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p 504
Using Pointers to Access Functions in a Base Class and Derived Class
Recall how we can access functions using pointers using the  -> operator. 

Now we will investigate using the same notation to access derived class members. 
#include <iostream>

using namespace std
;

class Base 

{

protected:

   

int i




;

public:
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{ cout <<  "base"  << endl
;}

}




;

class Derv: public Base
{

private:

   

int j




;

public:
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void push()
{cout << "derived" << endl
;}


}




;

int main()
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So it appears that the function which gets called depends on the type of the pointer.
(If we also defined another pointer to be of type Derv

eg Derv * ptd then indeed the derived class function would be called as shown below.)
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Derv * ptd
;
Derv d1
;

ptd = &d1
;

ptd->push()
;
We wish however to call derived functions by declaring a pointer to be of the base class type.
To do this, we must declare our base class function as virtual as we will now see.

Virtual Functions

So far, the function which is called depends upon the type of pointer ie how the function is declared eg   Base * ptb
;
We wish to be able to call a function depending on the object to which it points  ie how it is defined regardless of how it is declared.

· Modify the previous code as shown below.

#include <iostream>

using namespace std
;

class Base 

{

protected:

   

int i




;
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virtual void push()

{ cout <<  "base"  << endl
;}

}




;

class Derv: public Base

{

private:

   

int j




;

public:

void push()

{cout << "derived" << endl
;}


}




;

int main()

{
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Base * ptb
;

Base b1
;

ptb = &b1
;
ptb->push()
;


Derv d1
;

ptb = &d1
;

ptb->push()
;

return 0
;

}
The decision as to which function is called using virtual along with a pointer is not decided until the program is actually running. This is referred to as "late binding"

Pure Virtual Functions

It may be that in practice we don’t won’t to allow instantiation of base class objects which have a virtual function.

We could say so in the documentation, but to absolutely prevent this we make our virtual functions pure. We do this by simply adding = 0 to the function declaration and of course removing any function definition.
In this case we can pack away the base member function for safe-keeping as follows:

#include <iostream>

using namespace std
;

class Base 

{

protected:

   

int i




;

public:

virtual void push()= 0

;
//{ cout <<  "base"  << endl
;}

}




;

class Derv: public Base

{

private:

   

int j




;

public:

void push()

{cout << "derived" << endl
;}


}




;

int main()

{

Base * ptb
;


//Base b1
;

//ptb = &b1
;

//ptb->push()
;


Derv d1
;

ptb = &d1
;

ptb->push()
;

return 0
;

}

Virtual Base Classes

A virtual base class helps us resolve the problem of having a class (Grandchild) derived from two classes (Child1 and Child2) which are themselves derived from a single parent class.


· Try this.

#include <iostream>

using namespace std



;

///////////////////////////////////////////
class Parent

   {

protected:


int i





;

public:


Parent() : i(1)


{





;}

};

///////////////////////////////////////////
class Child1: public Parent

   {

   }






;

///////////////////////////////////////////
class Child2: public Parent

   {

   }






;

///////////////////////////////////////////
class Grand: public Child1, public Child2

   {

public:


void show()


{cout << i
<< endl


;}

   };

///////////////////////////////////////////
int main()
   {


Grand g1




;


g1.show()




;

return 0





;

}

///////////////////////////////////////////

It won’t compile.  We get the following error messages:

The problem is that Child1 and Child2 each have separate copies of Parent’s i.

We can force them to share a single copy of Parent’s i by making them virtual as follows:

#include <iostream>

using namespace std



;

///////////////////////////////////////////

class Parent

   {

protected:


int i





;

public:


Parent() : i(1)


{





;}

};

///////////////////////////////////////////

class Child1: virtual public Parent

   {

   }






;

///////////////////////////////////////////

class Child2: virtual public Parent

   {

   }






;

///////////////////////////////////////////

class Grand: public Child1, public Child2

   {

public:


void show()


{cout << i
<< endl


;}

   };

///////////////////

int main()
   {


Grand g1
;


g1.show()
;

return 0

;

}

///////////////////





Friend Functions

A friend function is a member of no particular class ie it can be a member of any class.
A friend function can be used to pass an object as an argument of a member (function) as shown below.
A friend function is always public (by default).
#include <iostream>

using namespace std
;

/////////////////////////

class part

{

private:

int i



;

public:

part():i(3)

{



;}

friend part square(part p)

{

p.i = p.i * p.i

;

return p


;

}

}



;

/////////////////////////



int main()

{

part p1


;

p1 = square(p1)

;

return 0


;

}

#include <iostream>
using namespace std
;

/////////////////////////
class part

{

private:

int i
;

public:

part():i(3)

{
;}

int squ(int x)

{

i = x * x;

return i ;

}

int get()

{return i; }

}
;

int main()

{

part p1


;

int y = p1.squ(3);

cout << y << endl
;

cin.get()


;

return 0


;

}

Even though your friend function is declared inside your class it is not regarded as a member function of the class – even though it may have access to data of objects of that class! 

