1 Object-Oriented Programming: Inheritance

1.1 Introduction

e Inheritance

— Software reusability
— Create new class from existing class

x Absorb existing class’s data and behaviors

+x Enhance with new capabilities
— Derived class inherits from base class

x Derived class
- More specialized group of objects
- Behaviors inherited from base class; can customize
- Additional behaviors

e (lass hierarchy

— Direct base class; inherited explicitly (one level up hierarchy)

— Indirect base class; inherited two or more levels up hierarchy

— Single inheritance; inherits from one base class

— Multiple inheritance; Inherits from multiple base classes (Base
classes possibly unrelated ); Chapter 22

e Three types of inheritance

— public
x Every object of derived class also object of base class
- Base-class objects not objects of derived classes
- Example: All cars vehicles, but not all vehicles cars
x Can access non-private members of base class

- Derived class can effect change to private base-class mem-
bers

- Through inherited non-private member functions
— private

x Alternative to composition
x Chapter 17



— protected
x Rarely used

e Abstraction

— Focus on commonalities among objects in system; "is-a” vs. "has-

7

a
— "is-a”

* Inheritance

x Derived class object treated as base class object

« Example: Car is a vehicle; Vehicle properties/behaviors also

car properties/behaviors

— "has-a”

x Composition

*x Object contains one or more objects of other classes as mem-
bers

x Example: Car has a steering wheel

1.2 Base Classes and Derived Classes

e Base classes and derived classes

— Object of one class ”is an” object of another class

*x Example: Rectangle is quadrilateral.
- Class Rectangle inherits from class Quadrilateral
- Quadrilateral: base class
- Rectangle: derived class
— Base class typically represents larger set of objects than derived
classes
x Example:

- Base class: Vehicle
Cars, trucks, boats, bicycles, ...

- Derived class: Car
Smaller, more-specific subset of vehicles

e Inheritance examples (see Fig. [I)

e Inheritance hierarchy (see Fig. & Top)



9.2 Base Classes and Derived Classes

* Inheritance examples

Base class Derived classes
Student GraduateStudent
UndergraduateStudent
Shape Circle
Triangle
Rectangle
Loan CarLoan
HomeImprovementLoan
MortgageLoan
Employee FacultyMember
Staf fMember
Account CheckingAccount
SavingsAccount

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

Figure 1: Inheritance examples

— Inheritance relationships: tree-like hierarchy structure
— Each class becomes

« Base class; supply data/behaviors to other classes

* OR

« Derived class; inherit data/behaviors from other classes

e public inheritance

— Specify with:

— Class TwoDimensionalShape : public Shape
Class TwoDimensionalShape inherits from class Shape (see
Fig. 2 Bottom)

— Base class private members

* Not accessible directly

x Still inherited; manipulate through inherited member func-
tions



Fig. 9.2 Inhertance hierarchy for university Communi tyMembexrs.

| CommunityMember |

|Employ< | Student | | Alumnus | 1Snll[1i§11"ﬁance

|p.dministrat_or‘ | Teacher | M‘

‘ AdministratorTeacher | ﬂéﬁ’;ﬁm

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

Fig. 9.3 Inhentance hierarchy for Shapes.

‘Thre‘enimens ionalShape

E

‘ TwoDimensionalShape

‘ Circle H Square HTriangle ‘ Sphere H Cube ‘ Tetrahedron"

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

Figure 2: Inheritance hierarchy for university CommunityMembers and
Inheritance hierarchy for Shapes



— Base class public and protected members; inherited with origi-
nal member access

— friend functions; not inherited

1.3 protected Members
Protected access

e Intermediate level of protection between public and private
e protected members accessible to

— Base class members
— Base class friends
— Derived class members

— Derived class friends
e Derived-class members

— Refer to public and protected members of base class; simply use
member names

1.4 Relationship between Base Classes and Derived
Classes

e Base class and derived class relationship
e Example: Point/circle inheritance hierarchy
— Point
x-y coordinate pair

— Circle
x-y coordinate pair

Radius



1 Jf Fig. 9.4: point.h
2 // Peoint class defini
3 fifndef POINT H

4 Hdefine POINT H

5

& class Point {

T

8 public:

] Point{ int = 0, in
10

11 void setX{ int };
12 int getI{} const;
13

14 wvoid set¥{ int };
15 int get¥({) const;
16

17 void print() const
18

18 private:

20 AmE s i aipert
21 int ¥; // ¥ part
22

23 }; // end class Point
24

25 Hendif

Outline

tion represents an x-y¥ coordinate pair.

pointh (1 of 1)

£ =0 ); /f default constructor

/f set x in coordinate pair

// return x from coordinate pair

JJ set ¥ in coordinate pair

/[ return ¥ from coordinate pair

Maintain x- and y-
coordinates as private data
members.

