Chapter 7: Classes Part |1
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7.1 Introduction

Classes

Data abstraction

Object-based programming (OBP)
— Chapters 6-8

Inheritance and polymorphism
— Chapters9 and 10
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7.2 const (Constant) Objects and const
Member Functions

* Principle of least privilege
— Only alow modification of necessary objects
» Keyword const
— Specify object not modifiable
— Compiler error if attempt to modify const object
— Example
const Time noon( 12, 0, 0 );
» Declaresconst object noon of classTi me
e Initializesto 12
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7.2 const (Constant) Objects and const
Member Functions

e const member functions

— Member functions for const objects must also be const
» Cannot modify object
— Specify const in both prototype and definition
* Prototype
— After parameter list
» Definition
— Before beginning left brace
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7.2 const (Constant) Objects and const
Member Functions

» Constructors and destructors
— Cannot be const
— Must be able to modify objects
« Constructor
— Initializes objects
¢ Destructor
— Performs termination housekeeping
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/'l Fig. 7.1: time5.h o o .
utline

/'l Definition of class Tine.

/1 Menmber functions defined in tine5.cpp.

#i fndef TIME5_H time5.h (1 of 2)

#define TINMES_H

class Time {

public:
Time( int =0, int =0, int =0 );

-

/ default constructor

/1 set functions

void setTinme( int, int, int ); // set tine
void setHour ( int ); /1l set hour
void setMnute( int ); /]l set mnute
voi d setSecond( int ); Il set second

/1 get functions (normally declared const) 4
int getHour() const; /'l return hour

int getMnute() const; /1 return mnute )
int getSecond() const; /1 return secV Declareconst function
prAtUpiversal—

/1 print functions (nornully declared const)
voi d printUniversal () const; /'l print uni‘versal tine
voi d printStandard(); I/ print standard time

O 2003 Prentice Hall, Inc.
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E Outline

26

27 private: m

28 int hour; /1 0 - 23 (24-hour clock format)

29 int mnute; // 0 - 59 time5.h (20f2)

30 int second; // 0 - 59

31

32 }; /Il end class Tine

88

34 #endi f
O 2003 Prentice Hall, Inc.
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1 /] Fi 7.2 ti 5 IAI

ig. 7.2: tine5.cpp H

2 /] Menber-function definitions for class Tine. C)lee‘

3 #include <iostrean>

5 time5.cpp (1 of 4)

5 using std::cout;

6

7  #include <ionanip>

8

9 using std::setfill;
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21
22
23

using std::setw;

/1 include definition of class Tine fromtinme5.h

#i ncl ude "tine5.

/1 constructor function to initialize private data;
function setTine to set variabl es;

/'l calls menber

he

/1 default values are 0 (see class definition)

Time::Time( int

{

hour, int

set Ti me( hour, minute,

} // end Tinme constructor

mnute, int second )

second );
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E 9

24 || set hour, minute and second val ues OUtline

25 void Time::setTime( int hour, int minute, int second ) m I—

26 {

27 set Hour ( hour ); timdS.cpp (20f4)

28 setMnute( mnute );

29 set Second( second );

30

31 } // end function setTine

32

33 // set hour value

34 void Tine::setHour( int h)

35 {

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

37

38 } // end function setHour

39

40 // set minute value

41 void Time::setMnute( int m)

42 {

43 mnute = ( m>= 0& m< 60 ) ? m: 0;

44

45 } // end function setMnute

46
O 2003 Prentice Hall, Inc.
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47 || set second val ue IAI Outline 10

48 void Tinme::setSecond( int s ) . -

49 {

50 second = (s >= 0 & s <60 ) ?2s: O; timeﬁ.cpp (30f4)

51

52 } // end function setSecond

53

54 // return hour val ue

55 int Time::getHour() consty

56 {

57 return hour;

58 .

59 } // end function getHour COﬂISt fUrICtIOHSdO not

- Lraodify-objects——————————

61 // return mnute val ue

62 int Tine::getMnute() const

63 {

64 return mnute;

65

66 } // end function getMnute

67

O 2003 Prentice Hall, Inc.
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E 1

68 (/ reFurn second val ue OUtline

69 int Tine::getSecond() const m I—

70 {

2 return second; timdS.cpp (4 of 4)

73 } I/ end function getSecond const functions do not

74 modify objects.

75 [/ print Time in universal fornmat

76 void Tine::printUniversal () const a

77 {

78 cout << setfill( "0" ) << setw( 2 ) << hour << ":"

79 << setw( 2 ) << minute << ":"

80 << setw( 2 ) << second;

81

82 } // end function printUniversal

83

84 // print Tine in standard format

85 void Tine::printStandard() // note |ack of const declaration

86 {

87 cout << ( ( hour == 0 || hour == 12 ) ? 12 : hour % 12 )

88 << ":" << setfill( "0 ) << setw( 2 ) << minute

89 << ":" << setw 2 ) << second

0 << ( hour <12 2 " AM : " PM );

91

92 } // end function printStandard
O 2003 Prentice Hall, Inc.
All rights reserved.
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1 /] Fig. 7. 3 fig07_03. cpp A . . Outline

2 /] Attenpting to access a const object with -

3 // non-const nenber functions.

A . o , fig07_03.cpp

5 // include Tinme class definition fromtime5.h 10f2)

6 #include "tine5. h" (

7

8 int main() Declarenoon aconst

9 { object.

10 Time wakeUp( 6, 45, 0 ); /1 non-constant object

11 const Tine n 12, 0, 0 ); 4 // constant object

12 :’“’l\

Note that non-const
constructor can initialize

lconstobjest——————————
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13
14
15
16
17
18
19
20
21
2
23
24
25
2
27

d: \ cppht p4_exanpl es\ ch07\ fi g07_01\fi g07_01 A£pp(1§

/1 OBJECT MEMBER FUNCTI ON m

wakeUp. setHour ( 18 ); // non-const  non-const E Outline
noon. set Hour ( 12 ); /'l const non- const flgO7_030pp
wakeUp. get Hour () ; - (20f 2

noon. get M nut e() ; /1 const ﬁgﬁ?ftmg;%gﬁﬁg?gﬁgn fig07_03.cpp

output (1 of 1)

noon. print Universal (); // const const object resultsin

compiler error.

noon. printStandard();

return O;
Attempting to invoke non-
const member function on
const object resultsin
compiler error even if
function does not modify
object.

