1 Classes Part 11

1.1 const (Constant) Objects and const Member Func-
tions

Some objects need to be modifiable and some do not. The programmer may
use keyword const to specify that an object is not modifiable and that any
attempt to modify the object should result in a compiler error.

e Principle of least privilege; Only allow modification of necessary objects

e Keyword const

— Specify object not modifiable
— Compiler error if attempt to modify const object
— Example

* const Time noon( 12, 0, 0 );
x Declares const object noon of class Time

* Initializes to 12

e const member functions

— Member functions for const objects must also be const; Cannot
modify object
— Specify const in both prototype and definition

x Prototype; After parameter list
x Definition; Before beginning left brace

e Constructors and destructors

— Cannot be const
— Must be able to modify objects

x Constructor; Initializes objects
x Destructor; Performs termination housekeeping

The program of Figs. [[H modifies class Time by making its get functions
and printUniversal function const.

e Member initializer syntax

— Initializing with member initializer syntax



x Can be used for; All data members
x Must be used for
- const data members

- Data members that are references

Figs. introduces using member initializer syntax. Figs. illustrates the
compiler errors for a program that attempts to initialize const data member
increment with an assignment statement in the Increment constructor’s
body rather than with a member initializer.
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A Fig. T.lz timeSch

S/ Definition of classz Time.

// Member functions defined in timeS.cpp.
#ifndef TIMES H

#define TIMES H

clase Time {

public:

Time{ int = 0, int = 0, dint = 0 }; // default constructor

J/ set Ffunctions
void getTime( int, int, int }; [/ =et time

vold setHour( int }; // set hour
void setMinute{ int }; J/ set minute
void set8econd{ int }; [{ =set second

[/ get functions (normally declared const)

int getHour () const; [/ return hour
int getMinute(} const; [ return minute
int getSecend() const; [/ return second

// print funetions {normally declared constl.

void printUniversal (] const; S/ print universal time

void print8tandard() ; J/ print standard time
private:

int hour; ff 0 - 23 {(24-hour clock format)

int minute; /f/ 0 - 5%
int second; [/ 0 - 59

}; // end class Time

fendif

Qutline

timeS.h (1 of 2)

| Declare cons t get functions.

' Declare cons t function
printUniversal.

© 2003 Prentice Hall. Inc.
All rights reserved.

timeS.h (2 of 2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 1: Time class definition with const member functions.




S/ Fig. 7.2: time5.cpp
S/ Member-function definition= for class Time.

Qutline

#include <iostream>

timeS.cpp (1 of 4)

usging std::cout;

#include <icmanip>

Lo R - T I B =

uging std::setfill;

using std::setw;

okl
= O

12 // include definition of class Time from timeS.h
13 #include "time5.h"

15 f/ constructor function to initialize private data;
16 // ecalls member function setTime to set wvariables;
17 // default values are 0 (see class definition)

18 Time::Time{ int hour, int minute, int second }

19 |

20 setTime{ hour, minute, second );

21

22

23

} // end Time censtructer

© 2003 Prentice Hall. Inc.
All rights reserved.

24 // set hour, minute and second values 0ut|ine ?
25 wvoid Time::setTime( int hour, int minute, int second ) —

2% |

27 setHour ( hour ); timeS.cpp (2 of 4)

28 setMinute( minute };

29 setSecond( second };

30

31 } // end function setTime

32

33 // set hour walue
34 wvoid Time::setHour{ int h )

35 1

36 hour = ( h > 0 & h < 24 )} 2 h : 0}
ar

38 1} // end function setHour

39

40 f/ =set minute value

41 wvoid Time::setMinute{ int m )}

42 |

43 minute = {m>=0 B&E m < 50 } ? m : 0O;
44

45 1 // end function setMinute

46

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 2: Time class member-function definitions, including const member
functions. (part 1 of 2)



47 [/ set second value

48 woid Time::setSecond( int = ) ‘
49 |

50 second = { 8 >= 0 && & < 60 )} ? 8 : 0;

51

52 } // end function setSecond

53

54 // return hour wvalue

55 int Time::getHour() const

56 |

57 return hour;

58 const functions do not
59 1 // end function getHour mOdlf)’ Objﬂ(‘:ls.
60

61 J/ return minute wvalue

62 int Time::getMinute{) const

63 |

64 return minute;

65

8 ] // end function getMinute

67

68 // return second wvalue
69 int Time::getSeceond() const

{

return second;

Qutline

Qutline

10

timeS.cpp (3 of 4)

© 2003 Prentice Hall. Inc.
All rights reserved.

