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ABSTRACT

Context. Today, collecting and creating datasets in various sectors has become increasingly prevalent. Despite this widespread
data production, a gap still exists in specialized domains, particularly in the Islamic Friday Sermons (IFS) domain. It is rich with
theological, cultural, and linguistic studies that are relevant to Arab and Muslim countries, not just religious discourses.

Obijective. The goal of this research is to bridge this lack by introducing a comprehensive Sermon Audio and Text (SAT) dataset
with its metadata. It seeks to provide an extensive resource for religion, linguistics, and sociology studies. Moreover, it aims to sup-
port advancements in Artificial Intelligence (Al), such as Natural Language Processing and Speech Recognition technologies.

Method. The development of the SAT dataset was conducted through four distinct phases: planning, creation and processing,
measurement, and deployment. The SAT dataset contains a collection of 21,253 audio and corresponding transcript files that were
successfully created. Advanced audio processing techniques were used to enhance speech recognition and provide a dataset that is
suitable for wide-range use.

Results. The fine-tuned SAT dataset achieved a 5.13% Word Error Rate (WER), indicating a significant improvement in accu-
racy compared to the baseline model of Microsoft Azure Speech. This achievement indicates the dataset’s quality and the employed
processing techniques’ effectiveness. In light of this, a novel Closest Matching Phrase (CMP) algorithm was developed to enhance
the high confidence of equivalent speech-to-text by adjusting lower ratio phrases.

Conclusions. This research contributes significant impact and insight into different studies, such as religion, linguistics, and so-
ciology, providing invaluable insights and resources. In addition, it is demonstrating its potential in Artificial Intelligence (Al) and
supporting its applications. In future research, we will focus on enriching this dataset expansion by adding a sign language video
corpus, using advanced alignment techniques. It will support ongoing Machine Translation (MT) developments for a broader under-
standing of Islamic Friday Sermons across different linguistics and cultures.

KEYWORDS: Friday Sermons, Khutbah, Arabic speech recognition, Audio and text dataset, Machine translation.

ABBREVIATIONS
Al is an Artificial Intelligent;
ArSL is Arabic Sign Language;
ASR is Automatic Speech Recognition;
CMP is a Closest Matching Phrase;
P1 is a Name of Preacher;
P2 is an Age of Preacher;
P3 is an Original Country of Preacher;
P4 is an Academic Qualification of Preacher;
P5 is a Years of Experience of Preacher;
DL is a Deep Learning;
IFS is an Islamic Friday Sermons;
ML is a Machine Learning;
MT is a Machine Translation;
NLP is a Natural Language Processing;
PCM is a Pulse Code Modulation;
SAT is a Friday Sermon Audio and Text
S6 is a Title of Sermon;
S7 is a Type of Sermon (topic);
S8 is a Duration of Sermon;
S9 is a Date of Sermon;
S10 is a Place of Sermon;
S11: Language of Sermon,

S13 is other sign languages used for translating Ser-

mon;

S14 is a Language complexity of Sermon;

S15 is a Reliability of Manarat Al-Haramain Website;
S16 is a Reliability of AL-Khutaba Forum Website.
SL is a Sign Language;

WER is Word Error Rate.

NOMENCLATURE
A is an Audio recording to the ith item;
FT is a full text of one Friday Sermon;
k is representing the number of raters or judges;
N is total number of pairs in the dataset;
n is a number of observation (items) or cases being as-

sessed;

R is a similarity between transcript and current phrase

using Sequence Matcher (ratio);

r is a Pearson correlation coefficient;

SS is a sum of squares for total ranks;

T; is a corresponding transcript to the ith item;
W is Kendall’s Coefficient of Concordance;
Xand Y are indicating the variables;

x and y are indicating the means of the two vari-

S12 is other languages of Sermon translated into; ables:
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Xi is a rank or score given to the ith item by raters;
X is a mean (average) rank of all items assessed.

INTRODUCTION

In the past few years, large-scale datasets have be-
come an essential step in applying artificial intelligence
(Al) technologies, such as machine learning (ML) and
deep learning (DL), in various sectors. These datasets can
be created or collected from different types of data, which
could be text, audio, video, or pictures. Each of these
types of datasets has different ways of annotating, proc-
essing, and analyzing it, in order to develop or enhance
the system. Overall, it supports decision-making in a spe-
cific sector. Thus, the task of collecting and creating a
dataset, usually, requires a huge extensive effort from
researchers in order to reach the expanded dataset in a
certain domain [1,2].

In Arab countries, many researchers conducted their ef-
forts to create and collect a huge Arabic dataset that serves
many fields, such as education and healthcare, where they
used Al technologies [3-5]. However, some fields like re-
ligion did not receive more attention from researchers, es-
pecially, in creating and collecting a dataset of sign lan-
guage (SL) which is considered as a main unified commu-
nication language used by deaf communities [6].

Generally, in the religious domain, Islamic Friday
Sermons (IFS), which are a key aspect of religious prac-
tice delivered during congregational prayers on Fridays,
remain understudied. A few researches have been intro-
duced in analyzing and understanding religious texts that
are related to Sermons. Their focus was on the linguistic
perspective (rhetorical structure of the Sermon), specifi-
cally, from pragmatics and discourse analysis aspects [7—
9]. This ISF is a rich source of theological, cultural, and
linguistic knowledge. Due to that, the aim of this research
is to create a comprehensive Sermon dataset, a beneficial
resource for researchers working with Islamic Sermons.

Despite increasing interest in this type of scientific re-
search, leading to the development of various Natural
Language Processing (NLP) and ML applications [10],
these works still have limitations in scope and are not
suited for large-scale computational analysis. The reason
behind that is a lack of a Sermon dataset that has volume,
value, variety, and metadata availability, a gap that this
study aims to address.

The Object of Study is the process of collection,
creation, and analysis of a comprehensive large-scale Fri-
day Sermon dataset including audio, and text. This proc-
ess includes creating a dataset and an algorithm imple-
mented to enhance the recognition.

The subject of study is a methodology for creating a
dataset of Friday sermons and identifying the type of
dataset (audio, text, Sign Language (SL) videos). Another
subject is identifying significant parameters that need to
be considered from the Friday sermons presenter
(Preacher) and the Friday sermons content in the collected
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dataset. In addition, the way of evaluating this created
Friday sermons dataset.

The purpose of the work is to create, collect, and
evaluate that aimed at enhancing language processing and
recognition technologies. Moreover, this work was con-
ducted to fill the existing gap in large-scale computational
analysis of Friday Sermons by providing a rich dataset
that has volume, value, variety, and accessible metadata.
In addition, it supports the fields of Islamic Studies, So-
cial Sciences, Linguistics, and Al with a useful resource.

The Islamic Friday Sermon (IFS) which is called in
Arabic (Khutba AL-Jummah or Friday Khutbah) is a for-
mal religious speech introduced on each Friday of the
week. In Islam, Friday is considered the greatest day for
Muslims to prepare themselves by praying in the mosque
and listening to the Sermon [11].

Some researchers indicate that the IFS have a signifi-
cant influence on humans’ beliefs, attitudes, and behav-
iors. Also, it can influence the religious and cultural iden-
tity of Muslim communities. It can solve some issues in
communities, like social and political issues such as ine-
quality, injustice, and discrimination. Moreover, the Fri-
day Sermon may play an important role in shaping na-
tional identity. From this standpoint, we can consider the
Friday sermon data as valuable data that deserves study to
under-stand the nature of its impact on different societies.
In addition to the possibility of benefiting from the impact
of Friday sermons on strengthening national identity, con-
solidating beliefs, controlling the behavior of community
members, and directing them in the right direction [12].

These Islamic Friday Sermons will be composed and
re-viewed based on the selected topic by the Preacher
(Presenter of Friday Sermon), which is a person who de-
livers a Sermon to the congregation. The topic that was
selected can be related to religion, community issues,
morality, con-temporary challenges...etc. [13]. One of the
researchers mentioned, generally, religious sermons are
divided into four main types. First is religious education
for the public. Second is proving faith in the souls. Third
is correction of faults and prohibition of evils. Fourth is
invitation to Islam or its defending [14].

In general, the speech of the Sermon on this greatest
day should be introduced by the Preacher in a clear and
interesting manner using understandable vocabulary.
Mainly, the IFS duration without the Azan and prayer is
around 30 to 40 minutes and consists of two Sermons
where there is a short silence around 1 to 3 minutes be-
tween them. Usually, the first Sermon is longer than the
second. There is Azan before the first Sermon and at the
end of the second Sermon, there is prayer. These two
parts are called the beginning and closing parts of the
sermon (Sermon Prayer) included regularly in the struc-
ture of a Sermon. Whereas, the two Sermons that are in
the middle are the body of the Sermon [9, 15], as shown
in Fig. 1.
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Figure 1 — Block diagram of Islamic Friday Sermon structure

Typically, the first Sermon contains the following: 1)
Hamd Allah or Praise (thanks Allah). 2) Salawat, and
Salam for the prophet Mohammed (Peace Be Upon Him).
3) Discussion of the main content or theme (topic) and
reading some Ayat from AL-Qur’an (Recitation of
Quranic Verses). 4) Advice and reminders with supplica-
tion which is called in Arabic (Dua’a). It is calling upon
Allah (God) with respect and faithful for different reasons
such as forgiveness, helping, and safeguarding the coun-
try and its leaders. However, the second Sermon started
once again by Hamd Allah or Praising and Salawat, and
Salam for the prophet Mohammed (Peace Be Upon Him).
Then, the Preacher will continue the same topic that be-
gan in the first Sermon with more highlighting of more
important points in the topic. Moreover, concentrates on
reminding the congregation of certain Islamic obligations,
virtues, or main issues related to the community. Finally,
it will be ending also by supplication to all Muslim com-
munities around the world and reminding them by doing
what Allah said in order to achieve good deeds [16].

1 PROBLEM STATEMENT

The problem at hand is the lack of a scalable dataset
for Friday sermons in both audio and text formats, which
hinders the development and evaluation of automated
systems for analyzing and understanding sermon content.
The absence of such a dataset limits the advancements in
NLP and speech recognition research specifically tailored
for sermon analysis and related applications.

The current state of available datasets for Friday ser-
mons is either limited in size, restricted to specific lan-
guages or regions, or lacks the necessary annotations for
comprehensive  analysis. This  scarcity  prevents
researchers and developers from effectively training and
evaluating machine learning models and algorithms for
tasks such as sentiment analysis, topic extraction, speaker
identification, or content summarization within the
context of sermon texts and audio recordings.

Furthermore, the complexity of these Friday Sermons,
besides the intense need for accurate dataset representa-
tion in digital form (audio, text), requires a dataset that is
not only extensive in volume and variety but also rich in
metadata to support computational analyses. So, we can
find that were created dataset through this study includes
a scalable dataset for Friday sermons in both audio and
text formats, encompassing diverse languages, regions,
and religious denominations. This dataset has been
annotated with relevant metadata such as speaker
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information, sermon topic, date, and location, enabling
researchers and developers to explore various aspects of
sermon content using both NLP and speech recognition
techniques.

Thus, the created dataset presented as:

SAT = {(Aj THY.

where the SAT represents our created Sermon Audio and
Text dataset, A; indicates audio recording, T; indicates the
corresponding transcript, and N represents the total num-
ber of pairs in the dataset.

Moreover, for enhancing the accuracy of recognition
by utilizing our SAT dataset, a similarity matching algo-
rithm for finding the Closest Matching Phrase (CMP)
between the transcript T and the full-text FT was used.
Therefore, we can say that using our created SAT dataset
which includes (Audio and Text) in any customized
speech recognition application (tunned) will enhance the
accuracy by reducing the WER of ASR as output for any
Speech recognition system, as shown in the formula:

SAT={(, TP}y >ASR(W

E . <WER )
aF%ter_ tunmg< before tunmg}

To identify the Closest Matching Phrase CMP within
FT that most closely matches T we defined a function
using similarity measure R, which is employed as:

f(T,FT) > CMP,

where the similarity measure R is obtained from the Se-
guence Matcher algorithm which is the ratio of similarity
between T and the current phrase being evaluated within
FT. Also, we defined the minimum ratio minR which
means if the value R is less than the minR that means can
not be accepted to be similar.

Therefore, the minR < R < maxR, where minR=0.50
and maxR is the maximum achievable ratio, ensures R
falls within this range to be considered a valid match.

Hence, the main challenge of this work seeks to ad-
dress a large-scale dataset and comprehensive metadata
for the Friday Sermon Audio and Text (SAT) dataset. In
addition, a novelty algorithm is implemented to enhance
the recognition. Overall, this work tackles the existing gap
in the analysis and processing of Islamic Friday Sermons.
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2 REVIEW OF THE LITERATURE

In terms of the linguistic studies field, some study ef-
forts have focused on different aspects of the IFS. One of
these studies used 65 texts of the Yemeni-Arab Sermon to
study the usage of deixis analysis. This deixis analysis
helps people understand the meaning behind certain sen-
tences based on their context. In general, deixis is divided
into five types: they are person deixis, place deixis, time
deixis, social deixis, and discourse deixis. Through this
study, the researchers focused on studying deixis analysis
from pragmatic and discourse perspectives. They had a
limitation in using a small dataset of Sermons that needed
to be translated into English for conducting their experi-
ments [17]. Similarly, a study [9] used deixis in the Eng-
lish Islamic Friday Sermon using 70 texts from the Eng-
lish Friday Sermon dataset from multiple online sources.
This study ended by acknowledging the small size of the
dataset as a limitation. Another study was conducted
based on the interpersonal model of metadiscourse for
analyzing 30 text and speech English Friday Sermon data-
sets that were collected from various online sources. Also,
they highlighted the limitations of the Sermon dataset
[15], [18]. A study [19] focused on directive speech acts
performed in the Sermon using the 56 Sermon dataset
from the Islamic Religious Council of Singapore. They
found that Friday Sermons use different strategies of di-
rective speech acts.

In addition, one of the studies focused on the phoneme
distribution in Malay Friday Sermon derived from 52
speech transcripts that are available on a government
website. They reached the same limitation of having a
small number of words collected and analyzed [7].

In terms of sociolinguistics and discourse analysis,
two of the studies focused on the Sermon’s duration. The
first study of [11] conducted an analysis of Friday Sermon
duration. They found that a shorter Sermon may be in-
dicative of the Preacher’s expertise in religious affairs.
The second study used a descriptive method (question-
naire) in order to assess the congregation’s understanding
of the Friday Sermon discourse. The result of their study
was that most congregations preferred Sermons with a
duration of 15-20 minutes [20]. In studying the content
and thematic analysis, [21] carried out a content analysis
of Friday Sermons by the Turkish-1slamic Union for Re-
ligious Affairs in Germany, integrating sociolinguistics
and discourse analysis. However, this study was limited
to local text Friday Sermons that may not have received
more attention from all Muslims around the world. Their
dataset was 481 that were obtained from 2011 to 2019 on
the DITIB website. Another study conducted a thematic
analysis of the Friday Sermon in Negeri Sembilan. They
highlighted the importance of selecting topics that engage
the congregations while considering their cultural back-
ground and educational level. However, their limitation
was that the study was confined to Sermons from one
region [22].

Other studies have employed a multidisciplinary ap-
proach to scrutinize the Sermon. One of the studies used

ML techniques to evaluate the impact of Turkey’s Friday
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Sermons on Twitter users. However, this study was fo-
cused on examining only one Sermon feature, which is
the topics that are handled in Sermons [10].

Based on the illustrated previous studies, we can con-
clude that there are a few researches that have been intro-
duced to analyzing and understanding religious texts that
are related to Sermons. Their focus was on the rhetorical
structure of the Sermon, specifically pragmatics and dis-
course analysis aspects, by utilizing a limited speech and
text Sermon dataset. These types of scientific research
have gained significant attention among researchers and
opened avenues for the development of various NLP and
ML applications for studying more parameters of the
Sermon dataset. For example, themes (topic or domain),
title, duration, date of the Sermon, location (place of the
Sermon), and language of the Sermon ... etc. Also, from
some studies, we found that we need to be aware of the
Preacher’s parameters, whereas a study [7] emphasized
the importance of the Preacher’s expertise in religious
affairs in conveying the concept of the Sermon to the
congregations in a short duration. Thus, we can highlight
some of Preacher’s parameters, such as their years of ex-
perience, their original country, and so on.

Still, these works have limitations and are not appro-
priate for large-scale computational analysis. The reason
behind that, from our perspective, is a lack of the Sermon
dataset and its metadata availability, which is a gap that
this study aims to address. In our study, we are going to
create a dataset of Sermons that contain Arabic speech
and text.

3 MATERIALS AND METHODS

The collection and creation of our dataset followed a
structured, four main phase approach. It is designed to
ensure the dataset’s integrity, relevance, and utility. Each
phase contained specific stages (steps) that should be suc-
cessfully finished to move on to the next step in the next
phase.

The nine stages are illustrated in Fig. 2. Each phase
and its stages will be explained in more detail.

4.1 Planning Phase: this phase includes three main
stages, which are: A) Design and implement a question-
naire. B) Analyze the questioner. C) Identify the parame-
ters of data collection. The explanation of these stages is
as follows:

A) Designing and Implement Questionnaire: we used
a questionnaire in order to ask the specialists in data sci-
ence about the important parameters that should be in-
cluded in our data and metadata. It was designed in three
main parts in accordance with the axes of the question-
naire:

1) Personal Data. 2) Data for Preacher (Presenter of
Friday sermon). 3) Data for Friday sermon. Each part was
written and designed to collect specific data related to this
study’s objectives (see in the appendix Fig. Al, Fig. A2,
Fig. A3, and Fig. A4).

It was distributed electronically using a Google Form.
We used expert ratings for multiple parameters of
Preacher and Sermon.
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The response of (n = 50) was obtained by 28 males
and 22 females. The parameters encompassed characteris-
tics of Preacher and Sermon, with five related to Preacher
and eleven related to Sermon. Each expert has rated each
parameter’s im-portance based on (large, medium, and
little).

B) Analyze Questionnaire: our analysis of the ques-

tionnaire was conducted based on the following: (1) De-
scribing the collected data from expert evaluations for
each parameter. (2) Finding correlations between experts’
evaluations of each parameter. (3) Measuring the agree-
ment between experts’ evaluations for each parameter.
These steps will support decision-making about the im-
portant parameters that should be considered in creating
Fraidy sermon data and its metadata.
(1) Description Analysis of Parameters (Based on Expert
Evaluation): in order to analyze the expert evaluation data
for identifying which parameters are important and
needed to be included in our created dataset, we convert
them on a scale from 1 (little importance) to 3 (large im-
portance). Also, we add notation for each parameter. The
descriptive statistics for each parameter (Preacher and
Sermon), including the mean, median, and standard devia-
tion, are shown in Table 1.

Planning Phase

A

Creating and Processing Phase

These statistics provide insights into the perceived
importance of each parameter.

In Preacher parameters, the Academic Qualification
P4, “Years of Experience” P5, and “Name of Preacher”
P1 had a slightly high mean rating of 2.54, 2.42, and 2.34
respectively, which means these three parameters are sig-
nificantly important. Conversely, the “Age of Preacher”
P2 had a lower mean rating of (x =1.46), implying less
perceived importance.

In Sermon parameters, the “Title of Sermon” S6 ob-
tained (x= 2.86) mean rating, which indicates it is signifi-
cantly important. Also, it received the highest median
rating of 3.0, which means this parameter is important
from most experts’ perspectives. By looking at the stan-
dard deviation for these ratings, we can see the level of
consensus or disagreement among the experts.

The parameters with a lower standard deviation indi-
cate a greater consensus among experts regarding their
importance. For example, “Title of Sermon” S6 showed
the least standard deviation, which refers to a strong
agreement among experts on its significance.

Moreover, the “Reliability of Manarat Al-Haramain
website” S15 and the “Other sign languages used for
translating Sermon” S13 received significant importance,
with mean ratings of 2.74 and 2.62, respectively.
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Figure 1 — Phases and stages of Sermon dataset collection
Table 1 — Descriptive statistics for the Preacher and Sermon parameters

Notation Parameter Name Mean | Median | StdDev

P1 Name of Preacher 2.34 3.0 0.772222

P2 IAge of Preacher 1.46 1.0 0.645550

Preacher —

Parameters P3 Original Country of Preacher 1.84 2.0 0.817163

P4 IAcademic Qualification of Preacher 2.54 3.0 0.734291

P5 'Years of Experience of Preacher 2.42 3.0 0.784805

S6 Title of Sermon 2.86 3.0 0.452205

S7 [Type of Sermon (topic) 2.52 3.0 0.646498

S8 Duration of Sermon 2.42 3.0 0.702474

S9 Date of Sermon 2.48 3.0 0.706818

Sermon S10 Place of Sermon 2.58 3.0 0.609114

Parameters S11 Language of Sermon 2.48 3.0 0.706818

S12 Other languages of Sermon translated into 2.56 3.0 0.674915

S13 Other sign languages used for translating Sermon 2.62 3.0 0.567486

S14 Language complexity of Sermon 2.26 2.0 0.694292

S15 Reliability of Manarat Al-Haramain Website 2.74 3.0 0.486973

S16 Reliability of AL-Khutaba Forum Website 2.40 3.0 0.699854
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Also, S15 and S13 the same as “Title of Sermon” S6
received a 3.0 median rating while the standard deviation
of both parameters was low, which means there is a
strong agreement among experts on its significance.

(2) Correlation Analysis of Parameters (Based on Ex-
pert Evaluation): We calculated the Pearson correlation
coefficient (r) between each of the two parameters as ex-
pressed in the equation (1).

Six-xfr-y) o
Yx-xfxlr-yf

where X and Y indicate the variables, x and, y indicate

the means of the two variables [23].

We used the heatmap visualization using the Seaborn
library in Python. Fig. 3 shows a valuable insight into the
relationship between different parameters associated with
the Preacher and the Sermon itself. The X-axis presents
Sermons’ parameters whereas the Y-axis presents Preach-
ers’ parameters Mainly, the positive correlation between
Preacher and Sermon parameters suggests that the experts
perceive the increasing importance of Preacher parame-
ters the same as increasing Sermon parameters.
Interestingly, the “original country of Preacher” P3 has a
strong positive correlation with the “language of the Ser-
mon” S11, indicating that the language used in the Ser-
mon is highly important and that its importance will in-
crease if “Preacher’s original country” is increasing.
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Figure 3 — Heat map correlation between Preacher and Ser-
mon parameters. (P1) Name of Preacher; (P2) Age of Preacher;
(P3) Original Country of Preacher; (P4) Academic Qualification
of Preacher; (P5) Years of Experience of Preacher; (S6) Title of
Sermon; (S7) Type of Sermon(topic); (S8) Duration of Sermon;
(S9) Date of Sermon; (S10) Place of Sermon; (S11) Language of
Sermon; (S12) Other languages of Sermon translated into; (S13)
Other sign languages used for translating Sermon; (S14) Lan-
guage complexity of Sermon; (S15) Reliability of Manarat Al-
Haramain Website; (S16) Reliability of AL-Khutaba Forum
Website
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Thus, we can find that the language used in the Ser-
mon is highly influenced by the Preacher’s original coun-
try. Therefore, these two parameters should be considered
in IFS metadata.

Also, we can see that “Preacher’s name” P1, “aca-
demic qualifications of Preacher” P4, and “years of ex-
perience” P5 show a positive correlation with the “reli-
ability of AL-Khutaba Forum website” S16 a website that
provides a source for written texts of Friday sermon for
various Sermon places. This suggests that a specific
Preacher’s name with higher qualifications and more ex-
perience tend to be associated with more reliable content
on the AL-Khutaba Forum website.

On the contrary, the “reliability of the Manarat Al-
Haramain website” S15 was not affected positively by all
Preacher parameters because this website was provided
by the government as a source for visual videos of Ser-
mons. Thus, it certainly achieved high important ratings
from experts without looking at other parameters’ impact.
Overall, this could mean that the expert’s rating sees a
connection between these parameters and believes they
both contribute to the effectiveness or impact of IFS
metadata. However, it’s crucial to note that this is only an
indication of how the parameters are related in terms of
their perceived importance. It does not necessarily mean
that they influence each other in a casual way. For study-
ing the effectiveness and causes, a more in-depth analysis
would be necessary with IFS metadata.

(3) Inter-annotator Agreement of Parameters (Based
on Expert Evaluation): This study used Kendall’s Coeffi-
cient of Concordance (Kendall’s W), which is a measure-
ment tool of a non-parametric test for rank correlations
and for inter-reliability where its agreement is from 0 (no
agreement) to 1 (complete agreement) [24]. The catego-
ries degree scale of Kendall’s W is illustrated in Table 2.

Table 2 — Categories of Kendall’s W interpretation
W Interpretation

0 No agreement

0.10 |Weak agreement
0.30  |[Moderate agreement
0.60 |Strong agreement

1 Perfect agreement

To use Kendall’s W, the rate for each item should be
rearranged so that it is given by each rater as a rank start-
ing from 1, 2, 3 ... etc. If there is more than one item that
has the same rate, such as item_1 =2, item_2 =2, each of
the two items will have a different rank. Then, the sum-
mation of their ranks will be divided by the total number
of items that are given the same rate (1 + 2/ 2). Thus, the
result of 1.5 will be given to item_1 and item_2 as rank.
After that, we calculate the Kendall’s coefficient (W) us-
ing the following equation:

:12 SSTotal Ranks
k2 (ng - n) ’

@

where SS calculated by the formula:

OPEN a ACCESS




p-ISSN 1607-3274 PanioenextpoHnika, indpopmaTrka, ynpasminss. 2024. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024. Ne 2

SS = izzl:(xi —;)2 3)

where x represents the total ranks for each i item that

given by raters, X is the mean rank of x;, and n is the
number of items or cases being assessed, k represents the
number of raters or judges [25].

In our study, we used SPSS to calculate the value of
Kendall’s W = 0.210, which indicates that there is a slight
level of agreement among the raters for the ordinal or
ranked data. Table 3 represents the mean ranks using
Kendall’s W, where this rank shows us, which parameters
were rated most favorably.

Table 3 — Ranks using Kendall’s W test

Mean Rank
P1 8.15
P2 3.45
P3 5.59
P4 9.38
P5 8.75
S6 11.14
S7 9.15
S8 8.51
S9 8.75
S10 9.38
S11 9.00
S12 9.22
S13 9.63

P1: Name of Preacher, P2: Age of Preacher, P3: Original Coun-
try of Preacher, P4: Academic Qualification of Preacher, P5:
Years of Experience of Preacher, S6: Title of Sermon, S7: Type
of Sermon (topic), S8: Duration of Sermon, S9: Date of Sermon,
S10: Place of Sermon, S11: Language of Sermon, S12: Other
languages of Sermon translated into, S13: Other sign languages
used for translating Sermon, S14: Language complexity of Ser-
mon, S15: Reliability of Manarat Al-Haramain Website, S16:
Reliability of AL-Khutaba Forum Website.

As we can see in Table 3, the lower parameter in rank
is “Age of AL Preacher” P2 = 3.45, which indicates that it
does not have a high chance of being selected as a pa-
rameter for the Sermon dataset. At the same time, in the
parameter of “Original Country of Preacher” P3 has a
rank of 5.59, which is a low rank and does not rate it as
the most important parameter. In contrast, “Title of Ser-
mon” S6 and “Reliability of Manarat Al-Haramain Web-
site” S15 stand out with higher rankings of 11.14 and
10.24, respectively. Moreover, S13, P4, S10, S12, S7, and
S11 have ranks around 9, which is a high level of agree-
ment between the expert’s raters regarding the importance
or evaluation of these parameters (rated most favorably).

C) ldentify Parameters of Data Collection: the domain
of our dataset that will be created is the Islamic Friday
Sermons as we can spotlight the importance of the Islamic
Friday based on the expert’s perspective on the evaluation
questionnaire. We illustrated in the previous studies that
researchers focused their studies on the collection of ei-
ther text or speech Sermon data, not both [9, 21]. How-
ever, in our study, the aim is to collect a dataset with a
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size of 100, including 50 audio and 50 corresponding
texts, with a total of 50 Islamic Friday sermons from the
Grand Mosque (Masjid al-Haram) in Makkah, located in
Saudi Arabia. Where experts also highlight the signifi-
cance of the Grand Mosque. In addition to that, the ex-
perts’ spotlight on the data type’s importance in having
Fraidy Sermon text and audio. Through this re-search, we
will focus on collecting and creating audio and text. The
intention is to utilize this comprehensive dataset in some
applications of ML and DL techniques.

In addition to identifying the size and type of dataset,
we identify the parameters for both Preacher and Sermon
that should be collected in order to create Friday Sermons
metadata. We identify the Preacher’s parameters and the
Sermon’s parameters based on the results (Key Findings)
of the evaluation questionnaire.

— Key findings in evaluating preacher and sermon pa-
rameters:

— In preacher parameters: The experts’ evaluation of
the importance of Preacher parameters revealed that the
“Age of Preacher” has less significance, suggesting it may
not contribute significantly to creating our dataset. On the
other hand, the following parameters of “Name of
Preacher”, “Academic Qualification of Preacher”, and
“Years of Experience of Preacher” had more significant
importance, warranting their inclusion in our dataset. Al-
though the “Original Country of Preacher” had less im-
portance, it has a strong correlation with the “language of
the Sermon”, making it relevant to the “Place of Sermon”
and the “Language” used. Based on these strong correla-
tions between the “Original Country of Preacher”, “lan-
guage of the Sermon”, and “Place of Sermon” it is rea-
sonable to eliminate the “Original Country of Preacher”
which can be inferred from the place and language used
for Sermon. Since the place and language used for the
Sermon can already provide insights into the cultural and
linguistic context, retaining the “Original Country” pa-
rameter may not contribute significantly to identifying the
more important features for dataset creation. By eliminat-
ing this parameter, you can focus on gathering and incor-
porating the more essential features that have a direct im-
pact on the Sermon.

— In sermon parameters: Several key findings ap-
peared from the evaluation of the im-portance of Sermon
parameters. The “Title of Sermon” was observed to hold
significant importance, serving as a concise representation
of the main theme or topic. Similarly, the “Topic of Ser-
mon” was identified as another crucial parameter, reflect-
ing the subject and content of the Sermon and it figures
relevance to the audience’s engagement. Also, the “Dura-
tion of Sermon” played a significant role in its impor-
tance, as we infer from one of the previous studies. It
proved that the “Duration of Sermon” influences the audi-
ence’s attention [20]. Additionally, the “Language of
Sermon” was found to be significant, affecting audience
accessibility and understanding. In short, both the “Date”
and “Place” of the Sermon were deemed significant, as
they contributed to the overall impact and resonance of
the audience. The parameter of “Other languages Sermon
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is translated into” showed slight importance. However,
we believe that this parameter may gain significant impor-
tance in future work, especially when researchers who
specialize in language translation focus their interest on
the different languages into which Sermon is translated.
Another parameter that proved to be highly important in
our dataset is “Other sign languages used for translating
Sermon”. Including SL videos and text of Sermon in our
data is crucial for making Sermon accessible to the deaf
community. Moreover, for blind people, the audio of
Sermons is also referred to by some experts as having
significant importance to be included in our dataset.

In terms of sourcing Sermon videos and texts, we re-
lied on two websites, Manarat Al-Haramain and AL-
Khutaba Forum. Manarat Al-Haramain proved to be a
more reliable source as it is backed by the government,
whereas AL-Khutaba Forum, though still valuable, was
considered less reliable for our dataset. In general, we will
consider these two websites as significant sources for
obtaining video and text for creating our dataset. On the
other hand, we observed that the parameter “Complexity
of Sermon” is less important compared to the other pa-
rameters. Therefore, we decided to eliminate this parame-
ter from our dataset.

Based on Fig. 2 of the stages of 3.2 Creating and
Processing Phase: in this phase, we start to create and
process our Sermon dataset, considering the important
parameters. Then, processing the audio (segment and ana-
lyze) was implemented. Finally, the alignment of the par-
allel (audio and text) was done in the last step in the creat-
ing and processing phase.

In order to go through these three stages (steps) of
creating and processing phase, the two approaches (high
and low level) were used; see Fig. 4 and Fig. 5.

In the high-level approach, we divide the process of
creating our Friday Sermons audio and text dataset (SAT)
into multiple modules. The first module is data preproc-
essing, which is part of the audio and text dataset collec-

&

o

Creating and Processing Phase

tion stage. Then, the data seg-mentation and recognition,
data annotation, and metadata creation modules were con-
sidered as part of the processing data (segment and recog-
nize) stage. While the data verification, and data correc-
tion and unification modules are part of aligning parallel
audio and text.

The three stages and their relevant modules in the
high-level approach for collecting and creating SAT pre-
sents in Fig. 4. However, the low-level approach includes
the subprocesses (steps) of each of these modules shown
in Fig. 5. The deep explanation of each module shows as
following:

1) Data preprocessing module: It includes the follow-
ing subprocess:

— Obtaining the text and video Sermons: we collected
videos of Sermons from the website of Manarat Al-
Hramain [26], which is released by the Saudi Arabian
government, and also had a high level of agreement be-
tween the experts’ evaluations regarding the importance
parameter (rated most favorably) (see Table 2).

From the Manarat Al-Haramain website, we collect
around 50 mp4 videos of Fraidy Sermon with a normal
resolution of 480p with 30fps that are held in the Holy
Mosque of Makkah. On the other hand, we collect 50
texts of Sermons corresponding to each collected Sermon
video from the website of the AL-Khutaba Forum, which
encompasses Sermons delivered in multiple places in
Saudi Arabian mosques, such as Riyad and Jeddah. Also,
it has Sermons in different countries, such as al-Agsa
mosque, Egypt mosques, and so on [27]. Based on ex-
perts’ evaluation regarding the importance parameter
(rated most favorably), the AL-Khutaba Forum website
recorded a slightly high mean rank (see Table 2).

Therefore, we considered this website a reliable
source for gathering relevant text, where each text ap-
peared on the website in docx format.

I

[ Process Audio |
(Segment &
L Recognize) |

Collect
Audio & Text

Align Parallel
Audio & Text

Process Audio (Segment and Recognize)

Segmentation ‘

I

I

} Ii Data
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_______ e e e e e e
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and Unification
Meodule

Figure 4 — High-Level approach of collecting and creating SAT
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1- Data Preprocessing module
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Figure 5 — Low-Level approach of collecting and creating SAT

— Cleaning and converting video into audio: as a next
step, we start to clean each video using “Camtasia” (video
editing software) by removing the Azan from the begin-
ning and Prayer from the end of the Sermon and just sav-
ing the Sermon body (see the block diagram for the struc-
ture of Sermon in Fig. 1). Then, we convert the cleaned
video into audio (wav format) using the Python Pro-
gramming Language with the “moviepy” library. After
that, we cleaned each audio from noise using “Adobe
Audition” (Audio editing software). Also, we removed
any stuttering, crying, and coughing...etc., that may be
contained in the wav audio. As a result, the cleaned wav
audio for each Sermon recorded has an average duration
of 17 seconds and 29 minutes at 16 Hz sampling rate, 16-
bit PCM (Pulse Code Modulation), and one number of
channels.

On the other hand, the collected text Sermon con-
verted from docx into txt format to be suitable for the next
stages of annotation and validation. We normalize texts
by removing diacritics from each txt file.

— Dividing each audio and text into classes: as a final
step in the data preprocessing module, we divide each
cleaned wav and txt file of Sermon into two mains sepa-
rated folders for our dataset, where each folder obtains
multiple classes of Sermons, as shown in Fig. 6.

sarmon_1 | i

—F( | Audio datoset
serrnon_zi | l
samon_1 i ‘ T

— 4mm | Textdataset
sermon_2 | J

=
il

'I-:igure 6 — SAT dataset folders

As represented in Table 4 and 5, each wav file of
Fraidy Sermon was named as follows: Sermon id, Sermon

© Samah A. A., Dimah H. A, Hassanin M. A., 2024
DOI 10.15588/1607-3274-2024-2-10

98

g 3..2.8
sermon, 1 metadata low level ﬁ sermon metadata bigh |m|£

o Chunk with CorrectE 2 Using Closets Match Sl

into Chunks Based
on Silence

Custom Azure (Plain
textmodel)

- o
® oo
- | 2- Data Segmentation and Recognition |
T s | 8 |
I [ &! ‘ . E |
M : @ A\ hzure |
I Segment each = |
Audio of Sermon Chunk Using |
. |
‘ |

4- Metadata Creation Module

date using Islamic calendar, and Preacher’s name where
the Preacher’s name includes first, middle, and last name.
For example: Sermon_23 (23-12-1443) Sheikh Usama
Khayyat.

The txt file of Sermon was named as follows: Sermon
title + _without_diacritics. For example: “Winning the
bliss comes by following the straight
path_without_diacritics”.

Table 4 — An example of audio file name for one Sermon

Audio Dataset

Folder Name File Name
Sermon_23 (23-12-1443) Ll 4ol futll
Sermon_23
Sermon_23 (23-12-1443) Sheikh Usama Khayyat

Table 5 — An example of text file name for one Sermon

Text Dataset

Folder Name File Name

adicsal) b pall £ Ll aeills jodll without_diacritics
Winning the bliss comes by following the straight

Sermon_23

path_without_diacritics”

2) Data segmentation and recognition module: this
module includes two subprocesses as following:

— Segmentation based on silence: we utilized the
“split_on_silence” function from Python in order to
segment the audio of each Sermon into smaller chunks
based on silence. By adjusting some parameters, like
(silence threshold) from 40 to 50 and (minimum silence
length) at least 200ms, we ensured that segments were
properly identified and the segmentation was done well.
In addition to that, (keep silence) 200ms of silence were
added at the beginning and end of each segment to
maintain the completeness of each chunk. The number of
chunks for each audio Sermon is varying depending on
the speech patterns and silence duration of each Preacher.
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The generated chunks from one Sermon were named
sequentially as chunk0, chunkl, chunk2, and so on.

— Recognition using Microsoft Azure: we utilized Mi-
crosoft Azure Customization in order to recognize each
audio chunk of the Sermon. The plain text model, spe-
cifically the Speech Studio Custom Model, was employed
because, in our case, the Sermon speech contains difficult
words and is considered a special domain. Also, we
imported the Speech SDK package from Azure Cognitive
Services in Python to configure and build the custom
model using our Azure portal’s subscription key and
endpoint. Training and customizing the model for Ser-
mons’ domain were used in the Speech Studio. This
enabled us to obtain speech recognition for each chunk,
which will be utilized in the next annotation module [28].

3) Data annotation module: the recognized speech in
each audio chunk will be used for labeling each chunk
with its relevant content that is recognized by Microsoft
Speech Azure. All of these rec-ognized chunks of one
Sermon are saved in one folder named “Ser-
mon_id_recognizedChunks”, where the Sermon_id could
be Sermon_1, Sermon_2, and so on.

4) Metadata creation module: this module plays a cru-
cial role in analyzing and organizing the Sermon dataset
by creating two (CSV) files for both high-level and low-
level metadata. This metadata provides descriptive
information about Preacher and Sermon for better
searchability, organization, classification, contextual

understanding, and analysis of the dataset. In general, this
module contains two subprocesses: creating high-level
metadata and creating low-level metadata. This created
Sermon metadata facilitates efficient management and
utilization of our Sermon dataset.

The high-level metadata obtains general information
about each Sermon and the person who introduced it
(Preacher). Where this information based on 12 features
as illustrates in following (Table 6).

In the low-level metadata of SAT, we present deeper
information about each chunk’s audio files of each Ser-
mon where it captures more detailed information. This
can include technical details, such as the following: (Ser-
mon ID, Chunk ID, duration of each chunk (start and end
time for each chunk), transcript of each chunk, total num-
ber of chunks, silence threshold, minimum silence length,
and keep silence).

5) Data verification module: this module consists of
three subprocess which are the following:

— Verifying transcript using Closets Matching Phrase
algorithm: we create a similarity matching algorithm for
finding the Closest Matching Phrase (CMP) between
(Tran-script) and the (full text). Where the transcript is
generated using Azure speech and saved on low-level
metadata (CSV file). The way that the CPM algorithm is
used to verify transcripts from any speech recognition
engine is shown in Fig. 7.

Table 6 — SAT dataset’s of high-level metadata features description

Features \Variables Description
Sermon 1D Each sermon has a unique 1D, for example, sermon_1, sermon_2, sermon_3 ....
Name Name of preacher who deliver the sermon

IAcademic Qualification|Educational background of preacher, such as 4l J s—l “The Principles of Jurisprudence” and so on

Experience Number of years that being a preacher in introducing Fraidy Sermon

Title Title of Sermon

Domain [Topic or theme that Sermon belongs

Date Date of the Sermon that was introduced in (Arabic calendar -Hijri)

Language Language of Sermon, it could be Arabic, English, and other language

Duration Length of each Sermon starts from the beginning preacher’s speech until the end, formatted as (hour: minutes: second)
Location Place where the Sermon is delivered, for example, Holly Mosque in Mecca or any other mosque or religious center

Other language

\Whether the Sermon is translated into other languages, formatted as (No = 0, Yes =1)

IArabic Sign Language

hether the Sermon is interpreted or translated into Arabic Sign Language, formatted as (No = 0, Yes =1)

s s s s
Apply STT | Apply CMP Algorithm }
Recognition [
Engine |
Speech Signal | _ . [
| Written text Sermon File Verified Transeri
“Ill.'l" | (Transcript) (Full text) : Pt
I

Figure 7 — Block diagram of transcript verification using CMP Algorithm
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The algorithm allows customization through the op-
tional parameters (window size) and (min ratio). Where
window size determines the size of the sliding window
used for comparison, and min ratio sets the minimum
required matching ratio for a phrase to be considered a

close match. After running the algorithm, the Closest
Matching Phrases with their maximum ratio will be
printed. This printed ratio helps us to identify phrases
with low ratios that require correction.

Algorithm 1: Find Closest Matching Phrase (CMP) in Text

Require: T (string): The transcript to match
FT (string): The full text to search within

WIND (integer, optional, default=5): Number of words around the transcript to consider during matching
minR (float, optional, default=0.70): Minimum similarity ratio to consider a match
Ensure: CMP (string): Closest matching phrase within the full text
maxR (float): Similarity ratio of the closest matching phrase

1: Procedure Find_CMP (T, FT, W=5, minR=0.70)
2. TW «— split T into words
3 FTW «&—— split FT into words
4: Initialize tracking variables
5 maxR €«—0

6: CMP «—NULL

7 Iterate through words in the FT

8: for 1 =0 to (length of FTW — length of TW + 1) do
9: Expand the window around the current position

10:  for j=-WIND to WIND do

11: Extract words from the current window

12: end_index «——i+lengthof TW+j-1

13: current_phrase_words «——subarray of FTW from index i to end_index
14: current_phrase «—join current_phrase_words into a string

15: Calculate similarity ratio

16: R «<——calculate similarity between T and current_phrase using SequenceMatcher (ratio)
17: Update tracking variables if R is greater than maxR

18: if R > maxR then

19: maxR «—R

20: if maxR >= minR then

21: CMP «—current_phrase

22: end if

23: end if

24: end for

25: end for

26: return the CMP and its similarity R
27: return CMP, maxR
28: end procedure

— Renaming each chunk with the correct transcript:
based on using the developed algorithm, the updated tran-
script will be automatically based on the calculated simi-
larity between T (transcript) and current phrase using
SequenceMatcher (ratio).

If the updated max ratio is more than the minimum ra-
tio = 0.70, a similar transcript from the full-text file will
be printed as a verified transcript otherwise the current
transcript will be printed where it needs to be checked
manually.

If the updated max ratio is less than the minimum ratio
= 0.70, we take a look at the audio chunk associated with
each low-ratio phrase listened to, and a comparison is
made with the transcript in the CSV file and the full text
in the text file. Once the correct transcript is determined,
we start to replace the transcript that needs to be updated
manually based on manual records for a transcript that has
a low ratio.
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In some cases of the lower ratio, if the recognized
transcript cannot be found in the full-text file, it means
that the Preacher used a new phrase that has not been
written in the full text.

— Updating low-level metadata with correct transcript:
we save the result of the transcript correction based on
using similarity matching in the updated CSV file for
low-level metadata.

6) Data correction and unification module: in this final
module, we process the following:

— Saving the correct transcript in a txt file: from the
corrected CSV file that contains the transcript of each
chunk we save these transcripts as separate files (txt for-
mat) for each chunk.

— Unifying the files’ names in two datasets (text and
audio): in order to unify the file names in the two dataset
types (text and audio) to easily follow the audio file with
a corresponding text file, we named each generated text
file as following structure (chunk_id + Sermon_id.txt).
On the other hand, we named each audio file as (as fol-

OPEN 8 ACCESS




p-ISSN 1607-3274 PanioenextpoHnika, indpopmaTrka, ynpasminss. 2024. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024. Ne 2

lowing structure (chunk_id + Sermon_id.wav). After that,
each text file will be saved in the text dataset while each
audio file will be saved in the audio dataset, as shown in
the organized files of the SAT dataset in Fig. 8.

0O_sarrreery_1 m
T_sermaon_1 'fi  mwmon_| -
2_pexrmon_1 (&) =| | Audio dataset
samon_2 J

O_semman_1 :.
1_sexrnen_1 i <fisss sermnon_1

m_lﬁ = | Textdataset
wETnon_2 J

Figure 8 — SAT dataset with equivalent files

4 EXPERIMENTS

In this section, the outcomes of the Measurement and
Deployment phases will be presented for the SAT dataset.
The objectives of these last two phases were to evaluate
the accuracy of our dataset, followed by deploying it stra-
tegically in order to ensure its accessibility and applicabil-
ity in real-world scenarios.

3.3 Measurement Phase: to measure the accuracy of
the created dataset SAT we implement three main stages,
A) Prepare and transform the dataset B) Train with a cus-
tomized model. C) Test and evaluate a model of the data-
set.

In the preparing and transforming, in order to apply
the model, we prepared SAT by adding all txt files (tran-
scripts) in one txt file where each line contains one single
audio information (audio file name with extension (.wav)
followed by space then transcript). More importantly, the
text should be normalized (does not include punctuations
or diacritics). Also, the text encoding must be UTF-8
BOM (ixt format) While the audio should be in WAV
format with a sample rate of 8,000 or 16,000 Hz. The
maximum length for each audio file is 2 hours for testing
and 60 seconds for training. The audio files and the tran-
script file should be grouped in a zip file with a maximum
size of 2 GB.

In the training, we used a custom model speech recog-
nition Speech to Text (STT) provided by Microsoft Azure
for training in order to improve recognition accuracy. In
our case, we used 10136 audio files with a sample rate of
16,000 Hz and around 14 hours for 50 sermons.

We trained using a custom speech recognition model
with 30 percent of the weight and during training; the
labeled text was normalized to increase the readability.

In the testing and evaluation, we tested 8526 audio
files within around 5 hours and a half. Overall, after ap-
plying our new algorithm CMP to enhance speech recog-
nition to achieve high confidence in equivalent speech-to-
text. Our customized model (fine-tuned with the SAT
dataset) achieved a 5.13% Word Error Rate (WER),
which indicates that our created dataset SAT with speech
recognition model performed better than the base model.
Our custom model performance was compared to the base
model performance, the result is presented in Table 7.
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Table 7 — Comparison of WER scores for Azure Custom Model
(fine-tuned with our SAT dataset) and Microsoft Azure Speech
Model

Model Dev | Test |WER| Insertion [Substitution| Deletion
Customized
Speech (Our |54.29|45.71| 5.13 0.39 3.49 1.24
SAT dataset)
Microsoft Azure |5 5g145 71|1561| 220 | 1180 | 1.60
Speech

3.4 Deployment Phase: This phase is considered the
last phase in the dataset collection and creation. It starts
by publishing our SAT through one of the popular plat-
forms, such as GitHub, Mendeley Data ...etc, which helps
other researchers to refine and deploy any other method
and model depending on the needs. We will publish the
documentation about SAT metadata to support users and
engage them in future research for more under-standing of
this dataset. As a result of this engagement, the collected
and created SAT will be maintained and updated.

5 RESULTS

By following the four phases (Fig. 2) with its stages to
collect and create our dataset SAT, we successfully cre-
ated a dataset that included 21,253 WAV audio files and
corresponding 21,253 TXT transcript files of 50 Friday
sermons.

This SAT dataset can be used for the exploration and
analysis of Sermon content, delivery, and various linguis-
tic aspects by specialists and other researchers. Table 8
summarizes the information about SAT.

Table 8 — Summarizing of SAT dataset Information

Audio Text
Number of Sermons 50 50
Number of Files 21253 21253
Format WAV TXT
Total Size 1.56 GB 1.24 MB
Total Duration of All Sermons 14h 34m 31s

Average Duration for Each Sermon| 17m 29s

Total Words 83141
Distinct Words 25226
Total Number of Preachers 9

For more details about the various durations for all50
Friday sermons of Masjid al-Haram illustrates in Fig. 9.

Sermon Duration Distribution

i HEEEE BREDORR D e B e W 1
il 15 o 3
Duration menutes)

Figure 9 — Duration distribution of 50 Friday Sermons
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Moreover, Fig.10 presents the duration of Sermon by
domain where we have 4 main domains as the previous
researchers specify [14]. The Invitation to Islam or Its
Defending has a high duration of around 27 minutes
whereas the other 3 domains of Religious Education for
the Public, Proving Faith in the Souls, and Correction of
Faults and Prohibition of Evils obtain around 18 minutes.

Figure 10 — Duration distribution of 50 Friday Sermons by do-
main

In terms of Automatic Speech Recognition (ASR), our
SAT dataset can be utilized for speech recognition sys-
tems because of the potential variation in terminology,
speaking styles, and SAT dataset) will be suitable for this
task.

6 DISCUSSION

The successful creation of 21,253 WAV audio files
and the equivalent number of TXT (transcripts) for the 50
Friday Sermons dataset marks a significant advancement
in the religious discourse domain. This SAT dataset not
only facilitates a comprehensive exploration of sermon
content but also can be used as a valuable resource.
Moreover, the diversity of our dataset and its metadata
availability has the potential to support nuanced research
on language use in religious settings. It can be used in
discourse analysis and MT, for instance, from Arabic
speech into another language, or into other Sign Lan-
guages. Despite its strengths, the dataset’s scope which is
limited to sermons from the Grand Mosque (Masjid al-
Haram) in Makkah, suggests a direction-expanding data-
set in the future direction using our methods to include a
broader of sources, which seeks to be Al-driven in reli-
gious contexts.

CONCLUSIONS

In this research, we have completed four main
phases, including planning, creating and processing,
measuring, and deploying phases. We have curated and
prepared a part of the Sermon audio and text dataset
(SAT), providing valuable resources for future research
and implementation in various sectors. Moreover, our
created dataset SAT achieved less WER in fine-tuned
using the Azure custom model compared with the Azur
baseline model by 10.48 %. Moreover, this research
developed a CMP algorithm for enhancing the custom-
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ized Azure speech recognition to verify our SAT by cor-
recting phrases that have a lower ratio, which leads to
reducing the WER.

In future work, we will expand our SAT with ArSL
to achieve a variety of datasets. Also, we are going to
explore advanced alignment techniques and algorithms to
improve the accuracy and efficiency of the ArSL video of
the Sermon to support advanced machine translation
techniques.

ACKNOWLEDGEMENTS
The authors extend gratitude to the Presidency of Re-
ligious Affairs at the Grand Mosque and the Prophet’s
Mosque for facilitating access to essential data sources,
which significantly enriched this study.

APPENDICES
Appendix A

o from the Sp. ' Perspective on the Data of Islamic Friday
Sermaon in the Holy Mosques of Mecca

Esteemed DroProfessor ...
Esteemed Dr/Professor ...............oooorviennnniannnnns

Greetings, | hope this message finds you well.

The researcher is conducting research within the requirerments for obtaining a Ph.D. from King
Abdulaziz University in the field of Information Systems at the College of Computing and
Information Technology.

One of our objectives is to collect a descriptive translation of Friday's Sermon in the Holy
Mosgues of Mecca from the point of view of specialists. Therefore, the questionnaire that is in
your hands has been prepared to idenlify your evaluative opinions of the data that must be
collectad on preachers and Friday sermons to be translated automatically.

The questionnaire is divided into three main sections:
1: Personal Data

2: Data for Preacher Who Present Friday Sermon
3: Data for Friday Sermon.

¥ou are kindly reqgy to answer the re by ing the degree of importance
(Large-Medium-Little) for each of the data that needs to be collected about the Preacher and the
Friday Sermaon, and write down any other data that you deem important and was not mentioned
in the questionnaire.

Thank you for your time and dedication

Researcher | Samah Anwar Abbas

Figure Al: Evaluation Questionnaire from the Specialists’ Per-
spective on the Data of Islamic Friday Sermon in the Holy
Mosques of Mecca: (the purpose of investigation)

Censent for Participation in this Research:

I, the undersigned participant of this study, have been made aware of the research’s objectives,
as well as its potential and risks. | that my in this research
is voluntary and | have the right to withdraw at any moment without having to justify my

decision, | hereby agree 10 partake in this study.

1 | agree to participate in this study
| do not agree to participate in this study.

Figure A2: Evaluation Questionnaire from the Specialists’ Per-
spective on the Data of Islamic Friday Sermon in the Holy
Mosques of Mecca: (the consent for participation)
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First: Personal Data

*  Name (eplional)

= Gender
Male Female

» Job Type
Academic o Non-Academic

» Scientific Specialization
IT ¢l oS oOther,

Second: Data for Preacher Who Present Friday Serman.

1. How important is it to include the name of Preacher in the descriptive data?
Large Medium Little

2. How important is it to include the age of Preacher in the descriptive data?
Large Medium Little

3. How important is it to include the original country of Preacher in the descriptive deta?
Large Medium Little

4. How important s it to include the academic quakfication of Preacher in the descriptive

data?

Large Medium Little
5. How important is & to include the years of experience of Preacher in the descriptive data?
Large Medium Little

6. Mention any other data that you think is important about Preacher and did not mention it

Third: Data for Friday Serman.

1. How important is it to include the title of Friday Sermon in the metadata?
Large Medium Little
2. How important is it to include the type of Friday Sermon (Topic such as: Educational,
Ethical, Social, etc. ) in the descriptive data?
Large Medium Little
3. How impaortant is it to include the duration of each Friday Sermon by the AL Khateeb in
the descriptive data?

Figure A3: Evaluation Questionnaire from the Specialists’ Per-

spective on the Data of Islamic Friday Sermon in the Holy

Mosques of Mecca: (presenting the Three axes including ques-
tions about the level of importance of Preacher and Friday Ser-

mon parameters)

Lange Mediurm Litthe:
4. How impartant is it 1o include the date of Friday Sermon in the descriptive data?
Large Medium Litthe:

5. How important is it 1o include the place of Friday Sermon (such as: Masjid al-Haram,
Masjid an-Nabawi, etc.) in the descriptive data?
Large Mediurm Litthe:
6. How important is it to inchude the language of Friday Sermon (such as: Arabic, English,
etc.) in the descriptive data?
Laige Mediurm Littie:
7. How important is it 1o include the olher languages that Friday Sermon transiated to (such
as: English, Urdu, French, elc ) in the descriptive data?
Large Medium Litthe
8. How important is it to include the other sign languages used for translating the Friday
Sermon for the deaf (such as: American Sign Language, British Sign Language, Indian
Sign Language, eic.) in the descriptive data?
Large Medium Littie
9. How important is it to include the level of language complexity used and the clarity of the
Friday Sermon in the descriptive data?
Large Medium Littie
How reliable is the website of "MANARAT AL-HARAMAIN DIGITAL PLATFORM®
(https imanaratalharamain gov.sa) as a trusted and accredited source for visual videos
of Friday Sermon held in the Holy Mosques of Makkah and Madinah?
Large Medium Litthe:
. How refiable is the website "AL-Khutaba Forum® (hitps:ikhutabaa com/) as a trusted and
accredited source for written texts of Friday Sermon held in the Holy Mosques of Makkah
and Madinah?

=

Larnge Medium Litthe

12. Mention any other data that you think is important about Khutbat Al-Jummah and did not
mention it

Figure A4: Evaluation Questionnaire from the Specialists’ Per-

spective on the Data of Islamic Friday Sermon in the Holy

Mosques of Mecca: (presenting the Three axes including ques-
tions about the level of importance of Preacher and Friday Ser-

mon parameters) cont
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CTBOPEHHSI MACHITABOBAHOT'O HABOPY JTIAHUX JIJISI I' AITHUYHHUX MPOMOBIIEN 3 AYJIIO TA TEKCTY
(IIAT)

Camax A. A. — 1-p ¢inocodii xadpenpu iHGopMamiiHNX cucTeM (aKyJIbTETy OOYMCIIOBANBHOI TEXHIKH Ta iH(popMmamiiHIX
TEXHOJIOT Ta BHKIanad kadenpu iHPOpPMAIIMHUX CHCTEM YNpaBliHHA (HaKyJIbTETy SKOHOMIKM Ta aAMiHIiCTpaulii YHiBEpCUTETy
kopoist A6myna Asiza, [ xkunna, Mekka, CayiBcbka Apasisi.

Hdimax X. A. — 1-p ¢inocodii, noueHr, noneHT Kadenpu iHbopMamifHUX cHCTeM, (aKyJIbTeT OOYMCIIOBAIBGHOI TEXHIKH Ta
iH(opMamiifHIX TeXHOJOTiH, YHIBepcuTeT Kopois AGxyina Asiza, [Lkunna, Mekka, CayaiBcbka Apasis.

Xacanin M. A. — 1-p TexH. Hayk, npodecop, npodecop kadeapu iHPOpMALIHHNX TEXHOJIOTIH, (aKyJIbTET OOYHCITIOBAIBHOL
TEXHIKH Ta iIHPOpMAIIHHIX TEXHOJOTIH, YHiBepcuTeT Koposst A6myna A3iza, [ xuana, Mekka, CayaiBcbka Apasisi.

AHOTAIIA

AkryanabHicTb. CporoaHi 30ip i CTBOpeHHS HAOOPIB TaHUX y Pi3HUX CEKTOpax cTae Bce OunpII mommpennM. He3Baxaroun Ha Ta-
K€ TMOIIMPEHE CTBOPECHHS AHMX, AOCI iCHY€ MpOrajnHa B CIHENiali30BaHUX 00JaCTIX, 30KpeMa B o0xacTi IcimaMChkuX I’ ITHUYHHX
nporosineil. Bona 6arara Ha TeoorivHi, KyJIbTYpHI Ta JIHTBICTUYHI HOCTIPKCHHS, SIKI CTOCYIOThCS apaOChKUX 1 MyCyJIbMaHCBKHX
KpaiH, a He JINIIe PeirifHuX JUCKYpPCIB.

MeTta. MeTa 11bOr0 JOCIIPKEHHS MOJISrae B TOMY, 100 YCYHYTH LI0 HECTady, CTBOPHBIIY ITIOBHUH Ha0Ip JaHMX aylio Ta TEKCTY
nporoBizfel i3 Horo meraganuMu. Lle cripsmoBaHe HagaTH BEJIMKUil pecypc Ul BUBUSHHS PEIirii, JIIHIBICTHKM Ta comioorii. Kpim
TOrO, Lie JO3BOJUThH IIITPUMATH JOCATHEHHS y cepi IITyYHOrO iHTENEKTy, TAKUX K TeXHOJIOril oOpoOKM IpUPOIHOI MOBH Ta
pO3mi3HAaBaHHS MOBJIECHHS.

Merton. Po3pobka HabOpy AaHUX MPOXOAMJIA Y YOTHPU OKpEMi €Tald: IUIaHyBaHHs, CTBOPEHHS Ta 00poOka, BUMIPIOBaHHS Ta
posropranus. Habip manux micTuth Kojiekmiro 3 21 253 aynio Ta BigmoBiAHUX (aiiiiB po3MU(pPOBKH, SKi OyJIM YCIIIIHO CTBOPEHI.
VY nockoHaneHi MeTonu o6poOKH 3BYKy OyiM BHKOPHCTaHI JUISl ITOKPAIIEHHS PO3Ii3HABaHHS MOBJICHHS Ta HAJaHHS HAOOPY NaHUX,
SIKMH TAXOIUTS JUISl ITUPOKOTO BUKOPUCTAHHSI.

PesyabraTn. ToHKO HaynamroBaHuid HaGip nanux mocsar 5,13% wacroru nmommiok y ciosax (Word Error Rate — WER), o
BKa3ye Ha 3HAYHE MOKPALICHHs TOYHOCTI, MOPiBHAHO 3 6a30Bot0 Mozaeuto Microsoft Azure Speech. Lle pocsirHeHHsT BKa3ye Ha SIKICTh
Habopy JaHuX i eeKTHBHICTh BUKOPHCTOBYBAaHUX METOMIB 00OpoOKH. Y CBITII 1boro Oyno po3pobieHo HOBHUil anroput™ ¢pasu 3
HAWO1IBLION0 BiMOBIAHICTIO, 100 MiABUIIWTH BUCOKY HA/IIHHICTh €KBiBaJIGHTHOTO MOBJICHHS JI0 TEKCTY IUISIXOM KOPUTYBaHHS (pa3
13 MEHILKM CITiBBITHOILIEHHIM.

BucHoBku. Lle gocmimKeHHsT CTBOPIOE pecype Al MOEAHAHHS Pi3HUX TOCTIKEHb, TAKUX SK PENIri€3HaBCTBO, JIHTBICTHKA Ta
comionoris. KpiMm Toro, BoHO IeMOHCTpye MOTeHIian y cdepi MTy4HOro iHTENEKTy 1 HMiATpuMye Horo mporpaMu. Y MaiOyTHIX
JOCIIUKEHHSAX MH 30C€peAMMOcs Ha 30aradeHHi IbOTO PO3LIMPEHHS Ha0Opy MaHUX ILIIXOM IOJaBaHHS BiJEOKOPIYCY MOBOIO
JKECTiB, BUKOPHCTOBYIOUH BJOCKOHAJIEHI METOJIM BUPIBHIOBaHHS. BiH miaTpuMyBaTHMe MOTOYHI pO3pOOKH MAIIMHHOTO HEpeKiIamLy
JUISL LIPIIOTO PO3YMIHHS 1CJTaMCBKHUX I SITHUYHUX MPOIOBIJeH y PI3HUX MOBaX 1 KyJIbTypax.

KJUIFOYOBI CJIOBA: rn’siTHHYHI IPOMOBii, XyT0a, po3mizHaBaHHs apabCchKoi MOBH, Ha0Ip 3BYKOBHUX i TEKCTOBHUX JaHUX, Ma-
IUMHHUN NepeKa.
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PO3POBKA METOJAUKHU OIIHIOBAHHA 3HAYEHDb ®YHKIIII
HAJIEXKHOCTI HA OCHOBI I'PYIIOBOI EKCIIEPTHU3HU
Y METOJI HEYITKOI'O JEPEBA PIIIEHD

IBex A. B. — 1-p TexH. Hayk, npodecop, npodecop kadenpu imkeHepii mporpamuoro 3adeznedeHHs YopHOMOPCHKOro Hallio-
HaJIbHOTO yHiBepcutety iMeHi [lerpa Morunu, Mukosais, Ykpaina.

AHOTAIIA

AkTyanabHicTh. OCTaHHIM YacoM HEYiTKi JepeBa pilieHb HaOyJH IMUPOKOTO 3aCTOCYBaHHS MPH BUPIMICHH] 3a7a4 KiIacu(ikamii
Ta perpecii. Y BUNaaKy BifcyTHOCTI 00’ekTHBHOI iHpoOpManii st moOyRoBH (GyHKIIT HAJIEKHOCTI €IEMEHTIB By3/IaM JepeBa, €IH-
HHM IUISIXOM OTpUMaHHs iHpopMarii € 3aydeHHs eKCIepTiB. Y BHIAJKY 3aly4eHHs Ipynd (axiBLiB BUHHKAE 3a/ia4a arperyBaHHs
JIYMOK €KCIEpTiB 3 METOI0 CHHTE3Y IPyIoBOro pirteHHs. O6’€KTOM JOCIIIKEHHS € IPYIOBi €KCIEPTHI OLIIHKH CTYIIEHIO HaJISKHOCTI
CJIEMCHTA 33JIaHOMY KJIacy, aTpuOyTy, IO MOTPEOYIOTh CTPYKTYPH3allii Ta arperyBaHHs MpH Mo0yI0Bi Ta aHaIli3i HEYITKOTO JepeBa
piLleHb.

MeTo10 po6oTH € po3po0Ka METOAMKK BH3HAYCHHS 3HAUCHb (DYHKILT HAJIGKHOCTI eJIeMeHTa 3a1aHoMy Kiacy (aTpubyTy) 3a pe-
3yJIbTaTaMH ONUTYBaHHS TPYITH €KCIEPTIB MK MOOYI0BI Ta aHAI31 HEUITKHUX JepEB PIllICHb.

Metoa. MeTtoauka NOCHTIIKEHHS TPYHTY€EThCA HA KOMIUIEKCHOMY 3aCTOCYBaHHI MaTEMaTHYHOTO amapary Teopii ImpaBaomomio-
HUX Ta MapajoKCabHUX MipKyBaHb Ta METOJIB HEUITKOI JIOTIKH ISl BUPILICHHS 3aJadi arperyBaHHs HEUITKUX €KCHEPTHUX OIIHOK
3Ha4YeHp aTpuOyTiB (03HaK) Kiacudikawii npu noOGyA0BI Ta aHaN3l HEYITKOro JepeBa pillieHb. 3alpolOHOBAHUI MiXil BUKOPHCTO-
By€ MeXaHi3M KOMOiHyBaHHS €KCIIEPTHUX CBIJOITB, c(hOPMOBAaHMX B paMKax riopuanoi moxeni Jlesepa-Cmapanake, Ha OCHOBI 1Ipa-
Buuia nepeposnoainy kouguikrie PCRS s moGynoBu rpynoBoro pimeHHs.

Pe3yasTaTn. Po3risiHyTi nuTaHHS CTPYKTYypHU3auii HedwiTKoi ekcrepTHol iHdopMallii Ta 3anporoHoBaHa METOMKA CUHTE3Y TpY-
MOBOT EKCIIEPTHOT OL[IHKH BiJHOCHO 3HaueHb aTpulyTiB (03HaK) KiacuGikalii npu moOy0Bi Ta aHaIi3i HEYITKOrO JepeBa PilliCHb.

