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Mepiexdpeva

Ewooyoyn

2AECELS AVTIKELUEVOV GE ULO, LEPUPYLO KANPOVOULKOTTOS

e Kljon pnedodomv g khaong Paonc amd avTiKEIHEVE TG
TOPOYOUEVNS KAAGTG

o ASIKTIG TOPUYONEVIIS KAAONGS GE AVTIKEIUEVO TNS KAGGN S Bdong

e Klon pefodomv mapayopeving kKhaong péo® 9kt KAaong paong

e Ewovikég Xovaptiocsis (Virtual Functions)

Hopaociypota IoAvpoperopov

Xpnion wediov yio TOmO avTiKENEVOY Ko evtoinc switch

Abstract Classes

Merétn HepinToong : Kinpovounon Aema@ns Ko

Ylomoinong

IHoivpop@ropog, ElkovikEég XovapTnoels Kot AVVORIKI)

Yvvoeon: Yrapyst K66Tog yprons?

Merétn Hepirntoong: Xvotnuo MicOooociog pe

IHoAvpop@rono



Eicaywyn

e IToAvpopeiopog
— Amouteiton n VTOPEN WOG LEPAPYINS KAACEDMV
— XPNOWOTOIOVE OVTIKEILEVA TTOV AVIIKOVV GTNV 1010 lepapyia
KALoE®V ¢ va Tay OAO avTIKEILEVA TG KAAoNS Pdong

— Ewovikéc cuvoptoelg + Ouvauikn cOvVOeo
(Virtual functions + dynamic binding)
* Teyxvoloyieg mov VAOTO100V TOV TOALUOPPIGLLO
— Emutpénel tnv anoTeEAEGUATIKY EMEKTAGT) TOV TPOYPOUUUATOV

* Néec KAdoelg umopovv ebkoAd Vo TPoGsTEDOVV KOl VO, VITOGTOVV
eneepyacio OTMC Kol 01 VITAPYOVCEC



‘Eva TTpwTO TTOPAdEIYHO

KAdon Baonc: Animal

[Hopoayoueveg khdoeic: Fish, Frog, Bird

H pébodoc move() eivor kotvr], aAAd vAomolgital
OLOLPOPETIKA Y10, KGO €idog Animal.

Mo epapuroyn Kpatd Evov TvoKo omd oVIIKEILEVO TMV
TOPAYOLEVOV KAMACE®V Kol KAOe 1SeCotédvel Eva unvoua
Mmove G KdOe avTikeipevo.

Kda0e avtikeipevo tomov Animal mov déyeton to unvoua
Yvopilel Toc 0o Tpémel va avTopaceL.

To 1010 pNvoua TOV GTEAVETOL GE OLLPOPETIKA AVTIKEILEVOL
(tov 1010V BocikoD Tomov Animal) €yet ToAAEC LOPPEC
OTOTEAECUATOV =2 TOAVLOPPIGUOC

[T660 evkoAo eivor va mposbécovue pa véa kAdon Turtle?



2XEOEIC AVTIKEIMEVWY OE MIA IEpapXia
KANPOVOUIKOTNTOG

e 2nuelo KAELOL
— "Eva avtikeipevo (oG mopayouevns KAAoNS UTopel va to
LETAYEPLOTOVUE KO OC AVTIKEIULEVO TNG KAGoNC Bdong
e “IS-A” oyéon
e Ouwmg, 10 avtioTpoeo 0ev 1GYVEL: £Va OVTIKEILEVO TNG KAAON
Bdong oev gival avTiKeipevo g TopayOUEVNC KAAOTG



KARon pedddwyv tng kKAdong faong amod
OVTIKEIMEVA TNG TTAPAYOMEVNS KAAONG

e Tpelc 010POPETIKOL TPOTOL LETAYEIPLON G OEIKTOV
GE€ OVTIKEILEVO LLIOG LEPAPYIONG KAACEMV
— Agiktnc KAdonc Pdong e avtikeipevo g kKAdong Paong
— A€giKINC TopayoueEVNS KAAOTC GE OVTIKEILEVO TNG
TOPOAYOUEVIC KAAOTG
— Agiktnc KAdonc Pdonc o€ avVTIKEILEVO TNG TOPAYOUEVIS
KAAGMG
e Epwtd €& artiog e “IS-A” oxéong (Circle  “is a” Point)
* Emeéperl v kAnomn peboowv e kAaong Baonc
— H xAnon ocvvapmoewv e€aptdtor amd TNV KAAGT TOL
ogiktn/handle

e Agv eCaptdTal oo TO OVTIKEIUEVO GTO OMO10 OElYVEL O OEIKTNG
o Avtd pmopel va aArdéerl ue  ypnon tov virtual  functions
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/[ Fig. 10.1: point.h

I/l Point class definition represents an x-y coordin ate pair.
#ifndef  POINT_H

#define POINT_H

class Point{

public:
Pointf( int = 0, int = 0 ); // defaultconstructor

void setX( int ); /Il set x in coordinate pair
int getX() const ; //return x from coordinate pair

A Qutline

v

void setY( int ); //setyinc INg

Base class print function.

int getY() const ; y from coordinate pair

void  print() const ; // output Point object
private:

int x; /[ x part of coordinate pair

int y; /ly partof coordinate pair

};  // end class Point

#endif

point.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 10.2: point.cpp
I/l Point class member-function definitions.
#include  <iostream>
using std::cout;
#include  "point.h" /[ Point class definition
/I default constructor
Point::Point( int xValue, int yValue )
: X( xValue ), y(yValue )
/I empty body

} // end Point constructor

/l set x in coordinate pair
void Point::setX( int  xValue )

{

x = xValue; // no need for validation

} // end function setX

A Qutline

v

point.cpp (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/l return x from coordinate pair

int  Point::getX() const
{

return  X;
} // end function getX

/l sety in coordinate pair

void Point::setY( int  yValue )
{

y = yValue; /I no need for validation
} // end function setY

/l return y from coordinate pair

int  Point::getY() const
{

return vy;
} // end function getY

/[ output Point object

void Point::print() const
{

cout << [° << getX() <<
} // end function print

A Qutline

v

Output the x,y coordinates o
the Point

<< getY() << T

point.cpp (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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1 /I Fig. 10.3: circle.h

2 Il Circle class contains x-y coordinate pair and ra dius.
3 #ifndef CIRCLE_H

4  #define CIRCLE_H

5

6  #include  "point.h" /[ Point class definition

-

8 class Circle: public  Point {

9

10 public: ; ; ;

11 Circle inherits from
12 /I default constructor Point , but redefines its
13 Circle( int = 0, int = 0, double/d print function.
14

15 void setRadius(  double ); /l/set radius

16 double getRadius() const ; / return radius

17

18 double getDiameter() cons /l return diameter

19 double getCircumference() const ; /[ return circumference
20 double getArea() const ; /l return area

21

22 void  print() const ; // output Circle object

23

24 private:

25 double radius; /I Circle's radius

26

27 '}, Il endclass Circle

28

29 #endif

circleh (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 10.4: circle.cpp

/I Circle class member-function definitions.