A friend can be used to pass an object different types.

In the case below it is used to add together the data elements of two unrelated objects of different types.
Just like ordinary member functions, we can place the function definition of a friend outside the class so long as we place the declaration inside the class – as below.
#include <iostream>

using namespace std


;

class PartB




; 
class PartA

{

private:

int a





;

public:

PartA() : a(3)
{




;}            

friend int frAandB(PartA, PartB)
; 

}





;

class PartB

{

private:

int b





;

public:


PartB() : b(4) 
{




;}             

friend int frAandB(PartA, PartB)
;  

}





;

/////////////////////////////////////

int frAandB(PartA pA, PartB pB)           

{

return(pA.a + pB.b)


;

}

/////////////////////////////////////

int main()
{

PartA pA1




;

PartB pB1




;

cout << frAandB(pA1, pB1) << endl;
return 0




;

}

Friend Functions and the Overloaded Operator
Recall how we overloaded the + operator to add two objects together (see page 82 of this manual).

It is surprising to see that the overloaded operator is also able to cope with a number on the right hand side of the + sign when it is expecting an object:
#include <iostream>

using namespace std
;

class part
{

private:

int i



;

public: 

part() :i()

{  



;}

part(int j) :i(j)

{  



;}

part operator + (part p)

{

return part(i + p.i)

;

}

};

//////////////////

int main()
{

part p1(1), p3

;

p3 = p1 + 2


; 
return 0


;

}


We have just seen the overloaded operator can cope with 
p3 = p1 + 2


;

Can it cope with 

p3 = 2 + p1


;   ?
The answer is no. (Try it – it won’t compile) .

Well not using this form of the overloaded operator. 

Expecting the 2 to be passed “implicitly” as an object on the left hand side of the + sign as in :
p3 = 2 + p1; to the overloaded operator function is a bit much to ask.
Recall that friend functions can use the notation of “ordinary functions” : y = function(x)


We therefore pass two arguments to our friendly overloaded operator as follows:

#include <iostream>

//using namespace std
;

class part

{

private:

int i



;

public: 

part() :i()

{  



;}

part(int j) :i(j)

{  



;}

friend part operator + (int k, part p)

{

return part(k + p.i)
;

}

};

/////////////////////////

int main()

{

part p1(1),p3

;

p3 = 2 + p1


; 

return 0


;

}

/////////////////////////

#include <iostream>

//using namespace std
;

class part

{

private:

int i



;

public: 

part() :i()

{  



;}

part(int j) :i(j)

{  



;}

part operator + (part p);

friend part operator + (int k, part p);

};

/////////////////////////

int main()

{

part p1(1),p3

;

p3 = p1 + 2


; 

p3 = 2 + p1


; 

return 0


;

}

/////////////////////////

part part::operator + (part p)

{

return part(i + p.i)
;

}

/////////////////////////
part operator + (int k, part p)

{

return part(k + p.i)
;

}

Friend Classes





page 529.
Using a friend class, an object of one class can access the data of an object of another class.
#include <iostream>

using namespace std
;

class beta


;

/////////////////////////

class alpha

{

private:

int d


;

public: 

alpha() :d(2)

{  



;}

friend class beta

;
};


class beta

{

public:


void func1(alpha a)

{cout << a.d << endl;}

};


int main()

{

alpha a1


;

beta b1


;

b1.func1(a1)

;

return 0


;

}


This illustrates that we can call a constructor in this case in the friend class
Static Functions

We have already seen how to create a variable which is common to all objects of a class by declaring the variable as static as below.
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class Part
{

private:


static int i
;

public: 


Part() 


{ i++ 

;}

};

/////////////////////////

int Part::i=0

;

/////////////////////////

int main()
{


Part p1

;


Part p2

;


Part p3

;

return 0


;

}

/////////////////////////


How do we print out this common value of i – since it belongs to no particular object?
We need a “generic” static function as shown:

Using a Static Function to Print Out a Static Variable


#include <iostream>

using namespace std
;

class Part
{

private:


static int i
;

public: 


Part() 


{ i++ 

;}

static void show()


{


cout << i << endl
;


}

};

/////////////////////////

int Part::i=0

;

/////////////////////////

int main()
{


Part p1

;


Part p2

;


Part p3

;


Part::show()
;

return 0


;

}

Overloading the =

Revision: 

The = sign can be used in 2 contexts.

