Lecture 13

Operator overloading, cont'd

As has been mentioned, other operators besides the relational operators can be overloaded. Let us look at a couple of them. In order to aid our discussion, we will design a new class. We will call it the counter class. 


A very simple class as you can see. It has only one data-member, an int  called "data". There are three functions:

· The no parameter constructor sets the data-member to zero.

· The one parameter constructor sets data to the value of the parameter

· A function called "display" displays the value of the data-member on the sctreen

· A function called increment increases the value of the data-member by one and returns the object by reference.

A main as follows:


Would yield the following output:


Please take a couple moments to work out how this comes about.

Let's play with this class for a while. The increment function works fine, but it would be more convenient to write:


Instead of:


To make this possible, we would have to overload the increment operator ( ++ ). To do this, we need the following function prototype in our class declaration:


Here, we tell the compiler :

· that we will be overloading the ++ operator. 

· The function will return a Counter object but NOT by reference.

·  The parameter list is interesting. We see the data-type int, but this does NOT signal that an int argument will be used with this function. Instead this int indicates that we are overloading the post-fix version of the operator. 

As you are aware, the ++ operator comes in two flavors. post-fix and pre-fix. The int in the parameter list tells the compiler that we are overloading the post-fix version.

The definition of this function would look like:


Let us look at the return statement that forms the body of the function. The expression: 


is a call to the Counter constructor. It uses an argument data++. Since data is an int , we are calling the following constructor.


Let us suppose that data has a value of zero ( 0 ). We are passing data++. Since the ++ operator is in the post-fix position, the value that will be passed to the constructor is zero ( 0 ). The constructor will therefore create a new Counter object with the value zero ( 0 ).  Note that this object has no name. It is perfectly possible to create an object with no name as we have done here.

AFTER this un-named object has been created, data in the controlling object will be incremented to one ( 1 ). Remember that its' original value was zero ( 0 ). We now have the following situation:

· We have an un-named Counter object with a data-member containing the value zero ( 0 ).

· The data-member of the original object has the value one (1 ).

We then return the un-named object. If we have the following snippet of code:


In line 7, we use the post-fix ++ operator to increment the counter object ct assigning the result to ct2. Before this operation, the value of ct was 0. After the operation the value of ct is one (1) and the value of ct2 is ( 0 ), precisely what we would expect from the operation of the post-fix operator.

Please read this over again, S L O W L Y. Make absolutely sure you understand it perfectly before you move on.

To overload the pre-fix ++ operator, we use the same function declaration but without the int parameter, thusly:


The definition for this would therefore be:


See if you can work out how this would work. 

What about addition and subtraction?

Another useful thing we could do with our Counter class would be to add two counter objects together. For example, we would want to write:


To do this, we would have to overload the addition ( + ) operator. In our class declaration, the following declaration would be necessary:


Let us examine this statement. There are a number of elements here that we have seen before. 

· The return type is Counter indicating that this function will return a Counter object

· The function name is operator + indicating that we will be overloading the + operator

· The parameter list is (const Counter& rhs)indicating that the argument to this function ( + ) will be another Counter object. You will recall that we encountered this parameter list when we overloaded the relational operators.

The definition of this function would be: 


In line 3, we create a Counter object named temp. This of cause uses the no argument constructor making its' value zero ( 0 ). In the next line ( 4 ), we assign the summation of data and rhs.data to temp.data. Let us examine what this means.

This function will be used thusly:


In the above example, ct is the controlling object. Therefore, if in the function we refer to "data" with no qualification, we are referring to ct's data.  ct2 is the argument to this function, therefore in the function definition, when we wish to refer to it or one of its' data members, we must qualify it with the parameter name, "rhs" in this case. Therefore when we say:


We mean, " add the 'data' of the controlling object to the 'data' of the argument object.

In line 4 we have:


The summation of the "data" in the two objects is assigned to the "data" in temp, the newly created object. The object "temp" now represents the summation of the controlling and the argument object.

We then return temp.

Overloading the insertion operator.

It would be really cool if we could write the following:


At this point, this code is doomed to failure because the insertion operator ( << ) does not know how to handle Counter objects. As we did with the other operators, we must teach it how to handle Counter objects. In other words, we must overload the insertion operator.

Our task is not as straightforward as it was with the operators. The relational and arithmetic operators are part of the basic C++ language. The version of the insertion operator ( << ) that we need to overload is not the one in the basic language. This insertion operator belongs to the ostream class so we have to borrow it, so to speak from that class.

Friend Functions

In order for this to work, it means that a function from the ostream class ( << ) has to work with an object of our class (Counter). In order to do this, we have to inform the compiler that the ostream class function ( << ) is a friend of our class.