11

timeS.cpp (4 of 4)

cons t functions do not
modify objects.

} // end function getSecond

70
71
72
73
74
75 /) print Time in universzal format

76 woid Time::printUniversal {) const

7T 1

78 cout << getfill{ "0' )} << setw{ 2 } << hour << ":©
79 << setw{ 2 )} << minute << ®:®
80 << getw( 2 } << second;

81
82 1} // end function printUniversal

83

S/ print Time in standard format

85 woid Time::printStandard(} // note lack of const declaration

86 |

a7 cout << { { hour == 0 || hour == 12 } ? 12 : hour % 12 }
<< ":" << getfill( '0' ) << setw( 2 ) << minute

89 << ":7 << setw( 2 )} << second

S0 << { hour < 127 * AM" ; " PM" };

a1

92 } // end funetion printStandard

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 3: Time class member-function definitions, including const member

functions. (part 2 of 2)
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S/ Attempting to access a const object with

/{ non-const member functicns.

// include Time class definition from time5.h

#include "time5.n®

Qutline

fig07_03.cpp
(lof2)

; , Declare noon a const
int main ()

Lo R - T I B =

© 2003 Prentice Hall. Inc.
All rights reserved.

fig07_03.cpp
(20f2)

fig07_03.cpp
output (1 of 1)

( object.
10 Time wakeUp{ &, 45, 0 }; non-constant cbject
11 const Time on{ 12, 0, 0 ); // constant cbject
12 @\
Note that non-const
constiuctor can initialize
const object.
i3 /i OBJECT MEMEER FUNCTION
14 wakeUp.setHour{ 18 }; // non-const non-const
15
16 noon.setHour ( 12 ) ; [/ const nen-const
17
18 wakeUp.getHour () ; const
19 Attempting to invoke non-
20 noon.getMinute () ; // const or} const member function on
21 noon.printUniversal{); // const cor conat Qb]ac‘t results in
= compiler error.
23 noon.print8tandardl() ; NON=TOIET
24
2: EERERE: Attempting to invoke non-

27 } // end main cons &t member function on

cons t object results in
o compiler error even if
function does not modify

Conversion loses gqualifiers Objﬁct‘

d:\cpphtpd examplesch07%£ig07_01%£ig07_01.
'setHour' : cannot conwvert 'this' poin
to 'class Time &°

d:\cpphtpd_examples)\ch07\£ig07_01%\fig07_01.cpp{23) : error C2662:
'printEtandard' : cannot convert 'this' pointer from 'const class
Time' to 'class Time &'

Conversion loses gualifiers

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 4: const objects and const member functions.
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1 A Fig. T.4: figh7 04d.cpp outline
2 S/ U=zing a member initializer to initializme a ‘ —
3 // constant of a built-in data type-

4  #include <iostream> fig07_M.cpp
2 (1of3)

[ uzing std::cout;

7 using std::endl;

8

9 class Increment {

10

11 publie:

12 Increment{ int o = 0, int i =1 }; // default constructor

13

14 void addIncrement {}

15 {

16 count += increment;

17

18 } [/ end function addIncremsnt

19

20 void print ()} const; [ prints count and increment

21

© 2003 Prentice Hall. Inc.
All rights reserved.

16

Qutline

22 private:
23 int count;

24 const int inerement; [/ const data member
25 figO7_4.cpp
26 }; // end class Inc TR T 3
= Member initializer list Lcrcmcm as const (20f3)
28 J/ constra ;c;’ca?ifci Member initializer syntax can
on. T
29 Iner AR : ,‘ﬁ Member initializer syntax
N EenBE L il W M8 muyst be used for cons t data
31 increment i } ©// requiremd] : )
e member increment.
33 // empty body
34 Member initializer consists of
35 } // end Increment constructor| datg member name
e datg 1

(increment) followed by

37 int t and i £ :
GRS sOE| Gt iR RaR ety patentheses containing initial

38 woid Inecrement::print()} const

% value (¢).

