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8.1 Introduction

» Use operators with objects (operator overloading)
— Clearer than function calls for certain classes
— Operator sensitive to context

» Examples
— <<

* Stream insertion, bitwise left-shift
-+

 Performs arithmetic on multiple types (integers, floats, etc.)
 Will discuss when to use operator overloading
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8.2 Fundamentals of Operator Overloading

* Types
— Builtin (i nt, char) or user-defined
— Can use existing operators with user-defined types
¢ Cannot create new operators
* Overloading operators
— Create afunction for the class

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

» Using operators on a class object

— It must be overloaded for that class
« Exceptions:
¢ Assignment operator, =
— Memberwise assignment between objects
e Address operator, &
— Returns address of object
» Both can be overloaded

» Overloading provides concise notation
— object2 = objectl. add(object?2);
— object2 = object2 + objectl;
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8.3 Restrictions on Operator Overloading

» Cannot change

— How operators act on built-in data types
« |.e, cannot changeinteger addition

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

Associativity (left-to-right or right-to-left)

Number of operands
* &isunitary, only acts on one operand

» Cannot create new operators

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

Operators that can be overl oaded

+ - * / % N &

~ ! = < > += - = *=

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

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

Operators that cannot be overl oaded

X L 2: si zeof
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8.4 Operator Functions As Class Members
Vs. As Friend Functions

* Operator functions
— Member functions
e Uset hi s keyword to implicitly get argument
¢ Getsleft operand for binary operators (like+)
« Leftmost object must be of same class as operator
— Non member functions
« Need parameters for both operands

« Can have object of different class than operator
e Mustbeaf ri endtoaccessprivat e or prot ect ed data

— Called when
« Left operand of binary operator of same class
 Single operand of unitary operator of same class
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8.4 Operator Functions As Class Members
Vs. As Friend Functions

» Overloaded << operator

— Left operand of type ost ream &
e Suchas cout objectincout << cl assObj ect

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

» Commutative operators
— May want + to be commutative
* Soboth“a + b”and“b + a” work
— Suppose we have two different classes

— Overloaded operator can only be member function when its
classison left
e Hugel ntCl ass + Long int
¢ Can be member function
— When other way, need a non-member overload function
e Long int + HugelntC ass
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8.5 Overloading Stream-Insertion and
Stream-Extraction Operators

e << and>>

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

— Print out formatted number automatically
« (123) 456-7890
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1 // Fig. 8.3: fig08_03.cpp m o) H
= utline
2 // Overloading the streaminsertion and m I—
3 /] streamextraction operators.
4 #include <iostrean> figOS 03.Cpp
5 )}
lof 3
6 using std::cout; ( )
7 using std::cin;
8 using std::endl;
9 using std::ostream
10 wusing std::istream
11
12 #i ncl ude <i onani p>
13 g .
) Notice function prototypes for
14 using std::setw;
s overloaded operators>> and <<
16 // PhoneNunb, class definitio Thw must be non-member fri end
7 el ass P“Z”e’\‘“"be’ { (functions, since the object of class
18 friend ostream &operator << Ph :
nen r appearson theright of
19 friend istream &operator >>( onenunbe & sonthe gto
- the operator.
21 private: cin << object
22 char areaCode[ 41; // 3-d cout >> Obj ect
23 char exchange[ 41]; [// 3-drgrr—excrarmge—amoTorT
24 char line[ 5 ]; /] 4-digit line and null
25
26 }; // end class PhoneNunmber
O 2003 Prentice Hall, Inc.
All rights reserved.
e |
27 1Al outli 12
[T71 utline
28 // overl oaded streaminsertion operator; cannot be
29 // a menber function if we would like to invoke it with
30 // cout << sonePhoneNumber; figOS 03.Cpp
31 ostream &operator<<( ostream &out put, const oneNunber =
2 { v .
83 out put << "“(" << num areaCode << ") " Thete)(g?()}?' 5
34 << num exchange << "-" << num | i ne; COU [pIenis, .
35 isinterpreted as the function call:
36 return output; enabl es cout << a << b << c; oper at or <<(cout , phone);
37 g i f
38 } // end function operator<< :
39
40 // overloaded stream extractf —=——lows objects to be cascaded.
41 // a nenber function if . . L .
o 1 i gnor e() skips specified << phonel << phone2;
cin >> sonePhone Is
B fskreem Caure : number of characters from
o Linput-(1-by-default)- tor <<(cout, phonel) ,and
4
45 i nput . i gnore() ; /1 skip (|FEUrnscout .
46 input >> setw( 4 ) > um ar eaCode; // input arg
47 i nput.ignore( 2 ); phene2-execttes:
48 input >> setw( 4 ) >> num exch ;| Stream manipulator set w
49 input.ignore(); restricts number of characters
50 input >> setw( 5 ) >> numline; read. setw(4) alows 3
o _ | charactersto beread, leaving
52 return input; /'l enables cin
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

[al

. — Outline
} // end function operator>> m I—
i{”‘ izt () fig08_03.cpp
30f 3
PhoneNunber phone; // create object phone ( )
cout << "Enter phone nunber in the form (123) 456-7890:\n"; fi908_03-cpp

output (1 of 1)
/'l cin >> phone invokes operator>> by inplicitly issuing
/1 the non-menmber function call operator>>( cin, phone )
cin >> phone;

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

/'l cout << phone invokes operator<< by inplicitly issuing
/1 the non-nenber function call operator<<( cout, phone )
cout << phone << endl;

return 0;

} // end main

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

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

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

» Upcoming example (8.10)
— Overload! to test for empty string
— If non-st at i ¢ member function, needs no arguments

* | s becomess. operator! ()
class String {
public:
bool operator!() const;

.
— If non-member function, needs one argument

« sl becomesoperat or! (s)
class String {
friend bool operator!( const String &)

}
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8.7 Overloading Binary Operators

» Overloading binary operators
— Non-st at i ¢ member function, one argument
— Non-member function, two arguments
« One argument must be class object or reference
» Upcoming example

— If non-st at i ¢ member function, needs one argument
class String {
public:
const String &operator+=( const String & );

}s
—y += zeguivdenttoy. operator+=( z )
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8.7 Overloading Binary Operators

