[7] 44 B R H
class N
d
public:
int a;
void display()
d

COut<<*N::a=*
<<a<<endl;

J
y;
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5] 44 B R B — X % (ambiguous) 7] &3

(DWA‘%ﬁﬂzmm

=0

RLEZKMBE, Wcl.A::display();

* (2) ﬁi/\&_z’éiﬁn#ﬁ:%ﬁﬁﬁ [5] 44 R IR

- F4ER, RAERFERFEZRRAER J2ERT

mmz&m

(3)1%95/\

LR KIRE, Wel.A::display();
/_—t.ﬁ%cMm—‘/\ %/}ﬁf‘

— BT E

R RZKIBE, Wel.A::display();

— c¢1.N:
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:display();
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#include <iostream>
#include <string>
using namespace std;

#111.10

class Student /78 BiStudent3
Student(mt string,float); //75 B #1& bR #
void display();
private:
int num;
string name,
float score;
tudent :Student(int n, string nam,float s)
num=n; name=nam; score=s;}
void Student :display()
cout<<endl<<"num:'"<<num<<endl;
cout<<"name: '<<name<<endl,
cout<<"score:'"<<score<<endl;
class Graduate'public Student
Graduate int, string ,float,float /75 B B
void displ gy ); & ) PG R 1175 B Y R 4
priyate: 2
float pay; L%

7

Graduate; Graduate(lnt n, string nam,float s,float p):Student(n,nam,s),pay(p){ }

void Graduate: :display()

Student;::display();
cout<<"payl)"<y£pay<<endl;

1{nt main()
Student stud1 10 "Li",87.5

01 )5
Graduat 2001,"Wang'’ 98.5,563.5);
Stl;fdel:l% ¥ ra ( tudl; ns )

pt->d1splai'( ), ’ ﬁ% 1. dliiplay@ﬁ
&grad
pt->d1splay( ); gra dlsplaylZ] #
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Polymorphism & Virtual Functions
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R
&
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2T, XFRisITH 250, 5

T HE P 7 B AS HU B BRAVE R Xot
" [ B (virtual function)SZ .

- J

. WATBAY, /MR “—
MITEE” o
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MRGLUNARE, ZHET AWK

HELEME, N IEN T, EEFHFE
i 2R Lt HE O 58 1 FH B 2 RS BR B0, A BR &
BEREMNIZHEFTER.

IImII

EjJ:u%u M, NIIBITH 285, EEFET
TP A SR B BRIEFTE M RINT R, E
[ k& BRI 2 (virtual function)SZH .

(= ?,"l
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The concept of polymorphism

Polymorphism (implemented in C++ with
virtual functions) is the third essential feature
of an object oriented programming language,
after data abstraction and inheritance.

Polymorphism allows improved code
organization and readability as well as the
creation of extensible programs that can be
“orown’ not only during the original creation
of the project, but also when new features are
desired.

76426 HEH H128 ZXMEBRE 9
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The virtual function allows one type to express
its distinction from another, similar type, as
long as they’re both derived from the same
base type. This distinction is expressed
through differences in behavior of the
functions that you can call through the base
class.
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AN

(1) = BHZE K Point3

#include <iostream>
using namespace std;
class Point
d
public:
Point(double a=0,double b=0) { x=a;y=b;}
void setPoint(double a,double b) { x=a;y=b;}
double getX( ) const {return x;}
double getY() const {return y;}
friend ostream & o %erator<<(ostream &,const Point &);//E

BEBHEM “<<” H R ARKR
protected:

double x.,y;
¥5

76426 HEH H128 ZXMEBRE 12
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ostream & operator<<(ostream &output,const Point &p)

d

output<<"["<<p.x<<","<<p.y<<"]"<<endl;
return output;

)

int main( )

{
Point p(3.5,6.4);

cout<<"x="<<p.getX( )<<",y=""<<p.getY( )<<endl;
p.setPoint(8.5,6.8); /B # & Ep I E
cout<<"p(new):"<<p<<endl;

return 0;

