Linked Lists using pointers

Recall a linked list is a series of nodes linked together by pointers.  The list has a head node and a tail node. The tail node is set to point to ‘nowhere’ (achieved by setting the tail’s next pointer to NULL or zero) or to the beginning of the list. In the latter case, the list is then known as a circular linked list.

Implementations differ.  For instance some implementations have a dummy head node which contains no data, it just points to the first node in the list.  Other have a dummy tail node which contains no data, just a pointer to NULL.  There are several commonly used implementations

· Circular list – never empty.

· Dummy head node, null tail

· Null tail, head pointer

· Dummy head and tail nodes

The detail of each implementation differs; the simplicity of common actions performed on the list depends upon the implementation used.  We will be implementing a list with a dummy head and a null tail.  An example list is shown below:


	     -


	

	 Data
	NULL


The common data structure used in a linked list is a node.  Each node has a data part and a pointer part.   We can implement this in C++ with a structure as follows:

// this structure defines a node of the linked list

typedef struct nodetag{ 


   int item;        //the data


   nodetag *next;   //a pointer to the next node

}node;                   // typedef allows us to refer to 

//the structure nodetag as node

We can now define some basic functions which we can perform on the list.

First we can initialize the list. For us, this means we will create a new node of type node.  This will be our dummy head node. Then we will set the next pointer to NULL since the list is currently empty. We can return the address of this node to the calling function if we desire.  This address points to the head of our new list. The bare bones of this code is:

head = new(node);  head->next =NULL;

The next common function is to insert a new node into the list (with some data if need be – your choice).  We will be inserting a node after the current node.  We will refer to the current node by its address.  The bare bones of this code is:

pNew = new(node);

pNew->next = pCurrent->next;  pCurrent->next = pNew;

pNew->item = mydata;   //(if desired)

and diagrammatically it looks like this:



	     -


	

	 Data
	NULL


pNew


	     -


	


pNew


	     -


	




	     -


	

	 Data
	NULL


The third common function is to delete a node. Again, we refer to the nodes by their addresses.  We will be deleting the next node, i.e. the node after the node we have addressed. The bare code is:

pTemp = pCurrent->next; pCurrent->next= pTemp->next;

delete (pTemp);

//OR   

pTemp = pCurrent->next; pCurrent = pCurrent->next->next; 

delete (pTemp);

//same thing, different syntax.

Note we need to remember the address of the deleted node (pTemp) in order to delete it from memory (free the memory), otherwise we will get a memory leak.  Diagrammatically this looks like:



	     A


	

	 B
	NULL


	   
	




	     A


	

	 B
	NULL



	   
	


Another common function is the traversal of a list.  The bare code is:

for(pcurrent = head->next; pCurrent != NULL; pCurrent = pCurrent->Next){//do stuff}

The following example demonstrates how we can use the above bare code to create a program that initializes a list, populates the list and deletes the list.

#include <iostream.h>

// this structure defines a node of the linked list

 struct node{ 


   int item;        //the data


   node *next;   //a pointer to the next node

};                  // typedef allows us to refer to the structure


      

//nodetag as node

//basic functions

void listDeleteNext(node *t);  //delete next node in list           

node *listInitialize(void);    //create a new empty list

node *listInsertAfter(int data,node *t);  //insert a node after the 

                                          //current node

int main (void)

{


int i;


node *pMyList;  //pointer to head of my list


node *pnewNode;  // dummy not used here but will point 

     //to new node returned




     // by listInsertAfter


node *pCurrent;  //points to current node in list


                 // create a new empty list


pMyList = listInitialize();

    // populate it with numbers, adding each new no. to head of list

    for(i=0;i<10;i++) pnewNode=listInsertAfter(i,pMyList);

    //point to first item 

    pCurrent = pMyList->next;


//print all items in list consecutively


while (pCurrent != NULL)


{



cout << pCurrent->item << ", ";



pCurrent = pCurrent->next;


}

        cout << endl;


// now delete all


pCurrent = pMyList;


 while (pCurrent->next != NULL)


 {

         // delete next in list



 listDeleteNext(pCurrent);


 } 


 cout<<"empty list - nothing here"<<endl;

//check nothing is there by printing the (hopefully) empty list


//print all items in list consecutively

     pCurrent = pMyList->next;


while (pCurrent != NULL)


{



cout << pCurrent->item<<endl;



pCurrent = pCurrent->next;


}


pnewNode=listInsertAfter(4,pMyList);  //add 2 more to list


pnewNode=listInsertAfter(3,pMyList);

//now print list (all two of them)


cout <<"two numbers should follow..."<<endl;

    pCurrent = pMyList->next;


while (pCurrent != NULL)


{



cout << pCurrent->item<<endl;



pCurrent = pCurrent->next;


}


// now delte these two



listDeleteNext(pMyList);

//delete these two


listDeleteNext(pMyList);

//now print empty list again

    delete (pMyList); //finally, clear up memory;


return 0;

}

//*********************************************************************

// This function creates a new list by creating a new node and //initializing the next pointer to NULL.

//Returns:  Pointer to head of new list

//*********************************************************************

node *listInitialize(void)

{


node *head;


head = new(node);


head->next = NULL;


return head;

}

//*********************************************************************

// This function deletes the next node after the current node 

// specified by the node pointer t.

// If the current nodepointed to by t is the last node then no deletion

// is carried out.

//*********************************************************************

void listDeleteNext(node *t)

{


node *ptemp;


ptemp=t->next;


if (t->next !=NULL)   //can't delete anything after the end of 

    //the list!


{



t->next=t->next->next;  //current node's next pointer





//leap frogs current next node




  
// and therefore points to next but one node

        delete(ptemp);  //free memory associated with leap-frogged node


}

}

//*********************************************************************

// This function inserts a node after the current node pointed to by

// the pointer t.  data is stored in the item member of the newly 

//inserted node is.

//*********************************************************************

node *listInsertAfter(int data,node *t)

{

 
node *x;           //pointer to the new node


x = new(node);      //reserve space for new node and get its 

  //address


x->item = data;     // put data in the new node


x->next = t->next; //get new node to point to the old next node

      t->next = x;       // get current node to point to new node


return x;          //return address of new node

}

Program output is:

9, 8, 7, 6, 5, 4, 3, 2, 1, 0,

head
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pTemp





head





head





pTemp








