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Introduction

o Inheritance
m New classes created from existing classes
= Absorb attributes and behaviors.

e Polymorphism
m Write programs in a general fashion

= Handle a wide variety of existing (and unspecified)
related classes

e Derived class

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

Introduction

e Inheritance

m Single Inheritance
— Class inherits from one base class

= Multiple Inheritance
— Class inherits from multiple base classes
m Three types of inheritance:
— publ i c: Derived objects are accessible by the base
class objects (focus of this chapter)
— privat e; Derived objects are inaccessible by the base
class
— protect ed; Derived classes and friends can access
protected members of the base class

Base and Derived Classes
e Often an object from a derived class (subclass) “is an” object of
a base class (superclass)

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

Honel npr ovenent Loan
Mor t gageLoan

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

Savi ngsAccount

Base and Derived Classes

e |Implementation of publ i ¢ inheritance

cl ass Conmi ssi onWorker : public Enpl oyee {
}

Class Commi ssi onWor ker inherits from class Enpl oyee

= fri end functions not inherited

m privat e members of base class not accessible from derived
class




Casting Base Class Pointers to Derived
pr ot ect ed members Class Pointers

e Object of a derived class

e prot ect ed inheritance m Can be treated as an object of the base class
= Intermediate level of protection between publ i ¢ = Reverse not true - base class objects not a
and pri vat e inheritance derived-class object
m Derived-class members can refer to publ i ¢ and e Downcasting a pointer
pr ot ect ed members of the base class simply by m Use an explicit cast to convert a base-class
using the member names pointer to a derived-class pointer
= Note that pr ot ect ed data “breaks” encapsulation m Be sure that the type of the pointer matches the

type of object to which the pointer points

derivedPtr = static_cast< Derivedd ass * > basePtr;

7 8
Casting Base-Class Pointers to Derived- o = T o
Class Pointers & i ude <tostream

& using std::ostream

10 class Point {  mmmmmmmmmmeem

11 friend ostream &perator<<( ostream& const Point & );
e Example d.head
) . . Point( int = 0, int = 0); L. Load.header
mCi rcl e cl ass derived from the Poi nt ¢ vord setPoini( int, in ); et coor i nat
15 int getX() const { return x; } get x coordinate
16 int getY() const { returny; } get y coordinate
base cl ass e T SR it
. . 8 int x, vi X y coofkdi if (F n tl n InlthﬂS
= We use pointer of type Poi nt to 19, -1°Function de
reference a Gi r cl e object, and vice- B
versa 24 #incl ude <iostream
25 #include "point.h"
Const ruct or or class Point
Point::Point( int a, it b)) { setPoint( a, b); }
S and r at es of Poi nf
9 voi d Point::setPoint( int a int b) 10
34 y = b; Grcle( double r = 0.0, int x=0, inty=0);
35 }
Qutput Point (with overloaded streaminsertion operator) o vl 6l BBl us( Gl ) set radius
ostream &oper at or <<(  ostream &ut put, const Point & doubl e get Radius() const; t u
39 69 doubl e area() const; cal cul ate area
40 output << '[' << p.x << ", " << p.y << ']'; 70 protected
o e g 165 G Gl 71 double radius 1. Circle definition
43 } 72 };
44 ig. 19.4: circle 73
45 Def i nition of cl a 1 TNiti N
e 1.1 Function definitions 74
47 #define O ROLE_H 75 circleecpp escecescsscccssssccee
48  =meeeccccccccscssss=e=- 76 Menbs f tion definition: ] o} | e
49 #include <i ostreams 77 #i ncl ude "circl e.h” 1 Load header
51 using std::ostream o
52 q .l 79 // Constructor for Gircle calls constructor for Poin
53 #incl ude <i omani p> 1. G rcl e class definition & 0 CIE0 0 Gee Al A IalellEes pedie
iy b o areresarde s r it anh )] Function Definitions
using std:: setiosflags; 82 Point( a b)) call b onst r uct or
57 using std:: setprecision; 83 { setRadius( r ); }
59 #include "point. h" -
0 85 Set radius of Grcle
61 class Circle : public Point { Circle inherits from Poini 86 void Grcle::setRadius( double r )
friend ostream &perator<<( ostream& const Grcle &); . _ _
public 1 {radius =(r>=02r:0); } 12
defaul con: 88




B9 /1 Get radiu
90 double Circle:

]
getRadi us() const { return radius; }

3 double Circle::area() const

{ return 3.14159 * radius * radius; }
S S (% g e finitions
98 ostream &oper at or <<( ostream &output, const Grcle & )

100 output << "Center
D

<< static cast< Point >( ¢ )

. Radius
02 << setiosflags( ios::fixed | ios::showpoint ) .
103 << setprecision( 2 ) << c.radius;
04
)5 return output; b ascaded cal |
106}

ig. 19 i919_04. cpp

08 Casting base-cl a: poi Nt to derived-cl a: DO

9#i ncl ude <i ostrean>

0

111using std::cout;
2using std::endl;

1. Load headers

4#i nel ude <i omani p>

4 ncl ude *poi nt. h
7#incl ude "circle. h*

1.1 Initialize objects

":\nl mi n() -
Point *pointP(r =0 p( 30, 50);
Program Output
Point p: [30, 50]
Circle c: Center = [120, 89]; Radius = 2.70
Circle c (via *pointPtr): [120, 89]
Circle ¢ (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
15

126 eat a Grcle as a Poin

41 cast ba

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

124 cout << "Point p: " << p << "\nGircle ¢ " << ¢ << '\n';

pointPtr = &c;

a

.1 Initialize objects

ign address of

128 cout << "\nGircle c (via *pointPtr)

<< *pointPtr << ‘\n';
feCee s al “1:21Assign objects

circlePtr = static_cast< Grcle * >( pointPtr );

cout << "\nGircle ¢ (via *circlePtr):\n" << *circlePtr
<< "\nArea of ¢ (via circlePtr) -
2. Function calls

<< circlePtr->area() << '\n';

DANGERQUS: Treat a Point a

pointPtr = &p; assign address of Po o poi nt P

s poi nter Ss poi nt er

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

cout << "\nPoint p (via *circlePtr):\n" << *circlePtr
<< "\nArea of object circlePtr points to: "

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

return 0; 14

Using Member Functions

e Derived class

m Cannot directly access pri vat e members of its base
class

m Hiding pri vat e members is a huge help in testing,
debugging and correctly modifying systems

16

Overriding Base-Class Members in a
Derived Class

e To override a base-class member function
m In derived class, supply new version of that
function
— Same function name, different definition
m The scope-resolution operator may be used

to access the base class version from the
derived class

6 class Enployee {

32

9 #include <iostrean

Pl oy
Definition of class Enpl oyee

# fndef EMPLOY H

#define EMPLOY H

1. Enpl oyee class definition

public

Enpl oyee( const char *, const char * ); construct o
void print() const; output first and last nane
~Enpl ovee(): dest ruct o

private:
char *firstName; dynani cal ly a ed string

char *l ast Name; dynam

e Al 1.Load header

#endi f

pl oy. cpp
Menber function definitions fo Enpl oyee

1.1 Function definitions

using std: : cout;

3 #include <cstring>

#include <cassert>

5 #incl ude "enpl oy. h*

structor dynamically allocates

first t name and uses strcp
the first names into the object

0 Enpl oyee: : Enpl oyee( const char *first, const char *last )
31 {

18

firstName = new char[ strien( first ) +1];




assert( firsthane 1= 0); ermnate i1 no Scat ed
strepy( firstName, first );

lastName = new char[ strien( last ) +11];

) q o Ang
aeertttastnam 1= 0 /0 ng 1 Funetion definitions

strepy( |astName, last );

) }

4 Qutput enpl oyee nare
2 voi d Enpl oyee::print() const
{ cout << firsthame << ' ' << |astNamg; } ==============———————

Dest ruct or deal | ocat ynani cal |y al | oca ermor Y
Enpl oyee: : ~Empl oyee()
{

hourly. h

Def i nition of cl Ho yVer ker
#i fndef HOURLY_H
#define HOURLY_H

# nel ude " enpl oy. h*

9 class HourlyWrker : public Enployee {

publ i ¢
Hour | yWrker ( const char*, const char*, double, double );
doubl e get Pay() const; I culate and ret

Latiiaer LoHourl yWer ker class definition

64 doubl e wage;
doubl e hours;

Y

#endi f

70 Menber function definitions for class HourlyWrker

i #include <iostreanp 1- Load header

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

#incl ude <i omani p>

1.1 Function definitions

using std::ios;
9 using std::setiosflags;
0 using std:: setprecisi on;

#include "hourly. h"

