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Course Outcome

At the end of the course students should be able to:

Bloom’s
Course Outcome Knowledge
Level (KL)
CO1 | ldentify appropriate data structures for solving real world problems. K3
Describe and implement linear data structures such as arrays, linked K3
coz | .
lists, stacks, and queues.
Describe and Implement non linear data structures such as trees and K3
CO3
graphs.
Select approprnate searching and sorting algorithms to be used in K3
04
¢ specific circumstances.

Note: K1- Remember, K2- Understand, K3- Apply, K4- Analyse, K5- Evaluate, K6- Create

PREPARED BY SHARIKA T R, AP, ASIET 2
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Module 3- Trees and Graphs

Trees :- Representation Of Trees; Binary Trees - Types and
Properties, Binary Tree Representation, Tree Operations,
Tree Traversals; Expression Trees; Binary Search Trees -
Binary Search Tree Operations; Binary Heaps - Binary Heap
Operations, Priority Queue.

Grap

ns :- Definitions; Representation of Graphs; Depth

Eirst Search and Breadth First Search; Applications of
rap

ns - Single Source All Destination.
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TREE

* Finite collection of special data items called nodes

* Nodes of the tree are arranged in hierarchical structures to
represent the parent-child relationship

e No restriction on the number o ildren for a node
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DEGREE of a node: Number of nodes connected to any node

IN-DEGREE of a node: Number of edges that ends at a particular node
OUT-DEGREE: Number of edges that starts from a particular node
Degree = in-degree+ out-degree
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DEGREE of a node: Number of nodes connected to any node

IN-DEGREE of a node: Number of edges that ends at a particular node
OUT-DEGREE: Number of edges that starts from a particular node
Degree = in-degree+ out-degree

Degree=3
In-degree =1
Out-degree=2

Degree=1
In-degree =1
Out-degree=0
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Terminologies

Degree of a tree:
Maximum degree of any node

Degree =3 Degree =3

Degree =1 Degree =1

Degree =1
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Terminologies

Degree of a tree:
Maximum degree of any node

Degree of tree =3

Degree =3 Degree =3

Degree =1 Degree =1

Degree =1
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Terminologies

ROOT
First node which does not have any parent Node with In-degree =o

/ ROOT
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Terminologies

LEAF NODE or TERMINAL NODE
Last node of the tree which does not have any descendants

Node with out-degree= o
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Terminologies

LEAF NODE or TERMINAL NODE
Last node of the tree which does not have any descendants

Node with out-degree= o

f nodes
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Terminologies

PATH
Sequence of edges between any two nodes

Path :1-3, 3-7
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Terminologies

LEVEL of a node
Root is always assigned a level zero

Level of any other node = Level of its parent +1
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Terminologies

LEVEL of anode
Root is always assigned a level zero

Level of any other node = Level of its parent +1

- T — = = =—— Levelo

—_— = = = Level1

— " Level 2
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Terminologies

DEPTH of a node
No. of nodes in the longest path from the root to any terminal node

Depth of a node = level of a node +1

Depth of a tree = largest level of a tree +1

Level o

- Level1
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Terminologies

Siblings

Children of same parent node
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Terminologies

Siblings
Children of same parent node

siblings
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Terminologies

S o 1°
IDIINES

Children of same parent node
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Terminologies

Siblings
Children of same parent node

siblings
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TREE: Definition

1. There is a specially designated node called the root

>.  The remaining nodes are partitioned into n>=0
disjoint sets T1,
T2, ...Tn where each of these sets is a tree

T1, T2, ...Tn are called the subtrees of the root

LN
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i ?9

® A tree is a finite set of one or more nodes such that
1. There is a specially designated node called the root

>.  The remaining nodes are partitioned into n>=o disjoint sets
Ti,
T2, ...Tn where each of these sets is a tree

T1, T2, ...Tn are called the subtrees of the root
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i 22 -

® A tree is a finite set of one or more nodes such that
1. There is a specially designated node called the root

>.  The remaining nodes are partitioned into n>=o disjoint sets
Ti,
T2, ...Tn where each of these sets is a tree

T1, T2, ...Tn are called the subtrees of the root




Types of Tree data structures:u:

eBinary tree: In a binary tree, each node can have a maximum of two children linked to it. Some common types
of binary trees include full binary trees, complete binary trees, balanced binary trees, and degenerate or
pathological binary trees.

eTernary Tree: A Ternary Tree is a tree data structure in which each node has at most three child nodes, usually
distinguished as “left”, “mid” and “right”.

eN-ary Tree or Generic Tree: Generic trees are a collection of nodes where each node is a data structure that
consists of records and a list of references to its children(duplicate references are not allowed). Unlike the
linked list, each node stores the address of multiple nodes.

[ Tre|es ]

(on the basis of number of children)

Binary Tree lTernary Tree \ ‘ N-ary Tree \
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BINARY TREE: Definition

* A binary tree is a finite set of one or more nodes such that
1. There is a specially designated node called the root

2. The remaining nodes are partitioned into N=0,1 or 2 disjoint sets
Tiand T2 where each of these sets is a tree

T1and T2 are called the subtre the root
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Terminologies

Binary TREE

* atree which is either empty or each node can have maximum 2 children
® each node can have either o children, 1 child or 2 children

* Leftchild - Node on the left of the parent

* Rightchild - Node on the right of the parent
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Terminologies
Binary TREE

* atree which is either empty or each node can have maximum 2 children
* each node can have either o children, 1 child or 2 children

* Leftchild - Node on the left of the parent

* Rightchild - Node on the right of the parent

leftchild rightchild
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Terminologies
Binary TREE

* Leftsubtree - Tree on the left of the parent

» Rightsubtree - Tree on the right of the parent
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Terminologies
Binary TREE

* atree which is either empty or each node can have maximum 2 children
* each node can have either o children, 1 child or 2 children

¢ Leftsubtree - Tree on the left of the parent

* Rightsubtree - Tree on the right of the parent

leftsubtree
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Terminologies

Binary TREE

a tree which is either empty or each node can have maximum 2 children

each node can have either o children, 1 child or 2 children
Leftsubtree - Tree on the left of the parent
Rightsubtree - Tree on the right of the parent

rightsubtree
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CLASSIFICATION OF BINARY TREE

1. Strictly binary tree

A binary tree in which every nonleaf node has non empty left and right sub tree A strictly
binary tree with N leaves always contains 2N-1 nodes

Pd

A strict binary tree, also
known as a full or proper
binary tree, is a type of
binary tree where each node

has either zero or two

children.
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CLASSIFICATION OF BINARY TREE

2. Complete binary tree

e A binary tree with all levels except the last level contains the maximum number
of possible nodes and all nodes in the last level appear as left as possible

r’'d £~ A complete binary
tree is a binary tree
in which every level,
except possibly the
last, is completely
filled, and all nodes
in the last level are as
far left as possible. I

Incomplete complete
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CLASSIFICATION OF BINARY TREE

3. Full binary tree

e A binary tree that contains maximum possible number of nodes at all levels

e  Atree of depth d will have 2d-1 nodes

v

D=3
Nodes = 23-1 =7
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4. Skewed Binary Trees

[ Left-Skewed Binary Tree ]

O

/

o

[ Right-Skewed Binary Tree ]
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PROPERTIES OF BINARY TREE

1. Maximum number of nodes on level 1 is 21, where I>=0

v

L=0, nodes = 2°=1
L=1, nodes = 21=2
L=2, nodes = 22=4
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PROPERTIES OF BINARY TREE

2. Maximum number of nodes possible in a binary tree of
height h is 2h-1.

v Hes

nodes=23-1=7
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PROPERTIES OF BINARY TREE

3. Minimum number of nodes possible in a binary tree of height h

is h.
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REPRESENTATIONS OF BINARY TREE

1. Linear or sequential representation

>. Linked or pointer representation
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REPRESENTATIIONS OF BINARY TREE

1. Linear or sequential representation
*A block of memory for an array is allocated before storing the actual tree in it.
*Once memory is allocated, the size of the tree is restricted as permitted by the memory.

*In this representation, the nodes are stored level by level, starting from the zero level where only

v

the root node is present.
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REPRESENTATIIONS OF BINARY TREE

Linear or sequential representation

Following rules can be used to decide the location of any node
1. The root node is at index 1
>. For any node with index I,
. Parent (i)isat i/2

. Left child gpfiis at 2i : AL .
;. Right c of iisat 2i + 1: Al2] 2
A[3] 3
Al4] 4
Als] 5
Al6] 6
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REPRESENTATIIONS OF BINARY TREE

Linear or sequential representation

Left child of i is at 2i :

e[f 2i > n, then the node does not have a left child.
*Eg: i=4 , then 2i = §, but 8>n

*no left child Right child ofi is at 2i +1:

eIf 2i + 1> n, then the node does have a right child.