» Upcoming example
— If non-member function, needs two arguments

— Example:
class String {
friend const String &operator+=(
String & const String & );

b
—y += zequivdenttooperator+=( y, z )
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8.8 Case Study: Array class

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

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

» Copy constructor

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

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

— Prototypefor class Ar r ay
e Array( const Array & );
* Must take reference
— Otherwise, pass by value
— Triesto make copy by calling copy constructor...
— Infiniteloop
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Il Array class for storing arrays of integers.
#i f ndef ARRAY1_H

#define ARRAY1_H arrayl.h (1of 2)

(&
/1 Fig. 8.4: arrayl.h Outline

#i ncl ude <i ostrean>

using std::ostream
using std::istream

class Array {
friend ostream &operator <<( ostreamg&, const Array & );
friend istream &operator >>(_istream&, Arrav & )-

Most operators overloaded as

4 member functions (except <<
and >>, which must be non-
Lmemberfunctionsy——

public:
Array( int = 10 );
Array( const Array & ):
~Array(); v
int getSize() const;

/'l assignment operator o

const Array &operator=( const Array & );

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

O 2003 Prentice Hall, Inc.
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27 /1 inequality operator; returns opposite of == operator E OUtline 21

28 bool operator!=( const Array &ight ) const m I—

29 {

:(1) return ! ( *this ==right ); // invokes Array::operator== arrayl.h (20f2)

;‘s; } // end function operatort !:op_erators'mplyreturns

34 /| subscript operator for non-con OppOSteOf:: operatc_)r.

35 int &operator[]( int ); ThUS only need to define the

36 == operator.

37 /'l subscript operator for const objects returns rval ue

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

39

40 private:

41 int size; // array size

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

43

44 }; I/ end class Array

45

46 #endi f
O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig 8.5: arrayl.cpp IAI Outline 22

2 /] Menber function definitions for class Array .

3 #include <iostrean>

5 arrayl.cpp (10of 7)

5 using std::cout;

6 using std::cin;

7 using std::endl ;

8

9 #include <ionanip>

10

11 using std::setw;

12

13 #include <new> /|l C++ standard "new' oper ator

14

15 #include <cstdlib> /1 exit function prototype

16

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

18

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

20 Array::Array( int arraySize )

21 {

22 /| validate arraySize

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

24

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

26

O 2003 Prentice Hall, Inc.
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27 for (int i =0; i < size; i++) E - 23

28 ptr[ i ] =0; I/ initialize array E OL'IHQ

29

30 } // end Array default constructor

" arrayl.cpp (2of 7)

32 // copy constructor for class Array;

::j /A/ rmst receive a reference to pre WemustdeclareanaNinteger array so

rray:: Array( const Array &arrayT B B

= s o 2 a”ayTocopy/sizu/)/ the objects do not point to the same

36 { 5 memory.

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

38

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

40 ptr[ i ] = arrayToCopy.ptr[ i ]; // copy into object

41

42 } // end Array copy constructor

43

44 || destructor for class Array

45 Array::~Array()

46 {

47 delete [] ptr; // reclaimarray space

48

49 } // end destructor

50
O 2003 Prentice Hall, Inc.
All rights reserved.
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51 // return size of array IAI Outline 24

52 int Array::getSize() const .

53 {

2151 return size; arrayl.cpp (3 of 7)

56 } // end function getSize

57

58 // overloaded assi gnnent oper h

59 // const return avoids: 1=a2) = a3

60 const Array &Array:-dperator=( const Array &ight )

61 { a4

62 if ( &ight !'=this ) { // check for self-assignnent

63

64 /'l for arrays of different sizes, deallocate original

65 /'l left-side array, then allocate new | eft-side array

66 if ( size !=right.size ) {

67 delete [] ptr; /'l reclai mspace

68 size = right.size; /1l resize this object

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

70

71 } /1 end inner if

72

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

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

75

76 } // end outer if

O 2003 Prentice Hall, Inc.
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. — Outline

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

79

80 } // end function operator= arraylc 4 of

o ylcpp (40f 7)

82 // determine if two arrays are equal and
83 // return true, otherw se return false
84 bool Array::operator==( const Array &ight ) const

8 {

86 if ( size !=right.size)

87 return false; /1 arrays of different sizes

88

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

90

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

92 return false; // arrays are not equal

93

94 return true; /'l arrays are equal

el

9% } // end function operator==

97
O 2003 Prentice Hall, Inc.
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98 // overloaded subscript operator for non-const Arrays IAI H 26
. Outline

99 // reference return creates an |val ue

100 int &Array::operator[]( int subsgript )
101 { v +=pp (5 of 7)

102 /'l check for subscript out of range q.
103 if ( subscript < 0 || subscript >= size|l Ntegersi[ 5] cals

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

106

107 exit( 1); /L _termnate prgacram cuhcerint aut of ranag

108 ~ . .

109} I/ end if exi t () (header<cstdl i b>)ends
110 -

111 return ptr[ subscript ]; // reference return

112

113} // end function operator([]

114
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115 // overl oaded subscript operator for const Arrays E OUtline 27

116 // const reference return creates an rval ue m -

117 const int &Array::operator[]( int subscript ) const

118 {

119 /'l check for subscript out of range error arrayl.cpp(6of7)

120 if ( subscript < 0 || subscript >= size ) {

121 cout << "\nError: Subscript " << subscri pt

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

123

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

125

126 } /] end if

127

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

129

130} // end function operator|[]

131

132 // overloaded input operator for class Array;

133 // inputs values for entire array

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

135 {

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

137 input >> a.ptr[ i ];

138

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

140

141} // end function
O 2003 Prentice Hall, Inc.
All rights reserved.
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142 A H 28
Outline

143 // overl oaded output operator for class Array

144 ostream &operator<<( ostream &output, const Array & )

A arrayl.cpp (7 of 7)

146 int i;

147

148 /'l output private ptr-based array

149 for (i =0; i <asize; i++) {

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

151

152 if ((i +1) %4==20)// 4 nunbers per row of output

153 out put << endl ;

154

155 } /1 end for

156

157 if (i %4!=0) // end last |line of output

158 out put << endl ;

159

160 return output; /'l enabl es cout << x << y;

161

162 } // end function operator<<

O 2003 Prentice Hall, Inc.
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/1 Fig. 8.6: fig08_06.cpp E 29

