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Operators that can be overloaded

+ - * / % A & |

~ ! = < > += -= E=

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

-- ->% , -> [] O new delete

new[] delete[]

Fig. 11.1 | Operators that can be overloaded.
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Operators that cannot be overloaded

¥ i ?:
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FHEE

Fig. 11.2 | Operators that cannot be overloaded.
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Complex Complex::operator + ( Complex &nhum) ;
EBRHIBEAT “+ZEMNComplexREKIXT R, AN
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1 // Fig. 11.3: PhoneNumber.h

2 // PhoneNumber class definition
3 #ifndef PHONENUMBER_H

4 #define PHONENUMBER_H
5
6

#include <iostream>
10 #include <string>
11 using namespace std;

13 class PhoneNumber
14 {

15 friend ostream &operator<<( ostream &, const PhoneNumber‘& );
16 friend istream &operator>>( istream &, PhoneNumber & );
17 private:

18 string areaCode; // 3-digit area code

19 string exchange; // 3-digit exchange

20 string line; // 4-digit line

21 }; // end class PhoneNumber
Notice function prototypes for overloaded operators

>> and << (must be global, £riend functions)

23 #endif
m DA K
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1 /] Fig. 11.4: PhoneNumber.cpp
4 #include <iomanip>

5 using std::setw;

0

7 #include "PhoneNumber.h"
8 k//////////////

cout << phone;
R P A 1 HON -

operator<<(cout, phone);

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

13 {

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

15 << number.exchange << -

16 return output; // enables cout << a «< b «

17 '} // end function operator<<

kst
ZgiXﬁ%m#

<< number.1ine;

Display formatted phone number
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19 // overloaded stream extraction operator; cannot be
20 // a member function if we would Tike to invoke it with

21 // cin >> somePhoneNumber;
22 1stream &operator>>( istream &input, PhoneNumber &number )

23 {
24
25
26
21
28
29
30

31} // end function operator>>

R

ignore skips specified number of

. . - characters from input (1 by default
input.ignore();<Afskip¢t—— | put (1 by )

input >> setw( 3 ) >> number.areaCode; // input area code

input.ignore( 2 ); // skip ) and space

input >> setw( 3 ) >> number.exchange; // input exchange
input.ignore(); // skip dash (-)

input >> setw( 4 ) >> number.line; // input line

return input; // enables cin >> a > b > ¢; *\\\\\\\

Input each portion of
phone number separately

m KICERR A
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// Fig. 11.5: figll_05.cpp

4 #include <iostream>

7 using namespace std;
9 #include "PhoneNumber.h"

10

11 int main()

12 {
13
14
15
16
17
18
19
20
21
22
25
26

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; *-\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

cout << "The phone number entered was:

cout << phone << endl;
return 0;

27 } // end main

R
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Testing overloaded >> and <<

operators to input and output a
PhoneNumber object
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Enter phone number in the form (123) 456-7890:

(800) 5551212
The phone number entered was: (800) 555-1212

R
m KIS

<

>


http://www.uml.org/

33

» PEEBUSHE AT Foperator>>(F271T) 2 H MANSH
— — M RistreamZE i) 5] H (BIRE R Binput)
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o« Y FEEBE R main( ) BEFHIEER:
cin >> phone

operator >> (cin, phone);

| Istream &operator>>( istream &input, PhoneNumber &number ) ; |

« BPATZVFES
— 5| AEZinputiAcinB)— ANl 4
— 5| AHJEZnumber g Aphone B—AM 1l 44
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. CIn >> phonel >> phone2;

cin ﬂ " | B RERCcin >> phonel
FEEMT A

operator >> (cin, phonel);
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» ZEMERIHTFRESRS —-String3k ( 11.10)
— FEStringRP AT EER, “! 7
- ! KERE N
« | Expression [IExpression’ A8 )2 BB R AN
« JRExpressionf1E :
— & Atrue, MR [EIfalse
— &R Nfalse, MIR[Etrue
— | BEMHESRERE X:
« ! obj /lobj AStringZRAI X %
o WA—PMFHERBNRE
— AZIRE true
— AARZEIRIE false
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« FEStringZRP EE, | FIHMHEI:
_ B K dEstaticlIR R B, WA BESH

class String

{
public:
bool operator!() const;

