CSC 230 “Data Structures”

Final Exam (ALL)
Fall 2004
I.1. Given the attached BinarySearchTree and BinaryTree implementations for the corresponding abstract data structures, provide an implementation for the copy constructor method. Its prototype is listed below :   

//==============================================================

//
Constructs a new binary search tree which is an identical copy of the method’s    //
argument binary search tree (tree). The original binary search tree (the argument //
tree) does NOT get destroyed in the process ! //==============================================================

   public BinarySearchTree (BinarySearchTree tree) 
This method (public BinarySearchTree (BinarySearchTree tree)) will create a new binary search tree which is an identical copy of the method’s argument binary search tree (tree). The original binary search tree (the argument tree) should NOT get destroyed in the process ! For example, if the elements 6 2 9 -11 4 7 10 -2 3 8 -5 -1 are inserted into initially empty Binary Search Tree in the given order, the following tree bST results: 

[image: image1]
An identical copy bSTCopy is created that contains the same elements stored into an identical node structure : 

[image: image2]
In addition, the original tree bST is not destroyed or modified during this process. 
Attachment :
//*******************************************************************

//

// BinarySearchTree.java


Authors: Lewis/Chase

//

// Implements the BinarySearchTreeADT interface with links

//*******************************************************************

package jss2;

import jss2.exceptions.*;

import jss2.*;

import java.io.*;

import java.util.Iterator;

import java.util.StringTokenizer;

public class BinarySearchTree 
extends BinaryTree implements BinarySearchTreeADT {

   //================================================================

   //  Creates an empty binary search tree.

   //================================================================

   public BinarySearchTree() 

   {

      super();

   }  // constructor BinarySearchTree

   //================================================================

   //  Creates a binary search with the specified element as its

   //  root.

   //================================================================

   public BinarySearchTree (Comparable element) 

   {

      super (element);

   }  // constructor BinarySearchTree

   //=========================================================

//  Constructs an identical copy binary search tree. The
//  original tree does NOT get destroyed in the process ! 

//=========================================================

   public BinarySearchTree (BinarySearchTree tree) 

   {

Iterator levOrdIt = tree.iteratorLevelOrder();

CircularArrayQueue levOrdQue = 
new CircularArrayQueue();

while (levOrdIt.hasNext())

levOrdQue.enqueue(levOrdIt.next());

Object curEl = null;

while (! levOrdQue.isEmpty()) {

curEl = levOrdQue.dequeue();

if (! curEl.equals("null")) {

addElement((Comparable) curEl);

} else {

}

}

   } // Copy constructor BinarySearchTree

   //================================================================

   //  Adds the specified object to the binary search tree in the

   //  appropriate position according to its key value.  Note that

   //  equal elements are added to the right.

   //================================================================

   public void addElement (Comparable element) 

   {

      BinaryTreeNode temp = new BinaryTreeNode (element);

      if (isEmpty())

         root = temp;

      else 

      {

         BinaryTreeNode current = root;

         boolean added = false;

         while (!added) 

         {

            if (element.compareTo(current.element) < 0)

               if (current.left == null) 

               {

                  current.left = temp;

                  added = true;

               } //if

              else

                  current = current.left;

              else

                  if (current.right == null) 

                  {

                     current.right = temp;

                     added = true;

                  } //if

                  else

                     current = current.right;

         }//while

      }//else

      count++;

   }  // method addElement

   //================================================================

   //  Removes the first element that matches the specified target

   //  element from the binary search tree and returns a reference to

   //  it.  Throws a ElementNotFoundException if the specified target

   //  element is not found in the binary search tree.

   //================================================================

   public Comparable removeElement (Comparable targetElement) throws

   ElementNotFoundException 

   {

      Comparable result = null;

      if (!isEmpty())

         if (targetElement.equals(root.element)) 

         {

            result = (Comparable) root.element;

            root = replacement (root);

            count--;

         } //if

        else 

        {

            BinaryTreeNode current, parent = root;

            boolean found = false;

            if (targetElement.compareTo(root.element) < 0)

               current = root.left;

            else

               current = root.right;

            while (current != null && !found) 

            {

               if (targetElement.equals(current.element)) 

               {

                  found = true;

                  count--;

                  result = (Comparable) current.element;

                  if (current == parent.left)

                     parent.left = replacement (current);

                  else

                     parent.right = replacement (current);

               } //if

              else 

              {

                  parent = current;

                  if (targetElement.compareTo(current.element) < 0)

                     current = current.left;

                  else

                     current = current.right;

               } //else

            } //while

            if (!found)

               throw new ElementNotFoundException("binary tree");

         } //else

      return result;

   }  // method removeElement

   //================================================================

   //  Removes elements that match the specified target

   //  element from the binary search tree 

   //  Throws a ElementNotFoundException if the sepcified target

   //  element is not found in the binary search tree.