#include  <iostream>

using std::cout;

#include  "circle.h" /I Circle class definition

/I default constructor

Circle::Circle( int xValue, int yValue, double radiusValue )
: Point( xValue, yValue ) /I call base-class constructor
setRadius( radiusValue );

} // end Circle constructor

/Il set radius
void Circle::setRadius( double radiusValue )

{

radius = ( radiusValue < 0.0 ? 0.0 :radiusValue );

} // end function setRadius

A 11

Qutline
Vv

circle.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.



24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

/l return radius
double Circle::getRadius() const

{

return  radius;
} // end function getRadius

/l calculate and return diameter
double Circle::getDiameter() const

{
return 2 * getRadius();

} // end function getDiameter

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

{
return  3.14159 * getDiameter();

} // end function getCircumference

/I calculate and return area
double Circle::getArea() const

{
return  3.14159 * getRadius() * getRadius();

} // end function getArea

A 12

Qutline
Vv

circle.cpp (2 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// output Circle object

void  Circle::print()

{
cout << ‘center ="
Point::print();
cout << " radius ="

} /I end function print

const

/I invoke Point's print function
<< getRadius();

CA] 13

Circle redefines its print
function. It callsPoint ’s
print function to output the
X,y coordinates of the center
then prints the radius.

Qutline

circle.cpp (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 10.5: figl0_05.cpp

/I Aiming base-class and derived-class pointers at
/I and derived-class objects, respectively.
#include  <iostream>

using std::cout;
using std::endl;
using std::fixed;
#include  <iomanip>

using std::setprecision;

/I Point class definition
/I Circle class definition

#include  "point.h"
#include "circle.h"

int  main()
{
Point point( 30, 50 );
Point *pointPtr = 0; /Il base-class pointer
Circle circle( 120, 89, 2.7 );
Circle *circlePtr = 0;  // derived-class pointer

base-class

A 14

Qutline
Vv

figl0 _05.cpp
(1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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I set floating-point numeric formatting
cout << fixed << setprecision(

2);

/l output objects point and circle
cout << "Print point and circle objects”
<< "\nPoint: "

Use objects and pointers to
call theprint  function. The
pointers and objects are of tf
same class, so the proper

print  function is called.

point.print();
cout << "\nCircle: "
circle.print();

/[ aim base-class pointer at base-
pointPtr = &point;
cout <<
<< "\nbase-class obj
<< "function:\n"

pointPtr->print(); I/l invokes Point's print

ass @bject and

print

"“\n\nCalling print with bas¢-class pointer to "
t invokes base-class print "

/I aim derived-class pointer at detived-class objec t

/[ and print
circlePtr = &circle;
cout << "\n\nCalling print

ith derived-class pointer to "

<< "\nderived-class gbject invokes derived-class "

<< "print function:\n
circlePtr->print();

/I invokes Circle's print

A 15

Qutline
Vv

figl0 _05.cpp
(2 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ aim base-class pointer at derived-class object a nd prin

pointPtr = &circle;

cout << "\n\nCalling print with base-class pointer to "
<< "derived-class object\ninvokes base-class print "
<< "function on that derived-class object:\n" ;

pointPtr->print();
cout << endl;

return 0;

60 } // end main

/[ invokes Point's print

t

Aiming a base-class pointer
a derived object is allowed
(theCircle “is a” Point ).
However, it callPoint ’s
print function, determined by,
the pointer typevirtual
functions allow us to change
this.

at

A 16

Qutline
Vv

figl0 _05.cpp
(3 0of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.



Print point and circle objects:
Point: [30, 50]
Circle: center = [120, 89]; radius = 2.70

Calling print with base-class pointer to
base-class object invokes base-class print function
[30, 50]

Calling print with derived-class pointer to
derived-class object invokes derived-class print fu
center = [120, 89]; radius = 2.70

Calling print with base-class pointer to derived-cl
invokes base-class print function on that derived-c
[120, 89]

nction:

ass object
lass object:

A 17

Qutline
Vv

figl0 _05.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.



AgIKTNG TTOPAYOMEVNS KAAONG O€
OVTIKEIMEVO TNG KAAo NG Baong

e XTO TPONYOUUEVO TAPAOELYLLOL EIOOLLE
— Agikmng Khdonc Pdong 6€ avTIKEILEVO TNE TAPAYOLEVIS KAAGTC
« Circle “is a” Point
e A€gIKTNC TapoyOUEVTS KAAOTC GE OVTIKEILEVO TNC KAAGNC
Paong
— Compiler error

e Point is not aCircle

« Hxldon Circle dwbétel 1d0tnrec/Aeitovpyieg mov dev dtobéTeL 1
KAdon Point

— Il.y. setRadius
— Mmnopovue va Kdvovpue casttn o1evbvvVon ToL AVTIKELLEVOD TG
KAdoNG Bdong o€ Ociktn Tapayouevnc KAGoNG

* Ovoualeron downcasting

e Emutpénet v TpocmEANGT) AEITOVPYIKOTNTOG TNG TOPAYOUEVC
KAGoNG

18



1 /I Fig. 10.6: figl0_06.cpp

2 /I Aiming a derived-class pointer at a base-class o
3  #include  "point.h" /[ Point class definition
4 #include  “circle.h” /I Circle class definition
5

6 int  main()

7 A

8 Point point( 30, 50 );

9 Circle *circlePtr = 0;

10

11 /[ aim derived-class pointer at base-class object
12 circlePtr = &point; // Error: a Point is not a Circ
13

14 return  0;

15

16 } // end main

C:\cpphtp4\examples\ch10\figl0_06\Fig10_06.cpp(12)

'=': cannot convert from ‘class Point *' to ‘class
Types pointed to are unrelated; conversion requires
reinterpret_cast, C-style cast or function-style ca

bject.

s error C2440:

Circle *'

st

A 19

Qutline
Vv

figl0 _06.cpp
(1of 1)

figl0_06.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.



KARon HeBOOdWYV TTapayoueEvNS KAAO NG HECW
OgiKTn KAdong Baong

e Xpnon oeiktn/ovapopag
— Agiktng Khdonc Pdong umopel va deiyvel 6 avVTIKEILEVO TNC
TOPOYOUEVIS KAAOTG
e Mmnopel Opmg va KaAEoel Lovo Ti¢ nebdoovg g kKhdonc Pdong
— H xinon pnebdowmv g mopayouevng kAAong cuviotd AdBog
e M£Boootl mov oev opiCovton ot KAGon Pdong
e O tOmog dedopévmv evoc/ac dsiktn/ovapopdic
TpocolopiCovv 1 ueBdOOLE UmopovUE VL
KOAEGOVLLE

20
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/I Fig. 10.7: figl0_07.cpp

/I Attempting to invoke derived-class-only member f
// through a base-class pointer.