BucHoBku. JlicTanu moganbIioro po3BUTKY MOJENI Ta METOM CTPYKTYpH3aLlil Ta CHHTE3y TPYIOBUX PillleHb B YMOBaX HEYiTKOI
excnepTHOi iHMopManii. Ha BigMiHy Bif iCHYIOUHX €KCIIEPTHHX METOIB BU3HAYECHHS 3HAUeHb (DYHKII] HAIEKHOCTI B YMOBaX IpyIo-
BOTO BHOOpY, 3allpONIOHOBAHMH MiAXiJ T03BOJSIE CHHTE3YBaTH TPYIOBE PIillIEHHS 3 PI3HUM 3HAUYCHHSM KOHQIIKTHOI MAacH IPH KOM-
OiHyBaHHI BHXIJHHX €KCIIEPTHHX CBinoUTB. Takuii Mmiaxix 103BOJIsIE KOPEKTHO arperyBaTy sIK y3ro[KeHi, Tak i cynepedsnsi (koHd-

JIKTHI) eKCHEPTHI CBiOLTBA.

KJIIOYOBI CJIOBA: Teopist mpaBronoaiOHuX Ta napajoKcaabHUX MipKyBaHb, HEUIiTKi JiepeBa pillleHb, IIPABUIIO Eepepo3Ioti-

JIy KOH(QIIIKTIB.

ABPEBIATYPH

[P — nepeBa pimieHs;

EIT — exkcriepTHi mepeBary;

EC — excniepTHi cBiJONTBA,;

TIC — rteopis [Jlesepa-Cmapaniake, Teopis MpaBao-
NoAIOHMX Ta MapajoKcalbHUX MIPKYBaHb;

TAUI — Tteopist [emncrepa-llleiidepa, Teopis cBi-
JIOITB;

I — mTyYHU iHTETCKT;

HOMEHKJIATYPA

A - wMHOXHHA aTpuOyTiB (O3HaK) Kiachdikariii,
a eA;

B; — xommonenra npodimo EIl, koxeH enemeHT skoi
BijjoOpaskae BUOip ekcniepTa E; BiTHOCHO 3HaueHb TEpMiB
JHTBICTUYHOI 3MiHHOT [ JuI1 3amaHoi CyKYHHOCTI
00’exriB O;

PY — rpynoBuii npodins EIT;

DY — MHOXHMHA BCIX MOJKIMBHX ITiIMHOMKHH, SKi MO-
KyTb OyTH c(hOpMOBaHi Ha MHOXHHI €2, HAa OCHOBI Orepa-
miif o0’eqHAHHSA Ta TEPETHHY, BKIIOYAIOUH MOPOXKHIO
MHOXHHY;

E — rpyna excriepris;

Gr — cuHTaKCHYHE NPaBHJIO, 110 MOPOXKYE HOBI TEp-
MH;

H; — xomnonenTa npodimo EIl, koxxeH eneMeHT sikoi
BiJJoOpaskae OLIHKY YIIEBHEHOCTI ekcnepra Ej B Tomy, mo
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Juisl 3a7aHol cykynHocTi 00’ ektiB O JIHTBICTHYHA 3MiHHA
[} HaOyBae Bu3HaueHi B Bj 3HaueHHS;

M; — xomnonenTa npodinto EIl, koxkeH ereMeHT sKoi
MICTUTh YHCIJIOBI 3HAU€HHs1 OCHOBHOI MacH HMOBIpHOCTI
(dbyHkuii HamexxHOCTI) [T BU3HAYEHUX B B; TepmiB miHT-
BICTMYHOI 3MiHHOT [3;

Mp — MHOXHHA HAJIE)KHOCTEH;

Mr — cemMaHnTHYHE MPaBWJIO T'eHEPAllii HEYITKUX MHO-
JKMH JUTSL KOSKHOTO TepMY JITHTBICTUYHOT 3MiHHOT;

O — MHOXXHHA aHANI30BaHUX 00’ €KTIB KiIacupikarii,

P — MHOXMHA iHAMBIAyanpbHEX TipodiniB EIT;

T(B) — TepM-MHOKHHA JIIHIBICTHYHOT 3MiHHO] [3;

Val — MHO)XHMHA 3HaYeHb aTpUOYTY a;

Uy — obacTs BusHa4YeHHs 3MiHHOI K (YHiBEpCYM);

X — HEYiTKa MHOXKUHA,

0 — HalMEHYBaHHsI HEYITKOI 3MIHHOT;

B — HaliMeHyBaHHSI JIHIBICTHYHOT 3MiHHOI,

ny (U) XapaKTePUCTUYHA (DYHKIS HAICKHOCTI

eJleMeHTa U HEYITKIi MHOXHH]I X |
Q — ocHOBa 3amaui;
d¢ — atpubyT-pireHHs;
Ometric — MeTpHKa Bifctani Mixk rpymamu EC;
my (Yy) — ocHOBHa Maca WMOBIpHOCTI, NpH3HAYCHA

MHOHHI Y,
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My.+1(Q) — OCHOBHAa Maca WMOBIPHOCTI, MpH3HAYCHA
MHOXUHI Q;

W; — Koe(illieHT KOMIIETEHTHOCTI ekcrepTa Ej;

@® — mpasmiio komOinyBaHHS EC.

BCTYII

CyuacHi TeHIEHUIl pO3BUTKY iH(OpMaLiiHUX TEXHO-
JIOTIH CHpUSIIOTh akTWBHIN iHTerpanii meroniB LI y Bei
chepu JTIOACHKOI AisUTBHOCTI. BUKOPHUCTAHHS TEXHOJIOTIMH
HII no3Bomsie mBuame Ta eQEeKTUBHINIE CTBOPIOBATH
OUTBII TOYHI MOJENI MPOIECIB, MO MPOTIKAIOTh Y CKIIAM-
HUX COIlaJbHUX, CKOHOMIYHUX, TEXHIYHUX, OpTaHi3aIliii-
HUX Ta IHIIAX CHUCTEMaX IIiJl BIULTMBOM CYKYITHOCTi Pi3HO-
ro pony (akTopiB 30BHIIIHROTO Ta BHYTPIIIHBOTO OTO-
yenHs. KimrouoBoro ocoouusictio Texnosoriit 11 e 3mar-
HICTh HaBYATHCS, HAKONMYYBATH 3HAHHA Ta 3aCTOCOBYBa-
i iXx. Came MallMHHE HAaBYaHHA, K OJMH 13 KIIOYOBHX
HanpsMiB po3Butky 111, 103BoJIsIE CTBOPIOBATH HA OCHOBI
OTpUMaHHMX 3HaHb, JOCBiy Ta HOBUX JaHUX MOJEJ 3/1aT-
HI JI0 HABYAHHS Ta aJanTaIlii [jisi BUPIIICHHsI MOCTABICHOT
3ama4i. OJHI€I0 3 OCHOBHUX 3a/lad MAIIMHHOTO HaBYaHHS
€ 3a1ava kiacugikaii, cyTe Kol nossrae y hopmMyBaHHi
PO3OUTTS BHXIIHOI CYKYNHOCTI 00’€KTiB Ha BH3HAueHI
KJIaCH Bi/IMIOBITHO 110 3aaHOTO Habopy o3HaK. [laHwmii TH
3aBJaHb y MAlIMHHOMY HaBYaHHI BITHOCHTBCS JI0 PO3ILTY
KOHTPOJILOBAHOT'O MAIIMHHOTO HaBYaHHS (HaBYaHHS 3
yaureneM), i mepenbadae HasBHICTH HABYAIBbHOI BHOIPKH
JUIS BUSBJICHHS 3aKOHOMIPHOCTEH y BHXiZHOMY Habopi
JIAHUX Ta MOOYZOBH BUPIIIAIBHUX NPaBHI Kiacudikaiii
Ha X OCHOBI.

Cepen MeTomiB Kiacudikaii JOCUTh HIMPOKOrO IMO-
mupennst HabyB meron JIP [1-3]. JlepeBa pimiens € rpa-
GiYHIM MeTOomOM MOOYMOBH KIACH(IKAIIHOT MOJIENI,
IO JIErKO IHTEPIIPETYETHCS Ta JO3BOJISIE OOPOOIATH SIK
KaTeropiajbHi, TaK i iHTepBajbHI JaHi. JaHuii Meron He
BUMAarae creriajgbHOl ITATOTOBKM BHXIIMHHUX JAaHUX 1 HO-
3BOJISIE OTIEPYBATH BEMKUMHK oOcsiramu manux (Big data),
X MOXHa e€(EeKTHBHO 3aCTOCOBYBATH IO IAaHHUX 3 IPOILy-
OICHUMH 3HAYeHHSIMH aTpuOyTiB. Y TOH ke dac aepesa
YyTJIHBI 0 3MiHU B HaBYANBHIM BHOIpI, 10 MOXE TpH-
3BECTH JI0 KOPUTYBaHHs moOymoBaHoi momeni (kmacudi-
KaliiHux TpaBui). Y mporeci moOyZIOBH Ta HaBYAHHS
JiepeBa HEOOX1THO AOTPUMYBATHCh OalaHCy MiXK TO4HIC-
TIO Ta CKJIAIHICTIO OJEP>KyBaHOI 1€papXidyHOI CTPYKTYpH
(MOXyTh YTBOPIOBATHCh 3aHAATO CKIAIHI KOHCTPYKIII,
SIKI HEZIOCTaTHRO TIOBHO BiI0OpakaroTh HASBHI JaHi, BHA-
CIIIOK YOTO MOXXe BHHHUKATH Npo0jeMa IepeHaBYaHHS
nepesa) [4].

Meton /IP HaOyB OIMpPOKOTO 3aCTOCYBaHHS B Taiy3i
MAaIIMHHOTO HaBYaHHS, IPOTHO3HOTO MOJETIOBAHHS Ta
MPUAHATTS pillleHb Yy PI3HUX TalIy3sX: MEIUYHi JOCi-
mokenust [5—6], dinancoBwuii cekrop, MapketuHr [7], miar-
HOCTHKa HECIPaBHOCTEHl y TexHiYHUX cucremax [8], Ta
iH.

OcCTaHHIM YacOM aKTUBHOT'O TOMIMPCHHS HA0yB METO/T
nobynosu 1P Ha ocHOBI HediTkoro miaxoxy [9-10].

O0’exTOM OCTiZKEHHSI € TPYNOBI EKCIEPTHI OLIHKA
CTYIICHIO HAJIKHOCTI eNIEMEHTa 33/IaHOMYy KJIacy, aTpuoyTy,
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10 MOTPeOYIOTh CTPYKTYPU3ALlii Ta arperyBaHHs Ipu Mo0y-
JIOBI Ta aHai31 HeuiTkoro JIP.

Ipenmerom AOCTITKEHHS € MOJENI Ta METOOH CTPYK-
TypH3aIlii TPYHOBHX €KCIEPTHUX OLIHOK Ha OCHOBI MaTeMa-
THUYHOTO arapaTy Teopii MpaBHOMOAIOHNX Ta HMapagoKCalb-
HUX MipKyBaHb Ta HEUiTKOI JIOTIiKH.

MeTo10 po00TH € PO3pOOKa METOAMKH BHU3HAUCHHS
3HaueHb (DYHKIIT HaJEKHOCTI eJIeMEeHTa 3aJaHOMy KJlacy
(aTpubyTy) 3a pe3ynbTaTaMu ONMUTYBAHHS TPYIH E€KCIIEp-
TiB Ip OOY0BI Ta aHayi31 HewiTkux J[P.

1 MOCTAHOBKA 3AJTAYI

Juis moOynosu JIP BuXimHA CyKYITHICTh HaHUX MOXE
OyTa copMoBaHAa Ha OCHOBI PI3HUX DKEpeN, i ABIATH
co00f0 CTAaTHUCTUYHY, aHANITHYHY, EKCIIEPUMEHTAJIb-
Hy / emmipuuHy iH(opMalifo, MO OTpUMaHA Ha OCHOBI
METOJIiB criocTepexeHHs (peectpallii, MOHITOPHHTY), BH-
MiproBaHb (EKCIICPUMEHTIB, TECTiB), TOWMIO. Y BHIAIKY
MOBHOT BiZCYTHOCTI 00’€KTHBHOI BHUXIZHOT iH(pOpMAIi
€IMHUM IIJISIXOM OTPUMAaHHS JIaHUX € 3aJly4€HHS CTOPOH-
HiX 0ci0 (iHTepB’10, OMUTYBaHHS, (OKYC-TPYIH, METOAU
SKCIIEPTHUX OLIHOK, TOIIO0). EKcriepTHi 3HaHHSI MOXYTh
OyTn oTpumaHi y ¢GopMi iHAMBIAyaTbHHX Ta TPYHOBHUX
EKCIIEpTHUX OIHOK. 3a3BUYail I aHali3y MPOOIeMHOI
CHTyallil 3aly4aroTh Tpyly ekcrepTiB ((paxiBiiB MeBHOI
IpeAMETHOT 00J1acTi), OCKIIBKH IPYIOBa eKCIIEPTH3a A€
MOJXKJIUBICTh OTpUMATH Oi7bII 00’ €KTHBHY OIIHKY Ha OC-
HOBI aHaJi3y NEBHOI CyKYIHOCTI 1HIUBIIyalbHUX JyMOK
EKCIIepTiB.

ITpu anamnisi ta nobymosi JP (npu BupimeHHi 3a1a4y
knacudikarii Ta perpecii) s rpadivHOrO MOAAHHS BHXi-
JTHOI CYKYIHOCTi JaHUX, BiIOOpa)XCHHS IX CEMaHTHKHU
BUKOPHCTOBYEThCS pelisilliiHa cucreMa — TalOJuIs, psaKu
SIKOT BIJIIIOBIJAIOTH aHAII30BAHUM 00’ €KTaM, a CTOBITYMKH
— o3HakaM (KpuTepisM, aTpuOyTam) HUX eJeMeHTiB. B
KOMIpIIi Ha TepeTuHi j-ro psiaka Ta |-ro croBmunka Bimo-
Opaxka€ThCsl 3HAYEHHS |-i O3HAKM IS J-TO eJeMeHTy, Ta-
KM YHHOM KOXCH PSIOK TaOnuill BigoOpakae OIuH
00’ekt (mpuknan) i BiAnmoBimHI oMy 3Ha4YeHHsS aTpuOy-
TiB. OCTaHHIA pSANOK 3a3BHYail sBIsIE COOOIO aTpHOYT-
pileHHs.

TakuM YMHOM, CYKYIHICTh BHXIJHHX JaHUX, Ky He-
00XimHO KiTacu(pikyBaTH Ha OCHOBI BH3HAYCHO! MHOKUHH
KpuTepiiB  (aTpuOyTiB), MOXHa TomatH y (opmi
DT=(0,A,V,d, C, 1), ne O ={o; | j=12} - ne nopo-

)KHI CKIHYeHa MHOXXHMHA  aHali30BaHUX 00’ €KTiB;

A={q |l =1,_m} — HE MOPOXHS CKiHYeHa MHOXHMHA

NpUMITHBHUX atpuOyTiB (03HaK); V = Uva| , Vo -
aeA

MHOXHMHA 3Ha4YeHb aTpuOyTy @ (06macts atpubyTy a); de

(Ide| = 1) sBasie coboro aTpubyT-pillleHHs, KA XapakKTe-

pU3y€e MOXJMBI KJIacH, A0 SKHX MOXe OyTH BiIHECEHO

00’€KT 0 j € O ; C — MHOXWHa 3HaYeHb aTpuOyTy d¢; f —

Va| e A,

0e0,

iHpopMmarliiiiHa QyHKIis, Taka, LIO
f(o.a)eVy .

OPEN a ACCESS




p-ISSN 1607-3274 PanioenextpoHnika, inbpopmatrka, ynpasminss. 2024. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024. Ne 2

[Ipunyctumo, mo 3Ja; € A, 11 AKUX 3HAYEHHS MHO-
JKUHU Vat (opMyeThCSI HA OCHOBI I'PYIOBOi €KCHEPTHOT
OIIHKH. 3aJjaua MOJIATaE B arperyBaHHs BiAIOBIIHAX 3HA-

YeHb PENEBAHTHUX aTpUOYTiB af (0 j), wo popmyroThCS

Ha OCHOBI OIIIHOK ekcrepTiB E;, i =1,n, i cunre3y rpymo-

BOI OLHKH: Vt=1,_k:agr(ati(oj))—>atgr(oj), 0j €0,
i

1<k <m. ArperyBaHHs TPYIOBHX CEKCICPTHHX OI[IHOK
3IIHCHIOETHCS ISl KOYKHOTO aTpuOyTy OKpEMO.

2 OI'JISI JJITEPATYPU

B nanuii yac 3ampornoHOBAHO 3HAYHY KIJIBKICTh auro-
putMiB moOymoBu nepeB pimenp [1-3, 11-14], cepen
SIKAX HaiOimbIIoro mommpenHs Haoymu metoan 1D3 [11,
12], C4.5 [13] ta CART [14]. BinbmuricTs BimoMux airo-
PHUTMIB, NP MOIIYKY ONTHMAIBHOI CTPYKTYpPH, BUKOPHUC-
TOBYIOTh CTpaTerito xamiouoro momyky. ¥ [8] msa cun-
TE3y JiepeBa 3alpOIOHOBAHO BHKOPUCTOBYBATH CTOXAC-
TUYHI, EBPUCTUYHI METOJM 0araToBUMIpHOI Oe3rpaieHT-
HOI OonTHMi3alii, MO J03BOJISIE OTPUMYBATH CTPYKTYPY
JiepeBa 3 KpalliMH anpoOKCUMAI[iHHAMHU BJIIACTHBOCTSIMU.

Knacuynmii meton moOymoBu [IP mepenbauae, 1o
KOXXKCH aHali30BaHUN O0’€KT HAJNCKUTh KOHKPETHOMY
3a3qanerijib Bu3HaueHoMy kiacy (Bysny). OmHak y pea-
JIBHIN TPAKTUI[ MOXYTh BUHUKATU CUTYAIIil, IPU SIKUX HE
3aBXKJIU BIAETHCS JOCSITH OJJHO3HAYHOT HAJICKHOCTI aHa-
nizoBaHOTO 06’€KTa 110 MEBHOI Kareropii (kmacy). ¥ 1po-
MY BHIIQJIKy BUHHKA€ HEBH3HAYEHICTh MPH CIIpoOi BiTHE-
¢TH 00’ €KT 10 OJHOTO i3 3aJaHUX KJIaciB, 800 BCTAHOBUTH
YiTKe Ta OJTHO3HAYHE 3HAUEHHs KIacU(]iKaliiiHOTO aTpu-
OyTy (o3Haku). MareMaTHYHHI amapaT HEYITKOI JIOTIKK
JI03BOJISIE  €(DEKTHMBHO MOJIENIOBATH CHUTYaIlil, 3a SKHX
00’€eKT MOYKE HaJIeKaTH SIK OJHOMY, TaK i JEKITbKOM Kia-
caM OJIHOYACHO, alie 3 PI3HUM CTYIEHEeM, SKHU MO)KHA
OXapaKkTepru3yBaTH 3HAUEHHAM (yHKOii HaJIeXHOCTI
00’ekTy 10 3amaHoro kiacy [15-16]. 3a3Buuail HEHiTKICTh
TIPOSIBISIETHCS] Y CUTYAIISIX, KO Ha OCHOBI SIKICHUX OITi-
HOK OIIHIOIOTHCS 3HAYEHHS KUIBKICHHX TapaMeTpiB Ho-
CIIDKYBaHOTO 00’ €KTy, Tiporiecy abo SBHUINA.

3acrocyBanns Heuitkux JIP (fuzzy decision trees) mo-
3BOJISIE JTST KOXKHOTO Kiacuikartifinoro arpubyrty (o3Ha-
KH) BUIUIATH J€KiIbKA JIHMBICTHYHUX 3HAYEHD 1 BCTAHO-
BUTH BiJNOBIIHI CTymeHi HajaexXHOCTI 06’ exTiB (MpuKIa-
niB) no aux [9-10]. TakuMm YUHOM, KOXKHHIA 00 €EKT MOXKeE
MaTH BJIACTHBOCTI OLUIBIIIE OJHOTO JIIHIBICTUYHOTO 3HA-
YEHHSI, 1110 XapaKTepU3ye MEBHUN 3aJaHUi aTpUOYT.

3 MATEPIAJIN I METOAU

Jepesa pilieHs CKIIAAAIOTHCS 13 TBOX OCHOBHUX KOM-
MTOHEHT. TMPOIeIypH MOOYIOBH CHMBOIIIYHOTO JepeBa Ta
NpOLEeAypH BUBEACHHS [UIS NPUHHATTS pilleHHs. Y 3ara-
JBFHOMY BHHAIKy mporec modyaosu /[P ckmamaerscs 3
HACTYITHHUX MOCJIIOBHUX eTamiB: BUOip aTpudyTy po30uT-
Ts1; BUOIp KPHUTEPilO 3yNMHEHHSI HaBYaHHs; BUOIp METOy
BiJICIKQHHS T'JTOK; OI[iIHKA TOYHOCTI TTOOYI0OBAaHOT MOJICII.
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VY neuitkomy [IP KOKHUI aTpUOYT pO3rIsIAaeThes SIK
JIHTBICTHYHA 3MIiHHA, SKa MOXE MPUAMATH JCAKe 3a3/1a-
JICTiZIb 3yMOBJICHE BepOasibHE 3HAUYCHHS, OJTHE UM JCKiJb-
ka. KoxHOMY 3HaueHHIO JIIHTBICTUYHOI 3MIHHOI BiAIOBI-
JTa€ TICBHA HEUiTKa MHOXKHHA 31 CBOEK) (DYHKIII€I0 HAJICK-
HOCTI.

BBenemo nesxi mozHadenss. [Tpumyctumo 3anaHa ae-
sKa yHiBepcaidbHa MHOXMHa U, TOmi HEUiTKa MHOXXHHA

X cU € MHOXHHOIO BCiX BIOPSIKOBAaHHX Hap BHIY
[15-16]:

X ={Ung@)} uel, pz@eMp. (1)

HeuiTki Ta JiHrBICTUYHI 3MiHHI BHKOPHUCTOBYIOTHCS
JUIs ONKMCY HEYITKMX MHOKHH Ha OCHOBI ciiB Ta/abo
CJIOBOCTIONTYYEHb IIPUPOAHBOI JIOJICHKOI MOBH, IO €
O1ITBII IPUPOAHIM JUTS JIIOJWHH, HDK OIEpyBaTH KiJIbKic-
HUMH 3HAYCHHSAMH.

Heuitka 3MiHHa 3amaeTses Tpiiikoro [15-16]:

<a, Uy, )Z >, )

B sikocTi 3Ha4YeHB JIHTBICTUYHOT 3MiHHOT BUKOPHUCTO-
BYIOTBCSI CJIOBECHUH (BepOasIbHUIT) OMUC Pi3HUX 00’ EKTIB,
MIPOIICCIB Ta SIBHILI.

B Teopii HEUITKUX MHOXKUH JIIHTBICTUYHA 3MiHHA BH-
3HAYAETHCS HACTYIHUM KopTexeM [15-16]:

<B, T(B), Up ,Gr, Mr>. ©)]

ODyHKIIS HANGKHOCTI OyIyeThCs, 3a3BUYall, HA OCHOBI
CTaTUCTUYHMX JaHUX (YaCTOTHHI MeTo[), abo Ha OCHOBI
OIIIHOK eKCIepTiB (0JHOTO uH rpymu). Y pasi BiACyTHOCTI
JIOCTAaTHBOT KIJIBKOCTI CTaTUCTUYHOT iH(opMalii eanHIM
MOJKJIMBHM CIOCOOOM MMOOY/I0BH (DYHKINT HAJICKHOCTI €
MPOBEJICHHS €KCIIEPTHOTO OIMTYBAHHS.

YMoBHO MeToan o0y 10BU (pyHKIIH HAJIEKHOCTI MO-
JKHA MOJJIMTH Ha JBI rpymu: HpsiMi Ta Herpsmi [17-18].
VY npsMEX MeToax CTYIiHb HAJNCKHOCTI 33Ja€ThCs 0e3-
MOCEPEIHBO EKCIepTaMy (METO BiIHOCHHX YacTOT, Ta
if.). Y HenpsIMHUX MeToIax 3HaYeHHs QYHKIT HAIEKHOCTI
BH3HAYAIOTHCS BUXOMSYM 13 3a3Jaleriib chOpMyITbOBa-
HUX YMOB BIAIMOBIZAHO 10 3aJaHOTO aIropuT™My (MeTO.I
MOMAPHUX MTOPiBHSHE, Ta iH.).

Cryninp cy0’ekTuBHOCTI oaepxkanux EIT MoxkHa 3me-
HIIUTH B YMOBaX TPYIOBOI €KCHEPTU3U. Y IIbOMY BHUIIAI-
Ky BHHHUKAIOTh JIBI OCHOBHI 3a/1a4i. OI[IHKA y3TOJKCHOCTI
EIT i moOymoBa y3arajibHEHOI OIIHKH.

Po3riisiHeMO OCHOBHI MOJIOKEHHS X0y, TPH SKOMY
3HAYCHHS JIIHTBICTUYHOI 3MIHHOI, IO CTaBUTHCS Y BIATIO-
BiHICTE 10 Aeskoro arpuOyty JIP, BU3HauaeThcs Ha Oc-
HOBI TPYTIOBOi €KCIIEPTH3H.

[Mpunyctumo, rpyna excneptiB E ={E; |i=1n} omi-
HIOIOYM 3HAYEHHs JIIHTBICTUYHOI 3MiHHOT [ 1 3a1aHOl
cykynuocti  o6’exrie O ={0j|j =12} copmysara

MHOXuHY npodiniB EII Buny P = <B, L>. 3a ymoBH, 1o
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CYKYITHICTh 3HAuUCHb JIIHTBICTHYHOI 3MIHHOI [} yTBOpIOE
tepm-muoxuny T (B) ={{ ||:ﬁ}, mepia KOMITOHEHTa
KOpTexy siBisie coboro cykymHicte B ={B; |i= 1,n}, ko-
KeH eleMeHT sKoi B; :{b; | :1,_2} MOX€E TpHHMaTH

3HAYCHHS BiJIOBITHOTO TepMy a00 JEKITBKOX TEPMiB, IIIO
HaOyBae JIIHIBICTUYHA 3MiHHA 3 171 00”€KTy O,

Jpyra xommnoHeHTa L MICTHTh OLIHKH €KCIIEpTIB, Ha
OCHOBI SIKHX MOXYTh OyTH 00paxoBaHi YUCIIOBI 3HAUCHHS

(YHKIIH HaNeKHOCTI A1l BU3HAYECHUX B b} TEpPMIB JIiHT-

BICTMYHOI 3MiHHOI 3 BIZTHOCHO 00’€KTa 0j, 110 BCTaHOBJIE-
Hi ekcriepToMm E;.
3ajaya mojsrae y CHHTE3I TIpYyHoBOoro mpodiiaro

PI" =< BY" LI > Koxen enement b?r eBIY j -1z

BiJJOOpakae TPYIOBE DIllIEHHsI BiJHOCHO 3HAYEHHS IO
HaOyBae JIHTBICTMYHAa 3MiHHA [ ama 00’ekTy O0j, 1
(dbopMyeTbCI  Ha ~ OCHOBI  arperyBaHHsi  OIL[IHOK

B; ={blj |j=1z}, Vi=Ln. Enemenrn IJgr eld,

j=1z wmictaTh 3HaueHHS QYHKIII  HAIEKHOCTI

BU3HAUCHUX B bJ9 TepMiB JIIHTBICTUYHOI 3MiHHOI B,

OTpUMaHi 3a pe3yJIbTaTaMH arperyBaHHs 1HIUBITyalbHUX
EIl. Sxmo 3amaHo AeKUIbKAa JIHIBICTHYHHUX 3MIHHUX
{Bl,...,Bq}, 3HAYEHHS SIKUX BCTAHOBIIOIOTHCA LIITXOM

eKCIIEPTHOTO  ONHTYBaHHA, TO Oyzne cdopmoBaHO

. . . . gr or
BIJITIOBIJIHA KUTBKICTh TPYIOBUX TPOQiJIiB {Pl ,...,Pq }

st cuHTE3y IpynoBoi OLIHKK B POOOTI BUKOPUCTAHO
MatematuyHuii anmapar TIC B paMKax SKOr0 MHOXKHHA
T(B) po3rnsiaaerses sik ocHoBa 3aaaui Q [19]. Ha Biaminy
Big mogaeni Leddepa (TALL), ocHoBa 3amadi € posris-
JA€THCSI BUKJIFOYHO SIK MHOXKHHA BHYCPITHHX CJICMCHTIB.
Taxi ermemMeHTH MOXYTh (POPMAIBHO OIMMCYBAaTH HETOYHI,
HeyiTKi (PO3MUTI) TOHATTSA Ta 3HAHHS PO OTOUYHOUHIA
CBIT, HAIPHUKJIAJ, BiNTIHKU KOJIBOPY, Tpajalii BiKy, TeM-
neparyp 1 T.1. BHacmiok 4oro esiki elIeMEHTH MOXYTh
[EPEKPUBATH OIUH OJHOTO, 1 BIAMOBIAHO HEMOXKIIUBO
JOCATTH iX B3a€MHO{ BUKIIFOYHOCTI.

B pamkax votarii TIC Ha MHOXXWHI BUXITHUX JaHUX
Q = T(B) moxe 6yt chopmosano |DY| migmuOKMH Ha
OCHOBI orepariif U Ta M, BKIOYAIOYN HOPOKHIO MHO-
xuny & [19].

TakuM YMHOM EKCIIEpPTOM MOXKYTh OyTH BUJIUIEHI ITi-

IMHOXUHH Xj C D%, i=1 D% |, mI0 3a10BOJBHAIOTH
ymoBam [19]:

L X; ={@};
2. Xj ={tj} — excieprom obpanmuii (ouiHeHwMi)

OJIMH eneMeHT f| € Q. (4)
3 Xi={y|l= 1, p}, p < k — excrieprom Busie-

HO P efeMeHTiB t] € Q.
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4. X, =Q={t |1 =1k};
5. gkmo Xi,chDQ,Toni XiijeDQ Ta

XjUX;eD

TJIC onepye nBoMa BHIaMu MOJENEH: BiJIbHA Ta Ti0-
puaHa Moaeinb [19]. BinbHa Moenib MiCTUTD BCi MOXKJIHMBI
MiIMHOKAHU OCHOBH 3ajadi. ['i0puaHa MOJens BH3HAYA-
€ThC 13 BUTBHOI MOJEIN HIISIXOM BBEIECHHS OOMEKEHb Ha
nesikl MIAMHOXHHH eJeMEHTIB X 13 MHOXXHHH DY 3a
yMOBH, 1110 X # . 1]e MOsICHIOETHCS THM, IO B peaibHUX
3aJadax HeMac HeOoOXIJHOCTI BU3HAYATH OCHOBHI MacH
HMOBIPHOCTI BCIM MOXIIUBUM IIiIMHOKHHAM D%, TOMY,
10 3aBXKJY MOXKJIMBO ICHYBAaHHS €JIIEMEHTIB, SIKI € B3ae-
MOBHKITHOYHUMHU.

Bynemo BBaxarH, 1110 B MPOLECI EKCIEPTHOI'O OIHMTY-
BaHHS Ha ocHOBI MHOXHHH T(B) ekcneprom E; MoxyTh
OyTH copMOBaHi MiIMHOKKHH, 110 BiZOOpa)xaroTh HOTO

. i
cy/keHHs, abo onnoenementHi, |bjl=1, abo Buxopuc-

TOBYIOUM omepalifo . TakuM 4MHOM KiJIbKICTh MOXITH-
BHX BHJIICHHX IiJIMHOKHH CTAHOBUTbH 2, BPaXOBYIOUH

MOPOXKHIH BUOIp (b'J ={}).

OOMexeHHs, 1110 HAKJIaJal0ThCs, 1 YMOBH ITPOBEICHHS
MPOLIEAYPU €KCIIEPTHOTO OMUTYBAHHS MOXYTh IMPHBECTH
JIO HACTYITHHUX CHUTYAITill.

Bunaoox 1. ExciepT Mo)xe BCTAHOBUTH BiJIIIOBITHICTh
00’€KTa IO ACKUTFKOX TEPMIB JIIHTBICTUYHOT 3MIHHO1, aje
3 pi3HUM CTyIeHeM HaJexXHOCTi (6e3nocepenHbo 3a1arn
3HAYEeHHs QYHKIIN HAJTEKHOCTI).

3a pe3yibpTaTaMi SKCIIEPTHOTO OMUTYBAaHHS (OpMYy-
totbes npodini EIT Buny P = <B, M>. [lepiua kommnoneH-

Ta KOPTEXy siBise coboro cykymuicte B ={B; |i =1n},
KOXKEH eJIeMeHT Kol B; :{b'J | :ZI:} BifoOpaxae BUOIp
ekcriepra Ej BiTHOCHO 3Ha4eHB, IO MOXe HaOyBaTH JIiHT-
BicTMyHa 3MiHHa [ A o0’exty 0. Ilpn 1pomy
bt ={¥, |[k=1d}, |Yy =1, d <2 spase coboto Gimbm
HDK OJHE 3HAa4YeHHS (IeKiIbKa TEPMIB JIHIBICTHYHOI

3MiHHOT). Jl[pyra KOMIOHEHTa KOPTEKY SBJIsIE€ COOOI0 Cy-

kymHicte M ={M;|i=1n}, koxeH eneMeHT sKOI

M; :{m'j | j=1,z} mictuTh OCHOBHY Macy HMOBipHOCTI
i i . .
M| npusHaueny A bj, Mo BiANOBiae YHCIOBMM 3Ha-
. . i
ueHHs GyHKuill HanexHOCTi 115 BusHAueHUX B D Tep-

MiB JIHTBiCTHYHOI 3MiHHOi P BiTHOCHO 00’€KTa 0j, SIKi
BCTAHOBJIEHO EKCIIEPTOM E;. [pu BOMY

i 14 Q o ml i A
m} ={my [k=1d}, d <2, i, j:im} =9b}|, i=Ln,
i =1,7 . TAKAM YHHOM, €JeMEHT my = mij MICTHTh 3Ha-
yeHHs (yHKII] HajexHoCTi TepMmy Y| C bij JIHTBiCTHY-

HO1 3MiHHO{ 3 JU1s1 00’ €KTY 0j 3a7aHe ekcriepToM E;.
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Buxopsuu 3 svorauii T/IC, koxeH eneMeHT Yy C b'j
MOBUHEH TANOPANAKOBYBATHCS crucTeMi nipaBui (4); 3Ha-

YeHH!, 110 MICTUTh My = m'j BIJITIOBIZIa€ CHCTEMI YMOB!

0<my(Yy) <1, V(Y €bf), m(@)=0,
2 mi (V) =1. ()

Yk EbIJ

ArperyBaHHS CyJDKEHb EKCIIEPTiB BUKOHYETHCS Y Bifl-
TIOBITHOCTI /IO 3aIPOIIOHOBAHOI IIPOLICAYPH:
1.1 Crpykrypusauis 3axaui. [l koxnoro 0j €O Ha

npodinie  EIl
P dopmyerbest KopTex < B?, M ?,T; >, ne B]'c ={p}},

OCHOBI  copMmoBaHOro  Habopy
i=Ln - CYKYIHICTh TBEP/XKEHb TPYIH EKCIIEPTIB;
* i - o . . .
M j :{m'j}, i=1,n — CyKyITHIiCTh BiIOBIIHUX 3HAYCHD
(GyHKIIT HaJIEXKHOCTI, c(hOPMOBAHMX Ha OCHOBI CYIKEHb
* * D
rpymu Tj :{th | f =1v},

v<|T(B)|, yrBoprorots ememeHTH MHOXHHH T(B) Ha

eKCIepTiB;  MHOXHHY

. . i * - -
OCHOBI SIKUX YTBOPEH1 €JIEMEHTH b'j eB jol =1n.

1.2 BusHayeHHs MOPSAKY arperyBaHHs (KOMOiHyBaH-
ust) EC. ot komGinyBanus obupaerbest mapa EC
b'j ,b? IS B’jc , TAKUX, o pu izh

min dmetric(mlj , m?) €[01], me dmetric — HesKa MeTpHKa

BizcTaHi Mix rpynamu EC [20-23].
1.3 ArperyBannsi EC 37iliCHIOEThCS HUIIXOM KOMOI-

HyBaHHA OTPUMaHHX OCHOBHMX Mac HMOBIpHOCTI
* P — * . .

Mj={m}|i=1n} ta Bj={bj}, 3a Bcima excriepramu

Ej, 1i=1n, mwis KOXHOrO

0; €0  okpemo:

comb _ 1 2 n comb _ p1 2 n
M7 =mj®&mj®..Om;, BT =bj®bjD..®bj,
e m'j eM ’; , b} € B]f. B sxocti mpaBmiia KOMOiHyBaHHS
3ampoNOHOBaHO BUKOpHCTOBYBaTH Tipasmio PCR5 [19].

KombinoBana Maca iimosiprHocTi MpcRs(C) 3rigHo 3

TIPaBHIIOM TIePEPO3IOILTY KOH(ITIKTIB PCR5

(VCc D¢ \{J} ) Bu3HAUa€ETHCS BiAMOBIIHO 10

Mpcrs(C) = Mo (C) +
my (X)? -my(Y)
my (X) +my(Y)

LM ()2 m() | ()
My (X) +my(Y)

+

YeD\{X}
YN X=Z

[pasuio kombinyBanuss PCR5 nepeposmnoinsie ocHo-
BHY Macy HMMOBIPHOCTI, BillHECEHY J0 IOPOXKHBHOI MHO-
JKUHH, HA TIIMHOKUHH, 3aJTy4eHi JI0 JIOKAIbHUX KOH(ITI-
KTiB, NPOIOPIIHHO OCHOBHMM MacaM WMOBIPHOCTI LUX

© IlIBex A. B., 2024
DOI 10.15588/1607-3274-2024-2-11

110

miaMHOKUH. L[ BIACTUBICTH J03BOJISIE KOPEKTHO IMOBO-
JUTHCS 3 y3araJbHCHOK Macor0 HMOBIPHOCTI, IO BiJHE-
CeHa JI0 MOPOXHIX mepeTuHiB. [IpaBuino komMOiHyBaHHs
PCRS5 nosBoiste 06pobmsatu EIN y curyarii, komu koHJTi-
KTHA Maca BIIEBHEHOCTI JOCATa€ MaKCHMAaIbHO MOKJIHBO-
ro 3naveHHs (Habysae 1), npu 1boMy OyayTh po3paxoBa-
Hi KOMOIiHOBaHI OCHOBHI MacW WMOBIPHOCTI JJIs BCiX BH-
IUIEHUX eKCIIepTaMU ITiIMHOXWH, BKIIOYAI0OUN OJHOEIIe-
MEHTHI.

Bunaoox 2. Excriept MoXke BCTAHOBHUTH BiJIIMOBIAHICTD
00’exTa 10 JEKUIbKOX TEPMIB JIHTBICTUYHOI 3MIHHOT i3
PI3HUM CTyIeHeM YIIEeBHEHOCTI Y CBOEMY BHOOPI.

3a pe3yJibTaTaMi €KCIIEPTHOTO OMHUTYBaHHS (OpMy-
totbes npodin EIT Buny P = <B, H>.

[lepmia KOMIOHEHTa KOPTEXY SIBIISE COOOIO CYKYII-
micte  B={Bj|i=1n}, SKOT

KOXXCH CIIEMCHT

B; :{b} | j =12} Bimo6paxae Bubip excnepra E; BimHOC-
HO 3HaYeHb, 10 MOXKe HaOyBaTH JIHIBICTUYHA 3MiHHA [3
s 06’ exty 0;. Ipn meomy b ={Yy [k =1,d}, |Y, |>1,
d <2/ (Y« > 1, To Bci enemeHT B rpyti Yy € piBHO3HAY-
HUMH, MOXXe OyTH 3aJaHWH TUTBKA OAWH TEPM i3 TPYIH,
Hanpuknazn, skmo Yy = {ty, t,}, To MaeThes Ha yBasi, mo B

Ha0y/Ie TUTBKH OJIHE 13 MOXKIIMBHX 3HA4YCHB, ab0 11,300 tp).
Jlpyra KOMIIOHEHTa KOPTEXY SBJISE COOOK CYKYII-

micrs H={H; [i=Ln}, H; ={h}|j=12}. Kowen ee-

ment X, eh', k=1d BimoGpakae omiHKy yneBHEHOCTI
excrepra E; B ToMy, mo mms o6’exta Oj JNiHIBICTUYHA

: i
3minHa B HabyBae 3HaueHHs Tepmy Y € bj . Buxomsuu 3

Hotauii T/IC, xoxeH eneMeHT Yi C b'j IIOBUHEH MiAmo-
PSIKOBYBaTUCS cucTeMi mpaBuwi (4); KOXKEH eJeMEeHT
Xy € h'j Moke OyTH BUpaXCHHH B paMKax IIEBHOI 3aja-

HOI IIIKanW, BUKOPHCTOBYIOUM Jiana3oH uucen Big 0 mo
nesikoro 3agaHoro N (N > 0).

ATperyBaHHs CyIXXEHb SKCIIePTiB BUKOHYETHCS Y Bifl-
MOBiTHOCTI 10 3aITPOIIOHOBAHOI MIPOLICAYPH:

2.1 Crpykrypusauis 3anadi. st koxsoro 0j €O Ha

EIl P
* * * * i
dopmyerses koprex <Bj,H;,Tj >, ne Bj={b;},

OCHOBi  cthopmoBaHoro Habopy mpodimiB

i=1n — CyKkymHiCTh TBEpUKEHb TPYIH EKCIICPTiB;
* i - P . . . .

H j ={h}}, i=1,n — CyKymHICTh BiINOBITHHX OIIHOK

BIIEBHEHOCTI E€KCHEpPTIB B CBOEMY BHOOpi; MHOXHHY

T; :{t?j | f=1v}, v<|T(B)|, yTBODIOIOTH ereMeHTH

. . i *
mHokuHK T(B) Ha ocHOBi skux copmosani bj € Bj,

i=1n.
2.2 Bu3HaueHHS OCHOBHHX Mac WMOBIpHOCTI, IO BiJ-
IIOBIIAIOTh BUIUIEHNM T IMHOXXAHAM Yy < bl
i *
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Jnsa  koxHOT CHUCTEMHU  ITIAMHOKUH

b} ={Vy Ik=1d}

m'j ={my |k=1,d+1}, eneMeHTH SKOr0O BiIIOBiIAIOTH

chopmMoBaHOi

Oyne OTpUMaHO BEKTOD

yMoBi (3) 1 BU3HAYAIOTHCS BiXMOBIIHO 10 Bupasy [24]:

Ja
madg O

R
mk(yk):_l

v Mgy (Q) =
R2 + \/E
ne Ry BinnoBinae 3Ha4eHHIO X | € h'J- ;. R, Bigmosinac 3Ha-

d
YEHHIO Z Xy ; d — 3arampHa KiIbKICTh chopMoBaHuX E;
k=1

HiIMHOXHH Yy € bij .

3HaueHHS Mg+1(€2) € MIpOI HEBH3HAYEHOCTI BHOOPY
excriepra E;j BimHOCHO 3HaYeHB, 1110 MOXe HaOyBaTH JIiHT-
BiCTMYHA 3MiHHA [} 1714 00’€KTY 0;..

Sxmo 3amaHo BEKTOp KOEQIIi€HTIB KOMIIETEHTHOCTI

excrieptiB W ={w; |i = H}, TO

d
Ry =Xy Wi Ry=2 Xy -w. (8)
k=1
Ha OCHOBi OTpI/IMaHI/IX OI_IiHOK mIJ I KOXKHOTI'O

aHAIII30BaHOTO 0j€0 (bopmyeThCs BEKTOP
M ={m', [i=Ln}.
2.3 Bu3HaueHHsI MOPsIAKY arperyBaHHs (KOMOiHyBaH-

us) EIT. oOupaerscs Taka mnapa bi-,b? IS BT, o mpH

i#h mindpeyic(m},m7) e[01].

2.4 ArperyBanns EIl 3nilficHIOETBCS ILIAXOM KOMOi-
HyBaHHA OTPUMAaHHX OCHOBHMX Mac HMOBIpHOCTI

* . P— * - .
M ={ij [i=1n} ta Bj :{b}}, 3a BCiMa EKCIepTamMu
E;, i=1n, mia xoxHOro 0 j€ O oxkpemo. B sikocTi npa-

BMJIa KOMOIHYBaHHS 3alpOIIOHOBAHO BHKOPHUCTOBYBAaTH
npaswito PCR5.
PesynsraTom KOMOIHyBaHHS €

BJ@omb ={chomb |k =H} , v< 2|Q| i

M ﬁomb = {m(chomb) |k =1,v}, Binosizwo.

2.5 Po3paxyHOK BepXHbOI 1 HIXKHBOT MeXi HMOBIpHO-

BEKTOP

BEKTOP

.
CTl UISI KOXXHOTO th eT; y BIAMIOBIZHOCTI IO BUpAa3iB
[19]:

— (yHkris BieBHeHocTi (moBipu) Bel : D¢ > [0:1]:

Bel®)= > m(b});
b? ge,b? eB’;

©)
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— (ynkris mpaBonogiouocti Pl : D® [01]:

PI(6) = 3 m(b;').

o B (10)
bj' N6=J,b; eB;
3uauennst ¢ynkiii Bel(0) BizobpaxkaroTs CTyIiHE M-
TPUMKH, 110 HATAETHCS MiIMHOXKHUHI 0.
3nauennst ¢yukuii PI(0) BimobOpakaroTh CTYMiHb IMO-
TEHI[IIHOT MIATPUMKH, sIKa MOXe OyTH HaJaHa IiJIMHO-
KUHI 0.

dopMyBaHHS iHTEpBaiB [Bel({t?j}),PI({t:j}) UL

KOYKHOTO t’;J eTJ-*, f=21v.

4 EKCHEPUMEHTHU
[IpogeMoHCTPYEMO 3aIPOTIOHOBAHI BUIIIE MiAXOTU HA
NIPUKJIAZl BUPILOIEHHS 3aJadi CHHTE3y TPYyNOBHX pillleHb
IIOJI0 3HAYCHD JIHTBICTUYHOI 3MIHHOI [§ = «SIKicTh», sKa
Moke HaOyBaTh HacTymHi 3HadeHHs T(B) = {«Hu3bKa»,
«CEePENHsI», KBUCOKAY, «IyKES BHCOKa» }.
Ipuxnao 1. [purmyctumo, rpymna

E={Ej|i=1n}, n=3, ouiHooouM 3HAUYEHHS 3aJaHOI

eKCIIepPTiB

JIHTBICTUYHOI 3MiHHOI B IUIst 3a7aHOi CYKYITHOCTI aHalli-
soBannx o6’extie O ={0j | j=1,2z},z=3, chopmysana

mpopini  EIl P=<B,M> ge B={Bj|i=1n},
Bj :{bij ] :]:}. Pe3ynbTaTéi €KCIIEPTHOTO OIMHUTYBAHHS

HaBesieHi y Tabm. 1.

Tabnuus 1 — [podini EIT (mpuknan 1)

) E, E
ty t 3 1y ty t 3 ty
01 0,2 0,8 08| 0,2
0, 0,15] 0,85 06 | 04
03 03 | 07 0,6 04
Es
P ty t 3 iy
01 0,7 03
0z 07 ] 03
03 06 | 04

Tabnwms 1 BimoOpakae nummie cy0’€eKTHBHI CyIHKCHHS
3 eKcrepTiB BiITHOCHO 3HAYEHHsI JIIHTBICTUYHOT 3MIiHHOT 3
IS 3amaHol MHOXKMHM — aHajdi30BaHMX 00 €KTIB

0={o;1j=13.

Tpuxnao 2. [Ipunycrumo, CKCIICPTIB

rpyna
E={E;|i=1n}, n=3, ouiHioloun 3HAYCHHSI 3amAHOI
JHTBICTUYHOI 3MIHHOI [ I aHaNi30BaHOTO 00’€KTYy Oy,
chopMmyBama TpOQim  EKCIePTHUX TepeBar BHIY
P=<B, H>.

PesynpTaTi e€KCIEpTHOrO ONHMTYBaHHS HaBeAeHI Y
Talbur. 2.
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Tabauus 2 — Ipodini EIT (npukian 2)

E; E, Es
0 {t:} 4 {ts} 8 {t-} 7
) 8 {t.} 2 {ts, i} 2

3HaueHHA X € h'j BU3Hadamichk 3a 10-Tu GanbHOIO

wkamoro (0 — BimnoBimae HaWHWKYOMY CTYIEHIO
yneaeHocti; 10 — ekcnepT aOCONIOTHO BICBHCHUH B
CBOEMY BHOODI).

Ipuknao 3. Posrnsgaemo npukian OiHapHOI Kiacudi-
Karii 3a MetosoM Hewitkoro /[P mpu BupimeHHi HacTyn-
HOI 3amayl. HEOOXIZHO OIHHUTH MOXKIMBICTH HaIaHHSI
KpeANTY MOTEHIIITHOMY MO3MYANBHUKY — (Di3WUHIA 0CO0i.
B sxocti aTpubyTiB Kiracugikailii po3riioaroThC: a; —
KPEOUTHHUI PEHTHHT, SIKMII BU3HAYAETHCS HA OCHOBI CKO-
puHroBoi (6aBHOT) OIIHKK KPEAUTOCIIPOMOXHOCTI MOTe-
HIIIHHOTO TIO3UYANILHUKA; 8y — IUIATOCIIPOMOXKHICT MO3H-

yajbHUKA (PiBEHb CEPEAHBOMICIYHOrO JTOXO/AY 3a OCTaHHI
IIiCTh MICSIIIB).

Atpubyr-pimennss d, mae aBa 3HaueHHs: «Bugatu
kpenut» — 1 / «BigmoButH y Buaaui kpeauty» — 0.

[Mpunycrumo, arpubyr a; = «KpemutHuil perTHHr»
MOXKe npuiMaTH 3HAYEHHS t; = «HU3BKHII»,
t = «cepenHii», t3 = «BHCOKHII»; aTpuodyT
a, = «[ImarocrpoMOXKHICTE» MOKE MPHUMATH 3HAYCHHS
11 = «HU3BKa», 1, = «cepegusa», t3 = «BUCOKa».

3a pesyabTaTaMd OOpOOKHM IEPCOHATBHHMX JTaHUX
I'SITH TOTEHIIIMHUX IMO3HYAIBHUKIB OYJI0 IMOOYI0BaHO
CKOPHHTOBY KapTy Ta OTPHMAaHO YHCEbHI OIIIHKU aTpu-
OyTiB a; Ta a. Ha OCHOBI MpPOBEACHOTO EKCIIEPTHOTO
OMHTYBAHHS TPYIOK0 i3 TPHOX CKCIIEPTIB 32 OTPUMAHUMH
YHCEJIBHUMHU OI[IHKaMH KiacH}iKaiiHuX aTpuOyTiB OyI1o
BU3HAUYCHO CTYIiHb HAJIEKHOCTI KOKHOTro 00’€ekTy (more-
HI[IHOTO MO3WYaIbHUKA) J0 BiJMOBIHUX 3HAYE€Hb ATPH-
OyTiB.

Pe3ynbTaTi eKCriepTHOT OIIHKY HaBe/eH] B Ta0I. 3.

Tab6auus 3 — [podini EIT 3a arpubyramu (JIIHIBICTHYHUMH 3MIHHUMH) @3 Ta &)

ATpulbyT a3 ATpulyT a,
P = E, =5 = E, Es dc
t t t3 ty t t3 t t t3 ty t t3 ty t t3 ty t t3

a | 0,2 0,8 0,45 | 0,55 06] 04 06 [ 04 0,4 0,6 0,7 0,3 0
a, | 0,15| 0,85 06 | 04 0,3 0,7 035 | 065 |04 |06 0,3 07 |1
as 03 | 07 04 | 06 02| 08 0,2 0,8 0,6 04 0,7 03 |1
a, | 08 | 02 0,35 | 0,65 0,3 0,7 0,35 | 0,65 0,8 0,2 04 106 |1
as | 03 | 07 0,55 | 0,45 0,65 | 0,35 0,3 0,7 0,55 | 0,45 0,65 | 0,35 0

5 PE3YJIbTATHU Buxonsun i3 maHux Tabn. 4 MaeMo TpH JIOKanbHI

PosrisiHeMo peairizamiio IMPOITOHOBAHUX aJTOPUTMIB
IUIsl CHHTE3y TI'PYNOBOTO PILIEHHS CTOCOBHO 3HAYCHHS
JHTBICTUYHOI 3MiHHOI 3 715 00’ €KTY O;.

Amnanizytoun nasi tabnuii 1 MoxHa GauuTH, 10 JUIs
0; €O Ha ocHOBI MHOXHMHM 3Ha4ueHb T = {t;, tp, t3, t4},

110 MOXe INpUMMAaTH JIHIBICTUYHA 3MiHHA P = «SIKicTbY,
TPYyIIoI0  ekcrepTiB  Oyna cdopMmMoBaHa CyKyIHICTH

Bf ={b1'} 1 CYKYITHICTb OILIIHOK Mf ={mi1}, i=1n, e

bi ={{t,}.{t}}; m} ={0,2,0,8};
b ={{ta}.{t4}}; m{ ={038,0,2}
b ={{t2}.{ta}}; m3 ={0,7,0,3}.

Ha ocHOBi 3Ha4eHbP MHOXHHHU BI c(hOopMy€EMO MHO-
KUHY Tl* ={t2 ,t3,t4}.

Ta6muus 4 — CTyniHe epeTuHy BUALICHUX eKCIIePTaMHU ITij-
MHOXHUH (mpukiazn 1)
Excnepr E;

b} ts U
E)NExt) =9 | Et)NEy(t) =9
Ei(t)NEx(ty) =t3 B () NEx () =9

Excnepr t
E: ty

© IlIBex A. B., 2024
DOI 10.15588/1607-3274-2024-2-11

112

koHpmikti:  Eq(t)) NEs(t3),
Eq(t3) NEa(ty) .

Po3paxyemMo koMOiHOBaHI 3Ha4€HHS OCHOBHOI Macu
HMOBIPHOCTI BUIIICHUX ITiIMHOKHH 3a TipuBaioM (6):

Mia{to} = 0,17, mip{ts} =0,77;  mys{ts} = 0,06.

B ={t, t3,t4},

Ei(t) nEx(ty) Ta

Taxum YHUHOM, MaeMO

M9 ={0,17;0,77; 0,06} Biamogiamo.
3a manumu Tabmuii 2 excriepramMu Oyna copmoBaHa

CYKYIHICTBb Bf ={b1i} i CyKyIHICTh OLIiHOK Of :{0{},

i= ﬁ , e
bi ={{t2} {t:}}; of ={4;8};
b ={{ta}.{t4}}; of ={8; 2};
by = {{to}.{ts,ts}}; of ={7; 2}.

. *
Ha ocHoBi 3HaueHb MHOXMHH B; chopmyemo mHO-

*
xuny Ty ={ty,t3,14}.
Po3paxoBana ocHOBHa Maca HMOBIPHOCTI BHUJIIIEHHX
(boKaTbHUX €JEMEHTIB BiamoBiqHO 10 BUpasy (7):

E;:m(t) =0,3; m(ts) =0,6; m(Q) =0,1;
E,:m(t;) =0,7; m(ty) =0,18; m(Q)=0,12;
Es: m(t;) = 0,67; m(ts, t;) = 0,19; m(Q) = 0,14.
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Kom0iHOBaHa OCHOBHOI Macu WMOBIPHOCTI BUIUICHUX
i IMHOXXMH BU3HAYEHA Y BiAmoBiaHOCTI 10 (6):

Mioa{tz} = 0,316; Mioa{ts} = 0,63;
Mao3{ts} = 0,05; Mi2s{ts, t,} = 0,0023;
mlzg{Q} =0,0017.

3uauenns ¢yukuii (9) ta (10) 11t KOKHOTO ereMenTa

*
MHOXHHH Tq !

_{Bel({tz}) =0,316; _{Bel({tg}) =0,63;

2 PIft, ) =0,3177; 27 |PI{ts}) =0,634;
(Bel({t4}) =0,05;
*" 1 PI({ty}) = 0,054.

I3 HaBemeHUX pe3yIbTATIB BUIHO, III0 HAWOLUIBIIE 3HA-
4yeHHA (YHKLIi IOBipH Ta MpaBAONOAiOHOCTI OTpHUMaB
TepM ty; HaliMeHIe — TepM 1.

Jnst nepexony Bij iHTEPBaJIbHUX JI0 TOYKOBHX OL[IHOK
BBezieMO koediuieHT necumismy v € [0,1] :

v-Bel(6)+(1-v)-PI(6), (11)

OTpuMaHi TOYKOBI OLIHKK MOXYTh OyTH HOPMOBaHi
Ta TpHBEIEHI 10 oxuHW4YHOro iHTepBaty. Ilpu k=0,6
MaeMo:

u(t) = 0,32; u(ts) = 0,63; n(ts) = 0,05.

Ha ocHOBI 3anpomoHOBaHOTO B pOOOTI MiIX0AY IOI0
BU3HAYCHHS arperoBaHMX EKCIEPTHUX OILIIHOK 3HauYeHb
(GyHKIIi HAJEKHOCTI, 32 pe3yiabTaTaMd OOpOOKH JaHUX
Tabs. 3 Oysio MOoOYZAOBAHO arperoBaHi eKCHEepTHI OLIHKH,
Tabm. 5.

Tabmuis 5 — ArperoBaHi eKCIIEpTHI OLIHKH 3HAYCHb
ki1acudikamiiHuX aTpuOyTiB

ar ag dz
P t, t, t t; t, ts de
a, | 039 | 061 0,65 | 0,35 0
a, | 012 |07 |018 | 0417 | 0,539 | 0,44 1
a; | 0,055 | 0,56 | 0,385 0,54 | 0,46 1
a, | 043 | 057 0,51 | 0,49 1
as | 0,53 | 047 0,32 | 0,56 | 0,12 0

[MoOynoBane 3a BuximHumH naHuMu Tadn. 5 JIP Ha
ocHoBi anroputmy [10] 306paskero Ha puc. 1.

[ a, = [IﬂﬂTOCHpOMO}KHiCTL ]

Poo=017 HU3BKA cepeona| P =144 BUCOKA P =139
max— Y- )ma; 0.91 K 0 12
Pm' =0.97 I i ) Hi )
[ a, = KpCJAUTHHIE pCHTHHT ] [ @, = KpE/IMTHHH peHTHHT [ a, = KpeJIUTHHIi peliTHHr ]

I

I

I

HU3bKUL  cepedHill  eucoKuii HU3LKUL  cepeduiil  Gucokuil HUIBKUL  cepedniii  GUCOKUIL
P 012 P 0.17 P 017 P =0605P =144 P =0565 P =0605 P =139 P =0.565
max HaxK Hax K K max maK ;}J’ﬂk_ )f"ﬂh_
P =032 P =071 P =061 P =053 P =082 P =035 P =0.12 P =012 F =0

Pucynok 1 — I'padiune monanss nodynoBanoro Heditkoro [P

6 OBI'OBOPEHHSI

3amnporoHoBaHa B po0OTI TMporexypa BU3HAYCHHS
3Ha4YeHb (PYHKIIi HAJIS)KHOCTI Ha OCHOBI TPYIIOBOI eKcITe-
PTHOI OIIHKHM TPYHTYEThCS HAa MAaTeMaTHYHOMY arapari
HEYITKOI JIOTIKH Ta Teopii MpaBIONOAIOHNX Ta Mapajiok-
cajbHUX MipKyBaHb. ArperyBanns EII (cBimorrs) Bin0y-
BAETHCA NUIIXOM iX KOMOIHYBaHHS Ha OCHOBI 0OpaHOTrO
npasuia [19, 25-27]. OcHoBHOWO MPOGIIEMOIO, 10 BUHH-
Kae B npoieci komOinyBanHss EC, oTpMaHuX Ha OCHOBI
JBoX a0 Oiiplie He3aNeKHUX TPYN CBiToUTB (ekcmep-
TiB), € MOBODKEHHsI 3 KOH(IiKTaMu. [IpHYNHOI0 BHHHK-
HEHHsI KOH(QIIKTIB € HeY3TOKeHiCTh okpemux Tpym EC,
komu okpemi Buximai EC (pokanbHi ememMenTH) He mepe-
THHAIOTBCHL.

Buainstots nokanbHUN KOHQIIKT, SIKUi BUHUKAE B pe-
3yIbTaTi IOPOXKHBOTO MEPETUHY ABOX BUXITHHUX (hOKab-
HHUX EIICMEHTIB, 1 TI00ambHUI (CyMa BCiX JOKAIBHHX
KOHOIIKTIB). SKII0 BUXifHI (OKaTbHI €IEMEHTH TIepeTH-
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HAIOTBCSI YaCTKOBO, TO KOMOiHOBaHa Maca HMOBIpPHOCTI
BiJTA€THCS MIAMHOXHMHI, SKa € Pe3yJIbTaTOM TaKOTO Iie-
petuHy. TakuM YWHOM, pe3yNbTYIOUNA (HOKATBHUNA eIre-
MEHT 0e3[0CepeaHbO 3aJEKUTh BiJ CTYNEHS IEepPEeTHHY
BUXIJIHUX (POKAIBHUX €JIEMEHTIB — YMM BHIIMH CTYIiHb
MepeTuHy BHUXITHUX (DOKAJBHUX EJIEMEHTIB, TUM MEHIIIC
BTpaAyaeThesl BUXIMHOI iH(popMalii (MEHIe BUHHKAE JIO-
KaIbHAX KOH(IIKTIB) i THM [TOCTOBIpHIIIUMH OYIyTh
pe3yJbTaTH KOMOIHYBaHHSI.

Jnsi KOPEeKTHOTO MOBOJKEHHS 3 KOHQIIIKTHUMH Ma-
caMy HMOBIpHOCTI y poOOTi 3arporOHOBaHO BHKOPUCTO-
BYBaTH NpaBWiia KOMOIHYBaHHS, IO JO3BOJITIOTH BPaxo-
BYBAaTH CTYIiHb NEPETHHY BUXiTHUX (POKATHHUX €IEMEH-
TiB 1 KOPEKTHO TMEPEPO3MOAIIATH KOHMIIKTHI MacH HMo-
BIPDHOCTI Ha MIJIMHOXHHH, L0 3aJy4eHI O JIOKaJIbHUX
kou¢uikTiB [19]. IlpaBuna mepepos3mnominy KOHMIIKTIB
PCR1-PCR5 MoxyTh OyTH BHUKOpHCTaHI SIK Ha MOJEII
leiidepa [25-27], Tak i Ha ribpumuHidi monem Jlesepa-
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Cwmapangake [19]. Tpasmwio PCR5 € eauuuM mpaBuiioM,
3aCTOCYBaHHS SIKOTO JIO3BOJISIE PO3ALIUTH KOXKHY JIOKaJIb-
Hy KOH(JIIKTHY Macy WMOBIPHOCTI Ha YacTKH, SIKi TIPOIIO-
PIitHO TEepepO3MOAUISIOTECS Ha TiIMHOXKHHH, 3ATy9eHI
710 KOH(DIIKTY, V BiIIOBITHOCTI JO OCHOBHUX Mac WMOBI-
PHOCTI BUXiTHHUX (hOKATBHUX €IIEMEHTIB. B ibomMy BUTIaI-
Ky He Bifi0yBaeTbcsi BTpatH iHpopMarii (Macu #MOBIpHO-
CTi, IO BIATOBINAE TMOPOXKHIM TEpeTHHAM (POKATHHUX
€IICMEHTIB), TAKOX HE BiZOYBa€THCS «PO3MHUTTS» KOMOI-
HOBaHHMX Mac MMOBIPHOCTI Ha Pe3yNbTYIOYHX (HOKATBHUX
eqeMeHTax (YTBOPEHHX LUIIXOM 00’€IHaHHS BHXiTHUX
MiIMHOXWH), SK TPHA BUKOPUCTAHHI MPaBWJI HA OCHOBI
JI13’ FOHKTHBHOTO KOHCeHcycy [25]. BinbmricTs mpaBui
KOMOIHYBaHHS, O 0a3ylOThCs HAa NMPUHIMIAX KOH FOHK-
THBHOTO KOHCEHCYCY [25], TakoX MaroTh psii HEMOMIKIB,
JI0 SIKMX MOXKHA BiJJHECTH BTpaTy 4YacTWHM iHpopmaii
MOB’513aHOT 3 BUXIAHUMH (OKAITBHUMH €JIEMEHTaMH, IO
HE MEepEeTHHAIOTHCS, (Taka Maca IMOBIPHOCTI MOXKE BiJJHO-
CUTHCH JI0 TIOPO’KHBOI MHOXXHMHH; JI0 OCHOBH 3ajadi abo
BUKOPHUCTOBYBATHCS Ui HOPMYBAaHHS OTPUMAaHHX pe-
3yIBTATIB); TaK 3BaHE KCTUCHEHHIY» BUXITHUX (HOKATBHUX
emeMeHTiB (KpiM cHTyarlil, KOJM BOHH iJCHTHYHI OJWH
OIHOMY) IIPU YTBOPEHHI pPE3yIbTYIOYUX IiJAMHOXUH,
OTPUMAHHUX [UIAXOM TEPETHHY BHXIJHHUX (OKATBHUX
€JIEMEHTIB; He OepeThCs IO YBaru CTYIHb NEPETUHY BH-
XigHUX (OKATBHHX eJeMEeHTIB (32 BHHITKOM IpaBHia
XKanra).

Brpary BuxinHoi iHpopmamii y nporeci komMOiHyBaH-
HSl MOYKHA 3MEHIIHTH 32 PaXyHOK BHOOPY ONTHMAIIBHOTO
nopsaky komOinyBarHa EC 3 ormsany Ha Mipy OIU3BKOCTI
Mix Humu [20-23].

[Ie ogamM criocobOM OTPUMAaHHS arperoBaHol OIiHKH
y pa3i BiZICYyTHOCTI NMPUHHATHOTO PIBHS Y3rOMKEHOCTI €
BUSIBJICHHS Ta BUKJIIOYeHHs koHQuiiktHuX EC, abo po3s-
outTs BuxigHol cykynHocti EC Ha kijbka miarpym, yce-
peuHi SKHAX CBiMOITBA XapaKTEePU3YIOTHCS MPUHHITHIM
piBHeM y3romkenocTi [28].

