Introduction
wsg.2 Operator Overloading

+ Fundamentals of Operator Overloading
+ Restrictions on Operator Overloading
« Operator Functions as Class Members vs. as friend Functions

»  Operator overloading
— Enabling C++'s operators to work with class objects
— Using traditiona operators with user-defined objects

« Overloading Stream Insertion and Extraction Operators — Requiresgreat care when overloading is misused, program
. difficult to understand

« Overloading Unary Operators I fa Joeded

« Overloading Binary Operators - BExampleso r_eajy over operators

« Case Study: An Array Class »  Operator << is both the stream-insertion operator and the

c ting bet T bitwise |eft-shift operator
onverting bef weerl1 ypes ¢ +and-, perform arithmetic on multiple types
« Case Study: A String Class ) .
) — Compiler generates the appropriate code based on the
* Overloading ++ and -- A N I
manner in which the operator is used
« Case Study: A Date Class
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Fundamentals of Operator Overloading Restrictions on Operator Overloading
 Overloading an operator o C++ operators that can be overloaded

— Write function definition as norma
— Function nameiskeyword oper at or followed by the symbol

Operators that can be overloaded

for the operator being overloaded - ' B < Zﬂ = i L:
— oper at or + used to overload the addition operator ¢) ’; = — fi ‘; Z; ‘T =
* Using operators — 10 0 new lgeiete
— To use an operator on aclass object it must be overloaded
unless the assignment operator( =) or the address operator ( &)
« Assignment operator by default performs memberwise assignment s C++ Operators that cannot be overloaded
» Address operator (&) by default returns the address of an object |0per Rero AT LR B col e |

I. I.* | |?. Isw zeof I
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Operator Functions as Class Members vs. as

Restrictions on Operator Overloading friend Functions

¢ Overloadingrestrictions * Member vs non-member
— Precedence of an operator cannot be changed — Operator functions can be member or non-member functions
— Associativity of an operator cannot be changed — When overloading( ) ,[ ],-> orany of the assignment
— Arity (number of operands) cannot be changed operators, must use amember function
* Unary operators remain unary, and binary operators remain binary « Operator functions as member functions

« Operators &, *, + and - each have unary and binary versions

— Leftmost operand must be an object (or reference to an
« Unary and binary versions can be overloaded separately

object) of theclass
* No new operators can be created « If left operand of adifferent type, operator function must be a
- - ber function
— Useonly exigting operators % )
« No overloading operators for built-in types : Opﬁﬁ?}g‘:?ﬁ;gr‘i i‘seer;o?'membi"\l;unft' ?Oft‘:m .
— Cannot change how two integers are added - membere ends S o access private or p

~ Producesasyntax error — Enable the operator to be commutative (atb, b+a)
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Overloading Stream-Insertion and Stream-
Extraction Operators
¢ Overloaded << and >> operators
— Overloaded to perform input/output for user-defined types
— Left operand of typesost r eam& andi st reamé&
— Must be a non-member function because left operand is not
an object of theclass
— Mustbea fri end function to access private data members
2000 Prentice Hal, Inc. Al rights reserved. <]
output << “(" << num areaCode << ") "
<< num exchange << "-* << num|ine; Outline
return output; enabl cout a b c -
b 1.1 Function definition
6 i stream &operator>>( i streans& nput, PhoneNunber &num )
v 1.2 Initialize variables
input.ignore(); p(
input >> setw( 4 ) >> num areaCode;
input.ignore( 2); Get input
41 input >> setw( 4 ) >> num exchange;
42 input.ignore(); <kip day Thefunction call A
42 input >> setw( 5) >> numline; . N ject
44 return input; enables cin >> a >> 4 >> (CMARS=NPIONE:
j‘r’ } interpreted as
47 int main() operator>>(cin, phone);
:f { AN G Cres i nput isanaliasfor ci n,and num
= ' tsarrattasforpirome-
51 cout << "Enter phone er in the form (123) 456-7890:\n";
52
53 s oper at function by
54 | operator>>( cin, phone )
56
57 phone i nvokes operator << function by
58 suing the call operator<<( cout, phone )
59  cout << "The phone nunber entered was: " << phone << endl;
60 return 0;
61}
1

Overloading Unary Operators

« Overloading unary operators
— Can be overloaded with no arguments or one argument
— Should usually be implemented as member functions
« Avoidfriend functionsand classes because they violate the
encapsulation of aclass
— Example declaration as a member function:

class String {
public:
bool operator!() const;

