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Abstract

In columns-based intelligent systems, basic problems serve as the basis for solving all other problems. The article deals with the solution of
basic problems for the pattern regions, which originally arose as a natural means of ensuring operation in the presence of interference. Basic
concepts and definitions are given. The formulation of basic problems for pattern regions is described and their solution is given using a
general universal method based on an element-by-element comparison of patterns. Further, the solution of basic problems for pattern regions
using a more efficient intersection method is considered. The solution scheme and an explanatory example are described in detail. In
conclusion, it is shown that memorizing pattern regions under certain names means memorizing the IF-THEN rules, in the conditional part
of which connectives AND, OR, NOT and variables with a universal quantifier are used.
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1.INTRODUCTION

Pattern regions have emerged as a natural means of solving basic problems under interference conditions. In columns-based
intelligent systems, basic problems serve as the basis for solving all other problems.

Columns-based intelligent systems are universal systems that are considered within the following model [1, 2].

There is, albeit a very large, but finite set of names U , intended for naming objects of an arbitrary nature. Without loss of
generality, the set of names U s considered to be a finite subset of the set of integers Z .

In the set of names Y non-overlapping subsets are distinguished, which are called name domains. The number of allocated
name domains is not constant. New name domains can be introduced at any time, and additional elements can be added to any
name domain. The allocation of name domains in real subject areas can be caused by various reasons (for example, typing).
One of the most important reasons is the need to ensure that there are no accidental coincidence of names in different parts of
a large-scale system.

Any finite set of names belonging to one or another name domain is called a pattern.

. Y
The patterns of any set of patterns P can be renumbered using the names of some name domain ~ °:
P={plieU}

An ordered pair (. p) is called a column. The column is denoted as (lp) , Where I _is the column name, Pi _is the column
pattern. The notation = Pi is also used. In this case, the column name 1 is said to be a reference or pointer to a column
pattern Pi In turn, it will be said about the pattern Pi itself that this pattern has a name I or is known by the name P (It

should be noted that the element Pi € P, obviously corresponds to the pair @, p) and column (ilp) . The notation (lp) is
redundant and is used for convenience.)

The mapping plion is called name mapping.
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Naming an pattern P with a name i , Or giving an pattern P aname , means that the definition of the name mapping ? an
addition (' P) is made such that ?() =P

The name !, which has not yet been used to name patterns is called a pure or empty name.
By default, the name mapping is considered to be one-to-one. All cases where this is not the case are considered separately.

So, if the same pattern P has several names , then the so-called pattern factorization takes place. To name mapping p1=>p

(1= €U, |o(i)=p}

all names ' of the pattern P form an equivalence class . The one-to-one correspondence between

the pattern name and the pattern is preserved, but in the form o:lil—>p , Where the name mapping o:lil—>p is defined as
o([iD) = (i) for Vi <[] . As a result, several columns b =P can be replaced with a single column [i1—>p :
p..p p
T =7
[ [i1={i..... i}

iy

If several patterns P« have the same name | , then factorization by name takes place. In this case, we consider the inverse
mapping g . All patterns P« form an equivalence class [p1={p. Pl (p.) =i} . The one-to-one correspondence
between the pattern and its name is preserved, but in the form o [Pl —>i , Where the inverse mapping o [Pl is defined
as o ([p]) = (ofl(pk) for v €[] . As a result, several columns i = p, can be replaced by a single column i —[p] :

P P [P1={Pi s P}

T =7

i i

Moreover, if each of these patterns P consists of only one name P :{'k}, then as a result of factorization by name, several

columns —{i} can be replaced by one column g UY 'm}, since [pl={i, ... Irn}:

{34 {0}
tot = 1

i i
An index is any finite set of columns. The composition of any index can be changed by adding or removing columns. These

operations are called addition and subtraction and are denoted by + and —. In the example below, to the index A is added |

columns (i | pk):

A+ (1P

If in the above example the patterns P are equal and consist of one name P :{'}, then due to factorization by the pattern,
the above sum can be written as:

A+Z(ik {i}) = A+(p{i})

where the pattern P =T 1}

Obviously, the index can be represented as a table consisting of entries of the form "column name — names included in the
column pattern". Such a table in vertical form consists of columns of variable height. In the bottom row of the table, under the
line, are the names of the columns. Above the name of each column, all the names included in the column pattern are listed. By
default, column names and names in patterns are considered to belong to different name domains.

If the patterns are unordered sets of names, then the order of the names in the column patterns can be arbitrary. Below, as the

simplest example, there is an index A with patterns in the form of unordered sets, consisting of three columns @ 3}),
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If the patterns are ordered, then the names in the column patterns are written in a certain order, for example, from bottom to
top, i.e. the first pattern name is in the first row above the line, the second one is in the second row, and so on. Such an order of
notation is adopted in this article and in other works devoted to column-based intelligent systems.

A columns-based intelligent system consists of one or more indexes and a mechanism that works with them, called a column
engine. Receiving information about the outside world in the form of patterns, the column engine forms new columns, modifies
existing ones, removes unnecessary ones, and performs all other operations with columns.

Knowledge in the systems under consideration is represented by columns, and the process of accumulation of knowledge is
based on the memorization of new patterns under certain names. Obviously, the elementary basic problems, without the solution
of which the functioning of such a system is impossible, are the direct problem (given pattern, obtain its name) and the inverse
problem (given a name, obtain the corresponding pattern). Memorization of new patterns is carried out as a part of the direct
problem. If, when solving the direct problem, an unnamed pattern is found, then the column engine assigns a certain name to it
and saves the corresponding data.

