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Base & Derived Class Objects

#include <stdio.h> PolyObj

class Poly {

public:

virtual void func() func()
{ printf("Poly::func() is called... \n"); }

¥

class Rect : public Poly { RectObj CircleObj
public:

(virtual) void func()

{ printf("Rect::func() is called... \n"); }

+ func() func()
class Circle : public Poly {
public: func() func()

(virtual) void func()
{ printf("Circle::func() is called... \n"); }

. Poly PolyObj;
Rect RectObj;
Circle CircleObj;
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Base & Derived Class Pointers (1)

Poly *op: PolyObj
func()
RectObj CircleObj
func() func()
Circle *cp; func) func()
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Base & Derived Class Pointers (2)

ppl PolyObj

func() func()
'd  RectObj cp CircleObj pp2 RectObj pp3  CircleObj
func() func() func() func()
f f
unc() func() unc() func()
pp = &PolyObj; ppl = &PolyObj;
ro = &RectObj; pp2 = &RectObj;
cp = &CircleObj; pp3 = &CircleObj;
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Base & Derived Class Pointers (3)

cpl PolyObj ppl PolyObj
func() func()
incomplete
object
CP2  RectObj CircleObj pp2 RectObj op3  CircleObj
cp3
func() func() func() func()
f f
unc() func() unc() func()
incomplete
object
cpl = (Circle *) &PolyObj; ppl = &PolyObj;
cp2 = (Circle *) &RectObj; pp2 = &RectObj;
cp3 = (Circle *) &CircleObj; pp3 = &CircleObj;
Danger of Run Time Error !! No problem !!
i Young Won Lim
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Non Virtual Member Functions (1)

#include <stdio.h> PolyObj
class Poly {
public:
void func() func()
{ printf("Poly::func() is called... \n"); }
}
class Rect : public Poly { RectObj CircleObj
public:
void func()
{ printf("Rect::func() is called... \n"); }
}; func() func()
class Circle : public Poly {
public: func() func()
void func()

{ printf("Circle::func() is called... \n"); }

J PolyObj.func();

RectObj.func();

Hiding base class member functions CircleObj.func();
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Non Virtual Member Functions (2)

#include <stdio.h>

class Poly {

public:

void func()

{ printf("Poly::func() is called... \n"); }
};

class Rect : public Poly {

public:

void func()

{ printf("Rect::func() is called... \n"); }

}

class Circle : public Poly {

public:

void func()

{ printf("Circle::func() is called... \n"); }

X

Poly::func() is called three times

Polymorphism

func()

w

func()

func()

ppl = &PolyObj;
pp2 = &RectObj;
pp3 = &CircleObj;

ppl->func();
pp2->func();
pp3->func();

CircleObj

func()

func()
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Virtual Member Functions (1)

#include <stdio.h> ppl PolyObj
class Poly {
public:
virtual void func() func()
{ printf("Poly::func() is called... \n"); }
¥
class Rect : public Poly { pp2 RectObj pp3  CircleObj
public:

(virtual) void func()
{ printf("Rect::func() is called... \n"); }
}; func() func()

class Circle : public Poly {
public: LS func()
(virtual) void func()
{ printf("Circle::func() is called... \n"); }
} ppl = &PolyObj;
pp2 = &RectObj;
pp3 = &CircleObj;
Virtual functions mechanism:

type dependent function calls at run time ppl->func();
(special run time handling of invocations) pp2->func();
when invoked through a public base pointer pp3->func();
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Virtual Member Functions (2)

#include <stdio.h> int main(void) {
class Poly { Poly PolyObj, *pp;
public: Rect RectObj, *rp;
virtual void func() Circle CircleObj, *cp;
{ printf("Poly::func() is called... \n"); }
¥ pp = &PolyObj;
pp->func(); Poly::func()
class Rect : public Poly {
public: pp = &RectObj;
(virtual) void func() np->func(); Rect::func()
{ printf("Rect::func() is called... \n"); }
}; pp = &CircleObj;
pp->func(); Circle::func()

class Circle : public Poly {
public: }
(virtual) void func()
.{ printf("Circle::func() is called... \n"); } Without the virtual keyword,

b Poly::func is called 3 times.
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Pure Virtual Member Functions