76426 HEH H128 ZXMEBRE 13
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(2) FEHIRAE K Circle

class Circle:public Point

d

public:
Circle(double a=0,double b=0,double

r=0) :Point(a,b),radius(r){ }//#Ji%& p&
void setRadius(double r){radius=r;} /% & ¥ %E
double getRadius( ) const {return radius;} /LB ¥21EH

double area () const {return 3.14159*radius*radius;} //T+5
18] v A%

friend ostream &operator<<(ostream &,const Circle &);//E
HIBHEFF ‘<<, mHENER
protected:

double radius;

}s

3!
I\l
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b

IIEBERIBEFGF “<<”, BiBEAKER

ostream &operator<<(ostream &output,const Circle
&)

output<<"Center=|"<<c.x<<","<<c.y
<<"],r="<<c.radius
<<",area=''<<c.area( )<<endl;

return output;

74726 0 E W B12E THUS5ERH
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int main( )
d
Circle ¢(3.5,6.4,5.2);
cout<<"original circle:\nx="'<<c.getX()<<", y=""
<<c.getY()<<", r=""<<c.getRadius()
<<", area="'<<c.area( )<<endl;
c.setRadius(7.5);
c.setPoint(5,5);

%\cﬁ%l}t<<"new circle:\n"'<<c; //HEFHBELF “<<"%yH &EXT
= JL;\

Point &pRef=c;
cout<<"pReft:"<<pRef;
return 0;

)

76426 HEH H128 ZXMEBRE 16
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SCylinder

3!
\J\l-

(3) = B Circle IR~
class Cylinder:public Circle

public:

h=0) :Circle(a,b,r),height(h){}
void setHeight(double h){height=h;}

d
Cylinder (double a=0,double b=0,double r=0,double
double getHeight( ) const {return height;}

double area( ) const;

11 <<”

| 34

protected:
double height;

it

¥
F12E LEMS5EERE

74 H 26 HEH
145408

double volume( ) const;
friend ostream& operator<<(ostream&,const Cylinder&);//

PE AcK] NexT S



double Cylinder::area( ) const /1t B IR A SR TH AR
{ return 2*Circle::area( )+2*3. 14159*rad1us*helght,}
double Cylinder::volume() const /3B R AR FR
{return Circle::area()*height;}

NEBIBERF “<<”

ostream &operator<<(ostream &output,const Cylinder& cy)

d
output<<"Center=["<<cy.x<<", "<<cy.y
<<"],r="<<cy.radius<<",h="'<<cy.height
<<"\narea=''<<cy.area( )
<<",volume="'<<cy.volume( )<<endl;
return output;

h

F'l

76426 HEH H128 ZXMEBRE 1
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int main( )

d

Cylinder ¢y1(3.5,6.4,5.2,10);
cout<<"\noriginal cylinder: \n"<<cy1 <<endl;
cyl.setHeight(15); /& B R &
cyl.setRadius(7.5); //iﬁﬁlﬁlfﬁ'ﬁ
cyl.setPoint(5,5); /1% B B 0L FREX,y
cout<<"\nnew cylinder:\n'"<<cyl;
Point &pRef=cyl;

cout<<"\npRef as a Point:'"<<pRef;
Circle &cRef=cyl;

cout<<'"\ncRef as a Circle:"<<cRef;
return 0;
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12.3 fE R
12.3.1 B R EHITE

EZ EAR AR, MARIKIZERS 4K Lt_;g
BIE. XHle kAR BR F TR = X
(amblguous) ) ]

(1) BAZRF [F 4 LR

(2) AR YR A 2R =& #R A [F] 44 Al A
(3) FAZER R M E—ERIRAEH
cl.A::a=3; cl.A::display();/Fl B2 B E 5 EE

l“-'*l‘
Xy
&

Ih~
my

I\
an
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KA LI Z FHE . S8 BRI ER

FE I T AR B R

(l)iﬁzﬁmﬁk NG Hﬁﬁ%z:ﬁiﬁ A E] YR

EERFHIEZRB(FZE S

(2)%x/)ﬁf_%?“ﬁﬁ ﬁ)ﬂb\@%{ NIEZR
SR IRE R FH K [F 44 R 2L

(3) FEFIERN R a4 Reeth MIRERFH]

BRI, TRV R IR ARG NI R A -
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ﬁn}l