;. .

bool String::operator!() const

{
}

e String s;

.15 27 [
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EStringZRP EE, | KRB
- MEENLSRES BE—ASK

class String

{

friend bool operator!(const String &);

;. .

bool operator!( const String & )

{

}

e String s;
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class String

{
public:
bool operator<( const String & ) const;

}s
— String y, z;

—y < Z *Héﬁ?‘llllllllllllllllll
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« FEStringRPEF “<”KIWME N
- MRAEANERPFERRARE, WFERNSH

class String

{

friend bool operator<(const String &,
const String & );
public:

}

- String y, z;

-y <z m
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o BALZLTUMFHARXRREEFLE, HERAEX
int X[2],y[2];
if(x>y)
cout << ""ok" << endl;

- AreHREEEAE— M EARSE 5 — N4

- array names are const pointers
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- HiH|fEKE (Copy constructor)
- BRMNFBTEEZN—INRE, BFEENENREREHEX
g R
o A= AN REBIARAILEL A —A FRE KRR
« THEHMFIEFNIERR R
— Array oldArray;
Array newArray = oldArray;
Array newArray( oldArray );

— ArrayRiFE T HiE R R T

« Array( const Array & );
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1 // Fig. 11.6: Array.h
3 #ifndef ARRAY_H

4 #define ARRAY_H

6 #include <iostream>

8 using namespace std;
9

10 class Array

11 {

12 friend ostream &operator<<( ostream &, const Array & );

13 friend istream &operator>>( istream &, Array & );

14 public: Most operators overloaded as

15 Array( int = 10 ); // default constructor
16 Array( const Array & ); // copy constructor

member functions (except << and
>>, which must be global functions)

17 ~Array(); // destructor ——

18 int getSize() const; // return size ABAL

19

20 const Array &operator=( const Array & ); // assignment operator

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

22

24 bool operator!=( const Array &right ) const EE: BER '= B, HEITE
25 { / %Eﬁﬂg ==

26 return ! ( *this == right ); // invokes Array::operator=

27 v // end function operator!=
281 g
SRR
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28
29 /[ subscript operator for non-const objects returns modifiable Tvalue
30 int &operator[]( int );

Operators for accessing specific
elements of Array object

31

32 /] subscript operator for const objects returns rvalue

33 1int 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

M R
KICERR A


http://www.uml.org/

1 // Fig 11.7: Array.cpp

2 // Member-function definitions for class Array

3 #include <iostream>

9 #include <iomanip>

12 #include <cstdlib> // exit function prototype

13 using namespace std;

14

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

16

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

18 Array::Array( int arraySize )

19 {

20 size = ( arraySize > 0 ? arraySize : 10 ); // validate arraySize
21 ptr = new int[ size ]; // create space for pointer-based array
22

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

24 ptr[ 1 ] = 0; // set pointer-based array element

25 } // end Array default constructor

m R
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26

27 // copy constructor for class Array;

29 Array::Array( const Array &arrayToCopy )

30 : size( arrayToCopy.size )

31 {

32 ptr = new int[ size ]; // create space for pointer-based array
33

34 for Cint i =0; 1 < size; i++) We must declare a new integer array so the
35 ptr[ i ] = arrayToCopy.ptr[ i ]; // c| objectsdo not point to the same memory
36 } // end Array copy constructor

37

39 Array::~Array()

40 {

41 delete [] ptr; // release pointer-based array space
42 } // end destructor

43

45 1int Array::getSize() const

46 {

47 return size; // number of elements in Array

48 } // end function getsize
M,
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49

50 // overloaded assignment operator;

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

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

53 {

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

55 { ) Want to avoid self assignment
56 // for Arrays of different sizes, deallocate original

57 // left-side array, then allocate new left-side array

58 if ( size != right.size )

59 { This would be dangerous if this
60 delete [] ptr; // release space is the same Array as right
61 size = right.size; // resize this object

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

63 } // end 1inner if

64

65 for (int i =0; 1 < size; i+ )

66 ptr[ i 1 = right.ptr[ i ]; // copy array into object

67 } // end outer if

68

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

70 } // end function operator=

m R
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71
74 bool Array::operator==( const Array &right ) const

75 {

76 if ( size != right.size )

77 return false; // arrays of different number of elements
78

79 for (int i =0; i < size; i1++ )

80 if ( ptr[ i 1 '= right.ptr[ i ] )

81 return false; // Array contents are not equal

82

83 return true; // Arrays are equal

84 } // end function operator== integersi[ 5 ] calls
85 .

