
AVL Trees



Threaded Binary Tree

 A binary tree is threaded by making all right child pointers that 
would normally be null point to the inorder successor of the 
node, and all left child pointers that would normally be null 
point to the inorder predecessor of the node.

 A threaded binary tree makes it possible to traverse the values 
in the binary tree via a linear traversal that is more rapid than a 
recursive in-order traversal.

 It is also possible to discover the parent of a node from a 
threaded binary tree, without explicit use of parent pointers or 
a stack, albeit slowly. This can be useful where stack space is 
limited, or where a stack of parent pointers is unavailable





AVL trees
 These are also called height balanced trees. AVL tree is a binary search tree 

such that for every internal node v of T, the heights of the children of v can 
differ by at most 1.



 The height of an AVL tree T storing n keys is O(logn)
 Proof: the minimum number of nodes in an AVL tree of height h
 for n(1) = 1
 for n(2) = 2
 For h≥3 an AVL tree of height h contains the root node, one AVL subtree of 

height h-1 and the other AVL subtree of height h-2
 n(h)= 1+ n(h-1)+n(h-2)  we know that n(h-1) ≥n(h-2)
 n(h)>2n(h-2)
 >4n(h-4)
 >8n(h-6)
 > 2in(h-2i)


 suppose i=h/2-1 
 n(h)>2h/2-1 n(2) = 2h/2 is the minimum number of elements
 h< 2log n(h)   so height is O(logn)


 A more complex proof will show that AVL tree of n nodes has height 
atmost log1.63n



 If closest leaf is at level k, all nodes at levels 1 .. k-2 have 2 children. In an 
AVL tree of height h, the leaf closest to the root is at level (h+1)/2. On 
the first (h-1)/2 levels the AVL tree is a complete binary tree. After (h-
1)/2 levels the AVL tree may start thinning out. Number of nodes in the 
AVL tree is at least 

 2(h-1)/2 and at most 2h. Search is same as BST



 Insertion is done similar to insertion in an binary tree.  If insertion causes T 
to become unbalanced. We travel up the tree from the newly created node 
until we find the first node X such that its grandparent z is unbalanced 
node. Let Y be the parent of node X.

 The only nodes whose heights can increase are the ancestors of node v.
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Removal in AVL Tree

 Removal begins as in a binary search tree, which means the node removed 
will become an empty external node. Its parent, w, may cause an imbalance.

 When Deleting in a BST , We either delete a leaf or a node with only one child.  
In an AVL tree  if a node has only one child, then that child is a leaf. So in an 
AVL tree we either delete a leaf or a parent of a leaf.

 Let z be the first unbalanced node encountered while travelling up the tree 
from w. Also, let y be the child of z with the larger height, and let x be the 
child of y with the larger height.

 We perform restructure(x) to restore balance at z.
 As this restructuring may upset the balance of another node higher in the 

tree, we must continue checking for balance until the root of T is reached
 a single restructure is O(1)
 using a linked-structure binary tree
 find is O(log n) 
 height of tree is O(log n), no restructures needed 
 insert is O(log n)
 initial find is O(log n)
 Restructuring up the tree, maintaining heights is O(log n)
 remove is O(log n)




