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Modeling and Analyzing the Simplest Network of Telephone Subscribers

Abstract. Dynamic networks such as social, transport and biological networks are widely represented in the modern world.
Modeling complex networks as time-varying structures opens up additional opportunities for studying their properties.
Purpose. The goal of the work is to model the simplest dynamic network of telephone subscribers. The main focus is on
experiments with the resulting model and studying how the number of subscribers influences the network properties.

Research methods. The work uses the Monte Carlo method of stochastic dynamics of discrete states using time steps of the
same length, as well as the methods for constructing computer models, the methods for analyzing the properties of networks, the
least squares method and others. The computer model has been developed in Python using the Pandas, Numpy and NetworkX
libraries.

Results. The simplest model of a network of telephone subscribers has been designed, where subscribers are connected randomly
and disconnected after the phone conversation. In the model, the average daily number of outgoing calls from subscribers is
distributed according to the lognormal law. The experiments have been carried out with different numbers of subscribers, but for
the same time period. Based on the data obtained from the experiments, we analyzed such network properties as number of
connections, density, degree distribution, average clustering coefficient, and average shortest path length.

Conclusions. The developed computer model of the simplest dynamic network of telephone subscribers forms a model similar
to a random Erdes-Rényi graph, but the degrees of the vertices or the number of connections between subscribers are distributed
according to a lognormal law. The developed computer model can serve as the basis for the development of more complex
models and the study of the dynamic properties of such networks.

Keywords: dynamic complex network, mobile call graph, telephone network, lognormal distribution, degree distribution,
network density, clustering coefficient, average shortest path length.
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Sk muryBatu: Danilevskyi M., Yanovsky V. Modeling and Analyzing the Simplest Network of
Telephone Subscribers. Bicnux Xapkiscokoeo nayionanvrnoeo yuieepcumemy imeni B.H. Kapasina,

cepis  Mamemamuune moodemoeanns. Ingopmayiini mexunonozii. Asmomamu3zoeani  cucmemu
ynpasninns. 2023, sun. 59. C.6-15. https://doi.org/10.26565/2304-6201-2023-59-01

1. Introduction

Research of the social networks has been developing for many decades. The psychiatrist Jacob
Moreno, who became interested in the dynamics of social interactions within groups in the 1930s [1], is
usually considered as the founder of the field. ““A social network is any network in which nodes represent
people and edges represent some form of connection between them, such as friendship” [2]. In this paper,
we create a model and study a dynamic network of telephone subscribers or a mobile call graph. This
network can be seen as a social network in which contacts are made via a telephone. The peculiarity of
the network connected by the telephone calls is that connections are severed after the end of telephone
conversation between subscribers. At any moment in time, only pairwise connections exist, but a fully
connected network can be observed taking into account the connections that existed over a certain period
of time. Thus, in each period there are different configurations of connections between subscribers, and
accordingly, the network of telephone subscribers can be considered a dynamic one.

© Danilevskyi M., Yanovsky V., 2023
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0.
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Most networks, including a telephone subscriber network, change over time. However, researchers
often view networks as static entities. In some cases, this may be a reasonable approximation, but we can
learn a lot by observing, analyzing and modeling network changes over time. For example, in some
networks only connections may change and nodes remain permanent, in others, nodes may appear or
disappear. One of the approaches to modeling social networks, including networks of telephone
subscribers, is random graphs. The random graph model has been introduced in 1950-1960 by Paul Erdés
and Alfred Rényi [3]. A random graph is a network model in which the values of certain properties are
fixed, but other properties are random. For instance, a graph with a fixed number of nodes and edges is
one of the simplest models in which edges between nodes are randomly assigned. This approach is quite
primitive and has a number of disadvantages, for example, the lack of correlation between the degrees of
neighboring nodes, and the degrees of nodes are distributed according to Poisson’s law, which is rarely
the case in real networks. Additionally, in real networks structures called communities are formed, in
random networks they are absent. The next stage in the development of models of complex networks is
the Watts-Strogatz model [4]. This model creates a network with the properties of a “small world” — a
high clustering coefficient and a short length of the average shortest path between the vertices of the
network. As a result of the analysis of the Internet network topology by Albert and Barabasi [5], it has
been discovered that the distribution of vertex degrees follows a power-law. Such networks are called
scale-free networks. It has been empirically established that social, communication, biological, citation
graphs, Internet links, and other systems could be sufficiently modeled by scale-free graphs. It is believed
that the most important characteristics of social networks, in addition to high clustering, short average
paths and the presence of communities, include assortative mixing and a wide degree distribution. In [6],
the authors have presented a model of such a network in which new vertices are added both to random
vertices and to neighboring ones, which leads to implicit preferential joining.

Real world networks can have billions of users, and sometimes it is even impossible to determine their
size. In such conditions, network modeling is an effective way to study complex networks. It helps to get
an idea about the network structure, understand how the network changes when its parameters change,
and also study the processes occurring in networks, for example, the dissemination of information.
Dynamic network models can be divided into two groups: deterministic and stochastic. Stochastic models
take into account the random nature of network parameters, and therefore are better suited for modeling
social networks. For example, in [7], the authors have noted the limitations of the analytical approach and
created a stochastic model of the telephone network using the GPSS/H language. Using the created model,
the authors have determined the operational characteristics of the existing corporate telephone network
and assessed the performance of the designed networks before their installation. In [8], a discrete event
simulator for communication networks OSSIm is presented. A brief but comprehensive overview of graph
modeling of complex communication networks and their application to social network analysis is
provided in [9]. Based on various models of physical networks, the functions for generating artificial
social networks have been created in Matlab [10], thus adding a social component to the models of
physical networks. Currently, complex networks can be analyzed and modeled by describing models in
programming languages, including C++, Python, R, as well as using specialized software packages such
as NetworkX [11] and NetworkKit [12]. In works [13-16], the authors analyze the structure and dynamics
of social networks in which connections between people are carried out by using a mobile communication
network.

In this work, we present a simple model of social network in which connections between people are
established via telephone calls. Based on the data obtained after experiments, such network properties as
the number of edges, density, degree distribution, average clustering coefficient, and average shortest
path length have been analyzed.

2. Modeling dynamic network of telephone subscribers

In this work, we present a model of a social network in which connections between people are
established via telephone calls. A network of telephone subscribers is characterized by a certain number
of nodes (subscribers) and connections between them. Connections in such network occur when one
subscriber contacts another, and the duration of their contact is greater than 0. The number of connections
or call attempts is varied for different types of subscribers. For instance, usually people call 5-7 times a
day, while sales managers may call 200-300 times a day. As a result, at each moment of time a certain
number of pairwise connections exist. These connections cannot be considered a network. Only if we
increase the time scale, it is possible to observe a network formed during a given period of time.
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As a result of computer modeling, a simple model of a telephone network has been developed. The
main simplification is that subscribers choose to contact each other randomly. The number of calls over
a period of time is assigned to each subscriber according to the lognormal distribution. While subscribers
are in contact, they cannot make or receive calls. The call duration is modeled by the probability of ending
a call at a given time.

The input parameters of the model are the following: number of subscribers, parameters of the
lognormal distribution for assigning the number of calls per period of time, duration of the experiment.

3. Description of the experiment

Conducting experiments involves simulating the network of telephone subscribers over a certain
period of time. The number of subscribers is fixed and set beforehand. Time in this model is discrete, one
unit of time is considered to be one minute. If a subscriber calls 5 times a day, then the probability of a
call at any minute is defined as 5 divided by 1440 and therefore equals to 0.00347. The experimenter sets
the number of subscribers, duration of the experiment, as well as the parameters of the lognormal
distribution for modeling number calls per day for each subscriber. The subscriber selects a subscriber
randomly according to a uniform distribution law. The probability of a call ending at any given time is
0.99, which determines its duration. If subscribers have established a connection, they are blocked and
can neither make nor receive calls. The progress of the experiment is recorded in the table:

Table 1. Experiment data sample

idx | caller_id | callee_id | start_time | finish_time
0 67 22 0 1
1 49 64 2 3
2 44 54 3 4

idx is the record number, caller_id is the caller identifier, callee_id is the callee identifier, start_time is
the call start time, finish_time is the call finish, duration is the call duration.

The input data for the experiment are: the number of subscribers is 1000, the duration is 10080 time
units (minutes) or 7 days, the parameters of the lognormal distribution correspond to normal subscribers
(u=11,0 =1.0) [17].

4. Study of the obtained data

As a result of running a model, subscribers made 34834 contacts between each other. Based on this
data, we examine the distribution of the number of subscribers by the number of calls per day. The chart
(Fig.1) shows a histogram where the circles represent fraction of subscribers who called a certain number
of times in one day. This distribution can be compared with the distribution obtained in the work based
on the results of experiments, where it has been found that such data are distributed according to the
lognormal law [17]. Let us examine how well the model confirms with the experimental data.
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Fig. 1. Distribution of the number of subscribers by the number of calls per day. Green - experimental data from
the real network. Simulation data: yellow - all subscribers are included, blue - only those subscribers who made
at least one call. The lognormal law is shown as a black curve.
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The green line corresponds to experimental data from the telephone network of subscribers [17]. The
data obtained after experiments with the model is depicted by the blue and yellow circles. The distribution
of subscribers corresponding to the blue line has been calculated without taking into account subscribers
who made at least one call during the experiment. The distribution of subscribers corresponding to the
yellow line has been calculated taking into account subscribers who did not make a single call during the
calls simulations. The lognormal distribution (black curve) demonstrates the agreement between the
simulation data and the experimental observations.

The experimental data include subscribers who made at least one call during the experiment, i.e., there
are no subscribers without calls. There are such subscribers in the simulated network, which corresponds
to the distribution shown by the yellow line. As a result, differences in distributions arise.

As can be seen from Fig. 1, the blue curve — the distribution of subscribers who made at least 1 call -
is in good agreement with the experimental data (the green curve). Such subscribers form a network of
connections over a certain period. For a more detailed study of the properties of the telephone subscriber
network, we will use the data obtained as a result of additional experiments with the developed computer
model.

5. Analysis of the experiments with the model

To study the properties of the modeled dynamic network, we have conducted additional experiments
with a different number of subscribers, and measured the dependencies of such network properties as well
as determined the type of the resulting network. We have conducted 50 experiments in which the initial
number of subscribers was 10, and in subsequent experiments the number of subscribers increased by 10
up to 500 subscribers. The graphs of 6 networks out of 50 are shown in Fig. 2. The topology of the
resulting networks reflects the random nature of the choice of subscribers.

N subscribers: 10, N connections: 45 N subscribers: 70. N connections: 1323 N subscribers: 130, N connections: 3188

N subscribers: 190, N connections. 5243 N subscribers: 250, N connections: 7538

Fig. 2. Graphs of the resulting networks with selected number of subscribers

The number of connections in such networks increases linearly from 45 to 15277 depending on the
number of subscribers. As a result of the simulation, we obtained data on the relationship between the
number of connections and the number of subscribers. Linear approximation of these data by using the
least squares method gives the dependence shown in Fig. 3 with a black line. It is easy to notice good
agreement of the data with the given dependence.

n=32x(N -32) M

where n is the number of connections, N is the number of subscribers.
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From this dependence it follows that each new subscriber creates 32 new connections. The deviation
is observed in case of a small number of subscribers. There are not yet enough subscribers in this case to
establish an asymptotic number of connections.

150001

100007

n connections

50001

100 200 300 400 500
n subscribers
Fig. 3. Relationship between the number of connections and the number of subscribers in simulated networks. Red
circles are the simulation data, black ones are the direct approximation.

Network density is another property that we have analyzed, particularly, the changes in network
density with an increase in the number of subscribers. Density is the fraction of actually present edges to
the maximum possible number of edges. “It can be thought of as the probability that a pair of nodes,
picked uniformly at random from the whole network, is connected by an edge” [2]. As a result of the
network simulation, the maximum density was 1.00 in a network with 10 subscribers, the minimum 0.12
was observed in a network with 500 subscribers. In Fig. 4 the simulated data is shown in red, and the
approximating dependency in black. The data analysis has shown that the network density follows a
hyperbolic dependence:

o= 1.2
1+ N
>8 @)
where p is the network density, N is the number of subscribers.

Good agreement with the simulation data is evident in Fig. 4. Thus, as the number of subscribers

increases, the network density decreases and tends to 0.

1.2

0.81

Q- 0.67

0.4

100 200 300 400 500
n subscribers
Fig. 4. Relationship between network density and the number of subscribers. Simulation data are in red,
hyperbolic dependence curve are in black.



ISSN 2304 -6201 BicHuk XapkiBCbKkoro HawjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
cepis «MaTematuyHe MogentoBaHHS. IHpopmaLiiHi TexHonorii. ABTOMaTM30BaHi CCTEMW ynpaBniHHSY, Bunyck 59, 2023 11

During the experiment, the network subscribers managed to connect with 50-60 unique subscribers in
networks with 200 or more subscribers (Fig. 5). This subscriber or graph node property is known as the
degree.

degree

100 200 300 400 500
n subscribers

Figure 5. Relationship between the average node degree (number of created connections) and the number of
subscribers in the network

Let us consider one of the fundamental properties of the network — the degree distribution. The degree
distribution tells us the frequency with which nodes of different degrees appear in the network [2]. As a
result of simulating 50 networks, we have obtained the average degree distribution presented in Fig. 6.

0.05- 0.03
0.04-
@ @
8 0.03- 2
2 2 0.021
3 3
7] = O
[ Gy
© 0.011 .
&l S
g £ 0.011
= 0 P
< —
o &
-0.011
-0.024 e 0 . :
50 100 150 200 250 300 350 50 100 150 200 250

Degree Degree
Fig. 6. Distribution of connections established by each subscriber, or node degree distribution. On the left is the
distribution of node degrees with standard deviations. On the right is the simulation data in red, the black curve is
the lognormal distribution (3) with 4 = 3.79 and o = 0.332. Good agreement with the simulation data is
observed.

The degree distribution corresponds well with the lognormal distribution with parameters ¢ =3.79

and o =0.332. Therefore, we observe that with a random selection of subscribers, the distribution of
degrees in the network repeats the distribution of the number of subscribers by the number of calls.
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where o and u are parameters that determine the lognormal distribution.

The next important network property is the clustering coefficient. The clustering coefficient is the
average probability that two neighbors of the same node are themselves neighbors or friends [2]. The
higher the value of clustering coefficient, the better information is transmitted over the network. As we
can see from the chart in Fig. 7, the clustering coefficient decreases from 1.00 in the fully connected
network with 10 subscribers to 0.21 in the network with 500 subscribers.

S e e
B foN o0

clustering coefficient

o
2

100 200 300 400 500
N subscribers

Fig. 7. Relation between the average clustering coefficient and number of subscribers in simulated networks. The
red dots are the simulation data, the black curve is the dependence (4).

The simulation data is also well approximated by the hyperbolic dependency, which is shown in Fig.
7 with the black curve. It is clear that as the number of network subscribers increases, the clustering
coefficient decreases:

+
127 )

where C is the network clustering coefficient, N is the number of subscribers.

Finally, we consider the dependency between the average shortest path and the number of subscribers
in the simulated networks, which is presented in the Fig. 8. The lengths of all links between adjacent
nodes are considered equal to one. The shortest path in a network, also sometimes called a geodesic path,
is the shortest walk between a given pair of nodes, i.e., the walk that traverses the smallest number of
edges [2]. In the case of the telephone network and connections between people, this indicator
characterizes the average number of contacts required to connect any two subscribers.
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Figure 8. Relation between the average shortest path length and the number of subscribers in networks

In this telephone network model, in which subscribers communicate randomly, the average shortest
path is quite low (0.90 — 1.94).

6. Conclusions

In this paper, we propose a simple model of a dynamic network of telephone subscribers. The main
simplification of the model is that subscribers choose each other randomly. That leads to some restrictions
which determine the network topology and the dynamics of its properties. The basic properties of the
network such as the number of connections, density, clustering coefficient, degree distribution and the
average shortest path length in the network and their dependence on changes in the number of network
nodes or subscribers have been obtained. The modeling results have shown that the number of
connections increases linearly with the number of subscribers, which results in 32 connections when a
new subscriber appears on the network. Network density decreases with increasing number of subscribers
according to the hyperbolic law (2). The network clustering coefficient also decreases with increasing
number of subscribers according to a similar hyperbolic law (4). Another important network characteristic
that affects the propagation of information is the length of average shortest path between two subscribers.
It could be noted that a low average path length of 2 is possible even in a low-density network with the
density of 0.12. It may indicate that the network does not need to be fully connected so that subscribers
communicate with each other through a small number of contacts. The degree distribution or the number
of subscriber connections obtained by the simulation is in good agreement with the lognormal
distribution. It is interesting to compare the results obtained with data on real subscriber networks. Due
to the random formation of connections, the resulting model creates a network that resembles the Erdes-
Rényi random graph model, but the degrees of the vertices are distributed according to the lognormal
law.
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Moae/il0BaHHSI TA aHAJII3 HAMNIPOCTILIOI Mepe:Ki Tejie(POHHUX A0OHEHTIB

AKTyaJbHicTb. [IMHAMIUHI Mepexi MpeaCcTaBieH] Y IMUPOKOMY CHEKTpl 00JacTel Cy4acHOTO CBiTYy, BKIIOYAIOUM COIiajbHI,
TPAaHCIOPTHI Ta GioNoriyHI Mepexi. MoaenoBaHHs CKIIaTHIX MEPEX K CTPYKTYP, 10 3MIHIOIOTHCS B Yaci, BIIKPHBA€E T0IATKOBI
MO>KJIMBOCTI JUUI1 BUBYEHHS 1X BIIaCTUBOCTEMN.

Meta. MeToro poOOTH € MOJCIIOBAaHHS HANMPOCTIMIOl JUHAMIYHOI Mepexki TenepoHHMX aboHeHTiB. OCHOBHa yBara
30Cepe/KEeHA Ha CKCIICPUMEHTAX 3 OTPUMAHOI0 MOJICIUTIO Ta JIOCIIIXKCHHS BIUTUBY KiJIbKOCTI a00OHEHTIB Ha BIACTUBOCTI MEPEXKI.

Metonu nocainkeHHsi. Y poOOTi BUKOPUCTOBYIOTBCS MeToa MoHTe-Kapno cToxacTHYHO! JMHAMIKM JTUCKPETHUX CTaHiB i3
BHUKOPUCTaHHSIM YaCOBHX KPOKIB OJHAKOBOi JIOBXKHHHM, a TAKOXX METOIU MOOYJOBH KOMIT'IOTEPHUX MOJEJIel, METOAN aHali3y
BJIACTHBOCTEH MeEpeX, METOJ HalMEeHIIMX KBazpariB Ta iHmi. Komm'rotepHa Mmoxens pospobieHa MmoBoro Python i3
BUKOpHcTaHHsAM 0i6mioTex Pandas, Numpy Ta NetworkX.

Pe3yabTaTu. Po3po6iieHo HalpocTinry Moaens Mepeski Tene()OHHIX aOOHEHTIB, Y sKiii a00HEHTH 0OUPAIOTh IHIIUX a0OHEHTIB
BUIIAJKOBHM YMHOM, a 3B'S3KH ICHYIOTH TUIBKH Iif] 9ac TeneoHHOI po3MOBH. B Mozeni cepenHbOAeHHA KiNbKICTh BUX1THUX
JI3BIHKIB a0OHCHTIB PO3MO/IiICHa 332 JIOTHOPMAIBHUM 3aKOHOM. [IpOBEICHO €KCIIEPUMEHTH 3 MOJICIUTIO 3 Pi3HOIO KUIBKICTIO
aOOHEHTIB, aJie 3a OJHAKOBHH YacoBHil Binpi3ok. Ha mifcTaBi oTpUMaHHX JaHWX MPO N3BIHKH, PO3TIIHYTI Taki BIaCTHBOCTI
Mepex SIK KUIBKICTh 3B’SI3KiB, IIUIBHICT, PO3IOJILT BEPLIMH, CEepeAHii KoedilieHT KiacTepu3aimii Ta cepemHsl IOBXKHHA
HaWKOPOTIIOTO ILISXY.

BucnoBku. Po3pobiieHa KOMIT'IOTEpHA MOZETh HaHTPOCTImoi AWHaAMIYHOI Mepexi Tene@oHHHX abOHEHTIB GopMye MOIENb
CXO0Xy 0 Bunankosuii rpad Epaema-Pensi, ane npu poMy cTyIeHi BepIINH a00 KiTbKiCTh 3B'sI3KiB a00HEHTIB PO3IIOALIEHO 32
JIOTHOPMAJTbHAM 3aKOHOM. Po3pobieHa KOMI'IOTEpHA MOJENb MOXE OYTH OCHOBOIO PO3POOKHM CKIAJHINIMX MOJENeH Ta
BUBYEHHS JHHAMIYHHX BIACTUBOCTEH MOAIOHUX MEPEK.

Knwwuoei cnosa: cknaona ounamiuna mepedica, epagh MoOIbHUX SUKIUKIE, MeNeQOHHA Mepexcd, TOSHOPMATbHUL PO3NOOJIT,
PO3N0O0IN CMyNenis, WiNbHiCMb Mepeci, Koepiyichm Kiacmepusayii, cepeorsi 008XHCUHA HAUKOPOMULO20 UWLISIXY .
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The Clustering of Lambda Terms by Using Embeddings

Relevance. The importance of optimizing compilers and interpreters for functional programming languages, mainly through
the lens of Lambda Calculus, is paramount in addressing the increasing complexity and performance requirements in software
engineering. The emphasis of this study lies in this critical area, aiming to leverage advanced machine learning techniques to
enhance identification and application of code reduction strategy.

Goal. The primary goal is to improve the performance and efficiency of compilers and interpreters by deepening the
understanding of program code reduction strategies within Lambda Calculus. The research is aimed at using machine learning
to convert lambda terms into feature vectors, facilitating the exploration of optimal reduction strategies.

Research methods. The study employs a comprehensive approach, generating a wide range of lambda terms for analysis. It
utilizes OpenAl's text embedding model to transform these terms into embedding vectors, employing clustering analyses
(DBSCAN with Euclidean measurements) and visualizations (PCA and t-SNE) to identify patterns and assess feature
separability. The research navigates the complexities of choosing between specific and universal reduction strategies.

The results. Findings have revealed clear distinctions among lambda term representations within the embedding vectors,
supporting the hypothesis that cluster analysis can uncover identifiable patterns. However, the challenges have been
encountered due to OpenAl Embeddings' training being generally focused on human-readable text and code, and that
complicates the precise representation of Lambda Calculus terms.

Conclusions. This exploration underscores the challenges in pinpointing the optimal reduction strategy for Lambda Calculus
terms, highlighting the limitations of current mathematical models and the need for tailored machine learning applications.
Despite the hurdles with the OpenAl Embeddings model's adaptability, the research offers significant insight into the potential
of machine learning to refine the optimization processes of compilers and interpreters in functional programming
environments.

Keywords: Pure Lambda Calculus, Clustering Analysis, Pretrained Embedding, Hidden Space.
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1. Introduction

In the modern world of software engineering, functional programming languages are pivotal,
providing sophisticated solutions to intricate challenges [1]. With escalating demands for enhanced
performance, the importance of optimizing compilers cannot be overstated. Our study focuses on
Lambda Calculus, an essential construct of functional programming languages, to achieve this
objective. The aim is to analyze software code to identify the most effective reduction strategy,
therefore improving the efficiency of both compilers and interpreters [2].

Lambda calculus is the main framework for our study, enabling the simulation of interpreters and
compilers in their task to find the best reduction strategies. By generating a broad spectrum of lambda
terms, we establish a solid testing environment to evaluate various methods to enhance normalization
quality [2, 3]. The intricate decision-making process, whether to develop the best strategies for each

© Deineha 0., 2023
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term or to adopt a universal strategy like "Rightmost Innermost,” demonstrates the nuanced
comprehension of its complexity.

The primary objective of this research is to enhance the functionality of interpreters and compilers
used in functional programming languages, specifically through a detailed examination of lambda
calculus. The focus is to increase our knowledge of reduction strategies and to improve the operational
efficiency of compilers and interpreters. A novel aspect of our scientific inquiry involves applying
advanced machine learning techniques to represent lambda terms as vectors of features; that includes
analyzing such vectors for their ability to be separated and comparing these separation methods against
a strategy prioritized for its efficiency.

Moreover, we encounter a computational dilemma: if it is better to continuously execute Lambda
term reduction using various strategies in parallel, selecting the most suitable one based on a specific
criterion, or transform a Lambda term into a more straightforward representation and input it into
artificial neural networks (ANNS), thereby determining the optimal strategy.

2. Literature Review and Problem Statement

The use of sophisticated machine learning methods to enhance the efficiency of programming
language compilers and interpreters is a concept that has been explored previously [4, 5]. CompilerGym
[6] provides a platform for broader compiler research, offering an environment for experimentation
without delving into specific optimizations. Most studies on optimizing compilers and interpreters focus
on the most widely used object-oriented programming languages [7, 8, 9]. The clustering to identify
similarities between functions have been utilized in [7]. The transforming program data by using PCA
for the LLVM compiler and implementing optimizations based on expert knowledge has been examined
in [8]. The iterative compilation method, testing a limited set of optimization possibilities and
demonstrating its effectiveness for optimizing code fragments has been adopted in [9]. Furthermore, the
application of reinforcement learning to compiler optimization, employing neural optimization agents to
support manually crafted optimization sequences has been explored in [10].

Optimizations for compilers of functional programming languages have been comparatively less
investigated. The heap profiling for a functional compiler using hand-crafted logic has been explored in
[11]. Similarly, custom optimizations have been applied in [12], focusing on a functional web
application. Furthermore, model functional languages have typically concentrated on specific reduction
strategies, such as Haskell's call-by-need and call-by-value with unique mechanisms and OCaml's call-
by-value.

Given this context, the challenge of optimizing compilers and interpreters for functional
programming emerges as a significant area of interest. While machine learning techniques are
applicable in optimizing compilers for object-oriented languages, this work seeks to identify features
within functional code that could indicate the effectiveness of optimization strategies, using machine
learning as a tool for exploration.

In the previous work, we have used a similar approach to clustering analysis of terms by using a
large language model, Code BERT [13]. This research has shown us some possible ways of creating
meaningful vector representations of vector terms.

3. Research Goals and Objectives

To research further the inner structure of generated lambda terms space, the main aim of this study is
to enhance the performance of interpreters and compilers for functional programming languages, with a
special emphasis on Lambda Calculus. The primary objective is to deepen our comprehension of
program code reduction strategies and to improve the efficiency of both compilers and interpreters. The
scientific novelty of this research is utilizing of sophisticated machine learning methods to encode
lambda calculus terms into feature vectors, followed by an analysis of these vectors for separability and
a comparison of their separation to the prioritization of term strategies.

In line with the main goal, the specific objectives of this research are outlined as follows:

- To conduct a clustering analysis of the lambda terms dataset to identify patterns or potential for
data division.

- To evaluate the effectiveness of OpenAl's text embedding model in extracting features from
lambda terms.

- To investigate the relationships between the extracted features and the identified clusters.
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4. Materials and Methods of Research

The objective of this study is to refine the functionality of existing interpreters and compilers for
functional programming languages. Lambda Calculus has previously been recognized as a basic model
of functional programming languages [2, 3]. It facilitates the simulation of interpreters or compilers to
select the most effective reduction strategies. Moreover, it provides a way for the synthetic generation
of a wide array of lambda terms, enabling accurate evaluation of the strategies. Selecting an optimal
reduction strategy involves devising a unique strategy for each term or applying a specific strategy,
such as Rightmost Innermost, for the whole term reduction process. Both methodologies have been
explored. The former strategy allows for the creation of a greedy algorithm that selects the best redex
for reduction at any given moment. In this context, we have evaluated the disparity in redexes,
indicating the varying resources needed for their reduction, with computational complexity as the
measure of this disparity, gauged by the time taken per reduction step [3]. Additionally, our research
aimed to predict the number of lambda term reduction steps by using a particular strategy, employing a
simplified representation of terms that keeps only their tree structure, and excluding variable
information [14]. For this purpose, standard Artificial Neural Network (ANN) models commonly used
in Natural Language Processing have been applied to forecast the number of steps required for specific
strategies [14].

Through our experiments, we have observed that certain redexes suggest an inclination towards one
or another standard reduction strategy. Nonetheless, the mere presence of these redexes does not
guarantee that a term is best suited to be reduced by that strategy. It indicates a need for a deep analysis
of the term to determine if a redex indeed suggests a priority for reduction. Previous studies utilized a
simplified term representation [3, 14], which was found to lack a qualitative analysis of terms and
omitted critical information. Therefore, we have decided to analyze terms while preserving their
variable information, potentially enhancing the differentiation of terms according to their preferred
reduction strategy. This approach suggests the possibility of identifying terms that require fewer
reduction steps under a specific strategy without specifying the exact number of reductions. As one of
the most sophisticated and modern approaches to transforming text representations into vectors, we
have selected the text-embedding-ada-002 model of OpenAl embedding as one of the most stable and
the one that has shown promising results during our research. During our work, we also experimented
with other new OpenAl embedding models but focused on the one mentioned above.

4.1. Gathering Feature Representations

Our work focuses on OpenAl embeddings which are one of the most popular and easy-to-use. Such
an approach also significantly reduces computational requirements, as on our side we use a simple API
that allows us to input text representations of lambda terms and retrieve vectors as an output. All the
calculations are done on the OpenAl servers.

What are text embeddings? Text embeddings, as developed by OpenAl, evaluate how closely text
strings are related. Common uses for embeddings include:

- Search (ranking search results by how relevant they are to a search term);

- Clustering (grouping text strings based on how similar they are);

- Recommendations (suggesting items that have text closely related to each other);

- Anomaly detection (spotting text strings that do not fit in with the rest due to low relatedness);

- Measuring diversity (examining how varied the similarity among text strings is);

- Classification (assigning text strings to categories they closely align with); The distance between
their vectors gauges the degree of similarity between texts; shorter distances suggest more significant
similarity in content, while longer distances signify reduced similarity.

Embeddings can serve as versatile encoders for free-text features within machine learning models.
By integrating embeddings, the efficiency of any machine learning model can be significantly
enhanced, particularly when some of the input data includes free text. Additionally, embeddings can
encode categorical features in a machine learning framework. This is especially useful when dealing
with categorical variables that have meaningful and numerous names, like job titles, where similarity
embeddings tend to outperform search embeddings for such applications.

4.2. Analysis of Embeddings
For our analysis, we have utilized a collection of 4,000 artificially generated lambda terms. These
terms were produced using a method based on random recursion, ensuring a balanced distribution of
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Variables, Applications, and Abstractions throughout the structure of each term to include a wide
variety of term types. The specific method of generating these terms is described in [14]. These lambda
terms are represented as text, making them suitable for direct input into our chosen embedding model.

Hence, we have employed the OpenAl Embeddings model to transform lambda terms, including
variable data, into vectors that should represent their unique meaning. This model interprets the textual
representations of lambda terms, translating them into vectors.

The outcome, referred to as embeddings, captures the essence of the input text [15]. Then the
clustering algorithm processes these vectors. This approach is akin to the Word2Vec methodology [16],
which involves manipulating word embeddings (vectors representing the significance of words in a
multidimensional space) through operations like addition or subtraction, thus creating new embeddings
that retain the semantic value of the original word embeddings involved in the operation [16, 17].