1. as an Assignment:

class Part
{

private:

int i




;

public: 


Part() :i()


{  }


Part(int j) :i(j)


{  }

}




;

///////////////////////////////
int main()
{


Part p1(4)


;


Part p2


;


p2 = p1


;

return 0



;

}

///////////////////////////////
2. as a Copy: 

class Part
{

private:

int i




;

public: 


Part() :i()


{  }


Part(int j) :i(j)


{  }

};

///////////////////////////////
int main()
{


Part p1(4)


;


Part p2 = p1

;

return 0



;

}

///////////////////////////////
Although very similar (they both use the = sign for a start), the way in which the assignment is achieved behind the scenes is very different from the copy.
The assignment is achieved behind the scenes using an overloaded = sign.

The copy is achieved by using a one-argument constructor.
ie if we wish to overload the =, we must first distinguish between whether = means assignment or copy.

1.  Overloading the Assignment Equal sign
In this case we will need to overload the = operator as below:

#include <iostream>

using namespace std


;

class Part


{

private:

int i





;

public: 


Part() :i()


{  }


Part(int j) :i(j)


{  }

Part operator = (Part p)

{


i = p.i



;


cout << "extra ops" << endl
;


return Part(i)


;

}

}





;

/////////////////////////////////////

int main()
{


Part p1(4)



;


Part p2



;


p2 = p1



;

return 0




;

}

/////////////////////////////////////

2.  Overloading the Copy Equal Sign
In this case we need to include a one-argument constructor  as below:

#include <iostream>

using namespace std


;

class Part


{

private:

int i





;

public: 


Part() :i()


{  }


Part(int j) :i(j)


{  }

Part  (Part& p)


{


i = p.i



;


cout << "extra ops" << endl
;


}

}





;

/////////////////////////////////////

int main()
{


Part p1(4)



;


Part p2 = p1


;

return 0




;

}

/////////////////////////////////////

The this Pointer 
Every object created has its own pointer which points to itself called this.

#include <iostream>

using namespace std
;

class part


{

private:

int i



;

public:

part():i(2)

{



;}


void access(void)

{

cout << this    << endl
;

cout << this->i << endl
;

}

}



;

/////////////////////////

int main()

{

part p1


;

p1.access()


;
cin.get()


;
return 0


;

}

/////////////////////////

· If we single-step (to where the function is called)…



Using this For Returning Values

this can be used to return an object from a function as shown below. 

· Run this on the debugger. (It simply adds 1 to p1’s i .)

class Part


{

private:

int i



;

public: 


Part() :i()


{  }


Part(int j) :i(j)

{  }






}



;

int main()
{


Part p1(4)

;


Part p2

;


p2 = p1.add()
;

return 0


;

}

Recall that the alternative would have been to create a temporary object (p in this case) as shown here:



  We could indeed replace this by:

 

but nevertheless a temporary object would still be created.
Exercise:
1. Recall how we can use the sqrt function to find the square root of a number. See page 65 of the text.

The pow function is used to raise a number to a power, eg pow(3, 2) will find 3 to the power of 2, ie 3 squared. (You could also equally find 3 * 3 in this case.) 
pow() also requires the <cmath> header.

2. Write a short program in main()(don’t use a function) to calculate the hypotenuse of a given right-angled triangle.





Call the side variables sd1 and sd2.

 ie 
double sd1, sd2, h
;

sd1 = 3


;     etc.

3. Put the above in the form of a function called hypotenuse which is called from main().
double hypotenuse(double a, double b)
{

}

etc.

4. Create a class called tri which has 2 data members sd1 and sd2 and a two-argument constructor to initialize sd1 and sd2 so that we can create an tri object using, for example:
tri t1(3,4)
;
5. Make a function called hypotenuse in the class so that we can call it using the “usual” function notation 

h = hypotenuse(t1)
;
(As distinct from the member function notation h = t1.hypotenuse().)

which will of course calculate the hypotenuse for the tri object t1.

This assignment is compulsory.

You will need a friend (not a friend).










…then any functions declared in class beta…





…(don’t forget, that in order to do that, we must declare the class beta beforehand) …





If the class beta is declared as a friend in class alpha…








You can see that both types of overloaded operators – member overloaded operator functions and friend overloaded operator functions can fortunately co-exist.





≡ cout << i << endl;








The function definitions have also been moved outside class (leaving the function declarations inside the class). 





Note that the friend function outside the class does not require the keyword friend, Nor does it require the name of the class to which it belongs. Well it doesn’t belong to any particular class.








alpha’s data.








The grandchild now shares a copy of the same i.





The function is also declared static.











