CSc 227 | Program Design and Development
Spring 2007 (McCann)

http://www.cs.arizona.edu/classes/cs227/spring07/
Program #4: Demons of Cyclic Space

Due Date: February 19", 2007, at 10:00 p.m. MST

Overview (Part I): The magazine Scientic American used to run a monthly column called Computer
Recreations, written by A. K. Dewdney, now Professor Emeritus of Computer Science attie University of
Western Ontario. The August 1989 column discusses and provides a rough algorithrfor a two-dimensional
cellular automaton (2D CA) Dewdney named \cyclic space." As older back-issues of Scient American aren't
available on-line, I've acquired scans of the article's four pages and have compileétiem into a PDF document
named dewdney0889.pdf available from the class web page in a password-protected area. With a nod to. K.
Rowling, the username is \Mischief" and the password is \Managed". Because the bl of the implementation
detail is on the article's third page, I've attached it to this handout. You are encouraged to read the complete
article to better understand the ideas.

Overview (Part I1): During the summer of 2006 a group called the ACM Java Task Force (JTF) releasd
version 1.0 of their collection of Java classes that help make using graphics idava easier for beginning
programmers. You'll be using this package to display the development of your demws of cyclic space. TextPad
instructions for compiling and running programs that use this package be found laér in this handout. Note
that these instructions assume that you're using our lab. If you want to use it & home, the JTF documentation
(linked to the class web page) has instructions.

Assignment:  You will create two Java classes, which may be in the samgava le or in separate les; your
choice. Prog04 is the application; its job is to run the show. That is, it creates the automaton object, tells
it to advance through time, and displays the result of each advance to the screen. Thissithe class that will
deal with the graphics. The second classDemoncreates the automaton, implementing the logic described in
Dewdney's column.

Before you can implementDemonyou'll need to know how it works. Start by reading Dewdney's column
(available from the class web page using the access info given above). As yoead, keep in mind that this was
written in 1989, the year the Intel 486 CPU was introduced and three years befe Microsoft released Windows
3.1. Technology advances rapidly in this business.

Dewdney explains on page 104, in detail, how to implement the automaton. Of course, he&xplaining it to a
audience consisting mainly of amateur computer programmers who were using BASIC, so limesn't put it in
object-oriented terms. We expect that you will, and here's how we want you to do .

Demorhas just one constructor:;

public Demon (int, int, int) | The rst two parameters are the height and width of the universe,
respectively. The third speci es the number of states; that is, each cell of the univese will hold a value
drawn from the domain [0:::states 1]. With this information, the constructor builds two 2D arrays
of byte s, one representing the current version of the universe, and the other the next version. 8b, the
constructor sees to it that the initial current version is populated with randoml y generatedbyte values
from the domain of possible state values (sepopulate () , below).

For our needs, this small set ofDemommethods is su cient:

private void populate () | Called by the constructor to Il the current version of the universe with
the random state values. The JTF classRandomGeneratorcan be used to generate random numbers, or
you can use the generator provided in Java'Math class.

public byte[][] getUniverse () | The getter; it returns a copy of the current universe to the caller.



public void advance () | This uses the content of the current universe to determine the content of
the next universe. The details are spelled out in Dewdney's column, mostly on page 104Note that
Dewdney left out a key detail, probably on purpose: If a cell isn't \eaten," its value remains unchanged.

To help you with your debugging, here's a sample 3x3 universe consisting of just 8 ates (that is, each
cell has a value from 0 through 7). If you're applying Dewdney's rules correctly, yo should get the
following sequence of universes:

01 2 1 2 3 2 3 4
7 4 3 0 5 4 1 6 5
7 5 6 0 6 7 1 7 0
Initial After 1st After 2nd
Content Pass Pass

Note that this is a contrived example { In general, not every cell will change fran one version of the
universe to the next.

Also note that we're treating the universe as if it were wrapped around a torus think “donut' ... mmmmm,
donuts ...). For example, in the rst universe above, 2's right neighbor is 0and its top neighbor is 6.
As Dewdney explains, this can be achieved by using modular arithmetic.

Now, what about the Prog04 class? Start by carefully examining theCheckerboard2.java example, thinking
about the representation of the board. It's an 8x8 board, but we're not using jug 64 pixels on the screen to
display it. Each square is represented by a large rectangle. You are to fal this same idea: Each cell of the
universe is to be displayed using a 3x3 rectangle. You'll have to do some calculatis to determine where to
place each cell's rectangle. WithCheckerboard2.java as your guide, it shouldn't be too hard to gure out.

