MavenioTnuio MNatpwv

TuRHa Mnxavik®v HAEKTPOVIK®V YNOAOYIOT®OV Kdal
NAnpogopikng

ONTOKENTPIKOZ NPOrPAMMATIZMOZ
(C++)

MoAupOPPICHOG

Neplexopeva
e Eicaywyn
o ZXEOEIG AVTIKEINEVWV OE HIA IEPAPXiTa KANPOVOHIKOTNTAG
e KARon peBOdwV TNG KAAoNG BAonG ano avTiKEIiHeEVa TNG

napayoHevVNG KAAong

e A€&iKTnG napayopevVNG KAGONG O€ AQVTIKEIPEVO TNG KAAONG
Baong

e KAnon peBOdwV napayopevnG KAAoNG HEo® JEiKTN KAAONG
Baong

o EikovikEG Zuvaptnoeig (Virtual Functions)

MNapadeiypara MoAupop@iopouU

Xprion nediou yia TUNO AVTIKEIHEVMV Kl EVTOANG switch

Abstract Classes

MeAéTn NepinTwong : KAnpovopnon Aienagng kai

YAonoinong

e TMoAupopPIoHOG, EIKOVIKEG ZUVAPTNOEIG Kal AUVAHIKD
ZUvOeon: Ynapyel KOOTOG XprRonG?

e MeAéTn NepinTwong: Z0oTnpa MioBodooiag pe
MoAupopPIcHO




Elcaywyn

* TToAvpop@iopog
— Amorteiton n Omapén pog epapyioc KAAcEwV
— XPNGOTOIOVLE OVTIKEILEVO TTOL OVIIKOLV GTNV 1010 tEpapyia
KAMAGE®V OC Vo NTaV O avTiKeipeva TG KAAong Baong

— Ewovikég cuvaptnoelg + duvapikn chvoeon
(Virtual functions + dynamic binding)
» Teyvoloyieg mov LAOTO100V TOV TOAVLOPPIGLO
— Emupénel v anoteAeGHATIKT ETEKTACT] TOV TPOYPOUUUATOV

* Néec khdoelc pmopoHv VKo v TPosTeHOVV Kot VoL LTOGTOVV
enelepyocio OT®G Kol 01 VITAPYOVGES

— Binding: cOvoeon ¢ kAnong pog pefddov e 1o GO TNG
uefodov mov telkd Ba kinOet
 Early (1] static) binding: xaBopiletar kot to compile time
» Late (] dynamic) biding: xaBopileton kot To run time

‘Eva mpwto mapadsiypa

« KAdon Baong: Animal

» TMapayoueveg kAdoeic: Fish, Frog, Bird

* H pébodoc move() eivar kowvr, aAld vAomoleiton
OLQOPETIKG Yia k0O €idoc Animal.

e Mo e@apuoyn Kpoatd Evay TivaKo, oo oVTIKEILEVO TOV
TOPAYOLEVOV KAAGE®V Kol KOs 1sec otérvel Eva, unvoua
move og KéBe avtikeipevo.

« KdBe avtikeipevo tomov Animal wov d€yeton to pipvopo
yvopilel g Oo Tpémel va avTidpAcEL.

e To 1d10 uvoua TOL GTEAVETAL GE JLOPOPETIKA AVTIKEILEVL
(tov 10V Paocikod tomov Animal) &yel TOALEC HopQEC
OTOTEAEGUATMOV = TOADUOPPIGUOC

» [I660 edkoAo givan vo TposOBécovue pia véa khdon Turtle?




2XEOCELC OLVILKELUEVWYV OE MO LEpapXio

KANPOVOMLKOTNTOG

, ’ 1 Pet

« Ynueio khedi .

— 'Eva avtikeipevo pog mopoyopuevng public:

, , string name;
KAQoNG Umopet va to .
LLETOYEPIGTOVLE KOl G AVTIKEILEVO lass Dog : public Pet
g KAdong Baong {

o “TQ_A”» 4 public:
IS-A” oxgon string breed;
* Oumg, 10 avticTpoPo dev 1oyYvEL: Eva };
avTikeipevo g KAdong Paong oev
givat avTikeipevo g mapayOUevng int main()
KMo
L Dog dog;

*  Exyopnon aviikelpnévon Pet pet;
TOPOyOUEVNG KAAGTG GE dog.name = "Tommy"
avTiKeipevo TOmov KAdong fdomng dog.breed = "Kangal Dog";

, pet = dog;
(Hg Tmﬂ) cout << pet.breed; //ERROR
— Object Slicing!

KAnon pebadwv tng kAaong Baong oo
OLVTLKELMEVOA TNC TAPAYOUEVNG KAAONC

* Tpelg OLPOPETIKOL TPOTTOL LETOYEIPLOTC OEIKTMV
G€ OVTIKEILEVO U0 1Epapyiog KAAGEDY
— Asgiktng khdong Baong oe avikeipevo e kAdong faong
— Asgiktng mopayopevnc kKAAonS 6€ aVTIKEILEVO NG
ToPAYOUEVNG KAAONG
— Agikng KAdong Bdong o€ avTikKelnevo e TopayOUeEVNC
KAQomMg
* Eowkto €€’ autiag e “IS-A” oyéong (Circle “isa” Point)
* Emoeéper v kinon pebdowv e kAdong faong
» “Upcasting” (yiveton implicitly)
— H xlnom ocvvaptioemv eEaptdtot amd v KAAGT TOV
deiktn/handle
» Agv goptdtar amd 10 aVTIKEILEVO 6TO 0moio delyvel 0 deiktng
* Avtd umopet va aArdéel pe ) ypnon tov Virtual functions




// Fig. 10.1: point.h

#ifndef POINT H
#define POINT_H

class Point {

public:
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void setX( int );
int getX() const;

[ )
B W N

void setY( int );
int getY() const;

[
N oon

void print() const;

(Y
o

private:

N N NN
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}; 7/ end class Point
24
25 #endif

// Point class definition represents an x-y coordinate pair.

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

// set x in coordinate pair
// return x from coordinate pair

Cd

Base class print function.

from coordinate pair

// output Point object

int x; // x part of coordinate pair
int y; // y part of coordinate pair

Al outine
A4

point.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.

#include <iostream>

using std::cout;
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Point::Point( int xVal

B
N =

{

[y
w

// empty body

I S
0 N O B b

void Point::setX( int
{

N N NN R
W N = OO

// default constructor

} 7/ end function setX

// Fig. 10.2: point.cpp
// Point class member-function definitions.

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

ue, int yValue )

: x( xvalue ), y( yvalue )

} 7/ end Point constructor

// set x in coordinate pair

xValue )

X = xValue; // no need for validation

Al outine
A4

point.cpp (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// return x from coordinate pair
int Point::getX() const

{

return Xx;

} 7/ end function getX

// set y in coordinate pair
void Point::setY( int yValue )
{

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

// return y from coordinate pair
int Point::getY() const
{

return y;

Output the X,y coordinates of

} // end function getY _
the Point.

// output Point obje
void Point::print() const

{

cout << "[" << getX() << ", " << getY() << "]17;

} 7/ end function print

@ Outline ’
\d

point.cpp (2 of 2)

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

// Circle class contains x-y coordinate pair and radius.
#ifndef CIRCLE H

#define CIRCLE_H

#include "point.h™ // Point class definition

class Circle : public Point {

ublic: - . .
P Circle inherits from

Point, but redefines its
print function.

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

void setRadius( double ); // set radius
double getRadius() const; / return radius

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

; // return diameter
const; // return circumference
// return area

void print() const; // output Circle object

private:
double radius; // Circle"s radius

}; 7/ end class Circle

#endif

@ Outline o
V]

circle.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.