*Eg: i=4 , then 2i+1 = 9, but 9>n / Al1] 1
eno right child Al2] 2
Af3] 3
Al4] 4
Als] 5
Al6] 6




Sequential re“ﬁ?‘ké”g”érﬁttaé"’f ion:
Example

{} s

11 12 13 14

45 22 77 1 30 15 25 38

\O
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REPRESENTATIONS OF BINARY TREE

Linear or sequential representation

Advantages of linear representation
* Any node can be accessed by calculating the index
* Foreach node, only data is stored — no need to store any pointers

Disadvantages

*  Other than for full binary tree, majority of the array entries may be
empty

* No way to increase the size of the tree during execution

* Inserting or deleting a node is inefficient
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REPRESENTATIONS OF BINARY TREE

2. Linked or pointer representation

* Tree can also be defined as a finite collection of nodes where
each node is divided into 3 parts containing

o [eft child address
e Information (data)
e Right child address

Left info right




BINARY TREE “’i’t

ldl_: Lol .

Hrin
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: . "

e Insertion as a leaf node

® Deletion of a leaf node

® traversal




1. 1=Search(l) =wenel}S@FEION @S @ leaf node

- Search(k) function:
- Returns the index of the node with key k if found,

otherwise returns -1.
2. If 1P=.= :'S . . c. Else if option == LC:
- Print "Search 1s unsuccess _Ifa[(2 * )] == NULL:
Else:
, , . . -a[2* D] =x
a. Read option to insert as left child (LC) or right Else:
Chllg (EC)'t. e - Print "Insertion not possible"
| ?f) I 2#1)+ 1] — NULL: bndlt
- It a[( ) *)1 ) ]1 ) ' d. EndIf
-a[@ D+ 1]=x EndIf
- Else:
- Print "Insertion not possible"
- EndIf
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Search a key

search(int k)

For 1=1to size
if a[i]==k
return i

end if
End for

return -1



Visit sharikatr.in for more notes and ppts

Deletion of a leaf node
del(int x)

lI=search(x)
If 1'=-1
if a[(2*])]==null && a[(2*])+1]==null
a[l] is deleted
all]=null
else

print item is not a leaf node

end if

else
print item does not exist

End if



Insertion of leaf node in admked-dist-representation

Steps:
—— 1. ptr = Search_LINK(ROOT, KEY)
2. If (ptr = NULL) then
3 Print “Search is unsuccessful: No insertion”
4, Exit
5. EndIf
6. If (ptr—»LC = NULL) or (ptr—RC = NULL) /| If either or both link(s) is/are empty
7
8
9

Read option to insert as left (L) or right (R) child (give option = L/R)
// To insert as left child

If (option = L) then
// If the left link is empty then insert

If (ptr—LC = NULL) then

10. new = GetNode(NODE)
2 new—DATA = ITEM
12. : new—LC = new—RC = NULL
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14. Else . /I 'The key node already has left child

15. Print “Insertion is not possible as left child”

16. Bxit // Quit the execution
. EndIf S

18.  Else /Il If option = R)

19. If (pr—RC = NULL) /I If the right link is empty then insert

20. new = GetNode (NODE)

01, new—DATA = ITEM

2. new—LC = new—RC = NULL

123, ptr—RC = new

2, Else /I The key node already has right child

2. Print “Insertion is not possible as right child”

26. Exit /I Quit the execution

20, EndIf s

8. Else

2. Print “The key node already has child” /[The key node has no empty child

3. Endrf . :
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Searching 1n a linked list representation
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o a leaf node from a linked list representation
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Tree Traversal

Traversal 1s 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 1s, we cannot
randomly access a node in a tree. There are three ways which we

use to traverse a tree —

"] In-order Traversal
"] Pre-order Traversal
"] Post-order Traversal




In-order Traversal : In this traversal method, the left subtree is visited first,
then the root and later the right'SUB2{yEET e = e

D—-B—-E—-A—-F—-C—->G

Algorithm
Until all nodes are traversed — Réot
Step 1 — Recursively traverse left subtree. 2, ;‘
Step 2 — Visit root node. . ]
Step 3 — Recursively traverse right subtree.
B c
2 2

&) 8. A 1Y)

Left Subtree Right Subtree
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In this traversal method, the root node 1s visited first, then the left
subtree and finally the right subtree.

We start from A, and following pre-order traversal, we first visit A
itself and then move to its left subtree B. B is also traversed pre-order.
The process goes on until all the nodes are visited. Root

The output of pre-order traversal of this tree will be

v

-A—-B—->D—->E—->C—->F-—->G 2 3
Algorithm (g ) (e )
Until all nodes are traversed — 1 '

Step 1 — Visit root node.

Step 2 — Recursively traverse left subtree. = , \

Step 3 — Recursively traverse right subtree 5 @ 3@ ZC/" 3 Q/
Left Subtree Right Subtree
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In this 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.

We start from A, and following Post-order traversal, we first visit the left
subtree B. B 1s 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
-D>E—->B—->F->-G->C—oA

Root

Algorithm

v
Until all nodes are traversed — : A .
Step 1 — Recursively traverse left subtree. / \
. B ) LG
39 3 =

Step 2 — Recursively traverse right subtree.

Step 3 — Visit root node /‘\ /\

180 200 & 2

i i Department of CSE, ASIET
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OO
©®Q

El n a rf T rE E Prepared by Sharika T R, A




Example 1: o Preorder traversal yields:

A, B, D CEGFHI

Postorder traversal yields:
D,B,G,E H LFC, A

Inorder traversal yields:
D,B,AE G C,H,F,I

Level order traversal yields:
A, B, C,D EF G H,I

Binary Tree erepared by Sharka T R, Assise Tebgest Besled NOEA SRS ANd level order Traversing I
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\x
»;

K
M A

Example 2

:) IntOirdber fravemsal: YO RMS AHL O K

Preorder troversal: HAMAMOY B ASOL K

Postorder traversal: Y BOS A ML kO

I Prepared by Sharika T R, Assistant ProfessolDb'p'brﬂwlthdHlS'El'ABII!_I'II'l'l' sal: H M OO ALKYHRS I



Tree
Traversal

® Used to visit each node in the
tree exactly once.

®Three types of traversal
.. Preorder
>. Inorder
5. Postorder



Tree
Traversal

® Used to visit each node in the tree exactly once.
®Three types of traversal

.. Preorder
Visit root

Visit left subtree in preorder

Visit right subtree in preorder
>. Inorder

5. Postorder



TREE TRAVERSAL



Tree
Traversal

® Used to visit each node in the tree exactly once.
®Three types of traversal

. Preorder

>. Inorder

e Visit left subtree in inorder
e Visitroot

e Visit right subtree in inorder
5. Postorder



Tree
Traversal

® Used to visit each node in the tree exactly once.
®Three types of traversal

. Preorder

>. Inorder

;. Postorder

e Visit left subtree in inorder
Visit right subtree in inorder
Visit root



Preorder  oosessssm
traversal

root




Preorder  .osemomsmsm
(root)

Current=root
If(current!=NULL)
VISIT (current)
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

Current =root




Preorder  .osemomsmsm
(root)

Current=root

If(current!=NULL) [ . ]
VISIT (current)
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

output

Current =root
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( r O O t ) Current=root

If(current!=NULL) output
Currentzroot VISIT(Current)
: 1 PREORDER (current.llink) 1
If(current -=NULL) PREORDER(current.rlink)

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf

current




Preorder .ocosessm
(root)

If(current!=NULL) output
Currentzroot VISIT(Current)
: 1 PREORDER (current.llink) 1
If(current -=NULL) PREORDER(current.rlink)

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf

Current=root
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( r O O t ) Current=root
output

Current=root )
1 PREORDER(current.llink) 13
If(current!=NULL) PREORDER(current.rlink)
VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf

Current=root
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Preorder (root) Current=root

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(current!=NULL) PREORDER(current.rlink) e l

VISIT(current) EndIf
PREORDER(current.llink)

PREORDER(current.rlink) Current—root

EndIf [f(current!=NULL)
VISIT(current)
PREORDER(current.llink)
PREORDER(current.rlink)
EndIf
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Preorder (root) Current=root

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(current!=NULL) PREORDER(current.rlink) e l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf If(current!=NULL)
VISIT(current)

PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Current=root
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Preorder (root) Current=root

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(current!=NULL) PREORDER(current.rlink) 1224) l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf

Current=root

PREORDER (current.llink)
PREORDER(current.rlink)
EndIf

Current=root
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( r O O t ) Current=root

If(current!=NULL) output
Current=root VISIT(current)
If(CUITent !=NULL) PREORDER(current.rlink) 124 l

VISIT(current) EndIf

PREORDER ((current.llink)
PREORDER(current.rlink) Currenteroot
EndIf If(current!=NULL)

VISIT(current)

PREORDER(current.rlink )
EndIf

Current=root

VISIT(current)
PREORDER(current.llink)

Root=NULL PREORDER(current.rlink)
- EndIf
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Root=2

(root)

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(CUITent !=NULL) PREORDER(current.rlink) 124 l

VISIT(current) EndIf
PREORDER(current.llink)

PREORDER(current.rlink) Current—root

EndIf If(current!=NULL)
VISIT(current)

PREORDER(current.rlink)
EndIf

Root=NULL

Current=root

Current= Roo

VISIT(current)
PREORDER (current.llink)
PREORDER(current.rlink)

EndIf
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Root=2

(root)

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(CUITent !=NULL) PREORDER(current.rlink) 124 l

VISIT(current) EndIf
PREORDER(current.llink)

PREORDER(current.rlink) Current—root

EndIf If(current!=NULL)
VISIT(current)
PREORDER(current.llink)

