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9.1 Introduction

¢ Polymorphism
— Write programsin agenera fashion

— Handle awide variety of existing (and unspecified) related
classes
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9.2 Inheritance: Base and Derived Classes

« Implementation of publ i ¢ inheritance
cl ass Conmi ssi onWorker : public Enployee {

I
— Class Conmmi ssi onWr ker inheritsfrom class
Enpl oyee
— friend functions not inherited
— pri vat e members of base class not accessible from
derived class
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9.1 Introduction

* Inheritance
— New classes created from existing classes
— Absorb attributes and behaviors
— Derived class

« Class that inherits data members and member functions from a
previously defined base class

— Single inheritance
« Classinherits from one base class
— Multipleinheritance
« Classinherits from multiple base classes
— Types of inheritance
« public: Derived objects are accessible by the base class objects
« private: Derived objects are inaccessible by the base class

« protected: Derived classes and friends can access protected
members of the base class
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9.2 Inheritance: Base and Derived Classes

» Baseand derived classes
— Often an object from aderived class (subclass) isalso an
object of abase class (superclass)
A rectangleisaderived classin reference to a quadrilateral and
abase classin reference to asquare

* Inheritance examples

[Base diass Derived classes
St udent Gr aduat eSt udent
Under gr aduat eSt udent
Shape Circle
Triangl e
|Rectanale
Loan Car Loan
Homel mpr ovement Loan
Mor t gageLoan
Enpl oyee Facul t yMenber

Staff Member
Account Checki ngAccount
Savi ngsAccount
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9.3 protectedMembers

* protected access
— Intermediate level of protection betweenpubl i ¢ and
pri vat einheritance
— Derived-class members can refer topubl i ¢ and
pr ot ect ed members of the base class smply by using the
member names
— Notethat pr ot ect ed data“breaks’ encapsulation
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9.4 Casting Base-Class Pointers to Derived
Class Pointers

« Derived classes relationships to base classes
— Objects of aderived class can be treated as objects of the base
class
« Reverse not true — base class objects cannot be derived-class objects
« Downcasting a pointer
— Usean explicit cast to convert a base-class pointer to a derived-
class pointer
— If pointer isgoing to be dereferenced, the type of the pointer must
match the type of object to which the pointer points
— Format:

derivedPtr = static_cast< Deriveddass * > basePtr;
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1 Fig. 9.4: point.h
2 Definition of cl
3 #ifndef PONT_H

4 #define PONT_H

nt Outline

1. Poi nt class
6 #include <iostrean definition

7

g using std::ostream

10 class Point { 1. Load header

11 friend ostream &onerator<<( ostream& const Point &):
12 public
13 Point( int =0, int=0); default constructor 1.1 Function definitions

14 void setPoint( int, int ); set coor di nat es
15 int getX() const { return x; } // get dinate
16 int getY() const { returny; } get y coordinate
17 protect ed: a bl e by derived cl asses
18 intx y; x and y coordinates of the Point
19 };
20
21 #endi f
22 /1 Fig boi nt . cpp
23 // Menber functions for class Point
24 #incl ude <iostream>
25 #incl ude "point. h"
26
27 /1 Constructor for class Point
28 Point::Point(int a int b) { setPoint( a b); }
30 iy dinates of Point
31 setPoint(int a, in b)
32 {
33
65 drcle( double r = 0.0, int x =0, int y=0);
66 Outline
67 void setRadius( double ); set radius
68  double getRadius() const; return radius
69 doubl e area() const; calcul ate area 1. Circle definition
70 prot ect ed:
71 double radius;
= B 1. Load header
74 #er
el 1.1 Function
75 // Fig. 9.4: circle.cpp
76 // Menber function definitions for class Qrc

Ci r cl e inherits fromPoi nt,

77 #include "circle. h" and has Poi nt 'sdatamembers

78 (which areset by calling
79 // Constructor for Grcle calls "ol nt Poi nt 'sconstructor).
80 // with a nenber initializer then initialies radius

