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CIS 4100 Lecture 15

In lecture 14, we developed a Hierarchy of classes based on the class Student. This very small hierarchy consisted of Student, the base class and GradStudent the derived class. We discussed how derived objects did not have access to the private members of the base class among other topics. Now, we are going to discuss further the consequences of Inheritance.

   We have the following class hierarchy:



Let us imagine that the read() and display() functions in the derived class have been properly written to override the read() and display() functions of the base class.

We attempt to write a main as follows:

 

 In line 3, we Create a GradStudent object names s1. In line 4, we create a Student pointer named sP. Note that this is a Student pointer NOT a GradStudent pointer. In line 5, we give the Student pointer sP, the address of the GradStudent object s1.

This would seem like it violates the rules of pointer specificity. We are assigning the address of an object to a pointer of another type. However, it will work. It works because in inheritance, the rules of specificity are relaxed. 

A pointer of a base class can be used to point to an object of a derived class. In our example, the object of the derived class is s1, the GradStudent object. The pointer of the base class is sP, the Student pointer. Because sP is a base class pointer, it can hold the address of s1, a Derived object.

In line 6, we direct sP to execute the read() function of the object it references, namely s1. 


The results we get are not what we would like, however. When the function deploys, we observe that we are not getting the GradStudent read() function, we are getting the Student read() function. The base class read function. This is because sP is a Student pointer. When asked to call a function, it calls a function from its class, the Student class. Not what we want!

What we need is a way to force the system to go to the derived class and look for the function there. If the function is in the derived class, if there is a derived class function that overrides the base class function, then we want the system to use the derived class function. If there is no overriding function in the derived class, then the system can use the base class function.

To do this, in the BASE class, we precede the function that will be overridden by the keyword virtual. This does precisely what we laid out in the previous paragraph. The system will be forced to check the derived class for the function. We do it thusly:


The read() and display() functions in the BASE class are declared virtual. Now, when we run our main, we get the correct results. 

In our GradStudent class, we wish to place an accessor method as follows:


This function will allow us to access the value of the thesisAdvisor data-member in the derived class, GradStudent. Very reasonable don’t you think? We place this method in the GradStudent class and in main we place the following piece of code:


Our class and our main now look like:



When we try to compile, we get the following message:




Again we must remember that sP is a BASE class pointer, a Student pointer. As such, it can ONLY be used with functions that appear in the Student class. There is no getAdvisor() function in the Student class. Therefore, there is no “path” form the Student class to the getAdvisor() function in the derived class. 

In order for this function call to work, we must put a getAdvisor() function in the Student class. We insert the following declaration in the Student class:


The ( = 0) at the end of the function DOES NOT mean that we are assigning zero to the function. Instead this is just a device to inform the system that we are making this a “pure virtual function.”

Pure Virtual Functions

A pure virtual function is one for which no definition exists in the base class. We are not going to define the getAdvisor() function in the Student class. Since there is no thesisAdvisor() function in the Student class a definition for this function is not needed. Instead, this function will be defined in the derived class GradStudent.

By placing a pure virtual function in the Student class, we have made the class Abstract. An Abstract class is one from which we can create no objects. Now, if we were to try this piece of code:


We would generate a compiler error. The system would claim that it cannot create an object of this class because it is an Abstract class.

Now suppose we were to derive another class UnderGrad from Student thusly:


And we were to try to create an object of class UnderGrad:


We would get the same compiler error that we got earlier, namely, the machine would claim that the UnderGrad class is an Abstract class, and it would be quite right. Remember that the UnderGrad class, by virtue of the fact that it is derived from the Student class, has inherited all the members of the Student class including the pure virtual function getAdvisor(). Because of this function, UnderGrad is now an Abstract class.

In order for UnderGrad to not be an Abstract class, we would have to define the getAdvisor() function in the UnderGrad class overriding the one in the base class, the pure virtual function. We could do it as follows:


We have defined a function that just returns an empty string.

We always inherit the class publicly, are there other type of inheritance?

Yes, there is private inheritance for example:


Indeed, the default type of inheritance is private inheritance. If we leave out the type for example:


We would get private inheritance.

There is also Protected inheritance for example:


Frankly, we need not bother too much about these except as academic exercises. They are very rarely used. They represent good ideas that did not work out so well. The rules for these are available in any text.

What about constructors?

Lets talk about the constructors in a class hierarchy. At present, there is a no-parameter constructor defined in the base class Student but none in the derived class. When constructing a GradStudent object with no parameters, the system will call the compiler supplied default constructor for the GradStudent class but WILL NOT call the user defined constructor for the Student class.

If however we put a user defined no-parameter constructor in the derived class, the system WILL call the user defined constructor for the base class.

We can call a base class constructor explicitly. We have a one paramter constructor in the base class:


In the derived class we could have:


With the following definition:


Note this bit of code:


This calls the  one-parameter Student constructor. The Student() constructor executes the following code:


As laid out in its definition. It therefore initializes the private members of the Student class. All that is let to do in the body of the GradStudent constructor is to initialize the thesisAdvisor data-member.

Multiple inheritance

We may derive a class from two base classes, rather like deriving a class from two parents. The syntax for this would be:


The class Derived will have all the members of both classes. This can be a problem where the two base classes have members with the same name. For example, they may both have a data-member called “name.” This ambiguity can be resolved but a discussion of multiple inheritance is beyond the scope of this class.

Next, we go on to container classes. In particular, we will discuss List classes.

class Student


{


	string name;


	float gpa;


	static int studCount;


public:


	Student() { name = "new Student"; gpa = 0.0; studCount++; }


	Student(string n) { name = n; gpa = 0.0; studCount++; }


    ~Student() {  }





	void setName(string n) { name = n;}


	void setGpa(float g)   { gpa = g;}





	string getName() { return name;}


	float getGpa()   { return gpa;}


	void display();


	 void read();


	static int getStudCount() { return studCount;}


	bool operator > (const Student& rhs);


	bool operator < (const Student& rhs);


	bool operator == (const Student& rhs);


};





class GradStudent: public Student


{


	string thesisAdvisor;


public:


	void read();


	void display();


};





1.  void main()


2. {


3.    GradStudent s1;


4.   Student* sP;


5.   sP = & s1;


6.   sP->read();


sP->display();


sP->getAdvisor();


cout << endl;.	


}





6.   sP->read();








virtual void display();


virtual  void read();








string getAdvisor() { return thesisAdvisor;}





cout << “\nThe thesis adviso is: “ << sP->getAdvisor();








class GradStudent: public Student


{


    string thesisAdvisor;


public:


    void read();


   void display();


};





void main()


 {


   GradStudent s1;


  Student* sP;


  sP = & s1;


  sP->read();


  sP->display();


  cout << “\nThe thesis advisor is “ << sP->getAdvisor();


  cout << endl;.	


}








error C2039: 'getAdvisor' : is not a member of 'Student'





virtual string getAdvisor() = 0;





Student stud;





Class UnderGrad: public Student


{





};





UnderGrad ug;





string getAdvisor() { return string(“ “); }





class Derived: private Base


{





};





class Derived: protected Base


{





};





class Derived: Base


{





};





Student(string n) { name = n; gpa = 0.0; studCount++; }





GradStudent(string n);





GradStudent::GradStudent(string n) : Student(n)


{    


     thesisAdvisor = “None Supplied”; 


}





 : Student(n)








name = n; gpa = 0.0; studCount++;





class Derived: public Base1, public Base2


{





};








