what memory is needed
W/ Efficient use of memory

Disadvantages
/ Dynamic Behaviour

\ o
\\\\\\\mu\mummum\\uumun\

v/ Hard to program

Vv Searching is slow

16



There are many considerations to be taken into

account when choosing the best data structure

for a specific program:

WV Size of dato

v/ Speed and manner data use

v/ Data dynamics, as change and edit.
W dize of required storage

W/ Fefch fime of any information from dato
structure

17
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Structure
g D

Structure is a collection of
heterogencous data.

\_ -/

T R
t's create user-defined

K type. y

e ™

Structure members are
referred by its unique

K name. \/

T R
Structure members are
accessed by its variable as '

\__Operafor. W,

18



@ define

struct struct_name {

member_type | member_name |;
member_type? member_name?;

member_typed member_name3;

Example:
‘Define and declare a structure type called Book with three
members bookName (25 character), booklD and bookPrice

in a different data type. ”

struct Book{
char bOOKNOmZ[zﬁ]; /-/owever, memory has not
been allocated after structure
int booklD: declaration.

float bookPrice:

19



@ To allocate memory of a given

structure type and work with it,

we need to create variables of
Q Qiven structure type.

struct Book{
char bookName[25];
int booklID;
float bookPrice;

i BOC())I%; _ Variable name as Book |

struct Book{
char bookName[25];
int booklD;
float bookPrice;
b
Book Book I; _ Variable name as Book |

Memory is allocated after the
declaration of a variable of
Q sfructure type.

20



Memory

Allocated —

Variable

bookName

booklD

bookPrice

/\/lemory is allocated after the
declaration of a variable of
a structure type.

name as Book |
— Book | .

21



Assigning value into each variable

member in a structure by accessing
cach member using variables created

from the type of structure declared.

Book |« booklD = 123;
Rook | « bookPrice = 55.00;

22



To allocate memory of a given structure
type and work with i1, we need to create
variables.

Book |

JSP

bookName

booklD

123

bookPrice

52.00

Assign value into variable
members in structure:

Book l. bookName= “JSP":
Book . booklD = 123;

Rook | . booklPrice= 55.00;

23



struct Book{
char bookName[25];
int booklD;
float bookPrice;
} Book I, Book?, Book3 ;

Book | Book? Book3
bookName bookName bookName
pooklD booklD booklD
bookPrice bookPrice bookPrice

24



struct Book{
char bookName[25];

int booklD;
float bookPrice:
} MyBook[3] ;
MyBook
bookName bookName bookName
booklD booklD booklD
bookPrice bookPrice bookPrice
0] [1] [2]

25



struct Student{
int id;
float test[3];
float finaltest;

F Stul3];
Stu
id id id
fest fest fest

O] (17 [2] [O] [1] [2] [O] [1] [2]

finaltest finaltest finaltest

26



We must know in advance that how many
clements are  to  be stored in array.

Array is static structure. It means that array is of
fixed size. The memory which is allocated to array
can not be increased or  reduced.

dince array is of fixed size, if we allocate more
memory than requirement then the memory space
will be wasted. And if we allocate less memory
than reguirement, then it will create problem.

The elements of array are stored in consecutive
memory locations. So insertions and deletions are
very difficult and time consuming.

27



Activity @

a. A tree is a dynamic data structure.

) State the meaning of the term dynamic
when applied to data structure.

i) State one disadvantage to programmer
of using dynamic  data  structures
compared with static data structures.

i) State one type of data structure which must
be stafic.

28



Activity @

b. Define a data structure named “Pelajar’

c. Based on answer in previous question (a),
declare the following data members in o
structure Pelajar
i) “nopend” with a character type
i) “nama” with a character type
i) “umur” with an infeger type
iv) “‘gpa” with a floating point type

d. Based on answer in previous question (b),
declare a variable named “objek” using
structure type of Pelajar.

29



Activity &

Based on answer in previous question (c),

access data members in struct Pelajar using

variable “objek” by assigning following

values to each data members.

) “nopend” with a value of your own
reQistration number

i) “nama” with your own name

i) “umur” with your own age

iv) “gpa” with your current gpa

30
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LIST

What is List ?

The list is a collection of datq,
clements, components or objects of
the same data type.

List a group of student which
%S will have same data such as

name, matric number

List a group of staff which
will have same data such as
name, staff number, identity
card number.

31
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LIST

A list is a sequential data structure

Sequential access

1 2 3 4 5 6 7 8
Random access

LT 2T 7T 1T T -~ T 77,1

G

lists are stored sequentially in
memory

O the elements are stored one
after the other

A clement data are faster to
QCCess

O addition or deletion of

L clements data is slow <\)

F )

't differs from the stack and
queue data structures in that
additions and removals can
be made at any position in

L the list J

32



ILLUSTRATION OF LIST

Initialize
Create a new empty List named ]
L with size

Add(0,A,L)
adds the value A to list L at L
position O

Add(1,B,L)
adds the value B to list L ot

wo g wry o] 11 21 [3]

IOMAGULUI i Ul it

Add(2,C,L)
adds the value C to list L ot L
position 2

] 11 21 [3] [4]

Add(1,X,L)
adds the value X to list L ot

L
position | (shiffing subsequent
clements up) - C
O] (11 2] I

3] 14]

33




 ILLUSTRATION OF LIST

NIOMAVULUI i

Set(2,Z,L)
Set(2,Z,L)updates the values ot

L
position 2 to be Z - -
O] (17 [2] I

3] [4]

Remove(Z,L)
Remove value /
(shifting subbsequent elements

L
0] [1] [2] I

3] [4]

Get(2,L)

returns the value of the third C
element which is C

IndexOf(X,L)

returns the index of the element
with value X, which is |

34
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SHIFTED IN LIST

The time taken to add
element near the start
of the list take longer
than additions near
the middle or end list.

L
H: - B
O] (11 [21 [3] T[4]

To add X at index I, B
and C have to shifted
up one step forward

L
BT ‘N
O] [11 [2] [3] [4]
Shifted down Shifted down

The time taken to
remove element near
the start of the list
take longer than
removing near the
middle or End list.

H:: -l
o (] 21 B (4

After remove Z atf index
2, C have 1o shiffed
down one step
bOCKuJOr(E

i - B
O (17 [21 [3] T[4]

The time taken to add
in the list does
depend on the size of
the list except to add
an element at the end
of the list.

The time taken to
remove in the list does
depend on the size of
the list except to
remove an element at
the end of the list.

35
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LINKED LIST

A linked list is a series of connected
nodes where each node consists of
an element of data and one or more
oointers to other nodes.

Node Node Node Node
A A A A

10 24 40 50 | NULL

» Linked list consist of at least one 1
head node.