EndIf

Root=NUN

Current=root

Current= Roo

VISIT(current)
PREORDER (current.llink)
PREORDER(current.rlink)

EndIf
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Root=2

(root)

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(CUITent !=NULL) PREORDER(current.rlink) 124 l

VISIT(current) EndIf
PREORDER(current.llink)

PREORDER(current.rlink) Current—root

EndIf If(current!=NULL)
VISIT(current)
PREORDER(current.llink)

EndIf

Root=NULL

Current=root

Current= Roo

VISIT(current)

PREORDER (current.llink)

PREORDER(current.rlink)
EndIf
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Root=2

(root)

If(current!=NULL) output
Current=root ‘ VISIT(current)
If(CUITent !=NULL) PREORDER(current.rlink) 124 l

VISIT(current) EndIf

PREORDER ((current.llink)
PREORDER(current.rlink) [ N
EndIf If(current!=NULL)

VISIT(current)

PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Root=NULL
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Root=2
Preorder (root) Current=root
If(current!=NULL) output
Current=root VISIT(current)
i PREORDER linl
If(current!=NULL) (current.llink) 124 l

VISIT(current) EndIf
PREORDER(current.llink)

PREORDER(current.rlink) Current—root

EndIf [f(current!=NULL)
VISIT(current)

PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Current
Root=NULL
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Root=2
Preorder (root) Current=root
If(current!=NULL) output
Current=root VISIT(current)
i PREORDER linl
If(current!=NULL) (current.llink) 124 l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf If(current!=NULL)
VISIT(current)

PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Root=NULL

Current
oot
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Root=2
Preorder (root) Current=root
If(current!=NULL) output
Currentzroot VISIT(CUI‘I’GHt)
i PREORDER linl
If(current!=NULL) ILIGHIE, L 1245 l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf

PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Root=NULL

Current
oot
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Root=2
Preorder (root) Current=root
If(current!=NULL) output
Currentzroot VISIT(CUI‘I’GHt)
i PREORDER linl
If(current!=NULL) ILIGHIE, L 1245 l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf [f(current!=NULL)
VISIT(current)

PREORDER(current.rlink)
EndIf

Root=NULL

Current

Root=NULL
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Root=2
Preorder (root) Current=root
If(current!=NULL) output
Currentzroot VISIT(CUI‘I’GHt)
i PREORDER linl
If(current!=NULL) ILIGHIE, L 1245 l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf [f(current!=NULL)
VISIT(current)

PREORDER(current.llink)

EndIf

Root=NULL

Current

Root=NULL
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Root=2
Preorder (root) Current=root
If(current!=NULL) output
Currentzroot VISIT(CUI‘I’GHt)
i PREORDER linl
If(current!=NULL) IS, L 1245 l

VISIT(current) EndIf
PREORDER ((current.llink)
PREORDER(current.rlink)

EndIf If(current!=NULL)
VISIT(current)

PREORDER(current.llink)

Current
Roo

EndIf

Root=NULL
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Root=2
Preorder (root) Current=root
If(current!=NULL)
Currentzroot VISIT(Current)
PREORDER (current.llink)
If(current!=NULL) l

VISIT(current) FadIf
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

iIf(current!=NULL)
Root Current VISIT(current)
PREORDER(current.llink)

EndIf

Root=NULL
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Root=3
Preorder (root) Current=root
If(current!=NULL)
Currentzroot VISIT(current)
PREORDER (current.llink) l
If(current !=NULL) PREORDER(current.rlink)

VISIT(current) EndIf
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf If(current!=NULL)
Current VISIT(current)
PREORDER(current.llink)

EndIf

Root=NULL
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Root=3
Preorder (root)

If(current!=NULL)

Current=root VISIT(current)
PREORDER (current.llink)
[f(current!=NULL) PREORDER(current.rlink)
VISIT(current) EndIf

PREORDER(current.llink)
PREORDER(current.rlink)

EndIf [f(current!=NULL)
VISIT(current)
PREORDER(current.llink)

Current EndIf
Root

Root=NULL
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Root=3
Preorder (root) Current=root
Current=root
PREORDER (current.llink) l
If(current !=NULL) PREORDER(current.rlink)
VISIT(current) EndIf

PREORDER(current.llink)
PREORDER(current.rlink)

EndIf [f(current!=NULL)
VISIT(current)
PREORDER(current.llink)

Current EndIf
Root

Root=NULL
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Root=3
Preorder (root) Current=root
If(current!=NULL)
Currentzroot VISIT(current)
If(current !=NULL) PREORDER(current.rlink) l

VISIT(current) EndIf
PREORDER(current.llink)

PREORDER(current.rlink) Current=root

EndIf [f(current!=NULL)
VISIT(current)
PREORDER(current.llink)
PREORDER(current.rlink)

Current EndIf

Root=NULL
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Root=3
Preorder (root) Current=root
If(current!=NULL)
Current=root VISIT(current)

[f(current!=NULL) PREORDER(current.rlink)
VISIT(current) EndIf

PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Root=NULL
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Root=3
Preorder (root) Current=root
If(current!=NULL)
Current=root VISIT(current)

[f(current!=NULL) PREORDER(current.rlink)
VISIT(current) EndIf

PREORDER(current.llink)
PREORDER(current.rlink) Currenteront

EndIf If(current!=NULL)
VISIT(current)

EndIf

Root=NULL
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Root=3
Preorder (root) Current=root
If(current!=NULL)
Current=root VISIT(current)

[f(current!=NULL) PREORDER(current.rlink)
VISIT(current) EndIf

PREORDER(current.llink)

PREORDER(current.rlink) Current=root

EndIf If( -urrent!=NULL)
VISIT(current)

EndIf

Root=NULL
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Root=3
Preorder (root) Current-root
If(current!=NULL)
Current=root VISIT(current)
PREORDER (current.llink)
If(current!=NULL)
VISIT(current) EndIf

PREORDER(current.llink)

PREORDER(current.rlink) Current=root

EndIf [f(current!=NULL)
VISIT(current)
PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Root=NULL
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Root=3
Preorder (root) Current-root
If(current!=NULL)
Current=root VISIT(current)
PREORDER (current.llink)
If(current!=NULL)
VISIT(current) EndIf

PREORDER(current.llink)
PREORDER(current.rlink)

EndIf [f(current!=NULL)
VISIT(current)
PREORDER(current.llink)
PREORDER(current.rlink)
EndIf

Root=NULL

Root
Current
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Root=3
Preorder (root) Current=root
If(current!=NULL) output
Current=root VISIT(current)
PREORDER Alinl
If(current!=NULL) (UL, L 1245367 l

VISIT(current) EndIf
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

Root=6

Current=root

Root=NULL

Root
Current
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Root=3
Preorder (root) Current=root
If(current!=NULL) output
Current=root VISIT(current)
PREORDER Alinl
If(current!=NULL) IS, L 1245367 l

VISIT(current) EndIf
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

Root=6

Current=root

Root=NULL

Root
Current
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Root=3
Preorder (root) Current=root
If(current!=NULL) output
Currentzroot VISIT(current)
O Alinl
If(current!=NULL) Ty 1245367 l
VISIT(current) EndIf
PREORDER(current.lli Root=6

Current=root

Root=NULL

Root
Current
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(root)

output
Current=root

(
If(current!=NULL) L 1245367 l

VISIT (current)
PREORDER(current.llink)
PREORDER(current.rlink)

EndIf

Root
Current
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Question :

® Write the preorder, inorder and postorder traversal of
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Answer:

PREORDER=53102476809

INORDER=0123 456789 (sorted order)
POSTORDER=0214369875
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1. Preorder traversal

Algorithm PREORDER(root)

I . - . ] to of the bi ]
Output: Visiting of all the nodes in preorder fashion

Data structure: linked structure

Steps:

1. Current=root

. If(current!=NULL)
1. VISIT(current)
2. PREORDER(current.llink)
3.  PREORDER(current.rlink)

5. EndIf
4.  Stop
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2. Inorder Traversal

Algorithm INORDER(root)
Input: root is the pointer to the root node of the binary search tree

Output: Visiting of all the nodes in inorder fashion

Data structure: linked structure

Steps:

1. Current=root

5.  If(current!=NULL)
1.  INORDER(current.llink)
2. VISIT(current)
3.  INORDER(current.rlink)

5. EndIf
4. Stop
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3. Postorder Traversal

Algorithm POSTORDER(root)
Input: root is the pointer to the root node of the binary search tree

Output: Visiting of all the nodes in postorder fashion

Data structure: linked structure

Steps:

1. Current=root

5.  If(current!=NULL)
1.  POSTORDER(current.llink)
2.  POSTORDER(current.rlink)
3. VISIT(current)

5. EndIf
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Construct tree
from the inorder and preorder traversals

PREORDER =53102476809
INORDER=01234567809




Visit sharikatr.in for more notes and ppts

Construct tree

~_from the following inorder and preorder traversals

PREORDER =5310247689
INORDER=0123456789

® Preorder starts with the root

® Now split the inorder traversal into 3
® Left subtree, root, right subtree

® Repeat the same process on each subtrees
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PREORDER=5310247689
INORDER=01234567/789

Root

[01234] [5] [6789]

Root =5
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PREORDER=5310247689

Root =5
[01234] [5] [6789]
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PREORDER=5310247689
INORDER=0123456789