   //================================================================

   public void removeAllOccurrences (Comparable targetElement) throws

   ElementNotFoundException 

   {

      removeElement(targetElement);

      try


 {


   while (contains(targetElement))

          removeElement(targetElement);


 }


 catch (Exception ElementNotFoundException)


 {


 }

   }  // method removeAllOccurrences

   //================================================================

   //  Removes the node with the least value from the binary search

   //  tree and returns a reference to its element.  Throws an

   //  EmptyBinarySearchTreeException if the binary search tree is

   //  empty. 

   //================================================================

   public Comparable removeMin() throws EmptyCollectionException 

   {

      Comparable result = null;

      if (isEmpty())

           throw new EmptyCollectionException ("binary tree");

      else 

      {

         if (root.left == null) 

         {

            result = (Comparable) root.element;

            root = root.right;

         } //if

         else 

         {

            BinaryTreeNode parent = root;

            BinaryTreeNode current = root.left;

            while (current.left != null) 

            {

               parent = current;

               current = current.left;

            } //while

            result = (Comparable) current.element;

            parent.left = current.right;

         } //else

         count--;

      } //else

      return result;

   }  // method removeMin

   //================================================================

   //  Removes the node with the highest value from the binary

   //  search tree and returns a reference to its element.  Throws an

   //  EmptyBinarySearchTreeException if the binary search tree is

   //  empty. 

   //================================================================

   public Comparable removeMax() throws EmptyCollectionException 

   {

      Comparable result = null;

      if (isEmpty())

           throw new EmptyCollectionException ("binary tree");

      else 

      {

         if (root.right == null) 

         {

            result = (Comparable) root.element;

            root = root.left;

         } //if

         else 

         {

              BinaryTreeNode parent = root;

              BinaryTreeNode current = root.right;

              while (current.right != null) 

              {

                 parent = current;

                 current = current.right;

              } //while

              result = (Comparable) current.element;

              parent.right = current.left;

           } //else

         count--;

      } //else

      return result;

   }  // method removeMax

   //================================================================

   //  Returns the element with the least value in the binary search

   //  tree.  It does not remove the node from the binary search

   //  tree.  Throws an EmptyBinarySearchTreeException if the binary

   //  search tree is empty.

   //================================================================

   public Comparable findMin() throws EmptyCollectionException 

   {

      Comparable result = null;

      if (isEmpty())

           throw new EmptyCollectionException ("binary tree");

      else 

      {

         BinaryTreeNode current = root;

         while (current.left != null)

            current = current.left;

         result = (Comparable) current.element;

      } //else

      return result;

   }  // method findMin

   //================================================================

   //  Returns the element with the highest value in the binary

   //  search tree.  It does not remove the node from the binary

   //  search tree.  Throws an EmptyBinarySearchTreeException if the 

   //  binary search tree is empty.

   //================================================================

   public Comparable findMax() throws EmptyCollectionException 

   {

      Comparable result = null;

      if (isEmpty())

           throw new EmptyCollectionException ("binary tree");

      else 

      {

         BinaryTreeNode current = root;

         while (current.right != null)

            current = current.right;

        result = (Comparable) current.element;

      } //else

      return result;

   }  // method findMax

   //================================================================

   //  Returns a reference to the specified target element if it is

   //  found in the binary tree.  Throws a NoSuchElementException if

   //  the specified target element is not found in the binary tree.

   //================================================================

   public Object find (Comparable targetElement) throws ElementNotFoundException 

   {


 BinaryTreeNode current = root; 


 BinaryTreeNode temp = current;

      if (!(current.element.equals(targetElement)) && (current.left !=null)&&(((Comparable)current.element).compareTo(targetElement) > 0))



current = findagain( targetElement, current.left);

      else if (!(current.element.equals(targetElement)) && (current.right != null)) 



current = findagain( targetElement, current.right); 

      if (!(current.element.equals(targetElement)))

         throw new ElementNotFoundException ("binarytree");

      return current.element;

   }  // method find

   //================================================================

   //  Returns a reference to the specified target element if it is

   //  found in the binary tree.  

