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Base/Super/Parent

Class

Derived/Sub/Child 
Class

Base class is designed for inheritance:

basic window 
class

our window 
class

'3��#��

Inheritance from a usable class:

Student

Graduate 
Student
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Employee

Temporary 
employee

Classes having much in common:

part-time 
Employee

Manager
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class base_class_name {

// class code here

};

class derived_class_name: public base_class_name{

// class code here

};

class base_class_name {

// class code here

};

class derived_class_name: public base_class_name{

// class code here

};
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class Car{
public:

Car(char *s=“Mazda 3", uint y=2007);
Car(const Car&);

...
protected:

char *make;
uint year;

};

class SportsCar: public Car{
public:

SportsCar();
SportsCar(char *name, uint y=2007,  int s=250);

...
private:

int maxSpeed;
};

class Car{
public :

Car( char *s= “Mazda 3" , uint y=2007);
Car( const Car&);

...
protected :

char *make;
uint year;

};

class SportsCar: public Car{
public :

SportsCar();
SportsCar( char *name, uint y=2007,  int s=250);

...
private :

int maxSpeed;
};
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Additional data member

class Point
{
public:

Point(int a=0, int b=0); // includes default c'tor
void Init(){x=0;y=0;}
int GetX() const {return x;} 
int GetY() const {return y;}
void SetX(int t) { x=t;}
void SetY(int t) {y=t;}

const Point operator+(const Point& p) const;
const Point operator-(const Point& p) const;
const Point operator*(int m) const;
const Point& operator()(int a, int b);
friend ostream& operator<<(ostream&, const Point&);
friend istream& operator>>(istream&, Point&);

private:  
int x,y;

};
const Point operator*(int m, const Point& p);

class Point
{
public :

Point( int a=0, int b=0); // includes default c'tor
void Init(){x=0;y=0;}
int GetX() const { return x;} 
int GetY() const { return y;}
void SetX( int t) { x=t;}
void SetY( int t) {y=t;}

const Point operator +( const Point& p) const ;
const Point operator -( const Point& p) const ;
const Point operator *( int m) const ;
const Point& operator ()( int a, int b);
friend ostream& operator <<(ostream&, const Point&);
friend istream& operator >>(istream&, Point&);

private :  
int x,y;

};
const Point operator *( int m, const Point& p);
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class TaggedPoint: public Point {
public:

TaggedPoint(); //default c'tor
TaggedPoint(char *name); // default coordinates
TaggedPoint(int a, int b); // default tag
TaggedPoint(int a, int b, char *name); 
TaggedPoint(const TaggedPoint&); // copy c'tor
~TaggedPoint();
void SetTag(char *t);
const TaggedPoint operator+(const TaggedPoint& p)const ;
const TaggedPoint operator-(const TaggedPoint& p)const ;
const TaggedPoint operator*(int m)const;
TaggedPoint& operator=(const TaggedPoint& p);
const TaggedPoint& operator()(int a, int b, char *name) ;
friend ostream& operator<<(ostream&, const TaggedPoin t&);
friend istream& operator>>(istream&, TaggedPoint&);
static int GetCount() {return count;}

private:
static int defaultTag; // counts points with default tag
static int count; // counts existing instances of Tag gedPoint
char *tag;    // the name of the point
void CreateDefaultTag();

};

const TaggedPoint operator*(int m, const TaggedPoint& p );

class TaggedPoint: public Point {
public :

TaggedPoint(); //default c'tor
TaggedPoint( char *name); // default coordinates
TaggedPoint( int a, int b); // default tag
TaggedPoint( int a, int b, char *name); 
TaggedPoint( const TaggedPoint&); // copy c'tor
~TaggedPoint();
void SetTag( char *t);
const TaggedPoint operator +( const TaggedPoint& p) const ;
const TaggedPoint operator -( const TaggedPoint& p) const ;
const TaggedPoint operator *( int m)const ;
TaggedPoint& operator =( const TaggedPoint& p);
const TaggedPoint& operator ()( int a, int b, char *name);
friend ostream& operator <<(ostream&, const TaggedPoint&);
friend istream& operator >>(istream&, TaggedPoint&);
static int GetCount() { return count;}

private :
static int defaultTag; // counts points with default tag
static int count; // counts existing instances of TaggedPoint
char *tag;    // the name of the point
void CreateDefaultTag();

