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The whole difference between construction and
creation iIs exactly this:

that a thing constructed can only be loved after it is
constructed; but a thing created isloved before it
exists.

— Gilbert Keith Chesterton

Thedieiscadt.

— Julius Caesar

Our doctor would never really operate unless it was
necessary. Hewas just that way. If hedidn’t need
the money, he wouldn’t lay a hand on you.

— Herb Shriner

© 2006 Pearson Education, Inc. All rights reserved.



In this chapter you will learn:

What operator overloading is and how it makes programs more
readable and programming more convenient.

To redefine (overload) operators to work with objects of user-
defined classes.

The differences between overloading unary and binary
operators.

To convert objects from one class to another class.
When to, and when not to, overload operators.

To create PhoneNumber, Array, String and Date classes
that demonstrate operator overloading.

To use overloaded operators and other member functions of
standard library class string.

To use keyword explicit to prevent the compiler from using

single-argument constructors to perform implicit conversions.
< >

© 2006 Pearson Education, Inc. All rights reserved.



Introduction

Fundamentals of Operator Overloading

Restrictions on Operator Overloading

Operator Functions as Class Members vs. Global Functions

Overloading Stream Insertion and Stream Extraction
Operators

Overloading Unary Operators
Overloading Binary Operators
Case Study: Array Class
Converting between Types
Case Study: string Class
Overloading ++ and --

Case Study: A pate Class
Standard Library Class string
explicit Constructors
Wrap-Up
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o Use operatorswith objects (operator overloading)

— Clearer than function callsfor certain classes
— Operator sensitive to context

 Examples
— <<
e Stream insertion, bitwise left-shift
— +
e Performsarithmetic on multiple items (integers, floats, etc.)

(< >
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» Typesfor operator overloading
— Built in (Int, char) or user-defined (classes)
— Can use existing oper ators with user-defined types
e Cannot create new operators

* Overloading operators

— Createafunction for the class

— Name of operator function
 Keyword operator followed by symbol
— Example
= operator+ for the addition operator +

(< >
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Operator overloading contributesto C++’s
extensibility—one of the language’s most
appealing attributes.

(< >
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Use operator overloading when it makes
a program clearer than accomplishing
the same operations with function calls.

(< >
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Overloaded operators should mimic the
functionality of their built-in counter parts—for
example, the + operator should be overloaded to
perform addition, not subtraction. Avoid excessive
or inconsistent use of operator overloading, asthis
can make a program cryptic and difficult to read.

(< >
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« Using operatorson a class obj ect

— It must be overloaded for that class

» Exceptions: (can also be overloaded by the programmer)
— Assignment operator (=)
 Memberwise assignment between objects
— Address operator (&)
* Returnsaddress of object
— Comma operator (,)

» Evaluatesexpression toitsleft then the expression toits
right

* Returnsthevalue of the expression toitsright
« Overloading provides concise notation

— object2 = objectl.add( object2 );
VS
object2 = object2 + object];
(< >
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e Cannot change

— Precedence of operator (order of evaluation)
» Use parenthesesto force order of operators
— Associativity (left-to-right or right-to-left)
— Number of operands
* eg., &isunary, can only act on one operand

— How operators act on built-in data types (i.e., cannot change
Integer addition)

e Cannot create new operators

o Operators must be overloaded explicitly
— Overloading + and = does not overload +=

e Operator ?: cannot be overloaded

(< >
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Attempting to overload a nonoverloadable
operator isasyntax error.

(< >
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Operators that can be overloaded

new[]

- * / % n
1 = < > +=
%= N= &= I= <<
== 1= <= >= &&
->* , -> [ O

delete[]

Fig. 11.1 | Operators that can be overloaded.

&

>>

new

>>=
++
delete
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Operators that cannot be overloaded

Fig. 11.2 | Operators that cannot be overloaded.
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Attempting to changethe“arity” of an operator
via operator overloading isacompilation error.

(< >
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Attempting to create new operators via operator
overloading isasyntax error.

(< >
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At least one argument of an operator function
must be an object or reference of a user-defined
type. This prevents programmers from changing
how operatorswork on fundamental types.

(< >
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Attempting to modify how an operator works
with objects of fundamental typesisa compilation
error.

(< >
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Assuming that overloading an operator such
as + overloadsrelated operatorssuch as+=or
that overloading == overloads arelated
operator like!=can lead to errors. Operators
can be overloaded only explicitly; thereisno
implicit overloading.

(< >
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e Operator functions

— Asmember functions
o Leftmost object must be of same class as operator function
 Usethis keyword toimplicitly get left operand argument

e Operators (), [1, —> or any assignment operator must be
overloaded as a class member function

e Called when
— Left operand of binary operator is of thisclass

— Single operand of unary operator isof thisclass

— Asglobal functions
* Need parametersfor both operands
e Can haveobject of different classthan operator
« Canbeafriendtoaccessprivate or protected dataIT >
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» Overloaded << operator
— Left operand of type ostream &
e Such ascout object in cout << classObject
— Similarly, overloaded >> hasleft operand of istream &
— Thus, both must be global functions

(< >
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It Ispossibleto overload an operator asa global,
non-fFriend function, but such afunction
requiring accessto a classsprivate or
protected data would need to use set or get
functionsprovided in that classspublic
Interface. The overhead of calling these functions
could cause poor performance, so these functions
can beinlined to improve performance.

(< >
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« Commutative operators

— May want + to be commutative
« SOboth“a + b” and“b + a” work
— Suppose we have two different classes

e Overloaded operator can only be member function when its
classison |eft

— HugelntClass + long int
e Can be member function
 When other way, need a global overloaded function
— long int + HugelntClass

(< >
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e<< and >> operators

— Already overloaded to process each built-in type

— Can also process a user-defined class
* Overload using global, friend functions

e Example program
— Class PhoneNumber
* Holdsatelephone number

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

(< >
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// Fig. 11.3: PhoneNumber.h

// PhoneNumber class definition
#ifndef PHONENUMBER_H

#define PHONENUMBER_H

#include <iostream>
using std::-ostream;
using std::istream;

#include <string>
using std::string;

class PhoneNumber

{

_ 25
Qutline

PhoneNumber .h

(10f 1)

friend ostream &operator<<( ostream &, const PhoneNumber & );

friend istream &operator>>( istream &, PhoneNumber & );

private:
string areaCode; // 3-digit area code
string exchange; // 3-digit exchange
string line; // 4-digit line

}; // end class PhoneNumber

#endi f

Notice function prototypes for overloaded
operators >> and << (must be global, f r i end

functions)

<« >
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// Fig. 11.4: PhoneNumber.cpp

26

// Overloaded stream insertion and stream extraction operators C)l]t”f](?

