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Object-
Oriented
Programming:
Polymorphism

In this chapter you will learn:

= What polymorphism is, how it makes programming
more convenient, and how it makes systems more
extensible and maintainable.

= To declare and use virtual functions to effect
polymorphism.

= The distinction between abstract and concrete classes.

= To declare pure virtual functions to create abstract
classes.

= How to use run-time type information (RTTI) with
downcasting, dynamic_cast, typeid and
type_info.

= How C++ implements vi rtual functions and dynamic
binding “under the hood.”

= How to use virtual destructors to ensure that all
appropriate destructors run on an object.
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Self-Review Exercises 687

Self-Review Exercises

13.1  Fill in the blanks in each of the following statements:
a) Treating a base-class object as a(n) can cause errors.
ANS: derived-class object.
b) Polymorphism helps eliminate logic.
ANS: switch.
o) Ifa class contains at least one pure virtual function, it is a(n) class.
ANS: abstract.
d) Classes from which objects can be instantiated are called classes.
ANS: concrete.
e) Operator can be used to downcast base-class pointers safely.
ANS: dynamic_cast.
f) Operator typeid returns a reference to a(n) object.
ANS: type_info.
g involves using a base-class pointer or reference to invoke virtual functions
on base-class and derived-class objects.
ANS: Polymorphism.
h) Overridable functions are declared using keyword
ANS: virtual.
i) Casting a base-class pointer to a derived-class pointer is called
ANS: downcasting.
3.2 State whether each of the following is #7ue or false. If false, explain why.
a) All virtual functions in an abstract base class must be declared as pure virtual func-
tions.
ANS: False. An abstract base class can include virtual functions with implementations.
b) Referring to a derived-class object with a base-class handle is dangerous.
ANS: False. Referring to a base-class object with a derived-class handle is dangerous.
©) A class is made abstract by declaring that class virtual.
ANS: False. Classes are never declared virtual. Rather, a class is made abstract by including
at least one pure virtual function in the class.
d) If a base class declares a pure virtual function, a derived class must implement that
function to become a concrete class.
ANS: True.
e) Polymorphic programming can eliminate the need for switch logic.
ANS: True.
Exercises
13.3  How is it that polymorphism enables you to program “in the general” rather than “in the

specific”? Discuss the key advantages of programming “in the general.”

ANS: Polymorphism enables the programmer to concentrate on the common operations
that are applied to objects of all the classes in a hierarchy. The general processing ca-
pabilities can be separated from any code that is specific to each class. Those general
portions of the code can accommodate new classes without modification. In some
polymorphic applications, only the code that creates the objects needs to be modified
to extend the system with new classes.
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688 Chapter 13 Object-Oriented Programming: Polymorphism

13.4  Discuss the problems of programming with switch logic. Explain why polymorphism can
be an effective alternative to using switch logic.

ANS: The main problems with programming using switch logic are extensibility and pro-
gram maintainability. A program containing many switch statements is difficult to
modify. A programmer will need to add or remove cases from many, possibly all,
switch statements in the program as the types of objects in the program change. The
polymorphic approach eliminates these issues, as new types can be added to a pro-
gram with relative ease. Only the part of the program that creates objects needs to be
aware of the newly added types. [Nore: switch logic includes if...e1se statements
which are more flexible than the switch statement.]

13.5 Distinguish between inheriting interface and inheriting implementation. How do inherit-
ance hierarchies designed for inheriting interface differ from those designed for inheriting imple-
mentation?

ANS: When a class inherits implementation, it inherits previously defined functionality
from another class. When a class inherits interface, it inherits the definition of what
the interface to the new class type should be. The implementation is then provided
by the programmer defining the new class type. Inheritance hierarchies designed for
inheriting implementation are used to reduce the amount of new code that is being
written. Such hierarchies are used to facilitate software reusability. Inheritance hier-
archies designed for inheriting interface are used to write programs that perform ge-
neric processing of many class types. Such hierarchies are commonly used to facilitate
software extensibility (i.e., new types can be added to the hierarchy without changing
the generic processing capabilities of the program.)

13.6  What are virtual functions? Describe a circumstance in which virtual functions would
be appropriate.

ANS: virtual functions are functions with the same function prototype that are defined
throughout a class hierarchy. At least the base class occurrence of the function is pre-
ceded by the keyword virtual. Programmers use virtual function to enable generic
processing of an entire class hierarchy of objects through a base-class pointer. If the
program invokes a virtual function through a base-class pointer to a derived-class
object, the program will choose the correct derived-class function dynamically (i.e.,
at execution time) based on the object type—not the pointer type. For example, in a
shape hierarchy, all shapes can be drawn. If all shapes are derived from a base class
Shape which contains a virtual draw function, then generic processing of the hierar-
chy can be performed by calling every shape’s draw generically through a base class
Shape pointer.

