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Artificial Intelligence, (Al)

the intelligence of machines and
the branch of computer science
that aims to create it. While
‘machine intelligence' was already
mentioned by Alan Turing in the
1940s during his research at

Bletchley Park 2 , the term
‘artificial intelligence' was coined
by John McCarthy in the proposal
for the 1956 Dartmouth

Conference ! . In its beginning,
Computer Chess was called the
Drosophila of Artificial
Intelligence. In the 70s, when brute-
force programs started to

dominate, and competitive and
commercial aspects have taken
precedence over using chess as a
scientific domain, the Al

community more and more lost
S

interest in chess
disagreement with the Al
establishment in the 80s, Peter W.
Frey concluded, that the Al
community should follow
computer chess methods rather

than the other way around Bl
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Drosophila of Al

Donald Michie

Quote from I remember Donald Michie by Maarten van Emden .
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In the 1970s DM was fond of proclai mng “Chess, the Drosophila

Mel anogaster of Artificial Intelligence”. A public pronouncenent of
his point of view can be found in an interviewwith HJ. van den Herik
hel d in 1981 (“Conputerschaak, schaakwereld en kunstmatige
intelligentie” by H J. van den Herik, Academic Service, 1983) B |t is
a long interview, fromwhich I quote DMs answer to the question:

“What do you think about the applicability of the research done in
conput er chess?”

The applicability
is | think

enor nous and
quite critical.
Scientific study
of conputer
chess, which

i ncl udes the

t echnol ogi cal
wor k, but goes
far beyond that,
IS the nost

i mport ant
scientific study
that is going in
the world at
present. In the
same sense, if |
wer e asked what
was the nost

i mportant study
in process during
the first world
war, | would say
the genetic

br eedi ng
experiments on

t he drosophila
fruit fly by
Morgan and his
col | eagues. The
anal ogy is very
good. The fi nal

I mpact of the
early work in

| ayi ng down the
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basic theoretica
framework for the
subj ect was j ust
enor nous,

uni magi nabl e. W
see now t he

i ndustrial take-
of f of genetic
engi neering which
is the del ayed
final outcone for
human soci ety of
the fly-breeding
wor k. The use of
chess now as a
prelimnary to

t he know edge
engi neering and
cognitive

engi neeri ng of
the future is
exactly simlar,
in nmy opinion, to
the work on
drosophila. It
shoul d be
encouraged in a
very intense way,
for these
reasons.

John McCarthy

Quote by John McCarthy from What is Artificial Intelligence? 1 LOTH,

Al exander Kronrod, a Russian Al researcher, said 'Chess is the
Drosophila of AlL.' He was making an anal ogy with geneticists' use of
that fruit fly to study inheritance. Playing chess requires certain

i ntell ectual nechani sns and not others. Chess prograns now play at
grandnmaster |evel, but they do it with limted intellectual nmechanisns
conpared to those used by a human chess pl ayer, substituting |arge
anounts of conputation for understanding. Once we understand these
mechani snms better, we can build human-|evel chess prograns that do far
| ess conputation than do present progranms. Unfortunately, the
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conpetitive and commerci al aspects of making conputers play chess have
t aken precedence over using chess as a scientific domain. It is as if
the geneticists after 1910 had organi zed fruit fly races and
concentrated their efforts on breeding fruit flies that could win

t hese races.

Anthony Cozzie

Anthony Cozzie in a forum discussion about McCarthy's statement "% 13! .

First, the author of this quote is sinple WRONG The generally
accepted theory of how humans play chess is that the brain does fuzzy
mat chi ng on a dat abase of several hundred thousand positions. The
anount of conputation needed to do that is FAR greater than the anount
expended by a "conventional" AB searcher, and yet the conputer plays
MJCH better than the average human. The sinple fact of the matter,

whi ch you refuse to recognize, is that AB-search with reasonable
heuristics is the nost efficient way to play chess with Von Neunman
machi nes.

