
ASSIGNMENT 4

Records and Objects

COMP-202B, Winter 2010, All Sections

Due: Wednesday, March 31, 2010 (23:55)

You MUST do this assignment individually and, unless otherwise specified, you MUST follow all the
general instructions and regulations for assignments. Graders have the discretion to deduct up to 10% of
the value of this assignment for deviations from the general instructions and regulations.

Part 1, Question 1: 0 points
Part 1, Question 2: 0 points
Part 2, Question 1: 65 points
Part 2, Question 2: 35 points

100 points total

Part 1 (0 points): Warm-up

Do NOT submit this part, as it will not be graded. However, doing these exercises might help you to do the
second part of the assignment, which will be graded. If you have difficulties with the questions of Part 1, then
we suggest that you consult the TAs during their office hours; they can help you and work with you through
the warm-up questions.

Warm-up Question 1 (0 points)
Create a file called MyPoint.java which contains a class called MyPoint. This class should define two
attributes of type double called x and y. Inside this class, declare a public and static method called
main(); this method should create create an instance of class MyPoint whose address in memory is
stored in variable p. Assign values to the x and y fields of the object whose address is stored in reference
variable p, then display the values of these fields using System.out.println().

Warm-up Question 2 (0 points)
Create a file called MyTest.java which contains a class called MyTest. Inside this class, declare a public
and static method called main(); this method should create an instance of class String whose address
in memory is stored in variable s. This instance of class String should represent the character String
"COMP 202". Call the contains() method multiple times, using the reference variable s as a target, but
passing a different actual parameter value ("OMP", "C", "T", "20", and so on) each time; observe the
values returned by the calls to the contains() method by displaying them using System.out.println().

Part 2 (65 + 35 = 100 points)

The questions in this part of the assignment will be graded.

Question 1: Garage Car Management Application (65 points)
In this question, you will be creating a small garage management application. This application will be
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create and maintain an array of Car records; the concept underlying this application is similar to that
of a database system, but with far fewer details.

Each Car record will have six fields. The first five fields represent a car’s make (of type String), its
model (of type String), its year (of type int), its serialNumber (of type long), and the number of
repairs made on the car (numberRepairs, of type int) that the system has tracked. The last field,
named repairs, is an array of Repair objects which will keep track of the last ten Repairs performed
on the Car.

Each Repair record has fields to store the description of the repair (of type String) and the cost of
the repair (of type double).

You will be provided with five Java classes. Three of them (Car, Repair and TestCarDatabase) are
complete, and you MUST NOT change them. The other two (CarUI and CarUtils) are incomplete.

The CarUI and CarUtils classes contain a list of methods for which the bodies are empty. Your task
consists of modifying the CarUI and CarUtils classes to add the bodies of each of the public and static
methods defined in these classes. Once you write the appropriate body for each of these methods, you
will have a small garage customer management application. To test each of these methods, you can write
your own code, or you can use the file TestCarApplication.java which tests the overall application.

The specifications of the methods you have to write are as follows:

1. A method called getMenuChoice(), defined in the CarUI class, which takes as its only parameter
a reference to a Scanner object, and returns a value of type int.

This method MUST display the following menu to the user and ask him/her to enter a choice:

--------------
Menu

--------------
1. Add a new car record
2. Display a car record
3. Add new repair to a car record
4. Display record of car with most expenses
5. Quit
Enter your choice ( 1 / 2 / 3 / 4 / 5 ):

The input parameter of this method is a reference to an object which belongs to the Scanner class
and is initialized to read from the keyboard. The getMenuChoice() method MUST read from the
object whose address is stored in the parameter; it MUST NOT create a new Scanner object.

This method MUST:

(a) display the above menu to the user, and

(b) return the choice entered by the user as an integer.

If the user enters a value that is equal to 1, 2, 3, 4, or 5, the getMenuChoice() method MUST
return this value. As long as the user does not enter a value that is equal to 1, 2, 3, 4, or 5, this
method MUST keep displaying the above menu, and read the user’s choice. You MAY assume
that all values entered by the user are integer values; that is, your method does not have to handle
the case where a user enters an arbitrary String or a real value.

2. A method called readCar(), defined in the CarUI class, which takes as its only parameter a reference
to a Scanner object which is initialized to read from the keyboard, and returns a Car record. As
in the getMenuChoice() method, the readCar() method MUST read from the Scanner object
whose address is stored in the parameter; it MUST NOT create a new Scanner object.

This method MUST:
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(a) ask the user to enter values for the make, model, year, and serialNumber of a Car record, in
this order

(b) initialize numberRepairs field to 0

(c) allocate an array of Repairs of size 10. The array should only contain null references at this
point; it will only be filled with Repair records later, if the user decides to add such records.

