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private class Node

{

private Key key;
private Value val;
private Node left, right;

public Node (Key key, Value val)
{

this.key key;
this.val = val;
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public class BST<Key extends Comparable<Key>, Value>
{

private Node root;

private class Node
{ /* see prev slides */ }

public void put (Key key, Value val)
{ /* see next slides */ }

public Value get (Key key)
{ /* see next slides */ }

public void delete (Key key)
{ /* see next slides */ }

public Iterable<Key> iterator ()
{ /* see next slides */ }
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public 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;
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public Value get (Key key) {
return get(root, key):;

}

public 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);
else if (cmp > 0) return get(x.right, key);
else return x.val;
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public void put (Key key, Value val)
{ root = put(root, key, wval); }

private Node put (Node x, Key key, Value val)
{

if (x == null) return new Node (key, 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, wval);
else x.val = val;

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

private Node min (Node x) ({
if (x.left == null) return x;
else return min(x.left);
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public Key max() ({
if (isEmpty()) return null;
return max (root) .key;

private Node max (Node x) ({
if (x.right == null) return x;
else return max(x.right);
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floor (G) ﬁublic Key floor (Key key)

Node x = floor (root, key):
if (x == null) return null;
return x.key;

}

private Node floor (Node x, Key key)
{

if (x == null) return null;
int cmp = key.compareTo (x.key) ;
if (cmp == 0) return x;

if (cmp < 0) return floor(x.left, key);

Node t = floor(x.right, key);
if (t '= null) return t;
else return x;
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.. . private class Node
public int size() (

{ return size(root); } private Key key;

private int size (Node x) SEERTEED WEED TR
{ private Node left;

if (x == null) return O; private Node right;

return x.N; private int N;
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public void put(Key key, Value val) -To°
{ root = put(root, key, wval); }

private Node put(Node x, Key key, Value val)
{

if (x == null) return new Node (key, 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, wval);
else x.val = val;

x.N =1 + size(x.left) + size(x.right);

return x;
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public int rank (Key key)
{ return rank(key, root); }

private int rank (Key key, Node x)
{

if (x == null) return O;

int cmp = key.compareTo (x.key) ;

if (cmp < 0) return rank(key, x.left);

else if (cmp > 0) return 1 + size(x.left) + rank(key, x.right);
else return size(x.left);

1090 - asly Hlalslw - (5q18) ol s



O(A3))

K sa; badlds 8l ol

public Key select(int k)

{
if (k < 0 |] k > size()) return null;

Node x = select(root, k);
return x.key;

private Node select(Node x, int k)

{

if (x == null) return null;

int t = size(x.left);

if (k < t) return select(x.left, k);

else if (k > t) return select(x.right, k - t - 1);
else return x;
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public Iterable<Key> keys () .%@g)JLﬂto‘JA%L*%
{ .
Queue<Key> q = new Queue<Key>() ; fo> S0 ) e ul~° ) Lo.u
inorder (root, q); . o
return q; (o Ay ddo, 0,5 daslsl
} . .o C e .
.w‘) W)dﬁ’) “."'.t")"ul'.‘.“ u...uLo.u
private void inorder (Node x, Queue<Key> q)
{
if (x == null) return;

inorder (x.left, q);
g.enqueue (x.key) ;
inorder (x.right, q);
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public void deleteMin () ({
root = deleteMin (root) ;

}

private Node deleteMin (Node x) ({

if (x.left == null) return x.right;
xX.left = deleteMin(x.left);

x.N =1 + size(x.left) + size(x.right);
return x;
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public Void delete (Key key)
{ root = delete(root, key); }

private Node delete (Node x, Key key)
{

if (x == null) return null;

int cmp = key.compareTo (x.key) ;

if (cmp < 0) x.left = delete(x.left, key);
else if (cmp > 0) x.right = delete(x.right, key);
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;

}
x.N =1 + size(x.left) + size(x.right);

return x;
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public static <Key extends Comparable <Key>> void sort (Key[] a)
{
BST<Key, Integer> bst = new BST() ;
for (int i = 0; i < a.length; i++)
bst.put(al[i], 1i);
int i = 0;
for (Key key : bst.inorder())
af[i++] = key;
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