The function is associated with the class by means of the scope resolution operator.











The Parent class’s data is accessed.








Make the Child classes virtual.
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Grandchild





Child2





Child1





Parent








Now, even though the pointer is declared as a Base type as before…





… the function which is called depends only upon the object to which it points.





Simply include the qualifier virtual.





We have a push() function in the base class and the derived class.





… the base class function is called each time.








Even though the pointer is assigned to the address of the derived object…





This does not use virtual indeed


it wont even compile. 





The i value of this object has been squared by the friend function.





(Since the friend is always public it can be placed anywhere in the class.)








Friend function declaration in first class.


Don’t forget the semi-colon.





Place      = 0 ; here (along with the semi-colon.)








Remove the function body. We now have a pure virtual function.





Remove this since we don’t wish to create any base class objects – or pointers to them.





Friend function definition. Not that we don’t specify a class to which it belongs – because it doesn’t.





PartB must be declared before it is referred to.








… will be able to use objects of type beta to access the private data of objects of type alpha. (Of course we must pass an object of type alpha to the function in order to retrieve data of that particular object.





Use the debugger to see how the compiler deals with this – the 2 is not passed directly to p (as shown here) – see the one-argument constructor first get called to create a temporary object which contains 2 as its data element . This object is then passed to p.

















A friend function is used to pass an object of the same type (part) in this case.


This enables us in this case to use the “normal” function notation.


… = square(p1)	;


instead of 


… = p1.square()	;


See page 527 of the text.
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Recall how we would use an “ordinary” ,member function to square the data member i.





Each object contains and shares the same i.


ie changing the value for one object changes it for the others.














If we single-step, at the point where  p3 has been created, we see that the value of the common i is 3, ie i has been incremented three times.
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Include the overloaded = operator.





#include <iostream>


using namespace std;





class part


{


private:


int i		;


public:


part():i(3)


{		;}


friend part square(part p);





}		;





part square(part p)


{


p.i = p.i * p.i	;


return p		;


}


		


int main()


{


part p1		;


p1 = square(p1)	;


return 0		;


}








Move it outside. Note we don’t need to specify again that it is a friend.
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Note also how �part(i + p.i)


calls the one argument constructor by means of a “phantom” object.





Both OperatorsTogether








Include this one-argument constructor which takes an object as an argument.��Note that the & is necessary in order to pass the object by reference.  �Passing by value (without the &), would cause a copy of the object passed to be made – and the copy constructor would call itself – indefinitely!





This doesn’t use a friend function – yet.
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Part add()


  {


  Part p		;


  ++i			;


  p.i = i		;


  return p		;


  }








h





#include <iostream>


#include <cmath>


using namespace std	;


class tri


{


private:


double sd1		;


double sd2		;





public: 


tri() :sd1(),sd2()


{  				;}


tri(double a,double b) :sd1(a),sd2(b)


{  				;}





friend double hypotenuse(tri t)


{ return sqrt( pow(t.sd1,2) + pow(t.sd2,2) );}





};





/////////////////////////


int main()


{





tri t1(3,4)					;


double h = hypotenuse(t1)		;	


cout << h	<<endl			;


return 0					;


}


/////////////////////////





… we see our this pointer…





this is the address of object p1.


this->i represents the contents of this.  ie 2. 





#include <iostream>


using namespace std	;


class beta			;


/////////////////////////


class alpha


{


private:


int d			;


public: 


alpha() :d(2)


{  				;}


friend class beta		;


};


/////////////////////////


class beta


{


public:


alpha a;


};


/////////////////////////


int main()


{


beta b1			;


return 0			;


}





Recall also how p1 is “implicitly” passed to the overloaded operator since it was on the left hand side of the + in the statement


p3 = p1 + 2 ; so in this example, the       solitary  i belongs to p1.		











See solutions.txt





*this represents the object itself.
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The data is declared static.





 Part add()


  {


return Part(++i)	;


  }





The only difference this time is that in one line, a new object is created and then the data is  copied across.





The data is copied from one object to the other.





The friend function has access to the data of each object type.





Part add()


	{	


	++i			;


	return *this	;


	}





Friend function declaration in second class.


(Don’t forget the semi-colon.)








A static function does not need an object. It is called using the class name only.




















this->i is equivalent to (*this).i. 

















See Creating And Using a Static Library (C++) page 31 Using Oldegaard notes The library functions are made static meaning that they are called from main using  the class name rather than needing to create an object of that class.  











… and if we take a look at this address 0x0012ff7c, we see our object  p1 and its data i.





A friend is used when we wish to pass an object as an argument of a function. 








h = √ ( 3 2 + 4 2 ) = 5
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