KAaoeic Mepoc 11

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.




Eicaywyn

KAQoE€Ig

Agaipeon AdopeEVWV
AVTIKEINEVOOTPAPNC NPOYPANNATIOHOG
KANPOVOUIKOTNTA KAl MOAULOPQIOHOC

Reproduced from the PowerPoints fo C HWtPgam4/byDtI nd Deitel © 2003. Reproduced by
permission o f Pearson Education, Inc.

7.2 const (ZTaBepa)

AvTiKeipeva kal MebBodoil

H apxn TnG eAaxioTnc npoofacnc
= EmiTpenoupe npoofaon yia Tpononoinoeic JOVo
OTA anapaiTnTa avTiKEiPeva
const
= Opilel avTIKEIUEVO NOU OE TPOMOMOIEITAl
= Aivel Compiler error
= [Tapadeiypa

const Time noon( 12, 0, 0 );
AnAwWVEl const AVTIKEIUEVO noon TNC Time

Apxikonolei o€ 12
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7.2 const (ZTaBepa) AvTIKEINEVA
kal MeBoodol

const PeBodol

= O1 uEBOdOI AVTIKEIUEVWY const MPENEl va €ival
Kal AUTEC const

A& pnopei va Tpononolouv avTiKEieva
= Opiloupe WG const O€
MpwTOTUNO
= MeTa TN AioTa napapeETpwv
AnAwOoEIC

= [pIv TNV apxr Tou apioTePOU aykioTpou
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1 // Flg: 71 time5.h . IZI Outline
2 // Definition of class Time. E——
3 // Member functions defined in time5.cpp.
4 #:Lfnc.ief TIMES H time5.h (1 of 2)
5 #define TIMES H
6
7 class Time {
8
9 public:
10 Time( int = 0, int = 0, int = 0 ); // default constructor
11
12 // set functions
13 void setTime( int, int, int ); // set time
14 void setHour( int ); // set hour
15 void setMinute( int ); // set minute Declare const get functions.
16 void setSecond( int ); // set second
17
18 // get functions (normally declared const)
19 int getHour () const; // return hour
20 int getMinute() const; // return minute X
21 int getSecond() const; // return second Declare const function
22 printUniversal.
23 // print functions (normally declared const)
24 void printUniversal() const; // print universal time
25 void printStandard() ; // print standard time
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private:
int hour; // 0 - 23 (24-hour clock format)
int minute; // 0 - 59
int second; // 0 - 59

}; // end class Time

#endif

permission of Pearson Education, Inc.

Al outine
A4

timeS.h (2 of 2)
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// Fig. 7.2: time5.cpp
// Member-function definitions for class Time.
#include <iostream>

using std::cout;

#include <iomanip>

using std::setfill;
using std::setw;

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

// constructor function to initialize private data;
// calls member function setTime to set variables;
// default values are 0 (see class definition)
Time: :Time( int hour, int minute, int second )

{

setTime ( hour, minute, second );

} // end Time constructor
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Al outine
A4

timeS.cpp (1 of 4)
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24 // set hour, minute and second values @ Outline ?
25 void Time: :setTime( int hour, int minute, int second ) E—
26 { [::]
27 setHour ( hour ); times.cpp (2 of 4)
28 setMinute ( minute ) ;
29 setSecond( second ) ;
30
31 } // end function setTime
32
33 // set hour value
34 void Time: :setHour( int h )
35 {
36 hour = (h >= 0 &8& h < 24 ) ? h : 0;
37
38 } // end function setHour
39
40 // set minute value
41 void Time: :setMinute( int m )
42 {
43 minute = (m >= 0 & m < 60 ) ? m : O;
44
45 } // end function setMinute
46
© 2003 Prentice Hall, Inc.
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// set second value
void Time::setSecond( int s )

{
second = (s > 0 & s < 60 ) ? s : 0;

} // end function setSecond

// return hour value
int Time::getHour () const

{

return hour;

Al outine
A4

timeS.cpp (3 of 4)

const functions do not
modify objects.

} // end function getHour

// return minute value
int Time::getMinute() const

{

return minute;

} // end function getMinute
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68 (/ rei.:urn second value @ Outline
69 int Time::getSecond() const -
70 { E
;; return second; timeS.cpp (4 of 4)
73 } // end function getSecond const functions do not
74 modify objects.
75 // print Time in universal format
76 void Time: :printUniversal() const
77 {
78 cout << setfill( '0' ) << setw( 2 ) << hour << ":"
79 << setw( 2 ) << minute << ":"
80 << setw( 2 ) << second;
81
82 } // end function printUniversal
83
84 // print Time in standard format
85 void Time: :printStandard() // note lack of const declaration
86 {
87 cout << ( ( hour == || hour == 12 ) ? 12 : hour % 12 )
88 << ":" << setfill( '0' ) << setw( 2 ) << minute
89 << ":" << setw( 2 ) << second
90 << ( hour < 12 ? " AM" : " PM" );
91
92 } // end function printStandard
© 2003 Prentice Hall, Inc.
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// Fig. 7.3: £ig07_03.cpp
// Attempting to access a const object with
// non-const member functions.

// include Time class definition from time5.h

Al outine
A4

fig07_03.cpp
(10f2)

#include "time5.h"
int main() Declare noon a const
{ object.