   //================================================================

   private BinaryTreeNode findagain (Comparable targetElement, BinaryTreeNode next) 

   {


 BinaryTreeNode current = next;

      if (!(next.element.equals(targetElement)) && (next.left !=null) &&(((Comparable)next.element).compareTo(targetElement) > 0))

 

next = findagain( targetElement, next.left); 


 else if (!(next.element.equals(targetElement)) && (next.right != null))

 

next = findagain( targetElement, next.right);                     


 return next;

   }  // method findagain

   //================================================================

   //  Returns a reference to a node that will replace the one

   //  specified for removal.  In the case where the removed

   //  node has two children, the inorder predecessor is used

   //  as its replacement.

   //================================================================

   protected BinaryTreeNode replacement (BinaryTreeNode node) 

   {

      BinaryTreeNode result = null;

      if ((node.left == null)&&(node.right==null))

            result = null;

      else if ((node.left != null)&&(node.right==null))

            result = node.left;

      else if ((node.left == null)&&(node.right != null))

            result = node.right;

      else

      {

            BinaryTreeNode current = node.left;

            BinaryTreeNode parent = node;

            while (current.right != null) 

            {

               parent = current;

               current = current.right;

            }//while

            parent.right = current.left;

            result = current;

      }//else

      return result;

   }  // method replacement

  public static void main(String[] args) throws FileNotFoundException, IOException {

    if (args.length < 1) {

      System.out.println("Usage : java BinarySearchTree <Input File Name>");

      System.out.println("Input file is expected to contain int elements for the tree.");

      System.exit(1);

    } else {

      BinarySearchTree bST = new BinarySearchTree();

      String inFileName = args[0];

      BufferedReader inFile = new BufferedReader (new FileReader (inFileName));

      String els = inFile.readLine();

      System.out.println("Elements for the tree read as : " + els);

      StringTokenizer elsST = new StringTokenizer (els);

      // Build the original tree

      while (elsST.hasMoreTokens()) 


bST.addElement(new Integer (Integer.parseInt(elsST.nextToken())));

      System.out.println("Original tree built as : \n" + bST);

      // Build the copy of the tree

      BinarySearchTree bSTCopy = new BinarySearchTree (bST);

      System.out.println("Copy of the original tree built as : \n" + bSTCopy);

      System.out.println("Original tree has not been destroyed and is still : \n" + bST);

    }

  } // main

}  // class BinarySearchTree
//*******************************************************************

//

//      BinaryTree.java


Authors:  Lewis/Chase

//

//
   Implements the BinaryTreeADT interface

//*******************************************************************

package jss2;

import java.util.Iterator;

import jss2.exceptions.*;

public class BinaryTree implements BinaryTreeADT 

{

   protected int count;

   protected BinaryTreeNode root; 

   //================================================================

   //  Creates an empty binary tree.

   //================================================================

   public BinaryTree() 

   {

      count = 0;

      root = null;

   }  // constructor BinaryTree

   //================================================================

   //  Creates a binary tree with the specified element as its root.

   //================================================================

   public BinaryTree (Object element) 

   {

      count = 1;

      root = new BinaryTreeNode (element);

   }  // constructor BinaryTree

   //================================================================

   //  Constructs a binary tree from the two specified binary trees.

   //================================================================

   public BinaryTree (Object element, BinaryTree leftSubtree,

                                      BinaryTree rightSubtree) 

   {


 root = new BinaryTreeNode (element);


 count = 1;


 if (leftSubtree != null)


 {



count = count + leftSubtree.size();



root.left = leftSubtree.root;


 }//if


 else



root.left = null;


 if (rightSubtree !=null)


 {



count = count + rightSubtree.size(); 


 
root.right = rightSubtree.root;


 }//if


 else



root.right = null;

   }  // constructor BinaryTree

   //================================================================

   //  Removes the left subtree of this binary tree.

   //================================================================

   public void removeLeftSubtree() 

   {

      if (root.left != null)



count = count - root.left.numChildren() - 1;

      root.left = null;

   }  // method removeLeftSubtree

   //================================================================

   //  Removes the right subtree of this binary tree.

   //================================================================

   public void removeRightSubtree() 

   {

      if (root.right != null)



count = count - root.right.numChildren() - 1; 

      root.right = null;

   }  // method removeRightSubtree

   //================================================================

   //  Deletes all nodes from the binary tree.

   //================================================================

   public void removeAllElements() 

   {

      count = 0;

      root = null;

   }  // method removeAllElements

   //================================================================

   //  Returns true if the binary tree is empty and false otherwise.

   //================================================================

   public boolean isEmpty() 

   {

      return (count == 0);

   }  // method isEmpty

   //================================================================

   //  Returns true if the binary tree is empty and false otherwise.