40 eout << "count = " << count

H << ", increment = " << increment << endl;
42

43 1 // end function print

44

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 5: Member initializer used to initialize a constant of a built-in data
type. (part 1 of 2)



45 int main ()

a6 1
47 Increment value{ 10, 5 );
a8 figh7_0d.cpp
48 golt << "Hefore incrementing: ®; ('} OfQ)
50 wvalue.print();
51 :
figd7_0d.cpp
52 Far {Gntge=ibe g3 gk b
output (1 of 1)
53 value.addIncrement () ;
54 cout << "After increment " << .3j + 1 =< ®; H.
55 value.print () ;
56 }
57
58 return 0;
59
60 } // end main

Before incrementing: count = 10, increment = 5
After increment 1: count = 15, increment =
After increment 2: count = 20, increment =

oo

After increment 3: count = 25, increment =

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 6: Member initializer used to initialize a constant of a built-in data
type. (part 2 of 2)
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Figure 7: Erroneous attempt to initialize a constant of a built-in data type

7 o e O A - 5 e LR )

S/ Attempting to initialize a constant of
// a built-in data type with an assignment.
#include <iostream>

uzing std::cout;

using std::endl;

clase Increment {

public:
Increment{ int o = 0, int i =1 }; // default constructor

void addIncrement (}
{

count += increment;

} // end function addIncrement

void print ()} const; [ prints count and increment

private:
int count;

const int inerement; [/ const data member

}; // end cla=s Incremen‘t\

£/ constructor

- Deeclare increment as const

data memher

| Attempting to modify const
data member increment
allowed becd resuls in e’"Or'

Increment::Increment{ int o,

count = o;

increment = i; J/ ERROR: Cannot modify a const cbject

} // end Increment constructor

S/ print count and increment walues
void Increment::print{) const
{

cout << "count = " << count

<< ", ipnorement = " << increment << endl;

} // end funection print

by assignment. (part 1 of 2)

Qutline

figO7_05.cpp
(lof3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

figO7_05.cpp
(20f3)

© 2003 Prentice Hall. Inc.
All rights reserved.



44 int main () Outline
45 | —_—
46 Increment value{ 10, 5 );

a7 figD7_05.cpp

48 golt << "Hefore incrementing: ®; (3 OfSJ

49 wvalue.print () ;

= oy ‘ , fig07_05.cpp

51 for (dnt j-= 0p 3 < 33 J++ } { Dlllplli U of “
52 wvalue.addIncrement (] ;

53 cout << "After increment " << .3j + 1 =< ®; H.

54 value.print () ;

58 }

55 Not using member initializer

Z; EELURIC, syntax to initialize const

‘data member increment

results in errot.

D:‘\cpphtpd examples\ch07\Fig07 03\Fig07 03.cpp (Sur—T =rror T
.'i1:1c:1.:=mf-.nt" :‘must be initialized in constructor base/m Am:mpt'ingtomodify const
T Eee data member increment

results in error

59 1} // end main

D:\cpphtpd examples)\ch07\Fig07 03\Fig07

see declaratien of 'increment!'

D:\cpphtp4 examples\ch07\Fig0d7 03\Fig07 03.cpp(32) : error C2166:
l-wvalue specifies const object

“opp (24)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 8: Erroneous attempt to initialize a constant of a built-in data type
by assignment. (part 2 of 2)
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Flmg iy e dmee T oh || Qutline

// Date class definition. v

J/ Member functions defined in datel.cpp

Hifndef DATEL H datel.h (1ofl)
fHdefine DATEL H

class Date { Note no constructor with
/ parameter of type Date.
9 public: 5

Recall compiler provides

LB G- T T T I

10 Date( int = 1, int = 1, int =

. ) ' 21 el default copy constructor.
1 void print{) const; // print d
12 ~Date(); [/ provided to confirm destruction order

14 private:

15 int month; // 1-12 (January-December)

16 int day; £/ 1-31 based on month

17 int year; /[ any year

18

19 Jf utility function to test proper day for month and year
20 int checkDay{ int } const;

21

22 }; /f end class Date

23

24 Hendif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 9: Date class definition.

1.2 Composition: Objects as Members of Classes

An AlarmClock object needs to know when it is supposed to sound its
alarm, so why not include a Time object as a member of the AlarmClock
class? Such a capability is called composition.

e Composition; Class has objects of other classes as members
e Construction of objects; Member objects constructed in order declared

— Not in order of constructor’s member initializer list

— Constructed before enclosing class objects (host objects)

The program of Figs. uses class Date and class Employee to demon-
strate objects as members of other objects. The colon (:) in the header
separates the member initializers from the parameter list. In Fig. [4l when
each of the Employee’s Date member object’s initialized in the Employee
constructor’s member initializer list, the default copy constructor for class
Date is called. This constructor is defined implicitly by the compiler and
does not contain any output statements.