Time wakeUp( 6, 45, 0 ); / on-constant object

const Time noon( 12, 0, 0 ); // constant object

'\

Note that non-const
constructor can initialize
const object.
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d:\cpphtp4_examples\ch07\£ig07_01\£fig07_01 ,pp (16

13
// OBJECT MEMBER FUNCTION IZI .
Outline
wakeUp.setHour( 18 ); // non-const non-const —
noon.setHour( 12 ); // const non-const

fig07_03.cpp
(2 0f2)

const

Attempting to invoke non-
const member function on
const object results in

. compiler error.

wakeUp.getHour () ;

fig07 03.cpp
output (1 of 1)

noon.getMinute () ; // const

noon.printUniversal(); // const corl

noon.printStandard() ;

return 0;
Attempting to invoke non-
const member function on
const object results in
compiler error even if
function does not modify
object.

} // end main

'setHour' : cannot convert 'this' poinfer fron
to 'class Time &'

Conversion loses qualifiers

d:\cpphtp4_examples\ch07\fig07_01\fig07_0l.cpp(23) : error C2662:

'printStandard' : cannot convert 'this' pointer from 'const class
Time' to 'class Time &'

Conversion loses qualifiers

© 2003 Prentice Hall, Inc.
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7.2 const (ZTaBepa) AvTIKEIPEVa Kal
MeBodol

ApxIKornoinon avTIKEIJEVOU

= Apxikonoinon Je member initializer syntax
Mnopei va xpnoigonoinoei

= Mg OAa Ta pPEAN dedOPEVWV
(Mpenel va xpnoiuonoindsi)

m T'taa Ta péAn const

= [0 OAEC TIC avapopeG PeTaBANTWV

= C++11:

Mnopei nA€ov va apyxikonoinBsi kavovika
HMEOa oTnV KAAoN
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1 // Fig. 7.4: £ig07_04.cpp @ Outline 13
2 // Using a member initializer to initialize a _
3 // constant of a built-in data type. E
4 $#include <iostream> ﬁg07 04.cpp
5 -
6 using std::cout; (1 of 3)
7 using std::endl;
]
9 class Increment {
10
11 public:
12 Increment( int ¢ = 0, int i = 1 ); // default constructor
13
14 void addIncrement ()
15 {
16 count += increment;
17
18 } // end function addIncrement
19
20 void print() const; // prints count and increment
21
© 2003 Prentice Hall, Inc.
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22 private: @ 0 tl 16
23 int count; u_me
24 const int increment; // const data member E
2 \ fig07_04.cpp
26 }; // end class Incny =
27 Member initializer list |ncrement as const (2 of 3)
28 // construc W Member initializer syntax can |
;z Increzoun t(c), © Cl(ll:m' | bel Member initializer syntax
. increment( i ) ”@bﬁ M4 must be used for const data
32 { member increment.
33 // empty body
34 . .. . .
35 } // end Increment constructor Member initializer consists of
36 data member name
37 // print count and increment v{ (increment) followed by
38 void Increment::print() const | parentheses containing initial
39 { value (c).
40 cout << "count = " << count
41 << ", increment = " << increment << endl;
42
43 } // end function print
a4
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Before incrementing: count = 10, increment
After increment 1: count
After increment 2: count = 20, increment
After increment 3: count = 25, increment

int main()
{

Increment value( 10, 5 );

cout << "Before incrementing: ";

value.print() ;

for ( int j = 0; j < 3; j++ ) {
value.addIncrement() ;
cout << "After increment " << j + 1 << ": ";
value.print() ;

return 0;

} // end main

]
[§]

15, increment

[}
o o,

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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@ Outline .
\d

fig07_04.cpp
(B of3)

fig07 04.cpp
output (1 of 1)
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// Fig. 7.5: £ig07_05.cpp

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

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

class Increment {

public:
Increment( int ¢ = 0, int i = 1 ); // default constructor

void addIncrement ()
{
count += increment;

} // end function addIncrement

void print() const; // prints count and increment

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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@ Outline "
V]

fig07_0S.cpp
(10f3)
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19
22 private: @ .
23 int count; OL'II’IE
24 const int increment; // const data member E
25 fig07_0S.cpp
26 }; // end class Increment
27 Declare increment as const (2 of 3)
28 // constructor data memher
29 Increment::Increment( int c, Attempting to modify const
30 { // Constant data member increment
31 count = c; lowed beca results in error.
32 increment = i; mMOodify a const object
33
34 } // end Increment constructor
35
36 // print count and increment values
37 void Increment: :print() const
38 {
39 cout << "count = " << count
40 << ", increment = " << increment << endl;
41
42 } // end function print
43
© 2003 Prentice Hall, Inc.
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44 int main ()

% Outline
fig07_0S.cpp
(B of3)

fig07 05.cpp
output (1 of 1)

"o
’

45 {

46 Increment value( 10, 5 );

47

48 cout << "Before incrementing: ";
49 value.print() ;

50

51 for ( int j = 0; j < 3; j++ ) {
52 value.addIncrement() ;

53 cout << "After increment " << j + 1 << ":
54 value.print() ;

55 }

56

57 return 0;

58

59 } // end main

Not using member initializer
syntax to initialize const
data member increment
results in error.

D:\cpphtp4_examples\ch07\Fig07_03\Fig07_03.cpp (3U)
'increment'’
initializer list

D:\cpphtp4_examples\ch07\Fig07_03\Fig07
see declaration of 'increment'

D:\cpphtp4_examples\ch07\Fig07_03\Fig07_03.cpp (32)
l-value specifies const object

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by

: must be initialized in constructor base/

Attempting to modify const
data member increment
results in error.