   //================================================================

   public int size() 

   {

      return count;

   }  // method size

   //================================================================

   //  Returns true if the tree contains an element that matches the

   //  specified target element and false otherwise.

   //================================================================

   public boolean contains (Object targetElement) 

   {

      Object temp;

      boolean found = false;

      try 


 {

         temp = find (targetElement);

         found = true;

      }//try

      catch (Exception ElementNotFoundException) 


 {

         found = false;

      }//catch

      return found;

   }  // method contains

   //================================================================

   //  Returns a reference to the specified target element if it is

   //  found in the binary tree.  Throws a NoSuchElementException if

   //  the specified target element is not found in the binary tree.

   //================================================================

   public Object find (Object targetElement) throws ElementNotFoundException 

   {


 BinaryTreeNode current = root; 


 BinaryTreeNode temp = current;

      if (!(current.element.equals(targetElement)) && (current.left !=null))



current = findagain( targetElement, current.left);


 if (!(current.equals(targetElement)))



current = temp;

      if (!(current.element.equals(targetElement)) && (current.right != null)) 



current = findagain( targetElement, current.right); 

      if (!(current.element.equals(targetElement)))

         throw new ElementNotFoundException ("binarytree");

      return current.element;

   }  // method find

   //================================================================

   //  Returns a reference to the specified target element if it is

   //  found in the binary tree.  

   //================================================================

   private BinaryTreeNode findagain (Object targetElement, BinaryTreeNode next) 

   {


 BinaryTreeNode current = next;

      if (!(next.element.equals(targetElement)) && (next.left !=null))

 

next = findagain( targetElement, next.left); 


 if (!(next.equals(targetElement)))



next = current;

      if (!(next.element.equals(targetElement)) && (next.right != null))

 

next = findagain( targetElement, next.right);                     


 return next;

   }  // method findagain

   //================================================================

   //  Returns a string representation of the binary tree.

   //================================================================

   public String toString() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      preorder (root, templist);

      return templist.toString();

   }  // method toString

   //================================================================

   //  Performs an inorder traversal on the binary tree by calling an

   //  overloaded, recursive inorder method that starts with

   //  the root.

   //================================================================

   public Iterator iteratorInOrder() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      inorder (root, templist);

      return templist.iterator();

   }  // method inorder

   //================================================================

   //  Performs a recursive inorder traversal.

   //================================================================

   protected void inorder (BinaryTreeNode node, ArrayUnorderedList templist) 

   {

      if (node != null) 

 
 {

         inorder (node.left, templist);

         templist.addToRear(node.element);

         inorder (node.right, templist);

      }//if

   }  // method inorder

   //================================================================

   //  Performs an preorder traversal on the binary tree by calling an

   //  overloaded, recursive preorder method that starts with

   //  the root.

   //================================================================

   public Iterator iteratorPreOrder() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      preorder (root, templist);

      return templist.iterator();

   }  // method preorder

   //================================================================

   //  Performs a recursive preorder traversal.

   //================================================================

   protected void preorder (BinaryTreeNode node, ArrayUnorderedList templist) 

   {

      if (node != null) 


 {

         templist.addToRear(node.element);

         preorder (node.left, templist);

         preorder (node.right, templist);

      }//if

   }  // method preorder

   //================================================================

   //  Performs an postorder traversal on the binary tree by calling

   //  an overloaded, recursive postorder method that starts

   //  with the root.

   //================================================================

   public Iterator iteratorPostOrder() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      postorder (root, templist);

      return templist.iterator();

   }  // method postorder

   //================================================================

   //  Performs a recursive postorder traversal.

   //================================================================

   protected void postorder (BinaryTreeNode node, ArrayUnorderedList templist) 

   {

      if (node != null) 


 {

         postorder (node.left, templist);

         postorder (node.right, templist);

         templist.addToRear(node.element);

      }//if

   }  // method postorder

   //================================================================

   //  Performs a levelorder traversal on the binary tree, using a

   //  templist.

   //================================================================

   public Iterator iteratorLevelOrder() 

   {

      ArrayUnorderedList nodes = new ArrayUnorderedList();

      ArrayUnorderedList templist = new ArrayUnorderedList();

      BinaryTreeNode current;

      nodes.addToRear (root);

      while (! nodes.isEmpty()) 


 {

         current = (BinaryTreeNode)nodes.removeFirst();

         if (current != null) 


    {

            templist.addToRear(current.element);

            nodes.addToRear (current.left);

            nodes.addToRear (current.right);

         }//if

         else

            templist.addToRear("null");

      }//while

      return templist.iterator();

   }  // method levelorder

}  // class BinaryTree
40 points.

