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Abstract

We mainly study the voting model. The article considers recognition problems with disjoint
classes. These problems are, in a particular case, a discrete analogue of the problem of
finding optimal solutions. Not only the problems of synthesizing the best solutions, but
also other important classes of applied problems are reduced to recognition problems. In real
calculations, there is no need to remember all the parameters P, - &,, that determine the
proximity function for the recognizable object and the sets K ;. It is enough to limit ourselves
to only a small part. The values of the parameters g;; P;; in problems with disjoint classes
are determined independently for each class.

In this paper, we describe methods that allow you to select the parameters &; P;x depending
on the values of the k-th feature a; on the objects of the original information. An algorithm
for selecting the parameters P;; that determine the proximity function for the recognizable
object and the classes K; has been developed. and the choice of parameters &;i, defining
the proximity function in recognition problems with non-overlapping classes. A method
for constructing a support set for a recognition algorithm in problems of classifying objects
with disjoint classes has been proposed. A numerical method for finding optimal values
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of the parameters g;, P;, defining the proximity function in recognition problems with non-
overlapping classes based on solving systems of Boolean equations and searching for irre-
ducible table coverage has been developed.

Keywords: Numerical method, Finding optimal values, Recognition, Non-intersecting
classes, Systems of Boolean equations, Irreducible table coverage, Correct algorithm.

1. INTRODUCTION

In recent years, the solution of applied problems of classification, recognition and forecasting has
received great development [ 1, 2]. In many real cases, the solution scheme remains the same, the set
of possible solutions is divided into subsets in such a way that one subset includes solutions that are
close in some metric [3, 4]. In the future, the solutions that fall into one subset are not distinguished,
and all objects corresponding to these solutions are assigned to one class. Information is described
past experience is presented in the following form: various objects are described in some way
and their descriptions are divided into a finite number of non-overlapping classes. When a new
object appears, a decision is made to assign it to one or another class. It is proposed to choose
a generalized algorithm that would achieve extreme forecasting quality [5-7]. Let us consider
algorithmic models for solving classification problems. Among these models, we can highlight
the most common ones when solving applied problems. The article considers recognition problems
with non-overlapping classes. To solve these problems by algebraic methods, the article proposes
a computational algorithm that is much simpler in description and much more effective. These
problems are, in a particular case, a discrete analogue of the problem of finding optimal solutions.
Not only the problems of synthesizing the best solutions, but also other important classes of applied
problems are reduced to recognition problems. In the algorithmic approach, it is shown that each
algorithm A can be represented as A = B X C of two operators, a recognition operator B and a
decision rule C [8-12].

The paper studies an algorithmic model for calculating estimates and proves the existence of an
optimal algorithm in this model. For problems with non-overlapping classes, a computational
algorithm that is much simpler in description and significantly more efficient is constructed [13].
Methods are developed that allow for more economical encoding of the operator B, which will
reduce the required memory and more efficiently use the constructed correct algorithms for solving
applied problems.

This paper investigates the parameters &;; P;r, which determine the proximity function for the
recognizable object and classes K; (P, is the weight of the v-th feature in the reference object S;)
[14-17]. In problems with non-overlapping classes, the values a;; are determined independently
for each class. We will describe methods that allow us to select the parameters €4 P;;x depending
on the values of the k-th feature a;; on the objects of the original information [18, 19].

To calculate the values of the parameters &;; P;x, we will assign, as was done earlier, the sign (+)
to the objects of the sequence if they belong to the class K;. And the sign (-) if they belong to the
class CK; [20-27].

3535



https://www.oajaiml.com/ | March 2025 Alimdzhan Babadzhanov, et al.

This allows us to write the sequence as follows:S*", 772, §7%, g+ g+ §7%_ Let the set of
admissible objects be divided into two classes: K; and CK; [28-31]. Let it also be known that
objects S, ..., S belong to the class K, and objects S*1, ..., 89 belong to the class CK;.

This article solves the problem of optimal selection of parameters P;, , &;,, which determine the
proximity function in problems with disjoint classes.

A method for constructing a support set for a recognition algorithm in problems of classifying
objects with non-intersecting classes is proposed. A numerical method for finding optimal values
of the parameters &;; P;; that determine the proximity function in recognition problems with non-
intersecting classes is developed based on solving systems of Boolean equations and searching for
irreducible table coverage.

