
CSCI 201: Data Structures

Spring 2025

Lecture 9W: Balanced Trees
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Goals for today:

Revisit remove method, and how to implement?

Analyze the complexity of contains, add, remove in a BST.

Motivation for balancing: what happens if we insert keys in a BST in a certain way?

Calculate and save the height of a node when it's added.

Calculate the balance factor of a node.

Perform rotations on a tree to improve the balance factor.

Implement a Adelson-Velsky-Landis (AVL) self-balancing binary search tree.
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Removing an item/key from a BST:

Start at node = root.

If key < node.key, need to remove node in left subtree (node.left).

If key > node.key, need to remove node in right subtree (node.right).

If key == node.key, three cases to consider:
1. Is this a leaf? Delete node.

2. (a) If node.left == null, "graft" node.right to the node.

(b) If node.right == null, "graft" node.left to the node.

3. Two (non-null) child nodes?

Find node (minNode) with minimum key in node.right (right subtree).

Replace node.key with minNode.key.

Now we remove minNode from right subtree.
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Updating the height as we recurse back up the tree.

 class Node {
  public E key;
  public Node left;
  public Node right;
  public int height;
 
  public Node(E key) {
    this.key = key;
  }
 
  public void calculateHeight() {
    // TODO
  }
}
 
private Node add(Node node, E key) {
  if (node == null) {
    return new Node(key);
  }
 
  int compareResult = key.compareTo(node.key);
  if (compareResult < 0) {
    node.left = add(node.left, key);
  } else if (compareResult > 0) {
    node.right = add(node.right, key);
  }
 
  // update the height of this node
  node.calculateHeight();
 
  return node;
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

public void calculateHeight() {
 
  // attempt 1
 
}
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public void calculateHeight() {
  if (left == null && right == null) {
    height = 0;
  } else {
    int hL = (left == null) ? 0 : node.left.calculateHeight();
    int hR = (right == null) ? 0 : node.right.calculateHeight();
    height = 1 + Math.max(hL, hR);
  }
}
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public void calculateHeight() {
 
  // attempt 2
 
}
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public void calculateHeight() {
  if (left == null && right == null) {
    height = 0;
  } else {
    int hL = (left == null) ? 0 : left.height;
    int hR = (right == null) ? 0 : right.height;
    height = 1 + Math.max(hL, hR);
  }
}
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public void calculateHeight() {
 
  // attempt 3
 
}
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public void calculateHeight() {
  int hL = (left == null) ? -1 : left.height;
  int hR = (right == null) ? -1 : right.height;
  height = 1 + Math.max(hL, hR);
}
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