// for class PhoneNumber.
#include <iomanip>
using std::-setw;

#include ""PhoneNumber.h™

// overloaded stream insertion operator; cannot be

// a member function if we would like to invoke it with

// cout << somePhoneNumber ;

Allowscout << phone; tobeinterpreted
as. oper at or <<(cout, phone);

(LUl Z4)

ostream &operator<<( ostream &output, const PhoneNumber &number )

{

output << (" << number.areaCode << ") ™

<< number.exchange << "-" << number.line;\

return output; // enables cout << a << b << c;
} // end function operator<<

Display formatted phone number

<« |
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// overloaded stream extraction operator; cannot be Out”ne 2!
// a member function if we would like to invoke it with
// cin >> somePhoneNumber ;
istream &operator>>( istream &input, PhoneNumber &number ) [ gnore ski psS specified number of
{ ‘  characters from input (1 by default)
input.ignore(); 7/ skip (
input >> setw( 3 ) >> number.areaCode; // input area code (2 of 2)
input.ignore( 2 ); // skip ) and space
input >> setw( 3 ) >> number.exchange; // input exchange
input.ignore(); // skip dash (-)
input >> setw( 4 ) >> number.line; // input line \ InPUt each portion of
return input; // enables cin >> a >> b >> c; phone number Separately

31 } // end function operator>>

<« >
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// Fig. 11.5: figll_05.cpp

// Demonstrating class PhoneNumber®s overloaded stream insertion ()l]t”f]f?

// and stream extraction operators.

#include <iostream>

using std::cout;

using std::cin; figll 05.cpp
using std::-endl;

(10f 2)

#include "'PhoneNumber.h™

int mainQ

{

PhoneNumber phone; // create object phone
cout << "Enter phone number in the form (123) 456-7890:" << endl;
// cin >> phone invokes operator>> by implicitly issuing

// the global function call operator>>( cin, phone )
cin >> phone;

Testing overloaded >> and <<

operators to input and output a
PhoneNunber object

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

// cout << phone invokes operator<< by impli issuing

// the global function call ope <<( cout, phone )

cout << phone << endl;
return O;
} /7 end main

<« |
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Enter phone number in the form (123) 456-7890:

(800) 555-1212
The phone number entered was: (800) 555-1212

_ 29
Qutline

Figll _05.cpp

(2 of 2)

<« >
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Returning areference from an overloaded

<< or >> operator function istypically
successful because cout, cin and most
stream objectsare global, or at least long-
lived. Returning a referenceto an automatic
variable or other temporary object is

danger ous—creating “ dangling references’ to
nonexisting obj ects.

(< >
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New input/output capabilitiesfor user-defined
types are added to C++ without modifying C++'s
standard input/output library classes. Thisis
another example of the extensibility of the C++

programming language.

(< >
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e Overloading unary operators

— Can overload as non-static member function with no
arguments

— Can overload as global function with one argument
o Argument must be class object or referenceto class object
— Remember, static functionsonly access static data

(< >
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« Upcoming example (Section 11.10)

— Overload ! totest for empty string
— If non-static member function, needs no arguments
e class String

{
public:

bool operator!() const;

)

e Is becomess.operator!()

— If global function, needs one argument
e bool operator!( const String & )
e s! becomesoperator!(s)

(< >
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* Overloading binary operators

— Non-static member function, one argument

— Global function, two arguments
e Oneargument must be class object or reference

(< >
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» Upcoming example: Overloading +=
— If non-static member function, needs one argument
e class String

{
public:

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

¥

e y += z becomesy.operator+=( z )
— |f global function, needs two arguments

e const String &operator+=( String &, const String
& );
e y += z becomesoperator+=( y, z )

(< >
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* Pointer-based arraysin C++

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

— If array passed to a function, size must be passed as a separ ate
argument

« Example: Implement an Array classwith

— Range checking

— Array assignment

— Arraysthat know their own size

— Outputting/inputting entire arrays with << and >>
— Array comparisonswith ==and 1=

(< >
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e Copy constructor

— Used whenever copy of object is needed:
« Passing by value (return value or parameter)
 |nitializing an object with a copy of another of sametype

— Array newArray( oldArray ); or
Array newArray = oldArray (both areidentical)

e newArray isacopy of oldArray
— Prototypefor classArray
e Array( const Array & );
 Must takereference
— Otherwise, the argument will be passed by value...
— Which triesto make copy by calling copy constructor ...
 Infiniteloop < >
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// Fig. 11.6: Array.h

// Array class for storing arrays of integers.
#ifndef ARRAY_H

#define ARRAY_H

#include <iostream>
using std::-ostream;
using std::istream;

class Array

{

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

_ 38
Qutline

Array.h

(10f 2)

public:
Array( int = 10 ); // default constructor
Array( const Array & ); J// copy constructor

~Array(); // destructor

Most operators overloaded as
member functions (except << and
>> which must be global functions)

int getSize() const; // return size

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

// inequality operator; returns opposite of == operator
bool operator!=( const Array &right ) const
{
return ! ( *this == right ); // invokes Array::operator==

} // end function operator!=

Prototype for copy constructor

| = operator simply returns opposite of =
operator — only need to define the == operator © 2006 Pearson Education,

= < »|

Inc. All rights reserved.
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39

29 // subscript operator for non-const objects returns modifiable lIvalue Outline

30 int &operator[]( int );
31
32 // subscript operator for const obj

returns rvalue

33 int operator[]J( int ) const;
34 private:

35 int size; // pointer-based array size
36 int *ptr; // pointer to first element of pointer-based
37 }; // end class Array

38

39 #endif

Array.h

ar

Operators for accessing specific
elements of Ar r ay object

<« |
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// Fig 11.7: Array.cpp

// Member-function definitions for class Array
#include <iostream>

using std::cerr;

using std::cout;

using std::cin;

using std::endl;

#include <iomanip>
using std::setw;

#include <cstdlib> // exit function prototype
using std::exit;

#include "Array.h"™ // Array class definition

// default constructor for class Array (default size 10)
Array::Array( int arraySize )
{
size = ( arraySize > 0 ? arraySize : 10 ); // validate arraySize
ptr = new Int[ size ]; // create space for pointer-based array

for ( Int 1

ptr[ 1 ]
} 7/ end Array default constructor

0; 1 < size; i+t )

0; // set pointer-based array element

_ 40
Qutline

Array.cpp

(1 of 6)

<« |
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27 // copy constructor for class Array; Outline
28 // must receive a reference to prevent infinite recursion

29 Array::Array( const Array &arrayToCopy )

30 : size( arrayToCopy.size )

31 { Array.cpp
32 ptr = new int[ size ]; // create space for pointer-based array

33 (2 of 6)

34 for C Int i ; d++ )

35 ptrf i ] arrayToCopy.ptr[ 1 / copy into object

36 } // end Array copy constructor
37

We must declare a new integer array so the

38 // destructor for class Array Obj ects do not pOi nt to the same memory
39 Array::~Array(Q