2. SELECTION OF PARAMETERS P;, , &;, DEFINING THE PROXIMITY
FUNCTION IN PROBLEMS WITH DISJOINT CLASSES

2.1 Selection of Parameters P;, .

Consider the value pr(air, bir),t = m, that is, the distance from the value k — that feature on the
object S, in the training table 7},,,,;, then the values of the same feature in S* from S:

Pk (@ik, bik) . ... pr (aik, bix) € K (1)
Pr (@iksbrs1) - . pi (aiks bgr) € CK; (2)

When determining the parameter P;, in real problems, two cases are possible:

1. aji - value of k — th attribute in S; and S; € K;;

2. aj - value k —th feature in S; and S; € CK;;

In the first case, the parameters P;; - are determined proportionally to the ratio of the sum of the
distances from the k — th feature of the object S; in the training table 7},,,,;, to the values of that same
feature in $* from §9, §* € CK; to the sum of the distances of feature k — object S; in the training
table 7,1, to the values of the same feature in $* from S () K ;.

To avoid division by 0, we add 1 to the denominator. Then we determine the value of the weight
P using the formula:

[p (aixber) + ...+ pi (aikbgr)]
[p (aikbik) + ...+ pi (aixbi)] +1
In the second case, the value of the weight of the feature in the reference object is determined by
the following formula:

01 _
Pik_

3)

[Pk (aixbix) + ...+ pi (aixb:r)]

PQQ _
[Pk (aikbix) + ...+ pr (aixbgr)] +1

ik —

4)
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We will also describe the second method of determining weights. Let us introduce the concept of a
correct pair (S, S) (S € K; S¥ € CK;) for the sequence:
St g7z g7 gta (5)

Definition: Pair ($*,S") (" € K; S¥ € CK;) from the sequence S*'1, 72, §73, ., §¥%4 is called
correct with respect to (S*, r)u =u (v,w),r =r (u,w) if

P, (aur,bywr) < Py (ur,bywr) 1 <v,w < q,vEw,1<r<n (6)
This means that the object S* € K occurs earlier than the object ¥ € CK; in the sequence
S ST S, S, '
In this case, PY! is determined proportionally to the ratio of the number of correct pairs N (I, k) to
the total number of pairs 7 - (¢ — t), that is:

t-(qg-1)

Now, let’s change the concept of a correct pair, and for this case we will calculate the value of the
weight P02,

A pair (5", SV) is called correct with respect to (S%,r) if in the sequence S*, ..., S~ the object
S¥ € CK; occurs earlier than S € K. That is, for a pair ($",S5"), S" € K, SV € CK; from the
sequence S“1 S~ §7is . S*a the feature r is such that:

P, (ayr,bur) < Pr (ayr,byr) 1 <v,w < g, vEw,1<r<n (7

Then the formula for determining P92 will have the following form:
t- ( q -
N (I k)

We can define P0 as the sum of all PO! and PY2 by first selecting the parameters & and S as a+8 = 1,

ur
aPOl + gPY2 = or as the product PO = pil. po2

=P, ®)

MV’

2.2 Selection of Parameters c;;.

The proximity function B (€, S, K;) is a threshold and depends on the values of the parameters S;, .
Let’s arrange the objects of the sequence S*1, §72, §~i3 §~i4 §+i5 9§49,

In ascending order of the value of p (a;x, bsr) t = H, we arrange the objects with equal element
values in an arbitrary manner.

For pairs (5,8V),S" € K;,8” € CK; we define the values that separate these pairs. We take
different values of g for:
pik (@iv, bix) 5. . ., pr (@ik, brk) )
Pik (@iks brerng) - - - Pk (@iks bgk) (10)

r(ik)

Let these values be equal to &7, ..., £,

For pairs ($",5"),S" € K;,S” € CK; the following cases are possible:
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1. pr (air, bux) = pr (@i, bur), then a;; does not separate these pairs.
2. pik(aik, bix) > pi (aik, bux) , Si € K;j — does not separate
3. pk (aik, bik) < pr (aik, bux) , Si € K; — divides

All parameters of the group &/, except for the parameters &, are chosen so large that the inequalities
are satisfied:

Pv (arv,biv) < &py,i = 1,2,....q (11)
The parameters €;,i = 1,2, ..., g are chosen so that the inequalities are satisfied:
Pi (@i, bik) < ik < pr (iks buk) (12)

Such a choice of parameters &;,, occurs when $* € K;, S € CK;. Thus, we obtain a partition using
the threshold &;¢, the values of which belong to the numerical half-segment composed of the values
[pk (aik,bir) < pr (aik, byvi)]. When constructing algorithms for solving recognition problems,
logical recognition methods are used, based on discrete analysis and propositional calculus based
on it.

