
ASSIGNMENT 4

COMP-202A, Fall 2011, All Sections

Due: Monday, December 5th, 2011 (23:30)

Please read the entire pdf before starting. The bottom has important instructions for how to
package your code before handing it in.

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.

Please, if you have not done so already, take the time to fill out the COMP-202 course evaluations on
Minerva. We are constantly trying to improve the course, and greatly appreciate your feedback.

Part 1: 0 points
Part 2, Question 1: 10 points
Part 2, Question 2: 20 points
Part 2, Question 3: 15 points
Part 2, Question 4: 20 points
Part 2, Question 5: 10 points
Part 2, Question 6: 25 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 :)

Preparation

In assignment 4 you will write Java code that will guide a spaceship through an asteroid field. In order
to complete the assignment, you have to first get the Spaceracer game to compile for your programming
environment.

Since most students want to develop on their own computers, we have done everything possible to make the
game compatible with most (modern) PCs and laptops. The game uses a 3D engine written in Java called
JMonkey (http://www.jmonkeyengine.org/). The libraries provided with JMonkey require your system to
have an installation of Java 1.6 or higher. Also, while JMonkey supports a wide range of 3D graphic cards,
it is possible that your graphics card is not supported, especially if it is not really meant for serious 3D
applications. If you are unlucky and your system does not run Spaceracer, then you must work for this
assignment on the Trottier machines using your SOCS account.

We packaged the project in one big zip file called COMP202-Spaceracer.zip. You can download it from the
course webpage. For convenience, for students working on the Trottier machines, the zip file is also located
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in the folder ~cs202/fall2011/.

Compiling / Running Spaceracer Using Eclipse

In Eclipse, go to the File menu and click Import. Choose ”General -¿ Existing projects into workspace” (and
NOT ”From Archive”. On the next page, select the ”Select archive folder” option, and browse to the .zip
file you downloaded. Then click finish. Eclipse then will do all the compiling for you. To run Spaceracer
in Eclipse, right-click on the project folder and select ”Run As” -¿ ”Java Application”. In the window
that appears, type or select ”start.Startup”. This will launch the game, but also add an entry to your run
configurations, which you can access using the green ”Run” arrow in Eclipse’s toolbar. After the first run,
you can simply press this ”Run” button to launch Spaceracer.

Compiling / Running Spaceracer from the Command Line

Before you can run the project from the command line, you must unzip it. On the Macintosh, Windows XP,
Windows Vista, and Windows 7 unzipping is as simple as double-clicking the COMP202-Spaceracer.zip file.
On Unix/Linux machines, the command unzip COMP202-Spaceracer.zip should do the trick. If you are
using an older version of Windows, you might want to try downloading 7-Zip (http://www.7-zip.org/).

Two scripts have been provided to assist in running the game from the command line: compile.sh and
play.sh. They work on Linux and Mac only, but it should be easy to adapt them to Windows.

First, cd into your project directory: cd /path/to/spaceracer3d. Make sure to set the scripts as exe-
cutable: chmod +x compile.sh play.sh (you only need to do this once). Then, you can use ./compile.sh

to compile all your Java source files into machine code. Once that is done, you can use ./play.sh to run
the game. If you wish to do both at the same time, simply type: ./compile.sh && ./play.sh

Compiling / Running Spaceracer Using Dr.Java

After extracting the .zip archive, open DrJava, then go to ”Project -¿ Open”, and select the ”spacer-
acer.drjava” file within the extracted folder (If you just click the ”Open” button make sure that you select
the ”DrJava Project Files” file format). To compile Spaceracer, press the ”Compile Project” button on the
toolbar. To launch Spaceracer, go to the ”Interactions” tab at the bottom of the window and type ”run
start.Startup”.

Playing the Game

The first screen of the game presents you with a menu on which you can choose the game screen size, and
if you want to play in full-screen mode or not. We suggest you choose a resolution of 1024 * 768, and
the windowed mode (if you use the fullscreen mode you will not be able to see any output you print using
System.out.println(..))1. On the second screen, you can select if you want to control the spaceship with
the keyboard or with your programmed auto-pilot, and which race you want to play. For now, just choose
keyboard control and click Play.