11
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Jf Fig. T7.7: datel.cpp

S/ Member-function definition= for class Date.

#include <iostream>

using std::cout;

uzing std::endl;

S/ include Date class definition from datel.h

#include "datel.nh®

// constructor confirms proper value for month; calls

Jf utility function checkDay to confirm proper wvalue for day

Date::Date( int mn, int dy, int yr }
&

if (mn » 0 & mn <= 12 } // wvalidate the month

month = mn;

else { [ invalid menth set to 1

month = 1;

cout << "Month " << mn << " invalid. Set to menth 1.'\n";

YEear = yr: S/ should wvalidate vr
day = checkDay{ dy }; [ validate the day

// output Date cbject to show when its constructor is called

cout << "Date object censtructor for date ";

print (};
cout << endl;

} // end Date constructor

J/ print Date objeft in form mont

void Date::print{) const

No arguments; each member
function contains implicit
handle to object on which it
operates.

{

cout << month << /! << day << °/!' << year;

} // end function print

S/ output Date object to show wh i
Date: :~Date ()
{

=

Output to show timing of
destructors.

cout << "Date cbject destructor for date ";

print (};
cout << endl;

} // end destructor ~Date

Qutline

datel.cpp (1 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

datel.cpp (2 of 3)

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 10: Date class member-function definitions. (part 1 of 2)

12
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49 /7 utility function to confirm proper day value based on

Qutline

50 // month and wyear; handles leap years, too

51 int Date::checkDay{ int testDay ) const
{ datel.cpp (3 of 3)
gtatic const int daysPerMonth[ 13 ] =
PO i b P o B o s Lt i s L i i i s G

// determine whether testDay is valid for specified month
if { testDay > 0 && testDay <= daysPerMonth[ month ] )
return testDay;

/[ February 29 check for leap year
if ( menth == 2 && testDay == 29 &&
{ year % 400 o]
{ year % 4 == 0 && year % 100 != 0 ) } }

return testDay;

cout << "Day " << testDay << " invalid. Set to day 1.%n";

return 1; [/ leave cbject in consistent state if bad value

J382383822R2888988¢828

} // end function checkDay

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 11: Date class member-function definitions. (part 2 of 2)

13
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/{ Fig. 7.8: employeel.h
S/ Employee class definition.

Qutline

/{ Member functions defined in employeel.cpp.

#ifndef EMPLOYEEL H employeel.h (1 0f2)
#define EMPLOYEEL H

// include Date class definition from datel.h

#include "datel.n®
class Employee [
public:

Employee (

const char *,; const char *; const Date &, const Date & );

void print{} const;

~Employee{)}; // provided to confirm destruction order U_sin_g.co ) SItltm,
Employee object contains
private: -y -
Dateob s data
char firstName[ 25 1; Ja : jects as dat:
char lastName[ 25 ]; .I'IIGII'J EI5,

const Date birthDate; // composition: member cbhbject

const Date hireDate;: S/ composition: member object

¥:; // end clas= Emnployee

© 2003 Prentice Hall. Inc.
All rights reserved.

fendif

employeel.h (2 of 2)

/i Fig. 7.9: employeel.cpp cmploycc l.Cpp

S/ Member-function definitions for class Employee. (l 013)

#include <iostream=>

using std::cout;

uzing std::endl;
#include <cstring> S/ Btropy and strlen prototypes

#include "employesl.h® J/ Employee class definition
#include "datel.h® [/ Date class definiticn

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 12: Employee class definition showing composition.

14



13 // constructor uses member initializer list to pass initializer outline
14 f/ walues to constructors of member objects birthDate and —
15 // hireDate [Note: This inwvokes the so-called "default copy

16 // constructor® which the C++ compiler provides implicitlwy.] employee l.cpp
17 Employee::Employee({ const char *first, conest char *last, {2 of 1)

18 const Date &dateOfBirth, const Date &dateOfHire )

19 : birthDate{ dateOfBirth ), // initialize birthDate

hireDate( dateOfHire ) ‘x“?{HigiEiiiize hireDate
{

20

2 . Member initializer syntax to
22 J// copy first into firstName and be sursg initialize Date data members
23 int length = strlen( first };