A new area of application of logic algebra methods is the problem of recognizing objects, where not
only quantitative relationships between quantities characterizing the processes under consideration
are essential, but also the logical dependencies connecting them.

A task for which the methods of logic algebra are applied can, for example:

- establishing various sets of features of a recognizable object, the consideration of which,
along with already known ones, would lead to a certain conclusion about the type of object.
The algorithm for recognizing objects based on logical methods was developed by Yu. M.
Zhuravlev.

Let the set of objects {S} be divided into classes K;, j = 1,...,m and the features i = 1,2,..., N
are used to describe the objects.

All objects are described by the same set of features. Each of the features can take values from
different sets: {0, 1} O-feature is not expressed, 1-feature is expressed; {0, 1, A} A - information
about the feature is missing. The information is presented in the form of a training table T},,,,;.

The problem is as follows: It is necessary to find such &; that each pair ($%, S") is separated at least
once.

The solution to this problem can be reduced to finding solutions to Boolean algebraic equations

81-11](1US{QkQU...E;;kPU...US?;IQU...U=1 (13)

In order to preserve the form of the logical connection in the written form, we introduce a constraint
for each group of logical terms (i1k1) (i2k2) ... so that only one logical variable 8?,{ takes values
equal to 1 and the rest 0.
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If we write such Boolean algebraic equations with the introduced restrictions on the Boolean vari-
ables for all objects from the set {S}, then we will reduce to a system of Boolean algebraic equations:

1 2 r 1 -2 3 r 1 r—1 -r _
gilkl'8i1k1"""9i1k1U‘9i1k1'Silkl"9i1k1""'SilklUU”'USilkl""'silkl"gilkl_l
(14)
-1 2 2 1 -1 3 r 1 r-1  _-r _
Silkl-silkl'...~8i1k1U8i2k2~8i2k2-8i2k2~...-8i2k2UU...U8i2k2-...'8i2k2~8i2k2—1
(15)
-1 2 2 1 -1 3 r 1 r-1  _-r
Silkl"9i1k1""'Silklugizkg'Sigkg"9i2k2"""9i2k2U"'U‘ginkn""'Si,,k,,,"gilkl (16)

The solution of this system of Boolean algebraic equations will give us a set £ separating all pairs of
the set of objects {S}. Two group of equations are actually necessary in order to preserve the basic
structure of the previously described correct algorithms, in which any pair of control objects SV, S*
is divided by a support set containing one pair (r, ), where r = (u,v) ,t =t (u,v).

In real calculations, the formation of a system of pairs dividing objects of the control set can be done
in a much less rigid way.

In the control population $9, we select subsets $¢ () K, S9 () CK; and denote them by K;, CK ;. We
take an arbitrary training object S; and fix in it an object with feature .

Case 1. S; € K;. As before, let us consider the set of distances p; (air, b1¢) , - ... pt (@ir, bge). It
is easy to see that only values in the given sequence of distances can be selected as values of the
parameter ¢. If we set €;; = p; (air, brr) .1 < k < g or g;; = Cyy,, then all objects $* of the control
sample for which p; (a;;, b,:) < Ciy, Will receive a zero score. Therefore, it is desirable to choose
the value Cj;, in such a way that the inequality is satisfied for the largest number of objects from
S belonging to the class K ; and, accordingly, is not satisfied for the largest number of objects not
belonging to the class K, Z. Let’s make a TABLE 1

Table 1: The largest number of objects that do not belong to class K ;

p: (ir, b1r) ... Py (ait, bqt) If eir = p (air, bwr)

Ni1 e Ng1 Number of objects for which the following have been completed (*)
N1 . Ngo Number of objects from CK; for which inequality (*) is not satisfied

As an approximate value of ;; we can take p (a;;, by,¢) for which the value
Niyw + Noy, = max,W=1,¢q (17)

Case 2. S' e CK ;. Carrying out similar reasoning and denoting as in the table by Ny,,, Na,, the
number of objects of class K; for which the inequality p; (ai;, bus) < Ciy, -

Is not satisfied and, accordingly, the number of objects of class CK; for which it is satisfied, we
arrive at the same selection condition: Ny,, + Na,, = max, W =1, .

The described procedure is computationally efficient and allows one to easily determine all thresh-
olds &;; in the recognition algorithm.
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The threshold calculation algorithm &;; described above may not provide sufficiently accurate recog-
nition only in the case when the division by each feature covers a large part of the control objects,
but a small part of the non-separable objects remains the same for all pairs. This is a fairly rare case,
but it can still occur when solving practical recognition problems.

