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SYLLABUS 

 6.1 Non-linear data structures  

 6.2 Binary trees : Complete Binary Tree,  

 Basic Terms: level number, degree, in-degree and 

out-degree, leaf node, directed edge, path, depth, 

similar binary trees, copies of binary trees, General 

Tree, Conversion of General Tree to Binary Tree, 

Forest.  

 6.3 Binary Search Tree :  

 Insertion of a node in binary tree,  

 Deletion of a node in binary tree,  

 Searching a node in binary tree  

 6.4 Tree Traversal : Inorder, Preorder, Postorder  

 6.5 Applications of binary tree  



NON-LINEAR DATA STRUCTURES 

 In the Non linear data structure processing of data 

items is not possible in linier fashion. 

 Examples of the non linier data structure are: 

 (A)Tree  

 (B) Graph 

 (A) Tree: In tree data contains hierarchical 

relationship. 

 

 (B) Graph: this data structure contains relationship 

between pairs of elements. 

 

VPMP 



TREE 

 A tree is defined as a finite set of one or more nodes 

such that  

 There is a special node called the root node R. 

 The remaining nodes are divided into n ≥ 0 disjoint 

sets T1, T2,.,.,. TN, where each of these sets are 

tree. T1, T2…., T n is called the sub tree of the 

root  

 

 

 



BINARY TREE 

 If in a directed tree the out degree of every node 

is less than or equal to 2 then the tree is called 

the binary tree. 

 



COMPLETE BINARY TREE 

 If the out degree of every node is exactly equal to 

2 or 0 and the number of nodes at level i is 2i-1 

then the tree is called full or complete binary 

tree. 



LEVEL NUMBER 

 Level of a node represents the generation of a 

node. If the root node is at level 0, then its next 

child node is at level 1, its grandchild is at level 

2, and so on. 

 Example: 

 



DEGREE / TOTAL DEGREE 

 In a tree the sum of edges comes into particular 

node and edges comes out from particular node is 

called degree of that particular node.  

 It means Degree is the sum of in degree and out 

degree.  

 It is also called total degree of node. 

 Example:  

 Total degree of node B is 3 



INDEGREE 

 In a tree number of edges comes in to particular 

node is called Indegree of that particular node.  

 Root node having indegree always equals to 0 

because it is the first node of tree. 

 Example: 

 Indegree of node B is 1 



OUTDEGREE 

 In a tree number of edges comes out from 

particular node is called Out degree of that 

particular node.  

 Leaf node having out degree always equals to 0 

because it is the last node of tree having no 

further sub tree. 

 Example: 

 Oudegree of node B is 2. 



LEAF NODE 

 The node which does not have any child node is 

called the leaf node. 

 



ROOT NODE 

 The node at the top of the tree is called root. 

There is only one root per tree and one path from 

the root node to any node. 

 



DIRECTED EDGE 

 An edge of directed tree is called as directed edge. 

 

 

 

 

 

 

 Here in above example an edge from A to B is 

directed edge.  



PATH 

 A sequence of connecting edges from one node to 
another node is called Path. 

 

 

 

 

 

 

 In above figure path from Node A to H is given as 
A->B->D->H  

 In above figure path from Node A to I is given as  
A->C->G->I  



DEPTH 

 The length of the path from Root Node to particular 
Node V is called depth of node V.  

 

 

 

 

 

 

 In above figure depth of node E is 2 because the 
Path from Root Node A to Node E is A->B->E.  

 Here the length of the Path is 2 so depth of node E 
is 2.  



SIMILAR BINARY TREES 

 If two binary trees are similar in structure then 

they are said to be similar binary trees.  

 Consider following figure: 

 



COPIES OF BINARY TREES 

 If two binary trees are similar in structure and 

their corresponding nodes having same value 

then they are said to be copies of binary trees.  

 Consider following figure: 



GENERAL TREE 

 A Tree in which each node having either 0 or 

more child nodes is called general tree.  

 So we can say that a Binary Tree is a specialized 

case of General tree.  

 General Tree is used to implement File System. 

