
ASSIGNMENT 5

COMP-202, Winter 2015, All Sections

Due: Tuesday, March 31st, 2015 (23:59)

Please read the entire PDF before starting.

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. These regulations are posted
on the course website. Be sure to read them before starting.

Question 1: 25 points
Question 2: 75 points

100 points total

It is very important that you follow the directions as closely as possible. The directions, while
perhaps tedious, are designed to make it as easy as possible for the TAs to mark the assignments by letting
them run your assignment through automated tests. While these tests will not determine your entire grade, it
will speed up the process significantly, which will allow the TAs to provide better feedback and not waste time
on administrative details. Plus, if the TA is in a good mood while he or she is grading, then that increases
the chance of them giving out partial marks. Marks can be removed if comments are missing, if the code is
not well structured, and if the problems your solution does not respect the assignment requirement.

Assignment

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.

Exercise 1: Write a class Vector. A Vector should consist of three private properties of type double: x, y,
and z. You should add to your class a constructor which takes as input three doubles. These
doubles should be assigned to x,y, and z. You should then write methods getX(), getY(),
getZ(), setX(), setY(), and setZ() which allow you to get and set the values of the vector.

Exercise 2: Add to your Vector class a method calculateMagnitude() which returns a double representing
the magnitude of the vector. The magnitude can be computed by taking

√
x2 + y2 + z2 (the

square root of x squared plus y squared plus z squared).

Exercise 3: Write a class describing a Cat object. A cat has the following attributes: a name (String),
a breed (String), an age (int) and a mood (String). The cat constructor takes as input a
String and sets that value to be the breed. The mood of a cat can be one of the following:
sleepy, hungry, angry, happy, crazy. Your Cat object contains a method called talk().
This method takes no input and returns nothing. Depending on the mood of the cat, it prints
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something different. If the cat’s mood is sleepy, it prints meow. If the mood is hungry, it
prints RAWR!. If the cat is angry, it prints hsssss. If the cat is happy it prints purrrr. If the
cat is crazy, it prints a random String of between 10 and 25 characters (letters).

The cat attributes are all private. Each one has a corresponding public method called
getAttributeName() (ie: getName(), getMood(), etc.) which returns the value of the attribute.
All but the breed also have a public method called setAttributeName() which takes as input
a value of the type of the attribute and sets the attribute to that value. Be sure that only
valid mood sets are permitted. (ie, a cat’s mood can only be one of five things). There is no
setBreed() method because the breed of a cat is set at birth and cannot change.

Test your class in another file which contains only a main method. Test all methods to make
sure they work as expected.

Part 2:

Question 1: Creating the StopWatch Class (25 points)
The following code should be placed in a class StopWatch and thus a file StopWatch.java

In this question, you will define a new type StopWatch which is designed to represent a real-world
stopwatch object. A real stopwatch has a few things you can do to it:

• Start the watch

• Stop the watch

• View the time

The last option only works in practice if the watch is stopped since otherwise it is moving too fast to
get a good count.

Define a new class StopWatch. In this class, you should define two private properties long startTime

and long stopTime. Pay attention to the fact that these variables must have the type long.

In addition to these properties, you should define six methods:

1. A method start which sets the property startTime. It can do this by calling the method
System.nanoTime() which gets the number of nano seconds since a fixed reference event. Store
this result into the property startTime.

2. A method stop which sets the property stopTime. It does this as well by calling the method
System.nanoTime(). Store this result into the property stopTime.

3. A method getTimeNano which returns a long by calculating the difference between stopTime and
startTime. The idea is that it doesnt matter what time was used as the start to calculate the
number of nano seconds in the nanoTime method. It only matters that you measure the number of
nano seconds between the time the methods stop and start were called.

4. A method getTimeMicro which returns a long representing the number of microseconds between
the time that stop and start were called. Note that there are one thousand nanoseconds in a
microsecond. So your answer will be the same as in the getTimeNano method but divided by one
thousand.

5. A method getTimeMilli which returns a long representing the number of milliseconds between the
time that stop and start were called. Note that there are one million nanoseconds in a millisecond.