24 length = { length < 25 ? length : 24 ) Do rthpaRaan
en = en 2 en ! : 5 -
25 str:cpy( first:lame, firet, lzngth Y i ?}renate; .cc.)n?pll.cruscs
26 firstName[ length ] = 'Y0°; efault Sonyiconytelon
27
28 [/ copy last into lastName and be sure that it fits
29 length = strlen{ last };
30 length = { length < 25 ? length : 24 };
31 strnopy( lastName, last, length };

Output to show timing of
constractors,

a2 lastName[ length 1 = *%0';

33

34 [/ output Employee cbje to show when constructor is called
35 cout << "Empleyee object constructor: ®

36 << firstName << ' ' << lastName << endl;

37

© 2003 Prentice Hall. Inc.
All rights reserved.

38 1 // end Employese constructor outline E
39 —
40 // print Employee cbject

41 wvoid Employee::print{) const employee l.cpp
A2 (3of3)

43 cout << lastName << *, ® << firstName << ®"‘nHired: ®;

44 hireDate.print () ;

45 cout << ® FBirth date: ®;

46 birthDate.print{);

47 cout << endl;

48

49 } // end function print

50

Output to show timing of
51 // cutput Employee cbject to show wl e destructors. :

Employee: : ~Employee {}
{

ecout << "Employee object destructor: "

<< lastName << ", " << firstName << endl;

188888

} // end destructeor ~Employee

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 13: Employee class member-function definitions,including construc-
tor with a member-initializer list.
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Qutline

fig07_10.cpp
(lof 1)

1 A8 FIg. T EighT 10 cpp

2 S/ Demonstrating composition--an object with member objects.

3 #include <iostream>

4

5 using std::cout;

[ uzing std::endl;

T

: #include "employesl.h® J/ Employee class definition

-} 7
T b Create Date objects to pass
11 to Employee constructor.
12 Date birth{ 7, 24, 1343 );

13 Date hire{ 3, 12, 18988 );

14 Employee manager{ "Bob®, "Jones®, birth, hire };

15

16 cout << '‘n';

17T manager.print (};

18

19 cout << "\nTest Date constructor with inwvalid values:\n";

20 Date lastDayOff { 14, 35, 1294 }; // invalid month and day
21 cout << endl;

22

23 return 0;

24

25 } // end main

Date object constructor for date 7/24/1843
Date cbject constructor for date 3/12/1988

Emplovee cbject constructor: Bob Jones \
Note two additional Date

Jones, Bob
Hired: 3/12/1988 Birth date: 7,/24/1949

Test Date constructor with invalid values:
Month 14 invalid. Set to month 1.

Day 35 invalid. Set to day 1.

Date cbject constructor for date 1/1/18%54

Date object destructor for date 1/1/19%94
Employee ohﬂect destructor: Jeones, Bob
Date object destructor for date 3/12/1988
Date cbject destructor for date 7/24/184%
Date object destructor for date 3/12/1388
Date object destructor for date 7/24/1543%

© 2003 Prentice Hall. Inc.

All rights reserved.

objects constructed; no output
since default copy constructor
used.

Qutline

| 10.cpp

t(lof1)

PR RN oo P B L P s

Destuctor for Empl oyee’s

Destuctor for Emplovee'’s

Diact £, Fos Tim b chiaat

Ibirtn

Destuctor for Date object

© 2003 Prentice Hall. Inc.

All rights reserved.

Figure 14: Member-object initializers.

16

30

31



1.3 friend Functions and friend Classes

e friend function

— Defined outside class’s scope

— Right to access non-public members

Declaring friends

— Function; Precede function prototype with keyword friend

— All member functions of class ClassTwo as friends of class Clas-
sOne

x Place declaration of form; friend class ClassTwo;
x in ClassOne definition

Properties of friendship

— Friendship granted, not taken

x Class B friend of class A; Class A must explicitly declare
class B friend

Not symmetric

— Class B friend of class A

— Class A not necessarily friend of class B

Not transitive

— (Class A friend of class B
— Class B friend of class C

— Class A not necessarily friend of Class C

The program of Figs. (top) defines friend function setX to set the
private data member x of class Count. Friend declaration can appear any-
where in the class. The program of Figs. (bottom) {I7 demonstrates the
error messages produced by the compiler when nonfriend function cannot-
SetX is called to modify private data member x.