» Head node acts as a pointer to the
first node in linked list and contains
the address of the first node.

» The most important concept in linked
list is the node that point/link to other
node.

36



LINKED LIST

Linked list is said to be empty when
it dogs not contain any node or

head node contains the value
NULL.

Wi PLY90 Wty B

Head Node

IOMNOULUTE - Frinee Fub i ssssc T ¢
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Linked list must consist of at least

Each Node contains:
000 |

Head Node
| Data Feld Link Field "

No'd@

Node containing data
AYU is known as
in a Linked List

AYU

Data Field Link Field /]
|
W

38




Fach Node can contains more than

one data:

Name Age Name Age

Cgpa link

Ccgpa link

Head node | Y I\ J \ "_'_’

Data field Link field Data field Link field

39
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Linked List

Elements are stored in
linear order, accessible
with an index.

Have a fixed size, it is
static data structure.
Can access the
orevious element easily
Insertions and Deletions
are not efficient
because of shifting
clement.

Waste of memory if the
size of list is bigger than

the size of data.

Elements are stored in
inear order, accessible
with links.

Do not have a fixed
size, it is dynamic data
sfructure.

Cannot access the
orevious element
Insertions and Deletions
are cfficient because of
no shifting element.
There is no waste of

memory.

41



Linked List

« Sequential access is
faster because elements
in contiguous memory
locations allocation.

« Requires less memory
because List only holds
actual data and its

index

Sequential access slow
because elements not in
contiguous memory
locations allocation
Requires more memory
because each node
holds data and
reference to next and

orevious elements.

42



Memory Management Linked list not in
contiguous memory locations allocation

-“

Head node OO0 Naemah 325 0003
0002 rosehah 20 325 0004
read node OO0 \obla 28 225 Nl
0004 souki 25 225 Nl

Name Age cgpa  [ink Name Age cgpa  ink

Naemah 25 3.25 Nabila 28 2.25  NULL

Head |\ , l\_'_’ \ Y u_'_;

node
Data field Link field Data field Link field
Name Age cgpa ink

Head |\ ¥ 'L'T-J \

node

Name Age cgpa  link
Syukri 25 225 NULL

=

Data field Link ficld Data field Link field

43



Address | Data Link
Field Field

| A 4
|
feod ;
4 b) 6
9)
6 C 8
/
8 D

Head
node

~

Memory Management Linked
list not in contiguous

memory locations
allocation

44



Dynamic Data Structure

It can grow and shrink aft + (

runtime by allocating and
deallocating memory. There is
no need to give initial size of

linked list

(

No Memory Wastage

Insertion and Deletion

don't have to shift elements
after insertion or deletion of an

element
_J

(

Implementation

memory is allocated only when
required

Data structures such as stack
and gqueues can be easily
implemented using linked list.

45



More memory is required to
store elements in linked list as
compared to array. Because in

linked list each node
contains a pointer and it

requires extra memory for itself.

(

memory.

n linked list reverse traversing is
really difficult. In case of doubly
linked list its easier but extra
memory is required for back
pointer hence wastage of

1

Elements or nodes traversal is
difficult in linked list. We can not
randomly access any element
as we do in array by index. For
example if we want to access
a node at position n then we
have to traverse all the nodes
before it. So, time required to
access a node is large

46
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Single Linked List

= can be traversed in only one
direction from head to the last node.

= zach node contains only one link
field pointing the next node in the
list.

» |[ast node contain value NULL.

Head

_>-1

48



Head

Double Linked List

= can be traversed in either forward
and backward easily as compared
to Single Linked List.

» ¢cach node contains two link field to
point to next node and previous
node in the linked list.

» First node contains value of null
in previous link field

= First node contains value of null
in next link field

= Playlist MP3

Double Linked List

49



Circular Linked List

. | » all nodes are connected to form @

circle

» |ast node contains the address of
the first node in link field.

» how do we know when we have
finished traversing the list?

» the real life application where the
circular linked list is used is our
Personal Computers, where multiple

applications are running.
Head

-F

50



Head

Circular Doubly Linked List

» the last node of the list contains the
address of the first node in next link
field

» the first node of the list contains the
address of the last node in previous
link field

= doesn't contain NULL in any of
the node

= convenient to traverse lists
backwards and forwards

51



Activity @

[. Drow a new list based on Figure A, after adding
value M 1o list myList at position 1.

myList

O [1] (2] [3] [4]
Figure A

2. From the answer in Question (1), explain the
movement that occurs to the value of B and C.

3. Draw a new list based on Figure B, after
removing value A from a list myList.

myList

O] (1] [2] [3] [4]
Figure B

4. From the answer in Question (3), explain the

movement that occurs to the value of X b and
C.

52



Activity @

D. llustrate Circular linked list with 5 nodes

6. State THREE (3) types of linked list

/. State THREE (3) differences between list and linked
list

8. Draw a circular linked list based on memory
representation of circular linked list in Figure A.

a5 13 a
2
3
3 a 15 &
S §~ -
“"; -y 6 19 8
- .—. 7
. ; s 57 1

Figure A

53



Activity @

Q. Draw a circular double linked list based on
memory representation of circular double linked
list in Figure B.

1 4 A 2

2 1 B 3

3 2 C 4

4 3 D al
Figure B

54
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INTRODUCTION
TO STACK

Stack is a collection of items which
is organized in a sequential
manner

Example: stack of books or stack of
olates

All additions and deletions are
restricted at one end, called top

LAST IN FIRST OUT (LIFO) data
structure

55



—— a person wear bangles

— the last bangle worn is the first one
to be removed

— and the first bangle would be the
last to be removed

This follows last in first out (LIFO)
orinciple of stack

Batteries in the flashlight :

You cant remove the second
battery unless you remove the
last in. So the bafttery that was
out in first would be the last one
tO take out.

This follows the LIFO principle of
stack

56



Layer of Pancake :

When you're placing pancakes on your plate you are
going to put them one after another on top of each
other. If you want to eat one of the pancakes in the
middle of your stack you will first have to eat all the
oancakes on top of the one you are trying to get to.
This is like a stack data structure where if you want to
get to an element in the middle of the stack you first
have to remove all of the elements that are on top of it.

This follows the LIFO principle of stack

Cars in a garage :

n order to take out the car that was
oarked first you need to take out the
car that was parked last. So the car
that was parked first would be the
last to take out.

This follows the LIFO principle of stack

57
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What is Stack

Stack is an abstract data type I

Adding an entry on the top (push)

Deleting an entry from the top (pop) I

A stack is open at one end (the
top) only. You can push entry onto
the top, or pop the top entry out of
the stack

Push Pop

D
\IIID

58



Pop C, B, A

The last one
pushed in is the
first one popped
out! (LIFO)

When we push entries
onto the stack and then
pop them out one by one,
we will get the entries in
reverse order.

