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STACK:
stack is an abstract data type commonly used in most programming languages. 

Stack ADT allows all data operations at one end only.

At any given time, We can only access the top element of a stack.

This feature makes it LIFO data structure. LIFO stands for Last-in-first-out. Here, the element which is inserted last, is accessed first. In stack terminology, insertion operation is called

PUSH operation and removal operation is called POP operation.

Stack Representation

A stack can be implemented by means of Array and Linked-List. Stack can either be a fixed size one(when implemented as an array) or it may have a sense of dynamic resizing(when implemented as a single linked list). 

Basic Operations

Stack operations may involve initializing the stack, using it and then de-initializing it. Apart from

these basic stuffs, a stack is used for the following two primary operations −

push − pushing storing an element on the stack.

pop − removing accessing an element from the stack.

Display-Display the stack contents
isFull − check if stack is full.

isEmpty − check if stack is empty.

 At all times, we maintain a pointer to the last PUSHed data on the stack. As this pointer always represents the top of the stack, hence named top. The top pointer provides top value of the stack without actually removing it.

isfull

if top equals to MAXSIZE

return true

else

return false

isempty

if top less than 0
return true

else

return false
PUSH Operation procedure:
The process of putting a new data element onto stack is known as PUSH Operation. Push operation

involves series of steps −

Step 1 − Check if stack is full.

Step 2 − If stack is full, produce error and exit.

Step 3 − If stack is not full, increment top to point next empty space.

Step 4 − Add data element to the stack location, where top is pointing.

Step 5 − return success.
Algorithm

If stack is full

return null

else

read data
top=top=+1

stack[top]=data

end
Pop Operation procedure:
          Accessing the content while removing it from stack is known as pop operation. In array

Implementation of pop operation, data element is set to empty space and thus removed. In linked-list implementation, pop actually removes data element and deallocates memory space.

A POP operation may involve the following steps −

Step 1 − Check if stack is empty.

Step 2 − If stack is empty, produce error and exit.

Step 3 − If stack is not empty, access the data element at which top is pointing.

Step 4 − Decrease the value of top by 1.

Step 5 − return success.

Algorithm 

if stack is empty

return null
else
data ← stack[top]

top ← top - 1

return data

end procedure
Stack operations using Arrays

#include<iostream.h>

#include<conio.h>

#include<malloc.h>

class Data

{

 private:

     int i,n,x,top,*stack;

 public:

    Data()

     {

       top = -1;

       cout<<"\n Enter the stack size : ";

       cin>>n;

       stack = (int *)malloc(n * sizeof(int));

     }

     void push();

     void pop();

     void display();

     int isEmpty();

     int isFull();

};

 void Data :: display()

 {

  if(isEmpty()==1)

  cout<<"\n Stack is Empty";

  else

   {

    cout<<"\n Stack elements are : ";

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

    cout<<" "<<stack[i];

   }

 }

 int Data :: isEmpty()

 {

  if(top==-1)

  return 1;

 else

  return 0;

 }

 int Data :: isFull()

 {

  if(top==n-1)

  return 1;

 else

  return 0;

 }

 void Data :: push()

 {

  if(isFull() == 1)

   cout<<" \n \t Stack is Full & We can't push data ";

 else

  {

   cout<<"\n \n Enter the element to insert ";

   cin>>x;

   top= top + 1;

   stack[top] = x;

   cout<<"\n \t"<< x << " is inserted successfully";

  }

 }

 void Data :: pop()

 {

 if(isempty()==1)
  cout<<"\n Stack is Empty";

 else

  {

   cout<<stack[top]<<" is successfully deleted";

top--;
  }

 }

void main()

{

 Data obj;

 int c;

 char ch;

 do

  {

   clrscr();

   cout<<"\n \t Stack Operation";

   cout<<"\n 1. Push";

   cout<<"\n 2. Pop";

   cout<<"\n 3. Display";

   cout<<"\n \t Enter your choice : ";

   cin>>c;

  switch(c)

   {

    case 1 : obj.push(); break;

    case 2 : obj.pop(); break;

    case 3 : obj.display(); break;

    default:cout<<"\n Invalid choice";

   }

   cout<<"\n \n \t Do you want to continue(y/n) : ";

   cin>>ch;

 }while(ch=='y' || ch=='Y');

 getch();

}

Queue:
Ordered collection of homogeneous elements

Non-primitive linear data structure

A new element is added at one end called rear end and the existing elements are deleted from the other end called front end.

