Queues

A queue is an ADT in which new elements are added at one end (called the rear) and elements are removed from the other end (called the front). The queue is ordered and homogeneous. The first element to be added is the first to be removed. This is denoted by FIFO (first in first out).

Applications of Queues:

- List of processes in the operating system.

- Buffers.

Applications of Stacks:

- Compilers.

- Balancing parenthesis, brackets,  braces.

Data Members of the Queue:

· r of type int: index of the next available array cell. I.e. r is the index where the next element of the queue will be inserted (if the queue is not full). Note that r = rear + 1, where rear is the index of the last item inserted in the queue.

· front of type int: index of the cell of the array storing the first element of the queue to be served. front is the index of the next item to be removed/served (if the queue is not empty).

· N = The maximum number of items the queue can hold + 1.

· items: A pointer to a dynamic array of size N that will hold the items of the queue.

Operations on the Queue: 

1) Retrieve the front element of the queue. This is called Front.

2) Delete/remove the front element of the queue and retrieve it. This is called Dequeue.

3) Insert an element at the rear of the queue. This is called Enqueue.

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

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

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

Implementation of the Queue ADT:

· Different ways to implement the queue. They may differ in efficiency.

· Easiest: When you remove the front element, shift the rest of the elements to the front, so that the front element (the one to be removed/served next) is the first element of the array (the elements of the queue will be stored in an array). Problem: Not the best design (in terms of efficiency).

· We will implement the queue with templates.

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

· We will make r and front wrap around when they reach the end of the queue.

· We will denote the maximum number of items of the queue by maxQueue.

· We will implement the queue with a dynamic array of size N.
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.

};

// Specification part of class QueueType

template<typename ItemType>

class QueueType

{

private:


int r; // Index of the next available cell of the queue


int f; // Index of the next item to be removed


int N; // Max. # of items of the queue + 1


ItemType* items; // Pointer to a dynamic array

public:


QueueType(); // Default constructor. Default size = 501.


QueueType(int N); // N = (max size of queue + 1).


int size() const; // Returns # of stored elements

bool isEmpty() const;

bool isFull() const;

void Enqueue(ItemType item);

void Dequeue(ItemType&);

ItemType Front() const;

~QueueType(); // Destructor

};

// Implementation part of class QueueType

template<typename ItemType>

QueueType<ItemType>::QueueType()

{


N = 501;


r = 0;



f = 0;


items = new ItemType[N];

}

template<typename ItemType>

QueueType<ItemType>::QueueType(int m)

{


N = m + 1;


r = 0;


f = 0;


items = new ItemType[N];


}

template<typename ItemType>

int QueueType<ItemType>::size() const

{


return ((N - f + r) % N);

}

template<typename ItemType>

bool QueueType<ItemType>::isEmpty() const

{


return (f == r);

}

template<typename ItemType>

bool QueueType<ItemType>::isFull () const

{


return (size() == N - 1);

}

template<typename ItemType>

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

{


if (isFull())



throw FullQueue();


items[r] = newItem;


r = (r + 1) % N;

}

template<typename ItemType>

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

{


if (isEmpty())



throw EmptyQueue();


temp = items[f];


f = (f + 1) % N;

}

template<typename ItemType>

ItemType QueueType<ItemType>::Front() const

{


if (isEmpty())



throw EmptyQueue();


return items[f];

}

template<typename ItemType>

QueueType<ItemType>::~QueueType()

{


delete [] items;

}

// Driver 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 queue: ";


cin >> n;


QueueType<Student> s(n);


Student st;


st.name = "Iyad";


st.ssn = 5;


s.Enqueue(st);


st.name = "Chris";


st.ssn = 8;


s.Enqueue(st);


Student st2;


st2 = s.Front();


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


s.Dequeue(st2);


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


st2 = s.Front();


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


s.Dequeue(st2);


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


return 0;

}

=========================

· If the user enters the size to be 1 in the previous program and if there is no exception handling in the program, an abnormal termination of the program would occur.

· But, if the user enters the size to be 1 in the following program, then there would be no abnormal termination of the program, because the program has exception handling:

Queues with a Try Catch Block:

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.

};

// Specification part of class QueueType

template<typename ItemType>

class QueueType

{

private:


int r; // Index of the next available cell of the queue


int f; // Index of the next item to be removed


int N; // Max. # of items of the queue + 1


ItemType* items; // Pointer to a dynamic array

public:


QueueType(); // Default constructor. Default size = 501.


QueueType(int N); // N = (max size of queue + 1).


int size() const; // Returns # of stored elements

bool isEmpty() const;

bool isFull() const;

void Enqueue(ItemType item);

void Dequeue(ItemType&);

ItemType Front() const;

~QueueType(); // Destructor

};

// Implementation part of class QueueType

template<typename ItemType>

QueueType<ItemType>::QueueType()

{


N = 501;


r = 0;



f = 0;


items = new ItemType[N];

}

template<typename ItemType>

QueueType<ItemType>::QueueType(int m)

{


N = m + 1;


r = 0;


f = 0;


items = new ItemType[N];


}

template<typename ItemType>

int QueueType<ItemType>::size() const

{


return ((N - f + r) % N);

}

template<typename ItemType>

bool QueueType<ItemType>::isEmpty() const

{


return (f == r);

}

template<typename ItemType>

bool QueueType<ItemType>::isFull () const

{


return (size() == N - 1);

}

template<typename ItemType>

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

{


if (isFull())



throw FullQueue();


items[r] = newItem;


r = (r + 1) % N;