59
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Stack
Implementation

Stack is an abstract data
structure

ltem can be Integer, Double, String,
and also can be any data type,
such as Employee, Student. ..

) 2

How to implement a general
stack for all those types?

/

We can implement stack
using array or linked list.

60



Stack Implementation
Using Array

Q!

Size of stack is fixed during
declaration

(2 )

ltem can be pushed if there is some
space available, need to check if
stack is full

Wrier U999 Muberry S8 ‘ 3 ’

Need a variable called, top to
keep track the top of a stack

Qr

Stack is empty when the value
of Top is -1

61
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Stack Implementation
Using Linked List

Size of stack is flexible. ltem can be
pushed and popped dynamically

Qr

Need a pointer, called top to point
to top of stack

62
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Stack Operations:

e createStack( 3
5 C
* push(item) | B
A

e pop( ) 0

QO createStack() will allocate

. STOCKTOp() fix size of an array and
initialize value of variable top is - |

Q stackTop(Q refer to
last data inserted to stack

=

“Stack can be visualized as
array, BUT the operations can
be done on top stack only.”

63



. PushQ and popO
operations

r

—
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I
L

w Stack Empty : when top is - |

~N

3 things to be considered for stack with array

2

Push operations : To insert data into
stack, 2 statements must be used
no- top = top + I;

stack[top] = data;

3

Push operations : To delete data from
stack, 2 statements must be used
= b stack[top] = null;
top = top - I;

-

&
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Push and pop operations can only
be done at the top ~ similar to add
and delete in front of the linked list.

67



Stack Operations:

e createStack()
» push(item)
e pop( )

e stackTop()

head

NULL

AQ createStack() will create
a pointer as a head node
with initialization value of null

68



2 conditions for inserting element in stack

Insert to Insert item to non
empty empty stack : stack
stack with value

push(Q to empty stack
head
NULL
XI \%\
temp
0123 G—> Ana 25 next
name age next

In this situation the new node being inserted, will
become the first item in stack.

Step 1 : temp->next = head;

Step 2 : head = temp;

head 0123
0123 G—> Ana 25 NULL
name age next

69



_Pu sh() to non-empty stc

\'ul
.'!

/*-2‘

. Th|s op@rohon is similar to inserting element in front
of a linked list. The next value for the new clement
will point to the top of stack and head will point to
the new clement

O1100 Al 20 | O11140 Abu | 30 NULL
X ame age next name age next
temp STEP | : temp->next = head

01120 Ahmad | 35 | next
name age next

Step | : temp->next = head;
Step 2 : head = temp;

head Ol12 0110
Ol 120 Ahmad | 35 | O1100 Ali | 20 Ol110®
name age next name age next
Oll]

Abu | 30 | NULL
name age  next

70



~Pop() to non-empty st

)

» Pop operation can only be done to non-empty stack.
Before pop() operation can be done, operation must
be called in order to check whether the stack is
empty or there is item in the stack. If isEmpty(
function return true, pop() operation cannot be done.

= During pop() operation, an external pointer s
needed to point to the delete node. In the figure
below, delnode is the pointer variable to point to the
node that is going to be deleted.

Step 1 : delnode = head;

head 0112 0110
01120 Ahmad | 35 | O1100 Al 20 OIro
name age next name age  next
delnode
01120 8 Ol 1l
Abu | 30 | NULL

name age  next
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Pop() to non-empty stack

Step 2 : head = delhode -> next;

head

0112 0110
0110 () Ahmad 35 0110 Al 20 ol Q
demode-
name age et name age next
delnode ////ﬂ
P4
o112 ( ! Ol
Abu 30 NULL
name age next
Step 3 : delete delnode;
head 0r12 0110
0110 0 Abmad | 35_ | 0110 Al | 20 o1l Q
«<INMoOode-
name age name age next
>next
delnode
o112V
\? 0111
Abu 30 NULL
name age next

72




push() operations

Push

Push

example:
head
NULL
temp | 0110
oro G— Siti 25 next
name age next
temp | ->next = head;
head = temp |;
head o110
0110 > Siti 25 NULL
name age next
T@me 0111
ol 0> Amy 35 next
name age next
temp2->next = head;
head = temp?;
head Olll
ol 0= Amy 35 ollo©
name age next
o110
Siti 25 NULL
name age next

73



push() operations example:

temp3 o112
o112 6>  Aw 23 next
name age next
temp3->next = head,;
head = temp3;
head Ql12
Push ol H— Ayu 23 Olll o
name age next
Ol
Amy 35 Ol ©
name age next
0110
Siti 25 NULL
name age next
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push() operations example:

temp4 Ol13
0113 6 Nadia 25 next
name age next
temp4->next = head;
head = temp4;
head
Push 0113 O—ﬁl Nadia 25 next ©
name age next
Ol12
Ayu 23 Olll o
name age next
Olll
vV
Amy 35 o110 ©
name age 0113 next
! 0110
Siti 25 NULL
name age next
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push() operations example:

tempS Oll4
o114 6 Aminah 24 next
name age next
tempS->next = head,;
head = temp);
head Oll14
Push ol14 () Aminah 24 0113 o
name age next
\% Ol13
Nadia 25 Ol12 o
name age next
\l/ 0112
Ayu 23 Olll o
name age next
W Oll]
Amy 35 Ol10 ©
name age next
\E o110
Siti 25 NULL
name age next




Step for pop() operations

STEP 1 : create a temporary pointer node
named as delnode

STEP 2 : assign the address in pointer head

node into a temporary pointer node named
as delnode.

delnode = head;
delnode will point to first node in a linked list

STEP 3 : assign the address of second node into |

pointer head node.
head = delnode -> next:
or head = head->next:

STEP 4 . delete(delnode);
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Step 3: head = delnode->next

Step 4: delete(delnode)

head Oll4
o114 () Aminch 24 susc
delnode name age next
null delnod
elnode
Step | v Ol13
ol14 Nadia 25 0l12 o
Step 2: delnode = head name age nexf
J/ ol12
Ayu 23 Olll o
name age next
vV Oll]l
Amy 35 o110 ©
name age next
N 0110
Siti 25 NULL
name age next
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pop() operations

head O3
After Pop Ol14 O > Nadia 25 0Ol12 o
name age next
l 0112
Ayu 23 Olll o
name age next
Olll
Amy 35 olloc o
name age next
OlI10
Siti 25 NULL
name age next
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» Check whether parentheses are balanced (open

and closed parentheses are properly paired)
» Evaluate Algebraic expressions.
» Creating simple Calculator
» Backiracking (example. Find the way out when lost in

a place)

) Fxample lZParcnfhcscs Balance

« Stack can be used to recognize a balanced
oarentheses.

