More Detail on the Minimax Principle
Using tic-tac-toe as an example, we can further illustrate the concept behind the minimax principle.  The search space (the solution tree) for a game like chess is impossible to search completely during play so partial searches around the current position (state) must be used.  While the search space for tic-tac-toe is not as prohibitive in size, we will apply the minimax principle to this game for illustration purposes.  The minimax principle is a heuristic approach.  This heuristic does not allow one to be certain of winning whenever a win is possible, but it does find a move that may reasonably be expected to be among the best moves possible, given some starting position and limiting the search space.  Exploration of the search space is typically stopped before terminal positions are reached, using any number of criteria.  The positions where the search is stopped are then evaluated heuristically.  What is needed is some sort of static evaluation function that attributes a value to each possible position.  Typically this function is an increasing function which means that the value increases positively if Player 1 is more likely to benefit from the position, increases negatively if Player 2 is more likely to benefit from the position , and tends to 0 if the position favors neither player.  The evaluation function, in general, must consider many different factors (depending on the game) such as number of pieces on the board and the current state of those pieces, etc.  Clearly, a compromise must be made between the accuracy of the function and the time required to calculate it.  Applied to tic-tac-toe, this function could be simplified to return +1 if the position favors the X-player and –1 if the position favors the O-player, and 0 if neither player benefits.  If the evaluation function were perfect, it would be easy to determine the correct move as you would simply select the move with maximum benefit.  However, the evaluation function cannot be perfect unless the entire solution space is searched.  

The minimax principle gets its name from the fact that (considering tic-tac-toe) Player O will attempt to minimize the advantage of Player X on every move. Player X will attempt to maximize their advantage on every move.  

The examples on the next few pages will illustrate the minimax principle.

X moves (initial move of game – 9 options available) [Scenario #1]
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X moves (initial move of game – 9 options available)  [Scenario #2]
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From Scenario #2, examining X’s moves with 5 spaces remaining

X moves [5]
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From Scenario #2, examining X’s moves with 5 spaces remaining

(another option)

X moves [5]

	X
	
	X

	X
	
	

	O
	O
	


weight = -1




	
	X
	X

	X
	
	

	O
	O
	


             weight = -1




	
	
	X

	X
	X
	

	O
	O
	


      weight = -1




	
	
	X

	X
	
	X

	O
	O
	


    weight = -1




	
	
	X

	X
	
	

	O
	O
	X


           weight = 0

O moves [4]

	X
	O
	X

	X
	
	

	O
	O
	





	X
	
	X

	X
	O
	

	O
	O
	


    


	X
	
	X

	X
	
	O

	O
	O
	





	X
	
	X

	X
	
	

	O
	O
	O


           O wins

	O
	X
	X

	X
	
	

	O
	O
	





	
	X
	X

	X
	O
	

	O
	O
	





	
	X
	X

	X
	
	O

	O
	O
	





	
	X
	X

	X
	
	

	O
	O
	O


         O wins

	O
	
	X

	X
	X
	

	O
	O
	





	
	O
	X

	X
	X
	

	O
	O
	





	
	
	X

	X
	X
	O

	O
	O
	






	
	
	X

	X
	X
	

	O
	O
	O


        O wins



	
	
	X

	X
	
	

	O
	O
	X





	
	O
	X

	X
	
	X

	O
	O
	





	
	
	X

	X
	O
	X

	O
	O
	





	
	
	X

	X
	
	X

	O
	O
	O


      O wins


	O
	
	X

	X
	
	

	O
	O
	X


    undecided




	
	O
	X

	X
	
	

	O
	O
	X


    undecided




	
	
	X

	X
	O
	

	O
	O
	X


        undecided




	
	
	X

	X
	
	O

	O
	O
	X


      undecided

The shaded game board is a potential win for X
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One of the possible moves that X could make is:
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This will leave O with only two possible moves, either one of which results in a win for X:
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