II.1. Given the attached Heap and BinaryTree implementations for the corresponding abstract data structures, provide an implementation for the copy constructor method. Its prototype is listed below :   

//==============================================================

//
Constructs a new heap which is an identical copy of the method’s argument         //
heap (heap). The original heap (the argument heap) does NOT get destroyed in    //
the process ! //==============================================================

   public Heap (Heap heap) 
This method (public Heap (Heap heap)) will create a new heap which is an identical copy of the method’s argument heap (heap). The original heap (the argument heap) should NOT get destroyed in the process ! For example, if the elements 6 2 9 -11 4 7 10 -2 3 8 -5 -1 are inserted into initially empty Heap in the given order, the following heap heap results: 

[image: image3]
An identical copy heapCopy is created that contains the same elements stored into an identical node structure and in addition, the original heap heap is not destroyed or modified during this process.: 


[image: image4]
Attachment :

//*******************************************************************

//

//      file:  Heap.java

//

//*******************************************************************

package jss2;

import jss2.exceptions.*;

import java.io.*;

import java.util.Iterator;

import java.util.StringTokenizer;

public class Heap 
extends BinaryTree implements HeapADT 

{

   public HeapNode lastNode;  

   public Heap() 

   {

      super();

   }  // constructor Heap

   //=========================================================

//  
Constructs an identical copy heap from a given 

//
argument heap. The original heap does NOT get
//
destroyed in the process ! 

//=========================================================
public Heap (Heap heap) 

   
{

Iterator levOrdIt = heap.iteratorLevelOrder();

CircularArrayQueue levOrdQue = new 
CircularArrayQueue();
while (levOrdIt.hasNext())

levOrdQue.enqueue(levOrdIt.next());

Object curEl = null;

while (! levOrdQue.isEmpty()) {

curEl = levOrdQue.dequeue();

if (! curEl.equals("null")) {

addElement((Comparable) curEl);

} else {

}

}

} // Copy constructor Heap

   //================================================================

   //  Adds the specified element to the heap in the appropriate

   //  position according to its key value.  Note that equal elements

   //  are added to the right.

   //================================================================

   public void addElement (Comparable obj) 

   {

      HeapNode node = new HeapNode(obj);

      if (root == null)

         root=node;

      else

      {

         HeapNode next_parent = getNextParentAdd(); 

         if (next_parent.left == null)

            next_parent.left = node;

         else

            next_parent.right = node;

         node.parent = next_parent;

      }

      lastNode = node;

      count++;

      if (count>1)

         heapifyAdd();

   } //method addElement

   //================================================================

   //  Returns the node that will be the parent of the new node

   //================================================================

   private HeapNode getNextParentAdd()

   {

      HeapNode result = lastNode;

      while ((result != root) && (result.parent.left != result))

         result = result.parent;

      if (result != root)

         if (result.parent.right == null)

            result = result.parent;

         else

         {

            result = (HeapNode)result.parent.right;

            while (result.left != null)

               result = (HeapNode)result.left;

         }

      else

         while (result.left != null)

            result = (HeapNode)result.left;

      return result;

   } //method getNextParentAdd

   //================================================================

   //  Reorders the heap after adding a node

   //================================================================

   private void heapifyAdd()

   {

      Comparable temp;

      HeapNode next = lastNode;

      while ((next != root) && (((Comparable)next.element).compareTo(next.parent.element) < 0))

      {

         temp = (Comparable)next.element;

         next.element = next.parent.element;

         next.parent.element = temp;

         next = next.parent;

      }

   } //method heapifyAdd

   //================================================================

   //  Remove the element with the lowest value in the heap and

   //  returns a reference to it.  Throws an EmptyCollectionException if

   //  the heap is empty.