« Examples of balanced parentheses.
(a+b), (a/b+c), a/((b-c)*d)
Open and closed parentheses are properly paired.
« Examples of not balance parentheses.
((a+b)*2 and  m*(n+(k/2)))

Open and closed parentheses are not properly
paired.
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Check for Balanced Parentheses Algorithm

« Every ‘(read from a string will be pushed into stack.

» The open parentheses ( will be popped from a stack

whenever the closed parentheses ) is read from string.

* An expression have balanced parentheses if -

v Each time a )" is encountered it matches a previously

encountered (",

v When reaching the end of the string, every ‘(" is matched
and stack is finally empty.
« An expression does NOT have balonced parentheses if :

v'When there is still ) in input string, the stack is already
empty.

v When end of string is reached, there is still ‘(" in stack.
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2

1

O
Push ( ()

2
ol
o1
Push ( ()

01

Pop ()

3

2

1

0

Pop ()

Expression alb(e)) have balance parentheses since when
end of string is found the stack is empty.
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)
|

2 2 2 2
o 1l 1 1
o] ¢ o| ( o] ¢ 0

Push ( () Push ( () Pop ()

Pop ()

)

-

2

1

0

Pop () ->fail

Expression alb(c))) f does not have balance parentheses =>

the third ) encountered does not has its match, the stack is

empty.
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Conversion of Infix expression to Postfix
expression using Stack data structure

Infix expressions are hard to parse in a computer
program hence it will be difficult to evaluate expressions

using infix notation.
Postfix expressions are used in the computer programs.

A*®B+ C)
| Symbol |  Stack | Postfix

A

*

(
B

" (
" (
*<+

*(+

A

A

A

A B
AB
ABC
ABC+
ABC+*
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A*B"C+D

A A

X X A

B * ADB

" -0 A DB

C -0 ABC

+ ABC™*

D + ABC”"*D

ABC"*D+

3 F 4 + 5
2 3
. 2

*
4 34
*
+ 34 *is higher
precedence than
+ +
5 34*5
+
34*5+
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Conversion of Infix expression to Postfix
expression using Stack data structure

S 4+ 9

3 3
X x 3
4 : 34
3 34°
5 - 34*5
34*5+
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(A+(B*C-(D/E"F)*C)*H)

(

*\./—|‘|>|_|_|\U/\

*x ~— ()

~— I

(

(

(+

(+(
(+(
(+(*
(+(C*
(+(-
(+(-(
(+(-(
(+(C-(/
(+(C-(/
(+(-(/An
(+(-(/N
C+ (-
(+(C-"
(+(C-*
(+

(+*

(+*

A

A

A

A B

A DB

ABC

ABCT

ABC™
ABC™D
ABC*D
ABC*DE
ABC*DE
ABC*DEF
ABC*DEFN/
ABC*DEFA/
ABC*DEFA/CG

ABC*DEFA/GC™-
ABC*DEFA/C™-
ABC*DEFA/C™-
ABC*DEF”N/C*-

H
H
H* +
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Evaluate Postfix Expression Using Stack

231 7%+9-

Stack Postfix Description

2 Push 2

3 Push 23

I Push 23 |

* Pop Two Elements & 2 3*1=3
Evaluate
Push Result (3) 23

+ Pop Two Elements & 2+3=2
Evaluate
Push Result (5)

9 Push 59

- Pop Two Elements & 5-9=-4
Evaluate
Push -4
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A summary of the rules follows:

&
C

L
U

L
L
U

k

Print operands as they arrive.

If the stack is empty or contains a left parenthesis on
top, push the incoming operator onto the stack.

f the incoming symbol is a left parenthesis, push it on
the stack.

f the incoming symbol is a right parenthesis, pop the
stack and print the operators until you see a left
parenthesis. Discard the pair of parentheses.

f the incoming symbol has higher precedence than
the top of the stack, push it on the stack.

f the incoming symbol has equal precedence with the
top of the stack, use association. If the association is
left to right, pop and print the top of the stack and
then push the incoming operator. If the association is
right to left, push the incoming operator.

f the incoming symbol has lower precedence than the
symbol on the top of the stack, pop the stack and
orint the top operator. Then test the incoming
operator against the new top of stack.

At the end of the expression, pop and print all
operators on the stack. (No parentheses should
remain.)
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Infix Prefix Postfix

atb +ab ab+
at(b*c¢c) +a*bc abc*+
(a+tb)*c *+abc ab+c*

The advantage of using prefix and postfix is that we
don't need to use precedence rules, associative rules
and parentheses when evaluating an expression.
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Activity

Apply stack implementation using array.

|. stackArray is an array with size of 5. Draw @
suitable stack diagram for each statement below:

a. createStack, b. push(B):;
B
Top=-1 Top=0
c. push('C); d. pop0);
C
B B
Top=1 Top=0

91



Activity @

2. ‘myArray” is an array with a size of 3. Draw @
suitable stack diagram for each statement
below.

CreateStack;
Push (B ):
Push ('F);
Pop ();

Push (J);
Pop ();

Push ('M");

3. Converting Infix to Postfix
a. a+b
b. a+b*c
c. a+b*(c-d)/(p-r)
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INTRODUCTION TO
QUEUE

» New items enter at the back or
rear, of the queue

= |tems leave from the front of the
queue

= First-in, first-out (FIFO) property
v’ the first item inserted into @
queue is the first item to leave PO—
v middle clements are logically s
inaccessible

= |mportant in simulation &
analyzing  the  bechavior  of
complex systems




= A gueue has a front and a rear.
= Enqueue (Push)
v Insert an element at the rear of the queue
= Dequeue (Pop)
v' Remove an element from the front of the queue

N

Remove front rear Insert
(Dequeue) (Enqueue)

Basic Structure of a Queue:

& data structure that hold the queue
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Queue implementation:
T W
Dequeue EnQU@u@

Add/

Insert D into Queue (enQueue) : D is inserted at rear

Remove/

Dequeue

Delete from Queue (deQueue) : A is removed
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Two Typcs of Queue Implementation:

Linear implementation (Using Array)

@— Circular Array

Queue: Linear Implementation (Using Array)

= Number of elements in Queue are fixed during
declaration.

= Need isFullQ) operation to determine whether a
queue is full or not.

