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ABSTRACT

Master paper executed by the student of group CSAI-23 Hirnyk Yurii
Volodymyrovych. The topic is "Investigation of the effectiveness of methods of
classification and summarization of news to facilitate orientation in the information
space". The work is aimed at obtaining a master's degree in the specialty 122 "Computer
Science".

The object of the research is the process of news consumption, its features and
methods of improvement.

The subject of the research is methods of classification and summarization of news
based on textual data.

The purpose of the master's thesis is to investigate and improve the effectiveness
of news classification and summarization methods. The goal is achieved by researching
modern methods of solving natural language processing tasks, features of their
architecture and approaches. Also, as a result of conducting a series of experiments on an
expanded data set, an analysis of the obtained results was carried out.

As a result of completing the master’s qualification work, a description of the
methods of classifying and summarizing texts was obtained, a data set was built, and a
series of experiments was conducted on it and the selected methods. The obtained results
were analyzed and compared, which makes it possible to choose a method for application
in the field of news in the future.

Today, many events take place every day, many news are published every second
in thousands of news resources. The amount of information that each of us consumes is
growing exponentially. This can be especially felt in the last year, when many of us are
chained to our phones and monitor Telegram channels to understand what is happening.
It can be concluded that the news has a significant influence on our personal activities,
mood and thoughts. Among such an array of unorganized content, the task of selecting
relevant articles that may be of interest to you becomes a complex task.

Several challenges arise with such conditions. This is primarily the processing and
organization of these large volumes of data. News is one of the most popular and

widespread sources of information, but with it comes information noise. This makes it
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difficult for people who are looking for brevity, or who are interested in a particular topic.
Like, people who are only interested in sports, would not like to see news from the world
of art.

It is difficult to overestimate the importance of news in today's world. This or that
news can play a big role in various aspects of human life. First of all, news helps to
navigate what is happening around. It can be news about a change in the exchange rate,
the introduction of electronic referral to a doctor, a natural or man-made disaster nearby
or about a small event in the city. Each of these examples affects life differently, but being
informed about each of them, a person draws conclusions and certain actions. In some
cases, it can save lives.

The sources of news are several main communication channels: TV, newspaper,
online news resource, social networks, and recently also Telegram channels. It is also
worth noting that the number of readers of paper newspapers has been decreasing in
recent years. The conducted research shows that the number of readers in the USA
decreased by 45%, namely from 45 to 25 million, during the years 2010-2020. This trend
forces large newspaper companies to digitize and develop other channels of
communication with users. In addition, the importance of quality and systematization of
online articles is increasing. In a fast and massive stream of new publications, it is
important to enable the reader to quickly understand what the topic of the publication is
(news classification) and whether it is interesting for him (news summarization). In
addition, a review of the literature on the given topic shows the growing interest of the
scientific community (Fig. 1).

This topic of the diploma thesis seeks to investigate methods of classification and
summarization of news, which can help users navigate in a rich information space, and
make the process of reading news more efficient and pleasant. This is what justifies the
choice of this topic.

The work considers the solution of two NLP problems: text classification and text

summarization (building a title or a short description based on a large text).
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Fig. 1. The number of publications on the selected topic over the past 5 years,

published in the Scopus scientometric database

Text classification is the process of determining the text category based on its

content and content. It has become widespread in many areas and solves a number of

applied problems (spam detection, text language detection, article tagging, etc.).

There are several approaches to building systems to solve the problem of text

classification

Rule-based systems. In this case, the assignment of the text to a specific
category occurs according to predetermined rules [19]. This approach is
simple to implement, but can be quite inaccurate and expensive, because the
construction of linguistic rules for dictionaries requires a deep understanding
of a class or category. Among the advantages of the method is no need for
training data and ease of understanding.

Systems based on machine learning. This method is based on the use of
machine learning methods and models. Instead of manually building the
rules for assigning text to a category, developers shift the responsibility to
algorithms that can find certain connections between text and class. This
approach requires pre-processing of the text and representation of the text in
an understandable representation for the algorithm - usually a vector of
numbers.

Hybrid systems combine the use of both previous approaches: rule-based and
7



machine learning. But it immediately becomes obvious that such a system is
more difficult to maintain and develop.