€rror

“cpp (24)

error C2166:

© 2003 Prentice Hall, Inc.
All rights reserved.
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7.3 2uvBeaon/ Composition:
AVTIKEINEVA WC KMEAN KAAONC
>uvBean/ Composition

= Mia kKAGon exel avTikeipeva aAAnG KAAong wg
HEAN

KaTaokeun avTIKEINEVWV
= Ta pgeAn avTikeipeva dnuioupyouvTal e TN
o€Ipd Nou dnAwvovTal
Aev akoAouBeiTal n ogipa Tou constructor

AnuioupyouvTal NpIv ano Ta avTIKEIPMEVA TNG
KAQONC NOU Ta XpnOIUOMNOIE

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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// Fig. 7.6: datel.h IZI Outline 22

// Date class definition.
// Member functions defined in datel.cpp

#ifndef DATEl H datel.h (1 of 1)
#define DATEL H '

class Date { Note no constructor with
/ parameter of type Date.
public: 1 7

Recall compiler provides

W 0 N O U1 & WN P

10 Date( int = 1, int = 1, inf{ default copy COl’lStI'U.CtOI' ctor
11 void print() const; // pri - mat
12 ~Date(); // provided to confirm destruction order

13

14 private:

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

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

17 int year; // any year

18

19 // utility function to test proper day for month and year
20 int checkDay( int ) const;

21

22 }; // end class Date

23

24 $endif

© 2003 Prentice Hall, Inc.
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: @ 23
1 // Fig. 7.7: datel.cpp outline
2 // Member-function definitions for class Date. _
3 #include <iostream> E
4 . datel.cpp (1 of 3)
5 using std::cout;
6 using std::endl;
7
8 // include Date class definition from datel.h
9 #include "datel.h"
10
11 // constructor confirms proper value for month; calls
12 // utility function checkDay to confirm proper value for day
13 Date::Date( int mn, int dy, int yr )
14 {
15 if (mn > 0 && mn <= 12 ) // validate the month
16 month = mn;
17
18 else { // invalid month set to 1
19 month = 1;
20 cout << "Month " << mn << " invalid. Set to month 1.\n";
21 }
22
23 year = yr; // should validate yr
24 day = checkDay( dy ); // validate the day
25
© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
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. . . 24
26 // output Date object to show when its constructor is called @ Outline
27 cout << "Date object constructor for date "; _—
28 print() ; E
29 cout << endl; \ datel.cpp (2 of 3)
% No arguments; each member
31 } // end Date constructor A . . . .
- function contains implicit
33 // print Date obj T form mont| handle to object on which it
34 void Date::print() const operates.
35 {
36 cout << month << '/' << day << '/' << year;
37
38 } // end function print
39
40 // output Date object to show when it] Output to show timing of
41 Date::~Date() destructors.
42 {
43 cout << "Date object destructor for date ";
a4 print();
45 cout << endl;
46
47 } // end destructor ~Date
48
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49 // utility function to confirm proper day value based on @ outline 25
50 // month and year; handles leap years, too e
51 int Date::checkDay( int testDay ) const E
2 ) ) 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 // determine whether testDay is valid for specified month
57 if ( testDay > 0 && testDay <= daysPerMonth[ month ] )
58 return testDay;
59
60 // February 29 check for leap year
61 if ( month == 2 && testDay == 29 &&
62 ( year % 400 == |1
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 value
69
70 } // end function checkDay
© 2003 Prentice Hall, Inc.
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1 // Fig. 7.8: employeel.h @ Outline
2 // Employee class definition. E—
3 // Member functions defined in employeel.cpp. E
4 #:Lfn(flef EMPLOYEE1 H employeel.h (1 of 2)
5 #define EMPLOYEEl1l H
6
7 // include Date class definition from datel.h
8 #include "datel.h"
9
10 class Employee {
11
12 public:
13 Employee (
14 const char *, const char *, const Date &, const Date & );
15
16 void print() const;
17 ~Employee(); // provided to confirm destruction order
18 Using composition;
19 private: Employee object contains
20 char firstName[ 25 ]; Date objects as data
21 char lastName[ 25 ]; members.
22 const Date birthDate; // composition: member object
23 const Date hireDate; // composition: member object
24
25 }; // end class Employee

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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27 #endif
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//

Fig. 7.9: employeel.cpp

// Member-function definitions for class Employee.
#include <iostream>

using std::cout;

using std::endl;

#include <cstring> // strcpy and strlen prototypes

#include "employeel.h" // Employee class definition
#include "datel.h" // Date class definition

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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Al outine
A4

27

employeel.h (2 of 2)

employeel.cpp
(1 0f3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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31
32
33
34
85
36
37

//
//
//
//

constructor uses member initializer list to pass initializer
values to constructors of member objects birthDate and
hireDate [Note: This invokes the so-called "default copy
constructor" which the C++ compiler provides implicitly.]

Employee: :Employee ( const char *first, const char *last,

{

const Date &dateOfBirth, const Date &dateOfHire )
: birthDate( dateOfBirth ), // initialize birthDate

hireDate( dateOfHire ) er hireDate

// copy first into firstName and be sure Member initializer syntax to
A DO & Craslong Ehas [ s initialize Date data members

length = ( length < 25 ? length : 24 ); birthDate and
strncpy( firstName, first, length ); hireDate; compiler uses

firstName[ length ] = '\0'; default copy constructor.