3.7 Distinguish between static binding and dynamic binding. Explain the use of virtual func-
tions and the vzable in dynamic binding.
ANS: Static binding is performed at compile-time when a function is called via a specific
object or via a pointer to an object. Dynamic binding is performed at run-time when
a virtual function is called via a base-class pointer to a derived-class object (the ob-
ject can be of any derived class). The virtual functions table (vzable) is used at run-
time to enable the proper function to be called for the object to which the base-class
pointer “points”. Each class containing virtual functions has its own vzable that
specifies where the virtual functions for that class are located. Every object of a class
with virtual functions contains a hidden pointer to the class’s vzable. When a vir-
tual function is called via a base-class pointer, the hidden pointer is dereferenced to
locate the vrable, then the viable is searched for the proper function call.
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13.8  Distinguish between virtual functions and pure virtual functions.

ANS: A virtual function must have a definition in the class in which it is declared. A pure
virtual function does not provide a definition. A pure virtual function is appropri-
ate when it does not make sense to provide an implementation for a function in a
base class (i.e., some additional derived-class-specific data is required to implement
the function in a meaningful manner). Classes derived directly from the abstract class
must provide definitions for the inherited pure virtual functions to become a con-
crete class; otherwise, the derived class becomes an abstract class as well.

13.9  Suggest one or more levels of abstract base classes for the Shape hierarchy discussed in this
chapter and shown in Fig. 12.3. (The first level is Shape, and the second level consists of the classes
TwoDimensionalShape and ThreeDimensionalShape.)

ANS: In the Shape hierarchy, class Shape could be an abstract base class. In the second level
of the hierarchy, TwoDimensionalShape and ThreeDimensionalShape could also be
abstract base classes, as defining a function such as draw does not make sense for ei-
ther a generic two-dimensional shape or a generic three-dimensional shape.

13.10  How does polymorphism promote extensibility?
ANS: Polymorphism makes programs more extensible by making all function calls generic.
When a new class type with the appropriate virtual functions is added to the hier-
archy, no changes need to be made to the generic function calls. Only client code that
instantiates new objects must be modified to accommodate new types.

3.1 You have been asked to develop a flight simulator that will have elaborate graphical outputs.
Explain why polymorphic programming would be especially effective for a problem of this nature.
ANS: A flight simulator most likely will involve displaying a number of different types of
aircraft and objects on the screen. Suppose a programmer creates an abstract base class
named FlightSimulatorObject with a pure virtual function draw. Derived classes
could be created to represent the various on-screen elements, such as Airplanes, He-
Ticopters and Airports. Each derived class would define draw so that it displays an
appropriate image for that element. Polymorphism would allow the programmer to
display all the on-screen elements in the flight simulator in a generic manner (i.e., the
program can invoke function draw off base class F1ightSimulatorObject pointers or
references to derived-class objects. The flight simulator code responsible for display-
ing the elements on the screen would not need to worry about the details of drawing
each type of element or about incorporating new types of on-screen elements. Each
derived class handles the drawing details, and only the code that creates new objects
would need to be modified to accommodate new types.

13.12  (Payroll System Modification) Modify the payroll system of Figs. 13.13-13.23 to include
private data member birthDate in class Employee. Use class Date from Figs. 11.12-11.13 to rep-
resent an employee’s birthday. Assume that payroll is processed once per month. Create a vector of
Employee references to store the various employee objects. In a loop, calculate the payroll for each
EmpTloyee (polymorphically), and add a $100.00 bonus to the person’s payroll amount if the current
month is the month in which the Employee’s birthday occurs.

ANS:

#ifndef
#define

#include <iostream>
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690 Chapter 13 Object-Oriented Programming: Polymorphism

using std::ostream;

class Date
{
friend ostream &operator<<( ostream &, const Date & );
public:
Date( int m = 1, int d = 1, int y = );
void setDate( int, int, int );
Date &operator++();
Date operator++( int );
const Date &operator+=( int );
bool leapYear( int ) const;
bool endOfMonth( int ) const;
int getMonth() const;
private:
int month;
int day;
int year;

static const int days[];
void helpIncrement();

g

#endif

#include <iostream>
#include

const int Date::days[] =

{ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ };

Date::Date( int m, int d, inty )
{
setDate( m, d, y );

}

void Date::setDate( int mm, int dd, int yy )

{
month = ( mm >= 1 && mm <= ) ?mm : 1
year = (yy >= && yy <= ) 7 yy ;
if ( month == 2 && TeapYear( year ) )
day = ( dd >= 1 && dd <= ) ?2.dd : 1;
else
day = ( dd >= 1 & dd <= days[ month ] ) ? dd : 1;
}
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Date &Date::operator++()

{
helpIncrement();
return *this;

Date Date::operator++( int )

{
Date temp = *this;
helpIncrement();
return temp;

}

const Date &Date::operator+=( int additionalDays )
{
for ( int i = 0; i < additionalDays; i++ )
helpIncrement();

return *this;

bool Date::leapYear( int testYear ) const

{
if ( testYear % == |
( testYear % I= 0 && testYear % 4 == ) )
return true;
else
return false;
}

int Date::getMonth() const
{

return month;

}

bool Date::endOfMonth( int testDay ) const

{
if ( month == 2 && TeapYear( year ) )
return testDay == ;
else
return testDay == days[ month ];
}

void Date::helpIncrement()

{
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692 Chapter 13 Object-Oriented Programming: Polymorphism

if ( !endOfMonth( day ) )

day++;
else

if ( month < )

