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Learning Objectives

* Virtual Function Basics
— Late binding
— Implementing virtual functions
— When to use a virtual function
— Abstract classes and pure virtual functions

e Pointers and Virtual Functions
— Extended type compatibility

— Downcasting and upcasting
— C++ "under the hood" with virtual functions



Early binding (Wrong example) (1/2)

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16

// progl7_1, §B5REVERM > KIbHEEINE]

#include <iostream>
#include <cstdlib>
using namespace std;
class CWin
{
protected:
char 1d;
int width, height;
public:
CWin (char 1='D"',1int w=10,
{
1d=1;
width=w;
height=h;

// TEFE Cwin 38R 0 fEL AL EER]

int h=10)

/7 AFERIBVERTT

/* progl7 1 OUTPUT----

5600
3000

Window A, area
Window B, area



Early binding (Wrong example) (2/2)

17 void show areal) /7 A23BRIEY show areal) HEY

18 !

19 cout << "Window " << id << ", area = " << areal) << endl;

20 ]

21 int areaf) /7 A23BRIRY area () (HET

22 {

23 return width*height;

24 1

25 };

26

27  c¢lass CMiniWin : public CWin // FESHER| CMiniwin

28 {

29 public:

30 CMiniWin(char i,int w,int h):CWin(i,w,h) {} / SHERIBVERETT

31

32 int areal) /7 THERIEY area ) HEY

33 I

34 return (int) (0.8*width*height) ;

35 }

36 i

37 /* progl7 1 OUTPUT------
38 int main(vold) Window A, area = 5600
39 { Window B, area = 3000
40 CWin win('"4A",70,80); /f BITAEERIHME win

41 CMiniWin m win{'B", 50, 60) ; /7 BEVSHERYMMEN win 0 T T T T */
42

43 win.show areal) ; /7 DIAKERIMDME win [P0 show area() RE]

44 m win.show areal) ; S/ DIFEERIMM m win [P0 show area() HE]

45

46 system{"pause™) ;

15N
~]

return 0O;

19
@©
—



Virtual Function Basics

* Polymorphism
— Associating many meanings to one function
— Virtual functions provide this capability

— Fundamental principle of object-oriented
programming!

* Virtual
— Existing in "essence" though not in fact

e Virtual Function
— Can be "used" before it’s "defined"

Copyright © 2012 Pearson Addison-Wesley. All rights reserved. 15-5
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Virtual Function

* Tells compiler:
— "Don’t know how function is implemented"
— "Wait until used in program"

— "Then get implementation from object
instance"

* Called late binding or dynamic binding
— Virtual functions implement late binding

— Decide which function will be called on execution
time, not compiling time

Copyright © 2012 Pearson Addison-Wesley. All rights reserved. 15-6



Modify using virtual function (1/2)

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

// progli_2, |SRERNERBEER
#include <iostreams>

#include <cstdlib>

using namespace std;

class CWin // TEE CWin 38Rl Tt AA X8R
{
protected:
char 1id;
int width, height;
public:
CWin (char i='D',int w=10, int h=10) / ACEBRIEVEIE T
{ L /* progl7 2 QUTPUT-----
1d=1; —
width=w; Window A, area = 5600
height=h; Window B, area = 2400
e */
vold show areaf) /7 A2EEFRIEY show area () [E]
{
cout << "Window "™ << 1d << ", area = " << area() << endl;



Modify using virtual function (2/2)

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

virtual int area/() // AEBRIBY area () RE]

{
return width*height;

b

class CMiniWin : public CWin // FTESAER CMiniWin
{
public:
CMiniWin (char 1i,int w,int h):Cwin(i,w,h){} // S46R|89EBET

virtual int area() // SEERIEY area () KE]

{
return (int) (0.8*width*height);

J /* progl7 2 OUTPUT-----

b window &, area = 5600

Window B, area = 2400

// Rprogl? 1BFE main () PS5



Figures Example

Best explained by example:

Classes for several kinds of figures
— Rectangles, circles, ovals, etc.