Secondl y, the existence of current amateur and conmercial prograns
does nothing to prevent you fromwiting whatever kind of chess

pl ayi ng agent you want. If you want to experinent, no one is stopping
you or himfromapplying to NSF for research noney and giving it a
shot. The existence of "fruit fly races" - and his fruit fly anal ogy
is totally flawed. A better anal ogy would be that a geneticist decided
to make a fruit fly that could run faster than a human - does not hi ng
to prevent casual study of one's own fruit flies.

Heuristic Programming

Remembering Kronrod

Quote from Remembering A.S. Kronrod by Evgenii Landis and Isaak Yaglom 141,

Only in 1955 did a real opportunity arise for A.S. Kronrod to work
with an electronic conmputer. It was the M2 conputer constructed by
|.S. Bruk, MA Kartsev, and N._Ya. Matyukhin in the |aboratory of the
Institute of Energy naned after Krzhi zhanovsky and directed by I.S.
Bruk. This |aboratory |ater becane the to Institute for Electronic
Control Machines. The mat hemati cs/ machine interface was devel oped by
A.L. Brudno, a great personal and |ikem nded friend of A S. Kronrod.
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When he started wth enthusiasmto programthe M2 machine, A S
Kronrod quickly canme to the conclusion that conputing is not the main
application of conputers. The main goal is to teach the conputer to
think, i.e., what is nowcalled "artificial intelligence" and in those
days "heuristic programm ng".

A.S. Kronrod captivated a | arge group of mathematici ans and physicists
(G M Adel son Vel sky, A L. Brudno, MM Bongard, E.M Landis, N_N
Konst anti nov, and others). Although sonme of themhad arrived at this
kind of problens on their own, they unconditionally accepted his

| eadership. In the roomnext to the one housing the M2 machi ne the
wor k of the new Kronrod seminar started. At the gatherings there were
heat ed di scussions on pattern recognition problens (this work was | ed
by MM Bongard; versions of his program "Kora" are stil

functioning), transportation problens (the problemwas introduced to
the sem nar and actively worked on by A L. Brudno), problens of
automata theory, and nany ot her probl ens.

Intellectual Foundations

Quote from Biography AS Kronrod by Alexander Yershov Ll

In 1958, Kronrod, Adel son-Velsky, and Landis sel ected "Snap"
"RP?2?7?7?7?77? ?7?7?7?7??") as the intellectual foundations for the

devel opnment of the gane heuristic progranmm ng. The programitsel f was
a fiasco - but the basic principles (board ganes, search techni ques
and limted depth) were fornulated. Further research | aboratories in

the field of ganme theory culmnated in the first ever chess duel

bet ween the program of the Institute of Soviet and Anmerican best
program devel oped at Stanford University under the direction of J.
McCarthy. By tel egraph match was played in four ganes ended 3-1 in

favor of our institute. At the tinme, chess becane a guinea pig for al
programmers interested in artificial intelligence.

The 12th IJCAI

In a panel discussion at the 12th International Joint Conference on Artificial Intelligence, Robert Levinson,
Feng-hsiung Hsu, Tony Marsland, Jonathan Schaeffer, and David Wilkins commented on the relationship

between computer chess and Al research Hel “As pointed out by Peter W. Frey, many emphasized the

discrepancy between both domains and seemed to lament the inferiour status of the work of computer

chess - some excerpts quoted by Frey in his Computer Chess vs. Al paper i
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Jonathan Schaeffer

Sadly, nost of the work currently being done on conputer chess
prograns i S engi neering, not science. For exanple, the engineering of
speci al - purpose VLSl chips to increase the speed of a chess program
only underlines the inportance chess programers attach to speed. In
nmy opi nion, conventional conputer-chess nmethods wll yield little of
further interest to the Al comunity.

Tony Marsland

Pruni ng by anal ogy is a powerful general-purpose tool and if devel oped
satisfactorily for a perfect information gane |ike chess woul d al nost
certainly be applicable to rel ated deci sion-tree searches. ..

It is remarkabl e that no significant inprovenent has been nmade to that

met hod, despite the passage of 15 years. Not even attenpts to
i npl ement sinple fornms of the idea in serious chess prograns.

Robert Levinson

Psychol ogi cal evidence indicates that human chess pl ayers search very
few positions, and base their positional assessnents on
structural /perceptual patterns |earned through experience.

