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2x€oeig “IS-A”, “HAS-A”

o Xyéomn "IS-A"
— “1SA”, vmodnAmvel GYECT KANPOVOLLKOTNTOG
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e public TtOHmoOC KANpOovoUIKOTNTOG
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ToV¢ (e (PN TOV OVOLATOC TOV LEAOVG)
— friend  functions

e Agv KAnpovouovvtot

11



protected pEAN

e protected mpooméraon
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24
25

/[ Fig. 9.4: point.h

I/l Point class definition represents an x-y coordin ate pair.
#ifndef  POINT_H

#define POINT_H

class Point{

13
A Qutline
Vv

point.h (1 of 1)

public:
Pointf( int = 0, int = 0 ); // defaultconstructor
void setX( int ); /Il set x in coordinate pair
int getX() const ; /Il return x from coordinate pair
void setY( int ); /Il set y in coordinate pair
int getY() const ; Il return y from coordinate pair
void  print() const ; // output Point object
private:
int x; /[ x part of coordinate pair

Maintainx- andy -
coordinates aprivate  data
members.

int y; /ly partof coordinate pair

};  // end class Point

#endif

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 9.5: point.cpp

/I Point class member-function definitions.
#include <ijostream>

using std::cout;

#include  "point.h" /[ Point class definition

/I default constructor

Point::Point( int xValue, int yValue )
{

X = xValue;

y = yValue;

} // end Point constructor

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

{

x = xValue; // no need for validation

} // end function setX

A 14

Qutline
Vv

point.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/l return x from coordinate pair

int  Point::getX() const
{

return  X;
} // end function getX

/l sety in coordinate pair

void Point::setY( int  yValue )
{

y = yValue; /I no need for validation
} // end function setY

/l return y from coordinate pair

int  Point::getY() const
{

return vy;
} // end function getY

A 15

Qutline
Vv

point.cpp (2 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// output Point object

void Point::print() const
{

cout << ' <<x<< :
} // end function print

<Ky <<

7

A 16

Qutline
Vv

point.cpp (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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1 /I Fig. 9.6: pointtest.cpp

2 [l Testing class Point.

3  #include  <iostream>

4

5 using std::cout;

6 using std::endl;

-

8  #include  "point.h" /[ Point class definition

9 Create &oint object.
10 int  main()

11 |

12 Point point( 72, 115 ); // instantiate Point object

13

14 /[ display point coordinates

15 cout << "X coordinate is " << point.getX() }

16 << "\nY coordinate is" << point. Invoke set functions to
17 modify private  data.
18 point.setX( 10 ); [/l set x-cogrdihate

19 point.setY( 10 ); [/l sety-coordinate

20 Invokepublic  function

21 /I display new point value print  to display new

22 cout << "\n\nThe new Jecation of poin{ coordinates.

23 point.print();

24 cout << endl,

25

pointtest.cpp
(10of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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26 return  0; // indicates successful termination A Outline 8

27 v

28 } // end main

X coordinate is 72 pol ntteSt.Cpp
Y coordinate is 115 (20f 2)
The new location of point is [10, 10] pointtest.cpp

output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 9.7: circle.h

/I Circle class contains x-y coordinate pair and ra
#ifndef  CIRCLE_H

#define CIRCLE_H

class Circle {

public:

/I default constructor

dius.

Circle( int =0, int = 0, double = po -

void setX( int );
int getX() const ;

void setY( int ),
int getY() const ;

void setRadius(  double );

double getRadius() const ;

double getDiameter() const ;
double getCircumference() const ;
double getArea() const ;

et xin
/l return x from coordinate pair

A 19

Qutline
Vv

Note code similar t&oint
code.

/l sety in coordinate pair
/l return y from coordinate pair

/I set radius
/I return radius

/I return diameter
/I return circumference
[/l return area

circleh (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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autniit Circle nhiect

Maintainx-y coordinates anc
radius asprivate data

A 20

Qutline
Vv

members.

CITUTT S LTTITTT

void  print() const ; /
private:

int  x; /[x<Coordinate of

int y; /I y-coordinate of

double rw
}; Il end class Circle

Note code similar t&oint
code.

#endif

circle.h (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 9.8: circle.cpp

/I Circle class member-function definitions.
#include <ijostream>

using std::cout;

#include "circle.h" /I Circle class definition

/I default constructor

Circle::Circle( int xValue, int yValue, double radiusValue )
{

X = xValue;

y = yValue;

setRadius( radiusValue );

} // end Circle constructor

/I set x in coordinate pair
void Circle::setX( int  xValue )

{

x = xValue; // no need for validation

} // end function setX

A 21

Qutline
Vv

circle.cpp (1 of 4)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/l return x from coordinate pair

int  Circle::getX() const
{

return  X;
} // end function getX

/l sety in coordinate pair

void Circle::setY( int yValue )
{

y = yValue; /I no need for validation
} // end function setY

/l return y from coordinate pair

int  Circle::getY() const
{

return vy;
} // end function getY

A 22

Qutline
Vv

circle.cpp (2 of 4)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I set radius
void Circle::setRadius(