From a formal point of view, memorizing any pattern under a certain name always means the formation of the corresponding

column q pi). At the same time, this does not mean that data will be stored in this form inside the system. The internal
representation of the stored data is determined only by the method for solving basic problems and the way this method is

implemented. The internal representation may differ significantly from the formal description in the form of a column (ilp) .
An example of a method for which the formal description coincides with the internal representation of data is the method based

on element-by-element pattern comparison. In other cases, the formed column (m) , will most likely be stored in an implicit
form, and the solution of basic problems will not only show its existence, but also allow you to get its pattern by the column
name, and its name by the pattern.

Solving basic problems, the column engine actually implements in the direct problem the transition from an pattern to a name

by reference Pi =1 and in the inverse problem the transition from a name to an pattern by reference '= B This provides
the basis on which the solution of all other problems is built. The solution to any such problem is a sequence of references until

the result is obtained.

Since everything is finite in the model under consideration, the solution of basic problems always exists. At the same time, the
already mentioned method based on element-by-element pattern comparison is a general universal method for solving them.
From the point of view of theory, this is enough to evaluate the possibilities of solving various problems using columns-based
intelligent systems. However, if we talk about the practical application of such systems, then more efficient methods for solving
basic problems, especially problems of large dimensions, are needed.

One of the possible methods for more efficient solution of basic problems is the intersection method. The idea of the intersection
method goes back to the book index. In it, for each rubric, there are many pointers to those pages of the book where this rubric
can be found. A query from several headings obviously corresponds to the intersection of sets of pointers for these headings.

In the early 2000s A.M. Mikhailov showed that the intersection method can be used to pattern identification [8, 9]. Within the
framework of the emerging direction, called the index approach, the intersection method is used mainly in solving problems of
pattern recognition [10, 11].

Based on the results of [8, 9], the author proposed a variant of the intersection method intended for research in the field of
columns-based intelligent systems [1, 2]. It was used to solve basic problems for patterns in the form of unordered finite sets,
for patterns in the form of finite sequences or vectors [7], and also for patterns in the form of finite multisets [3]. It was used to

. n m
show the possibility of implementation in columns-based intelligent systems of arbitrary functions f:ut->U

f:B"—>B"

, including
arbitrary Boolean functions , Where B={0.1 [4]. In addition, the possibility of implementing arbitrary relations

(predicates) ' <U" in such systems was shown [5], as well as the possibility of solving basic problems under incomplete
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information, when for one reason or another only a part of the original pattern enters the system [6]. Under interference
r
conditions, pattern comparison is performed with an accuracy that is specified using some metric PP, P) . As a result, the

formulation of the basic problems changes, which in this case must be solved for pattern regions A(p)={p'eP|p(p, p)=r}
. In [7], the solution of basic problems for pattern regions is given, which are specified using the Hamming metric. Since the
use of a metric is not always possible, in this paper we consider a more general case when pattern regions are a direct product
of the ranges for each of the coordinates. For these pattern regions, the solution of basic problems is given and the possibility
of implementing a logical inference with variables is shown.

The next section describes the formulation of basic problems for pattern regions. The solution of these basic problems with the
help of a general universal method based on element-by-element pattern comparison is considered. Then the solution of basic
problems is given using the intersection method for the pattern regions in the form of a direct product of the ranges of values.
Finally, in conclusion, it is shown that these pattern regions serve as the basis for implementation a logical inference with
variables.

2. Basic problems for pattern regions
The need for regions of patterns arises, for example, in the presence of interference. In this case, the comparison of patterns is

performed with an accuracy that is specified using some metric PP’ P) . It is believed that if for an unknown pattern P and

pattern Py by name s PP, )<Y , then an unknown pattern P thisis pattern by name i (with precision PP )T

). In this regard, the concept of a new pattern is changing. As a new pattern is considered only that pattern P , for which there

is no pattern Py by the name | such that PP )T :

As a result, if the system has memorized some pattern Pi named | , then in fact the name Fis given to all patterns of the pattern

region A ={p<Plp(p. p) < r}. The name | can be interpreted as a region A

¢7A:¢A ¢A:pi—>Ai

i name. The corresponding name mapping

@, 1> A

o]
i is equal to P , Where — is a one-to-one correspondence between the pattern Pi and the

il :
region A (for a given T), Pp 1B is the name mapping for patterns P composition of mappings

(fl © fz)(x) = fl( fz (X)) )
Based on the foregoing, the basic problems for pattern regions are formulated as follows.

In order to solve the direct problem for any pattern P , you need to get the names of all known pattern regions A such that

peA ieU

. If such regions of patterns do not exist, then it is necessary to create and memorize under some name A such an

u

pattern region A , that ped . Here =2 —name domain for naming pattern regions.

In order to solve the inverse problem for any name ' GUA, it is necessary to get the pattern region A by name I If the name
I is pure and has not yet been used to name pattern regions, an appropriate conclusion must be made.

3. Solving basic problems for pattern regions using the method of element-by-element pattern comparison

A general universal method for solving basic problems is a method based on element-by-element pattern comparison. It is very
simple and with it you can solve basic problems for any type of patterns, for which element-by-element comparison generally
makes sense. Under noise conditions, element-by-element comparison of patterns is performed with a certain specified accuracy

I, where I' —isaninteger, F > 0.

