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0.1 Introduction

e Inheritance

— New classes created from existing classes
— Absorb attributes and behaviors

— Derived class

» Classthat inherits data members and member functions from a
previoudy defined base class

— Single inheritance
 Classinheritsfrom one base class
— Multiple inheritance
 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

o protected: Derived classes and friends can access protected
members of the base class

O 2000 Prentice Hall, Inc. All rights reserved. - -



0.1 Introduction

e Polymorphism
— Write programs in a general fashion

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

 Base and derived classes

— Often an object from a derived class (subclass) is also an
object of abase class (superclass)

* A rectangleisaderived classin reference to a quadrilateral and
a base classin reference to a square

 |nheritance examples

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

Homel npr ovement Loan
Mor t gagelLoan

Enpl oyee Facul t yMenber
St af f Member
Account Checki ngAccount

Savi ngsAccount
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9.2 Inheritance: Base and Derived Classes

« |mplementation of publ I ¢ inheritance
cl ass Comm ssi onWorker : public Enpl oyee {

¥
— Class Conm ssi onWbr ker inherits from class
Enpl oyee
— fri end functions not inherited

— pri vat e members of base class not accessible from
derived class
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9.3 protected Members

e protect ed access

— Intermediate level of protection between publ | ¢ and
pri vat e inheritance

— Derived-class members can refer to publ | ¢ and
pr ot ect ed members of the base class ssmply 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

— ODbjects 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

— Use an explicit cast to convert a base-class pointer to a derived-
class pointer

— If pointer is going to be dereferenced, the type of the pointer must
match the type of object to which the pointer points

— Format:

derivedPtr = static cast< Derivedd ass * > basePtr;
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9.4 Casting Base-Class Pointers to Derived-
Class Pointers

* Thefollowing example:

— Demonstrates the casting of base class pointers to derived
class pointers

— Class G r cl e isderived from class Poi nt

— A pointer of type Poi nt isusedtoreferenceaCircl e

object, and apointer totype C r cl e isused to reference a
Poi nt object
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/1 Fig. 9.4: point.h
[/ Definition of class Point

#1 fndef PO NT_H
#define PO NT_H

#1 ncl ude <i ostreanp
usi ng std::ostream

class Point {
friend ostream &operator<<( ostream & const Point & );
publ i c:
Point( int =0, int =0); /'l default constructor
void setPoint( int, int ); /| set coordinates
int getX() const { return x; } // get x coordinate
int getY() const { returny; } // get y coordinate

pr ot ect ed: /| accessible by derived cl asses
int x, vy; // x and y coordi nates of the Point

I

#endi f

/1l Fig. 9.4:. point.cpp

/'l Menmber functions for class Point
#i ncl ude <i ostreanr

#i ncl ude "point. h"

/! Constructor for class Point
Point::Point( int a, int b) { setPoint( a, b ); }

/Il Set x and y coordi nates of Point
void Point::setPoint( int a, int b))

{

X = a,

A 9
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1. Poi nt class
definition

1. Load header

1.1 Function definitions



} Qutline
ostream &oper at or<<( ostream &out put, const Point &p )
{

output << '[' << p.x << ", " << p. << ' . ..

g [ k i : 1.1 Function definitions

return output; // enables cascaded calls ~  =esmmessmeeseceoooeeo

}
1. Circleclass

#i f ndef Cl RCLE_H definition

#define Cl RCLE H

#i ncl ude <i ostreane

using std::ostream

Class Ci r cl e publicly inherits from class
#i ncl ude <i omani p> Poi nt , soit will have classPoi nt 'spubl i c
and pr ot ect ed member functions and data.

using std::ios;
using std::setiosflags;
using std::setprecision;

#i ncl ude "point.h"

class Circle : public Point {
friend ostream &operator<<( ostream & const Crcle & );
publ i c:



65
66
67
68
69
70
71
72
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74
75
76
77
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Crcle( double r =0.0, int x =0, int ' y =0);

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

pr ot ect ed:
doubl e radi us;

