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Fundamentals of Operator Overloading

o Use operators with objects (operator overloading)

— Clearer than function calls for certain classes
— Operator sensitive to context

e Types
— Builtin (i nt, char) or user-defined
— Can use existing operators with user-defined types
e Cannot create new operators
* Overloading operators

— Create afunction for the class
— Name function oper at or followed by symbol
 Oper at or + for the addition operator +
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Fundamentals of Operator Overloading

e Using operators on a class object
— It must be overloaded for that class
— Exceptions:
o Assignment operator, =
— May be used without explicit overloading

— Memberwise assignment between objects
e Address operator, &

— May be used on any class without overloading
— Returns address of object
» Both can be overloaded
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Restrictions on Operator Overloading

e Cannot change

— How operators act on built-in data types
* |.e., cannot change integer addition
— Precedence of operator (order of evaluation)
o Use parentheses to force order-of-operations
— Associativity (left-to-right or right-to-left)
— Number of operands
o &isunitary, only acts on one operand

e Cannot create new operators

* Operators must be overloaded explicitly
— Overloading + does not overload +=
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Restrictions on Operator Overloading

Operators that can be overl oaded

+ - * / % N &

~ ! = < > += - = * =

= 0= N= &= | = << >> >>=
<<= == I = <= >= && | | ++

- - - >* -> [] () new del ete
new ] del et e[ ]
Operators that cannot be overl oaded

¥ si zeof
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Operator Functions As Class Members Vs. As
Friend Functions

e Operator functions

— Member functions
 Uset hi s keyword to implicitly get argument
o Getsleft operand for binary operators (like +)
» Leftmost object must be of same class as operator
— Non member functions
* Need parameters for both operands
» Can have object of different classthan operator
« Must beafriendtoaccesspri vat e or prot ect ed data

e Example Overloaded << operator

— Left operand of typeost ream &
e Suchas cout objectincout << cl ass(bj ect
— Similarly, overloaded >> needsi st ream &

— Thus, both must be non-member functions
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Operator Functions As Class Members Vs. As
Friend Functions

o Commutative operators
— May want + to be commutative
e SOboth“a + b” and“b + a” work
— Suppose we have two different classes

— Overloaded operator can only be member function when its
classison left
e Hugel ntd ass + Long i nt

e Can be member function

— When other way, need a nhon-member overload function
e Long i nt + Hugel ntd ass
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Overloading Stream-Insertion and Stream-
Extraction Operators

o < and>>

— Already overloaded to process each built-in type
— Can aso process a user-defined class

e Example program
— ClassPhoneNunber
» Holds atelephone number

— Print out formatted number automatically
« (123) 456- 7890

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 8.3: fig08 03.cpp

/1 Overloading the streaminsertion and
/] streamextraction operators.

#i ncl ude <i ostreanv

usi ng std:: cout;
usi ng std::cin;

usi ng std::endl;

usi ng std::ostream
usi ng std::istream

#i ncl ude <i omani p>

A

Qutline

\%

Notice function prototypes for

usi ng std::setw,
overloaded operators >> and <<

[/ PhoneNunbe ass definitio They must be nonrmember fri end

| PhoneN i ' i
AReE RGN I functions, since the object of class

friend ostream &oper at or<< .
: ) P ( Phonenunber appears on theright of
friend i stream &oper at or>>(
the operator.

private: cin << obj ect
char areaCode[ 4 ]; [/ 3-0 cout >> Obj ect
char exchange[ 4 ]; [/ 3-0

~J

char line[ 5 ]; /'l 4-digit line and null

}; /] end class PhoneNunber

fig08_03.cpp
(1 of 3)
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/'l overl oaded streaminsertion operator; cannot be

[/ a menber function if we would like to invoke it with

[/ cout << sonePhoneNunber ;

ostream &oper at or <<( ostream &out put, const PhoneNunber &num )

{

output << "(" << num areaCode << ")
<< num exchange << "-" << num i ne;

return output; /'l enables cout << a << b << c;

} // end function operator<<

A
\%

fig08_03.cpp
(2 of Q)

Qutline

10

The expression:
cout << phone;

Is interpreted as the function call:
oper at or <<(cout, phone);

out put isanaliasfor cout .

