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ALGORITHM FOR CALCULATING

THE SIMILARITY BETWEEN HISTOGRAMS
FOR TEXTURE SEGMENTATION

Introduction. An algorithm for calculating the similarity degree between multidimensional
histograms is presented. The proposed algorithm was intended for texture segmentation of
images using histograms as texture features. The need to develop such a special algorithm is
justified by the fact that the methods for estimating the similarity/difference measure between
multidimensional vectors described in the literature provide such measures that are not very
suitable for solving the texture segmentation task. The main peculiarity of the proposed
algorithm is that when calculating the similarity value, it considers not only the corresponding
histogram components, but also takes into account their nearest neighboring components.
Due to this, the algorithm more adequately evaluates the similarity of histograms. The proposed
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algorithm was implemented as a computer program as an integral part of the image segmentation
model. The effectiveness of the histogram comparison algorithm was indirectly confirmed by
the results of texture segmentation of the image segmentation model in experiments on
processing various images, including natural landscapes.

Methods. The task of calculating the similarity between histograms is considered. A special
algorithm is proposed because the analogical methods described in the literature are not very
suitable for solving the texture segmentation task. The main peculiarity of the algorithm is that
it takes into account as the corresponding histogram components as their nearest neighboring
components. Due to this, the algorithm more adequately evaluates the similarity of histograms.
The algorithm was implemented as a computer program. The effectiveness of the algorithm is
indirectly confirmed by the results of texture segmentation of the image segmentation model in
experiments on processing various images, including natural landscapes.

Purpose. The goal of this work is to develop an efficient algorithm for assessing the simi-
larity of histograms, such as brightness histograms and orientation histograms of the texture
windows. The algorithm is based on the idea of taking into account not only the corresponding
components of both histograms, but also the components of their immediate environment.

Results. The main advantage of the proposed algorithm, compared to popular methods of
calculating similarity/difference between objects (vectors), is that the range of similarity
between the compared histograms (from complete similarity to complete difference) is 100%,
while popular methods can offer several times smaller ranges of similarity percentage.

Conclusions. The proposed algorithm provides a wide range of similarity between the
compared histograms which is 100% (from complete similarity to complete difference),
while popular methods can offer several times smaller ranges of similarity percentage. The
algorithm was implemented as a computer program as a component of a model that solves
the problem of segmenting a visual image into homogeneous texture areas. It is worth noting
that the proposed histogram comparison algorithm calculates the similarity measure between
histograms very quickly, since it uses only simple operations.

The effectiveness of the algorithm for texture segmentation of images into homogeneous
texture areas is confirmed by the results in the experiments on natural image processing. The
results obtained in the experiments demonstrate the effectiveness of the algorithm and show
that the algorithm performs correct (from a human point of view) texture segmentation of
a wide range of images. Thus, the effectiveness of the key operation of the segmentation
algorithm, the histogram comparison algorithm, is indirectly confirmed.

Keywords: Image processing, Similarity of histograms, Texture features, Texture segmentation.

Introduction

This paper considers the problem of evaluating the similarity between his-
tograms, that are used as texture features for the task of dividing an image
into texture segments. The problem of texture segmentation of images is a
key one for the analysis of natural visual scenes of various natures such as
landscapes, satellite photographs, medical images etc.

The problem of texture segmentation of images has different comple-
xity depending on the amount of available information about the image
being processed. For example, solving this problem is greatly simplified
if the number of texture segments present in the image is known. The task
is also significantly simplified if samples of texture fragments that need to
be extracted from the image are provided. Using this information, the pa-
rameters of the segmentation algorithm can be adjusted accordingly by
means of training, for example. This approach belongs to the category of
supervised learning, is currently dominant, and presented in a significant
number of publications [1-10].

4 ISSN 3083-6573. Ingpopmayinni mexroaoeii ma cucmemu. 2025. No. 1 (1)
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Another approach to the texture segmentation problem implies that
neither the number of texture segments nor the texture fragment samples
of these segments are given. Instead, the segmentation algorithm extracts
texture regions without any additional information or training, but using
some universal texture features. This approach falls to unsupervised tex-
ture segmentation, [11-21].

Textures may be divided into fine-grained and coarse-grained [13].
Image areas representing objects with discontinuities in depth, material,
illumination etc., correspond to coarse texture segments, while fine-grained
textures are characterized by a smooth change in image brightness and
fine granularity. Texture segmentation of images can be performed both
by selecting areas of coarse texture and by selecting homogeneous seg-
ments of fine-grained texture. The presented approach belongs to the
latter one. It is worth noting that the discrimination of textures to “coarse”
or “fine-grained” is, to a large extent, rather relative. Indeed, by increasing
the degree of image resolution, fine-grained segments may turn into coarse
ones. In the presented work, the size and image resolution are fixed.

The ability to assess the similarity between objects is one of the founda-
tions of both natural and artificial intelligence. However, the concept of “si-
milarity” is an intuitive concept that does not have a strict formal definition.
Nevertheless, the literature describes a variety of mathematical methods and
algorithms designed to determine the measure of similarity between objects.

Calculation of a similarity measure between objects was used to solve
the similarity search (proximity search, best match retrieval) problem, the
purpose of which is to identify database objects that are similar to a query
object. Also such search is called the nearest neighbor search or the nearest
neighbor problem. Similarity measures also are used in many data analy-
sis, statistics, machine learning and other problems related to artificial in-
telligence. Many methods have been developed to measure the similarity
between such objects as vectors, sequences, trees, and graphs [23-28].

The closest to the topic of this work are methods for determining the
similarity/ dissimilarity of vectors of large dimensions. Distance is a mea-
sure of the “dissimilarity” or “difference” of vectors — for example, the
Euclidean distance, Manhattan distance, Hamming distance, Minkowski
distance, Mahalanobis distance, Bulldozer’s distance (earth mover’s dis-
tance, EMD [22-28]). There are also direct measures of vector similarity,
the larger values of which correspond to more similar vectors (for exam-
ple, the cosine of an angle or the scalar product of vectors [24-28]).

Among the various variations of component-wise comparison me-
thods described in the literature, the simplest measure of vector difference
is the Euclidean distance [22, 24, 25]. The Euclidean distance does not take
into account the dependencies between all vector components: only cor-
responding components (i.e., components with the same serial numbers
(indices)) are compared. The cross-component distance of quadratic form,
also known as the Mahalanobis distance, allows one to determine the si-
milarity between all vector components [14].

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 5
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However, all mentioned above methods are difficult to use for
comparing histograms when solving the problem of texture segme-
ntation.

At the first glance, the concept of a histogram is identical to the con-
cept of a vector. However, this is not entirely true. The fact is that the va-
lues of the vector components are generally independent of each other
and can take any values. Unlike a vector, the values of the histogram com-
ponents are interconnected in such a way that the sum of the values of all
the histogram components (with any changes in its shape) remains con-
stant. This means that if the height of some histogram column (due to
changes in external conditions) increases, this is necessarily accompanied
by a decrease in the heights of other histogram columns (always neigh-
boring ones), so that the sum of the heights of all its columns remains
unchanged. Such interdependence of the histogram components provi-
des an opportunity for some improvement of the method for calculating
the similarity between histograms, compared to the methods for calcula-
ting such similarity between arbitrary vectors.

In accordance with the title of the paper, the goal of this work is to
develop an efficient algorithm for assessing the similarity of histograms,
such as brightness histograms and orientation histograms of the texture
windows. The algorithm is based on the idea of taking into account not
only the corresponding components of both histograms, but also the com-
ponents of their immediate environment.

This paper is a continuation, development and revision of the paper
[29], which was devoted to solving the same problem. The main diffe-
rence between this work and [29] is a significant change in the algorithm
for calculating the similarity of the corresponding components of histo-
grams. The similarity of the corresponding components was determined
by measuring the size of the intersection of the compared histogram co-
lumns [29]. The disadvantage of this approach is the uneven calculation
of the similarity measure when comparing pairs of histogram columns
with significantly different heights. In the present paper, this disadvan-
tage is eliminated by introducing a method for determining the similari-
ty of the corresponding histogram columns by calculating the ratio of
their heights, which does not depend on the absolute values of the co-
lumn heights.

The paper is organized as follows. Section 1 Introduction. Section 2
provides descriptions of such texture features as brightness and orien-
tation histograms. Section 3 gives an overview of the whole segmenta-
tion procedure. In Section 4 we try to substantiate the relevance of the
paper task. Section 5 contains the actual description of the histogram
comparison algorithm. Section 6 shows a comparison between some
experimental histograms. Section 7 is devoted to discussion and con-
clusions.

6 ISSN 3083-6573. Ingpopmayinni mexroaoeii ma cucmemu. 2025. No. 1 (1)
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Histograms as Texture Features

In the field of pattern recognition, it is well known that the choice of fea-
tures used for recognition has a decisive effect on the recognition results.
Accordingly, the results of texture segmentation also strongly depend on
how well the selected set of features describes the textures.

In this work, grayscale photographs of some physical objects or natu-
ral scenes, such as landscapes, are used as images. The main type of fea-
tures used in our work is the brightness histogram for the following rea-
sons. The brightness histogram adequately represents the distinctive tex-
ture features of a homogeneous segment of fine-grained texture, providing
an ambiguous, but very informative description of it. The histogram re-
mains invariant when changing the coordinates of the texture window
inside the homogeneous texture segment. At the same time, in all natural
images, the histograms of different texture segments differ significantly
from each other.

The brightness histogram adequately represents the distinctive pecu-
liarities of the texture of a homogeneous fine-grained segment, remaining
invariant when changing the coordinates of the texture window inside the
segment. The histogram provides, although not entirely unambiguous,
but very informative description of the texture of a homogeneous seg-
ment. Of course, it is possible to artificially construct different texture re-
gions with the same brightness histograms. However, in natural images,
the histograms of different texture segments differ significantly from each
other, and it is almost impossible to find adjacent texture segments with
the same histograms in natural images.

Any grayscale image is actually an integer matrix, each element of
which represents the brightness value of the corresponding pixel of the
image. In such images, brightness values range from 0 to 255.

To evaluate the texture characteristics of different areas of an image,
texture windows of the same size are used, which cover the entire image
(with overlaps). Currently, the use of texture windows to evaluate texture
characteristics is the most common method. Texture characteristics mea-
sured in texture windows serve to evaluate the similarity and/or diffe-
rence between the corresponding areas of the image.

The histogram of brightness of all pixels of the texture window con-
sists of 256 columns, in accordance with the range of brightness of the
grayscale image. The height of each column of the histogram represents
the number of pixels of the texture window that have the corresponding
brightness values. The maximum height of the columns is equal to the
number of pixels in the texture window. In the experiments, texture win-
dows of 15x 15 pixels in size are used. Accordingly, the maximum height
of the column of the brightness histogram is 225.

The second histogram, used in the texture segmentation algorithm
as a texture feature is the orientation histogram of all pixels in the texture
window. This histogram is calculated based on filtering the image using

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 7
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the Scharr filter [30]. The orientation histogram is necessary to distin-
guish between texture segments that contain differently oriented strokes.
In the experiments, the orientation histogram consists of eight columns.

General Description of the Texture
Segmentation Algorithm

In [15-18], a texture segmentation algorithm is described that extracts all
homogeneous fine-grained texture segments sequentially, in an iterative
process, starting with the more homogeneous and ending with the less
homogeneous segments. In each iteration, first of all, the starting point
(grain) is detected, which belongs to the most homogeneous texture seg-
ment present in the image. Subsequently, this grain is expanded by suc-
cessively adding to it the surrounding image pixels.

A set of texture features is extracted from the initial point and its im-
mediate surroundings and stored to perform the procedure of extracting
this homogeneous texture segment. This set of features is considered as
characteristic (typical, representative) for this segment and is used for suc-
cessive comparison with the surrounding areas of the image. If the set of
features extracted from the surrounding area (pixel) coincides with the
characteristic one, then this area is attached to the initial point of the ex-
tracted texture segment. The process of such successive comparison (with
subsequent attachment of pixels) continues until the boundaries of the ho-
mogeneous texture segment are reached. Thus, the segmentation proce-
dure is performed based on the region growing method [19-21].

Algorithm for Comparing
Low-dimensional Histograms

According to the above description of the segmentation algorithm, the
most important procedure of the algorithm is the comparison between the
characteristic (representative) texture features extracted from the initial
points of the segment with the texture features extracted from the texture
windows surrounding the initial point.

Since the main texture features used in this work to solve the segmen-
tation problem are the brightness histogram and the orientation histo-
gram, the key operation of the segmentation algorithm is to calculate the
similarity value between these histograms extracted from two adjacent
texture windows.

As mentioned above, the algorithm presented in [29] is revised in this
work. In [29], the similarity of the corresponding components of the com-
pared histograms was performed by measuring the intersection size of
their values. Let us consider an example of two pairs of histogram col-
umns: in one pair the columns have values of 100 and 80 units, and in the
other pair they have values of 10 and 8 units. It should be evident that the
similarity between considered pairs of columns is the same. However,

8 ISSN 3083-6573. Ingpopmayinni mexroaoeii ma cucmemu. 2025. No. 1 (1)
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when comparing a pair of histogram columns by measuring the size of
their intersection, the intersection size of the first pair is 80 units, while
the second pair is 8. Therefore, if we calculate the similarity of these
pairs by measuring the intersection sizes, we should normalize the sizes
80 and 8, if we want to determine the similarity of all corresponding
histogram columns by the same algorithm. Thus, the disadvantage of
this approach is the uneven calculation of the similarity measure when
comparing pairs of histogram columns with different heights. In this
paper this disadvantage is eliminated by introducing a method for de-
termining the similarity of two corresponding histogram columns by
calculating the ratio of their heights, which does not depend on the abso-
lute values of their heights.

The main subject of this work is the algorithm for calculating the
measure of similarity of multidimensional histograms, which is presented
below. However, let us first consider the algorithm for comparing histo-
grams consisting of a small number of components. Such, in particular,
is the orientation histogram, consisting in this work of 8 components.

Let two histograms P and D be given, each consisting of the same
number of components (columns) (i =1, 2, ..., N). The task is to determine
the value of their similarity. Let us denote the height of the i-th column
of the histogram P by P, and the height of the i-th column of the histogram
D by D,. Let us denote the ratio of the corresponding heights of the co-
lumns with index i by R,. These designations refer to both low-dimen-
sional and multidimensional histograms.

he algorithm for calculating the similarity measure of low-dimen-
sional histograms is as follows.

Let us assume that all components of both compared histograms have
non-zero values. The simplest and the most obvious algorithm for calcu-
lating the similarity measure of two such histograms is based on a com-
ponent-wise comparison of the corresponding histogram columns, i.e. co-
lumns with the same indices i. For each such component-wise comparison,
the maximum and minimum heights of the corresponding columns H;™"
and H,™" are first determined. Namely, if P, > D, then H"> = P,and H™" =
= D; if D, > P, then H™ = D, and H™ = P, Then, the ratio R, =
= H™"/H™ is calculated, which is expressed as a number in the ran-
ge 0—1. Let us denote the similarity between the histograms, calculated
on the basis of a component-wise comparison of their columns, by R, it is
calculated by the formula

N
RO = z(Hlmm / Himax), (1)
i=0
wherei=0,1,2, ..., N.
Thus, the degree of similarity between histograms is determined by

the sum of the ratios of the heights of the corresponding components of
the histograms.

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 9
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However, in reality, many components of histograms may have zero
values. In this case, the calculation of the similarity measure is performed
by a slightly more complex procedure, which is described by Algorithm 1
in a (C++ like) the pseudo-code format.

Algorithm 1. Calculation of the similarity between two histograms
based on component-wise comparison

float R’=0;

int Q=0;

for (1= 0;i <Nj;i++)

{

it (H™==0)
continue;

else

{
Q++;
R’ =R’ + float H"™"/H™;

}

}

R’= RY%Q.

The similarity value R°, calculated according to Algorithm 1, is a num-
ber in the range 0-1. When multiplied by 100, this number turns into a
percentage of similarity, in the range 0-100%, where 100% means com-
plete similarity.

As follows from Algorithm 1, when calculating the similarity of his-
tograms, only such pairs of corresponding columns are taken into account
in which at least one of the columns has a non-zero height. Let us note
that with an increase in the number of pairs of columns in which only one
of them has a non-zero height, the value of the Q parameter increases,
which ultimately leads to a decrease in the similarity value.

Also, from Algorithm 1 it follows that if both compared components
of the histogram have zero values, then these components are not taken
into account at all when calculating the similarity. The rationale for ig-
noring paired zero components of histograms is as follows.

The maximum difference between the brightness histograms of two
texture windows occurs when one texture window is located on the black
area of the image RGB = {0, 0, 0}, and the second window is on the white:
RGB = {255, 255, 255}. In this case, in the histogram of the black texture
window, only one component with index i = 0 has a non-zero (maxi-
mum) value. And in the histogram of the white texture window, the only
non-zero column (of maximum height) corresponds to the component
with index i = 255. These two histogram columns have the same height,
equal to the number of pixels in the texture window. At the same time,
the similarity between such histograms should obviously be zero. At the
same time, all the other 254 corresponding components of both histograms
(excluding components with indices i = 0 and i = 255) have the same zero
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Fig. 1. Brightness histograms of two texture windows, one of which belongs to the
“grass” texture (the upper one), and the other — to the “cow” texture (the lower one)

value. So, if we take into account the similarity of these 254 corresponding
zero components in any way, even the most minimal way, and add it to
the total similarity value, then the degree of similarity of the histograms
under consideration will no longer be equal to 0%, which contradicts the
initial intuitive assessment of their similarity.

In the experiments conducted in this paper, texture windows of
15 x 15 = 225 pixels were used. The brightness histogram of each such
texture window (in contrast to the low-dimensional orientation histo-
gram), which, in the case of a grayscale image, consists of 256 components
(0-255), is quite variable. This paper presents an algorithm designed to
calculate the similarity value between multidimensional variable his-
tograms, which is somewhat more complex than the one described above.
The need to develop such an algorithm is argued as follows.

Figure 1 shows an example of two brightness histograms belonging
to different textures. These are histograms of two texture windows mea-
suring 15 x 15 pixels, the centers of which are marked with white squares
in the original image. Namely, the upper histogram (No. 1) belongs to
the texture window located on the “grass” texture, and the lower histo-
gram (No. 2) corresponds to the texture window related to the “cow”
texture segment.

As can be seen from Figure 1, the histograms of these texture win-
dows differ significantly from each other. They differ both in amplitude
and, above all, in that the non-zero components of both histograms do
not intersect, but are located in different positions within the histograms.
From the point of view of common sense, similar histograms should
have significant intersections between corresponding columns, and dis-
similar ones should have small intersections, in the limiting case equal to
zero. In Fig. 1, there is no such intersections at all. For the purposes of
texture segmentation, the histograms presented in Fig. 1 should prefe-
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rably be considered completely different, with a similarity measure
equal to zero.

However, popular methods for calculating similarity/difference be-
tween vectors, such as, for example, the Euclidean distance ([22], [24],
[25]), the Bulldozer distance (earth mover’s distance, EMD [23], [24]), the
Mahalanobis distance [14], give not zero, but significant values of simila-
rity between such histograms.

Among the various variants for component-wise comparison of vec-
tors, the Euclidean distance is the simplest measure of similarity/dissimi-
larity between them. The Euclidean distance — Dist, between multi-com-
ponent vectors is calculated by the formula:

N

Dist=| (B ~D,), @

i=0

wherei=0,1,2, ..., N.

In particular, the Euclidean distance between the histograms shown
(Fig. 1) is 89.24. To convert this number into a percentage of similarity be-
tween the histograms, we use the reasoning considered above.

As mentioned above, the maximum difference (distance) between the
brightness histograms of two texture windows occurs when one texture
window is located on the black area of the image RGB = {0, 0, 0}, and
the second window is on the white area RGB = {255, 255, 255}. In this case,
for texture windows of 15 x 15 = 225 pixels, the maximum Euclidean dis-
tance (i.e., the maximum difference value) between these vectors accord-

ing to Eq. (2) is \/ (2252 + 2252) =318.2 . The minimum Euclidean distance,
naturally, is zero, i.e., this is a complete, 100% similarity. Accordingly, the
intermediate percentages of similarity between the histograms are calcu-
lated as follows.

If the Euclidean distance between the histograms (Fig. 1) is 89.24,
then the percentage difference between them is determined by the value
(89.24/318.2)100% = 28.05%. Accordingly, the percentage similarity be-
tween the histograms is (100 - 28.05) = 71.95%. Thus, there is a significant
difference between the desired percentage similarity — 0% and the
percentage similarity calculated based on the Euclidean distance — 71.95%.

As mentioned above, the process of texture segmentation involves a
sequential expansion of the area occupied by a homogeneous texture
segment. Such expansion is performed based on the results of comparison
of texture features, the main of which is the brightness histogram. If, in
the process of texture segmentation, the percentage of similarity calcula-
ted based on the Euclidean distance (i.e. 71.95%) is used to compare the
histograms shown (Fig. 1), then with such a large value of the percentage
of similarity, the segmentation algorithm would have difficulties while
separating the areas occupied by the “cow” and “grass” textures (Fig. 1).
A completely different situation occurs if the percentage of similarity
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between these histograms is 0%. It should be obvious that in this case it
will be easier for the segmentation algorithm to find the boundary bet-
ween the indicated texture areas.

The above considerations justify the relevance of developing a specia-
lized algorithm for measuring the similarity between multi-component
histograms for the task of texture segmentation, presented in this paper.

The main advantage of this algorithm is that the range of similarity
values between the compared histograms (from complete similarity to
absolute difference) is 100%, while the popular methods of measuring
similarity between vectors mentioned above provide a much smaller
range of similarity percentage values. In particular, in the example con-
sidered above, the range of similarity measure variation for the Euclidean
distance is 100 - 72 = 28%. In practice, the range of similarity percentage
values from 0 to 100% of the proposed algorithm allows for more accurate
detection of boundaries between adjacent texture segments.

The Algorithm of the Histogram Comparison

When comparing histograms that consist of a small number of compo-
nents and, therefore, are not variable, it is quite sufficient to use Algorithm
1 to determine the similarity between them. However, for multi-compo-
nent histograms, such as texture window brightness histograms, the sum
of the ratios of the heights of the corresponding histogram columns does
not adequately reflect the similarity between the histograms. The fact is
that the texture window brightness histogram is very susceptible to chan-
ging its shape with small fluctuations in the environment. That is, the va-
lues of some of the brightness histogram components can change with
minor local illumination fluctuations, small shifts or rotations of the im-
age. Accordingly, the similarity between the compared texture window
histograms will also change.

When comparing such histograms in the process of solving the tex-
ture segmentation task, it would be highly desirable to have a degree of
similarity between the histograms that is weakly dependent on small
changes in their shape. The algorithm presented below, which is insensi-
tive (robust) to small changes in their shape, is intended precisely for
comparing such variable histograms. The algorithm is based on the ob-
vious idea of taking into account not only the corresponding compo-
nents of both histograms, but also the components of their immediate
surroundings. The meaning of taking into account the immediate sur-
roundings of each histogram component can be explained by the follow-
ing reasoning.

In case of local changes in the illumination of any object zone in the
image within the texture window, the brightness histogram of this win-
dow will change. Let us consider two texture windows with histograms
P and D. Let the value of the i-th component P, > 0 in the histogram P.
Let us assume that in case of a small local change in the illumination of
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the window P (while the window D remains in the same lighting con-
ditions), some change in the value of the i-th component of the histogram
P occurs, i.e. the height of the P, column changes. In this case, since the
heights of all the columns in each histogram are interconnected, the
heights of the columns of the immediate environment of the i-th compo-
nent of the histogram P necessarily change. Moreover, the changes in the
heights of the P, column and the columns of its immediate environment
will be oppositely directed. Namely, if the height of P, increases, the
height of the P, and P,,, columns will decrease and vice versa.

Then, when calculating the similarity of the histograms P and D, if
we compare only the corresponding columns P, and D,, then due to the
fluctuation of illumination the size of the similarity between the histo-
grams also changes. If, however, when calculating the similarity of the
histograms, we take into account the components of the immediate envi-
ronment of the components of both histograms, then the change in the
value of similarity between the histograms will be compensated, at least
to some extent.

The algorithm for calculating the similarity of histograms taking into
account their immediate environment is as follows.

Let M denote the radius of the nearest neighborhood of each i-th com-
ponent of the histograms. In the process of calculating the similarity of
histograms taking into account their nearest neighborhood, the operations
described below are performed between each i-th component of the histo-
gram P (i.e., P)) with each of the (2M + 1) components of the histogram D.
That is, to perform the operations described below, the i-th component of
the histogram P is related to the component of the histogram D shifted
by a certain number of columns to the right or left relative to the value of
i. If we denote the shift value by m, then the component P, is successively
related to the components D/’ wherej=i+(-)m,m=0,1,2,3, ..., M.

The mentioned above operations performed between each component
P, and component D; are as follows. First of all, the height of the column D,
is multiplied by some reduction factor K,,, K,, < 1. Let us denote the height
of the j-th column of the histogram D after such multiplication as D,", then
D/" =K, D, If alocal fluctuation in the illumination of the texture window
P occurs, which leads to a change in the height of the column P, a change
in the heights of the columns of its immediate environment Pj, j=i+(-) m,
necessarily occurs. The greater the difference m = |i - j|, the smaller the
change in the height of the column P,. By introducing the reduction factors
K,, we tried to introduce the same relationship between the columns
P, and Dj”’. That is, the larger m = |i - j|, the less influence the component
D/"should have on the degree of similarity between the histograms.

The reducing factors K, K,, K,, ..., K, ...., K,, are related to each other
as follows: K, > K, > K, > K;> ... K > ... > K, where K, =1.

Then, between the c0n51dered components P;and D,", the maximum
and minimum values H™ and H, min - are determmed namely, it P, > D "
then H™ = P, and Hmln =D/ if D’" > P, then H™ = D/ and Hmln = P
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The ratio R/ = H™"/H™ is calculated, which determines the measure of
similarity between the heights of the considered columns P,and D".

For each index i, the values of R/ are calculated for all j: fromj=1i- M,
to j = i + M. Then, among all calculated (2M + 1) values of R/, the maxi-
mum is determined - R/(max):

Cj=i+2M,
R/(max) = MAX (R)), ©)
j=i-2M.

Let us denote the similarity value between the histograms P and D,
calculated taking into account the immediate surroundings of the his-
togram columns, by R", which is determined by summing the values of
R/(max) over all indices i, similar to Algorithm 1. The procedure is de-
scribed below by Algorithm 2 also a (C++ like) the pseudo-code format.

Algorithm 2. Calculation of the similarity between two histograms
taking into account the immediate neighborhood of the histogram columns

float RM=0;
int Q=0;
for (i=0;i <N;it++)

Q++;

RM = R™ + R/(max);

}
RM=R"/Q.

The radius of the nearest environment of the histogram components
M depends on the size of the histograms N and on the initially specified
tendency of the algorithm. The larger the radius M, the more pronounced
the tendency of the algorithm to consider the compared histograms si-
milar. Conversely, with a decrease in M, the tendency to consider the his-
tograms dissimilar increases.

For the task of texture segmentation, it is advisable to express the si-
milarity between the histograms of texture windows as a percentage. That
is, if the similarity percentage is close to 0%, then the compared texture win-
dows should obviously be classified as different textures. Conversely, if the
similarity percentage approaches 100%, then these texture windows should
be classified as belonging to the same texture. Let us denote the similarity
percentage of histograms by S, S = R 100%. So, the measure of similarity of
histograms S is expressed by a number lying in the range 0-100%.

When assessing the similarity of texture characteristics of different
image areas (texture windows), an important texture characteristic is the
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average illumination level of the texture window. If the compared texture
windows have the same average illumination level, the algorithm de-
scribed above adequately assesses the degree of their texture similarity
based on the similarity of the histograms. However, if the compared win-
dows belonging to the same texture have significantly different average
illumination levels, the algorithm can assess their similarity as zero.
The fact is that the histograms of texture windows with different average
illumination are shifted relative to each other by the value of the difference
in their illumination. And, therefore, there may be no intersections be-
tween their columns.

Thus, if the task is to evaluate the level of texture similarity of two
texture windows regardless of their illumination, then, obviously, the his-
tograms should be shifted relative to each other by the difference between
their average illuminations.

Experimental Comparison of Similarity
Measures of Brightness Histograms

To illustrate the properties of the proposed algorithm for measuring the
percentage of similarity between histograms, the following experiments
were conducted.

In the first series of experiments, pairs of texture windows belonging to
different textures were considered. Figure 1 shows an example of two such
texture windows located on different textures, the centers of which are
shown as white squares in the figure. As can be seen from Figure 1, the his-
tograms of these texture windows differ significantly from each other,
mainly because the non-zero components of both histograms are located in
inappropriate positions within the histograms. From the point of view of
common sense and from the functional point of view (for solving the prob-
lem of texture segmentation), these histograms should be classified as com-
pletely different. And, accordingly, the algorithm proposed in this paper
gives an estimate of the percentage of similarity between them equal to zero.

At the same time, the Euclidean distance calculated by Eq. (2) is 89.24.
According to the reasoning given in Section 4, the percentage of similarity
between the histograms under consideration, determined based on the
Euclidean distance, is 71.95%.

In the second series of experiments, pairs of texture windows belong-
ing to the same texture were considered. In Figure 2, the centers of two
such texture windows are also marked with white squares. The corre-
sponding brightness histograms were built, which are also shown (Fig. 2).
As can be seen from Figure 2, the non-zero components of both histograms
occupy approximately the same position inside the histograms, and the
corresponding columns have significant intersections.

The Euclidean distance between the histograms calculated by Eq. (2)
is 40.64. Since the maximum Euclidean distance between the brightness
histograms (in this work) is 318.2 (see Section 4), the percentage of dif-
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Fig. 2. Histograms of two texture windows belonging to the same “grass” texture

ference between the histograms based on the Euclidean distance is de-
termined by the value (40.64 / 318.2) 100% = 12.77%. Accordingly, the
percentage of similarity is 100 - 12.77 = 87%.

The similarity value of the histograms presented in Figure 2, cal-
culated by means of a component-wise comparison R’ according to
Algorithm 1 (without taking into account the immediate surroundings
of the histogram components) is 37%.

Then, the similarity value of the histograms was calculated taking into
account the immediate surroundings of the histogram components. In the
process of such calculating, the reducing coefficients K,, K,, K,..., K, ,...,
K,; were used (Section 5). The radius of the immediate surroundings of
each column M was limited by 7. The coefficients K, K,, K,,..., K, ..., K,
were calculated using the formula K, = (1 - 0.1 m). Using such coefficients
led to the following result. The percentage of similarity of the histograms
turned out to be equal to 67%.

Thus, compared to R’, the percentage of similarity R calculated using
the algorithm proposed in this paper increases by approximately 45%.
(This percentage was obtained as a result of averaging in a series of similar
experiments.)

