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Thus far, whenever we have needed to store multiple instances of an object type, we have stored them in an array. An array is a convenient way of storing data but it has some serious deficiencies.

1. Fixed size. Once an array is created, its’ size cannot change

2. Space considerations. An array must be located in one continuous space in memory.

Clearly, the utility of arrays in the storage of large amounts of data is limited. What we need is a data-structure that is capable of growth, a data-structure that can contain any where from zero to an infinite number of objects. One such data-structure is a Linked  List.

The Course Class

Let us suppose that we have created a class called Course. The interface for such a class might be:


This class will apparently hold the details of a course offered by a school. Note that the full suite of relational operators has been overloaded. These operators use the courseId as the basis of differentiation.

Let us further suppose that we are interested in creating a list of Course objects. We do not know how many objects will be in this list. It may be two objects or it may be two million objects. An ideal type of data-structure for this type of list is a Linked List.

The Linked List

A Linked List, as the name implies, is a structure in which objects are linked together in a sort of chain. Conceptually it looks like this:
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We see that the Linked List actually comprises three (3 ) different types of objects working together. These are:

A List Object

Node Objects

Course Objects

List Object

This is an object of the class List, the class that we will eventually write to effectuate the Linked List. A List has only two attributes:

1. A Node pointer called first that has the address of the first Node in the list

2. An int object named count that contains an integer representing the number of objects in the Linked list.

Node

Even though we wish to create a list of Course objects, we do not directly link the Course objects. Instead we create a second class called the Node class. A Node object has only two attributes, a Course pointer called cP and a Node pointer called next.

The pointer cP has the address of a Course object and the pointer next has the address of the next Node object on the list. Each Node therefore has a Course object attached to it. The addresses in the next pointers are what link the Nodes together creating the Linked List. The List is actually a list of Nodes each of which has a Course object attached. Conceptually a Node object looks like:


The Node object is made up of two attributes, a Course pointer named cP and a Node pointer named next. It is perfectly all right for an object to contain a pointer to its’ own type.

Course class

Objects of this class are the objects that we wish to list and manipulate.

The Anatomy of the List

Because it has only two attributes, a List object only knows two things, the number of objects in the list (count) and the address of the first Node in the list. That first Node in turn only knows two things, the address of the Course object attached to it and the address of the next Node in the list.

The next Node in the list in turn only knows two things, the address of the Course object attached to it and the address of the next Node in the list. The last Node in the list has an address of 0 in its’ next pointer.

The class Interfaces

The Course class interface has already been shown. Let us therefore concentrate on the Node and List classes. Let us start with the Node class. The interface for this class is:


In line one, we declare that there is a class called List. We must make this declaration because the List class is defined below the Node class and the Node class uses the List class (in line 9).

In the private area of this class we see the two attributes that we mentioned earlier, the Course pointer cP and the Node pointer next.

In the public area, we have a constructor that sets both attributes to 0 (line 8). In line 9, we declare that the class List is a friend of this class. As a friend of the class Node, an object of the class List will have access to the private members of an object of the class Node. friend is a keyword in C++.

The List Class

Let us now examine the interface of the List class:


The private section

As mentioned before a List object has only two attributes:

3. A Node pointer that has the address of the first Node in the list

4. An int object that contains an integer representing the number of Course objects in the Linked list.

The object first in the private section represents the Node pointer and the counter is represented by the int object count. 

The public section

Constructor

In line 6 we find the no parameter constructor:


This constructor’s task is to set both data attributes to zero. The zero in the data-member named first indicates that it points to no Node as yet. The zero in the data-member count indicates that there are no objects in the List as yet.

The insert() Function

In line 7, we find the prototype for the insert function.


This function will allow us to insert or add a Course object to the List. The function accepts a Course object by reference. It must be passed by reference because if we pass it by value, we will end up attaching a copy to the List object, a copy that will pass out of existence as soon as the insert() function ends execution.

The function returns a bool value that will indicate whether or not the insert operation was successful.

The find() function

In line 8 we find the prototype of the find() function:


This function will allow us to find a particular Course object based on the courseID data-member of the course object. The function accepts a course object as parameter. Using the overloaded equality operator ( == ) this function will try to find a match between the Course object passed to it and one of the objects in the list. 

