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Introduction

 Polymorphism
— “Program in the general”
— Treat objects in same class hierarchy as if all base class
— Virtual functions and dynamic binding
« Will explain how polymorphism works

— Makes programs extensible
* New classes added easily, can still be processed

e Examples
— Use abstract base class Shape

» Defines common interface (functionality)
« Point,C rcleandCylinder inherit from Shape

— Class Enpl oyee for anatural example

O 2003 Prentice Hall, Inc. All rights reserved.
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Relationships Among Objects in an Inheritance
Hierarchy

e Previoudly,
— Ci r cl e inherited from Poi nt
— Manipulated Poi nt and Ci r cl e objects using member
functions
 Now

— Invoke functions using base-class/derived-class pointers
— Introducevi r t ual functions

o Key concept
— Derived-class object can be treated as base-class object
o “isa@’ relationship
» Base classisnot aderived class object

O 2003 Prentice Hall, Inc. All rights reserved.



10.2.1 Invoking Base-Class Functions from
Derived-Class Objects

o Aim pointers (base, derived) at objects (base,
derived)
— Base pointer aimed at base object
— Derived pointer aimed at derived object
e Both straightforward
— Base pointer aimed at derived object
e “isa’ relationship
— Crcle“isa Poi nt
« Will invoke base class functions

— Function call depends on the class of the pointer/handle

» Does not depend on object to which it points
o Withvi rtual functions, thiscan be changed (more later)

O 2003 Prentice Hall, Inc. All rights reserved.
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/1l Fig. 10.1: point.h

/'l Point class definition represents an x-y coordinate pair.
#i f ndef PO NT_H

#define PO NT_H

cl ass Point {

publ i c:
Point( int =0, int =0); // default constructor

void setX( int ); // set x in coordinate pair
int getX() const; // return x fromcoordinate pair

A

Outline

\%

void setY( int ): I/ set y.i Baseclasgprmtfuncﬂon.

int getY() const; [/ urn y fromcoordinate pair

void print() const; // output Point object
private:

int x; [// x part of coordinate pair

int y; [/ y part of coordinate pair

}; /1 end class Point

#endi f

point.h (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 10.2: point.cpp
/'l Point class nmenber-function definitions.
#i ncl ude <i ostreanp
usi ng std:: cout;
#i ncl ude "point. h" /1 Point class definition
/'l default constructor
Point::Point( int xValue, int yValue)
x( xvalue ), y( yVvalue )
/1 enpty body

} // end Point constructor

/'l set x in coordinate pair
void Point::setX( int xValue )

{

x = xValue; // no need for validation

} // end function setX

L Outline
\
point.cpp (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l return x from coordinate pair

i nt Point::getX) const
{
return x;

} // end function getX

/'l set y in coordinate pair

void Point::setY( int yValue )

{

y = yValue; // no need for validation

} // end function setY

/1l returny fromcoordinate pair

int Point::getY() const
{

return vy;
} // end function getY
/| output Point obje

void Point::print() const

{

cout << '[' << getX() << "

} // end function print

Output the x,y coordinates of
the Poi nt .

'<< getY() << ']';

L Outline
\
point.cpp (2 of 2)

O 2003 Prentice Hall, Inc.
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1 // Fig. 10.3: circle.h

2 |/ Circle class contains x-y coordinate pair and radi us.

3 #ifndef C RCLE H

4 #define CIRCLE H

5

6 #include "point.h" [/ Point class definition

7

8 «class Circle : public Point {

9

10 public: ) ) )

11 Ci r cl e inheritsfrom
12 /| default constructor Poi nt , but redefinesits
13 Gircle( int =0, int =0, doubl¢ 5 pri nt function.

14

15 voi d set Radi us( double ); I/ set radius

16 doubl e get Radi us() const; /'l return radius

17

18 doubl e get Di aneter() const; /1l return dianeter

19 doubl e get Circunf erence const; // return circunference
20 doubl e get Area() const; /'l return area

21

22 void print() const; /1l output Circle object

23

24 private:

25 doubl e radius; // Grcle's radius

26

27 }; I/ end class Crcle

28

29 #endif

circleh (1 of 1)

O 2003 Prentice Hall, Inc.
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/1l Fig. 10.4: circle.cpp

/'l CGrcle class nenber-function definitions.

#i ncl ude <i ostreanp

usi ng std:: cout;

#include "circle.h" /[l Circle class definition

/'l default constructor

Circle::Circle( int xValue, int yValue, double radiusVal ue )
Poi nt ( xValue, yvValue ) [/ call base-class constructor

set Radi us( radi usVal ue );

} // end GCircle constructor

/'l set radius
void Circle::setRadi us( doubl e radi usVal ue )

{

radius = ( radiusValue < 0.0 ? 0.0 : radiusVal ue );

} // end function setRadi us

L Outline
\
circle.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
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/1l return radius
doubl e Circle::getRadius() const

{

return radius;

} // end function getRadi us

[/ calculate and return di ameter
double Circle::getDi aneter() const

{
return 2 * getRadius();

} // end function getD aneter

[/ calculate and return circunference
doubl e Circle::getC rcunference() const

{
return 3.14159 * getDi aneter ();

} // end function getC rcunference

[/ calculate and return area
doubl e Circle::getArea() const

{
return 3.14159 * getRadius() * getRadius();

} // end function getArea

L Outline
\
circle.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l output Circle object

void CGrcle::print() const

{

cout << "center ="
Point::print(); //

cout << "; radius ="

} // end function print

i nvoke Point's print
<< get Radi us();

"

Ci r cl e redefinesits print
function. It calls Poi nt’s
print function to output the
X,y coordinates of the center,
then prints the radius.

Outline

circle.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 10.5: figl0_05.cpp

/'l Aimng base-class and derived-cl ass pointers at base-cl ass
/1 and derived-cl ass objects, respectively.

#i ncl ude <i ostreanv

usi ng std:: cout;
usi ng std::endl;
usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i ncl ude "point.h" /1l Point class definition
#i nclude "circle.h" [/ Circle class definition

I nt main()
{
Poi nt point( 30, 50 );
Poi nt *pointPtr = O; /'l base-class pointer

Circle circle( 120, 89, 2.7 );
Circle *circlePtr = 0; // derived-class pointer

A

Outline

\%

figl0_05.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 set floating-point nuneric forma{ Useobjectsand pointersto
cout << fixed << setprecision( 2 );| call thepri nt function. The
pointers and objects are of the
same class, so the proper
print functioniscalled.

/| output objects point and circ
cout << "Print point and circlke
<< "\nPoint: ";

A

Qutline

\%

's print

poi nt.print(); Il
cout << "\nCircle: >
circle.print(); / invokes /Cir/cle's print
/| ai mbase-cl ass pointer
poi nt Ptr = &point;
cout << "\'n\nCalling pyint
<< "\ nbase- cl ass/obj ec
<< "function:\

poi ntPtr->print();

ase-cl ass object and print

ith base-class pointer to "
i nvokes base-cl ass print

/'l inyokes Point's print

/| aimderived-class pointer at derived-class object

/1 and print

circlePtr = &circle

cout << "\n\nCalling
<< "\ nderived-cl/ass object invokes derived-class "
<< "print functfion:\n";

circlePtr->print(); // invokes Circle's print

rint with derived-class pointer to "

figl0_05.cpp
(2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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50 /| aimbase-cl ass pointer at derived-class object and print
51 pointPtr = &circle;

52 cout << "\n\nCalling print with base-class pointer to "
53 << "derived-cl ass object\ni nvokes base-cl ass print
54 << "function on that derived-class object:\n";

55 pointPtr->print(); // invokes Point's print

56 cout << endl; .. .

