Stacks as Linked Structures and with Templates

class FullStack

{


// Exception class used by Push when the stack is full.

};

class EmptyStack

{


// Exception class used by Pop and Top when the stack is empty.

};

// Declaration of struct NodeType

template <typename ItemType>

struct NodeType;

// Specification part of class StackType

template <typename ItemType>

class StackType

{

private:


int size; // The number of elements in the stack.


NodeType<ItemType>* topPtr; // Pointer to the top element of the stack.

public:


StackType(); // Constructor


int getSize() const;


bool isEmpty() const;


bool isFull() const;


void Push(ItemType item);


void Pop();


ItemType Top() const;


~StackType(); // Destructor

};

// Definition of struct NodeType

template <typename ItemType>

struct NodeType

{


ItemType info;


NodeType *next;

};

// Implementation part of class StackType

#include <cstddef>  // For NULL

#include <new>      // For bad_alloc

using namespace std;

template <typename ItemType>

StackType<ItemType>::StackType()

{


size = 0;


topPtr = NULL; // or topPtr = 0;

}

template <typename ItemType>

int StackType<ItemType>::getSize() const

{


return size;

}

template <typename ItemType>

bool StackType<ItemType>::isEmpty() const

{


return (topPtr == NULL);

}

template <typename ItemType>

bool StackType<ItemType>::isFull () const

{


NodeType<ItemType> *location;


try


{



location = new NodeType<ItemType>;



delete location;



return false;


}


catch(bad_alloc exception)


{



return true;


}

}

template <typename ItemType>

void StackType<ItemType>::Push(ItemType newItem)

{


if (isFull())



throw FullStack();


else


{



NodeType<ItemType> *location;



location = new NodeType<ItemType>;



location -> info = newItem;



location -> next = topPtr;



topPtr = location;



size++;


}

}

template <typename ItemType>

void StackType<ItemType>::Pop()

{


if (isEmpty())



throw EmptyStack();


else


{



NodeType<ItemType> *tempPtr;



tempPtr = topPtr;



topPtr = topPtr -> next;



delete tempPtr;



size--;


}

}

template <typename ItemType>

ItemType StackType<ItemType>::Top() const

{


if (isEmpty())



throw EmptyStack();


else



return topPtr -> info;

}

template <typename ItemType>

StackType<ItemType>::~StackType()

{


NodeType<ItemType> *tempPtr;


while (topPtr != NULL)


{



tempPtr = topPtr;



topPtr = topPtr -> next;



delete tempPtr;


}

}

//Driver Program:

#include <iostream>

#include <string>

// #include "StackType.h"

using namespace std;

int main()

{


int i, n;


string s;


StackType<char> stack;


cout << "\tEnter a string: " << endl;


getline(cin,s);


n = s.size();


for (i = 0; i < n; i++)


{



try

{




stack.Push(s[i]);



}



catch(FullStack)



{




cout << "The stack is full. The element "





<< "wasn't inserted.\n";



}

}


cout << "\tThe stack now stores " << stack.getSize() 

<< " items.\n\n";


cout <<"\tIn reverse order, the string is: ";


for (i = 0; i < n; i++)


{



try

{

cout << stack.Top();



}



catch(EmptyStack)



{




cout << "The stack is empty.\n";



}



try



{




stack.Pop();



}



catch(EmptyStack)



{




cout << "The stack is empty.\n";



}


}


cout << endl << endl;


return 0;

}

Queues as Linked Structures and with Templates

class FullQueue

{

        // Exception class used by Enqueue when the Queue is full.

};

class EmptyQueue

{

        // Exception class used by Dequeue and Front when the Queue is empty.

};

// Declaration of struct NodeType

template <typename ItemType>

struct NodeType;

// The specification part of QueueType

template <typename ItemType>

class QueueType

{

private:

        int size; // The number of elements in the Queue.

        NodeType<ItemType>* front; 

// Pointer to the front element of the Queue.

