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V.Yu. Kashtan, V.V. Hnatushenko
INFORMATION TECHNOLOGY FOR DETECTING FOREST FIRE

CONTOURS USING OPTICAL SATELLITE DATA

Abstract. The number of forest fires has increased significantly over the past ten years. It indi-
cates that forest area estimates fires are a very urgent task today. The use of satellite-based
data simplifies the process of assessing forest fires. The aim is to develop an information tech-
nology for automated forest fire contours detection on digital optical satellite datas in condi-
tions of non-stationarity and uncertainty based on convolutional neural networks. The most
popular tools for forest fire analysis are considered. This work proposed using hotspots to iden-
tify all fire and smoke pixels for automated forest fire contour detection. It made it possible to
obtain contour polygons of the corresponding areas with various attributes: position, size, etc.
The results are tested on Sentinel 2 satellite images of the bvila region. The proposed method
has an overall accuracy of 94.3% for the selection of forest fires.

Keywords: mapping forest fire, hotspots, Sentinel-2 satellite imagery, burned polygons

Statement of the problem. Forests are regularly affected by fires over a large
area, measured in millions of hectares [1]. This problem has been relevant for more
than ten years due to the extreme summer in Europe. The classic approach to solving
the task of determining burnt areas and the degree of burning is based mainly on the
analysis of field materials surveyed. Besides using such methods to associate with
financial and labor costs, their regular use throughout the country is hardly eco-
nomically justified and practically feasible. In recent years, satellite images are in-
creasingly used. It makes it possible to significantly increase the completeness of de-
tection and the accuracy of determining the area of drying planted areas, monitors
the extent of the global deforestation of the planet [2], as well as more effectively or-
ganize a ground assessment of the quantitative characteristics of their condition.
However, the detection and analysis of forest fires obtained using the special ther-
mal sensors without using automation tools is an expensive and difficult process.
For this reason, work is currently underway around the world to create automated
systems for detecting and evaluating forest fires. At the same time, the main direc-
tion in the creation of such systems is the development of methods for the auto-
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mated processing of satellite data. Since the use of the latter greatly simplifies the
process of assessing burnt areas and in some cases (swamps, protected areas) ex-
ceeds the accuracy of the assessment on the ground.

Therefore, the relevance in research is due to the need for a prompt and eco-
nomically feasible assessment of the consequences of forest fires.

Analysis of recent research and publications. An analysis of the literature
data [3-5] allows us to draw the following conclusions: existing approaches are di-
verse based on simplified calculations and include a limited number of factors, most
natural ones; forest fire monitoring from space is carried out in practice, as a rule,
without atmospheric correction of satellite data; there are isolated examples [6] of
procedures for an approximate consideration of optical-geometric conditions of ob-
servations in algorithms for satellite monitoring of forest fires. However, they do not
investigate the influence of this factor on the effectiveness of early detection of fires
from space. And given the variety of factors that affect the possibility of a forest fire,
it dictates the need to use an integrated approach to include both natural and an-
thropogenic factors.

Using hyper-accurate neural networks for fire detection can provide better ac-
curacy than conventional methods, as CNN automatically learns a set of visual fea-
tures based on the training data [6]. The characteristics of CNNs provide certain ad-
vantages in visual processing, especially for multidimensional input vector images
that can be directly injected into the model, thus avoiding the complexities of data
recovery in feature extraction. Therefore, the currently existing models for predict-
ing development dynamics using neural network technologies eliminate some of the
shortcomings inherent in traditional models.

The purpose of the study is to develop information technology for detecting
forest fire contours on digital optical satellite images in conditions of non-
stationarity and uncertainty based on convolutional neural networks.

Statement of the main research material. The proposed information tech-
nology is described in detail. It consists of downloading input optical satellite images
of any size, including data from the IR channel. Preprocessing of input data is pro-
vided, such as interference filtering, radiometric, and geometric data correction with
spectral correction. The next step is CNN training of optical satellite data and classi-
fication for the three classes: fire, smoke, and background [7], and detection of hot-
spot fire polygons. To identify hotspots proposes to combine them into one object
and draw a contour of the territory on which it operated. It will allow not only to es-

timate the area of the fire but also to carry out its joint analysis with various maps,
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determining, for example, the territory of which region the fire was active, what
types of vegetation it passed through, etc. The construction of the general contour of
the firebases on new observational data (hotspots) for the fire area becomes avail-
able and added to the previously formed fire polygon. The workflow detection of the
hotspot fire polygons is shown in fig.1. At the same time, using various cartographic
information, an annotation of individual hot spot polygons formed on their basis in
a particular observation session. Also, practice is to obtain a polygon of the current
fire by comparing data obtained at different times. Thus, at the end of the fire, we
have its final contour (final polygon) with various attributes: in which region it oper-
ated, what area it passed (including covered and not covered with forest), the total
local of forest types traversed by fire, the type of territory, on which a fire broke out,
etc. In a specialized database was stored this information for further analysis.

Paint
coordinates

Calculation of hot spot palygons
Haotspot data
T
Palygon

calculation

|
'

Catculation of burned polygons
,I'- Peyy Burmed pofpon
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Consolidation into
burned polygons

\
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Figure 1 - Flowchart of the hotspot fire polygons methodology

The formation of polygons of fire sites uses results by the criterion of radiation
temperature of active fires based on thermal sensors of the satellite with a spatial
resolution of 1 km. These polygons may also include territories unaffected by the
fire. This kind of error reaches its maximum values at the boundaries of the fire and
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decreases as it approaches its center. The model formula (1) applies to reduce this
kind of error [8]:

[l_k-A-a—&)

\/g J-vasf>(k-A)2, (D
5-S,VS, <(4A)

S =

a

where S is fire area in km2; Sa is adjusted fire area in km?; § is pixel size in km; A is
correction coefficient.

The proposed information tecgnology was implemented using the Program-
ming Tool Python. The client part consists of an interface (figure 2) for easy interac-
tion with the system (navigation of interface, visual design of program screen
forms), program code for loading algorithms, and a module responsible for sending
data and receiving a response. Our work used the PyQt6 library for the implementa-
tion technology. The functionality of this library fully satisfied all the requirements
for the visual design of the client side.

Input_daa (] Mars sk _dstwcsion d

Figure 2 - User friendly Graphical Interface for fire detection:
a) Menu bar; b) Tool bar; c) Display selected images view;
d) Display control training related step’s view
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The algorithm for sending an image and getting a verdict and providing the re-
sults to the user was implemented using two helper functions (fig.3). The first func-
tion takes as input the path to the directory and reads all satellite imagery files (.tiff
resolution) or image files (.jpeg) from it. The PyQté6 library used the getExistingDi-
rectory () function of the QFileDialog class for the earlier step. This function allows
selecting a directory in the opened explorer and returns the absolute path to the
chosen directory.

Load input /

satellite /——>» Preprocessing
images ;
| | s multispectrat—__ no
-
T T \Lmage? == 1
_A57it a Landsat—__ s
;ﬂ;_\ image? - no > Image
Y ~~ ger_~ > segmentation
¢ S
Pansharpening v
T T
no—"'/" Is the burned x\‘;_
"~ areaimage? yas
““-x\ /./
T~ Extreme
Convolution = Initialize CNN .
learning CNN
¢ v no
Initialize Image
o Pollin = Trained = . .
RCNN e classification
|
Lane boundaries
detection
<./' Burn area ~
~__ detected?
\T/
yes
Add
detection
to image
el “\-\
A
( END |
o S

Figure 3 - Flowchart of the program realization
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Next, using the Operation System library, we get the full names of all files
stored in the selected folder and check their extensions. If the file extension matches
the requirement (.tiff, .jpg), then this file is read using the imread () function of the
OpenCV library. In this step, the algorithm checks the input data from which satel-
lite they were received. If data from a Landsat satellite (which contains multispectral
and panchromatic images (bands)), then it performs pansharpening to increase the
resolution of the multispectral image to panchromatic. Band fusion results in a high-
resolution color image. The following function is responsible for the serial transmis-
sion of images read from the user-selected directory for further analysis using a neu-
ral network. A friendly Graphical Interface provides the program results for the user.
Used the library of the post() procedure for sending a request. Further, the main pro-
gram window allowed them to view the contours of burnt areas (violations of the
forest cover) for the user. The OpenCV library used the imshow() function to display
images.

Figure 4 presents an activity diagram based on functional and non-functional
requirements. This diagram shows the process of the user interacting with the sys-
tem to identify wildfire detections.

User System

Selecting a
directory with

i o
images.

Y

oy
Running image
analyze

Reading and pre-
P processing of data

Y

Classification of
images by a Depp
learning

Y

View Display
classification classification
results results

Figure 4 - Activity diagram
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Experiment. Experiments were carried out on one small test area. It is the
Avila region in Spain (Fig.5a). A fire was identified in 2021 from Sentinel-2 satellite
imagery taken between July and the end of September. Therefore, in the work, the
first stage of the proposed technology is the radiometric and geometric correction of
data, as shown in Fig. 5b. Examples of CNN fire detection and construction of its
polygon are shown in Fig. 5c. The overall accuracy for the Avila region from Table 1
corresponds to the high classification accuracy of the proposed method. The confu-
sion matrix [9] is one of the most widely used methods for assessing the quality of a
classification used in machine learning and image analysis, also known as the fit ma-
trix. This method makes it easy to evaluate how effectively the system separates two
classes: burnt area and not burnt area. Table 2 shows the confusion matrix results.

<)

Figure 5 - Satellite image from Avila:

a) after fire synthesized according to the scheme Band4-Band3-Band2;
b) after data processing;
c) result of the forest fire contour detection
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Table 1

Accuracy assessment of the spectral indicators and the proposed technology

o Overall accuracy, %
Territories
dNBR index BAIS2 index | Proposed technology
Avila region 87.4 90.2 94.3
Table 2
Confusion matrix
Proposed
Expert
) Technology
o review, % Overall Overall
Territories (automated), %
accuracy accuracy
Was | Wasn’t Was Wasn’t
fire fire fire fire
Burnt area of
. . 50,8 22,4 9,4 63,7 1,6 7,4
Avila region
Not burnt area
. . 49,2 77,6 90,6 36,3 98,4 92,6
of Avila region

Conclusions. This paper presented an information technology for automated
forest fire contours detection in conditions of non-stationarity and uncertainty
based on convolutional neural networks. The functionality of the technology allows
solving the tasks, starting from the moment of receiving the input data and ending
with the export of a hot-spot fire polygonal file describing the area that has under-
gone a burnout. The data from the Sentinel-2A and Sentinel-2B satellites are charac-
terized by the best ratio of spatial, spectral, and temporal indicators among publicly
available satellite remote sensing data. The results were tested on optical Sentinel 2
satellite images for Avila regions and the proposed method shows an overall accu-
racy of 94.3%.
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Ingopmauiiina mexHo102ia 8U3HaAUEHHS KOHINYPIB JIiICOBUX NONHCEHC
3a daHuMU OoNMUYHOI CynymHuKoeoi 3iloMKuU

Kinokicmos Jnicogux noxcexc npomszom oCmavHix 0decsimu pokie ICMOMmMHO
36inbwunace. Lle 8xkasye Ha me, w0 OYiHKA Njaowjii ma po3mauly8avHsi mepumopiti,
npotideHUx JicOBUMU  noxcexcamu, € OJyxe aKkmyaapbHow 3adauerd Cb0200eHHS.
BuxopucmanHs daHux cynymuukoeoi 3UioMKU 3HAUHO CNpOUye npouec OUiHKU JIicO8UX
noxcexc. Mema OocnioxweHb hossieae 8 po3pobyi  iHpopmauitiHoi mexHo02iT
asmomamu308aH020 BU3HAUEHHS KOHMYPI8 JIICOBUX NOMCEHC HA UUPPOBUX ONMUUHUX
CYyNYMHUKOBUX 3HIMKAX 8 YMO08AX HeCMAayioHapHoCmi ma He8U3HA4eHOCMi HA O0CHOB8I
320pMKOBUX HEUPOHHUX Mepexc. JIng BU3HAUEHHS KOHMYPI8 JICOBUX NOMCEN
3anponoHO8aHO suKopucmamu mouku meniogux aHomaniii 0as idenmucikayii nikcenie
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802HI0 ma dumy. Lle do380.1U10 ompumamu noJizoHu 8i0nosioHux obaacmeti 3 pi3HUMU
ampubymamu: NONOMEHHIM, po3mipom, mowo. Pesynemamu npomecmosaHi Ha
CYynymHukosux onmuuHux 3Himkax Sentinel 2 peziony Asina. 3anponoHosauuii memod
MA€ 3az2anpHy MOUHICMb 8UOLNIEHHS J1icO8UX noxcex: 94,3%.

Knwouosi cnosa: nicosa noxcexca, menioea aHomasis, CynymHukosi 3Himku Senti-

nel-2, nonizoH, 32apuiye.
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A.L Ivon, V.F. Istushkin, V.O. Belugina
SOFTWARE FOR SCANNING THE BRIGHTNESS
OF THE RASTER IMAGES PIXELS

Abstract. A web-application for scan by program way of the analog oscillograms raster images
when measuring the parameters of pulsed signals is described. As a criterion for selecting scan-
ning points the maximum brightness of pixels on the signal lines of the oscillogram raster image
is using.

Keywords: raster image, RGB code, pixel, pixel brightness, scan data, oscillogram.

Statement of the problem and purpose of research. Raster image is a rec-
tangular matrix in the rows and columns of which are the smallest elements —
pixels [1]. Color, brightness and transparency are the main parameters of pixels. To
set the color of pixels, the RGB code is used, with the help of which 16 million color
shades specified by this code are formed as a mixture in different proportions of
three base colors: red, green and blue. The contribution in pixel color of each of base
colors has 256 levels, which can be present as decimal numbers from 0 to 255. The
brightness of pixel is defined as the sum of the base colors contributions. Black color
has the lowest brightness 0, white color has the highest brightness 765. Pixel opacity
has 256 levels. A fully opaque pixel has opacity 255, a fully transparent pixel has
opacity 0. Significant opportunities for receiving the information about the pixels
color parameters are gave the Canvas technology [2], which makes it possible to im-
plement vector graphics on web pages using the object-oriented programming lan-
guage JavaScript.

For raster image built-in the canvas, using the getImageData() method and the
ImgData object with the data[] property, one can get information about the base col-
ors contribution to the color of pixel and calculate its brightness. The brightness of
pixel can be used as a criterion for programmatically selecting the scanning points in
web applications used for measure the electrical signals parameters by the analog
oscillograms raster images [3].

© Ivon A.L, Istushkin V.F., Belugina V.O., 2023
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The purpose of this work is to create software for scanning the pixels bright-
ness of raster images in order to select the points with maximum brightness corre-
sponding to lines of signals on the raster images of analog oscillograms.

Major part. In paper [3] present the software for measuring the instantaneous
values of voltage and current of pulsed signals by scanning the oscillogram raster
image. Scanning is performed by click in points of raster image selected visually on
the signal lines of oscillogram. As shown in [4], the scanning of the oscillogram
raster image can be performed programmatically if to use the maximum brightness
of pixel on the line of signal as a criterion for choosing the scanning point. This work
is a development of work [4].

The software described below implements processing algorithm of the analog
oscillogram raster image consisting of the following stages: 1). Loading image into a
browser window and its build into the canvas; 2). Drawing a vertical line crossing the
oscillograms of impulse signals, along which the brightness is scanned; 3). Scanning
the RGB code of pixels along the line and calculating their brightness; 4). Construc-
tion of the brightness distribution curve and determination of the points number in
which this curve has maxima; 5). Construction of the brightness spectrum along the
scanning line; 6). Performing filtering of the brightness spectrum in order to deter-
mine the coordinates of points with maximum brightness lying on the impulse sig-
nals lines of oscillogram. 7). The output of points coordinates with maximum
brightness.

It note that the vertical line drawn on the oscillogram raster image corresponds
to the moment of time for which the instantaneous values of voltage and current of
pulse signals are determined from the values of coordinates obtained by scanning.

The software was created using the languages HTML5, CSS3, JavaScript and the
Canvas technologies. Fig. 1 shows the starting view of the program window with
loaded the analog oscillogram image of voltage and electric current pulses.

At algorithm step 2, the user places cursor above the line of voltage pulse and
presses the left mouse button. On the event of mousedown, a script is executed that
uses the pageX and pageY properties of the event object to determine the x;, y, coor-
dinates of the top end of vertical line segment along which the scanning is per-
formed. These coordinates are assigned to the corresponding variables of program.
Further, while holding the key, the user moves the cursor below the line of electric
current pulse and releases it’s. On the event of mouseup, a script is executed that as-
signs the coordinates x., y. of the lower end of the line segment to the variables of
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program. This script, using Canvas, draws a vertical line between the points with co-

ordinates (x»,y») and (Xs,ye).

Choose File Py o R .5l
Lipload file

To clean canvas

Scanning
Bnghtness distnbution
Brightness spectrum

?u-s‘ﬂ-v.r.'rp.;-;. a FE m—
Figure 1 - Web page of the program with loaded the oscillogram raster image
of the voltage (1) and current (2) pulses

The scanning of components of the pixels RGB code along selected segment of
vertical line the script of program makes wich executed at the "Scanning" button
press. This script uses the getImageData() method and the data[] property of the
ImgData object. In script a cycle is organized on the coordinate y with a step of 1
pixel in the interval y, < y < y. at constant x, value. In the cycle, based on the scan
data, the brightness of each pixel localized on the segment of vertical line is calcu-
lated. The value of the pixel coordinates y; (0 < i < N-1) and their brightness are
stored into the arrays yscan/] and intens[] of program. Script counts the number of
pixels N in segment of vertical line and displays a message about it in the dialog
window opening by alert() method.

When one press the "Brightness distribution” button, a script is executed that
finds the element with the maximum brightness inm in the intens[] array and forms
the array with relative brightnesses by performing the transformation: in-
tensfiJ=intens[i]*300/inm. This script based on the change in sign of the differences
intens[i]-intens[i-1] and intens[i+1]-intens[i] determines in cycle over the array ele-
ments intens[i] the points, where the brightnesses distribution curve has a maximum.
Using this data, the script creates the array of maximum brightnesses intensmax(]
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and the array of coordinates yscanmax[] corresponding to points where the bright-
ness distribution has a maximum. This script counts the number of k... peaks in the
brightness distribution curve and displays value of k... in dialog window using the
alert() method. Fig. 2 shows view of the program window after pressing the "Bright-
ness distribution" button. As one can see, the brightness has highest values within
the areas of the lines intersection of impulse signals with a segment of the vertical
line highlighted on the oscillogram raster image. In these areas there are points with
maximum brightness the coordinates of which (xu, yu), (x;, y1) the program must find.
These coordinates can be used to calculate the instantaneous voltage and current of
pulsed signals.

The brightness spectrum is used to find the points with maximum brightness. It
builds on the basis of the data arrays yscanmax[] and intensmax/[]. Script executed at
pressing the “Brightness spectrum” button draws the brightness spectrum using the
means of Canvas technology (Fig. 3).

Choosa File FlyleJ ¥
Upload file

lo clean canvas

Scanning
Brightness distrnibution

Brightness spectrum

Mumber of filter Iine5‘ |

T s sl e g o ™ ;
Figure 2 - View of the application web page after successively pressing of buttons

"Scanning" and "Brightness distribution"
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To find the points with maximum brightness on the impulse signals lines, the
program carries out the filtration of brightness spectrum. For this a form field of text
type is used, preceded by the inscription "Number of filter lines", and the "Filtration"
button. For filtration quantity of the impulse signals lines n on the oscillogram raster
image enters into the form field of text type. The script executed when the "Filtra-
tion" button is clicked divides the intensmax/[] and yscanmax[] arrays into n groups. In
each group there are k,./n elements. The maximum brightness value and the coor-
dinates of pixel with this brightness is determined for each groups. The program
draws the spectrum with lines of maximum brightness and displays the values of
pixel coordinates with maximum brightness (xu, yv), (x5, yi) (Fig. 4).

Thus, the described web application can be used to create programs based on it
with automatic (programmatically) scanning of the analog oscillograms raster im-
ages at measuring the electrical signals parameters.
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Figure 4 - Application web page at the final stage of execution

Conclusions. Using languages HTML 5, CSS3, JavaScript, and Canvas technol-
ogy, a web application was created for automatic scanning of the analog oscil-
lograms raster images at measuring the pulsed signals parameters. As a criterion for
selecting of scanning points, the maximum brightness of pixels on the lines of signal
in the oscillogram raster image has used.
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IIpoepamne 3a6e3neueHHs 0N CKAHYBAHHSA ACKPABOCMi nikcesie
pacmpoeux 300paceHb

Ilapamempu enekmpuyHUX CUZHANI8 MOXCHA 3 6UCOKOI MOYHICMI0 6uMipsmu 3 pa-
CMp08020 300paxceHHsl OCYUI02pamu, ompumaHoi omozpagysavHsam yugpposorw @o-
MoKamepow 3 eKPaHy aHan0208020 ocyunozpaga. BumiprosarHs 30ilicCHIOEMbCA WISIXOM
CKAHYBAHHS pacmpos8020 300paxeHHs 0CUYUI02PaMU.

Memoio daHoi pobomu € cmeopeHHsl 8e06-3ACMOCYHKY 011 NPOZPAMHO20 CKAHY8AH-
HSl pacmposux 306paxeHsb 0CUUI0ZPam Npu 8UMIPIOBAHHI napamempie iMNYabCHUX CU2-
Hanie. Kpumepiem 8ubopy mouok CKAHYBAHHS € MAKCUMAJIbHA SICKPABiCMb hiKcenie Ha
CUZHAIbHUX JIHISX pacmpoeo20 300paxceHHs ocyunozpamu. IIpozpama, sukopucmosy-
yu yeli Kpumepiil, uUGUPAE MOUKU 3 MAKCUMAIBHOK ICKPABICMIO, AKi JIeXams Ha 8i0pi3-
Ky 8epmuKajbHOi JiHII, WO nepemuHae CUZHAalbHI JiHii, i nogepmae KoopouHamu yux
mouok. KoopduHamu moxcHa suxopucmosysamu 071 po3paxyHKy Mummesoi Hanpyau i
cmpymy imnyncie, npedcmasieHux Ha 0CYUI02pami.

Beb6-3acmocyHok cmeopeHo 3a donomozoio mos HTML5, CSS3, JavaScript ma mex-
Honoeii Canvas. InmeprHem 6pay3epu € npozpamHum cepedosuuiem 0715 1i020 BUKOHAHHSI.

Knwuosi cnosa: pacmpose 306paxcerts,, kod RGB, nikce/b, sCKpagicmo nikcensl,
0aHi CKaHY8AHHS, OCYUN0Zpama.
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A.L Ivon, V.F. Istushkin, V.V. Lubimkin
SOFTWARE FOR MEASURING THE NONLINEARITY COEFFICIENT OF VOLT-
AMPERE CHARACTERISTIC FROM RASTER IMAGE OF OSCILLOGRAM

Abstract. The web application that allows by scanning a raster image of the pulsed signals ana-
log oscillogram registered in the region of high electric currents to measure the nonlinearity co-
efficient of volt-ampere characteristic and its dependence on voltage and current is described.
Keywords: web application, raster image, scanning, volt-ampere characteristic, non-linearity co-
efficient.

Statement of the problem and purpose of research. When studying semi-
conductor materials and electronic devices based on them, it becomes necessary to
measure the volt-ampere characteristic (VAC) in the region of high electric currents.
Such measurements are necessary in the study of the VAC nonlinearity of oxide ce-
ramic materials for varistors [1]. To exclude the thermal breakdown of samples,
measurements are performed on short single voltage pulses. One can use single ex-
ponential voltage pulses, which allow to measure the volt-ampere characteristic in a
certain voltage range [2]. By varying the amplitude of such pulses, measurements
can be made over a wide range of voltage. The work [3] describes a program for
measuring the volt-ampere characteristic with high accuracy by scanning data of a
raster image of analog oscillogram of voltage and current pulses.

The purpose of this work is the creation of software that allows by scanning the
oscillogram raster image of voltage and current pulses to measure the nonlinearity
coefficient of volt-ampere characteristic and its dependence on voltage and current.

Major part. As is known [1], the volt-ampere characteristic of nonlinear mate-
rials and electronic devices based on them can be approximated by the dependence:

1= BU", (1)
where I — current; U - voltage; B - constant; « is the nonlinearity coefficient of volt-
ampere characteristic.

From relation (1) it follows that the coefficient of nonlinearity « at any point of
the VAC can be determined by the formula

© Ivon A.L., Istushkin V.F., Lubimkin V.V., 2023
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a=Ry/Ry, (2)
where Rs = U/I - the static resistance; Rp = dU/dI - the differential resistance.
Fig. 1 shows schematically the oscillogram raster image of voltage and current

when an exponential voltage pulse is applied to element with a nonlinear volt-

2

ampere characteristic.

tl-*l tl. 1I'l-v-‘l t
Figure 1 - Schematic representation of oscillograms of voltage (1)
and current (2) pulses

The work [3] describes software for measuring the instantaneous voltage U(t)
and current I(t;) at time t; by scanning the signal lines coordinates of voltage and cur-
rent in the analog oscillogram raster image (Fig. 1). Based on these data, the static
resistance Rs can be determined as Rs = U(t)/I(t;). This value of Rs corresponds to the
point of volt-ampere characteristic with voltage U(t;) and current I(t;). The differen-
tial resistance Rp required to calculate the nonlinearity coefficient « by formula (2)
can be found from the scaning data of coordinates in three points of the oscillogram
raster image (Fig. 1) for the voltage line (curve 1) and the corresponding points for
the line of current (curve 2). Using the scales of raster image found from the oscil-
lograms scanning data of calibration signals and coordinates of zero lines for voltage
and current, the program calculates by least squares method the coefficients by and
b, for straight lines drawn through three points (Fig. 1). Differential resistance Rp is
calculated as Rp = by/b;. Based on the obtained values of Rs and Rp, the program using
formula (2) finds the nonlinearity coefficient « at the point of volt-ampere charac-
teristic with voltage U(t;) and current I(t;).

Volt-ampere characteristic and dependence of nonlinearity coefficient on volt-
age and current can be obtained by scanning with a certain step of the coordinates of
voltage and current pulses along the time axis in the oscillogram raster
mage (Fig. 1).
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In the study of semiconductor materials to represent the volt-ampere charac-
teristic are used the current density /= I/S and the electric field strength E=U/L (L is
the sample thickness; S is the electrodes area). Oscillogram of the current pulse is
registered as voltage drop across the precision resistor R connected in series with the
sample. Therefore the program provides the input of values L, S, R as initial data.

Taking into account the above, program implements the following algorithm
for processing of the oscillogram raster image: 1). Loading of image into browser
window. 2). Embedding image in a canvas to implement vector graphics. 3). Intro-
duction of initial data: L, S, R. 4). Determination of voltage My and current M,
scales. 5). Determination of the zero lines coordinates y,u and yo for voltage and cur-
rent. 6). Scanning of the coordinates arrays (yiv, Xiv), (Yir, Xi) along the lines of voltage
and current pulses. 7). Calculation of instantaneous values of electric field strength
E(t;), current density J(t;) and nonlinearity coefficient «(t;). 8). Output of results.

The described algorithm is implemented using the languages HTML 5, CSS 3,
JavaScript and the Canvas technology. The program uses Internet browsers as a
software environment.

The user performs scanning by click with the left mouse button at the selected
points in raster image. Point coordinates are read in pixels by the mouseup event, us-
ing the pageX and pageY properties of the event object of JavaScript. Program stores
the coordinates of the points in arrays of scanned data. Using Canvas technology
around the scanned point program draws circle with a radius of 10 pixels centered in
the scan point. Neighboring points are connected by a straight line. Scanning begins
from a voltage pulse. To facilitate the selection of a point on the current pulse oscil-
logram corresponding to a given voltage a vertical line is drawn from the scanned
point, crossing the line of the current pulse. Based on the arrays of scanning data
program calculates the values E(t;), J(t), the nonlinearity coefficient «(t;) and the
relative error of measurement J(t;). These data are displayed on the program web
page in hidden form fields. Since the selection of scanning points is carried out visu-
ally, to improve the accuracy of such selection program provides the ability to invert
the color of raster image.

Fig. 2 shows the view of program window after execution with inverted color of
the oscilogram raster image.
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Figure 2 - Program window after execution. Oscillograms of impulses:
1 - voltage; 2 — electric current. Measurements was executed for
a sample of zinc oxide based varistor ceramics

Program interface was created using the languages HTML 5 and CSS 3. It con-
tains explicit and hidden toolbox blocks designed to process a raster image at differ-
ent stages of algorithm. Explicit toolbox blocks are permanently displayed on a web
page. These include the coordinate navigator of the current cursor position in the
upper right corner of browser window (Fig. 2). To upload of raster images use the
"Image upload" block. This block contains a form field of file type, "Download" but-
ton and "Invert color" button. A form field of file type is used to select a file of raster
image and load it into the browser window using the FileReader and Image objects of
the JavaScript language. The "Download" button is needed to embed the image in
canvas. Using canvas makes it possible to display the scan results on the oscilogram
raster image by means of the Canvas technology and invert its color. At click on the
"Invert color" button, a script is executed that using the getImageData() and putl-
mageData() methods of the Canvas object, inverts the color of image built-in the
canvas.

The block with name "Block of processing” contains four buttons and area for
displaying hidden blocks. At click on the "Initial data" button, a block with form
fields for entering initial data L, S, R opens. Hidden are the scaling blocks, the blocks
for determining of the oscillogram zero lines coordinates and the block for calculat-

ISSN 1562-9945 (Print) 23
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 1 (144) 2023 «System technologies»

ing the program output data. These blocks are opened at stages 4, 5 and 7 of the
processing algorithm. During scaling stage, the user sequentially loads the raster im-
ages of the calibration signals oscillograms to determine the scale of voltage M.y and
current M. After entering the calibration values in the form field of scaling blocks
and executing the scanning, the program calculates values of M.y and M.,.

After scanning the voltage pulse oscullogram, the user presses the "Scanning U
finished" button and begin scans the electric current pulse oscillogtam. The "Correc-
tion" button is used to correct the scan results. When this button pressed, the coor-
dinates of the last scanned point are removed from the coordinate’s arrays and the
display of this point in raster image is erased. The "Clear" button launches a script
for clearing arrays of scanned data, form fields with results and deleting the visual
results of scanning. This script does not change the values of program variables in-
tended for storing the initial data, scales and coordinates of the voltage and current
zero lines. Therefore, one can perform further measurements with loaded raster im-
age bypassing the first five stages of the processing algorithm.

Conclusions. Using the languages HTML, CSS, JavaScript and the Canvas tech-
nology a web application has been created for measuring in the region of high elec-
tric currents the nonlinearity coefficient of volt-ampere characteristic and its de-
pendence on voltage and current. The measurement is done by scanning the raster
images of the pulsed signals analog oscillograms.
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Ipozpamne 3a6e3neueHHs 01 6UMIPIOBAHHS KoediuicHmy HeniHiliHocmi 6onibm-
amnepHuUx xapakmepucmuk no pacmpoeomy 300paxceHHI0 OCYUN02Pamu
IIpu docnidxwenHi mamepianie 0 8apucmopis, wo 8UKOPUCMO8YIOMbC 0151 3aXu-
cmy 810 nepeHanpye 1aHY2ié elekmponepeday ma eJeKmpoHHUX NPUCMPOi68, 8aHIU-
8010 € IH(popMmayisi npo KoepiuieHm HeNiHIIHOCMI 80J1bMAMNEPHOT XAPAKMepPUuCmuKu 8
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obnacmi cunvHUx enekmpuuHux cmpymis. Taxy iHgpopmayiro ompumyrwms 3 0CYu102pam
IMNYNbCI8 Hanpyau i cmpymy.

Memoio daHoi pobomu € cmeopeHHss npozpamu, 0 8UMIPHBAHHS KoepiuieHmy
HeJHITIHOCMI 80JIbMAMNEPHOI Xapakmepucmuku 3a J0aHUMU CKAHYBAHHS pACMpPOBUX
300paxceHb AHANI0208UX OCYUI02PAM IMNYNbCHUX CUZHAJIB, 3APEeECMPOBAHUX NPU CUb-
Hux eJlekmpuuHux cmpymax. Kopucmyeau 8UKOHYE CKAHYBAHHS KAAYAHHAM Y 8UOPAHUX
moukax pacmposo2o 300paxceHts ocyunozpamu. Ilpoepama no3Hauae mouku CKaHy8aH-
Hsl Ma cMeopioe Macusu CKaAHo8aHux daHux Ha nidcmasi AKux po3paxosyrmsCsi MUmMme-
8i 3HAUEHHSI Hanpyau, cCmpymy ma xKoe@giuieHma HeiHiliHocmi 80/bmamnepHoi Xapakx-
mepucmuku. BiOHOCHa noxubka 8UMIipio8aHHs MUMMEBO20 CMPYyMYy He hepesuuye +2%.
YV npozpami nepedbaueHa moxusicmos Kopekuii pe3ynemamie ckaumysamHs. Ilpozpama
cmeopeHo 3 eukopucmavHuam moe HTML5, CSS3, JavaScript i mexHonozii Canvas.
Inmepnem 6pay3epu € npozpamHum cepedosuiliem 0ns ii BUKOPUCMAHHS.