{
month++;
day = 1;

}

else

{
year++;
month = 1;
day = 1;

B

ostream &operator<<( ostream &output, const Date &d )

{

static char *monthNamel[ 1 =1 3 ) )
’ ’ ’ };
output << monthName[ d.month ] << << d.day << << d.year;
return output;
}
#ifndef
#define

#include <string>
using std::string;

#include

class Employee

{
public:
Employee( const string &, const string &, const string &,
int, int, int );

void setFirstName( const string & );
string getFirstName() const;

void setlLastName( const string & );
string getLastName() const;

void setSocialSecurityNumber( const string & );
string getSocialSecurityNumber() const;

void setBirthDate( int, int, int );
Date getBirthDate() const;
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virtual double earnings() const = 0;
virtual void print() const;
private:
string firstName;
string lastName;
string socialSecurityNumber;
Date birthDate;
};

#endif

#include <iostream>
using std::cout;

#include
Employee: :Employee( const string &first, const string &last,
const string &ssn, int month, int day, int year )

: firstName( first ), TastName( Tast ), socialSecurityNumber( ssn ),
birthDate( month, day, year )

void Employee::setFirstName( const string &first )

{
}

firstName = first;

string Employee::getFirstName() const

{
}

return firstName;

void Employee::setLastName( const string &last )

{
}

lastName = last;

string Employee::getLastName() const

{
}

return TastName;
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694 Chapter 13 Object-Oriented Programming: Polymorphism

void Employee::setSocialSecurityNumber( const string &ssn )

{
}

socialSecurityNumber = ssn;

string Employee::getSocialSecurityNumber() const

{
}

return socialSecurityNumber;

void Employee::setBirthDate( int month, int day, int year )

{
}

birthDate.setDate( month, day, year );

Date Employee::getBirthDate() const
{

}

return birthDate;

void Employee::print() const

{
cout << getFirstName() << << getLastName()

<< << getBirthDate()

<< << getSocialSecurityNumber();
}
#ifndef
#define
#include

class SalariedEmployee : public Employee
{
public:
SalariedEmployee( const string &, const string &,
const string &, int, int, int, double = )

void setWeeklySalary( double );
double getWeeklySalary() const;

virtual doubTle earnings() const;
virtual void print() const;
private:
double weeklySalary;
};
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#endif

#include <iostream>
using std::cout;

#include

SalariedEmployee::SalariedEmployee( const string &first,
const string &last, const string &ssn, int month, int day, int year,
double salary )

: Employee( first, last, ssn, month, day, year )

setWeeklySalary( salary );

void SalariedEmployee::setWeeklySalary( double salary )
{

}

weeklySalary = ( salary < ) ? : salary;

doubTle SalariedEmployee::getWeeklySalary() const
{

return weeklySalary;

}

double SalariedEmpTloyee::earnings() const

{
}

return getWeeklySalary(Q);

void SalariedEmployee::print() const

{

cout << H
EmpTloyee::print();
cout << << getWeeklySalary(Q);

#ifndef
#define

#include

class HourlyEmployee : public Employee
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{
public:
HourlyEmployee( const string &, const string &,
const string &, int, int, int, double = , double = );

void setWage( double );
double getWage() const;

void setHours( double );
double getHours() const;

virtual double earnings() const;

virtual void print() const;
private:

double wage;

double hours;

I8

#endif

#include <iostream>
using std::cout;

#include

HourlyEmpTloyee: :HourlyEmployee( const string &first, const string &last,
const string &ssn, int month, int day, int year,
double hourlyWage, double hoursWorked )

: Employee( first, last, ssn, month, day, year )

setWage( hourlyWage );
setHours( hoursWorked );

void HourlyEmpTloyee::setWage( double hourlyWage )
{

}

wage = ( hourlyWage < ? : hourlyWage );

double HourlyEmployee::getWage() const
{

}

return wage;

void HourlyEmpTloyee::setHours( double hoursWorked )

{
hours = ( ( ( hoursWorked >= ) && ( hoursWorked <= ) ) ?
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hoursWorked : );

doubTe HourlyEmployee::getHours() const

{
}

return hours;

doubTe HourlyEmployee::earnings() const

{
if ( getHours() <= )
return getWage() * getHours(Q);
else
return * getWage() + ( ( getHours() - ) * getWage() * );
}

void HourlyEmployee::print() const
{
cout << o
EmpTloyee::print();
cout << << getWage() <<
<< getHours(Q);

#ifndef
#define

#include

class CommissionEmployee : public Employee
{
public:
CommissionEmployee( const string &, const string &,
const string &, int, int, int, double = , double = );

void setCommissionRate( double );
doubTle getCommissionRate() const;

void setGrossSales( double );
doubTle getGrossSales() const;

virtual doubTle earnings() const;

virtual void print() const;
private:

double grossSales;

double commissionRate;

15
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#endif

#include <iostream>
using std::cout;

#include

CommissionEmpTloyee: :CommissionEmployee( const string &first,
const string &last, const string &ssn, int month, int day, int year,
double sales, double rate )