The main objectives of the project are to denponstrate capacity of the
systemto | earn, to deepen our understanding of the interaction of
know edge and search, and to build bridges in this area between Al and
cognitive science.

David Wilkins

Har dwar e advances have made chess a less fertile ground for addressing
the basic issues of Al. The gane is snmall enough that brute-force
search techni ques have dom nated conpetitive conputer chess, and | see
little Al interest in squeezing out the |ast few hundred points on the
chess ratings.
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Al as Sport

[19] .

John McCarthy from Al as Sport, 1997 ™! | in a review of Monty Newborn's Deep Blue vs. Kasparov
Now t hat conputers have reached worl d-chanmpion level, it is tine for
chess to becone a Drosophila again. Chanpion-level play is possible
wi th enormously | ess conputation than Deep Blue and its recent
conpetitors use. Tournanents should admt progranms only with severe
[imts on computation. This would concentrate attention on scientific
advances. Perhaps a personal conputer manufacturer would sponsor a
tournanent with one second all owed per nove on a nmachine of a single
desi gn. Tournanents in which players use conputers to check out |ines
of play woul d be man-nmachi ne col | aboration rather than just
conpetition.

Besi des Al work ained at tournanent play, particular aspects of the
gane have illum nated the intellectual nechani sns involved. Barbara

Li skov denonstrated that what chess books teach about how to wn
certain endganes is not a programbut nore |ike a predicate conparing
two positions to see if one is an inprovenent on the other. Such
gualitative conparisons are an inportant feature of human intelligence
and are needed for Al. Donald Mchie, lvan Bratko, Al en Shapiro, David
W1 kins, and others have al so used chess as a Drosophila to study
intelligence. Newborn ignores this work, because it is not oriented to
t our nanent pl ay.

Making Computer Chess Scientific

A further note by John McCarthy from Making Computer Chess Scientific 2o

Al has two tools for tackling problens. One is to use nethods observed
in humans, often observed only by introspection, and the other is to

i nvent net hods using ideas of conputer science w thout worrying about
whet her humans do it this way. Chess progranmm ng enpl oys both.

I ntrospection is an unreliable way of determ ni ng how humans t hi nk,

but introspectively suggested nethods are valid as Al if they work.

Much of the nental conputation done by chess players is invisible to
the player and to outside observers. Patterns in the position suggest
what lines of play to |look at, and the pattern recognition processes
in the human mnd seemto be invisible to that m nd. However, the
parts of the nove tree that are exam ned are consciously accessible.
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It is an inportant advantage of chess as a Drosophila for Al that so
much of the thought that goes into human chess play is visible to the
pl ayer and even to spectators. \Wen chess players argue about what is
the right nove in a position, they follow out |lines of play, i.e.
argue explicitly about parts of the nove tree. Mreover, when a pl ayer
is found to have nmade a m stake, it is alnost always a failure to
follow out a certain line of play rather than a m seval uation of a
final position.

Go, the new Drosophila of Al

A quote by Gian-Carlo Pascutto on Al in Go and Chess ! :

There is no significant difference between an al pha-beta search with
heavy LMR and a static evaluator (current state of the art in chess)
and an UCT searcher with a small exploration constant that does

pl ayouts (state of the art in go).

The shape of the tree they search is very simlar. The main

breakt hrough in Go the last few years was how to backup an uncertain
Monte Carlo score. This was solved. For chess this sane probl em was
sol ved around the time quiescent search was devel oped.

Bot h are producing strong prograns and we've proven for both the
met hods that they scale in strength as hardware speed goes up.

So | would say that we've successfully adopted the sinple, brute force
nmet hods for chess to Go and they already work w thout increases in
conput er speed. The increases will nake them progressively stronger

t hough, and with further software tweaks they will eventually surpass
humans.