Further, patterns will be considered in the form of finite sequences or vectors p=(h i) ,1<m<n \which belong to the
set of patterns

n

P:mL:J1Pm P"=U,x..xU,_

u

. . . . =i i . m
where ~k —name domain of the k-th coordinate. The dimension of a sequence or vector p=( i) will be denoted by P
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, e M, =M . For naming pattern peP and corresponding pattern regions A=¢(p) name domain U, will be used.
Element-by-element, or more precisely, coordinate-wise comparison of patterns p=(..1,) €P" and p'= (ilr’ im') eP”
with accuracy > 0 Jeads to regions of patterns

A (p, 1) ={p'eP"|p.(p, P) <1}

which are set using the metric p. (P P) = mslx - ik, l, where My =M

Indeed, for any pattern p'=(, i) €A (P.T) is satisfied | i =T , k=1..m Conversely, if for any k=1...m

’

is satisfied [ =i |£r, then the pattern preA.(p, r). Therefore, pr=(y, i) €A (P, 1) if and only if, when

li =i/ ]<r k=1..m

The scheme for solving basic problems for pattern regions A.(p.1) using coordinate-wise comparison with accuracy I' has
the following form.

A

One index “» is used which consists of columns (il pi), where Pi — pattern for pattern region AP 1) , Is known by the
name !.
Initially A =9 ,where 9 _is the empty set.

peP be given, for which it is necessary to solve the direct problem. The pattern P

|a) e A,

Direct problem solution. Let any pattern
is coordinate-by-coordinate compared (with accuracy ') with the patterns & of all columns @

all known pattern regions A.(a,1) membership ped,(a,r) is checked and a set of names S,={ieU,|peA,(a, )}
is formed.

. Thanks to this, for

If the set of names S, # , then it is a solution to the direct problem, since it contains the names of all known pattern regions

Ss :@, then such pattern regions do not exist. The pattern P is new and needs to be memorized. The column engine

If
chooses any pure name heU, for it and performs the addition A+ (i [ p) , 1.e. to the index Ay acolumn (,1p) is added.
Memorizing an pattern P means creating a new pattern region A.(p.1) named 's. If in the future for any pattern
S, will be contained at least one name ' .

ieU

prea.(p.1) will be solved the direct problem, then the set of names

A it suffices to take the pattern & of the

A\ there is no column named i ,then !

Solution of the inverse problem. To solve the inverse problem for any name

A (&)

column (ila)eA, . The desired pattern region is equal to . If in the index

—is a pure name.

4. Solving basic problems for pattern regions using the intersection method

As was shown, a coordinate wise pattern comparison with accuracy I leads to pattern regions A.(p.T) . Moreover, any pattern

p'eA, (p,r)cP" —i/|<r k=1..,m m,=

i m
if and only if when li, . Therefore, the pattern region A.(p.1) can be

represented as a direct product
A (p.1)=8,%..x5,

s ={i, €U, li —i/ <1} k=1, s, U

where M Set of names k is named the range of values of k-th coordinate.

Further, the general case will be considered, when any range of values S is an arbitrary non-empty name set 5 <U, . This
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is due to the fact that the use of metrics to define pattern regions is possible, as a rule, only at those levels of the system that are
directly related to the receipt and processing of quantitative information. For example, these can be patterns containing the
parameters of the object's movement. At higher levels of the intelligent system, each pattern can contain extremely
heterogeneous information, both quantitative and qualitative. And here the assignment of pattern regions with the help of a
metric either loses its meaning, or even becomes impossible.

So, for patterns in the form of finite sequences or vectors p=(liy) P ,lsms<n e pattern regions in the form of a

direct product 2 =% %-+*8n will be considered, where % *< d cU, Uy

domain of the k-th coordinate.

— range of values of k-th coordinate, — name

Ranges of values and the membership problem

Any range of values S is an pattern in the form of an unordered name set. Therefore, the direct and inverse problems are

formulated and solved for it in the usual way. In order to solve the direct problem for the range of values S , You need to obtain

its name. In order to solve the inverse problem for any name Iy €U O

U

sk, it is necessary to obtain the range of values “k, known

o, cU,

by name s Here “s¢ — name domain for naming ranges of values

A=6,x..x6

However, in order to solve the basic problems for the pattern regions m we need another inverse problem, which

is called the membership problem.
In order to solve the membership problem for any name U
o, cU i, €0,

k it is necessary to obtain the names of all known ranges of

values k such that

Let us first consider the simplest case, when the ranges of values are specified in advance and an index A ={Asr s Ak for

1)

the membership problem and an index B; ={Bs, - Bsn} for the inverse problem for the ranges “k are formed.

For each name eU, to the index A a column (185 is added, the pattern of which Ay # contains the names of all
ranges S =U, such that ' € 5k. Obviously, in order to solve the membership problem for any name b €Uy , it suffices to

take the pattern 3 of the column (i [ag) € Ay

B b, b, cU

k by name s Let any name be given
S by name Lo

The index —¢k consists of columns (i 1by) , where

i €U

— is the range of values
sk for which it is necessary to solve the inverse problem for the ranges of values. The range of values

is equal to the pattern b, of the column (5 [B) € By . If in the index B there is no column named ' , then o pure
name.
Here you can clearly see the differences between the two inverse problems. The inverse problem for ranges of values is the

s = 0

transition from the name of the range of values to the range of values. The membership problem is also an inverse

i, —ay iU Ay,

o, cU

k is made from the name k to the pattern Ak , where the pattern

h €0,

problem. But when solving it, a transition

contains the names of all ranges of values k such that

In the general case, ranges of values of a given type are created during system operation. In this case, the membership problem
is formulated as follows.