T v VT =Ty N e o S T w 77 A=

Root
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PREORDER=5310247689
INORDER=0123456789

Root =3
[o12] [3] [4]
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PREORDER=5310247689
INORDER=0123456789

T v VT =Ty N e o S T w 77 A=
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PREORDER=5310247689
INORDER=0123456789

T v VT =Ty N e o S T w 77 A=

Root =1

lo] [a] [2]

No more elements to be divided
In the left subtree
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PREORDER=5310247689
INORDER=0123456789

T v VT =Ty N e o S T w 77 A=

Root
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PREORDER=5310247689
INORDER=0123456789

Root =7

[6] [71 [89]
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PREORDER=5310247689
INORDER=0123456789

T v VT =Ty N e o S T w 77 A=

Root
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PREORDER=5310247689
INORDER=0123456789

Root =8
18] [9]

No more elements to be divided
In the right subtree




Question:

® Construct the tree from the following
inorder and postorder traversals

POSTORDER = 0214369875
INORDER=01234567809
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Answer:
POSTORDER = 0214369875
INORDER = 0123456789 Root
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Given the following postorder and inorder traversals:

POSTORDER: 4526731
INORDER: 4251637

Construct the binary tree from these traversals.
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/\
2 3

/\ 1\
4567
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Given the following inorder and preorder traversals:

Inorder: 9315207
Preorder: 3920157

Construct the binary tree from these traversals.
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/\
9 20

/\
15
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Given the following inorder and preorder traversals:

Inorder: 849210516113127
Preorder: 1248951036117 12

Construct the binary tree from these traversals.
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1
/\
2 3
/N ]\
4 56 7

/NN
8 910 1112
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BINARY
SEARCH TREE

A Binary search tree is a binary tree.

® [t may be empty.
® I[fitis not empty, then it satisfies the following properties:
. Every element has a key and no two elements have the same key
(no duplicates)
-. The keys (if any) in the left subtree are smaller than the key in
the root
5. The keys (if any) in the right subtree are larger than the key in
the root
4. The left and right subtrees are also binary search trees



o: BINARY T
SEARCH TREE
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root
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Insert 7,2,1,4,3,8,5,9

root
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Insert 7,2,1,4,3,8,5,9

root

Insert 5
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Insert 7,2,1,4,3,8,5,9

root




Construction.of.binary
search tree

Insert 7,2,1,4,3,8,5,9
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Construct a binary search tree
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BST : INSERT(5)

Newnode=malloc(newnode)

A | | R o B
NeWIlUUC.Ud Lad=1(ClI1I11

Newnode.left]I=NULL
Newnode.rightl=NULL

Root =NULL

'X 5 X

newnode




Visit sharikatr.in for more notes and ppts

BST : INSERT(5)

[f(root=NULL)
Root=newnode Root

newnode
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BST : INSERT(2)

Newnode=malloc (newnode)
Newnode.data=item
Newnode.leftl=NULL
Newnode.rightl=NULL

Root

newno!e
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BST : INSERT(2)

If(root |=NULL)
Current=root
While(current!=NULL)

Parent=current

If(item>current.data)
Current=current.rightl p .+

Else :
Current=current .leftl

EndIf current
EndWhile

%, Assistant Professor Department o
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BST : INSERT(2)

If(root !=NULL)
Current=root
While(current!=NULL)

Parent=current

If(item>current.data)
Current=current.rightl p .

Else :
Current=current.leftl. parent

Endlf “current

Preparmfessor Department of CSE, ASIET
newnodae

EndWhile
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BST : INSERT(2)

If(root '=NULL)
Current=root
While(current!=NULL)

Parent=current

urrent.data)
If(item>current.data)

Current=current.rightl p -+

Else
Current=current.le parent
EndIf B rent= NULL
EndWhile

newnode

- Prepared by Sharika T R, Assistant Professor Department of CSE, ASIET _
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BST : INSERT(2)

[f(item>parent.data)

Parent.rightl=newnode
Else
Parent.leftl=newnode

EndIf
Root

parent

Current= NULL

newnoae




INSERT(7)

Newnode=malloc (newnode)

Newnode.data=item
Newnode.leftl=NULL
Newnode.rightl=NULL

Root

newnode



BST : INSERT(7)™ "

If(root '=NULL)
Current=root
While(current!=NULL)

Parent=current

If(item>current.data)

Current=current.rightl R0t

Else parent
Current=current.leftl current
EndIf
EndWhile

newnode
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BST : INSERT(/

If(root '=NULL)
Current=root
While(current!=NULL)

Parent=current

If(item>current.data)

Current=current.rightl Root

Else parent
Current=current.leftl Current= NULL
EndIf
EndWhile

newnode
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ifiterD ksl NS E RT( 7/ )

Parent.rightil=newnode

Else
Parent.leftl=newnode
EndIf
Root parent
current

newnode
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Insert an element into a binary search tree




BST :
Algorithm
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Root




BST :
insert (9)

A V. 4 P 4 S el D)
VVIICIC LO 1115CIL 95
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Root




BST :
insert (9)

A V. 4 P 4 S el D)
VVIICIC LO 1115CIL 95
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Root

X o9 X

newnode



B ST : Visit sharikatr.in for more notes and ppts
i n S e rt ( 9 ) Newnode=malloc (newnode)

Newnode.data=item
Newnode.leftl=NULL

NI 1 e NTTT
INCEWIHOUC. IIgHU=INU L L

Root

newnode
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i nse rt ( 9 ) If(root=NULL)

Root=newnode

Root

newnode



Current=root
Visit sharikatr.in for more notes and ppts WhiIE(CUITent!=NULL)
Parent=current
If(item>current.data)

B ST : Insert (9) Current=current->rightl
Else If(item<current.data)
e 1.1 eae Current=current->leftl
i tic positioll Root Else
exit
EndIf

EndWhile

newnode



Current=root
Visit sharikatr.in for more notes and ppts While(current'—NULL)
Parent=current

BST ; in sert (9) If(item>current.data)

Current=current->rightl
Else If(item<current.data)

current Current=current->leftl
Root Else
exit
10 EndIf
endwhile

13

newnode



Current=root
While(current!=NULL)
Parent=current
B ST . i nsert (9) If(item>current.data) .
parent Current=current->rightl
Else If(item<current.data)

Visit sharikatr.in for more notes and ppts

Current Crirront—ecirrront~1ofel
Current=current->leftl
Root Flse
exit
10 EndIf
endwhile

13

newnode



Current=root
While(current!=NULL)
Parent=current

Visit sharikatr.in for more notes and ppts

B ST . i nsert (9) If(item>current.data)
parent Current=current->rightl
. | Else If(item<current.data)
Root Else B _
exit

EndIf
endwhile

current

6 | 13

newnode



Current=root
Visit sharikatr.in for more notes and ppts While(current'—NULL)

Parent=current

BST ; in sert (9) If(item>current.data)
parent

Current=current->rightl
Else If(item<current.data)

TCTITT

Root Else
exit
EndIf
endwhile

parent

13

newnode
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While(current!=NULL)

. Parent=current
BST . INse rt (9) If(item>current.data)
Current=current->rightl
Else If(item<current.data)
Root Current=current->leftl
Else
exit
EndIf
endwhile

newnode



Current=root
While(current!=NULL)
Parent=current
BST . i nsert (9) If(item>current.data)
Current=current->rightl
Else If(item<current.data)

yal 4+ + 1~£:1
CUrreri=qcurrciit-~1citl

Root Else

Visit sharikatr.in for more notes and ppts

exit
EndIf
endwhile

parent

6 13
paraqt
currei

X 8 X

newnode



Current=root
While(current!=NULL)
Parent=current
BST . i nsert (9) If(item>current.data)
Current=current->rightl
Else If(item<current.data)

Visit sharikatr.in for more notes and ppts

Crirvront—crirrondt ~daofel
CUIIcCIit—ual 1clic, ~17idd

Root Else

exit
EndIf
endwhile

13

Current=NULL

newnode
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BST :
insert (9) " rarentrghtiomenmode

Else

Parent.leftl=newnode
EndIf

Root

Current=NULL

newnode



BST : 9
inserted
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Root




-
=

=

“BST : INSERTION

Algorithm BST_INSERT(item)
Input: Item is the data component of a node that has
to be inserted.

Output: Item inserted in to the proper place of the

tree.
Data structure: Linked structure

Steps:
1. Newnode=malloc(newnode)

Newnode.data=item

I_:=.-l

3. Newnode.leftl=NULL
4. Newnode.rightl=NULL
5. If(root=NULL)

.. Root=newnode

_ ---'-_'-__ B _'_=—"_-.__|_
i el — e ————

Visit sharikatr.iﬂfarTn

g
L Current=root
3, While(current !=NULL)
1. Parent=current
:.  If{item=>current.data)
. Current=current->rightl
3 Else If{item<current.data)
v Current=current->leftl
4+ Else
. Print(“duplicate node”);
. exit
5. EndIf
3. EndWhile
4. If{item>parent.data)
1. Parent.rightl=newnode
"~ Else

1, Parent.leftl=newnode
6.  EndIf

Prepared by Sharika T R, Assistant Profegﬂgy;rtment of CSE, ASIET

8.