40 {

41 delete [] ptr; // release pointer-based array space

42 } // end destructor

43

44 // return number of elements of Array

45 int Array::getSize() const

46 {

a7 return size; // number of elements in Array
48 } // end function getSize

<« |
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69

// overloaded assignment operator;

// const return avoids: ( al = a2 ) = a3

const Array &Array::operator=( const Array &right )

{

if ( &right I= this ) // avoid self-assignment

// for Arrays of different sizes,
// left-side array, then allocate new left-side array
if ( size I= right.size )

{

e original

_ 42
Qutline

Array.cpp

(3 of 6)

Want to avoid self assignment

delete [] ptr;4@Lﬂ1ﬂE5§é*§B5EE——————___—__ﬂ—_———_———#_~

Thiswould be dangerousif t hi s
iIsthesame Array asri ght

size = right.size; // resize this object
ptr = new iInt[ size ]; // create space for array copy

} 7/ end inner if

for C int i

O; 1 < size; i++)

right_.ptr[ 1 ]; // copy array into object

ptr[ i ]

} // end outer if

return *this; // enables x =y = z, for example

70 } // end function operator=

<« |
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92
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95
96
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98

// determine if two Arrays are equal and
// return true, otherwise return false
bool Array::operator==( const Array &right ) const

{

if ( size != right.size )
return false; // arrays of different number of elements

for C int i = 0; i < size; i++)
if (ptr[ i ] != right.ptr[ i ] )

return false; // Array contents are not equal

return true; // Arrays are equal

} // end function operator==

// overloaded subscript operator for non-const Arrays;
// reference return creates a modifiable lIvalue

{

int &Array::operator[]( int subscript ) <\\\\\\\\\\\\\\\\\\

_ 43
Qutline

Array.cpp

(4 of 6)

// check for subscript out-of-range error

I ntegersl. operator[]( 5 )

I ntegersl] 5 ] cadls

if ( subscript < 0 || subscript >= size )
{
cerr << "\nError: Subscript " << subscript
<< " out of range"™ << endl;
exit( 1 ); // terminate program; subscript out of range
} 7/ end if

return ptr[ subscript ]; // reference return

99 } // end function operator[]

<« |
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101// overloaded subscript operator for const Arrays

102// const reference return creates an rvalue

103int Array::operator[]( int subscript ) const

1044
105
106
107
108
109
110
111
112
113

// check for subscript out-of-range error
if ( subscript < 0 ]| subscript >= size )
{
cerr << "\nError: Subscript " << subscript
<< " out of range™ << endl;
exit( 1 ); // terminate program; subscript out of range
} // end if

return ptr[ subscript ]; // returns copy of this element

114% // end function operator[]

115

116// overloaded input operator for class Array;

117/7/ inputs values for entire Array

118 istream &operator>>( istream &input, Array &a )

1194
120
121
122
123

for Cint 1 =0; i1 < a.size; i++)
input >> a.ptr[ 1 ];

return input; // enables cin >> x >> y;

124% // end function

_ 44
Qutline

Array.cpp

(5 of 6)

<« |
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126// overloaded output operator for class Array ()l]t”f]f?
127o0stream &operator<<( ostream &output, const Array &a )

128

129 int i;

130 Array.cpp
131  // output private ptr-based array

132 for (i = 0; i < a.size: i++ ) (6 of 6)
133 {

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

135

136 if(C(Ci+1)%4==0) // 4 numbers per row of output

137 output << endl;

138 } // end for

139

140 if (1 %4 !'=0) // end last line of output

141 output << endl;

142

143 return output; // enables cout << X << y;
144% // end function operator<<

<« |
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// Fig. 11.8: figll_08.cpp
// Array class test program.
#include <iostream>

using std::cout;

using std::cin;

using std::-endl;

#include "Array.h"
int mainQ

{

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

// print integersl size and contents

_ 46
Qutline

figll _08.cpp

(1 of 5)

cout << "Size of Array integersl is "

<< integersl.getSize() Retrieve number of elementsin Ar r ay

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

// print integers2 size and contents
cout << "\nSize of Array integers2 is "
<< integers2.getSize()
<< "\nArray after initialization:\n" << integers2;

// input and print integersl and integers2
cout << "\nEnter 17 integers:" << endl;

cin >> integersl >> integers2; <

Use overloaded >> operator to input

<« |

© 2006 Pearson Education,
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30
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40
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44
45
46
a7
48
49
50
51
52
53
54
55

cout << "\nAfter input, the Arrays contain:\n"

_ 47
Qutline

<< "integersl:\n" << integersl <«

] _ . ——— | U= overloaded << operator to output
<< "iIntegers2:\n" << iIntegers2;

// use overloaded inequality (!=) operator
cout << "\nEvaluating: integersl != integers2" << endl;

figll _08.cpp

- Use overloaded ! = operator to test for inequality
if ( integersl != integers2 )

cout << "integersl and integers2 are not equal™ << endl;

// create Array integers3 using integersl as an
// initializer; print size and contents
Array integers3( integersl ); // invokes copy constructor

cout << "\nSize of Array integers3 is "
<< integers3.getSize()

Use copy constructor

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

// use overloaded assignment (=) operator
cout << "\nAssigning integers2 to integersl:" << endl;
integersl = integers2; // note target Array is smaller

cout << "integersl:\n" << 1

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

Use overloaded = operator to assign

// use overloaded equality (==) operator
cout << "\nEvaluating: integersl == integers2" << endl;

<« |
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71

48

if ( integersl == integers2 ) < Use overloaded == operator to test for equality
cout << "iIntegersl and integers2 are equal™ << endl;

// use overloaded subscript operator to create rvalue
cout << "\nintegersl[5] is " << integersi[ 5 ]; figll 08.cpp

// use overloaded subscript operator to create lvalye (3 of 5)

cout << "\n\nAssigning 1000 to integersl[5]" << endl;
integersi[ 5 ] = 1000; < Use overloaded [ ] operator to access

cout << "integersl:\n" << integersl; individual integer s, with range-checki ng

// attempt to use out-of-range subscript

cout << "\nAttempt to assign 1000 to integersl[1%]" << endl;
integersl[ 15 ] = 1000; // ERROR: out of range

return O;

72 } // end main

<« |
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Size of Array integersl is 7
Array after initialization:

0 0 0
0 0 0

Size of Array integers2 is 10
Array after initialization:

0 0 0
0 0 0
0 0
Enter 17 integers:
12345678910111213 141516 17
After input, the Arrays contain:
integersl:
1 2 3
5 6 7
integers2:
8 9 10
12 13 14
16 17

Evaluating: integersl != iIntegers2
integersl and integers2 are not equal

11
15

_ 49
Qutline

figll _08.cpp

(4 of 5)

4 > |
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Size of Array integers3 is 7
Array after initialization:
1 2 3
5 6 7
Assigning integers2 to integersl:
integersl:

8 9 10
12 13 14
16 17

integers2:
8 9 10
12 13 14
16 17

Evaluating: integersl == integers2

integersl and integers2 are equal
integersl[5] is 13

Assigning 1000 to integersl[5]
integersl:

8 9 10
12 1000 14
16 17

Attempt to assign 1000 to integersl[15]

Error: Subscript 15 out of range

11
15

11
15

11
15

_ 50
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figll _08.cpp

(5 of 5)

4 > |
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Theargument to a copy constructor should be
aconstreferenceto allow a const object to
be copied.

