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Questions

Q1. What is the thinking way of human/computer?

Q2. How can human/computer play chess?

Q3. How can human/computer learn chess/games?

Artificial Intelligence

Machine Learning

Computer Games



Baron Wolfgang von Kempelen

• Hungarian inventor (1734–1804) 



Baron von Kempelen – The Turk

The Turk was in fact a mechanical illusion that allowed a human chess master hiding inside to operate the machine. With a 

skilled operator, the Turk won most of the games played during its demonstrations around Europe and the Americas for nearly 

84 years, playing and defeating many challengers including statesmen such as Napoleon Bonaparte and Benjamin Franklin. 

The operator(s) within the mechanism during Kempelen's original tour remains a mystery. When the device was later 

purchased in 1804 and exhibited by Johann Nepomuk Mälzel, the chess masters who secretly operated it included Johann 

Allgaier, Boncourt, Aaron Alexandre, William Lewis, Jacques Mouret, and William Schlumberger.



The Turk

• First demonstrated in 1770 

• Revealed to be a hoax

• Stimulated interest in chess-playing 

automata



Charles Babbage

• English mathematician and inventor 

(1791-1871)

Science Museum



Charles Babbage

• Originated the idea of a programmable 

computer

• Built a “Difference Engine” for calculation



Charles Babbage

• Designed an “Analytical Engine” 

programmable using punched cards

• Described it (1864) as: 

“A machine that should be able to play a 

game of purely intellectual skill successfully, 

such as tit-tat-to, drafts, chess, etc.”

Charles Babbage, FRS (/ˈbæbɪdʒ/; 26 December 1791 – 18 October 1871) was an English polymath.

He was a mathematician, philosopher, inventor and mechanical engineer, who is best remembered now for 

originating the concept of a programmable computer.

Considered a "father of the computer", Babbage is credited with inventing the first mechanical computer that 

eventually led to more complex designs. His varied work in other fields has led him to be described as "pre-

eminent" among the many polymaths of his century.



Leonardo Torres y Quevedo 

• Prolific Spanish inventor (1852-1936)

レオナルド・トーレス・イ・ケベード

Airship Astra-Torres built in 1911



Leonardo Torres y Quevedo

• Designed cablecars, including one at 

Niagara Falls



Leonardo Torres y Quevedo

First to build a chess playing machine
(Only played the endgame: king and rook vs king)



Leonardo Torres y Quevedo

First to build a chess playing machine

In early 1910, Torres began to construct a chess automaton he dubbed El Ajedrecista (The Chessplayer) that 

was able to automatically play a king and rook endgame against king from any position, without any human 

intervention. This device was first publicly demonstrated in Paris in 1914, and is considered the world's first 

computer game. Mechanical arms moved the pieces in the prototype, but by 1920, electromagnets under the 

board were employed for this task.

KRK Mate in Two



Leonardo Torres y Quevedo

With Norbert Wiener (right)



Konrad Zuse

• German engineer and computer pioneer 

(1910-1995)



Konrad Zuse

• Devised the “Plankakül” programming 

language (1942-1946) 

• Demonstrated that the Plankalkül 

language could be used to solve logical, 

scientific and engineering problems

• Wrote many example programs, including 

search strategies and described how to 

program chess. (Not published until 1972.) 

Konrad Zuse was a German civil engineer, inventor and computer pioneer. His 

greatest achievement was the world's first programmable computer; the functional 

program-controlled Turing-complete Z3 became operational in May 1941.



Claude Shannon

• American electronic engineer and 

mathematician (1916-2001)

• Known as "the father of information theory“



Claude Shannon

• His famous paper “Programming a 
Computer for Playing Chess” was first 
presented on March 9th 1949.

• Described three strategies for computer 
chess.

• One of these formed the basis of almost 
all successful chess programs – minimax 
search of a game tree to a fixed depth.



Claude Shannon (right)

with Edward Lasker



Early American Chess Programs

Alan Kotok (MIT)

• Worked with John McCarthy and 
others at MIT on a chess program 
for the IBM704, starting in 1959.

• By 1962 the program played as 
well as someone with about 100 
games experience.