The function declaration that makes this happen is as follows:


Interesting ain't it. Let's talk about it for a bit. 

1. The word friend is a C++ keyword. Here it is saying that this function is not really a member of this class even though it appears in the class declaration, it is really a member of another class. 

2. The return type is ostream& meaning that it will return an ostream object by reference.

3. The function name is operator >>

4. The parameter list indicates two objects:

· An ostream object which we shall call "os"

· A Counter object we shall call "rhs"

You must remember two things:

· The insertion operator is a binary operator therefore it requires two ( 2 ) operands. Because it is an operator, it will appear BETWEEN the two operands with the controlling object on the left and the argument object on the right.

· The keyword friend declares that it is not part of our class so the the controlling object does not have to be a Counter object. Indeed we do NOT want it to be a Counter object. We want it to be an ostream object, cout for example). Therefore the first parameter, the ostream object, will appear on the left of the operator. The second parameter, the Counter object will appear on the right. 

Therefore, when we write:


The ostream object "cout" would be the first argument  (corresponding to the parameter we named "os") and the Counter object "ct2" would be the second argument (corresponding to the parameter we named "rhs").

The definition of this function would be:


Here we simply take take "data" data member of the Counter object and insert it into the ostream object. We must qualify the "data" object because it comes from an argument to the function"rhs".

Even though the function truly belongs to the ostream class, it has access to the private part of the Counter object ("data") because in the class declaration, we have stated that this function is a friend of our class, therefore it has access to its private members.

We can now write in our main():


Cast your mind back to our Student class. We can write for this class:


The private members are:


So the definition would be:


Note the following:

· In the definition, the keyword friend is not used

· Once we start to cascade the insertion operators we cannot end the statement and start a new one,  so this would not work:


· You must return the ostream object.

We can overload the istream object in similar fashion. A perusal of the text should make this clear now.

What's next.

The wonderful world of Inheritance.




class Counter


 {


   int data;


  public:


   Counter() { data = 0;};


   Counter(int n) { data = n; }


   void display() { cout << data; };


   Counter& increment() { data++; return *this;}


 };








 void main()


  {





   Counter  ct, ct2;   // Create two Counter objects


   cout << "\nThe value of ct is: ";


   ct.display();        // Display one counter object





   cout << endl;


   ct2 = ct.increment();  // Increment ct and assign it to 


                          // ct2





   cout << "\nThe value of ct is now: ";  


   ct.display();           // Display ct





   cout << "\nThe value of ct2 is: "; 


   ct2.display();          // Display ct2





   cout << endl;


   return;


  }








The value of ct is: 0





The value of ct is now: 1


The value of ct2 is: 1


Press any key to continue











ct++;





ct.increment();





Counter operator++(int);





Counter Counter::operator++(int)


{ 


	return Counter(data++);


}





Counter(data++);





Counter(int n) { data = n; }





 1. void main()


 2. {


 3.


 4.  Counter  ct, ct2;


 5.  cout << "\nThe value of ct is: ";ct.display();


 6.  cout << endl;


 7.  ct2 = ct++;


 8.  cout << "\nThe value of ct is now: "; ct.display();


 9.  cout << "\nThe value of ct2 is: "; ct2.display();


10.   cout << endl;


11.   return;


12.  }





Counter operator++();





Counter Counter::operator++( )


{ 


	return Counter(++data);


}





ct3 = ct + ct2;





Counter operator + (const Counter& rhs);








1. Counter Counter::operator + (const Counter& rhs)


2. {


3. 	Counter temp;


4. 	temp.data = data + rhs.data;


5. 


6. 	return temp;


7. }








ct + ct2;





data + rhs.data;





temp.data = data + rhs.data;








Counter ct2;


cout << ct2;





friend ostream& operator << (ostream& os, Counter& rhs);





cout << ct2;








ostream& operator << (ostream& os, Counter& rhs)


{


	os << rhs.data;


	return os;


}








Counter  ct, ct2, ct3;


   cout << "\nThe value of ct is: " << ct;


   cout << endl;


   ct2 = ct++;


   cout << "\nThe value of ct is now: " << ct;


   cout << "\nThe value of ct2 is: "<< ct2;


   ct3 = ct + ct2;


   cout << "\nThe value of ct3 is: " << ct3;


   cout << endl;








friend ostream& operator << (ostream& os, Student& rhs);





class Student


{


	char name[20];


	float gpa;


	static int studCount;


public:


                   :





ostream& operator << (ostream& os, Counter& rhs)


{


	os << setw(15) << rhs.name


        << setw(6) << rhs.gpa;


	return os;


}





os << setw(15) << rhs.name;


os << setw(6) << rhs.gpa;
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