EXPERIMENTAL STUDIES OF HUMAN DECISION-MAKING
AND ITS SIMULATION BY SITUATION CONTROL TECHNIQUE
(ON THE BASIS OF A CHESS ENDGAME)

Ruslan Einulla ogly Hajiev
Republican Information and Computing Centre,

Minist
Blo

Abstract

The paper examines the simulation of
the basic mechanisms of the chess endgame
problem solution by man. The experimental
results of a psychological investigation
into the mec sm of structurization,ge-
neralization, and goal formation of a si-
tuation have been presented and a semi -~
otic system of formation of generalized
imitation models have been discussed
which forms the basis for human decision-

meking.

The analysis of the literature on
the simulation of chess game have led to
a conclusion that various chess programs
were considered by their originators as
a theory or model of real activity of
human chess-player. In this connection,to
clarify the nature of the difficulties in
simulating chess game is to clarify to
what extent chess programs are actually
in compliance with a chess player’s real
activity they are to simulate.

The majority of program designers
who simulated the accivitg of a chess
layer considered this activity as pass-
through a labyrinth having a certain
tial stage (area,graph vertex) and the
labytinth point which is to be reached.

If the activity is understood as
above, it is of prime importance to find

the ways of reducing the volume of the
chess labyrinth, A special problem
presents 1tself - the problem of redicing

the tasks of the tree of chess game.

This limitation of chess pro
is especially clear when one approaches
the final stage of the game = the endgame.
An optimum endgame suggests, to a greater
extent than the other game stages,a cal-
culation for m moves ahead. It is this
circumstance that makes ineffective, in
respect to endgame, the majority of
existing programs designed for compute-
rizing a chess game. Limited possibilities
of the depth of analysis and the fact
that the planning in these programs does
not exceed several moves ahead has led to
a conclusion that the problems of chess
endgeme cannot be solved with existing
means of programming.

A correlation between the princiglos
of programming and the results of analysis
of human activity shows that the basic
difficulty of the programming lies in
that the available means of mathematical
description of activity fail to adequately
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describe the process of establishing re-
lations, the process of comprehending a
position, which precedes and determines
the {o:&natig: ofha va.riu;t. It can be
concluded that the use of a e
describing the process of es%m
relations will enable one to get over
some difficulties of chess progr

amming
and to lay down the ways of computerizing
endgame problems.

It is apparent that the use of new
languages describing activitz, the lan-
guages which are capable of describing
the ugrocess of establishing relations,
should bring about serious changes in the
total structure of the theory which forms
the basis for chess programm .

Thus, one of the basic notions in
chess programming is calculation depth.In
chernet::l.cs by depth is generally meant
the number of moves of any chessman con-
trolled by the program. As indicated by
the evidence obtained, the depth of
analysing a position '61 man is determined
bz the presence of a system in the forma-
tion of a position in the course of estab-
lishing relations between the pieces., In
other words, central to a traditional
understand. of a depth in cybernetics
is a graph se vertices are successive-
ly altered situations while the depth of
analysis in human activity is determined
bg a fraph whose vertices are formed
the pieces of a particular position
tljl.e edges by the relations between these
pieces.

Hence, from the correlation between
the principles of existing chess program-—
ming and real activity in the solution of
endgame problems, the consequence derives
that the development of a chess progran
which is capable of successfully solving
endgame problems is related to the con-
struction of a lanfunge which would
enable us to describe the process of
establi relations and forming gene-
ralized notions. It is only 1 es of
this kind that can produce perceptible
results in such a large space as is a
chess endgame.

The new method of programming should
permit of form the solution variant not
only for a def te predetermined number
of moves, The number of moves in the
variant should change with the structure
and properties of each new position.

erimental results
all existing methods for

The analysis of e
showed that o
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describing mental activity, the situation
control of big systems developed by D.A.
Pospelov and Yu. .Klykov (U.S.S.R. is in
the closest agreement with endgame solu-
tion process. An attempt was now made to
employ this method for simulating human
activity when solving chess endgame
problems.