88 int &Array::operator[]( int subscript ) integersl.operator[]( 5 )
89 {

90 // check for subscript out-of-range error

91 1if ( subscript < 0 || subscript >= size )

92 {

93 cerr << "\nError: Subscript " << subscript

94 << " out of range" << endl;

95 exit( 1 ); // terminate program; subscript out of range
96 } // end if

97

98 return ptr[ subscript ]; // reference return

o0 1 // and fun i1on r r
—— unction operator[]
Zgixm%mﬁ
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100

103int Array::operator[]( int subscript ) const
104 {

105 // check for subscript out-of-range error
106 if ( subscript < 0 || subscript >= size )

107 {

108 cerr << "\ntError: Subscript " << subscript

109 << " out of range" << endl;

110 exit( 1 ); // terminate program; subscript out of range
111} // end if

112

113 return ptr[ subscript ]; // returns copy of this element
114} // end function operator[]

115

1181istream &operator>>( istream &input, Array &a )

119{

120 for (int 1 =0; i < a.size; i++ )

121 input >> a.ptr[ i ]1;

122

123 return input; // enables cin >> x >> vy;

124%Y // end function
Zgi mpEE
SRR
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125

126// overloaded output operator for class Array
1270stream &operator<<( ostream &output, const Array &a )
128{

129 int 1;

130

131  // output private ptr-based array

132 for (i =0; 1 < a.size; i++ )

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 1if (i % 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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27

// 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 main(Q

{

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

Retrieve number of elements in Array

// print integersl size and contents
cout << "Size of Array inffgg;sl/T;i:

<< integersl.getSize()

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

// print integers2 size and contents
cout << "\nSize of Array integers2 is
<< integers2.getSsize()

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

// input and print integersl and integers2

cout << "\nEnter 17 integers:" << endl; Use overloaded >> operator to input

cin >> integersl >> integers2;

ey o
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28
29
30
31
32
33
34
35
36
37
38
41
42
43
44
45
46
47
48
49
50
51
52
53
54
93

cout << "\nAfter 1input, the Arrays contain:\n"

<< "integersl:\n" << integersl<+—

we n - /
<< "integers2:\n" << integers2;

Use overloaded << operator to
output

// use overloaded inequality (!=) operator

cout << "\nEvaluating: integersl != integers2" << endl;

if ( integersl != integers2 ) *— |

Use overloaded != operator to test for inequality

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

Array integers3( integersl ); // invokes copy constructor
Use copy constructor

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

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

// use overloaded assignment (=) operator

cout << "\nAssigning integers2 to integersl:" << endl;
integersl = integers2; // note target Array is smaller

<< "integers2:\n" << 1integers2;

// use overloaded equality (==) operator

cout << "\nEvaluating: integersl == integers2" << endl;
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56
57 if ( integersl =

/ Use overloaded == operator to test for equality
= integers2 )

58 cout << "integersl and integers2 are equal" << endl;
59

60 // use overloaded subscript operator to create rvalue
61  cout << "\nintegersl[5] 1is '
62

63  // use overloaded subscript operator to create lvalue

' << integersl[ 5 1;

64  cout << "\n\nAssigning 1000 to integersl[5]" << endl;

65  integersl[ 5 ] = 1000;
66 cout << "1'ntegersl:\n" :<1ntegers\1, Use overloaded [] operator to access

- individual integers, with range-checking

68  // attempt to use out-of-range subscript

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

71 return 0;

72 } // end main

M R
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Size of Array integersl is 7
Array after initialization:

0 0 0 0
0 0 0

Size of Array integers2 is 10
Array after initialization:

0 0 0 0
0 0 0 0
0 0

Enter 17 integers:
1234567891011 121314 1516 17

After input, the Arrays contain:

integersl:
1 2 3 4
5 6 7

integers2:
8 9 10 11
12 13 14 15
16 17

Evaluating: integersl != integers?2

integersl and integers2 are not equal

kst
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Size of Array integers3 is 7
Array after initialization:

1 2 3 4
5 6 7
Assigning integers2 to integersl:
integersl:
8 9 10 11
12 13 14 15
16 17
integers2:
8 9 10 11
12 13 14 15
16 17
Evaluating: integersl == integers2
integersl and integers2 are equal
integersl[5] is 13
Assigning 1000 to integersl[5]
integersl:
8 9 10 11
12 1000 14 15
16 17

Attempt to assign 1000 to integersl1l[15]

Error: Subscript 15 out of range
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heiss

Array newArray( oldArray );

29 Array::Array( const Array arrayTocCopy )

30 : size( arrayToCopy.size )
31 {

32 ptr = new int[ size ];

33

34 for ( int i = 0; i < size; i++ )
35 ptr[ i 1] = arrayToCopy.ptr[ i 1;
36} // end Array copy constructor

Array arrayToCopy( oldArray );

TEAT 8 DIRIE RECZ |, SARIES L BPUMEIE R ERIA, Frb sS4 = H

ORI B ¥ DR 36 PR

R
KICRR

<

>

68


http://www.uml.org/

0 SR A3 35 2 A N R 451 1B
FRATGLOIREE, TIXFE T GOk 3R 1 — Beah
A5 R0 P77 e

BUTHH B S KRR A f e, T S8
SR B BIPLrSA E X(ER T, M
15T Al 2 B AT P BB 3 AT I R

R TSR R IArTay R RS I N9 R, T

RTEAMING BRI R,
arrayl = array2; =HINH 4 HR ?

QR AHEE
SR

<

69

>


http://www.uml.org/

70

3 H BT A B AL ﬂ?ﬁ@%ﬁ HHHRERR
HAF U&E%’J*’Jﬁ@%ﬁ~ R EHzZS N
FEIBCHIR

<4

R
m KIS


http://www.uml.org/

71

° %161'? :
const Array &operator= ( const Array &);
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A::operator int() const;
A::operator OtherClass() const;
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cout << S;
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class Complex

{
public:

operator int() const

{

return this->realPart + this->imaginaryPart;

}s

R
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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;

© 00 N o o A WN PP

=
o

class String

Conversion constructor to make
a String from a char *

=
=

{

el
w N

friend istream &operator>>( istr€am &, String & );
public:

string( const char * =

string( const String & ); // copy constructor

~String(); // destructor

[EE
I
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const String &operator=( co

N N D N N DN
o b~ W N PP O

kst
zgiXﬁ%m#

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

); // conversion/default constructor

sl += s2 will be interpreted
as sl.operator+=(s2)

tring & ); // assignment operator

const String &operator+=( const String ); // concatenation operator
bool operator!() const; // is String empty?

Can also concatenate a String and a

bool operator==( const String & ) const; // test sl == § char * because the compiler will cast
bool operator<( const String & ) const; // test sl < s2

the char * argument to a String

<4
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26 // test sl != s2
27 bool operator!=( const string &right ) const

28 {

29 return !( *this == right );
30 } // end function operator!=
31

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

34 {
35 return right < *this;

36 } // end function operator> Overload equality and
37 relational operators

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

40 {

41 return !( right < *this );
42 } // end function operator <=
43

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

46 {
47 return !'( *this < right );
48 } // end function operator>=
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49

50 char &operator[]( int );‘// subscript operator (modifiable Tvalue)
51 char operator[]1( int ) const; // subscript operator (rvalue)
52 String operator()( int, int = 0 ) gonst; // return a substring
53 int getLength() const; // return string

54 private:

55 int length; // string length (not counting null terminator)

56 char *sPtr; // pointer to start of pointer-based string

57

58 void setstring( const char * ); // utility function

59 }; // end class String

60

61 #endif

heiss
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Two overloaded subscript
operators, for const and
non-const objects

