UNIT  IV

INHERITANCE
1. What is visibility mode? What are the different inheritance visibility modes supported by C++?
                                                                             (N/D−09) (A/M−10) (N/D−11)  [2Marks]

There are three visibilities of class members.They are



i) Public visibility



ii)Private visibility



iii)Protected visibility

Public :  The class members are visible to the base class,derived classes and outside the class through the objects.
Private :  The class members are visible only to the base class itself but not to the derived class.
Protected :  The class members are visible to the base and derived classes.

2. What is meant by inheritance? 


Inheritance is the process by which objects of one class acquire the properties of another class. It supports the concept of hierarchical classification. It provides the idea of reusability. We can add additional features to an existing class without modifying it by deriving a new class from it.


The syntax of deriving a new class from an already existing class is given by, 


               class derived-class : visibility-mode base-class

 
               {


               body of derived class 


               }
3. Explain hybrid Inheritance with suitable C++ coding.


It is the combination of one or more types of inheritance. 
                  1. Multilevel inheritance 
                  2. Multiple inheritance 

This contains one base class more than one derived classes and from the derived classes another derivation can be done to get sub – derived class. This is the combination of Multiple, Multilevel and Hierarchal Inheritance.
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RUNTIME POLYMORPHISM BY VIRTUAL FUNCTION

1. Write the prototype for a typical pure virtual function.        (N/D−09) (A/M−11)  [2Marks]

A pure virtual function is a function declared in a base class that has no definition relative to the base class. In such cases, the compiler requires each derived class to either define the function or redeclare it as a pure virtual function. 


A class containing pure virtual functions cannot be used to declare any object of its own. It is also known as “donothing” function. The “do-nothing” function is defined as follows: virtual void display ( ) =0;

2. Write the rules for virtual function. 


                           (A/M−10) [2Marks]

The rules for virtual function are,

1. Virtual f unctions must be member of some class. 
2. They cannot be static members and they are accessed by using object pointers 
 Virtual f unction in a base class must be defined. 
3.  Prototypes of base class version of a virtual function and all the derived class versions must be identical. 
4.  If a virtual function is defined in the base class, it need not be redefined in the derived class. 
3. When we make a class virtual? 




                (N/D−10) [2Marks]

When class A is inherited by class B and class C, and class D inherits from both B and C, then it inherits two instances of A which introduces ambiguity. By declaring A to be virtual in both B and C, then D inherits directly from A, while B and C share the same instance if A.
4. Differentiate virtual function from pure virtual function. 
                (N/D−11) [2Marks]
	Virtual function
	Pure virtual function

	1. A virtual function makes its class
a polymorphic base class. Derived classes can override virtual functions. Virtual functions called through base class pointers/references will be resolved at run-time. 

2. The dynamic type of the object is used instead of its static type:
 Derived d;

 Base& rb = d;

 // if Base::f() is virtual and Derived overrides it, Derived::f() will be called
 rb.f(); 

	1. A pure virtual function is a virtual function whose declaration ends in =0:

2. A pure virtual function makes the class it is defined for abstract. Abstract classes cannot be instantiated. Derived classes need to override/implement all inherited pure virtual functions. If they do not, they too will become abstract.



5. Explain the different types of polymorphism. 


Basic Types


i)Runtime polymorphism



ii)Compile time polymorphism


Major Types



a.Run-time polymorphism



b.Compile time polymorphism



c.ad-hoc polymorphism



d.Parametric polymorphism



e.Virtual functions



f.Function name overloading



g.Operator overloading

RUN TIME TYPE INFORMATION AND DIFFERENT CASTING OPERATORS

1. What is meant by dynamic casting? 



               (A/M−11) [2Marks]

Dynamic casting is  a type of RTTI component but doesn’t give what type of object a pointer points to the user instead it safely converts from a pointer to base type to a pointer to a derived type. 

This can be used to convert polymorphic types. 

Dynamic cast allows us to downcast a data type from one to a more specific one in the same hierarchy:


dynamic_cast< ToObjectPtr or Ref> ( FromObjectPtr or Ref)
2.Define Downcasting & Upcasting 
Downcasting: 

Downcasting is used to cast a pointer or reference to a base class to a derived class.Downcasting is the opposite of the basic object-oriented rule,which states objects of a derived class,can always be assigned to variables of a base class.Since base class variables can only sometimes be assigned to variables of a derived class downcasting doesn‟t always work 

Upcasting: 

Upcasting means classes can easily converge to a general class.
PART B

INHERITANCE

1. Explain the different types of inheritance with suitable example for each one of them.     



                                                                     (N/D−10)(N/D−11) [16 Marks]

Inheritance:-Inheritance means using the Pre-defined Code This is very Main Feature of OOP With the advantage of Inheritance we can use any code that is previously created. With the help of inheritance we uses the code that is previously defined but always Remember, We are only using that code but not changing that code.