: /[ ocutput Point chbject

of coordinate pair

of coordinate pair

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 3: Point class header file



1 Tt AR R A TS Ao o) Outline
2 // Point class member-function definitions. —_—
3 Hinclude <iostream>

4 point.cpp (1 of 3)
L uzing std::cout;

6

T Hinclude "point.h® £/ Point class definition

8

9 JJ default constructor

10 Point::Point{ int xValue, int yValue }

5 S ¢

12 x = xValue;

13 ¥ = yValue;

14

15 1 // end Point conetructor

16

17 // set x in coordinate pair

18 woid Peint::setX({ int xValue }

19

20 x = xValue; // no need for wvalidation

21

22 } // end functicn setX

23

© 2003 Prentice Hall. Inc.
All rights reserved.

24 // return x from coordinate pair Outline

25 int Point::getX{) const _—
{

TR RN point.cpp (2 of 3)

} // end functicn getX

EBRBYR

31 // 2et ¥ in coordinate pailr

32 woid Point::set¥( int ¥Value )

33 {

34 ¥ = yValue; // no need for walidation
35

36 } // end functicn set¥

// return ¥ from coordinate pair
int Point::get¥ () const
{

return ¥;

} // end Function get¥

EaEBEBEEY

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4: Point class represents an xy-coordinate pair. (part 1 of 2)



45 // output Point object Outline
46 woid Point::print() const _—
47 1

48 collt €< N[rie<iy e B Rogg oy owm U] Ns p{)micpp(B ofi)
49

50 } // end functicn print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5: Point class represents an xy-coordinate pair. (part 2 of 2)
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Sl Fig. 9.6: pointtest.cpp
// Testing class Point.

#include <iostream>

uzing std::

out;
endl;

using stds:
Hinclude "point.h®
int main{}

{

Point point( 72, 115 };

/{ display point coordinates

cout << "I goordinate ig " << peint.ge

<< "\nY¥ coordinate is " << pgi

point.setX( 10 }; // set

point.set¥( 10 }; // set y-cooy

/[ display new peoint
cout << "\ni\nTh
peint.print();
cout << endl;

return 0;

} /¢ end main

I coordinate is 72

¥ coordinate is 115

The new location of peint is [10,

Figure 6: Point class test program.

// Peint class definit

‘Create a Point object.

J/ instantiate Point object

Invoke set functions to
99 modify private data.

-coordinate

ew lecaticn d

Invoke public function
print todisplay new
coordinates.

10]

S/ indicatez succeszszful termination

Qutline

pointtest.cpp
(1of2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Outline

pointtest.cpp
(20f2)

pointtest.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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1.4.1 Creating a Circle class without using inheritance

1 ST ST i rglech

2 JJ Circle class contains x-¥ coordinate pair and radius.

3 Hifndef CIRCLE H

4 Hdefine CIRCLE H

5

6 class Cirele [

7

8 public:

]

10 /J default constructor

1; Cirecle( int = 0, int = 0, double = NOIBCCde similar to Point
13 veid setX( int }; f set code.

14 int getX{} const; /{ return x from coordinate pair
15

16 woid set¥{ int }; [f{ =et y in coocrdinate pair
17 int get¥{} const; // return y from coordinate pair
18

19 void setRadius( double ); [/ set radius

20 double getRadius() const; J// return radius

21

22 double getDiameter () ceonet; [/ return diameter

23 double getCircumference() const; // return circumference
24 double getArea() const; [/ return area

25

26 void print()] const; i bt ol b et

o7 Maintain x-y coordinates and
28 private: radius as private data
28 int x; x- coordina members.

