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Abstract
Congidered is the m- of goal forma-
tion modelling in mental activity
as a basis of the conmstruction of auto-
matic systems possessing properties of
autonomy and intellectual activity. The
characteristic of the psychology of goal
formation is given. The neces of use
of semantic es for mode of
independent goal formation is substantiald
ted. The structure of semantic
based on the principles of situati
control is deseribe

Modern formal-logical metasystems,
if they are considered as means of model-

humsn t. s Teveal a very essen-
tial chortcoming: They 4o not permit a
description of such an importent compon-
ent of mental astivity as a goal formati-
on., The most intensive creative work of
the makers of pr:?'-l duifnod for thin-
king nodouﬁ, only it is brought al-
ut on the basis of existing metasystems,
do not lead to construction of progrems
reconstituting an independent goal forma-
tion process. As a result, the automated
systems proved to be, in essence, doomed

to passivity: they can work by ins-
tructions or rerform reactions stimu-
14 known beforehand.

The creation of active cybermetiec
systems, i.e. those which co be able
to form endently a goal, presupposes
a development of language of ¢ Bo~-
delling cor to a greater extent
than formal me 8 to goal forma-

tion process regularities in intellectual
human activity. Ome of the difficulties
of creation of such a is the ab-
sence &én modern structur stics of
means of description of me sms of hu-
man cognitive activity which underlie

roblem solving models construction. Lead
En; with 's investigatlions, the

works in the field of structural B
tics were directed towards the st of
natural language functi mec sns

and the construction of its formal modelas
Problea sol language turned out to be
out of the field of vision of these workms

Investigations into thinking model-
ling, the results of which formed the ba-
sis of the present work, have begun in
the middle of 6o-thies within the frame-
works of the methodology of operative
thinking in big systems and the situatio-
nal control based on this methodolo
which found at Jroscat practical epplica-
tion in automation of control processes,
robot construction, pedagogics, ete.(1)

One of the essential prerequisities
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for the development of situational comt-
Tk pulning staekice proii e Pt
80 operative pro ear-
trol (;?? The

ing at complex objects con

essential characteristic of nni‘gera-
tive problems is that their con ons
are usually presented to man as a set of
separate dynsmic elements capable of mo-
mﬁim a discrete static space (problems
ofl atcher's rai transpoxrt cont-
rol,

1
game ":;"' problems, etc.).

88 9 -
oblenms

The solving of these and other
may be characterized as interac of
two ts - the enviromment, i.e.
the situation, and the process oi model-
ling of this situation which is brought
about in the head of man solving the
problem. By solvimg the problem, the sub-
Jeot models, reconstitutes in his inter-
nal l.nf.om{iml plan ¢ elements
and that static system (the tracks of a
railway station, the fields of chess-
=board etc.) om which these elements are
situated. Psychological investigations
ng:.t that such a reconsti on of
situation in the internal plan occurs at
the level which is essentially more abs-
tract than informatiom process. At infor-
mational mode the subject abstracts
himself from purely visual properties of
objects, for exsmp when solving a
chess problem, the of chess bishop
st on the board makes absolutely no
erence to him, Bach of the e
elements of situation is allotted first
of all in informational aspect with the
ability to move in the static system.
Such an ability proves from the
set to be rather an abstraet concep
characteristic. The model of some or
other elemsnt of a situation in men's
head embraces the multiplicity of charaec-
teristics of this element which cam be
characterized as its conceptual span.In
ﬂvblal solving the models of elsments
teract with each other, in other words,
conceptual spans, for exmmple, of two
elements mterac& so that one element
becomes a predicate of amother, The in-
teraction of such kind between the mo-
dels of situation elements in problem
solving can be characterized as a rela-
tion between these models.

The problem solving process can be
sented as a process of the construc-—
ion of conceptual models of situation
elements (situational concepts) and of
the formation of systems of relations
between them, This activity is, however,
a controlled component of the problem
solving process. The number of sharacte-
ristics which may be revealed in some or
other situations, and the number of re-

out-




lations which can be established between
elements of this situation is, as a rule,
gotmuulzovory at, The presence of
he regulator, ch directs a cognitive
process in some or other

s 18 characte-
ristic of human intellec activity, T
This regulator is a goal of activity
which is coded in terms of relations bet-
Into the payeholoey of thinkine Cectity
ps gy o o8