}

template<typename ItemType>

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

{


if (isEmpty())



throw EmptyQueue();


temp = items[f];


f = (f + 1) % N;

}

template<typename ItemType>

ItemType QueueType<ItemType>::Front() const

{


if (isEmpty())



throw EmptyQueue();


return items[f];

}

template<typename ItemType>

QueueType<ItemType>::~QueueType()

{


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 queue: ";


cin >> n;


QueueType<Student> s(n);


Student st;


st.name = "Iyad";


st.ssn = 5;


try


{



s.Enqueue(st);


}


catch(FullQueue)


{



cout << "The queue is full. The item wasn't inserted.\n";


}


st.name = "Chris";


st.ssn = 8;


try


{



s.Enqueue(st);


}


catch(FullQueue)


{



cout << "The queue is full. The item wasn't inserted.\n";


}


Student st2;


try


{



st2 = s.Front();



cout << "The front element is: (" << st2.name 

<< ',' << st2.ssn << ")." << endl;


}


catch(EmptyQueue)


{



cout << "The queue is empty. The item wasn't retrieved\n";


}


try


{



s.Dequeue(st2);



cout << "(" << st2.name << ',' << st2.ssn 

<< ") was deleted." << endl;


}


catch(EmptyQueue)


{



cout << "The queue is empty. The item wasn't deleted.\n";


}


try


{



st2 = s.Front();



cout << "The front element is: (" << st2.name 

<< ',' << st2.ssn << ")." << endl;


}


catch(EmptyQueue)


{



cout << "The queue is empty. The item wasn't retrieved\n";


}


try


{



s.Dequeue(st2);



cout << "(" << st2.name << ',' << st2.ssn 

<< ") was deleted." << endl;


}


catch(EmptyQueue)


{



cout << "The queue is empty. The item wasn't deleted.\n";


}


return 0;

}

A Slightly Different Implementation of Methods: Enqueue, Dequeue, Front:

template<typename ItemType>

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

{


if (isFull())


{



FullQueue f;



throw f;


}


items[r] = newItem;


r = (r + 1) % N;

}

template<typename ItemType>

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

{


if (isEmpty())


{



EmptyQueue f;



throw f;


}


temp = items[f];


f = (f + 1) % N;

}

template<typename ItemType>

ItemType QueueType<ItemType>::Front() const

{


if (isEmpty())


{



EmptyQueue f;



throw f;


}


return items[f];

}

Another way to do the previous program:

template<typename ItemType>

class QueueType

{

private:


int r; // Index of the next available cell of the queue


int f; // Index of the next item to be removed


int N; // Max. # of items of the queue + 1


ItemType* items; // Pointer to a dynamic array

public:


QueueType(); // Default constructor. Default size = 501.


QueueType(int N); // N = (max size of queue + 1).


int size() const; // Returns # of stored elements

bool isEmpty() const;

bool isFull() const;

void Enqueue(ItemType item);

void Dequeue(ItemType&);

ItemType Front() const;

~QueueType(); // Destructor

};

// Implementation part of class QueueType

template<typename ItemType>

QueueType<ItemType>::QueueType()

{


N = 501;


r = 0;



f = 0;


items = new ItemType[N];

}

template<typename ItemType>

QueueType<ItemType>::QueueType(int m)

{


N = m + 1;


r = 0;


f = 0;


items = new ItemType[N];


}

template<typename ItemType>

int QueueType<ItemType>::size() const

{


return ((N - f + r) % N);

}

template<typename ItemType>

bool QueueType<ItemType>::isEmpty() const

{


return (f == r);

}

template<typename ItemType>

bool QueueType<ItemType>::isFull () const

{


return (size() == N - 1);

}

template<typename ItemType>

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

{


if (isFull())


{



string st = "The queue is full.\n";



throw st;


}


items[r] = newItem;


r = (r + 1) % N;

}

template<typename ItemType>

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

{


if (isEmpty())


{



string st = "The queue is empty.\n";



throw st;


}


temp = items[f];


f = (f + 1) % N;

}

template<typename ItemType>

ItemType QueueType<ItemType>::Front() const

{


if (isEmpty())


{



string st = "The queue is empty.\n";



throw st;


}


return items[f];

}

template<typename ItemType>

QueueType<ItemType>::~QueueType()

{


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 queue: ";


cin >> n;


QueueType<Student> s(n);


Student st;


st.name = "Iyad";


st.ssn = 5;


try


{



s.Enqueue(st);


}


catch (string s)


{



cout << s;


}


st.name = "Chris";


st.ssn = 8;


try


{



s.Enqueue(st);


}


catch (string s)


{



cout << s;


}


Student st2;


try


{



st2 = s.Front();



cout << "The front element is: (" << st2.name 

<< ',' << st2.ssn << ")." << endl;


}


catch (string s)


{



cout << s;


}


try


{



s.Dequeue(st2);



cout << "(" << st2.name << ',' << st2.ssn 

<< ") was deleted." << endl;


}


catch (string s)


{



cout << s;


}


try


{



st2 = s.Front();



cout << "The front element is: (" << st2.name 

<< ',' << st2.ssn << ")." << endl;


}


catch (string s)


{



cout << s;


}


try


{



s.Dequeue(st2);



cout << "(" << st2.name << ',' << st2.ssn 

<< ") was deleted." << endl;


}


catch (string s)


{



cout << s;


}


return 0;

}
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