The practical use of situation
control in chess is connected with the
development of a system of semiotical
models through the use of which a genera-
lized model of chess game solution can be
formed.

By the langusge of situation macro-
description in a chess endgame problem is
meant a semiotical system comprising an
aggregate of three basic sets s X is a
set of base notions; R is a set of base
relationsy and G is a set of formation
rules for derivative notions and rela -
tions. Base notions include a set of
natural 1 e units (words,expressions
sentences etc.; used for the decription
(designation) of the chess endgame
problem objects for which it is not
necessary to disclose the contents in
order to solve the problem. These notions
ares

X;=piece;X,=field;Xzking;X, =knight;
x§ =black=field 'bishop;x;,:ensased;x:,wacant

XEifi s Xm00, etc.
The language has about 100 notions of
this type.

The set of base notions has a
hierarchic structure, there are notions
of zero order and those of higher orders
(derivatives). According to (4),the notion
of the ith order (i=0e¢1......n) i8 the
characteristic of.the class of a problem
element. Base notions have the greatest
volume, Reduction of the notion volumes
occurs when the notion is included into
another class. The rule of identical trans-
formation of notions is g symmetric sub-
stitutions Xg= &g A5 ... % 47

When simulating chess endgame, the
base scope of knowledge is formed accord-
ing to this rule.

X=X 2 X5 Es Xk y 28 -
Ao =8, X & Xy s kipzs —
Xo =X BX3 X123 —

"white king"

"black king"

"white black-
field bishop",etc

A correct definition of a notion
enable one to expand it into elementary
components. For example, theexpansion of
the notion "white king" is:

X2 =8,(8,X7 2y Xy ) &3 X5 s Xek )1,2,3

where X7 = 72, X; ¥,X4 = white piece
x:=p1ece; x:=white; xj:xmg; x°(K),','5 =
movement of the king.

The rules of moving the chessmen are
realized within the software system in
the block "determination of potential
relations". The block "determination of
potential relations" is used to determine
the relations arising in the process of
considering the position in terms of its

CBe

For the model, this block is, to
some extent, an analog of a "mental look™
which is inherent in man analysing a
problematic situation. Due to its perfor-
mance, the position under analysis
a[)?)ears as a set of ordered triplets
<X¢RmX;>where X, and X, are the elements
of situational positionand ARm is a
beam of potential relations determined
for these elements.

Base relations include a set of
matural lang::ge units denoting static
and situatio links established between
situational objects when solving the
problem. They are binary relations such as
2,,%2, 75 etc, which mean:

X2, X 1.e. X 1is an element of X, class;
Xe 7_,,,{,( i.es X¢ i8 on X«
X zjx’ i.es X, has a name X9 s etce

Base static relations feature per-
msnent links between the elements of the
problem, the links being independent of
the situation in which these elements are.

In contrast to static relations,
situational relations link the elements
not permanently but only in a particular
situation.

Thus, if the white king at a given
moment is on the e1 field and the black
king is on the e4 field, the specified
information is entered in the descriptive
lists for the given pieces and the rela-
tions of properties make is possible to
describe each of the objects (chessmen)
in terms of?X - codes.

Xy =2, X[ 28 X35 %3 X320 8r Nk ) 123
X:a =¢e, -Yz' 23 Xe 22 X;y 25 Xcé) 72,3
By this means any piece being on

square at a given moment can be descri%gg
in terms of¢X - codes.

The set G is given as a population
of generating procedures denoted as gene-—
rative grammars which are employed for
formalizing structurization mec sms of
generalization and extrapolation of the
situations.

Four types of generative grammars are
used in a semiotic system: correlation
categorial, transformation and commandi.ng
grammars which are correspondingly
intended for:
1)ennumerating the multitude of microsi-
tuations of a chess en ame 3

2)forming a set of generalized situation
structures in the course of the solu-
tion of a chess endgame problem;
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3)presetting the process of runctio
of a problem solution model on the given
time intervals;

4)ennumerating the set of solutions gene-
rated by the model.