} // end main

‘setHour' : cannot convert 'this' poi
to 'class Tine &

Conversion |oses qualifiers

d: \ cppht p4_exanpl es\ ch07\ fi g07_01\fi g07_01. cpp(23) : error C2662:

‘printStandard’ : cannot convert 'this' pointer from'const class
Time' to '‘class Tinme &
Conversion |loses qualifiers

O 2003 Prentice Hall, Inc.
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7.2 const (Constant) Objects and const
Member Functions

* Member initializer syntax
— Initializing with member initializer syntax
e Can be used for
— All data members
¢ Must be used for
— const datamembers
— Datamembersthat are references
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m 15

1 // Fig. 7.4: fig07_04.cpp H
2 /] Using a nenber initializer toinitialize a E OL'IHE\
3 // constant of a built-in data type.
4 #include <iostrean> figO7_04.cpp
> (1of 3)
6 using std::cout;
7 using std::endl;
8
9 class Increnment {
10
11 public:
12 Increment( int ¢ =0, int i =1); // default constructor
13
14 voi d addl ncrenent()
15 {
16 count += increnent;
17
18 } // end function addl ncrenent
19
20 void print() const; /1l prints count and increnent
21
O 2003 Prentice Hall, Inc.
All rights reserved.
22 private: IAI outline 16
23 int count; . -
24 const int increment; '\% data member
Z fig07_04.cpp
26 }; // end class |
- Member jr-———= rconst (20f3)
28 /I const Mg .
.. wvcolon
. '"CfAZETn't'(";“)’fTﬁ‘”’ =220 | Member initializer syntax
31 increment () «4// required mustbegsedforconst data
2 | N :
33 /'l enpty body
35 } // end Increnent constructor Member initializer consists of
36 data member name
37 // print count and increment v (i ncr enment )followedby
38 void Increment::print() const |parenthesescontaining initial
39 { uele)-
40 cout << "count =" << count
41 << ", increnent =" << increnent << endl;
42
43 } // end function print
44

O 2003 Prentice Hall, Inc.
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Bef ore increnenting:

int main()
{
I ncrenent value( 10, 5);
cout << "Before increnenting: ";
val ue. print();
for (int j =0; j <3 j++) {
val ue. addl ncrenent () ;
cout << "After increment " << j + 1 << ":
val ue.print();
}
return O;
} /1 end main

count

= 10, increment =5

After increment 1: count =
After increnent 2: count =
After increment 3: count =

o oo,

15, increnent
20, increment =
25, increment =

m 17

E Outline
fig07_04.cpp
(30f 3)

fig07_04.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
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/1 Fig. 7.5: fig07_05.cpp
// Attenpting to initialize a constant of

/1 a built-in data type with an assignnent.

#i ncl ude <i ostrean>

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

class Increment {

public:
Increment( int ¢ =

voi d addl ncrenent()

{

0,

inti=1);

count += increnent;

} // end function addl ncrenent

void print() const;

/1l prints count

/1 default constructor

and i ncrenent

18

1A]
Outline

fig07_05.cpp
(1of 3)

O 2003 Prentice Hall, Inc.
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. 19

22 private: E Outline

23 int count; m I—

24 const int increnment; // const data nenber

2 \ fig07_05.cpp

26 }; // end class |ncrenent

I Declare increment as const (20f3)

28 /I constructor ZE= .

29 Increment::lncrenment( int c, 7| Attempting to modify const

30 { /1 Constant_#gnber '[datamember i ncr enent

31 count = c; /4~ | oved becd resultsin error.

32 increnent = i; 4// ERROR Cannof nodify a const obj ect

8

34 } // end Increment constructor

85

36 // print count and increnment values

37 void Increnment::print() const

38 {

39 cout << "count =" << count

40 << ", increment =" << increment << endl;

41

42 } // end function print

43
O 2003 Prentice Hall, Inc.
All rights reserved.
=

44 int main() QOutline “

5

46 I ncrenent value( 10, 5);

e fig07_05.cpp

48 cout << "Before increnenting: “;

_ (30f 3)

49 val ue. print();

50 i

51 for (int j =0; j <3 j++) { fig07_05.cpp

52 val ue. addl ncrement (); output (1 0of 1)

53 cout << "After increment " << j + 1 << ": 0

54 val ue. print();

55 }

56

57 return 0: Not using member initiaizer

58 syntax to initiadlizeconst

59 } // end main datamember i ncr enent

D: \ cppht p4_exanpl es\ ch07\ Fi g07_03\ Fi g07_03. cpp( 30) error
‘increment’ nust be initialized in constructor b,
initializer |ist

D\ cppht p4_exanpl es\ ch07\Fi g07_03\ Fi
see declaration of 'increnent'

D: \ cppht p4_exanpl es\ ch07\ Fi g07_03\ Fi g07_03. cpp(32)
| -val ue specifies const object

~03.cpp(24)

error C2166:

Attempting to modify const
datamember i ncr enent

O 2003 Prentice Hall, Inc.
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7.3 Composition: Objects as Members of
Classes
» Composition
— Class has objects of other classes as members

» 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)

O 2003 Prentice Hall, Inc. All rights reserved. = =
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1 // Fig. 7.6: datel.h o tl 22
2 /| Date class definition. Luting
3 // Menber functions defined in datel.cpp

4 #ifngef DATEL_H datel.h (l of 1)
5 #define DATEL_H

6

; class Date { Note no constructor with

9 pulfie . parameter of_type Da_t e.