/'l overl oaded streamextraction operator; can
/'l a menber function if we would like to invoke it
/'l cin >> somePhoneNunber ;

i stream &operat or>>( istream & nput, PhoneNunber &

{

This allows objects to be cascaded.
cout << phonel << phoneZ2;

first calls

oper at or<<(cout, phonel),and

I nput.ignore(); Il skip ( returnscout .

i nput >> setw( 4 ) >> num areaCode; // input ar

i nput.ignore( 2 ); [/ skin ) al Next,cout <<
i nput >> setw( 4 ) >> numexchangej Stream manipulator set w
VIS o [ g G restricts number of characters
I nput >> setw( 5 ) >> numline; read. set \N(4) allows 3

return input; /'l enables cin ;3

charactersto be read, leaving
room for the null character.

phone?2 executes.

O 2003 Prentice Hall, Inc.
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} // end function operator>>

mai n()

PhoneNunber phone; // create object phone

cout << "Enter phone nunber in the form (123) 456-7890:\n";

/'l cin >> phone invokes operator>> by inplicitly issuing
/'l the non-nmenber function call operator>>( cin, phone )
ci n >> phone;

cout << "The phone nunber entered was: ;
/'l cout << phone invokes operator<< by inplicitly issuing
/'l the non-nmenber function call operator<<( cout, phone )

cout << phone << endl;

return O;

74 } /] end main

Ent er phone nunber in the form (123) 456- 7890:
(800) 555-1212
The phone nunber entered was: (800) 555-1212

A

Qutline

\%

fig08_03.cpp
(30f 3)

fig08_03.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
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Overloading Unary Operators

e Overloading unary operators
— Non-st at I ¢ member function, no arguments

— Non-member function, one argument
o Argument must be class object or reference to class object
— Remember, st at i ¢ functions only accessst at i ¢ data

O 2003 Prentice Hall, Inc. All rights reserved.



Overloading Operators

e Oveloading unary operators (! to test for empty string)

— Non-st at i ¢ member function: ! s becomess. operat or! ()
bool operator! () const;

— Non-member function: s! becomesoper ator! (s)
friend bool operator!( const String &)
* Overloading binary operators
— Non-member function (arg. must be class object or reference)

friend const String &operator+=(String & const
String & );

— Non-st at i ¢ member function:
const String &operator+=( const String & );

— Yy += z equivaenttoy. operator+=( z )

O 2003 Prentice Hall, Inc. All rights reserved.



Case Study: Array class

e Arraysin C++
— No range checking
— Cannot be compared meaningfully with ==
— No array assignment (array namesconst pointers)
— Cannot input/output entire arrays at once

e Example:lmplement an Ar r ay class with
— Range checking
— Array assignment
— Arraysthat know their size
— Outputting/inputting entire arrays with << and >>
— Array comparisonswith==and ! =

O 2003 Prentice Hall, Inc. All rights reserved.



Case Study: Array class

e Copy constructor

— Used whenever copy of object needed
» Passing by value (return value or parameter)

« |nitializing an object with a copy of another
— Array newArray( ol dArray );

— newAr r ay copy of ol dArr ay
— Prototype for class Ar r ay
« Array( const Array & );
e Must take reference
— Otherwise, pass by value
— Triesto make copy by calling copy constructor ...
— Infinite loop

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 8.4: arrayl.h

/'l Array class for storing arrays of integers.

#i f ndef ARRAY1 H
#defi ne ARRAY1 H

#i ncl ude <i ostreanr

usi ng std::ostream
usi ng std::istream

class Array {

friend ostream &operator<<( ostream &, const Array & );
friend i stream &operator>>( istreamé&, Array & );

A

Qutline

\%

publ i c:
Array( int = 10 ); I
Array( const Array & );
~Array();

Most operators overloaded as

1 member functions (except <<

and >>, which must be non-
member functions).

i nt getSize() const;

arrayl.h (1 of 2)

/1 assignment operator

Prototype for copy constructor.

const Array &operator=( const Array & );

/'l equality operator
bool operator==( const Array & ) const;

O 2003 Prentice Hall, Inc.

All rights reserved.
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27 /1l inequality operator; returns opposite of == operator

28 bool operator!=( const Array &right ) const

29 {

30 return! ( *this == right ); // invokes Array::operator==
31

22 } // end function operatorl = | = operatorsimply ST
34 /| subscript operator for non-con opposteof == operator.

35 int &operator[]( int ): Thus, only need to define the
36 == operator.