Overload the function call
operator () to return a substring
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24
25
26
27
28

// 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 )

Tlength( ( s '=0) ? strlen( s ) : 0 )
{

cout << "Conversion (and default) constructor: << s << endl;
setstring( s ); // call utility function

} // end String conversion constructor
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
95
56
57

// copy constructor
String::String( const String &copy )

: Tength( copy.length )

{
cout << "Copy constructor: " << copy.sPtr << endl;
setString( copy.sPtr ); // call utility function

} // end String copy constructor

// Destructor
String::~String()

{

" << sPtr << endl;

delete [] sPtr; // release pointer-based string memory

} // end ~Sstring destructor

cout << "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
} // end if
else
cout << "Attempted assignment of a String to itself" << endl;
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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 &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 Tength = 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 // Is this Sstring equal to right String?
83 bool Sstring::operator==( const String &right ) const
84 {

85 return strcmp( sPtr, right.sPtr ) == 0;
86 } // end function operator==

87
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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[]( int subscript )

96 {

97 // test for subscript out of range

98 if ( subscript < 0 || subscript >= length )

99 {

100 cerr << "Error: Subscript " << subscript
101 << " out of range" << endl;

102 exit( 1 ); // terminate program

103 } // end if

104

105 return sPtr[ subscript ]; // non-const return; modifiable Tvalue
106} // end function operator[]

107

108// return reference to character in String as rvalue

109char string::operator[]( int subscript ) const

1104

111 // test for subscript out of range

112 if ( subscript < 0 || subscript >= length )

113 {

114 cerr << "Error: Subscript " << subscript
115 << " out of range" << endl;

116 exit( 1 ); // terminate program

117 } // end if

(zgi R
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118

119 return sPtr[ subscript 1; // returns copy of this element
120} // end function operator[]

121

122// return a substring beginning at index and of length subLength
123String String::operator(Q( int index, int subLength ) const
1244

125 // if 1index is out of range or substring length < O,

126  // return an empty String object

127 if ( index < 0 || index >= length || subLength < 0 )

128 return ""; // converted to a String object automatically
129

130 // determine length of substring

131  1int len;

132

133 if ( ( subLength == 0 ) || ( index + subLength > length ) )

134 len = Tength - 1index;
135 else

136 len = subLength;

137

138 // allocate temporary array for substring and

139 // terminating null character

140 char *tempPtr = new char[ len + 1 ];

141

142  // copy substring into char array and terminate string
143 strncpy( tempPtr, &sPtr[ index ], len );

144  tempPtr[ len ] = '\0";

zgi R
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145
146
147
148
149

// create temporary String object containing the substring
String tempString( tempPtr );

delete [] tempPtr; // delete temporary array

return tempString; // return copy of the temporary String

150} // end function operator()

151

152// return string length
153int String::getLength() const

154 {
155

return length;

156} // end function getLength

157

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

160{
161
162
163
164
165
166

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

if ( string2 =0 ) // if string2 is not null pointer, copy contents
strcpy( sPtr, string2 ); // copy literal to object

else // if string2 is a null pointer, make this an empty string
sPptr[ 0 ] = '"\0"; // empty string

167} // end function setString

168

169// overloaded output operator
170o0stream &operator<<( ostream &output, const String &s )

1714
172
173

output << s.sPtr;
return output; // enables cascading

174} // end function operator<<
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175

176// overloaded input operator
1771istream &operator>>( istream &input, String &s )

1781
179
180
181
182
183}

)29

char temp[ 100 ]; // buffer to store input
input >> setw( 100 ) >> temp;
s = temp; // use String class assignment operator
return input; // enables cascading
// end function operator>>
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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 main(Q)

{

string s1( "happy"” );

String s2( " birthday" );

String s3;

// test overloaded equality and relational operators

cout << "sl1 is \"" << sl << "\"; s2 is \
"\"; s3 is \"" << s3 << "\

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

// test overloaded String empty (!) operator

<< s2 «— |

Use overloaded stream insertion
operator for Strings

boolalpha << "\n\nThe results of comparing s2 and sl:"