BUCHOBKHU

VY poboTi pO3rIIHYTO 3a4ayy BU3HAYCHHS 3HAYCHBb
(GyHKIii HAJEKHOCTI aHANI30BaHO! CYKYMHOCTI 00’ €KTiB
JI0 BU3HAYCHHUX TEPMIB JIHTBICTHYHUAX 3MIHHHX, IIIO0 CTaB-
JAThCA y BIAMIOBINHICTh KIACHU(IKAIIfHIM O3HAKaM y
meroni HeviTkoro JIP B ymoBax rpynoBoro Bubopy. Po3-
TIISTHYTO JIBa BUIAAKH: 3aaHi 0e3nocepelHbO HYHCIIOBI
OLIHKHU (YHKI[IT HAJIOKHOCTI TPYIOI0 eKCIEPTIB; OTpuMa-
Ho iHnuBinyaneHi EIT mono cryneHs HanexxHocTi 00’ €kTa
JICSIKOMY BepOaIbHOMY 3HAYEHHIO JIIHTBICTUYHOT 3MIHHOT
acorioBanoi 3 kimacugikamiiHuM arpuOytom. CunTe3
IPYIIOBOTO PIllICHHS] BAKOHAHO HA OCHOBI MATEMATHYHOTO
anapaty T/JC.

HaykoBa HOBHM3HA OTPHUMAaHHX PE3yJIbTATIB MOJISATae
B TOMY, IIO JIiCTalld IMOJANBIIOTO PO3BUTKY MOJENTI Ta
METOJM CTPYKTYpH3allil Ta CHHTE3y IPYMOBUX PIlIeHb B
YMOBaX HEYiTKOI eKCIIepTHOI iH(opMarrii.

IIpakTHyHa WiHHICTH TOJIATae B TOMY, IO 3aMIPOIO-
HOBaHMI MiAXiN, TPH CHHTE3l IPYNOBOT0 pillleHHs, J0-
3BOJISIE OTPUMYBATH JIOCTOBIPHIII Pe3ylbTaTH KOMOIHY-
BaHHsI EC pi3HOI CTPYKTYpH 3a pPaxyHOK 3aCTOCYBaHHS
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npasuwia PCRS5, po3noaiisitoun KOHQIIKTHY Macy BIEB-
HEHOCTI Ha MiJIMHOXXHHH, 3aJTy4eHi JI0 JOKAIBHUX KOH(]-
niktiB. Le#t minxing MoXHa 3aCTOCYBATH JUIsl arperyBaHHS
K y3TO/DKEHHX, TaK i cynepewmsux EC.

IlepcnekTHBY MOAATBIIMX AOCTIIMKeHb TOJIATAIOTH
Y JOCIIDKEHHS MO>KJIMBOCTI 3aCTOCYBaHHS IPABUJI KOM-
6inyBanas EC npu moOynosi /IP B ymoBax iHTepBaIbHOL
HEBH3HAYEHOCTI.

HOOSAKHU
Pobora BuKOHaHA 3a MIATPUMKH IMEHHOI CTHIEHIIT
BepxoBnoi Pagu Ykpainu st MOJIOIUX YUYEHUX — JOKTO-
piB Hayk 3a 2023 pik.
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ABSTRACT

Context. Recently, fuzzy decision trees have become widely used in solving the classification problem. In the absence of objec-
tive information to construct the membership function that shows the degrees of belongingness of elements to tree nodes, the only
way to obtain information is to involve experts. In the case of group decision making, the task of aggregation of experts’ preferences
in order to synthesize a group decision arises.

The object of the study is group expert preferences of the degree of belonging (membership function) of an element to a given
class, attribute, which require structuring and aggregation in the process of construction and analysis of a fuzzy decision tree.

Obijective. The purpose of the article is to develop a methodology for determining the membership degree of elements to a given
class (attribute) based on the group expert assessment in the process of construction and analysis of fuzzy decision trees.

Method. The research methodology is based on the complex application of the mathematical apparatus of the theory of plausible
and paradoxical reasoning and methods of fuzzy logic to solve the problem of aggregating fuzzy judgments of the classification at-
tribute values in the process of construction and analysis of a fuzzy decision tree. The proposed approach uses the mechanism of
combination of expert evidences (judgments), formed within the framework of the Dezert-Smarandache hybrid model, based on the
PCR5 proportional conflict redistribution rule to construct a group solution.

Results. The issues of structuring fuzzy expert judgments are considered and the method of synthesis of group expert judgments
regarding the values of membership degree of elements to classification attributes in the process of construction and analysis of fuzzy
decision trees has been proposed.
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Conclusions. The models and methods of structuring and synthesis of group decisions based on fuzzy expert information were
further developed. In contrast to the existing expert methods for the construction of membership function in context of group decision
making, the proposed approach allows synthesizing a group decision taking into account the varying degree of conflict mass in the
process of combination of original expert evidenced. This approach allows to correctly aggregate both agreed and contradictory (con-
flicting) expert judgments.
KEYWORDS: the theory of plausible and paradoxical reasoning, fuzzy decision trees, proportional conflict redistribution rule.
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ABSTRACT

Context. Currently, there are a lot of approaches that are used for textual search. Nowadays, methods such as pattern-matching
and optical character recognition are highly used for retrieving preferred information from documents with proven effectiveness.
However, they work with a common or predictive document structure, while unstructured documents are neglected. The problem — is
automating the textual search in documents with unstructured content. The object of the study was to develop a method and imple-
ment it into an efficient model for searching the content in unstructured textual information.

Obijective. The goal of the work is the implementation of a rule-based textual search method and a model for seeking and retriev-
ing information from documents with unstructured text content.

Method. To achieve the purpose of the research, the method of rule-based textual search in heterogenous content was developed
and applied in the appropriately designed model. It is based on natural language processing that has been improved in recent years
along with a new generative artificial intelligence becoming more available.

Results. The method has been implemented in a designed model that represents a pattern or a framework of unstructured textual
search for software engineers. The application programming interface has been implemented.

Conclusions. The conducted experiments have confirmed the proposed software’s operability and allow recommendations for
use in practice for solving the problems of textual search in unstructured documents. The prospects for further research may include
the improvement of the performance using multithreading or parallelization for large textual documents along with the optimization
approaches to minimize the impact of OpenAl application programming interface content processing limitations. Furthermore, addi-
tional investigation might incorporate extending the area of imperative variables usage in programming and software development.

KEYWORDS: textual search, unstructured text documents, natural language processing, rule-based search, generative artificial
intelligence, imperative variables.

ABBREVIATIONS
OCR is an optical character recognition;
API is an application programming interface;
ZOCR is a zonal optical character recognition;
NLP is a natural language processing;
Al is an artificial intelligence;
GPT is a generative pre-trained transformer.

L(Y,Y') is a Cross-Entropy Loss function;

N is a number of variables or data points to be pre-
dicted in each example;

M is the size of the whole dataset;

yi"j is a predicted value for the j-th data point in the i-

th example;
Yi'i_1 is a previously generated set of tokens;
P() is a probability distribution of the subsequent to-

ken;
0 is a model parameters;

NOMENCLATURE
T is aset of unstructured text documents;
R is a set of search rules (prompts);
D is a description of a purpose for the model;

X is input data that consists of unstructured text doc-
uments, search rules, purpose descriptions, and sample
document content;

Y’ is output data that represents extracted data points
from text documents;

f is a general representation of a function that per-
forms data extraction based on input parameters;

Y is a sample response, ground truth;

© Boiko V. 0., 2024
DOI 10.15588/1607-3274-2024-2-12

VL(0) is a gradient of the loss function L with respect
to the model parameters 6;

g(t) is a gradient of the loss function evaluated at time
step t;

m® is a first-moment estimate at time step t;

By is a decay rate for the first-moment estimate;

v is a second-moment estimate at time step t;
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BB, is a decay rate for the second-moment estimate;

m® is a correction of bias in the first-moment esti-
mate at time step t;

v® is a correction of bias in the second-moment es-
timate at time step t;

a® jsan adaptive learning rate;
¢ is a constant to prevent dividing by zero;
GPT() is a function that performs text generation

based on input parameters using a GPT-3.5 Turbo model.

INTRODUCTION
Text searching is a widespread and basic operation for
working with document content. The most popular text
processing software such as Microsoft Word, PDF Read-
er, etc. incorporates the standard seeking algorithms into
their search capabilities like a keyword or pattern-based
search.

On the other hand, they are not able to work with pic-
tures — search and retrieve information from them. In this
case, the optical character recognition method could help
find the appropriate text and additionally categorize it
properly [1].

However, when unstructured documents are taken into
account, the above-listed methods will not work, because,
for keyword-based, pattern-matching search, or even
OCR, the predefined document structure is required, oth-
erwise, the results will be smooth and inaccurate.

The object of study is the process of textual search in
documents with unstructured content.

The subject of study is the methods for searching and
retrieving information from textual documents.

The known text search approaches and algorithms, de-
scribed by authors and outlined as a part of different areas
of implementation [2, 3] and [5, 6] are inappropriate and
not suitable for unstructured textual document processing.

However, several studies [7-12] outline the approach
based on NLP to seek appropriate data in documents re-
lated to specific areas, but these approaches are not de-
scribed as a general method of searching data in unstruc-
tured documents.

The purpose of the work is to develop a method and
incorporate it into an efficient and generic model for tex-
tual search in documents without a predefined structure
that would be possible to use by software engineers as a
framework.

1 PROBLEM STATEMENT

Suppose we have a set of unstructured text documents
T, a list of search rules R , and a description D of a
field that represents a user context where to find the ap-
propriate information. Text information from documents,
descriptions, and criteria are considered a set of tokens
which means it could be a different type of textual con-
tent, such as a sequence of symbols, words, or sentences.
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The task is to develop a method that will perform an
accurate rule-based search to find an appropriate set of
data points Y’ in unstructured documents. The quality of
response and performance should not depend on the num-
ber of rules and documents that should be processed. This
can be represented by the following model:

X ={T,R,D}

f: XY @)
where the function f from input X generates an output Y’
which represents the found data.

Additionally, a generic search model should be de-
signed and the method of rule-based search should be
implemented in the model that will be used to construct a
convenient API.

2 REVIEW OF THE LITERATURE

A standard keyword search is usually performed using
algorithms like Rabin-Karp or Knuth-Morris-Pratt. These
algorithms are often utilized to develop frameworks that
detect plagiarism in text documents as described in the
study [2]. However, they are not effective in rule-based
search, as they can only identify specific patterns of text
based on explicitly specified key phrases. Therefore, these
algorithms are not suitable for tasks that require more
advanced search techniques.

Pattern Matching Search, also known as Regex
Search, is a powerful tool that allows for flexible string
matching by describing complex patterns. It is widely
supported across different programming languages, as it is
built into text processing libraries. In a certain publication
[3], the authors combined regular expressions with key-
word searches to improve web search results. By using
keywords as criteria or rules, fragments of information
found through pattern matching can be considered as ei-
ther the criteria value or as a result of the defined criteria.
This method provides an effective criteria-based search.

The methods mentioned earlier are useful only if the
documents contain text information. However, they can-
not be employed for extracting text from images or
documents that have only images with text (for instance,
scanned copies of pages in PDF format). In such circum-
stances, the OCR technique serves as a viable alternative
for seeking and extracting textual information.

In recent years, many services have emerged that pro-
vide the ability to extract textual information from images
through API. One such service is Azure OCR, which has
gained popularity due to its capability to recognize both
printed and handwritten text from images and to distribute
information based on the contextual understanding of the
document [4]. Other services, including Google Cloud
Vision, Amazon Textract, and Tesseract OCR, also offer
similar functionality for extracting textual information
from images. Furthermore, recent research studies have
highlighted the significance of word processing via OCR
for historical documents [5]. These studies have demon-
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strated that post-processing techniques can be applied to
improve the accuracy and reliability of the OCR results.

The effectiveness of the OCR method for document
processing is dependent on the selection of relevant crite-
ria for data extraction. In scenarios where the criteria
yield only a small amount of data while a document is
voluminous, the OCR approach becomes ineffective, and
the processing of the document may require significant
memory or technical solutions aimed at reducing the sys-
tem load. To address this challenge, the Zonal OCR ap-
proach has been developed. Unlike the standard OCR,
which processes the entire document, ZOCR narrows the
areas of text recognition to specific fragments where data
extraction is required, thus avoiding the need to process
all the text information in the document. In the paper [6],
the underlying principles of ZOCR’s smart parsing of
documents are described. Modern OCR services, dis-
cussed earlier, have ZOCR support, making them effec-
tive tools for zonal character recognition.

These methods for finding textual information are use-
ful and effective when predefined patterns and criteria are
present. Text search based on regular expressions can
identify similar character sequences, while optical charac-
ter recognition is able to recognize characters and catego-
rize text into appropriate groups using automated algo-
rithms.

Both methods have common issues that become ap-
parent when modifications are made to the current im-
plementation. In the first case, developers must incorpo-
rate pattern-matching logic based on new business re-
quirements, which may entail defining new or modifying
existing search criteria. In the case of regular expressions,
some selection rules may not be implementable through
Regex. Therefore, an additional search logic alongside the
existing one may be required. When considering this issue
in the context of optical character recognition, introducing
new search criteria may raise the question of retraining
the existing model. Instead, a standardized approach may
involve scanning the entire document for textual informa-
tion and applying a pattern-matching search, which again
brings us back to the above problem.

In a study [7], a solution encountered in extracting
complex text structures, tabular information, and text lo-
cated in different places was proposed by using NLP. The
authors indicated that the ZOCR method was insufficient
in extracting such information, and thus, they utilized the
spaCy library which provides linguistically complex
models for searching for necessary text information. Re-
cent studies have shown that NLP is an important and
effective approach in solving problems and offers new
opportunities for improving information retrieval proc-
esses in text documents, resulting in more accurate and
complete results.

After analyzing recent research on NLP [7, 8], it can
be concluded that this approach is significant and effec-
tive in overcoming the limitations found in previously
analyzed methods. The use of NLP can provide more ac-
curate and complete results, simplify the recognition of
complex structures, and improve the quality of textual
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information retrieval. For example, in the study [9] au-
thors implemented an NLP algorithm to extract the pres-
ence of social factors from clinical text, which is consid-
ered as an unstructured document. The paper [10] also
shows the usage of rule-based NLP search for unstruc-
tured data in electronic health records. The publication
[11] outlines the NLP text extraction from unstructured
geoscience reports.

3 MATERIALS AND METHODS

Generative Al refers to a class of Al systems that are
specifically designed to generate new and original con-
tent, rather than just analyzing existing data or making
predictions based on learned patterns. These systems em-
ploy various techniques, such as machine learning and
deep learning, to produce fresh content that is often com-
parable, if not identical, to what a human can produce.

The development of generative Al has been signifi-
cantly advanced by the contribution made by the OpenAl
company [12]. Among their notable accomplishments is
the ChatGPT model, which has been continuously evolv-
ing. OpenAl has made interaction with GPT models ac-
cessible through the public OpenAl API, which is widely
used in various applications, including chatbots, content
creation, and natural language understanding tasks. Ac-
cording to research [13], ChatGPT showcases significant
progress in the field of natural language processing and
has the potential to revolutionize the way we interact with
machines and process natural language data. The model is
also capable of maintaining the context of conversations,
enabling it to refer to previous messages to provide rele-
vant responses.

The potential of ChatGPT in the field of natural lan-
guage processing (NLP) and the search approach outlined
in a publication [6] have paved the way for leveraging
modern generative artificial intelligence (Al) capabilities
in the process of rule-based search for textual informa-
tion. Today NLP mechanisms and capabilities can enable
a more efficient and effective search of unstructured tex-
tual data.

When communicating with ChatGPT, prompts are
used to provide information — input data given to the
model for generating responses and can be messages,
guestions, or any text that provides context or instruction.
Users interact with ChatGPT by sending prompts, and the
model generates text responses based on the input. It is
important to note that the quality and relevance of the
responses generated by ChatGPT depend on the clarity
and specificity of the prompts. A prompt is a crucial com-
ponent in interacting with the context-forming model. In
the paper [14], the main approaches to prompt engineer-
ing, which is the process of forming and correcting
prompts, are considered and highlighted. Therefore, by
using the correct approaches to form accurate Al queries,
it is possible to search for information more effectively.
The clearer and more specific the prompt is, the better the
search results will be.

Using GPT models can be effective for searching and
extracting text from text documents, including unstruc-
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tured ones. Prompts are used to retrieve specific textual
information. Correction of output results can be done by
providing sample results. To distinguish the extracted
information, prompts with specific example results can be
marked by a unique identifier or name. All these parts can
be represented as variables, that are denoted as rules in
formula (1) and are a part of model input data X. Since
prompts are often used in an imperative form, the vari-
ables can be called imperative. Fig. 1. illustrates the gen-
eral structure of an imperative variable.

Imperative variable structure

variable_name prompt

Figure 1 — Imperative variable structure

These variables contain prompts that can represent dif-
ferent rules for filtering, searching data, and even descrip-
tions of how to format the output result which are saved
in result variables. To make a model better understand
what kind of data it should extract from documents, the
sample response for each imperative variable should be
defined. This type of data can be called a sample variable
as it represents an example of an output for the appropri-
ate imperative variable. The structure of a sample variable
is shown in Fig. 2.

Sample variable structure

variable_name sample_response

Figure 2 — Sample variable structure

After defining imperative and sample variables, there
is a need to set up the chat model, which is described in
this instruction [15]. Additionally, a chat assistant should
have contextual information that briefly describes an area
in which a user works. Imperative variables are included
in the user-side messages along with the sample responses
for assistance. For more accurate results the sample doc-
ument can be provided. This document contains an exam-
ple content to show the assistant what kind of documents
it will deal with in case of user-provided documents. The-
se settings are demonstrated in Fig 3.

r[” )
{"role": "system", "content": "Assistant is a language model trained to
<purpose_description>."},

{"role": "user", "content": "Can you help with parsing information from a text
document if | give you the data points? "},

{"role": "assistant", "content": "Yes. Please provide me with the data points."},
{"role": "user", "content":<list_of_imperative_variables>},

{"role": "assistant", "content": "Sure. Please provide me with the text document"},
{"role": "user", "content": <sample_document_content>},

{"role": "assistant", "content": <list_of_sample_variables>},

{"role": "user", "content": "Are you ready for another document?"},

{"role": "assistant", "content": "Yes, please provide the text document, and | will
extract the required data points."},

{"role": "user", "content":<user_document_content>}

]
- /

Figure 3 — Messages to set up the assistant
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In GPT models during the training stage, several
common operations are typically performed, including the
specification of a loss function and its minimization
through optimization algorithms. In the case of an un-
structured document text search task, the loss function can
be defined to measure the discrepancy between the mod-
el’s predictions — the search results and the ground truth
relevant information that the model is expected to retrieve
from the documents. In the case of text generation tasks
the Cross-Entropy Loss function can be used. It is repre-
sented by the following formula (2):

N
L(Y.Y) == In(P(y{ | X, Y{i ). @

i=1

It’s important to note that function (2) works only
with a single sequence of data, but the more effective way
will be enhancing the existing function with the possibil-
ity of batch processing, so multiple sequences can be used
simultaneously. In the context of batch processing, where
multiple sequences are processed simultaneously, the loss
function computes the discrepancy between the model’s
predictions and the ground truth for all sequences in the
dataset. To obtain a representative measure of the average
discrepancy per sequence in the batch, 1/M a coefficient is
included. This factor ensures that the loss value is normal-
ized by the number of sequences. Updated formula looks
like this (3):

1 M N
L(Y,Y’)=—VZZIn(P(y{,j | X, Yii1) - ©)
j=li=1

In (2) the double summation is used since there is a
need for batch processing to sum over all tokens in the
output sequence Y’ and all possible tokens in the vocabu-
lary (the inner summation) to compute the overall loss.
This ensures that the discrepancy is considered for each
token in the predicted sequence compared to all possible
tokens in the vocabulary [16].

After the loss function is defined there is a need to op-
timize it, because the primary goal during training is to
make the model learn to perform more accurate predic-
tions or generate more relevant outputs. Several optimiza-
tion techniques can be used, but the most effective is the
adaptive moment estimation algorithm (Adam) and its
variations that are used in GPT models. Adam optimiza-
tion is performed in several steps [17]. Firstly, the gradi-
ent function should be defined. For the current case, it can
be represented by the following formula (4):

1 MN 5 |
VLO) =7 EE% n(P(Yi,j | X, Yii-1)) - ()

It computes the partial derivative of the logarithm of
the predicted probability of each token in the output se-
guence given the input and previous tokens, summed over
all training examples (documents) and tokens within each
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document. The gradient function with respect to the time
step is represented by the following formula (5):

g® =vL(e®D). (5)

Then, update the first (6) and second (7) moment es-
timation happens:

m® =pymD +1-pyg®, (6)
VO =B+ @-,)(g" 9. (7)

After that, a bias correction for each updated moment
estimate is computed (8, 9):

m®

=) _

m™ = , (8)
1-pBy
®

TOES ©)
1-B2

The final stage is to update the model parameters
based on calculated adaptive learning rate and bias-
corrected moment estimates (10):

A (t
o0 _gth _q0 0 (10)
00 4e

The algorithm which includes operations (4-10) is

performed several times. The loop works until either the

model converges or the maximum number of iterations is
reached, whichever comes first.

The mentioned algorithms used in the model training
process today are incorporated into GPT language mod-
els, like GPT-3.5 Turbo from OpenAl. However, this
model does not disclose its optimization techniques, but
according to several types of research, the methods shown
in this paper are used by some GPT models. Instead of
building a custom model that can last long and take a big
amount of computing resources to maintain training and
deployment processes, the most stable GPT-3.5 Turbo
model can be used effectively for tasks such as a rule-
based search. Thus, the final formula for getting the
search result Y’ using the GPT-3.5 Turbo model can be
represented as the following (11):

Y'=GPT(X). (11)

The imperative variables method can be applied to dif-
ferent documents and to make it generic the appropriate
search model has been developed. According to this mod-
el, imperative variables along with sample responses are
saved in data storage. This model allows us to build cus-
tom and flexible templates based on imperative variables
for different areas and apply them for rule-based textual
search in documents, including unstructured ones. Tem-
plates consist of imperative and sample variables with one
sample document. Fig 4 illustrates this model which is
represented by a sequence diagram. This is a generic ap-
proach to serve the NLP-based textual search. Users can
define their templates according to their business area,
specify the purpose description, and manage templates
that contain imperative variables. Additionally, the model
can be used to implement the appropriate API.

Client
i Web Service Doctimant Data Storage Blob Storage OpenAl API
Reader
M Uploads text Sends files to
documents (docx, pdf, ...) extract text
Returns text
_I<______________________ T
. Sends query to get purpose description,
imperative and sample variables with sample document url
Returns data
(. ....................... rmmn e
i Sends req:uest to get a sample décument :
Returns blob ﬂ
{ .....................................................................
M Sends set-upped messages to search and extract information H
Returns search results _(4 ,,,,,,,,,, Bqt,l‘!{rjg,s,??,r?h,r?,syl,t,s ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, D

Figure 4 — Sequence diagram of a search model using the imperative variables method
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Compared to the pattern-matching search, the impera-
tive variables search model has several advantages:

1) The model requires only properly described
prompts using natural language and sample responses
while pattern-matching uses Regular Expression syntax to
seek data that is not well-known to common users.

2) Along with a description of what the user needs to
find, it can be formally extended by the flexible set of
additional requirements, for example, of how it should be
formatted in the output or conditions of what to do if the
required data is not found without any additional pro-
grammed logic.

However, with a large number of imperative variables
or large documents, a search can be slower, thus the mod-
el needs to be optimized using multithreading or paralleli-
zation mechanisms which is a part of further studies.

4 EXPERIMENTS

The model has been implemented to show how the
method works. Since it is generic, any area is suitable for
this model. So, the Shipping area was selected to conduct
the experiments.

According to the model — several imperative and re-
sponse variables were created in the MySQL database.
Also, to properly set up the Open Al assistant, the purpose
description was initialized.

For a convenient view data was converted to CSV
format. The area information along with imperative and
sample variables are listed in Figure 5.

Imperative and sample variables

variable_name prompt sample

AAABBB123456

document_id Referred to as the bill of lading number,

sea waybill number, or a similar abbreviation

shipper This is the party declared as shippers or exporters | Mattel, Inc

of the goods, not the carrier the document is

produced by
description Description of the goods being shipped Fisher-Price
vessel A ship that is transporing the goods MSC TUXPAN
scac The SCAC code is a 4 letter uppercase character CMAU

string. If the SCAC code is not found, take the first
4 digits of the document_id

container_num | The number of container where goods are CMAU1234000

shipper_ref Reference number associated with the shipper 1234560000
net Net weight of the goods that are being shipped 1,100.150 KG
by the vessel
Area
area_name purpose_description sample_url
Shipping ‘ parse shipping documents  /samples/shipping.pdf

Figure 5 — Variables for text extraction

For better results, there was created a sample shipping
document which contains example data for the GPT mod-
el. It is saved on Azure blob storage.

To conduct the experiments .NET environment was
used and for simplicity there was developed a console
application that accepts text documents and on output
generates the CSV file with a response.

There are several steps were performed to parse the
documents:
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1) Application field information and variables are re-
trieved from the MySQL database.

2) A sample document is downloaded from the Azure
Blob storage.

3) The messages are set up and sent to the OpenAl
API for processing.

4) The result is obtained in a JSON format and saved
to a CSV file.

The search model was implemented in ASP.NET-
based Imperative Variable Search Web API which is a
general point to access the rule-based search. The list of
implemented endpoints is illustrated in Fig. 6.

Imperative Variables Search API N
/send-code v
/register ~
/token v
/area/{id} ~

(D /area/{id} v
/area v
/area v
/imperative-variable v
/imperative-variable v
/imperative-variable v
|m /imperative-variable/{id} v
/sample/upload/{areald} v
/result/{areald} v

Figure 6 — Imperative Variable Search APl endpoints

Endpoints accept user requests and perform the main
functionality of the API. A user first needs to register an
account, then create an area with an appropriate name and
purpose, populate the set of imperative variables along
with sample responses that are related to the area, upload
a sample file, and then upload files to perform the rule-
based search and obtain the results. The API has a con-
venient way of interacting using Swagger and can be in-
tegrated into different business solutions.

5 RESULTS

15 unstructured shipping documents were selected and
processed (18 KB each) with 8 variables. No parsing er-
rors occurred. There are conducted 5 attempts of execu-
tion to determine the average time. Time calculation in-
cludes retrieving imperative variables and other informa-
tion from the database, extracting textual content from
documents, and batch-sending requests to the OpenAl
API. The result of processing documents was saved into a
CSV file and illustrated in Fig. 7.

According to time measurement results the average
time spent on requests to OpenAl API and the time of
overall program execution is approximately 3 seconds
which can be considered as an acceptable result (Fig. 8).
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However, OpenAl API has a rate limit that depends on
the Tier subscription [18]. The experiment was conducted
on Tier 1 which has a limit of 60000 tokens that can be
sent per 1 minute, which also keeps the limit of the num-
ber of documents that can be processed per this time.

Thus, the queue should be used in case of a large number
of documents. Additionally, the content length has limits
too — for GPT-3.5 Turbo model is 16385 tokens [19], thus
larger documents should be split into smaller parts before
processing.

Shipping Documents Search Result

document_id shipper description vessel scac  container_num shipper ref net
XYZUHB20572 XY Z Trading Co. Product XYZ 500ML XYZ ATLANTIC MSCU | MSCU9876541 987854321 | 1,000.00 KG
MEDUUHB20571 | LMN Corporation Nautical Nuts and Baolts MSC ATLANTIC MSCA | MSCABB07092 987854321 | 10,500.00 KG
ABCUHB20575 ABC Exporters Inc. | Product 500ML ABC ATLANTIC HLCU | HLCUS876567 987654321 | 5,000.00 KG
MEDUUHB20571 | ABC Trading Co. Oceanic Organic Coffee MSC OCEANIA COSU | COSU9876578 | 1234567890 3,000.00 KG
MEDUUHB20571 | ABC Trading Co. Seafarer's Seafood Mix MSC OCEANIA MSCU | MSCU9876521 | 1234567890 | 8,000.00 KG
GLHUHB20576 Globe Exporters Inc. | Wave Rider Surfboards GLOBE EXPRESS | ONEY HONEYO876543 | 1234567890 5,000.00 KG
XYZUHB20573 ABC Trading Co. Captain's Choice Whiskey | XYZ ATLANTIC ONEY | ONEY9B876545 987654321 | 8,000.00 KG
MEDUUHB20571 | ABC Trading Co. Harbor Lights Candles MSC OCEANIA ZIMU | ZIMU4560701 1234567890 | 2,100.00 KG
MEDUUHB20571 | ABC Trading Co. Oceanic Organic Coffee MSC OCEANIA ZIMU | ZIMU9876543 1234567890 2,400.00 KG
GLHUHB20576 Globe Exporters Inc. | Shipshape Sunglasses GLOBE EXPRESS | GLHU H MSCUS871234 | 1234567890 | 1,000.00 KG
MEDUUHB20571 | ABC Trading Co. Coastal Crafts Art Supplies MSC OCEANIA MAEU | MAEU9876433 | 1234567890 | 10,000.00 KG
MEDUUHB20571 | ABC Trading Co. Harbor Lights Candles MSC OCEANIA MAEU | MAEUSB76501 | 1234567890 10,500.00 KG
GLHUHB20576 Globe Exporters Inc. | Wave Rider Surfboards GLOBE EXPRESS  MSCZ  MSCZ29876541 | 1234567890 | 2,000.00 KG
MEDUUHB20571 | ABC Trading Co. Coastal Crafts Art Supplies| MSC OCEANIA MSCZ | MSCZ9876511 | 1234567890 | 3,000.00 KG
MEDUUHB20571 | ABC Trading Co. Tidebreaker T-shirts MSC OCEANIA COSU | COSU9876512 | 1234567890 1,000.00 KG

Figure 7 — Search results for 15 shipping documents

ument size: 18KB
e variables: 8
Attempt #1. OpenAI API requests Time elapsed:
Attempt #1. ALl program Time elapsed: 88:808:03

Attempt #2. OpenAI API rec
Attempt #2. ALl program Time elapsed: @

sts Time e .3081889

Attempt #3. OpenAI API requests Time B2.2930125

Attempt #3. ALl program Time elapsed: 8

Attempt #4.
Attempt #4.

OpenAI API requests Time el
ALL program Time elapsed: 8

.1995838

Attempt #5. OpenAI API reguests Time apsed: B80:80:04.2532939

Attempt #5. ALl program Time elapsed: ©0:00:04.4986458

Figure 8 — Execution time measurement

6 DISCUSSION

The method of imperative variables generally shows
applicable results. Compared to research that was per-
formed and resulted in [7-11] the developed method has
an easier implementation, so the API that can be built on
this model, will be developed without any extra spending
time for developing custom NLP models, as it was done
and outlined in those studies. Therefore, custom-trained
NLP models are often trained on a set of data that is re-
lated to a specific area. This approach has advantages in
that this model better interacts and produces more accu-
rate results since it is trained according to the specific
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field. However, the disadvantage could be the absence of
enough flexibility, so these models will need to be addi-
tionally trained in case when they are used in another
field.

The significant advantage of the method is that it uses
a modern and well-trained GPT model and an open-
source API for processing queries. According to experi-
ment results this method is relatively fast and produces
accurate search results. Also, this method is flexible and
has relatively small-time expenses.

However, since it is based on OpenAl GPT models
which have access to facilities based on a chosen sub-
scription, API has several limitations that lead to the in-
ability to parse large sets of data. Due to them, there is a
need to perform several optimizations. For example, if the
model deals with a large document, it can be divided into
smaller parts which are acceptable by OpenAl API.

This method can be extended by combining other
methods that are used to narrow the search range, like
ZOCR. With these optimizations, OpenAl API will not be
overloaded, but it will not be suitable for all unstructured
documents since specific cases can take place when the
document contains the desired textual information in dif-
ferent places. Overall, the combination of advanced lan-
guage models with OCR technologies represents a prom-
ising direction for improving document processing and
information retrieval tasks. By leveraging the strengths of
both approaches, it’s possible to create more robust and
versatile solutions capable of handling a wide range of
document formats and sources.
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Despite these limitations, the method remains a pow-
erful tool for natural language processing tasks, offering a
balance between performance and accessibility. Contin-
ued improvements in the underlying GPT models and
enhancements in the API capabilities may further mitigate
these limitations in the future.

The method’s integration with existing systems and
workflows is relatively straightforward, because of its
API-oriented model. This allows developers to seamlessly
incorporate its capabilities into their applications without
significant overhead.

CONCLUSIONS

The generic rule-based unstructured data search meth-
od was developed and incorporated into an APIl-oriented
model.

The scientific novelty of the obtained results is that
the generic imperative variables method based on OpenAl
GPT models is firstly proposed. It outlines the approach
of a rule-based search in unstructured documents based on
GPT models. The flexible field-independent search model
is designed based on the method. This allows to automate
finding the information in documents with no predefined
structure, build requests, and criteria in different forms for
search and form the desired output results.

The practical significance of the obtained results is
that the method is able to automate information retrieval
tasks, without the need for predefined structures or ex-
plicit rules, making it highly adaptable to diverse use
cases. The developed flexible model enables organiza-
tions to streamline their document processing workflows,
improve efficiency, and extract valuable insights from
unstructured textual data. Implemented Web API allows
users to build custom templates to perform a rule-based
search.

Prospects for further research are to study the opti-
mization approaches to minimize the impact of OpenAl
API limitations and decrease the execution time. Addi-
tionally, further investigation could involve expanding the
usage of imperative variables in programming and soft-
ware development.
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METOJ IMIEPATUBHUX 3MIHHUX JJISI ABTOMATH3AIII MIOIMIYKY
TEKCTOBOI ITH®OPMAIIIl Y HECTPYKTYPOBAHUX JJOKYMEHTAX

Boiiko B. O. — acucrent kadenpu imxeHepil nporpamMHoro 3ade3nedeHHs XMeIbHUIBKOT0 HAlllOHAIBHOTO YHIBEPCUTETY, XMe-
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AHOTAIIA

AxTyanbHicTs. Ha choroHi icHye 6araTo miJaxoziB IJisi BUKOHaHHS e()eKTHBHOTO TEKCTOBOTO IOLIYKY. J{Jsi OTpUMaHHs 3Haxo-
JDKSHHSI Ta BUIYYeHHs (pparMeHTiB iHpopManii 3 JOKyMEeHTIB IINPOKO BUKOPUCTOBYIOTHCS TaKi METO/IH, SIK 3iCTaBJICHHS 3 Ma0JIOHOM
i onTUYHE po3Mi3HaBaHHsS cUMBOJIIB. OJJHAK BOHH IPALIOIOTH i3 YiTKO BU3HAYECHOIO CTPYKTYPOIO IOKYMEHTa, TOAI K HECTPYKTYpO-
BaHi JOKYMEHTH HE MOXYTb OyTH 00poOJIeHI TaKUMH METOJaMHU. A ToMy mpoGJieMa IoJisirae B aBToMaTn3allii TeKCTOBOrO IMOIIYKY B
JOKYMEHTaxX 3 HECTPYKTYpPOBAaHHM BMIiCTOM. METOIO IOCTiKeHHsS OyJ0 pOo3pOOHTH METOJ Ta peai3yBaTH e(eKTHBHY MOJIEIb I0-
IIyKy BMICTY B HECTPYKTYpOBaHil TeKCcTOBil iH(OopMaii.

MeTta podoTH — peaizanis METOLy Ta MOJENi TEKCTOBOTO ITONTYKYy Ha OCHOBI IIPaBWJI JUIsl OTPUMAHHS iH(popMamii 3 JOKyMEHTIB
3 HECTPYKTYPOBAaHUM TEKCTOBUM BMICTOM.

Merton. JInsi TOCATHEHHS. METH JOCII/DKECHHS PO3POOJICHO Ta 3aCTOCOBAHO Y BiMOBIIHIN MOJIENI METO KPUTEPiaJbHOTO TEKCTO-
BOT'O IOLIYKY AJIsI 3HAXOKEHHs iHpopMaLil y pi3HOpiIHOMY TeKCTOBOMY BMicTi. BiH 3acHOBaHuMiT Ha 00poOLI NPUPOAHOI MOBH, SIKa
OyJ1a BJOCKOHAJICHAa B OCTaHHI POKH Pa30M i3 HOBHUM IeHEPATUBHUM IUTYYHUM IHTEJIEKTOM, SIKMil CTae Bce OLIbII JOCTYITHUM Ta IIPo-
Iy KTUBHHM.

PesyabTaTn. Meton peanizoBaHo B po3poOIIeHi MOJIeNi, sika MpeAcTaBisie mabiIoH abo CTPYKTYPY HECTPYKTYPOBAHOTO TEKCTO-
BOTO TOWIYKY AJIs PO3pOOHUKIB mporpamHoro 3abesnedcHHs. Po3pobieHo MpUKIafHUI mporpaMHui iHTepdeiic At B3aemomii 3
MOJIEILIIO.

Bucnosku. [IpoBesieHi eKCIIEpIMEHTH Y BHIJIII peai3oBaHOTO IIPOTPaMHOTO 3a0e3MeueHHs MiATBEepIUIH TIPale3aTHICTh 3a-
IIPOIIOHOBAHOTO METOAY Ta JOBOJSTH MPAKTHYHICTh HOr0 BUKOPHUCTAHHS I BUPIIICHHS 3aa4 TEKCTOBOTO IIOLIYKY B HECTPYKTYpO-
BaHMX JOKyMeHTaX. [lepcrieKTUBH MoJaiabIIMX JOCTIIKEHb MOXYTh BKJIIOYATH IOKpPAIICHHs IPOJIYyKTUBHOCTI 32 JJOIIOMOTOI0 Oara-
TOMOTOKOBOCTI abo mapanenizauii 1isi BEIMKAX TEKCTOBHX JOKYMEHTIB, a TaKOX Po3po0Ka MiAXOAIB 0 ONTUMi3alil METoxy IS
MiHiMi3alii BIUIMBY 0OMeXeHb 00pOOKH KOHTEHTY MPHUKIAIHOro mporpamuoro intepdeiicy OpenAl. Kpim toro, moaatkosi mocii-
JDKEHHS MOXKYTh BKITIOYATH PO3IMUPEHHS 001aCTi BUKOPUCTAHHS IMIIEpAaTHBHUX 3MIHHHUX Y MPOTpaMyBaHHI Ta pO3pOoOIi MPorpaMHo-
o 3a0e3MeueHHs.

KJIIOYOBI CJIOBA: TekcTOBHI MOIIYK, HECTPYKTYPOBaHI TEKCTOBI JOKYMEHTH, 00po0Ka NpHUpOJHOI MOBH, ITOUIYK HAa OCHOBIL
TIpaBHJI, TEHEPATUBHUI MITYYHUI IHTEJICKT, IMIepaTHBHI 3MiHHI.
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YK 004.9

IHOOPMAIIMHA TEXHOJIOI'IA PO3III3BHABAHHS IPOIMATAH/IMN,
®EUKIB TA JE3IHOOPMAIILL Y TEKCTOBOMY KOHTEHTI HA
OCHOBI METOJIB NLP TA MAIIMHHOT'O HABYAHHSA

Bucouska B. A. — 1-p TexH. HayK, IOLEHT, JOLEHT Kadenpu «IHpopMmauiliHi cucteMu Ta Mepexi», Hanionansanit
yHiBepcuteT «JIpBiBChKa MoiTexHiKa», JIbBiB, YKpaiHa.

AHOTAIIA

AKTyanbHicTh. J[0CHiKEHHS CIPsIMOBaHe Ha 3aCTOCYBAHHS ITYYHOT'O IHTEJIEKTY JUIsi pPO3POOIICHHS Ta BIOCKOHAJICHHS 3ac00iB
KibepOopoTsOH, 30Kpema st 6opoTeOu 3 AesiHdopmaliero, deiikamu Ta mponaraHaow B [HTEPHET-TPOCTOPI, BUSIBICHHS [KEpes
nesingopmariii Ta HeaBTeHTHYHOI MOBEAiHKH (60TH) CKOOPAMHOBAHUX IPyIL. Pearizalis NpoeKTy CIpHUATHME BUPILICHHIO BAYKIHBOTO
Ta aKTyaJbHOTO y Halll Yyac MUTaHHS iHQopMamiiHOi MaHIMysmil y Mexia, amke i epeKTHBHOI OOpOTHOM i3 BUKPHBICHHSAM Ta
nesindopMariero HEOOXiTHO OTpUMATH €PEKTUBHHH IHCTPYMEHT PO3Mi3HAHHS LUX SIBHUII Y TEKCTOBUX NaHUX IS BHPOOJICHHS
TOJANBIIOT CTpATerii 3aI00iraHHs PO3NOBCIOPKEHHS TAKHAX JAAHHX.

MeTorw aociimKeHHsl € po3poOka iH(opMaIiiHOI TEXHOJOTIT JJIsi aBTOMATHYHOTO PO3MMi3HABAHHS MOJITUYHOI MPOMAaraHIy y
TEeKCTOBUX JaHHX, sIKa INOOyJOBaHa Ha OCHOBI MaNIMHHOTO HAaBYaHHS 3 y4YHTENIeM Ta peajli3oBaHa 3a JIONOMOIOI0 METOJIB
OIIPALFOBAHHS IPUPOIHOT MOBH.

Metoa. Po3misHaHHS HasBHOCTI MponaraHgy BiZOyBaTUMETHCS Ha ABOX PiBHAX: HAa 3arajJbHOMY piBHI, TOOTO PiBHI TOKYMEHTY,
Ta Ha PiBHI OKpeMUX pedeHb. [l peanizamnii IpoeKkTy BUKOPHCTAHO TaKi METOIN KOHCTPYIOBAHHS O3HAK, K CTATUCTUYHUHA MOKa3HUK
TF-IDF, mogmens Bekropusauii «Topba ciiB», po3MidyBaHHS YacTHH MOBH, Mojeidi WOrd2vec nisi OTpHMaHHsS BEKTOPHHX
NPEeJCTaBJICHb CJIiB, a TAKOXK PO3ITi3HABAHHS TPUTEPHUX CIIiB (ITiICHITIOI0YI CIIOBA, aOCOMIOTHI 3aiiMCHHUKY Ta «OIMCKY4i» cI0Ba). Y
SIKOCTI OCHOBHOT'O aJI'OPUTMY MOJIETIOBAHHS! BUKOPHUCTAHA JIOTICTHYHA perpecis.

PesyabTaT. Po3po0ieHo Mozeni MallMHHOTO HaBYaHHS Ul PO3Ii3HaBaHHS HpomnaraHad, ¢eikiB ta aesindopmanii Ha piBHI
JIOKyMeHTy (cTarTi) Ta Ha piBHI pedeHb. OOMABI OLIHKK MOJENI € 3aJ0BIIBHIMH, TPOTE MOJENb ISl PO3ITI3HAHHS MPOMAraHad Ha
piBHI JOKyMeHTY Briopajacs B Maiike 1,2 pasis kpamuie (Ha 20%).

BucHoBku. CTBOpeHI MOZAenl NOKa3ye BiAMIHHI pe3yJdbTaTH pO3Mi3HABaHHSA MpomaraHad, (elkiB Ta nesiHpopmarmii y
TEKCTOBOMY KOHTEHTi Ha ocHOBI MeToaiB NLP Ta MammHHOrO HaBUaHHS. AHaNi3 BUXIIHUX JaHUX MOKa3aB, IO MOJEINI PO3Mi3HAHHS
NpOIaraHay Ha piBHI JOKyMeHTY (CTaTTi) BHayocs KOpeKTHO kiacudikysaru 6097 He mpomaraHaucTChbKux crareid Ta 694 crarri
MIPOTIAaraHUCTCHKOTO XapakTepy. 123 mponaraHmucTChki crarTi Ta 285 He mpomaraHIMCTCBKUX crartedl Oynm kiacudikoBaHi
HeripHo. Otpumana ominka wmoxeni: 0,9433254618697041. Mogens po3mi3HAHHS MpPOMAraHid Ha PiBHI PEYCHb YCHINIHO
kiracudikysana 1917 He nponarangucTcbkux crated Ta 205 mpomaranaMCTChKUX cTaTell, mpore 585 mpomaraHIucTCHKUX cTaTel Ta
146 ne nponaranaAnCTChKUX cTaTeil Oynu kiacudikoBani HeipHo. Oninka moaeni craHoButh: 0,7437784787942516.

KJUIFOYOBI CJIOBA: nesindopmaris, ¢eiik, npornarania, JIHIBICTHYHUN aHali3, ONPALIOBAHHS MPUPOJHHOI MOBH, MAILIMHHE
HaBYaHHS, KibepOopoTh0a, MTyYHHI iHTENEeKT, CEMaHTHYHHUI aHaNi3, iHpopMariiftHa Oe3mnexa.

ABPEBIATYPA
3MI - 3acobu MacoBoi iH(opMaIlii;
ITICO - irdopMaIiitHO-TICHXOIOTiYHA OTIePALlis;
IC - inTenexTyanbHa cucTeMa;

IT - indopmariiitHa TEXHOJIOTIS;

I13 — mporpamue 3abe3neueHHS;

I1O — mpenmerHa 061acTsh;

CJ1 — cXoBHIIIE IaHHX;

IDF — Inverse Document Frequency;
ML — machine learning;

NLP — Natural Language Processing;

| — onepaTop igeHTU(IKaIlil TeMATHUYHUX CTAaTeH;
¥ — oniepaTop (hOpMyBaHHS JaTaceTy CTaTeH;

® — OTepaTop MapKyBaHHs CTATTI;

A — omeparop NPUHHATTS PillIeHHS;

i} — MHOKHHA 1aHKX 13 [HTepHET-KEpen;

i, — cXoBHIIE qaHUX MyOsTiKamii;

i3 — CIIOBHUKH CIIiB-MapKepiB Mponarax/iy,

i; — MHOKHHA TEMaTUYHHX KITFOUOBHX CJIiB (PEeHKiB;
0; — IepioAUYHI 3aIUTH Ha 30ip myOmiKamiii;

0, — pe3ynbrat 3actocyBanas NLP;

03 — pe3yJbTaT 3acTocyBanHs ML;

nPMI — Normalized pointwise mutual information;
SVM - Support Vector Machine;
TF — Term Frequency.

HOMEHKJATYPA
S — cucTema po3mizHaBaHHS MIPONAraH/IH,

r; — npaswia 300py naHux 3 [HTepHET-IKepern;

r, — npasmia NLP TekcroBoro KoHTeHTY;

r; — npaBmwia ML juis po3mizHaBaHHS IpoOTaraly,
I, — IpaBuiIa MapKyBaHHsI CTATTI SIK IIPOTIaraHIy;
U; — MHO>KMHA YMOB 300py cTarteit B [HTepHeT-

. JDKEpenax;
| - muOMKHMHA BXIIHUX NTAaHHX, U, — MHOKHMHA BUMOT ()iJIbTPYBaHHS JaTaceTy Bij
O — MHOXHMHA BUXiTHUX JIAHUX; mymy;

R — ocHoOBHI IIpaBujia OIIPALOBAHHSA BXIJHUX JAHHUX, U3z — MHOYKHHA YMOB OTIPAIFOBAHHS JIaTaCETy CTaTeﬁ;

U — mapamMeTpu onpaItoBaHHsI BXiTHUX JaHUX;
Lgr — MeTO MAalIMHHOTO HABYAHHS,

O, — OIIEPATOp CKauyBaHHS BXiTHHUX JaHUX;

[3 — omepaTop onpalfoBaHHs BXITHUX JaHUX;

Y — oTepaTop aHaii3y crareii Ha ocHOBI ML;
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Uy — MHOkHHA YMOB ML s po3mizHaBaHHS (elKy;
Us — MHO>KHHA BIMOT (h)OpMYBaHHS BICHOBKIB.
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BCTYII

Jesindopmariisi BU3HaYaeThCs SIK «(aKTUYHO HEBipHA
inpopmarris, sgKka HE MATBEPIKCHA  JOKa3aMu».
Hesindopmariiss B [HTEpHET € aKTyaJbHOIO Ta >KUTTEBO
Ba)KJIMBOIO IIPOOJIEMOI0, 0COOIMBO B cdepax, MOB’ I3aHUX
3 BiHOIO B VYkpaini. Taka indopmamis, orpumaHa 3
COIIAJIBHUX Meia, BKIIOYAIOYM TEMATH4YHI OHJIAH-
CHITBPHOTH, BIUIMBAaE Ha pe3yibTaTH  (GopMyBaHHA
TPOMAJICBKOI IyMKH, K€PyBaHHS HACTPOSIMH CYCIIJIBCTBA
Ta, BIATIOBiAHO, Ha XiJ BiffHM B IIOMy. 3aHETIOKOEHHS 3
npuBoAy AesiHpopmamii 3pociao i3 30UTBIICHHSIM
KITPKOCTI  3alHMTIB  Ha BIANOBiAHY iH(opMmarmio B
InrepHer, 30kpema, B 3MI Ta comianbHUX Mepexax.
BiacyTHICTE 3aXHMCHMX MEXaHI3MIB il 4ac 0OrOBOPEHB B
OHJIaH-CIUJILHOTAX CHPUSE MOMIMPEHHIO Ta 3MIlHEHHIO

nesindopmarnii, (¢edkiB Ta npomaraHgu. IcHyroua
JitepaTypa 31e0UTbIIOro 30cepe/keHa Ha BUSBIICHHI
¢danpmmBux ormsniB i ¢QeiikoBux HoBuH. OpHak y

Jitepatypi Opakye KOMIUIEKCHOI TEOPETHYHOI OCHOBH,
po3po0bieHol s BUSBICHHS Ae3iH(opMarlii, 0coOIrBO B
KOHTEKCTi OHJIalH-CIIITPHOTH. BpaxoByroun Beamye3HUHA
obcsir  nesindopmanii  mpo BiiHy B YKpaiHi, 110
MIOIIUPIOETHCS B BINIOBIIHUX OHJIAWH-CIIJIBHOTAX, ICHYE
HEOOXIiTHICTh po3poOuTH e(peKTUBHY MOJIeNb
ABTOMAaTHUYHOTO BHSBJICHHS IOTOKY JAe3iHpopMarii s
MOJAIBINOT  IACHTU(IKAIIT HEaBTEHTHYHOI TOBEIIHKU
CKOOPAMHOBAHUX TPYII JIF0/1€#/00TiB-PO3MOBCIOIKYBaYIB.

MeTo10 gocinkeHHs1 € po3pobieHHs iH(opManiiiHoT
TEXHOJIOTIT BUSBICHHS Je3iHPOPMAIii IS ITiIBUIICHHS
piBHA iHQOpMAaIiiiHOi Oe3lmekn JOep)KaBH  [UIIXOM
pO3poOJICHHSI MaTeMaTHYHUX MoJeseldl, MeToniB Ta
3acobiB kibepOopoTEOH 3 Ae3iHdopmaiero. 30KpeMa, Ie
CIpUATHME [l aBTOMATHYHOTO BUSBICHHA JDKEpel
nesindopmariii Ta HeaBTEHTHYHOI MOBemiHKH (6OTH)
CKOODOWHOBaHMX TIpyn B IHTepHeT Ha  OCHOBI
CTHJIICTUYHOTO aHaJli3y Ta JIHTBICTUYHOTO ONpPAlOBaHHS
TekcTy (edkiB Ta MpomaraHad, OCOOJMBOCTEH IX
PO3IOBCIO/KEHHSI Ta PEroCTiB Ha ocHOBI ML-MeToiB.

Po3pobka mertomiB Ta 3aco0iB MOHITOPHHTY Ta
BUsIBJIEHHS Jie3iH(dopMalii B [HTepHET BUMarae po3B’s3Ky
BiJIIOBiTHUX 3a/1a4, 30KpeMa.

— JIHTBICTUYHE OIpANIOBaHHA JAe3iH(opMarii s
BUSIBJICHHS CIIUIBHHAX XapaKTEPHHUX O3HAK MPOMaraHiy;

— po3mi3HaHHA NPOMAraHIy Ha PiBHI CTATTi,

— po3mi3HaHHA MPoNaraHay Ha PiBHI pEUCHHS;

— TpeHyBaHHI Mozeneil ans (GopMyBaHHS MPOTHO3IB
Ha OCHOBI TeCTOBOI BHOIpKH;

— po3po0senHss moaymiB IC mis aHaily TEKCTOBUX
MOTOKIB KOHTEHTY JUISl BUSIBIICHHSI IPOTIAraH/IH;

— eKCIeprMeHTaNbHa ampoOamis  po3pobmenoi  IT
po3mizHaBaHHS Tpomnaranay, ¢eikiB Ta nesindopmanii y
TEKCTOBOMY KOHTEHTI Ha ocHOBI MeToaiB NLP ta ML.

HayxoBa HOBM3HA TTOJIATae y pO3pOOIICHHI METOJIIB!

— CTWJIICTUYHOTO  aHali3y Ta  JIHTBICTUYHOTO
OTIpaIfOBaHHA Je3iH(opMarii i1 BUSBICHHS CIUTBHUX
XapakTepHUX O3HaK (eHKiB OZHOTO aBTOPCHKOTO

KOJIGKTHBY OCHOBI METOJIB OIPAIIOBaHHS HPUPOITHBOT
MOBH Ta IITyYHOI'O iHTENEKTY, JIIHIBICTHYHOTO aHAIi3y
MOBIZIOMJICHD, KJIacH]iKaIlii/kiacTepusariii TEKCTy TOIIO
© Buconpka O. O., 2024
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JUIsl BUSIBJIGHHS JITHTBICTUYHUX O3HAK JAECTPYKTUBHOTO Ta
MaHIIyJISITUBHOTO CHpO0 BIUIMBY HA YMTAua,

— BUSIBJICHHSI MOTEHIIHHO TMOAIOHHMX 3a CTHIIICTHUKOIO
nesindopmanii s hopMyBaHHS MHOXKWHH HOTESHIIIHHUX
aBTOPIB Ta yYacCHHKIB PO3MOBCIOJDKEHHS IMPONAraHayd Ha
OCHOBI 300py/MOHITOpUHTY/BUSBICHH s /KITacH(iKaIiT
iH(opMaIiifHuX 3arpo3 B [HTepHET-TIpOCTOPI.

[IpakTnyna HOBHM3HA moisrae y po3podneHHi IC
BUSIBJICHHS TIPOIAraHiIy, a TaKOXK eKCIIepUMEHTAIbHA
ampooarris, 36ip/onpartroBanHs/aHai3 OTPUMaHHX
pe3yIbTaTiB ISl  PO3PaXyHKY TOYHOCTI/€pEeKTHBHOCTI
(yHKIiIOHYBaHHS Ha OCHOBI peanizamii MoxymiB I13 sk:

— MOIyJb  IHTENEeKTyaJbHOTO  IOLIyKYy,  300py,
MapKyBaHHs, JIHTBICTHYHOTO aHai3y Ta Kiacudikarii
iHpOpMaIifHUX  TOBIZOMJIEHb  JUI  IOJAJIBIIOTO

(hopMyBaHHS MHOXXMHHU TOTCHIINHUX (EHKIB, a TaKOX
MOHITOPUHTY, KEpyBaHHs, BUSBICHHS Ta BIJICTE)KEHHS
JaHuX iH(OpMAaIiTHUX 3arpo3 Ha ocHOBI ML;

— MOZAYJh CTHJIICTHYHOTO aHaji3y MHOXXUHH (DeiKiB
UIS imeHTHQiKamil TOMIOHWX 3a CTHWJIEM Ui OIHOTO
aBTOPCHKOTO KOJIEKTHBY 3 MOJAIBIIMM X KJIacH]iKaIliero
(mronunal/60T) Ha ocHoBi MeTomiB ML ta NLP.

IIpoekT cnpsMOBaHMN Ha 3aCTOCYBAaHHS IUTYYHOTO
IHTEJIEKTY IUI PO3POOJICHHS Ta BIOCKOHAJICHHS 3aC00iB
KibepOopoTHOH, 30KpemMa JULSt 60poTHOU 3
nesingopmaiiiero B [HTEpHET, a came 11 aBTOMAaTHYHOTO
BUSIBJICHHSL JDKepen Je3iHdopmanii Ta HeaBTEHTHYHOI
noBeainku (60TH) CcKoOpAMHOBaHUX Tpymn. HeoOximHO
JIOCJIIZIUTH SBUILE TIOJIITHYHOI IMpOTaraHan y HOBHHHHUX
MeJia, po3Mi3HATH HASBHICTH NMPOIAraHAd y TEKCTOBUX
maHux. HeoOXimHO Takok  pO3pOOHUTH  aNrOpUTM
HiIrOTOBKU Ta BHOKPEMIICHHS O3HAK TEKCTOBHX JAHHUX, a
TaKoXX NOOYIyBaTH MOJETbh MALIMHHOTO HaBYaHHS, KOTpa
pO3Mmi3HaBaTUMe HASBHICTD IONITHYHOI MpPOMAraHind y
TEKCTaX 3a JOMOMOTror0 muX o3Hak. O0’eKT HOCHIIHKEHHS
MmpoIleCH  TOIIYKY, BHSBICHHS Ta  Kiacuikamii
MOJITUYHOI mpomaranau, ¢eWkiB Ta aesiHdopmarii y
Mmenia, 3okpema y 3MI B InrepHer-cepenoBumi. [Ipenqmer
JIOCHI/DKEHHS — 1€ METOIM Ta 3aco0M pO3IMi3HAHHS
nporaraiay, (eikiB Ta aesiHpopMamii y TEKCTOBUX
nmaHux. JlocmimpkeHHS CKOHIIGHTpPOBaHE Ha PO3pOOIi
CUCTEMH  pO3Mi3HaHHA  MpomaraHad, (QewkiB  Ta
ne3indopmarii Ha OCHOBI MAITMHHOTO HaBYaHHS dYepe3
OTIpAITIOBaHHA MPHUPOIHOI MOBH SIK HA PiBHI PEUEHHS, TaK
1 Ha piBHI TOKYMEHTY.

1 TIOCTAHOBKA ITPOBJIEMHU

3pocTaHHs TEMITiB PO3NOBCIOJDKEHHS Je3iHdopmaltii B
3MI, 3okpema B IHTepHer, min yac iHdopmauiiHimol
BIfHM BK€ JTAaBHO BHKIIMKA€ 3aHEIIOKOEHHS CYCITUIBCTBA,
OCKITbKM  TOIMUPEHHS Takoi jae3iHdopMmarii  Mae
HEeraTWBHUH BIUIMB Ha HACEJICHHS SIK CIIOKMBada LBOTO
KOHTGHTY Ta BIAMOBINHO XiI camoi BiHU. 3a3BHyail
BUSBJIICHHS TEMaTHYHOI OHIaiH-fme3inpopmamii  T10
IPYHTYETbCS HA IIHTBICTHYHHX OCOOJIMBOCTAX 3MICTY
TEKCTOBOTO KOHTEHTY myOiikariii (crareit). Ase BOHH
MHOXaTbCAd Ta PO3MOBCIOUKYIOThCSA MIBUAINE, HDK IX
1IeHTU(IKYIOTh Ta OJIOKYIOTh. TOMY BHSBICHHS IDKEpEI
MoJi0HOTO KOHTEHTY, MOTEHLIHHUX aBTOPIB, MEXaHi3MiB
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PO3MOBCIO/DKEHHSI, 30KpeMa aHalli3 Ta IACHTU(IKAISL
MOBEIIHKU MOTEHIIHUX TeHepaTopiB (elikiB € 3amadcto
MIEPIIOYCPTOBOIO JUIS BJIOCKOHAJICHHS 3ac00iB
kibepOopoTeOH 3  nmesiHdopMaIliero Ha  MPOCTOpax
Inrepuery. A me Ga3yeTbcsi Ha pe3yibTaTax TOYHOTO Ta
OIIEPAaTMBHOTO  BHUSBIICHHS  CTHJIICTUYHO IOJiOHOTO
TEKCTy B IyOiikamisx mponaranau ta ¢etikis I10.
CucteMy po3mi3HaBaHHS TIponaraHiy, ¢GewWKiB Ta
ne3iHpopmanii y TEKCTOBOMY KOHTEHTI Ha OCHOBI
MmetoniB NLP ta MammHHOrO HaBuaHHS MOJAMO SK:

S:<|,O,R,U,LR10L,B|Y>, (1)

me | = {iy, iy, i3, i}, O = {01, 05, 03}, R = {ry, 1y, 13, 4},
U= {Ul, Uy, Uz, Uy, U3}.

OCHOBHUMH IpolleCaMH MOJIEJI aHalli3y TEKCTOBOI'O
KOHTEHTY crareil i3 [HTepHeT-mKepen Aist po3Mi3HaBaHHS
nporaranay, ¢eikiB ta nesindopmanii € «30ip crartel
st popmyBanHs naracety», «NLP tekcToBoro KoHTeHTY
cTaTed /sl BUALICHHS JTIHIBICTUYHHUX O3HaK», «Marmne
HaBYaHHA JUIA  PO3MI3HABAaHHSA  MpONAraHan»  Ta
«DopMyBaHHS BUCHOBKIB HasIBHOCTI IPOTIATaHIH».

[Ipomec «30ip crareit mnst GOpMyBaHHS IaTaceTy»
OTIHIIIEMO CYTICPIIO3HUILEI0:

Cau =u°p°a, )

Cau :u(B(G(il, i2, i4), Iy, Ul), Uz). (3)
OcobuBocTi oHJIaiH-Ae3iH(GopMartii MOJKHA
kiaacu(ikyBaTH Ha JBa PiBHI: [EHTPaIbHHH(BKIFOUAOTH
ocobnuBoCTI Temu) 1 mepudepiiinuit  (BKIHOYAOYH
JIHTBICTUYHI  OCOOJIMBOCTI, OCOOJIMBOCTI HACTPOiB i
0COONMBOCTI  TIOBEJIHKH KOpHCTyBauiB). HeobOximHo
3HaliTH 0coONMBOCTI TMOBEHiHKH, ™00 BinOOpasuTH
XapaKTePUCTUKH  B3a€EMOJIl  KOPUCTYBauiB. MOYATOK

00TOBOpEHHSI, 3aly4eHHs1 0 B3aeMopii, cdepa BIUIUBY,
MMOCePeNHUIITBO Y  BIMHOCHHAX Ta IH(OpMamiiiHa
He3anexHicTb. Tomy mporec «NLP TexcToBOr0o KOHTEHTY
craTed Ui BUIUIEHHS JIHTBICTUYHHUX O3HAK» OITHUILIEMO
CYTIEPIIO3UIII€IO0;

Ceu =x°B°0, 4
Ceu =x(B(a(Caus 2, i3, i4), 1, U3), I2). ®)

1106 nobymyBati Mopeni Ta MeTOAW ineHTHdikamil
nesingpopmanii B IHTepHeri, 6araTto  JOCIIIHUKIB
HPUCBSITUIIN cebe BUSIBJICHHIO ocoOnuBoCTEH
nesingopmaiii. Jesindopmaiiiro B COIIAIbHUX Mepekax
MOYKHA PO3IJISIIATH SIK TTOBITOMIICHHS, SIKI MyOJiKYIOThCH,
mo0 mepexoHaTH iHmMX KopucryBadiB. 11lo6 BusBUTH
edexTuBHI (YHKIII BUsBICHHS Ne3iH(opMarii B OHJIAiH-
CHUJIBHOTAX, HEOOXITHO BUKOPUCTATIH MOJEIB, SIKa 3MOXKE
JOTIOMOTTH 3pO3YMITH, SK Ae3iHpopmaris B IHTepHeT,
30KpeMa B COILIAIBHUX MEpeXax Ta OHJIAHH-CIIUIBHOTaX
nmepekoHye  KopuctyBauiB. KopumeryBaui  3a3Bmuait
OyIyIOTb CTaBJIECHHS IO MOBITOMIICHHS SIK LIEHTPAJIbHIM,
Tak 1 mepudepiftHIM MapmipyToM. Y IEHTPAIEHOMY
MapIIpyTi KOPUCTYBadl PETEIBHO MEPEBIPSIIOTH SKICTh 1
cuny iHdopmanii; Toai sk y nepudepiiHOMy MapuIpyTi
KOpUCTyBayi Olnblle J0AIOTh NPO MOBEPXHEBI (akTopH,
Taki SK pemyTaiis JKepena, Bi3yalbHa NPUBAOIUBICTE 1
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mpeseHTaifis. OkpiM 3MIiCTy TOBIIOMIICHHS, JesKa
BTOpPHMHHA iH(OpMaIlis (HanpuKIaa, KiTbKiCTh JaWKiB i
3ipOYOK) CYTTEBO IMIJABHMILYE BaTiIHICTh 1 HAIIMHICTH
noBizomsieHb. Tomy ¢yHKIIT LEHTpanbHOTO pIBHA
MOBIZIOMJICHb TIEPEKOHYIOTh KOPUCTYBayiB Ha OCHOBI
BMICTy IOBiJOMIJICHb, TOAI SIK (YHKIII nepudepiiiHoro
PiBHSI MEPEKOHYIOTh KOPUCTYBAUiB Yepe3 BILUIUB aBTOPIB
moBiomIieHb. Halkpamumu (QyHKIISIMHA JJIS1 BUSBICHHS
ne3ingopmarii B COMiaTbHUX Mepekax MOXYTh OYTH Ti,
SIK1 PO3TIIATAIOTH 0co0IMBOCTI KOpHCTyBaya,
MOB1TOMJICHHS, TEMHU Ta TOBEIIHKN KOPHCTyBaya.

IIportec «MammHe HaBYaHHS [JIs1 PO3IMi3HABAHHS
Mporarasin» OMHUIIEMO SIK:

CuL =0°y°B°a, (6)
Cu=o(y(B(a(Ccu, Lg, i), i3), Us), I3). )

CTBOpeHHsT MOeNi BHSBICHHs ne3iHdopmarrii, ska
o0’emuye  GyHKIii UeHTpaispHOro piBHA  (30Kpema
ocobnuBocTi Temu) Ta GyHkuii nepudepiitHoro piBHA
(3okpema  JHHTBICTUYHI ~ OCOOIMBOCTI,  OCOOIHMBOCTI
HACTPOIO Ta OCOOJHBOCTI MOBEMIHKH KOPUCTYBadiB),
morpeOye MOmaNbIIMX JOCHIIPKeHb. Ha OCHOBI mux
GyHKIOiH HEOOXiTHO  OIIHIOBAaTH iXHIO  3JaTHICTB
aBTOMAaTHYHO BiAPI3HATH Ae3iH(opMaIiifo Bif mpaBIUBOL
B MeXax TEMaTUYHOI OHJIAHH-CIUJIBHOTH 3a IOIIOMOTOO
Pi3HUX METOMIB MaIlIMHHOTO HABUAHHS.

