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OBJECT ORIENTED PROGRAMMING WITH C++ Il 18BCS33C

Learn the fundamentals of input and output using the C++ library
*Design a class that serves as a program module or package.
*Understand and demonstrate the concepts of Functions, Constructor and inheritance.

UNIT — |

Principles of Object Oriented Programming: Software Crisis - Software Evolution - Procedure
Oriented Programming - Object Oriented Programming Paradigm - Basic concepts and benefits of
OOP - Object Oriented Languages - Structure of C++ Program - Tokens, Keywords, Identifiers,
Constants, Basic data type, User-defined Data type, Derived Data type — Symbolic Constants —
Declaration of Variables — Dynamic Initialization - Reference Variable — Operators in C++ - Scope
resolution operator — Memory management Operators — Manipulators — Type Cast operators —
Expressions and their types — Conversions — Operator Precedence - Control Structures



UNIT — 11

Functions in C++: Function Prototyping - Call by reference - Return by reference - Inline functions -
Default, const arguments - Function Overloading — Classes and Objects - Member functions - Nesting
of member functions - Private member functions - Memory Allocation for Objects - Static Data
Members - Static Member functions - Array of Objects - Objects as function arguments - Returning
objects - friend functions — Const Member functions .

UNIT — 1

Constructors: Parameterized Constructors - Multiple Constructors in a class - Constructors with
default arguments - Dynamic initialization of objects - Copy and Dynamic Constructors - Destructors
- Operator Overloading - Overloading unary and binary operators — Overloading Using Friend
functions — manipulation of Strings using Operators.



UNIT - IV

Inheritance: Defining derived classes - Single Inheritance - Making a private member inheritable — Multilevel,
Multiple inheritance - Hierarchical inheritance - Hybrid inheritance - Virtual base classes - Abstract classes -
Constructors in derived classes - Member classes - Nesting of classes.

UNIT -V
Pointers, Virtual Functions and Polymorphism: Pointer to objects — this pointer- Pointer to derived Class -
Virtual functions — Pure Virtual Functions — C++ Streams —Unformatted 1/O- Formated Console I/O — Opening

and Closing File — File modes - File pointers and their manipulations — Sequential 1/0 — updating a file :Random
access —Error Handling during File operations — Command line Arguments.

TEXT BOOKS

1.E. Balagurusamy, “Object Oriented Programming with C++”, Fourth edition, TMH, 2008.



Unit IV - Inheritance
Reusability is yet another feature of OOP. C++ strongly supports the concept of reusability using Inheritanc

Inheritance is a technigue of organizing informartion in a hierarchical form.

Inheritance allows new classes to be built from older and less specialized classes instead of being
rewritten from scratch. Classes are created by first inheriting all the variables and behavior defined by
some primitive class and then adding specialized vanables and behaviors. In object oriented program-
ming, classes encapsulate data and functions into one package. New classes can be built from existing
ones. The technique of building new classes from the existing classes is called inheritance.

Feature A

Base class Feature B

Feature C

Feature D } Defined in derived class

Feature A

Derived class Defined in base class

Feature B and also accessible from
derived class

Feature C

Base class and derived class relationship




Inheritance, a prime feature of OOPs can be stated as the process of creating new classes (called
derived ctasses), from the existing classes {(called base classes). The derived class inherits all the
capabilities of the base class and can add refinements and extensions of its own. The-base class remain:=

unchanged.
derived class inherits the features of the base class (A, B, and C) and adds its own features (D). The

arrow in the diagram symbolizes derived from. Its direction from the derived class towards the base
class, represents that the derived class accesses features of the base class and not vice versa.

class ClassName
{

private:
// visible to member functions within

// 1ts class but not in derived class

protected:

/| visible to member functions within
e /1 1ts class and derived class
public:
// visible to member functions within
// its class, derived classes and through object




class X
{
private:
int a;
void £1()
{
/f .. can refer to members a, b, ¢, and functions £f1, £2, and f3
1
protected:
int b;
void £21()
{
/f .. can refer to members a, b, ¢, and functions fl1, f2, and f3
}
public:
int c;
void £3()

. can refer to members a, b, ¢, and functions £1, f2, and f3




The following statements,

X obijx; // objx is an object of class X

int 4; // temporary variable d
define the object objx of the class X and the integer variable d. The member access privileges are
illustrated by the following statements referring to the object objx.

1. Accessing private members of the class X

d = cbjx.a; // Error: '¥X::a' is not accessible

objx.f1(); // Error: 'X::£f1()' is not accessible
Both the statements are invalid because the private members of a class are inaccessible to the object
obix.