Kntouosi cnosa: 6e6-3acmocyHoK, pacmpose 300paiceHHs, CKaHy8aHHs1, 8071bMam-
nepHa xapakmepucmuka, Koe@piyieHm HeniHiliHocmi.
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A.S. Tonkoshkur, A.S. Lozovskyi
ALGORITHM FOR PROCESSING GAS SENSOR’S RESPONSE

KINETICS DATA USING EXTENDED EXPONENTIAL FUNCTION WITHOUT
NUMERICAL DIFFERENTIATION

Abstract. The features of the use of computer technologies for processing experimental data for
solving the problems of automation of research of materials for gas sensitive sensors are consid-
ered.

An algorithm for processing the kinetic dependence of the response of gas sensors based on the
model of an extended exponential function are proposed, which does not use numerical differen-
tiation operations when finding the parameters of this model. This allows to significantly reduce
the influence of the presence of data spread in the coordinates of the approximating diagrams
that are used in calculating the model parameters, increase the accuracy of their determination
and contribute to the implementation of an automated information measuring system for the
process of computer processing and analysis of experimental data.

Keywords: gas sensor, response, kinetics, stretched exponential function, algorithm, information-
measuring system, software.

Introduction

Computer technologies for processing experimental data have already become
widespread in various fields of science and technology. They are used both in study-
ing the well-known problems of high-energy physics and nuclear physics [1], image
processing [2], search and creation of new materials [3], and for solving specific sci-
entific and technical problems of studying plasma light sources [4], building intelli-
gent information-measuring systems for monitoring heat-insulating materials [5],
etc.

Another specific area where the use of the technologies under consideration
seems appropriate is the search and study of materials for gas-sensitive sensors [6].

Studies of this type are associated with the need to process and analyze signifi-
cant amounts of experimental data. In [7], the prospects for solving such a problem
by creating a specialized information-measuring system are shown.

© Tonkoshkur A.S., Lozovskyi A.S., 2023
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As is known, one of the key components of the software of such intelligent in-
formation-measuring systems is the algorithmization of experimental data process-
ing processes based on the corresponding mathematical models [8-11].

For the primary processing of data obtained in the study of resistive gas sensors
in [7,12], a general phenomenological model based on the stretched exponential

B
t
frww (@) = exp '(E) ,

Kohlrausch-Williams-Wots function where t — time, fand 7

- parameters [13,14]. It was use to describe the kinetics of the relaxation depend-

ences of the response, in particular, at the recovery stage (Fig. 1).
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Figure 1 - Typical kinetics of response dependences at the stage of reduction of a
sample of a resistive gas sensor (ZnO with the addition of Ag [15])

A distinctive feature of such a model is its suitability for describing relaxation
phenomena in disordered systems, in which dynamic processes occur simultaneously
in many time ranges [15].

As shown in [6], the use of this approach makes it possible to obtain much more
information about the physicochemical phenomena that determine the phenomenon
of gas sensitivity of resistive sensor materials. Used in the window application given
in [7], it testifies to the reality and efficiency of computer processing of a significant
amount of data in the process of carrying out the physical and chemical measure-
ments under consideration. However, the used measurement data processing algo-
rithm does not allow implementing a fully automated specialized IMS in a measuring
complex for studying the main characteristics of gas-sensitive sensors. The main
reason for this is the need to numerically calculate the derivatives and select the in-
terval in the time dependence of the main parameter, the sensitivity to the active
gas, which makes it possible to correctly estimate the parameter g of the KWW func-
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tion that approximates the sensor recovery kinetics. These functions require partici-
pation in the data processing process of the operator [7].

In this paper, we propose and justify an algorithm based on a stretched expo-
nential function, which makes it possible to exclude the participation of the operator
in the process of processing and primary analysis of measurement data on the re-
sponse kinetics of resistive gas sensors.

Description of the algorithm and its features

It should be noted that the data processing algorithm used in [6, 7] does not re-
quire any additional assumptions or data. Only the results of measurements of the
kinetic dependence S(T) are used in the form of a table (located in a c file of type .txt
or .xIs). Nevertheless, its disadvantage is the presence of the operation of numerical
differentiation when finding one of the resulting data parameters  used in the ap-
proximating KWW-function. As a rule, this creates a significant scatter of points in
the coordinates of the diagrams of the used approximating dependencies to calculate
the specified parameter. As a result, this leads to the fact that it is difficult to im-
plement the automation of the data processing process for the kinetic dependences
considered here.

Below it is proposed to use an approach to determining the parameter 3, which
is based on the assumption of the possibility of correctly fixing the value of the static
value of gas sensitivity Sy by estimating its approximate value in the initial section of
its kinetic dependence.

Approximating dependence used as a model for the primary phenomenological
analysis of the experimental kinetic dependences of the response of the gas sensitive
sensor in the area after the removal of the active gas

£\ P (D
St)=S5,-exp [—(—) ]

T
can be converted to
o SON L, N . . ()
log{~In|~5~|§ =F 1og(®) - - loge

S(t)
y =log {—in [ }

As follows from (2) in the coordinates * =log(®) and So V| the

Y — Qg + a X

considered dependence is a straight line , and thus, based on its ex-

perimental points in such coordinates, the parameter f of the KWW-model (5 =a,)
can be relatively simply determined without involving the operation of numerical
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differentiation. The coefficients @+ and @a for the considered linear model can be
determined by the formulas [16]

a1=%-(2y£—a02x5) ©

=
NI XY B X 'E??}’E' 4)
nE X2 - (T, x;)

where i and n are the index for the numbering of readings and their number of ex-

Qg

perimental kinetic dependence.

However, in the considered approach there is a requirement that the static
value of the response S, for the studied reduction kinetics be known. In experimental
practice, the exact measurement of this parameter is not always possible. On the one
hand, this is due to the technically used equipment, that is, the fixation of the con-
sidered kinetic dependence begins with a certain time delay, or when the specified
static value is not reached within a really reasonable time for a specific experimental
study. In connection with this, it is important to study the influence of these factors
on the measurement of the value of Sy, in particular, the instrumental error and the
time delay of the process of fixing the kinetic dependence considered here.

Influence of inaccuracy of the set parameter Sy

S(t)
log {—in [E S5 }= B-logt)— B - log

As follows from (5), S can be represented by the coefficient in front of the

)

log(®)  argument of the linear dependence of its function

log {-n [Iss(g?d) ]

On Fig. 2 shows the theoretical dependences of the KWW relaxation model in

the proposed coordinates for different . and the results of the analysis of the influ-

ence of the approximate value S(ta) of the specified parameter S, on them.

As can be seen, an underestimated value of S, leads to a deviation of the de-
pendence in Fig. 2 from linear only in the range of short times (in this case, less than
a few seconds). The results of calculating the value of §in accordance with expres-
sion (3) with a different choice of the time range of the data used in Fig. 2 and using
the built-in functions of the Mathcad package (slope) are presented in Table. 1.
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log{-In[S(t)/Sc]}

logt, s
Figure 2 - Theoretical dependences of the KWW relaxation model of the gas sensor
recovery response kinetics in the coordinates ) (dependencies 1, 2 and 3) and in the

S(t)
logi—In|——=|¢,log®
coordinates ( S(ta) ), where ta is the delay time for fixing the
beginning of kinetics (1’, 2’ and 3'), for parameter values : 1 and 1’- 0.5; 2 and 2"
-1;3and 37- 2. So=100; =10s; t; =1s

As follows from Table. 1, second column, there is a tendency to some overesti-
mation of the value of the parameter £ determined in accordance with the method
under consideration at its small values. If the initial part of the kinetic dependence is
not used, i.e. to use data for processing starting from a certain time point t; > t; (for
example, t;= 10 s or 1 minute), then the accuracy of determining /5 can be increased.

Nevertheless, in the range of A from 0.5 to 2, the considered algorithm for proc-
essing the kinetic dependence of the response of gas sensors based on the stretched
exponential function model allows obtaining adequate results.
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Table 1
Influence on the accuracy of the estimation of the f parameter of the KWW-

function selection of the time range for processing the kinetics S )

Approximate value of f. determined in accordance with (3) by
Exact value B discarding the first points of the initial kinetic dependence S ®)
over the time interval
ti=ty, S 10s 60s
0.25 0.374 0.352 0.332
0.5 0.566 0.547 0.533
0.75 0.785 0.771 0.762
1 1.021 1.009 1.004
1.25 1.263 1.254 1.251
1.5 1.508 1.502 1.5
1.75 1.756 1.751 1.75
2 2.004 2 2

Application of the algorithm to the processing of experimental data

On Fig. 3 shows the experimental kinetic dependence of the response at the
stage of reduction of a sample of a resistive gas sensor, shown in fig. 1 in coordinates
x=log(t) and .

T3 1 13 2 25

Figure 3 - Dependence of the experimental kinetics of the gas sensor recovery re-

sl
log{—In
S(ta) fig. 1 (points - crosses) and its linear

sponse in the coordinates
approximation used in the considered algorithm for its processing (dotted line)
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As can be seen, it satisfies the ideas developed in the previous section. The cal-
culated values of the parameter f* were 0.643 at t; = 10 s and 0.628 at t; = 60 s. The
estimates coincide with an error of no more than 3%.

Further operations of the algorithm are similar to those given in [12,17,18].

Determination of unknown characteristics t and So by applying the coordinates
y=In S(t) and x=t” for experimental data (Fig. 4).

InSx
MK
Wl b

Figure - Dependence of experimental kinetics of gas sensor recovery response in

coordinates (inS () t# ) fig. 1 (points - crosses) and its linear approximation used
in the considered algorithm for its processing (dotted line)

It should be noted that the value of B - is already known. The approximating

dependence is represented by a straight line ISt =+ a, - t# where ao = InS,,

a, =-tF Thus, T = (—a1) g and So = €xP(ay). The coefficients of the above linear
regression dependence @ and @1 are determined using formulas (3) and (4) or built-
in intercept and slope functions of the Mathcad package. From the data in Fig. 4 you
can get =88 s and S, =1.95. Calculation of the average relaxation time in accordance
with [12,16,17]

(6)

where is the gamma function.

Comparison of the obtained parameters (£=0.63; t. = 120 s; =90 s; Sp=1.95)
with similar ones, which were determined for these data by the method described
in [12], showed their satisfactory agreement.

Conclusions

An algorithm for processing the kinetic dependence of the response of gas sen-

sors based on the model of a stretched exponential function is proposed, which does
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not use numerical differentiation operations when finding one of the parameters of
this model. and thus allows:

- to eliminate the presence of a scatter of points in the coordinates of the dia-
grams of the used approximating dependencies for calculating one of the key pa-
rameters of the model and its influence on the accuracy of processing;

- refuse the participation of the operator when choosing the optimal time in-
terval from the processed kinetic dependencies for a more accurate assessment of all
model parameters;

- allows the implementation of an automated information-measuring system
for the considered data processing process.
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AJtzopumm 06po6KuU OaHUX KUHEMUKU 8i02ZyKYy 24308020 ceHcopa
i3 3acmocyeaHHsAM po3poo6sieHOi ecnOHeHUiliHOT pyHKuiT
6e3 uucnaeHH020 JuepeHUil08aHHA

Memoio pobomu € po3pobka npozpamHozo 3abecneurus 01 06pobKU exchepume-
HManpHUx 0aHUX KiHemuku 8i0zyKy pe3aucmueHux 2a308ux CeHCOpi8 Ha 0CHOBI anzopum-
My modesni po3mszHymoi ekcnoHeHyitinoi ¢pyHkuii Konvpaywa-Binesamca-Yommca.

Y Oaniii cmammi po32n0armscs 0C0OAUBOCMI 8UKOPUCMAHHS KOMN'HOMEPHUX
mMexHo.J102ili 00poOKU eKcnepuMeHmanvHux 0aHux 0Jis 8UpiuleHHs 3adau asmomamusayii
docnidxceHb mamepianie 0 2a304ymauU8uUx CEHCopIs.

YV cmammi 3anponoHo8aHo anzopumm o06poOKU KiHeMU4HOI 3anexcHocmi 8ioku-
KAHHS 2a308UX CEHCOPIB HA OCHO81 MOOei pO3ms2HYmMoi eKCNOHEHYIliHOT (yHKuUii, aKull
He 8UKOpUCMOB8YE onepauii uuceivbHoz0 dugepeHUilo8aHHs npu 3HaAxX00#eHHI 00H020 3
napamempis uiei modeni. i, Makum YuHom 00380J€: YCYHYMU HASI8HICMb PO3KUJY mo-
Yok 8 KoopouHamax diazpam anpoxkCuMyUux 3anexcHocmeii 0ns po3paxyHky 00H0z20 3
KJII0408UX napamempie modeni i 1i020 éniue Ha mMouHicmes 06poOKuU; 8idmosumucs 8iod
yuacmi onepamopa npu 8ubopi onmumaibH020 4aco8ozo iHmepeany 3 KiHemuuHux 3a-
JiexcHocmeli 0ns OinbWwl MOYHOI OYIHKU 8Cix napamempie modeni; donyckae peaniauiro
asmomamu308aHoi iH(hopmauitiHo-8UMIPIOBAbHOI cucmeMu 011 AHANI308AH020 Npoue-
cy 06pobKu daHux.

Kniouosi cnosa: za3osuti ceHcop, 8idzyk, KiHemuka, po3msizHyma eKCnOHeHMHA
(yHKyis, anzopumm, iHpopmayiliHo-8UMIPHOBATbHA cucmema, npozpamHe 3abe3neyeH-

HA.

Tonkoshkur Oleksandr Serhiiovysh - professor of department of ECM, Oles Hon-
char Dnipro National University.

Lozovskyi Andrii Serhiiovysh - assistant of department of ECM, Oles Honchar
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Toukomkyp Onekcanap CepriitoBuu - npodecop kadbenpu EOM, [THiNpoBCbKuit
HallioHanbHNI yHiBepcuTeT imeHi Osnecs ['oHuapa.
Jlo3oBcbkuit AHpapiit CepriioBuu - acmipant kadenpu EOM, [IHinpoBCbKuii
HallioHa/JbHMI YHiBepcuTeT iMeHi Onecst 'oHuapa.
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V.S. Khandetskyi
OPTIMIZING THE ACTION OF IEEE 802.11 COMPUTER NETWORKS
AT SIGNIFICANT LEVELS OF BIT ERROR RATE

Abstract. For a given level of noise, fragmentation of the frame’s data field increases the prob-
ability of transmitting each individual fragment. But this is accompanied by an increase in the
relative weight of overhead costs, i.e. the amount of service information that is necessary to
support the frame transfer process. We propose to determine the fragmentation optimum under
condition of increased noise intensity by the maximum value of the product of fragmented frame
successful transmission probability by the relative weight of overhead costs. The article presents
detailed results of calculations of the optimality criterion dependence on the fragmentation co-
efficient at different levels of noise, which allow optimizing the process of fragmentation of the
transmitted frames.

Key words: computer networks IEEE 802.11, transmission, frame fragmentation, noise, bit error
rate BER.

Introduction. At present time the use of wireless computer networks of the
IEEE 802.11 standard is intensively expanding, including in industrial production
automation systems, where they are located directly in the workshops of enterprises.

The wireless communication capability allows the devices stay connected even
they are mobile. The list of these devices includes notebook and palmtop computers,
personal digital assistants, digital cameras, smartphones from different manufac-
tures. We will unite all these devices under one name - station operating in a net-
work with infrastructure topology.

At the same time, network developers are faced with the need to ensure their
operability, sufficient throughput in conditions of high intensity of industrial noise
and, as a result, a high bit error rate (BER) in transmission channels from stations to
the access point of the network. The problem in general is the inability of wireless
network to cope with the complexities of the wireless channel due to noise, fading,
mutual channels interference, and collisions. Nodes cannot separate distorted inter-
ference or noise frames from collisions because the symptoms are the same, namely
a frame loss.

© Khandetskyi V.S., 2023
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Problem statement. It is necessary to determine the criterion and conditions
for optimizing the volume of transmitted data in computer networks IEEE 802.11 at
high noise levels.

Main part. In most cases, noise influence can be described with sufficient reli-
ability for practical applications by using a time-discrete Gaussian channel without
memory. In such a channel, the bit errors are independent and equally distributed
over the bits of the frame’s data field [1]. Under conditions of high intensity of ex-
ternal noise, the probability of successfully transmitting a frame from station to ac-
cess point Pscan be expressed as follows:

PS:PC(I_pb)L’ (1)
where P¢ is the probability of successful frame transmission, which is determined by
the intensity of collisions due to the use of competitive access from stations to the
channel during transmission, which is based on the application of a distributed co-
ordinate function DCF and algorithm CSMA/CA [2]; p» is the probability of an error
in the data bit; L is the length of the frame’s data field in bits.

In its most basic form, the DCF consists of a carrier sensing function and a ran-
dom backoff protocol. Carrier sensing allows stations to understand when the chan-
nel is busy, and to postpone transmission attempts until the channel will be free.
Once the channel becomes free, if two or more stations have a frame to send, the
probability exists that their transmissions will collide. To avoid collisions, station
will backoff their attempts for a random number of slot times selected from a con-
tention window. If competing stations select different random numbers, one station
will access the channel first and will begin transmission, and the other stations will
wait. If two or more competing stations select the same transmission time, their
transmissions will collide. They will temporarily increase their contention window
size and try again and reset their contention window upon eventual successful
transmission.

An influence analysis of the number of simultaneously operating stations on
the intensity of collisions and, accordingly, on the value of Pc was carried out by us
earlier [3], and we will not dwell on this here. Without losing the generality of the

subsequent analysis, we take Pc=1. Then P, =(1-p,)".

As can be seen from this expression, reducing the length of the frame’s data
field L increases the probability Psof successful transmission (Table 1).

At the same time, due to the independence of the transmitted frame’s frag-
ments
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k L

H(l_pb)ki :(1_pb)L ) (2)

i=1

at ki= ko,=...= k= k, that is, fragmentation does not change the probability of trans-
mitting the entire initial date array of the frame with length L.

But the advantage here is in following.

For example, in accordance with Table 1 a frame with k=1 and, accordingly
L=12000 bits, when BER=10"* has a probability of successful transmission Ps=0,3. The
transmission of such frame will be accompanied by a considerable quantity of re-
transmissions, which will lead to a significant reduction in the transmission
throughput and network congestion with service traffic. As can be seen from the ta-
ble, fragmentation significantly increases Ps, and, accordingly, reduces the probabil-
ity of fragments retransmission.

Table 1 details the results for high noise levels (BER=5-10°-5-10"*). It can be
seen that almost zero probabilities of successful frame transmission Ps for k=1 in the
range BER= 2-10*-5-10 for k=10 and k=12 already correspond to the practical possi-
bility of transmission.

Along with this positive phenomenon, an increase in the value of k is accom-
plished by an increase in the relative weight of overhead costs, i.e. the amount of
service information that is necessary to support the data transfer process. In accor-
dance with [3] the ratio of the time intervals required for the transmission of frame’s
data and for the transmission of the corresponding service information can be ex-
pressed as

T

_ Tdata _ data
n= - ) (3)
T 71in + k(TSIFS + TACK + TMAChdr + 25)

sery

where Tuwo=L/R, R is the physical data transmission (PHY) rate; Ti=Tpmrs+Tcw* Truyndr,
Truvnar and Tuacher are the transmission durations of the physical (PHY) and data link
MAC layer headers, respectively; Tcw=0-(CWmin-1)/2, where ¢ stands for the idle slot
duration; CW,, is the minimum (initial value) of the contention window; SIFS and
DIES are the interframe spacing; ACK is the acknowledgment’s frame duration; ¢ is
the propagation delay.
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Table 1
Dependence of the probability Ps on the fragmentation factor k
at different noise level

P
BER 5

k=1 k=2 k=3 k=4 k=6 | k=8 | k=10 | k=12
106 0,988 10,994 |099 0,997 |0,998 |0,9985]0,999]|0,999

10° 0,887 | 0,942 0,961 0,970 0,980 |0,985 |0,988|0,99

5-10° 0,549 |0,741 0,819 0,861 0,905 0,928 |0,942 | 0,951
7-10° 0,432 | 0,657 0,756 0,811 0,869 |0,900 |0,919 0,932
8-10° 0,383 0,619 0,726 0,787 0,852 10,887 |0,908 | 0,923
9-10° 0,340 | 0,583 0,698 0,763 0,835 |0,874 |0,898 | 0,914
10+ 0,301 | 0,549 0,670 0,741 0,819 |0,861 | 0,887 | 0,905
1,3-10* | 0,210 | 0,458 0,595 0,677 0,771 0,823 |0,856 0,878
1,5-10* | 0,165 | 0,407 0,549 0,638 0,741 0,799 |0,835] 0,861
2-10* 0,0907 | 0,301 0,449 0,549 0,670 |0,741 |0,787 | 0,819
3-10* 0,0273 | 0,165 0,301 0,407 0,549 0,638 |0,698 | 0,741
4-10* 0,0082 | 0,091 0,202 0,301 0,449 |0,549 |0,619 | 0,67

5-10* 0,0025 | 0,050 0,135 0,223 0,368 |0,472 | 0,549 | 0,606

In the calculations according to the formula (3), the following values of the pa-
rameters were taken [4]: Tprs=34 ps, Tsrs=16 us, CW,in=15, 0=9 ps, Truyna=68,8 us;
Lyiacna=272 bits, Tvachar= Lmacna/R, R=54 Mbps; Tack= TeuynartLack/6Mbps = 87,5 us (for
RTS, CTS and ACK the rate is 6 Mbps according to IEEE 802.11ac); 6=0,33 ps (the dis-
tance between the sender station and the access point is assumed to be 100 m);
Taate=Ldata/R, Laata=12000 bits; k is the fragmentation factor.

The performed calculations show that for k=1 #=0,808, k=2 #5=0,578, k=3
n=0,450, k=6 n=0,271, k=8 n=0,214, k=10 »=0,177, k=12 =0,151.

Thus, it can be seen that with an increase in the fragmentation factor k, the
relative part of the time for transmission of service information Ti. increases sig-
nificantlye propose to determine the fragmentation optimum under condition of in-
creased noise intensity by the maximum value of the /=Ps criterion.

The results of calculations of this criterion for same BER values as in Table 1
are shown in Table 2.
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Table 2
Values of the optimality criterion A
A=Psn

BER k=1 k=2 k=3 k=4 k=6 k=8 | k=10 | k=12
10 0,798 0,575 0,448 0,368 0,270 0,214 | 0,177 | 0,151
10 0,717 0,544 0,432 0,358 0,266 0,211 | 0,175 | 0,149
5-10° 0,444 0,428 0,369 0,318 0,245 0,199 | 0,167 | 0,144
7-10°° 0,349 0,380 0,340 0,299 0,235 0,193 | 0,163 | 0,141
8-10° 0,309 0,358 0,327 0,290 0,231 0,190 | 0,161 | 0,139
9-10° 0,275 0,337 0,314 0,282 0,226 0,187 | 0,159 | 0,138
104 0,243 0,317 0,302 0,273 0,222 0,184 | 0,157 | 0,137
1,3-10* | 0,170 0,265 0,268 0,250 0,209 0,176 | 0,152 | 0,133
1,5-10* | 0,133 0,235 0,247 0,235 0,200 0,171 | 0,148 | 0,130
2-10* 0,073 0,174 0,202 0,203 0,182 0,159 | 0,139 | 0,124
3-10* 0,0221 |0,0954 | 0,135 0,150 0,149 0,137 {0,124 | 0,112
4-10* 0,0066 | 0,0526 | 0,091 0,111 0,122 0,117 | 0,110 | 0,101
5-10* 0,0020 | 0,0289 | 0,061 0,082 0,0997 | 0,101 | 0,097 | 0,092

Here you should pay attention to the following. Dependencies A(k) at a rela-
tively low noise level (BER=10°-5-10"°) are monotonic, the value of 1 smoothly de-
creases with increasing k. However, with increasing noise level (BER=7-10-°-5-10%)
they become extreme with pronounced maximum. Moreover, with an increase in
BER, the abscissa of the maximum shifts towards higher values of k.

Figures 1 and 2 show plots of Ps(k) for several values of noise intensity and
plots of (k) for the same values of BER.
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Figure 1 — Dependences of the probability of successful frame transmission Ps on
the data field fragmentation coefficient k at various values
of the noise intensity (BER)

Y

0,4

. o BER=8-10°

0,3

0,2 J/ /H~ \

0,15 \
BER=2:10"* BER=1,3-10"*

0,1 +

0,05
0 . . . . . : .k

0 2 4 6 8 10 12 14

Figure 2 — Dependences of the optimality criterion 4 on the data
field fragmentation coefficient k at various values of the
noise intensity (BER)

From the graphs, presented in Fig.2 it can be seen that with an increase in k the
maxima of the A(k) dependences expand and shift to the region of higher values of k.
To the point, it should be noted that, as a matter of fact, the sign of extremity of the
dependences A(k) begins to appear at an increased noise level, in accordance with
Table 2 after the values of BER=5-10".

Conclusions

1. The integral probability of successful frame transmission from a workstation
to an access point in a network with infrastructure topology under conditions of in-
creased interference intensity is propose to be determined by the product of two com-
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ponents. The first component is determined by the intensity of collisions due to the
use of competitive access from stations to the channel during transmission. The sec-
ond component is determined by the probability of distortion of each data bit of
transmitted frame by external noise (BER). The first component was studied by us ear-
lier, therefore, in this paper attention is paid to the second component of integral
probability.

2. For a given level of interference, fragmentation of the frame’s data field in-
creases the probability of transmitting each individual fragment. Along with this posi-
tive phenomenon, fragmentation is accompanied by an increase in the relative weight
of overhead costs, i.e. the amount of service information that is necessary to support
the data transfer process.

3. We propose to determine the fragmentation optimum under condition of in-
creased noise intensity by the maximum value of the product of fragmented frame
transmission probability by the relative weight of overhead costs.

4. The article presents detailed results of calculations of the optimality criterion
dependence on the fragmentation coefficient at different levels of BER, which allow
optimizing the process of fragmentation of the transmitted frames data field.
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Onmumizauis po6omu komn’romepuux mepexc IEEE 802.11
npu 3HAYHUX PiGHAX BiMOBUX NOMUJIOK

IHmezpanvhy imosipHicmo ychiuiHoi nepedaui ¢petimy 8id pobouoi cmaHuii do mou-
Ku docmyny 8 mepexcax 3 iH(hpacmpykmypHow monosiozi€ro 8 ymosax nioguujeHoi iHmeH-
cusHocmi 3aead 3anponoHo8aHo susHauamu y euensndi do6ymky deox komnoveHm. Iepuia
KOMNOHEHMa 8UHAYAEMbCS IHMEHCUBHICMIO KOJI3ili, W0 8UHUKAIOMb 8HACNIOOK KOHKYpe-
HMHO20 docmyny cmaHyiii do kaHany npu nepedaui. JIpyea KOMNOHeHMA 8U3HAUAEMbCS
IMOBIpHICMI0 BUKPUBIEHHS KOXHO20 Oimy daHux ¢petimy 308HiwHiMu 3asadamu. Ilepwa
KomMnoHeHma 6yna 0ocniorceHa HaMu pawiwie, momy 8 yiii cmammi ysaza npudineHa opy-
21Ul KOMNOHEHMI IHMe2PAanbLHOI IMOBIPHOCMI.

IIna 3adamozo0 pieHs wymy pazmenmauia noas OaHux Qpetimy 36inblULyE
iMogipHicmb hnepedaui KOXHO020 OKpemozo (pazmeHmy. Ane uye CynpoeooHyemcs
30i/bleHHAM BIOHOCHOI 8azu HAKJIAOHUX 8mpam, moO6mo Kinbkocmi cay#06o8oi
iHgpopmauyii, HeoOXxiOHOI dns nidmpumKu npoyecy nepedaui ¢petimy. Mu nponoHyemo 8u-
3Hauamu onmumMym (ppazmenmauii 8 ymosax nideuuieHoi iHMeHCUu8HOCMi wWymy no mMax-
cumymy dob6ymky imogipHocmi ychiwiHoi nepedaui ppazmenmosanozo gpetimy Ha 8i0HOCHY
gazy HaknadHux empam. B cmammi npedcmasneHi Odemanizo8aHi pe3yavmamu
PO3PAXyHKI8 3aexcHoCmi Kpumepis onmumansHocmi 8id koediyicnmy ppazmenmauii npu
PI3HUX PIBHAX WYMY, KI 00380J5110Mb OnmMuMizysamu npouec ppazmeHmauii noas OaHux

nepedasaemux gpetimis.

XaHzenbkuii Bomogumup CepriiioBuY — JOKTOP TeXHIYHMX HayK, Ipodecop, 3a-
BimyBau Kadenapu 37eKTPOHHUX 00UMCTIOBAIbHUX MallMH J[HiTpOBChKOTO HallioHa-
JMbHOTO YHiBepcuTeTy imenu Onecs ['oHuapa.
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H.O. MatBeeBa, K.B. MoxoB
BUKOPUCTAHHS SPRING FRAMEWORK
OJIsI PO3POBKU BEB-JOIJATKIB

Anomauyis. Cmek mex+onoeili Spring Boot, Spring Data JPA,  Bootstrap, 6i6niomeka jQuery ma
6a3a daHux PostgreSQL sukopucmosyomscsa 0415 po3pobku seb-0odamky. CmseopeHuli 000amok
MOXHA BUKOPUCMOBYBAMU 014 OMPUMAHHA 8i0Nnosioell Ha BJACHT NUMAHHSA, 0onomoza y BuUpi-
WeHHT 4y)ux numaHb abo NOWyKy HOBUX 3HAUOMUX.

Knwoyosi cnosa: web-dodamku, mosa Java, Spring Framework, 6a3a oaHux PostgreSQL, MVC
wabioH.

Bceryn. OnHi€lo 3 cydyacHIIIMX TEXHOJIOTiN [IJiS CTBOPEHHSI BeO-IOmaTKiB Ha
natdopmi Java € Spring Framework [1].

s po3poOHMKIB MporpamMHoOro 3a6esredeHHst Spring Framework mpomonye
IiliCHO AVMBOBVSKHMIA iHCTpyMeHTapilt Ijis1 po3poOKy BebO-momaTKiB Ta iX HajalITy-
BaHH{. lle milicHO mmpoka i Benmka Beb-1iaTdopMma, sika OGibIl HiK 3[aTHA B3SITU
Ha cebe Oyab-siKe TTOTeHIIi/iHe 3aBIaHHS 200 MPOEKT.

Spring mae Mony/nbHY CTPYKTYypy. Lle [03BOjsi€e BUKOPUCTOBYBATU TiIbKM Ti
MOJTyJTi, SIKi TTOTPiOHi IJIsT KOHKPETHOTO JAOMATKY Ta MMUCATU Iy>Ke UMCTUI i JOCTYII-
HUI KOf,.

Spring Framework mMae 1ocuTh mMpoKy QyHKIIiIOHAIBHICTD i aKTUBHO BUKOPUC-
TOBYETHCSI TIPU PO3POOITi CKIaIHUX Oi3Hec-momaTkiB. Spring Framework moxkHa po3s-
[JIIIATU SIK KOJIEeKIilo MeHIIMX (ppeiiMBOpKiB abo dhpeitMBOpKiB y dpeiitMBoOpKy. Bi-
JBIIICTh (QpeiiMBOPKiB MOyKe MpaIloBaTy He3a/IeXKHO OAVH BiJl OAHOTO, IPOTe, BOHU
3a0e31meuyIoTh 6i/1bIlly QYHKITIOHATBHICTh MPU CIJIBHOMY iX BUKOPUCTaHHI[1+ 4].

[Tnatdopma Spring - momynsipHa miaTdopma AOAATKIB 3 BiAKPUTUM KOIOM.
BoHa cKkmamaeTbCsl 3 KOHTelHepa, MIaTdhopMy YIpaBliHHS eleMeHTaMM i Habopy
iHTerpoBaHuX CIYKO 11 Be6-iHTepdeiiciB KOopucTyBaua, TpaH3aKIliil i 30epeskeHHS
cta"y. TakoxX HaZA€ETHCS MiATPMUMKa ¢aiutiB HasamTyBaHHSI XML KOMITOHEHTIB.