1 // Fig. 10.4: circle.cpp @ Outline 1
2 // Circle class member-function definitions. _—
3 #include <iostream> E
4 i circle.cpp (1 of 3)
5 using std::cout;
6
7 #include *“circle.h" // Circle class definition
8
9 // default constructor
10 Circle::Circle( int xValue, int yValue, double radiusValue )
11 : Point( xValue, yValue ) // call base-class constructor
12 {
13 setRadius( radiusValue );
14
15 } // end Circle constructor
16
17 // set radius
18 void Circle::setRadius( double radiusValue )
19 {
20 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue );
21
22 } // end function setRadius
23
© 2003 Prentice Hall, Inc.
All rights reserved.
24 // return radius @ . 12
h ) Outline
25 double Circle::getRadius() const _—
26 { E
Z return radius; circle.cpp (2 of 3)
29 } // end function getRadius
30
31 // calculate and return diameter
32 double Circle::getDiameter() const
33 {
34 return 2 * getRadius();
35
36 } // end function getDiameter
37
38 // calculate and return circumference
39 double Circle::getCircumference() const
a0 {
41 return 3.14159 * getDiameter();
42
43 } // end function getCircumference
a4
45 // calculate and return area
46 double Circle::getArea() const
47 {
48 return 3.14159 * getRadius() * getRadius();
49
50 } // end function getArea

© 2003 Prentice Hall, Inc.
All rights reserved.




51
52
53
54
55
56
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58
59

// output Circle object

void Circle::print() const

{

cout << "center = '";

Circle redefines its print
function. It calls Point’s
print function to output the
x,y coordinates of the center,

Point::print(); // invoke Point"s print 1 then prints the radius.

cout << "'; radius = "

} 7/ end function print

Outline

circle.cpp (3 of 3)

<< getRadius();

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

// Aiming base-class and derived-class pointers at base-class
// and derived-class objects, respectively.

#include <iostream>

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

#include <iomanip>

using std::setprecision;

#include "point.h"

// Point class definition

#include "“circle.h”™ // Circle class definition

int mainQ)

{

Point point( 30, 50 );
Point *pointPtr = 0;

// base-class pointer

Circle circle( 120, 89, 2.7 );

Circle *circlePtr = 0;

// derived-class pointer

Al outine
A4

figl0_0S.cpp
(10f3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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25 // set floating-point numeric format] Use objects and pointers to @ Outline 15
26 cout << fixed << setprecision( 2 ); | call the print function. The E E—
= pointers and objects are of the
28 // output ol_)jects_point anc_i circ same class, so the proper fig10 05.cpp
29 cout << "PrlnF point and circ [ print function is called. (2 Ofg)
30 << "\nPoint:
31 point.print(); s print
32 cout << "\nCircle:
33 circle.print(); ircle"s print
34
35 // aim base-class pointer /at hase-class object and print
36 pointPtr = &point;
37 cout << "\n\nCalling print with base-class pointer to
38 << '"\nbase-class j invokes base-class print "
39 << "function:\n}
40 pointPtr->print(); s print
41
42 // aim derived-class pointer at derived-class object
43 // and print
44 circlePtr = &circle;
45 cout << "\n\nCalling print with derived-class pointer to "
46 << "\nderived-class object invokes derived-class "
47 << "print functyon:\n";
48 circlePtr->print(); // invokes Circle"s print
49
© 2003 Prentice Hall, Inc.
All rights reserved.
_ _ _ _ _ 16
50 // aim base-class pointer at derived-class object and print @ Outline
51 pointPtr = &circle; _—
52 cout << "\n\nCalling print with base-class pointer to " E
53 << "derived-class object\ninvokes base-class print * fig10 05.cpp
54 << "function on that derived-class object:\n"; -
55 pointPtr->print(); // invokes Point"s print (3 of3)
56 cout << endl; .. .
= Aiming a base-class pointer at
cg e a derived object is allowed
59 (the Circle “isa” Point).

60 } // end main

However, it calls Point’s
print function, determined by
the pointer type. virtual
functions allow us to change
this.

© 2003 Prentice Hall, Inc.
All rights reserved.




- - - . 17
Print point and circle objects: @ .
Point: [30, 50] Outline

Circle: center = [120, 89]; radius = 2.70

figl0_0S.cpp
output (1 of 1)

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 function:
center = [120, 89]; radius = 2.70

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

© 2003 Prentice Hall, Inc.
All rights reserved.
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A&€iKTNG TAPOYOHEVNG KAAONG OE OLVTLKELEVO TNG

kAdonc¢ Baong

* Y10 mpoNyoOUEVO TTaPAdELYLaL EIOOLE
— Aelkn¢ kAdong Paong oe avTiKeipevo g mapayopevng KAGong
e Circle “isa” Point
e Asgikmng mapayouevng KAAoMG o€ aviikeipevo g khdong Pdong
— Compiler error

e PointisnotaCircle
* HxAdon Circle duwbétel 1010tteg/Aettovpyieg mov dev drobétel
KAGon Point
— Il.x. setRadius
— Mmnopovpe va kévoope cast T 01e00VVOT TOV AVTIKEIEVOL TNG
KAdong Paong o deiktn mapayduevng KAAaong

* Ovopdleton downcasting

* Emutpénel v mpooméAaon AEITOVPYIKOTNTOG TG TOPAYOUEVTG KAAGONG
— Aegv givan mavta safe

* Mmnopel va yivel pe dynamic_cast<T>()




1 // Fig. 10.6: figl0_06.cpp @ Outline 19
2 // Aiming a derived-class pointer at a base-class object. _—
3 #include "point.h" // Point class definition
: #include ‘circle.h”™ // Circle class definition fig10_06.cpp
6 int mainQ) (Lof1)
7 {
8 Point point( 30, 50 ); fig10_06.cpp
9 Circle *circlePtr = 0; output (1 of 1)
10
11 // aim derived-class pointer at base-class object
12 circlePtr = &point; // Error: a Point is not a Circle
13 // could be: circlePtr = (Circle * )&point;
14 return O;
15
16 } // end main
C:\cpphtp4\examples\ch10\figl0_06\Figl0_06.cpp(12) : error C2440:
=" : cannot convert from "class Point ** to "class Circle *©

Types pointed to are unrelated; conversion requires

reinterpret_cast, C-style cast or function-style cast

© 2003 Prentice Hall, Inc.
All rights reserved.
20

KAnon pebodwv napayopevng KAaong HEow Seiktn
kAdon¢ Baong

e Xpnon deiktn/avoaeopdc
— Agixtng kAdong Baong umopel va deiyvel o€ AVTIKEILEVO TNG
TOPOYOLEVTG KAAOTG
* Mnopel dpmg va KaAéoetl povo tig pedddovg g KAdong faong
— H xnon pebodmv g napayduevng kKAdong cuvietd AdHog
* MéBodot mov dev opilovtor otn KAGoM Pdong
* O 10m0g 0€00UEVOV EVOS/ U0 OETKTT/ avapopdiC
TpocolopiCovv Tt pefOdOVE UTOPOLLE VL
KOAEGOVLE




1 // Fig. 10.7: figl0_07.cpp @ Outline 21
2 // Attempting to invoke derived-class-only member functions _—
3 // through a base-class pointer. E
4 #include "p(_)int.h" // Pc_)int class defir_]i?ic_)n fig10 07.Cpp
5 #include "circle.h”™ // Circle class definition =
: (1of2)
7 int mainQ)
8 {
9 Point *pointPtr = 0;
10 Circle circle( 120, 89, 2.7 );
11
12 // aim base-class pointer at derived-class object
13 pointPtr = &circle;
14
15 // invoke base-class member functions on derived-class
16 // object through base-class pointer
17 int X = pointPtr->getX();
18 int y = pointPtr->getY();
19 pointPtr->setX( 10 );
20 pointPtr->setY( 10 );
21 pointPtr->print();
22
© 2003 Prentice Hall, Inc.
All rights reserved.
_ _ _ @ 22

23 // attempt to invoke derived-class-only member functions .

