1 Operator Overloading

1.1 Introduction

Manipulations on objects were accomplished by sending messages (in the
form of member-function calls) to the object.

e Use operators with objects (operator overloading)

— Clearer than function calls for certain classes

— Operator sensitive to context
e Examples

— <<; Stream insertion, bitwise left-shift

— —+; Performs arithmetic on multiple types (integers, floats, etc.)

1.2 Fundamentals of Operator Overloading

C++ programming is a type-sensitive and type-focused process. Operators
provide programmers with a concise notation for expressing manipulations

of objects of built-in types.
e Types

— Built in (int, char) or user-defined
— Can use existing operators with user-defined types; Cannot create
new operators

e Overloading operators

— Create a function for the class
— Name function operator followed by symbol; Operator— for the
addition operator +

e Using operators on a class object

— It must be overloaded for that class

x FExceptions:

x Assignment operator, =; Memberwise assignment between
objects

x Address operator, &; Returns address of object



*x Both can be overloaded
e Overloading provides concise notation

— object2 = objectl.add(object2);

— object2 = object2 4+ objectl;
Overloading is especially appropriate for mathematical classes. These often
require that a substantial set of operators be overloaded to ensure consis-
tency with the way these mathematical classes are handled in the real world.
Operator overloading is not automatic, however; the programmer must write
operator-overloading functions to perform the desired operations. Sometimes
these functions are best made member functions; sometimes they are best

as friend functions; occasionally the can be made non-member, non-friend
functions.

1.3 Restrictions on Operator Overloading

Most of C++’s operators can be overloaded.
e Cannot change

— How operators act on built-in data types; i.e., cannot change in-
teger addition

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

— Associativity (left-to-right or right-to-left)
— Number of operands; & is unitary, only acts on one operand
e Cannot create new operators
e Operators must be overloaded explicitly; Overloading 4+ does not over-

load +=

1.4 Operator Functions As Class Members Vs. As
Friend Functions

e Operator functions

— Member functions

* Use this keyword to implicitly get argument



« Gets left operand for binary operators (like +)
x Leftmost object must be of same class as operator

— Non member functions

x Need parameters for both operands
x Can have object of different class than operator

x Must be a friend to access private or protected data
— Called when

x Left operand of binary operator of same class

x Single operand of unitary operator of same class
e Overloaded << operator
— Left operand of type ostream &; Such as cout object in cout
<< classObject
— Similarly, overloaded >> needs istream &
— Thus, both must be non-member functions
e Commutative operators
— May want 4+ to be commutative; So both 7a 4+ b” and "b + a”
work
— Suppose we have two different classes

— Overloaded operator can only be member function when its class
is on left

x HugelntClass 4+ Long int

* Can be member function

— When other way, need a non-member overload function; Long int
+ HugelntClass

1.5 Overloading Stream-Insertion and Stream-Extraction
Operators

o << and >>

— Already overloaded to process each built-in type

— Can also process a user-defined class

e Example program



— Class PhoneNumber; Holds a telephone number

— Print out formatted number automatically; (123) 456-7890

The program of Figs. demonstrates overloading the stream-extraction
and stream-insertion operators to handle data of a user-defined telephone
number class called PhoneNumber.

1 A Fig. B.3: figh8 03.cpp outline i
2 S/ Overleading the stream-insertion and ‘| —
3 // stream-extraction operators. L=

4  #include <iostream> figO8_03.cpp
2 (1of3)

[ uzing std::cout;

7 usging std::cin;

: uzing std::endl;

9 usging std::ostream;

10 wusing std::istream;

11

12 #include <iomanip>

13 Notice function prototypes for

14 using std::setw; overloaded operators >> and <<

15

16 // PhoneNu r class definitio ThC}' must be non-member £riend

17 elass PhoneNurber [ functions, since the object of class

18 friend ostream &operator<<{ Phonenumber appears on the l"ight of

19 friend istream &operators>( th@'opcmtﬂf-

= ) cin << object

21 private: A

22 char areaCode[ 4 1; // 3-4 cout >> object

23 char exchangel 4 1; // 3-digit exchange and null

24 char line[ 5 1; S 4-digit line and null

25

26 1; // end class PhoneNumber

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1: Overloaded stream-insertion and stream extraction operators.
(part 1 of 2)
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S/ overloaded stream-insertion cperator; cannot be

[/ a member function if we would like to inwvoke it with

S/ cout =< somePhonelNumber;:

ostream &operator<<{ ostream &output, const PhoneNumber &num )

Qutline

figO8_03.cpp

{ The expression:

cout << phone;

is interpreted as the function call:
operator<< (cout, phone);

output << " (" << pum.areaCode << "] ©®

<< num.exchange << “-° << num.line;

return ocutput; // enables cout << a << b << g;

output is an alias for cout.

