0.0.1 Point/Circle Hierarchy using private data

Class Point3 (Figs. MHJ) declares data members x and y as private and
exposes member functions setX, getX, setY, getY and print for manip-
ulating these values.

1 Case Study: Three-Level Inheritance Hier-
archy

Three level point/circle/cylinder hierarchy
e Point
— x-y coordinate pair
e Circle

— x-y coordinate pair

— Radius
e Cylinder

— x-y coordinate pair
— Radius
— Height

Derive class Cylinder from class Circle4. Class Cylinder should redefine
member functions get Area and print member functions. Figs. present
class Cylinder, which inherits from class Circle4. We were able to
develop classes Circle4 and Cylinder much more quickly by using inheritance
than if we had developed these classes "from scratch”. Inheritance avoids
duplicating code and the associated code-maintenance problems.
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1 Tt AR i R TR S T s B Outline

2 J// Point3 class definition represents an x-y coordinate pair. —_—

3 Hifndef POTNTI H

4 Hdefine POINTI H point3.h (1 of 1)

5

6 clase Point3 [

7

8 public:

-] Point3{ int = 0, int = 0 }; // default constructor

10

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

12 int getI() const; /J return x from coordinate pair

13

14 woid set¥{ int }; /[ =et ¥ in coordinate pair

15 int get¥ ()} const; i : j

16 Better sofiware-engineering

17 wvoid print() co L practic_e.' Pri'vate over

18 protected when possible.

19 private:

20 int x; // x part of coordinate pair

21 int ¥; // v part of coordinate pair

2=

23 }; // end class Point3

24

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

48

1 J/f Fig. 9.18: pointd.cpp Outline

2 J// Point3 class member-function definitions. —_—

3 Hinclude <iostream>

4 point3.cpp (1 of 3)

L uzing std::cout;

6

; Hinclude "point3.h /f Point3 class definitigf Me.r.n]:.ierinitializ.crs spﬁcify

9 JJ default constructor 'val_u_e's Of_.!_t and Y.

10 Point3::Point3{ int xValue, int ue )

1 : x{ xvValue }, y( yValue )

12 |

13 f[ empty body

14

15 1 // end Point3 conetructor

16

17 // set x in coordinate pair
18 woid Point3::setI{ int xValue }
18 |

x = xValue; // no need for wvalidation

20
21
22 } // end functicn setX
23

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1: Point3 class header file. Point/Circle Hierarchy Using private
Data
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24 /[ return x from coordinate pair Outline
25 int Point3::geti{) conet | —_—
{ LY
return x; point3.cpp (2 of 3)

} // end function getX

EBRBER

31 /[ set ¥ in coordinate pair
32 wveoid Point3::set¥( int yValue )

3

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

36 } // end function set¥

37

38 /[ return ¥ from coordinate pair
39 int Point3::get¥() const
{

return ¥;

} // end function get¥

E&8 a3

© 2003 Prentice Hall, Inc.
All rights reserved.

45 /[ output Point3 object Outline 20
46 wvoid Point3::print{) censt —_—

4 |

48 cout << '[! << getE() << ", " << get¥() << ']'; point3.cpp (3 of 3)

49

50 } // end functicn print

' Invoke non-private
member functions to access
private data.

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 2: Point3 class uses member functions to manipulate its private
data.
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S Fig. 919 cireledh

J/J Circled class contains x-y
f#ifndef CIRCLE4 H

fidefine CIRCLEL H

Hinclude "point3.h® [ oint3
class Circled : public Point3

public:

/[ default constructor
Cireleda( int = 0, ‘int = 0,

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

double getDiameter{} const;
double getCircumference(} o
double getArea({) const;

void print() const;

private:
double radius; [/ Circled!

¥i // end clase Circles

Hendif

Figure 3: Circle4 class header file.

coordinate pair and radius.

Class ¢ircle4 inherits from
class Point3.

{

double = 0.0 };

/[ met radius

[{ return radius

[/ return diameter
onst; [/ return ecircumference

return area

" Maintain private data
/7 4 member radius,

s radius

Qutline

circled.h (1 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Outline

circled.h (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.