 Example: 

  



FOREST 

 A forest is a set of n ≥ 0 disjoint trees. Forest is a 

collection of disjoint trees. 

 Consider Following Figure in which a forest is a 

collection of two disjoint tree. 



CONVERSION OF GENERAL TREE TO 

BINARY TREE 

 The process of converting general tree in to binary 
tree is given below:  

1. Root node of general tree becomes root node of 
Binary Tree.  

2. Now consider T1, T2, T3 ... Tn are child nodes of 
the root node in general tree. The left most child 
(T1) of the root node in general tree becomes left 
most child of root node in the binary tree. Now 
Node T2 becomes right child of Node T1, Node T3 
becomes right child of Node T2 and so on in binary 
tree.  

3. The same procedure of step 2 is repeated for each 
leftmost node in the general tree.  



 Example: 

 General tree is given in the figure. 



 Step 1: Root Node of General tree becomes the 

Root node of binary tree. 

 

 

 Step 2: Now Root Node (A) has three child 

Nodes (B, H, E) in general tree. The leftmost 

node (B) of the root node (A) in the general 

tree becomes the left most node of the root node 

(A) in binary tree. 

 



 Step 3: Now Node H becomes the right node of 

B and Node E becomes the right node of H. 

 

 

 

 

 Step 4: Now Node B has only one left child node, 

which is C in general tree. So Node C becomes left 

child of Node B in binary tree. 



 Step 5: Now Node E has two child nodes (F, 

G). The leftmost node (F) of the node (E) in the 

general tree becomes the left most node of 

the node E in the binary tree. 

 

 

 

 

 



 Step 6: Now Node G becomes right node 

of Node F in binary tree. 

 

 



BINARY SEARCH TREE: BST 

 On binary search tree, we can perform several 

operations like, 

 Insertion of a node in Binary Tree 

 Deletion of a node from Binary tree 

 Searching a node from Binary Tree 



INSERTION OF A NODE IN BINARY TREE 

 Binary search tree has following characteristics: 

 

 All the nodes to the left of root node have value 

less than the value of root node. 

 All the nodes to the right of root node have value 

greater than the value of root node. 

 

 

 



Suppose we want to construct binary search tree for 

following set of data: 

 45    68    35     42      15      64      78 

 

 Step 1: First element is 45 so it is inserted as a root 

node of the tree.  

 

 Step 2: Now we have to insert 68. First we compare 

68 with the root node which is 45. Since the value of 

68 is greater then 45 so it is inserted to the right of 

the root node. 

 

45 Root Node 

45 

68 



 Step 3: Now we have to insert 35. First we compare 

35 with the root node which is 45. Since the value of 

35 is less then 45 so it is inserted to the left of the 

root node. 

 

 

 

 Step 4: Now we have to insert 42.  

 

45 

68 35 

45 

68 35 

42 



 Step 5: Now we have to insert 15 

 

 

 

 

 

 Step 6: Now we have to insert 64. 

 

 

45 

68 35 

42 15 

45 

68 35 

42 15 64 



 Step 7: Now we have to insert 78. 

 

45 

68 35 

42 15 64 78 



DELETION OF A NODE FROM BINARY TREE 

 Consider the following binary tree: 

 



 There are three possibilities when we want to delete 

an element from binary search tree. 

(1) If a node to be deleted has empty left and right sub 

tree then a node is deleted directly. 

Suppose we want to delete node 9 

 



(2) If a node to be deleted has only one left sub tree or 

right sub tree then the sub tree of the deleted node is 

linked directly with the parent of the deleted node. 

Suppose we want to delete node 7 

 



(3) If a node to be deleted has left and right sub tree 

then we have to do following steps: 

 

(a) Find next maximum (in order successor) of the 

deleted node. 

 

(b) Append the right sub tree of the in order successor 

to its grandparent. 

 

(c) Replace the node to be deleted with its next 

maximum (in order successor). 

 



Suppose we want to delete node 55. 

 

 



SEARCHING A NODE IN BINARY TREE 

 First the key to be searched is compared with 

root node. If it is not in the root node then we 

have to possibilities : 

 

(1) If the key to be searched having value less than 

root node then we search the key in left sub 

tree. 