This mechanism is also called as First-In-First-Out (FIFO).

Total No. Of elements in queue=rear-front+1
Operations on a Queue:

Inserting an Element (Enqueue: Done at the end of the queue called “rear”)

Deleting an Element (Dequeue: Done at the end of the queue called “front”)
To Insert an Element:
If (rear=maxsize-1)

Print (“queue overflow”) and return

Else

rear=rear+1

 Queue [rear] =item

To Delete an Element:
If(front==rear) OR rear=-1
Print(“queue empty”) and return

Else

Front=front+1

Item=queue[front]

Return item
Queue operations using Arrays
#include<iostream.h>

#include<conio.h>

#include<malloc.h>

class Data

{

 private:

     int i,n,x,rp,fp,*Queue;

 public:

    Data()

     {

       rp=-1,fp=-1;

       cout<<"\n Enter the Queue size : ";

       cin>>n;

       Queue = (int *)malloc(n * sizeof(int));

     }

     void enqueue();

     void dequeue();

     void display();

     int isEmpty();

     int isFull();

};

void Data :: display()

{

if(isEmpty()==1)

  cout<<"\n Queue is Empty";

 else

  {

   cout<<"\n Queue elements are : ";

   if(fp==-1)

   {

   for(int i=0;i<=rp;i++)

   cout<<" "<<Queue[i];

   }

   else

   {

   for(int i=fp+1;i<=rp;i++)

   cout<<" "<<Queue[i];

   }

  }

}

 int Data :: isEmpty()

 {

  if((rp==-1)||(fp==rp))

   return 1;

  else

   return 0;

 }

 int Data :: isFull()

 {

  if(rp==n-1)

   return 1;

  else

   return 0;

 }

void Data :: enqueue()

 {

  if(isFull()==1)

   cout<<" \n \t Queue is Full & We can't insert data ";

  else

  {

   cout<<"\n \t Enter the element to insert : ";

   cin>>x;

   rp = rp + 1;

   Queue[rp] = x;

   cout<<"\n \t"<<x<< " is inserted successfully";


 }

 }

 void Data :: dequeue()

 {

  if(isEmpty()==1)

  cout<<"\n \n \t Queue is Empty";

  else

   {  fp=fp+1;

      cout<<"\n \n \t"<<Queue[fp]<<" is successfully deleted";

   }

 }

void main()

{

 Data obj;

 int c;

 clrscr();

 char ch;

 do

  {

   clrscr();

   cout<<"\n \t Queue Operation";

   cout<<"\n 1. Enqueue";

   cout<<"\n 2. Dequeue";

   cout<<"\n 3. Display";

   cout<<"\n \t Enter your choice : ";

   cin>>c;

  switch(c)

   {

    case 1 : obj.enqueue(); break;

    case 2 : obj.dequeue(); break;

    case 3 : obj.display(); break;

    default:cout<<"\n Invalid choice";

   }

   cout<<"\n \n \t Do you want to continue(y/n) : ";

   cin>>ch;

 }while(ch=='y' || ch=='Y');

 getch();

}

Note: Queue often leads to re-buffering problem i.e we cannot insert an element into deleted positions of the queue.

Circular Queue:
In a standard queue data structure re-buffering problem occurs for each dequeue operation. This problem is solved by joining the front and rear ends of a queue to make the queue as a circular queue. Circular queue is a linear data structure. It follows FIFO principle.

· In circular queue the last location is connected back to the first location to make a circle.

· Circular Queue  follows the First In First Out principle

· Elements are added at the rear end and the elements are deleted at front end of the queue

· Both the front and the rear pointers points -1 initially.

· It is also called as “Ring buffer”.

Circular Queue can be created in three ways they are

· Using single linked list

· Using double linked list

· Using arrays

Using array
In arrays the range of a subscript is 0 to n-1 where n is the maximum size. To make the array as a circular array by making the subscript 0 as the next address of the subscript n-1. 

