Stacks and Queues

The Stack Abstract Data Type

The Queue Abstract Data Type

A Mazing Problem
Evaluation of Expressions

Multiple Stacks and Queues

The Stack Abstract Data Type

· Stack

· An ordered list 

· Insertions and deletions are made at one end, called top

· Last-In-First-Out (LIFO) list

Illustration
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· Example 3.1:System stack 

//Fig. 3.2, system stack after function call, p127

  -Create a new stack frame for each recursive call.

Abstract Data Type Stack

template <class KeyType>

class Stack 

{
//objects: a finite ordered list with zero or more elements.

//for all stack in Stack, item in element, MaxStackSize in positive integer public:
Stack(int MaxStackSize=DefaultSize);

//create an empty stack whose maximum size is MaxStackSize

Boolean IsFull();

//if (number of elements in stack == MaxStackSize)

//     return TRUE

//else  return FALSE

void Add(const KeyType &item);

//if (IsFull(stack)) then StackFull()

//else insert item into top of stack

Boolean IsEmpty();

//if number of elements in stack is 0, return TRUE
//else return FALSE

KeyType* Delete(KeyType &);

//if (IsEmpty()), then return 0
//else remove and return the pointer to the top of the stack

.Data member declarations

private:

int top;

KeyType *stack;

int MaxSize;

Implementation of Stack- CreateStack

template <class KeyType>
Stack<KeyType>::Stack(int MaxStackSize) : MaxSize (MaxStackSize)

{


stack= new KeyType[MaxSize];

    top = -1;

}

· Implementation of member function IsFull() 

//p129

· Implementation of member function IsEmpty()

//p129

· Implementation of member function Add() 

//program 3.7, p129

· Implementation of member function Delete()

//program 3.8, p129
The Queue Abstract Data Type

· Queue

· An ordered list

· All insertions take place at one end, rear
· All deletions take place at the opposite end, front
· First-In-First-Out (FIFO)

· Illustration


Abstract Data Type Queue

template <class KeyType>

class Queue 

{
//objects: a finite ordered list with zero or more elements.

public:

  Queue(int MaxQueueSize=DefaultSize);

//create an empty queue whose maximum size is MaxQueueSize

  Boolean IsFullQ();

//if (number of elements in queue== MaxQueueSize) return TRUE

//else return FALSE

  void Add(const Keytype& item);

//if (IsFullQ()) then QueueFull()

//else insert item at rear of queue

  Boolean IsEmptyQ();

//if number of elements in the queue is equal to 0 then return TRUE

//else return FALSE

  Keytype* Delete(KeyType&);

//if (IsEmpty()) then QueueEmpty() and return 0
//else remove the item at front of queue and return a pointer to it.

Implementation of Queue-

private:

  int front, rear;

KeyType *queue;

int MaxSize;

template <class KeyType>

Queue<KeyType>::Queue(int MaxQueueSize):MaxSize(int MaxQueueSize)

{
  queue=new Keytype[MaxSize];

  front = rear = -1

}

Implementation of Queue- Full or Empty

template <class KeyType>

inline Boolean Queue<KeyType>::IsFull() 

{
  if (rear == MaxSize – 1) return TRUE;

  else return FALSE;

}

template <class KeyType>

inline Boolean Queue<KeyType>::IsEmpty() 

{
  if (front == rear) return TRUE;

  else return FALSE;

}

Implementation of Queue- Add

template <class KeyType>

void Queue<KeyType>::Add(const KeyType & x) 

//add x to the queue

{
  if (IsFull()) QueueFull();

  else queue[++rear] = x;

}

Implementation of Queue- Delete

template <class KeyType>

KeyType* Queue<KeyType>::Delete()
//Remove front element at the queue

{

  if (IsEmpty()) { QueueEmpty(); return 0;}

  x = queue[++front];

  return x;

}

Circular Queue
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Implementation of Circular Queue- Add

template <class KeyType>

void Queue<KeyType>::Add(const KeyType & x) 

//add x to the circular queue

{
  int newrear = (rear+1)%MaxSize;

if (front == newrear) QueueFull();

  else queue[rear=newrear] = x;

}

Implementation of Circular Queue- Delete

template <class KeyType>

KeyType* Queue<KeyType>::Delete(KeyType &x)
//Remove front element from queue

{ 

if (front== rear) { QueueEmpty(); return 0;}

  front= (front+ 1) % MaxSize;
  x = queue[front];

  return &x;

}

Multiple Stacks and Queues

· Multiple stacks

· Implementation

· Sequential mapping of stacks into an array

· M[0..m-1]

· Example, two stacks, use M[0], M[m-1]

· Example, more than two stacks, n, use b[i]=t[i]=(m/n)*i-1





Multiple Stacks and Queues (Cont.)

· Implementations of Add and Delete item to the i stack

· As simple as for a single stack

· //See program 3.20 & 3.21, p155.

· Waste unused space

· Possible design for StackFull 

· Method 
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	Inserting and deleting elements in a stack
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Nonempty circular queue
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Empty circular Queue
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