// copy last into lastName and be sure that it fits
length = strlen( last );

length = ( length < 25 ? length : 24 );
strncpy( lastName, last, length );

lastName[ length ] = '\0'; Output to show timing of

constructors.

show when comnstructor 1s callea

// output Employee object

cout << "Employee object constructor:
<< firstName << ' ' << lastName << endl;

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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Al outine
A4

employeel.cpp
(2 0of 3)

© 2003 Prentice Hall, Inc.
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38 } // end Employee constructor @ . 29
2 Outline
40 // print Employee object E
41 void Employee: :print() const enlployeel.cpp
42 {
43 cout << lastName << ", " << firstName << "\nHired: "; (3 0f3)
a4 hireDate.print() ;
45 cout << " Birth date: ";
46 birthDate.print() ;
47 cout << endl;
48
49 } // end function print
50
51 // output Employee object to show when i OUtPUt to show timing of
52 Employee: : ~Employee () destructors.
53 {
54 cout << "Employee object destructor: "
55 << lastName << ", " << firstName << endl;
56
57 } // end destructor ~Employee
© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
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// Fig. 7.10: £ig07_10.cpp
// Demonstrating composition--an object with member objects.
#include <iostream>

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

#include "employeel.h" // Employee class definition

Al outine
A4

fig07_10.cpp
(1of1)

int main () Create Date objects to pass

{ to Employee constructor.

Date birth( 7, 24, 1949 );
Date hire( 3, 12, 1988 );
Employee manager ( "Bob'", "Jones", birth, hire );

cout << '\n';
manager.print() ;

cout << "\nTest Date constructor with invalid values:\n";
Date lastDayOff( 14, 35, 1994 ); // invalid month and day
cout << endl;

return 0;

} // end main

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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Date object constructor for date 7/24/1949 IZI Outline
Date object constructor for date 3/12/1988 —_—
Employee object constructor: Bob Jones

/

Note two additional Date | 10.cpp
objects constructed; no output it (1 of 1)
since default copy constructor

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

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

Day 35 invalid. Set to day 1.

Date object constructor for date 1/1/1994

Fad 1 1 - |
/ﬂ% Destructor for Employee’s

{ Destructor for Emplovee‘s |
€

Date object destructor for date 1/1/1994
Employee object destructor: Jones, Bob
Date object destructor for date 3/12/1988
Date object destructor for date 7/24/1949
Date object destructor for date 3/12/1988
Date object destructor for date 7/24/1949

¢ ;
DNactmictar far Nada ahiact
51 Destructor for Date object
(Y birth.

\\\\\

© 2003 Prentice Hall, Inc.
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7.4 friend Zuvaptnoeic kar friend
KAQOEIC
friend oUVApTNOEIC
= OpidovTal ekTOC ePPEAEIOC TNC KAGONC
= 'Exouv npooBacn o€ non-public members
AnAwon friends

= JUvapTnon
Mponyeital To keyword £riend
= 'OAec ol cuvapTnoEIC TNG KAAoNC classTwo WG
friends TnNG KAGONC classOne
BaCoupe Tn dnAwaon TnG Hopeng
friend class classTwo;

OTOV OPIOUO TNC classOne

Reproduced from the PowerPoints for C++ How to Prcl;Jgﬂ 4le by Deitel and Deitel © 2003. Reproduced by
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7.4 friend ZuvapTtnoeic Kai
o friend KAaoeic
I0TNTEC

= Mnopei va 006¢i 0x1 va avakAnOsi

kAdon B £riend TnNG KAGONG A

= H kAdon A npenel va dnAwaoel Tnv KAGon B wG £riend

= 'OXI CUMMETPIKN

kAdon B £riend TnNG KAGONG A

kKAQon A OxI anapaitnta friend TNG KAGoNC B
= 'Ox1 yeTaBaTikn

kKAQon A friend TNG B

kAGon B friend TNG C

kKAQon A OxI anapaitnta friend TNG C

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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5 : 34
// Fig. 7.11: £ig07_11.cpp IZI Outline

// Friends can access private members of a class.
#include <iostream>

fig07 11.cpp
(10f3)

using std::cout;

using std::endl;

Precede function prototype
// Count class definiti with keyword friend.
class Count {

friend void setX( Count &, int ); // friend declaration

W 0 N O U1 & WN P

e
N =B O

public:

=
A W

// constructor
Count ()

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

// empty body

N R R R R R
o W 0 N O WUn

} // end Count constructor

N
=

© 2003 Prentice Hall, Inc.
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23
24
25
26
27
28
29
30
31
32
33
34
85
36
37
38
39
40
41

// output x
void print() const

{
cout << x << endl;

} // end function print

private:
int x; // data member

}; // end class Count - -
/ Pass Count object since C-

stvle standalone fin Ction,
// because setX is Since setX friend of
void setX( Co sc, { Count, can access and
modify private data
c.x = val; // legy member x.

// function setX can q

} // end function setX

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

@ Outline »
\d

fig07_11.cpp
(2 of3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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43
44
45
46
a7
48
49
50
51
52
53
54
55
56

int main()
{

Count counter; // create Count object

1 Use £riend function to
access and modify private
data member x.

setX( counter, 8 ); // set x with a friend

cout << "counter.x after instanti

counter.print() ;

cout << "counter.x after call to setX friend function: ";
counter.print() ;

return 0;

} // end main

counter.x after instantiation: 0

counter.x after call to setX friend function: 8

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

@ Outline *
V]

fig07 11.cpp
(B of3)

fig07_11.cpp
output (1 of 1)
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// Fig. 7.12: £ig07_12.cpp @

, _ Outline
// Non-friend/non-member functions cannot access _

// private data of a class.