Iportec  «®opMyBaHHS  BHUCHOBKIB  HAasBHOCTI
MpoIaraHan» OMUIIEMO SIK:

Cus =A%y°B°a, (8)

Cus=My(B(a(Cus, 12), i), Us), T4). ©)

Po3pobiieHa cucteMa MBUAKOL iACHTU(IKAIIT HKepe
nesingopmarrii Mae 0a3yBaTHCS Ha aHAI31 HEABTCHTUYHOT
MOBEAIHKM  YYaCHHWKIB  PO3IIOBCIO/DKEHHS  (eHKiB.
Pegynpratm He smmie MaloTh  NPOJIEMOHCTPYBaIN
e(eKTUBHICTD MOBEIIHKOBUX OCOOIHMBOCTEH y BHSBICHHI
ne3ingopmartii, aie i 3aIrpoIOHyBaITH K
METOIOJOTIYHHA, TaK 1 TEOPETHYHHHA BHECOK Yy
BUSBJIICHHS Je3iHpopmamii 3 TOYKM 30py iHTerpamii
0COONMBOCTER IIOBIIOMJIEHB, & TaKOX OCOOJIMBOCTEN
aBTOPIB MOBIIOMIICHb.

Ha ¢oHni indpopmaniiiHOT BiliHM BUTpauaeThcs Oarato
peCypciB Ta Yacy Ha ONCPaTHBHHN 30ip KOHTCHTY, HOTO
ONpALIOBaHHS Ta aHali3, a TakKkoX TIeHEepyBaHHS
pilieHb/BUCHOBKIB 1110/10 iioro HamoBHeHHs. Ha e Takox
BIUTHBaE MOBa MyOJiKalliif, Mpu mepeknaai skoi cyTTeBo/
YacTKOBO CIIOTBOPIOEThCA 3MicT. IC He 3MOXke MOBHICTIO

3aMIHUTH [JSUTBHICTH — QaxiBIiB  KibepOe3meku Ta
KibepOopoTsOu. Ane BoHa  Oyme  JOMOMIKHIM
IHCTPyMEHTOM Ui OIEpPaTWBHOTO  (OpPMyBaHHA

BIAMOBIIHKUX JaTaceTiB/KopyciB pEeHKOBOTO KOHTCHTY Ta
iX JoKepen, CTHIICTUYHOTO Ta IJIIHTBICTUYHOTO aHai3i
TeKCTy ne3iHdopmarii 1yist popMyBaHHs iHOpPMaLiHHOTO
MOPTPETY aBTOPIB, MOIIYK aBTOPIB Ta PO3MOBCIOKYBAYiB
Yyepe3 aHalli3 HEeaBTEHTUYHOI MOBEAIHKU Ta PE3yJIbTaTiB
aHaJ i3y CTWJIIO HaluCaHHS KOHTEHTY, a TaKOX
pearyBaHHsS Ha JWHAMIKY 3MiH a0o0 JIOKaJibHI 3MIiHH B
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KOHTEHTOMY IIOTOLli, MapKYIOUYH BiINOBIHUI KOHTEHT SIK
HMOBIpHOCHO (peliKoBHIA.

2 AHAJII3 JIITEPATYPHUX /I’ KEPEJI

Omnatin 3MI Ta comianbHi Mepexi JTO3BOJIIOTH
IIBUJIKO OOMIHIOBATHCS 1H(POPMAIIED, B TOMY YHCHTI i
ne3iHpopMaIieio K [iTeCTIPSIMOBAHO, Tak i
BHUITaAKOBO/Xa0THYHO. [lopsis 3 OCHOBHOKO IepeBaroro sk
OpraHizallis MIBUAKOTO TOCTYITy JJIS BCIX Oakarodmx 10
OTEpaTHBHOI Ta aKTyaJbHOI iH(OpMAIlil, OHIaWH MeIia
YacTO BHUKOPUCTOBYIOTH JUI1 IOLIMPEHHS HAaBMHCHO
OMaHJIMBOTO KOHTEHTY SK ()efiKiB Ta MpOMaraHiy Ipo
KOHKpPETHI MoJil, Jitojeit abo oprauisailiif, B TOMy YHCIi
ypsimir [1]. OcTtanHiM YacoM SICKpaBUMHU TMPHUKIATaMU
PO3MOBCIOKEHHS JIe3iH(opMaIiii € crpodu pocCiiChKOTo
ypsiAy KOHTpPOJIOBaTH iH(OpMAIifo Mix Yac BIMHH B
VYxpaini 3 2014 poky, Hanpukian, aBiakaracrpopa MH17
[2]. TlapamenbHo Ha Oarato oOHIalH-iHGOpMAIIii
HaKIagaeTbCsl  perioHanbHa LEH3ypa Ha  IEBHUX
TEPUTOPiaIEHUX perioHax i3-3a MOJIITHYHHX,
E€KOHOMIYHHUX, COI[laJIbHUX, peNirifHuX Ta iHMHX
YUHHUKIB, HANpPHUKIaA, Uil  KOHTPOIIO/yIpaBIiHHS
OYMKOIO JIIOAEHl IbOro perioHy, HampukiIag Ha
OKYINOBaHHX TEPUTOPISAX pocii Ui KOHTPOIIO MaiOyTHIX
BUOOpIiB OyHKepHOTO mpe3uzaenrta [3]. 3arybutmcs Ta
30pi€HTYBaTHCS B Il Maci TIOTOKY KOHTEHTY 3
MPOTHICKHUMH (aKTaMH Ta NPUYHMHAMH MOMiN/SBUII
nepeciuniii moauni serko [4]. KoutpomoBath, 1o
noka3zyBatu/ckpuBatu  (HaknmagaTé  LEH3YpY) cepen
[HTepHET-KOHTEHTY  IepeciYHOMY  KOpPHCTyBady B
JEMOKPaTHYHHUX JIepKaBax € HEeTHYHO, HE3aKOHHO Ta
HEAOIUIbHO 03 MpsAMHX [IOKa3iB MIOAO0 HAasBHOCTI
nesindopmartii/ detixy/ npomarafiin TSI
LIECTIPSIMOBAHOTO TOPYIICHHS iHpOpMaLiitHOi Oe3mexu
oprauizamii/kpaian [5-6]. e omuH i3 mepmMX KpOKiB
nepexoay J0 ToTamiTapusMmy. A HagaBaTH iH(GOpMAIIiIO,
HAMPUKIAJ, JKypHAJIICTAM TPO MOXJIMBHHA TEeMaTHYHHMA
(delik 111 IPOBEACHHS JKYPHAIICTHYHOTO PO3CIIiTyBaHHS
a0o rorepeHKEHHS IePEeCiuHOro YuTavya po MOXIIUBICTh
HAsIBHOCTI B [IbOMY KOHTEHTi/pecypci nesindopmariii € 3
OIHOTO OOKy MiITPUMKOK CBOOOIM CJIOBa, 3 iHIIOTO
HAaJaHHS MOXIIUBOCTI JIFOJUHI 00upaty yomy BipuTh. Lle
Ja€  3MOTY OTpPUMYBAaTH PpO3YMiHHA MO  Ta
Opi€EHTYBaHHA B TMOTOII iHGopMamii I BUPIMICHHA
OyaeHHUX 3a7ad i KoperyBaHHs Oi3HecC-cTpaTerii TOIo.

[omitnyHa  mpomaraHga €  COPSIMOBaHUM — Ta
HaBMHCHUM IIOIIMPEHHSAM 1H(pOpMAIlil, METOI0 SIKOTO €
BIUIUB Ha T'POMAJICBKY JyMKy CYCIIJIbCTBA Ha KOPHUCTH
MEBHOI TPOMAJCHKOI TMO3MUI[I YM CHUIBHOI CIpaBH.
[Mpomaranna moxe  BigOyBatucss sk y  Qopwmi
nesindopmartii, T00To GaOpUKyBaHHS HEJIOCTOBIPHUX Ta
(anpIIMBUX HOBHH, TaK 1 BHKOPUCTOBYBaTH OUIbII
CKJIamHI Ta KOMIDIEKCHI MeTonuku. [Ipomarannma, ¢erku
Ta Ae3iH(opMaIllis 3a3BHUail TeHepy€eThCs, POPMYETHCS Ta
PO3NOBCIOKYEThCA 3a gornomMorow 3MI, € noTHyHOW 110
THX Y IHIIUX TMONITHYHUX TOAIH — mepeaBuOopHa
Kamnanisi, ¢iHaHcoBa kpu3a Tomto. OTKe, y JAeSKUX
BHIAAKAX, IS PO3MI3HAHHS TIPOMAraHiy HEOOXiIHO
3HATH KOHTEKCT MOJIITHYHOTO KIIIMaTy y CBITI.
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3HayHEe Ta MacoBE€ PO3MOBCIOJDKEHHS  (EHKiB,
npomnaraiau Ta aesindopmanii Ha ¢GoHi BiiiHU B YKpaiHi
0e3 CHCTEeMaTHYHOro Ta IPYHTOBHOTO aHallizy HMOBIpPHO
BIUIMBa€ Ha ()OPMYBaHHsS JYMKH CYCHUIBCTBA Ta Kepye
HEI0, a TaKoX NMPHU3BOJAUTH JIO MAHIYHUX HACTPOIB cepel
BIAMOBIHOTO  pErioHy/BepcTBAa  HACENCHHS, 3HAYHO
BIUIMBA€ HAa KOPCTYBAaHHS CTPATETii/IUTaHiB NEep)KaBHUX
OpraHiB, COIaJIbHUX CITy X0, Oi3Hecy, TOIIIO.
BrokyBaHHsIM nesinpopmamii  Ta  pKepenm il
PO3IOBCIO/KEHHS, a TaKOX 1MeHTH(IKamil MOTeHIIHHNX
aBTOPIB HAa OCHOBI aHaNi3y HEAaBTEHTHYHO! IOBEHiHKH

3a3BHUait € (yHKIiOHATTEHUM 000B’I3KaMu
YVIIOBHOBOKEHUX  OpraHiB,  OCOONMBO  MiJ  4Yac
iHpopMariiHOi BiliHM. AJle BOHAa HACTUIBKM 3apa3s

IIBUIKO TA OTIEPATHBHO T'€HEPYETHCA/PO3MOBCIOKYETHCS
Ha OCHOBI 3aCTOCYBaHHS CyYacHHMX iH(OpPMaIiifHUX
TEXHOJIOTIH Ta MITYYHOTO IHTENEKTY, IO CIPABUTHCS 3
miero 3amavero Ha 100% HIXTO HE cnpoMoXXHUI 0e3
BUKOPHUCTaHHS HOBHUX METONIB Ta 3acobiB Ha 0asi
MAIIMHHOIO HABYAHHSL.

JUts TOBHOTO aHamisy BCBOIO  HOBOTO/CTaporo
KOHTEHTYy He BHCTa4uTh pecypciB. Ta 1 moku Oyxe
IIPOBEIEHUI CUCTEMHUI aHaii3 JNaHUX, cama

nesindopmarlisi  cTaHe 3acTapiioro. A OCh  INBUIKE
(dopmyBanHs/MOIU(IKYBaHHSA/IOMOBHEHHST  6a3/CXOBHIIL
JMaHUX  MapKOBAaHOTO  KOHTEHTYy 5K  OJOKOBaHHit/
HEeOJIOKOBaHWH B TIEBHOMY pETiOHi, BiJICOPTOBAHOTO 3a
BIAMOBIAHMMH  MeTpUKamMu  (4ac, Tema,  perioH
OJIOKYBaHHS, MOBa TOWIO) BiJl aKTyalbHOTO/PENEeBAHTHOTO
OO MEHII AaKTyalbHOTO JUIS TOJAJBLIOTO  aHAII3Y
METOIAMU/TEXHOJIOTiSIMHA NLP/ML 3HAYHO
NPUIIBHALIATE TPOLIEC OPIEHTYBaHHS cepell Xaocy HOBOT
inpopmarii B IurepHer. BusHaueHHS TeMHU/IPUYUHA
OnoKyBaHHS KOHTeHTY (HaKmagaHHsS [CH3ypH) Ha
MEBHOMY  PpErioHi  J03BONUTH TOKPAIIUTH  SIKiCThH
inenTudikarii ¢eiikis/mpomaranu/ ae3indopmarrii
BIAIIOBIAHOI  TEMATHUKH. Tomy  akTyadpbHHUM  Ta
HeoOXigHMM € po3poOnenHs [C  aBTOMaTHYHOTrO
BUSIBJICHHSI JDKepen ne3iHdopmanii Ta HeaBTEHTHYHOI
MOBE/IIHKM KOPHUCTYBauiB 4aTiB B KiOEpHETHYHOMY
npoctopi. IC mae OyTr peanizoBaHa Ha HOBUX HPUHIIAIIAX
indopmariiinoi 6e3mekr (MOHITOPHHT JTAHWUX, BHABICHHS
3arpos, [POTHO3YBaHHSI), 1o JacTh 3MOTy
ineHTH(IKyBaTH, MOHITOPHUTH, MOBIIOMIISITH MPO PIBEHb
3arpo3u Ta MPOTHO3YBATH Kibep3arposu, a TaKOX CTYIiHb
HMOBIpHICHOTO 1H(OPMAMIHHO-TICHXOJIOTIYHOTO BILUIUBY
Ha TPOMaJICHKY OYMKY. 3 OMNISIAY Ha i€, TAKUH IPOEKT €
peleBaHTHUM, aKTyaJIbHUM, HEePCICKTHBHUM i
CBO€YACHUM JUIsi 30UIbIIEHHS CTyMeHs iHpopManidHol
Oe3mnexku Jiep>KaBU Ha OCHOBI imeHTudIKaIT,
MOHITOPUHTY, NpPOTHO3yBaHHS Ta aHaji3y 3arpo3 y
KibeprnpocTopi Ykpainu.

[IpobmemMa TOMITHYHOI TpOTMAraHAW CTa€ yce OUThII
aKTyaJbHOIO 32 paxyHOK TOro, mo iHdopmaris crae yce
OB JOCTYITHOIO, MOIINPIOETHCS MpaKTHKa
IiDKUTami3aii CyCHUTBHHUX MeIia, MpOAyKyBaTH Ta
pelaryBaTH HOBHHH CTa€ yce IPOCTIllle, 3pOCTAE BIUIHB
COIllalbHUX ~ Mepex.  Hampukmax, — mocmiukeHHS
MOUIMPEHHsT MpOIaraHayd 3a JIOMOMOIOK COLiaJbHUX
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Mepex, MiATBEPKYE, IO MpOIaraHjaa, po3MoBCIOKEHA
TaKUM YWHOM, TIIOIIUPIOETHCS MIBUALIE Ta Ha OUIBII
HIMPOKHHA JeMorpadiuHuii CHEeKTp, a TaKoX € OuIbII
CTIHKOIO [0 PpO3IMi3HAaHHA 3a PaxXyHOK BHKOPHCTaHHS
MiATBEpKYBabHOrO yrepemkernHs [7]. OkpiM 1poro,
pe3ynbTaTH  HELOAAaBHBOIO  JOCTI/DKeHHS — Science
Magazine mnoka3zanu, 1Mo IMITKA Ta (EeHKOBI HOBUHH
PO3TOBCIOKYIOTECS IPUOIM3HO y LIICTh pa3iB MIBHIIIE,
HIXK JI0CTOBipHA Ta mpasauBa indopmaris [8]. Lle Bkasye
Ha Te, MO SIBUIIEC MOJITHYHOI IMpOMaraHAyd He JIHIIE
3ry0HO BIUIMBa€ Ha CYy4acHWH MOJIITUYHHUH KIiMAaT, aie i
4yacTtkoBo (opmye ioro. Ha panHuii MOMEHT OiNbIIiCTh
NPOCKTIB, MMOB’S3aHUX 13 PO3MI3HAHHAM IPOMATraH/IH,
BUKOHYIOTBCS 32 JIOLIOMOT'OI0 CTaTUCTUYHHUX JOCIIIKEHb
i3 3alydyeHHSM CHELIaNiCTiB, MpoTe, 3a pPaxyHOK
IIBHJKOTO TIOIIMPEHHS MpOIMAaraHad 3a JIOIOMOTOI0
OHJIaiH-MeJlia, € JIOBOJII Hee(EeKTUBHMM Ta JIOPOTHM 3
TOYKM 30py BHUKOpHCTaHHS pecypciB. Came TOMYy
moOynoBa edexktuBHOI Momens ML mnsg  omrumiszamii
I[BOTO TPOLIECY € SK HIKOJIM aKTyalbHOIO, OCOOJIMBO
BpPaxoBYIOYH TOH (hakT, M0 Ha cboroxHimHiA aeHp ML-
cucremu, 6Oa3oani Ha NLP, naOysatoTe yce Oimpmioi
MIOTIYJIAPHOCTI K Y aKaJeMiqYHOMY, TaK 1 y IPUKIaTHOMY
CepelloBHIIlI HayKH IPO AaHi.

Jns  ycmimHOrO — aHajmily Ta  ONpalOBaHHS
NPUPOJTHOTO TEKCTY, HEOOXIJHO 3a3HAYMTHU NEBHI O3HAKU
TIporarasid, KOTpi BHKOPHUCTOBYIOTh HPH Kiachdikamii
TeKcTy. I boro HeoOXiTHO MpoaHalli3yBaTH, Ky caMme
CTPYKTYpPY TEKCT IOBHHEH MaTH Al Toro, abu Oytu
MapKOBAaHUM SIK HMOBIpHO TponaranaucTcbknii. OCHOBHI
METOJIH TIOIHMPEHHS MPOTATaH/IH € HacTymHuMH [9]:

— BinBomikarounit maneBp. [Ipe3eHTamis HeqOPEIHOTO
MaTepialny, KOTpHUA HE MAa€  BiIHOMEHHI [0
00TrOBOPIOBAHOT'O TUTAHHS Y TEKCTI.

— Bukpupnenns no3uuii. 3amiHa nopiOHOIO, aine He
aHAaJIOT1YHOIO, ITO3HIIIEIO.

— Whataboutism. I[To3unuis
JUCKPEIUTY€EThCS  LUIIXOM  3BHHYBa4YCHHS
JUIEMIpcTBi 6e3 Oe3rnocepeIHbOi apryMeHTallii.

— [Ipuunnue cnpomenHs. Buninenns ta npeseHTanis
JWIIe OAHOI TIMOTETHYHOI MPUYMHM TIEBHOTO SIBUIIA,
KOJI TAaKUX TPHYHH € JIEKiJIbKa.

— HaBmucHa po3minuBUaTicTh, 30UTTS 3 TAHTENHUKY.
BuxopucranHs HaBMHUCHO aOCTpaKTHUX TEPMiHIB Ta CIIiB
TaKAUM 9YHWHOM, 100 iHTepmpeTamis cKazaHoro He Oyna
€IMHOIO T4 OYEBHIHOIO.

— AnemoBaHHA 10 aBTopuTeTy. CTBEpIKEHHs, IO
3asBKa € BipHOW, 00 YHHHHH aBTOpUTET/eKCcrepT ii
HIATPUMYE, 3a3BHYai O€3 MOJaHHS JKOTHUX JTOKa3iB.

—UYopHo-0Oima  omamnmBicTh. [Ipe3eHTariiss  aBOX
IBTEPHATHBHUX BapiaHTIB ab0 TOUYOK 30py SIK €IUHUX
MOJKJIMBHX, HABITh SKIIO ICHYIOTH 1HII BapiaHTH.

— HaBimyBanus spmukiB. Cmocid, komm mKeperno
MpOTIAaraHAN HA/MA€ SBUINY, HPOTH KOTPOTO BHCTYIIAE,
HETaTHBHHUX 3MICT, 3a3BHYail aleliolo4H 0 TOTO, YOTo
LiTpOBA ayAUTOpis 00ITHCS, [0 HEHABUIHTS.

— HaBanTaxxena moBa. Buxkopucranns neBHux ¢pas ta
CIIB 3 CHJIbHUM €EMOILIHHUM MiaTeKcToM (II03UTHBHHM
a00 HeraTHBHKM) JUTS BIUIMBY Ha HITOBY ayAHUTOPIIO.
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— IlepeOinbiieHas abo MiHiMizamis. IleBHe sBuUIIIE
penpe3eHTOBaHO ab0 y HaAMIpHOMY BHIJIAII, ab0 Xk SIK
IIOCh MEHIII BAKJIMBE, HK € HACTIPAB/Ii.

— PosmaxyBanns MPariopoM. Mamnimynsis
aTpiOTHYHUMH NOTJIAAaMU/IOYy TTAMH LUTHOBOT
ayauTOpil 1J1sl BUNIPaBAaHHsA/MOMIMPEHHs sBUIa/izel.

— CywmmuiB. CraBjieHHS il CYMHIB aBTOPUTETHICTH Ta
HaIIMHICTE IIEBHOI JIOAUHHU a00 SIBUIIA.

— AnemoBaHHS 70 cTpaxy abo ymepemkeHHs. Cripobda
COPUATH TWIATPUMIN TEBHOI ifel NIIIXOM BCEJCHHS
CTpaxy Ta TpHBOrH, ab0 > aleTIOBaHHS IO IEBHUX
COLIANIBHUX yNEPEeIKEeHb iJIbOBOI ayAUTOPIi.

— Crnoranu. BukopucranHs KOpoTKHX yaapHuX ¢pas,
JUs HaBilllyBaHHS SPJIUKIB a0 crepeoTHITi3aii uepes
arieJIFOBaHH JIO €MOIIiH HiJTbOBOI ayIUTOpIii.

— Kuimre 6e3 cyri. CrnioBa/dpasu 1iis epelkoKaHHs.
apryMEHTOBAaHOMY 00roBOPEHHIO curyauii Ta
KPUTUYHOMY MHCIICHHIO.

— 3aranmpHa mardopma. Cripoda nepekoHaTH LiJIbOBY
ayAUTOPI0 TPHETHATHCS IO CIPaBH Ta MPUAHATI NMEBHE
pillieHHs SIK BCl 1HII 200 GLIBIIICTS.

— IloBTopenHs. [ToBTOpeHHsI OJHOTO MOCKITY ACKiTbKa
pa3iB s 30MOYBaHHS HiIJTHOBOI ayIUTOPIi.

[Mpomarania €  KOMIUIEKCHMM — KOMYHIKaTHBHUM
SIBUIIEM, KOTPE BHKOPUCTOBYE PI3HOMAaHITHI METOIU Ta
MaXomou UId  JOCATHEHHS CBO€i  MeTu. 3ajaya

PO3ITi3HAHHS MpOTaraHIy y TeKCTaXx HE € HOBOIO Ta y Wil
cdepi mpoBeneHo Oarato jgociipkeHb. g aHamizy
o0paHO JIeKilbKa aHaJIOTiB, pI3HUX 32 METOJaMHU
JOCIIJDKEHHS Ta MOJICIIOBAHHS.

— Framing and Agenda-setting in Russian News: a
Computational Analysis of Intricate Political Strategies.
JlocmipkeHHS TPOBENEHO KOJIEKTUBOM  BYCHHX 13
yHiBepcutery Kapueri MenoH, yHiBepcutery Xaiida Ta
Crendopacskoro yuiBepcurety y 2018 pori [10].
OcHOoBHa MeTa pPOOOTH — JOCHIAUTH «PperMiHr» y
HOBUHHUX JDKepelax pocii TpOTAroM eKOHOMIYHO
HECIIPUATIMBOIO CTAaHOBWINA Y KpaiHi Ta Te, 5K 1€
MOB’SI3aHO 13 BUCBITJIIEHHSM HOBHH, IO CTOCYIOTHCS
CIIA, y pociticekux 3MI (60 OinburcTs i3 HUX
KEPYIOThCS JICP)KaBHUMHU OpPTaHaMH Ta 3HAXOISATHCS i
ix Ge3mocepeHiM BILTMBOM). ByB BCTaHOBIICHHU T CHITBHHIIM
HETaTUBHHUH KOPEIAMIHHUA 3B 30K MK CEKOHOMIYHOL
CHUTYAII€I0 y POCIT Ta KUTBKICTIO HOBUH, 110 (POKYCYIOThCS
Ha BucBiTIeHHI moxiit y CIIA. HactymaumM Kpokom
JOCITIKEHO T€, Y AKOMY KOHTEKCTi Ta 3 SIKUM (hperiMoM
Il HOBUHHM TIOAAlOThCA. DpeliM y TaHOMY KOHTEKCTI
BU3HAYa€ Te, SKMM YHHOM (i3 SIKUMH KOHOTAIiSIMH)
BUCBITJIFOEThCSI Ta YW IHIIA HOBUHA y Mefdia. I[loTiMm
BUCYHYTa TiIOTE3a MpO Te, IO KOPEISIIHHUHA 3B’ 30K €
OPUYMHHO  COPSIMOBAaHWUM, 1 [0  HECHPHATIMBA
EeKOHOMIYHa cHTyaliss y pocii € 0Ge3nocepeqHiM

YUHHUKOM, KOTPHUM BUKJIMKAe nocuiieny ysary o CIIA y
nepxapaux 3MI. 3a mOmOMOror0 iMOBIPHICHHX METOJIB
(mpuuuHHicT 3a ['peifHmKepoM Ta JiHIMHOI perpeciiiHol
MOJIeJTi) BCTAHOBJICHO, 1110 MPUYHUHHUMN 3B’ SI30K MiX IUMH
JIBOMa 3MIHHUMH € HasBHHM y HaOopi oOpaHHX NaHHX.
imoBipHicHOTO MeTonmy baeca

dpeiimy, 3

Jlami 3a  J1O0ITOMOTORO
chopMOBaHO TaK 3BaHI  JICKCUKOHHU
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ypaxyBaHHSIM KOHKPETHOTO cJoBa Ta (pelimy, 10 SKOro
BOHO HayexuTh. [yt KoxxkHOro (peiimy odpano 250 cis,
KOTpl MaloTh HaiOLIbIIy IMOBIPHICTH 3YCTpITHCS Y
BIJIIOBITHOMY KOHTEKCTi. Y SIKOCTI IOYaTKOBOTO,
6azoBoro pimeHHsi, 0oOpaHO JIOTICTHYHY perpecito Ta
Mozenb «topba ciiB». s Toro, abu BU3HAYUTH, SIKi
¢peiimu crocytotses CIHIA, obuncieno NPMI. Bunineno
'STh (peiiMiB, KOTpi Hamali BHUKOPHUCTOBYIOTHCS IS
JIOCTIKCHHS. Y MOCTIIKCHHI TaK0X BUKOPUCTOBYETHCS
Structure  Topic  Modelling  mms  Toro, abu
KOHIIETITyaJIi3yBaTH CTAaTTi Ha TOMY DiBHi, Ha KOMY 0 iX
cnpuiimMaB umurtad. TakuM YHHOM, MAOCIHIIKEHO METOJ
NpoTaraHy, HAIJICHUN Ha BIiJABONIKaHHSA MyONIKH Bix
CKPYTHOTO CTaHy BHYTpIIIHIX copaB y KpaiHi 3a
JOTIOMOTOI0 ~ MepeKiIafiaHHsl yBarM Ha  30BHILIHIO
TIOJITHKY.

—The Use of Supervised Learning Algorithms in
Political Communication and Media Studies: Locating
Frames in the Press. HdocmimkeHHs ¢okycyeTbcs Ha
JociipkeHHl  QpeiiMinry y cydacHux wmemia [11] Ta
moOyoBaHO Ha HaOOpi JaHUX i3 ICHAHCPKUX HOBHHHHUX
qokepen 3a 2015 pik, 30kpema yBary cdokycoBaHO Ha
BHUCBITIICHHI Kpu3m ObkenmiB. OOpano aBa ¢pelimu,
3TiIHO 3 AKAMH TPOBOAWIAacs Kiacudikamis — human
rights ta security. OcuoBumii amroputm ML, koTpuii
BUKOPHCTOBYETBCS Y JIOCHIPKEHH] [UIsl TOOYI0BU MOJIEN
— Mmeron SVM, sxuit 3acTOCOBYIOTH IS pO3B 3Ky 3a7ad
knacudikamii Ta TOOyJIOBaHUIA HA TMPUIYIICHHI, 10 JaHi
€ JIIHIHO PO3MO/IICHI TAKUM YHHOM, 1[0 MOXKHA 3HAUTH
TaKy TiNepIUIONMHY, KOTpa Moria O e]eKTHBHO
po3minuTH iX ommH Bin omgHoro. OnHak, JNiHiHE SapO
MOZENi He IMOKa3aJlo 33J0BUIBHUX pPE3YNbTATIB, TOMY B
OCTaTOYHIA Bepcii anropuTMy BHKOPHCTAaHO METOJ
OTIOPHUX BEKTOPIB i3 pamiabHUM sapoM. s BUAaIeHHS
CEMAaHTHYHO HE3HAYHHX CIIB 13 KOpIyCy JMJaHUX
BUKOpHcTaHo airoput™m IDF.

— Qeiikorpus — 1€ IHCTPYMEHT /sl PO3Ii3HAHHS
NporaraH/ay, CTBOPEHUH YKpaiHChKOW IuaT(opMoro
JgochmipkenHss  ganux - Texty.org [12-13]. Cucrema
moOymoBaHa y BHUTISAAI JTOJATKy s BeO-Opaysepa, a
TaKOX y AKOCTI uaT-6oty s miatpopmu Telegram. ¥V
SIKOCTI BXimHUX AaHuX DeKkorpu3 mpuiiMae MOCHIaHHS
Ha HOBHUHY 1, BHKOPUCTOBYIOUH BeO-CKPEHITIHT, BU3HAYAE,
YM y TEKCTi, IIOJAHOMY 3a JDKEPEIOM, € HasBHOIO
MaHinmysmig abo mpomarasga. Mopens moOyaoBaHa 3a
NPUHIMAIIOM TpaHC(EpHOro HaBYaHHA, IO O3HAYae, II0
BUKOPHCTOBYETBCS MOJICNIb 3arajlbHOr0 IPHU3HAUYCHHS,
KOTpa, MOXIJIMBO, He OyJila HATPEHOBaHA JJIsi BUKOHAHHS
crenudiyHOro 3aBlaHHS, MPOTE 3rOJOM BiJOYBAETHCS
BIJINIOBITHE 7O 3aJavi HAJAIITyBaHHS TilleprapaMeTrpiB
mozeni [14-15]. 3amicte Toro, mo6 (GokycyBaThucs Ha
npobiemi knmacugikamii Ta BHTpadyaTH pecypcd Ha
MO3HAYCHHS JaHWX BiANOBimHMME Kiacamu, Deitkorpus
moOymoBaHWH Ha alrOpUTMi KIACTepH3amii, KOTPHUi
ABTOMAaTHUYHO BU3HAYAE KJIAC JaHHUX, KOTPl OTPUMYE.

3 MATEPIAJIN TA METOAHU
OCKiTBKH PO3Mi3HABAHHA MPOMAraHgl y TEKCTOBHX
nanux [16-18] BimOyBaTHMeThCS Ha JBOX PIBHAX — Ha
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piBHI JOKYMEHTY Ta Ha piBHI pedeHHs, OOpaHO JBa
oKpeMi HabOpH JaHUX JUIsl KOXKHOT 3a1adi.

— Posni3HanHs mnpomaraHaM Ha piBHI  JOKYMEHTY.
Habip mamumx juis po3mi3HaBaHHS MPOTMATaHAM JJIS i€l
3amadi ckmagaerbest i3 35993 crareil (BKIOYHO i3
3aroJOBKaMH) aHMIICBKOI0 MOBOI, KOXHA 13 SKHX
NPOMapKOBaHa SIK «IporaraHga» abo «He-TponaraHia».
Takoxx B HaOOpi MPUCYTHIN YyHIKANBHUH iTeHTH]IKATOP
JUTS KOXKHOI 13 cTaredt. [laHi momaHi sk TEKCTOBUH Qaiin, y
SKOMY TEKCT CTaTTi € BIAIUIGHHM Bix Kareropii Ta
imeHTudiKaTopy 3HaKaMu TaOyIIALii. [icns
3aBaHTa)KEHHS ¢aiiny, BHUJAJICHHS aTpudyTy
ineHTudikaTopy Ta INEpPEeTBOPEHHS JAaHWX a0 (opmaTy
pandas.DataFrame (puc. 1).

article label
0 Et tu, Rhody? A recent editorial in the Provi... non-propaganda
1 Arecent post in The Farmington Mirror — our t...  non-propaganda
2 President Donald Trump, as he often does while... non-propaganda
3 February is Black History Month, and nothing I... non-propaganda
4  The snow was so heavy, whipped up by gusting w... non-propaganda
5 Four months after the Sandy Hook School shooti...  non-propaganda
6 The first major newspaper article about Donald... non-propaganda
T For three years, starting in 2008, Mew York ar._. non-propaganda
8 President Donald Trump's tumultuous administra... non-propaganda
9 With Hariford on edge about the future of Aetn... non-propaganda

10 An employee at a Hibachi Express in Florida ha... non-propaganda

1 With the toll of the carnage from the country’... non-propaganda
12  The State Department's point-man on North Kore... non-propaganda
13  The Trump Organization announced Monday thati... non-propaganda
14 Aer Lingus’ service from Bradley International... non-propaganda
15 For its show “Constellations,” which ends its ... non-propaganda
16 The Corporation for Public Broadcasting (CPE) ... non-propaganda
17 All five members of New Britain's state legisl... non-propaganda

18 The leader and second in command of a credit-c... non-propaganda
Pucynok 1 — Jlatacer [uist po3mi3HaHHS HA piBHI CTaTTi

— Po3mizHaHHs mpomnaraHad Ha piBHI pedeHb. Halip
JAHUX 7S [BOTO THITy 3ajadi MICTHTh y co0i OIU3BKO
450 aHrIOMOBHHMX CTaTel (BKJIFOYHO i3 3aroJIOBKaMu),
po3ouTuXx Ha OKkpeMi pedeHHs. KoxxHe peueHHs
MapKoOBaHE  SIK  «IpOINAraHmucTChke»  abo  «He
npornarasincTchke». Takoxk HaOlp TaHWX MICTUTH Y coOi
VHIKQJIBHUH 1ICHTU(IKATOP I KOXKHOI CTATTi, @ TAaKOK
VHIKQJIBHUH 1IeHTU(IKATOP ATl pEUSHHS y MeXaX CTarTi,
0 KOl BOHO HaluekuTh. JlaHi momaHO sK HaOIp
TekcTOBUX (haiinmiB, OKpeMuil A KOXHOI  CTarTi.
ATpuOyTH HaHUX TaKOX 30epiraroTbCcs OKPEMO. 3araiom
Habip mammx Hamiuye 15168 peuennus (pumc. 2). ITicms
3aBaHTAXEHHS KOXHOI KOJNEKIii (aifiB, KOHKaTCHyeEMO
ix Ta popmyemo emunmii pandas.DataFrame, ycysatoun i3
HabOpy JaHWX YHIKaIbHI ineHTH]IKATOpH cTaTei/pedeHs.
OckiJbKH 00MIBa HAOOpH JaHUX € MPOMAPKOBAHI 3a
JBOMa  Kjlacamd, IiJ Yac  peamisaiii  IpPOEKTY

BUpINIyBaTUMEThCS 3ana4a OiHapHOi knacudikaii. IcHye
3a1adi,

0araTo BIiTOMHX METOJIB BUPINICHHA IIi€l
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BKJIFOYHO 13 aJropuTMaMu HEWPOHHUX MeEpex, IpoTe
3apaJy eKOHOMIi 0OUUCITIOBAJIbHUX PECYPCIB 3yIIMHUMOCS
Ha wiacuyHux merogax ML i3 Buurenem. OpgHumu i3
HaWOUIBII BimOMHX Ta e(eKTUBHHX Mojened € SVM,
HaiBHUIl knacudikatop baeca Ta norictmuHa perpecis.
Po3risiHeMO KOXKeH i3 HUX.

sentence label

0 US bloggers banned from entering UK non-propaganda

2 Two prominent US bloggers have been banned fro... non-propaganda

4 Pamela Geller and Robert Spencer co-founded an... propaganda

[} They were due to speak at an English Defence L... non-propaganda

8  Agovernment spokesman said individuals whose ... non-propaganda

15164 This is a Moon of Alabama fundraiser week. non-propaganda

15165 Mo one pays me to write these blog posts. non-propaganda

15166 If you appreciated this one, or any of the 7.0... non-propaganda

15167  Posted by b on Movember 29, 2018 at 10:23 AM |... non-propaganda

15168 Comments non-propaganda

14263 rows x 2 columns
Pucynok 2 — Jlatacet [uisi po3Mi3HaHHS Ha PiBHI pEeYCHHS

—Meron SVM - 1ne wmomens, OpU3HAYECHA IS
OinapHOi Kiacudikamii, 30kpema, s kinacudikamii
TeKCTOBUX  gaHWX (puc. 3) i3  BHKOPHUCTAHHIM

HEIMOBIpHICHOTO JiHIHHOTO OiHapHOrO KiacugpikaTopy.
Mogenp SVM € nojaHHsIM 3pa3KiB SIK TOYOK y HPOCTOPI,
Jie 3pa3Kd 3 OKPEMHX KaTeropiii po3aiieHO HaiOiIbIn
ONTUMAJIBHOIO TiNEpIUIOMUHO. MoJens MoXe Martu
JIeKiTbKa BHU/IIB P, IpoTe Haifyacrime
BHUKOPHCTOBYEThCS 13 JIIHIMHUM siapoM. Jlns Toro, abm

krmacugHa Mojens SVM i3 miHIHHAM SapoM MmoKa3yBaja
0.09

0.08
0.07
non-propaganda
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XOpOoIlli  pe3yiabTaTd, JaHi MOBHHHI OYTH JIHIAHO
pozainennmu. lpaitoe epekTHBHO y TOMY BUIAJIKY, KON
MIXK JaHUMH Pi3HHX KJIaciB € YiTKUH pO3MOiT, JaHi €
0araTOBUMIpHUMHU Ta TOJMi, KOJNU KUIBKICTH BHUMIPIB €
OiMBIIOI0 3a 3arajibHy KUIBKICTH EK3EMIUIIPIB JIaHUX.
[Mpore He mpu3HayeHa JuId poOOTH i3 HaboOpamMH IaHUX
BEITUKOT0 00CATY Ta He € e(DeKTUBHOKO y BUIAJKY, KOJIU Y
Habopi JaHWX € 0araro «mrymy», a TaKoXX TOJi, KOJH
KUTBKICTh €K3eMIUIAPIB JaHUX OJHOTO KIIACcy TMEpEBHUIIYE
KUIBKICTh  €K3eMIUIApIB  IHIIOTO Kiacy, TOoOTO JaHi
MOBUHHI OyTH 30anaHcoBanumu. Sk Oaummo Ha puc. 3,
OCKiNbkM Hamii Habopu MaHWX HE € 30aTaHCOBAHWUMH,
niHifiHa Momenr SVM moraHo Bmopaiach i3 CBOEHO
3aja4yero — 0araro 3pasKiB MpPONaraHAUCTCBKUX TEKCTIB
Oyiu knacuikoBaHi sIK HE POMAraHIUCTChHKI.

— HaiBumii knacudikarop baeca nanst Bu3HaueHHS
HMOBIPHOCTI NMPUHAJIEKHOCTI E€K3eMIUIIPY 1O OIHOTO 3
KJIaciB, NpHMArOYM TiNoTe3y HE3aNeXHOCTI 3MIHHHX
(puc. 4). HaiBumii xmacupikarop baeca € He HanTo
YYTJIIMBAM JI0 BIZICYTHOCTiI NEBHHUX 3HAYCHb aTPUOYTIB y
Ha0Opi, MBHIIE MPAIIOE Y TOMY BHIIAIKY, KOJIU PO3MIp
TpeHyBaJIbHOI BHUOIpKa € BIZHOCHO BeIWKHM. [IpoTe
npuiiMae rinoTe3y He3aeKHOCTI JaHUX, TOMY MOXe OyTH
Hee(DEeKTUBHUM Yy TOMY BHIIQJIKy, SIKIIO BOHM MOB’s3aHi
MDK €000, a TakoX € IyXKe YyTIMBUM J0 (opmu
BXIIHUX JaHuX. SIk 6aunMo Ha puc. 4, OCKIIbKHA TEKCTOBI
JlaHi MaroTh OaraTo mymy, HaiBHHH Kiacudikartop baeca
TAKO ITOTaHO BIIOPABCS 13 CBOEIO 33/1a4€HO.

— JloricTiuHa perpecis moOymoBaHa Ha OCHOBI JIHIHHOT
perpecii, mpoTe, Ha BiAMIHY Bif Hei, IOTICTHYHA perpecis
TIpU3HAYEHA JUTA 3a71adi Kinacudikartii (puc. 5).

non-pr

propaganda

nan-propaganda

non-propaganda

propaga

propaganda

propaganda
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[TporHo3yBaHHs IMOBIPHOCTI HaJEXHOCTI 3MIHHOI 10
TOTO YM IHIIOTO KJIACy  BU3HAYAETHCA  LUIIXOM
MOPIBHSIHHS 3HAYEHHS 13 JIOTICTUYHOIO KpHBOK. Mojenb
JIOTICTHYHOI perpecii He € YyTJIMBOIO JI0 NepeHaBYaHHS Yy
TOMY BUIAJKY, KOJIM Hallp aHUX He € 0araToBHMipHUM,
NpOTE HAaBiTh y TaKOMY BHIJKy MOXXHa BHKOPHCTaTH
AITOPHUTM peryJIspH3alii.

3ynuHsEMO BHOIp Ha MOAENI JIOTICTHYHOI perpecii,

3MIHHHMX OJ{HA BiJ OJHOI Uil TEKCTOBHUX JaHUX (BUMOra
HalBHOTO Kiacugikaropy baeca), a TakoX BiACYTHICTh
myMmy (MOXe BHKIHMKATH Hee(eKTHBHICTE y poOOTI
SVM). Jlo Toro », Haiii JaHi He 30aTaHCOBaHi 3 TOYKU
30py po3mnofiny 3a kimacamu. OCKUTBKHA CHPHUI TEKCT caM
o cobi He Mae XOAHMX O3HAK Ta aTpUOYTiB Ta HE €
MPUJATHAM I BUKOpUCTAaHHS v Mozem ML, HeoOXimHO
TAKOX BU3HAYUTH METOJM BHIYUYCHHS O3HAK.

OCKIIBKH HE MOXKEMO TapaHTyBaTH HEe3aJICKHICTh
L ]
propaganda
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[Tepenik METOAIB € HACTYITHUM:

— Bekropuzamisi TEKCTOBUX JaHMX 3a MOJCIUIIO
«Topba cuip». Koxuomy cnoBy (TepMmy) y Koprmyci
TIPUCBOIOETHCS TIEBHE YUCIIO, @ TEKCT NEPETBOPIOETHCS Ha
BekTop posmipricTio N, 1e N — 1i¢ 3aranbHa KiJTbKiCTh
CIIIB y KOPIYCi, y SIKOMY 3Hau€HHS KOXKHOTO €JEeMEeHTa
JOPIBHIOE YaCcTOTi TEPMY.

— TF-IDF  tpamchopmariis Ha OCHOBI  OIIHKH
BXJIMBOCTI CJiB y KOHTEKCTI CTATTi/pedeHHs, L0 €
YaCTHHOIO KOJIEKI] cTaTeit/peucHs.

—Po3miuyBanHs dwactmH MoBH. DopmaryBaHHA
TEKCTOBHX JaHWUX y BUTILAl «%cnoBo%_ %uacTnHa MOBH,
JI0 SIKOT HaJIeXHTh c1oBo%_Y%ema ciioBa%».

— Bukopucranus Word2Vec Mojeni JUIst
BOYJIOBYBaHHS  CJIiB.  BuKOpuUCTaHHS  HErJHOOKOL
JIBOIIAPOBOI HEHPOHHOT Mepesxi JUIsl BEKTOpH3alii CiiB i3
OJTHOYACHUM 3MEHILEHHSM KIJIbKOCTI BUMIpIB.

4 EKCIIEPUMEHTH
OCHOBOIO METOMOJIOTIT JOCHIIKEHHS IIPOTIOHYEMO
CHHTE30BaHy TEXHOJIOTiI0 Ha OCHOBI METOJIB IITyYHOTO

IHTEJIEKTY, KOMITI'FOTEPHOI JIHTBICTHKH, MAIIMHHOTO
HaBYaHHS, IHTEJICKTYaJIbHOTO aHaizy JIaHUX,
CTaTUCTHYHOI OOpOOKM JaHMX, Teopil CHUCTeM Ta

CHCTEMHOI'O aHajli3y, KOMII'FOTEPHOTO Ta IMiTaliifHOTO
MoJIeNIoBaHHs Tommo. [IpoGnema ckiamaeTbess 3 JABOX
OCHOBHUX  CKJIQJIOBUX — BHU3HAYCHHS  MHOXHHHU
iHpopMarii sk (eiikoBOi Ta OCHOBI Hel 3HAWUTH JKepena
Ta pOaHaTi3yBaTH HEABTCHTUYHY MTOBEIHKY YIaCHUKIB.

[Mpuamun  ¢ysxmionyBanHs IC  aBTOMaTHYHOTO
BUSIBIICHHSI JDKeped Je3iHdopmaiii Ta HEaBTEeHTHYHOT
MTOBEIIHKM KOPUCTYBAUiB YaTiB!

Eran 1. BusHaueHHd MHOXXUHHU
(eikoBoi:

Kpok 1.1. 36ip Ta iHTerpaiisi KOHTEHTY BiAIOBiTHOT
MOBH 3 BifnoBigHUX pecypciB y C/I.

Kpok 1.2. IlepeBipka um ONOKOBaHMH KOHTEHT 3
KOHKPETHOTO PECypCy B IIEBHOMY PETiOHI.

Kpox 1.3. MapkyBaHHS KOXHOT'O KOHTGHTY K
0JI0KOBaHMII/HEOIOKOBaHNI T HA [EBHOMY perioHi 3
BIAMIOBIAHUM JIOJAaTKOBUX MeETpHKaMu (4ac, pecypc,
9acTOTa TIOSIBH  OJIOKOBaHMX/HEOIOKOBaHMX  IyOIIiB,
HasBHICTb B Ha3Bi/malijpkecTi/aHoTamii  BiAIIOBiIHMX
MapKOBaHMX CJIiB, HAPUKIIA/ BIIACHI HA3BH, TOIIIO)

Kpok 1.4. ®opmyBanHSI MpoMiXHOI 033U MapKOBHX
BIJICOPTOBAHMX JAHHX.

Kpox 1.5. 3actocyBanns 10 TonmoBoro koHteHty NLP
METO/IB U PO3paxyHKy TMOTEHIIHOCTI deiiky i/abo
TEMH SIK TPUYUHN OJOKYBaHHS KOHTEHTY Ha IEBHOMY
perioHi Ha OCHOBI CJIOBHHMKIB Ta MHOXWHH METPHK.
Cxema NLP mporecy Bu3HaYCHHS TEMH KOHTCHTY:

iHpopMmamii sk

1.5.1. BwusHaueHHd MHOXXHHH KJIIOUYOBUX CIIB
BIJIMOBITHOTO KOHTEHTY Ta MHOXXHHH HAasBHUX CIIiB-
MapkepiB  (BmacHWX  Ha3B, abpesiaryp, TOI-CIIiB

BIJMOBiHOI TeMH TOIIO). BHU3HAYEHHS SKIO MOKIHUBO
TEeMH KOHTEHTY (MeTo Kiacudikariii TekcTy).
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1.5.2. Sxkmo 3a KIOYOBUMH CJIOBAMHM CKJIAJHO

BHU3HAUUTH TeMy - ineHTH(IiKaris CTIMKHX
CJIOBOCIIONIYYEHb. BU3HAYECHHS SIKIIO MOXIIHBO TEMY
KOHTEHTY

1.5.3. Sxmo 3a CTINKAMH KIIOYOBHMH CJIOBaMU
CKJIaJIHO BHU3HAYUTU TEMY — IPOBEACHHS CEMaHTUYHOTO
aHamizy Ta moOymoBa OHTONOTIi. BuW3HaueHHS SKIO
MO>XKJIUBO TeMY KOHTCHTY.

1.5.4. Sxmo 3a pe3ynbTaTaMyd CEMaHTHYHOTO aHaJi3y
e 3poOWTH HEMOXIIMBO — BIANOBIAHO MapKyBaTH Ta
HepeaaTH B CIHCOK Ul pOOOTH MOZIepaTopa KOHTEHTY

1.55. Ilpm BusHadeHili TeMi SKIO KOHTEHT
MapKOBaHUi sIK OJIOKOBaHUI MEPEBIPUTH 3 CIIUCKOM TEM
0JIOKOBaHMX Ha LILOMY pETiOHI paHilie TeM. SIKio Hemae
— MOHOBUTH CITHCOK. SIKIIIO € IIOHOBUTH KLIBKICTh OJIOKIB
1€l TeMU SIK IEH3YpH B KOHKPETHOMY PETiOHi.

Kpok 1.6. 3acrtocyBanmus texHomorii ML mms
nokpaiieHHss  aHamisy/mapkyBanus/  NLP  naHumx.
[Tonepennbo TpeHyBaHHS Moneneid ML Ha mepeBipeHOMY
TPEHYBAIEHOMY JaTaceTi.

Kpox  1.7. ®opmysauus  Mojeneit/mabiaoHiB
MOTEHIIIMHNX (PEeHKiB I MOHOBIEHHS CIHCKY METPHK
COPTYBaHHsI MapKOBaHOTO KOHTEHTY Ha kpomi 1.3 Ta
MeTpuk/ciaoBHUKIB st NLP.

Kpok 1.8. TlocriiiHe NOHOBJIEHHS TPOMDKHOI 0a3u
MapKOBHX BiJICOPTOBaHUX JaHUX Ta IEPEBEACHHS B apXiB
3aCTapijioro KOHTEHTY.

Kpoxk 1.9. TToHoBnEeHHS! TpeHYBaIBHOTO JIaTaceTy IS
BIIOCKOHaNICHHS Mojeneii ML. 3aranpHa cxema mporiecy
HABYAHHS Ta TPEHYBaHHS MOMAYIIA aHAJI3y Me3iH(popMaIrii:

Kongeep 1.9.1. INonepennso mapkoBani gani — NLP
— ML — Mopaeni/irabnonu/MeTpuKu

Kongeep 1.9.2. Bxinni HOBI nmani — MapkyBaHHS
nanux (6moxoBani/ue6mokoani) — NLP — ML —
MapkyBanuss ~ koHTeHTy  (deiik/He — deiixk)  abo
3HAXO[DKCHHS IIOTCHIIHHOI HpHYMHA OIOKyBaHHs (HE
detik, ane came 119 Tois/TeMa € 3a00pPOHOIO Ha TIEBHOMY
perioni s mepeciunoi ayauTopii). 3arampHa cxema IC
po3mi3HaBaHHA NponaraHau mnojgaHa Ha puc. 6. Ipouec
PO3IMi3HAHHS TpOIIaraHIy Ha PiBHI CTATTI MOAAHO HA PUC.
7, a Ha PiBHI peueHHs — Ha puc. 8.

Eran 2. Inentudikaumis Jpkepen Ta  aHaii3
HEaBTEHTUYHOI IIOBEJIIHKH yYaCHUKIB

Kpok 2.1. CrBopeHHs  Mojeni  BHSBICHHS
nesingopmarii, ska 00’enHye (YHKINI IIEHTPaIbHOTO
piBHf  (30KpeMa ocoOmuBOCTI TemMH) Ta  (QyHKIIT
nepudepiiiHoro piBHA (30xpema JIHTBICTHYHI
0COOIMBOCTI, OCOOJNIMBOCTI HACTPOIO Ta OCOOIHMBOCTI
MOBEIIHKH KOPUCTYBAYIB),

Kpok 2.2. OuiHrooBanHs 3natHocTi  QyHKIiH

HEHTpPaJFHOTO Ta mepuepiiHOro piBHA aBTOMATHYHO
BIZIpi3HATH Je3iH(opMallilo BiJ MpaBIUBOI B Mexax
TEMAaTHUYHOI OHJIAHH-CIIJIBHOTH 3a JIONIOMOTOI0 PI3HUX
MeTO}IiB MAalIMHHOI'O HaBYaHHA.
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PI/ICyHOK 6 — BarajgpHa cXeMa CUCTeMHU p03Hi3HaBaHH$[ Ipornaraijain

BHIy4EHHA 03HAK

NoBygoea mopeni

.OHBEpTYBaTH AaHI
A0 HMXHBOIo
pericTpy

Bunyuntin
MYHKTYAUIRH 3Hakm

Bunyuntu wymosi
cnoea

PozginuTi Ha
HaBYANEHY Ta
TecToBYy BMBipKK

TpeHysath
BEKTOPH3aTOp Ha
3EuansHIf BMdipu)

perysatu TF-IDF\

DEHYBATH MOJENE

TpaxchopMaTop Ha
asuansHil srdipu)

BekTopH3ysaTH Ta

TpaHcthopHysaTH
TecToBy BUGIpKy

Ha HaBUanbHii
5\ eubipui

MKOHaTH NPOrHoz

Ha oCHoBI TecToBO!
Brbipkn
OuiHATK Moaens

Pucynok 7 — Po3ni3HaHHS Iponarany Ha piBHI CTATTI

Kpok 2.3. IntenekryanbHuii momyk QeikiB Ha OCHOBI

MAalIMHHOI'O HAaBYaHH.

Kpox 2.4. 3HaXOKEHHS MHOXHHH CTHJIICTHYHO
noiOHNX (elKiB JUIs OHOTO aBTOpa.
Kpox 2.5. 3maxojpkeHHs mnepimokepen (eiky Ha
OCHOBHI aHaITi3y rpady po3MOBCIOKCHHS.
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Kpok 2.6. Anani3 noBeainku aBropa/KonekTuBy/6oTa
3a TPUBAIMH MPOMDKOK Yacy Juist (GOPMYBaHHS MHOKUHH
OCHOBHHX XapaKTePHUX MOBEIIHKOBUX

NigroToBka gaHMx

Brny4eHHn o3Hak

pHC.
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Kpok 2.7. 3HaxomkeHHs iHmMX (eikiB aBropa 3a
HOro CcTHIeM HallMCaHHs Ta MOBEAIHKH.

Kpoxk 2.8. ®opmyBaHHS TOPTPETY MOBEAIHKH aBTOpa
Ta MOJETI MmepeI0aYCHHS TOBEIHKH.

Kpok 2.9. Ha ocnHoBi anamizy iHpopMariifHux
MOPTPETIB  PI3HUX  aBTOpPiB  (OPMYBAaTH IPOTHO3U
PO3BUTKY Ta pO3HOBCIOMKEHHA (eiikiB  (4acrora,

rycTuHa, TeMaruka), Hanpukian s [IICO.

Po3ni3HanHs mponaraHay Ha piBHi cTatTi (puc. 7):

— [ligroToBka NaHUX — OYHMINCHHS JAHWX, YCYHCHHS
HErmoTpiOHMX CiB Ta arpubyTiB (rymoBi ciioBa Ta
CMMBOJIM  TYHKTyaIlii), KOHBEPTYBaHHSA JaHWX JIO
HIDKHBOTO PEriCTpy, pPO3JUICHHS IaHUX Ha HaBYAJIBHY Ta
TECTOBY BUOIPKH;

— BunyueHHs o3HaK — BHOKpEMJICHHS aTpUOYTIiB i3
TEKCTOBHX JAaHUX — iHIiIliadi3amis BEKTOpH3aTopa ta 1F-
IDF Tpancdopmaropa, ix TpeHyBaHHS Ta BiIIOBIIHI
TIepETBOPEHHS JUIS Ha4allbHOI Ta TECTOBOI BUOIPOK;

—IloOynoBa Momeni —  iHImiamizamis  MOZETI,
TpEeHYBaHHS, BUKOHAHHS MPOTHO3IB HA OCHOBI TECTOBOI
BUOIPKH Ta OLiHKa e()eKTHBHOCTI pOOOTH MOJIEII.

Po3mizHaHHs TpomarasIi Ha piBHi pedeHus (puc. 8):

— IlinroToBKa MaHWX — BHJIYYCHHS ITyMOBHUX CIIB Ta
KOHBEPTYBaHHS 10 HIKHBOTO  perictpy  (3HaKu
MyHKTYaIlii 3Ha100IsIThCs HaM JIJIs iAeHTH]IKAIll TeBHUX
O3HAK MPOMAraHa{), a TaKoX PO3IUICHHS JaHUX Ha
HaBYaAJIbHY Ta TECTOBY BHOIPKH,;

— BunydyeHHs oO3HaK — pO3MIYEHHS YacTHH MOBH,
MO3HAYCHHS  JIAMIOK,  ieHTHQIKAIlis Tak  3BaHUX
«ONHUCKYyYHX» CIIiB, CIIB-TIJICHIIOBAYiB Ta aOCONFOTHUX
3aliMEHHHKIB, a TaKOX BEKTOpHW3aIlisi 3a JOMOMOTOIO
HeiiponHoi mepexi Word2Vec;

—IoGynoBa wmomemi — iHimiamizamis — MOJed,
BukoHaunus Grid Search «kpoc-amimariii, TpeHyBaHHS
MOJIENi Ta BUKOHAHHS ITPOTHO3iB Yepe3 TECTOBY BHOIPKY.

5 PE3YJIbTATU

3ynunsemo BUGip Ha MoBi Python 3a paxyHok OinbImn
mpocroi MaiOyTHBOI iHTerpamii, a TakKoX OUIBIIO]
KUTBKOCTI  OOYHCITIOBAJIbHUX MOXKJIMBOCTEH. 30Kpema,
BHKOPHUCTOBYBaTHMEMO HacTymHi 6ibmiorekn Python:
scikit-learn (us mo6ymoBM MoOJIET, BHOKPEMIICHHS O3HAK
Ta 3acTOCyBaHHsA MeTpwk);, pandas, numpy (mwis
30epexeHHsT Ta MAaHImynsAmil gaHuMu); spacy (mwis
posmiuyBaHHS wacTuH MOBH); Nhltk (mas Bumanenus
nryMoBuX CiiB); genism (mms Bukopuctanus Word2Vec
Mozeni); seaborn, matplotlib (ms Bizyasizarii).

— Po3mizHanHs mpomaraHau Ha piBHI cTtarTi (puc. 9).
[MepermstHeMO PO3MOILT JaHUMHU 3a TX KJIacaMu IUIs TOTO,
abu 3p0o3yMITH piBeHb iX 30a71aHCOBAHOCTI.
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Pucynok 9 — I'padik po3noniny gaHUX st pO3Mi3HAHHS
TIpOoNaraHy Ha PiBHI JOKyMEHTY 3a KJlacaMH

Sk G6aunmo, naHi He € 30aNaHCOBaHMMHM Ta y HaboOpi
CYTTEBO MEPEBAKAIOTH CTATTI HE MPOMAraHAUCTCHKOTO
xapakrepy. A came, HaOip maHux mictuth 31972 crarri,
MapkoBaHI sK «He mpomarama» Tta 4021 craTTi,
MapKOBaHi sK «mpomnaranaay». [lepen TuM, sk po3mnoyaTu
IpoIiec BUIUICHHS O3HAK, HEOOXiMHO BUKOHATH MESKi
omepamii I OYUCTKH Ta MiATOTOBKU HaHWX. B mepury
4yepry, HeoOXiJHO BHKOHATH OIEpallil0 KOHBEPTYBaHHS
KOXKHOTO CJIOBAa Y HaOopi JaHUX 10 HHXKHBOTO PETICTpY
Ui TOro, abW Tix dYac MpoIecy BEKTOpHu3alii Ba
IICHTUYHUX CJIOBA, KOTPI IMOYMHAKOTBECA 13 PI3HOTO
peTicTpy JiTep, HE BPaXOBYBAIUCS Yy SKOCTI OKPEMHX
TOKeHiB. JIJIs IIbOTO BUKOHYEMO HACTYITHE TICPCTBOPCHHS:

data['article'] = data['article'].apply(lambda
®x: " " Join(x.lower() for x in x.split()))

Jani Buinydaemo 13 HaboOpy JaHMX IyHKTYal[iiHi
3HaKW, OCKUIbKM Ha JaHOMY pIBHI BHpIIICHHS 3a/1adi
MyHKTyallis He € 1H()OPMATHUBHOIO 03HAKOK, MPOTE i
yac mpolecy BekTopu3zamii OyJe paxyBaTHCsi y SKOCTI
OKpPEMOTO TOKEHY, II[0 MOXE MpPU3BECTH 10 (opMyBaHHS
3aifBOro mymMy y JaHuX. BHKOHY€EMO MepeTBOPEHHS:

data['article'] =
data['article'].str.replace('[~\whs]','")

Bunyqaemo mrymoBi cioBa (He HECyTh 3MiCTOBHOTO
HaBaHTaXeHHst). ISl 1bOTO BHKOPHUCTAEMO BOYIOBaHHIA
KOpmyc mymMoBuX ciiB 6i0miotekn nltk Ta y mwmkimi
BIJIYYHMMO iX 13 CTaTeH.

stop = nltk.stopwords.words('english')

data['article'] = data['article'].apply(lambda
®: " ", join(x for x in x.split() if % not in
stop))

[Ticng pOTO MOXKEMO PO3AUTUTH JaHI HA HABYAIBHY
Ta TECTOBY BHOIPKH.

X = data['article']

vy = data['label']

X train, ¥ test, y train, y test =
train test split(¥, vy, test size=0.2,

random_state=42)
OPEN 8 ACCESS
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Bunyuennst o3Hak. BUKOHYEMO BEKTOPHU3ALlilO TEKCTY.
Bukopucraemo kirac CountVectorizer i3 scikit-learn.

vectorizer = CountVectorizer(analyzer='word',
token pattern=r'\w{l,}', ngram range={(1, 2},
strip accents='unicode', min df=3, max df=0.5)

¥ _train = vectorizer.fit_transform(X_train}
X_test = vectorizer.transform(x_test)

VYV skocti BuximHOro pesympraty wmetomu fit Ta
transform EK3EMILISIPY KJ1acy CountVectorizer
MIPOYKYIOTh PO3PIUKEHY MATPUIIO, PO3MIPHICTB SIKOT
JIOPIBHIOE ~ KITBKOCTI ~ YHIKQJIbHHUX CJIIB Yy  TEKCTI.
[lepexonaemocss y Ttomy, mo micis TpaHcdopmarii
KUTBKICTh aTpHOYTiB HABYAIBHOI Ta TECTOBOI BHOIPKH
criBnaaaoTs (puc. 10).

X_train.shape

(28794, 605848)

X_test.shape
(7199, 625848)

Pucynox 10 — IepeBipka po3MipHOCTEif HaBYAIBHOI Ta TECTOBOT
BUOIPOK JaHMX Ha PiBHI JOKYMEHTY

Hamni BUKOHAEMO TF-IDF  Tpancdopmariiio.
Buxkopucrosyemo kiac TfidfTransformer i3 scikit-learn.

transformer = TfidfTransformer (use idf=True,
smooth idf = True) -

X train transformer . fit transform(¥ train)
X test = transformer.transform(X test)

IleperBopenHss  BigOyeTbcs s
chopMOBaHOi PO3PIMKEHOT MaTpPHII
TekcToBHX naHux. [ToOymoBa Moselti.

HOTIEPEIHBO
BEKTOPH30BAHUX

LogisticRegression(C=1.0,
class_weight="balanced’,
dual=False, fit intercept=True,
intercept scaling=1,
11_ratio=None, max_iter=100,
multi class="auto’, n_jobs=None,
penalty='12', random state=None,
solver='1bfgs’, tol=0.0001,
verbose=0, warm stert=False)

I[J'IH MOJCIIFOBAHHS BUKOPHUCTAEMO
LogisticRegression i3 6i6mioreku scikit-learn.

KJac

model = LogisticRegression(penalty='12",
class_weight='balanced', solver='lbfgs')
model.fit (X train, y train)

Cepen mapametpiB Bkazyemo penalty="12’, to6to mis
peryisipuzaunii  MOJEJIb  BHKOPUCTOBYBAaTUME  METO]
rpebeneBoi perpecii, a solver="lbfgs’ osnauae, mo misn
onTuMizalii MoOJeNb BUKOPHCTOBYBATHME alITOPUTM
Bpoiinena-daeruepa-TI'onpadapba-1llanno i3 oOMexxeHUM
BUKOPHCTaHHSM IaM’ SITi.

[MigroroBka manux. IloOynyemo rpadik po3noxaity
TaHAX 3a KaTeropissMu IS OLIIHKH piBHS
He30anaHcoBaHocTi ganux (puc. 11). Habip nanux He €
30aJaHCOBaHMM Ta Yy HBOMY 3HOBY II€PEBAXKYIOTh
pEUYCHHS HEe NPONAraHUCTChKOTr0 XapakTepy.
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Pucynok 11 — I'padik po3noaiay HabOpy JaHUX IS
PO3Mi3HAHHA NPOTIAaraHAy a PiBHI PeYeHHs 3a KJIacaMu

Jlayii MOBTOPIOEMO MPOIEC BUIAIICHHS IIYMOBHX CIIiB
i3 Habopy nanmx. Ilicns 1pOro 3HOBY KOHBEPTYEMO
TEKCTOBI JJaHi 10 HIPKHBOTO PEricTpy.
stop = stopwords.words ('english')
data['sentence'] = data['sentence'].apply (lambda
®x: " " Join(x for x in x.split() if x not in
stop))

data(['sentence'] = data['sentence'].apply(lambda
x: " ".join(x.lower{) for x in x.split(}})

Ha manomy piBHI 3a7adi He BUAAISIEMO MTyHKTyalidHI
3HaKH 13 PeYeHb, OCKUILKM BOHHU 3HAJOOJSTHCS HA eTari
BUJIIJICHHS 03HaK. BUKOHYEMO pO3MiYeHHS YaCTHH MOBH.
Just i€l omepaiiii BUKOPUCTOBYEMO 010I1i0TEKY SPacy.
nlp = spacy.load('en')

def tag(sentence):
global nlp

doc = nlp(sentence)

return "
"join([f"{x.text]}_{x.tag_ }_(x.lemma_}' for x in
doc] )
sentences_pos = copy.deepcopy(data[’'sentence'])
tagged = pos tagging(sentences pos)
data['tagged'] = tagged

MapkyeMo KOXHE pedeHH Yy Habopi JaHuUX 3a
HasIBHICTIO y HbOMY irypHux Jjamok. lle mo3Bossie
BIZICTIIKYBAaTH TEXHIKY MpOMAaraHand sk «ATeJsiis 10
aBTOpUTETY». [HINai3yeMO BiNOBIAHY (QYHKILIFO.
def ch_quoLaLirm.s (sentences) :

result = []
for sentence in sentences:

match = 1 if """ in sentence else 0
result.append (match)
return np.array(result).reshape(-1, 1)

Jai mepeBipsAeEMO KOXKHE PEUCHHS Ha HasBHICTh Tak
3BaHUX «OmMcKyuux ciiB». [IpukiagamMu Takux cliB €
«IIaTpiOTHU3M», «CBOOOIA», «CHIa», «imes» TOIIO.
Bukonyemo 1o omepariito s igeHTU(IKAIT TaKuX
METOJIMKHM Tporaraniy, sk «Po3dMaxyBaHHS Mparopom»
Ta «Cmorap». Jlas 1poro OOYHCIIOEMO KITBKICTh
CHIBNIaJiHb MDK CIIOBaMH Yy pEYEHHS Ta CJIOBaMU Yy
JIEKCUKOHI «OJIMCKYYMX CIIIBY» Ta PO3AUISIEMO 1€ 3HAUCHHS
Ha 3araJibHy KUIbKICTH CJIIB Y PEYEHHs JUIs TOro, mood
HOopMaiizyBaTu KoedimieHT. DopMyeMo  BiIMOBiTHUIHA
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JIEKCUKOH y BHIJISIII TEKCTOBOTO (aiiily i3 «OIMcKydnMu
CJIOBaMU» Ta 1HILIaJIi3yeMO BiINOBIAHY (QYHKIIIO.

def get_glitter(tagged):
filename = 'glitter words.txt'
glitters [1
append = glitters.append
with copen(os.path.join (LEXICONS PATH,
filename), encoding='utf-8') as f:
for line in f.readlines():
append (line.replace('\n', ''))
result = []
for sentence in tagged:
words = 0
matches ]
for wline in sentence.split():
try:
W,
except:
continue
w = w.lower()
1 = 1.lower()
words+=1
if 1 in glitters or w in glitters:
matches+=1
if words == 0:
result.append(0)
else:
result.append(matches/words)
return np.array(result).reshape (-1, 1}

t, 1 = wline.split("™ ")

BukopuCTOBYEMO aHAJOTIYHUI MIAXIJ U HOIIYKY Y
PCUYCHHSX CIIOBA-MiICHITIOBAYiB (KHEHMOBIPHO», IyKe»,
«a0COJIIOTHO», «TOIIO) Ta a0CONIOTHUX 3aMEHHUKIB

(«yci», «mixTo» Tom). Hamaraemocs BiAMOBIAHO
iICHTU(IKYBAaTH TaKM METOAWKHA  TIPONATAHAM  SIK
«3arampHa miathopma» Ta «HaBaHnTaxkeHa MoBa.