_ - - Outline
24 // on derived-class object through base-class pointer _—
25 double radius = pointPtr->getRadius(); E
26 pointPtr?>setRadius(_33.33 ); ) ﬁg10 07.Cpp
27 double diameter = pointPtr->getDiameter(); =
28 double circumference = pointPtr->getCircumference(); (2 0f2)
29 double area = pointPtr->getArea();
30
31 return O;
32

33 } // end main

These functions are only
defined in Circle.
However, pointPtr is of
class Point.

© 2003 Prentice Hall, Inc.
All rights reserved.




C:\cpphtp4\examples\ch10\figl0_07\figl0_07.cpp(25) : error C2039: @ . 23
"getRadius® : is not a member of "Point” Slgihjgg
C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :
see declaration of "Point"

figl0_07.cpp

C:\cpphtp4\examples\ch10\figl0 07\figl0 07.cpp(26) : error C2039: output (1 of 1)
"setRadius” : is not a member of "Point*

C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :
see declaration of "Point”

C:\cpphtp4\examples\ch10\figl0 07\figl0_07.cpp(27) : error C2039:
"getDiameter”™ : is not a member of "Point”

C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :
see declaration of "Point”

C:\cpphtp4\examples\ch10\figl0_07\figl0_07.cpp(28) : error C2039:
"getCircumference® : is not a member of "Point”

C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :
see declaration of "Point"

C:\cpphtp4\examples\ch10\figl0_07\Ffigl0_07.cpp(29) : error C2039:
"getArea”™ : is not a member of "Point”

C:\cpphtp4\examples\ch10\figl0_07\point.h(6) :
see declaration of "Point"

© 2003 Prentice Hall, Inc.
All rights reserved.
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Ewkovikeg Zuvaptioelg (Virtual Functions)

* O xavovag ivor o TOTo¢ Tov ogiktn va Kabopilet Tu
1EBoooL umopovv va kAnbovv
« Ov virtual functions propotv va tov aAAdEovv

— 10 avTikeipevo (ko 0yl o deiktng) va Kabopilet Tt uébodot
uropovv va kAnbovv
* Eivou avto yprioiuo?
— Ag Bswpnoovue v epapyio Circle, Triangle,
Rectangle - Shape
» Kdabe khdon €yxel ) dikid ¢ cuvaptnon draw
— T vo 6Yed106M 0TO100NTOTE Gy L
« Kolovue ™ draw péom dsiktn e khdong Pdong Shape
* To mpodypoupa eTAEYEL TNV KATAAANAT cvvaptnon draw kotd to
YPOVO ekTéLEONC (SLVOLIKE)
* MnopoOpe va XEPIGTOVUE PLE YEVIKO TPOTO OAOL TOL GYNLOTAL




25

Ewkovikeg Zuvaptioelg (Virtual Functions)

* AnAmvovue v draw og¢ virtual oty kAdon Baong
— Ymepkoivmrovpue ) draw og kde mopayouevn KAaom
* cav va v Eavaopilovpe, aAld 1 vEa cUVAPTNON TPETEL VO £XEL
akpIP®G TNV 1010 VTOYPAPY] [LE QDTN TNG KAAGNG Bdong
— Edav dnhdoovpe o cuvapmmon virtual oty Kidon Baonc
e virtual void draw() const;
« civar Virtual og Oleg T1c mapaydueveg KAAGELG
— Eivon koAn Tpaktikn vo dnidvoupe pnta og virtual tic
GULVOPTNOELS KOl OTIG TAPAYOUEVES KAGOELS (program clarity)
* C++ 11: mpocdiopiotikd override (emiong: Final)
* Avvopkn ovvdeon (Dynamic binding)
— Emioyn kAong g KatdAAning cuvaptnong kotd to xpdvo
EKTEAEDTG
— XvpPaivel povo pe m xpnon dektav/avapopov (Iarti;)
* Edv n ovvaptnon kAnOel pe xpnon ovopatog avTikeywévov (m.y.

squareObject.draw()), tote ypnoonoleital  GLVAPTNGN TOV
avtikelévov (static binding)

— Object Slicing

1 // Fig. 10.8: point.h @ Outline 26
2 // Point class definition represents an x-y coordinate pair. _—
3  #ifndef POINT H
4  #defi POINT_H .
. define - point.h (1 of 1)
6 class Point {
7
8 public:
9 Point( int = 0, int = 0 ); // default constructor
10
11 void setX( Int ); // set x in coordinate pair
12 int getX() const; // return x from coordinate pair
iz ) S B S 7 Print declared virtual. It

void se in ; se n . = .
15 int getY() const; // réturn y Wlu be virtual inall
16 derived classes.
17 virtual void print() const; // output Point object
18
19 private:
20 int x; // x part of coordinate pair
21 int y; // y part of coordinate pair
22
23 }; // end class Point
24
25 #endif

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

// Circle class contains x-y coordinate pair and radius.
#ifndef CIRCLE H

#define CIRCLE_H

#include "point.h™ // Point class definition

class Circle : public Point {

public:

// default constructor
Circle( int = 0, int = 0, double = 0.0 );

void setRadius( double ); // set radius
double getRadius() const; // return radius

double getDiameter() const; // return diameter
double getCircumference() const; // return circumference
double getArea() const; // return area

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

private:
double radius; // Circle"s radius

}:; 7/ end class Circle

#endif

@ Outline Y
\d

circle.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// Fig. 10.10: figl0_10.cpp

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

#include <iostream>

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

#include <iomanip>

using std::setprecision;

#include "point.h" // Point class definition
#include "“circle.h”™ // Circle class definition

int main()

{
Point point( 30, 50 );
Point *pointPtr = 0;

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

@ Outline 8
V]

figl0_10.cpp
(10f3)

© 2003 Prentice Hall, Inc.
All rights reserved.




25 // set floating-point numeric formatting @ . 29

- . Outline
26 cout << fixed << setprecision( 2 ); _—
- V]
28 // outpuf ObJE?tS po,nt and c!rcle u5|r_19 statlc_blndlr]g fig10_10.cpp
29 cout << "Invoking print function on point and circle
30 << "\nobjects with static binding "' (2 0f3)
31 << "\n\nPoint: ";
32 point.print(); // static binding
33 cout << "\nCircle: ";
34 circle.print(Q); // static binding
35
36 // output objects point and circle using dynamic binding
37 cout << '\n\nlnvoking print function on point and circle "
38 << "\nobjects with dynamic binding";
39
40 // aim base-class pointer at base-class object and print
41 pointPtr = &point;
42 cout << "\n\nCalling virtual function print with base-class"
43 << "\npointer to base-class object"
a4 << "\ninvokes base-class print function:\n";
45 pointPtr->print();
46

© 2003 Prentice Hall, Inc.
All rights reserved.
_ _ _ _ @ 30

47 // alrlw derlved—c!ass pointer at derived-class Outline
48 // object and print _—
49 circlePtr = &circle; E
50 cout << ::\n\nCe_illlng V|rtua! function pl_’lnt with ** ) fig10_10.cpp
51 << "\nderived-class pointer to derived-class object
52 << "\ninvokes derived-class print function:\n"; (3 of3)
53 circlePtr->print();
54
55 // aim base-class pointer at derived-class object and 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(); // polymorphism: invokes circle®s print
61 cout << endl;
62
:Z S 8 At run time, the program

65 } // end main

determines that poINtPtr is
aiming at a Circle object,
and calls Circle’s print
function. This is an example
of polymorphism.

© 2003 Prentice Hall, Inc.
All rights reserved.




Invoking print function on point and circle @ 31

objects with static binding SZQIDLBQ
Point: [30, 50]

Circle: Center = [120, 89]; Radius = 2.70 fig10_10.cpp

output (1 of 1)

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

© 2003 Prentice Hall, Inc.
All rights reserved.