57 Aiming a base-class pointer at
58 return O: aderived object is allowed

59 (theCi rcl e “isd’ Poi nt).
60 } // end main However, it calsPoi nt’s

print function, determined by
the pointer type. vi r t ual
functions allow usto change
this.

A

Outline

\%

figl0_05.cpp
(3 0of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Print point and circle objects:
Point: [30, 50]
Circle: center = [120, 89]; radius = 2.70

Calling print with base-class pointer to
base- cl ass obj ect invokes base-class print function:
[ 30, 50]

Calling print with derived-class pointer to
derived-cl ass object invokes derived-class print function:

center = [120, 89]; radius = 2.70

Calling print with base-class pointer to derived-cl ass obj ect

i nvokes base-class print function on that derived-cl ass object:

[120, 89]

A

Outline

\%

figl0_05.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Aiming Derived-Class Pointers at Base-Class
Objects

* Previousexample

— Aimed base-class pointer at derived object
e Qrcle‘isa Point

 Aim aderived-class pointer at a base-class object

— Compiler error
 No“isa’ relationship
e Point isnotaCrcle
* G rcl e hasdatalfunctionsthat Poi nt does not
— set Radi us (definedin G r cl e) not defined in Poi nt

— Can cast base-object’ s address to derived-class pointer
 Called downcasting (morein 10.9)
 Allows derived-class functionality

O 2003 Prentice Hall, Inc. All rights reserved.



1 // Fig. 10.6: figl0_06.cpp

2 |/ Aimng a derived-class pointer at a base-class object.
3  #include "point.h" /1l Point class definition

4 #include "circle.h” [/ Circle class definition

5

6 int main()

7 A

8 Poi nt point( 30, 50 );

9 Circle *circlePtr = 0;

10

11 /1 aimderived-class pointer at base-cl ass object

12 circlePtr = &oint; // Error: a Point is not a Circle
13

14 return O;

15

16 } // end main

C: \ cppht p4\ exanpl es\ ch10\fi g10_06\Fi g10_06. cpp(12) : error C2440:

‘=" : cannot convert from'class Point *' to 'class Crcle *'
Types pointed to are unrel ated; conversion requires
reinterpret _cast, C-style cast or function-style cast

A 17

Outline
\V4

figl0_06.cpp
(1of 1)

figl0_06.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.



Derived-Class Member-Function Calls via
Base-Class Pointers

e Handle (pointer/reference)
— Base-pointer can aim at derived-object
» But can only call base-class functions
— Calling derived-class functions is a compiler error
 Functions not defined in base-class
e Common theme

— Datatype of pointer/reference determines functions it can
call

O 2003 Prentice Hall, Inc. All rights reserved.
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/1l Fig. 10.7: figl0_07.cpp

/1l Attenpting to invoke derived-class-only nenber functions
/'l through a base-cl ass pointer.

#i ncl ude "point.h" /1 Point class definition

#include "circle.h" /] Circle class definition

i nt main()
{
Poi nt *pointPtr = O;
Circle circle( 120, 89, 2.7 );

/| ai mbase-class pointer at derived-class object
pointPtr = &circle;

/'l invoke base-class nmenber functions on derived-cl ass
/'l object through base-cl ass pointer

I nt x poi nt Pt r - >get X() ;

int y poi nt Ptr->get Y();

poi nt Ptr->set X( 10 );

poi nt Ptr->setY( 10 );

poi ntPtr->print();

A

Outline

\%

figl0_07.cpp
(1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.

19



23
24
25
26
27
28
29
30
31
32

/] attenpt to invoke derived-class-only nmenber functions
/1 on derived-cl ass object through base-class pointer
doubl e radi us = pointPtr->getRadi us();

poi nt Pt r->set Radi us( 33.33 );

doubl e di ameter = pointPtr->getD aneter();

doubl e circunference = pointPtr->getC rcunference();
doubl e area = pointPtr->getArea();

return O;

33 } // end main

These functions are only
definedinCircl e.
However, poi nt Pt r isof
class Poi nt .

A

Outline

\%

figl0_07.cpp
(2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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C: \ cppht p4\ exanpl es\ ch10\fi g10_07\fi gl0_07. cpp(25)

"getRadius' : is not a nenber of 'Point'

C:\ cppht p4\ exanpl es\ ch10\ fi g10_07\ poi nt. h(6)

see decl aration of

C: \ cppht p4\ exanpl es\ ch10\fi g10_07\fi gl0_07. cpp(26)

' Poi nt'

‘setRadius' : is not a nenmber of ' Point'

C:\ cppht p4\ exanpl es\ch10\ fi g10_07\ poi nt. h(6)

see decl aration of

C: \ cppht p4\ exanpl es\ ch10\fi g10_07\fi gl0_07. cpp(27)

' Poi nt'

"getDianeter' : is not a nmenber of 'Point’

C:\ cppht p4\ exanpl es\ ch10\ fi g10_07\ poi nt. h(6)

see decl aration of

C. \ cppht p4\ exanpl es\ ch10\fi g10_07\fi gl0_07. cpp(28)

' Poi nt'

"getCGrcunference' : is not a nenber of

C:\ cppht p4\ exanpl es\ ch10\ fi g10_07\ poi nt. h(6)

see decl aration of

C:. \ cppht p4\ exanpl es\ ch10\fi g10_07\fi gl0_07. cpp(29)

' Poi nt'

"getArea' : is not a nmenber of 'Point’

C:\ cppht p4\ exanpl es\ch10\ fi g10_07\ poi nt. h(6)

see decl arati on of

' Poi nt'

' Poi nt'

error

error

error

error

error

C2039:

C2039:

C2039:

C2039:

C2039:

L Outline
\
figl0_07.cpp

output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Virtual Functions

» Typicaly, pointer-class determines functions

e virtual functions
— ODbject (not pointer) determines function called

o Why useful ?
— SupposeCi rcl e, Tri angl e, Rect angl e derived from
Shape

« Each hasown dr awfunction

— To draw any shape
» Have base class Shape pointer, call dr aw
* Program determines proper dr awfunction at run time

(dynamically)

o Treat al shapes generically

O 2003 Prentice Hall, Inc. All rights reserved.



Virtual Functions

e Declaredr awasvi rtual 1nbaseclass

— Overridedr aw in each derived class

 Like redefining, but new function must have same signature
— If function declared vi r t ual , can only be overridden
e virtual void draw) const;
 Oncedeclaredvi rtual,virtual inal derived classes
— Good practice to explicitly declarevi r t ual

« Dynamic binding
— Choose proper function to call at run time

— Only occurs off pointer handles
o |If function called from object, uses that object’ s definition

O 2003 Prentice Hall, Inc. All rights reserved.



