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Introduction

e |nheritance

— Software reusability

— Create new class from existing class
» Absorb existing class' s data and behaviors
» Enhance with new capabilities
— Derived class inherits from base class
* Derived class
— More specialized group of objects
— Behaviors inherited from base class
e Can customize
— Additional behaviors
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Introduction

e Classhierarchy

— Direct base class

 Inherited explicitly (onelevel up hierarchy)
— Indirect base class

* Inherited two or more levels up hierarchy
— Single inheritance

* Inherits from one base class
— Multiple inheritance

e |nherits from multiple base classes

— Base classes possibly unrelated
e Chapter 22
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Introduction

e Threetypes of inheritance
— public
» Every object of derived class aso object of base class
— Base-class objects not objects of derived classes
— Example: All carsvehicles, but not all vehicles cars
« Can accessnon-pr i vat e members of base class

— Derived class can effect change to pri vat e base-class
members

» Through inherited non-pr i vat e member functions
— private
 Alternative to composition
o Chapter 17
— protected
* Rarely used
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Introduction

e Abstraction

— Focus on commonalities among objects in system
e “Is-a@’ vs. “has-a@”
— “Is-a@
* Inheritance
» Derived class object treated as base class object
« Example: Car isa vehicle
— Vehicle properties/behaviors also car properties/behaviors
— “has-a’
e Composition

» Object contains one or more objects of other classes as
members

« Example: Car has a steering whee
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Base Classes and Derived Classes

e Base classes and derived classes

— Object of one class “is an” object of another class
» Example: Rectangleis quadrilateral.
— Class Rect angl e inheritsfrom class Quadr i | at er al
— Quadri | at eral : baseclass
— Rect angl e: derived class
— Base class typically represents larger set of objects than
derived classes
o Example:
— Baseclass: Vehi cl e
o Cars, trucks, boats, bicycles, ...
— Derived class. Car

« Smaller, more-specific subset of vehicles
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Base Classes and Derived Classes

 |nheritance examples

Base class Derived classes
St udent Gr aduat eSt udent
Under gr aduat eSt udent
Shape Circle
Triangl e
Rect angl e
Loan Car Loan

Homel npr ovenent Loan
Mort gagelLoan

Enmpl oyee Facul t yMember
St af f Member
Account Checki ngAccount

Savi ngsAccount
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Base Classes and Derived Classes

 |nheritance hierarchy

— Inheritance relationships: tree-like hierarchy structure
— Each class becomes
e Baseclass
— Supply data/lbehaviorsto other classes
OR
* Derived class
— Inherit data/behaviors from other classes
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Fig. 9.2  Inheritance hierarchy for university Conmuni t yMenber s.

Conmuni t yMenber

[\

Enpl oyee St udent Al ummus
Facul ty St af f isr’llﬂgrlietanceﬁ

Adm ni str at or

Teacher

Single
inheritance

N\ /

Adm ni strat or Teacher

Multiple
inheritance
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Fig. 9.3

Inheritance hierarchy for Shapes.

Shape

/

TwoDi nensi onal Shape

N

Circle

Squar e

Triangl e
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Thr eeDi mensi onal Shape

Spher e

Cube

Tet r ahedr on




Base Classes and Derived Classes

 publ i ¢ inheritance
— Specify with:
Cl ass TwoDi nensi onal Shape : public Shape
o ClassTwoD nensi onal Shape inheritsfrom class Shape
— Baseclass pri vat e members
* Not accessible directly
 Still inherited
— Manipulate through inherited member functions
— Baseclass publ i ¢ and pr ot ect ed members
* Inherited with original member access
— fri end functions

* Not inherited
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pr ot ect ed Members

 protect ed access

— Intermediate level of protection between publ i ¢ and
private

— pr ot ect ed members accessible to

e Base class members
e Baseclassfri ends

e Derived class members
 Derivedclassfri ends
— Derived-class members
e Refer topubl i ¢c and pr ot ect ed members of base class
— Simply use member names
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Relationship between Base Classes and
Derived Classes

» Base class and derived class relationship

— Example: Point/circle inheritance hierarchy
e Point
— X-y coordinate pair
e Circle
— X-y coordinate pair
— Radius

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 9.4: point.h

/'l Point class definition represents an x-y coordinate pair.

#i f ndef PO NT_H
#define PO NT_H

cl ass Point {

publ i c:
Point( int =0, int

void setX( int );
i nt get X() const;

void setY( int );
I nt getY() const;

void print() const;

private:

int x; [// x part of coordinate pair
int y; [/ y part of coordinate pair

}; /1 end class Point

#endi f

/1
/11

/1
/11

Il

def aul t construct or

set x in coordinate pair

A
\
point.h (1 of 1)

Qutline

return x fromcoordinate pair

set y in coordinate pair

return y from coordi nate pair

out put

Poi nt obj ect

Maintain x- and y -
coordinatesaspri vat e data
members.

O 2003 Prentice Hall, Inc.
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/1l Fig. 9.5: point.cpp
/[l Point class menber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "point. h" /1 Point class definition

/1l default constructor
Point::Point( int xValue, int yValue)
{
X = xVal ue;
yVal ue;

} // end Point constructor

/'l set x in coordinate pair
void Point::setX( int xValue )

{

x = xValue; // no need for validation

} // end function setX

L Outline
\
point.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
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/'l return x from coordinate pair
i nt Point::getX) const

{

return x;
} // end function getX

/'l set y in coordinate pair
void Point::setY( int yValue )
{

y = yValue; // no need for validation

} // end function setY

/1l returny fromcoordinate pair
int Point::getY() const

{

return vy,

} // end function getY

L Outline
\
point.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.

