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Knowledge is the possession of
information, its acquisition
involves complex cognitive

processes: perception, learning,
communication, association and

reasoning.

Inside a chess program, knowledge
is manifested either as procedural
or as declarative knowledge. The
declarative a priori knowledge
about the rules of chess is
immanent inside the move
generator in conjunction with
check detection. Further
declarative knowledge is coded as
rules of thumb of the evaluation
function, as well as persistent
perfect knowledge from retrograde
analysis, or as empirical knowledge
mostly from human experience, to
retrieve moves from an hand
crafted opening book. Procedural
knowledge is applied by Learning,
as well to backup declarative
knowledge by Search. However,
the Search versus Knowledge trade-
off in computer chess and games
refers heuristic or perfect
knowledge.
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SEARCH

The trade-offs of search versus knowledge i
Curves A and B represent a fixed performance level, say 2000 for B and 2200 for A. The curves indicate
that there are many ways to archive that level of performance, either by little knowledge and lot of search,

or vice versa. If a program has archived point P on curve B, it may improve between search only (point S)
or knowledge only (point K).

In Practice

éndreas Junghanns and Jonathan Schaeffer in Search versus knowledge in game-playing programs revisited
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The difficulty lies in quantifying the know edge axis. Perfect

knowl edge assunes an oracle, which for nost ganmes we do not have.
However, we can approximate an oracle by using a high-quality, gane
pl ayi ng programthat perforns deep searches. Al though not perfect, it
is the best approximtion available. Using this, how can we neasure
the quality of know edge in the progranf

A heuristic evaluation function, as judged by an oracle, can be viewed
as a conbi nation of two things: oracle know edge and noi se. The oracle
know edge is beneficial and inproves the program s play. The noi se,
on the other hand, represents the inaccuracies in the progran s

know edge. It can be introduced by several things, including know edge
that is mssing, over- or under-valued, and/or irrelevant. As the

noi se | evel increase, the beneficial contribution of the know edge is
over shadowed.

By definition, an oracle has no noise. W can neasure the quality of
the heuristic evaluation in a programby the anmount of noise that is
added into it. To measure this, we add a random nunber to each | eaf
node eval uation ..

HiTech versus LoTech

At the Advances in Computer Chess 5 conference 1987, Hans Berliner et al. introduced an interesting
experiment. HiTech with a sophisticated evaluation competed versus LoTech, almost the same program
but a rudimentary evaluation, at different search depths 4l According to Peter Kouwenhoven [ﬂ, Berliner's
conclusion was that more was to be won by increasing HiTech's knowledge at constant speed rather than
further increasing its speed while keeping knowledge constant. The abstract from the extended 1990 paper
[el.

Chess progranms can differ in depth of search or in the eval uation
function applied to | eaf nodes or both. Over the past 10 years, the
notion that the principal way to strengthen a chess programis to
inmprove its depth of search has held sway. |nproving depth of search
undoubt edl y does inprove a program s strength. However, projections of
potential gain have tinme and again been found to overestimate the
actual gain.

We exam ne the notion that it is possible to project the playing
strength of chess prograns by having different versions of the sane
program (differing only in depth of search) play each other. Qur data
i ndi cates that once a depth of “tactical sufficiency” is reached, a
know edgeabl e program can beat a significantly | ess know edgeabl e one
al nost all of the time when both are searching to the sane depth. This
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suggests that once a certain know edge gap has been opened up, it

cannot be overcone by snmall increnments in searching depth. The
conclusion fromthis work is that extending the depth of search
Wi t hout increasing the present |evel of know edge will not in any

foreseeable time |l ead to Wrl d Chanpi onship | evel chess. The approach
of increasing know edge has been taken in the H Tech chess machi ne.

Ed Schroder's Conclusion

Ed.Schréder concluded HiTech's extra knowledge was just worth one ply in the computer-computer area
, and further elaborated on tactical evaluation knowledge helpful in early Rebel searching 5-7 plies

versus Rebel searching 13-15 plies on 2001 hardware ' 1%

Some specific chess know edge through the years becone out-dated due
to the speed of nowadays conmputers. An exanple: In the early days of
conput er chess, say the period 1985-1989 | as hardware had a 6502
running at 5 Mhz. Rebel at that tine could only search 5-7 plies on
tournanment tinme control. Such a | ow depth guarantees you one thing:

horizon effects all over, thus |osing the gane.

To escape fromthe horizon effect all kind of tricks were invented,
chess know edge about dangerous pins, knight forks, double attacks,
over| oading of pieces and reward those aspects in eval. Conplicated
and processor tinme consum ng software it was (15-20% | ess performnmance)
but it did the trick escaping fromthe horizon effect in a reasonabl e
way.