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

11 void print() const; // print

12 ~Date(); // provided to confirm destruction order

13

14 private:

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

16 int day; /1 1-31 based on nonth

17 int year; /| any year

18

19 /Il utility function to test proper day for nonth and year

20 int checkDay( int ) const;

21

22 }; Il end class Date

23

24 #endi f

O 2003 Prentice Hall, Inc.
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E 23

1 // Fig. 7.7: datel.cpp H

2 /] Member-function definitions for class Date. E OL'IHQ

3 #include <iostrean>

“ ) datel.cpp (1 of 3)

5 using std::cout;

6 using std::endl;

7

8 // include Date class definition fromdatel.h

9 #include "datel. h"

10

11 // constructor confirms proper value for nonth; calls

12 // utility function checkDay to confirm proper value for day

13 Date::Date( int m, int dy, int yr )

14 {

15 if (m >08&% m <= 12 ) // validate the nonth

16 nonth = m;

17

18 el se { /1 invalid nonth set to 1

19 month = 1;

20 cout << "Month " << m << " invalid. Set to nonth 1.\n";

21 }

22

23 year = yr; /'l should validate yr

24 day = checkDay( dy ); /1 validate the day

25
O 2003 Prentice Hall, Inc.
All rights reserved.

26 /'l output Date object to show when its constructor is called IAI Outline 24

27 cout << "Date object constructor for date "; . -

28 print(); S

23 EEni << @l { datel.cpp (2 of 3)

31 } // end Date constructo — ar_gumentsg_ea_:hm_ember

s function contains impl icit

33 // print Date obj act in form nont handle to Obja:t onwhich it

34 void Date::print() const

35 {

36 cout << month << '/' << day << '/' << year;

37

38 } // end function print

39

40 // output Date object to show i t] Output to show timing of

41 Date::~Date() FS:

42 { 4

43 cout << "Date object destructor for date ";

44 print();

45 cout << endl ;

46

47 '} |/ end destructor ~Date

48

O 2003 Prentice Hall, Inc.
All rights reserved.




49 [/ utility function to confirm proper day val ue based on E 25

— Outline
50 // nonth and year; handles |eap years, too m I—
51 int Date::checkDay( int testDay ) const
. _ _ datel.cpp (3 of 3)
53 static const int daysPerMonth[ 13 ] =
54 { 0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31 };
55
56 /'l determi ne whether testDay is valid for specified nonth
57 if ( testDay > 0 & testDay <= daysPerMonth[ nonth ] )
58 return testDay;
59
60 /'l February 29 check for |eap year
61 if ( nonth == 2 && testDay == 29 &&
62 ( year % 400 == 0 ||
63 ( year %4 == 0 & year %100 !=0) ) )
64 return testDay;
65
66 cout << "Day " << testDay << " invalid. Set to day 1.\n";
67
68 return 1; // leave object in consistent state if bad val ue
69

70 } // end function checkDay

O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 7.8: enployeel.h IAI Outline 26
2 /] Enployee class definition. . —
3 // Menber functions defined in enployeel. cpp.

4  #ifndef EMPLOYEE1_H employeelh (1 of 2)
5 #def i ne EMPLOYEEL1_H

6

7 Il include Date class definition fromdatel.h

8 #include "datel. h"

9

10 cl ass Enpl oyee {

11

12 public:

13 Enpl oyee(

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

15

16 void print() const;

17 ~Enpl oyee(); // provided to confirmdestruction order

18 Using composition;

19 private: Enpl oyee object contains

20 char firstName[ 25 ]; Dateobjectsasdaa

21 char |astNane[ 25 1]; 4 =

22 const Date birthDate; // conposition: nember object

23 const Date hirebDate; /1 conposition: menber object

24

25 }; // end class Enployee

O 2003 Prentice Hall, Inc.
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E 27

S = Qutline

27 #endi f m -
employeel.h (2of 2)

1 // Fig. 7.9: enployeel.cpp empIOyee:LCpp

2 /] Menber-function definitions for class Enployee. (1 of 3)

3 #include <iostrean>

4

5 using std::cout;

6 using std::endl;

7

8 #include <cstring> /'l strcpy and strlen prototypes

9

10 #include "enpl oyeel. h" // Enployee class definition

11 #incl ude "datel. h" I/ Date class definition

12
O 2003 Prentice Hall, Inc.
All rights reserved.

o o 1Al 28

13 // constructor uses nmenber initializer list to pass initializer Outline

14 /| values to constructors of member objects birthDate and . -

15 // hireDate [Note: This invokes the so-called "default copy

16 // constructor"” which the C++ conpiler provides inplicitly.] employeel.cpp

17 Enpl oyee: : Enpl oyee( const char *first, const char *|ast, (2 of 3)

18 const Date &dateOfBirth, const Date &ateOfHire )

19 birthDate( dateOBirth ) // initialize birthDate

20 hireDate( dateCfHire ) ‘N bicoaDo:

21 { AT

22 /'l copy first into firstName and be surd Member initializer syntaxto

23 int length = strlen( first ); initislize Dat e datamembers

24 length = ( length < 25 2 length : 24 ); |bi rthbDateand

25 strncpy( firstName, first, length ); hi r eDat e ; compiler uses

26 firstNane[ length ] = "'\0'; Leefault-copy-constructor———

27

28 /'l copy last into |astName and be sure that it fits

29 length = strlen( last );

30 length = ( length < 25 ? length : 24 );

31 strncpy( |lastName, last, length );

32 lastName[ length | = "\0'; Output to show timing of

33 FHEtOrS:

34 /| output Enpl oyee object to show when constructor is called

35 cout << "Enpl oyee obj ecf constructor

36 << firstName << ' ' << |astNane << endl;

37

O 2003 Prentice Hall, Inc.
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29
38 } // end Enpl oyee constructor E OUtline
: m
40 // print Enployee object
41 void Enployee::print() const employeel.cpp
42 |
.o : . . (30of 3)
43 cout << |astName << ", << firstNane << "\ nHi red H
44 hireDate.print();
45 cout << " Birth date:
46 birthDate.print();
47 cout << endl ;
48
49 } // end function print
50 .
51 // output Enployee object to show whe t OUtPUt to show t|m|ng of
52 Enpl oyee: : ~Enpl oyee() destructors.
53 { Py
54 cout << "Enpl oyee object destructor:
55 << |astName << ", " << firstName << endl;
56

57 } // end destructor ~Enployee

O 2003 Prentice Hall, Inc.
All rights reserved.