This result is predictable. Indeed, in accordance with Algorithm 2,
taking into account neighboring components of the compared histograms
leads only to an increase in the degree of similarity between them, but in
no case to a decrease. Moreover, with an increase in the radius of the nea-
rest environment M, the percentage of similarity between the histograms
only grows.

The following conclusion can be drawn from the experiments. For
the algorithm proposed in this paper, the percentage of similarity between
the histograms of different textures (such as “cow” and “grass”) is 0%,
and the percentage of similarity between the histograms of the same tex-
tures (such as “grass” and “grass”) is 67%. That is, the range of change in
the percentage of similarity from different to the same textures is appro-
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ximately 70%. At the same time, for the algorithm based on the Euclidean
distance, the percentage of similarity between the histograms of different
textures (such as “cow” and “grass”) is 72%. And the percentage of simi-
larity for the same textures (such as “grass” and “grass”) is 87%. That is,
the range of change in the percentage of similarity from different to the
same textures is only 15%. So, the advantage of the proposed algorithm is
obvious for solving the problem of texture segmentation of images.

Discussion

A simple algorithm for measuring the similarity between histograms is
presented. The proposed algorithm is intended for application, first of all,
to texture segmentation of images using brightness histograms of texture
windows as texture features. This algorithm was used in the texture seg-
mentation models described in [15-18].

The texture segmentation algorithm sequentially extracts all areas of
homogeneous fine-grained texture present in any image. As the main
features characterizing the texture features of different areas of the image,
the algorithm uses a brightness histogram and an orientation histogram
built in texture windows covering the entire analyzed image. The texture
similarity of different areas of the image is determined by comparing their
histograms, using the algorithm described above.

In order to correctly estimate the similarity value of histograms used
as texture features and characterizing the texture peculiarities of different
areas of an image, it turned out to be appropriate to develop a special al-
gorithm, presented in this paper. The need to develop such a special algo-
rithm is justified by the fact that the methods for estimating the similarity /
difference measure described in the literature provide such similarity/
difference measures of histograms that are not very suitable for solving
the problem of texture segmentation (Section 4).

The main advantage of the proposed algorithm, compared to popular
methods of calculating similarity/difference between objects (vectors),
is that the range of similarity between the compared histograms (from
complete similarity to complete difference) is 100%, while popular me-
thods can offer several times smaller ranges of similarity percentage.

It should be noted that, in contrast to the component-wise comparison
of histograms, a characteristic feature of the proposed algorithm is the fact
that this algorithm gives, in general, higher percentages of similarity.

It is well known that “texture” is an intuitive concept that does not
have a formal or generally accepted definition [31]. Thus, the problem of
texture segmentation belongs to the category of fuzzy problems, these
statements are also true for the concept of “similarity”. It follows that all
methods and algorithms proposed for solving the problem of texture seg-
mentation and the problem of calculating similarity are heuristic. Accord-
ingly, the algorithm for determining the similarity measure between his-
tograms proposed in the article is also heuristic.
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Fig. 3. Results of texture segmentation of a grayscale image (left part of the
figure). The right part of the figure shows the 5 largest texture segments
extracted by the model (in different colors)

The algorithm for calculating the similarity measure between histo-
grams was implemented as a computer program as a component of a
model that solves the problem of segmenting a visual image into homoge-
neous texture areas. It is worth noting that the proposed histogram com-
parison algorithm calculates the similarity measure between histograms
very quickly, since it uses only simple operations.

Currently, such algorithm parameters as the texture window size, the
similarity threshold by which similar texture windows are distinguished
from dissimilar ones, and the radius of the nearest neighbor M are selected
heuristically, and the correctness of their choice is verified experimentally —
by comparing the results of image segmentation with human common sense.

The effectiveness of the algorithm for texture segmentation of images
into homogeneous texture areas is confirmed by the results in the experi-
ments on natural image processing. The results obtained in the experi-
ments demonstrate the effectiveness of the algorithm and show that the
algorithm performs correct (from a human point of view) texture seg-
mentation of a wide range of images [15-18]. Thus, the effectiveness of the
key operation of the segmentation algorithm, the histogram comparison
algorithm, is indirectly confirmed.

Figure 3 is presented as an example, which demonstrates the results of
the texture segmentation of a landscape image (upper part of the figure).

The lower part of the figure shows the five largest homogeneous tex-
ture segments extracted by the algorithm.

Conclusions

An algorithm for calculating the similarity between histograms for texture
segmentation is proposed. A characteristic feature of the proposed algo-
rithm is the fact that this algorithm gives high percentages of similarity.
The algorithm implemented as a computer program as a component of a
model that solves the problem of segmenting a visual image into homo-
geneous texture areas. The effectiveness of the algorithm is confirmed by
the results in the experiments on natural image processing.
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AJITOPMTM OBYMCJTEHHSI ITOOIBHOCTI
MDX ICTOTPAMAMM [1J151 CETMEHTALIIT TEKCTYPU

Beryn. HaBerieHo asrropmt™ o0uncieHHs CTyTIeHs IOAiOHOCTI MK OaraToBymMipHMMI
ricrorpaMamy. 3arpoIIOHOBAHW aJIFOPUTM HpV3HAYEHWV ISl TEKCTYPHOI cerMeHTarlii
300pakeHb 3 BUKOPVCTAHHSIM TiCTOrpaM SIK TEKCTYpHMX 03HaK. HeoOximHicTh po3poOkm
TaKOT'O CIIENia/IbHOrO aJITOPUTMY OOIpyHTOBaHa TVM (PaKTOM, III0 METOV OIHKM Mipu
noztibHoCTi / BimMiEHOCTI MK GaraToBMMipHVMY BeKTOpaMWM, OMVICaHi B JliTepaTypi,
HaJaloTh TakKi Mipu, gKi He JyXXe MigXOm4Th I BUPINIeHHs 3aJa4i TeKCTYPHOT
cerMeHTaIlil. OCHOBHOIO OCOOJIMBICTIO 3aIIPOIIOHOBAHOTO aJITOPUTMY € Te, IO IIif] uac
oburiciieHHs 3Ha4eHHs ITOIiOHOCTI BiH BpaxoBye He JIMIIE BiJITOBiIHI KOMIIOHEHTM
ricrorpamm, a ¥1 ixHi HavOmvoKdi CycCiHi KOMITOHEHTV. 3aBIsKV IIbOMY aJITOPUTM OiThIIT
a/IeKBaTHO OITiHIOE TOJTiOHICTP ricTorpaM. 3arrpOrIOHOBaHWT aJITOPUTM peali3oBaHo
y BUTTISZI KOMITIOTepHOI MporpaMm SIK CKJT1aJ0BOT YaCcTMHV MOJIesli cerMeHTaIlii
300pakeHHs. EdeKkTuBHICT allropuTMy MHOpPIiBHSHHS TicTOrpaM OIOCepelKOBaHO
HiATBePIKY€EThCS pe3yJIbTaTaMy TeKCTypHOI cerMeHTallil Mopesli cerMeHTarii
300pa’keHHS B eKCIIepUMeHTax 3 00po0JIeHHS Pi3SHOMaHITHMX 300pakeHb, y TOMY
UMCII OPUPOAHNX JIaHmadTiB.

MeTtomy. PosrisaHyTo 3a/1ady oOumcIeH s ofIibHOCTI TicTorpaMm. 3aporioHOBaHO
CTIeliaJIbHUV aJITOPUTM, OCKUTLKM aHaJIOTi4HI MeTOIM, OIvcaHi B JIiTepaTypi, He [IyxKe
HiAXOASATH [Isl BUPIIIeHH: 3a1a4i TeKCTypHOI cerMeHTarlil. OCHOBHOIO 0COOJIMBICTIO
ITOPUTMY € Te, IIIO BiH BpaxOBY€ SIK BiJIIOBiIHI KOMIIOHEHTV TicTOrpaMy, Tak i IxHi
HavioJIVDKYi CycCilTHIi KOMITIOHEHTH. 3aB/sSKN 1IbOMY aJIFOPUTM OUIBIII ajleKBaTHO OLiHIOE
HomiOHICTh ricTorpaM. AJITOPUTM peasli3oBaHO y BUIVIAL KOMIT IOTEPHOI IIPOrpaMt.
EdpexriBHicTb aJIroprTMy OIOCEPEIKOBAHO MiITBeP/PKYEThCS. pe3ysIbTaTaMi TeKCTYPHOL
CerMeHTaIlii MOJIeTTi cerMeHTallii 300pakeHHs B eKCTIeprIMeHTax 3 00poOKY PisSHOMaHITHIIX
300paKeHb, y TOMY UMCIIi IPVPOAHNMX JIaHAIIATIB.

Meta. Mertoio 11i€i poboTH € po3pobka epeKTMBHOrO aJIFOPUTMY ISl OLIHKMU
ITOAiOHOCTI TicTOrpaM, TaKMX $IK TiCTOrpaMm SICKpaBOCTi Ta ricrorpamm opieHTarlil
BiKOH TeKCTypu. AJITOPUTM 3aCHOBAaHO Ha iflel BpaxyBaHHS He TUIBKM BiIIIOBiIHIIX
KOMIIOHEHTiB 000X ricrorpam, a 71 KOMIIOHEHTIB IXHbOI'O HaIOJIVDKIOTO OTOYEHHS.

PesynpraTi. OcHOBHOIO IepeBaroo 3allpOIIOHOBAHOIO aJITOPUTMY, HOPIBHSHO 3
HOIYJIIPHMMM MeTolaMM OoOuMcIeHHsl HomiOHOoCTi / BimMiHHOCTI MiX 00 eKTaMu
(BexTOpamM) € Te, IO J1iara30H MOAiOHOCTI MK ITOPIiBHIOBAaHMMM TicTOrpaMaMm (Bif,
TIOBHOI ITOAiOHOCTI 110 TToBHOT BigMmiHHOCTI) craHoBNTL 100%, TOM] SIK OIYIISIpHi MeToaM
MOXYTBb 3aIIpOIIOHYBaTH B KiJIbKa pa3iB MeHIIII [Tiarta30HM BiIcoTKa MOAiOHOCTI.

BricHOBKM. 3aI1poItOHOBaHVI JITOPUTM 3abe3Iedye MIMPOKV Aiaria30H IoaiOHOCTI
nopiBHIOBaHMX ricTorpam, sikum craHoBuTb 100% (Bim moBHOT momiGHOCTI 0 TIOBHOT
BiIIMIHHOCTI), TOA] SIK IIOITYJIIPHI METOIV MOXYTb 3aIIPOIIOHYBaTH B KiJIbKa pa3iB MeH-
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Algorithm for Calculating the Similarity between Histograms for Texture Segmentation

1111 [Tiarra3oHM BifIcoOTKa ITO1iOHOCTI. AJIFOPUTM peaslizoBaHoO y BUIJIsI KOMII IOTepHOT
IporpamMu sIK CKJIaZloBOI MOJIelIi, 0 poO3B sA3y€e 3a/jady CerMeHTallil Bi3yaJIlbHOTO
300payKeHHS Ha OHOPIIHI TeKCTYpHIi OUIIHKN. BapTo 3a3HaumMTH, 1110 3aIIpOIIOHOBAHMII
aJITOPUTM TIOPIiBHSHHS TiCTOTpaM JIyKe IIBUAKO 00UNMCITioe Mipy MomiOHOCTI Mix
ricrorpamMamu, OCKUTbKM BUKOPUCTOBYE JIVIIIE IIPOCTI Orepartii.

EdexTuBHiCTh aJIrOpUTMy TEKCTYPHOI cerMeHTallil 300pakeHb Ha OIHOpPimHIi
TeKCTypHi 001acTi migTBepkeHa pesysIbTaTaMy eKCIIepVIMEHTIB 3 00poOKY IIPUPOITHMX
300paxeHb. Pe3ysibraTyt, oTpuMaHi B eKcIiepyMeHTaXx, 1eMOHCTPYIOTh e(peKTUBHICTh
JITOPUTMY Ta IOKa3yIOTh, II[0 aJITOPUTM BUKOHY€E KOPEKTHY (3 TOUKM 30pY JIOMVHII)
TEKCTYpPHY CerMeHTallil0 300pa’keHb IMMPOKOro miana3oHy. OTXke, OIOCepeIKOBaHO
HigTBepIAXYeThCs ePeKTMBHICTh KIIIOUYOBOI omepallil aJIropuTMy cerMeHTallil —
aJICOPUTMY ITOPIBHSHHS TiCTOIpaM.

Karouobi caoBa: 0dpobaenns 300paxes, no0iOHICHb 2icnoepam, MekcmypHi 03HaKU, ceeMeH-
mayis mexcmypu.

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 23



THE THEORY OF INFORMATION
TECHNOLOGIES AND SYSTEMS CONSTRUCTION

TEOPIS TTOBYJOBU IHOOPMALIIVIHMX
TEXHOJIOTT TA CUICTEM

https:/ /doi.org/10.15407 / intechsys.2025.01.024
UDC 681.513

0.0. BAPKAJIOB, a-p TexH. HayK., IIpodecop,
3eJIeHOrypCcbKuM Y HiBepcuTeT,

ByJL JlitteastpHa, 9, 3entena ['ypa, [Tomeima

https:/ /orcid.org/ orcid.org/0000-0002-4941-3979
A Barkalov@iie.uz.zgora.pl

JI.O. TITAPEHKO, 11-p TexH. HayK., Ipodecop,
3eJleHOrypCbKUM YHiBepcuTeT,

By JlitleanpHa, 9, 3ertena I'ypa, ITomeia,

XapKiBCBbKMII HalliOHAJILHUV YHIBepCUTET paioe/IeKTPOHIK,
np. Hayxn, 14, m. Xapxkis, 61166, Ykpaina

https:/ / orcid.org/0000-0001-9558-3322
L.Titarenko@iie.uz.zgora.pl

O.M. T'OJIOBIH, xaHz. TexH. HayK, CTapIll. HayK. CIiBpo0.,
IactiryT KibepHeTnkm imeni B.M. I'lmymkosa HAH Ykpainw,
npocn. Axag,. I'iymikosa, 40, m. Kuis, 03187, Ykpaina

https:/ / orcid.org/0000-0002-0279-812X
o.m.golovin.1@gmail.com

0O.B. MATBI€HKO, Hayk. criiBpo0.,

IacTuTyT KibepreTnKM iMeHi B.M. I'mymkosa HAH Ykpaian,
opoct. Axkan. I'imymkosa, 40, m. Kuis, 03187, Ykpaina

https:/ / orcid.org/0000-0003-1838-1422

avmatv@ukr.net

C.O. CABYPOBA, kan/l. TexH. HayK, [IOLIeHT,

XapKiBCBKMII HalliOHAJILHUL. YHIBEPCUTeT palioe/IeKTPOHIKY,
np. Haykn, 14, M. Xapkis, 61166, Ykpaina

https:/ /orcid.org/0000-0001-6286-1648

sabsvet@gmail.com

OIITUMI3AILIISI ABOPIBHEBOI CXEMU
ABTOMATA MUUII' Y BA3WCI FPGA

Bemyn. Oduieto 3 nanbaxaubinux uacmun 6yov-axol yugpoboi cucmemu € npucmpii yn-
pabainna (I1Y), axutl xoopourye 63aemodito iHwux 6.40ki6 cucmemu. 3asbuuaii, cxema I1Y
Busnauaemvca areopummom kepybanns, a npoekmybanua xoxroeo I1Y nouunaemovca 6io
nouaAmKy uepes YHIKAALHICIIb A120pUMMY 11020 pOBOIMU.

Hurysaunus: bapkanos O.0., Titapenko J1.O, I'ostosin O. M., MaTtsienko O.B., Caby-
posa C.O. Onrrumisariist mBopisHeBOT cxemu apToMarta Miri y 6aswci FPGA. Informa-
tion Technologies and Systems, Kuis, 2025, Tom 1 (1), 24-38. https:/ /doi.org/10.15407/
intechsys.2025.01.024
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Onmumisayia 06opib6neboi cxemu abmomama miai y 6asuci FPGA

Bio onmumarsrnocmi xapakmepucmux I1Y 3arexums axicms yugppoboi cucmemu.
Tomy po3podka epexmubrux memooi6 onmumizayii cxem I1Y e nacmiavku 6axauboro. Ipu
cunmesi cxemu 11V Gunuxae pao npobaem onmumisayii: smenuieHHs naouyi mikpocxemu I1Y,
nidBuugenta npodyxmubrocmi, 3HUKeHHS eHepeocnoxubanns. Bidomo, wo Bupiuenns nep-
U013 Yux 3a0ay 0ae 3MoeY NOKPAUUINY THUWLT XAPAKIMEPUCTHIUKU CXEMU.

Mema pobomu: posesanymu npodiemy i 3anponoHyBamu memoo sMeHULeHHA 10U
Mikpocxemu npu pearizayii cxemu ITY 3 Bukopucmannam mikpocxem FPGA (field-program-
mable logic array).

Memoou. O0’ekmamu Odocaioxenns obpano mikpocxemu FPGA ma modesv Mikpo-
npoepamtoeo abmomama (MITA) Miai. ITpu pearizayii cxemu MITA 6 basuci FPGA Buxopu-
cmoByroms mabauuni eaemenmu LUT (look-up table) i 606yooBani 6a0xu nam’sami (EMB).
Ocxkinvku dominyrouum Bupobruxom mikpocxem FPGA € AMD Xilinx, sanpononoBanuil y
cmammi memod opienmobanuni na FPGA yiei komnanii.

Pesyavmamu. 3anpononoBano cnocid sHuxenHs Bumpam npu pearizayii cxemu MITA
Mini 6 basuci FPGA. Memoo 3acHoBanuii Ha chisvnomy Buxopucmanni 60yoobanux 640xi6
namami EMB i eaemenmi6 LUT. I'panuunum 66axaemvca 6unadox, KoAu po3podHuUK MOxe
BurxopucmoBybamu auwe ooun oa0x EMB. Ilna onmumisayii cxemu Bukopucmobyomocs
Memoou 3aminu 6x00i6 MIIA i nodbiiinoeo kodyBarna cmani. 3anpononobanuii cnocié 0o3-
Boase smeruiumu kiavkicms Bukopucmobybarnux eaemenmi6 LUT 0o 18 %. HaBederno npux-
a0 3acmocybanns 3anpononobarnoeo memody. Iloxasano ymobu doyisvHocmi Buxopucman-
HA Memooy.

Bucno®Bicu. [1poBedere docaioeHHA N0KA3AAO, U0 € CeHC MOOUPTKYBamu 3anponoHobanutl
Mermo0 045 Bunadky abmomamib Mypa.

Karouobi caoba: amomam Mii, cunmes, FPGA, EMB, LUT, kody6anns cmanib, samina 6xo0ib.

Beryn

B Hamr gac mmpoko BIIpoBaKYIOTbCS IIUMPOBi cucTeMu y pisHi cpepn
moacekol mistbHOCTI [1]. o 1mdpoBumx cucTreM HajleXXaTh MOCIiIOBHI
npuctpoi [2], omHMM 3 BaXKIIMBWX TUIIB SKMX € HPUCTPOI yIIpaB/IiHHS
(ITY), sxi KoopaMHYIOTh pobOTY iHIMX OI0KiB cucTemu [3, 4]. 3a3Buuarn,
cxemy ITY 3aBpxam BU3HaUae ajrOPWUTM YIpPaB/IiHHS, a IIPOEKTYBaHHSI
koxxHoro ITY mounHaeThCs Bif caMOro mmovaTKy uepes YHiKaJIbHICTh FI0r0
aroputMy [5]. SIKicTh cmcTemy OaraTto B YoMy 3aJIeXKUTh Bif, OITIIMAIb-
HocTi mokasHuKiB [TV [4]. Tomy BayxymBuM € po3pobiieHHs ePeKTUBHMX
MeToiB onTuMizarlrii cxem ITY.

IToseninka ITY wacTo BM3HauYa€eTHCS 3 JOIIOMOIOI0 MOAeII MiKpOIpo-
rpamHoro asroMara (MITA) Mini [2, 6]. MeTony orrrmmMizartii cxemnt MITA
GaraTo B yoMy 3ajieXXaTh Bifl, elleMeHTHOro Oaswcy [4]. Hambiapmr morry-
ngpHUMM W1 peartizaril ITY e mikpocxemmn FPGA (Field-Programmable
Logic Array) [7, 8]. Tak, HamlpuxiIaz, y JiiTepaTypi HaBOAUTHCSA OJIM3BKO
1400 pisumx 3acrocysanb FPGA [9]. Tomy mu Bubpasm 6asuc FPGA Tta
MITA Misi gx 00’ eKTy JOCITiIKeHHS] y il CTaTTi.

IIpu peamizamii cxem MITA B 6asnci FPGA BUKOPUCTOBYIOThCS J1Ba
TV KoH@iryposaHmx jtoriuamx 6710kiB (KJIB): Tabirrani etementy LUT
(look-up table) i BOymoBani 6510km rtam’ati EMB (Embedded Memory Blocks)
[8, 10]. Brroxm KJIb pisHmx BupoOHMKIB MarOTh JIesKi BimMiaHOCTI. HyHi
AOMiHYIOUMM BUPOOHMKOM MiKpocxeM FPGA e dpipma AMD Xilinx [11]. Y
3B’43Ky 3 IIVIM 3aIIpOIIOHOBAHMUI Y CTATTi MeTO[ opieHTOBaHMUI Ha FPGA
dipmu AMD Xilinx.
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MoxrmsocTi koxxHoro i3 Tutis KJIb pisHi. biiok EMB 1ae 3mory pe-
anisysatu cuictemy Oystesux pynkitint (Cb®d). biox LUT peartizye m0Bib-
Hy (pyHKIIit0 j10TiKM anredbput. [Tpy iboMy HaVIKpallli pe3ysIbTaTi 10csra-
IOTBCS 3a OHOYacHOro BuKopuctanHga EMB ta LUT myia peastizaliii cxeM
MITA [12, 13]. Taxui minxing, go3sosste 3smenmTy mwionty FPGA, vac nyk-
JTy i CIIOKMBaHy MOTY>KHICTb MOPIBHSHO 3 LVIMU XapaKTePUCTVKAMI TO-
MoreHHOT cxemu [14]. Came Takuvi BUTIATOK PO3IJISIAETBCS Y CTATTI.

Peanisariisa cxem MIITA 3a 10I10MOroro
pecypciB Mikpocxem FPGA

AsTomaT Miiti 3amaeTbes sk BekTop S = <A, X, Y, 9, A, a,> [3]. Tyt X =
= {x,, .., X;} — MHOXWMHa BHyTpiIlIHiX cTaHiB, Y = {y,, ..., Yy} — MHOXNHa
Buxofis (y,, x,€ {0, 1}, n=1,N,[=1, L). ®yHK1id 11epexofisB O cTaBUTb y
BIZITTOBIIHICTb KOXKHIN I1api <a,, X,> cran nepexony a,€ A. Tyt X, — Bxin-
HWVI CUTHAJI, IKUV JOPiBHIOE KOH IOHKIIIT TesIKMX 3MiHHUX X, € X, i BU3Ha-
Jae nepexiz <a,, a>. QyHKIIis BUXOMiB A CTaBUTb Y BiAIIOBIIHICTb KOXHIN
napi <a,, X,> suxigaun curHain Y, C Y. Kiekicts nepexonis MITA go-
piBHIOe H. ABTOMAT (PYHKIIIOHY€E Y AUCKPETHOMY 4Yaci, XifJ, SIKOoro 3asa-
erbest immysibcoM Clock. Y mouaTkosuit MomeHT t = 0 immysiec Start BcTa-
Hobi1to€ MITA y mouaTKoBuii cTaH.

Yci koMroHeHTM BeKTOpa S MOXYTb OyTM IIOfaHi sIK TaOimild Iie-
pexonis [6]. Ll Tabimiig Mae croBii 4, (BUXiIHWM cTaH), 4, (CTaH IIe-
pexony), X, (BXigHWV cuTHaJI, SIKUV iHililoe mepexin <a,, a>), Y, (Bu-
XiAHUV CUTHAJI Ha 1IbOMY Ilepexofi), h (Homep mepexomy). st cuHTe3y
cxemu MITA HeoOxizHoO [2]:

1. sakomysaTu cranu a,, € A MITA xkomamm pospsaarocTi R:

R= [logQM] ; 1)

2. cpopmyBaTyt MHOXMHM KomyBasibHuX 3minHux T = {T), ..., Ty} Ta
dynsxkuin 30ymxennas nam’ari (O3IT) D = {D,, ..., D};

3. mobynysaT npsMy cTpykTypry Tadimo (IICT) aBromara, Kyau
BXOIATh KOOy cTaHiB a,, a. € A1 D3IT;

4. ra 6asi [ICT mobyaysaT cucteMy yHKITIV:

D =D(T, X), 2
Y = Y(T, X). 3)

Mm posrismaemo peartizariito Cb® (2) —(3) y 6asuci FPGA. i1 pea-
Jlizalil BUKOPWCTOBYIOTbCS TaKi BHYTPpIIIHI pecypcu Mikpocxemm [14]:
eiemenTt LUT, 6ok EMB, BOyfgoBaHi MyJIbTUITIEKCOPY, TPUTEPH, 110
IIPOrpaMyIOThCs, JIePeBO CMHXPOHI3allii, IIpOorpaMoOBaHi BXOIV — BUXOLI.
PosriiaHeMo ocoOIMBOCTI 11X €JIeMeHTIB.

Enement LUT € Mepexero OIHOPO3PSITHMX OCepellKiB mam’ siti SRAM,
OB s3aHMX CUCTeMOoro MyJibTHIvTIekcopis [15]. Koxxen LUT Mae S, ampecHmx
BXO/iB Ta 2% ocepenkip mam sti. Onue LUT MoXe peati3yBaTyl TOBUIBHY
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JIOTiuHy (YHKIIIO f, 3 uncjioM aprymen- X

TiB Bim 1 mo S,. Ilo3naummo 010K, 1110 Y * Start ¢ Y
CKJIazla€Tbes 3 esleMeHTiB LUT, cuMBoO- LUTerY (ﬂ’ LUTerT
oM LUTer. -

biox KJIb cximamaeTrbest 3 KUIBKOX ‘Y T

estemenTis LUT, Buxonm sIKux 3’ €qHYIO-
Thed i3 Bxogamu tpurepis. IIpu mibomy
Ha uxig KJIb MoxxHa niepemaTit abo Bu-
xig LUT (xombiHarmiriHa siorika), ado Buxin Tpurepa (mam’site) [15]. Li
TpuUrepy BUKOPUCTOBYIOThCS B OpraHisalii pericrpy craHiB (RG), axum
mae Bxoay Tvity D [14]. Ha Puc. 1 mokasana cTpykTypHa cxema MITA U,
roOyioBaHa TiTbKM Ha esteMeHTax LUT.

Y aBromarti U, 610k LUTerY pearizye Cb® (3), 6rmox LUTerT — CbD
(2). birox LUTerT mictuth Takox perictp RG, sSIKMM KepyIOTb CUTHAJIU
Start i Clock.

Hexan ¢ynkuis f,eDUY samexwurs Bin NA(f) aprymentis, me
NA(f) < T + L. SIKIII0 BUKOHY€TBCS YMOBa

Puc. 1. CrpyxrypHa cxema MITA U,

NA(f) <5, (4)

TO cxema U, Mae TouHo R+L estemeHTiB. Lls cxema Mae ofIViH piBeHb JIO-
IiKM 1 € ONTMMAaJIBHOIO 3a KUIBKICTIO €JIeMeHTIB 1 M3 €qHaHb, IIIBUIKO-
TIi€10, CIIOXKMBAHOIO TIOTYXKHICTIO TomIo [4]. V pasi HeBUKOHAHHS YMOBU
(4), xapaKTepuUCTMKM CXeMM Pi3KO HOTipHIyIOThCS. Y IIbOMY pasi HeoO-
XiTHO 3acTocyBaTu MeTonay (pyHKIiHOI [16] Ta/abo cTpykTypHOI Ie-
KOMIIO3MITI1 [4].

brioxk EMB — 11e maM’sITh, sika Ma€ S, BXOMiB Ta f BuxomiB. Yumcio Ko-
MipOK Imam’sITi MOXKe 3MiHIOBATWCS, IIIO TOB A3aHe 3i 3MiHOIO IMapamMeTpiB
S, Ta t. ITpu nbomy emHicTh Tam gTi (V) He 3MiHIOETBCS:

V,=2%xt,. )

Koxna napa <S,, t>, Aka Bifgnosifgae ymosi (5), Bu3Ha4a€ JOITyCTUMY
KoHirypariro EMB [8, 12]. Hexait m1a nesHoi koHirypanii <S,, f>
BUKOHYIOTbCS YMOBU

So2L+R; (6)
t,>N+R. )

Toni cxema MITA peastizyeTbcs onaiM 610koM EMB.

Koyt ymosa (7) mopyiyerbest, cxema MITA Mae ogmH piBeHs, i ckila-
naetbest 3 1,=[ (N + R) / t, | 61okis EMB. SIKio po3poGHIUK Ma€ y cBoeMy
PpO3IIOpsiIKeHHI MeHIIe HixX 1, 0JI0KiB, TO cxeMa peasli3y€eTbCd B reTepo-
reHHOMYy Oasici. fIkimio ymosa (6) mopymryeTbest, cxema MITA Takox pea-
nisyerbes B 6asuci EMB i LUT [12].

PosrngaemMo BUITaZIoK, KOs (6) BUKOHYEThCS, (7) IOPYIIYEThCs i He-
obOxizHa KUIbKicTh esleMeHTiB EMB BifcyTHs. Hexalt MaeMo rpaHUYHU
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X ﬁ
Y Y * Y Start A4
LUTerY EMB Clock LUTerT
e
by b T

Puc. 2. CrpykrypHa cxema MITA U,

BUITQIIOK, KOJIV € JInite oguH 0510k EMB. Mu mpoIoHyeMO BUKOPWCTO-
ByBaTV I1eV1 OJIOK [T 3aMiHM BXigHMX 3MiHHMX [4, 13].

Hexan nepexoau i3 KOXXHOro cTaHy 4, € A 3ajexartsb Bing L, Bxofdis
x, € X. 3nangemo uucso G:

G =max(L,, ..., L), 8)

sSIKe BM3Ha4Ja€ KUIbKICTb JOIaTKOBMX 3MIHHMX P, € P, 1110 3aMiHIOIOTH BXOIVI.
Hexart BUKOHy€TbCs yMOBa

2RL.GLV, )
Y ubomy Bunanxy 010k EMB Moxe peartisyBaty Cb®:
P=P(T, X) (10)

1 peatisyBaTy 3aMiHy MHOXMHM X MHOXWHOIO P = {p,, ..., ps}.
3amina X—P Bene no 3amiam Cb® (2) — (3) cucremamm

D = D(T, P); (11)
Y = (T, P). (12)

Cucremn (11—12) peastizyrorbest 3 gonomoroio ejiemeHtis LUT. Lle
Bege go MITA U, (Puc. 2). Y MITA U, 6ok EMB peasisye Cb® (10),
LUTerT — Cb® (11) Ta LUTerY — Cb® (12).