Virtual Functions

e Example
— Redo Poi nt, Ci rcl e examplewithvi rt ual functions

— Base-class pointer to derived-class object
« Will call derived-class function

O 2003 Prentice Hall, Inc. All rights reserved.
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/1l Fig. 10.8: point.h

/'l Point class definition represents an x-y coordinate pair.
#i f ndef PO NT_H

#define PO NT_H

cl ass Point {

publ i c:
Point( int =0, int =0); // default constructor

void setX( int ); // set x in coordinate pair
int getX() const; // return x fromcoordinate pair

A

Qutline

\%

Print declared vi r t ual . It
will bevi rt ual inal
derived classes.

void setY( int );
I nt getY() const;

virtual void print() const; // output Point object
private:

int x; [// x part of coordinate pair

int y; [/ y part of coordinate pair

}; /1 end class Point

#endi f

point.h (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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1 // Fig. 10.9: circle.h

2 /] Crcle class contains x-y coordinate pair

3 #ifndef C RCLE H

4 #define CIRCLE H

5

6 #include "point.h" [/ Point class definition

7

8 «class Circle : public Point {

9

10 public:

11

12 /| default constructor

13 Circle( int =0, int =0, double = 0.0 );

14

15 voi d set Radi us( double ); /1l set radius

16 doubl e get Radi us() const; [l return radius

17

18 doubl e get Di aneter() const; /1l return dianeter
19 doubl e getCircunference() const; // return circunference
20 doubl e get Area() const; /'l return area
21

22 virtual void print() const; /'l out put

23

24 private:

25 doubl e radius; // Grcle's radius

26

27 }; I/ end class Crcle

28

29 #endif

A

Qutline

and radi us.

\%

Circle object

circleh (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.10: figl0_10.cpp

/'l 1 ntroduci ng pol ynorphism virtual functions and dynam c
/1 binding.

#i ncl ude <i ostreanv

usi ng std:: cout;
usi ng std::endl;
usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i ncl ude "point.h" /1l Point class definition
#i nclude "circle.h" [/ Circle class definition

i nt main()

{
Poi nt point( 30, 50 );
Poi nt *pointPtr = O;

Circle circle( 120, 89, 2.7 );
Circle *circlePtr = 0;

A

Outline

\%

figl0_10.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l set floating-point nuneric formatting
cout << fixed << setprecision( 2 );

/| output objects point and circle using static binding
cout << "lnvoking print function on point and circle "
<< "\ nobjects with static binding "
<< "\'n\nPoint: ";

point.print(); /1 static binding
cout << "\'nCircle: ";
circle.print(); [l static binding

/| output objects point and circle using dynam ¢ bindi ng
cout << "\ n\nlnvoking print function on point and circle
<< "\ nobj ects with dynam c bindi ng";

/| ai mbase-class pointer at base-class object and print
poi nt Ptr = &point;

cout << "\'n\nCalling virtual function print with base-cl ass"

<< "\'npoi nter to base-cl ass object"
<< "\ ni nvokes base-cl ass print function:\n";
poi ntPtr->print();

A

Outline

\%

figl0_10.cpp
(2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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47 /| aimderived-class pointer at derived-cl ass

48 /| object and print

49 circlePtr = &circle

50 cout << "\n\nCalling virtual function print with "

51 << "\'nderived-cl ass pointer to derived-cl ass object

52 << "\ ni nvokes derived-class print function:\n";

53 circlePtr->print();

54

55 /| aimbase-cl ass pointer at derived-class object and print
56 pointPtr = &circle;

57 cout << "\'n\nCalling virtual function print wth base-cl ass"
58 << "\ npoi nter to derived-cl ass object

59 << "\ ni nvokes derived-class print function:\n";

60 pointPtr->print(); // polynorphism invokes circle's print
61 cout << endl;

62

22 return O At run time, the program

CERE R ) e determinesthat poi nt Pt r is

amingat aCi r cl e object,
and callsCi r cl e’sprint
function. Thisis an example
of polymorphism.

A

Outline

\%

figl0_10.cpp
(3 0of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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| nvoki ng print function on point and circle
objects with static binding

Poi nt: [30, 50]
Circle: Center = [120, 89]; Radius = 2.70

| nvoki ng print function on point and circle
objects with dynam c bindi ng

Calling virtual function print with base-class
poi nter to base-cl ass obj ect

i nvokes base-cl ass print function:

[ 30, 50]

Calling virtual function print with
derived-class pointer to derived-class object
I nvokes derived-class print function:

Center = [120, 89]; Radius = 2.70

Calling virtual function print with base-class
poi nter to derived-cl ass object

i nvokes derived-class print function:

Center = [120, 89]; Radius = 2.70

A

Qutline

\%

figl0_10.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Virtual Functions

 Polymorphism
— Same message, “print”, given to many objects
 All through abase pointer
— Message takes on “many forms’

e Summary

— Base-pointer to base-object, derived-pointer to derived
o Straightforward
— Base-pointer to derived object
e Canonly call base-class functions
— Derived-pointer to base-object
o Compiler eror
« Allowed if explicit cast made (more in section 10.9)

O 2003 Prentice Hall, Inc. All rights reserved.



Polymorphism Examples

e Examples
— Suppose Rect angl e derivesfrom Quadr i | at er al
 Rect angl e more specific Quadri | at er al
e Any operationon Quadri | at er al can be doneon
Rect angl e (i.e, perimeter, area)
e Suppose designing video game
— Baseclass Space(bj ect
e Derived Mart i an, SpaceShi p, Laser Beam
e Basefunction dr aw

— To refresh screen
» Screen manager hasvect or of base-class pointers to objects
« Send dr aw message to each object
e Same message has “many forms’ of results

O 2003 Prentice Hall, Inc. All rights reserved.



Polymorphism Examples

* Video game example, continued

— Easy to add class Mer cur i an
 Inheritsfrom Space(bj ect
* Provides own definition for dr aw

— Screen manager does not need to change code
o Callsdr awregardless of object’stype
e Mer curi an objects“plug right in”
 Polymorphism
— Command many objects without knowing type

— Extensible programs
e Add classeseaslly

O 2003 Prentice Hall, Inc. All rights reserved.



Type Fields and switch Structures

« One way to determine object's class

— Give base class an attribute
e shapeType inclass Shape

— Usesw t chto call proper pri nt function

 Many problems
— May forget to test for caseinswi t ch

— If add/remove a class, must update sw t ch structures
« Time consuming and error prone

o Better to use polymorphism
— Less branching logic, ssimpler programs, less debugging

O 2003 Prentice Hall, Inc. All rights reserved.



Abstract Classes

e Abstract classes

— Sole purpose: to be a base class (called abstract base classes)
— Incomplete

» Derived classesfill in "missing pieces"
— Cannot make objects from abstract class

* However, can have pointers and references

e Concrete classes

— Can instantiate objects
— Implement all functions they define
— Provide specifics

O 2003 Prentice Hall, Inc. All rights reserved.