I

©2000 Prentice Hall, Inc. All rights reserved. <]

ertion and LE Outline

1. Class definition

1.1 Function definitions
8 using std::endl;

9 using std::ostream

10 using std::istream

11

c otice function prototypes for
12 #include <i omani p>
13 p Jverloaded operators>>and <<
14 using std::setw hey must bef ri end functions.
15

16 class PhoneNunber >
friend ostream &operator<<( ostrean const PhoneNumber &);
18 friend istream &operator>>( istreang PhoneNunber &);

19

20 private:

21 char areaCode[ 4 1; 3-digit e and nul |
22 char exchange[ 4 ]; 3-digit exchange and nul|

23 char line[ 51; 4-digit line and nul

24}

25

26 Over| oaded streaminsertion operator (cannot be

27 menber function if we woul d ke to invoke it with
28 cout sonePhoneNunber ;)

29 ostream &oper at or <<( ostream &out put, const PhoneNumber &num)
30 {

" -
\;m Outline

Enter phone number in the form (123) 456-7890:
Program Output

(800) 555-1212
The phone nunber entered was: (800) 555-1212
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Overloading Unary Operators
— Example declaration as a non-member function

class String {
friend bool operator!( const String &)
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Overloading Binary Operators

* Overloaded Binary operators
— Non-static member function, one argument

— Example:
class String {
public:
const String &operator+=(

const String & );

b
—y += zisequivaenttoy. operator+=( z )

O 2000 Prentice Hall, Inc. All rights reserved. <]

Case Study: An Array class

« Implement an Ar r ay class with
— Range checking
— Array assgnment
— Arraysthat know their size
— Outputting/inputting entire arrayswith <<and >>
— Array comparisonswith = =and ! =

2000 Prentice Hall, Inc. All rightsreserved.

)
Outline
#endi _—
Fig 8.4 cpp
Menber function definitions for class Array 1. Load header
# nel ude <i ostream

1.1 Function definitions

usi ng std:: cout;
usi ng std::cin;
using std::endl ; 1.2 Array constructor

#ncl ude <i onani p>

3 using std::setw,

0 #include <cstdlib>

#include <cassert>
#include "arrayl. h"

Initialize static dat
int Array::arrayCount

nember at file scope
no obj ects yet

Default constructor for class Array (default
Array::Array( int arraySize )
{

size 10)

size = ( arraySize > 0 ? arraySize :
ptr = new int[ size];
assert( ptr 1= 0);
++arr ayCount ;

10);
create space for array
terminate if memory not allocated

count one more obj ect

for (int i
ptrl i ]

i <size; i++)
initializ

array

Overloading Binary Operators

— Non-member function, two arguments
— Example:
class String {
friend const String &operator+=(
String & const String & );

}
—y += zisequivaenttooperat or +=( vy,

z)

©2000 Prentice Hall, Inc. Al rights reserved. [«

Fia. 8.4: arravl.h
/I Sinple class Array (for int s) Qutline
# fndef ARRAYL_H —_—

#define ARRAYL H
1. Class definition

# nel ude <iostreans

1.1 Function

prototypes

usi na std: : ostream
using std::istream

class Arrav [
friend ostream &operator<<( ostream& const Array &);
& Array &);

friend i stream &perator>>( i
oubl i ¢ N

14

Aray( int =10);
Array( const Array &);

otice all the overloaded operators
~Arrav(): .

int getSize() const; thectess:

const Array &operator=( const Array &);
bool operator==( const Array &) const; 4/

ays

pare equal

Deternine if two arrays
return true, otherwise r

bool operator!=( const Arrav &iaht ) const

uses oper at or

{ return! ( *this == right ); }
int &overatorf1( int ) subscrit operat or
const int &operator[]( int ) const; subscriptoper at or
static int getArrayCount(); / Return count of
arravs instantiated
size of the array
nointer to first element of arrav

static int arrayCount; # of Arrays instantiated

Outline

Copy constructor for
nust receive a reference to prev
ay::Array( const Array &nit )

ss Array
t infinite recursion
size( init.size )

1.3 Arr ay destructor

ptr = new int[ size I; ace for
assert( otr !=0):

++ar rayCount ;

reate

array
terninate if memorv not all ocated
count one more obj ect

1.4 operator=
(assignment)

for (int i =0: i <size: i++)

ptr[ i 1 =init.ptr[ i 1; copy init into object

Destructor for class Array
Array::~Array()
s
delete [] ptr; recl ai m space for array
--arrayCount;; v obj