};

const TaggedPoint operator *( int m, const TaggedPoint& p);
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Overloaded operators

class Person
{

public:
Person( int s, const string& n = "" )

: ssn( s ), name( n ) { }
const string & getName( ) const { return name; }
int getSsn( ) const { return ssn; }
void print( ostream & out = cout ) const

{ out << ssn << ", " << name; }
private:

int ssn; // social security number
string name;

};

ostream & operator<< ( ostream& out, const Person& p )
{

p.print( out );
return out;

}

class Person
{

public :
Person( int s, const string& n = "" )

: ssn( s ), name( n ) { }
const string & getName( ) const { return name; }
int getSsn( ) const { return ssn; }
void print( ostream & out = cout ) const

{ out << ssn << ", " << name; }
private :

int ssn; // social security number
string name;

};

ostream & operator << ( ostream& out, const Person& p )
{

p.print( out );
return out;

}
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class Student : public Person
{

public:
Student( int s, const string & n = "", double g = 0.0 )

: Person( s, n ), gpa( g )
{ }
double getGpa( ) const

{ return gpa; }
void print( ostream & out = cout ) const

{ Person::print( out ); out << ", " << gpa; }
private:

double gpa; // grade point average
};

ostream & operator<< ( ostream & out, const Student & s )
{

s.print( out );
return out;

}

class Student : public Person
{

public :
Student( int s, const string & n = "" , double g = 0.0 )

: Person( s, n ), gpa( g )
{ }
double getGpa( ) const

{ return gpa; }
void print( ostream & out = cout ) const

{ Person::print( out ); out << ", " << gpa; }
private :

double gpa; // grade point average
};

ostream & operator << ( ostream & out, const Student & s )
{

s.print( out );
return out;

}
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Overriding functionality

Adding functionality

On c’tors, later.

int main()
{

Student s( 123456789, "Jane", 4.5 );

Person *pPerson = &s;  // *pPerson and s are same object

s.print();        // calls Student::print
cout << endl;
pPerson->print(); // calls Person::print
cout << endl;
cout << s << endl;           // calls Student::print
cout << *pPerson << endl;   // calls Person::print
return 0;

}

int main()
{

Student s( 123456789, "Jane" , 4.5 );

Person *pPerson = &s;  // *pPerson and s are same object

s.print();        // calls Student::print
cout << endl;
pPerson->print(); // calls Person::print
cout << endl;
cout << s << endl;           // calls Student::print
cout << *pPerson << endl;   // calls Person::print
return 0;

}
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TaggedPoint::TaggedPoint()
{

CreateDefaultTag();
count++;

}

TaggedPoint::TaggedPoint(char *name)
: tag(NULL)
{

count++;
SetTag(name);

}

TaggedPoint::TaggedPoint()
{

CreateDefaultTag();
count++;

}

TaggedPoint::TaggedPoint( char *name)
: tag(NULL)
{

count++;
SetTag(name);

}

No explicit invocation, 
default c’tor used.

'3��#��&�,����������:����(�

TaggedPoint::TaggedPoint(int a, int b)
:Point(a,b)
{

CreateDefaultTag();
count++;

}
TaggedPoint::TaggedPoint(int a, int b, char *name)
:Point(a,b), tag(NULL)
{

count++;
SetTag(name);

}

TaggedPoint::TaggedPoint( int a, int b)
:Point(a,b)
{

CreateDefaultTag();
count++;

}
TaggedPoint::TaggedPoint( int a, int b, char *name)
:Point(a,b), tag(NULL)
{

count++;
SetTag(name);

}

Invocation in c’tor
initializers

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

public:
Student( int s, const string & n = "", double g = 0.0 )

: Person( s, n ), gpa( g )
{ }
double getGpa( ) const

{ return gpa; }
void print( ostream & out = cout ) const

{ Person::print( out ); out << ", " << gpa; }
private:

double gpa; // grade point average
};

class Student : public Person
{

public :
Student( int s, const string & n = "" , double g = 0.0 )

: Person( s, n ), gpa( g )
{ }
double getGpa( ) const

{ return gpa; }
void print( ostream & out = cout ) const

{ Person::print( out ); out << ", " << gpa; }
private :

double gpa; // grade point average
};

