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Software entities (classes, modules, functions, etc.) 
should be open for extension, but closed for modification.
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delete[] m_address;
cout << "In Graduate dtor\n";

}

}



Inheritance and Dtors (cont’d)( )
 What happens in main()
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
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 What happens in main()

void main() {void main() {
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 In destructing the derived object, the base object is still in scope and 
functioning correctly.
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3&4. If  you define Derived& Derived::operator (Derived &rhs) yourself, you have
to call Base::operator=(rhs); in Derived::operator=(Derived) no matter it is  
synthesized or not; otherwise the Base part of the object would not be copied.



Chaining of Assignment Operatorg g p
 By default, the compiler adds a “bit-wise copy” assignment operator 

for every class which you do not define an assignment operatorfor every class which you do not define an assignment operator
Base If you have a class hierarchy where a class Derived

inherits from a class Base. There are 4 possibilities in 
Derived

p
defining their assignment operators:

1.  If both classes do not have assignment operator: both are bit-wise copy
2.  If you define Base& Base::operator=(Base &) but not

Derived& Derived::operator=(Derived &), then compiler synthesizes
Derived& Derived::operator=(Derived &rhs) {Derived& Derived::operator=(Derived &rhs) {

Base::operator=(rhs); // calling your function
….

t *thi

3&4. If you define Derived& Derived::operator=(Derived &rhs) yourself, you have

return *this;
}

25-19

3&4. If  you define Derived& Derived::operator (Derived &rhs) yourself, you have
to call Base::operator=(rhs); in Derived::operator=(Derived) no matter it is  
synthesized or not; otherwise the Base part of the object would not be copied.



Layers of Inheritancey
 Let us add a new type of graduate student

25-20



Layers of Inheritancey
 Let us add a new type of graduate student

l St d t {class Student {
public:

Student(char *name, int age);
~Student();Student();
void setData(char *name, int age);
int getAge() const;
const char *getName() const;
iprivate:
char *m_name;
int m_age;

};};

25-20



Layers of Inheritancey
 Let us add a new type of graduate student

l St d t {class Student {
public:

Student(char *name, int age);
~Student();Student();
void setData(char *name, int age);
int getAge() const;
const char *getName() const;
iprivate:
char *m_name;
int m_age;

};

class Graduate: public Student {
public:

};

public:
Graduate(char *name, int age, int stipend);
int getStipend() const;

private:

25-20

int m_stipend;
};



Layers of Inheritancey
 Let us add a new type of graduate student
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~Student(); p ,

char *nationality);
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: Graduate(name, age, stipend) {
m_nationality = new char[strlen(nationality)+1];
strcpy(m_nationality, nationality);

}
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: Graduate(name, age, stipend) {
m_nationality = new char[strlen(nationality)+1];
strcpy(m_nationality, nationality);

}
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Student object on the screen, ex.
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cout << His address is  << m_address << .\n ;
}
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 Note: function signature is exactly the same as in the base class.

cout << His address is  << m_address << .\n ;
}
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can enhance the encapsulation, replacing the 
functionality of trivial accessor functions



Behavior Changing (cont’d)g g ( )
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








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“Inheritance SHOULD NOT be designed based on solely 
implementation considerations – eg. code reuse.”
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Adding an Office Classg
 Codes related to address could be merged into a single copy. How 

about encapsulating all data related to the address in the Office class?about encapsulating all data related to the address in the Office class?

 Anyone who needs an office can then inherit from Office.

Office But Graduate and Faculty still need to
inherit name and age categories so this 
d i f t thi i h it

Graduate Faculty

Person

design forces us to this inheritance

Person
Bad design!!  Problematic!!?

What's wrong? 
Undergraduate Office

• If the Office has a clean() method,
The Faculty automatically has a
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Graduate Faculty
clean() method.  What does it mean? 

• What if a faculty has two offices?



