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Fundamentals of Operator Overloading

» Use operators with objects (operator overloading)
— Clearer than function calls for certain classes
— Operator senditive to context
* Types
— Builtin (i nt ,char) or user-defined
— Can use existing operators with user-defined types
» Cannot create new operators
» Overloading operators
— Create afunction for the class

— Namefunction oper at or followed by symbol
» Oper at or + for the addition operator +
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Fundamentals of Operator Overloading

» Using operators on a class object
— It must be overloaded for that class
— Exceptions:
» Assignment operator, =
— May be used without explicit overloading
— Memberwiseassignment between objects
» Address operator, &
— May be used on any class without overloading
— Returns address of object
* Both can be overloaded
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Restrictions on Operator Overloading

» Cannot change

— How operators act on built-in data types
* |.e, cannot change integer addition

— Precedence of operator (order of evaluation)
* Use parentheses to force order-of-operations

— Associdtivity (left-to-right or right-to-left)

— Number of operands
e &isunitary, only acts on one operand

» Cannot create new operators

» Operators must be overloaded explicitly
— Overloading + does not overload +=
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Restrictions on Operator Overloading

Operators that can be overl oaded

+ - * / % N &

~ ! = < > += -= *=

/= Y= A= &= | = << >> >>=
<<= == | = <= >= && | | ++

- - - >* , -> [] @) new del ete
new ] del ete[]

Operators that cannot be overl oaded

L L 2: Si zeof
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Operator Functions As Class Members Vs. As
Friend Functions

* Operator functions

— Member functions
» Uset hi s keyword to implicitly get argument
» Getsleft operand for binary operators (like+)
* Leftmost object must be of same class as operator
— Non member functions
» Need parameters for both operands
» Can have object of different class than operator
« Mustbeafriendtoaccesspri vat e orprot ect ed data

» Example Overloaded << operator

— Left operand of type ost r eam &
* Suchas cout objectincout << cl assObj ect

— Similarly, overloaded >> needsi stream &
— Thus, both must be non-member functions
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Operator Functions As Class Members Vs. As
Friend Functions

» Commutative operators

— May want + to be commutative
e Soboth*a + b”and“b + a” work

— Suppose we have two different classes

— Overloaded operator can only be member function when its

classison left

* HugelntClass + Long int
» Can be member function

— When other way, need a non-member overload function
e Long int + Hugelntd ass
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Overloading Stream-Insertion and Stream-
Extraction Operators

o << and >>

— Already overloaded to process each built-in type
— Can also process a user-defined class
» Example program
— Class PhoneNunber
» Holds atelephone number

— Print out formatted number automatically
+ (123) 456-7890
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1 // Fig. 8.3: fig08_03.cpp m li
In
2 |/ Overloading the streaminsertion and M
3 // streamextraction operators.
4  #include <iostreanr figOS 03.Cpp
> (1of3)
6 using std::cout;
7 using std::cin
8 using std::endl ;
9 using std::ostream
10 using std::istream
11
12 #incl ude <i omani p>
13 q A
: Notice function prototypes for
14 wusing std::setw;
et overloaded operators >> and <<
16 // PhoneNunb; Class definiti They must be non-member f ri end
T clgss FemEiimier { functions, since the object of class
18 friend ostream &operator << Phonenunber appearsontherightof
19 friend istream &operator >>
- the operator.
21 private: cin << Obj ect
22 char areaCode[ 41]; [// 3- cout >> Obj ect
23 char exchange[ 41; // 3-d— _
24 char line[ 5 ]; /1 4-digit line and null
25
26 }; // end class PhoneNumber
O 2003 Prentice Hall, Inc.
All rights reserved.
10
2 [a] :
o Outline
28 // overloaded streaminsertion operator; cannot be
29 // a nenber function if we would like to invoke it with
30 // cout << sonePhoneNunber; figOS 03 cpp
31 ostream &operat or<<( ostream &out put, const PhoneNunber &num ) (2 of ;‘
2 T
33 out put << "(" << num areaCode << ") " Thefxgol'?.n .
34 << num exchange << "-" << num | i ne; COU [ .
5 isinterpreted as the function call:
36 return output; /1 enables cout << a << b << c; oper at or <<(cout , phone);
37 . .
) out put isanadliasfor cout.
38 } // end function operator<<
39
40 // overloaded streamextraction operator; canm Thisallowsobjectstobecascaded.
41 /1 a nmenber function if we would like to invoke it| cout << phonel << phone2;
42 [/ cin >> somePhoneNunber ; first calls
43 ist & t >( i st & t, Ph Nunbi &
" |{s ream &oper at or >>( i stream & npu one er operator<<(cout, phonel),and
45 input.ignore(); /1 skip ( returns cout .
46 input >> setw( 4 ) >> num areaCode; // input ar
47 input.ignore( 2 ); 11 skin) al Next. cout << phone2 executes.
48 input >> setw( 4) >> num ange;| Stream manipulator set w
49 input.ignore(); restrictsnumber of characters
50 input >> setw( 5) >> numline; read.setw(4) alows 3
< o | charactersto beread, leaving
52 return input; /'l enables cin room for the null character.
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> _ [A] Outline
54 } // end function operator>>
55
580 R0 () fig08_03.cpp
57 4 _ (30f 3)

58 PhoneNunber phone; // create object phone

59

60 cout << "Enter phone nunber in the form (123) 456-7890:\n"; f|908_03'Cpp
61 output (1 of 1)
62 /1 cin >> phone invokes operator>> by inplicitly issuing

63 /'l the non-nenber function call operator>>( cin, phone )

64 cin >> phone;

65

66 cout << "The phone nunber entered was: " ;

67

68 /] cout << phone invokes operator<< by inplicitly issuing

69 // the non-menber function call operator<<( cout, phone )

70 cout << phone << endl;

71

72 return O;

73

74 } I/l end main

Enter phone nunber in the form (123) 456-7890:
(800) 555-1212
The phone nunber entered was: (800) 555 1212

O 2003 PrenticeHall, Inc.
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Overloading Unary Operators

» Overloading unary operators
— Non-st at i ¢ member function, no arguments

— Non-member function, one argument
» Argument must be class object or reference to class object
— Remember, st at i ¢ functionsonly access st at i ¢ data
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Overloading Operators

» Overloading unary operators (! to test for empty string)
— Non-st at i ¢ member function: ! s becomes
s.operator! ()
bool operator! () const;
— Non-member function! s becomes oper ator! (s)
friend bool operator!( const String &)
» Overloading binary operators
— Non-member function (arg. must be class object or
reference)

friend const String &operator+=(String & const
String & );

— Non-st at i ¢ member function:
const String &operator+=( const String & );

—y += zequivaenttoy. operator+=( z )

O 2003 Prentice Hall, Inc. All rights reserved.

Case Study: Array class

* Arraysin C++
— No range checking
— Cannot be compared meaningfully with ==
— No array assignment (array names const pointers)
— Cannot input/output entire arrays at once

» Example:lmplement an Ar r ay classwith
— Range checking
— Array assignment
— Arraysthat know their size
— Outputting/inputting entire arrays with << and >>
— Array comparisonswith ==and ! =

O 2003 Prentice Hall, Inc. All rights reserved.




Case Study: Array class

» Copy constructor

— Used whenever copy of object needed
* Passing by value (return value or parameter)

« Initializing an object with a copy of another
— Array newArray( oldArray );
— newArray copy of ol dAr r ay

— Prototype for class Ar r ay
* Array( const Array & );
» Must takereference
— Otherwise, pass by value
— Triesto make copy by calling copy constructor...
— Infinite loop

O 2003 Prentice Hall, Inc. All rights reserved.
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/1 Fig. 8.4: arrayl.h m Outline 16

I/l Array class for storing arrays of integers.
#i f ndef ARRAY1_H

#define ARRAY1_H arrayl.h (1 of 2)

#i ncl ude <iostreanr

using std::ostream
using std::istream

class Array {
friend ostream &operator <<( ostream&, const Array & );
friend istream &operator >>( istream&, Array & );

public: Most operators overloaded as
Array( int = 10 ); /1 default con] Mmember functions (except <<
Array( const Array & ); [/ copy cgaStr| and >>, which must be non-

~Array(); member functions).
int getSize() const;

Prototype for copy constructor.