81 Grele::Qrcle( doubler, int a int b)

82 ¢ Point(a, b) cal| base-class constructor
83 { setRadius( r ); }

84

85 // Set radius

86 void Grele::setRadiug( double r )
87  {radius=(r>02r:0);}

9.4 Casting Base-Class Pointers to Derived-
Class Pointers

» Thefollowing example:
— Demonstrates the casting of base class pointers to derived
class pointers
— Class@ rcl e isderived from class Poi nt
— A pointer of type Poi nt isused toreferencea G rcl e
object, and a pointer to type G r cl e isused to reference a
Poi nt object
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w oy a
351 \;m Outline

Qutput Point (with overloaded streaminsertion operator)
ostream &operat or<<( ostream &utput, const Point & )

output << '[' << p.x <<, " << py << ']';

: 1.1 Function definitions

return output; enabl e ded cal | s
}
Fig. 9.4: circle.h
5 // Definition of class Gircle 1.CGrcle class
6 #ifndef CROLEH definition

#define O ROLE_H

#include <iostream»

using std: : ostream
lassCi r cl epublicly inherits from class

0i nt , soitwill haveclass Poi nt 'spubl i ¢
-prot-osi-od b - Loy

#incl ude <i omani p>

using std::ios;
using std::setiosflags;
using std: : set preci si on;

#include "point.h"
4
class drcle: public Point { // Grcle inherits from Point

friend ostream &operator<<( ostreamg&, const Grcle &);
publ i c:

def aul t struct or

89 // Get radius of Grcle

90 doubl e Grcle:: aetRadius() const { return radius: } Outline
91 -
92 // Calculate area of Grcle

93 doubl e Gircle::area() const

(;i { return 3.14159 * radius * radius: } 1.1 Function

96 // Qutput a Gircle in the form Definitions
97 Center = [x, y]; Radiu:
98 ostream &oper at or <<( ostream &outout . const Grcle & )
99 {

100 output << "Center = " << static cast< Point >( ¢ ) Driver

101 << "; Radius ="

102 << setiosflags( ios::fixed | ios::showpoint )

103 << setorecision( 2 ) << c.radius: 1. Load headers
104

105  return output; enabl es cascaded cal | s

106} 1.1 Initialize objects
107// Fig. 9.4: fig09_04.cpp

108// Casting base-class pointers to derived-class pointers

109#i ncl ude <i ostream>

110

111usi ng std: : cout ;
112usi ng std: : endl ;
113

114#incl ude <i omani p>
115

116#i ncl ude “point. h*
117#i ncl ude “circle. h”
118

119int main()

120(

121 Point *pointPtr =0, p( 30, 50 );



Grcle *circlePtr = 0, ¢( 2.7, 120, 89 );

B o ©
Outline

cout << "Point p: " << p << "\nQrcle c: " << c << ‘\n'; m

Point p: [30, 50]
Grcle c: Center =

gn address of Grcle (G

objects

Treat a Gircle as a

pointPtr = &; as

120, 89]; Radius = 2.70
—

cout << "\nQrcleN(yia *pointPr): " 12 Assign objects
29 << *pointPtr < Qrclec (via *pointPtr): [120, 89

2. Function calls

Assign poi nt Pt r to aPoi nt
object. It has no derived-class
information.
{WhenitiscasttoaCircle *,
circlePtr isrealy assigned to a

{| base-class object with no derived-
class information. This is dangerous.
s

>(_poi nt PL{N
r)i\n” <<‘~\
"larcle ¢ (via *circlePtr):

" |Center = [120, 89]; Radius = 2.70
22,90

"sees" the base-class part
of the object it points to.

s poi nter Cast poi ntPtr intoa
Circle *, andassignto

circlePtr.

2 circlePtr = static_cast< Grele * >( pointPtr );

3 cout << "\nPoint p (via *circlePtr):\n" << circlePtr
4 << "\nArea of object circlePtr poinpstor
Point p (via *circleptr):
Center = [30, 50]; Radius = 0.00

Area of object circlePtr points to: 0.00

145 << circlePtr->area() << endl;

return 0;

9.5 Using Member Functions

 Derived class member functions
— Cannot directly accesspr i vat e members of their base
class
* Maintains encapsulation
— Hiding pr i vat e membersisahuge helpin testing,
debugging and correctly modifying systems
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1 0 9. 5: emnl ov