— Each figure an object of different class
* Rectangle data: height, width, center point
* Circle data: center point, radius

All derive from one parent-class: Figure

Require function: draw()
— Different instructions for each figure



Figures Example 2

e Each class needs different draw function

 Can be called "draw" in each class, so:

Rectangle r;

Circle c;

r.draw(); //Calls Rectangle class’s draw
c.draw(); //Calls Circle class’s draw

* Nothing new here yet...



Figures Example: center()

e Parent class Figure contains functions
that apply to "all" figures; consider:
center(): moves a figure to center of screen

— Erases 1%, then re-draws

— So Figure::center() would use function draw()
to re-draw

— Complications!
* Which draw() function?

* From which class?



Figures Example: New Figure

Consider new kind of figure comes along:

Triangle class
derived from Figure class

Function center() inherited from Figure
— Will it work for triangles?
— It uses draw(), which is different for each figure!
— It will use Figure::draw() = won’t work for triangles

Want inherited function center() to use function
Triangle::draw() NOT function Figure::draw()

— But class Triangle wasn’t even WRITTEN when
Figure::center() was! Doesn’t know "triangles"!



Figures Example: Virtual!

e Virtual functions are the answer

* Tells compiler:
— "Don’t know how function is implemented"
— "Wait until used in program"

— "Then get implementation from object
instance"

* Called late binding or dynamic binding
— Virtual functions implement late binding



Virtual Functions: Another Example

* Bigger example best to demonstrate

* Record-keeping program for automotive
parts store
— Track sales
— Don’t know all sales yet
— 15t only regular retail sales
— Later: Discount sales, mail-order, etc.

* Depend on other factors besides just price, tax



Virtual Functions: Auto Parts

* Program must:
— Compute daily gross sales
— Calculate largest/smallest sales of day
— Perhaps average sale for day

e All come from individual bills

— But many functions for computing bills will
be added "later"!

* When different types of sales added!

* So function for "computing a bill" will
be virtual!



Class Sale Definition

e class Sale

{

public:
Sale();
Sale(double thePrice);
double getPrice() const;
virtual double bill() const;
double savings(const Sale& other) const;

private:
double price;

};



Member Functions
savings and operator <

* double Sale::savings(const Sale& other) const

{
return (bill() — other.bill());
}
* bool operator < ( const Sale& first,
const Sale& second)
{
return (first.bill() < second.bill());
}

 Notice BOTH use member function bill()!



Class Sale

* Represents sales of single item with no
added discounts or charges.

 Notice reserved word "virtual" in
declaration of member function bill

— Impact: Later, derived classes of Sale can
define THEIR versions of function bill

— Other member functions of Sale will use
version based on object of derived class!

— They won’t automatically use Sale’s version!



Derived Class DiscountSale Defined

* class DiscountSale : public Sale

{

public:
DiscountSale();
DiscountSale( double thePrice,

double the Discount);

double getDiscount() const;
void setDiscount(double newDiscount);
double bill() const;

private:
double discount;

5



DiscountSale’s Implementation

of bill()
e double DiscountSale::bill() const
{
double fraction = discount/100;
return (1 — fraction)*getPrice();
}

e Qualifier "virtual" does not go in actual
function definition
— "Automatically" virtual in derived class

— Declaration (in interface) not required to have
"virtual" keyword either (but usually does)



DiscountSale’s Implementation
of bill()

e Virtual function in base class:
— "Automatically" virtual in derived class

* Derived class declaration (in interface)
— Not required to have "virtual" keyword

— But typically included anyway,
for readability



Derived Class DiscountSale

* DiscountSale’s member function bill()
implemented differently than Sale’s

— Particular to "discounts"”

* Member functions savings and "<"

— Will use this definition of bill() for all objects
of DiscountSale class!

— Instead of "defaulting" to version defined in
Sales class!



Virtual: Wow!

* Recall class Sale written long before
derived class DiscountSale

— Members savings and "<" compiled before
even had ideas of a DiscountSale class

* Yetin a call like:
DiscountSale d1, d2;
d1.savings(d2);

— Call in savings() to function bill() knows to
use definition of bill() from DiscountSale class

e Powerful!



il

Virtual: How?

* To write C++ programs:

— Assume it happens by "magic"!

* But explanation involves late binding
— Virtual functions implement late binding

— Tells compiler to "wait" until function is used in
program

— Decide which definition to use based on
calling object

* Very important OOP principle!