/| assignnent oper ator
const Array &operator=( const Array & );

/1 equality operator
bool operator==( const Array & ) const;

O 2003 Prentice Hall, Inc.
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27 /1 inequality operator; returns opposite of == operator m Outline 17

28 bool operator!=( const Array &right ) const -

29 {

30 return ! ( *this ==right ); // invokes Array::operator== arrayl.h(20f 2)

31

2§ } /1 end function operat = ] :op_eratorsimply returns

34 /'l subscript operator for non-co ODpOSteOf:: operatqr.

5 int &operator[]( int }: Thus, only need to definethe

36 == operator.

37 /| subscript operator for const objects returns rval ue

38 const int &perator[]( int ) const;

39

40 private:

11 int size; // array size

42 int *ptr; // pointer to first element of array

43

44 }; |/ end class Array

45

46 #endi f
O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig 8.5: arrayl.cpp m Outline 18

2 /] Menber function definitions for class Array -

3 #include <iostreanr

& arayl.cpp (L of 7)

5 using std::cout;

6 using std::cin;

7 using std::endl ;

8

9 #include <iomanip>

10

11 wusing std::setw;

12

13 #incl ude <new> /| C++ standard "new' operator

14

15 #include <cstdlib> // exit function prototype

16

17 #include "arrayl.h" // Array class definition

18

19 // default constructor for class Array (default size 10)

20 Array::Array( int arraySize )

21 {

22 /'l validate arraySize

23 size = ( arraySize > 0 ? arraySize : 10 );

24

25 ptr = new int[ size ]; // create space for array

26

O 2003 Prentice Hall, Inc.
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27 for (int i =0; i < size; i++) m Outline 19
28 ptr[ i ] =0; [l initialize array -
29
30 } // end Array default constructor
o arrayl.cpp (2of 7)
32 /Il copy constructor for class Array;
33 // nust receive a reference to pre .
34 Array::Array( const Array &arrayTq Wemystdeclareangmlntegerarayso
= S rCEIeET. S o the objects do not point to the same
36 { memory.
37 ptr = new int[ size ]; // create space for array
38
39 for (int i =0; i <size; i++)
40 ptr[ i ] = arrayToCopy.ptr[ i ]; // copy into object
41
42 } // end Array copy constructor
43
44 || destructor for class Array
45 Array::~Array()
46 {
47 delete [] ptr; [// reclaimarray space
48
49 } // end destructor
50
O 2003 Prentice Hall, Inc.
All rights reserved.
51 // return size of array m Outline 20
52 int Array::getSize() const -
53 {
gg return size; arrayl.cpp (3 Of7)
56 } // end function getSize
57
58 // overloaded assignnent Wa»ﬁtoavoidse”_&sgnmem_ |
59 // const return avoids: ( a S
60 const Array &Array::o tor=( const Array &ight )
61 {
62 if ( &ight !=this ) { // check for self-assignnment
63
64 /1l for arrays of different sizes, deallocate original
65 /1 left-side array, then allocate new | eft-side array
66 if ( size!=right.size) {
67 delete [] ptr; /'l recl ai m space
68 size = right.size; /'l resize this object
69 ptr =newint[ size ]; // create space for array copy
70
71 } /1 end inner if
72
73 for (int i =0; i < size; i++)
74 ptr[ i ] =right.ptr[ i ]; // copy array into object
75
76 } /1 end outer if

O 2003 Prentice Hall, Inc.
All rights reserved.
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n IZI Outline

78 return *this; /Il enables x =y =z, for exanple

79

80 } // end function operator=

o arrayl.cpp (4 of 7)

82 // determine if two arrays are equal and

83 // return true, otherwise return fal se

84 bool Array::operator==( const Array & ight ) const

8 {

86 if ( size !=right.size)

87 return fal se; /| arrays of different sizes

83

89 for (int i =0; i <size; i++)

90

91 if (ptr[ i ] !'=right.ptr[ i ] )

92 return false; // arrays are not equal

93

94 return true; /'l arrays are equal

95

96 } // end function operator==

97
O 2003 Prentice Hall, Inc.
All rights reserved.

98 // overloaded subscript operator for non-const Arrays m Outline e

99 // reference return creates an |val ue
100 i nt &Array::operator[]( int subscript )

101 {

102 /1 check for subscript out of ran err arrayl.cpp(5of7)
103 if ( subscript < O || subscript >= stxe| i Ntegersi[5] cals

104 cout << "\nError: Subscript " << sub| i Ntegersl.operator[]( 5 )
105 << " out of range" << endl;

106

107 exit( 1); [// terminate program subscript out of range

108 —_— ] - -

109 } /7 end if exi t () (header<cstdl i b>)ends

110 the program.

111 return ptr[ subscript ]; // reference return

112

113} // end function operator[]

114

O 2003 Prentice Hall, Inc.
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115 // over| oaded subscript operator for const Arrays
116 // const reference return creates an rval ue
117 const int &Array::operator[]( int subscript ) const

118 {

119 /1 check for subscript out of range error

120 if ( subscript < O || subscript >= size ) {

121 cout << "\nError: Subscript " << subscript

122 << " out of range" << endl;

123

124 exit( 1); // termnate program subscript out of range
125

126 } /1 end if

127

128 return ptr[ subscript ]; // const reference return
129

130} // end function operator[]

131

132 // overloaded input operator for class Array;
133 // inputs values for entire array

134 i stream &operator>>( istream & nput, Array & )
135 {

136 for (inti =0; i < a.size; i++)

137 input >> a.ptr[ i ];

138

139 return input; /'l enables cin >> x >>vy;
140

141} // end function

B oupe *
Outline

arrayl.cpp (6 of 7)

O 2003 PrenticeHall, Inc.
All rights reserved.

142

143 /| overl oaded output operator for class Array
144 ostream &oper at or <<( ostream &out put, const Array & )
145 {

146 int i;

147

148 /] output private ptr-based array

149 for (i =0; i < a.size; i++) {

150 output << setw( 12 ) << a.ptr[ i ];

151

152 if ( (i +1) %4==0) // 4 nunbers per row of output
153 out put << endl ;

154

155 } /1 end for

156

157 if (i %94!=0) // end last line of output
158 out put << endl ;

159

160 return output; I/ enabl es cout << x <<y;
161

162 } // end function operator<<

B oune
Outline

arrayl.cpp (7 of 7)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Converting between Types

» Cast operator (conversion operator)
— Convert from One class to another built-in type
— Must benon-st at i ¢ member function -
— Cannot befri end
— Do not specify return type
— Implicitly returnstype to which you are converting
— Example: A: : operator char *() const;
» CastsclassAto atemporary char *
* (char *)scalss.operator char*()
A::operator int() const;
A::operator Ot herd ass() const;

» Casting can prevent need for overloading
— SupposeclassStri ng canbecasttochar *
— cout << s; //cout expectschar *;sisaString
» Compiler implicitly calls the function to converts to char *
» Do not haveto overload << for String

O 2003 Prentice Hall, Inc. All rights reserved.

25

Case Study: AString Class

* BuildclassString

— String creation, manipulation

— Classst ri ng in standard library (more Chapter 15)
* Conversion constructor

— Single-argument constructor

— Turns objects of other typesinto class objects
e String s1(“hi”);
e CreatesaStri ng fromachar *

— Any single-argument constructor is a conversion constructor

O 2003 Prentice Hall, Inc. All rights reserved.
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Overloading ++ and - -

* Increment/decrement operators can be overloaded
— Add 1toaDat e object, d1

— Prototype (member function)
» Dat e &operator++();
e ++d1 sameasdl. oper at or ++()
— Prototype (non-member)
* Friend Date &operator++( Date &);
» ++d1 sameasoperat or ++( dl )

O 2003 Prentice Hall, Inc. All rights reserved.