#include  "point.h" I/l Point class definition
#include  “circle.h" /I Circle class definition

int  main()
{
Point *pointPtr = 0;
Circle circle( 120, 89, 2.7 );

/[ aim base-class pointer at derived-class object
pointPtr = &circle;

/[ invoke base-class member functions on derived-cl
/I object through base-class pointer

int X = pointPtr->getX();

int y = pointPtr->getY();

pointPtr->setX( 10 );

pointPtr->setY ( 10 );

pointPtr->print();

unctions

ass

A 21

Qutline
Vv

figl0 07.cpp
(10of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I attempt to invoke derived-class-only member func tions
/I on derived-class object through base-class point er
double radius = pointPtr->getRadius();

pointPtr->setRadius( 33.33 );

double diameter = pointPtr->getDiameter();

double circumference = pointPtr->getCircumference()

double area = pointPtr->getArea();

return 0;

33 } /l'end main

These functions are only
defined inCircle

However,pointPtr s of
classPoint

A 22

Qutline
Vv

figl0 07.cpp
(2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.



C:\cpphtp4\examples\ch10\figl0_07\figl0_07.cpp(25)
‘getRadius' : is not a member of 'Point'

C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :

see declaration of 'Point'

C:\cpphtp4\examples\ch10\fig10_07\figl0_07.cpp(26)
'setRadius’ : is not a member of 'Point’

C:\cpphtp4\examples\ch10\fig10_07\point.h(6) :

see declaration of 'Point'

C:\cpphtp4\examples\ch10\fig10_07\figl0_07.cpp(27)
‘getDiameter’ : is not a member of 'Point’

C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :

see declaration of 'Point'

C:\cpphtp4\examples\ch10\fig10_07\figl0_07.cpp(28)
‘getCircumference' : is not a member of 'Point’

C:\cpphtp4\examples\ch10\fig1l0_07\point.h(6) :

see declaration of 'Point'

C:\cpphtp4\examples\ch10\fig10_07\figl0_07.cpp(29)
'getArea’ : is not a member of 'Point’

C:\cpphtp4\examples\ch10\fig10_07\point.h(6) :

see declaration of 'Point'

> error C2039:

> error C2039:

s error C2039:

> error C2039:

> error C2039:

23
A Outline
vV
figl0_07.cpp

output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.



Eikovikég 2uvapTtnoeig (Virtual Functions)

e O xavovag gtval 0 TOTOC TOL O€iKTN va, KaBopilel Tt
1EBoool pmopovv va, kKAnbovv
e Ou virtual  functionsuropotv va Tov aAAdEoVV

— 10 avtikeipevo (ko Oyl o deiktng) va kabopilet T1 pébodot
LUTOPOVV VoL KANOOUV

e Eivail avto yprioipo?
— Ac¢ Bswpnoovue v iepapyia Circle |, Triangle
Rectangle - Shape

o Kdabe kAdon £yel n d1kid g cvvaptnon draw

— T'o va 6Y€014G M OTO100NTTOTE GYT L
o KaAobue tn draw pécm degiktn e kAdong Baong Shape
o To mpoypappo ETIAEYEL TNV KATAAANAN cuvaptnon draw katd to

YPOVO ekTEAEOTC (SLVOLUKA)

e Mmropovue va YEPLGTOVUE UE YEVIKO TPOTO OAN TOL GYTLLOTOL

24



Eikovikég 2uvapTtnoeig (Virtual Functions)

o AnAmvovue tnv draw ocvirtual oty kAdon Bdong
— YrepkaAvmrooue t draw oe ke mopayouevn KAAo

e oav va TV Eavaopilovue, 0ALG 1] VEQ GLVAPTNON TTPETEL VO £YEL
aKplB®¢ TNV 1010 VToYpaPT e ot TS KAAoNS Pdong

— Ed&v dnAmocovpue pa cuvaptnon virtual otV KAdon Pdong
o virtual void draw() const;
o givawvirtual  og 6heg TIC TOPAYOUEVEC KAAGELC
— Eivat koAn Tpoktikn vo dnAdvovue pntd oc virtual TIg

CLVOPTNOELS KO OTIG Tapayoueve kKAaoels (program clarity)
e Avvauikn ovvoeon (Dynamic binding)
— Emioyn kAnong e katdAAnAng cuvaptnong Katd 1o ypovo
EKTEAECTC
— ZvuPaivel pdévo pe tn ypnon SEIKTOV/ovopopmv

o Edv n ovvaptnon kAnbel ue ypnomn ovopatoc aviikelwévou (m.y.
squareObject.draw() ), TOTE YPNOIUOTOIEITAL 1) GLVAPTNON TOL
avtikelévov (static binding)

25
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/[ Fig. 10.8: point.h

I/l Point class definition represents an x-y coordin ate pair.
#ifndef  POINT_H

#define POINT_H

class Point{

public:
Pointf( int = 0, int = 0 ); // defaultconstructor

void setX( int ); /Il set x in coordinate pair

A 26

Qutline
Vv

int getX() const ; //return x from coordinate pair
: Print declaredirtual . It
void setY( . . .
) will be virtual in all
int  getY() ;
derived classes.
virtual void print() const ; /[ output Point object
private:

int x; /[ x part of coordinate pair
int y; /ly partof coordinate pair

};  // end class Point

#endif

point.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 10.9: circle.h

/I Circle class contains x-y coordinate pair and ra
#ifndef  CIRCLE_H
#define CIRCLE_H
#include  "point.h" /[ Point class definition
class Circle: public  Point {

public:

/I default constructor
Circle( int =0, int = 0, double =

void setRadius(  double );
double getRadius() const ; I return

double getDiameter() const ;
double getCircumference() const ;
double getArea() const ;

virtual void print() const ;

private:
double radius; /I Circle's radius
};  /l end class Circle

#endif

dius.

0.0 );

/I set radius

radius
[/l return diameter
/I return circumference

/l return area

/[ output Circle object

A 27

Qutline
Vv

circleh (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 10.10: fig10_10.cpp

/I Introducing polymorphism, virtual functions and
// binding.

#include  <iostream>

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

#include  <iomanip>

using std::setprecision;

#include  "point.h"
#include "circle.h"

int

{

/I Point class definition
/I Circle class definition

main()

Point point( 30, 50 );

Point *pointPtr = 0;

Circle circle( 120, 89, 2.7 ),
Circle *circlePtr = 0;

dynamic

A 28

Qutline
Vv

figl0 10.cpp
(1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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I set floating-point numeric formatting
cout << fixed << setprecision( 2);

/l output objects point and circle using static bin

cout << "Invoking print function on point and circle
<< "\nobjects with static binding "
<< "\n\nPoint: " ;

point.print(); /I static binding
cout << "\nCircle: " :
circle.print(); /I static binding

/l output objects point and circle using dynamic bi
cout << "\n\nlnvoking print function on point and circle "
<< "\nobjects with dynamic binding" ;

/[ aim base-class pointer at base-class object and
pointPtr = &point;
cout << "\n\nCalling virtual function print with base-class
<< "\npointer to base-class object"
<< "\ninvokes base-class print function:\n"
pointPtr->print();

29
A Qutline
Vv

ding figl0 10.cpp
(2 of 3)

nding

print

© 2003 Prentice Hall, Inc.
All rights reserved.