In order to solve the membership problem for any name h €U
o, cU €0,

k it is necessary to obtain the names of all known ranges of

k such that ' I €U

O,

values . If such ranges do not exist, it is necessary to create and memorize under some name

i, €0, i; €U

, that . The name

Memorizing a new range of values under a specific name means that a direct problem must be solved for it. As a result, each
S s €U 5

such a range of values sk js in this case the solution to the membership problem.

stored range of values “k will have a single unique name . In this case, when solving basic problems for ranges of

values, the intersection method is most convenient [7]. First, the basis of the intersection method is that the pattern 85k of any
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o, iy €0,

such that . That is, the index of the direct

problem for ranges simultaneously provides a solution to the membership problem. Secondly, any new range of values S is
indeed new, since by construction it differs from all known value ranges of the k-th coordinate. Therefore, there is no need to

7(Ass S ){i} [7].

column (i 85) € Ay contains the names of all memorized value ranges

check its novelty and calculate the intersection

To solve the membership problem using intersection method we will use: indices A ={Asys s A} and B, ={Bu. - Bb‘"},

A k=1..n

where "k and By _ are the direct and inverse problem indices for the ranges of the k-th coordinate,

The scheme for solving the membership problem has the following form.

In the initial state 25 =1 An}=D By ={By, ... By} =0

Uy

Let for any name b€ it is necessary to solve the membership problem. For this, a pattern 85k of the column (i [a5) € Ay,

is taken. The pattern %5« is a solution to the membership problem since it contains the names of all known ranges of values

9 Ui such that ' €9k,
If in the index A there is no column named ' , this means that there are no ranges of values 9 <Uy such that '« € 5k. The
column engine creates a new value range S =U, of the given type, for which h € 5k. Moreover, this will be a really new
range of values, since this is the only range of values that contains the name k. To memorize the new range 5k, the column
engine chooses any pure name b €U for it and performs additions [7]:
A+ S s D = As + X G 1in D)

i €6y
By + (i 16,) ’
i.e. to the index A are added 161 columns (i, |{'5k}), and to the index Ba a column (5 [5,) is added, where IS]_

number of elements (cardinality) of the set S,

The name ' is a solution to the direct problem and the membership problem.

O are memorized that contain the name 'k , then, due to factorization by name, a pattern

i, €U, the

If in the future other new value ranges
4 of the column (i [850) € Ay, the names of these value ranges S will also be added. Thus, for any name
solution to the membership problem Ay # and | 2 |21.

iz eV

B

The inverse problem for ranges of values is solved in the usual way. Let any name sk be given. Range of values S by

name ' is equal to the pattern b
—is a pure name.

k of the column (i 10) € By _If in the index Ps« there is no column named ' , then Lo

Basic problems for pattern regions in the form of a direct product of value ranges
The formulation of the basic problems for the considered pattern regions remains unchanged.

In order to solve the direct problem for any pattern p=(iin) e P, Isms<n s necessary to obtain the names of all

A=06,x...x3, peA

known pattern regions such that

! EUA, it is necessary to obtain the pattern region A by name I If the

name ! is a pure name, then an appropriate conclusion must be made.

In order to solve the inverse problem for any name

Consider any pattern p=( i) e P, l<m<n By solving the membership problem for all coordinates of the pattern P ,

X..xa agy =3

you can get a pattern set P.(p)=a, om where — is the solution of the membership problem for the name b ,

which is the value of the k-th coordinate of the pattern P
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It is easy to show that any pattern Py € Pu(P) corresponds one-to-one to such a pattern region A | that pe A.

Indeed, let Py = (s 1) € Py (P) , where o € Qs , K=1...m . Obviously, the pattern Pa corresponds one-to-one to the

A=6,x..x8, o,

pattern region , Where “k — is the range of values by name s In this case, the name Ik , Which is the k-th

coordinate of the pattern =) , belongs to the value range S by name L , 1L.e. peA=5x...x0,
The name of pattern Py = (s s o) can be interpreted as the name of an pattern region A=0,x..x5, . The corresponding
name mapping Pyl A4 equals s =9°Pnn , Where PP A is a one-to-one correspondence between the pattern

A=8,%..x8, Ppa 1> Py ieU, U,

Pa = (s, Tsp) and the pattern region — is the name mapping for patterns Pa,

— is the name domain for patterns Pa and pattern regions A=¢(p,) .

Therefore, to find the name of the pattern region A=¢(p.) , it is sufficient to solve the direct problem for the pattern Pa.

A ={A,

To solve basic problems for patterns Pa using the intersection method, we will use: an index A} for the direct

problem, an index Bs for the inverse problem, as well as given by the set of ordered pairs @i, m;) function Ma (i) , Which will
store the dimensions of known patterns Pa [71.

S, cu

In addition, name set A will be used.

The scheme for solving basic problems for pattern regions A=6,x..x5, ,1<m<n has the form.