(< >

© 2006 Pearson Education, Inc. All rights reserved.



52

Note that a copy constructor must receive its
argument by reference, not by value. Otherwise,
the copy constructor call resultsin infinite
recursion (afatal logic error) because receiving
an object by value requiresthe copy constructor
to make a copy of the argument object. Recall
that any time a copy of an object isrequired, the
class's copy constructor iscalled. If the copy
constructor recelved its argument by value, the
copy constructor would call itself recursively to
make a copy of its argument!

(< >
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f the copy constructor ssmply copied the
pointer in the source object to thetarget object’s
pointer, then both objectswould point to the
same dynamically allocated memory. Thefirst
destructor to execute would then deletethe
dynamically allocated memory, and the other
object’s ptr would be undefined, a situation
called a dangling pointer—thiswould likely
result in aseriousrun-timeerror (such asearly
program termination) when the pointer was
used.

(< >
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A copy constructor, a destructor and an
overloaded assignment operator are usually

provided asa group for any classthat uses
dynamically allocated memory.

(< >
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Not providing an overloaded assignment oper ator
and a copy constructor for a classwhen objects of
that class contain pointersto dynamically
allocated memory isalogicerror.

(< >
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It Ispossibleto prevent one object of a class
from being assigned to another. Thisisdone
by declaring the assignment operator asa
private member of the class.

(< >
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It Ispossible to prevent class objects from
being copied; to do this, ssimply make both the
overloaded assignment operator and the copy
constructor of that classprivate.

(< >
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e Casting
— Traditionally, cast integersto floats, etc.
— May need to convert between user-defined types

« Cast operator (conversion operator)

— Convert from
 Oneclassto another
o A Classto abuilt-intype (int, char, etc.)
— Must be non-static member function
— Do not specify return type
o Implicitly returnstypeto which you are converting

(< >
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« Cast operator (conversion operator) (Cont.)

— Example
e Prototype
A:-operator char *() const;
— CastsclassAtoatemporary char *

— static_cast< char * >( s )calls
s.operator char *(Q

e Also
— A::operator Int() const;
— A::operator OtherClass() const;

(< >
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e Casting can prevent need for overloading

— Supposeclass String can becast tochar *

— cout << s;
o Compiler implicitly convertss to char * for output
Do not haveto overload <<

(< >
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e Build classString

— String creation, manipulation
— Similar toclassstring in standard library (Chapter 18)

e Conversion constructor

— Any single-argument constructor
— Turnsobjects of other typesinto class objects
 Example
— String s1( "happy" );
 CreatesaStringfromachar *

e Overloading function call operator

— Powerful (functions can take arbitrarily long and complex
parameter lists)

(< >
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// Fig. 11.9: String.h

// String class definition.
#ifndef STRING_H

#define STRING_H

#include <iostream>
using std::ostream;

using std::istream;

class String

_ 62
Qutline

String.h

Conversion constructor to make | 3)
aStringfromachar *

{
friend ostream &operator<<( ostream &, const String & );
friend istream &operator>>( istpeam &, String & );
public:

String( const char * = " ); // conversion/default constructor

String( const String & ); // copy constructor
~String(); // destructor

const String &operator=( co

sl += s2 will beinterpreted
assl. operat or +=(s2)

tring & ); // assignment operator

const String &operator+=( const String & ); // concatenation operator

bool operator!() const; // is String empty?

bool operator==( const String & ) const; // test sl == g char * becausethe compiler will cast
bool operator<( const String & ) const; // test sl < s2

Can also concatenatea St ri ng and a

thechar * argumenttoaStri ng

<« >
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// test sl 1= s2
bool operator!=( const String &right ) const

{
return !( *this == right );
} // end function operator!=

// test sl > s2
bool operator>( const String &right )_const

{

return right < *this;
} // end function operator>

// test sl <= s2
bool operator<=( const String &right ) const

{
return !( right < *this );
} /7 end function operator <=

// test sl >= s2
bool operator>=( const String &right ) const

{
return !( *this < right );
} /7 end function operator>=

_ 63
Qutline

String.h

(2 of 3)

Overload equality and
relational operators

<« >
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64

char &operator[]( int ); // subscript operator (modifiable lIvalue) _—— )
char operator[]( int ) const; // subscript operator (rvalue) Two overloaded SUbSC”pt
String operatorQQ( int, int = 0 ) gonst; // return a substring operators, for Con_St and
int getLength() const; // return string non-const objects
private: String.h
i:t Iing:hi ;; stri:g Iingt: (:otfcourjting Eulldte:minator) Overload the function call
char *sPtr; pointer to start of pointer-based string operator() to returnasubstring
void setString( const char * ); // utility function
}; // end class String

#endi f

<« |
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// Fig. 11.10: String.cpp

// Member-function definitions for class String.
#include <iostream>

using std::cerr;

using std::cout;

using std::endl;

#include <iomanip>
using std::setw;

#include <cstring> // strcpy and strcat prototypes
using std::strcmp;
using std::strcpy;
using std::strcat;

#include <cstdlib> // exit prototype
using std::exit;

#include "String.h™ // String class definition

// conversion (and default) constructor converts char * to String
String::String( const char *s )
lengthC (s '1=0 ) ? strlen( s ) - 0)
{
cout << "Conversion (and default) constructor: " << s << endl;
setString( s ); // call utility function
} // end String conversion constructor

_ 65
Qutline

String.cpp

(1of 7)
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// copy constructor
String: :String( const String &copy )

length( copy.-length )
{
cout << "Copy constructor: " << copy.sPtr << endl;
setString( copy.sPtr ); // call utility function
} 7/ end String copy constructor

// Destructor
String: :~String()

{

cout << "Destructor: " << sPtr << endl;

delete [] sPtr; // release pointer-based string memory
} 7/ end ~String destructor

// overloaded = operator; avoids self assignment
const String &String: :operator=( const String &right )
{

cout << "operator= called” << endl;

if ( &right != this ) // avoid self assignment
{
delete [] sPtr; // prevents memory leak
length = right.length; // new String length
setString( right_.sPtr ); // call utility function
} 7/ end if
else
cout << "Attempted assignment of a String to itself" << endl;

_ 66
Qutline

String.cpp

(2 of 7)
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58 return *this; // enables cascaded assignments

59 } // end function operator=

60

61 // concatenate right operand to this object and store in this object
62 const String &String: :operator+=( const String é&right )

63 {

64 size_t newLength = length + right.length; // new length

65 char *tempPtr = new char[ newLength + 1 ]; // create memory
66

67 strcpy( tempPtr, sPtr ); // copy sPtr

68 strcpy( tempPtr + length, right.sPtr ); // copy right.sPtr
69

70 delete [] sPtr; // reclaim old space

71 sPtr = tempPtr; // assign new array to sPtr

72 length = newLength; // assign new length to length
73 return *this; // enables cascaded calls

74 } // end function operator+=

75

76 // is this String empty?
77 bool String::operator!() const

78 {

79 return length == 0;

80 } // end function operator!
81

82 // 1s this String equal to right String?

