CIS 4100 Lecture 14


Lecture 14

Object Oriented Programming is based on three principles:

1. Encapsulation

2. Polymorphism

3. Inheritance

We have investigated the first two of these principles. Today, we begin an investigation of the last of these three principles, Inheritance.

Inheritance is the process by which we create a class based on another class. Inheritance is nothing strange to us. Let us consider cars. Pretend that there is a general concept called a car. 

· A car has attributes: wheels, doors and an engine amongst other things. 

· A car has behavior: it drives along roads carrying people.

There is a thing called a sedan. A sedan has everything that a car has plus some other things specific to sedans:

· Four doors, four wheels and a hardtop.

In other words, sedan inherits from the class car.

There is a thing called a Toyota sedan. A Toyota sedan has every thing a sedan has plus some things specific to Toyota vehicles. So we see that sedan inherits from car and Toyota sedan inherits from sedan. We can depict the relationship as follows:






The concept of the car is called the “Base Class”. The “Sedan” inherits from “Car” and is said to be a “Derived Class” of Car. ‘Toyota Sedan” inherits from “Sedan” and is a derived class of ‘Sedan”.

No doubt you can think of hundreds of similar examples. Pit bulls derive from the general class dog; College Professors derive from the base class “Torturer” and so forth.

So what does that have to do with C++?

Object Oriented Languages were designed to more easily model real life. Since inheritance so pervades real life, it was decided to give Object Oriented Languages this capability. In C++, we can create a class that derives from another class, a class that has everything that the original class has plus something extra.

So how does that work?

Let us look at our old friend the Student class again. We will make one change, however, instead of using a char array for the name, we will use a string object. For a quick primer on string objects click here.


We can create a derived class from the Student class. Let us pretend that in our school, there are entities called Graduate Students. We wish to represent these entities as a class. We observe however that a Grad Student has everything that a Student has plus a Thesis Advisor. Since the Grad Student has everything that a Student has, it would be wasteful to write a whole new class. Instead we will make the Grad Student class a derived class of Student, a class that has everything that a Student object has plus something extra, namely a Thesis Advisor. Our new class will start like this:


Not very impressive looking is it. Actually, however, quite a lot is going on here. Observe the “stuff after the class “tag” GradStudent, namely:


· The colon means “inherits”. 

· The public keyword means that it inherits in a public fashion or “publicly” as it is called.

· Student here means that this new class inherits from the Student class

Altogether we can read the line:


The class GradStudent inherits publicly from the class Student.

Lovely! What does it mean?

It means that despite the empty namespace of the class, the GradStudent class now has everything that the Student class has. Indeed, if we were to write the following code, it would compile and run very nicely:


This is because although the read() and display() functions do not appear in the namespace of the GradStudent class, it has inherited them from its “Base” class, Student.

What about the something extra, the Thesis Advisor?

We did say that in addition to the Student stuff the GradStudent class contained a Thesis Advisor so let’s include it. The GradStudent class would now look like this:


We have placed a string object called “thesisAdvisor” in the private section of the GradStudent class. The GradStudent class is now therefore a Student with something extra.

What about the read and display methods for the GradStudent class?

Since the GradStudent class has a new attribute, the read() and display() functions that it inherited from the Student class are no longer adequate. The read() function does not ask the user for the name of the thesis advisor and the display() function does not display that attribute. Clearly, the GradStudent class needs its own display() and read() functions.

To do that, we need to override the read() and display functions in the base class. This is very simply done. We merely place prototypes of the two functions in the public namespace of the GradStudent class thusly:


Note that these two prototypes are exactly the same as the ones in the Base class. This has the effect of obscuring the functions in the Base class. This is called overriding the functions. We now have to write definitions for these functions. We attempt to write them as follows:


Good-looking code is it not. Unfortunately it will not work. Indeed when we submit it to the compiler, it informs us that the GradStudent function display() does NOT have access to the Student data-members “name” and “gpa”. Ditto for the GradStudent read() function. Why is this? We did inherit them from the Student class didn’t we?

