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Binary Search Trees
Å Inserting in a linked list is fast but searching is slow

Å Searching in a array arranged for binary chopping is fast but 

inserting is slow

Å Can we combine these ideas so as to get the advantages of 

both? 
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Binary Search Trees
Å One of the values stored at the node is a key value

Å We assume that all key values are distinct  (unique):

Å All key values in the left sub tree of every node in the tree 

are smaller than  the key value of the node, and all Key 

values in the right sub tree of a node are larger.
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Binary Search Trees
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Searching An Element In The Tree
Å Start from the root.

Å Each time we encounter a node, see if the key in the node 

equals the searched element. If yes stop.

Å If the searched element is less, go to the left sub-tree.

Å If it is more, go to the right sub-tree.

Å Conclude that the searched element is not in the list if we 

reach a leaf node and the key in the node does not equal the 

searched element..
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Searching An Element In The Tree
ÅPseudo Code

Search(node, element){

If (node = NULL) conclude NOT FOUND;

Else If (node.key = element) conclude FOUND;

Else If (element < node.key) Search(node.leftchild, element);

Else If (element > node.key) Search(node.rightchild, element);

}

Time Complexity: O(d), d is the depth

For complete binary search trees: O(log N)
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Å Examples

Searching An Element In The Tree
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5, 8, 7
Found !

Search for 7

5, 3, 1
Not Found !

Search for 0.5

Advantages:  

All nodes need not to be examined

Searching is speeded up 
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Å First try to find the element;

Á If the element exists, do nothing.

Á If it does not, insert it at the position of the returned null.

Å Pseudo code

Insert (node, element){ 

If (node.key = element) conclude FOUND and RETURN;

Else If (element < node.key) {

if (node.leftchild =NULL)

insert the new node at node.leftchild; 

Else Insert(node.leftchild, element);

}

Else If (element > node.key) {

?????????? }

}

Insert An Element
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For  Insertion    O(d)

What is the complexity ? 
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Å Examples

Insert An Element
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Sequence Travelled: 6, 2, 4
Insert 5 as right child of 4

Insert 5
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Å When we delete a node, we need to consider how we take 

care of the children of the deleted nodes or property of 

the search tree.

Å Any problem if the node has no child ?

ÁNo, simply delete the node.

Å Any problem if the node has only one child ?

Å No, simply replace the node with its child.

Removing An Element

10



2/3/2009

6

Dr.

Anton  Ghnim

Faculty of Engineering

Department of Information Technology

Suppose, the node has two children.

Å Look at the right sub-tree of the node

Á Find the Minimum there.

Á Replace the key of the node to be deleted by the minimum element. 

Removing An Element
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Å4 has 2 children;
ÅFind min right sub-tree
Å5 Found !
ÅSo4 is replaced by 5, and

5 is deleted.
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Pseudo Code

Delete(node) {

If a node is childless, then 

node->parent->link_to_node = NULL

If a node has one child

node->parent->child = node->child;

If a node has 2 children, {

minnode = findmin(rightsubtree)->key;

node->key = minnode->key;

delete(minnode); }

}

Removing An Element
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For  Insertion    O(d)

What is the complexity ? 
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Å The nodes may be represented by a class:

public class TreeNode{

public int n;

public TreeNode left;

public TreeNode right;

public TreeNode(int n,TreeNode left, TreeNode right){

this.n=n;

this.left=left;

this.right=right;

}

}

Implementing a Binary Search Tree
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Å The Tree itself

public class BinarySearchTree{

public TreeNode root;

}

Implementing a Binary Search Tree
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Å Inserting an element 
public static void insert (ref TreeNode root , int x) {

if (root ==null){

root =new TreeNode(x, null, null);

}

else{

if (x < root.n) 

insert (ref root.left, x);

else

insert (ref root.right, x);

}

}

Implementing a Binary Search Tree
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ÅPrint Tree 

public static void print(TreeNode root)

{

if (root != null)

{

print(root.left);

Console.WriteLine(root.n);

print(root.right);

}

}

Implementing a Binary Search Tree
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