2. Accessing protected members of the class X

d = cbjx.b; // Error: 'X::b' is not accessible

objx.£2(); // Error: 'X::f2()' is not accessible
Both the statements arc invalid because the protected members of a class are inaccessible since they are
private to the class X.

3. Accessing public members of the class X

d = obijx.c: // OK

objx.£3(); // OK
Both the statements are valid because the public members of 4 class are accessible to statements
outside the scope of the class.




derived class name

is derived from
Inheritance type: public or private
-"_:}ase. class name

class DerivedClass: [VisibilityMode] BaseClass
{

/7 members of derived class
/4 and they can access members of the base class
}:

Syntax of derived class declaration

The derivation of DerivedClass from the BaseClass is indicated by the colon (:). The
VisibilityMode enclosed within the square brackets implies that it is optional. The default visibil-
ity mode is private. If the visibility mode is specified, it must be either public or private.
Visibility mode specifies whether the features of the base class are publicly or privately inherited.

The following are the three possible styles of derivation:

class D: public B // public derivation
{

// members of D
;{nss D: privacte B // private derivation
{ // members of D
::.':.ass D: B // private derivation by default
‘ // members of D
)i




protected/public
functions

inherited members
of a base class

data/ functions

data members of member functions of
derived class derived class

derived class's
own members

Members of derived class on inheritance




class Base

class Derv: public Base

privatﬂ, Base ﬂhj B

Derv obijD

Access control of class members




Access directly to
Function Type
v | proes_| o

Class Member

Yes Yes Yes

Derived class member No Yes Yes

Friend

Yes Yes

Friend class member Yes Yes

Access control to class members

private
protected
public

class D1 : public B class D2 : private B

private’

protected protected

class X : public D1, public D2

Access mechanism in classes




Base class visibility

private Not Inherited Not Inherited

{(inherited base class (inherited base class
meimbers can access) members can access)

protected protected private

public public private

Visibility of class members




Types of Inheritance

+ Single Inheritance

« Multiple Inheritance

«» Hierarchical Inheritance
« Multilevel Inheritance
« Hybrid Inheritance

o Multipath Inheritance

Single Inheritance: Derivation of a class from only one base class is called single inheritance.

Multiple Inheritance: Derivation of a class from several (two or more) base classes is called multiple

inheritance.

Hierarchical Inheritance: Derivation of several classes from a single base class i.e., the traits of one
class may be inherited by more than one class, is called hierarchical inheritance.,

Multilevel Inheritance: Derivation of a class from another derived class is called multilevel inherit-

ance.

Hybrid Inheritance: Derivation of a class involving more than one form of inheritance is known as
hybrid inheritance.

Multipath Inheritance: Derivation of a class from other derived classes, which are derived from the
same base class is called multipath inheritance.




b) Multiple inheritance  ¢) Hierarchical inheritance

d) Multilevel inheritance €) Hybrid inheritance f) Multipath inheritance




Inheritance and Member Accessibility

1. A private member is accessible only to members of the class in which the private member is declared.
They cannot be inherited.
2 A private member of the base class can be accessed in the derived class through the member

functions of the base class.
3. A protected member is accessible to members of its own class and to any of the members in a derived

class.

4. If aclass is expected to be used as a base class in future, then members which might be needed in the
derived class should be declared protected rather than private.

5. A public member is accessible to members of its own class, members of the derived class, and outside
users of the class.

6. The private, protected, and public sections may appear as many times as needed in a class and in any
order. In case an inline member function refers to another member (data or function), that member
must be declared before the inline member function is defined. Nevertheless, it is a normal practice to
place the private section first, followed by the protected section and finally the public section.

7. The visibility mode in the derivation of a new class can be either private or public.

8. Constructors of the base class and the derived class are automatically invoked when the derived
class is instantiated. If a base class has constructors with arguments, then their invocations must be
explicitly specified in the derived class’s initialization section. However, no-argument constructor
need not be invoked explicitly. Remember that, constructors must be defined in the public section of
a class (base and derived) otherwise, the compiler generates the error message: unable to access
constructor.




Constructors in Derived Classes

The constructors play an important role in init'ializing an object’s data members and allocating required
resources such as memory. The derived class need not have a constructor as long as the base class has

a no-argument constructor. However, if the base class has constructors with arguments (one or more),
then it is mandatory for the derived class to have a constructor and pass the arguments to the base
class constructor, In the application of inhentance, objects of the derived class are usually created
instead of the base class, Hence, it makes sense for the derived class to have a constructor and pass
arguments to the constructor of tie base class, When an object of a derived class is created, the
constructor of the base class is executed first and later the constructor of the derived class,




The following examples illustrate the order of invocation of constructors in the base class and the
derived class.