Copyright © 2012 Pearson Addison-Wesley. All rights reserved.
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Overriding

e Virtual function definition changed in a
derived class

— We say it’s been "overidden”
e Similar to redefined
— Recall: for standard functions
* So:
— Virtual functions changed: overridden
— Non-virtual functions changed: redefined

Copyright © 2012 Pearson Addison-Wesley. All rights reserved.
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Virtual Functions: Why Not All?

Clear advantages to virtual functions as
we’ve seen

One major disadvantage: overhead!

— Uses more storage
— Late binding is "on the fly", so programs run slower

So if virtual functions not needed, should
not be used

Copyright © 2012 Pearson Addison-Wesley. All rights reserved. 15-26
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Pointer points to base class (1/2)

* A pointer points to base class can be pointed to the
objects which created by its derived class
01 // progli 3, EENER—ISREELERMFIIEE

02 #include <ilostream:>

03 #include <cstdlib>

04 using namespace std;

05 // #progl7? 2 #cwin 3ERIMEES

06 // Fprogl7 28YCMiniwin 2B8RINEES
/* progl7_ 3 OUTPUT-----

o7

08 int main(void) Window &, area = 5600
Window B, area = 2400

09 {

10 CWin win('a',70,80); T *

11 CMiniWin m win ('B',50,60); // ZEY £85IV

12

28



Pointer points to base class (2/2)

13 CWin *ptr=NULL; // BEEREELER] (A2385!]) BiER
14

15 ptr=ewin; // 1 ptr 18EALA8RIEVAE win
16 ptr->show area(); // BAptr [¥0Y show area () HE]
17

18 ptr=e&m win; // & ptr 18R 28RI89424 m win
19 ptr->show areaf(); // Bhptr 0 show area () RE]
20

21 system("pause™) ;

22 return 0;

23 1} /* progl7_3 OUTPUT-----

Window A, area = 5600
Window B, area = 2400



Incorrect example for dynamic
pointer (1/3)

// progl7_4, $E5R/NEL  IERIBINREECIRFREECE Z MHFLIIER

#include <iostream>

#include <cstdlib>

using namespace std;

// & progl? 38 CWin fERINEER

// B progl? 38CMiniwin 3BRITEER

int main (void)

{
CWin *ptr=new CWin('A',70,80)
CMiniwin m win('B',50,60)

ptr->show areaf() ;

ptr=&m win;
ptr->show areaf() ;

delete ptr;

system ("pause™) ;
return 0;

/* progl7_4 OUTPUT----

2600
2400

Window &,

Window B,
// BETE ptr 18]

area

darea

// DLptr IF0Y show area () (M€Y

// §8ptr ISESAERIEEE win
/7 Plptr [0 show area () [HE]

// JBFR ptr ATiEREVECIEER]



Incorrect example for dynamic
pointer (2/3)

10 CWin *ptr=new CWin('A',70,80); // 8T ptr 8 cwin $85I6944F
11 CMiniWin m win('B', 50,60)

B758 10~11 17,2 RAVER

:Faw ffw 1138 e ERiEREE

1% 87 e
N o bk dhn B 2l I 125015 BB 2
== l e DEEREIAT
.f | | : /  ORRE
¢ m_win P t| width=50 | ‘. T Wr \
JRLEUSTN T | R T
B MAAAAAAN L ’ ,'f i width=70 E |:
T et 1| NIgR0 Ny
7 M W T
| ph FF3C3E Sl
”‘ PUTSTE L0 TE0ER c eIt A

l\\ W = T sl FF3E3C



Incorrect example for dynamic
pointer (3/3)

15 ptr=&m win;

HUI50:E 15 17.2R0VGR

HITESE 15 {THER

m_win PP | |
E height=60 | |

ptr

width=5

2201FD

]

MAANAANN

; 2201FD

32

| width=7

‘| height=80 | FE3E3C

// & ptr IBES2ERIAVE m win

T E 19T
oL T E AL

ptLr->show areaf()

1 H ptr)ﬁ)ﬂ:a [LJEI’JfF@@
ARG 5 2

TS 15 171
BHEMEERER
It ER IR @R



10

// proglT 5, {ZEprogl7 4 BYi8ER

Modify Incorrect example

#include <iostream>
#include <cstdlib>
151ng namespace std;