16



45
46
47
48
49
50

/'l output Point object

void Point::print() const

{

cout << '[' << x << "

} // end function print

l<<y<<

3K

a QOutline
\Y
point.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.6: pointtest.cpp
/'l Testing class Point.
#i ncl ude <i ostreanr

usi ng std:: cout;
usi ng std::endl;

#i ncl ude "point.h" // Point class definitian

A

Qutline

\%

Create aPoi nt object.

i nt main()

{
Poi nt point( 72, 115 ); /1l instantiate Point object

/1 display point coordinates

VAN

cout << "X coordinate is " << point.get)

<< "\nY coordinate is " << point-g{ INVOke set functions to

modify pri vat e data

point.setX( 10 ); // set x-eOordinate
point.setY( 10 ); // set y-coordinate

Invoke publ i ¢ function
pri nt todisplay new
coordinates.

/1 display new point val
cout << "\ n\nThe ne ocati on
poi nt. print();
cout << endl;

pointtest.cpp
(1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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L . . 19
26 return O; // indicates successful term nation A .
27 Outline
28 } // end nmain v
X coordinate is 72 pomttest.cpp
Y coordinate is 115 (20f 2)
The new | ocation of point is [10, 10] pointtest.cpp

output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.7: circle.h

/'l Crcle class contains x-y coordinate pair and radi us.
#i f ndef C RCLE_H

#define CI RCLE_H

class Circle {

publ i c:

/| default constructor
Crcle( int =0, int =0, double = p 0

Note code similar to Poi nt

void setX( int ); set ] code.

I nt get X() const; /[l return X Tromcoordrnate parr
void setY( int ); /1l set y in coordinate pair

I nt getY() const; [l return y from coordinate pair
voi d set Radi us( double ); /1l set radius

doubl e get Radi us() const; [l return radius

doubl e get Di aneter() const; /'l return dianeter

doubl e getGircunference() const; // return circunference
doubl e get Area() const; /1l return area

-~ Outline
\
circle.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/| outnut Circle obiect

void print() const; /
private:
i nt Xx; [ L-x-coor di ng

Maintain x-y coordinates and
radi us aspri vat e data
members.

T Ul A TUT T S UTTIUTT

adi us

int vy; /'l y-coordina
doubl e r;EFEET\\ff\CLLELE;E\I

}; /1 end class Circle

Note code similar to Poi nt
code.

#endi f

-~ Outline
\
circle.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.8: circle.cpp

[/ Circle class nenber-function definitions.

#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "circl e. h" /!l Circle class definition

/'l default constructor
Circle::Circle( int xValue, int yVal ue,

{

X xVal ue;
y = yVal ue;
set Radi us( radi usVal ue );

} // end Grcle constructor

/'l set x in coordinate pair
void Crcle::setX( int xValue )

{

x = xValue; // no need for validation

} // end function setX

doubl e radi usVal ue )

-~ Outline
\
circle.cpp (1 of 4)

O 2003 Prentice Hall, Inc.
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/'l return x from coordinate pair
int Crcle::getX() const

{

return x;
} // end function getX

/'l set y in coordinate pair
void Crcle::setY( int yValue )
{

y = yValue; // no need for validation

} // end function setY

/1l returny fromcoordinate pair
int Crcle::getY() const

{

return vy,

} // end function getY

-~ Outline
\
circle.cpp (2 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l set radius
void Circle::setRadius( doubl e radi usVal ue )

{

radius = ( radiusValue < 0.0 ? 0.0 : radi

} // end function setRadi us

usVal ue ) ;

/1l return radius
doubl e Circle::getRadius() const

Ensure non-negative value for
radi us.

{

return radius;

} // end function getRadi us

[/ calculate and return di anmeter
double Circle::getDi aneter() const

{

return 2 * radius;

} // end function getD aneter

L Outline
\
circle.cpp (3 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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// calculate and return circunference
double Circle::getC rcunference() const

{
return 3.14159 * getD aneter ();

} // end function getC rcunference

[/ calculate and return area
double Circle::getArea() const

{

return 3.14159 * radius * radius;
} // end function getArea

/'l output Circle object
void Circle::print() const

{

cout << "Center = << X << "

" ' <<y <<
<< ": Radius =" << radius;

} // end function print

3K

-~ Outline
\
circle.cpp (4 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.9: circletest.cpp

/'l Testing class Circle.
#i ncl ude <i ostreanr

usi ng std:: cout;
usi ng std::endl;
usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i nclude "circle.h” [/ Circle class defin

int main()

{

A

Outline

\%

Create Ci r cl e object.

Circle circle( 37, 43, 2.5 ); [/ instantiate Circle object

/1 display point coordinates
cout << "X coordinate is " << circle.getX()
<< "\'nY coordinate is " << circle.getY()

<< "\ nRadi us is

<< circle.getRadius();

circletest.cpp
(1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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circle.setX( 2 ); /'l set
circle.setY( 2 ); Il set
circle.setRadius( 4.25 )~J/ set

new x- coor di nat e
new y- coor di nat e
new r adi us

A

Qutline

\%

/1 display new point val ue
cout << "\'n\nThe new | ocati on and

Use set functions to modify
privat e data

circle.print(); —_—

/1 display floating-point val ues
cout << fixed << setprecision( 2 )

Invoke publ i ¢ function
pri nt todisplay new
coordinates.