The following figure shows circular array:





Circular Queue Using Arrays
#include<iostream.h>

#include<malloc.h>

#include<conio.h>

class data

{

private:

int i,n,x,rp,fp,*cqueue;

public:

data()

{

rp=fp=-1;

clrscr();

cout<<"Enter queue size";

cin>>n;

cqueue=(int *)malloc(n*sizeof(int));

}

void enqueue();

void dequeue();

void display();

int isempty();

int isfull();

};

void data::display()

{

if(isempty()==1)

cout<<"Queue is empty no elements to display";

else

{

cout<<"Queue elelments are";

if(rp<=fp)

{

for(int i=fp+1;i<=n-1;i++)

cout<<cqueue[i]<<endl;

for(int j=0;j<=rp;j++)

cout<<cqueue[j]<<endl;

}

else

{

if(fp==-1)

{

for(int i=0;i<=rp;i++)

cout<<cqueue[i]<<endl;

}

else

{

for(int j=fp+1;j<=rp;j++)

cout<<cqueue[j]<<endl;

}

}

}

}

int data::isempty()

{

if(rp==-1)

return 1;

else

return 0;

}

int data::isfull()

{

if(((rp==n-1)&&(fp==-1))||((rp==fp)&&(rp!=-1)))

return 1;

else

return 0;

}

void data::enqueue()

{

if(isfull()==1)

cout<<"Queueis full cannotinsert";

else

{

cout<<"Enter element to insert"<<endl;

cin>>x;

if((rp==n-1)||(rp==-1))

rp=0;

else

rp=rp+1;

}

cqueue[rp]=x;

cout<<" "<<x<<"is insertedsuccessfully";

}

void data::dequeue()

{

if(isempty()==1)

cout<<"\n queue is empty";

else

{

if((fp==n-1)||(fp==-1))

fp=0;

else

fp++;

cout<<cqueue[fp]<<"is deleted"<<endl;

if(fp==rp)

fp=rp=-1;

}

}

void main()

{

data obj;

int c;

char ch;

cout<<"PRESS n OR N To stop Excution";

do

{

clrscr();

cout<<"\n circular  QUEUE OPERATION";

cout<<"\n 1.Enqueue operation";

cout<<"\n 2.Dequeue";

cout<<"\n 3.Display";

cout<<"\n Enter your choice";

cin>>c;

switch(c)

{

case 1:obj.enqueue();break;

case 2:obj.dequeue();break;

case 3:obj.display();break;

default:

cout<<"\n invalid choice";

}

cout<<"\n Do you want to continue";

cin>>ch;

}while(ch!='n'||ch=='N');

}

Linked List
Linked List is a sequence of nodes. Each node contains data and links to next node. Linked list the second most used data structure after array. Following are important terms to understand the concepts of Linked List.

data − Each Link(node) of a linked list can store an element called data.
Next − Each Link (node) of a linked list contain a link to next link (node) called Next.

Types of Linked List

Single Linked List − Item Navigation is forward only.



Doubly Linked List − Items can be navigated forward and backward way.

Circular Linked List − Last item contains link of the first element as next and and first



element has link to last element as prev.

Basic Operations:
Following are the basic operations supported by a list.

Insertion − add an element at the beginning and ending of the list.

Deletion − delete an element at the beginning and ending of the list.

Display − displaying complete list.

Search − search an element using given key.

Delete − delete an element using given key.

Stack using Single Linked List
#include<conio.h>

#include<malloc.h>

#include<iostream.h>

 struct node

  {

 int data;

 struct node *next;

  };

 class SLL

 {

 private:

 int x,p,count;

 struct node *fn,*ln,*temp,*newN;

 public:

   SLL()

    {

     fn=NULL;ln=NULL;

     temp=NULL;newN=NULL;

     p=-1;

    }

 void addatEnd();

 void display();

 void delatEnd();

 void create();

 };

 void SLL::create()

 {

 newN=(struct node*)malloc(sizeof(struct node));

 cout<<"Enter node value";

 cin>>x;

 newN->data=x;

 newN->next=NULL;

 fn=ln=newN;

 }

 void SLL::addatEnd()

 {

 if(fn==NULL)

 create();

  else

  {

    newN=(struct node*)malloc(sizeof(struct node));

    cout<<"\n Enter node value";

    cin>>x;

    newN->data=x;

    ln->next=newN;

    ln=newN;

   }

 cout<<"\n \n \t Element added successfully";

 }

   void SLL::delatEnd()