(d) create an instance of the Car class for which the values of each field correspond to those
described in the above steps. The method is to return this Car record.

3. A method called readRepair(), defined in the CarUI class, which takes as its only parameter a
reference to a Scanner object which is initialized to read from the keyboard, and returns a Repair
object. This method is analogous to the readCar() method.

This method MUST:

(a) ask the user to enter values for each of the fields of a Repair object (description and cost,
in this order)

(b) create and return a Repair record for which the values of each field are the values entered by
the user in the previous step.

4. A method called displayCar(), defined in the CarUI class, which takes as its only parameter a
reference to a Car record and returns nothing. This method should display all the information
stored in a Car record, including all repairs made to the car, in a user-friendly format.

For example, suppose that the Car parameter is a record about a 1997 Honda Prelude whose serial
number is 12345678, and on which two repairs have been performed: a flat tire was replaced (which
cost $100.00), and a dent was fixed (which cost $1200.00). In such a case, the information stored
in the record MUST be displayed as follows:

Make: Honda
Model: Prelude
Year: 1997
Serial Number: 12345678
Number of repairs: 2
* Replaced flat tire ($100.0)
* Fixed dent ($1200.0)

Note that if the repairs field of the record whose address is stored in car contains null elements,
then this method MUST NOT display these null elements. On the other hand, the method
MAY assume that the car parameter itself does not contain null, and therefore does not have to
handle the case where the car parameter itself in fact contains null.

5. A method called findCar(), defined in the CarUtils class, which takes five parameters: an array
of Car records called cars, a String called make representing the make of a car, a String called
model representing the model of a car, an int called year representing the year of a car, and a
long called serialNumber representing the serial number of a car. This method returns a reference
to a Car record.

If the array of Car records cars contains a record for which the field values match the other param-
eters, then the method returns this Car record. If no such record exists, then the method MUST
return null. Comparison of fields whose type is String MUST be done in a case-INSENSITIVE
manner. Note that the array may contain null references; therefore, when doing comparisons,
you should detect these null references in order to avoid situations where your program throws
NullPointerExceptions. On the other hand, your method MAY assume that the array parameter
itself and the String parameters do not contain null, and therefore does not have to handle the
case where these parameters in fact contain null.
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6. A method called addCar(), defined in the CarUtils class, which takes as parameters an array of
cars called cars and a reference to a Car record called car. This method returns a value of type
boolean.

This methods attempts to add the Car record referenced by car to the cars array. It MUST
handle the following three cases:

• If the array whose address is stored in cars is full (that is, none of the positions in this array
contain null), then this method will not add the record whose address is stored in car. In such
a case, the contents of the array will remain unchanged and the method will return false.

• If the array whose address is stored in cars contains a record which is equal to the record
whose address is stored in car, then this method will not add this record to the array. In such
a case, the contents of the array will remain unchanged and the method will return false.

• If the array whose address is stored in cars is not full (that is, at least one position in this
array contains null), and the array does not contain a record which is equal to the record
whose address is stored in car, then the method will add this record to the array in the first
position which contains null, and return true.

For the purposes of this method, two Car records are equal if the values stored in their respective
make, model, year, and serialNumber fields are equal, regardless of the values stored in their other
fields (String comparisons are to be done in a case-INSENSITIVE manner); if this condition is
not satisfied, then two records are different.

Before attempting to add the record whose address is stored in car to the cars array, this method
MUST ensure that neither cars nor car is null; if either of these parameters contains null, the
method MUST return false.

7. A method called addRepair(), defined in the CarUtils class, which takes as parameters a Car
record called car along with a Repair record called repair, and returns nothing.

The method first checks whether the repairs array of the Car record is full, because a Car record
only keeps track of the last 10 Repair records added to it. Whether the repairs array is full can
easily be verified using the value stored in the numberRepairs field. If the array repairs is full,
then all elements in the array should be shifted to the left by one position (the record at position
1 is moved to position 0, the record at position 2 is moved to position 1, and so on). By doing so,
the record stored at position 0 of the array will be eliminated, and an empty spot will be created
at the last position of the array where the Repair record whose address is stored in repair can be
stored. Recall that the size of an array cannot be modified after the array has been allocated.

On the other hand, if the repairs array is not full, the numberRepairs field can be used as the
index at which the record whose address is stored in parameter repair should be stored. Once the
record has been added, the numberRepairs field of the Car record needs to be incremented in order
to take into account the new Repair record which was added.

If the car parameter or the repair parameter contains null, this method MUST do nothing.