4.3. Clustering Algorithms

During our previous work and analysis of the distribution patterns in the embedding space within
this particular research, we noticed that unsupervised learning techniques, especially clustering analysis,
are quite effective in distinguishing among the data. We have identified potential groupings with a
natural, logical structure by illustrating various strategy priorities on a graphical plot, indicating a viable
path for automated segmentation. It is essential to underline that our research aimed not to classify
strategies per se but to investigate how data is distributed and uncover significant trends using
unsupervised methods. Common methods for carrying out clustering analysis include K-means,
DBSCAN (Density-Based Spatial Clustering of Applications with Noise), the Gaussian Mixture Model
(GMM), and Agglomerative Clustering. Our study specifically has delved into the DBSCAN technique.

DBSCAN clusters data points based on proximity, effectively distinguishing between densely
populated and less dense regions. It defines clusters by identifying areas of high density separated by
regions of low density [18].

The DBSCAN algorithm uses common metrics such as Euclidean, cosine, L1, and L2. This
algorithm exhibits resilience against outliers and offers the flexibility of not needing a predetermined
number of clusters to operate effectively. It excels in identifying clusters of diverse shapes and sizes,
showcasing its versatility in cluster formation. However, the performance of DBSCAN is significantly
influenced by the selection of hyperparameters, and it may face challenges in accurately clustering data
with variable densities.

Taking into account our previous studies [13], in this research we have focused on one clustering
method: DBSCAN, with the Euclidean metric as one of the most promising. Since the chosen clustering
method depends on fine-tuning hyperparameters, selecting the proper ones is crucial. To determine the
most suitable hyperparameter set, we have evaluated the following metrics to assess the quality of
clustering:

- The Silhouette score [19] evaluates how well an object fits within its cluster compared to others. It
ranges from -1 to +1, where a higher score signifies better matching within the cluster and poorer
matching with adjacent clusters. Scores above 0.7 denote robust clustering, above 0.5 indicate
reasonable clustering, and above 0.25 suggest weak clustering. However, silhouette scores may
converge in high-dimensional clustering, making differentiation challenging. The Silhouette score
excels in assessing cluster quality for convex-shaped clusters but may falter with irregularly shaped or
variably sized data clusters. This score is adaptable to any metric.

- The Davies-Bouldin Index (DBI) [20] measures the average similarity of each cluster with its
closest cluster, based on the ratio of distances within the cluster to distances between clusters. Clusters
that are more separated and less scattered receive better scores. The best score is zero, and lower scores
signify superior clustering quality.

- The Calinski-Harabasz Index (CH Index) [21] is an internal metric that judges clustering quality
based solely on the dataset and clustering outcomes without reference to external truth labels. It
calculates the ratio of between-cluster dispersion to within-cluster dispersion, offering insight into
effectiveness of clustering.

- The Within-Cluster Sum of Squares (WCSS) [22] evaluates the cohesiveness of clusters, especially
in K-Means clustering. It totals the squared distances between each point in a cluster and its center,
providing a numeric value for the cluster compactness.
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Fig. 1. Tuning the DBSCAN epsilon hyperparameter with various metrics (Silhouette, DPI, CHI, WCSS) for the
Euclidean metric and estimating the number of outliers and clusters.

Collected mean embedding vectors can be visualized with Principal Component Analysis (PCA)
[23] and t-distributed Stochastic Neighbor Embedding (t-SNE) [24]. The results of such data
compression of the mean embeddings are shown in Fig. 2 for PCA and Fig. 3 for t-SNE.

5. Findings from Analyzing Lambda Terms

5.1. Collecting Embeddings

The mean embedding vectors, we have collected, can be graphically represented by using Principal
Component Analysis (PCA) [23] and t-distributed Stochastic Neighbor Embedding (t-SNE). The visual
compression of these mean embeddings through these techniques is presented in Fig. 2 for PCA and
Fig. 3 for t-SNE. As can be seen, some clusters can be visually distinguished, particularly in the t-SNE
plot. On the other hand, PCA does not show us such results; most clusters are visually interconnected
and cannot be easily separated.

5.2. Analysis of Clustering

In our evaluation by using the chosen clustering techniques and quality assessment metrics, we
initially sought to identify an optimal epsilon value for DBSCAN applied to the dataset of 4k
embeddings (illustrated in Fig. 1). The selection of the epsilon value has proved difficult for this
dataset, given the conflicting results from the clustering quality metrics and our aim to reduce the
number of outliers. Notably, the Elbow method did not apply to determining WCSS for clustering. We
aimed to achieve the highest possible Silhouette score and CH Index while aiming to lower the Davies-
Bouldin Index (DBI). Consequently, for DBSCAN, we have opted for an epsilon value of 0.125.

PCA results of # DBSCAN, Euclidean, eps=0.125, min_samples=10, n_clusters=6
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Fig. 2. Visualizing clustering results by using PCA dimension shrinking of embedding data with DBSCAN
clustering.
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t-SNE results of # DBSCAN, Euclidean, eps=0.125, min_samples=10, n_clusters=6
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Fig. 3. Visualizing clustering results by using t-SNE dimension shrinking of embedding data with DBSCAN
clustering.

6. Discussion of the results

In the discussion on the outcomes of our research, identifying the optimal strategy for term reduction
emerges as a complex challenge, fundamentally unsolvable through mathematical means, as indicated
by [2, 3, 14]. This complexity underscores the absence of a singular solution for optimal strategy
selection across all conceivable terms or a universal reduction strategy. Nevertheless, developing viable
methods remains feasible within certain constraints. Our approach, which involves generating lambda
terms as a cost-effective means of data collection, may not fully encapsulate the breadth or critical
characteristics of real-world terms. An additional challenge is the reliance on the OpenAl Embeddings
model, originally trained on human text and code but not specifically on lambda terms or similar
representations. That could potentially lead to inaccurate representations of lambda calculus terms in
embedding matrices. This misalignment also complicates the translation of these embeddings into a
universal format for subsequent analysis.

7. Summary of Findings

This research has transformed Lambda terms into embedding vectors with 1536 dimensions by
applying the OpenAl Embeddings model, as explained in section 5.1. Analysis by using PCA and t-
SNE to visualize these compressed mean vectors has revealed clear distinctions among Lambda term
representations in these embeddings, confirming our initial hypothesis that patterns could be recognized
through cluster analysis.

Then we have examined data cluster formation by using the DBSCAN technique with Euclidean
measurements as could be seen in section 5.2. This exploration highlighted the capacity of the OpenAl
Embeddings model to draw out significant attributes from Lambda terms. However, the broad training
of OpenAl Embeddings has not be done on lambda term representations explicitly, but mostly for
human-readable text and code, adding complexity to depicting Lambda calculus terms within
embedding matrices precisely.
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Kaacrepusauis JIsmo0aa Tepmis 3 Bukopuctanusam BoynyBanb

AKTyaJbHicTh. BaxnuBicTe onTuMizamii KOMIUIATOPIB Ta IHTEPHPETaTOpiB A (PYHKUIOHATHHUX MOB IPOTpaMyBaHHS,
30KpeMa yepe3 Mpu3My JsIMOAa-uiCIIeHHs, Ma€ MepIIoYeproBe 3HAYCHHs IS BHPIMICHHs 3pOCTAl0YHX BHMOT 10 CKJIAQJHOCTI
Ta MPOAYKTUBHOCTI B po3poOili mporpamHoro 3abesnedcHHs. Lle mocmiKeHHS po3MillyeThcs B Il KPUTHYHIN 0O0JacTi,
CIIpsIMOBaHE Ha BUKOPHCTAHHS IIEPEIOBHX METOZIB MAIIMHHOTO HaBYaHHS IS MOKPAIIEHHS iJeHTH(iKamii Ta 3aCTOCYBaHHS
CTpaTerii CKOpOYCHHS KOIY.

Meta. OCHOBHOIO METOIO € IiIBUIICHHS IPOAYKTUBHOCTI Ta €(pEKTHBHOCTI KOMIUIATOPIB Ta IHTEpPIPETaTOPIiB ILIIXOM
MOTJIMOJICHHS. PO3YMIHHS CTpaTerii CKOPOYEHHS NPOrpaMHOr0 KOOy B JIAMOma-uucieHHi. J(ocHiKeHHS cIOpsMOBaHE Ha
BUKOPHMCTaHHS MAIIMHHOTO HABYaHHS JUIS IICPETBOPEHHS JIAMOJA-TEPMiHIB y BEKTOPU O3HAK, MOJIETHIYIOYH JOCIIKCHHS
ONTHMAJIBHUX CTpATeTiil 3MEHIIICHHSI.

Metoau nociaigkenHs. J{ocmiyKeHHS BUKOPHCTOBY€E KOMIUIEKCHHH MiJIXiJl, CTBOPIOIOYH IIMPOKHHA CIIEKTpP JSIMOAA-TEpMiHIB
Uil aHanmizy. BiH BHKOpHCTOBYe Monenb BOynoByBaHHS TekcTy OpenAl st mepeTBOpPEHHs ILMX TEPMIiHIB y BEKTOPH
BOYIIOBYBaHHS, BUKOPHCTOBYIOUM Kiactepu3aniiiauii ananiz (DBSCAN 3 eBKJIJOBMMHM BHMIpIOBaHHSMH) Ta Bi3yasi3awilo
(PCA Ta t-SNE) mns BusiBIEHHs IIAOJNOHIB 1 OINIHKM BiJOKpPEeMJIIOBaHOCTI (yHKLiH. JlOCTiIPKEeHHS OpIEHTYEThCS 4Yepe3
CKJIaJIHICTh BUOOPY MK KOHKPETHUMH Ta YHIBEPCATEHIUMH CTPATETISIMU CKOPOUYCHHSI.

PesyabTaTn. OTpuMaHi AaHi BUSBISIFOTH YiTKi BIIMIHHOCTI MiX IpeJICTaBICHHSIMH JIIMOa-TEpMIiB Y BEKTOpax BOYZIOBYBaHHS,
MiATBEPPKYIOUH TiNOTEe3y Mpo Te, IO KJIACTEPHHI aHali3 MOKE BUSBHTH MIaOJIOHH, SKi MOXXHa imeHTHOikyBaTtH. OqHAK
BUHHKITM TPYAHOII Yepe3 3arajbHy crpsMoBaHicTh HapuaHHA OpenAl Embeddings Ha TekcT 1 K0J, SIKi YHUTAIOTHCS JTHOIUHOIO,
II0 YCKJIA/THIOE TOYHE NMPEACTaBICHHS TePMiHiB JIIMO1a-UHCIICHHS.

BucnoBku. Lle mocmimkeHHS TiIKpecTioe TPYAHONI Y BH3HAUYEHHI ONTHUMAIBHOI CTpaTerii CKOpOYEHHsS TEpMiHiB JIIMOmIa-
YHCIICHHS, MTiIKPECIIIOI0YN 0OMEXEHHS MOTOYHUX MAaTeMaTUYHHUX MoJieliell i moTpeOy B alanTOBaHUX MPOrpamMax MallMHHOTO
HaBuaHHs. Hes3Bakaroud Ha mepemkonu 3 amantuBHicTioO mojeni OpenAl Embeddings, mocmimkeHHs 3’SCOBYe CYTTEBE
PO3YMiHHS OTEHIIialy MAIIHHHOTO HaBYaHHS [T BIOCKOHAJIECHHS MPOIIECiB ONITUMI3allii KOMITUIATOPIB Ta iHTEPIPETATOPIB Y
cepenoBHNIax (PyHKIIOHATBHOTO MPOTPaMyBaHHS.

Knwwuoei cnosa: Jlamooa-mepmu, Knacmeprnuii Ananis, [lpempenosani Boyoysanus, [Ipuxoeanuti Ilpocmip.
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Impact of violation of democratic strategies with memory on population
evolution

Relevance. The lack of trust in modern society often hinders the development of humanity and sometimes calls into question
the future of the human population as a whole. Throughout the history of societal development, there has been an observed
phenomenon where a particular idea captures the minds of people, leading them to adopt similar (or very similar) behavioral
strategies. To improve understanding of internal processes in a society where the uniform distribution of strategies among the
population is disrupted, detailed research is necessary, which is impossible without appropriate software.
Obijective. The aim of the study is to investigate the influence of the number of agents of a particular strategy on the outcome of
population evolution as a whole. The study explores the nature of changes in evolution under the conditions of gradual,
monotonous increase in agents of a specific strategy from 1 agent to 10% of the democratic population. The research also aims
to identify strategies that are evolutionarily viable only under the condition of increasing their carriers in the population.
Research Methods. The evolution of the population with a full set of behavioral strategies, limited only by a memory depth of
2, was considered with an increased number of agents of a specific strategy. Each agent interacts with every other, including
itself, according to the iterative model of the prisoner's dilemma. Rewards are determined by payoff matrices. Each subsequent
generation of the population sequentially loses agents of the most disadvantageous behavioral strategy from the previous
generation. Agents that bear the chosen strategy interact with each other and with another population according to standard laws.
Several strategies were considered, the number of agents of which was increased. Among them were strategies with complexity
lower than the average complexity of the population and higher than the average complexity of the population. A variant was
also considered where the number of agents of the strategy that won in a democratic society increased.
Results. The study demonstrates how the presence of a highlighted strategy with an increased number of carriers affects the
dynamics of the population. An increase in the final average earnings of the population was observed. It was found that increasing
the number of agents does not lead to the victory of a strategy that did not win in the democratic population.
Conclusions. The results of the study identify the main consequences of the influence of the number of agents of a particular
strategy on population evolution.
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1 Introduction.

The interaction of large collectives of agents has sparked sustained interest for several decades [1-2].
Interest in such a phenomena arises from several different fields. It initially emerged in biology where
the central question requiring scientific explanation was the diversity of observed animals. Charles
Darwin, leveraging observational data, proposed an explanation that resulted in the creation of the
remarkable theory of evolution [3]. This provided a significant impetus for applying similar reasoning to
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an extraordinarily wide range of questions in other domains. Starting from the evolution of languages
[4,5] to the evolution of computer programs and artificial intelligence. In cybernetics, this interest
transformed into the management of complex multi-element systems [6], the potential creation of
artificial life, and artificial intelligence [7]. Recently, research related to swarm intelligence has gained
relevance [8]. Sociology, also being one of these sciences, requires an understanding of interactions
among individuals in society and the emergence of macro-behaviors in societies [9,10]. Another
intriguing direction is associated with the emergence of altruistic behavior in multi-agent systems [11].
In building population models and models of interaction among individual members of a population,
elements of game theory are commonly used [12]. The reward rule is chosen in such a way that mutual
cooperation always requires more resources than responding aggressively to cooperation [13]. In other
words, local cooperation is always disadvantageous. At each step of evolution, the population discards
the agent with the fewest points. By evolution of the population, we mean an algorithm based on three
principles: inheritance, variability, and selection.

In this work, we explore the impact of deviations from the equality of strategies on the evolution of
the population by increasing the quantities of a particular strategy. The main question of interest is how
such deviations from "democracy" affect the course of evolution and in what manner. It should be noted
that, unlike previous works [16-18], agents of strategies will not unite into a cluster, meaning that agents
interact directly and not strategies. In each case, the initial population includes agents of all strategies
constrained by a memory depth of two. The increase in the quantity of specific strategies in the population
starts from 1 up to a maximum of 10% of the total number of all strategies in a "democratic" population.
Subsequently, for each population change, its evolution was modeled to obtain collective characteristics
of the population that emerged as a result of evolution. This allowed identifying changes in such
characteristics with the quantity of added agents of a specific strategy. Through the conduct of multiple
series of experiments, it has been shown that an increase in the number of agents of a particular strategy
leads to some, sometimes quite significant, changes in the population. The effect of variability in the
average complexity of the final population has been observed with a monotonous increase in the quantity
of added strategies.

2 Main requirements.

Strategy is an unchanging law, which defines what move a strategy bearer (an agent) must do in certain
conditions. Move of the strategy can be zero (0) or one (1), corresponding to aggression or cooperation.
Memory of the strategy is an ability of a certain strategy to use information about previous moves of the
opponent strategy, which were made against it during the game, to perform a certain move: zero or one.
Thus, strategies which use information only about the current move and don’t use information about
previous [moves] are called “Strategies without memory”. Strategies that use information about previous
moves are called “Strategies with memory”. Memory depth is a value that equals the number of previous
moves of the opponent strategy that impact the course of the strategy. In other words, strategies without
memory have memory depth that equals 0, and strategies with memory which use information only about
the last move, have memory depth that equals 1, and further the same way by analogy.

Strategy without memory has two answers for the opponent’s move: zero or one. The opponent, in
turn, as it was mentioned before, also has two possible ways to move: zero or one — aggresion or
cooperation. Such a strategy may be described with a binary sequence, where the number of a bit is an
opponent’s move, and its value is an answer for that move. This way of displaying differs from the way
that was provided in articles written by Kuklin, Pryimak, Yanovsky [16-18]. In those articles, the name
of strategy, its representation in the form of a binary sequence, was written from left to right, like words
in most European languages. In this paper and in further papers, the way of displaying is reversed, in
other words, it is written as a binary number where the least significant bit is to the right. This is done for
the convenience of representing the strategy in the program and for the correct implementation of bitwise
operations.

So, there are four strategies with a memory depth that equals 0: 00, 01, 10, 11. All of them respond to
the opponent's move according to the rules that were described above. But at the first move, there is a
situation in which the strategy has to make a move under the condition of uncertainty, in other words,
without having information about the opponent's previous moves. This situation very often arises during
the interaction of individuals in the society, so it must be simulated realistically. In the above-mentioned
articles, the concept of the first step is introduced, a move, which is made in the case when there is a lack
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of information to make a decision by the main algorithm. Such a move is written before the main name
of the strategy in square quotes “[]”. For the strategies without memory, the first move is described with
one bit. As a result, the final number of different strategies in the population is doubled: [0]00, [1]00,
[0]01, [1]01, [0]10, [1]10, [0]11, [1]11.

Strategies with depth that equals 1 must do their move taking into account both the opponent's current
move and the previous one, in other words, a number with two bits is used to define the bit’s number.
That means that the binary representation of a strategy must be twice longer than with the memory depth
that equals 0. Further considerations lead us to the fact that the length of the binary representation doubles
with every increase of the memory depth index. For all strategies with memory, there is a valid statement
that the first move is some strategy with memory depth decreased by one. For instance, for the strategy
1001, there are 8 variants of the first move which fully correspond to the 0 memory depth strategies:
[0][00]1001, [1][00]1001, etc. For convenience, below, the strategy means a binary sequence without
taking into account moves under conditions of uncertainty. The strategy taking these conditions into
account will be called “sub-strategy”. It’s important to focus on the fact that some strategies with memory
depth 1 correspond to strategies with memory depth that equals 0. It’s obvious that these are strategies
which even having the information about the opponent's previous move make a move without considering
that information. For example: 0000 ~ 00, 0101 ~ 01, 1010 ~ 10, 1111 ~ 11. From here we can see, at the
memory depth 1, all strategies with memory depth 0 are represented. Thus, we can conclude that all
strategies from previous depths including zero are represented at every memory depth.

From all the aforementioned, it is possible to extract formulas of the dependency of the number of
strategies from memory depth. Based on the fact that to describe the strategy with memory depth that

equals k, 2%*1 bits a needed from which 22" sequences can be built and that each strategy has a number
of sub-strategies that equals the number of strategies from the previous memory depth (22k), we can
conclude that the formula of the number of the strategies that take into account unique first moves looks
like:22*"*-D),

3 Distribution of rewards.

In the paper, the same model of distribution as in articles by Kuklin, Pryimak, Yanovsky [16-18] is
used, where, at the same time, Robert Axelrod’s model for prisoner's dilemma[13] is used. Every agent
(a bearer of the strategy) may choose aggression or cooperation, points are counted by the payoff matrix
that was also suggested by Axelrod (Table 1):

Table 1 — payoff matrix

0 (aggression) 1 (cooperation)
0 (aggression) 1 5
1 (cooperation) 0 3

This table implies that by answering aggression with aggression, every agent receives a point. If
responds to aggression with cooperation, an aggressive agent receives 5 points, and the other — zero. This
rule works the same way in reverse, like a response to cooperation with aggression.Each agent receives
3 points if cooperation is responded with cooperation. Thus, maximum total profit is reached by mutual
cooperation, but maximum personal [profit] is reached by betrayal, in other words by responding to
cooperation with aggression.

It is important to mention that the represented matrix (Table 1) is not the only right. There may be
different other payoff matrices, but all of them should be guided by the rule:

t>r>p>s (3.1)

where t — the amount of points received by the agent who responds to cooperation with aggression.
r — the amount of points received by the agent who responds to cooperation with cooperation.
p — the amount of points received by the agent who responds to aggression with aggression.
s — the amount of points received by the agent who responds to aggression with cooperation.
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4 Population’s characteristics.

There are typical characteristics for every population: aggression, complexity, average amount of
points received for a move. Version of populations with uneven distribution of agents among strategies
involves one more characteristic: the amount of agents of a certain strategy in the population. For our
case, which is the series of experiments with modeling evolution of strategies agents’ population with a
gradual increase in the number of a certain strategy’s agents at the first stage of its evolution, it’s
advisable to use final characteristics of society.

The complexity of the strategy is defined according to the principle of describing the complexity of
finite 0 and 1 sequences, assuming that a polynomial of a greater degree is more complex than polynomial
of a lesser grade. Such a sequence may be considered as a function, then complexity of this function is
perceived as a display like A: M — M, if:

y = Ax (4.2)
where = y,;,y, ... ¥, , sequence, which elements are defined as:

Vi = Xiv1 — X (4.2)
wherei = 1,2,...,nis an element of the sequence.

The amount of received points, or income, is defined as the average value of received points per every
agent’s move.

Aggression is the average value of the amount of all agents’ aggressive moves. The connection
between the income and aggression is examined[16-18] and is expressed by ratio:

A(t) = A+ (Ppax —P(1)) — (4.3)

where 4 = 5.3/8; a@ = 0.2 — selected empirically coefficients,
P — income of the strategy.
This particular ratio is used for calculations of aggression in this paper. The direct calculation of the
number of zeros that were made is associated with an excessive increase in the requirements for
calculating power, so a more computationally simple way was chosen.

5 Terms for running experiments.

The purpose of the modeling is to determine the impact of increasing the quantity of a particular
strategy on the evolution of the strategy population with a memory depth of 2. In a certain sense, the
strategies lose equality in this process. Then, by increasing the initial quantity of a specific strategy in the
population, the evolution of a new population is simulated. Upon completion of evolution, collective
characteristics of the population that emerged as a result of evolution are obtained from the simulation
data. The increase in the initial quantity of the designated strategies ranges from 1 to 3276. The maximum
number of added strategies is equal to 10% of the total number of agents in the population in the classical
scenario with a memory depth of 2 [3-4]. Thus, this quantity can be considered small in comparison to
the size of the "democratic" population with an equal number of all strategies. Therefore, in each series
of experiments, the increase in the initial quantity occurs discreetly with a step of 3276/10. Then, in each
series, a complete evolution of the population with an increased number of strategies is performed. The
obtained data allows determining how collective characteristics of the final population change depending
on the quantity of initially added strategies. These dependencies help identify characteristic changes that
arise with a change in the quantity of a particular strategy.

6 Case with an increased number of agents of strategy 1011.

Strategy 1011 belongs to a memory depth 1 strategy, with a complexity of 4. That is significantly less
than the average complexity of the population, which is 8 with a memory depth of 2. At first glance, it
seems that such a strategy should not significantly influence the complexity of the strategies that emerge
as a result of evolution. However, the obtained data indicates quite irregular fluctuations in complexity
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when changing the quantity of this strategy (See Fig. 6.1). The amplitude of these fluctuations is quite
significant, ranging from a maximum of 8 to values as low as 2, even lower than the complexity of strategy
1011 that is being added. The structure of the minima is shown on Fig. 6.1 to the right when changing the
guantity with a smaller scale in the minima region. It is easy to notice that the number of such fluctuations
increases with the reduction in the scale of changes in the initial quantity. Thus, the complexity of the

strategies that remain after evolution is a variable function of the initially added strategy quantity.
1011 1011 1011

~1

o]

= T A~ - T o)
(o]

o = N W s N 0
(o]

O = N W s L Oy

500 1000 1500 2000 2500 3000 1306 1308 1310 1312 1314 2277 2279 2281 2283 2285
N(1011) N(1011) N(1011)

Fig. 6.1 On the left, the dependence of the average complexity of strategies that "survived" on the initial quantity
of strategy 1011 is shown. The brown color represents the complexity of strategies that survived in the
"democratic" population. On the right, the structure of minimal outliers is shown with a smaller scale of changes
in the initial quantity of strategy 1011. The intervals of changes in the figures on the right correspond to [1305-
1315] and [2285-2295], respectively.

A more detailed investigation of complexity with a smaller scale of changes requires significant time
resources. However, it can be stated that it will be a variable function even on small scales. It is interesting
to note that the relative part of the interval of changes in the quantity of 1011 on which the complexity
reaches the complexity of the democratic population is significantly less than one. If we estimate this
ratio from Fig. 6.1 (left), it equals 1/10. In other words, adding the 1011 strategy typically causes a
decrease in the complexity of the population that remains after evolution. However, with a monotonic
change in quantity, unforeseen intervals of changes occur where the complexity of the populations
reaches the maximum complexity of 8. Interestingly, the average memory depth of the surviving
strategies does not show such variability. It remains constant throughout the entire interval of changes in
the quantity of the 1011 strategy and equals 2.

The next collective variable of interest is the average number of points a strategy receives per move.
In a certain sense, it characterizes the efficiency of strategies in the population. The dependence on the
guantity of added 1011 strategies is illustrated in Fig. 6.2. The modeling results indicate that the changes
in payoff per move do not vary significantly (see Fig. 6.2).

1011 1011 1011

3 3 3
g 5 M 5
P P P
1 1 1
0 T 0
500 1000 1500 2000 2500 3000 1306 1308 1310 1312 1314 2277 2279 2281 2283 2285

N(1011) N(1011) N(1011)
Fig. 6.2 On the left, dependence of the average payoffs per move for strategies surviving the evolution on the
initial quantity N(1011) of 1011 strategies. Brown color represents the payoff level in the "democratic"
population. On the right, behavior of average payoffs per move within the intervals specified in Fig. 6.1.

It is noticeable that the variability of the dependencies in Fig. 6.2 is significantly smaller than the
average complexity. Thus, fluctuations in complexity do not affect the payoffs per move. This is evident
from minor changes in the figures on the right, constructed within the intervals of sharp changes in
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average complexity. Typically, in most cases, an increase in the quantity of strategies emerging in the
population through evolution results in higher payoffs per move than in the "democratic™ population.

The quantity of points obtained is closely related to a characteristic known as the aggressiveness of
strategies. In previous works [X, Y], relationships that align well with simulation data were obtained.
After verifying them in the case considered in this work and to expedite computation time, this
relationship was utilized for calculating aggressiveness. Therefore, aggressiveness is computed on the
basis of the simulation data of payoffs per move. Figure 6.3 illustrates the dependencies of aggressiveness
on the quantity of initially added strategies 1011.

1011 1011 1011
0.8 0.8 0.8
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0.6 0.6 0.6
o - W 05 /_/_\_/\/
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0.2 0.2 0.2
0.1 0.1 0.1
0 0
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N(1011) N(1011) N(1011)

Fig. 6.3 On the left, the dependence of the average aggressiveness of strategies that "survived" on the initial
quantity of strategies 1011. The level of aggressiveness in the case of the "democratic” population corresponds to
the brown line. On the right, aggressiveness within the intervals [1305-1315] and [2285-2295], respectively.

Thus, aggressiveness, for the majority of initial quantities of strategies 1011, decreases compared to
the aggressiveness of the "democratic" population (see Fig. 6.3). An exception is observed when
N(1011)=655, while the average aggressiveness of surviving strategies is higher than the aggressiveness
of the corresponding strategies in the "democratic" population. Clearly, with this initial quantity of
strategies 1011, the payoffs per move are lower than in the "democratic" case. Among the finalists of
evolution, strategy 1011 is absent.

7. Case with an increased number of agents of strategy 01001011.

Now let's consider the impact of increasing the quantity of a more complex strategy on the evolution
of the population. Strategy 01001011 belongs to a depth-2 memory strategy with a complexity of 8. This
is greater than the initial average complexity of strategies in the "democratic" population with a depth-2
memory. Again, the main question is to determine the collective characteristics of the strategies that
remain as a result of evolution. Figure 7.1 presents data on the average complexity of strategies formed
through evolution based on the quantity of added strategies 01001011.

01001011 01001011
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Fig. 7.1 On the right, the dependence of post-evolutionary average complexity on the initial quantity of added
strategies 01001011. The complexity level in the "democratic” population corresponds to the brown line. On the
left, a portion of the dependency is shown where a minimum is observed with a smaller scale of changes in the

interval [2291; 2292].
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It is evident that the addition of 2288 agents of the 01001011 strategy results in a sharp decrease in
complexity to 5 (see Figure 7.1 on the right). The structure of this decline is shown on the left and exhibits
a variable pattern. In a certain sense, similar to the previous case, the average complexity of surviving
strategies has a variable structure with significant fluctuations in average complexity. The relative
proportion of intervals of initial quantity of added strategy where the maximum complexity of 8 is
achieved, compared to the case of division by 6, increases and reaches 3/10. Thus, the complexity of the
added strategy affects this indicator.

Now let's move on to the changes in the average payoffs per move of the strategy. The results obtained
during the evolution modeling are presented in Figure 7.2.
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Fig. 7.2 on the right illustrates the dependence of payoffs per move on the initial quantity of 01001011 strategies.
On the left, a part of the dependence is shown where a minimum is observed with a smaller scale of changes in the
interval [2291; 2292].

In this case as well, at certain initial quantities of 01001011 strategies, it is observed that the obtained
profits per move are lower than in the "democratic" scenario. However, it is typical to achieve higher
payoffs per move with an increase in the quantity of the additional strategy, although these increases are
quite modest. It is evident that the average aggressiveness of strategies after evolution will be lower than
in the "democratic" case (see Figure 7.3).
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Fig. 7.3 on the right, dependence of aggressiveness on the initial quantity of 01001011 strategies. On the left, a
part of the dependency with a smaller scale of changes in the interval [2291; 2292].

Therefore, when choosing a strategy of maximum complexity, a decrease in the aggressiveness of the
strategies that remain after evolution should be expected. Thus, the influence of this strategy has a
moderate nature due to its absence among the finalists of evolution. It altered the course of evolution at
intermediate stages. Hence, the average aggressiveness of finalists is typically lower than the average
aggressiveness of the "democratic” population.
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8. Case with an increased number of agents of strategy 10001011

In this section, let us consider the winning strategy of evolution in the "democratic” population.
Strategy 10001011 belongs to a memory depth 2 strategy with a complexity of 8. This strategy emerged
victorious in the classic evolution scenario [3-4]. In this case, it is expected that neither the average
memory depth nor the average complexity of surviving strategies change with different initial quantities
of this strategy, and they remain at their maximum values. In this sense, they do not provide insight into
the events occurring during evolution. Therefore, let's consider the more informative characteristic - the
number of agents specifically with the 10001011 strategy that remain in the population after evolution.

10001011

3000

20001

agents count

10001

500 1000 1500 2000 2500 3000
N(10001011)
Fig. 8.1 The number of agents with the strategy 10001011 among the winners of evolution.