*ﬂ;%B’JH%Z@T’

{F— R, BiReARIRAER N 6

#wlan, AE—ANER] “pt->display( ),”_I LA

,4\|_.|/}E* BEIXF HdisplayBi 3, RELM

= RGN R

AT 8 £ ptda A ITEI’J%XT%{EIJT
FEF11.10(5212.2)FH#AT ¥ XM =R, HIgH
FARNT R B FRETA ﬁmﬁlrﬂm’v
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$112.2 2R FIRERFTH [ A RB-BITH 2 &%

#include <iostream> //[E14111.10
#include <string>
using namespace std;

class Student //75 B 3£ Student
d
public:
Student(int, string,double); /175 BH ¥4 i BRI 2
virtual void display(); // 75 BR %y HS BRI 2
protected:
int num; string name; double score;
$3
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//StudentR ¥, 7 BR U HI SR

/1 TE X 3E R EX

Student::Student(int n, string nam,double s)
{num=n;name=nam;score=s;}

void Student::display( ) /158 X H BR B
d

cout<<"num:"<<num<<"\nname:"
<<pame<<'"\nscore:'<<score
<<"\n\n'"';

74 H 26 HEH F12E LM S5ERE
145408
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/175 B~ YR & 2K Graduate
class Graduate:public Student

d
public:

3!

Graduate(int, string, double, double); //F= BH#Ji& B4

4|

void display( );
private:

double pay;
H

74 H 26 HEH F12E LM S5ERE
145408

/175 BH %y |

BRI 2K
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// GraduateZE a7 BB K LB
void Graduate::display( ) /158 X % H R &
d

cout<<"num:"<<num<<"\nname:"

<<name<<"\nscore:''<<score
<<"\npay=''<<pay<<endl;

5

Graduate::Graduate(int n, string nam,double s,double
p):Student(n,nam,s),pay(p){ }

76426 HEH H128 ZXMEBRE 26
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int main()
d
Student stud1(1001,"Li",87.5);
Graduate grad1(2001,"Wang",98.5,563.5);

Student *pt=&studl; /158 X 38 ) 2K 0

22 & pt
pt->display( );
pt=&gradl;
pt->display( );
return 0;

)

74 H 26 HEH F12E LM S5ERE
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K% 2R B VR F & vl DL I E 254 41 5 5] FI SRS
TR BRI A 2 vh (38 ) B 5] 4 R 5

KB R BSEI BN L S Bl —RERFARR
FIXS 2, Xt — B B0 FHAE A R R R .

BB AR
(l)f F: 2R F virtual 75 B 5% 7 bR BN B2 BRI 3L
TERINE X, vzl%(ﬁ A B Avirtual.

Q) FEIRAERPEFT € X ILRE, EKRKEEAL-
@ﬁ%@\gﬁ%ﬁAﬁﬂ%“éﬂ%i%
i) k&2 BB BUAHE [F]
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SRR A NEREE, HIRE
][] 42 BRBUAR B 3 RN KE BRI

INRIRAE R AP X 2R K BR B HT e X
U i A 2K ] B 1 248 A L B B B IS Y KRR B

(3) X —MEFEL RO TR, I
1 A — 2 T A A .
(4) ST T e A R L SR R, B TR
U A A B I R R P 4% R 8
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BB E A E 1 & [F] — B IR BRI [F 48 B2 &,
? BB A R YR AE B IR LRI [F) 44 B
B, NARRAER, A TOUA
H|EH %

&“3‘2’53-

U‘”

KBRS BEH AR F—RERK E R B
Bl AH R, T BR B ST BR A B
AFRIR(S BN BESREAF).
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12.3.2 SRR 53 & REL

T TV FE

i %E A

X H
i,

" — 2RI

if);

7 BRI

| — 52 B R & RRE RS
e Ste GIEL 8

] BART 5 3ad

W

2

2475 1A R
] 1 22 R

FERR AR EX(binding).

R — A REE 5 — R R

AR IRFF R — N A i bk R 2R 5

74 H 26 HE
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B BB A
Ff B AT 8 7

vy

ﬁ

BT RIRET A
ﬁ%v@ﬁm%é%%%zﬁv FEBITH
B, ERBETTLAGERAAFRPIIRNTR,

Mﬁﬁﬁ [F—REF AR B KA. i
% (dynamic binding).

