W6.2 Continuing Classes

o Classeswith const qualifiers
 Class Composition or Aggregation
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7.1 Introduction

» Chapters 6 through 8 discuss object-based
programming (OBP)

» Chapters 9 and 10 discuss inheritance and
polymorphism
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7.2 const (Constant) Objects and const
Member Functions
* Principle of least privilege
— Only give objects permissions they need, no more
» Keyword const
— Specify that an object is not modifiable
— Any attempt to modify the object is a syntax error
— Example
const Time noon( 12, O, 0 );

* Declaresaconst objectnoon of class Ti e and initializesit
to 12
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7.2 const (Constant) Objects and const
Member Functions

const objectsrequire const functions
— Member functions declared const cannot modify their object
— const must be specified in function prototype and definition
— Prototype:

ReturnType FunctionName(paraml,param?2...) const;
Definition:

ReturnType FunctionName(paraml,param?2...) const { ...}
— Example:

int A :getValue() const { return
pri vat eDat aMenber };

» Returns the value of a data member but doesn’t modify anything so is
declared const

» Constructors/ Destructors cannot be const

— They need to initialize variabl es, therefore modifying them
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1 // Fig. 7.1: time5.h m 5
2 // Declaration of the class Tine — QOutline
3 // Menber functions defined in tine5.cpp E
4 #ifndef TIME5_H s
5 #define TIN5 H 1. Class definition
6
7 class Time { 1.1 Function
8 public: prototypes
9 Timg( int =0, int =0, int =0); // default constructor
10 1.2 Member variables
11 /'l set functions
12 void setTime( int, int, int ); /1 set tinme
13 void setHour( int ); /'l set hour
14 void setMnute( int ); /]l set mnute
15 voi d setSecond( int ); /'l set second
16
17 /'l get functions (normall) declared const)
18 int getHour() const; /N\return hour
19 int getMnute() cond /1 Neturn nminute
20 int getSecond() const; (e\urn second
21
22 /'l print functions (normally decl & ed
23 void printMlitary() const€ 7/ priXt jconst
24 voi d printStandard(); [/ print\{functions
25 private:
26 int hour; /l 0 - 23
27 int mnute; I/ 0 - 59
28 int second; /!l 0 - 59 non-const
29 }; functions
30
31 #endif
—
32 // Fig. 7.1: tine5.cpp IAI 6
33 // Menber function definitions for Tine class QOutline
34 #include <iostrean» E
85
36 using std::cout; Source Code
3 The constructor isnon-const butitcanbe [L. Load Header
38 #include "time5. h" i
39
40 // Constructor function t@’initialize private data 1.1 Function definitions
41 // Default values are (see class definition).
42 Time::Time( int hr, i® min, int sec)
43 { setTime( hr, mn, sec); }
44
45 [/ Set the values of hour, minute, and second
46 void Time::setTine( int h, int m int s )
47 {
48 setHour( h );
49 setMnute( m);
50 set Second( s );
51 }
52
53 // Set the hour val ue
54 void Tine::setHour( int h)
55 { hour = ( h>08& h<24) ?2h: 0; }
56
57 // Set the minute val ue
58 void Tinme::setMnute( int m)
59 { minute =( m>0&& m<60) ? m: 0; }
60
61 // Set the second val ue
62 void Tinme::setSecond( int s )
63 { second = (s >> 0 & s <60) ?2s : 0; }




> int Time::getHour() const %

[Al

M

Outline

Keywordconst in function
definition and prototype.

lon definitions

69 int Time::getMnute() const { return mnute; } 1.2 Purposely leave
70 out const keyword for
71 printStandard
72 int Time::getSecond() const { return second; }
73
74
75 void Time::printMlitary() const Non-const functions cannot use
76 { const objects, even if they
77 cout << ( hour <10 ? "0" : "" ) << hour <<]don't modify them (such as
78 << ( mnute <10 ? "0" : "' ) << ni pri nt St andar d).
79 }
80
81
82 void Tine::printStandard()
83 {
84 cout << ( ( hour == 12 ) ? 12 : hour %12 ) << ":*"
85 << ( minpute <10 ? "0" : "" ) << minute << ":"
86 << ( second < 10 ? "0" "" ) << second
87 << (hour <12 2" AM : " PM );
88 }
—
89 |A| 8
90 El Outline
91
92 #include "time5. h"
93 1. Initialize variables
94 int main()
95 {
96 Ti me wakeUn( 6. 45. 0 ): 2. Attempt to use non-
97 const Tinme noon( 12, 0, 0 ); H H
F const functions with
99 const objects
100 wakeUp. set Hour ( 18 );
101
102 noon.setHour( 12 );
103
104 wakeUp. get Hour () ;
105
106 noon. aet M nute():
107 noon.orintMlitarv():
108 noon. pri nt St andar d() ;
109 return 0;
110}
Conpi | ing. ..
Fi g07_01. cpp Program Output
d: fig07_01. cpp(14) error C2662: 'setHour' cannot convert 'this'

pointer from'const class Tine' to 'class Tine &
Conversion |loses qualifiers

d: \fig07_01. cpp(20) error C2662:
‘this' pointer from'const class Tine'
Conversion | oses qualifiers

