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Instructor: Oliver Schulte

Assignment 5: Programming Adversarial Search. This Assignment is optional.

Instructions: You can use this assignment to replace the Adversarial Search Part of Assignment 5. 
Due Date. Friday Nov 28, 2014. This is due after Assignment 4 to give you more time.
Grading Impact. If you do this assignment, your assignment average is still 40% of the course mark, but the average will be out of 5 rather than out of 4.
Summary. Build a Tic-Tac-Toe player for a 3x3 grid and for a 4x4 grid using minimax search.
Programming Languages. We can accept the languages supported in the CSIL environment, which include C++, Python, Java, Visual Basic, C#. Your comments on the code should make clear the logic of your source code even for a reader who may not have programmed in your chosen language before.

Group Work. You can work in a group with up to 4 individuals. Please put down the names of your fellow group members. All team members will receive the same mark.
The Rules
Playing Tic Tac Toe on a 3x3 Board
X always goes first. Players alternate placing Xs and Os on the board until either (a) one player has three in a row, horizontally, vertically or diagonally; or (b) all nine squares are filled. If a player is able to draw three Xs or three Os in a row, that player wins and the game ends. If all nine squares are filled and neither player has three in a row, the game is a draw.

Playing Tic Tac Toe on a 4x4 Board
X always goes first. Players alternate placing Xs and Os on the board until either (a) one player has four in a row, horizontally, vertically or diagonally; or (b) all 16 squares are filled. If a player is able to draw four Xs or four Os in a row, that player wins and the game ends. If all 16 squares are filled and neither player has four in a row, the game is a draw.

Input File Format

One input to the program is always the name of a text file, that specifies the current board state (including the dimensions of the board, and any letters already placed on the board). The format of the file is the following (expressions in brackets should be substituted by specific values in an actual file): 

SIZE: [N] 
PLAYER: [P] 
[L_11][L_12]...[L_1N] 
[L_21][L_22]...[L_2N] 
... 
[L_N1][L_N2]...[L_NN]
· In the above, L_IJ indicates the letter corresponding to position (I,J) on the board, and there are only three possible values for L_IJ: the letter "X", the letter "O", and the character "-" (which indicates a blank position). Some examples of input files listed below.
Sample File 1:

3

X

---

---

---

Sample File 2:

4

O

XX--

----

---O

----

· The possible values for N are 3 or 4. This is the board size.
· The possible values for P are X and O. This is the player making the next move.
Running The Program
The program should be invoked from the command line as follows (the following line assumes a Java implementation): 

java tic-tac [input_file] 

For example: 

java tic-tac input1.txt 

In this case, the program reads the input file, which specifies an initial board state.  Please include clear instructions on how your program should be run, with a readme file. Screen shots are probably a good idea too. Provide compilation instructions if necessary; providing executables is preferable. If in doubt, use the CSIL environment as a reference environment.
After reading the input file, the program gets into the following loop: 

1. Print the current board state. If a player has won or the board is full, exit. 

2. Print the labelled minimax tree for the current board state.

3. Choose and make the next move. 
4. Ask the human user to make a move (make sure that the move is valid, otherwise repeat request to the user). You can specify the input format, for instance it could just be “enter a row, enter a column”.
5. Goto 1. 

Bonus Question (30 points)
Write a version of the program that uses alpha-beta pruning instead of plain minimax. You have to choose a move-ordering heuristic, please describe it. Consider the initial board state where no moves have been made, what is the difference in size between the minimax tree without alpha-beta pruning and with alpha-beta pruning (for both 3x3 and 4x3 tic-tac-toe)? To be explicit, the revised program should run the following loop.
After reading the input file, the alpha-beta program gets into the following loop: 

1. Print the current board state. If a player has won or the board is full, exit. 

2. Print the labelled alpha-beta pruned search tree for the current board state.

3. Choose and make the next move. 

4. Ask the human user to make a move (make sure that the move is valid, otherwise repeat request to the user). You can specify the input format, for instance it could just be “enter a row, enter a column”.

5. Goto 1. 

What to Hand In
· Source Code.

· Documentation on how to run your program. This should include at least a readme file.
· Description of one test case for 3x3 and one for 4x4. E.g.,
· Show the input file.

· Show a screenshot of how your program reads the input file and what output it produces.

· Explain why you think that the output is correct.
Grading Criteria

· Program runs and plays optimally: 50%.

· Correctness of Minimax Tree (alpha-beta tree for bonus question): 30%.

· Quality of documentation, including comments in the source code: 20%. Your comments on the code should make clear the logic of your source code even for a reader who may not have programmed in your chosen language before.
· Total points: 100 (plus potentially 30 bonus points).