The work focuses on the construction of classification and summarization systems
based on transformers - models presented in 2017 that challenged the most popular
recurrent neural networks at the time. At the heart of RNN were several concepts that
were reused and improved upon in transformers. Among them, it is worth highlighting 2
main ones: the encoder-decoder model and the attention mechanism. Instead, he offered
something new to the transformers — a self-attention mechanism.

Self-attention is the main innovation of the transformer architecture. The
mechanism of attention is assigning each element a certain coefficient, a certain rating.
Self-attention means that the coefficients will be calculated for each hidden state of the
encoder or decoder. This allows the network to separately compute context from a large
amount of information without intermediate recurrent connections, which means the
calculations can be parallelized.

There are two types of summarization, which will actually be considered in this
work: extractive summarization — this is the process of extracting already existing
sentences from the text. That is, the algorithm must evaluate the sentences based on a
certain metric, sort by this score, and return some number of the most important sentences.
The algorithm cannot generate a new word or sentence that was not mentioned in the
input text. Second is abstract summarization. This method is more difficult to implement
and differs in the ability to generate an output based on the facts in the text and meaningful
meaning.

The Python and a set of libraries (pandas, request, nltk, etc.) were chosen to solve
the task, namely the classification and summarization of text news. Experiments were
conducted in the Google Colab environment with a PRO subscription, which provides the
opportunity to use an increased amount of RAM and more powerful processors. Google
Colab is a web application, so the main software requirements are Internet access and a
browser.

Also, a data set was built for the experiments, which is an extension of the existing

data set (Fig. 2). A large number of records (210 thousand) allows for detailed research,
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and the presence of a link to the original source provides the possibility of using data

extraction tools (web mining). Thus, this paper will expand the existing data set by hand.

link headline category short_description authors date
0 https:/fwww huffpost.com/entry/covid-  Over 4 Million Americans Roll Up Sleeves US NEWS Health experts said itis too early to predict . Carla K. Johnson,  2022-09-
boosters-... ForO.. AP 23
e fentry/. ican-  Ameri irli " aw . e 022-09-
1 https:/fwww. huffpost.com/entry american-  American Airlines Flyer Charged Bannzlad US NEWS He was subdued by passengears and cre Mary Pagenfuss 2022-09
airlin For Li when he 23
2 https:ffwwe huffpost. comientry/funniest- 23 Of The Funniest Tweets About Cats COMEDY Until you have a deg you don't understaﬂd Elyse Wanshel 2022-089-
tweets... And Dogs ... wha... 23
3 https:/fwww huffpest com/entry/funniest- The Funniest Tweets From F?:alrents'Thls PARENTING Accidentally put grown-up toothpaste on Caroline Bologna 2022-09-
parent... Week (Se... my to... 23
I fentry/amy- Wi Wi ird- Amy ad inve 022-09-

4 https:/fwnwnw huffpost. com/entry/amy-cooper- Woman Who Called Cops C:TlBIack Bird U.S NEWS Amy Cooper accused |nvustn1;ntﬂr\11 Nina Gelgowski 2022-09- .
lose Watcher Lo Franklin Te 22

Fig. 2. Entries in the News Category Dataset

The next stage after building the data set is data preprocessing. In the case of
solving the classification problem, the text must go through a number of changes before
it is ready for use (Fig. 3):

o Tokenization: the process of dividing the text into tokens (sentences, words).

At the same time, one large text becomes a set of lexemes, each of which can
carry a separate information value.

. Normalization: translation of word forms into one format. There are several

factors that need to be taken into account: bringing words to the same register
(lower), lemmatization - bringing different morphological forms of the word
to the initial form.

o Removal of stop words: filtering of small parts of speech that are not

significant for solving the problem.

o Removal of special punctuation marks: filtering commas, periods, colons,

etc.

Models based on various transformers, namely DistilBert, ROBERTa, AIBERT,
were used for classification experiments. All of them are a modification of the original
Bert model presented in a scientific paper in 2018 [8]. At the time of its appearance, it
exceeded the most popular and modern NLP models in solving several tasks of varying

complexity.
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Fig. 3. Data preprocessing

The basis for the implementation of news classification is the construction and

training of a neural network using the pre-trained transformers mentioned earlier. Instead,

there will be several other layers in a deep neural network (Fig. 4):

The first layer accepts as input an embedding of words with a length of 512,
which are built by tokenizers that differ for each type of transformer. That is,
the vector of text data is converted into the vector of numerical values needed
by the transformer. The required result of the transformer is presented in the
form of a CLS token, which represents the entire text received at the input
and can be used for classification tasks.