{

radius = ( radiusValue <
} /I end function setRadius

/l return radius
double Circle::getRadius()
{

return radius;

} // end function getRadius

/I calculate and return diameter
Circle::getDiameter()

double

{

return 2 *radius;

} // end function getDiameter

double

0.0 ? 0.0

const

const

radiusValue )

: radiusValue );

A

_ 23
Qutline

v

Ensure non-negative value f

radius

circle.cpp (3 of 4)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I calculate and return circumference
double Circle::getCircumference() const

{
return  3.14159 * getDiameter();

} // end function getCircumference

/I 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

T

A 24

Qutline
Vv

circle.cpp (4 of 4)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 9.9: circletest.cpp
Il Testing class Circle.
#include  <iostream>

using std::cout;
using std::endl;
using std::fixed;
#include  <iomanip>
using std::setprecision;
“circle.h"

#include

int  main()

{

Circle circle( 37,

/I Circle class definition

43, 2.5 );

/Il display point coordinates

cout << "X coordinate is "

<< "\nY coordinate is "

<< "\nRadius is"

A

Qutline

v

CreateCircle

object.

/I instantiate Circle object

<< circle.getX()
<< circle.getY()
<< circle.getRadius();

circletest.cpp
(10of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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circle.setX( 2); Il set new x-coordinate
circle.setY( 2 ); /I set new y-coordinate
circle.setRadius( 4.25 ); // set new radius

A 26

Qutline
Vv

// display new point value Use set functions to modify
cout << "\n\nThe new location and radius private data.

circle.print(); < 
Invokepublic function

/I display floating-point values with 2 digits of | print  to display new
cout << fixed << setprecision( 2 )| coordinates.

/Il display Circle's diameter
cout << "\nDiameter is" << circle.getDiameter();
/[ display Circle's circumference
cout << "\nCircumference is" << circle.getCircumference();
/I display Circle's area
cout << "\nArea is"” << circle.getArea();
cout << endl;

return  0; // indicates successful termination

48 } /I end main

circletest.cpp
(2 of 2)

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

circletest.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 9.10: circle2.h

/I Circle2 class contains x-y coordinate pair and r

#ifndef CIRCLEZ2_H

#define CIRCLE2_H

#include  "point.h"

class Circle2 : public  Point {
public: \

/I default constructor
Circle2( int = 0,

void setRadius(
double getRadius()

double
double
double getArea()
void  print()

private:

double radius;

double );

getDiameter()
getCircumference()

adius.

A 28

Qutline
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ClassCircle2
| classPoint

inherits from

int = 0, dou

Keywordpublic indicates
type of inheritance.

const ;

const ;
const

const ;

const ;

[ Circle2's radius

/I set radius
/I return radius

[/l return diameter
: [/l return circumference
/l return area

Maintainprivate  data

memberadius

circle2.h (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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};  /l end class Circle2

#endif

/I Fig. 9.11: circle2.cpp

/I Circle2 class member-function definitions.

#include <iostream>

using std::cout;

#include "circle2.h" /I Circle2 class definition

/I default constructor
Circle2::Circle2( int  xValue,
{

X = xValue;

y = yValue;

setRadius( radiusValue );

} /I end Circle2 constructor

A 29

Qutline
Vv

in

Attempting to access base
classPoint ’s private
data members andy results

in syntax errors.

circle2.h (2 of 2)

circle2.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I set radius

void Circle2::setRadius( double radiusValue )
{

radius = ( radiusValue < 0.0 ? 0.0 :radiusvValue );
} // end function setRadius

/I return radius
double Circle2::getRadius() const

{

return  radius;
} // end function getRadius

/I calculate and return diameter
double Circle2::getDiameter() const

{

return 2 *radius;

} // end function getDiameter

A 30
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circle2.cpp (2 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I calculate and return circumference
double Circle2::getCircumference()

{
return  3.14159 * getDiameter();

} // end function getCircumference

/I calculate and return area

double Circle2::getArea() const
{

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

/l output Circle2 object

void Circle2::print() const
{
cout <<"Center =["<<x<<", " <<y <<
<< ": Radius =" << radius;
} // end function print

const

31
A Qutline
Vv

circle2.cpp (3 of 3)

Attempting to access base
classPoint ’s private
data members andy results

In syntax errors.

© 2003 Prentice Hall, Inc.
All rights reserved.