1. No-constructors in the base class and derived class

When there are no constructors either in the base or derived classes, the compiler automatically creates
objects of classes without any error when the class is instantiated.

// consl.cpp: No-constructors in base class and derived class
#include <iostream. h>
class B // base class
{
// body of base class, without constructors
}i
class D: public B // publicly derived class
{
// body of derived base class, without constructeors
public:
void msg()
{
cout << "No constructors exists in base and derived class" << endl;
}
}i
void main()
{
D ecbjd; // base constructor
objd.msg{) ;
}

Run

Mo constructors exists in base and derived class




2. Constructor only in the base class

// cons2.cpp: constructor in base class only
#include <iostream.h>
zlass B // base class
{
public:
B()
{

cout << "No-argument constructor of the base class E is executed”;
}
}i
class D: public B /1 publicly derived class
{
public:
}i
void main()
{

D objl; // accesses base constructor

}
Run

No-argument constructor of the base class B is executed




3. Constructor only in the derived class

// cons3.cpp: constructors in derived class only
#include <iostream.h>
class B // base class
{
/f body of base class, without constructors
}i
class D: public B // publicly derived class
{.
/{ body of derived base class, without constructors
public:
D{)
{
cout << "Constructos exists in only in derived class® << endl;
}
}i
volid main()
{
D objd; // accesses derived constructor
}

Run

Constructos exists in only in derived class




4. Constructor in both base and derived classes

// consd.cpp: constructor in base and derived classes
#include <iostream.h>

‘class B // base class
{

public:
B()
{

cout=<=<"No-argument constructor of the base class B executed first\n=":
}

}:

class D: public B // publicly derived class
{
public:
D{)
{

cout<<"No-argument constructor of the derived class D executed next";
}

}:

wold main()

f/f access both base constructor

No-argument constructor of the base class B executed first
No-argument constructor of the derived class D executed next




5. Multiple constructors in base class and a single constructor in derived class

// cons5.cpp: multiple constructors in base and single in derived classes
#include <iostream.h>
class B // base class
{
public:
B() { cout << "No-argument constructor of the base class B"; -}
B{int a) { cout <<*One-argument constructor &f the base class B"; }
bi
class D: public B // publicly derived class
{
public:
D( int a )
{ cout << "‘\nOne-argument constructor of the derived class D"; }
}i
void main{)
{
D objd( 3 );
}

Run

No-argument constructor of the base class B
One-argument constructor of the derived class D




6. Constructor in base and derived classes without default constructor

The compiler looks for the no-argument constructor by default in the base class. If there is a constructor
in the base class, the following conditions must be met:

+ The base ciass must have a no-argument constructor

+ If the base class does not have a default constructor and has an argument constructor, they must be
explicitly invoked, otherwise the compiler generates an error.

// cons6.cpp: constructor in base and derived class
#include <iostream.h>
class B // base class
{
public:
Bl{int a) { cout << "One-argument constructor of the base class B*;
}:
class D: public B // publicly derived class
{
public:
D( int a )
{ cout << *"\nOne-argument constructor of the derived class D"; }
}:
void main()
{
D objd( 3 );
}

The compilation of the above program generates the following error:
Cannot find 'default’ constructor to initialize base class 'B’

This error can be overcome by explicit invocation of a constructor of the base class as illustrated in the
program cons’/.cpp.




7. Explicit invocation in the absence of default constructor

/7 consT.cpp: constructor in base and derived classes
#include <iostream.h>
class B S/ base class
{
public:
B(int a)
{ cout == "One-argument constructor of the base class B"; }

| 3
class D: public B /Y publicly derived class

{
public:

D{ int a } : Bi(a)
{ cout =< "\nOne-argument constructor of the derived class D";

}:
volid main()

{
D objd( 3 );

}
BRun

vne—-argument constructor of the base class B
tne-argument constructor of the derived class D

In the derived class D, the statement
D( int a ) :B{a)
defines the derived class constructor D{ int a) and calls the constructor of the base class using the
special form :B(a). Here, the constructor of B is first invoked with an argument a specified in the
constructor function D and then the constructor of D is invoked.