27

Overloading ++ and - -

» Todistinguish pre/post increment
— Post increment has a dummy parameter
*intof0
— Prototype (member function)
« Date operator++( int );
e dl1++sameasdl. operator++( 0 )
— Prototype (non-member)
« friend Date operator++( Data & int );
e d1++sameasoperator++( dl, 0 )
— Integer parameter does not have a name
» Not even in function definition

O 2003 Prentice Hall, Inc. All rights reserved.
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Overloading ++ and - -
* Return vaues
— Preincrement
» Returnsby reference (Dat e &)
* |value (can be assigned)
— Postincrement
» Returns by value
» Returnstemporary object with old value
« rvalue (cannot be on left side of assignment)
» Example Dat e class
— Overloaded increment operator
» Change day, month and year
— Overloaded += operator
— Function to test for leap years
— Function to determine if day is last of month
O 2003 Prentice Hall, Inc. All rights reserved.
’ 30
1 // Fig. 8.10: datel.h m H
2 /| Date class definition. OL“HG
3 #ifndef DATE1_H
4  #define DATE1_H datel.h (1 of 2)
5 #include <iostreanp ’
6
7 using std::ostream
8
9 class Date {
10 friend ostream &operator <<( ostreamg&, const Date & );
11
12 public:
13 Date( int m=1, int d =1, int y > Note difference between pre
14 voi d setDate( int, |M and post increment.
15
16 Dat e &operat or++(); /] preincrenment operator
17 Date operator++( int ); /'l postincrenment operator
18
19 const Date &operator+=( int ); // add days, nodify object
20
21 bool |eapYear( int ) const; /1l is this a |leap year?
22 bool endOfMonth( int ) const; // is this end of nonth?

O 2003 Prentice Hall, Inc.
All rights reserved.
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24 private:

25 int nonth;

26 int day;

27 int year;

28

29 static const int days[]; /Il array of days per nonth
30 voi d hel pl ncrenent (); /1 utility function
31

32 }; I/ end class Date

33

34 #endi f

35 Dat e &Dat e: : operat or ++()

36
37
37

{

hel pl ncrenment ();

return *this; // reference return to create an |value
} /1 end function operator++

/'l overl oaded postincrenent operator; note that the dummy
/'l integer paraneter does not have a paraneter nane
Date Date::operator++( int )
{
Date tenp = *this; // hold current state of object
hel pl ncrenent () ;
/1 return unincrenented, saved, tenporary object
return tenp; /'l value return; not a reference return
} // end function operator++

B oue ”
Outline

dateLh (2 of 2)

O 2003 PrenticeHall, Inc.
All rights reserved.

Inheritance

* Inheritance
— Software reusability
— Create new class from existing class
» Absorb existing class' s data and behaviors
» Enhance with new capabilities
— Derived class inherits from base class
 Derived class
— More specialized group of objects
— Behaviorsinherited from base class
» Can customize
— Additional behaviors

O 2003 Prentice Hall, Inc. All rights reserved.
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Inheritance

 Class hierarchy
— Direct base class

* Inherited explicitly (one level up hierarchy)
Indirect base class

* Inherited two or more levels up hierarchy
Single inheritance

* Inherits from one base class
Multiple inheritance

* Inherits from multiple base classes

— Base classes possibly unrelated
e Chapter 22

O 2003 Prentice Hall, Inc. All rights reserved.
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Inheritance

» Threetypes of inheritance
— public
» Every object of derived class also object of base class
— Base-class objects not objects of derived classes
— Example: All carsvehicles, but not all vehicles cars
» Can accessnon-pr i vat e members of base class

— Derived class can effect changetopr i vat e base-class
members

» Through inherited non-pr i vat e member functions
— private
* Alternative to composition
» Chapter 17

— protected
» Rarely used

O 2003 Prentice Hall, Inc. All rights reserved.
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Inheritance

» Abstraction
— Focus on commonalities among objects in system
e “is-a’ vs. “has-a’
- “is-a’
* Inheritance
« Derived class object treated as base class object
» Example: Car isa vehicle
— Vehicle properties/behaviors also car properties/behaviors
- “has-a’
» Composition

» Object contains one or more objects of other classes as
members

» Example: Car has a steering wheel

O 2003 Prentice Hall, Inc. All rights reserved.
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Base Classes and Derived Classes

» Base classes and derived classes
— Object of one class “isan” object of another class
» Example: Rectangle is quadrilateral.

— Base classtypically represents larger set of objects than
derived classes

* Example:
— Baseclass: Vehi cl e
* Cars, trucks, boats, bicycles, ...
— Derived class: Car

» Smaller, more-specific subset of vehicles

O 2003 Prentice Hall, Inc. All rights reserved.
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Base Classes and Derived Classes

* Inheritance examples

Base class Derived classes
St udent Graduat eSt udent
Under gr aduat eSt udent
Shape Circle
Triangl e
Rect angl e
Loan Car Loan

Homel npr ovenment Loan
Mort gagelLoan

Enpl oyee Facul t yMenmber
St af f Menber
Account Checki ngAccount

Savi ngsAccount

O 2003 Prentice Hall, Inc. All rights reserved.
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Base Classes and Derived Classes

* Inheritance hierarchy
— Inheritance relationships: tree-like hierarchy structure
— Each class becomes
e Baseclass
— Supply data/behaviors to other classes
OR
 Derived class
— Inherit data/behaviors from other classes

O 2003 Prentice Hall, Inc. All rights reserved.
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Inheritance hierarchy

Fig. 9.2

Inheritance hierarchy for university Comruni t yMenber s.

[ Comuni tyMenber |

|Errp| oyee | | St udent | | Al unmus |

[Faculty | | staff |

|Adrri ni strator|

| Teacher |

| Adni ni st rat or Teacher |

O 2003 Prentice Hall, Inc. All rights reserved.

Single
inheritance

Single
inheritance
Multiple
inheritance

Single
inheritance

39

Inheritance hierarchy

Fig. 9.3

Inheritance hierarchy for Shapes.

Shape

TwoDi nensi onal Shape

Circle

Squar e

Tri angl e

O 2003 Prentice Hall, Inc. All rights reserved.

Thr eeDi nensi onal Shape

40

Spher e

Cube

Tet r ahedr on

20



Base Classes and Derived Classes

e publ i ¢ inheritance
— Specify with:
Cl ass TwoDi nensi onal Shape : public Shape
» ClassTwoDi nensi onal Shape inherits from classShape
— Baseclass pri vat e members
» Not accessible directly
 Still inherited - manipulate through inherited member functions
— Baseclass publ i ¢ and pr ot ect ed members
* Inherited with original member access
— friend functions
» Not inherited

O 2003 Prentice Hall, Inc. All rights reserved.

41

pr ot ect ed Members

e prot ect ed access
— Intermediate level of protection between publ i ¢ and
private
— pr ot ect ed members accessible to

» Baseclass members
» Baseclassfri ends

 Derived class members
» Derived classfri ends
— Derived-class members
» Refer topubl i ¢c and pr ot ect ed members of base class
— Simply use member names

O 2003 Prentice Hall, Inc. All rights reserved.
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Relationship between Base Classes and
Derived Classes

» Base class and derived class relationship
— Example: Point/circle inheritance hierarchy
* Point
— X-y coordinate pair
« Circle
— X-y coordinate pair
— Radius

O 2003 Prentice Hall, Inc. All rights reserved.

43

Relationship between Base Classes and
Derived Classes

» Using pr ot ect ed data members

— Advantages
« Derived classes can modify values directly
« Slight increase in performance
— Avoid set/get function call overhead
— Disadvantages
» No validity checking
— Derived class can assignillegal value
* Implementation dependent

— Derived class member functions more likely dependent on

base classimplementation

— Base class implementation changes may result in derived

class modifications
* Fragile (brittle) software

O 2003 Prentice Hall, Inc. All rights reserved.
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Case Study: Three-Level Inheritance Hierarchy

» Threeleve point/circle/cylinder hierarchy
— Point
* X-y coordinate pair
— Cirde
* X-y coordinate pair
* Radius
— Cylinder
 X-y coordinate pair
* Radius
» Height

O 2003 Prentice Hall, Inc. All rights reserved.

45

Constructors and Destructors in Derived
Classes

* Instantiating derived-class object
— Chain of congtructor cals
« Derived-class constructor invokes base class constructor
— Implicitly or explicitly
» Base of inheritance hierarchy
— Last constructor called in chain
— First constructor body to finish executing
— Example: Poi nt 3/Ci r cl e4/Cyl i nder hierarchy
» Poi nt 3 constructor called last
» Poi nt 3 constructor body finishes execution first
* Initializing data members

— Each base-class constructor initializes data members
inherited by derived class

O 2003 Prentice Hall, Inc. All rights reserved.