Well yes we did. However, we inherited them as private members. When we inherit a private member from a Base class, a function of the derived class CAN NOT access that member. 

It is rather like being left a trust fund by a rich uncle with the proviso that you can’t touch it until you are 35 or something. You have it, but you can’t touch it. Well it’s the same way with inherited private members. We have them, but we can’t touch them.

So what can we do about that?

Well there are two ways to get around this problem, the quick and dirty way and the elegant approved way. Let’s go quick and dirty first. 

So far our class specifications have contained only two sections as denoted by the access specifiers, public and private. private data-members, as we have just discovered, are not accessible by derived classes. We now introduce a new access specifier, protected.

protected is almost exactly the same as private with one important difference. Data-members in the protected section are accessible to derived classes. They are not accessible by other classes or other non-member functions but the derived classes can access them. 

If therefore we were to change the access-specification in our Student class from private to protected, the code will work as we have written it because now the GradStudent class has access to the data-members of the Student class. Our Student class would now look like:


The elegant approved method

The other method of addressing our little problem pre-supposes that we are unable or unwilling to change the access specification in the base-class. Indeed this is very often the case.  When deriving a new class we often do not have the access to the base class necessary to amend it, so we have to do something else.

When we consider what we want done in the read() and display() functions of the derived class, we observe that much of the work is already done in the read() and display() functions of the base class. For example, in the derived display() function we wish to display the name, gpa and the Thesis Advisor. The base class display function already displays the name and gpa.

It would be nice if in the derived display() function we could simply call the base class display() function to display the name and gpa then simply output the Thesis Advisor. Indeed we can do exactly that. Observe the following code:


In the display() function for the GradStudent class in Line 3, we call the display() function of the Student class. Observe the syntax. If we were simply to write:


That would call the display() function of the class to which the function belonged, namely, the GradStudent class. We need a way to indicate that we don not want the GradStudent display() function but the Student display function. Therefore we precede the function call with:  Student::

This ensures that we call the Student display function.

In the next lecture we will continue our discussion of Inheritance.
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class Student


{


	string name;


	float gpa;


	static int studCount;


public:


	Student();


	Student(string n);


   ~Student();


	void setName(string n);


	void setGpa(float g);





	string getName() { return name;}


	float getGpa();





	void display();


	void read();


    static int getStudCount();


    bool operator > (const Student& rhs);


    bool operator < (const Student& rhs);


    bool operator == (const Student& rhs);





};














 class GradStudent: public Student


  {











  };





: public Student








class GradStudent: public Student











void main()


 {


    GradStudent grad;





    grad.read();





    grad.display();


  }














 class GradStudent: public Student


  {


     string thesisAdvisor;











  };








 class GradStudent: public Student


  {


     string thesisAdvisor;


   public:


     void display();


	 void read();


  };








void GradStudent::display()


 {


    cout << setw(25)  << name


         << setw(7)   << gpa


         << setw(25)  << thesisAdvisor;


}











 void GradStudent::read()


 {


   cout << “\nEnter name: “;


   cin >> name;


   cout << “\nEnter gpa: “;


   cin >> gpa;


   cout << “\nEnter Thesis Advisor: “;


   cin >> thesisAdvisor;


 }


   











class Student


{


 protected:


	string name;


	float gpa;


	static int studCount;


public:


	Student();


	Student(string n);


   ~Student();


	void setName(string n);


	void setGpa(float g);





	string getName() { return name;}


	float getGpa();





	void display();


	void read();


    static int getStudCount();


    bool operator > (const Student& rhs);


    bool operator < (const Student& rhs);


    bool operator == (const Student& rhs);





};














 1. void GradStudent::display()


 2. {


 3.    Student::display();


 4.   cout  << setw(25)  << thesisAdvisor;


 5. }


 6.


 7.void GradStudent::read()


 8. {


 9.  Student::read();


10.   cout << “\nEnter Thesis Advisor: “;


11.   cin >> thesisAdvisor;


12.  }


   








3.    display();
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