Remarks: 

· Passing a pointer by value allows the function to change what the caller's pointer points to.

· Passing a pointer by reference allows the function to change what the caller's pointer points to AND to change the caller's pointer itself.

· Read the table page 506. Also read pages 474-475 and 429 - 432.

class EmptyTree

{

};

class FullTree

{


// An exception class for the case when the tree is full. This class is used by insertItem.

};

class NotFound

{


// An exception class for the case when an element is not in the tree. This class is used by deleteItem.

};

class InTheTree

{


// An exception class for the case when the item to be inserted is already there. This class is used by insertItem.

};

class LastElement

{


// An exception class for the case when the element at currentPos is  the last element in the list. This class is used by getNextItem.

};

// Declaration of struct TreeNode

template <typename ItemType>

struct TreeNode;

// Specification part of class UnsortedList

// We do not allow repetetion in the list.

template <typename ItemType>

class BinarySearchTree

{


private:



void findMin(TreeNode<ItemType>* tree, ItemType& min); // Recursive



void findMinNonRec(TreeNode<ItemType>* tree, ItemType& min); // Iterative



void findMax(TreeNode<ItemType>* tree, ItemType& max); // Recursive



int heightIs(TreeNode<ItemType>* tree);



void retrieveItem( TreeNode<ItemType>*& tree, ItemType& item, bool& found);



int findItemAndLevel(TreeNode<ItemType>*& tree, ItemType& item, bool& found);



void printScreenInOrder(TreeNode<ItemType>*  tree);



void printScreenInOrderReverse(TreeNode<ItemType>*  tree);



void insertItem(TreeNode<ItemType>*& tree, ItemType item);



void deleteItem(TreeNode<ItemType>*& tree, ItemType item);



int countNodes(TreeNode<ItemType>* tree);



void destroy(TreeNode<ItemType>*& tree);



TreeNode<ItemType>* root;


public:



BinarySearchTree();



~BinarySearchTree();



void findMinCaller(ItemType& min);



/* Finds the smallest element in the tree recursively. Here we're assuming ItemType is a simple data type. 



   If ItemType is not a simple data type, then the method should be modified to compare the keys.



   If the tree is empty, and exception of type EmptyTree is raised.



*/



void findMinNonRecCaller(ItemType& min);



/* Finds the smallest element in the tree non-recursively.  Here we're assuming ItemType is a simple data type. 



   If ItemType is not a simple data type, then the method should be modified to compare the keys.



   If the tree is empty, and exception of type EmptyTree is raised.



*/



void findMaxCaller(ItemType& max);



/* Finds the largest element in the tree recursively. Here we're assuming ItemType is a simple data type. 



   If ItemType is not a simple data type, then the method should be modified to compare the keys.



   If the tree is empty, and exception of type EmptyTree is raised.



*/



int heightIsCaller();



/* This method finds the height/depth of the tree.*/



bool isFull() const;



/* This method tests if there is memory left in the heap.*/



bool isEmpty() const;



/* This method tests if the tree is empty.*/



void retrieveItemCaller(ItemType& item, bool& found);



/* This method tests if item is in the tree. It returns 



   the result via found.*/



int findItemAndLevelCaller(ItemType& item, bool& found);



/* This method tests if item is in the tree. It returns the result via found. It also returns (via the return statement 

the level in which item is if item is in the tree and returns a negative number (for the level) if item is not in the 

tree.



*/



void insertItemCaller(ItemType item);



/* This method inserts item in the tree. If item is already there, then an  exception of type InTheTree will be 

raised. If there is no enough memory left in the heap, an exception of type FullTree is raised.



*/



void deleteItemCaller(ItemType item);



/* This method deletes item from the tree if item is there. 



   If item is not in the tree, then an exception of type NotFound



   will be raised.



*/



int countNodesCaller();



/* This method counts the number of nodes in the tree.*/



void printScreenInOrderCaller(); 



/* Prints the tree on the screen in ascending order.*/



void printScreenInOrderReverseCaller();



/* Prints the tree on the screen in descending order.*/



ItemType max(ItemType a, ItemType b);



/* Returns the maximum of a and b. Here we're assuming ItemType is a simple data type. 



   If ItemType is not a simple data type, then the method should be modified to compare the keys.



*/



void makeEmpty();

};

// Definition of struct TreeNode

template <typename ItemType>

struct TreeNode

{


ItemType info;


TreeNode *left,  // the left child




 *right; // the right child.

};

// Implementation part of class UnsortedList

#include <new>

#include <cstdlib>

// Constructor

template <typename ItemType>

BinarySearchTree<ItemType>::BinarySearchTree()

{


root = NULL;

}

// Method destroy (used by the destructor);

template <typename ItemType>

void BinarySearchTree<ItemType>::destroy(TreeNode<ItemType>*& tree)

{


if (tree != NULL)


{



destroy(tree -> left);



destroy(tree -> right);



delete tree;


}

}

// Destructor

template <typename ItemType>

BinarySearchTree<ItemType>::~BinarySearchTree()

{


destroy(root);

}

// The following finds the minimum recursively.

template <typename ItemType>

void BinarySearchTree<ItemType>::findMin(TreeNode<ItemType>* tree, ItemType& min)

{



if (tree -> left == NULL)



min = tree -> info;


else



findMin(tree -> left, min);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::findMinCaller(ItemType& min)

{


if (root == NULL)



throw EmptyTree();


findMin(root, min);

}

// The following finds the minimum non-recursively.

