BINARY SEARCH TREES

Node representation

private class Node {

private Key key; // sorted by key

private Value val; // associated data

private Node left, right; // left and right subtrees
private int size; // number of nodes 1n subtree

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

this.val = val;

this.s1ze = size;




BINARY SEARCH TREES

Search - iterative implementation

» public Value get(Key key) {
Node x = root;
while (x !'= null) {
int cmp = key.compareTo(x.key);
1f (cmp < 0)
X = X.left;
else if (cmp > 0)
X = X.right;
else i1f (cmp == 0)
return x.val;

¥

return null;
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BINARY SEARCH TREES

Search - recursive implementation

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

¥

» private Value get(Node x, Key key) {
1f (X == null)
return null;
int cmp = key.compareTo(x.key);
if (cmp < @)
return get(x.left, key);
else 1f (cmp > @)
return get(x.right, key);
else
return x.val;
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BINARY SEARCH TREES

Insert

» public void put(Key key, Value val) {
root = put(root, key, val);
¥
private Node put(Node x, Key key, Value val) {
1f (X == null)
return new Node(key, val, 1);
int cmp = key.compareTo(x.key);
1f (cmp < 0)
x.left = put(x.left, key, val);
else 1f (cmp > @)
x.right = put(x.right, key, val);
else
x.val = val;
x.s1ze = 1 + size(x.left) + size(x.right);
return Xx;
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ORDERED OPERATIONS

Floor

" public Key floor(Key key) {
Node x = floor(root, key);
1f (x == null)

return null;
else
return x.key;

}

* private Node floor(Node x, Key key) {
if (x == null)
return null;
int cmp = key.compareTo(x.key);

1f (cmp == 0)
return Xx;
1f (cmp < 0)

return floor(x.left, key);
Node t = floor(x.right, key);
if (t !'= null)
return t;
else
return Xx,;

21

finding floor(C)
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ORDERED OPERATIONS

Rank

» Rank: How many keys < query key k.

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

// Number of keys in the subtree less than key.
private int rank(Key key, Node x) {
1f (X == null)
return 0;
int cmp = key.compareTo(x.key);
if Ccmp < 0)
return rank(Ckey, x.left);
else 1f Ccmp > 0)
return 1 + size(x.left) + rank(Ckey, x.right);
else
return size(x.left);
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DELETION IN BST

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

}

private Node delete(Node x, Key key) {
1f (X == null) return null;

int cmp = key.compareTo(x.key);
1f (cmp < 0)
x.left = delete(x.left, key);
else if (cmp > 0)
x.right = delete(x.right, key);
else {
1f (x.right == null)
return x.left;
1f (x.left == null)
return x.right;
Node t = x; //replace with successor
X = min(t.right);
x.right = deleteMin(t.right);
x.left = t.left;
ks
X.s1ze = size(x.left) + size(x.right) + 1;
return Xx;
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