/1 display Circle's dianeter

cout << "\nDianeter is " << circle.getDianmeter();

/1l display Circle's circunference

cout << "\nCircunference is " << circle.getC rcunference();

/'l display Circle's area

cout << "\nArea is " << circle.getArea();

cout << endl:

return O; // indicates successful

48 } // end main

term nati on

circletest.cpp
(2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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. Outline

circletest.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
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/'l Fig. 9.10: circle2.h

/1 Crcle2 class contains x-y
#i f ndef Cl RCLE2_H

#define CIRCLE2 H

#include "point.h" // Pagj

class Circle2 :

publ i c:

cl ass

coordi nate pair and radi us.

A

Qutline

\%

class Poi nt .

ClassCi r cl e2 inherits from

public Point {

// default constructor

C}Il Keyword publ i ¢ indicates

Circle2( int =0, int =0,

voi d set Radi us( double );
doubl e get Radi us() const;

doubl e get Di aneter() const;

doubl e getCircunference() const; // return circunference

doubl e get Area() const;

void print() const;

private:

doubl e radius; “// Circle2

do( type of inheritance.

[/l set radius
/! return radius

[/ return di aneter

[/ return area

Maintainpri vat e data
member r adi us.

S radi us

circle2.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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}; /] end class Circle2

#endi f

/1l Fig. 9.11: circle2.cpp
[/ Circle2 class nenber-function definitions.
#i ncl ude <i ostreany

usi ng std:: cout;

#i nclude "circl e2. h" [/ Circle2 class definition

A

Outline

\%

[/ default constructor
Circle2::Circle2( int xVal

{

Attempting to access base
classPoi nt 'spri vat e

x = xVal ue: data members x andy results
y = yVal ue; In syntax errors.

set Radi us( radi usVal ue );

} // end Grcle2 constructor

circle2.h (2 of 2)

circle2.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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[/ set radius

void Circle2::setRadi us( doubl e radi usVal ue )

{

radius = ( radiusvValue < 0.0 ? 0.0 :

} // end function setRadi us

/1l return radius
doubl e G rcl e2::getRadius() const

{

return radius;
} // end function getRadi us

[/ calculate and return di anmeter
doubl e Crcle2::getD aneter() const

{

return 2 * radius;

} // end function getD aneter

radi usval ue ) ;

-~ Outline
\
circle2.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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// calculate and return circunference
doubl e Circle2::getC rcunference() const

{
return 3.14159 * getD aneter ();

} // end function getC rcunference

[/ calculate and return area
doubl e Circle2::getArea() const

{

return 3.14159 * radius * radius;
} // end function getArea

/'l output Circle2 object
void Crcle2::print() const

{

cout << "Center =[" << X << ", " &<y <<

<< ": Radi us << radi us;

} // end function print

3K

a Outline
\Y
circle2.cpp (3 of 3)

Attempting to access base
classPoi nt 'spri vat e

data membersx and y results

in syntax errors.

O 2003 Prentice Hall, Inc.
All rights reserved.
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C: \ cppht p4\ exanpl es\ chO9\Circl eTest\circl e2.cpp(12) : error
cannot access private nmenber declared in class 'Point'

C.\ cppht p4\ exanpl es\ ch09\ ci rcl et est\ poi nt. h(20)
see decl aration of 'x'

C: \ cppht p4\ exanpl es\ ch09\ Circl eTest \ circl e2. cpp(13) error

cannot access private nmenber declared in class 'Point'
C:\ cppht p4\ exanpl es\ ch09\ ci rcl et est\ poi nt. h(21
see declaration of 'y’

C: \ cppht p4\ exanpl es\ chO9\Circl eTest\circl e2. cpp(56)
cannot access private nmenber declared in class 'PoinW\

C:\ cppht p4\ exanpl es\ ch09\ ci rcl et est\ poi nt. h(2
see decl aration of 'x'

or

C. \ cppht p4\ exanpl es\ ch09\ Ci rcl eTest\ circl e2. cpp(56)
cannot access private nenber declared in class 'Point'

Cc2248:. ' x' A Outline
\Y
circle2.cpp
C2248: 'y output (1 of 1)
C2248:. 'x'
C2248: 'y

C:\ cppht p4\ exanpl es\ ch09\ ci rcl et est\ poi nt. h(21
see declaration of 'y’

Attempting to access base
classPoi nt’spri vate
data members x and y results
in syntax errors.

O 2003 Prentice Hall, Inc.
All rights reserved.
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/[l Fig. 9.12: point2.h

/'l Point2 class definition represents an x-y coordinate pair.
#i f ndef PO NT2_H

#define PO NT2_H

class Point2 {

publ i c:
Point2( int =0, int = 0); // default constructor

void setX( int ); /[l set x in coordinate pair

i nt get X() const; /1l return x from coordinate pair

void setY( int ); /'l set y in coordinate pair

I nt getY() const; /1l return y fromcoordi nate pair

_ _ Maintain x- and y -

void print() const;~7/ ¢ goordinatesaspr ot ect ed

data, accessible to derived
pr ot ect ed:

int x; [// x part of cool Classes.

int y; [/ y part of coordinate pair

}; /1 end class Point2

#endi f

A

Qutline

\%

point2.h (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 9.13: point2.cpp
[/ Point2 class nenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "point2. h" /1l Point2 class definition

/1l default constructor
Point2:: Point2( int xValue, int yValue )
{
X = xVal ue;
yVal ue;

} // end Point2 constructor

/'l set x in coordinate pair
voi d Point2::setX( int xVal ue )

{

x = xValue; // no need for validation

} // end function setX

-~ Outline
\
point2.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l return x from coordinate pair
i nt Point2::getX() const

{

return x;
} // end function getX

/'l set y in coordinate pair
void Point2::setY( int yValue )

{

y = yValue; // no need for validation

} // end function setY

/1l returny fromcoordinate pair
i nt Point2::getY() const

{

return vy,

} // end function getY

-~ Outline
\
point2.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l out put Point2 object

void Point2::print() const

{

cout << '[' << x << "

} // end function print

l<<y<<

3K

a Outline
\Y
point2.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.14: circle3.h

/'l Circle3 class contains x-y coordinate pair and radi us.