SIxio ymoBa (4) BUKOHYeThc M1 pyHKLin f; € D U Y, To cxema U,
ckitagaeTecd 3 R + N eniemenTis LUT. Y pasi mopy1iieHH: 1i€l yMOBU cxe-
Ma Mae€ OaraTopiBHeBY cTpPYKTypy. Lle Befe g0 moripiiieHHs ITOKa3HUKIB
cxemm. Y 11iv1 pobOTi MU pO3IIsiJaEMO caMe TaKy CUTYalIio.

OcHoBHa ifes 3aIpOIIOHOBAHOIO MEeTOAY

SIkmo 6mmoxkm LUTerY ta/abo LUTerT € GaraTopiBHEBMMM CxemMaMy, MU
IIPOIIOHYEMO BMKOPUCTOBYBaTH MOABiVIHe KOIyBaHH: cTaHiB [4]. 3a mes-
HVIX YMOB TaKWUV MiIXif] Belle 110 ABOPIiBHEBMX CxeM IMX OJIOKiB Ta pery-
JIAPHOTI CYICTEMM MIXK3' €THAHb.

Hexan mra pnesskoro MITA Misli BUKOHaHO 3aMiHY BXO[IiB Ta BU3Ha-
ueHo napameTp G. 3HareMo po3OUTTS MHOXIMHM A Ha MiHIMaJIbHY KiJIb-
kicTh xiacis K: T, = {A',..., A"}. Kitac A" € T1, mictuts M, cranis. [Tapa-
MeTp M, BUOMpaeThcs Tak, 00 BUKOHYBaIacs yMOBa

G+[log,(M, +1)]|<S,. (13)
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Hpyrui nogaTok siisoi yactuam (13) € pospsigaicTro xozis cranis C(a,,) #
# K(a,) Bcepemuni wiacy A“ € I, 3po3yMisio, 110 BUKOHYEThCS yMosa
R,=S, -G. ITpu npomMy umciio xitacis K BusHavaeToees, a9k K= M /27F |.

Pozourrsa I1, OyayeTscst TpuBiaIbHUM CIIOCOOOM, OCKUTBKM OYZIb-sIKi
M, craniB MOXyTh Gy TH BKITFOUeHi /10 Oy 1b-skoro kiacy. Kimac A" € T1, Bu-
3sHauae MHOXMHY Y* BuxofiiB y, € Y, o ¢popMyoThCs IPU TIepexojiax
3i cTaHiB a,, € A. [1y1s 3MeHIIIeHHS KiyTbKOCTi entemenTiB LUT HeoOXimHO
dopMyBaTH pO30UTTS MHOXVHY CTaHIB TaK, 11100 MiHIMi3yBaTV cyMapHe
YICITO OJTHAKOBUX BUXOMIB Y pisHMX MHOXMHaxX Y* C Y. Lle MoxHa 3po6u-
TU 3 JOIIOMOTOIO CII0cO0y [4].

Kpim Toro, koxen xiac A* € T1, Busnavae muoxuny D' c D. Lis MHo-
xuHa Bmodae D3I, siki popMyIoThCs ITpy TIepexoyiax 3i craHis a, € A”.
Heobximxo dpopmysaTn I, Tak, 11106 ogHaxosi @311 Bxomy B MiHiMaITb-
He umciio MHOXVH D' € D. 3a11s BUpiIeHHs 11iei 3a/1aui TaKoX 3aCTOCYye-
MO MeTO]I ITOJIBifTHOTO KOJlyBaHHSI CTaHiB [4].

slkino a,, € A, st popmyBarmst koris C(a,) BUKOPUCTOBYIOThCS 3MiHHI
3 MHOXVH T, L]i MHOXXVIHV yTBOPIOIOTh MHOXVHY T=1T UT  U..UT .V 3a-
raJIlbHOMY BUITaJIKy MHOXWHa T MiCTUTB R, eltfeMeHTiB: R, = R, + R,+ ... + R,

LIiJTKOM MOXJIVIBO, TI10 TTepexofiu 3i cTaHiB a, € A" 3aexarts TUTLKM Bij
YaCcTMHM JIOJATKOBVIX 3MIiHHMX, TOOTO Bif eremMeHTiB MHOXWMHMN P, C P.
3MmiHHI 3 p, € P'i 1, € 1" BUKOpUCTOBYIOTBCS J171st POPMYBaHHS YaCTKO-
BUX PYHKIIIN:

D*= D" (', PY; (14)
Y=Y (<, PY. (15)

Yactkosi dynkil (14)—(15) HeoOXigHO TepeTBOpUTH Ha (YHKIIIT
D,e DTay,e Y.1li dyHKii € 4113 FOHKITI€I0 YaCTKOBMUX (PYHKITIVL:

D,=D}vD?v..vD¥, (16)
Yu= YuVYa VoV Yy (17)

st popMyBaHHS 3MiHHMX T, € T HeoOxinHO nepersopuTy Koy K(a,,)
Ha koau C(a,,). i1 nboro notpibHo peastizysat Cbd

T =1(7). (18)

Cucremu (10), (14)— (18) BM3HaUaAIOTh IIPOIIOHOBAHUN Yy 11if1 POOOTi
MITA U, (Pwnc. 3).

[TpyHymn dyskiionysanHas MITA U, 3po3yMisiuim i3 IIonepeIHboro
Matepiany. biiok EMB peanizye Cb® (10). biroxu LUTerl — LUTerK pe-
anizytorb Cb® (14) — (15). brrok LUTerYT mepeTBOpIOE UacTKOBi PYHK-
11i1, peastizyroun Cb® (16)—(17). Llen Gy10K TaKOX MiCTUTH IIPVXOBAHMU
perictp RG, axun 36epirae xoan K(a,,). Tpurepu RG ynpapiisroTbcs iM-
rynscamu Start Ta Clock. briok LUTert nepersoproe 3MminHi T, € T Ha 3MiH-
Hi T, € 1. 3 1Iiero MeToIo BiH peastizye Cbd (18).
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Puc. 3. CrpykrypHa cxema MITA U,

Y Kox#HOMY TaKTi Jmie oauH i3 651okiB LUTerK € akTusHMM. Ha Br-
xoJiax iHImMX OJIOKIB Apyroro piBHsA JIOTiKM (POPMYIOTBCS HYJIBOBI 3Ha-
JeHHs 4acTKoBUX yHKUIN. lle mocsraeTbcss HaaXOIKeHHSIM Ha BXOIU
OJIOKIB TVIX KOZIiB, ITIO BiTIOBIAIOTH CITiBBiTHOIIIEHHIO 4, & AF. 3 miero me-
TOIO BUKOPVCTOBYIOTHCSI YaCTKOBI KOJIV, IO MIiCTSITB JIVIIIIE HYJIi.

Y Kox#HOMY TaKTi Jmie onuH i3 651okiB LUTerK € akTusHMM. Ha Br-
xofmax iHmmix OJIOKiB Apyroro piBHS JIOTiKM (POPMYIOTHCS HYJIBOBi 3Ha-
JeHHs 4YacTKoBUX (yHKIIN. lle mocsraeTbcs HaaXOIKeHHSIM Ha BXOIV
OJIOKiB TVIX KOZIiB, ITIO BiIIOBiAIOTH CITiBBiTHOIIIEHHIO 4, & AF. 3 ITi€T0 Me-
TOIO BUKOPVCTOBYIOTHCSI YaCTKOBI KOJIV, IIIO MIiCTSITB JIVIIIIE HYJIi.

Hexant miportoHoBaHMM aBTOMaTr U, 3amaHO TaOIMIIEIO IIePeXOZIiB.
Tomi MeToz 110r0 CMHTe3y MICTUTh TaKi eTarlu:

1) xopgyBaHHs cTaHiB kKomamu K(a,,);

2) 3amiHa 3MiHHUX X, € X eJleMeHTaMV MHOXWHM P;

3) dpopmyBanns Tabmrli EMB;

)
)
4) dpopmysanns po3outTs [1, 3 miHiMabHMM uMciioM K;
5) dopmysannsa Tabmmiie 6710kiB LUTerl — LUTerK;
6) dopmysanns Cbd (14) — (15);
7) dpopmysanHs Tabmii 6510ka LUTerYT Ta Cb® (16) — (17);
8) dpopmysanns Tabimrii LUTert Ta CBD (18);
)

9) peasizarisg cxemu MITA y 3amasomy 6asmci.

ITpuxian cuaTesy MIIA U,
i3 3acTOCyBaHHAM IPOIIOHOBAHOI'O METOIY

Hexarn mia peastizariii cxemu MITA BukopuctoByeTbest 6710k EMB 3 Taku-
My KoH(iryparismm: <12,1>, <11,2>,..., <8,16>. KpiMm Toro, pospooHMK
Mae esiemenTVt LUT 3 S, = 5. PosmisiHeMo mpuKiajl BUKOPUCTaHHS MOzl
U, myig cuaTe3y MITA S, (Tabo. 1).

SIk BumMBae 3 Tabs1. 1 aBTOMaT S, xapaKTepu3y€eThCs apaMeTpaMiu
M =9, L=7,N=12.11i xapaKTeprCTMKV BU3HAYAIOTb MHOXVHU A = {4, ..., 4y},
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X={x, .., x} 1Y =1y, ..., y3,}. 3 (1) Mmaemo R = 4, mo nae MHOXVMHN T =
={T, .., T} i D = {D,, .., D,}). OTXe BUKOHYETbCS CIIiBBiIHOIIIEHHST
R<S,, 6mmox LUTert cknagaeTecs 3 R, etemenTiB LUT i € oqHOpiBHEBMM,
a xonu craHiB K(a,) He BIumMBarOTh Ha uncio exeMmeHTiB LUT B cxemi
Osoka LUTerr.

BuxoHaeMo KofyBaHHSI CTaHiB TPpUBiaJIbHVM CIIOCOOOM: KOJI CTaHy [10-
PiBHIOE [IBIVIKOBOMY eKBiBaJIGHTY 110T0 iHzIeKcy, 110 fae koau K(a,) = 0000,
K(a,) = 0001,..., K(a,) = 1000. 3a3Ha4umMoO, III0 CTaHV MOXKHA 3aKOyBaTu
Tak, 00 ontmmMisysaty uncsio jtitepastiB Cbd (18). Taxmit mimxin, 3MeH-
1Ty € KUTBKICTh MiXK3 €/THAHb Y CXeMi.

s 3amiam X—P 3actocyemo anropwtM [4]. BignosigHo go tadm. 1,
MaKcuMaJibHe 3HadeHHd L, = 2. Bukopucrosyroun (8), orpumaemo G = 2
ta P = {p1, p2}. IlepeBiprmo MoxsmBicTh BUKOpMcTaHHS EMB 11 3aMiam
X—P.

Maemo R + L =11 Ta G = 2. Cepep koudirypaiiiin EMB € napa <11,2>,
IO ifeaJlbHO MinXoawuTh A aBToMaTa S,. e BuiuimBae 3 ymos (5-7).
Tabmmirto 3aminu X—P MoxkHa 11oOymyBaT 6e3 Oyap-gKOi ONTyMi3alil.
J1J1s HaIIoTro BUIAAKY 3aMiHy ITOJAaHO y TaoL. 2.

Tadauysa 1. TaGauisa nepexonis aroMara Mini S,

a, a, X, Y, H AX
a, a, X il 1 Al
a, X%, YoYs 2
a, XX, Y 3
a, as X3 Y1V 4 Al
u() Exfl y7 5
a XX, Y 6
a, ag X5 Yo 7 Al
ay x5 YaYs 8
a, a, XX, Y, 9 Al
as X5 X Yubo 10
ag x5 hYs 11
as a, 1 Yells 12 Al
a, a, X, Yo 13 A?
ag X, YsY1o 14
a, a, 1 — 15 A?
a8 a9 x1x7 y1y6 16 Al
a, XX, YsY7 14
a, X YeY7 18
ﬂg a3 xﬁ y9y10 19 Az
a, X4 Ys 20
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Tabsymro 6i10ka EMB noOypmosaHo 3 ypaxyBaHHsM Ta0i1. 2. Bona
MicTuTh Taki crosmmi: T,, Ty, X;, ..., X, — agpecu KOMipoK IaMm’'4Ti, p;,
P, — BMICT KOMipKW, § — JeCATKOBUN eKBiBaJIeHT afipec KoMipku. Ilepri
12 psapxkis Tabrmrti EMB mist MITA S, mogaHo B Taoit. 3.

Y sarassbHOMY BumaiKy Tabmis 6110ky EMB Mae H, pspkis, e H,
Y mamomy surnanxy H, = 2" = 2048. [Tpu ippomy g € {0, ..., 2047}. [Tepexommn
3 KOKHOTO CTaHy MOfaHi B Tabymili, sika Mae H,, psaxis, ne H,, = 2. B Ha-
momy npukiagi H, = 128.

Y Tabn. 3 HaBemeHo e 12 3i 128 psnkis, 1110 BiATBOPIOIOTH Ilepe-
xomau 3i crany a, € A. 'Y Tabi1. 3 momaHo CToOBIIeLb /1 115 TOro, 100 TToKasa-
TU 3B’ 130K MK TaOJIMITIMI.

s Hamoro npuxiiagy G = 2 i 3 (13) BuIuInBae, 110 TpaHUYHUM 3Ha-
yennsM R, € S, - G = 3. Takum unHom, KoxeH 6110k A* € T1, Moyke MicTUTI
1o 7 cragis. IToOymyemo 11e po3OUTTH TakK, 100 KOXKeH i3 ABOX OJIOKiB Mic-
TVB MaKC/MaJIbHY KiJIbKICTh YHIKaJIbHUX BUXOZIB Y, € Y. 3 IIi€f0 MeTOI0
BUKOPVICTAaEMO MeTO[I i3 [4].

Buxopucranss: [4] mae po3ourrs I1, = {A', A%}, ne A' = {a, ..., a5 a5} 1
A’ = {a,, a,, a,,}. 3 Tabn. 1 MaeMO MHOXMHM Yiv:Y' = Wy Yor Vo Yo Vs Yer
Yo Ysr Yavr Yiads Y2 = {Ys Yo V1o Yst- Ilepernn Y'i Y’ iae MHOXVHY {5, Ys},
oTxe MHOXMHA Y MicTuTh 8 YHIKaJIbHMX BUXOJIiB, 8 MHOXVHA Y? — nBa.
YHikanpHi Buxoau peasisyiorbcd Ha eemenTtax LUT Gmoxkis LUTerk,
3arajibHi — Ha esieMeHTax LUT 6r1oxy LUTeYT. Y HauripiioMy BUITagKy
11 peastizaliil KOXXHOI BUximHOI dyHKIIT HeobxigHO 3 enemenTtn LUT

=2R+L

Tabauysa 2. 3amina Bxonis MIIA S,

a
P -
a, a, a, a, as ag a, ag a,
P X X3 X5 X5 - X7 - X -
P> X Xy - Xe - - - X7 Xe
Tadauysa 3. @parmenT Tabimii 6;10ka EMB aBTOMara S,
T T, | T, | T, | % | X | X% | X | X% | X% | X |p|p| Q| H
0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
0 0 0 0 0 0 0 0 0 0 1 1 0 1 1
0 0 0 0 0 0 0 0 0 1 0 0 1 2 2
0 0 0 0 0 0 0 0 0 1 1 1 1 3 1
0 0 0 0 0 0 0 0 1 0 0 0 0 4 3
0 0 0 0 0 0 0 0 1 0 1 1 0 5 1
0 0 0 0 0 0 0 0 1 1 0 0 1 6 2
0 0 0 0 0 0 0 0 1 1 1 1 1 7 1
0 0 0 0 0 0 0 1 0 0 0 0 0 8 3
0 0 0 0 0 0 0 1 0 0 1 1 0 9 1
0 0 0 0 0 0 0 1 0 1 0 0 1|10 | 2
0 0 0 0 0 0 0 1 0 1 1 1 1 (11| 1

W
N
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T, T,
T, 00 01 11 10 Ts 0 1
0| ¢ a, ay a, 0| ¢ a
1 as a, * a, 1 a; ay

a 6

Puc. 4. Kogu cranis C(a,,) mrst MITA S,

(11e HeoOXiTHO TaKOX i I Y, Ta V), TakuM 4MHOM, y HaWTipIIOMy BU-
ragKy HeobxinHo BuTpatuTy 3N = 36 estemenTis LUT. 3aBAsKIM BUKOPUC-
TaHHIO MeTony [4] 1151 YacTmHa cxemm BuMarae jmae (N - 2) +3 x 2 =16
esiemeHTiB LUT.

Sk BumwmBae 3 (13), umMciI0 KOAyroumx 3MIiHHMX BU3HAYae€TbCs SIK
[log,(H,+1)]. V Hamomy Bumanxy maemo R1 = 2 ta R2 = 2. Lle mae ' =
={t, 7, T3}, = {ty 5} it =1{1, ..., T5}. 3aKOmyeMO cTaHM, 5K ITOKa3aHO Ha
puc. 4, a (1 Al) ipwuc. 4, 6 (ma Az).

Tabmmrs 61oka LUTerk OynyeTbes 3 ypaxyBaHHAM TaOJInIIi Hepexo-
nis i xomis C(a,,), K(a,,). Tabmvig micturs Taki crosmui: a,, C(a,), a, K(a),
P',;, q)’,j, Y,k,, h. brok LUTer] momaHo y Tabm. 4, a 610k LUTer2 — y Tabi. 5.

Tabmti 4 1 5 € ocHoBoIO W1t popmysanHs CbD (14)-(15). KoxHa
3 PYHKIIIN peaisyeTbcd Ha ogHOMY erleMeHTi LUT. Onrrumisartis KoXHOT
3 (pyHKIIIVI Ma€ CeHC, SKIIO TiJIbKM JIesIKi apryMeHTV BUK/IIOYAOThCS 3
ycix ii Tepmis [4]. Tak 6110k LUTer2 moxe 6yTn moganmm takumy Cbd:

Tabauysa 4. Tadmvns 6;oxka LUTerl

a, C(a,) a, K(a,) Pjxop ®jxop Y, KOp h
a, 010 a, 0001 12 D, VY, 1
as 0010 P1Pa D, Y Ys 2
a4 0011 EFZ D3 D4 yS Y11 2
a, 011 as 0100 12 D, V1Y 4
g 0101 P1P2 D,D, Y7 5
a; 0110 Pips D, D, Ys¥n 6
a, 100 ag 0111 P, D,D,D, Vi 7
Ay 1000 P1 D, YuYs 8
a, 101 a, 0010 PiP2 D, Ya 9
as 0100 P12 D, Ynln 10
g 0101 P1 D,D, YiYs 11
as 100 a, 0000 1 - Yo7 12
ag 110 a, 1000 PiPs D, V1Y 13
a 0001 P1P2 D, Y3 Y7 14
a, 0011 I D,D, Yol 15
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2_ o . 2 _ . 2 _ o -
Dy=1,tsvT,tp,; Dy =1, Dy=1,1p;.

SIK BUIHO, TyT PYyHKIIT Dé i Di 3aj1eXaTh BiJ] TPbOX 3MiHHMX, a PYyHK-
IIist Dz3 — Bin ogHiel. Tomy i peastisanii pyHKIIiT Dé He IOTpiOHMIT OKpe-
mut LUT (ue mpocto Buxif Tpurepa, 1mo popmye 3MiHHY T,).

2 _ 2 _ _
Y3 T TPy Ys = TP VUTP,;

2 _ _ 2 _
Yo = TTsPy VTP =Yg, Yio = T TP VU TsPs = Yoo

Y uint Cb® symite dpyHKIIiAg yg 3a51eXXuTh Bifg G + R = 4 3miHHMX. Y piB-
HSIHHSIX 1 y29 i yzw MU TiAKpecIvIn, o i PyHKIIT He ToTpeOyIoTh
estemenTiB LUT Gy1oky LUTerYT. ITomiOHMM crioco60M MOXKHa 3HAITH CHC-
temu (14) — (15) myis Gitoxy LUTer].

Tabmmis 6i1oka LUTerYT OymyeTbesd TpuBiaabHUM criocoboM. Bona
mictuth ctoBmi Dy, ..., Dy, yq,...,yy 1 panxkm LUTerl, ..., LUTerK. fIximo
saKach PyHKIIig popmyeThest 6110koM LUTerk, To Tie Bin3Ha9a€eThCS CUMBO-
JIOM «+» y BIJITIOBiAHIVI KJTiTVHI. [HaKIIIe TaM CTOITh 3HaK «—». 171 Hanoro
npukiiagy ook LUTerYT 3amaHo TaoIt. 6.

3 Tabs1. 6 maemo Cb® Giioky LUTerYT

D,=D!; D,=D!vD?; D,=D!vD?; D,=D!vD>
Vi=Y1 Ya=Y3 Ya=VYaVV3 Ya=VYi; Ys=VYs; Ye=Ve;
Yo =Y75 Ys=Ys VVYa; Yo=Y5; Yio=Yi0; Y =Y11; Y12 =Yia-

3 Tabs1. 6 1 miei CbD survmmsae, 1o LUTerYT cxitamaerbes 3 5-tu LUT.
Y 3araympHOMY BuItanKy HeobxinHo R + N =16 LUT. Exonowmist uncia LUT
y 3,2 pasu 1IoB si3aHa 3 BuoM po3ourt I1,.

Tabauysa 5. Tabavmns 6;1oxa LUTer2

a, C(a,) a, K(a,) P, @, Y h
a, 10 a, 0100 [ D,D, Y3 Yo 1
ag 0001 P D,D,D, YsYo 2
a, 01 a, 0100 1 - - 2
aq 11 a 0010 P D, YoY1o 4
a, 0110 Pa D, D, Vs 5

Tabauys 6. Tabmna 6moka LUTerYT

DyHKIIis
bok
Dy | Dy | Dy | Dy | i | Vo | Ys | Ya | Ys | Yo | Yo | Ys | Yo | Yo | Yu | Vi
LUTer1 N e I T T o B e e L e I I I [P (O iy
LUTer2 —l++ ]+ ==+ == =]=14+]|+|+]| ==
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T,T,
T,T, 00 01 11 10
1 5 9
00 T, T, * TTs
2 6
01 T,T5 Ty * *
4 8
11 T,Ts T, * *
3 7
10 T Ts * *

Puc. 5. Kapra Kapro mra 6rioxa LUTert

Ta6smsg 6110ka LUTert craButh y BifmosigHicTs KoxxHOMY Komy K(a,,)
kop, C(a,,). 3amamo 1130 Tabmitio K Kapty Kapao miisa R, dyHskin (puc. 5).
3 xaptu Kapno (Puc. 5) maemo taky Cb®:

1, =T,T,vI,I,T,; 1,=T,T,T,vT,L,T,;
T = TzT3 v T, Tsﬁ; = T1’1T3 v T, YTS'IT4; (19)
1, =T, vL,T,T,.

SIx BunHO 3 (19), pyHKIIiI T, i T, MAIOTB 110 3 apTyMeHTH.

Omniammo uncio LUT y cxemi MITA S,. SIk BurummBae 3 Tabi1. 4 6710k
LUTer — cxinapmaernbes 3 14 estementis LUT, a 6mmox LUTer2 — 3 6. 3 Tabi. 6
BuIuImBae, mo ook LUTerYT cxiamaerses 3 5 esteMeHTiB. 3 cuctemn (19)
pumuinBae, 1o LUTert cxiapaerees 3 5 estemenTiB. OTxe, cxema MIITA S,
3 ypaxyBaHHaM moperti U, ckitagaetbed 3 20 estemenTis LUT.

BucHOBKM

3menteHHs wioni cxemvt MITA MokxHa mocsirtv 361s1b11eHHAM (PyHKITiN-
HVIX MOXJIVBOCTEVI 3aCTOCOBHVX €JIeMeHTIB. Y pasi 3acTOCyBaHHS CXeM,
IO peaslizytoThcs B 0asuci FPGA, 3MeHIIIeHH IUIONTi MOXKHa JIOCSTTY I1e-
pexomoM Bix, Os1okiB LUT mo O1okiB EMB [14]. Taxmi iepexia pu3BOanTh
110 3MEHIIIeHHs 4Yacy LMKy Ta CHOXMBAHOI MOTYXHOCTI [4, 14]. OgHax
0ok EMB TakoXX MaioTh OOMeXeHH 3a KUIBKICTIO BXOJIiB Ta BVMXOJIIiB.
Binomo, 1o OaraTopiBHeBi cxeM, SKi CKJIa/IatoThCs 3 0710kiB EMB, € BKpan
HeedexkTusHMMU [4]. ToMy BuHMKae 3aBHaHHg peatisanii cxemu MITA y
rereporeHHoMy 0Oasuici Os10kiB EMB Ta estemenTis LUT.

Y Hamiin crarTi posIyIAmaEeThca TPaHWYHWUI BUIAIOK, KOJIM JIVIIe
onuH 6510k EMB MoXke OyTV BUKOPUCTaHWUIL, i 1OT0 MOXJIVBOCTe He BU-
cravae g peaisanii cxemnt MITA. ITporroHoBaHMII MeTOL, 3aCHOBaHWIL
Ha Takin imel: 6ok EMB BukoHye 3aminy Bxopis MITA momaTkoByMm
sMmiHHMMM p, € P, a inmni Cb® pearisyrorecs Ha eslementax LUT. [lyist on-
TUMi3allil ITi€T YacTMHM CXeM BUKOPVUCTOBYEMO MeTOI, IIO/IBITHOIO KO-
BaHHY CTaHIB [4].
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Hami gocmipkeHHsT MoKasasm, 10 TaKWUM Mifxisg Ja€ 3MOIy 3Ha4HO
(mo 18 %) smenmmTy KistbKicTe LUT MOPIiBHSAHO 3 BiZOMMMM MeTOHAMI.
JocimpkeHHS IPOBOAVIINCS 3 BUKOPUCTaHHSAM cTaHgapTHuX MITA [18] i
CAIIP Vivado [19]. 3a3Haummo, 1110 TaKM MiAXi IPU3BOAUTD 10 3HAYHO-
ro 3sMmeH1enHs uncia LUT e y pasi BukoHaHHs ymosu (9). OnHak 11
12 % aBroMmarTiB 1151 yMoBa nopytryethbces [18]. Takym unHoM, ymosa (9) Bu-
3Hayae€ JIOLUIbHICT 3aCTOCyBaHHS 3aIIPOIIOHOBAHOI'O METOTY.

Mertoro nopasblIMX IOCTIIKeHb € MoaMdiKallis 3alpOIIOHOBAaHOIO
IIZIXOY 3 ypaxyBaHHAM ocobymsocTent apToMara Mypa [20, 21]. Kpim
TOrO, HeOOXiTHO po3poOmTY MeToy, onrTmMisaril cxemrt MITA Misi 3a cu-
Tyarlil, Ko MOXJIMBOCTeVI ofHOro 010ka EMB HermocTaTHBO 171s peaslisa-
I1iT cXxeMM 3aMiHM BXOJIiB.
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OPTIMIZATION OF THE TWO-LEVEL MEALY
MACHINE CIRCUIT IN THE FPGA BASIS

Introduction. One of the most important parts of any digital system is a control unit
(CU), which coordinates the interaction of other blocks of the system. As a rule, the
CU circuit is determined by the control algorithm, and the design of each CU starts
from scratch due to the uniqueness of its operating algorithm.
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The purpose of the paper is the quality of a digital system depends on the
optimality of the CU characteristics. Therefore, the development of effective methods
for optimizing CU circuits is so important. When synthesizing a CU circuit, a number
of optimization problems arise: reducing the chip area occupied by the CU, increasing
the performance reducing the power consumption. It is known that solving the first
of these problems allows improving other characteristics of the circuit. This paper
considers the problem of reducing the chip area when implementing the CU circuit
using FPGA (field-programmable logic array) chips.

Methods. The FPGA chips and the Mealy finite state machine (FSM) model
are selected as the objects of study in the article. When implementing the FSM circuit
with FPGAs, LUT (look-up table) elements and embedded memory blocks (EMB) are
used. Since the dominant manufacturer of FPGA chips is AMD Xilinx, the method
proposed in the article is oriented towards FPGA of this company.

The article proposes a method for reducing hardware costs when implementing
the Mealy FSM circuit in the FPGA basis. The method is based on the joint use of the
EMB embedded memory blocks and LUT elements. The limiting case is considered
when the developer can use only one EMB block. To optimize the circuit, the methods
of replacing the FSM inputs and double state coding are used. An example of applying
the proposed method is given.

Results. The proposed method allows reducing the number of LUT elements
used by up to 18%. The conditions for the feasibility of using the method are shown.

Conclusions. It makes sense to modify the proposed method for the case of Moore
FSMs.

Keywords: Mealy FSM, synthesis, FPGA, EMB, LUT, state coding, input replacement.
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USING MOBILE PHONE TO CONTROL REMOTELY
ELECTRONIC DEVICES IN SMART HOME SYSTEM

Introduction. Smart Home technology encompasses a range of intelligent devices designed
for residential use. These devices present numerous opportunities to transform our lifestyles
in the future. Smart Home technology has made significant contributions to enhancing safety
and reliability while potentially altering our daily habits. In contemporary society, mobile
phones serve purposes beyond mere communication. As technology evolves, the functionality
of mobile phones expands, allowing them to be utilized for various applications. Currently, a
wide array of applications and hardware is available in the market that can be integrated
without necessitating further advancements in existing smartphones. Through network
connectivity, mobile phones can facilitate the management of smart home systems, enabling
users to control devices and receive alerts regarding potential theft or unauthorized access.

The purpose of the paper is to establish a smart home system that allows for remote
control of electronic devices and provides notifications of intrusions or movements in restricted
areas. The devices are managed via mobile phones using the Short Message Service (SMS),
with alerts also sent as SMS messages detailing activities occurring within the vicinity.

Results. A smart home system was developed that allows remote control of household
electronic devices using a mobile phone. Control of the devices was facilitated through the
transmission of instructions via SMS, with alerts also being delivered in the same manner.
A Hall Effect proximity sensor was employed to detect unauthorized entry, while a passive
infrared sensor was utilized to monitor movement in restricted zones. Additionally, a temperature
sensor functioned as a heat detector, and an LED light was incorporated to demonstrate the
management of electronic devices. The Arduino Uno Board served as the microcontroller, and
the SIM900 GPRS/GSM module was utilized for communication between the microcontroller
and the mobile device. Notably, the mobile phone did not require any specialized applications
or hardware; any mobile phone capable of sending and receiving SMS could function as a
mobile station.