#include <iostream> fig07_12.cpp
(1 of 3)

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

// Count class definition
// (note that there is no friendship declaration)
class Count {
public:
// constructor
Count ()
x( 0) // initialize x to 0

// empty body

} // end Count constructor

© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
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23
24
25
26
27
28
29
30
31
32
33
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35
36
37
38
39
40
41
42

// output x @ Outline

void print() const

{

cout << x << endl; fig07_12.cpp
(2 0f3)

} // end function print

private:
int x; // data member

}; // end class Count

// function tries to modify

. Attempting to modify
private data member from
non-friend function results

c.x = val; // ERROR: can| 11l CITOL Count

} // end function cannotSetX

© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
permission of Pearson Education, Inc.
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44
45
46
a7
48
49
50
51

int main() m Outline
{ Outline

Count counter; // create Count object

fig07_12.cpp

cannotSetX( counter, 3 ); // cannotSetX is not a friend

(B of3)
return 0;
fig07_12.cpp
} // end main output (1 of 1)

D:\cpphtp4_examples\ch07\Fig07_12\Fig07_12.cpp(39) : error C2248:

'X' : cannot access private member declared in class 'Count'
D:\cpphtp4_examples\ch07\Fig07_12\Fig07_12.cpp(31) :

see declaration of 'x' \

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

© 2003 Prentice Hall, Inc.
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7.5 Xpnon Tou this

this

= EniTpenel oTo avTikeipevo va exel npooBacn
oTn OIKN Tou dleUBuvon

= O TUNOC Tou O€iKTN this eEapTaral ano:
TUNO TOU QVTIKEIPEVOU
Av n ouvapTnon €ival const

[la TIC noON-const GUVAPTNOEIC Employee
= this £X€l TUNO Employee * const
Constant deikTn o€ non-const Employee QVTIKEILIEVO
[la TIC const OUVAPTNOEIC Employee
= this €xel TUNO const Employee * const
Constant deiktn o€ constant Employee QVTIKEIPEVO

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by 40
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1 // Fig. 7.13: £ig07_13.cpp @ Outline 41
2 // Using the this pointer to refer to object members. e
3 #include <iostream>
4 ) fig07_13.cpp
5 using std::cout;
6 using std::endl; (1 of 3)
7
8 class Test {
9
10 public:
11 Test( int = 0 ) ; // default constructor
12 void print() const;
13
14 private:
15 int x;
16
17 }; // end class Test
18
19 // constructor
20 Test::Test( int value )
21 x( value ) // initialize x to value
22 {
23 // empty body
24
25 } // end Test constructor
© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
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o @ . 42
. R il Outline
27 // print x using implicit and explicit this pointers; —
28 // parentheses around *this required . ) X
29 void Test::print() const Implicitly use this pointer;
30 | only specify name of data 07_13.cpp
31 // implicitly use this pointer mepabas {"\ X X of 3
= s 22 T X = " << x; Explicitly use this pointer
33 with arrow operator.
34 // explicitly use this pointer to member x
:2 B A Explicitly use this pointer;
37 // explicitly use dereferenced this poinfer and dereference this pointet
38 // the dot operator to access me x first, then use dot operator.
39 cout << "\n(*this).x = " << ( *this ).x << endl;
40
41 } // end function print
42
43 int main ()
4 |
45 Test testObject( 12 );
46
47 testObject.print() ;
48
49 return 0;
50

© 2003 Prentice Hall, Inc.
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51 } // end main IZI Outline 43
x = 12
this->x = 12 fig07_13.cpp

(*this) .x = 12

(3 of 3)

fig07 13.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
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7.5 Xpnon Tou this

2€IPIAKN KANON OuvapTnoEwV

= [MoANanAEC ouvapTNoEIC KaAouvTal JE Jia
ONAwaon

= H ouvaptnon eniotpe@el dsikTn avapopag

OTO i0I0 TO AQVTIKEIPEVO

{ return *this; }

= OI ouvapTnoeIC nou Ogv EMIOTPEPOUV
avapopeC npenel va kAnBouv TEAEUTAIES

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.




. . 45
1 // Fig. 7.14: time6.h @ outline
2 // Cascading member function calls. _
: V]
4 // Time class definition. time6.h (1 of 2)
5 // Member functions defined in time6.cpp.
6 #ifndef TIME6 H
7 {#define TIME6 H
]
9 class Time {
10
ML el es Set functions return reference
12 B to Time object to enable
v ) cascaded member function
14 // set functions
15 Time &setTime( int, int, int ); // sdq calls.
16 Time &setHour( int ); // set hour
17 Time &setMinute( int ); // set minute
18 Time &setSecond( int ); // set second
19
20 // get functions (normally declared const)
21 int getHour () const; // return hour
22 int getMinute() const; // return minute
23 int getSecond() const; // return second
24
© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
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. . 46
25 // print functions (normally declared const) @ Outline
26 void printUniversal() const; // print universal time E——
27 void printStandard() const; // print standard time E
S time6.h (2 of 2)
29 private:
30 int hour; // 0 - 23 (24-hour clock format)
31 int minute; // 0 - 59
32 int second; // 0 - 59
33
34 }; // end class Time
35
36 #endif

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

© 2003 Prentice Hall, Inc.
All rights reserved.




. . 47
1 // Fig. 7.15: time6.cpp @ Outline
2 // Member-function definitions for Time class. _
3 #include <iostream> E
4 . time6.cpp (1 of 5)
5 using std::cout;
6
7 #include <iomanip>
8
9 wusing std::setfill;
10 using std::setw;
11
12 #include "time6.h" // Time class definition
13
14 // constructor function to initialize private data;
15 // calls member function setTime to set variables;
16 // default values are 0 (see class definition)
17 Time: :Time( int hr, int min, int sec )
18 {
19 setTime( hr, min, sec );
20
21 } // end Time constructor
22
© 2003 Prentice Hall, Inc.
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. 48

23 // set values of hour, minute, and second @ Outline
24 Time &Time: :setTime( int h, int m, int s ) -
25 | E
26 setHour( b ); - time6.cpp (2 of 5)
27 setMinute( m ) ; Return *this as reference to
e setSecond( s ) ; enable cascaded member
29 function calls.
30 return *this; / enables cas 5
31
32 } // end function setTime
33
34 // set hour value
35 Time &Time: :setHour( int h )
36 { Return *this as reference to
e WO S 22 U 00 S enable cascaded member
38 function calls.
39 return *this; / enables caso -
40
41 } // end function setHour
42

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.
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64
65
66
67

// set minute value

Time &Time::setMinute( int m )

{ Return *this as reference to
minute = (m >= 0 & m 0 ) | enable cascaded member

function calls.
return *this; // enables castauzng

} // end function setMinute

// set second value
Time &Time::setSecond( int s )

{

Return *this as reference to
enable cascaded member
function calls.