#i f ndef Cl RCLE3_H

#define CIRCLE3_H

#i ncl ude "point2. h"

ClassCi r cl e3 inherits from
class Poi nt 2.

class Circle3 : public Point2 {

publ i c:

// default constructor

Circle3( int =0, int =0, double =0.0);

voi d set Radi us( double ); /1l set radius

doubl e get Radi us() const; /1

doubl e get Di aneter() const;

return radius

[/ return di aneter

doubl e getCircunference() const; // return circunference

doubl e get Area() const;

void print() const;

private:
doubl e radi us;

[/ return area

Maintainpri vat e data
member r adi us.

[/ Circle3 s radius

-~ Outline
\
circle3.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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}; /] end class Circle3

#endi f

- Outline
\
circle3.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 9.15: circle3.cpp

[/ Circle3 class menber-function definitions.

#i ncl ude <i ostreanr

usi ng std:: cout;

#i nclude "circl e3. h" [/ Cr

|l o2 el ace daofinitinn

[/ default constructor
Circle3::Circl e3(A

Constructor first implicitly
calls base class s default
constructor.

X xVal ue;
y = yVal ue;
set Radi us( radi usVal ue );

} // end G rcle3 constructor

[/ set radius

pr ot ect ed In base class
Poi nt 2.

void Crcle3::setRadi us( doubl e radi usVal ue )

{

radius = ( radiusValue < 0.0 ? 0.0 : radiusValue );

} // end function setRadi us

a QOutline
\Y
circle3.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l return radius
doubl e Circle3::getRadius() const

{

return radius;

} // end function getRadi us

[/ calculate and return di ameter
doubl e Crcle3::getDh aneter() const

{

return 2 * radius;

} // end function getD aneter

[/ calculate and return circunference
doubl e Circle3::getCrcunference() const

{
return 3.14159 * getDi aneter ();

} // end function getC rcunference

a QOutline
\Y
circle3.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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[/ calculate and return area
doubl e Circl e3::getArea() const

{

return 3.14159 * radi us * radi us;

} // end function getArea

/'l output Circle3 object
void Crcle3::print() const

{

cout << "Center = << X << ",

<< ": Radius =" << radi us;

} // end function print

<y <<

a QOutline
\Y
circle3.cpp (3 of 3)

Access inherited data

members x and y, declared
pr ot ect ed in base class

Poi nt 2.

O 2003 Prentice Hall, Inc.
All rights reserved.

42



© 00 ~NOoO Ol WDN P

NNNNRERRRRRRRR R
W NP OOWO®OwW-NOUuNWNDNEPRERO

/'l Fig. 9.16: circletest3.cpp
/'l Testing class Circle3.

#i ncl ude <i ostreanp

usi ng std:: cout;

usi ng std::endl;

usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i ncl ude "circl e3. h"

int main()

{

Circle3 circle( 37, 43, 2.5 ); // instantiate Crcle3 agbj

/1 display point coordinates
<< circle.getX)
<< "\ nY coordinate is "

cout << "X coordinate is "

<< "\'nRadius is "

/!l Circle3 class def

A
\%

circletest3.cpp
(1 of 2)

Qutline

Create Ci r cl e3 object.

<< circle.getY()

<< circle.getRadius();

Use inherited get functions to
accessinherited pr ot ect ed

UseCi r cl e3 get function to
accesspri vat e data
radi us.

O 2003 Prentice Hall, Inc.
All rights reserved.
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circle.setX( 2 ); /'l set new x-coordi nate

A

Qutline

coor di nat e

circle.setY( 2); m‘
circle.setRadius( 4.25 ); w
/1 display new point val ue

cout << "\'n\nThe new | ocati on and radi us
circle.print();

\%

Use inherited set functions to
o Pl

UseCi r cl e3 set function to
modify pri vat e data
r adi us.

/'l display floating-point values with 2 digits of precision

cout << fixed << setprecision( 2 );

/'l display Circle3 s dianeter
cout << "\'nDi aneter is "

/'l display Circle3" s circunference

<< circle.getD aneter();

cout << "\nCircunference is " << circle.getC rcunference();

/1l display Crcle3' s area
cout << "\nArea is " << circle.getArea()

cout << endl:

return O; // indicates successful term nation

48 } // end main

circletest3.cpp
(2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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. Outline

circletest3.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.



Relationship between Base Classes and
Derived Classes

 Using pr ot ect ed data members

— Advantages
* Derived classes can modify values directly
« Slight increase in performance
— Avoid set/get function call overhead
— Disadvantages
« No validity checking
— Derived class can assign illegal value
 |mplementation dependent

— Derived class member functions more likely dependent on
base class implementation

— Base class implementation changes may result in derived
class modifications

» Fragile (brittle) software

O 2003 Prentice Hall, Inc. All rights reserved.