        NodeType<ItemType>* rear; 

// Pointer to the rear element of the Queue.

public:

        QueueType(); // Constructor


int getSize() const;


bool isEmpty() const;

        void makeEmpty();


bool isFull() const;

        void Enqueue(ItemType item);

        void Dequeue(ItemType&);

        ItemType Front() const;

        ~QueueType(); // Destructor

};

// The implementation part of QueueType

#include <cstddef>  // For NULL

#include <new>      // For bad_alloc

using namespace std;

// Definition of struct NodeType

template <typename ItemType>

struct NodeType

{


ItemType info;


NodeType *next;

};

template <typename ItemType>

QueueType<ItemType>::QueueType()

{


size = 0;

        
front = NULL;

        rear = NULL;

}

template <typename ItemType>

int QueueType<ItemType>::getSize() const

{


return size;

}

template <typename ItemType>

bool QueueType<ItemType>::isEmpty() const

{

        return (front == NULL);

}

template <typename ItemType>

void QueueType<ItemType>::makeEmpty()

{

        NodeType<ItemType> *tempPtr;

        while (front != NULL)

        {

                tempPtr = front;

                front = front -> next;

                delete tempPtr;

        }

        rear = NULL;

        size = 0;

}

template <typename ItemType>

bool QueueType<ItemType>::isFull () const

{

        NodeType<ItemType> *location;


try


{

               
 location = new NodeType<ItemType>;



delete location;



return false;


}


catch(bad_alloc exception)


{



return true;


}

}

template <typename ItemType>

void QueueType<ItemType>::Enqueue(ItemType newItem)

{


if (isFull())

               
 throw FullQueue();


else


{

                
NodeType<ItemType> *location;

                
location = new NodeType<ItemType>;



location -> info = newItem;

               
location -> next = NULL;

               
if (rear == NULL)

                      
  
front = location;

                
else

                        

rear -> next = location;

                
rear = location;



 // cout << " front =  " << front -> info << endl;



// cout << " rear =  " << rear -> info << endl;





size++;


}

}

template <typename ItemType>

void QueueType<ItemType>::Dequeue(ItemType& item)

{


if (isEmpty())

                throw EmptyQueue();


else


{

               
 NodeType<ItemType> *tempPtr;

                
item = front -> info;



tempPtr = front;

                
front = front -> next;

                
if (front == NULL)

                 
      
 rear = NULL;



delete tempPtr;



size--;


}

}

template <typename ItemType>

ItemType QueueType<ItemType>::Front() const

{


if (isEmpty())

                
throw EmptyQueue();


else

                
return front -> info;

}

template <typename ItemType>

QueueType<ItemType>::~QueueType()

{

        NodeType<ItemType> *tempPtr;

        while (front != NULL)

        {

                tempPtr = front;

                front = front -> next;

                delete tempPtr;

        }

        rear = NULL;

}

//Driver Program:

#include <iostream>

#include <string>

// #include "QueueType.h"

using namespace std;

int main()

{


int i, n;


string s;


char item;

        
QueueType<char> Queue;


cout << "\tEnter a string: " << endl;


getline(cin,s);


n = s.size();


for (i = 0; i < n; i++)


{

         
try



{  

    
 
Queue.Enqueue(s[i]);


}


catch(FullQueue)


{



cout << "The queue is full.\n";


}

}

        
cout << "\tThe Queue now stores " << Queue.getSize() 

<< " items.\n\n";


cout <<"\tIn order, the string is: " << endl << '\t';


for (i = 0; i < n; i++)


{



try



{

                

Queue.Dequeue(item);

                

cout << item;



}



catch(EmptyQueue)



{




cout << "The queue is empty.\n";



}


}


cout << endl << endl;


return 0;

}

Remarks:
1) All methods of StackType and QueueType implemented with static arrays or dynamic arrays or linked structures are O(1) except that the destructor for QueueType/StackType as a linked structure is O(N), where N is the number of nodes in the queue/stack (note that QueueType/StackType with static arrays has no destructor and the destructor for QueueType/StackType with dynamic arrays is O(1)), and makeEmpty for QueueType as a linked structure which is O(N), where N is the number of nodes in the queue.

2) So, which type to use? Is it the one with static arrays or the one with dynamic arrays or the one as a linked structure? If the size of the queue/stack is unpredictable, then use linked structures. If the size is small or if the number of Push/Pop/Enqueue/Dequeue operations is large, then use the one with dynamic arrays.
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