(=)



1 S Fig. 9.20: circled.cpp Outline
2 /[ Circle4 class member-function definitions. =S
3 fHinclude <iostream>

4 circled.cpp (1 of 3)
5 uzing std::cout;

6

T Hinclude "circled . h™ S/ tircled e Base-class initializer syntax

& passes arguments to base class

9 L[ default constructer t"nintS.

10 Circled::Circled( in Value, int ¥Vl

11 : Peint3( xValue, yValue )} // call base-class constructor

12 ¢

13 setRadius{ radiusValue );

14

15 } // end Circled constructor

16

17 // eet radiue

18 woid Cirecled::setRadius{ double radiusValue )

19

20 radius = { radiusValue < 0.0 ? 0.0 : radiusValue );

21

22 } // end function setRadius

23

© 2003 Prentice Hall, Inc.
All rights reserved.

24 /[ return radius Outline
25 double Circled::getRadius() const —_—
{
return radius; circled.cpp (2 of 3)

} // end functicn getRadius

EBRBYR

Invoke function getRadius
rather than directly accessing
‘data member radius.

31 // calculate and return diameter

32 double Circled::getDiameter Tonst

33 {

34 return 2 * getRadius({};

358

36 } // end functicn getDiameter
37

38 // calculate and return circumference
28 double Cirecled::getCircumference(} const
{

return 3.1415% * getDiameter();

1} // end function getCircumference

Ea8 LS

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4: Circle4 class that inherits from class Point3, which does not
provide protected data. (part 1 of 2)



45 // caleulate and return area Outline
46 double Cireled::getArea() const =S
4 1
48 return 3.1415% * getRadius() * getRadiusill- : : : circle4.cpp (‘} OfS)
49 ' Redefine class Point3’s
50 ¥ // end function getArea memhcrfunction_print.
5 Invoke function getRadius
52 // output Circled object
: - hg
53 woid Cireled::print() const Inv'okc_ baseﬂ?lass P.‘Oln‘ta i
51 | print function using binary
55 cout << "Center = " scepe—resolulion operator
56 Point3::print(); [/ inwvéke P (: )
57 cout << "; Radius = " << getRadius();
58
59 } // end function print

© 2003 Prentice Hall, Inc.
All rights reserved.

1 S Fig. 9.21: circletestd.cpp Outline
2 // Testing class Circled. —_—
3 Hinclude <iestream>

4 circletestd.cpp

L uzing std::cout; “ sz)

6 using std::endl;

T uzing std::fixed;

8

-] Hinclude <iomanip>

10

11 using std::setprecision;

12

13 #include "circled.n” [/ Circles class detd Create Circled ObjcCI.:

14

15 int main(}

16 { Use inherited get functions to
17 Circled eirclef{ 37, 43, 2.5 )}; // instantiate Circle =cff access inherited protected
18 | Use Cirecle3 get function to
19 /[ dieplay point coordinates e private ot

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 5: Circle4 class that inherits from class Point3, which does not
provide protected data. (part 2 of 2)



24 circle.setX{ 2 }; // set new x-coordinate Outline
25 circle.set¥( 2 }; new y- rdinate =S
26 circle.setRadius( 4.25 ); set new rag Use inherited set functionsto

27 \ modify inherited = circletestd.cpp
28 // display new eircle wvalue 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 /) display Circled's diameter

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

37

a8 /[ display Circled's circumference

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

40

41 /f display Circled'sm 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
Y coordinate is 43

Radius is 2.5

Outline

circletestd.cpp
output (1 of 1)

The new location 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 6: Base class private data is accessible to a derived class via public
or protected member function inherited by the derived class.
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S oFig. 9225 evlinder.h
// Cylinder class inherits from class Circled.
f#ifndef CYLINDER H

Wdefine CYLINDER H Class Cylinder inherits

from class circled.
Hinclude "circled.h® Circled

class Cylinder : publiec Circled {

public:

/[ default constructor

Cylinder { int = 0, int = 0, double = 0.0, double = 0.0 };

wvoid setHeight{ double }; // set Cylinder's height
double getHeight() const; // return Cylinder's height

double getArea{} const; /! return Cylinder's area

double getVolume() const; // ¢

void print() const;

Maintain private data
member height.

private:
double height; // Cylinder's height

}; // end class Cylinder

Hendif

ff Fig. 9.23: eylinder.opp
// €ylinder class inherits from clasg Circled.
Hinclude <iostream>

using std::cout;

f#include "cylinder.h™ /[ Cvlinder class definition

/f default constructor
Cylinder::Cylinder{ int xValue, i yValue,

Circled.
double heightValue }

Base-class initializer syntax
passes arguments to base class

: Circled { xValue, ¥Value, radiusValue )

setHeight { heightValue );

} // end Cylinder constructor

Figure 7: Cylinder class header file.

Qutline

cylinder.h (1 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Outline

cylinder.h (2 of 2)

cylinder.cpp
(1of3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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18 // =et Cylinder's height Outline
19 wvoid Cylinder::setHeight( double heightValue ) —
2 |

21 height = { heightValue < 0.0 7 0.0 : heightValue ); cylinder.cpp

22 (2 af3)

23 } // end function setHeight

24

25 /[ get Cylinder's height

26 double Cylinder::getHeight{) const

27 {

28 return height;

29

30 } // end function getHeight A Redefine base class Q
31 Tnvoke base-class br funetion
32 // redefine Circled funckEion getd ‘/bo/ Circled’s getArea

33 double Cylinder::gethArea(} c i function LISi[]g b'Ln'ﬂQ' scope- ared.
Sl resolution operator (=),

35 return 2 * Circled::getArea() +

36 getCircumference () * getHeight();

37

38 } // end function getArea

38

© 2003 Prentice Hall, Inc.
All rights reserved.

63

40 leulate Cylind T H

{iyegton a_e R - Invoke base-class Outline
41 double Cylinder::getVolume{) const " i i . —
i Circled’'s getArea
43 return Circled::getArea{}l * getHeight(); Eunclu'o‘n U_Slpg th:aI(}f sc)x_)pc- cylinder.cpp

resolution operator (). =
4 pe (3 0f3)
45 } // end function getVolume //| Redefine class circled’s
45 -
tnt,

47 /] output Cylinder object / IU.VOkC bas-e-clas.s s
48 weoid Cylinder::print{) cons c;l:rc-lla4 S prank ct-1‘on
49 1 using binary scope-resolution
50 Circled::print{); operator el
51 cout << "; Height = " << getHeight();

53 } // end function print

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 8: Cylinder class inherits from class Circle4 and redefines member
function getArea.
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1 S Fig. 9.24: eylindertest.cpp Outline
2 J// Testing class Cylinder. —_—
3 Hinclude <iestream>
4 cylindertest.cpp
L uzing std::cout; (] OfS)
6 using std::endl;
T uzing std::fixed;
8
-] Hinclude <iomanip>
10
11 using std::setprecision;
12
13 #include "eylinder.h™ // Cylinder class definiticn
14
15 int main(}
16 {
17 /[ instantiate Cylinder object Invoke indi-rectly inherited
18 Cylinder cylinder{ 12, 23, 2.5, 5.7 }; Bt nER e her Bincong.
18 1 S las falaeien
20 // display point coordinates Invoke Cylinder member
21 cout << "I coordinate is * << cylinder.getX() function.
22 << "\nY coordinate i= " << gylinder.get¥( §
23 << "\pRadius is " << cglinde&:.qatkadius{l
24 << "\nHeight is " << cylinder.gestHeight (};
25
) 2003 Prentice Hall, Inc.
All rights reserved.
26 cylinder.setX( 2 ); [/ set new x-r.‘oordi_nate - Outline
27 cvlinder.sst¥( 2 )i :%w- Invoke indirectly inherited —_—
28 cylinder.setRadius{ 4.25 }; sef new [BodinEd her fanctiane
28 cylinder.setHeight( 10 ); zet new 'Invoke-dimcﬂ)" inherited cylindertest.cpp
30 ‘\K Invoke Cyl inder member (20f3)
Eal /f display new cylinder walue function.
32 cout << "\n\nThe new location and radiu — +
323 cylinder.print(};
34 ‘\ Invoke redefined print
a5 /J display floating-point walues| function.
36 cout << fixed << setprecision( -
37
38 /[ display eylinder's diameter
38 cout << "‘nnDiameter i=s * << cylinder.getDiameter(};
40
41 // display eylinder's circumference
42 cout <= "‘\nlircumference is "
43 << pylinder.getCircumferencel);
44
45 /[ display cylinder's area
46 cout << "‘nArea i= " << gylinder.gethAreaf(); \ -
a7 ) - Invoke redefined getArea
48 // display cylinder's wvolume function.
49 cout << "‘\nVolume iz ¥ << cylinder.getVolume();
50