Today we run chess program on 1500 Mhz nachines and instead of the 5-7
plies Rebel now gets 13-15 plies in the mddle gane and the horizon
effect which was a major problemat 5 Mz slowy was fadi ng away.

So | wondered, what if | throw that conplicated "anti-horizon" code
out of Rebel, is it still needed? So | tried and found out that Rebel
pl ayed as good with the "anti-horizon" code as w thout the code. In
ot her words, the net gain was a "free" speed gain of 15-20% thus an
i nprovenent .

One aspect of chess programming is that your programis in a constant
state of change due to the state of art of nowadays avail abl e
hardware. | am sure a Rebel at 10 Chz several parts of Rebel need a
face-l1ift to get the maxi mum out of the new speed nonster.
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Search versus Evaluation

Mark Uniacke in a reply to Ed Schréder, on Search or Evaluation, mentioning the 1st Computer Olympiad,
[,

Null Move Pruning, Hiarcs, Woodpusher, E6P, Rebel, Fritz ...
| am not saying search is the only reason but that search is nore
significant in the Elo junp than other factors. Thanks for the
interesting history which in general | agree with but | should add for
clarification...

In 1989 | was exposed to the null nove in HARCS first official

conput er tournanent at the A ynpiad in London. John Haml en had witten
hi s program Wodpusher as part of his M Sc project investigating the
nul | nove exclamati on and al t hough Wbodpusher did not do well in that

tournanment | had the good fortune to discuss null nove with John and
reading his project which interested ne very nuch. John and | had many
di scussi ons on conputer chess over the follow ng nonths.

That O ynpi ad probably had an inpact on you too and not only because
Rebel won CGol d above Mephisto X and Fidelity X for the first time but
because there was a programthere running quite fast (at that tine in
hi story) called E6P (so naned because it could reach 6 ply ful

wi dt h!) running on an Acorn ARM based nachi ne. Jan was operating Rebel
at the tournanent as you know and | noticed Jan take a keen interest
in this new machi ne.

Frans was using null nove in Fritz 2 in Madrid 1992 (I am not sure
about Fritz 1). | amsure you renenber that tournanment fondly. |
remenber at Madrid having a discussion wwth a few programrers

i ncluding Richard about what on earth was Fritz 2 doing to reach the
depths it was attaining, this seed of interest nmade ne investigate
search enhancenents carefully after Madrid and it was then that |
began re-investigating the null nove. It was not |ong before H ARCS
began using null noves too and by Christnmas 1992 | had a working

i npl ementati on which gave a big junp over Harcs 1 which had only been

rel eased shortly before. I had nuch fun playing ny H arcs 1.n agai nst
Mephisto Risc 1 in late 1992, early 1993 and that sort of closes the
circle on the E6P story. Even so, the null nove idea still evolved and

my inplenmentation today is nuch better than it was initially and so it
can be for other ideas. W can all profit fromthese techni ques but
sone gain nore than others if they find new ways to exploit it.

Rebel 7/8/9 and Hi arcs 5/6/7 battled hard in those years and ny big
junp to the top of the rating lists happened partly because of a
search change to Hiarcs 5/6 which led at one stage to a 71 Elo | ead on
the SSDF. | recall Rebel and Hi arcs exchanging the | ead on the SSDF
list a nunber of tines in those years. So we agree the inpact search
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has made on conputer chess progress is clear. Now we diverge on what
m ght be the reason for new progress in the field.

Clearly we have good search enhancenents on cut nodes and all nodes,
but that does not nean they cannot be inproved and enhanced or in fact
t hat anot her techni que m ght prove to be superior or conplenentary.
Meanwhi | e there can be no doubt that progress is nmade positionally
irrespective of search but I do not believe it can be the reason for a
br eakt hrough junp in chess strength but rather a steady clinb.

But wait!

Maybe there is a mddle way, a third avenue of inprovenent which sort
of falls between the two pillars of search and evaluation and that is
search intelligence. Sonething both of us have practiced in our
prograns for years but maybe not properly exploited. The ability of
the eval to have a nore significant inpact on the search than
traditionally has been the case. | think this area has been relatively
unexpl ored and offers interesting potential.

Knowing

Chunking
¢ Cognition
e [ earning
e Pattern Recognition

¢ Planning

Declarative Knowledge

A Priori

e Rules of Chess
e Move Generation
e In Check

Heuristic Knowledge

e Evaluation

* Move Ordering
e Selectivity
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Empirical Knowledge

e Automated Tuning
* Opening Book

Perfect Knowledge

Perfect Knowledge usually incorporates analysis or stored results from exhaustive search, which requires
no further search at interior nodes except the root. An oracle might be considered as "perfect" evaluation.

e Oracle
* Retrograde Analysis

Interior Node Recognizer

¢ Interior Node Recognizer

Endgame Databases

as probed inside a Recognizer framework, if a certain material constellation is detected.

