CS 2710/ISSP 2160: Homework 2

Adversarial Search (Chapter 6)
Assigned: September 24, 2009 

Due: October 6, 2009 

The purpose of this problem is to give you experience with minimax search with alpha beta pruning, and with developing heuristics.
The game we will be playing has the following rules:

1. The game board is a 5x5 grid.
2. Each player takes turns like in chess or tic-tac-toe. That is, the first player takes a move, then the other player, then back to the first player and so forth.

3. Each square has a fixed point value between 1 and 99 representing its value. 
4. The object of the game is to be the player in the end with the most points derived by adding the point value of squares in their possession. Thus, one wants to possess the squares worth the most points. 
5. The game ends when all the squares are occupied by all players, since no more moves are left.

6. Movement is always vertical and horizontal but never diagonal.   

7. The values of the squares can be changed for each game, but remain constant within a game.

8. On each turn, a player can make one of two moves -- Drop or Blitz – described below.
 Drop – You can take any open space on the board with a Drop. This will create a new piece on the board. This move can be made as many times as one wants to during the game, but only once per turn. However, a Drop cannot conquer your opponents’ pieces.  It simply allows one to arbitrarily place a piece anywhere unoccupied on the board. Once you have done a Drop, your turn is complete. 
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Figure 1. This is a Drop. In this case, green drops a new piece on square [B,3]. This square is worth 48, which is a higher number, meaning that it contains some important resources. After that, the score is green 48 : blue 2. A Drop could have been carried out on any squares except for [C,2] since blue already occupies it.  
Blitz – From any space you occupy on the board, you can take the one next to it (up, down, left, right, but not diagonally) if it is unoccupied.  The space you originally held is still occupied. Thus, you get to create a new piece in the blitzed square. Any opponent piece touching the square you have taken is conquered and that square is turned to your side (you turn its piece to your side). A Blitz can be done even if it will not conquer another piece. Once you have made this move, your turn is over. 
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Figure 2. This is a Blitz. Green blitzes the piece in [D,4] to [D,3]. This conquers the blue piece in [D,2] since it is touching the new green piece in [D,3]. A blitz always creates a new piece and always moves one square, but it does not conquer another piece unless it is touching it. Thus, another valid move might have been for [D,4] to have blitzed [E,4]. Then the green player would own [D,4] and [E,4] but would have conquered none of blue’s pieces. Note, the score before the blitz was green 16 : blue 54 but afterwards is green 28 : blue 43.  
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Figure 3. Here blue blitzes [C,3] from [C,2]. In the process green’s pieces at [D,3] and [C,4] are conquered since they touch [C,3].  Notice that in its next move, green will not be able to conquer any of blue’s pieces and only the piece at [D,4] would be able to execute a Blitz since [D,2] has no neighboring unoccupied squares. 
Your assignment:
1. You will create two agents to play the game. The first (called PlayerM) will use the Minimax algorithm to play the game, and the second (called PlayerA) will add Alpha-Beta Pruning.  With the current board configuration as input, your agents should output their next move.
2. For each game, you will read in a new board (details below) and the agents will play each other in our driver. We will assume that the board is always 5x5.    
3. You will give a summary at the end of the game for each agent, by giving its score and whether it won or lost.
4. Note that while ideally your programs would search the complete game tree, you probably do not have the computational resources. To address this, your programs should implement a limited-depth exploration of the game tree, where nodes at a depth limit are evaluated using a board evaluation heuristic. Note that the heuristic function is used to evaluate the leaves of the (depth-limited) tree only. 
5. You should also think of some rules for the evaluation order in alpha-beta to improve the likelihood of pruning earlier in a search. 
6. You can choose the depth for the search for each agent , but please use a different cutoff for minimax and alpha-beta (to illustrate the impact of depth). 
I/O:
A board configuration .txt file will be the input to your program. Here is an example initial board configuration: http://www.cs.pitt.edu/~litman/courses/cs2710/homeworks/hw2/Board_ini.txt 

The file represents a 5 by 5 board, with squares separated by Tab (\t). Each square is represented as a tuple of the square’s value and its occupying entity. For entity, "0" means not occupied, "1" means occupied by you,  and "2" means taken by your opponent.

Here is an example file representing a possible board configuration in the middle of the game:

http://www.cs.pitt.edu/~litman/courses/cs2710/homeworks/hw2/Board_n.txt
Your program should print both the MOVE type (“drop” or “blitz”), and the LOCATION, to the standard output, which indicates your choice of next move. Location MUST be described by its column index (letters from A-E) and row index (numbers from 1 to 5) separated by comma (as in the figures).  Please don't print anything else. The driver program (forthcoming) will make calls to your program(s) at each turn to get the next move. Each time, it will provide the current board state as input. 

For example, assuming the initial configuration from above, you go first and your choice is "drop,C,2”.  Then the current board will be

 http://www.cs.pitt.edu/~litman/courses/cs2710/homeworks/hw2/Board_1.txt
Please name your program that uses Minimax as "playerM.java" (or "playerM.py" etc), and the one using Alpha-Beta Pruning as "playerA.java" (or "playerA.py".)

To Turn In:
(1) (10 Points) Describe the utility function and evaluation order rules you used. (For Report)
(2) (15 Points) Create a board setup from the game and give an illustration of Alpha-Beta Pruning from it. You need only show a portion of the branching which is sufficient to illustrate where one would prune and where one would not prune.  Be sure to label the nodes with their minimax values. (For Report)
(3)  (75 Points) Implement the two agents as described above.  (For Program and Report)
a. First have your agents play 5 matches using different boards each game. To illustrate that your program works correctly, please show a trace for one of the matches. To illustrate the quality of your players, report the number of wins, draws, and losses for the 5 matches.  Explain whether and how your depth cutoff impacted who won.  Also explain how alpha-beta pruning increased your efficiency.
b. To evaluate your program, we will also run a script that repeatedly invokes your alpha-beta player and responds to its moves by (1) updating the board with your player’s move, (2) determining if a player  has won, (2) and if not, updating the board with our player’s move. Your player will always go first. 
c. Your assignment will be graded on Correctness and Quality of play (how often your program beats our player and by how much).
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