A=0 B =0 . ,m{=0

Initially "2 and

Direct problem solution. Let an pattern be given P=( i) e P, I<m< N for which it is necessary to solve the direct
problem for pattern regions.

For a pattern P is set S, =9

For all names 'k, that are pattern coordinates p=(i e 'm), the membership problem is solved and a set of patterns

Po(p) =ay x...xa, Ay ay #D 4o,

m s formed, where — is the solution of the membership problem for the name k. Since

any k , then the set of patterns P(p) =< . Moreover, if exists k , for which e >1, then |Pa(P)] >1. This means that the
pattern P belongs to several pattern regions at once.

peA

Each pattern Py = (s, Bsn) € Py (P) corresponds to a pattern region A=¢(p,) , that . To find the name of this pattern

region, the direct problem for the pattern Pa s solved.

For the pattern Pa the intersection is calculated
(A, pA)(i) = krjlaAk

A s the pattern of the column (i [ay) € Ay , I

ien(A,, p,

where sk —name that is the k-th coordinate of the pattern Pa [7].

If n(A,, pA)(i) # O m,(i)=m

, then I _the only name that is the
Sa

i such that
peA

and there is at least one name

name of the pattern Pa and the corresponding pattern region A such that . The name | is added to name set

In all other cases, the pattern Py = (s b)) is new and must be memorized. The corresponding region of patterns

A=0x..x0, is also new, where S _ is the range of values by name 5. The column engine chooses for the pattern Pa any
pure name €U, and performs additions [7]:
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A+ Py HILD ={Au + (51 1.3, o Au + (s [}

By +(is | Pa)

m,()U (i, m)

The name ' is the solution to the direct problem and is the name of the pattern Py = (s oer ) and the corresponding pattern

A=9,x...x3, peA

region such that . The name '» is added to the name set Sa .

S, =0

After the direct problem has been solved for all patterns Py =ys 1) € Py (P) , a set of names will be obtained.

The set of names Ss is the solution to the direct problem for pattern regions, since it contains the names of all known pattern

A=06,x.. x5, i) €A

regions such that pattern p= (i

Solution of the inverse problem. To solve the inverse problem for any name 'EUA, is taken a pattern b, of the column

(i) eB, . If in the index B, there is no column by name i , then I _jsa pure name.

Ifin the index Ba isacolumn (12 then Pa = (o1 lon) =B 1he desired pattern region is equal to A=0x..x 5,

oy J

, Where

— range of values by name s For ranges of values “k the inverse problem is solved. Range of values O by the name L

is equal to the pattern by of the column (i D) € By , k=1, m’ where By ={Bs, - Bin} _ index for the inverse
problem for value ranges.

EXAMPLE. Let " =3 and for all name domains U =7 . For simplicity, we will assume that the value ranges are set in

advance, and in each name domain U, there are three ranges: range of values o, =1 2,3} by name 1, range of values

Ase and B for ranges of

S, =13, 4,5} by name 2 and range of values 5, ={56,7} by name 3, Therefore, the indices
values are the same for all K and have the following form:

Ax B

RPN W

5
4
3
2

N |
SV N
AN
gl w
olw
~N|w
wlon o

Let also the indices AA, B, and the function m, (i) have the form:

AAl AAZ AAS

-
WIN W
RIN W

Ba

2
1
3 mj2|3]3
3

-
NW W

:(11 3) A1:51X53

.=0312)

It is easy to see that are remembered: under the name 1 pattern Pa and pattern region , under the name 2

pattern Py =(313) and pattern region A, =0, X51X53, under the name 3 pattern Pa and pattern region

A, =0, %0, %0,
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Let the direct problem for the pattern regions be solved for the pattern p=(26) . It solves the membership problem. For h =2

a a;,) € A 852 =2

52 of the column | of the pattern P belongs to range of values
6

56 i, =6 of the

pattern k is equal :{1}, i.e. coordinate

by name 1. Similarly, for I, = pattern s of the column (6lass) € Ax s equal =13} ie. coordinate

pattern P belongs to the range of values by name 3. Therefore, the set of patterns Py =<3} consists of one pattern

(A Py =1} and m, @) =2

Py = 3). For the pattern Py =@13) the direct problem is solved. The intersection i.e.

=13

the pattern Pa — is the pattern by name 1. Therefore, the pattern p=(2.6) belongs to the pattern region A , which is

known by name 1.

If the pattern p=(62 5), then the solution of the membership problem for all its coordinates will give a set of patterns
Po =842, 3 ={Pu Pac} yhere Pu=(12)  Pro=G13) pperefore pattern p=(6.2.5) belongs to two

(A, Pudg ={8F m,(3)=3

pattern regions at once. Solving for patterns Pa and Paz direct problem, we get and

A L =42 _ _
1A Paz)oy =4 }, M,(2) =3 This means that the pattern pP=(625) belongs to pattern regions by name 3 and 2.

Let P=(TD) ror it the pattern Pa = 3.2) , the intersection 1A Pa)o =12, 3}, put Ma(2)=m,(3)#2

=31 A=06,%x0,

. Therefore, the
pattern Pa
apure name 4 for them and performs additions A+ (py [{43) , B, +(41p,) , m, (i)HU(4,2) . As a result, we get:

and the corresponding region are new. It needs to be memorized. The column engine chooses

At Az Anz
4 4
3 3
1 2 2 1 3 2
1 2 3 1 2 3 1 2 3
Ba
3 2 ma(i)
3111 ij1]2]3]|2
1 3 3 3 mi2(3|3|4
1 2 3 4

If for the pattern p=(7.2) again solve the direct problem for the pattern regions, then again we get P =G, 1). The

n(A,, pA)(i) ={2,3,4} and m,(4)=2

intersection . This means that the pattern p=(7.1) belongs to the pattern region A

named 4.

