
CSCI 201: Data Structures

Spring 2025

Lecture 9M: Binary Search Trees
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Goals for today:

Motivation: how to know if a collection contains an item (efficiently)? How to maintain a unique,

ordered set of items?

Use a TreeSet to maintain an ordered set of keys.

Use a TreeMap to maintain an ordered set of key-value pairs.

Implement your own BinarySearchTree:
add an item to a binary search tree.

remove an item from a binary search tree.

Check if a BST contains a key.

Use a BST to get the value associated with a key.
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How Java does it: trees!

Main things we want:
Determine if this key exists in the BST (contains, containsKey).

Ability to add (or put) a new item into a tree.

Ability to remove an item from the tree.

 import java.util.*;
 
public class TreeSetMapExamples {
 
  public static void main(String[] args) {
    TreeSet<Integer> set = new TreeSet<>();
 
    set.add(12);
    set.add(8);
    set.add(14);
    set.add(5);
    set.add(9);
    set.add(20);
 
    System.out.println(set);
    for (int item : set) {
      System.out.println(item);
    }
    System.out.println(set.contains(12));
    System.out.println(set.contains(13));
  }
}
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import java.util.*;
 
public class TreeSetMapExamples {
 
  public static void main(String[] args) {
    TreeMap<Character, Integer> map
                              = new TreeMap<>();
    String phrase = "bananabread";
    for (int i = 0; i < phrase.length(); i++) {
      Character c = phrase.charAt(i);
      if (map.containsKey(c)) {
        map.put(c, map.get(c) + 1);
      } else {
        map.put(c, 1);
      }
    }
    System.out.println(map);
    System.out.println(map.containsKey('b'));
    System.out.println(map.containsKey('f'));
  }
}
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Implementing the add method.

 public void add(E key) {
  root = add(root, key);
}
 
private Node add(Node node, E key) {
  if (node == null) {
    // last node was a leaf, create the new leaf node
    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);
  }
  return node;
}
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Exercise: implement the contains method and test it!

 public boolean contains(E key) {
    return contains(root, key);
  }
  
  private boolean contains(Node node, E key) {
    if (node == null) return false;
    int compareResult = key.compareTo(node.key);
    if (compareResult == 0) {
      return true;
    } else if (compareResult < 0) {
      return contains(node.left, key);
    } else {
      return contains(node.right, key);
    }
  }
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What happens if we do this??

int n = 20;
for (int i = 0; i < n; i++) {
  tree.add(i);
}
System.out.println(tree);
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└──(0)
│    └──(1)
│    │    └──(2)
│    │    │    └──(3)
│    │    │    │    └──(4)
│    │    │    │    │    └──(5)
│    │    │    │    │    │    └──(6)
│    │    │    │    │    │    │    └──(7)
│    │    │    │    │    │    │    │    └──(8)
│    │    │    │    │    │    │    │    │    └──(9)
│    │    │    │    │    │    │    │    │    │    └──(10)
│    │    │    │    │    │    │    │    │    │    │    └──(11)
│    │    │    │    │    │    │    │    │    │    │    │    └──(12)
│    │    │    │    │    │    │    │    │    │    │    │    │    └──(13)
│    │    │    │    │    │    │    │    │    │    │    │    │    │    └──(14)
│    │    │    │    │    │    │    │    │    │    │    │    │    │    │    └──(15)
│    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    └──(16)
│    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    └──(17)
│    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    └──(18)
│    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    │    └──(19)
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