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ABSTRACT

The chess agent developed implements a well known and elementary end game scenario in the game of chess, that in which a Black King and Black Queen must finish the lone White Queen. Several alternatives exist, but the basic strategy of the algorithm employs “rank logic” to force the King to a back rank and checkmate him. We will explore both the history of chess and the game itself, then show the implementation of the Rank Algorithm.  We assume the reader already knows the rules of chess.

INTRODUCTION

The game of chess has fascinated human thinkers and strategists for thousands of years. Relentlessly complex, yet accessible to amateurs, it remains both the definitive strategic board game (with a nod to Go) and the board game most studied, by far,  by computer scientists and game theorists.  With chess’s militaristic setup, in which your arrayed forces must crush (or infiltrate) the opponent’s, what’s not to like?


So exactly why did chess AI explode in the 1970’s?  First, the game has massive appeal to gamers of a strategic mindset who are capable of abstract thinking, and for those of us who enjoy complexity. Since this pretty much defines a “computer scientist”, we can see that chess is, simply put, the perfect environment for artificial intelligence. After all, chess is a game of perfect information. The environment is totally observable, and there are a finite, though astonishingly high, amount of valid positions: about 10^50 estimated unique legal positions[3]. For the shock value, we’ll write it out:

10000000000000000000000000000000000000000000000000. (give or take a billion)


Some physicists have estimated the number of particles on earth to be around the same number.  This level of complexity demands AI exploration. The chess AI explosion began in the 1970’s and quickly ramped up – the first chess agents used exhaustive brute force searches, but limits on  memory and cpu speed forced programmers to adopt more clever methods to “prune” the number of positions considered by the computer, and adopt them they did. The chess AI scene culminated with the famous Gary Kasparov vs. Deep Blue (IBM) match in 1997. Deep Blue beat Kasparov in a six game exhibition match.  Kasparov’s notes were telling:

“The decisive game of the match was match 2, which left a scar in my memory…we saw something that went beyond our wildest expectations of how well a computer would be able to foresee the long-term positional consequences of its decisions. The machine refused to move to a position that a decisive short-term advantage – showing a very human sense of danger.”[1]


Deep Blue employed 510 IBM RS/6000 and custom processors in parallel. Deep Blue searched 126 million nodes per second on average, but was capable of 330 million/s at top speed. The heart of Deep Blue evaluation function was a standard iterative deepening alpha-beta search with a transposition table, but it was able to deepen the depth of its search tree for lines that it considered interesting, and this seemed to be the key to its success. The alpha-beta search tree is at the heart of most chess programs today, although there are other alternatives, such as neural networks, genetic algorithms, and more. Deep Blue also had on its side a decent repertoire of openings: about 4000. Additionally, it had at its disposal a vast database of 700,000 grandmaster games from which to draw recommendations: similar or identical positions are sure to arise, and the grandmaster’s next move is considered good advice, even by Deep Blue. And if this weren’t enough, Deep Blue also had an end-game database for ALL solved positions with 5 pieces, and some with 6. These positions have “proven” outcomes – the correct sequence of moves will result in victory. This allowed Deep Blue to finish off the game perfectly and effectively increased its search depth.  Sounds like a pretty fair setup for Kasparov, right?  Well, in 2002 the chess program FRITZ, running on just an ordinary PC, tied world champion Vladimir Kramnik in an eight game match. Kramnik was moved to comment: “It is now clear that the top program and the world are approximately equal”.   This dispels the common notion that computer chess programs aren’t “good” players, and rely solely on brute force power. In fact, advancements have been made in the quality of the algorithms. Heuristics, of course, play a major role. The chess program must select a move even when the outcome is uncertain. By “pruning’ the search tree, an agent can examine fewer, but more promising, positions. These improvements include the ‘null move’ heuristic, in which the adversary is given (in the computer’s mind) two moves at the beginning, which can help quickly generate a minimum ‘value’ of the position.  Futility pruning enables the computer to eliminate whole branches of the search tree in that it decides will lead to “beta cutoffs” (a wrong choice) in future positions.[1]  


The field of chess AI is mature, seemingly almost finished, in fact. As far as gaming theory on board games goes, much of the concentration is now on the game of Go, a strategic puzzle game in which all the pieces are identical (boring!) – the work has progressed much more slowly for reasons that I will not explore.