Suppose now it is necessary to solve the inverse problem for the pattern region A by name 3. For it, the pattern Pa s equal

@lb,) B,

to the pattern b of the column , e P, =G1, 2). It follows that the pattern region A is a direct product

A=38y%6,%x6, of the value ranges named 3, 1 and 2. Solving using the index By the inverse problem, we obtain
6, =15, 6, 7}' 6, ={12,3} and 6, ={3, 4'5}.

5. Logical inference

Initially, pattern regions A=6 x...x0, arose as a natural tool that provides the possibility of solving problems in the presence
of interference. However, it immediately turned out that the presence of pattern regions means the presence in the system of
local classification and local generalization. In the first case, this makes it possible for the system to solve complex classification

- Journal of Pharmaceutical Negative Results | Volume 14 | Special Issue 1 | 2023 m




problems. In the second, it provides the ability to form multi-level structures with more and more common names (concepts)
when building invariant representations. The pattern regions play the most important role in the implementation of inference
with variables.

In intelligent systems with forward-chaining (data-directed inference), reasoning proceeds from data to possible outcomes. An
inference engine uses facts and knowledge base rules to generate new facts. Usually, IF-THEN rules are used, which consist of
a left and a right part. The left side or prerequisite describes the conditions under which the rule can be executed. The right part
of the rule describes the actions that are performed when the rule fires.

. . . . . . p—i
Consider now an columns-based intelligent system. In it, the transition from the pattern to its name P can be seen as a
step of the data-directed inference. In this case, the names included in the pattern play the role of conditions in the premise of

i .
the rule, and the name of the pattern ? is the result of the execution of the rule.

P . i
Indeed, let there be an pattern p=(il;...iy) P by name P . If for the pattern P solve the direct problem, then its name

P will be obtained, i.e. if there is an pattern, the value of the first coordinate of which is equal to the name '1, and the value of

the second coordinate of which is equal to the name 1, ,... and the value of the m-th coordinate of which is equal to the name

i i . .
I , then the name P will be obtained. In other words, there is a rule

. - - i
IF"AND 2 ... AND '™ THEN .

p—

i
The role of the inference engine in this case is played by the column engine, which solves the direct problem P and thus

performs the step of the data-directed inference.

In the given example, the conditions in the premise, represented by the elements of the known pattern P , are connected using
a connective A (and). There is no connective V (or), negation — and variables. In order to be able to talk about the
implementation in columns-based intelligent systems the rules of the data-directed inference, it is necessary to show the
possibility of implementing arbitrary conditions expressed using connectives A, VvV, — and variables.

Variables with a universal quantifier ¥ will be considered, which are quite often used in rule-based systems. If the normal

condition in the prerequisite is satisfied when the names l = then the condition with such a variable is considered to be

Vi, €3, 5, cU

satisfied for k is called the range of variable, and the name s of the range of values

S

. The range of values
is called the variable name. Thus, in fact, a variable is a named value range or column (5 1) .
Let any pattern region A=06,%0,%...x 0, be given such that for at least one range of values 1, |>1, i.e. the pattern region

A contains more than one pattern. Let us show that the pattern region A corresponds to the general rule that uses variables
with the universal quantifier.

i,)eP

. . =(i,i i .
Again consider the pattern p=( 1., named . As shown, it corresponds to the rule

- - - I
IFY"AND "2 . AND 'm THEN
or in another entry
AT A AT
@i, i,, .., )eP

Obviously, for an arbitrary fact represented by the pattern p= , the conditional part of this rule is satisfied

only ifall M of conditions ' =% are met, i.e.if P = P.

Now let under the name ' the system remember the pattern region

A=l xd, xiyx...x1,

s, e 16,151

where “2 — value range by name ls
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When solving the direct problem, the name "4 will be obtained for any pattern pe A, ie. if % =N for K#2 ang vl & 52,

then ' The corresponding IF-THEN rule can be written as

b Ay A Ay =y

where %52 —is a name of variable with a range of variable 52. In other words, the premise of this rule uses a variable by name

52 with a universal quantifier in the range of variable %
. .,

name %52 of any name 2 €92

, i.e. the second condition is met when substituted for the variable

In this case, we have a general rule formed using a variable named 52 The premise of this rule is the pattern region

A= X8, Xy X Xy . Moreover, if the premise in the form of the pattern P uses the connective A, then the premise in the

form of an pattern region also uses the connective V.

Ly }cU

Indeed, let the range of the variable S =, - 2. This means that the second condition of the prerequisite is satisfied

L . .
if 25 b1 or b2 | or s . Therefore, the rule under consideration can be rewritten in the form

L ATy Avaly =iy = Ay Ve Vi) A Al =i,

Obviously it replaces I rules:

by Al A Ay 2y

b Ay A ATy

i.e. is a general rule.

The range of a variable can be specified in the same way as any other range of values. Complex ranges can be obtained using
Boolean subset algebra operations:

O A G =046, ’
OqV 6, =0, U6, ,
-0, =U, \ 3, ’

s 5 U U\ S, u S

where k, complement 1 is the set of names that are in ~ % but not in

Of greatest interest to us is negation, since it allows us to introduce negation into the conditions of the rule.