Constructor for class Hourly ke
Hour | yWr ker : : Hour | yWer ker ( const char *first,
const char *last,
doubl e initHours, double initWage )
Enpl oyee( first, last ) b | ass const ructo

void print() const; verri dden base y 19
private
Print the HourlyWrker's name and pay

oi d Hourl yWrker: :print() const 1.1 Function Definitions

cout << "HourlyWrker::print() is executing\n\n";

Enpl oyee: : print () call base-class print fu

cout << " is an hourly worker with pay of $immmmmmmmmm——m———m e
04 << setiosflags( ios::fixed | ios::showpoint )
05 << setprecision( 2 ) << getPay() << enjl_‘ Load header
106
0711 Exanpl e. cpp
08// Overriding a ba enber function in
109// derived cl ass

1.1 Initialize object

O#include "hourly. h"

Zint main()

=X 2. Function call
Hour | yWorker h( "Bob", "Smth", 40.0, 10.00 );
h.print();

116  return 0;

Hour | yWrker::print() is executing

Bob Srith is an hourly vorker with pay of $400.00

hours = initHours; val i date
wage = i nit\age; val i dat e
2 }
94 Get the HourlyWrker's pay 20
Jo double Hourlvwerker: . getPav() const { return vage * hour 1
publi c, privat e, and pr ot ect ed
Base . 'ﬁvne of
class inheritance
member
specifier
public protected private
PUDI i  inderved lass. | PT Ot €Ct €dl inerived | pr i vat @ inderived
B
(e anynon-st atic Can be accessed directly by | Can be accessed directly by |
‘member functions, allnon-St at i C member | allnon-Static
friendfunctionsand | functionsand f r i @end | member functions and
‘non-member functions. functions. friend
pr ot ect ed indervea | PT Ot €t ed inderved [ pr i vat e inderived
protected
pres
private

Direct and Indirect Base Classes

e Direct base class
m Explicitly listed derived class’ header with the colon (: )
notation when that derived class is declared.
m cl ass Hourl yWorker : public Enpl oyee
— Enpl oyee is adirect base class of Hour | yWor ker
e Indirect base class
m Inherited from two or more levels up the class hierarchy
m cl ass M nuteWrker : public Hourl yWrker
— Enpl oyee is an indirect base class of M nut eWr ker

Using Constructors and Destructors in
Derived Classes

e Base class initializer
m Uses member-initializer syntax
m Can be provided in the derived class constructor to call
the base-class constructor explicitly
— Otherwise base class’ default constructor called implicitly
m Base-class constructors and base-class assignment
operators are not inherited by derived classes

— However, derived-class constructors and assignment
operators can call still them

24




Using Constructors and Destructors in 5 i o

#define POINT2_H

Derived Classes et 1. Point definition
mmp‘u::m( int =0, int =0); ult construct c
) ~Poi nt () ; dest ruct c
e Derived-class constructor L e R e e et
m Calls the constructor for its base class first to initialize L
its base-class members % el 1. Load header
m |f the derived-class constructor is omitted, its default o o .
constructor calls the base-class’ default constructor 1] finelude <ostreans
)

e Destructors are called in the reverse order of T AT 1.1 Function definitions
constructor calls. 21

m Derived-class destructor is called before its base-class

#incl ude "point2. h"