32

Ewkovikeg Zuvaptioelg (Virtual Functions)

* TToAvpopeiopdg
— To 1610 pMvopa, “print”, anocTEAAETAL GE TOALAL AVTIKEILEVOL
* Ta avtikeipeva mtpoomelalovtol pEcm deiktn g KAAong Pdong
— To pvopa maipvetl “moAlég HopeEc”
e XOvoyn
— Agiktng kAdong Paong oe avtikeipevo ¢ kAdong faong, deiktng
TOPAYOUEVNG KABONG GE OVTIKEILEVO TNG TOPOYOUEVIC KAAGNG
* AmAO
— Agikmng kAdong Pdong o€ avTikeipevo TG TopoyOUeEVNg KAAGNS
» KaAel pévo pebosovg e khaong faong
* Agv ioyvet yuu T1G LeTaPANTEG
— Agiktng mopayouevnc KAGoNG o€ avTIKEILEVO TG KAAong Pdong
» Compiler error

* Emupéneton pe downcasting




Napadeiypota MoAvpopdriopov

e [lapaoeiypata
— Ac Bewpnioovue 611 1 khdon Rectangle kinpovouel thv
KAdon Quadrilateral (Tetpdamievpo)
« H Rectangle mo dikr g Quadrilateral

* Omowadnmote Aertovpyio tng Quadri lateral pmopsi va,
yiver kot yio tnv kAdon Rectangle (i.e., perimeter, arca)

* Epapuoyn video game
— Base class: SpaceObject
* Derived: Martian, SpaceShip, LaserBeam
» Kown cvvaptnon draw
— Zntovpuevo: H avavéwmon g 006vng

* O Screen Manager 6100¢te1 Vector pe base-class pointers e
OVTIKEIPEVA

* Ztédverdraw pnvopo o€ ke avtikeipevo
* To 1010 pnvopa €xel «TOAAEC LOPPESH ATOTEAECUATMOV

33

Napadeiypota MoAvpopdiopou

* Epapuoyn video game (cuvEyeia)
— EvYkolo va mpocsbécovpue pia véa kAdon Mercurian
» Kinpovopei mv SpaceObject
 Tlepiéyel T dkid TG vAomoinon Yo tnv draw
— O Screen Manager 6gv ypelaleton 0ALAYEG GTOV KOOKA TOV
— Kokei v draw ave&dptnto amd Tov TOTO TOL OVTIKELUEVOL

e Mercurian ovIikeipeva EVooUaT®VOVTOL EDKOA
* IToAvpopeiopndg
— XePIopog avTIKEIUEVOV Y®PIS va YVoPilovE TOV TOTTO TOVG

— Emextdolua tpoypdpupoto
» EdxoAn mpocHnkm kidoewv

34




Xpnon nediov yLa TUTO AVTLKELUEVWYV Kol EVTIOANC
switch

* 'Evog tpOmOog va TpOoGOlopiGOVUE TNV KAAGT] EVOC
AVTIKELEVOL
— Bdlovpe oty kAhdon Pdong Eva medio
= shapeType oty khdon Shape
— Xpnowonotovue o SWitch ywo va koléoovpue ) oot
print cuvapon
» [ToAAG mpofAnuata
— Mmnopei va Eeydoovpe Tov EAeyyo Kdmolag mepintwong otnv
switch
— Ed&v mpocBécovpe/aparpécovpe pio KAGoN Tpénet va
evnuepooovue tnv Switch
* XpovoPopo Kot emppenic oe AAON
« KoAvtepa pe moAvpoppiouo

— omAOVCTEPQ TPOYPAUaTa, MYyOTEPO debugging

35

Abstract Classes

» Abstract class
— Xxomog: va amoteAéoet pio base class (abstract base class)
— EMamic
o YOUTANPOVETAL LE TIG TOPUYOUEVES KAAGELS
— Agv kotaokevalovpe avtikeipeva and po abstract class
* MmnopoOpe va Exovpe deIKTES KOl AVAPOPES
» Concrete classes
— Mmnopovpe vo KOTAGKEVAGOUVLE AVTIKEILEVQ
— YAomowovpe OAEG TIC GLVOPTNCELS TOV TEPIEXOVV

36




Abstract Classes

* Etvonl ypnioyec, 0yt vmoypemTIKEC

* ['a va opicovue o abstract class
— ®&hovue pa N TteprocdTepEG "pure” virtual functions
virtual void draw() const = O;
— Regular virtual functions
* 'Eyovv viomoinomn, n vrepkdAvymn €ivor TPOUPETIKY
— Pure virtual functions
» Agv £rovv vAomoinomn, 1 LVIEPKAALYT EIVOIL VTTOYPEDTIKT

— Muu abstract class pmopet va £xet dgdopéva Kot
VAOTTOMUEVEC GLUVAPTNOELS

37

Abstract Classes

» Acikteg o€ abstract base class
— XpPNOOL Y10t TOAVUOPPLGLLO
* TTapaderypa epoproyng
— Abstract class Shape
» Opilel v draw wc pure virtual function
— Circle, Triangle, Rectangle - Shape
» Kdabe Khdom mpénel va viomooel v draw

— O Screen Manager yvopilet 011 Ka0e avtikeipevo pmopet va
oYEO01AGEL TOV EAVTO TOL

38




39

MeA€tn Nepintwonc : KAnpovopnon Atentadnig Kau
YAonoinong

» Kdavooue v Shape abstract base class

— Pure virtual functions (npénel va copnAnpwOoiv)
= getName, print
* Agv &er vonua mpoxkabopiopévn vAomoinon
— Virtual functions (uropodv va eravopioTovv)
= getArea, getVolume
— Apywd emotpépovv 0.0

* Edv dev emavopiotohv, ¥pnoipomolodval ol opicpotl g base
class

— Tapayouevec khaoeic: Point, Circle, Cylinder

40

MeA€tn Nepintwonc: KAnpovopnon Atemadnic ko
YAonoinong

getArea getVolume getName print

Shape

Point

Circle

Cylinder
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26

// Fig. 10.12: shape.h

// Shape abstract-base-class definition.
#ifndef SHAPE H

#define SHAPE_H

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

using std::string;

class Shape { . -
Virtual and pure virtual

functions.

public:

// virtual function that return
virtual double getArea() consty

shape area

// virtual function that retygrns shape volume

virtual double getVolume() fonst;

// pure virtual functions/; overridden in derived classes
virtual string getName() const = 0; // return shape name
virtual void print() const = 0; // output shape

}:; // end class Shape

#endif

@ Outline !
\d

shape.h (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// Fig. 10.13: shape.cpp
// Shape class member-function definitions.
#include <iostream>

using std::cout;
#include "shape.h™ // Shape class definition

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

return 0.0;
} // end function getArea
// return volume of shape; 0.0 by default
double getVolume() const
{

return 0.0;

} 7/ end function getVolume

@ Outline .
V]

shape.cpp (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.




1 // Fig. 10.14: point.h @ Outline 43

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

3 #ifndef POINT_H E

4 #define POINT_H

5 .

6 #include "shape.h'™ // Shape class definition p01nt.h (1 of2)

7

8 class Point : public Shape {

9

10 public:

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

1: void setX( int ); // set x in coordin O Only redefine_s 0

_ i getName and print, since

14 int getX() const; // return x from c

15 getArea and getVolume

16 void setY( int ); // set are zero (it can use the default

17 int getY() const; // retur implementation).

18

19 // return name of shape (i.e., "Point"™ )

20 virtual string getName() const;

21

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

23
© 2003 Prentice Hall, Inc.
All rights reserved.

24 private: @ Outline 44

25 int x; // x part of coordinate pair _—

26 int y; // y part of coordinate pair E

27 point.h (2 of 2)

28 }; // end class Point

29

30 #endif

© 2003 Prentice Hall, Inc.
All rights reserved.




1 // Fig. 10.15: point.cpp @ Outline 45

2 // Point class member-function definitions. _—

3 #include <iostream> E

4 .

