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Coklubenzesim

Farkli siniflardaki nesnelerin ayni fonksiyon gagrilmasina farkli
sekilde cevap verebilmesini saglar. Diger bir deyisle benzer
durumlara genel bir arabirimin uygulanma iglemidir. Boylece, “bir
arabirim cok metod” felsefesini tamamlar.

Sanal fonksiyonlar araciligiyla uygulanir.
= Kok-siniftan bir pointer (veya referans) bir sanal fonksiyon cagirir
= C++ nesnedeki dogru tekrar tanimlanmis fonksiyonu secer

Eger birden fazla sinifta sanal olmayan Gye fonksiyon tanimlanmig
ve kok-sinif pointer araciligiyla ¢agrilmigsa, o zaman kok-sinif
fonksiyonu gagrilir.
= Eger tlretilmis sinif pointer’ | tarafindan ¢agriimissa tiiretilmis siniftaki
fonksiyon kullanihr

print fonksiyonunun sanal fonksiyon olmadigini disundn

Employee e, *ePtr = &e;

HourlyWorker h, *hPtr = &h;

ePtr->print(); // base-sinif print fonksiyonu
hPtr->print(); // derived-sinif print fonksiyonu

ePtr=&h; Il donusum mumkiindiir
ePtr->pr|nt(), I/l ama hala base-sinif print fonksiyonunu gagirir
Employee Kok sinifini,

HourlyWorker Turetilmig-sinifi gdstermektedir. Kok-sinifindaki print() turetilmis siniflarada
aciktir, fakat bunu agik bir sekilde yapmak gerekir, soyleki;

hPtr -> Employee :: print ();
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Ornek (Coklubenzesim)

1 // Fig. 10.1: employ2.h

2 // Abstract base class Employee
3 #ifndef EMPLOY2 H

4 #define EMPLOY2 H

6 class Employee ({ -
earnings saf(pure) ve

virtual belirtiliyor, cunku
uygulama earnings

9 ~Employee () ; // destructor reclaims fonksiyonun hangi turet||m|§
10 const char *getFirstName () coyst; Slnlfta kU”anllacaglna bag“

7 public:

8 Employee( const char *, const char

11 const char *getLastName () gOnst;

Employee abstract base
12

sinif
13 // Pure virtual functyon makes Employe

14 virtual double earnings() const = 0; // pure virtual
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++

Ornek (devami)

15 virtual void print() const; // virtual
16 private:

17 char *firstName;

18 char *lastName;

19 };

20

21 #endif

22 // Fig. 10.1: employ2.cpp

23 // Member function definitions for
24 // abstract base class Emplovee.
25 // Note: No definitions given for pure virtual functions.
26 #include <iostream>

27

28 using std: :cout;

29

30 #include <cstring>

31 #include <cassert>

32 #include "employ2.h"
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++

Ornek (devami)

33
34 // Constructor dynamically allocates space for the

35 // first and last name and uses strcpy to copvy
36 // the first and last names into the obiject.
37 Emplovee: :Employee( const char *first, const char *last )

38 {

39 firstName = new char[ strlen( first ) + 1 ];

40 assert( firstName '= 0 ); // test that new worked
41 strcpy( firstName, first );

42

43 lastName = new char|[ strlen( last ) + 1 ]1;

44 assert( lastName !'= 0 ); // test that new worked
45 strcpy( lastName, last );

46 }

47

48 // Destructor deallocates dynamically allocated memory
49 Emplovyee: :~Emplovee ()

50 {
51 delete [] firstName;
52 delete [] lastName;

53 }
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++

Ornek (devami)

54

55

56

S

58

59

60

61

62

63

64

65

66

67

// Return a pointer to the first name

// Const return type prevents caller from modifying private
// data. Caller should copy returned string before destructor
// deletes dynamic storage to prevent undefined pointer.
const char *Employee::getFirstName () const

{

return firstName; // caller must delete memory

// Return a pointer to the last name
// Const return type prevents caller from modifying private
// data. Caller should copy returned string before destructor

// deletes dynamic storage to prevent undefined pointer.
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++

Ornek (devami)