Spring cripusie CIIpOIIEeHHI0 PO3p0o6KYM OyIb-IKMX NOAATKIB Ha Java, po3BaHTa-

SKeHHIO KOJIY; TTPOTPaMHMIA KO, CTa€ MPOCTIllINM, 3B'SI30K MiXX 00'eKTaMy CTa€ OisIbIi
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C1aOKMM; KOKeH 00'eKT 3aiiMmaeTbcsl cBO€I0 cripaBoio (POJO); BUKOPUCTAHHIO TTPUH-
uumiB OOII Ha TTOBHY MOTYKHICTh; JOJATKOBA JIOTiKa MiJK/IYAETHCS 330BHi; TOTOBI
BOymOBaHi Moy (poboTa 3 6a3aMu JaHuX, be3reka, TpaH3aKIlii, aBTopu3allis, cep-
BicK Ta iHIIe).

Ilo mepeBar Spring Mo>KHa BilTHeCTU: BiHOCHA JIETKiCTh Y BUBUYEHHI i 3aCTOCY-
BaHHi ¢peiiMBOpKa B po3po0I1Ii i MiATPUMKM JOIATKIB; BIPOBAIKEHHS 3a7I€KHOCTEI
(DI) i inBepcist ynpasainHs (IoC) m103BOJSIOTh NUCATH He3a/ieXXHi OOMH BiJ, OOHOTO
KOMITOHEHTH, IO AA€ MepeBarm B KOMaHAHOI po3po0iii, TepeHeceHHsT MOAYJIIB i TO-
m0; Spring [oC KOHTeliHep yIIpaBJs€ SKUTTEBMM LIMKIOM Spring Bean i HajamToBy-
eTbcst 3pa3ok JNDI lookup (roiryky); mpoekT Spring MicTUTh B c006i 6e3s1iu migmpoe-
KTiB, SIKi 3auilaloTh BaKJIMBi YaCTUHM CTBOpPEHHS codTa, Taki SK Beb-cepsic, Beb-
IporpaMyBaHHSI, poboTa 3 6azamu JaHUX, 3aBaHTaKeHHS (aiiiiB, 06podKa MOMMUIOK
i 6araTo iHIIOrO0. BCe 1ie HAJMAITOBYETHCS B €AMHOMY (DOPMATIi i CIIPOILYE MiATPUMKY
JOIAaTKiB.

Ha manmii yac icHye 6e3/1i4 1ogaTKiB, 3a JOIIOMOIOIO IKMX MOXXHA 3reHepyBaTy
pe3ioMe 3a BIaCHMMM OaskaHHSIMM 3 pi3HMMM I1a6JIOHaAMM, ajie, Haskajib, BOHM OyBa-
I0Th He AYyXXe aKTyaJIbHMMM Ta 6e3KOIITOBHMMM. B OCHOBHIilf Maci BOHM HAZalOTh
myske He mpodeciiiuuii croci6 aJ1s 3alIOBHEHHS TaHUX, 1ie € IpobieMOolo JIJIsl JTIoeit
y pi3Hux cdepax miszibHOCTi. CaMe pe3ioMe € Bi3UTHOIO KapTKOIO IJIs1 Oy/Ib-SIKOi JII0-
IVHU TTiJ1 Yac MONTykKy po6oTu abo IJisl OIIyKY OJHOIYMIIiB.

Meta po6OTH 3HANTH i PO3POOUTH HAMOIIbII MPUITHATHI YMOBM JIJISI CTBOPEH-
HS pe3loMe, a came, TOTOBMII TTaTepH MOJIB 1151 3anlOBHEeHHS. JIIoauHa, siKa MporJis-
maTtuMe pesloMe 3MOrjaa 0 TOYHO, MIBUAKO OLIIHUTU came Ty iH(opmallito, sKa st
Hel € KOPUCHOIO Ta aKTya/ibHOW. TakoxX, KOPUCTYBaui 3MOXYTb IeperisiiaTu pe3io-
Me iHIIMX KOPUCTYBauiB, MOPiBHIOIOUM CBOI 34i0OHOCTI a60 3HAHHS, HABMYKM, KOTPi
HeoOXiTHO 3100yTH Ta 6araTo iHIIOTO.

MerTa cTaTTi — 3a IOIMIOMOIOI0 TEXHOJIOTIi Spring po3pobuTu Be6-m01aTOK IJIS
cTBOpeHHS GOpyMy ITPOrpaMicTiB.

OcHOBHA yacTUHA. [[/1s1 CTBOpPEeHHS TaKOro Beb6-I0JaTKy 6y/I0 IMpoaHali3oBa-
HO iCHYI0Ui pileHHsI, TOOTO, SIKi eTany MPOXOAUTh KOPMUCTYBAY [IJisi CTBOPEHHS CBOTO
BJIacHOTO Tpodito Ha caiiti. Ciig npuaiinTK yBary oopmMieHHIo mpodiiio s io-
ro Ipe3eHTabe/IbHOTO BUIJISIAY Ta MOK/IMBOCTI pefaryBaHHsI TOIIO. Takox IpoaHa-
JIi30BaHO HEMOJIiKM Y iCHYIOUMX PillIeHHSIX, 00 YHUKHYTHU iX.

OmHMM i3 HaVBasKIMBIMIMX 3aBHaHb IIPM PO3poOILli MPOTPaMHUX IMPOIYKTIB €
BMOip TakMX 3aC06iB ITpOTrpaMyBaHHSI, SIKi 3MOKYTb IMOJIETTIUTY POOOTY PO3POOHMKA.
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BoHu HagamTh BCi HEOOXiIHI iHCTPYMEHTH IJIs peastisallii MocTaBIeHOTO 3aBIaHHS,
Ta JO3BOJISTIOTh OTPMMATH Pe3ybTaT, IKUii 3aI0BOJIbHSE MOTPedaM KOPUCTyBaya.

CTBOpeHHs BeO-A04aTKy BUMKOHYBA/JIOCS HA MOBI IporpaMyBaHHS Java B cepe-
noBuili po3pooku Intelli] IDEA 2022. ITpu ibOMy 3aCTOCOBYBaBCSI CTEK TEXHOJIOTii
dpeiimBopk Spring Boot[6]; Spring Data JPA [4]; 6i6mioTeka jQuery; dpeitMBOpPK
Bootstrap[5]; 6a3a manux PostgreSQL 12[3] Ta pgAdmin4 (puc. 1).

KnieuT Knieut ~ ﬁTepcpenc
i0s Android . KOpWMCTYEBAa4A, \
REST zanutwn
¥
C.epaep /‘f-_‘/ /\'/\\
{Spring Boot) / CepBeepHa 4acTuHa )

‘“‘ﬁnpucwaaqa, 36epiraHHA Ta HANAHHA ™.

(. BrKNoYae BiaHec-noriky, ineHTiikauio
i YHIhIKOBAHOro QOCTYNY A0 AaHWX

DB \_“_‘___'_’_/’/
(PostgreSQL)

PucyHok 1 - 3acobu peasni3aiiii Be6-10naTKy

Bubip maHMX TeXHOJIOriii 3yMOBJIEHUI TUM, IIIO caMe IIi iHCTPYMEHTHU Y LIiJIOMY
HaIAI0Th HAMOi/bITY QYHKIIIOHATBbHICTD Cepe iHIIMX.

Takok y HpoeKkTi 3acTocoBaHO MmAa6j0H mpoekTyBaHHa MVC (model-view-
controller), sskuii siBjisie cO60I0 apXiTeKTYpHMII 1IAGJI0H MO e/b-TIpeACcTaBIeHHS-
KOHTPOJIEP, Ta MOXXe BUKOPMCTOBYBATUChH ITiJl Yac po3poOKM abo IMPOEeKTyBaHHS A0-
IaTKiB.

3a apxiTeKTYypHOI0 OCOOIMBICTIO TAKOTO IAGIOHY CUCTEMY MOXKHA MOIUTATY Ha
TPU B3a€EMOTIOB’SI3aHUX YaCTUHMU, OJHA 3 HUX - 1Ie MOJieJib JaHUX, APYTa - 1le BUTJIS,
1110 TIpeACTaBIIsie c06010 iHTepdeiic KopucTyBaya i TpeTe — 11e MOAY/Ib KepyBaHHSI.

MeTtoto 11a6I0HY € 10T0 THYYKMIT U3aiiH /I JOAATKY, SIKUIi TTOJIeTIIye Mmoja-
JplIi 3MiHM 260 pO3IMIMPEHHS TPOrpaM, TaKOX HAJIA€ThCSI MOXKIUBICTb TTOBTOPHOTO
BUKOPUCTAHHS OKpeMMX KOMIIOHEHTIB Iporpamu. BukopuctanHus MVC 1mabioHy y
BEJIMKUX CUCTEMaX CIIPUSIE IesiKili BIIOPSIAIKOBAHOCTI X CTPYKTYPU Ta POOUTDH OiJbIIl

3pO3yMiIIMM 33 PaXYHOK 3MEHIIIeHHS iX CKJIaJHOCTi.
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Mogenb BifimoBifgae 3a 30epeskeHHsT JaHMUX Ta iX CTPYKTYPYBaHHS, BUIJISII Bif-
TOBifla€ 3a IMpeACTaBAeHHS LMX JaHUX [IJisS KOPUCTyBaua, a KOHTpPOJep OMUCYE, SIK
came MOTPiOHO KepyBaTy KOMIIOHEHTAMM IIpY OTPUMAaHIi CUTHaJIiB BifJ mofiii Ha ¢o-
pMi, Ha BeO6-CTOpiHIIi, Bif milt KopucTyBaua TOIIIO.

KopuctyBau moxke cTBOpUTHU NPOodiib, SKMii imeHTUdiKyeThCs y cucTeMi 3a iio-
T'O POJITIO, KOXKEH KOPUCTYBAau MOsKe CTBOPUTH c00i Mpodisb, KOTpUit y CBOIO UepTy
BKJIIOUAE TaKy iH(opmaliilo, IK: OCHOBHi BimoMocCTi 1po cebe, KOpOTKi aHi IIpo Ha-
BYAHHSI, JOCBi, MaliCTePHICTh, iHTepeCcH, CBOI1 JOCSITHEHHSI.

[T CTBOpPEHHSI ITPOTPaMHOTO TMPOAYKTY po3pobjeHa pejsiiiiiHa 6a3a JaHUX,
sIKa TOoEAHYE yci cy6’ekTu 3B’s13kaMu. Beboro cTBopeHo 9 3B’s13KiB Ta 10 cyTHOCTEIA.
st peamizallii IuX CYyTHOCTel CTBOpIOBajiach 0asa MAaHMX 3 TaKUMMM TaOJMULISIMM:
Role - ommcye ponb KopucTyBaua y Beb-gomatky; User — 36epirae mani npodinio
KopuctyBaua; Address — 36epirae agpecHi gaHi kopuctyBaua; Experience — Hamae
naHi mpo gocsin; Education - padi mpo ocBity; Degree — Hamae mjis TabGauiii
Education crymneni ocsiti; Skill — mani mpo maiictepHicTh; Interests — Hagae maHi
npo inTepecu; About - Hagae 1ikaBy iHdopMallifo MMpo KopuctyBaua; Awards —
iHbopmallis mo/10 JoCSIrHeHb KOPMCTYyBayva.

Takuit ctek KoHirypailiii 3ag0BOJIbHSIE TOTpebaM [js1 CTBOPEHHS BeO-
I0IATKy. Bech CTeK Te€XHOJIOTi1 MOKHA CTUCIO OMMUCATX HACTYITHMM YMHOM. 3aBAs-
K1 36upauy Maven [3, 7] 3UuMTyl0ThCSI KOHQirypailii (3a/1exKHOCTi), SKi 3HaXOASIThCS Y
pom.xml daiini. Ilicis doro Hamii view Mopesi, sIKi 3HAaXOHOSITbCS Y KaTamosi
«templates» i sBAAI0Th c06010 Xhtml cTopiHku (ix 6e3mocepeqHbO 6AUUTH KITIEHT Y
6pay3sepi), MOKYTbh B3a€MO/IiSITM 3 KOHTPOJIEpaMM, B SIKUX OMMCAHi TIeBHi MapIIpyTu
Ta ix napameTtpu. Lli KOHTpoJiepu y CBOK UYepry B3a€EMOIIIOTh 3 cepBicamu, SIKi B
CBOIO Uepry B3a€EMO/IiIOTh 3 PENO3UTOPIsIMHU, SIKi BXKe MPaIlio0Th 3 6a3010 JaHuX. Ma-
€MO OTMC BCiX CYyTHOCTe 6asu maHux — Iie ix mogeni. KoxkHa Mojienb SIBJiiE COO010
OMMC CYTHOCTi 6a3y JaHuX Ta iX 3B’SI3KiB. 3 IMepUIOTO MOMISAY KOXKHA Taka MOJENb
cxoyka Ha 3BMYAHMIL java Kiac, ajie 3aBasiku aHoTallisMm (@Table, @Entity Ta i)
MO>KHA OJIpa3y 3p03yMiTH, 1110 1je XapaKTepu3ye OMucC CyTHOCTI.

[IporpamMuMit 1OOATOK CKIAAAETHCSI 3 MEKIJIbKOX BeO-CTOPiHOK, 0COOJMBICTIO
KOXXHOI 3 HUX € peaJti3allisi meBHOTO (YHKIiOHATy Ta 0OMeXeHHS 3a MpaBaMu I0C-
TYITy.

He 3apeecTpoBaHMit KOpMUCTYBady Ma€ HaliMeHIli IpaBamMu OOCTymny. Ha rosnos-
Hiil CTOpiHIIi BiH MOXXe ITPOBECTHM MOIIYK 32 Ha3BOIO TOITiKY abo 3a aBTOPOM — Iie [I0-
roMara€ MpUCKOPUTU Mouyk. He aBTOpM30BaHMIT KOPMUCTYBauy MOsKe IeperssigaTu
npodisi iHIIMX KOPUCTYBaUiB Ta O03HAOMMUTUCH 3i BMicTOM Mpodinao. Came B IIpo-

ISSN 1562-9945 (Print) 47
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 1 (144) 2023 «System technologies»

(dini BUHeceHi OCHOBHi KpUTepii, IKi MOXYTb OyTU Iyke KOPUCHUMM [IJIs1 HaJlaHHS
cBoei iHdopMmaliii, a came: iHDopmallist mpo cede, JOCBiJ, HABYAHHS, HABUUKMU, iHTe-
pecu, Haropoay. OCTaHHil MYHKT — 1ie 3BOPOTHIli 3B’SI30K, e MOXXHa 3B’S3aTUCh 3
00paHOIo JIIAMHO Uuepe3 MOIITOBMIA CepBic .

SIK1110 KOpuUCTyBau 3apeeCcTpoOBaHMit, TO 1OMY IIPOIIOHYETHCSI BBECTU CBOI JIOTiH
Ta MapoJib JJis BXody (puc. 2), abo X MepeiT 3a MOCUIaHHSIM «3apeecTpyBaTUCS».
Ilnst peecTpailii cBoro mpodiao HeoOXigHO 3alOBHUTH BCi icHYyIOUi 1oJs1. [Ipy HasB-
HOCTi MOMMJIOK 3’SIBJISIIOThCSI BUIUIMBAIOUM BiKHA, KOTPi BKa3ylOTb HA TTIOMUJIKM TIpU
3alIOBHEHHI JaHUX.

ABTOpPMU3YyBaBIIMCh Y CUCTEMi, KOPUCTYBAU IOTPAILISIE OO TOJOBHOI CTOPiHKM
BebO-momatky. IIpu mepexopi 10 BKIaaKu «Tomiku», KOPMUCTyBady IPOIIOHYETHCS T1e-
PeryiiHyTM CIUCOK TOIIKiB, 3[iliCHUTH MOIIYK 3@ aBTOpamMu abo 3a Ha3BOIO Ta CTBO-
PUTU CBOE BJIACHUI TOIIIK, SIK TOKAa3aHO Ha PUCYHKY 2.

[Tpu nepexoai 3a mocunaHHsIM «CTBOPUTU TOMIK» KOPUCTYBAa4 Ma€ 3MOTy CTBO-
PUTU BJIAaCHUI TOINIK Y BiZMOBIZHOCTI 3i CBOIMM iHTepecaMyu ab0 NMUTAHHSIMU [IJISI

3HAaXO[KeHHS BiTIOBizei.

o

(_ He curxpomusupyercs

S

= O () localhost:8080/topil i - ]

TonikK

CTBODHTH TORMIK

Nowyk Toniky

HopHcTyEd4

Solomia Halak

Hazes

Haana Isr'n Ngiamume LopacTyBANA

ki P EITY e Eralvmiin: el ok
create CRUD project SCHOmia nalax

PucyHoK 2 — Bkyagka aBTOpM30BaHOT'O KOPUCTYBayva

BiacHUK mpodinaio Mae 3MOry pefaryBaTu, JOIIOBHIOBATY ab0 BUOAISITA HE0O-
XimHi maHi y HboMy. [IJIS1 OHOBJIEHHS ITOTOYHOI iH¢opMaillii HeoOXiTIHO HATUCHYTU
«PemaryBaTtu iH¢popMalliro» i KOpUCTyBau oapasy Iepeiiie M0 iHIIOi CTOPiHKH, e
MaTKuMe 3MOTYy peJlaTyBaTy CBOIO iHpopMalliio.
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PosrnsiHemo (yHKIiOHaAnA AJ1s1 aAMiHicTpaTopa BebO-momaTKy. AIMiHicTpaTop
IOIATKy MOsKe OyTu JIMIe OOUH Y CUCTEMI 3 BiITIOBIIHMMM IIpaBaMu IOCTYITy. BiH
Ma€ 3MOry mobaunTy Bech JOJATOK, iHIIMX KOPUCTyBauiB 6e3 JOJaTKOBMUX IIpaB Ta
IOIATKOBi BKIAAKM IJisI agMiHicTpyBaHHs. Hampuknan Bkinagka «KopucrtyBaui» Ha-
Jla€ 3MOTY aJMiHiCTpaTopy IeperjssHyTM MOBHMII CIMCOK KOPUCTYyBauiB, BUTAIUTHU
00JTiKOBMIT 3aIMC 3apeeCcTPOBAHOrO0 KOPMCTyBaua abo 3a60KyBaTy i0ro, a TaKoOX
IOoJaTy HOBOTO KOPUCTyBaua 0 CUCTEMINA.

ITpu mepexopi g0 BKIaagKU «TOmMiKM» aAMiHICTpaTOpP MOXe 3HAWTU HeOoOXigHmI
TOIIiK 3a Ha3BOW ab0 iMeHeM KOpUCTyBaua Ta MepPeryissHyTU Joro, SIKI0 BOHO He Bi-
IMOBiae OessKUM KpuTepisMm Bumganutu yoro. Ciin 3a3HauMTH, IO KOPUCTYBau 3
MpaBaMy JOCTYITy aAMiHiCTpaTopa He MOXe peaaryBaTu CBiil mpodib.

BucHoBku. [Ins peasnizalnii GyHKIIIOHYIOUOI CUCTeMIM BUKOHYBAIUCS HACTYIIHI
KPOKM: peaJli3oBaHO JIOTiKy IS poOOTH BeO-IOHATKy; CTBOPEHO 0asy JaHMuX IS
30epiraHHs iHpopMallii; peanizoBaHO MiHiMaIbHO MIPUEMHMIT IM3aitH BeO-I0AATKY
IJIsT 3BMUaiiHOro kopucryBada y desktop Ta mobile 6paysepax; HajmaromkeHo 6ara-
TOpiBHEBMI1 IOCTYII 0 BeO-IOMATKY; BilOKpeM/IeHO OaraTopiBHeBMiT (YHKITiIOHAT
I[00 KOPUCTYBauiB JOAATKY 3 Pi3HMMM IIpaBaMy JOCTYIIY.

JIJis1 TIOJaJIbIIOro ITOKpaIleHHsS BUKOPUCTAHHS Ta (YHKIIOHYBaHHSI JOMIATKY
MOXKHA OOABUTY TMPUETHAHHS COIiaJIbHMX Mepex a0 mpoditio, posuiMpeHe BCTa-
HOBJIEHHSI KOHTAKTY 3 JIIOJIMHOIO Yepe3 Beb-104aToK Ta 6araTo iHIIoro.
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Using Spring Framework to develop web applications

Spring Framework is a popular platform for creating web applications. It consists of
a container, an element management platform, and a set of integrated services for web
user interfaces, transactions, and state retention. Spring has a modular structure. This
allows you to use only those modules that are needed for a specific application and write
clean and accessible code.

The purpose of the work is to find and develop the most acceptable conditions for
creating a forum of programmers. Users will be able to view profiles of other users, topics,
answer questions or create their own.

The web application was created using the Java programming language in the Intel-
li] IDEA 2022 development environment. The Spring Boot framework technology stack
was used; Spring Data JPA; jQuery library; Bootstrap framework; database PostgreSQL
12 and pgAdmin4.

The project uses the MVC (model-view-controller) design pattern. According to the
architectural feature of such a template, the system can be divided into three intercon-
nected parts, the first is a data model, the second is a view representing the user inter-
face, and the third is a control module.

To create a software product, a relational database was developed, which connects
all subjects with connections.

The software application consists of several web pages, the feature each of them is
the implementation of certain functionality and restrictions on access rights.
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[.V. Ponomarev
FEATURES OF THE .NET MAUI FRAMEWORK FOR CREATING
A CROSS-PLATFORM APPLICATIONS

Abstract. Modern technologies that allow you to create applications for several different plat-
forms optimize the development process. The recently released .NET MAUI platform is a new
milestone in the development of cross-platform development technology. The possibilities of the
platform provided to the programmer and the features of creating applications are considered.
Keywords: .NET, MAUIL, CROSS-PLATFORM, C#, XAML, Android, 10S, mac0S, Windows, Tizen, Page,
Layout, View.

Formulation of the problem. Developing an application for several platforms
at once (i0S, Android, Windows, macOS) faces many difficulties. To create an
application for a specific platform, the appropriate tools, development environments
and programming languages are used. The development is also influenced by the
difference in approaches to building a graphical interface and its specific features.
The presence of a wide range of platforms, development tools and programming
languages increases both the time and cost of development.

Cross-platform provides the ability to easily create applications for multiple
platforms. The Xamarin platform allows you to write cross-platform applications
using the C# programming language in the modern Visual Studio environment. With
Xamarin, it is possible to create a custom user interface for each platform and write
common business logic in C# that will be used on different platforms. Xamarin offers
support for three main platforms: i0S, Android, and Windows.

The Xamarin.Forms Ul framework allows developers to create user interfaces in
the XAML markup language using C# code-behind. These user interfaces are
rendered as native controls on each platform.

Thus, the development costs and time of release of mobile products are
significantly reduced. Further improvement of this technology led to the creation of
a new platform .NET MAUI.

© Ponomarev 1.V., 2023
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Purpose of the research. Heo6xongumo paccMOTpeTbh BO3MOXKHOCTH TaThop-
Mbl .NET MAUI, ee nipeumyiIiecTBa mepeq rnpeapiayiieil miatT@opmoii, a Takke, 0CO-
6eHHOCTY CO3JaHMs Ha 3TOV CUCTeMe KPOCCIUIaTHOPMEHHbIX TTPUTOKEHMIA.

Main part. The .NET Multiplatform Application User Interface (.NET MAUI) is
a cross-platform framework for building native mobile and desktop applications
using the C# programming language and XAML. The developed applications can run
on Android, i0S, macOS, Windows and Tizen from a single common code base. .NET
MAUI is an evolution of Xamarin.Forms extended from mobile to desktop scenarios,
with UI controls redesigned for performance and extensibility.

Benefits of developing applications on MAUI:

- in the process of development, a single project is created that uses a common
code for all platforms;

- when creating applications, the .NET platform and the C# programming
language are used;

- offers a rich collection of built-in controls;

- data binding is supported;

- there are options for customizing the behavior of the visual interface and
built-in functionality;

- wide opportunities for working with graphics;

- providing direct access to the native API of each platform;

- .NET hot reload simplifies development.

A single project enables simplified and consistent cross-platform development
regardless of target platforms and provides the following features:

- one shared project designed for Android, iOS, macOS, Windows and Tizen;

- simplified debug target selection for launching applications;

- shared project resource files;

- if necessary, access to API and tools for specific platforms;

- a single entry point for a cross-platform application [1].

.NET MAUI provides a large set of controls that you can use to display data,
initiate actions, indicate activity, display collections, select data, and more.

Support for .NET hot reloading allows you to change managed source code and
XAML files while your application is running and see the changes without
recompiling.

The .NET MAUI project separates the GUI definition from the program logic by
default. Extensible Application Markup Language XAML is used to define the user

interface. XAML is an XML-based markup language for creating objects in a
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declarative way. While it is also possible to create an interface in C# code, or
combine interface creation in XAML and C# code, XAML is recommended because it
is often more concise, visually consistent, and has tooling support. XAML allows you
to organize your entire user interface into a set of pages, much like HTML does.

Each element in XAML represents an object of a particular C# class, and the
element's attributes map to properties of those classes. When you add a new XAML
page to your project, a C# code file is also added at the same time. So, when you
create a project, by default, a file with a graphical interface in XAML is added to it -
MainPage.xaml and a MainPage.xaml.cs file, where the application logic related to
the markup from the XAML file should be located. XAML files let you define the
window's interface, but you use C# code to create application logic, such as defining
control event handlers.

By default, the x:Class attribute is defined in the XAML file:
<?xml version="1.0" encoding="utf-8" ?>
<ContentPage xmlns=http://schemas.microsoft.com/dotnet/2021/maui

xmlns:x="http://schemas.microsoft.com/winfx/2009/xaml"
x:Class="App.MainPage">
<ScrollView>
<VerticalStackLayout
Spacing="25"
Padding="30, 0"

VerticalOptions="Center">

<Button
x:Name="CounterBtn"
Text="Click me"
SemanticProperties.Hint="Counter"
Clicked="OnCounterClicked"
HorizontalOptions="Center" />
</VerticalStackLayout>
</ScrollView>
</ContentPage>

The x:Class attribute points to the class that will represent this page and into
which code from XAML will be compiled.
The corresponding code file MainPage.xaml.cs has the following code:

namespace App;
public partial class MainPage: ContentPage
{
int count = 0;
public MainPage ()
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{

InitializeComponent () ;

}

private void OnCounterClicked (object sender, EventArgs e)

{

count++;
CounterBtn.Text = $"Clicked {count} time(s)";

SemanticScreenReader.Announce (CounterBtn.Text) ;

}

The class constructor retrieves the GUI code, initializes all the objects defined
in the XAML file, sets the element structure, attaches the event handlers defined in
the C# code file, and creates the object tree. So the code from XAML is used to build
the interface.

In the XAML definition of the button, the x:Name attribute assigns a name to
the element. When compiling the application, a private variable with this name will
be created. The Clicked attribute sets the button's click handler. It has the value
"OnCounterClicked" and the C# code has a method with the given name that handles
clicks on this button.

The user interface of a .NET MAUI application consists of objects that map to
the native controls of each target platform. The main control groups used to create
the user interface of an application are Pages, Layouts, and Views.

A .NET MAUI page usually takes up the entire screen or window. It contains a
layout which contains views and possibly other layouts.

.NET MAUI defines the following pages:

» ContentPage displays a single view and is the most common page type.

» NavigationPage provides hierarchical navigation, allowing you to move back
and forth through pages as you wish.

 FlyoutPage manages two related information pages: a flyout page with items,
and a detail page that provides details about the items on the flyout page. Different
behaviors apply for phones and for tablets or desktops.

» A TabbedPage consists of a series of pages that can be navigated through
using tabs at the top or bottom of the page, and each tab loads the content of the
page [2].

.NET MAUI layouts are used to group Ul controls into visual structures, and
each layout typically contains multiple views. Layout classes usually contain logic
for setting the position and size of child elements.
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.NET MAUI has the following layouts:
» StackLayout arranges nested elements in a row either horizontally or

vertically.

» AbsoluteLayout allows you to set the exact size and position coordinates for
nested elements on the page.

e Grid arranges nested elements in the form of a table.

 FlexLayout allows you to lay out or wrap your child elements with different
alignment and orientation options [2].

.NET MAUI views are user interface objects such as labels, buttons, and sliders,
commonly referred to as controls in other environments. For all views it is possible
to set the height and width, outer and inner padding, horizontal and vertical
alignment.

Resources are used to share different elements of common components.
Resources include styles, control templates, data templates, converters, and colors.
Any visual object can reference XAML resources.

Data binding is one of the key aspects when building applications on the .NET
MAUI platform. It allows you to link two properties of different objects in such a way
that changes in the property of one object automatically lead to a change in the
property of another object. Data binding in XAML helps reduce the size of your code-
behind file. By replacing procedural code in event handlers with declarative code or
markup, the application is simplified and more understandable.

Triggers in .NET MAUI also allow you to declaratively specify some actions that
are performed when properties of a visual element change, data changes, or events
are fired.

To create a .NET MAUI application that uses cross-platform code, follow these
steps.

1. When creating a project, you must select a debug target (for example,
Android Emulator).

2. Specify the user interface using XAML and interact with XAML elements
using C# code.

3. Views are created and their data binding.

4. Navigation is used to move through the pages of the application.

Conclusions. The .NET MAUI platform provides the ability to create both
mobile and desktop applications with a single interface. The developer is offered
ample opportunities to organize the structure and select user interface controls.
Separating the GUI definition from the program logic allows for more efficient
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development and maintenance of applications. In addition, MAUI's deep integration
with other .NET tools and services ensures high performance in the applications you
create.
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Moxcnueocmi ¢ppetimeopky .NET MAUI 3i cméopeHHsA
Kpocnaiamgopmoeux dodamkie

Kpocnnamgopmenicmo Hadae moxcnugicmo e2ko i npocmo cmeopiosamu hpozpamu
ons Oekinvkox naamcopm. Ilupoko suxkopucmosysaHa niamgopma Xamarin 003807s€
cmeoprosamu e1acHuti inmepagetic kopucmysaua 011 KOXCHOI naamgopmu i nucamu Moo
npoepamysamHs C# 3azanvHy O0i3Hec-J102iKy, sKa Oyde BUKOPUCMOBYBAMUCS HA Pi3HUX
naameopmax. Xamarin nponoHye niompumky ons mpwox ocHogHux naamegopm: iOS, An-
droid ma Windows. O0Hak icHytoua niamgopma Xamarin mae pso Hedonikie. ITodanvuie
800CKOHAEHHS JAHOI mexHOI02ii cnpuuuHUI0 cmeopeHHs Hoeoi niamgpopmu .NET MAUL

HeobxioHo posenaHymu moxciusocmi nnameopmu .NET MAUI, ii nepesazu neped
nonepeoHvor0 naamgopmorn, a maxkoxuc 0coOIUBOCMI CMBOPEHHS Ha yili cucmemi
Kkpocnaamgopmosux dodamkis.

Inmepaetic 6azamonnamgopmroi npozpamu .NET — ue kpocniamegopmosuti ppetimeopk
0151 CMBOPEHHS 8NIACHUX MOOLIBHUX | HACMIIBHUX NPOZPam 3a 00NOMO20t0 MO8U NPOPAMYBAHHSL
C# i XAML. Po3pobneHi npoepamu moxcyme npaurosamu Ha Android, iOS, macOS, Windows ma
Tizen 3 eduHoi 3azanvHoi 6asu Kody. Y npoueci po3pobku dodamkie Ha MAUI cmeopioemucs
€0UHULI NPOeKM, W0 BUKOPUCMOBYE 3A2albHULl KOO O/1sL 8CiX naamgopm, UKOPUCMO8YEMbCS
naamepopma .NET ma mosa npozpamyeanHs C#. Po3poOHUKY HAOAEmMbCc 6dzama KoneKuis
80Y008AHUX efleMeHMIB YNPABJIiHHSL, MOMUIUBOCMI NPUB'SI3KU OAHUX, HANAWMYBAHHSI NOBEOIHKU
8i3yanbHo20 HMepgeticy ma 86y008aH020 (QYHKUIOHATY, WUPOKI MOMUIUBOCMI pobomu 3
epagpixoro. Ipu HeobxidHocmi icHye npsimuti docmyn do HamueHux API koxHoi nnamgopmu ma
eapsive nepezasarmaxceHHst .NET, sike cnpowjye po3poOKy ma Hanazo0xeHHs Npozpamul.

Taxum uunom, nnam@popma .NET MAUI Hadae MOMIusicme CmMeOpeHHs SK
MOOGiNbHUX, maxk i HacmineHux dodamkie 3 €duHum iHmepgeticom. Po3poOHUKY
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NPONOHYIOMbCS WUPOKI MOMAUBOCMI 3 Op2aHizauii cmpykmypu ma 8ubopy ejiemeHmis
ynpaeniHHsa inmepgeticy kopucmysaua. ITodin eusHaueHHs epagiuHozo iHmepgeticy 8id
npozpamuoi Jyoziku 00380/8€ Oinbld epekmusHo po3pobasmu ma nidmpumysamu
npozpamu. Kpim mozo, enuboka inmeezpayis MAUI 3 iHwumu iHcmpymeHmamu ma
cyncoamu .NET 3ab6e3neuye 8ucoKy npo0yKmMusHicms cmeopreaHux 000amxis.