. oL IAI 30
1 // Fig. 7.10: fig07_10.cpp Outline
2 /| Denonstrating conposition--an object with menber objects. . -
3 #include <iostrean>
5 fig07_10.cpp
5 using std::cout; (1 of 1)
6 using std::endl;
7
8 #include "enployeel.h" // Enployee class definition
9
10 int main() Create Dat e objectsto pass
1 { -
12 Date birth( 7, 24, 1949 );
13 Date hire( 3, 12, 1988 ); 4
14 Enpl oyee nanager ( “Bob", "Jones", birth, hire );
15
16 cout << '\n';
17 manager. print();
18
19 cout << "\nTest Date constructor with invalid val ues:\n";
20 Date |astDayOff( 14, 35, 1994 ); // invalid nonth and day
21 cout << endl ;
22
23 return O;
24

25 } // end main

O 2003 Prentice Hall, Inc.
All rights reserved.




Date obj ect constructor for date 7/24/1949 m

= Qutline

Dat e object constructor for date 3/12/1988 m

Enpl oyee obj ect constructor: Bob Jones\

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

Note two additional Dat e 110.cpp

since default copy constructor
Test Date constructor with invalid val ues: used.

Month 14 invalid. Set to nonth 1.

Day 35 invalid. Set to day 1. 1

Date object constructor for date 1/1/1994 D
D )
T
Date object destructor for date 1/1/1994 Doctrictar far Eoml nvaan‘c
Enpl oyee object destructor: Jones, Bob 4« = —= =
Date object destructor for date 3/12/1988 4 ~1 Destructor for Dat e object
Date object destructor for date 7/24/1949 4 birth.

Date obj ect destructor for date 3/12/1988 &
Date object destructor for date 7/24/1949 4

M

fu

N

O 2003 Prentice Hall, Inc.

All rights reserved.

objects constructed; no output ft (1 of 1)

7.4 friendFunctions andfri end Classes

e friend function

— Defined outside class's scope
— Right to access non-public members
* Declaringfri ends

— Function

* Precede function prototype with keywordf r i end
— All member functions of classCl assTwo asf ri ends of

classC assOne
* Place declaration of form
friend class C assTwo;
inCl assOne definition

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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7.4 friendFunctions andfri end Classes

* Properties of friendship
— Friendship granted, not taken
* ClassBfri end of classA
— Class A must explicitly declareclassBf ri end

— Not symmetric

e ClassBfri end of classA

e Class Anot necessarily f ri end of classB
— Not trangitive

e ClassAfri end of classB

e ClassBfri end of classC

e Class Anot necessarily f ri end of ClassC

O 2003 Prentice Hall, Inc. All rights reserved. = =
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11 f IAI
Fig. 7.11: fig07_11.cpp o Outline
/1l Friends can access private nenbers of a class. ﬂ
#i ncl ude <i ostrean>
) td:: cout - fig07_11.cpp
using std::cout; (1 of 3)

i 83 I .
using std::end ; Precede function prototype
with kennvordf ri and
/1 Count class defiafTion AR

class Count { 4
friend void setX( Count & int ); // friend declaration

public:

/'l constructor
Count ()

:x( 0) // initialize x to O
{

/1 enpty body

} // end Count constructor

O 2003 Prentice Hall, Inc.
All rights reserved.




|j| 35

22 /1 output x e} .

= utline

23 void print() const m -

24 {

22 cout << x << endl; figO7_11.Cpp

27 } // end function print (20f3)

28

29 private:

30 int x; // data member

31

32 }; // end class Count . K

3 PassCount object since G

34 // function setX can [ "h""_ lolana fungtion,

35 // because setX j Sinceset Xfri end of

36 void setX( Count , can access and

37 { modify pr i vat e data

38 c.x‘:val; /'l 1 egf member x .

39

40 } // end function setX

41
O 2003 Prentice Hall, Inc.
All rights reserved.
=

42 int main() 1Al . 36

5 0 Outline

44 Count counter; /] create Count—ohiect

45 :

46 cout << "counter.x after ins Usefriend fU_nCtIOF_IIO f§OZ§ll'Cpp

47 counter.print(); access and modify pri vat e (80of3)

48 .

49 set X( counter, 8); A// set x with a friend f|907_11-cpp

50 output (1 0of 1)

(Sl cout << "counter.x after call to setX friend function: 3

52 counter.print();

o)

54 return O;

55

56 } // end main

counter.x after
counter.x after call

instantiation: 0
to setX friend function: 8

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 /] Fig. 7.12: fig07_12.cpp H
2 |/ Non-friend/ non-nmenmber functions cannot access E OL'IHE\
3 // private data of a class.
4 #include <iostrean> figO7_12.cpp
i (Lof3)
6 using std::cout;
7 using std::endl;
8
9 // Count class definition
10 // (note that there is no friendship declaration)
11 class Count {
12
13 public:
14
15 /'l constructor
16 Count ()
17 x( 0) // initialize x to O
18 {
19 /'l enpty body
20
21 } // end Count constructor
22
O 2003 Prentice Hall, Inc.
All rights reserved.
23 /| output x IAI Outline 38
24 void print() const . -
25 {
g(; cout << x << endl; fig07_12.cpp
28 } // end function print (20f3)
29
30 private:
il int x; // data menmber
32
33 }; // end class Count
34
35 // function tries to nodi . :
36 // but cannot becau uncti Att-emptmgto mOdIfy
37 void cannot Set Count &c, i pri VaF e datamer_nberfrom
8 | " _non-fr| end function results
39 c.x = val; // ERROR canibr®d@fessprrvare memoer—Tm Count
40
41 } // end function cannot Set X
42

O 2003 Prentice Hall, Inc.
All rights reserved.