Def i ni ti on of
#i fndef EMPLOY_H
#define EMPLOY_H

E Outline

1. Enpl oyee class
definition

ass Enpl o

class Enpl oyee {
publ i ¢

8 Enpl oyee( const char *, const char * );
9 void orint() const outout first and last name
10 ~Enployee(); dest r uct or

1 private

12 char *firstName; d
13 char *lastName: dv

const ruct o

1. Load header

1 1.1 Function definitions
16 #endi f
7 Fig. 9.5 enploy.c

Menber function definitions for class Employee
#incl ude <iostream

using std: : cout;

3 #include <cstring>
4 #include <cassert>
25 #include "enploy. h"

Constructor dynanically a
irst and last nane and
the first and |as anes o e obj ect
) Enpl oyee: : Enpl oyee( const char *first, const char *last )

{

firsthane = new char [ strien( first ) +11;

Point p: [30, 50] =M Outline

Qrcle c: Center = [120, 89]; Radius = 2.70

Grele ¢ (via *pointPtr): [120, 89]
Program Output

Grele c (via *circleptr):

Center = [120, 89]; Radius = 2.70

Area of ¢ (via circlePtr): 22.90

Point p (via *circlePtr)

Center = [30, 50]; Radius = 0.00

Area of object circlePtr points to: 0.00
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9.6 Overriding Base-Class Members in a
Derived Class

* To override a base-class member function

— Inthe derived class, supply anew version of that function

with the same signature
« same function name, different definition

— When the function is then mentioned by name in the derived
class, the derived version is automatically called

— The scope-resol ution operator may be used to accessthe
base class version from the derived class
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assert( firstName !=0); erninate if not allocated
strepy( firsthame, first );

:M Outline

lastNane = new char[ strlen( last ) + 1 ];
1.1 Function definitions

3 assert( lastName != 0 ): termnate if not allocated

38 strepy( lastNane, last );

CLIRY

40

1 Qutput enpl oyee nane

voi d Enpl oyee: :print() const
1 cout << firstName << ' ' << |asthame: } 1. Hourl y\or ker
class definition

Destructor deal | ocates dynamical |y allocated memory

46 Enpl oyee: : ~Enpl oyee()

a7 {
delete [] firstName; recl ai m dynami ¢ memory

delete [1 |astNane; r ai m dynami ¢ menory

Fig. 9.5 hourly.h

our | yWor ker inherits

Definition of class Hourly
#ifndef HOURLY_H
#define HOURLY_H

from Enpl oyee.

four | yWor ker will override

epri nt function.

5 #i ncl ude "enpl oy. h"

4
58 cl ass Hourl yWrker : public Enployee {
59 public:

60  HourlyWerker ( const chart.—cGnst char*, double, double );
61 double getPay() const; culate and return sal ary
62 void print() const; 4 verri dden base-class print
63 private:



64 doubl e wace:

65 doubl e hours: or veek Outline
66 }:

67

68 #endi f 1. Load header
69 Fig. 9.5 hourly.cpp

70 // Menber function definitions for class HourlyVerker

71 # nel ude <iostreanm>

73 using std:: cout;

74 using std::endl ;

76 #incl ude <i omani p>

78 using std::ios;
79 using std: : seti osfl ags;
80 using std: : set preci si on;

82 #include "hourly.h"

84 // Constructor for

class Hourl yWer ker

85 Hour | yWerker : :Hour | yWrker (const char *first,
const char *|ast,
doubl e initHours, double initVage )

88 : Enployee( first, last ) call base-class constructor
89 {

90  hours = initHours; // should validate

91 vage = initVge; // should validate

92 }

93

94 Get the Hourl yWrker's pay

95 doubl e Hour| yWrker: : get Pay() const { return wage * hours; }

1.1 Function definitions

21
9.7 public, private, and protected
Inheritance
%ﬁgf Type of inheritance
aooﬁs_ public protected private
specifier inheritance inheritance inheritance
publ i ¢ in derived dass. pr ot ect ed inderivedclass. pri vat einderivedclass.
Can be accessed directly by @y | can be accessed directly by dl | Can be accessed directly by all
Publ i ¢ non-st at i cmember functions, | pon-st at i ¢ member functions | nonst at i ¢ member functions
fri end functions and non- andf ri end functions and f ri end functions:
menber fundions.
pr ot ect edinderivedclass. prot ect ed inderivedclass. privat einderivedcdass.
Can be accessed directly by al | Can be accessed directly by &l | Can be accesseddirectly by all

Pr ot ect ed| non-st at i ¢ member functions

andf ri end functions,

Hidden in derived class.

nn-st at i ¢ member functions
andf ri end functions.

nonst at i ¢ member functions
and f ri end functions.