37 /'l subscript operator for const objects returns rval ue

38 const int &operator[]( int ) const;

39

40 private:

41 int size; // array size

42 int *ptr; // pointer to first element of array

43

44 }; [/ end class Array

45

46 #endif

arrayl.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig 8.5: arrayl.cpp

/1 Menber function definitions for class Array

#i ncl ude <i ostreanp

usi ng std:: cout;

usi ng std::cin;

usi ng std::endl;

#i ncl ude <i omani p>

usi ng std::setw

#i ncl ude <new> /| C++ standard "new' operator
#include <cstdlib> // exit function prototype

#i nclude "arrayl.h" [/ Array class definition

/'l default constructor for class Array (default size 10)

Array::Array( int arraySi ze )
{

/1l validate arraySi ze
size = ( arraySize > 0 ? arraySize : 10 );

ptr = newint[ size ]; // create space for array

A

Outline

\%

arrayl.cpp (1 of 7)

O 2003 Prentice Hall, Inc.
All rights reserved.
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for (int i =0; i < size; i++)
ptr[ 1 ] =0 /[l initialize array

} // end Array default constructor

/'l copy constructor for class Array;

A

Qutline

\%

/'l nmust receive a reference to pre
Array::Array( const Array &rrayTo

si ze( arrayToCopy. si ze
{ memory.

We must declare a new integer array so
the objects do not point to the same

ptr = newint[ size ]; // create space for array

for (int i =0; i < size; i++)

ptr[ i ] = arrayToCopy.ptr[ i ]; [/ copy into object

} // end Array copy constructor

/'l destructor for class Array
Array::~Array()

{

delete [] ptr; [// reclaimarray space

} // end destructor

arrayl.cpp (2 of 7)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l return size of array
int Array::getSize() const

{

return size;

} // end

/'l overl|l oaded assi gnnment operator

/[ const
const Arr

{

function getSi ze

Want to avoid self-assignment.

return avoids: ( al = a2Y5——oo
ay &Array::op or=( const Array &right )

if ( &ight '=this ) { // check for self-assignnent

Il
/11
i f

} !

f or

for arrays of different sizes, deallocate original
| eft-side array, then allocate new | eft-si de array

( size !'=right.size ) {
delete [] ptr; /'l reclaimspace
size = right.size; /'l resize this object

ptr = newint[ size ]; // create space for array copy

/ end inner if

(int i
ptr[ i ]

0; I < size; i++)
right.ptr[ i ]; [// copy array into object

} // end outer if

a QOutline
\
arrayl.cpp (3 of 7)

O 2003 Prentice Hall, Inc.
All rights reserved.
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return *this; /'l enables x =y =2z, for exanple

} // end function operator=

/'l determine if two arrays are equal and
/'l return true, otherw se return false
bool Array::operator==( const Array &right ) const

{

If ( size I'=right.size)
return fal se; /1 arrays of different sizes
for (int i =0; i < size; i++)

if ( ptr[ i ] '=right.ptr[ i ] )
return false; // arrays are not equal

return true; /| arrays are equal

} // end function operator==

A

Outline

\%

arrayl.cpp (4 of 7)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l overl| oaded subscript operator for non-const Arrays
/'l reference return creates an |val ue
int &Array::operator[]( int subscript )

{

/'l check for subscript out of ran
i f ( subscript <0 || subscript >= si
cout << "\nError: Subscript " << suby i ntegersl.operator[]( 5 )

<< " out of range"”

A

Outline

\%

arrayl.cpp (5 of 7)

err e«

I nt egers1[ 5] cals

<< endl ;

exit( 1); // termnate program subscript out of range

} /1 end if
return ptr[ subscript ];

} // end function operator][]

/1

o o
exit () (header <cstdl i b>)ends

the program.

reference return

O 2003 Prentice Hall, Inc.
All rights reserved.
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115 // overl oaded subscript operator for const Arrays A Outline 23
116 // const reference return creates an rval ue

117 const int &Array::operator[]( int subscript ) const v

118 {

119 /'l check for subscript out of range error arrayl.cpp (60f 7)
120 i f ( subscript <0 || subscript >=size ) {

121 cout << "\nError: Subscript " << subscri pt

122 << " out of range" << endl;

123

124 exit( 1); [// termnate program subscript out of range

125

126 } /1 end if

127

128 return ptr[ subscript ]; // const reference return

129

130 } // end function operator]]

131

132 // overl oaded i nput operator for class Array;
133 // inputs values for entire array
134 i stream &operat or>>( istream & nput, Array &a )

135 {

136 for (int i =0; i < a.size; i++)

137 input >> a.ptr[ 1 ];

138

139 return input; /'l enables cin >> x >>vy;
140

141} // end function

O 2003 Prentice Hall, Inc.
All rights reserved.