}i

#endi f

/1 Fig. 9.4: circle.cpp

[/ set radius
[/ return radius

[l cal cul ate area

[/ Menmber function definitions for class Crcle

#i nclude "circle. h"

[/ Constructor for Crcle calls constructor for

[/ with a nenber initializer

Circle::Circle( double r, int

Point( a, b) /1 call

{ setRadius( r ); }

[/ Set radius of Crcle

then initializeg radius.

a, int b)

void Circle::setRadius( double r )

{ radius = (r >=0?r

0); 1}

Outline

1. Circle definition

1. Load header

1.1 Function
Definitions

Ci r cl e inherits from Poi nt
and has Poi nt 's data members
(which are set by calling

Poi nt 's constructor).

base-cl ass construct or

11
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/] Get radius of Crcle
double Circle::getRadius() const { return radius; }

/] Calculate area of Circle
double Circle::area() const
{ return 3.14159 * radius * radius; }

[/ Qutput a Circle in the form
[/ Center = [X, vy]; Radius = #. ##
ostr eam &oper at or <<( ostream &out put, const Circle &c )

{

output << "Center =" << static cast< Point >( ¢ )
<< "; Radius ="
<< setiosflags( ios::fixed | io0s::showoint )
<< setprecision( 2 ) << c.radius;
return output; /'l enabl es cascaded calls
}
/1 Fig. 9.4: fig09 04.cpp

/| Casting base-class pointers to derived-class pointers
#i ncl ude <i ostreanp

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

#i ncl ude <i omani p>

#i ncl ude "point.h"

#i nclude "circle.h"
I nt main()
{
Poi nt *pointPtr = 0, p( 30, 50 );

A

Outline

v

1. 1 Function
Definitions

Driver

1. Load headers

1.1 Initialize objects

12



Crcle *circlePtr =0, c¢( 2.7, 120, 89 ); A
Outline
cout << "Point p: << p << "\nCrcle c: << c << '"\n'; v
Poi nt p: [30, 50]
Circle c: Center = [120, 89]; Radius = 2.70 objects

poi ntPtr = &c;

cout << "\nCircle

(via *pointPtr):

1.2 Assign objects

<< *pointPtr <<

"\

G

rcle c (via *pointPtr):

[120, 89]

Assign poi nt Pt r toaPoi nt

object. It has no derived-class
information.

WhenitiscasttoaCircle *,

2. Function calls

Assian derived-class

circl ePtr isredly assignedto a
base-class object with no derived-
classinformation. Thisisdangerous.

Circle c (via *circlePtr):
Center = [120, 89];

Area of ¢ (via circlePtr):

Radi us =

2.70
22.90

v

poi ntPtr = &p;

circlePtr = static cast< Circle * >(

cout << "\nPoint p (via *circlePtr):\n" << *circlePtr

<< "\nArea of object circlePtr
<< circlebPtr->area() << endl;

return O;

T TTO NNCAIS VUTOUAIRT r-l\ll LA "4 L1}

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

pointPtr );

Cast poi ntPtr intoa
Circle *,andassignto
circlePtr.

points to:

1 | e VR - N R

Center = [30, 50];

Point p (via *circlePtr):
Radi us =

Area of object circlePtr

0. 00

points to: 0.00

13
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9.5 Using Member Functions

e Derived class member functions
— Cannot directly accesspr i vat e members of their base
class
* Maintains encapsulation

— Hiding pri vat e membersis ahuge help in testing,
debugging and correctly modifying systems

O 2000 Prentice Hall, Inc. All rights reserved. - _
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9.6 Overriding Base-Class Members in a
Derived Class

e 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-resolution operator may be used to accessthe
base class version from the derived class

O 2000 Prentice Hall, Inc. All rights reserved. - _

16



O© 0O NO 01D WN P

e e e e e
~N O U WNERE O

W W W NN DNDNDNDDNDDNDNDNDNDNDNDNDPREP P
N P O © 0 N O 0O b W DN PFP O O @

/[l Fig. 9.5: enploy.h

[/ Definition of class Enpl oyee
#1 fndef EMPLOY H

#def i ne EMPLOY H

cl ass Enpl oyee {
publ i c:

Empl oyee( const char *, const char * ); [/ constructor
void print() const: // output first and | ast nane

~Enpl oyee(); /| destructor
privat e:
char *firstNane; [/ dynam cally allocated string
char *| ast Nane; /1l dynam cally allocated string
s
#endi f

/1 Fig. 9.5: enploy.cpp
/1 Menmber function definitions for class Enpl oyee
#i ncl ude <i ostreanp

usi ng std::cout;

#i ncl ude <cstring>
#i ncl ude <cassert>
#i ncl ude "enpl oy. h"

/'l Constructor dynamically allocates space for the
/1l first and | ast nane and uses strcpy to copy
/1l the first and | ast nanes into the object.

Enpl oyee: : Enpl oyee( const char *first, const char *last )

{

firstNane = new char[ strlen( first ) + 1 ];

A 17
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1. Enpl oyee class
definition

1. Load header

1.1 Function definitions
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}

/1

assert( firstNanme !'=0 ); // terminate if not allocated

strcpy( firstName, first );

| ast Nane = new char[ strlen( last ) + 1 ];
assert( lastNanme '= 0 ); // termnate I not
strcpy( | astNane, |ast );

al | ocat ed

Qut put enpl oyee nane

voi d Enpl oyee::print() const

/1

{ cout << firstNane << ' ' << |astNane; }

Destructor deall ocates dynamcally all ocated nenory

Enpl oyee: : ~Enpl oyee()

{

}
/1

/1

delete [] firstNane; /1
delete [] | ast Nane; /1

recl ai mdynam ¢ nenory
recl ai m dynam ¢ nenory

9. 5:
Definition of class Hourl yWrker

Fig. hourly. h

#1 f ndef HOURLY_H
#defi ne HOURLY_H

#i ncl ude "enpl oy. h"

cl ass Hourl yWr ker

publ i c:
Hour | yWor ker ( const char*, const c doubl e, double );
doubl e get Pay() const; // cul ate and return sal ary
void print() const; /| overridden base-class print
private:

publ i c Enpl oyee {

18
A Outline
Vv

1.1 Function definitions

1. Hour | yWor ker
class definition

Hour | yWor ker inherits
from Enpl oyee.

Hour | yWor ker will override
the pri nt function.
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doubl e wage; [/ wage per hour

doubl e hours; [/ hours worked for week
b
#endi f
/1 Fig. 9.5: hourly.cpp

/1 Menmber function definitions for class Hourl yWrker

#i ncl ude <i ostreanp

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

#i ncl ude <i omani p>
using std::ios;
using std::setiosflags;

using std::setprecision;

#i ncl ude "hourly. h"

/| Constructor for class Hourl yWrker

Hour | yWwor ker : : Hour | yWor ker ( const char *first,
const char *I|ast,
doubl e initHours, doubl e initWge )
Enpl oyee( first, last ) /'l call base-class constructor
{
hours = initHours; // should validate
wage = i nitWage; /'l should validate
}
/| Get the Hourl yWorker's pay

doubl e Hourl yWor ker: : get Pay() const

{

return wage * hours;

}

A 19
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1. Load header
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voi d Hourl yWorker::print() const

A
\%

1.1 Function
Definitions

Qutline

1. Load header

{
cout << "HourlyWrker::print() i3&executing\n\n";
Enpl oyee: :print();
cout << " is an hourly wo
<< setiosflags( ios::fixed | . Showpoi nt
<< setprecision( 2 ) << getPay() << en
}

#i nclude "hourly. h"

Thepri nt functionis
overridenin

Hour | yWor ker .
However, the new

function still can call the
original pri nt function

using : :

I nt main()

{
Hour | yWor ker h( "Bob", "Smth", 40.0, 10.00 );
h.print();
return O;