46

23



Constructors and Destructors in Derived
Classes

» Destroying derived-class object
— Chain of destructor calls
» Reverse order of constructor chain
 Destructor of derived-class called first
 Destructor of next base class up hierarchy next
— Continue up hierarchy until final base reached
 After final base-class destructor, object removed from

memory

» Base-class constructors, destructors, assignment
operators

— Not inherited by derived classes

— Derived class constructors, assignment operators can call

» Constructors

» Assignment operators

O 2003 Prentice Hall, Inc. All rights reserved.
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publ i c, prot ect ed and pri vat e Inheritance

N Baedass

Type of inheritance

member
specifier

public
inheritance

prot ect ed
inheritance

private
inheritance

Publ i ¢

publ i ¢ in derived class.

Can be accessed directly by any
non-st at i ¢ member functions,
fri endfunctionsand non
member functions.

pr ot ect edin derived class.
Can be accessed directlv bv al
nonst at i ¢ member functions
andf ri end functions.

privat ein derived class.

Can be accessed directlv bv al
non-st at i ¢ member functions
and fri end functions.

Pr ot ect ed

pr ot ect ed in derived class.
Can be accessed directly by dl
non-st at i ¢ member functions
andf ri end functions.

pr ot ect edin derived dlass.
Can be accessed directly by all
nonst at i ¢ member functions
andfri end functions.

privat einderived class.

Can be accessed directly by all
nonst at i ¢ member functions
and f ri end functions.

Private

Hidden in derived class.

ICan be accessed by non-st at i ¢
Imember functions andf ri end
fFunctions through publ i ¢ or
pr ot ect ed member functions
lof the base class.

Hidden in derived class.

Canbeaccessed by non-st at i ¢
member functionsand fri end
functions throughpubl i ¢ or
pr ot ect ed member functions
of the base class.

Hidden in derived class.
Canbeaccessed by nonst ati ¢
member functionsand f ri end
functions throughpubl i cor

pr ot ect ed member functions
of the base class.

O 2003 Prentice Hall, Inc. All rights reserved.
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1 // Fig. 9.4: point.h m Outline 49

2 /] Point class definition represents an x-y coordinate pair. -

3 #ifndef PONT_H

4  #define PONT_H poi nt.h (l of l)

5

6 class Point {

7

8 public:

9 Point( int =0, int =0); // default constructor

10

11 void setX( int ); /] set x in coordinate pair

12 int getX() const; I/ return x from coordi nate pair

13

14 void setY( int ); I/l set y in coordinate pair

15 int getY() const; I/ return y from coordinate pair

16

17 void print() const; // output Point object Maintain x- andy-

g orivate: coordinatesaspr i vat e data

20 int x; [// x part of coordinate pair members.

21 int y; // y part of coordinate pair

22

23 }; /Il end class Point

24

25 #endif
O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 9.10: circle2.h m Outline 50

2 /] Circle2 class contains x-y coordinate pair and radius. -

3 #ifndef CIRCLE2_H

‘5‘ Rl e ©REH=2 Class G r ¢l e2 inherits from circle2.h (1 of 2)

6 #include "point.h" // Pgi cl ass class Poi nt.

7

8 «class Circle2 : public Point {

9

10 public:

1 \| .

12 /1 default constructor Co waor_d pu_bl i ¢ indicetes

13 Circle2( int =0, int =0, do| typeofinheritance.

14

15 voi d set Radi us( double ); /] set radius

16 doubl e get Radi us() const ; /'l return radius

17

18 doubl e getDi aneter () const; /1l return dianeter

19 doubl e getCircunference() const; // return circunference

20 doubl e get Area() const; [l return area

21

2 void print() const; Maintain pri vat e data

23 member r adi us.

24 private:

25 doubl e radius; “// Circle2's radius

O 2003 Prentice Hall, Inc.
All rights reserved.




o m outl 51
27 }; Il end class Circle2 M
28
2) GGl i circle2.h (2of 2)

: ) circle2.cpp (1 of 3)
1 // Fig.9.11: circle2.cpp
2 /Il Circle2 class nember-function definitions.
3 #include <iostreanr
4
5 using std::cout;
6
7 #include "circle2. h" Il Circle2 class definition
8
9 I( def aul t . constr uFt or . Attempting to access base
12 {ClrcleZ..ClrcIeZ( int xVal i class Poi nt'sprivate )
. % 5 s 0 Qatamembersx andy results
13 y = yval ue; In syntax errors.
14 set Radi us( radi usVal ue );
15
16 } // end Circle2 constructor
17

O 2003 Prentice Hall, Inc.
All rights reserved.

18 // set radius m : 52
19 void Circle2::setRadi us( doubl e radi usVal ue ) OL“HG
20 {
21 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue ); circle2.cpp (20f 3)
22
23 } // end function setRadius
24
25 [/ return radius
26 double Circle2::getRadi us() const
27 {
28 return radius;
29
30 } // end function getRadius
31
32 // calculate and return di ameter
33 double Circle2::getDianeter() const
4 {
35 return 2 * radius;
36

37

} /1 end function getDi aneter

O 2003 Prentice Hall, Inc.
All rights reserved.
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39

/'l calculate and return circunference m Outline 53

40 double Circle2::getCircunference() const

41 {

42 return 3.14159 * get Di ameter(); circle2.cpp (30f 3)

43

44 } /] end function getC rcunference

45

46 // calculate and return area

47 double Circle2::getArea() const

48 {

49 return 3.14159 * radius * radius;

50

; } /1 end function getArea Attempting to access base

53 // output Circle2 object class Poi nt sprivate

54 void Circle2::print() const Qatamembersx andy results

55 { In syntax errors.

56 cout << "Center = [" << x << ", <y << ']

57 << "; Radius =" << radius;

58

59 } // end function print
O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 9.4: point.h m Outline 54

2 /] Point class definition represents an x-y coordi nate pair. -

3 #ifndef PO NT_H

4  #define PONT_H poi nt.h (l of l)

5

6 class Point {

7

8 public:

9 Point( int = 0, int = 0); // default constructor

10

11 void setX( int ); /'l set x in coordinate pair

12 int getX() const; I/ return x from coordinate pair

13

14 void setY( int ); I/ set y in coordinate pair

15 int getY() const; /'l return y from coordinate pair

16

17 void print() const; /'l output Point object Maintain x- andy-

= coordinatesaspr i vat e data

19 prlyate. _ . members.

20 int x; // x part of coordinate pair

21 int y; // y part of coordinate pair

22

23 }; /! end class Point

24

25 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 9.5: point.cpp m : 55
2 /] Point class menber-function definitions. OL'IHE
3 #include <iostreanr
4 _ point.cpp (1 of 3)
5 using std::cout;
6
7  #include "point.h" /1 Point class definition
8
9 // default constructor
10 Point::Point( int xValue, int yValue )
1 {
12 x = xVal ue;
13 y = yVal ue;
14
15 } // end Point constructor
16
17 /] set x in coordinate pair
18 void Point::setX( int xValue )
19 {
20 x = xValue; // no need for validation
21
22 } // end function setX
23
O 2003 Prentice Hall, Inc.
All rights reserved.
24 [ return x from coordinate pair m : 56
_ . Outline
25 int Point::getX() const
26 {
g; FERUR 3 point.cpp (2 of 3)
29 } // end function getX
30
31 // set y in coordinate pair
32 void Point::setY( int yValue )
3B {
34 y = yValue; // no need for validation
35
3 } // end function setY
37
38 // return y from coordinate pair
39 int Point::getY() const
40 {
41 return y;
42
43 } // end function getY
24

O 2003 Prentice Hall, Inc.
All rights reserved.
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49

// output Point object
void Point::print() const
{

cout << '[' << x << "

} /1 end function print

<<y << ']

m ] 57
Outline

point.cpp (3 of 3)

O 2003 PrenticeHall, Inc.
All rights reserved.

© N A WN P

=
o

1
12
13
14
15
16
17
18
19
20
21
22
23
24
25

/'l Fig. 9.6: pointtest.cpp
/] Testing class Point.
#i ncl ude <iostrean»

using std::cout ;
using std::endl ;

#i ncl ude "point.h"
int main()

{
Point point( 72, 115 );

/1 Point class definit}

Il

// display point coordinates

cout << "X coordinate is "

<< "\nY coordinate is
point.setX( 10 ); // set
point.setY( 10 );

/1 display new point val
cout << "\nm\nThe n
point.print();

cout << endl ;

Il set y-

ocation

<< poi nt. get
<< poi

[e{e]e}

Create aPoi nt object.

instantiate Point object

Invoke set functionsto
modify pri vat e data.

oordi nate

dinate

Invoke publ i ¢ function
print todisplay new
coordinates.