Queue structure need 3 elements:

Element to store items in Queue °

e Element to store index at front

Element to store index at rear °

96



Create New Queue Operation

= Declare
v' front & rear are indexes in the array
v Initial condition: front =0 & rear = - |
v' Size of an array in queue

Queue

S T T T e

front rear

Create Queue

item

S T T T e

front rear

-]

Front refer to index O
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enQueue Operation

void enQueue(){
COUt<<"\N\tHHHHHHHHHHHHHHHHHAN",
cout<<"\n\tl. enQueue\n”;
/lcheck queue is full
if(rear == max - 1){
cout<<"\n\tQueue Is Full, Cannot Add Item In Queue\n";
telse{
cout<<"\n\t\tEnter Item:";
cin>>newitem;

rear++;
item[rear]=newitem;
cout<<end]l;
}
}
Create Queue
item rear ++
o f o |1 | 2 | 3 | 4
front A rear
il\ T rear =-1+1
rear=0 —

Front refer to index O From rear
item[rear] =newitem
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enQueue Operation

item rear ++
front rear
| T rear=0+1
rear=0
From rear

Front refer to index 0 ) ]
item[rear] =newitem

item rear ++
front R
\—T T rear=1+1
rear =2
Front refer to index O From rear

item[rear] =newitem

item rear ++
front rear
| T rear=2+1
rear =3
Front refer to index 0 From rear

item[rear] =newitem
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enQueue Operation

item rear ++
o M oo | 1 | 2 | 3 | 4 |
front A B C D E rear
T ‘ rear=3+1
rear =4
Front refer to index O From rear

item[rear] =newitem
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deQueue Operation

void deQueue(){
COUt<<"\N\tHHHHHHHIHHHHHIHHEEN",
cout<<"\n\t2.deQueue\n";
if(rear < front){
cout<<"\n\tThere is no data to remove from queue\n";
lelse{
char itemdeleted;
itemdeleted=item[front];

item[front] = NULL; deQueue
cout<<"\n\titem Remove From Queue:"<<itemdeleted<<endl;
front++;
}
cout<<end!;
}
item

o B o | 1] 2 | 3] 4
front ><< B C D E rear
| ‘ rear=3+1

rear=4
Front refer to index O From rear

T item[rear] =newitem

From front
item[front] = NULL

itemdeleted = item[front]
front=0
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deQueue Operation

front++ item
e “---- N
front NULL rear
front=0+1 ‘ rear=3+1
front=1 rear=4

Front refer to index 1

front++ item
EN II---- o
front NULL ><§ rear

‘ T | rear=3+1

rear =4
Front refer to index 1 ’

itemdeleted = item[front] From front
front=1 item[front] = NULL
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deQueue Operation

front++ item

front NULL NULL rear
front=1+1 ‘ rear=3+1
front =2 rear =4

Front refer to index 2

front++ item
2 n---- N
front NULL  NULL rear

‘ T | rear=3+1

' rear =4
Front refer to index 2

itemdeleted = item[front] From front
front =2 item[front] = NULL
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deQueue Operation

front++ item

front NULL NULL NULL rear
front=2+1 ‘ rear=3+1
front=3 rear=4

Front refer to index 3

front++ item
3 ﬂ---- .
front NULL  NULL  NULL ®< rear
‘ T rear=3+1
rear =4

Front refer to index 3

itemdeleted = item[front] From front
front =3 item[front] = NULL
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deQueue Operation

front++ item

front NULL NULL NULL NULL rear
front=3+1 ‘ rear=3+1
front=4 rear =4

Front refer to index 4

front++ item
o | 1 [ 2 | 3 [ 4 |
front NULL NULL NULL NULL rear
‘ T | rear = 3 +1
Front refer to index 4 rear =
itemdeleted = item[front]
From front

front=4 _
item[front] = NULL
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Queue: Linear Implementation (Using Array)

= Problem: Rightward-Drifting:
v After a sequence of additions & removals, items
will drift towards the end of the array
v enQueue operation cannot be performed on
the queue below, since rear = max - |

front++ item

o | 1l 2 | 3 | 4
front NULL NULL NULL NULL  NULL rear
front=4+1 T—rearii+1
front=5 rear=

= Rightward drifting solutions
v' Shift array elements after each deletion
v Shifting dominates the cost of the implementation
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Queue : Circular Array

= Use a circular array: When Front or s
rear reach the end of the arrqy, K-
wrap them around to the beginning
of the array

= Problem:
v Front & rear can't be used to
distinguish between queue-full &
queue-empty conditions

Solution

Use a counter = i

% Count == O means empty
queue

Count == MAX_QUEUE

means full queue




Queue : Circular Array

= Number of clements in Queue are
fixed during declaration.

= Need isFullQ operation to

determine whether a gueue is full or
not.

Queue structure need 4 elements

Element to store items in Queue Q
0 Element to store in Queue

Element to store index at rear Q

Element to store index in counter




Create Queue Operation

= Declare
v’ front & rear are indexes in the
array
v’ count to store index
v Initial condition: front =0, rear =
-1, count =0
v’ Size of an array in queue

Queue: Circular Array

» The Wrap-around effect is obtained
by using modulo arithmetic (%-
operator)

Wriee P49 Miderry S

rear= -1 count=0




Queue: Circular Array

= enQueue
v" Increment rear, using modulo
arithmetic
v' Insert item
v' Increment count

= deQueue
v' Increment front using modulo
arithmetic
v' Decrement count

= Disadvantage
v Overhead of maintaining a counter

Example Code 2:
#include <iostream>
using namespace std;

#define max 8

char queue[max], newitem;

int front = 0, rear = -1, count = 0; J front=0

count=0




rear=(-1+1)% 8
rear=0%8
/rear =0
0 queue[0] = A

count=0+1
count=1

count=1

From previous slide: front=0, rear=0, count=1

rear=(0+1)% 8

rear=1%8
/rear=1
0

queue[l] =B
8v1
0 count=1+1
count=2
1 count=2
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rear=(1+1)%8

rear=2%8
/rear =2
0 queue[2]=C
Vv 2
8 count=2+1
0 count =3
2 count=3

From previous slide: front =0, rear = 2, count =3

rear=(2+1)% 8
rear=3%8
/rear =3
0 queue[3]=D

count=3+1
0 count=4

3 count =4
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From previous slide: front =0, rear = 2, count=3

/ front=0

7 0

rear=(2+1)% 8

oo AR
e Y

queue[3]=D
8v 3
count=3+1 4 3\
0 count=4
3 count = 4 rear= 3

From previous slide: front =0, rear = 3, count =4

/ front=0

7 0
oSPa -
rear=(3+1)% 8
rear=4% 8
/rear =4 5 2
0 queue[4] =E
8v 4 3
count=4+1 *
0 count=5
rear= 4