Dropout layer is a regularization method that helps to avoid overtraining by
excluding neurons with some predetermined probability.

A dense layer is a fully connected layer, that is, one that contains a certain
number of neurons, each of which is connected to each neuron of the
previous layer. The first layer is designed to reduce the dimensionality of the
results obtained from the transformer, and can also serve as an additional

regularization seed. The last layer is the output layer with 27 neurons and
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softmax activation function. The number of neurons is determined by the
number of classes, that is, categories of news, and the softmax function
normalizes the received data, which makes it possible to represent it as
probabilities of belonging to a certain class.
The Adam optimizer is used as an optimizer - a method of stochastic optimization
based on the evaluation of first- and second-order derivatives.

The metric used to evaluate the multi-class classification is F1.

Input Layer (512}

h

Transformer Layer

h

[ CLS Token (763) }

h

Dropout (0.5)

L 4

Dense (128)

¥

Denze (27)

Fig. 4. The architecture of a neural network using a transformer

To implement summarization, two libraries were used - Summarizer and SimpleT5.
The first provides access to a number of models (BERT, XLNet) for summarization based
on pretrained transformers. Instead, SimpleT5 provides functionality to refine the T5
model based on input data.

The data obtained as a result of the classification experiments are organized in
Table 1.
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Table. 1. Results of training and testing classification models

Metric\Model MultinomialNB DistilBert RoBERTa Albert
Accuracy 0.617 0.711 0.694 0.700
Precision 0.699 0.637 0.610 0.635

Recall 0.400 0.617 0.596 0.59
F1 score 0.432 0.620 0.597 0.609

Training time, ; 26,50 68.43 95.86

minutes

Testing time, ] 43.15 88.70 90,23

minutes

Based on the obtained results, it is possible to note the dominance of the DistilBert
model over others. This applies to almost all of the above indicators. The proportion of
correct predictions is slightly higher (0.711 versus 0.694 and 0.700), however, the
proportion of true positive predictions among all positive results is somewhat low in each
of the models. From this we can conclude that the models need further research in order
to improve the indicators.

For the summarization task, models based on three transformers were investigated:
BERT, XLNet, and T5.

The conducted studies with different models of summaries are also systematized in
the form of Table 2. The type of summarization (generalization), time of training and
generation of the answer, as well as a set of Rouge metrics for qualitative assessment of
the obtained results were selected as the characteristics of the comparison.

Table 2. Results of training and testing summarization models

Metric/Model Bert XLNet T5
Summarization Extractive Extractive Abstractive
Traln_lng time, ) ] 78
minutes
Generation time of
one summation, 1.51 1.43 0.73
seconds
Rougel 0.187 0.285 0.310
Rouge2 0.066 0.273 0.182
RougeL 0.139 0.285 0.280
RougelLsum 0.140 0.285 0.279

12



Before analyzing specific numerical results, it is worth mentioning a key difference
between Bert/XLNet and T5. The first two models use extractive generalization, that is,
one that selects already existing fragments of text at the input. Instead, T5 is a
representative of abstract generalization - the generation of new text that may not be a
fragment of the input.

The response generation time is the lowest for T5, which makes it attractive for
large and busy applications. Also, Rouge's metrics for evaluating the quality of
summarization indicate TS5 dominance, which | attribute to the use of abstract
generalization.

A description of existing approaches and methods for solving the task of classifying
and summarizing texts was given. Special attention is paid to modern architectures for
solving NLP tasks - transformers. In recent years, they have gained immense popularity
and not for nothing - their effectiveness and flexibility in solving various tasks are really
not unreasonable. The specifics of the work of transformers, their innovative solutions
and architecture were given.

In the course of the research, a model was built using various transformers to solve
the classification problem, as well as to indicate the use of transformers for summarizing.
The key objective was to investigate the difference in the performance of different
architectures and the possibilities of application in the field of news. The models showed
a fairly high accuracy, and such characteristics as training and work time allow you to
additionally compare them.