30 int ¥; [[ v-coordinate of Circle's CERLEr

31 double I:M dins

32 T Note code similar to Point
23 I; // end elass Circle code.

34

35 Hendif

Figure 7: Circle class header file.

10

Qutline

circle.h (1 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

circle.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.
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1 SLFig. 9.8 cirgle. cpp Outline
2 J/ Circle class member-function definitions. —_—
3 Hinclude <iestream>

4 circle.cpp (1 of 4)
L uzing std::cout;

6

T Hinclude "circle.h®™ £f Circle class definition

8

9 JJ default constructor

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

5 S ¢

12 x = xValue;

13 ¥ = yValue;

14 setRadius{ radiusValue );

15

} /{ end Circle constructor

16
17
18 [/ =et x in coordinate pair

19 ‘void Cirele::setX({ int xValue }

20 |

21 ¥ = xValue; // no need for wvalidation
2=
23
24

} // end function set

© 2003 Prentice Hall. Inc.
All rights reserved.

25 // return x from coordinate pair Outline
26 int Circle::geti() const _—
27 |

28 return x; circle.cpp (2 of 4)
29

30 } // end functicn getX

31

32 // 2et ¥ in coordinate pailr

33 wvoid Circle::set¥{ int yValue )

34 {

35 ¥ = yValue; // no need for walidation
36

37 } // end functicn: set¥

38

39 // return v from coordinate pair
40 int Circle::get¥Y() const

44

42 return ¥;

43

44 } // end function get¥
45

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 8: Circle class contains an xy-coordinate pair and a radius. (part 1

of 2)

11



46 // set radius
47 wvoid Circle::setRadius{ double radiusValue )
48 [

48 radius = ( radiusValue < 0.0 7 0.0 : radiusValue };

} // end functicn getRadius

Qutline

circle.cpp (3 of 4)

- Ensure non-negative value for

/. return radius radi'us
double Circle::getRadius{) const
{

return radius;
} // end function getRadius
// calculate and return diameter
double Circle::getDiameter{} const
{

return 2 * radius;

} // end function getDiameter

252882238898 8888928

// calculate and return circumference
double Circle::getCircumference() const
{

return 3.1415% * getDiameter();:

} // end funecticn getCircumference

Fddddge g

// calculate and return area
75 double Circle::getAreal() const
{

return 3.1415% * radius * radius;

} // end function getArea

8dd43

81 // output Circle cbject

82 weoid Cirele::print{} const

8

84 cout << "Center = [® << x << %, " << ¥y < ']°
a5 << ": Radius = " << radius;

a5

87 } // end function print

Figure 9: Circle class contains an xy-coordinate pair

of 2)

12

© 2003 Prentice Hall. Inc.
All rights reserved.

[
LA

Qutline

circle.cpp (4 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

and a radius. (part 2



(- BT B R I - )

i a
- o

12

24
25

EBRBYR

a
32
33
34
35
36
37
38
38

E&8 LS

45

47

Sl Fig. 9.9: cirgletest.cpp Outline

J/J Testing class Circle.

#include <iostream>

circletest.cpp
usging std::cout; {10f2)
using std::endl;

uzing std::fixed;
Hinclude <iomanip>

using std::setprecision;

#include "circle.h™ // Circle clase defini Create C:i.':_r:clé'objcct.

int main(}
{
Circle eirclel 37, 43, 2.5 }; // instantiste Circle cbject

/[ dieplay point coordinates
cout << "I coordinate is 7 << circle.getX({}
<< "\n¥ coordinate i= " << eircle.get¥()

<< "\nRadius is " << egirele.getRadius{(};

© 2003 Prentice Hall. Inc.
All rights reserved.

circle.setX{ 2 }; /f set new x-coordinate
circle.set¥{ 2 );
circle.setRadius( 4.25 };

Qutline

// =et new y-coordinate
)

set new radius

circletest.cpp

// display new point wvalue Use set functions tOdei:f)" (2 Of2)

cout << "\n\nThe new location and | PEiVate data.

cirele.print{); “——H

Invoke publie function
Af display floating-point values w prln‘_t‘ to_dlsplay new
cout << fixed << setprecision{ 2 )} 'COOrdmatcs_.

