
AI Player

Finally we turn our attention to creating the AIPlayer class.  The goal of this class is to create a computer

controlled "player" that will learn to play the game of Tic-Tac-Toe perfectly (i.e. choose moves to play in a

game in such way that it will the game if possible, or tie the game.)

To make the program "learn" to play Tic-Tac-Toe, we are going to use a strategy called Reinforcement

Learning, or "Q-Learning".  The "Q" stands for Quality - that is the program will learn to assign a particular

Quality to each possible move, and will choose the move with the best quality each time.

Q-Learning depends on the computer developing a memory of the STATE of Tic-Tac-Toe game, and which

move (or ACTION) it choose when the game was in that state.  For every "STATE-ACTION" pair, the

algorithm will assign a QUALITY to that choice, based on the reward for making that decision.

The state of the game will be given as a String representing the game board at a given moment.  For

example the board:

Would be represented "X....XO.O"

The chosen action for a given state will be given by a number representing the square the computer

chooses to play in.  Each possible square will be numbered using the values 0 through 8.

So the STATE-ACTION pair "X....XO.O-7" in this case, could represent placing the token ("O") in the

second column of the third row of the board.

This should be seen as a high quality move (because it wins the game!).  A double value will be used to

represent the quality of a given move.  A move that wins the game may have a quality of 10.0.

Creating and Storing the AI Player's Memory
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Within the code, we will use an object called a HashMap to create this memory.

A HashMap creates a table of values that matches one object (In this case a String representing a STATE-

ACTION pair) with a second object (in this case a Double value representing the quality of that action

choice).

The computer learns to play to Tic-Tac-Toe by finding and saving around 16,000 different state-action

Strings, rating the quality of each, and storing them in this table of values.  It takes somewhere around

30,000-50,000 games for the AI to develop an optimal strategy

Choosing a Move
How does the computer decide what move it should choose?  

The AI Player needs to look into it's memory to see if it has ever encountered a game board matching the

current game before.

If it has never seen a match before, the computer will randomly choose a possible move.

If it has seen a match before, the computer should choose the highest quality move out of all the known

moves matching this board.

We also want a certain amount of chance that the computer will EXPLORE new moves rather choosing the

best known move.  This way the algorithm does not get stuck on choosing a known move when a move it

has never tried before might actually be better.

In code, that looks like:
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AI Learning
The algorithm is programmed to choose the highest "quality" move, but how will the algorithm determine

"quality"?  Simple, we award points for making choices that lead to the desired state.  In Tic-Tac-Toe the

most desirable state is winning the game!  The second most desirable state is having a tie game.  So we can

define a reward method for a game of TicTacToe something like:
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In order to learn to choose better moves, each time the computer makes a move, will update the value of

the quality of the move it just made according to the formula

This formula creates (mathematically) a blend between what the currently remembered quality move of

taking this move, and the new information learned by taking this move this time (based on any rewards). 

The formula also provides a certain value for "future" moves.  For example, a move that doesn't win on this

turn, but sets the AI up to win on it's next turn, will be credited some "future value".  The future value is

somewhat discounted however, because the AI may or may not receive this future value.

In code we have:

(The mathematical formula has be rearranged slightly here, to make a more efficient calculation, but it is

algebraically the same).

Training the AI

newQuality  =  (learningRate) * (reward  −  discount * bestNextMove)  +  (1  −  learningRate) * (currentQuality)
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Finally, now that the AI can choose the best move it knows and can update the value of each move taken,

we turn to the task of training the AI to play the game well.  The AI will need to learn to play somewhere

around 16,000 different moves, and rate the quality of each of these.  In order to do that, it will need to

play MANY MANY games.  Fortunately, we can simply have the AI play against itself!

To play a single game against itself we have the following code:
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