Stacks

A stack is an ADT in which elements are added and removed from the top of the stack. The last element to be added is the first to be removed. This is denoted by LIFO (last in first out).

Applications of Stacks:

- Compilers.

- Balancing parenthesis, brackets,  braces.

Operations on the stack: 

1) Retrieve an element (the one on the top). This is called Top.

2) Delete an element (the one on the top). This is called Pop.

3) Insert an element (to the top). This is called Push.

4) Make the stack empty. This is called makeEmpty.

5) Check if the stack is empty. This is called isEmpty.

6) Check if the stack is full. This is called isFull.

· We will implement the stack with a static array, then with a dynamic array.

· We will implement the stack with templates and with no templates.

· The elements of the stack are of type ItemType, which is provided by the user.

Definition of the stack class using static arrays and without templates:

· The maximum number of items in the static stack with no templates is called MAX_ITEMS.

· ItemType and MAX_ITEMS are provided by the user and available in the header file ItemType.h.

#include "ItemType.h"

/* ItemType.h is provided by the user.

It contains the definition of ItemType (the data type of the elements of the stack), and an integer constant MAX_ITEMS (the maximum number of elements of the stack).

*/

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.

};

// Specification part of class StackType

class StackType

{

private:


int top; // The index of the top element of the stack.


ItemType items[MAX_ITEMS];

public:


StackType();

bool isEmpty() const;

bool isFull() const;

void Push(ItemType item);

void Pop();

ItemType Top() const;

};

// Implementation part of class StackType

StackType::StackType()

{


top = -1;

}

bool StackType::isEmpty() const

{


return (top == -1);

}

bool StackType::isFull () const

{


return (top == MAX_ITEMS - 1);

}

void StackType::Push(ItemType newItem)

{


if (isFull())



throw FullStack();


top++;


items[top] = newItem;

}

void StackType::Pop()

{


if (isEmpty())



throw EmptyStack();


top--;

}

ItemType StackType::Top() const

{


if (isEmpty())



throw EmptyStack();


return items[top];

}

Definition of the stack class using static arrays and templates:

#include "Item_Type.h"

/* ItemType.h is provided by the user.

It contains the definition of an integer constant 

MAX_ITEMS (the maximum number of elements of the stack).

*/

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.

};

// Specification part of class StackType

template<class ItemType>

class StackType

{

private:


int top; // The index of the top element of the stack.


ItemType items[MAX_ITEMS];

public:


StackType();

bool isEmpty() const;

bool isFull() const;

void Push(ItemType item);

void Pop();

ItemType Top() const;

};

// Implementation part of class StackType

template<class ItemType>

StackType<ItemType>::StackType()

{


top = -1;

}

template<class ItemType>

bool StackType<ItemType>::isEmpty() const

{


return (top == -1);

}

template<class ItemType>

bool StackType<ItemType>::isFull () const

{


return (top == MAX_ITEMS - 1);

}

template<class ItemType>

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

{


if (isFull())



throw FullStack();


top++;


items[top] = newItem;

}

template<class ItemType>

void StackType<ItemType>::Pop()

{


if (isEmpty())



throw EmptyStack();


top--;

}

template<class ItemType>

ItemType StackType<ItemType>::Top() const

{


if (isEmpty())



throw EmptyStack();


return items[top];

}

// Driver program

#include <iostream>

#include <string>

using namespace std;

struct Student

{


string name;


int ssn;

};

int main()

{


StackType<Student> s;


Student st;


st.name = "Iyad";


st.ssn = 5;


s.Push(st);


st.name = "Chris";


st.ssn = 8;


s.Push(st);


Student st2;


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


s.Pop();


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


return 0;

}

Definition of the stack class using typename, static arrays and templates:

#include "Item_Type.h"

/* ItemType.h is provided by the user.

It contains the definition of an integer constant 

MAX_ITEMS (the maximum number of elements of the stack).

*/

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.

};

// Specification part of class StackType

template<typename ItemType>

class StackType

{

private:


int top; // The index of the top element of the stack.


ItemType items[MAX_ITEMS];

public:


StackType();

bool isEmpty() const;

bool isFull() const;

void Push(ItemType item);

void Pop();

ItemType Top() const;

};

// Implementation part of class StackType

template< typename ItemType>

StackType<ItemType>::StackType()

{


top = -1;

}

template< typename ItemType>

bool StackType<ItemType>::isEmpty() const

{


return (top == -1);

}

template< typename ItemType>

bool StackType<ItemType>::isFull () const

{


return (top == MAX_ITEMS - 1);

}

template< typename ItemType>

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

{


if (isFull())



throw FullStack();


top++;


items[top] = newItem;

}

template< typename ItemType>

void StackType<ItemType>::Pop()

{


if (isEmpty())



throw EmptyStack();


top--;

}

template<typename ItemType>

ItemType StackType<ItemType>::Top() const

{


if (isEmpty())



throw EmptyStack();


return items[top];

}

// Driver program

#include <iostream>

#include <string>

using namespace std;

struct Student

{


string name;


int ssn;

};

int main()

{


StackType<Student> s;


Student st;


st.name = "Iyad";


st.ssn = 5;


s.Push(st);


st.name = "Chris";


st.ssn = 8;


s.Push(st);


Student st2;


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


s.Pop();


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


return 0;

}

Definition of the stack class using typename, static arrays and templates and with No Header Files:

class FullStack

{


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

};

class EmptyStack

{


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

};

// Specification part of typename StackType

template<typename ItemType, int MAX_ITEMS>

class StackType

{

private:


int top; // The index of the top element of the stack.