Cite: AL-Rawi M. Using Mobile Phone to Control Remotely Electronic Devices in
Smart Home System. Information Technologies and Systems, Kyiv, 2025, Vol. 1 (1), 39-49.
https:/ /doi.org/10.15407/intechsys.2025.01.039
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Conclusion. Thus, the developed Smart Home system demonstrated its effectiveness.
The microcontroller unit effectively responds to commands issued by the mobile phone,
adapting to the application's requirements and activating an alarm in critical situations.
Additionally, the application successfully facilitates the remote management of electronic
devices.

Keywords: Smart Home, mobile phone, remote control, electronic devices.

Introduction

Smart Home (SH) refers to a residence equipped with a home controller
that integrates various home automation systems. The most widely used
home controllers are those programmed via a Windows-based PC, after
which they operate independently to manage home control functions.
This integration allows different home systems to communicate through
the home controller, facilitating simultaneous control of multiple systems
via a single button or voice commands, whether in pre-set scenarios or
operational modes. The home automation sector is experiencing rapid
growth as electronic technologies converge. The home network includes
systems for communication, entertainment, security, convenience, and
information. Power Line Carrier Systems (PCS) utilize existing electrical
wiring in a home to transmit coded signals to programmable switches
or outlets. These signals carry commands linked to specific device «ad-
dresses,» dictating their operation times and methods. For example, a
PCS transmitter can send a signal through the home’s wiring, which
a receiver connected to any electrical outlet can pick up to control the
attached appliance. X10 is a prevalent protocol for PCS, serving as a sign-
aling method for the remote control of devices connected to the electrical
power line. X10 signals consist of brief radio frequency (RF) bursts that
encode digital information, enabling communication between transmit-
ters and receivers [1].

The European Installation Bus, commonly referred to as Instabus, is a
specialized embedded control protocol designed for digital communica-
tion among smart devices. This system utilizes a two-wire bus line that is
integrated with standard electrical wiring. The Instabus line connects all
devices to a decentralized communication network, functioning similarly
to a telephone line that allows for the control of appliances. The European
Installation Bus Association is affiliated with Konnex, an organization
dedicated to the standardization of home and building networks across
Europe [2].

In this setup, all appliances and devices act as receivers, while the con-
trol mechanisms, such as remote controls or keypads, serve as transmit-
ters. For instance, if one wishes to turn off a lamp located in a different
room, the transmitter sends a numerical code that encompasses the fol-
lowing elements [3]:

1. A notification to the system indicating that a command is being issued.

2. A unique identification number for the device intended to receive
the command.
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3. A specific code that conveys the actual command, such as “turn off”.

This entire process is designed to occur in less than a second; how-
ever, X10 technology does have certain limitations. Communication over
electrical lines can be unreliable due to interference from other devices,
which can create “noise”. Consequently, an X10 device may misinterpret
electronic interference as a command or fail to receive the command al-
together. Although X10 devices remain in use, newer technologies have
emerged to vie for market share in home networking. Some systems now
utilize radio waves for communication, akin to the operation of Wi-
Fi and cellular signals. Nevertheless, home automation networks do not
require the extensive bandwidth of a Wi-Fi network, as automation com-
mands are typically brief messages. The two leading radio networks in
home automation are ZigBee and Z-Wave, both of which operate as mesh
networks, allowing for multiple pathways for messages to reach their in-
tended destinations [4].

Design of Smart Home System

The system is fundamentally divided into two components: the mobile
station and the microcontroller unit. The mobile station serves as the com-
mand center, issuing control instructions to various devices and sensors
while also receiving their responses. It functions solely as a user interface
and does not exert direct control over the devices. In contrast, the micro-
controller unit is tasked with managing the devices and processing the
information collected from both the devices and the mobile station. This
unit acts as the system’s central processing unit, overseeing the flow of
information to and from all other components.

As illustrated in Fig. 1, the system consists of these two primary units.
The microcontroller unit is equipped with four sensors and a light, in ad-
dition to the SIM900 module.

The LM35 sensor detects temperature, the digital output proximity
sensor serves as an intrusion detector, and the Panasonic passive infrared
sensor functions as the motion detector within the system. The microcon-
troller continuously processes data from these sensors and will alert the
mobile station if any anomalies are detected or if the temperature exceeds
a predefined threshold. In addition to receiving alerts, users can inquire
about the current temperature in their home by sending a command to the
microcontroller. These three components collectively enhance home secu-
rity. Furthermore, the microcontroller unit includes a lighting system that
can be controlled remotely via the mobile station. For demonstration pur-
poses, a simple Light Emitting Diode (LED) showcases the remote lighting
management capabilities. Users can monitor the light’s status — whether
it is ON or OFF — through the mobile station and can adjust the light’s
state remotely. Additionally, a heat sensor is integrated into the system,
which is programmed to send an SMS alert in the event of a fire.

The Sim900 GPRS/GSM module serves as the intermediary between
the microcontroller unit and the mobile station, facilitating communica-
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Fig. 1. System block diagram

tion between the two. This module is tasked with transmitting data from
the microcontroller to the mobile station and relaying instructions from
the mobile station back to the microcontroller. The microcontroller exe-
cutes the commands issued by the user via the mobile station. The second
component of the system is the mobile station, which is essentially a
mobile phone. There are no specific requirements or applications needed
for the mobile phone to integrate into the system; any mobile phone that
supports messaging functionality is adequate. Instructions to the micro-
controller are conveyed through text messages, and alerts from the micro-
controller are also received in text format. This system functions as a smart
home solution, enhancing home security and enabling remote manage-
ment of household devces.

Interfacing of Sim900 Gprs/Gsm Module

The Sim900 module plays a crucial role in facilitating communication be-
tween the microcontroller and the mobile phone. To interface and con-
figure the module, ATtention (AT) commands are employed. These com-
mands are incorporated in C-language as a string of characters, which are
transmitted to the module via a terminal program.

To activate the SIM card, the SIM pin code is necessary. As illustrated
in listing 1 on Fig. 2, the instructions are articulated within a program as
C-language code that can be executed at a designated time. Subsequently,
the code is compiled and uploaded to the Arduino/GPRS shield unit.

Listing 2 presents on Fig. 3 the AT commands required to identify
the index of an SMS and to access the content of the SMS message. It is
essential to retrieve the SMS index each time a new SMS is received, as the
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mySerial.println ("AT+CPIN=4510"); //the pin code for the sim
delay(5000); mySerial.println ("AT+CMGF=1"); //sets the text mode

Fig. 2. Listing 1 — AT command syntax to set the text mode

pos = msg.indexOof (","):
String index = msg.substring(pos+1); //the index of SMS
myS When exposed to the fire of an ignited lighter:
erial.print ("AT+CMGR = ");
mySerial.println(index): //read the incoming SMS

Fig. 3. Listing 2 — AT commands to read the SMS message defined within a program

index continues to increment. Failing to do so may result in the program
repeatedly reading the same SMS, despite the presence of new messag-
es. Given the limited storage capacity of the SIM card, SMS messages are
deleted after they have been read and the corresponding instruction has
been executed. The microcontroller acts according to the instructions con-
veyed through the SMS message from the mobile phone.

Interfacing and Implementation of Sensor

There are various areas that require regular monitoring, as well as devices
that need to be inspected both inside and outside the residence. It is es-
sential to keep an eye on doors and windows to prevent unauthorized ac-
cess, as well as to observe the movements of unfamiliar individuals in the
vicinity of the property. Additionally, a household member may wish to
check the status of electronic devices after leaving the home and may need
to deactivate them if they have been inadvertently left on. Furthermore,
monitoring the home’s temperature is crucial to activate an alarm when it
reaches a critical threshold. The oversight of temperature, the movement
of strangers, and the operation of doors and windows is facilitated by spe-
cific sensors. These sensors can be designed as various types of detectors
based on the requirements of the application and user preferences. The
functionality of these sensors is governed by software. Given the diversity
of sensor types, they are connected according to their output characteris-
tics and specifications. The external circuitry required for interfacing the
sensor with the application varies depending on the sensor type; however,
it is not always necessary, as some sensors can provide direct output for
immediate use in the application.

Heat Sensor

The heat (flame) sensor depicted in Fig. 4 exhibits a high sensitivity to
standard light, which is why it is commonly employed for flame detection
purposes.

This module is capable of identifying flames or light sources within
the wavelength range of 760 nm to 1100 nm. The output interface of the
small plate can be directly connected to the microcomputer’s IO port. It is
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Fig. 4. Heat sensor

void setup() { Serial.begin(9600):

} void loop()

{ if (analogRead(A0) < 250) Serial.println("No
Fire"): else Serial.println("There's a Fire!"):

delay(100): }

Fig. 5. Listing 3 — C code used to read the temperature

essential to maintain a specific distance between the sensor and the flame
to prevent damage from excessive heat. The minimum testing distance is
80 cm; for larger flames, a greater distance should be used. The sensor has
a detection angle of 60 degrees, making it particularly responsive to the
flame spectrum.

The microcontroller monitors the sensor’s output voltage at one-second
intervals through the analog Read function. Since temperature is a func-
tion of output voltage, it can be computed mathematically. The tempera-
ture is derived from the output voltage using the formula provided in
listing 3 in Fig. 5. If the calculated temperature surpasses the threshold set
within the software, an SMS will be automatically dispatched to the desig-
nated mobile phone. This temperature threshold can be adjusted based on
the specific environment where the sensor is installed and the intended
application. For instance, if the sensor is situated in a cold room to regu-
late its temperature, a lower threshold is appropriate, whereas a higher
threshold is necessary for a sensor placed in a fire detection scenario. Fur-
thermore, the current temperature at the sensor’s location can be obtained
by sending an SMS to the GPRS module.

Numerous electronic devices within a household may have an uncer-
tain operational status (either ON or OFF), and it is possible for them to be
inadvertently left ON. It is essential for the owner to ascertain the status of
these devices, and if any are found to be ON, they must be turned OFF.
However, returning home to switch off these devices is not always feasible.
This situation highlights the necessity for remote management of electron-
ic devices to mitigate the risk of accidents and reduce electricity consump-
tion. Various methods exist for implementing remote management of elec-
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tronic devices, including Ethernet Arduino Board
management, wireless device

management, and GPRS/GSM
module management. This paper

|
|

1

focuses on the remote manage-

ment of lighting systems using _
the GPRS/GSM module, particu- Relay Shield
larly through SMS communica-

tion. In this context, the lighting :
system serves as a representative | Power Supply| L
example of electronic devices in 220V
general. Given that the lighting Fig. 6. Circuit diagram for the control of
operates on a 220V AC current glectronic devices

while the Arduino provides only

a 5V DC current, a relay is employed to interface between the Arduino
and the lighting system. The relay is controlled via the I/O pins of the
Arduino, which ultimately regulates the lighting. The circuit diagram
illustrating the control of electronic devices through the I/O pins of the
Arduino Board via the relay shield is presented in Fig. 6.

The electronic device is operated through the I/O pin of the Arduino,
which is linked to a relay. When the I/O pin is in a low state, the common
(com) terminal connects to the normally closed (NC) terminal, while in a
high state, the common connects to the normally open (NO) terminal. This
configuration indicates that the electronic device is activated when the
I/O pin is high and deactivated when it is low. Essentially, the electronic
device can be controlled remotely by manipulating the I/O pin of the Ar-
duino board. For demonstration purposes, a LED is utilized to represent
the remotely controlled light, functioning in place of a traditional light
bulb. The operational principle for controlling the light remains consistent
with that of the LED; the light is managed through the Arduino’s I/O pins
via relays, while the LED is directly controlled by the I/O pins.

Listing 4 presents in Fig. 7 the C-code necessary for the remote man-
agement of the light using a mobile phone. The code begins by monitoring
incoming SMS messages and executes actions based on their content. The
light can be turned ON or OFF in accordance with the commands received
from the mobile phone. The fifth bit of port B indicates the light’s status
(specifically, the status of I/O pin 13), which is accessed using the bitRead
function. When the status of the light is requested, an SMS is sent back to
the mobile phone, providing the current status. This method allows for
remote awareness of the light’s status and enables the light to be turned
ON or OFF via mobile phone commands.

The SH system is designed by incorporating sensors and a remotely
controlled lighting system as detailed in this paper. For demonstration
purposes, a single lighting system is utilized alongside three types of de-
tectors: an LM35 temperature sensor for heat detection, a Panasonic pas-
sive infrared sensor for motion detection, and a Hall Effect proximity

Electronic

Devices
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int led = 13;
pinMode (led, OUTPUT) ;

if (msg.indexOf ("Turn light on") >= 0){ digitalWrite(led,HIGH):
} if (msg.indexOf ("Turn light OFF"™) >= 0) {
digitalWrite (led, LOW) ;

} if (msg.indexOf ("State of light"™) >= 0){ val =
bitRead (PORTB, 5) ;

switch(val){ case 0: send_SMS():
break;

case 1: send SMS();

break; } 1}

A Fig. 7. Listing 4 — C-code
compilation for the mana-
gement of light remotely

sensor for intrusion detection. The quantity of sensors and remotely ma-
naged electronic devices can be adjusted based on the specific require-
ments of the application.

This system activates alarms in response to unauthorized entry through
doors and windows, as well as detecting human movement within the
premises and restricted zones. Additionally, it monitors temperature le-
vels and triggers an alarm when critical thresholds are reached or exceed-
ed. The entire system integrates the sensor implementation and lighting
control, which is executed on the Arduino platform using the Arduino
Uno Board, as illustrated in Fig. 8.

Fig. 8 illustrates the microcontroller unit, which comprises the Ardui-
no board, GPRS shield, light, and sensors. The unit can receive power
either from an external source or through the USB port of a computer.
In this study, power is supplied via the USB port, while the sensors and
GPRS shield draw power from the unit itself. The entire system is deve-
loped using C-code on the Arduino platform. The software created on this
platform can be uploaded to the microcontroller (i.e., the Arduino board)
utilizing the Arduino IDE.

The Arduino integrated development environment (IDE) is a cross-
platform application developed in Java, allowing programs to be written
in C or C++. This platform includes a software library and a code editor
equipped with features such as syntax highlighting brace matching, and
automatic indentation. The complete program is authored in C language
code, which can be easily uploaded to the board with a single click
of the upload button. Essentially, this work involves integrating the soft-
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Unit Instruction Response Output/Alarm
send by mobile | to the mobile | triggerring condition
Light State of light The light is
ON/OFF
Turn light ON Light is turned ON
Turn light OFF Light is turned OFF
Heat What is the The flam is
sensor | flam sensor? x °C
The flam If the flam is > y °C
is too high
Switches | Turn Devise The Devise
ON is ON/OFF
Turn Devise
OFF

Fig. 9. Results of the instructions and the response to and from the mobile station

ware (C language code) that interfaces with and implements the sensors,
GPRS module, and remote light management. Furthermore, the program
includes additional code to facilitate coordination among these compo-
nents, along with supplementary C-code beyond the individual codes pre-
viously mentioned.

Results

The objective of this paper is to implement a smart home (SH) system,
and this goal has been successfully achieved. The microcontroller unit
effectively responds to commands issued by the mobile phone, adapting
to the application’s requirements and activating an alarm in critical situ-
ations. Additionally, the application successfully facilitates the remote
management of electronic devices.

= P BAI W ASIACELL coses

Jeals 4964773 516 9364 LL.Jl >

it's fire
it's fire
it's fire
it's fire
it's fire
it's fire
it's fire
it's fire

[ ] syl

Fig. 10. Screenshot of the mobile station managing the light
remotely
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Table shown in Fig. 9 presents the commands transmitted to the mi-
crocontroller from the mobile device, along with the corresponding out-
puts and responses from the microcontroller back to the mobile device.
It is evident from the Table that the commands are directed solely to the
lighting system and the temperature sensor, which operate in accordance
with the instructions received from the mobile phone.

Fig. 10 illustrates a screenshot depicting the management of electronic
devices, specifically the lighting system, via the mobile device.

As shown in Fig. 10, the microcontroller communicates with the mo-
bile phone through SMS, indicating whether the light is ON or OFF based
on the command (light state) sent from the mobile device. The light can be
toggled ON and OFF through SMS, and the responses to these commands
vary depending on the light’s status, as demonstrated in Fig. 10.

Conclusion

The objective of this paper was to develop a smart home system that
enables remote control of household electronic devices via a mobile
phone, as well as to receive notifications regarding unauthorized access
and movement in restricted areas. This objective was successfully accom-
plished. Control of the devices was facilitated through the transmission of
instructions via SMS, with alerts also being delivered in the same manner.
A Hall Effect proximity sensor was employed to detect unauthorized en-
try, while a passive infrared sensor was utilized to monitor movement in
restricted zones. Additionally, a temperature sensor functioned as a heat
detector, and an LED light was incorporated to demonstrate the manage-
ment of electronic devices. The Arduino Uno Board served as the micro-
controller, and the SIM900 GPRS/GSM module was utilized for commu-
nication between the microcontroller and the mobile device. Notably, the
mobile phone did not require any specialized applications or hardware;
any mobile phone capable of sending and receiving SMS could function
as a mobile station.
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BIKOPVICTAHHS MOBUTBHOI'O TEJIEGOHY
TSI AVICTAHLIIMTHOTO KEPYBAHHSI EJIEKTPOHHVMM
IMPVICTPOSIMM B CMICTEMI PO3YMHOI'O [IOMY

Beryn. TexHosorist «po3yMHUI [1iM» OXOIUTIOE HU3KY iHTeJIeKTyaIbHUX IIPUCTPOIB,
Opu3Ha4YeHUX IS BUKOPWUCTaHHs B JoMax. Lli IpucTpoi IpONOHYIOTH YMCIIeHHI
MOMUIMBOCTI 3MiHMUTM HaIl CIOCIO XUTTS B MartOyTHBOMY. TeXHOJIOTIS «pO3yMHIII
TliM» 3poOwrTa 3HaUYHWUY BHECOK y MiBUINeHHsS 0e3leKn Ta HaiHOCTI, a TaKOX
ITOTeHIIITHO 3MiHMIIa Halli IO/IeHH] 3BMUYKN. Y CydacHOMY CYCIiTbCTBi MOOiIbHI
TesiedpOHM CITyKaTb He JIVIIIe IS CIIUIKYBaHHS. 3 PO3BUTKOM TeXHOJIOTiN (PYHKIIiMHI
MOXJIMBOCTI MOOUTEHIIX TeJIedpOHIB PO3IIMPIOIOTHCS, III0 YMOMKIIMBITIOE IX BUKOPVUCTAHHS
IS pi3HMX 3a73a4 3 3aCTOCYBaHHSM BiAIIOBIIHIX IIporpaM. 3apas Ha pUHKY JOCTYIITH
HIVPOKMUII CHeKTp IIporpaM i amapaTHOTo 3abe3reueHHs], gKi MOXHa iHTerpyBaTu
0e3 HeOOXiTHOCTI IOHAIBIIIOrO BIOCKOHAJIEHHS HAsSBHMX CMapT@OHIB. 3aBHgKm
MiIKITIOUeHHIO 710 MepeXi MobinbHI TereoHM MOXYTh TOJIETTINTY KepyBaHHS
crcTeMaMy PO3YMHOIO JIOMY, Aal04l 3MOT'Y KOPUCTyBadaM KOHTPOJIIOBaTH IIPUCTPOL
Ta OTPMMYBaTV CHOBiIIIeHHs IIPO MOXINBY KPafiKKy ab0 HecaHKIiOHOBaHW JOCTYIL

MeTor0 11i€i CTaTTi € CTBOPEHHS CUCTEMIU «PO3YMHOTIO JOMY», dKa Ja€ 3MOIy
JIVICTAHIIIIHO KepyBaTy eJIeKTPOHHMMM HPUCTPOsIMM Ta HaJ/la€ CIOBIlleHHs PO
BTOpPrHEHHS ab0 IepeMiITieHHs B 30HaxX 0OMeXeHOro AOCTYITy. YITPaB/iHHS IIPUCTPOSIMIA
3IIVICHIOETLCS depe3 MOOUTRHI TerledpOHM 3 JTOTIOMOTOFO CITY KOV KOPOTKIMX ITOBiIOMIIEHD
(SMS), mpuuoMy CIIOBillIeHHS TaKOXX HaZCWIIAIOTCA K SMS-TIOBiIOMIIEHHS 3 IeTaJIb-
HOIO iHdOopMaIiielo Ipo i, 1m0 BifgOyBaroThCs OOy .

PesynpTaTi. Po3po0sieHo crcteMy «pO3yMHUI [iM», sIKa JTa€ 3MOTY JAMCTaHIIIHO
KepyBaTy ITOOYTOBMMV eJIEKTPOHHUMM IIPUCTPOSIMU 3 JIOTIOMOTOI0 MOOLITBHOTO
Testecpony. YIrpapsiHHS IIPUCTPOSIMI CITPOIIEHO 3aBAsAKM Ilepeadi iHCTPyKIint uepes
SMS, gx i meperiava 3B0POTHMX CITOBiITIeHb. [laTumk HaOmoKeHHs Ha edekTi XormTa
BUKOPVCTOBYBaBCs [IJIs1 BUSIBJIEHHsI HeCAaHKITiIOHOBAHOTO ITPOHMKHEHHS B IIPVIMIIIIeHHs],
a TacBHUI iH(payepBOHMIT JaTUYMK BUKOPUCTOBYBaBCS I MOHITOPUHLY PYyXy B
3aboponenmx 30Hax. KpiM Toro, maTumk temmeparypu yHKIIOHyBaB SIK IeTeKTOp
TelUla, a CBITJIONIONHMII iHAMKaTOp OysI0 BOYZOBAHO IS IEMOHCTpAIlil KepyBaHHS
eJ1IeKTpoHHMMYU TIpucTtposamm. Ilnara Arduino Uno cyrysajia MiKpOKOHTpPOJIEPOM, a
Momyits SIM900 GPRS / GSM BUKOPWMCTOBYBaBCs [171sI 3B’ SI3KY MiXK MiKpOKOHTPOJIEPOM
i MOOLIPHMM IIpUCTPOEM. 3ayBakiMO, III0 MOOUTEHMTI TerledpOH He BUMaras KOTHIX
crieltiajzizoBaHyXx IporpaMm abo alapaTHOTO 3a0e3IedeHHs; OyIb-sSKIiT MOOLUIbHII
Tes1edpOH, 3aTHMIT Ha/ICWIaTV Ta OTpUMYyBaTi SMS, Moke (PYHKITIOHYBaTH sIK MOOUIbHA
CTaHILis.

BucHoBKM. Po3pobrieHa cumcTeMa «pO3yMHUV JiM» ITPOIEMOHCTpPYBaa CBOO
edexTmBHICTE. byro mokasaHo, 1m0 6710k MiKpOKOHTpoJlepa ePeKTMBHO pearye Ha
KOoMaHIM MoOiIbHOrO TeedOHy, MimJIaIITOBYIOUNCH IIiff BUMOTY IPOTpaMi Ta
aKTMBYIOUM CUTHAI3alIi0 B KpUTUYHMX cuTyarisx. KpiM Toro, mporpama 3abesmedye
JVICTaHIIiVIHe KepyBaHH: eJIeKTPOHHVMU ITPUCTPOAMIL.

Karouo8i caoBa: posymmuii 0im, MobivHULl meseqhon, Oucmanyinite xkepybanHs, eAeKmpoHHi
npucmpot.
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AUTOMATED SENTENCE ALIGNMENT
IN UKRAINIAN-GERMAN PARALLEL TEXTS

Introduction. Sentence alignment in German parallel texts is a relevant task. It allows
obtaining parallel data sets necessary for many computational linguistics tasks, such as par-
allel corpus construction and machine translation. The article describes the main tasks of sen-
tence alignment, reviews existing methods and analyzes their ideas. Based on this analysis, a
new method is proposed, it is based on the Bleualign approach, which uses machine
translation systems and the BLEU metric to assess the similarity of sentences. However,
it differs in the use of additional marker dictionaries for industry terms and conjunctions,
including their synonyms. This article outlines the main tasks of sentence alignment, reviews
existing methods, and discusses their ideas. Based on this analysis, a new method is proposed.
This method is based on the Bleualign approach, which uses machine translation systems and
BLEU metrics to evaluate sentence similarity, including the alignment of parts of complex
sentences. However, it differs in the alignment process steps and introduces additional marker
dictionaries for domain-specific words and conjunctions, including their synonyms.

The purpose of the work is to develop a method and software for automated sentence
alignment in Ukrainian-German parallel texts.

Methods. The developed method is based on the Bleualign method and the BLEU metric.
It is improved by the use of dictionaries of industry terms and conjunctions, and also
provides a focus on one language pair — Ukrainian-German. The proposed method consists of

Cite: Korotiuk M.L, Rybachok N.A. Automated Sentence Alignment in Ukrainian-Ger-
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6 stages, allowing to align sentences in Ukrainian-German parallel texts. The proposed
method is implemented in software using the Python programming language.

Results. A new method for aligning sentences for Ukrainian-German parallel texts has
been developed and its software implementation has been completed. The proposed method
is based on statistical approaches and does not require significant computing resources.
Unlike the Bleualign method, it uses dictionaries of industry terms and conjunctions for more
accurate sentence alignment.

Conclusions. Further research will include experiments and comparison of the alignment
results obtained using the proposed method with the results of the Bleualign method.

Keywords: sentence alignment, parallel texts, machine translation, BLEU metric, dictionaries.

Terminology

Sentence alignment — the process of establishing correspondence bet-
ween sentences with the same meaning in parallel texts.

Parallel texts — texts in different languages that convey the same
meaning and are translations of each other.

BLEU metric — a statistical method for evaluating translation quality
by comparing the source and target texts using n-grams.

Cosine similarity — a metric for calculating the similarity between
vectors, measuring the cosine of the angle between them; it can be used
to assess the similarity of vector representations of text features.

Machine translation — an automated process of translating text from
one language to another using software, without direct human involvement.

Marker — a unique identifier that highlights specific characteristics of
a word, phrase, or text segment, which hold particular significance in lan-
guage processing, analysis, or translation.

Introduction and Problem Statement

In the field of computational linguistics, an important task is the develop-
ment of new and improvement of existing methods for segment alignment
of parallel texts, particularly sentences. Sentence alignment is a key step
in obtaining data that can be used for building parallel corpora, training
machine translation models, and analyzing the style and syntactic struc-
ture of sentences. The effectiveness of these tasks depends on the accuracy
and volume of available parallel data.

There are many methods that can be applied to parallel texts belong-
ing to different language pairs. However, their use often requires signifi-
cant computational resources, such as through the use of multilingual
models. Furthermore, the accuracy of such methods may be low if they are
based solely on statistical approaches to data processing, especially if they
do not take into account the lexical components of the sentences. Since the
German language is widely used globally, and there are significantly fe-
wer parallel data available for the Ukrainian language compared to Eng-
lish, it seems reasonable to develop a sentence alignment method for pa-
rallel texts in the context of these languages. Focusing on a specific lan-
guage pair will allow for the creation of a sentence alignment method

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 51



M.I. Korotiuk, N.A. Rybachok

optimized for the lexical characteristics of a specific field, with fewer
computational costs compared to methods based on multilingual models,
thanks to the use of statistical approaches. This will enable the method to
be applied on standard hardware without specialized devices, making it
more accessible to a broader audience.

In light of the above, the goal of this study is to improve the accuracy
of automated sentence alignment in Ukrainian-German parallel texts by
developing a method that ensures the acquisition of a parallel data set
using statistical approaches, without requiring significant computational
resources. To achieve this goal, it is necessary to review existing methods
of automated sentence alignment, analyze their advantages and disad-
vantages, and, based on the results, develop a proprietary method and
implement its software solution.

Literature Review

Among the existing methods of sentence alignment in parallel texts, the
Gale-Church method, Hunalign, Bleualign, and Vecalign can be distin-
guished. Each of these methods uses different approaches to alignment,
so their accuracy can vary significantly.

The Gale-Church method is based on the assumption that longer sen-
tences in one language are typically translated into longer sentences in
another language, and shorter sentences are translated into shorter ones
[1]. The statistical approach, which compares the number of characters in
sentences using dynamic programming methods, allows for fast results
even for large texts. However, for obtaining accurate results, this might be
insufficient, as it does not take into account the lexical components of sen-
tences, which plays an important role in determining sentence similarity.

An alternative to the described method could be Hunalign — a hybrid
method that combines the use of dictionaries and sentence length deter-
mination [2]. This allows for quite accurate results without the need for
significant computational resources, provided that the dictionary is accu-
rate and complete.

Since compiling and formatting a large dictionary can be a time-con-
suming process, especially when there is insufficient available data, the
Bleualign method can be used. The main idea of this method is to use ma-
chine translation of the text and the BLEU metric as a measure of simila-
rity to find reliable correspondences between sentences that serve as an-
chor points [3]. Due to the widespread use of machine translation systems,
they can be applied to bring parallel texts to one language, avoiding the
creation of a special dictionary with a large number of words, as is done
in the Hunalign method. Importantly, these systems can account for se-
mantic relationships in sentences as well. Furthermore, using already
translated text allows the method to use only statistical approaches, mak-
ing it relatively simple, yet fast and efficient. However, there may be dif-
ficulties when comparing sentences that contain synonyms or have a shif-
ted word order, while maintaining the same meaning. This could lead to
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a loss of some parallel data when evaluating their similarity using the
BLEU metric, which is based on exact word matches.

This issue can be resolved by the Vecalign method, which imple-
ments a new approach for bilingual sentence alignment [4]. It is linear in
terms of both time and memory usage and requires only bilingual vector
representations of sentences. The method involves using multilingual vec-
tor models, such as LASER. This approach often provides very high ac-
curacy in results due to its consideration of both semantic and lexical com-
ponents of the sentence. However, it requires significant computational
resources, which may be unavailable under certain conditions.

Also let’s look at other sentence alignment methods and tools that
use advanced approaches and improved text processing algorithms.

Web Align Toolkit — offers an intuitive interface for automatic align-
ment of parallel texts and supports various language pairs. The tool ena-
bles text preprocessing, which improves alignment accuracy. However,
its algorithms may produce errors when processing texts containing nu-
merous idioms or specialized terminology. Additionally, the tool does not
support processing of very large texts [5].

InterText — a software with a graphical interface for semi-manual
alignment, useful for correcting results from automated methods. Its mo-
dular architecture allows integration of additional dictionaries and rules
for specific language pairs. Among the drawbacks of this project are li-
mited support for modern data formats and decreased performance when
processing texts exceeding 10,000 sentences [6].

Bertalign — a BERT-based approach ensuring semantic sentence alig-
nment [7]. It shows strong results when processing context-dependent
expressions and idiomatic phrases. The method is especially useful for
aligning literary texts where preserving not only content but also stylistic
features is crucial. However, it demands substantial computational re-
sources, which may limit its application on standard hardware. Its effec-
tiveness also sharply declines in the absence of high-quality pre-trained
models for specific language pairs.

Lingtrain Aligner — an interactive tool combining automatic align-
ment with manual editing capabilities [8], suitable for creating high-qua-
lity parallel corpora where precision in each match is essential. Its modu-
lar architecture allows adaptation to specific tasks and language pairs.
However, the system requires extensive training for effective use and
may yield unstable results for small corpora.

