CMSC 132, Object-Oriented Programming II Summer 2015

Lecture 14

Lecturer: Anwar Mamat

Disclaimer: These notes may be distributed outside this class only with the permission of the Instructor.

14.1 Binary Search Tree

A binary search tree is a rooted binary tree, in which key in each node must be greater than all keys stored
in the left sub-tree, and smaller than all keys in right sub-tree. InOrder traversal of a binary search tree
sorts all keys.

Figure 14.1: Binary Search Tree

InOrder traversal of the binary search tree shown in Figure 14.1: 1,3,4,6,7,8,10,13,14

Figure 14.2: Binarty Search Tree
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InOrder traversal of the binary search tree shown in Figure 14.1: A,B,C,D.E,F,G,H,I

14.1.1 Binary Search Tree Implementation

Listing 1: Binary Search Tree

public class BST<Key extends Comparable<Key>, Value> {
private Node root;
private class Node{
private Key key;
private Value value;
private Node left , right;
public Node(Key k, Value v){
key = k;
value = v;
}
}
BST(){
root = null;
}

BST(Node r){
this.root = r;
}

public void put(Key key, Value val){
if(val = null) {
delete (key);

return;

}
root = put(root, key, val);
//dumpToGraphViz ();

}

private Node put(Node x, Key key, Value val){
if(x = null) { return new Node(key,h val);}
int cmp = key.compareTo(x.key);
if(cmp < 0) {x.left = put(x.left, key, val);}
else if (cmp > 0) {x.right = put(x.right, key, val);}
else {x.value = val;}
return x;

}

public Value get(Key key){
return get(root, key);
¥

private Value get(Node x, Key key){
if (x = null) return null;
int cmp = key.compareTo(x.key);
if (cmp < 0) return get(x.left , key);
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else if(cmp > 0) return get(x.right, key);
else return x.value;

)

public void delete (Key key){
root = delete (root, key)
}

public Value value(){
return root.value;
}

public String info (){
return root.key + ”/” + root.value;
}

public BST<Key, Value> getLeft (){
return new BST(root.left );
}

public BST<Key, Value> getRight (){
return new BST(root.right);
}

private Node delete (Node x, Key k){
if (x = null) return null;
int cmp = k.compareTo(x.key);
if(cmp < 0) x.left = delete(x.left, k);
else if (cmp > 0) x.right = delete(x.right, k);
else{
if(x.right = null) return x.left;
if(x.left = null) return x.right;
Node t = x;
x = min(t.right);
x.right = deleteMin (t.right );
x.left = t.left;

}

return x;

}

public void deleteMin (){
deleteMin (root );

}
private Node deleteMin (Node x){
if(x.left = null) return x.right;
x.left = deleteMin (x.left );
//System . out. printin ("Key=" + z.key + "\tValue=" + z.value);
return x;
}

public void deleteMax (){
root = deleteMax (root );
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}

private Node deleteMax (Node x){
if (x.right = null) return x.left ;
x.right = deleteMax(x.right );
return x;

}

public Key min(){
if (isEmpty ()) return null;
return min(root ). key;

}

private Node min(Node x){
if (x.left = null) return x;
return min(x.left);

}

public Key max(){
if (isEmpty ()) return null;
return max(root).key;

}

private Node max(Node x){
if (x.right = null) return x;
return max(x.right);

}

public boolean isEmpty (){
return size () = 0;

}

public int size (){
return size (root);

}
private int size (Node x){
if (x = null) return 0;
else return 1 + size(x.left) + size(x.right);
}
private int height (Node r){
if (r = null) return —1;
return 1 + Math.max(height (r.left ), height(r.right));
}

public int height (){

return height (root);

}

public boolean contains(Key key){
return get(key) = null;
}
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public void preOrder (){
preOrder (root );

}

private void preOrder (Node r){
if (r = null) return;
System.out.print (r.key+",”);
preOrder(r.left );
preOrder(r.right);

}

public void postOrder(){
postOrder (root );

}

private void postOrder (Node r){
if (r = null) return;
postOrder (r.left );
postOrder(r.right );
System .out.print (r.key+",” );

}

public void inOrder (){
inOrder (root );

}

private void inOrder (Node r){
if (r = null) return;
inOrder(r.left );
System.out.print (r.key+",”);
inOrder (r.right );

}

public void levelOrder (){
levelOrder (root );