Let there be some variable named ' with a range of variable 5k, i.e. column (5 1) , Where b €U , 9 =V, .
The negation of a variable is understood as a variable with a range of variable U\d, . By denoting the name of this variable
_'i5k €U5k . we get

_‘(iék |5k) = (_'isk |Uk \§k)’
or
—(ig | 0) = (—lg |ﬁ§k),

because Y« \& ==,

For the correct definition of the negation operation, it is necessary that the variable name satisfies the equality
—=lg = —(lg) =g .Then —lg =g , =0, =9, and ==l 16) = (15 16,) )

There are various options for defining the name sk 50 that the equality Tl = Lo carried out. In the simplest version, into

- Journal of Pharmaceutical Negative Results | Volume 14 | Special Issue 1 | 2023 ﬂ




u Vig €U

the name domain ~ sk paired negative names (negative integers) are added. Then for sk negation can be defined as

g =~y . As a result il = _(_Iék) =y .

Obviously, negation applies not only to variables, but also to any elements of the premise. So, in the premise

A=0, X8, X..xI, X..x 5 —i, €U o, =U \{i,}

the negation of a name % is a variable by name sk with a range of variable

In conclusion, it should be noted that as soon as an columns-based intelligent system is able to remember patterns under
interference conditions, at the same time it is able to remember general rules and perform inference with variables.

6. ResuLts
Pattern regions have emerged as a natural tool that provides a solution to problems under interference conditions. In this case,

the pattern comparison is performed with an accuracy that is specified using a certain metric PP, P) . It is believed that if for
an unknown pattern P and pattern Pi named i is p(p. p)<T , then the unknown pattern P _isan pattern by name i (with

precision P FiS = . erefrore as a new pattern on yt at pattern 1S considered, for which there 1s no pattern i names
ision P(P: P)=T) Theref ly th P is considered, for which there i p
I such that PP P)=T .

As a result, if the system remembers some pattern Pi named , that's actually the name i get all patterns from pattern region

A

A ={pePlp(p. p)< r}_ Therefore the name | of the pattern Pi can be interpreted as a region ~i name.

Proceeding from this, the basic problems for the pattern regions are formulated.

In order to solve the direct problem for any pattern P , it is necessary to obtain the names of all known pattern regions A such

peA ieU

that . If such regions of patterns do not exist, then it is necessary to create and memorize under some name A such

an pattern region 2 | that P €1

In order to solve the inverse problem for any name ! EUA, it is necessary to obtain the pattern region A by name b 1f the

name ! is pure, an appropriate conclusion must be made.

A general universal method for solving basic problems is a method based on element-by-element pattern comparison. With its
help, you can solve basic problems for any type of patterns for which element-by-element comparison makes sense. The paper

considers patterns in the form of finite sequences or vectors p=(...1,)eP , l<m<n

Under conditions of interference, coordinate-wise comparison of patterns p.peP is performed with a certain specified
accuracy I'. Such a comparison means the use of pattern regions A.(p.1)={p"ePlp.(p, )= r}’ where the metric
2. (P, p'):m;axlik _ik’ |

The scheme for solving basic problems using the method based on coordinate-by-coordinate comparison with accuracy
i [=0 i =i, |£r.|nthiscase,the

differs only in that when comparing coordinates, equality is replaced by inequality

pattern region A.(p.1) can be represented as a direct product A.(p.1) =8, x..x5, , Where O =i eVl i —i |=r}
is the range of values of the k-th coordinate.

A=5,x..x5,

Further in the paper, we consider the general case when the pattern regions are a direct product , where the

5, 5 <U, k=1,..,m

range of values “k is an arbitrary non-empty name set

A more efficient method for solving basic problems is the intersection method. To use it for pattern regions A=0x..x5, it
is necessary to solve a special inverse problem, which is called the membership problem. It is formulated as follows.

i, €U, o, cU

To solve the membership problem for any name k such
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that ' €%

Vi, €U a

Asn} is created, such that for ok of

I €0,

In the simplest case, the ranges are predefined. An index A ={Asy o
A o, cU

k pattern

the column Ck 12s) € k such that

If ranges of a given type are created during system operation, then a simplified intersection method is used for the membership
problem. The solution scheme has the form.

A&l’ ey A(;n}ZQ’ B5 :{Bgll ey Bé‘n}:®.

k contains the names of all ranges

In the initial state 2% ={

Solution of the membership problem. For Vi, €U, pattern &k of the column (i 185) € Ay is a solution to the membership
problem, since it contains the names of all known value ranges 5 <Uy such that ' € ék.

. . A, : i o, cU : : i €9,
If in the index "k there is no column by name '« , a new range “k k of the given type is created such that '« =~ ~k. The

column engine chooses any pure name b €U for it and performs additions As + (8 Hind) , Ba + (s [5) . The name

s js a solution to the membership problem.

ay =9 a, |21

As a result, always and |

Vi €U i b

Solution of the inverse problem for value ranges. For sk range of values by name ‘¢« is equal to the pattern “« of the

column (i5 1b) € By . If in the index B there is no column by name s , then '« —isa pure name.
vl )EP

Now let any pattern p=, be given. For all coordinates k of the pattern P you can solve the membership problem
and get a set of patterns Pa(p) =a, x...xa,, , [P (P)] 21, where &k s the solution of the membership problem for the
name Y. It is shown that there is a one-to-one correspondence P, _>A, which to any pattern Py = (s lsn) € Py

A=6x..x0, such that P € A. Therefore, the name of the pattern Pa can be interpreted as the

matches the pattern region
name of the pattern region A=¢(p,) . Moreover, to solve the direct problem for the pattern region A=¢(p,) such that P € A

, it suffices to solve this problem for the pattern Pa.