43 int main() m 39

— Outline
o [\
45 Count counter; /'l create Count object
& _ _ fig07_12.cpp
47 cannot Set X( counter, 3 ); // cannotSetX is not a friend (3 of 3)
48
49 return O; .
50 fig07_12.cpp
51 } // end nein output (1 of 1)

D: \ cppht p4_exanpl es\ ch07\ Fi g07_12\ Fi g07_12. cpp(39) : error C2248:
‘X' : cannot access private menber declared in class 'Count’
D\ cppht p4_exanpl es\ ch07\Fi g07_12\ Fi g07_12.cpp(31) :

see decl aration of 'x' y\

Attempting to modify

pri vat e datamember from
non-f r i end function results
in error.

O 2003 Prentice Hall, Inc.
All rights reserved.
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7.5 Using thet hi s Pointer

 t hi s pointer
— Allows object to access own address
— Not part of object itsalf
« Implicit argument to non-st at i ¢ member function call
— Implicitly reference member data and functions
— Typeof t hi s pointer depends on
« Type of object
* Whether member function isconst
« Innon-const member function of Enpl oyee
—t hi s hastype Enpl oyee * const
« Constant pointer to non-constant Enpl oy ee object
¢ Inconst member function of Enpl oyee
—t hi s hastypeconst Enpl oyee * const
« Constant pointer to constant Enpl oyee object

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




1 // Fig. 7.13: fig07_13.cpp m H 41
2 // Using the this pointer to refer to object members. m OL'IHE\
3 #include <iostrean>
“ ) fig07_13.cpp
5 using std::cout;
, (Lof 3)
6 using std::endl;
7
8 class Test {
9
10 public:
11 Test( int =0 ); /1 default constructor
12 void print() const;
13
14 private:
15 int x;
16
17 }; /1 end class Test
18
19 // constructor
20 Test::Test( int value )
21 x( value ) // initialize x to value
2 {
23 /'l enpty body
24
25 } // end Test constructor
O 2003 Prentice Hall, Inc.
All rights reserved.
=
. 1Al . a2
. R o Outline
27 /1 print x using inplicit and explicit this poip: -
ig 11 » par ent I?leseé around *this required Implicitly sz (i © pointer;
void Test::print() const . 7 13.Cpp
0 { only specify name of data —
31 /1 inplicitly use this pointer to access ne . . . .
B cout e I LA Explicitly uset hi s pointer
with arrow onerator
33 WHER-SHOW-Bperator-
34 /1l explicitly use this pointer to access menber
22 cout << "\n this->x = << this->x; Explicitly uset hi s pointer;
37 /'l explicitly use dereferenced thi d_ereferencet hi's pomter
first than tisa dot operator
38 /1l the dot operator to access mexber X U T S A S A AT Y AT A
39 cout << "\n(*this).x =" << ( *this ).x << endl;
40
41 } // end function print
42
43 int main()
4 {
45 Test testCbject( 12 );
46
47 test Object.print();
48
49 return O;
50

O 2003 Prentice Hall, Inc.
All rights reserved.




51 } // end main m 43

= Qutline
x = 12 m

this->x = 12 fig07_13.cpp
(*this).x = 12 (30f3)

fig07_13.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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7.5 Using thet hi s Pointer

e Cascaded member function cals

— Multiple functions invoked in same statement

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

— Other functions operate on that pointer
— Functions that do not return references must be called last

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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1 // Fig. 7.14: tinme6.h H

2 // Cascading menber function calls. m OL'IHQ

8

4 [/ Tine class definition. timeé.h (10f2)

5 // Menber functions defined in tine6.cpp.

6 #ifndef TIM6_H

7 #define TIME6_H

8

9 class Tine {

10

11 public: Set functions return reference

B e 0m =S, i = o to Ti me object to enable

3 _ cascaded member function

14 /1 set functions A

15 Time &setTine( int, int, int); //stIS'

16 Time &setHour( int ); /1 set hour

17 Time &etMnute( int ); // set nminute

18 Time &setSecond( int ); // set second

19

20 /1 get functions (normally declared const)

21 int getHour() const; /'l return hour

22 int getMnute() const; /]l return mnute

23 int getSecond() const; /'l return second

24
O 2003 Prentice Hall, Inc.
All rights reserved.
—

. . IAI 46

25 /1 print functions (normally declared const) Outline

26 voi d printUniversal () const; // print universal tine .

27 void printStandard() const; /1 print standard tinme

A timeé.h (2 of 2)

29 private:

30 int hour; /1 0 - 23 (24-hour clock format)

31 int mnute; // 0 - 59

32 int second; // 0 - 59

83

34 }; // end class Tine

85

36 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 7.15: tinme6.cpp H

2 // Menmber-function definitions for Tine class. m OL'IHE\

3 #include <iostrean>

“ ) time6.cpp (1 of 5)

5 using std::cout;

6

7  #include <ionanip>

8

9 using std::setfill;

10 wusing std::setw;

11

12 #include "tine6.h" // Time class definition

13

14 // constructor function to initialize private data;

15 // calls nenber function setTine to set vari abl es;

16 // default values are 0 (see class definition)

17 Time::Time( int hr, int mn, int sec)

18 {

19 setTime( hr, mn, sec );

20

21 } // end Tine constructor

22
O 2003 Prentice Hall, Inc.
All rights reserved.

. IAI 48

23 |/ set values of hour, minute, and second Outline

24 Time &Time::setTime( int h, int m int s ) . -

25 {

2 setHour( h ); time6.cpp (2 of 5)

2 setMnute( m); Return*t hi s asreferenceto

28 set Second( s ); enable cascaded member

29 Lfunetioncdls———m ——

30 return *this; <4// enables cascading

il

32 } // end function setTine

83

34 /| set hour value

35 Tinme &Tine::setHour( int h)

36 { Return*t hi s asreferenceto

37 hour = ( h >=0 & h 4) ? 1 enable cascaded member

38 1

39 return *this; 4// enables cascading

40

41 } // end function setHour

42

O 2003 Prentice Hall, Inc.
All rights reserved.
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43 // set mi nute val ue H

44 Time &Time::setMnute( int m) m OL'IHE\

45 | Return*t hi s asreferenceto

46 minute = ( m>= 0 & 60 ) [enable cascaded member time6.cpp (3 of 5)

~ function calls.