¢ Endgame Tablebases
¢ Endgame Bitbases

Procedural Knowledge

e Search
Checkmate
e Stalemate

Fifty-move Rule
® Repetitions

See also

e Artificial Intelligence

* Diminishing Returns

* Memory

* Opponent Model Search
¢ Psychology

* Strategy
e Tactics
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Marvin Minsky (1974). Framework for Representing Knowledge 1974. MIT-AI Laboratory Memo
306

Coen Zuidema (1974). Chess: How to Program the Exceptions? Technical Report IW21/74,
Mathematical Center Amdsterdam. pdf

Donald Michie (1976). An Advice-Taking System for Computer Chess. Computer Bulletin, Ser. 2,
Vol. 10, pp. 12-14. ISSN 0010-4531.

Jack Good (1977). Dynamic Probability, Computer Chess, and the Measurement of Knowledge.
Machine Intelligence, Vol. 8 (eds. E. Elcock and Donald Michie), pp. 139-150. Ellis Horwood,
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Ivan Bratko, Danny Kopec, Donald Michie (1978). Pattern-Based Representation of Chess Endgame
Knowledge. The Computer Journal, Vol. 21, No. 2, pp. 149-153. pdf

Donald Michie, Ivan Bratko (1978). Advice Table Representations of Chess End-Game Knowledge.
Proceedings 3rd AISB/GI Conference, pp. 194-200.

David Wilkins (1979). Using Patterns and Plans to Solve Problems and Control Search. Ph.D. thesis,
Computer Science Dept, Stanford University, Al Lab Memo AIM-329

Max Bramer, Mike Clarke (1979). A Model for the Representation of Pattern-Knowledge for the
Endgame in Chess. International Journal of Man-Machine Studies, Vol. 11, No.5

Ivan Bratko, Donald Michie (1980). A Representation of Pattern-Knowledge in Chess Endgames.
Advances in Computer Chess 2

David Wilkins (1980). Using patterns and plans in chess. Artificial Intelligence, vol. 14, pp.
165-203. Reprinted (1988) in Computer Chess Compendium

David Wilkins (1982). Using Knowledge to Control Tree Searching. Artificial Intelligence, vol. 18,
pp. 1-51.

Alen Shapiro, Tim Niblett (1982). Automatic Induction of Classification Rules for Chess End game.
Advances in Computer Chess 3

Hans Berliner (1982). Search vs. knowledge: an analysis from the domain of games. Technical
Report Department of Computer Science, Carnegie Mellon University

Allen Newell (1982). The Knowledge Level. Artificial Intelligence, Vol. 18, No. 1

Raymond Smullyan (1982). An Epistemological Nightmare. MIT

David Wilkins (1983). Using chess knowledge to reduce search. In Chess Skill in Man and Machine
(Peter W. Frey, ed.), Ch. 10, 2nd Edition, Springer-Verlag.

Danny Kopec (1983). Human and Machine Representations of Knowledge. Ph.D. thesis, University
of Edinburgh, supervisor: Donald Michie

Alen Shapiro (1983). The Role of Structured Induction in Expert Systems. University of Edinburgh,
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1990

Machine Intelligence Research Unit (Ph.D. thesis) 2

Jonathan Schaeffer (1984). The Relative Importance of Knowledge. ICCA Journal, Vol. 7, No. 3
Albrecht Heeffer (1984). Automated Acquisition on Concepts for the Description of Middle-game
Positions in Chess. Turing Institute, Glaseow, Scotland, TIRM-84-005

Albrecht Heeffer (1985). Validating Concepts from Automated Acquisition Systems. IJCAI 85, pdf
Reiner Seidel (1985). Grammatical Description of Chess Positions, Data-Base versus Human
Knowledge. ICCA Journal, Vol. 8, No. 3

Jonathan Schaeffer, Tony Marsland (1985). The Utility of Expert Knowledge. Proceedings IJCAI 85
, pp- 585-587. Los Angeles.

Alen Shapiro, Donald Michie (1986). A Self-commenting Facility for Inductively Synthesised
Endgame Expertise. Advances in Computer Chess 4

Bernd Owsnicki, Kai von Luck (1986). N.N.: A Case Study in Chess Knowledge Representation.
Advances in Computer Chess 4

Jonathan Schaeffer (1986). Experiments in Search and Knowledge. Ph.D. Thesis, University of
Waterloo. Reprinted as Technical Report TR 86-12, Department of Computing Science, University
of Alberta, Edmonton, Alberta.

Peter W. Frey (1986). Fuzzy Production Rules in Chess. ICCA Journal, Vol. 9, No. 4

Peter W. Frey (1986). A Bit-Mapped Classifier. BYTE, Vol. 11, No. 12, pp. 161-172.