142 A 24

143 // overl oaded out put operator for class Array Outllne
144 ostream &oper at or<<( ostream &out put, const Array &a ) v

145 {

146 int i arrayl.cpp (7 of 7)
147

148 /1l output private ptr-based array

149 for (1 =0; i < a.size; i++ ) {

150 out put << setw 12 ) << a.ptr[ i ];

151

152 if ( (i +1) %4 ==0) // 4 nunbers per row of output

153 out put << endl;

154

155 } /1 end for

156

157 If (i %4!1!=0) [// end last |line of output

158 out put << endl;

159

160 return output; /'l enables cout << x << y;

161

162 } // end function operator<<

O 2003 Prentice Hall, Inc.
All rights reserved.



Converting between Types

» Cast operator (conversion operator)

— Convert from One class to another built-in type
— Must be non-st at i ¢ member function -

— Cannot bef ri end
— Do not specify return type

— Implicitly returns type to which you are converting
— Example: A : operator char *() const;
o CastsclassAtoatemporary char *
e (char *)scalss. operator char*()
A. . operator int() const;
A. . operator O herd ass() const;

« (Casting can prevent need for overloading

— SupposeclassStri ng canbecasttochar *

— cout << s; //cout expectschar *;sisaString
o Compiler implicitly callsthe function to convert s tochar *
e Donot havetooverload << for String

O 2003 Prentice Hall, Inc. All rights reserved.



Case Study: AStri ng Class

 BuildclassStri ng

— String creation, manipulation
— Classst ri ng instandard library (more Chapter 15)

e Conversion constructor
— Single-argument constructor

— Turns objects of other types into class objects
e String s1(“hi”);
 CreatesaStri ng fromachar *
— Any single-argument constructor is a conversion constructor

O 2003 Prentice Hall, Inc. All rights reserved.



Overloading ++ and - -

 |ncrement/decrement operators can be overloaded
— Add 1toaDat e object,d1

— Prototype (member function)
« Dat e &operator++();

 ++d1 sameasdl. oper at or ++()

— Prototype (non-member)
e Friend Date &operator++( Date &);

 ++d1 sameasoperat or ++( dil )

O 2003 Prentice Hall, Inc. All rights reserved.



Overloading ++ and - -

e To distinguish pre/post increment
— Post increment has a dummy parameter
e int of 0
— Prototype (member function)
« Date operator++( int );
e dl1++ sameasdl. operator++( 0 )

— Prototype (non-member)
e friend Date operator++( Data & 1int );

« dl1++ sameasoperator++( dil, 0 )

— Integer parameter does not have a name
* Not even in function definition

O 2003 Prentice Hall, Inc. All rights reserved.



Overloading ++ and - -

e Return values

— Preincrement
e Returns by reference (Dat e &)

* |value (can be assigned)

— Postincrement
e Returns by value
 Returns temporary object with old value
* rvalue (cannot be on left side of assignment)

 Example Dat e class

— Overloaded increment operator
« Change day, month and year
— Overloaded += operator

— Function to test for leap years
— Function to determine if day islast of month

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 8.10: datel.h

/1l Date class definition.
#i f ndef DATE1_H

#defi ne DATELlL H

#i ncl ude <i ostreanr

usi ng std::ostream

cl ass Date {
friend ostream &operator<<( ostream&, const Date & );

A

Outline

\%

publ i c:
Date( int m=1, int d =1, int y = Note difference between pre
void setDate( int, int, and post increment

Dat e &operator++(); /'l preincrenent operator
Dat e operator ++( int ); /'l postincrenent operator

const Date &operator+=( int ); // add days, nodify object

bool |eapYear( int ) const; /Il is this a | eap year?
bool endOMonth( int ) const; // is this end of nonth?

datel.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.