• In 1966 the Kotok-McCarthy 
program began a match against a 
Russian program. The Russians 
won!



Early American Chess Programs

Richard Greenblatt (MIT)

Marvin Minsky



Early American Chess Programs

Richard Greenblatt

• Starting in 1966 to develop the first chess 
program that was taken seriously, called 
MacHack.

• Program ran on a DEC PDP-6 computer.

• Competed in a human tournament in 
February 1967 – became the first program 
to achieve a chess rating (1243).

Greenblatt was the main implementor of Maclisp on the PDP-6. He wrote Mac Hack, the first computer program to play 

tournament-level chess and the first to compete in a human chess tournament. AI skeptic Hubert Dreyfus, who famously made 

the claim that computers would not be able to play high quality chess, was beaten by the program, marking the beginning of 

"respectable" computer chess performances. In 1977, unbeaten chess champion Bobby Fischer played three games in 

Cambridge, Massachusetts against Greenblatt's computer program, and Fischer won all of them. 



The “Levy bet” (1968)

• David Levy (Scottish Chess Champion) 

bets against John McCarthy and Donald 

Michie.

• Bet started at 500 pounds, later increased 

to 1,250 pounds.

• Levy bet that he would not lose a chess 

match against a computer within 10 years. 



The “Levy bet” (1968)

• The bet stimulated enormous interest in 

the computer chess and AI communities.

• In 1978 Levy played a match in Toronto 

against the World Champion program 

Chess 4.7



The “Levy bet” (1968)

• Levy won the Toronto match (and the bet!)



First Computer Chess Tournaments

• 1st ACM Computer Chess Championship 

(New York, 1970)

• Six programs competed

• Won by Chess 3.0 (North-western 

University)



First Computer Chess Tournaments

• Chess 3.0 developed by David Slate, Larry 

Atkin



First World Computer Chess 

Championship (Stockholm 1974) 

• Sponsored by IFIP

• 13 programs competed

• Won by KAISSA (USSR)



First World Computer Chess 

Championship (Stockholm 1974) 



Second World Computer Chess 

Championship (Toronto 1977)

• Chess grandmasters began to take an 

interest in computer chess

• Best programs still no stronger than “club” 

players

• Mikhail Botwinnik (former World Chess 

Champion) was guest of honour



Second World Computer Chess 

Championship (Toronto 1977)

• 16 programs participated

• Chess 4.6 (Slate and Atkin) won

• Other participants included KAISSA 

(USSR) 



First Commercial Chess Computers

• Chess Challenger 1  

(Fidelity Electronics, USA, 1977)



First Commercial Chess Computers

• Chess Champion MK 1  

(Novag, Hong Kong, 1979)



First Commercial Chess Computers

• Junior Chess (Hong Kong, 1981)

Hitachi HMCS40 μcontroller (4-bit)

2K ROM (10-bit), 160 nibbles RAM





Third World Computer Chess 

Championship (Linz, 1980)

• First major success for special chess 

hardware

• BELLE (USA) developed by Ken 

Thompson and Joe Condon



BELLE Chess Hardware

• Developed at Bell Labs (New Jersey)



BELLE Chess Hardware

• Ken Thompson and Joe Condon



Third World Computer Chess 

Championship (Linz, 1980)

• BELLE was built from ICs specially 

designed for chess

• First program to be awarded the title of 

Master (by the USCF)



Faster Progress (1980-1989)

• DEEP THOUGHT program developed at 

Carnegie Mellon University

• Chess chips designed by Feng Hsiung 

Hsu

• In 1988 DEEP THOUGHT shared first 

place in a strong grandmaster tournament 

(Long Beach, California)

ahead of Larsen, Reshevsky and Tal



Faster Progress (1980-1989)

• In 1989 DEEP THOUGHT won match vs 
David Levy, 21 years after the start of the 
Levy bet

• Kasparov decides to take over the 
responsibility for the human race to 
survive against chess programs

• IBM hires the DEEP THOUGHT team

• Program name changed to DEEP BLUE



Kasparov vs DEEP BLUE

• First Kasparov match in Philadelphia 

(1996)