8. Constructor in a multiple inherited class with default invocation

// consB.cpp: constructor in base and derived class, order of invocation
#include <iostream.h>

class Bl // base class
{
public:

Bl() { cout <= *"‘\nNo-argument constructor of the base class Bl1"; }
Y
class B2 // base class
{

public:

B2() { cout << "‘\nNo-argument constructor of the base class B2"; }

};

class D: public B2, public Bl /f publicly derived class
r

public:
D)

{ cout =< "‘Z\nMNo-argument constructor of the derived class D"; }
}:
vold main{)

No-argument constructor of the base class B2
No-argument constructor of the base class Bl
No-argument constructor of the deriwved class D

The statement

clagssg D: public B2, public Bl S publicly derived class
specifies that the class D is derived from the base classes B1 and B2 in order. Hence, constructors are

invoked in the order B2 (), B1(), and D(); the constructors can be defined with or without argu-
ments.




9. Constructor in a multiple inherited class with explicit invocation

// consS.cpp: constructors with explicit invocation
#include <iostream.h>

class Bl /f base class
{
public:

Bi() { cout << "\nNe-argument constructor of the base class B1"; }
}:

class B2 /{ base class
{

public:

B2{) { cout =< "‘\nNo-argument constructor of the base class B2"; }

¥
class D: pubiic Bl, pubklic B2

public:

D{): B2i), BLl() // explicit call to constructors
{ cout <= "‘\nNo-argument constructoy of the derived class D"; 1}

}:
vold main()
{

D objd;
}
Run

No-argument constructor of the base classzs Bl
No-argument constructor of the base class B2
No-argument constructor of the derived class D

In the above program, the statement

class D: public El, public B2 ff publicly derived class

specifies that, the class D is derived from the base classes B1 and B2 in order. The statement
D(): B2(}), B1()

in the derived class D, specifies that, the base class constructors must be called. However, the con-

structors are invoked in the order B1 (), B2, and D, the order in which the base classes appear in the
declaration of the derived class.




10. Constructor in base and derived classes in multiple inheritance

// cons10.cpp: constructor in base and derived classes, order of invocation
#include <iostream.h>

class Bl // base class
{
public:
Bl() { cout << "‘\nNo-argument constructor of the base class B1"; )}
}i
class B2 // base class
{
public:
B2() { cout <= "‘\nNo-argument constructor cf a base class B2"; )}
}:
class D: publie Bl, wvirtual B2 /f public Bl, private virtual B2
{
public:

D{): B1(), B2()
{ cout =< *"‘\nNo-argument constructor of the derived class D"; }

};:
vold maini()

{
D obkjd; // base constructor

1

Run

No-argument constructor of a base class BZ
No-argument constructey of the base class Bl
No-argument constructor of the derived class D

The statement

class D: public Bl, wirtual B2 // public Bl, private virtual B2
specifies that the class D is derived from the base classes B1 and B2. The statement
D():B1{(), B2()

in the derived class D, specifies that, the base class constructors must be called. However, the con-
structors are invoked in the order B2 () ,B1, and D(), instead of the order in which base classes
appear in the declaration of the derived class, since, the virtual base class constructors are invoked first
followed by an orderly invocation of constructors of other classes.




11. Constructor in multilevel inheritance

/s constl.cpp: constructor in base and derived classes, order cof invocation
#include <iostream.h>
class B /ff base class
{
public:
Bl { cout =< "‘\'nNo-argument constructor of a base class B"; ]}
}:
class D1: public B Jf derived class
{
public:
D1{} { cout =< *"\nNo-argument constructor of a base class D1"; }
}i
class D2: public D1 // publicly derived class
{
puhli:::
D21{)
{ cout << "‘\nNo-argument constructeor of a derived class D2Z"; }
|
vold maini()
{
D2 obijd:; f/ base constructor

}:
Run

No-argument constructor of a base class B
No-argument constructor of a base class D1
No-argument constructor of a derived class D2

The statement
class DZ2: public D1 FS publicly derived class
specifies that the class D2 is derived from the derived class D1 of B. The constructors are invoked in
the order (), D1 (), and D2 () cormresponding to the order of inheritance.

In the derived class, first the constructors of virtual base classes are invoked, second any non-
virtual classes, and finally the derived class constructor. Table 14.3 shows the order of invocation of
constructors in a derived class.




Method of Inheritance Order of Execution

class D: public B B( ): base constructor
D( ): derived constructor

class D: public Bl, public B2 B1( ): base constructor
{

B2( ): base constructor
D( ): derived constructor

class D: public Bl, wvirtual B2 B2( ): virtual base constructor
B1( ): base constructor
D( ): derived constructor

class D2: public D1 B( ): super base constructor
({ DI1( ): base constructor
) o D2( ): derived constructor

Order of invocation of constructors




Destructors in Derived Classes

Unlike constructors, destructors in the class hierarchy (parent and child class) are invoked n the
reverse order of the constructor invocation. The destructor of that class whose constructor was ex-
ecuted Jast, while building object of the derived class, will be executed first whenever the object goes
out of scope. If destructors are missing in any class in the hierarchy of classes, thatclass's destructor

15 not invoked.