}

Hour | yWorker ::print() is executing

Bob Snmith is an hourly worker w th pay of $400.00

Program Output

20



9.7 public, private, and protected

21

Inheritance
rl?%;sﬁgle?&s Type of inheritance
access public pr ot ect ed private
specifier inheritance inheritance inheritance
publ i ¢ inderived class. prot ect edinderivedclass. | pri vat e inderived class.
Can be accessed directly by &y | Can be accessed directly by all | Can be accessed directly by all
Publ i c non-st at i ¢ member functions, | non-st at j ¢ member functions | non-st at i ¢ member functions
f ri end functionsand non- andf ri end functions. andf ri end functions.
member funcions.
prot ect ed inderivedclass. | prot ect edinderivedclass. | pri vat e inderived class.
Can be accessed directly by dl | Can be accessed directly by dll | Can be accessed directly by all
Pr ot ect ed| hon-st at i ¢ member functions | non-st at i ¢ member functions | non-st at i ¢ member functions
andf ri end functions. andfri end functions. andf ri end functions.
Hidden in derived class. Hidden in derived class. Hidden in derived class.
|Can be accessed by nonst at i ¢ | Can be accessed by non-st at i ¢ | Can be accessed by non-st at i ¢
ori member functionsand f ri end | member functionsand f ri end | member functionsand f ri end
rivate functionsthrough publ i c or functions through publ i c or | functionsthrough publ i ¢ or

pr ot ect ed member functions
of the base class.

pr ot ect ed member functions
of the base class.

pr ot ect ed member functions
of the base class.
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9.8 Direct and Indirect Base Classes

e Direct base class

— Explicitly listed derived class s header with the colon (: )
notation when that derived class is declared
cl ass Hourl yWorker : public Enpl oyee
 Enpl oyee isadirect base class of Hour | yWor ker

e Indirect base class

— Not listed in derived class' s header

— Inherited from two or more levels up the class hierarchy
cl ass M nuteWsrker : public Hourl yWrker

 Enpl oyee isanindirect base class of M nut eWbr ker

O 2000 Prentice Hall, Inc. All rights reserved. - _
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9.9 Using Constructors and Destructors In
Derived Classes

o Baseclassinitializer
— Uses member-initializer syntax
— Can be provided in the derived class constructor to call the
base-class constructor explicitly
e 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

O 2000 Prentice Hall, Inc. All rights reserved. - _
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9.9 Using Constructors and Destructors In
Derived Classes

e A derived-class constructor

— Cdlsthe constructor for 1ts base class first to initialize its
base-class members

— |f the derived-class constructor is omitted, its default
constructor calls the base-class default constructor
e Destructors are caled in the reverse order of

constructor calls

— So aderived-class destructor is called before its base-class
destructor

» Destructor of Class Employee frees up the
dynamically assigned arrayq | fi r st nane
and[ ]I ast nanme, avoiding memory leaks (lines
48, 49).

O 2000 Prentice Hall, Inc. All rights reserved. - -
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/[l Fig. 9.7: point2.h

/1 Definition of class Point

#1 fndef PO NT2_H

#define PO NT2_H

class Point {

publ i c:
Point( int =0, int =0); // default constructor
~Poi nt () ; /| destructor

pr ot ect ed: /| accessi bl e by derived cl asses
int x, vy; /1 x and y coordi nates of Poi nt

b

#endi f

/[l Fig. 9.7: point2.cpp

[/ Menmber function definitions for class Point
#i ncl ude <i ostreanp

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

#1 ncl ude "point2.h"

[l Constructor for class Point
Point::Point( int a, int b)

{
X = a;
y = b;
cout << "Point constructor: "
<< '['" << x << ", " <<y << ']" << endl;
}

A
\%

1. Poi nt definition

Outline

1. Load header

25
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[/ Destructor for

Poi nt : : ~Poi nt ()
{

cout << "Poi nt

<< [ << x << "

1

}

/1 Fig. 9.7: circle2.h

destructor:

"y << "]

cl ass Poi nt

<< endl ;

[/ Definition of class Crcle

#i f ndef Cl RCLE2_H
#define Cl RCLE2_H

#i ncl ude "point2. h"

class Circle :
publ i c:
/| default
Crcle( double r = 0.0,

construct or

~Circle();
private:

doubl e radi us;

}

#endi f

Outline

26

1.1 Function definitions

1. Load header

1.1 Circl e Definition

Ci r cl e inheritsfrom
Poi nt .