• Kasparov lost first game of match

• Kasparov won the match 4-2 



Kasparov vs DEEP BLUE

• First Kasparov match in Philadelphia 

(1996)



Kasparov vs DEEP BLUE

• Second Kasparov match in New York 

(1997): Kasparov lost 3½-2½



AI AS SPORT
（DROSOPHILA IN GENETICS）

John McCarthy (1997). AI as Sport. Science, Vol. 276





TACOS vs Young GM (2005)

橋本プロが「棋士人生をかけて戦う」と臨んだ対局は，北陸先端大の「
タコス」の先手番で始まった．序盤は橋本プロが顔の見えない相手の様
子をうかがう穏かな指し手．先手有利な状態で中盤までは「互角か，む
しろタコスが優勢」で進んだ．しかし，八十五手の橋本プロの「２三銀
」の粘り腰をタコスがやや方向違いの手で受けたのが誘い水となり逆転
模様に．橋本五段が底力を見せ，126手でタコスが投了した．



AKARA vs. Lady GM (2010)

Four Computers (AKARA): 

GEKISASHI, BONANZA, 

GPS and AI-SHOGI



Bonkras vs Top GM （2012）

富士通株式会社・寄附講座「思考の可視化」 （2011.10～2012.9）

米長邦雄 vs ボンクラーズ（2012.1）



Computer Go （2016）

S. David; H. Aja et al. (2016). "Mastering the game of Go with deep neural networks 

and tree search". Nature. 529 (7587): 484–489. 

AlphaGo vs. Lee Sedol (2016.3.10) 



Chips Challenging Champions (mind-sports)



Creating AI Understand  

intelligence

A. Takeuchi, Masashi Unoki, H. Iida (2015). An Approach to Estimating Decision 

Complexity for Better Understanding Playing Patterns of Masters, ACIT 2015





Computer Chess – Treasure for AI

• C.Shannon, A.Turing, Jaap van den Herik



Programming a Computer for Playing Chess
CLAUDE E. SHANNON (1950)

Philosophical Magazine, Ser.7, Vol. 41, No. 314

Introduction. Machines of this general type are an extension over the ordinary use of

numerical computers in several ways. First, the entities dealt with are not primarily

numbers, but rather chess positions, circuits, mathematical expressions, words, etc.

Second, the proper procedure involves general principles, something of the nature of

judgement, and considerable trial and error, rather than a strict, unalterable computing

process. Finally, the solutions of these problems are not merely right or wrong but have a

continuous range of "quality" from the best down to the worst. We might be satisfied with

a machine that designed good filters even though they were not always the best possible.

The chess machine is an ideal one to start with, since: (1) the problem is sharply defined

both in allowed operations (the moves) and in the ultimate goal (checkmate); (2) it is

neither so simple as to be trivial nor too difficult for satisfactory solution; (3) chess is

generally considered to require "thinking" for skillful play; a solution of this problem will

force us either to admit the possibility of a mechanized thinking or to further restrict our

concept of "thinking"; (4) the discrete structure of chess fits well into the digital nature of

modern computers.

http://archive.computerhistory.org/projects/chess/related_materials/text/2-0 and 2-1.Programming_a_computer_for_playing_chess.shannon/2-0 and 2-1.Programming_a_computer_for_playing_chess.shannon.062303002.pdf


Abstract. We encounter many situations of conflict on a day‐to‐day basis. When

trying to find a solution, we consider all the possible consequences of our choices.

Sometimes, the outcome of a situation depends on the decisions of others. This is where

the discussion of game theory begins. Game theory seeks to construct a mathematical

model for these decision making processes. The players in a game want to find the best

outcome for themselves; is it possible to guarantee that a particular outcome, no matter

what the other player does? Perhaps the most important result of game theory is the

Minimax Theorem, proved by John von Neumann. He showed that in a game with two

players, such that the loss of one is the gain of the other, there are strategies that each

player should use that will result in the best outcome for both of the players. Since this

theorem was proved, a number of extensions have also been found.

Game Theory and Von Neumann’s Minimax 

Theorem
Neumann, J.: Zur theorie der gesellschaftsspiele. 