8. A method called computeExpenseTotal(), defined in the CarUtils class, which takes as parameter
a Car record called car and returns a double representing the total cost of all repairs tracked by
Repair records found in the repairs field of the Car record whose address is stored in car. If no
repairs have been performed on the car represented by the record whose address is stored in car,
then the method MUST return 0.0.

You MAY assume that parameter car does not contain null, and therefore does not have to handle
the case where the parameter car in fact contains null.

9. A method called getCarWithMostExpenses(), defined in the CarUI class, which takes as parameter
an array of cars called cars, and returns a reference of a Car record.
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This method returns a reference to the Car record stored in cars representing the car for which
the costs of the repairs performed on it add up to the highest value. For example, suppose that the
cars array contains two Car records, that the costs of the repairs performed on the car represented
by the first record add up to $1000.00, and that the costs of the repairs performed on the car
represented by the second record add up to $3000.00; in such a case, the method would return a
reference to the second record in the array. In the case of a tie, the method MUST return the Car
record which occurs first in the cars array.

Note that the cars array may contain null elements; therefore, when comparing the total amount
spent on repairs for two cars, you should detect these null elements in order to avoid situations
where your program throws NullPointerExceptions. If the cars array contains ONLY null
elements, then this method MUST return null. Your method MAY assume that the cars
parameter itself does not contain null, and therefore does not have to handle the case where this
parameter in fact contains null.

Note that you MUST NOT change the method headers of the methods you are required to write, and
you MUST NOT change the Car, Repair, and TestCarApplication classes in any way.

Save your modified classes in files called CarUtils.java and CarUI.java, and submit these files to
myCourses. You MUST NOT submit the Car.java, Repair.java and TestCarApplication.java
files.

Question 2: Robot World (35 points)
In this question, we provide you with an object-oriented way to model the world using cities, robots, and
flashers. You will not create your own classes for this question; instead you will use software that has
already been developed by Byron Becker at the University of Waterloo. Refer to the slides for insight
on how one can use classes that have already been written by someone else, but are not included with
the Java environment.

A file named MoveLightsDiagonal.java is provided to you as a starting point. This file contains a
partial class definition for a class called MoveLightsDiagonal. Two methods are defined in this class:
a main() method which initializes the city, the robot, and the flashers, as well as an an incomplete
moveToDiagonal() method. Your sole task is to complete this moveToDiagonal() method.

Before you can do that, you are to review the application programming interface (API) for the classes
provided in the becker.robots package; that is, you need to look at the documentation to figure out
what methods you are to use in order to complete the question. To complete this assignment, you will
need the following files:

• a4-becker.jar: An archive file containing all the Java classes not already included in the Java
Standard Class Library that you may need to use in order to complete the classes required by this
assignment.

• a4-becker-docs.zip: An archive file containing documentation about the classes included in the
provided a4-becker.jar file that you are likely to use to complete this assignment.

The moveToDiagonal() method takes as its only parameter a reference to a Robot object. This robot
is parked at an arbitrary intersection in the city, facing east.

In this city, streets run from west to east (with their numbers increasing as one moves south; that is,
the further south a street is, the higher its number), and avenues run from north to south (with their
numbers increasing as one moves east; that is, the further east a street is, the higher its number).

An arbitrary number of flashers are placed at consecutive intersections along the street on which the
robot is initially parked, starting one block east of the intersection where the Robot is initially parked.
Executing the statements moveToDiagonal() method will result in the robot moving in the city to pick
up all the flashers, and move them so that they form a diagonal line which runs from northwest to
southeast, starting at the intersection where the westmost flasher was originally located.
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For example, suppose that the robot starts facing east at the intersection between 1st Street and 0th

Avenue, and that there are 5 flashers. Because the robot is always one intersection due west of the
westmost flasher, the flashers will therefore initially be located at the following intersections:

• 1st Street and 1st Avenue

• 1st Street and 2nd Avenue

• 1st Street and 3rd Avenue

• 1st Street and 4th Avenue

• 1st Street and 5th Avenue

After the robot has moved the flashers so that they form a diagonal line starting where the westmost
flasher was originally located and going southeast, the flashers will be located at the following intersec-
tions:

• 1st Street and 1st Avenue

• 2nd Street and 2nd Avenue

• 3rd Street and 3rd Avenue

• 4th Street and 4th Avenue

• 5th Street and 5th Avenue

Once the robot has finished moving the flashers along the diagonal line, it can park itself at an arbitrary
intersection facing in an arbitrary direction, as long as it is not on the same intersection as a flasher.