: Employee( first, last, ssn, month, day, year )

setGrossSales( sales );
setCommissionRate( rate );

void CommissionEmpTloyee::setCommissionRate( double rate )

{
}

commissionRate = ( ( rate > && rate < ) ? rate : );

doubTe CommissionEmpTloyee::getCommissionRate() const

{
}

return commissionRate;

void CommissionEmpTloyee::setGrossSales( double sales )

{
}

grossSales = ( ( sales < ) ? : sales );

double CommissionEmpTloyee::getGrossSales() const

{
}

return grossSales;

doubTe CommissionEmpTloyee::earnings() const

{
}

return getCommissionRate() * getGrossSales();

void CommissionEmpTloyee::print() const

{
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cout << 0

Employee: :print(Q;

cout << << getGrossSales()

<< << getCommissionRate();

}
#ifndef
#define
#include

class BasePlusCommissionEmployee : public CommissionEmpTloyee

{

public:
BasePlusCommissionEmpTloyee( const string &, const string &,
const string &, int, int, int, double = , double = s
double = );

void setBaseSalary( double );
double getBaseSalary() const;

virtual doubTle earnings() const;

virtual void print() const;
private:

double baseSalary;

18

#endif

#include <iostream>
using std::cout;

#include

BasePlusCommissionEmpTloyee: :BasePTusCommissionEmployee(
const string &first, const string &last, const string &ssn,
int month, int day, int year, double sales,
double rate, double salary )
: CommissionEmployee( first, last, ssn, month, day, year, sales, rate )

setBaseSalary( salary );

void BasePTusCommissionEmployee::setBaseSalary( double salary )

{

Copyright ® 1992-2005 by Deitel & Associates, Inc. All Rights Reserved.



700 Chapter 13 Object-Oriented Programming: Polymorphism

baseSalary = ( ( salary < ) ? : salary );

double BasePlusCommissionEmployee: :getBaseSalary() const

{
}

return baseSalary;

double BasePlusCommissionEmployee: :earnings() const

{
}

return getBaseSalary() + CommissionEmployee::earnings();

void BasePlusCommissionEmployee::print() const

{
cout << ;
CommissionEmpTloyee::print();
cout << << getBaseSalary(Q);
}

#include <iostream>
using std::cout;
using std::endl;
using std::fixed;

#include <iomanip>
using std::setprecision;

#include <vector>
using std::vector;

#include <typeinfo>

#include <ctime>
using std::time_t;
using std::time;
using std::localtime;
using std::strftime;

#include <cstdlib>
using std::atoi;

#include
#include
#include
#include
#include
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int determineMonth();

int main(Q)

{

cout << fixed << setprecision( 2 );

o

vector < Employee * > employees( 4 );

employees[ ] = new SalariedEmpTloyee(
employees[ ] = new HourlyEmpTloyee(
) , 12, 29, , ) );

employees[ ] = new CommissionEmployee(

employees[ 3 ] = new BasePTusCommissionEmployee(

y y ’ ’ tl ’ y y );
int month = determineMonth();
cout <<

for ( size_t i = 0; i < employees.size(); i++ )
{

employees[ i J->print(Q);

cout << endl;

BasePlusCommissionEmpTloyee *derivedPtr =
dynamic_cast < BasePlusCommissionEmployee * >
( employees[ i 1 );

if ( derivedPtr != )

{
double oldBaseSalary = derivedPtr->getBaseSalary();
cout << << oldBaseSalary << endl;
derivedPtr->setBaseSalary( * oldBaseSalary );
cout <<

<< derivedPtr->getBaseSalary() << endl;

Date birthday = employees[ i ]->getBirthDate();

if ( birthday.getMonth() == month )
cout <<
<< ( employees[ i ]->earnings() + ) << endl;
else
cout << << employees[ i ]->earnings() << endl;
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cout << endl;

B
for ( size_t j = 0; j < employees.size(); j++ )
{
cout <<
<< typeid( *employees[ j 1 ).name() << endl;
delete employees[ j 1;
B
return 0;

int determineMonth()

{
time_t currentTime;
char monthString[ 3 1;
time( &currentTime );
strftime( monthString, 3, , localtime( &currentTime ) );
return atoi( monthString );
}
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Employees processed polymorphically via dynamic binding:

salaried employee: John Smith
birthday: June 15, 1944

social security number: 111-11-1111
weekly salary: 800.00

earned $800.00

hourly employee: Karen Price

birthday: December 29, 1960

social security number: 222-22-2222
hourly wage: 16.75; hours worked: 40.00
HAPPY BIRTHDAY!

earned $770.00

commission employee: Sue Jones

birthday: September 8, 1954

social security number: 333-33-3333

gross sales: 10000.00; commission rate: 0.06
earned $600.00

base-salaried commission employee: Bob Lewis

birthday: March 2, 1965

social security number: 444-44-4444

gross sales: 5000.00; commission rate: 0.04; base salary: 300.00
old base salary: $300.00

new base salary with 10% increase is: $330.00

earned $530.00

deleting object of class SalariedEmployee

deleting object of class HourlyEmployee

deleting object of class CommissionEmpTloyee
deleting object of class BasePlusCommissionEmployee

(Shape Hierarchy) Implement the Shape hierarchy designed in Exercise 12.7 (which is based
on the hierarchy in Fig. 12.3). Each TwoDimensionalShape should contain function getArea to cal-
culate the area of the two-dimensional shape. Each ThreeDimensionalShape should have member
functions getArea and getVolume to calculate the surface area and volume of the three-dimensional
shape, respectively. Create a program that uses a vector of Shape pointers to objects of each concrete
class in the hierarchy. The program should print the object to which each vector element points.
Also, in the loop that processes all the shapes in the vector, determine whether each shape is a
TwoDimensionalShape or a ThreeDimensionalShape. If a shape is a TwoDimensionalShape, display its
area. If a shape is a ThreeDimensionalShape, display its area and volume.