C:\cpphtp4\examples\ch09\CircleTest\circle2.cpp(12)
cannot access private member declared in class 'Poi

C:\cpphtp4\examples\chO9\circletest\point.h(20) :

see declaration of 'x'

C:\cpphtp4\examples\ch09\CircleTest\circle2.cpp(13)
cannot access private member declared in class 'Poi

C:\cpphtp4\examples\ch09\circletest\point.h(21) :

see declaration of 'y’

C:\cpphtp4\examples\ch09\CircleTest\circle2.cpp(56)
cannot access private member declared in class 'Poi

C:\cpphtp4\examples\chO9\circletest\point.h(20) :

see declaration of 'x'

C:\cpphtp4\examples\ch09\CircleTest\circle2.cpp(56)
cannot access private member declared in class 'Poi

C:\cpphtp4\examples\ch09\circletest\point.h(21) :

see declaration of 'y’

. g _ 32
r;t'error C2248: 'X": A Outllne
Y
circle2.cpp
s efror C2248: 'y : output (1 of 1)

\ error\C2248: 'x' :
nt

Attempting to access base
classPoint ’s private
data members andy results

in syntax errors.

© 2003 Prentice Hall, Inc.
All rights reserved.



O© 0O N O O & W N P

NNNNRRRRRRRRR R
WNPFEPOOOWwMNOUuDMWNLERO

24
25

/[ Fig. 9.12: point2.h

I/l Point2 class definition represents an x-y coordi nate pair.

#ifndef POINT2_H
#define  POINT2 H

class Point2 {

public:
Point2( int = 0, int = 0 ); // default constructor
void setX( int ); Il set x in coordinate pair
int getX() const ; /l return x from coordinate pair
void setY( int ); /l sety in coordinate pair
int getY() const ; /I return y from coordinate pair
Maintainx- andy -
void print()  const 7/ ou} coordinates aprotected
data, accessible to derived
protected: |
int x; /[ x part of coordinate | CESEEs:

int y; /ly partof coordinate pair

};  // end class Point2

#endif

A 33

Qutline
Vv

point2.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 9.13: point2.cpp

/l Point2 class member-function definitions.
#include <ijostream>

using std::cout;

#include  "point2.h" I/l Point2 class definition

/I default constructor

Point2::Point2( int xValue, int yValue )
{

X = xValue;

y = yValue;

} // end Point2 constructor

/l set x in coordinate pair
void Point2::setX( int  xValue )

{

x = xValue; // no need for validation

} // end function setX

A 34
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point2.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/l return x from coordinate pair

int  Point2::getX() const
{

return  X;
} // end function getX

/l sety in coordinate pair

void Point2::setY( int yValue )
{

y = yValue; /I no need for validation
} // end function setY

/l return y from coordinate pair

int  Point2::getY() const
{

return vy;
} // end function getY

A 35

Qutline
Vv

point2.cpp (2 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// output Point2 object
void Point2::print()
{

cout << [ <<x<<

} // end function print

const

<Ky <<

7

A 36

Qutline
Vv

point2.cpp (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 9.14: circle3.h

/I Circle3 class contains x-y coordinate pair and r

adius.

A 37
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ClassCircle3
classPoint2

inherits from

#ifndef CIRCLE3 H

#define CIRCLE3 H

#include  "point2.h" [[POInt2 class
class Circle3: public  Point2 {
public:

/I default constructor
Circle3( int

void
double

double
double
double

void

private:
double

setRadius(
getRadius()

getDiameter()
getCircumference()
getArea()

print()

radius;

= 0, int

double );
const ;

const ;

const ;

const ;

[ Circle3's radius

const ;

= 0, double = 0.0 );

/I set radius
/I return radius

[/l return diameter

/l return area

/I return circumference

Maintainprivate
membemradius

data

circle3.h (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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};  /l end class Circle3

#endif

A 38
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circle3.h (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 9.15: circle3.cpp
/I Circle3 class member-function definitions.
#include <iostream>

using std::cout;

#include  "circle3.h" Il Circle?-clase dafinitian
Constructor first implicitly [
/I default constructor calls base class’s default
Circle3::Circle3( Mt xValte, | constructor.
{ protected I base class
X = xValue; Point2
y = yValue;

A 39

Qutline
Vv

setRadius( radiusValue );

} /I end Circle3 constructor

/I set radius
void Circle3::setRadius( double radiusValue )

{

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

} /I end function setRadius

circle3.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/l return radius
double Circle3::getRadius() const

{

return  radius;
} // end function getRadius

/l calculate and return diameter
double Circle3::getDiameter() const

{

return 2 *radius;
} // end function getDiameter

/I calculate and return circumference
double Circle3::getCircumference() const

{
return  3.14159 * getDiameter();

} // end function getCircumference

A 40

Qutline
Vv

circle3.cpp (2 of 3)
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/I calculate and return area
double Circle3::getArea()

{

const

return 3.14159 *radius * radius;

} /I end function getArea

/l output Circle3 object
void Circle3::print()
{

cout << "Center = ["

<< "; Radius ="

} /I end function print

const

<< X <<
<< radius;

<LKy <<

T

41
A Qutline
Vv

circle3.cpp (3 of 3)

Access inherited data
members andy, declared
protected in base class
Point2

© 2003 Prentice Hall, Inc.
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/I Fig. 9.16: circletest3.cpp
/] Testing class Circle3.