1 // Fig. 9.17: point3.h

2 // Point3 class definition represents an x-y coordinate pair.
3 #ifndef PO NT3_H

4 #define PO NT3_H

5

6 class Point3 {

7

8 public:

9 Point3( int =0, int =0 ); // default constructor
10

11 void setX( int ); /[l set x in coordinate pair

12 i nt get X() const; /1l return x from coordinate pair
13

14 void setY( int ); /'l set y in coordinate pair

15 I nt getY() const; /1l return y from coordinate pair
— - Better software-engineering

g void print() const—//| nractice: pri vat e over

19 private: pr ot ect ed when possible.
20 int x; [// x part of coordinate pair

21 int y; [/ y part of coordinate pair

22

23 }; /Il end class Point3

24

25 #endif

A

Qutline

\%

point3.h (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 9.18: point3.cpp
[/ Point3 class nenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "point 3. h" /1 Point3 class definitia@n

/'l default constructor
Poi nt 3:: Point3( int xValue, int yVakte )
x( xvalue ), y( yVvalue )

/1 enpty body

} // end Point3 constructor

/'l set x in coordinate pair
voi d Point3::setX( int xValue )

{

x = xValue; // no need for validation

} // end function setX

a QOutline
\Y
point3.cpp (1 of 3)

Member initializers specify
valuesof x andy.

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l return x from coordinate pair
i nt Point3::getX() const

{

return x;
} // end function getX

/'l set y in coordinate pair
void Point3::setY( int yValue )

{

y = yValue; // no need for validation

} // end function setY

/1l returny fromcoordinate pair
int Point3::getY() const

{

return vy,

} // end function getY

a QOutline
\Y
point3.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l out put Point3 object
void Point3::print() const

{

cout << '[' << getX() << "

} // end function print

'<< getY() <<

2

a QOutline
\Y
point3.cpp (3 of 3)

Invoke non-pri vat e

member functions to access

pri vat e data

O 2003 Prentice Hall, Inc.
All rights reserved.
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23
24
25

/'l Fig. 9.19: circle4.h
/'l Circled4 class contains x-y coordinate pair and radi us.
#i f ndef Cl RCLE4_H
#define CIRCLE4 H

ClassCi r cl €4 inherits from
/|_#0oint 3 | classPoi nt 3.

#i ncl ude "point3.h"

class Circled4 : “public Point3 {

publ i c:

// default constructor
Circled4( int =0, int =0, double =0.0);

voi d set Radi us( double ); /1l set radius

doubl e get Radi us() const; [l return radius

doubl e get Di aneter() const; /1l return dianeter

doubl e getCircunference() const; // return circunference
doubl e get Area() const; /'l return area

A

Qutline

\%

Maintainpri vat e data
member r adi us.

void print() const;

private:

doubl e radius; “// Circled's radius

circled.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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29

}; /] end class Circle4

#endi f

- Outline
\
circled.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Il Fig. 9.20: circle4.cpp
[/ Circled4 class nenber-function definitions.
#i ncl ude <i ostreany

usi ng std:: cout;

#include "circl e4. h” /'l GCrcle4 cl . e -
Base-classinitializer syntax

/| default constructor passes aljguments'[o base
Circled::Gircled( int_xvalue, int y\ ClassPoi nt 3.

Poi nt 3( xValue, yValue ) // call base-class constructor
set Radi us( radi usVal ue );
} // end GCircled4 constructor

/'l set radius
void Circled::setRadi us( doubl e radi usVal ue )

{

radius = ( radiusValue < 0.0 ? 0.0 : radiusVal ue );

} // end function setRadi us

L Outline
\
circled.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l return radius
doubl e Circle4::getRadius() const

{

return radius;

} // end function getRadi us

[/ cal cul ate and return di aneter
doubl e Circled::getD anmeter()

Invoke function get Radi us

rather than directly accessing
data member r adi us.

return 2 * getRadius();
} // end function getD aneter

[/ calculate and return circunference
doubl e Circled::getCrcunference() const

{
return 3.14159 * getDi aneter ();

} // end function getC rcunference

L Outline
\
circled.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.

4



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

[/ calculate and return area
doubl e Circle4::getArea() const

{

return 3.14159 * get Radius() * getRadius():

} // end function getArea

/'l output Circled object

Redefine class Poi nt 3’s
member function pri nt .

Invoke function get Radi us

void Crcled::print() const

{

cout << "Center ="
Point3::print(); /'l invoke H

Invoke base-class Poi nt 3’'s 9
pri nt function using binary

scope-resol ution operator

G:).

cout << "; Radius =" << getRadi

} // end function print

AN

a Outline
\Y
circled.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.21: circletest4.cpp
/'l Testing class Circle4.

#i ncl ude <i ostreanp

usi ng std:: cout;

usi ng std::endl;

usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i ncl ude "circl e4. h"

int main()

{

Circled circle( 37, 43, 2.5); /I

/1 display point coordinates
<< circle.getX)
<< "\ nY coordinate is "

cout << "X coordinate is "

<< "\'nRadius is "

/!l Circled class defi

A
\%

circletest4.cpp
(1of 2

Qutline

Create Ci r cl e4 object.

<< circle.getY()

<< circle.getRadius();

instantiate Circled4 obj

Use inherited get functions to
accessinherited pr ot ect ed

UseCi r cl e3 get function to
accesspri vat e data
radi us.