6. A method getTimeSeconds which returns a long representing the number of seconds between the
time that stop and start were called. Note that there are one billion nanoseconds in a second.
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All of the above methods can be done in just one or two lines. The point is that by writing these simple
methods you make the code in the next question simpler and more intuitive to work with.

Note that you may assume the stopwatch methods are called in the proper order. That is, you may
assume that the programmer calls start, then stop, and then at least one of the get time methods.

You can optionally test your class by writing a main method. In this, you can create a StopWatch, call
the method start and stop and surround the code you want to time. Then you can print the result
afterwards. For example:

public static void main(String[] args)

{

StopWatch watch = new StopWatch();

watch.start();

for (int i = 0; i < 100; i++)

{

System.out.println("Im going to test how fast it is to print this 100 times");

}

watch.stop();

System.out.println("It took " + watch.getTimeNano() +

" nanoseconds to complete that task");

}

Note that this way of placing the stopwatch concept into a class is quite intuitive, as the commands now
mirror more closely how we think of executing this sort of task in real life. Rather than keeping track of
implementation details (the fact that we use the method System.nanoTime()) we can think of starting
and stopping a stopwatch. This makes the code easier to read/understand and helps minimize bugs.

Question 2: Making Your Own Objects: Cities and Roads (75 points)
In this problem, you will implement an abstraction of a Country. The Country class contains an array
of City objects. A City is defined by a two dimensional (x, y) position1, a name, and its neighbouring
cities. Once the country is populated with cities, your code will determine whether or not all the cities
in the country are connected. That is, from any city is it possible to reach any other city by traveling
along connections (roads)? For more information what it means for a graph to be connected, see the
web links provided at the end of this question.

Using your random country, you will be able to create a map of it using the provided CountryMap.java.
Figure 1 depicts two completed countries, where a) is not-connected and b) is.

(a) A non-connected sample country (b) A connected sample country

Figure 1: Examples of connected and non-connected countries

1Vector2D class

Page 3



You have been given all the files you need to solve this problem. In order to create your random country,
you will have to populate the provided files with class variables and methods. An overview is shown in
figure 2. The following expands further on the content of each class and their functionalities.

1. Vector2D.java: This file describes an abstraction of a two dimensional vector, a Vector2D object.
This class has two private attributes of type double, e.g. an x position and a y position. These
values are set by the constructor. This file also contains a distance method that takes as input
another Vector2D object and returns the distance between the argument vector and this vector
reference. Recall that d =

√
(vx − wx)2 + (vy − wy)2, where v and w are vectors and d is the

euclidean distance that separates them.

Methods Attributes
Class: Country

void setConnectivity() String name

City[] getCities()) boolean isConnected

String getName() City[] cities
boolean isConnected()

⇓
Class: City

void setNeighbours( String[] namePrefixes
double maxDist,City[] cities)

void explore() String[] nameSuffixes
Vector2D getPos() Vector2D pos

String getName() City[] neighbours
City[] getNeighbours() boolean explored

boolean getExplored()

⇓
Class: Vector2D

double distance(Vector2D v) double xVal

double getX() double yVal

double getY()

Figure 2: An overview of the Country, City and Vector2D classes

2. City.java: This class is an abstraction of a city. The file you have been given contains the attributes,
as well as some empty methods. You have to complete the file as follows:

• The constructor: The City constructor takes no input and initializes the City class by giving
it a random name and a position. In order to create the random name, take an element
from a random index of the namePrefixes array and an element from a random index of
the nameSuffixes array. Concatenating the two together will give the String representing
the city’s name. We invite you (if you wish) to add more prefixes and suffixes to the arrays.
The constructor should also initialize the city’s position, a Vector2D object, by choosing two
random integers between 0 and 150 and setting those values to be the x and y vector coordinates
respectively using the Vector2D’s constructor.

• The City[] neighbours attribute: Each city has an array of neighbouring cities. Two cities
are deemed to be neighbours if the distance between them is less than some threshold. For the
image in Figure 1, a maximum distance of 50 was used. You can play with this value. The
maximum number of neighbours is, of course, the number of cities in the country minus one2.