(2 of 3

} // end function operator=<<

J// owverloaded stream-extracti z
ignore () skips specified
number of characters from
> istrean inhut (1 by default).

S/ a member function if we

alls

[/ cin >> somePhoneN hcdd

istream &operat

oo Cout,

input.ignore(); ffskip (

input >> setw({ 4 }

This allows objects to be cascaded.
<< phonel << phone2;

ator<<(cout, phonel),and

um.areaCode; // input ard Nexi,cout << phone2 executes.

input.ignore( 2 ) Stream manipulator se tw

| restricts number of characters
read. setw (4) allows 3
characters to be read, leaving
room for the null character.

H
input »> setw( 4 } »> num.exch

input.ignore();

input >> setw({ 5 )} »> num.line;

return input; /f enables cin 3|

} // end function cperator>>

int main(}
{
PhoneNumber phone; // create object phone

cout << ®"Enter phone number in the form (123) 456-7830:\n";

// ein >> phone invokes coperator>> by implicitly issuing

// the non-member funection call operator>>{ cin, phone )

cin => phone;

cout << "The phone number entered was: ® ;

/{ cout << phone invokes operator<< by implicitly issuing
S/ the non-member function call operator<<{( cout, phone ]
cout << phone << endl;

return 0;

T S T N

Enter phone number in the form {123} 456-7880:
{800} 555-1212

The phone number entered was:

Figure 2:

{8op) 555-1212

(part 2 of 2)

Overloaded stream-insertion and stream

© 2003 Prentice Hall. Inc.
All rights reserved.

13
Qutline

figO8_03.cpp
(3o0f3)

figO8_03.cpp
output (1 of 1)

© 2003 Prentice Hall. Inc.
All rights reserved.

extraction operators.



1.6 Overloading Unary Operators

e Overloading unary operators

— Non-static member function, no arguments

— Non-member function, one argument; Argument must be class
object or reference to class object

— Remember, static functions only access static data
e Upcoming example (8.10)

— Overload ! to test for empty string
— If non-static member function, needs no arguments

* !s becomes s.operator!()
« class String { public: bool operator!() const; ... };

e [f non-member function, needs one argument

— s! becomes operator!(s)

— class String { friend bool operator!( const String & ) ...

}

1.7 Overloading Binary Operators

e Overloading binary operators

— Non-static member function, one argument
— Non-member function, two arguments

— One argument must be class object or reference
e Upcoming example

— If non-static member function, needs one argument

*

class String {
x public:

« const String &operator+=( const String & );
X eee
* 1

— vy += z equivalent to y.operator+=( z )



1.8 Case Study: Array class
e Arrays in C4++

— No range checking
— Cannot be compared meaningfully with ==
— No array assignment (array names const pointers)

— Cannot input/output entire arrays at once; One element at a time
e Example:Implement an Array class with

— Range checking

— Array assignment

— Arrays that know their size

— Outputting/inputting entire arrays with << and >>

— Array comparisons with == and !=
e Copy constructor

— Used whenever copy of object needed

« Passing by value (return value or parameter)

x Initializing an object with a copy of another; Array newAr-
ray( oldArray );

x newArray copy of oldArray
— Prototype for class Array
* Array( const Array & );

x Must take reference
- Otherwise, pass by value
- Tries to make copy by calling copy constructor ...
- Infinite loop

The program of Figs. BHIOl demonstrates class Array and its overloaded
operators.



Lo R - T I B =

okl
= O

27
28
29
30
31
32
33
34
35
36
a7
38
39

40
a1

42
43
44
45

46

// Fig. B.4: arrayl.h

S/ Array class for storing arrayvs of
#ifndef ARRAY1 H

#define ARRAY1 H

#include <iostream>

uzing =std::ostream;

uging std::istream;

class Array |

integers.

friend ostream &operator<<{ cstream &, const Array & };

friend istream &operator>>{ istream &, Array & };

public:
Array{ int = 10 };
Array( const Array &
~Arrayi{);
int get8ize() const;

S/ asmsignment operator

Most operators overloaded as
member functions (except <<
-and >>, which must be non-
member functions).