/[ display Circle's diameter

cout << "‘\nDiameter iz " << gircle.getDiameter(];

J/ display Circle's circumference

cout << "\nlircumference is " << gircle.getCircumferencel(};

/[ display Circle's area
cout << "‘\nAirea iz " << circle.getArea(};

cout << endl;
return 0; [/ indicates successful termination

¥ // end main

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 10: Circle class test program. (part 1 of 2)
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I coordinate is 37
¥ coordinate is 43
Radius is 2.5

1.4.2 Point/Circle Hierarchy using Inheritance

The new lecation and radius of circle are

Center = [2, 2]; Radius = 4.25
Diameter is 8.50
Circumference is 26.70

Area is 56.74

1 SFig. 9.0 cirelelih

2 JJ Circle? class contains x-y coordinate pair and radius.

3 Hifndef CIRCLEZ H

4 Hdefine CIRCLEI H Class Cirele?2 inherits from
3 class Point.

6 Hinclude "point.h® // Ppoifit clase

7

8 class Cirecle? i public ‘Point {

]

10 public:

i Keyword public indicates
12 J// default constructor lypeofinhcrilance.

13 Cirele2( int = 0, int = 0 1

14

15 wvoid setRadius( double }; [/ set radius

16 double getRadius() const; [{ return radius

17

18 double getDiameter{} const; // return diameter

19 double getCircumference(} const; // return circumference
20 double getArea({) const; return area

21 Maintain private data
22 void print() const; /4 4 member radius,

23

24 private:

25 double radius; [/ Circle?'s radius

Qutline

circletest.cpp
output (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

circle2.h (1 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 11: Circle class test program. (part 2 of 2) and Circle2 class header
file. (part 1 of 2)

14



30

e Qutline
27 }: // end class Circle2 —_—
28
29 Hendif circle2.h (2 of 2)
circle2.cpp (1 of 3)
1 S FLg. 90015 cirelel.cpp
2 JJ Circle? class member-function definitions.
3 Hinclude <iostream>
4
L uzing std::cout;
]
T Hinclude "circlel.h® Af Circle2 class definition
8
] L] default constructor At[‘cmptlngto access base
10 Circle2::Circle2( int xVi class Point's private )
L data members x and y results
T R in syntax errors.
13 ¥ = yValue;
14 setRadius{ radiusValue );
15
16 1} // end Circle2 constructer
17
) 2003 Prentice Hall, Inc.
All rights reserved.
at
18 /[ =set radius Outline
189 woid Circle2::setRadius{ double radiusValue ) =
20 |
21 radius = { radiusValue < 0.0 7 0.0 : radiusValue ); circch.cpp (2 0f3)
22
23 } // end function setRadius
29

25 /J/ return radius

26 double Circle2::getRadius() const
27 {

28 return radius;

29

30 } // end functicn getRadius

31

32 // calculate and return diameter

33 double Cirele2::getDiameter{]} censt

3

35 return 2 * radius;

36

37 } // end function getDiameter
38

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 12: Circle2 class header file (part 2 of 2) and Private base-class data
can not be accessed from derived class. (part 1 of 2)

15



39 /) caleculate and return circumference Outline
40 double Cirele2::getCircumference{) const —_—
3 S |

42 return 3.1415% * getDiameter(); circlelcpp (‘} 0f3)
43

44 } // end function getCircumference

45

46 /[ caleculate and return area

47 double Cirecle2::getArea() const

48 {

49 return 3.14159 * radius * radius;

50

51 } // end function getArea Attempting to access base
52 class Point's private
53 // output Cirelez ocbject data members x and y results
51 woid Cirecle2::print{) const in Syntax errors.

55 |

56 cout << "Center = [" << x << 9, & << 3 << 1]

57 << "; Radius = " << radius;

58

59 } // end function print

© 2003 Prentice Hall, Inc.
All rights reserved.