The course object passed to this function will be in all likelihood be a dummy object containing only a courseId for use by the equality operator.

The function will go through the list looking for a match between the Course object passed as a parameter and each Course object in the list. If it finds a match it will return the address of that Course object. If it finds no match it will return zero.

The remove() function

In line 9, we find the declaration of the remove() function:


This function will allow us to remove a Course object from the List. It contains a Course object containing the courseID of the course to be removed. It will find and remove that Course object from the list and return  its’ address.

It is important to realize that when we remove an object from the list we do not necessarily destroy that object. After all, we may simply be removing the object from one list to attach it to another. Instead, we destroy the Node to which it was attached and return the address of the Course object.

The size() function.

In line 10 we find the size() function.


This function will simply return an integer value representing the number of objects in the List.

The display() function

The display function in line 11 will display each Course object in the List.


It will traverse the List visiting each Course object in turn sending the Course::display() message to that object.

The overloaded index operator ( [ ] )

In line 12 we find a very interesting function.


This is the prototype for overloading the index operator ( [ ] ) to work with our List class. In practice, it will be used just like it is used with an array. For example, suppose we have a list object named cList, the following code will return the 3rd Course in the cList List.


The return type of the function is Course by reference. This indicates that the function will return the actual Course object, not a copy. The int parameter is actually the integer value that will be placed in the index operator.

The sort() function

In line 13, we find the declaration of a function named sort. 


This function will sort the Course objects in the List. It will use the overloaded greater than ( > ) operator in the Course class to accomplish this. This means that the List will be sorted by courseId since the overloaded greater than ( > ) operator in the Course class uses the semester number as the differentiating characteristic.

The Destructor

In line 14 we find:


This destructor is very important to the efficient functioning of objects of this class. You will note that the Course objects are not part of the List object, they are separate objects attached to it. 

The question is: when a List object is destroyed, should we destroy the Course objects that were attached to it, or should we leave them alone on the theory that they may be referenced by some other data-structure?

If we decide that we need to destroy these Course objects, the destructor is the function that will accomplish this.

The Funtion Definitions

Let us turn our attentions now to the definitions of the functions prototyped in the List class interface. The first is the insert() function.


There are five steps involved in attaching a new Course object:

1. Create a new Node object

2. Attach the Course object to that new Node object

3. Point the next pointer of the new Node to the object referenced by first.

4. Give first the address of the new Node

5. Increment the value of count

Lines 3 to 6 accomplish step 1.In line 3, we create a Node pointer n. 

In line 4, we use dynamic memory allocation to create a new Node object and give its address to the Node pointer n. In line 5, we examine n to see if a new Node object was indeed created. If n has a value of zero, it means that no new Node was created and no further action is possible so we return false.

If a new Node was indeed formed, in line 8, the Course pointer (cP) part of the Node object is given the address of the Course object (w) that has been passed into the function through the parameter list. This fulfills step 3.

In line 9, the next pointer in the Node object is given the value of first.  Therefore, the next object now points to the same object that first is pointing to. This fulfills step 3.

In line 10, first is assigned the value of n. n has the address of the new Node object that we created, so as a result of this statement, first now has the address of the new Node. This fulfills step 4.

In line 12, we increment the object named count. This fulfills step 5.

The find() function


In line 3, we create a Node pointer called p. This pointer will be used to traverse the list of Courses.  In  line 4, we point p at the first Node in the list.

In line 5, we start a while loop. The test condition of this loop is:

     

Or while p is not equal to zero. The pointer p will have a value of zero if it has come to the end of the list of Course objects. 

In line 7, we compare the courseID of the Course object to the value in the parameter char array n. Let us see how we do that. The code is:


We are comparing the object that p is referencing to “c” the Course object passed as a parameter.

Now this is the situation in memory.









The pointer p points to the Node object. The cP part of the Node object points to the course object. 

p-> means, the object referenced by p.

p->cP means, the object referenced by p, the cP part of that object

*(p->cP) means, the object referenced by p, the cP part of that object de-referenced. This is of course,  the Course object.

If we find a match, in line 8, we return the address of the Course object.

If we do not find a match, in line 9 we move p to the next Node on the list.

If we traverse the entire list and do not find a match, it means that the Course object we are looking for is not in the list. In that case, in line 11, we return 0.