Get the size of the array
Array::getSize() const { return size; }

assi gnnent  oper at or

const return avoi (al=a2) = a3

93 const Arrav &Arrav::operator=( const Arrav &iaht )
94

95( it (aight t=this) { check for sel f-assi gnment

96

97 / for arrays of different sizes, deallocate original
98 /1 left side array, then allocate new left side array.
99 i ( size!=riaht.size) {

100 delete [] ptr; Il rec e

18



size = right. size;

ptr = new int[ size ]; e space Outline
1.5 oper at or
for (int i ;i< size; i++) (equality)
ptr[ i ] =right.ptr[ i 1; copy array into
1
1.6 operator[]
return *this; enables x =y =z (subscript for non-
i,) const arrays)
113// Det s are equal
114/1 re se return fals
115bool Array::operator==( const Array &ight ) const
iy
17 if ( size !=right.size
18 return false; arrays of different
119
120 for (int i =0; i <size i+)
121 if (ptr[ i ] '=right.ptr[ i ])
122 return fal se; ays are not equa
return trug arrays are equal

u al ue
&Array::operator[]( int subscript )

scri pt out o

range erroi
assert( 0 <= subscript & subscript < size );

64 inti; . 21
m Outline

1. Load header

for (i =0 i <asize; i++) {
output << setw( 12 ) << a.ptr[ i ];

i ((1+1) %4=0) // 4
output << endl;

73 0f (0 %41=0)
174 output << endl;

return output;

178// Fig. 8.4: figos_o

1 Driver for sinple class
0#i ncl ude <i ostreany

2usi ng std:: cout;
183usi ng std: :cim;
using std: : endl ;

5#i ncl ude "arrayl. h"

188i nt mai n()

189(

190 10 obj ects yet

cout << "# of arrays instantiated
<< Array::getArrayCount() << '\n';

227 cout << "\nSize of array integers3 is "

<< integers3. get Si ze() Outline
<< "\nArray after initial jzation:\ —
<< integers3 << '\n';
Size of array integers3 is 7
U eull el eeslig: Array after initialization:
cout << "Assigning integers2 t 1 2 3 4

integersl = integers2;
cout << "integersli\n" << integersl
<< "integers2:\n" << integers.

5 6 7

238 Use over | oaded equal ity (==) op]ASSigning integers2 to integersl
239 cout << "Evaluating: integersl integersi:
it (integersl == integers2 ) 8 . .
N Eval uating: integersl i nt eger s2
cout << "They are equal \n\n"; 12 =
16 Thevare equal

erl oaded su pt oper at
cout << "integersi[5] is " << intefiNtegers2:

integersi[5] is 13

8 9 10 11

use over| oaded subscript operat

cout << "Assigning 1000 to integers xtenpt to assign 1000 to integersi[1s]

integersil 51 = 100 el Gellak © & et £ artEmim @
cout << “integersii\n® << integel S A B S R e
AssilgiiMgatacn t o i nt eger s1[ 5]
attenpt to use out of range sy

cout << "Attempt to assign 1000 f ' M €g€rs

integersi[ 15 ] = 1000; ERF g © 10 u
12 1000 14 15

return 0; 16 17

return ptr[ subscript 1; // ref

over | oaded sul

cf fo

k subscript out of range
assert( 0

eturn the nunber of

n crea
onst int &Array::operator[]( int subscript ) const

<= subscript & subscript < size );

return ptr[ subscript ] o of er ence

@&
™

1.6 operator[]
(subscript for const
arrays)

Outline

1.7 get ArrayCount

1.8 operator>>
(input array)

ects i nstanti at ed

1.9 operator<<
(output array)

148// sta functions cz nst
149int Array::getArrayCount() { return arrayCount; }
150

151// Over| oaded input operator for class Array

2 puts val ues for ent

for (int i =0; i <asize; i++)
input >> a.ptr i 1:

return input;

1/1 Overl o;

tput operator for

class Array

63

Array integersi( 7 ), integers2;
cout << "# of arrays instantiated = "
<< Array::getArrayCount () << "\n\n";

print integersl size and contents
cout << "Size of arrav inteaersl is
<< integersl. getSize()

cout << "They are not equal\n";

ng ir

initializer: orir i ze and cor
Array integers3( integersl);

