|S 0020
Program Design and Software Tools

Introduction to C++ Programming

Lecture 5: Classes
(continued)

Feb 1, 2005

fri end Functions and fri 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

— Want to make all member functions of classC assTwo as
friendsof classC assOne
 Place declaration of form
friend class ClassTwo;
inCl assOne definition
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fri end Functions and f ri end Classes

 Properties of friendship

— Friendship granted, not taken

e ClassBfriend of classA

— Class A must explicitly declareclassBf ri end

— Not symmetric

» ClassBfri end of classA

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

e ClassAfri end of classB

* ClassBfri end of classC

» Class A not necessarily f ri end of ClassC
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/'l Fig. 7.11: fig07_11.cpp m O H
utline

I/ Friends can access private nembers of a class. m
#i ncl ude <iostrean»

) o . fig07_11.cpp
using std::cout; 0

of 3)

using std::endl ;

Precede function prototype
/1 Count class definitioh Wlthkeywordf riend.
class Count {

friend void setX( Count & int ); // friend declaration
public:
/'l constructor
Count ()
:x( 0) // initialize x to O
{
/1 enpty body
} /1 end Count constructor
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22 /'l output x m ;
23 void print() const OL'IHE
24 {
25 cout << x << endl; figO?_ll.cpp
2 o (20of3)
27 } /1 end function print
28
29 private:
30 int x; // data nmenber
31
32 }; /Il end class Count
3 PassCount object since G
34 // function setX can | shvle standalone function.
B becavee sei | Sinceset Xfri end of
36 void setX( Count , can accessand
37 { modify pri vat e data
38 c.x =val; // led memberx.
39
40 } // end function setX
41
O 2003 Prentice Hall, Inc.
All rights reserved.
42 int main() m Outline
43 { -
44 Count counter; /1 create Count object
45 .
46 cout << "counter.x after instantiat] USBT riendfunctionto f|gOf7_ll.cpp
a7 SO @7 171 0 () access and modify pr i vat e (30f3)
48 datamember x. .
49 set X( counter, 8 ); // set x with afriend f'g()?_ll-Cpp
50 output (1 of 1)
51 cout << "counter.x after call to setX friend function: ";
52 counter.print();
53
54 return O;
55
56 } // end main

counter.x after instantiation: 0

counter.x after call

to setX friend function: 8
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Using the t hi s Pointer

t hi s pointer
— Allows object to access own address
— Not part of object itself

» 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 hastypeEnpl oyee * const

 Constant pointer to non-constant Enpl oyee 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.
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/'l Fig. 7.13: fig07_13.cpp
/'l Using the this pointer to refer to object nembers.
#i ncl ude <iostrean»

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

class Test {
public:

Test( int =0 );
void print() const;

/'l default constructor

private:
int x;

}; /1 end class Test

/1 constructor
Test::Test( int value )
: x( value ) [// initialize x to value

{
I/ enpty body

} /1 end Test constructor

m Outline ?
|

fig07_13.cpp
(2of 3)
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/] print x using inplicit and explicit this pointers;
/'l parentheses around *this required - X X
L R g Implicitly uset hi s pointer;
void Test::print() const ) 07 13.0
( only specify name of data 3 -CPp
hor (3 (o]
/1 inmplicitly use this pointe . " S
T 28 O o0 &2 Explicitly uset hi s pointer
with arrow operator.
/1 explicitly use this pointer to X
cout << TN this>x =t as this > Explicitly uset hi s pointer;
/1l explicitly use dereferenced this pgisfer and qerderenCEt hi's pointer
/'l the dot operator to access nme X fII’SI, then usedotoperetor.
cout << "\n(*this).x =" << ( *this ).x << endl;
} /1 end function print
int main()
{
Test testCbject( 12 );
testCbject.print();
return O;
} /1 end main
X = 12
this->x = 12 . .
this).x = 12 O 2003 Prentice Hall, Inc.

IZI Outline

All rights reserved.

Using the t hi s Pointer

Cascaded member function calls

{ return *this;

O 2003 Prentice Hall, Inc. All rights reserved.

Multiple functions invoked in same statement
Function returns reference pointer to same object

}

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




1 /] Fig. 7.14: tine6.h m : u

2 |/ Cascading nenber function calls. OL'IHE

3

4 /] Time class definition. time6.h (l of 2)

5 // Menber functions defined in tinme6.cpp.

6 #ifndef TIME6_H

7 #define TIME6_H

8

9 «class Time {

10

L i b e Set functions return reference

12 Time( int =0, int toTi e object to enable

13 _ cascaded member function

14 /'l set functions cdls.