#include
using
using
using
#include
using

#include

int

{

<iostream>
std::cout;
std::endl;
std::fixed;
<iomanip>
std::setprecision;
"circle3.h"

main()

Circle3 circle( 37,

/I Circle3 class definition

43,

/Il display point coordinates

cout <<

"X coordinate is "

<< "\nY coordinate is "

<< "\nRadius is"

A
\%

circletest3.cpp
(10of 2)

Qutline

CreateCircle3

object.

25 );

<< circle.getX()
<< circle.getY()
<< circle.getRadius();

/I instantiate Circle3 object

42

Use inherited get functions t
access inheritegrotected

O

UseCircle3 get function to
accesygrivate data
radius

© 2003 Prentice Hall, Inc.
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A Qutline

circle.setX( 2); /I set new x-coordinate
circle.setY( 2 ); ZMWHP
circle.setRadius( 4.25 ); set new radi Use inherited set functions t@—-

maodifv inherited

/I display new point value \

cout << "\n\nThe new location and radius of circle g
circle.print();

UseCircle3 set function to
modify private  data
radius

/I display floating-point values with 2 digits of p recision
cout << fixed << setprecision( 2 );

/I display Circle3's diameter

cout << "\nDiameter is" << circle.getDiameter();

/I display Circle3's circumference

cout << "\nCircumference is" << circle.getCircumference();

/Il display Circle3's area
cout << "\nArea is"” << circle.getArea();

cout << endl;

return  0; // indicates successful termination

48 } /I end main

v

circletest3.cpp
(2 of 2)

© 2003 Prentice Hall, Inc.
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circletest3.cpp
output (1 of 1)
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24
25

/I Fig. 9.17: point3.h

I/l Point3 class definition represents an x-y coordi nate pair.

#ifndef  POINT3_H
#define  POINT3 H

class Point3 {

public:
Point3( int = 0,

void setX( int );
int getX() const ;

void setY( int ),
int getY() const ;

void  print() const

private:

= 0 ); [/l default constructor

/I set x in coordinate pair
/l return x from coordinate pair

/[ sety in coordinate pair
/[ return y from coordinate pair

/I ol

Better software-engineering
practice:private  over
protected when possible.

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

};  // end class Point3

#endif

A 46

Qutline
Vv

point3.h (1 of 1)
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/I Fig. 9.18: point3.cpp
/I Point3 class member-function definitions.
#include <iostream>

using std::cout;

#include  "point3.h" I/l Point3 class definition

/I default constructor
Point3::Point3( int  xValue, int yV
: X( xValue ), y(yValue )

/I empty body

} // end Point3 constructor

/l set x in coordinate pair
void Point3::setX( int  xValue )

{

x = xValue; // no need for validation

} // end function setX

e)

47
A Qutline
Vv

point3.cpp (1 of 3)

Member initializers specify
values ofx andy.

© 2003 Prentice Hall, Inc.
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/l return x from coordinate pair

int  Point3::getX() const
{

return  X;
} // end function getX

/l sety in coordinate pair

void Point3::setY( int yValue )
{

y = yValue; /I no need for validation
} // end function setY

/l return y from coordinate pair

int  Point3::getY() const
{

return vy;
} // end function getY

A 48

Qutline
Vv

point3.cpp (2 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.



45
46
47
48
49
50

/l output Point3 object

void  Point3::print() const
{

cout << [" << getX() <<
} /I end function print

<< getY() <<

T

A 49

Qutline
Vv

point3.cpp (3 of 3)

Invoke nonprivate

member functions to access

private  data.
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/I Fig. 9.19: circle4.h
/I Circle4 class contains x-y coordinate pair and r
#ifndef CIRCLE4_H

adius.

A 50

Qutline
Vv

#define CIRCLE4_H -
ClassCircle4

/| Boiria clas{ classPoint3

#include  "point3.h"

inherits from

class Circle4 : public  Point3 {
public:

/I default constructor
Circle4( int =0, int =0, double = 0.0 );

/I set radius
/I return radius

void setRadius(  double );
double getRadius() const ;

double getDiameter() const ;

[/l return diameter

double getCircumference() const ; /[ return circumference

double getArea() const ;

/l return area

void  print() const ;

Maintainprivate  data
membemradius

private:

double radius; [ Circle4d's radius

circled.h (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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};  /l end class Circle4

#endif

A 51

Qutline
Vv

circled.h (2 of 2)
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I/l Fig. 9.20: circle4.cpp
/I Circle4 class member-function definitions.
#include <iostream>

using std::cout;

A 52

Qutline
Vv

#include "circle4.h" /I Circle4 class de . e an
Base-class initializer syntax

/I default constructor Passes grguments to base
Circle4::Circle4( int alue, int yM classPoint3

: Point3( xValue, yValue ) /Il call base-class constructor
setRadius( radiusValue );
} /I end Circle4 constructor