DopMyeEMO aHAJNOTIYHI JICKCHKOHH Ta iMiHIaTi3yeMO
BimmoBigHI (QyHKHii. Y SAKOCTI OCTaHHBOTO KpPOKY,
BEKTOPH3YEMO TEKCTOBI JaHI 3a JOMOMOTOK MOJEINi
Word2Vec. [l miei 3amadi BAKOPUCTOBYEMO 3a3/1aJ1€Ti b
HATPEHOBaHY Ha HA0Opi JaHMX 13 COLIANBHOI Mepexi
Twitter ~ mozens, korpa wmae 200  BuMmipiB.

BukopucroByemo 6i6miotexy gensim.
w2v file = os.path.join(WORD2VEC PATH,
'twitter.278.200d4.txt")
Ww2v_model =
Keygduectors_1oad word2vec format (w2v file,
binary=False)
def w2v vectorize (tagged):
global wiv_model
=11
ndims = 200
for sentence in tagged:
words = []
for wline in sentence.split():
try:

t, 1 = wline.split(™ ™)
except:
continue
words.append (W)
row data = np.mean([w2v model [w] for w
in words if w in w2v_model] or
[np.zeros (ndims) ],
axis=0).tolist ()
X.append(row_data)
X = np.array(¥)
®_std (X - X.min(axis=0)) / (X.max(axis=0)
- X.min{axis=0))
X scaled = X_std * (1 0y + 0
return ¥ _scaled

dopmyemo HoBuii DataFrame ©a ocHOBI yxe
ICHYIOUOTO 3 BUKOPUCTAHHSIM YCiX OIMCaHUX Ollepallii.
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word2vec features =

Ww2v vectorize(datal['tagged'])

word2vec columns = [f'dim{x}' for x in

range (200)]

glitter words get glitter (data['tagged'])
quotations = get quotations(data['sentence'])
intensifiers = get intensifiers(data['tagged'])
absolutes = get_absolutes(data['tagged'])

¥ = pd.DataFrame (word2vec features,
columns=[word2vec_columns])

X['quotations'] = quotations

X['glitter words'] = glitter words
¥X["intensifiers"] intensifiers
¥X['absolutes'] = absolutes

y = data['label']

Pozainsiemo mataceT Ha HaBYAIBHY/TECTOBY BHOIPKH.

X_train, X test, y train, y test =
train test split(¥, y, test size=0.2,
random_state=42)

BukopucroByemo anroput™m Kpoc-amigarii  Grid
Search ISt MOILIYKY HalKpammx napameTpis,
IHII[IAJII3YEMO Ta TPEHYEMO MO/ICIIb.
1r_model = LogisticRegression()
penalty = ['11', '12']

C np.logspace (0, 4, 10)
hyperparameters dict (C=C, penalty=penalty)
clf GridsearchCV(lr model, hyperparameters,

refit="'fl"', cv=5)
best model clf.fit (¥ train, y train)

OtpumMaHi  HaWkpauli  mapameTpu  Mozelli €
HacTynHuMH: penalty="12", C=7.74.

6 OBI'OBOPEHHS

[Mpoananmizyemo Ta ouiHMMO poOOTy  Mojeni
pO3Ii3HaHHS TporaraHay Ha piBHI crarti. g mporo
BUKOHYEMO TIPOTHO3M Ha OCHOBI TECTOBOI BHOIpKH.
Iobyayemo matpuimto moMwiok (puc. 12). Matpuiio
TOMIJIOK MOXXEMO IHTEPIPETYBAaTH HACTYITHHM YHHOM:
MoJieni Bhanocsi KopekTHo kiacudikyBatu 6097 He
MPOMNAaraHIuCTChKUX crareit Ta 694 crarTi
MpOMAaraHMCTChKOro xapakrepy. 123 mpomnaranancTchbki
crarti Ta 285 He mpomaraHAMCTCHKUX CTare Oynu

knacudikoBani HeBipHO. OTpuMaHa OLIHKAa MOJEIIi:
0.9433254618697041.
- 6000

g 4000
n = len{conf matrix) E I
plt.figure(figsize = (n, n)) =
sns.heatmap (conf matrix, annot=True) E - 2000
plt.title("Confusion Matrix") <
plt.ylabel ("Actual Value")
plt.xlabel ("Predicted Value")

plt.show(}

Predicted Value
Pucynok 12 — [ToOymoBaHa MaTpHIIs TIOMIJIOK JJISI MOJIEII
PO3IMi3HaHHS MpoMaraHIy Ha PiBHI CTATTi

ITicns bOro BMKOHAEMO aHAJIOTIUHI il I MOJIEli
PO3Mi3HAHHS MpONaraHay Ha piBHI pedeHb. OTxe, 3HOBY
BUKOHYEMO IPOTHO3YBAaHHS Ha OCHOBI T€CTOBOI BHOIPKH.
Bynyemo ananmoriuny maTtpwuito moMuiok (puc. 13).
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Actual Value

Predicted Value
Pucynok 13 — Matpuus MIOMUIOK Ha PiBHI peueHb

Matpuns TOMWIOK Moxe OyTH iHTepIpeToBaHa
HACTYIHMM YHHOM: MOJENb YCIIIIHO KiacudikyBaia
1917 we mpomaranaucrchkux —craredr  Tta 205
MPOTAraHIUCTChKUX crarei, poTe 585
IIPOINAraHIUCTCbKUX crarei Ta 146 HE
MPONaraHNCTChKUX  crareil  Oymu  knacudikoBaHi
HEBIPHO. Orminka MoJIeIi CTAHOBUTD!
0.7437784787942516. O6OuaBi OLIHKK € 3aI0BLILHUMH,
poTe MOJETb Ui PO3IMi3HAHHS MpPOMAraHaAd Ha piBHI
JOKyMEHTY Bropanacs kpaimie. o TOro, BpaxoBYO4H
He30alaHCOBaHICTh 0OMIBOX HAOOPIB MaHUX 0ad4nMo, IO
apyra Mozens ([T po3Mi3HAHHS TPOIAraHmy Ha piBHI
pedeHb) HEBipHO KiachpikyBaga Oiible eK3eMIUIIPiB
JIaHUX, KOTpi OyJIM MapKOBaHi sIK Iporara’ancTeeki. e
MOJXE CBIJUUTH MPO T€, IO MOJCIb € HEAOCTATHBO
creudiyHoo, TOOTO y MallOyTHIX po3poOKax HEOOXiTHO
BUKOPHCTAaTH  CKJIQHIIINH, OUIBII  KOMILIEKCHHI
QITOPUTM Ta BIWIIyYUTH OLIbIIE CHENU(IYHAX O3HAK YIS
TOro, abW MaTé MOXIIUBICTh TOYHIIIE 1MeHTH(]IKYBaTH
IHIIT METOAWKH TIPOTIaTaH IH.

BUCHOBKH

Ha eramax OTIPAIIOBAHHS nesinpopmarii
MIPOTIOHYETHCSI HOBHW METOJ aHali3y MponaraHiy Jyis
imeHTUdiKamii O03HaK Ta 3MIiHHM JWHAMIKA TIOBEIIHKU
CKOOPIMHOBAaHUX IPYI Ha OCHOBI MAIIMHHOTO HABYAHHS..
BripoBakeHHsT OTpUMaHUX — pe3yJbTaTiB  JTO3BOJIUTH
CYTTEBO CKOPOTUTH 4Yac Ha TNPUHHATTA HAWOUIBII
aJICKBaTHOTO PINICHHS IIIOJ0 BIPOBA/DKECHHS 3aXOliB
060poTHOU 3 JIe3iH(GOPMAITIE0 CTOCOBHO ieHTH()iIKOBaHUX
CKOOPAMHOBAaHWX TPyl TeHepyBaHHA, Je3iHdopmarii
(eiikiB i mponarasm.

Ilixg yac BUKOHAHHS POOOTH peayi30BaHO ABI MOIEINi
JUISl PO3MI3HAHHS MPOMAraHjgy y TEKCTOBHUX HaHUX — Ha
piBHI cTaTTi Ta Ha piBHI pedeHHs. [y Oro po3B’s3aHO
3amady OiHapHoi kmacuikamii Tekcry. OO6maBi Moxeni
moOyI0BaHI Ha OCHOBI JIOTICTUYHOI perpecii, y mporieci
MITOTOBKM JaHUX Ta BUOKPEMJICHHS O3HAK 3aCTOCOBAHO
TaKi METO/IH, K BEKTOpHU3allis 3a Mojaeuto «Topba ciiB»,
TF-IDF BekTopm3amis, pO3MiuyBaHHS YacCTHH MOBH,
BOYIOBYBaHHS CIiB 3a  JIOIOMOTOKO  JIBOIIAPOBOL
HelipoHHOT Mepexxi Word2Vec, a Takox py4Hi MeTOAu
BHOKPEMJICHHSI O3HAK, KOTpi HaIlIeHI Ha imeHTH(]ikamiro
KOHKPETHHUX METOJUK MOJIITHYHOT MPOMAranu y TeKCTax.
[IpoaHanizoBaHO aHAIOTH PO3POOIIOBAHOIO MPOEKTY,
nocmimkeno 10 (3actocyBamust mpomaranan y 3MI ta
OCHOBI MeTommKH 1i TpoaykyBaHHs). Ilporpammuy
pearmizaiifo BHKOHaHO 3a gomomororo Python, i3
BUKOpHCTaHHsAM Gibmiorek Scikit-learn, pandas, numpy,
spacy, nltk, genism, matplotlib, seaborn. Ortpumana
OIlIHKa MOJIEINi JIIs PO3IMi3HAHHS TPOMAraHgy Ha PiBHI

© Buconpka O. O., 2024
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crarti: 0.9433254618697041,
0.7437784787942516.

OuikyBaHi pe3yJbTaTH BUKOHAHHS MTPOEKTY:

— BIIEpLIE pO3pOOJICHI OCHOBU Ta OCHOBHI NPUHIUIN
CHHTE30BaHOI iH(OPMAIIHHOI TEXHOJIOT1i aBTOMaTHYHOTO
BUSIBJICHHSL JDKepen ne3iHdopmanii Ta HeaBTEHTHYHOI
TIOBEIIHKH KOPUCTYBaYiB YaTiB, IO JO3BOJIHUTH CBOEYACHO
BUSBIISTH JCCTPYKTHBHI 1 MiZO3pLTI CIUTFHOTH B PI3HUX
comiabHAX MepeXxax, BU3HAYATH IX JiJIepiB i KypaTopis,
BUSIBJIATH  1HGOpMAIiHI 3arpo3d B  TOBIJIOMJICHHSIX
KOPHCTYBaYiB, TOMEpeKAaTH NONMPEHHA (EeHKOBUH i
HIKiATTUBOI iH(pOopMaii.

— BIIEpUIE PO3POOJCHO METOJ CTHIJIICTHYHOTO aHalli3
Ta JIHTBICTHYHOTO OIpAIfOBaHHA ne3iHdopMarii st
dopmyBanHs iHpOpMaITiHOTO MOPTpeTy aBTopa/6oTa
TeHEpyBaHHS  TEKCTOBOTO KOHTEHTY SIK  YacTHUHHU
mapaMeTpiB  TOIIYKYy SK MOMIOHOTO  aBTOPCHKOTO
KOHTEHTY, TaK 1 IUISIXiB PO3IIOBCIOJKEHHI.

— BUpOOJIEHI KpUTEpii Ta MapaMeTpu HEaBTCHTHIHOL

a Ha piBHI peYeHb:

MOBEIiHKM KOPHUCTYBadiB daTiB I (QOpMyBaHHA
iH(pOopMaIiHfHIX TIOPTPETiB MOTEHITIHHNX
PO3IOBCIO/KYBauiB  jAe3iHpopMalii Ta  BUSBICHHS

MapmipyTiB Ta MEXaHi3MiB pPO3MOBCIOKEHHS, YacCTOTH
reHepyBaHHs (elKiB, TeMaTHKH Ta KIIOYOBI CIIOBA,
XapaKTepHi JUIsl BiAMOBIAHOI TPYIIH.

NLP mpoilecy BH3HAUCHHS KOHTEHTY SIK (eliky/He
(hexy € CKIaZHUM TIPOLECOM, TaK SIK AY)KE 3aleXUTh HE
JIMIIE BiJ MIBUAKOCTI/IKOCTI MOMEpeanso 3ibpanoro/
IHTErpPOBAaHOTO Ta OIIPaLbOBaHOTO KOHTEHTY
(6roxkoBaHMi/HEOIOKOBAHMH Ha TIEBHOMY DETiOHi, TeMH
KOHTEHTY) ajie Bia e(eKTHBHO MmimiOpaHoi Momeri
MallMHHOTO HABYaHHS HA TPEHYBAaJbHHX JaTaceTax.
3a3Buuail ek He OoKyeThcs. MeTa HOro CTBOPEHHS —
M0 IIBUAIIC PO3MOBCIOMUTH SIK y BCHOMY CBITi, TaK i Ha
THX perioHax, e 3a3BWuail TpasauBa iH(popMmartis (He
(eiik) moTeHIifiHa MOXKe GIOKYBaTHCS (HE TapaHTOBAHO).
Skmo He ¢elik iHdopMallis 3a0JI0KOBaHA Ha MEBHIN
TEpUTOpii, a mnpoTwiexHa iHpopmaris (peik) 3 1€l
TEPUTOPIi PO3MOBCIOKYETHCS — TO IIAHC 11EHTU(IKYBATH
(eiik 30iUTBIIyeThCA. SIKIO 1 Heelk He 3a0JIOKOBaHUI Ta
(elik mapaneabHO BUIBHO PO3MOBCIOJDKYETBCS, TYT
Metogun NLP He momomoxyTts. BoHHM mnmmme MOXYyTbh

MIpOMapKyBaTH 1Bl MHOKHHUI MPOTHIICKHUMHA
MHOSCHEHHIMU moao moxii/seumia. [ nume mpw
IOJATKOBMX  CTATHCTHYHUX  JOCHIDKEHHAX  MOXKHA

imeHTH(iKyBaTH SIK MHOXHMHa 3 (elikamMu, a sgKa Hi.
CKJIaIHICTh 1€ TIOJISITAaE B CaMiii MOBI KOHTEHTY, 30KpeMa
B yKpaiHChKkid. Jlii TOpIBHSHHS 3 aHTJIOMOBHHM
KOHTEHTOM  YKpaiHChKa/pocilicbka MOBH € JIOCHTH
CKJIaJIHUMH JJIs1 aBTOMaTUYHOTO ONPAIFOBAHHSI, 0COOJIMBO
IpU  aHaNi3l CEMaHTHUKH Ta pPO30yNOBI OHTOJIOTII.
Cra"gapTHI Ta TpaguLiiiHIi METOAHW, SIKI 3aCTOCOBYIOTH
JUIS ONpAIFOBAHHS aHITIOMOBHHMX TECTIB, HE IIIXOISThH
JUISl ONPAIFOBAHHS CJIOB’THCBKUX MOB, B TOMY YHCII JUIs
BUSBJICHHS JIe3iH(opMaIlii Ta 0COOMMBOCTEH CTHIIICTHKH
aBTOpiB-TeHepaTopiB GerkiB Ta mponaraHand. AHAJIOTI9HO
KpiM TOTO IO HEaBTEHTHYHA IOBEIiHKAa KOPHCTYBadiB
gaTiB gK Joged 1 OoTiB  Bigpi3HSETHCS, Tak 1
BIZIPI3HAETHCS JIFOMICH 3 PI3HOI BMOTHBOBAHICTIO (Bipa B
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npornaraiay, poboTa 3a rpolii, MPOCTO OJHA 3 BHIIB
BaHIAN3My Ta Tak OWM  MOBHTH  JO03Bi/LIA),
HallOHAJLHICTIO, OCBITOIO, CTATTIO, MEHTAJILHICTIO,
piBHEM 3HaHHS MOBH TEKCTY, CTYIICHEM BipH, IHTEJIEKTOM,
Tomo. lle Bce 3Ha4HO BIUIMBAE Ha MPOLEC BU3HAUCHHS
KPHUTEPIiB MOBEAIHKN PI3HUX CIUIBHOT Ta B MEXKax OJHIi€l
CIUTGHOTH, W0 B CBOK 4Yepry 3HAYHO BIUIMBAac Ha
(¢hopMyBaHHS 1HPOPMALIHHOTO MOPTPETY HEABTEHTHYHOL
MOBEIIHKA KOPHUCTYBAYiB Pi3HUX YaTiB (Te MO BIACTHBE
TSt [polarannucTa-MyCyJIbMaHNHA, CYTTEBO
BIIPI3HAETHCS [UTS MPEACTABHUKA PAIIKH 200 AHP/ITHD).

OOTpyHTYBaHHS MPAKTHUYHOI IIHHOCTI 3aIyIJaHOBAaHHMX
Pe3yJIbTATIB MPOEKTY ISl CKOHOMIKH Ta CYCIIILCTRA.

—3MeHIeHHss o0cariB  aesindopmanii, ¢eiikie Ta
OpomaraHfid Ta YacTOTH/PEry/sIpHOCTI mmyOmikarii 3a
paxyHOK  BIJICTEXYBaHHS  CTHIICTHYHO  TOAIOHOTO
KOHTEHTY Ta MapIIPYTiB PO3MOBCIOKEHHSL.

— 3MEHILICHHSI HETaTUBHOT'O BIUIMBY Je3iHpopMarliii Ha
HACTPOi CyCIUIBCTBA TA 3MEHIICHHS CTYIICHS KepyBaHHS

TPOMAJCBKOI0  IYMKOK  4epe3  PO3IOBCIOJIKCHHS
npornaraiad B iHQopmamidHii - BikiHi. Hanpuxnan
NPUTHIYEHHS TCHXIKA Momomi (y T.4. TOpYIICHHST
NCUXIiKHK, JIOBEJEHHS [0 JIETAJBHUX  HACIIIKIB),

CIIOHYKaHHS iX JI0 acoliajbHOI MOBEeIiHKH, (HhOPMYBaHHS
IpyI IPOMAaJICHKOI HETIOKOPH UM arpeCUBHOI IOBEIIHKH 3a

chaOpUKOBaHUMH  TPUBOJAMH, aHaNi3  COIAIbHUX
HaCJI/IKiB Kibeparak Tomio.
—3MeHIIEHHS 1I[iHM TIOWIYKY, ixeHTHdiKamii Ta

OJIOKYBaHHS nesindopmarrii,
PO3MOBCIOKYBAYIB Ta JKEPEIL.
Po3pobka BHIIEONMHUCAHUX METOJIB CHPSIMOBAaHA Ha
BHUSIBJICHHS 3arpo3, CTOPOHHBOTO BTpyYaHHs (aTak) Ha
paHHIX CcTamifxX, KiIacudikamiro 3arpo3 3a BHAAMH Ta
MOJIAJTbIIIE TPOTUCTOSIHHS KOXKHOMY BHJTy 3arpo3.
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ABSTRACT

Context. The research is aimed at the application of artificial intelligence for the development and improvement of means of
cyber warfare, in particular for combating disinformation, fakes and propaganda in the Internet space, identifying sources of
disinformation and inauthentic behavior (bots) of coordinated groups. The implementation of the project will contribute to solving
the important and currently relevant issue of information manipulation in the media, because in order to effectively fight against
distortion and disinformation, it is necessary to obtain an effective tool for recognizing these phenomena in textual data in order to
develop a further strategy to prevent the spread of such data.

Obijective of the study is to develop or automatic recognition of political propaganda in textual data, which is built on the basis of
machine learning with a teacher and implemented using natural language processing methods.

Method. Recognition of the presence of propaganda will occur at two levels: at the general level, that is, at the level of the
document, and at the level of individual sentences. To implement the project, such feature construction methods as the TF-IDF
statistical indicator, the “Bag of Words” vectorization model, the marking of parts of speech, the word2vec model for obtaining
vector representations of words, as well as the recognition of trigger words (reinforcing words, absolute pronouns and “shiny”
words). Logistic regression was used as the main modeling algorithm.

Results. Machine learning models have been developed to recognize propaganda, fakes and disinformation at the document
(article) and sentence level. Both model scores are satisfactory, but the model for document-level propaganda recognition performed
almost 1.2 times better (by 20%).

Conclusions. The created model shows excellent results in recognizing propaganda, fakes and disinformation in textual content
based on NLP and machine learning methods. The analysis of the raw data showed that the propaganda recognition model at the
document (article) level was able to correctly classify 6097 non-propaganda articles and 694 propaganda articles. 123 propaganda
articles and 285 non-propaganda articles were misclassified. The obtained estimate of the model: 0.9433254618697041. The
sentence-level propaganda recognition model successfully classified 205 propaganda articles and 1917 non-propaganda articles. The
model score is: 0.7437784787942516 (but 731 articles were incorrectly classified).

KEYWORDS: disinformation, fake, propaganda, linguistic analysis, natural language processing, machine learning, cyber
warfare, artificial intelligence, semantic analysis, information security.
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ABSTRACT

Context. Using the composition relation is one of the most effective and commonly used ways to specialize classes
in object-oriented programming.

Objective. Problems arise when “redundant” attributes are detected in an inner class, which are not necessary for
solving the tasks of a specialized class. To work with such attributes, the inner class has corresponding program
methods, whose usage not only does not solve the tasks of the specialized class, but can lead to errors in its work. The
purpose of this work is to remove “redundant” attributes from the inner class, as well as all methods of the class directly
or indirectly (through other methods) using these attributes.

Method. A mathematical model of the inner class was developed, which allowed us to identify “redundant”
elements of the class. The method of internal class transformation is proposed, which, based on the analysis of the class
code, provides the developer with information to make a decision about “redundant” attributes, and then in the
automated mode gradually removes and transforms the class elements.

Result. To approbate the proposed solutions, a software product Composition Converter was developed.
Experiments were carried out to compare the conversion of classes in “manual” and automated modes. The results
showed a multiple reduction of conversion time in the automated mode.

Conclusions. The proposed method of automated transformation of the inner class according to the tasks of the
outer class when implementing composition allows to significantly reduce the time or the number of errors when editing
the code of the inner class. The method can be used for various object-oriented languages.

KEYWORDS: object-oriented programming, classes, composition, syntactic analysis, class transformation.

ABBREVIATIONS mMeth is a set of class methods;
OOP - object-oriented programming. mMeth1 is a set of methods of class C1;
mMeth1l is a methods of class Cl1 that are
. NO_ME’\_‘CLATURE independent of mAttr;
attrName IS a attribute identifier; mMethR is a set of edited methods that have become
attrType IS a attribute type; independent of mAttr';
cHead Is a class header; mOperand is a set of operands:
cHead1C2 is a new name of the inner class, reflecting mOperator is a set of method operators;
the use in the outer class; retType is a type of return value (empty for
cName IS a class name; constructors and destructor).
cNamel is a parent class name for cName (can be
empty); ' _ INTRODUCTION
destr Is a class destructor (if provided by the In object-oriented programming (OOP) there are two
programming language); main ways of creating specialized classes based on
fName Is a method name; existing ones - inheritance and extending the
mArgs is a set of method arguments; functionality of some class by using another class as an
mALttr is a set of class attributes; object attribute [1, 2]. Let us call the specialized class an
mAttrl is a set of attributes of class C1; outer class and the class of the included object an inner

mAttr is a a subset of the mAttr set containing class. The object control of the inner class by an object of
redundant attributes: the outer class can be full and partial. In the first case the
mConstr is a set of class constructors: connection between the classes is called composition, and

mFunc is a set of ordinary methods of the class; i the second case - aggregation. To implement
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composition, the outer and inner classes must have the
following relations [3]:

—the inner class is a part of the outer class;

—the inner class can belong to only one outer class;

— the inner class (object) is controlled by the outer
class (object);

— the inner class (object) does not know about the
existence of the outer class (object).

Aggregation involves sharing of the inner class by
several outer classes. In this case, conflicts of interests of
outer classes may arise.

In practice, the use of composition is observed much
more frequently than the use of aggregation. This work
solves the problems associated with the composition
usage. Composition has two significant advantages over
inheritance [3]:

— allows adding additional functionality to the outer
class with minimal changes in its structure;

— significantly reduces debugging time of the outer
class, because the inner class is already ready-to-work.

The notion of a “ready-to-work class” requires
explanation. If specializing the outer class by inheritance
is understood as continuing to work on that class, then
connecting the inner class involves searching for a
suitable class from some library. By definition, the inner
class in the vast majority of cases was not created for use
in a particular outer class. To find a suitable inner class,
candidates that provide the required functionality are
considered. In many cases, a suitable candidate for the
inner class has functionality beyond the required one.
“Redundant functionality” consists of the existence of
“redundant” methods and attributes. For example, in order
to assign a bus to a driver to perform a trip, we can enter
the attribute “Bus” into the class “Driver”, which is a
class. The “Bus” class may have many attributes and
methods that model its engine, electrical system, running
gear, repair information, etc., while the composition needs
only the brand, registration number, number of seats, and
possibly a few more attributes and corresponding
methods. In case of the presence of “redundant” structural
units in the inner class, the following problems arise [4]:

— when initializing a “redundant attribute”,
information is needed that is not defined by the task,
which the outer class solves. This may be a source of
initialisation errors;

— when working with an object of an inner class, it is
possible to use methods directly or indirectly, which do
not solve the tasks of the outer class, but introduce errors
in their solution;

— methods that are “useful” from the point of view of
tasks solved by the outer class may perform some actions
on “redundant” attributes, which may also cause errors.

Thus, there is a problem of identifying, removing or
“neutralizing” redundant attributes and methods in a class
that is chosen as an inner class during composition.

According to the above problem, the following
research tasks have been formulated:

— create a model of the inner class;
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— develop a method to identify and remove
“redundant” attributes and methods of the inner class, as
well as to correct methods dependent on the deleted class
elements.

1 PROBLEM STATEMENT

Suppose there is some program class c=<cHead,
mAttr, mMeth>. When using this class as an object of
another class c2 (composition), a subset of attributes
mAttr turned out to be redundant. It is necessary to
perform the transformation

c =cl,

where ¢l = < cHead1C2, mAttrl, mMethl >.

Wherein mAttrl = mAttr N mAttr’,

mMethl = mMeth1l N mMethR,

where mMethll € mMeth,

mMeth’ = F(mAttr') = mMethR # F(mAttr’).

2 REVIEW OF THE LITERATURE

Composition in programming languages is analyzed
and applied at different levels. An attempt to develop a
general approach to composition is made in work [5].
From our point of view, the recommendation to compose
models for composition according to specific conditions
is useful in this work.

In work [6], composition is considered at the level of
language constructs of various domain-oriented
languages. Of interest is a framework that allows creating
a language from known constructs for a new subject area.
Some principles of framework construction may find
application to the present study.

In work [7] the principle of composition is applied at
the level of individual operators and in [8] at the level of
individual expressions, but it is also actually about
making changes to programming language constructs
rather than to program elements.

The conditions under which class-level composition
has advantages compared to inheritance are described in
sufficient detail in the literature [3,9], but the authors do
not analyze the problems arising in its implementation.

In work [4] the composition problems are formulated,
but the model is not developed. Therefore, the proposed
solution is applicable only for a special case.

In work [10] it is proposed to allocate key classes for
software understanding. This idea is relevant in the
realization of composition if we represent “useful”
attributes as key attributes. The authors did not formulate
the task of any work with “redundant” classes (elements).

The issue of identifying and analyzing the
effectiveness of class attributes is considered in work
[11]. However, the study concerns only the attributes, the
choice of which corresponds to the purpose of class
creation, whereas in the conditions of composition the
initial purpose of class application can be slightly
changed.

Inwork [12], a class model is proposed, which
represents its functionality quite completely, but does not
provide for changes in the class.
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For the task of finding inheritance relations, an
appropriate class model was created in [13]. The model
provides class transformation by redistributing methods
and attributes between classes, which is also applicable
for this work, but does not allow identifying and
removing “redundant” attributes and methods.

Class transformation is based on the extraction of
certain constructs. Syntactic code analysis is considered in
works [14, 15], where the main focus is on parser
performance and creation of new convolution algorithms,
whereas for this work the main requirement is the
extraction of only certain code constructs.

A number of approaches to static code analysis [16]
are applicable in the conditions of this work when
“redundant” elements are used together with “useful”
ones within one operator. An interesting proposal
regarding combining static code analysis with object-
oriented structure extraction is made in [17], but the
authors do not offer an acceptable practical
implementation of their project.

The work [18] shows the role of refactoring on the
quality of object-oriented code. Accepting the
recommendations of the authors of the work, the present
study envisages not only checking the code for a given
functionality, but also for compliance with design patterns
[19].

3 MATERIALS AND METHODS
Class model.
Let’s represent the class as a tuple:

¢ = <cHead, mAttr, mMeth>. (1)
Let’s represent the class header as a tuple:
cHead = <cName, cNamel>. (2)
Let’s represent each attribute from the set mAttr as:
Attr = <attrName, attrType>. 3)
Let’s represent the set of methods as a tuple:
mMeth =<mFunc, mConstr, destr> . (4)
Any element from mMeth has the form
mMeth; = < fName;, mArgs;, retTipe;,
mOperator; >. (5)

Any operator is represented as a set of operands
(variables, constants, function calls)

operator = mOperator.

Method of class transformation by removing
redundant elements.

Initial data: some class C, which contains redundant
attributes and methods from the point of view of its usage
in composition.

Let’s consider the case when the composite class is
not inherited from another class.
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First step. Let’s analyze the set of attributes mAttr
and form on its base the set of “redundant” attributes
mAttr' and “useful” attributes mAttrl.

mAttrl = mAttr N mAttr”.,

Second step. Let’s select from the set of all mMeth
methods a subset of mMeth' methods, which use only
attributes from the mAttr' set and do not use other
methods of the same class (constructors and destructor are
not analyzed yet).

mMeth’ = { meth; | mAttrl, ¢, meth; A meth, ¢, meth;
}. i1 =1, [ImMeth|; k = 1, |mAttr’[; | = 1, ImMeth|,

where €, and ¢, designate the use (non-use) of an
attribute in a method; €, ¢m — use (non-use) of other
methods in this method.

Let’s form a set of mMeth1 methods that remain in the
class:

mMethl = mMeth n mMeth”.

Third step. Let’s select methods from the set mMethl
that do not use attributes from the set mAttrl and methods
from the set mMeth1:

mMeth’ = { meth; | mAttrl; ¢, meth; A mMethl, ¢, meth;
} i=1, [mMethl]; j = 1, |mAttrl|; k = 1, [mMethl].

Form the set of methods that remain in the class:
mMeth2 = mMethl N mMeth'.

Fourth step. Let’s select from the set mMeth2 a
subset of methods that require editing
(mMethForAdjustment). This category includes methods
that contain “redundant” attributes and methods along
with “useful” attributes and methods.

mMethForAdjustment = { meth; | 3 mAttr § e, meth;
v 3 meth{ e, meth; },i =1, |mMeth2|; k=1,
|[mMeth’|; j = 1, |mAttr'|.
Fifth step. From each constructor the elements

associated with redundant attributes are removed.
Let’s represent the set of constructors in the form

mConstr = { constr; }, i = 1, [mConstr|.

Let’s represent each constructor as a set of arguments
and operators:

constr = { < mArgs, mOperator >}.

The constructor operators should include not only
operators in the body of the constructor, but also elements
of the initialization list.

Operators that do not use the “useful” attributes
mAttrl are defined

mOperator’ = { operator; | mAttrl, ¢,, operator; }, j =1,
|[mOperator]; k = 1, [mAttrl|,

where the relation ¢, — designates non-use of the
attribute in the body of the operator.
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A new set of constructor operators is created
mOperatorl = mOperator N mOperator .

Arguments that are used to initialize only redundant
attributes are defined

mArgs’ = {args; | args; o, mOperatorl},
j =1, |mArgs|.

A new set of the constructor arguments is created
mArgsl = mArgs N mArgs'.

Let’s select from the set of remaining constructor
mOperatorl operators a subset of operators that require
correction (mOperatorForAdjustment). Operators that
contain “redundant” attributes and arguments along with
“useful” attributes and arguments should be included in
this category.

mOperatorForAdjustment = { operator; | operator; e
mOperatorl A (3 mAttr;, eq, operator;)}, j =1,
|[mOperatorl|; p = 1, [mAttr'|; | = 1, |[mArgs'|.

Sixth step (only for programming languages that use
destructors). The elements associated with redundant
attributes are removed from the destructor.

Let’s represent the destructor as a set of operators

destr = mOperator.

Operators that do not use attributes from set mMethl
are defined

mOperator’ = { operator; | mAttrl, ., operator; },
j =1, |mOperator]; | = 1, [mAttrl]|.

A new set of destructor operators is created

mOperatorl = mOperator N mOperator’

Seventh step. The class Cl is formed based on
mAttrl, mMeth2, transformed constructors and destructor.

cl=<cHead1C2, mAttrl, mMethl1>,

where the new name cHeadlC2 indicates the
modification of the original class C to conform to the
requirements of class C2.

The case when an aggregate class is an inheritor of
another class.

Option 1. There is a code of a parent class.

First step. The method proposed above is applied to
the parent class.

Second step. The method proposed above is applied
to the generated class.

Option 2. The code of the parent class is inaccessible.

First step. The “redundant” attributes introduced in
the inherited class are determined. For them, the method
proposed above is applied without performing the fifth,
sixth and seventh steps.

© Kungurtsev O. B., Bondar V. R., Gratilova K. O., Novikova N. O., 2024
DOI 10.15588/1607-3274-2024-2-14

Second step. The “redundant” attributes of the parent
class are determined.

Third step. Methods that use only “redundant”
attributes of the parent class are defined. Such methods
should be made “neutral” depending on the context of
their use. That is, such that their call does not lead to any
changes in the context of their use.

A method of the parent class with a private method
can be overridden. Then the call of the corresponding
method of the parent class will be possible only when
referring to the parent class.

The fourth and subsequent steps are performed
according to the method proposed earlier.

4 EXPERIMENTS

In accordance with the proposed model and method of
inner class transformation, a grammar is proposed that
allows to extract from the class code the attribute
description, the description of a regular method, the
description of a constructor, the description of a
destructor, an operator, an identifier and a method
argument. In order to shorten the record of a number of
rules widely used in grammars of programming
languages, some right parts of definitions are omitted or
replaced by an ellipsis

Grammar for highlighting necessary code elements:

$ class = {specifier} class class_name
class_name} "{" {/ (description | operator /} "}"

$ description = type description_list";"

$ description list = description_item | description list ","
description_item

$ type = standard_type | user_type

$ user_type = class_name | structure_name

$ standard_type = int | float | double | char |

boolean | .....

$ identifier = (letter | "_") { letter | number | "_"}

$ class_name = identifier

$ method_name = identifier

$ method = { specifier } method_name "(" argument list ")"
"{"" { (description | operator /} } "}"

$ any_sequence_of characters_without_";"

{specifier

$ operator= any_sequence_of_characters_without_; ";" | "{"
operator "}"

The Composition Converter software product was
created to implement the developed method. The scheme
of the software product operation is shown in Fig.1. The
Analyzer module allows you to select elements of the
inner class in accordance with the given grammar.
Command line compilers are used to check the
correctness of the code of the edited methods. The scheme
shows the sequential transformation of the original inner
class C » C_1 —» C_2 —C_3 by removing “redundant”
methods and attributes, as well as editing methods for
which “mechanical” removal of elements is impossible.

Fig. 2 shows a window with a list of attributes of the
inner class, where the programmer can indicate redundant
attributes.
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Figure 2 — Attribute selection window

5 RESULTS

A series of experiments were conducted to approbate
the results of the study. The purpose of conducting the
experiments was:

1. Verification of the quality of the program work.

2. Evaluation of the effectiveness of the proposed
method.

In accordance with the first purpose, it was checked:

— identification of all cases of redundant constructions
usage;

— deleting and automatic editing of constructions that
do not require programmer intervention;

— providing the programmer with all constructions that
require editing.

In accordance with the second purpose, it was
determined:

— time for automated inner class transformation;

— time for “manual” inner class transformation.

For the study, 6 classes were developed from the
subject areas “transport” and “health”. The number of
attributes in the classes was 10, 20 and 30. The number of
methods was 2-3 per attribute. 12 students from among
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the equally successful students of OO-programming
subject were involved in the experiments. Each student
performed conversion of 3 classes in “manual” mode and
other 3 classes in automated mode using Composition
Converter. Lists of “redundant” attributes were reported
immediately before the experiments were performed.

No errors were found in the program operation at the
stages of deletion and automatic transformation of class
elements. Errors were observed when editing methods
selected by the program. Errors in “manual” mode were
observed at all stages.

In the “manual” mode, the time for class conversion
ranged from 8 to 30 minutes. In the automated mode, the
main time was spent on editing the methods allocated by
the program and ranged from 2 to 10 minutes.

Fig. 3 shows the averaged data of the experimental
results in the form of a graph, where totalN — is the total
number of attributes, unnecN - is the number of
redundant attributes, mt — is the time of “manual” class
transformation, at — is the time of automated class

transformation.
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6 DISCUSSION

Fig. 3 shows that the proposed transformation method
proves to be effective for sufficiently large classes (10 or
more attributes).

Errors during the “manual” class transformation were
observed, but they were not counted because the result of
the transformation was a valid code. Thus, the errors
increased the transformation time.

The method leaves the programmer with the
responsibility to edit functions (class methods) that use
“useful” attributes along with “redundant” attributes. In
general, it is extremely difficult to automate such editing,
since it is determined by the tasks solved by the outer
class and about which we have no information at the time
of the research. Therefore, it was decided to limit to
selecting such class methods and operators that use
“redundant” attributes and loading them into the editor.

The proposed model and method are universal for
most object-oriented programming languages with a high
level of typing. However, the developed software product
so far supports only Java and C++ languages.

The quality of editing class methods by the
programmer is checked only for correct syntax, for which
purpose command line compilers were connected to
Composition Converter.

CONCLUSIONS

It is shown that the use of program classes as
attributes of other classes in the implementation of
composition is associated with significant problems
caused by the presence of “redundant” attributes and
“redundant” methods, the removal of which is a nontrivial
task.

A mathematical model of the inner class is proposed,
which allows us to consider a program class from the
point of view of using its attributes, making it possible to
formalize operations on class transformation.

A method is developed that allows automating the
process of transforming an inner class, as a result of
which all “redundant” attributes are removed from it, and
all methods that use them are removed or edited.

Software has been created, which implements the
proposed method of inner class transformation.
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Approbation of the proposed solutions has shown their
efficiency in the form of multiple reduction of time for
class transformation (up to 10 times) in comparison with
the existing technology (taking into account the time for
error correction).

ACKNOWLEDGEMENTS

The work is supported by the state budget scientific
research project of the Software Engineering Department,
Odessa Polytechnic  National University “Models,
methods and tools of software engineering” (state
registration number 0116U004528) and by of the
Department of Technical Cybernetics and Information
Technologies named after professor R.V. Merct, Odessa
National Maritime University “Computer systems and
information technology for the solution of applied
problems” (state registration number 0123U101986).

We thank Alina I. Vitnova, who directly participated
in the implementation of the class model.

REFERENCES

1. Forouzan B. A., Gilberg R. C++ Programming: An Object-
Oriented Approach. McGraw-Hill Education, 2019, 960 p.
https://www.booksfree.org/wp-content/uploads/2022/02/C-
Programming-An-Object-Oriented-Approach-Behrouz-
Forouzan.pdf

2. Lee G. Modern Programming: Object Oriented
Programming and Best Practices. Packt Publishing, 2019,
266 p.

3. Kanjilal J. Composition vs. inheritance in OOP and C#
[Electronic resource], InfowWord, 2023. Access mode:
https:/Aww.infoworld.com/article/3699129/composition-vs-
inheritance-in-oop-and-c-sharp.html

4. Kungurtsev O., Bondar V., Gratilova K. Tranforming
Classes for Composition Implementation, Modern research
in science and education: The 2nd International scientific
and practical conference, Chicago, USA, 12-14 October
2023: proceedings. Chicago, BoScience Publisher, 2023,
pp. 143-148. ISBN 978-1-73981-123-5

5. Talcott C., Heinrich R., Duran F. et al. Composition of
Languages, Models, and Analyses. New York, Springer,
2021, 311 p.

6. Kihlman L. Framework for Composition of Domain Specific
Languages and the Effect of Composition on Re-use of
Translation Rules: abstract of the dissertation ... doctor of

OPEN 8 ACCESS




p-ISSN 1607-3274 PagioenextpoHika, iHpopmarTuka, ynpapiinss. 2024, Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2024. Ne 2

philosophy in computer science. Essex, University of Essex, Radio Electronics, Computer Science, Control, 2022,
2021, 69 p. Ne 4(63), pp. 98-107.

7. Pfeiffer J.,, Rumpe B., Schmalzing D. et al. Composition  14. Slivnik B., Mernik M. On Parsing Programming Languages
operators for modeling languages: A literature review, with Turing-Complete Parser, Mathematics, 2023, Vol. 11,
Journal of Computer Languages, 2023, Vol. 76, P. 101226 Issue 7. https://doi.org/10.3390/math11071594

8. Zhang W., Sun Y. Oliveira B. C. Compositional 15. Slivnik B. Context-sensitive parsing for programming
Programming, ACM Transaction on Programming languages, Journal of Computer Languages, 2022, Vol. 73,
Lanquages and Systems, 2021, Vol. 43, pp. 1-61 P. 101172. https://doi.org/10.1016/j.cola.2022.101172
https://doi.org/10.1145/3460228 16. Sudheer N., Hrushikesava S. Different Approach Analysis

9. Nero R. Java inheritance vs. composition: How to choose for Static Code in Software Development, International
[Electronic resource], Infoword, 2020. Access mode: Journal of Computer Sciences and Engineering, 2016,
https://www.infoworld.com/article/3409071/java- Vol. 4 (9), pp. 111-118.
challenger-7-debugging-java-inheritance.html 17. Wojszczyk R., Hapka A., Krolikowski T. Performance

10. Wang L., Du X, Jiang B. et al. KEADA: Identifying Key analysis of extracting object structure from source code,
Classes in Software Systems Using Dynamic Analysis and 27th International Conference on Knowledge Based and
Entropy-Based Metrics, PubMed, 2022,Vol. 24, Ne 5, P. 652 Intelligent Information and Engineering Sytems (KES 2023),
DOI: 10.3390/e24050652 2023 : proceedings, Procedia Computer Science, 2023,

11. Rashidi H., Azadi F. On Attributes of Objects in Object- Vol. 225, pp. 4065-4073.
Oriented Software Analysis, International Journal of https://doi.org/10.1016/j.procs.2023.10.402
Industrial Engineering & Production Research, 2019, 18. Kaur S., Singh P. How does object-oriented code refactoring
Vol. 30, pp. 341-352. DOI: 10.22068/ijiepr.30.3.341 influence software quality? Research landscape and

12. Kungurtsev O., Novikova N., Reshetnyak M. et al. Method challenges, Journal of Systems and Software, 2019,
for defining conceptual classes in the description of use Vol. 157, P. 110394.
cases, Photonics Applications in Astronomy, https://doi.org/10.1016/j.jss.2019.110394
Communications, Industry, and High-Energy Physics  19. Wedyan F., Abufakher S. Impact of design patterns on
Experiments. Vilga, 6 November 2019, proceedings, SPIE software quality: a systematic literature review, IET
P. 11176 doi: 10.1117/12.2537070 Software, 2020, Vol. 14, Issue 1, pp. 1-17.

13. Kungurtsev O. B., Vytnova A. 1. Determination of https://doi.org/10.1049/iet-sen.2018.5446
inheritance relations and restructuring of software class Received 22.02.2024.
models in the process of developing information systems, Accepted 02.04.2024.

V]IK 004.415

METOJ ABTOMATHA30BAHOI'O NEPETBOPEHHS KJACIB U1 PEAJIBALIIL KOMIIO3UIIIT
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AHOTAIIA

AKTyaqnbHicTh. BUKOpuCTaHHS BiIHOIICHHS KOMIIO3MLII — OJHMH i3 Haie(eKTUBHIMINX I HaWyacTille BHUKOPHUCTOBYBAaHMX
croco0iB crenianizanii kKJaciB B 00’ €KTHO-OPIEHTOBAHOMY IIPOTrpaMyBaHHi.

Mera po6orn. IIpoGnemy BHUHMKAOTh TPH BUSBICHHI y BHYTPILIHBOMY Kiaci 3aiiBUX aTpuOyTiB, siki He MOTPiOHI st
BHpILICHHS 3aBAaHb CIICIiali3oBaHOTO Kiacy. J[msg poboTw 3 TakuMu aTpuOyTamH BHYTPILIHIA Ki1ac Ma€ BiAMOBIOHI MporpamHi
METO/IY, BUKOPUCTAHHS SKUX HE TUJIbKK HE BUPILIYE 3aBJaHHS CIELiaIi30BaHOrO KJiacy, ajie if Mo)ke IPU3BOAUTH 10 HOMHJIOK y HOTo
poboti. MeToro pobOoTH € BUIANICHHS 13 BHYTPIIIHBOTO KJIACy «3aiiBUX» aTpHOYTIB, i HABITh BCIX METOJIB KJIacy, sIKi O€3M0CepenHbO
Y1 OMOCEPEIKOBAHO (4epe3 iHIII METON) BUKOPUCTOBYIOTH Ll aTpUOyTH.

Meton. Po3pobiicHO MaTeMaTH4YHY MOJENIb BHYTPINIHROTO KIIACcy, SKa JIO3BOJWIIA BUAUIMTH «3aiBi» EIIEMCHTH KIacy.
3anporoHOBaHO METOJ] EPETBOPEHHS BHYTPIIIHBOTO KJIacy, SIKUH Ha OCHOBI aHalizy KOIy KJlacy Halae po3poOHHKY iH(opMario
JUIsL yXBQJICHHS PILLIEHHS PO «3alBi» aTpuOyTH, a NOTIM B aBTOMAaTH30BaHOMY PEXKMMi IOCTAIHO BUAAIISE TA IEPETBOPIOE EIEMEHTH
KJ1acy.

Pe3yabraTn. [ anpoGauii 3ampomoHOBaHMX pillieHb po3pobiieHo mporpamuuii mpoxykr Composition Converter. TIposeneHo
SKCIePUMEHTH JI1 HOPIBHSAHHS NEPETBOPEHHS KIACIB y «PYYHOMY» Ta aBTOMATH30BAaHOMY peXHMax. Pe3ynpTraTu mokasain
Gararopa3oBe CKOPOUCHHS 4acy MePETBOPEHHS Y aBTOMATH30BAaHOMY PEXHMI.

BucHoBkn. 3anporoHOBaHMI METOX AaBTOMATH30BAHOTO IEPETBOPEHHS BHYTPINIHBOTO KJIACy BIANOBIAHO 10 3aBJaHb
30BHIIIHBOTO KJACy IPH pealtizamii KOMITO3HIII JI03BOJISIE CYyTTEBO CKOPOTHTH Yac abo KiJIbKICTh MOMMJIOK IIPH pEelaryBaHHI KOXYy
BHYTPILIHBOTO Kiacy. Mero Moke OyTH BUKOPHCTaHUM IS Pi3HUX 00’ €KTHO-OPIEHTOBAaHUX MOB.

KJIIOYOBI CJIOBA: 00’eKTHO-Opi€HTOBaHE NPOrpaMyBaHHs, KIacH, KOMIIO3WIlis, CHHTAaKCHYHUH aHaii3, NepeTBOPEHHS
KJiacy.
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PO3POBKA IIJIATTHA JJIs1 BI3YAJII3ALII CTPYKTYPHUX CXEM
OBYNCJIIOBAYIB HA OCHOBI TEKCTOBOI'O OITUCY AJI'OPUTMIB
I'APMOHIYHHUX NIEPETBOPEHD

Mpousko I. — nm-p TexH. Hayk, mpodecop, Kadeapa aBTOMATH3OBAHWX CHUCTEM YIpaBiiHHS, HarioHambHuit
yHiBepcuTeT «JIbBiBChKa moMiTeXHIKa», JIBBIB, YKpaiHa.
Tecarok B. — 1-p TexH. Hayk, npodecop, kKadeapa aBTOMAaTH30BaHHX CHCTEM YIpaBiiHHA, HamioHanbHUiA

yHiBepcuTeT «JIpBiBChKa MoiTexHiKa», JIbBIB, YKpaiHa.

AHOTALIA

AKTyasnbHicTB. Y 0aratbox 00JacTSIX HAyKH i TEXHIKM YHCENbHE PIIIeHHsS 3a7ad HEeJOCTATHBO JUIS IOJAIBILOTO PO3BUTKY
peaizaniii orpumanux pesyibraris. Cepes iCHYI0UYHX HiIX0iB Bidyasizawil iHpopMmalii BAGUPAIOTh TOM, sSIKKi 103BOJISIE ePEKTHBHO
30IHCHUTH PO3KPUTTS HECTPYKTYpPOBAHHMX [i€BHX ileH, y3aralbHUTH ab0 CHPOCTHTH aHali3 OTPUMAaHUX HAaHUX. Pe3yibraTn
Bisyauizamii y3aralbHeHUX CTPYKTYPHHX CXEM Ha OCHOBI TEKCTOBOTO ONKCY aJTOPUTMYy HAOYHO BiOOPa)XKaroTh B3a€MOII0 HOTO
YacTHH, 10 BAXXJIMBO HAa CHCTEMOTEXHIYHOMY €Talli IPOEKTYBAaHHS 00UHCITIOBAYIB.

MeTa pociaifikeHHsI — Hali3 Ta NpOrpaMHA peaji3allis Bi3yami3alil CTPYyKTypH Ha IpPUKJIAAI OOYHMCIIOBAdYiB JUCKPETHHX
rapMOHIYHHX TIEPETBOPEHb, OTPHUMAHUX B PE3YJIbTATi CHHTE3y aJrOPHTMY Ha OCHOBI LIMKJIIYHHX 3rOPTOK 3 MOMKIIMBICTIO PO3ILIMPEHHS
Bizyauizarlii CTpyKTyp Ha iHIIi 00YNCIIIOBAIBHI alTOPUTMH

Mertoa. Y3arajgbHeHa cxeMa CHHTE3y alrOPUTMIB IIBHAKHAX MAPMOHIYHHX MEPETBOPEHb Y BUIIISAI HAOOPY Omnepariil UKIiYHOT
3rOPTKM HaJl KOMOIHOBaHMMHM TMOCTIJOBHOCTSIMH BXiJHHX JaHUX 1 Koe(illieHTaMH TapMOHIYHOI (YHKIIT MEepPEeTBOPCHHS 3
Bi3yaunizalli€ero iX y BUIUISI/I y3araabHEHOT CTPYKTYPHOI CXeMH 004HCITIoBaYa.

Pe3yabTaTn. PesynbraToM poOoTH € mporpamHa peanisallis Bidyauizallii y3aralbHEHHX CTPYKTYPHHX CXEM Uil CHHTE30BaHUX
AITOPUTMIB KOCHHYCHOTO Ta XapTi MEpeTBOPEHb, M0 HAOYHO BiOOpa)kaloTh B3a€EMOJII0 OCHOBHUX OJIOKIB 0OYHCIIIOBada.
IporpamHa peai3aiisi Bizyasizamnii CTpyKTypy o04KCIIIOBaYa BUKOHAHA HAa MOBI TypeScript 3 Bukopucrauusm ¢peiimBopky Phaser

BucnoBkn. Y po0oTi po3risIHYTO Ta IPOAHANi30BaHO PO3pPOOJICHY NPOrpaMHy peatizallifo Bisyali3amii 3aralbHOI CTPYKTypH
oGuuCciroBaya JUIsl BUIKHX AITOPUTMIB IUCKPETHUX FAPMOHIYHHUX MEPETBOPEHb B 00J1aCTi AIHCHUX YHCENl, OTPUMAaHHX B Pe3yJIbTaTi
CHHTE3y QJITOPUTMY Ha OCHOBI IIMKJIIYHUX 3rOpTOK. Pe3yipraTé Bizyanizamii BapiaHTiB CTPYKTYPHHX CXeM OOYHCIIIOBAaYiB HAOYHO i
3p0O3yMiNIO BifIoOpaXkaroTh B3a€EMOIiI0 HOr0 YaCTHUHU i JO3BOJISIIOTH BUKOHATH OL[HKY TOTO Y iHIIOIO BapiaHTY OOYHCIIIOBAJIBHOTO
QITOPUTMY B IIPOLIEC IPOEKTYBAHHS.

KJIIOYOBI CJIOBA: xoMmm'roTepHa Bi3yami3amis, pPEHACPHUHT,

CTPYKTypHa cXeMa, IUIariH Bisyami3alii, TrapMOHiYHi

TEePETBOPEHHS.
ABPEBIATYPH X(m) — BXiJHa MOCITiIOBHICTh IEPETBOPEHHS;
ISO/IEC -  International ~ Organization  of X%(n) - BuXiZHA IOCIiJOBHICTH KOCHHYCHOTO
Standardization/International Electrotechnical  nepersopenns;
Commission; X"(n) — BuXiHa nOCiOBHICTH TIepeTBOPeHHs XapTIIi.

ITU-T - International Telecommunication Union —
Telecommunication sector;

UML - Unified Modeling Language;

JKIT — muckpeTHe KOCHHYCHE IIEpETBOPEHHS,

JIIX — nuckperHe nepeTBOpeHHs XapTi;

TM — TBipHUIi MacuB;

113 — UMKITiYHI 3TOPTKH.

HOMEHKJIATYPA
a(n) — koeilieHT 3MiIEHHS;
ijj— LIJIOYHCENBHUI €JeMEHT TBIPHOTO IiJl MacHBY;
H(L) — TBipHUii Macus;
H;i(L;) — TBipHHMii migMacus;
Hr(n,) — TBipHUiT MacuB psKiB;
Hc(n,) — TBipHMIA MacUB CTOBIILIIB;
K — KiJIBKiCTh MiIMACHBIB Y TBIPHOMY MacHBi;
L — oOcsir TBipHOTO MacuBy;
Lj — oOcar migmacuBy;
N — oOcsr nepeTBOpeHHs;
T — nepiox 6a3ucHoi QyHKii;
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BCTYII

Komm’rorepHa Bi3yamizaliisi BHKOPHUCTOBYE KOHKPETHI
npouecu rpadiyHoi MOOYZOBH, SIKI BH3HAYAIOTHCS
ceporo 3acrocyBanb [1]. ¥V Garatbox o0macTsax Haykd i
TEXHIKH YHCENIbHE PIlIeHHS 3aJa4 HEeIOCTATHBO JUIs
IO TANTBIIIOTO PO3BUTKY peaiizariit OTPUMAaHUX
pe3ynbTatiB. s 1IbOTO BHKOPHUCTOBYIOTH Pi3HOMAaHITHI
migxonu Bizyamizamii  iH(opMmarii, SKi JO3BOJSIOTH
e(eKTHUBHO 3IIMCHUTH PO3KPUTTS HECTPYKTYpPOBAHUX
MIEBUX 17IeH, y3araJibHUTH ab0 CHOPOCTUTH aHai3
orpuManux JaHuX. Cy4acHi MOXJIHMBOCTI Bi3yaJbHOTO
npeacTaBieHHs iH(OopMalii JO3BOJSIOTH IHTEPIIPETYBATH
JlaHi, BUKOPHCTOBYIOUHM MpoLEAypH NoOynoBH rpadikiB
MIOBEPXOHb, CTBOPEHHSI MAacHBIB JAaHUX JJsl TPUBUMIPHOT
rpadikd, BMHKAaHHS 1 BHUMHKAaHHSA MAacCIITaOHOI CITKH,
KEpYBaHHS BJIACTHBOCTIMH ocei Tpadikis Ta inmi [2]. LTi
3aco0u  BimoOpaXeHHsS  pe3yJbTaTiB  anredpaidHoi
QHANITHKA MOXYTb HOJICTIIUTH PO3YMIHHS CKJIagHUX
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KOHIENIid 1 MNpUAHATTS pilieHb UIT KOHKPETHHUX
JOCIITHUKIB 1 pO3pOOHUKIB.

O0’ekTOM JOCTIMKeHHST € TIpoIec Bizyasizarii
3arajgbHOi  CTPYKTypd  OOUHMCIIOBada  JTUCKPETHHUX
TApMOHIYHHMX TIEPETBOPEHb B 00NACTi MifiCHUX dYHCedn,
OTPHMAaHUX B Pe3yJbTaTi CHHTE3Yy alTOPUTMY Ha OCHOBI
I13. Onmcano mporec OTPUMAaHHS MIBUAKOTO AJITOPUTMY Y
BUTJIA/I TEKCTY, B KU BKIIIOYae HaOip omepariii 113 Hax
MOCTIIOBHOCTSIMA  BXITHUX JaHUX Ta KoedilieHTamMu
6a3ncHoO1 QyHKIIT TepeTBOPEHHS.

IIpenmeTrom fociimkenHst € crnoci0 Bi3yamizarmii
3arajlbHUX CTPYKTYpHHX cxem oOuumcmoBadi JKII Ta
AIIX wa ocHOoBi I[3 dYepes peHAECPUHT CTPYKTYpH
004uCITIoBayYa 3 BUKOPHCTaHHSIM KOHBOJIBBEPIB.

MeTow  JOCHiTKeHHSI € aHali3 Ta MpoTpaMHa
peamizamis Bi3yamizamii y3aragpHEHOI CTPYKTYpH Ha
MPUKJIaAl  OOYMCIIOBAYiB  JUCKPETHUX TapMOHIYHHUX
NIEpEeTBOPEHb, OTPHUMAHUX B  pE3yJbTaTi CHHTE3Y
ITOPUTMIB Ha OCHOBI L[3 3 MOXIMBICTIO PO3IIUPEHHS
Bizyamizauii  CTpyKTyp Ha iHII  OOYHCIIOBaNbHI
ITOPUTMHU.

PesynbraTu Biyauizanii BapiaHTiB CTPYKTYPHUX CXEM
obuucioBaya A1 KOHKPETHOTO OOCSTy TapMOHIYHOTO
MEPEeTBOPEHHS] ~ HAOYHO 1 3pO3YMUIO BimoOpa)karoTh
B3a€EMOJIII0 MOTO YacTWHM 1 JO3BOJSIIOTH BHKOHATH IX
aHaJi3 HAa CUCTEMOTEXHIYHOMY €Tarli IPOEKTYBaHHS.

1 IOCTAHOBKA INPOBJIEMU

3a TEKCTOBHUM OIMCOM BiamoBimHOi cTpykTypH (Puc.
3) B pesynbrari cuntesy anroputmy JKIT ta JIIX Ha
ocHoBi 113 o6¢csary N 3 x(m), m=0, 1,...N-1, mo micTurh
enementr SuperWrap 3 xkimekictio Big 1 mo N/2.
SuperWrap ckianaersecss 3 omnHoro abo Oinmbme Wrap
eneMenra a), b),..., ski npeactaBsaoTh 13 mo3HaueHy
(X). Koxxern Wrap ckimamaersest 3 ckiagoBux: Sum Set,
Summation Set. CxmamoBa Sum Set wmictute Habip
enementie  Signed  Number, 1mo € 3HaKOBHMHU
OITOYMCENFHUMH ~ apryMeHTamMu  0a3ucHOi  (yHKI1
neperBoperns B Mexax Bigx 0 mo (N-1). Ckuamosa
Summation Set ckmamaerbest 3 Habopy Ty Summation
Operand Set, sxuii xapakTepu3yeThesi 3HAKOM («+» abo
«—»), a Takox Habopom X(m), m=0, 1,...N-1, enemeHnriB
Summation Operand.

Bukonatn Bi3yamizamito 3arajgpHOi  CTPYKTYpHOI
CXeMH OOYHCIIOBa4Ya 3a TEKCTOBHM OIKCOM, LIO
MICTUTHME  P-TOYKOBI KOHBOJIEBEPH 3 BIAMOBIIHUME
BXOJIaMH, a BUXOJH SKHUX 00’ €IHYIOTHCS U BU3HAYCHHS
X‘(n) a6o X"(n), n=0,1,...N-1. KopucrysaubKuii
iHTepdeiic  peamizyBaTH 3 BHMOTOIO MiHIMAliZMy Ta
JOCATHEHHSIM  €KOHOMil  IIpOIIECOPHOrO  dYacy Ha
MIPOMAJIBOBKY, [0 TIIO3HA4YE€Hb Ha CTPYKTYpHIH cxemi
BKJIFOYUTH TEKCTOBE IOSCHEHHSI.

20IJIA 0 IITEPATYPU
IcHye Oararo makeriB  Bi3yamizaumii Ta  MOB
MporpaMyBaHHs 1 NPOTPaMHUX  CEPEINOBHII  JUIS

BiJoOpakeHHS1 y rpadidHOMYy BHIJISI  PO3pOOIEHUX
obuncmoBanbHUX anroputmiB [3]. Jeski 3 HUX 30BCiM

© Ilpousko L., Tecmrok B., 2024
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MPOCTi: MOTPIOHO TUTBPKK 3aBAaHTAXXUTH JaHI Ta BUOpaATH
cnoci0 BimoOpaxkeHHs. [HII mporpamm ORI CKIATHI i
KOMIUIEKCHI — BHMAraroTh HaJaIITyBaHb i BiAIIOBITHUX
3HaHb I BIZOOpaK€HHS OCOOJMBOCTEH OTPHUMAHHUX
pillIeHb.

HaykoBi po3poOku 3 eheKTHBHHX OO4YMCIeHb Ta
Cy4acHl CHUCTEMHM TeHepauii IIBUJIKHX aJTOPUTMIB
OMHCYIOTh X y BHUIVISAI IOCTIIOBHOCTI ajnreOpaidHux
oreparliii HaJl BXiTHUMH JaHUMH JI0 OTPUMAHHS KiHIIEBUX
pe3ynbpTyrounx nanux. [logaBatu iH(opMarito Tak, moo
BOHA BHJIUISJIA TIEBHI OCOOJUBOCTI B3a€MO3B’S3KIB Cepel
IHIIUX B aHAIITUYHOMY METOMI € JTOCTATHBO CKJIaTHHM
3aBAaHHsIM. [ 1bOr0 BHUKOPHCTOBYIOTH Y TOMY XK
MIPOTPaAMHOMY CepeIOBHIIIi, e peaiizoBaHO
OOYHCTIOBAIGHUI ~ aNrOpWUTM, BIONOBIOHI MpOTrpamMHi
3acobu iH(porpadiku 3 METOK YiTKOIO CTPYKTYPOBAHOTO
BimoOpaxkeHHss KomiuiekcHoi iHdopmanii [4]. Too6ro,
pe3ynpTaTh CHHTE3y e(EeKTUBHHX OOYMCITIOBAIHHHUX
ANTOPUTMIB MOTPEOYIOTH CBOET IHTEpIpETALlil HE TUIBKHU Y
BUTIIAAI  OJIOK-CXeM, ajlie 1 B  y3araJbHEHOMY
CTpyKTypoBaHomy  Burimsimi. lLle  morpibHO s
JICTANBHIIIOTO aHANli3y Ta HAa CHCTCMOTCXHIYHOMY eTari
IIPOEKTYBAHHS PI3HOMAaHITHUX 1H(OPMALIfHUX CHCTEM.

B Oarateox poOoTax MiAKPECTIOETHCS, MO Ui
PO3YMIiHHS  OCOONMBOCTEH OTPHUMAaHWUX PE3YJbTATiB,
HEOOXiTHO BHIITUTH Ta BHOpaTH HEOOXimHI 00’€KTH 3a
JIOTIOMOTOI0 ~ Bi3yaumizamii, $fKa HAOYHO 1 3pO3yMiIo
BimoOpakae eJeMeHTH Ta BapiaHTH y  BUIJLAAL
CTpYKTYypHUX cXeM. [lopsg 3 TUM JOCHIIKYIOTHCS
MUTaHHS [POCTOTH, THYYKOCTI Ta MAaclTaboBaHOCTI
Bi3yauizariii BeTMKUX CTPyKTyp aanux [5]. B po6otax [6,
7] Bim3HayaeThCs, IO Kpaile PO3YMIHHS KOHIEMIT
CTPYKTYPH JaHUX 1 QlTOPHUTMIB MOJSATAaE€ B ITOCHJICHHI
OCHOB  00’€KTHO-OPI€EHTOBAHOTO TNpOrpamyBaHHS. Y
poGoti [8] peanizoBano Bi3yamizaiilo pPi3HOMAHITHHUX
AITOPUTMIB 3a J0ToMOro Moayiis PyGame Tta Tkinter
python, ne kpok 3a KpOKOM BiOOpPaKaeThCsl aqrOPUTM i
SK PI3HAM aNTopuTMaM TIOTpiOCH pi3HWH dYac st
BUKOHAHHSA 3aBIaHb. B 6aratbox poOoTax aKIEeHTYEThCH,
[0 BHUKOPUCTAHHS PI3HOMaHITHUX  iH(pOPMAIIHUX
TEXHOJIOTIH 3abe3meuye Kpamie pO3yMiHHS pPoOOTH
O0OYHCITIOBAILHOTO ~ AJITOPUTMY Ta BU3HA4YEHHS HOTO
CKJIaZIHOCTI.