You should then see a grey spaceship waiting at a Formula 1-like start line. After a countdown from 4 to 1 the
race begins. You can control your spaceship using the arrow keys to accelerate, decelerate (it is impossible to
fly backwards), fly up or fly down. The spacebar activates the shields, which make your spaceship invincible
for 2 seconds. Once used, the shield takes 10 seconds to recharge. You can hit the Escape key any time to
quit the game.

1It is possible that the fullscreen mode does not work on Unix machines on which you do not have the privilege to switch
screen resolution.
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Asteroids are the main obstacles on the race track. They do not move. Your ship should not get too close to
an asteroid, otherwise it will explode. But there are not only bad things to be found on the track. Power-ups
are energy sources that, upon touch, will recharge your shields instantaneously.

What You Need to Know about Spaceracer

Spaceracer Environment

Although the visual representation of Spaceracer is done using 3D graphics, the race takes place in a plane,
i.e. navigation takes place in two dimensions only. The spaceship starts off at the start line at position x =
0.0, y = 0.0. The lengths of the races vary, and hence the finish line can be anywhere between x = 100.0
and x = 2000.0. The height of the race track varies as well, but the centre of the track is always at y =
0.0.

The Auto-Pilot

In questions 1, 2 and 6, you are to implement an auto-pilot for your spaceship that will steer the ship safely
through the race. The Spaceracer game, which has already been implemented for you, works just as many
other simulations. It uses the following algorithm:

setupGame();

while (!raceOver) {

displayCurrentGameState();

getComands(); // from the keyboard and from the auto-pilots

updatePosition();

}

As you can see from the algorithm above, the auto-pilot is asked to provide guidance for the spaceship over
and over again. Each time the current game state is displayed, the auto-pilot is asked to give new commands
to the spaceship. Then, the time is advanced and the position of the spaceship updated depending on its
speed and heading and the issued commands. This same loop executes many, many times per second.

The auto-pilot classes are called StudentAIQuestionX. Weve already set up the class for you in the folder ai
under the name StudentAIQuestionX.java. The code of the class StudentAI so far looks like this:

package a i ;
import mvc . Control ;
import space rac e r . ∗ ;

pub l i c c l a s s StudentAIQuestionX implements Control {
p r i v a t e f i n a l Radar myRadar ;
p r i v a t e f i n a l Spaceship myShip ;

pub l i c StudentAIQuestion1 ( f i n a l Spaceship sh ip ) {
myShip = sh ip ;
myRadar = myShip . getRadar ( ) ;

}

pub l i c void moveShip ( ) {
// put your code here

}
}
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Controlling your Spaceship

Your auto-pilot program has to tell your spaceship what to do. This can be done by calling methods. The
following methods of the Spaceship class are useful for controlling the spaceship:

• accelerate(): This method increments the horizontal speed of the spaceship. Once a spaceship has a
non-zero speed, it advances even if no other control methods are called. Calling accelerate repetitively
will speed up the spaceship more and more until it reaches the maximum speed.

• decelerate(): This method decrements the horizontal speed of the spaceship. Calling decelerate
repetitively will slow down the spaceship more and more until it stands still, i.e. its horizontal speed
reaches 0.0.

• moveUp(): This method instructs the spaceship to move up, i.e. to increment its y position. In contrast
to accelerate, moveUp() has to be called repetitively to keep moving upwards. If the auto-pilot stops
calling moveUp, the spaceships vertical movement will slow down, and finally the spaceship will remain
at its current y position. Since it is impossible to move the spaceship out of the race tracks, calling
moveUp when the spaceship is already at its top-most y position has no effect.

• moveDown(): This method instructs the spaceship to move down, i.e. to decrement its y position.
moveDown also has to be called repetitively to keep moving downwards. If the auto-pilot stops calling
moveDown, the spaceships vertical movement will slow down, and finally the spaceship will remain
at its current Y position. Since it is impossible to move the spaceship out of the race tracks, calling
moveDown when the spaceship is already at its bottom-most y position has no effect.