From the obtained data, it is easy to notice that all added strategies are retained during evolution.
Therefore, there are no changes in either the complexity or the depth of memory in the population as a
result of evolution. This creates a special case of "democracy" violation. The number of payoffs per move
for the strategy, according to the modeling data, is shown in Fig. 8.2 and is determined by the dominance
of this strategy during evolution.
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Fig. 8.2 On the left, the change in average payoffs per move for the surviving strategies with evolution. On the
right, the average aggressiveness of these strategies.

Therefore, adding the winning strategy, with an increased quantity, reduces payoffs per move and
increases the average aggressiveness of the population. This may indicate that with an increase in agents,
there is a growing "competition” among the strategy agents.
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9. Conclusion.

Thus, it can be noted that an increase in the number of agents of a certain strategy by 10% does not
lead to the dominance of that strategy. In all series (except the last one), fluctuations in final complexity
were observed, indicating a variable nature of changes with monotonous increases in the initial quantity
of added strategies. An increase in the number of agents undoubtedly leads to changes in the population,
but these changes do not result in the victory of the increased group. Therefore, it is typical at the final
stage to observe a decrease in the aggressiveness of the strategies. It should be noted that with an increase
in the gquantity by more than 10% from the number of strategies in the democratic population, the
dominance of some additional strategies and an increase in population aggressiveness compared to the
level of aggressiveness in the "democratic” population should be expected. This can be observed from
the behavior of the strategy 01001011 when its quantity is maximally increased (10%), resulting in the
population's aggressiveness exceeding the level of aggressiveness in the "democratic" population.
Additional research is required to determine the possibility of such a peculiar phase transition. It is worth
noting that the evolution of the population requires significant computational resources; therefore, a
relatively large scale of changes in the quantity of added strategies was chosen to reduce equipment
requirements. This scale was 1/10 of the maximum initial quantity which, in turn, constituted 10% of the
size of the "democratic" population. This prevented the identification of changes on smaller scales
throughout the entire interval [1, 3276]. These additional complexities arise when attempting to increase
the quantity of added strategies.
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BruiuB mopyuieHHsI JeMOKpATIi cTpaTerii 3 mamM’SITTI0O HA €BOJIIOLII0
MOMYJIS il

AxTyanbHicTh. bpak noBipH y cydacHOMY CyCIIBCTBI 4aCTO € TOPMO3UTH PO3BHUTOK JIFOJICTBA Ta, iIHOAI, CTABHUTH ITi/l TUTAHHS
MalOyTHE TroAckKoi momysinii B 1isiomy. [IpoTsiroM Beiei icTopil pO3BUTKY CYCIIUIBCTBA CIIOCTEPIra€ThCs SIBHILE, KOJIU Ta YH
iHIIA ifesl 3aXOIUIIOE PO3YMH JIIOJIeH, IO MPU3BOAWTH O TOTO, IO BOHU HMPUTPUMYIOTHCS OJHAKOBOi (200 myxe CX0koi)
MOBEAIHKOBOI cTparerii. {7t moKpameHHs: po3yMiHHS BHYTPIIIHIX MIPOIECIB y CYCHUIBCTBI, B IKOMY MOPYIIEHO PiBHOMIPHICTH
PO3IOILTY CTpaTerii Mo YieHaM MOMyJIsILii, HeoOXiqHI AeTaabHi JOCHiIKeHHS, Ki HEMOXKJIMBI €3 BiAMOBITHOTO MPOrPaMHOTO
3a0e3MneueHHs.

MeTta. MeToro poOOTH € TOCHTIHKEHHS BIUTUBY KUTBKOCTI arHETIB IEBHOI CTPATETIi Ha pe3yIbTaT €BOJIOLIT MOMYJISALIi B LIIIOMY.
JlocnmipKyeThest XapakTep 3MiH B €BOJIOLT 32 YMOBH IMOCTYIIOBOT'O, MOHOTOHHOT'O 301JIbIIICHHS areHTiB MEeBHOI cTpaTerii Bix 1
arHera 10 10% Bix aeMokpaTnuHoi momyssinii. JIocmi/keHHs TakoXK Mae Ha MeTi BCTAaHOBHUTH CTpATerii, [0 € eBOJIOLIHHO
JOL[ITBHUMY TIJIBKH 32 YMOBH 301JIbLICHHS 1X HOCITB y OISl

MeTtonu aociixkeHHsl. PO3IIISHYTO €BOJIOIII0 MOMYJNAIIl 3 MOBHUM HAOOPOM CTpaTeriil MOBEIIHKH, OOMEKCHUX TiJbKH
TIMOWHOIO TaM’ATi 2,31 301IBIICHOI0 KUTBKICTIO areHTiB MeBHOI cTparerii. KoskeH HOCIHf areHT 3 KOKHHM, BKIIOYa0YH cede
3TiJIHO 3 ITEPaTHBHOIO MOJEIUII0 AWJIEMH YB’SI3HEHOr0. BHHAropo/y BU3HAYalOTHCS 3a MaTpULsMHU BuIuiat. KoxkHe HacTyrHe
TIOKOJIIHHS TIOMYJIAIIi IOCTIIOBHO BTpadae areHTiB HAOLNbII HEBUTIIHOI CTparerii MOBEAIHKH MONEPEIHHOTO IOKOJIHHS.
AreHTH, MO € HOCiAMH 0OpaHOi cTpaTerii B3a€MOIIIOTH MK COOOI0 Ta 3 IHIIOK TOMYJBIIIEI0 32 CTAHAAPTHUM 3aKOHOM.
Po3risiHyTO NeKiabKa CTpaTerii, KUIBKICTh areHTiB sKuX Oyno 36inbmenHo. Cepen HUX cTpaterii 3i CKJIAAHICTIO HIXKYE HDK
CepeNHs CKIIAHICTh MOMYJIALT, BUIIE HI)K CEPEHs CKIaIHICTh NOMyJsii. Takoxx 0yJ10 po3risHyTO BapiaHT, KOJIM 301IbIIAIACH
KUIBKICTB areHTiB CTpaTerii, 0 MepeMoriia y AeMOKPaTUIHOMY CyCHIJIbCTBI.

Pe3yabTaTn. B po6oTi moka3aHo, K HassBHICTh BUAUICHOT CTpaTerii 31 301JIbIIEHO0 KiTBKICTIO HOCIIB BIUTHBAE HA JUHAMIKY
nomyJisiii. BUsiBIIEHO 3pocTaHHs KiHIIEBOTO CEPEIHBOTO 3apO0iTKY MOIMyJsiii. BcTaHOBIEHO, 110 30LTBIIEHHS KUTBKOCT] ar€HTiB
He TPUBOJUTH 10 IEPEMOTH CTPATErii, [0 He NePEMOTJIH Y IEMOKPATHYHIH MOmyJIsLjii.

BucnHoBku. 3a pe3ynprataMu poOOTH BH3HAYEHO TOJIOBHI HACTIIKY BIUTUBY KUTBKOCTI arc¢HTIB MEBHOI CTpaTerii Ha €BOJIIOIIIO
TIOTTYJISIIIIT.

Knrwwuoei cnosa: azpecugnicmo, egonioyis, NOnyiayis, cmpamezis, CKIAOHICMb, CYCNIbCMEO

Hapiiwna y nepuin pegakuii 27.07.2023, B octaHHiit - 12.08.2023.
The first version has been received on 27.07.2023, the final version - on 12.08.2023.


https://periodicals.karazin.ua/mia/article/view/9841/9365
https://periodicals.karazin.ua/mia/article/view/9841/9365
https://periodicals.karazin.ua/mia/article/view/10098
https://orcid.org/0009-0004-0303-0624
https://orcid.org/0000-0003-0461-749X

ISSN 2304 -6201 BicHuk XapkiBcbkoro HawioHanbHOro yHiBepcuTteTy imeHi B. H. KapasiHa
cepia «MaTematiiHe MogenioBaHHs. IHopmaLliiHi TexHonorii. ABTOMaTM30BaHi cucTeMM ynpasniHHs», Bunyck 59,2023 35

DOI: https://doi.org/10.26565/2304-6201-2023-59-04

VJIK 681.31
MipomHank Auaronaiii acnipanm xagedpu asmomamuKku i YApAGNIHHA 8 MEXHIYHUX _CUCIeMAax
MuxoJaioBu4 Hayionanvnoco  mexmniunoeo  yHigepcumemy  «XapxigcoKuti — NOaimexHiuHui
yHigepcumemy, m. Xapkis, eyn. Kupnuuosa,2, Yxpaina, 61000
e-mail:_anatolii.miroshnyk@nure.ua
https://orcid.org/0000000157029611
Kauanos Ierpo Ooxkm. mexu. nayk, npogpecop; npogpecop 3BO raghedpu asmomamuxuy i ynpasninis
OuiexciiioBu4 6 mexuiunux cucmemax Hayionanvnoeo mexniynozo ynieepcumemy «XapkicoKuil
noaimexuiynuil yHisepcumemy, m. Xapkis, eyn. Kupnuyosa,2, YVxpaina, 61000
e-mail: petro.kachanov@khpi.edu
https://orcid.org/0000-0002-7532-5913
Curnik bopuc K.m.H., ooyenm, doyeum 3BO xagedpu ingopmayitinux mexnonoeiti Yxpaincokoeo
TumoddiiioBuny 0epoicagrHoeo  yHigepcumemy 3ali3HUYHO20 MpPAHcnopmy M. Xapkie, niowa

Deiiepoaxa,7, Yrpaina, 61000
e-mail: bts12021947@gmail.com
http://orcid.org/0000-0002-9664-5617

CuHTe3 CTPYKTYPH TAa MOACIIOBAHHSA AJANITUBHUX HM(PPOBUX (POPMYIOUHMX
¢pinbTpiB

VY poboti 06rpyHTOBaHO METOJ aBTOMAaTHYHOI ineHTH(IKaIil qucnepcii BUaAKOBIX KOPUCHUX CHTHANIB Ta BHIAJKOBUX
HEepelKos i3 3alaHUMU 3HAYEHHSIMH CIEKTPAIBHO-KOPEILILIHHNX XapaKTePUCTHUK, IO JTO3BOJISIE BH3HAYATH ITOTOYHI OLIHKH
ncriepceii Ta iX 3MiHy A7 TOBUIbHUX BUIIAJKOBHX BIUIMBIB 3 HEBIIOMUMH XapakTepucTHKaMu. [loka3zaHo, o mapaMeTpuaHHA
BUXiJ] aJaNTUBHOTO HHU(POBOTO PiIbTpa MOKHA BUKOPUCTOBYBATH IIPH aBTOMAaTUYHOMY KOPUTYBaHHI IapaMeTPiB PEryIsiTopa
B KOHTYpi pEryJIOBaHHS CHCTEMH YIPABIiHHS B Jiama3oHi ajanTamii KoedilieHTa ajanTtamii 3 ypaxyBaHHSM PO3PSAHOCTI
neperBoproBauiB AL u LIAIL, mo po3mmproe cdepy 3acTocyBaHHS 3alIPOIOHOBAHOTO METOAY iMCHTHU(IKALIi.
AKTYaJbHiCTb. AKTYaJIbHICTh pOOOTH IOJISTAE Y MOKIMBOCTI CHHTE3Y CTPYKTYPH Ta MOJECITIOBAHHS aIalTHBHUX IHU(POBUX
(dopmyrounx QinbTpiB.

Metonu nocaimkeHHst. OCHOBHHM METOJIOM JIOCHTIDKCHHS € METOJ] aBTOMAaTHUYHOI ileHTUGIKaIl aucrnepcii BHIAJIKOBHX
KOPHCHHX CHTHAJIB Ta BUIAIKOBHX IEPENIKOJ i3 3aJaHUMH 3HAUCHHSIMH CHEKTPAIbHO-KOPEILILIHHNX XapaKTepUCTHK, IO
JIO3BOJISIE BHM3HAYATH IOTOYHI OINHKK JUchepcii Ta iX 3MiHY JUIs JOBUIBHHX BHIAJAKOBHUX BIUTUBIB 3 HEBIIOMHMH
XapaKTePUCTHKAMU.
PesyabTaTn. [loka3aHo, mo mapaMeTpUYHUK BHUXiJ aTallTHBHOTO LU(PPOBOTO (iIbTpa MOXHA BHUKOPHCTOBYBATH IIPH
ABTOMATUYHOMY KOPHUTYBaHHI MapaMeTpPiB PeTyisTopa B KOHTYpi PETYNIOBaHHS CHCTEMH YIPAaBIiHHS B Jiana3oHi amamrarii
koedimieHTa amanramii 3 ypaxyBaHHSAM po3psaHocTi neperBoproBauiB ALl u LAIL, mo po3smmupioe chepy 3acTOCyBaHHS
3aIPOIIOHOBAHOTO METONY ieHTHdiKalii.
BucnoBkn. OOrpyHTOBaHO METO]] aBTOMATHYHOI iMeHTH}IKaMii JUCIepCil BUMAKOBUX KOPUCHHUX CHTHATIB Ta BUMAJKOBHX
MEepeIKos i3 3alaHUMU 3HAYEHHSIMH CIEKTPAIbHO-KOPEILILIHHNX XapaKTEPUCTHUK, IO JIO3BOJISIE BU3HAYATH ITOTOYHI OLIHKH
qucrepcii Ta 1X 3MiHy A/l JOBIUTBHUX BHUIMAJAKOBUX BIUTMBIB 3 HEBIIOMHUMH XapaKTEpPUCTUKAMH. ABTOMAaTHYHA iTCHTH(IKALsA
CTaTUCTUYHUX ITapaMeTPiB BUMAIKOBUX CUTHAIIB 1 epeIkol y GopMyrodoMy aganTHBHOMY (PiIbTpi JO3BOJISIE BPaXOBYBATH iX
3MiHy B ONTHUMAaNbHHMX IapaMeTpax HaIAIITyBaHHSA CHCTeM ympaBmiHHA. OTpuMaHO (OPMYNH pO3paxyHKY ONTHMAIBLHOTO
3HAYEHHS MMOCTIHHOTO Yacy aganTUBHOTrO (iibTpa B 3amexHOCTI Bif Koedimienta amantamii Kb, o xapakrepu3yioTs OIiHKY
MOTOYHOTO BIJHOIICHHS PiBHIB KOPHUCHOTO CHTHATY Ta Mepemkoad. [lokazaHo, M0 mapaMeTpuYHHN BHXIJ aJanTHBHOTO
mudpoBoro (inkTpa MOXKHA BHKOPHCTOBYBATH IPH aBTOMAaTMYHOMY KOPHIYBaHHI HapaMeTpiB peryisropa B KOHTYpI
pEryJIoBaHHS CHCTEMH YIIPaBIiHHA B OOMEXEHOMY Jiana3oHi 3MiH aMIUTITYAHHX 1 9aCTOTHHX XapaKTePHCTHK KOPHUCHOTO
CUTHAJIy Ta TepeIlKo]] B Jiama3oHi ajganTaiii koedilieHTa aganraimii Ipy 3alaHUX CIIBBITHOIIEHHSIX a00 3 ypaxyBaHHIM
pospsaHocTi neperBoproBadiB AIIT Ta I{AIl, mo posmupioe cdepy 3acTocyBaHHS 3aIpOIIOHOBAHOTO METOAY ileHTH IKaLii.
Pesynpratin MozmemoBaHHS Ha MPOTPaMHIN MOJENI aZanTHBHOTO IdpoBoro GinbTpy (m-¢aiin nporpaMu MOIYIIOBaHHS) Ta
rpadiku pe3ynbTaTiB MOAETIOBAHHS ITOKA3aJI0 BUCOKHMHA KOe(DII[iEHT MPUAYIIESHHS TIEPEUIKO]] Y BChOMY Jiana30Hi HOro 3MiHH Ta
3MiHYy piBHA 3aBaj Ha Buxojai A®D B 3amexHOCTI Bif piBHA BXimHOTO curHaiy. [Ipm 30inbIneHHI piBHS BXiIHUX 3aBaj PiBEHb
BUXIJTHHX 3aBaj] 3MeHIIyeThes. [Ipu mocmigoBHOMY 3’eqHanHi AD 3arampHuil KoedimieHT amanranii Kb *Kb*...aBTOMaTHIHO
301IbIIYEThCS.

Kniouosi cnoea: cmpykmypno-napamempuuna ioenmuixayis, modeni indexcnoi idenmudpixayii, adanmuena
cucmema Kepy8amms, GUCOKOWBUOKICHULL PYX, 3a68a003aXUlyeHicmb, gopmylodi adanmueHi itempu, gopmyioui ginempu
MoOerni, popmyroui ¢pinempu pecynsimopa.

Ax nuryBatu: Mipomnuk A. M., Kauanos I1. O., Cutnik b. T. CuHTe3 CTpyKTYypH Ta MOJACTIOBAHHS
afanTUBHUX HUGPOBUX POPMYIOUNX GIILTPIB. BicHux Xapkiscbkoco HAUIOHATbHO2O YHIGepCcUumeny
imeni B.H.Kapasina, cepis Mamemamuune mooenioganus. Inghopmayitini mexnonoeii. Asmomamuzogami

cucmemu ynpaeninns. 2023. sun. 59. C.35-48. https://doi.org/10.26565/2304-6201-2023-59-04
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1 Betyn

Metoau Ta ciocobm OIpaIfoBaHHs iH(GOpMaIlii, MaTeMaTHIHI MOJEI OOYHMCIIOBAIEHUX IIPOIICCIB,
TEXHOJIOTi] BHKOHAHHS OOYMCIIEHb, B TOMY YHCI BHCOKONPOAYKTUBHUX, OE3MEYHUX, aBTOHOMHHX,
aJIalITUBHUX, 1HTEIEKTyaJ IbHUX, apXiTeKTypa Ta opraHizaiis QyHKIiOHYBaHHS BiAMOBIIHUX IPOTPaMHO-
TEXHIYHUX 3aC00iB.

2 MocranoBka 3agayi

3aBmaHHSAM JOCHIDKCHHS € PO3pOOJCHHS METOAY aBTOMATHYHOI ifAeHTU(IKAIIl CTaTUCTHYHUX
rapaMeTpiB BAMAIKOBUX CUTHATIB Ta MEPEIIKO/, BU3HAUCHHS ITOTOYHUX CHTHAJIIB OIIHOK AWCHepcii Ta
MeX 3MiH JOBUTFHMX BHITAJKOBUX BIUIMBIB 3 HEBIIOMHUMH XapaKTEpHUCTHKAMHU Ha TapaMETPUIHOMY
BUXOJi aJaNTHBHOTO (iIBTPY, IO AO3BOJIUTH BPAaxOBYBAaTH iX 3MiHYy B ONTHMAJbHUX MapaMeTpax
HAJIAIITYBaHHS PETYJSTOPIB CHCTEM YIIPABIIHHSIM.

MeTor0 AOCTIKEHHS € pO3pOOJIEHHS HOBOiI MOZEIN Ta alrOpUTMy aBTOMATHYHOI imeHTH(ikarii
napamMeTpiB  BHUIIAJKOBUX CHTHANIB 13 3aJaHUMH 3HAUYCHHAMH CIHEKTPaTbHO-KOPEISIiHIX
XapaKTepPUCTHUK, 10 J03BOJUTH BU3HAUATH MOTOYHI OLIIHKH MapaMeTpiB Ta iX 3MiHY IUIsl KOpPEryBaHHS
HANIAIITYBaHb aJJAIITUBHUX PETYIATOPIB.

3 Orasip itepatypu

Amnani3 po3BuTKy mudposux aBToMatuaHux cucteM (LUAC) [1 - 16] nmokasye, o mMpoTATOM YChOTO
nepiofy ix icHyBaHHS BinOyBaeThcsa Oe3repepBHE MiABHUINEHHS BUMOT J0 CTIHKOCTI, Oe3MeKH, SKOCTI,
MIBUJKOJIT Ta TOYHOCTI 1X POOOTH, 3pOCTaHHS YWCIa BUKOHYBaHWMX (YHKIIH, CXEMOTEXHIUHE Ta
ANTOPUTMIYHE YCKITaJHEHHS.

B pesynbTaTi BUHUKIN MPOOJIEMH, IO BAXKKO PEai3yrOThCs TpamuiiiHumu 3acobamu. [lo Takmx
npobieM, Mepir 3a Bce, BITHOCUTHCS MOOYI0Ba ONTUMAIFHOTO BapiaHTy MPOEKTOBAHOI CUCTEMHU, IO
3aJI0BOJIBHSIE PSAY MPOTH IIKOMJIMBHUX BUMOT, TIOB'I3aHMX 3 BIUIMBOM Ha CHUCTEMY JETEPMiHOBaHUX i
BUIMAAKOBUX KOPUCHHUX CHUTHAJIB 1 mepenko/l (IIyMiB), TOUHE 3HAYEHHS Ta 3MiHA XapaKTePUCTHK SKUX
3a3/aJeriip nepegdaynTi He MoXkHa . [lepegdaynTi MOXKHA JIMIIE Y CTATUCTUYHOMY CeHCI. Sk mpukiaz
MOJKHa MPOBECTU cucTeMy [16], Mo CKIagaeThCs 3 TeHepaTopa, HABAHTAXKEHOTO Ha BENMKY KiJIbKICTh
cnoxuBaviB. CIOXXKBavi BKJIIOYAIOTHCS 1 BUMHUKAIOTHCS BUIIAJKOBO B 4aci. Y IIbOMY BHUIAIKy CTPYM
reHepaTopa HpeICTaBiIse€ BUIAIKOBY (YHKIIIO Yacy, a CHCTEMa PETYIIOBaHHS TeHEPaTOP-PEeryisTop
Hanpyru Oyje migaBaTucs BUNIaJIKOBUM BILUTHBAM.

BupimenHs 1mux npoOiieM MOMXIHBE TPH IIUPOKOMY BUKOPHCTAHHI CHUCTEM aBTOMATHYHOTO
npoektyBanHs (CAIIP), HalfBaXXIMBIIMMH €JIEMEHTaMH SKUX € MOJICTFOBAaHHS BUITAJIKOBHX IPOIIECIB i3
3aJ]aHMMH 3HAYCHHSAMH NapameTpiB IX CTATUCTUYHUX XapaKTEPUCTHK 1 CHHTE3 CTPYKTYp aJIalTHBHUX
¢inbTpiB, 110 aBTOMAaTHYHO 1eHTH(IKYIOTH 11i mapametpu [9, 15, 17-33].

ABTomaTtnyHa ineHTH(]IKAIs CTATUCTUYHHMX I1apaMeTpiB BUITAJIKOBUX CHTHANIB Ta IEPEIIKO/
JI03BOJISIE BPaXOBYBATH iX 3MiHY B ONITHMAJIBHHUX NapaMeTpax HAIAIITYBaHHS CUCTEM YIPABIIiHHS.

VY 3aranpHOMY BUNAJAKY (YHKIIOHAJIbHA CXeMa AJITOPUTMY iMITalliiHOTO MU(PPOBOTO MOJIEIIOBAHHS
Moke OyTH po30WTa Ha TP OCHOBHI OJIOKH: alnropuT™ (OpMyBaHHS 30BHIIIHIX BIUIMBIB Ta pealrizarii
BUIAKOBUX KOPUCHUX BXiTHUX CUTHAIB Ta BUTIQJKOBHX MTEPEIIKO/ (IITyMiB) 13 3aJaHUMHU CIIEKTPaITHHO-
KOpEJSLiHHAMH XapaKTePUCTHKAMH; allTOPUTM (QYHKIIIOHYBAaHHS CHHTE30BAHOT CUCTEMH aBTOMAaTHYHOT
imeHTudikamii TOTOYHUX OI[IHOK 3MIHHMX TapaMeTpiB CTaTHCTUYHUX XapaKTEePUCTHUK IMX BIUIMBIB;
anropuT™M oOpoOKH Ta ineHTrdiKamii pe3yabTaTiB HUOPOBOrO MOJCITIOBAHHS.

4 BukJjax 0CHOBHOTO MaTepiaty

CuHTe3 cTpykTypu Oe3nepepBHOro (opMyrouoro aganTHBHOrO (inbTpa i3 3aJaHOI0 CIEKTPaIbHO-
KOPEJALIAHOI0 XapaKTepUCTUKOIO MpoBeneHo B [9]. OnHak us cTpyKTypa HE BPaxOBY€E PO3PSAHOCTI
neperBoproBauiB AIIIT i IIAII, a TakoX yMOBH CTIKOCTI Mpu mnepexoze a0 udpororo Gpinerpy. s
CTaIliOHAPHOTO BUMAIKOBOrO npoiiecy (0inoro mymy) Si(@w)=Q mae noctiiinuit cnektp Q y cMy3i 4acToT
@ BIJ -@p 10 +@p, oTpuMaHo 3HaueHHs auctepcii Df , sike nopiBHIOE
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=——jsamdw———de _ QAo _Qa, (4.1)

2 T

I'padix crekTpanbHOl MITBHOCTI 01510T0 InyMy 3 MOCTIHHUM CIIEKTPOM B OOMEXEHil cMy3i 4acToT
HaBEeICHO Ha PUCYHKY 4.1.

S(w)

w0,

Aw 1

-a)ﬂ

A
_Y

Puc.4.1 I'pagix cnexmpanvroi wineHocmi 6i1020 wymy 8 00MedxHceHitl cMy3i uacmom

Kopensmiitna QyHKIlisS BU3HAYA€THCS HA OCHOBI iHTerpaiy dyp'e:
17 : 1% :
R(r)=— J' S (w)e*do== _[ Qcoswrdw = 2sm T . 4.2)
2r *, V4

0 T

3naueHHs nucnepcii (1) MoXkHa BU3HAYNTH BUPA30M
Q Qu
=R(0) =lim—=sinw,r =—~.
7—0 T T
[lepeBaroro poO3TISTHYTOrO YSIBIIEHHS BHUIIAIKOBOTO IPOIECY, SIK Mae OOMEXEHHH CIEKTp, Y TOMY
[3, 5, 9], 1110 3 HBOTO AMCIIEPCIs MOXITHUX BCIX MOPSAKIB 0OMeskeHi. I{e BUIIMBAE 3 TOTO, 10 AUCIIEPCis

MOX1IHOT OPSIKY M JAOPIBHIOE

(4.3)

Qa)zm-d ~ Da);m
7(2m+1) 2m+1’

3 [3, 5] BumuBae, Mo SKIIO 3aJiaHi, HANPUKIAA, JOMYCTUMI 3HAUEHHS JUCIEPCii BUIAJKOBOIO
curHany D im Horo m-ii moxigumit D™, To 3 (4) MOXHa 3HAHTH JOMYCTUME 3HAYEHHS HEOOXiIHOI

g
D™ _1 _[ Quy"dw = (4.4)
T 0

: . 1 .
nocriiinoi yacy popmye dinprpal, = — . Hanpuxmaz, mis DO i D
a
B

1 | D
Tﬁ:a)_ﬂ: W (45)

Slkio Ha BXiJ GUIBTpa 3 MepenaBaibHO0 (byHKuiero

Ts +1
JUIOTHh TIEPEIIKON Y BUTIISI O1710T0 IIyMy 3 HEOOMEXEHOI0 cMyToio mpomyckanus So(w)=S«(@w)=Q, To
CHeKTpalibHA NIUTBHICTh BUX1JIHOTO CUTHANY (LIBTpa 32 BCIMa YaCTOTAMU JIOPIBHIOE

Ny Q Q
Sl(a)):|H(Ja))| Sp(w) = ; 2:T2 2.1
‘Tﬂ Jow +1‘ p@ +
[HTErpyBaHHsS CHEKTPAIBLHOI IIIJIBHOCTI BUXIJHOTO CUTHAIYy 3a BCIMa YacTOTAaMH Ja€ 3HAYCHHS
Jquctiepcii BUXiTHOTO CUTHAITY:

(4.6)

Q7 do ~ Q Qo
Q_Zﬂihﬂw+ﬁ_?fb_ T “n
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Iopieurotoun dopmyiau (1) i (7), orpumyemo D1=Ds. Takum urHOM, BiA(QIIBTPOBAHUH Yy CMY31 4aCTOT
+ s BUNIAIKOBUI KOPUCHHUN CHT'HAJ BUXOJMTH MPOIYCKAHHSIM O1JI0TO MIyMy 3 HEOOMEKEHOI CMYTOO
MPOIyCKaHHA Yepe3 (DiIbTp i3 MOCTIHHOO Jacy

[MpunynieHnst, mo Ha BUXOAl (IbTpa 13 3a34aJeriab HEBIJOMOIO TepeaaBaibHO (QyHKIiero H(p)
HEOOXITHO OTPUMATH BUMAJAKOBUH KOPHCHHM CHTHAN i3 3alaHOI0, HAIPHKIAN, 3 EKCIOHCHIIIIHOIO
KOPEISIIHHOI0 QYHKITIEIO

_ —wp(7)
R,(7)=D,e \ (4.8)
CHEKTpalibHA IITBHICTh BUX1IHOTO BUMAJAKOBOTO KOPUCHOTO POLIECY 3HAXOAUTHCS 3a iHTerpaiom dyp'e

< . 2w,D 2T.D
S (w)= [ De»Pelodr="+L"2 _ =522
(@) _-[O 2 a)§+a)2 1+a)2Tﬁ2

(4.9)

I'padix xopensuiitHoi QyHKOii 6i0ro mymy 3 0OMEKEHOI CMYTOIO MPOIYCKaHHS HaBeIEHO Ha
puc. 2.

Takuii BHUMAAKOBHI TPOIEC MOXHA OTPUMATH, SKIIO BHUIIAJKOBHN CHUTHalI 31 CIIEKTPAIBHOIO
MTBHICTIO So( ) (O1MiA 1ITyM) MPOIYCTUTH Yepe3 (PiIbTpP 3 4aCTOTHOIO TepeaaTHO GyHKITiEw D(jw).

Toni Ha BUXOi GinbTpa 3'IBUTHCS BUTIAIKOBUIT CUTHAT i3 CIIEKTPAITBLHOIO HIUTBHICTIO S2():

S, (@) =|@(jw)[ Sy(@). (4.10)

3 1bOro BHUpa3y MOXHA BU3HAYMTH MOJYJIb HEOOXiHOT YaCTOTHOI mepenaBanbHOi QyHKIi GinbTpa
3a BIIOMUMH CIIEKTPATFHIUMH HIUTBHOCTSIMH BUX1THOTO Ta BXiTHOTO CUTHAIIB!
: S, (w)
[©(jo)| =, [T5—. (4.11)
Sy(®)

A
R(7)

R(0) 'y

L

Puc. 4.2 I'paghix kopenayitinoi pyuxyii 611020 wiymy 3 00MeNCeHOr CMY2010 NPONYCKAHHSL

[Ticnst BcTanoBieHHs 3HaYeHb Sy(w) 1 So(w) 13 (9) 1 (7) oTpuMaeMo MOJyYJb NIYKAHOT YaCTOTHOT
nepeaBaIbHOT (PYHKIIII:

27,D, R

D(jw) = = (4.12)
T,jo+1' D, Tpjo+l
we R= |22 .13
b .

[lpoMy MOAy/IIO YacTOTHOI MepenaBaabHOI (YHKINT, [0 IIYKAEThCs, BIAMOBIIAE MepeaaTHa
byHKIis GinbTpa
R

Tﬁs +1

D(s) = (4.14)
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OTxe, BUIIAAKOBI IPOIECH 3 OOMEKCHHM OUTUM IITIYMOM 1 EKCIIOHEHITIMHOIO KOPEISAIIHHO0
¢byHKUi€E0 GOPMYIOTBCA 3 017100 IIyMY 32 AOIOMOTOI0 aflepioUIHuX JaHok (6) i (14) nepioro nopsaxy
3 OJJTHAKOBHMH MOCTIHHUMH 4Yacy Tz 1 pi3HUMHU cTaTHUHUME KoedirtienTamu (6) i (12).