68 const char *Employee::getLastName () const

69 {

70 return lastName; // caller must delete memory
71 }

72

73 // Print the name of the Employee

74 wvoid Employee: :print() const

75 { cout << firstName << ' ' << lastName; }
76 // Fig. 10.1: bossl.h

77 // Boss class derived from Employee
78 #ifndef BOSS1 _H

79 #define BOSS1_H

80 #include "employ2.h"

81
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++

Ornek (devami

82 class Boss : public Employee {

83 public:
84 Boss( const char *, const char *, double = 0.0 );

85 void setWeeklySalary( double ) ;

86 virtual double earnings() const;
87 virtual void print() const;
88 private:

89 double weeklySalary;
90 };
91

92 #endif
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" Ornek (devami

93 // Fig. 10.1: bossl.cpp

94 // Member function definitions for class Boss

95 #include <iostream>

96

97 using std::cout;

28

99 #include "bossl.h"

100

101// Constructor function for class Boss

102Boss: :Boss( const char *first, const char *last, double s )
103 : Employee( first, last ) // call base-class constructor
104{ setWeeklySalary( s ); }

105

106// Set the Boss's salary

107void Boss: :setWeeklySalary( double s )

108 { weeklySalary = s > 0 ? s : 0; }

109
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Ornek (devami)

110// Get the Boss's pay

111ldouble Boss::earnings () const { return weeklySalary; }

112

Tekrar yaziimig
(overriden) earnings
ve print fonksiyonlari
Boss: ; | KOK sinifta virtual

4

int () ; olarak bildirildiler.

113// Print the Boss's name
114void Boss: :print () const
115 {

116 cout << "\n

117 Employee: :

1181
119// Fig. 10.1: commisl.h

120// CommissionWorker class derived from Employee
121#ifndef COMMIS1 H

122#define COMMIS1 H

123#include "employ2.h"

124

125class CommissionWorker : public Employee ({
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Ornek (devami)

126public:

127 CommissionWorker ( const char *, const char ¥,
128 double = 0.0, double = 0.0,
129 int = 0 );

130 void setSalary( double ) ;

131 void setCommission( double ) ;

132 void setQuantity( int ) ;

133 virtual double earnings() const;

134 virtual void print() const;

135private:

136 double salary; // base salary per week

137 double commission; // amount per item sold

138 int quantity; // total items sold for week
139} ;

140

141 #endif
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++

Ornek (devami)

142// Fig. 10.1: commisl.cpp

143// Member function definitions for class CommissionWorker
l44#include <iostream>

145

146using std: :cout;

147

148#include "commisl.h"

149

150// Constructor for class CommissionWorker

151 CommissionWorker: :CommissionWorker ( const char *first,

152 const char *last, double s, double c, int q )
153 : Employee( first, last ) // call base-class constructor
154

155 setSalary( s );
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Ornek (devami

156 setCommission( ¢ ) ;

157  setQuantity( q );

158}

159

160// Set CommissionWorker's weekly base salary
161void CommissionWorker: :setSalary( double s )

162 { salary = s >0 ? s : 0; }
163

164// Set CommissionWorker's commission

165void CommissionWorker: :setCommission( double c )
166 { commission = ¢ >0 ? c : 0; }

167

168// Set CommissionWorker's quantity sold

169void CommissionWorker: :setQuantity( int q )
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Ornek (devami)

170 { quantity = q >0 ? g : 0; }

171
172// Determine CommissionWorker's earnings

173double CommissionWorker: :earnings

Tekrar yazilmig
earnings ve print
fonksiyonlari

kok sinifta virtual

174 { return salary + commission * quantity;
175

176// Print the CommissionWorker'

177void CommissionWorker: :prAnt() const olarak bildirildiler.
178 {
179 cout << "\nCommission worker: ";

180 Employee: :print () ;

181}
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++

Ornek (devami)

182// Fig. 10.1: piecel.h

183// PieceWorker class derived from Employee
184#ifndef PIECEl H

185f#define PIECEl H

186#include "employ2.h"

187

188class PieceWorker : public Employee {

189public:
190 PieceWorker ( const char *, const char ¥*,
191 double = 0.0, int = 0);

192 void setWage( double ) ;
193 void setQuantity( int );

194 virtual double earnings() const;
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Ornek (devami)

195 virtual void print() const;

196private:

197 double wagePerPiece; // wage for each piece output
198 int quantity; // output for week

199} ;

200

201#endif

202// Fia. 10.1: piecel.coo
203// Member function definitions for class PieceWorker
204#include <iostream>

205

206usina std: :cout:
207

208#include "piecel.h"
209

210// Constructor for class PieceWorker
211 PieceWorker: : PieceWorker( const char *first. const char *last.
212 double w, int q )
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Ornek (devami)

213 - Emplovee( first. last ) // call base-class constructor
2141

215 setWace( w ) :

216 setOuantitv( a ):

2171Y

218

219// Set the waade

220wvoid PieceWorker: :setWaace( double w )

221 { wacgePerPiece =w > 0 ? w : 0: }
222

223// Set the number of items outout
224void PieceWorker: :setOuantitv( int a )
225 { counantitv = a > 0 ? a : 0: }

226

227// Determine the PieceWorker's earninas

228double PieceWorker: :earninas

229 { return ocuantitv * waacePerPiece: }
230
231 // Print the PieceWorker's nam

232void PieceWorker: :bprint

Bir kez daha tekrar
yazilmis earnings ve

Saag print fonksiyonlari
234 cout << "\n Piece worker: ": kOk S|n|fta Virtual
235 Emplovee: :print () :

236} olarak bildirildiler.
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Ornek (devami

237// Fig. 10.1: hourlyl.h

238// Definition of class HourlyWorker
239#ifndef HOURLY1l H

240#define HOURLY1l H

241 #include "employ2.h"

242

243class HourlyWorker : public Employee {
244public:

245 HourlyWorker ( const char *, const char *,
246 double = 0.0, double = 0.0) ;
247 void setWage( double ) ;

248 void setHours( double );

249 virtual double earnings() const;
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++

Ornek (devami)

250 virtual void print() const;

251lprivate:

252 double wage; // wage per hour

253 double hours; // hours worked for week
254} ;

255

256#endif

257// Fig. 10.1: hourlyl.cpp

258// Member function definitions for class HourlyWorker
2594#include <iostream>

260

26lusing std: :cout;

262

263#include "hourlyl.h"
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++

Ornek (devami

264

265// Constructor for class HourlyWorker

266HourlyWorker: :HourlyWorker ( const char *first,

267 const char *last,

268 double w, double h )

269 : Employee( first, last ) // call base-class constructor
270 {

271 setWage( w ) ;

272 setHours( h ) ;

273}

274

275// Set the wage

276void HourlyWorker: :setWage( double w )

277 { wage = w >0 °?w : O; }
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++

Ornek (devami

278

279// Set the hours worked

280void HourlyWorker: :setHours( double h )
281 { hours = h > 0 && h < 168 ? h : 0; }
282

283// Get the HourlyWorker's pay

284double HourlyWorker: :earnings() const

285 {

286 if ( hours <= 40 ) // no overtime Overridden fonksiyonlar
287 return wage * hours;

288 else // overtime is paid &t wage * 1.5

289 return 40 * wage + ( hours - 40 * wage * 1.5;

290}

291

292// Print the HourlyWorker's name
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++

Ornek (devami

293void HourlyWorker: :print() const

294 {
295 cout << "\n Hourly worker: ";
296 Employee: :print() ;

297}

298// Fig. 10.1: £igl0_Ol.cpp

299// Driver for Employee hierarchy
300#include <iostream>

301

302using std::cout;

303using std::endl;

304

305#include <iomanip>

306

307using std::ios;
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++

Ornek (devami

308using std::setiosflags;

309%9using std: :setprecision;

310

311#include "employ2.h"

312#include "bossl.h"

313#include "commisl.h"

314#include "piecel.h"

315#include "hourlyl.h"

316

317void virtualViaPointer ( const Employee * ) ;
318void virtualViaReference( const Employee & ) ;
319

320int main()

321 {

322 // set output formatting

323 cout << setiosflags( ios::fixed | ios::showpoint )
324 << setprecision( 2 );

325
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rnek (devami

326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343

Boss b( "John". "Smith", 800.00 ):
b.orint():

cout << " earned $" << b.earninas():
virtualViaPointer( &b ) : // us

virtualViaReference( b ): // =s{ Kendi nesnesini kullanarak print
fonksiyonu ¢cagirmak.