/7 B progl? 387 cwin $BRIFEEST
// #Eprogl? 38 cMiniwin 385|pIIEESS

int main(void)

{

CWin *ptr=new CWin('A',70,80);

CMiniWin m win ('B',50,60) ;

ptr->show areaf);
delete ptr;

ptr=&m win;
ptr->show areaf();

system ("pause™) ;
return 0;

/* progl7 5 OUTPUT----

wWindow A, area = 5600
window B, area = 2400

ptr 87 CWin $ERIA0HDHE

Pl ptr 0l show area () [HE]
SoEEN ptr BTi8RBECIE S E

Bif ptr 18548509424 m win
Ll ptr [E0l show area() [N



VIRTUAL FUNCTION &
ABSTRACT BASE CLASS



(URRENNGRRENNERREN

Pure Virtual Functions

Base class might not have "meaningful
definition for some of it’s members!

— It’s purpose solely for others to derive from

Recall class Figure

— All figures are objects of derived classes

* Rectangles, circles, triangles, etc.

— Class Figure has no idea how to draw!

Make it a pure virtual function:
virtual void draw() = 0;

Copyright © 2012 Pearson Addison-Wesley. All rights reserved.
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(URRENNGRRENNERREN

Abstract Base Classes

* Pure virtual functions require no definition

— Forces all derived classes to define "their
own'" version

e (Class with one or more pure virtual
functions is: abstract base class
— Can only be used as base class

— No objects can ever be created from it

e Since it doesn’t have complete "definitions" of all
it’s members!

* If derived class fails to define all pure’s:
— It’s an abstract base class too

Copyright © 2012 Pearson Addison-Wesley. All rights reserved.
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01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

Abstract class (1/4)

" = /* progl? 6 OUTPUT-—————-
// progl? 6, MSERIEE progLi_

#include <iostream:> area = 3000
#include <cstdlib> ccirwin Y48 EFE = 31400
using namespace std; ST T oo T oo */
class CShape // TEFIHEEER] CShape
{

public:

virtual int area()=0; // &% area() » ISR 0 AREKRTE 2EHEINE]

vold show area () [/ TENENE] show area ()
{
coutt << "area = " << areaf() << endl;

b

class CWin : public CShape // TEFH CShape FTHTH LS8R CcWin
{
protected:
int width, height;



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Abstract class (2/4)

public:
CWin (int w=10,
{
width=w;
height=h;
}

virtual 1nt area ()

{
return width*height;

b
class CCirWin

{
protected:

: public CShape

int radius;

public:
CCirWin{(int r=10)
{

radius=r;

int h=10)

b
fi

// CWin () ERETT

/* progl7_6 OUTPUT-----

area = 3000
ccirwin #460@EFE = 31400

- TELLERERRERE 5 area(dY

BRIETTI\

// TEFH CShape FTHTAEAYS 475 CCirwWin

// CCirWin () EREiT



Abstract class (3/4)

43 virtual int area () A

44 { L £ Ith ERBATE TE 5% area(dY
45 return (int) (3.l14*radius*radius); RIET T

46 }

47 vold show areaf) B

44 { EAERIM
49 cout << "CCirWin ¥HFBVEIE = " << area() <<endl;|(show area()i% ]
50 }

21 }»;

52

53  1nt main{void)

54 {

55 CWin winl (50,60) ; // YT cwin $8RIE9YE winl

56 CCirWin win2 (100); S/ EBYT ceinWin 28EBYAE wing

57

58 winl.show area(); A/ B winl [E0Y show areaf) s

59 win2 .show area () ; S/ A win2 ¥l show area();

60 /* progl?7 6 OUTPUT-----——-
61 system ("pause™) ; -

62 return 0; area = 3000

63 1 CcirWin ¥4y EFE = 31400



Abstract class (4/4)

2 B TR 2]

area() * OJE(TE —

BRI | CShape 455
Pt 55|

virtual int areal()=0

IR BRI
B2 AR TS

B 28RS

- — 1S EETE
CWin 4B5| CCrWin 488 002 ER ISV
virtual int areal) virtual int areal)
{ {
return width*height; return(int) (3.14*radius*radins) ;
} }