destructor Point::Point( int a int b)
6
7 x=a
y =b;
cout << "Point constructor: "
25 <<'[' << x <<, " <<y <<']' << endl; 2
34 Destructc [: C Poi nt 9 A b f on definitic
5 Poi nt : : ~Poi nt () 60 #include <i ostreans
6 { 61
cout << "Point destructor " 62 using std::cout;
wiwex <, - <y« 1] <4Eunction definitions 63 usl ng std: - end 1. Load header
) }
A0 circle2.h 65 #include "circle2. h"
4 Sfinition of cl
el arae2w 67 1/ oo o aree cns e 101 FUNCtion Definitions
43 #define O ROLE2_H 68 Gircle::Grcle( double r, int a int b)
L 69 Point( a, b) call bas nst ruct c
5 i ude i e 1. Load header Lo
o 71 radius =r; shoul d val i dat
17 class Gircle : public Point { ) . .
. 72 cout << "Circle constructor: radius is
: L D : 1.1 Circle Definition 3 << radius << " [" << x <", " <<y <<']' << endl;
50 Crcle( double r = 0.0, int x =0, int y=0); !
2 ~Gircle(); 76 Destructor for class Circle
8 Eiume Gircle::~Grcle()
54 doubl e radi us; 8 {
79 cout << "Circle destructor: radius is "
27 80 << radius << * [* << x << ", " <<y << '] << endl; 28
#endi f 81 }
anpl e. cpf
53 // Demonstrate when b d deri ved-cl
e S ————— Program Output
5 #incl ude <i ostream
1. Load headers
using std::cout;
7 using std::endl;
. o o Point constructor: [11, 22]
0 #i ncl ude "point2. h itiali H P
T 1.1 Initialize ObjectS Point destructor: [11, 22]
3 int main() Point constructor: [723 29]
o Grcle constructor: radius is 4.5 [72, 29]
s 0 seense o 0200bjecCts-enter and leave scope ,
5 4 Point constructor: [5, 5]
3 Point p( 11, 22 ) Grcle constructor: radius is 10 [5, 5]
} . )
. Grcle destructor: radius is 10 [5, 5]
100 cout! << end; Point destruct o [5, 5]
). Grcle circlel( 4.5 72, 29): Ci!'cle destructor: radius is 4.5 [72, 29]
5 m <3l Point destructor: [72, 29]
103 drcle circle2( 10, 5, 5);
)4 cout << endl;
return 0; 29 30




Implicit Derived-Class Object to Base-
Class Object Conversion

e based assChj ect = derivedCl assbj ect;
m This will work

— Remember, the derived class object has more members
than the base class object

m Extra data is not given to the base class

derivedd assChj ect = baseC assObj ect;
m May not work properly
— Unless an assignment operator is overloaded in the
derived class, data members exclusive to the derived
class will be unassigned
m Base class has less data members than the derived class
— Some data members missing in the derived class object
31

Implicit Derived-Class Object to Base-
Class Object Conversion

e Four ways to mix base and derived class pointers and
objects

m Referring to a base-class object with a base-class pointer
— Allowed

m Referring to a derived-class object with a derived-class

pointer

— Allowed

m 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
32

Software Engineering With Inheritance

e Classes are often closely related
m “Factor out” common attributes and
behaviors and place these in a base class
m Use inheritance to form derived classes
e Modifications to a base class
m Derived classes do not change as long as
the publ i ¢ and pr ot ect ed interfaces are
the same
m Derived classes may need to be

recompiled
33

Composition vs. Inheritance

e "is a" relationship
= Inheritance

e "has a" relationship

m Composition - class has an object from another class as a
data member

Enpl oyee “isa”"BirthDate; //Wong!
Enpl oyee “has a’Birt hdate;// Conposition

34

“Uses A” And “Knows A” Relationships

e “uses a" relationship

m One object issues a function call to a member
function of another object

e “knows a” relationship

m One object is aware of another
— Contains a pointer or handle to another object
m Also called an association

35

Case Study: Point, Circle, Cylinder

e Define class Poi nt
m DeriveCircle
— Derive Cyl i nder

36




T poi nt2. h

2

Definition of ¢
#ifndef PQINT2_H
#define POINT2_H

£ ED D 1. Poi nt definition

8 using std::ostream

0 class Point {

friend ostream &operat or <<( usneamk]gnFﬂﬁG{ion definitions

2 public

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

14 voi d setPoint( int, int );

5 int getX() const { return x; }
16 int getY() const { returny; }
7 protected a

int x, y;

uncti o
#include "point 2. h"

Constructor for c

s Po
Point::Point( int a int b) { setPoint( a b); }

Set the x and y coord s
voi d Point::setPoint( int a int b)
37
{
=a
1 circle2. h
2 Def i nition of cla:

3 #ifndef GRCLE2 H
4 #define CIRCLE2 H

4 ncl ude < ostrearm 1. Circle definition

usina std: : ostream

0 #include "point2. h"

class Gircle : public Point { 11 u
o)

ction definitions

friend ostream &operator<<( ostream & const G rcl

publ i c:

defaul t construct

Gircle( double r = 0.0, int x =0, int y=0);
voi d set Radi us( doubl e ); et radiu
doubl e get Radi us() const; return rad
doubl e area() const; cal cul ate

prot ect ed o derived c
doubl e radius: he Gircle

£ N

#endi f
circle2. cpp
Member functi on tions for class Circ

27 #nclude <i omani p>

using std:
using std:
using std:

os;