15 Time &setTinme( int, int, int ); // s

16 Time &setHour( int ); /'l set hour

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

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

19

20 /'l 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.
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: : m 12

25 /1 print functions (nornmally declared const) Outline

26 voi d printUniversal () const; // print universal tinme -

27 voi d printStandard() const; // print standard tine

s time6.h (2 of 2)

29 private:

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

31 int mnute; // 0 - 59

32 int second; // 0 - 59

33

34 }; // end class Tine

35

36 #endif

O 2003 Prentice Hall, Inc.
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1 // Fig. 7.15: tine6.cpp m Outline 13

2 /] Menber-function definitions for Tine class. -

3 #include <iostreanr

4 time6.cpp (1 of 5)

5 using std::cout;

6

7 #include <iomani p>

8

9 using std::setfill;

10 using 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 variables;

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

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

18 {

19 setTime( hr, min, sec );

20

21 } // end Tinme constructor

22
O 2003 Prentice Hall, Inc.
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23 [/ set values of hour, minute, and second Outline

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

25 {

2 setblour(Chi); time6.cpp (2 of 5)

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

28 set Second( s ); enable cascaded member

%) function calls.

30 return *this; / enabl es cast T

31

32 } // end function setTine

33

34 // set hour value

35 Tine &Tine::setHour( int h)

%6 { Return*t hi s asreferenceto

a7 hour = ( h >=0 && h < enable cascaded member

&) function calls.

39 return *this; ! enabl es cas _

40

41 } // end function setHour

42

O 2003 Prentice Hall, Inc.
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43 [/ set minute value m ; 15

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

45 { Return*t hi s asreferenceto

46 minute = ( m>= 0 & m<760 )| enablecascaded member times.cpp (3 of 5)

ar function calls.

48 return *this; /1 enabl es cascaurmyg

49

50 } // end function setMnute

51

52 // set second val ue

53 Tinme &Tinme::setSecond( int s )

54 { Return*t hi s asreferenceto

55 second = (s >= 0 && s enabl e cascaded member

56 function calls.

57 return *this; /1 enabl es ca: >

58

59 } // end function setSecond

60

61 // get hour val ue

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 m nute val ue m Outline 16

69 int Tine::getMnute() const -

70 {

71 return mnute; H

o time6.cpp (4 of 5)

73 } I/ end function getMnute

74

75 |/ get second val ue

76 int Tine::getSecond() const

7 {

78 return second;

79

80 } // end function getSecond

81

82 // print Tine in universal formt

83 void Tinme::printUniversal () const

8 {

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

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

87 << setw( 2 ) << second;

88

89
90

} /1 end function printUniversal

O 2003 Prentice Hall, Inc.
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91 // print Time in standard format
92 void Tine::printStandard() const

93 {
94
9%
%
97
%8

cout << ( ( hour == 0 || hour == 12 ) ? 12 : hour %12 )
<< ":" << setfill( '0" ) << setwm( 2 ) << minute
<< ":" << setw( 2 ) << second
<< ( hour <12 2 " AM' : " PM );

99 } // end function printStandard

m ] 17
Outline

timeB.cpp (5 of 5)

O 2003 PrenticeHall, Inc.
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/'l Fig. 7.16: fig07_16.cpp
/'l Cascadi ng menber function calls with the this pointer.
#i ncl ude <iostrean»

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

int main()

Time t;

/'l cascaded function cal

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

Cascade member function
calls; recall dot operator

associates from left to right.

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

/1 output tine in universal and standard formats

cout << "Universal time: ";
t.printUniversal ();

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

cout << "\n\nNew standard tine: "“;

B e "
Outline

fig07_16.cpp
(1of2)

O 2003 Prentice Hall, Inc.
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27 t.setTinme( 20, 20, 20 ).printStandard();
28

26 /'l cascaded function calls m Outline

gg cout << endl ; Function call to 7_16.cpp
. print St andar d must 2)
31 return O; )
32 appear last;
33 } // end main 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 standard time: 8:20:20 PM

19

O 2003 Prentice Hall, Inc.

All rights reserved.