3 MATEPIAJIU TA METOAU

Jns npencraBieHHs —iHQOpMaIiiHMX JaHWX B
CIIEKTpaJbHUI 00pa3 mopsx 3 mepeTBopeHHsIM Dyp’e
BUKOPUCTOBYIOTBCSl ITOPUTMH HiHCHOTO IHCKPETHOTO
KOCHHYCHOT'O abo CHHYCHOTO MIePETBOPEHHS,
JUCKPETHOTO TIepeTBOpPEeHHs XapTii. JlaHi mepeTBopeHHs
3HaXOIITh CBOE 3aCTOCYBaHHA B iH(OpMaIiifHuX
TEXHOJIOTIAX PI3SHOMAHITHOTO MPU3HAYEHHS B TOMY YHCIIi
y 3TOPTKOBUX HEHPOHHMX Mepexax. OOuncieHHs
JIICKPETHUX TIepEeTBOpPEeHb Kiacy @Dyp’e  sBiseTbCs
onHi€l0O 3  HAWOUIBII  TpUBAIMX  OpouEAyp B
iHpopmaniiiaux TexHonorisix  [9]. PospobneHo psin
MiAXOMIB, IO JO3BOJATH 3MEHIIUTH OOYHCIIOBAIBEHY
CKJIQIHICTh 1, BIJNOBIAHO, TPHUIIBHAIINTH pPOOOTY
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MPOrpaMHOro Ta aNapaTHOro 3a0e3NeYeHHs IUCKPETHUX
TAPMOHIYHMX  TEPETBOPECHb.  ICHYIOTHh  e(eKTHBHI
aNTOPUTMH  OOYMCIEHHS  JIs  OJHO, JBO Ta
06araTOBUMIpHUX JAUCKPETHUX HEPETBOPEHB Kiacy Dyp’e,
K1 Ha3MBAIOTh IIBUIKUMU NIEPETBOPEHHAMH.
BararoBapiaHTHICTE €(EKTHBHUX OOYUCICHb PO3AIISIIOTH
Ha aJTOPUTMH 3 OCHOBOIO [IBa, PO3LICIUICHOIO OCHOBOIO,
3MIIIAHOI0 OCHOBOIO, HEIAapHOro O0CSTY, CKJIaJeHOTO
o0csiry 1 aNropuT™M TPOCTHX  MHOXHHKIB. s
BI3yaJIbHOTO BiIOOpaKEHHS LUX MIBHIKUX IMEPETBOPEHB,
o B OLIBLIOCTI BiINOBiAalOTH anropuT™am Tumy Kyori-
Tioki, MHMPOKO BUKOPHUCTOBYIOTH TIOTOKH TpadiB 3
0a30BOI0 OIEpALli€l0 y BUMIAI TAaK 3BAHOTO KMETEITHKAY.

OpanM 3 eDeKTUBHUX IIXOMAIB € BUKOpUCTaHHA L[3
IU1sl O0YMCIICHHST IUCKPETHHUX MepeTBOpeHb kiacy Ddyp’e
[10]. Ha BimmiHy Bim CTPYKTYpPHHX CXEeM Yy BHIJISI
MTOTOKOBHX TpadiB, alTOPUTMU OOUHCICHHS IUCKPETHHUX
neperBopeHs kimacy ®yp’e Ha ocHoBi L[3 mms cBoro
Bi3yaJIbHOTO BiZIOOpa)KeHHsI MOTPEOYIOTh iHINI 0a30Bi
omeparii. Cepe MX OCHOBHHMX 0a30BHX OINeparii € il
IIOEJIEMEHTHOI0 00’ €IHAHHSA IIOCJIJZOBHOCTEH JaHHX,
obuucnenHst P-toukoBux I3, pesynbrarn BUKOHAHHS
SIKMX BIAMOBIIHAM YWMHOM TIOEJIEMEHTHO 3’ €IHYIOThCS
Mix coboro. i1 oOcsriB mepeTBopens kinacy Dyp’e, mo
PO3KIIaIaEThCS HA BEIUKY KUTBKICTh MPOCTHX MHOXHHUKIB,
B IIBHJKUX aJTOPUTMAX MICTHTHCS BEIHMKA KUTBKICTH IUX
omepauniid. Ile Bumarae omnTuMmizamii X PO3MIIICHHS 3
OakaHIMU CEMaHTUYHUMHU abo Bi3yaJIbHUMH
KOpEJSIisIMH B OCTAaTOYHOMY MakeTi Bi3yamizamii
CTPYKTypu 00UHCIIIOBaYa.

Opranizariismu ISO/IEC ta ITU-T cranmaptusoBaHo
BICIM BHJIB IUCKPETHOI'O KOCHHYCHOTO IEPETBOPEHHS,
110 3HAXO/ITh MIMPOKE 3aCTOCYBaHHS B Tpoleci 00poOKn
indopmariiaux curnanie [11]. [Iupoko 3acTOCOBYHOTH
ANX (1) ans BUKOHAHHS TMEPETBOPEHHS B 0OMacTi
JIACHUX 3HAYCHb JAaHUX B iX CIIEKTpaIbHHN 00pa3

Xh(n)ziNilcas [ﬂ]x(m)z
N o N
N -1 @
= > c¢(n,m)x(m), n=01,., N -1,
m=0

ae c(n,m)=cas (2znm/N) = cos(2znm/N)+sin(2znm/N).

Ha Binminy Bin neperBopenHs Dyp’e, mo BigoOpaxkae
JiiicHi (yHKIIT y KOMIUIEKCHY 00JIacTh, NMEpETBOPEHHS
Xapriai  BimoOpakaroTh MIMCHI BXiMHI JaHI y JIHCHUIA
o0pa3, BUKOPHCTOBYIOUM OasWcHy (QyHKIiO, MI0
NPENCTaBIsE COOOK CyMy KOCHHYCa i CHHyCa OJHOTO
aprymenty [12].

Li TpuroHOMeTpUYHI NEPETBOPSHHS € IOAJbIINM
PO3BUTKOM JWCKPETHHX IiepeTBopeHb Dyp’e, 1m0
BUKOHYIOTBCSI B JiiiicHI# obmacti. OpHUM 3 MiIXO/iB
e(eKTUBHOTO OOYHMCICHHA AWCKPETHHUX NEPETBOPEHb €
NpPUBEJICHHS 11X TapMOHIYHOro 0a3ucy 10 BUIIIIY
OJIOYHO-IMKIIIYHMX MaTPUYHUX CTPYKTYP 3 HOAAIBLIMM
OOYHMCIICHHSIM TIEPETBOPEHb 3a JOMOMOIor0 mBHAKUX 113
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[13]. B poGori [14] omucyeTbcss  TpUBEICHHS
rapMoHigHoro 0Oasucy meperBopeHHs HKII mo HaGopy
MUKTIYHUX 3J1iBa MiAMATPHUIs 3 BUKOPUCTAHHSAM TBipHUX
MacHuBIB.

B pesymbraTi 3acToCyBaHHS MIiAXOXY, CTPYKTYPY
0a3MCHOT MaTPHUIli MOXKHA 3a7aTH TBIPHUM MacHBOM

H(L)=Hi(Ly)Ha(Ly).. H (Ly) =
= (11, g o bp1) (hog Mg s ha ) (s B 2o Bk ) - (2)

OO6csr TBipHOTO MacuBy L nopiBHIOE cymi oOcCsriB
migMacusiB Li

L = (Ly+Ly+ .. +Ly). 3)

LlinouncensHi eneMeHTH hj; TBipHOro migMacuBy
Hi(L;), sxi € aprymMeHTaMu 6a3ucHOI TapMOHIYHOT QYHKIIT
nepersopenns (i=1,2,...,k; j=1,2,...,Li) Ta hj < T menmi
Mepiofy TOBTOPEHHA 0a3uCHOI TapMOHIYHOI (yHKIII.
Posrnsaemo cunTe3 mBuakoro amroputmy it AKII-I,
AKe IIPOCTO HA3MBAIOTh JHCKPETHHMM KOCHHYCHHM
MEPEeTBOPEHHSIM 1 BHBEJIM Ha OCHOBI  JIUCKPETHOTO
neperBoperHs Dyp’e. Ilpsme AKII-II mpencrasneHo y
BUIVISAAL:

X ¢(n) = a(n) Nilcm[ M]x(m) _
m=0 2N
= Nilc(n,m)x(m), n=01,. N -1, (4)
m=0

ne ¢(n, m) = cos (n (2m+1)x /2N).
Bei psaku c(n,m) Bektopis [c(k,0),...,c(k,N-1)] €
OPTOrOHANBHI 1 HOpPMali30BaHI 3a BUKIHOUCHHSIM

nepmoro.  Koedimienr  a(n)  3Boaute X 0
OPTOHOPMAJILHOCTI
V1IN, n=0
a(n) = (5)
2/N ,n=12,..,N-1.

Teipuuit MmacuB H(L) BH3HAUaeThCs 3a IMiICTAHOBKOIO
3 PAAKIB/CTOBIIIIB apryMEHTIB TapMOHIYHOI (QYHKIIT
6asucuHoi Matpuri meperBopeHHs obcary N. Ha ocHosi
TBIPHOTO  MacWBY  3IOiHCHIOETBCS  NepeiHaeKcarlis
pSLIKiB/CTOBMIIB OA3MCHOI MaTpWIl, MI0 B pe3yJbTari
NpUBOAUTE 10  (opMyBaHHA  OIOYHO-IHUKIIYHUX
MaTpU4YHHUX CTPYKTyp B OasucHiii wmatpumi JKIIL
BHacniok pi3HHX BHpa3iB iHJEKCIB CTOBIIIIB Ta PSJIKIB,
[0 BXOAATH JO apryMeHTiB OasucHoi ¢yHKiii (4) misa
nepeingexcarii BUKOPHCTOBYIOTBCSI TBIpHMH  MacuB
Hr(n;) psiaxie ta TBipHUMi MacuB He(n,) cToBmiiB.

OTXxe, ONEPKYEMO MATPHUINO po3MipHOCTI (Ng X Nyp),
0 MICTUTh Halip IIOYNCENPHIX NWKIIYHUX 3]1iBa
MiAMATpUIs pi3HUX 00csATiB, Ae po3MipHOCTI N; =2N,
N,=N BuU3HAYaIOTHCS OOCATOM TBIPHUX MACHBIB IS
psaakiB Ta croBOmiB. KoxHa 3 IMKIIYHUX KBaApaTHUX
MiAMATPHUIb MICTUTh IIJIOYHCETBHI €JIEMEHTH, SKi
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HaJIeXaTh OJHOMY 3 TBipHMX mmimmacuBiB Hi(Lj). O6csru
Li koxxHOro 3 TBIPHHX TiJAMAacHBIB 3aJekaTh Bif
MHOKHHKIB po3kiiany obcsary meperBopersas N, i B cymi
BiAmoBimxaoTh yMoBi (3).

g mocnmipkeHHST CTPYKTYpH Oa3HCHHUX MaTpHIb
JKIT po3pobieHo yHiBepcalbHUII TporpaMHUil 3acibd
aHai3y [IJIOYMCENbHUX MaTpullb, SIKUA BUKOHYE
CKaHYBaHHS BChOrO HAOOPY €IEeMEHTIB OJIOYHO-IIUKITIUHOT
marpuui. Jns nomyky 3agaHoro  ¢parmeHTy 3a
MaKCHMAaJIbHOI WIMPHHOK 1 BUCOTO L;, B Marpwuii
BHKOHYETHCSI TTOKPOKOBE CKAHYBaHHS 3 MEPEMIICHHIM
3ropH BHHM3 1 3]1iBa HaIpaso.

Jus curTe3y mBuakoro anroputMmy JKIT HeoOXimHO
BUKOHATH aHANl3 CTPYKTYpH OJEp)KaHOi OJIOYHO-
OUKITIYHOT MATPHUIl 3 METOI0 BHU3HAYCHHS iMCHTUIHHUX
OJIOKIB, 110 PO3MIIIIEHUX TOPH30OHTAIBHO Ta BEPTHKAIBHO
OIWH BIAHOCHO iHmIOro. HasgBHICTE 1I€HTHYHUX OJIOKIB
MIPUBOANTH 10 3MEHIICHHS OOYHMCIIOBAIBHOI CKIATHOCTI
Ta HANAE MOXKJIMBICTh pO3NapajiesieHHs] BHUKOHAHHS
obuncienns JIKII. B mporeci aBTOMaTHYHOI'O CHHTE3Y
anroputMiB obuncienss JKII mosimesHOTO 00Csry N Ha
ocHoBi [[3 Ha 3aBepimianbHOMY eTali aHajizy OJOYHO-
OUKITIYHUX MAaTPUIHHUX CTPYKTYp OaszucHoi MaTpuii JIKIT
BUKOHYETHCS BHW3HAYCHHSA I1HOOPMAMIMHAX JaHUX PO
KUIBKICTh 1OEHTHYHMX NUKIIYHUX IIIJIMacuBiB Ta IX
po3TanryBaHHS B Oa3MCHIH MaTpHIIi.

[meHTHMYHI UMKITIYHI OiAMATPHLi, [0 PO3MIllIeH]
BEPTHKAJIBFHO OJWH BiTHOCHO IHINOTO TPHBOASTH [0
OHOPA30BOTO  OOYMCIEHHS  UUKIYHUX  3TOPTOK,
pe3yabTatu SIKUX B mporieci 00’ e THaHHS
BUKOPUCTOBYIOTBCS JUIsl BU3HAUCHHS BUXITHHX 3HAYCHb
nepersopenHs X°(m).

[meHTHYHI IWMKIIYHI MOAMATPHIL, MO PO3MIlIeHI
TOPU30HTAJIBHO OJHMH BIJHOCHO IHIIOTO INPHUBOISTH JIO
00’€THaHHS TPYN BXiJHUX 3Ha4eHb X(N) mepeTBOpEHHS i
omHopaszoBoro obouucneHus 13. Pesympratu L[3 B mporeci
0o0’emMHAaHHS BHUKOPHCTOBYIOTBCS I OMAHIET TpymH
BUXiHUX 3HaueHb HepeTBopeHHs X°(M). BukoHaHHS
MOENICMEHTHHX J0aBaHb BXiAHUX 3HaueHb X(N) OymayTh
BUKOPHCTOBYBATUCH  JUI  OJHOTUIIOBHX  IUKIIIYHUX
MiIMATPHUIlh, PO3MILIICHUX 110 TOPHU3OHTAJII.

Buxinni 3masenns X(m) mepersopenns  JIKII
OTPUMYIOTh 00 €JHaHHSIM pE3yJbTaTIB 3rOPTOK IO
TOPU30HTAJII HA OCHOBI BI/IMTOBITHUX KOOPIMHAT.

Ipukitag BUKOHAHHS CHHTE3Y IIBHIKOTO aJTOPUTMY
JKIT st o6¢sry N=15 3 tBipHuM MacuBom H,(N;) psakis
Ta TBipHUM MacuBoM H.(N,) CTOBIILIB MatOTh BUTIIAL

H,(30) = (0) (1 7 11 17) (29 23 19 13) (2 14 22 26) (28 16
8 4)(3 21 27 9) (5 25) (6 18) (24 12) (10) (20);
H.(15) = (0) (1 7 11 13) (14 8 4 2) (3 9) (12 6) (5) (10).

Pesynbratr (puc. 1) QopmyBaHHS OJIOYHO-UHMKIIYHUX
MaTPpUYHAX CTPYKTYp AapryMeHTiB O0a3nWCHOi MaTpHIli
JKIT mst o6csiry N=15 3 tBipHrMu macuBamu H (30) Ta
H.(15).
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Pucynok 1- bioyHO-IIUKIIIYHOT CTPYKTYpH Oa3uCHOT MaTpuii
JKII niist o6esary N=15

B pesymbrari aHamizy OJOYHO-IHKIIYHOI CTPYKTYpHU
OasucHOl Marpuii (OpMyeTbCS TEKCTOBUH (aill Tpo
KIJBKICTh 1ICHTUYHUX LUKIIYHUX IIJMAacUBIiB B Oa3uCHIl
marpui (puc. 1). 1li madi [03BOJISIOTH BH3HAYUTH
KiIbKicTh Ta 00csr L[3, MOXIMBICT iX MapaneirbHOro
o0urcIIeHHS Ta 00’ €HAHHS 00YKCICHUX 3HaUeHb 113 mis
BuU3HaueHHs BuxinHux 3HaueHb JIKII. TexcrtoBuii (aiin
JKITI-IT pyast o6csiry N=15 mae Burisg

1. a) (+0) (X) { +x(0) +x(3) +x(5) +x(8) +x(14) +x(11)
+x(9) +x(6) +x(1) +x(10) +x(13) +x(4) +x(2) +x(12) +x(7)
}

2. a) (+1 +7 +11 -13) (X) { +(x(0), x(3), x(5), x(8)) -
(x(14), x(11), x(9), x(6)) }

b) (+3 -9) (X) { +(x(1), x(10)) —(x(13), x(4)) }

¢) (+5) (X) { +x(2) —x(12) }

3. a)(+2 +14 -8 -4) (X) { +(x(0), x(3), x(5), x(8)) +(x(14),
X(11), x(9), x(6)) }

b) (+6 -12) (X) { +(x(1), x(10)) +(x(13), x(4)) }

¢) (+10) (X) { +x(2) +x(12) }

d) (-0) (X){—x(7) }

4. a) (+3 -9) (X) { +(x(0), x(3)) —(x(5), x(8)) ~(x(14), x(11))

+(x(9), x(6)) }
b) (+9 +3) (X) { +(x(1), x(10)) ~(x(13), x(4)) }

5. a) (+5) (X) { +x(0) —x(3) +x(5) —x(8) —x(14) +x(11) -
x(9) +x(6) —x(2) +x(12) }

6. a) (+6 -12) (X) { +(x(0), x(3)) +(x(5), x(8)) +(x(14),
X(11)) +(x(9), x(6)) }

b) (-12 +6) (X) { —(x(1), x(10)) —(x(13), x(4)) }

¢) (-0) (X) {—x(2) x(12) —x(7) }

7. a) (+10) (X) { +x(0) +x(3) +x(5) +x(8) +x(14) +x(11)
+x(9) +x(6) +x(2) +x(12) }
b) (-0) (X) {x(1) —x(10) -x(13) —x(4) —x(7) }

O06csr ta xinbkicts 13 mus JKIT 3 N=15 nopisHioe: 1-
TOYKOBa 3ropTka: 8; 2— ToukoBa 3ropTka: 6; 4— ToukoBa
3ropTKa; 2.

B po6orti [15] omucyeThest mpuBEACHHS TAPMOHIYHOTO
6aszucy neperBoperns JI1X mo HabOpy IUKITIYHHUX 3]1iBa
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MIMATPUIb 3 BHUKOPHCTAHHSM TBIpHHX MACHBIB.
PosrnsiHemMO mpuKIan BHKOHAHHS CHHTE3y LIBHIKOTO
anroputMmy JKII gns o6csary N=15 3 TBipHUM MacuBOM
H(N), o mae Burisi

H(15)=(0) (1 2 4 8) (14 13 11 7)(3 6 12 9) (5 10).

Pesynbrar (puc. 2) GopMmyBaHHS OIOYHO-IIHKIIYHUX
MaTpUYHHUX CTPYKTYyp apryMeHTiB B Oa3ucCHiil MaTpwuiii
JIIX ms o6¢sary N=15 3 TBiparmu macuBamu H(15)

Pucynok 2 — bro4Ho-TIMKITi9HOT CTPYKTYpH 0a3HCHOI MaTpHII
JIIX ans obesry N=15

B pesysbrari aHanizy OJOYHO-LMKIIYHOI CTPYKTYpH
6asucHol Matpuii (OPMYETHCS TEKCTOBUH (aitim mpo
KUJIBKICTh 1IEHTUYHAX LMKJIIYHHAX I1MAcUBIB B Oa3uCHIN
marputi (puc 2). TekcroBuit daitn JIIX mnst obcsry
N=15 mae Burmsang

L a) (+0) (X) {+x(0) +x(1) +x(2) +x(4) +x(8) +x(14)
+X(13) +x(11) +x(7) +x(3) +x(6) +x(12) +x(9) +x(5)
+X(10) }

2. a)(+0) (X) {+x(0) }
b) (+1 +2 +4 -8) (X) { +(x(1), x(2), x(4), x(8)) }
c) (+14 -13 -11 -7) (X) { +(x(14), x(13), x(11), x(7)) }
d) (+3 -6 -12 -9) (X){+(x(3), x(6), x(12), X(9)) }
e) (+5 -10) (X) { +(x(5), x(10)) }

3. a)(+0) (X) {+x(0) }
b) (+14 -13 -11 -7) (X) { +(x(1), x(2), x(4), x(8)) }
c) (+1 +2 +4 -8) (X) { +(x(14), x(13), x(11), x(7)) }
d) (12 -9 +3 -6) (X) {—(x(3), x(6), x(12), x(9)) }
e) (-10 +5) (X) {-(x(5), x(10)) }

4. 3) (+0) (X) { +x(0) +x(5) +x(10) }
b) (+3 -6 —12 -9) (X) { +(x(1), X(2), x(4), x(8)) }
c) (-12 -9 +3 —6) (X) { -(x(14), x(13), x(11), (7)) }
d) (-9 +3 -6 —12) (X) {-(x(3), x(6), x(12), x(9)) }

5. a) (+0) (X) { +x(0) +x(3) +x(6) +x(12) +x(9) }

b) (+5 -10) (X) { +(x(1), x(2)) +(x(4), x(8)) }
¢) (=10 +5) (X) {-(x(14), x(13)) =(x(11), x(7)) =(x(5),

x(10)) }
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O6csr Ta xinpkicte 3 mmsa AIIX 3 N=15 nopiHroe: 1-
TOYKOBA 3ropTka: 4; 2— ToukoBa 3roptka: 4; 4— ToukoBa
3roprka: 9.

4 EKCHEPUMEHTHU

Jns mporpamHoi peamizariii Bizyasizarii CTPyKTypH
obumcoBaya BUOpAHO MOBY TIporpamyBanHs TypeScript.
Mosa TypeScript po3mupoe CBOK  MOMEPEIHHUIIO
JavaScript, 3abesmneuyroun 3BOPOTHY CyMIiCHICTH. MoBa
TypeScript € craTuyHO THITI30BaHOK, IO JAacTh
MOXIMBICTh BHSBUTH MOMIJIKM II€ HA €Tarli HAIHCAHHS
konay abo kommimsuii. Just pobotu 3 TypeScript (sxa €
PO3pOOKOI0 Microsoft) HalOLIbIIE MiIXOOATh
cepenosuiia po3pobku kommanii Microsoft: Visual Studio
ta Visual Studio Code. Cepemosume Visual Studio e
OUTBII «BaXKUM» PIMICHHAM, aJpKe MPAIIO€ TOBIIBHIIIE,
mpore ¥ Mae Oimpmie ¢yskmioHamy. CepemoBuiie x
Visual Studio Code crBopeHo cremiansHo it poGOTH 3
BeO-7momaTKaMd 1 €  HaJA3BMYallHO  MPOCTHM,
PO3IIUPIOBAHUM 3 BEJUKOKO KIIBKICTIO TUIATIHIB.

Jlist po6OTH 3 BepcCisiMH MPOTPaMU BUKOPHCTOBYETHCS
MOMYJISIPHA 1 CHITBHO PO3pOBCIOKeHa cuctema Git. Yepes
CBOIO PO3MOBCIOMKCHICTh Ta MPOCTOTY JIsl KEPyBaHHS
NaKeTaMl BHKOPHCTOBYBAaTHMETHCS NPM. [Iisi makyBaHHS
Moy Bukopuctano Webpack, sk cranmapt B cydacHiit
inmycTpii Be6-monarkis. Bukopucranus npm ta Webpack
nepenbayae Bukopuctanus Node.js. s poboru 3
(aiimamu (3umTyBaHHs Ta 3aI1HC)
BHKOPHCTOBYBaTuMeThesi Gibmioreka «file-saver». Jlms
PO3pO0IICHHS MOYJIbHHUX TECTIB (unit-tectiB)
BHKOPHCTOBYBAaTUMEThCsl Habip Gibmiorek: chai, mocha,
sinon.

Bubip iHcTpymeHTiB Juis  Bisyamizanii. HaiOinbm
MOITYJIIPHUMU PIIICHHSAMY JUTS 3a0€3MCUCHHs Bi3yai3amii
e: Pixi.js, Phaser 2, Phaser 3. Ilepumii iHCTpyMeHT €
Iy’Ke MIBHIKUAM, TPOTe Mae Jnire 0a3oBi QyHKIii, ToMy
po3pobieHHss Oyae Aemio MOBUTBHIMHMM, HiK B IHIIHX
BapianTaXx. OCKINTPKM IIBUAKICTH BHKOHAHHS HE €
HaBa)KJIMBIIITUM aTpudyTOM SIKOCTI CHCTEMHU
Bi3yaumizamii, IO pPO3POOIIIETHCA, TO PO3TITHEMO iHIII
BapianTu. Phaser 2 — e momysspHe pillieHHs, 10 Mae
BEJIMKY KUIBKICTh (DYHKIIH, 1 3 SIKUM JIETKO TpaIlOBaTH.
[Mpore nanuii QpedMBpPOpK € Jemo 3actapiiuM 1 He
niaTpuMyeTbes po3pobHukamu. Phaser 3 — dpeiiMBopk,
110 MPUILIOB Ha 3aMiHy cBOro TonepenHuka Phaser 2,1 e
MOBHHUM IIEPEOCMHUCIICHHAM foro. JlaHe pileHHs cTajo
HOBHUM CTaHIAPTOM B iHAYCTpii i aKTHBHO PO3BHUBAETHCSL.
Tomy iHCTpyMeHTOM st Bizyanisaiii Bubpano Phaser 3.

[loyaTKOBHMH JaHUMH s  POOOTH  CHCTEMH
Bizyani3zauii € TekcroBuid aitn anropuTMmy y pesynbrari
aHaJi3y OJIOYHO-LIUKIIIYHOT CTPYKTYpH 0a3UCHOT MaTpHII.
TekcroBuit  Qaiin  ¢opmyeTbcst 32 BIINOBIIHOIO
CTPYKTYpOIO  MPEACTABICHHS  JaHUX  [IBHIKOTO
anroputMmy obuucnenHs. Ha puc. 3 300paxkeHO cxemy,
sKa Ha TPUKIAAI JCMOHCTPYE Te, Ha sIKi CKJIaIoBi
CTPYKTYPYIOTHCSI IaHi TEKCTOBOT'O OIHCY aNrOpUTMY.
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Signed Number

Summation Set

y e s g e \:
— 2. a)y(+1 +7 +11 -13)(X) { Hx(0), x(3), x(5), x(8)) - (x(14), x(11), x(9), x(6)) }
1 b) (£3 -9) (X) { +(x(1), x(10)) -(x(13), X(4)) } 1 SN 1
Super Wrap Tossses 1 Summation Operand

Summation Operand Set

Pucynok 3 — 111ab0H cTpyKTyp AaHHX

[osznauenus (X) o3HAuae BUKOHAHHS oOmepanii, y
JaHoMmy Bumnaaky L3 Hajx mocnigoBHOCTSMH 0Oa3MCHUX
GyHKUI 3 apryMeHTaMd IIOJAQHUMM Ha II0YaTKy Yy
KPYTIHX OyKKax () Ta IMOCHiMOBHOCTAMH BXiJHHUX TaHHUX
meperBopenns  X(i), i=0,1,..N-1, ski HeobXimHO
TIOTIePETHRO TIOEIEMEHTHO 00’ € THATH.

Tomosaum Gnokom (puc. 3) e emement Super Wrap,
SIKUA BiANOBigae 3a OOHY 3ropTKy. BiH ckmamaeTscs 3
ofaHoro abo Gimpmie emementa a), b), .. Wrap, sxi
npeacrasisitore 1[3. Koxxen Super Wrap cknamaerses 3
cxianoBux. Sum Set, Summation Set. Cknagosa Sum Set
Mmictute Habip enementiB Signed Number. Ckiagosa
Summation Set cknagaetbes 3 Habopy Ty Summation
Operand Set, sxuii XapakTepu3yeThest 3HAKOM («+» abo
«—»), a Takox HabopoM enementiB Summation Operand.

IIporpama Bi3yamizamii CTpyKTypu oOdYHCIIOBada
BUKOPHCTOBYE MOYIi: TOKEHi3ep, mapcep, ONTUMizaTop,
Bi3yauizarop.

TokeHi3aTop OIpambOBYE «CHUPI» CHMBOIBHI JHaHi 3
TEKCTOBOTO (haiiy omucy i po30uBae iX Ha MOCIIIJOBHICTh
TOKeHIB. B anropurmi 3aranbHOI JIOTIKM MOJYJIs-
TOKEHI3aTOpa BUKOHYIOThCS IOBTOPIOBaHI [il JOKH He
Oyne nocsarHyTo KiHng ganumx. Cepem miif, mo
BHUKOHYIOTHCS € 3UUTYBaHHS CUMBOJY 1, B 3aJIS)KHOCTI BiJl
HOTro THITy, BUKOHYETHCS BIJOBiAHA MiANIponEaypa JUis
3YHTYBaHHS TOKCHa (TOKCHH MOXYTh CKJIQNATUCh 3
KiTbKOX cuMBOIIB). KpiM TOro, BUKOHYETHCS IEPEBipKa,
Y MiATPUMYETHCS 3UUTaHUH cUMBOJ. OTpUMaHUi Habip
TOKEHIB TepeNaeTbcsi Ha CHHTAKCHYHUAN aHali3 TOKH He
Oyzae DOCATHYTO KiHIS JaHUX.

[Tepen CHHTaKCHYHMM aHAJI30M OKPEMOi 3rOPTKH
NOJIISETbCS BXIJHUM Hadlp TOKEHIB Ha Tpymu, sKi
(dhopMyroTh NeBHY iepapxito. [ToTpeba B 1ibOMY alropuTMi
CIpHYMHEHa TWUM, 10 QopmMar BXiZHMX JaHUX
nepenbayae i€papxidHiCTh, J€ Ha IIEpIIOMYy piBHI €
yucenbHi iHmeken («1.», «2.» Tomio), a Ha Opyromy —
CUMBOJIBHI («a)», «0)» ToI110). JIaHwii alrOpuT™ PO3IiJIsIe
TOKECHH CIEPIITy Ha YHCENbHO-1HACKCOBaHI TPyMH, a TTOTIM
KOXHY Tpylmy TONUIIE Ha CHMBOJIBHO-IHACKCOBaHI
MiATPYIIH. I[MotiMm mi rpymum Ta  OATPYHH
BUKOPUCTOBYIOTBCSB Mozyi CHHTAaKCHYHOT'O
aHaiizaTopa.

CUHTaKCUYHHMH  aHaJi3aTop OTPUMYE TOKEHH 1
IIEPETBOPIOE iX Ha CHHTaKcHuHe JepeBo. Lleil mpouec
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JIEKOJIM Ha3WBAIOTh IapCHHrOM. ToOTO 3 TEKCTOBOTO
¢aiiy omMcy 3ropToK B aJITOPUTMiI CHHTAKCHYHOTO
aHaNI3y 3YHMTYETHCA KOXKCH PAJOK i BUKOPUCTOBYIOTHCS
BIINOBIMHI  TpaMaTH4YHI TpaBWiIa s aHAJI3y JIHIIe
onHi€el 3ropTku. Jlani BHKOHYETBCS 3YHTYBaHHS MEPILIOT
MOCITITOBHOCTI ~ 3rOpTKH, posaimbHuka (X), mpyroi
mociimoBHOCTI. Jlami  mepeBipseThCs, UM 3aHIIAIIICH
nmaHi. SKmo Tak, To GOPMYETbCS CHHTAKCHYHE IEPEBO,
1HaKIIe — OTPUMYEMO TTOMUJIKY .

HactymHuM MoayJieMm € onTuMi3aTop, 3aBAaHHIM
SIKOTO €, JOCIHIAMBIIN CTPYKTYpy OTPHMAaHOTO IEpeBa,
3pOOHTH TEBHI NEPETBOPEHHS, 5IKi O COpMyBaIH IEpeBO
OipIl KOMIAKTHUM Ta 3pyYHMM JUIS Bizyajizamii.
OnTuMizamis Ha [NaHWH MOMEHT € peajli30BaHa JIHIIE
6a30Bo i Oyne AOMpanbOBYBATHCh B HACTYITHUX BEPCIIX
NPOrPaMHOT CHCTEMH.

Monayns  Bizyamizaropa 37iiicHioe  iH(porpadiky
crpykrypHoi cxemu JKII. [Insg 1poro BUKOHYEThCS
MIPOCTa JTiHIHHA MTOCIiAOBHICTh KPOKIB!

— BHUKOHYEThCS  MiIPaXyHOK MapameTpiB, IIO
JIOTIOMOXYTh BUKOHATH Bi3yauizaitito (BiH 3MiHCHIOETHCS
Ha OCHOBI CHHTaKCHYHOTO JICPEBa);

— BiTOOPaXKArOThCS MPSAMOKYTHHKH Ta TIAMUCH, IO iX
CTOCYIOThCS,

— BIZOOpaXaloThCsl PIZHOMAHITHI CTPUIKM Ta IX
T ITACH.

TakuMm 4MHOM, ONTHMI30BaHE CHHTAKCHYHE JIEPEBO, a
TaKOXX HAJAIITYBaHHA, OTPHMaHi 3 KOPHCTYBAaIbKOTO
iHTepdeiicy, HagxomATe y Bi3zyamizaTtop. BiH cTBOpIOE
Bi3yasibHE 300paXKeHHS CTPYKTYpH O0UHCITIOBaYA.

Ha puc. 4 300paxeno UML-niarpamy kiaciB cuctemMu
JUIs  Bi3yaJbHOT'O BiZOOpaXXEHHsI CTPYKTYpHOI CXeMHU
obuncmoBaua. UML-niarpamy kiaciB opmye ysiBICHHS
po Te, SIKOI0 € CTAaTHYHa CTPYKTypa HpPOrpamMHOTO
3a0e3eueHHs] CHCTEMHU.

Bapro Takox 3a3HauMTH, MmO Ha JaHIM cxemi
BiTOOpaXCHO JIMIIE OCHOBHI KJTFOUOBI KJIACH, METOIH Ta
monsi. HacmpaBai cuctema MicTuthMe Oinbime ApiOHMX
00’ekTiB, cepem  SKHX, 30KpeMa, IepeiueHHS,
iHTepdeiicy, neski He HaATO BaXKJIMBI JOMOMDKHI KIacH
JUI CHHTAKCHYHOTO aHanizy, KOHQIryparii, yTHiIiTapHi
KJIaCH TOLLIO.
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Token

+parse(tokens). T S

+iype: TokenType

1
i Py i +value: string
1 ] |
| | |
| = ' A
! HierarchylLexer MainLexer !
i =Hierarchy= =LexicalTree= “G’Effes”
i I "
: ' i Tokenizer
WrapLexer<Wrap> — | <<createss>
i +okenize(
+constructor( V input: string): Token(]
shortened: boolean) LexicalTree
+superraps 'y,
) BaselexicalStructure
+ype: StructureType
RectangleView
™ _
+setDimensions{w, h)
‘% ‘Wrap LegendGenerator
RectangleWithTextView +key: string T +generate(
+scaledPointsSet ' superWraps): string
+constructor(text, w, h)
+sumSet !
! SuperWrapsOptimizer
+summationSet i
Arrow i | +optimize(superWraps)
A 5 :
+setDimensions(x, y) i i i
AN E SuperWrap E
1 1
E +key: string ______________,:
S S— A
WrapView +Wraps ul
S AN
+constructor(wrap, config) | ! +onSuperWrapAdded(data)
J) i +updatelLegend(text: string)

IndexedTextView

SuperWrapView

+constructor(text,
bottomindexText)

+constructor{superWrap, config)

Pucynok 4 — Jliarpama kiiaciB CUCTeMH Bi3yasizamii

5 PE3YJIbTATU

B3aemomis 3 CcHCTeMOIO  3HIMCHIOETBCA — depes
KOPHUCTYBallbKUH iHTEpdeic, y SKOMYy MPOBOIATHCS
HaJIAIITYBaHHS Ul BiOOpaXX€HHS CTPYKTYpPHOI CXeMH
(Puc. 5). B pesympTaTi OTPUMYEMO BimOOpaKCHHS
CHCTEMHU Ha €KpaHi, a TaKOoX MOJIJIMBICTh 3aBaHTKUTU
300pakeHHsI B (palid, 10 MICTUTHUMYTh CTPYKTYpHY
cxeMy oOumcioBaya abo 4aCTHHY.

HoBuii exemeHT:

BeegiThb gaHi...

BuuTtaTtm 3 dbanny

36epertu 3HIiMOK

Pucynok 5 — Kopucrysanpkuit intepdelic 1uis Bizyamizamil
CTPYKTYpHU 00YHCITIOBAaYa

Ha puc. 6 OaumMo mnpuKiIam TOro, SIK BHIJIAE
BizoOpakeHHst cTpykTypu obumcmoBaya JIKIT Ha ocHOBI
tekcroBoro damy JAKII-II mma obcsry N=15. Crpykrypa
CKIIaZaeThcsl 3 HAOOpY CTPUNOK (BXiOHHX, MPOMIKHHX,
BUXiMHMX), mianmuciB g0 Hux (3K OT X'p), Ta
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npsimokyTHHKIB (CC Ta U). CC € 610kamu p-Toukosux 113,
U € 0s10kamMu 1oejleMeHTHOro 00’ €HaHHS BXIIHHUX JaHUX
X(i), X(i) Buximui mani nepersopenns, i=0,1,...,N-1.

Jlane 300pakeHHS MEpPEelacThCsl Ha KOPUCTYBAIbKHUN
iHTepdeiic, SIKUil B CBOIO 4epry, BijoOpakae Bce Ha eKpaH
JUIE KOPHCTYBaua, a TAKOX JA€ MOKIJIHUBICTH 30epertu
oTpuMane 300paxkeHHs y ¢ain. Kpim 1p0ro, MoxHa
M0OAYUTH TEKCTOBE MOSICHEHHS 710 MTO3HAYEHb Ha CXEMI
X'2a=X'3=(X(0), X(3), X(5), X(8))

X"2a=X"3a=(X(14), X(11), X(9), X(6))
X'2p=X'35=X'as=X'sp=(X(1), X(10))
X"2p=X"3p=X"4=X"6p=(X(13), X(4))
X'2¢=X(2)

X"2=X(12)

X'3=(X(2), X(12))

X'3¢=X(7)

X'42=X'6a=(X(0), X(3), x(14), X(11))
X"42=X"6a=(X(5), X(8), X(9), X(6))
X'sa=(X(0), X(5), X(14), X(9), X(2))
X"5=(X(3), X(8), X(11), X(6), x(12))
X'ee=(X(2), X(12), (7))

X'7a=(X(0), X(3), X(5), X(8), X(14), X(11), X(9), x(6), X(2), x(12))
X'7m=(X(1), X(10), X(13), x(4), (7))
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PucyHnok 6 — BisyasibHe 300paKeHHs CTPYKTYpH O0UHUCITIOBaYa
JKII o6csry N=15

Ha puc. 7 Gaummo pe3ynmpTaT TOTO, SK BHIIIIAE
YacTHHA BiJOOpaKeHHs CTPyKTypu oOumcimoBaua JI1X
00csry N=15 Ha OCHOBIi TEKCTY
5. a) (+0) (X) { +x(0) +x(3) +x(6) +x(12) +x(9) }

b) (+5 -10) (X) { +(x(1), x(2)) +(x(4), x(8)) }

¢) (=10 +5) (X) { -(x(14), x(13)) =(x(11), x(7)) =(x(5),
x(10)) }

3 TekcroBoro ¢aiimy JITX mst o0csry N=15.
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Xa
Trexe: q
] U
L
< cc iy
BBepar Hox enaueHTa 21 % [ 1 %
oy ¥ i
g
(-10,+5) 2
< cC 3
2 % #
.x'___ 1] —
" y
Xk .

KXy =(0{0), %(3), x(6), x(12), %)

Honaii enemest; sl 1, %12)

s=(8(4), X(8))

- N =xl 141, x(13), x(5), x(10)
Pucynok 7 — Bi3yanbHe 300pa)keHHsI YaCTHHU CTPYKTYpH
o6uuciroBaua JIII1X ob6esary N=15

Monysp reHepalii TeKCTOBOro mnosicHeHHs (puc. 7)
TaK caMo, 5K 1 Bi3yallizaTop, BAKOPUCTOBYE ONTUMi30BaHE
CHHTaKCHYHE JIepeBO, Ta IIepelae pe3ylbTaTH CBOET
poOOTH Ha BXiJl 10 KOPHCTYBANBKOTO iHTEpdeEHCYy.

6 OBI'OBOPEHHSI

ITporpama CHHTE3Y aJrOPUTMIB HIBUAKHX
TapMOHIYHUX IEPeTBOPeHh Ha ocHOBI I[3 3aBasgkm
OTPUMAHOMY TEKCTOBOMY OITUCY QITOPUTMY BKIIIOYAE
PO3pOOJICHUIT TIariH JUTs Bi3yanizalil CTPYKTYPHHUX CXeM
obuncmoBauiB. Ile ga€ MOXIMBICTH IIBUAKO OLIIHHUTH
KUJIBKICTh  KOHBOJIBBEPIB IX B3a€EMO3B’S30K, 00cCATH
BukoHaHHs [I3, mMmocCmigoBHOCTI 00’€IHAHHS BXIJHHX
JIAHUX Ha CHCTEMOTEXHIYHOMY eTaml MpPOEKTYBaHHS
oOunciaroBaua. Peaiizamiss  0oO4YMCIIIOBAYiB  IIBHIKHX
TapMOHIYHHMX IIepeTBOpeHb Ha ocHOBI 13 y Burmani
IHTCTpaTbHUX  CXEM  Mae€  psO  IepeBar,  IIo
XapaKTEePU3yIOThCSI BHCOKMM ITOKa3HUKOM IapaMeTpiB
TuTorna 3artpumMka [16].

B mmarini 3acrocoBano Texuomorii Web 3 meroro
JIOCATHEHHSI TPOCTOTH pO3pOOJIEHHS Ta MiATPUMKH,
KpocI1aTOpMHOCTI. Bukopucrano MPOBIIHY
texHomorito Phaser 3 gmst  peamizamii  Bizyaumizarmii
BEKTOPHUX MpUMITHBIB. J{J1st TOrO, 0O crucTeMa He Maina
Taky IIKIIJIUBY BIACTUBICTh, TNPUTAMAHHY JICSKUM
MPOrPAMHUM pIIIEHHSM, SIK «CHJIBHY 3B’S3HICTH», BOHA
YITKO PO3/iJIeHa Ha JIBI YaCTUHH. SIpO CHCTEMHU, YacTHHA
core,, BIJIIOBiA€ 3a JIOTIKYy NPOTPaMHOIO 3aCTOCYHKY 1
BUKOHYE!

— TOKEHI3aIlIO;

— CHHTaKCHUYHHI aHali3;

— ONTHMI3AIio.

YactuHa View, 1o Ma€ BiIHOIICHHS 10 BiT0OpaKeHHS
OyZIp-4oro Ha eKpaHi, BKIFOYAE!

— rpagiuHIi KOPUCTYBaIbKHH 1HTepdeiic;

— Bi3yasi3aliitHuii MOAYJb IS 3TOPTOK.

OCKUIbKM CHCTEMa € HAaCHYEHOI allTOPUTMaMH, TO
JIETKO MOJKHAa JOIMYCTUTH IIOMHIJIKH, sKi OyJe BaKKO
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BUIIPABUTH, KOJIH  PO3pOOKa  JOCSTHE  BEIHMKOIO
Macmtady. s Toro mo0 «BiAJOBHTH» Ta BHUIPABUTH
MTOMUJIKH, OYJI0 MPUHHATO BaXKIHMBE DPIICHHS — i Yac
pO3pOOJICHHS CHCTEMH PO3POOISATH TaKOXK W MOIYIBHI
tectu (unit tests). 3aramom Hamwmcano 12 TectiB, sKi
MePEeBIpSAIOTh KOPEKTHICTH S KIAciB, fAKi CTOCYIOTBCS
HaMBa)XJIMBIIIOI YACTUHM JIOTIKM CUCTEMHU — TOKEHI3allis
Ta CHHTAaKCUYHHHN aHali3.

B xoxi po3po0eHHs, HEOMHOPa30BO OYJIO MOMIYEHO,
IO pe3yNbTaTh BUKOHAHHS TECTiB CBiJYaTh NPO HasBHI
MIOMWJIKHA Y BUKOHAHHI IIPOTpaMy, i, TAKUM YHHOM, OyJI0
JIETKO BHUPILIEHO BCI NpOOJEeMH, SKi BUHHMKAIM 4Yepes3
BHUITJIKOBO JOIYIICHI MOMHJIKH B KOJII.

Cucrema Mae MiHIMAIBHO HEOOXimHWH  Habip
(GyHKLIH, TOMY MOXe PO3IIHMPIOBATUCH, 30KpEMa MUTSIXOM
MTOKPAIICHHS ONTHMIi3alii JIEKCHYHOTO JepeBa. Takox,
po3po0IieHy mporpaMHy Bi3yali3amito MO>KHA OKPAIIUTH
uis  OUIpII  IHTEpAaKTUBHOTO Ta OUIBII  THYYKOTO
HaJIAIITYBaHHS Ha Bi3yalli3allilo CTPYKTYp Pi3HOMaHITHUX
00YHUCITIOBAYIB.

BUCHOBKHU

Y  pobotri po3risAHYTO  Bi3yamizalilo  3arajbHoi
CTPYKTYpH OOYHMCIIIOBaYa, OTPUMAHOTO B pPE3yJIbTaTi
CHUHTE3Y ANTOPUTMIB IIBUIKAX TapMOHIYHIX
epeTBOpeHs Ha ocHOBI 113.

HaykoBa HOBH3HAa poOOTH TMoOJsATae y BHU3HAYCHHI
0COONMBOCTEH CTPYKTyp OOYHCIIOBa4iB Ha OCHOBI
3arajJibHOTO BiHOOpaKeHHS Yepe3 KOHBOJIBBEPH, SKi
BI3yalli3yIOTh ONHMC CHHTE30BAaHHUX OJOYHO-IMKIIYHUX
0a3uCHUX MaTpHUllb JUCKPETHUX rapMOHIYHUX
nepeTBopeHb. Ha OCHOBI CTBOPEHOTO ONKCY aIrOpUTMY,
mo BKmovae OaratosipycHuid HaGip 13, pospobnena

mporpama  Bi3yamizamii =~ CTPyKTypd  OOYHMCIIIOBaya
JMUCKPETHUX TapMOHIYHHMX TMEpPeTBOpPEeHb. [Iporpama
Bi3yamizamii peani3oBaHa Ha MOBi IporpamMyBaHHSI

TypeScript 3 Bukopucranusam ¢peiimeopka Phaser 3 ms
Bi3yamizamii  BEKTOPHHX  INPHUMITUBIB.  Pe3ynpraTn
Bisyamizamii cTpykTypHHX cxeM oOumcmroBada JKII i
JIIX mins KOHKpEeTHOro 00CSATY MEePEeTBOPEHHS HAOYHO i
3pO3yMLI0 BiOOpakaroTh B3a€MOJIII0 WOTO YAaCTHHH, IO
BOXJIMBO HAa CUCTEMOTEXHIYHOMY €Talli IPOEKTYBaHHS
o0uncIoBaya.

Hnst  po3pobnenHst 3actocoBaHo TtexHosorii Web,
JOCSTHYBIIM TakMM YWHOM TIPOCTOTY pPO3pOOIIEeHHS,
MATPUMKY,  KpocrutatgopmHicts.  KopucryBarbkuii
iHTepdeiic peanmizoBaHO 3 BUMOIOI MiHIMANi3My 3
JOCATHEHHSIM ~ €KOHOMIi  IpPOLIECOPHOTO  4Yac  Ha
npoManboBKy. Jlu3aiiH €  KOHTpacTHUM Ta 3
MIPUTITYIICHAMHA CIIOKIHHUMH KOJbOpaMH: OLTHI, YOpHUH,
BinTiHKH ciporo. KpocmnardopMHicTs Hagae MOKIUBICTD
IpaLIoOBaTh 3 CHCTEMOIO 0€3 BCTAHOBJIECHHS JOJATKOBOT'O
MIPOrPaMHOTO 3a0e3MeUeHHS.

IIpakTnyHe 3HAYeHHSI POOOTH TOJISATAE Yy TOMY, IO

po3po0JIeHMH  IUIariH A Bidyamisaiii  3arajJbHHUX
CTpYKTYpHHX cxeM oOumcmoBauiB JIKIT i AIIX moxe
BUKOPUCTOBYBAaTHCh ISl  BiIOOPaKCHHS  3aralibHUX

CTPYKTYp 1 IHIMMX OOYUCITIOBATBHUX AITOPUTMIB, SKHIMA
JIO3BOJIMTH HAOYHO 1 3pO3yMiJ0 BiIOOPa3sUTH B3aEMOIO
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WOro 4YacTMHM Ta BHKOHAaTH 1X  aHami3 Ha
CHCTEMOTEXHIYHOMY €Talli MPOEKTYBAHHS.

HanpsiMm noganbmux A0CTiAXKeHb MOJSraTUME B
po3podrti ANTOPUTMIYHOTO Ta MIPOTPaMHOTO
3a0e3neueHHss 10 3a0e3MednTh aHami3 Ta  BHOIp
00YHCITIOBATBHUX CTPYKTYD 3a BiJIMIOBI THUMH
KpUTEpISIMH Ha OCHOBI DI3HOMaHITHUX BapiaHTIB
CHUHTE30BaHUX  IIBHJIKHX  aJIrOPUTMIB  OOYHCIICHHS
JMUCKPETHUX FApPMOHIYHHX MEPETBOPCHD MIEBHOTO THITY Ta
o0csry.

HOAsAKHU
Pobora BukOHaHa B pamKax JAepxkKOIOKETHOI
HAYKOBO-JIOCHITHOI  pobotm «MeTogum Ta  3acodm

IHTENIEKTYyalbHOTO BHMIPIOBaHHS IapaMeTpiB pyxy Ta
BU3HAUCHHS  INPOCTOPOBOI  Opi€HTalii  HAa3eMHHUX
MOOITHPHAX pOOOTOTEXHIYHUX IAT(OPM» HAIIOHAIEHOTO
yHiBepcuTeTy «JIpBiBChKa MOMITEXHIKAY.
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ABSTRACT

Context. In many areas of science and technology, the numerical solution of problems is not enough for the further development of the
implementation of the obtained results. Among the existing information visualization approaches, the one that allows you to effectively
reveal unstructured actionable ideas, generalize or simplify the analysis of the received data is chosen. The results of visualization of
generalized structural diagrams based on the textual description of the algorithm clearly reflect the interaction of its parts, which is important
at the system engineering stage of computer design.

Obijective of the study is the analysis and software implementation of structure visualization using the example of discrete harmonic
transformation calculators obtained as a result of the synthesis of an algorithm based on cyclic convolutions with the possibility of extending
the structure visualization to other computational algorithms.

Method. The generalized scheme of the synthesis of algorithms of fast harmonic transformations in the form of a set of cyclic
convolution operations on the combined sequences of input data and the coefficients of the harmonic transformation function with their
visualization in the form of a generalized structural diagram of the calculator.

The results. The result of the work is a software implementation of the visualization of generalized structural diagrams for the
synthesized algorithms of cosine and Hartley transformations, which visually reflect the interaction of the main blocks of the computer. The
software implementation of computer structure visualization is made in TypeScript using the Phaser 3 framework.

Conclusions. The work considers and analyzes the developed software implementation of visualization of the general structure of the
calculator for fast algorithms of discrete harmonic transformations in the domain of real numbers, obtained as a result of the synthesis of the
algorithm based on cyclic convolutions. The results of visualization of variants of structural schemes of computers clearly and clearly reflect
the interaction of its parts and allow to evaluate one or another variant of the computing algorithm in the design process.

KEYWORDS: computer visualization, rendering, structural scheme, visualization plugin, harmonic transforms.
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ABSTRACT

Context. The problem of determining the object-oriented design (OOD) complexity of the open-source software, including Web
apps created using the PHP frameworks, is important because nowadays open-source software is growing in popularity and using the
PHP frameworks making app development faster. The object of the study is the process of determining the OOD complexity of the
open-source Web apps created using the PHP frameworks. The subject of the study is the mathematical models to determine the
OOD complexity due to the identification of classes of the open-source Web apps created using the PHP frameworks.

Objective. The goal of the work is the build a mathematical model for determining the OOD complexity due to the identification
of classes of the open-source Web apps created using the PHP frameworks based on the three-variate Box-Cox normalizing trans-
formation to increase confidence in determining the OOD complexity of these apps.

Method. The mathematical model for determining the OOD complexity due to the identification of classes of the open-source
Web apps created using the PHP frameworks is constructed in the form of the prediction ellipsoid equation for normalized metrics
WMC, DIT, and NOC at the app level. We apply the three-variate Box-Cox transformation for normalizing the above metrics. The
maximum likelihood method is used to compute the parameter estimates of the three-variate Box-Cox transformation.

Results. A comparison of the constructed model based on the F distribution quantile with the prediction ellipsoid equation based
on the Chi-Square distribution quantile has been performed.

Conclusions. The mathematical model in the form of the prediction ellipsoid equation for the normalized WMC, DIT, and NOC
metrics at the app level to determine the OOD complexity due to the identification of classes of the open-source Web apps created
using the PHP frameworks is firstly built based on the three-variate Box-Cox transformation. This model takes into account the cor-
relation between the WMC, DIT, and NOC metrics at the app level. The prospects for further research may include the use of other
data sets to confirm or change the prediction ellipsoid equation for determining the OOD complexity due to the identification of
classes of the open-source Web apps created using the PHP frameworks.

KEYWORDS: object-oriented design complexity, identification of classes, open-source software, Web app, prediction ellipsoid,
Box-Cox transformation, depth of inheritance tree, number of children, weighted methods per class.

ABBREVIATIONS Xj is a sample mean of the X ; values;
BCT is the Box-Cox transformation;

CBO is coupling between object classes; Z is a Gaussian random vector;

DIT is a depth of inheritance tree; Z is a vector of sample means of the Z; variables;
KLOC is a thousand lines of code; Z; is a j-th Gaussian variable that is obtained by
LCOM is a lack of cohesion in methods; . . _

NOC is a number of children; transforming variable X ;

OOD is the object-oriented design; Z ; is asample mean of the Z; values;

PHP is a hypertext preprocessor;

RFC is a response for a class; o is asignificance level;

RMSD is a root mean square deviation; B, is a multivariate skewness;
SMD is a squared Mahalanobis distance; B, is a multivariate kurtosis;
WMC is weighted methods per class. v is a number of degrees of freedom;
NOMENCLATURE Xﬁm is the Chi-Square distribution quantile with m
k_is a number of variables (metrics); degrees of freedom and significance level o ;
N is a number of data points; _ v is a vector of multivariate normalizing transforma-
Sz is a sample covariance matrix for normalized data; tion
X is a non-Gaussian random vector; '
X is a vector of sample means of the X ; variables; INTRODUCTION
X1 is a WMC metric at the app level; It’s known [1], that “Complexity is one of the basic
X, is a DIT metric at the app level; problems that associated with software development tools
X3 is a NOC metric at the app level; and methods.” And complexity is one of main compo-
X ; is aj-th non-Gaussian variable; nents of quality. Today the creation of high-quality soft-
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ware is one of the most main tasks in the software devel-
opment industry.

The design in general, and the object-oriented design
(OOD) in particular, is one of the important stages of
software development [1]. Booch outlined four major
steps involved in the OOD process [2]. The first step in
OOD is the identification of classes. In this step, key ab-
stractions in the problem space are identified and labeled
as potential classes and objects.

Now many Web apps are created using the PHP
frameworks making app development faster. The above
also applies to open-source Web apps since nowadays,
open-source software is growing in popularity [3]. This
demands the construction of mathematical models for
determining the OOD complexity due to the identification
of classes of the open-source Web apps created using the
PHP frameworks.

The object of study is the process of determining the
OOD complexity of the open-source Web apps created
using the PHP frameworks.

The subject of study is the mathematical models to
determine the OOD complexity due to the identification
of classes of the open-source Web apps created using the
PHP frameworks.

The purpose of the work is the build a mathematical
model for determining the OOD complexity due to the
identification of classes of the open-source Web apps
created using the PHP frameworks.

1 PROBLEM STATEMENT
Suppose given the original sample as the three-
dimensional non-Gaussian data set following metrics at
the app level: WMC Xq, DIT X,, and NOC X5 from N

open-source Web apps created using PHP frameworks.
Suppose that there are invertible three-variate normalizing

transformation of non-Gaussian  random  vector
X={X;, X5, X3}l to Gaussian random  vector
Z=1{2,,2,,25)" is given by
z=y(X) (1)
and the inverse transformation for (1)
X=y}2). )

It is required to build the mathematical model for de-
termining OOD complexity due to the identification of
classes of open-source Web apps created using PHP
frameworks based on the transformations (1) and (2).

2 REVIEW OF THE LITERATURE
In [4] Chidamber and Kemerer proposed a set of soft-
ware metrics for OOD. According to [4], the six metrics
are designed to measure the three non-implementation
steps in Booch’s definition of OOD. These are the metrics
WMC, DIT, NOC, RFC, CBO, and LCOM, which define

© Prykhodko A. S., Malakhov E. V., 2024
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the OOD complexity in the above steps. In particular, the
metrics WMC, DIT, and NOC define the OOD complex-
ity due to the identification of classes in the first step.
According to [5], the metrics WMC, DIT, and NOC are
related to object definition which is one of the fundamen-
tal elements of OOD as outlined by Booch [6].

The metric set of Chidamber and Kemerer (CK)
serves as a generalized solution for other researchers to
rely on for particular purposes [7-14], including the OOD
complexity [1, 15, 16].

In paper [1] the authors fitted the multiple linear re-
gression equation to determine the OOD complexity
based on the minimal set of complexity metrics which are
defined using the CK metrics. Although the proposed
linear regression equation is fruitful for quantifying the
complexity of the OOD hierarchy, it does not directly
allow taking into account the correlation between the fac-
tors — software metrics. That can affect the result of such
quantifying the complexity.

The research in [16] “focuses on two primary topics:
(1) how indirect coupling measurements can aid develop-
ers with maintenance tasks and (2) how indirect coupling
metrics can quantify software complexity and size, lever-
aging weighted differences across techniques. The study
presents a comprehensive set of measures designed to
assist developers and project managers with project man-
agement and maintenance activities.” Also, the research
in [16] does not directly take into account the correlation
between the software metrics. Although other researchers
indicate a significant correlation between certain software
metrics, including the CK metrics [7-9, 15].

In the paper [15] the authors constructed a prediction
ellipse equation for the normalized RFC and CBO metrics
based on the bivariate Box-Cox transformation (BCT).
They apply the above equation to evaluate complexity at
the third step in the OOD of apps developed in Java. The
authors proposed to use the squared Mahalanobis distance
(SMD) from the prediction ellipse equation for the nor-
malized RFC and CBO metrics as the complexity indica-
tor of OOD of open-source apps in Java from the point of
view of the relationships between classes.

But the ellipse allows you to take into account the cor-
relation only for two variables. In the case of three non-
Gaussian variables, we need to apply the prediction ellip-
soid for the normalized data [17].

That is why to determine the OOD complexity due to
the identification of classes we apply the approach pro-
posed in [15] with the only difference that we are going to
use the prediction ellipsoid for the normalized metrics
WMC, DIT, and NOC.

3 MATERIALS AND METHODS

The equation for the prediction ellipsoid for the nor-
malized WMC, DIT, and NOC metrics is defined as

3N?-1)
“N(N3) FaN-3a @)
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where Z is Gaussian random vector, Z={Z;,Z,,Z5)" ;

Z is the sample mean vector, Z = {Zl,ZZ,Zg}T ;N is the
data point number; F,\_,, is a quantile of the F distri-
bution with 3 and N —3 degrees of freedom; a is a sig-
nificance level, S, is the sample covariance matrix

N — J—
Sz =%§<Zi -Z)z;-Z) . (4)

We can write matrix (4) in the form

Szlzl SzlzZ Szlz3
S;=Sz,2, Sz,z, Sz,z, | ®)
SZ321 stzz SZ323

N
where s, =3[z, -Z,[z, -Z.] a.r=123.
i=1
To construct equation (3) for determining OOD com-
plexity due to the identification of classes of open-source
Web apps created using PHP frameworks, we used 121
apps hosted on GitHub for five well-known frameworks
(CakePHP, Codelgniter, Laravel, Symfony, and Yii).
Moreover, we also used the apps from [18] for the
CakePHP framework. We obtained the data set using the
PhpMetrics tool [19] around the following software met-
rics at the app level: WMC, DIT, and NOC. Table 1 con-
tains the descriptive statistics of that data set.

Table 1 — App Descriptive Statistics (N=121)

Metric Name Min Max Mean RMSD
App size in KLOC 1.008 339.674 30.982 47.667
Number of classes 25 7512 525.554 920.147
WMC 1.55 67.84 14.797 13.755
DIT 1.06 2.33 3.593 4.602
NOC 0.32 0.95 0.685 0.141

We checked the three-dimensional data for three-
variate outliers. But before that, we tested the normality
of three-variate data because well-known statistical meth-
ods are used to detect outliers in multivariate data under
the assumption that the data is described by a multivariate
Gaussian distribution [20]. We applied a multivariate
normality test proposed by Mardia and based on measures
of the multivariate skewness B, and kurtosis B, [21].

According to this test, the distribution of three-
dimensional data of the above set is not Gaussian since
the test statistic for multivariate skewness N f,/6 of this

data is greater than the quantile of the Chi-Square distri-
bution, which is 25.19 for 10 degrees of freedom and
0.005 significance level.

That is why, as in [18], to detect multivariate outliers
in the three-dimensional data (121 points), we use the
statistical technique based on the multivariate normalizing
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transformations and the squared Mahalanobis distance
(SMD) for normalized data. The SMD for normalized
data is the left part of equation (3).

To normalize the data, we apply the three-variate BCT
with components

(x5l it 2,0
7yl )=V i j 6
=) n(x;,),  if a;=0. ©

Here Z; is a Gaussian variable; A is a parameter of

the Box-Cox transformation, j=1,2,3. We denoted met-

rics WMC, DIT, and NOC as Xy, X,, and Xs, respectively.
The parameter estimates of the three-variate BCT for
121 data points are calculated by the maximum likelihood

method according to [20] and are A;=-0.177882,

Ay =-1.272192, A3 =1.811640.
In our case, there are no multivariate outliers in three-

dimensional non-Gaussian data since the SMD values for
all 121 data points normalized using (6) are less than the

statistic
! 2 )
3IN- -1 E %

N(N _3) 3,N-3,a !

which equals 13.85 for the 0.005 significance level.

To calculate the SMD value for normalized data in
equation (3) we have the sample mean vector Z with
components 1.869, 0.284, and —0.265, respectively, and
matrix (5)

0.30283 —-0.01204 0.00775
S; =/ -0.01204 0.01370 0.00726 |. (8)
0.00775  0.00726  0.00967

In our case, the inverse matrix of matrix (8) is

3877 8398  -9.411
S7t=| 8398 139516 —111.477. 9)
~9.411 -111.477 194.605

Equation (3) for the 0.005 significance level defines
the prediction ellipsoid boundary beyond which three-
variate outliers can appear.

To determine OOD complexity due to the identifica-
tion of classes of open-source Web apps created using
PHP frameworks by (3), we need to use in (3) statistic (7)
for the 0.05 significance level. Statistic (7) equals 8.25 for
the 0.05 significance level.

Like [15], we can use equation (3) for determining the
OOD complexity due to the identification of classes of
open-source Web apps created using PHP frameworks. To
do this we need to calculate the SMD value for normal-
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ized data. If the SMD value for normalized data is greater
than 13.85, then this data point is the three-variate outlier.
In this case, we cannot determine OOD complexity by
(3). If the SMD value for normalized data is greater than
8.25 and less than 13.85, it means that the app has high
complexity due to the identification of classes. Otherwise,
there is no high complexity due to the identification of
classes for the Web app created using the PHP frame-
work.

4 EXPERIMENTS
For comparison of equation (3) with another equation
for the prediction ellipsoid for the normalized WMC,
DIT, and NOC metrics, we built the corresponding equa-
tion in the form

(z-2] sHMz-2)=14.. (10)

where X%,a is the quantile of the Chi-Square distribu-

tion with 3 degrees of freedom and a significance level
o. . Other notations are the same as in (3).

In our case, there are no multivariate outliers in three-
dimensional non-Gaussian data since the SMD values for
all 121 data points normalized using (6) are less than the
quantile of the Chi-Square distribution, which equals
12.84 for the 0.005 significance level.

To determine OOD complexity due to the identifica-
tion of classes of open-source Web apps created using
PHP frameworks by (10), we need to use in (10) the quan-

tile xgia for the 0.05 significance level. The quantile X%,a

equals to 7.81 for the 0.05 significance level.

Like applying (3), we can use equation (10) to deter-
mine the OOD complexity due to the identification of
classes of open-source Web apps created using PHP
frameworks. To do this we also need to calculate the
SMD value for normalized data. If the SMD value for
normalized data is greater than 12.84, then this data point
is the three-variate outlier. In this case, we cannot deter-
mine OOD complexity by (10). If the SMD value for
normalized data is greater than 7.81 and less than 12.84, it
means that the app has high complexity due to the identi-
fication of classes. Otherwise, there is no high complexity
due to the identification of classes for the Web app cre-
ated using the PHP framework.

We developed the computer program implementing
built equations (3) and (10) to conduct experiments. The
program was written in Python.