B e ©
Outline

pointtest.cpp
(1of2)

O 2003 Prentice Hall, Inc.
All rights reserved.




26 return 0; // indicates successful termnation

27
28 } // end nain

X coordinate is 72
Y coordinate is 115

The new | ocation of point is [10, 10]

B oupe *
Outline

pointtest.cpp
(20f 2)

pointtest.cpp
output (1 of 1)

O 2003 PrenticeHall, Inc.
All rights reserved.

Note code similar toPoi nt
set | code.

return x from coordinate pair

set y in coordinate pair
return y from coordi nate pair

set radius
return radius

/1l return di ameter

doubl e getCircunference() const; // return circunference

Il return area

1 // Fig. 9.7: circle.h

2 /] Circle class contains x-y coordinate pair and radius.
3 #ifndef CIRCLE_H

4  #define CIRCLE_H

5

6 «class Circle {

7

8 public:

9

10 /'l default constructor

11 Circle( int =0, int =0, double = p0-
12

13 void setX( int );

14 int getX() const; 11
15

16 void setY( int ); Il
17 int getY() const; 11
18

19 voi d set Radi us( double ); 11/
20 doubl e get Radi us() const ; 11
21

22 doubl e getDi aneter () const;

23

24 doubl e get Area() const;

25

B e
Outline

circleh(1of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 void print() const; L ﬂ'_" m'_' Crcele nhi_m" m Outline 61

27 Maintain x-y coordinates and -

28 private: radi us aspri vat e data

29 int x; x- coor di n{ members. circle.h(2 of 2)

30 int y; /'l y-coordi nare—or—orrereSs Tenrer

31 double rw adi us

2 Note code similar toPoi nt

33 }; // end class Circle code.

34

35 #endif
O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 9.8: circle.cpp m Outline 62

2 /] Circle class nenber-function definitions. -

3 #include <iostrean»

& circle.cpp (1 of 4)

5 using std::cout;

6

7 #include "circle.h" /1 Circle class definition

8

9 // default constructor

10 Circle::Circle( int xValue, int yValue, double radiusVal ue )

1 {

12 x = xVal ue;

13 y = yVal ue;

14 set Radi us( radi usVal ue );

15

16 } // end Circle constructor

17

18 // set x in coordinate pair

19 void Circle::setX( int xValue )

20 {

21 x = xValue; // no need for validation

22

23 } // end function setX

N
s

O 2003 Prentice Hall, Inc.
All rights reserved.
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25 // return x from coordinate pair m Outline 63

26 int Crcle::getX() const -

27 {

ig TEEURD 3 circle.cpp (2 of 4)

30 } // end function getX

31

32 // set y in coordinate pair

33 void Circle::setY( int yValue )

34 {

35 y = yValue; // no need for validation

36

37 } I/ end function setY

38

39 // return y from coordinate pair

40 int Circle::getY() const

41 {

42 return y;

43

44 } // end function getY

45
O 2003 Prentice Hall, Inc.
All rights reserved.

46 // set radius m : 64

47 void Circle::setRadius( doubl e radiusVal ue ) OL“HG

48 {

49 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue ); circle.cpp (3 of 4)

50

51 } // end function setRadius

52 .

= 0 cegrm redios Ensure non-negative value for

54 double Circle::getRadius() const radi us.

55 {

56 return radius;

57

58 } // end function getRadius

59

60 // calculate and return di ameter

61 double Circle::getDianmeter() const

62 {

63 return 2 * radius;

64

65

} /1 end function getDi aneter

O 2003 Prentice Hall, Inc.
All rights reserved.
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69
70
71
72
73
74
75
76
7
78
79

81

EHRREBN

87

/'l calculate and return circunference m Outline 65

double Circle::getCircunference() const

{
return 3.14159 * get Di ameter(); circle.cpp (4 of 4)

} /1 end function getGircunference

/1 calculate and return area
double Circle::getArea() const

{

return 3.14159 * radius * radius;
} /1 end function getArea

I/ output Circle object
void Circle::print() const

{
cout << "Center = [" << x << ", " <<y << ']’
<< "; Radius =" << radius;

} // end function print

O 2003 PrenticeHall, Inc.
All rights reserved.

© N A WN P
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/1 Fig. 9.9: circletest.cpp m Outline 66

/1 Testing class Circle.
#i ncl ude <iostrean»

. td . circletest.cpp
using std::cout; 10of 2
using std::endl ; ( o )
using std::fixed;

#i ncl ude <i omani p>

using std::setprecision;

#include "circle.h" // Crcle class defi

Create G r cl e object.

int main()

{

Circle circle( 37, 43, 2.5 ); [// instantiate Circle object

/1 display point coordinates

cout << "X coordinate is " << circle.getX)
<< "\nY coordinate is " << circle.getY()
<< "\nRadius is " << circle.getRadius();

O 2003 Prentice Hall, Inc.
All rights reserved.
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new x- coor di nat e
new y- coordi nat e
new r adi us

24 circle.setX 2 ); Il set
25 circle.setY( 2 ); Il set
26 circle.setRadius( 4.25 )\J/ set
27

28 /1 display new point value

29 cout << "\n\nThe new | ocation and

Use set functions to modify
privat e data

30 circle.print(); —_—
31

Invoke publ i ¢ function

32 /1 display floating-point values | pri nt todisplay new
33 cout << fixed << setprecision( 2 ] coordinates.

34

35 /1l display Circle's dianeter

36 cout << "\nDianeter is " << circle.getDianmeter();

37

38 /1 display Circle's circunference

39 cout << "\nCircunference is " << circle.getCrcunference();
40

41 /'l display Circle's area

42 cout << "\nArea is " << circle.getArea();

43

44 cout << endl ;

45

46 return 0; // indicates successful term nation

47

48 } // end nmmin

m ] 67
Outline

circletest.cpp
(20f 2)

O 2003 PrenticeHall, Inc.
All rights reserved.

X coordinate is 37
Y coordinate is 43
Radius is 2.5

The new | ocation and radius of circle are
Center = [2, 2]; Radius = 4.25

Di aneter is 8.50

Circunference is 26.70

Area is 56.74

B e ©
Outline

circletest.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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; . 69
1 /1 F.|g. 9. 10: CII’C|92..h _ _ . m Outline
2 /] Circle2 class contains x-y coordinate pair and radius. -
3 #ifndef CIRCLE2_H
‘5‘ R e @ REL=2 Class G r ¢l e2 inherits from circle2.h (1 of 2)
6 #include "point.h" // Pgi cl ass dlass Poi nt.
7
8 class Circle2 : public Point {
9
10 public:
1 \| T
12 /'l default constructor Co Keywor.d pu.bl i ¢ indicates
13 Circle2( int =0, int =0, do|typeofinheritance.
14
15 voi d set Radi us( double ); /1l set radius
16 doubl e get Radi us() const ; /1 return radius
17
18 doubl e getDi aneter () const; /'l return dianeter
19 doubl e getCircunference() const; // return circunference
20 doubl e get Area() const; /Il return area
21
22 void print() const; Maintain pri vat e daa
23 member r adi us.
24 private:
25 doubl e radius; “// Circle2's radius
O 2003 Prentice Hall, Inc.
All rights reserved.
70
2 . [A] Outline
27 }; I/l end class Circle2
28
encll circle2.h (2 of 2)
1 // Fig.9.11: circle2.cpp circle2.cpp (1 of 3)
2 /] Circle2 class nenmber-function definitions.
3 #include <iostrean»
4
5 using std::cout;
6
7 #include "circle2. h" /Il Circle2 class definition
8
9 /( def aul t . constr u?t or . Attempting to access base
1(1J ?rcIeZHOrcIeZ( int xVal i class Poi nt’sprivate )
@ 7 O s f;iatamembersx andy results
13 y = yVal ue; in syntax errors.
14 set Radi us( radi usVal ue );
15
16 } // end Circle2 constructor
17

O 2003 Prentice Hall, Inc.
All rights reserved.
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18
19
20
21
22
23
24
25
26
27
28
29
30
31

8LE8RRE Y

/1 set radius m Outline b

void Circle2::setRadi us( doubl e radi usVal ue )

{
radius = ( radiusValue < 0.0 ? 0.0 : radiusValue ); circle2.cpp (20f 3)

} /1 end function setRadius

/'l return radius
doubl e Gircle2:: get Radi us() const

{

return radius;
} /1 end function getRadius
/1 calculate and return di aneter
doubl e Circle2::getDianeter() const
{

return 2 * radius;

} /1 end function getDi aneter

O 2003 PrenticeHall, Inc.
All rights reserved.