Let us now describe the above grammar
in an abridged and interpreted form for a
chess endgame which was offered in a psy-
chological experiment to two groups of
people with markedly different level of
chess qualification. Both psychological
and more detailed results of the computer
experiment will be discussed in the paper.

A message has arrived from the envi-
ronment at the input of the "Input"™ pro-
gram at a discrete moment of time:
#o‘ﬂect - plece, name - king, colour -
white, square - el;#
gobject - piece, name - white-field

bishop, colour - black,square = d2;#
aogiect - piece, name - pawn, colour -
white, square = h2;#

wob;jecé - plece, name - king, colour =
black, square = e4ji#

aogiect; - piece, name - knight, colour -
white, square = £7;#

#object - place, name - black-field
bishop, colour ~ black, square - £8;#
#object = plece, name = black-field
bishop, colour - black, square = b8.#

The specified information is recored
in the descriptive lists for the given
figures.

Xf) = 'L,.X,' ZyXs ZeNgo Z5 X Cxr02.3
Xip =2 XN U3 XC Ye Xgo L5 N Tg)0.23
-xigo = Z/ .X,' ZJ X; % 1;7 ZJX?P)/IZJ
Xz 8 X U3 X5 U X35 8y Ninya2s
X’z‘/’ = Z,.X,' YJ.X; &X;‘ ZJX(:(/‘)I,I,J
Ny = UX] UIG CaXer U5 Xig)023
‘x;:., = ,z"xl' Y-’X-;' )Yl "YJ} Z-’.X?’)Ifz."

All interrelations between the
objects (plieces) are analysed in the
blocks "Analyser" and "Determination of
gotential relations™ by observing the

ist of objects involved in S(t4) and
their descriptive lists.

An array of elementary syntagmata
and ZX =chains is then constructed which
forms the basis for the further desision-

mak:l.n§ model. At the output of the "Ana-
lyser™ block is formed an array of syntag-

matic chains describing the pieces of
different classes in terms of the
presence of common features in all
descriptions.

Possible relations between different
classes of chessmen are determined in the
Ei.ock""deteminat;ion of potential rela-

ons”,

If we assume now that each piece of
any situation may be potentially linked
with other pieces by a set of relations,
the correlation rules can be considered
as singling out essential relations
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between pieces.

All data formed into arrays of
8 t;@aeic chains enter the "Correlator"
OCK,.

The program employs the urragvof
correlation grammar rules, the left pars
of each rule comprising llnieations of
the features while the right part is a
commanding synta?na, i.e, the direction
as to what relation (derivative) connects
the pieces under study if the above
tations are implemented.

The critical condition for the for-
mation of derivative notions is the
verity of predicates by the aid of which
a variety of relations between the situ-
ational elements are eatablisghed,

By analysing the information fed to
the computer, we can find the class of
situations compris the initial situa-
tion., The vertices of the classifier
specify the maximum general part accord-
ing to which correlation grammar rules
are derived. The route of each piece is
determined by the "Determination of po-
tential relation™ block and is included
into the left part of the correlation
grammar.

There is a maximum of 175 correla-
tion grammar rules for every endgame
with a definite number of pleces (in this
case 7 pleces) irrespective of whether
Black and White move first. A maximum of
six relations can be established between
every two pieces by these rules.

Let us discuss some grammars in our
position with the white moving first:

25,058, Ko e XEAXE, 2 XE ) (T 155, (X))
[XE e Ky XIINKXE Y X )] = ,
SXE Yoy KENXE, Yag X}

which means:"White King, potentially in

two half-moves,attacks the black te—-
field Bishop".

u,, VX, XL (32 2xinaipxBENE oY)
(X3 U X (XE)N(X] Y de )] >
> X7 Yar X3y NNFy Yo KT
"White King, potentially in 3 half-moves,
defends the white Pawn".

9, ¥, X5 (X BUE A X7 2 XNTHG (X))
[ X} U X, (XEIAX % X )T >
O XEn g X NKXE g X,

"Black black-field Bishop, potentially in
2half-moves,attacks the white ", etc.
Z2/= be a potentially attacking plece in
2 half-moves

be a potentially attacked piece in
2 half-moves

be a potentially defending piece in
3 half-moves, etc.