J

second = (s >= 0 && s

return *this; // enables cas

} // end function setSecond
// get hour value

int Time::getHour () const

{

return hour;

} // end function getHour

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

@ Outline ¥
\d

time6.cpp (3 of 5)

© 2003 Prentice Hall, Inc.
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69
70
71
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

// get minute value
int Time::getMinute() const

{

return minute;
} // end function getMinute
// get second value
int Time::getSecond() const
{

return second;

} // end function getSecond

// print Time in universal format
void Time: :printUniversal() const

{
cout << setfill( '0' ) << setw( 2 ) << hour << ":"
<< setw( 2 ) << minute << ":"
<< setw( 2 ) << second;
} // end function printUniversal

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

@ Outline *
V]

time6.cpp (4 of 5)
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91 // print Time in standard format @ outline 51
92 void Time::printStandard() const EE—
93 { [::]
94 cout << ( ( hour == || hour == 12 ) ? 12 : hour % 12 ) time6.cpp (5 of 5)
95 << ":" << setfill( '0' ) << setw( 2 ) << minute
96 << ":" << setw( 2 ) << second
97 << ( hour < 12 ? " AM" : " PM" );
98
99 } // end function printStandard
© 2003 Prentice Hall, Inc.
Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by All rights reserved.
permission of Pearson Education, Inc.
52

O 00 N O U1 A W N B

=
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

// Fig. 7.16: £ig07_16.cpp
// Cascading member function calls with the this pointer.

#include <iostream>

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

#include "time6.h" // Time class definition

int main()

{ Cascade member function
Time t;
calls; recall dot operator
associates from left to right.

// cascaded function cal

t.setHour( 18 ).setMinute( 30 ).setSecond( 22 );
// output time in universal and standard formats
cout << "Universal time: ";

t.printUniversal() ;

cout << "\nStandard time: ";
t.printStandard() ;

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

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

Al outine
A4

fig07_16.cpp
(10f2)

© 2003 Prentice Hall, Inc.
All rights reserved.




53
26 // cascaded function calls IZI 0 .
utline
27 t.setTime( 20, 20, 20 ).printStandard() ; —

28

;z S8 Se3 Lt s Function call to ] 16.cpp
printStandard must "2)

31 return 0;

2 appear last;

33 } // end main printStandard doesnot | 16.cpp
return reference to t. ut (1 of 1)

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

New standard time: 8:20:20 PM

© 2003 Prentice Hall, Inc.
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7.6 Alaxeipion Auvapikng

MvAuNG ME XPron new Kai
delete
Alaxeipion OUVANIKNG UVARNG

= EA€yxel Tn Siavoun pvnung
= Mg xpnon TwVv TEAECTWV new Kal delete

include standard header <new>

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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7.6 Alaxeipion Auvapikng

MvnuNG KE Xpron new Kai
delete

‘EoTw
Time *timePtr;
timePtr = new Time;
TeAeotA¢ new
Anpioupyei avTikeipgeva kataAAnAou peyedouc yia Tov TUNO Time
= Aivel A\dBog av dev undpyel Xwpog OTn KVAKN
EnioTpepel OEIKTN OTOV GUYKEKPIPEVO TUMO
Stack vs Heap
Me apyikornoinaon
double *ptr = new double( 3.14159 );
Time *timePtr = new Time( 12, 0, 0 );
AnAwon nivaka
int *gradesArray = new int[ 10 ];

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
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7.6 Alaxeipion Auvapikng

MvnuNG KE Xpron new Kai
delete

‘EoTw

delete timePtr;

AnNEAEUBEPWVEI TN PVAKN KAl KATAOTPEPEI TA AVTIKEIPEVA
TeAeoTnC delete

= KaAei To destructor

= H pvnAun pnopei va xpnoigonoin®ei ye aAAa avTikeipeva

Deallocating arrays
delete [] gradesArray;
= AneAeuBepwvel To array oTo onoio O€ixvel TO gradesArray

= Av gival 6€iKTNG O€ array avTIKEINEVWY
= KaAeital npwTta o destructor yia KGOe avTIKEIYeVO Tou array

= MeTa aneAeuBepwVEl TN PVAUN

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.




7.7 static KAAOEIC

ueTaBANTN KAAONG static
= Aedopeva diabeaipa o€ OAn TNV KAGon

I510TNTa TNG KAAONC, OXI OCUYKEKPIUEVOU
QVTIKEIMEVOU TNG KAAONG

= AModOTIKO OTav anAa eva avTiypapo Tng kKAaong givai
APKETO
MoOvo n PETABANTH static npenel va
EVNUEPWVETAI
= Mnopei va poiadel pe global, aA\a €xel eppeleia oTnv
KAQON
= ApYXIKOMOIEITAl MIa POVO popd
= YNApxel akopn Kal Xwpic avTIKEINEVO

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education. Inc.

