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AVL	  tree	  opera:ons	  

•  AVL	  find:	  	  
–  Same	  as	  BST	  find 

•  AVL	  insert:	  	  
–  First	  BST	  insert,	  then	  check	  balance	  and	  poten:ally	  
“fix”	  the	  AVL	  tree	  

–  Four	  different	  imbalance	  cases	  

•  AVL	  delete:	  	  
–  The	  “easy	  way”	  is	  lazy	  dele:on	  
–  Otherwise,	  do	  the	  dele:on	  as	  binary	  search	  tree	  and	  
check	  balance.	  

	  



Insert,	  summarized	  
•  Insert	  as	  in	  a	  BST	  
•  Check	  back	  up	  path	  for	  imbalance,	  which	  will	  be	  1	  of	  4	  cases:	  

–  Node’s	  leS-‐leS	  grandchild	  is	  too	  tall	  
–  Node’s	  leS-‐right	  grandchild	  is	  too	  tall	  
–  Node’s	  right-‐leS	  grandchild	  is	  too	  tall	  
–  Node’s	  right-‐right	  grandchild	  is	  too	  tall	  

•  Only	  one	  case	  occurs	  because	  tree	  was	  balanced	  before	  insert	  

•  ASer	  the	  appropriate	  single	  or	  double	  rota:on,	  the	  smallest-‐
unbalanced	  subtree	  has	  the	  same	  height	  as	  before	  the	  inser:on	  
–  So	  all	  ancestors	  are	  now	  balanced	  
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Node’s	  leS-‐leS	  grandchild	  is	  too	  tall	  



Node’s	  right-‐leS	  grandchild	  is	  too	  tall	  



Example:	  Insert	  	  

•  Warm	  up:	  2,	  5,	  6,	  8,	  9,	  7	  
•  Example	  in	  the	  book:	  
– 3,2,1,4,5,6,7	  	  
– 16,15,14,13,12,11,10,8,9	  

•  An	  avl	  applet	  to	  play	  with:	  
– h]p://www.site.uo]awa.ca/~stan/csi2514/
applets/avl/BT.html	  



Insert	  



Balance	  



Node’s	  leS-‐leS	  grandchild	  is	  too	  tall:	  
rotateWithLeSChild	  



Node’s	  right-‐leS	  grandchild	  is	  too	  tall:	  
doubleWithLeSChild	  	  



Remove:	  BST+balance	  



Example(Cont.)	  

•  Insert:	  
– 3,2,1,4,5,6,7	  	  
– 16,15,14,13,12,11,10,8,9	  

•  Delete(	  assume	  replace	  by	  leSMax)	  
– 7,5	  



Q&A	  

•  Thank	  you!	  