47 /[ aim derived-class pointer at derived-class

48 /I object and print

49 circlePtr = &circle;

50 cout << "\n\nCalling virtual function print with "

51 << "\nderived-class pointer to derived-class object "

52 << "\ninvokes derived-class print function:\n" X
53 circlePtr->print();

54

55 /[ aim base-class pointer at derived-class object a nd print
56 pointPtr = &circle;

57 cout << "\n\nCalling virtual function print with base-class"

58 << "\npointer to derived-class object "

59 << "\ninvokes derived-class print function:\n" :
60 pointPtr->print(); /I polymorphism: invokes circle's print

61 cout << endl,

62

63 return 0;

64

65 } //end main determines thatointPtr

and callCircle s print

of polymorphism.

At run time, the program
aiming at &Circle object,

function. This is an example

1S

A 30

Qutline
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figl0 10.cpp
(3 0of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.



Invoking print function on point and circle
objects with static binding

Point: [30, 50]
Circle: Center = [120, 89]; Radius = 2.70

Invoking print function on point and circle
objects with dynamic binding

Calling virtual function print with base-class
pointer to base-class object

invokes base-class print function:

[30, 50]

Calling virtual function print with
derived-class pointer to derived-class object
invokes derived-class print function:

Center = [120, 89]; Radius = 2.70

Calling virtual function print with base-class
pointer to derived-class object

invokes derived-class print function:

Center = [120, 89]; Radius = 2.70
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Outline
Vv

figl0_10.cpp
output (1 of 1)
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Eikovikég 2uvapTtnoeig (Virtual Functions)

e TloAvpopeiopnoc
— To 1dto unvoua, “print”, aroctéAAeTon 6 TOAAN AVTIKEILEV
e To avtikeipeva Tpoomeladvovial LEGM OgikTn TG KAGoNS Bdong
— To unvoua maipvel “ToAAEC LopPEC”
e 2VvVOoynm
— Agikmng Khdonc Pdong o€ avtikeipevo ¢ KAdong Pdonc, dgiktng
TOPAYOUEVTC KAACTC GE AVTIKEILEVO TNG TOPAYOUEVTC KAAONG
o AmAO
— Agikmg Khdonc Pdong 6€ avTIKEILEVO TNE TAPAYOLEVIS KAAGTC
o Koaiel poévo uebdodovg g khdong Baomnc
— Aglkmng mopayoUeEVNC KAACOTC GE AVTIKEILEVO TNG KAAGTC Pdong
« Compiler error
o Emurpéneton ue downcasting
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Mapadeiypata NMoAupop@iouou

e Ilapaociypato
— Ag Bsmpnoovpue 611 | KAGon Rectangle  kinpovouei tnv
KAdon Quadrilateral (Tetpdmievpo)
« H Rectangle mo 101k g Quadrilateral

e Omowdnmote Acttovpyia tng Quadrilateral UITopeEl vao,
yiver kou yio tnv kKAdon Rectangle (i.e., perimeter, area)

 Epoppoyn video game
— Base classSpaceObject
» Derived:Martian , SpaceShip , LaserBeam
* Kown cvuvdptnon draw
— Zmrtovuevo: H avavémon tng 006vng
e O Screen Managehadétel vector e base-class pointers:
aVTIKEILEVOL

o Ytéhverdraw pnvoua o€ KGOe ovVTIKEILEVO
e TO 1010 uNvopa £xetl «TOAAEC LOPPEC» ATOTEAEGUATMV
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Mapadeiypata NMoAupop@iouou

* Egpapproyn video gamedguvéyeia)
— Evkolo va mpocsOiécovpe wa véa kKAdon Mercurian
o KAnpovopuei v SpaceObject
o [Igpi€yetl ™ dikid ¢ vAomToinon yio tnv draw
— O Screen Manageyev ypetdletal aALYEC GTOV KMOKE TOV
— KoAet v draw ave&dptnta amd tov TOTO TOL AVTIKEUEVOV
 Mercurian ovTIKEILEVH EVOOUATMVOVTOL EDKOAO

e IToAvpopeiopog
— XEPOUOC AVTIKEIUEVOV YOPIC VO YVOPILovUE TOV TOTO TOVC

— Emextdowo npoypduuoto

e EOxoAn mpocHnkn kKAdcGewv
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Xpnon mediou yia TUTTO OVTIKEIMEVWYV KAl
EVTOANG switch

e 'Evag tpOmoc va mpocolopicovue Ty KAAST €VOG
OVTIKELULEVOL
— Bdlovue otnv KAdon Bdong Eva meolo
» shapeType otV Khdon Shape
— XpNoiuomolovue pior SWItCh  yio va, KaAEGOLE TN GOGTN
print  cuvvéptnon
e [IoAAG mpofAnuato

— Mmnopei va Eexdoovue TOV EAEYYO KATO0G TEPIMTMOONG GTNV
switch

— Ed&v mpocsOécovue/apaipécovpe pa KAAoM TpETEL va
EVIUEPMOCOLLE TNV SWItCh

e XpovoPopo ko emppenEC o AGON
e Kaidtepa pe moAvLOpPIGUO

— amhovotepo Tpoypdupata, Aryotepo debugging
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Abstract Classes

» Abstract class
— Xxomdg: va anoteléoel o base class (abstract base class)
— EAMamc
o YVUTANPOVETAL UE TIC TOPAYOUEVES KAAGELC
— Aegv xataokevdlovue avrikeipevo omd po abstract class

e Mmropovue va £xouUe OETKTEC KO OVOPOPES

e Concrete classes

— Mmopovue vo KOTOoKELAGOLUE AVTIKEILEVQL

— YA0Omo10o0UE OAEC TIC GUVAPTIGELS TOV TTEPLEYOVV
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Abstract Classes

e Elvau ypNoluec, Oyl VTOYPEMTIKES

* [0 va opicovue o abstract class
— ®&hovue uo M TeprocdTepeg "pure” virtual functions
virtual void draw() const = O;
— Regular virtual functions
e 'Exovv viomoinom, n vrepkdioyn €ivol TPoopeETIK
— Pure virtual functions
e Agv £Y0vV LAOTOINGN, 1 LIEPKAALYT EIVOL VTTOYPEMTIKN

— Mo abstract clasgropei va £xel dedopéva ko
VAOTTOINUEVEC GUVOPTNGELC
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Abstract Classes

» Aciktec oe abstract base class
— XpNOoot Y10 TOAVULOPPIGUO

o Ilapdoeryupo epoapUoyng
— Abstract clasShape
* Opiler v draw wg pure virtual function
— Circle ,Triangle , Rectangle - Shape

o Kdabe kAdon mpénel vo viomomoetl tny draw

— O ScreerManagefyvopilel 0t1 KdOe avtikeipevo umopel va
GYEOLAGEL TOV E0LTO TOV
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MeAeTn MNepiTrrwong . KAnpovounon
AieTTa@ng Kai YAoTtroinong

e Kdvovue tnv Shape abstract base class

— Pure virtual functionstpénel va copumAnpmboiv)
» getName, print
e Agv €yel vonua mtpokafopiouévn vAomoinon
— Virtual functions (mopovv va eravopiotoHv)
e getArea , getVolume
— Apycd emotpépovv 0.0

o Edv dev emovopiotovv, ¥p1oiuomolovvTal ol opiopoi g base
class

— Topayoueveg kKAdoeis: Point |, Circle , Cylinder
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MeAéTn MNepiTrTrwong: KAnpovounon
AleTTa@ng Kai YAoTtroinong

getArea getVolume getName print

Shape

Point

Circle

Cylinder
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Qutline
Vv

1 /I Fig. 10.12: shape.h

2 I/ Shape abstract-base-class definition.

3 #ifndef SHAPE_H

4  #define SHAPE H

5

6  #include  <string> /I C++ standard string class

-

8 using std::string;

9

10 class Shape {

11 Virtual and pure virtual
12 public: functions.

13

14 /[ virtual function that returns shape area

15 virtual double getArea() const

16

17 /[ virtual function that returns shape vglume

18 virtual double getVolume() /const ;

19

20 /I pure virtual functions; overriddgn in derived cl asses
21 virtual string getName() const = 0; //return shape name
22 virtual void print() const = 0; /I output shape

23

24 }; Il end class Shape

25

26  #endif

shape.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/I Fig. 10.13: shape.cpp

/I Shape class member-function definitions.