Abstract Classes

» Abstract classes not required, but helpful

e To make aclass abstract

— Need one or more "pure" virtual functions
» Declare function with initializer of O
virtual void draw() const = O;
— Regular virtual functions
« Have implementations, overriding is optiona
— Pure virtual functions
« No implementation, must be overridden

— Abstract classes can have data and concrete functions
» Required to have one or more pure virtual functions

O 2003 Prentice Hall, Inc. All rights reserved.



Abstract Classes

o Abstract base class pointers
— Useful for polymorphism

o Application example
— Abstract class Shape
» Definesdr aw as pure virtual function
— Circle, Tri angl e, Rect angl e derived from Shape
o Each must implement dr aw

— Screen manager knows that each object can draw itself

 |terators (morein later chapter)
— Walk through elementsin vect or /array
— Use base-class pointer to send dr aw message to each

O 2003 Prentice Hall, Inc. All rights reserved.



Case Study: Inheriting Interface and
Implementation

 Make abstract base class Shape

— Pure virtual functions (must be implemented)
e get Nane, print
 Default implementation does not make sense

— Virtual functions (may be redefined)
e get Area, get Vol une
— Initialy return 0. O
* If not redefined, uses base class definition
— DeriveclassesPoi nt,Circl e, Cyl i nder

O 2003 Prentice Hall, Inc. All rights reserved.



Case Study: Inheriting Interface and
Implementation

get Area get Vol une get Nane print

Shape

Poi nt

Grcle

Cyl i nder

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

\%

1 // Fig. 10.12: shape.h

2 |/ Shape abstract-base-class definition.

3 #ifndef SHAPE H

4  #define SHAPE H

5

6 #include <string> // C++ standard string class

7

8 using std::string;

9

10 cl ass Shape {

11 Virtual and pure virtual
12 public: functions.

13

14 /1 virtual function that returng shape area

15 virtual double getArea() const

16

17 /1l virtual function that ret/urns shape vol une

18 virtual doubl e getVol une() /const;

19

20 /1 pure virtual functiong; overridden in derived cl asses
21 virtual string getNane() const = 0; // return shape nane
22 virtual void print() const = 0; /'l out put shape

23

24 }; Il end class Shape

25

26 #endif

shape.h (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 10.13: shape.cpp
/'l Shape cl ass nenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;
#i ncl ude "shape. h" [/ Shape class definition

/'l return area of shape; 0.0 by default
doubl e get Area() const

{

return 0.O0;
} // end function getArea

/'l return volunme of shape; 0.0 by default
doubl e get Vol une() const

{

return 0.O0;

} // end function get Vol une

A

Outline

\%

shape.cpp (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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23

/1 Fig. 10.14: point.h

/'l Point class definition represents an x-

#i f ndef PO NT_H
#define PO NT_H

y coordi nate pair.

#i nclude "shape. h"” // Shape class definition

cl ass Point : public Shape {

publ i c:

Point( int =0, int =0); // default constructor

A Outline
Vv

void setX( int ); [// set x in coordirn
int getX() const; // return x fromc

void setY( int ); [/
I nt getY() const; [/

Point only redefines

get Name andpri nt, since
get Area andget Vol unme

are zero (it can use the default
implementation).

/1l return nane of shape (i.e., "Point"
virtual string getNane() const;

virtual void print() const; [/ output

)

Poi nt obj ect

point.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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29
30

private:
int x; [/ x part of coordinate pair
int y; [/ y part of coordinate pair

}; /1 end class Point

#endi f

A Outline
\Y
point.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 10.15: point.cpp
/'l Point class nmenber-function definitions.
#i ncl ude <i ostreanp
usi ng std:: cout;
#i ncl ude "point. h" /1 Point class definition
/'l default constructor
Point::Point( int xValue, int yValue)
x( xvalue ), y( yVvalue )
/1 enpty body

} // end Point constructor

/'l set x in coordinate pair
void Point::setX( int xValue )

{

x = xValue; // no need for validation

} // end function setX

L Outline
\
point.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l return x from coordinate pair
i nt Point::getX) const

{

return x;
} // end function getX

/'l set y in coordinate pair
void Point::setY( int yValue )
{

y = yValue; // no need for validation

} // end function setY

/1l returny fromcoordinate pair
int Point::getY() const

{

return vy,

} // end function getY

L Outline
\
point.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l override pure virtual function getNanme: return nanme of Point

string Point::getNane() const

{

return "Point";

} // end function getWNane

/'l override pure virtual
void Point::print() const

{

cout << '[' << getX() <

} // end function print

function print: output Point object

<< getY() << ']

Must override pure virtual
functionsget Nanme and
print.

a QOutline
\Y
point.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 10.16: circle.h

/'l Crcle class contains x-y coordinate pair and radi us.

#i f ndef C RCLE_H
#define CI RCLE_H

#i ncl ude "point.h"
class Circle : public Point {

publ i c:

// default constructor
Circle( int =0, int =0, doubl

voi d set Radi us( double ); /1
doubl e get Radi us() const; /1

doubl e get Di aneter() const;

[/ Point class definition

e =0.0);

set radius
return radius

[/ return di aneter

doubl e getCircunference() const; // return circunference

virtual double getArea() const;

/1l return nanme of shape (i.e.,
virtual string getNane() const;

virtual void print() const;

[/ return area

"Circle")

/1 output Crcle object

-~ Outline
\
circle.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 A ]
27 private: Outline
28 doubl e radius; [/ Crcle's radius v
29 )
30 }; // end class Circle circle.h (2 of 2)
31
32 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.17: circle.cpp

/'l CGrcle class nenber-function definitions.

#i ncl ude <i ostreanp

usi ng std:: cout;

#include "circle.h" /[l Circle class definition

/'l default constructor

Circle::Circle( int xValue, int yValue, double radiusVal ue )
Poi nt ( xValue, yvValue ) [/ call base-class constructor

set Radi us( radi usVal ue );

} // end GCircle constructor

/'l set radius
void Circle::setRadi us( doubl e radi usVal ue )

{

radius = ( radiusValue < 0.0 ? 0.0 : radiusVal ue );

} // end function setRadi us

L Outline
\
circle.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l return radius
doubl e Circle::getRadius() const

{

return radius;

} // end function getRadi us

[/ calculate and return di ameter
double Circle::getDi aneter() const

{
return 2 * getRadius();

} // end function getD aneter

[/ calculate and return circunference
doubl e Circle::getC rcunference() const

{
return 3.14159 * getDi aneter ();

} // end function getC rcunference

L Outline
\
circle.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l override virtual function getArea: return area of Circle
doubl e Circle::getArea() const

{
return 3.14159 * get Radius() * getRadius();

} // end function getAre

/1 override virutual function get] Overrideget Ar ea because
string Gircle::getNane() const it now appliesto Circle.

{

return "Crcle";

} // end function get Nane

/'l override virtual function print: output Crcle object
void Circle::print() const
{

cout << "center is ";

Point::print(); // invoke Point's print function

cout << "; radius is " << getRadius();

} // end function print

a QOutline
\Y
circle.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.18: cylinder.h

/'l Cylinder class inherits fromclass Circle.