O 2003 Prentice Hall, Inc.
All rights reserved.
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circle.setX( 2 ); /'l set new x-coordi nate

A

Qutline

coor di nat e

circle.setY( 2); m‘
circle.setRadius( 4.25 ); w
/1 display new circle val ue

cout << "\'n\nThe new | ocati on and radi us
circle.print();

\%

Use inherited set functions to
o Pl

UseCi r cl e3 set function to
modify pri vat e data
r adi us.

/'l display floating-point values with 2 digits of precision

cout << fixed << setprecision( 2 );

/'l display Circled4' s dianeter
cout << "\'nDi aneter is "

/'l display Crcled' s circunference

<< circle.getD aneter();

cout << "\nCircunference is " << circle.getC rcunference();

/1l display Crcled4's area
cout << "\nArea is " << circle.getArea()

cout << endl:

return O; // indicates successful term nation

48 } // end main

circletest4.cpp
(2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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. Outline

circletest4.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.



Case Study: Three-Level Inheritance Hierarchy

* Three level point/circle/cylinder hierarchy
— Point
 X-y coordinate pair
— Circle
 X-y coordinate pair
e Radius
— Cylinder
 X-y coordinate pair
e Radius
e Height

O 2003 Prentice Hall, Inc. All rights reserved.
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/[l Fig. 9.22: cylinder.h

/'l Cylinder class inherits fromclass Circle4.

#i f ndef CYLI NDER_H
#defi ne CYLI NDER_H

#i ncl ude "circle4.h" [/ rcle4d

class Cylinder : public Circled {

publ i c:

// default constructor

Cylinder( int =0, int =0, double = 0.0, double = 0.0 );

voi d set Hei ght ( double );
doubl e get Hei ght () const;

doubl e get Area() const;
doubl e get Vol une() const;

void print() const;

private:
doubl e hei ght;

}; I/ end class Cylinder

11
Il

Il
/1
/1

A

Qutline

\%

ClassCyl i nder inherits
fromclassCi r cl e4.

set Cylinder's height
return Cylinder's height

return Cylinder's area
return Cvlinder's vol une

Maintainpri vat e data
member hei ght .

Cylinder's height

cylinder.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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14
15
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17

#endi f

/'l Fig. 9.23: cylinder.cpp

/'l Cylinder class inherits fromclass Circle4.

#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "cylinder. h" /'l Cylinder class definition

“‘ 61

Outline
\V4

/'l default constructor
Cylinder::Cylinder( int xVal ue,
doubl e hei ght Val ue )

[ yVal ue,

Base-classinitializer syntax
passes arguments to base
classCircl e4.

Circled4( xValue, yVal ue, radiusVal ue )
set Hei ght( hei ght Val ue );

} // end Cylinder constructor

cylinder.h (2 of 2)

cylinder.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l set Cylinder's height

voi d Cylinder::setHeight( doubl e heightVal ue )

{
hei ght = ( heightvalue < 0.0 ? 0.0 :

} // end function setHei ght

/'l get Cylinder's height

doubl e Cylinder::getHeight() const
{

return hei ght;

} // end function getHei ght

/'l redefine Circled4 function getAre
doubl e Cylinder::getArea() con

{
return 2 * Circled4::getArea() +

getCircunference() * getHeight();

} // end function getArea

hei ght Val ue );

A

\%

cylinder.cpp
(2 of 3)

Qutline

Redefine base class

Invoke base-class

Circl ed’'sget Area
function using binary scope-
resolution operator (: : ).

er function

area.

W

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l cal culate Cylinder vol unme
doubl e Cylinder::getVol ume() const

{

return Circled::getArea() * getHeight()]

} // end function get Vol unme

Invoke base-class
Circl ed4’sget Area

resolution operator (: : ).

function using binary scope-

A

Outline

\%

cylinder.cpp
(3 of 3)

/'l output Cylinder object

void Cylinder::print() const /
{
Circled:: print();

Invoke base-class
Circled’sprint function
using binary scope-resolution
operator (: : ).

RedefineclassCi r cl e4’s
nt .

cout << "; Height =" << getHeight

} // end function print

\WAE

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.24: cylindertest.cpp
/'l Testing class Cylinder.
#i ncl ude <i ostreanp

usi ng std:: cout;
usi ng std::endl;
usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#include "cylinder.h" [/ Cylinder class definition

int main()

{
/'l instantiate Cylinder object
Cylinder cylinder( 12, 23, 2.5, 5.7 );

/| display point coordinates

cout << "X coordinate is " << cylinder.getX()
<< "\ nY coordinate is " << cylinder.getY()
<< "\nRadius is " << cylinder.getRadi us()
<< "\ nHeight is " << cylinder.getHeight();

64
A Outline
\V4

cylindertest.cpp
(1 of 3)

Invoke indirectly inherited
: ; her fLnets

1 1 1 al z 1 R 1

Invoke Cyl i nder member

function.

O 2003 Prentice Hall, Inc.
All rights reserved.
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cylinder.setX( 2 );

[/ set new x-coordi nate

cylinder.setY( 2 );
cylinder. set Radi us( 4.25 );

——5€t Invoke indirectly inherited

// Set nNewl_ NAai rnt 9 mamhar f1 ki Aane

A

Qutline

\%

cylinder.setHeight( 10 ); 577\?55\7ﬂam |nvoke(ﬂrecﬂyinheyﬂed

/1 display new cylinder val ue
cout << "\n\nThe new | ocati on
cylinder.print();

/1 display floating-point val
cout << fixed << setprecision

/1 display cylinder's dianete
cout << "\'n\nDi aneter is " <<

/1 display cylinder's circunf
cout << "\'nCircunference is "
<< cylinder.getCrcunfer

/| display cylinder's area
cout << "\nArea is " << cylin

/1 display cylinder's vol une
cout << "\nVolune is " << cyl

Invoke Cyl i nder member
function.

and radiu

=4 Invoke redefined pr i nt
( 4 function.