S/ consl12.cpp: order of invocation of constructors and destructors
#include <=icstream.h>

class Bl SY base class
{
public:
Bl{) { cout << "‘\‘niNo-—-argument constructor of the base class B1*: }
~B1{)

i
cout == "‘“\nDestruvctor in the base class B1l":

3
} s
class B2 SS base class
{
public: ,
B2() { cout << "‘\niNo—-argument constructor of the base class B2"; }
-B2()
{
cout =< "‘'nbDestructor in the base class B2";
}
Y
class D: public Bl, public B2 LY publicly derived class
{
public:
D)
{ cout << *'‘“niNo—argument constructor of the derived class D"; }
~D ()
{

cout == "\ZnDestructor in the base class D";
}
¥}
void main()
i
D obijd;
¥

Run

No—argument constructor of the base class BL
No-argument constructor of the base class B2
No—-argument constructor of the derived class D
Destructor in the base class D

Destructor in the base class B2

Destructor in the base class Bl

Note that, in this program the constructors are invoked in the orderof B1 () ., B2 () , D () whereas,
the destructors are invoked in the order of D()Y . B2 () . B1 ()}, which is in reverse order.

In case of dynamically created objects using the new operator, they must be destroyed explicitly by
invoking the delete operator. More specialized class’s {(which are at the bottom of the hierarchy?
destructors are called before a more general one (which are at the top of the hierarchy). As usual, no
arguments can be passed to destructors, nor can any return type be declared.




Constructors Invocation and Data Members Initialization

In multiple inheritance, the constructors of base classes are invoked first, in the order in which they
appear in the declaration of the derived class, whereas in the case of multilevel inheritance, they are
executed in the order of inheritance. It is the responsibility of the derived class to supply initial values
to the base class constructor, when the derived class objects are created. Initial values can be supplied
either by the object of a dertved class or a constant value can be mentioned in the definition of the
constructor. The syntax for defining a constructor in a denived class is shown

— Constructor name: derived class name
— Separator for derived and base class constructors

Base class1 constructor

|—' Arguments
i

DerivedClass (arg_list) :Basel (arg_listl),h BaseZ(arg_listl)..,BaseN({arg_listM)
{

}:

// body of the constructor of derived class

Syntax of derived class constructor

The parameters arg_listl, arg_list2, .., arg_listM are the list of arguments passed to the constructor
or they can be any constant value those match with the arguments of the constructor list of base

classes.




C++ supports another method of initializing the objects of classes through the use of the inirializa-
tion list in the constructor function. It facilitates the initialization of data members by specifying them
in the header section of the constructor. The general form of this method is shown

# Derived class constructor name

» Separator for derived class constructor and
initnalization section
— [nitialization of data members and
invocation of base class constructors

DerivedClass( arg_list ) : InitializationSection

{
/4 body of the constructcer of derived class

}:
Syntax of initialization at derived class constructor

Data member initialization is represented by
DataMemberName ( value )
The data members {DataMemberMName) to be initialized aic fuiluwed by thie imbiahzation value enclosed
in parentheses (resembles a function call). The value can be arguments of a constructor, expression or
other data members. In the initialization section, any parameter of the argument-list can be used as an
initialization value. The data member to be initialized must be a member of its own class. The program
cen=l4d . cpp illustrates the use of initialization section of the constructor. The following rules must
be noted about the iniualization and order of invocauon of constructors:

« The initialization statements (in the inmttalization section) are executed in the order of definition of data
members in the class.

« Constructors are invoked in the order of inheritance. However, the following rules apply when class
is instantiated: first, the constructors of virtual base classes are invoked, second, any non-virtual
classes, and finally, the derived class constructor.




// consli3d.cpp: data members initialization through initialization-section
#include <iostream.h>

class B // base class

{

protected:
int x,. v;
public:
B(int a, int b): x{a), yv(b) {} // x

| 3
class D: public B /4 derived class
{
private:
int a, b;
public:
Di(int p, int i : a(p), B({ p, @ ), bixr) {}
volid output(}
{
cout << "x = endl ;
cout << "y endl;
coutr << "a endl ;
cout << "b endl ;
}
};:
void main()
{
D objbi{(5, 10, 15);
objb.output{);