#i f ndef CYLI NDER_H

#defi ne CYLI NDER_H

#include "circle.h" [/ Circle class definition
class Cylinder : public Crcle {

publ i c:

/]l default constructor
Cylinder( int =0, int =0, double = 0.0, double = 0.0 );

voi d setHeight( double ); // set Cylinder's height
doubl e getHeight () const; // return Cylinder's height

virtual double getArea() const; // return Cylinder's area
virtual double getVolune() const; // return Cylinder's vol une

A

Outline

\%

cylinder.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.

52



21
22
23
24
25
26
27
28
29
30
31

/1l return name of shape (i.e., "Cylinder" )
virtual string getNane() const;

virtual void print() const; [// output Cylinder

private:
doubl e height; // Cylinder's height

}; I/ end class Cylinder

#endi f

A

Outline

\%

cylinder.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.19: cylinder.cpp
/'l Cylinder class inherits fromclass Circle.
#i ncl ude <i ostreanr

usi ng std:: cout;
#i ncl ude "cylinder. h" /'l Cylinder class definition
/'l default constructor
Cylinder::Cylinder( int xValue, int yValue, double radiusVal ue,
doubl e hei ght Val ue )
Circle( xVval ue, yValue, radiusVal ue )
set Hei ght( hei ght Val ue );

} // end Cylinder constructor

/'l set Cylinder's height
voi d Cylinder::setHeight( double hei ghtVal ue )

{
hei ght = ( heightValue < 0.0 ? 0.0 : heightValue );

} // end function setHeight

A

Outline

\%

cylinder.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l get Cylinder's height
doubl e Cylinder:: getHeight() const
{

return height;
} // end function getHeight

/'l override virtual function getArea: return Cylinder area
doubl e Cylinder::getArea() const

{

return 2 * Circle::getArea() + /'l code reuse
getCircunference() * getHeight();

} // end function getArea

/'l override virtual function getVolune: return Cylinder volune
doubl e Cylinder::getVol ume() const

{
return Circle::getArea() * getHeight(); // code reuse

} // end function get Vol unme

A

Outline

\%

cylinder.cpp
(2 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l override virtual function getNane: return name of Cylinder
string Cylinder::getNane() const

{

return "Cylinder";
} // end function get Nane

/'l output Cylinder object
void Cylinder::print() const
{
Circle::print(); // code reuse
cout << "; height is " << getHeight();

} // end function print

A

Outline

\%

cylinder.cpp
(30f 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.20: figl0_20.cpp

/'l Driver for shape, point, circle, cylinder hierarchy.

#i ncl ude <i ostreanp
usi ng std:: cout;

usi ng std::endl;

usi ng std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i ncl ude <vect or >

usi ng std::vector;

#i ncl ude "shape. h" /'l Shape class definition
#i ncl ude "point.h" /'l Point class definition
#include "circle.h" /'l Crcle class definition

#include "cylinder.h" [/ Cylinder class definition

voi d virtual Vi aPoi nter ( const Shape * );
voi d virtual Vi aRef erence( const Shape & );

A

Outline

\%

figl0_20.cpp
(1 of 5)

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 {
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

mai n()

/| set floating-point nunber

cout << fixed << setprecision( 2 );

Point point( 7, 11 );
Circle circle( 22, 8, 3.5 );

Cylinder cylinder( 10, 10, 3.3,

cout << point.getNanme() << "
point.print();
cout << '\n';

cout << circle.getNane() << "
circle.print();
cout << '\n';

cout << cylinder.getNane() << "

cylinder.print();
cout << "\n\n";

10 );

I
/1

/1
I/

I
/1

/! create a Point
/!l create a Circle
/'l create a Cylinder

static binding

static binding

static binding
static binding

static binding
static binding

A

Outline

\%

figl0_20.cpp
(2 of 5)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l create vector of three base-class pointers

A

Qutline

vector< Shape * > shapeVector( 3 );

/| ai mshapeVector[0] at derived-c
shapeVector[ 0] = &point;

/| ai mshapeVector[1l] at deri
shapeVector[ 1] = &circl

/| aimshapeVector[2] at derived/cl ass
shapeVector[ 2 ] = &cyli nder;

/1 1oop through shapeVector and call vi
/1l to print the shape name,/ attri butes,
/'l of each object using dynam c bi ndi ng

Create a vector of generic
Shape pointers, and aim them
at various objects.

Function
vi rtual Vi aPoi nt er cdls

the virtual functions (pri nt,
get Name, etc.) using the base-
class pointers.

The types are dynamically
bound at run-time.

1910 _20.cpp
3 of 5)

cout << "\'nVirtual functf/on calls nade off

<< "base-class pointers:\n\n";

for (int i =0; i </shapeVector.size();
vi rtual Vi aPoi nter ( shapeVector[ i ] );

I ++ )

O 2003 Prentice Hall, Inc.
All rights reserved.
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86
87
88
89
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91
92
93

/'l 1 oop through shapeVector and call virtual Vi aReference
/1l to print the shape nane, attributes, area and vol une
/'l of each object using dynam c bindi ng

A

Qutline

\%

cout << "\'nVirtual function calls nad
<< "base-cl ass references:\

Use references instead of

pointers, for the same effect.

for (int j =0; jJ <s eVector.size(); j++ )
virtual Vi aRef erence( *shapeVector[ j | );

return O;

} // end main

/'l make virtual function calls off a base-cl
/'l using dynam c bi ndi ng ) )
voi d virtual Vi aPoi nter ( const Shape ased a| Proper class function will be

{

figl0_20.cpp
(4 of 5)

caled at runtime.

Cadll virtual functions; the

cout << based assPtr->getNane() << ": ";
baseCl assPtr->print();
cout << "\narea is " << baseC assPtr->get Area()

<< "\'nvolune is " << baseC assPtr->get Vol une()
<< ll\n\ nll;

} // end function virtual Vi aPoi nter

O 2003 Prentice Hall, Inc.
All rights reserved.
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94 // make virtual function calls off a base-class reference A Outline 61
95 // using dynam c bi nding
96 void virtual Vi aReference( const Shape &baseCl assRef ) v
97 { :
figl0 20.
98 cout << baseCd assRef.getNanme() << ": "; 9 O— Ocpp
o (50f 5)
100 baseC assRef.print();
101
102 cout << "\narea is " << baseC assRef. get Area()
103 << "\nvolune is " << baseC assRef. getVolune() << "\n\n";
104

105} // end function virtual Vi aRef erence

O 2003 Prentice Hall, Inc.
All rights reserved.



Point: [7, 11]
Circle: center is [22, 8]; radius is 3.50
Cylinder: center is [10, 10]; radius is 3.30; height is 10.00

Virtual function calls made off base-class pointers:

Point: [7, 11]
area is 0.00
vol unme is 0. 00

Circle: center is [22, 8]; radius is 3.50
area is 38.48
volurme is 0.00

Cylinder: center is [10, 10]; radius is 3.30; height is 10.00
area is 275.77
vol une is 342.12

L Outline
\
figl0_20.cpp

output (1 of 2)

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

figl0 20.cpp
output (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.