Qutline

array L.h (1 of 2)

const Array &operator={ const Array & );

/! equality operator

bool operator==( const Array & ) const;

// inequality ocperator; returns cpposite of == operator

bool cperater!=( const Array &right ) const

{

return ! { *this == right }; // invokes Arrayv::cperator==

} // end function operatorts

// subscript operator for non-con

int &operator[] { int );

1 = operator simply returns
opposite of == operator,
Thus, only need to define the
== pperator,

[/ subscript operator for const chjects returns rvalue

const int &operator[] { int ) const;

private:
int =mize; // array size

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

}: // end class Array

#endif

© 2003 Prentice Hall. Inc.
All rights reserved.

array l.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3: Array class definition with overloaded operators.



Lo R - T I B =

okl
= O

88N

31
32
33
34
35
36
a7
38
39

a1

SEBR

46
a7

49

2
(]

/{ Fig B.5: arrayl.cpp outline

S/ Member function definition= for class Array

#include <iostream>

array L.epp (1 of 7)

using std::cout;
using std::cin;
using std::endl;
#include <iocmanip>
using std::setw;
#include <new> // C++ standard "new®” operator
#include <cstdlib> S/ exit function prototype
#include "arrayl.h" [/ Array class definition
S/ default constructor for class Array (default size 10)
Array::Array{ int array8ize
{
[/ wvalidate arraySize

gize = { arraySize > 0 7 arraySize : 10 };

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

© 2003 Prentice Hall. Inc.
All rights reserved.

23
for {int i =0; 1 < size; it++ }
ptr[i 1 =0; S/ initialize arrawy
} // end Array default constructor array l.cpp (2ot 7)

// copy constructor for class Array;

// must receive a reference to prey WC must declare anew imcgcr array so
Rrray::Array( const Array sarraylof the pbjects do not point to the same

MEMOory.

ptr = new int[ size 1; // create space for array

size{ arrayToCopy.si

for ( int i = 0; 1 < size; i++ }

ptr[ i ] = arrayTeCopy.ptx[ i 1; // copy into ocbject
} // end Arrey copy constructor
[ destructor for class Array
Array::~Array(}
{

delete [] ptr; [/ reclaim array space

} // end destructor

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4: Array class member-and friend-function definitions. (part 1 of 4)



[{ return size of array 0ut|ine
int Array::getSBize() const —
{

return size; array L.epp (3 of 7)

} // end function getSize

// overloaded assignment operat: ‘Want to avoid sel f—assign'ment.

[/ const return aveoids: |
const Array &Array::ol ator={ const Array &right }
if { &right != this } { // check for self-assignment

J/ Eor arrays of different sizes, deallocate original
Sf left-side array, then allocate new left-side array

gaeag2sggYgagap 2

if { sizme != right.size } {

B7 delete [] ptr; J/ reclaim space
68 size = right.size; [/ resize this cbject
69 ptr = new int[ size ]; // create space for array copy
70
71 ¥ // end inner if
72
73 for {dint i = 0; 1 < size; i++ }
74 ptr[ i ] = right.ptr[ i 1; // copy array into cbject
75
76 1 /f end outer if
© 2003 Prentice Hall. Inc.
All rights reserved.
25
77
T8 return *this; S/ enables x = ¥ = z, for example
79
80 1} // end function operator= array l.cpp (4 of 7)
81
82 // determine if two arrays are equal and

83 [/ return true, otherwise return false

bool Array::operator==( con=t Array &right } const

85 |

86 if { size != right.size }

87 return false; [/ arrayvs of different sizes
a8

a9 for { int i = 0; 1 < size; i++ }

20

91 if (ptr[ i 1 != right.ptr[i ] }

92 return false; // arrays are not equal
93

94 return trus; [/ arrays are egqual

95

9% 1 // end function cperator==

a7

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5: Array class member-and friend-function definitions. (part 2 of 4)

10



98 // overloaded subscript cperater for non-const Arrayvs 0ut|ine

89 f/ reference return creates an lvalue

100 int &Array::operator[] { int subscript }

101 { array l.cpp (5 of 7)
102 // check for subscript ocut of range. errd = = 5

103 if ( subsecript < 0 || subscript »>= =iz J.ntagar-sl [5] calls

104 cout << "\pnError: Subscript " << subsg int‘agarsl"gperatpr [] ( 5 }
105 << " put of range®" << endl;

106

107 exit{ 1 }; // terminate program; subscript out of range

e - exit () (header <cstdlib>)ends

109 ¥: Jf end if the program.

110 o

111 return ptr[ subscript 1; // reference return

112

113 } // end function operator[]

114

© 2003 Prentice Hall. Inc.
All rights reserved.