40



Notice

No objects can ever be created from it

— Since it doesn’t have complete "definitions" of all
it’s members!

int main (void)
{
CShape shape; // {638 1 BERINRIBRIZRELENDT shape

41



Relational figure of inheritance

C'Shape 155

CWin 25 5l

BEEEXE
CShape 258 7

CCur'Win #8 5|

CMimWin 48 5l

42

EEEs8 CWin 185|
B =5 8 CShape 388

EEEREB
CShape 287



Abstract class & multi-inheritance (1/4)

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20

// progl? 7, MRIERIRBEHEEAOIER
#include <iostreams>

#include <cstdlib>

using namespace std;

class CShape // TEEIMEREER CShape
{
public:
virtual int area()=0; // TEE area () BSEEHE]
vold show area () /i EENEIXR] show area ()
{
cout << "area = " << areaf) << endl;

b

class CWin : public CShape // TEFEM CShape FfTE L0V S54ER! cwin

{ /* progl7 7 OUTPUT------
prlotectled: | CwWin ¥ ERE = 3000
int width, helght; Coirwin WHEGIERS = 31400

CMiniwin ¥){4a0EE = 1500
43 %/



Abstract class & multi-inheritance (2/4)

public:
CWin{int w=10, int h=10) // CWin()iEET
{
width=w;
height=h;
1
virtual int areaf)
{
return width*height;
1

vold show areat)

{
cout << "CWin#ERIEIE = " << areal) << endl;

br

class CCirWin : publicCShape // FEEMACShape MITELIIFEBR|CCirWin
{
protected:
int radius;

/* progl7 7 OUTPUT------

public: CWin ¥EEIERE = 3000
CCirWin(int r=10] // CCirWin() I ccirWwin WMAMIEFE = 31400
{ CMiniWin #HeIEE = 1500
radius=r;  TUTTTT T oo oo T o */



Abstract class & multi-inheritance (3/4)

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

virtunal int areaf()

{ /* progl7 7 OQUTPUT------
return {(int) (3.14*radius*radius) ; CcwWin WANIERE = 3000

} coirwin WAERIERE = 31400

vold show areaf) CMiniwin ¥E09ERE = 1500

e */
cout << "CCirWinPiERIEIE = " << areal) << endl;

1
T

class CMiniWin : public CWin // T CWin ATfTEHAIF4EEI CMiniWin
{
public:
CMiniwin(int w, int h) :CWin(w, h) {} // SEERIR BT

virtunal int areaf()
{

return {(int) (0.5*width*height) ;
}

vold show areaf)
{
cout << "CMiniWin4¥4iNEFRE = " << area() << endl;
¥
bi



Abstract class & multi-inheritance (4/4)

72 int main{void)

73 {

74 CWin winl (50, e0} ;

75 CCirWin winZ {100) ;

76 CMiniWin win3 (50, 60} ;
77

78 winl.show areal);

79 winZ.show areal) ;

80 win3.show areal);

81

82 system( "pause™) ;

83 return 0O;

84 } /* progl7 7 OQUTPUT------

CWin ¥4e9ERE = 3000
CCirWin ¥AEYEFE = 31400
CMiniWin ¥HNERE = 1500

46



Extended Type Compatibility

e Given:
Derived is derived class of Base

— Derived objects can be assigned to objects
of type Base

— But NOT the other way!
* Consider previous example:

— A DiscountSale "is a" Sale, but reverse
not true



Extended Type
Compatibility Example

class Pet
{
public:
string name;
virtual void print() const;
};
class Dog : public Pet
{
public:
string breed;
virtual void print() const;

5

Copyright © 2012 Pearson Addison-Wesley. All rights reserved.
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Classes Pet and Dog

* Now given declarations:
Dog vdog;
Pet vpet;

e Notice member variables name and breed are
public!
— For example purposes only! Not typicall



Using Classes Pet and Dog

* Anything that "is a" dog "is a" pet:

— vdog.name = "Tiny";
vdog.breed = "Great Dane";
vpet = vdog;

— These are allowable

* Can assign values to parent-types, but
not reverse
— A pet "is not 2" dog (not necessarily)



Slicing Problem

’

* Notice value assigned to vpet "loses" it’s
breed field!