Hidden in derived cf ass.

Hidden in derived class.

‘Can be accessed by non-st at i ¢ | Can non-st at i cf Ce non-static
or i vate member fundti friend | member funct dfriend | memberfunct dfriend
functions throughpubl i ¢ or functions throughpubl i ¢ or | functions throughpubl i ¢ or
pr ot ect ed member functions | pr ot ect ed member functions | pr ot ec t ed member functions
of the base class. of the base class. of thebaseclass.
2000 Prentice Hall, Inc. All rightsreserved. IS

9.9 Using Constructors and Destructors in
Derived Classes

* Baseclassinitializer
— Uses member-initiaizer syntax
— Can be provided in the derived class constructor to call the
base-class constructor explicitly
 Otherwise base class's default constructor called implicitly
— Base-class constructors and base-class assignment operators
are not inherited by derived classes

« Derived-class constructors and assignment operators, however,
can call base-class constructors and assignment operators

©2000 Prentice Hall, Inc. All rights reserved. <]

96 20
97 // Print the HourlyWrker's name and pay m Outline
98 voi d Hourl yWerker::print() const
99 { > 1.1 Function
100 cout << "HourlyWrker::print() is cuting\n\n"; Definitions
101 Enployee::print(); / call base-clasSN\gint function
102 TS~ Nl
102 cout << " is an hourly worKi 1. Load header
104 << setiosflags( ios::fixed | ios
1:;} << setprecision( 2 ) <<getPay() << endl; T2 6 e s
107// Fig. 9.5 fig09_05.cpp bverriden in
108// Overriding a base-class menber function in a four | yVer ker .
109// derived cl ass 10wt_aver,t_henew
110#i ncl ude "hourly. h" u_nr:tlon S[I!l & Cdlthe
T riginal pri nt function
Jsing : :
112int main()
113{
114 Hour | yworker h( "Bob", "Smith", 40.0, 10.00 );
115 hoprint();
116 return 0;
117}
Hour | yWrker: :print() is executing
Bob Snith is an hourly worker with pay of $400.00 Program Output
22
9.8 Direct and Indirect Base Classes
* Direct base class
— Explicitly listed derived class' s header with the colon (: )
notation when that derived classis declared
cl ass Hourl yWr ker publ i c Enpl oyee
« Enpl oyee isadirect base class of Hour | yWor ker
* Indirect base class
— Not listed in derived class' s header
— Inherited from two or more levels up the class hierarchy
class M nut eWr ker publ i ¢ Hourl yWor ker
« Enpl oyee isanindirect base classof M nut eWor ker
O 2000 Prentice Hall, Inc. Al rights reserved. IS
24

9.9 Using Constructors and Destructors in
Derived Classes

¢ A derived-class constructor

— Callsthe constructor for itsbase classfirst to initidizeits
base-class members

— If the derived-class constructor is omitted, its default
congtructor cals the base-class’ default constructor
* Destructors are called in the reverse order of
constructor calls
— So aderived-class destructor is called beforeits base-class
destructor
» Destructor of Class Employee frees up the
dynamically assigned arrayd ] firstnane
and[ ]| ast name, avoiding memory leaks (lines
48, 49).

62000 Prentice Hall, Inc. All rights reserved. [«



1 9. 9.7: point2
2 Def i nition of class Point
A

#ifndef PQINT2_H
#idefine PQINT2_H

class Point {
publ i ¢
Point( int =0, int =0); defaul t construct or
~Point () ; de ucto
10 prot ect ed:
11 intx, y;
12 };

ed cl asses

oi nt

4 #endif
5// Fig. 9 boi nt 2. cpp
Member function definitions f
17 #include <iostream>

9 using std::cout;
20 using std::endl;
al

22 #incl ude "point2. h"

24 Constructor for class Point

25 Point::Point(int a int b)

X =
y =b;

30 cout << "Point constructor
31 <[ << x <<", " <<y <<']' << endl;

59 // Member function definitions for class G

#include <i ostrean»

62 using std: : cout;
63 using std:: endl ;

65 #incl ude "circle2. h"