5 RESULTS

The results of determining OOD complexity level
(CL) due to the identification of classes for ten open-
source Web apps created using various PHP frameworks
are shown in Table 2. We selected two such apps for each
framework, for which normalized metrics have SMD val-
ues of both maximum and minimum. We denoted the
SMD value for normalized metrics as SMD; in Table 2.
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Also, we denoted metrics WMC, DIT, and NOC at the
app level as Xy, X,, and X3, respectively.

The SMD; values from Table 2 indicate there is no
high complexity due to the identification of classes for
eight apps (rows 3-10) because its SMD; values are less
than 7.81. These are the following apps: Wildflower,
Croogo, AdaptCMS, Wallabag, Yii2-podium, Yupe,
Classroombookings, and Electronic invoicing and ware-
house management system.

Wildflower (https://github.com/klevo/wildflower) is a
CakePHP Content Management System. Croogo
(https://github.com/croogo/croogo) is a  CakePHP-
powered Content Management System. AdaptCMS
(https://github.com/adaptcms/AdaptCMS) is an open-
source CMS that is made using the Laravel framework for
complete control of your website. Wallabag
(https://github.com/wallabag/wallabag) is a web applica-
tion that allows you to save web pages for later reading
and that is created using the Symfony framework. Yii2-
podium (https://github.com/bizleylyii2-podium) is a Yii2
forum module project. Yupe
(https://github.com/yupe/yupe) is an open-source Yii-
framework-based online e-commerce solution. Class-
roombookings (https://github.com/class-
roombookings/classroombookings) is an open source has-
sle-free room booking system for schools that is made
using the Codelgniter framework. The electronic invoic-
ing and warehouse management system
(https://github.com/kirilkirkov/Electronic-Invoicing-And-
Warehouse-Management-System) is a Codelgniter and
Bootstrap self-hosted open-source app.

Table 2 — OOD complexity levels of ten apps

N App Name X1 X2 | X5 | SMDy, CL
1 |Apiato 1.55| 2.33]/0.83]| 9.63 high
2 |llios 8.82| 1.22/0.86| 8.59 high
3 |Wildflower 60.34| 1.56|0.95| 7.77 no high
4 |Croogo 9.8] 1.64|0.75] 0.53 no high
5 |AdaptCMS 6.93| 1.46/0.71] 0.21 no high
6 |Wallabag 7.75| 1.41]0.70] 0.12 no high
7 |Yii2-podium 16.41| 2.17|0.79| 4.86 no high
8 |Yupe 10.07| 1.59|0.83| 1.23 no high
9 |Classroombooking 16.34| 1.35/0.79| 1.55 no high
10 |Electronic invoicing and | 49.43| 1.27|{ 0.57| 4.59 no high

warehouse management

system

In contrast, two apps (Apiato and llios) have high
complexity due to the identification of classes because
their SMD; values are greater than 7.81 and less than
12.84. Apiato (https://github.com/apiato/apiato) is a
framework for building scalable and testable APi-centric
apps with PHP, built on top of Laravel. llios
(https://github.com/ilios/ilios) is the Curriculum Man-
agement System for Health Professions that is made using
the Symfony framework.

6 DISCUSSION
We apply the three-variate BCT to build the prediction
ellipsoid equation for the normalized WMC, DIT, and
NOC metrics for determining OOD complexity due to the
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identification of classes of open-source Web apps created
using PHP frameworks since the distribution of the three-
dimensional data is not Gaussian on that the Mardia mul-
tivariate normality test based on measures of the multi-
variate skewness and kurtosis indicates. This is also the
reason we use the statistical technique based on the multi-
variate normalizing transformations and the SMD for
normalized data to detect three-variate outliers in the
three-dimensional non-Gaussian data. According to [17,
20], we apply the 0.005 significance level for three-
variate outlier detection. Also, we use the 0.05 signifi-
cance level for both equations as (3) and (10). The use of
both equations has led to the following results. Only two
apps have high complexity. These are apps Apiato and
Ilios (respectively, rows 1 and 2 in Table 2). All other 119
apps have no high complexity because the SMD values
for their normalized metrics are less than 7.82. Note, that
we used the 0.05 significance level that is usually as-
signed, although this value may be discussed.

The advantages of the proposed prediction ellipsoid
equations (3) and (10) include the possibility of determin-
ing OOD complexity due to the identification of classes
of open-source Web apps created using PHP frameworks.
Also, the above equations take into account, firstly, the
correlation between the normalized WMC, DIT, and NOC
metrics, and secondly, that their three-variate distribution
is not Gaussian.

Concerning the considered prediction ellipsoid equa-
tions for the normalized WMC, DIT, and NOC metrics
for determining OOD complexity due to the identification
of classes of open-source Web apps created using PHP
frameworks, two limitations should be acknowledged and
addressed concerning the data sample from 121 open-
source apps in PHP. The first limitation concerns the
processing of the data sample for open-source apps devel-
oped using PHP frameworks only. The processing of
other data samples, for example, for commercial apps
may affect the volume of the prediction ellipsoids. In such
cases, equations (3) and (10) remain to be confirmed or
changed. The second limitation concerns the following
restrictions on software metrics at the app level: the inter-
val for WMC is from 1.55 to 67.84, the interval for DIT is
from 1.06 to 2.33, and the interval for NOC is from 0.32
to 0.95. In addition to the above restrictions, the SMD
value for normalized WMC, DIT, and NOC metrics at the
app level cannot be greater than 13.85 for equation (3)
and cannot be greater than 12.84 for equation (10).

CONCLUSIONS

The important problem of determining the OOD com-
plexity due to the identification of classes of the open-
source Web apps created using the PHP frameworks is
solved.

The scientific novelty of obtained results is that the
mathematical model in the form of the prediction ellipsoid
equation for the normalized WMC, DIT, and NOC met-
rics at the app level to determine the OOD complexity due
to the identification of classes of the open-source Web
apps created using the PHP frameworks is firstly built
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based on the three-variate Box-Cox transformation. This
model takes into account the correlation between the
WMC, DIT, and NOC metrics at the app level.

The practical significance of the obtained results is
that the software realizing the constructed model is devel-
oped in Python. The empirical study allows us to recom-
mend the built model for use in practice.

Prospects for further research may include the use
of other data sets to confirm or change the prediction el-
lipsoid equation for determining the OOD complexity due
to the identification of classes and implement the algo-
rithms developed in [22] for the classification of mass
problems of production subject domains to design the
Web apps which are created using the PHP frameworks.
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BU3HAYEHHS CKIAJHOCTI OF’€KTHO-OPIEHTOBAHOI'O IPOEKTYBAHHA 3ABJASIKHA II[EHTMI/I(I)IKAIIIi
KJIACIB BEB-3ACTOCYHKIB 3 BIIKPUTHM KOAOM, CTBOPEHHX 3A JJOIOMOI'OIO PHP-®PEMMBOPKIB

IMpuxoabko A. C. — acnipaHT kadeIpn MaTeMaTHIHOTO 3a0e3IeueHHsT KOMIT IoTepHuX cucteM OJechKoro HaliOHaJIbHOTO YHi-
Bepcurety imeHi I. I. Meunukosa, Oneca, Ykpaina.

MaunaxoB €. B. — 1-p TexH. Hayk, npodecop, 3aBixyBad kageapy MaTeMaTHIHOTO 3a0e3MeueHHs] KOMIT FoTepHHX cucteM Oneck-
KOT0 HalioHanbHOTo yHiBepcuteTy iMeHi I. I. MeunukoBa, Ozneca, Ykpaina.

AHOTALIA

AxTyanbHicTe. [IpobieMa BU3HAYEHHS CKIAIHOCTI 00’ €kTHO-0opieHTOBaHOrO mpoektyBanus (OOII) mporpamuoro 3ade3nedeH-
HS 3 BIAKPUTHM BUXiJHHM KOJOM, BKJIIOYalOUYH BeO-porpaMu, CTBOpPEHi 3a qonoMoroio ¢peiiMBopkiB PHP, € BaxxnnBor0, OCKiNBEKA
CBOTOJIHI pOrpaMHe 3a0e3IedeHHs 3 BIAKPUTHM KOZOM CTa€ BCE MOIYJIIPHIMINM i BUKopucTaHHS (peiiMBopkiB PHP pobuts po3po-
OKy 3acTOCyHKIB mBHANIOK0. O0’€KTOM JOCHiKEHHS € Tpolec Bu3HaueHHs ckiaagHocTi OOII Be0-3acTOCYHKIB 3 BIIKPHUTHUM KOJIOM,
CTBOpEHUX 3a fornomoroto ¢peitmBopkis PHP. TIpenmerom nociikeHHsT € MaTeMaTH4HI Mozei il Bu3HaueHHs ckiagHocti OOIT
3aBISKH ieHTH(iKaNii Ki1aciB Be0-3aCTOCYHKIB 3 BIIKPUTHM KOJIOM, CTBOPEHUX 3a JoroMororo ¢peitmBopkis PHP.

Meta. Metoro poboTH € mo0yaoBa MaTeMaTH4HOI Moieli [uts Biu3HaueHHs ckiagnocti OOII 3aBmsiku ineHTrdikamii kiacis Be6-
3aCTOCYHKIB 3 BiJKPUTUM KOJOM, CTBOPCHHX 3 BUKOPUCTAHHAM (peiiMBopkiB PHP, Ha OCHOBI TPHBUMIPHOTO HOPMATi3yHOUYOro mnepe-
TBOpeHHs bokca-Kokca my1st miABUIIEHHS OCTOBIpHOCTI Bu3HaueHHA cKinaaaicTh OOII mux 3acTOCyHKIB.

Meton. Marematnyna Mozenb Uit Bu3HadeHHs ckiaagHocTi OOII 3aBasiku ineHTHdiKaMmii K1aciB Be0-3aCTOCYHKIB 3 BIIKPHTUM
KOJIOM, CTBOPEHHX 3a Joromorom ¢peiimBopkiB PHP, nmodynoBana y ¢opmi piBHSHHS enincoina NporHo3yBaHHS Al HOpMaizoBa-
uux merpuk WMC, DIT i NOC na piBHi 3acTocyHKy. Mn 3acTocoByeMo TpuBHMipHe neperBopeHHst bokca-Koxca mas Hopmanmizamit
HaBEe/ICHHUX BUILE METPHK. MeToJ| MaKCHMaJIbHOT ITPaBIOIOAIOHOCTI BHKOPHCTOBYEThCS JJIsl OOUNCIICHHSI OLIHOK IIapaMeTpiB TPHBHU-
MmipHoro neperBopeHHs bokca-Kokca.

PesyabraTn. [IpoBesieHo nopiBHAHHS 00y JOBaHOI MOZENI HA OCHOBI KBaHTHJISL F-po3noaiity 3 piBHSIHHSIM eJilcoiga NporHosy-
BaHHS Ha OCHOBI KBaHTHUJISl PO3MO/ILTY Xi-KBapar.

BucHoBku. MatematiuHa Mozenb y (opMi piBHSHHS €ININCOiAa MPOTHO3yBaHHA A HopMmaiizoBaHux mMetpuk WMC, DIT Ta
NOC na piBHi nporpamu s BusHadeHHs ckinagHocti OOII yepes3 imeHTH(}IKaNi0 KTaciB Be0-3aCTOCYHKIB 3 BIIKPUTHM KOJOM,
CTBOPEHUX 3a AonoMororo ¢peimBopkis PHP, y nepme mobynoBana Ha ocHOBI TpuBUMipHOTO HepeTBopeHHs! bokca-Kokca. 15 Mo-
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nenb BpaxoBye kopesiiro Mk Merpukamu WMC, DIT ta NOC na piBHi nporpamu. [lepcnekTHBY HOAANBIINX JOCITIKEHb MOXYTh
BKJIIOYATH BUKOPUCTAHHS IHIIMX HAOOPIB JaHUX Ul MiATBEPDKEHHS ab0 3MIiHM PIBHSHHS €JINCOiia IPOrHO3yBaHHS AJIsl BU3HAYCH-
Hs1 cxiagHocti OOII 3aBasku ineHTHGIKaNii KiaciB Be0-3aCTOCYHKIB 3 BIIKPUTUM KOJIOM, CTBOPEHHX 3a JOIOMOI0I0 (peiiMBOpPKiB
PHP.
KJIFOYOBI CJIOBA: cknaaHicTh 00’ €KTHO-OPIEHTOBAHOTO NPOSKTYBaHHS, iACHTU(IKALS KIIaciB, mporpaMHe 3a0e3rneueHHs 3
BIIKPUTHM KOAOM, BE0-3aCTOCYHOK, €IICOIA MPOTHO3yBaHHs, nepeTBopeHHs bokca-Kokca, rimbuna nepeBa ycmaakyBaHHS, Kildb-
KICTh JiTEH, 3Ba)KE€H1 METOIM Ha KJIac.
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YIIPABJIITHHA
Y TEXHIYHUX CUCTEMAX

CONTROL
IN TECHNICAL SYSTEMS

V/IK 658.5

OOPMAJIIBALIA 3AJAYI POPMYBAHHSA I'OJIOBHOT' O
KAJIEHIAPHOT O IIVTIAHY B CUCTEMI IIVTAHYBAHHSA MRP 11

Hogincekuii B. I1. — xana. texs. Hayk, goueHT kadenpu Indopmaruku i nporpamuoi imxeHepii HarioHansHOro TeXHi4HOTO
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AHOTAIIA

AxTyanbHicTh. PosrisiHyTo 3amady ¢opmyBaHHsS ['0JIOBHOTO KajeHAApHOIo IUIaHy B IPOIECi YHpaBiiHHS BHPOOHHMIITBOM Ha
6a3i ctanzapty MRP Il. O6’ekToM IOCIIIKEHHS € aIrOpuT™M (OpMyBaHHs LBOTO IUIAHY Ul HOAANIBIIOTO IJIAHYBaHHS TOCTAYaHHs
MarepiaiB y BAPOOHHLITBO i OpraHi3aiiii caMoro BUpOOHHIITBA.

MeTa po60TH — BIOCKOHAJICHHS aNroputMy (opMyBaHHsS ['0JIOBHOTO KaJIHAAPHOTO IUIaHy AJI1 YHUKHEHHS 3ailBUX CTajiil ai-
TOPHTMY.

Mertopa. 3arpornoHOBaHO BIOCKOHAJIECHHS aIropuTMy ¢opmyBaHHs ['ooBHOTO KalleHIapHOTO IiaHy. BoHO momsrae B ogHOYac-
HOMY BpaxyBaHHI BHMOT IOJ0 CBOE€YACHOI peaii3alil 3aMOBHHKAM INPOJIYKIIil, 0OMEXEHb IOJ0 MOTYXHOCTEH poOOUYNX IEHTPIiB
MiANpUEMCTBA i 0OMEXEHb I10JJ0 TPUBAJIOCTI 3aKyIIBEIbHUX LUKIIIB Y IpoLeci nocTayaHus MartepiaiiB. Y crangapti MRP Il mepex-
0aveHi croYaTKy ITaHYBaHHS TEPMiHIB 1 KUIBKOCTI BHITYCKY IPOAYKTIB, a JIMILE HAa HACTYITHOMY KpOIIi IepeBipka copMOBaHOTO
IUIaHy Ha MPUIYCTHMICTh IIOJO MOTPiOHOTrO Yacy poOOTH oOJiaJHAHHS 1 JOCTYIHOCTI MOTPIOHUX KUNBKOCTEH MarepiaiiB. Y pasi
HOpYLICHHsT 0OMEKEeHb PO3paxOBaHUM IUIaHOM Tpeba abo IIaHyBaTH 1 3AIMCHIOBATH 3aXOAW VIS MMOJOJIAHHS BKa3aHUX OOMEKEHb,
TOOTO OpraHi3oByBaTH JOJATKOBI 3MiHM JUIs POOOYMX LEHTPIB, 3a/iATH JOAATKOBI MOTYXKHOCTI, NPUIIBHILIMTH JOCTABKY IESKUX
MaTtepiaiiB, ab0 3MEHIIyBaTU IUIaH MpoJaxy. Bcei I 3axoam moB’s3aHi 3 JOJATKOBHMH BUTpaTaMH. B 3amporoHOBaHOMY BapiaHTI
MpoIIecy IUIaHyBaHHS IIe Tpeba poOHUTH JIHIIE SKIO alTOPUTM HE 3Haliie MPUITYCTHMOTO pilleHHs. 3agada GopMyBaHHS [ 0JIOBHOTO
KaJIeHJJapHOTO IIIaHy, sIka € HeHTpaiabHoIo B cTaHnapTi MRP, chopmynsoBana aBTopamu K 3ajada JIHIHHOTO MpOrpaMyBaHHS 3a-
BIISIKM JIIHIHHOMY XapakTepy BKa3aHUX OOMEXKeHb 110 BUPOOHUUYMX MOTY)XKHOCTSIX 1 Marepianax. 30kpema, B pa3i JOCTaTHBO XKOPCT-
KHX OOME)XEHb Ha IIOTY)KHOCTI poOOYMX LIEHTPIB IUIaH IONOBHEHHS 3QJIMIIKIB IPOAYKTIB 3 BAPOOHHUILITBA 3CYBAEThCS HA OLIBII paHHI
IHTEpBaJIM IUIaHYBaHHS 1 JIMIIE MICIs [bOTO YIHUPAETHCS B 0OMEXKEHHs. 3alpoIloHOBaHO KiJIbKa CTpATerii IIaHyBaHHS IIOIIOBHEHB 3
BUPOOHUIITBA 3aJIUILKIB TPOIYKTIB.

Pesyabtatu. Po3poGueni anmropurmu peanizoBani B popmi mabmonis Microsoft Excel i gocrymnHi 1uisi BAKOPHCTaHHS 3 METOIO
norymOaeHHs po3yMinHs cranaapty MRP Il. Takoxx BOHE BUKOPHCTOBYIOTHCS B HABYAJIBHOMY IPOIIECI.

BucHoBkHu. Anipo0aris pillieHHsI aBTOpaMu MiATBEpAriIa HOTro mpamne3aaTHiCTh, a TAKOXK AOIUIBHICTS BIPOBAHKEHHS po3pooiie-
Hoi Mogucikanii nponecy manysanas MRP |l y nporpamue 3abe3nedeHns npoBigHKUX IocTadaidbHUKIB cucteM kinacy ERP. IMepc-
MIEKTHBH TOJAJBIINX JIOCHI/KEHb MOXYTb IOJISTaTH B IOPIBHUIBHOMY aHaIi31 3alIPONOHOBAHHX BapiaHTIB PO3MINICHHS ITONIOBHEHb
3aJTHIIKIB MIPOAYKTIB 3 BUPOOHUIITBA, IIISIXOM SKOHOMIYHOTO OLIHIOBAHHS IMX BapiaHTIB, @ TAKOXK IUIIXOM IMITAIIITHOTO MOJEIIO-
BaHHSL.

KJUIFTOYOBI CJIOBA: nnanyBaHHs, BAPOOHHUIITBO, MaTepiaiu, MpoayKTH, HamiBnpoaykta, MRP I1.

ABPEBIATYPH MRP Il — Manufacturing Resource Planning, cras-

APICS — American Production and Inventory Control
Society;

CPS - Cyber-physical system;

CRP — Capacity Requirements Plan, ykp. IT3I1 — ITixan
3aBaHTAKEHHS IIOTY>KHOCTEH;

DDMRP - Demand Driven MRP;

10T — Internet of Things;

JIT — Just in time;

MPS — Master Production Schedule, yxp. T'KIT — TI'o-
JIOBHUH KaJeHJapHUM IJ1aH;
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napt ae-¢paxTo;
S&OP - Sales & Operations Plan;
ToC - Theory of Constraints.

HOMEHKJIATYPA
p — HOMep MPOIYKTY;
t — HoMep iHTepBally 30HU IUIaHYBaHHS,
plppe — IIaHOBAa KINBKiCTH [ TIAapH IPOIYKT-
IHTEpBaJ, 1Ie KUIbKICTh MPOAYKTY P, Ky Tpeba BUpoOUTH
HE Ii3Hile iHTepBay t;
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psty; — MPOrHO3HUH 3amac MPOAYKTY ) HA MOYATOK iH-
TepBaJli 30HU TUIaHYBaHHS {;

saly — motrpeba B mponykrTi P i B inTepBaui t 3a miaHoM
MPOJAXKIB;

S0Pyt — noTpeda B MPOAYKTi P i B iHTepBai t 3a ma-
HOM IIPOJAXIB 1 OTeparliii;

W — HOMep poO0doro eHTPY;

rqw,,— morpeda B yaci pod090ro MeHTpy;

NWpy — HOPMa NPOJYKTHBHOCTI POOOYOro LEHTPY W
TIPH BUPOOHUIITBI TIPOAYKTY P (Y IITYKaX HA TOAUHY);

fntyt— dbomx wacy pobouoro neHtpy W B inTepBai t;

fnw,, — cymapha, ounHarouu 3 inTepBany 1 no iHtep-
Baiy t, morpeba B poboYOMy daci poOOUOro HEHTPY W;

NMyym — HOPMa BUTPAT MaTepiany M mpu BUPOOHHUITBI
OPOAYKTY P;

rqMmp: — IJIaHOBa MOTpeda BUTpAT Marepialy M y BU-
pOOHUIITBI B iHTEpBAi t;

StMyy — TMNPOrHO3HWII piBeHb 3amacy Marepianty
m =1, ..., M B inTepBai 30HU IUTaHyBaHHS t;

dcy, — kit mocrauanns (delivery cycle) mis marepia-
Ty m;

plm,, — TIaHOBa MAPTIst MOCTABKY AJIs MaTepiamy m.
plp™*x — BepxHs MekKa IUIaHy MOIOBHEHHs 3amacy
NPOJYKTY P B iHTEepBadi 1.

BCTYII

B Hamr yac HaHOUTBII BiZIOMOIO METOJMKOIO YIIPaB-
JiHHA BUpoOHMUTBOM € Mertomuka MRP Il (Manu-
facturing Resource Planning), Bona Oyna po3po0ieHa B
kiami  20-To  cTOpiYYs aMEpPHKAHCHKOIO — ACOIliaIliero
APICS (American Production and Inventory Control So-
ciety), ta y 21-my ctopivui HaOysa J10aTKOBOTO PO3BUT-
Ky Ta IPOCYBaHHS B IPAKTUKY YIIPABIiHHA Y BUPOOHUTIH
6i3Hec cdepi. B Hamri 1HI BOHa € OCHOBHOIO METOIUKOIO,
Ha SIKy Opi€HTYIOThCS iH(OpManiliHi CHCTeMH B I1iil 06ia-
cti. lle BU3HAaYa€eThCsl HACTYITHUMHU (haKTOpaMHU.

1. MRP Il € Haii011bIII KOMIIEKCHOIO TEOPI€I0, sIKa HE
3aJICKUTH BiJl THITY BUPOOHHUIITBA (IMCKPETHE YU Hemepe-
pBHE; OIMHHWYHE, CepiiHE UM MacoBe, BUPOOHMITBO Ha
CKJIAJ YU Ha 3aMOBJICHHS).

2. MRP |l Bu3Hauae moOymoOBy CHCTEMH YIIPaBIiHHS,
SIK CYKYIHICTh Ta HOCJIIOBHICTH BUKOHAaHHS (Da3 ympas-
JHHS. TJIaHYBaHHSA, OpTaHi3aIlilo AisTBHOCTI, 00Ky Ta
HOopMyBaHHs. [ns nux (a3 mpeacTaBIeHO CYKYITHICTh
NpoLeayp Ta METOAIB, SIKi TOBUHHI OyTH pealli3oBaHi.

3. MRP Il Bu3Hauae apxiTekTypy iHpOpMAaIiiHOI chCc-
TEMH Ta iX B3a€MO3B’s3KiB. Pa3oM 3 000B’sI3K0BUM miepe-
JiKOM Oi3HEC-TIPOIeayp Ta METOIB IX peami3amis B paM-
Kax iHpopMamiiHOiI cucTeMHu € 000B’SI3KOBUM LTS TIPaK-
tuaHOTO 3acTtocyBanHs MRP 1.

4. MRP 1l e ocaoBoro cucremu kiaacy ERP (Enterprise
Resource Planning). Ha csitoBomy punky ERP cuctem
KOKHHH BEHZOpP — PO3POOHHMK CHCTEMH IIbOTO KJacy Mae
meronuky MRP Il, peanizoBany B cucremi.

APICS B APICS Dictionary [1] nae HacTynHe BH3Ha-
yeHHs cucreM kiacy MRP II.

[TnanyBanus pecypciB Bupoouunra (Manufacturing
Resource Planning — MRP Il) — meton edexriBHOrO I1a-
HYBaHHS BCiX pecypciB BHpoOHMUOi kommaHii. BiH Buko-
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Hy€ ornepaliiiHe IUIaHyBaHHS B HATypaJIbHUX OJWHHMILIX
BUMIpy, (iHAHCOBE IUIAaHYBaHHS y BapTICHUX OJIUHHUIIX
BUMIpY, 1 MICTHTh y COOi MOXJIMBOCTI BiNOBIJI Ha NH-
TaHHSA «I10 Oyze, SKIIO...?» NUIIXOM MOJefoBaHHs. Me-
TOJl CKJIQJAEThCSl 3 Oe3midi MpoIeciB, KOXEH 3 SKUX
NOB’sI3aHUH 3 IHIIMMHM: Oi3Hec-TIaHyBaHHS, IUIaHYBaHHS
BUPOOHULTBA (TUIaHYBaHHS MPOJAXIB Ta Omepaliii), pos-
poOKa TOJOBHOTO KAaJCHOAPHOTO IUIAHY BHUPOOHHIITBA,
IUIaHYBaHHS IOTpeOW B MaTepiayiax, IUIAHyBaHHS HOTpe-
OM B IMOTY)XHOCTSAX Ta CHCTEMH MIATPUMKH KOHTPOJIIO
BHUKOHAHHS 32 NOTY>KHOCTSIMU Ta Marepiajamu. Pesyib-
TaT TaKUX CHCTEM BHKOPHCTOBYETHCSA (PiHAHCOBHMU 3Bi-
TaMH, TaKAMU sIK Oi3HEC-TUIaH, 3BIT MPO YrOAM MO0 3a-
KyIiBeNb, OI0/KET BiJIBAHTXXEHHsI Ta MPOTHO3 3amaciB y
BapTICHOMY BHUPa)KEHHI.

Pecypcamu BUpOOHMIITBA, SIKi MiAJISATAIOTh YIIPABIIiH-
Hio B pamkax MRP 11, €:

— TOTOBa NPOJYKIIS Ta HAMiBIIPOAYKTH Ha CTalisiX
BHPOOHHMIITBA Ta peai3ailii;

— BHPOOHMYI TIOTY>KHOCTI;

— MOKYTIHI MaTepiajiil Ha CTaIisX MOCTadyaHHA Ta BH-
KOPHCTaHHS.

Jlorika po6otu MRP Il mpencraBnena Ha puc. 1.

MRP 1l oxomutoe Tpu HanmpsIMKy YIpaBiIiHHS BUPOO-
HHYOI0 CHCTEMOIO. Gi3Hec-(TaKTHYHE) MJIaHYBaHHS; OIe-
partiiine (omepaTHBHE) IUTaHYBaHHS; OpPTaHi3allifo Ta 00-
JIK BUKOHAHHS IUIaHIB.

B pamkax Oi3Hec-TulaHyBaHHS nependadeHe (Gopmy-
BaHHs IUIaHy mpojaxie Ta omepauiit (Sales & Operations
Plan — S&OP). TInan po3pobiseThesl He MEHIIE HiK Ha
piK 3 PO3OMBKOKO 1O KBapTajax 1Mo HOMEHKIATYpi IPOAY-
Kl (K110 i KiTBKICTh BENMKA — THCAYA MO3HUINH Ta Oi-
JBIIE — TOJI MO TPyNax HOMEHKJIATYpH) B KiJIbKICHHX Ta
BapTicHuX nokaszHukax. s po3podku S&OP morpiben
saraneHuil (YKPYIHEHUIA) IaH npofaxis. B dinaHncosii
cdepi Ha piBHI Oi3HeC-IIaHYBaHHS OTPUMYIOTH (DiHAHCOBI
OroJKETH BUTpAT Ta 00Iry IPOIIOBHUX KOIITIB.

Onepauiiine 1uiaHyBaHHs — 1€ (GoOpMyBaHHS TPbOX
OCHOBHHMX IUIaHIB. TOJOBHOTO KaJCHIAPHOTO IUIAHY
(T'KII, Master Production Schedule — MPS), mnany 3aBa-
nraxenns noryxuocreit (131, Capacity Requirements
Plan — CRP), miany notpe6 y matepianax (ITIIM, Mate-
rial Regirements Plan — MRP).

MPS € 06’eMHIM KaJleHIapHEM ILTaHOM. Moro ropu-
30HT IUIAHYBaHHS BU3HAYAETHCS TEXHOJOTTYHUMH TUKJIA-
MH BHPOOHMIITBA MPOAYKTIB Ta 3aKyMiBEIbHUMH IIHKJIA-
MM 1octadaHHs Marepianis. [1nan gpopmyerbes sik npaBu-
JI0 3 PO3OMBKOIO 110 THXKHAX 1O HOMEHKJIATypi MPOILYKIIii
B KUIBKICHHUX MTOKa3HUKAX.

JBa inmmx wiann CRP ta MRP € BukonaBunmu rmia-
Hamu. [lepmmii BKasye MopsiioK BUKOHAHHS OIlepalii y
BUPOOHHLTBI. P03p0o0nsS€ThCS 3 TOPU3OHTOM B MiCSIb 3
pO30MBKOIO TI0 THSAX YW BHPOOHWYMX 3MiHaX. Permamen-
Ty€ TOCIIIOBHICTh BHKOHAHHS TEXHOJIOTIYHUX OIepartiit
Ta TEXHOJIOTIYHHX IIPOLECIB 3 MPHUB’A3KOI JI0 KOHKPET-
HOTO TEXHOJIOTIYHOTO 00NanHaHHs (poboUnXx MEHTPIB) Ta
vyacy Bukonanus. Jlpyruii mran (Material Requirements
Plan — MRP) Bkasye MmOpsIoOK BHKOHAHHS OTEpaIliii B
cdepi nmocTayaHHs Yy BUPOOHHIITBO HEOOXIJIHUX MOKYII-
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HUX KOMIUIEKTYIOUMX Ta MatepiaiiB. Po3poOnserbcs 3
TOPU30HTOM BiJf MICSII O JEKITBKOX MicsIiB (BiAmoBi-
HO JI0 MaKCHMaJIbHUX LUKJIIB OCTaYaHHs OKPEMHUX MaTe-
piaiiB) 3 po36uBKOK MO AHsX. [locTauaHHS KOHKPETHHX
MapTii KOHKPETHUX MaTrepialliB BKa3yeThCs 3 MPH3HAYCH-
HSIM [TOCTaYaJIbHUKIB JUTsl KOJKHOT IIOCTaBKH.

Hus popmyBanas CRP ta MRP motpi6Hi BiamoBigHi
BHPOOHMYI Ta MOCTayallbHI HOPMATHBH: POOOYi HEHTPH,
rpadika ix poboTH i BiAmoBimHO GoHAM poOOUOTO Hacy,
HOPMATHBH TPOAYKTUBHOCTI, PEECTPH IOCTAYIbHHKIB,
LUKJIM TIOCTaYaHHA TOLIO.

Hanpsimok opranizamii Ta 007Ky BHUKOHAHHS Mpea-
crapieHunit B MRP |l BigmoBignumu mporecamu. Buko-
HanHIo miysirailote CRP Ta MRP.

Ha pucynky 1 mo3HaueHi 3BOPOTHI 3B’SI3KH, SKi €
000B’SI3KOBUMHU JIJIsl CHCTEMH YIIPABIIiHHS, SIKOIO € CHCTe-

ma MRP Il. SIkuio Hema mpobGieM 3 BUKOHAHHSM ILIaHIB
Ha piBHI opraHizauii Ta 00Ky, yHpaBliHHS I€peaacTbCs
Ha HDKHIA piBeHb IUtaHyBaHHS — (opmyBanns CRP Tta
MRP. fIkmo npoGiiemu € Ha piBHAX opraHizamii Ta 00Ky
abo Ha HWXKHIX pIBHAX, MOke OyTH HEOOXiTHMM mepe-
rtanyBatu MPS.

®opmyBanas MPS 3aiimMae TIeHTpaIbHE MicIle B OIIe-
patuBHOMYy manyBaHHi MRP Il, me rapro BumHO Ha
puc. 1. Tomy 3MicTOM Hamoro AOCTiIKESHHS € BIOCKOHA-
nenHst Ta po3Butok MRP Il B wiit nanmi onepaTuBHOTO
TUIAaHYBaHHS, aje JJisi LbOro Tpeba pO3MIISHYTH OUIbII
JIOKJIaJTHO caMy MpOLeAypy Ta Meperik Jiit ¢popmyBaHHs
MPS.

BI3HEC Biznec
MNAHYBAHHA e nNaHyBaHHA er ¥
"-———-'r_/-?[ S8OP =T
"?33,;“1“—“;1_"},% _L__ miﬁaﬁﬁoﬁmﬁx{em
MnaxyBaHHA npopaxie T
== nonuTy [rm=s=ssssssssss=- T 0
T Mnax np_UP,a}KiEl Ta OnEPﬂLHﬁHE
1 | onepauin [S&OP} ﬂﬂAHVBAHHﬂ
OnepaTtneHnii NNaH
nponaxis \ﬁ‘ OnepaTHBHe
e B nnanysawua
HPS
Db 3ar|a-:u| npo,cmcuuf OnepatueHe |
HanienpoayKTie NNaHyBaHHA
P BHpOOHWUTEA
ONMoBHWA CRP'
e eHOAPHWIA NNaH - —
’ ¥ MNP ———
e Onepatushe Beqiena Hopm
3anacu MaTepiania nnaHyBaHHA Ta
= nocm'iamm ] | HODMHSIB
;:’egc[pn POGDI-II LI,EHTDH ‘:-_ '_:‘
P NOCTaYanLHWKIB, doHamM yacy, X
—— | UMKNM NOCTayaHHA  HOPMATWBW  qooy aapayrawenna
"""""""""""" [ . _"""'""""_'"F'Um"'“““""’T"Z“T'IE%?K’HBEFEH'
OPTAHI3ALIIA TA MnaH 3akynisens i aHizauin Ta
OBNIK BAKOHAHHS ! i s
BHKOHAHHA
nnadie

Pucynok 1 — Jlorika po6otn MRP Il
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VY BignosigHocti g0 [2, 3] cxemMaTH4yHO MpoOIEaypa
¢dbopmysanus MPS 3 nepenikoM (akTOpiB Ta OTPUMAHUX
pe3ysbTaTiB Npe/ICTaBIeHa Ha PHC. 2.

MPS cknamaetbes 3 OKpeMHUX IMO3MINA — IIAHOBUX
3amoBinensb (planned orders).

I'eneparop MPS — 11e nponenypa ¢popMyBaHHS CyKy-
MTHOCTI IUTAHOBHX 3aMOBIICHB Ul Pi3HUX NPOAYKTIB (Ha-
MIBIPOAYKTIB) 3 ypaxyBaHHSAM O3HAYCHUX HA PHCYHKY
(akropis:

— 6iznec many MRP 11 — S&OP;

— iHdopmariii mpo 3aMOBICHHS MOKYMIlB (KIi€HTIB)
Ta MPOTHO3U NPOJIAXKiB MIPOAYKTIB;

— indopmauii npo HasBHI 3amack roToBoi MPOXYKLii
Ta MaTepiais;

— 3HAYCHHsI mapameTpiB (MoaudikaTopiB) MIaHyBaH-
HSl.

®opmyBanas MPS pobuthest B 3araibHOMY BHIAJIKY
B /IBa ETaIH.

Ha mepmomy erarti popMyroThCs TIIAHOBI 3aMOBJICH-
HS J7s MPOAYKTiB. BXimHOMNO iHpOpMAaIi€o A po3paxy-
HKY € IUIaH MpomakiB (3aKa3W MOKYIIHB Ta MPOTHO3M
TPOJIaXiB), TUTAH TIPOAKIB Ta Omepalliif, iHhopmartis po
MIPOTHO3 3aIraciB MPOIYKTIB Ha MOYATOK iHTEpBally IUIa-
HyBaHHs1. POOUTBCS MPOTrHO3yBaHHS MaJIiHHS 3araciB ro-
TOBHX NPOJAYKTIB Ta 3HAXOAATHCS IJISI KOXKHOTO MPOIYKTY
TOYKHM MOMOBHEHHS 3amacy — IHTepBalli IUIaHy, sKi nepe-
JIYIOTh 1HTEpBaJaM 3 BiJI'€MHHM 3HAUEHHSM HPOTHO3Y
3amacy. KinbKicTh y IJIaHOBOMY 3aMOBJICHHI IPHHMA€ETh-
csl piBHOIO JeilUTy B HACTYIHOMY UM B JEKIJIBKOX Ha-
CTYIHUX iHTepBanax. Llel mpuitoM po3paxyHKy KiTbKOCTi
Mae€ Ha3BY pPO3PaxyHKY IO «IIepeciiayBaHHIO OeQiuTy».

MNapawmeTpu

meicworD
Blasec nnas (S&

oP 4 1 ¥ >

xapaxTEpy

lewepaTop MPS -

Ananis MFS E—

Oyires MPS

Pucynok 2 — IIponenypa ¢popmyBanus MPS

Ha ppyromy erami npouenypu rexepauii MPS po-
outhes «mporin» ¢opmysands MRP. 3 ypaxyBanusm
creludikaiiii MpoayKTiB PO3PAaXOBYETHCSI KIIBKOCTI BH-
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POOHMIITBA HAMIBIPOAYKTIB JUIsi BUPOOHHUIITBA BXKE CILIA-
HOBaHMX IO3MIIH npoaykTiB. [lnaHOBI KUIBKOCTI HamiB-
MPOJYKTIB 00pPaXxOBYIOThCSI HA OCHOBI TUIAHOBHMX KiTBKOC-
TEl MPOAYKTIB Ta HOPMATHBIB BHTpAT MaTepiaiiB abo
HAMIBIPOIYKTIB 3 BIAMOBIIHOI crienuiKaIlii.

00’ exTOM J0CHimKeHb € mpouec po3podbku MPS Ha
6a3i cragmapry MRP Il. BigmoBigHo 10 cranmapry, miaH
PO3PaxoOBYETHCS, a IMOTIM IEPEBIPSETHCS Ha MPUITYCTH-
MICTh, TOOTO Ha AOTpUMaHHI OOMEKEHB 110 BHPOOHMYNX
MOTY>KHOCTSIX 1 IOCTYITHOCTI MaTepiaiB.

Cy0’€KTOM 0CITiTKEHb € anropuT™ po3podoku MPS.
B pesynbrari 3anpornoHOBaHOTO BJIOCKOHAIEHHS BiH Mae
Biipasy 3aJ0BOJIBHATH BKa3aHi OOMEXEHHs, SKIIO L&
MOXKJIHBO.

MeTor0 qocaigKeHHsI € 30UTbIICHHS e(DeKTUBHOCTI 1
CIPOIIEHHS poueAypu po3podkun MPS, mo € BaXITMBIM,
3BayKaro4d Ha BHCOKi Bumoru cranapty MRP Il no piBas
OpraHi30BaHOCTI MigIPHUEMCTBA.

B minmomy mpezacraBiena Buimie mporeaypa (opmy-
BaHHsa MPS € GararoeranHoro 3 HEOOXiAHICTIO BUKOHAHHS
LUX €TaliB B paMmKax OararoirepaTHBHOro mpoiecy. Ha
TIOTJISI/T @BTOPIB, LILOT'O MOXKJIMBO YHUKHYTH, SIKIIO 337124y
¢dopmyBanHs MPS 3Bectn 110 3azadi JIiHIHHOTO Mporpa-
MYBaHHS 3 CYKYIHICTIO JiHIHHUX OOMEXeHb Ta JIHIHHOI0
UTBOBOKO (DYHKITIEFO.

1 IIOCTAHOBKA 3AJTAYI

PosrnsHeMo Qopmarizamiro 3amadi popmyBanas MPS
y BHIUIAI 3afadi JiHiitHOTO porpamyBanHs. [lpuitmemo,
mo ¢GopmyBanas MPS BHKOHY€eThCS B 30HI IIaHYBaHHS,
sIKa po30MTa Ha OKpPEeMi iIHTepBaIIH.

3MIHHAMHU 3a/1a4i JIIHIHHOTO POTpaMyBaHHS € TUIAHO-
Bl KUIBKOCTI ITONIOBHEHHsI 3aracy IEBHOTO IMPOAYKTY B
IIEBHOMY iHTepBali 30HHM IUTaHyBaHHA Plpy, p =1, ..., P,
t=1,..., T.

OOMexeHHs 3a1a4i:

1. 3mini 3amaui (MW1aHOBI KiMBKOCTI TOMOBHEHB) HE
MTOBWHHI OyTH MEHIIIE HYIIA, IIe TPUBiaTbHE OOMEKCHHSI.

plpp >=0,p=1,...,P, t=1,..., T. )

2. Kanennapui 3anacu mpoaykris (product stock — 3a-
rac IPOJYKTY) HE MOBUHHI OyTH HETATHBHUMH.

psty>=0,p=1,..,P,t=1, .., T. )

3. CymapHni 00’eMu BUPOOHMIITBA TIOBHHHI JIOPIBHIO-
BaTU MiJICyMKOBOMY HepBicHOMY AehiuuTy (MO3HAYUMO
fforo pst*yr+1) — NeinUTy B OCTAaHHBOMY iHTEpBaJi 30HU
TUTAaHYBAHHS JUISl KOXKHOTO TIPOIYKTY P.

T

zlplppt =—pst*pria, P=1..,P, (3)
t=

ne pst*pl — NPOTHO3HUH 3amac MNPOLYKTY P B MEpPLIOMY

iHTepBai 30HM IUIAHYBaHHS, pst*pt = pst*pt_l — (saly +
SOPpt ) — 3amac NPOJYKTY P B HOBiIbHOMY iHTepBaii t = 2,
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4. TTotpeba B yaci poOOYOro LEHTPY HE € OLIBLIO0
HiXK #oro GoHx yacy — ¢GoHI podOUOro HMEHTPY I BCiX

pobounx tentpis (W = 1, ..., W) ta mis Bcix iHTepBatiB
30HM ManyBaHus (t=1, ..., T).
rqwy <= fnw,, w=1, ..., W, t=1, ..., T, 4)
t P pl
e rqugt = Y Y P W1 W, p=1..P,

s=1 p:]_ nw pw

t
fawyt = sgl fntys,w=1...W,p=1..,P.

Takum umHOM, fNwW,: — cymapHa, mounHarOuHu 3 iH-
tepBany 1 mo inTepBany t, motpeda B podouomy yaci po-
6040r0 IEHTPY W.

StMpm; — IPOTHO3HMH piBeHB 3amacy Matepiaxy m = 1,
..., M B mepmomy iHTepBaii 30HU IUIAHYBaHHS, BU3HAYA-
€TBbCS TOMIEPEIHIM TUIAHOBUM TIE€PIOJIOM, JUIS IHTEpPBAIIiB
2,...,T:

— sIK1II0 t MeHIIe YK TOPIiBHIOE UKy TTocTadanHst dCp,
StMpe= StMype_g;

— Ko t Ginbie dcy,Tomi StMy= StMy_1+plmp,.

5. IlnanoBi kimpkocTi BUTpar Marepiamis (Material
requirement) Ha BUPOOHHIITBO € HE OLTBIIUMH HiX TITa-
HOBI 3amacu Marepiamis (material stock) mast koxHOTO

inTepBany t = 1, ..., T 30HM IJIaHyBaHHS Ta KOXKHOTO Ma-
Tepiany m:
rgMpe <= stMp, m=1, ..., M, t=1, ..., T, (5)

t P
xe rgm, = ZZ plp s *nmy,,m=1..,M,t=1...T.
s=1 p=1

3arac MaTepiany Ha MPOTsI3i MUKITy TOCTaYaHHS € He-
3MIHHHM, BiH JIOPIBHIOE 3aracy Nepuioro iHTepBaily; Uit
IHTEepBaIiB, AKi JIEXKATh MpaBille MUKIY NOCTadaHHS, 3a-
mac 30UTBITY€EThCS HA BEIMYMHY IDIAHOBOI MapTii MocTas-
KH.

6. LlinpoBa GyHKIsI 3a1a4i — MAKCHMI3allisl 3aBaHTa-
YKEHHS TIOTY>KHOCTI BCiX poOOYHNX IIEHTPIB!

w P T pl
> > Zm%max. (6)

w=1 p=1t=1NWpyy

2 OIJIAA A JITEPATYPU

[licns ctBopenns metoauku MRP e 70-x pokax mu-
HYJIOrO CTOpIYYS MapaienbHO PO3BUBAIKCH IHIII MiAX0AN
JI0 yIpaBITiHHA BUPOOHMITBOM. Bimmitumo Teopito 06-
mexenb (Theory of Constraints, ToC) [4, 5], ta JIT/Lean
[6, 7] saxi momexymu CHIpUAMAIOTBCA K ANbTEPHATHBH
MRP Il. Ha namy nymky, Teopist oOMexeHb KOHLEHTDY-
€THCS JIMIIE HAa OJHOMY, ILONPaBAa, BaXKIMBOMY acCHEKTi
YIpaBIiHHA BUPOOHHIITBOM: MOIIYKY 1 ONTUMI3awii «BY-
3bKHX MICIb» Cepe]] HassBHUX poOOYMX IIEHTPIB, 1 HE Tpe-
TEHAY€E Ha IUTICHY METOJUKY YIPaBIIHHS 3 PO3PaXyHKOM
BruepnHux 1wiaHis, sk MRP 1. Ilo crocyerses JIT/Lean,
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TO B ()OKYCIi IIBOTO MiAXOJYy — PUTMIYHE ITOCTayaHHS Ma-
TepiagiB Ha poOOoYi MiCIs; 1€ MPAIOE, KO HA CKIAIl
BXKe € MOTpiOHI MaTepiaiy; BiJIOBIIHO, XTOCh Ma€ IO-
M0aTH TpO Marepiaiy 3 JOBTMMH [UKIAMH 3aKYIIiBIIi.
Takum unHoMm, JIT/Lean mpaitoe B pamkax, CTBOPEHHX
3aBassku MRP.

Y XXI cropiudi meronuka MRP Il mae kinpka Ha-
MPSIMKIB MTOJANBIIIOTO PO3BUTKY. MaroTh Micue crpodu
Brmcard ii B koutekct Industry 4.0 [8], 3acrocoByroun
CydJacHI MaTeMaTHW4Hi, TeXHIYHI 1 mporpaMHi 3acodu: Ki-
6ep-dismuni cucremu (cyber-physical systems, CPSs),
Iarepuet peueit (the Internet of Things, 10T), xmapHi 06-
YKCJICHHS, BEJIMKI JaHi, iMiTaliiHe MOJCITIOBAHHS, IITYY-
HUH IHTENEKT. SIKII0, HAIPHUKIA/, OUYECBUIHA JOIIBHICTD
3aCTOCYBaHHS IMITAIIHHOTO MOJEIIOBAHHS B JOCIIKEH-
Hax anroputMiB MRP nist mopiBHSHHS BapiaHTIB ILIaHy,
TO JIOLUIBHICTh 3aCTOCYBaHHS I[bOT'O METO/AY B MOTOYHO-
My TIpolieci IUIaHyBaHHS BUKJIMKA€E CyMHIBHM HaBiTh Yy aB-
TopiB [8], amke ommepaTHBHICTD i 3pO3yMITiCTH TpoIECy
MRP Tex € Horo CyTTEBIMH IIepeBaraMu.

B po6orti [9] aBTOpH TIOKa3amM MUISIXOM €KCIIEPUMEH-
TiB, IO B pa3i BENHWKOI KUIBKOCTI Pi3HUX 3aMOBIICHH II0-
nepeans ix wracudikamiss mo Tppox rpymax (ABC
inventory analysis) 103BoJs€ 3MEHIIUTH KiNbKICTh Tepe-
Hasnaok Ha 16%.

Mae micrie cripoba 06’ ennaTu B ogHomy mMetoai MRP,
JIT/Lean i ToC, mo mnpusBeno 10 MHOSBU METOJUKH
yhnpaBniHesa  BupoOHuiTBoM Demand Driven MRP
(DDMRP) [10-13]. Bona monsirae y ToMy, 1[0 Ha OCHOBI
JaHUX TOTOKY BHPOOHMYHX 3aMOBJICHB JUIS HPOTYKTIB i
pOOOYHX LIEHTPIB CTBOPIOIOTHCSA MiCISl HAKOMHYCHHS
npoayKTiB (Oydepu), He JTHIIE IS KBY3bKUX MICHBY, SIK Y
ToC. JIuHaMi4HO pO3paxOBYIOTHCS TPH PiBHI 3anaciB Jyist
KOkHOTO Oydepa (MiHIMATIBbHUIN, cepenHiil, MaKCHMab-
Hui). Y mporeci MUIaHyBaHHS IUIAHOBI 3aMOBJICHHS Ha
BUPOOHHMLTBO a0 MOCTayaHHS MaTepialiB MONOBHIOIOThH
TUIAHOBI 3aJIMIIKK Oydepa, CIPOIIEeHO KaXKydH, 3 MiHIMa-
JBHOTO JI0 MAaKCHUMAIILHOTO PiBHSI, aHAJIOTTYHO TOMY, SK Y
JIT mopoxHiit Oydep iHiNiIOE TOCTaBKY Marepiany 3 Io-
HepeHbOro podoIOro HEHTPY.

Ha nam mormsin, B yMoBax Hernepen0adyBaHOCTI i He-
BHU3HAYCHOCTI y BUpOOHUUIN cdepi B YKpaiHi, sKi crpu-
YUHEHI 30BHIIIHIMUA 00CTaBHHAMH, CKIIATHO TPOIIaryBaTH
METOJIM YTIPABIiHHS, B OCHOBI sikuX JjexuTh Just In Time.
ﬁMOBipHO, Oropa Ha OYEBHIHICTH i 3OPOBHU T3, a
TaKOXX METOJ NPSAMHX IOCIiIOBHUX PO3PaxyHKIB HH3KH
TUIaHIB, XapakTepHi s cranaapty MRP |1, e Bupimans-
HUMHU TlepeBaraMy B yMOBax, KOJIM HEOOXiJHO JIOBIro Iij-
TPUMYBaTH BHUCOKHH PIBEHb OPraHi30BaHOCTI Y BUPOOHU-
urBi. [Tounnaru tpeba came 3i crangapry MRP Il. IIpote
Opakye HayKOBHX pOOIT IIOAO BJIOCKOHAIEHH CaMOI0O
cramapty MRP |l, sxi Ou He BUCYBaIM JTOTAaTKOBUX Op-
ra"izamifHux BHMOTr mis migmpuemctBa. Came Ha 1ie
crpsiMOBaHa Hamra ctarts. Y po6orti [15] posrsiayTa 3mi-
CTOBHA MIOCTAaHOBKA 3a/1adi, a B JaHid poOOTi CHOpPMYIIbO-
BaHa MarTeMaTU4Ha MOJENb 3a1ayl 1 Jo4aHl HOBI MOXIJIU-
BOCTI.
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3 MATEPIAJIM I METOIHN
TyT Ta mani BCi MO3HAYCHHS OYyJEMO HAMaraThuch po-
OWTH MHEMOHIYHHMH Ta JOJAaTKOBO BKa3dyBatu Iie. Ha-
npukinan, plp (production planning — mianyBaHHs BUp0OO-

HUIITBA).
3arac npojyKTy P Ha IMOYATOK JOBUIHHOTO iHTEPBATY
t =2, ..., T 30HM mnaHyBaHHS JOPIBHIOE 3amacy B MOIIe-

penHboMy iHTepBai (PSty1) 32 BiIHIMAaHHAM HOTpeOH 32
IUTaHOM IponaxiB (Saly) Ta mIaHoM mpoxaxiB Ta omepa-
wiit (SOPy;) Ta ofaBaHHAM IUIaHy BUpOOHHITBA (PIPy):

t
pstpt = pst o1~ Sgl(sal ps + SOP ps — plpps) .

O6mexenHs (3) Hamae 3amadi BIACTHBOCTI: BUPOOIIS-
TH CTIJIBKH, CKUJIBKM BHMAraroTh IUTaH MPOJAXiB Ta IUIaH
MPOAXKIB 1 Omeparlii.

3amac npoaykTy PSt* 6e3 ypaxyBaHHS IMOIMOBHEHHS
MIOCTYIIOBO MEPEXOUTH Y Ae(IlUT 31 3HAKOM MIiHYC.

[pencranennst HinboBoi ¢yHkuii y Bursai (6) mae
MAJIo CeHCY, TOMY MIO 3 ypaxyBaHHsM (3)

3 & L Ploo S &Pt oongy
w=1 p:ltzanPW w=1p=1 NWpw

AJte MOXHa BBeCTH BaroBi koegimientu k; (yMoBHO
Ha3BEMO IX «IPIOPUTETaMH 3CYBY IUIAHY BUPOOHHIITBA»)
Ta PO3TIHYTH LUTBOBY (DYHKIIIFO

w P T plppt
X X X ki———>max. (6a)
w=1p=1t=1 anW

Skmio, Hanpukaaz, Ky = 2! rran BUPOOHHUIITBA OyIe
PO3MOUIATHCS B 30HI IIaHyBaHHsI B OUIbII paHHIX 1HTEp-
Bayiax. SIkimo, Hampukian, K = 2(T_t+1), TUTaH BUPOOHMIIT-
Ba OyJie pO3NOAUISATUCS B 30HI IUIaHYyBaHHs B OLIbII Mi3-
HiX iHTepBanax. TakuM YMHOM, MU MOXXEMO BPaXxOBYBaTH,
IO JUIs MiATPUEMCTBA Kpallle: BUKOHYBATH IUIAH SKOMOTa
misHinre (mepumit psx  koedinieHTiB, 1e Bimmosimae
npunimnaM JIT/Lean), un sskomora panime (Ipyruii psi
KOeQiIlieHTIB, IIe BiAMOBiTae BpaxyBaHHIO YaCOBOI BapTO-
CTi Tpoteii).

3amaua (1-5, 6a) € 6a30Bor0 3amaycto (POPMyBaHHS
MPS y Burmsimi 3amadi JiiHiHHOTO TporpamyBaHHs (Ha-
3BeMo ii 3amaueto Bapianty 0).

ChopmyiroeMo 11e TOJATKOBI OOMEKEHHS 3ajadi,
SIKi JJO3BOJISITH OTPUMATH JIOAATKOBI MOMJIMBOCTI OOMe-
JKEHHSI PO3MIIIICHHS MOMOBHEHb MPOAYKTIB B iHTEpBanax
30HH IUIAHYBaHHS. 3 METOI HaJaHHS O3BOJIB abo 3a00-
POH Ha PO3MILICHHS TOYOK MOMOBHEHHS 3aMaciB MPOIyK-
TiB BBeztemo Bemmunan plp™y, p=1...P, t=1, ..., T —
BEPXHIO MEXY TUIaHy BUPOOHHIITBA.

plppe <=pIp™ 5, p=1, ..., P, t=1..., T. @

© Hosiucekuii B. I1., [Torrenko B. [I., 2024
DOI 10.15588/1607-3274-2024-2-17

172

Hexaii PLP — Benuka koHcTaHTa, a T*, — iHTepBan,
10 Oe3MOCePEIHBO TIePeIyE BUHUKHEHHIO Ae(ilUTy mpo-

IYKTY P.
Bapianr 1. | Hexaii [u1s BCIX MPOAYKTiB

0, sxmo t < T*p,
pIp™ 5= ®)
PLP y npoTriexxHOMy BUIIAZIKY.

Toni iHTEepBaMM MOMOBHEHHS 3allaciB MPOIYKTIB MO-
KyTh OyTH Oe3mocepenHp0 TepeA BUHUKHEHHSM HOTO
nedimury abo mizHime.

3amaua (1-5, 6a, 7a, 8) e po3BuTKOM 6a30BOI 3amadi
tdhopmyBannss MPS y Burmsini 3azmadi JiHiIHOTO mporpa-
MmyBaHHs. [{r0 3amaduy Ha3zBemo 3anmauero (opmyBaHHs
MPS 3 po3mimieHHsIM TUIaHy BiANOBITHO 1O IHTEpBAITY
nepimmry. i Takox OymemMo Ha3MBaTH  3ajaucio
BapiaHty 1.

Bapiant 2. Hexait 1u1st Bcix mpoayKTiB

PLP, sxmo t = T", ta mod( t-T",, T') =0,
plpmaxpt = 9)

0 y IpoTHIIe)KHOMY BUIIAJIKY.

[ro 3amauy Ha3Bemo 3amaueto QopmyBanHs MPS 3
MepIOIMYHAM PO3MILLEHHSM TTONOBHEHHSI 3aI1aciB MPOy-
KTiB, 200 3aJa4yero BapiaHTy 2.

4 EKCHIEPUMEHTHU

AnpobGanito 3anaui popmysanns MPS mpoBenemo B
cepemosuii MS Excel 3a momomororo ad-on Solver
(Po3p’si3yBau 3amau). [IpoToTUmyBaHHs pi3HMX 337134 3a
JoroMororo Excel € mmpoko po3noBCIOKEHHM 3aC000M
NPAKTUYHOI TEPEeBIpKU MPAIEe3JaTHOCTI TEOPETHYHUX
nonoxenb [14]. Lls mozens posrisHyta Takox y [15]
MEPEBAXHO MM eKOHOMIYHHM KyTOM 30py. IloTouna mo-
Jelb Ha BIAMIHY BiJ NONEPEIHBOIBPAXOBYE MOXKIHBY
noTpedy 3CYHYTH IUIaH A0 MOYaTKy abo J0 KiHIA 30HU
IUTAHYBaHHSA 32 JIOTIOMOTOI0 KOE(IIi€HTIB 3BaKyBaHHS
TbOBOI (YHKIIT MO iHTEepBamax. Ampo0ario MpoBeaeM
y HACTYITHOMY MOPSIIKY.

— Iposememo ampobarito 3amaqi Bapianty 0 (6a30B0i
3amaui). CrioyaTky ans LitboBoi (ymkiii (6a) 3 k; = 21,
t=1, .., T, notim3 k=20 t=1, .. T

— INpoBeaemo ampobariiro 3axadi Bapianty 1 (3 po3mi-
HIEHHSIM IUTaHy BIJMOBIMHO 70 iHTEpBaty aedinury), e
OyIie BUKOHAHO 31 ypaxyBaHHsAM oOMexeHHs (8).

— IIpoBenemo anpobariiro 3aa4i Bapiauty 2 (3 po3mi-
HICHHSAM IUIaHy B CYKYIHOCTi (DIKCOBaHMX TOYOK IIOIIOB-
HEHHs), I1e Oy/ae BHKOHAHO 3i ypaxyBaHHAIM OOMEKEH-
us (9).

VY mpukiani po3risgaeThCsl MOAEb, KA MICTHTh TPU
npoaykru (I11, T12, T13), ogunr poGouwmii HIEHTP Ta OJUH
MaTepia. 30Ha IUIaHYBaHHS — JecATh iHTepBatiB. [locu-
JIaHHS HA MPUKIA] € B po3ziai OGroBopeHHsl.
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VY komipkax B2:K4 (apkym «ba3oBa Momenb») pos-
TalIOBaHi KUIbKOCTI IIaHy npozaaxis. Y komipkax C7:K9
— KUIBKOCTI NOYaTKOBOTO 3MEHIIEHHS 3allaciB, 3 ypaxy-
BaHHSIM MOYATKOBHX 3anaciB npoaykTis (B7:B9) Ta mna-
Hy nponaxis. Y xomipkax L7:L9 — kinnesuit gedinut. Y
komipkax B12:K14 poszramoBani 3HaYCHHS IDIAaHY BHPO-
OHUIITBA, SIKMH T UTsTae po3paxyHKy (me 3MiHHI MOzeri).
B L12:L14 - cymapna muaHoBa KUTBKICTh BUPOOHHIITBA.
VY komipkax B18:K20 — maHOBi KiIbKOCTI 3amaciB 3
ypaxyBaHHSM IIJIaHy BUPOOHHIITBA.

B psnkax 22:24 — HOpMaTHBHM BUTpAT, MOCTA4aHHS
MarepiaiiB, MOTPiOHA MOTYXXHICTH POOOYOro HEHTpPY Ta
tioro ¢pouay gacy. Komipku C23:C25 — HOpMH BUTpaT
MaTepiany Ha oguHHII mpoxykTiB. Komipka F22 — kims-
KicTh MaTepiany B mapTii mocradanus. Kowmipka F23 —
KUTBKICTh iHTEpBaJNiB y IMKII mocTadaHHs. Komipku
123:125 — HOpMH TPOAYKTHBHOCTI pOOOYOro IEHTPY MO
nponykrax. Komipka K22 mictuth oI yacy podouoro
LIEHTPY B KO>)KHOMY iHTEpBaJIi.

B xomipkax B28:K30 pospaxoBani KiIbKOCTI BUTpar
Marepiaiy Ha IJIaH BUpOOHMIITBa, a B komipkax B31:K31
— MiACYMOK TOTpebu mux BUTpar. Y Komipkax B32:K32
HAKONMWYYBAIBHUIN MiJACYMOK IIMX BUTpaT. B Kkomipkax
B33:K33 — mmanoBwuii 3amac marepiany. B xomipiii B33 —
3HAYEeHHs MOYAaTKOBOTO 3alacy Mmarepiaiy, ske BH3Hauyae
HE3MIHHUH PiBEHb 3amacy BIIPOJOBXK LUKy IOCTadaHHH,
IiCII YOTO IUIAHOBUH PiBEHB 3alacy 3pocTa€ y KOKHOMY
IHTEpBaJi Ha KIJIbKICTh MaTepiajiy B MapTii mocTayaHHs.

Posrisinemo ampoOartiro Bapianty 0. Bxinni naHi mMo-
JielTi HaBeJleHi Ha puc. 3.

B komipkax B36:K38 pozramosani po3paxoBaHi 3Ha-
YeHHs 3aBaHTaXeHHs (B roguHax) poOOYOro LEHTPY IO
MPOAYKTaX BiJIIOBITHO JO ITaHY BUPOOHUIITBA. B KOMip-
kax B39:K39 pospaxoBanuii mijcyMok 3aBaHTaXeHHS. B
koMmipkax B40:K40 pospaxoBaHmii HaKOMHYIyBaIbHUI
MiICYMOK 3aBaHTakeHHs. B xomipkax B41:K41 pospaxo-
BaHUIl TUIAHOBHH HAKONMYYBAabHUNA (OHI Yacy, KM y
KOXKHOMY IHTEpBaJi 3pOCTae Ha BEIMYMHY WOro (oHIy
qacy.

VY xomipkax B44:K44 posramoBaHi Bard ITEOBOI
¢ynkuii, a B B45:K45 — 3BaxkeHe 3aBaHTakeHHST po0O040-
ro [EHTPY 1O iHTepBaiax (I00YTOK KOMipku 3 psaky 44
Ha Yac 3aBaHTaXEHHS 3 psaKy 39).

VY komipmi L44 ninsoBa (yHKIIS — 3BayKeHA CyMa 3a-
BaHTa)XEHHs poOOYOro LEHTPY IO IHTEepBaJIax.

V mpasiit yactuHi apkyura Excel posramosasni rpadik
TUTAHOBOTO TMAIiHHSA 3amaciB, rpadik MOPIBHIHHSA IDIAHO-
BOi KUIBKOCTI BUTpAT MaTepiany 3 Horo IjiaHOBUM 3ara-
coM, rpadik NOpiBHAHHS (OHIY Yacy 3 IUIAHOBUM YacOM
3aBaHTaXXEHHA pOo0O0OYOTO LEHTPY.

3a  gomomororo  Pose’ssyBaua  3amau  ([ami-
>Po3B’s3yBay) MOKHA BH3HAYUTH MOJENb 3a1adi JIiHiH-
HOro mporpamyBanust (puc. 4).

A B C D E F G | J K L M M 0 P Q
1 |nn.npogamie 1 2 3 4 5 6 7 8 9 10
2 |m 10 1z 7 10 13 7 1z 10 11 9
3 [n2 19 20 22 17 15 21 19 22 13 20
4 N3 26 22 23 27 19 27 29 27 23 22
= . . Mn.pieeHb 2anacy
B nagiHHA 3anacie
7 |m1 30 20 8 1 -9 -29 -41 51 g2 200
8 |n2 50 31 11 11 -28 -64 -83 105 123 || 100
9 |n3 100 74 52 29 2 17 -44 73 100 123 0T ——
= o 1 2 3 4 5§ B g
11 |nnau eupoBHKLTES
12 |n1 0 0 0 0 0 0 0 0 0 0 o 200
13 |n2 0 0 0 0 0 0 0 0 0 o 0 —Faal PAn2 Prn3
'Iil na 0 0 0 0 0 0 0 0 0 1] o

) B =
17 |nn. pisens sanacis 0O6mexeHHA 3a maTepianom
18 M1 30 20 8 1 -9 29 41
19 |2 50 31 11 11 -28 64 -83 1000,00
20 |ns 100 74 52 29 2 -17 -44 -73 100 <0000
22 |HopmaTHeH MaTepHan: na.nonoeHeHHA: 120 poBounii WeuTp: doHg vacy 90 0,00
23 (M 1,2 UMKA NCMNOBHEHHA 3 0,9 1 2 3 4 5 § 7 2 95 10
24 |n2 1,8 21
25 |ns 2,9 3,0 —Fasl P
27 |matepuan
28 (M1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ObmeskeHHA 3a pOﬁDLIHM
29 (n2 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 LeHTpOM
30 N3 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 1000,00
31 |ecworo 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 500,00
32 |Hakonuyye. 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
%3 nn.sanac 100,00 100,00 100,00 220,00 340,00 460,00 580,00 700,00 820,00 940,00 0,00
35 | poBounii uerTp 1 2 3 4 5 & 3 2 5 10
36 M1 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 —Faat Fraz
37 |n2 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3aBaHTaMEHHA
38 |n3 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 scworo
39 |ecsoro 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ]
40 |Hakonuuye. 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
41 |dong 90,00, 180,00 270,00 360,00 450,00 540,00 630,00 720,00 810,00 900,00
43 |k-sarn wineosoi yHruii
44 2 4 3 16 32 64 128 256 512 1024 B3BameHE 3@BAHTAMEHHA
45 o o o o o o o o o o o

Pucynok 3 — Bxiani nani mogeni Bapianty 0 ([15])
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MapameTpw poss'asysada X

sLg4s|

Ao () Migimym () 3nayenms:

EMIHWWNH KNITUHEW 3MIHHWAX:
$B$12:5K$14

ONTHMIZYBATK LINLOBY DYHKLLO:

1>

I=»

NianArae obMexXeHHAM:

$B$12:3K814 >=0
$B$18:3K$20 >= 0
$B$32:5K$32 <= $B§3ISKE33
$BSA0:SKE40 <= SBF41:5K547
SLE7:5L89 = SL$12:5L%14

Noaatv

3MiHKUIN

Buaanutu

CKHHYTH

3aBaHTaxuTI/36epertn

3poBMTU HEOBMEXEHI 3MIHHI HE Bifl'EMHUMK

BubepiTe MeToa
PO3B'A3aHHA:

3a CcUMNNEKE-METOAOM = Mapametpya

MeTo4 po3B'A3aHHsA

ANnA po3B'A3AHHA TNAAKMX HENIHIAHMX 3aaay BUEEpITL PO3B'A3YBaY HeNiHIAHWX 33434 33 MeToA0M
3BeAeHOro rpagienTa. JnA po3e'A3aHHA NiHiMHKX 3aB1aHb BUGEPITh PO3B'A3YBAY 33 CUMNNEKC-METOAOM,
ANA Hernajknx 3asjaHs BMOEpiTe POIBMBaHWIA PO3B'A3yBaY.