  {

  temp=fn;

  if(fn->data==NULL||fn==NULL)

  {

  cout<<"nomore to delete";

  return;

  }

  if(fn==ln)

  {

    cout<<fn->data<<"is deleted";

  fn=ln=NULL;

  }

  else

  {

  while(temp->next!=ln)

    temp=temp->next;


 temp->next=NULL;

  ln=temp;

    cout<<"\n Element successfully Deleted";

  }

   }

    void SLL::display()

  {

  if(fn==NULL||fn->data==NULL)

  cout<<"\n The list is empty";

  else

  {

  cout<<"\n The elements are";

  temp=fn;

  do

  {

  cout<<temp->data<<" ";

  temp=temp->next;

  }while(temp!=NULL);

  }

  }

  void main()

  {

  SLL obj;

  int c,key,p=-1;

  char ch;

  do

  {

  clrscr();

  cout<<"\n Single linked list operations";

  cout<<"\n 1.Add at end";

  cout<<"\n 2.Delete at End";

  cout<<"\n 3.Display";

  cout<<"\n enter your choice";

  cin>>c;

  switch(c)

  {

  case 1:obj.addatEnd();break;

  case 2:obj.delatEnd();break;

  case 3:obj.display();break;


 default:cout<<"\n invlid choice";

       }

       cout<<"\n do u want to continue(y/Y)";

       cin>>ch;

       }while((ch=='y')||(ch=='Y'));
       }
Queue using Single Linked List
#include<iostream.h>

 #include<malloc.h>

 #include<conio.h>

 struct node

  {

 int data;

 struct node *next;

  };

 class SLL

 {

 private:

 int x,p,count;

 struct node *fn,*ln,*temp,*newN;

 public:

   SLL()

    {

     fn=NULL;ln=NULL;

     temp=NULL;newN=NULL;

     p=-1;

    }

 void addatEnd();

 void display();

 void delatBeg();

void create();

  };

 void SLL::create()

 {

 newN=(struct node*)malloc(sizeof(struct node));

 cout<<"Enter node value";

 cin>>x;

 newN->data=x;

 newN->next=NULL;

 fn=ln=newN;

 }

  void SLL::addatEnd()

 {

 if(fn==NULL)

 create();

  else

  {

    newN=(struct node*)malloc(sizeof(struct node));

    cout<<"\n Enter node value";

    cin>>x;

    newN->data=x;

    ln->next=newN;

    ln=newN;

   }

   }

      void SLL::delatBeg()

  {

    if(ln==NULL)

    cout<<"No more elemets to delete";

    else

    {

    if(fn->next!=NULL)

    {

    cout<<"Element successfully deleted";

    fn=fn->next;

    }

    else

    {

    cout<<"Element successfully deleted";

   fn=ln=NULL;

    }

     }
  }

  void SLL::display()

  {

  if(fn==NULL)

  cout<<"\n The list is empty";

  else

  {

  cout<<"\n The elements are";

  temp=fn;

  do

  {

  cout<<temp->data<<" ";

  temp=temp->next;

  }while(temp!=NULL);

  }

  }

  void main()

  {

  SLL obj;

  int c,key,p=-1;

  char ch;

  do

  {

  clrscr();

  cout<<"\n Single linked list operations";

  cout<<"\n 1.Add at End";

  cout<<"\n 2.Display";

  cout<<"\n 3.Delete atbeginning";

cout<<"\n enter your choice";

  cin>>c;

  switch(c)

  {

  case 1:obj.addatEnd();break;

  case 2:obj.display();break;

  case 3:obj.delatBeg();break;

  
default:cout<<"\n invlid choice";

       }

       cout<<"\n do u want to continue(y/Y)";

       cin>>ch;

       }while((ch=='y')||(ch=='Y'));

       }

Double Linked List
Doubly Linked List is a variation of Linked list in which navigation is possible in both ways i.e forward and backward as compared to Single Linked List. 
It includes

Link − Each Link of a linked list can store a data called an element.

Next − Each Link of a linked list contain a link to next link called Next.

Prev − Each Link of a linked list contain a link to previous link called Prev.
Doubly Linked List contains an link element called first and last.

Each Link carries a data fields and a Link Field called next.

Each Link is linked with its next link using its next link.

Each Link is linked with its previous link using its prev link.