The Class that is Pre-defined is called as Base or super Class and the class which uses the Existing Code is known as derived or sub class The Various Types of Inheritance those are provided by C++ are as followings: 
1.  Single Inheritance

2.  Multilevel Inheritance

3.  Multiple Inheritance

4.  Hierarchical Inheritance

5.  Hybrid Inheritance


In Inheritance Upper Class whose code we are actually inheriting is known as the Base or Super Class and Class which uses the Code are known as Derived or Sub Class.
[image: image4.emf]
1. Single inheritance:
In single inheritance, one class is derived from an already existing base  class.



A




↓




B


Here A is base class, B is derived class

#include <iostream.h>

class Value

{

protected:

int val;

public:

void set_values (int a)

{ val=a;}

};

class Cube: public Value

{

public:

int cube()

{ return (val*val*val); }

};

int main ()

{

Cube cub;

cub.set_values (5);

cout << "The Cube of 5 is::" << cub.cube() << endl;

return 0;

}
Output:
    The Cube of 5 is:: 125
2. Multilevel Inheritance:
 In Multilevel Inheritance a Derived class can also inherited by another class Means in this Whena Derived Class again will be inherited by another Class then it creates a Multiple Levels.
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The following example shows multilevel inheritance:
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The class student is parent of class test and grand parent of class result.

The class test contains all data members and member functions of class student.

Likewise, class result contains all data members and member functions of class student and class test.

3. Multiple Inheritance:

In multiple inheritance, a single class is derived from more than one base class.
[image: image13.emf]
Here class D is derived from two base classes B-1 and B-2 and so on B-n.
Multiple Inheritances is that in which a Class inherits the features from two or more Base Classes.
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The following example illustrates the multiple inheritance:

#include<iostream.h>
#include<conio.h>
class student
{
protected:
int rno,m1,m2;
public:
void get()
{
cout<<"Enter the Roll no :";
cin>>rno;
cout<<"Enter the two marks   :";
cin>>m1>>m2;
}
};
class sports
{
protected:
int sm;                   // sm = Sports mark
public:
void getsm()
{
cout<<"\nEnter the sports mark :";
cin>>sm;
}
};
class statement:public student,public sports
{
int tot,avg;
public:
void display()
{
tot=(m1+m2+sm);
avg=tot/3;
cout<<"\n\n\tRoll No    : "<<rno<<"\n\tTotal      : "<<tot;
cout<<"\n\tAverage    : "<<avg;
}
};
void main()
{
clrscr();
statement obj;
obj.get();
obj.getsm();
obj.display();
getch();
}
Output:

Enter the Roll no: 100

Enter two marks

90

80

Enter the Sports Mark: 90

Roll No: 100

Total    : 260

Average: 86.66
4. Hierarchial inheritance:

Hierarchical Inheritance is that in which a Base Class has Many Sub Classes or When a Base Class is used or inherited by many Sub Classes.
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Hierarchical inheritance is a is a method of inheritance where one or more derived classes are derived from common base class.
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Here student is the base class, from which Arts, Engineering, Medical are derived. Using Engineering  as base class Mech, Elec, Civil are derived.(one base class( multiple derived classes)

The following example illustrates this:

#include<iostream>
class Side
{
protected:
int l;
public:
void set_values (int x)
{ 
l=x;
}
};
class Square: public Side
{
public:
int sq()
{ return (l *l); 
}
};
class Cube:public Side
{
public:
int cub()
{ 
return (l *l*l); 
}
};
int main () 
{
Square s;
s.set_values (10);
cout << "The square value is::" << s.sq() << endl;
Cube c;
c.set_values (20);
cout << "The cube value is::" << c.cub() << endl;
return 0;
}
Result:
The square value is:: 100
The cube value is::8000
5. Hybrid Inheritance:
There could be situation where we need to apply two or more types of inheritance to design a program. 

Hybrid Inheritance  is a method where one or more types of inheritance are combined together and used.