All these modern tools demonstrate a shift from traditional statistical
methods to neural and hybrid approaches. Nevertheless, their efficiency
often depends on the availability of computational resources, the volume
of parallel data, and text complexity, which may pose limitations for cer-
tain applications.
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Method of Automated Sentence Alignment
in Ukrainian-German Parallel Texts

The method proposed in this research is based on the idea of the Bleualign
method. It is suggested to use machine translation and sentence similarity
assessment in parallel texts, which are brought to one language using
the BLEU translation quality evaluation metric. This method, like Bleua-
lign, also supports multi-step sentence alignment, including “one-to-one”
and “one-to-many” approaches. The authors’ contribution lies in refining
the algorithm by integrating an additional lexical component — domain-
specific term and conjunction dictionaries, which are used as markers for
sentence matching. Each dictionary is manually compiled and formatted
so that synonyms for each term or conjunction are defined in both lan-
guages along with a unique marker. The accuracy of sentence alignment
using the proposed method largely depends on the size of the dictionaries
and the number of synonymous equivalents: the broader the lexical co-
verage and the more synonym pairs, the higher the alignment accuracy.
At the same time, due to their thematic focus (conjunctions and terms
within a specific domain), their volume remains moderate, allowing for
the quick creation of such dictionaries for specific tasks.

It is expected that the proposed method will improve sentence align-
ment accuracy in Ukrainian-German parallel texts by 3 —5% compared to
the Bleualign method.

The proposed method consists of 6 stages, which are shown in the
action diagram (Fig. 1).

Stage 1. Obtaining two parallel texts — the source (source) and target
(target) texts, the source language of the text, as well as the domain term
dictionary.

Alignment is possible for both Ukrainian as the source language and
German as the target language, as well as in the reverse direction. The pro-
posed method does not require additional formatting of text data since it
can work with texts that contain paragraphs.

Stage 2. Choosing the sentence alignment method.

There are two alighment options: within paragraphs or for the entire text.

For the first option, paragraph alignment is performed first by creat-
ing a vector for each paragraph, containing the calculated number of dic-
tionary term markers for each term in the given text segment. To achieve
this, the text is preprocessed: tokenization is performed to determine the
total number of words in the text. Tokenization is also necessary for fur-
ther lemmatization or stemming of both the text and the dictionary terms.
This is important for bringing terms to a uniform form; otherwise, they
would be considered different.

Next, the obtained vectors are normalized by dividing by the number
of words in the paragraph.

Then, paragraph similarity is determined by calculating cosine simi-
larity. Paragraphs are considered parallel if their similarity exceeds a de-
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fined threshold. Multiple parallel paragraphs may be found for each par-
agraph in the source text. However, there may be cases where some para-
graphs do not have any parallel counterparts due to the absence of relevant
terms in those text segments. In such cases, additional vectors for para-
graphs are created based on the following indicators: the number of sen-
tences in a paragraph and the average number of words per sentence.

Normalization for these additional vectors is performed in the same
way as for term vectors. Cosine similarity calculations for these vectors
help identify similar paragraphs, allowing an attempt to find parallel
sentences among them at later stages.

In the second option, all paragraphs are combined, allowing sentence
alignment to be performed regardless of their position within a paragraph
or the text as a whole. This approach is suitable for small texts with diffe-
rent formatting due to the quadratic complexity of the method, as simi-
larity is calculated for each possible sentence pair.

Stage 3. Translating the text from the source language to the target
language.

Due to the availability of various libraries and resources for machine
translation, the proposed method assumes the use of Ukrainian and Ger-
man texts without requiring additional translations. Therefore, in imple-
mentation, the source text is automatically translated into the target lan-
guage. This helps avoid errors that may arise when working with original
and translated texts that do not fully match.

Stage 4. “One-to-one” sentence alignment within paragraphs or the
entire text, depending on the results from the first stage.

Sentence alignment is performed in parallel texts that have been con-
verted into the same language.
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After tokenization and lemmatization or stemming, domain-specific terms
are replaced with markers obtained from the respective dictionary. This redu-
ces cases where synonyms are used in the translated source and target texts.

Sentence similarity is evaluated using the BLEU metric: sentences are
considered parallel if their similarity exceeds a defined threshold. BLEU
is usually used for translation quality assessment, but in this case, it is also
useful because sentences in the same language are being compared. Thus,
a high translation match indicates that they convey the same meaning.

A single sentence from the first text may have multiple parallel sen-
tence options, just as a single sentence from the target text may correspond
to multiple sentences from the source text.

It is important to correctly adjust the weights for n-grams used in the
BLEU metric to account for word order in a sentence. Word order is im-
portant, but in translation, it may vary significantly while still conveying
the same meaning,.

Stage 5. Aligning sentences without identified parallels using the “one-
to-many” approach (optional).

Complex sentences are split into simpler ones based on conjunctions
identified in the dictionary, and the complex sentence is aligned with mul-
tiple simple ones. As in the previous stage, the BLEU metric is used to
determine sentence similarity. This allows obtaining a greater number of
parallel data.

Stage 6. Obtaining the result.

The alignment results are formatted as corresponding pairs of Ukra-
inian-German sentences.

Software Implementation of the Method

The software is implemented in Python as a command-line application
with a modular architecture. The modules developed during the software
implementation include:

o file handling module, which enables reading text data for alignment
and saving results as a file;

e dictionary handling module, which retrieves necessary words and
their corresponding markers;

o text processing module, which performs preprocessing and transla-
tion of text data;

e paragraph alignment module, which processes parallel texts and en-
ables merging paragraphs or obtaining a set of parallel paragraphs from
the target text for each paragraph in the source text;

e sentence alignment module, which implements sentence alignment
using both “one-to-one” and “one-to-many” approaches and formats the
alignment results;

e alignment process management module, which processes input
data, calls all necessary modules, and provides the final result.

Python was chosen for software development due to its extensive set of
tools for text processing, specifically utilizing the nltk and googletrans libraries.
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All program modules include validation of input data, and functions
incorporate error-handling mechanisms to address any issues that may
arise during execution. This ensures stable and reliable program operation.

The required input data is provided via command-line arguments and
includes parallel texts in the source and target languages, a dictionary of
domain-specific terms, and the source language (Ukrainian or German).

Conclusions

Based on the conducted research on existing sentence alignment methods
in parallel texts, an own method for Ukrainian and German has been pro-
posed. This method builds upon the core idea of the Bleualign approach,
allowing for lexical sentence alignment without relying on large dictionar-
ies or significant computational resources. However, the proposed meth-
od introduces the use of a domain-specific dictionary containing terms
relevant to the subject of the parallel texts, which are utilized as markers,
along with conjunctions. This enhancement improves alignment accuracy
by treating synonyms as equivalent terms.

A software implementation of the proposed method has been devel-
oped in Python.

Future research directions include:

e conducting experiments on sentence alignment in parallel texts across
various domains, using specialized dictionaries;

e comparing alignment results obtained with the proposed method
against those of the Bleualign method.
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ABTOMATVI3OBAHE BMPIBHIOBAHHSI PEHEHD
B YKPATHCBKO-HIMELIbKVX ITAPAJIEJTbBHMX TEKCTAX

Beryn. BupisHroBaHHSI pedeHBb B YKpaiHCHKO-HIMeIIbKMX ITapasleJIbHUX TeKCTaxX €
aKTyaJIbHUM 3aBJIaHHsIM, sIKe JIa€ 3MOTY OTPUMYyBaTV Habopu IapaleIbHUX JTaHMX,
HeoOXimHmX 1 OaraTbox 3aBIaHb KOMIT IOTEPHOI JIHTBICTMKY, TaKyX gK I100yIoBa
HapaJieJIbHUX KOPITyCiB Ta MaIllMHHW Ilepekiiaj,. CTaTTs Onvcye OCHOBHI 3aBlaHHs
BUPiBHIOBAaHH: peueHb, pO3IVIdlae HasBHI MeTOAM Ta aHaslisye IxHi izmei. Ha ocHOBI
IIBOT'O aHaJIi3y MPOIIOHYEThCS HOBUVI METO/, SIKUV IPYHTY€EThCs Ha minxomi Bleualign
i BUKOPUCTOBY€E CHUCTeMM MAIIHHOIO IepeKiaay Ta MeTpuky BLEU jyis olliHKM
CX0XOCTi pedeHb. OHAK BiH BiZIpi3sHAETbCA BUKOPUCTaHHSAM HOATKOBUX CJIOBHVIKIB
MapKepiB J1JIs TaJIy3eBUX TePMiHiB Ta CIIOJIyYHVIKIB, BKITFOUAIOU M 1XHi CMHOHIMIUL.

Merta. Po3pobiieHHS MeTOAy Ta BiAIIOBiIHOTO IporpaMHOro 3abe3lledeHHS
aBTOMaTM30BaHOTO BUPIiBHIOBAaHHS pedeHb B YKPalHChKO-HIMeIbKMX HapasleIbHMX
TeKCTax.

MeTtonm. 3a 0CHOBY po3po0JIeHOTo MeTO[y BUKOpMCTaHO MeTon Bleualign Ta
merpuky BLEU. VIoro ynockoHasIeHO BUKOPVICTAHHSIM CJIOBHVIKIB Tasly3eBIX TePMiHiB
Ta CHOJIyYHMKIB, a TaKOX IlependadeHo (HPOKyCyBaHHS Ha OOHIVI MOBHIiM mapi —
YKpalHChKO-HiMeIbKifl. 3allpoIIOHOBAaHMUI MeTOH, CKJIaJaeThcs i3 6 eTamis, sAKi
ZIO3BOJIAIOTh BUKOHATV BVPIBHIOBAaHHS pedeHb B YKpalHChKO-HIMeILbKMX Mapasliesib-
HIX TeKcTaX. 3alpolIOHOBaHMUI MeTOI IIPOrpaMHO peasli3oBaHO i3 BUKOPUCTaHHSIM
MOBY IIporpamyBaHHs Python.

PesynpraTn. Po3pobiieHo HOBUT MeTOII BUPIBHIOBAHHS pedeHb JJIs YKpaiH-
CBKO-HIMEIIPKMX MMapaJIelIbHMX TEKCTiB Ta BMKOHAHO VIOTrO IPOrpaMHY peasli3aliifo.
3arporroHOBaHMIT MeTo, 0a3yeThCs Ha CTATVICTMYHIIX IIIX0Hax 1 He BYMarae 3HaUHMX
obuncrmoBaibHMX pecypcis. Ha BinMminy Bim metomy Bleualign, y HboMy BUKOPWUCTaHO
CJIOBHVIKV TaUTy3eBVIX TEPMIHIB i CIIOJTy YHVKIB 1151 OUIBII TOUHOTO BUPiBHIOBAHHS pPeYeHb.

Bucnosxm. Iloganbii mociipkeHHS BKIIIOUaTUMY Th ITIPOBeleHHs eKCIlepyMeH-
TiB i OPiBHAHHS pe3yJIbTaTiB BUPIBHIOBAHHs, OTPYMaHVX IIPYU 3aCTOCYBaHHi 3aIIpo-
IIOHOBaHOTO METOy, i3 pe3yipTaTamu Metony Bleualign.

Katouo8i caoBa: Bupibuiobanns peuens, napaseavhi mexcmu, MAWUHHULL nepexiao, mem-
puxa BLEU, caoBnuxu.
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ITAPAIUTMATVYHA MOJEJTb

PO3YMIHHJ I BUKOPVMCTAHHII
INTYYHOI'O IHTEJIEKTY B HABUAHHI

Bemyn. 3a ocmanni poxu 6i00yaucsa besnpeyedenmui 3minu, no6’sa3ani 3 npuckopeHum
BnpobBaoikenns incmpymenmib wimyunoeo inmesexmy 6 npaxmuxy. IIpobaemu Guxopucmanns
wmy4Hoeo iHmeaexny 6 ocBimi po3easi0armsves 3 pisHUX MO40K 30pY. Y Hauiomy 00caioxeHHi
MoOeAt0BanHs 30cepedsero Ha Bukoptcmanti 3acobiB wimyuroeo inmeaexmy 6 HABUAHHI WAAXOM
106Yy006u 3a2a16H0i napaduemamuuHoi Modeai Ha ocHOBi modeai Memacgpop 6 HaBuanwi ma
wmyuHoeo iHmenexmy, modeai napaduemu axademixa B.M. Layuixoba ma npunyunié ncuxoaoei.
Pospobaeno npunyunu nobydobu maxoi modeai 6 nabuanni, Axi MicmaAms Modeab Memaghop
HabBuanus, modess «Iis. Peecmp 3a0au», modess napaduem axademixa B.M. Iryuixoba i
npuHyunu ncuxoaoeii: bixebiopusm; obpodxy inpopmayii ma koeHimubny ncuxoaoeiw;
iHOUBIOYasbHULL KOHCIPYKMUBI3M; COUIAIbHUEL KOHCIpYKMUBism ma cumyayiniie HAGUaHHA.

Memoto 1020 docaixkeHHA € po3pobaeHHs hopmanizoBaroeo onucy 3i 3MiCoBHUMU
inmepnpemayiamu napadueMamuunoi Modeai Bukopucmanta 3acodib wmyuHoeo inmeiexmy
6 nabuarmi.

Murysanus: Manako A.®@., Manaxo B.B., Manaxo /1.B. (2025). [Tapangurmariasa Mo-
ZIeJIb PO3YMIHHS 1 BUKOPVCTaHHS IITYYHOTO iHTeIeKTy B HaBYaHHi. [Hpopmayinni mex-
noaoeii i cucmemu, Kyiv, 2025, Vol. 1 (1), 59—76. https:/ /doi.org/10.15407 /intechsys.
2025.01.059
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Memoou. Cucmemma Memodoa02isi, Memoou pedykyii, abcmpazybanns, anaioeii, anaris
ma cunmes.

Pesyavmamu. 3anponornobano nioxio 0o meopemuurozo 0brpyHmyBanma GuxopucmanHa
iHcmpymenmi6 wmyunoeo inmesexmy 6 naBuanni, a came 00 no6YydoBu 3a2asbHOT
napaduemamuuHoi ModeAi HA 0cHOBI Moleseil Memagdop HABUAHHA | WIMYYHO20 THIMeAeKINY,
napaduem axademixa B.M. TayuixoBa i ncuxoaoeii (bixeGiopusmy; obpobrenns ingpopmayii ma
KoeHimubHoi neuxoaoeii; iHOUBioyasvHoeo KOHCIpYKMUBIsMY; CoyiatsHo20 KOHCIMpYKMubismy
i cumyayintoeo HaBuanna) ma modeai «[lis. Peecmp 3a0au».

BucnoBox. B enoxy yugppoboi mpancpopmayii posb’asanns npodsemu nobyoobu ma
npaKmuuHoeo BUKOPUCAHHA 3aeaAbHOI napaduemamuunoi modesi Buxopucmanus 3acobib
wmyuHoeo inmeaexmy 6 Habuanti nompedye KoMNAeKCHOe0 po36 A3anHA 0ALAMbOX AKMYAALHUX
HayxoBo-npaxmuunux npobiem. Bodnouac Heobxiono mnodosamu uiucieHHi mpyoHOuyi
cmpykmypybanna ma inmeepayil pisHux KoHxpemuux modesei. Tomy HeobXioHOoW YMoBoto
ma Bumoeoto cucmemMamuunoeo 600CKOHANEHHSA 302AAbHUX | KOHKPeHUX MoOeleil € KoMIl-
AeKCHA THmepnpemayis abcmpakyiil Y KOHWeKCmi 3a3HAYeHUux npobaem, a mMaxkox ix
npaxmuyna nepeBipka 3 BUKOPUCTIAHHAM HAABHUX cuctmem 00podaeHHs iHGopMayii 3 Memor
Busbaenns ma NOWUPeHHA YHIKAAbHUX KpaWUX npaxmux i 00c6ioy ycix 3ayikabienux crmopin.

Katouo8i caoBa: napaduemu B.M. Tayuikoba, yugpobi mparcgpopmayii, 0bpobaenns ingpop-
Mayii, Mmemaghopa, ncuxoa02is, Mamemamuxa, cmamyc-k6o.

Beryn

B ocranni pokn iHcTpyMenTH mryuHoro inrestekty (ILI) craym ogHyvm
€BOJIIOLIITHO-PEBOJIIOLIIIHNIX BUTYHIB CydacHOI IMBUIi3a1lii, BIAKpUBaro-
4i HOBi MOXJIMBOCTI. Y BrcHOBKax 3BiTy JOHECKO «Po3ymMinHs BIUIMBYy
IITYYHOTO iHTeJIeKTy Ha PO3BUTOK BMiHb» [1], 30KpeMa, Big3HaueHo, 1110
BUKJIaZladyaM, CTy[JeHTaM, ajMiHicTpaTopaM, IOJITMKaM, BMKOHaBLISAM
Oporpam i TMM, XTO HaBYa€ThCA IIPOTATOM YChOIO JKUTTH, HPOIOHYETh-
Csl BUBYMTHU Ta OLIHUTY MOTOYHY IIPAKTUKY, MOXJIMBOCTI, IIpoOieMm
i Buxsmky, 1o g3aHi 3 1. o6 3posymiTn, gx BukopucrosyoTs 111 B
YKpalHCBKMX IIIKOJIaX ChOTOAHI Ta $Ki IIepCHeKTMBM MalOTh BilIIOBiIHI
iHCTpyMeHTN B ManOyTHbOMY, OysI0 IpOBeIeHO BCeyKpalHChbKe OIMUTY-
BaHHA BUKJIagaduiB Ta yuHiB 8-11 xiaciB Ta HagaHO iHdoOpMaIlio 10110
IIOTOYHMX MPAKTUK, MOXJIVBOCTEN, aKTyaJIbHVX IIpo0JIeM i BUKIIMKIB, 3
SKUMV CTUKAIOThCS BUKIamadi [2].

ITpobnemu BuxkopucranHg Il B HaBuaHHI PO3ITIAAIOTECS 3 Pi3HO-
MaHITHMX TOYOK 30pYy, a caMe 3 TOYKM 30PY HOIUIbHOCTI BUKOPVCTaHHS
pi3HMX 3acobiB 0OpobeHHs iHdOpPMarii, mporenyp, cepsicis oo [3-
37]. Y nparii «[Tpo mesxi 3amadi o0UMcITIOBaIbHIY TEXHIKM 1 TTOB sI3aHi 3
HIUMU 3a/a4i MaTeMaTuK», akageMmik B.M. IJ1ymkoB BucTynms 4K imgeo-
JIOT H0B020 po3yMiHHA KiDepHeTMKY, BU3HAUYMBIIM OCHOBHU HAIIPSIMOK 11
PO3BUTKY — MaTeMaTV3allilo O0OYMCTIOBA/ILHOT TeXHIKIM Ta Ti 3aCTOCyBaHb
[14]. Bin Takox copMyIIoBaB ciM MapagurM i KOHIENTYaJIbHUX ifert,
SKi pO3KPMBAIOTH 3MiCT KOXKHOI 3 ITapanurM [15].

Y Hamromy nocitipkeHHi yBara POKyCY€ThCS 3 BUIIIOTO PiBHA y3arasb-
HeHHd Ha BuKopuctanHd 11l B HaBuaHHI IUIIXOM TOOYIOBM 3arajbHOI
MapagurMaTIHOI Mofeli Ha OCHOBi Mopertent Metacdpop HasuaHHs i 1111,
nmapanurM axagemika B.M. I'mymkosa i mcmxosiorii (GixeBiopmsmy; 00-
pobiteHHs iHOopMallii Ta KOTHITMBHOT IICKXOJIOTIT; iHAMBiTyaIbHOTO KOH-
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CTPYKTMBI3MYy; COIiaJIbHOIO KOHCTPYKTUBI3MY i CUTyallilfTHOrO HaBYaHH:)
Ta Mozeri «[lis. Peectp 3amau».

Mera, npo0sieMa, imest

ITosHaummo: O — BuxopucranHd iHcTpyMeHTiB LI B HaBuanui. Moe-
moBanHs O B emoxy 1nudposoi TpaHcdopmMaliil moTpedbye KoMmILIeK-
CHOTO PO3B’si3aHHS UMMaJIOl KiJIbKOCTI CKJIaIHMX HayKOBO-IIPaKTUYHMX
3aBllaHb TaKMX, K PO3YMIHH: i ITIOSCHEHH:, OLIiIHIOBaHHS, €BOJIIOLlid 4n
PEeBOJIIOLIis], BapiaTMBHICTB, CKJIaIHICTh, MacIITaOyBaHHS, 3aXVICT BJIaCHOC-
Ti, yCYHEHHS HeBM3HAUeHOCTI, iHTeponepabesIbHiCTh, rapMOHi3arlis 3 Ha-
ABHVMMM Ta 3alUIaHOBaHMM odilitHMMM i ge-daxro craHmapramm. Cuc-
TeMaTu3o0BaHe MofemoBaHHsd O Ha 0asi MaTeMaTUYHMX TeOpill Ja€ 3MOry
TOYHIIIe BM3HAYaTW i MPOrHO3yBaTy HOBeAiHKy O fK MaTeMaTVYHOIO
00’eKTa, ycyBa€e HeBM3HAUEHICTh, CITPHE MacIITaOyBaHHIO pillleHb TOIIIO.
HeoOxigHoro ymoBoro MopemoBaHHda O € BUMOra Jijisl CUCTeMaTUYHOTO
nosirmrenHs Moferti O, To0To abcTpakiiint Ta ixHix MaHidecTallit B KOH-
TeKCTi 3a3HaueHMX IpobdsieM, 3a JIOIIOMOTO0 IOCTYIIHOTO iHCTpyMeHTa-
pifo Ha Oa3i yHiKaJIbHOTO yCIIIITHOTO OCBiTy 3allikaB/IeHX CTOPIH.

Y xoHTekcTi Suxubanusa mopevt O € MyIbTIIMCUUIUIIHAPHOIO i MyJIb-
TUKYJIBTYPHOIO IIPpOo0JIeMOI0, IIPUYOMY, HeOOXiIHO MomosaTy YnciIeHHi
TpyZHoIIi Ta Oap’epu moOymoBm Ta iHTerpariii YacTkoBux Momesnet O
Ha pi3HMX PiBHX UM I CTaHaXx.

IIlo maxe modesv? Modesv — 1e BimoOpakeHHS i MOHAHHS YOTOCh
KOHKPeTHOro y BUIiIsifi dpopmartizoparoro omnmcy [16]. Y Haytii moperti 3a-
BXIM MalOTh MeTY, IIOB s3aHy 3 PO3yMIiHHAM i oscHeHHsM gpuill. Lle Bu-
Marae 30cepeKeHOCTi Ta BUOOopY, 1110 ITofjaBaTH, a Hi Ha TOMY, $IK II0JIaBa-
. TakmM unHOM, TOGIYHMM edeKTOM Po3pOobIIeHHS HayKOBOIO METO/IY €
IIPOIIOHYBaHH: 100pe CTPYKTypOBaHOI napaduzmu modestoBanns. IlounHa-
I0UM 3 SIBUII] Ta 00’ €KTiB, MV OOrOBOPIOEMO OaraTo eTarris aOCTparyBaHHs
piuiens y Ipolleci Moe/II0BaHHs, 1110 IPU3BOAUTE 110 CTBOPEeHHS Moziese
SIBUIII, BUPaXEHNX MaTeMaTUYHO UM B YMCIJIOBIN popMi, i3 BuAiIeHHSIM
MiJIKpecsIeHX KOHTEeKCTIB Ta IIponenyp. HucKypc BeeTbCs 3 TOUKU 30py
MDKAMCIIMITIIHAPHOI CCTeMHOI HayKu. BiH GasyeTbcs Ha ocoOucTint Tou-
11i 30py aBTOPiB i MOXXe po3IIsAATICA K pe3yJIbTaT npoyecy MooeA0banHs.

IITo maxe modeav npoyecy? Modeav npoyecy [17]: mpencrapiieHHS
cucTeMy abo opraHisalirtHOI CTPYKTypU 3 OIMCOM IIOCIIJOBHOCTI i i
TpaHcopMariin, 110 BigOyBalOThCA IIiJ1 Yac IbOro IIPOIiecy, sKa MiCTUThb
eJIeMeHTH VIMOBIpHOCTI 1IMIX [1ifi, Ta MOXKe BUKOPWMCTOBYBaTWUCH /I aHa-
JIi3y 1 MofesoBaHH4 ITpouecy. Mogerli mpolleciB MOXXHa CTBOPIOBaTH 3
JTOTIOMOTOI0 Pi3HMX METO/IIB, TaKMX K IHTeJIeKTyaJIbHUN aHaJli3 IIpoliecy
abo oOpobnenns nmpupoxHoi MoBu. Lli MeTonm ciipsimoBaHi Ha Te, 11100
OXOIWTY TpMBaJl iHdoOpMalinHi TpaHcdopMariil Ha pisHMUX piBHSIX ab-
CTpaKIIii Ta 3pOOUTV IIPOrHO3M MOBEIiHKM IIPOIIECiB, IO MOCITIIKYIOThCS.
Moperti miportecy OBMHHI y3ropKyBaTUCS 3 IIOTOUYHVIMY 3HaHHAMU ITPO
KOTHITVMBHI 3[1i{0HOCTI JIFOAMHM Ta BU3Ha4YaTV PiBHI aOcTpakiiil iHdopMariii.
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Ix MOXHa yTOYHIOBATM Ta TEpeBipsATV eMIIPUYHO, BUKOPWUCTOBYIOUM
CTPYKTYpY, He ITIOKJIaJal0ulCh Ha KOHKPeTHi MapaJyrMy MOfie/TFOBaHHS.

IITo makxe modearoBannsa ax npoyec? Y HayIli MOIesli 3aBXIM MAaIOTh
Memy, TIOB’si3aHy 3 pO3yMiHHAM i mosicHeHHsAM sBui [18]. Lle Bumarae
doxkyca Ha nintaHHsx «I1lo mogaBaTn?», «fIk momasaTm?». TakyuM uMHOM,
o6iYHVM edeKTOM po3po0JIeHH HayKOBOTO METOIy € PO3BUTOK H00pe
CTPYKTYypOBaHOI ITapafurMy MOJIeIIIoBaHHs. BimmToBxyrouncs Bif Bl
i mpenMeTiB, MM AMCKYTY€EMO IIOMIO eTarliB adcTparyBaHHs pillleHb y IIpo-
1eci MofeIoBaHHS, 10 OPU3BOOUTE 10 MOeJIeVl SABUIL, BUpPaXeHMX
MaTeMaTUYHO Y1 B YMCIIOBiNI popMi 3 ypaxyBaHHS KOHTEKCTIB Ta IIpO-
nenyp. Lenm muckype 3ocepemkeHO Ha MDKOMCIUIUIIHAPHIN CUCTEMHIN
Hay11i. Bin 6a3yeTbcst Ha 0coOwMCTiVI TOUIIi 30py aBTOPIB, i MOXe po3IIsiaa-
TUC SIK pe3yJsIbTaT IIPoliecy Mojle/IIOBaHHS.

DopmyTI0OBaHHA 00CAi0HUYbKOT Memu, npobaemu, abo idei. 1100y-
aysaTy napagurMatuaay mopests O, B skin 111 e qomaTkosuit 3acib Bu-
xmBanHs (ITapagurma Imymkosa).

3arajibHa MOIeJIb

IITo Take napaduemamuuna modeas? B [18] 3a3HaueHO, M0 BU3HAUEHHS
abo ¢opMasIbHOrO OMVCY HIKOJIM He OyBa€ JOCTaTHBO IS PeaIbHOTO
posyminHs mporecy. IToTpibHO 3aBXay 3anmuTyBaT HpuKiIagn. Yepes
HapagurMy IOHATTS OTPUMYE: Cy0 €KTMBHe, CTPYKTypOBaHe 3HaueHHS;
Pi3HI BJIaCTMBOCTI, 1110 BM3HAYAIOTh IOHATTS, He 3/1al0ThCs OB I3aHNUMM
nositbHO. [Tapagurmu BifirparoTe dpyHIaMeHTaIbHY PoJIb Y KOXKHIN iH-
TeJIeKTYaJIbHIN [isUIHOCTI: Y BU3Ha4YeHHI, y PO3yMiHHi, Y HaBYaHHi Ta y
KOXHIV cripoOi BupillleHHs Ipo0iieM, TOKIafaHHi 3yCciIb 100 TOCSArTI
abo 3aBepIIMTH IOChH, SIK ITPaBWIIO, BaXKYy 320a4y abo dito. Takvm umHOM,
HapagurMaTdHi MojIesli € BaXIMBUM PaKTOpPOM y popMyBaHHI HaIIVIX
IHTYITMBHMX MiAXOMiB, iHTepIpeTarinn Ta pimeHs. IcHye mmboka aHa-
JIOTi MDK POJUIIO MapajawurM, BusHaueHoO Tomacom Kynom y HayKoBmX
PEBOJIIOLIISIX, Ta POJUIIO ITapaJUrMaTUYHNX MOJeJeN y IIpOAyKTUBHOMY
MVCJIeHHI JIIOVHW. BakIvBi MOBOPOTHI MOMEHTW B HAIIMX YSIBJIEHHAX
B3arasii IoB’s13aHi 3 BMHAXOA0M AKX OKPeMIX SIBULLL, 110 BiIKpMBarOTh
IJIs Hac HOB1 KaTeropii JaHux.

IIpuxian Bu3HaUeHHsT Modeai O — Iie eBOJIIOLIIHUI IIPOLIecC 3/10-
OyTTs, oliHIOBaHHA i 0OPOOKM BeymKoro obcsry iHdopmarii 3 MeToro
IIPOTHO3YBaHHS HaiMOBIPHIIIVIX CLIeHaPilB PO3BUTKY IOV, IIPUIHATTS
OOrpyHTOBaHMX pillleHb, ITIOKPAIlleHHs IIPOIIeCiB i pe3ysIbTaTiB B LIIOMY.
Merta 1poro mnporecy — BU3HauYUTU IIPUYMHY IIOiN 1 HajlaTy peKOMeH-
Harrii MI0I0 HOHIBIINX 3aX0O/IiB Ta [Iivi.

IIpuxaad memagpopu modeai O. ITpurrycrvmo, o I — 11e Habip 3a-
co0iB s «IoBJI prbM», TOAi MeTa, mpodieMa Ta ifes ToOymoBU MOTIe-
i O noscHIOETbes Y popMi 36uuaiinoeo méepoxerHs — ITOCUTH BiJOMOI,
IHTYITMBHO 3pO3yMisIol Memagopu — «dKIIo gaTy ocobi puly, To BoHa
Oyne cuUTOIO AEesKMUII Yac, a SKIO HaBYNTHU JIOBUTU pudy, TO BoHa Oyre
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37aTHa rojaysaTu cebe Bce XuUTTs». [Ipuxiian, indopmariil Ipo HeomHO-
pimHOCTI UM yHIKaIbHI cruMyau, peakyii, pekoMeHOayii ma piuieHHs 3 OB
pvbM, HasiBHICTh OTPiOHOTO JOCBiMy, BMiHB i 3ac00iB y KOHKpeTHOI 0co-
6u B KpaiHi 4 iHIIIOMY CepeJIOBUIIIi.