—

public Point {

int x =0, int ' y=20);



27
A Qutline
#1 ncl ude <i ostreanr v
using std::cout; 1. Load header

using std::endl;
1.1 Function

#incl ude "circle2. h" Definitions

Circle::Circle( doubler, int a int b)

. Point( a, b) .
( ‘  Constructor for Ci r cl e
calls constructor for

radius =r; Poi nt , first. Uses
cout << "Circle constructor: radius is " member-initializer syntax.
<< radius << " [" << X << ", <Ky << ']' << endl;
}
Grcle: :~Grcle() Destructor for Ci r cl e
( calls destructor for Poi nt ,
. o |ast.
cout << "Circle destructor: radius is "

<< radius << " [" << X << " <<y << ']' << endl;
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A Outline
Vv

#i ncl ude <i ostreane

1. Load headers

using std::cout;

using std::endl; 1.1 Initialize objects

#i ncl ude "point2.h" 2

Objects enter and
#include "circle2. h" Object created inside a block destroyed ave scope

once it leaves scope.

I nt main()

{

Remember that the Poi nt

Poi nt  constr| constructor is called for
Point destrul Ci rcl e objectsbefore the

} v ~nl A Aaonctviintar (1necida

Point constructor: [72, 29]

) Circle constructor: radius is 4.5 [72, 29]
cout << endl:

Circle circlel( 4.5, 72, 29 );

Point p( 11, 22 );

Pnin|n--L ki ke (1 X I |

Crcle destructor: radius is 10 [5, 5]

cout << endl;

Crcle circle2( 10, 5, 5 ); Poi nt destructor: [5, 5]

L enfLi//,,///””/////’//’ Circle destructor: radius is 4.5 [72, 29]

return O; Poi nt destructor: [72, 29]




Poi nt constructor:

Poi nt destructor:

Poi nt constructor:
Circle constructor:

Poi nt constructor:
Circle constructor:

Circle destructor:
Poi nt destructor:
Circle destructor:
Poi nt destructor:

[11, 22]
[11, 22]
[72, 29]

radius is 4.5 [72, 29]

[5, 5]
radius is 10 [5, 5]

radius is 10 [5, 5]
[5, 5]

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

O 2000 Prentice Hall, Inc. All rights reserved.

Qutline

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

e Assignment of derived and base classes

— Derived-class type 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

O 2000 Prentice Hall, Inc. All rights reserved. - _



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
e Syntax error
e 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 (Virtual functions)

O 2000 Prentice Hall, Inc. All rights reserved. - _
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9.11 Software Engineering With Inheritance

o Classes are often closely related

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

— Useinheritance to form derived classes

e Modificationsto a base class

— Derived classes do not change aslong asthe publ | ¢ 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.

O 2000 Prentice Hall, Inc. All rights reserved. - -
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9.12 Composition vs. Inheritance

o “Isa’ relationships

— Inheritance
« Relationship in which aclassis derived from another class

e “Hasa’ relationships
— Composition

 Relationship in which aclass contains other classes as
members

« Hasa, iIsacomposition. Isakind of, is
Inheritance.

 |nterchangeable! Careful.

O 2000 Prentice Hall, Inc. All rights reserved. - _



9.13 “Uses A” And “Knows A”
Relationships

¢ “Usesa’
— One object issues a function call to a member function of
another object. Limited!
e "Knowsa’

— One object is aware of another
» Contains apointer or handle to another object
o Hasaccessto all public stuff.