! = Outline
2 [/ Array class test program m I—
3  #include <iostreanr
g sing std:: cout figOS_OG.cpp
usi 1 cout ;
6 using std::cin; (1 of 3)
7 using std::endl ;
8
9 #include "arrayl. h"
10
11 int main()
12 {
13 Array integersl( 7 ); // seven-elenent Array
14 Array integers2; /'l 10-el enent Array by default
15
16 /'l print integersl size and contents
17 cout << "Size of array integersl is "
18 << integersl. getSize()
19 << "\nArray after initialization:\n" << integersi;
20
21 /1 print integers2 size and contents
22 cout << "\nSize of array integers2 is "
23 << integers2. getSi ze()
24 << "\nArray after initialization:\n" << integers2;
25
O 2003 Prentice Hall, Inc.
All rights reserved.
26 /1 input and print integersl and integers2 IAI Outline 30
27 cout << "\nlnput 17 integers:\n"; -
28 cin >> integersl >> integers2;
2 fig08_06.cpp
30 cout << "\nAfter input, the arrays contain:\n" 2 of 3)
31 << "integersl:\n" << integersl (
32 << "integers2:\n" << integers2;
33
34 /'l use overloaded inequality (!=) operator
35 cout << "\nEvaluating: integersl != integers2\n";
36
37 if ( integersl != integers2 )
38 cout << "integersl and integers2 are not equal\n";
39
40 /] create array integers3 using integersl as an
41 /Il initializer; print size and contents
42 Array integers3( integersl ); // calls copy constructor
43
44 cout << "\nSize of array integers3 is "
45 << integers3. getSi ze()
46 << "\nArray after initialization:\n" << integers3;
47
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48 /| use overl oaded assi gnnent (=) operator E sl

= Outline
49 cout << "\nAssigning integers2 to integersl:\n"; m -
50 integersl = integers2; // note target is smaller
<t _ ) fig08_06.cpp
52 cout << "integersl:\n" << integersl 3of 3)
53 << "integers2:\n" << integers2; (
54
55 /| use overl oaded equality (==) operator
56 cout << "\nEvaluating: integersl == integers2\n";
57
58 if ( integersl == integers2 )
59 cout << "integersl and integers2 are equal\n";
60
61 /'l use overl oaded subscript operator to create rval ue
62 cout << "\nintegersl[5] is " << integersi] 5 ];
63
64 /| use overl oaded subscript operator to create |val ue
65 cout << "\n\nAssigning 1000 to integersl[5]\n";
66 integersl[ 5] = 1000;
67 cout << "integersl:\n" << integersi;
68
69 // attenpt to use out-of-range subscript
70 cout << "\nAttenpt to assign 1000 to integersi[15]" << endl;
71 integersl[ 15 ] = 1000; // ERROR out of range
72
73 return O;
74

75 } /1 end main

O 2003 Prentice Hall, Inc.
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32
Size of array integersl is 7
Array after initialization:
o g o 2 fig08_06.cpp
0 0 0 -
output (1 of 3)

1A]
Outline

Size of array integers2 is 10
Array after initialization:

0 0 0 0
0 0 0 0
0 0

I nput 17 integers:
12345678910 11 12 13 14 15 16 17

After input, the arrays contain:

integersl:
1 2 3 4
5] 6 7
integers2:
8 9 10 11
12 13 14 15

O 2003 Prentice Hall, Inc.
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Eval uating: integersl != integers2
integersl and integers2 are not equal

Size of array integers3 is 7
Array after initialization:

E Outline *
™ ‘

fig08_06.cpp
output (2 of 3)

1 2 3 4
5 6 7
Assigning integers2 to integersl:
i ntegersl:
8 9 10 11
12 13 14 15
16 17
integers2:
8 9 10 11
12 13 14 15
16 17
Eval uating: integersl == integers2
integersl and integers2 are equal
integersl[5] is 13
O 2003 Prentice Hall, Inc.
All rights reserved.
Assi gning 1000 to integersl[5] IAI Outline 34
integersi: . E—
8 9 10 11
12 1000 14 15 fi
ig08_06.c
16 17 g0 ! PP

Attenpt to assign 1000 to integersil|15]

Error: Subscript 15 out of range

output (3 of 3)

O 2003 Prentice Hall, Inc.
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8.9 Converting between Types

» Casting
— Traditionaly, cast integers to floats, etc.
— May need to convert between user-defined types

» Cast operator (conversion operator)

— Convert from
¢ Oneclassto another
e Classtobuilt-intype(i nt, char, etc.)

— Must be non-st at i ¢ member function
e Cannotbefriend

— Do not specify return type
e Implicitly returns type to which you are converting

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

» Example
— Prototype
A: :operator char *() const;
e CastsclassAto atemporary char *
e (char *)scalss. operator char*()
— Also
e A:operator int() const;
e A :operator OtherC ass() const;

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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8.9 Converting between Types

 Casting can prevent need for overloading
— Supposeclass Stri ng canbecastto char *
—cout <<s; // sis a String
o Compiler implicitly convertss tochar *
« Do not have to overload <<

— Compiler can only do 1 cast

O 2003 Prentice Hall, Inc. All rights reserved. = =
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8.10 Case Study: A Stri ng Class

e BuildclassString

— String creation, manipulation
— Classstri ng in standard library (more Chapter 15)

e Conversion constructor

— Single-argument constructor

— Turns objects of other types into class objects
e String s1(“hi");
e CreatesaStri ng fromachar *

— Any single-argument constructor is a conversion constructor

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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1 // Fig. 8.7: stringl.h m H 39

2 |/ String class definition. E OL'IHE\

3 #ifndef STRINGL_H

451 #define STRINGL_H stringl.h (1 of 3)

6 #include <iostreanmr

7

8 using std::ostream

9 using std::istream

10

11 class String {

DI e et =S o223 Comversion consiructor 0

” makea St ri ng froma

15 public: & char *.

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

17 String( const String & ); /'l copy construc .

18 ~String(); /'l destruc sl += s2 mterpretedas

19 s1. oper at or +=(s2)

20 const String &operator=( cons tring & ); /

21 const String &operator+=( const String & ); /[Canasoconcatenatea Stri ng

22 and achar * becausethe

23 bool operator! () const; I compilerwillcastthechar *

24 bool operator==( const Stfing & ) const; // t argumenttoaStri ng.

