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THREADED BINARY TREEs 

A threaded binary tree is the same as that of a binary tree but with a difference in storing the NULL 

pointers.  

Consider the linked representation of a binary tree as given in Fig. 

 

 

 

 

 

In the linked representation, a number of nodes contain a NULL pointer, either in their left or right fields 

or in both. This space that is wasted in storing a NULL pointer can be efficiently used to store some other 

useful piece of information. 

For example, the NULL entries can be replaced to store a pointer to the in-order predecessor or the in-

order successor of the node. These special pointers are called threads and binary trees containing 

threads are called threaded trees. In the linked representation of a threaded binary tree, threads will be 

denoted using arrows. 

Types  

1. One-way threaded tree 

2. Two way threaded tree
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One-way threaded tree 

 A one-way threaded tree is also called a single-threaded tree. If the thread appears in the left 

field, then the left field will be made to point to the in-order predecessor of the node. Such a one-way 

threaded tree is called a left-threaded binary tree. 

Two-way threaded tree 

 On the contrary, if the thread appears in the right field, then it will point to the in- order 

successor of the node. Such a one-way threaded tree is called a right threaded binary tree. In a two- 

way threaded tree, also called a double-threaded tree, threads will appear in both the left and the 

right field of the node. 

 While the left field will point to the in-order predecessor of the node, the right field will point to 

its successor. A two-way threaded binary tree is also called a fully threaded binary tree. 

Figure shows a binary tree without threading and its corresponding linked 

representation.  

The in-order traversal of the tree is given as 8, 4, 9, 2, 5, 1, 10, 6, 11,3, 7, 12
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One-way Threading 

 Given Figure shows a binary tree with one-way threading and its corresponding linked 

representation. 

 Node 5 contains a NULL pointer in its RIGHT field, so it will be replaced to point to node1, which is 

its in-order successor. Similarly, the RIGHT field of node 8 will point to node 4, the RIGHT field 

of node 9 will point to node 2, the RIGHT field of node 10 will point to node 6, the RIGHT field of 

node 11 will point to node 3, and the RIGHT field of node 12 will contain NULL because it has no in-

order successor. 

 

 

 

 

 

Two-way Threading 

 Given Figure shows a binary tree with two-way threading and its corresponding linked 

representation. Node 5 contains a NULL pointer in its LEFT field, so it will be replaced to point to 

node 2, which is its in-order predecessor. Similarly, the LEFT field of node 8 will contain NULL 

because it has no in-order predecessor, the LEFT field of node 7 will point to node 3, the LEFT field 

of node 9 will point to node 4, the LEFT field of node 10 will point to node 1, the LEFT field of node 11 

will contain 6, and the LEFT field of node 12 will point to node 7. 
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a) Linked representation of the binary tree with threading            (b) binary tree with two-way threading 

Now, let us look at the memory representation of a binary tree without threading, with one-way threading, 

and with two-way threading. This is illustrated in given Fig. 

 

 

 

 

 

 

 

 

 

Memory representation of binary trees: (a) without threading, (b) with one-way, and 

(c) two-way threading 
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Traversing a Threaded Binary Tree 

For every node, visit the left sub-tree first, provided if one exists and has not been visited earlier. 

Then the node (root) itself is followed by visiting its right sub-tree (if one exists). In case there is no right sub-

tree, check for the threaded link and make the threaded node the current node in consideration. The 

algorithm for in-order traversal of a threaded binary tree is given in Fig. 

 

Algorithm for in-order traversal of a threaded binary tree 

Let’s consider the threaded binary tree given in Fig. and traverse it using the algorithm. 

 

 

 

 

      Threaded binary tree 

1. Node 1 has a left child i.e., 2 which has not been visited. So, add 2 in the list of visited nodes, make it as the 

current node. 
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2. Node 2 has a left child i.e., 4 which has not been visited. So, add 4 in the list of visited nodes, make it as the current 

node. 