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 9: Point/Circle/Cylinder hierarchy test program. (part 1 of 2)

10



cout << endl; || Outline *

51

=

53 return 0; f/ indicates successful termination |

54 cylindertest.cpp
55 } // end main (q Of:i}

I coordinate is 12

¥ coordinate is 23 cylindertest.cpp
Radius is 2.5 output (1 of 1)

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

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 10: Point/Circle/Cylinder hierarchy test program. (part 2 of 2)

1.1 Constructors and Destructors in Derived Classes

e Instantiating derived-class object

— Chain of constructor calls

x Derived-class constructor invokes base class constructor
- Implicitly or explicitly

x Base of inheritance hierarchy
- Last constructor called in chain
- First constructor body to finish executing

- Example: Point3/Circle4/Cylinder hierarchy
Point3 constructor called last
Point3 constructor body finishes execution first

* Initializing data members

- Each base-class constructor initializes data members
Inherited by derived class

e Destroying derived-class object

11



— Chain of destructor calls

* Reverse order of constructor chain
* Destructor of derived-class called first
x Destructor of next base class up hierarchy next

- Continue up hierarchy until final base reached; After final
base-class destructor, object removed from memory

e Base-class constructors, destructors, assignment operators

— Not inherited by derived classes
— Derived class constructors, assignment operators can call

* Counstructors

x Assignment operators

Next example revisits the point/circle hierarchy by defining class Point4
(M) and class Circle5 (I3HIH) that contain constructors and destructors,
each of which prints a message when it is invoked.

12
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Jf Fig. 9.25: pointd.h

/[ Pointd eclass definition represente
fifndef POINT4 1

fidefine POINT4 H

class Pointd |

public:

. 70
Outline

an x-y¥ coordinate pair.

nointd h (1 of 1)
Constructor and destructor
output messages to
demonstrate function call

order.
Pointd{ int = 0, int = © }; f/ default structor
~Pointd () ; // destructor
woid setI{ int }; /f set x in coordinate pair
int getX{)} const; J// return x from coordinate pair
void setY({ int }; // set ¥ in coordinate pair
int get¥ () const; /[ return ¥ from coordinate pair

void print() const; [/ output Peint3 cbject

private:

int x; J/ x part of coordinate pair

int ¥; // v part of coordinate pair

}i // end class Pointd

Hendif

SLFig. 9.065 ‘pointd. cpp

J// Point4d class member-function definitions.

#include <iostream>

uzing std::cout;

using std::endl;

Hinclude "pointd.h® // Point4d class

/J default constructor
Pointd::Pointd { int xValue, int yVa
+ x{ xValue }, y( yValue )

cout << "Pointd constructors: %;
print(};
cout << endl;

} // end Pointd4 constructor

/[ destructor

Pointd::~Pointd {)

{
cout << "Pointd destructer: ";
print{};

cout << endl;

Figure 11: Point4 class header
structor and a destructor. (part 1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.