In such a situation, it is possible to use an algorithm that is more labor-intensive than the one
described above, but less labor-intensive than the algorithm associated with solving a system of
Boolean equations.

3. CONSTRUCTION OF A SUPPORT SET FOR THE RECOGNITION
ALGORITHM

In the training table, the value of the k-th feature for the i-th object is allocated, i.e. the value is g;,
and the entire column in the set of control objects is also allocated, i.e. values

D1k, boks ..., byk.

As noted earlier, as the value g;; of the thresholds &;; one can consider only:

Pr (aik, b1k) s pr @ik, bar) . - ., pr (@i bgk) (18)

If among the latter there are identical numbers, then the total number of values &;; decreases
accordingly. We will solve the problem of recognizing control objects, in which the training table
consists only of elements a; and the column b1, . .., by is recognized. Recognition is carried out
for a fixed class K;, 1 < j < [. The simplest recognition rule is applied:

1) S; €K;
a) pr (ajx, bar) < & = assigns one vote for class K; to object S”.
b) pi (aik, bar) > &1 = assigns one vote for class K; to object S%.
2) S; €K
a) pr (aix, bar) > &ix = the object S is assigned one vote for the class K.

b) pr (aik, bax) < &;x = the object Sg is assigned a vote for the class K.

For given numbers (i, k) and the selected value of g, the sets of all contrpl objects u (i, k, &;1) that
received the vote in the above-described procedure one vote and a set K; of objects that actually
belong to the class K ;.

Two sets are introduced:

MY (i, k,&ix) = M (i, k,eix) N K ; - a set of objects incorrectly recognized by the described proce-
dure.

The sets M (i, k, &) , M? (i, k, £;) are formed byi=1,mk = 1,n, gix = pr (@i, bix) ...,
Pk (@ik, byk) thus the total number of sets M (i, k, &ix) = M? (i, k, &ix.).
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Does not exceed the value n - m - g.

Let
M= %MQ (i, k,&ik) » ik = pi (aik, b1k) s - - -, P @ik, bgk) (19)

=1,m
k=1,n

The non-emptiness of the set M means that there is a control object incorrectly recognized by all
a; for all possible values of &;%.

Otherwise, the construction can be carried out without resorting to a rather cumbersome general
theory.

4. RECOGNITION ALGORITHM FOR THE CASE WHEN THE SET IS
EMPTY.

We fix the value (i, k, €;%). We associate this triple with a Boolean variable X, &;; for each of
the control objects belonging to the class K;. We select triples (i, k, £;x) on which this object is
recognized correctly. The set of such triples for the object S? is denoted by M,. Forms a logical
equation VX, €ix = 1; Xix, €ix € Mo.

In other words, we require that the support set of numbers (i, k) includes at least one pair (i, k) for
which the object is recognized correctly. By varying r, we obtain the system

VXik,gik = 1;
Xik, €ik € Ma; (20)
r=1,q

The existence of at least one solution to this system is ensured by the emptiness of the set M.

System (20) exactly coincides with the systems describing the construction of dead-end tests; there-
fore, any algorithm for synthesizing all or some part of the dead-end tests can be used to solve it. If
in test theory it is customary to characterize a dead-end test by its length (the number of elements
in the test), then in this case the selection of the best dead-end test should be carried out according
to another criterion.

Let a solution of system (20) be selected in which the unknown with numbers from the set {7, k, ;. } =
O has received the value 1.

When carrying out the procedure with a single training element a;; and a threshold &;;, we fix the
number of errors on the control equal to:

m: (i &) 1)

Then the total number of errors with separate use of elements from Q is obviously equal to:

Q= >, mlamew) (22)
{i.k,eix 1O
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It is required to select a solution (dead-end test) for which the value m (a) is minimal. To reduce
the search when solving the system, first for each pair (i, k) the value (7, k) is fixed that gives the
minimal number of errors, and then only the numbers of the training elements are varied in the
system.

The solution to the system will yield a set of numbers (g%, i, k) that make up the support set in the
voting algorithm.

5. NUMERICAL METHOD FOR FINDING OPTIMAL VALUES OF
PARAMETERS ¢ji, Pix

We will describe methods that allow choosing optimal values of parameters &;, P;x depending on
the k-th feature a;; on the objects of the initial information.

The set of control objects is also divided into two classes K jand C K je

In the training table, the value of the k-th feature is allocated for the i -th object, i.e. values, the
entire column in the set of control objects is also selected, i.e. the values:

b1k, bogs ..., bgk (23)

Let’s define an elementary procedure for selecting the calculation of votes.

