CS146            Program Assignment 1.  Chip-firing Game

Prof. Sin-Min Lee

Due date: Feb. 10,2004

Chip-firing Game 

Chip firing games are mathematical games.  They are solitaire games on graphs.  The graph or game board is made up of a set of interconnected vertices.  Some of the vertices have a number of chips, but not necessarily all.  If any vertex has more chips than the degree of the vertex then that vertex “fires” it’s chips.  The degree of a vertex is the number of edges that directly connect it with other vertices.  Firing sends ONE chip on a vertex to each of its connecting neighboring vertices. Any leftover chips remain at that original vertex.( see Figure 1)

The ``game'' is played by selecting a single vertex at each time step until a stable configuration is reached (that is until no vertex has more chips than its degree) or until it can be determined that the game can never terminate. Later research concluded the termination of the game did not relay on firing individual vertices sequentially, but all vertices meeting the criteria for firing should be fired simulatneously. These are called parallel chip firing games. 
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Figure 1.

The Chip Firing Game (CFG) is a discrete dynamical model used in physics, computer science, biology and economics. 

Goal: to write interactive software (in Java) which allows the user to enter a CFG with initial configuration

It should also decide whether the game reaches a terminal configuration or has a cycle thus not terminating. Use the algorithm is presented in class.

Program Input: The program should allow you to input the number of vertices, edges, of a graph. Your program will create a vertex array, an edge array and also the initial configuration. It must also be user friendly!
Program Output: The sequence of configurations and if the game does not terminate it should stop, show that there is a cycle, and determine the period. Note: the period is the length of the cycle.

Suggestion: Use an array to store the configuration. This will limit the maximum problem size but make the programming easier. The program accepts four command line arguments, the number of vertices, the number of edges, the links of the edges, and the initial configuration to be performed. 

Your program should first ask: How many vertices? p= ?

How many edges? q= ?

Then ask the user to input the edges that link the vertices in the following format:

For example the following vertex array and edge link (see Figure 2):

p=7,

q=8, 

Links:

1 2

2 3

3 4

1 4

4 5

5 6

6 7

4 7

Then ask what is the initial configuration, for example:

Vertex array:  2011123
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Figure 2

Here is a sample output for the above configuration:

p=7,

q=8, 

Links:

1 2

2 3

3 4

1 4

4 5

5 6

6 7

4 7

Initial configuration: 2011123

2nd  0113212

3 rd 0115030

4th 1121212

5th 1204030

6th 3020212

7th 1204030

The period =2

Suggestion: Once you believe your program is running correctly, try running your program on the following five cases:

Case 1. The 5 cycle C5.
Case 2.
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Case 3. Complete the following case
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Case 4.The graph with 6 vertices and 6 edges.
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Case 5.
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Other advices: Comments and indents are important for making your program easy to read. Your program will be easier to understand and to change if you: 
(a) Write comments to explain what your program is doing and why. 

(b)Give descriptive names to your variables. 

Code should be organized and documented as well as neat. Documentation should include name and email address.
Turn in Tuesday (2/10/2004) an envelope contains the following:

A report-describe what you discover from the test case 1.

(1) Under what conditions the game will terminate.

(2) Under what conditions the game will run forever?

-Describe what you discover from the test case 2.

(3) Under what conditions the game will terminate.

(4) Under what conditions the game will run forever?
and include in the report the directory where both the source code and executable files may be found. 

Two diskettes with both source code and executable

· Complete source code in a hard copy printout. 

· Complete five cases outputs in a hard copy printout.

Grading

To get a better grade, you have to add features that increase functionality and/or presentation. Here are some examples: 

· A mechanism for changing the speed of the demo when run in continuous mode. 

· An option to use different types of data. 

· Fancier displays, including better graphics, pretty colors, or a more visually stimulating demo. 

