ISSN 2522-9052

CyuacHi indopmariitai cucremu. 2017. T. 1, Ne 2

UDC 510.635

Khudhair Abed Thamer
Al-Maaref University College, Republic of Iraq

doi: 10.20998/2522-9052.2017.2.08

RELATIONS AND OPERATIONS ON PREDICATES
IN THE THEORY OF INTELLIGENCE

Purpose. The purpose of the paper is to develop a formal technique of the theory of intelligence, namely, to develop the model
and axiomatics in the language of algebra of finite predicates (AFP); to introduce a system of operations on relations; to
construct of the algebra of relations. Methods. The methods of algebra of finite predicates, Boolean algebra and axiomatic
method are used in the paper. Results. In the paper the mathematical apparatus of the theory of intellect was further developed.
The models and axiomatics of relations in the language of algebra of finite predicates (AFP) are developed, operations on
relations such as the injection, equivalence, surjection, quasi-order, partial order, circulation and product of the relation are
introduced. The algebra of relations is constructed. The system of operations on predicates in the algebra of finite predicates,
namely, the Boolean negation, disjunction, conjunction, implication, equivalence is axiomatically assigned. The basic
predicates (predicates of object recognition) are introduced. Conclusions. The predicates of different orders correspond to
concepts of a different level of abstraction. The solution of the AFP equations can be interpreted as a creative activity of a
person. Due to the presence of such a wide and meaningful interpretation, even the purely mathematical development of the
AFP allows at the same time to impel the development of the theory of intelligence. The minimization, decomposition, solution

of equations, identical transformation of formulas are important tasks of the theory of intelligence.
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Introduction

The present paper is a continuation of the paper
[1], in which a multidimensional predicate model of
comparator identification [2, 3] was proposed and the
axiomatics of this model was substantiated.

In the article were obtained mathematical results
aimed at developing the formal apparatus of the theory
of intelligence [4-12].

Models and axiomatics of relations in the language
of algebra of finite predicates (AFP) and the operations
on predicates are considered.

1. Relations

Any
al,az,...,an

ordered collection of any elements
is called a set, a list, or a sequence.

Elements that form a set are called its components. Each
component in the set is characterized by its place, so
that changing the places of different elements in the set
leads to a change in the entire set. Sets may differ from
each other in the number of components »n, as well as
the composition or order of the elements in the set. To
record a set, is used a list of all its components, enclosed
in parentheses: (ay,a,,....a, ). The sets will be denoted

by lowercase Latin letters, for example,

a=(aj,a,,....a,).

The parts of the components in the set are
numbered from left to right. At different places in the set
there can be both different and identical elements. One-
component set is called - unary, bicomponent - binary,
three-component - ternary, n-component — # -ary. The
number of components in a set is called its arity. A
binary set is called an ordered pair or simply a pair. Any
unary set (a) coincides with the element a. If the
characters a and b denote the same set, then it is said
that the setsa and b are equal and it is written a=5b.
Two sets a=(a.a;,...a,), b=(b.,b,..b,) are

equal only if m=n and a; =& for alln i=1m. The

sets can be built not only from the elements, but also
from the sets according to the rule

((a1.ay,....a, ).(b.by,...0, ) =
=(al,az,...,am,bl,bz,...,b )

Let's assume that 4,4,,..., 4

ce Ay

()

— nonempty subsets
of the universe U . Let's make a set a =(qa.,a,,....a, )
of the elements a) € 4),ay € 4,....a, € 4,. The set
A=A x A, x...x A4, all such sets is called the Cartesian
A4.4,..,4,. We can talk about
belonging of a € A set a to the Cartesian product A .
If n=2 and 4 = 4, = 4, then the Cartesian product is
called the Cartesian square or simply the square of the
set A: AxA=A4>. The Cartesian product

AxAx A=A is called the cube of set A. The
Cartesian product 4x Ax...x A, where A is met n one
time, is called n -stage of the set 4 and is written as

An

product of sets

The operation x of obtaining a Cartesian
product Ax B from the set 4 and B is associative:

(AxB)xC=Ax(BxC) 2)

at any A, B, C. In combination with operations U,

M, The operation of the Cartesian product of sets has
the following properties:

(ANB)x(CAD)=(AxC)N(BxD),  (3)

(AUB)xC=(AxC)U(BxC) 4

(Ax(BUC)=(AxB)U(AxC) 5)
AUB)x(CuD)=
(AUB)x(CUD) ©

=(AxC)U(BxC)U(AxD)U(BxD)

© Khudhair Abed Thamer
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for any 4, B, C, D. The relations €, = and < In
combination with operations x, U, N, - possess the
following properties: (aj,a,,...,a, ) € A x Ay x...x A4, is
equally matched to a € 41,a, € 4,,....a, € 4, for any
and A4 xAyx..x4,; AcB and Cc D
is equally matched to AxCc BxD; A=B and
C=D is equally matched to AxCcBxD;
(AxB)U(CxD)c(AVC)x(BuD); AcC and
BcD results  in AXxB=(AxD)N(CxB);
(AxB)U(BxA)=CxD resultsin A=B=C=D for
any A, B,C, D.

Any subset P of the Cartesian product 4 of the
sets A4,4,,...4, is called the relation, defined for

A=A x A, x..x 4, . the relation &, not containing a

n

single set, is called empty; the relation P, consisting of
all the sets of the Cartesian product A, is called
complete. The relations, as well as sets, we will denote
in bold capital Latin letters. At n=1 the relation is
called unary, at n=2 — binary, at n=3 — ternary. At
arbitrary value n the relation is called » -ary. About 7 -

ary relation, defined for 4", or brevity, it is said that it
is defined for A . Instead of expression «the relation P,
defined for A4 » is briefly called «the relation P for
A ». For tasks in which the Relations appear for 4, the
set A plays the role of the universe, and the relations
themselves are the role of subsets of this universe.

We can speak of the attribute of a set to the
relation, equality and inclusion of relations on 4, as
well as on their integration, intersection and addition.
Thus, on the set of all relations is defined an algebra,
which is a kind of Boolean algebra. The unification of
the relations is called their disjunction, the intersection -
the conjunction, the complement - the negation of the
relations. We can talk about the Cartesian product
PxQ of the relations P and Q. The predicating

(ay,ay,...a, )P and (b,by,...b,)eQ equally

match the predication
(ay,ay,...a,,,b,by,...b,, ) € PxQ
ay€dy,ay€A,....a, €4,,
beB,byeB,, . b,eB,, PcA,0cB,
where A= 4 x4y x..x A4, and B=B;xByx..xB, .

If the set belongs to the relation P, then it is
called a vector of the relations P . For binary relations,
except for the record (a,b)e P, is used a record

equivalent to it aPb. If (a,b)¢ P, then it is written

at any

aPb . The binary relation D, composed of all pairs of
the form (a,a), where aeU, is called equality or
diagonal, the relation, defined for the universe U . To
define the relations D is also used the character =. The
pairs in the form of (a,a) are called diagonal. The
relation of equality is reflexive: a=a for any a;
symmetrically: a =5 results in b=q for any a, b;
transitively: a=b and b=c results in a=c for any
a,b,c . The relation of equality can be defined not only

on the universe U , but also on any of its subsets A4 . In
this case one speaks of equality on 4.

The relation F, defined for AxB, is called
functional if it satisfies the single-valued condition: for
any ae€ A and b,ce B aFb and aFc resultsin b=c.
It is said that the functional relation F, defined for
Ax B, determines the corresponding function or
operation f , acting from the set 4 to the set B . The
functions will be denoted by lowercase Latin or Greek
letters. If for a € A is found an element b € B is such,
that aFb , then the function f aligns the element a the
only element b. This fact is written as follows:
b=f(a) if b=fa. If for ae A there is not be B
such an element, that aFb, then the function f does
not associate an element with ¢ any element from the
set B . In this case it is said that the function f for the
element a € 4 is not defined.