# of arrays instantiated
# of arrays instantiated

0
2

Size of array integerslis 7
Array after initialization:
0 [

o 0
0 0 )

Size of array integers2 is 10

Array after initialization:
0 0 0 0
0 0 [ 0
0 [

Input 17 integers:
234

1 567891011 12 13 14 15 16 17
After input, the arrays contain:
i ntegersl
2 3 4
6 7
i ntegers2
9 10 11
12 13 14 15
16 17
Eval uating: integersl != integers2

They are not equal

Size of array integers3 is 7
Array after initialization:
1 2

5 6 7
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i stream &operator >>( i stream & nput, Array & )

620t ream &oper at or <<(  ostream &utput, const Array & )

Outline

1.1 Initialize objects

ze of array integerslis 7
ray after initialization:
0 4

4\15\ uating: integersl != integers2
ey —aTe TToT—eTar

s ar

:M Outline

Program Output

<< "\nArrav after initialization:\n" 0 0
<< integersl << '\n'; - - o
orint integers2 size and contents
cout << "Size of array integers2 is " ze of array integers2 is 10
<< i ntegers2. get Si ze() ray after initialization:
<< "\nArray after initialization:\n" 0 0 0 0
<< integers2 << '\n'; 0 0 0 0
ir d print int nput 17 i ntegers:
cout << "Inout 17 integers: 234567891011 12 13 14 15 16 17
cin >> integersl >> integers2; ter input, the arrays contain:
cout << "After inout. the arravs contain:\n" ilntegersi:
<< "integersl:\n" << integersl ?, I7i 4
<< “integerszi\n' << integers2 << \n'i | ooo o
9 10 11
use nequal ity (=) operator 12 13 14 15
cout << "Evaluating: integersl != integers2\n" o T
if (integersl!=integers2)




Assi gning integers2 to integersi: W
it

integers: i
8 1 10 i m QOutline
12 13 14 15
16 17
integers2: Program Output
9 10 11
12 13 14 15
16 17
Eval uating: integersl == integers2

They are equal
integersi[5] is 13
Assi gning 1000 to integersi[5]
integersl:
8 9 10 11
12 1000 14 15
16 17
Attenpt to assign 1000 to integersi[15]
Assertion failed: 0 <= subscript & subscript < size, file Arrayl cpp,
line 95 abnormal program termination

O 2000 Prentice Hall, Inc. All rights reserved.

Converting between Types

A::operator int() const;

« Declares an overloaded cast operator function for converting an
object of A into an integer
A: :operator otherC ass() const;
« Declares an overloaded cast operator function for converting an
object of Ainto an object of ot her O ass
» Compiler and casting
— Casting can prevent the need for overloading
— If an object s of user-defined class String appearsin a program
where an ordinary char * isexpected, such as
cout << s;
The compiler calsthe overloaded cast operator function oper at or

char * to convert the object into achar * and uses the resulting
char * intheexpression

2000 Prentice Hall, Inc. All rightsreserved.

1 Fig. 8.5 stringl.h
2 Definition of a String class !
3 #ifndef STRINGL H
4 #define STRINGL_H

Outline

1. Class definition

6 #include <iostream

1.1 Member functions,
some definitions

8 using std::ostream

9 usinastd: :istream

10

11 class String

2 friend ostream &operator<<( ostreamg, const String &);
3 friend i stream &operator>>( istreamg& String &);

15 public

16 String( const char * ="" ); conversi on/ def aul t ctor
17 Strinal const Strina & ): OV const ruct or

8 ~String(); jest r uct or

19 const Strina &operator=( const Strina &):

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

21 bool operator!() const:

22 bool operator==( const String &) const;

bool operator<( const String &) const;

test sl! 52
bool operator!=( const String & right ) const
{ return!( *this ==right ); }

est s1 > s2
bool operator>( const String &ight ) const
{ returnriaht < *this: }

Converting between Types

« Cast operator
— Forces conversions among built-in types
— Specifies conversions between user defined and built-in types
— Conversion operator must beanon-st at i ¢ member function
— Cannot beaf ri end function
— Do not specify return type

« Return type is the type to which the object is being converted
— For user-defined class A
A :operator char *() const;

« Declares an overloaded cast operator function for creating achar
* out of an A object

2000 Prentice Hall, Inc. Al rights reserved

Case Study: A Stri ng Class

» Build aclassto handle strings
— Classst ri ng in standard library (more Chapter 19)
« Conversion constructor