Mathematische Annalen 100(1), 295–320 (1928)

Thanks to Dr. Kinney (Bethel University). Megan Hall, Foundations of Mathematics, Interim 2011

See also von Neumann & Morgenstern Expected Utility

http://cdm16120.contentdm.oclc.org/cdm/ref/collection/p16120coll7/id/5
http://www.pitt.edu/~luca/ECON2100/lecture_13.pdf


MARS VS VENUS



TURING VS SHANNON



Turing is from Mars, Shannon is from Venus: 

Computer Science and Computer Engineering
Editor: S.W. Smith (2005)

IEEE SECURITY & PRIVACY, MARCH/APRIL 2005

Computability theory, also called recursion theory, is a branch of

mathematical logic, of computer science, and of the theory of computation

that originated in the 1930s with the study of computable functions and

Turing degrees.

The basic questions addressed by recursion theory are "What does it mean

for a function on the natural numbers to be computable?" and "How can

noncomputable functions be classified into a hierarchy based on their level

of noncomputability?". The answers to these questions have led to a rich

theory that is still being actively researched. The field has since grown to

include the study of generalized computability and definability. In these

areas, recursion theory overlaps with proof theory and effective descriptive

set theory.

http://www.cs.dartmouth.edu/~sws/pubs/mars.pdf
http://en.wikipedia.org/wiki/Mathematical_logic
http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Theory_of_computation
http://en.wikipedia.org/wiki/Computable_function
http://en.wikipedia.org/wiki/Turing_degree
http://en.wikipedia.org/wiki/Natural_number
http://en.wikipedia.org/wiki/Proof_theory
http://en.wikipedia.org/wiki/Effective_descriptive_set_theory


Turing is from Mars, Shannon is from Venus: 

Computer Science and Computer Engineering
Editor: S.W. Smith (2005)

IEEE SECURITY & PRIVACY, MARCH/APRIL 2005

Information theory is a branch of applied mathematics, electrical engineering,

bioinformatics, and computer science involving the quantification of information.

Information theory was developed by Claude E. Shannon to find fundamental limits

on signal processing operations such as compressing data and on reliably storing

and communicating data. Since its inception it has broadened to find applications in

many other areas, including statistical inference, natural language processing,

cryptography, neurobiology, the evolution and function] of molecular codes, model

selection in ecology, thermal physics, quantum computing, plagiarism detection and

other forms of data analysis.

A key measure of information is entropy, which is usually expressed by the average

number of bits needed to store or communicate one symbol in a message. Entropy

quantifies the uncertainty involved in predicting the value of a random variable. For

example, specifying the outcome of a fair coin flip (two equally likely outcomes)

provides less information (lower entropy) than specifying the outcome from a roll

of a die (six equally likely outcomes).

http://en.wikipedia.org/wiki/Applied_mathematics
http://en.wikipedia.org/wiki/Electrical_engineering
http://en.wikipedia.org/wiki/Bioinformatics
http://en.wikipedia.org/wiki/Computer_science
http://en.wikipedia.org/wiki/Quantification
http://en.wikipedia.org/wiki/Information
http://en.wikipedia.org/wiki/Claude_E._Shannon
http://en.wikipedia.org/wiki/Signal_processing
http://en.wikipedia.org/wiki/Data_compression
http://en.wikipedia.org/wiki/Computer_data_storage
http://en.wikipedia.org/wiki/Telecommunication
http://en.wikipedia.org/wiki/Statistical_inference
http://en.wikipedia.org/wiki/Natural_language_processing
http://en.wikipedia.org/wiki/Cryptography
http://en.wikipedia.org/wiki/Neurobiology
http://en.wikipedia.org/wiki/Quantum_computing
http://en.wikipedia.org/wiki/Data_analysis
http://en.wikipedia.org/wiki/Entropy_(information_theory)
http://en.wikipedia.org/wiki/Symbol_(data)
http://en.wikipedia.org/wiki/Random_variable
http://en.wikipedia.org/wiki/Coin_flip
http://en.wikipedia.org/wiki/Dice


Chess Exhibition Match between 

Shannon Engine and Turing Engine
Ingo Althofer and Mathias Feist (2012)

Preliminary Report - Version 5

Abstract. Around 1950, Claude Shannon and Alan Turing were the

first two scientists who made concrete proposals for chess programs.