17



1 A T S A B B e T ) outline
2 S/ Friends can access private members of a class=. ‘ —
3 #include <iostream>
4 figO7_11.cpp
5 uging std::cout; i (10of3)
6 using std::endl; Precede ﬁmc’tionptotot'}rpe'
L with keyword friend.
: S/ Count classz definitibn
9 class Count [
10 friend void setX{ Count &, int }; // friend declaration
11
12 public:
13
14 [/ constructor
15 Count ()
16 oxt @Y S/ initielize x teo ©
17 {
18 [/ empty body
19
20 } // end Count constructor
21
© 2003 Prentice Hall. Inc.
All rights reserved.
22 S eutput x outline
23 void print() const ‘ —
24 {
25 cout << x << endl; figO7_1l.cpp
o2 (20f3)
27 } // end function print
28
28 private:
30 int x; [/ data member
31
32 }: // end class Count Pass Count object since C-
32 stvle s‘tandﬂlnhe. function.
34 [/ function setI can

Since setX friend of
Count, can access and
modify private data

35 // because setI g
36 woid setX(

37 |

a8 e.x = val; [/ leqg mcmbcr-x.
39

40 } // end function setX

4

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 15: Friends can access private members of the class.
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42 int main(}

Qutline

43 1 ‘

44 Count counter; [/ create Count cbject

45 : = - 1

. . 1 Use £riend function to fig07_1l.cpp

46 cout << "counter.x after instan i . 2 L ('; of 1)

a7 SeumEeeRra e access and modify private

a8 data member x. B
figO7_1l.cpp

48 setX{ counter, & }; [/ set x with a friend
output (1 of 1)

50

51 cout << "counter:x after call to setX friend funetion: ®;

52 counter.print () ;

53

54 return 0;

55

5 1 // end main

counter.x after inestantiation: 0
counter.x after call to setX friend function: &

© 2003 Prentice Hall. Inc.
All rights reserved.

1 A i S A D L 36 e LR 1) o) outline
2 S/ Non-friend/non-member functions cannot access ‘ —
3 // private data of a class.

4  #include <iostream> fig07_12.cpp
2 (1of3)

[ uzing std::cout;

7 using std::endl;

8

9 [/ Count class definition

10 // {(note that there is no friendship declaration)

11 class Count {

12

13 publiec:

14

15 [/ constructor

16 Count {}

17 =x{ 0 ) [Jffdnitielize x to O

18 {

19 S/ empty body

20

21 } // end Count constructor

22

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 16: Nonfriend /nonmember functions cannot access private members.
(part 1 of 2)
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23 /f eutput x Qutline *

24 void print() const

25 {

26 cout << x << endl; figO7_12.cpp
2 (20f3)
28 } // end function print

29

30 private:

31 int x; [/ data member

32

33 };:; // end class Count

34

35 // funection tries to modif Attcmpli‘ngto modlfy

36 // but cannot becaus i private data member from

37 void cannot8etX i non-friend function results

| { in error.

38 c.x = wval; [/ ERROR: canmoc =cce Prrvace mermoer T Count

40

41 1} // end function cannotSetX

42

© 2003 Prentice Hall. Inc.
All rights reserved.

43 Mgk reia Qutline ¥

44 | ‘

45 Count counter; [/ create Count cbject

46 figO7_12.cpp
47 cannotSetX{ counter, 3 ); // cannotZetI is not a friend {'; of 1)

48

49 return 0;

figh7_12.cpp
B1 1 // end main output U of 1)

D:\cpphtpd examples\ch07\Fig07 12\Fig07 12.cpp(39) : error C2248:
'x' : cannot access private member declared in class 'Count'

D:\cpphtpd examples\ch07\Fig07 12\Fig07 12.cpp (31) :

see declaration of 'x°' v\
Attempting to modlfy

private data member from
non-friend function results
in error.