— Single-argument constructors that turn objects of other types
into class objects

2000 Prentice Hall, Inc. All rights reserved.

bool operator<=( const String &ight ) const
{ return!( right < *this); }

:m Outline

test sl > 1.2 Member variables

bool operator>=( const String &ight ) const
39 { returnt( *this <right ); }

char &operator[]( int );

const char &operator[]( int ) const;
String operator()( int, int ); return 2
int getlength() const; sturn string | ength

subst i ng

46 private;

47 int length; string length

48 char *sPtr; pointer to start of string
49

50  void setString( const char * ); utility function

endi f

Fig. 8.5 stringl. cpp

fnber function definitions for class String
i ncl ude <i ostrean»

using std: : cout;
usi ng std::endl ;

61 #include <i onani p>

using std: : setw,

26



65 #include <cstring>
66 #include <cassert>
67 #include "stringl. h"

Conversi on constructor: Convert char * to String

) String::String( const char *s ) : length( strien( s ) )

72 cout << "Conversion construd
setString( s ); cal

" << s <<\
ty function

Outline

1. Load header

31

1.1 Function definitions

Copy const ruct or
String::String( const String &ORy ) : length( copy.length )

cout << "Copy constructor
80 setString( copy.sPtr );

86 cout << "Destructor: * << sPtr << '\n';

87  delete [] sPir; recl aimstring
88 }

89

90 // Overloaded = operator; avoids self assignment

91 const String &String::operator=( const String &ight )
o2 {

cout << "operator= called\n";

95 if ( &right

this) {

128bool String::operator<( const String &ight ) const
129 { return strenp( sPtr, right.sPtr ) <0; }
130

131// Return a referel oa cter in a String as an |val ue.
132char &String::operator[]( int subscript )

133(

134 First test for subscript out of range

135  assert( subscript >= 0 & subscript < length );

136

137 return sPtr[ subscript 1; creates |val ue

138}

139

140// Return a reference to a character in a String as an rval ue

const char &String::operator[]( int subscript ) const

First test for subscript out of range
assert( subscript >= 0 & subscript < length );

return sPtr[ subscript ]: cr

Return a substring be
subLength 4
String String::operator()( int index, int subLength )

of Iengt

ensure inde;

assert( i ndex

i'sinrange and substring length
= 0 && index < length && subLength >= 0 );

deternine length of substring
int Ien;

Over| oaded output operat or
Jostream &oper at or <<( ostream &out put, const String & )

output << s.sPtr;

return output; enabl es cascadi ng

Overl oaded i nput oper at or

i stream &operator>>( i stream & nput, String & )
char tenp[ 100 1; buffer to store input

input >> setw( 100 ) >> tenp;
s = temp; use String class assignment operator

return input; enabl es cascadi ng

Constructors and destructors
nt when called.

1.3 Copy constructor

1.4 Destructor

1.5 operator=
ignment)

Outline

1.9 operator<
(less than)

1.10 operator([]
(subscript)

1.11 operator|[]
(const subscript)

1.12 operator()
(return substring)

Outline

1.15 oper at or <<
(output Stri ng)

1.16 oper at or >>
(input String)

1. Load header

1.1 Initialize objects

Fig. 8.5 fig08_05.cpy
Driver for clas ring
210#i ncl ude <i ostreanr
211
212usi ng std: : cout;
213usi ng std: : endl ;
214 )
2154 ncl ude "stringd. h* Conversi on constructor: happy
216 Conversi on_constructor: b rthday
217i nt mai n() Conversi on constructor:
218{ »
219 String si( "happy” ), s2( " birthday" ), s3;
220

33

9% delete [1 sPtr; prevents memory m

97 length = right. I ength; String le Outline

98 setString( right.sPtr ); call utility function I
)9\59 1.6 operator +=

101 cout << "Attenpted assignment of a String to itself\n"; (concatenation)

102

103 return *this; casc i gnnent s

104} 1.7 operator!

s (string empty?)

106// Concatenate right operand to this object and

107// store in this object

108const String &String::operator+=( const String &ight ) 1.8 operator==

109
na{ char *tenpPtr = sPtr; be able to del (equality)
111 length += right.length; ing length
112 sPtr = newchar[ length + 11; // create spac
1 assert( sPtr 1=0); ermnate if memory not allocat ed
114 stropy( sPtr, tempPtr ); /1 left part of ring
115  strcat( sPtr, right.sPtr ); right part of String
116 delete [] tenpPtr; aimol d space
117 return *this; enabl es ed calls
118}
119
120// Is this ng enpty?
121bool String::operator!() const { returnlength == 0; }
122
123// Is this String equal to right String?
124bool String: : operat ol const String &ight ) const

{ return strenp( sPtr, right.sPtr ) i

s this String less than right String?