Dynamic Memory Management with Operators
newand del et e

* Dynamic memory management
— Control allocation and deallocation of memory
— Operatorsnewand del et e
* Include standard header <new>
°* new
Time *timePtr;
timePtr = new Ting;
Creates object of proper sizefor type Ti e
* Error if no space in memory for object
Callsdefault constructor for object
Returns pointer of specified type
— Providing initializers
doubl e *ptr = new doubl e( 3.14159 );
Tine *timePtr = new Time( 12, 0, 0 );
Allocating arrays
int *gradesArray = newint[ 10 ];

O 2003 Prentice Hall, Inc. All rights reserved.
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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
— Dedlocating 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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st ati ¢ Class Members

e stati c classvariable
— “Classwide’ data
* Property of class, not specific object of class

Efficient when single copy of datais enough
* Only thest at i c variable has to be updated

— May seem like globa variables, but have class scope
» Only accessible to objects of same class

Initialized 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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23
st ati ¢ Class Members
* Accessing st at i ¢ class variables
— 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 via
publ i c st ati ¢ member function
Enmpl oyee: : get Count ()
» st ati ¢ member functions
— Cannot access non-st at i ¢ data or functions
— Not hi s pointer for st at i ¢ functions
» stati c datamembersandst at i ¢ member functions exist
independent of objects
O 2003 Prentice Hall, Inc. All rights reserved.
' 24
1 [/l Fig. 7.17: enployee2.h m H
2 /] Enployee class definition. OL“HG
3 #ifndef EMPLOYEE2_H
4  #define EMPLOYEE2_H
. employee2.h (1 of 2)
6 class Enployee {
7
8 public:
9 Enpl oyee( const char *, const char * ); // constructor
10 ~Enpl oyee(); /'l destructor
11 const char *getFirstNane() const; // rpet Heot -
12 const char *getLastName() const; |/ st at i ¢ member function
13 canonly access st at i ¢ data
14 /] static member function members and member
15 static int getCount(); “7/ return # obj| fynctions.
16
17 private:
13 2:: r;;f:qa’\h;mnﬁ st at i ¢ datamember is
20 class-wide data.
21 /] static data nmenber
22 static int count; // nunber of objects instantiated
23
24 }; Il end class Enployee

]
al

O 2003 Prentice Hall, Inc.
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Il Fig. 7.18: enpl oyee2. cpp

/1 Menber-function definitions for class Enployee.

#i ncl ude <iostreanr

using std::cout;

using std::endl ;

#i ncl ude <new> /|l C++ standard new oper at or

#i ncl ude <cstring> /1 strcpy and strlen prototypes

Initidlizest ati c data
member exactly once at file
data memb{ SCOpE.

#i ncl ude "enpl oyee2. h" // Enployee cl

/1 define and initialize stapk

int Enpl oyee::count = 0O;

st at i ¢ member function
accessesst at i ¢ data
member count .

// define static menber function that
/| Enpl oyee objects instantiate
int Enpl oyee: : get Count ()

{

return count;

} /1 end static function getCount

B oue *
Outline

employee2.h (2 of 2)

employee2.cpp
(Lof 3)

O 2003 PrenticeHall, Inc.
All rights reserved.
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/'l constructor dynamically allocates space for
/1 first and | ast name and uses strcpy to copy
/1 first and last nanes into the object

B e
Outline

emnl o N2cpp

const ch

Enpl oyee: : Enpl oyee( const char *first,
allocates space.

firstName = new char[ strlen( fi

new operator dynamically

strcpy( firstName, fir

| ast Nane = new char[ si#| Usest at i ¢ datamember to
strepy( |astName, ka5t )] storetotal count of
employees.

increnment starrccourmmor—enpruyees

11

++count ;

cout << "Enployee constructor for " << firstNane
<< ' ' << lastNane << " called." << endl;

} // end Enpl oyee constructor

/'l destructor deall ocates dynam cally allocated nmenory
Enpl oyee: : ~Enpl oyee()
{
cout << "~Enployee() called for " << firstName
<< ' ' << |astNane << endl;

O 2003 Prentice Hall, Inc.
All rights reserved.
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delete [] firstNane; // recapture nmenory m Outline 2

del ete ; /'l recapture nenory

- count tatic I(:ount of enpl oyees employeeZ.Cpp
} /1 end destructor ~enp| Usestati c datamember to ellocates (30f3)
storetotal count of
/1 return first name of | employees.
const char *Enpl oyee::getFrrstNane() const
{

/'l const before return type prevents client from nodifying
Il private data; client should copy returned string before
/| destructor deletes storage to prevent undefined pointer
return firstName;

} /1 end function getFirstNane

/1 return |last name of enployee

const char *Enpl oyee: : getLast Nanme() const

{
/'l const before return type prevents client from nodifying
/'l private data; client should copy returned string before
/| destructor deletes storage to prevent undefined pointer
return | astNang;

} // end function getlLast Name

O 2003 PrenticeHall, Inc.
All rights reserved.