Ti ne5. cpp

Error executing cl.exe.

to

test.exe - 2 error(s), O warning(s)

' print St andard'
‘class Tine &

cannot convert




7.2 const (Constant) Objects and const
Member Functions

* Member initidizer syntax
— Datamember increment in class| ncr enent

— constructor for | ncr enent is modified as follows:
Increment::Increment( int c, int i)
increment( i )
{ count =¢c; }
—: increnment( i ) initidizesincrementto i
— All data members can be initialized using member initiaizer
syntax
— const sand references must beinitialized using member
initializer syntax
— Multiplemember initiaizers
» Use comma-separated list after the colon
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1 // Fig. 7.2: fig07_02.cpp 10
2 /] Using a nenber initializer to initialize a Out"ne
3 // constant of a built-in data type

4 #include <iostrean»

5 1. Class definition
6 using std::cout;

7 using std::endl; . -
s 1.1 Function definitions
9 class Increment {

10 public:

11 Increnent( int ¢ =0, int i =1);

12 voi d addlncrement () { count += increment; }

13 void print() const;

14

15 private:

16 int count;

17 const int increnent; /'l const data nember

18 };

19

20 // Constructor for class |ncrenent

21 Increnment::lncrement(~pnt c, int i )

22 : increment( i )< /1 in ali zer for const nenber

23 { count =c; }

24 If wetry toinitidizei ncr enent

25 // Print the data with an gnment statement

26 void Increnent::print() const (SJCh%i ncrenent = i )

Sl instead of a member initiaizer we

28 cout << "count =" << count et o eror

29 << ", increment = " << increnent << endl; T

30 }

31

32 int main()
33 {




45

Before increnenting: count = 10, increnent
After increnent 1: count = 15, increnent
After increment 2: count
After increment 3: count

I ncrement value( 10, 5 ); 11

Outline

&=

cout << "Before incrementing: ";
val ue. print(); 1.

N

Initialize variables

for (int j =0; j <3; j++) {
val ue. addl ncrenent () ;
cout << "After increment " << j + 1 << ": ";
val ue. print(); 3. Output results

2. Function calls

}

return 0;

o n
oo

20, increnent
25, increnent
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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 their enclosing class objects (host objects)
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1 // Fig. 7.4: datel.h m 13
2 /] Declaration of the Date class E OLIIne
3 // Menber functions defined in datel.cpp R

1. Class definition
4 #ifndef DATE1_H
S S [EE ) 1.1 Member functions
6
7 class Date { 1.2 Member variables
8 public:
9 Date( int =1, int =1, int = 1900 ); // default constructor
10 void print() const; // print date in nonth/day/year fornmat
11 ~Date(); // provided to confirmdestruction order
12 private:
13 int month; // 1-12
14 int day; /1 1-31 based on nonth
1'5 int year; /'l any year
16
17 /'l utility function to test proper day for nonth and year
18 int checkDay( int );
19 };
20
21 #endif

—
22 /1 Fig. 7.4: datel.cpp I‘I 14
23 // Menber function definitions for Date class E Outline
24 #incl ude <iostrean>
B 1. Load header
26 using std::cout;
27 using std::endl;
28 1.1 Function definitions
29 #include "datel. h"
30 1.2 Dat e constructor
31 // Constructor: Confirm proper value for nonth;
32 // call utility function checkDay to confirm proper
33 // value for day
34 Date::Date( int mm, int dy, int yr )
35 {
36 if (M >0 & m <= 12 ) /1 validate the nonth
37 nonth = m;
38 else {
39 nmonth = 1;
40 cout << "Month " << mm << " invalid. Set to mopnth 1.\n";
41 }
42
43 year = yr; /1 shoul d validate yr_|Constructor will print
44 day = checkDay( dy ); /1 valid day anewherealed——
45 A
46 cout << "Date object constructor for date ";
47 print(); /'l interesting: a print with no argunents
48 cout << endl;
49 }

50




51
52
53
54
55

56

58
59
60
61
62
63
64
65

/1 Print Date object in form nonth/day/year
voi d Date::print() const

{ cout << nobnth << '/' << day << '/’ vear: 1 E
1.3

Destructor will print

/] Destructor: provided to confirm destr alinewhen called.
Dat e: : ~Dat e()
{

. 15
Outline

print function

cout << "Date object destructor for date "; 1.4 Dat e destructor
print();
t << endl; .
, cou en 1.5 checkDay function
/] Utility function to confirm proper day val ue

/| based on nonth and year
// |Is the year 2000 a | eap year?