Polymorphism, Virtual Functions and Dynamic
Binding “Under the Hood”

 Polymorphism has overhead
— Not used in STL (Standard Template Library) to optimize
performance
e virtual function table (vtable)
— Every classwithavi rt ual function hasa vtable

— For every vi r t ual function, vtable has pointer to the
proper function

— If derived class has same function as base class
 Function pointer aims at base-class function

_ (Fig. 10.21)

O 2003 Prentice Hall, Inc. All rights reserved.



Virtual Destructors

Base class pointer to derived object
— If destroyed using del et e, behavior unspecified

Simple fix
— Declare base-class destructor virtual

» Makes derived-class destructors virtua
— Now, when del et e used appropriate destructor called

When derived-class object destroyed

— Derived-class destructor executes first
— Base-class destructor executes afterwards

Constructors cannot be virtual

O 2003 Prentice Hall, Inc. All rights reserved.



Virtual Destructors

Base class pointer to derived object
— If destroyed using del et e, behavior unspecified

Simple fix
— Declare base-class destructor virtual

» Makes derived-class destructors virtua
— Now, when del et e used appropriate destructor called

When derived-class object destroyed

— Derived-class destructor executes first
— Base-class destructor executes afterwards

Constructors cannot be virtual

O 2003 Prentice Hall, Inc. All rights reserved.



Case Study: Payroll System Using
Polymorphism

e Create apayroll program
— Use virtual functions and polymorphism

* Problem statement
— 4 types of employees, paid weekly
« Sdaried (fixed salary, no matter the hours)
« Hourly (overtime [>40 hours] pays time and a half)
e Commission (paid percentage of sales)
e Base-plus-commission (base salary + percentage of sales)
— Boss wantsto raise pay by 10%

O 2003 Prentice Hall, Inc. All rights reserved.



10.9 Case Study: Payroll System Using

Polymorphism

 Baseclass Enpl oyee

— Pure virtual function ear ni ngs (returns pay)
 Pure virtual because need to know employee type

« Cannot calculate for generic employee
— Other classes derive from Enpl oyee

Enpl oyee

Sal ari edEnpl oyee

Comm ssi onEnpl oyee

Hour | yEnpl oyee

BasePl usComm ssi onEnpl oyee

O 2003 Prentice Hall, Inc. All rights reserved.




Case Study: Payroll System Using
Polymorphism

« Downcasting
— dynam c_cast operator

* Determine object's type at runtime

e Returns O if not of proper type (cannot be cast)
NewCl ass *ptr = dynam c_cast < NewCl ass *> objectPtr;

« Keywordt ypei d
— Header <t ypei nf 0>
— Usage: t ypei d( obj ect)
e Returnst ype I nf o object

« Hasinformation about type of operand, including name
 typei d(object). nane()

O 2003 Prentice Hall, Inc. All rights reserved.
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/1l Fig. 10.23: enployee.h

/'l Enpl oyee abstract base cl ass.

#i f ndef EMPLOYEE_H

#defi ne EMPLOYEE_H

#include <string> // C++ standard string class
usi ng std::string;

cl ass Enpl oyee {

publ i c:
Enpl oyee( const string & const string & const string & );

voi d set FirstNane( const string & );
string getFirstNanme() const;

voi d setlLast Nanme( const string & );
string getlLastNane() const;

voi d set Soci al SecurityNunber ( const string & );
string get Soci al SecurityNunber() const;

A

Outline

\%

employee.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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24 /1 pure virtual function makes Enpl oyee abstract base cl ass A Outline &
25 virtual double earnings() const = 0; // pure virtual

26 virtual void print() const; /1 virtual v

27

28 private: employee.h (2 of 2)
29 string firstName;

30 string | ast Nang;

31 string social SecurityNunber;

32

33 }; I/l end class Enpl oyee

34

35 #endif // EMPLOYEE_H

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 10.24: enpl oyee. cpp

/'l Abstract-base-class Enpl oyee nenber-function definitions.
/1l Note: No definitions are given for pure virtual functions.
#i ncl ude <i ostreanv

usi ng std:: cout;
usi ng std::endl;

#i ncl ude "enpl oyee. h" // Enpl oyee class definition

/| constructor
Enpl oyee: : Enpl oyee( const string & irst, const string & ast,
const string &SSN )
firstName( first ),
| ast Nane( | ast ),
soci al Securi t yNunmber ( SSN )

/'l enpty body

} // end Enpl oyee constructor

A

Outline

\%

employee.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.

72



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

/1l return first nane
string Enpl oyee:: getFirstNane() const

{
return firstNane;

} // end function getFirstNane

/'l return |ast nane
string Enpl oyee:: getlLast Nane() const

{
return | ast Nane;

} // end function getlLast Nane

/'l return social security nunber

string Enpl oyee: : get Soci al SecurityNunber () const

{

return soci al SecurityNunber;

} // end function getSocial SecurityNunber

[/ set first nane

voi d Enpl oyee: : set First Nane( const string & irst )

{

firstName = first;

} // end function setFirstNane

A

Outline

\%

employee.cpp
(2 of 3)

O 2003 Prentice Hall, Inc.

All rights reserved.
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/'l set |ast nane
voi d Enpl oyee: : set Last Nane( const string & ast )

{

| ast Nanme = | ast;

} // end function setlLast Nane

/'l set social security nunber
voi d Enpl oyee: : set Soci al SecurityNunber( const string &nhunber )

{

soci al SecurityNunber = nunber; // should validate

A

Outline

\%

Default implementation for
virtual function pri nt .

} // end function set Soci al Secur.i

/'l print Enployee's in
voi d Enpl oyee::prinft() const
{
cout << getFirstNanme() << ' ' << getLastNane()
<< "\'nsoci al security nunber: "
<< get Soci al SecurityNunber () << endl;

} // end function print

employee.cpp
(3 0of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.25: salaried.h

/| Sal ari edEnpl oyee cl ass derived from Enpl oyee.
#i f ndef SALARI ED H

#define SALARI ED H

#i ncl ude "enpl oyee. h" [/ Enpl oyee class definition

cl ass Sal ari edEnpl oyee : public Enpl oyee {

A

Qutline

\%

publ i c: New functions for the

Sal ari edEnpl oyee( const string & const | Sal ari edEnpl oyee class.
const string & double = 0.0 );

ear ni ngs must be
overridden. pri nt is

t overridden to specify that this
is asalaried employee.

voi d set Wekl ySal ary( double );
doubl e get Weekl ySal ary() co

virtual double earnings() const;

virtual void print() const; [// "salaried enployee:

private:
doubl e weekl ySal ary;

}; I/ end class Sal ari edEnpl oyee

#endi f // SALARIED H

salaried.h (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 10.26: salaried.cpp

/] Sal ari edEnpl oyee cl ass nenber-function definitions.