• yStop(): This method instructs the spaceship to stop moving up or down immediately.

• activateShield(): This method turns on the shield of the spaceship if the shield generators are fully
charged. The spaceship is then invincible. Once the shield is activated is it impossible to turn off. The
shield generators can supply power to the shield for approximately 2 seconds, after which the shield
turns off automatically, and the shield generator starts recharging. It takes around 10 seconds for the
shield generator to recharge fully.

Your auto-pilot has a reference to the spaceship object in the variable myShip. Therefore, in order to send
commands to the ship, just invoke the corresponding method on the myShip object. For instance, to activate
the shield of the spaceship, use the statement myShip.activateShield().

It is important that your auto-pilot does not issue contradicting commands within the same time slice, i.e.
within the same execution of the method moveShip(). For instance, it would be strange to instruct the ship
to accelerate AND to decelerate! Likewise, it would be strange to ask it to accelerate AND to accelerate
(again)! But of course it is ok to ask the ship to accelerate AND move up AND activate the shields in the
same turn. To summarize, in a given time slice, your auto-pilot should only:

• Accelerate or decelerate or do nothing

• Move up or move down or yStop or do nothing

• Activate the shields

In order to help you to avoid writing code that issues contradicting or double commands, we have implemented
a check in the game that will throw a ”Contradicting or Double Action Exception” and stop the game
immediately in case your auto-pilot violates this rule.

Obtaining Information from the Environment

In order to make decisions on how to command your ship, your auto-pilot needs information about the
environment. You can get information from the ship itself (such as position, shield level, status, etc...) and
from your radar (such as approaching asteroids and power-ups).
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The Spaceship class provides the following methods that allow you to obtain information about the state
of your ship:

• float getX(): This method returns a float that represents the current x position of your spaceship.
Dont forget that the race starts at position x = 0.0.

• float getY(): This method returns a float that represents the current y position of your spaceship.
Dont forget that the race track is centred around y = 0.0.

• float getSpeedX(): This method returns a float that represents the current x speed of your space-
ship.

• boolean isShieldOn(): This method returns a boolean that tells you if the shield of your spaceship
is currently on.

• boolean isShieldFullyCharged(): This method returns a boolean that tells you if the shield gener-
ator of your spaceship is currently fully charged, i.e. if the shield is ready to be used.

• Radar getRadar(): This method returns the Radar object associated with the ship. You can use the
radar to obtain more information about the environment as described below.

Your auto-pilot can call these methods using the myShip object. For instance, the statement
if (myShip.isShieldFullyCharged()) allows the auto-pilot to test if the shield is currently ready to be
used.

in Front

above

below
Radar Range

upperBorder

lowerBorder

Figure 1: The different regions of your radar.

Your ship is equipped with a radar that scans the space in front of the ship up to a distance of 30.0 to detect
approaching obstacles. The Radar class provides several methods that the auto-pilot can use in order to
decide how to command the ship:

• boolean isAsteroidInFront(): this method returns true if there is an asteroid in front of the space-
ship. In such a case, if the spaceship continues to advance on the same y coordinate, the ship will ram
the asteroid. In order to avoid the asteroid, the spaceship has to either move up or move down.

• Asteroid getClosestAsteroidInFront(): this method returns the closest asteroid situated in the
area in front of the spaceship, or null if there is none.
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• Asteroid getClosestAsteroidAbove(): this method returns the closest asteroid situated in the area
above the spaceship, or null if there is none.

• Asteroid getClosestAsteroidBelow(): this method returns the closest asteroid situated in the area
below the spaceship, or null if there is none.

• float distanceTo(Asteroid a): this method returns the distance between the spaceship and the
asteroid a.

• boolean isCollisionImminent(): this method returns true if a collision is unavoidable.

• float getUpperBorder(): this method returns the y position of the upper border of the race track.

• float getLowerBorder(): this method returns the y position of the lower border of the race track.