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

len = length - index; Outline

else

len = subLength;
1.13 getLength

al | ocate tenporary array for substring anc
erninating null charact

166 char *tenpPtr = new char[ len + 11;

167 assert( tenpPtr !=0); // ensure space allocated

1.14 setString

copy substring into char array and terminate s
strncpy( tenpPtr, &Ptr[ index 1, len);
tenpPtr[ len] ='\0';

Qreate tenporary String obj ect
String tenpString( tempPtr );
delete [] tempPtr;

aining the substring

del ete the tenporary array

return tenpString; return copy of the temporary String
Return string length
181int String::getlength() const { return length; }
182
183, Wility function to be called by constructors and
184 a: gnnent oper at ol
185voi d String::setString( const char *string2 )
186(
187 sPtr = newchar[ length + 11; // allocate storage
188  assert( sPtr !=0); erminate if memory not allocated
189 strepy( sPtr, string2 ); copy literal to objec
190}
test overloaded equality and rel ational operators
cout << "s1is \"" << s1<<"\"; 52 is\"" << s2 Outline
& O 58 s 1Y e g o Dy -
<< "\nThe results of comparing s2 and si:*
<< "\ns2 == sl yields "
<< (s2 ==s17?"true" : "false" )
<< "\ns2 I= sl vields " 1 is "happy”; s2 is " birthday"; s3is ""
<< (s21=s17?"true" : "false" ) fhe results of conparing s2 and si:

<< "\ns2 > slvields " ,
<< (s2>sl1?"true’ : "false’ )

<< "\ns2 < slyields " 2 1= s1 yields true
<< (52 <sl?"true" : "false" ) 2 > s1yields false
<< "\ns2 >= sl yields "
<< (52 >=s1? "true" :
<< "\ns2 <= sl yields "

sl yields false

2 < s1yields true
2 >= s1 yields false

“false" )

<< ( s2 <=sl?"true" : "false" ); s2 <= sl

test overloaded String enpty (! tor est i ng 153:
cout << "\n\nTestina !s3:\n":
it (1s3){

cout << "s3 is enntv: assianina sl to s3:\n":

3 is enpty; assigning s1to s3;
erator= called

test overl oaded assi gnmesS 1S "happy”
" << 83 << " B

s1 += s2 yields s1 = happy birthday

test overloaded String concat or
cout << "\n\nsl += s2 yields s1 = ";
sl 4= s2; test i

cout << sl: L += " to you" yields

onver si on constructor: to you

test conversion constructor
cout << "\n\nsl +=\" to youl" yields\n";
S1+=" to you'; test conversion constructor

Destructor: to you




cout << "s1=" <<si<<\mn' [o7 = pm AR e . 37 284 test subscript out of range m )
m Outline 285 cout << "Attenpt to assign 'd' to s1[30] yields:* << endl; :M Outline
est overloaded function call operator () for substring 286 s1[ 30] ='d; YNGR subscript out of ) -
cout << "The substring of sl starting at\n" 2. Function call o
<< "location 0 for 14 characters, siQ_ 14 is\n - Function calls L
" . 288 return 0;
<< s1( 0, 14) << "\n\n"; Conversi on constructor: happy birthday 2:,') ; e (e el o i@ GiliE] wiccer
Copy constructor: happy birthday =
test substring “to-end-of-String" opt . .
Destructor: h bi rt hd Conversi on constructor: happy . _
cout << "The substring of si starting at\[ oo (o o'¢ NaPPY birthday Conversi on constructor: birthday fssertion failed: subscript >= 0 & subscript <
<< "location 15, s1(15, 0), is: * |The substring of si starting at CGonversi on const ruct or : Ilength, file stringl.cpp, line 82
<< s1( 15, 0 ) << "\m\n"; 0 - llocation 0 for 14 characters, s1(0, 14), is: sl is "happy"; s2 is " birthday"; s3is "
Destructor: happy birthday iz ’ez‘i‘ ;fe‘l"d:‘;:fz’e‘ [ty 62 ) ik lbnor mal_pr ogr am t er i nati on
est copy constructol slyields true
String *sdPtr = newString( si); [=SEIEEET 6O g s2 > slyields false
cout << "*s4Ptr = " << *s4Ptr << "\n\n";|Copy constructor: happy birthday to you s2 < slyields true
. g s1yields false
9 - sl yields true
270 test assignment Jperator with sel |assigning *saPtr to *saptr
271 cout << "assigning *s4Ptr to *s4Ptr\ operator= cal | ed Testing !s3:
- = . cen el § . s3is enpty; assigning sl to s3;
272 *sdRtr = *sabtr; est overl ol n tenpted assignment of a String to itself operators saited o
cout << "*SAPr = " << *s4Ptr << '\n'; rate .
*s4Ptr = happy birthday to you s3 is “happy
s1 4= s2 yields s1 = happy bi rthday
est destructc
T - Dest ruct or birthday to you
s1 4= " to you" yields
test using subscript operator Lo create lvalue Conversi on constructor: to you
sif 0] ="H; sl after s1[0] = 'H and si[6] ='B is: Happy Birthday to you Destructor: to you
sl 61 ='B;

