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Temporary 
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part-time 
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Manager
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Employee *array_of_employees[SIZE];Employee *array_of_employees[SIZE];
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������
 ��!�&����%������'	(

� )�!��������������
���!��
���������
!�!�
�#�!�%�
����� �!�

� ������#�������
��������#������������
���������!����������!!��!�*
������

Mandatory_Course

Student

Course

Seminar Lab

Graduate_Seminar
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cout << “Enter the type of the course (S/L/M): “;

cin >> course_type;

cout << “Enter the type of the course (S/L/M): “;

cin >> course_type;
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B *p

B *p
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class Circle : public Shape
{
public:

Circle(Point center,int r)
:Shape(center),radius(r){}

// ...
void Draw();

private:
int radius;

};

class Rectangle : public Shape
{
public:

Rectangle(Point base,int wid, int len)
:Shape(base), width(wid),length(len){}

// ...
void Draw(); // overriding
void PrintCorners(); // not in Shape

private:
int width;
int length;

};

class Circle : public Shape
{
public :

Circle(Point center, int r)
:Shape(center),radius(r){}

// ...
void Draw();

private :
int radius;

};

class Rectangle : public Shape
{
public :

Rectangle(Point base, int wid, int len)
:Shape(base), width(wid),length(len){}

// ...
void Draw(); // overriding
void PrintCorners(); // not in Shape

private :
int width;
int length;

};

B *p

32�� ���4 ����5�

int main()
{

Shape * sp;
sp = new Rectangle(Point(0,0),3,4);
sp->Draw();
sp->PrintCorners();

int main()
{

Shape * sp;
sp = new Rectangle(Point(0,0),3,4);
sp->Draw();
sp->PrintCorners();

Polymorphism

Shape::Draw()

Compilation error

Possible problems: 

1. p can not invoke functions in D that are not present in B. 

2. If a function is present in both D and B, the version in B 
will be invoked.

B

D

B *p

Solutions: 

1. Virtual functions

2. dynamic_cast
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class B{
//...
virtual function_header;
//...

};

class B{
//...
virtual function_header;
//...

};
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class Shape
{
public:

Shape(Point base): basePoint(base){}
virtual ~Shape(){} // virtual destructor
virtual char* ShapeType(){return "Shape";}
virtual int GetArea() { return -1; } // error
virtual int GetPerim() { return -1; } // error
virtual void Draw() {}
void Print();

protected:
Point basePoint;

};

class Shape
{
public :

Shape(Point base): basePoint(base){}
virtual ~Shape(){} // virtual destructor
virtual char * ShapeType(){ return "Shape" ;}
virtual int GetArea() { return -1; } // error
virtual int GetPerim() { return -1; } // error
virtual void Draw() {}
void Print();

protected :
Point basePoint;

};

A virtual function

More on 
virtual d’tors, 
later on.

A non-virtual function
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class Circle : public Shape
{
public:

Circle(Point center,int r)
:Shape(center),radius(r){}

virtual char* ShapeType(){return "Circle";}
virtual int GetArea() { return 3.14 * radius * radius; }
virtual int GetPerim() { return 6.28 * radius; }
virtual void Draw();

private:
int radius;

};

class Circle : public Shape
{
public :

Circle(Point center, int r)
:Shape(center),radius(r){}

virtual char * ShapeType(){ return "Circle" ;}
virtual int GetArea() { return 3.14 * radius * radius; }
virtual int GetPerim() { return 6.28 * radius; }
virtual void Draw();

private :
int radius;

};

class Rectangle : public Shape
{
public:

Rectangle(Point base,int wid, int len)
:Shape(base), width(wid),length(len){}

virtual char* ShapeType(){return "Rectangle";}
virtual int GetArea() { return length * width; }
virtual int GetPerim() {return 2*length + 2*width; }
virtual int GetLength() { return length; }
virtual int GetWidth() { return width; }
virtual void Draw();

private:
int width;
int length;

};

class Rectangle : public Shape
{
public :