#i ncl ude <i ostreanr

usi ng std:: cout;

#include "salaried. h" // Sal ari edEnpl oyee cl ass definition

A

Outline

\%

/1 Sal ari edEnpl oyee construct or
Sal ari edEnpl oyee: : Sal ari edEnpl

const string & ast, co strin

Use base class constructor for
basic fields.

doubl e salary )

Enpl oyee( first, last, social SecurityNunber )

set Wekl ySal ary( salary );

} // end Sal ari edEnpl oyee constructor

/'l set salaried enployee's salary

voi d Sal ari edEnpl oyee: : set Weekl ySal ary( doubl e salary )

{

weekl ySal ary = salary < 0.0 ? 0.0 : salary;

} // end function setWeklySal ary

salaried.cpp
(1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l cal cul ate sal ari ed enpl oyee's pay
doubl e Sal ari edEnpl oyee: : earni ngs() const

{
return getWeekl ySal ary();

A

Outline

\%

} /1 end function earnings Must implement pure virtual
functions.

/'l return salaried enployee's salary
doubl e Sal ari edEnpl oyee: : get Weekl ySal ary() const

{

return weekl ySal ary;
} // end function get\Wekl ySal ary

/'l print salaried enployee's nane
voi d Sal ari edEnpl oyee: : print () const

{

cout << "\nsal aried enpl oyee:
Enpl oyee: :print(); // code reuse

} // end function print

salaried.cpp
(2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.27: hourly.h

/'l Hourl yEnpl oyee cl ass definition
#i f ndef HOURLY_H

#defi ne HOURLY_H

#i ncl ude "enpl oyee. h" [/ Enpl oyee class definition
cl ass Hourl yEnpl oyee : public Enpl oyee {
publ i c:

Hour | yEnpl oyee( const string & const string &,

const string & double = 0.0, double = 0.0 );

voi d set Wage( double );
doubl e get Wage() const;

voi d set Hours( double );
doubl e get Hours() const;

virtual double earnings() const;
virtual void print() const;

private:
doubl e wage; /'l wage per hour
doubl e hours; // hours worked for week

}; I/ end class Hourl yEnpl oyee

#endi f // HOURLY_H

A

Qutline

\%

hourly.h (1 of 1)

O 2003 Prentice Hall, Inc.
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/1 Fig. 10.28: hourly.cpp
/1 Hourl yEnpl oyee cl ass nmenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "hourly. h"

/'l constructor for class Hourl yEnpl oyee
Hour | yEnpl oyee: : Hour | yEnpl oyee( const string &first,
const string & ast, const string &social SecurityNunber,
doubl e hourl yWage, doubl e hoursWrked )
Enpl oyee( first, last, social SecurityNunber )

set Wage( hour | yWage );
set Hour s( hour sWor ked ) ;

} // end Hourl yEnpl oyee constructor

/'l set hourly enployee' s wage
voi d Hourl yEnpl oyee: : set Wage( doubl e wageAnount )

{

wage = wageAnount < 0.0 ? 0.0 : wageAnount

} // end function setWage

a QOutline
\Y
hourly.cpp (1 of 3)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 set hourly enpl oyee's hours worked
voi d Hourl yEnpl oyee: : set Hour s( doubl e hour s\Wor ked )

{
hours = ( hoursWrked >= 0.0 &% hoursWrked <= 168.0 ) ?

hour sWorked : 0. 0;
} // end function setHours

/'l return hours worked
doubl e Hour | yEnpl oyee: : get Hours() const

{

return hours;
} // end function getHours

/'l return wage
doubl e Hour | yEnpl oyee: : get Wage() const

{

return wage;

} // end function getWage

L QOutline
\Y
hourly.cpp (2 of 3)

O 2003 Prentice Hall, Inc.
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/'l get hourly enployee's pay
doubl e Hour | yEnpl oyee: : earni ngs() const
{
if ( hours <= 40 ) [// no overtine
return wage * hours;
el se /1l overtine is paid at wage * 1.5
return 40 * wage + ( hours - 40 ) * wage * 1.5;

} // end function earnings

[l print hourly enployee's information
voi d Hourl yEnpl oyee: : print() const
{

cout << "\ nhourly enpl oyee: ";

Enpl oyee: :print(); // code reuse

} // end function print

a Outline
\Y
hourly.cpp (3 of 3)

O 2003 Prentice Hall, Inc.
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/1l Fig. 10.29: conmm ssion.h

/1 Conmm ssi onEnpl oyee cl ass derived from Enpl oyee.
#i f ndef COW SSI ON_H

#define COW SSI ON_H

#i ncl ude "enpl oyee. h" [/ Enpl oyee class definition

cl ass Comm ssi onEnpl oyee : public Enpl oyee {

A

Qutline

\%

publ i c:
Comm ssi onEnpl oyee( const strj

Must set rate and sales.

const string & double<= 0/0, double = 0.0 );

voi d set Comm ssi onRat e( double );
doubl e get Conmi ssi onRat’e() const;

voi d set G ossSal es( double );
doubl e get G ossSal es() const;

virtual double earnings() const;
virtual void print() const;

private:
doubl e grossSal es; /'l gross weekly sal es
doubl e conm ssionRate; // conm ssion percentage

}; /1 end class Conm ssi onEnpl oyee

#endif // COW SSI ON_H

commission.h
(Lof 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1 Fig. 10.30: comm ssion.cpp
[/ Comm ssi onEnpl oyee cl ass nmenber -function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "comm ssion. h" // Conmm ssion cl ass

/1 Conm ssi onEnpl oyee constructor
Comm ssi onEnpl oyee: : Conm ssi onEnpl oyee( const string &first,
const string & ast, const string &social SecurityNunber,
doubl e grossWekl ySal es, doubl e percent )
Enpl oyee( first, last, social SecurityNunber )

set G ossSal es( grossWeklySales );
set Commi ssi onRat e( percent );

} /1 end Conmm ssi onEnpl oyee constructor

/1l return conmm ssion enployee's rate
doubl e Comm ssi onEnpl oyee: : get Conm ssi onRat e() const

{

return comm SSi onRat e;

} // end function get Conm ssi onRat e

A

Outline

\%

commission.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
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/1l return comm ssion enployee's gross sal es anount
doubl e Comm ssi onEnpl oyee: : get G ossSal es() const

{

return grossSal es;
} // end function get G ossSal es

/| set comm ssion enployee's weekly base sal ary
voi d Conm ssi onEnpl oyee: : set G ossSal es( double sales )

{

grossSales = sales < 0.0 ? 0.0 : sales;
} // end function set GossSal es

/'l set commi ssion enployee's conm ssion
voi d Conm ssi onEnpl oyee: : set Comm ssi onRat e( double rate )

{

conm ssionRate = ( rate > 0.0 & rate < 1.0 ) ? rate : 0.0;

} // end function set Conm ssi onRat e

A

Outline

\%

commission.cpp
(2 of 3)
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/'l cal cul ate comm ssion enpl oyee's earni ngs
doubl e Conmm ssi onEnpl oyee: : earni ngs() const

{

return get Comm ssionRate() * get GossSal es();
} // end function earnings

/1l print comm ssion enpl oyee's nane
voi d Conm ssi onEnpl oyee: : print() const

{

cout << "\'nconm ssi on enpl oyee: ";
Enpl oyee: :print(); // code reuse

} // end function print

A

Outline

\%

commission.cpp
(30f 3)

O 2003 Prentice Hall, Inc.
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/1 Fig. 10.31: baseplus.h