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 17: Nonfriend /nonmember functions cannot access private members.
(part 2 of 2)
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1.4 Using the this Pointer

We have seen that an object’s member functions can manipulate the object’s
data. How do member functions know which object’s data members to ma-
nipulate? Every object has access to its own address through a pointer called
this (a C++ keyword).

e Allows object to access own address

e Not part of object itself; Implicit argument to non-static member func-
tion call

e Implicitly reference member data and functions
e Type of this pointer depends on

— Type of object
— Whether member function is const
— In non-const member function of Employee

* this has type Employee * const ; Constant pointer to non-
constant Employee object

In const member function of Employee
* this has type const Employee * const ; Constant pointer
to constant Employee object

The program of Figs. demonstrates the implicit and explicit use
of the this pointer to enable a member function of class Test to print
the private data x of a Test object. The program of Figs.
modifies class Time’s set functions setTime, setHour, setMinute
and setSecond such that each returns a reference to a Time object
to enable cascaded member-function calls.

e (Cascaded member function calls

— Multiple functions invoked in same statement

— Function returns reference pointer to same object; { return *this;

}

e Other functions operate on that pointer

e [unctions that do not return references must be called last

21



1 A i R A B B i B DAL 1) outline 2
2 S/ U=zing the this pointer te refer to object members. ‘ —
3 #include <iostream>
4 figO7_13.cpp
5 using std::cout; (l of 1)
[ uzing std::endl;
T
8 class Test {
]
10 public:
11 Test{ int = 0 ); /f default constructor
12 vold print{} const;
13
14 priwvate:
15 int x;
16
17 Y}; // end class Test
18
19 [/ constructor
20 Test::Test({ int wvalue }
21 :'x{ wvalue ) /f/ initialize x to wvalue
22 |
23 S/ empty body
24
25 1} // end Test constructer
© 2003 Prentice Hall. Inc.
All rights reserved.
42
26
27 // print x using implicit and explicit this pointers;
28 // parentheses arcund *this required Imp]_iditly"use 'th':i.s-'pdnte'r;.:
29 wvoid Test::print{)} const only specify name bf.data 7_13.cpp
L A £3)
3 S implicitly use this point 0O ACCESE mel L Expliciﬂy o tfhis pointcr
32 cout << ® = "oy ot = . e
= with arrow operator.
34 [/ explicitly u=ze this pointer tg- x
35 cout << "\n this->x = " << this->x; Exp][c[ﬂy use this poimer.;:.
= dereference this pointer
3T J/ explicitly use dereferenced this ﬁr's__t,"menuse'dot-t)pﬁatof.
a8 [/ the dot ocperator to access me
39 cout << "\n{*this).x = ® << { *this }.x << endl;
40
4 } // end function print
42
43 int main()
a4 |
45 Test testObject{ 12 );
46
47 testObject.print () ;
a8
49 return 0;
50

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 18: this pointer implicitly and explicitly used to access an object’s
members. (part 1 of 2)
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51 1 // end main QOutline

x = 12
this->x = 12 figO7_13.cpp
(*this) .x = 12

(3 of 3)

figh7_13.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 19: this pointer implicitly and explicitly used to access an object’s
members. (part 2 of 2)
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1 // Fig. 7.14: time6.h Qutline
2 S/ Cascading member function calls. —
3
4 /f Time class definition. time6.h (1 of 2)
5 [/ Member functions defined in timef.cpp.
i} Hifndef TIMES H
v #define TIMES H
8
9 class Time {
10
11 puEita: Set functions return reference
12 Time( int = 0, int = 0, fo Time object to enable
13 cascaded member function
14 /7 set functions calls.
15 Time &=etTime( int, int, int }; // =€t hour, minute, second
16 Time &setHour{ int ); [/ =set hour
17 Time &setMinute( int }; [/ set minute
18 Time &setSecond{ int }; // =set second
19
20 f{ get functions (normally declared const)
21 int getHour () const; [/ return hour
22 int getMinute()} const; /i return minute
23 int getSecend() const; // return second
24
© 2003 Prentice Hall. Inc.
All rights reserved.
25 // print functiens (nermally declared const) outline
26 void printUniwversal{) const; // print universal time —
27 void print8tandard()} const; [ print standard time
28 timeb.h (2 of 2)
28 private:
30 int hour; S 0 - 23 (24-hour clock format)
31 int minute; // 0 - 59
3z int second; /f/ 0 - 53
33
34 1; // end class Time
35
36 #endif

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 20: Time class definition modified to enable cascaded member-

function calls.
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1 S Fig. 7.15: time6.cpp outline #
2 S/ Member-function definition= for Time class. ‘ —
3 #include <iostream>
4 timeb.cpp (1 of 5)
5 usging std::cout;
6
7 #include <icmanip>
8
9 uging std::setfill;
10 wusing std::setw;
11
12 #include "time6.h® [/ Time class definition
13
14 // constructor function to initialize priwvate data;
15 f/ calls member function setTime to set wariables;
16 // default walues are 0 (se= class definition)
17 Time::Time{ int hr, int min, int seec )}
1| |
19 getTime{ hr, min, sec };
20
21 Y} // end Time constructor
22
© 2003 Prentice Hall. Inc.
All rights reserved.
45

