Codeto do Deete

L ast time we outlined how to delete a node from a binary tree.
We broke up our work into three cases.

1) Deleting a left node
2) Deleting a node with one child
3) Deleting a node with two children.

Keep thesethreein mind, aswell as how we determined the
delete would work in these cases when looking at this code.

First, here arethe changesto the BinTreeNode class:

I/l Returnsareferenceto the parent of the node that x
Il references. |f x does not have a parent in thetree, then null is
/l returned.

public BinTreeNode parent(BinTreeNode x) {

/I Case of one node.

if ((left ==null) && (right == null))
return null;

/[ Casethat thisisthe parent.

if ((left ==x) || (right == X))
return this;

/I Recursively deter mine parent.

elseif (x.data < this.data)
return left.parent(x);

elseif (x.data > this.data)
return right.parent(x);

else
return null;



/I Returnsthe minimum value stored in thetree.
publicint minVal() {

if (left == null)
return data;

else
return left.minVal();

}

/I Returnsthe maximum value stored int hetree.
public int maxVal() {

if (right == null)
return data;
else
return right.maxVal();

}

/I Returnstrueif the current nodeis aleaf node.
public boolean isL eafNode() {

return ((left == null) & & (right == null));
}

/I Returnstrueif the current node has exactly one child
// node.
public boolean hasOneChild() {
return (lisLeafNode() & & ((left == null) || (right == null)));

}



/| Delete a nodein thetreethat storesthevaluex. If the
[/l deletion is successful, trueisreturned, otherwise falseis
Il returned and the treeisleft unchanged.

public boolean delete(int x) {

/I Checksif thenodeisin thetree.
BinTreeNode temp = sear chNode(x);
if (temp == null)

return false;

/] Takes care of deleting a leaf node.
if (temp.isL eafNode&()) {
BinTreeNode theparent = parent(temp);
if ((theparent.left '=null) & & (theparent.left.data == x))
theparent.left = null;
else
theparent.right = null;
}

/] Takes care of deleting a node with one child node.
elseif (temp.hasOneChild()) {
BinTreeNode thepar ent = par ent(temp);
if (theparent.left!=null & & theparent.left.data == x) {
if (temp.left == null)
theparent.left = temp.right;
else
theparent.left = temp.left;
}
else{
if (temp.left == null)
theparent.right = temp.right;
else
theparent.right = temp.left;

}
}



I/ Deletes node with two children
else{
int newval = temp.right.minVal();
delete(newval);
temp.data = newval;

}

return true;

}

Now, let'slook at the changesin the BinTree class:

I/l Deletes a node containing x from the binary tree. The
// method returnstrueif the deletion was done successfully.
public boolean delete(int x) {

/[ Can't delete from an empty tree.
if (root ==null)
return false;

// Deleting root node.
If (root.getData() == x) {

I/ Take care of each caseindividually
if (root.isLeafNode())
root = null;
elseif (root.nasOneChild()) {
if (root.getLeft() = null)
root = root.getL eft();
else
root = root.getRight();

}



// Two Child BinTreeNode method worksfine sincethe
I/ actual referenceroot isnot being moved.
else

return root.delete(x);

return true;
}
/I BinTreeNode method worksin all other cases.
else

return root.delete(x);

}



Order Statisticsw/a Binary Search Tree

Given abinary search tree, let's consider the problem of
finding the kth smallest item stored in thetree. Basically, the
item can bein one of three places:

1) Left side of thetree
2) root
3) Right side of thetree

If L isthe size of theleft side of the tree, then how can we
deter mine which of the three placesto look?

1) if kislessthan or equal to L
2) if k equalsL+1
)ifk>L+1

Using this, we can add some codeto the BinTreeNode and
BinTree classesto implement a method that solvesthis
problem:

/l Findsthe kth smallest item in the binary tree and returns
/l'it. 1f no such item exists, -1 isreturned.
publicint kthSmallest(int k) {

// Dealswith theinvalid case of k being too big.
if (k>size() ||k <1)
return -1;

/I calculate number of nodes on the left side of the tree.
int leftsde = 0;
if (left I=null)

leftside = left.size();



/I Recursively determine the kth smallest value.
if (k <= leftside)
return left.kthSmallest(k);
elseif (k == (leftsidetl))
return data;
else
return right.kthSmallest(k-leftside-1);

}

/I Findsthe kth smallest element in the binary tree and returns
/[ it'svalue. If thereisnot a kth smallest item, -1 isreturned.
public int kthSmallest(int k) {

if (root ==null)
return -1;
else
return root.kthSmallest(k);

}



Binary Search Tree Analysis

Her e are some of the methods to analyze:

Size&();

height();

sear chNode(int x);
minVal();

insert();

delete();

Although these are different methods, we can see that we can
fit each into one of two categories:

1) A method that " visits' each node once.
2) A method that "visits' each node IN A PATH of the tree,
once.

Clearly, all of the methods in the first group will run in O(n)
time, where n is the number of nodes in the tree. (This is
assuming that the amount of processing for each node is
constant.)

It follows that at worst case, all the methods in the second
group will run proportional to the depth of the binary tree.
Simply put, the depth isthe length of the longest path from the
root to a leaf node of the tree.

Thus, what we need to determineisthe depth of abinary tree.



First, let's consider the wor st case:

The elements are inserted in order, just the binary tree looks
likealinked list. In this case the depth isn-1, for n nodes.

Now the best case:

The elements are inserted in such a way to form a perfectly
balanced binary tree. Then the depth will be the floor(log n).
(To see this, consider that there are 2 nodes at a depth of k in
the tree. Thus, in a perfectly balanced binary tree with in
between 2 nodes and 2***-1 nodes, the depth isk.)

Finally, the aver age case:

If you look at the structure of a binary search tree, and
compareit to quick sort, what sort of smilarity do you find?

Each node is essentially a partition element. The root node is
the first partition element chosen, and then the nodes under it
are the ones chosen as partition elements in the two main
recursive calls, and this pattern continues.

In essence, the SUM of the path lengths to each node, defined
as the internal path length, in a Binary Search Tree is
IDENTICAL totherunningtime of Quick Sort.

Thus, the AVERAGE internal path length of a Binary Search
Treeis O(nlogn). This meansthat the average depth of a node
in arandom Binary Search Treeis O(nlogn)/n = O(log n).

With respect to both inserting and deleting, the averagetimeis
proportional to the average depth of a node.