Stop.
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Searching in a binary search tree

® Searching for a data in a binary search tree is much faster than in
arrays or linked lists.

® So the applications where frequent searching operations are to be
performed, this data structure is used.

® To search for an item
1. start from the root node,
>.  if item < root node data
1 proceed to its left child.
3. Ifitem > root node data
. proceed to its right child.
4. Continue step 2 and 3 till the item is found or we reach to a dead end

(leaf node)
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Search 6




Steps:

Visit sharikatr.in for more notes and ppts

1. Current=root

5. While(current!=NULL and current.data != item)
. If( item>current.data)

Sea Fc h 6 . Current=current.rlink
>.  Else
. Current=current.llink

3. EndIf

3. EndWhile

current 4. If(current=NULL)
root 1. Print(“Item notFound”)

2. exit

5. Else
1. Print(“Item Found”)

6. EndIf

7. Return (current)
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pyge

1. Current=root
5. While(current!=NULL and current.data != item)
Sea Yc h 6 .. If( item>current.data)
L Current=current.rlink
>.  Else
. Current=current.llink
3. EndIf
3. EndWhile
root 4. If(current=NULL)
.. Print(“Item notFound”)
2. Exit
current - Else
1. Print(“Item Found”)
6. EndIf

7. Return (current)
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1. Current=root
2. While(current!=NULL and current.data !=

Search 6 item)

1. If( item>current.data)

1. Current=current.rlink
2. Else

. Current=current.llink

3. EndIf

4. If(current=NULL)

1. Print(“Item notFound”)

2. exit
5. Else

.. Print(“Item Found”)
6. EndIf

7. Return (current)
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1. Current=root
While(current!=NULL and current.data != item)

Se arC h 6 L If( item>current.data)

L Current=current.rlink
2. Else

.. Current=current.llink
3. EndIf
EndWhile
If(current=NULL)
.. Print(“Item notFound”)

)

W

root

+

2. exit
5.  Else

1. Print(“Item Found”)
6. EndIf

7. Return (current)
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1. Current=root
>.  While(current!=NULL and current.data !=

Search 6 item)

1. If( item>current.data)

L Current=current.rlink
2. Else

. Current=current.llink

3. EndIf
EndWhile

If(current=NULL)

1. Print(“Item notFound”)

root

SRV

2. exit
5. Else
.. Print(“Item Found”)

6. EndIf
7. Return (current)
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1. Current=root
5. While(current!=NULL and current.data != item)
Aga i N Sea Yc h 9 .. If( item>current.data)
L Current=current.rlink
>.  Else
. Current=current.llink
3. EndIf
current 3. EndWhile
root 4. If(current=NULL)
.. Print(“Item notFound”)
2. exit
5. Else
1. Print(“Item Found”)
6. EndIf

7. Return (current)
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1. Current=root
5. While(current!=NULL and current.data != item)

S earc h 9 .. If( item>current.data)

1. Current=current.rlink
2. Else

. Current=current.llink
3. EndIf

EndWhile
If(current=NULL)

.. Print(“Item notFound”)

W

root

+

2. exit
current - Else
1. Print(“Item Found”)
6. EndIf

7. Return (current)
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1. Current=root
2. While(current!=NULL and current.data !=
Search 9 item)
1. If( item>current.data)
L Current=current.rlink
>.  Else
. Current=current.llink
3. EndIf
root 5. EndWhile
4. If(current=NULL)
1. Print(“Item notFound”)
2. exit
5. Else

.. Print(“Item Found”)
currents.  EndIf
7. Return (current)
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1. Current=root
5. While(current!=NULL and current.data != item)
Sea rc h 9 .. If( item>current.data)
L Current=current.rlink
>.  Else
.. Current=current.llink
3. EndIf
3. EndWhile
root 4. If(current=NULL)
.. Print(“Item notFound”)
2. exit
5. Else
1. Print(“Item Found”)
6. EndIf
7. Return (current)

Current=NULL



Visit sharikatns'ttécibgmre notes and ppts

1. Current=root
5. While(current!=NULL and current.data != item)
Sea Yc h 9 .. If(item>current.data)
L Current=current.rlink
® [tem not found .. Else
.. Current=current.llink
3. EndIf
3. EndWhile
root 4. If(current=NULL)
.. Print(“Item notFound”)
2. exit
5. Else
1. Print(“Item Found”)
6. EndIf
7. Return (current)

Current=NULL
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1. Current=root

2. While(current'=NULLand

Algorithm BST_SEARCH(item) current.data != item)
1. If( item>current.data)
Input: item is the data to be .. Current=current.rlink
searched. 5. Flse
.. Current=current.llink
Output: if found then pointer to 3. EndIf
the node containing data. .. EndWhile

4. If(current=NULL)

Data Structure: Linked Structure. . Print(“Item notFound”)

2. exit
5.  Else

1. Print(“Item Found”)
6.  EndIf
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Deleting a node from a binary search tree

Suppose
I —binary search tree
ITEM = data to be deleted from T if it exists in the tree.
N = nodewhich contains the information ITEM.

PARENT(N) - theparentnodeof N
SUCC(N) - the inorder successor of node N.

Then the deletion of the node N depends on the number of children for
node N. Hence, three cases may arise:

Case1: N isa leaf node

Case 2: N has exactly one child
Case 3: N has two Childs.

- Prepared by Sharika T R, Assistant Professor Department of CSE, ASIET -
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Deleting a node from a binary search tree

Steps:
1. Search for the particular node
>, If item Not found

. Print a message

.. Exit

1. Case1:Nisaleaf node
.. Case 2: N has exactly one child and it’s a left child

5. Case 3: N has exactly one child and it’s a right child
4. Case 4: N has two Childs.
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IMPLEMENTATION
Deleting a node from a binary search tree

Delete 6

Search : 1. Flag=o
2. Current=root

5. While(current!=NULL)
1. If(current.data=item)
current . Flag=1
root .. ExitWhile
>.  Else

1. Parent=current

.. If(item>current.data)
. Current=current.rlink
5. Else Current=current.llink

4+ EndIf
3. EndIf
4. EndWhile
If(flag=0)
1. Print(“ item NOT found in the tree”)
>.  Exit
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Deleting a node from a binary search tree

Delete 6 Scarch: 1. Flag=o

2. Current=root
3. While(current!=NULL)

parent 1. If(current.data=item)
current .. Flag=1
root 2. ExitWhile

2. Else
. Parent=current
.. If(item>current.data)
. Current=current.rlink
5. Else Current=current.llink

. EndIf
3. EndIf
4. EndWhile
If(flag=0)
1. Print(“ item NOT found in the tree”)
>.  Exit
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Deleting a node from a binary search

Search : 1. Flag=o
2. Current=root

5. While(current!=NULL)

parent 1. If(current.data=item)
. Flag=1
root .. ExitWhile

1. Parent=current

current .. If(item>current.data)
. Current=current.rlink

5. Else Current=current.llink

4+ EndIf
3. EndIf
4. EndWhile
If(flag=0)
1. Print(“ item NOT found in the tree”)
>.  Exit



ITVII] il VIERIVY I/ V1 INJIS

Deleting a node from a binary search

Search : 1. Flag=o
2. Current=root

3. While(current!=NULL)
1. If(current.data=item)

. Flag=1
root .. ExitWhile
>. Else
parent . Parent=current

current .. If(item>current.data)
.. Current=current.rlink

5 Else Current=current.llink

4+ EndIf
3. EndIf
4. EndWhile
If(flag=0)
1. Print(“ item NOT found in the tree”)
>.  Exit
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Deleting a node from a binary search

Search: 1. Flag=o
2. Current=root

5. While(current!=NULL)
1. If(current.data=item)
. Flag=1
root 2 ExitWhile

1. Parent=current
.. If(item>current.data)
.. Current=current.rlink

5. Else Current=current.llink

4+ EndIf
3. EndIf
4. EndWhile
If(flag=0)
1. Print(“ item NOT found in the tree”)
>.  Exit
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IMPLEMENTATION
e Peleting a node from a binary search tree

Search : Flag=1 . Flag=o
2. Current=root

5. While(current!=NULL)
1. If(current.data=item)
. Flag=1

root 2. ExitWhile
2. Else

. Parent=current

.. If(item>current.data)

. Current=current.rlink

5 Else Current=current.llink

4+ EndIf
3. EndIf
4. EndWhile
If(flag=0)
1. Print(“ item NOT found in the tree”)
>.  Exit
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Deleting a node from a binary search tree

. Case1: Nisaleaf node
.. Case2: N has exactly one child and it’s a left child

¢ N | hildand-its aricht child
4. Case 4: N has two Childs.

root
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Deleting a node from a binary search tree

. Case1: Nisaleaf node
. Nistheroot

> Nisthe teft child of its parent
> Nis the right child of its parent
. Case 2: N has exactly one child and it’s a left child

. Nistheroot
. N is the left child of its parent

> Nis the right child of its parent
5. Case 3: N has exactly one child and it’s a right child

. Nistheroot
> Nisthe left child of its parent
> Nis the right child of its parent

4. Case 4: N has two Childs.
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Deleting a node from a binary search tree

Case 1: N is a leaf node
1. Nistheroot
2. Nis the left child of its parent
3. N is the right child of its parent
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Case 1: N is a leaf node

N is the root
( Delete 5)

