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Data structure                                                                                                             Lec_4

Queue model : 

The Queue ADT stores arbitrary objects . Insertions and deletions follow the first-in first-out scheme .Insertions are at the rear of the queue and removals are at the front of the queue.

Main queue operations:
- Enqueue(object): inserts an element at the end of the queue

-Object Dequeue(): removes and returns the element at the front of the queue.

Auxiliary queue operations:

-object front(): returns the element at the front without removing it.
-integer size(): returns the number of elements stored .
-boolean isEmpty(): indicates  whether no elements are stored .

Array-based Queue
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Use an array of size N in a circular fashion .Two variables keep track of the front and rear.

f     index of the front element

r      index immediately past the rear 
        element

Array location r is kept empty

Queue Operations:

We use the modulo operator (remainder of division) 

size()

return (N − f + r) mod N

 isEmpty()

return (f == r)

 Enqueue(x)

     if size() = N − 1 then

        write ('Queue is Full')

     else

        Q[r] ← x

       r ← (r + 1) mod N

Dequeue()

   if isEmpty() then

     write( ' Queue is Empty ')

   else

     x ← Q[f]

     f ← (f + 1) mod N

    return x

Queue :
Stores a set of elements in a particular order .

-Insertions and deletions follow the first-in first-out scheme

-Insertions are at the rear of the queue and removals are at the front of the queue
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Main Queue Operations
En_queue(o)
Insert the object o at rear of the queue

Insert(x):

A[rear] ← x

rear ←(rear+1) mod N

Dequeue()
Remove object  from front  of  queue

Remove():

x ← A[front]

front ←(front) mod N

return x
size( ): number of elements

isEmpty( ): size == 0?

front( ): look at object at front of queue

Array-based Queue Implementation

- Array of fixed size 

- Index array element for front and rear of queue

-Indices “wrap around” when they cross end of array

Single Linked Lists

The linked list consists of a series of structures called nodes. Each node contains two fields: a "data" field and a "next" field which is a pointer used to link one node to the next node. 

Each node is allocated in the heap with a call to malloc(), so the node memory continues  to exist until it is explicitly deallocated with a call to free().The node called a head is the first nod in the list . The last node's next pointer points to Null value. The following figure shows the actual representation of the list with its delete and insert operations .    
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Programming Details
Before writing the code to build the above list, we need two data types:

• Node The type for the nodes which will make up the body of the 

 list. These are allocated in the heap. Each node contains a single

 data element and a pointer to the next node in the list. 

     struct node 

     {

       int data;

       struct node* next;

     };

• Node Pointer The type for pointers to nodes. 

     struct node
     { 
        int data; 
        struct node *next; 
     };

     typedef struct node* List;

     List header;

Here is simple function which uses pointer operations to build the list {1, 2, 3} :
struct node* BuildOneTwoThree()  //example1 

{

  node* head = NULL;

  node* second = NULL;

  node* third = NULL;

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

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

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

  head->data = 1; 

  head->next = second; 

  second->data = 2; 

  second->next = third;

  third->data = 3; 

  third->next = NULL;

  return head;

}

From this code, we get a linked list likes 

Length() Function: 
The Length() function takes a linked list and computes the number of elements in the list. 

int Length(node* head) // example1
 {

   node* current = head;

   int count = 0;

   while (current != NULL) 

     { count++;

       current = current->next;

     }

     return count;

  }

Calling Length()
Here's some typical code which calls Length(). 
struct node* myList = BuildOneTwoThree();
int len = Length(myList); // results in len == 3

BuildOneTwoThree() cotains three steps to add a node in the list:
1- Allocate the new node in the heap and set its data .

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

      newNode->data = data;

2- Link Next Set the .next pointer of the new node to point to the current first node of the list.
      newNode->next = head;
3- Link Head Change the head pointer to point to the new node, so it is now the first node in the list.
     head = newNode;
Iterate Down a List
  A very frequent technique in linked list code is to iterate a pointer over all the nodes in a list .to do so we need to
1-  The head pointer is copied into a local variable current which then

     iterates down the list. 

