CS 225
Lab 6:  Binary Tree Algorithms

Due date:  Weds 3-7-12
In this lab we create a binary tree class and use divide-and-conquer algorithms to implement some familiar methods for the class.  
Implementation notes:  

· An empty binary tree is represented by a static data member, EMPTY.  This means that there is a single object representing all empty trees simultaneously; every reference to an empty tree is a reference to this object.  So, if t1 and t2 are variables of type BinaryTree, and if both are empty trees, then t1 == t2 will return true (indicating that the two variables reference the exact same object).
· A non-empty binary tree is represented recursively; it stores a value (in a data field of type Object) for the root node, and has references (stored in data fields of type BinaryTree) to its left and right subtrees.  We cannot, of course, use == to compare two non-empty trees; we would have to write an equals method to make a logical comparison node-by-node.
What to do:

1. Start Eclipse to your workspace.
2. Add a public static method to the Util class called max.  It takes two integers as input and returns the larger int value.

3. Create a new class in the algorithms package called BinaryTree.  
4. Go to our class vault website and copy the code which provides the outline of an implementation for BinaryTree; paste this code over the entire contents of BinaryTree.java and insert your own code to finish the implementation.
5. Run your BinaryTree class and fix any problems you find.

6. To submit your lab, email me a text file for BinaryTree.java and a text file with a copy of your output.
=============================================================
package algorithms;

public class BinaryTree {


// static data field represents an empty tree

public static final BinaryTree EMPTY = new BinaryTree();

// instance data fields


protected Object value; // object stored at node


protected BinaryTree left, right; // children of node


// private constructor for the empty tree


// result: creates a tree with no stored value and 


// EMPTY subtrees


private BinaryTree() 


{



left = right = this;



value = null;


}


// public constructor for a tree with a single node


// input: value, the object to be stored in the root node


// result: creates a tree with empty subtrees and the
     //          given value stored at the root node

public BinaryTree(Object value)


{



// IMPLEMENT THIS ONE

}


// public constructor for a tree with specified root value and

     // specified subtrees


// input: value to be stored, left subtree, right subtree

public BinaryTree(Object value, BinaryTree left, BinaryTree right)


{



// IMPLEMENT THIS ONE

}


// accessor for value


public Object getValue()


{



// IMPLEMENT THIS ONE


return null; //  stub – replace with code

}


// accessor for left subtree



public BinaryTree getLeft()


{



// IMPLEMENT THIS ONE



return null; //  stub – replace with code

}

// accessor for right subtree


public BinaryTree getRight()


{



// IMPLEMENT THIS ONE


return null; //  stub – replace with code

}


// mutator for value


// input: value, the desired object to be stored at root

public void setValue(Object value)


{



// IMPLEMENT THIS ONE

}


// mutator for left subtree


// input: left, the desired left subtree


public void setLeft(BinaryTree left)


{



// IMPLEMENT THIS ONE 


}

// mutator for right subtree


// input: right, the desired right subtree


public void setRight(BinaryTree right)


{



// IMPLEMENT THIS ONE

}


// tests whether calling object is a leaf node

// returns true iff both subtrees are empty


public boolean isLeaf()


{



// IMPLEMENT THIS ONE


return false; // stub – replace with code

}

// tests whether calling object is an empty tree


public boolean isEmpty()


{



// IMPLEMENT THIS ONE



return false; // stub – replace with code


}

// recursively computes the height of a binary tree

// using divide-and-conquer algorithm

// input: void


// output: the height of this tree

// note:  the empty tree has height = -1

public int height()


{



// IMPLEMENT THIS ONE


return -1; // stub – replace with code


}


// prints a list of node values, based on preorder traversal
// using divide-and-conquer algorithm

// input: void


// result: prints to the console window the node values in 


// "preorder" order (root value, then left subtree values, then
// right subtree values)


public void preorder()


{



// IMPLEMENT THIS ONE


}


// prints a list of node values, based on postorder traversal
// using divide-and-conquer algorithm

// input: void


// result: prints to the console window the node values in 


// "postorder" order (left subtree values, then right subtree
// values, then root value)


public void postorder()


{



// IMPLEMENT THIS ONE



// use a divide-and-conquer algorithm

}


// prints a listing of node values, based on inorder traversal
// using divide-and-conquer algorithm

// input: void


// result: prints to the console window the node values in 


// "inorder" order (left subtree values, then root value, then
// right subtree values)


public void inorder()


{



// IMPLEMENT THIS ONE



// use a divide-and-conquer algorithm

}


// finds the size of the tree (number of nodes)

// using divide-and-conquer algorithm

// input: void


// output:  returns number of nodes in "this" tree

public int size()


{



// IMPLEMENT THIS ONE



return -1; // stub – replace with code


}


// Test method

public static void main(String[] args)


{



BinaryTree[] T = new BinaryTree[9];



T[0] = new BinaryTree("John"); // root



T[1] = new BinaryTree("Barb");



T[2] = new BinaryTree("Michael");



T[0].setLeft(T[1]);



T[0].setRight(T[2]);



T[3] = new BinaryTree("Aaron");



T[4] = new BinaryTree("Chris");



T[1].setLeft(T[3]);



T[1].setRight(T[4]);



T[5] = new BinaryTree("Kyle");



T[6] = new BinaryTree("Phillip");



T[2].setLeft(T[5]);



T[2].setRight(T[6]);



T[7] = new BinaryTree("Eric");



T[8] = new BinaryTree("Sam");



T[4].setRight(T[7]);



T[7].setRight(T[8]);



System.out.println("Root value is " + T[0].getValue());



// report all child values



for(int i=0; i<9; i++)



{




System.out.println("\nvalue at left of " + T[i].value + " is " + 





T[i].left.getValue());




System.out.println("value at right of " + T[i].value + " is " + 





T[i].right.getValue());



}



for(int i=1; i<9; i++)




if(T[i].isLeaf())





System.out.println("\nthere's a leaf node with value: " + 







T[i].getValue());



// test height method



System.out.println("\nHeight of an empty tree is " + EMPTY.height());



for(int i=0; i<9; i++)



{




System.out.println("Height of " + T[i].value +"'s tree is " + T[i].height());



}



// test traversal methods



System.out.println("\nHere is the tree, in preorder traversal:");



T[0].preorder();



System.out.println("\n\nHere is the tree, in postorder traversal:");



T[0].postorder();



System.out.println("\n\nHere is the tree, in inorder traversal:");



T[0].inorder();



// test size method



System.out.println("\n\nSize of an empty tree is " + EMPTY.size());



for(int i=0; i<9; i++)



{




System.out.println("Size of " + T[i].value +"'s tree is " + T[i].size());



}




}
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