Lab 9: Inheritance and Polymorphism

In thislab, you will work with inheritance and polymorphism.

Y ou will write three classes that implement a class hierarchy using inheritance. The application is for a business that
purchases automobiles from domestic and foreign manufacturers. The business must pay a duty tax on each foreign
car that isimported -- the duty calculation depends on the car's origin. Here isthe UML class diagram for the system:

Auto

- price.double
- dutyRate:double
- model:String

+ payDuty():double

EuropeanAuto JapaneseAuto
- euMembershipDiscount:double - portOfDeparture: String
+ payDuty():double + payDuty():double

Figurel
Here are the business rules:

. Unless specified otherwise, the duty is zero
. For European cars, the duty isthe (price * the dutyRate) less the (price * euMembershipDiscountRate)

. For Japanese cars, the duty isthe (price * the dutyRate), but there's an extra 5% departure tax for vehicles
shipped from Y okohama -- the departure tax is based on the vehicle price

Objectives:

. To write subclasses that override methods
. To investigate constructors in subclasses
Part 1: Inheritance

Steps:

_1. Create anew Java project named L ab09 declining the invitation to create module-info.java.
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2. Create anew class named Auto in the inventory package. The class does not need a main method.
Complete the class according to this specification:

a  Addthefieldsto the class as documented in the UML diagram. All fields should be private.

b.  UseEclipseto generate get/set methods for al of the fields.

c.  WriteapayDuty method as described in the UML diagram. The method should return the value zero.

3. Create anew class named EuropeanAuto in the inventory package that extends Auto. The class doesn't need
amain method.

Hint: In the New Class wizard, you can choose the superclass by pressing the Browse button next to the
superclass entry field and then start typing "Aut" into the search field.

Complete the class according to the following specifications:

a  Add thefields as specified in the UML diagram. All fields should be private, but your methods should
be public.

b.  UseEclipseto generate get/set methods for the fields.
c.  Writeapublic payDuty method as described in the UML diagram.

Implement this method using the business rule defined above. Note that to perform the duty calculation,
you will need to call the getDutyRate and getPrice methods from the superclass:

doubl e dutyRate = getDutyRate();
doubl e price = getPrice();

Why can't the subclass access the fields directly?
4. Create anew class named JapaneseAuto in the inventory package. The class doesn't need a main method.
Complete the class according to the following specifications:
a.  Addthefields as specified in the UML diagram. All fields should be private.
b.  UseEclipseto generate get/set methods for the fields.
Cc.  Write apayDuty method as described in the UML diagram.

Implement this method using the business rule defined above. Note that you will need to call the
getDutyRate and getPrice methods from the superclass.

For the portOfDeparture portion of the calculation, you can use the String class's equals method on the
portOfDeparture field to determine if the JapaneseAuto was shipped from Y okohama or not:

bool ean f = port O Departure. equal s("Yokohama");

_5.  Createanew class named TestInventory in the test package. This class should have a main method.
_6.  Add code to main as described below.

a.  Create objects for an Auto, an EuropeanAuto and a JapaneseAuto. Call the set methods to initialize their
fields using the following data:
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hj ect Model Price Duty Rate

Aut o obj ect Ford 20000 0%
Eur opeanAut o obj ect BMW 35000 5%
JapaneseAut o obj ect Honda 30000 7%

The EuropeanAuto object should have an euMember ShipDiscount value of 2%.
The JapaneseAuto object was shipped from Y okohama.
b.  Cadl the payDuty method on each object and print the result to the console.

_7. Runand test your program to seeif the duty calculations are correct.

Part 2: Polymorphism and Collections

In this part, you will create a collection of Autos and use polymorphism to simplify the task of calculating duty.
Steps:

1. Create anew class named I nventory in the inventory package. This class should not have a main method.

Define a private field in the class of type ArrayList named inventory. Be sure to call new to initialize this field.

Define a method named addAuto that accepts an Auto reference and returns void. This method should simply
add the reference to the inventory collection.

4. Defineapublic method named calcT otal Duty() that accepts no parameters and returns a double. Here are some
hints on implementing this method:

a.  Definealocal variable named total Duty of type double and initialize it to zero.
b.  Set up aloop using the enhanced for loop to traverse all of the objectsin the collection.

c. Inside of the loop, for each object retrieved, call the payDuty method, adding the the returned duty to the
total Duty variable.

d.  ReturnthetotalDuty.
5. Edit the TestInventory class and do the following:
a.  Atthetop of main, create an Inventory object.

b.  After creating and initializing the Auto objects, cal the Inventory object's addAuto method to add each
of the Auto objects to the collection.

c.  Cadll the Inventory object's calcTotal Duty method and print the result to the console.
6. Runand test your program. Isthe total duty calculation correct?

Part 3: Adding a New Class

In this part, you will add a new type of Auto to the application and demonstrate how polymorphism makes it easy to
add function to a program without affecting existing code.

You will write a new class named AustralianCar that is a subclass of Auto. The duty calculation for these cars is
simply the dutyRate times the price.

Lab9-3

Copyright [J Descriptor Systems 2021. All Rights Reserved. Materials may not be reproduced in any form without prior written consent of Joel Barnum.



Steps:

Define anew class named AustralianAuto that extends Auto in theinventory package. This class does not need
amain method.

In the new class, write a payDuty method that implements the business rule described above.
Edit TestInventory, and in main, create an AustralianAuto and initiadlizeitsfields:

hj ect Model Price Duty Rate

Aust ral i anAut o obj ect Hol den 33000 8. 5%

Add the AustralianAuto object to the Inventory collection.
Add code to print out the AustralianAuto's duty to the console.