#include <stdio.h>

class Poly {

public:

virtual void func()| = 0;
¥
class Rect : public Poly {
public:

(virtual) void func()
{ printf("Rect::func() is called... \n"); }

¥
class Circle : public Poly {

public:
(virtual) void func()

X

{ printf("Circle::func() is called... \n"); }

int main(void) {

Poly Poly@bj, *pp;

Rect RectObj, *rp;
Circle CircleObj, *cp;

pp=-&PolyObj:
- c();

pp = &RectObj;

np->func(); Rect::func()

pp = &CircleObj;

pp->func(); Circle::func()

Classes containing pure virtual functions are termed "abstract";

they cannot be instantiated directly.
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Virtual Function Mechanism

If a virtual function is called PolyObj
through a public base pointer

then actual type of the object is used

to choose the proper one among a group
of compatible virtual functions

func()

A call to a virtual function is done
through a base reference or pointer RectObj CircleObj
treated specially at run time

Unlike regular functions func() func()
a virtual function call involves
choosing one in a group of
compatible virtual functions func() func()
according to the actual object type
at run time
* a group of compatible
void foo(Poly * p) { public base pointer virtual functions
p->func(); —  Poly::func()
p can be determined at run time p->func(); —» Rect::func()
) p->func(); —»  Circle::func()
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Virtual Function Table

compile time

PolyObj VEaD
P— e l f1() void foo(Poly * p) {
func() Poly::func() _ _
x() p can be determined at run time
func() }
RectObi vtab
. ectObj l £10
func() Rect::func()
x()
func()
func()
vtab At run time, the stored address of
CircleObj 10 the vtab pointed by the object to
l — e T which the base pointer p points,
=0 irelest determines the actual address of
func() the function
The compiler translates the
func() ' virtual function call into the index
run time to the vtab
i Young Won Lim
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Run Time Type Identification

compile time
PolyObj

p RTTI
Run-Time Type Information
Run-Time Type Identification
func() a C++ mechanism that exposes information about
an object's data type at runtime.
RectObj
P r— )
dynamic_cast
func()
Ench) typeid
CircleObj
func()
func()

14 Young Won Lim
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Dynamic Cast

compile time *
PolyObj , N
p void foo(Poly * p) {
p can be determined at run time
func()
Rect *RectPointer;
Circle *CirclePointer;
D RectObj RectPointer = dynamic_cast <Rect> (p);
if (RectPointer '= NULL) {
func() do specific things pertain to Rect
}
func()
CirclePointer = dynamic_cast <Circle> (p);
CircleObj if (CirclePointer '= NULL) {
do specific things pertain to Circle
}
func()
}
func()
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Class Structure

A
datalA
funclA()
AA AB
data2A data2B
func2A() func2B()
AAA AAB
data3A data3B
func3A() func3Bl()
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datalA

funclA()

Class AA

datalA

data2A

funclA()

func2A()

Class AA

datalA

data2A

data3A

funclA()

func2A()
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Abstract Class (1)

A
datalA
func()
AA AB
data2A data2B
func() func()
AAA AAB
data3A data3B
func() func()
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Class A

datalA

func()

Class AA

datalA data2A

func() func()

Class AAA

datalA data2A data3A
func() func() func()
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Abstract Class (2)

A
datalA
func()
AA AB
data2A data2B
func() func()
AAA AAB
data3A data3B
func() func()

class A {
public:
virtual void func() const = 0;

class AA public A {
public:
virtual void func() const = 0;

class AAA public AA {
public:
void func() {
can be defined here.
}
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