To keep things manageable, you are to use a 100 x 100 universe. Limit your applidah so that it asks the
Demorobject to generate only 250 new versions of the universe. As for the number of avaltle states, use 13.
Why 13? That matches the pre-de ned color palette in the JTF package. You can assigrthe colors to states
in any order you wish. In fact, if you'd like to, you can even de ne your own colas, but you'd have to dig into
Java a bit to nd out how to do this. We recommend that you stick to the pre-de ned JTF colo rs, at least
until you get everything working correctly. They're listed on page 18 of the JTF tutorial.

In Checkerboard2.java , you may have noticed that there's nomain() method. run() serves essentially the
same purpose in a JTF graphics program. Also note that theCheckerboard2.java class is de ned as an
extension of another class,GraphicsProgram. That's what allows our program to have a graphics display
window to draw into. Be sure to write your Prog04 class with the same extension.

One of the rst things that your Prog04 run() method will need to do is create a 2D matrix of GRect()
objects. Each one will represent a cell of the universe, but don't create a whole new set @Rect() objects
for each version of the universe. One set is all you need, because you can tell ed&Rectobject to update its
color for each update of the universe. This is not only convenient, it's e cient.

After you have the array of GRect() objects created, you can instantiate the Demorobject and start gen-
erating new versions of the universe to be displayed. After each new version has been glsyed, use the
JTFTools.pause() method to wait half a second (500 milliseconds) before moving on to the next veisn.
This will give the user a little more time to see what's going on.

Remember: Demorobjects don't do graphics. To debugDemonyou can just print the cell's state values to the
text output window.

Data: You will be \hard-coding" all of the necessary information (universe size, numberof states, etc.). The
user won't do anything beyond running the program.

Output:  The major product of your program is the display of the sequence of versions of the aaomaton's
universe. In addition, we want you to display to the text window the version number of the universe that



was just displayed. When you nish displaying the initial random universe, display the line \Just displayed
Universe Version 0." After the next, display the same message, but with a 1 ingad of a 0.

Turn In:  Electronically submit your ProgO4.java le (and your Demon.java le if you choose to split the
classes) using the usual

[section leader first name] _S[your section #] _P[program #] _[your last name] _[your first name]

naming convention.

Want to Learn More?

The Wikipedia page on cellular automata is a good starting point:
http://en.wikipedia.org/wiki/Cellular_automata

Hints, Reminders, and Other Requirements:

START EARLY! This assignment asks you to deal with 2D arrays, wrap-around neighborhoodsand
graphics, all for the rst time this semester and all in the same assignment. You should expect to
encounter several problems that will require time to think through. Remember, sectionleaders don't
have lab hours between Thursday night and Monday afternoon.

As usual, we'll be looking for good documentation, indentation, variable nanes, etc. Please allocate
enough time to do a good job with these. We'll be looking for all the usual stu: block comments,
appropriate naming, consistent indentation, etc.

Even a tiny error in your implementation of the cyclic space algorithm can caug your visualization to
be incorrect. Pay close attention to detail. If it doesn't behave like the demo Ishowed in class, it's not
correct.

Having trouble installing acm.jar at home? Remember that you can still write and test Demorwithout
it. You can then come to the lab to work on the graphics.

Using the JTF Packages in the Lab: From the JTF web site, you can get the acm.jar le containing

the JTF packages. So that you don't need to do a lot of messing around with this if yu are in the lab, I've
installed the packages on the server. What you need to do is set up your Windows enginment in the lab so
that TextPad can see them.

Step 1: Mapping Your X: Drive. Java makes use of a Windows environment variable called ClassPath to
nd installed Java packages. Your ClassPath lists the names of the directors to be searched, and it already
includes the path you need. But, it depends on you to map a network drive to the proper driveletter. It's
easy to do, and you only have to do it once:

Go to the lab and log in. Left-click Start, right-click My Computer, and left-cl ick Map Network Drive. In
the \Map Network Drive" window, select X: as the drive, and type \ \\rotis\cs227 " (w/o the quotes) as the
folder. Click Finish. If it worked, Windows will pop up a window showing the content of that drive, which
should include a folder named Source. Source contains the JTF classes.

Step 2: Compiling a Graphics Program. To verify that you can compile and run a program that depends on
the JTF packages, you should compile and run theCheckerboard2.java demo. This demo uses all of the JTF
methods that you'll need to use for this assignment, making it a good program ¢ study in detail. Here's how
to access, compile, and run it;

Launch Windows Explorer (Windows-E is the keyboard short-cut) and browse into the folder X:\Source\Classes .
You should see theCheckerboard2.java le. Copy it to your H: drive. Launch TextPad and use it to open the
copy of Checkerboard2.java on your H: drive. Compile it and run it as you would any other Java program.

If you get a window showing an oddly-colored checkerboard, you've succeeded.