The scheme for solving basic problems for pattern regions A=0,x... x5, has the form.
Initially A ={A, AAn}:Q, B, =0 and mA(l):®l
Direct problem solution. Let any pattern be given p=( i) e P. For all coordinates of the pattern P the membership

XX 8y, =D

problem is solved and a set of patterns P(p) =2, is formed.

(A, Py

For every pattern Py €Pu(P) the direct problem is solved. For this, the intersection Jo is calculated.

A, %) i A, . i) = ; .
If 1A P # €Ay Py such that M () M then | — the only name that is the

SA

and there is at least one name

name of the pattern Pa and pattern region A=¢(p.) such that P € A The name ! is added to the name set

i,eU

In all other cases, the pattern P4 is new and needs to be memorized. The column engine chooses any pure name A for it

and perform additions A+ (py {1} , B, + (i, 1P, and m, UG, m) . The name ly is the name of the pattern P and
the corresponding pattern region A=¢(p,) such that P € A. The name ' is added to the name set Ss .

S

The set of names “4 , obtained after solving the direct problem for all patterns Py €Pu(P) , is the solution of the direct problem

A=6,x..x6

for pattern regions, since it contains the names of all known pattern regions m such that the pattern

p=(iy.ip) €A
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Solution of the inverse problem. For viel, pattern Pa known by name i , Isequal to the pattern b, of the column (ilb) B,
. If in the index B, is no column by name i , then I _isa pure name.
Otherwise, the desired pattern region for the pattern Pa=(ys s lom) is equal to A=6x..x 3, , Where S _ is the value

range by name s The value range by name s s equal to the pattern by of the column (i 105) Bffk, where

By ={Bss s Bsn} _ index for the inverse problem for the value ranges.

Initially, pattern regions A=6x..x5, arose as a natural tool that provides the possibility of solving problems in the presence
of interference. Later it turned out that they serve as the basis for implementation in columns-based intelligent systems of
inference with variables.

In rule-based systems, the inference engine uses facts and IF-THEN rules to generate new facts. In an columns-based intelligent

p—>

system, the transition from an pattern to its name P can be considered as a step of the data-directed inference. In this

case, the names included in the pattern play the role of conditions in the premise of the rule, and the pattern name P is the
result of the execution of the rule. The role of the inference engine is performed by the column engine, which solves the direct

p—

i
problem P and thus performs the step of the data-directed inference.

i i L AL A AT I
In) € P by name P corresponds to the IF-THEN rule * N A Al
represented by the pattern p'=(, 1,1, )eP

are met.

The pattern p=(i ;.. P . For an arbitrary fact

, the conditional part of this rule is satisfied if M of the conditions he =k

A=0,x...x0, provides the possibility of implementing the rules under which connectives

Memorization of pattern regions

A, Vv, = and variables with the universal quantifier ¥ are used. Such a variable is understood as a range of values

name ' . If the usual condition in the prerequisite is met when the names !
i Vi, €d,

k =k , then the condition with the variable by name

s is considered to be satisfied for

A=06,x06,x..x3, i |A|>1

It is shown that if there is any pattern region by name "4 such that

to a general rule that uses variables with a universal quantifier.

, then this region corresponds

A=l %0, xiyx...xi

m named iA7 where 52 :{i21, ceny i2|}CU2

L Ay A ATy =iy =1

So, for example, an pattern region , matches the general rule

. . . . I
b Ay Vo Vig) A Al — by that replaces I rules

. The premise of this rule is satisfied
for I =i, (K#2)and Vi, €0,

Complex ranges can be obtained using Boolean subset algebra operations: Sa N b2 =03 , SV 82 =6aUd; ,

—6a =U g . The negation operator allows you to define the negation of a variable.

o)

If there is a variable named 's with a range of values “k, i.e. column (5 [5) , then the negation of a variable means a variable

with a range of values 0 =U NS 1 we designate the name of this variable s« € Us , then (i 10 =y [=6)
For the correct definition of the negation operation, it is necessary that the variable name satisfies the equality
—ly = =(5la) = o Then — Tl =l , 79 =0 and =5 16) =05 18 1 the simplest case, this can be achieved

u

by using in % negative names (negative integers). Then negation "ok = Yk and Tk = ~(Fla) =l

Memorizing patterns and pattern regions under certain names means memorizing the IF-THEN rules, in which conditions the

connectives A, v, — and variables with the universal quantifier V' are used. Thus, inference is an intrinsic property inherent
in columns-based intelligent systems.

7. ConcLusioN
Columns-based intelligent systems are systems that, despite their simplicity, have great potential. Arbitrary functions and
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relations (predicates) can be implemented in them, they can solve problems of the classification type and work under conditions
of incomplete information. Pattern regions arose as a natural tool that provides the possibility of solving problems in the
presence of interference. At the same time, pattern regions provide the possibility of inference with variables, which once again
demonstrates the versatility of columns-based intelligent systems.
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