Their programs were realised for modern computers a few years ago.

We present the games of an exhibition match between the two, ending

in a 5-5 tie, as well as some more games against more modern

computer programs. It turns out that different approaches in

evaluating a position (Shannon: score = score(White) minus

score(Black); Turing: score = score(White) / score(Black) ) leads to

rather different behaviour against other programs.

[Shannon 1950] C.E. Shannon. Programming a computer for playing Chess. Philosophical Magazine,     

7th series, 41, no. 314, 1950, 256-75.

[Turing 1953] A.M. Turing. Chess. In "Faster Than Thought" (B.V. Bowden, Editor), Pitman (1953), 

London, 286-295.

http://www.althofer.de/shannon-turing-exhibition-match.pdf


[Round "1"]

[White "Shannon Engine"]

[Black "Turing Engine"]

[Result "1/2-1/2"]

[Ply Count "59"]

1. e3 e6 2. Qh5 Nc6 3. Bd3 Nb4 4. Nc3 Nxd3+ 5. cxd3 Qf6 6.

Nb5 Kd8 7. Nf3 Qg6 8. Qxg6 hxg6 9. Ne5 Nh6 10. h4 Be7 11.

Ke2 b6 12. d4 Ba6 13. a4 c6 14. d3 cxb5 15. e4 bxa4 16. Bxh6

gxh6 17. Nxf7+ Kc7 18. Rac1+ Kb7 19. Nxh8 Rxh8 20. h5 a3

21. bxa3 Bxa3 22. Rc2 gxh5 23. Rxh5 Bd6 24. d5 Bc5 25. dxe6

dxe6 26. Rb2 Kc7 27. Ra2 Kb7 28. Rb2 Kc7 29. Ra2 Kb7 30.

Rb2 1/2-1/2

Shannon vs Turing



Turing vs Shannon

[Round "2"]

[White "Turing Engine"]

[Black "Shannon Engine"]

[Result "1/2-1/2"]

[Ply Count "115"]

1. e3 e6 2. Nc3 Qg5 3. Nh3 Qe5 4. Qg4 Nf6 5. Qd4 Qxd4 6. exd4 Nc6 7. Nb5

Bd6 8. Be2 Ke7 9. a4 Nb4 10. Kd1 a5 11. Ra3 Ne4 12. Re3 f5 13. c4 b6 14.

Bf3 Ba6 15. Nxd6 Kxd6 16. d3 Nf6 17. Bxa8 Rxa8 18. Rg3 Rg8 19. Re1 Ng4

20. Bf4+ Kc6 21. Rf3 Kb7 22. Ng5 Rh8 23. h4 Kb8 24. Re2 Bb7 25. Rg3 Bc6

26. b3 Bb7 27. Bc1 Ka7 28. c5 Bd5 29. cxb6+ Kxb6 30. Rb2 Na2 31. Rxa2

Bxb3+ 32. Rc2 Nxf2+ 33. Kd2 Bxc2 34. Kxc2 Ng4 35. Rf3 Nh2 36. Rh3 Ng4

37. Bd2 Nf2 38. Rf3 Ng4 39. d5 Ne5 40. Be3+ Kb7 41. Rf1 Ng4 42. Bd2 exd5

43. Rxf5 Nf6 44. Bxa5 Ra8 45. Bc3 Rxa4 46. Bxf6 gxf6 47. Nxh7 Ra2+ 48.

Kb3 Rxg2 49. Nxf6 Kc6 50. Rxd5 Rf2 51. Rc5+ Kxc5 52. Ne4+ Kd4 53. Nxf2

Ke5 54. Ne4 Ke6 55. Ng5+ Ke5 56. Ne4 Ke6 57. Ng5+ Ke5 58. Ne4 1/2-1/2





1 2 3 4 5 6 7 8 9 10

Shannon △ △ △ △ 0 △ △ △ △ 1

Turing △ △ △ △ 1 △ △ △ △ 0

1-1-8 (5 point each) draw