Invocation of the 
c’tor of Person

Invocation of base 
class method

)�!�����!!( ���������.�������

� "�!������!!��������������!!�!�#������!!�
������!����!#���$���������!�#������!!�
������!�����*&

base_class_name:: function_name(...);base_class_name:: function_name(...);

class Book
{
public:

string getDescription() { return "Book"; }
};

class Paperback : public Book
{
public:

string getDescription() { 
return "Paperback " + Book::getDescription(); 

}
};

class Book
{
public :

string getDescription() { return "Book" ; }
};

class Paperback : public Book
{
public :

string getDescription() { 
return "Paperback " + Book::getDescription(); 

}
};

Book

Paperback

Romance

Technical

)�!�����!!( ���������.�������
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class Romance : public Paperback
{
public:

string getDescription() { 
return "Romance " + Paperback::getDescription(); 

}
};

class Technical : public Book
{
public:

string getDescription() { 
return "Technical " + Book::getDescription();

}
};

class Romance : public Paperback
{
public :

string getDescription() { 
return "Romance " + Paperback::getDescription(); 

}
};

class Technical : public Book
{
public :

string getDescription() { 
return "Technical " + Book::getDescription();

}
};

Book

Paperback

Romance

Technical
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// copy c'tor copies the coordinates, 
// but sets a new default tag
TaggedPoint::TaggedPoint(const TaggedPoint& p)
:Point((Point)p)
{

CreateDefaultTag();
count++;

}

// copy c'tor copies the coordinates, 
// but sets a new default tag
TaggedPoint::TaggedPoint( const TaggedPoint& p)
:Point((Point)p)
{

CreateDefaultTag();
count++;

}

 1�����!���.���������������$������(��� -��������
��#���(���0��$�������*���������.�/���

4��������#���!4��

class Car{
public:

Car(char *s=“Mazda 3", uint y=2007);
Car(const Car&);

...
protected:

char *make;
uint year;

};

class SportsCar: public Car{
public:

SportsCar();
SportsCar(char *name, 

uint y=2007,  int s=250);
...
private:

int maxSpeed;
};

class Car{
public :

Car( char *s= “Mazda 3" , uint y=2007);
Car( const Car&);

...
protected :

char *make;
uint year;

};

class SportsCar: public Car{
public :

SportsCar();
SportsCar( char *name, 

uint y=2007,  int s=250);
...
private :

int maxSpeed;
};

� 4�������!�����#��
�(���

� @����#���(��� ���
�#���!4����
�����$�����������!�
����$�������#��
�(���

� �����.�/�!�����
��#���(��� �$�4��

4�#���!!���������#������!

TaggedPoint& TaggedPoint::operator=(const TaggedPoint& p)
{

if (&p == this)
return *this;

Point::operator()(p.GetX(),p.GetY());
……

return *this;
}

TaggedPoint& TaggedPoint:: operator =( const TaggedPoint& p)
{

if (&p == this )
return * this ;

Point:: operator ()(p.GetX(),p.GetY());
……

return * this ;
}
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class BoundVect: public Vect
{
public:

BoundVect(); //create a size 10 array
BoundVect(int lBnd, int uBnd);//create an array between two 

//bounds
BoundVect(int a[], int lBnd, int uBnd); //initialization by 

//array 
int& operator[](int i); //obtain range checked element 
const int& operator[](int i)const; //obtain range checked 

//element 
private:

int lowerBound, upperBound;
};

class BoundVect: public Vect
{
public :

BoundVect(); //create a size 10 array
BoundVect( int lBnd, int uBnd); //create an array between two 

//bounds
BoundVect( int a[], int lBnd, int uBnd); //initialization by 

//array 
int & operator []( int i); //obtain range checked element 
const int & operator []( int i) const ; //obtain range checked 

//element 
private :

int lowerBound, upperBound;
};

)����A��� ? �(���!

// default ctor
BoundVect::BoundVect()
:Vect(10),lowerBound(0),upperBound(9)
{}

// initialization by bounds
BoundVect::BoundVect(int lBnd, int uBnd)
:Vect(uBnd-lBnd+1),lowerBound(lBnd),upperBound(uBnd)
{}

// initialization by array
BoundVect::BoundVect(int a[], int lBnd, int uBnd)
:Vect(a,uBnd-lBnd+1),lowerBound(lBnd),upperBound(uBnd)
{}

// default ctor
BoundVect::BoundVect()
:Vect(10),lowerBound(0),upperBound(9)
{}

// initialization by bounds
BoundVect::BoundVect( int lBnd, int uBnd)
:Vect(uBnd-lBnd+1),lowerBound(lBnd),upperBound(uBnd)
{}

// initialization by array
BoundVect::BoundVect( int a[], int lBnd, int uBnd)
:Vect(a,uBnd-lBnd+1),lowerBound(lBnd),upperBound(uBnd)
{}

)����A���&�����3�����#������!