 

(2) If the key to be searched having value greater 

then root node then we search the key in right 

sub tree. 

 

 



 Step 1:  

  If ROOT == NULL then 
         Write “Tree is Empty. Search Un Successful” 

          Exit 

 Step 2:  

  If X=ROOT->INFO then      

   Write “Search is Successful” 
   Return (ROOT) 

 Step 3:  

  If X < ROOT->INFO then 

   Call SEARCH (ROOT->LPTR, X) 

  Else 

   Call SEARCH (ROOT->RPTR, X) 



TREE TRAVERSAL 

Traversal:  

Traversal is the method of processing every nodes in 

the tree exactly once in a systematic manner. 

 

Types of Traversal:  

There are three different types of tree traversal. 

 

1. Preorder Traversal 

2. In order Traversal 

3. Post order Traversal 

 

 



TREE TRAVERSAL : INORDER 

The Inorder traversal follows the three steps: 

1. Traverse the left sub tree in Post order. 

(Left node) 

2. Process the root node. (Vertices or Node) 

3. Traverse the right sub tree in Post order. 

(Right node) 

 



 Example:  

A

B C

D FE G

 Inorder Traversal:  D   B   E   A   F   C   G 



 INORDER(T) 

Step 1:[Check for empty tree] 

      If T == NULL then 

           Write “Tree is empty” 
    Exit 

Step 2:[Process the left sub tree] 

      If LPTR (T) ≠ NULL then 

    Call INORDER (LPTR (T)) 

Step 3:[Process the root node] 

      Write (DATA(T)) 

Step 4:[Process the right sub tree] 

      If RPTR (T) ≠ NULL then 

    Call INORDER (RPTR (T)) 

Step 5:[Finished] 

   Exit 

 



TREE TRAVERSAL : PREORDER 

The Preorder traversal follows the three steps: 

1. Process the root node. (Vertices or Node) 

2. Traverse the left sub tree in Post order. 

(Left node) 

3. Traverse the right sub tree in Post order. 

(Right node) 

 



 Example:  

A

B C

D FE G

 Preorder Traversal:  A   B   D   E   C   F   G 



 PREORDER(T) 

Step 1:[Check for empty tree] 

      If T == NULL then 

           Write “Tree is empty” 
    Exit 

Step 2:[Process the root node] 

      Write (DATA(T)) 

Step 3:[Process the left sub tree] 

      If LPTR (T) ≠ NULL then 

    Call PREORDER (LPTR (T)) 

Step 4:[Process the right sub tree] 

      If RPTR (T) ≠ NULL then 

    Call PREORDER (RPTR (T)) 

Step 5:[Finished] 

   Exit 

 



TREE TRAVERSAL : POSTORDER 

The Post order traversal follows the three steps: 

1. Traverse the left sub tree in Post order. 

(Left node) 

2. Traverse the right sub tree in Post order. 

(Right node) 

3. Process the root node. (Vertices or Node) 

 



 Example:  

A

B C

D FE G

 Post Order Traversal:  D   E   B   F   G   C   A 



 POSTORDER(T) 

Step 1:[Check for empty tree] 

      If T == NULL then 

           Write “Tree is empty” 
    Exit 

Step 2:[Process the left sub tree] 

      If LPTR (T) ≠ NULL then 

    Call POSTORDER (LPTR (T)) 

Step 3:[Process the right sub tree] 

      If RPTR (T) ≠ NULL then 

    Call POSTORDER (RPTR (T)) 

Step 4:[Process the root node] 

      Write (DATA(T)) 

Step 5:[Finished] 

   Exit 

 



APPLICATIONS OF BINARY TREE 

 Manipulation of arithmetic expressions 

 Binary tree is used to represent formulas in prefix 
or postfix notation. 

 For Example: Infix- A+B 

 Syntax Analysis 

 It deals with the use of grammars in syntax 
analysis or parsing. 

 Construction and maintenance of symbol 
table 

 Binary tree will formulate the algorithms that will 
maintain a stack implemented tree structured 
symbol table. 

 

 

 



End 