CommissionWorker cf\'"Sue". "Jones".
c.print () :
cout << " earned $" << c»

virtualViaPointer( &c ):

Bir base-siifi pointeri kullanarak
arninas(): | print fonksiyonu ¢agirmak.

virtualViaReference( c ): u{ Bu virtual fonksiyonlar1 kullanir ve

dinamik Omirludur.

2.5,

PieceWorker o( "Bob". "Lewis".

p.print() : Bir base-sinif referansi kullanarak
cout << " earned $" << p.earninas() : print fonksiyonu gaglrmak.
virtualViaPointer( &po ): //

virtualViaReference( o ): // 1 Bu virtual fonksiyonu kullanilir ve

| dinamik dmiirliidiir.

( "Karen". "

ed $" << h.e
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rnek (devami

347
348
349
350
3511
352

353// Make virtual function calls of

virtualViaPointer( &h ):
virtualViaReference( h ):
cout << endl:

return O:

354// usina dvnamic bindina.

355void wvirtualViaPointer( const Emplovee

3561
357
358
3591}
360

*baseClassPtr )

Bir base-siifi pointer ile

baseClassPtr->print () #—

cout << " earned $" << baseClassPtr->earninas (

print virtual fonksiyonu
cagirmak.

361// Make virtual function calls off a base-class reference

362// using dynamic binding.

363void virtualViaReference( const Emplovee &baseClassRef )

364 {
365
366
367}

baseClassRef.print(f? k\\\

cout << " earned $" << baseClassRef.earning!

Bir base-sinifi reference ile
print virtual fonksiyonu
cagirmak.
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Program ciktisi




Bilisim Enstitisi ++

++ Bilisim Enstitlisii ++ Bilisim Enstitisd ++ Bilisim Enstitlisu

Bilisim Enstitlisii ++ Bilisim Enstitlisi ++ Bilisim Enstitlsi

Yeni Siniflar ve
Dinamik Baglant

= Coklubenzesim ve sanal (virtual)
onksiyonlar
= Butun siniflar onceden bilinmediginde iyi

calisir.
= Yeni siniflari bir sisteme yerlestirirken

dinamik baglanti kullanir.
= Dinamik baglanti (gec¢ baglanti)

= Bir sanal fonksiyon i¢in nesnenin turdnun
derleme zamaninda bilinmesi gerekmez.

= Sanal fonksiyon cagirma calisma
zamaninda eslestirilir.
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Sanal destructor

= Problem:

= Eger turetiimis bir nesneye isaret
eden bir kok-sinif isaretgisi silinirse
kok-sinif destructor’ u nesne (izerinde
etkili olacaktir.

= COozum:
= Uygun destructor’ un ¢agrilacagini

garanti etmek icin bir sanal kok-sinif
destructor tanimlanir.
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Ornek: Miras Araylzi

Point, circle, cylinder hiyerarsisini
genisletmek icin:

= Hiyerarsinin basi olarak Shape soyut
(abstract) kok-sinifi kullanildi:

= |ki saf sanal fonksiyon printShapeName ve
print

= Diger iki sanal fonksiyon volume ve area

= Point, Shape sinifindan turetildi ve miras
olarak bu yapiyi aldi.
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Ornek (Sanal destructor)

// Fia. 10.2: shave.h

// Definition of abstract base class Shape
#ifndef SHAPE H

#define SHAPE H

class Shave {

public:
virtual double area() const { return 0.0: 1}
virtual double volume() const { return 0.0: 1}

O 00 Jd o Il d WDN R

e
)

// pure virtual functions overridden in derived classes

=
N

virtual void printShaveName () const = 0

=
w

virtual void print() const = 0:

L
\ Not :Her bir smif
#endif

// Fia. 10.2: vointl. h tgraﬁndan tel.irar yazilan
// Definition of class Point virtual fonk51yonlar.