— cout << vpet.breed;
* Produces ERROR msg!

— Called slicing problem
 Might seem appropriate

— Dog was moved to Pet variable, so it should
be treated like a Pet

* And therefore not have "dog" properties
— Makes for interesting philosphical debate



Slicing Problem Fix

* |[n C++, slicing problem is nuisance
— It still "is @" Great Dane named Tiny

— We'd like to refer to it’s breed even if it’s been
treated as a Pet

* Can do so with pointers to
dynamic variables



Slicing Problem Example

* Pet *ppet;

Dog *pdog;

pdog = new Dog;

pdog->name = "Tiny";
pdog->breed = "Great Dane";

ppet = pdog;
e Cannot access breed field of object

pointed to by ppet:
cout << ppet->breed:; //ILLEGAL!




Slicing Problem Example

e Must use virtual member function:
ppet->print();

— Calls print member function in Dog class!

 Because it’s virtual

— C++ "waits" to see what object pointer ppet is
actually pointing to before "binding" call



VIRTUAL DESTRUCTOR

Copyright © 2012 Pearson Addison-Wesley. All rights reserved. 15-55
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Virtual Destructors

e Recall: destructors needed to de-allocate
dynamically allocated data

* Consider:
Base *pBase = new Derived;

delete pBase;

— Would call base class destructor even though
pointing to Derived class object!

— Making destructor virtual fixes this!
* Good policy for all destructors to be virtual

Copyright © 2012 Pearson Addison-Wesley. All rights reserved.
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01
02
03
04
05
o6
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Incorrect destructor usage (1/4)

// progld 8, $55REVERHI, MEERNEIEEEREIT
#include <lostream>

#include <cstdlib>

using namespace std;

class CShape /) TEFRIMREEFR CShape
{
public:
virtual int area()=0; // BT area () BISREEINE]

vold show area ()

{

cout << M"area = " << areal) << endl;
;
~CShape () // ~CShape () FREIT
{
cout << "~CShape () EETHITILS..." << endl;

system("pause") ;
b

class CWin : public CShape // TFEH Cshape FIETE RS8R CWin
i
protected:

int width, height;



Incorrect destructor usage (2/4)

24

25 public:

26 CWin(int w=10, int h=10):width (w),height(h){} // CWin () EZET
27

28 virtual int area () {return width*height; }

29

30 vold show area () |

31 cout << "CWinPABIEFE = " << area() << endl;
32 }

33 ~CWin () // ~CWin () FRRETT

34 {

35 cout << "~CWin () B THEIT0L 5 ..." << endl;

36 system ("pause™) ;

37 !

38 17

39

40 class CMiniwin : public CWin // TFEH CWin F1{7E£H 5485 CMiniwin
41 {

42 public:

43 CMiniWin (int w,int h) :CWin (w,h) {!} // CMiniWin () ZERoT
44

45 virtual int area() |

46 return (int) (0.5*width*height) s

47 }



Incorrect destructor usage (3/4)

b

vold show area()

cout << "CMiniWin BV EIE = " << area() << endl;

}

~CMiniwWin () // ~CMiniWin () BB

{

cout << "~CMiniwin () BERETTAEIT0L S ...

system ("pause™) ;

int main{void)

{

CShape *ptr=new CWin (50, 60)
ptr->show area() ;

cout << "FHE}CWin ... << endl;
delete ptr;

cout << endl;

ptr=new CMiniWin (50,50}

ptr->show area () ;

cout << "FHER CMiniwWink..." << endl;
delete ptr;

cout << endl;

" << endl;



Incorrect destructor usage (4/4)

CMiniWin m win (100, 100) ;
m win.show areaf()
/* progl7_8 QUTPUT-—------—-

syvstem ("pause™) ;
7 P Area = 3000 3488 CShape 9 show_areaQH BV IF0Y S

FHE cwin #pf4. . .
~CShape () BRELARITIN S .. . —— G3{THVHTHER
ARG E . .

return 0;

area = 1250 ——— =485 CShape A9 show_area()Ls EV4E 170 5
THEY CMiniWin ¢, ..

~CShape () BB AT 5 . . . — GO ITHIBITHE R

BT ERHEE .