The function f can be determined by indicating
the corresponding relation F . In order for the definition
of a function to be logically flawless (correct), it must
be proved that the relation F obeys the uniqueness
condition. Such a proof is called a verification of the
correctness of the definition of a function f . The
relation of equality D for 4 defines the function 4 , is
called the identity. It is characterized by the property:
a=d(a) forevery ac 4.

If b= f(a), then the element b e B is called the
image of element a € 4, and the element ¢ — preimage
of element b/ in relation to the function f . The
collection of all inverse images of an element 5 in
relation to the function f, contained in the set A4, is
called a complete preimage of element 5 in A4 in
relation to the function f . The set A is called scope of
dispatch of function f', The set B — e arrival area. The
set of all elements a € 4, for each of which there is an
element be B, fulfilling the condition b= f(a), is
called an area of definition of a function f . The set of
all the elements b e B for each of which there is an
element ae€ A4, fulfilling the condition b= f(a), is
called the range f . If the area of the dispatch of
function f is a Cartesian product 4 = A4 x 4, x...x 4, ,
then it is said that the function f n -place.

A function is called everywhere defined if its
domain of definition coincides with the domain of
departure, otherwise it is called partial. It is said that an
everywhere defined function f defined for AxB,
reflects the set 4 to the set B, and it is written
f:A— B. Sometimes, for brevity, an everywhere-
defined function is simply called a function.
Everywhere a certain function is called surjection, if its
range of values coincides with the arrival area. It is said,
that a surjection, defined for Ax B, reflects the set A
for the set B. It is said that surjection f:A4— A
reflects the set 4 for itself.
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Everywhere defined function f, defined for

Ax B is called an injection, if for each b e B there is
no more than one element ae A, satisfying the
condition b= f(a). The surjective and injective
function is called the bijection. It is said that that a
bijective function on Ax B one-to-one reflects the set
A for the set B. The final areas of departure and
arrival of the bijection consist of the same number of
elements, and the infinite ones are equinumerous.

The binary relation E for A4 is called the
equivalence if it is reflexive: aEa for any aec A4;
symmetrically: aFEb results in bEa for any a,be 4;
transitively: aEb and bEc results in aEc for any
a,b,ce A. The relation of equality D is an
equivalence. Partitioning S of the set A4 is called any
system of nonempty subsets of the set A, such that
each element of the set 4 belongs to only one of them.
Of the set S, are called layers or adjacent partition
classes S .

To each equivalence £ for A one can put in one-
to-one correspondence the decomposition S of the set
A, and vice versa, according to the following rule: if
aEb , then a and b are put in one layer of the partition
S , if aEb , then to the different. So related equivalence
E and the partitioning S are called corresponding to
each other. The equality D for A corresponds to a
partition of the set A , is made up of singleton layers.

The partition S, corresponding to the equivalence
E for A, is called the factor - the set from A to E
and defined A\E. The surjection fp:A4—>A\E,
which to each element a € A4 puts in correspondence its
containing layer of decomposition S, is called the
canonical image A4 for A\E. The canonical image
fg:A—> AVE will be a bijection if and only if the
equivalence £ coincides with the equality D .

Let f — the surjection representing A for B.
Let's define for 4 the equivalence E, considering that
akEb only if f(a)=f(b). The layers S,
corresponding to the equivalece E, are complete
preimages in A items from the set B. By matching
each element of the set B its complete preimage in A4,
are obtained a bijection that maps B for A\E . This
bijection is called the canonical image B for A\E . the
equivalence E is called the nuclear for function f .

The binary relation of the sets A 1is called quasi-
order if it is reflexive and transitively. The partial order
is quasi-order P, fulfilling the condition of
antisymmetry: aPb and bPa resultsin a =b for every
a,be A . For a partial order is used a special notation
<.if a<b and a #b, then it is written a <b and say
that a is less b . Therecord a <b means that a is less
or equal to b . The element a € A4 is called the largest
in A with respect to partial order < for 4, if b<a for
every b e A; the least - if ¢ <b. The elements ¢ and
b of the set A are named to be comparable with
respect to the partial order < for 4, if a<b or b<a.