IToHomapboB Irop BosogumupoBuy - KaHAUAAT TeXHIUHUX HayK, JOIEeHT Kade/-
pU eNeKTPOHHUX O0YMCIIOBAIbHUX MaliMH (GakyabTeTy (i3Mku, eJeKTPOHiKM Ta

KOMIT I0OTepHUX cucTeM JIHITTpOBChKOIO HalliOHAJIbHOTO YHiBepcuTeTy iM.O.I'oHUapa.
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V.V. Spirintsev, D.V. Sadychenko, O.V. Spirintseva
CROSS-PLATFORM UNITY APPLICATION FOR DISPLAYING
3D MODELS OF AUGMENTED REALITY USING ARCORE

Annotation. Recently, augmented reality technology has taken a qualitative step in develop-
ment, which has enabled it to be useful in many areas of life. Augmented reality applications are
unique in that they annotate or augment the user's reality. Practice has shown that augmented
reality technology has unlimited potential and requires further research in the direction of creat-
ing innovative immersive applications. This work proposes a cross-platform Unity application for
displaying 3D models of augmented reality using ARCore.

Keywords: augmented reality, ARCore, Unity, MVVM.

Formulation of the problem. Augmented reality is a term denoting all pro-
jects aimed at supplementing reality with any virtual elements in real time [1]. Re-
cently, the technology of augmented reality has made a qualitative step in develop-
ment, which has enabled it to be useful in many spheres of life (architecture, arche-
ology, industry, artificial environment, educational environment, the field of enter-
tainment, etc.) increasing the efficiency of the work carried out. ARCore technology
originates from Tango, which is/was a more advanced AR toolkit that used special
sensors built into the device. In ARCore, instead of special sensors, software (in-
tended for Android devices) is used, which makes this technology more accessible
and popular. ARCore can be accessed from multiple development platforms (Android
[Java], Web [JavaScript], Unreal Engine [C++], and Unity [C#]), giving developers
great flexibility and opportunities to create cross-platform applications. While each
platform has its strengths and weaknesses, all platforms essentially extend from
their own Android SDK. Augmented reality applications are unique in that they an-
notate or augment the user's reality. This is usually done visually, if an AR program
superimposes computer graphics on the real world. Practice has shown [2] that aug-
mented reality technology has unlimited potential and requires further research in
the direction of creating innovative immersive applications.

© Spirintsev V.V., Sadychenko D.V., Spirintseva 0.V., 2023
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Analysis of the latest research. Unity is a cross-platform game engine, which
is mainly used for creating games, interactive 2D and 3D experiments (exercise
simulation, medical and structural visualization), etc., developed by Unity Technolo-
gies [3]. Over the years, Unity has gradually introduced a set of tools to support 3D
content creation, VFX and filmmaking. Embracing cross-platform development since
its inception in 2006, Unity has allowed developers to compile their apps for multi-
ple targets, making it a great tool for creating mobile games. Over the years, Unity
has worked closely with Apple and Google to integrate the ARKit and ARCore SDK
into its library. In 2018, Unity went public with a unifying API for both platforms -
the AR Foundation package. AR Foundation allows you to create cross-platform
augmented reality applications using Unity. Unity 2018.1 includes built-in cross-
platform support for AR. These APIs reside in the UnityEngine.Experimental. XR
namespace and consist of a number of subsystems. These subsystems contain low-
level APIs for interacting with AR. The AR Foundation package wraps this low-level
API into a coherent whole and enhances it with additional utilities such as managing
the lifecycle of an AR session and creating GameObjects to represent discovered fea-
tures in the environment. In the AR Foundation project, you choose which AR fea-
tures to enable by adding the appropriate manager components to your scene. When
you build and run your application on an AR device, the AR Foundation includes
these features with its own AR SDK, so you can build it once and deploy it to the
world's leading AR platforms [4].

The goal of the work. The purpose of this article is to develop a cross-
platform Unity application for displaying 3D models of augmented reality using AR-
Core.

Main part. For the development of the "Room-Builder" application (Figure 1),
the Unity platform and the C# programming language (for writing scripts) using the
MVVM pattern (for building a high-quality connection between the interface and
business logic, which in turn will help maintain a clean and clear application archi-
tecture). The following modules were additionally installed: Android SDK; Android
NDK; ARCore foundation; ARCore XR.

To build the augmented reality of the ARCore technology, you need the
following.

1. Track movement (Motion tracking) allows the smartphone to understand its
position in the real world. This device needs data from accelerometer, magnetome-
ter, compass and geolocation.
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2. Environment understanding allows the smartphone to determine the size
and position of all types of surfaces (vertical, horizontal and angular) and the dis-
tance from the device to these surfaces. Images from the device's cameras and laser
distance sensors, if available (Figure 2), act as input data.

Figure 1 - Application interface Figure 2 - Understanding image depth

3. Estimating the illumination allows the smartphone to estimate the
illumination of the surrounding environment. Without this feature ARCore will not
be able to build a plane with coordinates.

As an intermediate output we get a set of planes that contain coordinates and
can be used to establish a model, track a model, or a point in space. We also get an
opportunity to see the depth of the plane recognition, and see what ARCore sees and
how it builds planes in the environment. The scheme of the organization of input
and output data in the developed application is shown in Figure 3.
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NavButtonsBehavior

+ Scene:Scene

+ OnNavButtonClick():void

-

;

AugmentedimageMainController
- markerVisualizerPrefabs:MarkerVisualizer[] - ~
- _visualizers:Dictionary<int, MarkerVisualizer>
- _tempAugmentedimages:List<Augmentedimage>
+FitToScanOverlay:GameObject
DetectedPlaneGenerator
+ DetectedPlanePrefab:GameObject "fé‘:g:‘l?‘)”v‘;’(‘;’
- _newPlanes:List<DetectedPlane>
ManualARController - + Update():void
# _clearSpaceButton:Button + Awake().void
# InstantPlacementPrefab:GameObject + Update():void
+ FirstPersonCamera:Camera
-instGameObjects List<GameObject>
+ Awake():void ModelButtonHandler MarkerVisualizer
+ Update():void "
- OnClearSpaceButtonPressed():void +Madel-GameObiect + Image:Augmente }mage
-OnModelsButtonPressed():void o +Button Bunm{ + Model:GameObject —

+ Update():void

Figure 3 - Data processing scheme

Figure 4 shows the structure of the project.

RoomBuilder

Animations Configs Markers

R ZES

Materials Models Prefabs

Scenes Scripts Textures

Figure 4 - Structure of the developed application

The developed application has two work scenarios (see Figure 1). They are
Manual placement of models and Tracking markers in the environment.

Manual placement of models. In the Unity editor, we will create a new scene
for manual placement of models. Add a controller with an array of objects.

public class ModelButtonHandler : MonoBehaviour
{
public GameObject Model;

public Button Button;}
This model adds a construct to the Unity inspector to bind a button and a 3D
object.
In the Update method, which is called with every update of the application
frame, we will describe the logic of adding a model to the specified plane.
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if (hit.Trackable is DetectedPlane)
{

DetectedPlane detectedPlane = hit.Trackable as Detected-
Plane;

if (detectedPlane.PlaneType == DetectedPlaneType.Vertical)

prefab = InstantPlacementPrefab;

}

// Instantiate prefab at the hit pose.

var gameObject = Instantiate(prefab, hit.Pose.position,
hit.Pose.rotation);

instGameObjects.Add (gameObject) ;

It can be seen that under the condition of touching the specified ARCore plane,
the selected 3D object is added to the surface and fixed at the initial coordinates.
The Instantiate method allows you to create objects in a certain location and with a
certain rotation. The diagram of the location of the models is shown in Figure 5.

DetectedPlaneGenerator

+ DetectedPlanePrefab:GameObject

ManualARController | -_newPlanes;List<DetectedPlane>
# _clearSpaceButton:Button + Awake():void
# InstantPlacementPrefab:GameObject + Update():void

+ FirstPersonCamera:Camera
-instGameObjects:List<GameObject>

ModelButtonHandler

+ Awake():void

+ Update():void P
- OnClearSpaceButtonPressed():void +Model:GameObject
-OnModelsButtonPressed():void - +Button:Button

Figure 5 - Class diagram in the scene of manual arrangement of models

Figure 6 — Manual placement of models
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Tracking markers in the environment. In the Unity editor, we create a new
scene for tracking markers and placing models on their surface. First, you need to
add an empty Canvas and an ARCore Device object. At this stage, we add to the AR-
Core Device in the Markers Tracking Session inspector. It is a configuration file that
is responsible for various parameters such as camera autofocus, face detection, im-
age depth, and marker database. Next, we need to create a database with images for
tracking. In the project window, select the desired set of control images (PNG or
JPG), right-click and select Create — Google ARCore — AugmentedImageDatabase.

As in the previous example, we create a scene controller and add a C# script to
it. In the Update() method, we define the software part of searching for images from
the device's camera.

Session.GetTrackables<AugmentedImage> ( tempAugmentedImages,
TrackableQueryFilter.Updated) ;

In the same script, we will define an array of 3D models, and attach them to
images with a simple cyclic iterator.

public MarkerVisualizer[] markerVisualizerPrefabs;

If the recognition is successful, we add the model to the scene at zero coordi-
nates (the center of the marker).

if (image.TrackingState == TrackingState.Tracking && marker
== null && 1image.TrackingMethod == AugmentedImageTracking-
Method.FullTracking)

{

Anchor anchor = image.CreateAnchor (image.CenterPose);
marker = (MarkerVisualizer) Instanti-
ate (markerVisualizerPrefabs|[image.DatabaselIndex], an-

chor.transform) ;
marker.Image = image;
_visualizers.Add(image.DatabaseIndex, marker);
FitToScanOverlay.SetActive (false);

Figure 7 shows the result of the marker tracking application.
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Figure 7 - Label tracking

The developed application also has a mechanism for handling exceptional
situations such as conditions of insufficient lighting; conditions of poor surface tex-
ture; conditions of ultra-fast movement of the camera of the device.

Conclusions. The work proposes a cross-platform Unity application for dis-
playing 3D models of augmented reality using ARCore, which enables the user to
understand how ARCore works (how ARCore sees the environment, how the process
of recognizing and constructing the depth of the environment, placing or tracking
geometric models using ARCore takes place). The developed application provides an
intuitive, simple graphic interface for the most convenient user experience; the abil-
ity to choose geometric models for location; the ability to track markers for the loca-
tion of geometric models; the ability to understand the environment. Further re-
search should be conducted in the direction of expanding the description of the
available elements responsible for configuring the application.
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Kpocnaamgopmnuii Unity dodamoxk 0nsa eidodbparceHHs
3D-mod0eneii donosHeHoi peanvnocmi 3acobamu ARCore

3a ocmaHiti uac mexHoJ102isi 0ON0BHEHOI peanbHOCMI 3poOUNa AKICHULI KPOK y po-
38uUmky, wo dazo iti 3mMozy 6ymu KOpUucHow y 6azamsox cepax ¥cumms (apximekmypa,
apxeosiozisl, NPOMUCN08icmb, WmyuHe cepedosuiye, HaguaivHe cepedosuuye, cpepa pos-
8az ma iH.) nidsuwyrouu epekmusHicmeo 3dilicHeHux po6im. Jodamku donoeHeHoi pea-
JIbHOCMI YHIKA/IbHI MuM, W0 aHomyiloms a60 00n08HWIMb peaibHiCmes Kopucmysaua,
wo nidsuuye koegiyienm ix 3auikasseHocmi ma Hadae 8iduymms 6e3nocepedHb0i 83ac-
M00ii 3 HaBKOJUWHIM cepedosuwyem. [Ipakmuka nokasanda, wo mexHonoziss 00n08HeHOT
peanvHoCcmi Mae HeoOMexceHull nomeHyianr ma nompeodye nodanvuiux 00CioxHeHb 8 Ha-
NPSAMKY CMEOopeHHsl iHHOB8auiliHux immepcusHux dodamkis. B daHili pobomi 3anponoHo-
gaHo kpocnaamegopmuuii Unity dodamok dns 8idobpaxcerHs 3D-modeneti donogHeHOi
peanvHocmi 3aco6amu ARCore. Jlna po3pobku dodamxy “Room-Builder” 6yna obpana
naamgopma Unity ma mosa npozpamysauns C# (015 HANUCAHHA CKpunmis) 3 8UKOPUC-
matHam namepHy MVVM (0115 no6y0o8u KiCH020 38'93Ky Mixc inmepgeticom ma 6i3Hec
J102iKO010, WO 8 C8010 Uepzy 00NoMOoxce hidmpumysamu Yucmy ma 3po3yminy apximexmy-
py 3acmocyHky). Takox dodamkoeo 6ynu ecmaHosieHi HacmynHi modyni: Android SDK;
Android NDK; ARCore foundation; ARCore XR. /Ina ynpaeninus po6omoio dooamkom i
liozo emicmom 6yn10 po3pobyeHo KopucmysaivHuybkuti inmepdetic, ujo Hadae Moxueo-
cmi Kopucmyeauy ompumamu no8Hulli KOHMpoJis Had cucmemorw. B dodamky HaseHi dea
cyeHapii pobomu (pyuHe po3mauily8aHHs mooeJeli; 8i0cCmexeHHs MapKepie y Ha8KoJUlL-
HbOMY cepedosullyi), a MAaKox MexaHiam o6poOKU BUHAMKOBUX cumyayiti (ymosu Hedo-
CMammuwv0oi 0C8iMAEHOCMI; YMO8U N02AHOI MEKCMYpPU NOBepPXHi; YMO8U HAOWIBUOKO20 pY-
Xy Kamepu npucmpor). IIpakmuuHa 3Hauumicms 0aHo20 NPO2PAMHO20 NPOOYKMY NoJisl-
2a€ 8 momy, wjo cmeopeHuli dodamok Hadae MoxUBicms Kopucmyeauy 3po3ymimu siK
npaute ARCore, nobauumu me - sk ARCore 6auums HA8KONMUWHE cepedosuiye, K 8i0-
0y8aemucs npoyec po3nizHasaHHs ma nobydosu 2a1ubuHu cepedosuuid, po3miujeHHs abo
gidcmexcysaHHs zeomempuyHux mooeseti 3acobamu ARCore.

CoipinneB B'ssuectaB BacuiaboBuMY - K.T.H., [OLIEHT, MOOLIEHT Kadeapu
MIpOrpaMHOTO  3abe3levyeHHsI KOMITIOTepHux cuctem HTY  "IIHimpoBcbhbKa
MOoJIiTexXHika".

Cagunuenko JJanwio BanepirioBuu — marictp, HTY "[IHinpoBcbKa MmoJiTexHika".
CmipianeBa Osnbra BonoammupiBHa - K.T.H., JOLIEHT Kadeapu eaeKTPOHHUX
06uMCIIOBaIbHUX MalllKH [IHIMPOBCHKOTO HAlliOHA/IBHOTO YHiBepcuTeTy iMmeHi OJecs
['oHuapa.
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0O.V. Kravets, K.L. Dukhnevich
VERIFICATION OF THE COMPUTER DESIGN PACKAGE ELCUT
ON THE EXAMPLE OF THE PROBLEM OF HEATING
AN INDUCTOR WITH A TWO-LAYER INWALL

Abstract. The actual problem of researching the thermal field of an induction heater with a two-
layer inwall for four pairs of inwall materials is solved; verification of the ELCUT automated design
package using pictures of temperature fields, isotherms and diagrams comparing the average tem-
perature of the inwall in the outer and inner layers was carried out.

Key words: automated design package, ELCUT, thermal calculation, temperature, induction
heater, inwall.

Introduction. To solve differential equations and their systems describing
thermal processes in complex structures and devices, automated design packages,
which include ELCUT, are increasingly used. However, this raises the question of the
reliability of the obtained results, which can be answered by verifying the used algo-
rithm by comparing the obtained results with the known data of other authors.

Analysis of recent research and publications. The application of the ELCUT
automated design package to the solution of actual complex differential problems
can be found in articles [1-8].

The paper [1] presents the results of the study of increasing the energy effi-
ciency of the acoustic magnetic device due to the joint solution of three problems:
electrical, magnetic, and thermal. For the experimental investigation of the hy-
pothesis, a model of the acoustic-magnetic device was developed using the ELCUT
6.1 software, which allowed to obtain satisfactory results.

The article [2] is devoted to the study of the strength properties of a sand-
cement rod under conditions of a thermal gradient. A comparison of the results of
the simulation of the problem in the ELCUT Pro package with the experimental data
shows minor deviations of the studied parameters.

The purpose of the article [3] is to determine the temperature and correct cut-
ting conditions during flat grinding of a combined form consisting of metal-polymer
and metal. The heating of the part surface using the finite element method in the

© Kravets 0.V., Dukhnevich K.L., 2023
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ELCUT 6.1 was studied. The results of the experiment and discussion are presented,
which confirms the previously obtained theoretical and numerical results.

In [4], the methodology for calculating the coefficient of heat transfer of fences
for soil massifs that have an infinite thickness, which greatly complicates the task, is
developed. The solution of the differential equation of thermal conductivity by the
methods of integral transformation, which was confirmed by the results of the finite-
element calculation in the ELCUT software simulation, was obtained.

Papers [5-6] are devoted to the analysis of the tool base in the field of horticul-
ture and optimization of the magnetic system of the linear motor of electric se-
cateurs. The task is complicated by the lack of a theory of designing magnetic sys-
tems for hand-held electrified tools. Chain methods of calculating magnetic systems
have a high error, which does not allow determining the optimal design at the stage
of calculations. The use of the modern ELCUT computer program based on the finite
element method at the design stage made it possible to increase the force created by
the magnetic field of the linear electric motor of the hand-held electrified tool, and
thereby obtain the optimal design of the magnetic system with the specified accu-
racy.

The article [7] provides a description of the developed electric generator de-
signed for the generation of electricity by the magneto-electric method and the con-
version of mechanical energy from a rotating wind engine, and the study of the dis-
tribution of magnetic fluxes in the area of the magneto conductor of the generator,
which were carried out in the ELCUT computer simulation environment. Due to the
improved redistribution of the magnetic flux, a 60% increase in electric current at
the output of the generator was obtained; 10% reduction in battery charge time,
which leads to accelerated use of the energy storage. The obtained results made it
possible to improve the mass and overall design parameters of the magnetic system.

The paper [8] presents a comparison of the results of the research on the prob-
lem of heating a cylindrical inductor with two inwall layers using the ELCUT and
SOLIDWORKS automated design packages.

Thus, the review of the latest research shows that the automation of the com-
plex procedure of integrating differential equations and their systems with the help
of modern systems makes it possible to obtain results much faster and in more detail
and to determine the fields of the sought functions.

The purpose of the study: verify and prove the feasibility of using the ELCUT
automated design package to solve the problem of determining the thermal field of

an induction heater with a two-layer inwall for four pairs of inwall materials.
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Presentation of the main material of the study. Estimated cases of location
of materials in the layers of the inductor inwall and their thermal conductivity are
given in table 1.

Table 1
Numbering of inwall layers materials
and their thermal conductivity coefficients A,, W/(m -K)
Inwall layers 1 2 3 4
. chamotte, | cement slabs, slate, asbestos-cement
internal
1,33 1,92 2,1 slabs,0,35
asbestos, bakelite, asbestos-cement slate,
external
0,175 0,23 slabs, 0,35 2,1

The statement of the problem and the equations system can be found in [9-10],
the scheme of the inductor with two-layer inwall is given in [10].

The materials of the inwall layers in cases 1 and 2 of table 1 were chosen to co-
incide with cases 1 and 11 in [10] for comparison and verification two methods.
Cases 3 and 4 contain the same layer materials: "slate" and "asbestos-cement slabs";
cases differ in their sequence and location relative to the inner cavity of the
inductor.

Pictures of thermal fields in the inductor for the four studied cases, respec-
tively, table. 1 in fig. 1-4 are presents.

Figure 1 - Thermal field in the inductor for inwall "chamotte-asbestos"
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Figure 4 - Thermal field in the inductor for inwall "asbestos-cement slabs-slate”

The comparison of the inwall temperature average values with the correspond-
ing data of [10] for cases 1 and 2 is shown in Fig. 5.
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Figure 5 - The average temperature of the inwall: 1 — chamotte-asbestos;
2 — cement slabs-bakelite;
[ - inner layer [10];
B - inner layer, ELCUT;
B - outer layer, ELCUT

It should be noted that the difference in temperature values on the inner side
of the inner layer of the inwall, obtained by the method [10] and numerically — using
the software package ELCUT for pairs of materials "chamotte-asbestos" and "cement
slabs-bakelite" (Fig. 5), does not exceed 3%.

Thus, the heat transfer module ELCUT can be successfully used to model the
distribution of temperatures and heat fluxes in industrial problems heat engineer-
ing, however in the presence in designs of the cavities filled with air or other gaseous
environment, it is necessary to consider heat exchange not only due to thermal con-
ductivity, but also due to free / forced convection and thermal radiation - this ex-
plains the difference results.

The presented results at the XXII International Conferences "Human and
Space" [8] were tested.

Conclusions. In the course of performance of the set task the following types
of works were carried out and conclusions were received:

1) the algorithm for studying the thermal field of an induction heater with a
two-layer inwall was created,;

2) the created algorithm on problems of the given class with the known solu-
tions received in [10] is carried out was testing;

3) the temperature fields of the induction heater with two-layer inwall for four
pairs of inwall materials using software ELCUT complex was calculated;
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4) pictures of temperature fields and isotherms for the investigated cases of in-
duction heater inwall materials, and the diagram for comparison of the average tem-
perature of the inwall in the outer and inner layers, obtained using the ELCUT pack-
age and using an analytical approach [10] are constructed.

As a result of the conducted research, the maximum difference between the
analytical and numerical solution obtained when using the ELCUT automated design
system was determined - it did not exceed 3%. Thus, the expediency of using the
ELCUT software complex to solve actual and practically necessary problems of in-
dustry has been proven.
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Bepudpikauin nakemy asmomamu3oeanozo npoekmyeaiuss ELCUT
Ha npuknadi 3adaui HazpieaHHs iHOyKmMopa 3 deowlaposum hymepyeaHHAM

Zns pose’sazanHs dugepeHyianvHUX piBHSHb Ma ix cucmem, wjo ONUCYI0mos mensosi
npoyecu 8 CKIa0HUX KOHCMPYKYisiXx ma npucmposix, yce uacmiuie 3acmocosyromscs na-
Kemu asmomamu308aHo20 NPoeEKmMys8auHs, do skux eioHocumocsi ELCUT. Oduak, npu
UbOMY BUHUKAE NUMAHHS 00CMOBIPHOCMI OMPUMAHUX pe3ybmamis, 8i0nogicmu Ha sike
MOMcHa, dogisuiu 0CMOBIPHICMb BUKOPUCMOBYBAHO20 ANI20PUMMY ULISXOM NOPIBHSHHS
OMpUMAaHUX pe3yipbmamis 3 8i0oMumMu OaHUMU THWUX A8Mopie. AHANI3 0CMAHHIX DOCTi-
OxceHv 1 nybaikayiti ceiduums, wo cucmema ELCUT moxe 3acmocogysamuce 00
P038’3aHHA 3a0ay 3 Pi3HUX 2aJly3ell NPOMUCII080CMi, a came: Nid8UWeHHs eHepzoedek-
MUBHOCMI AKYCMUYHO020 MAZHIMHO20 NPUCMPOR; 00CAIOHCEHHS MIUHUX 81acmusocmeti
NiCKOYEeMeHMHO020 CMPUXHS 8 YM08ax mepmozpadieHmy; 8U3HAUEHHsT memnepamypu
ma npasuibHUX YMO8 PIi3aHHS Npu NJA0CKOMY Wii(hysaHHi KOMOIHOB8AHOI (opmu, wio
CK1adaemscsi 3 Memasionoyimepy ma memany; po3pooKa memoouku po3paxyHky Koegi-
uieHma mennogiodaui 020po0xceHb O TPYHMOBUX MACUBIB, Ki MAMb HECKIHUEHHY
MOBWUHY; AHAi3 IHCMpPYMeHmManpHoi 6a3u 8 zanysi cadisHuymea ma onmumisauii maz-
HIMHOI cucmemu NiHiliH020 08UZYHA eJIeKMPUUHUX CeKamopis; Onuc eiekmpuuHozo ze-
Hepamopa, Npu3Hau4eHozo 0Jisl 8UPOOJIEHHs eNeKMmpoeHepeii MazHimHo-eleKmpuiuHUM
Cnocobom i nepemeopeHHs: MeXAaHiuHoi eHepeaii 8i0 8impsiHO20 dsuzyHa, wo obepmaemao-
cs, ma 0ocnioxceHHs1 po3nodisiy MAazHIMHUX NOMOKI8 HA OLISIHYI MAZHIMONPo8ody 2eHe-
pamopa. Memortw daHoi pobomu € sepucpikysarts ma dosedeHHs dOUiIbHOCMI 3acmocy-
8aHHS nakemy asmomamu3oearozo npoekmysauHs ELCUT do po3e’sa3amHsa 3adaui 6u-
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3HAUeHHs1 Menyi080o20 noJisl iHOYKYiliHo20 Hazpisaua 3 deowlaposum (ymepysaHHsam 05
uomupwvox nap mamepianie ¢ymepieku. B pobomi cmeopeHo anzopumm 00CAI0OHEHHS
menniogozo noJssa iHOYKYiliH020 Hazpisaua 3 deowlaposum (pymepysaHHSIM; Npo8edeHo
mecmysaHHs Ha 3adaui 0aH020 Kaacy 3 8idoMumu po3e’sa3kamu; 3a 00NOM02010 npozpa-
MHo20 komnaekcy ELCUT po3spaxosaHo noasi memnepamyp iHOYKYiliH020 Hazpisaua 3
dsowaposum pymepysaHHam 011 HOMupvLox hap mamepianie ymepysamts; no6ydosa-
HO KapmuHu noJiie memnepamyp ma izomepm 0ns 0ocnioxcysaHux sunadxie mamepianis
(pymepysarHs iHOYKUiliIHO20 Hazpisaua, a Makoxc diazpamy nopieHsHHs cepedHboi mem-
nepamypu ¢pymepiexu 8 308HiUIHLOMY MA BHYMPIWHLOMY WAPAX, OMPUMAHOI 3a JONo-
Mmozor nakemy ELCUT ma npu 8uKopucmaHHi aHaiimuuHozo nioxody; 8U3HaueHo Mak-
CUMAJIbHY PI3HUYI0 MIX AHANIMUYHUM MA YUCI08UM PO38’°13KOM, OMPUMAHUM NpU 8U-
KOpUCMAHHI cucmemu asmomamu3o8aHo2o npoekmyeanHsi ELCUT, — 60Ha He nepesu-
wuna 3%. Takxum yuHom, 008edeH0 JoYiIbHICMb 3ACMOCY8AHHSI NPOZPAMHO20 KOMNJIEKCY
ELCUT 0o po38°3aHHs akmyanpbHux ma npakmuuHo HeoOXiOHux 3adai npoMucio80Cmi.

HOyxueBuu Kcenist JleoniziBua — Mmarictp, Kadenpa aeporizpoMexaHiku Ta eHep-
romMacoriepeHocy, JJHImpOBCbKMIT HalliOHaIbHMI YHiBepcuTeT iMmeHi Onecst [oHuapa.
KpaBenp Osiena BosmogumupiBHa — kaHz. di3.-maT. HayK, JOLIEHT, IOLEeHT Kade/-
pU aeporiipoMexaHiky Ta eHepromMmacornepeHocy, JIHIpOBCbKMI HAl[iOHAJIbHUI YHi-
BepcuteT imeHi Osecst ['oHUapa.
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A.B. Gnilenko
LAYOUT DESIGN OF A SYNAPTIC INPUT WITH DIGITALLY CONTROLLED
WEIGHT COEFFICIENTS FOR A HARDWARE IMPLEMENTATION
OF AN ARTIFICIAL SPIKING NEURON

Abstract. The layout design of a synaptic input with digitally controlled synaptic weight coeffi-
cients is presented as a building component of a spiking neuron hardware implementation. The
design is based on Leaky Integrate-and-Fire model of an artificial spiking neuron. The compact-
sized layout is obtained using EDA tool with all necessary physical verifications fulfilled at every
design stage. Layout versus schematic check and the simulation of signal waveforms at ports are
performed based on the extracted netlist to validate the design.

Keywords: spiking neuron, neuromorphic chip, synapse, synaptic weights, EDA tool, CMOS, VLSI.

Problem statement. Artificial intelligence systems are currently realized using
computational algorithms of deep neural networks which are performed on CPU,
GPU, and FPGA. But their hardware architectures cannot be optimized for massively
parallel computations of such a level that allows us to simulate learning processes in
the human brain. To execute massive Al algorithms using common hardware archi-
tectures we should spend enormous amount of memory, processing capacity, energy,
and time. Increasing demands to the performance and efficiency of Al systems force
us to design new architectural solutions for parallel computations typical for Al al-
gorithms. The obvious solution is to go to neuromorphic computing which is directly
inspired by processes in biological neural network of the human brain. Neuromor-
phic computer systems are best suited to perform massively parallel computing and
provide the highest performance in AI applications. Neuromorphic chips, unlike
conventional processors, do not emulate neural networks, but they are physically
constructed as neural networks to mimic the neuro-biological architecture of the
human brain. Each chip consists of thousands of interconnected simple computa-
tional elements, that functionally correspond to biological neurons. A hardware im-
plementation of an artificial neuron can be based on the existing semiconductor

© Gnilenko A.B., 2023
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technology, and the neuromorphic chip itself can be made in the form of very large-
scale integrated circuit (VLSI) [1,2].

Analysis of recent research. Neuromorphic chips can be implemented using
either analog or digital circuits. Digital circuit design is generally more simple but
analog neuron implementation consumes less energy and requires less area on the
silicon chip. There are many papers devoted to the hardware implementations of
neurons and neuron networks [3-6]. A Leaky Integrate-and-Fire model of an analog
neuron has been proposed in [7,8] to design a spiking neuron at the transistor
(schematic) level and to build logic gates as simple neural networks. In [9] this model
has been used for the transistor level design of the analog spiking neuron with digi-
tally controlled weight coefficients. However, a layout design of the spiking neurons
has not been fulfilled in the considered papers.

Objective of the paper. This paper focuses on a layout design of a synaptic in-
put with digitally controlled weight coefficients for the analog implementation of a
spiking neuron previously proposed in [9] and designed at the transistor level. The
layout design is the most time, money, and skill consuming stage of IC design flow.
Each layout design of an integrated circuit is a highly creative work that cannot be
satisfactory automated using CAD tools and should be considered and protected as
intellectual property (IP).

Main material presentation. An artificial neuron in terms of Leaky Integrate-
and-Fire model consists of several building blocks shown in Fig. 1. The most signifi-
cant blocks of the artificial neuron are synaptic inputs which produce weighted input
signals. Like in a real neuron of the human brain, an input signal can be amplified or
attenuated corresponding to synaptic weight coefficients. To this end excitatory and
inhibitory weight input circuits are provided for each synaptic input. Post-synaptic
signals from all synaptic inputs are added and formed post-synaptic potential of the
neuron using a leaky integrator. The capacitor of the leaky integrator determines the
level of the post-synaptic potential, and the resistive load ensures that the neuron
returns to the relaxed state.
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Figure 1 - Block diagram of an analog neuron with two synaptic inputs

A simple synapse realization relies on excitatory and inhibitory circuits con-
sisted of several MOS transistors connected in parallel [7,8] as shown in Fig. 2. Volt-
ages on the gates of these transistors regulate currents from the power source to the
output and from the output to the ground. Interchanging only two voltages Viase and
Votset, Where Vypp > Viase > Voitser, ON transistor gates in the subthreshold regime, we
can obtain four variations of voltage level at the post-synaptic output node for three
parallel connected MOS transistors in the excitatory circuit. In the same way four
voltage levels are obtained for inhibitory circuit using Voo € Viase < Vosgset.

e

IN e OILTPLT

-
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Figure 2 — Synaptic input circuit diagram [7]

To provide four voltage levels at the post-synaptic output node it is enough to
use 2-bit numbers for digital weight control. Those numbers regulate the choice of
one of two voltage levels applied to transistor gates acting as synaptic weight coeffi-
cients. In Fig. 3 it is shown the circuit diagram of a digital voltage control block with
voltage switch blocks which provide digital control for voltage level applied to the
gates [9].
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Figure 3 - Circuit diagram of a digital voltage control block
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The most difficult stage of IC design flow is the layout or mask design which

means the representation of an integrated circuit in terms of geometric shapes

(polygons) which correspond to physical patterns of semiconductor, oxide, and

metal layers required to prepare the integrated circuit for manufacture. Developing

innovative layout designs is essential to produce small-sized, energy-effective digi-

tal devices.