2-Test for the end of the list with current!=NULL.

3- Advance the pointer with  current=current->next
The three steps are accomplished by this code

for (current=head; current!=NULL ;current=current->next) 
Changing a Pointer With A Reference Pointer
Many list functions need to change the caller's head pointer. To do this in the C language, pass a pointer to the head pointer . The main steps for this technique are...

• Design the function to take a pointer to the head pointer. This needs to  change a    struct node*,  to     a struct node**.

• Use '&' in the caller to compute and pass a pointer to the value of

   interest.

• Use '*' on the parameter in the called function to access and change the

   value of interest

Linked list has of several functions like :

AppendNode_last() and AppendNode_first() functions:

 
AppendNode_last()  adds the new node at the tail end of the list. If the list is empty, it uses the reference pointer to change the head pointer. Otherwise it uses a loop to locate the last node in the list. AppendNode_first() adds the new node at the head of the list.

void AppendNode_last(list *head,int value)
{  list temp,nod;
    nod=(node*)malloc(sizeof(node));
    nod->data=value;
    nod->next=NULL;
    if(*head==NULL)

*head=nod;
    else

{

 for(temp=*head;temp->next!=NULL;temp=temp->next);

    temp->next=nod;

 }
}
void AppendNode_first(list *head,int value)

{  
list nod;
    nod=(node*)malloc(sizeof(node));
    nod->data=value;
    nod->next=*head;
    *head=nod;
}
Calling AppendNode_last() and AppendNode_first() functions
AppendNode_first(&head,11);
AppendNode_last(&head,99);
CopyList() function
It takes a list and returns a complete copy of that list.
node* Copy_List(node* head1)
{  node *head2,*temp1,*temp2;
if(head1==NULL)
 {
   head2=NULL;
   return head2;
 }
  temp1=head1;
  head2=(node*)malloc(sizeof(node));
  temp2=head2;
  while(temp1->next)
  {
    temp2->data=temp1->data;
    temp2->next=(node*)malloc(sizeof(node));
    temp1=temp1->next;
    temp2=temp2->next;
  }
   temp2->data=temp1->data;
   temp2->next=NULL;
   return head2;
}
CopyList() Recursive
// Recursive variant

node* Copy_List_Rec(node* head1)

{
 if(!head1)
   return NULL;
 node* newnode=(node*)malloc(sizeof(node));
     newnode->data=head1->data;
     newnode->next=Copy_List_Rec(head1->next);
     return newnode;
}
Calling CopyList() function

list head1=Copy_List_Rec(head);
DeleteLast Node() and DeleteFirstNode() functions: 
 
DeleteLast Node() deletes the node from the tail end of the list. It uses the reference pointer to change the head pointer. Otherwise it uses a loop to locate the last node in the list. 

DeleteFirstNode() deletes the  node from the head of the list
Del_Node(int index) deletes the node that has the order index in the list.

void Del_LastNode(list* head)
{
   node* temp,*prev;
   if(*head==NULL) return;
   temp=*head; 
   prev=NULL;
   while(temp->next!=NULL)
   {
     prev=temp;
     temp=temp->next;
   }
   if(prev==NULL)
     *head=NULL;
    else
     prev->next=NULL;
   free(temp);
}
void DelFirstNode(list* head)

{ //example1
list temp;
if(*head!=NULL)
  {
    temp=*head;
    *head=(*head)->next;
    free(temp);
  }
 }
void Del_Node(list* head,int index)

{ //example1
 list temp , prev;
 int count=1;
 if(*head==NULL || index<1)  return ;
 prev=NULL;
 temp=*head;
 while(temp!=NULL && count<index)
 {  prev=temp;
    temp=temp->next;
    count++;
 }
 if (temp==NULL ) return ;
 if (prev==NULL)
     *head=temp->next;
  else
     prev->next=temp->next;
 free(temp);
}
DispList():display the contents of the list.
void DispList(node* head)

{
list temp;
cout<<"\n\n\t\t\t   List  \n\n";
for(temp=head;temp!=NULL;temp=temp->next)
 cout <<temp->data<<'\n';
}
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