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Introduction to C++ Programming

Multiple Inheritance

March 1-3, 2005

22.9 Multiple Inheritance

* Multiple inheritance
— Derived class has severa base classes
— Powerful, but can cause ambiguity problems
« |f both base classes have functions of the same name
* Solution: specify exact function using: :
— nmyObj ect. BaseCl assl::function()
— Format

» Usecomma-separated list
class Derived : public Basel, public Base2{
contents

}
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/1 Fig. 22.14: basel.h

I/ Definition of class Basel
#i f ndef BASE1l_H

#def i ne BASE1_H

/1 class Basel definition

cl ass Basel {

public:
Basel( int paraneterValue ) { value = p
int getData() const { return value; }

t er Val ue;
protect ed: I/ accessible to derived cl asses

int val ue; /1 inherited by derived class
}; /1 end class Basel

#endif // BASE1l_H

IZI Outline

basel.h (1 of 1)

There are two base classesin
this example, each hasits
ownget Dat a function.

This base class contains an
int.
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/'l Fig. 22.15: base2.h

/1 Definition of class Base2
#i f ndef BASE2_H

#def i ne BASE2_H

/1l class Base2 definition

cl ass Base2 {

public:
Base2( char characterData ) { letter =
char getData() const { return letter; }

prot ect ed: I/ accessible to derived cl asses
char letter; /'l inherited by derived class

}; // end class Base2

#endif // BASE2_H

m Outline

base2.h (1 of 1)

characterData; }
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1 // Fig. 22.16: derived.h m :

2 [/ Definition of class Derived which inherits OL'IHE

3 // multiple base classes (Basel and Base2).

4  #ifndef DERIVED H derived.h (l of 1)

5 #define DERIVED_H

6

7 #include <iostreanr

8

9 using std::ostream

10

11 #include "basel. h"

12 #include "base2. h" Use comma separated list.

13

14 /] class Derived definition

15 class Derived : public Basel, public Base2 {

16 friend ostream &operator<<( ostreamg&, const Derived &);

17

18 public:

19 Derived( int, char, double );

20 doubl e get Real () const;

21

22 private:

23 doubl e real; /'l derived class's private data

24

25 }; // end class Derived

26

27 #endif [/ DERIVED H
O 2003 Prentice Hall, Inc.
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1 /] Fig. 22.17: derived. cpp |:| N ”ne

2 /] Menber function definitions for class Derived _

3 #include "derived. h" Note use of base-class

4 constructorsin derived class |, (1 of 1)

5 // constructor for Derived calls constructors for constructor.

6 // class Basel and cl ass Base2.

7 /Il use nenber initializers to call base- s constructors

8 Derived::Derived( int integer, char chgracter, double doublel )

9 Basel( integer ), Base2( character ), real ( doublel ) { }

10

11 // return real

12 doubl e Derived::getReal () const { return real; }

13

14 // display all data members of Derived

15 ostream &operat or<<( ostream &out put, const Derived &derived )

16 {

17 out put << " Integer: " << derived.val ue

18 << "\n Character: " << derived.letter

19 << "\ nReal nunber: " << derived.real;

20

21 return output; /1 enabl es cascaded calls

22

23 } // end operator<<
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1 // Fig. 22.18: fig22_18.cpp m Outline
2 /] Driver for nmultiple inheritance exanple. -
3 #include <iostreanp
g using std::cout; fi922_18.cpp
6 using std::endl; (l of 2)
7
8 #include "basel. h"
9 #include "base2. h"
10 #include "derived. h"
11
12 int main()
13 {
14 Basel basel( 10 ), *baselPtr = 0; // create Basel object
15 Base2 base2( 'Z' ), *base2Ptr = 0; // create Base2 object
16 Derived derived( 7, 'A, 3.5); /'l create Derived object
17
18 /1 print data nenbers of base-class objects
19 cout << "Cbject basel contains integer "
20 << basel. get Dat a()
21 << "\ nObj ect base2 contains character "
22 << base2. get Dat a()
23 << "\ nObj ect derived contains:\n" << derived << "\n\n";
24
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25 /'l print data nmenbers of derived-class object m Outline
26 /'l scope resol ution operator resolves getData ambiguity -
27 cout << "Data members of Derived can be"
28 << " accessed individually:" figzz 18.cpp
29 << "\n Integer: " << derived. Basel:: getData() (2 of E)
30 << "\n Character: " << derived. Base2::getData()
31 << "\nReal nunber: " << derived. getReal () << ”\n\\
32
33 cout << "Derived can be treated as an "
34 << "object of either base class:\n"; Note calsto specific base
35 class functions.
36 Il treat Derived as a Basel object
37 baselPtr = &derived;
38 cout << "baselPtr->getData() yields "
39 << baselPtr->getData() << '\n'; Can treat derived-class
40 . X
41 /'l treat Derived as a Base2 object po!nterasather base class
42 base2Ptr = &derived; pointer.
43 cout << "base2Ptr->getData() yields "
44 << base2Ptr->getData() << endl;
45
46 return O;
47
48 } // end nmain
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Obj ect basel contains integer 10 m Outline 9
Obj ect base2 contains character Z m
Obj ect derived contains:
Ch”“ eger: Z fig22_18.cpp
aracter: -
output (1 of 1
Real nunber: 3.5 p ( )
Dat a nmenmbers of Derived can be accessed individually:
Integer: 7
Character: A
Real nunber: 3.5
Derived can be treated as an object of either base class:
baselPtr->getData() yields 7
base2Ptr->getData() yields A
O 2003 Prentice Hall, Inc.
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Multiple Inheritance and virtual Base Classes

» Ambiguities from multiple inheritance

- ios ~
i stream /OSIream
iostream

* i ost r eamcould have duplicate subobjects
— Datafromi os inherited into ost r eamandi st r eam
— Upcasting i ost r eampointer to i 0s object is a problem
» Twoi os subobjects could exist, which is used?