Single Inheritance
When a class inherits from asingle base class, it is known as single inherita
public derivation. ' —
#include<iostream.h>
#include<conio.h>

class worker

{

int age;

char name [10];

public:

void getworker ();

void showworker( );

b

void worker : : getworker( )
{
cout <<yout name please”
cin >> name: |
cout <<“your age please”
cin >> age; :
by

void worker :: showworl

{

cout <<’An My name
} :
class manager : public
{

int now;

public:

void getnow( ) ;
void shownow( ) ;

%



vold manager : : getnow( )
cout << “number of workers under you”;
cin >> now;

hy

void manager :: shownow( )

{

cout <<*\n No. of workers unde

s

main ()

{

clrscr () ;
manager M1,

M1.showworker(); M
}

RUN OUTPUT:
Your name please
Ravinder

Your age please
2 .
number of workers un
30 Sy
Then the output will be as folla
My name is : Ravinder

My age is: 27

No. of workers under me are : 30

-
-




The following program shows the single inheritance by private derivation.
#include<iostream.h>
#include<conio.h>

class worker

{

int age;

char name [10] ;

public:

void getworker() ;

void showworker() ;

by

void worker : : getworker()
{
cout << “your name please” ; |
cin >> name;
cout << “your age please”;
cin >>age;
}

void worker : showwor
{ s
cout << “\nmy name i
}

class manager : priva
{ .
int now;

public:

void getnow( ) ;

void shownow() ;

1




void manager : : getnow( )
{

getworker( ); //calling the get func
cout << “number of worker under_. VO
cin >>now: .

b
void manager : : shownow(

{ :
showworker() ; ]
cout << *“in no. of worker
}

main ()

!

clrscr () ;
manager ml;
ml.getnow( ) ;
ml.shownow( );

i



The following program shows the single inheritance using protected derivation
#include<conio.h>

#include<iostream.h> : T

class worker - //IBas
{ protected:

int age; char name [20];
public:

void getworker( );

void showworker();

b

void worker :: getworker( )

{

cin >> name;
cout << “your age plea
cin >> age;

void worker :: shova

{

cout << ““in my name

J;

class manager:: protect
i

int now;

public:

void getnow( );

void shownow( ) ;

1




void manager : : getnow( )

{

cout << “please enter the name In”;
cin >> name;

cout<< “please enter the age In
cin >> age; members of base cl
cout << *“ please enter the no.
cin >> now; :
b .
void manager : : shownc
{ =
cout « "your name is: '
cout «“No. of worker

main ()

{

clrscr () ;
manager ml;
ml.getnow( ) ;
cout « "\n \n";
ml.shownow( );

;




Making a Private Member Inheritable

Basically we have visibility modes to specify that in which mode you are deriving the another class
from the already existing base class. They are:

a. Private: when a base class is privately inherited by a derived class, ‘public members' of the base
class become private members of the derived class and therefore the public members of the base
class can be accessed by its own objects using the dot operator. The result is that we have no
member of base class that is accessible to the objects of the derived class.

b. Public: On the other hand, when the base class is publicly inherited, 'public members' of the base
class become 'public members' of derived class and therefore they are accessible to the objects of the
derived class.

c. Protected: C++ provides a third visibility modifier, protected, which serve a little purpose in the
iInheritance. A member declared as protected is accessible by the member functions within its class
and any class immediately derived from it. It cannot be accessed by functions outside these two
classes.




The below mentioned table summarizes how the visibility of members undergo modifications when
they are inherited

Base Class Visibtlity | Derived Class Visthility
Public Private Protected
Private X X X

Public Private Protected

Protected | Private

The private and protected members of a class can be accessed by
a  Afonctionie friend of a class.

b. A member function of a class that &5 the friend of the class.

C. A member finction of a derived class.



Alultilevel Inheritance

When the mmberitance is such that. the class A serves as a base class for a derived class B which in
turmn serves as a base class for the derived class C. This type of inheritance i1s called "MULTILEVEL
INHERITEMCE . The class B is known as the 'INTERMEDIATE BASE CLASS™ since it provides a
link for the mheritance between A and . The chain ABC is called ‘TTNHERITENCE*PATH' for
eg.