cout << "\nsl after si[0] = is: "

<< sl << "\n\n";

‘H and s1[6] ='B

Conversi on constructor: happy bi rthday
Copy constructor: happy bi rthday
Destructor: happy bi rthday

The substring of sl starting at
location 0 for 14 characters,
happy bi rt hday

s1(0,

14), is

Outline

Program Output

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

Dest ruct or you

The substring of sl starting at
location 15, s1(15, 0), is: to you

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

assi gning *s4Ptr to *s4Ptr
operator= cal | ed
Attenpted assignment of a String to itself
*s4Ptr = happy birthday to you
Destructor: happy birthday to you

is:

s1after s1[0] ='H and si[6] ='B Happy Birthday to you

Attenpt to assign 'd' to s1{30] yields:

Assertion failed: subscript >= 0 & subscript < length, file
stringl.cpp, line 82

Abnor malpr ogr am t er i nat i on

2000 Prentice Hall, Inc. All rightsreserved.

Case Study: A Dat e Class

« Thefollowing example creates a Date class with
— Anoverloaded increment operator to change the day, month

and year
— An overloaded += operator
— A function to test for leap years

— A function to determineif aday islast day of amonth

©2000 Prentice Hall, Inc. All rights reserved. <]

s1 = happy birthday to you

2000 Prentice Hall, Inc. Al rights reserved
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41

3 #if

4 #define DATEL H

Overloading ++ and - -

Pre/post incrementing/decrementing operators
— Allowed to be overloaded
— Distinguishing between pre and post operators
« prefix versions are overloaded the same as other prefix unary
operators
d1. operator++(); /1 for ++d1
« convention adopted that when compiler sees postincrementing
expression, it will generate the member-function call
dl.operator++( 0 ); /1 for dil++
« 0 isadummy value to make the argument list of oper at or ++
distinguishable from the argument list for ++oper at or

:M Outline

1. Class definition

Def i n of class Dat
ndef DATEL H

5 #include <iostreans

usi

ng std: : ostream

9 class Date {

21 pri

28 };
29

30

friend ostream &operator<<( ostreamé& const Date &);

2 public

Date( int m=1, int d =1, int y = 1900 ); nst r uct or
void setDate( int, int, int); // set the date
Date &operator++(); prei ncrement  oper at or

Date operator++( int ); bost i nc
const Date &operator+=( int );
bool | eapYear( int ) const; is thi
bool endd Month( int ) const; S this end of month?

ene
mod

vate:
int nont h;
int day;

int year;

mont h

static const int days[]; array of
void hel pl ncrement () ; utility func

#endi f

1.1 Member functions

1.2 Member variables



31 6 cpp
3 ion definitions for Date cl
33 #include <iostream

34 #include "datel. h"

36 // Initialize static nember at file scope

one cl ass-wi de coov
const int Date::days[] = { 0, 31, 28, 31, 30, 31, 30,
31. 31 30. 31. 30. 31 }:

Date constructor
Date::Date( int m intd, int y) { setDate( m d, y); }

Set the date
void Date::setDate( int mm int dd, intyy)
{

month = ( mm>= 1 & mm<= 12 ) 2 mn:
year = (yy >= 1900 & yy <= 2100 ) ? yy : 1900;

test for a leap year

51 if ( month == 2 & | eanYear( vear ) )
52 day = (dd >=1&&dd <=29) ? dd: 1;