Poker, the next Challenge
Graham Kendall and Jonathan Schaeffer on Poker ! :

For many years Chess (and perhaps nore recently Go) has served as the
Drosophila of Al research. Decades of research culmnated in the
defeat of Garry Kasparov by DEEP BLUE in May 1997. There is still an
active research community that uses Chess as a test-bed for Al
research (as seen in this journal), but the gane is limted in the
types of challenges that it can offer to the Al researcher. Being a
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gane of perfect information (both players know the full state of the
gane at any given point) with a relatively small branching factor,
researchers have reduced the challenge of building a strong Al for
Chess to nerely one of deep brute-force search. The research
chal l enges are to create a good eval uation function, and to design an
effective search algorithm This “solution” to Chess is unappealing to
many Al purists. Nevertheless, alternative Al approaches have been

| argely ineffective.

Poker, as an experinmental test-bed for exploring A, is a nuch richer
dormai n t han Chess (and Qo).

1. Imperfect information. Parts of the gane state (opponent hands)
are not known.

2. Multiple players. Many popul ar poker variants can be played with
up to 10 pl ayers.

3. Stochastic. The dealing of the cards adds a random el enent to the
gane.

4. Deception. Predictable play can be exploited by an opponent.
Hence, deceptive play is an essential ingredient of strong play
(e.g., bluffing).

5. Opponent nodel ling. Observing your opponent(s) and adjusting your
play to exploit (perceived) opponent tendencies is necessary to
maxi m ze poker w nni ngs.

6. Information sparsity. Many poker hands end in the players not
revealing their cards. This limts the anount of data avail able
to learn from

Bill Gates on Al

Remark by Bill Gates on the 17. IJCAI 2001, Seattle, Washington, USA, August 7, 2001 [231.

M crosoft was founded about 25 years ago, and | can renenber at the
time thinking, "Well, if I go out and do this really commercial stuff,
|’mgoing to mss these big advances in Al that will be com ng very
soon." (Laughter.) And so | conme fromthe school of Al optimst. You
know, | can renmenber being at Harvard and back then Al was the

G eenbl att Chess Program and Maxinma and Eliza and people literally
felt that within five to ten years that sone of these tough problens
woul d be sol ved.

Subfields
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¢ Genetic Programming
e [earning

Deep Learning
¢ Neural Networks

* Planning
e Robots

See also

e Cognition
¢ Knowledge
* Psychology
e Search

® Turing Test
Selected Publications

1945 ...

e Vannevar Bush (1945). As We May Think. The Atlantic Monthly, July 1945, pdf from The

Computer History Museum
¢ Claude Shannon (1949). Programming a Computer for Playing Chess. pdf from The Computer
History Museum

1950 ...

¢ Alan Turing (1950). Computing Machinery and Intelligence. Mind, 59, 433-460. pdf from The
Computer History Museum
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Brian Schwab (2008). AI Game Engine Programming. Second Edition, amazon » Faile

ggrkJWatson (2008). Practical Artificial Intelligence Programming With Java. Third Edition, pdf
» Java

Michael Thielscher (2008). Artificial Intelligence and General Game Playing. Workshop Chess and
Mathematics » General Game Playing

Toshinori Munakata (2008). Fundamentals of the New Artificial Intelligence: Neural,
Evolutionary, Fuzzy and More. 2nd edition, Springer, 1st edition 1998

Brian Bloomfield, Theodore Vurdubakis (2008). IBM's Chess Players: On Al and Its Supplements.

The Information Society, Vol. 24, No. 2 » Deep Blue

Stuart Russell, Peter Norvig (2009). Artificial Intelligence: A Modern Approach. 3rd edition L30]

Jacques Pitrat (2009). Artificial Beings: The Conscience of a Conscious Machine. Wiley

Diego Rasskin-Gutman (2009). Chess Metaphors - Artificial Intelligence and the Human Mind.
translated by Deborah Klosky, MIT Press 137

Nils J. Nilsson (2009). The Quest for Artificial Intelligence: A History of Ideas and Achievements.
Cambridge University Press

Zongmin Ma (2009). Artificial Intelligence for Maximizing Content Based Image Retrieval.
Northeastern University, China

Shay Bushinsky (2009). Deus Ex Machina— A Higher Creative Species in the Game of Chess. Al
Magazine, Vol. 30, No. 3 » Machine Creativity
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2011

2013

égPder Bakkes (2010). Rapid Adaptation of Video Game Al. Ph.D. thesis, Tilburg University, pdf