30



23

24 private:

25 I nt nont h;

26 i nt day;

27 i nt year;

28

29 static const int days[]; /'l array of days per nonth
30 voi d hel pl ncrenent(); /[l utility function
31

32 }; I/l end class Date

33

34 #endi f

35 Dat e &Dat e: : oper at or ++()

36
37
37
39
40
41
42
43
44
45
46
48
49
51

{

hel pl ncrement();
return *this; [/ reference return to create an | val ue
} // end function operator++

/'l overl oaded postincrenent operator; note that the dunmy
/'l integer paraneter does not have a paraneter name
Dat e Date::operator++( int )
{
Date tenp = *this; [// hold current state of object
hel pl ncrenment ();
/'l return unincrenented, saved, tenporary object
return tenp; /1 value return; not a reference return
} // end function operator++

A Outline
\V4
datel.h (2 of 2)

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

e |nheritance

— Software reusability

— Create new class from existing class
» Absorb existing class' s data and behaviors
» Enhance with new capabilities
— Derived class inherits from base class
* Derived class
— More specialized group of objects
— Behaviors inherited from base class
e Can customize
— Additional behaviors

O 2003 Prentice Hall, Inc. All rights reserved.



Inheritance

e Classhierarchy

— Direct base class

 Inherited explicitly (onelevel up hierarchy)
— Indirect base class

* Inherited two or more levels up hierarchy
— Single inheritance

* Inherits from one base class
— Multiple inheritance

e |nherits from multiple base classes

— Base classes possibly unrelated
e Chapter 22

O 2003 Prentice Hall, Inc. All rights reserved.



Inheritance

e Threetypes of inheritance
— public
» Every object of derived class aso object of base class
— Base-class objects not objects of derived classes
— Example: All carsvehicles, but not all vehicles cars
« Can accessnon-pr i vat e members of base class

— Derived class can effect change to pri vat e base-class
members

» Through inherited non-pr i vat e member functions
— private
 Alternative to composition
o Chapter 17
— protected
* Rarely used

O 2003 Prentice Hall, Inc. All rights reserved.



Inheritance

e Abstraction

— Focus on commonalities among objects in system
e “Is-a@’ vs. “has-a@”
— “Is-a@
* Inheritance
» Derived class object treated as base class object
« Example: Car isa vehicle
— Vehicle properties/behaviors also car properties/behaviors
— “has-a’
e Composition

» Object contains one or more objects of other classes as
members

« Example: Car has a steering whee

O 2003 Prentice Hall, Inc. All rights reserved.



Base Classes and Derived Classes

e Base classes and derived classes

— Object of one class “is an” object of another class
» Example: Rectangleis quadrilateral.

— Base class typically represents larger set of objects than
derived classes
e Example:
— Baseclass: Vehi cl e

o Cars, trucks, boats, bicycles, ...
— Derived class. Car

o Smaller, more-specific subset of vehicles

O 2003 Prentice Hall, Inc. All rights reserved.



Base Classes and Derived Classes

 |nheritance examples

Base class Derived classes
St udent Gr aduat eSt udent
Under gr aduat eSt udent
Shape Circle
Triangl e
Rect angl e
Loan Car Loan

Homel npr ovenent Loan
Mort gagelLoan

Enmpl oyee Facul t yMember
St af f Member
Account Checki ngAccount

Savi ngsAccount

O 2003 Prentice Hall, Inc. All rights reserved.



Base Classes and Derived Classes

 |nheritance hierarchy

— Inheritance relationships: tree-like hierarchy structure
— Each class becomes
e Baseclass
— Supply data/lbehaviorsto other classes
OR
* Derived class
— Inherit data/behaviors from other classes

O 2003 Prentice Hall, Inc. All rights reserved.



Inheritance hierarchy

Fig. 9.2  Inheritance hierarchy for university Conmuni t yMenber s.

Conmuni t yMenber

Enpl oyee | | St udent Al uimus
[\
Facul ty St af f isr’l;ﬂgrlietanceﬁ
A
Admi ni strat or Teacher isr'l;ﬂgrlietanceﬁ
\_/
Adm ni strat or Teacher m#letrii?zlaﬁceﬁ

O 2003 Prentice Hall, Inc. All rights reserved.
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Inheritance hierarchy

Fig. 9.3

Inheritance hierarchy for Shapes.

Shape

/

TwoDi nensi onal Shape

N

Circle

Squar e

Triangl e

O 2003 Prentice Hall, Inc. All rights reserved.