template <typename ItemType>

void BinarySearchTree<ItemType>::findMinNonRec(TreeNode<ItemType>* tree, ItemType& min)

{


while (tree -> left != NULL)



tree = tree -> left;


min = tree -> info;

}

template <typename ItemType>

void BinarySearchTree<ItemType>::findMinNonRecCaller(ItemType& min)

{


if (root == NULL)



throw EmptyTree();


findMin(root, min);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::findMax(TreeNode<ItemType>* tree, ItemType& max)

{



if (tree -> right == NULL)



max = tree -> info;


else



findMax(tree -> right, max);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::findMaxCaller(ItemType& max)

{


if (root == NULL)



throw EmptyTree();


findMax(root, max);

}

template <typename ItemType>

int BinarySearchTree<ItemType>::heightIs(TreeNode<ItemType>* tree)

{


if (tree == NULL)



return 0;


else



return 1 + max(heightIs(tree -> left), heightIs(tree -> right));

}

template <typename ItemType>

int BinarySearchTree<ItemType>::heightIsCaller()

{


int n = heightIs(root);


return ( (n > 0)? n - 1: 0);

}

// Method isFull

template <typename ItemType>

bool BinarySearchTree<ItemType>::isFull() const

{


TreeNode<ItemType> *location;


try


{



location = new TreeNode<ItemType>;



delete location;



return false;


}


catch(bad_alloc exception)


{



return true;


}

}

// Method isEmpty

template <typename ItemType>

bool BinarySearchTree<ItemType>::isEmpty() const

{


return (root == NULL);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::retrieveItem(TreeNode<ItemType>*& tree, 









  ItemType& item,








bool& found)

{


if (tree == NULL)



found = false;


else if (item < tree -> info)



retrieveItem(tree -> left, item, found);


else if (item > tree -> info)



retrieveItem(tree -> right, item, found);


else


{



item = tree -> info;



found = true;


}

}

template <typename ItemType>

void BinarySearchTree<ItemType>::retrieveItemCaller(ItemType& item, bool& found)

{


retrieveItem(root,item,found);

}

template <typename ItemType>

int BinarySearchTree<ItemType>::findItemAndLevel(TreeNode<ItemType>*& tree, 










  ItemType& item,

bool& found)

{


if (tree == NULL)


{



found = false;



return -1000000;


}


else if (item < tree -> info)



return 1 + findItemAndLevel(tree -> left, item, found);


else if (item > tree -> info)



return 1 + findItemAndLevel(tree -> right, item, found);


else


{



item = tree -> info;



found = true;



return 0;


}

}

template <typename ItemType>

int BinarySearchTree<ItemType>::findItemAndLevelCaller(ItemType& item, bool& found)

{


return findItemAndLevel(root,item,found);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::insertItem(TreeNode<ItemType>*& tree, ItemType item)

{


if (tree == NULL)


{



tree = new TreeNode<ItemType>;



tree -> right = NULL;



tree -> left = NULL;



tree -> info = item;


}


else if (item < tree -> info)



insertItem(tree -> left, item);


else



insertItem(tree -> right, item);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::insertItemCaller(ItemType item)

{


if (isFull())



throw FullTree();


bool found;


retrieveItemCaller(item,found);


if (found)



throw InTheTree();


insertItem(root, item);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::deleteItem(TreeNode<ItemType>*& tree, ItemType item)

{


TreeNode<ItemType> *tempPtr = tree;


if (item < tree -> info)



deleteItem(tree -> left, item);


else if (item > tree -> info)



deleteItem(tree -> right, item);


else // item = tree -> info


{



if (tree -> left == NULL) // Has only a right child



{




tree = tree -> right;




delete tempPtr;



}



else if (tree -> right == NULL) // Has only a left child



{




tree = tree -> left;




delete tempPtr;



}



else // Has two children



{




ItemType max;




findMax(tree -> left, max);




tree -> info = max;




deleteItem(tree -> left, max);



}


}

}

template <typename ItemType>

void BinarySearchTree<ItemType>::deleteItemCaller(ItemType item)

{


bool found;


retrieveItemCaller(item,found);


if (!found)



throw NotFound();


deleteItem(root, item);

}

template <typename ItemType>

int BinarySearchTree<ItemType>::countNodes(TreeNode<ItemType>* tree)

{


if (tree == NULL)



return 0;


else



return 1 + countNodes(tree -> left) + countNodes(tree -> right);

}

template <typename ItemType>

int BinarySearchTree<ItemType>::countNodesCaller()

{


return countNodes(root);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::printScreenInOrder(TreeNode<ItemType>*  tree)

{


if (tree != NULL)


{



printScreenInOrder(tree -> left);



cout << tree -> info << "\t";



printScreenInOrder(tree -> right);


}

}

template <typename ItemType>

void BinarySearchTree<ItemType>::printScreenInOrderCaller()

{


printScreenInOrder(root);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::printScreenInOrderReverse(TreeNode<ItemType>*  tree)

{


if (tree != NULL)


{



printScreenInOrderReverse(tree -> right);



cout << tree -> info << "\t";



printScreenInOrderReverse(tree -> left);


}

}

template <typename ItemType>

void BinarySearchTree<ItemType>::printScreenInOrderReverseCaller()

{


printScreenInOrderReverse(root);

}

template <typename ItemType>

ItemType BinarySearchTree<ItemType>::max(ItemType a, ItemType b)

{


return ( (a > b)? a: b);

}

template <typename ItemType>

void BinarySearchTree<ItemType>::makeEmpty()

{


destroy(root);


root = NULL;

}
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