#include <iostream.h>

class mm

{

protected:

int rollno;

public:

void get_num(int a)

{ rollno = a; }

void put_num()

{ cout << "Roll Number Is:"<< rollno << "\n"; }

};

class marks : public mm

{

protected:

int sub1;

int sub2;

public:

void get_marks(int x,int y)

{

sub1 = x;

sub2 = y;

}

void put_marks(void)

{

cout << "Subject 1:" << sub1 << "\n";

cout << "Subject 2:" << sub2 << "\n";

}

};

class extra

{

protected:

float e;

public:

void get_extra(float s)

{e=s;}

void put_extra(void)

{ cout << "Extra Score::" << e << "\n";}

};

class res : public marks, public extra{

protected:

float tot;

public:

void disp(void)

{

tot = sub1+sub2+e;

put_num();

put_marks();

put_extra();

cout << "Total:"<< tot;

}

};

int main()

{

res std1;

std1.get_num(10);

std1.get_marks(10,20);

std1.get_extra(33.12);

std1.disp();

return 0;

}

output:
   Roll Number Is: 10 

   Subject 1: 10

   Subject 2: 20

   Extra score:33.12

   Total: 63.12

In the above example the derived class "res" uses the function "put_num()". Here the "put_num()" function is derived first to class "marks". Then it is deriived and used in class "res". This is an example of "multilevel inheritance-OOP's concept". But the class "extra" is inherited a single time in the class "res", an example for "Single Inheritance". Since this code uses both "multilevel" and "single" inheritence it is an example of "Hybrid Inheritance".
2. What are the abstract classes? Write a program having student as a n abstract class and create many derived classes such as engineering, science, medical, etc., from the student class.Create their object and process them.                                               (A/M−10) [16 Marks]

RUNTIME POLYMORPHISM BY VIRTUAL FUNCTION
1. Write the rules for writing virtual functions.                             (Nov/Dec 2010) [16 Marks]
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2. Write a C++ program to illustrate the use of virtual function. (Nov/Dec 2010) [16 Marks]
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3. Describe pure virtual function with an example. 



  [16 Marks]
[image: image25.emf]
Declaration of a Abstract Class If expression =0 is added to a virtual function then, that function is becomes pure virtual function. Note that, adding =0 to virtual function does not assign value, it simply indicates the virtual function is a pure function. If a base class contains at least one virtual function then, that class is known as abstract class. – 
#include<iostream.h>

class Shape /* Abstract class */

{

protected:

float l;

public:

void get_data() /* Note: this function is not virtual. */

{

cin>>l;

}

virtual float area() = 0; /* Pure virtual function */

};

class Square : public Shape

{

public: float area()

{ return l*l;

}

};

class Circle : public Shape

{ public: float area()

{ return 3.14*l*l;

}

};

int main()

{

Square s;

Circle c;

cout<<"Enter length to calculate area of a square: ";

s.get_data();

cout<<"Area of square: s.area();

cout<<”Enter the radius to calculate the area of a circle:”;

c.get_data();

cout<<”Area of circle:”<<c.area();

return 0;

}

In this program, pure virtual function virtual float area() = 0; is defined inside class Shape, so this class is an abstract class and you cannot create object of class Shape – 
4. Write a C++ program using “this” pointer. 




       [8 Marks]
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RUN TIME TYPE INFORMATION AND DIFFERENT CASTING OPERATORS