to the fact that goal transformation a
the different stages of statement and so-
lution of a problem is characteristic of
man's intellectual activity, This dyna-
mics of goal may be observed on the examp-
les of well know chess problems. The ini-
tial situation is given in these problems
as a set of separate elements situated om
the chess bo fileds. Simultanecusly
with such a situation, the initial goal
is fixed, for instance, to make the mate
to the b.'h.oh in three moves. In such a
formulation of the goal, instruoctions
about the concrete actions are not given;
the subject is only informed about rela-
tions in which the chess figures must be
found in the final situation. In the
course of solution, this initial goal
relation undergoes changes; in case
the counter-process is ¢ Places due
to the construction of situational con-
ocgga the initial goal is transformed
in &u ooncrete system of relations
which are essential for the given situa-
tion. As a result of the situation model-
n.:i process, ;ho ooncrﬁo si:ut:i&nnl

appears, for example, no ve
ﬁ’.. pou:l.hd.].‘l to the king of an adver-
sary of retrea on certain fields of
the chess board. It is this situational
goal that gives birth to a means of its
achie = a certain sequence of opera-
tions ch must lead to the final situa-
tion MW the set initial
goal. When 8 L situation is achie-
ved, the problem is solved. If the se-
quence of operations does mot lead to the
necessary result, a new situational goal
is constructed and a new s;gnmco of ope-
gat:l.o:: corresponding to this goal is
orme

Thus, when dealing with the goo.l
formation process in human activity, one
should bear in mind regularities of a
pearance of two goals: initial and situ-
ational. The regularities of situational
goal formation can be traced on the basis
of materials of the psychology of think-
ing. It is much more complicated to as-
certain how the human b carries out
an in dent formation of an initial

goal. The regularities of emer of
this goal on the basis of independent ac-
tivity are not yet revealed, the

most spread model in the gsincholo of
thinking is the experimen which ex-
ternal goal formation takes place - the
initial goal is put before the subject
from the outside. In this connection,
both for the psychology of thinking and
for cybernetics intellectual processes
which lead the luman being to an indepen-
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dent statement of the problem, or, in
other words, to an independent formation
of the initlal goal are of special inte-
rest, It is the presence of these ces-
ses that permit one speak about intellec-
tual activity proper.

Analysis shows that initial goal
formation under the influence of needs
and motives occﬁu a great place in
bumsn activity. this case the initial
goal gpom as a result of com tion
of motivation eng by need (for
instance, strive for the satisfaction of
hunger or thirst) and man's past experi-
ance.

Another variety of goal formation
finds its expression in the effect of an
independent statement of the problem. In
this cess there is a link which is in
a ain sense sed to the direct
formation of situational goal in m-
solving. If the situational goal
Soal, than the ingependsatly seated prob

stated pro
f,-' ears as a transition from the le-
vel of initial goal suggested from the
outside to ughr and more abstraoct le-
vels, after such a Jeap upwards,
the inte tual process passes on to
th:l usual formation of a situatiocnal
goal,

Inventor's activity may sexrve as a
typical example of how extermal goal
formation passes on to an independent
statement of the Emn-. In this case
the initial goal is oftem suggested to
the inventor by a customer from the out-
side in the form, for oxnxnlz of a task
to automatize a certain in trial ope-
ration. On the basis of an analysis of
WO rocesses in the different bram-
ches o Ldnl s the inventor refuses
the goal sugges from the outside and
pnogou- his o version of the state-
ment and the solutiom of the problem, as
a result of which not a separate nni of

the industrial tem, but the system as
a whole is op sed.
The independent statement of the

problem differs from the usual formation
of the situational goal by the tramsiti-
on to a more abstract level of conside-
ration, which bears the title of

ligation in psychology, That is the
process of in statement of a
problem, which is characteristic of high~
or forms of intellectual activity, may
be characterized as a generalizing goal
formation. This is already an intermal
goal formation, It is usually cénnected
with human work in several object fields
and 1s a result of transfer of relations
from one object field to amother.