/| BasePl usConm ssi onEnpl oyee cl ass derived from EN
#i f ndef BASEPLUS H
#defi ne BASEPLUS H

#i nclude "comm ssion. h" // Enployee class”definiti

cl ass BasePl usComm ssi onEnpl oyee : public Conm ssio

publ i c:

A i
Inherits from —utine
Conm ssi onEnpl oyee
(and from Enpl oyee is.h (1 of 1)
indirectly).
nEnpl oyee {

BasePl usCommi ssi onEnpl oyee( const string & const string &,

const string & double = 0.0, double = 0.0, d

voi d set BaseSal ary( double );
doubl e get BaseSal ary() const;

virtual double earnings() const;
virtual void print() const;

private:
doubl e baseSal ary; /'l base sal ary per week

}; /1 end class BasePl usConm ssi onEnpl oyee

#endi f // BASEPLUS_H

ouble = 0.0 );

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l Fig. 10.32: basepl us.cpp
/| BasePl usConm ssi onEnpl oyee nenber-function definitions.
#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude "basepl us. h"

/'l constructor for class BasePl usComm ssi onEnpl oyee
BasePl usCommi ssi onEnpl oyee: : BasePl usConm ssi onEnpl oyeg(
const string & irst, const string & ast,
const string &social SecurityNunber,
doubl e grossSal esAnmount, double rate,
doubl e baseSal ar yAnmount )
Comm ssi onEnpl oyee( first, last, social SecurityNunber,
gr ossSal esAmount, rate )

set BaseSal ary( baseSal ar yAnmount );

} // end BasePl usComm ssi onEnpl oyee constructor

/'l set base-sal aried conm ssion enpl oyee's wage
voi d BasePl usCommi ssi onEnpl oyee: : set BaseSal ary( doubl e salary )

{

baseSal ary = salary < 0.0 ? 0.0 : salary;

} // end function setBaseSal ary

A

Qutline

\%

baseplus.cpp
(1 of 2)

() 2003 Prentice Hall, Inc.
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/'l return base-sal ari ed comm ssi on enpl oyee' s base sal ary
doubl e BasePl usComm ssi onEnpl oyee: : get BaseSal ary() const

{

return baseSal ary;
} // end function getBaseSal ary

/'l return base-sal aried comm ssion enpl oyee's earni ngs
doubl e BasePl usConm ssi onEnpl oyee: : earni ngs() const

{

return getBaseSal ary() + Conmm ssi onEnpl oyee: : ear ni ngs() ;

} // end function earnings

/'l print base-sal aried comm ssion enpl oyee's nane
voi d BasePl usConm ssi onEnpl oyee: : print() const

{

cout << "\ nbase-sal aried conm ssi on enpl oyee: ";
Enpl oyee: :print(); // code reuse

} // end function print

A

Outline

\%

baseplus.cpp
(2 of 2)
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/'l Fig.

#i ncl ude

10. 33:
[/ Driver for

<j ostreanr

usi ng std:: cout;
usi ng std::endl;
usi ng std::fixed;

#i ncl ude

usi ng std::setprecision;

#i ncl ude

<i omani p>

<vect or >

usi ng std::vector;

#i ncl ude

#1 ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude

<t ypei nf 0>

"“enpl oyee. h"
"sal ari ed. h"
"conmm ssion. h
"basepl us. h"
“hourly. h"

figl0_33.cpp
Enpl oyee hi erarchy.

/1
/1
/1
/1
/11

Enpl oyee base cl ass

Sal ari edEnpl oyee cl ass

Commi ssi onEnpl oyee cl ass

BasePl usConm ssi onEnpl oyee cl ass
Hour | yEnpl oyee cl ass

A

Outline

\%

figl0_33.cpp
(1 of 4)
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mai n()

/1 set floating-point output formatting
cout << fixed << setprecision( 2 );

/'l create vector enployees
vector < Enpl oyee * > enpl oyees( 4 );

/1l initialize vector with Enpl oyees
enpl oyees[ 0 ] = new Sal ari edEnpl oyee( "John", "Smth",
"111-11-1111", 800.00 );

enpl oyees[ 1 ] = new Conm ssi onEnpl oyee( "Sue", "Jones",

"222-22-2222", 10000, .06 );

enpl oyees[ 2 ] = new BasePl usConm ssi onEnpl oyee( " Bob",
"Lewi s", "333-33-3333", 300, 5000, .04 );

enpl oyees[ 3 ] = new Hourl yEnpl oyee( "Karen", "Price",
"444- 44- 4444" | 16.75, 40 );

A

Outline

\%

figl0_33.cpp
(2 of 4)
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/'l generically process each el enent
for (int i =0; i < enployees.size()

/'l out put enpl oyee information
enpl oyees[ i ]->print();

/'l downcast pointer

[al

Use downcasting to cast the employee object into a
BasePl usConm ssi onEnpl oyee. If it pointsto
the correct type of object, the pointer is non-zero. This
way, we can give araise to only

BasePl usConm ssi onEnpl oyees.

BasePl usConm ssi onEnpl oyee *conm ssionPtr =
dynam c_cast < BasePl usConm ssi onEnpl oyee * >

( enployees[ i ] );

/| determ ne whet her el enent points to base-sal aried

/1 comm ssion enpl oyee
if ( commssionPtr '=0) {
cout << "old base salary: $"

<< comm ssi onPtr->get BaseSal ary() << endl;

conmi ssi onPtr - >set BaseSal ar vy (

1.10 * comm ssionPtr->getBaseSal ary() );
cout << "new base salary with 10% i ncrease is: $"
<< comm ssi onPtr- >get BaseSal ary() << endl ;

} /] end if
cout << "earned $" << enpl oyees|[ i

} /1 end for

]- >earni ngs() << endl;

O 2003 Prentice Hall, Inc.
All rights reserved.
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85 } // end main

/'l release nmenory held by vector enployees
for (int j] =0; Jj < enployees.size(); j++ ) {

/'l output class nane
cout << "\ ndeleting object of "

<< typeid( *enployees[ j ] ).name();

del ete enpl oyees[ | ];

A

Outline

\%

/1 end f )
i sne ror t ypei d returnsa

t ype_i nf o object. This
object contains information
return 0; about the operand, including
its name.

cout << endl:

figl0_33.cpp
(4 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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sal ari ed enpl oyee: John Smith
soci al security nunber: 111-11-1111
ear ned $800. 00

comm ssi on enpl oyee: Sue Jones
soci al security nunber: 222-22-2222
ear ned $600. 00

base- sal ari ed conm ssi on enpl oyee: Bob Lew s
soci al security nunber: 333-33-3333

ol d base sal ary: $300. 00

new base salary with 10% i ncrease is: $330.00
ear ned $530. 00

hourly enpl oyee: Karen Price
soci al security nunber: 444-44-4444
ear ned $670. 00

del eti ng obj ect of class Sal ari edEnpl oyee

del eting object of class Comm ssi onEnpl oyee

del eting object of class BasePl usCom ssi onEnpl oyee
del eting object of class Hourl yEnpl oyee

A

Qutline

\%

figl0_33.cpp
output (1 of 1)
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