— Also called an association

O 2000 Prentice Hall, Inc. All rights reserved. - _



9.14 Case Study: Point, Circle, Cylinder

 Point, circle, cylinder hierarchy
— Poi nt classisbase class
— Qi rcl e classisderived from Poi nt class
— Cyl i nder classisderived from Ci r cl e class

O 2000 Prentice Hall, Inc. All rights reserved. - _
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I/ Fig. 9.8: point2.h A 36
/1 Definition of class Point Outline
#i f ndef PO NT2_H \V4 -
#define PO NT2_H
1. Poi nt definition

#i ncl ude <i ostreanp
usi ng std::ostream 1.1 Function definitions
cl ass Point {

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

Point( int =0, int =0 ); /] default constructor

void setPoint( int, int ); /] set coordinates

int getX() const { return x; } // get x coordinate

int getY() const { returny; } // get y coordinate
pr ot ect ed: /| accessible to derived cl asses

int x, vy; /1 coordinates of the point Poi nt data members are
}; pr ot ect ed to be made

accessibleby Ci rcl e.

#endi f
/1 Fig. 9.8: point2.cpp

[/ Menmber functions for class Point
#i ncl ude "point2. h"

/1 Constructor for class Point
Point::Point( int a, int b) { setPoint( a, b); }

/Il Set the x and y coordi nates
void Point::setPoint( int a, int b)

{

X = a,



e
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y = b;
}

/1 Qutput the Point
ostream &oper at or <<( ostream &out put, const Point &p )
{

output << '[' << p.Xx << ", " <K p.y <<']";

return output; /'l enabl es cascadi ng

O 2000 Prentice Hall, Inc. All rights reserved.
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[/ Fiad. 9.9: circle2.h

[/ Definition of class Crcle
#i f ndef Cl RCLE2 H

#defi ne Cl RCLE2 H

#i ncl ude <i ostreanp

usi no std::ostream

#1 ncl ude "point2.h"

class Circle : public Point {

friend ostream &operator<<( ostream & const Circle & );

public:
/] default constructor
Circle( double r =0.0, int x =0, int v =0);
vol d set Radi us( doubl e ); /1l set radius
doubl e get Radi us() const; /1l return radius

doubl e area() const; [/ cal cul ate area

pr ot ect ed: /|l accessible to derived cl asses
doubl e radi us; [/ radius of the Circle

s

#endi f
/1 Fig. 9.9: circle2. cpp

[/ Menber function definitions for class Circle
#i ncl ude <i omani p>

using std::ios;
using std::setiosflags;

using std::setprecision;

#i ncl ude "circl e2. h"

38
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1. circl e definition

1.1 Function definitions

Ci r cl e datamembers are
pr ot ect ed to be made
accessible by Cyl i nder .
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/'l Constructor for Circle calls constructor for Point
/1 with a nenber initializer and initializes radius
Circle::Circle( doubler, int a int b)

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

/'l Set radius
void Circle::setRadius( double r )
{ radius = (r >>=0?2r : 0); }

/1 Get radius
double Circle::getRadius() const { return radius; }

/1l Calculate area of Crcle
double Circle::area() const
{ return 3.14159 * radius * radius; }

// Qutput a circle in the form
/] Center =[x, y]; Radius = #. ##
ostream &oper at or <<( ostream &out put, const Circle &c )

{

output << "Center =" << static cast< Point > ( ¢ )
<< "; Radius ="
<< setiosflags( ios::fixed | i10s::showpoint )

<< setprecision( 2 ) << c.radius;

return output; /'l enabl es cascaded calls

A 39
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29

/1 Fig. 9.10: cylindr2.h

/1 Definition of class Cylinder
#1 f ndef CYLI NDR2_H

#define CYLI NDR2_H

#i ncl ude <i ostreanp

using std::ostream

#i ncl ude "circl e2. h"

class Cylinder : public Crcle {

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

/| default constructor

Cylinder( double h = 0.0, double r = 0.0,

int x =0, int' y=20);

voi d set Hei ght ( doubl e ); /'l set height

doubl e get Hei ght() const; /'l return height

doubl e area() const; /'l calculate and return area

doubl e vol une() const; /'l calculate and return vol une
pr ot ect ed:

doubl e hei ght; /1 height of the Cylinder
H

#endi f
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/1 Fig. 9.10: cylindr2.cpp

/1 Menber and friend function definitions
/1 for class Cylinder.