66 int Date::checkDay( int testDay )
67 {
68 static const int daysPerMonth[ 13 1 =
69 {0, 31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31};
70
71 if ( testDay > 0 && testDay <= daysPerMonth[ nmonth 1 )
72 return testDay;
73
74 if ( month == 2 && /| February: Check for |eap year
75 testDay == 29 &&
76 ( year %400 == 0 ||
77 ( year %4 == 0 & year %100 !=0) ) )
78 return testDay;
79
80 cout << "Day " << testDay << " invalid. Set to day 1.\n";
81
82 return 1; /1 leave object in consistent state if bad val ue
83 1}
—
84 // Fig. 7.4: enplyl. h IAI 16
85 // Declaration of the Enpl oyee cl ass. E Outline
86 // Menber functions defined in enplyl.cpp
87 #ifndef EMPLY1_H 1. Load header
88 #define EMPLY1_H
90 #incl ude "datel. h* 1.1 Class definition
91
92 class Enployee { 1.2 Member functions
93 public:
. . . . . . . X

94 EnPI oye?( char *, 'char , int, int, int, int, int, int ); 1.3 Member variables
95 void print() const;
96 ~Enpl oyee(); // provided to confirm destruction order
97 private: 1.3.1 Include const
98 char firstName[ 25 ]; variables from Dat e
99 char |astNanme[ 25 ]; class
100 const Date birthDate;
101 const Date hireDate; '\
12? ' Composition - including

o Lebjectsof otherclasses———
104#endi f
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105

106

107#i ncl ude <i ostrean®
108

109usi ng std:: cout; 1
110usi ng std::endl;
111

112#i ncl ude <cstring>
113#i ncl ude "enpl y1. h"

Outline

&=

—

oad header files

1.1 Function definitions

114#incl ude "datel. h" 1.2 Enpl oyee

L constructor

116Enpl oyee: : Enpl oyee( char *fname, char *I|nane,

117 int bronth, int bday, int byear,

118 int hmonth, int hday, int hyear ) 1.2.1 Use member-
119 . birthDate( bnonth, bday, byear ), initializer syntax for
120 hireDate( hrmonth, hday, hyear ) const Dat e members
1214

122

123 int length = strlen( fnanme );

124 length = ( length < 25 ? length : 24 );
125 strncpy( firstNane, fnane, length );
126 firstName[ length ] = '\0';

127

128

129 length = strlen( I nane );

130 length = ( length < 25 ? length : 24 ); Constructor will
131 strncpy( |astName, |nane, length ); printalinewhen
132 | ast Nanme[ length ] = "\0";

Py called.

134 cout << "Enpl oyee object constructor: "

135 << firstNane << ' ' << |astNane << endl;

136}

17

137 E
El Outline

138voi d Enpl oyee::print() const

139{ 1.3 print definition
140 cout << |astName << ", " << firstName << "\nHired: 1.4 E onee
destructor

141 hireDate.print();

v
Thepri nt functionisconst and will
print whenever a Dat e object is created
3 birthDate.print(); or destroyed. It can print const

objects becauseitisaconst function.

142 cout << " Birth date: ";

1

S

144 cout << endl; . . .
Pr i nt requires no arguments, it is

145} !inked implicitly to the object that calls

146 *

147

148Enpl oyee: : ~Enpl oyee() Destructor will

Lo / E’rjilnt‘flinewhm
b -

150 cout << "Enpl oyee object destructor:

151 << lastNane << ", " << firstNane << endl;




153 m 19
154 E Outline
155#i ncl ude <i ostrean> 1. Load header files
156

157usi ng std::cout; 2. Create Eer| oyee
158usi ng std:: end! ; object

159

160#include "emply1h® . |Onlyenpl y. h hasto beloaded; %..;LtAttem_pt invalid
161 that file has the command to load e setting

162i nt main() CENG, i,

163{

164 Enpl oyee e( "Bob", "Jones", 7, 24, 1949, 3, 12, 1988 );

165

166  cout << '\n';

167 e.print();

168

169 cout << "\nTest Date constructor with invalid values:\n";

170 Date d( 14, 35, 1994 );

171 cout << endl;

172 return 0;

173}

Dat e obj ect constructor for date 7/24/1949 E 20
Date object constructor for date 3/12/19 Out"ne
Enpl oyee obj ect constructor: Bob Jones W» E -

Jones, Bob
Hired: 3/12/1988 Birth date: 7/24/1949
Program Output
Test Date constructor with invalid val ues:
Month 14 invalid. Set to month 1.
Day 35 invalid. Set to day 1.
Dat e object constructor for date 1/1/1994

Dat e object destructor for date 1/1/1994
Enpl oyee obj ect destructor: Jones, Bob

Dat e obj ect destructor for date 3/12/1988
Dat e object destructor for date 7/24/1949

v

Notice how inner objects are created first and
{ redlact

GOy taToSs
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