Rectangle(Point base, int wid, int len)
:Shape(base), width(wid),length(len){}

virtual char * ShapeType(){ return "Rectangle" ;}
virtual int GetArea() { return length * width; }
virtual int GetPerim() { return 2*length + 2*width; }
virtual int GetLength() { return length; }
virtual int GetWidth() { return width; }
virtual void Draw();

private :
int width;
int length;

};
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class Square : public Shape
{
public:

Square(Point base, int s)
:Shape(base), side(s){}

virtual char* ShapeType(){return "Square";}
virtual int GetSide() { return side; }
virtual int GetPerim() {return 4 * side;}
virtual int GetArea() {return side * side;}
virtual void Draw();

private:
int side;

};

class Square : public Shape
{
public :

Square(Point base, int s)
:Shape(base), side(s){}

virtual char * ShapeType(){ return "Square" ;}
virtual int GetSide() { return side; }
virtual int GetPerim() { return 4 * side;}
virtual int GetArea() { return side * side;}
virtual void Draw();

private :
int side;

};
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int main()
{

int choice;
int x,y,radius, width,length;
bool fQuit = false;
Shape * sp;
while ( !fQuit )
{

cout << "(1)Circle (2)Rectangle (3)Square (0)Quit: ";
cin >> choice;
switch (choice)
{
case 0: fQuit = true;

break;
case 1: 

cout<<"Base Point: ";
cin>>x>>y;
cout<<"Radius: ";
cin>>radius;
sp = new Circle(Point(x,y),radius);
break;

int main()
{

int choice;
int x,y,radius, width,length;
bool fQuit = false ;
Shape * sp;
while ( !fQuit )
{

cout << "(1)Circle (2)Rectangle (3)Square (0)Quit: " ;
cin >> choice;
switch (choice)
{
case 0: fQuit = true ;

break ;
case 1: 

cout<< "Base Point: " ;
cin>>x>>y;
cout<< "Radius: " ;
cin>>radius;
sp = new Circle(Point(x,y),radius);
break ;

Object 
created by 
polyorphism

32�� ���4 ����5�
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case 2: 

cout<<"Base Point: ";
cin>>x>>y;
cout<<"Width: ";
cin >> width;
cout<<"Length: ";
cin >> length;
sp = new Rectangle(Point(x,y),width,length);
break;

case 3: 
cout<<"Base Point: ";
cin>>x>>y;
cout<<"Width: ";
cin >> width;
sp = new Square(Point(x,y),width);
break;

default: 
cout<<"Please enter a number between 0 and 3"<<endl;

continue;
break;

} �// end of switch statement

case 2: 
cout<< "Base Point: " ;
cin>>x>>y;
cout<< "Width: " ;
cin >> width;
cout<< "Length: " ;
cin >> length;
sp = new Rectangle(Point(x,y),width,length);
break ;

case 3: 
cout<< "Base Point: " ;
cin>>x>>y;
cout<< "Width: " ;
cin >> width;
sp = new Square(Point(x,y),width);
break ;

default : 
cout<< "Please enter a number between 0 and 3" <<endl;

continue ;
break ;

} �// end of switch statement

32�� ���4 ����5�
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if( !fQuit )
{

sp->Print();
sp->Draw();

}
delete sp;
sp = 0;
cout << "\n";

} // end of while statement
return 0;

}

if ( !fQuit )
{

sp->Print();
sp->Draw();

}
delete sp;
sp = 0;
cout << "\n" ;

} // end of while statement
return 0;

}

Polymorphic 
call

Non-polymorphic call
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void Shape::Print()
{

cout<<ShapeType()<<" Base Point: ";
cout<<basePoint;

}

void Shape::Print()
{

cout<<ShapeType()<< " Base Point: " ;
cout<<basePoint;

}
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class Person
{
public:

Person( int s, const string& n = "" );
//...

private:
int ssn;
string name;

};

class Course
{
public:

Course(string name, const Person& teacher);
// ...

private:
string courseName;
Person& instructor;

};

class Person
{
public :

Person( int s, const string& n = "" );
//...

private :
int ssn;
string name;

};

class Course
{
public :

Course(string name, const Person& teacher);
// ...