C:\cpphtpd4\examples\ch09\CircleTest\circle2.cpp (12} : error C2248: 'x' Outline 33
cannot access private member declared in class 'Point' Fom oLt
C:\cpphtpd\examples\ch09\circletest\point.h(20)
see declaration of 'x°' . ~
circle2.cpp

C:\cpphtp4\examples\ch09\CircleTest\circle2.cpp(13) : output “ of 1)
cannot access private member declared in class '"Point®
C:\cpphtpd\exampleg\chid\circletest\point.h (21)

gee declaration of 'wy*'

C:N\cpphtpd\examples\cho9\CircleTest\circle2.cpp (56} % erdor C2248: 'x' :
cannet acecess private member declared in class 'Peinty
C:\cpphtpd4\examplesichi9h\circletest\point.h (20
see declaration of 'x'
C:\cpphtpd\examples\ch09\CircleTestcircle2. cpp (56) c2248: 'y*

cannot access private member declared in class '"Point'
C:\cpphtpd\examples\chi3\circletest\point.h (21}

Attempting to access base
class Point’s private
data members x and y results
i1 Syntax errors.

see declaration of 'y'

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 13: Private base-class data can not be accessed from derived class.
(part 2 of 2)
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1.4.3 Point/Circle Hierarchy using protected data

1 LTI S TparnEdvh Outline

2 J// Point2 class definition represents an x-y coordinate pair. —_—

3 Hifndef POTNTZ H

4 Hdefine POINTZ H point2.h (1 of 1)

5

6 classe Point2 [

7

8 public:

-] Point2{ int = 0, int = 0 }; // default constructor

10

11 void setX( int }; // set x in: coordinate pair

12 int getI() const; /J/ return x frem cocordinate pair

13

14 woid set¥{ int }; /f Bet ¥ in coordinate pair

15 int get¥() const; L

e Maintain x- and y-

17 woid print() copstj // ¢ CoOrdinatesas protected

18 data, accessible to derived

19 protected: classes.

20 int x; // x part of coordinate pair

21 int ¥; // v part of coordinate pair

2=

23 }; // end class Point?2

24

25 Hendif
© 2003 Prentice Hall. Inc.
All rights reserved.

1 Jf Fig. 9.13: pointl.cpp Outline

2 // Peint2 class member-function definitions. =S

3 H#include <iostream>

4 point2.cpp (1 of 3)

5 uzing std::cout;

6

x Hinclude "pointz.h" JJ Point2 class definition

8

9 L[ default constructer

10 Point2::Peint2( int xValue, int yValue )}

1 [

12 x = xValue;

13 ¥ = yValue;

14

15 } // end Point2 constructor

16

17 // eet x in coordinate pair
18 weoid Peint2::setX( int xValue }
19
x = xWValue; // no need for wvalidation

20
21
22 } // end function setX
23

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 14: Point2 class header file.
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36

24 // return x from coordinate pair Outline
25 int PointZ2::geti() const _—
{
TR RN point2.cpp (2 of 3)

} // end functicn getX

EBRBYR

31 // 2et ¥ in coordinate pailr
32 wvoid Point2::set¥{ int yValue )

33 {

34 ¥ = yValue; // no need for walidation
35

36 } // end functicn set¥

37

38 // return v from coordinate pair
28 int Point2::get¥() const
{

return ¥;

} // end Function get¥

Ea8 88

© 2003 Prentice Hall. Inc.
All rights reserved.

45 /[ output Point2 object Outline #
46 wvoid Point2::print{) censt —_—

4 |

48 couk << '[! %< x << ", Loy o< 1] Mg pc)imZ‘cpp('j Qf})

49

50 } // end functicn print

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 15: Point2 class represents an xy-coordinate pair as protected data.
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28

SFig. 9.4 cireled.h

JJ Circle3 class contains x-¥ coordinate pair and radius.

f#ifndef CIRCLE3 H
fidefine CIRCLES H

Hinclude "point2.h® Point2

class Circle3 : public Point2

public:

/[ default constructor
Cireled( int = 0, int = 0,

wvoid setRadius( double };
double getRadius() const;

double getDiameter{} const;

| Class Circle3 inherits from
class Pointe2.

{

double = 0.0 };

/[ met radius

[{ return radius

[/ return diameter

double getCircumference(} const; // return circumference

double getArea({) const;

void print() const;

private:

return area

" Maintain private data
member radius,

double radius; [/ Circle3's radius

¥i1 // end clase Circle3

Hendif

Figure 16: Circle3 class header file.

19

Qutline

circle3.h (1 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Outline

circle3.h (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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33
34
35
36
37
38
39

4

GRER

Jf Fig. 9.15: circled.cpp Outline

JJ Circle3 class member-function definitions.