4 count=5

113



rear=(4+1)% 8

rear=5%8
/rear =5
0 queue[5] =F
count=5+1
0 count=6

count=6

From previous slide: front =0, rear =5, count=6

rear=(5+1)% 8

rear=6%8
/rear =6
0 queue[6] =G
count=6+1
0 count=7

count=7
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e

8v 7

rear=(6+1)%8
rear=7%8
rear=7
queue[7]=H

count=7+1
count=8

count=8
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void deQueue(){
cout<<"\n\t#### deQueue Circular
#HHN",

if(count == 0){

cout<<"\n\tQueue Circular Is
Empty, No Data To Be Deleted!'\n";
telsef
gueuelfront] = NULL,;
front=(front + 1) % max;

count--;

queue[0] = NULL
front=(0+1)% 8
front=1%8
front=1

count=8-1
count=7
count=7

» front=1
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queue[1] = NULL
front=(1+1)%8
front=2% 8

0 front=2
8v 2
count=7-1
0 count=6
2 count=6
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Pointer-based Implementation

v' More straightforward  than  array-
based

v Need Two external pointer (Front &
rear) which front to trace deQueue
operation and rear to trace enQueue

operation.

| h s a [F—b |+ i [H[t] |

front back
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Example Code 1:

#include <iostream>
using namespace std;
struct nodeQueue{
char name;
int age;

nodeQueue *next;

name | age

next

Compiler get the initial illustrated

structure of node

nodeQueue *rear = NULL;, ———>

nodeQueue *front=NULL;

NULL

rear

NULL

front
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void enQueue(){

/Icreate new node

nodeQueue *newnode;

newnode = new nodeQueue,
cout<<"\n\t####tenQueue###H##\n";

/lassign data field for name and age

cout<<"Enter Name:";
cin>>newnode->name;

cout<<"Enter Age:";

—_—

cin>>newnode->age;
newnode->next = NULL;
V. 0110
0110 G Ali 29 NULL
newnode
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/linsert newnode into queue

/lcheck whether queue is empty
if((front == NULL) && (rear ==

NULL)){
front = newnode:
rear = newnode;

lelse{

rear = newnode;

}

rear->next = newnode;

Insertion to an empty queue

/

0110
0110 O Ali 29 NULL
newnode / name  age next
01100
0110 O
front

rear
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Insertion to a non empty queue

0111 O

newnode

0110 C

front

© 0110

0111
Tina 30 NULL
name age next
0110
Ali 29 NULL
name age next

rear->next = newnode;

rear=newnode;

rear
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Insertion to a non empty queue

0110° Ali 29 | 01110 Tina | 30 | NULL [€—T€0111
front name age  next name age  next rear
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void deQueue(){
cout<<"\n\t####deQueueH###H\n";

/lcheck whether queue is empty

if((front == NULL) && (rear == NULL)){
cout<<"\n\tQueue Is Empty!"\n";

telse{

nodeQueue *temp;

temp = front;
if(front->next == NULL){ |
front = NULL;
~ _ i If the queue
rear = NULL,; contains one item
delete temp; only
lelse{ J

front = front->next;

delete temp; } } }
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If the queue contains one item only to be deleted

nodeQueue *temp;

temp = front;
0110
0110 > Al >< NULL k—{ 0110
front rear
name  age next

0110 C

if(front->next == NULL){
temp

front = NULL;

NULL NULL
rear = NULL; front rear
delete temp;
telse{

.}
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f the queue contains more than one item

nodeQueue *temp;

temp = front;
0110 0111
011 Al 29 01110 Tina 30 | NULL |<—T<0111
front /'name age next name age next rear
01100
temp
... relseq
front = front->next;
delete temp; }
0110 0111
Ali [ 29 [ o111o}— Tina [ 30 [ NuLL |[«<—F<0111 |
front ame  age next name age next rear
0110GC
temp
0111
0111CT—>| Tina 30 NULL [€—T©0111
front name age next rear
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void displayQueue(){
cout<<"\n\t####Display Queue####\n";
if((front == NULL) && (rear == NULL)X{

cout<<"\n\tQueue Is Empty!!\n*;

cout<<"\n\tfront :"<<front<<"\trear :"<<rear<<endl;
telsef

nodeQueue *cursor;

cursor=front;

cout<<"\n\tThe Elements In Queue Are\n";

cout<<"\n\tfront :"<<front<<"\trear :"<<rear<<endl;

int node=1,

while(cursor){

cout<<"\n\tNode :"<<node++<<"\tName :"<<cursor->name<<"\tAge
"<<cursor- >age<<"\tcursor-next:"<<cursor->next<<endl;

cursor=cursor->next; } }
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int main()

{

int selection;

menu:
cout<<"\n\nMenu Selection\n";
cout<<"\n1\tenQueue\n";
cout<<"\n2\tdeQueue\n";
cout<<"\n3\tDisplay Queue\n";
cout<<"\n\tSelection is:";

cin>>selection;

switch(selection){
case 1: enQueue();
displayQueue();
goto menu;
break;
case 2: deQueue();
displayQueue();
goto menu;
break;
case 3: displayQueue();
goto menu;
break;
default:cout<<"\n\tWrong Selection\n"; }
return O;

}
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Activity &

. A Queue Linear Array name as Q stores int values. Draw
a Queue Linear Array to show what Q will look like after
cach of the following operations is executed. Set the
size of an array is 7/, a rear=-1 and front=0 before the
following operations start. State the changes of rear
and front after each of the operation is executed.

i.  enqueue(Q, 6);

ii. enqueue(Q, 12);

iii. enqueue(Q, 13);

iv. dequeue( );

v. dequeue( );

vi. enqueue(Q), 19);

vii. enqueue(Q, 2 1);

viii. enqueue(Q, 22);

ix. dequeuel );
enqueue(Q, 20);

rear=- |
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Activity &

2. Draw the Circular Queue according to the
segment code below:

struct cQueue

{

int frontrearcount:
int cQueue[3];
y cQueue;

void create(cQueue *cq)

{

cg->front = 0;
cq->rear = O;
cqg->count = 0;

}
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Activity

3. Draw the Circular Queue according to the
segment code below:

enQueue(QA)
enQueue(QB)
enQueue(Q,C)
deQueue()
deQueuc()
deQueuc()
enQueue(QD)
enQueue(Q.E)

O rear
front

Count=0
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CHAPITER 5

TREES




DEFINITION OF TREE

Trees represent one of the most

important types of data structures in
computing. They can be implemented
in virtually any programming language.

The ftree is a nonlinear hierarchical
data sftructure and comprises
collection of entities known as nodes. It
connects each node in the tree dato
structure using "edges’, both directed
and undirected.

¢ "\ Node

£ "\ Edge

Mriee LY

Maerry S




The information that we store in our computers is in
the form of a hierarchy where every folder has some

files stored in it.