Last Link carries a Link as null to mark the end of the list.
Operations:

Insertion − add an element at the beginning of the list.

Deletion − delete an element at the beginning of the list.

Insert Last − add an element in the end of the list.

Delete Last − delete an element from the end of the list.

Insert After − add an element after an item of the list.

Delete − delete an element from the list using key.

Display forward − displaying complete list in forward manner.

Display backward − displaying complete list in backward manner
Stack using Double LinkedList
#include<iostream.h>

#include<malloc.h>

#include<conio.h>

struct node

  {

 int data;

 struct node *fl,*bl;

  };

 class DLL

 {

 private:

 int x,p,count;

 struct node *fn,*ln,*temp,*newN;

 public:

   DLL()

    {

     fn=NULL;ln=NULL;

     temp=NULL;newN=NULL;

     p=-1;

    }

 void addatEnd();

 void display();

 void delatEnd();

 void Listsize();

 void create();

 int search(int);

 };

 void DLL::create()

 {

 newN=(struct node*)malloc(sizeof(struct node));

 cout<<"Enter node value";

 cin>>x;

 newN->data=x;

 newN->fl=NULL;

 newN->bl=NULL;

 fn=ln=newN;

 }

  void DLL::addatEnd()

 {

 if(fn==NULL)

 create();

  else

  {

    newN=(struct node*)malloc(sizeof(struct node));

    cout<<"\n Enter node value";

    cin>>x;

    newN->data=x;

    newN->fl=NULL;

    newN->bl=ln;

    ln->fl=newN;

    ln=newN;

       }

 cout<<"\n \n \t Element added successfully";

 }

 int DLL::search(int k)

 {

 int p=-1,c=0;

 temp=fn;

 if(fn==NULL)

  cout<<"\n List is EMPTY";

  else

  {

  while(temp!=NULL)

  {

  if(temp->data==k)

  {

  p=c;

  break;

  }

  temp=temp->fl;

  c++;

  }

  }

  return p;

  }

  void DLL::Listsize()

  {

  count=0;temp=fn;

  while(temp!=NULL)

  {

  count++;

  temp=temp->fl;

  }

  cout<<"\n The size of the list is"<<count;

  }

  void DLL::delatEnd()

  {

  if(fn==NULL)

  {

  cout<<"no more to delete";

  return;

  }

   else

  {

  temp=fn;

  if(temp->fl==NULL)

  {

  cout<<"deleted node successfully";

  fn=ln=NULL;

  return;

  }

  else

  {

  while(temp->fl!=ln)

    temp=temp->fl;

  temp->fl=NULL;

  ln=temp;

  }

  cout<<"\n Element successfully Deleted";

  }

  }

   void DLL::display()

  {

  if(fn==NULL)

  cout<<"\n The list is empty";

  else

  {

  cout<<"\n The elements are";

  temp=fn;

  do

  {

  cout<<temp->data<<" ";

  temp=temp->fl;

  }while(temp!=NULL);

  }

  }

  void main()

  {

  DLL obj;

  int c,key,p=-1;

  char ch;

  do

  {

  clrscr();

  cout<<"\n Double linked list operations";

  cout<<"\n 1.Add at End";

  cout<<"\n 2.Display";

  cout<<"\n 3.Delete at End";

  cout<<"\n 4. Size of the list";

  cout<<"\n 5.search the list";

  cout<<"\n enter your choice";

  cin>>c;

  switch(c)

  {

  case 1:obj.addatEnd();break;

  case 2:obj.display();break;

  case 3:obj.delatEnd();break;

  case 4:obj.Listsize();break;

  case 5:cout<<"\n Enter the Element to seaarch";


cin>>key;


p=obj.search(key);


if(p==-1)


cout<<"\n Element not found in the list";


else


cout<<"\n Element found at"<<p<<"position";


break;

       default:cout<<"\n invlid choice";

       }

       cout<<"\n do u want to continue(y/Y)";

       cin>>ch;

       }while((ch=='y')||(ch=='Y'));

       }

Queue using Double Linked List
#include<iostream.h>

 #include<malloc.h>

 #include<conio.h>

 struct node

  {

 int data;

 struct node *fl,*bl;

  };

 class DLL

 {

 private:

 int x,p,count;

 struct node *fn,*ln,*temp,*newN;

 public:

   DLL()