Results of the layout design of the digital voltage control block is shown in Fig.
4. This block regulates voltages on the gates of three parallel connected MOS tran-

sistors in the excitatory or inhibitory circuit of a synaptic input.

DV3

Vs

Figure 4 — Layout of the digital voltage control block
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Combining this layout for excitatory and inhibitory circuit with the synaptic
input circuit shown in Fig. 2 we can design the layout of a digitally controlled synap-
tic input. Then the topographies of two synaptic inputs are arranged and connected
with each other and with power supply lines. The final layout design result for the
synaptic input block is demonstrated in Fig. 5. This block weighs two pre-synaptic
signals, add them and produce a post-synaptic potential of the neuron at the leaky

integrator.

Figure 5 — Layout of the synaptic input block

At all stages of the design prosses physical verifications have been fulfilled in
terms of design rule checking, electrical rule checking and parasitic extraction. The
netlist has been extracted from the layout and layout versus schematic (LVS) check
has been successfully performed. The netlist with the leaky integrator added has
been used to obtain waveforms of signals at input and output ports and the results
found a complete match with those demonstrated in [9] for the schematic level de-
sign.

Conclusions. The layout design of the digitally controlled synaptic input of an
artificial neuron is carried out to reach as compact topography as possible fully satis-
fied to design rules accepted for a chosen technology level. Layout versus schematic
check and all necessary physical verifications has been successfully performed.
Waveforms of signals at ports have been simulated at every design stage and com-
pared to those obtained at the schematic level to prove the correctness of the design.
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IIpoexmyesaHHsa monozpagii cunanmuuHozo 6xody 3 yuppoeum KepyeaHHIM
eazosumu Koeiyienmamu 012 anapamuoi peanizauii
WmMyuHo20 iMNyabCHO20 HelipoHa
CyuacHi cucmemu wmy4Ho20 iHmesieKmy cmeopriomscs 3 UKOPUCAHHIM 00UUC-
JII0BAILHUX AN20PUMMi6 2UGOKUX HEUIPOHHUX Mepex(, WO 8UKOHYIOMbCA HA YeHmpaib-
Hux abo 2pagiuHux npoyecopax. Asie maki anapammi 3acoou He ONMUMi308aHi 0151 8U-
KOHAHHS NApaiebHuUx 00UUCieHb 3a HelipoMepexceUMU AN20pUmMamu Ha pieHi, 0oc-
MamHeoMy 0211 e(heKmusH020 MOOeN08aAHHS NPOUECi8 HABUAHHS 8 JIIOJCbKOMY MO3KY.
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PiwenHsim uiei npobaemu € nepexio 00 HelipomopdHUx obuucIeHb, sIKi 6e3nocepedHbo
Haduxarwmascs npouecamu 8 6io02iuHili HelipoHHill Mepexci. HetipomopdHuii uin, Ha 8i-
OMIHY 8i0 38uUualiH020 npoyecopa, CKAadaemsCs 3 Mucsd 83AEMON0B'I3AHUX NPOCMUX
006UUCNI0BANLHUX eJleMeHMi8, SIKi (PYHKYIOHANbHO 8i0nosidaroms 06ion02iuHUM HElipOHAM.

Memot pobomu € npoekmyeaHHsi monoepaii cuHanmuuHozo 6xody HelipoHa 3
UUpposUM KepyBaHHSIM 8az208UMU KoepiyieHmamu, aKuli € ckiadosum enemMeHmom ana-
pamHoi peanizauii WMy4HO20 IMNYIbCHO20 HELIPOHA, CNPOEKMOBAHO20 PAHIlUIe HA MPAH-
3ucmopHomy pisHi. Ilpu npoekmysaHHi eukopucmosysanace LIF (Leaky Integrate-and-
Fire) modenb wmyuHo20 iMNYyabCHO20 HelipoHa. 3a d0NoMO020t0 cucmemu agmomamu3o-
8aH020 NPOEKMYBAHHS IHMe2PAIbHUX CXeM CMBOPEHO KOMNAKMHY monozpagiio cuHan-
Mu4H020 8x00y 3 BUKOPUCMAHHAM HA KOMXCHOMY emani Nnpoekmy8aHHsl 8CiX HANEHHUX
memodis ¢izuuHoi sepuikauii. [Ina nidmeepoxeHHs J0CMOBIpHOCMI NPOEKMYBAHHS
B8UKOHAHA nepesipka 8i0n08iOHOCMI mMonozpagiuHoz0 ma cXemamuuHo20 NPoeKmie Ha
OCHO8I NOPIBHSAHHS CNUCKi8 3’€0HAHb MA NOPIBHAHHSA Yacosux diazpam cuzHanie y nop-
max.

I'nmnenko Osekciii BopucoBuy — kKauaumaT GizMKko-MaTeMaTUUHMX HAYK, AOIEHT,
IOIIeHT Kadeapu eJIeKTPOHHUX OOUMCIIOBAJIbHMUX MaIlMH, [THIIIPOBChKMII HaIliOHa-

JNbHUI yHiBepcuTeT iMmeHi Onecs 'oHuapa.

Gnilenko Alexey Borisovich - candidate of science in physics and mathematics,
associate professor, associate professor of the department of Electronic Computing
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O.A. Lytvynov, M.O. Lytvynov
ON APPLICATION OF FRAME-BASED APPROACH

FOR INFORMATION SYSTEMS DEVELOPMENT

Annotation. The work is devoted to specific of frame-based approach application for information
systems development. Three-layered generator provided to make the process of multi-layered
information systems development more effective and robust. The results of its application in the
context of building more flexible and robust, testable and maintainable software are also dis-
cussed.

Key words: frame-based, software development, code-generator.

Importance and relevance of the research topic. Decade-to-decade and even
year-to-year the complexity of software keeps growing. Today's business requires
more than just an information system that responds the immediate needs. It re-
quires more flexible and agile, maintainable, and testable, robust and scalable IT in-
frastructure able to meet the challenges of the business. How to design, realize and
maintain such systems? What principles, architecture and patterns should be used
by the developers to tackle that overwhelming complexity? These questions are
stated before developers, managers, scientists.

Multi-layered and service-oriented [4] software architectures, domain-driven
design approach with its modifications [1-3], SOLID principles [5], TDD [6] and
BDD [7] approaches can be seen as an answer to the question mentioned above. But
the implementing of such approaches results in dozens of huge projects with hun-
dreds and even thousands of classes and sophisticated testing infrastructure neces-
sary to support continuous refactoring of the system. It complicates the process of
development and maintenance, increases the level of mental load on personal.

To resolve the problem of software complexity, some authors propose to bet on
the quality of the development process rather than on individuals and technologies.
According to [8] the quality of the product depends on the quality of the process. The
process can be defined as a set of defined, structured activities that will accomplish a
specific organizational goal. The improvement of the process is based on applying of
specific activities directed to identify, standardize and implement best practices,

© Lytvynov O.A., Lytvynov M.O., 2023
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project’s lessons learned in the organization. From this point of view, the standards
become the assets of the organization, which build a foundation for strategy to
achieve the robustness of the process. Making the solutions standardized leads the
organization to the condition when an incoming requirement (functional, system
etc.) causes the retrieval of a set of typical tasks and solutions from, for example, a
kind of ontology (e. g. terminological knowledge base). One of the issues to imple-
ment that approach is the dependency of the solution on a variety of details linked
with the programming languages, technologies and frameworks which are used to
realize the system components. These dependencies block the port of the solution to
another platform, languages and technologies and make the solution difficult to un-
derstand, even when the code is well structured and self-documenting.

One way to overcome such problems is to represent the solution as a set of
models going down from more abstract business-oriented models towards more de-
tailed and platform-specific ones. It is the way of model-driven architecture (MDA)
provided by OMG (Object Management Group) consortium. The key ideas of the ap-
proach are as follows: the description of the system by the models on different levels
of abstraction connected to phases of a software development cycle; the producing
of the low-level models from the high-level ones through a set of transformations
leading by the defined transformation rules. According to MDA there are four levels
of system description: computation independent model (CIM), also known as do-
main model, used to define business processes of the organization for which the in-
formation system (IS) will be developed; platform independent model (PIM) defines
the system architecture and specification can be implemented in various platforms;
platform specific model (PSM) offers detailed technical specification of the system
and can be transformed to implementation model (code) according to transforma-
tion rules automatically or semi-automatically; implementation model (IM) - a set
of artifacts represented using programming languages define the information
needed to create IS. The main problems of MDA appeared in practice are as follows:
the lack of CIM formal description; accordingly, inability to build effective CIM-PIM
transformation; behavior description and the completeness of the generated code.
Creation of CIM level is not unified but it is assumed that this level is represented by
the model of business processes. For example, in [9] authors suggest using of DFD
(data-flow diagrams) as the language to describe CIM model. Evaluation summary of
the methods described in [10].

Taking in mind that the process of information system development is, in fact,

the process of transformation of customer-level requirements and the quality attrib-
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utes in a set of interacting software components structured and defined in accor-
dance with the architecture, principles and technologies, operating in the operating
environment, we face two main questions:

How the requirements and solution specific should be defined in order to be ef-
fectively transformed (regarding the previous experience) into a set of artifacts,
helping developers to realize software components as quickly as possible.

What the origin is and how to build the transformation mechanism.

To answer the first question, we should define the minimal description able to
represent all necessary information about the domain to build an effective transfor-
mation. Next, we should define what are the artifacts could help us to build the pro-
ject rapidly. And last, how we can effectively reuse the experience acquired in previ-
ous projects and how to build the transformation engine (e.g., the unit responsible
for transformation of the model into the set of artifacts).

Task definition. The results of previous research were published in [11-13]. The
provided minimal description is based on domain description using high-level lan-
guage and then can be transformed into a set of artifacts. For this purpose, we pro-
pose to use an extended frame-based language described in detail in [12]. This lan-
guage can describe domain in a full, platform independent manner, considering all
necessary information that could be effectively used by the transformation mecha-
nism for system construction and maintenance. The expressiveness of the language
is based on the descriptive power of facets used by both frame and slot structures.
The model is used as a foundation for: component generation, allowing to speed up
the development process; run-time model interpretation, allowing to exclude the
necessity to build and test the classes.

We can think of the frame as a set of projections, some of which represent more
abstract information that can be easily understood by the experts, some form more
detailed view needed for generation of more complete and valuable assets. The
frame described in that way as of the complete synthesis-oriented structure able to
incorporate all necessary knowledge needed to produce the solution.

In general, the set of artifacts which could be acquired may include not only the
set of fully/partially generated components (classes and interfaces, database scheme
etc.), and tests, but also guidelines and recommendations, ordered set of prioritized
and estimated tasks, probable risks, sketches of iteration plans and other process-
oriented information [13].
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How to construct the transformation engine, which is responsible for artifacts
acquiring, how to build it rather flexible to be quickly adapted to new architectures
and technologies. These are the questions the presented work is devoted to.

Main part. The experience of previous projects cannot be independent of the
platform and technologies they use. Besides, as mentioned above, they relate to the
selected architecture and technologies. Lessons learned bring a set of effective prac-
tices that can be generalized and standardized in the form of templates which can be
used as a foundation by the transformation engine, a part of the system which is re-
sponsible for frame-based model interpretation. The process of training the engine
comprises of creating of the transformation templates, creating or adaptation of the
engine’s logic to transform the model into artifacts using the templates, improving
the descriptive power of the language which is used to describe the system (as a rule
it considers adding new facets).

Let us look at the specific features of the frame-based language used to de-
scribe the system.

Frame is a data structure that is usually used to represent a single object or a
class of related objects, or a general concept. Compared to the object-oriented ap-
proach, it is also the same as a class. There can be relations between frames as well
as between classes in OOP: inheritance, aggregations, associations.

Slot is a part of a frame that describes an attribute or property of an object rep-
resented by the frame. It can also describe the relationship between its own frame
and another frame. In addition to storing attribute values, slots can also have re-
strictions on allowed values. In comparison to the object-oriented approach, slots
can be thought of as fields (structural slots), properties, and methods (functional
slots).

Facet is a part of slot (for example, part of property description). It allows slots
to define multiple attributes in addition to their value, such as data type, limits on
allowed values. It is the main point where frame-based approach differs from the ob-
ject-oriented approach. In modern languages, there exists a mechanism of attrib-
utes-annotations which is used to specify additional information about a property or
a method of a class. But attributes-annotations are not related to classical OOP, they
are related to metaprogramming, implementation of reflection mechanisms. But in
case of frame-based approach, it is an organic and powerful mechanism used to rep-
resent the knowledge about entity or event in a compact form.

Simply put, a frame describes knowledge about a real-world object or event-

scenario, a slot is a frame component, and a slot edge is a slot component. It is im-
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portant to note that as the slot notion is not limited by the idea of attributes and
methods representation, so a facet is not limited.

Thus, we can assume that due to the introduction of faces and the absence of
restrictions on slots and facets, it is possible to obtain full and coherent description
of the features of the system component becomes possible, and, accordingly, provide
generation of software components with high-level of completeness.

The current variant of the frame-based language metamodel is shown in Fig. 1.

As we can see the language supports multiple inheritance, slots are divided into
property slots, function slots (behavioral slots) and attribute slots (used to provide
additional information, for example, the name package, assembly) without any re-
strictions on facets. The main difference from the classical frame-based model is the
introduction of an additional unrestricted set of facets to the frame description (in
the classic version, this task could be solved by the introduction of additional slot or

slots).
Facet Attribute PropertyFacet |
# Thing(string) + Facet(string) + Attribute(string, string) + PropertyFacet(string, string)
«property» «property» «property»

+ Name(): string + Value(): string + Value(): string

0.*

+facetCollection 0.~ +facetCollection 1.*

+attributeCollection

ICloneable Property

Concept

+propertyCollection| «property»
+ Clone(): object + FacetCollection(): List<PropertyFacet>
0.*

«property»
AttributeCollection(): List<Attribute>
FacetCollection(): List<Facet>
HasSuper(): bool
IsEntity(): bool
MethodCollection(): List<Method> 0.
PropertyCollection(): List<Property>
SuperConceptCollection(): List<Concept> Z

+methodCollection

Method

+ o+ + + 4+ 4+

«property»
+ FacetCollection(): List<MethodFacet>
+ Type(): string

+superConceptCollection 0..*

+facetCollection | 0..*

MethodFacet

+ MethodFacet(string, string)

«property»
+ Type(): string

Figure 1 - Main concepts of XCore frame-based language

The Grammar in Antlr4 notation used to represent XCore script-language used
is shown in Listing 1.
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Listing 1
compileUnit : concept + EOF ;
concept
ID ('":'" superconcept*)? ('facets' ':' facet*)? '{' prop-

erty* attribute* method*'}';

superconcept : ID | ('," ID);

facet : ID | ('," ID);

property : ID ':' ID (',' parameters)* ';';
parameters: ID '=' value;

attribute: '(' ID ')' ATTRIBUTEVALUE ';';
value: number | ID;

number: MINUS? DIGIT (DIGIT)*;

method: ID ':' ID (',' method parameters)* ';';

method parameters: ID ID;

ID : (IDSYMBOL | DIGIT) (IDSYMBOL)*;

ATTRIBUTEVALUE: STRING | (STRING'.'STRING) *;

IDSYMBOL: LETTER | UNDERSCORE | MINUS | SquareBrackets ;
LETTER s (ra'.u'zh) ) ("AT..'Z2Y)

STRING : [a-zA-Z]+;

MINUS: '-=-';

SquareBrackets: '[' | ']';

DIGIT: ('Q'" .. '9");

UNDERSCORE: ' ';

WS: [ \r \n \t ] + -> channel (HIDDEN) ;

An example of entities description using the script-language is shown in List-
ing 2.

Listing 2

Identifiable facets: interface

{
Id:int;
(ns) Common.Domain.Contract;

(asm) Common.Domain.Contract;

ThingBase : Identifiable facets: abstract
{
88
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Id:int, nrmin =1, pk =1 ;

(ns) Common.Domain;

(asm) Common.Domain;

RegisterableEntityBase : ThingBase facets: abstract

{
IsActive:bool, nrmin = 1, defval = 1, needsProc = 1, in=1;
CreateDateTime:DateTime, nrmin = 1, defval = now;
FinishDateTime:DateTime, needsProc = 1;

ModifyTime:DateTime, nrmin = 1, defval = now;

(ns) Common.Domain;

(asm) Common.Domain;

AddressableEntityBase : RegisterableEntityBase facets: ab-
stract
{
Address:string, nrmin = 1, needsProc = 1, validate=1,
needsProc = 1, in=1;
Phone:string, nrmin = 1, validate=1, needsProc = 1, in=1;
Email:string, nrmin = 1, validate=1, needsProc = 1, in=1;

(ns) Common.Domain;

(asm) Common.Domain;

Delivery: RegisterableEntityBase facets: entity-dto
{
ProviderId:int, nrmin = 1,needsGetCollection=1, check=1,
needsProc = 1;
Description:string, validate=1, in=1, needsProc = 1,
needsGet = 1;
DeliverStatusId: int, nrmin = 1, defval = 1, needsProc = 1,
check=1, in=1;
(ns) LMS.Core.Domain;
(asm) LMS.Core.Domain;
}
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To transform the description written in the XCore language into metalanguage
objects we can use Antlr library (Fig. 1).

After that, the obtained model can be mapped to several specific representa-
tions which, in accordance with the MDA approach, can be associated with the PIM
(platform independent model) level of system description. An example of a DSL that
describes the application area is shown in Fig. 2. An important feature is that the
class to which the Concept of the frame representation was mapped has a reference
to the frame of which it was mapped.

The way of the transformation of the script into software components is shown
in Fig. 3.

Thing
ICloneable
Domain::Concept 1
+ Clone(): object <
«property»
+ AttributeCollection(): List<Attribute>
+ FacetCollection(): List<Facet>
+ HasSuper(): bool
+ IsEntity(): bool
+ MethodCollection(): List<Method> +superConceptCollection 0..*
+ PropertyCollection(): List<Property>
+ SuperConceptCollection(): List<Concept>
ClassBase
ClassBase
Class
SuperClass
«property» + SuperClass(string)
+ Concept(): Concept
+ FieldList(): List<Field>
+ HasSuper(): bool
+ MethodList(): List<Method> ClassBase
+ Modifier(): string Field
+ Namespace(): string
+ SuperClassCollection(): List<SuperClass> + Field(string, string, string, bool, bool, bool, bool)
+ SuperClassFullCollection(): List<Class> «property»
+ Check(): bool
+ InParameter(): bool
+ IsDependency(): bool
+ Type(): string
ClassBase + Validate(): bool
Method + Value(): string

+ Method(string, string, List<MethodParameter>)

«property»
+ ParamlList(): List<MethodParameter>
+ Type(): string

IDsIResolver
DomainResolver

+ Resolve(List<Concept>): List<Class>
ClassBase + ResolveClass(Concept): Class

MethodParameter

+ MethodParameter(string, string)
«property»
+ Type(): string

Figure 2 - The structure of DSL for application domain
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XCore Script f———————  Script Parser

XCore
Frame model

DSL models - Generator Templates

uses
passes the model through i
Layerl

usedby— Resolvers Layer2

Code <—produce/

Figure 3 - The way of the transformation of the script into software components

As we can see, DSL models can be then transformed into the code using a set of
resolvers which are responsible for DSL model interpretation. The result of interpre-
tation can be associated with the PSM (platform specific model) level of system de-
scription according to the MDA approach. Since the components of the application
are different from each other, separate Resolvers modules are used according to the
parts. For example, C# and MySQL code use CSharpResolver and MySqlResolver re-
spectively. Some of the resolvers are shown in Fig. 4.

The transformation of the model into code is based on templates. For example,
C# generators have a template for individual class attributes and a template for the
class as a whole. SQL generators have templates for defining tables and procedures,
etc.

An example of the template responsible for the C# class representation is

shown in Listing 3.

ACore. Transform.CSharp
XCore. Transform.Generator
XCore. Transform.Java

XCore Transform.Javafx
XCore. Transform.MSS0L
KCore. Transform.My5q|
XCore. Transform.MHibernate
XCore Transform.5ervice

VWY VW V" W W

Figure 4 - The structure of generator unit
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Listing 3

using Common.Domain;

namespace [namespace]
{ [using]
/// <summary>
/// The [ClassName]
/// </summary>
public[modifier] class [ClassName] [: Heirs]

{

#region Fields

[Fields]

#endregion
public [ClassName] () {}
#region Methods

[Methods]
#endregion
}

}

Experiment. In order to estimate the effectiveness of the provided approach,
the following experiment was set up.

Firstly, the typical project should be selected, and architecture and technolo-
gies should be defined, governing by the typical system requirements. We made that
in accordance with the approach described in [14]. Briefly, we assume that the devel-
opment should be guided by SOLID principles and flexible service-oriented architec-
ture. After the architecture was defined typical functions was selected and imple-
mented without the help of the frame-based approach and code generation (but tak-
ing in mind its further application, because the structure of the solution and coding
style should be fit to effective application of the generator).

After the realization of typical functions and refactoring aimed to achieve the
desired level of standardization, we started to train the generator to acquire the re-
sults we get earlier but without manual coding. At this point it should be evaluated
which templates, or even resolvers (generator components responsible for convert-
ing the model into code) should be created or modified.
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After the generator’s training - which consists in creating the necessary
changes, usually at the level of resolvers and templates, and obtaining positive re-
sults, we should try to build new system components for new functions similar to
those that have been already implemented. If there is a need of the generated code
modification, it is necessary to evaluate the time and effort spent on this modifica-
tion. And after that, add the modifications to the templates to increase the quality of
the generated code.

After the implementation of all functions, we should evaluate the effectiveness
of the provided approach comparing the potential time and efforts expenses which
would be required for solving the problem in the conventional way (without code
generation) to the expenses with the use of the provided generator, considering the
expenses spent on the generator’s tuning etc.

Features of the test project. The project should be connected with the real ap-
plication area, but it should be rather simple to avoid the complications connected
with sophisticated business rules. Based on these principles, we have selected a typi-
cal coursework task that first year Master's Degree students are expected to realize
for the discipline "Robustness of Information Technologies".

The set of functional requirements is shown in Fig. 5.

Order Management | Customer Management | Worker Management
'% + Manager 2 + Manager 2 + Manager

{Zn *+ Add Order Zn *+ Add Car 7y + Add worker

i + Add Work s + Add Customer |:'| + Browse workers
i *+ Browse Orders i + Browse cars by selected customer |_"| + Modify worker
T + Browse works by selected order T + Browse Customers 7= + Remove worker
et Filter Orders % + Modify Car

ot Modify Order ._~, + Modify Customer

i + Modify Work ,_-, + Remove Car

i + Remove Order ,E-, + Remove Customer

Figure 5 - Test project use cases

Analysis of the obtained results. Thus, in the case of implementation of the
testing project with a new architecture (meaning the number of layers, and typical
patterns and components used within these layers) and a new technology stack, the
acquired results can be described as follows.

1. To achieve the maximum effectiveness we need to thoroughly analyze the
project in order to discover the subset of the typical functions which would be con-
sidered as the foundation of the whole set of functions to be implemented. In the
case of the testing project these are the functions related to orders and works (see
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the interval from the start to “remove orders and works” use-cases at the “Function-
time” chart shown in Fig. 6).

2. During the implementation of the functions, it is necessary to train the gen-
erator. In our opinion, an important point here is the synergy of the architecture and
generator. That means that the generator relies on the prepared infrastructure con-
sisting of basic and auxiliary classes that significantly simplify the construction of
new code and, accordingly, its generation, because the generation relies on stan-
dardization of typical tasks’ solutions. In our case, the peak time spent on training
the generator fell in the middle of the implementation of the work order functions
(Fig. 7). Tuning of the generator was carried out mainly due to the addition of new
transformation templates, and the construction and improvement of model trans-
formers in the code. Thus, platform independent layers of the system (frame repre-
sentation and domain-specific languages) were not modified.

3. During new functions implementation with the use of the generator (see Fig.
6 starting with “browse customers and cars”), the generator’s tuning is mostly con-
nected with the modification of the existing templates and transformers. As we can
see in Fig. 6, the effect achieved after the implementation of the first functions using
the generator.

4. During the modification of already existing components, the use of the gen-
erator also proved to be effective (unfortunately, we cannot provide an adequate
comparison of the time and effort required in the case of modification with and
without the use of the generator). Updating the system is always associated with a
greater effort on the part of the developer than with development, because it is nec-
essary to focus more attention on the exclusion of damage to ready-made functions,
which can be partially implemented thanks to the creation of tests (for the develop-
ment of which, by the way, developers also need to spend a time and effort). Exclu-
sion of syntactic and semantic errors, which usually occur during such modifications,
with the help of a generator significantly reduces not only the time, but also the ef-
fort (mental stress) spent on solving problems.

o4 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CuctreMHi TexHosorii» 1 (144) 2023 «System technologies»

" e g —
— il i
i
-
-'-l
-
logn [ 2 celiia ] IHEITE ke @ il e bizes ol il [E T
logont ikaa wd mailn cidsnaad SlsLaEl | cpboreey rwoepy | LOIEEWEL TEEWEET ElEs alegs bt z HEwW
wad weades wole L] 1=d zan erd en el i 124 o1

Figure 6 - “Function-time” chart
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Figure 7 - “Generator tuning - time” chart

As for the estimating specific, it should be noted that the hypothetical time re-
quired to realize the project without the generator was calculated based on the
minimum time required to develop functions without the use of the generator. Here
we did not consider the time and effort spent on switching the focus of the devel-
oper's attention from one context to another (context means the connection with

the specific of technologies used and features of application domain), errors which
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appear in result of creating new code by copying existing code, time required for de-
bugging, time required for formatting, commenting classes and functions, etc. We
considered only the time required to create the necessary components (creating new
files, writing code).

Summary. Thus, the use of the frame-based approach and the generator had a
significant effect in the process of developing the information system. Due to the
fact that the generator is built on a frame model, it makes it possible to fully describe
and generate the necessary components and to obtain a more complete code.

In addition to this, the effectiveness of the generator has been proven not only
during the system development, but also during its maintenance. As mentioned
above, the generator is configured for a specific architecture, and in this regard, the
architecture can help or hinder the use of the generator. Due to the fact that the sys-
tem was built using a flexible architecture, the use of the generator was expedient.
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BukopucmanHus ¢peiimoeozo nioxody 015 po3poo6ku iHhopmauitiHux cucmem

Poboma npucssueHa cneyudiui 3acmocysanHs ¢ppeiimosozo nidxody o1 po3poodKu
iHpopmayitinux cucmem. anuii nioxio 6azyemocs Ha onuci npukaadHoi obsacmi 3a do-
noMo2010 cKkpunmie Ha ¢pelimosiii mosi, ocobausocmi sKoi demanvHo onucaHi 6 [12].
Baxcueor pucorw makozo onucy € 3acmocysaHHs KoHyenyii epareti. Tak, ¢petim onucye
3HAHHA Npo 00°ekM peanvHo20 ceimy abo cueHapiti nodii, ciom € ck1adosow UACMUHOK
(petimy, a epavb croma € komnoHenmom caomy. Ipu yvomy y petimosomy nioxodi sik
Ha ciomu, mak i Ha 2paui Hemae oOMexceHb, AKi iCHYOMb Y KJAACUYHOMY 00’ €KMHO-
opienmosaHomy nidxodi. MoxcHa ckazamu, ujo 3a80siKu came 88edeHHI0 2paHeli i 8i0cy-
MHOCMi 00MeXceHb HA CI0MU CMAE MOXIUBUM OMPUMAmu NOBHULI i 38’13HuUll onuc ycix
ocobnusocmeli ma puc 06’ekmy npuxkiaadHoi obsacmi i, 8i0nosioHo, 3abe3neuumu 2eHe-
pauio npozpamHux KOMNOHEHMI8 3 8UCOKUM pigHeM nosHomu Kody. Pe3ynemamu none-
pedHix docnidxceHs onybnikoeaHo 6 pobomax [11-13]. [ana poboma npucesueHa nu-
MAHHAM 8NPOBAOHCEHHS MA OUIHUI BUKOpUCMAHHSA Nidx0dy 0711 nob6ydosu iHpopmayiti-
HUX cucmem.

B pobomi 3anponoHosaHa modeib cucmemu, wo CKaadaemscs 3 mpvox ulapis: 3d-
2a16HOi Modesi, y poJii Kol 6cmynae onucaHHs domeHy Ha (petimosoi Mosi; 0eKinbKox
domeHo-cneyugiuHux modeneti 8 aKi mpaHcopmyemocs ppetimosa moodeb; naameop-
Mo-cneuugiuHi  nepemeoprweaui, wo eidnosidaiomes 3a hepemeopeHHs O00MEHO-
cneyuciurux modeneii y 8i0nogioHi npozpamHi komnoneHmu. Ilpu usomy 0ns mpaHcgo-
pmauii domeHo-cheyudiuHux moodeneti y 8i0n0gioHi Npo2pamHi KOMNOHEHMU BUKOPUC-
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mogyrnmucs wiabaoHu ma npozpamui moodyai, 3adaueio aKux € 8i0oOpaxceHHs modeni y
K00 32i0H0 wabnoHam. IllabaoHu i KomnoHeHmu, uwio 8idnogidarmes 3a nepemeopeHHs
waboHie y Koo, popmyromscs Ha 6asi 00cs8idy npakmuuHoi po3pooKU ma 3anexams 8io
apximekmypu ma mexHoJioziti. MoxHa kazamu, ujo hpoyec HaguaHHs 2eHepamopa npo-
2PAMHUX KOMNOHeHmie8 y OaHili cucmemi cknadaemucs 8 ho6yoosi ma moodugikauii wao-
JIOHI8 ma J102iKu mpaHcpopmauii.

Y pobomi posansidaromucs pesynsmamu npogedeHozo ekchepumernmy nobydosu Ha-
8UaIbHO20 hpoekmy (piseHb MazicmepcvKoi Kypcogoi pobomu) 3 3acmocy8aHHIM 3anpo-
NOHO8AH020 nidxody. EkcnepumeHm cknadascs 3 080x ¢pas: subip ma peanizayis muno-
8ux (pyHKYIll 3 HABUAHHAM 2eHepamopy; peanizayis pewmu GyHKYili 3 3acmocy8aHHAM
2eHepamopy.

B x00i nposedeHHs ekcnepumeHmy 06yJ10 ompumaHo Hacmynti pezyavmamu. Ece-
KMUBHICMb 2eHepamopy 3alexcums 8i0 cmpykmypu npoekmy, cmavdapmu3ayii Komno-
Henmis, npuHyunie no6ydosu (maxux sik SOLID). To6mo nosuHHa icHysamu cuHepzis
MIXC apximeKkmypow npoexmy ma 2eHepamopom. 3 yb020 npusody dyxe KpumuuHUMU €
nepuii KpoKu, wo ckaadarmocs y 8ubopi ma peanizayii munosux QyHKkuyiii Ha akux 6yode
Hasuamucs zeHepamop. Axwo ¢GyHKuii 019 HasuaHHa 8UOpaHi 8ipHo i dani He 6yde 3Hau-
HUX 3MIH 8 apximekmypi — uac nompioHuli 019 HANA200M#EeHHSI 2eHepamopy hicas 1ioz2o
HasuaHHs Oyde MiHIManbHUuli, peanidayisa HOBUX (QYHKUYii ma adanmauyis éxce iCHYHUOi
cucmemu nid 3miHy 8umoz 6yoe npogodumucs oyxe weudko. Y Hauiomy eunaoky npu
HalawmysaHHi zeHepamopy Ha HO8Y apXximekmypy 3a HaliepyOiwumu oyiHKamu sunepe-
OxceHHs1 po3pobKu Ha dea mudxcHi, hpu 17 200uHax uacy sumpayeHux Ha HA8uUaHHs ma

HAJIAWMY8AHHs 2eHepamopy.

JIntTBuHOB OleKcaHAP AHATOJIIIOBUY - KaHANAAT TEXHIYHMX HAYK, JOLIeHT Kade-
IpU eJIEKTPOHHUX 00UMCTIOBAIbHMX MalllyH JIHiITpOBChKOTO HAIliOHAJBHOTO YHiBep-
cutety imM. O. 'oHuapa.