/1l calculate and return circunference m Outline 2
doubl e Circle2::getCircunference() const -
{
return 3.14159 * getDi aneter(); circle2cpp (30f 3)
} /1 end function getGCircunference
/1l calculate and return area

doubl e Circle2::getArea() const
{

return 3.14159 * radius * radi us;

} /1 end function getArea Attempting to access base

/1 output Circle2 object gl Poi t;]etr spr I(_;/at € |
void Circle2::print() const ,atamem Sx andy results
{ in syntax errors.

cout << "Center = [" << x << ",
<< "; Radius =" << radius;

<<y << ']’

} /1 end function print

O 2003 Prentice Hall, Inc.
All rights reserved.
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C: \ cppht p4\ exanpl es\ ch09\ Circl eTest\circl e2. cpp(12) : error C2248: 'x' : m Outline 73
cannot access private nenber declared in class 'Point' —_—

C \ cppht p4\ exanpl es\ ch09\ci rcl et est\ poi nt. h(20)

see declaration of 'x

circle2.cpp
error C2248: 'y' : output (1 of 1)

C: \ cppht p4\ exanpl es\ ch09\ G rcl eTest\ ci rcl e2. cpp(13)
cannot access private nenber declared in class 'Point'
C \ cppht p4\ exanpl es\ ch09\ci rcl et est\ poi nt. h(21
see declaration of 'y’
C: \ cppht p4\ exanpl es\ ch09\ G rcl eTest\ ci rcl e2. cpp(56)
cannot access private nember declared in class 'Poin
C \ cppht p4\ exanpl es\ ch09\ci rcl et est\ poi nt. h( 2
see declaration of 'x

C2248: 'x'

C: \ cppht p4\ exanpl es\ ch09\ G rcl eTest\ ci rcl e2. cpp(56
cannot access private nenber declared in class 'Point'

C2248: 'y’

C \ cppht p4\ exanpl es\ ch09\ci rcl et est\ poi nt. h(21 Attempting to access base

see declaration of 'y' classPoi nt'spri vat e
datamembers x andy results
in syntax errors.

O 2003 PrenticeHall, Inc.
All rights reserved.

; . 74

1 [/l Fi g 9.12: poi m?. .h _ . . m Outline
2 /] Point2 class definition represents an x-y coordinate pair.
3 #ifndef PO NT2_H
g #define PO NT2_H point2.h (1 of 1)
6 class Point2 {
7
8 public:
9 Point2( int =0, int =0 ); // default constructor
10
11 void setX( int ); // set x in coordinate pair
12 int getX() const; /1 return x from coordinate pair
13
14 void setY( int ); /1l set y in coordinate pair
15 int getY() const; /] return from coordinate
16 Maintain x- and y-
i vl @ (@i @ () Cens; coordinates as pr ot ect ed
. or ot sct ed: data, accessible to derived

: ’ classes.
20 int x; // x part of coo
21 int y; // y part of coordinate pair
22
23 }; I/ end class Point2
24
25 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.




: . 75
1 /1 F|g. 9. 13: point 2. cpp . - m Outline
2 /] Point2 class menber-function definitions. -
3 #include <iostreanr
4 _ point2.cpp (1 of 3)
5 using std::cout;
6
7 #include "point2. h" /'l Point2 class definition
8
9 // default constructor
10 Point2::Point2( int xValue, int yValue)
1 {
12 x = xVal ue;
13 y = yVal ue;
14
15 } // end Point2 constructor
16
17 /] set x in coordinate pair
18 void Point2::setX( int xValue )
19 {
20 x = xValue; // no need for validation
21
22 } // end function setX
23
O 2003 Prentice Hall, Inc.
All rights reserved.

24 [/ return x from coordinate pair m H 76

_ ) Outline
25 int Point2::getX() const
26 {
g; FRBUrm & point2.cpp (2 of 3)
29 } // end function getX
30
31 // set y in coordinate pair
32 void Point2::setY( int yValue )
3B {
34 y = yValue; // no need for validation
35
3 } // end function setY
37
38 // return y from coordinate pair
39 int Point2::getY() const
40 {
41 return y;
42
43 } // end function getY
24

O 2003 Prentice Hall, Inc.
All rights reserved.
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49

/] output Point2 object
void Point2::print() const

{
cout << '[' << x << " <<y << ']

} /1 end function print

m ] 77
Outline

point2.cpp (3 of 3)

O 2003 PrenticeHall, Inc.
All rights reserved.
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23

/'l Fig. 9.14: circle3.h
// Circle3 class contains x-y coordinate pair and radius.
#i f ndef CI RCLE3_H

#define Cl RCLE3_H

class Poi nt 2.

Class Gi r ¢l e3 inherits from

#i ncl ude "point2.h"

class Circle3 : public Point2 {

public:

/1 default constructor
Circle3( int =0, int =0, double =0.0 );

voi d set Radi us( double ); /] set radius
doubl e get Radi us() const ; /'l return radius
doubl e getDi aneter () const; /1l return dianeter

doubl e getCircunference() const; // return circunference

doubl e get Area() const; [l return area

Maintain pri vat e data
member r adi us.

void print() const;

private:

doubl e radius; “// Circle3' s radius

B e
Outline

circle3.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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o m outl 79

27 }; Il end class Circle3d M

28

2) el i circle3.h (2 of 2)
O 2003 Prentice Hall, Inc.
All rights reserved.

' o m 80

1 // Fig. 9.15: circle3.cpp Outline

2 /] Circle3 class member-function definitions. -

3 #include <iostreanr

& circle3.cpp (1 of 3)

5 using std::cout;

6

7 #include "circle3.h" // Cirple2 clace dafinition

8 Constructor first implicitly

9 // default constructor calls base class s default

10 CGircle3::Circle3 X e,| constructor.

1 { protect eampase Ciass

12 x = xVal ue; Poi nt 2.

13 y = yVal ue;

14 set Radi us( radi usVal ue );

15

16 } // end Circle3 constructor

17

18 // set radius

19 void Circle3::setRadi us( doubl e radi usVal ue )

20 {

21 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue );

22

23 } // end function setRadius

24

O 2003 Prentice Hall, Inc.
All rights reserved.
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. 81
25 /1 returh radi us . m Outline
26 double Circle3::getRadius() const -
27 {
gg FEEWr ¢ Eeh 0 circle3.cpp (2 of 3)
30 } // end function getRadius
31
32 // calculate and return dianeter
33 double Circle3::getDianeter() const
34 {
35 return 2 * radius;
36
37 } I/ end function getDi aneter
38
39 // calculate and return circunference
40 double Circle3::getCircunference() const
41 {
42 return 3.14159 * getDi aneter();
43
44 } // end function getC rcunference
45
O 2003 Prentice Hall, Inc.
All rights reserved.