3. Node 4 does not have any left or right child, so print 4 and check for its threaded link. It has a threaded 

link to node 2, so make node 2 the current node. 

4. Node 2 has a left child which has already been visited. However, it does not have a right child. Now, print 

2 and follow its threaded link to node 1. Make node 1 the current node. 

5. Node 1 has a left child that has been already visited. So print 1. Node 1 has a right child 3 which has not yet 

been visited, so make it the current node. 

6. Node 3 has a left child (node 5) which has not been visited, so make it the current node. 

7. Node 5 does not have any left or right child. So print 5. However, it does have a threaded link which 

points to node 3. Make node 3 the current node. 

8. Node 3 has a left child which has already been visited. So print 3. 

9. Now there are no nodes left, so we end here. The sequence of nodes printed is—4 2 1 5 3. 

 

Advantages of Threaded Binary Tree 

 It enables linear traversal of elements in the tree. 

 Linear traversal eliminates the use of stacks which in turn consume a lot of memory space and 

computer time. 

 It enables to find the parent of a given element without explicit use of parent pointers. 

 Since nodes contain pointers to in-order predecessor and successor, the threaded tree enables forward 

and backward traversal of the nodes as given by in-order fashion. 

Thus, we see the basic difference between a binary tree and a threaded binary tree is that in binary trees a node 

stores a NULL pointer if it has no child and so there is no way to traverse back. 
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Programming Example 

1. Write a program to implement simple right in-threaded binary trees. 

#include      <stdio.h> 

#include      <conio.h> 

struct tree 

{ 

int val; 

struct tree *right; 

struct tree *left;  

int thread; 

}; 

struct tree *root = NULL; 

struct tree* insert_node(struct tree *root, struct tree *ptr, struct tree *rt) 

{ 

if(root == NULL) 

{ 

root = ptr;  

if(rt!= NULL) 

{ 
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root–>right = rt; 

root–>thread = 1; 

}} 

else if(ptr–>val< root–>val) 

root–>left = insert_node(root–>left, ptr, root); else 

if(root–>thread == 1) 

{ 

root–>right = insert_node(NULL, ptr, rt); 

root–>thread=0; 

} 

else 

root–>right = insert_node(root–>right, ptr, rt);  

return root; 

} 

struct tree* create_threaded_tree() 

{ 

struct tree *ptr; 

int num; 

printf("\n Enter the elements, press –1 to terminate "); 

scanf("%d", &num); 

while(num != –1) 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

 CS8391 DATA STRUCTURES  

{ 

ptr = (struct tree*)malloc(sizeof(struct tree));  

ptr–>val = num; 

ptr–>left =ptr–>right =NULL;  

ptr–>thread = 0; 

root  =   insert_node(root, ptr,  NULL);  

printf(" \n Enter the next element "); 

fflush(stdin); 

scanf("%d", &num); 

} 

return root; 

} 

void inorder(struct tree *root) 

{ 

struct tree *ptr = root, *prev;  

do 

{ 

while(ptr != NULL) 

{ 

prev = ptr; 

ptr = ptr–>left;} 
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if(prev != NULL) 

{ 

printf(" %d", prev–>val); 

ptr = prev–>right; 

while(prev != NULL &&prev–>thread) 

{ 

printf(" %d", ptr–>val); 

prev = ptr; 

ptr = ptr–>right; 

}} 

}while(ptr != NULL); 

} 

void main() 

{ 

// struct tree *root=NULL; 

clrscr(); 

create_threaded_tree(); 

printf(" \n The in–order traversal of the tree can be given as : "); 

inorder(root); 

getch(); 

} 
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Output 

Enter the elements, press –1 to terminate 5 Enter the 

next element 8 

Enter  the  next  element  2 

Enter t h e  n e x t  e l e m e n t  3  

Enter the next element 7 Enter the 

next element –1 

The in–order traversal of the tree can be given as: 2 3 5 7 8 