5 using std::cout; point.cpp (1 of 3)

6

7 #include "point.h" // Point class definition

8

9 // default constructor

10 Point::Point( int xValue, int yValue )

11 : x( xvalue ), y( yvalue )

12 {

13 // empty body

14

15 } // end Point constructor

16

17 // set x iIn coordinate pair

18 void Point::setX( int xValue )

19 {

20 x = xValue; // no need for validation

21

22 } // end function setX

23
© 2003 Prentice Hall, Inc.
All rights reserved.

_ _ 46

24 // return x from coordinate pair @ Outline

25 iInt Point::getX() const _—

26 { E

Z R > point.cpp (2 of 3)

29 } // end function getX

30

31 // set y in coordinate pair

32 void Point::setY( int yValue )

33 {

34 y = yValue; // no need for validation

35

36 } // end function setY

37

38 // return y from coordinate pair

39 int Point::getY() const

a0 {

41 return y;

42

43 } // end function getY

a4

© 2003 Prentice Hall, Inc.
All rights reserved.




45
46
a7
48
49
50
51
52
53
54
55
56
57

// override pure virtual function getName: return name of Point

string Point::getName() const

{

return “Point™;

} 7/ end function getName

// override pure virtual\function print: output Point object

void Point::print() const

{

cout << "[" << getX() <

} 7/ end function print

L7 << getYQ << T°;

Must override pure virtual
functions getName and
print.

@ Outline Y
\d

point.cpp (3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// Fig. 10.16: circle.h

// Circle class contains x-y coordinate pair and radius.

#ifndef CIRCLE_H
#define CIRCLE_H

#include "point.h™ // Point class definition

class Circle : public Point {
public:

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

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

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

double = 0.0 );

// set radius
// return radius

// return diameter
// return circumference
// return area

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

virtual void print() const;

// output Circle object

@ Outline *
V]

circle.h (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.




26
27
28
29
30
31
32

private:
double radius; // Circle"s radius

}; 7/ end class Circle

#endif

Al outine
A4

circle.h (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// Fig. 10.17: circle.cpp
// Circle class member-function definitions.
#include <iostream>

using std::cout;

#include “‘circle.h" // Circle class definition

// default constructor
Circle::Circle( int xValue, int yValue, double radiusValue )
: Point( xValue, yvalue ) // call base-class constructor

{

setRadius( radiusValue );
} 7/ end Circle constructor

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

{

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

} 7/ end function setRadius

Al outine
A4

circle.cpp (1 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.

50




_ 51
24 // returrj radius ) @ Outline
25 double Circle::getRadius() const _—
26 { E
Z return radius; circle.cpp (2 of 3)
29 } // end function getRadius
30
31 // calculate and return diameter
32 double Circle::getDiameter() const
33 {
34 return 2 * getRadius();
35
36 } // end function getDiameter
37
38 // calculate and return circumference
39 double Circle::getCircumference() const
40 {
41 return 3.14159 * getDiameter();
42
43 } // end function getCircumference
a4
© 2003 Prentice Hall, Inc.
All rights reserved.

i i i ) i @ 52
45 // override virtual function getArea: return area of Circle .

) Outline
46 double Circle::getArea() const _—
47 { E
:: return 3.14159 * getRadius() * getRadius(); circle.cpp (3 of 3)
50 } // end function getAre
51
52 // override virutual function getN Override getArea because
53 string Circle::getName() const it now applies to Circle.
54 {
55 return ""Circle";
56
57 } // end function getName
58
59 // override virtual function print: output Circle object
60 void Circle::print() const
61 {
62 cout << ''center is ";
63 Point::print(); // invoke Point"s print function
64 cout << ''; radius is " << getRadius();
65
66 } // end function print

© 2003 Prentice Hall, Inc.
All rights reserved.




// Fig. 10.18: cylinder.h @ >3

1 .

2 // Cylinder class inherits from class Circle. OL“I’\E

3 #ifndef CYLINDER_H

: #define CYLINDER_H cylinder.h a of 2)

6 #include "circle.h” // Circle class definition

7

8 class Cylinder : public Circle {

9

10 public:

11

12 // default constructor

13 Cylinder( int = 0, int = 0, double = 0.0, double = 0.0 );

14

15 void setHeight( double ); // set Cylinder"s height

16 double getHeight() const; // return Cylinder"s height

17

18 virtual double getArea() const; // return Cylinder®s area

19 virtual double getVolume() const; // return Cylinder®s volume

20
© 2003 Prentice Hall, Inc.
All rights reserved.

. R . @ 54
21 // return name of shape (i.e., “Cylinder™ ) .
: - Outline

22 virtual string getName() const; _—

23

2451 virtual void print() const; // output Cylinder cylinder.h (2 of 2)

26 private:

27 double height; // Cylinder"s height
28

29 }; // end class Cylinder

30

31 #endif

© 2003 Prentice Hall, Inc.
All rights reserved.




1 // Fig. 10.19: cylinder.cpp @ Outline 33
2 // Cylinder class inherits from class Circle. _—
3 #include <iostream> E
4 .
5 using std::cout; cylinder.cpp
: (1 of 3)
7 #include “cylinder.h" // Cylinder class definition
8
9 // default constructor
10 Cylinder::Cylinder( int xValue, int yValue, double radiusValue,
11 double heightValue )
12 : Circle( xValue, yValue, radiusValue )
13 {
14 setHeight( heightValue );
15
16 } // end Cylinder constructor
17
18 // set Cylinder®"s height
19 void Cylinder::setHeight( double heightValue )
20 {
21 height = ( heightvValue < 0.0 ? 0.0 : heightValue );
22
23 } // end function setHeight
© 2003 Prentice Hall, Inc.
All rights reserved.
24 @ . 26
25 // get Cylinder®s height OL“I’IE
26 double Cylinder::getHeight() const E
27 4 _ cylinder.cpp
28 return height;
(2 of 3)
29
30 } // end function getHeight
31
32 // override virtual function getArea: return Cylinder area
33 double Cylinder::getArea() const
34 {
35 return 2 * Circle::getArea() + // code reuse
36 getCircumference() * getHeight();
37
38 } // end function getArea
39
40 // override virtual function getVolume: return Cylinder volume
41 double Cylinder::getVolume() const
42 {
43 return Circle::getArea() * getHeight(); // code reuse
a4
45 } // end function getVolume
46

© 2003 Prentice Hall, Inc.
All rights reserved.




47
48
49
50
51
52
53
54
55
56
57
58
59
60

// override virtual function getName: return name of Cylinder
string Cylinder::getName() const

{
return “"Cylinder";

} 7/ end function getName

// output Cylinder object
void Cylinder::print() const

{

Circle::print(); // code reuse

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

@ Outline i
\d

cylinder.cpp
(3 of 3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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// Fig. 10.20: figl0_20.cpp

// Driver for shape, point, circle, cylinder hierarchy.
#include <iostream>

using std::cout;

using std::endl;

using std::fixed;

#include <iomanip>

using std::setprecision;

#include <vector>

using std::vector;

#include "shape.h" // Shape class definition
#include "point.h" // Point class definition
#include ‘circle.h" // Circle class definition

#include "cylinder.h" // Cylinder class definition

void virtualViaPointer( const Shape * );
void virtualViaReference( const Shape & );

@ Outline !
V]

figl0_20.cpp
(1 of5)

© 2003 Prentice Hall, Inc.
All rights reserved.