The following images illustrate the robot and the flashers both before and after the robot moves the
flashers:

Note that the orientation of the flasher after it has been moved does not matter, as long as the flashers
are at the correct intersections.

Your method MUST work regardless of the initial position of the robot, or the number of flashers. You
MAY assume that all flashers are located at consecutive intersections on the street where the robot is
initially located, starting one block due east of the robot’s initial position.

Information on the methods defined in the Robot class is available from the documentation included in
a4-becker-docs.zip. In particular, the following methods MAY be useful: getDirection(), move(),
turnLeft(), pickThing(), and putThing(). You MAY also find it useful to consult the documenta-
tion for the Direction enum; an enum is basically syntactic sugar for a class which defines only class
constants, and the constants it defines can be used like any other normal class constant. Documentation
for the Direction enum is also included in a4-becker-docs.zip.
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Hint : Start small, compile often, and test often. For example, start by adding a single statement which
makes the robot turn in one direction. Compile the program, run it (see the instructions below on
compiling and running programs which use the classes included in a4-becker.jar), and observe the
result. Then, replace the statement that makes the robot turn by one that makes it move one block.
Compile the program, run it, and observe the result. Keep experimenting with the library (by writing
various small combinations of statements) until you gain a solid enough understanding of what the
various methods do. Then, attempt to write the program that performs the task.

Other Tips and Information

• To combine the Java libraries in a4-becker.jar with the classes you write so that everything com-
piles and runs using the JDK, you need to specify when compiling or running your program that
a4-becker.jar should be on the Classpath. To do so, follow the steps below:

1. Place the file a4-becker.jar in the same directory / folder as the one in which the files containing
the classes that you wrote are located.

2. Open the command-line interface (Command Prompt under Windows, Terminal under Mac OS
X, Linux, or other Unix-like operating systems) and navigate normally to the directory / folder
containing your files.

3. To compile a file called MyFile.java under Windows, issue the following command:

javac -cp a4-becker.jar;. MyFile.java

To compile a file called MyFile.java under Mac OS X, Linux, or another Unix-like operating
system), issue the following command:

javac -cp a4-becker.jar:. MyFile.java

The only difference between the Windows and Unix versions of the above commands is that in the
Windows version, a semi-colon (;) separates each Classpath entry; in the Unix version, a colon
(:) separates each Classpath entry instead. Make sure to replace MyFile.java with the actual
name of the file you wish to compile.

4. To run the main() method defined in a class called MyFile under Windows, issue the following
command:

java -cp a4-becker.jar;. MyFile

To compile a file called MyFile.java under Mac OS X, Linux, or another Unix-like operating
system), issue the following command:

java -cp a4-becker.jar:. MyFile

Again, the only difference between the Windows and Unix versions of the above commands is that
in the Windows version, a semi-colon (;) separates each Classpath entry; in the Unix version, a
colon (:) separates each Classpath entry instead. Make sure to replace MyFile with the actual
name of the class containing the main() method you wish to run.

You should now be able to compile and run the main() methods of the classes that you are required
to write by the above specification without the compiler or virtual machine reporting errors related to
missing classes. Note that the -cp option is ONLY necessary when the code you want to compile /
run requires libraries located in another directory or a JAR file.

• To combine the Java libraries in a4-becker.jar with the classes you write so that everything compiles
and runs using Eclipse, you need to add a4-becker.jar to the Classpath of your project. To do so,
follow the steps below:

1. In the Package Explorer or Navigator view, right-click on your project. In the context menu
that appears, select the Properties option.
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2. The window that appears will be split in two main portions. The smaller, left-hand portion
contains a number of option categories, and you can select a category from those listed; the larger
middle portion contains the options for the selected category. In the left-hand portion of the
window, choose Java Build Path.

3. The middle portion of the window will now contain four tabs. Click on the Libraries tab. The
libraries included in your project will now appear, along with a number of buttons; click on the
button labelled Add External JARs....

4. Using the file selection window that appears, navigate to the directory / folder where you saved
a4-becker.jar, select the latter, and click on the confirmation button (it might be labelled OK,
Open, or something else, depending on the operating system that you use).

5. Selecting a4-becker.jar as described in the previous step you should bring you back to the
Properties window, and the list of libraries included in your project will now contain one addi-
tional element: a4-becker.jar. At the bottom of the Properties window are two buttons; click
on the one labelled OK.

You should now be able to compile all the classes that you are required to write by the above spec-
ification without the compiler reporting errors related to missing classes. Note that it is necessary
to perform the above steps ONLY when the code you want to compile / run requires libraries not
included in the Java Standard Library.

What To Submit

CarUI.java
CarUtils.java
MoveLightsDiagonal.java

Page 8