83 bool String::operator==( const String &right ) const
84 {

85 return strcmp( sPtr, right.sPtr ) == 0O;

86 } // end function operator==

87

_ 67
Qutline

String.cpp

(30f 7)
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88 // Is this String less than right String?
89 bool String::operator<( const String &right ) const

90 {
91

return strcmp( sPtr, right.sPtr ) < 0;

92 } // end function operator<

93

94 // return reference to character in String as a modifiable lvalue
95 char &String::operator[]J( int subscript )

96 {
97
08
99
100
101
102
103
104
105

// test for subscript out of range
if ( subscript < O ]| subscript >= length )

{
cerr << "Error: Subscript " << subscript
<< " out of range"™ << endl;
exit( 1 ); // terminate program
} 7/ end if

return sPtr[ subscript ]; // non-const return; modifiable Ivalue

106} // end function operator[]

107

108// return reference to character in String as rvalue
109char String::operator[]( int subscript ) const

1104
111
112
113
114
115
116
117

// test for subscript out of range
if ( subscript < O ]| subscript >= length )

{
cerr << "Error: Subscript " << subscript
<< " out of range" << endl;
exit( 1 ); // terminate program
} 7/ end if

_ 68
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(40f 7)
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119

return sPtr[ subscript ]; // returns copy of this element

120} // end function operator[]

121

122// return a substring beginning at index and of length sublLength

123String String::operator(Q( int index, int subLength ) const

1244
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

// if index is out of range or substring length < O,
// return an empty String object
if ( index < 0 |] index >= length |] subLength < 0 )
return ""; // converted to a String object automatically

// determine length of substring
int len;

if ( ( subLength == 0 ) || ( index + subLength > length ) )
len = length - index;

else
len = subLength;

// allocate temporary array for substring and
// terminating null character
char *tempPtr = new char[ len + 1 ];

// copy substring into char array and terminate string
strncpy( tempPtr, &sPtr[ index ], len );
tempPtr[ len ] = "\0°;

_ 69
Qutline

String.cpp
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146  // create temporary String object containing the substring
147 String tempString( tempPtr );

148 delete [] tempPtr; // delete temporary array

149 return tempString; // return copy of the temporary String
150} // end function operator()

151

152// return string length

153int String::getlLength() const

154{

155 return length;

156} // end function getlLength

157

1587/ utility function called by constructors and operator=
159void String: :setString( const char *string2 )

160{

161 sPtr = new char[ length + 1 ]; // allocate memory

162

163 if ( string2 '= 0 ) // if string2 is not null pointer, copy contents

164 strcpy( sPtr, string2 ); // copy literal to object

165 else // if string2 is a null pointer, make this an empty string
166 sPtr[ 0 ] = *\0"; // empty string

167} // end function setString

168

169// overloaded output operator

170ostream &operator<<( ostream &output, const String &s )
171{

172 output << s.sPtr;

173 return output; // enables cascading

174% // end function operator<<

Qutline

String.cpp

(6 of 7)
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176// overloaded input operator

177 istream &operator>>( istream &input, String &s )
178{

179 char temp[ 100 ]; // buffer to store input

180 input >> setw( 100 ) >> temp;

181 s = temp; // use String class assignment operator
182 return input; // enables cascading

183} // end function operator>>

_ 71
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String.cpp

(7 of 7)

<« |

© 2006 Pearson Education,
Inc. All rights reserved.



© 0O N O Ol B WON -

=
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

// Fig. 11.11: figll _11._cpp
// String class test program.
#include <iostream>

using std::cout;

using std::-endl;

using std::-boolalpha;

#include "String.h"

int mainQ

{
String s1( “happy” );
String s2( “ birthday™ );
String s3;

_ 72
Qutline

figll _11.cpp

(1 of 5)

// test overloaded equality and relational operators
cout << "sl is \"" <<'sl << "\"; s2 is \"" << 82 = |

<< ll\ll; S3 iS \llll << s3 << I\III

Use overloaded stream insertion
operator for St ri ngs

<< boolalpha << "\n\nThe results of comparing s2 and sl1:
<< "\ns2 == sl yields " << (82 == s1 )
<< "\ns2 sl yields " << (82 = s1 )

1=
<< '"\ns2 > sl yields " << (82 > s1 )
<< "™\ns2 < sl yields " << (s2<s1) v  ——
<< "\ns2 >= sl yields " << (82 >= s1 )

Use overloaded equality and
relational operatorsfor St ri ngs

<< "\ns2 <= sl yields " << ( s2 <= s1 );

// test overloaded String empty (!) operator
cout << "\n\nTesting !s3:" << endl;

<« |

© 2006 Pearson Education,
Inc. All rights reserved.



31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60

if (1s3) 4
{

cout << "'s3 is empty; assigning sl to s3;" << endl;

Use overloaded negation | 73

operator for St ri ngs [IN€

s3 = s1; test overloaded assignment

cout << "s3 is \'""" << s
} /7 end if

Use overloaded assignment
operator for St ri ngs p11_11.cpp

// test overloaded String concatenation operator

cout << "\n\nsl += s2 yields sl = "; (Z(JfED
sl += s2; // test overloaded concatenation
ZollIE == G0 Use overloaded addition assignment

// test conversion constructor

operator for St ri ngs

cout << "\n\nsl += \" to you\" yields" << endl;
sl += " to you'; // test conversion constructor
cout << sl = " << sl << "\n\n;

// test overloaded function call operator () for substrin
cout << "The substring of sl starting at\n"

<< "location O for 14 characters, s1(0, 14), is:\n"

<< s1C 0, 14 ) _<< "\n\n"";

char * stringisconvertedto a
St ri ng before using the overloaded
addition assignment operator

// test substring "to-end-of-String"™ option
cout << "The substring of sl starting at\n"
<< "location 15, s '

Use overloaded function call
operator for St ri ngs

<< s1( 15 ) << "\n\n"";

// test copy constructor
String *s4Ptr = new String( sl );
cout << "\n*s4Ptr = " << *s4Ptr << "\n\n";

<« |
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76
77
78
79

80 } // end main

// test assignment (=) operator with self-assignment
cout << "assigning *s4Ptr to *s4Ptr" << endl;