Let us sum up all positive contributions when comparing a;, b1k, . . . , bgk and negative contribu-
tions by absolute value.

The total number of positive situations will be written:
I} (&iks Pix) = Pik (24)

The total number of negative situations will be written:
[ (8iks Pix) = |=Pikl (25)

The resulting sum of positive and negative situations depends linearly on the values of the object
weight - —P;;. The threshold values ¢;; are selected from the set:

pi (aiks b1k) s pi (@i, bak) s - - -, pr (@ix, bgk) (26)

If among these values there are identical threshold values ¢, then the total number of values &;,
is reduced.

Below we will describe a method that allows choosing the optimal value of &; and thereby reducing
the enumeration of the set of values {&;x}.

Let us consider two values &, and &7, of the threshold &;x.
Let &7, be no worse (better) than &2, .

1 2 1 2
(Sik >> & € > Sik) (27)
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If these conditions are satisfied, then this can be written as a system of inequalities
1 2 (2
Ih (e) 2 T (63) 28
1 5 (28)
Tik (e7) < Tk (£7,)

or
I (Silk) > Fi2k (8?1() (29)
Fik (S}k) < Fik (S?k)

Value chart g; look like this FIGURE 1:

Figure 1: g value diagram

The resulting set will contain the best dominant values of the thresholds &;.

The set of dominant values &;; will be denoted by D (ik). This set will consist of the values
{0, =Pk, P;x } of the threshold & calculated in positive situations by a certain elementary procedure
for choosing &;.

The optimality of the chosen values of g; is clearly demonstrated by the following theorem.

Theorem: D (ik) is the set of dominant values of the threshold €;y, consists of values of &;; with

o
the same values of T, , T, .

Proof Indeed, if we take some threshold value equal to &;x = L;x, then we can write the following

equality:
" (Lix) + T (Lik)| = qPix (30)

giving the total value of all contributions.
From the construction of the elementary procedure for calculating votes, namely from the property
of calculating —P;; votes, it is clear that any increase in the sum of positive contributions I'* (L;x)

automatically reduces the total value of negative contributions I'™ (L;z) and thereby preserves the
equality sign in (30), which proves the theorem. |

Above, we considered methods that allow choosing the threshold value g;;. To fully define the
proximity function (R, S, K ;) below we will consider methods that allow us to determine the value
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Table 2: The value of the weights P;; for the object S°

J J J
P}l P}2 - P}n
P21 P22 ce P2n

j j j
Pml Pm2 Pmn

of the weight of the object P;. Let the value of the weights P;; for the object S’ be given in the
form of the following TABLE 2.

Let, as before, the set of metrics be divided into two classes:

Pi (aik bik) 5. .., P (aix, bir) € K (31)
Pi (@i, brs1,k) s - - s Pr (aik, bgk) € K (32)

The problem of choosing the optimal value of the parameter P,,,, can be reduced to solving a system
of linear equalities, which can be written as follows form:

Pl -YPl >0
¢ ¥, (33)
{EIPLV_'Z:Piz<:O

Depending on whether the system is compatible or incompatible, we can consider two ways of
solving the system of linear inequalities.

In the first case, we should return to linear closure.

In the second case, the algorithm for selecting the maximum compatible subsystem and solving it
should be used.

The problem can also be reduced to solving a linear programming problem. There is a system of
linear inequalities and one simple constraint on the variables P, > 0.

When solving this linear system of inequalities, the inconvenience is that two opposite optimization
laws max and min operate here:

Pl -YPl >0
{zp-f—zpi, <0 (34
or Z
— max
{Z; = min (35)

under the constraint on the variables P{v > 0.

But these difficulties can be overcome by multiplying by -1 the equations to which the minimization
law applies, and thus the problem is reduced to solving a system of linear inequalities, where a single
maximization law applies to the entire system with one simple constraint on the variables

{P{v >0 (36)

21—22 = Imax
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which can be solved by the simplex method, which will allow us to determine all the values of
the weight P; and thereby complete the definition of the proximity function B (Q, S, K;) for the
recognizable object.

6. CONCLUSION

A method has been developed for choosing parameters P;; that define the proximity function for
the object being identified and classes K, as well as for selecting parameters &;; which characterize
the proximity function in recognition tasks involving non-overlapping classes.

A method for constructing a support set for a recognition algorithm in problems of classifying
objects with non-overlapping classes is proposed.

A numerical method for finding optimal values of parameters &;; P;x that determine the proxim-
ity function in recognition problems with non-overlapping classes is developed based on solving
systems of Boolean equations and searching for irreducible table coverage.
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