Partial order < for A is called the linear order on A4, if
any a,be A are relatively compared <. The set, on
which a partial order is specified, is called partially
ordered; linear - linearly ordered or chain.

The binary relation Q for Bx A is called an
inverse to the relation P for AxB, if it satisfies
condition: aPb is equally matched to »Qa for every

ae A and be B. The operation * which corresponds
to each relation P for Ax B the relation opposite to it
P* for Bx A, is called the converse the relations P .
The factum of the relations P for AxB and Q for
Bx A is called the relation R for AxC, satisfying the
condition: for any ae€ 4 and ceC the predicating
«exists b € B, such that aPb and bQc» equally match
the predication aRc. The operation o, which puts in
correspondence the relations P for AxB and Q for
BxC their factum PoQ for AxC, is called the
multiplication of the relations. The factum H =FoG
of functional relations ' and G and corresponds to the
function 4 = gf , is called the superposition of functions

f and g, of the corresponding relations F and G . If

xF oGy, thenitis written y=g((f(x))=gf(x).
Algebra of the relations for A is called the set of
all binary of the relations on A with the operations

defined on it U, n, , o and *. In the algebra of the
relations, all the basic identities of Boolean algebra are
valid. The role of operations =, - and ' in the algebra of
the relations, they perform the operations of union,
intersection and addition of the relations. Operations o

and * obey the following identities:

(P") =P, ™)
(PoQ)oR=Po(QoR), ®)
(PoQ)* =P* 0", ©)

P =(P/, (10)

(PUO) =P" UQ", (1)
(PRO) =P O, (12)
Po(QUR)=(PoQ)U(PoR), (13)
(PUQ)oR=(PoR)U(Q°R), (14)

Which, together with the basic identities of the Boolean
algebra, are considered the basic identities in the algebra
of the relations. The analogue of the last two identities
for the operation M is incorrect, instead of them there
are inclusions
Po(QNR)c(PeoQ)N(PoR), (15)
(16)

The character P, QO and R denote arbitrary binary

(PAQ)oRc(PoR)N(Q°R).

relations on A4 .
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2. Predicates

Let's consider a formal language, the algebra of
finite predicates, with the help of which predicates
realized by the subject can be mathematically expressed
[1]. First, let's consider the algebra of logic, which is
used to use the introduction of the algebra of predicates.
Let's introduce the set 2 ={0,1}. The symbols 0 and 1

are called Boolean elements. The symbol 0 is called
zero or false, the symbol 1 is one or true. Variable,
defined for set 2 , is called Boolean. Boolean variables
will be denoted by lower case letters of the Greek
alphabet.

The single operation 8 = a , displaying the set ~
itself and defined by the equalities

0=1 (17)

and

1=0, (18)

is called Boolean negation.

Double operation y =a v f, reflecting X 2 for
Y and defined by the equalities

0v0=0, (19)
ovl=1, (20)
1vo=1, 1)
Ivi=1, (22)

is called a Boolean disjunction or Boolean addition.
Double operation y=aApfB=a-f=af, reflecting

>? for X and defined by the equalities

0A0=0, (23)
0Al=0, (24)
1A0=0, (25)
Inl=1, (26)

is called a Boolean conjunct or Boolean multiplication.
The set X, together with the operations defined
on it , v and A, is called algebra of logic. The
algebra of logic is a kind of Boolean algebra. The role
of operations +, - and ' in algebra, the logic performs
operations v, A and . In the algebra of logic all the
basic identities of Boolean algebra are valid. Functions

obtained by superposition of operations “, v oand A 5
are called Boolean functions. Boolean function

a>B=avp 27
is called the implication, the Boolean function
a~pB=(a>p)r(a>p) - (28)

the equivalence.
The predicate P, defined for U", is called any
function ¢ = P(x;,x5,....x, ), reflecting the set " to

the set X' . The variables xj,x,,...,x, are called subject,

and their meanings are objects. If n =1, the predicate
P is called unary, if n=2 — binary, if n =3 — ternary.
At an arbitrary value »n the predicate is called » -ary. if
the set U is the final, the predicate P is called finite,
otherwise - infinite.