Pieter Spronck (2010). Adaptive Game Al Tilburg University, pdf
Paul S. Rosenbloom (2010). An Architectural Approach to Statistical Relational Al. Statistical
Relational Artificial Intelligence 2010

Joel Veness (2011). Approximate Universal Artificial Intelligence and Self-Play Learning for
Games. Ph.D. thesis, University of New South Wales, supervisors: Kee Siong Ng, Marcus Hutter,
Alan Blair, William Uther, John Lloyd; pdf

Stephen Lucci, Danny Kopec (2011). Artificial Intelligence in the 21st Century. Mercury Learning
and Information

Kevin Warwick (2011). Artificial Intelligence: The Basics. Taylor & Francis

Kieran Greer (2013). Is Intelligence Artificial? arXiv:1403.1076
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Kieran Greer (2014). Turing: Then, Now and Still Key. arXiv:1403.2541 » Alan Turing

Danny Kopec, Shweta Shetty, Christopher Pileggi (2014). Artificial Intelligence Problems and
Their Solutions. Mercury Learning and Information

Cameron Browne (2014). What Can Game Al Teach Us? ICGA Journal, Vol. 37, No. 3

Héctor Mufioz-Avila, David J. Stracuzzi (2014). Innovative Applications of Artificial Intelligence
2013. Al Magazine, Vol. 35, No. 1

Susan L. Epstein (2015). Wanted: Collaborative Intelligence. Artificial Intelligence, Vol. 221
Jaap van den Herik (2015). Computers and Intuition. ICGA Journal, Vol. 38, No. 4

Jaap van den Herik (2016). Intuition is Programmable. Valedictory Address from Tilburg

University
Azlan Igbal, Matej Guid, Simon Colton, Jana Krivec, Shazril Azman, Boshra Haghighi (2016). The

Digital Synaptic Neural Substrate: A New Approach to Computational Creativity. arXiv:1507.07058 »
Machine Creativity

Garry Kasparov (2017). Don't Fear Intelligent Machines: Work with Them. ICGA Journal, Vol. 39
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AI Game Programming Wisdom

Steve Rabin (editor) (2002). AI Game Programming Wisdom. Charles River Media

Steve Rabin (editor) (2003). Al Game Programming Wisdom 2. Charles River Media
Steve Rabin (editor) (2006). Al Game Programming Wisdom 3. Charles River Media
Steve Rabin (editor) (2008). Al Game Programming Wisdom 4. Charles River Media

Forum Posts

chess and Al by David Deininger, rgc, April 11, 1994

Artificial Intelligence by Fernando Villegas Darroui, rgcc, May 13, 1997
Artificial Intelligence in Computer Chess by Artem Pyatakov, CCC, March 28, 2004

Re: Artificial Intelligence in Computer Chess - *DETAILS* as promised by Artem Pyatakov, CCC
, March 28, 2004 » History Heuristic

Fruit fly races by Steven Edwards, CCC, April 06, 2005
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e what constitutes AI? by stackOVERFLOW, OpenChess Forum, December 14, 2013
¢ Scientific American article on Computer Chess by Mark Lefler, CCC, June 03, 2017 Mo
Kasparov versus Deep Blue 1997

External Links
Wikipedia

e Artificial intelligence from Wikipedia
¢ Artificial intelligence, The Encyclopedia of Science by David Darling

e Strong Al from Wikipedia
e History of artificial intelligence from Wikipedia
e Al winter from Wikipedia

The abandonment of connectionism in 1969 1 42

e Ethics of artificial intelligence from Wikipedia
¢ Philosophy of artificial intelligence from Wikipedia

Physical symbol system from Wikipedia
¢ Timeline of artificial intelligence from Wikipedia

¢ Computational intelligence from Wikipedia
¢ Collaborative intelligence from Wikipedia

¢ Collective intelligence from Wikipedia
¢ Superintelligence from Wikipedia

¢ Technological singularity from Wikipedia
¢ Singularity Institute for Artificial Intelligence from Wikipedia

¢ Encyclopedia of computational intelligence - Scholarpedia
¢ Artificial life from Wikipedia

