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CSCI 201: Data Structures
Spring 2025

Lecture 9M: Binary Search Trees



Goals for today:

e Motivation: how to know if a collection contains an item (efficiently)? How to maintain a unique,
ordered set of items?

e Usea [reeSet to maintain an ordered set of keys.

e Usea IreeMap to maintain an ordered set of key-value pairs.

e ImplementyourownBinarySearchTree:
= add anitem to a binary search tree.
m remove anitem from a binary search tree.
= CheckifaBST contains a key.
m Use aBST to get the value associated with a key.
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Motivation: does a collection contains an item?

wraiss [TTTTTTT] O(n)

e LinkedL1st:

o(n)
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@ Idea: maintain sorted (ordered) items, perform binary search.
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Inspiration: binary search to see if a sorted array has an item.

BINARY SEARCH
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Binary search on our favorite data structures?

With the requirement that we can add or remove items.

s (TTTTTTT]  odd meeh 4o shifh dodhm
L o(n)

e LinkedL1ist:
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@ Idea: linked structure, maintain order between nodes.



How Java does it: trees!

Main things we want:

e Determine if this key exists in the BST (contains, containsKey).
e Ability to add (or put) a new item into a tree.
e Ability to remove anitem from the tree.

1 import java.util.s; 1 import java.util.sx;

2 2

3 public class TreeSetMapExamples { 3 public class TreeSetMapExamples {

4 4

5 public static void main(Stringl[] args) { 5 public static void main(Stringl[] args) {

§) TreeSet<Integer> set = new TreeSet<>(); 6 TreeMap<Character, Integer> map

7 7 = new TreeMap<>();
8 set.add(12); 8 String phrase = "bananabread";

9 set.add(8); 9 for (int i = 0; i < phrase.length(); i++) {
10 set.add(14); 10 Character c¢ = phrase.charAt(i);

11 set.add(5); 11 if (map.containsKey(c)) {

12 set.add(9); 12 map.put(c, map.get(c) + 1);

13 set.add(20); 13 } else {

14 14 map.put(c, 1);

15 System.out.println(set); 15 ¥

16 for (int item : set) { 16 ¥

17 System.out.printin(item); 17 System.out.println(map);

18 } 18 System.out.println(map.containsKey('b"'));
19 System.out.println(set.contains(12)); 19 System.out.println(map.containsKey('f'));
20 System.out.println(set.contains(13)); 20 }

21 ¥ 21 }

22}



Binary Search Trees (BST): maintain order between left and
right child nodes (subtrees) in relation to each node.

Main things we want:
e Determine if this key exists in the BST (contains, containsKey). We needh '}'D b{

e Ability to add (or put) a new item into a tree.
e Ability to remove an item from the tree. Ktﬂle- +t> C DW\‘PQ&

Main idea: k‘\/s

e Allitems (keys) in left subtree are < item (key) at current node; =
e Allitems (keys) in right subtree are > item (key) at current node. < , > ERopn

class BSTSet<E extends Comparable<E>> {
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class BSTMap<K extends Comparable<K>, V> {
class Node { —
public K key;
public V value;
public Node left;
public Node right;
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Retrieving the minimum & maximum item/key in a BST.
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1 public E getMin() {

2

Node node = root;
while (node.left != null) {
node = node. left;

}

return node.key;

|8

1 public E getMax() {
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}

Node node = root;
while (node.right !'= null) {
node = node.right;

}

return node.key;



See Slido # 3590710
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Which of the following would process the items (keys) from a BST in sorted

order (smallest to largest)?
O Pre-order traversal ﬁ \

. In-order traversal

O Post-order traversal

(O Level-order traversal ‘h"‘ oY *{ (‘ »
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Adding a key to a BST (add, put).

e Startatnode = root.

e fkey < node.key, need to putin left subtree (node. Left).

e Ifkey > node.Kkey, need to putin right subtree (node. right).
e Ifkey == node.key, key is already in tree! Done.

e Ifnode == null,create a newNode to hold this key.

add (10) add (1F)
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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) {

return new Node(key);

}
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11 int compareResult = key.compareTo(node.key);

12 if (compareResult < 0) {

13 node.left = add(node.left, key);
14  } else if (compareResult > 0) {

15 node.right = add(node.right, key);
16}

17 return node;

18 }

// last node was a leaf, create the new leaf 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); e @
if (compareResult == 0) {
return true;
10 } else if (compareResult < 0) {
11 return contains(node.left, key);
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12 } else {
13 return contains(node.right, key);
14 }

@
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Removing an item/key from a BST:

e Startatnode = root.

e Ifkey < node.key, need to remove node in left subtree (node. Left).
e If key > node.key, need to remove node in right subtree (node. right).

e Ifkey == 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-nu L 1) child nodes? e_
» Find node (ninNode) with minimum key in node. right (right subtree). a /
= Replace node. key withminNode. key.

= Now we remove minNode from right subtree. L ATV € ( , L{' )
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remove examples.
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Exercise: draw the tree after the following calls to add and remove.

Work on the whiteboards in groups.

e add: 55,65, 58, 75, 90 “ZvwAD (40} rewro g (60)
e then remove: 70, 60, 50 minNﬂA(,’-?S minNode ° ¢S
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What happens if we do this??

int n = 20;
for (int 1 = 0; i < n; i++) {
tree.add(1i);

}

System.out.println(tree);
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Additional notes:

e Techniques to balance trees next class!

e Homework 7 due on Thursday 4/17: implement a max-heap.

e Thereis also an optional Homework 7 challenge problem.

e See Oracle's documentation for TreeSet:
https://docs.oracle.com/javase/8/docs/api/java/util/TreeSet.html

e See Oracle's documentation for T reeMap:
https://docs.oracle.com/javase/8/docs/api/java/util/TreeMap.html

alR: 50 60,0

. rotate

“ — Vi

\
Y 4%

17