3 Qrcle::drcle( doubler, int

m Outline

1. Poi nt definition

1. Load header

1.1 Function definitions

m Outline

1. Load header

1.1 Function
Definitions

Constructor for Ci rcl e
calls constructor for
Poi nt , first. Uses

TITemmber=Tmitrati Zer Symtex-

int b)

59 ¢ Point( a b) 4 Lu
0 ¢
1 radius =13 shoul d val i date
2 cout << "Gircle constructor: radius is "
3 <<radius <<® [" << x <<, " <<y <<']' << endl;
4

ctor for class Gre
7 ::~Gircle() g
78 {
79 cout << "Grcle destructor: radius is "

<<radius << " [" << x <<, " <<y <<']' << endl;

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

Point constructor: [72, 29]
Grcle constructor: radius is 4.5 [72, 29]

Point constructor: [5, 5]
Grele constructor: radius is 10 [5, 5]

Grele destructor: radius is 10 [5, 5]
Point destructor: 5, 5]

Grele destructor: radius is 4.5 [72, 29]
Point destructor: [72, 29]

©2000 Prentice Hall, Inc. All rights reserved.

Destructor for Circl e
callsdestructor for Poi nt ,

tast:

E Outline

Program Output

Destructor for class Point
> Poi nt : : ~Poi nt ()

cout << "Point destructor:

<[l << x <<

0 // Fig. ¢ circle2. t
1 // Definition of cl
2 #ifndef ORCLE2_H

3 #define ORCLE2_H

45 #incl ude "point2. h"

47 class Grcle : public Point {

48 public

29 defaul t construct or

50  Grcle( double r = 0.0, int
~drele();

53 private:

54 double radius;

57 #endi f

Fig. 9.7: fig09_07.cpr
Denonstrate when base-cl a
4 // constructors and destructo

# nclude <i ostreams

87 using std::cout;
usi ng std: : endl ;

90 #i ncl ude "point2. h"

91 #include "circle2. h"

int main()

100 cout << endl;

102 cout << endl; N

rcle destructor:
103 drcle circle2( 10, 5, 5 G0 CEShrOERaS
104 cout << endl

105 return 0; 4

ftor and destry

4
101 drcle circlel( 4.5, 72, 29/

" <<y <<']' << endl;

X =0, inty=0);

:E Outline

1.1 Function definitions

1. Load header

1.1 Gircl e Definition

heritsfrom

" -
:M Outline

1. Load headers

1.1 Initialize objects

bject created inside a block destroyed

bjects enter and
e scope

JreeTtteaves Scope-

TRemember that thePoi nt
int  construgonstructor iscalled for
ircle objectsbeforethe

int constructor:
rcle constructor

I — |

[72, 29]
radius is 4.5 [72, 29]

radius is 10 [5, 5]

[5. 5]
rcle destructor: radius is 4.5 [72, 29]
T eSTToCTor 172297

9.10 Implicit Derived-Class Object to Base-
Class Object Conversion

» Assignment of derived and base classes
— Derived-classtype and base-class type are different
— Derived-class object can be treated as a base-class object

« Derived class has members corresponding to all of the base
class's members

« Derived-class has more members than the base-class object
* Base-class can be assigned a derived-class
— Base-class object cannot be treated as a derived-class object
» Would leave additional derived class members undefined
« Derived-class cannot be assigned a base-class
« Assignment operator can be overloaded to allow such an

assignment

62000 Prentice Hall, Inc. All rights reserved
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9.10 Implicit Derived-Class Object to Base-
Class Object Conversion

¢ Mixing base and derived class pointers and objects

— Referring to a base-class object with a base-class pointer
« Allowed (straightforward)

— Referring to a derived-class object with a derived-class pointer
« Allowed (straightforward)

— Referring to a derived-class object with a base-class pointer
« Possible syntax error
« Code can only refer to base-class members, or syntax error
— Referring to a base-class object with a derived-class pointer
« Syntax error
* The derived-class pointer must first be cast to a base-class pointer
* Need way to resolve base-class Vs derived-class

routines using base-class pointers (Virtua functions)

O 2000 Prentice Hall, Inc. All rights reserved. <]

9.12 Composition vs. Inheritance

« “Isa’ relationships
— Inheritance
« Relationship in which aclassis derived from another class
* “Hasa’ relationships
— Composition
« Relationship in which aclass contains other classes as
members

¢ Hasa, isacomposition. Isakind of, is
inheritance.
Interchangeable! Careful.