Qutline

pointd.cpp (1 of 3)

definition

Output message to
| demonstrate constructor
function call order,

Output message to
demonstrate destructor
function call order.

© 2003 Prentice Hall. Inc.
All rights reserved.

file and Point4 base class contains a con-

13



e Qutline
27 } // end Pointd destructor —_—
28

25 // =et x in coordinate pair [:)Dinl4‘cpp (2 of 3)
30 void Pointd::setI( int xValue )

31 {

32 x = xValue; // no need for wvalidation

33

34 1} // end function setX

35

36 [/ return x from coordinate pair
37 int Pointd4::geti() const
38

38 return x;

4 } // end function geti

/[ set ¥ in coordinate pair
void Pointd::set¥({ int yValue }
{

¥ = yValue; // no need for wvalidation

} // end function set¥

B85 GEBN

© 2003 Prentice Hall. Inc.
All rights reserved.

50 // return ¥ from coordinate pair Outline 73
51 int Point4::get¥() const _—
{
TR R pointd.cpp (3 of 3)

} // end functicn get¥

// output Peintd object
void Poinkd::print{) const
{

cout << '[' =< getX() << ", " << get¥() << '1°;

2288898438428

} // end function print

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 12: Point4 base class contains a constructor and a destructor. (part
20f 2)

14



1 Sl eTd . EUR T P raTes ok Outline
2 JJ Circle5 class contains x-y coordinate pair and radius. —_—
3 Hifndef CIRCLES H

4 Hdefine CIRCLES H circle5.h (1 of 2)
5

6 Hinclude "point4a.h® // Pointd clase definition

7

8 class Circle5 : public Pointd {

g Constructor and destructor

10 publie: output messages to

11 demonstrate function call

12 // default constructor arder.

13 CirecleS( int = 0, int = 0, double = 0.0 }; —

14

15 ~Circles () ; // destructor

16 void setRadius{ double }; [/ =et radius

17 double getRadius() const; // return radius

18

19 double getDiameter{) const; J/ return diameter

20 double getCircumference(} const; // return circumference

21 double getArea{) const; [/ Teturn area

2=

23 void print() const; // output CircleS object

24

© 2003 Prentice Hall. Inc.
All rights reserved.

25 private: Outline
26 double radius; [/ CircleS's radius =S
27

28 }¥; // end class Circlebs circlcS.h(Z sz)
29

30 Hendif

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 13: Circle5 class header file.

15
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31
32
33
34
35
36
37
38
358

H
42

44

S Fig. 9285 cirele5.cpp
JJ Circle5 class member-function definitions.

#include <iostream>

uzing std::cout;

using std::endl;

Hinclude "circle5.h® // Cirecle5 class definition

/J default constructor

Circle5::Circle5( int xValue, int yValue, — ad 2 -
+ Pointd { xValue, yValue ) [/ call bae§ .Ol.llpl.ll message 1o

{ demonstrate constructor
setRadius{ radiusValue ); function call order.

couk << "CircleS constructor: ";
print{};

cout << endl;

} // end Circle5 constructor

S/ destructor
Circle5::~Circle5{}

{
cout << "Circles destructor: ";
print{);
cout << endlj Output message to
demonstrate destructor
¥} // end Circle5 destructor function call order.

/J =et radius
void Cirecle5::setRadius{ double radiusValue ]
{

radiug = ( radiusValue < 0.0 ? 0.0 : radiusValue );
} // end function setRadius
/[ return radius
double Circle5::getRadius() const
{

return radius;

1} // end function getRadius

76
Qutline

circleS.cpp (1 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

77
Qutline

circleS.cpp (2 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 14: Circle5 class inherits from class Point4. (part 1 of 2)
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// calculate and return diameter
double Circle5::getDiameter{)} const
{

return I * getRadius();

} // end funecticn getDiameter

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

return 3.1415% * getDiameter () ;

} // end functicn getCircumference

// calculate and return area
double CirecleS::getArea()} const
{
return 3.1415% * getRadius()} * getRadius();

