OBJECT ORIENTED PROGRAMMING

LAB 6 — FORMS OF POLYMORPHISM, VIRTUAL , PROTECTED, MULTIPLE INHERITANCE
FORMS OF POLYMORPHISM

We introduced the concept of polymorphism in Lab 2. We used overloading functions (a version of
polymorphism) to define the class constructors.

In C++, the forms of polymorphism are:

Coercion (also known as implicit or explicit casting)

Overloading (also known as ad-hoc polymorphism)

Parametric polymorphism (compile-time polymorphism)

Subtype polymorphism (also known as inclusion or runtime polymorphism)
A few words about each as a reference.

1. Coercion (also known as implicit or explicit casting) — the ability to convert between data types. Usually
appears when the arguments passed to a function call is converted to match the data type of the prototype.

Examples of implicit coercion

Examples of explicit coercion

int a = 0.99; //will convert 0.99 into 0
float b = 3; //will convert 3 into 3.0

float do_add(float a, float b) {return a+b;}

inta = (int) 0.99;
float b = (float) 3;

float do_div(int a, int b) {return (float)a/b;}

add(1, 0);

Overloading — a feature of functions/methods/operators to have the same name but different functionality
(due to different set of parameters). We have encountered either operator overloading (+ doing addition
of numbers or concatenation of strings), or function overloading (as it was in case of constructors).

class Person {
string Name;

{ Name="John"; }
{ Name

Person ()
Person (string n)

n; }

s

Overloading is not usable just for constructors. Below you have an overloading example from the course.

#include <iostream>
using namespace std;

class printData //class name
{
public: //all methods public with the same name
//print method is overloaded by polymorphism
void print(int i)
{//method print with 1 argument of type int
cout << "Printing int: " << 1 << endl;
}
void print(double f)
{//method print with 1 argument of type double
cout << "Printing float: " << f << endl;

}




void print(char* c)
{//method print with 1 argument of type pointer to char (char *)
cout << "Printing character: " << c << endl;
}
}:

int main (void)
{
printData pd;//create object of type printData
char *sir = "This is C++"; // we can do dynamic allocation here

// Call function variant with 1 integer argument
pd.print (5);

// Call function variant with 1 float argument
pd.print (500.263);

// Call function variant with char * (to a set of characters) argument
pd.print (sir);

return 0;

3. Parametric polymorphism - the ability to use as parameters data types not identifiers. In C++ this is used
to create templates for generic functions (that can be used with multiple data types, and only after the
specific data type is chosen we know what form of the function is used). It is a compile time form of
polymorphism.

#include <iostream>
#include <string>

template <class T>
T fcn (T a, T b) {
return a > b ? a : b;

int main() {
std::cout << fcn<int> (2, 1) << std::endl; // 2

std::string foo="foo", bar="bar";
std::cout << fcn<std::string>(foo, bar) << std::endl; // "foo"

4. Subtype polymorphism (also known as inclusion) — it uses the C++ mechanisms of inheritance and
function/method overriding. The same function name doing different things in different classes. We need
to use the keyword virtual in the base class method declaration/definition, to allow it to be modified by
the children classes. It is a runtime form of polymorphism.

class Person { void do display (Person *p) {
public: p->display () ;
virtual void display () { cout << "I |}
am"<<endl;}
}; int main () {
class Student : public Person { Student sl;
void display () {cout <<"I learn"<<endl;} Teacher tl1;
}i Manager ml;
class Teacher : public Person {
void display () {cout <<"I teach"<<endl;} do_display(&sl); //--> I learn
}; do_display(&tl); //--> I teach
class Manager : public Person { do_display(&ml); //--> I manage
void display () {cout <<"I manage"<<endl;} }
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EARLY VS LATE BINDING EXAMPLE

We will use the example from the course. Binding refers to the process of converting C++ identifiers such as
variable function names to addresses. For functions it means matching the call with the right function definition
of the compiler. Early binding = compile time. Late binding = runtime.

A call of one of the functions foo(), bar() is an example of early binding, as it can be resolved at compile time
(the types for the arguments and return type can be resolved at compile time). A call of Caller() will require late
binding as the compiler does not know before runtime what function will get executed.