:seti osfl ags;

et precisi on;

39

3 _#include "circle2 h"

1.1 Function definitions

y = b;
}
Qut puf he
ost ream &oper ator <<( ostream &out put, const Point & )
38 {
output << '[' << p.x <<, " << py << ']';
40

4 return output; abl es cascadi

38

35 Constructor for Gircle calls constructol

or Poin
36 // vith a menb i tializer and initializes radiu
Grele::Grele( double r, int a int b)

Point( a b ) call ba 2 onst r uct or
{ setRadius( r ); }

B 0 e 1.1 Function definitions

42 void Grcle::setRadius( double r )
{radius=(r>02r:0);}

Get s

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

8 u Crcle
9 doubl e Gircle::area() const
{ return 3.14159 * radius * radius; }

Qutput a circle in the form
Center =[x, yl; Radius =
ostream &operat or <<( ostream &output, const Grcle & )
{
output << "Center << static_cast< Point > ( ¢ )
<< ", Radius ="
<< setiosflags( ios::fixed | ios::showpoint )
<< setprecision( 2 ) << c.radius;

61 return output; enabl e asca al 40

Cylindr2. h

2 Def i nition of cla:
#ifndef CYLINDR2_H
#idef i ne CYLI NDR2_H

# ncl ude <i ostreams

using st zostream 1. Cylinder definition

#include "circle2. h"

12 class Cylinder : public Grele {
friend ostream &perator<<( ostream & const Cylinder &):

publ i ¢

default constru
17 Cylinder( double h = 0.0, double r = 0.0,
int x =0, inty=0);

20 void setHeight( double ); et heigh

2 doubl e get Hei ght () const ; return hei ght

22 double area() const; calculate a t area

23 double vol ume() const; calculate a turn vol ume

24

25 protected

26 double height; hei ght o

27 )i

28 41
29 #endi f

friend function definitions
fol ass Oy er
#include "cylindr2. h

ylinder constructor calls Grcle constructor . |
o/nnge:d S(/n"nu;r(yu;mm e h: A‘li‘uuh\e rl\ '1 xEunctlon def|n|t|0ns

{ setheight( h); }

Set t of Cylinder
voi d Cylinder: : set Hei ght ( double h )
{ height =( h>02h:o0);}

Get t of Cylinder
doubl e Cylinder: : get Hei ght () const { return height; }

Cal cul ate area of Oylinder (i ce area)
doubl e Cylinder::area() const
{
return 2 * Grcle::area() +
2 % 3.14159 * radius * height;
}

Cal cul ate vol ure of i nder
doubl e Cyli nder: : vol ume() const
{ return Grcle::area() * height; }

di mensi ons
ost ream &oper at or <<( ostream &output, const Oyl inder & ) 42

0 {




GUtpUL << static_cast< Grole >( ¢ )

= T A = 0 o leici

return output; // enables cascaded calls |n|t|0ns
}
/1 Exanple. cpp

e e BT

11 Driver for class Cylinder
#incl ude <iostrean

Driver
1. Load headers

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

#nel ude " poi nt 2. h*

74 #include "circle2. h" HH H H
e = v 1.1 Initialize object
76

o7 Ut el 2. Function calls

79 11 create Cylinder object 0

80 Cylinder cyl( 5.7, 2.5, 12, 23); 2_1 Change attrlbutes
81

82 11 use get functions to display the Cylinder

83 cout << "X coordinate is " << cyl.getX() 3 Output

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

85 << "\nRadius is " << cyl.getRadi us()

86 << "\nHeight is " << cyl.getHeight() << "\n\n";

87

88 11 use set functions to change the Cylinder's attributes

89 cyl.setHeight( 10 );

90 cyl.setRadius( 4.25 43
91 oyl setPoint( 2.).

[F7 cout << "The new location, radius, and heignt of cyl are.vn
93 <

<oyl << \n';

cout << "The area of cyl is:\n"
< cyl.area() << '\n';

A

/1 display the Oyl inder as a Point
Point &Ref =cyl; // pRef "thinks" it is a Point
cout << "\nCylinder printed as a Point is: *

<< pRef << "\m\n";

/1 display the Oylinder as a Grcle
Grele &circleRef = cyl; // circleRef thinks it is aQrele
cout << "Cylinder printed as a Grele is:\n" << circl eRef

<< "\nArea: " << circleRef.area() << endl;

return 0;

3. Output

put