About 20 derivative relations of
this kind were found in designing the
model. The other relations in the rules

a2-
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ares
Z¢= be on...,%= to have the right to
move, etc.

At any moment of time before moving
a piece, 14 to 15 correlation grammar
rules are sufficient to define the situ-
ation, construct the microstructures and
display them as syntagmatic chains. With
175 correlation grammar rules, the number
of syntagmatic chains was 31, the chains
taking the forms

B =i Tas Ty Xg )V T oo Tao X )V
V(X7 a3 Ty Xy ) v (5 T Tac Xy ) v
VOF, Gu X5y )

B =X, T Ta X5 IV OXE, %0 T X 5g DV
V(XG. Ty T %) VG, Tt Taa Xig )V
ViXen Uy Tas X5)VOE, Gy X5, ), ete.

The predicates of applicability of
correlation rules in forming situational
structures are formed in the course of
education with the help of notion genera-
lization rules. The use of a pseudophysi-
cal situation-describing language repre-
senting actual relations between the
pleces anables the situations to be clas-
sified on the basis of their structural
generality.

The term "structural generality" as
used in forming a generalized model of
a chess endgame is defined as a determi-
nation of identical relations between the
pieces in different changing specific
conditions. Thus, the given position cab
be assigned to a particular class and one
or another approach can be employed to
describe it.

To illustrate, if two totally
different positions of the same pieces
such as
1.White Nf1 2.White Na2

Black B e7,B c4,K h6 Black E bg,B a3,
e

are considered, a generalized notion
o — ——— 4 —
/7(; = (XJ‘; Yy Uys Xé‘a}" (XJ:: sy {’;ij }A
MM Ko o s X3,

is established between the pieces which is
independent of both the position of pieces
and dimensions of the chessboard (number
of fields in the chessboard). The most
important condition here is the recogni-
tion of indentical relations in a set of
different positions.

The psychological esperimental
results have corroborated an important
fact that the higher the qualification of
a chess-player, the faster he can discover
these relation and find the optimum
solution variant.

When fbrmed, the generalized notion
structure enters the "Decision-making"

block which, in turn, verifies that the
structure is introduced into the left
part of decision-making rules. In this
condition is satisfied, a decision is
made in the right of the rules.

The following rule can be applied
for the above examples:

w. ¥xE vx,,:,; XFuo, XE, (K 245N )c;.exf,
XEn2XF, XE, 2X2) [0 223 g XFom )N
NG T3y s J&, )N U5 Uaz Tas X E )2
=h)ﬁi i:; ngylﬂvyja;)

that is ' t attacks black King and

black black-field Bishop in three half-
moves".

There are about 50 rules of this
kind in the language of the generaliza-
tion of situations.

At an initial stage of education,
these rules proved to be essential
since they included, among other ¢ 8y
such important chegs notions as "fork",
"pin",etc. A model of the extrapolation
of situations is formed from the models of
de:cription and generalization of situ -
ations.

The solution of the problem with the
aid of the extrapolation model is effected
as follows: a situation is held on the
input of the extrapolation modeljsituation
class is determined; an action is selected
which is consistent with the class and
transformation of situations is accomp-
lished. The above procedure is repeated
for a new situation, etc.

An extrapolation tree is constructed
in a general case. The best branch is
selected on the basis of the specified
criterion. One of the basic criteria in
constructing the decision-making model is
the detection of the routes of activiza-
tion and safety of one’s own chessmen in
the course of extrapolation and also the
routes of minimizing the mobility of the
opposite number?s chessmen. This process
is effected in the block "Optimization of
commanding decisions". The condition for a
halt is the assigument of the extrapola-
tion result to a specified class.

It can be seen that the endgame
problems under study are constructed by a
model based on a semiotic language which
contains the means to simulate the process
for the formation, generalization and
extrapolation of the situations.

It is hoped that the correlations
between psychological experiments and the
evidence being currently obtained by a
Mingk-32 electronic computer will permit
the proposed method to be successfully
realized in working chess problems.
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