The remove() function


In line 3, we create two Node pointers, p and before. In line 4, we create a Course pointer called sP and initialize it to zero.

In line 6, we use the find() function to see if indeed the Course object that we wish to remove is on the list. If it is not, in line 7 we return the Course pointer sP which has the value zero at that point.

In line 9, we see if the object we are looking for is the first object in the list. If it is, in lines 12 to 17 we remove the object from the list.

· In line 12, we give sP the address of the Course object.

· In line 13, p is assigned the value of first, it therefore points to the same object that first is pointing to.

· In line 14 first is given the address of the second Node on the list. That Node can now be regarded as the first Node since the former first Node is about to be removed.

· In line 15 we delete the object p references. That would be the Node that was formerly the first Node.

· In line 16, count is decremented

· In line 18 we return sP which now contains the address of the Course object.

If the first Course object is not the object we are looking for, we must then traverse the list looking for the object.

· In lines 21 & 22, we point p at the second Node and the pointer before is pointed to the first Node. 

· We then start a loop in line 24. The condition ensures that this loop will continue until the pointer p has a value of zero, that is, until p has come to the end of the list.

· In line 26, we compare the Course object that “p” is referencing to the paramenter Course object “c”.. 

· If we do find a match, in lines 28 to 32 we remove the course object and return the Course pointer in much the same way laid out in lines 12 to 17.

· If we do not find a match we move the pointer “p”  and the “before” pointers up the list in lines 34 and 35.

The size() function


This simply returns the value of count.

The display() function


In line 4 we create a Node pointer “p” and in .line 5 we assign the value of “first” to that object. p now therefore points  to the first Node on the list.

In line 6, we call the sort() function to sort the List by courseId.

In line 7, we start a for loop which iterates count number of times where count represents the number of objects in the List. This for loop is used to visit each Course object on the list calling its display function using the expression:

        p->cP->display() on line 10.

p->cP->display() means, the object reference by p, the cP part of that object, the object that cP references, execute its display() function.

In line 11, we move the pointer p on to the next Node.

The overloaded index operator [ ]


In line 3, we create an object of the Course class using dynamic memory allocation. This is a “dummy” object.

In line 4, we test the parameter n and if it is out of bounds, we return the “dummy” object.

In line 7, we create a Node pointer p and give it the address of the first Node on the list.

In line 8, we use the parameter “n” to control a “for” loop that will take us to the nth object in the list.

In line 11, we return the nth object.

The sort() function


Here we use the same bubble sort technique to which we have been previously exposed. The only new wrinkle is this expression:


Let us decipher it. this, as we have learned previously is a pointer to the object itself. Therefore in the present context, this is a pointer to the list object we are trying to sort. The term *this therefore means the List object itself. We use the index operator that we have overloaded for the List class to return the jth object from the list. Therefore when j has a value of zero, (*this)[j] refers to the first Course object on the list. (*this)[j+1] will refer to the second Course object on the list. 

We can say :


Because in the Course class, we have overloaded the greater than operator ( > ) to work with  Course objects.

The Destructor

In this destructor, we assume that when we destroy a List object, we also wish to destroy the Course objects attached to it. This may not always be the case. In some situations, other objects may also reference the Course objects attached to our list. If we delete them, we will corrupt the other lists.

For this exercise, however, we will assume that it is okay to destroy the Course objects.


· In line  15, we create a Course pointer “p” and assign it zero thereby “safing” the pointer.  Line 16 starts a “for” loop that will cycle through all the Course objects in the List.

· In line 18, we point “p” to the first object in the list

· In line 19, we move first from the first object in the list to the second.

· In line 20, we delete the object that “p” references, namely, the first object in the list.

The “for” loop cycles until count number of objects have been destroyed.
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 1. class List;


 2. 


 3. class Node


 4. {


 5. 	Course* cP;


 6. 	Node* next;


 7.    public:


 8. 	Node() { cP = 0; next = 0;}


 9. 	friend class List;


10. };





 1.  class List


 2.  {


 3.  	Node* first;


 4.  	int count;


 5.    public:


List();


 7.  	bool insert(Course& w);


 8.  	Course* find(Course c)


 9.  	Course* remove(Course c);


10.	int size();


11.	void display();


12.	Course& operator[](int n);


void sort();


~List();


15.   };


};





};








6.  	List();








7.  	bool insert(Course& w);








8.  	Course* find(Course c);





9.  	Course* remove(Course c);








10.	int size();








11.	void display();








12.	Course& operator[](int n);








cList[2];





13.	void sort();








 1.  bool List::insert(Course& w)


 2.  {


 3.    Node* n;


 4.	 n = new Node;	  // Step 1:  Create the node 


 5. 	 if(n == 0)


 6.		 return false;


 7.