Data Abstraction and Information Hiding

* Information hiding
— Classes hide implementation details from clients
— Example: stack data structure
» Dataelements added (pushed) onto top
» Dataelements removed (popped) from top
e Last-in, first-out (LIFO) data structure
* Client only wants LIFO data structure
— Does not care how stack implemented

e Data abstraction

— Describe functionality of class independent of
implementation

O 2003 Prentice Hall, Inc. All rights reserved.
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Data Abstraction and Information Hiding

» Abstract datatypes (ADTS)

— Approximations/models of real-world concepts and
behaviors
e int,fl oat are modelsfor anumbers

— Data representation
— Operations allowed on those data
» 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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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:
class Cl assToload;

O 2003 Prentice Hall, Inc. All rights reserved.
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1 // Fig. 7.20: inplenentation.h m : sl
2 |/ Header file for class |nplenentation OL'IHE
3
4 class Inplenentation { implementation.h
> _ (1of2)
6 public:
7
8 /'l constructor
9 I npl enentation( int v )
10 value( v ) // initialize value with v
11 {
12 /] enpty body
13
14 } // end Inplenentation constructor publ i ¢ member function.
15
16 /1l set value to v
17 void setValue( int v )
18 {
19 value = v; // should validate v 23
20 /1 return val ue
21 } // end function setVal ue 24 int getValue() const
22 25 {
26 return val ue;
27
28 } /1 end function getVal ue
29
30 private:
31 int val ue;
32
33 }; // end class Inplementati gl nightsreserved.
1 // Fig. 7.21: interface.h m Outline 32
2 /] Header file for interface.cpp -
3
g class | nplenentation; /Il forward cl ass decl aration interfaceh (1 of l)
6 class Interface { . .
- Provide samepubl i ¢
8 public: mterfaoeascla&_
9 Interface( int ); I rr’pl enent at i on; recall
10 void setValue( int ); // set Val ue and get Val ue
11 int getValue() const; // clas onIy publ i ¢ member
12 ~Interface(); functions.
13
14 private: Pointer to
15 | mpl enent at i on object
16 /'l requires previous for d decl ar g requiresfonNa'd class
17 | npl enent ation *ptr; .
15 declaration.
19 }; // end class Interface

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 /] Fig. 7.22: interface.cpp m : 33

2 /Il Definition of class Interface OL'IHE

3 #include "interface. h" /'l Interface class definition

g #i ncl ude "inpl ementation. h Maintain pointer 0 nition |nterface.cpp

6 // constructor underlylng (l of 2)

7 Interface::Interface( int v| | npl ement ati on object. face

8 ptr ( new Inplementation( v ) ) /] Mcruoesneaner e for class

9 { | npl enent at i on.

10 /'l enpty body

11

12 } // end Interface constructor

13

14 // call Inplenentation's setValue fu |nvokecorresponding

15 void Interface::setValue( int v function on underlying

16 { | mpl enent 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 Inplenentation's getValue function Invoke corresponding m Outline 34

22 int Interface::getValue() const function on underlying -

23 { | mpl emrent at i on object.

24 return ptr->getVal ue(); interface.cpp

® ) (20f2)

26 } // end function getVal ue

27

28 // destructor Deallocateunderlying

29 Interface::~Interface( | npl ement at i on object.

30 {

31 delete ptr;

32

33 } // end destructor ~Interface

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 /] Fig. 7.23: fig07_23.cpp m Outline 35
2 // Hiding a class’'s private data with a proxy cl ass. -
3 #include <iostreanr

4 : - fig07_23.cpp
5 using std::cout; Only include proxy class (Lof 1)

6 using std::endl ; header file.

7

8 #include "interface.h™”// Interface gt dafioition f|907_23'Cpp
9 Create object of proxy class output (1 of 1)
10 int main() I nt er f ace; note no

1 { mention of

12 Interface i( 5); | mpl enent at i on class.

13

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

15 << " before setVal ue" << endl; . -

0 Invoke member functionsvia

17 i.setValue( 10 ); proxy CIaSObjeCt-

18

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

20 << " after setValue" << endl;

21

22 return O;

23

24 } /] end nmin

Interface contains: 5 before setVal ue
Interface contains: 10 after setVal ue

O 2003 PrenticeHall, Inc.
All rights reserved.
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