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Towards the first computer-generated encyclopedia

Deko Dekov

Abstract. We are going into a new era in whichdbmputers will replace ¢hpeople a
researchers. Here we demonstrate the beginnirigeafaw era. The first achievemen
the coming new era is the production of the fimhputer-generated encyclopedia.
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"Within ten years a digital computer will discoveand prove an important mathematical
theorem.” (Simon and Newell, 1958).

This is the famous prediction by Simon and New#Jl Now is 2008, 50 years later. The
first computer program able easily to discover nwegp mathematical theorems - The
Machine for Questions and Answers (TheMachine) [2,3] has been created in 2006, that is,
48 years after the prediction. The Machine is tte Eomputer program able to create an
encyclopedia. The new theorems discovered by nothdachine (approximately 100 to
500 new mathematical theorems) are the betwedirshenathematical theorems
discovered by a computer. The Machine could bdyeiasproved so that it will be able to
rediscover the current Euclidean Geometry and thextend it at least three times. Further
extensions of the Machine in many directions argsjide. Hence, the prediction by Simon
and Newell of 1958 now goes into the realty.

Computer algebra systems like Maple, Mathemati@sR Gtc. do not have the ability to
discover new mathematical theorems. Mathematicaleys like Isabelle (Prof. Lawrence
Paulson, University of Cambridge, and Prof. ToNgskow, Technical University of
Munich) do not discover new theorems. The prograraeated by Douglas Lenat (Austin,
USA) have not discovered by now a new mathematieadrem. Today the main research
centers in Europe, like Research Institute for SghiclComputation, RISC, Austria,
Cambridge and Oxford, UK; Aachen and Munich, Germavwen do not conduct any
research in the area of automated discovery inenadlics. The same centers have not
produced by now even one new mathematical theorscovered by a computeiy searct
at the Web could not find any person in Germaryrkimg in the area of automated
discovery in mathematics.

In 2006 the Machine produced the first computeregated encyclopedia [2]. In order to
publish the results produced by the Machine, In620@unded the Journal of Computer-
Generated Euclidean Geometry - the first journabtkd to mathematics created by
computers. By the moment in the journal are pubtismore than 100 new mathematical
theorems, discovered by a computer.
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An example
In [2] we find the following three computer-gena@dtheorems:

1. The Incenter is the Perspector of Triangle ABC dredMalfatti Triangle. ([2],
Theorems, Points, Incenter).

2. The Center of the Radical Circle of the Malfattr¢les is the Perspector of the BCI
Triangle and the Malfatti Triangle. ([2], Theorer®gints, Center of the Radical
Circle of the Malfatti Circles).

3. The Center of the Radical Circle of the Malfattr¢les is the Outer Eppstein Point
of the Tangential Triangle of the BCI Triangle.]([Zheorems, Points, Center of the
Radical Circle of the Malfatti Circles).

We invite the reader to prove the above theorerns.réader may find all definitions in [2].
Recall that ([2], Definitions, Circles, Malfatti €€ies) theMalfatti circles are the three

circles packed inside a triangle such that eatdnigent to the other two and to two sides of
the triangle. The centers of the Malfatti circlesni a triangle known as the Malfatti
Triangle ([2], Definitions, Triangles, Malfatti angle; Malfatti Central Triangle in [3]). We
could construct easily the Malfatti circles by ugstraightedge and compass (in accordance
with the ancient Greek traditions), if we constrthet Malfatti Triangle. Indeed, suppose we
have constructed the Malfatti triangle. Then cardtprojections of the vertices of the
triangle to the sides of the given triangle ABCeTValfatti circles are the circles centered
at the vertices of the Malfatti triangle and paggsimrough the corresponding projections.
See the Figure:

A1B:1C; - the Malfatti triangle;

A, - projection of A on side AB;

B, - projection of A on side BC;

C, - projection of A on side CA,;

The Malfatti circles are the circles centered atuértices of the Malfatti triangle and
passing through the corresponding projections.
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Here we will illustrate the first of the above gedtcomputer-generated theorems: "The
Incenter is the Perspector of Triangle ABC andMladfatti Triangle." We leave illustratior
of the second and the third theorems to the reddherfirst theorem states that if we draw
lines through the corresponding vertices of Triar§BC and the Malfatti Triangle, then the
lines concur at a point, and the point of concuees the Incenter of triangle ABC. See the
Figure:

A;B;C,; - the Malfatti triangle;
Lines AA;, BB, and CG concur at a point, and the point of concurrent¢basincenter | of
triangle ABC.