#include <iostream>

using std::cout;

#include  "shape.h" /I Shape class definition

/I return area of shape; 0.0 by default
double getArea() const

{

return 0.0 ;

} // end function getArea

/Il return volume of shape; 0.0 by default
double getVolume()  const

{

return 0.0 ;

} // end function getVolume

A 42

Qutline
Vv

shape.cpp (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 10.14: point.h
// Point class definition represents an x-y coordin
#ifndef  POINT_H
#define POINT_H

ate pair.

#include  "shape.h" /I Shape class definition
class Point: public  Shape {
public:
Point( int = 0, int = 0 ); [/ default constructor

void setX( int ); /Il set x in coordinate pair
int getX() const ; //returnxfrom coording

void setY( int ); //setyincoordi

int getY() const ; //returny f¥f6m coordinate

Point only redefines
getName andprint

, since

getArea andgetVolume

are zero (it can use the defal

Implementation).

U1t

/l return name of shape (i.e., "Point")
virtual string getName() const ;

virtual void print() const ; /[ output Point object

A 43

Qutline

point.h (1 of 2)

© 2003 Prentice Hall, Inc.
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private:
int x; /[ x part of coordinate pair
int y; /ly partof coordinate pair
}; [/l end class Point

#endif

A 44

Qutline
Vv

point.h (2 of 2)

© 2003 Prentice Hall, Inc.
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/I Fig. 10.15: point.cpp
I/l Point class member-function definitions.
#include  <iostream>
using std::cout;
#include  "point.h" /[ Point class definition
/I default constructor
Point::Point( int xValue, int yValue )
: X( xValue ), y(yValue )
/I empty body

} // end Point constructor

/l set x in coordinate pair
void Point::setX( int  xValue )

{

x = xValue; // no need for validation

} // end function setX

A 45

Qutline
Vv

point.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
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/l return x from coordinate pair

int  Point::getX() const
{

return  X;
} // end function getX

/l sety in coordinate pair

void Point::setY( int  yValue )
{

y = yValue; /I no need for validation
} // end function setY

/l return y from coordinate pair

int  Point::getY() const
{

return vy;
} // end function getY

A 46

Qutline
Vv

point.cpp (2 of 3)
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I/l override pure virtual function getName: return n

string Point::getName() const
{

return  "Point"
} // end function getName

/I override pure virtual function pyint: output Poi

Ut << getY() <<

T

ame of Point

nt object

void Point::print() const
{

cout << " << getX() <<
} // end function print

print

Must override pure virtual
functionsgetName and

A 47

Qutline
Vv

point.cpp (3 of 3)
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/I Fig. 10.16: circle.h

/I Circle class contains x-y coordinate pair and ra dius.
#ifndef  CIRCLE_H
#define CIRCLE_H
#include  "point.h" /[ Point class definition
class Circle : public  Point {
public:
/I default constructor
Circle( int =0, int =0, double = 0.0 );
void setRadius(  double ); /Il set radius
double getRadius() const ; / return radius
double getDiameter() const ; /l return diameter
double getCircumference() const ; // return circumference
virtual double getArea() const ; /l return area

/I return name of shape (i.e., "Circle")
virtual string getName() const ;

virtual void print() const ; // output Circle object

A 48

Qutline
Vv

circleh (1 of 2)
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26

27 private:

28 double radius;
29

30 }; /lendclass Circle
31
32  #endif

/I Circle's radius

A 49

Qutline
Vv

circle.h (2 of 2)
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/I Fig. 10.17: circle.cpp

/I Circle class member-function definitions.

#include  <iostream>

using std::cout;

#include  "circle.h" /I Circle class definition

/I default constructor

Circle::Circle( int xValue, int yValue, double radiusValue )
: Point( xValue, yValue ) /I call base-class constructor
setRadius( radiusValue );

} // end Circle constructor

/Il set radius
void Circle::setRadius( double radiusValue )

{

radius = ( radiusValue < 0.0 ? 0.0 :radiusValue );

} // end function setRadius

A 50

Qutline
Vv

circle.cpp (1 of 3)
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/l return radius
double Circle::getRadius() const

{

return  radius;
} // end function getRadius

/l calculate and return diameter
double Circle::getDiameter() const

{
return 2 * getRadius();

} // end function getDiameter

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

{
return  3.14159 * getDiameter();

} // end function getCircumference
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Qutline
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circle.cpp (2 of 3)
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Il override virtual function getArea: return area o f Circle

double Circle::getArea() const

{

return  3.14159 * getRadius() * getRadius();

} // end function getArea

A 52

Qutline
Vv

/I override virutual function getName: return

OverridegetArea because
it now applies to Circle.

string Circle::getName() const
{

return  "Circle” ;
} // end function getName

/Il override virtual function print: output Circle o bject
void  Circle::print() const
{
cout << “centeris” ;
Point::print(); /I invoke Point's print function
cout << " radiusis” << getRadius();
} // end function print

circle.cpp (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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/[ Fig. 10.18: cylinder.h

/I Cylinder class inherits from class Circle.
#ifndef CYLINDER_H

#define CYLINDER_H

#include "circle.h" /I Circle class definition
class Cylinder : public  Circle {
public:

/I default constructor
Cylinder( int =0, int =0, double = 0.0, double = 0.0

void setHeight( double ); /I set Cylinder's height
double getHeight() const ; // return Cylinder's height

virtual double
virtual double

getArea() const ; // return Cylinder's area
getVolume()  const ; //return Cylinder's volume

);

A 53

Qutline
Vv

cylinder.h (1 of 2)
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/[ return name of shape (i.e., "Cylinder" )

virtual string getName() const ;

virtual void print() const ; // output Cylinder
private:

double height; /I Cylinder's height
};  /l end class Cylinder

#endif

A 54
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cylinder.h (2 of 2)
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/I Fig. 10.19: cylinder.cpp
/I Cylinder class inherits from class Circle.
#include  <iostream>

using std::cout;

#include  "cylinder.h" Il Cylinder class definition

/I default constructor

Cylinder::Cylinder( int xValue, int yValue, double

double heightValue )
: Circle( xValue, yValue, radiusValue )

setHeight( heightValue );