The obtained results proved the possibility of using transformers to solve the
classification problem and their dominance over primitive algorithms. Thus, the F1
accuracy metric for the Bayesian classifier was 0.432, whereas for the architecture using
the DistilBERT transformer it was 0.620. It is worth noting that most of the transformers
were used already trained, which made it possible to use a large amount of efforts already
made by the scientific community.

The topic of the master's thesis is relevant, because every day people are influenced
more and more by information, and it becomes more difficult to navigate in the ocean of

information. The obtained results make it possible to verify the possibility of applying
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machine learning methods, in particular transformers, in the field of news (news sites,
Telegram channels, etc.).

In addition, there are many more methods of classification and summarization than
those presented in the paper, so their research can continue, which allows to continue the
research activities presented here. It is also planned to develop a software product - a web
resource that will use transformers for auto-marking of news with characteristic topics,
as well as the formation of summaries of news articles in order to form daily digests for
users. These technologies also make it possible to develop a system of recommendations,
because usually users are most interested in several areas — auto-labeling will help with
this.

Keywords: news classification, news summarization, natural language processing,

machine learning.
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HEPEJIIK YMOBHHUX ITO3HAYEHD

NLP — Natural Language Processing.
Rouge — Recall-Oriented Understudy for Gisting Evaluation.
RNN — recurrent neural network.

GPT — Generative Pretrained Transformer.

BERT — Bidirectional Encoder Representations from Transformers.

MLM — Masked Language Modeling.
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BCTYII

CporoaHi KOXKHOTO JHS BIIOYBalOThCs O€3i14 MoAid, 0e3/114 HOBUH IIOCEKYHIH
nyOJIiKy€eTbCA B TUCAYAX HOBUHHHUX pecypciB. OOcsaru iHdopmarlii, siky KOKEH 3 Hac
CTHIOXKUBAE, 3POCTAIOTh B TeOMETpUYHIM mporpecii. OcoOIMBO 1€ MOXHA BIAYYTH B
OCTaHHINA PiK, KOJIM 0arato XTO 3 HAC MPHUKYTHUH O CBOTO TeiaedOHYy Ta MOHITOPHUTH
TeJerpaM-KaHanu abu po3yMiTH 10 BiAOyBaeThcs. Mo)kHAa 3pOOUTH BHUCHOBOK, IIO
HOBWHU MalOTh 3HAYHUH BIUIMB Ha HAIITy OCOOMCTY MisUTbHICTH, HACTPiil Ta mymku. Cepen
TaKOTO MAaCHBY HEOPraHi30BaHOI'O KOHTEHTY 3aBJaHHS BHOpaTH BIAMOBIAHI CTATTi, SKI
MOJKYTh 3aI[IKaBUTH CaM€ BacC, CTA€ CKJIATHOI0 KOMIUIEKCHOIO 331a4€r0.

3 TakMMH YMOBaMU BHHUKAIOTh JIeKiIbKa BUKIUKIB. Lle mepir 3a Bce oOpoOka Ta
oprasizaiii IUX BEJIUKUX 0O0CsTIB AaHuX. HOBMHM — oO/JHE 3 HAWMNOMyJISAPHINIMX Ta
NOIIMPEHIIIUX JUKEpe 1H(opMalii, aine pa3oM 3 HUIMU BUHHUKAE 1HQOPMALITHUHN 1IyM.
Uepes 11e BUHUKAE CKIQAHICTD JJIS JTFOJIEH, SIK1 IITYKAIOTh JIJAKOHIYHICTbD, a00 IIKaBJISATHCS
OKpPEMOIO TeMOI0. SAK-0T, JI0JIM SIK1 3aXOIUTIOIOThCS JIUILIE CIIOPTOM, HE XOTLIM O 0aunuTu
HOBHWHHU 3 CBITY MHUCTEIITBA.

Jana Ttema gurmuiomHoi pobGotu  (“JlochmimkeHHs e(QEKTHUBHOCTI METOJIB
Kkjacu@ikamli Ta pe3toMyBaHHsS HOBHUH IS MOJIETHIEHHS OpleHTalli B 1H(QOpMaLiiHOMY
poCTOPi’’) mparHe JOCIITUTH METOAM Kiacu@ikalli Ta pe3toMyBaHHS HOBHH, 1110 MOXKE
JIOTIOMOTTH KOPUCTYyBauaM OpIEHTYBATUCH B OaratoMy iH(opMaliitHoMy poCTopi, a cam
NpOLIEC YWUTAHHS HOBUH 3pOOUTH e(EeKTUBHIIIMM Ta mnpueMHimmMm. Came me i
apryMeHTy€e BUOIp JaHOI TEMHU.