7.7 static KAAOEIC
MpooBaon os peTaBAnTeC KAGONG static
= [TpooBacipya pecw onoloudnMnoTE AVTIKEIUEVOU

kKAQoNG
= public static PETABANTEC
MnopoUv va npooneAacTouV Kal Heow (: :)

Employee: :count
= private static PeTABANTEC

'OTav dev uNApXEl QVTIKEIUEVO

= Mnopei va Ta npooneAAcel KAveic HECW ouvAPTNONG
public static

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education. Inc.




7.7 static KAAoEIC

static OuvapTnoEIG

= Ae uNOpPOUV va NpooneAdcouUV non-static
dedopEva N ouvapTnoEIC
= Aev UnNapyel this yia TIC static
OUVAPTNOEIG
static 0edopEVa Kal CUVAPTNOEIC UNAPXOUV
ave€apTnTa anod TA avTIKEiYeva

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

. 60
1 // Fig. 7.17: employet.aZ:h. IZI Outline
2 // Employee class definition. E——
3 #ifndef EMPLOYEE2 H
: #define EMPLOYEE2 H employee2.h (1 of 2)
6 class Employee ({
7
8 public:
9 Employee( const char *, const char * ); // constructor
10 ~Employee () ; // destructor
11 const char *getFirstName () const; // re= £5 secde =,
12 const char *getLastName() const; // static member function
13 can only access static data
14 // static member function members and member
15 static int getCount() ; / return # obij¢ functions.
16
17 private:
18 char *firstName; . .
. char *lastName; static data member is
20 class-wide data.
21 // static data member
22 static int count; // number of objects instantiated
23
24 }; // end class Employee
25

© 2003 Prentice Hall, Inc.
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#endif

// Fig. 7.18: employee2.cpp

// Member-function definitions for class Employee.
#include <iostream>

using std::cout;

using std::endl;

#include <new> // C++ standard new operator
#include <cstring> // strcpy and strlen prototypes

Initialize static data
member exactly once at file
scope.

#include "employee2.h" // Employee cla

// define and initialize static data membe

int Employee::count = 0;

static member function
accesses static data
member count.

// define static member function that
// Employee objects instantiated

int Employee: :getCount ()

{

return count;

} // end static function getCount

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

@ Outline !
\d

employee2.h (2 of 2)

employee2.cpp
(1 0f3)

© 2003 Prentice Hall, Inc.
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46
47

// constructor dynamically allocates space for
// first and last name and uses strcpy to copy
// first and last names into the object

@ Outline ”
V]

Employee: :Employee ( const char *first, const char *

allocates space.

new operator dynamically

oanmnlaxs :cz.cpp

firstName = new char[ strlen( fi

strcpy( firstName,

Use static data member to
store total count of
employees.

/ increment static count or EMpIOyEES

lastName = new char[ st

strcpy( lastName,

++count;

cout << "Employee constructor for " << firstName
<< ' ' << lastName << " called." << endl;

} // end Employee constructor

// destructor deallocates dynamically allocated memory

Employee: : ~NEmployee ()
{
cout << "~Employee () called for " << firstName
<< ' ' << lastName << endl;

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.
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48 delete [] firstName; // recapture memory @ outline 63
49 delete // recapture memory _
50 E
51 --count; tatic count of employees employeeZ.cpp
32 . llocates 3 of 3
53 } // end destructor ~Emp] US€ Static data member to o (3 of 3)
54 store total count of
55 // return first name of ¢ employees_
56 const char *Employee::getFirstName () const
57 {
58 // const before return type prevents client from modifying
59 // private data; client should copy returned string before
60 // destructor deletes storage to prevent undefined pointer
61 return firstName;
62
63 } // end function getFirstName
64
65 // return last name of employee
66 const char *Employee::getLastName() const
67 {
68 // const before return type prevents client from modifying
69 // private data; client should copy returned string before
70 // destructor deletes storage to prevent undefined pointer
71 return lastName;
72
73 } // end function getLastName
© 2003 Prentice Hall, Inc.
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1 // Fig. 7.19: £ig07_19.cpp Outline
2 // Driver to test class Employee. E—
3 #include <iostream> E
4 ) fig07_19.cpp
5 using std::cout;
6 using std::endl; (1 of 2)
7
8 #include <new> // C++ standard new operator
9
10 #include "employee2.h" // Employee class definition
11
12 int main()
13 {
14 cout << "Number of employees before instantiation is "
15 << Employee: :getCount() << endl; // use class nam new operator dynamically
1 allocates space.
17 Employee *elPtr = new . 2
. Employee *e2Ptr = new static member function
19 can be invoked on any object
20 cout << "Number of of class.
21 << elPtr->getCount() ;
22

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.
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23 cout << "\n\nEmployee 1: " @ . 65
24 << elPtr->getFirstName () OL'II’IE
25 << " " << elPtr->getLastName () E
26 << "\nEmployee 2: " ﬁg07 19.Cpp
27 << e2Ptr->getFirstName () A
28 << " " << e2Ptr->getLastName () << "\n\n"; (2 sz)
29
30 delete elPtr; // recapture memory
31 elPtr // disconnect pointer from free-store space
32 delete e2Ptr; recapture memc.>ry T R e
33 e2Ptr nect poin f1 . ) .
., 5 invoked using binary scope
35 cout << "Number of empl peratd resolution operator (no
36 << Employee: :getCount () <4 LolOTY existing class objects).
37
38 return 0;
39
40 } // end main
© 2003 Prentice Hall, Inc.
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Number of employees before instantiation is 0

Employee constructor for Susan Baker called.

Employee constructor for Robert Jones called.

Number of employees after instantiation is 2

Employee 1l: Susan Baker

Employee 2: Robert Jones

~Employee () called for Susan Baker

~Employee () called for Robert Jones

Number of employees after deletion is 0

Reproduced from the PowerPoints for C++ How to Program, 4/e by Deitel and Deitel © 2003. Reproduced by
permission of Pearson Education, Inc.