53 el se

54 day = ( dd >= 1 & dd <= days[ month ] ) ? dd : 1
55 }

56

57 Prei ncrement operator over | 2 menber funct i on

Date &Date: : operator ++()
i
hel pl ncrenent () ;
return *this: reference return to create an |val ue
1
98 if ( month == 2 && | eanYear( vear ) )
return d == 20: // last dav of Feb. in |ean vear
100 else
101 return d = days[ month ];

107 if ( endOiMnth( dav ) & month end vear
108 dav = 1

109 month = 1;

110 ++year

111

112 else if ( enddfMnth( day ) ) { end month
113 dav = 1;

114 ++nont h

115 ¥

116 else not end of nonth or vear: increment dav
117 ++day;

118]

119

120 Over | oaded out put oper at or

121ostream &operat or <<( ostream &utput. const Date & )

static char *nont hNanmel 13 1 " Januar v"
“Februarv”. "March". "Aoril Mav". “June”.
“July", "August", "Septenber”, "Cctober",
“Novenber", "Decenber” }:

1

128 output << monthName[ d.month ] <<

129 << d.dav << ". " << d.vear:
130
131 return outout: enabl es cascadi nc

dlis January 1, 1900
2 is Decenber 27, 1992
d3 is January 1, 1900

d2 += 7 is January 3, 1993

d3 is February 28, 1992
++d3 i's February 29, 1992

Testing the preincrenent operator:
d4 is Mrch 18, 1969

++d4 is March 19, 1969
d4 is March 19, 1969

Testing the postincrenent operator:
d4 is March 19, 1969

d4++ is March 19, 1969
d4 is Mrch 20, 1969

©2000 Prentice Hall, Inc. All rights reserved.

Outline

1. Load header

1.1 Define days[]

1.2 Function definitions
1.3 Constructor

1.4 operat or ++
(preincrement)

Outline
1.9 hel pl ncrenent

1.10 operator<<
(output Dat e)

Outline

Program Output

64
65
66

Post i ncrement oper at or
Note that th
par anet er nare.
Date Date::onerator++( int )

1.5 operator++(int)
(postincrement)

Outline

Date tenp = *this;
hel pl ncrenent () ;

return non-increnented, saved, temporary object 1.6 operator +=
73 return temp; val ue return; not a reference return

74 1

75 i 1.7 | eapYear
76 // Add a specific nunber of days to a date

77 const Date &Date::operator+=( int additional Davs )

78 1.8 endOf Mbnt h
79 for (int i =0; i < additional Days; i++)

80 hel ol ncrenent ()

81

82 return *this; enabl es cascadi ng

83 }

84

85 the year is a leap y return true

86 // otherwise, return false

87 bool Date::leanYear( int v ) const

88 {

89 O[] (y%100!=08&y %4

a0 a lean vear

91

92 return false; not a leap year

93 1

94

95 // Determine if the day is the end of the month

96 bool Date::endCfMnth( int d ) const

97 {

8,

Fia fi

Driver for class Date Qutline
#incl ude <i ostream —_—
sing std:: cout; 1 _load header
using std: : end! ;

1 is January 1, 1800

Qrciicepaatell 2 is Decenver 27, 1992 bjects
int main() TS TATTETy—T—Tovo

Date d1, d2( 12, 27, 1992 ), d3( 0, 99, 8045 ); 2. Function calls
cout << "dlis " << dl

<< "\nd2 is " << d2 .
<< "\nd3 is " << d3 << "\n\n" 3. Print results

cout << "d2 4= 7 is " << ( d2 += 7)) << "\pip'

d3.setDate( 2. 28. 1992 )
cout << d3is " << da:
cout << "\n++d3 is " << ++d3 << "\n\n":

February 28, 1992

esting the preincrement operator:
d4 is Mrch 18, 1969
[+d4 is March 19, 1969

Date d4( 3. 18. 1969 ):

cout << "Testina the oreincrenent operator:\n"
<<" dais " <<d4<<'\n':

Cout << "++dd is " << ++dd << '\ TS WArTIT 1o,

Cout << " 4 is " << d4 << "\n\

cout << "Testing the postincrement operator:\n'  Tpsting the preincrenent operator:
2B e a8 &= d4 i's March 18, 1969

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

cout << ddis " << dd << endl; +hda is Mrch 19, 1969

T TSV T T IO
return 0;