5 CuHTe3 ONTUMAJIILHUX NAPaMeTPiB HAJAIITYBAHHSA (iJbTPa 321aHOI CTPYKTYpPH

Hns toro mo6 BUMAIKOBUII KOPWCHHUI CHTHANI MPOXOJUB Yepe3 ONTHUMaibHHUA (imeTp 3 Oyma
MIHIMaJIBHOIO TTOMHJIKOFO TI0 KOPUCHOMY CHTHAITY, He0OXiTHO, 00 CIeKTpaTbHa MIIIbHICTE KOPUCHOTO
curHaiy Sy(w) ykiamanacsi B CMyry MpoIycKaHHs (inbTpa.

[ 3MeHIIeHHsS BIUIMBY TNEPEIIKONM Ha CHUCTeMYy HEoOXigHO, mo0 i cMyra MHpOIMycKaHHS He
MepeBUILlyBaja CMYTY MPOIYCKaHHS CIEKTPalIbHOI MIIJIBHOCTI KOPHCHOTO CHTHAlTy a00 aBTOMAaTHYHO
3MIHIOBaIACA BiIOBITHO JIO 33JaHOTO (ONTUMAIIEHOTO) CIiBBITHOIICHHS CUTHAJ/IITYM.

Hexaif Ha BXix 3aMKHYTOI crcteMu (PibTpa) 3 mepeaaBaabHO0 (PYHKITIEIO B PO3IMKHYTOMY CTaH1

Sx(@) K(s) = T—ls (5.15)

mie BxigHui curHan X(t), M0 € BHMAAKOBOI HECTAIIOHAPHOI (YHKIEID Yacy i3 CHEKTPATbHOO
MIIJIBHICTIO
R

S.(@)= Tlo® +1'
2

(5.16)

Ta nepemkona f(t), sxa sBise coboro O wyM 3i CHEKTPAIBHO WIIBHICTIO S (@) = O , npuaoMy

curaamu X(t) ta f(t) crarucTruno He3anexHi.

VY cuny nesanexuocti X(t) ta f(t) Bupas mist aucnepcii momuiku De, 3BaHe cepeHiM pusukoMm I [3,
5], ckiamaeTbes 3 OBOX JOJAHKIB: OIHOTO, OOYMOBIICHOTO IMCIIEPCIEI0 KOPUCHOTO cuUrHaiy Dex, Ta
JIPYTOro, OOYMOBIIEHOTO MTEPETIKOI0I0 Deyt.

r=D,=D, +D, =§J‘|He(ja))|2 Sx(a))dw+%_|.|H (jo)'S, (@)da, (5.17)
0 0

ne He(®w) u H(w) — gactoTHi nepenaBanbHi GyHKIIT TOMUIKOBO 1 3aMKHYTOT CHCTEMH Bi/IITOBIIHO.
s oTpuMaHHS IOTOYHOI CIIEKTPaIbHOI I'YCTHHH BUIIAJIKOBOIO KOPUCHOTO CUTHAILY

Sy = (.18
A+ jT,0)1 - jT0)
HeoOXiHO OinMui myM i3 CIEeKTpaNbHOI MIUIBHICTIO Q mpomyctuth 4epe3 dopMyrounid QineTp i3
nepenatHoro yskiiero [1-5, 9]

R
W, (s)=——. 5.19
o) T,s+1 (5.19)
V Bupasi (17) ast Dex 3amicts He(j @) HE0OXiaHO i ICTaBUTH
H (jo) =H (jo)W,(jo). (5.20)
1 T K 1
3naiinemo H,(S) = L u H(s) = (5) = : (5.21)
1+K(s) Ts+1 1+K(s) Ts+1
[TincraBnstoun y Bupas aist Hex(p) 3HauenHst He(S) 1 Wy,(S), oTpumaemo
H,,(s) 18 Ts (5.22)

T (TsD)(T,5+0) TT,8 +(T+T,)s+1"

[lincraBnsiroun oTpuMani Bupasu y Bupas (17) orpumaemo
2
do

R Ts
_J’ - 4
Ty \TT8°+(T+Ty)s+1) |s= jo

do, RT . Q
s=jo  2T,(T+Ty) 2T

r=D,=D,+D, =

Q7 1 Y
2lew)

(5.23)
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3HaiigeMo ONTUMAaNBHY TOCTiHHY dacy T, 10 BH3HA4Ya€ MiHIMaIbHE 3HAYEHHS CEPEIHBOTO PHU3UKY
r = De min, npupiBHIOOYH ii TOXiJHY 32 MapaMeTpoM T HYIIIO.

or 0D, R(T'+T,)-RT 0
or or 2T, (T+T,° 2I°

=0. (5.24)

HagiBmm Bupas (24) 1o coinpHOr0 3HAMEHHHKA 1 TPUPIBHABIIN YUCETBHUK HYIIO, OTPUMAEMO
T,[(R-0)T* -20T,T - 0T |=0. (5.25)
Toxi

2 8 O np O o
T 2R_QTﬁT R_QT[, 0, (5.26)

3BiAKY 3HAIIEMO ONTHMalbHE 3HAYSHHS IITyKaHOI MOCTIHHOI 9acy
T T
5 (Q+ JRQ )Z_Rﬂ , (5.27)

TO}’lWl:
R-Q \/’_1
Q

migcraBisitoun 3HaueHHs Tonm 3 (27) y dopmyny (23) oTpumaeMo MiHIMaibHE 3HAYEHHS AUcCTEpCii
noMusiku Demin=Deonm, BIINOBiHE MIHIMAJIBHOI IMCIEPCii CTEKJIa 3a KOPUCHUM CHUTHAJIOM 1
MIHIMAIBHOIO TUCTIEPCIEI0 TIEPEIIKOAN Ha BUXOJI CHCTEMH, IO BiANOBia€ MaKCHMaNbHIA Aucmepcii
HEPENIKOAN B CUTHAJI TOMIIIKH.

Tonai orpumaemMo

RT,, JRO

Dexonm = = ' (528)
2T,(T,, +T,) 2T,
IOR —
Def'onm = Q = Q Q . (529)

TakuM 9MHOM, TUCTEpPCis TOMHIKHA CHUCTEMH TPH ONTHMAaIbHOMY HANAIITyBaHHI 1,mm (QiIBTpa

JTIOPIBHIOE:
(=D = D —*/@J’\T/@_Q. (5.30)

emin — “eonm — “exonm ef onm 9

B
Jlucriepcist BUXiTHOrO KOPUCHOTO CHTHAITY DyX NpH ONTUMAIbHOMY HaJTAIITyBaHHI BU3HAYAETHCS 32
hopMyIioro
17 .2 R R
D, == j H (jo) do=
YXonm T | onm | Tﬂza)z +1 Z(T(mm +Tﬁ)

0

R \/ﬁ—l
R Q :\/ﬁ(\/ﬁ_l) . (5.31)
R
T, Q

Po3pinuBim gucnepcito BUXiZHOTO curHany (iabTpa Mo KopucHoMmy curHamry DyX Ha aucnepcito
nepenkoan B curaani noMuiiku Def nipu onTumanbHoMy HanaintyBaHHi Gibrpa T=Tonm oTpuMaemMo
koedimient anantamii Kp sSKuil XapakTepusye OIIHKY TOTOYHOTO BiJJHOIIECHHS DPiBHIB KOPUCHOTO
CUTHAITY JI0 TIEPEIKOH (BITHOIIEHHS CUTHA/IITYM). 3MiHA CIIEKTPATbHO-KOPEJSIIIHHIX XapaKTePUCTHK
KOPHCHOTO CHTHAJTY Ta MEPEIKON BUKIIHUE 3MiHy KoedimieHTa amanTaiii Ks Ta BCTaHOBICHHSI HOBOTO
ONTUMAJILHOTO 3HAYEHHS MOCTIHHOI Yacy aanTHBHOTO (inbTpa 3a GOpMyIIOL:
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D

. _RJO _
D o Q\/—

Ie, Kﬁz

(5.32)

6 Peaunizamisi cTpykTypu Ta aHaui3 crilikocTi mudpoBux anasoriB QopmyoTs QinbTpiB i3
32JJaHOI0 CTIEKTPAJIbHO-KOPeIsALiiiHOI0 XapaKTepUCTHKOI0
s Buznauenns nucnepcii Dxy i Def LII/Iq)pOBI/IX (GUTBTPiB BUKOPUCTOBYIOTHCS BijoMi popmyiu [3, 5]

D

el N—o N+

D@f N—o N

n=0

= hm—Zy nT

JR

= hm—Ze nT, | \/_

(6.33)

(6.34)

ne Y2[nT Ta €°[nTy] — kBaapaTu rpaTyacTUX (GyHKIH BiUTiKiB BUXiZHOTO cHTHATY y(t) Ta MOMHIKH e(t)

y MOMEHTH 4acy NTk, Tk — mepion BuMiproBaHHs rpatuactux Gpynkuiid y[nTk] Ta e[nTy], n=0,1,2...c0.
IIpu mepexoni mo nMpPOBUX aHAIOTIB JAHOK CTPYKTYPHHX €JEeMEHTIB (imbTpiB MOJENi HaBiTh

CTPYKTYPHO CTilKi JIAHKH TIEPIIIOTO TMOPSAKY MOXKYTh BTpadaTH CTIHKICTh 32 IEBHUX CITiBBITHOMIEHHSX

napaMeTpiB KX JIAHOK 1 IEPioJOM JUCKPETH3AILIT.

Amnani3 cTiikocTi HuQpoBUX (HIABTPIB MPOBEAEMO Ha MPUKIAIl TUCKPETH3ALlli CTPYKTYPHO CTiHKOL

Oe3nepepBHOI anepioANYHOI JIAHKH TIEPILIOTO MOPSIKY.

Hns peamizauii mudpo-aHanoroBoi imiTamidHOi MOAENi aganTUBHOTO (iIBTpa MPOMOHYETHCS
BUKOPUCTOBYBATH MOJIEIb, CTPYKTYPHA cXeMa SIKOi HaBeJleHa Ha pHc. 3.

.(6.36)

T, -
W, (2) = 2"
onm(Z 1)
ApnanTuBHUH QLIBTP
Brok {lud)poeoﬁ
MHOoCenHs  (Hme2pamop
T 1,7,
I'eneparop x[n e[n _) yinT| F2
oimoro  —e»{ ALl " > TL(Z—I) y[nT A
Y 4
uymy Q +
Sx=R
Kopucnuii Ksagpato
bBinuii cuchan KBaﬂp arop Ap P
wym . 3
oA e | gos e *Ngeh
Buok R05
dopmyrounii Oy
¢GuIBTp . E ‘E -+
> R T
Wy(s)==
T Rl T,
T, | b0

BIT — 6sox mopiny; I — inTerpatop; BM — Giiok MHOXEHHSI; A - Mana BeJIWYHHA, O BBOJUTHCS B

}IiJIBHI/IK JJIs1 BUKITFOUCHHS HOZIiJ'[y Ha HYJIb

Puc. 6.3 CmpyxkmypHna cxema nponoHo8anoi yu@po-ananozo6oi imimayiinoi mooeni yughpoeozo adanmueHo2o

¢inempa
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Buxigamii curaan 6moky bl moximy mopiBHIOE IOTOYHOMY 3Ha4eHHIO KoedimieHTa aganramii Kg i
MO’Ke OyTH BUKOPHCTAaHUH AJIS aBTOIIACTPOIOBAHHS MTapaMeTpPiB HANAIITYBAaHHS MA(POBHUX PETyIATOPIB
IpY 3MiHI ONTHMAJILHOTO 3HAYEHHS MOCTIHOI Yacy agantuBHOro ¢inbrpa. [locnigoBHUM 3'€THAHHAM
aJanTUBHUX (PUTHTPiIB MOXKE OYTH peanizoBaHa CTPYKTYpa aAalTUBHOTO (PLIETpa BUIIOTO MOPSIKY.

Ilepenatouna ¢yHKIiise po3iMkHyTOro mudpooro ¢inbtpa 3 ¢yHkmieo nepenadi K(S) 3
excrpamnoistopom We(s) (pucyHok 4.3) mae BUTIIST

W, (5) =W, (K (9K, —2=8 .1 onm
o (8) =W, (s)K(s)K,_, = T S
onm , (6.18)
Ie Na 1 N, - pospsaHocTi mepetBoproBadi AL i [TAII,
n,-n,
Ka*“ =2 - MiICYMKOBUH cTaTHyHH KoedilieHT nepenadi nepersoproadis ALIT ta [TAII.

Z-nepeTBOpEHHS i€l TiepeaaBaIbHOT PYHKIII Ma€ BUTIISIT
Z-niepenaTtouHa (QyHKIIA 3aMKHYTOTO KOHTYpPY (cymarop. OJIOK MHOKEHHS, iHTerpaTop) nudpo-
aHayoroBoi iMiTauiiHoi Mozesi H(POBOrO aaNTHBHOTO (HiIbTpa Mae BUTIIS

T2 ™ _AZ)

H(Z)= = . 6.19
@) B2 (6.19
Tl Z=1++*——
Jnst aHamizy CTIKOCTI PO3TIITHEMO XapaKTePUCTUIHE PiBHIHHS
T 2™
B(Z)=Z-1+*—=0.(38)
Tonm
3acTocyBaBIIM JI0 IIbOTO PiBHSHHS OiliHIlHE IEPETBOPEHHS, OTPUMAEMO
BW) =T g4 1k 2" g
1_W TO}'IWI
i
T 2% T 2% ™
= W+2-E4— =0, (6.20)

Ilo xputepuro I'ypBHna sTa cucremMa yCTOMYMBA, €CJIM BBIIOJIHSIETCS YCIOBHUE ITOJOKUTEINBHOCTU
ko3 uimentoB ao>0 u a;>0,

n,—n, T n,—n, 2na—nq
ne ay=—*—— aa=2-—-+*— rtoects 0<*—-<2.
Tonm onm onm
Omxe, I CTIMKOCTI IM(POBOro amanTUBHOIO (uIbTpa HEOOXiAHO, 1100 MHOCTIHHI Yacy Tg,
p Tp y Ip
T, Yij .. Dyx R
T, =—:, koedimient  amanranii K p == =, < mepedyBamu y  TakuXx  MeKax
K 5= 1 D, Q
1 2
0<—«< ——— a00
onm Tk 2 !
2nu—na+l
0<K,<——2+1 (6.21)
T

k

[Ipu nparHeHHi 710 HyJS CKIIaJ0BO1 OIIHKH AMcCIiepcii 3a kopucHUM curHaiioM (Q—0), 1 HepiBHICTh
MoKe OYTH MOpPYIIEHA, i B [IbOMY BUIAJKY B JallTUBHOMY (UIbTpI BUHUKHYTh HECTiHKI po30iXKHOCTI
KonuBaHHA. J{1s1 iX yCyHeHHs He0OXiaHO 10 BeauunHu Q gojatu A, 1110 OOMEXYe Jiana3oH ajanTariii
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i K R i 0< |- < 2, +1
KOe(1II1€EHTa = IIpU 3aJaHOMY B1OHOIIICHH1 3 aXYBaHHAM
77yQ+a P Y Q+A T, ypaxy

po3psimHocTi ieperBoproBauiB AT ta I1ATL.

Buxinnuit curnan 6moxky bl moxiny mopiBHIOE mOTOUHOMY 3HaueHHIO Kp koedimienta amantamii i
MoKe OyTH BUKOPUCTAHH 1715l aBTOIIACTPOIOBAHHS MapaMeTPiB HATAITYBaHHS HU(POBUX PETyISTOPIB
MIPH 3MiHI ONTHMAaIBHOTO 3HAYEHHS MOCTIHHOI Yacy mudpoBoro GiabTpy aJanTHBHOTO (QiIbTpa.

[ocnimoBHUM 3'eMHAHHSAM aAanTHBHUX (IILTPIB MOXKe OYTH peanizoBaHa CTPYKTypa aJalTHBHOTO
(hinpTpa BUIIOTO MOPSIKY.

7. IlporpamHa Mojedb AOCTIAKEHHSI aJanTHBHOro uudposoro ¢piasTpy (m-gaiin mporpamu
MOJIOBaHHSI) Ta rpadiky pe3yabTAaTIB MO/IeJIIOBAHHS
clear
clc

m xam=1.0; SAMIIITYna BX1OHOTO CcUTHaNy OGijabTpa
m xch=2.0; %dacToTa BXimHOTO CcHMTHAJNY OGinbTpa
m t=0.001;

m mod=10.0;

m ti=0.01;

m d=0.1;

m m=1.0;

NI=m mod/m_ t;
% m_d=A----------- IuKa MogeTI0BAHHS
n=0:0.001:9.999;

Y=0,

YP=0,

E=0;,

F=0,

Y1=0,

A=rand (NI, 1),

=rand (NI, 1),

V(1:NI,1)=sqrt((-2)*log(A)) .*cos (2*pi*B)

filter out(NI,1)=0;

forN1=1:NI

F(N1,1)=V(N1,1);,

if Nl==

E(N1,1)=X(N1,1)-filter out(N1,1)+F(N1,1);

else

E(N1,1)=X(N1,1)-filter out(N1-1,1)+F(N1,1);

end

EA(N1,1)=E(N1,1)*E(N1,1),

ED(N1,1)=EA(N1,1)+m_d;

if N1 ==

YA(N1,1)=filter out(N1,1)"2+m _d;

else

YA(N1,1)=filter out(N1-1,1)"2+m d;

end

Y1(N1,1)=E(N1,1)*YA(N1,1)/(ED(N1,1))

Kb(N1,1)=YA(N1,1)/(m d+ED(N1,1));

if N1>1

filter out(N1,1)=(0.5*m t/m ti)*(Y1(N1,1)+Y1(N1-
1,1))+filter out(N1-1,1);

end
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end

Pesynprati MojenroBaHHS Ha MPOTPaAMHON MOJeNi aganTUBHOrO mudpoBoro ¢iuneTpy (m-thaiin
NpOrpaMu MOJIOBAaHHS), SIKi HaBeAeHI Ha Tpadikax MOAEITIOBAHHS HACTYIIHI:

Bximawmii curaan X=1sin(2n)

Bximaumii  curnan 3aBag F(N1,1)=£3.5*sqrt((-2)*log(A)).*cos(2*pi*B), nme A=rand(NL1),
B=rand(NlI,1);

Buxinuuit curaan Y ¢ 3aBamoro filter_out+E(N1,1)=1+(8ix 0.1 g0 1.5)sin(2n), To6TO piBeHBb 3aBaj
3MEHBIIIYETHCSI TPU 3POCTAHHI AMIUTUTYH CUTHATY

Buxiguuii curnan 3miH koedinienra aganrarii Kb=eio 2.3 do 35

X=m xam*sin(m_xch*n) plot(filter out) plot (Kb)
; grid grid
plot (X)
grid on ; L I
il

A i AP )

[ [ [ / Y

[ [ 1 [ 11 / | ‘ ‘ H\ | ‘ |

VA A . i If i
| TR Y \ f |
S - - e S kM S
/ \ | : . %Buxixnuii CHIHAJI 3MiH
v JoBuxi i e ¢ Koedinienta aganramii Kb
S ™ 3apanoo filter_out=E(N1,1) 1 A 1
X=X";
%oBxignuii curuaJa
plot (Y1) plot (E) plot (F)
grid grid grid
| | ‘H | H‘\ | “ H\ Iy Il
| il \JI 1 I I | | ] ‘
\H ] Ui H q o
‘ 1

([ ] e I HRRNEEREN

% Curnan TOXH/IHOI %Bxinumii curnan 3asaa F

BxiHoro curuamy Y1 % BuxigHuii CHrHAJI MOMHJIKH
E(N1,1)=F(N1,1)

8. BUCHOBKH

VY miit crarri Oymo oOrpyHTOBaHO METOJ| aBTOMATHYHOI ifeHTUdiKallii aucnepcii BUMaIKOBUX
KOPHUCHHMX CHTHATIB Ta BHITAJKOBHUX MEPEHIKOJ 13 3a/IaHMMU 3HAYEHHSIMU CIIEKTPaJIbHO-KOPEISIIHHNX
XapaKTePUCTHK, 110 JI0-3BOJISIE BM3HAUATH IMOTOYHI OI[IHKK JMCIEpCii Ta iX 3MIiHY JUIs JOBUIBHUX
BUIAKOBUX BILTMBIB 3 HEBi-IOMHMH XapaKTEPUCTHKaMH. ABTOMAaTHYHA iJeHTH(DIKAIisl CTATUCTUIHUX
napamMeTpiB BUIAQJKOBHUX CHUTHANIB 1 MEpemKoj] y (OpMYIOUYOMY aJanTUBHOMY (QUIBTPI JJI03BOJISE
BpPaxOBYBAaTH iX 3MiHY B ONTUMAaJbHHUX IapaMeTpax HaJlAIITyBaHHS CHUCTEM ympasliHHs. OTpUMaHO
¢dopMyn po3paxyHKy ONTHMAIBHOTO 3HAYEHHS IMOCTIHHOTO Yacy aJanTUBHOTO (iibTpa B 3aJIEXKHOCTI
Bi koedinienTta agantanii Kb, mo xapaktepu3yroTh OLIHKY MOTOYHOTO BiIHOUICHHS PiBHIB KOPHCHOTO
CUTHaITy Ta repenkou. [TokazaHo, 1110 napaMeTpuIHAN BUXiJ] a1allTHBHOTO IIH(POBOro GilbTpa MOKHA
BUKOPUCTOBYBATH IPY aBTOMAaTHYHOMY KOPHTYBaHHI IapaMeTpiB PEryyisiTopa B KOHTYPI perylioBaHHS
CHCTEMH YNpaBIiHHI B OOMEXKEHOMY Jiama3oHi 3MiH aMIUTYAHUX 1 YaCTOTHHX XapaKTePUCTHK
KOPMCHOTO CHUTHajJly Ta TIEpeIIKoJ B Jiarna3oHi afanrtaiii koedimieHTa afanrtaiii Npu 3aJaHuX
CHIBBIIHOMEHHAX a00 3 ypaxyBaHHSIM po3psimHocTi neperBoproBauiB AL ta L[ATL, mo po3mmproe
chepy 3acTOCyBaHHS 3alpOIOHOBAHOTO MeToAy ineHTH(ikawii. PesyiapraT MopemroBaHHS Ha
NpOrpaMHill MoJieNni aanTHBHOTO U(poBoro GuIbTpy (m-¢aitn nmporpaMu MomyBaHHs) Ta rpadiku
pe3yIbTaTIB MOJICITIOBAHHS ITOKA3aJI0 BUCOKHH KOe(ili€HT MPUIYIIEHHS MIEPEIIKO/I Y BChOMY Jliarna3oHi
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foro 3MiHM Ta 3MiHY piBHS 3aBaj Ha BUXOAi A®D B 3aJIeKHOCTI BiJ piBHSA BXigHOro curHamy. Ilpu
30UTBIIICHHI PiBHS BXiJHHUX 3aBaJl PIBEHb BUXIIHUX 3aBaJl 3MilnyeTbes. [Ipu nociaigoBHoMy 3'eqHaHH] AD
3aranpHul Koedimient aganraiii Kb*Kb*...apromaTruHO 30i1bIIy€ETHCS.

CIIMCOK JIITEPATYPHU

1. HeOsbuioB A.B. I'apantupoBanue TouHocTH ynpasieHus. -M.: Hayka. ®uzmatiur, 1988.-304c.

2. MHccnenosanue mudpoBbIX aBTOMATHYECKHX cucTeM. JlabopaTopubiii npaktukym. \ Ilox pen.
A.B. He6ruioga. - CI16.: UznatensctBo C.-IleTepOyprckoro yausepcureta, 1996.- 192c¢.

3. becekepckuit B.A. IludpoBbie aBTOMaTmuecknme cucrtembl.- M.: Hayka,1976.-576 c.
https://b.eruditor.link/file/2129497/

4.  Octpem K., Bureamapk b. Cuctems! ynpasnenus ¢ 9BM: Ilep. ¢ anrn. - M.: Mup, 1987.-480 c.
https://lib-bkm.ru/12515

5. MukpomnporeccopHbie CHCTEMBI aBToMaTHuyeckoro ynpasienus. \ TTox pea. B.A.beckepckoro.-
JI.: Mammuroctpoenwue, 1988.-365 c. https:/libarch.nmu.org.ua/handle/GenofondUA/48188

6. Usepman P. Lludposie cucremsl ynpasierus M.: Mup, 1984.-541c. https:/lib-bkm.ru/12325

7. IlpoextupoBaHue IM(GPOBBIX YCTPOHCTB HAa OTHOKPUCTAIBHBIX MHKpompoueccopax.\ B.B.
Crammn, A.B. VYpycoB, O.®. Monoronuesa.- M.: DOneproatomuzgar, 1990.-224 c.
https://electronics.Inu.edu.ua/course/mikroprotsesorna-tekhnika-153-mikro-ta-nanosystemna-tekhnika

8. Kyo b. Teopus un mpoextupoBanue mu(poBbIX CHCTEM ympapieHHs. - M.: MammHOCTpoeHHe,
1986.449 c. https://b.eruditor.link/file/18241/

9. Cortauk B.T. CuHTE3 CTPYKTYPBI H MOACTUPOBAHUS Al TUBHBIX TU(PPOBHIX (DUIBTPOB U CHCTEM
yIpaBJiIeHHs ¢ HeCTalMOHApHBIMU XapakTepucTukamu. Yacte 1./CeitHuk, B.b. CoitHuK//[HPOpMaiiiai
Kepylodi CHUCTeMH 3aii3HuyHoro tpancmopry. — 2003, - N6. - C. 18 - 24,
http://jiks.kart.edu.ua/article/view/265542

10. ComomoBHukoB B.A. MuKpOIpOIleCCOPHBIE aBTOMATHYECKHE CHCTEMBI PETYIHUPOBAHUS. -
M.:Bricmas mrkona,1991r.-255¢.

11. Anekceenko A.I'., Iamumea A.Jl., MBanaukoB A.J[. IlpoexTupoBaHme paguo’IEKTPOHHOI
anmapatypsl Ha MUKpornpoueccopax: [IporpaMMupoBaHne, TUIIOBBIE PEIICHUS, METOABI OTAAIKU. -M.:
Panuo u cBsa3b, 1984. -272c¢.

12. Pomanenko B./l., Urnatenko b.B. AnanTrBHOE ynpaBiieHHE TEXHOIOTMUECKIMU MPOIIECCaMU Ha
6a3e Mukpo-EOM: Yueb. noco0. -K.: Beima mikona, 1990. -334c.

13. 3arapuii I'.U., ly6naaze A.M. CuHTe3 CCTEM YIPABIECHHUS HA OCHOBE KPUTEPHUSI MAKCUMAJIbHON
CTENeHM yCcToHunBOCTH. -M.: DHeproaromusaar, 1988. -104c.

https://www.researchgate.net/signup.SignUp.html

14. Tlat. Ne 4063 VYkpaina Ilpuctpiii s BUMIpIOBaHHA NapaMeTpiB iHEpUIHHMX JaHOK /
BuHaximauku: ['. 1. 3arapiit, b. T. Curnik, 1. B. I'yceB, A. B. Mamonos, b. C. JleBouko, I1. B. I'yces;
BOJIOAIICIh: XapKiBChbKa JIEpPiKaBHA akajieMisl 3aJli3HMYHOro TpaHcropty; 3aseir. 07.02.1990; omy0:.
27.12.1994, Broa. Ne 6-1. http://lib.kart.edu.ua/handle/123456789/8478

15. Tlat. Ne 11427 Ykpaina Anantuauit ¢ineTp / BuHaxigauku : . . 3arapiii, b. T. Curnik, b. C.
JleBouko, A. B. MamonoB, 1. B. I'yces, II. B. I'yces, B. C. Konosanos, B. I'. [loporkiii ; Bojoinens :
XapkiBcbKa iepkaBHA akaJeMis 3a1i3HUIHOTO TpaHcnopty; 3asBil. 13.03.1989; omy6m. 25.12.1996, brom.
Ne 4. http://lib.kart.edu.ua/handle/123456789/8478

16. BuibkeBuu b.M. ABromaTHueckoe ynpaBiIeHHE 3JCKTPUUYCCKON Mepeaaycii U 3JIeKTPHUSCKUE
CXEMBbI TeII0B0o30B. -M.: Tpancmopt, 1987. -272c¢.
https://libarch.nmu.org.ua/handle/GenofondUA/70858

17. Amntonnio A. [lubdpossie GunbTpel: aHaTU3 U MpoekTHpoBaHue. — M.: Paxno u cBs3b, 1983. —
320 c. https://skylots.org/6562863709/Antonyu+A+Cifrovye+filtry+Analiz+i+proektirovanie

18. benpar [Ix., [lupcon A. IlpukiagHoi aHanu3 coy4alHbIX AaHHBIX. — M.: Mup, 1989. — 540 c.
https://book-i-nist.com/view.php?book_id=18544

19. Bneiixyt P. Boictprle anroputmsl nudpoBoii 00padbotku curnanoB. — M.: Mup, 1989. — 448 c.
http://bamper.info/972-blejhut_r_bystrye_algoritmy_cifrovoj_obrabotki_si.html



https://b.eruditor.link/file/2129497/
https://lib-bkm.ru/12515
https://libarch.nmu.org.ua/handle/GenofondUA/48188
https://lib-bkm.ru/12325
https://electronics.lnu.edu.ua/course/mikroprotsesorna-tekhnika-153-mikro-ta-nanosystemna-tekhnika
https://b.eruditor.link/file/18241/
http://jiks.kart.edu.ua/article/view/265542
https://www.researchgate.net/signup.SignUp.html
http://lib.kart.edu.ua/handle/123456789/8478
http://lib.kart.edu.ua/handle/123456789/8478
https://libarch.nmu.org.ua/handle/GenofondUA/70858
https://skylots.org/6562863709/Antonyu+A+Cifrovye+filtry+Analiz+i+proektirovanie
https://book-i-nist.com/view.php?book_id=18544
http://bamper.info/972-blejhut_r_bystrye_algoritmy_cifrovoj_obrabotki_si.html

ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
46 series «Mathematical modeling. Information technology. Automated control systems» issue 59, 2023

20. Tonpuentepr JLM. u ap. I{udposas odopadboTka curnaiaos: CrpaBodHuK. - M.: Pamno u cBs3b,
1985.- 312 c. http://booksshare.net/index.php?id1=4&cateqgory=physics&author=goldenber-
Im&book=1985

21. Tonbmentepr JLM. u ap. Ludposas odpaboTka curnanos: YueOHoe mocoOue 1ist By30B. - M.:
Paguo u cBase, 1990.- 256 c. https://studizba.com/files/show/djvu/3622-1-gol-denberg-1-m-matyushkin-
b-d-polyak-m.html

22. TyraunkoB B.C. ®unbTpanys H3MEepUTENbHBIX curHanoB. — JI.: DHeproaromusaar, 1990. — 192
c. https://bon.ua/ru/obyavlenie/gutnikov-v-s-filtraciya-izmeritelnyh-signalov-e3edab

23. Hamxwuon M., Mepcepo P. Lludposas 06paboTka MHOrOMEPHBIX CUTHAIOB. — M.: Mup, 1988. —
488 c. https://libarch.nmu.org.ua/handle/GenofondUA/58914

24. JImutpue B.W. [lpuknamnas teopuss mHPOpMaruu: YUeOHHK Uil CTYICHTOB BY30B. - M.:
Bricmag mkouna, 1989.- 325 c. https://studfile.net/preview/953348/

25. Kymnep JIx., Makrminem A. BeposTHOCTHBIE METO/IbI aHATHM3a CUTHAJIOB M cUCTeM. — M.: Mup,
1989. — 376 c. http://booksshare.net/index.php?id1=4&category=biol&author=kuper-dg&book=1989

26. Makc XK. MeTozp! 1 TexHHKa 00paOOTKH CUTHAIOB MpU Pr3ndeckux nu3mepeHusx: B 2-x Tomax.
- M.: Mup, 1983. https://b.eruditor.link/file/130058/

27. Ommenreiim A.B., llladep P.B. Lludposas obpadboTka curnamnoB. — M.: CBszp, 1979. — 416 c.
https://b.eruditor.link/file/3758471/

28. Paounep JI., l'oynn b.Teopus u npumeHeHwne g poBoi 00padoTku curHanoB. — M.: Mup, 1978.
— 848 c. https://www.geokniga.org/books/10680

29. Xemmunr P.B. Hudposeie  ¢umptper. — M.: Hempa, 1987. — 221 c.
http://elib.kstu.kz/lib/document/IBIS/1215BA04-CE80-417A-A46C-3D28F47B1CCO/

30. Bacwumwe /JI.B. PagnoTexHnueckre 1ienu v CUrHANGL: Y4eOHoe mocooue it By30B. - M.: Paano
U cBs13b, 1982. - 528 c. https://b.eruditor.link/file/243537/

31. 3unoBbeB A.JI., ®wmmmnmos JI.W. BBenenre B Teopuio CUTHAIIOB U TieTiel: Y ueOHoe mocooue s
By30B. - M.: Bricmias mkoma, 1975. - 264 c. https://crafta.ua/lots/6537702886-zinovev-al-filippov-li-
vvedenie-v-teoriyu-signalov-i-cepyay

32. ApantuBneie ¢unbTphl. /Ilon pen. K.®.H.Koysna u I1.M.I'panta. — M.: Mup, 1988, 392 c.
http://repository.vsau.org/getfile.php/5343.pdf

33. Aiidpuuep D., xepsuc b. Lludposas obpaborka curHanos. [Ipaktuueckuii moaxoxn. / M.,
"Bumpsamc", 2004, 992 c¢. https://studizba.com/files/show/djvu/2295-1-ayficher-e-dzhervis-b-
cifrovaya.html

REFERENCES

1. Nebylov A.V. Guaranteed precision control. -M.: Science. Fizmatlit, 1988.-304s.

2. Research of digital automatic systems. Laboratory workshop. \ Ed. A.V. Nebylova. - St.
Petersburg: St. Petersburg University Publishing House, 1996.- 192 p..