*s4Ptr = *s4Ptr; // test overloaded assignment

cout << "*s4Ptr = " << *s4Ptr << endl;

// test destructor
delete s4Ptr;

// test using subscript operator to create a modifiable Ivalue
SIL 0 ] = "H";
sl[ 6 ] = "B";
cout << "\nsl after s1[0] = "H" and sl1[6] = "B" is: "
<< sl << "\n\n"';

// test subscript out of range

cout << "Attempt to assign "d" to sl1l[30] yields:" << endl;
s1l[ 30 ] = "d"; // ERROR: subscript out of range

return O;

_ 74
Qutline

figll _11.cpp

(3 0f 5)

Use overloaded subscript
operator for St ri ngs

Attempt to access a subscript
outside of the valid range
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Conversion (and default) constructor: happy
Conversion (and default) constructor: birthday
Conversion (and default) constructor:
sl is "happy'; s2 is " birthday"; s3 is ""
The results of comparing s2 and sl:

s2 == sl yields false

s2 1= sl yields true

s2 > sl yields false

s2 < sl yields true

s2 >= sl yields false

s2 <= sl yields true

Testing !s3:

s3 is empty; assigning sl to s3;
operator= called

s3 1s "happy"

sl += s2 yields sl = happy birthday

sl += " to you" yields
Conversion (and default) constructor: to you

_ 75
Qutline

figll _11.cpp

(4 of 5)

Destructor: to you
sl = happy birthday to you

Conversion (and default) constructor: happy birthday

The constructor and destructor are
called for the temporary St ri ng

Copy constructor: happy birthday
Destructor: happy birthday

The substring of sl starting at

location 0 for 14 characters, s1(0, 14), is:
happy birthday

(continued at top of next dide... )

<« >
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Destructor: happy birthday

Conversion (and default) constructor: to you
Copy constructor: to you

Destructor: to you

The substring of sl starting at

location 15, s1(15), is: to you

Destructor: to you
Copy constructor: happy birthday to you

*s4Ptr = happy birthday to you

assigning *s4Ptr to *s4Ptr
operator= called
Attempted assignment of a String to itself

*s4Ptr = happy birthday to you
Destructor: happy birthday to you

(... continued from bottom of previous slide)

sl after s1[0] = "H" and sl1[6] = "B" is: Happy Birthday to you

Attempt to assign "d" to s1[30] yields:
Error: Subscript 30 out of range

_ 76
Qutline

figll _11.cpp

(5 of 5)
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When a conversion constructor isused to perform
an implicit conversion, C++ can apply only one
implicit constructor call (i.e., a single user-defined
conversion) to try to match the needs of another
overloaded operator. The compiler will not match
an overloaded operator’s needs by performing a
series of implicit, user-defined conversions.

(< >
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Overloading the += concatenation operator with
an additional version that takes a single argument
of typeconst char * executes more efficiently
than having only a version that takesa String
argument. Without theconst char * version of
the += operator, aconst char * argument
would first be converted to a String object with
class String’s conversion constructor, then the
+= operator that receivesa String argument
would be called to perform the concatenation.

(< >
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Using implicit conversionswith overloaded
operators, rather than overloading operators
for many different operand types, often
requiresless code, which makesa class easier
to modify, maintain and debug.

(< >
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By implementing member functionsusing
previoudy defined member functions, the
programmer reuses codeto reduce the amount
of code that must be written and maintained.

(< >
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Returning a non-const char reference from an
overloaded subscript operator in a String class
Isdangerous. For example, the client could use
thisreferencetoinsert anull ("\0") anywhere
In the string.

(< >
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* | ncrement/decrement operatorscan be
overloaded

— Suppose we want to add 1 to a Date object, d1

— Prototype (member function)
e Date &operator++();
e ++d1 becomesdl.operator++()
— Prototype (global function)
e Date &operator++( Date & );
e ++d1 becomesoperator++( dl1 )

(< >
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e To distinguish prefix and postfix increment
— Postfix increment has a dummy parameter
« An Int with valueO
— Prototype (member function)
e Date operator++( Int );
e d1++ becomesdl.operator++( 0 )
— Prototype (global function)

e Date operator++( Date &, Int );
e d1++ becomesoperator++( d1, O )

(< >
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e Return values

— Prefix increment
 Returnsby reference (Date &)
* |value (can be assigned)
— Postfix increment
* Returnsby value
— Returnstemporary object with old value
 rvalue (cannot be on left side of assignment)

 All thisappliesto decrement operatorsaswell

(< >
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Theextraobject that iscreated by the postfix
Increment (or decrement) operator can result in a
significant performance problem—especially when
the operator isused in aloop. For thisreason, you
should usethe postfix increment (or decrement)
operator only when thelogic of the program
requires postincrementing (or postdecrementing).

(< >
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 Example Date class

Overloaded increment operator
e Changeday, month and year
Overloaded += operator
Function to test for leap years
Function to determine if day islast of month

(< >
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// Fig. 11.12: Date.h

// Date class definition.
#ifndef DATE_H

#define DATE_H

#include <iostream>
using std::ostream;

class Date
{
friend ostream &operator<<( ostream &, const Date & );
public:
Date( int m =1, int d =1, inty = 1900 ); // default constructor

_ 87
Qutline

Date.h

(10f 1)

void setDate( int, int, int ); // set month, day, year
Date &operator++(); // prefix increment operator

Date operator++( int ); // postfix increment operator

Note the difference between
prefix and postfix increment

const Date &operator+=( int ); // add days, modify object

bool leapYear( int ) const; // is date in a leap year?

bool endOfMonth( int ) const; // is date at the end of month?
private:

int month;

int day;

int year;

static const int days[]; // array of days per month
void helplncrement(); // utility function for incrementing date

}: 7/ end class Date

#endi f

<« |
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1 // Fig. 11.13: Date.cpp

2 // Date class member-function definitions.

3 #include <iostream>

4  #include "Date.h"

5

6 // initialize static member at File scope; one classwide copy
7 const int Date::days[] =

8 {o, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };
9

10 // Date constructor

11 Date::Date( int m, int d, inty)

12 {

13 setDate( m, d, y );

14 } // end Date constructor

15

16 // set month, day and year

17 void Date::setDate( int mm, int dd, int yy )

18 {

19 month = (Cmm >= 1 & mm <= 12 ) ?2 mm :© 1;

20 year = (yy >= 1900 && yy <= 2100 ) ? yy : 1900;

21

22 // test for a leap year

23 if ( month == 2 && leapYear( year ) )

24 day = (dd >= 1 && dd <= 29 ) ?2 dd : 1;

25 else

26 day = ( dd >= 1 && dd <= days[ month ] ) ? dd : 1;

27 } // end function setDate

_ 88
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(1 of 4)
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// overloaded prefix increment operator
Date &Date: :operator++()
{
helplIncrement(); // increment date
return *this; // reference return to create an lvalue
} // end function operator++

// overloaded postfix increment operator; note that the
// dummy integer parameter does not have a parameter name
Date Date::operator++( int )

{
Date temp = *this; // hold current state of object
helplncrement();
// return unincremented, saved, temporary object
return temp; // value return; not a reference return
} // end function opera

// add specified number of days to date
const Date &Date::operator+=( int additionalDays )
{
for ( int i = 0; 1 < additionalDays; i++ )
helplncrement();

return *this; // enables cascading
} // end function operator+=

_ 89
Qutline

Date.cpp

(2 of 4)

Postfix increment updates object
and returns a copy of the origina

Do not return areference to
temp, becauseitisaloca
variable that will be destroyed

<« |

© 2006 Pearson Education,
Inc. All rights reserved.