"\ns2 ==
"\ns2 I=
"\ns2 >
"\ns2 <
"\ns2 >=
"\ns2 <=

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

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

(
(

(
(
(
(

s2 == sl )
s2 I=5s1)
s2 > sl )
s2 <sl1)
s2 >=s1)
s2 <= sl );

cout << "\n\nTesting !s3:" << endl;
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

heiss

if ( 1s3 ) 4

{

cout << "s3 1is empty; assigning sl to s3;" << endl;

s3 =

cout << "s3 s \"" << s3I <
} // end if

// test
cout <<

Use overloaded negation
operator for Strings

sl; test overloaded assignment

Use overloaded assignment
operator for Strings

overloaded String concatenation operator
"\n\nsl += s2 yields sl = ";

sl += s2; // test overloaded concatenation

cout << sI?_—_—_-""‘——~———____________~___—__-_

// test
cout <<

sl +=
cout <<

// test
cout <<

conversion constructor

Use overloaded addition assignment
operator for Strings

92

"\n\nsl += \" to you\" yields" << endl;

to you"; // test conversion constructor
"sl =" << sl << "\n\n"7

char * string is converted to a
String before using the overloaded
addition assignment operator

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

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

<< s1( 0, 14 )_<< "\n\n";

// test
cout <<

<< "location 15, s

substring "to-end-of-String" option
"The substring of sl starting at\n"

Use overloaded function call
operator for Strings

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

// test

copy constructor

String *s4Ptr = new String( sl );

cout <<

R
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"\n*s4Ptr = " << *s4Ptr << "\n\n";
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61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80 } // end main

heiss

// test assignment (=) operator with self-assignment
cout << "assigning *s4Ptr to *s4Ptr" << endl;
*S4Ptr = *s4Ptr; // test overloaded assignment

cout << "#s4Ptr = " << *s4Ptr << endl;
// test destructor
delete s4pPtr;

// test using subscript operator to create a modifiable lvalue
sl[ 0 ] = "H';
sl[ 6 ] = 'B';
cout << "\nsl after s1[0] = 'H' and s1[6] = 'B' 1is: "
<< s1 << "\n\n";

// test subscript out of range

cout << "Attempt to assign 'd' to s1[30] yields:'
sl[ 30 ] = 'd'; // ERROR: subscript out of range
return 0;

<< endl;

Use overloaded subscript
operator for Strings

Attempt to access a subscript
outside of the valid range
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conversion (and
Conversion (and
Conversion (and

sl is "happy"; s2 is " birthday"; s3 is

default) constructor: happy
default) constructor: birthday
default) constructor:

The results of comparing s2 and sl:

s2 == sl yields
s2 = sl yields
s2 > sl yields
s2 < sl yields
s2 >= sl yields
s2 <= sl yields

Testing !s3:

false
true
false
true
false
true

s3 is empty; assigning sl to s3;

operator= called

s3 1is "happy"

sl += s2 yields

sl = happy birthday

sl += " to you" yields

Conversion (and

default) constructor: to you

Destructor: to you
sl = happy birthday to you

Conversion (and

default) constructor: happy birthday

The constructor and destructor are
called for the temporary String

Copy constructor: happy birthday

Destructor: happy birthday

The substring of sl starting at

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

happy birthday

kst
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(continued at top of next slide...)
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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 s1[6] = 'B' 1is: Happy Birthday to you

Attempt to assign 'd' to s1[30] yields:
Error: Subscript 30 out of range
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L EEEHEA+=RE —1const char*2REI S H )

PATHRFE 5,
String s1(“yes”), s2(“no”);
sl =sl1+s2;

|Im||

String s1(“yes”);

s1 +=“no”; /[Z&StringZ_W) 5B 451T40S
BA: s1h “no”fidated? il £ F— 5!
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S1 += “no”;

J

char * sptr=“no”;

S1 += sptr;

J

98

S1.operator+=( sptr');

J

sptrég £ 4! Hoperator+= A #
AR AR —
S BAAMA A A AR ®H

S1l.operator+=( Sstring( sptr ) );

char *sptr = “no”;
{
String temp( sptr );
Sl.operator+=( temp );
}
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a& BB ++
BRAIE++HESEREMETE —JuiEsHEF— .