// implementation of operator[]:
inline int& BoundVect::operator[](int i)
{

if(i<lowerBound || i>upperBound)
{

cerr<<"index out of bounds: "<<i<<"\n";
exit(1);

}
Vect *v = (Vect *) this;
return (v[i-lowerBound]); 

}

// implementation of operator[]:
inline int & BoundVect:: operator []( int i)
{

if (i<lowerBound || i>upperBound)
{

cerr<< "index out of bounds: " <<i<< "\n" ;
exit(1);

}
Vect *v = (Vect *) this;
return (v[i-lowerBound]); 

}

// implementation of operator[]:
int& BoundVect::operator[](int i)
{

if(i<lowerBound || i>upperBound)
{

cerr<<"index out of bounds: "<<i<<"\n";
exit(1);

}
return Vect::operator[](i-lowerBound);

}

// implementation of operator[]:
int & BoundVect:: operator []( int i)
{

if (i<lowerBound || i>upperBound)
{

cerr<< "index out of bounds: " <<i<< "\n" ;
exit(1);

}
return Vect:: operator [](i-lowerBound);

}

"����������������.�
"!!��������*������������������
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class B{
public:

void f();
//...

};

class A: private B{
public:

// f is not redefined
void g() { f();}
//...

};

int main() {
A a;
B b;
//...
b.f(); // ok
a.f(); // error
a.g(); // ok
//...

}

class B{
public :

void f();
//...

};

class A: private B{
public :

// f is not redefined
void g() { f();}
//...

};

int main() {
A a;
B b;
//...
b.f(); // ok
a.f(); // error
a.g(); // ok
//...

}

OK, because f() 
public in B

OK, because f() is 
public in B

ERROR B is inherited 
privately

OK, because g() is 
public in A

,���#����!�#����������B
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��*+

"����#����������!�E�����

� ,����!!�����������������!������$����
#����������;�!��< �����������
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�����������
class Engine {
public:

Engine(int n_Cylinders);
void start(){cout<<"Engine starting..."<<endl;}

private:
int numCilynders;

};

class Car {
public:

Car() : e(8) { }             
// Initializes this Car with 8 cylinders

void start() { e.start(); }  
// Start this Car by starting its Engine

private:
Engine e; // Car has-a Engine

};

class Engine {
public :

Engine( int n_Cylinders);
void start(){cout<< "Engine starting..." <<endl;}

private :
int numCilynders;

};

class Car {
public :

Car() : e(8) { }             
// Initializes this Car with 8 cylinders

void start() { e.start(); }  
// Start this Car by starting its Engine

private :
Engine e; // Car has-a Engine

};

class Engine {
public:

Engine(int n_Cylinders):numCilynders(n_Cylinders){}
void start(){cout<<"Engine starting..."<<endl;} 

private:
int numCilynders;

};

class Car : private Engine {    // Car has-a Engine
public:

Car() : Engine(8) { }         
};

class Engine {
public :

Engine( int n_Cylinders):numCilynders(n_Cylinders){}
void start(){cout<< "Engine starting..." <<endl;} 

private :
int numCilynders;

};

class Car : private Engine {    // Car has-a Engine
public :

Car() : Engine(8) { }         
};

Let us use private inheritance instead:

But, this client will not work:

Car c;
c.start();

Car c;
c.start();

���.�����������������3��#��

We can add a start method:

class Car : private Engine {
public:

Car() : Engine(8) { }         
using Engine::start;          

};

class Car : private Engine {
public :

Car() : Engine(8) { }         
using Engine::start;          

};

or use the using keyword:

class Car : private Engine {    // Car has-a 
Engine
public:

Car() : Engine(8) { }    
void start(){Engine::start();}

};

class Car : private Engine {    // Car has-a 
Engine
public :

Car() : Engine(8) { }    
void start(){Engine::start();}

};
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