L— A "4 B~ 4\~ 4

current
root
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Case 1: N is a leaf node

N is the root
(Delete 5)

If(current.llink=NULL && current.rlink=NULL)
L If(root=current)

1. FREE (current)
2. Root=NULL
Elself(parent.llink=current)

L Parent.llink=NULL

2. FREE (current)

3. Elself(parent.rlink=current)
L Parent.rlink=NULL
2. FREE (current)

4. EndIf

current
Root =NULL >
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Case 1: N is a leaf node
N is the left child of its parent

( Delete 6)

N is deleted by simply setting the pointer of N in the parent node PARENT(N) toa NULL
value
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Case 1: N is a leaf node

N is the left child of its parent
( Delete 6)

N is deleted by simply setting the pointer of N in the parent node PARENT(N) toa NULL
value

root

parent

NULL
current
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Case 1: N is a leaf node

N is the left child of its parent
(Delete 6)

If(current.llink=NULL && current.rlink=NULL)
L If(root=current)

1. FREE (current)
5. Root=NULL

5. Elself(parent.llink=current)
L Parent.llink=NULL
2. FREE (current)

3. Elself(parent.rlink=current)
L Parent.rlink=NULL
2. FREE (current)

4. EndIf

root

parent

afierlt
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Case 1: N is a leaf node

N is the right child of its parent
(Delete 8)
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Case 1: N is a leaf node

N is the right child of its parent
(Delete 8)

If(current.llink=NULL && current.rlink=NULL)
L If(root=current)

L FREE (current)
5. Root=NULL
5. Elself(parent.llink=current)
L Parent.llink=NULL
5 FREE (current)
Elself(parent.rlink=current)

root

3.
parent L Parent.rlink=NULL
5. FREE (current)
4. EndIf

urrent
NULL
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Deleting a node from a binary search tree

Case 2: N has exactly one child and it’s a right child
1. Nistheroot
. Nis the left child of its parent
3. Nistheright child of its parent
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N has exactly one child and it's a right child
N is the root Delete 5

current
root
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N has exactly one child and it’s a right child
N is the root Delete 5

Current=NULL
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N has exactly one child and it’s a right child
N is the root Delete 5

current.llink == NULL && current.rlink = NULL
1. If(root=current)

1. Root=root.rlink
2. FREE (current)
-.  Elself(parent.llink=current)
Current=NULL . Parent.llink=current.rlink
.. FREE (current)
5. Elself(parent.rlink=current)
.. Parent.rlink=current.rlink
.. FREE (current)

4. EndIf
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N has exactly one child and it's a right child
N is the right child of its parent Delete 7

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)

parent
-.  Elself(parent.llink=current)

root ) .
.. Parent.llink=current.rlink

.. FREE (current)
5. Elself(parent.rlink=current)

current ) )
. Parent.rlink=current.rlink

.. FREE (current)
4. EndIf
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N has exactly one child and it’s a right child
N is the right child of its parent Delete 7

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.rlink
.. FREE (current)
5. Elself(parent.rlink=current)

current

. Parent.rlink=current.rlink
. FREE (current)
4. EndIf
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N has exactly one child and it’s a right child
N is the right child of its parent Delete 7

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)

parent
-.  Elself(parent.llink=current)

root ) .
.. Parent.llink=current.rlink

.. FREE (current)
Elself(parent.rlink=current)

Current=NULL"

| . Parent.rlink=current.rlink
- . FREE (current)
4. EndIf
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N has exactly one child and it’s a right child
N is the right child of its parent Delete 7

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.rlink
.. FREE (current)
5. Elself(parent.rlink=current)

. Parent.rlink=current.rlink
. FREE (current)
4. EndIf
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N has exactly one child and it’s a left child
N is the left child of its parent Delete 3

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.rlink
. FREE (current)
5. Elself(parent.rlink=current)

curren . .
. Parent.rlink=current.rlink

.. FREE (current)
4. EndIf
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N has exactly one child and it’s a left child
N is the left child of its parent Delete 3

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.rlink
. FREE (current)
5. Elself(parent.rlink=current)

curren . .
. Parent.rlink=current.rlink

.. FREE (current)
4. EndIf
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N has exactly one child and it’s a left child
N is the left child of its parent Delete 3

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)

parent
-.  Elself(parent.llink=current)

root ) .
.. Parent.llink=current.rlink

. FREE (current)

5. Elself(parent.rlink=current)
Current

-

.. Parent.rlink=current.rlink
.. FREE (current)
4. EndIf
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N has exactly one child and it’s a right child
N is the left child of its parent Delete 3

current.llink == NULL && current.rlink != NULL
. If(root=current)
. Root=root.rlink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.rlink
. FREE (current)
5. Elself(parent.rlink=current)

.. Parent.rlink=current.rlink
.. FREE (current)
4. EndIf
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Deleting a node from a binary search tree

Case 3: N has exactly one child and it’s a left child
.. Nistheroot

.. Nis the left child of its parent
5. Nis the right child of its parent
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N has exactly one child and it’s a left child
NLis the left child of i Delete 3

current.llink != NULL && current.rlink == NULL
. If(root=current)
. Root=root.llink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.llink
. FREE (current)
5. Elself(parent.rlink=current)

current
.. Parent.rlink=current.llink

.. FREE (current)
4. EndIf
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N has exactly one child and it’s a left child
\Lis the right child of Delete 7

current.llink != NULL && current.rlink == NULL
. If(root=current)
. Root=root.llink
.. FREE (current)
-.  Elself(parent.llink=current)

parent
root

. Parent.llink=current.llink
.. FREE (current)
5. Elself(parent.rlink=current)

current ) .
.. Parent.rlink=current.llink

. FREE (current)
4. EndIf
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Deleting a node from a binary search tree

Case 3: N has two Childs.
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Deleting a node from a binary search tree
Case 3: N has two Childs.

Steps:

Find SUCCESSOR (N)
Copy data of SUCCESSOR(N) to NODE(N)
Delete SUCCESSOR(N)

Reset the leftchild of the parent of SUCCESSOR(N) by the rightchild
of SUCCESSOR(N)

=

SN
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SUCCESSOR(ptr)

ptr
Successor (N)
Leftmost child of the right child of N

50
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SUCCESSOR(ptr)

ptr
1 Temp = ptr.rightlink
2. If (temp '=NULL)

1. While(temp.leftlink '=NULL)
L temp=temp.leftlink

50

2. Endwhile
3. Endif
Return (temp)
5. stop

27
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SUCCESSOR(ptr)

ptr
1 Temp = ptr.rightlink
5
0 . If (temp '=NULL)

1. While(temp.leftlink '=NULL)
L temp=temp.leftlink
2. Endwhile
3. Endif
Return (temp)
5. stop
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SUCCESSOR(ptr)

ptr
1 Temp = ptr.rightlink
5
o 2. If (temp '=NULL)

1. While(temp.leftlink '=NULL)
L temp=temp.leftlink
3. Endwhile

3. Endif
Return (temp)
5. stop
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SUCCESSOR(ptr)

ptr

1 Temp = ptr.rightlink

5. If (temp '=NULL)
1. While(temp.leftlink '=NULL)
L temp=temp.leftlink
3. Endwhile
3. Endif

4. Return (temp)
5. stop
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SUCCESSOR(ptr)

ptr

1 Temp = ptr.rightlink

5. If (temp '=NULL)
1. While(temp.leftlink '=NULL)
L temp=temp.leftlink
3. Endwhile
3. Endif

4. Return (temp)
5. stop
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SUCCESSOR(ptr)

ptr

1 Temp = ptr.rightlink

5. If (temp '=NULL)
1. While( temp.leftlink =NULL)
L temp=temp.leftlink
2. Endwhile
3. Endif
4. Return (temp)
5. stop

SUCCESSOR(50)=55




Visit sharikatr.in for more notes and ppts

DELETE 5

N has two Childs.

1. Find SUCCESSOR (N)

2. Copy data of SUCCESSOR(N) to
NODE(N)

3. Reset the leftchild of the parent
of SUCCESSOR(N) by the
rightchild of SUCCESSOR(N)

4. Delete SUCCESSOR(N)
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DELETE 5

N has two Childs.
1. Find SUCCESSOR (N)
1. SUCCESSOR(5) = NODE(6)

>. Copy data of SUCCESSOR(N) to
NODE(N)

5. Delete SUCCESSOR(N)




DELETE 5
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root

N has two Childs.

1.

2.

Find SUCCESSOR (N)

Copy data of SUCCESSOR(N) to
NODE(N)

Delete SUCCESSOR(N)
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N has two Childs.
1. Find SUCCESSOR (N)
>.  Copy data of SUCCESSOR(N) to
NODE(N)
3. Delete SUCCESSOR(N)
root
® 3 cases
e No child

e Onlyright child
e No chance of a left child




DELETE 5
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root

N has two Childs.
1. Find SUCCESSOR (N)
>.  Copy data of SUCCESSOR(N) to

NODE(N)
Delete SUCCESSOR(N)

® 3cases
e Nochild
e  Onlyright child
e No chance of a left child




DELETE 5
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root

N has two Childs.

1.

2.