   //================================================================

   public Comparable removeMin() throws EmptyCollectionException 

   {

      if (isEmpty())

         throw new EmptyCollectionException ("Empty Heap");

      Comparable minElement = (Comparable) root.element;

      if (count == 1)

      {

         root = null;

         lastNode = null;

      }

      else

      {

         HeapNode next_last = getNewLastNode();

         if (lastNode.parent.left == lastNode)

            lastNode.parent.left = null;

         else

            lastNode.parent.right = null;

         root.element = lastNode.element;

         lastNode = next_last;

         heapifyRemove();

      }

      count--;

      return minElement;

   }  // method removeMin

   //================================================================

   //  Reorders the heap after removing the root element

   //================================================================

   private void heapifyRemove()

   {

      Comparable temp;

      HeapNode node = (HeapNode)root;

      HeapNode left = (HeapNode)node.left;

      HeapNode right = (HeapNode)node.right;

      HeapNode next;

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

         next = null;

      else if (left == null)

         next = right;

      else if (right == null)

         next = left;

      else if (((Comparable)left.element).compareTo(right.element) < 0)

         next = left;

      else

         next = right;

      while ((next != null) && (((Comparable)next.element).compareTo(node.element) < 0))

         {

            temp = (Comparable)node.element;

            node.element = next.element;

            next.element = temp;

            node = next;

            left = (HeapNode)node.left;

            right = (HeapNode)node.right;

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

               next = null;

            else if (left == null)

               next = right;

            else if (right == null)

               next = left;

            else if (((Comparable)left.element).compareTo(right.element) < 0)

               next = left;

            else

               next = right;

         }

   } //method heapifyRemove

   //================================================================

   //  Returns the node that will be the new last node after a remove

   //================================================================

   private HeapNode getNewLastNode()

   {

      HeapNode result = lastNode;

      while ((result != root) && (result.parent.left == result))

         result = result.parent;

      if (result != root)

         result = (HeapNode)result.parent.left;

      while (result.right != null)

         result = (HeapNode)result.right;

      return result;

   } //method getNewLastNode

   //================================================================

   //  Returns the element with the lowest value in the heap.

   //  Throws an EmptyCollectionException if the heap is empty.

   //================================================================

   public Comparable findMin () throws EmptyCollectionException {

      if (isEmpty())

         throw new EmptyCollectionException ("Empty Heap");

      return (Comparable)root.element;

   }  // method findMin

  public static void main(String[] args) throws FileNotFoundException, IOException {

    if (args.length < 1) {

      System.out.println("Usage : java Heap <Input File Name>");

      System.out.println("Input file is expected to contain int elements for the heap.");

      System.exit(1);

    } else {

      Heap heap = new Heap();

      String inFileName = args[0];

      BufferedReader inFile = new BufferedReader (new FileReader (inFileName));

      String els = inFile.readLine();

      System.out.println("Elements for the heap read as : " + els);

      StringTokenizer elsST = new StringTokenizer (els);

      // Build the original heap

      while (elsST.hasMoreTokens()) 


heap.addElement(new Integer (Integer.parseInt(elsST.nextToken())));

      System.out.println("Original heap built as : \n" + heap);

      // Build the copy of the tree

      Heap heapCopy = new Heap (heap);

      System.out.println("Copy of the original heap built as : \n" + heapCopy);

      System.out.println("Original heap has not been destroyed and is still : \n" + heap);

    }

  } // main

}  // class Heap
//*******************************************************************

//

//      BinaryTree.java


Authors:  Lewis/Chase

//

//
   Implements the BinaryTreeADT interface

//*******************************************************************

package jss2;

import java.util.Iterator;

import jss2.exceptions.*;

public class BinaryTree implements BinaryTreeADT 

{

   protected int count;

   protected BinaryTreeNode root; 

   //================================================================

   //  Creates an empty binary tree.

   //================================================================

   public BinaryTree() 

   {

      count = 0;

      root = null;

   }  // constructor BinaryTree

   //================================================================

   //  Creates a binary tree with the specified element as its root.

   //================================================================

   public BinaryTree (Object element) 

   {

      count = 1;

      root = new BinaryTreeNode (element);

   }  // constructor BinaryTree

   //================================================================

   //  Constructs a binary tree from the two specified binary trees.

   //================================================================

   public BinaryTree (Object element, BinaryTree leftSubtree,

                                      BinaryTree rightSubtree) 

   {


 root = new BinaryTreeNode (element);


 count = 1;


 if (leftSubtree != null)


 {



count = count + leftSubtree.size();



root.left = leftSubtree.root;


 }//if


 else



root.left = null;


 if (rightSubtree !=null)


 {



count = count + rightSubtree.size(); 


 
root.right = rightSubtree.root;


 }//if


 else



root.right = null;

   }  // constructor BinaryTree

   //================================================================

   //  Removes the left subtree of this binary tree.

   //================================================================

   public void removeLeftSubtree() 

   {

      if (root.left != null)



count = count - root.left.numChildren() - 1;

      root.left = null;

   }  // method removeLeftSubtree

   //================================================================

   //  Removes the right subtree of this binary tree.