[Folders hierarchy System in Computers]

takeuforward
Operational Department
] I |
surmeet
Warehousing Logistics B
| I | |_\
Inbound Division Outbound Division Delivery Division

An organization's structure

Other
Application

BB
B
B

Store hierarchical dofoa
° Decision trees

In Computer graphics °

G In java virtual machine
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Tree is a hierarchical data structure defined as a collection
of nodes. Nodes represent value and nodes are connected
by edges. A tree has the following properties:

e ----------------------- Level O

------------- Level 1

e \b ----- Level 2
° ° ------------ Level 3

Root

Parent Node

Child Node

Leaf

Edge

Siblings

Path /
Traversing

Degree of
Node

Root is a special node in a tree. The entire

tree originates from it. [t does not have a
parent.

Parent node is an immediate predecessor
of a node

All immediate successors of a node are its
children.

Node which does not have any child is
called as leaf

Edge is a connection between one node
to another. It is a line between two nodes
or a node and a leaf.

Nodes with the same parent are called
Siblings.

Path is a number of successive edges from
source node to destination node.

Degree of a node represents the number of

children of a node

l

2 is parent
of 3& 4

3& 4 are
children of
2

3,89 and 7

Line
between 2
& 3 is edge

3& 4 are
siblings
[-2-3

Degree of 2
is 2 and of
6is |
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A binary tree is a more focused version of a tree data
structure. Each node is only allowed to have a maximum of
2 children, a left hand node and a right hand node. The
left hand node will generally have a value less than its

oarent, and the right hand node will have a value greater
than its parent.

@ +«—— root

A
0/ Q\é @/@\@

Example
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General tree Binary Tree

Tree can't be empty Tree can be empty
There is no limit on Nodes in a binary tree
the degree of node cannot have more
than degree 2
Subtree of general tree Subtree of binary tree
are not ordered. are ordered
Each node have in- Each node have in-
degree one and maximum  degree one and maximum
out-degree n out-degree 2.
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Root node Root node

| C |
Binary Trees Full Binary

e with one node Trees Inclined trees Inclined trees

Empty Binary
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Construct binary Tree from Arithmetic Expression and vice versa

To construct Binary Tree :

= Each leaf node represents an operand
» Each non-leaf node or internal node represents a single
binary operator

Operator A Associativity
2+3 %445 :
( ) Left to Right
__\ Y 1 } . A Right to Left
\ 2 Y J ¥ [ 9| LeftroRight
3 + - Left to Right
Left to Righ

[5 L7 % 9 ] Root node
\

Leaf node -leaf / Internal node

Y Leaf néde Lexf node

2
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To construct Binary Search Tree :

Definition

A binary search tree (BST) is a binary tree where every node
in the left subtree is less than the root, and every node in t
he right subtree is of a value greater than the roof.

In Order Traversal: 1234567

Searching

Binary search trees are called “search trees” because they make
searching for a certain value more efficient than in an unordered
tree. In an ideal binary search tree, we do not have to visit every
node when searching for a particular value.

Here is how we search in a binary search tree:

= DBegin at the tree’s root node
= [f the value is smaller than the current node, move left
» |f the value is larger than the current node, move right

Search for 3

start

«

N
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To construct Binary Search Tree -

Inserting
New nodes in a binary search tree are always added af
a leaf position. Performing a search can ecasily find the
position for a new node.

Insert 8

L. find the new node’s location 2. create the new node

\'

y

O
Removing
When removing from a binary search tree, we are concerned
with keeping the rest of the tree in the correct order. This

means removing is different depending on whether the node
we are removing has children.

There are three cases:
» |f the node being removed is a leaf it can simply be

deleted.
Remove 3

N4
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Removing..
» |f the node has a single child, (left or right) we must move
the child into the position of the node when deleting it.

Remove 7 (One-Child Remove)

1. swap the node and its child 2. remove the target node (now a leaf)

P

= |f the node has two children, we must first find the In-Order
Predecessor (IOP): the largest node in our node's left
subtree. The IOP is always a leaf node, and can be found
by starting at the left subtree’s root and moving right. We
can then swap the node being removed with its IOP and
delete it, as it is now a leaf.

Remove 4 (Two-Child Remove)

1. find 10P 2 <wap 0P and target node 3, delete target, as it is now a leaf

AN
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There are three ways which we use to traverse a tree
= |n-order Traversal

= Pre-order Traversal

= Post-order Traversal

In-order Traversal

= Visit the left sub tree if exist
= Vjsit Root

= Visit the right sub tree if exist

5  FIND THE RIGHT
FAMILY

LEFMOST

SUBTREE FIRST IDENTIFY THE LEFT

CHILD FIRST

SETTLE THE LEFT
FAMILY, GO TO
ROOT

Inorder :
C,BDEAFLHJG
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Pre-order Traversal
= Visit Root
= Visit Subtrees left to right

LEFT FIRST

LEFT
SETTLED

Preorder :
A,bBC,D EFGHIJ
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Post-order Traversal
= Visit the left sub tree if exists.
= the right sub tree if exists

= \Visit root
8
LEFT FAMILY SETTLE THE
FIRST LEFT GO TO

THE RIGT

@
START WITH THE
LEFT

Postorder
C,E DB I JHGFA
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Postfix Prefix

Postfix, Prefix & Infix

Infix : (A + B)

Postfix : AB+

Prefix :

Operators: A&B Operands: +

Operation : Any Expression of algebraic format

(Example : A + B)
Operands : Aand B or 5 & 6 are operands
Operators : +. -, %,/ etc are operators
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Activity &

Draw a Binary Tree from the Arithmetic Expressions below:
. A+B*C/(D-E)
i. A*b+(C-D/E)
i. A*B/(5*C)+ 10
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Activity
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Activity

3. Find PreOrder Traversal

4. Find InOrder Traversal
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Activity

CQ 0-

5. Find PostOrder Traversal

149



CHAPIER 6

SORTING
&
SEARCHING




DEFINITION

= Sorting refers to arranging data in @
oartficular format.
= Particular format
v' increasing order
v' decreasing order
* [t arranges the data in a sequence which
makes searching easier.

The importance of Sorting

To represent data in more

readable formats

Speed up the search process to

the data

Simplify the process of
understanding and analysis of data
collection




SEPTEMBC

Calenda

- Oxford
Dictionary ictionary of
“nglish

Sorting
material
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Sorting technique that is used to sort the data in a
sequence order in ascending order or in descending
Merge

order.
Insertion /—
Sort /j Sort
Methods of
i Sorting e
Bubble —\ Algorithm |— Quick
Sort Sort
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Insertion sort iterates, consuming one input element
cach repetition, and growing a sorted output list. At
cach iteration, insertion sort removes one element from
the input datao, finds the location it belongs within the
sorted list, and inserts it there. It repeats until no input

clements remain.