BRSNS X

74 H 26 HEH
14041 %

1:) .,ZI%CE—*%K—A%

i ?Iﬁ?']ﬁ?*?%faé(statlc binding).
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12.3.3 4B TN 275 B B R 2L

(1) & R R BUTERIREEAER, MR K
BAEIRERT A A REE CLTIRE, —RXBL iR
" B A B R L

()& WR @S E KT 585 H E (AR
R4 F R ERE, W 2B R

(3) TR R F NIRRT R E 2 (AR R ).
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$112.3 ZR 4 EE BT R B AT IR O

#include <iostream>
using namespace std;

class Point /17 X FRPointR
{ public:
Point( ){} //PointZE 4 iE PR 2
~Point() //PointJ AT #2) BRI 2T
{ cout <<"executing Point destructor"
<<endl;
h
§s
74645 26 F1 £ B128 ZHMSHEN

K 14441%
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class Circle:public Point  //5& X IRAEZKCircleZt
{ public:
Circle(){} //CircleZ& )it BR X
~Circle() /ICircleRHT 1) BRI 2K
{ cout <<"executing Circle destructor"
<<endl;
h
private:
int radius;
H
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int main( )

d

/I Fnew BB & 1746 25 [A]
Point *p=new Circle;

/1 FH deleteBE T B A 4716 25 1]
delete p;

return 0;
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B R#AT T2 EPoint T RS, A
PATIRAE R Circle BT BREL

R RIEE TR RN REret, Reevinik
%imﬂ’]i%ﬂb\, T AN BE V7 A YR A2 SR 4 1
o

MRFHEEPITIRE L C Circle TR S, 7
DL B R R A BR B = B N B AT M R 4, 4

virtual ~Point()

fcout<<"executing Point destructor' <<endl;}

74726 0 E W H128 ZXMEBRE

B 145r41% } @%



= B IR HIMT 4 BRI BN B BR R

BRIk KA R, RGe

%ﬁﬁﬁﬁm

ZNASRER, VA FAH BRI BRI X ﬁﬁﬁ%

REATIRE TAE

R SRE 2 2R HI AT R B BN,

A Z]ﬁﬁ‘ ’ Fﬁ;%‘

TR A 25 B AT 4 BR HU R AR B B Y R R AL

74 H 26 HEH F12E LM S5ERE
K 14441%

XA IEERAITH R B A,

2 BRI

L2



R {3 22

TR 3G R B

S
XA RBUR AT,
B 37573 =2 (B Y Ae 75 31 1

74 H 26 HEH

K 14441%

e

oy ==

MAe 2

3 E T R B

AT BR B

B L

SRR EE

HA N B2 BRI .

B12E THUS5ERH

PIMRIELE

T

=i



12.4 BRI SR K
12.4.1 2l fE A%

.

i 2 BR Z (pure virtual function)&1E /= B B BR
#CHMS'Z “?‘]Jil‘“vt” NOR BRI

virtual double area( ) const =0;

7= B 2 B B B — R 2
virtual BRZREY B4 (%#Cﬁﬂ) =(0;
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i %%(abstract class) X FRHH % 3

base class),

HMBRRHIER:

%‘Uﬁ j‘j—‘/\%ﬁéj&‘ J:'I{/*\A—‘/I\/\/ \% o
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12.4.3 N FH sE45]

B112.4 K2 2R BUR il R 2SR I M. F:

EAEH 1214148 1 LAPoint y 3 %’éﬂ']ﬁ— 5| —
RFEERPIEIRGE W . REENEHITHS,
R P HEBRBEAMREER,

R E RGBT E 2 Fh H 2R Shape(JEAR) .

il

Point(), Circle([&), Cylinder([&#:{4)#R &
ShapeR ) HEZEIRAERFHEEEIRER.
R
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F()ER5