_ - 59
25 int mainQ) @ Outline
26 { _—
27 // set floating-point number format E
28 cout << fixed << setprecision( 2 ); fig10 20.cpp
29 -
30 Point point( 7, 11 ); // create a Point (2 of 5)
31 Circle circle( 22, 8, 3.5 ); // create a Circle
32 Cylinder cylinder( 10, 10, 3.3, 10 ); // create a Cylinder
33
34 cout << point.getName() << ": *; // static binding
35 point.print(); // static binding
36 cout << "\n-;
37
38 cout << circle.getName() << ": "; // static binding
39 circle.print(Q); // static binding
40 cout << "\n";
41
42 cout << cylinder.getName() << ": "; // static binding
43 cylinder.print(Q); // static binding
a4 cout << "\n\n";
45
© 2003 Prentice Hall, Inc.
All rights reserved.
_ @ 60
46 // create vector of three base-class pointers Outline
47 vector< Shape * > shapeVector( 3 );
48 Create a vector of generic ﬂ
49 // aim shapeVector[0] at derived-c Shape pointers, and aim them | 10 20
50 shapeVector[ 0 ] = &point; at various objects. 1817 _0.cpp
3 of 5)
51
52 // aim shapeVector[1] at derj Function
53 shapevector[ 1 ] = &circl virtualViaPointer calls
>4 ) _ the virtual functions (print,
55 // aim shapeVector|[2] aF derived-/class ( getName, etc.) using e o
56 shapeVector[ 2 ] = &cylinder; .
- class pointers.
58 // loop through shapeVector d call vin
59 // to print the shape name,/attributes, | The types are dynamically bound
60 // of each object using dyhamic binding | at run-time.
61 cout << "\nVirtual functyon calls made off ™
62 << "base-class poipters:\n\n";
63
64 for C int 1 = 0; 1 </shapeVector.size(); i++ )
65 virtualViaPointer( shapeVector[ i ] );
66

© 2003 Prentice Hall, Inc.
All rights reserved.




67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

// loop through shapeVector and call virtualViaReference
// to print the shape name, attributes, area and volume
// of each object using dynamic binding

cout << "\nVirtual function calls m
<< "base-class references:\

for Cint j = 0; jJ <s

add

Use references instead of
pointers, for the same effect.

eVector.size(); j++ )

virtualViaReference( *shapeVector[ j ] );

return 0O;

} 7/ end main

// make virtual function calls off a base-clg

// using dynamic binding

@ Outline !
\d

figl0_20.cpp
(4 of 5)

Call virtual functions; the
proper class function will be

82 void virtualViaPointer( const Shape *baseClag

83 { called at run-time.

84 cout << baseClassPtr->getName() << * ;

85

86 baseClassPtr->print();

87

88 cout << "\narea is " << baseClassPtr->getArea()

89 << "\nvolume is " << baseClassPtr->getVolume()

90 << "\n\n"';

91

92 } // end function virtualViaPointer

93
© 2003 Prentice Hall, Inc.
All rights reserved.

94 // make virtual function calls off a base-class reference @ . 62

) o Outline

95 // using dynamic binding _—

96 void virtualViaReference( const Shape &baseClassRef ) E

7 4 o figl0_20.cpp

98 cout << baseClassRef.getName() << ": ";

- (5 of 5)

100 baseClassRef.print();

101

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

103 << "\nvolume is " << baseClassRef.getVolume() << "\n\n";

104

105 } // end function virtualViaReference

© 2003 Prentice Hall, Inc.
All rights reserved.




Point: [7, 11]
Circle: center is [22, 8]; radius is 3.50
Cylinder: center is [10, 10]; radius is 3.30; height is 10.00

Virtual function calls made off base-class pointers:

Point: [7, 11]
area is 0.00
volume is 0.00

Circle: center is [22, 8]; radius is 3.50
area iIs 38.48
volume is 0.00

Cylinder: center is [10, 10]; radius is 3.30; height is 10.00
area is 275.77
volume is 342.12

@ Outline ®
\d

figl0_20.cpp
output (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.

Virtual function calls made off base-class references:

Point: [7, 11]
area is 0.00
volume is 0.00

Circle: center is [22, 8]; radius is 3.50
area is 38.48
volume is 0.00

Cylinder: center is [10, 10]; radius is 3.30; height is 10.00
area is 275.77
volume is 342.12

@ Outline .
V]

figl0_20.cpp
output (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.




MoAvpopdLopdg, Elkovikég ZuvaptnoeLg kot AUVOHLKA
Z0vdeon: YApXEL KOOTOC Xprong?

e O moAvpopPlopog £xet

65

Base
overhead * yarr »{ Base VTable
— Agv ypnowonoleital m.y. 6TV virtual function’ ()= function )
STL (Standard Template I—’* virual function 2()= function2()
Library) yia Adyovg emidoomng
- . D1 public Base
e virtual function table . dorentea, v
(Vtable) wirtual function1();- functiont()
— K&0e k\don pe ma virtual funetnzo 7
. , , D2 public Base
funCtlon ngl gva, Vtable *_wptr {inherited} » D2%Table
— T k60 virtual function, irtual function2(;=<

function1() —
10 vtable €yel dogiktn otV 1- functian2() W

KOTAAANAN cLuvapTNON

Virtual Destructors

* Agiktnc kAdong Paong oe avTiKelnevo g
TOPAYOUEVNC KAAGTC
— Edv kataoctpéyovue to avtikeipevo pe v dellete, n
CLUTEPLPOPA Efval OTPOGIOPIOTN
. AT Mon
— AnAmvovupe tov destructor tn¢ base-class wg virtual

— Orav koieitar n de lete kaieitot kot 0 KATAAANAOG
destructor

e Ot0ov KOTAGTPEPOVUE EVO AVTIKEILEVO ULOC
TOPAYOUEVC KAAOTC
— Ilpota ektedeiton o destructor g mapaydpevng KAAoMG
— Metd ekteleiton o destructor tng base-class

* Ot constructors doev umopet va gtvan virtual

66




MeA€tn Nepintwong: Z0otnpua MwoBodooiac pe
MoAvpopdlouo

* IIpoypapua yio pisBodoacio
— Xpnon virtual functions Kot TOAVLOPPIGLOD
* IIpopfAinua
— 4 &ion epyalopévav, aueifovtal og efdopadiaio faon
« Salaried (uc06g, aveloptnTOC OPOV)
* Hourly (vrepwpiec [>40 hours] + 50% 10 wpopicH10)
* Commission (T060610 €ni TOV TOANGEDV)

* Base-plus-commission (Bacukoc (eoc + tocooto eni twv
TOANGEDV)

— H dwoiknon emBopel va dwcet avénon 10%

67

MeA€tn Nepintwong: Z0otnpua MwoBodooiac pe
NoAupopdiopo

» Base class: Employee
— Pure virtual function earnings (returns pay)
* TIpénel va yvopilovpe 10 €100¢ TOU gpyaldpeEVOD
« Agv &elvonua yia tn yevikn kKAdon employee
— Tapaydueveg kKAdoeg ano tnv Employee

68




MeA€tn Nepintwong: Z0otnpua MwoBodooiac pe
MoAvpopdlopo

* Downcasting
— dynamic_cast operator

* TIpocdiopilel Tov TOTO TOL AVTIKEUEVOL KATA TOV YPOVO
EKTENEOTC

* Emotpépet 0 edv dev eivar cwotov Tumov (cannot be cast)
NewClass *ptr = dynamic_cast < NewClass *> objectPtr;

« Keyword typeid
— Header <typeinfo>
— Usage: typeid(object)
» Emotpépel type_1nTo object
 [lep€yel mAnpogopia yia Tov TOTO T0V opicuatoc, pall pe to
OVOLA TOV
e typeid(object) .name()
* Avrtiotoyo pe object.getClass() .getName() 1rg
Java

69
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// Fig. 10.23: employee.h @
// Employee abstract base class.
#ifndef EMPLOYEE_H
#define EMPLOYEE H

Outline

employee.h (1 of 2)

#include <string> // C++ standard string class
using std::string;
class Employee {

public:
Employee( const string &, const string &, const string & );

void setFirstName( const string & );
string getFirstName() const;

void setLastName( const string & );
string getLastName() const;

void setSocialSecurityNumber( const string & );
string getSocialSecurityNumber() const;

© 2003 Prentice Hall, Inc.
All rights reserved.
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i, _ 71
24 // pure virtual function makes Employee abstract base class @

25 virtual double earnings() const = 0; // pure virtual OL“I’\E

26 virtual void print() const; // virtual

27 i employee.h (2 of 2)
28 private:

29 string firstName;

30 string lastName;

31 string socialSecurityNumber;

32

33 }; // end class Employee

34

35 #endif // EMPLOYEE_H

© 2003 Prentice Hall, Inc.