48 return *this; 4 // enabl es cascading

49

50 } // end function setM nute

51

52 // set second val ue

53 Time &Tine::setSecond( int s )

54 { Return*t hi s asreferenceto

55 second = (s >= 0 & s <760 ) | enable cascaded member

56 function calls.

57 return *this; 4 // enabl es castaorng

58

59 } // end function setSecond

60

61 // get hour value

62 int Tine::getHour() const

63 {

64 return hour;

65

66 } // end function getHour

67
O 2003 Prentice Hall, Inc.
All rights reserved.

68 // get mnute value IAI Outline 50

69 int Tine::getMnute() const . -

70 {

71 return mnute; H

s time6.cpp (4 of 5)

73 } I/ end function getM nute

74

75 |/ get second val ue

76 int Tine::getSecond() const

7 {

78 return second;

79

80 } // end function getSecond

81

82 // print Time in universal fornmat

83 wvoid Tine::printUniversal () const

84 {

85 cout << setfill( "0" ) << setw( 2 ) << hour << ":"

86 << setw( 2 ) << minute << ":"

87 << setw( 2 ) << second;

88

89 } // end function printUniversal

90

O 2003 Prentice Hall, Inc.
All rights reserved.




91 // print Tine in standard format
92 void Tine::printStandard() const

93 {

94 cout << ( ( hour == 0 || hour == 12 ) ? 12 : hour % 12 )
95 << "' << setfill( "0 ) << setw( 2 ) << minute

96 :" << setw( 2 ) << second

97 << (hour <12 2 " AM : " PM );

98

99 } // end function printStandard

E 51

Outline
™ ‘

time6.cpp (5 0f 5)

O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 7.16: fig07_16.cpp

2 /Il Cascading nenber function calls with the this pointer.
3 #include <iostrean>

4

5 using std::cout;

6 using std::endl;

7

8 #include "tine6.h" // Time class definition

9

10 int main()

we o Cascade member function
ﬁ IERt; calls; recall dot operator
14 I/ cascaded function calds

15 t.setHour( 18 ).setMnute( 30 ).setSecond( 22 );

16

17 /] output time in universal and standard fornats

18 cout << "Universal tinme: ";

19 t.printUniversal ();

20

21 cout << "\nStandard tinme: ";

22 t.printStandard();

23

24 cout << "\n\nNew standard time:

25

52

1A]
. Outline

fig07_16.cpp
(1of2)

O 2003 Prentice Hall, Inc.
All rights reserved.




26 /| cascaded function calls E OUtline 53
27 t.setTime( 20, 20, 20 ).printStandard(); m I—
28
29 cout << endl; Function call to _16.cpp
%0 print St andar d must 2)
31 return O; o
32 appear last;
Sa N  enalmaitn print St andar d doesnot [ 16.cpp
return reference tot . ut (1 of 1)

Uni versal time: 18:30:22
Standard time: 6:30:22 PM

New st andard tinme: 8:20:20 PM

O 2003 Prentice Hall, Inc.
All rights reserved.
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7.6 Dynamic Memory Management with
Operators newand del et e

i Dynamic memory management
— Control alocation and deallocation of memory
— Operatorsnewand del et e
* Include standard header <new>
— Accessto standard version of new

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |




7.6 Dynamic Memory Management with
Operators newand del et e

e nNew
— Consider
Time *timePtr;
timePtr = new Tine;
— new operator
» Creates object of proper sizefor type Ti me
— Error if no spacein memory for object
« Callsdefault constructor for object
« Returns pointer of specified type
— Providing initidizers
doubl e *ptr = new doubl e( 3.14159 );
Time *timePtr = new Tine( 12, 0, 0 );
— Allocating arrays
int *gradesArray = new int[ 10 ];

O 2003 Prentice Hall, Inc. All rights reserved. = =
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7.6 Dynamic Memory Management with
Operators newand del et e

e del ete

— Destroy dynamically alocated object and free space
— Consider
delete tinePtr;
— Operator del et e
« Callsdestructor for object
« Deallocates memory associated with object
— Memory can be reused to allocate other objects
— Dedllocating arrays
delete [] gradesArray;
— Deallocates array to whichgr adesAr r ay points
« |If pointer to array of objects
 First calls destructor for each object in array
* Then deallocates memory

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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7.7 static Class Members

e static classvariable
— “Class-wide’ data

» Property of class, not specific object of class
Efficient when single copy of datais enough

* Only thest at i ¢ variable hasto be updated
May seem like global variables, but have class scope

» Only accessibleto objects of same class
Initidized exactly once at file scope
Exist even if no objects of class exist
Canbepublic,private orprotected

O 2003 Prentice Hall, Inc. All rights reserved. = =
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7.7 static Class Members

» Accessing st ati ¢ classvariables

— Accessible through any object of class
— public stati c variables
 Can also be accessed using binary scope resolution operator(: : )
Enpl oyee: : count
— privatestati c variables
* When no class member objects exist
— Can only be accessed viapubl i ¢ st ati ¢ member
function
— Tocalpubl i c stati c member function combine class
name, binary scope resolution operator (: : ) and function
name
Enpl oyee: : get Count ()

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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7.7 static Class Members

e st ati ¢ member functions
— Cannot access non-st at i ¢ data or functions

— Not hi s pointer for st at i ¢ functions
e static datamembersandst ati ¢ member functions exist
independent of objects

O 2003 Prentice Hall, Inc. All rights reserved. = =
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/'l Fig. 7.17: enployee2.h Outline 60
/'l Enpl oyee class definition. ¥

#i f ndef EMPLOYEE2_H

#define EMPLOYEE2_H employee2.h (1 of 2)

cl ass Enpl oyee {

public:

-

ivate:

Enpl oyee( const char *, const char * ); // constructor
~Enpl oyee(); /] destructor

const char *getFirstNane() const; //
const char *get Last Name() const; 7 r{stati c member function
canonly access st at i ¢ data
/1 static menber functio members and member
static int getCount(); 4/ return # obj Lfunctions.

char *firstNane;
char *| ast Nang;

st at i ¢ datamemberis

/1l static data menber
static int count; // nunber of objects instantiated

; /1 end class Enployee

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 #endi f E Out“ne

1 // Fig. 7.18: enployee2.cpp employeez.h (2 of 2)

2 |/ Menber-function definitions for class Enployee.