#include <iostream>

using namespace std;
class Shape /5= B % S Shape

d
public:

virtual double area() const {return 0.0;} //fEEK
#

virtual double volume() const {return 0.0;} //fZER

#
virtual void shapeName() const =0; /1485 K BR 2

P45 26H B 128 SAEMSEEN 48
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FQ)ER5T

class Point:public Shape  //FHiPoint3E
{
public:
Point(double=0,double=0);
void setPoint(double,double);
double getX( ) const {return x;}
double getY() const {return y;}
virtual void shapeName( ) const {cout<<"Point:";}
friend ostream & operator<<(ostream &,const Point &);
protected:
double x,y;

}s
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/158 X PointZE i 7 BRI &
Point::Point(double a,double b)

{ x=a;y=b;}

void Point::setPoint(double a,double b)
{ x=a;y=b;;

ostream & operator<<(ostream &output,const Point &p)

d

" AN A AR RAMS
output<<"["<<p.x<<","<<p.y<<"|";

return output;

h

74726 0 E W B12E THUS5ERH

B 144 42% @ %



FQ3)ER5

class Circle:public Point //7 B CircleaR
d
public:
Circle(double x=0,double y=0,double r=0);
void setRadius(double);
double getRadius( ) const;
virtual double area( ) const;
virtual void shapeName( ) const {cout<<"Circle:";}
friend ostream &operator<<(ostream &,const Circle &);
protected:
double radius;

§3

76426 HEH H128 ZXMEBRE o1
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/75 BH CircleR ¥, i BRI £
Circle::Circle(double a,double b,double
r):Point(a,b),radius(r){ }

void Circle::setRadius(double r):radius(r){ }
double Circle::getRadius( ) const {return radius;}
double Circle::area( ) const {return 3.14159*radius*radius;}

ostream &operator<<(ostream &output,const Circle &c)

]

output<<"["<<e¢.x<<","<<c¢.y<<"], r="<<c.radius;
return output;

76426 HEH H128 ZXMEBRE 22
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F(4)ER 5y

class Cylinder:public Circle //7 B Cylinder3g
d
public:
Cylinder (double x=0,double y=0,double r=0,double h=0);
void setHeight(double);
virtual double area( ) const;
virtual double volume( ) const;
virtual void shapeName( ) const
{ cout<<"Cylinder:";}
friend ostream& operator<<(ostream&,const Cylinder&);
protected:
double height;
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/%€ X CylinderZR ¥, 1 BR 2
Cylinder::Cylinder(double a,double b,double
r,double h):Circle(a,b,r),height(h){ }

void Cylinder::setHeight(double h){height=h;}

double Cylinder::area( ) const
{ return 2*Circle::area( )+2*3.14159*radius*height;}

double Cylinder::volume( ) const
{ return Circle::area( )*height;}
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/158 X CylinderJS il 7t 2R 35

ostream &operator<<(ostream &output,const
Cylinder& cy)

d
output <<"["<<cy.x<<","<<cy.y
<<"|,r="<<cy.radius
<<", h=""<<cy.height;
return output;
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int main( )
d
Point point(3.2,4.5);
Circle circle(2.4,1.2,5.6);
Cylinder cylinder(3.5,6.4,5.2,10.5);

point.shapeName(); /1R RELR
cout<<point<<endl;

circle.shapeName(); /IR AR ER
cout<<circle<<endl;

cylinder.shapeName(); /GRS IR

cout<<cylinder<<endl<<endl;

K 145r42%

74726 0 E W B12E THUS5ERH : 56:



Shape *pt; /1€ X F:RTRET

pt=&point;

pt->shapeName( ); /IS RER

cout <<"x="<<point.getX( )<<",y="
<<point.getY( )<<"\narea="'<<pt->area( )
<<"\nvolume="'<<pt->volume()<<"\n\n";

pt=&circle;

pt->shapeName( ); /1B AR R ER

cout <<"x="<<circle.getX( )<<",y=""
<<circle.getY( )<<"\narea="
<<pt->area() <<"\nvolume="
<<pt->volume( )<<"\n\n"';
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pt=&cylinder;

pt->shapeName( ); /187 R ER

cout <<"x="<<cylinder.getX()
<<"Jy="'<<cylinder.getY()
<<"\narea=''<<pt->area( )
<<"\nvolume=""<<pt->volume( )<<"\n\n"';

return 0;
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