/I set radius
void Circle4::setRadius( double radiusValue )

{

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

} /I end function setRadius

circled.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
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/I return radius
double Circle4::getRadius() const

{

return  radius;
} /I end function getRadius

/I calculate and return diameter
double Circle4::getDiameter() nst

{
return 2 * getRadius();

} // end function getDiameter

/I calculate and return circumference
double Circle4::getCircumference()

{
return  3.14159 * getDiameter();

} // end function getCircumference

A 53

Qutline
Vv

Invoke functiongetRadius

rather than directly accessin
data memberadius

const

circled.cpp (2 of 3)
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/I calculate and return area

double Circle4::getArea() const
{

return  3.14159 * getRadius() * getRadius();
} /I end function getArea

A 54

Qutline
Vv

Redefine clasPoint3
member functiomprint

'S

Invoke functiongetRadius

Il output Circle4 object

Invoke base-clasd8oint3 ’s
print  function using binary
scope-resolution operator

).

5Sing

void Circle4::print() const
{
cout << "Center ="
Point3::print(); /I invoke Point]
cout << "; Radius =" << getRadius(
} /I end function print

circled.cpp (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 9.21: circletest4.cpp
/I Testing class Circle4.

#include
using
using
using
#include
using

#include

int

{

<iostream>
std::cout;
std::endl;
std::fixed;
<iomanip>
std::setprecision;
"circle4.h"
main()

Circle4 circle( 37,

/I Circle4 class definition

43,

/Il display point coordinates

cout <<

"X coordinate is "

<< "\nY coordinate is "

<< "\nRadius is"

A
\%

circletest4.cpp
(10of 2)

Qutline

CreateCircle4

object.

2.5 ); [Ilinstantiate

<< circle.getX()
<< circle.getY()
<< circle.getRadius();

Circle4 object

55

Use inherited get functions t
access inheritegrotected

O

UseCircle3 get function to
accesygrivate data
radius

© 2003 Prentice Hall, Inc.
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circle.setX( 2); /I set new x-coordinate
circle.setY( 2 ); ZMWHP
circle.setRadius( 4.25 ); set new radi Use inherited set functions t@—-

maodifv inherited

/I display new circle value \

cout << "\n\nThe new location and radius of circle g
circle.print();

UseCircle3 set function to
modify private  data
radius

/I display floating-point values with 2 digits of p recision
cout << fixed << setprecision( 2 );

/I display Circle4's diameter

cout << "\nDiameter is" << circle.getDiameter();

/I display Circle4's circumference

cout << "\nCircumference is" << circle.getCircumference();

Il display Circle4's area
cout << "\nArea is"” << circle.getArea();

cout << endl;

return  0; // indicates successful termination

48 } /I end main

v

circletest4.cpp
(2 of 2)

© 2003 Prentice Hall, Inc.
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. Outline

circletest4.cpp
output (1 of 1)
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KANPOVOUIKOTNTOG TPIWV ETTITTEOWV

e Iepapylo KANPOVOLKOTNTOG TPLOV ETLTEODV
point/circle/cylinder
— Point

e X-y coordinate pair
— Circle
* X-y coordinate pair
* Radius
— Cylinder
e X-y coordinate pair
* Radius
* Height
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/I Fig. 9.22: cylinder.h
/I Cylinder class inherits from class Circle4.

59
A Qutline
Vv

#ifndef CYLINDER_H
#define  CYLINDER H ClassCylinder inherits cylinder.h (1 of 2)
#include  "circle4.h” /[ Chtle4 class from classCircle4
class Cylinder : public  Circle4 {
public:
/I default constructor
Cylinder( int =0, int =0, double = 0.0, double 0.0 );
void setHeight( double ); //set Cylinder's height
double getHeight() const ; //return Cylinder's height
double getArea() const ; I/ return Cylinder's area
double getVolume() const ; // return Cvlinder's volume
void print()  const ; /I out Maintainprivate  data
memberheight
private:
double height; Cylinder's height

};  /l end class Cylinder

© 2003 Prentice Hall, Inc.
All rights reserved.
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#endif

/I Fig. 9.23: cylinder.cpp
/I Cylinder class inherits from class Circle4.
#include  <iostream>

using std::cout;

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

A Qutline

v

/I default constructor
Cylinder::Cylinder( int  xValue,
double heightValue )

int—yValue,

Base-class initializer syntax
passes arguments to base
classCircle4

: Circle4( xValue, yValue, radiusValue )
setHeight( heightValue );

} // end Cylinder constructor

cylinder.h (2 of 2)

cylinder.cpp
(1 of 3)

60
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/Il set Cylinder's height

void Cylinder::setHeight( double heightValue )
{

height = ( heightValue < 0.0 ? 0.0 :heightvalue );
} /I end function setHeight

/I get Cylinder's height
double Cylinder::getHeight() const
{

return  height;
} // end function getHeight

/Il redefine Circle4 function getArea to calculate
double Cylinder::getArea()

{

return 2 * Circle4::getArea() +
getCircumference() * getHeight();

} // end function getArea

61
A Qutline
Vv

cylinder.cpp
(2 of 3)

Redefine base class

Invoke base-class

| Circle4 's getArea

function using binary scope-
resolution operator.:( ).

yer function
N
e area.