25 bool operator<( const String &) const; // t However, itcanonly do1leve

* of casting.
O 2003 Prentice Hall, Inc.
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27 Il test sl = s2 O tl 40

28 bool operator!=( const String & right ) const uthine

29 {

30 return !'( *this == right ); stringl.h (20f3)

31

32 } // end function operator!=

33

34 /] test sl > s2

35 bool operator>( const String &ight ) const

36 {

37 return right < *this;

38

39 } // end function operator>

40

41 /] test sl <= s2

42 bool operator<=( const String &ight ) const

43 {

44 return !'( right < *this );

45

46 } // end function operator <=

47

48 /] test sl >= s2

49 bool operator>=( const String &ight ) const

50 {

51 return !'( *this < right );

52

53 } // end function operator>=

O 2003 Prentice Hall, Inc.
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o /Two overloaded subscript Outline

55 char &operator[]( int );_ 11 operatorsfor const and

56 const char &operator[]( int ) const; // non-const ObjGIS.

3 _ ) ) _ stringl.h (3of 3)

58 String operator()( int, int ); /'l return a substring

59

60 int getLength() const; Overload the function call

a operator () toreturna

zi . :/:: e; ength; // string length subsxring. Thisoperatorcan

64 char *sPtr; // pointer to start havemyanoumdopamds

65

66 void setString( const char * ); // utility function

67

68 }; // end class String

69

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

1 // Fig. 8.8: stringl. cpp IAI Outline 42

2 /1 Menber function definitions for class String. . -

3  #include <iostreanm>

5 stringl.cpp (1 of 8)

5 using std::cout;

6 using std::endl;

7

8 #include <ionanip>

9

10 wusing std::setw;

11

12 #incl ude <new> /'l C++ standard "new' operator

13

14 #incl ude <cstring> /'l strcpy and strcat prototypes

15 #include <cstdlib> /| exit prototype

16

17 #include "stringl.h" // String class definition

18

19 // conversion constructor converts char * to String

20 String::String( const char *s )

21 length( strlen( s ) )

2 {

23 cout << "Conversion constructor: " << s << '\n’;

24 setString( s ); // call utility function

25

26 } // end String conversion constructor

O 2003 Prentice Hall, Inc.
All rights reserved.
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28 // copy constructor m I—

29 String::String( const String &copy )

30 | engt h( copy.length ) stringl.cpp (20f 8)

31 {

32 cout << "Copy constructor: " << copy.sPtr << '\n';

33 set String( copy.sPtr ); // call utility function

34

35 } // end String copy constructor

36

37 // destructor

38 String::~String()

39 {

40 cout << "Destructor: " << sPtr << '\n';

41 delete [] sPtr; /1 reclaimstring

42

43 } // end ~String destructor

44

45 [/ overl oaded = operator; avoids self assignnment

46 const String &String::operator=( const String & ight )

47 {

48 cout << "operator= called\n";

49

50 if ( &ight !'=this ) { /'l avoid self assignnent

51 delete [] sPtr; Il prevents nmenory |eak

52 length = right.|ength; /'l new String |ength

53 setString( right.sPtr ); [/ call utility function

54 }
O 2003 Prentice Hall, Inc.
All rights reserved.
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56 el se -

57 cout << "Attenpted assignment of a String to itself\n";

58 H

59 return *this; /'l enabl es cascaded assi gnnents strlngl.cpp (30f8)

60

61 } // end function operator=

62

63 // concatenate right operand to this object and

64 // store in this object.

65 const String &String::operator+=( const String &ight )

66 {

67 size_t newiength = length + right.length; /1 new | ength

68 char *tenpPtr = new char[ newLength + 1 ]; // create nenory

69

70 strcpy( tenpPtr, sPtr ); Il copy sPtr

71 strcpy( tenpPtr + length, right.sPtr ); // copy right.sPtr

72

73 delete [] sPtr; /'l reclaimold space

74 sPtr = tenpPtr; /] assign new array to sPtr

75 length = newLength; // assign new length to |ength

76

7 return *this; // enables cascaded calls

78

79 } I/ end function operator+=

80

O 2003 Prentice Hall, Inc.
All rights reserved.




81 // is this String enpty?
82 bool String::operator!() const

83 {

84 return length == 0;

85

86 } // end function operator!
87

88 // is this String equal to right String?
89 bool String::operator==( const String &ight ) const

0 {

91 return strcnp( sPtr, right.sPtr ) == 0;
92

93 } // end function operator==

94

95 // is this String less than right String?
96 bool String::operator<( const String &ight ) const
97 {

98 return strcnp( sPtr, right.sPtr ) < 0;
99

100 } // end function operator<

101
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stringl.cpp (4 of 8)
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102 // return reference to character in String as |value
103 char &String:: operator[]( int subscript )
104 {

105 /1 test for subscript out of range

106 if ( subscript < 0 || subscript >= length ) {
107 cout << "Error: Subscript " << subscript
108 << " out of range" << endl;

109

110 exit( 1); // terminate program

111 }

112

113 return sPtr[ subscript ]; // creates |value
114

115} // end function operator|[]

116

117 // return reference to character in String as rval ue
118 const char &String:: operator[]( int subscript ) const

119 {

120 /'l test for subscript out of range

121 if ( subscript < O || subscript >= length ) {
122 cout << "Error: Subscript " << subscript
123 << " out of range" << endl;

124

125 exit( 1); // termnate program

126 }

127

128 return sPtr[ subscript ]; // creates rvalue
129

130} // end function operator|[]

46
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stringl.cpp (5of 8)
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132 // return a substring beginning at index and m I—
133 // of length subLength
134 String String::operator()( int index, int subLength ) stringl.cpp (60f 8)
135 {
136 /1 if index is out of range or substring length < O,
137 /'l return an enpty String object
138 if (index <O || index >= length || subLength < 0 )
139 return ""; // converted to a String object automatically
140
141 /1 deternmine | ength of substring
142 int len;
143
144 if ( ( subLength ==0) || ( index + subLength > length ) )
145 len = length - index;
146 el se
147 I en = subLengt h;
148
149 /'l allocate tenporary array for substring and
150 /1 terminating null character
151 char *tenpPtr = new char[ len + 1 ];
152