3aranpHa Mogesnb O 3a01Cy€eThCs TaK:

<0> = < < Meradopa> < [lapagurma> >, ge: < > — 1o3Havae Habip
CMpIAOK.

3aragpHEUV DPUKJIaA KOHCTPYKTVBY MOJEIIOBaHHS < >: IIe ITOHT-
T4, imel; Bisyasisanii dopmut cmpiska: «—, ado 3 IIPOTWIEKHVIM HaIIpSIM-
KOM <«—»; Habip < >, Ay>XXKM SIKOIrO MalOTh BJIAaCTMBOCTI «HagBHa, HOBA,
3MinraHa (HaIpuKiIaf, He 30BCiM TOYHA YV BU3HAUYEHa»; CMplika «0coba-
00’exT» Mae abo Moke MaTV Habip cmpiiok, sIKi Ha3MBAIOTHCS e-nophighes
(e-xBimox B YKpaiHi) 3 icTopi€io Ta IUITaHaAMM IIPAaKTMK YN JOCBiLy ocobu
y 4aci i ImpocTopi; «3micm cmpisku»: CTpyKTypoBaHa iHdopMallis mpo Ha-
sIBHI 41 y$IBHI BJIACTMBOCTI CTPUIOK, 110 HOAAEThCA K «[Hpopmayitina mo-
Oesb»; Ha BUITIOMY piBHI abcTpakiiii <O> BU3HAYa€ThCA 3 BUKOPVICTaHHSIM
MaTeMaTUYHUV Teopil KaTeropiri, gKy 4acTO Has3MBaIlOTh «TeOpPi€lo0 CTPi-
JIOK» Ta «HabopaMm CTPiJIOK», AKi onmcyioTbest MoBoro RDF [20] myist 11o-
maHH: iHpopMamil po pecypcn Ha Bed (pecypc: Te, 110 MOXKHa imeHTMDI-
KyBaty yepe3 URL). KonnenryasibHa iest RDF: BUKOpuUcTaHHS [1J1s1 OINCY
pedent HaboOpiB MPOCTUX TBepIKeHb (cy0’ eKT, IIpeamkaT abo 00’eKT) IIpo
(pecypc, BIIacTMBICTb pecypcy UM 3HaueHHs BJIaCTUBOCTET).

Heckinuenni un ckingenmn Habip crpinok? [Tpuxiian Binnosigi —
Teopema JIbosenrerima-Ckystema [21]: Oyap-sika HecynepewInBa Teopis
IIepIIIOro HOPAJIKY, 0 Ma€ He3JliueHHY MOJIe/Ib, Ma€ TaKOX i 3/1iueHy Mo-
nenb. Lle TBeprKeHHs 3 Teopii MoJIesIe: SIKIIO MHOXXVHA IIPOIO3NULIIN Y
3JIiYeHHiV MOBi IIePIIOro MOPAIKY Ma€ HeCKiH4eHHY MOJIeJIb, TO BOHa Ma€e
31igeHHY Mozeib. To0OTo, Ite 03Havae, 1m0 HecKiHyeHMT Habip cmpizox O
Mae 31igeHnT Habip cmpitox — momerns <O>, SKuM MiCTUTB B coDi BCIO
iHghopmayito TIpo HecKiHUeHHMN HaOip cmpisok O.

IMpuxsan HabOpiB CTPIOK: CTPIKM 3 MOHOrpadii [22 —23] Ta ix iH-
IITOMOBHIX BVIIaHb; CTPUIKM 3 HaBYJIBHMX MOCIOHWKIB; CTPLIKM Ha BY-
JIALISIX UM Ha Kypcax BUBYEHHs IpaBWI JIOPOXHBOIO PyXY; IIOHATT, 1X
dopmu i 3MicT; 3aci0 KOHCTPYIOBaHHS BOAINX ClleHapilB PO3BUTKY Ha-
BUJIbHMX IIO/IiVI, BapiaHTIB, TPAE€KTOPili, 3aXO/iB 3 IIOJIMIIIeHHs BMiHb,
KOMYHiKallifl «YueHb — 00’e€KT»; INTYyYHUI1 HeVIPOH, HelIpOHHa Mepexa
I7IMOOKOTO MAIIIMHHOTO HaBYaHHS, KOMIUIEKT HaBYaJIbHMX 3aCO0iB 9w I10-
CJIYT IITYYHOIO iHTEeJIeKTY.

Ingpopmayia, snanna, dani. «Ingopmayis, y HavizarajabHIIIoMy ii po-
3yMiHHI, € MipOI0 HEOIHOPIZTHOCTI pO3IIO/AUTy MaTepii Ta eHepril y mpo-
CTOpi Ta 4aci, MipoIO 3MiH, SKMMW CYHPOBOKYIOTHCS BCi IpOIeCcH, SKi
BinOyBatoThes y cBiTi (B.M. I'mymkos)» [14], [ndpopmartis BimoOpaxae yHi-
BepcasibHi 61acmubocmi O Taki K BipHO-HeBipHO, TOYHO-MIMOBIpHO, Bi-
JIoMe-HeBifloMe, HOBe-cTape, (POpMa-3MiCT, yueHb-00 €KT, BapiaTUBHICTb,
CKJIaJIHICTh, CTPYKTYyPa, HEOJHOPIIHICTh Y Yaci-IpoCcToOpi, 3aKOHOMipHOC-
Ti, 3aKOH, IIPaBIJIO, Mipa, 3MiHW, CTaH. 3HAHHA — IHpopmayis, Ppopma KoL
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€ HOCieM IPaKTUK, gKi MOXYTb CTUMYJIOBATU BMOip UM pinteHHs cy0’ek-
Ta. «[Hghopmayis, mOocTyIIHa 0OUMCITIOBAIBHIVI MaIITVHI, CKITaa€ThCs i3 Ie-
SKVIX 0AHUX TIPO AiVICHICTh — TaKMX JaHMX, SIKi BBKAIOTHCS HAJIEKHVIMIU
10 TIOCTaBJIeHO]1 3ajiavi Ta 3 SKMX, K IepegdadaeThcs, MOXKHA OTpUMaTH
noTpibumm pesynpraT» (H. BipT) [24].

INpuxnan HaOOpiB cTPUIOK Yuens: ocoba, sIka HaBUYAETHCS i 37aTHA
Bukopucratu I mra BvoKuBaHHA uM [U1d Kpatoro Xutts. [Tpuxiann
iHgpopmayii mpo OcoOy: mepcoHaTIbHUI peecTp 3aady, ifeas, KaTacTpoda
disnyHa UM I0pUIMYHA; CTpaTeris IPOCTOpoBa i Yacosa, 3ajadva, pilieH-
Hsl, OakKaHHsI, yCHIITHUM JI0CBifl, e-IopTdesib, MOBa, BapiabesIbHiCTh, yHi-
KaJIbHICTh, YHOA00aHHS 100 OpM UM 3MICTy, 3a7]0BOJIEHHS, CTUMYIL,
3pOCTaHH4, peaKTMBHICTb, PyX, €MOllis, BiKHO, iHdopMalliliHa IaHellb,
porti; poii (dyHKIIT) yuna: ndpoBU KIIiEHT, HOBAYOK, eKCIIepPT, JIiep;
BMIHHS: KpUTUYHEe MICJIeHHs, BUpillleHHs ITpo0JieM, KOMYHiKallisi, Kepy-
BaHHS YacoM uu iHdopwmariiero [6, 7, 25].

IMpukiam KOHIENTyaJIbHU ifel oo fukopucmanti Habopy cmpi-
410k 'y cdepi HaBUaHHH 3a HiOTPUMKOIO iHPOpPMAIIiVIHUX TeXHOJIOTIiN —
inest HaBuabHMX 00’eKkTiB [10, 11, 25]: «HaBuanpni ogvHMIIi (npum. 11e iH-
dopwmariiss mpo cmpisky) MOTPiOHO BUPOOIATM OLTBII MaTMMM i KOM-
OiHyBaTV IX Y BeJIMKe Pi3HOMaHITTS CIIelndivHIX HaBYaJIbHMUX IIPOrpaM,
IIPUCTOCOBAHMX I KOXKHOTO yYHS TOHAIOHO TOMY, K KOMOIHYIOTBCS
KOMITOHEeHTM KOHCTPYKIIiVl y CTaHIapTU30BaHNX KOHCTPYKTOPCHKMX Ha-
Oopax». Llg imed HmIMPOKO BUKOPUCTOBYIOTHCS IS IIUIECIIPSIMOBAHOTO
PO3BUTKY «eKOHOMiKV HaBUaJIbHVIX 00 €KTiB». CTpareriuHi mepesarm i Ko-
PpUCTh Bim HaB4asIbHMX 00’ €KTIB, Ki 0a3yI0ThCs Ha CTaHOApTaX, IIOXOISATh
Bif] 301IbIIIeHHsI GaraTopa3oBOro BUKOPMCTAHHS i MOOUTBHOCTI LIIHHMX
00’eKTiB BMCOKOSIKICHOTO KOHTEHTY: CyO'€KTM CTBOPIOIOTH HOBi MOX-
JIVBOCTI IJIsI CKOPOYeHHs BUTpaT i, BOAHOYAC, JOCATAIOTh OIlepalliliHOT
edpeKTMBHOCTI; HaMOUIBIN yCHiNTHi cy0’ eKTH peasli3yloTh 1ie Y TaKU CII0-
cib, mo0 Oe3niepepBHO 3pocTasla HiHHICT IXHBOT IIPOAYKIIil, i TOMY, BOHM
MaTVMYTb IlepeBaryt i BUroay Ta OyayTh HepIIMy Ha pUHKY 3 iHHOBaITi-
SIMW, SIKi 3pOOJISATH IXHIO MPOIYKIIifO 3HAYHO JOCTYIIHIIIIOK0, THYYKIIIIOO i
KOPVICHIIIOO [IJI KJTIEHTIB.

Ipuxnan «cmpiska — ye HABuaLLHA 00UHUYA»: TUAAKTYHUI METO]I,
KpOK, CUTyallid, pecypc, BUMIp, CTUMYJI, peakKilis, [JOCBiJl IIPaKTUK, pe-
3yJIbTaT, HaBuaJIbHA 3ajlayda, TecT (3alTaHHs, BilIOBiAb), eK3aMeH, eTall,
3MiHa, AUISHKa HaBYaJIbHOTO IIPOCTOPY UM CepeloBUIIa, YPOK, TPUKYT-
HVK BUMTeJIb-yUeHb-KJIac, KBaZpaT, 0araTOKyTHUK, IipaMiza, IaTTepH,
JyHKIIig, TAKCOHOMISI, IIPOTHO3, BXiII-BUIXifl, 3aci0 BYDKMBaHHS UM Hi (Ka-
TacTpoda); 3aciO IOJTIMIIIeHHs XUTTS 9 Hi.

3araspHa MopeIb MeTadop

ITTo Taxe meTadopa?

ITpuxiiag. Y TepMiHax Iicmxosiorii, memagpopa: dirypa mosu (obpasHol
MOBW), B SIKiVT CJIOBO UM (ppasa 3aCTOCOBYIOTBCA 110 00 ekma, ocodu |am 0if,
gKi BOHM OyKBaJIbHO He ITI03Ha4aloTh (HallpMKIIal, XUTTEBUI IIUIAX), 3 Me-
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TOIO CTBOPEHH CIWIBHOI eHeprivHoi i MoryTHOI (forceful) anasorii. SIkio
aHaJIOrid IBHO BKa3aHa $IK TakKa (HaIIpMKJIall, JXUTTs CX0Xe Ha IO0POXK),
TO Taka irypa € IopiBHAHHAM a He MeTadpOporo.

ITpuxiag 3 MmoHorpadii [25], B sSsKMiT 371iVICHEHO CTUCIIUI iCTOpUY-
HUV aHaJli3 Teopinm MeTadopw, oxapaKTepus3oBaHO PoiIb MeTadopu y
MOBi Ta B mporiecax MucieHHs. Konyenmyassna memagopa — 1ie croci
KOHIIeIITyasTi3allii, KOTHITMBHUW ITpollec, IKUii Bupaxae Ta popMye HOBi
MOHATTS, i 0e3 KOro oTpuMaHHs HOBOTO 3HaHH:S HeMoxJmBe. [Ikepesio
KOHIIeNTyaJIbHOI MeTadpopu — 3[HaTHICTB JIIOAMHY BJIOBJIIOBATH i CTBO-
proBaTy MOAIOHICTE MDXK pi3HMMM iHAMBiTaMM Ta K1acamm o0 exris. Kox-
Ha MeTadpopa Mae J1Bi 30HM (JJOMeHM): JOHOPCHKY (cdpepa-mKeperio, source
domain) i peunnieHTHY (cdepa-mini, target domain). JloHOpcbKa 30Ha
3aBX/M KOHKpeTHa 71 aHTPOIOIIeHTpUYHa (sl 1 yTBOPEeHHS BUKOPUC-
TOBY€TBCS JIIOJICBKe TiJI0). 3TriIHO 3 Teopicro KOHILIENTyaIbHOI MeTadopu,
B OCHOBI MeTadopm3allii JIeXUTh ITPOIleC B3a€MOMIl MiX CTPYKTypamu
3HaHb (pperiMaMu Ta clieHapiamu) cpepu-mxeperna Ta cepu-im. Y
pe3yibTati MeTadpopMIHOI MpPOEKIil (metaphorical mapping) 31 cdpepu-
IXepesia y cdepy-1i1i, cdopmoBaHi B pe3yJIbTaTi JOCBiAy B3a€MOIIl JIto-
IOVHY 3 HaBKOJIVIIIHIM CBiTOM ejleMeHTHU cdepu-IKepesia CTPYKTYpPyIOTh
MeHIII 3p03yMiJly KOHIIeNTyaJIbHYy cdepy-11iIi, 1110 i € 3MiCTOM KOTHITMB-
Horo noTeHuiary Metadopu. I[lopiBHsHO 3i cpeporo-11iiti, cpepa-Kepe-
Jla € KOHKPeTHOIO, iHTYITMBHO 3pO3yMiJIOIO, BiloMOIO uepes Gesroceperi-
Hint pisvaHMI JOCBif,.

Ipuxnan 3 xkaurn Maka Kopmaka «KornitusHa Teopist metadopn»
[26]. KorHiTiBHa Teopis MeTadopm po3IIsfac TpW piBHI IOSICHEHHS —
BUIpa’keHY IIOBEPXHEBOIO MOBOIO MeTadopy, ceMaHTUKY MeTadpopu Ta Me-
Tadopy SK Ii3HaBaJIBHUM Ipoliec — i 00'eqHye ix, iIHTepIIpeTyoun Me-
Tadopy K IIpoliec eBOJIOLITHOIO 3HaHH, Y SIKOMYy MeTadopu € IHoce-
peaHVKaMU MK po3yMaMu (minds) i KyipTyporo. Mak Kopmak posmisinae
Ta BiIKWUIae paayKaJIlbHY TeOpiio Ipo Te, 110 Oyab-fKe BUKOPUCTaHHS
MoBM € MeTadpopraHMM. OfIHaK I1eVl apIyMeHT TaKOXX BU3HAE, 1110 Teopid
MeTadpopm cama 1o cobi Moxe OyTu MeTadopnyUHOIO. Y KHM3I CrIOYaTKy
po3mIIsiaeThCs 00UMCIIIOBa/IbHA MeTadopa, siKa 4acTO BUKOPUCTOBY€ETh-
Csl KOTHITMBHOIO IICMXOJIOTi€l0 sIK HpuKiIajg MeTadopu, 1o moTpelye
aHaiisy. Ha mporusary Tprom no6pe Bimomum ¢pistocodpcbkmM Teopiam
MeTadopu — Teopii HaIlpyru, Teopii IpOTHUpidYs Ta Teopil rpamMaTHy-
HUX BiIXWIeHb — BOHa PO3BMBA€ TEOPil0 ceMaHTWMYHOI aHOMaJIil MeTa-
dopu, 3acHOBaHy Ha k6asimamemamuyniil iepapxii caib (npum. 1e < >). Pos-
BUBaoun Teopito, Mak Kopmak BcTaHOBITIOE Taki HeOOXiTHI 3B SI3KM MiX
TeopisaMm MeTadopy Ta OiIBIIT OPTOMOKCATIFHOIO aHAIITUYHOIO (iytoco-
diero 3HaUYeHHS], BKJIIOYHO 3 OOrOBOPeHHSIM MOBJIEHHEBUX aKTiB i .102iku
Heuimxux Habopif (npum. e < >). ITotiMm Oysio mokaszaHo, IO I ceMaH-
TUYHA Teopis IOsICHEeHHsS CyMiCHa 3 Cy4YaCHVIMM IICIXOJIOTIYHVIMU TeO-
pisgMy mam’sITi.

IITo Take cucmema memacgpop? Ilpukian «IlIkoma — 11e mexto»; Me-
Tacdpopn HaBuaHHA» [28 —30]. OmHMUM i3 cr1ocobiB CIIiTIKyBaHHS JIIOIen
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MiX co0O0I0 ITpO CBiVI OKpeMmil i pi3HU JOCBi Y CBiTi € BUKOpUCTaHHSA
00pasHoi MoBu o0 ommcaTy abO 3PO3yMiTH OFHY pid 3 TOUKM 30pPY iHIIOT
peui. TppoMa HamomMpeHiMMY MeTadpOPUUHMUMY CHICTeMaMM, SIKi CTY-
JIeHTV BUKOPVCTOBYIOTb [IJIsl OIVCY CBOTO JOCBi/ly HaBYaHHS, €: «HaBYaH-
Hsl 11e KOHCmpYyoBanna», «HaB4aHHS 11e 3p0CmanHsA» Ta «HaBYaHHS 11e pyx».

Ipuxaan meradopu «myunuil inmesexm — Iie Habip cmpilor».
Crpinkn I e x1acamn abcTpakTHUX i yugpobux 3acobiB Ta iHCTpyMeH-
TiB. 3a3BMyan CTPUIKM MalOTh YHiKaJIbHUM ifeHTndikaTop, BJIacTUBICTb,
aTpuOyT 3i 3HaveHHaMM «[I». Buxopucranus mudposux 3acobis, iH-
CTPYMEHTIB y HaBYaHHI IPOMNOHYE YMCJIeHHI MOXKJIMBOCTI, IIepeBarw, 30-
KpeMa, rapHUI JOCBi[], HaBYaHHS, JTIOCTYII J0 BeJIMKOI KUIbKOCTI iHdop-
Mallii, IOJIMIIIeHy CHiBIpalllo Ta eKOHOMiUHy edeKkTnBHICTb. BomHouac,
€ TeBHi oOMeXeHHs i 1T0OOIOBaHHS, II0B s3aHi 3 BUKOPWCTAHHSAM TaKMX
3aco0iB y peasIbHVIX CUTYalligX, TeXHIUHI ITpoOsiemMy1, oOMeXeHa B3aEMOIist
i KOMyHiKaIlisi, JOCTYIIHiCTb, KOHIAEHIIIHICTh i Oe3leKa, 3BUKaHHS Ta
Bi/TaJIeHHs BiJI peaJIbHOIO CBiTy. I TOMy, 3 MeTOIO cucmemMamuyuHoeo 3poc-
manxsa ePeKTUBHOCTI i MPOIYKTMBHOCTI BUKOPUCTaHHA LM POBUX 3aC0-
0iB, IHCTpyMeHTiB B HaBYaHHi, BaXJIMBO CUCTeMaTUYHO BUpIIIyBaTu Iii
oOMexeHHsI, ITpobJIeMy, ITOOO0IOBaHHS i po3poOIISTY iHTerpoBaHi cripanie-
2ii IX CICTeMaTUYHOTO YHUKHeHHd [3 —5].

SIK BUKOpMCTOBYBaTH Bisyasvhi memagpopu
B eJIEKTPOHHOMY HaBYaHHi?

[Tpuxiiaz, BigHmoBifdi 3i cTaTTi «7 Hopap, 040 BUKOPVCTaHHS Bi3yaJIbHMX
MeTadop B eflekTpoHHOMY HadaHHI (Kpictodep Ilammac, 2016 p.)» [31].
Metadopu cami 110 cobi € notyxxHmM iHcTpyMeHTOM. OfHaK J0/1aBaHHA
Bi3yaJIbHMX MaTepiasliB MOXe 3poOUTI iX UyJIOBUM PecypcoM eJIeKTPOH-
Horo Hap4yaHH:. OnycaHo ciM He3aJIeXXHMX BiJJ TeMU 4M [ITbOBOT ayIUTO-
pii mopaz: [lounims i3 diaepamu mo3k060e0 wimypmy; 3pobiTh 11e eMOIIiVIHO
6ymspkuM; bynbre mpocTimmmMy; 3anminanTecs y Temi; [locaraire Makcu-
MaJIbHOTO edeKTy IIpy MHOBUIBHOMY pO3KpuTTi; HapsarniTe manky He-
CTaHJAPTHOIO MUCJIeHHs; BukopucTrosyiiTe BisyanbHi MeTadopm 3 po3y-
MowM. IIpukiian noscHenHs nopaau «Ilounime i3 diaepamu mo3k06020 wmyp-
my». Komm yuni OauaTek Balli BisyasibHi MeTadopu B eJIeKTPOHHOMY
HaBYaHHi, iM Ha JyMKy aBTOMaTUYHO cHajaTyMe IIeBHUI Halip cIIiB.
[HIIIMIMYT CTTOBaMM, 1M He CJIi1, BUTpavaTy Jac Ha aHajli3 300pakeHHs, Ha-
Mararpounch posmmdpysaTi, 0 BoHO cumBboiisye. 11106 mporo yHUK-
HYTW, IIOIyMariTe npo cio6a abo idei, SIKi BV xo4eTe IlepefiaTy Iiie 10 TOro,
dK BuOepeTte 300paxeHHs. PaKTUYHO CTBOPITH AiarpaMy MO3KOBOTO
IITYyPMYy 3 OKpPEMVIMW CTOBIILISIMI: OJIVIH JIJIsI OCHOBHOIO ITOHATTS , a iH-
LNV [I71 MOXKJIVIBUIX KJTFOUOBMX CJIiB a00 MeTadpopmanmMX igent. Hampuk-
Jajl, SKIO BY HaMarae€Tecsl ITO3HAYMTM HaOyTTs 3HaHB, CJIOBO «pO30-
JIOKyBaTV» MOXXe YBIVITM B IPYTUI CTOBIIELb SIK KJIIOUOBE CJIOBO. 3Biflc
HIPVPOIHOIO Bi3yasIbHOIO MeTadoporo Oye 3aMOK Uy KITIOU.

[Tpuxiiag mogaHHSA MoOfesli cucTeMy MeTadOp HaBelleHO y TalJImii
«[Tomarns Monerti cuicremy Metadop y popmi “3anumannua — BidnoBidi”».
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ITopasHs Mopesti cuctemu MeTadop y dpopmi
«3anmraHHsa — Bignmosini» (AmanrroBano 3 [29])

Hapuannsg — 11e

VI moci BipuT
11O I1e ITPaBy-
JTHHO

bynisHmTBO, BpaxoByro-
4y iIHCTPYMEHTH, BMiHHS,
MaTepiaiy, sika ocoba Oy-

3pocTaHH:: Bpa-
XOBYIOUM 4YM Hi
IPVYIMHN

ITuranus
KOHCprIOBaHHSI 3pOCTaHH$I pyX

3MmiHm bynisHMIITBO, KOHCTpPYIO- | PO3BUTOK, 3pOoc- | PO3BUTOK, BILIMBY CHIT
BaHHS, CTBOPEHHS TaHHSI y IesKMX HalpsiMKax

ITporec Bwminms, sycwura, BuKko- | Buxosanms, min- | Brumms, moTyxHicTs,
pvCTaHHS MaTepiasliB TPUMKa, Jac BaXXiJTh, BiK, Cr1a

Pusukm BincyTnicte  mpurysiky, | CMepTh, BTpaTa | bisHec, 6e3riopasiHicTh,
pyVIHYBaHHS Oy Ty 1103a KOHTpOJIEM

[TpyunHHicTh: Ha po-
6oti, ocoba Oyne mpa-
IIFOBATVI BiIITOBITHO 10

ayBaTvMe HasIBHVX CUJI

INMpukian nosicHenHs 3micty Tadymti. SMIHW: o 6i0dyBaembcsa y
OymiBHMIITBI, KOHCTPYIOBaHHI, PO3BUTKY, PYyCi, 3pOCTaHHi, BIUIMBI Ha
cucteMy? SIKi cvyv BIUIMBAIOTH Ha 3MiHM y AeSKMX HalpsAMax Ta y Jaci?
ITPOLIEC: fIx 6i06yBaembcs 3MiHa BMiHb, 3yCVITb, BUKOPVCTAHHS BUXOBaH-
Hsl, TIIATPUMKMY, BIUIMBY, CVJIV, BaXKeJliB? 3 JOIIOMOIOIO SIKMX MaTepiaJliB,
BiKy, popcyBaHHs mipoliecy lie BinOyBaeTbcsa? PVIBVIKW: fxuil € pusuk,
HeOesIeKa, BiJICYyTHICTh IIPUTYJIKY, CMepThb, BTpaTa, OesnopajHicTh abo
CTpax IepemdaunTy PYMHYBaHHS, BUXif 3-IIi KOHTpoio abo Ipwura-
manHi cucremi? V1 JJOCI BIPUTU IO LIE TTPABUIbHO: ILlo pobumscs y
OyaiBHUIITBI: BpaxOBYIOUM 3POCTaHHS, BPaXOBYIOUM IIPUYMHI: CUCTEMY,
iHCTpyMeHTH, BMiHHS, MaTepiaIi, po3BaHTaXkeHHs CVJI 0cO0M Ha po0oTi,
1110 0co0a MpuIIMac SIK HaJleXHe?;

Orxe, Habip cTrpitok <Metadopa> Mae iHdoOpMmarliliHe TIOTAaHHS Y
dopmi Tabmi 3 KtiTHKamMm <<IHdopwmailig npo> <<3anuTaHHsI> <Bin-
IIOBigBp>>>,

3arasibHa Mofiesib MeTadpop 3alCy€eThCs TaK:

<Metadopa> = <<Meradopa: Hasuanusa> < Meradopa: L[LI1>>

3arasibHa MOZeJIb [IapaguIrM

IITo Take mapagmurma?

ITpuxiian,. 3aranpHOBU3HaHMUM icTOpuK Hayku Tomac KyH BBaXkas, 1110 11e
CJIOBO ITO3Hay4a€ Halip MPaKTHUK, 4Ki BU3HAYalOTh HayKOBY IVCLUIUIIHY B
Oymp-KMIT KOHKpeTHUM ITepion "acy [32]. Y cpoint kumsi «CTpykTypa Ha-
YKOBUX peBoolliv» KyH Bi3Hauae HayKOBYy IapagurMy gK: «yHiBepcasib-
HO BV3HAaHi HayKOBi IOCSITHEHHH, sIKi Ha IIeBHM Yac 3a0e311eqyoTh mumno-
6i mpobrieMnt Ta pilIeHHs I CIUIBHOTU JIOCTIHMKIB, ToOTO: «I10 1m0-
TpiOHO criocTepiraTyt Ta IepeBipsATI?»; mun 3anumans, «5IKi 3anmMTaHHS
MaloTh OyTW IOCTaBJIeHi Ta JIOCITiKeHi /Ul MOIIyKy BifIOBifen cTo-
COBHO ITBOTO IIPeAMETY ?»; «SIK 11i 3anMTaHHSA MaloTh Oy TH CTPYKTypOBa-
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Hi; AK CJIif] iIHTepHpeTyBaTH pe3yJIbTaTy HayKOBUX JIOCIIIKeHb; SIK IIPO-
BOIWTM €KCIIEPVIMEHT i sike 00JIaiHaHHS JOCTYIIHE [T IIPOBEeIeHHs eKC-
repuMeHTy?» [32].

ITpuxnan Bignosiai 3 xiacmuHoi KHUIM dyTtypucra I.A. Bapkepa
«BigkpurTst mManbyTHbOrO: OizHec mapagurm» [33]. ITapagurma — 1ie
Habip mpaBwI i MOJIOXKeHb, KMV BCTAHOBJIIOE Ta BMU3Hayvae Mexi 1X 3a-
CTOCyBaHHS; SIK MMOBOAMTHCS Y VX MeXax, 100 mocarty ycmixy? Criosa,
III0 TIOJAIOTh HAOOPV IMOHSTH NTapaluTMIL: Teopis, MOzleiIb, MeTOMIO0JIOTis,
OPVHLNIIN, CTaHJApPTH, HPOTOKOJI, IIPOLelypy, IIPUITyIIleHHs, KOHBeH-
111, 111abJI0HM, 3BMYKM, 300POBUI TI1y3[l, TpaauliiliHa MyIpicTh, MUCII€H-
H#I, IIHHOCTI, CYICTeMU BiUIiKy, Tpaaulliii, 3BM4ai, yrepepkeHHs, i1eoso-
ris, 3a0opoHN, 3a0000HN, pUTyaM, IPUMYCH, 3aJIeXKHOCTI, JOKTPUHY,
mormy, Taki cj1oBa SIK kyssmypa, opeanisayis, cbimoesio, bisHec, ocbima He
3'IBVJIVICSL TOMY, IO Ye AicU napaouaMm.

[Tosicnerns moHATTS hapaduem Iayuwixoba [15]. Tlpukiam mapagurm
I'mymxosa (IT-I'imymkosa) [15]: «IIITyuHMiZ iIHTENIEKT, SIK JOTATKOBUII 3a-
ci®6 BVDKMBaHHS»; TOBUINEHHS PiBHSA BHYTPIIIHBOTO iHTeIeKTy (TOOTO,
IIIT) EOM — 3acib 1x yagockoHasIeHHs; Oe3narieposa iHpopMaTKa — HO-
BUVI eTarl B3aeMOJII1 JIFOIVIHM 3 KOMIT IOTEpHVM CepeJOBUIIIEM.

ITpuxinan «KoHuenTyasibHi iftel Ta IIOHATTS, 1110 CTAHOBJIATh CYTHICTD,
smicT mapanyrmu [1-I'mymkosa» [15]: [duckperHuit iepeTsoprosay IIpu-
Ki1am:< > = <<crpiskal> <cTpiska2>>; rHoceosIoriuHa Ipupopga iH-
dopmaritHOro MoJIeTIOBaHHS; ifel 3 MaTeMaTMYHOIO PO3Ili3HaBaHHS
o0OpasiB; MOBI U1 MOJAHHS JTaHMX IIPO IIPUCTPOL; MaTeMaTu3allis IIpo-
rpaMyBaHH: JOKas3iB; AeIyKTVBHI 1T00Yy/I0BY; IIPOrHO3YBaHH: 3a €KCIIepT-
HUMM OIiHKaMM.