} // end Cylinder constructor

/I set Cylinder's height
void Cylinder::setHeight( double heightValue )

{
height = ( heightValue < 0.0 ? 0.0

} // end function setHeight

: heightValue );
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radiusValue,

cylinder.cpp
(1 of 3)
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/I get Cylinder's height
double Cylinder::getHeight() const
{

return  height;
} // end function getHeight

/Il override virtual function getArea: return Cylind
double Cylinder::getArea() const

{

return 2 * Circle::getArea() +
getCircumference() * getHeight();

} // end function getArea

Il override virtual function getVolume: return Cyli

double Cylinder::getVolume() const
{

return  Circle::getArea() * getHeight();
} // end function getVolume

er area

/I code reuse

nder volume

/I code reuse
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cylinder.cpp
(2 of 3)
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/Il override virtual function getName: return name o

string Cylinder::getName() const
{

return  "Cylinder" ;
} // end function getName

// output Cylinder object

void Cylinder::print() const
{

Circle::print(); Il code reuse

cout << "; heightis " << getHeight();
} // end function print

f Cylinder
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cylinder.cpp
(3 0of 3)
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/[ Fig. 10.20: fig10_20.cpp

/I Driver for shape, point, circle, cylinder hierar chy.
#include  <iostream>

using std::cout;

using std::endl;

using std::fixed;

#include  <iomanip>

using std::setprecision;

#include  <vector>

using std::vector;

#include  "shape.h" /I Shape class definition
#include  "point.h" // Point class definition
#include  “circle.h" /I Circle class definition
#include  "cylinder.h" /I Cylinder class definition
void virtualViaPointer( const Shape *);

void virtualViaReference( const Shape & );
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figl0 20.cpp
(1 of 5)
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26 {
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38
39
40
41
42
43
44
45

main()

/I set floating-point number format

cout << fixed << setprecision( 2 );
Point point( 7, 11 );

Circle circle( 22, 8, 3.5 )

Cylinder cylinder( 10, 10, 3.3, 10 ),

cout << point.getName() << R
point.print();
cout << \n" ;

cout << circle.getName() << ey
circle.print();
cout << \n" ;

cout << cylinder.getName() << e
cylinder.print();
cout << "\n\n" ;

/I create a Point
/I create a Circle
/I create a Cylinder

/I static binding
/I static binding

/[ static binding
/[ static binding

/I static binding
/I static binding
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/I create vector of three base-class pointers
vector< Shape * > shapeVector( 3 )

/[ aim shapeVector[0] at derived-class Point obj
shapeVector| 0 ]= &point;

/I aim shapeVector[1] at derived-class
shapeVector| 1 ] = &circle;

/[ aim shapeVector[2] at derived-class Cyli
shapeVector| 2 ] = &cylinder;

cout << "\nVirtual function calfs made off "
<< "base-class pointers/

for ( int i= 0;i<shdpeVector.size(); i++)
virtualViaPointer( shapeVector[i]);

A 60

Create a vector of generic

Shape pointers, and aim them N

at various objects.

Function
virtualViaPointer calls
the virtual functionsgfrint

getName, etc.) using the base-

class pointers.

The types are dynamically
bound at run-time.

Qutline

1910 _20.cpp
3 of 5)
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/I loop through shapeVector and call virtualViaRefer
/ to print the shape name, attributes, area and vo
/I of each object using dynamic binding

cout << "\nVirtual function calls made off "
<< "base-class references:\n\n"

for ( int j= 0;j<sha
virtualViaReference( *shapeVector[j ] );

return 0;

} // end main

61
e Al Hutline
\Y
Use references instead of figl0_20.cpp
pointers, for the same effect| (4 of 5)

/l make virtual function calls off a base-class poi
Il using dynamic binding
void virtualViaPointer( const

Shape *baseClassl

Call virtual functions; the
proper class function will be
called at run-time.

{
cout << baseClassPtr->getName() << R
baseClassPtr->print();
cout << "\narea is" << baseClassPtr->getArea()
<< "\nvolume is" << baseClassPtr->getVolume()
<< "\n\n" ;
} // end function virtualViaPointer

© 2003 Prentice Hall, Inc.
All rights reserved.
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/l make virtual function calls off a base-class ref erence
// using dynamic binding
void virtualViaReference( const Shape &baseClassRef )
{

cout << baseClassRef.getName() << R

baseClassRef.print();

cout << "\narea is" << baseClassRef.getArea()

<< "\nvolume is" << baseClassRef.getVolume() << “\n\n"

} // end function virtualViaReference

1
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figl0_20.cpp
output (1 of 2)
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figl0_20.cpp
output (2 of 2)
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e O moAvpopeiouog Exer overnead

— Agv ypnowonoteiton w.y. otnv STL (Standard Template
Library) yia Adyovg emidoonc

e virtual function table (vtable)

— Ka0e kidon pe o virtual — functionéyet éva vtable

— T kéOe virtual  function,to vtableéyet ociktn otV
KOTAAANAT GuvapTnoN
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Virtual Destructors

Aglktnc kAdong BAonc o€ avTIKEILEVO TNG
TOPAyOLEVIC KAAGTC
— Edv xataotpéyovpue to avtikeipnevo pe tny delete | n
GUUTEPIPOPA EIVOL OTTPOCOIOPIGTN
AmAN Avon
— Anlovovue tov destructorng base-classc virtual

— Ortav koieitou 1y delete kadeiton Kot 0 KATAAANAOC
destructor

Otov KataoTPpEPOVUE £VOL AVTIKEIUEVO LLOC
TOPAYOLEVIC KAAGTC
— Ipota extedeitarl o destructonng mapayouevng KAGong
— Metd exteleiton o destructornng base-class

O1 constructorsev umopet va eivon virtual
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e IIpoypaupa yio piebooocio
— Xpnon virtual functionskai ToAvpop@iopoy
o IIpoPinua
— 4 &ion epyalouévav, aucifovtor og foouadiaio fdon
« Salaried (1o006¢, aveaptnTmc mpdv)
* Hourly (vrepwpieg [>40 hours] + 50%0 mpopicHio)
o Commission £0606to eml TOV TOAGE®MV)

» Base-plus-commissiofi¢oikoc eboc + mocootod ent twv
TOANGEMV)

— H o10iknon embopet va dwcer avénon 10%
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 Base clas€EEmployee
— Pure virtual functioearnings (returns pay)
e [Ipémel va yvopilovue 10 €160¢ TOL £pYALOUEVOD
o Agv &gl vonuo yio. Tn YeVIK kKAdon employee
— IMoapayduevec kAdoeig od v Employee
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MeAeTn MNepiTrrwong:. Zuotnua MicBodoaoiag
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« Downcasting
— dynamic_cast operator

e [Ipocoopilel TOV TOTTO TOL AVTIKEWEVOL KOTA TOV YPOVO
EKTEAECTC

o Emotpépel 0 edv dev sivan cwotod tomov (Cannot be cast)
NewClass *ptr = dynamic_cast < NewClass *> objectPtr;

« Keywordtypeid
— Headektypeinfo>
— Usagetypeid(object)
 Emotpépeitype_info  object

o Ilepiéyel mAnpogopia yio Tov TOTO TOL OPIGUATOC, Hall Le TO
Ovoud Tov
 typeid(object).name()