56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

// if the year is a leap year, return true; otherwise, return false
bool Date::leapYear( int testYear ) const

{
if ( testYear % 400 == 0 ||
( testYear % 100 != 0 && testYear % 4 == 0 ) )
return true; // a leap year
else
return false; // not a leap year
} 7/ end function leapYear

// determine whether the day is the last day of the month
bool Date::endOfMonth( int testDay ) const
{
if ( month == 2 && leapYear( year ) )
return testbDay == 29; // last day of Feb. in leap year
else
return testDay == days[ month ];
} 7/ end function endOfMonth

_ 90
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75 // function to help increment the date 91
76 void Date::helplncrement() Outline

77 { -

78 // day is not end of month

79 if ( 'endOfMonth( day ) )

80 day++; // increment day Date.cpp
81 else

82 if ( month < 12 ) // day is end of month and month < 12 (443sz
83 {

84 month++; // increment month

85 day = 1; // first day of new month

86 } // end if

87 else // last day of year

88 {

89 year++; // increment year

90 month = 1; // first month of new year

91 day = 1; // first day of new month

92 } // end else

93 } // end function helplncrement

94

95 // overloaded output operator

96 ostream &operator<<( ostream &output, const Date &d )

97 {

98 static char *monthName[ 13 ] = { """, "January®™, “February",

99 “"March™, "April™, "May", "June', "July", "August",

100 "September™, '"October™, "November'™, 'December™ };

101 output << monthName[ d.month ] << " " << d.day << ", " << d.year;
102 return output; // enables cascading

103} // end function operator<< < Ll
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// Fig. 11.14: figll _14.cpp
// Date class test program.
#include <iostream>

using std::cout;

using std::endl;

#include ""Date.h™ // Date class definition

int mainQ)

{
Date d1; // defaults to January 1, 1900
Date d2( 12, 27, 1992 ); // December 27, 1992
Date d3( 0, 99, 8045 ); // invalid date

_ 92
Qutline

figll_14.cpp

(10f 2)

cout << ""dl is " << dl << "\nd2 is " << d2 << "\nd3 is " << d3;

cout << "\n\nd2 += 7 is " << (d2 += 7 );

d3.setDate( 2, 28, 1992 );
cout << "\n\n d3 is " << d3;

cout << "\n++d3 is " << ++d3 << " (leap year allows 29th)";

Date d4( 7, 13, 2002 );

cout << "\n\nTesting the prefix increment operator:\n"

<< " d4 is " << d4 << endl;
cout << "++d4 is " << ++d4 << endl;
cout << " d4 is " << d4;

Demonstrate prefix increment | [ ¥

© 2006 Pearson Education,
Inc. All rights reserved.



29 cout << "\n\nTesting the postfix increment operator:\n"
30 << " d4 s " << d4 << endl;
31 cout << "d4++ Is " << d4++ << endl;

32 cout << " d4 is " << d4 <:\;EETT\\\\\\\\\\\\\

33 return O;
34 } // end main

Demonstrate postfix increment

_ 93
Qutline

dl is January 1, 1900
d2 is December 27, 1992
d3 is January 1, 1900

d2 += 7

d3 is
++d3 is

Testing
d4 is
++d4 is
d4 is

Testing
d4 is
d4++ 1is
d4 is

is January 3, 1993

February 28, 1992
February 29, 1992 (leap year allows 29th)

the prefix increment operator:
July 13, 2002
July 14, 2002
July 14, 2002

the postfix increment operator:
July 14, 2002
July 14, 2002
July 15, 2002

Figll 14 .cpp

(2 of 2)

<« >
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e Class built into C++

— Availablefor anyoneto use

— Classstring
e Similar toour String class

e Redo our String exampleusing string

(< >

© 2006 Pearson Education, Inc. All rights reserved.



e Classstring
Header <string>, namespace std
Can initializestring s1( "hi" );
Overloaded << (asin cout << sl)

Overloaded relational operators
e == !=’ >= > <= <

Assignment operator =
Concatenation (overloaded +=)

95

(< >
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e Classstring (Cont.)

— Substring member function substr

e sl.substr( 0, 14 );
— Startsat location O, gets 14 characters
e sl.substr( 15 );
— Substring beginning at location 15, to theend

— Overloaded []

e Access one character
* Norange checking (if subscript invalid)

— Member function at

» Accesses one character
— Example
esl.at( 10 );
» Hasbounds checking, throws an exception if subscript isinvalid
— Will end program (learn morein Chapter 16) < »|

© 2006 Pearson Education, Inc. All rights reserved.
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// Fig. 11.15: figll 15.cpp
// Standard Library string class test program. ()l]t”f]f?
#include <iostream> -
using std::cout;
using std::endl;

#include <string>

using std::string;

int mainQ)

{

string s1( “happy” );

string s2( " birthday"” );

string s3; <

97

figll_15.cpp

Passing strings to the string constructor

Create empty st ri ng

// test overloaded equality and relational operators
cout << sl is \""" << s1 << "\""; s2 is \'""" << s2
<< ll\ll; S3 iS \llll << 53 << I\III

<< "\n\nThe

<< "\ns2
<< "\ns2

<< '\ns2 >
<< "\ns2 <

<< "\ns2
<< "\ns2

results of comparing s2 and s1:"

sl yields
sl yields
sl yields
sl yields
sl yields
sl yields

<<
<<
<<
<<
<<
<<

( s2
( s2
( s2
( s2
( s2
( s2

== sl ? "true" : "false" )
I= s1 ? "true" : "false" )
> sl ? ""true" : "false"™ )
< sl1 ? "true" : "false" )
>= sl ? "true"™ : "false" )
<= sl ? "true"™ : "false" );

// test string member-function empty

cout << "\n\nTesting s3.empty():" << endl;

<« |
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49
50
51
52
53
54
55

if ( s3.emptyQ o - -
c Member function enpt y tests
cout << "'s3 Is empty; assigning sl to s3;" << endl; if thestri ng isempty
s3 = sl; // assign sl to s3
cout << "'s3 is \"" << 83 << "\""'; figll_15.cpp
} 7/ end if
(2 of 4)