 8.	 n->cP = &w;  		// Step 2: Attach Course Object to Node


 9.	 n->next = first; 	// Step 3: Re-direct the next pointer


10.	 first = n; 		 // Step 4: Give first address of new Node


11.	


12.	 count++;		// Step 5: Increment count


13.	 return true;


14.	}





 1.  Course* List::find(Course c)


 2.    {


 3.       Node* p;


 4. 	   p = first;


 5. 	   while(p != 0)


 6. 	   {


 7. 		   if(*(p->cp) ==  n )


 8. 		       return p->cP;


 9. 		   p = p->next;


10.	   }


11.	   return 0;


12  }





 p != 0





  1.  Course* List::remove(Course c)


  2.  {


  3. 		Node *p, *before;


  4.		Course* sP = 0;


  5. 


  6. 		if(find(c) == 0)


  7.			return sP;


  8.


  9. 		if(*(first->cP) == c)


10.


11.		{


12.			sP = first->cP;		//Preserve address of Course object


13.			p = first;		// Point “p” to the first object


14.			first = first->next;	// Have “first” point to new object


15.			delete p;		// Delete the object


16.			count--;		// Decrement count


17.			return sP;		// Return the address of the Course Object


18.		}


19.		else       // If it is not the first object in the list


20.		{


21.			p = first->next;       // Point “p” at second object in list


22.			before = first;         // Point “before” at first object in list


23.


24.			while(p != 0)


25.			{


26.		       		if(*(p->cP) == c)


27.			  	 {


28.				      sP = p->cP;


29.			      	       before->next = p->next;


30.				      delete p;


31.				      count--;


32.				      return sP;


33.			            }


34.			   before = p;


35.			   p = p->next;


36.			}


37.		}


38.		return sP;


39	}




















int List::size()


   {


       return count;     


   }





14.  ~List();





class Course


{


	string courseId;


	string courseDescrip;


	int credits;


public:


	Course();


	Course(string i, string d, int c);





	void setId(string i);


	void setDescrip(string i);


	void setCredits(int i);





	string getId();


	string getDescrip();


	int getCredits();





	void read();


	void display();





	bool operator < (const Course& rhs);


	bool operator > (const Course& rhs);


	bool operator ==(const Course& rhs);


	bool operator >= (const Course& rhs);


	bool operator <= (const Course& rhs);


};





  1.  void List::display()


  2. {


  3. 


  4.   Node* p;


  5.	  p = first;


  6.	  sort();


  7.	  for(int n = 0; n < count; n++)


  8.	  {


  9.	  	  cout << "\n";


10.		  p->cP->display();


11.		  p=p->next;


12.	  }


13.   }





 1. Course& List::operator[](int n)


 2. { 


 3.	   Course* dummy = new Course;


 4.	   if(n >= count)


 5.		   return *dummy;


 6.


 7.	   Node* p = first;


 8.	   for(int j = 0; j < n; j++)


 9.		   p = p->next;


10.


11.	   return *(p->cP);


12.   }





 1. void List::sort()


 2.  {


 3.	   Course temp;


 4.	   for(int n = count-1; n > 0; n--)


 5.		   for(int j = 0; j < n; j++)


 6.		   {


 7.			   if((*this)[j] > (*this)[j+1])


 8.			   {


 9.				   temp = (*this)[j];


10.				   (*this)[j] = (*this)[j+1] ;


11.				   (*this)[j+1] = temp;


12.			   }


13.		   }


14.  }





 (*this)[j]





(*this)[j] > (*this)[j+1]








   if(*(p->cp) ==  c )











List::~List()


{


    Course* p = 0;


     for(int n = 0; n < count;n++)


       {


           p = first;                   // point “p” to first object


           first = first->next;  // Move first to next object in list


           delete p;                // delete first object first object;


      }


  }
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