#ifndef POINT1 H
#define POINT1 H

[
[~

N
© J o W

N DN PR
N B O LV

#include <iostream>
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++

Ornek (devami)

23
24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40

usina std: :cout:

#include "shave.h"

class Point : public Shave {
public:
Point( int = 0. int = 0 )Y: // default construy

Point abstract base
sinifindan miras
aliyor.

void setPoint( int. int ):
int agetX() const { return x: }
int agetY¥() const { return v: }

virtual void printShapeName () const { cout << "Point: "; }

virtual void print() const;
private:
int x, y; // x and y coordinates of Point

};

#endif
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Ornek (devami

41 // Fig. 10.2: pointl.cpp

42 // Member function definitions for class Point
43 #include "pointl.h"

44

45 Point::Point( int a, int b ) { setPoint( a, b ); }
46

47 wvoid Point::setPoint( int a, int b )

48 {

49 X = a;

50 y = b;

51 }

52

53 void Point::print() const

54 {cout < '"[' K x K", "KLKy ']';}
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Ornek (devami

55 // Fig. 10.2: circlel.h

56 // Definition of class Circle
57 #ifndef CIRCLEl_H

58 #define CIRCLE1l H

59 #include "pointl.h"

° Circle, Point

61 class Circle : public Point { < sinifindan miras
62 public: ahyon

63 // default constructor

64 Circle( double r = 0.0, int x = 0, int y = 0 );

65

66 void setRadius( double ) ;

67 double getRadius() const;

68 virtual double area() const;

69 virtual void printShapeName () const { cout << "Circle: "; }

70 virtual void print() const;



Bilisim Enstitlisii ++ Bilisim Enstitlisii ++ Bilisim Enstitisi ++ Bilisim Enstitiisii ++ Bilisim Enstitlisi ++ Bilisim Enstitlisi ++ Bilisim Enstittist

++

Ornek (devami)

71 private:

72 double radius; // radius of Circle
73 };
74

75 #endif

76 // Fig. 10.2: circlel.cpp

77 // Member function definitions for class Circle
78 #include <iostream>

79

80 using std::cout;

81

82 #include "circlel.h"

83

84 Circle::Circle( double r, int a, int b )

85 : Point( a, b ) // call base-class constructor

86 { setRadius( r ); }
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++

Ornek (devami)

87

88 wvoid Circle::setRadius( double r ) { radius = r > 0 ? r : 0; }
89

90 double Circle::getRadius() const { return radius; }

91

92 double Circle::area() const

93 { return 3.14159 * radius * radius; }

94

95 wvoid Circle: :print() const

96 {
97 Point: :print() ;
98 cout << "; Radius = " << radius;

99 }
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++

Ornek (devami)

100// Fig. 10.2: cylindrl.h

101// Definition of class Cylinder
102#ifndef CYLINDR1l H
103#define CYLINDR1 H

104#include "circlel.h"

105 .
| Cylinder
l06class Cylinder : public Circle { * Circle’ den miras

108 // default constructor

109 Cylinder( double h = 0.0, double r = 0.0,
110 int x = 0, int y =0 );

111

112 void setHeight( double ) ;

113 double getHeight() ;

114 virtual double area() const;
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++

Ornek (devami)

115 virtual double volume () const;

116 virtual void printShapeName () const { cout << "Cylinder: "; }
117 virtual void print() const;

ll8private:

119 double height; // height of Cylinder

120},

121

122#endif

123// Fig. 10.2: cylindrl.cpp

124// Member and friend function definitions for class Cylinder
125#include <iostream>

126

127using std: :cout;

128

129#include "cylindrl.h"

130

131Cylinder: :Cylinder( double h, double r, int x, int y )
132 : Circle( r, x, vy ) // call base-class constructor

133{ setHeight( h ); }
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134
135void Cylinder: :setHeight( double h )
136 { height = h >0 ? h : 0; }

137

138double Cylinder: :getHeight() { return height; }
139

140double Cylinder::area() const

141 ¢

142 // surface area of Cylinder

143 return 2 * Circle::area() +

144 2 * 3.14159 * getRadius() * height;
145}

146

147double Cylinder: :volume () const

148 { return Circle::area() * height; }

149

150void Cylinder: :print() const

151 ¢

152 Circle: :print();

153 cout << "; Height = " << height;

154}
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Ornek (devami)

155// Fig. 10.2: figlO0 02.cpp
156// Driver for shape, point, circle, cylinder hierarchy

157#include <iostream>

158

159%9using std: :cout;

160using std::endl;

16l

162#include <iomanip>

163

164using std::ios;

