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Theories highlighted in this presentation

e Programming a Computer for
Playing Chess by Claude
Shannon, 1949

o Digital Computers applied to
Games by Alan Turing, 1953

Figure: Claude E. Shannon

Image: [11]
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Events that shaped the decade

Player2
bascball

(0,0)

Player 1

baseball

(0, 0) (10, 10)

Image 1: [8], Image 2: [14], Image 3: [19], Image 4: [6], Image 5: [10]
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Advancements made in the 1940s

Image 1: [17], Image 2: [5], Image 3: [20], Image 4: [7]
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What you might be thinking right now...

@ Why are we looking at theories created in the
1940s and early 1950s?

@ Is this even relevant information for me?

@ Are we wasting our time?

@ Why chess? O

Image: [2]
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Chess 101

@ a game of chess can be divided into three phases
o the longest tournament lasted for 269 moves [4]

@ the shortest chess tournament lasted for 4 moves [4]

Image: [16]
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Playing a perfect game of chess

@ consider all possible moves in a given position
until an outcome has been reached

@ possible since game ends after a finite number
of moves

@ 318,979,564,000 different ways of playing the
first four moves

@ 1020 game variations to consider

Image: [9]
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Playing a skillful game of chess

@ evaluate a position on the basis of
o general layout of the position
e number and kind of black and white
pieces on the board
e pawn formation
e each players mobility
e possible legal moves

@ use chess principles with statistic validity

Image: [0]
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Coming up with a first strategy

e calculate all possible variations out to I
two moves deep for each side y, 555;::“‘”‘

@ apply evaluation function f(P) after \:::
every move o e .

@ assume that the opponent will minimize s
f(P)

o choose the variation which will _61222?--—*-'-5
maximize f(P) given this constraint w g T
Image: [21]
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Necessary Hardware
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Defining building blocks

TO: Make move (a, b, ¢) in position P to obtain resulting position

T1: Make list of all possible moves for pawn pieces at square (x, y) in
position P

T2-T6: Perform the above evaluation on all other types of pieces
T7: Make list of all possible moves for all pieces in given position P

T8: Calculate the evaluating function f(P) for position P

T9: Perform maximizing and minimizing to determine the overall best
move
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Some fundamental problems to consider

@ > 16 minutes to perform a move

@ variations are only considered three
moves deep

@ strategy is the same in calm positions

Image: [12]
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|deas for improvement

@ examine forceful variations out as far as
possible

@ perform evaluation once a stable
position has been reached

@ only evaluate worthwhile variations

Image: [3]
Jacqueline Wagner University of Heidelberg April 18 2019 22 /38



© Considering a more complex approach
@ Coming up with a better strategy
@ More problems to consider

Jacqueline Wagner University of Heidelberg April 18 2019 23 /38



@ Introduction

© The easy way out

© Considering a more complex approach
@ Coming up with a better strategy

@ Conclusion

e References

Jacqueline Wagner rsity of Heidelberg April 18 2019 24 / 38




e evaluate whether stability exists using a function g(P)
@ explore for 2 to 10 moves until g(P) =0

@ evaluate whether a move M in position P is worth exploring using a
function h(P, M)
o forceful moves — high h(P, M)
o defensive moves — medium h(P, M)
o all other moves — low h(P, M)

@ with increasing depth fewer sub-variations are examined
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@ evaluate game for at least two moves

@ dead position = no captures, recaptures
or checks are possible in the next move

@ all other positions are considerable
positions

@ estimate value at the end of a sequence

based on criteria, such as material,
mobility, safety or threat of checkmate

@ choose move which leads to the greatest
value and the greatest positional value

Image: [3]
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More problems to consider

@ machine always makes the same move in the same position —
opponent can use weak decisions to win

@ program is quite complicated in opening stage where masters focus on
set number of variations until one player deviates
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More ideas for improvement

@ use statistical element to avoid repeating the same strategy over and
over again

@ store few hundred standard opening strategies in slow-speed memory

@ change style of play by modifying selected coefficients and numerical
factors

@ increase strength of the player by adjusting depth of the calculation or
evaluation function
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Conclusion

@ machine will not learn from its mistakes

@ strategy relies on brute force calculation rather than logical analysis

Image: [1]
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Conclusion

“It plays something like a beginner at chess who has been told some of the
principles and is possessed of tremendous energy and accuracy for calculation
but has no experience with the game.”
Shannon, 1949
Programming a Computer for Playing Chess, page 273
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Conclusion

“The computer is strong in speed and accuracy and weak in analytical ability and
recognition. Hence, it should make more use of brutal calculations than humans.”

Shannon, 1949
Programming a Computer for Playing Chess, page 274
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Conclusion

“If | were to sum up the weakness of the above system in a few words | would
describe it as a caricature of myself.”

Turing, 1953
Digital Computers applied to Games, page 9
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