Code for Office Solution
class Office: public Person {
public:

Office(char *name int age char address);Office(char name, int age, char address);
~Office()
const char *getAddress() const;

private:
char *m_address;

};
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Code for Office Solution
class Office: public Person {
public:

Office(char *name int age char address);Office(char name, int age, char address);
~Office()
const char *getAddress() const;

private:
char *m_address;

};
class Graduate: public Office {

blipublic:
Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;

private:private:
int m_stipend;

};
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Code for Office Solution
class Office: public Person {
public:

Office(char *name int age char address);Office(char name, int age, char address);
~Office()
const char *getAddress() const;

private:
char *m_address;

};
class Graduate: public Office {

blipublic:
Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;

private:

class Faculty: public Office {

private:
int m_stipend;

};
y p {

public:
Faculty(char *name, int age, char *address, char *rank);
~Faculty();
const char *getRank() const;
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Code for Office Solution
class Office: public Person {
public:

Office(char *name int age char address);Office(char name, int age, char address);
~Office()
const char *getAddress() const;

private: Poor design!! 
char *m_address;

};
class Graduate: public Office {

bli

g
Problematic!!?

public:
Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;

private:

class Faculty: public Office {

private:
int m_stipend;

};
y p {

public:
Faculty(char *name, int age, char *address, char *rank);
~Faculty();
const char *getRank() const;
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const char *getRank() const;
private:

char *m_rank;
};
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 Back to our original inheritance design (good design)
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G d t F ltU d d t



Graduate FacultyUndergraduate
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Final Solution
 Back to our original inheritance design (good design)

Person

G d t F ltU d d t Offi

 Instead of having Graduate and Faculty inherit from Office, we 

Graduate FacultyUndergraduate Office

store an Office object within each classes
 The office class exists separately, without involving any inheritance

 Codes:
class Office {
public:public:

Office(char *address);
~Office();
const char *getAddress() const;
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g
private:

char *m_address;
};



Final Solution (cont’d)( )
class Graduate: public Person {
public:

Graduate(char *name int age int stipend char *address);Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;
const char* getAddress() const;

private:p
int m_stipend;
Office m_office;

};
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Final Solution (cont’d)( )
class Graduate: public Person {
public:

Graduate(char *name int age int stipend char *address);Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;
const char* getAddress() const;

private: class Faculty: public Personp
int m_stipend;
Office m_office;

};

class Faculty: public Person
{
public:

Faculty(char *name, int age, char *address, char *rank);
~Faculty();
const char* getAddress() const;
const char *getRank() const;

private:private:
char *m_rank;
Office m_office;

};
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Final Solution (cont’d)( )
class Graduate: public Person {
public:

Graduate(char *name int age int stipend char *address);Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;
const char* getAddress() const;

private: class Faculty: public Personp
int m_stipend;
Office m_office;

};

class Faculty: public Person
{
public:

Faculty(char *name, int age, char *address, char *rank);
~Faculty();
const char* getAddress() const;
const char *getRank() const;

private:const char* Graduate:: private:
char *m_rank;
Office m_office;

};

getAddress() const {
return m_office.getAddress();

}
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Final Solution (cont’d)( )
class Graduate: public Person {
public:

Graduate(char *name int age int stipend char *address);Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;
const char* getAddress() const;

private: class Faculty: public Personp
int m_stipend;
Office m_office;

};

class Faculty: public Person
{
public:

Faculty(char *name, int age, char *address, char *rank);
~Faculty();
const char* getAddress() const;
const char *getRank() const;

private:const char* Graduate::

delegation
private:

char *m_rank;
Office m_office;

};

getAddress() const {
return m_office.getAddress();

}
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Final Solution (cont’d)( )
class Graduate: public Person {
public:

Graduate(char *name int age int stipend char *address);Graduate(char *name, int age, int stipend, char *address);
int getStipend() const;
const char* getAddress() const;

private: class Faculty: public Personp
int m_stipend;
Office m_office;

};

class Faculty: public Person
{
public:

Faculty(char *name, int age, char *address, char *rank);
~Faculty();
const char* getAddress() const;
const char *getRank() const;

private:const char* Graduate::

delegation
private:

char *m_rank;
Office m_office;

};

getAddress() const {
return m_office.getAddress();

}
 Note: the data part m_office in Graduate and Faculty is replicated.

However, the code to handle address is reduced to a single
copy i e Office::getAddress() If we want to maintain a single
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copy, i.e. Office::getAddress().  If we want to maintain a single
object for the same office, we can use pointer or reference to
implement m_office.



Further Abstraction
 When the relationships between Graduate or Faculty objects and 

other objects are common we can model their relationships withinother objects are common, we can model their relationships within  
a parent class.
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Further Abstraction
 When the relationships between Graduate or Faculty objects and 

other objects are common we can model their relationships withinother objects are common, we can model their relationships within  
a parent class.

Person

Undergraduate OfficePersonnelWithOffice

Graduate Faculty
class PersonnelWithOffice {

bli
Note: in the above class diagram, each

Graduate object or Faculty object
has an association with an Office

public:
const char *getAddress() const;

private:
Office m office; has an association with an Office

object
Office m_office;

};
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Further Abstraction
 When the relationships between Graduate or Faculty objects and 

other objects are common we can model their relationships withinother objects are common, we can model their relationships within  
a parent class.

