Tetris Solver DLL

Overview

The WinTetris engine uses a dynamic-link library called demo.dll to decide how the pieces should be placed while in demo mode.  The pieces are still randomly generated, and the DLL is given the opportunity to move, rotate, or drop the current piece if desired.  

The DLL uses the following function:

· update(const Field&, const Block&, const Block&, bool newPiece)
This function is the only function called by WinTetris, and is called during every clock tick (every time the piece drops).  The function is given the current playing field state (Field) f, the current piece (Block) b, the next piece (Block) n, and a Boolean value newPiece indicating if this is the first time the update function is being called with a new piece (this ends up being useful in the DLL).

The function returns an integer value which can be the ORed combination of the following values:

· MOVELEFT  = 0x1,

· MOVERIGHT = 0x2,

· ROTATECW  = 0x4,

· ROTATECCW = 0x8,

· DROP      = 0x10

Of course, you should never return both MOVELEFT and MOVERIGHT, or ROTATECW and ROTATECCW.  That would be silly.

The strategy used for my Demo DLL is a “three-tier” strategy, with the following three elements:

1. The Move Generator

1. Determines what the possible moves are

2. The Solver & Objective Function

2. Rates a placement for “goodness”, or utility

3. The Piece Placer

3. Once an optimal placement has been decided, this component moves the piece into place.

Move-Generator

This component is relatively simple.  The entire component lies within the function:

· void create_list(vector<Block>& list, const Field& f, const Block& b)
Given the Field f, and the Block b, the function clears an STL list list and then adds to it all possibilities for piece placement.  Specifically, it considers all four rotations, and then moves the block to the far left for each rotation.  Then, depending on where the inner loop is, it moves it a certain number of spaces to the right.  There are, of course, duplicate piece placements generated and this might be an area of optimization, if I wasn’t so lazy.  After moving it to the right, the piece is dropped until there is a collision with the playing field.  Sliding moves are not considered, because they would be much harder to deal with (and are usually not encountered in demo mode).
The reason this works is because each Block has an internal state with a rotation, an x-offset, and a y-offset, so the only thing you need to store is the Block itself.
Solver & Objective Function

The solver rates every piece placement in the Generated Moves list and rates it according to an “objective function” (or utility function) and then decides which piece placement is the best.  The code is contained within the functions:
· Block rate_list(const Field& f, const Block& next, int split)

· int rateBlock(const Block& t, const Field& f)

The rate_list function takes the current Field f, the next Block next, and a number split indicating how the work is distributed (to be discussed later).  The move list is global, and is called moveList.
The key to the success of the algorithm lies in the objective function, rateBlock().  If you can come up with a way to rate a piece placement, based on characteristics likely to mimic a good human player’s choices, or even a more objective goal like minimizing long-run stack size, then the algorithm will be good.  If you can tell the engine what moves are good and which moves are bad then the job is nearly complete.

My objective function rates a piece placement on the following characteristics:

1. Number of “holes” the block leaves underneath itself
· For each empty square directly underneath a square in the placed block, penalize 500 points.

2. Number of squares the piece fills in a vertical column

· For each previously empty square filled by the block, which used to have filled neighbors on both sides, award 0 points.

3. Number of lines cleared by the piece placement

· If more than one line is cleared, award 500 points for each line.

· Otherwise, if only one line is cleared, award 200 points.

4. The highest square of the placed piece

· Penalize 150 points times the height of the tallest square in the placed piece.

5. The lowest square of the places piece

· Penalize 75 points times the height of the lowest square in the placed piece

6. The number of chasms before and after the placement

· A chasm is defined as any square that is empty, that has both neighbors (left and right) which are filled.  

· Award 400 points for the numeric improvement in the number of chasms after placing the piece (a penalty if the change is negative).

An easy way to optimize the Tetris Demo DLL would be to figure out what constants generally give better performance (eg. Higher average level reached before losing).  This is easy enough to do given some ideas from numerical computation (but I haven’t done it yet because the constants I use tend to give “pretty good” results).
The last thing to note (although certainly not the least important) is that the solver actually optimizes for not only the current piece placement, but also the next piece placement as well.  This is done by summing the scores of the current piece, and then the next piece given the change in the playing field.  Then the highest sum is chosen, and the first piece in the sequence is placed.  Then the process is repeated.  Note that because we only place the first piece after optimizing for two pieces, we can always optimize the next two pieces and we are guaranteed to have a score at least as good as what would have been chosen for the initial second piece.  
Piece Placer

This is also a very easy task, and is done completely inside the function:

· int movePiece(const Block& b, const Field& f, const Block& target)

Given the current Block b, the current Field f, and the target placement Block target, all we have to do is match the rotation and the x-offset, and then drop the piece.  
Distributed Processing

On my computer, and surely others, the original results with the solver optimizing for two pieces was good, but the pieces seemed to hang motionless at the top of the screen for a noticeable amount of time.  This is because the computer basically cheats and thinks through all possibilities for piece placement without having to worry about time constraints—it actually stops the piece from dropping, simply by thinking.  While I don’t care much about the computer cheating, I did care about the aesthetic results.

I came up with the idea to distribute the processing of piece placements over four steps.  Four was an arbitrary choice, but it seems to divide the processing well enough for the “hanging” effect to not be very noticeable.  This is done simply by splitting the Generated Moves list into four parts, and solving all secondary piece placements for each segment.

This idea, while a good one, turned out to be somewhat difficult to implement.  But it works now.

Results

The resulting AI is generally good enough to clear dozens of levels with no problem.  I think it reached level 147 once (although I can’t remember if that was before or after I distributed the processing over four clock ticks).
Conclusion

The Tetris Demo DLL uses a very basic AI technique of trying every possibility of all known future pieces, and then rating the possibilities with a utility function and choosing the best one.  A somewhat more interesting algorithm might be to construct a demo system that learns from experience instead of having pre-programmed rewards and penalties.  I’ll leave that as an exercise to the reader.