23 // set wvalues of hour, minute, and second

Qutline

24 Time &Time::setTime( int h, int m, int = )

25 |

26 setHour( h ); timeb.cpp (2 of 5)
27 setMinute{ m ) ; ‘Retum *this as reference to

28 setSecond( = ) ; enable cascaded member

20 function calls,

30 return *thie; S/ enable=z cascading

3|

32 } // end function setTime

33

34 [/ set hour wvalue

35 Time &Time::setHour ( int h ) : 3

3 | Retum *this as reference to
37 heur = { h >= 0 & h <0 ) 7 y enable cascaded member

38 function calls.

39 return *this; // enables cascading

40

41 } // end function setHour

42

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 21: Time class member-function definitions modified to enable cas-
caded member-function calls. (part 1 of 3)
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43 // set minute value outline 42
44 Time &Time::setMinute( int m ) S,
a5 |  Retum #*thisg as reference to ‘

46 minute = ( m >= 0 && 60 ) anablccasca_lded member timeb.cpp (3 of 5)
47 function calls.

48 return *this; // enable= cascading

49

50 } // end function setMinute

51

52 // set second walue

53 Time &Time::setSecond({ int = ) - = :

51 g Retum *this as reference to

55 second = ( g >= 0 && &0 ) enable cascaded member

56 function calls.

57 return *this; S/ enables cascading

58

59 1 // end funetion setSecond

61 // get hour wvalue

62 int Time::getHour () const
63 1

&4 return hour;

65

86 1 // end function getHour
67

© 2003 Prentice Hall. Inc.
All rights reserved.

&8 // get minute wvalue

Qutline

return minute; timeb.cpp (4 of 5)

69 int Time::getMinute() const

{

} // end function getMinute

[/ get second value
int Time::getSecond() const
£

return second;

} // end function getSecond

S/ print Time in univer=al format
void Time::printUniversal ()} const
{
cout =< setfill{ "0' } << setw{ 2 } =< hour =< ":"
<< setw{ 2 )} << minute << ":"

<< metw{ 2 )} << =econd;

} // end function printUniversal

8888 eEBR2B8EINadndnNdd

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 22: Time class member-function definitions modified to enable cas-
caded member-function calls. (part 2 of 3)

26



| al
// print Time in standard format || outline
void Time::printStandard() const =
{ |I
cout << { { hour == 0 || hour == 12 )} ? 12 : hour % 12 )} timeb.cpp (5 of 5)
<< "% << getfill{ '0' ) << setw( 2 ) << minute

<< ";* << getw( 2 ] << second

<< [ hour < 12 7 " AM®" ; " PM" };

ggugrg8Rge

1 // end function print8tandard

© 2003 Prentice Hall, Inc.
All rights reserved.

Figure 23: Time class member-function definitions modified to enable cas-
caded member-function calls. (part 3 of 3)
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A i S Ao W AR e R 1) o
S/ Cascading member function calls with the this= peinter.

#include <iostream>

using std::cout;

uzing std::endl;

#include "times.h® Jf/ Time classz definition

int main()

{ Cascade member function
Time t; calls; recall dot operator

associates from left to right.

// cascaded function calls
t.setHour{ 18 }.setMinute{ 30 }.setSecond{ 22 };

Sf output time in universal and standard formats
cout << "Universal time: ";

t.printUniversal () ;

cout << "\n=Standard time: ";
t.printStandard() ;

cout << "\n\nNew standard time: 9;

// cascaded function calls

t.setTime( 20, 20, 20 ).print8tandard();

Qutline

figO7_16.cpp
(lof2)

© 2003 Prentice Hall. Inc.
All rights reserved.

Qutline

cout << endl; - Function call to

return 0;

‘appear last;

} // end main

printstandard must

:-F_I().cpp
2)

printstandarddoesnot {_lb.cpp
refum reference to t.

pe (1 of 1)

Universal time: 18:30:22
Standard time: 6:30:22 EM

New standard time: B:20:20 BM

© 2003 Prentice Hall. Inc.
All rights reserved.

Figure 24: Cascading member-function calls.
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