A predicate equal to one for every set of values of
its arguments, is called identically true; equal to zero -
identically false.

These predicates are denoted by the symbols 1
and 0.

Disjunction or logical addition of predicates P
and Q is called the predicate Pv Q, values of which at

any xp,X,,...,Xx, €U are determined by the formula

(29)
=P(x1,%p,....%, )V O(X1,%,...,%, ).

The conjunction or logical addition of predicates
P and Q is called the predicate PAQ=P-Q=PQ

with the values
(30)

The negation of the predicate P is called the
predicate P with the values

(ﬁ)(xl,xz,...,xn) =P(x,%p,....%, ). 31
On the right-hand side of (29) - (31), the signs v,

A, is denoted the Boolean disjunction, conjunction
and negation. On the left-hand side of the same

equations, the signs v, A, " are denoted operations of
disjunction, conjunction and negation of predicates.

The set of all n -ary predicates, assigned for U" ,
on which the operations of disjunction, conjunction and
negation are defined, predicates is called algebra n -ary
predicates for U .

The operations of disjunction, conjunction and
negation of predicates are called basic for the algebra of
predicates.

The algebra of predicates at any value n is a kind
of Boolean algebra. In it all the basic identities of
Boolean algebra are satisfied.

In the algebra of predicates, the role of the
elements 0, 1 and operations -+, and ' perform
respectively the identically false and identically true
predicates and operations of disjunction, conjunctions
and negations of predicates.

Predicates of the form:

X =

a |l ecmx;=a,
(32)
0, ecrux; #a

are called basic for the algebra of predicates. Here

i=1n, a — any element of the universe U . If the
universe is finite and consists of &k the elements, then
everything is available kn of the different basic
elements.

The algebra of predicates is complete in the sense
that any of its predicates can be represented in the form
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of a certain superposition of basic operations that are
changed to basic elements.

The predicate x;' is called the recognition of an
object a under the variable x; .

For item recognition at any i = Ln the following
identities are valid:

Law of truth
v oxf =1, (33)
acU
law of negation — for any a e U
xi'= v xl-b (34)
belU
b#a
law of falsity — for any a,b e U , if a # b , then
xxb =0, (35)

The record v
acU

operation that is executed for every a, belonging to the
universe U .
If universe is final U ={x,x,,....x; }, then the

means the logical sum of the

newly derived identities can be rewritten in the form:
of the truth law i =1,n

a a
X2

a
’ Vv k=1,

(36)

law of negation — for any i = Ln and j= Lk

1

a; a a aj-1 aj+ a
x,/ =xtvx? vy T vl viovxgk, (37)

law of falsity — for any i=ln, j=1,_k and j =1

a; q
x; 7 x;t =0.

(38)

Let P — the relation, defined for U”. The
predicate P , values of which are calculated by the rule

(39)

1, ecnu (x1,%,,...,%, ) € P,
0, ecnu (x1,%,..,%, ) & P,

is called the predicate, relevant to the relation P . To
each relation P for U" corresponds its own predicate

P for U" and vice versus. The presence of such a one-
to-one correspondence between the relations and the
predicate makes it possible to write mathematically any
of the relations in the form of some formula of the
predicate algebra over which the values of the predicate
corresponding to this relation can be calculated.

For example, to the relation

P={(nana) (mama)}

corresponds the predicate P, values of which are

determined by the formula

P(x),%x,%3,%4 ) = X5x4 (X x5 v x{"'x3" ).

The variables x;,x,,x3,x4, the figures appearing
in the formula can be interpreted meaningfully as the
names of the first, second, third and fourth places of the
elements in the sets forming the relation P (counting
from the left is wrong).

The recording xy =n,x, =a,x3 =n,x4, =a means
that in this case it is a matter of typing (n,a,n,a), on
the first and third places of which there is a letter 7,
and on the second and fourth - the letter a .

