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Non-Linear Data Structure

FITY IS

eData are not arranged sequentially or linearly are
called non-linear data structures
e [t Represents data in hierarchical relationship

eExample : Graph and Tree
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e A tree is an abstract model of a hierarchical structure
that consists of nodes with a parent-child relationship

eThere is a starting node known as a root node

eEvery node other than the root has a parent node.

eNodes may have any number of children
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"\oot - Node at the top of the tree is called root
*Parent — Node that has child except root called parent
*Child - Node connected to parent is called child node
*Sibling — Child of same node are called siblings

eLeaf - Node which does not have any child node is called lepf
node

*Sub tree - Sub tree represents part of a tree



ePath: Sequence of consecutive edges from source node t
destination node

*Height of a node: The height of a node is the max pat
length form that node to a leaf node

*Height of a tree: The height of a tree is the height of th
root. (level+1)

eDepth/ Level of a tree: Number of connections betwee
the node and the root
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° A Binary Tree o °
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Level O

Level 1

Level 2

A 1s the root node

B i1s the parent of E and F

D i1s the sibling of B and C

E and F are children of B

E. F., G, D are external nodes or leaves
A, B, C are internal nodes

Depth of F 1s 2

the height of tree is 3

the degree of node A i1is 3

The degree of tree 1s 3



"Application
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eDirectory structure of a file store
eStructure of an arithmetic expressions

eUsed in router for storing router-tables.



~Introduction To Binary Trees e
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E"]nary tree, is a tree in which no node can have mor&""”
than two children

eConsider a binary tree T, here ‘A’ is the root node of the
binary tree T

e‘B’ is the left child of ‘A’ and ‘C’ is the
right child of ‘A’ ©,

ei.e Ais a father of B and C. (B9 (€)

eThe node B and C are calledsiblings. y E@ G{ E)
eNodes D,H,|,F,J are leaf node @{ }D Cé

Fig. 8.3. Binary trec



~efinition Binary tree

ary tree is a tree in which each node contains atmoSt '
children. In a binary tree, nodes are organized as either left or right
child
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inary Tree Properties
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e|f a binary tree contains m nodes at level L, it contains at
most 2m nodes at level L+1

eSince a binary tree can contain at most 1 node at level O
(the root), it contains at most 2L nodes at level L
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Non-binary tree is a tree in which at least one node has moyre
than two children
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eStrictly binary tree
eComplete binary tree
e Almost complete binary tree
eBinary Search Tree
eHeap Tree

e Max Heap Tree

*Min Heap Tree



sastrictly binary tree -

#Ifevery non-leaf node in a binary tree has nonempty éft””
and right sub-trees, then such a tree is called a strictly

binary tree

eOr, to put it another way, all of the nodes in a strictly
binary tree are of degree zero or two, never degree one

e A strictly binary tree with N leaves always contains 2N —1
nodes
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A Strictly Binary Tree
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A complete binary tree is a binary tree in which every
level, except possibly the last, is completely filled, and
all nodes are as far left as possible

eA complete binary tree of depth d is called strictly
binary tree if all of whose leaves are at level d

A complete binary tree has 2d nodes at every depth d
and 2d -1 non leaf nodes
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A complete Binary Tree of depth 3
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Complete binary tree in which each node contains atmost of two
children and All levels are completely filled except possibly the Ia1t

level, and all nodes are as far left as possible
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Xon- Complete Binary Tree

20

20
(4 10
20 Left child of Hode 10 is not present
while right child is present.
Childs of Hode 4 is o 10
present without
right child of Node :

Left child of Hode 4 is not present
while right child of Node 4 is
present,
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~-Binary Search Tree(BST)

“®A'Binary search tree (BST) is a binary tree that is either em{pt{/cf

¢

in  which every node contains a key (value) and satisfies th

following conditions:

»All keys in the left sub-tree of the root are smaller than th
key in the root node

» All keys in the right sub-tree of the root are greater than th

key in the root node

»The left and right sub-trees of the root are again binary searc
trees



Binary Search
Tree(BST)
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The binary search tree.




Tn'a Min Binary Heap, the key at root must be minimum amohg 4l
keys present in Binary Heap. The same property must be recursively
true for all nodes in Binary Tree
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a Max Binary Heap, the key at root must be ma
among all keys present in Binary Heap. The same propert
must be recursively true for all nodes in Binary Tree
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Tree Traversals

(Traversing a tree means visiting every node
in the tree exactly once. Displaying (or)
visiting order of nodes in a binary tree is
called as Binary Tree Traversal.)