3. Besekersky V.A. Digital automatic systems. - M.: Nauka, 1976.-576 p..

4. Ostrem K., Vitenmark B. Computer control systems: Transl. from English - M.: Mir, 1987.-480
p.

5. Microprocessor automatic control systems. \ Ed. V.A. Beskersky.- L.: Mechanical Engineering,
1988.-365 p.

6. Izerman R. Digital control systems M.: Mir, 1984.-541s.

7. Design of digital devices on single-chip microprocessors.\ V.V. Stashin, A.V. Urusov, O.F.
Mologontseva.- M.: Energoatomizdat, 1990.-224 p.

8. Kuo B. Theory and design of digital control systems. - M.: Mechanical Engineering, 1986. — 449
p.

9. Sytnik B.T. Synthesis of structure and modeling of adaptive digital filters and control systems
with non-stationary characteristics. Part 1. / Sytnik, V.B. Sytnyk //l1 nformation core systems of health
transport. — 2003. — N6. — C. 18 — 24.


http://booksshare.net/index.php?id1=4&category=physics&author=goldenber-lm&book=1985
http://booksshare.net/index.php?id1=4&category=physics&author=goldenber-lm&book=1985
https://studizba.com/files/show/djvu/3622-1-gol-denberg-l-m-matyushkin-b-d-polyak-m.html
https://studizba.com/files/show/djvu/3622-1-gol-denberg-l-m-matyushkin-b-d-polyak-m.html
https://bon.ua/ru/obyavlenie/gutnikov-v-s-filtraciya-izmeritelnyh-signalov-e3edab
https://libarch.nmu.org.ua/handle/GenofondUA/58914
https://studfile.net/preview/953348/
http://booksshare.net/index.php?id1=4&category=biol&author=kuper-dg&book=1989
https://b.eruditor.link/file/130058/
https://b.eruditor.link/file/3758471/
https://www.geokniga.org/books/10680
http://elib.kstu.kz/lib/document/IBIS/1215BA04-CE80-417A-A46C-3D28F47B1CC0/
https://b.eruditor.link/file/243537/
https://crafta.ua/lots/6537702886-zinovev-al-filippov-li-vvedenie-v-teoriyu-signalov-i-cepyay
https://crafta.ua/lots/6537702886-zinovev-al-filippov-li-vvedenie-v-teoriyu-signalov-i-cepyay
http://repository.vsau.org/getfile.php/5343.pdf
https://studizba.com/files/show/djvu/2295-1-ayficher-e-dzhervis-b-cifrovaya.html
https://studizba.com/files/show/djvu/2295-1-ayficher-e-dzhervis-b-cifrovaya.html

ISSN 2304 -6201 BicHuk XapkiBCbKkoro HawjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
cepis «MaTematuyHe MogentoBaHHS. IHpopmaLiiHi TexHonorii. ABTOMaTM30BaHi cuctemu ynpaeniHHsy, Bunyck 59, 2023 47

10. Solodovnikov V.A. Microprocessor automatic control systems. -M.: Higher School, 1991.-255
p.
11. Alekseenko A.G., Galitsyn A.D., Ivannikov A.D. Design of electronic equipment on
microprocessors: Programming, standard solutions, debugging methods. -M.: Radio and communication,
1984. -272 p.

12. Romanenko V.D., Ignatenko B.V. Adaptive control of technological processes based on micro-
EOM: Textbook. allowance -K.: Vyshcha School, 1990. -334 p.

13. Zagariy G.l., Shubladze A.M. Synthesis of control systems based on the criterion of the maximum
degree of stability. -M.: Energoatomizdat, 1988. -104 p.

14. Tlat. Ne 4063 Vkpaima Ilpuctpiii s BHUMIpIOBaHHS MapaMeTpiB IHEpUiHHMX JTaHOK /
BuHaximuuku: . I. 3arapiii, b. T. Curnik, L. B. 'yces, A. B. Mamonog, b. C. Jleouko, I1. B. I'yces;
BOJIOZILIEIh. XapKiBChbKa JepiKaBHA aKajeMmis 3ami3HHYHOro TpaHcmopty; 3asBi. 07.02.1990; omy0o.
27.12.1994, Broa. Ne 6-1. http://lib.kart.edu.ua/handle/123456789/8478

15. IIart. Ne 11427 Ykpaina AnantuBauid GinbTp / BuHaximauky : I'. 1. 3arapiit, b. T. CutHik, b. C.
Jlerouko, A. B. Mamonog, 1. B. I'yces, I1. B. I'yces, B. C. Konosanos, B. I'. [loporikiii ; Bojoaiiens :
XapkiBcbKa IepykaBHA aKkaJeMis 3a1i3HUIHOTO TpaHcnopty; 3asBi. 13.03.1989; omy06m. 25.12.1996, brom.
Ne 4. http://lib.kart.edu.ua/handle/123456789/8478

16. Vilkevich B.l. Automatic control of electrical transmission and electrical circuits of diesel
locomotives. -M.: Transport, 1987. -272 p.

17. Anthony A. Digital filters: analysis and design. — M.: Radio and Communications, 1983. — 320

p.
18. Bendat J., Peirsol A. Applied analysis of random data. — M.: Mir, 1989. — 540 p.

19. Bleikhut R. Fast algorithms for digital signal processing. — M.: Mir, 1989. — 448 p.

20. Goldenberg L.M. and others. Digital signal processing: Handbook. - M.: Radio and
communication, 1985.- 312 p.

21. Goldenberg L.M. and others. Digital signal processing: Textbook for universities. - M.: Radio
and communication, 1990.- 256 p.

22. Gutnikov V.S. Filtering of measurement signals. — L.: Energoatomizdat, 1990. — 192 p.
23. Dajion D., Mersereau R. Digital processing of multidimensional signals. — M.: Mir, 1988. — 488

p.
24. Dmitriev V.1. Applied information theory: Textbook for university students. - M.: Higher School,
1989.- 325 p.

25. Cooper J., McGillem A. Probabilistic methods for analyzing signals and systems. — M.: Mir,
1989. — 376 p.

26. Max J. Methods and technology of signal processing in physical measurements: In 2 volumes. -
M.: Mir, 1983.

27. Oppenheim A.V., Shafer R.V. Digital signal processing. — M.: Svyaz, 1979. — 416 p.
28. Rabiner L., Gould B. Theory and application of digital signal processing. — M.: Mir, 1978. — 848

p.
29. Hemming R.V. Digital filters. — M.: Nedra, 1987. — 221 p.

30. Vasiliev D.V. Radio engineering circuits and signals: Textbook for universities. - M.: Radio and
communication, 1982. - 528 p.

31. Zinoviev A.L., Filippov L.I. Introduction to the theory of signals and circuits: A textbook for
universities. - M.: Higher School, 1975. - 264 p.

32. Adaptive filters. /Ed. C. F. N. Cowan and P. M. Grant. — M.: Mir, 1988, 392 p.
33. Ayficher E., Jervis B. Digital signal processing. Practical approach. / M., "Williams", 2004, 992
p.


http://lib.kart.edu.ua/handle/123456789/8478
http://lib.kart.edu.ua/handle/123456789/8478

ISSN 2304 -6201 Bulletin of V.N. Karazin Kharkiv National University
48 series «Mathematical modeling. Information technology. Automated control systems» issue 59, 2023

Miroshnyk graduate student of the department ""Automation and control in technical systems, ACTS",
Anatolii National Technical University, Kharkiv Polytechnic Institute, Kharkiv, Kirpychova St.,2,
61002
e-mail:_anatolii.miroshnyk@nure.ua
https://orcid.org/0000000157029611

Kachanov Doctor of Technical Sciences, Professor, Professor of the Department of Higher Education
Petro automation and control in technical systems of the National Technical University "Kharkiv
Polytechnic University", Kharkiv, Kirpychova St.,2, 61002
e-mail:_petro.kachanov@khpi.edu.ua
https://orcid.org/0000-0002-7532-5913

Sytnik Borys  associate professor, associate professor of the Department of Information Technologies of the
Ukrainian State University of Railway Transport, Kharkiv, Feuerbacha Square, 7, Ukraine,
61000.
e-mail:bts12021947@gmail.com
http://orcid.org/0000-0002-9664-5617

Structure synthesis and modeling of adaptive digital shaping filters

The paper substantiates the method of automatic identification of the variance of random useful signals and random interference
with given values of spectral-correlation characteristics, which allows determining the current estimates of the variance and their
change for arbitrary random influences with unknown characteristics. It is shown that the parametric output of the adaptive
digital filter can be used to automatically adjust the controller parameters in the control loop of the control system in the
adaptation range of the adaptation coefficient, taking into account the bit depth of the ADC and DAC converters, which expands
the scope of the proposed identification method.

Relevance. The relevance of the work lies in the possibility of synthesizing the structure and modeling of adaptive digital shaping
filters.

Research methods. The main research method is the method of automatic identification of the variance of random useful signals
and random interference with given values of spectral-correlation characteristics, which allows determining the current estimates
of the variance and their change for arbitrary random influences with unknown characteristics.

Results. It is shown that the parametric output of the adaptive digital filter can be used to automatically adjust the controller
parameters in the control loop of the control system in the adaptation range of the adaptation coefficient, taking into account the
bit depth of the ADC and DAC converters, which expands the scope of the proposed identification method.

Conclusions. A method for automatic identification of the variance of random useful signals and random interference with given
values of spectral-correlation characteristics has been substantiated, which allows determining current estimates of the variance
and their change for arbitrary random influences with unknown characteristics. Automatic identification of the statistical
parameters of random signals and interference in the forming adaptive filter allows taking into account their change in the optimal
parameters of control system tuning. The formulas for calculating the optimal value of the adaptive filter constant time depending
on the adaptation coefficient Kb, which characterize the assessment of the current ratio of the levels of the useful signal and the
interference, are obtained. It is shown that the parametric output of the adaptive digital filter can be used to automatically adjust
the controller parameters in the control loop of the control system in a limited range of changes in the amplitude and frequency
characteristics of the useful signal and interference in the adaptation range of the adaptation coefficient at specified ratios or
taking into account the bit depth of the ADC and DAC converters, which expands the scope of the proposed identification
method. The simulation results on the software model of the adaptive digital filter (m-file of the modulation program) and the
graphs of the simulation results showed a high interference suppression coefficient in the entire range of its change and a change
in the interference level at the AF output depending on the input signal level. When the input noise level increases, the output
noise level decreases. When the AFs are connected in series, the overall adaptation coefficient Kbh*Kb*...automatically increases.
Keywords: structural-parametric identification, index identification models, adaptive control system, high-speed motion,
interference immunity, adaptive adaptive filters, regulator adaptive filters.
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AHAaJII3 BIUIMBY Pi3HMX BEKTOPHHUX MPEACTABJICHDb CJIiB HA TOYHICTH
Kiaacudikamii TEKCTOBUX JaHUX

AKTYyaJbHiCTb. 3pOCTaHHS 00CATY JOCTYIHOI TEKCTOBOI iH(opMamii B [HTepHETI Ta IHIIKX JKepenax CTBOPIOE HEOOXITHICTE Y
BIOCKOHAJICHHI METOJIB 0OPOOKU TeKCTY Ul e(peKTHBHOTO aHANi3y Ta BUKOPHCTAHHS LIUX JaHUX. BekTopHe mpeacTaBieHHs
CJIIB BU3HAYAETHCS SIK KIIIOUOBUH €JIEMEHT Yy I[bOMY KOHTEKCTi, OCKLIBKH BOHO JI03BOJISIE HEPETBOPIOBATH CJIOBA Y YHCIIOBI
BEKTOpH, 30epiraloud CeMaHTHYHI BITHOCHHH. 3 PO3BUTKOM CyYaCHHX METOJIB MAIIMHHOTO HaBYaHHS, OCOOIMBO IIIMOOKOTO
HaBYaHHS, BEKTOPHI MPEICTaBICHHS CIIB CTalIN Ba)XINBUM €JIEMEHTOM U ITOKpAlIeHHs pe3yNbTaTiB Mojelied B 00poOui
TEKCTOBUX JaHHX. Taki MOJesi BUMArarTh SKICHUX Ta CEMaHTHYHO HAaCHYCHHMX BEKTOPHMX IIPEICTaBJICHb.YCE Ii¢ BU3HAYA€E
aKTyaJIbHICTh BUBUCHHS BIUIMBY Di3HHX BEKTOPHUX INPEACTABICHb CIiB Ha OOpOOKY TEKCTOBHX [IAaHHX Ta BHSBICHHS
ONTUMAIIBHUX METOJIB JUIsl KOHKPETHHX 3aBIaHb.

Mera: Meta maHOi CTaTTi MmoJsAra€ B CHCTEMAaTHYHOMY aHalli3i BIUIMBY DPI3HHX METOJIB BEKTOpHM3allii CIiB Ha pe3yJibTaTH
00poOKH TEeKCTOBHX NaHUX. JlOCTIKEHHs CIpsMOBaHE HA BH3HAYCHHS ONTHMAIBHHX IMIJXOIIB IO BEKTOPHOI pempe3eHTarii
CITiB IS HOKpaUIeHH e(eKTUBHOCTI Ta TOYHOCTI MOJieNieid 0OpOOKH TEKCTY B Pi3HOMaHITHHX 3aBAAHHAX IITYYHOTO iHTEICKTY
Ta MAIIMHHOTO HABYAHHSL.

MeToau nocaigKeHHs1. AHa3, eKCTIEPUMEHT.

PesyabTaTu. BusiBieHo, 1110, He JUBIISYUCH HA 3HAYHHIT IPOTPEC Y TEXHOJIOTISIX MAIIHHHOTO HABYAHHSI, TIPOOJIEMH CEMAaHTHKU
Ta KOHTEKCTY TIpH 00poO1IIi TEKCTOBHUX JaHUX BCE 1€ MAIOTh Micile. BOHN BIIIMBAIOTh Ha SIKICTh 1 TOYHICTP PillleHb, IPHWHATHX
CHCTEeMaMH, 3aCHOBaHMMH Ha MAIIMHHOMY HaBYaHHI, 1[0 MOKE IPUBECTH /10 HEMPABUIILHOTO aHaJi3y i BUKPUBICHHS TaHUX.
Buseneno, mo HaBiTh CydacHi MOJENi Ha OCHOBI TpaHC(HOPMEPIB MOXKYTh 3ITKHYTHCS 3 BUKIMKAMU PO3YMiHHS CEMAaHTHKHU Ta
KOHTEKCTY, 0COOJIMBO y CKJIaJHUX 1 6araTo3HayHMX CLEHAPisX.

BucnoBku. Ha ocHOBI mpoBegeHOT0 JOCIIIKEHHS 0YII0 3p00IeHO BUCHOBKH, III0 MMPOOJIeMa CEMaHTHKH Ta KOHTEKCTY B 00poOIIi
TEKCTOBUX JAHWX € CYTTEBOIO 1 BUMAarae IMOJAIBIIOTO BHBYCHHS. ICHYrOUi METOAM 1 TEXHOJOTiI, X04a 1 MOKa3ylTh BUCOKI
pe3ynbTaTH B JEIKMX 3a/ladyaX, MOXYTh OyTH HEJOCTATHIMM B IHIIMX, OCOOJNMBO CKIaJHUX, cUTyauisx. IIpomoHyeTbcs
MPOJIOBKUTH JOCHI/DKEHHS B il 00J1acTi, po3poOsiTH HOBI METOAM 1 MiAXOJH, AKi 6 MOXIHBO, OyIyTh 374aTHI €EKTUBHO
BUpiIIyBaTy i npobaeMu. TakoX BaKJIMBUM € BUBYEHHS TOTO, SIK Pi3HI KOHTEKCTyaJbHi ()aKTOPH BIUIMBAIOTH Ha CEMAHTHUKY
TEKCTOBHUX JJAHUX Ta SIK IIi BILIABH MOJKHA BPaxyBaTH MPH MPOEKTYBaHHI Ta BAKOPUCTaHHI CHCTEM MAaIIMHHOTO HaBYaHHSI.

Knwwuosi cnosa: Mawunne nasuanns, o6pobKa npupooHoi MO8, CeMARMUKA, KOHMEKCM, MEeKCMO8L OaHi, HeUPOHHI Mepedici,
mpancgopmepu, BERT, GPT-3, ananiz oanux, ananiz CeHmMumenmy, CeManmuyHuil anais.
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1 Beryn

3 po3wmmpeHHsIM 00cCsTiB TEKCTOBOI iH(popMalii y cydacHOMY HU(QPOBOMY CBiTI BUHHKA€E BajKJIMBa
3aja4a ontuMizalii 00poOku 1ux ganux. OTHUM i3 KIIFOUOBHX aCTIEKTIB I[LOTO MPOIIECY € BUKOPUCTAHHS
BEKTOPHHUX MPECTABIEHb CINiB. B KOHTEKCTI IITYYHOTO IHTEIEKTY Ta MAIIMHHOTO HABYAHHS, Jie TOYHICTh
Ta e(eKTHBHICT, MOJENeW 3alieaTh BiI penpe3eHTallil CIliB, PO3yMIHHS BIUIMBY pPI3HUX METOJIB
BEKTOpH3aIlii CTA€ HAJA3BUYAWHO aKTYaJIbHUM 3aBIaHHAM. Y Iil CTaTTi MU CHCTEMAaTHYHO aHAIIi3yeEMO
BIUIMB Pi3HUX BEKTOPHHX IPEACTABICHb CIIB HA PE3YyIbTaTH OOPOOKM TEKCTOBUX JAHWX, BU3HAYAIOUH
ONTUMANTBHI MiIXO0AH U PI3HOMaHITHUX 3aBJIaHb Y cepi 00pOOKH TEKCTY.

2 IlocTanoBka Mpo0JieMH B 3arajJibHOMY BUIJISIAI Ta il 3B'SI30K i3 BaXKIUBMMH HAYKOBHUMH 4H
TeXHIYHUMU 3aBaaHHAMHU. Orasag nyoJikamiii 3 uiei npodaemu.

Y Ccy4acHOMY BHCOKOTEXHOJIOTIYHOMY CEPEIOBHIII, Ji¢ OOCAT Ta Pi3HOMAHITHICTh TEKCTOBOL
iHpopMaLii AMHAMIYHO 3pOCTalOTh, BUHUKAE HaraibHa MoTpeba BIOCKOHAIEHHS METOMAIB 0OpoOKH
TEeKCTOBUX JaHuX. Kio4oBoro mpoOiemoro € BHOIp ONTHMANBHOTO METOMY BEKTOPH3AIii CIiB, SKHIA
JI03BOJISIE TIPEJICTABUTH CJIOBAa Y BEKTOPHIH (hopMi JUIS TOAANBIIOTO BHKOPHCTaHHS B alTOPHUTMAax
00poOku mpupomnoi moeu (Natural Language Processing, NLP). BipHicTh 11p0ro mpepcraBicHHS
Oe3mocepenHFO BIUIMBAa€ Ha TOYHICTh Ta edekTuBHICTH Mojenedr NLP. HaykoBi mocmimkeHHS
JIEMOHCTPYIOTH, IO SIKICTh BEKTOPHUX TPEJCTABICHB CIIIB Ma€e BUpIIIaIbHE 3HAYCHHS ISl PE3YJIbTATIB
3aBJaHb 00poOKH Tekcty. OauH i3 mpuknanis — y poooti "Efficient Estimation of Word Representations
in Vector Space" (Mikolov et al., 2013), ne Word2Vec HaaaB mupoKuid POCTip ISk PO3BUTKY METO/IIB
Bektopm3amii cmiB. [IpoTe, i3 3pocTaHHSIM KITBKOCTI AOCTYITHUX METOIIB, BUHUKAaE HEOOXiAHICTH
BU3HAYEHHS CTpaTeTiii BUOOPY Ta HaJaINTYBaHHS IX AJIS Pi3HUX 3aBAaHb OOPOOKH TEKCTY.

OOroBopeHHsI TaKOXX 30CEPEKYEThCS Ha 3pOCTarouoMy o00'eMi TEKCTOBOI iH(opmamii y
BIpTYaTbHOMY MPOCTOPI, SKUH 301IbIIye HEOOXIAHICTS BHOOPY ONTHMAIFHUX METOJIIB TSl PO3B'SI3aHHS
3aBaHb OOpPOOKM TEKCTy B pealbHOMY Haci. 3apa3 I mpoOiema HaOyBae Ie OLTBIIOro 3HA4YeHHS,
OCKITBKM BHMarae po3poOku e(eKTMBHHX Ta TOYHMUX CTparerii BeKTopu3amii chiB s
BHCOKOIIPOYKTUBHHUX cucteM NLP.

AKTyallbHICTh JTaHOi TPOOIEeMaTHKH BU3HAYAETHCS BUCOKHM TIONMMTOM Ha TOYHI Ta e(eKTHUBHI
cUCTeMH 00pOOKH TEKCTYy Y pi3HOMaHITHUX cdepax. Taki cHCTEMH BHKOPHUCTOBYIOTHCS BiJl MiATPUMKH
OpUAHSITTS pimieHb y Oi3Heci 10 aBTOMarm3amii iHTepakmii i3 KOpHUCTyBaueM B IHTENIEKTYalbHUX
acucTeHTax. TakuM YHWHOM, HAayKOBE JOCIHI/DKCHHS BIUIMBY PI3HHX METOJIIB BEKTOpPH3alil CIiB Ha
pe3ynbTaTH 0OPOOKH TEKCTY € CTPATETiqHO BAXKIMBUM ISl PO3BUTKY Ta ONTHUMI3alii Cy4acCHUX CHCTEM
NLP. [lana npo6Giiema 1oB’si3aHa 3 HACTYITHUMH HAYKOBUMH Ta TEXHIYHUMH 3aBJaHIMU:

1. Po3poOka edekTUBHUX METOAIB BekTopm3ailii. [lepie kiro4oBe HayKOBe 3aBIaHHS - pO3pOOKa
METOJ[IB BEKTOpH3allii ciiB, sKki 0 3a0e3nmedyBanu eQEKTUBHI Ta TOYHI pPE3yIbTATH I
pI3HOMaHITHUX TeKCTOBHX JaHuX. lle Bkimrouae B cebe BUBUEHHS Ta PO3POOKY HOBHX
ANTOPHUTMIB, SIKi BpaXOBYIOTh CEMaHTHYHI Ta CHHTAKCHYHI BJIACTHBOCTI TEKCTIB.

2. Apanraris 10 MOBHHX Ta KyJIbTYPHHX 0COOJIHMBOCTEH TeKCTy. JlaHa 3a1a4a CTOCY€EThCS a/lanTarii
METO/IB BEKTOpH3alii /10 MOBHHUX DPIi3HHIbL Ta KyJIbTYpHHUX ocobOnmBoctell. HasBHicTh
VHIBEpPCAJIbHUX MOJIENEH, SIKi MOXKYTh €()eKTHBHO TPAIFOBATH B Pi3HUX JIIHTBICTHYHUX YMOBaX,
€ BEJIMKUM BUKJIUKOM.

3. Onrumizauiss aIropuTMiB Ta apXiTeKTyp ITTHMOOKOro HaB4aHHsS. EQEeKTHBHICTH Ta MIBHIAKOIISA
BaYKJIMBI JUI 3aCTOCYBaHb Y peajbHOMY 4aci Ta 00poOIli BETUKHUX O0CATIB JaHUX.

4. CTBOpeHHS YHIBEpCAIbHUX METOAIB BeKTopu3alii. MeToro n0oro 3aBaaHHAPO3poOKa METOAIB
BEKTOPH3AIlii, IKi MOXKYTh aJIalITyBaTUCS /IO Pi3HUX MOB, XKaHPiB Ta BUAIB TeKcTiB. Lle Bkitouae
B ce0e CTBOPEHHS MOJICJICH, 1110 3[aTHI MPAIFOBATH HA TEKCTaX PI3HUX AMCIHUIUIIH Ta KOHTEKCTIB.

JocnimkeHHs B 00J1aCTi IEPEHOCY 3HAHb Ta aanTallii MeTOo1iB BEKTOPHU3AIIil I PI3HUX MOBHIX YMOB
3a3Hae 3Ha4HOro po3BUTKY. IlyOmikamis "Cross-Lingual Word Embeddings" Bin Forsyth Ta Ropkins
cTajia KJIFOYOBHM BHECKOM Y PO3YMiHHI TOTO, SIK MOYKHA 3aCTOCOBYBATH ICHYIOYI MOJIEII JIJISl Pi3HUX MOB.
BoHn po3risigarTh BaXKIIMBI ACTIEKTH TIEPEHOCY 3HAHb Y BEKTOPHHX MPEJCTABICHHSAX CIIB, IO
BUSIBIIIETHCSA KPUTUYHUM Y PO3BUTKY YHIBEPCAJIbHUX METO/IIB.

OcTtaHHIMH YacaMHt CIIOCTEPIraeThCs 3pOCTaHHS IHTEPeCy J0 3aCTOCYBaHHS MIMOOKOr0 HABYaHHS JUIS
Bektopu3aiii ciaiB. Y crarrti "Deep Learning Approaches for Word Embeddings" Benmxio ta Cakypa
PO3MIISIAI0Th BUKOPUCTAHHS PEKYPEHTHHX Ta TPaHCPOPMEPHUX HEHPOHHUX MEpEeX Uil OTPUMAaHHS
BEKTOPHMX NpeACTaBiIeHb ClliB. BoHM aHani3yl0Th mepeBard MUX MiAXOiB Ta iXHii BIUIMB Ha TOYHICTb
Ta yHIBepCaIbHICTh aHai3y TEKCTOBHX JIAaHHX.
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KirogoBuM eTamoM y po3yMiHHI TOTOYHHMX BHKJIHMKIB Y BEKTOPHIM pemlpe3eHTalii ClIiB € CTarTs
"Challenges and Future Directions in Word Embeddings Research" Bin Jlin ta fIn. Bonu noknamaHo
PO3TISAAA0Th KPUTUYHI aCTICKTH iICHYFOUMX METO/IiB Ta BKa3YIOTh Ha IPOTAJIMHH, SIKi IIOTPEOYIOTh YBar.
Kpim Toro, BoHH 3B€pPTAlOTh YBary Ha BaKIUBICTH POOOTH 3 MOBHHUM Pi3HOMAHITTSIM Ta MHOXXUHHICTIO
CTHJIIB BUKOPHCTAHHS MOBH.

3 BunineHHsi HeBUpilIeHWX paHille YacTHH 3arajbHoi NMpPo0JeMH, KOTPUM NPHCBAYYETHCS
03HAYEHA CTATTHA, 3 OOIPYHTYBAHHAM AKTYaJbHOCTi pimieHns. /locaigxeHHs 3a TeMoI0 iHIIMX
aBTOpiB

Xoua BEKTOpHI mpencTaBieHHs ciiB, Taki sk Word2Vec, GloVe Tta FastText, Bxke akTHBHO
BUKOPHCTOBYIOTHCA B Tairy3i 00pooku mpupoanoi moBu (Natural Language Processing, NLP), icHytoTh
MIEBHI aCMEeKTH, SIKi 3aJIMIIal0THCSl HEIOCTATHBO AOCTiKEHUMHU. OTHUM 3 TaKMX aCHEKTIB € BIUIUB LUX
npeacTaBieHb Ha KOHKpeTHi Tunmu NLP 3agau, 30kpema Ha 3a1a4i, OB's13aHi 3 GiHTEKOM, IOPHUINIHUMH
TeKCTaMH, Ta MEAMYHUMH 3ammcamu. [li oOjacTi BMMararoTh BHCOKOiI TOYHOCTI Ta CIHEIU(IIHOTO
PO3YMIHHS MOBH, 1110 pOOUTH X 0COOIUBO YYTIMBUMH 0 BUOOPY BEKTOPHOTO MPEICTABICHHS.

3 He/TaBHIM MOSBOIO KOHTEKCTHO-3aIe)KHUX Mozeinel, Takux ssk BERT Ta GPT, Bunukae nutanHs mpo
B3a€MOJIII0 Ta TOPIBHAHHSA €()EKTUBHOCTI IMX CYYaCHUX IIIXOIB i3 TPagUIifHAMHA BEKTOPHUMH
npencTaBieHHIME. Ll acrieKT 3anuimaeTbes BiTHOCHO HEAOCI IKEHIM, 30KpeMa B KOHTEKCTI ajganTarii
IUX MOJIEJICH O crel(iuHUX 3aCTOCYBaHb.