Subhash Kak (1987). Patanjali and Cognitive Science. Vitasta Publishing 13

Alen Shapiro (1987). Structured Induction in Expert Systems. Turing Institute Press in association
with Addison-Wesley Publishing Company, Workingham, UK. ISBN 0-201-178133. amazon™*!
Stephen Muggleton (1988). Inductive Acquisition of Chess Strategies. Machine Intelligence 11 (eds.
Jean Hayes Michie, Donald Michie, and J. Richards), pp. 375-389. Clarendon Press, Oxford, U.K.
ISBN 0-19-853718-2.

Reiner Seidel(1989). A Model of Chess Knowledge - Planning Structures and Constituent Analysis.
Advances in Computer Chess 5

Hans Berliner, Carl Ebeling (1989). Pattern Knowledge and Search: The SUPREM Architecture.
Artificial Intelligence, Vol. 38, No. 2, pp. 161-198. ISSN 0004-3702.

Revised as Hans Berliner, Carl Ebeling (1990). Hitech. Computers, Chess, and Cognition

Hans Berliner, Gordon Goetsch, Murray Campbell, Carl Ebeling (1989). Measuring the
Performance Potential of Chess Programs, Advances in Computer Chess 5

Hermann Kaindl (1989). Towards a Theory of Knowledge. Advances in Computer Chess 5

Hans Berliner, Gordon Goetsch, Murray Campbell, Carl Ebeling (1990). Measuring the
Performance Potential of Chess Programs. Artificial Intelligence, Vol. 43, No. 1

Kiyoshi Shirayanagi (1990). Knowledge Representation and its Refinement in Go Programs.
Computers, Chess, and Cognition

Robert Levinson, Feng-hsiung Hsu, Tony Marsland, Jonathan Schaeffer, David Wilkins (1991).
The Role of Chess in Artificial Intelligence Research. IJCAI 1991, pdf, also in ICCA Journal, Vol.
14, No. 3, pdf
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* The superior Rybka chess knowledge by Chrilly Donninger, CCC, January 18, 2006 » Rybka
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e Search or Evaluation? by Ed Schréder, Hiarcs Forum, October 05, 2007 » Search, Evaluation
Re: Search or Evaluation? by Mark Uniacke, Hiarcs Forum, October 14, 2007
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* hardware advances - a different perspective by Robert Hyatt, CCC, September 09, 2010
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¢ Knowledge from Wikipedia

¢ Knowledge acquisition from Wikipedia

¢ Knowledge discovery from Wikipedia

¢ Knowledge engineering from Wikipedia

¢ Knowledge Engineering Environment from Wikipedia

¢ Knowledge extraction from Wikipedia

¢ Knowledge management from Wikipedia

¢ Knowledge representation and reasoning from Wikipedia
¢ Knowledge transfer from Wikipedia

Related Topics

¢ Awareness from Wikipedia

¢ Belief from Wikipedia

¢ Cognition from Wikipedia

¢ Consciousness from Wikipedia

¢ Data mining from Wikipedia

¢ Epistemology from Wikipedia

¢ Experience from Wikipedia

¢ Expert from Wikipedia

¢ Expert system from Wikipedia

¢ Imagination from Wikipedia

¢ Instinct from Wikipedia

¢ Intelligence from Wikipedia

¢ Intuition (philosophy) from Wikipedia
e Intuition (psychology) from Wikipedia
¢ [ earning from Wikipedia

¢ Mind from Wikipedia

* Ontology (information science) from Wikipedia
¢ Paradigm from Wikipedia

¢ Philosophy from Wikipedia

¢ Philosophy of mind from Wikipedia

¢ Psychology from Wikipedia

* Science from Wikipedia

¢ Scientia potentia est - knowledge is power - Wikipedia
e Skill from Wikipedia

¢ Thought from Wikipedia

¢ Understanding from Wikipedia

Types of Knowledge

® A priori and a posteriori from Wikipedia
¢ Common knowledge from Wikipedia
¢ Common knowledge (logic) from Wikipedia

e Declarative Knowledge from Decision Automation Resources
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Descriptive knowledge from Wikipedia
Dispersed knowledge from Wikipedia
Distributed knowledge from Wikipedia
Metaknowledge from Wikipedia

Mutual knowledge (logic) from Wikipedia

Procedural knowledge from Wikipedia
Teaching Declarative Knowledge by Renay M. Scott

Musicvideo

Mahavishnu Orchestra - You Know You Know, August 17, 1972, more recent 3Sat broadcast M,
YouTube Video
John McLaughlin, Billy Cobham, Rick Laird, Jan Hammer, Jerry Goodman
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