JIntBuHOB Muxaiyio OeKcaHAPOBUY — CTYIEHT-MaricTp Kadeapu eJleKTPOHHUX
06YMCTIOBAIBHMX MallMH JIHITPOBCHKOTO HaIllioHAJbHOTrO YHiBepcuTeTy imM. O. ['oH-
yapa.
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JI.T. AxmeTtmmHa, C.K. Mutpodanos, B.K. l'aiigapa
ITOJIIIIIIEHHSA CJIABOKOHTPACTHHUX 30bPAJKEHD
B YACTOTHIH OBJIACTI 3 BUKOPUCTAHHSIM HEUITKOI IHTEHCU®IKALITI

AHomauyis. [TpedcmasneHi iHgopmayiliHi Moxausocmi memody 06pobKU HaNiBMOHOBUX MEOUY-
HUX 300paxkeHb, CNPAMOBAHO20 HA NOJINWeHHs KOHmpacmy ma niosuwjeHHs oemanizayii
06’ekmis iHmepecy 3 memoto 36i/blWeHHs 00CmoBipHOCMT 01a2HOCMYBAHHSA HA iX 0CHOBI. [Tpono-
HOBAHUL anzopumm 3aCHOBAHUL HA npoyeci 6azamoemanHoi 06poBKU, WO BKIKYAE BUKOPUC-
MaHHA 0BOBUMIPHO20 4GCMOMHO020 nepemsopeHHs Pyp'e ma memody Heyimkoi iHmeHcupikayii
8 npocmoposoi obnacmi. 3acmocysanHsa ®Pyp'e-nepemsopeHHs nepedbayae Kopekyirw (1020 Koe-
QiyieHmiB 1 peKOHCMPYKUI0 300paxeHHs 380pOMHUM nepemsopeHHsaM. KopeaysaHHio nioda-
IOMbCA MINIbKU ap2yMeHmu KOMNJeKCHUX KoegiuyieHmis. JlocnioxeHo snaug napamempis yac-
MOMHO020 nepemBopeHHs Ha 0emani3ayito pesysbmy4o2o 306paxeHHs. Memod Heyimkoi iH-
meHcugikayii BUKOPUCMOBYEMbCS SIK nepedobpobKa 0118 Opy2020 emany 4acmomHo20 nepem-
BopeHHA. HasedeHo pe3ynbmamu 06pobKU Ha NPUKAAOT PeanbHUX PeHM2eHIBCbKUX 3HIMKIB.
Knwo4osi crnosa: yugpose peHmeeHiBCbKe 300paxeHHs, 08osumipHe Pyp'e-nepemsopeHHs, amn-
nimyda @yp'e-nepemsopeHHs, OUIHKA SKOCMI 300paxeHHs, Memood He4YimKoi iHmeHcugikauyii,
nepemsopeHHsA ACKpagocmi.

Beryn. bansbko 80% Bciei iHdopmariii oaMHa OTpUMYE 3 TOMIOMOIOI 30pYy.
Yncno obacTeit, y SKMX BUXiOHI JaHi HaAXOOATh Y BULJISAI 300paskeHb, IOCTiiTHO
3pOCTaTh. JJO HUX BITHOCSITBHCS CUCTEMMU CIIOCTEPEKEeHHSI, MOHITOPUHTY, TOJIirpa-
Gbis, MeguIIMHA Ta 6araTo iHIIMX HAIPSIMKiB. 3pOCTA€ POJIb CUCTEM KOMII'IOTEPHOTO
30py, L0 peati3yloTb MeToayu 06pobKkM MMPOBMUX 300paskeHb [IJIs MMOJAIbIIOTO 30-
pPOBOro a0 aBTOMATMYHOIO aHajIi3y 3 METOI0 BUOOPY HACTYITHOI peaKirii.

BaskIMBO Bi3HAUMTH, IO aJ€KBATHO OLIiHUTU SIKiCTb 300pa’kKeHHSI € TOCUTh
CKJIQJHMM 3aBIAHHSIM, OCKIJIbKM XapaKTePUCTUKHU B IiJIOMY I10 300pakeHHIO i B JIO-
KJIbHUX 00J1acTsIX (00/IaCTSX iHTepecy) MOXKYTb iCTOTHO BimpisHsiTucs. Lle ycknam-
HIO€ aBTOMaTUYHMI1 PO3PaxXyHOK KiJIbKiICHOTO 3HAUeHHS 3arajbHOI OL[iIHKMU SIKOCTi SIK
BUXiIHUX JAHUX, TaK i pe3yJbTaTy 0OpOOKM i Ha MPaKTUIi AJISI I[bOTO 3a3BUYaii BU-
KOPUCTOBYIOThCS €KCIIePTHI SIKiCHi OLIiHKM.

3okpeMa, 1udppoBa 00poOKa MeOIUIHUX 300pakeHb TO3BOJISIE iCTOTHO ITiABU-
IIUTU IXHIO SIKiCTh: KOHTPACTHICTh, PO3MiJbHY 3IATHICTb, BUSIBUTHM APiOHI meraui,
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SIKi BaXKKO pO3Pi3HUTU HEO30pOE€HMM OKOM Ta iH. O[iHaK, yepe3 BeJiMue3Hy pisHOMa-
HITHICTh TUTIiB 300paskeHb B TeIlepilllHiif yac BifICyTHi yHiBepca/bHi MeToau, SIKi 3a-
6e31euylOTh TapaHTOBaHMIT pe3y/IbTaT pillleHHS 1[bOTO 3aBAaHHs. Hanmpukiaz, peHT-
TeHiBCbKi 3HIMKMU, SIKi XapaKTepU3YIOTbCSI HU3bKOK iIHTEHCUBHICTIO, HEPIBHOMIpHUM
(dboHOM, BMCOKMM piBHEM IIIyMy, IOTAHMM KOHTPACTOM Ta CJabKo BUpakeHUMU Me-
SKaMM CTPYKTYP € 0COOMMBO CKIAIHMMU JIJISI aHasi3y Ta BUobopy e(peKTMBHOIO MeTO-
Iy 00pOOKM.

ITocranoBKka 3agaui. CTaTTs MpUCBSIUYEHA PO3MISAAY iHGOPMAIiTHUX MOXKIIN-
BOCTe)i MeTomy OOpOOKM HAITiBTOHOBMX MEOUUHMX (PEHTTeHiBChbKUX) 300paskeHb,
CIIPSIMOBAHOTO Ha TOJIMIIEHHSI KOHTPACTY Ta MigBUINEHHS AeTai3allii 00’eKTiB iH-
Tepecy, sSIKUii BUKOPUCTOBYE baraToeTamnHy 06poOKy, 10 BKIOUYae moaudikalliio xa-
PaKTEePUCTUK OBOBMMIPHOTO YaCTOTHOIO IlepeTBOpeHHs1 Pyp'e Ta MeTOH HediTKOI
iHTeHCcHikaIii.

Anani3 myonikanii. ITigxonyu mo mosinmeHHs UG pPOBUX 300paskeHb 3BMUAi-
HO MOJiJISIIOTh Ha ABi KaTeropii: metomy o6po6KM B IpocTopoBiit obmacti (ITO) Ta
MeTOoJI¥ 06pOOKM B UacTOTHil o6macTi [1]. [IOHSTTS MPOCTOPOBi MepeTBOPEeHHS IOo-
€IHYE IMiaXoau, SIKi 3aCHOBaHi Ha 6e3mocepeaHbOI 3MiHM 3HaUeHb SICKPABOCTI ITiKce-
JiB pacTpoBuUX 300paskeHsb [2]. YacTOTHI MeToM, 30KpeMa, BUKOPUCTAHHS IBOBUMi-
PHOTO JIMCKpeTHOro repetrBopeHHs1 ®yp'e (JOIID), 3MiHIOIOTh He 300pakeHHS, a
dbopmy i10oro ySIBJIeHHS, ITePeBOASYM BUXITHMIA CUTHAI Y 10T0 KOMIIOHEHTU pPi3HOi
yacToTH i amIutityau. Y Takiit ¢opmi 6yBae 3HAUHO IPOCTille MpoBoauTH (inbTpa-
I[il0 UM TIOCWJIEHHSI OKpPEMUX CKIQAOBUX CUTHATY, BUIOUISITUM BakKJIMBi mapaMeTpu,
BUSIBJIEHHSI SIKUX iHIIMMM METOZAMM € MeHII eheKTUBHUM ab60 HEMOXKIUBUM [3, 4].
Lleit MaTeMaTUYHNUI IHCTPYMEHT IIMPOKO BUKOPUCTOBYBAHMI, HATIPUKIIAL, Y MeOu-
yHiit Bisyasisanii mpu ¢opmyBanHi KT, MPT Ta yapTpa3ByKOBUX 300paskeHb aHATO-
Mii moauHu [5].

Kpim 11boro, HOBMM ITiAX0O0M IpyM 00p06IIi 3060paskeHb, SIKMiT HaOyB IIMPOKOTO
3aCTOCYBaHHS OCTAHHIM 4aCOM, € TeOpisi HeUiTKMX MHOXVH. BoHa Mae 30aTHICTb Ki-
JIbKICHO Ta SIKiCHO MOJIe/II0OBaTH Mpob6sieMu, TTOB'sI3aHi 3 HEBM3HAYEHICTIO Ta HETOU-
HICTIO, AKi 3aBXIM MPUCYTHI Y IMPPOBUX 306pakeHHAX. IX HasgBHICTH 06yMOB/IEHA
SIK 0cObMMBOCTIMM (Di3MUHMX TIPOIECiB cucTeM (popMyBaHHS 300paskeHb, Tak i eTa-
TIOM CTBOpEeHHSI IIMPPOBOTO ySIBJIeHHS [6].

OCHOBHA BiJIMiHHiCTh HEUITKMX METOMIB Bif iHIIMX MeTomosorii 06pobKu Io-
JiaTaEe B TOMY, IO BXiJAHi JaHi (piBHi ciporo, ricrorpammu, oCOGMBOCTI, ...) TIepeTBO-
PIOIOTHCS B IUIOIIMHY HalexXHOCTi. [lepexin B HeuiTKuit mpoctip (dbassidikaiiist), mo-

ke OYyTM iHTepIIpeTOBaHMIi SIK crielM@iuHMit TUIT KOLYBaHHS BXiMHUX MaHUX, SIKUMI
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3aJIeKUTD SIK Bifl MOCTAaBI€HOI MeTH, TaK i BiJl XapaKTepPUCTUK BUXiTHOTO 300paskeH-
HSL.

3o00pakeHHsT G po3mipy MxN 3 L piBHSIMM CipoTro SICKPaBOCTi Moxke OyTu Ipej-
CTaBJIEHO Y BUIJISIZII MAaCMBY HEUITKMX MHOXMH IIOJO0 aHa/Ii30BaHOI BJIACTUBOCTI 3i
3HauYeHHsAM QYHKIii HameskHocTi Hxy, sika 3MiHI0€TbC B iHTepBarti [0,1] [j1s1 KOKHOTO
TTiKCes:

M N
a-UJ U™
m=1 ?.',:1an (1)

BUKOpMUCTAHHS HEUITKOrO ITiAXO0Iy MO3BOJISIE MOTyYaTh HOBi eeKTUBHI airo-
puTMu 06po6KkM 1IMbpOoBUX 300paskeHb. B [7, 6] mokazaHO edheKTUBHICTh METOLY He-
yiTKOi iHTeHcHdikallii mpu MOJiMIIeHHi ¢J1a60-KOHTPACTHUX 300paskeHb.

OcHoBHa yacTuHA. [I15 306paxkeHHs] po3Mipy MxN, sike OMUCYETHCS AiliCHOIO
IBOBMMIipHOIO IMCKpeTHOW (yHKIIieo f(x,y) NIIID 3abe3reuye CTBOPEHHS KOMILIE-
KCHY JIBOBUMIipHY (YHKIIiI0, 3alaHy B YaCTOTHiii KOOpAMHATHIi cuctemi (7)), gKka

OTIMCYETHCSI BUPA30OM:
M-1N-1

1 . AUXx vy
Fa)———— 3 ¥ fa,ye ™G
M- Nx:n V=0 (2)

BasucHi QyHKIii SBASIOTh COO0I0 CMHYCOITaMbHI Ta KOCMHYCOIZaMbHi XBUJIi 3i
3poctatounmu yactotamu. F(0,0) mpeacTasise MOCTiHY CKIaI0BY 300paskeHHS, SKa
BifImoBifgae cepeqHbOI SICKpaBOCTi, a F(M-1,N-1) nipencTaBjisi€ HaiBUIIY YaCTOTY.

OOTI® siBisie coboio BMOipKoBe mepeTBopeHHS ®yp'e i, 0TXKe, MiCTUTh He BCi
YacToTH, 110 GopMyIOTh 300paskeHHsI, a TiIbKM HAbip BMUOIPOK, SIKMIT TOCUTb BEJIU-
K1it, 106 TTOBHICTIO OMMcaTy 300pakeHHS B IIPOCTOPOBiit obsacTi. KifibKicTh yacToT
BiJINIOBi/la€e KiJibKOCTi IiKcesiB 300pakeHHs y I10, To06TO, 306paskeHHST B 000X BUIIa-
JIKax MamTbh OJHAKOBMUI po3mip. AAI1D no3Bossie OTpUMaTH OOCTYI 4O FreOMeTpuy-
HUX XapaKTePUCTUK 300paskeHHs B IPOCTOPOBit 061acTi.

AHanoTiuHMM YMHOM, 300paskeHHs Pyp'e MoKke OYTHU ITOBTOPHO ITIEPETBOPEHO B

[10. 3BopoTHe ABOBUMIipHe AMCKpeTHe nepeTBopeHHs Dyp'e (3AAIID) mae Bursia:
M-1N-1

. AUX vy
fan=Y Y Fave™Gr )
uU=0v=0 3

Jliama3oHM 3MiHM ITPOCTOPOBUX KoopauHart x=0,1,2,...,M-1, ta y=0,1,2,...,N-1 Tta
yacrotHux u=0,1,2,...,M-1, iv=0,1,2,...,N-1 ogHakoBi. I[IpIMOKyTHa 06/1aCTh pO3Mipy
MxN 3BeTbCSl YaCTOTHUM MPSIMOKYTHUKOM.

ITepeTBopeHHsT Pyp'e CTBOPIOE BUXigHE 300paskeHHS 3i 3HAUEHHSIM KOMILIEKC-
HOTO YMciia
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Fu, v )=RWw,v)+i-I@,v) 4)
ne R(u,v) ta I(u,v) N03Ha4alTh AiiCHY Ta YIBHY KOMIIOHEHTU F(u,v).
OCHOBHMI MeTOJ, BUKOPUCTAaHHS 1IbOrO MepeTBOPEHHS JJI1s1 aHali3y Ta IMeperT-

BOpEHHS 300paskeHb MOJISITa€ B 00UMC/IeHHI Ta Bi3yastisaillii criekTpa

|F u, v =JR=’-(u,v) + 12w, v) )

3HaueHHs
1w, v)
¢(u, v) = arctan —]
(., v) (6)
Ha3MUBaTHCS (a30BUM CIIEKTPOM 300paskeHHS.
Ha puc. 1 nmpepncraBneHa Bisyasisailiss 1BoBuMipHOro ®dyp'e-criekTpy — Habip
BCix | F(u,v) | . Yum Bume 3nauenns |F(u,v) |, Tum cBitima Touka 3 koopavHaTamu
(u,v). CBiT/INi LIEHTP CHEKTPY - BUXiTHe 300paskeHHSI MiCTUTh B OCHOBHOMY OJTHOPi-
IoHi obyacTi, 6e3 nmepenafiB sickpaBocTi. CBiT/ia mepudepist — 6araTo JIOKaJbHUX I1e-
pemnafiB sickpaBocTi. [Ipy 06poO6Ii 300paskeHb 3a3BMUail BUKOPUCTOBYETHCSI caMe
aMIUTiTy1a IepeTBOpeHHsT Dyp'e, Tak SIK BOHA MiCTUTD OibIlly YaCcTUHY 10 iHpopMa-

11ii 300paskeHHs B IPOCTOPOBiif 06J1aCTi.

NN =Z 7

us-g, yed E-, el gl wsZ sl ymg  ged, yed

NN A

u=-2 v=1 u=A, v=1 y= y=1 u=i, vei ysg, vei

UHE I

cw=0 u=t, v=0 w=2, =0

N

vl =, w=a u=2, weed

2 =S N

=2, =2y, W= E.\:-ﬂ u=1, v=-2 u=2 y=-2

u=-2, v=0 w=1, wv=0 wu=

Ve

2, vETusa1, y=aq u=

PucyHok 1 - IBoBUMipHMii @yp'e- CIIEKTP

VY dha3oBOMY CIIeKTpi 3HaUEHHS KOXKHO1 TOUKM BU3Hauvae ¢asy BigmoBigHoi yac-
TOTU. BiH mo3Bosisie imeHTUdiKyBaTV BepTUKaAJIbHI Ta TOPU3OHTAJbHI JiHii, 110 Bif-
MIOBiZaI0Th 3pa3KaM BUXiTHOTO 300paskeHHsI, OAHAK CIIOTBOPEHE J0 HEBIi3HAHHOCTI.
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Jlyist paBMIbHOTO BUKOHAHHS 3[I/ITI® B IIpoCcTOPOBY 00J1aCThb Mic/s AesIKoi 06po6KMu
B YaCTOTHIi ob6sacTi, iHpopMmailis mpo ¢asy mMae BuUpiliajbHe 3HaUeHHS. KO [IJIs
IBOX Pi3HMUX 300paskeHb IMTOMIHSITM MiCLISIMM iX (pa30Bi KOMIIOHEHTH B YaCTOTHil 00-
nacri, 36epirarouu He3MiHHMMM iX aMIUTITyIHi KOMIIOHEHTH, TO TepeTBOpeHHsT Dy-
p'e iX crieKTpiB Ha3aj, y IPOCTOPOBY 00JIaCTh, 3ara/ibHe 30BHIllIHii BUIJIS pe3yJibTa-

Ty 6y/ie Maiiske B3a€MO3aMiHHUM (pUC. 2).

Amnnityga

nanag * 300Ng

Qasa

mno | Awimma o ehine

PucyHOK 2 - O6MiH KOMIIOHEHTIB a3y 300paskeHb

BasknuBicTh pa3 0cobaMBO ITOMITHA B JeSIKMX KOHKPETHUX 00JIACTSIX, TAaKUX SIK
OIITMYHA METPOJIorist, hi3uKa MaTepiasiB, afalTUBHA OITUKA, PEHTTeHiBCbKa AUd-
paKllifiHa ONTMKa, eJIEKTPOHHA MiKpOCKOIMis i 6iomMennuHa Bisyasisailisg. Haii6iapin
1iKaBi 3pa3ky BiTHOCITHCS 00 $Ha30BMX 00'€KTIB 3 Ayske MaauM IOIJIMHAHHSIM, aje 3
HEOJHOPiTHMM IIPOCTOPOBYMM PO3IIOAIJIOM iX ITOKAa3HMKA 3aJI0MJI€HHS a00 TOBIIMHNA.
Lle mpu3BOAUTH IO TOTO, 110 BOHM MAOTh HEBEJIMKI Bapialiil aMIUIiTyau, ajie 3HauHI
Bapiailii pa30BUX CKIaOBUX.

B maHOi pob60Ti mOC/iIKeHO BIUIMB Ha SIKiCTh MEAUYHOIO 300pakeHHs, a came,
pEeHTTeHOTpaMi, 3 MpPoLieaypPy MepeTBOPEeHHS aMIUIITYyaHOI ckiaamoBoi TIP3 Bu-
KOPUCTaHHSIM BUpa3y:

r,e(j|F(u,v)I).

F(u,v)=|F(u,v) (7)

ExcnepumenmanwHi pe3yibmamu.

Ha puc. 3 a nmpeacTaBieHO PEeHTTEeHiBChbKUIA 3HIMOK, aHaJIi3 SIKOro HeoOXiTHMit
I7IS1 BUSIBJIEHHS Y TAIli€HTiB CTYIEeHS TpaBMM XpeOTa Ta CIIMHHOTO MO3KY IIUITHOTO
Bigmily B MpaKTUILli MeAUKO-COILiaJbHOI eKcIiepTusnu. [Jisi 1bOro po3paxoBYIOTbhCS

JaHHI HOPMa/IbHMX IIOKA3HMKIB PEHTTeHiBCbKOI IIaHiMeTpii (mpuKaaj BKas3aHO
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cTpisikamu). Po3smMuTi Mexi 00'eKTiB iHTepecy Ta BiJICYyTHS AeTaji3allisl iX CTPYKTypu
YCKJIQZHIOE BUPillIeHHS 1IbOTO 3aBOaHHSI.

Ha puc. 3 6, HaBeieHO pe3yabTaT 3aCTOCYBaHHSI 0OPOOKM y IIPOCTOPOBiit 06s1a-
CTi (QITOpUTM aAINITMBHOI eKBaJli3allii ricrorpamMi) Ta B YaCTOTHi 06/1aCTi BiiMOBi-
nHO mo ¢opmynu (7) anst koedimienra r=0.8. Pe3ynbTaT CBiIUMTb PO Te, IO ITOJIiM-
IIeHHS 300pa’keHHSsI MOJISITa€ B IiABUINEHHI KOHTPACTHOCTI [IJISI LIMX ABOX METOZiB

MIpUOJIM3HO OJHAKOBOIO MipOI0.

a 6 B
PucyHok 3 - O6po6Ka peHTreHOrpaMu: a) BXigHe 300paskeHHsT; 6) eKBasIi3allisi ricTo-
rpamu; c) reperBopeHHs pasu A (1. 1- 1. 4)

3ampornoHOBaHM Y 11ili pOGOTi aITOPUTM BKITIOUAE TaKi KPOKU:

1. JOI1® (2) BximHOro HopMastizoBaHOro 300paskeHHs I (puc. 3 a);

2. IEpeTBOPEHHS Y YaCTOTHIi 06j1acTi Ha ocHOBi opmynu (7) 3 KoedillieHTOM
r=0.8;

3. 311D (3) 3 HACTYITHOW aJallITUBHOI eKBaJli3alli€lo riCTorpamu - pe3yabTaT
300paskeHHs I1 (puc. 3 B);

4. dopmyBaHHS 300paskeHHs 12 (puc. 4 a) 3a paXyHOK 3aCTOCYBaHHS OIlepaTo-
piB HeuiTKoi iHTeHcUdiKallii [6] kK 306paxkeHH!0 11 3 BifJaseHUM cepeHiM;

5. xpoku 1 -3 mig I2 (puc. 4 6).

Ha puc. 4 HaBefieHO pe3y/bTaT 0OPOOKM peHTreHOrpaMi Ha pi3HUX eTarnax BiU-
KOHAHHS PeJCTaBJIeHOT0 AJITOPUTMY, IO NEMOHCTPYE 3HAUHE MifBUILIEHHS KOHT-
pacTy Ta po3IiibHOI 30aTHOCTI. JoCTimKeHHSI BIVIMBY BeauunHi KoedillieHTa r 1mo-
Ka3ye, 110 10ro 3MiHa T03BOJISIE BUSBUTY CTPYKTYPY 00 '€KTIB i peryyioBaTu CTyIliHb
ix merasisarlii, o MigATBep/IKy€e MOPiBHSIHHS pe3yabTaTiB, HaBeJeHUX Ha puc. 4 6, B.
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BucHoBku.

- 3aCTOCYBaHHS aJITOPUTMY GaraToeTarrHoi 06pOOKM HaIiBTOHOBUX MeIMYHUX
300pakeHb, SIKMI1 BKIIOYA€E MePEeTBOPEHHS aMIUIITYIHIX aMIUIITyIHUX XapaKTepuc-
TUK IBOBMMIiPHOTO YaCTOTHOTO IMepeTBOpeHHS Dyp'e Ta MeTOAYy HEeUiTKOi iHTeHCH-
dikariii, 3a6e3neuye IMOJIIMIIEeHHS KOHTPACTy Ta IiABUINEHHS AeTaisallii 06’€KTiB
iHTepecy, IO MiABUINEHHS AOCTOBIPHOCTI AiarHOCTMKM Ha OCHOBI iX Bi3yaJbHOTrO
aHasmizy;

- QITOPUTM Ma€ MapameTp, 3MiHa SIKOTO J03BOJISIE BIUIMBATY Ha CTYMiHb JeTa-
Ji3anii CTpyKTypy 00'€KTiB;

- BUKOPUCTAHHSI Pi3HMX METOZiIB HEUITKOTO MepPeTBOPEHHS MPeaCTaBJISIETbCS

MepCIeKTUBHMUM HaIlPSIMOM MOAAIbIINX TOCTiIKeHb.

PuCyHOK 4 - Pe3ynbTaTi pOOOTY aJIrOPUTMY:

a) Kpoku 1 - 5;6) kpoku 1 — 6 r=0.8; ¢) r=0.9
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Improvement of low contrast images in the frequency domain
using fuzzy intensification
Due to the variety of types of images, there are currently no universal methods that
provide a guaranteed result of solving the problem of improving the quality of low-
contrast digital images. Medical systems often produce images of insufficient quality for
reliable visual analysis. In particular, X-ray images, characterized by low intensity, un-

even background, high level of noise, poor contrast and weakly defined boundaries of
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structures, are particularly difficult to analyze and choose an effective processing
method.

The paper presents the information possibilities of the method of processing half-
tone medical images aimed at improving the contrast and increasing the detail of objects
of interest in order to increase the reliability of diagnosis based on them. The proposed
algorithm is based on a multi-stage processing process, which includes the use of two-
dimensional frequency Fourier transformation and the method of fuzzy intensification in
the spatial domain.

The use of two-dimensional discrete Fourier transformation changes not the image,
but the form of its representation, converting the output signal into its components of dif-
ferent frequencies and amplitudes. In this form, it is much easier to carry out filtering or
amplification of individual components of the signal. Fuzzy set theory has the ability to
quantitatively and qualitatively model problems related to uncertainty and imprecision,
which are always present in digital images. Their presence is determined both by the fea-
tures of the physical processes of image forming systems and by the stage of creating a
digital image.

The application of the proposed method provides improved contrast and increased
detailing of objects of interest and affects the reliability of visual analysis. Only the ar-
guments of complex Fourier transform coefficients can be corrected. The method of fuzzy
intensification is used as a refinement for the second stage of frequency conversion. The
effect of frequency conversion parameters on the detail of the resulting image was stud-
ied. The results of the algorithm are presented on the example of real X-ray images.

AxmeTtminHa JIrogmuiaa leopriiBHa — JOKTOp TexHiIYHUX HayK, mpodecop, npode-
cop Kadeapu eJIeKTPOHHUX 0OUMCTIOBATbHMX MallNH, JIHITPOBChKIIT HALIiOHATbHMIA
yHiBepcuret im. O. ['oHuapa.
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Taipapa Bomogumup KupuaoBud - CTyJeHT 3a CIeliayIbHICTIO KOMIT'IOTEpPHA iH-
>keHepis, [IHIMpoBCcbKMIA HallioOHA/IbHMI YHiBepcuTeT iM. O. ['oHuapa.
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I.1. OpyxxuHiH, B.B. T'epacumos
ACVHXPOHHA KOMVYHIKALIS MIKPOCEPBICIB

AHomayis. Y 38'A3Ky 31 3pocmaroyumM nonumom MiKpOCepsiCHOI apximekmypu 20Cmpo cmoime
NUMAHHA ACUHXPOHHOT KOMYHIKauii Mix cepsicamu. B pobomi po3znaHymi ocobausocmi
ACUHXPOHHOT KOMYHIKAUTi, munu ma namepHuU AaCUHXPOHHOI KOMYHIKQUIi ma OCHOBHI MOMX/UBI
BUKJIUKU Npu npoeKkmyBaHHI KOMYHIKayii mix cepsicamu. HasedeHi 8IOMIHHOCMI ACUHXPOHHOT
810 CUHXPOHHOT KOMYHIKaUTi. [JaHO onuc desKux nonyaspHuUX 3acobis, SKi 3aCMOCOBYIOMbCA Npu
KOMYHIKaUii MiKpocepsicis, 3pob/ieHo BUCHOBKU W000 Halbinbw epekmusHux obaacmeli ix 3a-
CMOCYBAHHSA.

Knioyosi cnosa: Mikpocepsic, GCUHXPOHHA KOMYHIKayis, OpoKep nosidoMjieHb, Yepea
nosidomneHs, nybnikayii/nionucku, HTTP, AMQP, Kafka, Scala, RabbitMQ.

ITocraHoBKa mpooseMmu. Bce Ginblie i Ginbie 6i3HeC-IPOEKTIB BUKOPUCTO-
BYIOTh MiKpPOCEPBiCHY apXiTeKTYpy, A€ OUiKyeThCS MIMPOKe MacIITabyBaHHS i TOBTa
€BOJIIOLIiST TIPOEKTY 3 3aJlyYeHHSIM BeIMKOI KiJIbKOCTi po3poOHMKiB. Lle moB's3aHo i3
THYYKIiCTIO MaciITabyBaHHSI, MOXK/IMBICTIO Oe3mepepBHOrO PO3TOPTAHHS i TMoJer-
IIIeHHSIM 00CTYTOBYBaHHS. 3a TaKOi apXiTeKTypu pi3Hi KOMaHIM MOXKYTbH IIpalloBaTU
HaJ cepBicamu, He BIUIMBAIOYM Ha poOOUi IMpolecH B IiJIOMY, III0 HEMOKIMBO 3a
iHIMX apxiTeKTypHUX CTUAiB. OfHi€l0 3 HalOiAbIINMX MpPo6JeM IMpU Mepexoji Ha
apXiTeKTypy Ha OCHOBI MiKpOCepBiCiB € 3MiHa MexaHi3mMy 3B's3Ky. OCKUJIbKU
MiKpocepBicM pO3MOfijieHi, BOHM B3a€EMO[ilOTh OAMH 3 OOHMM 3a AOIMOMOTOI0
MiKCepBiCHO1 B3aeEMOZ il Ha piBHI Mepexi. KoskeH MiKpocepBic Ma€ CBiil BJIaCHUN eK-
3eMIUIIp Ta Tporiec. OTXKe, CJIy>KOM TOBMHHI B3a€EMOMIATM 3 BUKOPUCTAHHSIM
TIPOTOKOJIiB MiXXCepBiCHOTO 3B's13Ky, Takux ik HTTP, gRPC a6o mpoTokosry OpokepiB
noBigzomysieHb AMQP.

AHaji3 ocTraHHiX mOCTiIKeHb Ta myosikaniii. CrieKTp NUTaHb, SIKi CTOCY-
I0ThCS ITyOJTiKaIlili, MPUCBIYEHMX MUTAaHHSIM KOMYHiKallii MikpocepBiciB Ta 3abe3me-
YeHHS J10T0 IKOCTI, JOCUTb MPOKU. Tak, y [1] HaBeeHO pe3ynbTaTy AOC/IIKeHHS
MaTepHiB KOMYHiKallii B MiKpocepBicHiii apxiTeKTypi I[om0 iX 0cobamuBOCTE, Iepe-
Bar i HeJIOMiKiB, MPOAYKTUBHOCTI, 3p006I€HO BUCHOBKM 11070 cdep iX 3acTOCyBaHHS.

© HOpyxkunix [.1., l'epacumos B.B., 2023
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Y pob6oTi [2] HaBegeHO pe3yabTaTU OOCITiKeHHS CUHXPOHHOI Ta aCMHXPOHHOI
KOMYHiKallil MiKpoCcepBiCHOI apXiTEeKTypu.

OcHoBHA yacTuHA. K/ieHT i c1ysk6M MOKYTD CITiIJIKYBaTHCS 3a JOMIOMOTOI0 6a-
raTbOX Pi3HMUX TUIIIB CITIIKYBaHHS, KOXKEH 3 SIKMX HalliJIeHUl Ha pi3Hi cijeHapii Ta
uimi. i Ty KoMyHiKailiii Mo>kHa po3AiINTY Ha [IBi OCi.

[lepia Bich BM3HAYaE, € MPOTOKOJ CMHXPOHHUM UM aCMHXPOHHUM.

CunxpoHHuit npotokoa [3]. HTTP — 1ue cMHXpOHHMIT NPOTOKOJ. KiieHT
BiAIIpaBJisie 3aINUT i YeKa€ BiAMOBiAL Bif cepsicy. Lleil mMpOTOKOJ He 3a71eXXUTh Bif, BU-
KOHAHHS KOOy KIi€HTa, SIKUiI MOXe OyTM CMHXPOHHMUM (TIOTiK 3a6710KOBaHO) abo
ACMHXPOHHUM (TIOTiK He 3a0/JI0KOBAHO) i BiIIOBiAb 3PEILITOI JOCSITHE 3BOPOTHOIO
BUKJIMKY. BaskKnnBuUM MOMEHTOM TYT € Te, 10 npotokoa (HTTP/HTTPS) € cuHxpoH-
HMM i KOJ, KJIiEHTa MOXe MPOJOBKYBaTU BUKOHAHHS 3aBAAHHS JIMILE TOAl, KOJU BiH
OTpUMYE BiamoBiap cepsepa HTTP.

AcMHXpOHHUI NpPOTOKON [4]. IHwWi nporokonn, taki sk AMQP (mportokorn,
SIKUI TATPUMYETbCSI 6araTbma omepaliiHMMM CUCTeMaMM Ta XMapHUMM Cepenio-
BUIIAMM), BUKOPUCTOBYIOTh aCMHXPOHHI moOBimomseHHs. Kom KiieHTa ab6o
BiAITpaBHMK IMOBiAOMJ/IEHHS 3a3BMUali He YeKa€ Ha BiAnoBiab. BiH mpocTo HaacuIae
IMOBiIOMJIEHHSI.