}
private void levelOrder (Node r){
if( r = null) return;
Queue<Node> q = new LinkedList ();
q.offer (r);
while (!q.isEmpty ()){
Node t = q.poll();//pop
System .out.print (7<”’+4t.key+” ,”7+t . value+”>");
if(t.left != null) q.offer(t.left);
if(t.right != null) q.offer(t.right);
}
}
public static void main(String [] args) {
BST<Integer , String> bst = new BST();
bst.put(100,” Alice” );
bst.put(200,”Bob” );
}
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14.1.2 Non Recursive Implementation

Listing 2: Binary Search Tree

/KKK K KRR KK SR SR R SR SR SR SR SR SR R R R R R R R KRR K K K KKK SR SR R SR R SR SR SR SR R R R R K K K K K K KKK KKK oK ok
x Copyright 200222010, Robert Sedgewick and Kevin Wayne.

Compilation: javac NonrecursiveBST. java

Execution : java NonrecursiveBST < input. txt

iteration instead of recursion for put(), get(), and keys().

*
*
*
x A symbol table implemented with a binary search tree wusing
*
* *
*k

***********>l<>l<******>k******>|<****>l<>l<****>|<*>k********************************/
public class NonrecursiveBST<Key extends Comparable<Key>, Value> {

// root of BST
private Node root;

private class Node {

private Key key; // sorted by key
private Value val; // associated wvalue
private Node left , right; // left and right subtrees

public Node(Key key, Value val) {
this.key = key;
this.val = val;

/o o o K KKK R KKK KKK KK K R R R SR SR R oK o o o o KK KK KKK KKK R R R oK R R K oK o ok o o K K K KK K
x  Insert key—value pair into symbol table (nonrecursive version)
S oK oK ok o ok oK oK oK oK o K K KKK KKK KKK SR R R R R K K R SR R K R K KKK K KKK KRR R R oK ok ok R R Rk ok ko %/
public void put(Key key, Value val) {
Node z = new Node(key, val);
if (root = null) {
root = z;
return;

}

Node parent = null, x = root;
while (x != null) {
parent = x;
int cmp = key.compareTo(x.key);
if (cmp < 0) x = x.left;
else if (cmp > 0) x = x.right;
else {
x.val = val;
return;
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}

int cmp = key.compareTo(parent.key);
if (cmp < 0) parent.left = z;
else parent.right = z;

/R kR R K K R R SRR KR KRR R K SR SR SRR KR KRR R SR K SR SR SRR KR KRR R SR R SR SR SRR KRR R R R R SR KKK K KRR R K ok ok o
* Search BST for given key, monrecursive version
S oK oK oK ok oK K K K K S R R R R KR KKK KK KKK KK K SR R K K K SR SR R SR R R R R R R KKK KK KKK R SR SR K K K K SR SRR Rk ok /
Value get (Key key) {
Node x = root;
while (x != null) {
int cmp = key.compareTo(x.key);
if (cmp < 0) x = x.left;
else if (cmp > 0) x = x.right;
else return x.val;

}

return null;

}

/R R KK SRR KKK SRR KKK SRR KK KR SRR KKK SR R K KR SRR KK SR R K KK SRR K KK ROk K Kk o
x Level—order traversal — need to make nonrecursive.
S K oK ok o ok oK oK oK o o o R R KKK KKK KKK R R R R K K K K SR R S R K KR KK KKK KRR R oK oK ok ok ok R ok ok ok ko %/
public Iterable<Key> keys() {
Stack<Node> stack = new Stack<Node>();
Queue<Key> queue = new Queue<Key>();
Node x = root;
while (x != null || !stack.isEmpty()) {
if (x !'= null) {
stack .push(x);
x = x.left;
}
else {
x = stack.pop();
queue.enqueue (x.key);
x = x.right;
}
}

return queue;

/o o o K K KKK KKK KKK R R R SR R R SR R o o o o KK KKK KKK KKK K K K oK R R o oK o ok o o K K K K K K
* Test client
3k 3K 3k sk K sk 3k sk Sk K sk sk 3k Sk R sk sk 3k sk 3k sk Sk R sk sk 3k Sk Rk Sk R sk sk sk Sk R sk sk >k sk 3k sk Sk R sk sk 3k Sk R sk Sk 3k sk sk sk Sk R sk sk K Sk R Sk Sk R sk sk 3k Sk R sk sk ok sk K]
public static void main(String[] args) {

String [] a = StdIn.readAllStrings ();

int N = a.length;

NonrecursiveBST<String , Integer> st = new NonrecursiveBST<String , Integ

for (int i = 0; i < N; i++)

er >();
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st.put(a[i], i);
for (String s : st.keys())
StdOut. println (s + 7.7

+ st.get(s));
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