:
cylinder.getDi aneter();

erence

ence();

cylindertest.cpp
(2 of 3)

der. get Area();
\ Invoke redefined get Ar ea

function.

i nder . get Vol une() ;

O 2003 Prentice Hall, Inc.
All rights reserved.
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51 cout << endl;

52

53 return O; // indicates successful term nation
54

55 } // end main

X coordinate is 12
Y coordinate is 23
Radius is 2.5
Height is 5.7

The new | ocation and radius of circle are
Center =[2, 2]; Radius = 4.25; Height = 10

Dianeter is 8.50
Circunference is 26.70
Area is 380.53

Vol une is 567. 45

A

Qutline

\%

cylindertest.cpp
(3 0of 3)

cylindertest.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Constructors and Destructors in Derived
Classes

 |nstantiating derived-class object
— Chain of constructor calls
» Derived-class constructor invokes base class constructor
— Implicitly or explicitly
» Base of inheritance hierarchy
— Last constructor called in chain

— First constructor body to finish executing
— Example: Poi nt 3/C r cl e4/Cyl i nder hierarchy

e Poi nt 3 constructor called last
e Poi nt 3 constructor body finishes execution first
e |nitializing data members
— Each base-class constructor initializes data members
 Inherited by derived class

O 2003 Prentice Hall, Inc. All rights reserved.



Constructors and Destructors in Derived
Classes

» Destroying derived-class object
— Chain of destructor calls
e Reverse order of constructor chain
» Destructor of derived-class called first
 Destructor of next base class up hierarchy next
— Continue up hierarchy until final base reached

« After final base-class destructor, object removed from
memory

O 2003 Prentice Hall, Inc. All rights reserved.



Constructors and Destructors in Derived
Classes

e Base-class constructors, destructors, assignment
operators

— Not inherited by derived classes

— Derived class constructors, assignment operators can call
e Constructors
« Assignment operators

O 2003 Prentice Hall, Inc. All rights reserved.



1 // Fig. 9.25: point4.h A Outline
2 /] Point4 class definition represents an x-y coordinate pair.

3 #ifndef PO NT4_H v

4 #define PO NT4_H naintA h (1 E])
> : Constructor and destructor
6 class Point4 {

5 output messages to

8 public: demonstrate function call
9 Point4( int = 0, int = 0); // default comrStructor order.

10 ~Poi nt4(); /| destructor

11

12 void setX( int ); /'l set x in coordinate pair

13 i nt get X() const; /1l return x from coordinate pair

14

15 void setY( int ); /'l set y in coordinate pair

16 I nt getY() const; /1l return y from coordinate pair

17

18 void print() const; // output Point3 object

19

20 private:

21 int x; [/ x part of coordinate pair

22 int y; [/ y part of coordinate pair

23

24 }; I/l end class Point4

25

26 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 9.26: point4.cpp
[/ Point4 class nenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;
usi ng std::endl;

#i ncl ude "point4. h" /1l Point4 class definition

[/ | def aul t _ const r uct or | Output message to
Poi nt4:: Point4( int xValue, int yValu
demonstrate constructor
: X( xvalue ), y( yValue ) ;
( function call order.
cout << "Point4 constructor: "“;
print();
cout << endl;
} // end Point4 constructor
Output message to
[/ destructor P
. . ) demonstrate destructor
Poi nt 4: : ~Poi nt 4() i
{ function call order.

cout << "Point4 destructor: ";

print();
cout << endl;

-~ Outline
\
point4.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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} /1 end Point4 destructor

/'l set x in coordinate pair
voi d Point4::setX( int xVal ue )

{

x = xValue; // no need for validation
} // end function setX

/1l return x from coordi nate pair
i nt Point4::getX() const

{

return x;
} // end function getX

/'l set y in coordinate pair
void Point4::setY( int yValue )

{

y = yValue; // no need for validation

} // end function setY

-~ Outline
\
point4.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l returny from coordinate pair
i nt Point4::getY() const

{

return vy,

} // end function getY

/'l out put Point4 object
void Point4::print() const

{

cout << '[' << getX() << ",

} // end function print

' << getY() <<

3K

a Outline
\Y
point4.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 9.27: circle5.h

/'l Circle5 class contains x-y coordinate pair and radi us.
#i f ndef Cl RCLE5_H

#define CIRCLE5 H

#include "point4.h" // Point4 class definition

class Circleb5 : public Point4d {

A
\
circle5.h (1 of 2)

Qutline

publ i c:

// default constructor

Constructor and destructor
output messages to
demonstrate function call
order.