CMHXpOHHA KOMYHIKallisl MiAXOOUTb, SIKILO Balll 3B’SI30K 3MilICHIOETHCS JIUIIIE
MiX KiIbKOMa MikKpocepBicamu. Ajie y BUMIAJIKy, KOJIM KiJIbKa MiKpPOCEpBiCiB IMTOBMHHI
BUKJIMKATU OAVH OJHOTO Ta YeKaTM JOBTMX OJOKYIOUMX Orepalliil, TOBUHEH BUKO-
PUCTOBYBAaTUCh ACUMHXPOHHMIA 3B’SI30K. [HaKIIe I8 3aJeXHICTb 1 CIIOTy4eHHS
MiKpOCepBiCiB CTBOPUTb BY3bKe MiClle Ta Cepiio3Hi Ipo6JeMy apXiTeKTypHu.
OcKinbKM MiKpocCepBicH — Iie pO3NofIeHa CUCTeMa, SKa MPaIl0€ Ha KiJIbKOX Mpolie-
cax, CepBicM IOBMHHI OYyTM i30/IbOBaHi OJMH Bim OgHOro skomora Oinpire i
B3a€EMOJIiISITA Mik CO60I0 3a JOIOMOTOI0 MepeskeBUX MPOTOKOJIB 3B’I3Ky, TaKUX SIK
cuuxpoHHi mpotokoan HTTP, gRPC a6o acuuxponHi AMQP.

SIkio y Bac € KiJibka MiKpocepBiciB, sIKi TOBMHHI B3a€MOIisITU MiX c00010, i BU
X0uyeTe B3aEMOIISATU 3 HUMU 6e3 OyIb-sIKOI 3a/IeXKHOCTI, TIOBMHEH BMKOPUCTOBYBA-
TUCh ACMHXPOHHMII 3B’SI30K Ha OCHOBi MOBimomsieHb. KiieHTcbka MiKpocayskoa
HaACWIa€ TOBiAOMJIEHHSI [0 CUCTEM IIOCepefHMKa IIOBiOMJIIEHb 1 He 4Yekae
Bigmosizgi. [ToBimomM/ieHHSI MiCTSATb JaHi i HAACUIAIOThCS Yepe3 aCMHXPOHHI ITPOTO-
Koju, Taki Ik AMQP Ta uepe3 cucremu O6pokepiB moBimomiensb, Taki g9k Kafka Ta
RabbitMQ.

Tuny acMHXpPOHHOTO OOMiHY moBigoMmIeHHSIMU [5]. IcHye nBa TUIIM acuH-

XPOHHOTO 0OMiHy MOBimoMIeHHIMM. KoMyHiKkallisi Ha OCHOBIi MOBigOMJIEHDb 3 OJHUM
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npuiiMadyeM, SIKy HasBaJiM MOJE/UII0 «Opokep TMOBiIOMJIeHb» abo «uepra
MOBiJOMJIEHb», TA KOMYHIiKallisi Ha OCHOBI MOBiZOMJIEHb i3 KiJIbKOMa IMpuUiiMadyamu,
SIKY Ha3BaJI MOJIEJITIO «ITyO TiKaLii/ i ImmcKm».

Bpokep moBizoMiieHb a00 yepra moBigoMiIeHb. 1leit 3B’SI30K B OCHOBHOMY
TIpU3HAYEHUI OJ1s1 3[i/iCHEHHS 3B’SI3KY «OJIMH-Ha-OOMH» ab0 «TOUKa-TOUKa». SIKII0
MM HaJICMJIA€MO T10 OTHOMY 3aIIMTy KOHKPETHOMY CepBicy, i I ornepailiist 3aiiMae 6a-
raTo yacy, ToAi Jo6pe BUMKOPUCTOBYBATHU 1ieit aCMHXPOHHUII 3B’SI30K 3 OAHUM OTpPU-
MyBauyeM.

3B's130K Ha OCHOBi MopeJii myosikamii/migmmcku. 119 KoMyHiKallis B OCHOB-
HOMY IIpM3HAueHa IS BUKOHAHHSI MeXaHi3MiB MyOmiKallii/miammcku, sIki MaioTh
KiJlbKa oTpumyBauiB. TakuMm UYMHOM, Yy IIiii KOMYHiKallii BuaaBelb IYOJIiKye
TIOBiOMJIEHHSI, KOTpe 0O6pOoOJISIEThCS KiTbKOMa cepBicamu, SIKi Migmucanmcs Ha Iie
MOBiJOMJIEHHSI B  CHUCTeMi  IlocepedHMKa  moBigmomsieHb. Ili  omepaiiii
MyOsTiKalii/MmianmMCKy TMOBMHHI BMMaraTy HasIBHOCTI iHTepdeicy IMIMHM IO IS
nyoJTikalLii momdiii ayist 6yab-sIKOTO MiANMMCHMKA. 3aBASKM 11ili KOMYHiKallii BUaBelb
He 3aJIeKUTh Bif MiAIIMCHUKIB.

LIi mra6yoHm IyosTiKaLii/migmMcKy peasisyloThCs 3a JOIMOMOIOK IIVHM MO, I
IIMHA TOfiii TaKOK MOXKe MaTy peai3allilo 3 CUCTeMaMM I0CepeIHUKIB OOMiHYy
MOBiJOMJIEHHSIMM, SKi IMATPMMYIOTh AaCMHXPOHHY KOMYHIKAIlil0 Ta MOJeNlb
myosikarrii/miagnmucku, sk Kafka ra RabbitMQ.

Pisuunga MK  4eproro MOBiZOMJIeHb i CHUCTEMOIO o0MiHy
MOBiJOM/IEHHSIMY MyOJTiKalii/migmcku. bpokepu moBigomMaeHb — 1ie MporpamHi
MOZy/i, SIKi MO3BOJSIIOTH ITpOrpaMaM, CIy)XK6aM i cucTeMam CIJIKyBaTUCS Ta
obmiHioBaTucsl iHpopMallielo. Bpokepu T1OBiZOMIE€Hb pPOOAATH Iie IIJISIXOM
BiIMpaBKM MOBigoMIeHb (GOPMaJbHMMM MMPOTOKOJAMM OOMiHY IOBiIOMIEHHSIMM,
IO3BOJISTIOUM B3a€EMO3aJIESKHUM CTy>k0aM 6e3IocepeHbO «PO3MOBJISITY» OAHA 3 O]-
HOIO, HaBiTh SKIIO BOHM HAaMMCaHi pi3HMMY MOBaMM ab0 MPaLOIOTh Ha iHIINMX TIJIaT-
dbopmax.

[TocepeHVKM TIOBiIOMJIEHD TT€PEBiPSIIOTH, MapIIPYTU3YIOTh, 30€piraroTh i goc-
TaBJISIOTh MOBiIOMJIEHHSI BU3HAUEHUM OJiepKyBauaM. bpokepu AiloTh SIK mocepeq -
HUKM MDK IHIOMMM ~ JOOJAaTKamMy, [AO3BOJISIIOUM  BiglpaBHMKaM HaACWIATU
TOBiIOMJIEHHSI, He 3HAIuM MicClle3HaXOKeHHS MiAMMCHUKIB, Y/ aKTMBHI BOHU UM
Hi, UM HaBiTb CKiJIbKM 1X iCHYE.

B cBoio uepry mnyosmikaiis/mignucka — 1e mabJ0H PO3IMOBCIOAKEHHS
MOBiJIOMJIEHb, SIKMI TO3BOJISIE BUIABLISIM ITyOJIiKyBaTM KOKHE ITOBiIOMJIEHHS, SIKe

BOHU XOYYThb.
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Kafka [6] — ue miatdopma po3mnojisieHOi MOTOKOBOI Tepedaui Mofiit i3
BiIKpUTUM BUXiTHUM KOJIOM, sIKa 3a0e3Iieuye BMCOKY IIPOITYCKHY 3aTHiCTh. Hamu-
caHa Ha Java Ta Scala Kafka — me mmHa mnoBimomsieHb ITyOJIiKallii/migmmcku,
OopieHTOBaHa Ha IMOTOKM Ta Mepeaayvi BeJIMKOTO MAacMBY JaHMUX. 3aMiCTh TOTO, 1100
MOK/IaiaTUCS Ha yepry nosigomienb, Kafka momae rnmosigoMiieHHS 00 KypHaTy Ta He
BUAAJISIE iX, MTOKM MiANMCHUK He MPOUYNUTAE ix abo He Oyne JOCSTHYTO JiMiTy 30epe-
JKeHHSI.

ApxiTeKkTypHi TepMiHM Ta BHyTpilHi onepartiii Kafka:

e Mirror Maker: omHuMm i3 HalBaxknuBimux egjemenTiB Kafka e pemikaiiis, sika
rapaHTye, 110 MOBiZOMJIEHHS MyOIiKyIOTbCS Ta 0OpOO/SIOTHCS HABITH Y BUIIAAKY,
SIKIII0 OPOKEP CTUKAETHCS 3 MPOO6JIEMOIO.

e ZooKeeper [7]: mie gk 3B’430K MiX mignucHukamu ta 6pokepom Kafka i
36epirae Taki maHi MPO KOOpAMHAIIil0, IK KOHGQIrypailisi, po3TailyBaHHS Ta AeTasli
CTaHy.

e BupaBui HamcuiaioTh abo my6sikylorh moBimomienHst go Kafka topic,
cTBopeHoi Ha 6pokepi Kafka, B cuHXpoHHOMY a60 aCMHXPOHHOMY PeKMMi.

e Kafka topic — 1me kareropii, SIkKi BMKOPMCTOBYIOTbCS [JISI TPYITyBaHHS
MOBiIOMJIEHB i MAIOTh Ha3BM, VHiKaIbHi 1151 BChoro Kiaactepy Kafka.

e IlimmucHukM: cepBicu, siki mignucanucst Ha Kafka topic i BUTSTYyIOTh 3 Hei
MOBiIOMJIEHHSI. 3a 3aMOBUYBAaHHSIM IIiINMMCHUKY 30epiraioTb IIOBiZOMJIEHHS B
ZooKeeper. Ognak Kafka Takosk mo3Bosisie 36epiratu JaHi Ha 1OJAaTKOBUX TaTdop-
Max 30epiraHHs, SIKi BMKOPMCTOBYIOTbCS TIporpamMaMM [jisi OOpoOKM OHJIaitH-
TpaH3akiiiit (OLTP).

Kafka BuxopucroBye miaxig “pull-based”, mo3Bossiioun KOpMUCTYBayaM 3aInTy-
BaTU TAKeTM IOBiJIOMJIEHb i3 TMeBHMX BMOipoK. KopucTyBaui MOXYTb TpyIyBaTu
TIOBiIOMJIEHHS [IJISI TiABUILEHHS IPOITYCKHOI 3MaTHOCTI Ta eeKTMBHOI ITOCTaBKU
IIOBiTOMJIEHb.

Xoua Kafka mocTaBisieTbest uiiie 3 KJIi€HTOM Java, BiH mporoHye agamnTtep SDK,
IO [03BOJIIE IIpOrpaMicTaM BUKOPUCTOBYBAaTM CBOKW YHiKaJbHY CUCTEMHY
iHTerpanito. TakoxX 3pOCTa€ KaTaJlor MPOEKTIiB €KOCUCTEM CIIUIbHOTU Ta KJIIE€HTIB i3
BiIKPUTUM KOAOM.

Kafka Hajikpaiile BUKOPMCTOBYBATHU [IJis [IOTOKOBOI Mepenadi Bifl MMyHKTY A 10
B, He BOawuuch A0 CKJIaAHOI MapuIpyTHU3allii, ajie 3 MaKCMMaJIbHOIO ITPOITYCKHOMO
30ATHICTIO. BiH TakoX imeanbHO IMiAXOOUTh OJ1s1 BU3HAUYEHHS IKepesia Imoziii, 00po6-
KM TIOTOKY Ta BMKOHAHHSI MOJEIIOBAHHS 3MiH Y CUCTeMi SK MOCIiTOBHOCTI MOZAiiA.
Kafka Takox migxomuTs ajist 06pobKM JaHMX y 6araTocTyleHeBMX KOHBeEpaX.
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RabbitMQ [8] — 11e po3mogisieHit 6pokep MOBiZOMJIEHD i3 BiIKPUTUM KOZIOM,
SIKuit 3abe3rneuye edeKTMBHY MOCTABKYy TMOBiOMJIEHb VY CKIQIHUX CI€Hapisx
MapupyTusanii. /loro HasuMBaIOTb «pO3MOIiNeHNMM», TOMy 1o RabbitMQ 3a3Buuaii
MpaIfoe SIK KIacTep BY3JIiB, e Yepru pO3IOAiJeHI MK By3JlaMU — TUPAKYIOTbCS
IIJIST BUCOKOI JOCTYITHOCTI Ta BiIMOBOCTiIKOCTi.

ApXiTeKTypHi TepMiHM Ta BHYTpIilllHi ornepaiiii RabbitMQ:

o I[ligmyucHMK: BiH MigMMCYETHCS HA YEPry Ta IMiJKIIOYAETHCS OO cepBepa 6po-
Kepa.

e [locepegHuk: TIporpaMu MOXYTb OOMiHIOBaTHCS iHdoOpMalli€elo Ta
CITIJIKyBaTUCSI OAHA 3 OJHOIO Yepes3 nmocepeaHMKa.

e [Ipup’sika: TOBiAOMJIIE TIOCEpEeNHMKY, SKi Yepru pO3IMOBCIOIXKYIOTh
noBigomseHHs. Kpim Toro, mpuB’A3Ka BKasye TMOCEpeIHUKY QiIbTpyBaTU
MOBiJOMJIEHHSI, SIKi JO3BOJIEHO A0JaBaTy OO0 Yepru AJ1s1 IeBHUX TUITIB MocepeIHMKa.

RabbitMQ BMKOpMCTOBYE MoAeab push-moBimomieHb i KOHTPOIIOE HaBaHTa-
’KeHHSI KOPMCTYBauiB yepe3 HaJIalITOBAHMIA JIIMIT BUOipKM MoBigomiieHb. LIt Momesnb
€ imeaJlbHUMM IIiIXOAOM [JisI OOMiHY TOBiIOMJIEHHSIMM 3 Majiol0 3aTPMMKOIO MiX
BiIITpaBKOIO MOBiIOMJIEHHS Ta 00POOKOI0. BiH TaKoK JOOpe Mpallloe 3 apXiTEKTYPOIO
Ha OCHOBI Uepru moBigoOMJIEHb.

RabbitMQ Buxkopuctosye AMQP 0.9.1 i BUKOPUCTOBYE IUIariHu, 106 3aIpoIio-
HYBaTyU JOAATKOBi ITpOTOKO/M, Taki Ik AMQP 1.0, HTTP, STOMP i MQTT. RabbitMQ
odiuiitno minTpumye Elixir, Go, Java, JavaScript, .NET, PHP, Python, Ruby,
Objective-C, Spring i Swift. BiH TakoX MiATpMMYye Ppi3Hi iHCTpyMEHTM [Jis
PO3POOHMKIB i KJTi€EHTY 3a JOITOMOTOIO IJIariHiB CHiIbHOTM.

Po3po6HMKM BUKOPUCTOBYIOTH RabbitMQ mJist 00p06KM BMCOKOHABAHTAXKEHUX i
HafiiHuX (OHOBUX 3aBIaHb, a TAKOX iHTerpailii Ta B3aeMo/Iii MiXk MikpocepBicamu
Ta BCcepenyHi HuX. [IporpamicTu TakoXX BUKOPMUCTOBYIOTh RabbitMQ m/1s1 BUKOHaHHS
CKJIaTHOI MapuIpyTH3aliii 40 MigMMCHMUKIB Ta iHTerparii KiJlbKox mporpam i cJiysk6 3a
IOTIOMOT'0X0 HETPUBiaJIbHOI JIOTIKM MapuIpyTu3aliii.

Bimminnocti misk RabbitMQ i Kafka. Ii ctpykTypy 06MiHY ITOBigZOM/IeHHSIMM
MiIAXOASITh OO OOMiHY ITOBiIOMJIEHHSIMM 3 aOCOJIOTHO Pi3HMX TOUYOK 30py, i ixHi
MO>XJIMBOCTi HaJ3BMYAHO BiIPi3HSIOTHCS.

ITorik maumx. RabbitMQ BMKOpUCTOBYE OKpeMuii, oOMeskeHUii TOTiK JaHUX.
[ToBimOMJIEHHSI CTBOPIOIOTbCSI Ta HaJACWIAIOThCSI BUAABLUEM 1 OTPUMYIOTHCS
nignucankoM. Apache Kafka BukoprcToBye HeoOMekeHUI MOTIK JaHUX, IPYU IIbOMY
rapy KJI04u-3HaueHHs1 6e31epepBHO HAIXOISITh Y TpU3HaUeHMI topic.

BuxkopucrauHsa manmx. RabbitMQ Hajikpaine migxoauTh OJIsI TPaH3aKIiMHMX
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JaHUX, Takux sSK (opmMyBaHHS Ta pO3MillleHHSI 3aMOBJiIeHb, a TaKOX 3amuTu
kopuctyBauiB. Kafka Haiikpale mpaijoe 3 omnepaTMBHUMMU OAHUMM, TAKUMU SIK
oriepailii mpoiiecy, CTaTUCTUKA ayAUTy Ta KYPHaAJIOBaHHS, a TAKOXX aKTUBHICTb CHUC-
TEMMU.

O6MiHn moBimomieHHsaMM. RabbitMQ Hajcwuiae mOBiJTOMIEHHSI KOPUCTYBa-
yam. 1li moBimomIeHHST BUIOAISIOTBCSI 3 Yepru Iicas ix ycmimHoi o6pooku. Kafka
BUKOPUCTOBYE TIOBiIOMJIEHHSI, SIKi 3a/JMIIAIOTbCSI B 4ep3i M0 3aKiHUEHHS 4Yacy
30epira”HHs.

Mogaens ausaiiny. RabbitMQ BMKOPMCTOBYE MOHeIb PO3YMHOrO OpOKe-
pa/IpUMITUBHOTO IiAMNMUCHUKA. DBpoKep MOCTIAHO [OOCTaBJsIE IIOBiLOMJIEHHS
MiAMMCHUMKAM 1 BigcTexxye ixHiit cratryc. Kadka BMKOPUCTOBYE MOME/b
MpUMITMBHOTO  Opokepa/posymHoro  migmumcHuka. Kafka  He  Bimcrexye
TIOBiTOMJIEHHSI, SIKi IIPOYMTAB KOK€H KOPUCTyBau Ta 30epirae Bci MOBigOMJIEHHS
MPOTSITOM BCTAaHOBJIEHOTO IepioAy yacy.

Tomosorist. RabbitMQ BMKOpPMUCTOBY€ TOMOJOTiI0O ueprM OOMiHYy —
TOBiJOMJIEHHSI HAMpPaB/SIIOThCSI [0 Pi3HMX MPUB’SI30K 4Yepru AJjisi BUKOPUCTAHHS
nignmucHukoM. Kafka BuKopucToBye TOmosoriio my6mikaiii/mianmMcky, Haacuiaoum
roBimomeHHs yepes moTik mo Kafka topics.

MaciuraboBaHicTh i pesepByBaHHA. RabbitMQ BMKOPUCTOBYE LMKIIUYHY Uep-
Ty IS TIOBTOPEHHS MOoBimoMiieHb. 11106 36iabIIUTY MIPOITYCKHY 3[ATHICTD i 306aaH-
CyBaTM HaBaHTa)XeHHS, TIOBiJOMJIEHHSI PO3MOLINSAIOTbCS Mik uepramu. Kpim Toro,
1le TO3BOJISIE OaraThbOoM KOPMCTyBauaM OJHOUYACHO UMTATU ITOBiZOMJIEHHS 3 Pi3HUX
yepr.

MacitaboBaHicTb i pe3epByBaHHS 3a6e3meuyioTbcs posainamu Kafka. Po3smin
poay6/bOBaHMil Yy 6araTbox 6pokepiB. Y BUIAKY, SKIIO OOMH i3 6pOKepiB BUXO-
IATH 3 JIaly, KITiEHTa BCe OJJHO MOXKe 00C/TyrOByBaTH iHIINIT Opokep.

ko My 36epiraemMo BCi pO3[iiM B OMHOMY ITOCEPEeIHMKY, HAllla 3aJIeKHICTh
BiJl IIbOTO TMOCepeAHMKA 3POCTAaTHMe, 10 € Hebe3nmeuyHuM i 36iabIlye MMOBIpHICTb
itoro 36010. Kpim TOro, po3rofig po3isiB 3HaYHO IMOKPAIIy€e ITPONMYCKHY 30aTHiCTh.
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Tabanig 1
BizminHocTi mixk RabbitMQ i Kafka
[TapameTp RabbitMQ Kafka
. 4 000 + 10 000 moBimoMIeHb B 1 MisIbi1OH MOBiAOMJIEHD B
[TpOAYKTUBHICTD
CEeKyHIY CEeKyHIYy

3b6epiraHHs o Ha ocHoBi notiTuku (Ha-

. Ha ocHOBI migTBepaskeHHSs .
MMOBiZOMJIEHb npukian, 30 gHiB)
Twun manux TpaH3aKkuiiHN OmnepaTuBHUI

CIIOXXMBUYMIT PEXUM

Po3ymHMii 6po-

Kep/TIPUMITUBHUI HNiATIMCHUK

[TpumiTuBHMIT 6pO-

Kep/pO3yMHMI1 MiATIMCHUK

TormoJorig

Tun o6MiHY: TPSIMMIA, pO3TOp-
HYTUIA, TEMaTUYHUI, HA OCHOBI

3aroJiOBKa

Ha ocHOBi

MyOJTiKaIii/mianmcKu

Po3mip KopucHOro

HaBaHTa’>XeHHS

JKopmHux o6MeskeHb

O6MeskeHHST 32 yMOBUaH-
Ham 1 M6

Bumanku BUKOpuU-

CTaHHA

[TpocTi BapiaHTM BUKOPUCTAH-

HS

Benuki maHi/Bucoka mnpo-

IyCKHAa 3aTHICTb

BupajeHHs IOBiZOMJ/IEHHS.

IIo6 BUAAAUTM TIOBiJOMJIEHHSI 3 Uepru,

RabbitMQ noBuHeH HagaTH MiATBepKeHHS YCIIIIHOTO OTpUMaHHs. [ToBimomMaeHHS
TOBEPTAIOTHCS IO YEPry Iic/sl HEeYCITIIHOI 06po6KM i 30epiraloThbCsl MiAMMCHUKOM
TMiC/Is1 YCIITHOT 00pOOKH.

Kafka 36epirae moBigomeHHS TPOTSITOM BM3HAYEHOTO Yacy.

Ilpiopurer mnoBimomsieHb. Y RabbitMQ moBimoMyieHHSM MOXHA HaZaTu
npiopuret. Y Kafka Bci moBigoMieHHSI MalOTh OJTHAKOBMI1 ITPiOPUTET.

biGsioTeky Ta miaTpMMKa MoBaMu nporpamyBaHHsI. RabbitMQ migTpumye
Python, Ruby, Elixir, PHP, Swift, Go, Java, C, Spring, .Net i JavaScript.

Kafka migTpumye Node js, Python, Ruby Ta Java.

IMopsimox moBimomuieHb. RabbitMQ He migTpumye IMOPSIIOK MOBiTOMJIEHbD.
Kafka BukopucToBye topics [y po3pi3HeHHS MOBigoMIeHb, a ZooKeeper BifcTexxye
3CyB, 11100 10TO Mir BUKOPUCTOBYBATM OYIb-SIKMI MiATIMCHUK, SIKMI1 6aska€e TpovnTa-
TH topic.
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Tabmuig 2
O6po6ka rmosigmomieHs 3 RabbitMQ Ta Kafka
[MapameTp RabbitMQ Kafka

l'apaHTist ;OCTaBKU Tak Tak
YropsigKyBaHHS

. Hi Tak
IIOBiTOMJIEHb
[Tpioputetu

. Tak Hi
IIOBiTOMJIEHb
TpuBamicTb XXUTTS IToBimomsIeHHSI BUIAJIS- [ToBimomIeHHS 30epiraroThCst
IIOBiTOMJIEHHS IOTHCSI TiCJIT 0OPOOKM. MPOTSITOM BM3HAUEHOTO Yacy

Besmneka Ta omepaiii. I RabbitMQ, i Kafka HamaioTs BOygoBaHi iHCTpyMeHTH
1711 KepyBaHHSI Oe3meKkoio Ta omepailisiMu. Kpim Toro, o6uaBi miatdopmu IMporio-
HYIOTb iHCTPYMEHTM CTOPOHHIX PO3poOHMKiB 1jig MoHiTopuHry. I Kafka, i RabbitMQ
MiATPUMYIOTh KepyBaHHS TOCTYIIOM Ha ocHOBi poseit (RBAC) i aBTeHTMiKaliio Ha
piBHi mpocToi aBTeHTU(iKalii Ta 6e3mekn (SASL). YV Kafka HaBiTh MOXKHa KepyBaTu
noiTuKkamu 6e3neku yepes intepderic komanaHoro psiaka (CLI).

IIpoaykTHUBHICTH. MOKe OYTM BakKO KiJIbKiCHO OIIiHUTY MPOAYKTUBHICTH Ue-
pe3 BeJMKMi1 BIUIMB KOy, SIKMIT B3aEMO/II€ 3 MMM CJIy>kKO0aMu, Ta HASSBHOTO arapar-
Horo 3abesneuveHHs1. HaBiTh Taki pedi, IK MBUAKICTb MepesKi, mam’sTi Ta IyucKa, MO-
XYTb 3HAUHO BIUIMHYTU Ha MPOAYKTUBHICTD Cy>k61M. He3Baskatouu Ha 11e, RabbitMQ
i Kafka onrtumizoBaHi 151 MakcuMaabHOI e(eKTUBHOCTI.

BUCHOBOK. Y 3B'13Ky 3i 3pOCTAalOuUMM ITONMUTOM MiKpPOCEPBICHOI apXiTeKTypu
Ilyke TOCTPO CTOITh IMUTAHHS aCMHXPOHHOI KOMYHiKallii Mixk cepBicamu. OCKUJIbKMU
MiKpocepBicK € CKJIaJHOIO0 CTPYKTYPOIO, SIKa CKJIAIAEThCS 3 He3a/IeSKHO PO3PO0IeHUX
i pO3ropHYTHUX CepBiCiB, KOMYHiKallisl Mi>k HUMM MO>e CTaTU BY3bKMUM MiClleM, TOMY
PO3POOHMKM TIOBMHHI OYTU OOepeskHUMM, 00Mpalouy iHCTPYMEHTM aCMHXPOHHOTO
3B’SI3KY.

Po3r/isHYTO HalmoNy/asSpHilli open source iHCTPyMEHTM [Jji1 aCMHXPOHHOTO
3B’s13Ky MiX cepBicamyu — RabbitMQ Ta Kafka. Xoua RabbitMQ i Kafka inomi
B3a€MO3aMiHHi, iX peasisaliii Ay>ke BiApi3HSIOTHCS OOHA Bif OgHOI. SIK pe3yJbTar,
MM He MOXXeMO pO3IJISAaTH iX SIK YleHM OMHi€i KaTeropii iHCTpyMeHTIB; OOUH —
OpoKep MOBimOMIJIEHD, a iHIINIT — PO3IIOAiJeHa IIOTOKOBA I1aTdopMa.

RabbitMQ Kkpalile BUKOPUCTOBYBATH, KOJIM HaM ITOTPiOHO: pO3ILIMpeHi Ta THYYKi
NpaBujaa MapuIpyTusailii, KOHTPOJIb Yacy MOBiAOMJIEHb (KepyBaHHSI 3aKiHUEHHSIM
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TepMiHy [ii IIOBimOMJeHHS abo 3aTPUMMKOI MOBiIOMJIEHHS). Po3smmpeHi
MOSKJIMBOCTi 0OpOOKYM MTOMMJIOK Yy BUTIaAKaX, KO MiIIMMCHUKY HE MOXYTb 00po0ou-
T TIOBiJOMJIEHHS.

Kafka  BMKOPUCTOBYETBCSI, KOAM IIOTpPiOHE CyBOpe  BIIOPSAKYBaHHS
TOBilOMJIeHb, 30epiraHHs IIOBiIOMJIEHb MPOTSITOM TPUBAJIOr0 4Yacy, BK/IIOUAIOUM
MOSK/IMBICTb MTOBTOPHOTO BiITBOPEHHS] MUHYJINUX MOBiIOMJIEHb Ta MacCIHITaOyBaHHS,
KOJIM TPAAMILiiHUX pillleHb HeJIOCTaTHbO.

Mu MokeMoO peasti3yBaTy OiJIbIIIiCTh BapiaHTiB BUKOPUCTAHHS, BUKOPMCTOBYIO-
yy o6uaBi mardopmu. OgHAK apXiTE€KTOp HPOEKTYy IMOBMHEH BMOpaTU HaiibiabIn
MiAXOASIMIA iIHCTPYMEHT mJisi poboTu. B okpeMux BMMagkax IIiJi 4yac pO3pPOOKU
CKJIQJHMUX TMPOTPaMHUX CUCTEeM MOke BUHMKHYTM CIIOKyCca peaii3yBaTu BCi
HeOoOXiZHi BapiaHTM BUKOPUCTAHHS IOBiIOMJIEHb, BUKOPUCTOBYIOUM OJHY ILIAT-
dbopmy, B TOJi yac IK BUKOPMUCTAHHSI 000X I1aTGopm Moke HagaTy 6araTo rnepesar.

JIITEPATYPA
1. Karabey Aksakalli, Isil; Celik, Turgay; Can, Ahmet Burak; Tekinerdogan, Bedir.
Deployment and communication patterns in microservice architectures : A system-
atic literature review. The Journal of Systems & Software. Volume 180, October
2021, 111014. DOI: https://doi.org/10.1016/j.jss.2021.111014
2. Benyamin Shafabakhsha, Robert Lagerstromb and Simon Hacksb. Evaluating the
Impact of Inter Process Communication in Microservice Architectures. 8th Interna-
tional Workshop on Quantitative Approaches to Software Quality (QuASoQ 2020).
URL: https://ceur-ws.org/Vol-2767/07-QuASo0Q-2020.pdf
3. Design interservice communication for microservices.
URL: https://learn.microsoft.com/en-
us/azure/architecture/microservices/design/interservice-communication
4. Communication in a microservice architecture.
URL: https://learn.microsoft.com/en-
us/dotnet/architecture/microservices/architect-microservice-container-
applications/communication-in-microservice-architecture
5. Mehmet Ozkaya. Microservices Communications. URL: https://medium.com/design-
microservices-architecture-with-patterns/microservices-communications-
f319f8d76b71
6. Apache Kafka. URL: https://kafka.apache.org
7. Apache ZooKeeper. URL: https://zookeeper.apache.org
8. Messaging that just works — RabbitMQ. URL: https://www.rabbitmqg.com

116 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucTeMHi TexHosorii» 1 (144) 2023 «System technologies»
REFERENCES
1. Karabey Aksakalli, Isil; Celik, Turgay; Can, Ahmet Burak; Tekinerdogan, Bedir.

Deployment and communication patterns in microservice architectures : A system-
atic literature review. The Journal of Systems & Software. Volume 180, October
2021, 111014. DOI: https://doi.org/10.1016/j.jss.2021.111014

2. Benyamin Shafabakhsha, Robert Lagerstromb and Simon Hacksb. Evaluating the
Impact of Inter Process Communication in Microservice Architectures. 8th Interna-
tional Workshop on Quantitative Approaches to Software Quality (QuASoQ 2020).
URL: https://ceur-ws.org/Vol-2767/07-QuASoQ-2020.pdf

3. Design interservice communication for microservices.

URL: https://learn.microsoft.com/en-
us/azure/architecture/microservices/design/interservice-communication

4. Communication in a microservice architecture.

URL: https://learn.microsoft.com/en-
us/dotnet/architecture/microservices/architect-microservice-container-
applications/communication-in-microservice-architecture

5. Mehmet Ozkaya. Microservices Communications. URL: https://medium.com/design-
microservices-architecture-with-patterns/microservices-communications-
£319f8d76b71

6. Apache Kafka. URL: https://kafka.apache.org

7. Apache ZooKeeper. URL: https://zookeeper.apache.org

8. Messaging that just works — RabbitMQ. URL: https://www.rabbitmqg.com

Received 16.02.2023.
Accepted 20.02.2023.

Asynchronous communication of microservices

More and more business projects use microservice architecture, where large scale
and long evolution of the project with the involvement of many developers are expected.
This is due to the flexibility of scaling, the possibility of continuous deployment, ease of
maintenance, and different teams can work on services without affecting the work proc-
esses as a whole, which is impossible with other architectural styles. Since microservices
are a complex structure consisting of independently designed and deployed services,
communication between them can become a bottleneck, so we must be careful when con-
sidering asynchronous communication tools.