— RRBRATEXSDate EH, HI E++, AT ELRABRIIT
- B REREE, EREHEAFRBEHREAN:

e Date &operator++();
e ++d1 4a % ¥ d1l.operator++()

°
II‘rnII

- fEAR RERBR, BEREEFRBENIELR:
« friend Date &operator++( Date & );
e ++d1 4a & F operator++( d1 )
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12, B
—%ﬁﬁﬁﬁ%ﬁﬁﬁ%ﬁﬁ%?%ﬁﬁﬁﬁ,Z%E?§

« An int with value 0

— YEAR R, BEREHEFREBIELRA:
e« Date operator++( int );
e d1++ 4a % F dl.operator++( 0 )

- FEAR RREE, BEREEFRBHIERN:
e Date operator++( Date &, int );
e d1++ #a % F operator++( d1, 0 )
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c EE:
- FE R H¥iE B A/ E{EIR Bl DateXt 5
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class Date

{

Date &operator++( );
void setDate( );

void Date::setDate( )
{

W B year-
monthFlday &

Int getYear( );
Int year;

Int month;

Int day;

¥

Int Date:.getYear( )

{
Hlyear B
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1 // Fig. 11.12: Date.h
3 #ifndef DATE_H

4 #define DATE_H

6 #include <iostream>

7 using std::ostream;

8

9

class Date

10 {

11 friend ostream &operator<<( ostream &, const Date & );

12 public:

13 Date( int m =1, intd = 1, int y = 1900 ); // default constructor

14 void setDate( int, 1int, int_);_// set month, day, Vit e g e [eeer
s Date &operator++(); // ‘:;W prefix and postfix increment
16 Date operator++( int ); postfix increment oper&co:

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

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

19 bool endofMonth( int ) const; // is date at the end of month?

20 private:

21 int month;

22 int day;

23 int year;

24

25 static const int days[]; // array of days per month

26 void helpIncrement(); // utility function for incrementing date

27 }; // end class Date

28

29 #endif


http://www.uml.org/

// Fig. 11.13: Date.cpp
#include <iostream>
#include "Date.h"

1
3
4
5
7 const int Date::days[] =

8 {0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };
9

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

12 {

13 setDate( m, d, y );

14 } // end Date constructor

15

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

18 {

19 month = (mm>= 1 & mm <= 12 ) ? 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 ) ? dd : 1;
25 else
26 day = ( dd >= 1 & dd <= days[ month ] ) ? dd : 1;

27 } // end function setDate
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30
31
32
33
34
35
38
39
40
41
42
43
44
45
46
48
49
50
51
52
53
54

Date &Date::operator++()

{

helpIncrement(); // increment date
return *this; // reference return to create an
} // end function operator++

Date Date::operator++( int )

Tvalue

{
Date temp = *this; // ho1;k;;;;;;;\;;ﬁﬁirrﬂiig

helpIncrement();

Postfix increment updates object
and returns a copy of the original

// return unincremented, saved, temporary object

return temp; return; not a reference re*
_ Do not return a reference to
} // end function operator++

const Date &Date::operator+=( int additionalDays )

{
for (int i = 0; 1 < additionalbays; i++ )
helpIncrement();

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

temp, because it is a local
variable that will be destroyed
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56 // 1f the year is a leap year, return true; otherwise, return false
57 bool Date::leapYear( int testYear ) const

58 {

59 if ( testYear % 400 == 0 ||

60 ( testYear % 100 != 0 &% testYear % 4 == 0 ) )
61 return true; // a leap year

62 else

63 return false; // not a leap year

64 } // end function leapYear

65

66 // determine whether the day is the last day of the month
67 bool Date::endofMonth( int testDay ) const

68 {

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

70 return testbay == 29; // last day of Feb. in leap year
71 else

72 return testDay == days[ month ];

73 } // end function endofMonth

74
R i
KSR
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75 // function to help increment the date
76 void Date::helpIncrement(Q

77 {

78 // day is not end of month

79 if ( 'endofMmonth( day ) )

80 day++; // increment day

81 else

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

84 month++; // increment month

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

86 }y // end if

87 else // last day of year

88 {

89 yvyear++; // increment year

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

92 } // end else

93 } // end function helpIncrement

94

95 // overloaded output operator
96 ostream &operator<<( ostream &output, const Date &d )
97 {

o8 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<<
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1 // Fig. 11.14: figll _14.cpp

2 // Date class test program.