2000 Prentice Hall, Inc. All rightsreserved. IS

9.14 Case Study: Point, Circle, Cylinder

« Point, circle, cylinder hierarchy
— Poi nt classis base class
— G rcl e classisderived from Poi nt class
— Cylinder classisderivedfromd r cl e class

©2000 Prentice Hall, Inc. All rights reserved. <]
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9.11 Software Engineering With Inheritance

 Classes are often closely related

— “Factor out” common attributes and behaviors and place
thesein abase class

— Useinheritance to form derived classes
* Modifications to a base class

— Derived classes do not change aslong asthe publ i ¢ and
pr ot ect ed interfaces are the same

— Derived classes may need to be recompiled

« Uselnheritance sparingly, often times
complexity isintroduced needlessly. Can make for
bad engineering thus hard to understand systems.

2000 Prentice Hall, Inc. Al rights reserved [«

9.13 “Uses A” And “Knows A”
Relationships
e “Usesa’

— One object issues afunction cal to amember function of
another object. Limited!

* “Knowsa’
— Oneobject isaware of another
« Contains a pointer or handle to another object
« Hasaccessto al public stuff.
— Also called an association

2000 Prentice Hall, Inc. All rights reserved. IS

A

:M Outline

1. Poi nt definition

Fig. 9.8 point2.h
Definition of class Point
3 #ifndef POINT2_H

#define PQINT2_H

#incl ude <iostream

1.1 Function definitions
using std: : ostream

10 class Point {

11 friend ostream &operator<<( ostream& const Point &);

12 public:

13 Point( int =0, int=0); r

14 void setPoint( int, int );

15 int getX() const { return x; }

16 int getY() const { returny; }

17 protect ed: Lssible to de

18 intx.ovio g r di nat e 0i nt data members are
19 }; r ot ect edto be made
20

21 #endi f

22 Fig. 9.8 point2.cp

23 // Menber functions for class Point

24 # ncl ude " poi nt2. h*

Sonstructor for class Point

27 Point::Point( int a int b) { setPoint( a b); }

29 // Set the x and y coordinates
30 void Point::setPoint( int a, int b)
31 {

32 x=ga



36 /1

37
38
39
40
41
a2

W wwwwwe
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a1

=]

Qutput the Point
ostream &operat or <<( ostream &utput, const Point & )

{

output << '[! << p.x << ", " << p.y << ']";

return output; enabl es cascadi ng

}
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Const ruct or or Grcle calls construy
with a nenber initializer and initia
Grele::Grele( doubler, int a int b)

Point( a b) /] call base-class constructor
{ setRadius( r ); }

tor for Point

izes ra

i us

Set radius
voi d Grcle::setRadiug( double r )
{radius=(r>=02r:0);

Get radius
doubl e Grcle:: getRadius() const { return radius; }

Calculate area of Grc

double Gircle::area() const
{ return 3.14159 * radius * radius; }

Qutput a circle in the for
Center =[x, y]: Radius = # ##

* ostream &operator<<( ostream &utput, const Grcle & )

output << "Center = " << static_cast< Point > ( ¢ )
<" Radius ="
<< setiosflags( ios::fixed | ios::
<< setprecision( 2) << c.radius;

showpoi nt )

return output; enabl es cascaded cal |'s

10: cyl i ndr2. cpp

and friend function definitions
ass Oylinder

#include "cylindr2. h"

Oylinder constructor calls Qrcle constructor
O/linder:: Oylinder( double h, doubler, int x, int y)
arcle( r, x, y) |

cal| base-class constructor

{ setheight( h); }
Set hei ght of Oylinder
voi d Oylinder:: setHeight( double h )
{ height =( h>=02h:0); }
Get height of Oylinder
doubl e Oyl i nder: : get Hei ght () const { return height; }
Calculate area of Cylinder (i.e., surface area)
doubl e Oyl i nder: : area() cof
{ «
return 2 * Grele::area() +
2 * 3.14159 * radius * height;
}
Cal cul ate vol ume of Oyl inder
doubl e Oyl i nder: : vol ume() const
{ return Gircle::area() * height; }
Qutput Cylinder dinensions
ostream &oper at or <<( ostream &ut put, const Oyl inder & )
{