153 /'l copy substring into char array and term nate string
154 strncpy( tempPtr, &sPtr[ index ], len );
155 tempPtr[ len] = "\0";

O 2003 Prentice Hall, Inc.
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157 /1l create tenporary String object containing the substring -

158 String tenpString( tenpPtr );

159 delete [] tenpPtr; // delete tenporary array H

ot stringl.cpp (7 of 8)

161 return tenpString; // return copy of the tenporary String

162

163 } // end function operator()

164

165 // return string length
166 int String::getLength() const

167 {

168 return |ength;

169

170 } // end function getLenth
171

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

174 {

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

176 strcpy( sPtr, string2 ); /1l copy literal to object
177

178 } // end function setString

O 2003 Prentice Hall, Inc.
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179

180 // overl oaded out put operator

181 ostream &operator<<( ostream &output, const String &s )
182 {

183 out put << s.sPtr;

184

185 return output; /'l enabl es cascadi ng

186

187 } // end function operator<<

188

189 // overl oaded input operator

190 i stream &operator>>( istream & nput, String &s )

191 {

192 char tenmp[ 100 ]; /1 buffer to store input

193

194 input >> setw( 100 ) >> tenp;

195 s = tenp; /l use String class assignment operator
196

197 return input; /'l enabl es cascadi ng

198

199 } // end function operator>>

E 49
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1 // Fig. 8.9: fig08_09.cpp

2 /] String class test program

3 #include <iostrean>

4

5 using std::cout;

6 using std::endl;

7

8 #include "stringl. h"

9

10 int main()

1 {

12 String s1( "happy" );

13 String s2( " birthday" );

14 String s3;

15

16 /] test overloaded equality and rel ational operators
17 cout << "sl is \"" << sl << "\"; s2 is \"" << s2
18 << "\"; s30s \"" << 83 << "\

19 << "\n\nThe results of conparing s2 and sl1:"
20 << "\ns2 == sl yields "

21 << ( s2 ==sl1 ? "true" : "false" )

22 << "\ns2 != sl yields "

23 << ( s2 !=s1 ? "true" : "false" )

24 << "\ns2 > sl yields "

25 << ( s2 >s1 ? "true" : "false" )

50
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fig08_09.cpp
(1of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.




E 51

26 << "\ns2 < sl yields " = OUtline
27 << ((s2 <s1 ? "true" : "false" ) m I—
28 << "\ns2 >= sl yields "
29 << ( s2 >=s1 ? "true" : "false" ) figOS 09.Cpp
30 << "\ns2 <= sl yields " ZOfZ)
31 << ( s2 <= sl ? "true" : "false" ); (
32
33 /| test overloaded String enpty (!) operator
34 cout << "\n\nTesting !s3:\n";
35
36 if (1s83) {
37 cout << "s3 is enpty; assigning sl to s3;\n";
38 s3 = sl; [// test overloaded assignnent
39 cout << "s3 is \"" << 883 << "\ "7,
40 }
41
42 /] test overloaded String concatenation operator
43 cout << "\n\insl += s2 yields s1 = ";
44 sl += s2; // test overl oaded concatenation
45 cout << si;
46
47 /1 test conversion constructor
48 cout << "\n\insl += \" to you\" yields\n";
49 sl += " to you"; // test conversion constructor
50 cout << "sl =" << s1 << "\n\n";
O 2003 Prentice Hall, Inc.
All rights reserved.
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52 /1 test overloaded function call operator () for substring -
53 cout << "The substring of sl starting at\n"
54 << "I(ocati on ;) for 14 characters, s1(0, 14), is:\n" figOS O9.cpp
55 << s1( 0, 14 << "\ n\n"; =
. (30f 4)
57 /'l test substring "to-end-of-String" option
58 cout << "The substring of sl starting at\n"
59 << "location 15, s1(15, 0), is:
60 << s1( 15, 0) <<"\n\n"; // Ois "to end of string"
61
62 /'l test copy constructor
63 String *s4Ptr = new String( sl );
64 cout << "\n*s4Ptr =" << *s4Ptr << "\n\n";
65
66 /'l test assignment (=) operator with self-assi gnment
67 cout << "assigning *s4Ptr to *s4Ptr\n";
68 *s4Ptr = *s4Ptr; // test overloaded assignnent
69 cout << "*s4Ptr = " << *s4Ptr << '\n';
70
71 /]l test destructor
72 del ete s4Ptr;
73

O 2003 Prentice Hall, Inc.
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74 /| test using subscript operator to create |value = OUtline
75 si[ 0] = "H; m —
76 si[ 6 ] = 'B;
;; cout << "lnsl azt\er s1[0] = 'H and s1[6] = 'B is figOS 09.Cpp

<< sl << "\n\n"; =
o (40f 4)
80 /'l test subscript out of range
81 cout << "Attenpt to assign 'd to s1[30] yields:" << endl;
82 sl 30 ] ="'d"; /1 ERROR: subscript out of range
83
84 return 0;
85
86 } // end main

O 2003 Prentice Hall, Inc.
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Conversi on constructor: happy IAI 0 tl- 54
Conversion constructor: birthday . Juting
Conver si on constructor:
sl is "happy"; s2 is " birthday"; s3 is "" fig08_09.cpp
The results of conparing s2 and si: (1 of 3)
s2 == sl yields fal se
s2 = sl yields true
s2 > sl yields false
s2 < sl yields true
s2 >= sl yields fal se
s2 <= sl yields true
Testing !s3:
s3 is enpty; assigning sl to s3;
operator= call ed
s3 is "happy"
The constructor and

sl += s2 yields s1 = happy birthday

sl += " to you" yields 4
Conversion constructor: to you
Destructor: to you

sl = happy birthday to you

destructor are called for the
temporary St ri ng
(converted from thechar *

“t o voul)
+ Y-oH—)-
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Conversion constructor: happy birthday

Copy constructor: happy birthday
Destructor: happy birthday

The substring of sl starting at

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

Destructor: happy birthday
Conversion constructor: to you
Copy constructor: to you
Destructor: to you