• Asteroid[] getAsteroids(): this method returns an array containing all the asteroids that are in
range of the radar in any particular order.

• boolean powerUpDetected(): this method returns true if there is a power up within range of the
radar.

• PowerUp[] getPowerUps(): this method returns an array containing all the power ups that are in
range of the radar in any particular order.

To call a method of your radar, use the myRadar object. For instance, the call if (myRadar.isAsteroidInFront())

allows your auto-pilot to test if the ship is currently heading towards an asteroid.

Just like the Spaceship class, the Asteroid and PowerUp class define the methods float getX() and float

getY() to query their position. Finally, there are a set of useful constants defined for you:

• Constants.PLAYER MAX SPEED X: Maximum x speed the spaceship can move at.

• Constants.PLAYER MAX SPEED Y: Maximum y speed the spaceship can move at.

• Constants.RADAR RANGE: Maximum distance the radar can detect asteroids at.

• Constants.COLLISION SAFE DISTANCE: Closest distance the spaceship can approach an asteroid with-
out exploding.

• Constants.HORIZONTAL SLOW DOWN DISTANCE: Distance at which the spaceship should start decelerat-
ing in order to avoid crashing into a frontal asteroid.

• Constants.VERTICAL SLOW DOWN DISTANCE: Distance at which the spaceship should stop moving up
or down when moving towards an asteroid above or below the ship.
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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 or instructors during their office hours; they can help you and work with
you through the warm-up questions.

Warm-up Question 1 (0 points)
To solve this question, you need to modify the file StudentAIQuestion1.java. Run the game, choose
the race Warmup Question 1, select Your AI Question 1, and click Play. Youll see a countdown and the
race begins. Since the code for your auto-pilots moveShip() method is currently empty, your spaceship
does not move. After 10 seconds, your ship will explode. This is normal behaviour the race rules dictate
that a ship that does not move for more than 10 seconds is eliminated from the race.

Add code to the moveShip() method that instructs your ship to accelerate. Compile, and run the race
again. You should now win the race!

Warm-up Question 2 (0 points)
To solve this question, you continue to modify the file StudentAIQuestion1.java. Try running your
auto-pilot on the Warmup Question 2 race. Unfortunately this race contains an asteroid blocking the
middle of the track, and your current auto-pilot does not know how to avoid it: your spaceship will ram
the asteroid.

Modify the auto-pilot to use the radar to detect the asteroid and avoid it.

Warm-up Question 3 (0 points)
This question is intended as a warmup exercise on using the ArrayList class. Write a program that
reads a bunch of Strings from the keyboard, adds them to an ArrayList<String>, and then counts how
many of these strings contain 2 or more vowels.
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Part 2

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

Question 1: Simple Auto-Pilot (10 points)
Explore the race Question 1 by using the keyboard-controlled spaceship. Figure out a way to complete
this race. Now program an auto-pilot that can finish this race in the file StudentAIQuestion1.java.
You will get the maximum points for this question if your auto-pilot can finish the race Question 1
without exploding.

Note that you are not allowed to submit the elaborate auto-pilot that you are going to program in
question 5 as a solution to this question.

Question 2: Another Simple Auto-Pilot (20 points)
Explore the race Question 2 using the keyboard-controlled spaceship. Figure out a way to complete this
race. Now program an auto-pilot for this race in the file StudentAIQuestion2.java.

Note that for this question you don’t have to write a general auto-pilot, i.e. an auto-pilot that can
handle any kind of race track. You will get the maximum points for this question if your auto-pilot
can finish the race Question 2 without exploding, and therefore it is ok to hard-code the path that the
auto-pilot must take to finish this particular race. You can solve this question by only using the methods
isAsteroidInFront(), moveUp(), moveDown(), yStop(), accelerate() (and maybe decelerate()),
and by defining member variables for your auto-pilot that you can use to remember decision of the
auto-pilot for the future. Of course you are allowed to use other methods as well, if you want.

Note also that you are not allowed to just use the algorithm of the elaborate auto-pilot of question 5 to
win this race. You have to write your own auto-pilot in order to get the points for this question.