165using std: :setiosflags;

1l66using std: :setprecision;

167

168#include "shape.h"

169#include "pointl.h"

170#include "circlel.h"

171#include "cylindrl.h"

172

173void wvirtualViaPointer( const Shape * );
174void virtualViaReference( const Shape & );
175
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Ornek (devami)

176int main ()

177

178 cout << setiosflags( ios::fixed | ios::showpoint )
179 << setprecision( 2 );
180

181 Point point( 7, 11 );

182 Circle circle( 3.5, 22, 8 );
183 Cylinder cylinder( 10, 3.3, 10, 10 ); // create a Cylinder

184

185 point.printShapeName () ; // static binding

186 voint.orint(): = = '

LR [ortinsers (30, 101 Radius = 3.30; Resghe = 10,00 |
188

189 circle.printShape // static bindina

190 circle.print() : Nesnenin kendisini
191 cout << '\n':

192 kullanarak Print ¢agiriliyor.

193 cvlinder.printShaveName(): // static bindina
194 cvlinder.print() : // static bindina
195 cout << "\n\n":

196
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197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

Shave *arravOfShavesl 3 1: // arrav of bas{ Base s1n1fi$aretc;ileri dizisi

// aim arravOfShan;:?;:\;;\EEEIV§d>e;a§§\ng(ﬂU§UH1ﬂuy0L Bunlara

arravOfShavesl 0 1 = &pboint: nesnelerl atay1p9 base Slnlf
isaretcileriyle print
// aim arravOfShavesll1l at derived-class Cij fonksiyonunu tekrar

arravOfShavesl 1 1 = &circle: - .
(;aglrlhnca uygun V1rtual

// aim arravOfShavesl21 at derived-class 0v1fbnkSUKHﬂanagFﬂacak-
arravOfShavesl 2 1 = &cvlinder:

// to orint the shave name. attributes. area. a

// of each ob-ect usina dvnamic bindina.
cout << "Virtual function calls made off "
<< "base-class pointers\n":

for ( int i = 0: i < 3: i++ )
virtualViaPointer( arravOfShavesl i 1 )
// lLooo throua
// to orint th
// of each obj



Bilisim Enstitlisii ++ Bilisim Enstitlisii ++ Bilisim Enstitisi ++ Bilisim Enstitiisii ++ Bilisim Enstitlisi ++ Bilisim Enstitlisi ++ Bilisim Enstittist
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220 cout << "Virtual function calls made off "

221 << "base-class references\n"; base-sinifi
222 referanslari
223 for ( int j = 0; j < 3; j++ ) / kullanilarak
224 virtualViaReference( *arrayOfShapes[ j ] ) i§|em|er

225 tekrarlaniyor.
226 return O;

227}

228

229// Make virtual function calls off a base-class pointer
230// using dynamic binding.

231void virtualViaPointer( const Shape *baseClassPtr )
232

233 baseClassPtr->printShapeName () ;

234 baseClassPtr->print() ;

235 cout << "\nArea = " << baseClassPtr->area()
236 << "\nVolume = " << baseClassPtr->volume () << "\n\n";
237}

238
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++
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239// Make virtual function calls off a base-class reference

240// using dynamic binding.

241void virtualViaReference( const Shape &baseClassRef )

242

243 baseClassRef.printShapeName () ;

244 baseClassRef .print() ;

245 cout << "\nArea = " << baseClassRef.area()

246 << "\nVolume = " << baseClassRef.volume () << "\n\n";
247}
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Coklubenzesim, sanal
fonksiyonlar ve dinamik baglama

= Ne zaman Coklubenzesim kullanilir?
= Coklubenzesim bir cok ek yuk gerektirir

= Coklubenzesim performansi iyilestirmek icin
STL’ de (Standard Template Library)
kullaniimamistir.

= sanal fonksiyon tablosu (vtable):
= Bir sanal fonksiyona sahip her sinif bir vtable
sahibidir.
= Her sanal fonksiyona ait vtable uygun fonksiyona
iIsaret eden bir isaretciye sahiptir

= Eger turetilmis sinif kok-sinifla ayni fonksiyona
sahipse fonksiyon isaretcisi kok-sinif fonksiyonuna
isaret eder.