Circle5( int =0, int =0, double =0.0);

~Circleb5(); /'l destructor

voi d set Radi us( double ); /1l set radius

doubl e get Radi us() const; [l return radius

doubl e get Di aneter() const; /1l return dianeter

doubl e get Circunference() const; // return circunference
doubl e get Area() const; /'l return area

void print() const; /1 output Circle5 object

O 2003 Prentice Hall, Inc.
All rights reserved.
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private:
doubl e radius; [/ Circleb' s radius

}; /1 end class Circleb

#endi f

L Outline
\
circleb.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/Il Fig. 9.28: circle5.cpp
[/ Circle5 class nenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;
usi ng std::endl;

#i nclude "circl e5. h" [/ Circleb5 class definition

/'l default constructor
Circleb::Circle5( int xValue, int yValue, double radi usVal ue )

Poi nt 4( xValue, yValue ) // call bas Output message to
demonstrate constructor

set Radi us( radi usVal ue ); function call order

cout << "Circleb constructor: ";

print();
cout << endl;

} // end Circle5 constructor

L Outline
\
circleb.cpp (1 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/] destructor
Circleb::~Circl e5()
{

cout << "Circleb destructor:

print();
cout << endl;

} // end Circle5 destructor

[/ set radius

Output message to
demonstrate destructor
function call order.

void Circleb5::setRadi us( doubl e radi usVal ue )

{

radius = ( radiusvValue < 0.0 ? 0.0 :

} // end function setRadi us

/1l return radius
doubl e Circl e5:: get Radi us()

{

return radius;

const

} // end function getRadi us

radi usval ue ) ;

L Outline
\
circleb.cpp (2 of 4)
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

[/ cal cul ate and return di aneter
doubl e Circl eb::getDi aneter() const

{

return 2 * getRadius();
} // end function getD aneter

[/ calculate and return circunference
doubl e G rcle5::getCrcunference() const

{
return 3.14159 * getDi aneter ();

} // end function getC rcunference

[/ calculate and return area
doubl e Circle5::getArea() const

{
return 3.14159 * get Radi us() * getRadi us();

} // end function getArea

L Outline
\
circleb.cpp (3 of 4)
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66
67
68
69
70
71
72
73

/'l output Circle5 object

void Crcleb::print() const

{

cout << "Center ="
Point4::print();

cout << "; Radius ="

} // end function print

/1l invoke Point4's print function
<< get Radi us();

L Outline
\
circleb.cpp (4 of 4)
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25

/[l Fig. 9.29: fig09_29.cpp

/'l Display order in which base-class and derived-cl ass
/'l constructors are call ed.

#i ncl ude <i ostreanv

usi ng std:: cout;
usi ng std::endl;

#include "circle5.h" [/ Circle5 class definition

A

Qutline

\%

I nt main() Poi nt 4 object goesin and
{ out of scope immediately.

{ /'l begin new scope

Point4 point( 11, 22 );

Instantiatetwo Ci r cl €5
objects to demonstrate order
of derived-class and base-
class constructor/destructor
function calls.

} // end scope

cout << endl;
Circleb circlel( 72, 29,

cout << endl:
Circle5 circle2( 5 5 10 );

cout << endl;

fig09_29.cpp
(1 of 2)

O 2003 Prentice Hall, Inc.
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26
27
28
29 } // end main

return 0; [/

Poi nt4 constructor: [11, 22]

Poi nt4 destructor: [11, 22]

Poi nt 4 constructor: [72, 29]

Circleb constructor: Center = [72, 29],

Poi nt4 constructor: [5, 5]
Circle5 constructor: Center
Circle5 destructor: Center =
Poi nt4 destructor: [5, 5]
Circleb destructor: Center =
Poi nt 4 destructor: [72, 29]

i ndi cat es successf ul

term

- Al oytline
Poi nt 4 constructor called \

forloE)j gct in tgl ?c!<; destructor fig09_ 29.cpp

o DU S I (2 of 2)
Derived-classCi r cl e5

- canctriictar hadv evecitee 1§ g09 29.cpp

| | 1 M = . |

Derived-classCi r cl e5
| conctriictor hodkvs aveciitoe |
Destructorsfor Ci r cl e5
- g |
Destructorsfor Ci r cl e5

object called in reverse order
of constructors.

Radi us

= 4.5

output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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publ i c, prot ect ed and pri vat e Inheritance

Base class Typeof inheritance
member : .
access public pr ot ect ed private
specifier inheritance inheritance inheritance
publ i c inderived class. prot ect ed indeivedclass. | privat e inderived class.
Can be accessed directly by any | Can be accessed directly by all | Can be accessed directly by all
Public  |Non-static member functions, | non-st at i ¢ member functions | non-st at i ¢ member functions
f ri end functions and non- andfri end functions. andf ri end functions.
member functions.
prot ect ed inderivedclass. | protected indeivedclass. | privat e inderived class.
Can be accessed directly by dl | Can be accessed directly by dl | Can be accessed directly by all
Pr ot ect ed| non-st at i ¢ member functions | non-st at i ¢ member functions | non-st at i ¢ member functions
andf ri end functions. andfriend functions. andf ri end functions.
Hidden in derived class. Hidden in derived class. Hidden in derived class.
Can be accessed by non-st at i ¢ | Can be accessed by non-st at i ¢ | Can be accessed by non-st at i ¢
Privat member functionsand f ri end | member functionsandf ri end | member functionsand f ri end
rivate functionsthrough publ i ¢ or functionsthrough publ i cor | functionsthrough publ i ¢ or
pr ot ect ed member functions | pr ot ect ed member functions | pr ot ect ed member functions
of the base class. of the base class. of the base class.

O 2003 Prentice Hall, Inc. All rights reserved.




Software Engineering with Inheritance

e Customizing existing software

— Inherit from existing classes
* Include additional members
 Redefine base-class members
» No direct access to base class s source code
— Link to object code
— Independent software vendors (1SV's)
» Develop proprietary code for sale/license
— Available in object-code format
o Usersderive new classes
— Without accessing ISV proprietary source code
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