BpaxoByroun cTpiMkuii po3BUTOK TexHojorii NLP Ta mocTiiiHe 3pocTaHHS 00CAry OaHMX, SIKi
MoTpeOyIOTh 00POOKH, BAXKIMBO PO3YMITH, K Pi3HI BEKTOPHI MPEACTABIEHHS MOXYTh BILUTMBATH Ha
pe3ynbTaTi 00poOKH nuX AaHuX. Lle 0coOMMBO aKTyallbHO B TaKMX KPUTHYHHX Taly3siX, K (iHaHCH,
MPaBoO Ta MEIUIIMHA, JI¢ BUOiIp HAHOUIBII e()eKTUBHOTO MPEJCTABJICHHS MOXKE MaTU 3HAYHUH BIUIUB Ha
TOYHICTH Ta HaiiHICTH cucTteM NLP. KpiM Toro, po3yMiHHS B3a€MO/IiT MK TPaIUIiHHIMH BEKTOPHUMH
MIPEJICTABICHHSAMH Ta HOBITHIMH KOHTEKCTHO-3JIEKHIUMH MOJIEIISIMA MOXE BIJKPHTH HOBI HAIIPSIMKH B
JIOCITIDKEHHI Ta pO3po0Ili OLIBIIT MPOAYKTUBHUX Ta TOYHUX CUCTEM OOPOOKH MOBH.

JlocmipKkeHHs 1HITUX aBTOPIB 1O JAaHii TeMi:

1. Word2Vec i GloVe: Ilpani Mikanosa ta criBaBTopiB (2013) mo Word2Vec Ta Ilerniartona ta
crniBaBropiB (2014) mo GloVe 3akianu OCHOBU Uil PO3yMiHHSI KOHTEKCTyaJbHUX 3B'SA3KIB Y
TEKCTax.

2. FastText: bozime ta cmniBaBTOpiB (2016) mpeacraBuim FastText, skwii po3mMpWB TMiaAXOI
Word2Vec, 3a06e3neuyroun Kkpare po3yMiHHS MOPQOJIOTii cIiB.

3. CrenianizoBani Jlomenu: HempocraTHbo mociimkeHa o0acTh, ajie poOOTH TaKUX aBTOPIB, SIK
Yenr ta ciiaBTopiB (2016) B MemnuHoMy NLP, mokaszyroTs noreHItian crenudiqaux miaxo/iB.

4 ®opMyTI0BaHHSI METH CTATTi, MOCTAHOBKA 3aBJIaHHSI.

l'ooBHa MeTa 1Mi€l CTATTI MosiTae y TIIMOOKOMY aHami3i BIUIMBY Pi3HHX BEKTOPHHUX IPE/ICTaBIICHb
cmiB, Takux sk Word2Vec, GloVe, ta FastText, Ha edekTuBHiICTh OOPOOKM TEKCTOBHX IaHUX, 3
0COOJIMBUM aKIICHTOM Ha JIOMEH BIJATYKIB Ha OroJjiomieHHS y Mepexi. CTaTrTs TakoK Mae Ha METi
MOPIBHATH 1[I METOJU 3 CyYaCHUMH KOHTEKCTHO-3aJIeKHUMH Mozesamu, Hanpukiiag BERT ta GPT, nns
OIIIHKM TXHBKO1 BiIHOCHOT €(PEeKTHBHOCTI Y Iiii KOHKPETHIH chepi.

s jocsirHeHHs 1i€l MeTH, CTaTTs nependadae BUKOHAHHS HACTYITHHUX 3aBJaHb:

1. ExcnepumenransHa Bepudikanis: [IpoBecTu ekcriepiMeHTH, BAKOPUCTOBYIOUH peaibHi HA00pH
JTAHUX BIATYKiB, MIO0 IMiITBEPIUTH TEOPETHUYHI BUCHOBKHU Ta BU3HAYMTH HANOUMBIN e(peKTHBHI
MiAXOAM 17151 KOHKPETHOT'O IOMEHY.

2. AHaui3 oTpuMaHHX pe3yybTaTiB. Ha OCHOBI OTpUMaHUX pe3yabTaTiB IPOBECTH 1X aHAIli3 Ta IaTH
MOSICHEHHSI 1II0JI0 HUX.

3. PozpoOka Pekomenpauiii: Ha ocHOBI OTpUMaHUX pe3yNbTaTiB CHOPMYIIOBATH PEKOMEHIALT
1I0/I0 ONTHMAIBHOTO BHOOPY BEKTOPHUX MPEJCTABICHD /Il 00POOKH BiJITyKiB Ha OTOJIONMICHHS
B MEpEXI.
3aBeplIeHHA LMX 3aBAaHb JO3BOJIMTH OTPUMATH JETajlbHE PO3YMIHHA BIUIUBY BEKTOPHHUX

NpeACTaBiIeHb CIIiB Ha aHalli3 BiATYKIB Ta BHECE BAXKJIMBHU BKJIAA Yy MOJAIBIIMNA PO3BUTOK Taiy3i
00poOKH PUPOTHOT MOBH.
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5 Bukjaax OCHOBHOr0 MaTepiady 3 NOBHUM OOIPYHTYBAHHAIM OTPUMAHHMX HAYKOBHUX
pe3yJbTaTiB.

5.1 Onuc npouecy TeCTyBaHHS Ta MiAITOTOBKA JaHUX

Y paMKax HaIIoOro MOCIHIIKEHHS, MH 30CEPEIWNIM yBary Ha OINHII TOYHOCTI TPHbOX MOMYJSIPHUX
MeToniB BekTopuzamii: Word2Vec, GloVe Ta FastText. [na anamizy mu Bukopuctanu natacer "Large
Movie Review Dataset v1.0", 1110 € BiIOMUM 1 IIMPOKO BUKOPUCTOBYBAHUM Y JOCIIDKEHHAX 3 00pOOKH
npupoaHoi MoBHU. lleil maracer MiCTHUTh BENHMKY KUTBKICTh MO3UTHBHHUX Ta HETATHBHHUX BIATYKIB Ha
¢igpbMH, MO pOOUTH WOTO iM€aNbHUM /ISl OLIHKA e(QEeKTUBHOCTI METOMIB BEKTOpH3amii y 3amadax
knacugikanii centuMenty. JaHuii mataceT oOpaHWil yepe3 WOro BENHKY KUIBKICTh 3pa3KiB TEKCTiB
peanbHHUX BIATYKiB, IO JI03BOJISIE MPOBECTH BceOiUHE TECTyBaHHS MOJENeH, BUOipKa Hallidye MOHaM
30000 mpukIamiB.

5.1.1 OunieHHs Ta HopMAaJi3alis TaHUX

Binryku Oynu ouwmiueHi Bif HepeneBaHTHUX cuMBoJiB, HTML-teriB, 3HaKkiB MyHKTYyalii, a TaKOX
Oyia mpoBeJieHa HIKHBOpEricTpoBa KoHBepTarlis. OUHWIeHHS Ta HOpMalli3allis JaHUX € BaKIHMBHUMH
eraraMy B TIporieci 0OpoOKH TEKCTOBHX JAHHMX, OCOOJIMBO TMPH poOOTI 3 MAIIMHHUM HaBYAHHAM Ta
aHaiizoM npupoaHoi Mou. Lli nmpouenypy 1omoMaraioTh MOKPALIUTH SIKICTh JaHUX Ta IXHIO TOTOBHICTb
JUTSI TTOTAJIBIII0T 0OpoOKH. 3aralbHUH MiIXiA A0 OYUIIEHHS NaHUX BUTIIAAE HACTYITHUM YHHOM:

1. Bwupmanenns HemoTpiOHMX cuMmBoOIiB. lle BKifoUae BHIANEHHS 3alBUX MPOOLTiB, TaOyIAIiH,
CHUMBOJIIB HOBOTO PsIJIKa, 8 TaKOXK 1HIIMX Hean(aBiTHUX CHMBOJIB, SIKi HE HECYTh BaXKIMBOI
iH(opMalii A7 aHATI3Y TEKCTY.

2. Bupamenns HTML-teris Ta URL. fkmo maracer micturh HTML-term adbo URL, ix ciin
BUIAJINTH, OCKUIKA BOHU MOXKYTh BIUIMHYTH Ha aHAIII3 TEKCTY.

3. BwupaneHHs crnemiaJbHUX CHMBOJIIB Ta 3HAKIB MyHKTyallii: 3HAKW MYHKTyallii, SK-OT KOMH,
KparkH, Jarnkd TOIIO, YacTO BUAAISIOTHCS, OCKIJIBKH BOHH MOXYTh HE HECTH CEMAaHTHYHOTO
3HaYeHHS B KOHTEKCTI JAeskux 3axad NLP.

Ipornec HOpMaTi3allii faHuX:

1. TleperBopeHHS TeKCTy B HWXHil perictp. lle momomarae yHUKHYTH IyOJIOBaHHS CIiB depe3
pi3HuIlio B perictpax (Hanpukian, "Cosa" ta "cora").

2. Bwupanenns cron-cii.: Crom-ciioa (Hampuxiaz, "i", "y", "Ha") 4acTO BUAAIAIOTHCS, OCKUIBKA
BOHHM MOXXYTh OyTH 3aHAJTO YaCTUMH T4 HE HECTH BAXIIMBOI iH(pOpMAIIiT s aHATi3Y.

3. Creminr Ta nemartu3zaiis. CTEMiHT 3MEHIITY€ CJI0Ba JI0 iX KOpeHeBO1 (GopMH, TO/I SIK JTIEeMaTH3AIlis
MIEPETBOPIOE CJIOBA B X CJIOBHUKOBY (hopmy. OOHIBA I1i METOIU JJOTIOMAraoTh yHI(pIKyBaTH pi3HI
¢dopmu croBa.

4. Toxkenizami.: [lepeTBopeHHsT TeKCTy Ha Habip TOKEHiB (CIiB), IO € HEOOXiMHUM ISl OaraTbox
merois NLP.

Hns xnacudikarii maHux Oylo BHKOPHCTAHO METOH JIOTICTHYHOI perpecii sk 0a30Boi mojeni
knacugikarii. lanuit meron OyB oOpaHuii 4epe3 HOro eeKTHBHICTh Ta MPOCTOTY y 3afadax OiHapHOi
knacugikarii.

Mertomu BeKTOPU3illii HA/T SKUMHU TPOBOIMIOCH TECTYBAHHS Ta X 0COOIMBOCTI:

1. Word2Vec: Meron, 3acHOBaHMiA Ha HEHPOHHUX MEpekax, 1110 TeHePY€e BEKTOPHI IIPEICTaBICHHS
CIIiB, BPaXOBYIOUH IX KOHTEKCT y BEJTMKHX TEKCTOBUX KOPITyCax.

2. GloVe (Global Vectors for Word Representation): Lleit MeToJ 30cepe/KyeThCcsl Ha arperarii
r100ANBbHOI CTATUCTHKHM CHIBBIIHOIICHHS CIIB y KOPIyCi JUIS BUBEACHHS BEKTOPHHUX
NPEACTABJICHb.

3. FastText: ITigxia, po3pobnennii Facebook, mo BpaxoBye He TIIBKH CI0BA, aje i IX BHYTPILITHIO
CTPYKTYpY (HaIIpHKIJIaJ, HIpaMmH), MO3BOJISAIOYM Kpaille OOpoONISTH PIiAKICHI CIoBa Ta CJIOBa 3
HOMHJIKaMH.

5.2 Ouinka TouHoOCTI

Or1iHKka TOYHOCTI y J0CHiDKeHHI MeToiB BekTopu3aiii (Word2Vec, GloVe, FastText) Ha naTtaceri
"Large Movie Review Dataset v1.0" mpoBoamnacs 3 BHUKOPHUCTAHHSIM CTaHJAPTHHUX IiJIXOMIB Yy
MAaIlIMHHOMY HaBYaHHI Ta 00poOIll nmpupoaHoi MoBH./laTaceT crovyarky OyB PO3AIICHHN Ha HABYAJIbHY
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Ta TecToBy BHMOIpKH y cmiBBigHomieHHI 80/20. TounicTh (Accuracy) BU3HAYAa€ThCSA SK BiTHOLICHHS
KUTBKOCTI TpaBHJIBHO KiacH(PiKOoBaHMX 3pa3kiB (iICTHHHO MO3WUTHBHUX Ta ICTHHHO HETaTHBHHUX) [0
3arajibHO1 KiJIBKOCTI 3pa3KiB y TECTOBii BUOipLIi:

Icmunno nozumueni + Icmunno necamueni

Tounicmo = - -
3azanvra xanvkicms 3pasKie

Tako iCHYIOTh aNbTepPHATHBHI CIIOCOOH OLIHKA TOYHOCTI POOOTH MOIETe:

1. F1-Ckop. Kom0GiHy€e TOUHICTH Ta HOBHOTY, € KOPUCHUM MIPY HEPIBHOMIPHOMY PO3MOILTI KIIACiB.
Opnak, i 3amad 3 OaJaHCOBaHWMM PO3IMOJIUIOM KJAaciB, SK Y HAIIOMY BHIAQJKy, 3araibHa
TOYHICTh MOXe OyTH OUTBII IHTYITHBHO 3PO3yMIJIOIO.

2. ROC AUC. Bwumiptoe 37aTHICTP MOJENI BIIPI3HATH KJIAacH, ajie MOXKe OyTH MEHII
OPAMOJIIHIMHNM [T iHTepIpeTanil y BUNaAKy NpoCcTUX OiHApHUX KiacudikaliifHuX 3amad.

5.3 Pe3yabTaTtn
Pesynbratu Hamoro AOCHiIKEHHS MOKa3ald HACTYNHY e(eKTUBHICTh BEKTOpHW3allii CIiB y 3axadi
knacugikarii BiAryKiB:

Word2Vec: Meron mokazaB TouHicTh kinacudikanii 81%. Lleit meron 6a3yeTbcsi HA HEHPOHHHX
Mepekax Ta BAKOPHCTOBYE KOHTEKCTHY iH(OPMAIIiIO Uil CTBOPEHHST BEKTOPHUX IIPE/ICTaBJICHb CiB. BiH
€ TIOMyJSApHUM B cepi 0OpoOKH MPUPOTHOI MOBH 1 BiIOMHIA CBOEIO 3/IATHICTIO BUSABISTH CEMaHTHYHI
BiTHOIIEHHS MiX cioBamu. Lleil pe3ympTaTr BKa3zye Ha BHCOKY edektuBHicTh Word2Vec y Bu3HaUYeHHI
CEMaHTHYHHUX BIJIHOCHH MIDX CJIOBaMH, aji¢ TAKOXK IMiTKPECIOe 0OMEKECHHS METOY B PO3YMIHHI OijIbII
TOHKUX KOHTEKCTYaJIbHUX HIOAHCIB.

GloVe: 3 rounictio 87% GloVe nepesumm Word2Vec. Takuii pe3ynbTaT MOXKHA HOSICHUTH 01111
e(eKTUBHUM aHANII30M INIO0AILHUX CTATHCTUYHUX BiIHOCHH Y KOPITYCi, 1[0 AOMOMOTJIO Kpalle yIOBUTH
CEMaHTHYHI BJIACTUBOCTI CIIiB. MOKa3aB HAWBUIIY TOYHICTh.. BiH 6a3yeThcs Ha TTI00aMbHUX CTATUCTUKAX
CIiBBITHOIIIEHh MK CIIOBaMH y KOpITyci TeKcTy. Bektopwm, crBopeHi 3a momomororo GloVe, mobpe
BiTOOpaKaro0Th CEMaHTHUYHI 3B'SI3KH MiX CIIOBaMH Ta JONOMAararTh B YHUKHEHHI TPOOIeMH ""3SHUKHEHHS
cmiB" (word dropout), sika MoXe BUHUKHYTH IIpY BUKoprucTanHi Word2Vec.

FastText: 3 Tounictio 85%, FastText Takox moka3zaB CHIIBbHI pe3ylbTaT, IEPEBAXKHO 3aBISKU CBOIN
3IaTHOCTI J0 TIUOMIOro aHalizy cTpykTypH ciiB. Lle ocobmmBo edekTuBHO a1 MOB, 1€ (HOpMyBaHHS
CIIIB Ma€ BeJMKe 3HaueHHs. Bin posmmproe miaxing Word2Vec, nonaBiiy 31aTHICTh BEKTOPU3YBaTH
CJIOBa, IO CKJIajaroThes i3 mifchiB. Lle no3Bossie FastText kparne po3pi3HsaTH cioBa 3 cydikcamu Ta
npedikcaMy Ta BHKOPHCTOBYBAaTH MOP(QOJIOTiYHYy iH(OpMAIi0 [Jii CTBOPEHHS BEKTOPHHUX
NIpe/ICTaBJICHb.

BucHoBku

AHani3 mokaszas, 10 BCi TpU MeTOAu e(QEeKTHBHI IS BEKTOpHW3allii TEKCTy y 3adadax kiacudikarii
centumenty. Onnak, GloVe BUsIBHBCS HaiOLIbII TOYHMM y HANIOMY JOCIHi/PKEHHI, IO MOXE OyTH
MOB'A3aHO 3 HOTO 3AAaTHICTIO arperyBaTH LIMPOKY CTAaTUCTHYHY iH(opMairo mpo ciosa. FastText rakox
NPOJIEMOHCTPYBaB CHJIBHI PE3yJIbTaTH, OCOOJIMBO y BUMNAJKAaX, A€ BAKJIMBE PO3YMiHHS BHYTPIIIHBOI
cTpykTypH ciioBa. Word2Vec, xo4 1 moka3aB HW)KUy TOYHICTh MOPIBHIHO 3 IHIIMMH METOJIaMH, BCe HIe
3aJIMIIAETHCS BYKITUBUM IHCTPYMEHTOM Y cdepi 00poOKH MPUPOTHOT MOBH.

S BucHoBKH

VY wmiff crarti MU CHCTEMAaTHYHO TNPOAHANI3YBAIM BIUIMB PI3HUX METOJIB BEKTOpH3alii CIiB -
Word2Vec, GloVe, FastText - nHa 00poOKy TeKCTOBHX JaHHWX. KOXEH 3 I[MX METO/AIB Ma€ CBOi
0cOOJIMBOCTI Ta MepeBaru B KOHTEKCTI Pi3HUX 3a7a4 0OpOOKH MPUPOJHOT MOBH.

Jocunimpkenns nokasano, mo GloVe geMoHcTpye BUIIy TOUHICTH opiBHIHO 3 Word2Vec Ta FastText
JUTS KOHKPETHOT 3a1a4i knacudikamii ceHTHMeHTy Ha aaraceti "Large Movie Review Dataset v1.0". Le
MiAKPECIIOE BAXKIIMBICTH BUOOPY BiAMOBIAHOTO METOLY BEKTOPHM3allil, BUXOJMUN 3 KOHKPETHUX MOTPeO
Ta XapaKTEPUCTHK JaTaceTy.

OJIHUM 3 KITFOUYOBHX BUCHOBKIB € T€, IO MPOOJIEMH CEMAaHTHKH Ta KOHTEKCTY MU 00pOOIIi TEKCTOBHX
JaHWX 3aJMIIAIOTHCS 3HAYYIIMMHU 1 BUMAraloTh MOJAJIBIIOTO BHUBYEHHS. Lle 0cOOMMBO BaKIMBO IUIs
CKJIaJHUX CLIEHapiiB, ie PO3yMiHHS IMHUOIIOr0 CMHUCITY Ta KOHTEKCTY Ma€ BUPIlAJIbHE 3HAYECHHSI.
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Buseneno, 1mo icHyr09i MeTOIH, X04a i e(heKTHBHI B IETKUX CIICHAPIAX, MOKYTh OyTH HEJOCTATHIMH
JUTSL 1HINMUX, OUTBIN CKIAAHWUX BUMANKiB. lle miagkpeciroe HEOOXiTHICTH PO3POOKHM HOBHX METOMIB Ta
MiAXOIB, IO 3MOXKYTh OiNIbII €)EeKTHUBHO BUPILITYBATH MPOOIEMU CEMAaHTUKH Ta KOHTEKCTY.

Ile mocmivkeHHS Mae TpPaKTHYHE 3HAYCHHS JUI PO3POOHMKIB CHCTEM MAIIMHHOTO HaBYaHHS,
OCKLTBKM BOHO BHUISE KIIOYOBI IPOOIEMH, 3 SIKUMU BOHH MOXKYTh CTUKATHCS, Ta HAaJa€ HATPSIMKH JIIS
MOJANBIINX JOCHTIPKEHb.

CraTTs BiIKpWBA€E MEPCIIEKTUBU IS ITOAABIINAX JOCTIIKEHb, 30KpeMa Yy PO3BUTKY HOBHX METOMIB
MAIIMHHOTO HaBYaHHS, SIKi OlbIlIe 30Cepe/PKeHI Ha CEMaHTHIN Ta KOHTEKCTI, Ta y IOIIYKYy CIIOCOO0iB
1HTerpamii IMX acleKTiB y iCHyI04i MOJETi.

[lincymoByrouH, AaHa CTAaTTS pOOUTH BHECOK Y PO3YMIHHS BIUTUBY Pi3HUX METOJIIB BEKTOPH3aLlii CIiB
Ha OOpoOKy TeKkcToBWMX maHuX. OTpuMaHI pe3yinbTaTH Ta aHANI3 HAAAOTh IIHHI 1HCAWTH SK IS
TEOPETUYHUX, TaK 1 JUIA MPAKTHYHHUX acleKTiB y cdepi oOpoOkH MPHPOAHOT MOBHU Ta MAIIWHHOTO
HaBYaHHS.
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Analysis of the influence of different word vector representations on the
accuracy of text data classification

Relevance. The growing amount of available textual information from the Internet and other sources creates the need to improve
text processing methods for efficient analysis and use of this data. The vector representation of words is defined as a key element
in this context, as it allows transforming words into numerical vectors while preserving semantic relations. With the development
of modern machine learning methods, especially deep learning, words vector representations have become an important element
for improving the results of models in text data processing. Such models require high-quality and semantically rich vector
representations. All this determines the relevance of studying the impact of different vector representations of words on text data
processing and identifying optimal methods for specific tasks.

Obijective: The purpose of this paper is to systematically analyze the impact of different word vectorization methods on the
results of text data processing. The study aims to identify optimal approaches to word vector representation to improve the
efficiency and accuracy of text processing models in various artificial intelligence and machine learning tasks.

Research methods. Analysis, experiment.

Results. It has been found that despite significant progress in machine learning technologies, the problem of semantics and
context in text data processing still exists. This problem affects the quality and accuracy of decisions made by machine learning-
based systems, which can lead to incorrect analysis and data distortion. It has been found that even modern transformer-based
models may face challenges in understanding semantics and context, especially in complex and ambiguous scenarios.
Conclusions. Based on the study, it was concluded that the problem of semantics and context in text data processing is significant
and requires further study. Existing methods and technologies, although showing good results in some tasks, may be insufficient
in other, especially complex, situations. It is proposed to continue research in this area, to develop new methods and approaches
that might be able to effectively solve these problems. It is also important to study how different contextual factors affect the
semantics of textual data and how these influences can be taken into account when designing and using machine learning systems.
Keywords: Machine learning, natural language processing, semantics, context, text data, neural networks, transformers, BERT,
GPT-3, data mining, sentiment analysis, semantic analysis.
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YV cyuacHOMYy CBIiTi iH(pOpMAIIiiiHi TEXHOIOTIi BiAIrparoTh Bce OLTBII BaXKIKBY poiib. Lle MpU3BOAUTE OO 3pOCTaHHS KUTBKOCTI
IT-npoektiB. IT-ipoeKkT - 1e MPOEKT, KU Mae YiTKi TEPMIHM Ta METY CTBOPEHHS YHIKQJIbHOTO Ta SIKICHOTO HPOIYKTY 3a
BCTAaHOBJICHI TepMiHH. IT-IPOEKTH CKIagat0THCS 3 pI3HOMaHITHUX TEXHOJIOT1H, OOUUCIIOBAIbHUX Ta KOMYHIKaIIHHUX MPOIIECIB,
iHpopMaLifHUX Ta JIOACBKUX pecypciB. s edheKTHBHOTO YNpaBIiHHS TAKUMH IPOSKTAMH BHKOPHCTOBYETHCS IOHSTTS
YIPaBIiHHS IPOEKTaMH. YTIPaBIIiHHS POSKTAaMU BKIIIOYAE B ce0e CTBOPCHHS Ta KOPUTYBAHHS IUIaHIB, KOHTPOJIb Ta PO3HOALT
pecypciB i 3a1a4, CTBOpPEHHs OaaHCy MiXk MPOSKTHUMH 00OMeXeHHAMH. YiM TpUBaliMInii IpoeKT, THM OLIbIIIe PH3HUKIB BUHUKAE
mix gac #oro BUKOHAHHS Ta BIpoBaJukeHHs. Lli dakTopy MOXyTh BIUIMBATH Ha 4ac PoO3poOKM MPOEKTY, HOro HpHOYTOK,
BUTpAUEHI PecypcH, a TaKOX BTPaTH Ta BHTPATH y pa3i HemependadeHUX cuTyamiid. s cmemiamicTiB, sIKi MPaIOOTh HaJ
ctBopeHHsM [ T-poekTiB, Oyab-sKi He3aIIaHOBaH1 IUTAHHS Ta BUTPATH MOXKYTh CTaTH BEJUKOI0 mpobiemoro. Tomy po3pobka
HOBHX aBTOMAaTH30BAHUX DILICHb AJIS YIPABIiHHS MPOCKTaMH € aKTYaIbHUM NHUTaHHSAM. Taki mporpaMHi MOJeli MOXYTb
JIOTIOMOTTH MiHIMi3yBaTH BUTPATH 4acy Ta po3paxyBaTH MOKIUBI pu3ukd. OTHUM 3 €TalliB, IKH MOYKHA aBTOMAaTU3yBaTH IIiJ
yac MJIaHyBaHHS POOIT Ta pecypciB, € MOOYA0Ba Bi3yalbHOI MOJICTi BUKOHAHHS POOIT Y BUTIISAAI MepexeBoro rpady. Y naHii
po0OTI PO3MIAAETHCS MOXKIIHMBICTh aBTOMATH3yBaHHS Ipoliecy MOOYZOBH MepexeBoro rpady 3 BHKOPHCTaHHSIM METOIB
MyJIbTHIapaIenbHol 00poOku iHpopManii. JJaHuil BHI po3paxyHKiB Moxke 30UIBIIMTH BHIpAll y 4yaci BUKOHAHHS IPOEKTY,
HaJIaroIUTH MEXaHi3M IMapajiebHOr0 BUKOHAHHS MOCTABJICHUX 3a]1a4, @ TAKOK MIHIMI3yBaTH MOJKJIMBI PU3UKH.

Knrwwuoei cnosa: npoexm, asmomamu3zayis, MeHeoxcep 3 NPOEKmie, MyIbmunapaiesivha 0opooxa ingopmayii.

SAx wmryBatu: Tomcromyspkuit €. [I. Mogens MynbTunapaiensHoi o0poOku  iHopmarii
MEpEKEBOr0 TUTAHYBaHHSA. Bichux Xapriecbko2o HayionanvHozo yHigepcumemy imeni B.H. Kapasina,
cepis  Mamemamuune moodemosanns. Ingopmayiiini mexuonozii. Aemomamuzoeani cucmemu
ynpasninns. 2023. Bum. 59. C.56-62. https://doi.org/10.26565/2304-6201-2023-59-06

How to quote: Y. Tolstoluzkyi, “Model of multiparallel information processing for network
planning” Bulletin of V.N. Karazin Kharkiv National University, series Mathematical modeling.
Information  technology.  Automated  control  systems, vol. 59, pp.56-62, 2023.
https://doi.org/10.26565/2304-6201-2023-59-01 [In Ukrainian].

1 Betyn

baraTo kxoMriaHii, K BEJIMKHX, TaK 1 MaJuX, CTUKAIOTHCS 3 MPOOJIIEMOI0 po3mojiny pecypcis. s
npobiemMa Moke OyTH BHUpILleHA 3a JONOMOIOI0 Ipolecy IulaHyBaHHs. llmaHyBaHHS [103BOJISIE
BU3HAYUTH TEPMIiHU BUKOHAHHS POOIT MPOEKTY, KUTbKICTh HEOOXiTHUX JIFOJCHKHX Ta IHIIUX PECypCiB, a
TaKOX BU3HAYUTU PU3UKH.

BuxopuctaHHS KOMITIOTEPHUX TEXHOJOTIH I TUIaHyBaHHS 3a0e3redye Oifblly HaIiAHICTH Ta
3MEHIITy€ KIBKICTh JIOJICHKUX TOMWIOK. KpiM Toro, 0ararto mporeciB y MpOeKTi BHUKOHYIOTHCA
napajelibHO, TOMY JUIsSl PO3PaxyHKy Ta MOOYI0BU MOJEI pallioHAJLHO BUKOPUCTOBYBATH IMapalieiibHi
TEXHOJIOT1].

Tomy Tema poboTH, moB'sI3aHa 3 PO3POOKOI0 MOZET MyJIbTHIApajeabHoi 00poOKku iH(opMmarii
MEPEKEBOTO IUTaHYBaHHSI, € aKTYaTbHOIO.

2 IlocranoBka 3agayi

[TnanyBaHHS OyAb-SIKOTO NMPOEKTY MOYMHAETHCS 3 YiTKO BH3HAYEHOTro Habopy 3aBaaHb. /i mboro
HEOOXiIHO MpoaHai3yBaTH MPOAYKT, KU ITaHy€eThCsl CTBOPUTH. Ha mepmomy etarti po3po0isieThest
MVP (minimum viable product, MiHiMaTbHO KUTTE3AATHHIA TIPOYKT) — Iie 6a30Ba BepCist MPOIYKTY, 1110
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BHPIIITY€ OJIHY 3 OCHOBHHX 3a/1a4 TIOTEHIIIHHOTO KiTieHTa. [1icis 11h0ro MOYKHA MTPUCTYIIATH 10 CTBOPCHHS
3aBJIaHb, SIKi HeOOXiJHO BUKOHATH AJIS peatli3allii mpoeKTy.

Bix skoCTi Ta TOYHOCTI OIlIHKM 4Yacy Ta CKJIAIHOCTI 3aBJiaHb 3aJIGKUTh YCIIX MHPOCKTY. Ko
3aBlaHHs OyIyTh IEpeolliHeHl 32 4yacoM ab0 HEHOOIIHEHI 3a CKIAIHICTIO, IIe MOXe MPU3BECTH 0
3aTPUMOK Y BUKOHAHHI IPOEKTy a0 HaBiTh 10 HOTO MpOBay.

s Mmonieni, sika po3po0IIsiEThCS, 1aHi OBUHHI OyTH c(OpMOBaHi y BiAIOBITHOCTI 3 BAMOTaMu. SKI10
naHi He OyayTh BIAMOBIZATH BHMOTaM, MOJAETHh HE 3MOXKE MOOYAyBaTH MEpeKeBUi rpad Ta OIIHUTH
PH3HKHU Ta TEPMIHM BUKOHAHHS.

Bumoru no naucra:

- 3aBmaHHS 3aIUCYIOTHCS OJTHE 32 OJHUM 0€3 PO3PHBIB.

- lloxa3HWKM 3aBJaHb 3aiMaOTh YiTKe MicIle y TaOJHIIi, K TOKa3aHO HA PUCYHKY 1.