} // end function getArea

S/ output CirgleS object

void Circle5::print() const

{
cout << "Center = ":
Pointd::print(); [/ inveke Pointd's print funection
cout << ®; Radius = * << getRadius(]);

} // end function print

Qutline

circle5.cpp (3 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

circle5.cpp (4 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

78

79

Figure 15: Circle5 class inherits from class Point4. (part 2 of 2)
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1 L Fig. 939 Fighl- 209, cpp

2

< /[ constructors are called.
4  Hinclude <iostream>

5

6 using std::cout;

T uzing std::endl;

8

9 #Hinclude "circleS.h"

10

11 int main(}

12 {

13 { // begin new scope

14

15 Point4 peoint{ 11, 22 };
16

17 ¥ // end scope

18

19 cout << endl;

20 Circle5 cirelel{ 72,

21

22 cout << endl;

23 Cirgles ciralen{ 5;.5; 10 );
24

25 cout << endl;

26

27 return 0; /J/ indicates successful
28

29 } // end main

Pointd censtructer: [11, 22]
Point4 destructor: [11, 22]
Point4 constructor: [72, 298]
Cireles constructor: Center = [72,
Pointd comstructer: [5, 5]

Cireles ceonstructor:

Circles destructer:
Point4 destructor:
Cireles destructor:

Pointd destructor:

// Display order in which base-class and derived-class

Center =
[, 5]

Center =
[72, 29]

Center = [5, 5];

Jf Circle5 class

28] ;

definition

Point4 object goes in and
out of scope immediately.

Instantiate two Circle5
objects to demonstrate order
of derived-class and base-
class constructor/destructor
fun'ction calls.

Qutline

figh9_29.cpp
(1of2)

© 2003 Prentice Hall. Inc.
All rights reserved.

termis

53 R R |

Derived-class CircleS

constmetor hodv execntes

- Destructors for Circle5
ohiect called in reverse arder

- Destructors for cirele5
object called in reverse order
of constructors.

4.5

‘ Outline
- Pointd constructor called
for object in block: destructor fig09 29.cpp
RNy (20f2)
Derived-class cirele5
consinictor hodv exvecntes hgog_mcpp

output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 16: Constructor and destructor call order.
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1.2 ”Uses A” and ”Knows A” Relationships

e ”"Uses a”

— Object uses another object
x Call non-private member function; using pointer, reference
or object name
e ”"Knows a” (association)
— Object aware of another object; contain pointer handle or refer-
ence handle

— Knowledge networks

1.3  public, protected and private Inheritance

83

9.8 public, protectedandprivate
Inheritance

Base class Type of inheritance

member - -

aAcCCess public protected private

speci fier inheritance inheritance inheritance
public inderived class. protected inderived class, private inderived class.
Can be accessed directly by any | can be accessed directly by all | Can be accessed directly by all

Public HUU-Stﬁt_lC member functions. | pop-gtatic member functions |non-static member functions
friend }unc[mns and non- and £riend functions. and friend functions.
member functions.
protected inderived class. protected inderived class. private inderived class.

Can be accessed directly by all | Can be accessed directly by all | Can be accessed directly by all
Protected | non-static member functions | non-static member functions |non-statiec member functions
and friend functions. and friend functions. and friend functions.

Hidden in derived class. Hidden in derived class. Hidden in derived class.

lCan be accessed by non-statie | Can be accessed by non-static | Can be accessed by non-static

— member functions and friend |member functions and friend |member functions and friend
rivate

functions through public or functions through public or functions through public or
brotected member functions of protected member functions | protected member functions of]
of the base class. the base class.
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Figure 17: Summary of base—class member accessibility in a derived class.
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1.4 Software Engineering with Inheritance
Customizing existing software
e Inherit from existing classes

— Include additional members
— Redefine base-class members

— No direct access to base class’s source code; Link to object code
e Independent software vendors (ISVs)

— Develop proprietary code for sale/license; available in object-code
format

— Users derive new classes; without accessing ISV proprietary source
code
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