W6.2 Continuing Classes

e 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 Tinme noon( 12, 0, 0 );

» Declaresaconst object noon of class Ti me and initidizesit
to 12
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7.2 const (Constant) Objects and const
Member Functions
* const objectsrequireconst functions
— Member functions declared const cannot modify their object
— const must be specified in function prototype and definition
— Prototype:
ReturnTypeFunctionName(paraml,param?...) const;
— Definition:
ReturnTypeFunctionName(parami,param?...) const { ...}
— Example:

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

« Returnsthe value of adata member but doesn’t modify anything sois
declared const

¢ Constructors/ Destructors cannot beconst
— They need to initialize variables, therefore modifying them
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Fig. 7.1 times
Decl aration of th Ti m E Outline
Menber functions defined in times. c

U W= 1. Class definition

idefine TIMES_H

1.1 Function

7 class Time {
prototypes

8 public
Time( int =0, int =0, int =0); default cc tor
1.2 Member variables
’ cti
void setTime( int, int, int); ttime
13 void sethour( int ); s
1 void setMnute( int
void setSecond( int );

7 get functic o

int getHour() const;
19 int getMnute() const;
20 int getSecond() const;

brint functions (norms
void printMlitary() const#
2 void printStandard();

25 private:

26 int hour;
27 int mnute;
non-const

28 int second;
€ functions

31 #endif

5. cpy 6
) def i ni tions fc ;M Outline

# ncl ude <i ostreans

urce Code
Load Header

using std: : cout;

he constructor is non-const but it can be

<59 el 0t G0 S 7 Ted for const objects.

0 Jonst r uct or ct i or e p e d 1.1 Function definitions|
1 /1 Default les are 0 (see class definition
2 Time::Time( int hr, i® nmin, int sec )

3 { setTime( hr, nin, sec); }

5 // Set the f hour, ninute, anc ond.
6 void Time::setTime( int h, int mints)
{
setHour( h);
setMnute( m);
50 setSecond( s );
51 1
t th v
void Time::setHour( int h)
{hour =( h>08h<24)2h: 0 }

he minute val u
void Time::setMnute( int m)
{ ninute =( m>=08 m<60) ?m: 0 }

61 // Set the second val u
62 voi d Time::setSecond( int s )

63 {second=(5s>08s<60)2s: 0}




Get the hour M Outline
int Time::getHour() const turn hour; }

Keywordconst in function on definitions
definition and protot

1.2 Purposely leave
out const keyword for
printStandard

59 int Time::getMnute() const { return minute; }
71 2t the second val ue
72 int Tine::getSecond() const { return second; }

i splay mi rmat time: Ht MV

5 void Time::printMlitary() const T e ————

6 { const objects, even if they
cout << ( hour < 10 ? "0" ") << hour <<)don't modify them (such as
print St andard).

<< ( ninute < 10 ? "0" :

¥ splay standard for mat
voi d Time: : pri nt Standar d() houl d be cor
{

cout << ( ( hour ==12) ? 12 : hour %12 ) <<
<< ( mnute <10 ? "0" : "' ) << minute <<
<< ( second < 10 ? "0"

") << second
<< (hour <122 " AM : " PM );

10n- const  ment
# ncl ude "times. h'

:E Outline

1. Initialize variables

int main()
1
Time wakelp( 6, 45, 0); non- cc bj ec 2. Attempt to use non-
const Time noon( 12, 0, 0); stant obj ect const functions with
EMBER FUNCTI ON  CBJECT const objects

vakeUp. set Hour ( 18 ); 10n- cor on- con:
noon. set Hour (12 );
vakelb. aet Hour () ! on- ¢
noon. aet M nut e : n

noon.orintMlitarv(): n: col
noon. ori nt St andar d() : 10n- const c

110} ol er errors generated.
Conpi | i ng
Fi g07_01. cpj Program Output

& f1g07_01 Cpp(14) : error C2662: *setkour’ : cannot convert * this'
pointer from'const class Time' to ‘class Tine &

Conversi on | oses quali fiers

d:\fig07_01.cpp(20) : error C2662: 'printStandard’ : cannot convert
“this™ pointer from’const class Tine' to 'class Time &

Conversi on | oses qualifiers

Ti mes. cpp

Error executing cl . exe.

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

7.2 const (Constant) Objects and const
Member Functions
* Member initializer syntax
— Data member increment in class| ncr ement
— congtructor for | ncr enent ismodified as follows:
Increment::Increnent( int c, int i)

increment( i )
{ count = c;

—: increnent( i ) initidizesincrementto i

— All datamembers can beinitidized using member initializer
syntax

— const s and references must be initiaized using member
initializer syntax

— Multiple member initializers

j { CATT < SRR S © &S GE ipstead of a member initializer we
* Use commarseparated list after the colon =0 (I &0 &3 (I <3 ] etarrerTor-
)
. 2 int
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Fi ¢ fig07_02. cpr
2 king a menber initializ tializ

:M Outline
3 E f a b n data tyr _—
#i nclude <i ostream>

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

usi na std: : endl : : S~
F 1.1 Function definitions|
9 class Increment {

10 public

11 Increnent(int ¢ =0, int i =1);

1 voi d addincrement () { count += increment; }
13 void print() const;

14

15 private:

16 int count;