Question 3: The Range Class (15 points)
Before we can write a more elaborate auto-pilot, we need to prepare some auxiliary classes. In this
question you are asked to implement a Range class that represents a range of floating point values. A
range is defined to contain all the values between the minimum and maximum values (in our case, the
minimum/maximum values are included in the range as well).

The interface for the Range class that you are to implement is given below:

pub l i c c l a s s Range {
pub l i c Range ( f l o a t min , f l o a t max) { . . . }
pub l i c f l o a t getMinimum ( ) { . . . }
pub l i c f l o a t getMaximum ( ) { . . . }
pub l i c f l o a t getCenter ( ) { . . . }
pub l i c f l o a t distanceTo ( f l o a t f ) { . . . }
pub l i c boolean isEmpty ( ) { . . . }
pub l i c boolean conta in s ( f l o a t f ) { . . . }
pub l i c boolean conta in s ( Range r ) { . . . }
pub l i c boolean ove r l ap s ( Range r ) { . . . }
pub l i c Range i n t e r s e c t ( Range r ) { . . . }
pub l i c S t r ing toS t r i ng ( ) { . . . }

}

The constructor should take a minimum and a maximum floating point value as arguments and return a
range object representing the range of values between the minimum and the maximum. The getCenter

method, when called on a non-empty range, should return the floating point number that lies in the
centre of the range, i.e. between the minimum and the maximum. The distanceTo method should
return the (always positive) distance between f and the range, i.e. how far f is from the minimum or
the maximum (whichever is closest). In case f lies within the range, distanceTo should return 0.0. The
isEmpty method should return true if the range does not contain any values, false otherwise. (In the
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case where the minimum is equal to the maximum this method should also return false). The first
contains method should return true if the float f is contained in the range, false otherwise. The
second contains method should return true if the range r is completely contained in the range, false
otherwise. The overlaps method should return true if the range r and the range have a non-empty
intersection, false otherwise. The intersect method should return a new range that represents the
intersection of the range with the range r in the case where the range and r overlap, null otherwise. The
toString() method should return the string representation of a range. For example, for a Range object
r that goes from 0.0 to 5.0, the toString() method should return ”[0.0,5.0]”. Once you implemented the
toString() method, you will be able to call System.out.print, passing a Range object as a parameter.

Question 4: The RangeSet Class (20 points)
In this question you are to implement a RangeSet class that, based on the previously implemented Range

class, maintains an ArrayList<Range> that stores a set of ranges, and provides operations to manipulate
that set. The interface for the RangeSet class that you are to implement is given below:

pub l i c c l a s s RangeSet {
pub l i c RangeSet ( ) { . . . }
pub l i c void subt rac t ( Range r ) ;
pub l i c void i n t e r s e c t ( Range r ) ;
pub l i c void union ( Range r ) ;
pub l i c Range getClosestRange ( f l o a t f ) { . . . }

}

The constructor of RangeSet simply instantiates an empty ArrayList<Range>.

The union method calculates the union of the range r with the ranges that are stored in the range set.
In other words, here are the possible situations that may arise (not necessarily disjoint):

• If r does not overlap with any of the ranges in the range set, then r is simply added to the array
list.

• If r is completely included in one of the ranges of the range set, then nothing needs to be done.

• If r overlaps with one range in the set, then this range is extended to also include r.

• If r overlaps with two ranges in the set, then these two ranges are combined into one and r is
discarded.

• If r completely includes a range in the range set, then this range is discarded from the range set.

The intersect method is simpler, because it calculates the intersection of the range r with all of the
ranges in the range set. In other words, each range in the range set is intersected with the range r as
follows: If the intersection is empty, then the range is removed from the set. If the range overlaps with
r, then what remains is the part of the range that is contained in both ranges.

The subtract method subtracts r from all the ranges in the set as follows:

• If range r and the range are disjoint, the operation leaves the range untouched.

• If r contains the range completely, then the range is removed from the array list.