Al outine
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fig07_19.cpp
output (1 of 1)
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17.9 Class unique_ptr and Dynamic
Memory Allocation

* A common programming practice is to allocate
dynamic memory, assign the address of that
memory to a pointer, use the pointer to manipulate
the memory and deallocate the memory with
delete when the memory is no longer needed.

 [f an exception occurs after successful memory
allocation but before the de l ete statement
executes, a memory leak could occur.

« C++ 11 provides class template unique_ptr in
header file <memory> to deal with this situation.

© 2003 Prentice Hall, Inc. All rights reserved. - -

17.9 Class unique_ptr and Dynamic
Memory Allocation (cont.)

» An object of class unique_ptr maintains a pointer to
dynamically allocated memory.

* When an unique_ptr object destructor is called (for
example, when an unique_ptr object goes out of scope),
it performs a de lete operation on its pointer data member.

» C(lass template unique_ptr provides overloaded operators

* and —> so that an unique_ptr object can be used just as
a regular pointer variable is.

» Figure 17.9 demonstrates an unique_ptr object that points
to a dynamically allocated object of class Integer
(Figs. 17.7-17.8).
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// Fig. 17.7: Integer.h

I

2 // Integer class definition.

3

4 class Integer

5 {

6 public:

7 Integer( int i = ); // Integer default constructor
8 ~Integer(); // Integer destructor

9 void setInteger( int i ); // set Integer value
10 int getInteger() const; // return Integer value
Il private:

12 int value;

13 }; // end class Integer

Fig. 17.7 | Integer class definition.
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// Fig. 17.8: Integer.cpp

|

2 // Integer member function definitions.
3 #include <iostream>

4 #include

5 using namespace std;

6

7 // Integer default constructor

8 Integer::Integer( int i )

9 : value( i )

10 {

11 cout << tru for i r << value << endl;
12 } // end Integer constructor

13

14 // Integer destructor
I5 Integer::~Integer()

16 {

17 cout << 0 << value << endl;
I8 } // end Integer destructor

19

20 // set Integer value

21  void Integer::setlnteger( int i )
22 {

23 value = i;

24 } // end function setInteger

Fig. 17.8 | Member function definitions of class Integer. (Part | of 2.)
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25
26
27
28
29
30

// return Integer value
int Integer::getInteger() const
{
return value;
} // end function getlnteger

Fig. 17.8 | Member function definitions of class Integer. (Part 2 of 2.)
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15
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18
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20
21
22
23

// Fig. 17.9: figl7_09.cpp
// Demonstrating unique_ptr.
#include <iostream>
#include <memory>

using namespace std;

#include

// use unique_ptr to manipulate Integer object
int main(Q)

{

cout << :

// "aim" unique_ptr at Integer object
unique_ptr< Integer > ptrTolnteger( new Integer( = ) );

cout << :
ptrTolnteger->setInteger( ); // use unique_ptr to set Integer value

// use unique_ptr to get Integer value
cout << t << ( *ptrTolnteger ).getlnteger()
<< " << endl;
} // end main

Fig. 17.9 | unique_ptr object manages dynamically allocated memory. (Part |

of 2.)
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Creating a unique_ptr object that points to an Integer
Constructor for Integer 7

Using the unique_ptr to manipulate the Integer
Integer after setInteger: 99

Terminating program
Destructor for Integer 99

Fig. 17.9 | unique_ptr object manages dynamically allocated memory. (Part 2
of 2.)
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17.9 Class unique_ptr and Dynamic
Memory Allocation (cont.)

* Because ptrTolnteger is a local automatic
variable in main, ptrTolnteger is destroyed
when maln terminates.

 The unique_ptr destructor forces a delete
of the Integer object pointed to by
ptrTolnteger, which in turn calls the
Integer class destructor.

» The memory that Integer occupies is released,
regardless of how control leaves the block (e.g.,
by a return statement or by an exception).

« Most importantly, using this technique can prevent
memory leaks.
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17.9 Class unique_ptr and Dynamic
Memory Allocation (cont.)

unique_ptrNotes

» The class is called unique_ptr because only one
unique_ptr at a time can own a dynamically allocated
object.

* By using its overloaded assignment operator or copy
constructor, an unique_ptr can transfer ownership of
the dynamic memory it manages.
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17.9 Class unique_ptr and Dynamic
Memory Allocation (cont.)

« The last unique_ptr object that maintains the pointer to
the dynamic memory will delete the memory.

* This makes unique_ptr an ideal mechanism for
returning dynamically allocated memory to client code.

* When the unique_ptr goes out of scope in the client
code, the unique_ptr’s destructor destroys the
dynamically allocated object and deletes its memory.
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17.9 Class unique_ptr and Dynamic
Memory Allocation (cont.)

unique_ptrto a Built-In Array
* You can also use a unique_ptr to manage a
dynamically allocated built-in array.

» For example, consider the statement
unique_ptr< string[] > ptr( new string[ 10 ]
);
« which dynamically allocates an array of 10 strings
managed by ptr.

* The type string][ ] indicates that the managed memory
is a built-in array containing Strings.
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17.9 Class unique_ptr and Dynamic
Memory Allocation (cont.)

* When a unique_ptr that manages an array goes out of
scope it deletes the memory with delete [] so that every
element of the array receives a destructor call.

« A unique_ptr that manages an array provides an
overloaded [] operator for accessing the array’s
elements.

* For example, the statement
ptr[ 2 ] = "hello™;
 assigns ""hel 10" to the string at ptr[2] and the
statement
cout << ptr[ 2 ] << endl;

* displays that string.
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