Any predicate P, preset at U", can be expressed
by the following formula of the algebra of predicate

(40)
(a,ay,..an JEP

is called the perfect disjunctive normal form of the
predicate P (abbreviated as CDNF the predicate). The
entry on the right-hand side of (40) means that a logical
summation is carried out over all sets of objects
(a),a,...,a,), which is part of the relations P,
corresponding to the predicate P .

Cartesian product A4 x4, x...xA4, of the sets
A xAx..xA4,cU

A x Ay x...x 4, values of which are determined by the

corresponds  the  predicate

formula
(A x Ay x..x A, )(X1,%p,...%, ) =
=41(x ) Ay (x3 ). A, ( X, ).
Here 4; — the predicate, corresponding to the set
4 i= Ln, standing at i - place in a Cartesian product
A=A x Ay x..xA4; x..x 4, . Its values are sought by
the formula

Ai(x;)= v xi.
acd;

(41)

If the set 4; is final (4, ={aj,a,,....a; }), Then

the wvalues of the corresponding predicate are
determined by the formula

Ai(x;)=x"vx? v vk, (42)

The expression of the sets 4; of formulas (41) and
(42) reveals the following important fact: it turns out
that predicate A4;(x;), corresponding to the set 4,
Describes not only this the set itself, but also its place in
the Cartesian product A= A4 x 4y x...x 4; x...x A, . This
place is represented by a variable x;. So the expression

of the set 4; the predicate A4;(x;)=x/" v x? v..vx/*
characterizes the set more fully than the record
A ={a,ay,..,q;}.

Let's consider, for example the Cartesian product
A=MxM, where M={ab}. To the set M,
standing in first place in A, according to (42) there

corresponds a predicate M (x; )= x{ vxlb . To the set
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M , standing in second place in 4 and having the same
number and the same composition of elements, there

corresponds another predicate: M(x, )= x5 v xé’ .
Let P — the relation, defined for the Cartesian
product A=A x Ay x..x4,, where

A xAyx..xA, eU . The relation P can be formally
expressed by any predicate P, defined for U”, which
satisfies the condition:  P(xy,x,,...x,)=1, if
P(x,%y,...,x,) =0, if
(X1,%p,...%, ) € A x Ay x...x A, | P . Outside the region

(x1,%p,...%, )€ P

A x Ay x...x 4, of the value of the predicate P an be
chosen arbitrarily. The fact of setting the relations P on
a Cartesian product 4 formally expressed by a system
of equations

A](xl)zla Az(}Cz):l,,,,, An(xn)zla
bounding values of variables xj,x,,...,x, of the sets
4.4,...4,.

Trying to describe in the language of predicate
algebra the relation of equality D, defined for U , we
find that there is more than one predicate corresponding
to this relation D, but a whole family of predicates
D(x;,x;) (i#j, i,j=1n), which depend on all
possible pairs of arguments.

Thus, we are forced to distinguish between the
relations of equality, depending on where in n-
component set are the elements associated with this
relation of equality.

To the equality D, connecting the elements in # -
component set on j-m and j-m places, there

corresponds a predicate D, whose values are

determined by the formula:

D(x;,x;)= v xi'xg. 43)

acU
If the universe is finite (D ={a;,a,,....a; }), then
formula (43) can be written in the form

__a a, a ag _ag
D(xl-,xj)_xl- X VXX VL g E

! (44)

Let's call the set the same if the corresponding
predicates depend on the same variable. Let the same
type of the set 4 and B correspond to predicates

A(xl) and B(xl)
AU B these sets correspond to the predicate

(AVUB)(x;)=A(x;)v B(x;).

(i=1n). Then the union

(45)

To the intersection AN B of the sets 4 and B
corresponds the predicate

(ANB)(x;)=A(x; )~ B(x; ). (46)
To the addition 4 of the set A4 corresponds to the
predicate

(A)(x;)=A(x;). (47)

It is seen that the union, intersection and addition
of predicates coincide, respectively, with their
disjunction, conjunctions and negations, (29) - (31). In
the same way, the disjunction, conjunction and negation
of predicates corresponding to these theses correspond
to the unification, intersection and addition of the
relations. It can be shown that at such a definition of
operations U, M and ~ for the sets and of the relations
they will satisfy all the basic identities of Boolean
algebra.