   //================================================================

   public void removeRightSubtree() 

   {

      if (root.right != null)



count = count - root.right.numChildren() - 1; 

      root.right = null;

   }  // method removeRightSubtree

   //================================================================

   //  Deletes all nodes from the binary tree.

   //================================================================

   public void removeAllElements() 

   {

      count = 0;

      root = null;

   }  // method removeAllElements

   //================================================================

   //  Returns true if the binary tree is empty and false otherwise.

   //================================================================

   public boolean isEmpty() 

   {

      return (count == 0);

   }  // method isEmpty

   //================================================================

   //  Returns true if the binary tree is empty and false otherwise.

   //================================================================

   public int size() 

   {

      return count;

   }  // method size

   //================================================================

   //  Returns true if the tree contains an element that matches the

   //  specified target element and false otherwise.

   //================================================================

   public boolean contains (Object targetElement) 

   {

      Object temp;

      boolean found = false;

      try 


 {

         temp = find (targetElement);

         found = true;

      }//try

      catch (Exception ElementNotFoundException) 


 {

         found = false;

      }//catch

      return found;

   }  // method contains

   //================================================================

   //  Returns a reference to the specified target element if it is

   //  found in the binary tree.  Throws a NoSuchElementException if

   //  the specified target element is not found in the binary tree.

   //================================================================

   public Object find (Object targetElement) throws ElementNotFoundException 

   {


 BinaryTreeNode current = root; 


 BinaryTreeNode temp = current;

      if (!(current.element.equals(targetElement)) && (current.left !=null))



current = findagain( targetElement, current.left);


 if (!(current.equals(targetElement)))



current = temp;

      if (!(current.element.equals(targetElement)) && (current.right != null)) 



current = findagain( targetElement, current.right); 

      if (!(current.element.equals(targetElement)))

         throw new ElementNotFoundException ("binarytree");

      return current.element;

   }  // method find

   //================================================================

   //  Returns a reference to the specified target element if it is

   //  found in the binary tree.  

   //================================================================

   private BinaryTreeNode findagain (Object targetElement, BinaryTreeNode next) 

   {


 BinaryTreeNode current = next;

      if (!(next.element.equals(targetElement)) && (next.left !=null))

 

next = findagain( targetElement, next.left); 


 if (!(next.equals(targetElement)))



next = current;

      if (!(next.element.equals(targetElement)) && (next.right != null))

 

next = findagain( targetElement, next.right);                     


 return next;

   }  // method findagain

   //================================================================

   //  Returns a string representation of the binary tree.

   //================================================================

   public String toString() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      preorder (root, templist);

      return templist.toString();

   }  // method toString

   //================================================================

   //  Performs an inorder traversal on the binary tree by calling an

   //  overloaded, recursive inorder method that starts with

   //  the root.

   //================================================================

   public Iterator iteratorInOrder() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      inorder (root, templist);

      return templist.iterator();

   }  // method inorder

   //================================================================

   //  Performs a recursive inorder traversal.

   //================================================================

   protected void inorder (BinaryTreeNode node, ArrayUnorderedList templist) 

   {

      if (node != null) 

 
 {

         inorder (node.left, templist);

         templist.addToRear(node.element);

         inorder (node.right, templist);

      }//if

   }  // method inorder

   //================================================================

   //  Performs an preorder traversal on the binary tree by calling an

   //  overloaded, recursive preorder method that starts with

   //  the root.

   //================================================================

   public Iterator iteratorPreOrder() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      preorder (root, templist);

      return templist.iterator();

   }  // method preorder

   //================================================================

   //  Performs a recursive preorder traversal.

   //================================================================

   protected void preorder (BinaryTreeNode node, ArrayUnorderedList templist) 

   {

      if (node != null) 


 {

         templist.addToRear(node.element);

         preorder (node.left, templist);

         preorder (node.right, templist);

      }//if

   }  // method preorder

   //================================================================

   //  Performs an postorder traversal on the binary tree by calling

   //  an overloaded, recursive postorder method that starts

   //  with the root.

   //================================================================

   public Iterator iteratorPostOrder() 

   {

      ArrayUnorderedList templist = new ArrayUnorderedList();

      postorder (root, templist);

      return templist.iterator();

   }  // method postorder

   //================================================================

   //  Performs a recursive postorder traversal.

   //================================================================

   protected void postorder (BinaryTreeNode node, ArrayUnorderedList templist) 

   {

      if (node != null) 


 {

         postorder (node.left, templist);

         postorder (node.right, templist);

         templist.addToRear(node.element);

      }//if

   }  // method postorder

   //================================================================

   //  Performs a levelorder traversal on the binary tree, using a

   //  templist.