ItemType items[MAX_ITEMS];

public:


StackType();

bool isEmpty() const;

bool isFull() const;

void Push(ItemType item);

void Pop();

ItemType Top() const;

};

// Implementation part of typename StackType

template<typename ItemType, int MAX_ITEMS>

StackType<ItemType,MAX_ITEMS>::StackType()

{


top = -1;

}

template<typename ItemType, int MAX_ITEMS>

bool StackType<ItemType,MAX_ITEMS>::isEmpty() const

{


return (top == -1);

}

template<typename ItemType, int MAX_ITEMS>

bool StackType<ItemType,MAX_ITEMS>::isFull () const

{


return (top == MAX_ITEMS - 1);

}

template<typename ItemType, int MAX_ITEMS>

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

{


if (isFull())



throw FullStack();


top++;


items[top] = newItem;

}

template<typename ItemType, int MAX_ITEMS>

void StackType<ItemType,MAX_ITEMS>::Pop()

{


if (isEmpty())



throw EmptyStack();


top--;

}

template<typename ItemType, int MAX_ITEMS>

ItemType StackType<ItemType,MAX_ITEMS>::Top() const

{


if (isEmpty())



throw EmptyStack();


return items[top];

}

// Driver program

#include <iostream>

#include <string>

using namespace std;

struct Student

{


string name;


int ssn;

};

int main()

{


StackType<Student,7> s;


Student st;


st.name = "Iyad";


st.ssn = 5;


s.Push(st);


st.name = "Chris";


st.ssn = 8;


s.Push(st);


Student st2;


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


s.Pop();


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


StackType<float,3> s2;


s2.Push(7);


s2.Push(-9);


cout << s2.Top() << endl;


s2.Pop();


cout << s2.Top() << endl;


return 0;

}

Definition of the stack class using dynamic arrays and 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.

};

// Specification part of class StackType

template<typename ItemType>

class StackType

{

private:


int top; // The index of the top element of the stack.


int maxStack; // Max. # of stack items


ItemType* items; // Pointer to a dynamic array

public:


StackType(); // Default constructor. Default size = 500.


StackType(int max); // max is max size of the stack.

bool isEmpty() const;

bool isFull() const;

void Push(ItemType item);

void Pop();

ItemType Top() const;

~StackType(); // Destructor

};

// Implementation part of class StackType

template<typename ItemType>

StackType<ItemType>::StackType()

{


maxStack = 500;


top = -1;


items = new ItemType[maxStack];

}

template<typename ItemType>

StackType<ItemType>::StackType(int max)

{


maxStack = max;


top = -1;


items = new ItemType[maxStack];


}

template<typename ItemType>

bool StackType<ItemType>::isEmpty() const

{


return (top == -1);

}

template<typename ItemType>

bool StackType<ItemType>::isFull () const

{


return (top == maxStack - 1);

}

template<typename ItemType>

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

{


if (isFull())



throw FullStack();


top++;


items[top] = newItem;

}

template<typename ItemType>

void StackType<ItemType>::Pop()

{


if (isEmpty())



throw EmptyStack();


top--;

}

template<typename ItemType>

ItemType StackType<ItemType>::Top() const

{


if (isEmpty())



throw EmptyStack();


return items[top];

}

template<typename ItemType>

StackType<ItemType>::~StackType()

{


delete [] items;

}

// Drriver Program:

#include <iostream>

#include <string>

using namespace std;

struct Student

{


string name;


int ssn;

};

int main()

{


int n;


cout << "Enter the max. size of the stack: ";


cin >> n;


StackType<Student> s(n);


Student st;


st.name = "Iyad";


st.ssn = 5;


s.Push(st);


st.name = "Chris";


st.ssn = 8;


s.Push(st);


Student st2;


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


s.Pop();


st2 = s.Top();


cout << st2.name << '\t' << st2.ssn << endl;


return 0;

}

Function Templates:

template<typename type>

type max(type a, type b)

{


return (a > b ? a : b);

}

//Drriver Program:

#include <iostream>

#include <string>

using namespace std;

int main()

{


cout << max("ab","abc") << endl;


cout << max(23.0,97.0/6) << endl;


// The following will result in an error


// cout << max(23,97.0/6) << endl;


return 0;

}

Time Complexity (Running Time):

All methods of the queue are O(1).

Destructors:

· A destructor has the same as the class, but the name is proceeded by tilde (~).

· A destructor is public.

· Destructors do not have parameters.

· A destructor has no return type.

· A destructor cannot be overloaded. Why? Because it cannot have parameters.

· Destructors are implicitly invoked. The compiler calls the destructor (say the destructor is for a class called MyClass), when objects of MyClass cease to exist. 

Why exception classes and how to benefit from them? Later
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