The substring of sl starting at

| ocation 15, s1(15, 0), is: to you

Destructor: to you
Copy constructor: happy birthday to you

*s4Ptr = happy birthday to you

assigning *s4Ptr to *s4Ptr

operator= cal l ed

Attenpted assignment of a String to itself
*s4Ptr = happy birthday to you

Destructor: happy birthday to you

m 55
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fig08_09.cpp
(20f 3)
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sl after s1[0] = 'H and s1[6] = 'B' is: Happy Birthday to you

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

56
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fig08_09.cpp
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8.11 Overloading ++ and - -

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

— Prototype (member function)
« Date &operator++();
e ++d1 sameasdl. oper at or ++()
— Prototype (non-member)
e Friend Date &operator++( Date &);
e ++d1 sameasoperat or ++( dl1 )

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

» To distinguish pre/post increment

— Post increment has a dummy parameter
e intof0

— Prototype (member function)
e Date operator++( int );
e d1++sameasdl. operator++( 0 )

— Prototype (non-member)
« friend Date operator++( Data & int );
e d1++sameasoperator++( di, 0 )

— Integer parameter does not have a name
« Not even in function definition

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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8.11 Overloading ++ and - -

* Return values

— Preincrement
« Returnsby reference (Dat e &)
« |lvalue (can be assigned)

— Postincrement
¢ Returns by value
» Returnstemporary object with old value
« rvalue (cannot be on left side of assignment)

« Decrement operator analogous

O 2003 Prentice Hall, Inc. All rights reserved. = =
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8.12 Case Study: A Dat e Class

» Example Dat e class

— Overloaded increment operator
« Change day, month and year
— Overloaded += operator
— Function to test for leap years
— Function to determine if day is last of month

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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1 // Fig. 8.10: datel.h H
2 // Date class definition. m OL'IHE\
3 #ifndef DATEL_H
4 #define DATEL_H datel.h (1 of 2)
5 #include <iostrean>
6
7 using std::ostream
8
9 class Date {
10 friend ostream &operator <<( ostreamg&, const Date & );
11
12 public:
13 Date( int m=1, int d =1, int Note difference between pre
14 void setDate( int, int, int and post increment.
15
16 Dat e &operator++(); 4 /'l preincrenent operator
17 Date operator++( int ); /'l postincrement operator
18
19 const Date &operator+=( int ); // add days, nodify object
20
21 bool |eapYear( int ) const; /Il is this a |eap year?
22 bool endOf Month( int ) const; // is this end of nonth?
O 2003 Prentice Hall, Inc.
All rights reserved.
23 1Al . 62
: . Outline
24 private: -
25 int nonth;
26 int day; datel.h (2of 2)
27 int year;
28
29 static const int days[]; /1l array of days per nonth
30 voi d hel pl ncrenent (); /1 utility function
31
32 }; /Il end class Date
83
34 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.




E 63

1 // Fig. 8.11: datel.cpp H

2 || Date class nember function definitions. E OL'IHQ

3 #include <iostrean>

4  #include "datel. h"

. datel.cpp (1 of 5)

6 // initialize static nember at file scope;

7 Il one class-w de copy

8 const int Date::days[] =

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

10

11 // Date constructor

12 Date::Date( int m int d, int y)

13 {

14 setDate( m d, y );

15

16 } // end Date constructor

17

18 // set nmonth, day and year

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

20 {

21 nonth = ( N >= 1 & mMm <= 12 ) ? mm: 1;

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

23
O 2003 Prentice Hall, Inc.
All rights reserved.
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24 /I test for a |leap year IAI Outline 64

25 if ( nonth == 2 & | eapYear( year ) ) .

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

- dse datel.cpp (2 of 5)

28 day = ( dd >= 1 & dd <= days[ nonth ] ) 2?2 dd : 1;

29

30 } // end function setDate

31

32 // overloaded preincrenent operator

33 Date &Date::operator++()

34 {

35 hel pl ncrenent () ;

36

37 return *this; // reference return to create an |val ue

38

39 } // end function operator++ Postincrement updats object

X ‘ and returns a copy of the

S e e orgind. Donotreuma

43 Date Date::o tor++( in refamcetOtenp’ becauseit

per at or ++( t) . . 0

a { isalocal variable that will be

45 Date tenp = *this; // hold current s deﬁl‘oyed-

46 hel pl ncrenment () ;

a7 Also note that the integer

48 /'l return unincremented, saved, tenpo pa'anaqdoesnothavea

49 return tenp; /1 val ue return; not alname.

50

51 } // end function operator++

O 2003 Prentice Hall, Inc.
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53 // add specified nunber of days to date m I—

54 const Date &Date::operator+=( int additional Days )

55 { o _ o ) datel.cpp (3 of 5)

56 for (int i =0; i < additional Days; i++ )

57 hel pl ncrement ();

58

59 return *this; /'l enabl es cascading

60

61 } // end function operator+=

62

63 // if the year is a |leap year, return true;

64 // otherwise, return false

65 bool Date::|eapYear( int testYear ) const

66 {

67 if ( testYear % 400 == 0 ||

68 ( testYear % 100 !=0 &% testYear % 4 == 0 ) )

69 return true; /'l a |l eap year

70 el se

71 return false; // not a |eap year

72

73 } I/ end function |eapYear

74
O 2003 Prentice Hall, Inc.
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75 |/ determ ne whether the day is the | ast day of the nonth Outline

76 bool Date::endOfMnth( int testDay ) const . -

7 {

78 if ( nonth == 2 & | eapYear( year ) ) datel.cpp (40f 5)

79 return testDay == 29; // last day of Feb. in |eap year

80 el se

81 return testDay == days[ nonth ];

82

83 } // end function endOf Month

84

85 // function to help increment the date

86 void Date:: hel pl ncrement ()

87 {

88 /'l day is not end of nonth

89 if ( !endOfMonth( day ) )

90 ++day;

91

92 el se

93

94 /1l day is end of nonth and nonth < 12

95 if ( month < 12 ) {

96 ++nont h;

97 day = 1;

98 }

99

O 2003 Prentice Hall, Inc.
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100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

/'l last day of year

el se {
++year;
month = 1;
day = 1;

}

} // end function hel pl ncrenent

/| overl oaded out put
ostream &oper at or <<(

{

oper at or

ostream &out put, const Date & )

static char *nonthNamg[ 13 ] = { "January",
"February", "March", "April", "My", "June",
"July", "August", "Septenber", "October",