Base class

Inheritance path Intermediate base
class

The declaration for the same would be:
Class A
{
{body
1
i
Class B - public A
{
fMoody

¥

Class C - public B
i

/Mody




This declaration will form the different levels of inheritance.
Following program exhibits the multilevel inheritance.
#include<iostream.h>
#include<conio.h>
class worker

{

int age;

char name [20] ;
public;

void get( ) ;

void show() ;

}

void worker: get ()
{

cout << “your name pleas
cin >> name;
cout << “your age please
Y 3
void worker : : show ()

{

cout << “In my name is':
}

class manager : public wo
{ /Ipublicly from the base
int now;
public:

void get () ;
void show() ;

%




void manager :: get ()

{

worker : :get () ; //calling get () fn. of base class
cout << “no. of workers under you:”; o5
cin >> now; ~

}

void manager : : show ()

{

worker : : show () ; //calling shc
cout << “Inno. of workers uI :
}

class ceo: public manager
{

int nom;

public:

void get () ;

void show () ;

i

void ceo : : get ()
{ 5
manager : : get ()
cout << “no. of ma
} .
void manager : : sl

{
¥




main ()

{

clrser () ;

ceocl;

cl.get () ; cout << “\n\n”;
cl.show () ;

}

Workeaor
FPiiwate:
int ame;

char marme [ 2400]);
PFrotocted:

FPublic:
ol gt
waricd skhowaw
Alanager:WWorker

Frivate:
LA TR

Pulbslec:
woad get()
woid showi()
worker @geti)
worker c1zeti)

Ceo: Manages-

Frotected:

Al the mhermed
memlbers




Muldple Inheritances

A class can mhernt the attributes of two or more classes. This mechamsm 15 known as ‘MULTIPLE
INHERITENCE'. Multiple mheritance allows us to combine the features

of several existmg classes as a starnng pomt for defining new classes. It 15 Like the chuld mheriting
the physical feature of one parent and the intellizence of another. The syntax of the denved class 15
as follows:

Clazs base?
[}

1
/! body2

Class derived : visibality basel, visibility base?

/Mbody3
)

Where the wisibility refers to the access specifiers 1e. public, pnvate or protected Following
program shows the nmltiple mhertance.




#include<iostream.h>
#include<conio . h>
class father

{

int age ;

char name [20] ;
public:

void get () ;

void show () ;

};

void father : : get ()

{ -
cout << “your father -
cin >> name; N
cout << “Enter the ;
cin >> age; ‘5
} ,
void father : : show
T .
cout<< “My father’s
Y g




class mother /IDeclaratia
{ —e
char name [20] ;

int age ;

public:

void get ()

{

cout << “mother’s name pl
cin >> name;

cout << “mother’s age pl et
cin >> age; ‘

k

void show ()
{

cout << “My mother !
cout << “My mother’s .
} : !
class daughter : puk ,'J the base class
{ »
char name [20] ;
int std:

public:

void get () ;
void show () ;

bt




void daughter :: get ()
{

father :: get () ;
mother :: get () ;
cout << “child's name
cin >> name;
cout<<“child's s
cin >> std:;

daughter d1;
dl.get();
d1l.show ();

}



Dnagrammatic Representation of Multiple Inheritance 1s as follows:

Father MMother

Privrate: Prowate:
mt age; it age;
char mame[ 20]; char nanee]207];

Public: Public:
void get() void get(D
wold show () woid show()

Class daughter: publhic Father, public Mother

Prnivate: char name[20]; int age;

Protected:

Public:
Meelf

void get(); void show(Q);
Sfrom Father

voud get(); void show();
Sifrom hMother

voud get(); void show();




Hierarchical Inheritance

Another mteresting application of mhentance i1s to use 15 as a support to a luerarchical design of a
class program. Many programming problems can be cast mio a lnerarchy where certam features of
one level are shared by many others below that level fore g

Accounts

Saving Accounts

Current Accounts

In general the syntax 1s given as

¥

Class A

f
i body A

}

Class B: pubbc A
{

}

/body B

Class C: public A
{

}

/body B

In C++, such problems can be easily converted mto hierarchies. The base class will melude all the
features that are common to the subclasses. A sub-class can be constructed by mheriting the features

of baze class and so on.




// Program to show the hierarchical inheritance
#include<iostream.h>

# include<conio. h> - amEs i
class father //Base
{

int age;

char name [15];
public:
void get ()
{

cout<< “fa
cout<< ““fa

} \I

class s
{
char nam
intage;
public;

void get () ;
void show () ;

},




void son: : get ()
{

father :: get () ;
cout << “your (Son) name pleas
cout << “your age please” ; Ci

¥

void son :: show (

{




void show ()

{

father : : show () ;
cout << “my name is:
cout << “my age is: “ <

2
main ()
{
clrscr () ;
son S1;
daughter D1 ;
Sl.get();
D1. get ().




Hybrid Inheritance

There could be situations where we need to apply two or more types of inheritance to design a program. Basically
Hybrid Inheritance is the combination of one or more types of the inheritance. Here is one implementation of
hybrid inheritance.