Of course both forms of -.:t‘n“
of the internmal goal in human activity
(motivated and generalizing goal forma-
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-personalistic and imtellectual process-
e8 proper. The mechanism of goal forma-
tion as a function of self-regulation of
mental activity makes the humsn being as
an autonomous system po owa acti-
vity. The problem of goal formation is
one of the central problems in the cyber-
netic theory. The solutiom of this probd-
lem determines in respects the level
of practical possibllities of automatic
control systems. Le with the funda-
:;:tal wrksuot A.Rosen’ lgt u:g. ;. l‘.t.ng
cybernetic una.liaia of go ormation
is, however, carried out within the fre-
meworks of %hoorot:l.cal bases of behavio-
ral .{sycholog. When out various
versions of progrsms, goal is considered
a8 a certain final slte of a mase having
a definite structure. As to the intellec-
tual activity involved in achieving the
m]., it is understood as a movement in
8 mase.

The summarizing book of P, Akoff and
?.Eamery devoted to the analysis of sys-
tems possessing purposefulness ﬁola no-
thing new in ciple in ps oho

and
cybernetics about goal formatiom, com-

pt go h::f“ ndance lxith :: pr:l.ncip%:;
of be or 8ycho purpose
system is con.l{dorod :I.E' %ht- work as a

mechanical system possessing of certain
structural and functional possibilities.
The externmal dynamic characteristiocs of
this system connected with the choice of
a behavioral pattern lead:.gf to a certain
result are essential. At this approach
the ability characteristic of mamn ¥o bu-
114 internal conceptual models of surrowm-
ding world is not comsidered at all.As a
result, it turns out to be that goal for-
mation analysed in cybermetics is an ex-
ternal goal formation, is a movement in
the space of goals 'hich is set beforebh-
hand and forms a ready maze.

Some psychological regularities of
goal formation revealed in the is
of human mental activity may be used in
working out of the theoxries of cybermetic
systems possessing properties of activity
and autonomy. For instance, the modelling
of internal goal formation (characteris-
tic of human being) in ¢ tios pre-
“2 ses a use of seman ““"".‘.f'hi:"’
mi a meaningful decription wit a
cybernetic system of the medium in which
the behaviour of a cybernetic system must
be formed.

Let us dwell upon the characteristic
of this language more in detail. The ba-

sis of semantic hnmo is a semiotic
engandering system tating processes
zations and trans-

of formation, gemerall
formations (&ranspod.uonl) of relations.
The operational part of the szatn appear
forma as three sets:s (X,R,G), where X
is a set of basic concepts; ﬁ is a set

of the basic binary relations between

concepts; G 1s a set of the rules of for-
mation of derivative concepts when goals
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emerge. The concepts of natural lsmguage
such as words, ssions, sentences,
ete., characteris the most gensral pe-
culiarities of fwmoctioning of objects

which are essential for goal appearsnce
zlu a role of basic concepts. For ins-
ance, in the problem of sea port control

such concepts are "noongo" storehouse%
"highway™, "roadstead™, “cabotage harbo-
ur"”, ete. The wvocabulary of ¢ ocom-
ccp&- for a large sea port contains abo-
ut 1000 concepts of the indicated kind,
The vooab: of concepts depends on
required teness and precision of
the description of a controlled object.
For instance, control over a separate
vessel is connected with the necessity
of having a detalled description of con~
cepts characterizing the structure of a
vessel., Such a description becomes wm~-
necessary in case of control over seve-
ral vessels, Here it is the concepts re-
lated to maintenance-technical characte-
ristics of vessels that plsy an impor-
tant role, i.e, the characteristics which
determine transport possibilities of a
vessel, the degree of fitmess to the per-
formance of loading-unloading works, etc.
Since in each class of controlled sys-
tems (for example, the class of sea

the problems solved are of the same 0y
the vocabulary of basic concepts bull

for one system may be used with insigni-
ficent changes for another system of

this class.

The elements of the set R characte-
rize spatio-t ral and other relations
which are established between concepts in
problem solving. For instance, an “object
X is a part of an obJest I"; an “objeot
X is an element of a class Y"; and “ob-
aect X moves towards am object Y¥; amn

object X is situated over am object Y
without being contiguous with it%, etc.
As distinguished from the basic concepts,
the basic relations are of a more wniver-
sal character amd practically do not chem-
8¢ when passing om from the solution of

one probdb to another. The results of
analysis of concrete control prob-
lems in the erent classea of lex

systems (technical, socio-economic,
logoal, etc.) showed a community of re-
lations used in them., As a result, a uni-
versal vocahu.'l.-.gg of basic relations con-
taining gbout 200 elements was construc-
ted. The derivative concepts are formed
from the basic concepts and basic rela-
tions in terms of thmwee engendering gram-
mars: correlational, categorial amd
transformational. !fr.l.s semantic language
was used for desocribing the goal forma-
tion tWgr«:w.oasm when controlling over in-
dustrial systems.

