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describing mental activity, the situation
control of big systems developed by D.A.
Fospelov and Yu.l.Klykov (U.S.S.R.) is in

the closest agreement with endgame solu-
tion process* An attempt was now made to
em{)_loy 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-
!clseddmodel of chess game solution can be
ormed.

By the language of situation macro-
description in a chess endgame problem is
meant a semiotical system comprising an
aggregate of three basic sets i | is a
set of base notions; E is a set of base
relations; and G is a set of formation
rules for derivative notions and rela -
tions. Base notions include a set of
natural language units (words,expression”
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

arel

X;=piece; X;=field;Xzking; X, =knight;
I; ablack-field bilehop; x;=engased; I:,ﬂacant

_ o oo
xfd‘LJf 3 I:F tfe stc,
The language has about 100 notions of
this type.

~ The Bet 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=0.1 ... .. n) is 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 X symmetric sub-

stitution: XgZ 2MF A" . 2o &y

When simulating chess endgame, the
base scoRe of knowledge is formed accord-

ing to this rule.
Jf=2’,1;3’,,.»\';?51;()ﬂ2,3 - "white king"
X::a“j_;e:’x;z_j-‘l’;xmj - "black king"

Xp=¥,X ZHXxs s X233 -  "white black-
field bishop", ete

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

,Xf = E',(’Z,Xf.?y!f) ZJ.X; ?J‘X;,( 2123
where X} =2, X 2,4 = white plece

o o o o
X,=plece; X,=white; X,=king; X (K)(ps =
mévement; of the king. 123

of

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

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
ag))éaears as a set of ordered triplets
<X, RmX,2where X¢ and X, are the elements
of situational position‘and R~ is a
beam of potential relations determined
for these elements.

Base relations include a set of
matural language units denoting static
and situational links established between
situational objects when solving the
problem. The¥ are binary relations such as

elc

g 7., , which mean:

x'_'?“_;(éi 6. x. 1S @n element of v,&.class;
X Po S i.e. xS ON X« 3

X 23 Xg Lees X, has a name XQ , etc.

Base static relations feature per-
manent links between the elements of the
?roble_m, the links being independent of
he 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 el 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 (chesaaen)
in terms ofZX - codes.

Xp, =2, X] 25 X; P9 X0 25 Xk ) 123
Xo, =2, X2 23 X6 Z2 Xog 25 Xc8) 02,3
By this means any piece bein

square at a given moment can be
in terms <of TX - codes.

on any
escribed

The set G is given as a population
of generating procedures denoted as gene-
rative grammars which are employed for
formalizing structurization mecnanims of
generalization and extrapolation of the
Situations*

Four types of generative grammars are
used in a semiotic system: correlation,
categorial, transformation and commanding
grammars which are correspondingly
Intended for: _ _
1)ennumerating the multitude of micros!-
tuations of a chess endgame; _

2)forming a set of generalized situation
structures in the course of the solu-
tion of a chess endgame problem;
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A messsge has arrived from the envi-
romment at the input of the "Input™ pro-
gram at & discrete moment of time:
uogiect = plece, name ~ king, colour -

te, Bquare - el
godbject = plece, name -~ white~field
bishop, colour -~ black,square - d2;#
#0b ect - plece, name - pawn, colour -
Bquare - h2;#
wobdecg - plece, name -~ king, colour -~
black, Bquare - ei4j#
aogiect = plece, name « knight,
te, square -~ £7; 4
#objecti = place, name - black-=field
bishop, colour - black, square — £8;#
mbject - piece, name ~ black-~field
bishop, colour -~ black, square — b8.»

The specified information is recored
in the descriptive liats for the given

tigurea.
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Let us discuss some grammars in our
poait:ion -:!.t:h the white noving first:

25, an,. Xer Ky 2 XEAXNE 2 XE V(T Xy (X E))
g4 x Kgg (X107 a’,. Yy X ) >
-:’Xf 7.:1«("-; A X‘—,‘ Ve J‘""

which means: "White King, potentially in
two half-novea.at:tacka the black te-
fielﬂBisho

fcﬂr ‘E(’,;-2¢P%41}¢?)ﬁakslﬂz,ﬂff&)
[Xy ?’g!,f_-:, (X‘//‘ X/ 'Z';_XQ)]
=3 ‘Z'MJ(-,Q /L/;; Lac X
"White King, potentially .tn 3 half-moves,
defendg the whit:e Pawn",

94, ¥XE,. x,‘ (NG XFE N X7 2 XNTXNG (X))
Z/(f ?’5.)’% (X})A(X Zy “/].D

':Xfm’r-wxf, Y.t.t XJ‘M
"Black black-field Biahop, potentially in
2half-moves,attacks the white ", etc.

T2/= be a potentially attacking plece in
2 half-moves

Uaz= be a potentially attacked piece in
2 half-moves

Zsse be a potantiall{ defending plece in
3 half-moves, etc.

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



are:
Z= be on Y= O have the right to

move, etc.

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

P2 (X0 oy T X3g )VOH T, Tow Tao XS Iv
VX Ty Ty, ) v (5 T3 Tas X9 )V
VXL T X5y )

o= (Ko, T T Xy WG, B T X g )Y
V(X3 T T 5y VX, Tt Taa g OV
V(Xen Yo Yas "'f,/V(/"&',., 2_';';'«"§9 ), etc.

The predicates of applicability of
correlation rules in forming situational
structures are formed in the course of
education with the help of notion genera-
lisation rules. The use of a paeudophysi-
cal situation-describing language repre-
senting actual relations between the
pieces 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 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
I.White Nfl1 2.White Na2

Black B e7,B c4,K h6é Black B b8,B d3,
K e’/
are considered, a generalized notion

‘}'g; = (X.fc Yy o Xé,,)/‘ (X Tsy Cag X5, )

AN (Kse X3z s X,E:/ ]

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

The psychological esperijuental
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 optmum
solution variant.

When formed, 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
mede in the right of the rules.

The following rule can be applied
for the above examples

W VNG, VA, K, Koo (K5eRUANG2H S,
Xon 2 X5, X5 2XEN (O 2oy Vs K )
A Tz s NE, )N 3e Uy Tos Y2, )T >
o df T UF A XE)

that is "Knight 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, other things,
such important chess notions as "fork",
"pin", etc. A model of the extrapolation
of situations is formed from the models of
description 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 model ;situation
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. Oe of the basic criteria in
constructing the decision-making model is
the detection of the routes of activiza-
tion and safety of one's owm 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
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
Minsk-32 electronic computer will permit
the proposed method to be successfully
realized in working chess problems.
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