IMpuxitag xoMOiHaLIi cmpilok 3 <mapagmurMa>: MOfellb, ITaTTepH ado
TOYHI, LiHHI, IpaKTU4YHI OpUKIagu PyHKIIOHaIIy UM BXOiB i BUXOZiB
Ipoliecy, MOBeIIHKM, JI0CBiYy, IIPAaKTUK, 110 IX BMBYAIOTh Ta OL[IHIOIOTE;
Habip ODpuIlyIeHb, yCTaHOBOK, IIOHSTH, LIIHHOCTeV, IIPpOoLleAyp i MeToIiB,
SKi CTAaHOBJIATBH 3araJIbHOIPUHATY TEOPeTUYHY CTPYKTYpy y MeXXax
OVICUMIUTIHY; CTPYKTypa IUIaHyBaHHS 4l eKCIIepVMeHTIB; MOBU IIpef-
CTaBJICHH: YU Bisyaslisarlii.

ITpuxian «Teopil Hapuanug. YoTupwu mapagurmm» [34]. YV pamxax
HapaaurMy, B3a€EMO3B d3aHMUI Habip Teopilt moengHye pyHIaMeHTaIbHI
NPUITYIIeHHs IIpO HaBYaHH:A. Y Pi3HMX IapagurmMax IPUITYILIeHHs IIpo
HaBYaHHS 3HAYHO BUPI3HAIOTHCA. [IMCKycil ToYaTbCsl HABKOJIO YOTUPHOX
MapanrM i MIKpecsIo0Th Pi3HUII0 MK HMMK. Ajle TOi0OHICTh I1apa-
JAVTM TaKOX 3aCTyTOBY€ Ha yBary, OCKUIBKM BCi IapaguIrMu: BUPIITYIOThb
BKJIVBI IUTaHH; € CKJIAJIHOIO MepeXelo ifievs; MIiCTATb onucu HabuanHs
Ta MOSCHEHHs, a caMe «Yomy ma Ak BiAOyBa€eTbCs HaBYaHHS?»; MATPU-
MYIOTh Habip peKoMeHMallil, siKi [JoIIoMararoTh yYHIM HaBYaTWCS.

Yomupu napaduemu: OixeBiopmsm; oOpobieHHs iHOpPMAarIil Ta Kor-
HITMBHA IICUXOJIOTis; 1HAVBiAYyaTbHUI KOHCTPYKTUBI3M; COLiaIbHUM
KOHCTPYKTMBI3M i cuTyariviHe Hap4aHH:A. KoXHa 3 11X 4OTMpPBHOX ITa-
panurM BifMOBiZlae Ha BaXKJIMBi 3allMTaHH: III0 TaKe HaBYaHHA?; SIK MU
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BUMMOCH?; SIKi YMOBM JOIIOMararoTh HaM rapHO i HNpaBWIbHO BUUTWCA?;
4Ki yMOBM 3aBa’kalOTh HaM IapHO i PaBWIBHO BUUTWCA?; 110 TTOBVHHI
pobvTH JIFOY, 1100 JOIOMOTTH CTYA€HTaM TapHO i IPaBUIIBHO BUMTICS?

IMpuxitan Bifmosini Ha 3anmTaHHg : «Illo Take HaBuaHHA?»: Oixebio-
pu3m — OIlaHyBaHHS IOBeNiHKN (3BMYHMX MiV); 00pobaeHHs iHgopmayii
ma koeHimubHa ncuxosoeiss — odpodreHHs iHdopMariii posymom (abo Mo3-
KOM); HOuBioyarvHuil KoHcmpykmubism — TepcoHaJIbHe (pe)KOHCTPYIOBaH-
HsI HasiBHMX 3HaHb IHOVBIAOM; COYiaibHuil KOHCmMpyKkmubism i cumyayiine
HaBuaHHsA — ajanTallis 10 CIIUTPHOTHM 3HaHb i mpakTuku. [Ipore pimenHs
po3auIMTI Teopii Ha YOTHMpPM HapagurMu fento gosiibHe. Ille npocmiwa
cxema TIATPUMYE JIIIe ABi MapaaurMu, ki MoxHa HasBaTu «Tio» (mo-
BefliHKa Tita: bixeBiopmsm) i «Po3ym» (MmciteHHS i poboTa MO3KY: pellita
TPpY HapagurMn).

Orxe, HaOip crpinok < [lapagmurma > mae iHdopMartliviHe IoIaH-
Hs 'y dopMi Tabsmiii 3 KiiTnHKamu <<IHdopmariis mpo> <<3anmraHHI>
<Bimnmosinp>>>.

3araibHa MozieJIb IapajuIM 3alllCyEeThCA TaK:

< ITapagurmim> = < <II-I'mymkosa> < II-ncuxosnoris>>.

Mogens «[lis1. PeecTp 3amaa»

ITlo Take« /ia. PeecTp 3amau»?
ITpuxitag Bigmosini MiHicTpa M posoi TpancdopMmarlii YkpaiHm (i1ro-
Tvmt 2024) — [lia. Mpist: e Oyme aOcoIroTHO HOBa CYTHICTB i minmxim mo
OCBiTM i3 IIporpaMamMm pO3BUTKY 3AiOHOCTeVI YUHIB Ta IIKaJIOI0 YCIIiIII-
HocTi. lle momomoke caMopeastizyBaTwcs, JacTb 3Py4YHWUI HOCTYI [0
3HaHb Ta 3MOT'y OyJyBaTu iHAMBINyaIbHI OCBITHI TpaekTopil; Oyme 6i6tio-
TeKa KOHTeHTY, SIKUI IOTpibeH KOHKpeTHiN AuTuHI, iHdopmallis mpo
OCBITHI IIpOrpaMw, Ky pcu, MO3aIlKiJIbHi aKTMBHOCTI, OJTiMITiaiv, Ty PTKM, a
TaKOX BimeomaTepiasm; Oyme eIeKTpPOHHWMI YYIHIBCBKUI KBUTOK, SIKUV
HparlfoBaTMe Tak caMo, K i mokymeHTn B [lii. Ha nepriomy erami Oye:
ocobucTut mpodiIb yUHH i3 IIporpaMaMy PO3BUTKY 3[1i0HOCTe yUHIB Ta
IIKaJIOKO YCITIIIHOCTI; ITiKaBi, iIHTepaKTVBHI Ta MyJIbTVMe/IiViHI HaBYaJIbHi
Marepiann; 30ip, 0OpoOsIeHHs, HaKOIIMUeHHs, Ilepefava Ta BifoOpa’keH-
Hsl JaHWX IIPO OCBITHI ITpoliec; ajlbTepHaTBa YUYHIBCbKOIO KBUTKaA.

3arajibHa MeTa, ifes Ta Metop, ToOymosu Mopeni «/is. Peectp 3a-
mau» (gaii Z0): cucteMaTU4He 3pochanHs PO3YMIHHS i BUKOPUCTaHHS
Habopy cTpinok «O — 11e yHiKajIbHUI HaOip cTpisiok «['apHa mpakTu-
Ka. HaBuanHs» 3 yHiKampHMM HabopoMm cmpisok «[apHa nmpakTuka. [H-
CTPYMEHTU».

3arasibHa Mofeiib «/lis. PeecTp 3agau» 3aMCy€eThCs Tak:

<Z0> = <<0> <JO> <PROC> <PIO> <CR>>

<IO> — Habip crpinok «Iudopmarriiie moganas O»;

<PIO> — Habip crpinok «TBepmkeHHs 11po [0»;

<PROC> — Habip cTpiiok «3HanTy 3HaueHHs PIO» 3 BUKOpucTaH-
HsM Habopy cmpisok «Indposi iHCTpyMeHTI»,
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<CR> — Halip crpistok «Kpwurepirn omiHkm».

Habop crpinok <O> Mmae indopmariintHe nomanHs y dpopmi Tabimrri
3 xiitnHKaMu <<IHdopmaiis npo> <<3anurtaHHg> <Bigmosinp>>>,
gKi 1mosHaumMMo <Z0> 3 TaKuMU gy>XXKaMmu : <? abo <; ?> abo >, e 3HaK ?
O3Hava€ BiHOIIEeHHs, 3B sI3KM, BITHOCMHM MiX KYTOBUMM Iy>KKaMM,
HampuKiajl, BXifA-BUXif, CTUMYJI, peakKllisd, 3afada-pilieHHs, dopMa-3MicT,
BiZIOMi-HeBiZIOMi, cTape — HOBe, CIIOCTepiraeTbcs um Hi Toio. OTXe, Mae-
MO HacTyTHi Habopu crpinok < ZO > ; <? ZO >: |< ZO ?>; <? ZO ?>.
ITpuxinan < PIO >. TeepmxeHHs «O Ma€ BJIaCTUBICTD, IKa IIOJAETHCS
gk <IO> <PROC> < PIO > < CR >; < PIO > mae 3Hauenns {0, 1, v}., ne:
gpciro 0 — mosHauae, mo O Mae€ 1[I0 BJIaCTMBICTE, YMC/I0 1 — HaBIaKM
«HeMae»; yncsio 0 3 giarmasony (0, 1) — osHauae 1m0 < PIO > nMoBipHO
IIOKM 1110 He BCTAHOBJIEHO». 3aIIlcC PIOZ.j =1 o3Hauag, 1110 B pe3yJIbTaTi BU-
KoHaHH# neBHOI ITponienypu PROC BcraHoBIIeHO, 1110 O; Ma€e BJIaCTUBICTh
(BmactuBocri), siky nopaHo [0, Omxe, Maemo tabimio «Bractmocti —
3HadeHHs BiacTmBocTent O» 3 €aMHOIO (POPMOIO MOJAHHS, SIKi ITO3Ha-
YaroThCd BinmosinHo, <? abo < | ?> abo >.

BusnauenHs. Po3p’s3atn ZO o3Havae Bu3sHauMTH Ipouenypy PROC,
gKka BusHaudae PIO Ta 3amoBosibHsie KpuTepito CR. SIKimo ctBopeHo Habip
npouenyp PROC, To ZO nepeTBOpIOEThC Ha 3ajiady BUOOpPY 3 Habopy
npounenyp PROC y BinnosigHocTi 3 Kputepiamu CR.

IMpuxinan HabOpiB cTpinok: < ZO > = << ZO: 3anuranas> < Z0:
Bigmosimi >>;

< Z0O: 3atmranasa> = < Z0: 3anurtanxa: Cmamyc KBO>.

ITpuknapn BusHavennsa Cmamyc KBO, Status Quo: mOTOYHUI CTaH
peuen. Ilpukiam HabOpiB cTpinok < IO > — iHOpMaIlliviHe ITOJAaHHS
Habopy cTpitok Status Quo 3 crarti «Cwla mimgmaBaTyi CyMHIBY CTaTyC-KBO.
JIk mepi 3 woTuprox npuHOMIIB bepxiii Xaaca, 1o BU3HavaIOTh JIigep-
CTBO, OTPAIUIAIOTh Y CyTh BHeceHH:s 3MiH» [35]. Y 2010 pomui IlIkosta 6i3-
Hecy Berkely Haas 3ariouaTkyBasia iHiliaTuBy, sika Mayia 6 xonudikysa-
T 11 eKOCUCTEMY IIUISIXOM BM3HAUeHHS YHIKaJIbHOTO HabOpy IIPMHIINIIIB
JlinepcTBa i 3anmTaHHA PO CTAaTyC-KBO BUHMKJIO HPUPOAHVM YMHOM,
OCKUIBKV BOHO 3aBX[M OyiI0 «HaVBaXXJIMBIIIINM eJIeMeHTOM» KyJIbTypu
Ta SIKICTIO, SIKY JlilepaM MaltOyTHBOTO HeoOXimHO Oyre HmpUITHSTH, 00
AOCSATTY YCIIiXy B HaMIOIVDKYi AecsTWITTA... SIK IiHHiCcTb, «3anmMTaHHs
II0 CTaTyC-KBO» — Iie OAMH i3 HaMIIOTY KHIIIMX iHCTPYMEHTIB I I10-
KpallleHHs HaIlloro CBITy, 4Ki € , 1 BiH JIOXUTb B OCHOBI i/ieary «TBOPIII
3Mmin». Lle mae 3Mory mocIipKysaTy pisHI TOUKM 30pPYy, 3BaKyBaTu pi3Hi
AYMKW 1 JO3BOJISATY CHUIBHMM IIUIAM Ta iCTMHaM (a He HallluM IIPpUITy-
IIIeHHSIM 41 CTpaxaM) BecTy Hac [0 Kpaioro ManOyTrs. Harnycrinsi-
Il JIiiepu Ta HOBAaTOPM IIPOTSATOM BCie€l icTopil minxogmim o mpobiieM,
CTaBJIsTuV BaXKJIVBi, HEIIOITYJIAPHI 4/ HaBiTh HeOes3IleuHi 3alMTaHHs, a He
IITyKaJIvi IIPOCTi BiZIIOBifIi — i IIe OCHOBAa KPUTUYHOIO MUCJIeHH:. .. 3a1m-
TaHHs IIPO CTaTyCc-KBO — Ile 00pa3 MucieHHs... CTaBjieHHs i, CyMHiB
CTaTyc-KBO — Ile He ITaOJIOHHMV IpolleC — BiH He BUITIAZAE OJHAKOBO
114 Beix. [ly>ke GaraTo 3aj1eXXmTh Bill BAIIOTO CepeloBIIa, OTOUEHHS, [10-
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cBiny Ta Oestiui iHmmx dpakropis. TvMm He MeHII, HaBeleHa [1aJli 3arajlbHa
CTPYKTypa MOXKe JOIIOMOITH IIIBUIIUTY e(PeKTUBHICTh HaMipy BHeCTU
3MiHM, 0COOJIBO B 0OCOOVMCTOMY UM AUIOBOMY KOHTEKCTi. 3aIrporioHoBaHa
3arajibHa CTPYKTypa MicTUTh Taki Habopwm [iit: BusHaumMTH MOXIMBICTD
uy noTpedy; 3amasaTy 3anuTaHHsg; CTBOPUTH 3a4By IIPO 3MiHY; BuBum-
TU ifei Ta 3BaXXuTK BapiaHTH; 3i0paTy COIO3HMKIB; 3aIllpOIIOHYBaTH 3Mi-
HI1; BropoBagwuTy 3MiHN.

Ortxe, HabOip cTpitok <ZO: 3anmranus: Cmamyc KBO> mae <I0> —
iHdopMarirHe mogaHH y dpopmi Tabsmli 3 KITiTMHKaMM «/1ii-3arnmTaHHs».

[Mpuxsian HaOopy crpinok <PROC> — auaii3 danux: 1IecripsiMoBa-
HUVI TIpoIiec 30MpaHHs, OUYMIIeHHs, BYWIy4eHHs ayOITiKaTiB, IlepeBipKu,
TpaHcdopMmallil, iHTerparlii, MofeIIOBaHHs Ta iHTepHpeTaril JaHWUX Yy
3pyuHin g cy0’exTiB popMi (Bisyastizallist) 3 Menow BUSIBIIEHHS UYiHHOT
iHdopmarii Ta HagaHHSA Cy0’'€KTaM BMCHOBKIB UM IPUHSATTS OOIpyH-
TOBAHMX PillleHb, peKOMeHIAIill MO0 IOITBIINX 3axodiB. <Memood
aHAAi3Yy 0aHUX>: IIPOIleC OUNITeHHs, YIOPSAAKYBaHHs, TpaHcdopMariil, Mo-
JleJIIOBaHHS i BisyasTisallil JaHVX 3 METOIO BUTATTI 3 HUX BaXJIMBY iHdOP-
Maltifo, 3po0ouTy BuOip i mpuiHSATI o0IpyHTOBaHi pireHHs. [Tpuxiagn:
aHaJli3 BMICTY (KOHIIENITyaIbHUI aHali3; peJIAIiiHI aHalIi3), aHasIi3 J1e-
peBa pimieHsb (IMCKPVMIHAHTHMUI aHali3), aHaJIi3 HaCTPOIB, aHAJIi3 cer-
MeHTallil, aHaJIi3 YacoBUX ps/iB, KJIJaCTepHUV aHaJli3, KOTOPTHUVI aHaJIi3,
HapaTUBHWUV aHaJIi3, OIIMCOBUI aHaJli3, perpeciviHmii aHasli3, INTy4YHi He-
VIpOHHI Mepexi, dakTopHMIT aHAIi3. Memood anatisy danux ad hoc, no 3anu-
my: BUKOHY€EThCS Ha OCHOBI OZTHOPa30BOr'0 JOCITIIHUITLKOTO 3allTaHHS.

ITporrec esomortii Mmopeni «is. Peectp 3amau». Ha pisHUM crangisx,
eTarlax, piBHSIX CKJIQIHOCTI Ta 3pitocTi, auaai3 danux POKYCYeTbCS Ha
oTpMMaHHI Bifnosigi Ha psp sanurtanb. o cranocsa? Koau ye cmanoca?
Yomy mock crastocs? Ilo mosipHO ctaneTbcs? XTo, 1o, Korm, fIx Mox-
Ha 3pobuTy, 11006 11e crasiocd (crpareris O)?

[Mpuxitag Habopy crpitok <CR> — «Kpurepin omiHKm» Bchoro od-
cary iHdopmarii. fkmo <IO> — Habip crpinok <IHdopmarninHe mo-
nanHs O>, To BiH Mae Habip 3HaueHb <<Touna> <LlinHa> <ITpocrta>
<IIpaktnuna>>. fIkiio <IO> — Habip crpiiok <'apHe HaBYaHHSI>, TO
BiH Mae Halip 3HaueHb <<Touna> <llinHa> <[Ipocrta> < [IpakTraHa>>.

[Tpuxian peasibHOI 3arajbHOI cHelydikallil rapHOi IPaKTUKM OLli-
HioBaHHs <<Hapuauns> <IHcTpymenTn: III>> y mmmudposuir ekocucre-
Mi — cydacHUV MiKHapomHUM ge-dakTo craHgapT mia <ZO: Kpurepii
omiHkI> — criermdikartiss Anasimuku Kasinepa [9, 36] .

<Touna> — O3HaYa€ CUCTeMaTWM4HO CIIpsMOBaHa Ha ITPOTHO3YBaHHS
pe3ysIbTaTiB 3 BUCOKMM CTyIleHeM TOYHOCTI Ha OCHOBI aHaJIi3y JaHMX.
[Mpuxstaz. anasis danux Beauxoeo obcsey [8] 3 METOIO 3pOCTaHHS Ha/TiVTHOCTI
iHdopMmallii 3 ypaxyBaHHSIM i IPUITyIlleHb, i HeBU3HAUeHOCTI, i ITOMMIOK
IIUIIXOM 30VIpaHHS, OUMITIeHHs, BIWIy4eHHs AyOJliKaTiB, ITlepeBipKy, TpaHc-
dopmaliii, iHTerparlii, Mofe/IfOBaHHs Ta iHTepIIpeTallil JaHMX Y 3py4Hin
i cy6’exTiB dopwmi (Bisyastisarlii) 11 3 menmow BUSBIIEHHS I[iHHOT iH-
dopmMariil Ta HagaHHSI Cy0’ €KTaM BVMCHOBKIB UM IIPUVHSTTS OOIPYHTO-
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BaHMX pilteHb. MojiemtoBaHHS IpOLIecy aHaAAi3 0aHUX OXOIUIIOE OaraTo Me-
modi6 Ta incmpymenmif 3 pisaMMYU dpopmamm i 3mictoM. Tum marmx Br3Ha-
JaTMMe BiTIOBiIHI MeTOOM aHaTi3y HaHMX, 3'SCYBaHHS MeTOMiB aHaJIi3y
ZlaHVIX, SKi HaviKpallle IIAXOIATh I IIOTOYHOTOo JocIipKeHH. [Ipoilec
AHAAI3Y 0AHUX TIOYVHAETHCS 3 ICHOTO AOCIIAHUITBKOrO <ZO: 3anmMTaHHSI>.

<IlinHa> — o3Hauae cuUcCTeMaTWM4YHO 3abe3redyeHHsd ociO IIHHOMO iH-
dopmairiero Ta MPOrHO3aMy 3 MeTOIO JIOIIOMOITH OcOoOaM IPUIHSATH
BipHe pilteHHs, 3poOuUTN ycBimoMiIeHMI BUOip.

<IIpocma> — O3Ha4a€ CUCTeMAaTUYHO CIIPSIMOBaHa, 3 OJHOTO OOKY,
Ha 1oOyAoBY iHTYITMBHO 3pO3yMiJIOTO CeMaHTMYHOIO KapKaca, SKWUM
KOXKHWVI KOPVCTYBad (Biff HOBadKa /10 eKcIlepTa) OyB Ovi 3maTHMUI afganTy-
BaTM [I0 CBOIX ITOTpeO, OUiKyBaHb, JIeTKO MOAMMIKyBaTH, IOSACHUTU Ta
iHTepnperyBaTua. 3 iHIIOTo OGOKY, npocma o3Havae — CUCTEMaTUYHO
CIIpSIMOBaHA Ha 3MEHITIeHHS BHY TPIIIHBOI ckAa0HOCH npobieMu avL CKAa0-
Hocmi iHgpopmayii.

Ipuxaadu. Ckaaduicms npobaemu — Iie Mipa TOro, CKiJIbKM Yacy, IIpo-
CTOPY UM IHIIMX pecypciB MOTPiOHO I BUpilIeHHs podieMn abo BuU-
KOHaHH# 3a7avi un 3aBgaHHa. Hanpukian, penaryBaHHs HofgaHH, ITOIITYK
KOPMCHOTO IUIAXY abo IepeBipKa 4y € BiH ONTMMaIbHUM, YN € YMCIIO
HPOCTUM — Ile IpobseMy pi3HOTrO piBHS CKJIamHOCTI. Y Teopii 0Opob-
JleHHd iHdopMallil, cKIaaHIcTh iHdopMallil — Ile Mipa 3arajgbHOI Kijlb-
KOCTi BJIaCTMBOCTeW, siKi Ieperae 00’eKT i BUsBIIse criocTepirad. Takmm
Habip BIIaCTMBOCTEN YacTo Ha3uBalOThb cmanom [12]. B anropurmiunmi Te-
opii indopmariii (iHdopmaTmky, MaTemaTkm) Kommoropisceka ckiiaji-
HiCTh 00’€KTa (HaIpuKIIall, TEKCTy) — Ile Mipa 00UMCITIOBaIIBHUX Pecyp-
ciB, HEOOXiTHMX /I TOYHOTO BU3HAYEHHS i BIITBOPEHHS 1IbOTO 00 €KTa
gaK Buxody obumcnenns [37]. Ckaadnicms yugpoBozo npocmopy BigHO-
CUTBCA [10 3araJlbHOrO OOCATY IlaM’ siTi, KUV BUKOPVCTOBYETBHCS aJIro-
PUTMOM YW IIpOrpaMoio, BKJIFOYHO 3 IIPOCTOPOM BXiAHMX 3Ha4UeHb LIS
BuKoHaHH4. 11106 BM3HaUMTV CKJIaIHICTh IPOCTOPY, HeoOXiTHO 00uMCIIN-
TV IIPOCTIip, 3aVHATUV 3MiHHUMM B aJITOPUTMi UM IIpOrpamMi, IprioMy
KpaIuy aJIrOpUTM 4M ITporpaMa ITOBVHHI MaTy HU3bKWV PiBeHb ITPOCTO-
POBOI CKJIaJIHOCTI.

<[lpaxmuuna> — o3Haya€ CUCTeMaTV4He ypaxyBaHHs (paKTOpiB, 3MiH,
gKi BIUIMBAIOTh Ha MOJIeIbOBaHY peaJbHy CUTYyallilo 3 MeTOI HaJaHHS
KOpmCHOI iHdopMariil Ta MpOrHo3iB, peKoOMeHIaIlill, 3BOPOTHOTO 3B SI3KY,
4Ki € aKTyaJIbHVMMM 1 BayXIMBUMM ISl HNPUVHATTS pillleHHS y dopmi
<ZO: Bignosimi>.

BucHOBKM

3amportoHoBaHO MifIXif] 0 MOOYI0BM 3arajibHOI IapaJurMaTidyHOl MO-
Jeri BUKOPWCTaHHs iIHCTPYMEHTIB INTYYHOTO iHTEJIeKTY B HaBYaHHI y
ckIafi Momeni MeTadpop HaBYaHHS i IITYYHOrO iHTeJIeKTy, Mofesli Ilapa-
ourM akagemika B.M. IimymkoBa i mpuHINMIIB 1icuxosiorii (0ixeBiopmsmy;
00pobitenHs iHdopMarlil Ta KOTHITMBHOI IICMXOJIOTII; iHAMBITyaJIBHOTO
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KOHCTPYKTMBI3My; COIIiaJIbHOTO KOHCTPYKTMBI3My 1 CHUTyalliiHOrO Ha-
BUYaHH:1), Mopierli «/[is. PeecTp 3amau». B enmoxy nmudposoi rpancdopmariii,
PO3B’3yBaHHs KOMIUIEKCHOI ITpobsiemMyt 1ToOy/I0BM i MPaKTUYHOTO BUKO-
PpVICTaHHS TaKoI MofesTi TToTpeOye KOMIUIEKCHOTO PO3B sI3yBaHHS UMMaJsIol
KiJIBKOCTI pesleBaHTHMX CKJIaJIHMX HaYKOBO-IIPaKTUYHMX ITp0o0sIeM, TaKmx
AK: MYJIBTIAVICOUIUTIHAPHICT i MYJIBTIKYJIBTYPHCTB; PO3yMiHHS i MOsIC-
HeHHSI; OLIIHIOBaHHsI, IIPOTHO3YBaHHS, €BOJIIOLisl, BapiaTMBHICTh, CKIIa/l-
HiCTh, MacITaOyBaHHs, 3aXVCT BJIACHOCTi, YCYHeHHsI HeBU3Ha4eHOCTi,
iHTeponepabesIbHICTh, TApMOHIi3allisl 3 HasBHVMM Ta 3aIUIaHOBaHMM 0di-
nimaVMU 1 1e-dakTo craHmapramu. BogHouac, HeOOXimHO IOmOIATH
4yICIIeHH] TpyaHoIi, Oap’epi, BUK/IMKM i mpobsemMyt CTPYKTypyBaHHS Ta
iHTerparii pisHOMaHITHIMX KOHKpeTHMX Mofenen. ToMmy, HeobxinHa ymo-
Ba, BYMOra [IjIs CMCTeMaTH30BaHOro IOJIIIIIeHHs 3arajlbHuX i KOHKpeT-
HIX MoJIeJlell — KOMIUIeKCHa iHTepIipeTallist abcTpakiliit B KOHTEKCTi 3a-
3Ha4yeHNX IpolsIeM, a TaKOX ix IIpaKTUYHa arpo0allid 3 JOIIOMOTI0O 10-
CTyIIHMX CHUCTeM O0poOieHHs iHdoOpMAaril 3 MeTOI BWU3HAYeHHS Ta
MOIIVIPeHHs YHIKaJIbHVX HaKpallix IIPaKTHK i JOCBiLy BCiX 3alliKaBbiie-
HIX cTopiH. OCHOBHI HaIPsMM HOAAJIBIINX JOCIIIKeHb I CCTeMaT4-
HOI iHTerpaliil pe3ysibTaTiB BePTUKaILHOI 1 TOPU30HTAILHOI PeIyKIIl y
3arasibHiI Mopeni «/lis. PeecTp 3amau»: BU3HAUeHHS Ta BUKOPWUCTAHHS
KOHKPEeTHMX MaTeMaTUYHMX Teopint 11 iHdOpMalliiHOTO OIaHHS MO-
merent eposmoniii Status Quo 1yt disvuHMX 1 IopUaANMYHMX 0ci0, 30KpeMma,
IUIA OIiHIOBAHHS i IIPOTHO3y IOAO 3pOCTaHHS OLHKM eBOJIoLil Status
Quo B pi3sHUX OOMHMUIIAX MalITaOyBaHHS, TaKMX SIK HaTypabHe 4ICIIo,
MaTpwuild, rpad, IpocTip; BUSHAYeHHs i BUKOPUCTaHHS KOHKPeTHMX Ma-
TeMaTUYHMX TeOopil I Bisyaslisauii mMeTtadop iHdoOpMalintHOro Imo-
JaHHS MopesieV eBosIoLil Status Quo; BU3HaUeHHs 1 BUKOPUCTaHHs KOH-
KPeTHMX TeOopii 3 IICUXOJIOTii /s iHOopMallifHOTO MOJaHHs eBOJIIOLIIT
Status Quo KOHKpeTHOI 0coOV, KOMaHIM, OpraHi3ariil, CIIyTbHOTH.
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PARADIGMATIC MODEL OF UNDERSTANDING
AND USING ARTIFICIAL INTELLIGENCE IN LEARNING

Introduction. Recent years have seen unprecedented global changes associated with
the acceleration of the use of artificial intelligence tools as one of the main factors of
the evolutionary and revolutionary engines of modern civilization, under the great
influence of requirements and opportunities for all. The problems of understanding
and using artificial intelligence in education are considered from various points of
view, perspectives, purposes, paradigms, theories, approaches, methods, using various
means of information processing. procedures, services, etc.. In our study, the modeling
focuses from a higher level of generalization on the understanding and use of artificial
intelligence in learning by building a general paradigmatic model in the composition
of the model of learning metaphors and artificial intelligence, the paradigm model of
academician V.M. Hlushkov and psychology (Behaviorism; Information processing

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 75



A.®. Manaxo, B.B. Manaxo, JI.B. Manaxo

and cognitive psychology; Individual constructivism; Social constructivism and
situational learning), models “Action. Register of tasks”.

Purpose. The purpose of this study is develop a formalized description with
meaningful interpretations of paradigmatic model of understanding and using
artificial intelligence in learning. in which “Artificial intelligence is an additional
means of survival” (Glushkov’s Paradigm).

Methods. System methodology, methods of reduction, abstraction, analogies,
analysis, synthesis.

Results. For the first time, a general paradigmatic model of understanding
and use of artificial intelligence in learning was developed as part of the model of
learning metaphors and artificial intelligence, the paradigm model of academician
V.M. Hlushkov and psychology (Behaviorism; Information processing and cognitive
psychology; Individual constructivism; Social constructivism and situational learning),
models “Action. Register of tasks”.