   //================================================================

   public Iterator iteratorLevelOrder() 

   {

      ArrayUnorderedList nodes = new ArrayUnorderedList();

      ArrayUnorderedList templist = new ArrayUnorderedList();

      BinaryTreeNode current;

      nodes.addToRear (root);

      while (! nodes.isEmpty()) 


 {

         current = (BinaryTreeNode)nodes.removeFirst();

         if (current != null) 


    {

            templist.addToRear(current.element);

            nodes.addToRear (current.left);

            nodes.addToRear (current.right);

         }//if

         else

            templist.addToRear("null");

      }//while

      return templist.iterator();

   }  // method levelorder

}  // class BinaryTree
40 points.
I.2. Assume that the following numbers 6 2 9 -11 4 7 10 -2 3 8 -5 -1 are inserted into initially empty Heap in the given order.

(a) Show how the heap looks like after each complete insertion (addElement operation) has taken place.

Solution :

[image: image5] (b) Show how the final heap from question (a) will look like after a removeMin operation has been performed on it.

Solution :

[image: image6] 
20 (13+7) points.

II.2. Assume that the following numbers 6 2 9 -11 4 7 10 -2 3 8 -5 -1 are inserted into initially empty BinarySearchTree in the given order.

(a) Show how the binary search tree looks like after each individual complete insertion (addElement operation) has taken place.

Solution :

[image: image7]
(b) Show how the final binary search tree from question (a) will look like after a removeMin operation has been performed on it.

Solution : 
[image: image8]
20 (13+7) points.

I./II.3. Given the algorithm shown above by the listed source code of public Object find (Object targetElement) method (in BinaryTree class), provide its Worst, Average and Best time complexity assessment. Justify the answer by showing a detailed analysis of the algorithm.

Solution :
Methods find performs only constant time operations before calling the method findAgain. Thus, its time complexity will be the same as the time complexity of findAgain operation. The findAgain method is recursive. If it executes only its non-recursive (base case) branch, it will cost constant time only because it runs only constant time operations. This makes the Best Case for both find and findAgain constant time O(1). On the other hand if findAgain makes a recursive call, it does so by going one level down the tree. Thus, before getting to the leaf level (when it will hit its base case and execute in constant time), it will traverse one level at a time. Each level visit will cost the method the time needed for a couple of constant time operations (comparison, assignment, &&) it performs on the level. Therefore, the total time will be a linear function of the number of levels in the tree. Since on average a binary tree with n elements has log(n) levels, the Average Case time will be O(log(n)). Similarly, when the tree is very poorly balanced, binary tree with n elements may have ~n levels, and its Worst Case time will be linear - O(n).

20 points.

I./II.4. Given the following list of numbers 

18
15
2
9
36
54
5
16
7
73
8 

use the Quicksort algorithm to sort them. 
(a) Trace by hand and show the first three relevant phases (partitioning) during its execution (as demonstrated in examples given in class). Indicate the values chosen as pivot as well as partitions as they are formed.  

(b) Draw a tree of first three recursive calls made during the execution and indicate the order in which they are made.

20 (13+7) points.

Solution :
(a)

Pivot=18
min=0

max=10


l=0
l=1
l=2
l=3
l=4





r=10

18
15
2
9
36
54
5
16
7
73
8 
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l=4
l=5


r=8
r=9
r=10
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15
2
9
8
54
5
16
7
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36 
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l=5
l=6
l=7









r=7
r=8

18
15
2
9
8
7
5
16
54
73
36 

min=0






r=7

18
15
2
9
8
7
5
16
54
73
36 

*






*

16
15
2
9
8
7
5
18
54
73
36

Left partition : 

16
15
2
9
8
7
5


Right partition :









54
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36

Pivot=16
min=0

max=6

l=0
l=1
l=2
l=3
l=4
l=5
l=6







r=6
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15
2
9
8
7
5
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l=6







r=6
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2
9
8
7
5
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r=6
5
15
2
9
8
7
16
Left partition :

5
15
2
9
8
7







Right partition:








EMPTY
Pivot=5
min=0

max=5
l=0
l=1
r=2
r=3
r=4
r=5
5
15
2
9
8
7


*
*


l=1
l=2

r=1
r=2

5
2
15
9
8
7

r=1
l=2

5
2
15
9
8
7

*
*

2
5
15
9
8
7

Left partition:

2



Right partition:



15
9
8
7
(b)


Tree of calls (first 4 calls) :
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qs (c, 2, 5)
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