3 #include <iostream>

4 using std::cout;

5 wusing std::endl;

6

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

8

9 1dnt mainQ

10 {

11 Date dl; // defaults to January 1, 1900

12 Date d2( 12, 27, 1992 ); // December 27, 1992

13 Date d3C 0, 99, 8045 ); // invalid date

14

15 cout << "dl is " << dl << "\nd2 is " << d2 << "\nd3 1is " << d3;
16 cout << "\n\nd2 += 7 is " << ( d2 += 7 );

17

18 d3.setbate( 2, 28, 1992 );

19 cout << "\n\n d3 is " << d3;

20 cout << "\n++d3 is " << ++d3 << " (leap year allows 29th)";
21

22 Date d4(C 7, 13, 2002 );

23

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

25 << " d4 is " << d4 << endl;

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

27 cout << " d4 1is " << d4; ..
o8 Demonstrate prefix increment

ggi R
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29
30
31
32
33

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

cout << "d4++ 1is
cout <<

<< d4 is " << d4 << endl;

<< d4++ << endl;

d4 is " << d4 << endl;

return 0;
34 } // end main

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

d2 += 7 is January 3, 1993

d3 is
++d3 s

Testing
d4 is
++d4 1is
d4 is

Testing
d4 is
d4++ 1is
d4 is

heiss

R
KICRR

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

Demonstrate postfix increment
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// Fig. 11.16: Figll_16.cpp

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

using std::cout;

1

2

3

4

5 using std::endl;
6

7 #include "Array.h"
3

9

void outputArray( const Array & ); // prototype

11 int main()

12 {

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

14 outputArray( integersl ); // output Array integersl
15

16 return 0;

17 } // end main

m R
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18

19 // print Array contents
20 void outputArray( const Array &arrayToOutput )
21 {

22  cout << "The Array received has

<< arrayToOutput.getSize()
23 << " elements. The contents are:\n" << arrayToOutput << endl;
24 '} // end outputArray

The Array received has 7 elements. The contents are:

0 0 0 0
0 0 0

§ The Array received has 3 elements. The contents are:
| 0 0 0

< )
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// Fig. 11.17: Array.h

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

#define ARRAY_H

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

© 0O N o 0o A WO DN PP

[EEN
o

class Array

{

e el
w N

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

[N
IS

public:
explicit Array( int = 10 ); // default constructo
Array( const Array & ); // copy constructor
~Array(); // destructor
int getSize() const; // return size

N P PR
O © 0 N o U

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

Use explicit keyword to
avoid implicit conversions
when inappropriate

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

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

21
ke
Zgixm%m#
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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 } // 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
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1 // Fig. 11.18: Figll_18.cpp

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

4 using std::cout;

5 using std::endl;
6

/

8

9

#include "Array.h"

void outputArray( const Array & ); // prototype

10 Using keyword explicit on the

11 int main() conversion constructor disallows this line to
erroneously call the conversion constructor
12 {

13 Array integersl( 7 ); // 7-eleme
14 outputArray( integersl );
15 outputArray( 3 ); // convert 3 to an Array and output Array’s contents

output Array integersl

16 outputArray( Array( 3 ) ); // explicit single-argument constructor call

17 return 0;
g \ An explicit call to the conversion
18 } // end main constructor is still allowed

R
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19
20 // print array contents
21 void outputArray( const Array &arrayToOutput )

22 {
23 cout << "The Array received has " << arrayToOutput.getSize()
24 << " elements. The contents are:\n" << arrayToOutput << endl;

25 } // end outputArray

% c:\cpphtp5_examP1es\chll\Figll_17_18\Fi911_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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