//Program to show the simple hybrid inheritance

#include<i sos t ream. h>

#include<conio . h>

class student //base class declaration

{

protected:

int r_no;

public:

void get _n (int a)

{

r no =a;

b

void put_n (void)

{

cout << “Roll No. : “<<r_no;

cout << “\n”;

}
}




class test : public student /lIntermediate base class
{

protected : int partl, part2;
public :

void get m (int X, int y)
{ parti=x; part2=y; }
void put_m (void) {
cout << “marks obtaing
<< “Part 1 = “ << part
<< “Part 2 =“<<pa
b

I

class sports
{

protected : in
public:
void get_s (in
{ score=s
void put_s (vo
{ cout << “spc
I )
class result :
{

int total; e .
public: S— —
void display (void);

¢




void result : : display (v

{ .
total = partl + |



Virtual Base Classes

The duplication of the inherited members can be avoided
by making common base class as the virtual base class: for
e.g.

class g_parent

{
/IBody

¥
class parentl: virtual publicg_parent
{

// Body

b
class parent2: public virtual g_parent
{

// Body

b
class child : public parentl, public parent2
{

Il body

¥




The 'child' has two direct base classes ‘parentl’ and ‘parent2’ which themselves ha
common base class ‘grandparent’.

The child nherits the traits of ‘grandparent’ via two separate paths. It can also be inherit
directly as shown by the broken line.

The grandparent is sometimes referred to as ‘INDIRECT BASE CLASS’.
Now, the inheritance by the child might cause some problems.

All the public and protected members of ‘grandparent’ are inherited into ‘child’ twice, first
via ‘parentl’ and again via ‘parent2’.
So, there occurs a duplicacy which should be avoided.

When a class Is virtual base class, C++ takes necessary care to see that only one copy of that
class is inherited, regardless of how many inheritance paths exists between virtual base class
and derived class.

The keywords ‘virtual’ and ‘public’ can be used in either order.



//Program to show the virtual base class
#include<iostream.h>
#include<conio . h>

Cout << “part2 = “<s k
} T
g




class sports : public virtual student// virtually declared common { //base class 2
protected:

int score;

public:

void get_s (inta) {

score=a;

¥

void put_s (void)

{ cout << “sports wt.: “ <<score<<“\n”’;}

b

class result: public test, public sports //derived class
{

private : int total ;

public:

void show (void) ;

¢

void result: : show (void)

{ total = partl + part2 + score;

put_n();

put_m();

put_s () ; cout << “\n total score=*“ <<total<<‘“\n” ;

}







nase classes



Class Al : Virtual PublicA
{

protected:
inty;

public:

void get (int) ;
void show

void show (void)
{cout<<z}

¥






Abstract Classes

An abstract class is one that is not used to create objects. An abstract class is designed only
to act as a base class (to be inherited by other classes). It is a design concept in program
development and provides a base upon which other classes may be built.

Member Classes: Nesting of Classes

Inheritance is the mechanism of deriving certain properties of one class into another. We
have seen in detail how this is implemented using the concept of dernved classes. C++ supports
vet another way of inheriting properties of one class into another. This approach takes a
view that an object can be a collection of many other obgjects. That 18, a class can contain

objects of other classes as its members as shown below:

class alpha {....}:

1

class beta {....)3
class gamma

alpha a; // a is an object of alpha class

// b ts an object of beta class




All ohjectz of gamma class will contain the objects & and b. This kind of relationship is
called containership or nesting. Creation of an object that contains another object is very
different than the creation of an independent object. An independent object is created by its
constructor when it is declared with arguments. Un the other hand, a nested object is created
in two stages. First, the member objects are created using their respective constructors and
then the other 'ordinary' members are created. This means, constractors of all the member
objects should be called before its own constructor body is executed. This is accomplished
using an initialization list in the constructor of the nested class.

Example:

class gamma

i

S a is object of alpha
fS b is object of beto

gamma(arglist): a(arglistl), bl{arglistZ)

L]

¥,

S constructor body

} 3

arglist is the list of arguments that is to be supplied when a gamma object is defined. These
parameters are used for nitializing the members of gamma. arglistl is the argument hist




for the constructor of a and arglist2 is the argument list for the constructor of b. arglist]
and arglist2 may or may not use the arguments from arglist. Remember, alarglistl) and
blarglist2) are function calls and therefore the arguments do not contain the data types.
They are simply variables or constants,

Example:
gamma(int x, int y, float z) : a(x), b(x,z)

I
Assignment section(for ordinary other members)

We can use as many member objects as are required in a class. For each member object
we add a constructor call in the initializer list. The constructors of the member objects are
called in the order in which they are declared in the nested class.
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