Person

Undergraduate OfficePersonnelWithOffice

Graduate Faculty
class PersonnelWithOffice {

bli
Note: in the above class diagram, each

Graduate object or Faculty object
has an association with an Office

public:
const char *getAddress() const;

private:
Office m office; has an association with an Office

object

If th ld b l ffi f t i l th i t

Office m_office;
};
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 If there could be several offices for a certain personnel, the private 
member could be a container, ex. vector<Office> m_offices;



Design Rules for Inheritanceg
 Primary guide: Class A should only be derived from Class B if 

Class A is a type of Class B Byp B

AA
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 Primary guide: Class A should only be derived from Class B if 
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Person
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Design Rules for Inheritanceg
 Primary guide: Class A should only be derived from Class B if 

Class A is a type of Class B BPerson Li k b tit tiyp B

A

Person

St d t

IS A
Thi d f i f l

Liskov substitution
Principle (LSP) A student is a person

AStudent This def is formal 
but still abstract!!
Difficult to follow! Inheritance is called an IS-A relationship

 What we mean by “is-a” in programming is “substitutability”.
 Eg. Can an object of type Student be used in whatever place of

an object of type Person? This is described in terms of theiran object of type Person?   This is described in terms of their
interfaces (the promises and requirements), instead of their
implementations.  If yes, Student can inherit Person.

Student
Proper inheritance

Undergraduate
Improper inheritance Inheritance should be “natural”

p y ,

 The second case is a bad inheritance
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Graduate Graduate

 The second case is a bad inheritance
even if Undergraduate is internally
identical to Student.
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 Common code and data between classes can be shared by creating 
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Faculty

Office
This is referred to as the HAS-A relationship.
It operates in the form of delegation.



Dubious Examples of Inheritancep
 Taken from Deitel & Deitel, C: How to program, p. 736
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 Taken from Deitel & Deitel, C: How to program, p. 736

class Point {

void Circle::display() {
cout << "Center = " << c.x << ", " << c.y

<< "] R di " << di

public:
Point(double x=0, double y=0);

protected:
double x y; << "]; Radius = " << radius;

}
double x, y;

};
class Circle: public Point {
public:public:
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void display() const;
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double radius;

}; 
 Design rationale: A circle is a type of point, with common data.  The 
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class Point {

void Circle::display() {
cout << "Center = " << c.x << ", " << c.y

<< "] R di " << di

public:
Point(double x=0, double y=0);

protected:
double x y; << "]; Radius = " << radius;

}
double x, y;

};
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private:
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}; 
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class Point {

void Circle::display() {
cout << "Center = " << c.x << ", " << c.y

<< "] R di " << di

public:
Point(double x=0, double y=0);

protected:
double x y; << "]; Radius = " << radius;

}
double x, y;

};
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Dubious Examples of Inheritancep
 Taken from Deitel & Deitel, C: How to program, p. 736

class Point {

void Circle::display() {
cout << "Center = " << c.x << ", " << c.y

<< "] R di " << di

public:
Point(double x=0, double y=0);

protected:
double x y; << "]; Radius = " << radius;

}
double x, y;

};
class Circle: public Point {
public:public:

Circle(double x=0, double y=0, double radius=0);
void display() const;

private:
double radius;

}; 
 Design rationale: A point is a type of circle, with common data, when 

h di f i l i hi P l h i l!
 Critiques: A circle is not a point.  Instead, a circle has a point 

corresponding to its center Substitutability: Can a circle be used

the radius of a circle is approaching zero. ... Purely mathematical!
 Critiques: A circle is not a point.  Instead, a circle has a point 

corresponding to its center
 Critiques: A circle is not a point.  Instead, a circle has a point 

corresponding to its center Substitutability: Can a circle be used
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corresponding to its center.  Substitutability: Can a circle be used 
as a point in constructing the four corners of a rectangle? 
corresponding to its centercorresponding to its center.  Substitutability: Can a circle be used 
as a point in constructing the four corners of a rectangle? Can a 
circle be used as the center of another circle?
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operations.
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A Stack IS-NOT a LinkList.Client codes break!

 Design rule:  The derived class extends the base class

note: a pathname IS indeed implemented by a string, but it is a 
special string that cannot be longer than 32 characters

 Design rule:  The derived class extends the base class, not the other 
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