private :
string courseName;
Person& instructor;

};

class Student : public Person
{
public:

Student( int s, const string & n = "", double g = 0.0 );
//...

private:
double gpa;
Course **courses;

};

class Student : public Person
{
public :

Student( int s, const string & n = "" , double g = 0.0 );
//...

private :
double gpa;
Course **courses;

};

Client code:

Person *ps = new Student(123456789, “Izzet Morakas”, 4.0);
// ...
delete ps;

Person *ps = new Student(123456789, “Izzet Morakas”, 4.0);
// ...
delete ps;
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class B{
public:

//...
virtual ~B();
virtual void f1(…);
virtual int f2(…);
virtual double f3(…);
void f4(…);
//...

};

class A: public B{
public:

//...
virtual ~A();
virtual void f1(…);
virtual int f2(…);
virtual int f5(…);
//...

};

class B{
public :

//...
virtual ~B();
virtual void f1(…);
virtual int f2(…);
virtual double f3(…);
void f4(…);
//...

};

class A: public B{
public :

//...
virtual ~A();
virtual void f1(…);
virtual int f2(…);
virtual int f5(…);
//...

};
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B::~B implementation B::~B implementation 

B::f1 implementation B::f1 implementation 

B::f2 implementation B::f2 implementation 

B::f3 implementation B::f3 implementation 

B:

A::~A implementation A::~A implementation 

A::f1 implementation A::f1 implementation 

A::f2 implementation A::f2 implementation 

A:

A::f5 implementation A::f5 implementation 

~B

f1

f2

f3

~B

f1

f2

f3

f5
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Shape

Circle Rectangle Square

The shape class is there in order to hold common code for 
Circle, Rectangle, Square, and whatever class that will inherit 
from shape.

There is no intention to instantiate Shape.
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virtual ret_val func_name(parameters) = 0;virtual ret_val func_name(parameters) = 0;
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virtual ~func_name() = 0 {block};virtual ~func_name() = 0 {block};
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class B1
{…};
class B2
{…};
class B3
{…};
class D: public B1, public B2, private B3 
{…};

class B1
{…};
class B2
{…};
class B3
{…};
class D: public B1, public B2, private B3 
{…};
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Person

Student Employee

StudentEmployee
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class Person
{

public:
Person( const string & n, const string & t )

: name( n ), ptype( t ) { }
virtual ~Person( ) { }
const string & getName( ) const

{ return name; }
const string getPtype( ) const

{ return ptype; }
private:

string name;
string ptype;

};

class Person
{

public :
Person( const string & n, const string & t )

: name( n ), ptype( t ) { }
virtual ~Person( ) { }
const string & getName( ) const

{ return name; }
const string getPtype( ) const

{ return ptype; }
private :

string name;
string ptype;

};

class Student : public Person
{

public:
Student( const string & n, int h )

: Person( "Student", n ), hours( h ) { }
int getHours( ) const // credit hours taken

{ return hours; }
private:

int hours;                 
};

class Employee : public Person
{

public:
Employee( const string & n, int h )

: Person( "Employee", n ), hours( h ) { }
int getHours( ) const // vacation hours left

{ return hours; }
private:

int hours;
};

class Student : public Person
{

public :
Student( const string & n, int h )

: Person( "Student" , n ), hours( h ) { }
int getHours( ) const // credit hours taken

{ return hours; }
private :

int hours;                 
};

class Employee : public Person
{

public :
Employee( const string & n, int h )

: Person( "Employee" , n ), hours( h ) { }
int getHours( ) const // vacation hours left

{ return hours; }
private :

int hours;
};

name clash

32�� ���4 ����5�
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class StudentEmployee : public Student, public Employee
{

public:
StudentEmployee( const string & n, int h1, int h2 );
// ...

};

class StudentEmployee : public Student, public Employee
{

public :
StudentEmployee( const string & n, int h1, int h2 );
// ...

};

Do we need two hours 
parameters ?
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class Student : virtual public Person
{ ...};

class Employee : virtual public Person
{ ...};

class Student : virtual public Person
{ ... };

class Employee : virtual public Person
{ ... };

?