Conclusion. In the era of digital transformation, solving the complex problem of
building and practical use of a general paradigmatic model of understanding and use
of artificial intelligence in learning requires the complex solution of many relevant
complex scientific and practical problems, tasks such as: multidisciplinarity and
multiculturalism; understanding and explanation; evaluation, forecast, evolution,
variability, complexity, scaling, property protection, elimination of uncertainty,
interoperability, harmonization with existing and planned official and de facto
standards, at the same time, it is necessary to overcome numerous difficulties, barriers,
challenges and problems of structuring and integration of various specific models.
Therefore, a necessary condition and requirement for the systematic improvement of
general and specific models is a comprehensive interpretation of abstractions in the
context of the specified problems, as well as their practical testing using available
information processing systems in order to identify and disseminate unique best
practices and experience to all interested parties. The main directions of further
research for the systematic integration of the results of the vertical and horizontal
reduction of the general model “Action. Register of tasks”: 1. Definition and use of
specific mathematical theories for the information presentation of Status Quo evolution
models, for individuals and legal entities, in particular, for the assessment and
forecast of the growth of the Status Quo evolution assessment in various scaling
units such as a natural number, matrix, graph, space; 2. Determination and use of
specific mathematical theories for the visualization of metaphors of the information
representation of models of the evolution of Status Quo; 3. Determination and use of
specific theories from psychology for the informative presentation of evolution
models of the Status Quo of a specific person, team, organization, community.

Keywords: paradigms of V.M. Hlushkova, digital transformations, information processing,
metaphor, psychology, mathematics, Status Quo.
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ALGORITHM FOR DETERMINING
THE FEATURES OF A PERSON'S

PSYCHOEMOTIONAL AND FUNCTIONAL
STATE UNDER STRESSFUL CONDITIONS

Introduction. Long-term stress from negative emotions experienced as a result of
psychotraumatic events leads to a disorder of adaptation mechanisms with a deterioration in
the functional state and, subsequently, to psychosomatic diseases. Currently, the task of early
detection of such stress-producing states is becoming particularly relevant.

The purpose of the paper is to develop an algorithm for determining the features of a
person’s psycho-emotional and functional state under stressful conditions.

Cite: Kobzar T.A., Kriachok T.V., Semikhova O.S., Chaliy P.V. Algorithm for Deter-
mining the Features of a Person’s Psycho-Emotional and Functional State under
Stressful Conditions. Information Technologies and Systems, Kyiv, 2025, Vol 1 (1), 77-88.
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© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2025. The article is pub-
lished under an open access license CC BY-NC-ND license (https:/ / creativecommons.
org/licenses/by-nc-nd/4.0/)

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 77



T.A. Kobzar, T.V. Kryachok, O.S. Semikhova, P.V. Chaly

The tasks are to examine the contingent of scientific workers for functional and organic
disorders of human body systems in relation with type of their constitution in terms of age and
gender; to select the most effective methods of assessment of these states; to investigate the
phenomenon of stress resistance in individuals with different constitutional types, psycho-
types, features of the character, physical and psycho-emotional states; to conduct a
quantitative assessment of the level of functional and physical state using the method of
generalizing assessments.

Methods. To study the current psycho-emotional, physical and functional state of a
person under stress, the software and hardware methodological complex “EXPRESSmed-
OGLYAD” [12], described in detail in the previous work, was used. This complex was
supplemented by a number of methods and scales for determining psycho-emotional and
psychosocial characteristics, in particular the type of temperament (G. Eysenck test);
determining the current psycho-emotional state — Eysenck Mental States Assessment Scales:
Frustration Scale, Anxiety Scale, Aggression Scale and Rigidity Scale, determination of stress
resistance and social adaptation by Holmes and Raghe, determination of stress resistance,
positive mental health scale, determination the distressing “D” personality type with the
DS 14 questionnaire “Standard Assessment of Negative Affectivity, Social Inhibition and
Tipe D Personality”, determination of susceptibility to PTSD, hospital anxiety and depression
scale (HADS); as well as assessment of the individual’s character traits according to the
“TOHO” program. A medical examination and expert assessment of health status were
performed on a 5-point scale — expert assessment of the doctor (EAD). All obtained primary
parameters were used both for independent analysis and for calculating a number of
indices and health assessments, in particular biological age, aging rate, level of physical
condition according to Pirogova's method (1986). To assess the general functional state, the
method of generalized assessments was used [12].

Results. A total of 63 scientists of different age and gender were tested. The age and
gender distribution was comparable between all groups and had the following form: 18-45 years
(women — 10 people, men — 10 people); 46-65 years (women — 12 people, men — 10 people);
66-75 years (women — 11 people, men — 10 people).

It was revealed: a decrease in the level of stress resistance, which was most clearly
reflected in the scales of positive mental health, HADS, Eysenck's mental states, the DS 14
scale for determining the distressing “D” type; a decrease in adaptive potential; a decrease in
the general level of health, which is determined by the indicators included in the general health
assessment of the “"GHA"”. When analyzing personal and family history data, it was found that
the vast majority of respondents (about 90%) has psychosomatic diseases, in particular,
arterial hypertension, ischemic heart disease, diseases of the digestive system, including
gastric and duodenal ulcers, diabetes mellitus, vascular diseases of the extremities, bronchial
asthma, and others. It has been shown that the basis of these diseases is hyper-sympathicotonia,
an invariable companion of any stress. In the majority of the studied individuals, a low level of
Baevsky'’s adaptive potential was found, which indicates unsatisfactory adaptation to stress
and resource exhaustion, which invariably leads to somatic diseases of a psychogenic nature.

Conclusions. The conducted research has multifaceted importance, as it makes it pos-
sible the monitoring the functional state and identifing the dangerous for health and life
conditions of employees, using simple screening tools, such as questionnaires and simple non-
invasive methods and refer them to the medical institutions early and provide advice on life-
style adjustments.

Keywords: long-term stress, functional state, adaptation mechanisms, stress resistance, con-
stitutional type, type of temperament.

Introduction

Stress is an indisputable companion of our lives. It can be caused by both
positive and negative and have different durations. Short-term stress can
be useful, activating the body’s resources and making it worse the reaction
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of the nervous system. In contrast, long-term stress from negative emo-
tions experienced as a result of psycho-traumatic events, physical pain etc.
leads to a disorder of adaptation mechanisms with a deterioration in the
functional state and, subsequently, to psychosomatic diseases. Currently,
the task of early detection of such stressful conditions is becoming particu-
larly relevant.

According to V.P. Bulakh [1], the consequences of stress is divided
into physiological, subjective, behavioral, and cognitive. Among the phy-
siological consequences of stress, the most studied group of the so-called
“seven sacred cows” of psychosomatics is traditionally distinguished: dis-
eases of the cardiovascular system (essential hypertension; ischemic heart
disease (IHD) etc.); gastrointestinal tract (gastric and duodenal ulcer, non-
specific ulcerative colitis); respiratory system (bronchial asthma (BA),
chronic obstructive pulmonary disease (COPD); thyrotoxicosis (Graves’
disease); rheumatoid arthritis; neurodermatitis). The subjective conse-
quences of stress are a feeling of fatigue, guilt, anxiety, the world looks
“gray”, apathy, lack of meaning in life etc. Among behavioral disorders,
there is a tendency to take out negative emotions on other people, inap-
propriate behavior with a decrease in the level of self-control is noted, ex-
citability, reactivity, aggressive behavior may be increased; underestima-
tion or overestimation of self-esteem of one’s capabilities by the individu-
al, there is an imbalance between intended and real plans, restlessness,
incoherence of actions, inaccuracy and errors in work, work does not bring
the same joy; this may be withdrawal into oneself and/or manifestations
of negativism. As a result, cognitive disorders occur of imbalance in the
processes of attention, memory, thinking, and volitional sphere. There is a
deterioration in memory, difficulty in concentrating, inability to concen-
trate, frequent loss of the main line of conversation etc. [2, 3]. As arule, the
presence of a stressful state is diagnosed using test questionnaires, where
a wide range of internal states is presented in the form of affirmative or
negative questions.

An universal reaction of the body, reflecting all links of the regulatory
system, is the variability of the heart rate, and it is the vegetative support
that makes it possible to assess the adaptive reserves of the body and
the functional state of a person. It was shown by numerous studies [4]
the diagnostic value of determining the vegetative balance of the sym-
pathetic and parasympathetic systems in relation with changes in the
central nervous system that occur under the influence of chronic stress
(PTSD, anxiety-depressive syndrome etc.), which are considered as pre-
dictors of psychosomatic cardiovascular diseases. According to Chaban
OSS. et al., the search for possible early predictors of the PTSD and effec-
tive strategies for early interventions immediately after the action of men-
tal trauma is one of the key aspects of modern psychiatry and medical
psychology [5].

The studies of the phenomenon of individual stress resistance of a
person, which, according to Kornatsky V.M., identifies people at high risk
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of mental disorders and the development of psychosomatic diseases
are drawn attention [6].

Depending on how much a person can withstand stressful situations
and adapt to them, they talk about stress resistance, which means the abi-
lity of an individual to self-recover after the stressful events. It is believed
that this is a genetically inherited, as well as formed in the process of life,
the ability of the human body to resist the effects of negative factors. Stress
resistance is an integral ontogenetically determined property of a holistic
personality, interconnected with a multi-level system represented by a
complex of cognitive, intellectual, emotional, and personal properties.
The degree of expression of stress resistance has an individual differences
and is determined by the qualitative and quantitative characteristics of
the personality properties. Specific signs of lack of stress resistance are:
low differentiation, reduced adaptive potential, preservation of the bi-
polar structure of the organization of factors etc. [7].

A number of researchers, considering the problem of individual cha-
racteristics of stress resistance, associate the level of development of this
psychological phenomenon with a wide range of psychological characte-
ristics of the personality, such as anxiety; aggressiveness; locus of subjec-
tive control; motivational orientation of the personality [8].

According to the psychoanalytic concept of Z. Freud, suppressed af-
fect, mental trauma through conversions can manifest as a somatic symp-
tom, while “somatic readiness” is necessary — a physical factor that is
important for “organ selection”. In this sense, the peculiarities of the hu-
man constitution and consequential genetic factors should be taken into
account [9].

We believe that research into the phenomenon of both stress resistan-
ce and human constitution will help in the early diagnosis of human health
threatening and in the selection of adequate corrective influences [10].

In the formation of the nature of the somatic response to a stressful
situation, the human constitution plays a decisive role. The relationship
between the types of constitution and the predisposition to certain soma-
tic diseases, the development of which usually starts against the back-
ground of stressful events, is evidenced by numerous works of both do-
mestic and foreign scientists from ancient times to the present day (Hippo-
crates, Krechmer, Sheldon, Seago, Bogomolets, Chernorutsky and others).
In the previous work, we came to the conclusion that the most widely
used and closest to medical practice are the ideas about the constitution
that combine somatotype, body type and temperament [11].

Purpose: to develop an algorithm for determining the features of a
person’s psycho-emotional and functional state under stressful conditions.

Tasks: to examine the contingent of scientific workers for functional
and organic disorders of human body systems in relation with type of
their constitution in terms of age and gender; to select the most effective
methods of assessment of these states; to investigate the phenomenon of
stress resistance in individuals with different constitutional types, psycho-
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types, features of the character, physical and psycho-emotional states; to
conduct a quantitative assessment of the level of functional and physical
state using the method of generalizing assessments.

Object and Methods of the Study

To study the current psycho-emotional, physical and functional state of a
person under stress, the software and hardware methodological complex
“EXPRESS med OGLYAD” [12], described in detail in the previous work,
was used. This complex was supplemented by a number of methods and
scales for determining psycho-emotional and psychosocial characteristics,
in particular the type of temperament (G. Eysenck test); determining the
current psycho-emotional state - Eysenck Mental States Assessment
Scales: Frustration Scale, Anxiety Scale, Aggression Scale and Rigidity
Scale, determination of stress resistance and social adaptation by Holmes
and Raghe, determination of stress resistance, positive mental health scale,
determination the distressing “D” personality type with the DS 14 ques-
tionnaire “Standard Assessment of Negative Affectivity, Social Inhibition
and Tipe D Personality”, determination of susceptibility to PTSD, hospital
anxiety and depression scale (HADS); as well as assessment of the individ-
ual’s character traits according to the “TOHO” program. A medical exam-
ination and expert assessment of health status were performed on a 5-point
scale - expert assessment of the doctor (EAD). All obtained primary pa-
rameters were used both for independent analysis and for calculating a
number of indices and health assessments, in particular biological age,
aging rate, level of physical condition according to Pirogova’s method
(1986). To assess the general functional state, the method of generalized
assessments was used [12].

The General Health Assessment (GHA) in our case has the following form:

GHA = (VI+ BMI + AR + AP + PhL + FL + EAD) / 7, we included the
following assessments and indices: VI — Vega-Kerdo’s index; Ketele’s
body mass index (BMI); Aging rate (AR); Baevsky’s adaptive potential
(AP); Physical condition level according to the Pirogova’s method (PhL);
Functional Level of the cardiovascular system (CVS) according to the Pha-
seography method (FL); Expert assessment of the doctor (EAD).

This diagnostic screening complex is aimed at identifying, and subse-
quently correcting, such conditions as PTSD, which are a risk factor for
psychosomatic diseases, as well as identifying patterns of the impact of
long-term stress on people of different temperaments and features of the
character, in different gender and age groups.

For statistical processing, descriptive statistics and correlation analy-
sis methods were used.

Analysis of the Received Data

A total of 63 scientists of different age and gender were tested. Taking into
account the phenomenon of age-related crisis periods, age groups were
formed, because of peculiarities of development the neuroendocrine

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 1 81



T.A. Kobzar, T.V. Kryachok, O.S. Semikhova, P.V. Chaly

system with a cardinal restructuring of physical and personal status.
The age and gender distribution was comparable between all groups
and had the following form: 18 —45 years (women — 10 people, men —
10 people); 46 —65 years (women — 12 people, men — 10 people); 66 —
75 years (women — 11 people, men — 10 people).

Regarding temperament, it was comparable between different types
in different age and gender groups. In the general group, the advantage
of phlegmatics (to a greater extent) and, to a lesser extent, melancholics
of both sexes over cholerics and sanguine people was noted.

When studying the relationship between constitutional types and
temperament in the general group of both sexes, it was found that the
majority of people (61.9%) belong to the normosthenic type of physique
with a phlegmatic type of temperament (33.4%) and, to a lesser extent,
melancholics (12.9%); phlegmatics also prevail in the group of asthenics,
of which 25.4% (Table 1). But among hypersthenics, who are the least in
the general group (12.7%), melancholics prevail. We believe that such a
distribution is associated with the specifics of professional activity, which
requires focus and concentration on the problem should be developed.

The phenomenon of stress resistance was studied on separate scales
in relation to the types of constitution and temperament.

To assess the level of stress resistance, questionnaires that indicate
the presence or absence of psycho-emotional signs of stress damage were
used; the results on individual scales of the questionnaires according to a
3-level system were ranked: absence (optimum, 23 points), moderate (bor-
derline) (satisfactory, 2 > 3 points) and expressed level of stressor signs
(unsatisfactory, 1 = 2 points). Therefore, a conclusion about the level of
stress resistance in individual groups was made. The total sum of points
for each scale in individual groups (asthenics, normosthenics and hypers-
thenics) was calculated, and then summed up and the arithmetic mean
score of stress resistance for each group was determined. Finally, the ave-
rage level of stress resistance for the general array of researched indivi-
duals was determined.

In particular, when studying the relationship between stress resis-
tance and body type, the following features were identified. In each of

Table 1. The relationship between constitutional type
and temperament in the general group of both sexes

Temperament type, %
Constitutional type, % . . . .
Melancholic | Choleric | Phlegmatic | Sanguine
person person person person
Asthenics — 16 people (25.4) 4 (25) 2 (12.5) 7 (43.75) | 3 (18.75)
Normosthenics — 39 people (61.9) 8(20.5) | 4(10.3) | 21(53.8) | 6(15.4)
Hypersthenics — 8 people (12.7) 4 (50) 1(12.5) 1(12.5) | 2(25)
Total 16 (25.4) | 7(11.1) | 29 (46) 11 (17.5)
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Fig. 1. The relationship between constitutional types and stress resistance for the
general group

the three constitutional groups, the average level of stress vulnerability is
noted in the general array, but there are differences between individual
scales. Thus, according to the results of testing using the DS 14 questi-
onnaire “Standard Assessment of Negative Affectivity, Social Inhibition
and Tipe D Personality”, the presence of a distress D-type in the asthenics
group, which indicates a predisposition to cardiovascular diseases and is
a confirmation of their psychosomatic origin was revealed; a lower than
average level of mental health and pronounced rigidity of the nervous
system on the Eysenck scale are also noted. In normosthenics, who are
the vast majority, the results are more equal, but there is a high level of
social inhibition, and in hypersthenics — a somewhat lowered level of
mental health with a simultaneously high level of stress resistance accor-
ding to the Holmes and Raget scale and a high tendency to PTSD.

For clarity, the relationship between stress resistance and body type
is depicted in Figure 1.

Of interest are the results of the study of the relationship between
temperament types and stress resistance, both on individual scales and
on the generalized stress resistance index (GSRI). The generalized index
was calculated on a 3-point system as the arithmetic mean of the sum of all
12 scales.

Assessment on a 3-level scale showed differences in the levels of stress
resistance in the compared groups. The largest deviations on 8 scales out
of 12 were found in melancholics, in particular: the greatest susceptibility
to PTSD, the lowest level on the scale of positive mental health, the highest
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Fig. 2. The relationship between temperament types and stress resistance for the ge-
neral group

level of anxiety on two scales: HADS and Eysenck’s mental states, a high
level of social inhibition and negative affectivity (DS 14), as well as a high
level of aggressiveness and rigidity (Eysenck). In general, the melancholics
group showed the lowest stress resistance. The choleric group has an av-
erage level of stress resistance on all scales and a high level on the stress
resistance scale. Phlegmatics also have an average level of stress resistance
on all scales except the social depression scale (DS 14), where it is the
lowest in the array, and also have a low level of positive mental health.
Sanguines have an average level of stress vulnerability on all scales except
the social inhibition scale (DS 14), where, as in other temperament types,
there is a high level of social inhibition.

For clarity, the relationship between stress resistance and tempera-
ment types is depicted in Figure 2.

Therefore, in our opinion, the types of constitution and temperament
are important coordinates that determine the characteristics of the re-
sponse to a prolonged stressful situation, which is manifested by anxiety,
a low level of positive mental health and a feeling of social inhibition in
the studied individuals. This was most clearly reflected when using the
following scales: positive mental health, HADS and Eysenck’s mental
states, as well as the scale for determining the distress type DS 14. We be-
lieve that these scales are appropriate to choose for monitoring the current
psycho-emotional state of employees and further screening studies.
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According to the results of the study of the current physical and func-
tional state of employees using the above-described method (“EXPRESS
med OGLYAD”) [12], an array of actual indicators was obtained, on the
basis of which a complex of calculated indicators and indices was formed.
They have a high level of informativeness about the physical and func-
tional state of the studied person, namely: VI — Vega Kerdo’s index; Ke-
tele’s body mass index (BMI); Aging Rate (AR); Baevsky’s Adaptive Po-
tential (AP); Physical condition level according to the Pirogova’s method
(PhL); Functional Level of the cardiovascular system (CVS) according to
the Phaseography method (FL); Expert Assessment of a Doctor (EOL).

The results of the study of the current physical and functional state
and their analysis using the method of generalizing assessments on a
5-point scale showed that, divided into types of constitution, employees
have average group health values at an average level, regardless on the
type of constitution and age groups, with the exception of the age group
45—65 years and 66-75 years, where it is the lowest for hypersthenics —
2.8 and 2.9 points, respectively, due to the low Physical condition Index
according to Pirogova, Ketele’s Body Mass Index and low Adaptive Po-
tential of Baevsky. In contrast, young hypersthenics showed an excellent
result according to Pirogova’s Physical condition Index and “good” ac-
cording to the Vega Kerdo’s Index, Functional Level of the cardiovascular
system (FL), Expert Assessment of the Doctor and the General Health As-
sessment (GHA). At the same time, there is an average assessment accor-
ding to the Baevsky Index, which indicates the tension of regulatory sys-
tems, but unsatisfactory adaptation occurs in middle-aged and mature
age groups, regardless of the type of constitution. In addition, analysis
of Heart Rate Variability data according to phaseography and Kerdo’s
Vega Index showed a tendency to sympathicotonia in the entire sample.

When analyzing personal and family history data, it was found that
the vast majority of respondents (about 90%) have psychosomatic diseas-
es, in particular, arterial hypertension, ischemic heart disease, diseases of
the digestive system, including gastric and duodenal ulcers, diabetes mel-
litus, vascular diseases of the extremities, bronchial asthma and others.
The basis of these diseases is hypersympathicotonia, an invariable com-
panion of any stress. This was confirmed by a study of a contingent of
scientists on the level of stress resistance according to scales, which showed
an average and low level of this phenomenon in the majority of the stu-
died individuals. Physiologically it manifests itselfis by a low level of
Baevsky’s adaptive potential, which indicates unsatisfactory adaptation
to stress and exhaustion of resources, which invariably leads to somatic
diseases of a psychogenic nature.

Conclusions

The hypothesis of the stress-inducing effect of the current social situation
on the functional, physical and psycho-emotional state was confirmed,
as evidenced by a decrease in the level of stress resistance, adaptive po-
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tential and general health, which is determined by the indicators included
in the General Health Assessment (GHA).

The phenomenon of the constitution, including the type of tempera-
ment and the phenomenon of stress resistance are important information
indicators of the development of psychosomatic diseases under the influ-
ence of negative psychogenic factors, which is most clearly reflected in the
following scales: positive mental health, HADS and Eysenck’s mental
states, as well as the DS 14 scale for determining the distressing “D” type.
We believe that these scales are appropriate for monitoring the current psy-
cho-emotional state of employees as a control in further screening studies.

The conducted research has multifaceted importance, as it makes it pos-
sible the monitoring the functional state and identifing the dangerous for
health and life conditions of employees, using simple screening tools, such
as questionnaires and simple non-invasive methods and refer them to the
medical institutions early and provide advice on lifestyle adjustments.
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AJITOPUTM BU3HAYEHHS OCOBJIMIBOCTEN
TTCXOEMOLIIMHOTO 1 ®YHKIIMHOI'O CTAHY
JIIOOVIHN 3A CTPECOI'EHHIX YMOB

Beryn. TpuBanmui cTpec Bif HeraTMBHMX €MOLIiN, IO iX ITepeXBaoTh BHACIIIT0K
TICUXOTPaBMYIOUMX IIOJIiVi, IPU3BOAUTD 10 PO3JIajly afanTaliiHMX MeXaHi3MiB 3
noripuieHHsAM (QYHKIIHOTO CTaHy Ta, $K HACJiIOK, A0 IICHMXOCOMaTUYHMX
3axBoproBaHb. Hapasi oco6rmBol akTyabHOCTI HabyBae 3a/1a4a 3aB4acHOrO BUSIBIIEHHS
TaKMX CTpecOTeHHX CTaHiB.
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Merta. Po3poOuty anropmT™ BU3HAYeHHS OCOOIMBOCTEV IICMXOEMOIITHOrO i
dYHKIUITHOTO CTaHY JIFOAVHMU 3a CTPeCOreHHMX YMOB.

JocainuTi KOHTVMHIeHT HayKOBMX IPaIliBHMKIB y BIKOBOMYy Ta TeHAEPHOMY
acreKTi Ha HasBHICTh (PYHKIIIMHMX Ta OPraHiYHMX pO3JIazliB OpraHiB Ta CUCTEM Y
B3a€MO3B 513Ky 3 TMIIOM iXiX KOHCTWUTYILl; BimiOpary HavtepeKTMBHIII MeTOmVKMN
OIIiHIOBAHHS IIMX CTaHIB; JOCIANUTV (PEeHOMEH CTPecOoCTIVIKOCTI B 0ci0 3 pisHMM
KOHCTUTYIHVHUM TUIIOM, ICUXOTWUIIOM, OCOOJIMBOCTSAMM XapakKrepy, (ismdHmM Ta
IICVIXOEMOLIIFIHMM CTaHOM; IIPOBECT KiJIbKiCHe OIiHIOBaHHH PiBHA (PYHKIIITHOTO Ta
isnuHOrO CTaHy 3a METOIOM y3arajIlbHIOBaJIbHVIX OIIiHOK.

O0’exT i MeToaM HoCTimKeHHsI. 1715 MOC/IKEeHHS IIOTOYHOI'O IICMXOEMOLITIHOIO,
disnuHOro Ta PYHKIIMHOIO CTaHy JIOAMHU B YMOBax CTpecy OyJo BUKOPUCTaHO
nporpaMHo-anapaTHu MetoamaHuUy Komiuieke «EKCITPECmenOITIAO» [12],
JIOIIOBHEHUN pPsSIOM MeTOOMK Ta IIKaJl Ha BU3HAUYeHHS IICMXOeMOIIiMHMUX Ta
IICVIXOCOLIIBHIX XapaKTePUCTMK, 30KpeMa: TUITy TeMIlepaMeHTy (TecT [.Aii3eHKa);
BU3Ha4YeHH: ITOTOYHOT'O IICMXOEMOIIITHOTO CTaHy — OLHIOBaHHS IICUXIYHMX CTaHIiB
3a I. Amsenkom (mikasia dppycTpariii, IIKasla TPMBOXKHOCTI, IIIKaJla arpecUBHOCTI,
IIKaJIa PWUTiIHOCTI), BU3HAUEHHS CTPECOCTINKOCTI Ta COLia/IbHOI afallTariii 3a IIIKaIO0
XormMca i Pare, BusHaueHH: CTIVIKOCTI JO CTpecy, IIKajla IO3UTYBHOITO MeHTaIbHOIO
300pOB’sl, BU3HAUEHHS HAJIEKHOCTI OO HMUCTpecopHOro «» Tuiy ocobmcrocTi,
BusHaveHH: cxvutbHOCTI 1o [TTCP, rocmitanpHOIO IIKasia TprBory Ta gerpecii (HADS);
a TaKOXX OLIIHIOBaHHSIM OCOOJIMBOCTEVI XapaKTepy iHAMBima 3a mporpamoro «TOXO».
Jlikapi mpoBomwuIN OIJISN Ta eKCIIepTHe OIIiHIOBAHHS CTaHY 3OPOB’S 3a 5-TU
OGaslbHOIO IIIKAJIOI0 — eKcilepTHe oriHoBaHHs Jrikapem (EOJI). Bci orpmmani
NepBUHHI MapaMeTpy BUKOPMCTOBYBaJIVCh 1 JUIS CaMOCTIVIHOTO aHalli3y, i Id
o0umcsIeHHs psjTy iHIeKCiB Ta OIiHOK 3J0pOB’sl, 30KpeMa 0ioJIoriyHOro BiKy, TemIry
cTapiHgs, piBH: ismaroro crany 3a [Tnporosoro (1986). 111 oLiHIOBaHHS 3arajIbHOTO
YHKIIITHOTO CTaHy BUKOPWUCTaIV METOJ, y3araJbHIOBaIPHMX OITiHOK [12].

OtpumaHi pe3ysbTaTy Ta ix aHasIi3. Beboro Gysio mpoTecToBaHO 63 HayKOBIIA
PpisHOrO BiKYy i cTaTi. BikoBuit Ta reHgepHMUI PO3IIONLJI, IIOPIBHIOBAHHMI MK yciMa
rpynamu, 6ys Takmum: 18-45 pokis (kiHok — 10 oci0, uosnosikiB — 10 oci0); 46-65
pokiB (kiHok — 12 oci0, uososikiB — 10 ocib); 66 —75 pokis (kiHok — 11 ocib, vosto-
BikiB — 10 ocib).

Bys10 BrsiBIIeHO 3HVDKEHHS PiBHS CTPeCOCTIVIKOCTI, 1110 HaviByIpasHiliie BinoOpasiIioch
3a IIKaJlaMW IIO3UTVBHOIO MEHTAJIBHOIO 310poB’s, HADS, mncuxiuHmX craHiB
Avsenka, mkazi DS 14 Ha BU3HaueHHs AVCTPecOpHOro «I» TuIly; 3HV KeHHs ajan-
TalilHOTO IIOTeHIliaTy; 3HVDKEHHS 3araJIbHOTO PiBHS 3MOPOB s, II0 BU3HAYAETHCA 3a
TOKa3HMKaMM, SIKi YBIVIIIUIN 10 y3araIbHIOBaJIbHOI OLIHKM 300poB s «YO3». ITpu aHa-
JI3i DaHMX IIepCOHAIBHOIO i ciMerHOro aHaMHe3y OyJIO BUSIBIIEHO, IO Y II€PeBaKHOI
Outermocti peciorzieHTIB (O/m13bK0 90 %) € 3aXBOPIOBAHHS IICHIXOCOMATIIHOIO XapaKTepy,
30KpeMa apTepiasibHa rilepTeHsis, ilreMivyHa xBopoba cepiis, 3aXBOPIOBAHHS TPABHOL
CHICTEMV, Y TOMY YMCII BUpasKoBa XBOpoOa IUIYHKY i 12-1ajioi KMIIIKM, ITyKpOBUA
niabeT, cy/IMHHI 3aXBOPIOBaHHSI KiHIIiBOK, OpoHXiajibHa acTMa ToI1o. bysio mokasaHo,
III0 B OCHOBI IIMX 3aXBOPIOBaHb — TiIIEPCUMIIATUKOTOHIsI, He3MiHHA CyITy THUIIS
Oymb-sKoro crpecy. Y IepeBa’kHOI KUIBKOCTI HOCIIKyBaHMX 0ciO OyJio BUSBIEHO
HVI3bKUVL PiBeHb aalTalliiiHoro noTeHIlialy baeBcbkoro, 110 CBiUMTh ITPO He3ad0BUIbHY
ajlanTallifo JI0 CTpecy Ta BUCHa)XKeHHs pecypciB, gdKe He3MiHHO Befle 10 COMaTUYHMIX
3aXBOPIOBAHb IICHIXOT€HHOI'O XapaKTepy.

BucHoBkm. [TpoBesiene ocitipkeHHs Ma€e OaraToacrieKTHe 3HaYeHHSI, OCKUIbKI
Ja€ MOXUIVBICTD IIPOCTVIMYL CKPVHIHIOBMMU 3acOo0aMy, SIKVMMM € OIIUTYBaJIBHUKM Ta
HeCKJIafHi HeiHBa3MBHI MeTOHM, MHPOBOAUTY MOHUTOPWUHI (PYHKIIHOIO CTaHY
MpaliBHVKIB Ta BUSABIIATY HeOe3leuHi It 30MOPOB s 1 XXUTTA cTaHM, 00 3aB4acHO
CKepOBYBaTH JIFOAEVI IO MeIMYHIX YCTaHOB Ta HafaBaTy IIOpay 00 KOPUI'YBaHH:
CTIOCOOY JKUTTSL.

KarouoBi caoBa: mpubasun cmpec, pyuxyiunui cman, adanmayinni Mexanismu,
CMpecocmitikicms, Mun KOHCIMUmyyii.
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