ANS:

#ifndef
#define

#include <iostream>
using std::ostream;
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class Shape {

friend ostream & operator<<( ostream &, Shape & );
public:

Shape( double = , double = );

doubTle getCenterX() const;

double getCenterY() const;

virtual void print() const = 0;
protected:

double xCenter;

double yCenter;
b

#endif

#include

Shape: :Shape( double x, double y )
{

xCenter = x;

yCenter Y;

doubTle Shape::getCenterX() const
{

}

return xCenter;

doubTle Shape::getCenterY() const
{

}

return yCenter;

ostream & operator<<( ostream &out, Shape &s )

{
s.printQ);
return out;

#ifndef
#define

#include

class TwoDimensionalShape : public Shape
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{
public:

TwoDimensionalShape( double x, double y ) : Shape( x, y ) { }

virtual double getArea() const = 0;

3

#endif

#ifndef
#define

#include

class ThreeDimensionalShape : public Shape

{
public:

ThreeDimensionalShape( double x, double y ) : Shape( x, y ) { }

virtual doubTle getArea() const = 0;
virtual double getVolume() const = 0;

I8

#endif

#ifndef
#define

#include

class Circle : public TwoDimensionalShape

{
public:

Circle( double = , double = , double = );

virtual double getRadius() const;
virtual double getArea() const;
void print() const;

private:
double radius;

g

#endif
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#include <iostream>
using std::cout;

#include
Circle::Circle( double r, double x, double y )
: TwoDimensionalShape( x, y )

{
}

radius = ( ( r > ) ?2r: )

doubTle Circle::getRadius() const
{

}

return radius;

doubTle Circle::getArea() const

{
}

return * radius * radius;

void Circle::print() const

{
cout << << radius <<
<< xCenter << << yCenter << ;
}
#ifndef
#define
#include

class Square : public TwoDimensionalShape

{
public:

Square( double = , double = , double = );

virtual double getSidelLength() const;
virtual double getArea() const;
void print() const;
private:
doubTle sidelLength;
};
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#endif

#include <iostream>
using std::cout;

#include
Square::Square( double s, double x, double y )
: TwoDimensionalShape( x, y )

{
}

sideLength = ( ( s > ) ? s : );

double Square::getSidelLength() const
{

}

return sidelLength;

double Square::getArea() const

{
return sideLength * sidelLength;

}

void Square::print() const

{
cout << << sidelLength <<
<< xCenter << << yCenter << H

#ifndef
#define

#include

class Sphere : public ThreeDimensionalShape

{
public:
Sphere( double = , double = , double = );
virtual double getArea() const;
virtual double getVolume() const;
doubTle getRadius() const;
void print() const;
private:
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double radius;

I8

#endif

#include <iostream>
using std::cout;

#include
Sphere: :Sphere( double r, double x, double y )
: ThreeDimensionalShape( x, y )

{
}

radius = ( ( r > ) ?2r: )

double Sphere::getArea() const

{
return * * radius * radius;
}
double Sphere::getVolume() const
{
return ( / ) * * radius * radius * radius;
}
double Sphere::getRadius() const
{
return radius;
}
void Sphere::print() const
{
cout << << radius <<
<< xCenter << << yCenter << H
}
#ifndef
#define
#include

class Cube : public ThreeDimensionalShape

{
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public:
Cube( double = , double = , double = );

virtual double getArea() const;
virtual double getVolume() const;
double getSidelLength() const;
void print() const;

private:
doubTle sidelLength;

};

#endif

#include <iostream>
using std::cout;

#include

Cube: :Cube( double s, double x, double y )
: ThreeDimensionalShape( x, y )

{
sideLength = ( ( s > ) ? s : )
}

double Cube::getArea() const
{

}

%

return sideLength * sidelLength;

double Cube::getVolume() const

{
return sideLength * sideLength * sidelength;

}

doubTe Cube::getSideLength() const
{

}

return sidelLength;

void Cube::print() const
{
cout << << sidelLength <<
<< xCenter << << yCenter << ;
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#include <iostream>
using std::cout;
using std::endl;

#include <vector>
using std::vector;

#include <typeinfo>

#include
#include
#include
#include
#include
#include
#include

int mainQ)

{

vector < Shape

*

> shapes( );

shapes[ 0 ] = new Circle( » 6, 9);
shapes[ 1 ] = new Square( 12, 2, 2 );
shapes[ 7 ] = new Sphere( 5, 5 K
shapes[ ] = new Cube( );

for (int i =0; i < 4; i++ )