// test overloaded string concatenation operator
cout << "\n\nsl += s2 yields sl = *;

sl += s2; // test overloaded concatenation

cout << si1;

// test overloaded string concatenation operator with C-style string
cout << "\n\nsl += \" to you\" yields" << endl;

sl += " to you™;

cout << "sl = " << s1 << "\n\n"";

// test string member function substr

cout << "The substring of sl starting at location 0 for\n"
<< "14 characters, sl.substr(0, 14), is:\n"
<< sl.substr( 0, 14 ) &< "\n\n"";

Member function subst r obtains

// test substr "to-end-of-string" option ] )
asubstring fromthest ri ng

cout << "The substring of sl starting at\n"

<« >
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77
78

// test copy constructor
string *s4Ptr = new string( sl );
cout << "\n*s4Ptr = " << *s4Ptr << "\n\n"';

// test assignment (=) operator with self-assignment
cout << "assigning *s4Ptr to *s4Ptr" << endl;

_ 99
Qutline

figll_15.cpp

*s4Ptr = *s4Ptr; (3 0of 4)
cout << "*s4Ptr = " << *s4Ptr << endl;

// test destructor

delete s4Ptr;

// test using subscript operator to create Ivalue

SIL 0 ] = "H"; <— . g . )

SlE . } e Accessing specific character instri ng

cout << "\nsl after s1[0] = "H" and sl1l[6] = "B" is: "
<< s1 << "\n\n"';

// test subscript out of range with string member function "at"
cout << "Attempt to assign "d" to sl.at( 30 ) yields:" << endl;
sl.at( 30 ) = "d"; // ERROR: subscript out of range

return O;

79 } // end main

Member function at
provides range checking

<« |
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sl is "happy"; s2 is " birthday"; s3 is "

The results of comparing s2 and sl1:
s2 == sl yields false
s2 1= sl yields true
s2 > sl yields false
s2 < sl yields true
s2 >= sl yields false
s2 <= sl yields true

Testing s3.empty():

s3 is empty; assigning sl to s3;

s3 is "happy™

sl += s2 yields sl = happy birthday

sl += " to you" yields
sl = happy birthday to you

The substring of sl starting at location 0 for

14 characters, sl.substr(0, 14), is:
happy birthday

The substring of sl starting at
location 15, sl.substr(15), is:
to you

*s4Ptr = happy birthday to you

assigning *s4Ptr to *s4Ptr
*s4Ptr = happy birthday to you

sl after s1[0] = "H" and sl1[6] = "B" is: Happy Birthday to you

Attempt to assign "d" to sl.at( 30 ) yields:

abnormal program termination

_ 100
Outline

figll_15.cpp

(4 of 4)

<« >
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 Implicit conversions

— Performed by compiler using single-argument constructors
— Sometimes, implicit conversions areundesirableor error-
prone
« Keyword explicit

— Suppressesimplicit conversions via conversion
constructors

(< >
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Unfortunately, the compiler might use implicit
conversionsin casesthat you do not expect,
resulting in ambiguous expressionsthat generate
compilation errorsor resulting in execution-time

logic errors.

(< >
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// Fig. 11.16: Figll_16.cpp

// Driver for simple class Array.
#include <iostream>

using std::cout;

using std::endl;

#include "Array.h"

© 00 N o 0o A WDN PP

=
(@)

11 int mainQ
12 {

void outputArray( const Array & ); // prototype

13 Array integersl( 7 ); // 7-element array

14 outputArray( integersl ); // output Array integersl

15 outputArray( 3 ); // convert 3 to an Array and output Array’s contents

16 return O;
17 } // end main

Would logically want
this to generate an error

_ 103
Outline

figll_16.cpp

(10f 2)

<« |
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The Array received has 7 elements. The contents are:

The Array received has 3 elements. The contents are:

// print Array contents
void outputArray( const Array &arrayToOutput )

{

cout << "The Array received has " << arrayToOutput.getSize()
<< " elements. The contents are:\n" << arrayToOutput << endl;

} // end outputArray

0
0

0

0
0

0

0
0

0

0

_ 104
Outline

figll_16.cpp

(2 of 2)

<« >
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// Fig. 11.17: Array-h 105
// Array class for storing arrays of integers. Out”ne

#ifndef ARRAY_H

#define ARRAY_H

#include <iostream> Array.h
using std::ostream;
using std::istream; (1of 1)

class Array

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

oublic: Useexpli cit keywordto
explicit Array( int = 10 ); // default constructor avoid imp_”Cit convgrsions
Array( const Array & ); // copy constructor when mapproprlate

~Array(); // destructor
int getSize() const; // return size

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

<« >
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22

23 // inequality operator; returns opposite of == operator

24 bool operator!=( const Array &right ) const

25 {

26 return ! ( *this == right ); // invokes Array::operator==
27 } 7/ end function operator!=

28

29 // subscript operator for non-const objects returns lvalue
30 int &operator[]( int );

31

32 // subscript operator for const objects returns rvalue

33 const int &operator[]( int ) const;

34 private:

35 int size; // pointer-based array size

36 int *ptr; // pointer to first element of pointer-based array
37 }; // end class Array

38

39 #endif

_ 106
Outline

Array.h

(2 of 2)

<« |
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Attempting toinvoke an expl icit constructor
for an implicit conversion isa compilation error.

(< >
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Using theexpl i1cit keyword on data members
or member functionsother than a single-
argument constructor isa compilation error.

(< >
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// Fig. 11.18: Figll_18._cpp

// Driver for simple class Array.
#include <iostream>

using std::cout;

using std::endl;

#include "Array.h"

void outputArray( const Array & ); // prototype conversion constructor disallows thisline to

int mainQ

{

Array integersl( 7 ); // 7-element
= output Array integersl

outputArray( integers

_ 109
Outline

Figll_18.cpp

Using keyword expl i ci t onthe

erroneously call the conversion constructor

outputArray( 3 ); // convert 3 to an Array and output Array’s contents

outputArray( Array( 3 ) ); //
return O;
} 7/ end main

explicit single-argument constructor call

An explicit call to the conversion

constructor is still allowed

<« >
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20 // print array contents Outline

21 void outputArray( const Array &arrayToOutput )

22 {

23 cout << "The Array received has " << arrayToOutput.getSize()

24 << " elements. The contents are:\n" << arrayToOutput << endl; Figll_18.cpp

25 } // end outputArray

(2 of 2)

c:\cpphtp5_examples\chl11\Figll_17_18\Figll_18.cpp(15) : error C2664:
"outputArray”® : cannot convert parameter 1 from "int®" to "const Array &°

Reason: cannot convert from "int" to "const Array”
Constructor for class “Array” is declared “explicit”

<« >
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Usetheexplicit keyword on single-argument
constructorsthat should not be used by the
compiler to perform implicit conversions.

(< >
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