Outline

1.1 Function definitions

Outline

1.1 Function definitions

Outline

1.1 Function definitions

Fia. 9.9: ¢

Def i i tion of
#fndef QROLE2 H
#define O RCLE2 H

|
lass Grcle

1. circle definition

Outline

#include <iostream

usi na std: : ostream 1.1 Function definitions

#incl ude "point2. h"

class Grele : oublic Point {

friend ostream &operator<<( ostream& const Grcle &);
publ i c:

defaul t constructor

Grcle( double r = 0.0, int x

void set Radi us( doubl e );

doubl e get Radi us() const ;

doubl e area() const:
orot ect ed

doubl e radi us:

0, inty=0);
set radius

eturn radius

/1 ate area
accessible to derived classes
adius of the Qrcle

i rcl e data members are

#endi f
Fig. 9.9: circle2 cpp

Menber function definitions for class Grele
#i ncl ude <i onani p>

using std::ios;
usi ng std: : seti osf | ags;
usi ng std:

et pr eci si on;

#include "circle2. h"

Fig. 9.10: cylindr2.h

of class Cylinder
# fndef CYLINDR2_H

#define CYLINDR2_H

Outline

1. Cyli nder definition

#include <i ostreans
using std: : ostream
# nclude "circl e2.

class Oylinder : public Grcle {
friend ostream &operator<<( ostream& const Cylinder &);

publ i ¢:
defaul t construct or
Oylinder( double h = 0.0, double r = 0.0,
int x =0, inty=0);

void setHeight( double ); // set height
doubl e get Hei ght () const;
doubl e area() const;

return hei ght
al culate and return area

doubl e vol ume() const; cal culate and return vol ume
prot ect ed;
doubl e hei ght ; / height of the Cylinder
H
#endi f

output << static_cast< Grele >( ¢ )

<< "; Height = " << c. height; Outline
return output; /1 enabl es cascaded cal I s 1.1 Function definitions

0: fig09 10.cpp
Driver for class Cylinder
#incl ude <i ostreany

1. Load headers

usi ng std
using std

cout ;
endl ; 1.1 Initialize object

#incl ude “point2. h*
#include “circle2. h*
#include "eylindr2.h"

2. Function calls

. 2.1 Change attributes
int main()

create Cylinder object 3. Output data
O/linder oyl ( 5.7, 2.5, 12, 23);

coordinate is 12

use get functions to display the Cylinder
cout << "X coordinate is " << cyl.getX()

<< "\nY coordinate is " << cyl.getY()

<< "\nRadius is " << &yl . get Radi us()

<< "\nkeight is " << oyl .getheight() << “\n\n";

coordinate is 23

ladius is 2.5
Height is 5.7

use set functions to change the Cylinder's attributes
cyl. set Hei ght ( 10 );

cyl. set Radi us( 4.25 );

cyl.setRoint (2, 2);



cout << "The new | ocation, radius, and height of cyl are:\n" W
<< cyl << '\n';

The new | ocation, radius, and height of cyl

cout << "The area of cyl is:\n"

96 << cyl.area() <<'\n'; Center = [2, 2]; Radius = 4.25; Height = 10.00

display the Oylinder as a Point |Ine 8reaof eyl is:

Point &Ref = cyl; JRef "t hi nks|380.53

cout << "\ngyT printed as a Point is: "
<< pRf << " 8

[otinder printed as a point is: (2. 21|

1pref “thinks' cyl isaPoi nt, soit |

<l erefl - areaOf o Mo printed as a Grele is:
Center =[2, 2]; Radius = 4.25
Area: 56.74

return 0;

o )’)

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

The new I ocation, radius, and height of cyl are:
Center = [2, 2]; Radius = 4.25; Height = 10.00
The area of cyl is:

380.53

Qylinder printed as a Point is: [2, 2]

O/linder printed as a Grcle is:
Center = [2, 2]; Radius = 4.25
Area: 56.74

1 Fig. 9.11: basel

Defi ni on of class Basel
#ifndef BASEL H
#idefine BASEL H

m Outline

IS

1. Baseldefinition

class Basel {

publ i c:
Basel( int x ) { value = x; }
int getData) const { returnvalue; }

prot ect ed: ccessi bl e derived cl as:

1. Base2 definition

1 int val ue; inherited by derived class

4 #endi f

Fig. 9.11: base2
6 // Definitior
7 #ifndef BASE2_H
18 #define BASE2_H

of ¢

class Base2 {
publ i c
Base2( char ¢ ) { letter = c; }
char getData() const { return letter; }

4 protect ed: ccessibl e to derived classe
25  char letter; i nherited by derived c
26 };
e
28 #endi f
55 // Fig. 9.11: derived. cpy
6 Menber function definitions for class Derived ! Qutline

#include “derived. h*

59 for De s fo
60 sel and c 1. Load header
61 // Use menber initializers to call base-class constructors
62 Derived:: Derived( int i, char ¢, doublef )
Base1( i ), Base2( ¢ ), real (f) {} 1.1 Function
Definitions
Return the value of real

66 doubl e Derived: : getReal () const { return real; }

ay all the data menbers of Derived
69 ostream &operat or <<( ostream &output, const Derived & )

1 output << "  Integer: " << d.value
<< "\n Character: " << d.letter
<< "\ nReal nunber: " << d.real;

5 return output; enabl es ¢

76 }
77 /1 Fig. 9.11: figog pr

78 // Driver for nultiple inheritance exanpl e
79 #include <iostreany

81 using std: : cout;
82 using std: : endl ;

84 #nclude "basel. h"
85 #include "base2. h"

9.15 Multiple Inheritance

» Multiple Inheritance
— Derived-class inherits from multiple base-classes
— Encourages software reuse, but can create ambiguities
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" -
herits :M Outline

31 i tiple
#ifndef DERI VED_H
#define DERI VED H

#include <iostreany

37 using std:: ostream

i vedinheritsfrom

39 #nclude "basel. h”
40 #include "base2. h"

eri tance >
3 class Derived : public Basel, public Base2 {
friend ostream &operator<<( ostream& const Derived &);

ml tiple

46 public
Derived( int, char, double );
48 double getReal () const;

50 private:

doubl e real ; ved class's private data

Y

#endi f

6 # nclude "derived. h"

:M Outline

1. Load header

int nain()

9 {

Basel bi( 10 ), *baselPtr
Base2 b2( 'Z ), *base2Ptr [ ect
Derived d( 7, 'A', 3.5); create Derived obj ect

ate Base2

1.1 Create objects

orint data menbers of base class obj ec
cout << "Cbject bl contains integer " << bl.getData()
<< "\n(bj ect b2 contains character " << b2.getData()

2. Function calls

1. Deri ved Definition

<< "\nGbject d contains:\n" << d << "\n\n";

s of derived cla
perator resol
cout << "Data nembers of Derived can be"
<< * accessed i ndi vi dual | y: "
<<"\n Integer: " << d.Basel::getData()
<< "\n Character: " << d.Base2::getData()
<< "\nReal nunber: " << d.getReal () << "

o i|ndi vi dual 1'y:
Integer: 7
A

jet Dat a

Char act er :

cout << "Derived can be treated

ta menbers of Derived can be accessed

<< "object of eithgimSe

109 Derived can be treal pase cl ass:
110 treat Deriv
111 baselPtr = &;
112 cout << "baselPtr->getData() yield
113 << baselPtr->get Dat a

114
115 treat Derived as a B

116 base2Ptr = &d;

4

baselPtr->getData() yields 7




117  cout << "base2Ptr->getData() yields " |
base2Ptr->getData() yields A Outline
18 << base2Ptr->getData() << endl ; V] _—
119

120 return 0;

21}

3. Output data

bject bl contains integer 10
(bj ect b2 contains character Z
ject d contains:
Integer: 7
Character: A
Real nunber: 3.5

Program Output

Data nenbers of Derived can be accessed individual | y:
Integer: 7
Character: A
Real nunber: 3.5

Derived can be treated as an object of either base class:
baselPtr->get Data() yields 7
base2Ptr->get Data() yields A
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49

Graded Exercises

* Read the summary of Ch 9 (pp 618..622)
» Do Self-Review exercises Ch 9 Deitel & Deitel
» Dofollowing Exercises

— 9.2 (make adiagram like on Fig 9.2, put in folder),
— 9.12 (on paper & put in folder)
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