46 // calculate and return area m : 82

: Outline
47 double Circle3::getArea() const
48 {
gg return 3.14159 * radius * radi us; circIeS.cpp (30f 3)
; } /1 end function getArea Access inherited data
53 // output Circle3 object membersx a'\_dy’ declared
54 void Circle3::print() const prot ect ed inbase class
55 { Poi nt 2.
56 cout << "Center = [" << x << ", " <<y << ']’
57 << "; Radius =" << radius;
58
59 } // end function print

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 9.16: circletest3.cpp m : 83
2 |/ Testing class Circle3. OL'IHE
3 #include <iostreanr
g using std::cout; circlet&st&cpp
6 using std::endl; (l of 2)
7 using std::fixed;
8
9 #include <iomani p>
10
11 wusing std::setprecision;
12
13 #include "circle3.h" // Circle3 class def CreateCi rcl e3 object.
14
15 int main()
Bg , , , , Useinherited get functionsto
17 Circle3 circle( 37, 43, 2.5 ); // instantiate Crcle3 . .
. accessinherited pr ot ect ed
19 /1 display point coordinates Use G rcl e3 get functionto
20 cout << "X coordinate is " << circle.getX) accesspri vat e daa
21 << "\nY coordinate is " << circle.getY() r adi us.
22 << "\nRadius is " << circle.getRadius();
23
O 2003 Prentice Hall, Inc.
All rights reserved.
) A ) m 84
24 circle.setX 2 ); /1l set new x-coordinate Outline
25 circle.setY( 2 ); new y-coardinate -
26 circle. set Radi us( 4.25):%’1‘ Use inherited set functions to v
27 \ maodifyv inheorited circletestS.cpp
28 /1 display new point value Use G rcl e3 set function to (20f2)
29 cout << "\n\nThe new | ocation and radius modify pri vat e data
30 circle.print(); r adi us.
31
32 /] display floating-point values with 2 digits of precision
33 cout << fixed << setprecision( 2 );
34
35 I/ display Circle3's dianeter
36 cout << "\nDianeter is " << circle.getDiameter();
37
38 /1 display Circle3's circunference
39 cout << "\nGircunference is " << circle.getC rcunference();
40
41 /1l display Circle3's area
42 cout << "\nArea is " << circle.getArea();
43
44 cout << endl ;
45
46 return 0; // indicates successful termnation
47

48 } // end main

O 2003 Prentice Hall, Inc.
All rights reserved.
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X coordinate is 37 m . 85
Y coordinate is 43 Outllne
Radius is 2.5 m
: : : circletest3.cpp
The new | ocati on andA radius of circle are output (1 of 1)
Center = [2, 2]; Radius = 4.25
Di aneter is 8.50
CGircunference is 26.70
Area is 56.74

O 2003 Prentice Hall, Inc.

All rights reserved.
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Relationship between Base Classes and
Derived Classes

» Using pr ot ect ed data members

— Advantages
« Derived classes can modify values directly
« Slight increase in performance
— Avoid set/get function call overhead
— Disadvantages
» No validity checking
— Derived class can assignillegal value
* Implementation dependent

— Derived class member functions more likely dependent on
base classimplementation

— Base class implementation changes may result in derived
class modifications

* Fragile (brittle) software

O 2003 Prentice Hall, Inc. All rights reserved.
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; . 87
1 /] Fi g 9.17: poi nt?.h _ . . m Outline
2 /] Point3 class definition represents an x-y coordi nate pair. -
3 #ifndef PO NT3_H
g #define PO NT3_H point3.h (1 of 1)
6 class Point3 {
7
8 public:
9 Point3( int =0, int =0 ); // default constructor
10
11 void setX( int ); /1 set x in coordinate pair
12 int getX() const; /1l return x from coordinate pair
13
14 void setY( int ); /1l set y in coordinate pair
15 int getY() const; I/ return y from coordinate pair
B Better software-engineering
17 void print() const~// practice:pri vat e over
18 :
g — pr ot ect ed when possible.
20 int x; [// x part of coordinate pair
21 int y; // y part of coordinate pair
22
23 }; I/ end class Point3
24
25 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 9.18: point3.cpp m : 88

, _ _— Outline
2 /] Point3 class menber-function definitions.
3 #include <iostrean»
& point3.cpp (1 of 3)
5 using std::cout;
6
7 #include "point3.h" /1 Point3 class definitie=a
8 Member initializers specify
9 // default constructor valuesof x andy.
10 Point3::Point3( int xValue, int y ue )
11 x( xValue ), y( yValue )
12 {
13 /] enpty body
14
15 } // end Point3 constructor
16
17 [/ set x in coordinate pair
18 void Point3::setX( int xValue )
19 {
20 x = xValue; // no need for validation
21
22 } // end function setX
23

O 2003 Prentice Hall, Inc.
All rights reserved.
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. . 89
24 /] return x from coordinate pair m li
In
25 int Point3::getX() const OUt 2

26 {

Z FRRUrm & point3.cpp (2 of 3)
29 } // end function getX

30

31 // set y in coordinate pair
void Point3::setY( int yValue )

{

y = yValue; // no need for validation

8RB

} /1 end function setY

37

38 // return y from coordinate pair
39 int Point3::getY() const

4 {

41 return y;

42

43 } // end function getY
44

O 2003 PrenticeHall, Inc.
All rights reserved.

. . 90
45 [/ output Point3 object m H

46 void Point3::print() const OL“HG

47 {

48 cout << '[' << getX() << ", " << getY() << ']"; point3.cpp (3 of 3)

49

50 } // end function print

Invoke non-pri vat e
member functionsto access
privat e data

O 2003 Prentice Hall, Inc.
All rights reserved.




; . 91
1 /1 F.|g. 9.19: C|rcle4..h _ _ . m Outline
2 /] Circle4 class contains x-y coordinate pair and radius. -
3 #ifndef CIRCLE4_H
2 fdefine CIRALEAH ClassGi r ¢l e4 inherits from circled.n (1 of 2)
6 #include "point3.h" class Poi nt 3.
7
8 class Circled4 : public Point3 {
9
10 public:
11
12 /'l default constructor
13 Circle4( int =0, int =0, double =0.0 );
14
15 voi d set Radi us( double ); /1l set radius
16 doubl e get Radi us() const ; /1 return radius
17
18 doubl e getDi aneter () const; /'l return dianeter
19 doubl e getCircunference() const; // return circunference
20 doubl e get Area() const; /Il return area
21
22 void print() const; Maintain pri vat e daa
23 member r adi us.
24 private:
25 doubl e radius; “// Circled4's radius
O 2003 Prentice Hall, Inc.
All rights reserved.
92
2 . [A] Outline
27 }; I/l end class Circle4
28
29 #endif

circled.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 /] Fig. 9.20: circled.cpp m Outline 93
2 /Il Circle4 class nenmber-function definitions. -
3 #include <iostreanr
‘5‘ using std : cout circled.cpp (1 of 3)
6
7 #include "circle4.h" /Il Circle4 cl .
8 Base-classinitializer syntax
9 // default constructor passesar_gummtsto base
10 Circle4::Circle4( int alue, int vy class Poi nt 3.
11 Poi nt 3( xValue, yValue ) // call base-class constructor
12 {
13 set Radi us( radiusVal ue );
14
15 } // end Circle4 constructor
16
17 // set radius
18 void Circle4::setRadi us( doubl e radi usVal ue )
19 {
20 radius = ( radiusValue < 0.0 ? 0.0 : radiusValue );
21
22 } |/ end function setRadius
23
O 2003 Prentice Hall, Inc.
All rights reserved.
. 94
24 [ return radius m (@) :
utline
25 doubl e Circle4:: get Radi us() const
26 {
g; return radius; circle4.cpp (2 of 3)
29 } // end function getRadius
30 B .
31 // calculate and return di ameter Igt\EOkeﬂ:un(at'loer(]:t?et Fb'dl.us
32 double Circle4::getDianeter( rather than dir Ymng
B { datamember r adi us.
34 return 2 * getRadius();
35
36 } // end function getDianeter
37
38 // calculate and return circunference
39 double Circled::getCircunference() const
40 {
41 return 3.14159 * getDi aneter();
42
43 } // end function getCircunference
44

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l calculate and return area
doubl e Circle4::getArea() const

{

return 3.14159 * get Radi us() * getRadi us():

} /1 end function getArea

B oue *
Outline

- - circled.cpp (3 of 3)
Redefine class Poi nt 3's

member function pri nt .