"Novenber", "Decenmber" };

out put << nonthNane[ d.nonth ] <<

<< d.day << "

return output;

<< d.year;

/'l enabl es cascadi ng

122} // end function operator<<

E 67

E Outline
datelcpp (50f 5)
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15
16
17
18
19
20
21
2
23
24
25

/1 Fig. 8.12: fig08_

12.cpp

/|l Date class test program

#i ncl ude <i ostrean>

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

#i ncl ude "datel. h"

int main()

{

/'l Date class definition

Date di; /'l defaults to January 1, 1900

Date d2( 12, 27,

1992 );

Date d3( 0, 99, 8045 ); [/ invalid date

cout << "dl is "

<< "\nd3 is "

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

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

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

cout << "\n++d3 i

s " << ++d3;

Date d4( 7, 13, 2002 );

68
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26
27
28
29
30
&l
32
33
34
35
36
37
38

cout << "\n\nTesting the preincrenent

<< " d4is " << d4 <<

cout << " d4 is " << d4;

cout << "\n\nTesting the postincrement
‘\n';

<< " d4 is " << d4 <<

\n';
cout << "++d4 is " << ++d4 <<

\n':

cout << "d4++ is " << d4++ << "\n';
cout << " d4 is " << d4 << endl;

return O;

39 } // end main

operator:\n"

operator:\n"

m 69
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fig08_12.cpp
(20f2)
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dl is January 1, 1900
d2 is December 27, 1992
d3 is January 1, 1900

d2 += 7 is January 3, 1993

d3 is February 28, 1992

++d3 is February 29, 1992

Testing the preincrenent operator:

d4 is July 13, 2002

++d4 is July 14, 2002

Testing the postincrenent operator:
d4 is July 14, 2002

d4 is July 14, 2002

d4++ is July 14, 2002

d4 is July 15, 2002

70
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fig08_12.cpp
output (1 of 1)
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8.13 Standard Library Classes stri ng and
vect or

* Classes built into C++
— Available for anyoneto use
—string
e Similartoour St ri ng class
— vector
* Dynamically resizable array
 Redoour String and Ar ray examples
— Usestring andvect or

O 2003 Prentice Hall, Inc. All rights reserved. = =
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8.13 Standard Library Classes stri ng and
vect or

e Classstring
— Header <st ri ng>, namespacestd
— Caninitidizestring s1(“hi”);
— Overloaded <<
e cout << sl
— Overloaded relational operators
e == | = >= > <= <
— Assignment operator =
— Concatenation (overloaded +=)

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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8.13 Standard Library Classes stri ng and
vect or

* Classstring
— Substring function subst r
e sl.substr (0, 14);
— Startsat location O, gets 14 characters
e Sl1. substr (15)
— Substring beginning at location 15
— Overloaded [ ]
» Access one character
« No range checking (if subscript invalid)
— at function
e sl.at(10)
¢ Character at subscript 10
« Has bounds checking
— Will end program if invalid (learn more in Chapter 13)

O 2003 Prentice Hall, Inc. All rights reserved. = =
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1 // Fig. 8.13: fig08_13.cpp o tl 74
2 /] Standard library string class test program Luting
3 #include <iostrean>

5 fig08_13.cpp

5 using std::cout; (1 of 4)

6 using std::endl;

7

8 #include <string>

9

10 wusing std::string;

11

12 int main()

13 {

14 string s1( "happy" );

15 string s2( " birthday" );

16 string s3;

17

18 /1l test overloaded equality and rel ati onal operators

19 cout << "sl is \"" << sl << "\"; s2 is \"" << s2

20 << "\"; s8is \"" << 88 << "\"'

21 << "\n\nThe results of conparing s2 and sil1:"

22 << "\ns2 == sl yields "

23 << ( s2 == sl1 ? "true" : "false" )

24 << "\ns2 != sl yields "

25 << ( s2 !=s1? "true" : "false" )

O 2003 Prentice Hall, Inc.
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26 << "\ns2 > sl yields " = OUtline
27 << ((s2 >s1 ? "true" : "false" ) m I—
28 << "\ns2 < sl yields "
29 << ( s2 <s1 ? "true" : "false" ) figOS 13.Cpp
30 << "\ns2 >= sl yields " (ZOfZ)
31 << ( 82 >= sl ? "true" : "false" )
32 << "\ns2 <= sl yields "
88 << ( s2 <=s1 ? "true" : "false" );
34
€5 /|l test string nenber function enpty
36 cout << "\n\nTesting s3.enpty():\n";
37
38 if ( s3.empty() ) {
39 cout << "s3 is enpty; assigning sl to s3;\n";
40 s3 = sl; // assign sl to s3
41 cout << "s3 is \"" << 83 << "\,
42 }
43
44 /'l test overloaded string concatenation operator
45 cout << "\n\insl += s2 yields s1 = ";
46 sl += s2; // test overloaded concatenation
47 cout << sl;
48
O 2003 Prentice Hall, Inc.
All rights reserved.
49 I/ test overloaded string concatenation operator IAI 0 tl 76
50 /1 with C-style string Luting
51 cout << "\n\insl += \" to you\" yields\n";
:g s1 :: ’ ‘OIV"“"? . . fig08_13.cpp
cout << "sl =" << sl << "\n\n"; =
o (30f 4)
55 /'l test string nember function substr
56 cout << "The substring of sl starting at |ocation O for\n"
57 << "14 characters, sl.substr(0, 14), is:\n"
58 << sl.substr( 0, 14 ) << "\n\n";
59
60 /'l test substr "to-end-of-string" option
61 cout << "The substring of sl starting at\n"
62 << "location 15, si1.substr(15), is:\n"
63 << sl.substr( 15 ) << '\n';
64
65 /'l test copy constructor
66 string *s4Ptr = new string( sl );
67 cout << "\n*s4Ptr = " << *S4Ptr << "\n\n";
68
69 /'l test assignment (=) operator with self-assi gnment
70 cout << "assigning *s4Ptr to *s4Ptr\n";
71 *S4Ptr = *s4Ptr;
72 cout << "*s4Ptr = " << *s4Ptr << '\n';
73
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74 /1l test destructor

75 del ete s4Ptr;

76

77 /1 test using subscript operator to create |value
78 si[ 0] = '"H;