The set of microgoals of the problem
to be solved is enumerated in terms of
correlation grammar., The idea of e 8-
sing the semnse of concept by the set of

ther concepts which are in certain re-
tions to a certain concept underlies




this grammar. For instance, the concept
"cargo hatch™ is in the simplest case
defined as a set of concets: "quadrangu-
lar deck opening"™ and a "device for her-
metic shut ", which are in relations
to the dete cencept, respective-

¢t an "object X is an element of a class

and an "object X has in its composi-
tion an object I™. Formally the goals are
written down in terms of syntagmatic cha-
ing representing an expression of the
follo kinds

(X3 5 ) A L AT TIDAACE, T

where i,Jj,u are the orders of derivation
of comc %s, arrows —» , « indicate the
orientation of relations. Owing to the
fact the real relations between objects
of the grobl. to be solved are lec-
ted in the structure of goal being as its
sense, the adequacy is ensured of the
structure of goal the structure of si-
tuation. The rules of output, in terms
of which the set of -:I.omgod- is enume-
rated, are written down in syntagmatic
chains in which the elements x.g q
lay a role of object variab- goe
8. The formation of relations between
basic concepts is brought about on the
basis of structural identification of
concepts and object variables. If there

is a rule X,F,X,, where X, is a “passen-

ger ship™, is a "free gm ROOI-
age", r, me that an "object X moves
towards an object I, then one of the

ssible goala, which may be formed with
he aid of this i:I"' iss ::i?axd, where

a "passenger P a%,YX, is a

passenger moorage", since con-

cepts 13, xg have structural entry into
the concept X IJ. respectively.

The rules of goal formation are de-
termined in terms of the classes of con-
cepts characterising problem requirements
The structure of concepts being a part
of rules of formation of goals in a sea
port control prodblem contains the infor-
mation about cargo, the techmological
scheme of its processing, instructions
about the and uthoaa of works, etc.
The number of rules of correlations gram-
mar for real big systems control problems
(transport, computer, industrial, etc,)
reaches several hundreds. The formal com-
parison of the structures of goals con-
structed in correlation grammar permits
an ascerteinment of the character of lo-
gloal connections between goals and a
construction of structural-equivalent
classes of goals. The comstruction of
classes of goull is brought about in
terms of categorial grammar. The idea of
combination in one class of goals having
similar fragments accurate to isomorphism
underlied this grammar. The characteris-
tic of the class is the generalized strw-
ture (macrogoal) entering into the sttrwo-
ture of each goal of the class. The mac-
rogoals are formed in computer memory as
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a result of programs of generaliszations
and decisions made on uter by man
knowing the control goal and the evalua-
tive functional correspoanding to this
goal. The emmeration of sequences of

§B8 Srensposttion of Selations st these

intervals is carried out in terms of
transformation grammar. The rules of
output represent substitutions of the
11'" Xy, where X, X, are goals.
The rule is considered as applied to the
goal X, if X has en into X, . The re-
alizatlon of the rule is bro about
by the substitution of for X.. The
process of transformat of goih in a
real problem continues untill the mnext
goal hits the class fixed beforehamnd or
the set interval of extrapolation is
exausted. The formed sequence of goals
phgoa role of problem solving. When
cox spond b:v:xl;‘ob .ct.’t'f‘::c::l. nﬁ.ns'
corre -] o
of objects at set ¥1l. intervals. In the
process of realization of a plan on a
real object, the difference is fixed
between the real situation and the situ~-
ation formed in the { o If this
difference exceeds a tude, thea
the correction of the plan is made. Ana-
lysis shows that the use of semantic lan-
gaco peraits an adwemcement in cyberme-
¢ goal formation modelling, i.e.
mits a reconstitution of some essential
features of internal goal formation.

The realization of sematitic lasngua-
g0 on a computer is brought about in
terms of a module system of mathematiocal
provision. This sys is used at present
for sol problems of control over
g lo; ob O:I::[ the fomtt: of d‘:;.t

or on~making, generali-
zed models of extermal world, :::FJ.
robots, etc. The accumulated e ence
in maintenance of this system testifies
to its sufficient efficiency and univer-
sality. The variable part the system,
when passing on to a new class of prob-
lems, makes up 20% on the average.
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