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If one could devise a successful chess 
machine, one would seem to have 
penetrated to the core of human 
intellectual endeavor.

Herbert Simon (1958)
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Alex Bernstein, IBM Corporation (1958)
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If chess is the 
drosophila of AI, 

what is Drosophila 
the drosophila of?
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Columbia University “Fly Room”
Thursday, October 6, 11



MANIAC Computer, Los Alamos (1958)
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how a computer 
sees a chessboard
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Claude Shannon (c. 1950)
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P-K4 P-Q4

ply 1: white to move
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average number of moves 
per game of chess
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average number of plies 
per game of chess
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average number of 
plausible moves per ply
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average number of moves 
to be examined per game
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average number of moves 
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average number of moves 
to be examined per game
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total number of seconds since the 
origin of the universe
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total number of atoms in the 
universe

10134
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number of moves evaluated by 
Deep Blue every second

10134
106
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total number of moves calculated if every atom in the 
universe was a chess computer as powerful as Deep Blue 
and had been running since the beginning of time until 

the end of the universe

10134
10still not even close
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construct the decision tree
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B-B4N-QB3 P-K3 P-Q4 P-Q4 P-K3 N-KB3 P-k3

+1 +0 +4 +4 -2 -7 +0 -4

ply 4: black to minimize
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

B-B4N-QB3 P-K3 P-Q4 P-Q4 P-K3 N-KB3 P-k3

+1 +0 +4 +4 -2 -7 +0 -4

ply 4: black to minimize
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

+1 +0 +4 +4 -2 -7 +0 -4

Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

+1 +0 +4 +4 -2 -7 +0 -4

ply 3: white to move
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

+1 +0 +4 +4 -7

ply 3: white to maximize

-4+4 -2 +0

Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 N-KB3 N-KB3 N-KB3 P-QB4

+1 +4 +4

ply 3: white to maximize

-4+4 +0

Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

+1 +4 +4 -4+4 +0

Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

+1 +4 +4 -4+4 +0

Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

+1 +4 +4 -4+4 +0

ply 2: black to move
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

+1 +4 +4 -4+4 +0

ply 2: black to minimize
Thursday, October 6, 11



P-K4 P-Q4
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ply 1: white to move
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ply 1: white to maximize
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ply 1: white to maximize
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

+1 +4 +4 +0 -4

ply 2: black to minimize
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

+0 -2 -7+1 +4 +4 +0 -4

ply 3: white to maximize
Thursday, October 6, 11



P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4
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N-KB3B-B4N-QB3 P-Q3 P-Q3 N-QB3P-K3 P-Q4 N-K2 P-Q4 B-N5 P-K3 P-QB3 N-KB3 P-B4 P-KN3P-k3

minimax optimal branch
Thursday, October 6, 11



 is the 
minimax algorithm 

the drosophila of AI?
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why chess?
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Daring ideas are like Chess men 
moved forward. They may be 
beaten, but they may start a 
winning game.

Johann Wolfgang von Goethe
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The chess pieces are the block 
alphabet, which shapes thoughts; and 
these thoughts, although making a 
visual design on the chessboard, 
express their beauty abstractly, like a 
poem.

Marcel Duchamp
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Chess is like war on a board.

Bobby Fischer
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Bobby Fischer (1972)
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algebraic chess notation

1. d4 Nf6 
2. c4 e6
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1. d4 Nf6 2. c4 e6 3. Nf3 c5 4. d5 exd5 5. 
cxd5 d6 6. Nc3 g6 (Benoni Defense, A61) 7. Nd2 
Nbd7 8. e4 Bg7 9. Be2 O-O 10. O-O Re8 11. Qc2, 
NH5 12. Bxh5 gxh5 13. Nc4 Ne5 14. Ne3 Qh4 15. 
Bd2 Ng4 16. Nxg4 hxg4 17. Bf4 Qf6 18. g3 Bd7 
19. a4 b6 20. Rfe1 a6 21. Re2 b5 22. Rae1 Qg6 
23. b3 Re7 24. Qd3 Rb8 25. axb5 axb5 26. b4 c4 
27. Qd2 Rbe8 28. Re3 h5 29. R3e2 Kh7 30. Re3 
Kg8 31. R3e2 Bxc3 32. Qxc3 Rxe4 33. Rxe4 Rxe4 
34. Rxe4 Qxe4 35. Bh6 Qg6 36. Bc1 Qb1 37. Kf1 
Bf5 38. Ke2 Qe4+ 39. Qe3 Qc2+ 40. Qd2 Qb3 41. 
Qd4 Bd3+ 