Non-virtual inheritance                Virtual Inheritance

B1

B2

B

D

addition of D

B

B D

addition of D

B1

B2

pointer

pointer
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Person

Student Employee

StudentEmployee

A c’tor invocation
An ineffective 

c’tor invocation

?
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class Person
{

public:
Person( const string & n, const string & t )

: name( n ), ptype( t ) { }
virtual ~Person( ) { }
const string & getName( ) const

{ return name; }
const string getPtype( ) const

{ return ptype; }
private:

string name;
string ptype;

};

class Person
{

public :
Person( const string & n, const string & t )

: name( n ), ptype( t ) { }
virtual ~Person( ) { }
const string & getName( ) const

{ return name; }
const string getPtype( ) const

{ return ptype; }
private :

string name;
string ptype;

};

?

�������3� �����
class Student : virtual public Person
{

public:
Student( const string & n, int h )

: Person( "Student", n ), hours( h ) { }
int getCreditHours( ) const // credit hours taken

{ return hours; }
private:

int hours;                 
};

class Employee : virtual public Person
{

public:
Employee( const string & n, int h )

: Person( "Employee", n ), hours( h ) { }
int getVacationHours( ) const // vacation hours left

{ return hours; }
private:

int hours;
};

class Student : virtual public Person
{

public :
Student( const string & n, int h )

: Person( "Student" , n ), hours( h ) { }
int getCreditHours( ) const // credit hours taken

{ return hours; }
private :

int hours;                 
};

class Employee : virtual public Person
{

public :
Employee( const string & n, int h )

: Person( "Employee" , n ), hours( h ) { }
int getVacationHours( ) const // vacation hours left

{ return hours; }
private :

int hours;
};

Will not be invoked 
when creating 
StudentEmployee

?

�������3� �����

class StudentEmployee : public Student, public Employee
{

public:
StudentEmployee( const string & n, int ch, int vh )

: Person( "StudentEmployee", n ),
Student( "ignored", ch ), Employee( "ignored", vh )

{... }
};

class StudentEmployee : public Student, public Employee
{

public :
StudentEmployee( const string & n, int ch, int vh )

: Person( "StudentEmployee" , n ),
Student( "ignored" , ch ), Employee( "ignored" , vh )

{... }
};

Invocation to the 
grand-parent 

class c’tor

C’tors invoked not 
necessarily in this 
order, but in the 

order of 
inheritance

?

)�����
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� )���%����� �����*����������

Point

MovablePoint TaggedPoimt

TMPoint

?

class Point
{ //...
private:

int x,y;
};

class MovablePoint: virtual public Point
{ //...
private:

int deltaX,deltaY;
};

class TaggedPoint: virtual public Point
{ //...
private:

static int defaultTag; 
static int count; 
char *tag;
//...

};

class TMPoint: public TaggedPoint, public MovablePoint
{ //...
};

class Point
{ //...
private :

int x,y;
};

class MovablePoint: virtual public Point
{ //...
private :

int deltaX,deltaY;
};

class TaggedPoint: virtual public Point
{ //...
private :

static int defaultTag; 
static int count; 
char *tag;
//...

};

class TMPoint: public TaggedPoint, public MovablePoint
{ / /...
};

?

TMPoint::TMPoint(){}

TMPoint::TMPoint(char *name)
:TaggedPoint(name)
{}

TMPoint::TMPoint(int a, int b, int dx, int dy)
:Point(a,b),MovablePoint(a,b,dx,dy)
{}

TMPoint::TMPoint(int a, int b, char *name, int dx, int dy)
:Point(a,b),TaggedPoint(a,b,name), MovablePoint(a,b,dx,dy)
{}

TMPoint::TMPoint(){}

TMPoint::TMPoint( char *name)
:TaggedPoint(name)
{}

TMPoint::TMPoint( int a, int b, int dx, int dy)
:Point(a,b),MovablePoint(a,b,dx,dy)
{}