© 2003 Prentice Hall, Inc.
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/l calculate Cylinder volume

double Cylinder::getVolume() const
{

return  Circle4::getArea() * getHeight();
} /I end function getVolume

Invoke base-class
Circled ’sgetArea

resolution operator.:( ).

function using binary scope-

A 62

Qutline
Vv

cylinder.cpp

Redefine clas€ircle4

// output Cylinder object

void Cylinder::print() const /
{
Circle4::print();

Invoke base-class

Circled ’sprint function
using binary scope-resolutio
operator { ).

nt

S

(3 of 3)

—

cout << "; Height =" << getHeight();

} /I end function print

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 9.24: cylindertest.cpp
/I Testing class Cylinder.
#include  <iostream>

using std::cout;
using std::endl;
using std::fixed;

#include  <iomanip>

using std::setprecision;

#include  "cylinder.h" /I Cylinder class definition
int  main()
{

/[ instantiate Cylinder object

Cylinder cylinder( 12, 23, 25, 57 )

/Il display point coordinates

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

63
A Qutline
Vv

cylindertest.cpp
(1 of 3)

Invoke indirectly inherited
Point? membher fiinctions

[] 1 15 Ll 2 1 o 1

InvokeCylinder member
function.

© 2003 Prentice Hall, Inc.
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cylinder.setX(

/I set new x-coordinate

A 64

2);
2);%

cylinder.setY/(

Invoke indirectly inherited vV

DnAint?2

mnomhanr fiinctinne

Qutline

cylinder.setRadius( 4.25 ); Il setnew radi
cylinder.setHeight( 10 ); m

Invoke directly inherited

cylindertest.cpp

/I display new cylinder value

cout << "\n\nThe new location and radius of circle

Invoke Cylinder
function.

member | (2 of 3)

cylinder.print();

/Il display floating-point values with 2 digits
cout << fixed << setprecision(

N

\ Invoke redefinegbrint

function.

Il display cylinder's diameter
cout << "\n\nDiameter is"

/I display cylinder's circumference
cout << "\nCircumference is"
<< cylinder.getCircumference();

/I display cylinder's area
cout << "\nArea is"” << cylinder.getArea();
/I display cylinder's volume
cout << "\nVolume is"

<< cylinder.getVolume();

<< cylinder.getDiameter();

'\

Invoke redefinedjetArea
function.

© 2003 Prentice Hall, Inc.
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51 cout << endl;

52

53 return 0; [/l indicates successful termination
54

55 } //end main

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

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

Diameter is 8.50
Circumference is 26.70
Area is 380.53

Volume is 567.45

A 65

Qutline
Vv

cylindertest.cpp
(3 0of 3)

cylindertest.cpp
output (1 of 1)
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e Anuiovpyic OVTIKEILEVOD TAPAYOUEVNC KAAOTG
— 2&1pd KANong twv constructors
* O constructormg mapayouevnc kAaong Kaiel tov constructor
g kAAoNG Paong

— Eppeca 1 dueca,

e Bdomn ¢ tepapyioc kKAnpovoukodtnTog
— O teAlevtaioc otn Gepd constructorov kaAgitot Kot o

TPDOTOG TTOV OAOKANPDOVEL TNV EKTEAEGT] TOV

— Iapaderyua: epapyio Point3 /Circle4 /Cylinder

* Point3 constructorxaigiton tehevtaiog Kot
OALOKANPOVEL TNV EKTELECT] TOV TPDTOG

e Apykomoinon tov nedimv

— O constructodde kK dong faong apyukomotel ta Tediol
TOV
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Kotaotpopn aviikelevou mopayouevns KAGGMG
— Xeipd kKAnonc tov destructors

e Avtiotpoen oepd amd avT TNG KANoNG TV constructors

» O destructortng mapayduevng KAAoNG KaAsitor TPOTOG

» O destructottng erdpevng kK dong Pdone otnv epapyiol
KOAEITOL GTT) GUVEYELDL

e Yvveyilovue TPOg T TAVE UEYPL Vo POAGOLIE GTNV TEAEL TN
KAGon Pdong g epapyiog

— Metd v ektéleon tov televtaiov destructorzo
OVTIKEILEVO OPOLPELTOL OTTO TN UVTUN
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KAAGNG UTOPOVV VO KOAEGOLV

e Constructors
e Teleotéc avdBeong
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1 /I Fig. 9.25: point4.h A : 69
. o | | Outline

2 I/ Point4 class definition represents an x-y coordi nate pair.

3 #ifndef POINT4 H v

4  #define POINT4 H nnint4 h (1 of 1)