— Ambiguous, results in syntax error
* i ost r eamdoes not actually have this problem
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Multiple Inheritance and virtual Base Classes

» Solution: use virtual base class inheritance
— Only one subobject inherited into multiply derived class

Base Class

vi rtual vi rtual
inheritance / \/ inheritance

First Derived Class Second Derived Class

N/

Multiply-Derived Class
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/'l Fig. 22.20: fig22_20.cpp m Outline 12
// Attenpting to polynorphically call a function that is

// nultiply inherited fromtwo base classes.
#i ncl ude <i ostrean figzz 20 cpp
(2of 3)

using std::cout;

using std::endl ; This example will
demonstrate the ambiguity of
/'l class Ba efinition multiple inheritance.

cl ass Base {
public:
virtual void print() const =0; // pure virtual

}; // end class Base

/'l class DerivedOne definition
cl ass DerivedOne : public Base {

public:

/1 override print function

void print() const { cout << "DerivedOne\n"; }
}; /1 end class DerivedOne
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25 // class DerivedTwo definition

26 class DerivedTwo :

public Base {

{ cout << "DerivedTwo\n"; }

public DerivedTwo {

print(); }

27 public:

28

29 /1 override print function

30 void print() const "

31

32 }; // end class DerivedTwo

33

34 // class Multiple definition

35 class Miltiple : public DerivedOne,
36 public:

37

38 /'l qualify which version of function print
39 void print() const { DerivedTwo::
40

1 }; /1 end class Miltiple

42

B oue ©
Outline

fig22_20.cpp
(20f3)
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43 int main()

4 {
45
46
a7
48
49
50
51

52
53
54
55
56

57
58
59
60
61
62 }

Mul tipl e both; 11
Deri vedOne one; //
DerivedTwo two; //

Il create array of base-class poi
Base *array[ 3 ];

array[ 0] = &both; 11
array[ 1 ] = &one;
array[ 2 ] = & wo;

/1 pol ynor phi cal ly invoke print

for (int i =0; i <3; i++)
array[ i ] ->print();
return O;

/1 end main

instantiate Multiple object
instantiate DerivedOne object
instantiate DerivedTwo object

Which base subobject will be
used?

ERROR- - anbrguous

B ouine
Outline

fig22_20.cpp
(30f 3)
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1 // Fig. 22.21: fig22_21.cpp m : 15
2 /] Using virtual base classes. OL'IHE
3 #include <iostreanr
g using std::cout; figZZ_Zl.cpp
6 using std::endl; (l of 3)
7
8 // class Base definition
9 class Base {
10 public:
11
12 /1 inplicit default constructor
13
14 virtual void print() const =0; // pure virtual
15
16 }; // end Base class Usevirtua inheritance to
& solve the ambiguity problem.
18 // class DerivedOne definition
;2 :quls;scfjerlvedme : virtual public Base { Theoompilergeneretes_
o default constructors, which
22 /1 inmplicit default constructor calls greatlysimplifiesthe
23 /| Base default constructor hierarchy.
24
25 /Il override print function
26 void print() const { cout << "DerivedOne\n"; }
27
28 }; // end DerivedOne class
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2 . . N T
30 // class DerivedTwo definition
31 class DerivedTwo : virtual public Base {
;2 publi c: fig22_21.cpp
34 // inmplicit default constructor calls : : . (20f3)
Usevi rtual inheritance, as
35 /|l Base default constructor
before.

36
37 /1 override print function
38 void print() const { cout << "DerivedTwo\n"; }
39
40 }; // end DerivedTwo cl ass
41
42 /| class Miltiple definition
43 class Multiple : public DerivedOne, public DerivedTwo {
44 public:
45
46 // inmplicit default constructor calls
47 /'l DerivedOne and DerivedTwo default constructors
48
49 I/ qualify which version of function print
50 void print() const { DerivedTwo::print(); }
51
52 }; // end Multiple class
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Ml tiple both; /'l instantiate Miltiple object
DerivedOne one; // instantiate DerivedOne object
DerivedTwo two; // instantiate DerivedTwo object

// declare array of base-class pointers and initialize
/| each elenent to a derived-class type

/'l pol ynorphically invoke function print

53

54 int main()

55 {

56

57

58

59

60

61

62 Base *array[ 3 ];
63

64 array[ 0 ] = &both;
65 array[ 1 ] = &one;
66 array[ 2 ] = & wo;
67

68

69 for (int i =0; i < 3;
70 array[ i ]->print();
71

72 return O;

73

74 } I/ end main

Deri vedTwo

Deri vedOne

Deri vedTwo

i++ )

m ] 17
Outline

fig22_21.cpp
(30f3)
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