#i nclude "cylindr2.h"

/1 Cylinder constructor calls Crcle constructor
Cylinder::Cylinder( double h, double r, int x, int y)

Crcle( r, x, y) /'l call base-class constructor
{ setHeight( h ); }

/| Set height of Cylinder
voi d Cylinder::setHeight( double h)
{ height = ( h>0?2h: 0); }

/'l Get height of Cylinder
doubl e Cylinder:: getHeight () const { return height; }

/1l Cal culate area of Cylinder (i.e., surface area)
doubl e Cylinder::area() const

{

return 2 * Crcle::area() +
2 * 3.14159 * radius * height;
}
/'l Cal cul ate vol une of Cylinder

doubl e Cylinder::volume() const
{ return Crcle::area() * height; }

/| Qutput Cylinder dinensions

ostream &oper at or <<( ostream &out put, const Cylinder &c )

{

41
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1.1 Function definitions

Circle::area() is
overidden.




output << static_cast< Circle >( c ) A 42
<< "; Height = " << c.height; Qutline
return output; 1.1 Function definitions
}
#i ncl ude <i ostreanp 1. Load headers

using std::cout; e - .
using std::endl; 1.1 Initialize object

#i ncl ude "point2. h"
#i nclude "circle2.h"
#i nclude "cylindr2.h"

2. Function calls

2.1 Change attributes

I nt main()
{
3. Output data
Cylinder cyl( 5.7, 2.5, 12, 23 );

X coordinate is 12

cout << "X coordinate is " << cyl.getX() Y coordinate is 23

<< "\nY coordinate is " << cyl.getY() Radius is 2.5
<< "\nRadius is " << cyl.getRadi us() Hei ght is 5.7
<< "\nHeight is " << cyl.getHeight() << "\n\n";

cyl .set Hei ght( 10 );
cyl .set Radi us( 4.25 );
cyl.setPoint( 2, 2);



cout << "The new |l ocation, radius, and height of cyl are:\n" A
<< cyl <<'\n'; Qutline
The new | ocation, radius, and height of cyl
cout << "The area of cyl is:\n" are:
<< cyl.area() << '\n'; Center = [2, 2]; Radius = 4.25; Height = 10.00
The area of cyl is:
Poi nt &pRef = cyl; 380. 53
cout << "\nCyliwmder printed as a Point is: "
<< pRef << "\n _ : : :
Cylinder printed as a Point is: [2, 2]

Circle &circl eRef
cout << "Cylin
<< "\nArea: "

cyl ;

return O

}

X coordinate is 12
Y coordinate is 23
Radius is 2.5

rinted as a CGircle is:

| pref "thinks' cyl isaPoi nt , soit

nrinte ac nno

Cylinder printed as a Circle is:
Center = [2, 2]; Radius = 4.25
Area: 56.74

Circl e, soit prints as one.

Height is 5.7

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

380. 53

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

Cylinder printed as a Circle is:
Center = [2, 2]; Radius = 4.25
Area: 56.74




9.15 Multiple Inheritance

e Multiple Inheritance
— Derived-class inherits from multiple base-classes
— Encourages software reuse, but can create ambiguities

O 2000 Prentice Hall, Inc. All rights reserved. - _
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/1l Fig. 9.11. basel.h

/1 Definition of class Basel
#i fndef BASE1_H

#defi ne BASE1 H

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

prot ect ed: /| accessible to derived cl asses
i nt val ue; /1l inherited by derived cl ass

b

#endi f

/1l Fig. 9.11. base2.h

/'l Definition of class Base2
#1 f ndef BASE2_H

#defi ne BASE2_H

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

pr ot ect ed: /| accessible to derived cl asses

char letter; /'l inherited by derived cl ass

}

#endi f

Outline

1. Basel definition

1. Base?2 definition
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/1l Fig. 9.11: derived.h

/1 Definition of class Derived which inherits
/'l multiple base classes (Basel and Base2).

