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BALANCED TREES

Binary search Tree
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° The tree above is a BST but it is not a very efficient
BST for searching

° If elements are added randomly , then searching a BST

is more efficient than an array
° If elements are added in order

,
BSI are a slower

implementation of linear arrays / lists

° Height of BST depends on the order of insertion and

can be as bad as n -I for n elements



Balanced BST - AVL Trees

• Here
, the height of the tree is always login) (empty→

-I

° AVL tree : GM Adelson - Velskii
,
EM Landis (two Russian

mathematicians)

• Balance factor of a node is always -1 , O or -11

balance factor = height cleft subtree) - height (right subtree)

Not an AVL Tree
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AVL Tree
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ROTATION OF TREES

° To convert a BST to an AVL Tree
° Left rotation

, right rotation (single rotation) , double rotations

Left Rotation

• constructing an AVL tree

• Performed when new key inserted into right subtree of right
child of a node whose balance factor was -I before

insertion

• Tree is heavy on right side
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2) Insert 2
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3) Insert 3
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• Need to balance - perform left rotation

• New key inserted into right subtree of right child of a
node whose balance factor was -I before insertion

• Perform LCH as balance factor of I changed from -I to
-2



4) Perform Left Rotation
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Right Rotation

• constructing an AVL tree

• Performed when new key inserted into left subtree of left

child of a node whose balance factor was + I before

insertion

° Tree is heavy on left side

1) Insert 3
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3) Insert l

z← unbalanced

3

" I
rotate right2
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° Need to balance

• New key inserted into left subtree of left child of a
node whose balance factor was it before insertion

• Perform 1213) as balance factor of 3 changed from 1 to 2
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Left Right Rotation

° New node inserted into right subtree of left child of a
node whose balance factor was + I before insertion

° Left rotation on the left subtree of r (the one that

becomes unbalanced is r)

• Then followed by right rotation of r

1) Tree before insertion
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3) LCD
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° We performed LRB)



Right Left Rotation

• New node inserted into left subtree of right child of a
node whose balance factor was - I before insertion

° Right rotation on the right subtree of r (the one that

becomes unbalanced is r)

• Then followed by left rotation of r

1) Tree before insertion
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3) 1213)
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INSERTING A NODE INTO AN AVLTREE

Question I

convert list = I
, 2,3 , 4 , 5,6 to AVL
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Question 2

6,5 , 4,3 , 2 , I
- make AVL
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Question 3

5
, 6,8 , 3,2 , 4,7 - make AVL
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Question 4

Is the following tree an AVL ?

50
"

o / t
o

30 70

o l l
,
ol l o

20 35 60 80

is ' 'is to
40

yes



Question 5

Insert 28 into the above tree
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Question 6

Insert 7 into the AVL
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DELETING A NODE FROM AN AVL TREE

° Perform standard BST deletion of a node w

°

Starting from W
,
travel up and find the first unbalanced

node Cz)

• Let y be the larger height child of z Cor any for equal)

° Let x be the larger height child of y carry for equal)

° Rebalance the tree by performing appropriate rotations on

subtree rooted at 2

° Rotation depends on one of four possible cases Wrt the

alignment of x, y and z

1. Left - left case : y left of z and a left of y : Rt)

2. Left - right case : y left of z and a right of y : LRC2)

3. Right - right case : y right of z and a right of y : U2)
4. Right - left case: y right of 2 and I left of y : RLG)



Question 7

Delete 55 from the given AVL Tree
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Question 8

Delete 9 from the tree
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Question 9

Delete 4 -I
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Question 10

Delete 80
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Question 11

Delete 40 delete
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