Parent(successor)

Find SUCCESSOR (N)

Copy data of SUCCESSOR(N) to
NODE(N)

Delete SUCCESSOR(N)
® 3cases
e Nochild
e  Onlyright child
e No chance of a left child
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DELETE 5 — if the successor have a right child ?7?

N has two Childs.

1. Find SUCCESSOR (N)

>.  Copy data of SUCCESSOR(N) to
NODE(N)

5. Delete SUCCESSOR(N)

® 3cases
e Nochild
e  Onlyright child
Parent(successor) e  No chance of a left child

root

7



Visit sharikatr.in for more notes and ppts

DELETE 5 — if the successor have a right child ?7?

N has two Childs.

1. Find SUCCESSOR (N)

>.  Copy data of SUCCESSOR(N) to
NODE(N)

5. Delete SUCCESSOR(N)

® 3cases
e Nochild
e  Onlyright child
Parent(successor) e  No chance of a left child

root

7
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DELETE 5 — if the successor have a right child ?7?

N has two Childs.

1. Find SUCCESSOR (N)

>.  Copy data of SUCCESSOR(N) to
NODE(N)

3. Delete SUCCESSOR(N)

® 3cases
e Nochild
e  Onlyright child
Parent(successor) e  No chance of a left child

root
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DELETE 5 — if the successor have a right child ?7?

current.llink = NULL && current.rlink != NULL

root

1.
2.
3.
4.

Parent(successor)

Succ = SUCCESSOR (current)
item = succ.data

Delete (item)
Current.data=item
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L. Flag=o0
. 2. Parent=NULL
Algorithm o I(root=NULL)

. Print(“Tree is Empty”)

BST_DELETE(item) . Bt

4. EndIf
Current=root
Input: 6. While(current!=NULL)
item is the data to be removed N If(current.data=item)
L Flag=1
Output: . ExitWhile
if the node with data as item exist it > Else
. . Parent=current
is deleted else a message. .
. If(item>current.data)
.. Current=current.rlink
Data Structure: El
3. se
Linked structure of binary tree, . Current=current.llink
root will point to the root node . EndIf
3. EndIf
7. EndWhile
8. If(flag=o)
L Print(“No item found in the tree”)
2. EXit
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10. If(current'.llink=NULL AND 1. Elself(current.llink=NULL AND
current.rlink=NULL) current.rlink!=NULL)

. If(parent=NULL) If(parent=NULL)

i i 0 2 A A +)
b FPRELATHITENL) 1. ROOt=I‘OOt.I‘link

> Root=NULL .. FREE (current)
.. Elself(parent.llink=current)

. Parent.llink=NULL
.. FREE (current)

5. Elself(parent.rlink=current)

=

2. Elself(parent.llink=current)
. Parent.llink=current.rlink
.. FREE (current)

3. Elself(parent.rlink=current)
" Parent.rlink=NULL .. Parent.rlink=current.rlink
> FREE (current) .. FREE (current)
4. EndIf 4. EndIf



12.
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Elself(current.llink!=NULL AND

: 13. Elseif (current.llink != NULL &&
current.rlink=NULL) current.rlink = NULL)
.. If(parent=NULL) . Succ = SUCCESSOR (current)
T. Root=root:link 5. 1tem = succ.data
.. FREE (current) 5 BST_DELETE (item)
.. Elself(parent.llink=current) .. Current.data=item
. Parent.llink=current.llink .
14. Endif
.. FREE (current)
15. stop

3.

4.

Elself(parent.rlink=current)

1.

2.

EndIf

Parent.rlink=current.llink
FREE (current)
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Graph
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A graph is an abstract data type (ADT) that consists of a set of objects that
are connected to each other via links.

*These objects are called vertices and the links are called edges.

*Usually, a graph is represented as G = {V, E}, where G is the graph space,
V is the set of vertices and E is the set of edges.

* If E is empty, the graph is known as a forest.

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.

Definition : A graph G can be defined as an ordered set G(V, E) where
V(G) represents the set of vertices and E(G) represents the set of edges
which are used to connect these vertices.
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A Graph G(V, E) with 5 vertices (A, B, C, D, E) and six edges
((A,B), (B,C), (C,E), (E,D), (D,B), (D,A)) is shown in the

—following figugre. — 1 —# 07 0V070—7277770—




GYaph Termiterogy
Path - A path can be defined as the sequence of nodes that are followed in
order to reach some terminal node V from the initial node U.
Closed Path -A path will be called as closed path if the initial node is same
Simple Path - If all the nodes of the graph are distinct with an exception
V,=Vy, then such path P is called as closed simple path.
Cycle -A cycle can be defined as the path which has no repeated edges or
vertices except the first and last vertices.
Degree In an undirected graph, the number of edges connected to a node

is called the degree of that node or the degree of a node is the number of
edges incident on it.

Path Cycle Connected Disconnected

1 b4 1 ¢ 1 2 1 2
< 3 4 3 4 3 - O J




‘Walk -A walk is defined ag:a.Jinite.aliernating sequence of vertices and
edges, beginning and ending with vertices, such that each edge is incident
with the vertices preceding and following it. Closed walk A walk which is to
begin and end at the same vertex is called close walk. Otherwise it is an

open walk.
V1 el ﬁ".)
N
ed g7
V3 V4
eJd

If e1,e2,e3,and e4 be the edges of pair of vertices
(v1,v2),(v2,v4),(v4,v3) and (v3,v1) respectively ,then v1 e1 v2
e2 v4 e3 v3 e4 v1 be its closed walk or circuit




Circuit: A closed walk'irrwiich-no-vertex (except the initial
and the final vertex) appears more than once is called a circuit.
A circuit having three vertices and three edges.

(3" e3
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1.Undirected Graph

A graph with only undirected edges is said to be undirected graph.

Undirected Graph.

2.Directed Graph

A graph with only directed edges is said to be directed graph.

A (B )

\E_/ Q

Prepared by Sharika T R, Assistant Bmtw@'f@ﬁﬁof CSE,




3.Complete Graph
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A graph in which any V node is adjacent to all other nodes present in the graph is known as a complete graph. An
undirected graph contains the edges that are equal to edges = n(n-1)/2 where n 1s the number of vertices present in
the graph. The following figure shows a complete graph.

Acomplete graph.

4.Regular Graph

Regular graph is the graph in which nodes are adjacent to each other, i.e., each node is accessible from any other

node.

Aregular graph
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5.Cycle Graph
A graph having cycle is called cycle graph. In this case the first and last nodes
are the same. A closed simple path is a cycle

E>— D

Acycle graph



6.Acyclic Graph
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A graph without cycle 1s called acyclic graphs.

> D

A acyclic graph

7. Weighted Graph

A graph 1s said to be weighted if there are some non negative value assigned to each edges of the graph. The
value is equal to the length between two vertices. Weighted graph is also called a network.

Aweighted graph
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Connected Graph

A graph G is said to be connected if there 1s at least one path between every pair of vertices in G. Otherwise,G 1s
disconnected.

- (= -
(@ @
g2

@ e4
ed 0

A connected graph G A disconnected graph G
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representation

There are two ways to store Graphs into the computer's memory:

Sequential representation (or, Adjacency matrix representation)

Linked list representation (or, Adjacency list representation)



Adjacency matrix repréesertationss -
oIf adj[i][j] = w, it means that there is an edge exists from vertex i to

vertex j with weight w.
*An entry A. In the adjacen matri
graph G will be 1 if an edge exists between V; and V..

L] L]
cpreselriilduorn O dafl] AdirecCLed

ABCDE
A(o 1010
B|1 01 1 0
clo 1001
e D|1 10 01
Eloo1 10
N il

Undirected Graph Adjacency Matrix




Adjacency matrix far.a.directed.graph

— A B C DE —
A/-O 1 0 O 0_“~~
B|O0O O 1 1 0
cCc|(0 0 O0 01
e D|1 O 0 O O
E|O0O O O T1TDO0
— -/

Directed Graph Adjacency Matrix




Adjacency matrix for aweighted eivected

graph
— A B C DE —

4 2 A(o 4000

B| O 0 21 O

cC|O0 O O O 8

e D/ 5 0 0 0 O

10 E| O O O 100
\— S

weighted Directed Graph Adjacency Matrix



Linked list representatitrna{ndirected graph

An adjacency list is used in the linked representation to store
the Graph in the computer's memory. It is efficient in terms of
storage as we only have to store the values for edges.

B KN

. = ° mng A| mmmg 0| mmgc X
C mud o | pamg £ [ X

D) O D mug A | mumg s | gmg £ | X
= pug 0 | g ¢ [ X

Undirected Graph Adjacency List




Linked list representation="firectect-Graph

A g 8 | X

c mud C | mame 0o | X NN
L mma £ [ X
0 g A | X
£ gug 0 | X

Directed Graph Adjacency List




Linked list representation-=-WefgirtedGraph

A pma e |5 (X -
o mug Cc 2| mmgolelX

C g £ |2 (X

- ENEEd

= pug 0 | 10 [ X

\Weighted Directed Graph Adjacency List
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The most common graph operations are:

*Check if the element is present in the graph
*Graph Traversal

*Add elements(vertex, edges) to graph
*Finding the path from one vertex to another




Graph Traversal™(DépthiBréadth First Search)

* BFS or Breadth First Search starts from the top

~__node in the graph and travels down until it reaches
the root node.