Types of Tree Traversal

1
e
)
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Depth First Traversals:

(a) Inorder (Left, Root, Right)
(b) Preorder (Root, Left, Right)
(c) Postorder (Left, Right, Root)

Breadth First or Level Order Traversal



Inorder Traversal (Left, Root, Right)



Inorder traversal of a binary tree is defined as follow

1. Traverse the left subtree, i.e., call Inorder
(left-subtree)

2. Visit the root

3. Traverse the right subtree, i.e., call Inorder (right-
subtree)




Example Inor raversal (Left, Root, Right)

Inorder ;: 4 25 13



m<Example Inorder Traversal (Left, Root, Right)
%

)

Inorder : CBAEFDG

FITY IS




2k sedocode for Inorder Traversal

inOrder(treePointer ptr)

{
if (ptr = NULL)

{
inOrder(ptr->leftChild);

visit(ptr);
inOrder(ptr->rightChild);
]



Preorder Traversal (Root, Left, Right)



Preorder traversal of a binary tree is defined as follow

1. Visit the root
2. Traverse the left subtree, i.e., call Preorder

(left-subtree)
3. Traverse the right subtree, i.e., call Preorder

(right-subtree)



Traversal (Root, Left, Right)

Preorder : 1 2 4 5 3



ple: Preorder Traversal (Root, Left, Right)
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Preorder: ABCDEFG
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-@Psedocode for Preorder Traversal <

1
if (ptr 1= NULL)

1

visit(t);
preOrder(ptr->leftChild);
preOrder(ptr->rightChild);

]
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Postorder (Left, Right, Root)



‘Postorder Traversal (Left, Right, Root)
Algorithm

Postorder traversal of a binary tree is defined as follow

1. Traverse the left subtree, i.e., call Postorder
(left-subtree)

2. Traverse the right subtree, i.e., call Postorder
(right subtree)

3. Visit the root



Traversal (Left, Right,Root)
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Postorder : 4 52 31



ple: Postorder Traversal (Left, Right,Root)
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Postorder: CBF E GDA

FITY IS




sedocode for Postorder Traversal
Z'postOrder(treePointer ptr)

{

if (ptr != NULL)

1

postOrder(ptr->leftChild);
postOrder(ptr->rightChild);
visit(t);

J



Level Order

Let ptr be a pointer to the tree root.
while (ptr = NULL)
{

visit node pointed at by ptr and put its children on a
FIFO queue;

if FIFO queue is empty, set ptr = NULL;

otherwise, delete a node from the FIFO queue and
call it ptr;
J



@<Example Level Order Traversal

Level O

Level 1
E Level 2
— > Level 3

Levelorder : ABDC EGF
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abc



Preorder Example

abdgheicf ]



Inorder Example

bac



Inorder Example

gdhb@l afJ C



Postorder Example

bca



Postorder Example
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ghdi ebj fca
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Another Examples and definition for
Tree Traversal
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Tree Traversal

" Displaying (or) visiting order of nodes in a binary tree is called as
Binary Tree Traversal.

* There are three types of binary tree traversals.
1. In - Order Traversal

2. Pre-Order Traversal

3. Post - Order Traversal

Tree traversal 6 November 2023 53



In-order Traversal -
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* |n this traversal method, the left subtree is visited first,
then the root and later the right sub-tree.

Example:
* We start from A, and following in-order traversal, we
move to its left subtree B. Root
* Bisalso traversed in-order. * o)
 The process goes on until 1 / N
all the nodes are visited. 2N v 25—
 The output of inorder traversal of D/ \ / \G
this tree will be i i
D>B>E>A>F>C>G | |

Tree traversal 6 November 2023 54



Inorder traversal

Algorithm
e Until all nodes are traversed —

* Step 1 - Recursively traverse left subtree.
 Step 2 - Visit root node.

* Step 3 - Recursively traverse right subtree.

Tree traversal 6 November 2023 55



Pre-order Traversal <
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+"In this traversal method, the root node is visited first, then the left
subtree and finally the right subtree.

Algorithm: 1

 Until all nodes are traversed - ’ / | \

Root

 Step 1 - Visit root node. 1/\ 1/°\
* Step 2 - Recursively traverse left - a = P
e S €S 3 V. NI P B
SUbtree' Left Subtree Right Subtree

* Step 3 - Recursively traverse right subtree.

We start from A, and following pre-order traversal, we first
visit A itself and then move to its left subtree B.

Trece)tryeLPUT :A 9 B 9 D 9E')Ngen?rzg39 F 9 G

56



Post-order Traversal 5
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 Inthis 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.

Algorithm Root

Until all nodes are traversed - A

*Step 1 - Recursively traverse left subtree. 1 / | \

*Step 2 - Recursively traverse right subtree.

*Step 3 - Visit root node. 3/ \ 3/ \

We start from A, and following Post-order traversal, we
OUTPUT Left Subtree Right Subtree
D>E->B>F>G>C>A |

Tree traversal 6 November 2023 57



Binary Search Tree



has a maximum of two children

»The properties of binary search tree are:
J All nodes of left sub-tree are less than the root node
1 All nodes of right sub-tree are greater than the root node
1 Both sub-trees of each node are also BSTs i.e. they have

the above two properties
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The binary search tree.
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