Nosigka

3aKpuTh

Po3s'azatm

Pucynok 4 — Mozens 3aga4i Bapianty 0

B Takomy Buriami 3amava chopmynboBana B [15],
JMme Kputepid MoaudikoBaHo, abM BIUIMBAaTH Ha 3CYB
TUTaHy paHille Yy Mi3HilIe.

Pesynbrar pospaxynky Bapiauty 0 MPS (3cyB murany
SIKHAMTTI3HIIIIE) TIpeICTaBIeH i Ha prc.8.

Micnst poss’s3anHs 3amaui (KHOmMKa «Po3B’s3aTH»)
OTPUMYEMO IIJIaH [TOTIOBHEHb 3aIaciB MPOAYKTIB B KOMIp-
kax B12:K14.

[IpoBenemo po3paxyHOK IUIaHYy BUPOOHMITBA I 3a-
naui Bapianty 0 3 Baramu k= 20V t =1, ..., T (3cys
IIaHy sikHadpanimre). Jis 1poro 3MiHMMO 3HAYEHHS B
komipkax B44:K44 na puc. 3. Pesynbrar po3paxyHKy
MPS Bapianty O 3i 3cyBoM IulaHy sKHaiipaHinmie — Ha
puc. 9.

47 |ofmemeHun 36EpRyY

48 |1 . o o 0 100000
49 N2 o 0 100000 100000
50 (N3 o o o o

AmnpoOauist Bapianty 1. IIJo6 mpoBectn amnpobarito
MoJIei, sika BifnoBifae Bapianty 1, tpeba noxaru g0 00-
MekeHb Mojieni oomexenns (7), (8). Jns uporo 1o BXifa-
HUX pmaHux nomaHo kxomipku B48:K50 31 3HaueHHSAMU
o0OMesKeHb TUIaHy BUPOOHHIITBA 3BepXy (puc. 5). 3MiHeHa
MO/JIeNIb TIOKa3aHa Ha puc. 0.

AnpobGanisi Bapianty 2. [lyns mpoBeneHHs amnpoOarii
MoOJIeNi, siKa BiJAIOBifae BapiaHty 2, TpeOa 3MiHUTH 00-
MekeHHs: Moeni (8) na oomesxenns (9). s mporo BBe-
JIeHO faHi B komipkax B48:L50, siki 3amar0Th UKIX TO-
MOBHEHHs 3amacy (puc. 7).

100000 100000 100000 100000 100000 100000
100000 100000 100000 100000 100000 100000
1000000 100000 1000000 100000 100000 100000

Pucynok 5 — Bxinui gani mogerni, siki 3a1aroth oomexeHHs (8)
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MapameTpy po3s'A3yBada x
ONTMMIZYBATH LiNLOBY DYHKLUIH: $L$45 +
Ao (®) Maxcumym ) Migginmym ) 3HageHHR:
IMIHIOHOYM KNITMHKKA 3MIHHAX
$BS12:5K514 4
Nianarae obBMEXeHHAM:
I $BS12:5K$14 <= $BS4BIKESO | Jogaru
SRITG AU
$BS18:3K$20 >=0 :
$B$32:4K$32 <= $B$33:9K$33 IMiHNTH
$BS40:3K340 <= $BE41:5KE41
SL7:5L99 = SL%12:50814 Buganurv
CKMHYTH
3aBaHTaxmurin/abepertu
3pobMT HEOBMEXEHI 3MIHHI HE BifEMHIMIA
Bubepite MeTOA 3a MeToA0M 3BEJEHOr0 rpagieHTa e NapameTpy
PO3B'A3AHHA:
MeToA po3B'A3aHHA
JinA po38'A3aHHA MaAKMX HeNiHIAHKX 3agay BMOepiTe PO3B'A3yBaY HeniHilHMX 33434 338 METOAOM
3BEAEHOr0 rpagieHTa. [lnA po3s'A3aHHA NiHIAHKX 3aBjaHe BUGEPITE PO3B'A3YBaY 33 CUMMEKC-METOAOM,
ANA HErNaAKMX 3aBAaHb BUEEpiTh PO3BUBAHWA PO3B'A3yBayY.
Pucynok 6 — O6mexenns (7), sike JOAAHO B MOJIEITb
=
147 |oBmemeHHa 3eepxy MKW MNeNOBHEHHA
1
48 M1 o o 0 100000 0 0 100000 o 0 100000 2
1
:4‘3‘ nz2 o 0 100000 o 0 100000 o 0 100000 ] 3
! 50 (N3 ] o o 0 100000 o 0 100000 o ] 3
151

5 PE3YJIbTATHU

Ha puc. 8 HamaHi pe3ynbTaTi po3paxyHKy IDIaHY Ba-
piaaTy 0 3i 3cyBOM HOTO HACKITHKH MOKJIMBO TTi3HIIIE.

MoHa IepeKoOHaTHCh Y JOTpUMaHHI oOMexenb 1-5 3
nepeltiky oOMexeHs 3 po3iny 1:

B12:K14 >=0;
B18:K20 >=0;
B32:K32 <= B33:K33;
B40:K40 <= B41:K41;
. L7:L9=1L12:L14.

OcranHi Tpu 0OMeXeHHs IIpeCTaBIIeHI Ha JiarpaMax.
CymapHi o0csru BHPOOHHIITBA JOPIBHIOIOTH KiHIIEBOMY
nedinury.

Ha puc. 9 nmpencrasiieHi pe3ynbraTa po3paxyHKy ILa-
Hy BapiaaTy 0 31 3cyBOM HOT0 HACKIIBKA MOXKITUBO paHi-
mie. Sk 6aunMo, TIOMOBHEHHSI MMPOJAYKTIB MependadeHi 3

agrwnE

© Hosiucekuii B. I1., [Torenko B. [1., 2024
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Pucynok 7 — BxigHi 1ani Mogedi, siki BiANMOBiIat0Th 0OMexeHH!0 (9) 3 IepioJMYHNUM TOMIOBHEHHIM

MOYATKy 30HU IUIAHYBaHHS, SKIIO PECYPCH JO3BOJSIOTH
(sx mns mpoxykry I12), ame 3 Touku 30py JIT/Lean me
HaliOUIpIHMil Tpix. B TO# ke yac nBa OCTaHHI iHTEpBaIH
B3araji He BHUKOPHCTOBYIOTHCS JUIS BHMPOOHUIITBA, Ha
BiZIMiHy Bix miany Ha puc.8 (3cyB IUIaHy SKHAWMTI3HIIIE),
Je 111 BUPOOHMIITBA HE BUKOPUCTOBYIOTHCS I[Ba IEpIIi
IHTEepBaJIH.

B ocranHbOMy iHTepBasi BUPOOHHMITBO HE IJIAHYETH-
csi, 00 y HbOrO HEMa CIIOKMBAYiB — IUIAHY MPOJaXy Ha-
CTymHOTo iHTepBany. Lle BUNIpaBUTHCs camMo coO0K0 B pasi
«KOB3aK04Oro» TIAHYBAHHs, KOJNH MO 3aBEPLICHHIO iH-
TepBajly 30HA IUIAHYBAHHS 3MILIAETHCS HA OUH IHTCPBAIL.

Ha puc. 10 — pesynbraT po3paxyHKy Bapianty 1 mia-
Hy (IIOTTOBHEHHSI TIOYMHAIOTHCS 10 MEPLIOTO AehimuTy).
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Pucynok 9 — Pesynprarn 3amaui Bapianty 0 3 aramu k= 2™, t=1, ...
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A B C D E F G H | J K L M M 0 P Q
1 |nn.npogawis 1 2 3 4 5 6 7 B8 9 10
2 |m 10 12 7 10 13 7 12 10 11 9
3 |n2 19 20 22 17 15 21 19 22 138 20
4 |n3 26 22 23 27 19 27 29 27 23 22
= - Mn.pieeHb zanacy
6 |napinua 3anacis
7 | 30 20 8 1 -9 -22 29 -41 -51 62 g2 10
8 |nz2 50 31 11 -11 28 -43 -64 -83 -105 -123 123 || 100
2_”3 100 74 52 29 2 -17 44 73 -100 -123 123 =0
11:I'UIEH snpobHUYTEa Q \"_ -
12 |m 0 0 0 9 13 7 12 10 11 0 62 s e s e T R 8w
13 |n2 [ [ 11 17 15 21 19 22 18 [ 123 — ] s—Faa2 PAg3
'!“1_ n3 [ [ 1] 0 17 27 29 27 23 [ 123
17 |nn. piseus sanacie O6mexeHHA 3a maTepianom
13_ ni 30 20 8 1 o o o 0 o o
19 |n2 50 31 11 0 0 0 0 0 0 0 100000
%?' na 100 74 52 29 2 o 0 0 o o 500,00
?_2: HOPMaTHBH MaTepuan: ni.nornoBHeHHA: 120 poBounii ueuTp: doHA vacy 50 00 _/
23 (M 1,2 UMKA NONOBHEHHA: 3 0,9 1 2 3 4 5 § 7 & 35 1w
24 |n2 1,8 2.1
gé: ns 25 3.0 ———Fral =—=Fan2
?_Ti matepuan
28 [m1 0,00 0,00 0,00 1080 1560 840 1440 1200 1320 0,00 06memxenHa sa pobounm
29 |n2 0,00 0,00 19,80 30,60 27,00 37,80 34,20 39,60 32,40 0,00 LEeHTpOM
30 |n3 0,00 0,00 0,00 0,00 4930 7830 8410 7830 6670 0,00 1000,00
31 |eceoro 0,00 0,00 19,80 41,40 91,90 124,50 132,70 129,80 11230 0,00 5000 /
32 | narenuye. 0,00 0,00 19,80 61,20 153,10 277,60 410,30 540,20 65250 652,50
33 |nn.sanac 100,00 100,00 100,00 220,00 34000 460,00 580,00 700,00 820,00 940,00 000
;S:po&:wuﬁuemp 1 2 3 4 5 6 7 8 95 10
36 |n1 0,00 0,00 0,00 810 1170 630 10,80 9,00 9,90 0,00 el e
37 |n2 0,00 0,00 23,10 35,70 31,50 44,10 39,90 46,20 37,80 0,00 3aBaHTanenua
38 |n3 0,00 0,00 0,00 0,00 51,00 81,00 87,00 81,00 59,00 0,00 BebOrO
39 |sceoro 0,00 0,00 23,10 43,80 94,20 131,40 137,70 136,20 116,70 0,00 683,1
40 |Hakonmuys. 0,00 0,00 23,10 66,90 161,10 292,50 430,20 566,40 683,10 683,10
‘u_ doHg 90,00 180,00 270,00 360,00 450,00 540,00 630,00 720,00 810,00 900,00
43 | k-saru winbosoi dyHewii
44 2 4 8 16 32 64 128 256 512 1024 B3BaHKEHE 33BAHTAMEHHA
45 | 0_| o 184,8 700,8 30144 84096 176256 348672 597504 0 124553
PucyHok 8 — Pesynprati po3s’s3auns 3anaui Bapianty 0 3 aramu k= 2, t = 1, ..., T (3cyB m1any sxuajiniszime)
A B c D E F G H 1 J K L M N a P Q
4 n3 26 22 23 27 19 27 29 27 23 22 -
= n.pigeHp 3anacy
5  magivHA 3anacie 100
7 ni 30 20 8 1 -9 -22 -29 -41 62 <
8 nz 50 31 11 -11 28 43 -64 B3 123 w /
@ n3 100 74 52 29 2 -17 -44 -73 123 _
11 | nnau supoBuuyTea . — A
2 m1 o o o 9 13 7 12 21 o o 62
13 nz 43 13 o 61 7 o o o o o 123 = -
. 14 M3 4] o 4] 4] 32 38 36 16 4] 4] 123
T 17 nn. pisene 3anacie M
1B m1 30 20 8 1 -0 -0 -0 -0 11 -0 1000
18 nz 50 74 &7 45 88 B0 59 40 18 o
20 N3 100 74 52 29 2 15 26 34 23 4] N
22 HopmaTHBM METEPMAEnN M. NoNoSHEHHS! 120 pofounii ueuTp: doHg yac o0 -
22 N1 1,2 UMK NONOBHEHHA: 3 05
24 m2 1,8 2.1
2% M3 2,9 3.0 -
27T marepwan
2 m 0,00 0,00 000 10,80 15,60 840 1440 25720 0,00 0,00
2 nz 77.14 22,86 0,00 109,20 12,20 0,00 0,00 0,00 0,00 0,00
N3 0,00 0,00 0,00 0,00 92,20 111,60 10560 47,30 0,00 0,00
31 | Beworo 77.14 22,86 0,00 120,00 120,00 120,00 120,00 72,50 0,00 0,00
32 | HakonMuye. 77,14 100,00 100,00 220,00 340,00 460,00 580,00 652,50 652,50 652,50
32 | nnsanac 100,00 100,00 100,00 220,00 340,00 460,00 580,00 700,00 820,00 940,00 .
35 poBoumnil ueHTp —
® M1 0,00 0,00 0,00 810 11,70 630 10,80 18,90 0,00 0,00
7 nz 90,00 26,67 0,00 12740 14,23 0,00 0,00 0,00 0,00 0,00 3aBaHTaMEHnA
2 n3 0,00 0,00 0,00 0,00 9538 11545 109,24 4893 0,00 0,00 Beboro
3 | Bcworo 90,00 26,67 0,00 13550 121,31 12175 12004 67,83 0,00 0,00 683,10
40 | HakonMuye. 90,00 116,67 11667 252,17 37348 49523 &1527 683,10 683,10 683,10
41 dong 50,00 180,00 270,00 360,00 450,00 540,00 £30,00 720,00 810,00 900,00
42 k-saru winbosoi dyHrUIT
44 1024 512 256 128 54 32 16 8 4 2 B3B3aMEHE 3353HTAMEHHA
45 52160 13653,333 o 17344 7764,009 3805,94411520,6621542,6482 o 0 137280,5¢

, T (3cyB 1uiany sikHalpaHile)
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| A B e ] E F G H | J K L M N o] P o]
11 na.npopawis 1 2 3 4 5 6 7 8 9 10

E?_ ni 10 12 7 10 13 7 12 10 11 E]

'3 |n2 19 20 22 17 15 21 19 22 18 20

'4 n3 26 22 23 27 19 27 29 27 23 22

o - - Ma.piseHb 3anacy

:6 NagiHHA 3anacie

17 |m 30 20 8 1 9 22 -41 g2 10

'8 m2 50 31 11 -11 -28 -83 123 100

19 N3 100 74 52 29 2 17 44 73 -123 123 s

111  nnau snpobukyrea o Tem— e
112 m 0 0 0 ) 13 7 12 21 0 0 62 2o s s 6 7 8 50
113 |m2 0 (] 56 61 7 0 (] 0 0 (] 123 —Fral Pro2 Prod

i]-} ns 0 0 0 0 32 38 36 16 0 0 123

EW nn. pisexs 3anacis OBmemenna 3a maTepianom

118 M1 30 20 8 1 (] 0 (] 0 11 (]

119 m2 50 31 1 45 83 80 59 40 18 0 1000,00

120 N3 100 74 52 29 2 15 26 34 23 0 00,00 ——
i?_?_ HOPMaTHBM Matepuan: na.nonoEHEHHA 120 pobGounid uenTp: boHA Yacy S0 W =

123 M 1,2 uMHKA NONOBHEHHA: 3 039 1 2 3 4 5 § 7 8 3 10
124 |n2 18 21

125 |n3 28 30 ——Fnal Pra2

E?_? marepuan

128 M1 0,00 0,00 0,00 10,80 15,60 8,40 14,40 25,20 0,00 0,00 ObmesrkerHa 3a pobounm

129 M2 0,00 D00 100,00 109,20 12,20 0,00 0,00 0,00 0,00 0,00 LieHTpOM

130 M3 0,00 0,00 0,00 000 9220 111,60 10560 47,30 0,00 0,00 100,00

531 BCHOTO 0,00 000 100,00 120,00 12000 120,00 120,00 72,50 0,00 0,00 <0000 /—
132 Hakonuuys. 0,00 000 100,00 220,00 340,00 460,00 580,00 652,50 652,50 652,50

553 nn.sanac 100,000 100,00 100,00 220,00 340,00 460,00 58000 700,00 820,00 940,00 0,00

'35 | poBounii uerTp 1 2 3 4 5 g 7 8 5 1
136 N1 0,00 0,00 0,00 810 11,70 630 1080 1890 0,00 0,00 Pt P2

137 n2 0,00 000 116,67 127,40 14,23 0,00 0,00 0,00 0,00 0,00 33BaHTameHHA

138 n3 0,00 0,00 0,00 0,00 95,38 11545 109,24 48,93 0,00 0,00 Bcworo

139 mcworo 0,00 000 11667 13550 121,31 121,75 120,04 67,83 0,00 0,00 683,1

140 | Hakonuuys. 0,00 000 116,67 252,17 373,48 49523 61527 683,10 683,10 683,10

141 | dong 90,00/ 180,00 270,00 360,00 450,00 540,00 630,00 720,00 810,00 900,00

et

143 k-saru uinbosoi dyHuL

144 1024 512 256 128 64 32 16 8 4 2 B3BAMEHE 3@BAHTAHEHHA

E4§ 0 0 298667 17344 776401 389594 1920,66 542,648 0 1,2E13 613339

147 | oBmemennn 38

142 [n1 | | Hazez aiarpamm F 0 100000 100000 100000 100000 100000 100000 100000

149 [n2 0 D 100000 100000 100000 100000 100000 100000 100000 100000

150 N3 0 0 (] 0 100000 100000 100000 100000 100000 100000 .

Pucynok 10 — Pesynbraty po3s’si3aHHs 3a1adi Bapianty 1

Sk 6a4uMo, BCl HEHYJIbOBI 3HAYEHHS MOTOBHEHb Jie-
KaTh paHilie iHTepBajiB nepiuoro aedinury. IHui odme-
xeHHs 3a1a4i (oOMexeHHst 1-5) Tex He mOpyIIIeHi.

PesynbraTi po3paxyHKy BapiaHTy IUiaHy 2 3 Nepioju-
YHUM ITOTIOBHEHHSIM IIpeJicTaBlieHi Ha puc. 11.

Sk BUIHO, oOMexeHHs 3amadi (oOmexeHHs 1-5) me
nopymeni. OcTaHHI Tpu OOMEXEHHS IpEACTaBJICHI Ha
rpadikax. CymapHi 00’eMH BHPOOHHWIITBA JOPIBHIOIOTH
KiHneBoMy aedinuty. [Inan obpaxoBaHuii mpu Barax -
apoBOi QyHkmil Ky = 2(T-t+1), t= 1, ..., T, mo BuMarae
pO3MIIIaTH IMOTIOBHEHHS K MOYKHA PaHille, ajne BCi HeHy-
JIbOBI 3HAYCHHS IIOIIOBHEHB JICKATh B JJO3BOJICHHX Iepi-
OJIMYHHX IHTEepBAJIaXx.

6 OBI'OBOPEHHSI

HasiBHMII maH npolaxiB 3aluIlac Majio BapiaHTiB
Juis Bapiamid MPS. V Mexax HassBHUX CTENCHEW BIIbHOC-
Ti pe3yJIbTaT PO3paxyHKy pearye Ha «THCK» IiJIbOBOi dy-
HKIIi B cTOpOHY mi3Himoro (puc. 8) abo pasnimoro (puc.
9) BUpOOHHUIITBA, IO BUAHO 10 psinkax 12—-14 po3paxosa-
HOTO TIaHy, oco0imBo Ha mpoxaykti I12. BimmoimHO MO
c(hopMyITHOBaHOI TOCTAHOBKHY 3a/1a4i BCi BapiaHTH IUIaHY,
SIKi 32I0BOJIBHAIOTE OOMEKEHHsI, EKOHOMIYHO PiBHO3HAY-
Hi. CHUMIIIEKC-METOJ BHUKOPUCTOBYETHCS JUIA IOLIYKY
MIPUITyCTUMOTO pillIeHHs B yMOBaxX oOMexeHb. AOu Bpa-
XyBaTH 4acoBY BapTiCTh OLNbII PaHHHOTO BHPOOHHLTBA
MPOJYKTiB, Tpebda NPHUITyCTUTH, NIO MOKYIElb BUILIAYYE

© Hosiucekuii B. I1., [Torenko B. [1., 2024
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BUPOOHWKY TIeBHY mpemito (HamOaBKy) 3a OLIBII paHHE
BiIBAaHTXXCHHS MPOIYKIIii.

[TpoBenena ampobairisi po3paxyHKiB FOJIOBHOTO Kalie-
H/IaPHOTO TUIaHy BUPOOHUIITBA HE OOMEXKYEThCS HaBeJe-
HUMH TphOMa BapiaHTaMH. bkl npuBaOIMBOIO 30a€THCS
iZies po3paxyHKiB 3 Tak 3BaHMMHU JUHAMIYHHUMH TOYKaAMHU
MOTNIOBHEHHS 3aMaciB, KOJW MOYMHAKYI 3 MEpLIOl TOYKH
MONIOBHEHHS TUIAHYETHCSI BUIYCK MPOAYKTIB 3 MaKCHMa-
JBHUM BHKOPHUCTAHHSM BHPOOHHYMX PECypCiB — IO
NPUHIMIY CTUIBKH, CKUTBKH MOJIIHBOY»; ITOTIM PO3paxo-
BYETHCS MAJiHHA 3araciB, BUHUKA€ HACTYIHA TOYKAa I10-
IIOBHEHHA 1 Tak maii. AJle 1€ € TEMOIO IMOJAIBIINX TOCITI-
JUKEHb. Y Tpolieci MIaHyBaHHs Ha MiANPUEMCTBI HACTYI-
HUM KPOKOM Ma€ OyTH NEepeTBOPEHHS IIIaHy ITONOBHEHb
npoaykiii («BEHpOGIIATH pO3pPaxoBaHy KUTBKICTh HE Mmi3-
Hillle PO3paxOBaHUX IHTEPBATIB») Yy IUIaH BHPOOHHIITBA
(«BUpOOIIATH PO3paxOBaHy KUTBKICTh Yy PO3PaXxOBaHHX
inTepBanax»). OCHOBOIO TAaKOIrO IIaHy Mae OyTH po3pa-
XOBaHUH MOTOMMHHHUN PO3KIAJ] 3aBaHTAXKCHHS PoOOYHX
LEHTPIB 3 ypaxyBaHHSAM TaKOr0 3HAYHOTO (DaKTOpy K 4yac
TepeHaANAAKN 00JIaTHAHHS.

PosrnstHy THIA TIpUKITan y BATIAL XISX-daitny moctyr-
HUI 3a MOCUJIaHHAM
https://docs.google.com/spreadsheets/d/1feEKz40ZQAon
cibYymNOYVtk6r8DY JQb/edit?usp=sharing&ouid=1147
28324013759458622&rtpof=true&sd=true .
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Pucynok 11 — Pesynbrati po3B’si3aHHs 3aa4i BapiaHty 2

BUCHOBKHA HOoAAKHN

3anporIOHOBAHO BJIOCKOHAJEHHS CTAaHAApTy IUIaHy-
BaHHs pecypciB mianpuemctsa MRP |1, a came po3paxys-
Ky wiany MPS.

HaykoBa HOBHM3Ha pe3yJabTaTiB: 3aCTOCYBaHHS Ji-
HIMHOTO IpOrpamMyBaHHs B allTOPUTMI, SKHH TpaauLiiHO
Ma€ XapakTep INPsIMOTO IIOCIiIOBHOTO PO3PaXyHKY, HO-
3BoJIsie 00’€qHATH ABa HOro Kpoku (reHepartis IUIaHy i
nepeBipKa Horo MpHUITyCTHMOCTI) B OJHH, IIPH LBOMY T'e-
HepyeTrbess MPS, sxuit ompa3y 3aZ0BONBHIE OOMEKEHHS
BHPOOHHUYOI MTOTYKHOCTI 1 JOCTYITHOCTI MaTepiaiiB, SIKIIO
L€ B IPUHLUIT MOJIUBO.

IIpakTHYHA 3HAYUMICTH pe3yJbTATIB MOJArac B
TOMy, IO 3alpONOHOBaHa MOJHU(DIKAIS aIropuTMy
crpoirye mporec creopeHnst MPS, 1110 BaxIJIMBO 3 OISy
Ha BHCOKI BUMOTH JIO OpPTaHi3aIiifHOT CIIPOMOYKHOCTI M-
MIPUEMCTBA, Ki BUcyBae cranaapt MRP 1.

HanpsmkamMu mogajabmInX AOCTiIKeHb MU 0aunMo
BKIIIOUEHHSI B Tpouexypy crBopeHHs MPS pozpaxyHky
JICHHOTO a00 3MIiHHOTO PO3KJIaxy OOpOOKH MapTiil mpo-
OyKmii poOOYMMH LEHTpaMH 3 ypaxyBaHHIM dYacy mepe-
HaJIaJI0K, KU 9acTO € CyTTEBUM (haKTOPOM.
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Pobora BHKOHaHa B paMKax IHIIIATHBHOI HAYKOBOI
Temu HallioHaIbHOTO TEXHIYHOTO YHIBEpCHTETY YKpaiHu
«KuiBcbkuil nomitexHivnuit iHcTHTYT iMeHi Iropst Cikopcbkoro»
«CTBOpEeHHsI TIOPHIHOI OOYHCITIOBATIBHOI TEXHOJIOTII IM0-
OynoBH KBa3i-(hopMalli3oBaHOI MOJENI MPOTHO3YBaHHS B
YMOBax HEOJHOPITHOCTI JaHUX Ta HCHOPMATHBHUX BiJ-
XWICHh B CHCTEMaX OpraHi3alliifHOro ympaBiiHHS» (xep-
xaBHUH peectpaniiianii nomep 0117U002448). ABTopu Bu-
CJIOBIIIOIOTDH IIUPY MOJSKY KOJIEKTHBY KHUIBCHKOTO 3aBOIY
«DAPMAKD», sixuii y cBilf 4ac miATpUMaB OJJHOTO 3 aBTO-
piB y BIIPOBaDKEHHI HA MiIMPHEMCTBI CTAaHIAPTY YIpPaB-
ninas MRP 1.
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FORMALIZATION OF THE MASTER PRODUCTION SHEDULE FORMATION TASK IN THE MRP Il PLANNING
SYSTEM

Novinskyi V. P. — PhD, Associate Professor of the Department of Informatics and Software Engineering, National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine.

Popenko V. D. — PhD, Associate Professor of the Department of Information Systems and Technologies, National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine.

ABSTRACT

Context. Considered the task of forming the Master Production Shedule in the process of production management based on the
MRP Il standard. The object of the study is the algorithm for forming this plan for further planning of materials supply for production
and the organization of production itself.

Obijective. Improvement of the algorithm of Master Production Shedule formation to avoid unnecessary stages of the algorithm.

Method. It is proposed to improve the algorithm of the Master Production Shedule formation. It consists in simultaneously
taking into account the requirements for timely delivery of products to customers, limitations regarding the capacities of the
company’s work centers, and limitations regarding the duration of procurement cycles in the process of supplying materials. The
MRP Il standard envisages first planning the terms and quantity of product releases, and only at the next step checking the formed
plan for admissibility with regard to the required time of operation of the equipment and the availability of the required materials
quantity. In case of the calculated plan limitations violation, it is necessary to either plan and implement measures to overcome the
specified limitations, i.e. organize additional shifts for work centers, use additional capacities, speed up the delivery of some
materials, or reduce the sales plan. All these measures are associated with additional costs. In the proposed version of the planning
process, this should be done only if the algorithm does not find an acceptable solution. The task of forming the Master Production
Shedule, which is central to the MRP standard, is formulated by the authors as a linear programming task due to the linear nature of
the specified restrictions on production capacities and materials. In particular, in the case of sufficiently severe restrictions on the
work centers capacity, the plan for replenishing the remaining products from production is shifted to earlier planning intervals and
only then rests against the restrictions. Several strategies are proposed for planning replenishments from the production of products
stock.

Results. The developed algorithms are implemented in the form of Microsoft Excel templates and are available for use in order
to deepen the understanding of the MRP |1 standard. They are also used in the educational process.

Conclusions. Approbation of the solution by the authors confirmed its workability, as well as the expediency of implementing
the developed modification of the MRP II planning process into the software of leading ERP class systems suppliers. Prospects for
further research may consist in a comparative analysis of the proposed options for placement of products replenishment from produc-
tion, through economic evaluation of these options, as well as through simulation modeling.

KEYWORDS: planning, production, materials, products, intermediate products, MRP 1.
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DEVELOPMENT OF AUTOMATED CONTROL SYSTEM FOR
CONTINUOUS CASTING

Sotnik S. V. — PhD, Associate Professor, Associate Professor of Department of Computer-Integrated Technologies,
Automation and Robotics, Kharkiv, Ukraine.

ABSTRACT

Context. Today, automated continuous casting control systems are developing rapidly, as process of manufacturing billets (prod-
ucts) of same size from metal in casting mold in mass production has long been outdated and “continuous casting stage” is coming.
This process is suitable for non-ferrous metals and steel. However, each time during development, task of improving quality of re-
sulting billet arises, which directly depends on optimizing efficiency and reliability of automated systems themselves. Optimization is
key stage in development process, as it is aimed at ensuring accuracy and stability of casting process, which includes development of
parametric model and accurate algorithms that ensure optimal temperature, metal pouring rate, oscillation frequency, oscillation am-
plitude, metal level in crystallizer, and position of position of industrial bucket stopper for each casting stage. In particular, this prob-
lem has not yet been fully solved in literature known to authors, so it is necessary to formulate problem and develop algorithm for
system operation for specific safety casting unit.

Obijective. The aim of study is to develop automated control system to ensure accuracy and stability of casting process.

Method. The developed control system for continuous casting plant is based on proposed parametric model, which is formalized
on basis of set theory. The model takes into account key parameters for particular casting process: metal pouring rate, oscillation
frequency, oscillation amplitude, metal level in crystallizer, and position of industrial bucket stopper.

Results. The problem was formulated and key parameters were determined, which are taken into account in system’s algorithm,
which made it possible to develop control system for continuous casting plant to solve problem of improving quality of resulting
billet.

Conclusions. A parametric model and generalized black box model representation were created, which are necessary for both
new continuous casting projects and existing units to optimize metal casting process. To set up continuous casting system, controlled
parameters such as pouring speed, oscillation frequency and amplitude, metal level in crystallizer, and position of industrial bucket
stopper were determined. The algorithm of control system for continuous casting plant was developed, on basis of which system was
developed that allows monitoring, regulation and control of obtaining steel process or non-ferrous billets. The developed user inter-
face of control system is simple and easy to use.

KEYWORDS: process, continuous casting, automation, system, control.

ABBREVIATIONS
CC is a continuous casting;
CCM is a continuous casting machines.

U, is a speed of liquid metal with which it meets melt
surface;

V, is a speed of metal pouring;

W, is a metal velocity at outlet of pouring hole;

IT is a set of all possible options for casting parame-
ters.

NOMENCLATURE
Ay is a vibration amplitude of crystallizer;
D. is a distance between opposite walls of crystallizer;
F. is a cross-sectional area of crystallizer cavity;
F. is a frequency of crystallizer oscillation;
G Is a geometric parameters of crystallizer;
H_ is a height of crystallizer;
Hrep is @ temperature at end of curing process;
I is a number of mold types, for example, parallel-

INTRODUCTION
Today, problem of controlling continuous casting is
relevant and key to improving production processes. The
main scientific task is to develop efficient automated con-
trol system that will ensure accuracy, stability and optimal
conditions during metal casting. Automation requires

walled molds or straight or reverse tapers for metal cast-
Ing;

M,, is a metal level in crystallizer;

P is a set of casting parameters;

Py, is a stopper position industrial bucket;

SH',, is a shape of crystallizer;

T is a logically ordered set of parameters required for
casting;

T, is a temperature conditions;

Tq is a liquidus temperature (at which first crystal falls
out under equilibrium conditions);

7% is a metal temperature in intermediate ladle;

T% is a metal temperature in steel ladle;

© Sotnik S. V., 2024
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solving technical, engineering, and algorithmic challenges
associated with complexity of process and its interaction
with variable conditions.

This issue is important because it determines quality
and productivity of casting process, which in turn affects
quality of resulting billet. Automation of control in mold-
ing can lead to significant increase in production effi-
ciency, resource savings, and cost reduction.

The scientific tasks include development of parametric
model of CC installation and system operation algorithm,
which together will ensure optimal casting conditions.
Practical tasks include creation of functional and reliable
system that can be implemented in industrial production.
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The development of topic is based on analysis of cur-
rent state of continuous casting production, existing prob-
lems and shortcomings in control systems. The initial data
include results of preliminary research, technical require-
ments and specifications for creation of automated control
system [1-3].

The research is critical to solving problems and
achieving new levels of efficiency in field of CC. The
development of automated control system not only opti-
mizes production process, but also makes significant con-
tribution to development of industry, improving product
quality and rational use of resources.

The object of research is control process of plant for
continuous casting of steel or non-ferrous metal billets.

The subject of research is continuous casting ma-
chines.

The purpose of the research is development of au-
tomated control system to ensure accuracy and stability of
casting process.

1 PROBLEM STATEMENT

This paper solves problem of optimizing continuous
casting process by developing automated control system.
The mathematical formulation includes creation of para-
metric model that takes into account peculiarity of crystal-
lizer to improve quality of produced slabs.

The input data for system includes parameters of cast-
ing process, as well as configuration of new or existing
plants.

It is planned to obtain optimal values of parameter
values, which will ensure high quality of manufactured
billets.

Let’s assume that proposed parametric model is nec-
essary to determine key parameters for particular casting
process and formalize them, which is necessary both
when designing new CCMs and for already operating
units to optimize casting process.

The input parameters in development of automated
control system for CC plant are represented by model:
Vp=<W,, Uo>, Ge=<SH'q, H,, Fe, D>, i =1, 2, ..., I
Tee=<T%, T, Hreep, Tig™.

As result, it is planned to take into account key ele-
ments of parametric model during development of auto-
mated system, which will further improve product quality
through accurate and stable control of these casting pa-
rameters.

2 REVIEW OF THE LITERATURE

The process of producing products by casting is focus
of many scientific papers [4-6], and continuous casting of
metals is described in detail in [7, 8]. Continuous casting
is main process of steel production today [6].

In recent years, growing complexity and global com-
petition to improve quality of metal products have led to
need to introduce new approaches to monitoring and con-
trolling continuous steel casting process, as evidenced by
work of authors [9-11].
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A scheme for coordinating process of steelmaking and
continuous casting is presented in [8]. The authors re-
viewed methods for studying planning of iron and steel
production. The correlation between productivity of con-
tinuous casting process and its equipment is considered.

The integrated application of several algorithms based
on operations research, heuristic algorithms, and artificial
intelligence methods is effective means of solving such
complex production planning problems. However, work
[8] does not identify specific technological parameters,
challenges, or limitations that iron and steel producers
may face when implementing proposed methods.

In [9], authors present online monitoring system based
on Internet of Things for continuous steel casting, which
consists of four layers: sensing, network, service re-
sources, and application layers. It integrates various data
processing techniques, including protocol conversion,
data filtering, and data transformation. Although authors
describe how proposed system was implemented and
demonstrated on real continuous casting line, paper would
be more informative if mathematical framework on basis
of which implementation was realized was provided.

Online monitoring of steel casting processes using
multivariate statistics technologies is presented in [10].
The authors paid special attention to development of new
scheme for synchronizing technological trajectories to
monitor specific transient operations, such as equipment
replacement or steel grade change, i.e., work is aimed at
increasing productivity and reducing maintenance costs,
and problem of improving quality of resulting products is
not particularly addressed in paper.

Paper [11] investigates unsteady states of continuous
steel casting process using industrial diagnostic systems
process diagnostic system, special measuring devices, and
thermal numerical model. The authors present mathemati-
cal component: thermal model based on Fourier-
Kirchhoff equation. The authors graphically present study
of wvertical temperature profiles in mold and analyze
measured dependencies of heat transfer coefficient on
surface temperature, but more information about system
hardware itself: sensors, devices, and data analysis meth-
ods could be provided, which could improve understand-
ing of work.

The control and design of continuous steel casting
process based on modern numerical models is described
in detail in [12]. The authors described method of deter-
mining boundary conditions, initial conditions, and mate-
rial parameters as most important components that pro-
vide numerical calculations based on them in finite ele-
ment method, which is used most often and is important
element of work. However, work does not take into ac-
count design features of foundry.

In source [13] describes modern automated system for
monitoring crystallizer, which aims to improve product
quality, increase process stability and increase casting
speed. The source presents main functions of system and
provides data that is constantly monitored and recorded.

Overall, these works make important contribution to
field of continuous casting.
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The general trend of these scientific papers is great in-
terest in development and improvement of monitoring and
control systems for continuous casting processes. They
highlight important aspects such as impact of complexity
and global competition on need for new control and man-
agement methods, integration of loT technologies, and
use of multivariate statistical technologies and numerical
models.

Thus, this paper emphasizes regulation and control of
most important parameters of CC installation, which are
formalized using parametric model, which will undoubt-
edly be key to improving quality of products.

3 MATERIALS AND METHODS

3.1 Selection of key parameters of CC

In this study, we will not discuss all parameters, but
will focus on CC installation.

In this paper, crystallizer will be considered as mould-
ing unit, since it is one of most important functional units
that determine rational operation of CCM.

In order to select CCM, it is necessary to determine
type of cast billet:

1) machine for producing rectangular billets (slabs)
used in production of rolled steel sheets and strips — slab
machine [14];

2) machine for producing square billets (blooms) used
in production of rolled plates and strips — sizing machine
[15, 16].

Thus, slab continuous caster was chosen because
company plans to produce slabs. A curved strip mill was
chosen because they have high unit capacity and rela-
tively low installation height.

Fig. 1 summarizes scheme of slab continuous caster,
which consists of: 1 — intermediate ladle, 2 — turntable, 3
— copper liner, 4 — crystallizer (first cooling level), 5 —
spray cooling with water (second cooling level), 6 — pull-
ing and straightening unit, 7 — roller conveyor, 8 — gas
cutter [1].

We’ll focus on crystallizer because it’s where work-
piece is directly shaped.

Figure 1 — Slab continuous casting machine

To determine key plant parameters that have greatest
impact on quality of workpiece during continuous casting,
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it is necessary to analyze possible emergencies and their

causes (Table 1).

Table 1 — Main emergencies in CC

deformation  /
Crystallizer

Type Type of Reason Method of elimination
emergency /
Location of
emergency
Slab breaker / High speed Setting speed according
Crystallizer pulling of work- to pouring speed and
piece acceleration chart
Crust thickness Metal level The required metal pour-

ing rate, which depends
on cross-section of crys-
tallizer and flow-through
section of slag dosing
unit

Slab  deforma-
tion / Crystal-

Excessive wob-
bling of crystal-

Distance between rollers
according to thickness of

lizer lizer workpiece or design
features  of  rolling
mechanism

Pouring  steel Improper adjust- | Adjusting the position of

over edges of | mentof industrial | stopper

crystallizer / bucket stopper industrial bucket
Crystallizer position

Workpiece High ingot drawing| Setting speed according
deformation  / speed to pouring speed and
Pulling and acceleration chart
straightening

unit

After analyzing reasons, it was determined that fol-
lowing parameters should be selected for management:

1) metal pouring rate because this parameter affects
frequency and amplitude of oscillations and shape of os-
cillations;

2) metal level in crystallizer because when controlling
metal level in crystallizer, it is necessary to observe
movement of industrial bucket stopper (it must be mini-
mal) and prevent pulsation of metal jet entering crystal-
lizer during casting process, in addition, to maintain con-
tinuous flow (jet) of metal during casting and stable metal
level in crystallizer;

3) stopper position industrial bucket.

All these parameters affect required thickness of crust,
which is shell of future billet.

Since key parameters of CC unit were defined above,
they are written in form of parametric model as follows:

b=<V,, G, Pivs Teer Miv>.

Fig. 2 shows generalized representation of parameters
in form of black box model.

The input data to "gray box" is set represented by ex-
pression above), which describes all parameters necessary
and sufficient for complete selection of continuous cast-
ing parameters.

V ’ .
PAR= G}ip—b Set parameters Unified
Prc— for continuous [ | casting
T5r —> . L, d
My, —>] casting |, | mode

Figure 2 — Black box model
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Inside “black box” there is set 77 of all possible vari-
ants of casting parameters P, which has following proper-
ties:

1) possibility of existence 17 P, provided that
P — max;

2) set I1 contains subset of (T;,T5,.. T,)e T, as

logically ordered set of parameters required for casting.
The output is partially unified sequence of casting
mode parameters.

3.2 Technical means for controlling casting parameters

Effective control of casting parameters is crucial to
ensure quality and safety of production process. In this
context, use of technical means becomes necessity, and
key element of such means is sensors that allow us to ac-
curately measure and control various casting parameters,
ensuring effective process control.

To begin with, metal level in crystallizer will be moni-
tored using special sensor — XLEV eddy current level
sensor, which detects level of molten metal. We chose
XLEV because it has several key advantages that make it
optimal choice for monitoring metal level in crystallizer:

1) it uses principle of eddy currents, which allows for
non-contact measurement of level of molten metal with-
out direct contact with it. This is important to avoid pos-
sible deformation or contamination of sensor, which can
affect its accuracy;

2) XLEV has high sensitivity and measurement accu-
racy, which allows it to detect even slightest changes in
metal levels. This ensures reliable control and response to
any changes in production process [17].

Accurate speed measurements are crucial for control
in continuous casting, so LSV-2100 optical speed measur-
ing device was chosen because it also offers following
advantages:

1) non-contact measurement principle with laser pre-
cision and no need for recalibration;

2) direct feedback via touchscreen display.

Digital frequency meter 10-199.9 Hz was chosen to
measure oscillation frequency because it provides high
measurement accuracy. Its digital nature allows for clear
and stable results without distortion that can occur with
analog measurements. In addition, this frequency meter
has wide measuring range from 10 to 199.9 Hz, making it
versatile and suitable for measurements in various crystal-
lizer operating conditions. It is able to effectively detect
even high-frequency vibrations that can occur as result of
changes in metal crystallization process.

Vibrations will be measured with 640B01 sensor — in-
dustrial speed converter because it:

1) it is specifically designed for measuring vibrations
in industrial environments. It has high sensitivity and
measurement accuracy, which allows it to effectively de-
tect various vibrations and vibrations that may occur dur-
ing operation of crystallizer;
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2) 640B01 sensor, equipped with communication in-
terfaces that allow it to be effectively integrated into mon-
itoring and control system [18]. This makes it convenient
tool for continuous vibration monitoring and responding
to any unforeseen situations.

LTR series linear encoder is linear encoder for meas-
uring short displacements with return spring. Important
feature of LTR series position sensors is presence of re-
turn spring.

3.3 Development of control system operation algo-
rithm for continuous casting plant

Fig. 3. The developed algorithm of control system op-
eration for continuous casting machine is shown.

First, power supply is switched on and molten metal
from industrial bucket is poured into water-cooled crystal-
lizer, where it is formed into slabs and cooled in copper
sleeve.

Next, pouring speed is checked, if value is 2 (is value
obtained in calculations that will be presented in further
works), slab is gradually poured into the crystallizer. If
the speed is less than or greater than 2, then this speed can
lead to slab rupture, which means that pouring speed must
be controlled via PID controller.

The next step is to check shape of oscillation, if it is
sin-shaped, then oscillation frequency should be equal to
164, if this condition is met, then amplitude of oscillation
should be checked.

If oscillation frequency is not 164 (is value obtained in
calculations), then we need to determine whether it is
equal to 426 (is value obtained in calculations).

Checking condition and, if «Yes», whether waveform
is non-sinusoidal.

If oscillation frequency is generally either higher or
lower than 426, then you need to control value of this
parameter.

After that, amplitude of oscillations is checked, it
should be 242 (is value obtained in calculations), if condi-
tion is met, then hydraulic cylinders are turned on.

The slab crystallizer of continuous casting machine is
driven by two hydraulic cylinders located on both sides of
movable frame.

If «<No», then you need to adjust oscillation frequency.

Important task when pouring metal is to maintain giv-
en metal level in crystallizer. Therefore, it is necessary to
determine level of metal in crystallizer. According to cal-
culation results, metal level should be 0.85 (is value ob-
tained in calculations that will be presented in further
works).

If this condition is met, stopcock should turn off.

If this condition is not met, hydraulic cylinders must
be switched on again.

It may happen that stopcock does not turn off, in
which case you need to turn it off.
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Figure 3 — Algorithm of the control system operation

Therefore, let developed system conventionally con-
sist of two circuits: internal circuit for controlling position
of stopper and circuit for controlling metal level in crys-
tallizer.

4 EXPERIMENTS

The system is created with help of functional blocks in
TraceMode system.

To begin with, you need to create project that will in-
clude operator station node and PID controller OVEN
TRM 210 with RS-485 interface. Communication be-
tween operator station and device is carried out using
OVEN protocol. Automatic converter from RS-485 to
RS-232 interface is used as converter.

Using context menu, PLC_1 group is created in this
group, and Owen RS485_group is created in this group
(Figure 4).
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B, DANFOSS_Group
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B, DASU_TVA-1_Group
% Tosvert_Group
B v_F1765_1766_Group
@g Danaterm_Group
E OwenRS485_Group |

-

Figure 4 — The process of creating new group in Trace Mode

Fig. 5 shows window with created «Arguments» —
necessary for communication with screen (interface) ele-
ments.

- X

'spill_rate_ R cdaiN BIREAL ¥ Spill rate: Vp

| Oscillation__frequen tdaIN BEREAL @ Oscillation freque
Oscillation__amplitu (431N BYREAL 0,: Oscillation amplitt
Sinusoid R b IN B ReAL ¥ Sinusoid#1:Real

1 Level metal R rlgN 5___-?-_,_';_{|REAL°F Metal level:Real
Saw_2 R

kN BEJREAL 9 Saw #2:Real valu
Figure 5 — The window with created «Arguments»

Another screen was also created in order to implement
control of locking mechanism of CCM.

To connect elements of second screen, MODBUS_3
group and corresponding groups with names were created
in «Sources/Receivers» layer:

— Read_state_Coil — reading states of discrete outputs;

— Read_State_Inp — reading states of discrete inputs;

— Write_Singl_Coil — control of discrete outputs.

In each group, components are created (Figure 6),
which are connected to elements on screen through ap-
propriate arguments:

— ARG_000 - reading status of discrete inputs;

— ARG_001 - reading status of discrete outputs;

— ARG_002 — means of controlling discrete output.

Fig. 6 shows fragment of project navigator tree with
created components in «Sources/ Receivers» layer.
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-
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Figure 6 — Creating components in «Sources / Receivers» layer

The «Resources» layer can be used to centrally man-
age and monitor various resources required for effective
operation of automated control system.

In «System» layer, RTM_1 project node is created,
and then three groups and channels with same names are
created in node: Read_state Coil, Read State Inp, and
Write_Singl_Coil.

Visualization of controlling process of key parameter
values will be provided by graphical element «Slider».

Fig. 7 shows graphical interface (Display 1) for pre-
senting data on frequency and amplitude of oscillation on
operator’s monitor.

T seanmr”

Oscillation

} Metal level
Spill rate Frequency | Amplitude e
B 184 u 2
Spill rate, mimin Adj B | ARl
400 500 600
200 7.00
1w T
1.00 300
] 220 1000
X 6 1 15 ivouae 1
L
0

Figure 7 — Control system user interface (Display 1)
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All elements: «Arrow device», «Trend», «Slider»,
«Text» were added to screen by drag-and-drop.

5 RESULTS

Fig. 8 shows developed user interface of control sys-
tem.

To check whether binding of graphic elements to
screen arguments is set correctly, you can use emulation
mode. To switch to emulation mode, use special icon on
toolbar. When you click on screen of graphic editor, win-
dow for setting value of argument in corresponding field
is displayed (Figure 8).

Below is list of controls that are included on screen of
developed system:

Process parameters: metal level in crystallizer, metal
pouring rate, position of stopcock.

On screens 1 and 2, there are elements such as
«Trend» graph and «Arrow device» for better perception
of process dynamics, and history of changes in key pa-
rameters over time will be archived every 4 hours, while
minimizing excessive amount of stored data.

The metal pour rate indicator shows current speed of
molten metal. It is important to monitor this parameter
because it can affect quality of casting and shape of prod-
uct.

Oscillation frequency and amplitude indicators to
monitor these parameters to avoid process instability and
improve product quality.

If it is necessary to turn off locking valve, button
changes from «ON» to «OFF», which allows operator to
intervene quickly and easily if necessary.

As result, when formulating context of this work, its
main goal was determined — development of automated
control system to ensure accuracy and stability of casting
process. As result of this work, this goal has been achieved
because:

—analysis of current state of continuous casting produc-
tion;

—analysis of molding machine;

— nature of cast billet was determined and required
CCM was selected:;

— analyzed main emergency situations in casting proc-
ess;

— key parameters of continuous casting were selected
with emphasis on casting machine;

— parametric model of CC is proposed;

— technical means for controlling casting parameters
were selected and substantiated;

— developed algorithm for control system for continu-
ous casting machine;

— operator interface was developed and virtual devices
were connected;

— comparison with analog was made.
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Figure 8 — Interface of developed system in process of emulation (Display 2)

6 DISCUSSION

The developed automated control system for continuous
casting is represented by two screens with elements for
monitoring, adjusting and controlling key parameters of
mold.

A common visual representation provides clarity and
intuitive navigation for operator, which is important when
working with automated control systems.

To compare development with analogues, we selected
program that is used to control continuous casting ma-
chine.

The software for controlling molds is classified, but
there are modules for modeling metal casting.

ABAX TubeStar, automated crystallizer tracking sys-
tem, is special function of standard automated control
system for continuous casting machines [13].

The main functional aspects are: safe system opera-
tion, high stability of meniscus level, high operational
reliability, simple operation, low investment and mainte-
nance [13].

In ABAX TubeStar, user enters input data required for
crystallizer monitoring step by step.

Project data is stored and can be displayed in reports.

The following information is monitored and recorded
continuously:

— number of melts and weight of ingots cast in tons;

— steel grades of steel to be poured and ingots already
poured;

— casting speed;

— heat removal;

— temperature difference in primary cooling;

— location of stream;
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— current internal geometry of sleeves as measured by
system.

Table 2 shows input data for steel casting process
monitoring experiment.

Whole experiment is divided into two stages for com-
parison:

1) data entry;

2) monitoring process of forming slab product.

As comparison criterion, we will count number of
module failures over certain period of time, namely two
days.

As result, one system was chosen for comparison, be-
cause others are paid, and these programs are highly spe-
cialized and developed for specific size of CCM.

It was found that during two days of using these pro-
grams, developed system «worked without failures» long-
er than ABAX TubeStar.

Fig. 9 shows results of research in form of diagram for
clarity.

Table 2 — Input data of experimental study

Characteristics
Filling speed, Oscillation Oscillation Metal
m/ min frequency, amplitude, level,
min mm m
1 2 3 4
1 164 242 0.85
g 2 164 242 0.85
= 3 164 242 0.85
= 4 165 243 0.86
5 165 243 0.86
6 165 243 0.86
7 166 244 0.87
8 164 244 0.87
9 166 244 0.87
10 166 244 0.87
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Figure 9 — Failure diagram of developed system and ABAX
TubeStar module

During two-day experiment, developed system
showed greater stability and efficiency, with fewer fail-
ures compared to ABAX TubeStar. The developed system
allows user to enter data step by step to monitor crystal-
lizer, ensuring high stability of meniscus level, safe opera-
tion and easy operation. Low investment and maintenance
make it cost-effective option for controlling continuous
metal casting plant. The experimental results show advan-
tages of development compared to ABAX TubeStar in
controlled monitoring of steel casting.

CONCLUSIONS

The urgent problem of developing automated control
system for continuous casting is solved.

The scientific novelty of results obtained is that for
first time parametric model for optimizing casting process
has been proposed, which can be used both in design of
new plants and to optimize operation of existing ones.
This allows to reduce production time and costs and en-
sure higher quality of manufactured blanks. This model
differs from existing ones in that it takes into account
position of industrial bucket stopper, which leads to in-
crease in quality of slabs produced.

Based on parametric model, Trace Mode system was
used to implement automated control system for continu-
ous casting, which is user-friendly because it consists of
two screens for monitoring, regulation and control. The
system is easy to use. Advantage is built-in function of
auto-automated control of slab CCM, which contributes to
safety and stability of casting process.

The practical value of results obtained is that soft-
ware has been developed that implements control of plant
during continuous casting, and experiments have been
conducted to study stability of developed system. The
results of experiment allow us to recommend proposed
system for use in practice.

Thus, results obtained reflect important step in devel-
opment of methods for controlling and monitoring con-
tinuous casting, ensuring improved product quality and
optimization of production processes.

Prospects for further research are to expand func-
tionality of system and adapt it to various production con-
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ditions. Namely, to add to proposed screens (Display 1
and 2) screen with two basic parameters of casting proc-
ess temperature and pressure to expand class of practical
tasks.
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VK 681.5: 673.1
PO3POBKA ABTOMATH30BAHOI CUCTEMH YITPABJIIHHS ITPA BE3NEPEPBHOMY JIUTTI

Cotnuk C. B. — kaHJ. TeXH. HayK, AOIEHT, AOLEHT Kadeapu KOMIT I0TEPHO-IHTErPOBaHUX TEXHOJIOTIH, aBTOMaTH3aLlil Ta pOOOTOTEXHIKM
XapKiBChKOT0 HAI[IOHAILHOTO YHIBEPCUTETY paioeleKTpOHiKH, XapkiB, YKpaiHa.

AHOTALIA

AKTyanbHicTh. Ha choroiHi aBTOMaTH30BaHi CUCTEMH YIPaBIiHHA Oe3MepepBHUM JIMTTSM CTPIMKAM YMHOM PO3BHUBAIOTHCS, OCKIIBKH
[IPOLIEC BUTOTOBJICHHS 3arOTOBKH (BUPOOIB) OJHOTO PO3MIpy 3 METally Y BHJIMBHHLI IIPH MAacOBOMY BHPOOHHMITBI JaBHO 3acTapiB i Hacrae
«eran 0e3nepepBHOro JUTTs». Takuil Mpolec BUTOTOBJICHHS BUPOOIB MiAXOJUTH IS KOJBOPOBUX MeTalliB Ta craii. OmHak, nmpu po3pooui
KOXKEH pa3 BUHHKAE 3aja4ya MiJBUIICHHS SIKOCTI OTPUMAaHOI 3arOTOBKH, sika Oe3M0CepeIHbO 3aJIeKUTh Bill ONTHMI3aIlil e()eKTUBHOCTI Ta Ha-
NIMHOCTI CAaMHUX aBTOMATHU30BAHUX CHUCTEM.

Onrumizalis € KII0YOBUM €TaroM B IPOLeci po3poOKH, OCKUIBKM BOHA CIIPSIMOBaHa Ha 3a0e3MeUeHHs TOUHOCTI Ta cTablIbHOCTI Ipore-
Cy JIUTTS, 1O BKIFOYA€E B cebe po3poOKy mapaMeTprUyHOl MOJIENTi Ta TOYHHX aITOPHUTMIB, sKi 3a0€3MeUyI0Th ONTUMAIIBHY TEMIIEPATypy, LIBHU-
JIKICTh PO3JIMBY METally, YaCTOTa KOJMUBAaHb, aMILTITY/1a KOJIMBaHb, PIBEHb METATY B KPUCTAI3aTOPi Ta MOJIOKEHHS CTOMOPA MPOMKOBIIIA IS
KOXKHOTO €TaIy JINTTS. 30KpeMa, y BiIOMiii aBTopaM JiiTepatypi 1ist 3aa4a JOCi He BUpIlIeHa y TOBHOMY 00Cs31, TOMY, HEOOXi/THO IIPOBECTH
MOCTaHOBKY 33/1a4i Ta PO3pOOUTH aJrOPUTM POOOTH CHCTEMH ISl KOHKPETHOI YCTAHOBKH O€3MepEpPBHOTO JIUTTSL.

MeTta. MeToro A0CTiKEeHHsI € po3po0Ka aBTOMATH30BaHOT CHCTEMH YIPABIIHHS /1 3a0€3MeUeHHsT TOYHOCTI Ta CTa0IIBHOCTI MPOIECy
JMTTS.

Merton. Po3pobieHa cucTeMa ynpaBliHHS YCTAaHOBKOK O€3MEPEPBHOTO JIUTTS CIMPAETHCS Ha 3alIPOIIOHOBAHY HapaMETPUYHY MOJCIb,
sika (hopmaltizoBaHa Ha 0a3i Teopii MHOKHH. Moielib BpaxoBy€e KIIFOYOBI MapaMeTpH [UIsi KOHKPETHOTO HPOIIECY JIUTTS: MIBUAKICTh PO3IHBY
METajy, YaCTOTa KOJMBaHb, aMILTITyJa KOJMBaHb, PIBEHb METATY B KPUCTAJI3aTOPI Ta MMOJ0KEHHS CTOIOpa MPOMKOBILIA.

Pe3yabraTn. 31iiicHeHa NOCTaHOBKA 3a/1a4i Ta BU3HAYECHI KIIFOUOBI MapaMeTpH, sKi BpaxoBaHi B alTOPUTMI POOOTH CHCTEMH, a I a0
MOXIIMBICTb PO3POOUTH CHCTEMY YINpPAaBIiHHS yCTAHOBKOI OE3IEPEpPBHOrO JIMTTS ISl BUPIMICHHS 3a]adi IMiJBUIIEHHS SKOCTI OTPHMaHOI
3arOTOBKH.

BucnoBku. CTBOPEHO MapaMeTpHyYHy MOJIEINb Ta y3arajbHeHe MPEeICTABICHHS y BUTIISIII MOJIENI YOPHOTO SAIIMKA, SIKi € HEOOXITHUMH 5K
JUIS. HOBUX MPOEKTIB Oe3MepepBHOrO JIUTTS, TakK 1 U BXKe iICHYIOUMX arperariB 3 METOK ONTUMI3aLlil npouecy JUTTsS MeTtany. J{ns Hamamry-
BaHHS CHCTEMHU 0Oe3MepepBHOIO JIUTTs OyJiM BU3HAYEHI KOHTPOJIBbOBAHI MapaMeTpH, TakKi SK MIBUAKICTh PO3JIUBY, YACTOTA Ta aMILIITy/a KO-
JIUBaHb, PIBEHb METAy y KPUCTAI3aTOPI Ta MOJIOKEHHS CTOMOpa MPOMKOBIIa. PO3po6ieHO anropuT™ CHCTEMHU YIPABIIHHS Al YCTAHOBKU
Oe3rnepepBHOr0 PO3JIMBY HA OCHOBI SIKOTO PO3POOJICHO CHCTEMA, sIKa JTO3BOJISIE peasTi3yBaTH MOHITOPUHT, PEryJIFOBaHHS Ta yIPaBISIHHS MPO-
LIECOM OTPUMAaHHS 3arOTOBOK 3i cTaji abo KoibOopoBUX MeTaiB. Po3pobiieHo iHTepdeiic kopucTyBaya CHCTEMHU YIPaBIHHS € MPOCTUM Ta
3pYYHHM ISl KOPUCTYBaHHSI.

KJIFOUYOBI CJIOBA: mporiec, 6e3nepepBHe JUTTs, aBTOMATH3a1lis, CHCTEMa, YIIPABIISHHS.

JITEPATYPA 9. An loT-based online monitoring system for continuous steel casting
1. Sotnik S. V. Obzor sovremennyih sistem upravleniya dlya neprery- [ [F. Zhang, M. Liu et al.] // IEEE Internet of Things Journal. —
ivnogo littya / S. V. Sotnik, V. A. Mikitenko // M&MS 2019, 24-25 2016. - Vol. 3, Ne. 6. - P. 1355-1363. DOL:
October, Kharkiv, UKRAINE. — 2019. — R. 45-47. 10.1109/J10T.2016.2600630
2. Sotnik S. Development of remote control for thermoplastics dosing ~ 10. Zhang Y. Online monitoring of steel casting processes using multi-
automation system / S. Sotnik, D. O. Tereshchuk, V. V. Trokhin // variate statistical technologies: From continuous to transitional op-
The Sth International scientific and practical conference “Topical erations / Y. Zhang, M. S. Dudzic // Journal of Process Control. —
aspects of modern scientific research” (January 25-27, 2024) CPN 2006. - Vol. 16, Ne8. - P. 819-829. DOL
Publishing Group, Tokyo, Japan. — 2024. — P. 179-184. 10.1016/j.jprocont.2006.03.005
3. Sotnik S. V. Design features of control panels and consoles in 11. Monitoring and simulation of the unsteady states in continuous
automation systems / S. V. Sotnik, K. S. Redkin // The 9th Interna- casting / [R. Pyszko, Z. Franik et al.] // Materiali in tehnologije /
tional scientific and practical conference “Science and innovation of Materials and technology. — 2018. — Ne2, - P. 111-117.
modern world” (May 18-20, 2023) Cognum Publishing House, 12. Mitkowska-Piszczek K. Control and design of the steel continuous
London, United Kingdom. — 2023. — P. 201-205. casting process based on advanced numerical models /
4. Sotnik S. System model tooling for injection molding / S. Sotnik, K. Mitkowska-Piszczek, J. Falkus // Metals. — 2018. — Vol. 8, Ne8. —
R. Matarneh, V. Lyashenko // International Journal of Mechanical P. 1-16. DOI:10.3390/met8080591
Engineering and Technology (IJMET). — 2017. — Vol. 8, Ne 9. —  13. ABAX TubeStar [Electronic resource]. — Access mode: http:// abax-
P. 378-390. steel.com/automation-systems/
5. Information model of plastic products formation process duration by ~ 14. Guthrie R. I. L., Continuous casting practices for steel: Past, present
injection molding method / [M. H. Al-Sherrawi, A. M. Saadoon, and future / R. I. L. Guthrie, M. M. Isac // Metals. — 2022. — Vol. 12,
S. Sotnik, V. Lyashenko] // International Journal of Mechanical En- Ne 5. —P. 862. DOI: 10.3390/met12050862
gineering and Technology (IJMET). — 2018. — Vol.9, Ne 3. —  15. Improvement of built-in electromagnetic stirring in the molds of
P. 357-366. bloom continuous-casting machines / [S. I. Shakhov et al.] / Metal-
6. A reference architecture for quality improvement in steel production lurgist. — 2020. - Vol. 64. - P. 410-417. DOI: 10.1007/s11015-020-
/ [D. Amnu, E. Yaqub, C. Mocci et al.] / Data Science — Analytics 01010-y
and Applications. — Wiesbaden: Springer Fachmedien Wiesbaden. —  16. Nick A. S. On longitudinal electromagnetic stirring in the continu-
2017. - P. 85-90. ous casting of steel blooms / A. S. Nick, M. Vynnycky // Journal of
7. Machine learning in continuous casting of steel: A state-of-the-art Engineering Mathematics. — 2020. — Vol. 120, Ne 1. — P. 129-151.
survey / [D. Cemernek, C. Cemernek, H. Gursch et al.] // Journal of DOI: 10.1007/s10665-019-10035-5
Intelligent Manufacturing. — 2021. — P. 1-19. 17. XLEV-S, XLEV-L, AVEMIS Eddy Current Mould Level Sensor.
8. Progress of research on steelmaking-continuous casting production [Electronic  resource]. ~ - Access ~ mode:  hitp://
scheduling / [Q. LIU, Q. LIU, J. YANG et al.] / Chinese Journal of www.vesuvius.com/en/our-solutions/international/iron-and-
Engineering. — 2020. — Vol. 42, Ne2. - P.144-153. DOI: steel/continuous-casting/flow-control-product-pages/Xlev.html
10.13374/j.issn2095-9389. 2019. 04. 30.002 18. Platinum 4-20 ma velocity transmitter [Electronic resource]. —

Access mode:  https://  www.pch.com/products?m=640B01

© Sotnik S. V., 2024
DOI 10.15588/1607-3274-2024-2-18 OPEN (¢ ) ACCESS



Hayxose suoamnns

PanioesiekTponika,
iHpopmaTuka,
yIpaBJIiHHA

Ne 2/2024

Hayxoswuii )xypHan

TonoBuuit penakrop — a-p Texu. Hayk C. O. Cy660Tin

3acT. roJIoBHOTO pelakropa — A-p TexH. Hayk JI. M. Iliza

Komr’rorepHe MoJienitoBaHHS Ta BEPCTaHHS C. B. 3y6
PenaxTop aHTIICEKHUX TEKCTIB C. O. Cy606ortin

OpuriHan-MakeT MiArOTOBJICHO y pefakuiiHo-BuaaBHUYOMY Binnini HY «3amnopiszbka nosirexHika»

CBiIOUTBO NPO JIEpIKaBHY PEECTPALIII0
KB Ne 24220-14060 ITP Bix 19.11.2019.

ITionucano do opyky 17.05.2024. @opmam 60x84/8.
Ianip ogpc. Pizoep. opyk. Ym. opyk. apk. 22,09.
Tupaoic 300 npum. 3am. Ne 511.

69063, m. 3anopiscocs, HY «3anopisvka nonimexuixa», opykapus, eyi. JKykoscovkoeo, 64

CBigonTBO Cy0’€KTa BUIABHUYOI CIIPaBU
JIK Ne 6952 Big 22.10.20109.