69



O© 0O N O O & W N P

NNNNRRRRRRRPRR R
WNPFEPOOOWwMNOUDMWNIERO

/[ Fig. 10.23: employee.h
/[ Employee abstract base class.
#ifndef EMPLOYEE_H
#define EMPLOYEE_H
#include

<string> /l C++ standard string class

using std::string;

class Employee {

public
Employee( const string &, const string &, const
void setFirstName( const string &);
string getFirstName() const ;
void setLastName( const string &);
string getLastName() const ;
void setSocialSecurityNumber( const string &);
string getSocialSecurityNumber() const ;

string & );
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/I pure virtual function makes Employee abstract ba

virtual double

virtual void print()

private

string firstName;
string lastName;
string socialSecurityNumber;

}; // end class Employee

#endif

I EMPLOYEE_H

earnings()
const ;

const

0;

// pure virtual
/[ virtual

se class
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/[ Fig. 10.24: employee.cpp

Il Abstract-base-class Employee member-function def initions.
/I Note: No definitions are given for pure virtual functions.
#include  <iostream>

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

#include  "employee.h" /l Employee class definition

/I constructor
Employee::Employee( const string &first, const string &last,
const string &SSN)
: firstName( first ),
lastName( last ),
socialSecurityNumber( SSN )

/I empty body

} // end Employee constructor
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/ return first name
string Employee::getFirstName() const

{
return  firstName;

} // end function getFirstName

/l return last name
string Employee::getLastName() const

{
return lastName;

} // end function getLastName

/l return social security number

string Employee::getSocialSecurityNumber() const
{
return  socialSecurityNumber;
} // end function getSocialSecurityNumber
I set first name
void Employee::setFirstName( const  string &first)

{

firstName = first;

} // end function setFirstName

A Qutline

v

employee.cpp
(2 of 3)
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/I set last name
void Employee::setLastName( const string &last)

{
lastName = last;

} /I end function setLastName

Il set social security number
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void Employee::setSocialSecurityNumber( const string &number )
{
socialSecurityNumber = number; // should validate
} // end function setSocialSecurityNumber Default implementation for

virtual functionprint

Il print Employee's informatio
void Employee::print()
{

const
cout << getFirstName() << "' << getLastName()
<< "\nsocial security number: "

<< getSocialSecurityNumber() << endl;

} /I end function print

employee.cpp
(3 0of 3)
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/[ Fig. 10.25: salaried.h
/I SalariedEmployee class derived from Employee.

#ifndef = SALARIED_H
#define SALARIED_H
#include  "employee.h" /l Employee class definition
class SalariedEmployee : public  Employee {
public

SalariedEmployee( const string &, const

const string &, double = 0.0 );
void setWeeklySalary(

double );

double getWeeklySalary() co

virtual double earnings() const ;
virtual void print() const ;
private

double weeklySalary;

}, Il end class SalariedEmployee

#endif // SALARIED_H

75
A Qutline

v

salaried.h (1 of 1)

| SalariedEmployee

New functions for the
class.

earnings must be
overriddenprint is
overridden to specify that thi
Is a salaried employee.

U)

/[ "salaried employee: "
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/[ Fig. 10.26: salaried.cpp
/I SalariedEmployee class member-function definition S.
#include  <iostream>

using std::cout;

#include  "salaried.h" /I SalariedEmployee class definition

/I SalariedEmployee constructor
SalariedEmployee::SalariedEmployee(
const string &last, co

Use base class constructor f
string 4 Pasic fields.

or

double salary)
: Employee( first, last, socialSecurityNumber )

setWeeklySalary( salary );

} /I end SalariedEmployee constructor

/I set salaried employee's salary
void SalariedEmployee::setWeeklySalary( double salary)

{

weeklySalary = salary < 0.0 ? 0.0 :salary;

} /I end function setWeeklySalary

A 76

Qutline
Vv

salaried.cpp
(10of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.



26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

/l calculate salaried employee's pay
double SalariedEmployee::earnings()

{
return  getWeeklySalary();

} // end function earnings

/Il return salaried employee's salary

const
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Must implement pure virtual
functions.

double SalariedEmployee::getWeeklySalary() const

{

return  weeklySalary;
} // end function getWeeklySalary

/Il print salaried employee's hame
void SalariedEmployee::print()

{

cout << "\nsalaried employee: "

Employee::print(); /I code reuse

} // end function print

const

salaried.cpp
(2 of 2)
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/[ Fig. 10.27: hourly.h
/ HourlyEmployee class definition.
#ifndef ~HOURLY_H
#define HOURLY_H

#include  "employee.h" /l Employee class definition
class HourlyEmployee : public  Employee {
public

HourlyEmployee( const string &, const string &,

const string &, double = 0.0, double = 0.0 );

void setWage( double );
double getWage() const ;

void setHours( double );
double getHours() const ;

virtual double earnings() const ;
virtual void print() const ;

private
double wage; I/l wage per hour
double hours; Il hours worked for week

}; /Il end class HourlyEmployee

#endif //HOURLY_H
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/I Fig. 10.28: hourly.cpp
/ HourlyfEmployee class member-function definitions.
#include  <iostream>

using std::cout;

#include  "hourly.h"

/I constructor for class HourlyEmployee
HourlyEmployee::HourlyEmployee( const string &first,
const string &last, const string &socialSecurityNumber,
double hourlyWage, double hoursWorked )
: Employee( first, last, socialSecurityNumber )

setWage( hourlyWage );
setHours( hoursWorked );

} // end HourlyEmployee constructor

/I set hourly employee's wage
void HourlyEmployee::setWage( double wageAmount )

{

wage = wageAmount < 0.0 ? 0.0 :wageAmount;

} /I end function setWage
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/I set hourly employee's hours worked
void HourlyEmployee::setHours(

{

hours = ( hoursWorked >=
hoursWorked : 0.0 ;

} // end function setHours

/I return hours worked
double HourlyEmployee::getHours()

{

return  hours;
} // end function getHours

/Il return wage
double HourlyEmployee::getWage()

{

return wage;

} // end function getWage

double hoursWorked )

0.0 && hoursWorked <=

const

const

168.0 )?
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/Il get hourly employee's pay
double HourlyEmployee::earnings() const
{
if  (hours <= 40 ) /I no overtime
return  wage * hours;
else /l overtime is paid at wage * 1.5
return 40 *wage + (‘hours - 40 ) * wage *

} // end function earnings

/Il print hourly employee's information

void HourlyEmployee::print() const
{
cout << "\nhourly employee: " ;
Employee::print(); /I code reuse
} // end function print

1.5 ;
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/[ Fig. 10.29: commission.h
/I CommissionEmployee class derived from Employee.
#ifndef COMMISSION_H
#define COMMISSION_H

#include  "employee.h" /l Employee class definition

class CommissionEmployee : public  Employee {
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public
CommissionEmployee(

Must set rate and sales.

const string &, double = 0.0 );

void setCommissionRate(

void setGrossSales( double );

double getGrossSales() const ;

virtual double earnings() const ;

virtual void print() const ;
private

double grossSales;
double commissionRate;

/I gross weekly sales
/[ commission percentage

}; /Il end class CommissionEmployee

#endif  // COMMISSION_H

commission.h
(1of 1)
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/[ Fig. 10.30: commission.cpp

/I CommissionEmployee class member-function definiti ons.