IMPLEMENTATION
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Standard chess Board (the rook’s pawn move in the opening is a bad move, however)


Chess agents, be they real or artificial, must consider what their goal is. The ultimate goal of course is victory, but how is this achieved? A game of chess is won by trapping the enemy King: if a King is “threatened” and cannot escape to a legal, non-threatened square, it is checkmate, game over. The route to this coup de gras, however, is convoluted. Does one attack the enemy King aggressively? This is a completely valid strategy, but one’s “flank” must be guarded against enemy counter attacks. Or should the agent play for material, grinding down his opponent in a battle of attrition? If the agent chooses this route, he must still be on guard: you can lose the game in one move no matter how many more pieces you have. Four move elementary checkmates exist, and even a two-move mate is possible (for Black: one pawn up, Queen out diagonally, checkmate). Although you’d have to try to have this happen, a form of it actually occurred in grandmaster game!  The bottom line is that chess, like real life, involves a series of tradeoffs.[3]


Piece values:

King: infinite (or 10)

Queen: 9

Rook: 5

Knight: 3

Bishop: 3

Pawn: 1


These are the canonical piece values. Human chess players use them, and naturally a computer agent will have exhaustive methods of assigning values to particular piece. Some pawns, after all, are better than others (like the one you are about to “queen” by getting it to the opponent’s back file).

RANK ALGORITHM FOR MATING A LONE KING WITH QUEEN/KING

{

DO: 

IF(n = 0) //king is on back rank


Examine all valid queen checks for checkmate – if one exists, GAME OVER.

Calculate distances to the four sides for enemy King. The least distance is the edge that the King will be forced against. This variable, n, is the distance to closest back rank.

QUEEN LOOP:While (Queen is on limiting rank) 

//limiting rank n+1, where n is an x OR y value that denotes King’s distance to edge

//queen on limiting rank means that the King can’t move into or beyond that rank 

//and is effectively trapped toward that side of the board.

KING CHASE: Black King simply moves toward the enemy King by calculating the least Pythagorean distance.

RULE: if distance equals the square root of the square root of 2 plus 1, and it’s your turn,  then move the Queen to next furthest square away from own King on same file. This rule prevents the dreaded “infinite loop” of repeating the same two moves over and over (both kings moving left and right repeatedly).   Actually this would result in a draw anyway by regulation rules: three repetitions of position = draw.

RULE: ignore any edges that have interceding files occupied by own King. (pick next smallest)

KING LOOP: While(Queen not on limiting rank)

Move Queen to the limiting rank. Move must be legal and the square not threatened or occupied.

The candidate square chosen is the furthest from own King.

IF(no candidate moves) KING CHASE


RULE: if the distance between the Queen and the enemy King is less than the square root 

of one plus square root of two (the “danger” distance), then move to square furthest from 




Enemy King on same file. 

}END ALGORITHM

The stalemate is avoided in the Rank Algorithm by keeping the Queen at a safe distance from the enemy (actually both) King(s). In this manner, the back file is not limited by the Queen, and cannot ever be limited by a King due to the rules of the game (King can’t move into check). Thus this algorithm is “draw-proof”, and I assert that it is also correct – that is, it will work every time. We make no claims, however, on the optimality of this solution – it is methodic and doesn’t look for the quick checkmate.

CONCLUSION


The algorithm itself is elementary – in fact this is the same way a real elementary school kid would finish you off, provided he’s gotten you to this point. This is obviously a losing endgame scenario for White, so we make no claims on the Fun Factor here. Encoding it in a computer language is more difficult, naturally, but it nonetheless provided us with the glimpse into the world of chess AI. The AI concepts included in chess game theory are many – to many, in fact, to even list. Suffice it to say that ALL major areas of artificial intelligence have, by some AI agent or another, been utilized.


From the more general chess perspective, Deep Blue, FRITZ, and others have shown us that chess is, ultimately, deterministic.  This makes sense, since the “world” of chess is a totally observable one: there’s perfect information and no element of chance like there is for poker playing agents. This is not cause for undue concern, however: the human brain can only hold approximately 7 items in short term information, so chess will remain forever “unsolved” by the people who actually play it.  Yes, computers can already best us in this classic old game, but playing a real person is more fun, and computers can always be unplugged.
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