2A city cannot be its own neighbour
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• The setNeighbours(double maxDist, City[] cities) method populates the neighbours

attribute. It takes as input an array of all cities in the country and determines which to add
as a neighbour of the current city. A neighbour is defined as any City whose distance to the
current City is less than maxDist. In order to determine the maximum size of the array, infer
from the following: there are n City instances in a Country object, and a city cannot be its
own neighbour. This method does not return anything.

• The explore() method performs a depth-first exploration of the Country. For more informa-
tion, see http://en.wikipedia.org/wiki/Graph_traversal. The pseudo-code is as follows:

function explore( )
explored← true
for all City v in neighbours do

if v was not explored then
v.explore()

end if
end for

end function

This algorithm starts at any City, and then explores all of the city’s neighbours. We ‘explore’ a
City by setting its class variable, explored, to be true. If any of the neighbours are not already
explored, then we explore their neighbours, and so on. When this algorithm terminates, the
explored parameter will be true for every City for which there exists a path between itself
and the starting City.

3. The Country.java file. This file defines a class Country. A country has the following private
attributes: a name, an array of City objects, and a boolean variable that notes whether or not the
country is connected. You will also need:

• A constructor: This takes as input the name of the country an integer n, representing the
number of Cities that should exist in the Country, as well as an integer maxDist representing
the maximum distance two neighbouring Cities can be from each other. The constructor sets
the name and then initializes the n City objects, sets their neighbours, and populates the City

array.

• A method called setConnectivity(). This method should first call the explore method
from the first City in the Country (cities[0].explore()). The Country is connected if and
only if all the city were explored from the perspective of the first city. In order to verify this
connectivity, iterate through all cities in the Country and verify the values of their boolean
explored attributes to determine whether or not every city was reached from the first city.
This method should set isConnected to true if the cities are connected and false otherwise.
This method should not return anything.

• A method called isConnected() to get the value of the private boolean isConnected.

4. The MakeCountry.java file. Here is where your main method is. This method creates a Country,
determines whether or not its graph is connected and then creates the diagram of the Country. You
should also have a print statement that states whether or not the Country is connected. As well,
print out the time (expressed in milliseconds UPDATE: To between one and three decimal places)
that it takes to create the Country, and to determine connectivity. These statements should have
the form:

The country COUNTRY_NAME is connected: (true/false)

It took X.XXX milliseconds to create the country

It took X.XXX milliseconds to determine connectivity of this country

5. The CountryMap.java file. This file contains the drawing code for your country. You should not
need to modify this file for the assignment. However, if you make any changes to this file, please
ensure that you submit the modified file.
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Additional details:

• For more information on graph connectivity, please see:
http://mathworld.wolfram.com/ConnectedGraph.html

http://mathworld.wolfram.com/DisconnectedGraph.html

What To Submit

You have to submit one zip file that contains all your files to myCourses - Assignment 5. If you do not know
how to zip files, please obtain that information from any search engine or friends. Google might be your
best friend with this, and for a lot of different little problems as well.

StopWatch.java - Java code
City.java - Java code
Country.java - Java code
MakeCountry.java - Java code
Vector2D.java - Java code
CountryMap.java - Java code

Confession.txt (optional) In this file, you can tell the TA about any issues you ran into doing
this assignment. If you point out an error that you know occurs in your problem, it may lead
the TA to give you more partial credit. On the other hand, it also may lead the TA to notice
something that otherwise he or she would not.

Marking Scheme

Up to 30% can be removed for bad indentation of your code as well as omitting comments, coding structure,
or missing files. Marks will be removed as well if the class names are not respected.

Question 1
Create the StopWatch class with correct properties 5 points

The start and stop methods are correctly implemented 10 points
The getTime methods are correctly implemented 10 points

25 points

Question 2
The Vector2D class has correct properties and methods 15 points
City constructor creates name and position correctly 10 points
Neighbours are created and stored correctly in City 20 points

The country is properly explored and checked for connectivity 20 points
Timing information is given 5 points

A map of the Country is produced 5 points
75 points
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