CMiniwin ¥)H89EIE = 5000

RIZITHHENE -

~CMiniWin () BB oAIT0] 5. . . '

BIZIREMEE - . - BENEIEVIFBIHER » HIF SR HAT
~CWin () BRE oA IT0 5 - . . - BClBMETEIATRERRERE
EIDTEReE . | 7T REBIITEEERIBEET
~CShape () BERETRIFIS - . . '

HIREREZHEE .

60



Modified version using virtual destructor (1/2)

° =5 E
01 // progl7 9, [GFHEEERET pjzoglz_ggﬁ N ﬁ%\:ﬂ%
02 #include <iostream> ﬁfl:)[(%ﬂ:é/‘jiﬁﬁu

03 4#include <cstdlib>
04 using namespace std;

05 class CShape !/ EEIMEREER| CShape

oe {

7 public:

08 virtual int area()=0; // TEE area () B EERNE]

09 virtual vold show areaf) // TEEE show area () AEERE]
10 {

11 cout << M"area = " << area() <<endl;

12 }

13 virtual ~CShape() // TEE ~CShape () REEMEMIT
14 {

15 cout << "~CShape () BB THZIF0INS..." << endl;

16 system("pause™) ;

17 1

18 17

19

20 // B progl? 88y cCwin 3BRINEESR
21 // & progl? 8B CMiniwin 2HRNEESR
22 // B progl? 88Ymain () FRIVNEESR



Modified version using virtual destructor (2/2)

/* progl7_9 QUTPUT---------

s IR SRR T
THES CWin PDi "

sowin ) BB LRI S | e cwin miEe - EEnT % AEF > A EFE =L r AH |

RIZILRARIEE - . - - CWin0BRiS T - BETEEER

e ) R Y fif £ JC s A virtual
CHi i R - 1250 QAL =] DURE (RS I &
Covimein) BRARENT . 1E BRESH 152 1L DA KRR T

EREEREE . . . ‘ e a1 s f F'EJ
~CWin () BSTIFO S . EF’BCWI;T;;?% ¢w LH/H: A pe ;H; = [H
SiZTEREE . . . ‘ o EAEETEEIER§ERIET

~CShape () BRI TAEITI 5

EmirEnes . . .

CMiniWin #4EYEFE = 5000
SiETEREE . . .
~CMiniWin () BRHETTIRITIL S . . .

EREREE . . . . o
AN () ARRETTAEIEOL SRR UGS - IS EIIT

. - s BERIETERITALERINERE

ARteEEE . . . S ol i
- » B EETEEER 60 RE

~CShape () BRIBTTARIFUS . .. o EEEEE &

mRIEEEE . . .




(URRBEEGRREENERD

Casting

* Consider:
Pet vpet;
Dog vdog;

vdog = static_cast<Dog>(vpet); //ILLEGAL!

 Can’t cast a pet to be a dog, but:
vpet = vdog; // Legal!
vpet = static_cast<Pet>(vdog); //Also legal!

* Upcasting is OK

— From descendant type to ancestor type
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Downcasting

 Downcasting dangerous!
— Casting from ancestor type to descended type
— Assumes information is "added"

— Can be done with dynamic_cast:
Pet *ppet;
ppet = new Dog;
Dog *pdog = dynamic_cast<Dog*>(ppet);

* Legal, but dangerous!

 Downcasting rarely done due to pitfalls
— Must track all information to be added
— All member functions must be virtual



Inner Workings of Virtual Functions

e Don’t need to know how to use it!

— Principle of information hiding

* Virtual function table

— Compiler creates it

— Has pointers for each virtual member function

— Points to location of correct code for that function
* Objects of such classes also have pointer

— Points to virtual function table



! Summary 1

e Late binding delays decision of which
member function is called until runtime

— In C++, virtual functions use late binding

e Pure virtual functions have no definition
— Classes with at least one are abstract

— No objects can be created from
abstract class

il

— Used strictly as base for others to derive
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Summary 2

e Derived class objects can be assigned to
base class objects

— Base class members are lost; slicing problem
* Pointer assignments and dynamic objects

— Allow "fix" to slicing problem

 Make all destructors virtual
— Good programming practice
— Ensures memory correctly de-allocated
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