Thr eeDi mensi onal Shape

Spher e

Cube

Tet r ahedr on




Base Classes and Derived Classes

 publ i ¢ inheritance
— Specify with:
Cl ass TwoDi nensi onal Shape : public Shape
o ClassTwoD nensi onal Shape inheritsfrom class Shape
— Baseclass pri vat e members
* Not accessible directly
o Still inherited - manipulate through inherited member functions
— Baseclasspubl i ¢ and pr ot ect ed members
* Inherited with original member access
— fri end functions
« Not inherited

O 2003 Prentice Hall, Inc. All rights reserved.



pr ot ect ed Members

 protect ed access

— Intermediate level of protection between publ i ¢ and
private

— pr ot ect ed members accessible to

e Base class members
e Baseclassfri ends

e Derived class members
 Derivedclassfri ends
— Derived-class members
e Refer topubl i ¢c and pr ot ect ed members of base class
— Simply use member names

O 2003 Prentice Hall, Inc. All rights reserved.



Relationship between Base Classes and
Derived Classes

» Base class and derived class relationship

— Example: Point/circle inheritance hierarchy
e Point
— X-y coordinate pair
e Circle
— X-y coordinate pair
— Radius

O 2003 Prentice Hall, Inc. All rights reserved.



Relationship between Base Classes and
Derived Classes

 Using pr ot ect ed data members

— Advantages
* Derived classes can modify values directly
« Slight increase in performance
— Avoid set/get function call overhead
— Disadvantages
« No validity checking
— Derived class can assign illegal value
 |mplementation dependent

— Derived class member functions more likely dependent on
base class implementation

— Base class implementation changes may result in derived
class modifications

» Fragile (brittle) software

O 2003 Prentice Hall, Inc. All rights reserved.
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Case Study: Three-Level Inheritance Hierarchy

* Three level point/circle/cylinder hierarchy
— Point
 X-y coordinate pair
— Circle
 X-y coordinate pair
e Radius
— Cylinder
 X-y coordinate pair
e Radius
e Height

O 2003 Prentice Hall, Inc. All rights reserved.



Constructors and Destructors in Derived
Classes

 |nstantiating derived-class object
— Chain of constructor calls
» Derived-class constructor invokes base class constructor
— Implicitly or explicitly
» Base of inheritance hierarchy
— Last constructor called in chain

— First constructor body to finish executing
— Example: Poi nt 3/C r cl e4/Cyl i nder hierarchy

e Poi nt 3 constructor called last
e Poi nt 3 constructor body finishes execution first
e |nitializing data members

— Each base-class constructor initializes data members
Inherited by derived class

O 2003 Prentice Hall, Inc. All rights reserved.



Constructors and Destructors in Derived
Classes

e Destroying derived-class object
— Chain of destructor calls
e Reverse order of constructor chain
o Destructor of derived-class called first
 Destructor of next base class up hierarchy next
— Continue up hierarchy until final base reached

« After final base-class destructor, object removed from
memory

e Base-class constructors, destructors, assignment
operators
— Not inherited by derived classes

— Derived class constructors, assignment operators can call
« Constructors
e Assignment operators
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publ i c, prot ect ed and pri vat e Inheritance

Base class Typeof inheritance
member : .
access public pr ot ect ed private
specifier inheritance inheritance inheritance
publ i c inderived class. prot ect ed indeivedclass. | privat e inderived class.
Can be accessed directly by any | Can be accessed directly by all | Can be accessed directly by all
Public  |Non-static member functions, | non-st at i ¢ member functions | non-st at i ¢ member functions
f ri end functions and non- andfri end functions. andf ri end functions.
member functions.
prot ect ed inderivedclass. | protected indeivedclass. | privat e inderived class.
Can be accessed directly by dl | Can be accessed directly by dl | Can be accessed directly by all
Pr ot ect ed| non-st at i ¢ member functions | non-st at i ¢ member functions | non-st at i ¢ member functions
andf ri end functions. andfriend functions. andf ri end functions.
Hidden in derived class. Hidden in derived class. Hidden in derived class.
Can be accessed by non-st at i ¢ | Can be accessed by non-st at i ¢ | Can be accessed by non-st at i ¢
Privat member functionsand f ri end | member functionsandf ri end | member functionsand f ri end
rivate functionsthrough publ i ¢ or functionsthrough publ i cor | functionsthrough publ i ¢ or
pr ot ect ed member functions | pr ot ect ed member functions | pr ot ect ed member functions
of the base class. of the base class. of the base class.

O 2003 Prentice Hall, Inc. All rights reserved.




Software Engineering with Inheritance

e Customizing existing software

— Inherit from existing classes
* Include additional members
 Redefine base-class members
» No direct access to base class s source code
— Link to object code
— Independent software vendors (1SV's)
» Develop proprietary code for sale/license
— Available in object-code format
o Usersderive new classes
— Without accessing ISV proprietary source code
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