3 #include <iostrean> employee2.cpp

4 (Lof 3)

5 using std::cout;

6 using std::endl;

7

8 #include <new> /| C++ standard new operat or

9 #include <cstring> /] strcpy and strlen prototypes

10

11 #include "enpl oyee2. h" // Enployee cl Initializest at i c data

12 member exactly once at file

13 // define and initialize stgtAT data membg SCOPE.

14 int Enpl oyee::count = 0;

15 . .

16 // define static nember function tha static memt.)er function

17 |/ Enpl oyee objects instantiate accessesst at i ¢ data

18 int Enpl oyee: :get Count () < member count .

19 {

20 return count;

21

22 } I/ end static function getCount
O 2003 Prentice Hall, Inc.
All rights reserved.

23 62

24 || constructor dynamically allocates space for

25 // first and | ast name and uses strcpy to copy

26 // first and last names into the object >e2.cpp

27 Enpl oyee: : Enpl oyee( const char *fi 0 newoperator dynamicaly

28 { allocates space

29 firstName :n@wchar[ str i

30 strcpy( firstNaj T

31

32 | ast Name

33 strcpy(

34

35 ++count; 4// increment static count of enployees

36

37 cout << "Enpl oyee constructor for " << firstNane

38 << ' ' << lastNane << " called." << endl;

39

40 } // end Enpl oyee constructor

41

42 |/ destructor deallocates dynanically allocated nmenory

43 Enpl oyee: : ~Enpl oyee()

4 {

45 cout << "~Enpl oyee() called for " << firstName

46 << ' ' << |astNanme << endl;

47

O 2003 Prentice Hall, Inc.
All rights reserved.




48 delete [] firstName; // recapture nenory E OUtline 63
49 del et stName; // recapture memory m I—
50
:; --count; /| decre atic Icount of enpl oyees employee2.cpp
53 } // end destructor ~Enpl Usest at i ¢ datamember to HIOC&ES (30f 3)
54 storetotal count of
55 // return first name of employees
56 const char *Enpl oyee:: getFirstName() const
57 {
58 /'l const before return type prevents client from nodifying
59 /'l private data; client should copy returned string before
60 /1 destructor deletes storage to prevent undefined pointer
61 return firstNane;
62
63 } // end function getFirstNane
64
65 // return |ast name of enployee
66 const char *Enpl oyee:: get Last Nane() const
67 {
68 /'l const before return type prevents client from nodifying
69 /1l private data; client should copy returned string before
70 /'l destructor deletes storage to prevent undefined pointer
71 return | astNane;
72
73 } // end function getlLastNane
O 2003 Prentice Hall, Inc.
All rights reserved.

1 // Fig. 7.19: fig07_19.cpp IAI Outline 64
2 /Il Driver to test class Enployee. . -
3 #include <iostrean>
5 fig07_19.cpp
5 using std::cout; (1 of 2)
6 using std::endl;
7
8 #include <new> /| C++ standard new oper at or
9
10 #include "enployee2. h" // Enployee class definition
11
12 int main()
13 {
14 cout << "Nunmber of enployees before instantiation is "
15 << Enpl oyee: : get Count () << endl ; amne| i
- new operator dynamically

* - fatesspace—————
g Eg: ?;Z: ::2: - st at i c member function
19 can be invoked on any object
20 cout << "Nunber of enployees aft meracrom T
21 << elPtr->get Count();
22

O 2003 Prentice Hall, Inc.
All rights reserved.




23 cout << "\n\nEnpl oyee 1: " m 65

A — Outline
24 << elPtr->get First Name() m -
25 << " " << elPtr->get Last Nane()
26 << "\ nEnpl oyee 2: " figO7 19.cpp
27 << e2Ptr->get Fi rst Name() ZOfE)
28 << " " << e2Ptr->getlLastNane() << "\n\n"; (
29
30 delete elPtr; // recapture menory

31 elPtr /'l di sconnect pointer fromfree-store space

32 del ete e2Ptr; ecapture rrem);::/ static s fumEien
83 e2Ptr "= i 0i i q R

- invoked using binary scope
35 cout << "Nunber of enplevees a Opergtc r@l_utlon operat_or (no

36 << Enpl oyee: : get Count () < : ™ existing class objects).

37

38 return O;

39

40 } // end main

O 2003 Prentice Hall, Inc.
All rights reserved.

Nunber of enpl oyees before instantiation is 0 66

Enpl oyee constructor for Susan Baker call ed.
Enpl oyee constructor for Robert Jones call ed.
Nurmber of enpl oyees after instantiation is 2 figO? 19 cpp

output (1 of 1)

1A]
. Outline

Enpl oyee 1: Susan Baker
Enpl oyee 2: Robert Jones

~Enpl oyee() called for Susan Baker
~Enpl oyee() called for Robert Jones
Nurmber of enpl oyees after deletion is 0

O 2003 Prentice Hall, Inc.
All rights reserved.