All rights reserved.
_ 72
1 // Fig. 10.24: employee.cpp @ Outline
2 // Abstract-base-class Employee member-function definitions. _—
3 // Note: No definitions are given for pure virtual functions.
4 #include <iostream>
. employee.cpp
6 using std::cout; (Lof3)
7 using std::endl;
8
9 #include "employee.h™ // Employee class definition
10

11 // constructor
12 Employee: :Employee( const string &first, const string &last,

13 const string &SSN )

14 : firstName( first ),

15 lastName( last ),

16 socialSecurityNumber( SSN )
17 {

18 // empty body

19

20 } // end Employee constructor

21
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22
23
24
25
26
27
28
29
30
31
32
33
34
85
36

// return first name
string Employee: :getFirstName() const

{
return firstName;

} 7/ end function getFirstName

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

return lastName;

} 7/ end function getLastName

// return social security number

@ Outline "
\d

employee.cpp
(2 0of 3)

37 string Employee::getSocialSecurityNumber() const

38 {

39 return socialSecurityNumber;

40

41 } // end function getSocialSecurityNumber

42

43 // set First name

44 void Employee::setFirstName( const string &first )

a5 {

46 firstName = first;

47

48 } // end function setFirstName

49
© 2003 Prentice Hall, Inc.
All rights reserved.

50 // set last name

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

void Employee::setLastName( const string &last )

{

lastName = last;

} 7/ end function setLastName

// set social security number
void Employee: :setSocialSecurityNumber( const string &number )

{

socialSecurityNumber = number; // should validate

Default implementation for
virtual function print.

} 7/ end function setSocialSecurj}

// print Employee®s in
void Employee::print() const
{
cout << getFirstName() << " " << getLastName()
<< "\nsocial security number:
<< getSocialSecurityNumber() << endl;

} 7/ end function print

@ Outline b
V]

employee.cpp
(3of3)
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// Fig. 10.25: salaried.h @ 73

1 .
2 // SalariedEmployee class derived from Employee. OL“I’IE
3 #ifndef SALARIED_H

: #define SALARIED_H salaried.h (1 of 1)
6 #include "employee.h™ // Employee class definition

7

8 class SalariedEmployee : public Employee {

51)0 publiic: New fur}ctions for the

11 SalariedEmployee( const string &, const S SalarledEmponee class.

12 const string &, double = 0.0 );

13 earnings must be

14 void setWeeklySalary( double ); overridden. print is

15 double getWeeklySalary() copst; overridden to specify that this

16 ) ) is a salaried employee.

17 virtual double earnings() const;

18 virtual void print() const; // “salaried employee: "

19

20 private:

21 double weeklySalary;

22

23 }; // end class SalariedEmployee

24

25 #endif // SALARIED_H

© 2003 Prentice Hall, Inc.
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1 // Fig. 10.26: salaried.cpp @ Outline 76
2 // SalariedEmployee class member-function definitions. _—
3 #include <iostream>
4 salaried.cpp
5 using std::cout;
. (10f2)
7 #include "salaried.h™ // SalariedEmployee class definition
8
9 // SalariedEmployee constructor
10 SalariedEmployee::SalariedEmplg ( Use base class constructor for
11 const string &last, co string basic fields.
12 double salary )
13 : Employee( first, last, socialSecurityNumber )
14 {
15 setWeeklySalary( salary );
16
17 } // end SalariedEmployee constructor
18
19 // set salaried employee®s salary
20 void SalariedEmployee: :setWeeklySalary( double salary )
21 {
22 weeklySalary = salary < 0.0 ? 0.0 : salary;
23
24 } // end function setWeeklySalary
25
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46

// calculate salaried employee®s pay
double SalariedEmployee::earnings() const

{
return getWeeklySalary();

3 // end function earnings Must implement pure virtual
functions.

// return salaried employee®s salary
double SalariedEmployee::getWeeklySalary() const

{
return weeklySalary;

} 7/ end function getWeeklySalary

// print salaried employee®s name
void SalariedEmployee::print() const

{
cout << "\nsalaried employee: ";
Employee: :print(); // code reuse
} 7/ end function print

@ Outline 7
\d

salaried.cpp
(2 0f2)

© 2003 Prentice Hall, Inc.
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28
29

// Fig. 10.27: hourly.h

// HourlyEmployee class definition.
#ifndef HOURLY H

#define HOURLY_H

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

HourllyEmployee( 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; // wage per hour
double hours; // hours worked for week

}; 7/ end class HourlyEmployee

#endif // HOURLY_H

@ Outline h
V]

hourly.h (1 of 1)
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// Fig. 10.28: hourly.cpp @ 7

1 .
2 // HourlyEmployee class member-function definitions. gl!ihfﬁi
3 #include <iostream>
4
5 using std::cout; hourly.cpp (1 of 3)
6
7 #include "hourly.h"
8
9 // constructor for class HourlyEmployee
10 HourlyEmployee: :HourlyEmployee( const string &first,
11 const string &last, const string &socialSecurityNumber,
12 double hourlyWage, double hoursWorked )
13 : Employee( first, last, socialSecurityNumber )
14 {
15 setWage( hourlyWage );
16 setHours( hoursWorked );
17
18 } // end HourlyEmployee constructor
19
20 // set hourly employee®s wage
21 void HourlyEmployee: :setWage( double wageAmount )
22 {
23 wage = wageAmount < 0.0 ? 0.0 : wageAmount;
24
25 } // end function setWage
© 2003 Prentice Hall, Inc.
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80
2 Al Outline

27 // set hourly employee®s hours worked
28 void HourlyEmployee: :setHours( double hoursWorked )

20 4 hourly.cpp (2 of 3)
30 hours = ( hoursWorked >= 0.0 && hoursWorked <= 168.0 ) ?

31 hoursWorked : 0.0;

32

33 } // end function setHours

34

35 // return hours worked
36 double HourlyEmployee: :getHours() const

37 {

38 return hours;

39

40 } // end function getHours
41

42 // return wage
43 double HourlyEmployee: :getWage() const

44 {

45 return wage;

46

47 } // end function getWage
48

© 2003 Prentice Hall, Inc.
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49 // get hourly employee®s pay @ 81

50 double HourlyEmployee::earnings() const gl!ILUIQ

51 {

52 if ( hours <= 40 ) // no overtime hourly.cpp (3 of 3)
53 return wage * hours;

54 else // overtime is paid at wage * 1.5

55 return 40 * wage + ( hours - 40 ) * wage * 1.5;

56

57 } // end function earnings

58

59 // print hourly employee®s information
60 void HourlyEmployee::print() const

61 {

62 cout << '\nhourly employee: "';

63 Employee::print(); // code reuse
64

65 } // end function print

© 2003 Prentice Hall, Inc.
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_ - 2
// Fig. 10.29: commission.h @ Outline 8
// CommissionEmployee class derived from Employee. _—
#ifndef COMMISSION_H

#define COMMISSION H . .
- commission.h

(1of1)

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

class CommissionEmployee : public Employee {

O 00 N O U1 A W N B

=
o

public:

11 CommissionEmployee( const stri
12 const string &, doubl
13
14 void setCommissionRate( uble );
15 double getCommissionRake() const;
16
17 void setGrossSales( double );

18 double getGrossSales() const;

19

20 virtual double earnings() const;

21 virtual void print() const;

22

23 private:

24 double grossSales; // gross weekly sales

25 double commissionRate; // commission percentage
26

27 }; // end class CommissionEmployee

28

29 #endif // COMMISSION_H

Must set rate and sales.
, double = 0.0 );

© 2003 Prentice Hall, Inc.
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// Fig. 10.30: commission.cpp @ 83

1 .