#include <iostream>

circle3.cpp (1 of 3)

uzing std::cout;

H#include "circled.h” ff eir ; T
- Constructor first implicitly

[/ default construct calls base class’s default
Circled::Circle3d+"int e COHS.!-I'UFth‘_ )
i protectedin base

x = xValue; Point2.

¥ = ¥Value;
setRadius( radiusValue );:

} /{ end Circle3 constructer

/[ set radius

vold Cirele3::setRadius{ double radiusValue )
{

radius = ( radiusValue < 0.0 7 0.0 : radiusValue };

1} // end function setRadius

© 2003 Prentice Hall. Inc.
All rights reserved.

41

// return radius Qutline
double Circle3::getRadius() const —_—
{

return radius; circle3.cpp (2 of 3)

} // end function getRadius
/[ paleulate and return diameter
double Circle3::getDiameter{) const
{
return 2 * radius;
} // end function getDiameter
/[ calculate and return circumference
double Circle3::getCircumference(} const
{

return 3.14152 * getDiameter();

1 // end functicn getCircumference

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 17: Circle3 class that inherits from class Point2.
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46 /[ caleulate and return area Outline
47 double Cirecleld::getAreal{) const —_—
48 1

49 return 3.14159% * radius * radius; circlc}.cpp (‘} OfS)
50

51 } // end function getArea Access inherited data

52 | members x and v, declared
eI e L A T protected in base class

51 woid Cirecle3::print{) const Point2.

55 {

56 cout <% "Center = [" << X << ", " <<y <g 171

57 << " Radius = " << radius;

58

58 } // end function print

© 2003 Prentice Hall, Inc.
All rights reserved.

1 S Fig. 9.16: circletestd.cpp Outline
2 // Testing class Circled. —_—
3 Hinclude <iestream>

4 circletest3.cpp

L uzing std::cout; (] Of2)

6 using std::endl;

T uzing std::fixed;

8

-] Hinclude <iomanip>

10

11 using std::setprecision;

12

13 #include "cirele3.h™ [/ Circle3 class Create Circle3 Objb(‘,'t.

14

15 int main(}

16 Use inherited get functions to
17 Circled eircle{ 37, 43, 2.5 )}; // instantiate Circle =ct| access inherited protected
18 | Use Cirecle3 get function to
19 /[ dieplay point coordinates ‘access Pri?ﬂta data

20 cout << "I coordinate is 7 << circle.getX({} i

21 << "\n¥ coordinate i= " << egircle.get¥() radius.

22 << "inRadius i= " << eirele.getRadius();

23

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 18: Protected base-class data can be accessed from derived class.
(part 1 of 2)
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24 circle.setX{ 2 }; // set new x-coordinate Outline
25 circle.eet¥{ 2 }; new y- rdinate —_—
26 circle.setRadius( 4.25 ); set new ra Us;ﬁihherilfd set functions to

27 “\ modify inherited - circletest3.cpp
28 // display new peint value Use ¢ircle3 set function 1o (2 0f2)

29 cout << "\n\nThe new location and radius | modify private data

30 circle.print(); radius.

3

32 ff display fleating-point values with 2 digite of precisicn

33 cout << fixed << setpreciegion({ 2 };

34

35 J/ display Cirele3's diameter

36 cout << "‘\nDiameter iz " << gircle.getDiameter();

37

a8 /[ display €ircle3's circumference

39 cout << "\nlircumference is " << gircle.getCircumference{};

40

41 //f display Cirele3's area

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

43

44 cout << endl;

45

46 return 0; [J/ indicates successful termination

47

48 } // end main

© 2003 Prentice Hall, Inc.
All rights reserved.

I coordinate is 37 Quiline

¥ coordinate is 43
Radius is 2.5

circletest3.cpp
output (1 of 1)

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

Diameter is 8.50

Circumference is 26.70

Area is 56.74

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 19: Protected base-class data can be accessed from derived class.
(part 2 of 2)
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e Using protected data members

— Advantages

x Derived classes can modify values directly
« Slight increase in performance; avoid set/get function call
overhead
— Disadvantages

x No validity checking; derived class can assign illegal value
x Implementation 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
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