#include <iostream>

using std::cout;

#include "commission.h" /I Commission class

/[ CommissionEmployee constructor

CommissionEmployee::CommissionEmployee( const string &first,
const string &last, const string &socialSecurityNumber,
double grossWeeklySales, double percent)

: Employee( first, last, socialSecurityNumber )

setGrossSales( grossWeeklySales );
setCommissionRate( percent );

} // end CommissionEmployee constructor

/l return commission employee's rate
double CommissionEmployee::getCommissionRate() const

{

return commissionRate;

} // end function getCommissionRate
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/Il return commission employee's gross sales amount

double CommissionEmployee::getGrossSales() const
{
return  grossSales;
} // end function getGrossSales
/Il set commission employee's weekly base salary
void CommissionEmployee::setGrossSales( double

{

grossSales = sales < 0.0 ? 0.0 :sales;
} // end function setGrossSales

I/l set commission employee's commission
void CommissionEmployee::setCommissionRate(

{

commissionRate = ( rate > 0.0 &&rate <

} // end function setCommissionRate

sales)

double rate)

1.0

) ? rate :

84
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/l calculate commission employee's earnings

double CommissionEmployee::earnings() const
{

return  getCommissionRate() * getGrossSales();
} // end function earnings

/Il print commission employee's name
void CommissionEmployee::print() const

{

cout << "\ncommission employee: " ;
Employee::print(); /l code reuse

} // end function print
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/I Fig. 10.31: baseplus.h

A 86

/l BasePlusCommissionEmployee class derived from Emp Inherits from M
#ifndef  BASEPLUS_H CommissionEmployee
#define BASEPLUS H (and fromEmployee Ish (1 of 1)
_ o o indirectly).
#include  "commission.h" /I Employee class defipifion
class BasePlusCommissionEmployee : public  CommissionEmployee {
public
BasePlusCommissionEmployee( const string &, string &,

const string &, double = 0.0, double = 0.0,

void setBaseSalary( double );
double getBaseSalary() const ;

virtual double earnings() const ;
virtual void print() const ;

private
double baseSalary; /I base salary per week

}; I/ end class BasePlusCommissionEmployee

#endif //BASEPLUS_H

double = 0.0 );
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/I Fig. 10.32: baseplus.cpp

I/l BasePlusCommissionEmployee member-function defini
#include  <iostream>

using std::cout;

#include  "baseplus.h”

Il constructor for class BasePlusCommissionEmployee
BasePlusCommissionEmployee::BasePlusCommissionEmplo

const string &first, const string &last,
const string &socialSecurityNumber,
double grossSalesAmount, double rate,

double baseSalaryAmount )
: CommissionEmployee( first, last, socialSecurityNu
grossSalesAmount, rate )

setBaseSalary( baseSalaryAmount );

} // end BasePlusCommissionEmployee constructor

Il set base-salaried commission employee's wage
void BasePlusCommissionEmployee::setBaseSalary(

{

baseSalary = salary < 0.0 ? 0.0 :salary;

} // end function setBaseSalary

tions.

yee(

mber,

double salary)
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Il return base-salaried commission employee's base
double BasePlusCommissionEmployee::getBaseSalary()

{

return  baseSalary;
} // end function getBaseSalary

/l return base-salaried commission employee's earni
double BasePlusCommissionEmployee::earnings()

{

salary
const

ngs
const

return  getBaseSalary() + CommissionEmployee::earnings();

} // end function earnings

/Il print base-salaried commission employee's name

void BasePlusCommissionEmployee::print() const

{

cout << "\nbase-salaried commission employee: "
Employee::print(); /I code reuse

} // end function print
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/[ Fig. 10.33: figl0_33.cpp

/I Driver for Employee hierarchy.

#include

using std:
using std:
using std:

#include

using std:

#include

using std:

#include

#include
#include
#include
#include
#include

<iostream>

.cout;
:endl;
fixed;

<iomanip>

:setprecision;

<vector>

vector;

<typeinfo>

"employee.h"
"salaried.h”
"commission.h"
"baseplus.h”
"hourly.h"

/I Employee base class

/I SalariedEmployee class

/I CommissionEmployee class

/l BasePlusCommissionEmployee class
/I HourlyEmployee class
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main()

/I set floating-point output formatting
cout << fixed << setprecision( 2 );

/] create vector employees
vector < Employee * > employees( 4);

/[ initialize vector with Employees

employees[ 0O ]= new SalariedEmployee( "John"
"111-11-1111" , 800.00 );

employees[ 1 ]= new CommissionEmployee(  "Sue" ,
"222-22-2222" , 10000, .06 );

employees[ 2 ]= new BasePlusCommissionEmployee(
"Lewis" , "333-33-3333" , 300, 5000, .04 );

employees[ 3 ]= new HourlyEmployee( "Karen"
"A44-44-4444" | 16.75, 40 );

"Smith"

"Jones"

"Bob"

"Price"

Ll
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/I generically process each element in vector emp
for ( int i= 0;i<employees.size(); i++) {

/l output employee information
employees] i ]->print();

/l downcast pointer

[al 91

Use downcasting to cast the employee object into a

BasePlusCommissionEmployee

the correct type of object, the pointer is non-z@&itws

way, we can give a raise to only
BasePlusCommissionEmployee

. If it points to

S.

BasePlusCommissionEmployee *commissionPtr =
dynamic_cast < BasePlusCommissionEmployee * >

(employees|i]);

/I determine whether element points to base-salarie d

/I commission employee
if ( commissionPtr != 0 ){
cout << "old base salary: $"

<< commissionPtr->getBaseSalary() << endl;

commissionPtr->setBaseSalary(

1.10 * commissionPtr->getBaseSalary() );
cout << "new base salary with 10% increase is: $"
<< commissionPtr->getBaseSalary() << endl;

} //end if

cout << “earned $" << employees] i ]->earnings() << endl;

} // end for

© 2003 Prentice Hall, Inc.
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/I release memory held by vector employees

for ( int j= 0;]<employees.size(); j++) {

// output class name
cout << "\ndeleting object of "

<< typeid (*employees|j]).name();

delete  employees|j];

} // end for

cout << endl;

return 0;

} /I end main
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typeid returns a

type_info  object. This
object contains information
about the operand, including
its name.
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salaried employee: John Smith A Outline 93
social security number: 111-11-1111 v
earned $800.00

figl0_33.cpp

commission employee: Sue Jones
social security number: 222-22-2222
earned $600.00

output (1 of 1)

base-salaried commission employee: Bob Lewis
social security number: 333-33-3333

old base salary: $300.00

new base salary with 10% increase is: $330.00
earned $530.00

hourly employee: Karen Price
social security number: 444-44-4444
earned $670.00

deleting object of class SalariedEmployee

deleting object of class CommissionEmployee

deleting object of class BasePlusCommissionEmployee
deleting object of class HourlyEmployee
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