> . Constructor and destructor

6 class Point4 {

- output messages to

C e demonstrate function call

9 Point4( int = 0, int = 0 ); // default construstor order.

10 ~Point4(); /I destructor

11

12 void setX( int ); Il set x in coordinate pair

13 int getX() const ; /l return x from coordinate pair

14

15 void setY( int ), /I sety in coordinate pair

16 int getY() const ; /I 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; //ypartof coordinate pair

23

24 }; Il end class Point4

25

26  #endif

© 2003 Prentice Hall, Inc.
All rights reserved.
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I/l Fig. 9.26: point4.cpp
/l Point4 class member-function definitions.
#include <iostream>

using std::cout;
using std::endl;

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

A 70

Qutline
Vv

/I default constructor
Point4::Point4( int  xValue, int yValue
: X( xValue ), y(yValue )

Output message to
demonstrate constructor
function call order.

{
cout << "Point4 constructor: "
print();
cout << endl;

} // end Point4 constructor

Output message to

/I destructor
demonstrate destructor

Point4::~Point4()

{ function call order.
cout << "Point4 destructor: "
print();
cout << endl;

point4.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
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} // end Point4 destructor

/I set x in coordinate pair

void Point4::setX( int  xValue )
{

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

/I return x from coordinate pair

int  Point4::getX() const
{

return  Xx;
} // end function getX

/I set'y in coordinate pair

void Point4::setY( int  yValue )
{

y = yValue; /I no need for validation
} // end function setY

A 71

Qutline
Vv

point4.cpp (2 of 3)
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/l return y from coordinate pair

int  Point4::getY() const
{

return y;
} // end function getY

// output Point4 object

void Point4::print() const
{

cout << ["  <<getX() << o
} // end function print

<< getY() <<

T

A 72

Qutline
Vv

point4.cpp (3 of 3)
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/I Fig. 9.27: circle5.h

/I Circle5 class contains x-y coordinate pair and r adius.

#ifndef CIRCLE5 H
#define CIRCLE5 H

#include  "point4.h" I/l Point4 class definition
class Circle5: public  Point4 {
public:

/I default constructor
Circle5( int =0, int =0, double = 0.0 );

~Circle5(); /l destructor

void setRadius(  double ); /] set radius

double getRadius() const ; /l return radius

double getDiameter() const ; /l return diameter
double getCircumference() const ; /[ return circumference
double getArea() const ; /l return area

void  print() const ; /l output Circle5 object

73
A Qutline
Vv

circleb.h (1 of 2)

Constructor and destructor
output messages to
demonstrate function call
order.
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30

private:
double radius;
};  /l end class Circle5

#endif

/I Circle5's radius
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I/l Fig. 9.28: circle5.cpp
/I Circle5 class member-function definitions.
#include <iostream>

using std::cout;
using std::endl;

#include "circle5.h" /I Circle5 class definition
/I default constructor
Circle5::Circle5( int  xValue, int yValue,

: Point4( xValue, yValue ) /I call base-cla

setRadius( radiusValue );

cout << "Circle5 constructor: " :

print();
cout << endl;

} // end Circle5 constructor

double radiusValue )

A 75

Qutline
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Output message to
demonstrate constructor
function call order.

circleb.cpp (1 of 4)
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44

Il destructor
Circle5::~Circle5()

A 76
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{
cout << "Circle5 destructor: " :
print(); ‘\
cout <<endl; Output message to
demonstrate destructor
} /I end Circle5 destructor function call order.

/I set radius

void Circle5::setRadius( double radiusValue )
{

radius = ( radiusValue < 0.0 ? 0.0 :radiusValue );
} /I end function setRadius

/I return radius
double Circle5::getRadius() const

{

return radius;

} /I end function getRadius

circleb.cpp (2 of 4)
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63
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/I calculate and return diameter
double Circle5::getDiameter() const

{

return 2 * getRadius();
} // end function getDiameter

/I calculate and return circumference
double Circle5::getCircumference() const

{
return  3.14159 * getDiameter();

} // end function getCircumference

/l calculate and return area
double Circle5::getArea() const

{
return  3.14159 * getRadius() * getRadius();

} // end function getArea
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/l output Circle5 object
void  Circle5::print()
{
cout << "Center ="
Point4::print();

cout << ": Radius ="

} // end function print

const

/l invoke Point4's print function
<< getRadius();
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circleb.cpp (4 of 4)
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14
15
16
17
18
19
20
21
22
23
24
25

/I Fig. 9.29: fig09_29.cpp

/I Display order in which base-class and derived-cl ass
/I constructors are called.

#include  <iostream>

using std::cout;
using std::endl;
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#include  "circle5.h" /I Circle5 class definition
int  main() Point4 object goes in and
{ out of scope immediately.