Run and test your program. The key point here: What changes did you need to make to the total -duty calculation?
The answer is; NONE! This is polymorphism in action -- polymorphism lets you add new subclasses without
affecting existing algorithms. Look back at the calcTotal Duty method in the Inventory class and make sure you
understand how thisworks.

Part 4: Constructors and Inheritance

In this part, you will investigate how constructors work in subclasses and superclasses.

Steps:

1

Edit the Auto class and write athree-argument constructor that accepts parametersfor all of thefields and assigns
the parameter values to the fields.

Save the file and note the Problems View -- you should now have errorsin the TestInventory class and in each
of the subclasses.

The error in the TestInventory class should be expected -- that code explicitly used the built-in zero-argument
constructor that no longer exists -- but what about the subclasses? (Remember that if you define no constructors,
Java provides a built-in zero-argument constructor. If you write any other constructor, Java "takes back" the
built-in one.)

The reason the subclasses have errors is that their built-in zero-argument constructors implicitly call the zero-
argument constructor of the superclass -- since that zero-argument constructor no longer exists, the subclasses
arein error.

Fix the Testinventory class's error by changing the Auto object's constructor to use the three-argument
constructor. Y ou can then comment-out the set methods for this object, as they are redundant.

To fix the subclasses, you will need to write an explicit constructor in each that explicitly calls the superclass's
three-argument constructor. Follow these steps:

a.  Inthe EuropeanAuto class, write a four-argument constructor that accepts parameters for al of the Auto
fields as well as the euMembershipDiscount field. In the constructor, first call the superclass three-
argument constructor, then assign the euM embershipDiscount field.

Then edit Testinventory and for the EuropeanAuto object, change it to use the new four-argument
constructor and then comment-out the set methods.
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b.  Repeat the above step for the JapaneseAuto class, but the "extra' parameter is for the portOfDeparture
rather than euMember shipDiscount.

Cc.  Repeat the above step for the AustralianAuto class -- since this class contributes no new state, it needs
only athree-argument constructor.

Run and test your program. Y ou should see the same results as before.

Part 5: Overriding Methods to Augment Function

In this part, you will investigate how a subclass method can invoke the implementation in a superclass.

Steps:

Edit the Auto class and write a toString method that returns a String containing labeled values of all the object's
fields.

In this method, do NOT invoke the superclass's (Object) implementation of toString. That means that the Auto
classis replacing the implementation provided by the superclass.

Edit the EuropeanAuto class and write atoString method that returns a String containing the labeled values for
not only fields contributed by EuropeanAuto, but also the fields from the Auto superclass. The code should ook
something like:

public String toString()

{
String s = super.toString();
s += "EU di scount: " + euMenbershi pDi scount;
return s;

}

Note that this method invokes the superclass behavior and then augmentsit. Compare this to the implementation
in Auto that completely replaces the behavior from its superclass.

Repeat the above step for the JapaneseAuto class, augmenting the String with state contributed by the
JapaneseAuto class.

Examinethe AustralianAuto class-- sinceit contributes no additional state, you don't need to writeanew toString
method -- the implementation from the Auto superclass should be sufficient.

Edit TestInventory and add code that calls System.out.printin on the Auto object reference and on the objects of
each of the subclasses (you don't need to print the Inventory object).

Run and test your program -- do you see the augmented output?

If you're not happy with the way the output is formatted, edit the toString methods to fix it.

Part 6: Optional: Reinforcement

In this optional part, you will do some more work with inheritance.

Note: Thispart is quite time-consuming and challenging. Don't feel bad if you don't have time to completely finishiit!

Your job isto implement atwo-function calculator that supports addition, subtraction and, most importantly, an undo
facility. The standard way to code an undo facility isto implement the Command design pattern. The following figure
shows a UML diagram for how you will implement the system:
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ConmmandList <cgbstract>»
Bas i Coniiand Calculator

result:double

commandStack java util. Stack

#oalculator: Calculator

+doComm and(cm dBasicC om man d’;void
+unidol astC otrin and(rvoid +executel) yaid
+Hunexecutel) void

+addarg: doubl e void): woid
+zubtra diar: doubl e void

TestCalculator AdditionCommand SubtractionCommand
-arg:double -arg:double
+tnaitiiEr o] String T void +unexecute): woid +execute void
+execute; void +unexecute’; void
Figure 2

Here are alist of specifications for the program:

. The BasicCommand class should be an abstract class and the execute and unexecute methods should be
abstract. This class should maintain afield that references a Calculator object and define a one-argument
constructor that accepts the Calculator object reference. The Calculator field should use protected access

. The AdditionCommand and SubtractionCommand classes subclass BasicCommand and should each define a
field for an argument and define atwo-argument constructor that accepts a Cal culator object and the argument.
Each class should implement execute and unexecute in an appropriate manner by calling a method in the
Calculator

. The Calculator class should define afield that contains the current result and a get method for the result. It
should also define add and subtract methods that update the result

. The CommandList class should define afield of type java.util.Sack. Stack is a collection that provides
methods to add an object to end of the stack (push) and to pop off the last object pushed. The doCommand
method should execute the command and then push it onto the stack. The undoLastCommand method should
pop the command and then call unexecute on it

. The TestCalculator class should define a main method that implements the following activity diagram (flow
chart):
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Figure 3
Steps:

_1. Create apackage named part6, and in it, write the classes that implement the requirements described above.

_2. Run and test. To test, try executing a couple of addition and subtraction commands, then un-doing them. Do
the results make sense?
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