#include <iostream>
using namespace std;

//pFctVoid is a pointer to a function that returns void and has 0 arguments
typedef void (*pFctVoid) (void);

//sample functions returning void, having 0 arguments
void foo () ;
void bar () ;

pFctVoid Caller(); //prototype

int main ()
{
pFctvVoid f = Caller(); //f is set to point to Caller() function

//calling the function through the f pointer *f () )
£0 7
return 0;

}

void foo()
{ std::cout << "A\n"; // specific message in function foo ()
ioid bar ()
{ std::cout << "B\n"; // specific message in function bar ()

}

// This function returns a callable object which either refers to foo or bar
// depending on user input during runtime
pFctVoid Caller() // can't be resolved at compile time --> late binding
{

std::cout << "Please give a number:\n";

float x = 0.0;

std::cin >> x;

if (x > 50.0) // this inquiry effects in late-binding

{ // if we get an input value > 50

// then we return a callable that refers to foo
return{ &foo };

}

// otherwise, we return a callable that refers to bar
return{ &bar };




PROTECTED ACCESS VS PUBLIC INHERITANCE
Reminder from the prior lab:

inherited public protected private

base
public public protected private
protected protected protected private
private private private private

If an element of a class has protected access, it can be used directly for derived (child) classes.

#include <iostream> #include <iostream> #include <iostream>
using namespace std; using namespace std; using namespace std;
class BASE class BASE class BASE
{ { {
private: protected: public:
int x;//not accessible int x;//accessible only int x;//accessible to
//outside class //to child classes //all outside
public: public: public:
void printX () {cout << x;} void printX() {cout << x;} void printX() {cout << x;}
}: }i }i
class DERIVED:public BASE class DERIVED:public BASE class DERIVED:public BASE
{ { {
int y; int vy, int y;
public: public: public:
void printXY () { void printXY () { void printXY () {
//can’t use x directly cout << x; cout << x;
printX() ; cout << y;} cout << y;}
cout << y;} }s }s
}i
int main () int main () int main ()
{DERIVED dl; {DERIVED dl; {DERIVED dl1;
/*cout <<dl.x;*/ /*cout <<dl.x;*/ cout <<dl.x;
return 0;} return 0;} return 0;}

CONSTRUCTOR INHERITANCE IN C++11

From prior lab we knew that constructors do not normally get inherited. However, if your compiler supports
C++11 you can program constructor inheritance with the keyword using. This is though highly unusual since you
can’t initialize the attributes of the child from the base class (attribute y in the DERIVED object would remain
uninitialized in the following example).

#include<iostream>
using namespace std;
class BASE

{

int x;
public:
void initX(int n) { x = n; }
void displayX () {
cout << "The variable x (displayed in the parent class):" << x << endl;}

BASE (int a) {x = a; cout << "In base";}
BASE () {x=0; cout <<"In base";}

}i

class DERIVED : private BASE

{
using BASE: :BASE;

int y;
public:
void initXY(int n, int m) { initX( n ); y = m;}
void displayY () { cout << "The variable y (in the child): " << y << endl; }

void displayXY ()




cout << "Variable x (displayed in the child): ";
displayX();
cout << " and the variable y: " << y << endl;
}
}i
int main ()
{
DERIVED d;
DERIVED d2 (0);
return 0;

MULTIPLE INHERITANCE. VIRTUAL. OHM’s LAW EXAMPLE.

We build a class Resistor, which has as protected attribute the value of resistance R. We then build a constructor
for this class with an argument to set the default value for R. We need a function GetR to get (for the purpose of
displaying on the console) the value of the resistance.

We build another class Voltage, derived in public mode from class Resistor, by using the virtual keyword.
Here, the virtual keyword will cause us, upon the creation of the inherited object, to have a single copy in
memory of the base class (access being done via reference). This has 2 protected attributes that will be
accessible only to inherited classes (like the OHMsLaw class described below). We create a constructor for this
class with the name Voltage with 2 arguments: one inherited by calling the constructor from the base class (R)
and another belonging to Voltage and set locally (U). With the 2 we then compute the current | using the formula
from OHMs law for a portion of circuit. I=U/R. After these steps | print the value of the current by using a getter.

We then build a third class, called Current, derived in public mode AGAIN from class Resistor again using the
word virtual, SO as to have upon creation of the inherited object a single copy of the base class (employing
access by reference) — in fact being the same base copy used by the class Voltage. This has 2 protected
arguments which will be accessible just to inherited classes (like OHMsLaw, defined below). We create a
constructor for this class with the name Current, with 2 arguments: one inherited by calling the constructor of the
base class (R), another belonging to Current and set locally (I). With the two | compute the voltage for a portion
of circuit using OHMs Law formula: U=1*R. At the end | use a getter to display the value computed for U.

A final class in this example is the class OHMsLaw that performs multiple inheritance from both Voltage and
Current, both publicly.

class OHMsLaw:public Voltage, public Current
{//class OHMsLaw inherits 2 classes, so multiple inheritance from both
//Voltage class and Current class
public:
OHMsLaw (double i, double u, int r):Current(i,r), Voltage(u,r),Resistor(r)
//constructor with 3 parameters, all inherited
{
cout <<"passing through constructor with 3 parameters "<<endl;
//this constructor only displays a message, does nothing else

}

}i

This class no longer employs the keyword virtual since it is inheriting different classes. Keyword virtual can
only be applied when 2 classes inherits (point to) the same source class. This class has no intrinsic attributes, only
inherited ones. This class has a constructor with parameters.