51 = -
: : Invoke functionget Radi us
52 // output Circle4 object :
53 void Gircled::print() const Invoke base-class Poi nt 3's ['9
54 { pri nt function using binary
55 cout << "Center ="; scope-resolution operator
56 Point3::print(); Il inv eF(::).
57 cout << "; Radius =" << getRadi bor~
58
59 } // end function print
O 2003 Prentice Hall, Inc.
All rights reserved.
’ L 96
1 /] Fig. 9.21: circletest4.cpp Outline
2 |/ Testing class Circle4. -
3 #include <iostrean»
‘5‘ e e ' circletest4.cpp
using std::cout; 10f 2
6 using std::endl; ( o )
7 using std::fixed;
8
9 #include <iomanip>
10
11 wusing std::setprecision;
12
ﬁ #include "circle4.h" [/ Circled class def CreateGi r cl e40bject.
15 int main()
16 { P P B
inherit functionsti
17 Circled4 circle( 37, 43, 2.5 ); // instantiate Crcled C Use .er e_dgetuctoso
- accessinherited pr ot ect ed
19 /1 display point coordinates Use Q rcl e3 get functionto
20 cout << "X coordinate is " << circle.getX) a:cesspri vat e data
21 << "\nY coordinate is " << circle.getY() radi us.
22 << "\nRadius is " << circle.getRadius();
23

O 2003 Prentice Hall, Inc.
All rights reserved.
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24
23
26
27
28
29

31

8RB

37

39

2

REERERD

circl
circl
circl

/1 di
cout

circl

/1 di
cout

/1 di
cout

/1 di
cout

/1 di
cout

cout

e.setX 2); /1 set new x-coordinate m Outline 97
e.setY 2); m{a{mmi nate : 5 ~ZUe
e.setRadi us( 4.25); ~{/_set new g Useinherited set functionsto

\ modify inherited circletestd.cpp
splay new circle val ue

Use G rcl e3 set function to (20f 2)
<< "\r\nThe new | ocation and radius| modify pri vat e data
e.print(); r adi us.

splay floating-point values with 2 digits of precision
<< fixed << setprecision( 2 );

splay Circle4's dianeter
<< "\nDianeter is " << circle.getDi aneter();

splay Circle4's circunference
<< "\nCircunference is " << circle.getC rcunference();

splay Circle4's area
<< "\nArea is " << circle.getArea();

<< endl ;

return 0; // indicates successful term nation

48 } // end nmmin

O 2003 PrenticeHall, Inc.
All rights reserved.

X coordinate is 37 m Outline %

Y coordinate is 43
Radius is 2.5

The new | ocation and radius of circle are
Center = [2, 2]; Radius = 4.25

circletest4.cpp
output (1 of 1)

Di aneter is 8.50
Circunference is 26.70
Area is 56.74

O 2003 Prentice Hall, Inc.
All rights reserved.
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Case Study: Three-Level Inheritance Hierarchy

» Threeleve point/circle/cylinder hierarchy

— Point
* X-y coordinate pair
— Cirde
* X-y coordinate pair
» Radius
— Cylinder
 X-y coordinate pair
e Radius
» Height

O 2003 Prentice Hall, Inc. All rights reserved.
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23
24
25

/'l Fig. 9.22: cylinder.h

/1 Cylinder class inherits fromclass Circle4.

#i f ndef CYLI NDER_H

G 02 G NEaR A ClassCyl i nder inherits

: : . fromclassC rcl e4.

#include "circled4.h" |/ rcled

class Cylinder : public Crcled {

public:
/1 default constructor
Cylinder( int =0, int = 0, double = 0.0, double = 0.0 );
voi d setHeight( double ); // set Cylinder's height
doubl e getHeight() const; // return Cylinder's height
doubl e get Area() const; /'l return Cylinder's area
doubl e getVolume() const; // return CQulinder's volume
void print() const; /L4 Maintain pri vat e data

member hei ght .

private:
doubl e hei ght; 7 Cylinder's height

}; /1 end class Cylinder

m ) 100
Outline

cylinder.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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o m outl 101
27 #endif M
cylinder.h (2 of 2)
1 // Fig.9.23: cylinder.cpp
2 // Cylinder class inherits fromclass Gircle4. cylinder.cpp
3 #include <iostreanp (Lof 3)
4
5 using std::cout;
6
7 #include "cylinder.h" /1 Cylinder class definition
8 FPTORT
9 // default constructor Base-class initidlizer Syntax
10 Oylinder::Cylinder( int xvalue, iptyval ue| PESSES argumentsto base
11 doubl e hei ght Val ue ) classGrcl e4.
12 Circle4( xValue, yValue, radiusValue )
13 {
14 set Hei ght ( hei ght Val ue ) ;
15
16 } // end Cylinder constructor
17
O 2003 Prentice Hall, Inc.
All rights reserved.
18 // set Cylinder's height m Outline 102
19 void Cylinder::setHeight( doubl e hei ghtVal ue ) -
20 {
g; hei ght = ( heightValue < 0.0 ? 0.0 : heightValue ); cylinder.cpp
23 } // end function setHeight (ZOf 3)
24
25 // get Cylinder's height
26 doubl e Cylinder::getHeight() const
27 {
28 return height;
29
30 } // end function getHeight /I Redefine base class
31 i
32 // redefine Circled4 function getAre Q Ir.NOkebaiwhd& r function
33 double Cylinder::getArea() con / a “’?I e4 ,Sget,Ar el
P
u | function using binary scope:  paea
35 return 2 * Gircled::getArea() + resolution operator (: : ).
36 get G rcunference() * getHeight();
37
38 } // end function getArea
39

O 2003 Prentice Hall, Inc.
All rights reserved.
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S& RS

47

49

51
52

/1 cal cul ate Cylinder vol ume

doubl e Cylinder::getVol ume() con

{

return Circled::getArea() * getHeight()

} /1 end function getVol une

/1 output Cylinder object

Invoke base-class

resolution operator (: :

G rcl e4’sget Area
function using binary scope

m ] 103
Outline

) cylinder.cpp

/I RedefineclassCi r

(3 of 3)
cled's

Invoke base-class

void Cylinder::print() const / Circled’sprint function

{ using binary scope-resolution
Circle4::print(); operator(::).
cout << "; Height =" << getHeightT];

} // end function print

nt .

O 2003 PrenticeHall, Inc.
All rights reserved.
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17
18
19
20
21
22
23
24
25

/'l Fig. 9.24: cylindertest.cpp
/'l Testing class Cylinder.
#i ncl ude <iostrean»

using std::cout ;
using std::endl ;
using std::fixed;

#i ncl ude <i omani p>

using std::setprecision;

#i nclude "cylinder.h" // Cylinder class definition

int main()

{

/1 instantiate Cylinder object

Cylinder cylinder( 12, 23, 2.

/1 display point coordinates

104

m Outline

cylindertest.cpp
(Lof 3)

5, 5.7 )

Invoke indirectly inherited
; b 11t

cout << "X coordinate is " << cylinder.getX()

<< "\nY coordinate is "

Invoke Cyl i nder member
function.

<< cylinder. get Y()

<< "\nRadius is " << cylinder.getRadi us(

<< "\ nHeight is "

<< cylinder. get Hei ght () ;

O 2003 Prentice Hall, Inc.
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26 cylinder.setX( 2); I/ set new x-coordinate m Outline 105
27 cylinder.setY( 2); ++—set—trew |nvoke indirectly inherited

28 cylinder. set Radi us( 4.25 ); ww Dni nt 2 o s tfzes
29 cylinder. set Hei ght ( 10 ); (/_set new Invoke directly inherited cylindertest.cpp

30 >

31 /'l display new cylinder va.l ue ) ;Exgtlfgnql i nder member (2 of 3)

32 cout << "\nm\ nThe new | ocation and radiu

33 cylinder.print();

zg e . : Invoke redefined pri nt

i splay floating-point val ue X

36 cout << fixed << setprecision( 4 function.

37

38 /1 display cylinder's dianeter

39 cout << "\n\nDianeter is " << cylinder.getDiameter();

40

41 /1 display cylinder's circunference

42 cout << "\nGircunference is "

43 << cylinder.getCircunference();

44

45 /1 display cylinder's area

46 cout << "\nArea is " << cylinder.getArea();

jg o o \ Invoke redefined get Ar ea

isplay cylinder's vol ume f .

49 cout << "\nVolume is " << cylinder.get Vol une(); bl

50
O 2003 Prentice Hall, Inc.
All rights reserved.

51 cout << endl ; m H 106

oy Outline

53 return 0; // indicates successful term nation

gg } I/ end main cylindertest.cpp
(30of3)

X coordinate is 12

Y coordinate is 23 cylindertest.cpp

Radius is 2.5 output (1 of 1)

Height is 5.7

The new | ocation and radius of circle are
Center = [2, 2]; Radius = 4.25; Height = 10

Di aneter is 8.50
Circunference is 26.70
Area is 380.53

Vol une is 567.45

O 2003 Prentice Hall, Inc.
All rights reserved.




Software Engineering with Inheritance

» Customizing existing software
— Inherit from existing classes
* Include additional members
* Redefine base-class members
» Nodirect accessto base class' s source code
— Link to object code
— Independent software vendors (1SVs)
» Develop proprietary code for sale/license
— Available in object-code format
» Usersderive new classes
— Without accessing ISV proprietary source code

O 2003 Prentice Hall, Inc. All rights reserved.
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