TMPoint::TMPoint( int a, int b, char *name, int dx, int dy)
:Point(a,b),TaggedPoint(a,b,name), MovablePoint(a,b,dx,dy)
{}

ignored

apply default ctors
of all base classes apply default ctors

of MovablePoint
and Point

apply default ctor
of MovablePoint

?
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class Printable
{
public:

virtual ~Printable(){}
virtual void Print(ostream & out = cout) const = 0;

};

class Serializable
{
public:

virtual ~Serializable(){}
virtual void Serialize(ostream & out = cout) const = 0;
virtual void Deserialize(istream & in = cin) = 0;

};

class Printable
{
public :

virtual ~Printable(){}
virtual void Print(ostream & out = cout) const = 0;

};

class Serializable
{
public :

virtual ~Serializable(){}
virtual void Serialize(ostream & out = cout) const = 0;
virtual void Deserialize(istream & in = cin) = 0;

};

class Person: public Printable, public Serializable
{
public:

// functions implemented in .cpp
virtual void Print(ostream & out = cout) const;
virtual void Serialize(ostream & out = cout) const;
virtual void Deserialize(istream & in = cin);
// ...

};

class Person: public Printable, public Serializable
{
public :

// functions implemented in .cpp
virtual void Print(ostream & out = cout) const ;
virtual void Serialize(ostream & out = cout) const ;
virtual void Deserialize(istream & in = cin);
// ...

};

Multiple Inheritance

32�� ���4 ����5�
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Shape *sp;
//
// sp is initialized at runtime
// to a derived class object
//
sp->Print();
cout<<"This is a "<<typeid(*sp).name()+6<<endl;
cout<<"Area: "<<sp->GetArea()<<endl;
cout<<"Perimeter: "<<sp->GetPerim()<<endl;
sp->Draw(); 

Shape *sp;
//
// sp is initialized at runtime
// to a derived class object
//
sp->Print();
cout<< "This is a " <<typeid (*sp).name()+6<<endl;
cout<< "Area: " <<sp->GetArea()<<endl;
cout<< "Perimeter: " <<sp->GetPerim()<<endl;
sp->Draw(); 

polymorphic calls
skip “class “

RTTI
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castType<type>(expression)castType<type>(expression)

(type) expression(type) expression

b = (double) a;b = (double) a;Example:

b = static_cast<double>(a);b = static_cast<double>(a);

castType is one of:

�static_cast

�dynamic_cast

�const_cast

�reinterpret_cast

8�!�������!�
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void f(Shape* sh)
{

Rectangle *pr = static_cast<Rectangle*>(sh);
// ...

}

void f(Shape* sh)
{

Rectangle *pr = static_cast <Rectangle*>(sh);
// ...

}
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void f(Shape* sh)
{

Rectangle *pr = dynamic_cast<Rectangle*>(sh);
if(pr != NULL) {

// ...
}

}

void f(Shape* sh)
{

Rectangle *pr = dynamic_cast <Rectangle*>(sh);
if(pr != NULL) {

// ...
}

}

Shape *sp;
//
// sp is initialized at runtime
// to a derived class object
//
if(typeid(*sp)==typeid(Rectangle))

dynamic_cast<Rectangle*>(sp)->PrintCorners();
else if (typeid(*sp)==typeid(Square))

dynamic_cast<Square*>(sp)->PrintCorners(); 

Shape *sp;
//
// sp is initialized at runtime
// to a derived class object
//
if ( typeid (*sp)== typeid (Rectangle))

dynamic_cast <Rectangle*>(sp)->PrintCorners();
else if ( typeid (*sp)== typeid (Square))

dynamic_cast <Square*>(sp)->PrintCorners(); 

�������G��!�

The function is defined for 
Square and Rectangle only.
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class B{...};

void g(B*)
{ /* ...*/ }

void f(const B& x)
{

// ... 
g(const_cast<B*> &x); 
//...

}

class B{ ... };

void g(B*)
{ /* ...*/ }

void f( const B& x)
{

// ... 
g( const_cast <B*> &x); 
//...

}
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implementation of X::~X

implementation of X::f1

implementation of X::f2

implementation of X::f3

X:
type_info object
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