7.8 Data Abstraction and Information
Hiding
 Information hiding

— Classes hide implementation details from clients

— Example: stack data structure
« Dataelements added (pushed) onto top
« Data elements removed (popped) from top
e Last-in, first-out (LIFO) data structure

e Client only wants LIFO data structure
— Does not care how stack implemented

o Data abstraction

— Describe functionality of class independent of
implementation

O 2003 Prentice Hall, Inc. All rights reserved. = =
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7.8 Data Abstraction and Information
Hiding
» Abstract datatypes (ADTS)

— Approximations/models of real-world concepts and
behaviors
e int,fl oat aremodelsfor a numbers

— Data representation
— Operations allowed on those data
o C++ extensble

— Standard data types cannot be changed, but new data types
can be created

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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7.8.1 Example: Array Abstract Data Type

 ADT array
— Could include

Subscript range checking
Arbitrary range of subscripts
— Instead of having to start with O
Array assignment
Array comparison
Array input/output
Arrays that know their sizes

Arraysthat expand dynamically to accommodate more
elements

O 2003 Prentice Hall, Inc. All rights reserved. = =
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7.8.2 Example: String Abstract Data Type

e Stringsin C++
— C++ does not provide built-in string data type

M aximizes performance

— Provides mechanisms for creating and implementing string
abstract data type

String ADT (Chapter 8)

— ANSI/ISO standard st r i ng class (Chapter 19)

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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7.8.3 Example: Queue Abstract Data Type

* Queue
— FIFO
e Firstin, first out
— Enqueue
e Putitemsin queue one at atime
— Dequeue
* Remove items from queue one at atime

* Queue ADT

— Implementation hidden from clients
« Clients may not manipul ate data structure directly
— Only queue member functions can access interna data
— Queue ADT (Chapter 15)
— Standard library queue class (Chapter 20)

O 2003 Prentice Hall, Inc. All rights reserved. = =
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7.9 Container Classes and lterators

» Container classes (collection classes)
— Designed to hold collections of objects
— Common services
* Insertion, deletion, searching, sorting, or testing an item
— Examples
« Arrays, stacks, queues, trees and linked lists
* Iterator objects (iterators)
— Returns next item of collection
 Or performs some action on next item
— Can have several iterators per container
« Book with multiple bookmarks
— Each iterator maintains own “position”
— Discussed further in Chapter 20

O 2003 Prentice Hall, Inc. All rights reserved. [ ] |
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7.10 Proxy Classes

» Proxy class
— Hide implementation details of another class
— Knowsonly publ i ¢ interface of class being hidden
— Enables clients to use class' s services without giving access to
class' s implementation
 Forward class declaration
— Used when class definition only uses pointer to another class
— Prevents need for including header file
— Declares class before referencing

— Format:
cl ass Cl assTolLoad;

O 2003 Prentice Hall, Inc. All rights reserved. = =
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1 // Fig. 7.20: inplenentation.h . 74

2 /Il Header file for class Inpl tati Outline
npl enent ati on

&

451 class | nplenentation { implementalion.h

6 public: (1 of 2)

7

8 /'l constructor

9 I npl enentation( int v )

10 : value( v ) // initialize value with v

11 {

12 /'l enpty body

13

14 } // end Inplenentation construct t HOR-

15

16 /'l set value to v

17 void setValue( int v ) 4

18 {

19 value = v; // should validate v

20

21 } // end function setVal ue

22

O 2003 Prentice Hall, Inc.
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23 /'l return val ue m O H
= utline
24 int getValue() const m I—
5B ‘\ i ; |
% Feturn wel e publ i ¢ member function. implementation.h
27
20f 2
28 } // end function getVal ue ( )
29
30 private:
31 int val ue;
32
33 }; // end class Inplenentation
O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 7.21: interface.h " O | 76
o ) [T71 utline
2 /|l Header file for interface.cpp E
&
451 class | nplenentati on;‘ forward class declaration interfaceh (1 of l)
6 | | f q .
o class nterface { Provide samepubl i ¢
8§ public: interface as class
9 I @ eel im ) . I mpl enent at i on; recall
10 void setValue( int ); // set Val ue and get Val ue
11 int getValue() const; // class\npleme{onlypublic member
12 ~Interface(); fuhretions:
13
14 private: Pointer to
15 | npl ement at i on object
16 /'l requires previous fefward decl ara requiresfonwardclass
17 | mpl enentation *ptr; 4 Aol aratinn
18 Db
19 }; // end class Interface

O 2003 Prentice Hall, Inc.
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1 // Fig. 7.22: interface.cpp m H ”
2 /] Definition of class Interface E OL'IHE\
3 #include "interface. h" Il Interface class definition
451 #i nclude "inpl enentation. h Ma'ntainpointer - hition |nterface.cpp
6 // constructor underlymg (1 of 2)
7 Interface::In ace( int v |l npl enent at i on object. face
8 ptr ( new Inplenentation( v ) ) / includes header filefor class
9 { | npl ement at i on.
10 /| enpty body
11
12 } // end Interface constructor
13
14 // call Inplenentation's setValue fu |nvokeoorraponding
15 void Interface::setValue( int v function on undeﬂying
g | npl ement at i on object.
17 ptr->setValue( v ); &«
18
19 } // end function setVal ue
20
O 2003 Prentice Hall, Inc.
All rights reserved.
21 // call Inplenmentation's getValue fu Invoke corresponding 8
22 int Interface:: getVal ue() const function on underlying
23 { U-rplerentati-onobject—
24 return ptr->getValue(); 4 interface.cop
25
26 } // end function getVal ue (2 of 2)
27
28 // destructor Desllocate underlying
29 Interface::~Interfa apl-erpnt-ati-on-object
30 {
31 delete ptr; 4
32
33 } // end destructor ~Interface

O 2003 Prentice Hall, Inc.
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Interface contains:
Interface contains:

79

[al

/1 Fig. 7.23: fig07_23.cpp o) H
= utline

/I Hiding a class's private data with a proxy class. m I—
#i ncl ude <i ostreanm>

. - fig07_23.cpp
using std:: cout ; Only include proxy class (1of 1)
using std::endl ; header file.
#include "interface. h"4 // Interface — figO7_23'Cpp

Create object of proxy class output (1 of 1)

int main() I nt er f ace; note no
{ mention of

Interface i( 5); 4 | npl enent at i on class.

cout << "Interface contains: " << i.getValue()

<< " before setValue" << endl; . .
Invoke member functionsvia
i.setValue( 10 ); proxy classobject.
. 7y
cout << "Interface contains: << i. getVal ue()
<< " after setValue" << endl;

return O;

} // end main

5 before setVal ue
10 after setVal ue
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