Digital organism from Wikipedia
¢ Virtual reality from Wikipedia

Virtual world from Wikipedia
Second Life from Wikipedia

¢ Evolutionary computation from Wikipedia

Al in Media

e BBC - Future - Artificial intelligence

BBC - Future - The cyborg chess players that can’t be beaten by Chris Baraniuk, December 04,
2015 » David Levy, Boris Alterman, Shay Bushinsky, Mark Lefler

Famous AI Programs

¢ Logic Theorist by Allen Newell, Herbert Simon and Cliff Shaw
¢ General Problem Solver by Herbert Simon, Cliff Shaw and Allen Newell
* Eliza by Joseph Weizenbaum
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Machine Creativity

e Computational creativity from Wikipedia

* Machine creativity: what it is and what it isn't by Albert Silver, ChessBase News, August 28, 2016
» AlphaGo

¢ Creativity: Why it cannot be a machine property by Ofer Shamai, ChessBase News, October 01,
2016

Associations

¢ Association for the Advancement of Artificial Intelligence (AAAI) (formerly the American
Association for Artificial Intelligence)
AlTopics / HomePage

AlTopics / AINews
¢ International Joint Conferences on Artificial Intelligence (IJCAI), IICAI Conferences

* Society for the Study of Artificial Intelligence and Simulation of Behaviour (SSAISB)

Journals

e Artificial Intelligence - Elsevier
ScienceDirect - Artificial Intelligence - Online Access
Artificial Intelligence (journal) from Wikipedia
e AAAI Digital Library — Al Magazine
e AAAI Sponsored Journals
e AAAI Press
e Journal of Artificial Intelligence Research (JAIR)
¢ IEEE Transactions on Pattern Analysis and Machine Intelligence (PAMI)
* Machine Intelligence series, Donald Michie, Stephen Muggleton

Online Courses

e MIT OpenCourseWare tries to put as much MIT course material online as possible. Here are two
courses on Artificial Intelligence:

6.034 Artificial Intelligence, Spring 2005
6.034 Artificial Intelligence, Fall 2010, Video Lectures by Patrick Winston

e Intro to Artificial Intelligence Course Overview by Sebastian Thrun (Udacity) and Peter Norvig
¢ Joint RTS/IET Public Lecture with Google DeepMind's Demis Hassabis, British Museum, L.ondon,

November 04, 2015, YouTube Video

John McCarthy

* What is Artificial Intelligence?
e Human-ILevel Al is harder than it seemed in 1955
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e Al as Sport
¢ Making Computer Chess Scientific

Misc

¢ Watson (artificial intelligence software) from Wikipedia
e Computer Chess: The Drosophila of Al by L. Stephen Coles, October 30, 2002, Dr. Dobbs,

republished 1994 article

¢ Artificial Intelligence: A Modern Approach by Stuart Russell and Peter Norvig
Al on the Web

¢ Articles On Artificial Intelligence

¢ Artificial Intelligence I by Nikos Drakos, Computer Based Learning Unit, University of Leeds

¢ Artificial Intelligence by Jiirgen Schmidhuber

¢ Artificial Intelligence Repository from Carnegie Mellon University

¢ Artificial Intelligence at Edinburgh University: a Perspective by Jim Howe, University of
Edinburgh

¢ Artificial Intelligence - Recollections of the Pioneers

¢ My view on Artificial Intelligence | Just another WordPress site by Jacques Pitrat

¢ The “Modern” History of Artificial Intelligence and Programs from Neuroscience Of Intelligence

e Kurt Gédel and his Impact on A L, a preliminary draft by Werner DePauli-Schimanovich %

¢ Cognitive Science and Artificial Intelligence by Franz-Giinter Winkler
¢ Science Clarified » Artificial Intelligence

* Google Al Challenge Organized by the University of Waterloo Computer Science Club and
sponsored by Google

¢ A.L Artificial Intelligence (film) from Wikipedia
¢ Teachings from the Electronic Brain from Wikipedia

¢ The Future of Computers, Al (artificial intelligence), etc -- aka, You're gonna die, sucker by
Warren D. Smith, March 07, 2013

¢ Fludd's description of perception, 1619

144]
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