Notes: CS203, 08/01/07




Naeiri Cholakian
Notes on matrix multiplication homework:

Ex: 
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We can use the expression: R[i] [k] + = A [i] [j] * B[j][k]; in our for loop.
For (i) {


For (j) {



For (k) {



}


}

}



Notes on HW5:


The last homework will be using trees and “inorder”, “pre-order”, and “post-order” expressions.

Examples:

Inorder:   2*5+6-5*3

Preorder:  - + * 2 5 6 * 5 3

Postorder: 2 5 * 6 + 5 3 * - 

Note: the precedent of the operation ( ( ), [ ]) in the pre and post-order expression are built into the expression itself. 


Binary Trees and Binary Search Trees:

Review:

The height of a tree is the length of the path from the root node to its furthest leaf.
The depth of a node n is the length of the path from the root to the node. The set of all nodes at a given depth is sometimes called a level of the tree. The root node is at depth zero.

A full binary tree, or proper binary tree, is a tree in which every node has zero or two children.

A complete binary tree (CBT) may also be defined as a full binary tree in which all leaves are at depth n or n-1 for some n. It’s also a full binary tree with all its leaves at the same level.

An almost complete binary tree is a tree that’s complete through level h-1 and at level h is full from left to right. Stated alternately, an almost complete binary tree is a tree where for a right child, there is always a left child, but for a left child there may not be a right child.

# leaves CBT: 2 ^h

# of internal nodes CBT: (2^h)-1

Total # of nodes of CBT:  (2^(h+1)) -1

Height of CBT with n nodes: 


n= 2^(h+1) -1 


n+1 = 2^(h+1)


lg(n+1) = h+1 ( h = lg(n+1) -1 ≈ [lg n] 

Ex: n=15 ( h = lg (n+1) -1 = 3 
lgn = lg 15 <= lg 16 = 4 ( [lg n ] = 3
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Binary search tree (BST): is a binary tree data structure which has the following properties:

-Each node has a value.
-A total order is defined on these values.
-The left sub tree of a node contains only values less than the node's value.

-The right sub tree of a node contains only values greater than or equal to the node's value.

Other BST Properties:  assume x is a node in BST



     If y is in the left sub tree of x




     Then key(x) > (or equal) key (y)

Note: key() is the value of a node 




     If y is in the right sub tree of x




     Then  key(x) < (or equal) key(y)

Note: A BST does not have to be full, complete, or nearly complete. It is just a binary tree.

Example:
Given values: 5, 3, 10, 7, 9, 4, 1, 2    how we can build a BST:
Let’s pick 5 as the root then since 3 < 5 then it becomes the left part of the sub tree. 
Therefore, 10 is in the right part of the subtree. Then moving on 7, since 7<10 it’s put in the left subtree and so on.
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Obviously this is not the most efficient BST we can build so by moving around the numbers we can make it better.

In a Balanced Binary Tree, the number of nods on one side of the subtree is either equal or just one more than the number of nods on the other side of the subtree.

To have an optimally balanced tree, we should always pick the root to be the middle number from the set of given numbers.

Examples:

Given: 1, 4, 5, 10, 16, 17, 21 build a BST with h=2.



As we can see this BST is balanced and has the middle number as its root.

    

A BST with h=3:

This tree in turn is not balanced.

Another BST with h=4:




h=5:
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h=6:
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Traversing BST:

P = parent, L = left, R= right
Pre-order (PLR):

From the above example with h=2 :  10, 4, 1, 5, 17, 16, 21

Post-order (LRP): (h=2):  

1, 5, 4, 16, 21, 17, 10 

In-order (LPR): (h=2):

1, 4, 5, 10, 16, 17, 21 

Notice the in-order expression turns out to be the sorted presentation of our numbers. 

How long an in-order traversing take? 

It’s linear. We hit each node exactly once. ( O (n)

We can also print a sorted representation of our BST in linear time (n).

The fastest sorting algorithm with n random numbers has a time factor of O(nlgn) 

We know that inserting into a sorted array has a time factor of O(lgn+n) = O(n)
And the amount of time that it takes to print this sorted array is: O(n)

Inserting into BST depends on the height h. therefore the amount of time it takes to insert in a BST is O(h).

The worst case is when: h<(or equal to) n 

The best case is when: h = [lgn] 

( [lg n ] < h < n 

Therefore, the amount of time it takes to inert in a BST is between [lgn ] and n. This in turn depends on how balanced our BST is. 

BST operates slightly faster than an array. The height of a balanced BST is lgn which is the running time of a binary search. 

Searching through a BST to see of the value k exists or not: (recursively)
Node search (Node n, key k) {


If (n == null) {





Note:


Return null;




Node {










Key k 

If (n.k == k) {






Node left



Return n;





Node right


}







}

If (n.k < k) {


Return search (n.right, k);

}

Return search (n.left, k );

}

  Searching for the value k iteratively:

Node search (Node n, key k) {


While ( n!= null AND n.k !=k ){



If (n.k <k ){




n= n.right;



}



Else {




n= n.left;



}


}


Return n 

}
Implementing a Binary tree in java:

public class BinaryNode {


private Object value;


private BinaryNode left;


private BinaryNode right;


public BinaryNode (Object value, BinaryNode left, BinaryNode right) {



this.value = value;



this.left = left;



this.right = right;


}


public BinaryNode getLeft() {



return left;


}


public BinaryNode getRight() {



return right;


}


public Object getValue() {



return value;


}


public void setLeft(BinaryNode left) {



this.left = left;


}


public void setRight(BinaryNode right) {



this.right = right;


}

}

public class BinaryTree {


private BinaryNode root;


public BinaryTree(BinaryNode root) {



this.root = root;


}


public void insert(BinaryNode node) {



if (root.getLeft() == null) {




root.setLeft(node);



}



else if (root.getRight() == null) {




root.setRight(node);



}



else {




BinaryNode n = root.getLeft();




while (n != null) {





n = n.getLeft();




}




n.setLeft(node);



}


}


public void inorder(BinaryNode node) {



if (node == null) {




return;



}



inorder(node.getLeft());



System.out.println(node.getValue()); // visit the node



inorder(node.getRight());


}

}
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