    {

     fn=NULL;ln=NULL;

     temp=NULL;newN=NULL;

     p=-1;

    }

 void addatEnd();

 void display();

 void delatBeg();

void addatBeg();

void create();

  };

 void DLL::create()

 {

 newN=(struct node*)malloc(sizeof(struct node));

 cout<<"Enter node value";

 cin>>x;

 newN->data=x;

 newN->fl=NULL;

 newN->bl=NULL;

 fn=ln=newN;

 }

  void DLL::addatEnd()

 {

 if(fn==NULL)

 create();

  else

  {

    newN=(struct node*)malloc(sizeof(struct node));

    cout<<"\n Enter node value";

    cin>>x;

    newN->data=x;

    ln->fl=newN;

    newN->bl=ln;

    newN->fl=NULL;

    ln=newN;

   }

   }

   void DLL::addatBeg()

   {

   if(fn==NULL)

   {

   cout<<"No more elemetns to delete";

   return;

   }

   else

   {

   newN=(struct node*)malloc(sizeof(struct node));

   cout<<"\n Enter node value";

   cin>>x;

   newN->data=x;

   newN->fl=fn;

   newN->bl=NULL;

   fn->bl=newN;

   fn=newN;

 cout<<"\n \n \t Element added successfully";

 }

 }

   void DLL::delatBeg()

  {

    if(ln==NULL)

    cout<<"No more elemets to delete";

    else

    {

    if(fn->fl!=NULL)

    {

    cout<<"Element successfully deleted";

    fn=fn->fl;

    }

    else

    {

    cout<<"Element successfully deleted";

   fn=ln=NULL;

    }

     }
  }

  void DLL::display()

  {

  if(fn==NULL)

  cout<<"\n The list is empty";

  else

  {

  cout<<"\n The elements are";

  temp=fn;

  do

  {

  cout<<temp->data<<" ";

  temp=temp->fl;

  }while(temp!=NULL);

  }

  }

  void main()

  {

  DLL obj;

  int c,key,p=-1;

  char ch;

  do

  {

  clrscr();

  cout<<"\n Double linked list operations";

  cout<<"\n 1.Add at End";

  cout<<"\n 2.Display";

  cout<<"\n 3.Delete atbeginning";

  cout<<"\n 4.add at Beg";

 cout<<"\n enter your choice";

  cin>>c;

  switch(c)

  {

  case 1:obj.addatEnd();break;

  case 2:obj.display();break;

  case 3:obj.delatBeg();break;

  case 4:obj.addatBeg();break;


default:cout<<"\n invlid choice";

       }

       cout<<"\n do u want to continue(y/Y)";

       cin>>ch;

       }while((ch=='y')||(ch=='Y'));

       }
Circular Linked List
Circular Linked List is a variation of Linked list in which first element points to last element and last element points to first element. Both Singly Linked List and Doubly Linked List can be made into as circular linked list
Singly Linked List as Circular
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Doubly Linked List as Circular

In doubly linked list, the next pointer of the last node points to the first node and the prev
Pointer of the first node points to the last node making the circular in both directions.
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Last Link's next points to first link of the list in both cases of singly as well as doubly linked list.

First Link's prev points to the last of the list in case of doubly linked list.
Following are the important operations supported by a circular list.
insert − insert an element in the start of the list.

delete − insert an element from the start of the list.

display − display the list.
Expressions:

Infix notation: X + Y

Operators are written in-between their operands. 

Postfix notation (also known as "Reverse Polish notation"): X Y +

Operators are written after their operands
Prefix notation (also known as "Polish notation"): + X Y

Operators are written before their operands.

	Infix
	Postfix
	Prefix
	Notes

	A * B + C / D
	A B * C D / +
	+ * A B / C D
	multiply A and B,divide C by D,add the results

	A * (B + C) / D
	A B C + * D /
	/ * A + B C D
	add B and C,multiply by A,divide by D

	A * (B + C / D)
	A B C D / + *
	* A + B / C D
	divide C by D,add B,multiply by A

	( (A * B) + (C / D) )
	( (A B *) (C D /) +)
	(+ (* A B) (/ C D) )

	((A * (B + C) ) / D)
	( (A (B C +) *) D /)
	(/ (* A (+ B C) ) D)


VIJAYKUMAR JANGA
Page 5