#i f ndef DERI VED_H

#def i ne DERI VED H

#i ncl ude <i ostreane

using std::ostream

#i ncl ude "basel. h"

#i ncl ude "base2. h"

/1 multiple inheritance

class Derived : public Basel, public Base2 {

1. Deri ved Definition

Outline

Der i ved inheritsfrom
Basel and Base?2.

friend ostream &operator<<( ostream &, const Derived & );
publ i c:
Derived( int, char, double );
doubl e get Real () const;
private:
doubl e real; /| derived class's private data
H
#endi f
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/1 Fig. 9.11: derived. cpp
[/ Menmber function definitions for class Derived
#i ncl ude "deri ved. h"

/'l Constructor for Derived calls constructors for
/'l class Basel and cl ass Base?Z2.
/1 Use nmenber initializers to call base-class constructors
Derived: :Derived( int i, char ¢, double f )
Basel( i ), Base2( c ), real ( f ) { }

/] Return the value of rea
doubl e Derived::getReal () const { return real; }

/1 Display all the data nenbers of Derived
ost ream &oper at or <<( ostream &out put, const Derived &d )

{

out put << " Integer: " << d.value
<< "\n Character: " << d.letter
<< "\ nReal nunber: " << d.real
return output; /'l enabl es cascaded calls
}
/1 Fig. 9.11: fig09 11.cpp

/1 Driver for nmultiple inheritance exanple
#i ncl ude <i ostreanp

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

#i ncl ude "basel. h"
#i ncl ude "base2. h"
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#i ncl ude "derived. h"

I nt mai n()

{

Basel bl( 10 ), *baselPtr = O;
Base2 b2( 'Z ), *base2Ptr = 0O;
Derived d( 7, "A, 3.5);

cout << "Qpbject bl contains integer "
<< "\nQbj ect b2 contains character

cout << "Data nenbers of Derived can be"
<< " accessed individually:"
<< "\n I nt eger:
<< "\n Character:
<< "\nReal nunber:

cout << "Derived can be treated as an "
<< "object of either base cl

<< b1l. get Dat a()
<< b2. getDat a()
<< "\nQbject d contains:\n" << d << "\n\n";

A

Vv
1. Load header

Qutline

1.1 Create objects

2. Function calls

Qbj ect bl contains integer 10

<< d. Basel:: get Dat a()

Dat a nenbers of Derived can be accessed
i ndi vi dual | y:

I nteger: 7
Character: A
Real nunber: 3.5

<< d. Base2:: get Dat a()
<< d.getReal () << "\nm\n" Tregt d asaBasel

object.

‘/////////////// Derived can be treated as an object of either base class:
baselPtr = &d;

cout << "baselPtr->getData() yields "
<< baselPtr->getData() << '\n’;

base2Ptr = &d;

Treat d asaBase?2 object.

baselPtr->getData() yields 7




cout << "base2Ptr->getData() yields " "=L
base2Ptr->getData() yields A :
<< base2Ptr->getData() << endl; E OLIIne
fenarn U 3. Output data
}
Qbj ect bl contains integer 10
Obj ect b2 contains character Z Program Output
(hj ect d contai ns:
I nteger: 7

Character: A
Real nunmber: 3.5

Data nmenbers of Derived can be accessed individually:
I nteger: 7
Character: A
Real nunber: 3.5

Derived can be treated as an object of either base cl ass:
baselPtr->getData() yields 7
base2Ptr->getData() yields A
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Graded Exercises

« Read the summary of Ch 9 (pp 618..622)
e Do Sdaf-Review exercises Ch 9 Deitel & Deitel

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