{

cout << *( shapes[ i ] ) << endl;

TwoDimensionalShape *twoDimensionalShapePtr =
dynamic_cast < TwoDimensionalShape * > ( shapes[ i ] );

if ( twoDimensionalShapePtr != )
cout << << twoDimensionalShapePtr->getArea() << endl;

ThreeDimensionalShape *threeDimensionalShapePtr =
dynamic_cast < ThreeDimensionalShape * > ( shapes[ i ] );

if ( threeDimensionalShapePtr != 0 )
cout << << threeDimensionalShapePtr->getArea()
<< << threeDimensionalShapePtr->getVolume()
<< endl;

cout << endl;
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return 0;

Circle with radius 3.5; center at (6, 9)
Area: 38.4845

Square with side Tength 12; center at (2, 2)
Area: 144

Sphere with radius 5; center at (1.5, 4.5)
Area: 314.159
Volume: 523.598

Cube with side length 2.2; center at (0, 0)
Area: 29.04
Volume: 10.648

13.14  (Polymorphic Screen Manager Using Shape Hierarchy) Develop a basic graphics package. Use
the Shape hierarchy implemented in Exercise 13.13. Limit yourself to two-dimensional shapes such
as squares, rectangles, triangles and circles. Interact with the user. Let the user specify the position,
size, shape and fill characters to be used in drawing each shape. The user can specify more than one
of the same shape. As you create each shape, place a Shape * pointer to each new Shape object into
an array. Each Shape class should now have its own draw member function. Write a polymorphic
screen manager that walks through the array, sending draw messages to each object in the array to
form a screen image. Redraw the screen image each time the user specifies an additional shape.

13.15 (Package Inheritance Hierarchy) Use the Package inheritance hierarchy created in
Exercise 12.9 to create a program that displays the address information and calculates the shipping
costs for several Packages. The program should contain a vector of Package pointers to objects of
classes TwoDayPackage and OvernightPackage. Loop through the vector to process the Packages
polymorphically. For each Package, invoke gez functions to obtain the address information of the
sender and the recipient, then print the two addresses as they would appear on mailing labels. Also,
call each Package’s calculateCost member function and print the result. Keep track of the total

shipping cost for all Packages in the vector, and display this total when the loop terminates.
ANS: [Note: To achieve polymorphic behavior in the Package hierarchy, each class defini-

tion must declare the calculateCost member function as a virtual function.]

#ifndef
#define

#include <string>
using std::string;

class Package
{
public:

Package( const string &, const string &, const string &,
const string &, int, const string &, const string &, const string &,
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const string &, int, double, double );

void setSenderName( const string & );
string getSenderName() const;

void setSenderAddress( const string & );
string getSenderAddress() const;

void setSenderCity( const string & );
string getSenderCity() const;

void setSenderState( const string & );
string getSenderState() const;

void setSenderZIP( int );

int getSenderZIP() const;

void setRecipientName( const string & );
string getRecipientName() const;

void setRecipientAddress( const string & );
string getRecipientAddress() const;

void setRecipientCity( const string & );
string getRecipientCity() const;

void setRecipientState( const string & );
string getRecipientState() const;

void setRecipientZIP( int );

int getRecipientZIP() const;

void setWeight( double );

double getWeight() const;

void setCostPerOunce( double );

double getCostPerOunce() const;

virtual doubTle calculateCost() const;
private:

string senderName;
string senderAddress;
string senderCity;
string senderState;

int senderZIP;

string recipientName;
string recipientAddress;
string recipientCity;
string recipientState;
int recipientZIP;

doubTle weight;
double costPerQOunce;

15

#endif

#include

Package: :Package( const string &sName, const string &sAddress,
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const string &sCity, const string &sState, int sZIP,

const string &rName, const string &rAddress, const string &rCity,

const string &rState, int rZIP, double w, double cost )

: senderName( sName ), senderAddress( sAddress ), senderCity( sCity ),
senderState( sState ), senderZIP( sZIP ), recipientName( rName ),
recipientAddress( rAddress ), recipientCity( rCity ),
recipientState( rState ), recipientZIP( rZIP )

setWeight( w );
setCostPerQunce( cost );

void Package::setSenderName( const string &name )

{
}

senderName = name;

string Package::getSenderName() const

{
}

return senderName;

void Package::setSenderAddress( const string &address )

{
}

senderAddress = address;

string Package::getSenderAddress() const

{
}

return senderAddress;

void Package::setSenderCity( const string &city )

{
senderCity = city;
}

string Package::getSenderCity() const
{

}

return senderCity;

void Package::setSenderState( const string &state )

{

senderState = state;

}
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string Package::getSenderState() const

{
}

return senderState;

void Package::setSenderZIP( int zip )
{

}

senderZIP = zip;

int Package::getSenderZIP() const
{

}

return senderZIP;

void Package::setRecipientName( const string &name )

{
}

recipientName = name;

string Package::getRecipientName() const

{

return recipientName;

}

void Package::setRecipientAddress( const string &address )

{
}

recipientAddress = address;

string Package::getRecipientAddress() const

{

return recipientAddress;