Fischer versus Spassky (0-1)
Reykjavik, Iceland 1972 
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preprinted correspondence chess postcard
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IBM 360/195, Rutherford Labs (1974)
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Detroit World Computer 
Chess Championship (1979)
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Detroit World Computer 
Chess Championship (1979)
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why minimax?
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int minimax(POSITION  *p, int depth)
! {
! MOVE list[MAXMOVES];
! int i,n,bestvalue,value;
!
! if(checkwin(p)) 
! ! {
! ! if (p->color == WHITE) 
! ! ! return -INFINITY;
! ! else 
! ! ! return INFINITY;
! ! }

! if(depth == 0)!
! ! return evaluation(p);

! if(p->color==WHITE) 
! ! bestvalue = -INFINITY;
! else 
! ! bestvalue = INFINITY;
!
! n = makemovelist(p,list);
! if(n == 0) 
! ! return handlenomove(p);
!
! for(i=0; i<n; i++)
! ! {
! ! domove(&list[i],p);
! ! value = minimax(p,d-1);
! ! undomove(&list[i],p);
! ! if(color == WHITE) 
! ! ! bestvalue = max(value,bestvalue);
! ! else 
! ! ! bestvalue = min(value,bestvalue);
! ! }
  
! return bestvalue;
! }
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Peter Jennings, Microchess (1976)
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Microchess, Radio Shack TRS-80 (1979)
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αβ-pruning 
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N-KB3B-B4N-QB3 P-Q3 P-Q3 N-QB3P-K3 P-Q4 N-K2 P-Q4 B-N5 P-K3 P-QB3 N-KB3 P-B4 P-KN3P-k3

+1

determining alpha
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P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

N-KB3B-B4N-QB3 P-Q3 P-Q3 N-QB3P-K3 P-Q4 N-K2 P-Q4 B-N5 P-K3 P-QB3 N-KB3 P-B4 P-KN3P-k3

+1 -7

determining beta
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P-K4 P-Q4

P-K4 P-K3P-QB4 N-KB3P-Q4

P-KB3 B-B4 N-KB3 N-KB3 N-QB3 P-QB4 N-KB3 P-QB4

N-KB3B-B4N-QB3 P-Q3 P-Q3 N-QB3P-K3 P-Q4 N-K2 P-Q4 B-N5 P-K3 P-QB3 N-KB3 P-B4 P-KN3P-k3

+1 -7

alpha-beta pruning
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game over?

Thursday, October 6, 11



Kasparov vs. Deep Blue 
Game 6, May 11, 1997
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If one could devise a successful chess 
machine, one would seem to have 
penetrated to the core of human 
intellectual endeavor.

Herbert Simon (1958)
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John McCarthy, Stanford University (1967)
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Computer chess has developed much as 
genetics might have if the geneticists had 
concentrated their efforts starting in 1910 
on breeding racing Drosophila.

We would have some science, but mainly 
we would have very fast fruit flies.

John McCarthy, AI as Sport (1997)
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If you can’t beat your 
computer at chess, 

try kickboxing.
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do algorithms 
have politics?
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Frederick P. Brooks, The Mythical Man-Month (1975)

The programmer, like the poet, works 
only slightly removed from pure 
thought stuff. 

He builds his castles in the air, from 
air, creating by  exertion of the 
imagination. 
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1 0 0 0 1 0 0 0

0 1 0 1 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0

1 0 0 0 1 0 0 0
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0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 1 0 1 0 0 0 0

1 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

1 0 0 0 1 0 0 0

knight moves (black)
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0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 1 0 1 0 0 0 0

1 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

1 0 0 0 1 0 0 0

knight moves (black)
[00000000 00000000 00000000 00000000 01010000 10001000 00000000 10001000]
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0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 1 0 1 0 0 0 0

1 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

1 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 1 0 1 1 0 0

0 0 0 0 0 1 0 0

knight moves (black) all pieces (white)

[00000000 00000000 00000000 00000000 00000000 00000000 00101100 00000100]
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[00000000 00000000 00000000 00000000 01010000 10001000 00000000 10001000]

[00000000 00000000 00000000 00000000 00000000 00000000 00101100 00000100]

(AND, OR, NOT, XOR)

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 1 0 1 0 0 0 0

1 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

1 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 1 0 1 1 0 0

0 0 0 0 0 1 0 0

knight moves (black) all pieces (white)
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