* DFS or Depth First Search starts from the top

node and follows a path to reaches the end node of
the path.




u
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]

‘Breadth First Search (BFS) algorithm traverses a graph in a breadth-
ward motion and uses a queue to remember to get the next vertex to start
a search when a dead end occurs in any iteration.

‘BFS is basically a node based algorithm which is used to find the
shortest path in the graph between two nodes. BFS moves through all of
its nodes which are connected to the individual nodes.

‘BFS uses the FIFO (First In First Out) principle while using the Queue to
find the shortest path. However, BFS is slower and requires a large
memory space.



Consider the following example gYdpHrtS HEMBIRTBES tPaversal

®) ® C
g—5 (F

Step 1:
- Select the vertex A as starting point (visit A).
- Insert A into the Queue.

(B)-
N = Queue

© (] (F




Step 2: N |
- Visit all adjacent vertices of A"Which areé not visited (D, E, B).

- Insert newly visited vertices into the Queue and delete A from the Queue..

C

- Visit all adjacent vertices of D which are not visited (there is no vertex).
- Delete D from the Queue.

C

Queue

)




Step 4:
- Visit all adjacent vertices oVEt sofiteliaRemes e esiaEdc, F).
- Insert newly visited vertices into the Queue and delete E from the Queue.

Queue

- Visit all adjacent vertices of B which are not visited (there is no vertex).
- Delete B from the Queue.

Queue




Step 6:
- Visit all adjacent vertices 6T EWHicH &Fé ot Ueited (G).
- Insert newly visited vertex into the Queue and delete C from the Queue.

Queue
F|G
Step 7
- Visit all adjacent vertices of F which are not visited (there is no vertex).
- Delete F from the Queue.
Queue
G




Step 8:
- Visit all adjacent vertices 3f & WHICH Sre" N6 Vikited (there is no vertex).

- Delete G from the Queue.

Queue

- Queue became Empty. So, stop the BFS process.
- Final result of BFS is a Spanning Tree as shown below...
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We use the following steps to implement BFS traversal...
Step 1 - Define a Queue of size total number of vertices in
the graph.

Step 2 - Select any vertex as starting point for traversal.
Visit that vertex and insert it into the Queue.

Step 3 - Visit all the non-visited adjacent vertices of the
vertex which is at front of the Queue and insert them into the
Queue.

Step 4 - When there is no new vertex to be visited from the
vertex which is at front of the Queue then delete that vertex.
Step 5 - Repeat steps 3 and 4 until gueue becomes empty.
Step 6 - When queue becomes empty, then produce final
spanning tree by removing unused edges from the graph
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What is DFS?

‘Depth First Search (DFS) algorithm traverses a graph in a depth-ward
motion and uses a stack to remember to get the next vertex to start a
search when a dead end occurs in any iteration.

*DFS uses LIFO (Last In First Out) principle while using Stack to find the
shortest path. DFS is also called Edge Based Traversal because it
explores the nodes along the edge or path. DFS is faster and requires
less memory. DFS is best suited for decision trees.
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Consider the following example graph to perform DFS traversal
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Step 1:

- Select the vertex A as starting point (visit A).

- Push A on to the Stack.

7
(B) &

©O—&F—=C

Stack
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Step 2:
- Visit any adjacent vertex of A which is not visited (B).
- Push newly visited vertex B on to the Stack.

Stack




Visit sharikatr.in for more notes and ppts

Step 3:
- Visit any adjacent vertext of B which is not visited (C).
B - Push C on to the Stack. R

C
B
O—EF—C A

Stack
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Step 4:

- Visit any adjacent vertext of C which is not visited (E).
- Push E on to the Stack

WV|A|m

Stack
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Step 5:

- Visit any adjacent vertext of E which is not visited (D).

- Push D on to the Stack
D
E
C
B
A

Stack
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Step 6:
- There is no new vertiex to be visited from D. So use back track.
- Pop D from the Stack.

WIA|m

Stack
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Step 7:
- Visit any adjacent vertex of E which is not visited (F).

- Push F on to the Stack.

WIA|Mm|=m

Stack
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Step 8:
- Visit any adjacent vertex of F which is not visited (G).
— - Push G on to the Stack. G —
F
E
C
B
A

Stack




Step 9: Visit sharikatr.in for more notes and ppts

- There is no new vertiex to be visited from G. So use back track.
- Pop G from the Stack.

>|wnrrl'n

Stack
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Step 10:

- There is no new vertiex to be visited from F. So use back track.
- Pop F from the Stack.

W|A|m

P

Stack
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Step 11:
- There is no new vertiex to be visited from E. So use back track.
B - Pop E from the Stack. B

Stack
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Step 12:
- There is no new vertiex to be visited from C. So use back track.
- Pop C from the Stack.

Stack
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Step 13:
- There is no new vertiex to be visited from B. So use back track.
- Pop B from the Stack.

Stack
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Step 14:
- There is no new vertiex to be visited from A. So use back track.
- Pop A from the Stack.

Stack
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- Stack became Empty. So stop DFS Treversal.
- Final result of DFS traversal is following spanning tree.

>
< <




We use the following steps+#oimplement DFS traversal...
Step 1 - Define a Stack of size total number of vertices in the
graph.

Step 2 - Select any vertex as starting point for traversal. Visit
that vertex and push It on to the Stack.

Step 3 - Visit any one of the non-visited adjacent vertices of a
vertex which is at the top of stack and push it on to the stack.
Step 4 - Repeat step 3 until there is no new vertex to be
visited from the vertex which is at the top of the stack.

Step 5 - When there is no new vertex to visit then use back
tracking and pop one vertex from the stack.

Step 6 - Repeat steps 3, 4 and 5 until stack becomes Empty.
Step 7 - When stack becomes Empty, then produce final
spanning tree by removing unused edges from the graph
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Example of BFS Example of DFS



Difference between

BES and D
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Definition

BFS stands for Breadth First Search.

DFS stands for Depth First Search.

Data structure

BFS uses a Queue to find the shortest

DFS uses a Stack to find the

path. shortest path.
- BFS is better when target is closer to DFS is better when target is far
Source
Source. from source.

Suitability for
decision tree

As BFS considers all neighbour so it is
not suitable for decision tree used in
puzzle games.

DFS is more suitable for decision
tree. As with one decision, we need
to traverse further to augment the

decision. If we reach the
conclusion, we won.

Speed

BFS is slower than DFS.

DFS is faster than BFS.

Time
Complexity

Time Complexity of BFS = O(V+E) where
V is vertices and E is edges.

Time Complexity of DFS is also
O(V+E) where V is vertices and E is
edges.

Memory

BFS requires more memory space.

DFS requires less memory space.

Tapping in loops

In BFS, there is no problem of trapping
into finite loops.

In DFS, we may be trapped into
infinite loops.

Principle

BFS is implemented using FIFO (First In
First Out) principle.

DFS is implemented using LIFO
(Last In First Out) principle
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Binary Heap

A Binary Heap is a complete binary tree that stores data
efficiently, allowing quick access to the maximum or
minimum element, depending on the type of heap.

It can either be a Min Heap or a Max Heap.

Min Heap—> the key at the root must be the smallest among

all the keys in the heap, and this property must hold true
recursively for all nodes.

Max Heap—> follows the same principle, but with the largest
key at the root.




'8

@ &
5 @

62 &

Max Heap Max Heap Max Heap

Valid Max Heaps

Not a Complete Binary Tree Not a Complete Binary Tree Violates Max Heap Property

rika T ‘ IEivalid Max Heaps
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Min Heap Min Heap Min Heap

Valid Min Heaps s
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Not a Complete Binary Tree Not a Complete Binary Tree Violates Min Heap Property

rika T R, Assistant Professor Department of CSE, ASIET
Invalid Min Heaps




Visit sharikatr.in for more notes and ppts

A heap is often represented as an array rather than a tree structure. In this array-based
representation, for any element at index i, the left child is at index 2i + 1 and the right
child is at index 2i + 2. The parent of any element at index i is at index (i-1)/2

actual representation pictorial representation

———— Representation of a Binary Heap

‘ Prepared by Sharika T R, Assistant Professor Department of CSE, ASIET I
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Operations on Heap

01

getMin()

(2)
e Q getMin() .

It returns the root element of Min Heap. The time
o ° complexity of this operation is O(1).

Operations on Heap
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02

extractMin()

extractMin()

> 2

Removes the minimum element
from MinHeap.

Before extractMin() After extractMin()

Operations on Heap
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03

decreaseKey()

@ @ decreaseKey(30,5)
>

1. Change 30to5

2. The new value is smaller than
its parent 15, so fix it up

Decrease the value of the key. If the decreased key value of a node is greater than the parent of the node,

then we don’t need to do anything. Otherwise, we need to traverse up to fix the violated heap property.

Operations on Heap



Visit sharikatr.in for more notes and ppts

Final Heap

Add a new key at the end of the tree. If the new key is greater than its parent, then we don’t need to do
anything. Otherwise, we need to traverse up to fix the violated heap property.

Operations on Heap
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05

delete()

Final Heap

Replace the root element with the last element in the heap and remove the last element. Since the new
root may violate the heap property, heapify the root to restore the heap structure.

Operations on Heap
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MODULE 3 ENDS

PREPARED BY SHARIKA T R, AP, ASIET