{ // begin new scope

Point4 point( 11, 22 );

} J/ end scope Instantiate twdCircle5

of derived-class and base-
class constructor/destructor

cout << endl;
Circle5 circlel(

objects to demonstrate ordef

function calls.

cout <<endl
Circle5 circle2(

cout << endl;

fig09 29.cpp
(10of 2)
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27 return  0O;
28
29 } // end main

/I indicates successful termination

Point4 constructor: [11, 22]
Point4 destructor: [11, 22]

Point4 constructor: [72, 29]
Circle5 constructor: Center = [72, 29]; Radius = 4.

Point4 constructor: [5, 5]
Circle5 constructor: Center = [5, 5]; Radius = 10

Circle5 destructor: Center = [5, 5]; Radius =
Point4 destructor: [5, 5]
Circle5 destructor: Center = [72, 29]; Radius
Point4 destructor: [72, 29]
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A Outline
Point4 constructor called Vv
for object in block; destructor fig09 29.cpp
o i (2 of 2)
Derived-clas<ircle5
conctriictar hadv eveciitec flgog chpp

NDaca aAlaca®aAatnd A

Derived-clasircle5

canctriictor hodv evaciitec

Destructors foCircle5

nhiact called in reverece nrde

Destructors foCircle5
object called in reverse orde
of constructors.

output (1 of 1)
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2x€oeig “Uses A7 kail “Knows A”

e “Uses A”

— "Eva avtikeipevo ypnoipuomotel Eva AALO aVTIKEIULEVO

e Me 10 va koAet un-private puéBodo ¥pnoILOTOIDOVTOC
O€IKTN, AvOoPOPA 1 TO OVOLLOL TOV OVTIKELLEVOD

e “Knows A” (association)

— "Eva avtikeipevo givat yvootng evog AALOL aVTIKEILEVOL
o [lepiéyer ocikn 1 reference
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KAnpovouikoTnta public, protected kai

private

Mpocoro- Tomog KAnpovoukéTTOG
proTiig , .
TPOCTELUOTG public protected private
pélovg 4 5 5
KhGoms puone KANPOVOLIKOTN T KANpovopIKOTNTO KANpovopIKOTNTO
public otV mapayoduevn Krhaom. protected otV mapayouevn kKhdon. private oty mapayopevn KAdon.
Mmnopet va tpoonedacOet an’ gubeiog | Mmopel va tpoonehacBel an’ evbeiag | Mropel va mpoonelacOel an’ gvbeiog
Public and Oheg Tic un-static  pebddovg, and Oheg Tig un-static  pebodovg ko) and dheg Tic un-static  pebddovg
friend «o e€mtepikég cuvaptoseic. | friend  cuvoprthocels. ko friend  cvvaptioelc.
protected  omnv mapayouevn khaon.| protected oty mapayduevn khdon.| private oty mapaydpevn kidon.
Mmnopel va tpocmelacbet o’ gvbeiog | Mmopel va mpoonedachel an’ gvbeiag | Mropel va tpocmelachel an’ gvbeiog
Protected and Oheg Tic un-static  pebodovg kot | amd Oheg Tig un-static  pebddovg ko| and dheg Tic un-static . pebodovg
friend ocvvoptioceis. friend  cvvoptmoeis. ko friend  cvvaptioelc.
Kpvoen oty mapayopevn KAdon. Kpvon oty mapayodpevn kAdon. Kpvon oty mopayopevn kKidon.
Mmnopet va tpocmelacOel amd pn- Mmnopet va tpocmelacOel amd pn- Mmnopei va tpocrmelacel amd pn-
Privat static  uebddove kau friend static  uebddovc kou friend static  uebddove kau friend
fivate ocuvoptioelg uéom public 7 oLVOPTAGELG pécw public 7 ouvopthoelg uéom public M
protected  pebdodovg g KAGoNG protected  pebddovg TG KAGoNG protected  pebddovg TG KAGoNG
Baonc. Baonc. Bdonc.
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H kinpovouwkotnto ot Mnyavikn Aoyiopuikov

e [Ipocopupoyn/Enéktaon vrdpyoviog AoyiouKon
— Anuovpyio TopayOUEVOV KAAGEDV LLE

TPocONKN emmAEOV LEADV
enavopouo neboowv g KAdong faong

— Agv amouteiton TpdoPfacn oTov TNYoio KMOtko TS KAAGNC
Paong

Awoevvoeon e object code

— AveEaptnrot IpounBevtéc Aoyiopkon

AVATTUEN 1010KTNTOV AOYIGUIKOV, VTTO TN Lope1 BiAtodnkng
KAMIGEWMV TTPOG EUTOPia;

Amatteiton Adgw yio va, ypnoipomom et

Xpealovron povo ta Header files

O1 ypNoteg TapAyovV VEEC KAAGELS 1] YPTCILOTOIOVV TIC
KAdoelg g BipAtoONkng, yopic va ypetdletor mpocPact ctov
TPOGTOUTEVUEVO KMOIKO TTNYNG
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