}

void Package::setRecipientCity( const string &city )
{

}

recipientCity = city;

string Package::getRecipientCity() const
{

}

return recipientCity;

void Package::setRecipientState( const string &state )
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recipientState = state;

string Package::getRecipientState() const
{

}

return recipientState;

void Package::setRecipientZIP( int zip )
{

}

recipientZIP = zip;

int Package::getRecipientZIP() const
{

}

return recipientZIP;

void Package::setWeight( double w )
{

}

weight = (w < ) ? S

doubTle Package::getWeight() const
{

}

return weight;

void Package::setCostPerOunce( double cost )

{
}

costPerOunce = ( cost < ) ? : cost;

doubTle Package::getCostPerOunce() const
{

}

return costPerQOunce;

double Package::calculateCost() const

{
}

return getWeight() * getCostPerOunce();
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#ifndef
#define

#include

class TwoDayPackage : public Package
{
public:
TwoDayPackage( const string &, const string &, const string &,
const string &, int, const string &, const string &, const string &,
const string &, int, double, double, double );

void setFlatFee( double );
doubTle getFlatFee() const;

virtual doubTle calculateCost() const;
private:

double flatFee;
b

#endif

#include

TwoDayPackage: : TwoDayPackage( const string &sName,
const string &sAddress, const string &sCity, const string &sState,
int sZIP, const string &rName, const string &rAddress,
const string &rCity, const string &rState, int rZIP,
double w, double cost, double fee )
: Package( sName, sAddress, sCity, sState, sZIP,
rName, rAddress, rCity, rState, rZIP, w, cost )

setFlatFee( fee );

void TwoDayPackage::setFlatFee( double fee )

{
flatFee = ( fee < ) ? : fee;

}

doubTe TwoDayPackage: :getFlatFee() const
{

}

return flatFee;

doubTe TwoDayPackage: :calculateCost() const

{
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return Package::calculateCost() + getFlatFee();

#ifndef
#define

#include

class OvernightPackage : public Package
{
public:
OvernightPackage( const string &, const string &, const string &,
const string &, int, const string &, const string &, const string &,
const string &, int, double, double, double );

void setOvernightFeePerOunce( double );
doubTle getOvernightFeePerOunce() const;

virtual doubTle calculateCost() const;
private:
doubTle overnightFeePerOunce;

18

#endif

#include

OvernightPackage: :OvernightPackage( const string &sName,
const string &sAddress, const string &sCity, const string &sState,
int sZIP, const string &rName, const string &rAddress,
const string &rCity, const string &rState, int rZIP,
double w, double cost, double fee )
: Package( sName, sAddress, sCity, sState, sZIP,
rName, rAddress, rCity, rState, rZIP, w, cost )

setOvernightFeePerQunce( fee );

void OvernightPackage::setOvernightFeePerOunce( double overnightFee )

{
}

overnightFeePerOunce = ( overnightFee < ) ? : overnightFee;

double OvernightPackage: :getOvernightFeePerOunce() const
{
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return overnightFeePerOunce;

double OvernightPackage::calculateCost() const

{
}

return getWeight() * ( getCostPerOunce() + getOvernightFeePerOunce() );

#include <iostream>
using std::cout;
using std::endl;

#include <iomanip>
using std::setprecision;
using std::fixed;

#include <vector>
using std::vector;

#include
#include
#include

int main(Q)

{

vector < Package * > packages( 2 );

packages[ 0 ] = new Package( ; ) ) )
’ ’ ’ ’ ’ ’ ’ );
packages[ ] = new TwoDayPackage( s s
’ ’ ’ ’ ) ;
packages[ ] = new OvernightPackage( y , .

s 7y Dk
double totalShippingCost = 3

cout << fixed << setprecision( 2 );

for ( size_t i = 0; i < packages.size(Q); i++ )
{
cout << << i+ <<

<< packages[ ]->getSenderName() <<
<< packages[ ]->getSenderAddress() <<
<< packages[ i ]->getSenderCity() <<
<< packages[ i ]->getSenderState() <<
<< packages[ ]->getSenderZIP(Q);

N PR T P T
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cout << << packages[ i ]->getRecipientName()
<< << packages[ i ]->getRecipientAddress() <<
<< packages[ i ]->getRecipientCity() <<
<< packages[ i ]->getRecipientState() <<
<< packages[ i ]->getRecipientZIP(Q);

double cost = packages[ i ]->calculateCost();
cout << << COSt << o
totalShippingCost += cost;

}

cout << << totalShippingCost << endl;
return 0;
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Package 1

Sender:

Lou Brown

1 Main St
Boston, MA 11111

Recipient:

Mary Smith

7 Elm St

New York, NY 22222

Cost: $4.25
Package 2

Sender:

Lisa Klein

5 Broadway
Somerville, MA 33333

Recipient:
Bob George
21 Pine Rd
Cambridge, MA 44444

Cost: $8.82
Package 3

Sender:

Ed Lewis

2 Oak St

Boston, MA 55555

Recipient:
Don Kelly
9 Main St
Denver, CO 66666

Cost: $11.64

Total shipping cost: $24.71

(Polymorphic Banking Program Using Account Hierarchy) Develop a polymorphic banking
program using the Account hierarchy created in Exercise 12.10. Create a vector of Account pointers
to SavingsAccount and CheckingAccount objects. For each Account in the vector, allow the user to
specify an amount of money to withdraw from the Account using member function debit and an
amount of money to deposit into the Account using member function credit. As you process each
Account, determine its type. If an Account is a SavingsAccount, calculate the amount of interest
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owed to the Account using member function calculateInterest, then add the interest to the ac-
count balance using member function credit. After processing an Account, print the updated ac-
count balance obtained by invoking base class member function getBalance.
ANS: [Note: To achieve polymorphic behavior in the Account hierarchy, each class defini-
tion must declare the debit and credit member functions as virtual functions.]

#ifndef
#define

class Account

{

public:
Account( double );
virtual void credit( double );
virtual bool debit( double );
void setBalance( double );
double getBalance();

private:
double balance;

g

#endif

#include <iostream>
using std::cout;
using std::endl;

#include

Account: :Account( double initialBalance )

{
if ( initialBalance >= )
balance = initialBalance;
else
{
cout << << endl;
balance = ;
}
}

void Account::credit( double amount )

{
}

balance = balance + amount;
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bool Account::debit( double amount )

{
if ( amount > balance )
{
cout << << endTl;
return false;
}
else
{
balance = balance - amount;
return true;
}
}

void Account::setBalance( double newBalance )

{
}

balance = newBalance;

double Account::getBalance()

{
}

return balance;

#ifndef
#define

#include
class SavingsAccount : public Account
{
public:
SavingsAccount( double, double );
double calculateInterest();
private:
double interestRate;

15

#endif

#include
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SavingsAccount: :SavingsAccount( double initialBalance, double rate )
: Account( initialBalance )

{
}

interestRate = ( rate < ) ? . rate;

double SavingsAccount::calculateInterest()

{
}

return getBalance() * interestRate;

#ifndef
#define

#include

class CheckingAccount : public Account

{

public:
CheckingAccount( double, double );
virtual void credit( double );
virtual bool debit( double );

private:
double transactionFee;

void chargeFee();
1

#endif

#include <iostream>
using std::cout;
using std::endl;

#include
CheckingAccount: :CheckingAccount( double initialBalance, double fee )
: Account( initialBalance )

{
}

transactionFee = ( fee < ) ? : fee;
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void CheckingAccount::credit( double amount )
{

Account::credit( amount );

chargeFee();

bool CheckingAccount: :debit( double amount )
{

bool success = Account::debit( amount );

if ( success )
{
chargeFee();
return true;
}
else
return false;

void CheckingAccount: :chargeFee()
{
Account::setBalance( getBalance() - transactionFee );
cout << << transactionFee << << endl;

#include <iostream>
using std::cout;
using std::cin;
using std::endl;

#include <iomanip>
using std::setprecision;
using std::fixed;

#include <vector>
using std::vector;

#include
#include
#include

int main(Q)

{

vector < Account * > accounts( );

accounts[ ] = new SavingsAccount( , );
accounts[ 1 ] = new CheckingAccount( , );
accounts[ ] = new SavingsAccount( , )
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accounts|[ ] = new CheckingAccount( s );

cout << fixed << setprecision( 2 );

for ( size_t i = 0; i < accounts.size(); i++ )
{
cout << << i+ <<
<< accounts[ i ]->getBalance();

double withdrawalAmount = ;

cout << << i+
<< ;

cin >> withdrawalAmount;

accounts[ i ]->debit( withdrawalAmount );

double depositAmount = 3

cout << << i +
<< H

cin >> depositAmount;

accounts[ i ]->credit( depositAmount );

SavingsAccount *savingsAccountPtr =

dynamic_cast < SavingsAccount * > ( accounts[ i ] );

if ( savingsAccountPtr != 0 )
{
double interestEarned = savingsAccountPtr->calculateInterest();
cout << << interestEarned <<
<< i + << << endl;
savingsAccountPtr->credit( interestEarned );
b
cout << << i+ <<
<< accounts[ i ]->getBalance() << ;
}
return 0;
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Account 1 balance: $25.00

Enter an amount to withdraw from Account 1: 15.00
Enter an amount to deposit into Account 1: 10.50
Adding $0.61 interest to Account 1 (a SavingsAccount)
Updated Account 1 balance: $21.11

Account 2 balance: $80.00

Enter an amount to withdraw from Account 2: 90.00
Debit amount exceeded account balance.

Enter an amount to deposit into Account 2: 45.00
$1.00 transaction fee charged.

Updated Account 2 balance: $124.00

Account 3 balance: $200.00

Enter an amount to withdraw from Account 3: 75.50
Enter an amount to deposit into Account 3: 300.00
Adding $6.37 interest to Account 3 (a SavingsAccount)
Updated Account 3 balance: $430.87

Account 4 balance: $400.00

Enter an amount to withdraw from Account 4: 56.81
$0.50 transaction fee charged.

Enter an amount to deposit into Account 4: 37.83
$0.50 transaction fee charged.

Updated Account 4 balance: $380.02
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