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To remove an item from an AVL tree, we follow the same algorithm for removing an item from a binary search tree, but we might need to rebalance the tree after the remove.  Suppose we want to remove node x.

1.  If x has two children, then replace it by its inorder successor (call it y) and remove y.  Since we know y has at most one child (why?), we have reduced the problem to step 2 below.

2. If x has at most one child, then we remove x and link the parent of x to x’s child (or NULL if x has no child).

After step 2, we know we have shortened the subtree formerly rooted at x.  So, we need to see if that unbalances x’s parent.  We perform the following steps for each node p on the path from the parent of x to the root of the tree until we can be sure the entire tree has the AVL tree property.

Case 1: Before removing x, p was balanced.  After removing x, the subtrees of p differ in height by 1, but p’s height remains the same:










So, the AVL tree property holds at p and the rest of the path to the root.  Halt.  (We don't need to continue the algorithm at p's  parent.  (Why?))

Case 2: Before removing x, p was unbalanced and the taller subtree was shortened.  After removing x, the subtrees of p are balanced, but p’s height was shortened.  (And so we continue detecting possible violations of the AVL tree property with p’s parent.)







Case 3: Before removing x, p was unbalanced, and the shorter subtree was shortened.  The AVL tree property is now violated at p.  Let q be the root of the taller subtree of p (the one not shortened).

Case 3a: q is balanced.  A single rotation restores balance, and the height of the subtree remains the same as before the remove.  Halt.













Case 3b: q is unbalanced in the same direction as p.

This case is left as an exercise.

Case 3c: q is unbalanced, but in the opposite direction as p.

This case is left as an exercise.
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