In order to inherit the attributes we call the constructors for the base classes from the constructor with their proper
arguments. Firstly, we call the ones from the first level up (Current and Voltage), then the one inherited from two



levels up (Resistor). In this constructor with arguments we display a message to signal the call of this constructor
upon object creation.

class OHMsLaw:public Voltage, public Current
{//class OHMsLaw inherits 2 classes, so multiple inheritance from both
//Voltage class and Current class
public:
OHMsLaw (double i, double u, int r):Current(i,r), Voltage(u,r) Resistor(r)
//constructor with 3 parameters, all inherited
{
cout <<"passing through constructor with 3 parameters "<<endl;
//this constructor only displays a message, does nothing else

}

}i
In main function, we declare an object of the derived class type of second level (OHMsLaw) upon which we pass

3 arguments.

We compute the values for voltage and current and then display the values for all 3 physics metrics.

We follow the flow of the source code below:

#include <iostream>
using namespace std;

class Resistor
{
protected://protected data accessible within derivate classes
//but not outside them
int R;
public:
Resistor (int r)
{//constructor with 1 argument for base class
R=r;//give R value from r (not vice-versa!)
//1if I would have written r=R,
//it would allocate a value for R randomly from memory
}
virtual void GetR()
{
cout<<R<<endl;//display value for R
}
}i

class Voltage:virtual public Resistor //inherit base class by reference
{//upon creating Voltage objects (first derivate class), due to the
//keyword virtual
//we won’t create a copy of the base class and it will be referenced instead.
//all objects of type Voltage will reference class Resistor without
//creating copies in memory for each of these objects
protected:
double U;
double I;// protected data accessible within derivate classes
// but not outside them
public:
Voltage (double u,int r) :Resistor(r)//call constructor for class Resistor
//because it does not implicitly get inherited by derived classes
{
U=u;//constructor with 2 parameters, one inherited (R) and another
//one whose value is attributed here in the constructor (U)

}

virtual void ComputeCurrent ()
{//compute value of Current from Voltage (set in this derivate class)
//and by the Resistor (inheritance)
I=U/R;
}




virtual void GetI ()

{//display computed value
cout<<I<<endl;

}

};//end of class with semicolon character ; !

class Current:virtual public Resistor
{//upon creating Current objects (first derivate class), due to the
//keyword virtual
//we won’t create a copy of the base class and it will be referenced instead.
//all objects of type Current will reference class Resistor without
//creating copies in memory for each of these objects
protected:
double U;
double I;// protected data accessible within derivate classes
// but not outside them
public:
Current (double i,int r) :Resistor(r)//call constructor of Resistor class
//as it is not implicitly inherited in derived classes
{
I=i; //constructor with 2 parameters, one inherited (R)
// and another one whose value is attributed here in the constructor

}

virtual void ComputeVoltage ()
{
U=I*R;//compute Voltage from Current
// (set in this derived class) and from Resistor (inherited)

}

virtual void GetU()

{//display computed value
cout<<U<<endl;

}

}; //end of class with semicolon character ; !

class OHMsLaw:public Voltage, public Current
{//class OHMsLaw inherits 2 classes, so multiple inheritance from both
//Voltage class and Current class
public:
OHMsLaw (double i, double u, int r):Current(i,r), Voltage(u,r) , Resistor(r)
//constructor with 3 parameters, all inherited
{
cout <<"passing through constructor with 3 parameters "<<endl;
//this constructor only displays a message, does nothing else
}

}; //end of class with semicolon character ; !

int main ()

{
OHMsLaw L1(0.01, 10, 1000);//create an multiple inheritance object
Ll.ComputeVoltage();//call Voltage compute function
L1l.ComputeCurrent ();//call Current compute function
L1.GetR();//display R
L1.GetU();//display U
L1.GetI();//display I




If we want to build the tree to describe the multiple inheritance from this program it would look like this:

Case 1 (having written virtual on inheritance). On creating object L1 we create a copy of class OHM then a copy
of classes U and I, followed by a copy of R, which U and | use via reference due to the virtual keyword.

Case 2 (WITHOUT the keyword virtual on inheritance). Upon creating object L1 we create a copy of the class
OHM and then a copy of classes U and I, and then for each copy of U and | a separate copy of R (so we will end
up with 2 copies of R) that the compiler will consider ambiguous as there will be 2 copies of GetR in memory.
This code would generate the error “[Error] request for member ‘GetR" is ambiguous”.