• If range r is completely contained in the range, then the range is split into two ranges! For example,
if the current range is [-10.0,10.0], and the range r is [3.0, 5.0], then the new ranges are [5.0, 10.0]
and [-10.0, 3.0].

• If range r is partially included in the range, then a new range must be created that represents the
range excluding the part that overlaps with r.

Finally, the method getClosestRange should look through the ranges within the array list and return
the one with the border closest to f,

Note that at no point in time the array list in the range set should contain ranges that overlap!
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Question 5: The OnboardComputer Class (10 points)
In this question you are to implement an OnboardComputer class with a single static method: public

static Range getClosestSafeYRange(Spaceship s, Asteroid[] a). The idea is that the onboard
computer should analyze the asteroids in a and determine if there are any safe regions (i.e. horizontal
bands) that are free of asteroids. The method should return the safe range that is closest to the current
y position of the ship, or null if there is no such range.

The following figure presents a situation in which there are two safe ranges. The closest safe y range is
in this case safe range 1, since d1 is shorter than d2.

Radar Range

closestSafeYRange

       Safe Range 1

         Safe Range 2

d1

d2

Figure 2: Finding a safe Y position

Here is a sketch of the algorithm you could use to solve this problem that uses the Range and RangeSet

classes you defined in question 3 and 4. Create a RangeSet instance. This object is meant to contain
all current safe ranges. Start out by declaring a safe range that contains the entire y-span of the race
track, and insert it into the range set.

Now, take an asteroid, calculate the range that it occupies (using the constant COLLISION SAFE DISTANCE)
and subtract that range from the safe ranges in your collection. Do the above for each asteroid, until
you processed all asteroids. Once this is done, the collection should contain all safe ranges. The method
should then return the Range closest to the y position of the ship.

Question 6: The Elaborate Auto-Pilot (25 points)
In this question you are to implement an elaborate auto-pilot. The algorithm you are supposed to
implement is depicted in the flow diagram shown in Fig. 3.

The logic described in the figure should be pretty much self-explanatory except for some details explained
below:

• To determine the desired y position, you should be able to use the onboard computer created in
question 4.

• To adjust the desired speed, we suggest to use the following formula:

desiredSpeed = distanceToAsteroidInFront
Constants.RADAR RANGE ∗ Constants.PLAY ER MAX SPEED
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• When comparing two floating point numbers representing y positions, we suggest to use an interval
of ±0.01

If you successfully program your auto-pilot according to the flow chart, it should be able to complete
the race Question 6. You will get the maximum points for this question only if your auto-pilot imple-
mentation corresponds to what is specified in the flow chart. Even if your auto-pilot can complete the
race Question 6, you will not get the maximum points for this question if the code deviates from the
specification shown in Fig. 3.

Testing Your Code

While doing this assignment you will realize that it is sometimes hard to test code efficiently. In a game,
for instance, the most straightforward way to test your code is to run the game, but this can be very time
consuming. Also, when you have fixed a bug in the code and want to verify if the fix worked, it is often not
easy to recreate the situation that exhibited the bug in the first place.

To make testing easier for you we included the map editor for the races in the Spaceracer game. When you
run the game, on the first screen, click ”Map Editor” to launch the map editor. Here you can create and
save your own race maps, which should make the auto-pilot development easier, since it allows you to create
special races that test for a very specific behaviour.

Of course we encourage you to also write your own test ”main” methods, for instance to test the Range and
Onboard Computer classes.

What To Submit

StudentAIQuestion1.java

StudentAIQuestion2.java

Range.java

RangeSet.java

OnboardComputer.java

StudentAIQuestion6.java

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.

For Fun

As you might have noticed, although the radar gives you information about power ups, none of the questions
of this assignment make use of that information. If you are still excited about Spaceracer after finishing the
assignment, we suggest that you try and improve the AI of question 6 even more, for instance by ”hunting”
for power ups as they are detected by the radar. Ultimately, Spaceracer is about racing, so the perfect AI
would try and minimize slowing down and maximize the use of the shield in order to finish the race as fast
as possible...
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Figure 3: Flow Diagram of Elaborate Auto-Pilot
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