115 // overloaded subscript operator for const Arrays

116 // const reference return creates an rvalue

117 const int &Array::operator[] { int subscript )} const

118 { array l.cpp (6 of 7)
118 [/ check for subscript ocut of range error

120 if ( subscript < 0 || subscript »= size } {

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

122 << " put of range®" << endl;

123

124 exit{ 1 }; // terminate program; subscript out of range
125

126 ¥: Jf end if

127

128 return ptr[ subscript ]1; // const reference return

129

130 } // end function operator[]

131

132 // overloaded input cperator for class Array;
133 // inputs walues for entire array

134 istream &operator>>{ istream &input, Array &a )

135 {

136 for {int i =0; 1 < a.size; i++ }

137 input »>> a.ptrl i 1:

133

138 return input; J/ enables gin >5 x 5 ¥;
140

141 ¥ // end funeticn

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 6: Array class member-and friend-function definitions. (part 3 of 4)
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142

143 // overleoaded output cperator for class Array

144 ostream &operator<<{ ostream &output, const Array &a }

145 { array l.cpp (7 of 7)
146 int 1i;

147

148 [/ output private ptr-baszed array

149 for (i = 0; 1 < g.size; i++ } {

150 output << getw{ 12 ) << a.ptr[ i 1;

151

152 if ( {1 +1 ) %4 ==20) f/f 4 nunbers per row of ocutput
153 output << endl;

154

155 o A A T

156

157 if {1 %4 =0 ) [/ end last line of output

158 output << endl;

159

160 return output; S/ enables cout << x << ¥;

161

162 1 // end function cperator<<

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 7: Overloaded stream-insertion and stream extraction operators.
(part 4 of 2)
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Jf Fig. B.6: figD8 06.cpp
S/ Array class test program.

#include <iostream>
using std::cout;
using std::cin;
using std::endl;

#include "arrayl.h®

int main ()}
{

Array integersl( 7 ); // seven-element Array
Array integers2; // 10-element Array by default

[/ print integersl size and contents
cout << "3ize of array integersl is "

<< integersl.getS8ize()

<< "\nArray after initializmation:\n" << integersl;

S/ print integers2 size and contents
cout << "\n8izme of array integers2 is "

<< integers2.getS8ize()

<< "\nArray after initialization:\n" << integers2;

// input and print integersl and integers2

cout << "\nInput 17 integers:\n";

ein »>> integersl >> integers2;

cout << "\nAfter input, the arrays contain:\n®

<< "integersl:\n®" << integersl

<< "integers2:\n" << integers2;

// use overloaded inequality (I=) ocperator
cout << *\nEvaluating: integersl != integersz\n";
if { integersl != integers2 }

cout << "integersl and integer=2 are not ecualin®;

[/ oreate array integers3 using integersl as an

[ initializer; print size and contents

Array integers3( integersl }; // calls copy constructer

cout << "\n2ize of array integer=3 is "

<< integers3.getB8ize()

<< "\nArray after initializatien:\n" << integers3;

Qutline

figO8_06.cpp
(lof3)

© 2003 Prentice Hall. Inc.
All rights reserved.

figO8_06.cpp
(20f3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 8: Array class test program. (part 1 of 2)
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// use overloaded assignment (=) operator
cout << "\nAssigning integer=2 to integersl:\n";

integersl = integers2; // note target is smaller

cout << "integersl:\n" << integerel

<< "integer=z2:\n® << integers2;

S/ u=e overloaded eguality operator

cout << "\nEvaluating: integersl == integer=2\n";

if [ integeregl == integers2 )}

cout << ®"integersl and integers2 are egqualln®;

//{ use overloaded subscript coperator to create rvalue
ecout << "‘nintegersl [5] is " << integer=sl[ 5 ];

S/ use overloaded subscript operator to create lvalue
cout << "‘\n'\nAssigning 1000 to integersl[5]%n";
integersl| 5 ] = 1000;

cout << "integersl:\n" << integersl;

// attempt to use out-of-range subscript

cout << "\nAttempt to as=sign 1000 to integer=1[15]" << endl;

integersl[ 15 1 = 1000; // ERROR: out of range

return 0;

} // end main

figO8_06.cpp
(3o0f3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 9: Array class test program. (part 2 of 2)
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 fig08_06.cpp
output (1 of 3).

All rights reserved.

Figure 10: Array class test program, output. (part 1 of 2)
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 fig08_06.cpp
output (3 of 3).

All rights reserved.

Figure 11: Array class test program, output. (part 2 of 2)
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