The most popular open-source tools for asynchronous communication between
RabbitMQ and Kafka services are considered. Although RabbitMQ and Kafka are some-
times used interchangeably, their implementations are very different from each other. As
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a result, we cannot consider them as members of the same instrument category; one is a
message broker, and the other is a distributed streaming platform.

RabbitMQ is best used when we need: advanced and flexible routing rules, message
timing control (managing message expiration or message delay). Advanced fault han-
dling capabilities in cases where consumers are likely to be unable to process messages
(temporarily or permanently), simple implementations for consumers.

Kafka is used when strict ordering of messages is required, the storage of messages
for long periods of time, including the ability to replay past messages, and the ability to
achieve high scale when traditional solutions are insufficient.

We can implement most use cases using both platforms. However, the project archi-
tect must choose the most appropriate tool for the job. In making this choice, we must
consider differences, as noted above. In other cases, when developing complex software
systems, it may be tempting to implement all of the necessary messaging use cases using
one platform when there are many advantages to using both platforms.

Keywords: microservice, asynchronous communication, message broker, message
queue, publish/subscribe, HTTP, AMQP, Kafka, Scala, RabbitMQ.
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YK 528.88:551.510.4

KawTaH B.H0., THaTtyweHrko B.B. InopmawiiniHa TexHONOriA BU3HAYEHHA KOHTYPiB IicOBUX
NoXKeX 3a AAHMMU ONTUYHOT CYMYTHMKOBOT 3MOMKM // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMi1 36ipHMK HayKOBKX NpaLb. - Bunyck 1(144). — Axinpo, 2023. — C.3 - 12.

KinbKicTb NicCOBMX NOXEX NPOTATOM OCTaHHiX AECATU POKiB iCTOTHO 36inblmnacs. Lle BKasye
Ha Te, O OLiHKA NNOLLi Ta PO3TallyBAHHA TEPUTOPIiA, NPOALEHNX NICOBUMMU MOXKEKAMM, € fyXKe aK-
TyanbHOK 3afayel0 CbOroOAeHHs. BMKOPUCTAHHA AaHMX CynyTHWKOBOT 3MOMKM 3HAYHO CMPOLLYE
npoLec OuUiHKKM NicoBUX Noxex. MeTa focnifxeHb nonarae B po3pobui iHbhopmauitHoi TexHonorii
aBTOMATU30BAHOr0 BU3HAYEHHSA KOHTYPiB NICOBMUX MOXEXK HA LUDPOBUX ONTUYHUX CYNYTHUKOBUX
3HiIMKax B yMOBaXx HECTaLiOHAPHOCTI Ta HEBM3HAYEHOCTI HA OCHOBI 3rOPTKOBUX HEPOHHUX MEpeX.
[ns BU3HAYEHHA KOHTYPiB NICOBUX MOXEX 3aNPONOHOBAHO BMKOPUCTATU TOYKM TEMIOBMX
aHoMmanin pna ipgeHtudikauyii nikcenie BorHw Ta gumy. Lle [o3BosMAO oTpMMaTtM NOAIrOHM
BiANOBigHMX obGnacTeit 3 pi3HUMKM aATPUOYTaMK: MONOXKEHHAM, PO3MipoM, Towo. PesynbTaTu
NPOTECTOBaHi Ha CYNyTHUKOBMX ONTUYHUX 3HIMKax Sentinel 2 perioHy ABina. 3anponoHoBaHui mMe-
TOA MA€E 3arasibHy TOYHICTb BUAINEHHA NiCOBUX NOXeX 94,3%.

bi6n. 9,in. 5.

YK 004.42

Ieon 0.I., Ictywkuu B.®., benyruva B.0. lMporpamHe 3a6e3neyeHHA ANA CKaHYBaHHA
ACKPaBOCTi NikceniB pacTpoBux 306paxeHb // CuctemHi TexHonorii. PerioHanbHMii MiXBY3iBChb-
KUt 36ipHNK HayKOBKX npaub. - Bunyck 1(144). — [lHinpo, 2023. - C.13 - 19.

OnucaHo Be6-3aCTOCYHOK AN1s MPOrpaMHOro CKaHYBaHHA PacTPoOBUX 300paXKeHb aHaNoroBuUX
ocuunorpam npu BUMipIOBaHHI napameTpiB iMNyAbCHUX CUrHaniB. AIK KpuTepi 0OpaHHs TOYOK
CKaHyBaHHSA BMKOPWUCTaHA MaKCMManbHA SCKPABiCTb MIiKCENiB Ha MiHisAX CUrHaNiB pacTpoBOro 300-
paXKeHHs ocuunorpamu. Beb-3acTocyHok cTBOpeHo 3acobamu moB HTML5, CSS3, JavaScript Ta
TexHonorii Canvas. [lporpamHUM cepefoBWLEM ANA NOrO BUKOPUCTAHHA € Gpay3epu Mepexi
IHTepHer.

bion. 4,1in. 4.

YK 004.42:621.317.351

Ieon 0.I., Ictywkuu B.®., Nlobimkin B.B. MporpamHe 3ab6e3neyeHHs anAa BUMipIOBaHHA
KoediuieHTy HeniHiHOCTI BONbTaMNEpPHUX XapaKTEPUCTUK MO PacTPOBOMY 300paKeHHI0 ocC-
uunorpamm // CuctemHi TexHonorii. PerioHanbHuii MiXBY3iBCbKMIA 301pHUK HayKOBKX NpaLb. - Bu-
nyck 1(144). — Oninpo, 2023. — C.20 - 25.

OnncaHo NpuKNagHuWit Be6-3aCTOCYHOK, AKUI JO3BONSIE HA MiIACTaBi fJAHUX CKaHYBaHHA pac-
TPOBMX 300paXke€Hb aHANOroOBUX OCLMIOrpaM iMMyNbCHUX CUTHANiB, 3apeecTpoBaHUX B 06nACTi
CUNBHUX ENEKTPUYHUX CTPYMiB, BUMIPATU KOeiLieHT HENTHIAHOCTI BONbTAMNEPHOT XapaKTepucTu-
KW i MOro 3aNexHicTb Bif Hanpyru Ta cTpymy. Beb-3actocyHoK cTBOpeHo 3acob6amu mo HTML5,
(SS3, JavaScript Ta TexHonorii Canvas. [lporpamHum cepefoBulLeM ONA WOr0 BUKOPUCTAHHA €
Opay3epu Mepexi IHTepHeT.

bion. 3,in. 2.
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YK 680.179:681.513

Tonkowkyp 0.C., lozoscbkuit A.C. Anroputm 06po6KU AaHNX KiIHETUKMN BiAryKY ra3oBoro
CEHCOpY 3 3aCTOCYBAaHHAM PO3TArHYTOi EeKCMOHEeHUinHOi ¢yHKUii 6e3 u4ucneHHoro
andepeHuyitoBaHHA // CuctemHi TexHonorii. PerioHanbHWii MixBY3iBCbKWIA 30iIpHUK HAYKOBMX
npaub. - Bunyck 1(144). - OHinpo, 2023. — C.26 — 35.

Po3rnspatotbcs 0cO6MBOCTI BUKOPUCTAHHA KOMM'IOTEPHUX TeXHONOrN 0O6poOKM ekcnepu-
MeHTaNbHWX AAHMX ONA BUPiLWEHHS 33aa4 aBTOMATM3aLiT AOCNiKeHb MaTepianiB A ra3ouyTanBuxX
CeHcopiB. 3anponoHOBAHO anropuTM 0OPOOKM KiHETUYHOT 3aNeXHOCTi Ha OCHOBi Mopeni
PO3TATHYTOT eKCMOHeHLiNHOT (yHKLii, AKMA He BMKOPWUCTOBYE onepauii uucenbHoro audepe-
HLitOBaHHA NPW 3HAXO[KEHHI napameTpiB faHoi mogeni. Lle A03BONSE 3HU3UTM BNIMB HASBHOCTI
PO3KMAY AaHUX B KOOPAMHATAX anpoKCUMYKOYMX Aiarpam, siKi BUKOPUCTOBYIOTLCA NPU PO3PaxXyHKY
napameTpis Mopeni, 36iNbWKUTU TOUHICTb Ta CNpUsE peanisauii aBToMaTU30BaHOi iHoOpMaLiiHOi
BUMipIOBANIbHOT CUCTEMM.

bi6n. 18, in. 4, 1abn. 1

YIK 681.3.07

XaHgeubkuit B.C. OnTumisauis po6otu komn'totepHux mepex IEEE 802.11 npu 3HauHUX
piBHAX 6iTOBMX nomMunoK // CuctemHi TexHonorii. PerioHanbHuit MixBy3iBCbKUI 36ipHUK HayKo-
BMX npaub. - Bunyck 1(144). — OHinpo, 2023. - C.36 - 43.

[nsa 3apaHoro piBHA WyMy dparMeHTalis nons [paHux dpeimy 36inbliye iMOBIPHiCTb
nepefayi KOXXHOro okpemoro cparmeHTy. Asie Lie CynpoBOMXKYETLCA 36iNblLEHHAM BiHOCHOT Baru
HaKnagHWx BTpaT. MW NpPOMOHYEMO BW3HA4aTU ONTUMyM (parmeHTauii B ymoBax MifBULLEHOT
THTEHCMBHOCTI WYMy NO MaKCMMyMy A0OYTKY iMOBIpHOCTI yCMilWHOT nepepayi (parMeHTOBaHOro
(peiiMy Ha BiLHOCHY Bary HaknapHwx BTpat. [lpeAcTaBneHi pe3ynbTaTi po3paxyHKiB 3aNexHOCTI
KpuTepia onTUManbHOCTI Big KoedilieHTy dhparMeHTauii npu pisHUX PiBHAX LWyMY, fKi 0O3BONAIOTH
onTUMi3yBaTK npoLec hparMeHTauii nons gaHMx nepefaBaEMux ppenmis.

bibn. 4,in. 2.

YIK 004.021; 004.383

MatBeesa H.0., Moxos K.B. BukopucranHs Spring Framework ana po3pobku Be6-
popatkiB // CuctemHi TexHonorii. PerioHanbHMii MiXBY3iBCbKMIA 30ipHUK HayKOBKX npaup. - Bu-
nyck 1(144). — Oninpo, 2023. — C.44 - 50.

Crek TexHonoriii Spring Boot, Spring Data JPA, Bootstrap, 6i6nioteka jQuery Ta 6a3a gaHux
PostgreSQL BMKOpUCTOBYIOTbCS ANs po3pobku Beb-gonatky. CTBOpeHWit JOAATOK MOXHA BUKOPU-
CTOBYBATU A OTPUMAHHA BifNOBiAei Ha BNACHI NUTAHHSA, AONOMOra B BUPILIEHHT YyXUX NUTAHb
ab0 NowyKy HOBMX 3HANOMUX.

bibn. 6, in. 2.

YIK 004.4

MoHomapbos I.B. MoxxnuBocTi ¢penmopKy .NET MAUI 3i cTBopeHHs Kpocnnatgopmo-
BUX BOAATKIB // CucTemMHi TexHonorii. PerioHanbHUit MiXBY3iBCbKMIA 30IpHUK HAYKOBMX Npalb. -
Bunyck 1(144). — [ninpo, 2023. — C.51 - 57.

Posrnspatotbcs MoxamBocTi Ta ocobnusocti dpeimopky NET MAUI wopo CTBOpeHHs
KpocnnatchopmoBux poaatkiB. CTBOPeHHA €AMHOr0 NPOEKTY i3 3arajibHUM KOLOM AN BCiX nniat-
topm, rapsye nepesaBaHTaxeHHs .NET npuckopioe po3pobky poaatkie. .NET MAUI Hapae cninbHi
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taiinn pecypciB MpoekTy, NiATPUMKY NPUB'A3KM AaHUX, BMKOPUCTAHHA Tpurepi. [padiyHwnii
iHTepeiic CTBOPIOETbCS OKPEMO Bif JOMKM Nporpamu, Wo niABuilye edeKTUBHICTb poboTy.
OnucaHi 0CHOBHI rpynu ynpaeniHHaA iHTepdency Nporpamm, Taki K CTOPiHKKM, MaKeTW Ta YABEHHS.

bion. 2.

YK 004.946

CnipiHues B.B., Cagnyenko [.B., CnipiHuesa 0.B. Kpocnnargopmuui Unity popatok ana
BigobparkeHHa 3D-mopeneit AonoBHeHOi peanbHocTi 3acobamum ARCore // CucremHi
TexHonorii. PerioHanbHUI MiXBY3iBCbKMWII 30IpHUK HAyKOBMX npaub. - Bunyck 1(144). — [OHinpo,
2023. - C.58 - 66.

3a OCTaHHiN Yac TeXHONOrisA AONOBHEHOT peanbHOCTI 3pobuNa AKICHUIA KPOK Y PO3BUTKY, WO
Aano i 3mory OyTM KOpucHOW y GaraTbox cdepax XuTTa. [JoaaTKM AONOBHEHOT peanbHOCTi
YHiKaNbHi TUM, WO aHOTYIOTb ab0 AOMOBHIOTL PeanbHicTb KopucTyBaya. MpakTuka nokasana, Wwo
TEXHOMOrA JOMOBHEHOT peanbHOCTI Mae HeoOMeXeHuit moTeHUian Ta notpebye noganblumx
AOC/TiAXKeHb B HANPsSIMKY CTBOPEHHSA THHOBALiiHUX iIMMepCMBHMX AofaTKiB. B paHiit poboti 3anpo-
NoHOBaHO kKpocnnatdopmumii Unity popatok pns BigobpaxeHHs 3D-mopeneit AoONOBHEHO
peanbHocTi 3acobamm ARCore.

bi6n.4,in.7.

YK 534.075.8

Kpaseup 0.B., OyxHesuu K.Jl. Bepupikauia nakety aBTOMaTu30BaHOr0 NPOEKTYBAHHA
ELCUT Ha npuknaai 3apaui HarpiBaHHA iHAYKTOpa 3 ABOWAPOBUM (pyTepyBaHHAM // CuctemHi
TexHonorii. PerioHanbHUIn MiXBY3iBCbKMWIA 30iIpHUK HayKoBKX Mmpalb. - Bunyck 1(144). — [QHinpo,
2023. - C.67 - 75.

3a gonomoroto nporpamHoro komnaekcy ELCUT po3paxoBaHo nons Temnepatyp iHAYKLINHOO
HarpiBaya Ans 4oTMpbOX Nap MaTepianiB (yTepyBaHHS; NOOY[O0BAHO KAPTUHM NOJIB TEMMepaTyp Ta
i30TepM AnA JOCNiAXKYBAHUX BUNAAKIB MaTepianiB (yTepyBaHHA THAYKLUIAHOrO HarpiBaya, cTBope-
HO fiarpamy NOpiBHAHHA CepeAHbOT TeMnepaTypy GyTepiBKM B 30BHILIHbOMY Ta BHYTPIilLHbOMY Lia-
pax 3 BukopuctaHHam nakety ELCUT. MNpoBepeHa BepudikaLis oTpMMaHMX YACIOBUX pe3ynbTaTia
WNAXOM NOPiBHAHHSA iX 3 ICHYIOYMMM aHANTTUYHUMU PO3B’A3KaMU.

bi6n. 10, in. 5, Tabn. 1.

Y[1K 004.383.8.032.26

MHunenko 0.b. MpoekTtyBaHHA Tonorpadii cuHanTMuHOro Bxoay 3 uUpPoOBUM KepyBaH-
HAM BaroBumu KoedyiLieHTamu Ana anapaTHoOi peanisayii WTYYHOro iMNyabCHOro HeMpoHa //
CucTemHi TexHonorii. PerioHanbHUin MixBY3iBCbKMIA 36IpHUK HAyKOBUX npaup. - Bunyck 1(144). —
[Hinpo, 2023. - C.76 — 82.

lpe3eHTOBaHO pe3ynbTaTi TONOrpadiyHOro NPOEKTYBAHHA CMHANTMYHOTO BXOAY 3 LMQPO-
BUM KEepyBaHHAM BaroBUMW KoedilieHTaMu, AKMI € CKNALOBUM €IeMEHTOM anapaTHoi peanizauii
LWUTYYHOrO iMNYNbCHOrO HelpoHa. Mpu npoekTyBaHHi BukopucToByBanach LIF (Leaky Integrate-
and-Fire) mogenb WTY4yHOro iMNyNbCHOTO HeMpOHA. 3a LOMOMOrol CUCTEMU aBTOMATU30BAHOTO
NPOEKTYBAaHHA THTErpasbHUX CXeM CTBOPEHO KOMNAKTHY TOnorpadit CMHaNTUYHOrO BXOAY 3 BUKO-
PUCTAHHAM Ha KOXHOMY eTani MpOeKTyBaHHA BCiX HanexHux metonis ¢is3nyHoi Bepudikauii. Ins
NifTBEPAKEHHS [LOCTOBIPHOCTI NPOEKTYBAHHSA BMKOHAHa NepeBipKa BianoBigHOCTI TonorpadiyHoro
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Ta CXEMaTWYHOro MPOEKTIB HAa OCHOBI MOPiIBHAHHA CMMUCKIB 3'€[HaHb Ta MOPIiBHAHHA 4YacOBUX
Aiarpam curHanis y noprax.

bi6n. 9,in. 5.

YIK 614.2+574/578+004.38

Jiuteunos 0.A., JuteuHos M.0. BukopuctaHHsa c¢penMoBOro migxopy AAA Po3pobKu
iHopmauiiiHux cucrem // CuctemHi TexHonorii. PerioHanbHWii MiXBY3iBCbKUI 36IPHUK HAYKOBMX
npaub. - Bunyck 1(144). — OHinpo, 2023. - (.83 - 98.

Po6oTa npucBayeHa 0COBMMBOCTAM 3acTOCyBaHHA (peiMOBOro nigxody Ans Po3pobKu
iHdopMaLifHux cuctem. Po3rnapaeTbcsa BapiaHT reHepatopy, WO CKNAfa€ETbCA 3 TPbOX LWapis,
cneuundika Ta pe3ynbTath MOro 3acTOCyBaHHA s NOOYA0BM FHYYKOro Ta HaAiNHOTrO NPOrPaMHOro
3abe3neyeHHs, afanToBaHOro Ans 3pYYHOT0 TECTYBaHHSA Ta NiATPUMKM.

bi6n. 13.in.7.

YK 004-93

Axmetwuna JI.T., MitpodaHos C.K., Maiigapa B.K. MoninweHHa cnabokorpacTHux 306pa-
YKeHb B YaCTOTHiN 0621aCTi 3 BUKOPUCTAHHAM HeYiTKoi iHTeHcudikauii // CuctemHi TexHonorii.
PerioHanbHMIn MiXBY3iBCbKMI1 36ipHUK HaykKoBux npaub. - Bunyck 1(144). — [Owinpo, 2023. -
C.99 - 107.

Y poboTi npeacTaBneHi iHhopMaLiiHi MOXIMBOCTI MeToay 06po6OKM HaNiBTOHOBUX MEAUYHNX
300paXeHb, CNPSMOBAHOrO0 Ha MOMIMIWEHHS KOHTpacTy Ta NiABMIEHHs AeTanisauii 06'ekTiB
iHTepecy 3 MeTol0 36iNblUeHHs AOCTOBIPHOCTI AiarHOCTYBaHHs Ha iX ocHOBi. [IponoHoOBaHMI anro-
pUTM 3aCHOBAHMWIA Ha Npoueci 6aratoeTanHoi 06OPOOKMY, L0 BKIKOYAE BUKOPUCTAHHS [BOBUMipPHOTO
yacToTHoro nepeTsopeHHs ®yp'e Ta MeToay HewiTKoi iHTeHcMdikauii B npocTopoBoi obnacTi. 3a-
cTocyBaHHa Pyp'e-nepeTBOpeHHA nepeadayae KopeKLilo Moro KoedilieHTiB i peKOHCTPYKLito 306-
PAXXEHHA 3BOPOTHUM nepeTBOpPeHHAM. KoperyBaHHIO NiafaloTbCs TiIbKU apryMeHTU KOMMEKCHUX
KoediuieHTiB. [locnigxeHo BNAMB NapaMeTpiB YacTOTHOrO NEPETBOPEHHA Ha [eTani3alito pe3yb-
Tylo4oro 306paxeHHs. MeTton HeyiTKoT iHTeHcMiKaLii BUKOPUCTOBYETLCA AK nepenobpobka ans
APYroro etany 4acToTHOro nepeTBopeHHs. HaBefeHo pesynbtatn 00po6KM Ha NMpUKNagi peanbHUX
PEHTIeHIBCbKMX 3HIMKIB.

bi6n.8,in. 8.

YIK 004.75

Opyxurin 0.1, Tepacumos B.B. ACMHXpOHHa KOMyHiKauia mikpocepsiciB // CuctemHi
TexHonorii. PerioHanbHUI MixBY3iBCbKMIA 30ipHUK HayKOBUX npaub. - Bunyck 1(144). — OHinpo,
2023. - C.108 - 118.

Y 38'A3Ky 3i 3poOCTalyMM NONUTOM MiKpocepBiCHOI apxiTeKTypu rocTpo CToiTh NUTaHHA
aCUHXPOHHOT KOMyHiKauii Mix cepBicamu. B pob6oTi po3rnsHyTi 0COGAMBOCTI ACUHXPOHHOT
KOMYHiKaLii, TMNM Ta naTepHM aCMHXPOHHOI KOMYHiKaLii Ta OCHOBHI MOXJMBI BUKAUKW Mpu
NPOEKTYBaHHI KOMYHiKauii MiX cepBicamu. HaBefeHi BiAMIHHOCTI aCMHXPOHHOT Bif CMHXPOHHOI
KOMyHiKauii. [JaHo onuc Aeskux nonynsapHMX 3acobiB, sKi 3aCTOCOBYIOTbCA MpPU KOMYHiKaLlii
MiKpoCepBiCiB, 3p06IeHO BUCHOBKM LOAO Halbinbl eheKTUBHUX 0bnacTeil ix 3aCToCyBaHHS.

bi6n. 8, Tabn. 2.
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UDC 528.88: 004.9

Kashtan V.Yu., Hnatushenko V.V. Information technology for detecting forest fire
contours using optical satellite data // System technologies. N 1(144) - Dnipro, 2023.-
P.3 -12.

The number of forest fires has increased significantly over the past ten years. It indi-
cates that forest area estimates fires are a very urgent task today. The use of satellite-based
data simplifies the process of assessing forest fires. The aim is to develop an information
technology for automated forest fire contours detection on digital optical satellite datas in
conditions of non-stationarity and uncertainty based on convolutional neural networks. The
most popular tools for forest fire analysis are considered. This work proposed using hotspots
to identify all fire and smoke pixels for automated forest fire contour detection. It made it
possible to obtain contour polygons of the corresponding areas with various attributes: posi-
tion, size, etc. The results are tested on Sentinel 2 satellite images of the bvila region. The
proposed method has an overall accuracy of 94.3% for the selection of forest fires.

Bibl. 9, ill. 5.

UDC 004.42:621.317.351

Ivon A.L, Istushkin V.F., Belugina V.0. Software for scanning the brightness of the
raster images pixels // System technologies. N 1(144) - Dnipro, 2023.- P.13 - 19.

Web application for programmatically scanning of the analog oscillograms raster images
when measuring parameters of pulse signals is described. The maximum brightness of the pix-
els on the signal lines of the oscillogram raster image, as a criterion for selecting of scan
points, was used. The web application was created using the languages HTML5, CSS3,
JavaScript and the Canvas technology. Internet browsers are the software environment for its
use.

Bibl. 4, ill. 4.

UDC 004.42:621.317.351

Ivon A.L, Istushkin V.F., Lubimkin V.V. Software for measuring the nonlinearity coef-
ficient of volt-ampere characteristic from raster image of oscillogram // System tech-
nologies. N 1(144) - Dnipro, 2023.- P.20 - 25.

An applied web application allowing to measure the nonlinearity coefficient of volt-
ampere characteristic and its dependence on voltage and current based on the scanning data
of raster images of the pulse signals analog oscillograms registered at the high electric cur-
rents is described. The web application was created using the languages HTML5, CSS3,
JavaScript and the Canvas technology. Internet browsers are the software environment for its
use.

Bibl. 3,ill. 2.

UDC 680.179:681.513

Tonkoshkur A.S., Lozovskyi A.S. Algorithm for processing gas sensor’s response ki-
netics data using extended exponential function without numerical differentiation //
System technologies. N 1(144) - Dnipro, 2023.- P.26 - 35.
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Features of the use of computer technologies for processing experimental data to solve
the problems of automating the research of materials for gas-sensitive sensors are consid-
ered. An algorithm for processing kinetic dependence based on the stretched exponential
function model that is proposed, which does not use numerical differentiation operations
when finding the parameters of this model. This makes it possible to reduce the influence of
the presence of data scatter in the coordinates of approximating charts, which is used in the
calculation of model parameters, to increase accuracy and contributes to the implementation
of an automated information measurement system.

Bible 18, ill. 4, tab.1.

uDC 681.3.07

Khandetskyi V.S. Optimizing the action of IEEE 802.11 computer networks at sig-
nificant levels of bit error rate // System technologies. N 1(144) - Dnipro, 2023.- P.36 — 43.

For a given level of noise, fragmentation of the frame’s data field increases the probabil-
ity of transmitting each individual fragment. But this is accompanied by an increase in the
relative weight of overhead costs. We propose to determine the fragmentation optimum under
condition of increased noise intensity by the maximum value of the product of fragmented
frame successful transmission probability by the relative weight of overhead costs. The article
presents results of calculations of the optimality criterion dependence on the fragmentation
coefficient at different levels of noise, which allow optimizing the process of frames fragmen-
tation.

Ref. 4, fig. 2.

UDC 004.021; 004.383

Matveeva N.O., Mokhov K.V. Using Spring Framework to develop web applications //
System technologies. N 1(144) - Dnipro, 2023.- P.44 — 50.

The technology stack of Spring Boot framework, Spring Data JPA, Bootstrap, jQuery li-
brary and PostgreSQL database is used to develop a web application. The created application
can be used to get answers to your own questions, help in solving other people's questions or
find new acquaintances.

Bibl. 6., ill. 2

UDC 004.4

Ponomarev 1.V. Features of the .NET MAUI framework for creating a cross-platform
applications // System technologies. N 1(144) - Dnipro, 2023.- P.51 - 57.

The possibilities and features of the .NET MAUI framework for creating cross-platform
applications are considered. Creating a single project with common code for all platforms,
.NET hot reload speeds up application development. .NET MAUI provides shared project re-
source files, data binding support, use of triggers. The graphical interface is created sepa-
rately from the program logic, which increases the efficiency of work. The main groups man-
agement application user interface, such as pages, layouts, and views.

Bibl. 2.
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UDC 004.946

Spirintsev V.V., Sadychenko D.V., Spirintseva 0.V. Cross-platform Unity application for
displaying 3D models of augmented reality using ARCore // System technologies. N 1(144)
- Dnipro, 2023.- P.58 - 66.

Recently, augmented reality technology has taken a qualitative step in development,
which has enabled it to be useful in many areas of life. Augmented reality applications are
unique in that they annotate or augment the user's reality. Practice has shown that aug-
mented reality technology has unlimited potential and requires further research in the direc-
tion of creating innovative immersive applications. This work proposes a cross-platform Unity
application for displaying 3D models of augmented reality using ARCore.

Ref. 4, fig. 7.

UDK 534.075.8

Kravets 0.V., Dukhnevich K.L. Verification of the computer design package ELCUT on
the example of the problem of heating an inductor with a two-layer inwall // System tech-
nologies. N 1(144) - Dnipro, 2023.- P.67 - 75.

The temperature fields of the induction heater for four pairs of inwall materials using
the ELCUT software package were calculated; the patterns of temperature fields and isotherms
for the studied cases of inwall materials of the induction heater are constructed, a diagram of
comparison of the inwall average temperature in the outer and inner layers using the ELCUT
package is constructed. The obtained numerical results were verified by comparing them with
existing analytical solutions.

Bibl. 10, il. 5, tabl. 1.

UDC 004.383.8.032.26

Gnilenko A.B. Layout design of a synaptic input with digitally controlled weight co-
efficients for a hardware implementation of an artificial spiking neuron // System tech-
nologies. N 1(144) - Dnipro, 2023.- P.76 — 82.

The layout design of a synaptic input with digitally controlled synaptic weight coeffi-
cients is presented as a building component of a spiking neuron hardware implementation.
The design is based on Leaky Integrate-and-Fire model of an artificial spiking neuron. The
compact-sized layout is obtained using EDA tool with all necessary physical verifications ful-
filled at every design stage. Layout versus schematic check and the simulation of signal wave-
forms at ports are performed based on the extracted netlist to validate the design.

Bibl. 9, fig. 5.

UDC 614.2+574/578+004.38

Lytvynov 0.A., Lytvynov M.0. On application of frame-based approach for informa-
tion systems development // System technologies. N 1(144) - Dnipro, 2023.- P.83 - 98.

The work is devoted to specific of frame-based approach application for information
systems development. Three-layered generator provided to make the process of multi-layered
information systems development more effective and robust. The results of its application in
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the context of building more flexible and robust, testable and maintainable software are also
discussed.

Bibl. 13, ill. 7.

YOK 004-93

Akhmetshina L. G., Mitrofanov S.K., Haidara V.K. Improvement of low contrast images
in the frequency domain using fuzzy intensification // System technologies. N 1(144) -
Dnipro, 2023.- P.99 - 107.

The paper presents the information possibilities of the method of processing halftone
medical images aimed at improving the contrast and increasing the detail of objects of inter-
est in order to increase the reliability of diagnosis based on them. The proposed algorithm is
based on the process of multi-stage processing, which includes the use of two-dimensional
frequency Fourier transformation and the method of fuzzy intensification in the spatial do-
main. The application of the Fourier transformation involves the correction of the TDDFT coef-
ficients and the reconstruction of the image by the inverse ITDDFT. Only the arguments of
complex coefficients of TDDFT can be adjusted. The effect of frequency conversion parameters
on the detail of the resulting image was studied. The method of fuzzy intensification is used
as a preprocessing for the second stage of frequency conversion. The results of processing are
presented on the example of real X-ray images.

Bibl. 8, fig. 8.

UDC 004.75

Druzhynin D. I., Gerasymov V. V. Asynchronous communication of microservices //
System technologies. N 1(144) - Dnipro, 2023.- P.108 — 118.

In connection with the growing demand for microservice architecture, the issue of
asynchronous communication between services is acute. The paper examines the features of
asynchronous communication, types and patterns of asynchronous communication, and the
main possible challenges when designing communication between services. The differences
between asynchronous and synchronous communication are given. A description of some
popular tools used in the communication of microservices is given, and conclusions are drawn
regarding the most effective areas of their application.

Bibl. 8, tab. 2.
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Pepakiuiiina KoJjeris
CeniBbopcroBa TersiHa BitaniiBHa
(20n106HUII pedakmop)

IOLIEHT, KaHAMIAT TEXHIYHMX HAYK
AnnartoB Auartoutiii ITerpoBuu
UneHn-kopecnnoHaeHT HAH VYkpainu,
npodecop, JOKTOP TEXHIYHUX HAYK
Apxumnos Onekcangp €BreHiinoBu4
npodecop, JOKTOP TEXHIYHUX HAYK

Bba6iueB Cepriit AHaToJ1iiioBUY
IOIIEHT, JOKTOP TEXHIUYHMUX HAYK

Bino3sbopoB Bacuib EBreHoBuUY
npodecop,

OOKTOP (i3MKO-MaTeMaTUIHMUX HAYK
Feue ®enip Enemuposnu
npodecop, JOKTOP TEXHIYHUX HAYK
I'voa AHTOH IropoBuu

(3acm. 20/108H020 pedakmopa)
npodecop, JOKTOP TeXHIYHUX HAYK

I'natymenko BikTopis BosogumupiBHa

(8ueHuli cekpemap)
npodecop, JOKTOP TEXHIYHUX HAYK

I'narymenko Bonogumup Bonogumuposuu

npodecop, AOKTOP TEXHIYHUX HAYK
T'oxxuit Onexcanap IlerpoBuyu
npodecop, AOKTOP TEXHIYHUX HAYK
€pbomin Onekcanap OneroBuya
npodecop, AOKTOP TEXHIYHUX HAYK

KipiueHko JIrogmmiaa OsieriBHa
npodecop, JOKTOP TeXHIYHUX HAYK
CBiTimmuauii JiImutpo CBATO3apOBUY
npodecop, JOKTOP TeXHIYHUX HAYK

Ckano3y6 Biragucias BacuibsoBuu
npodecop, JOKTOP TeXHIYHUX HAYK

XaHaeubkuii Bonoaumup CepriiioBuu
npodecop, JOKTOP TeXHIYHUX HAYK
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