1 const int increnent nst t
18}

19

21 Increnent :: | ncrement (
: : increment( i) ¥
23 { count =c; }

=

wetry to initialize i ncr ement
ith an assignment statement
lsuch asi ncrement = i )

int the
voi d Increment::print() const

Increment value( 10, 5); E
Outline

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

1.2 Initialize variables

for (intj =0 ) <3 j+) {
40 val ue. addi ncrement () ;

11 cout << "After increment " << +1 <<
42 val ue. print();

2. Function calls

3. Output results

8 7
4

45 return 0;
46}

Before increnenting: count = 10, increnent
After increment 1: count = 15, increment =
After increment 2: count i ncr enent
After increment 3: count , increment =
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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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14

# fndef DATEL_H

#define DATEL H

class Date {

publ i ¢

Date( int =1, int =1, int = 1900 );

M Outline

1. Class definition
1.1 Member functions

1.2 Member variables

24 #include <iostrean

us

:E Outline

1. Load header

using std: : cout;

i ng std::endl ;
1.1 Function definitions

) #include "datel. h"

1.2 Date constructor

Date::Date( int m, int dy, intyr)

void print() const; 7
11 ~Date(); if (m>0&m<=12)
12 private: nmonth = m;

- else {

i nt mont h; month = 1;

int day; o cout << "Month * << m << " invalid. Set to month 1.\n";
15 int year; i
£ year = yr;
7 44 day = checkDay( dy );

int checkDay( int ); - A

cout << "Date object constructor for date ";

19} print();
z cout << endl;

" ) }

1 #endi f .

2 void Date::print() const
{ cout << month << '/' << day << '/

56 Date:: ~Date()

57 © 4
cout << “Date object destructor for date ";
orint():
cout << endl;

51 1

56 int Date::checkDay( int testDay )
657 {
68 static const int daysPerhonth[ 13 ] =

0 & year %100 !=0) ) )

7 ( year %4
return testDay;

return 1;

Destructor will print

L £0. 31. 28 31. 30. 31. 30. 31. 31. 30. 31. 30. 31}

7 f ( testDav > 0 & testDav <= davsPerMbnthl month 1)
e return testDay;

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

m Outline

1.3 pri nt function
1.4 Dat e destructor

1.5 checkDay function

#ifndef EMPLYL_H
8 #define EMPLYL_H

90 #include "datel. h"

2 class Enployee {

104#endi f

7 —
:M Outline

1. Load header
1.1 Class definition

1.2 Member functions

3 public
loyee( char *, char *, int, int, int, int, int, int );
Tu :N r(“() T ) 1.3 Member variables
~Enpl oyee() ;
7 private: 1.3.1Include const

char firstName[ 25 1]; variables from Dat e

char |astName[ 25 ]; class
const Date birthbate;
const Date hireDate;
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#incl ude <i ostrean»

usi ng std: : cout;
10usi ng std: : endl ;
1
12#i ncl ude <cstring>
13#i ncl ude *enpl y1. h*
114%i ncl ude “dat el. h"

115

16Enpl oyee: : Enpl oyee( char *fnane, char *Inae,

17 int bronth, int bday, int byear,
1 int hnonth, int hday, int hyear )
birthDate( bronth, bday, byear ),

hireDate( hmonth, hday, hyear )

int length = strien( fname );
length = ( length < 25 2 length : 24 );
strncpy( firstNane, fname, |ength );
firsthame[ length ] ='\0';

29 length = strien( Inane );
30 length = ( length < 25 2 length : 24 );
31 strncpy( |astName, |nane, |ength );

lastName[ length ] ='\0';
a

! cout << "Enployee object constructor:
<< firsthame << ' ' << |astName << endl;

E Outline

1. Load header files
1.1 Function definitions

1.2 Enpl oyee
constructor

1.2.1 Use member-
initializer syntax for
const Date members

Constructor will
print aline when

1

2 cout << " Birth date: ";

;M Outline

1.3 pri nt definition

voi d Enpl oyee: : print() const

cout << lastName << ", " << firstNane << "\nHred: "; 1.4 Enpl oyee

ctor

hirebate. print();

hepri nt functionis const andwill
rint whenever aDat e objectiscreated
r destroyed. It can print const

bjects becauseitisaconst function.

birthDate. print();

cout << endl;
rint requires no arguments, it is
} IInked implicitly to the object that calls

Enpl oyee: : ~Enpl oyee()

estructor will
jrint aline when

1 called.

a
cout << "Enpl oyee object dest ructor

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




153// Fi op
54// Demonstrating composition: an obje e

55# ncl ude <i ostreans

usi ng std: : cout;

sing std:: endl ;

160#include "emplylh* o |onlyenply. h hasto be loaded;
€ that file has the command to load

date. h.

62i nt mai n()

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

5 cout << '\n';

167 eprint();

69 cout << "\nTest Date constructor with invalid values:\n";
0 Date d( 14, 35 1994 ); n i Date val ue:
171 cout << endl;

return 0;

M Outline

1. Load header files

2. Create Enpl oyee
object

2.1 Attempt invalid
Dat e setting

Date object constructor for date 7/24/1949
Date object constructor for date 3/12/1988

Enpl oyee object constructor: Bob Jones w =M Outline

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

Program Output
Test Date constructor with invalid val ues:
Month 14 invalid. Set to nonth 1.
Day 35 invalid. Set to day 1
Date object constructor for date 1/1/1994

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

Date object destructor for date 3/12/1988
Date object destructor for date 7/24/1949

«

otice how inner objects are created first and
royed|ast.
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