1. Demonstrate runtime polymorphism with an example.            (Nov/Dec 2011) [16 Marks]
Run-time polymorphism is a way for a programmer to take advantage of the benefits offered by polymorphism and late binding. Run-time polymorphism uses virtual functions to create a standard interface and to call the underlying functions. Those function definitions are bound to function calls during run time. The term virtual function is one of those computer terms that is baffling the first few times you hear it used. Let’s pick apart the term and review an example to clear up any confusion you might have.
Virtual means that something appears to be real, but isn’t real. For example, a flight simulator lets you fly a virtual airplane. The airplane isn’t really there, but you have the feeling you are flying a real airplane.
In the case of a virtual function, the computer is tricked into thinking a function is defined, but the function doesn’t have to be defined at that moment. Instead, the virtual function can be a placeholder for the real function. The real function is defined when the program is running.
Three classes are defined in this example: Student, UndergradStudent, and GraduateStudent. The Student class is the base class that is inherited by the other classes in the program. A base class is a class that is inherited by another class, which is called a derived class.
The Student class defines an attribute called m_ID that is used to store the student’s ID. It also defines a constructor that receives the student ID in the argument list and assigns the student ID to the m_ID attributes. The constructor is called whenever an instance of the class is declared. The last two statements in the Student class definition define two virtual functions: Display() and Write().
The declaration of a virtual function in C++ consists of the keyword virtual, the function signature (name and argument list), and a return value. In Java, methods are virtual by default, unless you use the final keyword. Virtual functions may be actual functions or merely placeholders for real functions that derived classes must provide.
If you define a virtual function without a body, that means the derived class must provide it (it has no choice, and the program will not compile otherwise). Classes with such functions are called abstract classes, because they aren’t complete classes and are more a guideline for creating actual classes. (For example, an abstract class might state “you must create the Display() method.”) In C++, you can create a virtual function without a body by appending =0 after its signature (also known as a pure virtual function). You use the abstract keyword in Java to create a virtual function without a body.
The UndergradStudent class and GraduateStudent class are practically the same except the Display() function identifies the student as either an undergraduate or graduate student when student information is shown on the screen. Both classes define a Write() function and a Display() function. The Write() function copies student information received in the argument list to attributes of the class. The Display() function displays the contents of those attributes and the student ID attribute in the Student class.
The main() function is where all the action takes place. The first statement declares a pointer that points to an instance of the Student class. The next two statements declare an instance of the UndergradStudent class and the GraduateStudent class. Notice that the student ID is passed to the constructor of each instance. Each constructor calls the constructor of the Student class, which assigns the student ID to the m_ID attribute.

Run-time polymorphism is implemented in the next three statements, beginning with the assignment of the address of uStudent to the pointer p. The pointer is then used with the pointer-to-member (->) operator to point to the function Write() and then Display(). After attributes of the undergraduate student are displayed, the program assigns the address of gStudent to the pointer p and then proceeds to call the Write() and Display() functions.

Example program:

#include <iostream.h>

#include <string.h>

class Student {

protected:

int m_ID;

public:

Student (int i)
{
   m_ID = i;

}

virtual void display() = 0;

virtual void write( int, char[], char[]) = 0;
};
class UndergradStudent : public Student
{

protected:

int  m_Graduation;

char m_First[80];

char m_Last[80];

public:

UndergradStudent(int i) : Student (i) { }

void write( int Grad, char Fname[], char Lname[])
{

m_Graduation = Grad;

strcpy(m_First,Fname);

strcpy(m_Last, Lname);

}
void display()
{

cout << "Undergraduate Student: "<< m_ID << " " << m_First <<" " << m_Last << " " <<
m_Graduation<< endl;
}
};
class GraduateStudent : public Student 
{

 protected:

      int  m_Graduation;

      char m_First[80];

      char m_Last[80];

   public: 
      GraduateStudent(int i) : Student(i) { }

      void write( int Grad, char Fname[], char Lname[]) {

         m_Graduation = Grad;

         strcpy(m_First,Fname);

         strcpy(m_Last, Lname);

      }

      void display() {

         cout << "Graduate Student: "<< m_ID << " " << m_First <<" " <<

            m_Last << " " << m_Graduation<< endl;

      }

};

int main()

{

   Student * p; 

   UndergradStudent uStudent(10);

   GraduateStudent gStudent(23);

   p = &uStudent;

   p->write(1,"Bob","Smith") ;

   p->display();

   p = &gStudent;

   p->write(1,"Mary","Jones") ;

   p->display();

   return 0;

}

Here is the output of the next program:

Undergraduate Student: 10 Bob Smith 1

Graduate Student: 23 Mary Jones 1
2. Write a C++ program using dynamic casting. 




       [8 Marks]
#include < iostream.h>

class A {

public:

    virtual void print()const {cout << " A\n";}

};

class B {

public:

    virtual void print()const {cout << " B\n";}

};

class C: public A, public B {

public:

    void print()const {cout << " C\n";}

};

int main()

{

    A* a = new A;

    B* b = new B;

    C* c = new C;

    a -> print(); b -> print(); c -> print();

    b = dynamic_cast< B*>(a);  //fails

    if (b)  

       b -> print();  

    else 

       cout << "no B\n";

    a = c;

    a -> print(); //C prints

    b = dynamic_cast< B*>(a);  //succeeds

    if (b)

       b -> print();  

    else 

       cout << "no B\n";

}
3. Explain in detail, cross casting and down casting. 



   [16 Marks]
Refer from programming in ansi c++ book by trivedi