Insertion Sort (in ascending order)

30 9190

10

all]

920

10

il

10

50

OO

floot

10

50

@A 102

10

all]

40 20

10

all]

9 130(40Y20)10 50 | 9 30
910 5 |9 20(30)10) 4050
o (oY) a0 0[50 L 2040 "
40 s 9|30 40|50
9)(20)30 20 1050 30 0190
9190 30040010} 50 (9)10)20]30 40|50
9 {1020 30 (40) 50}
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Bubble sort, sometimes referred to as sinking sort, is @
simple sorting algorithm that repeatedly steps through
the list, compares adjacent pairs and swaps them if
they are in the wrong order. The pass through the list is
repeated until the list is sorted. This algorithm starts at
the beginning of the array, compares each element
with the element immediately to the right of it ana
makes a swap if the elements are out of order with

cach other.

Process Bubble Sort (in descending order)

s v [

5 o

3 27-

Tmwwe

wln 7 5ln] 3y 5wl |3
413|275 10 3|27 35|14 . 3

BE s o 37 ] EE
slugsw 305 ull

El ' | EIEIRE 35

33027 1435 10 33 2 14. _
33 | 27 SN 10
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» Finds  the smallest element in the array and
exchanges it with the element in the first position.

» Then finds the second smallest element and
exchanges it with the e¢lement in the second
position

» Continues until the enfire array is sorted in
ascending order

Sort the following numbers in ascending order

155



» Dividing the data elements in the array to smaller

groups
= Carry out the sorting in the smaller group
» Use divide and conquer approach

Three Steps in merge sort
|. Divide - break the problem into sub problems
2. Conqguer - sub problems will be solved

3. Merge - combine the solutions for each subb problems
to solve the original problem

O (] [ Byl B 6 7
14733 27 10035 19 42 44
0] Uy B [ e
14133127 10 3% 1914 M
(O] ] [1] (2] B 4] B [6] ] [7]
14133 27110 B9 42 444
(oM IE w o P
14 33 21| |10 35 19 4 44
14 33 10 27 19 35 42 44
14 33 10 27 19 35 4 | 44
1014 27|33 19 3% &2 4
10 14,19 27133 35 42 4

Example merge sort |
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O [0 @ By Bl

W 327 0% 948 4

o [y Bl 4 ele
413127 10 I 19140 M
[0 [1] 2] B] 4] B 6] | [7
14133 110 1L 0|4
o m' B W o g " 0
a0 10 3 19 Q 4

14100133
i EE BH 2 s

Example merge sort 2



Uses the idea of divide an conguer.

't finds the element called pivot which is divides
the array intfo two halves in such a way that the
clements in the left half are smaller than pivot and
clements in the right are greater than pivot.

Three steps in quick sort

° Find pivot that
divides the array

e quick sort the
right half

a quick sort the
left half

L
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Compare pivot with right: 4 > 5? No

pivot Compare pivot with left:2 < 57 Yes Compare pivot with right side: 6> 5 ? Yes

5 \INNWE A A3\ PR )
J 4@)6135 42513(2)

left right — : \
right left ht
Pivot move to the right side B : 8
N/ pivot Compare pivot with right side: 3>5? No
4 )\ 26040 3 S Compare pivot with left: 6 <5 ? No pivot .
ot f
left rignt 7™\ Y d12R5)1 L3) :
412 @ 1315 eft right
Compare pivot with left: 4 <57 Yes ‘
AN\ . left right Pivot move to the right side
pivot e
™\ piyot
4) 2\\6//1 3 Plvotn?ovetothelefmde 1172(3)1 5\ 6
left right pivot ; %g{t
412(5)1 31]6¢6
le right

Compare pivot with left side: 3 <5 ? Yes Compare pivot with right: 1 > 4? No

piyot plyot
a1 2(3) 1 6 o 3(13

left right left right
Compare pivot with left side: 1 <5 ? Yes

Pivot move to the right side

Api t —p Pivot
al2]3(1)s)s @Z
left right left right
iyot Compare pivot with left: 1 <47 Yes
a 2|31 6 POt
L left | right @ 2 |3 (4
! left right
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Compare pivot with left: 2 < 4? Yes Compare pivot with right: 2 > 1? Yes

pivot

left right

right
Compare pivot with left: 3 <47 Yes \g_'_’
pivot

1|2 ‘ 384 Compare pivot with right: 3 > 27? Yes

| left)§ right pivo

Compare pivot with right: 3> 17 Yes
pivot

; =N left Kright jyot
\ r
oo 5
right
left 8 lef t
rg

160



In

Li

computer science, a search algorithm, is an
algorithm for finding an item with specified
oroperties among a collection of items.

Types of Searching

near Search

In computer science, linecar search or sequential
search is a method for finding a particular value
in a list, that consists of checking every one of ifs
clements, one at a time and in sequence, until the
desired one is found

Linear search is the simplest search algorithm

s use to search data when the list is unsorted
Searching for the key is done one by one from the
first element on the list until the key is found or until
the last element
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Linear Search

0 1 2 3 4
7 3] 6 1|0 e

1!=6
Index(0] 0 1 2 3 4
0 1 2 3 4
R
1 4
0 1 2 3 4
el 73 6 [l o
11=3
0 1 ) 3 4 Target value is found return index [3]
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Binary Search

= At each stage, the algorithm compares the input key
value with the key value of the middle element of the
array. If the keys match, then a matching element has
been found so its index, or position, is returned.

» Otherwise, if the sought key is less than the middle
clement's key, then the algorithm repeats its action on
the sub-array to the left of the middle element or, if the
input key is greater, on the sub-array to the right.

Binary Search Implementation

= Algorithm is quite simple. It can be done either recursively
or iteratively:

v'Sort the list first
v'get the middle element;

v'if the middle clement equals to the searched value,
the algorithm stops;

» Otherwise, two cases are possible:

v searched value is less, than the middle element. In this
case, search the part of the array, before middle
clement.

v'searched value is greater, than the middle element. In
this case, search the part of the array, after middle

clement.
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Binary Search

Search value 5 in list below

1. Middleindex=(0+5)/2
Middle index=2.5=2

0 1| 2|3 4 5
21314 /|56

Middle element =3

2. Compare value 5 with middle element 3
a.5>3

¥

2. Compare value 5 with middle element 5

a.b ==

Target is found

56

1. Middleindex=(3+5)/2

Middle index = 4
3|1 4|5
4 | 5] 6

Middle element =5




Activity @

|. Show the procedure to sort the items below using
selection sort

40130 9 20 10|50

2. Show the procedure to sort the items below using
selection sort.
a) show selection sort process in ascending order
b) show selection sort process in descending order

/74 5 9 8 21

3. Show the procedure to sort items below using bubble
sort.

Structure

4. Show the procedure to sort the items below
using Quick sort.

G T C N I VA VA | I (
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