We can construct the Malfatti circles by using éfsve three computer-generated theorems
as follows.

1. Construct the Incenter and the lines connectingribenters and the vertices of the
given triangle ABC. Denote by La (resp.Lb, Lc) time passing through the Incen
and vertex A (resp. B, C).

2. Construct the Center of the Radical Circle of thalfistti Circles by using the third
theorem, that is, construct the Center of the Rdd@iarcle of the Malfatti Circles as
the Outer Eppstein Point of the Tangential Triargflehe BCI Triangle.

3. Cosntruct the BCI triangle and the lines connectitggCenter of the Radical Circle
of the Malfatti Circles with the vertices of the Btiangle DEF. Denote by Ma
(resp.Mb, Mc) the line passing through the Centehe Radical Circle of the
Malfatti Circles and vertex D (resp. E, F).

4. Construct the Malfatti triangle #8,C; as follows: A is the point of intersection of
lines La and Ma. Similarly, Bis the point of intersection of lines Lb and Mh.i€
the point of intersection of lines Lc and Mc.

5. By using the Malfatti triangle, construct the Métifzircles (see above).

See the Figure:
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A1 = intersection point of lines La and Ma,;
B1 = intersection point of lines Lb and Mb;
C, = intersection point of lines Lc and Mc;
Then AB;C; is the Malfatti triangle.

Theroyal road to geometry

Euclid is said to have said to the first Ptolemyovitmquired if there was a shorter way to
learn geometry than the Elements: ...there is yalm@ad to geometry.

Now we have a royal road to geometry. It is notessary we to be inventive. The Machine
will tell us what is necessary. All which we hawedp is to write our problem and to go to
drink coffee. We will drink coffee and the Machiwgl work for us. It is easy.

I do not know whether the above construction ofNtadfatti circles is a new construction -
Euclidean Geometry has a long history and manycesuare not available. Possibly, the
third of the above theorem is a new theorem, sp plessibly the above construction of the
Malfatti circles is a new construction. But, no fbthat the Machine for Questions and
Answers has produces at least 100 new theorems,ievts today's fairly primitive version
- see [2,3]. The importance of the Machine is srpibtential - the Machine could be easily
extended and improved, so that it could easilysaalier all known theorems in Euclidean
Geometry, and then it could extend the set of thieserems a few times - possibly 3 times,
possibly 10 times, possibly 100 times. It deperms much resources will be included in
the project.

The title of this article is "Towards the first cpater-generated encyclopedia”, although the
first computer-generated encyclopedia is alreadyl@ve [2]. The title means that the
encyclopedia [2] is at a very early stage. Therald/be very important we to produce a
valuable computer-generated encyclopedia. A vaduabimputer-generated encyclopedia of
Euclidean Geometry has to contain at least 20,@@)valuable theorems and systematic
description of all important compass-and-straigggedonstructions, in accordance with the
ancient Greek traditions. Since Euclidean Geonistaypart of school education around the
world, the encyclopedia has to be produces inm fuitable for use by school students.
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Hereby | invite everybody interested to contribudejoin.

Competition in the game Chess are well known. fini® we to begin the first competitions
between people and computers in the area of sciéscalways, the most suitable
participants are school students. The Machine gigethe possibility we to begin these
competitions. Today's students will produce thet cexnputer-generated encyclopedias.
Hereby | invite everybody interested to contribudejoin.

The Machine for Questions and Answers could prodbcesands valuable theorems, but
today it is at a very early stage, and it is na form suitable for use by the large public. It
is time the researchers, as well as the large @ublihave the opportunity to use a computer
program, able to make scientific discoveries, ithaan improved version of the Machine.
Such a program would demonstrate to the large pttuit the automated reasoning is a
really useful area of science. Hereby | invite gbedy interested to contribute, to join.

Thanks
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clarification of the state of the art in the aréaotomated mathematical discovery: Prof.
Tobias Nipkow, Technical University of Munich; Pr@runo Buchberger, Research
Institute for Symbolic Computation, Austria; Priao-Shan Gao, Institute of Systems
Science, Beijing, Prof. Alan Bundy, University ofiBburgh, Prof. Geoff Sutcliffe,
University of Miami; Prof. Dongming Wang, Univengivf Paris VI and Beihan University,
Beijing; and Prof. Simon Colton, Imperial Colleg@®ndon.
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