2 // CommissionEmployee class member-function definitions. gl!ihfﬁi

3 #include <iostream>

4 i commission.cpp

5 using std::cout;

: (1 of 3)

7 #include "commission.h" // Commission class

8

9 // CommissionEmployee constructor

10 CommissionEmployee: :CommissionEmployee( const string &first,

11 const string &last, const string &socialSecurityNumber,

12 double grossWeeklySales, double percent )

13 : Employee( first, last, socialSecurityNumber )

14 {

15 setGrossSales( grossWeeklySales );

16 setCommissionRate( percent );

17

18 } // end CommissionEmployee constructor

19

20 // return commission employee®s rate

21 double CommissionEmployee: :getCommissionRate() const

22 {

23 return commissionRate;

24

25 } // end function getCommissionRate
© 2003 Prentice Hall, Inc.
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84

26 - . @ Outline

27 // return commission employee®s gross sales amount _—

28 double CommissionEmployee: :getGrossSales() const E

29 { .

30 return grossSales; commission.cpp

- (2 of 3)

32 } // end function getGrossSales

33

34 // set commission employee®s weekly base salary

35 void CommissionEmployee: :setGrossSales( double sales )

36 {

37 grossSales = sales < 0.0 ? 0.0 : sales;

38

39 } // end function setGrossSales

40

41 // set commission employee®s commission

42 void CommissionEmployee: :setCommissionRate( double rate )

43 {

44 commissionRate = ( rate > 0.0 && rate < 1.0 ) ? rate : 0.0;

45

46 } // end function setCommissionRate

47
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48
49
50
51
52
53
54
55
56
57
58
59
60
61

// calculate commission employee®s earnings
double CommissionEmployee::earnings() const

{
return getCommissionRate() * getGrossSales();

} 7/ end function earnings

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

{
cout << ""\ncommission employee: ";
Employee::print(); // code reuse
} 7/ end function print

@ Outline ®
\d

commission.cpp
(3 of 3)
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21
22
23
24
25

m 86

// Fig. 10.31: baseplus.h
// BasePlusCommissionEmployee class derived from Em
#ifndef BASEPLUS H
#define BASEPLUS H

Inherits from Outline
CommissionEmployee

(and from Employee is.h (1 of 1)
indirectly).

#include "commission.h" // Employee clas

class BasePlusCommissionEmployee : public CommissionEmployee {

public:

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

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

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

private:
double baseSalary; // base salary per week

}; 7/ end class BasePlusCommissionEmployee

#endif // BASEPLUS H

© 2003 Prentice Hall, Inc.
All rights reserved.




1 // Fig. 10.32: baseplus.cpp @ Outline 87
2 // BasePlusCommissionEmployee member-function definitions. _—
3 #include <iostream> E
4 i baseplus.cpp
5 using std::cout;
: (1of2)
7 #include "baseplus.h"
8
9 // constructor for class BasePlusCommissionEmployee
10 BasePlusCommissionEmployee: :BasePlusCommissionEmployee(
11 const string &first, const string &last,
12 const string &socialSecurityNumber,
13 double grossSalesAmount, double rate,
14 double baseSalaryAmount )
15 : CommissionEmployee( first, last, socialSecurityNumber,
16 grossSalesAmount, rate )
17 {
18 setBaseSalary( baseSalaryAmount );
19
20 } // end BasePlusCommissionEmployee constructor
21
22 // set base-salaried commission employee"s wage
23 void BasePlusCommissionEmployee: :setBaseSalary( double salary )
24 {
25 baseSalary = salary < 0.0 ? 0.0 : salary;
26
27 } // end function setBaseSalary
© 2003 Prentice Hall, Inc.
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2 : i : A Outline
29 // return base-salaried commission employee®s base salary _—
30 double BasePlusCommissionEmployee: :getBaseSalary() const E
34 baseplus.cpp
32 return baseSalary;
- (20f2)
34 } // end function getBaseSalary
35
36 // return base-salaried commission employee®s earnings
37 double BasePlusCommissionEmployee: :earnings() const
38 {
39 return getBaseSalary() + CommissionEmployee::earnings();
40
41 } // end function earnings
42
43 // print base-salaried commission employee®s name
44 void BasePlusCommissionEmployee: ::print() const
45 {
46 cout << ""\nbase-salaried commission employee: *;
47 Employee::print(); // code reuse
48
49 } // end function print

© 2003 Prentice Hall, Inc.
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1 // Fig. 10.33: figl0_33.cpp @ Outline 89
2 // Driver for Employee hierarchy. _—
3 #include <iostream> E
4
5 using std::cout; figl0_33.cpp
6 using std::endl; (Lof4d)
7 using std::fixed;
8
9 #include <iomanip>
10
11 using std::setprecision;
12
13 #include <vector>
14
15 using std::vector;
16
17 #include <typeinfo>
18
19 #include "employee.h" // Employee base class
20 #include "salaried.h" // SalariedEmployee class
21 #include "commission.h"™ // CommissionEmployee class
22 #include "baseplus.h* // BasePlusCommissionEmployee class
23 #include "hourly._h" // HourlyEmployee class
24
© 2003 Prentice Hall, Inc.
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_ - 90
25 int mainQ) @ Outline
26 { _—
27 // set floating-point output formatting E
28 cout << fixed << setprecision( 2 ); ﬁg10 33.cpp
29 -
30 // create vector employees (2 of4)
31 vector < Employee * > employees( 4 );
32
33 // initialize vector with Employees
34 employees[ 0 ] = new SalariedEmployee( “John™, "Smith",
35 "111-11-11121", 800-00 );
36 employees[ 1 ] = new CommissionEmployee( "'Sue™, "Jones",
37 1'222-22-2222', 10000, .06 );
38 employees[ 2 1 = new BasePlusCommissionEmployee( ""Bob™,
39 “"Lewis'", '333-33-3333", 300, 5000, .04 );
40 employees[ 3 ] = new HourlyEmployee( "Karen™, "Price",
41 “A44-44-4444", 16.75, 40 );
42
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43 // generically process each element i X [a] X X ol
e for ( int i = 0: i < employees. size() SN downcasting to cast the employee object into a
45 BasePlusCommissionEmployee. If it points to
46 // output employee information the correct type of object, the pointer is non-zero. This
a7 employees[ i J->print(Q); way, we can give a raise to only
48 BasePlusCommissionEmployees.
49 // downcast pointer
50 BasePlusCommissionEmployee *commissionPtr =
51 dynamic_cast < BasePlusCommissionEmployee * >
52 ( employees[ i ] );
53
54 // determine whether element points to base-salaried
55 // commission employee
56 it ( commissionPtr 1= 0 ) {
57 cout << "old base salary: $"
58 << commissionPtr->getBaseSalary() << endl;
59 commissionPtr->setBaseSalary(
60 1.10 * commissionPtr->getBaseSalary() );
61 cout << "new base salary with 10% increase is: $"
62 << commissionPtr->getBaseSalary() << endl;
63
64 } 7/ end if
65
66 cout << "earned $" << employees[ 1 ]->earnings() << endl;
67
68 } 7/ end for
69
© 2003 Prentice Hall, Inc.
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@ 92
70 // release memory held by vector employees .
U _ _ - Outline
71 for ( int j = 0; j < employees.size(); j++ ) { _—
. V]
73 // output class ?ame ) ﬁg10 33.Cpp
74 cout << ""\ndeleting object of ' =
75 << typeid( *employees[ j ] )-name(Q); (4 ofd)
76
77 delete employees[ j 1;
78
57;2 } /7 end for typei(_j returns a
- cout << endl: type_info object. This
82 object contains information
83 return 0; about the operand, including
84 its name.
8 } // end main

© 2003 Prentice Hall, Inc.
All rights reserved.




salaried employee: John Smith @ %3

social security number: 111-11-1111
earned $800.00

Outline

figl0_33.cpp
output (1 of 1)

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

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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