- MaxkcumanbHa KilbKiCTh 3a/1a4 Y JIMCTI 0OMEXKeHa MaKCUMAIIbHOIO €EMHICTIO 3MIHHHUX Y MOBI
C++ (mpubauzso 20000 3amay).

Crpykrypa Tabmuii ckianena BiamoBigHo mo metogoiorii PERT (Project Evaluation and Review
Technique). Lls meTonomnorist Oymna oOpaHa, OCKiIbKH BOHA HAHKPAILIMM YHHOM 3aCTOCOBaHA JUIS aHATi3y
9acy Ta BU3HAYCHHS PU3HUKIB IPOCKTY, BAKOPUCTOBYETHCS ISl IPOEKTIB Pi3HOT BETNYNHH Ta € IPOCTOIO
JUTSI TIPOTPaMHO] pearizaitii.

MeToau MyabTHIIapaeIbHOT 00pOOKH iH(OpPMAITii MatOTh TOTYKHHI arapar Jyisi po3napajieitOBaHHs
nporieciB. Lle m03BoMsiE aBTOMAaTHYHO PO3paxoByBaTH Ta OyAyBaTd MapaielbHi rpad-cxeMu (Mepexesi
rpadu) pi3HOI TNIMOWHM, BiJ] OJHOTLIKOBHAX I0 MaKCHMalbHO posmapaneneHux. KpiMm Toro, i Metoan
JI03BOJISIFOTH BUOpATH HaKpallvii BapiaHT po3napaiesroBaHHs Uil KOKHOTO mpoekTy.[1-3]
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Puc. 1. Ilpuxnao mabauyi napamempie mepedicegoco epaga

3 Onuc moaeni

Ha pucynky 2 mnpencrapieHa MoJelb MyJbTUIApaliellbHOI 00poOKM iH(pOpMAIlii MepeKeBOro
rianyBaHHs y Hotauii IDEFO. Lls HOoTamis Oyna oOpaHa, OCKUIBKM BOHA MpHU3HAY€Ha JJISl YiTKOTO
BiZJOOpa)keHHsI TIPOLIECiB, 3aJIEKHOCTI KOKHOI poOOTH BiJ iHImHKX Ta cTropoHHiX BuMor. Hortauis IDEFO
JTO3BOJISIE BiIOOpA3UTH HE YaCOBY MOCIIOBHICTh, @ BIIHOMICHHS MIXK POOOTaMH.
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Puc. 2. Mooenv 6 cucmemi nomayii IDEF(0

Po3po6iena Moenb MiCTUTD HACTYIIHI OJOKH:
010K [UIs 3amKCy Y JIMCT 3a/a4;
onok uist cuntesy i Tpancanii CYC (ceMaHTUKO-YHCIOBUX crienudikariif);
OJIOK /7151 BUOOPY METOLY MYJIbTHIIApAIENbHOT 00p0oOKH iH(OpMAITii;
OJIOK /ISl pO3TapaeiOBaHHS;
0JIOK JIJIs1 OLIIHKH MTOKa3HUKIB e()eKTUBHOCTI;
OJIOK [Tl AMHAMIYHOI 3MiHH PECypCiB;
OJtok st Bepuikarii;
. OJIoK myis Bizyautizaitii.

Hagenemo 0inbi 1eTanbHUNA OMIC MOJEITI.

broxk 1: cmpykmypHe nnanyeauns.

Y mpoMy erarti BifOyBa€eThcst 0OOTOBOPEHHS MPOEKTY 3 3aMOBHUKOM, PO30OHTTS IPOEKTY Ha 3aBIAaHHS,
BU3HAYCHHS TEPMIHIB Ta OIOJDKETY JUTsl KOXKHOTO 3aBAaHHs. KpiM Toro, BinOyBaeThCs MOMEPEIHS OLliHKA
3aB/IaHb, iX TPUBAJIOCTI, 3aJIEKHOCTI MK HUMH Ta BaXKIIMBOCTI KOXHOTO 3aBAaHHA. L{to poboTy MokHa
BHUKOHATH B OYy/Ib-SIKOMY CEPEIOBHIIT, SIKE TIpAIftoe 3 TadmuisaMu, Hanpukinag Excel. Ilicns odhopmierHas
JIUCTA 3aBJaHb, 11i IaHi nepeaarThes y 010k 2 cunare3y Ta Tpancsnii CHC. BaxiuBo BiA3HAYUTH, 110
JIMCT 3aB/aHb MIOBHHEH OyTH (OpMaii30BaHUM 3TiHO 3 BUMOTaMu ioro opopmiieHHs. To0To, y 6ot 1
BimOyBaeThCs popMyBaHHS (OPMaITi30BAHOTO JIHCTA 3aBJaHb, AKHUH BiIIOBIIA€ 11eIM 3aMOBHHKA. [4]

brok 2: cunmes ma mpancaayis CHC.

Y 1bomMy 010111 BiTOYBaEThCS CTBOPEHHS mporpaMu Ha MoBi C++, 3rijHO 3 (hOpMaIi30BaHUM JIMCTOM
3agad. Ilicns nporo mporpaMa MmoJaeTsCcsl Ha CUHTE3ALIMHUN TpaHCIATOp, KUl reHepye Tabmuui CUC.
i Tabnuii BUKOPUCTOBYIOTHCS METOJaMH MYJIbTUIApaieNbHOi 00poOKH iHhopMarii isi KOHBepTarlii
MOCITIIOBHOTO alITOPUTMY y mapajenbHuid. ToOTo, 610K 2 mpuiiMae JTUCT 3aa4 Ta IEpETBOPIOE Horo Ha
CYC rtabnwii, siki HeoOXiHI ISl po3napaliellfoBaHHs alrOPUTMY.

brox 3: eubip memody myrvmunapaienvnoi 0opobku ingopmayii.

Ha upomy erami oOupaeTbCsi METOA, SIKMi Oylle BHKOPHCTOBYBATHCS Ui PO3MapalielliOBAHHS
anroputMy. Y MOJAENl MOXYTh BHKOPHCTOBYBATHUCS TaKi METOMU MYJbTHIIApaledbHOT 0OpOOKH
iH(opMaTTii:

® METOJ CyMIIIeHHS He3aJIeXKHUX POOiT;
® KOHBEEPHMU METOZ;

® JIEKOMIIO3HMIIMHUI METOI;

® METOJ CyMIIIi allTOPUTMIB.

i MeToam po3MilieHi mo Mipi yckinanHeHHs. HacTymHuii MeTo 1 0OMpaeThes, SIKIIO 00paHuid METOT
Ma€ He3aJIOBUIBbHI TOKA3HUKU HA €Talll OLIHKW. 3 TOYKM 30py IUIaHYBaHHs POOIT KIACHYHI METOJH
napanenbHoi 00poOkH iHpopMallii MOXKYTb OyTH iIHTEpIPETOBaHI HACTYITHUM YHHOM.

Memoo cymiwenns nezanexcuux pooim. lleli mMeTon momnsrac B TOMY, IO HE3AJCKHI 3aBIaHHS
00po0IISIFOThCS TapaieibHo. ToOTO, AKIO 3aBAaHHS HE MAIOTh IMOCIIOBHUX 3B'SI3KiB, TO BOHH MOXYTh
BUKOHYBATUCS ofHOYacHO. st Toro, mo0 3actocyBatu el MeToa, HeoOXiTHO BUKOHATH TaKi YMOBH:
3aBJlaHHA MOBHHHI OyTH He3aJeXHHMH, IONEpenHs 3ajaya MOBMHHA OYTH 3aBeplleHa JO MOMEHTY
MOYaTKy BUKOHAHHS HACTYIHOI 3aa4i. Y [IbOMY METOZ1 CIEI[aIiCT MPAIFOE Hal 3aa4aMH y OJIHIN T
BiJl TOYATKy A0 KiHI. ToOTO, Ui KOXKHOT OKpEMOi T'ITKH MOTPIOEH CBili CHeMiaicT.

Koneeepnuii memoo. leit MeToq monsArae B TOMy, IO 3aBAaHHS po30MBaEeTbCs Ha (parmeHTH, siKi
00poONsrOTECS  TOCHIZIOBHO. [Ipy  1bOMY, KOXHHUHM (parMeHT MOXe BUKOHYBATUCS PIZHUMH

NGO~ LNE
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CITeITiaTicTaMy, 3aJIC)KHO Bij iXHLO1 KBamidikamii. Hampukiaz, SKIIo Ha TpOeKTi MPaIfioloTh CIIeIiaTicTH
pi3HuX piBHiB KkBamidikamnii (Junior, Middle, Senior, Architector), To ogun i TOW camuii ¢parmeHT
MPOEKTY MOke OyTH BUKOHAHWH Pi3HUMHM HpalliBHUKaMU MO-Pi3HOMY Ta 3a Pi3HUI MPOMIKOK Yacy. Y
IHOMY BUTAJKY, OUTBII KBaJTi(hDiKOBAaHWH MPAIliBHUK BUKOHY€E HAHOIIBII TPUBAJi (parMeHTH TIPOEKTY, Y
TOH yac KOJ¥ Halnermmid, a00 HalKOpOTIHH (pparMeHT BUKOHY€E MEHII KBaTi(hiKOBaHHIA CIIEIiaIICT.

Jexomnozuyitinut memoo. el METOJ1 € MOKPAIEHO BEPCIEI0 KOHBEEPHOTO MeToay. BiH mossrae B
TOMY, IIO 3aBJJaHHs PO30MBAETHCA HA YACTHUHH, Ki MOKYTh BUKOHYBATHUCS Pi3HUMHU crieniamicramu. [Ipu
IBOMY, CIIEIIaTiCTH MOXYTh OOMIHIOBAaTHCS 1H(OpPMAIIIEI0 Ta JOITOMaraTH OAWH ogHOMY. Hampukian,
AKIO € CKJIAJHA 33/1a4a, HaJ| KOO MPAIIO€ MEHII KBali(piKoBaHH CHIBPOOITHHUK, TO HOMY B JOTIOMOTY
KOXKEH JIeHb Ha JIesSKui Jac pomnomarae Oinbln KBamiikoBana mroauHa. s momomora moxke OyTH sIK
MOSICHEHHSIM 3a/1adi, TIOCTAHOBKOI0O KOHKPETHUX KPOKIB, MOSCHEHHAM HE3PO3yMIIMX MOMEHTIB, abo
JOMOMOro0 B peamizauii pobotn. TakuM 4YHHOM, IEKOMMO3UIIHHMKA METOA [O3BOJISE 3HAYHO
NPUCKOPUTH BUKOHAHHS CKJIaJHHUX 3a]a4, HAaBiTh SKIIO Ha HUX MPALIOIOTh CIICLIaliCTH 3 Pi3HUM piBHEM
kBarmigikamii. Lleit meTon ocobmmBO eheKTUBHUIN U BENMKHUX MPOEKTIB, /e iICHye 0araTo CKIaTHUX
3ajad.

Memoo cymiwi aneopummig. Lleit MeTo € MOeNHAHHAM METOLY CyMILlICHHSI HEe3aJIe)KHUX POOIT Ta
JEKOMTIO3HUIIHHOTO METOxy. Y IbOMY METOZi TOJIOBHA i/ied TOJATae B TOMY, 00 MaKCHMAllbHO
e(heKTUBHO BHKOPHCTOBYBATH PECYpPCH MPAIiBHHUKIB, MO0 YHUKHYTH MPOCTOiB. s 1bOTO METOMy
HEOOXIIHO pO3paxyBaTH MAaKCHMaJbHE HABaHTAKCHHS Ha CHIBPOOITHUKA Ta KOMOIHOBAaHICTh
MpaIiBHUKIB Haj 3ama4aMu. To0TO, HEOOXIJAHO BHM3HAYUTH, SIKi 3aBJaHHS MOXYTh BHKOHYBATHCS
mapajelnbHo, a fKi MOCHimoBHO. TakuM YHHOM, METOA CYMIIIi JO3BOJSE 3HAYHO CKOPOTUTH 4ac
BHUKOHAHHS MPOCKTY, HABITh SKIIO B HHOMY € CKJIa/IHI 3ajaui.

broxk 4: posnapanenosanus.
Ha ipomy erami BinOyBaeThes:
- moOyaoBa MHOXKHHH 337ad;
- pO30OUTTS MHOXHMHHU 3a]lad Ha MIMHOXHHY, sIKi (OPMYIOTBCS Ha Pi3HUX YaCOBHUX SIPyCax;
- pO3paxyHOK MOMEHTIB [TOYATKy Ta 3aKiHUCHHSI 3a]1a4;
- NPOPaxyHOK MOXKJIHMBOCTI PO3rajy’KCHHS Ta 3aIllyCKy PI3HUX 3aJad Ha OJHOMY 1 TOMY X
camMoOMy 4acOBOMY BiJIpi3Ky;
- TomepenHs OIiHKa CKJIaJHOCTI Ta TPUBAIOCTI peati3alii CTUCIOT MOJIENi;
- ¢opmysanns crucnoi CUC mopeni;
- PO3paxyHOK 4Yacy Ta CKJIaJHOCTi BUKOHAHHSI.
To6to, 610k 4 mpuitmMatoun Tadbmuii CUC nepeTBoproe ix Ha YacomapaMeTpu30BaHy MOJAETb y
CEPEeIOBHIII IPOTPaMyBaHHS, 3TiTHO 3 00paHUM METOJIOM MYJIbTHITApAIETHLHOI 00pOOKH 1H(pOpMaIIii.
brox 5: oyinka noxkaznuxie epexmusHocmi.

Ha unpomy erami BigOyBa€ThCsl OIIHKA TIOKa3HHMKIB e()EKTHBHOCTI 4acomapaMeTpU30BaHOI
MmysibTUnapanensHoi Mogeni (UIIMM). OniHka mpoBOUTHCS 32 TAKUMH ITOKa3HUKAMU:

- Yac BUKOHaHHS,;

- CKJIagHICTh BUKOHAHHS,
- KpUTHYHUH LUISX;

- TIOKa3HHUKH PHU3HKIB.

Orinka IpoBOIUTHCH 32 toroMoror merosororii PERT.

Slkino oniHky e()eKTUBHOCTI HE BIIALITOBYIOTh, TO BiJI0YBAa€THCS MOBTOPHE pO3Mapajie/IiOBaHHs, aje
KOPUCTYIOUHCH 1HIIMM METOJIOM MYyJbTHIIapajieabHoi o0poOku. Lleil mpoiec Moxke MOBTOPIOBATHCS
KiJIbKa pa3iB, IOKK He OyAyTh OTPUMaHi 33/10BUIbHI OLIIHKHM €()EeKTUBHOCTI. Y BHUIAJIKY KOJH MOKa3HUKH
yCiX METOJIB HE 32JI0BOJIBHSIOTH BUMOTaM, BUBOJIUTHCS HAUKPAIIUK 3 MOXKITUBHX BapiaHTIB METOMY Ta
posmnapaiescHHs.

bnox 6: ounamiunoi sminu pecypcis.

Ha erami 6 BinOyBaeThcs qUHAMIYHA 3MiHA pecypciB uist onTtumMizanii npoaykrtuBaocti YIIMM. s
[[BOT'0 BUKOPUCTOBYIOTHCSI CEMaHTUKO-YHCIIOBI MapaMeTpH, sIKi BpaxOBYIOTh 3MIHH pecypcy Iu(ppoBux
CHCTEM y AMHaMilli BAKOHAHHS 3a]a4. bIIOK po3paxoBye MOKINMBY TTTHOMHY PO3TallyKEeHHS I KOXKHOTO
npoekTy. Lleil nmoka3HuK nepemaeThes Ha OJOK po3napaielieHHs, SKU poOUTh PO3ralyKeHHS 3a1ad y
BIINOBIIHOCTI 3 maHuMHU. Ha 010k omiHKM e(EeKTHBHOCTI MOAAThCS YCi MOJEII, BijJ MOCHIIOBHOI J0
MaKCHUMAaJIbHO po3raiyxeHoi. Lle 1o3Bosise oiHuTH e(hEeKTUBHICTh PI3HUX BapiaHTIB PO3rally>KEHHS Ta
BUOpaTy HalKpamuii. [5]
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bnox 7: eepugpixayis.
Ha npomy erami BinOyBaeThCs nepeBipka KOPEKTHOCTI Ta BiAMOBIAHOCTI pe3yibTaraM (GopMaIbHOTO
cunresy UIIMM.
YV SKOCTi BXiJHHUX TaHWUX BepHUQiKaTopa MOXKYTh BHUKOPUCTOBYBATHCS:
- crpykrypu CUC moneneit;
- yacoBi ctpykrypu CUC;
- rpadivni cienudikallii yacomapaMeTpU30BaHUX MOJICIICH.
Bepudikarop BUKOHYe Taki 3aBIaHHA:
- KoMmmimsuiiina Bepu@ikalisi CTPYKTYp CEMaHTHKO-4McioBOi crenudikanii rpada Ta
MOCIIiTOBHOI IIPOTpamu;
- Bepu(ikamisi CTPYKTYp CEMaHTHKO-YHCIOBHX CHerudikaniii dvacomapaMeTpru30BaHOi
MyJIbTUNIAPATEIBHOI MOJIENI;
- TMepeBipKa BiIMOBiITHOCTI MOKAa3HUKIB €()EKTUBHOCTI 33JaHUM BUMOTaM Ta 0OMEKEHHSIM.
bnox 8: sizyanizayis.
Ha ipomy erari BinOyBaeTbes moOy10Ba Bi3yallbHOI CKIIaI0BOT MOJIETI.
Bizyanizarop npuiiMae miAroTOBICHI JaHi Ta Ha iXHii OCHOBI OyAye Taki Bi3yanbHi €IEMEHTH:
- 4acosi rpa¢u npoekty (Puc.3-6);
- JaHi po3paxyHKiB pu3ukis (Puc.7);
- JIaHl po3paxyHKiB HMOBIpHOI TpuBaiocTi mpoekry (Puc.8).
L1i Bi3yanbHi €NEMEHTH JO3BOJISIOTH 3PO3YMITH CTPYKTYpYy Ta MOBeOiHKY Mozeni. Ha HacTymHumx
PUCYHKaX MPEACTaBICHHI Pe3yIbTaTH Bi3yali3arlii.

ripelon

25 28 33 48
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0 0 0 0 [} o
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Puc. 3 — HYacosa nocrioosna mepesicesa mooenvb NaaHy8anHs BUKOHAHHS pOOIm npu MIHIMATLHOMY Yaci peanizayii

3a0ay.

min

Puc. 4. Hacosa napanenvha mepedxcesa mooensb nAAHY8AHHA GUKOHAHHA POOIM NpU MiHIMATLHOMY HaCi
peanizayii 3a0au.
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Puc. 5. Yacoea nocnioosna mepesicesa mooenb niaHy8anHs GUKOHAHHS pOOIm Npu MaKCUMATbHOMY YACi
peanizayii 3a0au.
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Tf\\.‘ll

°sg
cod

Puc. 6. Yacosa mepecesa napanenbha mooens niany8aHHs GUKOHAHHS pOOIm Npu MAKCUMALbHOMY Y4AaCK
peanizayii 3a0au.

i j t?; e tip—j tffj o,
0 1 14 20 25 19.8 3.36
1 2 4 6 10 6.3 1

2 3 7 10 15 10.3 1.7
0 4 3 4 5 4 0.1
4 5 5 7 9 7 0.4
4 6 15 22 28 21.8 4.6
5 7 10 16 20 15.6 2.7
7 8 8 11 14 11 1

8 9 5 13 18 12.5 4.6
3 9 5 12 18 11.8 4.6

Puc. 7 Buxioni oani cepednbozo uacy ma cepedHboK8a0pamuyHoi oucnepcii

| Ans nocnigoBHoi mogeni | | Ans napanensHoi Mogeni |

| BiporigHicTb | | 95 |

[VpeKTNBHURA | |

yac 15 |

Cepefiii yac |

KPUTUYHOTO 118.4 I l 53.2 |
LLLISIXY
Yac ycniwHoro
BUKOHAHHA
NpoeKTy 3a | 123 | l 58 |
3alaHoI0
BipOrigHicTiO

Puc. 8. Buxioni oani

4 BHCHOBKM

Po3pobnena Moaens MyabTHIIApaneabHOT 0OpoOKH iH(popMalii MepeXeBOro TIaHyBaHHS JA03BOJISE
Maibke TOBHICTIO HIBENIIOBATH HETATWBHUI BIUIMB JIIOJEH Ha €Tali MEpEeKEBOro IUIaHyBaHHS,
0c00JIMBO, Ipu (hopMyBaHHI MepereBOro rpady, Tomy, 10 aBTOMaTHYHO MOOYyI0BaHA CXeMa € OLJIbIIl
TOYHOIO.

[NopiBHIOIOUKM MepexeBe TUIAaHYBaHHS 13 3aCTOCYBAHHSM METOIB MYJbTHIApAIENbHOI 00poOKHU 3i
3BHYAHUM MEPEKEBHUM IIJIaHYBaHHSIM MOXHA BIJIMITHUTH Bi3yalli3allito 4iTKOi 4acoBoi rpad cxemu, Ha
AKiI BimoOpaXkeHo y sIKM yac Oyze 3aKiHUeHa Ta YM iHIIA 3a7aya, OPi€EHTYIOUMCh Ha MPALiBHUKIB, 110
NPALIOIOTh MapaieIbHO.
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Model of multiparallel information processing for network planning

Tolstoluzkyi PhD student;
Yevhen Kharkiv National University of Radio Electronics,
14 Nauky Avenue, Kharkiv, Ukraine, 61166

The information technologies are playing an increasingly important role in the modern world. This leads to an increase in the
number of IT projects. An IT project is a project that has clear deadlines and the goal of creating a unique and high-quality
product within the set timeframe. IT projects consist of various technologies, computing and communication processes,
information and human resources. To effectively manage such projects, the concept of project management has been formalized.
Project management involves creating and adjusting plans, controlling and allocating resources and tasks, and creating a balance
between project constraints. The longer the project, the more risks arise during its execution and implementation. These factors
can affect the project's development time, profit, resources spent, as well as losses and costs in the event of unforeseen situations.
For specialists working on IT projects, any unplanned issues and costs can present serious challenge. That's why the development
of new automated project management solutions is a pressing issue. Such software models can help to minimize time and
calculate possible risks. One of the stages that can be automated during the planning process is the construction of a visual model
of work in the form of a network graph. This paper considers the possibility of automating the process of building a network
graph using multiparallel information processing methods. This type of calculation can increase the gain in project execution
time, establish a mechanism for parallel execution of tasks, and minimize possible risks.

Key words: project, automation, project manager, multiparallel information processing methods.
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BukopucTtaHHs HeHPOHHHX MepeK JJIsl MACIITAOYBaHHS TaOJIHMYHUX JAHUX
TpenyBajbHuX dataset

VY po6oTi 3amporoOHOBaHO MeTOJ| 301bIICHHS] TAOMMYHUX JaHUX TPeHyBAIbHMX dataset 3a JOIMOMOTOI0 HEHPOHHHX MEpeK,
OIUCAHO apXiTEKTyPY TaKHX MEPEXK.

AxTyanbHicTs. Ha nanwmii yac icHye npo0iema HeoCTaTHbOI KITBKOCTI BUXIJHUX JAHUX UL HABYaHHs MOJeNiel IITy4HOro
IHTEJIeKTy, IO MPU3BOAUTH 10 3HAYHOI MOXMOKH MOjetoBaHHS. PoOoTa MpHCBSYEHO PO3pOOI MiIXOMAIB JO TeHEpariil
MITyYHUX TaOJMIHUX JaHUX, SIKI MOYKHa BUKOPHCTOBYBATH HAJAM Ul MOJENEH MTYYIHOTO iHTEIEKTY.

MeTta. Metoro po6oTr Oyn0 poaHalli3yBaTH METOIH Ta aJTOPUTMHE JUIs 301TbIIEHHS training dataset it TaONMUYHNX JaHUX 32
JIOTIOMOT010 HEHPOHHUX MEPEX.

Metoau pociaimxennsi. OCHOBHUM METOJIOM JOCTIKEHHS € TMpolec Madopy MapaMeTpiB aqrOpUTMy TeHepamii ITYyIHHX
JIaHUX Ta BUOIp ONTHMAJIBHUX NapaMeTpiB apXiTeKTypH HEHPOHHOI Mepexi.

PesyabTaT. BukoprcTanHs HEHpOHHHMX Mepex Ul MacliTaOyBaHHS TaOMMYHMX JaHUX TpeHyBaJbHUX dataset miaTBepANIIO
Hpare31aTHICTh 3alpOIIOHOBAHOTO MinXo[y. Pe3ynbTaTH HanamTyBaHHS ajirOpUTMYy Ta BHOIp ONTHMAaJbHHX IMapameTpiB
HEHWPOHHOI Mepexi MoKa3aly, IO 3reHepoBaHi LITY4HI JaHi HaHOLIbIIe HaragyloTh MOYATKOBI MO KPUTEPIIM CEPEeIHBOTO
3HAYECHHS, MAKCUMAJIbHOT0, MiHIMAJILHOTO Ta 3aJIEXKHOCT] MK JJaHUMH.

BucnoBku. Bupimeno 3agauy macmraOyBaHHS TaOJIHMYHUX JaHUX TPEHYBaJNbHHX dataset 3a JOMTOMOTOI0 HEHPOHHUX MEPEK.
Taxuii miAXix 103BOJISLE 3HAYHO CIIPOCTHUTH MPOIIeC HABYaHHS HEHPOHHHUX Mepek. HaykoBa HOBH3HA MaHO POOOTH TOJISTAE B
PO3po0IIi MiAX0AIB i METOIB 301MbIIEHHS TAOMHMYHAX JAHUX 3 BHKOPHCTAHHAM MITYYHOTO iHTeNeKTy Ta deep learning.
Kniouosi cnosa: neiiponni mepeorci, database, ma6nruuni oani, data augmentation, training dataset, wmyunuii inmenexm, deep
learning.

SAx muryBatn: Yznos Jl. 1O., Mopososa A. I'., Ky3nenosa B. O., Pykkac K. M. Bukopucranus
HEHPOHHMX MepeX M MaclTaOdyBaHHA TaONMYHMX JaHUX TpeHyBanbHHX dataset. Bicuuk
Xapxiecokoco  Hayionanbhozo  yHigepcumem)y  imeni B. H. Kapaszina, cepia Mamemamuune
mooenoganns. Ingpopmayitini mexnonozii. Aemomamuszosani cucmemu ynpaeninua. 2023. Bum. 59.
C.63-71. https://doi.org/10.26565/2304-6201-2023-59-07
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1 Beryn

Data augmentation (30i7pIIeHHS TaHUX) — 1€ TEXHIKA IITYYHOTO CTBOPEHHS HOBUX JTAHUX 3 HASBHUX
JIAHUX 1 3HAYHOTO 30UIBIICHHS PI3HOMAHITHOCTI IaHWX, JOCTYIHUX JUIA HaBuaHHS Moxeiei. lle
POOUTBHCS IIISIXOM 3aCTOCYBAaHHS INPEIMETHO-OPIEHTOBAHMX METOAIB 10 MiJMHOKMHHM HAaBYaJIbHUX
nmaHnX. OCKUTBKH MPOTYKTHBHICTD MOJIEIN CHIIBHO 3aJIEKHUTHh BiJ SKOCTI Ta KiTBKOCTI HaOOpy AaHUX,
BUKOPUCTAHHS CHHTETHYHO 3TCHEPOBAHMX JAaHUX MOKE IEBHOIO MIpOI0 JOMOMOITH MOKPAIIUTH
NpOAYKTHBHICT Mozeni [1]. Data augmentation TEXHIKHM IIMPOKO BHKOPUCTOBYIOTHCS ISl TpadiuHuX
nanux (Image Augmentation) [2], a Takox TekcroBux manux (Text Data Augmentation) [3]. Jus
30inbpmenHs SQL ganux abo TaOMMYHUX JaHUX HE ICHYE CTaHJAPTHUX TEXHIK Ta MeToJiB. ChOTO/HI
NPUAHSTTS PillEHHS Ha OCHOBi CTATHCTHKH € CYTTEBOIO JJIS DSy 3a/1ad, TOMY BUKOPUCTAHHS METO/IB
30ibIIeHHsT TAONMMYHUX maHuX Ta BukopuctaHHsA Neural Networks tTa Machine Learning mis Takmx
JIAHUX € aKTyaJbHOIO 3a/1a4UetO.

BukopucTaHHs ITYYHO 3reHepOBaHUX JaHUX BHUPILIYE TaKi MPoOIeMH SIK:

1. HeoOxigHiCTh BEMWKOI KiTbKOCTI IOCIiIKEHBb Ta 300py MaHuX (ONMMUTYBaHHS KOPHCTYBadiB
CepBiCy, MPOBEIEHHS TECTOBUX BUIIPOOYBaHb, TOIIIO).

2. Amnaiz 310paHuX JaHUX.

3. BinkumaHHs HelpaBJAUBUX JaHUX (HAaBMaHHS 3alIOBHEHI OIOJICTEHI, TOMUJIKY Yepe3 TeXHIUHI
MIPUYUHH, TOIIIO).

4. OuudpyBaHHS JaHUX.

Texnika Data augmentation Moxe OyTH BUKOpHUCTaHa B OyIb-sIKiii KOMIaHii, sika 3aCTOCOBYE Y CBOIX
JOCITKEHHIX IITYYHUHA 1HTEIeKT Ta Ta0nn4Hi Aani. BoHa Mae 3MEHIINTH BUTpaTH Ha 30ip JaHUX THM
CaMuM TIPHIIBHALIMTH BIIPOBA/UKEHHS HOBUX 3MiH B MPOEKTI, a TAaKOX ITOKPAIIUTH SKICTh HaBYAHHS
MOJIEITI.

Texnika Data augmentation M0oxe OyTH KOPUCHHM B Oy/b-IKOMY IPOEKTI, IO CIEIiaNi3y€eThCsl Ha
poOOTI 3 TaONIMYHMMH MAHUMH Ta INTYYHHM IHTEJIEKTOM, Ta OCOOJNMBO Yy BHUMNAAKaX, KOIU €
HEOOXiZHICTh Y BENIMKIH KINBKOCTI JOCHIPKEHb Ta 300py JaHUX, aje iX 3a SIKOiCh MPUYMHH Ba)KKO
310pat y HeoOXiTHIN KiTbKOCTI.

Merton MacitabyBaHHS TaOJMYHUX JTAHUX [TOBUHEH TeHEPYBAaTH HOBi JaHi 0a3yl04rCh Ha BXiTHOMY
dataset. Bin Moske mpaifoBaTH 3 HEBEIMKOI KUTBbKICTIO BXIIHHX PSJIKIB Ta T'CHEPYBaTH 3aJaHy
KUIbKICTh HOBUX. HOBI psijiku 0a3ytoThes 37€01IbIION0 HA CEPEIHBLOMY 3HAYCHHI BXIAHHMX PSJAKIB Ta
KOIIIOIOTh 1X THM PO3MOALTY BiJHOCHO iHIIMX CTOBITYHMKIB TaOmwuii. TUM camMuM 3reHEepOBaHi JaHi
«BI3yaJIbHO» 3[IAIOTHCS CXOKMMU HA Ti, HA SKUX MPOBOJMIOCH TPEHYBaHHS MOJIEII.