79 sl 6 ] ='B";

80 cout << "\nsl after si1[0] = 'H and si[6]

81 << s1 << "\n\n";

82

83 /| test subscript out of range with string nmenber function "
84 cout << "Attenpt to assign 'd to sl.at(

85 sl.at( 30 ) ='d"; /'l ERROR:

86

87 return O;

88

89 } // end main

m 77

= Qutline
™ ‘

fig08_13.cpp
(40f 4)
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sl is "happy"; s2 is " birthday"; s3 is ""

The results of conparing s2 and si:
s2 == sl yields fal se
s2 = sl yields true
s2 > sl yields fal se
s2 < sl yields true
s2 >= sl yields fal se
s2 <= sl yields true

Testing s3.enpty():
s3 is enpty; assigning sl to s3;
s3 is "happy"

sl += s2 yields s1 = happy birthday

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

The substring of sl starting at |ocation O for

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

78

1A]
. Outline

fig08_13.cpp
output (1 of 2)
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The substring of sl starting at
| ocation 15, sl1. 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 s1[6] = 'B' is: Happy Birthday to you
Attenpt to assign 'd" to sl.at( 30 ) yields:

abnor mal programtern nation

E Outline 79
™ ‘

fig08_13.cpp
output (2 of 2)
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80

8.13 Standard Library Classes stri ng and

vect or

» Classvect or
— Header <vect or >, namespace st d

— Store any type
e vector< int > nyArray(10)

— Functionsi ze (nyArray. si ze() )

— Overloaded [ ]

» Get specific element, my Ar r ay|[ 3]
— Overloaded ! =, ==,and =

* Inequality, equality, assignment
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1 // Fig. 8.14: fig08_14.cpp H
2 |/ Denpnstrating standard |library class vector. E OL'IHQ
3 #include <iostrean>
g using std::cout ; fi908_14.0pp
6 using std::cin; (1 of 5)
7 using std::endl ;
8
9 #include <ionanip>
10
11 using std::setw;
12
13 #include <vector>
14
15 wusing std::vector;
16
17 voi d output Vector( const vector<int > & );
18 void inputVector( vector<int > &);
19
20 int main()
21 {
22 vector< int > integersl( 7 ); Il 7-element vector<int >
23 vector< int > integers2( 10 ); // 10-elenment vector<int >
24
O 2003 Prentice Hall, Inc.
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25 /1 print integersl size and contents IAI o | 82
26 cout << "Size of vector integersl is " Utlne‘
27 << integersl.size()
28 << "\ nvec.t or after initialization:\n"; figOS l4.Cpp
29 out put Vector ( integersl ); (2 Ofg)
30
31 /1l print integers2 size and contents
32 cout << "\nSize of vector integers2 is "
33 << integers2.size()
34 << "\nvector after initialization:\n";
85 out put Vector ( integers2 );
36
37 // input and print integersl and integers2
38 cout << "\nlnput 17 integers:\n";
39 i nput Vector( integersl );
40 i nput Vector( integers2 );
41
42 cout << "\nAfter input, the vectors contain:\n"
43 << "integersil:\n";
44 out put Vector ( integersl );
45 cout << "integers2:\n";
46 out put Vector ( integers2 );
47
48 /'l use overloaded inequality (!=) operator
49 cout << "\nEvaluating: integersl != integers2\n";
50
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51 if ( integersl != integers2 ) = Outline
52 cout << "integersl and integers2 are not equal\n"; m I—
k)
54 /1l create vector integers3 using integersl as an figOS 14.Cpp
55 /Il initializer; print size and contents (30f§)
56 vector< int > integers3( integersl ); // copy constructor
57
58 cout << "\nSize of vector integers3 is "
59 << integers3.size()
60 << "\nvector after initialization:\n";
61 out put Vector ( integers3 );
62
63
64 /'l use overl oaded assignment (=) operator
65 cout << "\nAssigning integers2 to integersl:\n";
66 integersl = integers2;
67
68 cout << "integersil:\n";
69 out put Vector (i ntegersl );
70 cout << "integers2:\n";
71 out put Vector (i ntegersl );
72
O 2003 Prentice Hall, Inc.
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73 Il use overloaded equality (==) operator IAI o tl 84
74 cout << "\nEvaluating: integersl == integers2\n"; M‘
75
76 if ( integersl == integers2 ) figOS 14.Cpp
7 cout << "integersl and integers2 are equal\n"; (40f§)
78
79 /'l use overl oaded subscript operator to create rval ue
80 cout << "\nintegersl[5] is " << integersi] 5 ];
81
82 /'l use overl oaded subscript operator to create |value
83 cout << "\n\nAssigning 1000 to integersl[5]\n";
84 integersl[ 5] = 1000;
85 cout << "integersl:\n";
86 out put Vector ( integersl );
87
88 /'l attenpt to use out of range subscript
89 cout << "\nAttenpt to assign 1000 to integersl.at( 15 )"
90 << endl ;
91 integersl.at( 15 ) = 1000; // ERROR out of range
92
93 return 0;
94
95 } // end main

96
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97 // output vector contents m 8

. , — Outline
98 void outputVector( const vector<int > &rray ) m -
99 {
100 for (int i =0; i <array.size(); i++) { fig08_14.cpp
101 cout << setw( 12 ) << array[ i ]; 50f§)
102 (
103 if ( (i +1) %4==0) // 4 nunbers per row of output
104 cout << endl;
105
106 } // end for
107
108 if (i %41=0)
109 cout << endl;
110
111} // end function out put Vect or
112

113 // input vector contents
114 voi d inputVector( vector<int > &array )

115 {

116 for (inti =0; i < array.size(); i++)
117 cin > array[ i ];

118

119 } // end function inputVector
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Si ze of vector integersl is 7 IAI . 86
A K Outline
vector after initialization: ]
0 0 0 0
0 0 0 fig08_14.cpp

output (1 of 2)

Si ze of vector integers2 is 10
vector after initialization:

0 0 0 0
0 0 0 0
0 0

I nput 17 integers:
12345678910 11 12 13 14 15 16 17

After input, the vectors contain:

integersl:
1 2 3 4
5 6 7
integers2:
8 9 10 11
12 13 14 15
16 17
Eval uating: integersl != integers2

integersl and integers2 are not equal
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output (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.