We note that an empty set & corresponds to the
predicate

D(x;)=0 (48)

for every x; eU . The universal set U corresponds to
the predicate

Ulx;) =1 (49)

for every x; eU . Similarly, to empty and complete

relations correspond predicates identically false and
identically true.

Conclusions

The predicates of different orders correspond to
concepts of a different level of abstraction.

The solution of algebra of finite predicates (AFP)
equations can be interpreted as a creative activity of a
human.

Due to the presence of such a broad meaningful
interpretation, even the purely mathematical
development of the AFP allows at the same time to
advance the development of the theory of intelligence.

The minimization, decomposition, solution of
equations, identical transformation of formulas are the
important tasks of the theory of intelligence. In this area
there are obtained already significant results.

Thus, the AFP formulas can be directly interpreted
as phrases of the natural language; the predicates
denoted by formulas - as human thoughts; operations on
the predicates - as human intellectual activity. The AFP
equations are interpreted as the laws of thought. The
minimization of formulas is directly connected with the
laconism of speech.

The decomposition of formulas corresponds to the
dismemberment of the text into separate sentences in the
process of speech.
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BigHomennsi i onmepanii Hax NpeAMKaTaMHu B Teopii iHTeIeKTy
Kynxaip Aben Tamep

Meta. Metoto crarTi € po3pobka (hopMaIbHOI METOAMKH TeOpii IHTEIIEKTY, a caMe po3poOKa MOZEINI i aKCiOMaTHKU Ha MOBI
anreOpu KiHIEBUX npenukari. IIpornoHyeTbcs BBECTH CHCTEMY OIepaliif 3a BIAHOCHHAMU Ul IOOYIOBH aireOpu BiIHOCHH.
Mertoau. Y crarTi BUKOPHCTaHI METOIM aireOpu KiHLEBUX IpeUKaTiB, OyineBa ayirebpa i akciomarnunuii meron. Pesyibrarn.
V crarti OyB pO3BMHEHMH MaTeMarM4YHUH amapar Teopii iHTenekry. Po3poOimeHo Mozeni Ta akcioMaTHKy BiJIHOCHH Ha MOBI
anreOpy KIHIIEBHX IIPEIUKATiB, BBEJCHI omepamii Haj TaKUMU BiJHOCHHAMH, SIK I1H'€KIS, €KBIBAJICHTHICTh, CIOP'€KIis,
KBa3iMOPS/IOK, YAaCTKOBUH IOPSIOK, LMPKYLIWis i 100yrok BimHocuHH. [loOyrmoBana anreOpa BiZHOCHH. AKCiOMaTHIHO
NPU3HAYAEThCS CUCTEMa OMepaliif HaJ INpeaukaTamMu B aiureOpi CKiHUCHHHMX IIpeIUKarTiB, a came: OyneBe 3arepedeHHsd,
JTU3'TOHKIIIS, KOH'TOHKIS, IMIDTIKAIlisl, €KBIBaJICHTHICTh. BBOAATHCS OCHOBHI IpenykaTH (NpEeIuKaTy pO3ITi3HABaHHS O0'€KTiB).
BucHoBkn. IIpemukary pi3HUX INOPAZAKIB BIAIOBINAIOTh IOHATTAM IHIIOrO piBHA abcrpakuii. PimeHHs piBHAHB anreOpu
KIiHIIEBUX IPEIUKaTiB MOXHA IHTEPIIPETYBAaTH sSIK TBOPYY IiSUIBHICTH JIOAMHU. Uepe3 HasBHICTb TAKOi IIMPOKOI i 3MiCTOBHOI
iHTepIpeTallii HaBiTh YUCTO MATEMATHYHHMI PO3BUTOK anreOpu KiHLIEBHX IPEAUKATiB JO3BOJISE B TOH )K€ 4ac CTHUMYIIOBATH
PO3BUTOK Teopii iHTenekry. MiHimi3allis, JAEKOMIO3HULis, PIIICHHS PiBHSHb, TOTOXHE IE€PETBOPEHHA (HOPMYI € BaXKIMBUMHU
3aBJIAaHHAMM TEOpii IHTEIEKTY.