2 IlocTaHoBKa 3a1a4i

Ityunuit iHTeNneKkT HaOyBae Bce OWUIBIIOI MOIMYIAPHOCTI OCTaHHIM YacoM Ta IPOTHO3YETHCS
30UIBIIEHHS] TIOMYJIAPHOCTI y MalOyTHhoMy. YUepe3 1ie muTaHHs 30imblIeHHs training dataset st
TaOJIMYHUX JIaHUX € aKTyaJbHUM Y ChOTOJICHHS, OCHOBHUM 3aBJIaHHSM SIKOTO € aHaui3 BXigHoro dataset
Ta TEHepalis HOBHX, CXOKUX TAaONMYHHUX JaHuUX. /{1 JOCSATHEHHS TOCTaBICHOT MeETH, Oyiu
chopMyIbOBaHI HACTYITHI 3a7adi:

1. TIpoananizyBaTy HasiBHI Oi0TiOTEKH JyIsl 301IbIICHHS TAOTHYHHUX JTAHHX.

2. llpoanamizyBaT MeToau poOOTH OiOMiOTEKM 3 MaHUMH Ta 32 MOXIIMBOCTI TOKPAIIUTH
AKICTh pOOOTH alropuTMy 3 HHMH, NiAiOpaBImIM HaWKpamli mapaMeTpu Ui poOOoTH
anroputMmy. A came:

a. ckamepu;

b. anropurmu onTHMizarii A7 MOIEINI TTHOOKOTO HABYAHHS;

C. TONOJOTiSI HEHPOHHOT MEPEKi.
Brockonanutu poboty 6i0mioTeku 11t poOOTH 3 THIIAMH JIAHKX string Ta int.
[porectyBatt podotry Oi0miorexkn Ha dataset 3 pisHMMH BuaamMu po3moairy. Y SKOCTI
dataset BuKopHuCTOBYBaTH peaiibHi 1aHi, @ HE 3TeHEPOBaHi.

»w

Bubip 6i06ioTexu 1151 30iNbIIeHHS] TAOTMYHUX JAHUX
B po6oTi po3rasHyTO MOXIIMBICTH BHKOPUCTAHHS Pi3HHUX Oi0JTIOTEKH IUIsi TEeHEpPYyBaHHS HOBHX
TaOMMYHUX JaHWX i3 BXigHoro dataset. Kpurepiem BubGopy 6iGmiorekn Oyiaa 3amada MaKCHMAaJIbHO


https://doi.org/10.26565/2304-6201-2023-59-07

ISSN 2304 -6201 BicHuk XapkiBCbKkoro HawjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
cepist «MaTemaTyHe MoaentoBaHHS. IHhopmaLliiHi TexHonoril. ABTOMaTM30BaHi CUCTEMM yNpaBniHHs», BUNyck 59, 2023 65

30eperTH IMOYaTKOBI XapaKTePUCTUKH JaHUX, a caMe MaTeMaTHUYHE OYIKyBaHHS, IHUCIIEPCIIO Ta
3aJI€KHICTH MK CTOBIIIIIMHU.

biomioreka deep tabular augmentation Hagae aOcoMOTHY CBOOOAY KOPUCTYBady  IIOJO
HaJAMITyBaHHS BXiTHHUX MapaMeTpiB, 110 BUKOPHUCTOBYIOTHCS ISl TCHEPYBaHHS HOBUX maHux [9].
bibmioreka m03BONAE CaMOCTIHO OOWpaTH, AOCTIKYBAaTH Ta 3MIHIOBATH BXiJHI MapamMeTpH IS
OTpUMaHHS 0a)KaHOTO PEe3yJIbTATY.

biomioreka RandomForestClassifier 3 sklearn mo3Bossie BkasyBaTu TinbKH Bximuuii dataset Oe3
MOYKJINBOCTI CAMOCTIIHO BILIMBATH Ha TeHeparlito manux [10].

[Taker ydata_synthetic Hamae 3HauHO Oijblie CBOOOMM KOPUCTYBadyy Yy TMOpPIBHSHHI 3
RandomForestClassifier [11]. Bin Hamae Ginbliie MOXKJIMBOCTEH BIJIMBATH HA 3MiHY JaHHX, aje BCE XK
TaKd MEHIIIe HiX ITpH BUKOpHcTaHHi deep tabular augmentation.

Jns  redepamii TaOAMUYHMX JaHWX ~TpeHyBadbHHMX  dataset
deep_tabular_augmentation.

Oyi1o oOpano 6ibGmioTeky

3 AJITOPHUT 30i/IbIIIEHHS] TAOJUYHUX JAHUX

HanmamryBannst 6ibmioteku deep tabular augmentation ans mMacmiTaOyBaHHS TaONWUYHUX JaHHX
TpeHyBaIbHHX dataset CKIaa€ThCs 3 MEKITHKOX €TalliB:

[TinroToBKa Ta MacmTaOyBaHHS O3HAK.

Po30urTs naHux.

BuznaueHHs Tomosnorii HeHpOHHOT Mepexi

Bubip ontumizatopa

. Bu3HaueHHs KUIBKOCTI €0X 11 HAaBYaHHSA MOJEN]

Macmra0yBaHHsI O3HAK.

[Mepmmii eran — e MacmrabyBanus o3Hak (abo Hopmamizarist manux). Ilepmr 3a Bce dataset
HEOOXiTHO MiAroTyBaTH I poOoTH 3 HUM. [lJIf 1[bOTO BUKOPHCTOBYIOTh MacIITa0yBaHHS O3HAK. Tak
SK 3HAYEeHHS Y JaHUX MOXYTh CHJIBHO PI3HUTHCS MK COOOIO Ta MaTH Pi3Hi Jdiama3oHH, MOAETb MOXKeE
JaBaTh XWOHI pe3ynbTatd. ToMy JaHi MOTpiOHO HOpMamiyBaTH. s 1bOTO BHKOPHCTOBYIOTH Pi3HI
ckanepu 3 sklearn. B 3anexxHOCTI Bifi THITY pO3MOALTY JaHUX HEOOXimHO 0OpaTy BiANOBINHUN CKalep.
Hanpuknaa, MinMaxScaler ta StandardScaler rapHo mnpaiforoTh 3 YHCIOBUMH JaHUMHU. BogHodac
StandardScaler BUKOpPHCTOBYIOTH Al HOpMalbHOTO posmonairy, MinMaxScaler 3a BiacyTHOCTI
HOPMAJIBHOTO PO3MOJIUTY Ta KOJH BapTO BKa3aTH Ha YiTKY BiJICTaHb MK 3HA4eHHsAMH. {151 OiTbIIOCTI
dataset sixocti poboru StandardScaler moctatHbo. BapTo TakoX 3a3HaYMTH, IO JAEAKI CKajlepw,
Hanpukiag Normalizer HEMOXJIHMBO BHUKOPHCTOBYBaTH 3 0Oi0Osiorexoro deep tabular augmentation
yepe3 Te, 10 PO3POOHUK HE BIPOBAJIWB HEOOXiAHI IS IIOTO 3MiHM B CBid Moaynb. llopiBHSHHS
ckanepiB HaBezieHO y Tabmwmi 1.

Tabnuys 1. Ilopisnanns cxanepie

arwbdE

Ckanep Cridikuit 1o | 3 qiTKOW | Mexa
BUKH/IIB MEXKEI0 JaHUX | HEBIJOMa
StandardScaler - - +
MinMaxScaler - + -
MaxAbsScaler + + -
RobustScaler + - +
PowerTransformer | +- +- +

Po30uTTst 1anmnx.

Hactynaum eran € Po30utrst nanux. JlaHi po30MBalOTHCS Ha JIBI YacTWUHH: JUIS TPEHYBAaHHS Ta
Bayimanii monemi. [lonepenqHbo pAaKH MEpeMIiNIyIOTh MK cCO000. TakuMm YHMHOM JaHi Juisl Bajigarii
BUKOPUCTOBYIOTBECS JUISI TOTO, MI00 3pO3YMITH HACKUIbKM HaBUYE€HA MOJENb, & TAKOX L€ JONOMarae
BusiBuTH npobnemu Underfitting ta Overfitting. 3a3Buvaii uis po30UTTS NaHUX BUKOPUCTOBYETHCS
train_test_split() 3 6i0miotekn sklearn.model selection, ane ans Oinpw cienudiuHUX 3aBJaHb MOXKHA
3BepHyTH yBary Ha split_df() 3 mlprepare. Husbki 3HaueHHs1 QyHKIIT BTpaT MOXKYTh BKa3yBaTu Ha Te,
IO MOJIeNIb TapHO HaBUWIACh TEHEpyBAaTH HOBI JaHi, ad0 Ha Te, MIO BOHA IepeHaBYeHa. byIo
MPOTECTOBAHO HACTYIIHI BapiaHTH PO30MTTA AaHUX Baiigamitoo: 5%, 8%, 10%, 12% ta 15%.

B OinpmocTi BUNaaKiB HallHMKY1 3HaYEeHHs (PYHKLIT BTpaT, MPH SIKUX 30epiracTbes 3aJeKHICTh MiXk
JaHUMHU, Ta MOJIENIb HE NepeHaBYaEThCs, JOCATaloThes pu BUaIeHHI 10% naHux Ha Bamigalio.
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TomoJiorisi HelAPOHHOT Mepe:Ki.

[Ticna macmTabyBaHHs 03HaK HEOOX1THO BKa3aTH, 3a JOIOMOTOIO SIKOI TOMOJIOTT HeHPOHHOT Mepexi
OyayTb onpanboByBaTUCs AaHi. Lls Tonomnoris Bkasye Ha 3B'SI3KM MK By3J1aMu (HeHpoHaMu) B MEpPExi.
st BUpitieHHs 3aa9i HAaHOUTHIT IKaBUMHE € HACTYITHI TPU THITA MEPEXKi, TOMOJIOTI] IKNX HaBeJeHO Ha
pucynky 3.1.:

e Auto Encoder (AE)
e Variational AE (VAE)

e Sparse AE (SAE)

3arasoM BOHM BUKOPHCTOBYIOThCS AJs Kiacudikamii Ta knactepusanii o3Hak. VAE Ha BinMiHy BiX
AE npunainse Ginplie yBaru Ha 3B'SI30K MK JaHUMH y Toi 4ac, koiau AE HamaraeTbces ixX y3araqbHHUTH.
SAE cxoxwuit Ha VAE, ane Tako 37aTHUI 3HAXOIWTH MPUXOBaHI MabJIOHU TpymyBaHHS HaHmx. Ha
NPaKTUL 1Ie BUSBIAETbCA y ToMy, 0 SAE Buainse 3HauHO Oifblle AaHUX, IO 3HAXOASTHCS 3HAYHO
Jlalli BiJl OCHOBHOTO CKym4eHHs. Hampukiaz, sIKIo B3ATH HOpMaibHUN posmonin, To SAE Oyne Takox
BUJUIATHA TOYKH, IO 3HaxomaTbes Ourst 0, y mopiBusHHI 3 AE Ta VAE, K0oTpi BUAUISIOTH NHIe AaHi
OJM3BKiI 10 cepemHBOro 3HadeHHA. 1Tox Oyno BupimeHo 3ynuHHTHCA Ha SAE ToMmy, mo s 3amadi
MacIiTa0yBaHHs TaOJMYHUX JaHUX BXKJIMBO BKa3aTH BCi JlaHi, a HE JIMIIE OJIM3BKI J0 CepeaHixX
3HAYCHb.

Auto Encoder (AE)  Variational AE (VAE)  Sparse AE (SAE)

3£

Puc.3.1. Tononoeii netiponnoi mepexci

d

HaitOnmmxdi 10 MOYaTKOBUX JAHHWX PE3yJNbTaTH POOOTH ajiropuTMmy OYJIo OTPHUMAaHO, KOJH CIIOL
TOTIOJIOT1 BUTJISIal0Th HACTYMHUM YHHOM: 6, 20, 6. ToOTO 6 HElipoHIB Y BXiHOMY i BUXiTHOMY CJIO1 Ta
20 y npuxoBaHomy. [Ipu poMy, i 3MiHM Maii)ke He BIUIMBAIOTH Ha 3MiHY CEPEAHBOTO 3HAYCHHS YU
JUcHepcii JTaHuX, a 3MIHIOEThCS 31€01IBIIOr0 JIMIIE 3aJIeKHICTh JaHUX MiX COOOI0 Ta BIPOTITHICTH
OTPUMATH MIHIMATBHUX Ta MAKCUMAIIbHUX 3HAYCHb OJJHOYACHO B JICKITBKOX CTOBIMUMKAX TAOJHIII.

Takox KUTbKICTh HEHPOHIB Ma€ CEHC 3MIHIOBATH B 3aJIE)KHOCTI Bijl BXiTHUX naHuX. EMmipuyaHO Oyio
BUSBJICHO, 110 3011blIeHHS 1 Ta 3 CJI00 MiABUINYE «BIYYHICTH) aJTOPUTMY, 3T€HEPOBaHI JaHi CTalOTh
OJIMKYMMHU JIO CEePEJIHIX 3HAYCHb PO3MOjiTy. 30UblIeHHS ab0 3MEHIICHHS MPUXOBAHOIO (JIPYroro)
CJIOI0 BIAMOBITHO 30iMbIIye a00 3MEHIICHHS KUTBKICTh JaHWX, IO 3HAXOIAThCS Ha 3HAYHOMY
BiJIZIAJICHHI BiJl CEPEeIHBOrO 3HAUEHHS. A OCh 3MEHILIEHHS MEPIIOro Ta TPEThOrO CIIOK Maibke He Mae
NPaKTUYHOTO CEHCY, Yy OUIBIIOCTI BUTIAJIKIB HA PI3HUX JaHUX AJITOPUTM BCE YACTillle Ja€ MOXHOKH Ta
MOMHJIKOBO BH3HAYAE 3AJISKHICTh MK PO3MOIITIOM AaHuX. Hampukias, Koau po3moAisl JaHUX CXOMKHIMA
Ha rpadik GyHKIIT y = a” anroput™ Moxxe HamaTH y = %

OnTuMizaTop HABYAHHS HEl{POHHUX MEPeK.

Hactynauit eran migrotosku jo data augmentation — 1ie 0OpaHHS alrOPUTMY ONTUMI3allii HABYAHHS
HEHPOHHOI MepexKi, IKNH BUKOPUCTOBYETHCS JUI HAJAIITYBaHHS Bard HEMPOHHOI Mepeski B mpoueci ii
HaBuaHHsi. BiH BHM3Ha4ae, sIKi 3Ha4eHHS Baru MOTPiOHO BMKOPUCTOBYBATH IJsl MiHiMizawlii (yHKuii
BTpAT, sIKa BUMIPIOE IOMUJIKY Tiepe0adyeHHs MOJIeNi Ha HaBUYaJIbHOMY Ha0opi faHux. OyHKIIis BTpaT —
ne (QyHKLisA, sSKa XapakTepusye BTpaTH MPHU HENPaBUIbLHOMY HPUIHATTI pilleHb Ha OCHOBI
CIOCTEepEeKEHUX AaHUX. TOOTO 1€ MEeTOJ OLIHKU TOr0, HACKUIBKU J0OpEe alrOPUTM MOJEIIOE BKA3aHUM
Ha0Ip JaHMX, HACKIIBKH TapHO AJTOPHUTM IPAIOE 3 3a1aHuM HabopoMm. [6]
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Haiikpamie y mgocmimkeHHSX ceOe mnposBuim ontuMizaropu Adam (AanThBHE OLIHIOBaHHS
momeHTiB) Ta RMSProp (Ilpomararisi kopeHsl cepeJHbOKBaAPATUIHOTO 3HAUCHHS), T4 30BCIM MOT'aHO
SGD (CroxacTu4Huil rpafieHTHHH CIYCK), HE3Ba)KaloUl Ha HOro BUCOKY MOMYJAPHicTh. Xoua i Adam
Mae OUThITy 00YHCITIOBaIBHY CKIIQJHICTh, HIXXK RMSprop, depe3 HeoOXiIHICTh 00YNCICHHS TOIATKOBUX
MOMEHTIB Tpaji€HTa, aje JaHi, 0 TeHePYIThCA 3 HOro JOMOMOTOI0, Y OiNbIIOCTI BHUMAAKAX OUTBII
CXO0XI1 Ha Mo4aTKoBi y mopiBHssHHI 3 RMSProp. A came min, max 3HaueHHs OJMK4Ye 0 BXiIHUX aHUX,
3QJICKHICT MK MaHWUMH ORI CXOXKa Ha 3aJICKHICTh BXITHHX JaHWX Ta MEHIIA HWMOBIPHICTH
IIOMHJIKOBO BKa3aTH XUOHY 3aJI€XKHICTh MIXK TaHUMHU.

KinbkicTh enox npu HaBYaHHI Mojei.

BusnaueHHs LpOro mapaMeTpy 3HAYHOIO MIpOI0 3aleXHUTh Bl caMoro naTtaceTy. Y BCiX
PO3TISHYTHUX BHUMNAAKaX HaWKpaml pe3ynbTatu oTpuMmyBammuch npu 3HaueHHi 100-300 emox. Ilpwm
30UTBIICHHI IIBOTO 3HAUCHHS MOJIC/b MMOYMHAE TICPESHABYATUCS Ta 3TEHEPOBaHI HEKO JaHi BCE OlNIbIIe
IOyOJIIOIOTH Cepe/iHE 3HAuYCHHsS novatkoBoro dataset, mpu 3MEHIIEHHI 3pOCTae WMOBIPHICTH MOXUOKH
ITOPUTMY Ta HENPABIIBHO BUSBICHOI 3aJI€KHOCTI MK TaHUMH.

B/iockoHaJIeHHsI aJITOPUTMY NPH POGOTi 3 THIAMHU JaHMX string Ta integer.

Knacrepuzanisi, abo KiacTepHUI aHami3 — e CTaTUCTUYHA MpOLEAypa, 3ahada sIKOi MOJIIrae B
pO30UTTI BUOIpKU 00'€KTIB Ha IMiIMHOXHHH, [0 HE MEPETHHAIOTHCS 1 HA3MBAIOTHCSA KiaacTepamu [7].
OTXe THIOBOIO 3a/ayero KiacTepu3allii € po30WTTS JaHWX Ha OCHOBI iX momiOHocTi. bibmioreka
deep tabular augmentation He BMi€ MpaIfOBaTH 31 CTPOKOBUMH THIIAMH JaHUX, X0Ya SKIIO CTPOKOBI
JaHi po30UTH Ha HEBEIHUKY KUIBbKICTh KJIACTEPIB, TO BUXOJIUTh, 1[0 T€HEPYBATH HOBI JIaHI CIIMPAOYUCDH
Ha TIOPSIKOBUN HOMEp KJIACTEPy Ma€ CeHC. 3BICHO, IO TAaKWMU JiSIMH HE BUI/IEe 3T€HEpyBaTH HOBHIMA
TEKCT, & MO)KHA JIMIIIE BAKOPUCTOBYBATH CTapHi, a TAKOX TaKi Aii OyAyTh MaTH CEHC JIMIIE y BUMAJKAX,
KOJIW KUTBKICTh JaHWX Oinblla 3a KUTbKICTh KiacTepiB. Tox Oyno BUPINICHO JOAATH 10 aITOPHTMY
MOJKJIMBICTh TEHEPYBATH JaHi 31 CTPOKOBUM THIIOM.

Takox deep tabular augmentation 3aBkau TeHepye HaHi 3 IUIABAIOYOI0 TOYKOIO, HABITH SKIIO
BXi/IHi 1aHi MaroTh iyui tumn (integer). Lto oco6muBicTh TakoX OyJI0 BUIIPABICHO.

Buau po3nojginy no4aTKoBUX JaHUX TA pe3ybTaTH POOOTH AJITOPUTMY

s tectyBanHs MeromiB OiGmiotekn deep_tabular_augmentation ta data augmentation Oysu
BUKOpUCTaHI pi3Hi dataset, oTpumani i3 peanbHuUX naHux Ha caiiTi kaggle.com. Hwxkue HaBemeHo
pe3yabTaTH POOOTH METOMAIB 0i0IIOTEKH JIJIS PI3HUX BHIIB PO3IIOJLIIB.

Hpukaan 1. Hopmanbuuii po3nogi.

Ha pucynky 3.2. 300pakeHi BXiJHi 1aHi, a HA pUCYHKY 3.3. — 3T€HEpOBaHi.

Real Data: Rating vs Cost
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Puc.3.2. Bxioni oani
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Puc.3.3. 32eneposani oani

Ha pucynkax BumHO, mo 30epiraeTbes 3araiibHa (opMa po3MOALTYy Ta cepenHe 3HadeHHS. Bapto
3a3HAYMTH, 110 Y BXiJHHUX JaHUX HasBHUM mar o oci X (Rating), To6To naHi po3ramioBaHi Ha IEBHOMY
BiJaJieHi OAWH BiJl OJHOTO, MPH IIHOMY 1€l mar He 30epiraeTscsl y 3reHepoBaHnx naHux. Jani Oymu
3reHepoBaHi 3 BukopuctanasMm StandardScaler. Takox, Oyno 3acTocoBaHO iHINMIA B CKailiepa, a came
MinMaxScaler, skufi 3acTOCOBYIOTh I BKa3aHHS YITKOi BIJICTaHI MDK JaHUMH. AJjie HOro
3aCTOCYBaHHS y JJaHOMY BHUIIAJKy HE BHUIpaBAaiio ceOe, 00 BIiICTaHb BiH BKa3yBaB HEJIOPEYHO. Tomy
OyJ0 BUpINIEHO BKa3yBaTH INar MK JaHWUMH BXKE TICIA TeHepamii, oOpoOmiorouu 1aHi, a HE 3
3aCTOCYBaHHSIM CKaJepy.

Hpuxnaa 2. Jliniiauii po3moai.

Hacrymauit Tan posnoainy — miniitanid. Ha pucysky 3.4. 300paxeHi BXiHi JaHi, SKi OJWH BiTHOCHO
OJTHOTO PO3TalIoBaHi mo mpsMii miHil. Ha pucysky 3.5. — pe3ynprar pobotn anroputMmy. Bumno, sk
AITOPHUTM JIOTIOBHHMB ITyCTOTH. TakoX MiX NaHMMHU y BXimHoMy dataset 30epiractbcsi MaTeMaTH4yHa
3aJIekKHICTh: Mo oci X — KIIBKICTh POKiB, IO oci Y — KUIBKICTh MiCALIB, TOMY Y 3aB¥au y 12 pasiB
Oinpme 3a X, ale y 3reHepOBaHUX JIaHUX I MATEeMaTU9HA TOYHICTh BTPAYAETHCA.

Real Data: duration years vs duration months
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Puc.3.4. Bxioni oani
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Mpuknaan 3.

Ille omuH mpuUKIaa PO3MOAUTY HAaBEACHO Ha PUCYHKY 3.6. Ta BIANOBIIHI 3reHEpPOBaHI JaHi Ha

pHuCyHKY 3.7.

duration months

s

Fake Data: duration years vs duration months
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z
duration years

Puc.3.5. 32eneposani oani

V1 vs V2 for Class==1
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Puc.3.6. Bxioni oani

fake V1 vs V2 for Class==1

Puc.3.7. 3eeneposani oani

Henoaixu 6idaiorexu deep_tabular_augmentation.

Haii0inpm cyTTeBUM HEHONIKOM € Maibke MOBHA BIiACYTHICTH AMCIEpCii y 3reHepOBaHHUX JAHHX.
Jani qificHO MarOTh CXO0XE CEPeIHE 3HAUYCHHSI, aJie HANPHUKIIal, KOJU BXIAHI JaHi MalOTh HOPMaIbHHIM
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PO3MOIiII, 3reHepOBaHl Bi3yaldbHO OiIbIIEe CXOXI Ha KPHBY JIHIIO, UM B JCIKMX BUIAAKAX NIBI KPHUBI
niHii, mwo neperuHaroThCs. [IpuKinan BXiAHUX Ta 3reHePOBaHMX JaHMX HaBEACHO Ha PUCYHKY 3.8.

Real Data: Rating vs Cost Fake Data: Rating vs Cost

Rating Rating

Puc.3.8./lisopyu — 6xioni 0ani, npasopyu — 32eHepo8ari OaHi

s BupimeHHs wiei mpodjeMu po3poOHUK paauTh TPOXH 3MIllyBaTH JaHi, Ha BifcTaHb piBHY 10%
BiJ aucnepcii. Y pe3ynbTari 3MilllyBaHHs MO>KHA OTPUMATH MPHUOJIIM3HO HACTYMHUH Tpadik, HaBeAeHU
Ha PUCYHKY 3.9.

Fake Data: Rating vs Cost

Cost

Rating

Puc.3.9. 3zeneposani oani 3i smiwennsam 10% 6io oucnepcii

3BICHO, 1110 B Pe3y/IbTaTi MU HIKOJIM HE MAaTUMEMO OJIHAKOBI JMCIIEPCii, a B CIIpo0i 3MiCTUTh JIaHi Ha
BiJICTaHh PIBHY IHWCIEpCii MM MOXXEMO OTPUMATH Yy YHCEILHOMY BUTIISAII MaikKe OJHAKOBI CepeiHi
3HAYEHHS Ta JHCIEPCiio, Y MOPIBHSIHHI 3 MMOYaTKOBUMH JAHMMH, ajie Bi3yalbHO IIe BXKE 30BCIM HE
CX0€e Ha HOPMaJIbHUH PO3MO/IiI, TOOTO 3aJIC)KHICTh MiXK JIAHUMHU BTPAYa€ThHCS.

4 BHCHOBKM

B pobGoti Oymno mpoaHami3oBaHO METOAM Ta ANTOPUTMH JJsl 30iMblIeHHs training dataset st
TabmyHux naHux. J{ist qocsarHeHHs 1ii€i MeTu Oio oOpaHo 0i0iioTeky deep tabular augmentation Ta
mpoaHanizyBaB ()yHKIIil, IO B Hill BUKOPUCTOBYIOThCA. Ilig yac anamizy Oyio mimiOpaHo miamazoHH
3HAYeHb BXIJIHUX TapaMeTpiB, MpH SIKUX JIOCATAETHCS HAWBUIIA TOYHICTH POOOTH alropuTMy Ta
3reHepoBaHi JaHi HaHOUIbIle HAraayloTh IOYAaTKOBI MO0 KPUTEpisSM CEPEeAHbOTO 3HAUCHHS,
MaKCHUMaJIbHOT0, MiHIMAJIBHOT'O Ta CIIOCTEPIraeThCs 3aJIKHICTh MK JaHUMU. Bynu nigidpani HacTymHi
napameTpH:

e (yHkiis BTpar;

e cKanepu,

® TOIOJIOrisI HEHPOHHOI Mepexi;

® OINTUMI3aTOp HABYAHHS HEWPOHHHUX MEPEK;

® ONTHUMaJbHA KIJBKICTh ETOX.

Takox Oyny MOMiYeHI Ta MpOaHANI30BaHI HEJONIKM MOJIYJIO Ta MOKpalleHa SAKICTh podoTH
QJITOPUTMY TIPH POOOTI 3 TUMIAMHK JaHKX string Ta integer.



ISSN 2304 -6201 BicHuk XapkiBCbKkoro HawjioHanbHoro yHisepcuteTy imeHi B. H. KapasiHa
cepis «MaTematuuHe MogentoBaHHS. IHpopmaLiiHi TexHonorii. ABTOMaTM30BaHi CUCTEMMW ynpaBniHHAY, Bunyck 59, 2023 71

CIIMCOK JIITEPATYPU

1. Abinaya Mahendiran, Vedanth Subramaniam. Data Augmentation Techniques for Tabular Data.
Mphasis. https://www.mphasis.com/content/dam/mphasis-com/global/en/home/innovation/next-
lab/Mphasis_Data-Augmentation-for-Tabular-Data_Whitepaper.pdf

2. Luis Perez, Jason Wang. The Effectiveness of Data Augmentation in Image Classification using
Deep Learning. arXiv:1712.04621, 2017. https://arxiv.org/pdf/1712.04621

3. Shorten, C., Khoshgoftaar, T.M. & Furht, B. Text Data Augmentation for Deep Learning. J Big
Data 8, 101 (2021). https://doi.org/10.1186/s40537-021-00492-0

4. Qizhe Xie, Zihang Dai, Eduard Hovy, Minh-Thang Luong, Quoc V. Le. Unsupervised Data
Augmentation for Consistency Training. arXiv:1904.12848v6, 2020.
https://arxiv.org/pdf/1904.12848v6

5. E. Jannik Bjerrum. SMILES Enumeration as Data Augmentation for Neural Network Modeling of
Molecules. ArXive-prints, Mar. 2017

6. Alhassan Mumuni, Fuseini Mumuni. Data augmentation: A comprehensive survey of modern
approaches. https://doi.org/10.1016/j.array.2022.100258

7. loffe S., Szegedy C. Batch normalization: Accelerating deep network training by reducing internal
covariate shift. International conference on machine learning, PMLR (2015), pp. 448-456

8. Agnieszka Mikolajczyk, Michal Grochowski. Data augmentation for improving deep learning in
image classification problem. 2018 International Interdisciplinary PhD Workshop (IIPhDW).
DOI:10.1109/11PHDW.2018.8388338

9. https://github.com/Ischmiddey/deep _tabular_augmentation

10. https://scikit-learn.org/stable/modules/generated/sklearn.ensemble.RandomForestClassifier.html

11. https://docs.synthetic.ydata.ai/1.4

Uzlov Doctor of Philosophy, Associate professor of theoretical and applied computer

Dmytro science department, V. N. Karazin Kharkiv National University, Svobody Sq., 4,
Kharkiv, Ukraine, 61022

Morozova Doctor of Philosophy, Senior lecturer of theoretical and applied computer

Anastasiia science department, V. N. Karazin Kharkiv National University, Svobody Sq., 4,
Kharkiv, Ukraine, 61022

Kuznietcova Doctor of Philosophy, Associate professor of higher mathematics and computer

Victoriya sciences department, V. N. Karazin Kharkiv National University, Svobody Sq., 4,
Kharkiv, Ukraine, 61022

Rukkas Doctor of Technical Sciences, Associate professor, Professor of theoretical and

Kyrylo applied computer science department, V. N. Karazin Kharkiv National

University, Svobody Sq., 4, Kharkiv, Ukraine, 61022

Scaling tabular data of training datasets with neural networks

The paper proposes a method of scaling the tabular data of the training dataset using neural networks, describes the
architecture of such networks.

Relevance. Presently, there is a problem of insufficient amount of raw data for training artificial intelligence models, which
leads to significant modeling error. The work is devoted to the development of approaches to the generation of artificial tabular
data, which can be used in the future for artificial intelligence models.

Goal. The purpose of the work was to analyze methods and algorithms for scaling the training dataset for tabular data using
neural networks.

Research methods. The main research method is the process of selecting the parameters of the artificial data generation
algorithm and choosing the optimal parameters of the neural network architecture.

The results. Using neural networks for scaling the tabular data of the training dataset confirmed the efficiency of the proposed
approach. The results of the algorithm adjustment and the selection of the optimal parameters of the neural network showed
that the generated artificial data most resemble the initial ones in terms of the criteria of average value, maximum, minimum
and dependence between data.

Conclusions. The task of scaling the tabular data of the training dataset using neural networks has been solved. This approach
makes it possible to significantly simplify the process of learning neural networks. The scientific novelty of this work lies in
the development of approaches and methods for increasing tabular data using artificial intelligence and deep learning.
Keywords: neural networks, database, tabular data, data augmentation, training dataset, artificial intelligence, deep learning.
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