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2) Tree with insertion of key 10: 
      Key 40 is left higher and its left sub tree is left higher too. So we can balance the tree    
      with one right-rotation only !   
 
 
 
                               // 
                                                                                                                                            
 
                  / 
 
 
 
 
 
                                                                                                                                                                             
                                                                                                                                            
                                                                           \                                                                 
                                                                                                                                            
                                _                                                                 \                                      
                                                                                                                                            
                                                                               _                                    \                         
                _                          _                            
                                                                                                                                      _ 
                                                                                                                  
 
 
 
                                                                                                                                        
                                                                                                                                        

50

75

20 
60 85

90 

50

40 75

20 
60 85

90 

10 

50

20 75

10 
60 85

90 
40

40 



CS2604 Homework 3 Solutions            Solution for AVL Tree Operations                       Fall 2000 

                                                                                                                                        
                                                                                                                                        
                                                                                                                                        
                                                                                                                                        
 3) Tree with insertion of the key 95: 
      The key 85 has become right higher with a right sub tree right higher also. We  
      balance the tree with a left rotation.                                                                                                                
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4) Tree with insertion of key 80 and 77. 
     The key 75 is right higher with a right sub tree left higher! 
     We need a double rotation.  
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First we make the right sub tree become right higher with a right rotation 
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Then we apply a left rotation to balance the tree.  
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5) Tree with insertion of the key of key 80 and 83 
     The key 75 is right higher again with a sub tree left higher.  We need 2 rotations! 
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     We make the sub-tree become right higher with a right-rotation. 
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        A left rotation is applied at the imbalanced node (75). 
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6) Tree with insertion of key 45:  
     No rotations needed! 
 
 
                                                                                                                                                                             
                                                                                                                                            
                                                                           \                                                                 
                                                                                                                                            
                                _                                                                 \                                      
                                                                                                                                            
                                                                               _                                    \                         
                _                          _                     
                                                                                                                                      _ 
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Starting tree labeled: 
 
 
                                                                    _ 
                                                                      
                            /                                                                _      
                                                                                             
 
                                      _                                                                  _ 
              /                                                /  
 
 
     _                                               _                        _                 _ 
     
 
 
 
 
 
 
 
 
 

50

40 75

20 
60 85

90 
45

E

C W

V Y

ZX

D 

F

B 

A 



CS2604 Homework 3 Solutions            Solution for AVL Tree Operations                       Fall 2000 

Tree with deleted key D: 
Key C is left higher with a left higher sub-tree. One right rotation is enough to balance 
the tree. 
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8) Tree with deleted key F and V:  
     The key W is right higher with an equally balanced sub-tree. We apply a left-rotation. 
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9) 
Tree with deleted key E:  Deletion of the root 
We search for the minimum value node in the right sub-tree. It’s F in our case. We then 
swap F with E! No rotation is needed! 
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10) 
 
Starting Tree labeled : 
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Tree with key T deleted: 
The key R is left higher with a sub tree right higher. We need 2 rotations, a left one to 
make the sub tree left higher and a right one to balance the tree. 
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