KaruoBi cioBa: Teopis iHTeNnekry; anredpa CKiIHU€HHHUX IPEAUKATIB; KOMIIApaTOpHa iJeHTU(IKaLlis.

OTHOLIEHUSI M ONIePALMH HAJ PEAMKATAMHI B TEOPHH HHTE/LIEKTA
Kynxanp A6en Tamep

Ies. Lensto cTathy sBIseTcs pa3paborka GopMaNnbHONR METONMKH TEOPHH MHTEIUICKTa, a IMEHHO pa3paboTka MOIEIH 1
AKCHOMATHKH Ha s3bIKe anreOpbl KOHEYHBIX IPEIUKaToB. lIperiaraercst BBECTH CHCTEMY ONEpAldid 10 OTHOLICHUSM IS
HOCTPOEHHUsI AJIreOpbl oTHOIIeHNH. MeToasl. B craTbe HCIIONB30BaHbI METONBI alredpbl KOHSYHBIX NIPENKATOB, OyeBa anredpa
U aKcHOMaTH4ecKuil MeTon. Pesyabrarbl. B crarbe momydmn JanpHelInee pasBUTHE MareMaTHYeCKUH amapar TeopuH
UHTeJIeKTa. PazpaboTaHbl MOLENM U aKCHMOMATHKa OTHOLICHMIT Ha s3bIKe aureOpbl KOHEUHBIX IPEIUKATOB, BBEICHBI ONEPALuH
HaJl TAKIMH OTHOLICHUSMY, KaK HHBEKIHS, S9KBUBAJICHTHOCTD, CIOPBEKIIHS, KBA3UIIOPSOK, YACTHYHBIH HOPSIOK, IUPKYIIILHS 1
NpoM3BeNeHHe OTHomeHusA. IlocTpoeHa anrebpa OTHONICHHI. AKCHOMAaTHYECKM HA3HA4aeTCs CHCTeMa Olepamuili Haj
IpefUKaTaMi B anreOpe KOHEYHBIX IPEINKAaTOB, a MMEHHO: OYIeBO OTPHIAHHE, AU3BIOHKIWS, KOHBIOHKIMS, MMILTHKALM,
9KBUBAJICHTHOCTb. BBOIITCS OCHOBHBIC NpEIUKATHl (IIPEIHMKATHl paclo3HaBaHUs OOBEKTOB). BuIBoABI. IIpemykarhl pasHBIX
HOPSAKOB COOTBETCTBYIOT ITOHATHSIM JPYroro ypoBHs abcTpakuuy. PerieHne ypaBHeHHH anreOpbl KOHEUHBIX HPEIHKaTOB MOXHO
MHTEPIPETUPOBaTh KAaK TBOPYECKYIO NEATENBHOCTH 4YeJOoBeKa. [I3-3a HauMuuMs Takod INMPOKOH M  COHeprKaTelbHOH
MHTEPIPETAUUH JaXe YUCTO MAaTeMaTH4eckoe pa3BUTHE aireOpbl KOHEYHBIX INPEAUKATOB IO3BONSET B TO K& BpeMs
CTHUMYIUPOBATh PA3BUTHE TEOPUH HHTEIUICKTa. MUHUMU3AlWs, JACKOMIIO3MIMS, pELICHHE YPaBHEHHi, TOXACCTBEHHOE
npeobpasoBaHue GOPMYI ABIAFOTCS BaXKHBIMH 3aJa9aMH TEOPHHI HHTEILICKTA.

KawueBbie cioBa: TCOpUsl UHTCIIJIICKTA, anre6pa KOHCYHBIX IIPEAUKATOB; KOMIIapaTOpHas I/II[CHTHq)HKaHHH.
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