Merow po6oTH € mnonsrae B JOCIIIKEHHI Ta MOXMJIMBOCTI IMOKPAIICHHS
e(deKTUBHOCTI METO/I1B KJIacu(iKaIlii Ta pe3toMyBaHHS HOBHUH.

JlJist MOCSAITHEHHsI MeTH HeoOXiIHO BUPIIIUTH PsJT 3a]1a4:

o JOCITIIKEHHS TTPEIMETHOI 00J1acTi;

o aHai3 ICHYIOYMX M1JIX0/IIB Ta aJTOPUTMIB;

o MOIIyK a00 moOyaoBa HA0OPy JaHUX;

o TECTyBaHHs Ta MOPIBHSAHHS METOAIB Kiacu(ikalii Ta pe3toMyBaHHS,
o aHaJ3 OTPUMAaHUX PE3yJIbTaTIB;
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O06’exTOM JOCJIIZKEHHSI € TMPOIEC CIOKUBAHHS HOBWH, MOTO OCOOJMBOCTI Ta
CIOCOOM MOKpAILIEHHS.

IIpenmeTom nociigKeHHs1 € MEeTONU Kiacu]ikalii Ta pe3toMyBaHHS HOBHH Ha
OCHOBI TEKCTOBUX JJaHUX.

MeTtogamMu  J0CHiIXKeHHS € QITOPUTMH MAIIMHHOTO HAaBYaHHS, SKI
BUKOPHCTOBYIOTHCS JJIsl pOOOTH 3 TEKCTAMHU.

HoBu3Ho0 [0CTiIzKeHHs1 € TMporpaMa 3/laTHA BUKOHYBAaTH AaBTOMATHYHY
Kiacu(ikalliro Ta pe3roMyBaHHS HOBUHU HA OCHOBI BX1THUX JaHUX.

[IpakTHYHA WiHHICTH MOJSTA€ Y TOMY, 10 KUTbKICTh HOBUH, 110 T€HEPYIOThCH,
MOCTIITHO 3pOCTaE, a IXHS KaTeropusallis Ta pe3toMyBaHHS MOXKE MOJIETIIUTH OPIEHTAIIIIO
yuTaya B iHPOpMALIIITHOMY TIPOCTOPI.

Oco0ucTuii BHeCOK MaricTpaHTa MoJIfAIra€ B po3poOili mporpamu Jjsi 0OpoOKH
HOBUH. OOpaHi Mozen Kiacudikallii Ta pe3roMyBaHHs OyJIM JOCTIIKEHHI Ha BKa3aHUX
JAHUX, TOX BCl Pe3yJbTaTH OTPUMaHI BUITYyCKHUKOM OCOOHCTO.

Anpobauis pesyabtatiB podoTn. Ha xondepenii “Indopmartiiini TeXHOJOTII 1
aBTomartuzamist — 2023” Oyna omyOnikoBaHa OJHOWMEHHA HAayKOBa poOOTa 3a TEMOIO

Marictepchkoi kBamidikariinoi podotu [22].
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1. AHAJJITUYHUH PO3ILI

1.1. Onuc npeaMeTHOr0 cepeoBUIIA.

3anava kinacudikaiii Y pe3toMyBaHHS HOBUH TEPII 32 BCE CTOCYIOThCS TaKOTO

HaNpsSIMKy IITYYHOTO IHTENEKTYy sk o0poOka mpupomasoi moBu (Natural language

processing). NLP ¢okycyroThcs Ha 3a1a4a KOMIT FOTEPHOI'O CIIPUAHATTS JIFOJICHKOT MOBHU

Ta MOJKE BUPIIIYBaTH 0€3714 JOTUYHUX 3aB/IaHb, SK-OT:

Knacudikamis tekcty. Ilpukman 3acTtocyBaHHs Kiacudikailli TEKCTy 3a
NEeBHUMH TMapamMeTpaMH MOKHA CIIOCTEpIraTd Mailke KOXHOTO IHS B
OJICHHOMY XUTTi. Hampukiaa, TUcCT, o MPUXOaUTh Ha BaIly €JICKTPOHHY
CKPUHBKY, MOXE HE 3 ’SIBUTHCH y TaIIll BXIJHUX MOBIIOMJEHb, OCKUIbKU
MOIITOBUI CEpBIC BUBHAYUTD MOTO SIK CTIaM 1 TOMICTUTH Y BIJIIOBIIHY TAIKY.
Takoxx SCKpaBUM MPUKIAAOM Kiacudikaiii TEKCTIB € BHU3HAYEHHS
TOHaJBHOCTI MOBH (pHc. 1.1) y nogarky Grammarly [35]. SIk cama koMmnaHist
3a3Hayae, Balll TOH HANpsIMy BIUIMBA€E HAa T€, IO BU XOYETE JIOHECTH JIO

CIIBOECITHHUKA.

M

Dear Professor Chakrabarty,

Attached is my final economics paper. Thank you
again for giving me an extension to revise the
section about consumer behavior. | really
appreciate it, and | think | have a much better
understanding of the topic now.

Tone Insights

How this may sound to readers:

Appreciative secoe

Puc. 1.1. IIpuknao knacugikayii mexkcmy 3a moHaAAbHICHIO
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o Pe3tomyBaHHS TEKCTYy — moOy10Ba 3arojioBka abo » KOPOTKOTO OMHUCY Ha
OCHOB1 BEJMKOro 3a o0csirom Tekcty. /laHa mpukiagHa o0JacTb MOXKe
3HaTH cebe B Oaratbox cdepax KUTTEMSUIBHOCTI JIFOJAWHH: MOOYI0Ba
3aroJIOBKIB UM IIOJICHHUX JalKECTIB HOBUH, KOPOTKHI OMHIC BUKJIAJIEHOTO
Martepiajly HayKOBOi CTaTTi, TOIIO.

o MammuHHul nepeksiag — aBTOMaTUYHUIN NepeKyIaa TEKCTY 3 OJIHIET MOBH Ha
innny. SlckpaBmii mpukiaagx — 3actocyHok Google Ilepekmamay, sikui
PO3BHUBAETHCS 3 YACOM Ta TAKOXK BUPIIIYE 1HIIY 33]1a4y 0OpOOKH TPUPOAHBOL
MOBH, a CaM€ — pPO3MI3HAHHS Ta CUHTE3 MOBU. TOOTO aBTOMaTUYHHI NTEPEBL
roJ0COBOTO BBOJIy KOPUCTYBaya B TEKCT Ta HaBIAKU.

Baxxko mepeoiiHuTH BaXXJIMBICTh HOBUH B Cy4acHOMY CBITI. Ta 4yu 1HIIa HOBUHA
MO>K€ BIJIICPaBaTH BEJIMKY POJb B PI3HUX ACMEKTax JKOJACBKOro >kUTTs. Ilepmr 3a Bce,
HOBHMHH J0IIOMAararTh OPIEHTYBAaTUCh B TOMY, L0 BiI0yBa€eThCs HaBKoJO. Lle Moxke Oytu
HOBHHA IIOAO 3MIHM KypCy BalllOT, 3alpOBA/KEHHS €JIEKTPOHHOTO HANpaBICHHS IO
JKapsl, MPUPOIHBOI YU TEXHOT€HHO1 KaTacTpo(u MOPYyY YU PO MAJIEHBKY MOI1I0 B MICTi.
KookeH 3 1iux npukiiajiB mo pisHOMY BIUTUBAE Ha KUTTSA, aje Oyaydu nmpoiHGopMOBaHUM
PO KOXKHY 3 HUX, JIIOJAMHA POOUTH BUCHOBKH 1 MEBHI [ii. Y JEAKUX BUMAJKAX 1€ MOXKE
30eperTy KUTTS.

JlxepenaMu HOBUH € JEKUIbKa OCHOBHUX KaHAaJIB 3B’SI3KY: TEJEBI30p, rasera,
HOBUHHUI OHJIAMH-pecypc, COIllalibHI MEpPEXi, a BiJHEJaBHA III€ ¥ TejierpaM-KaHau.
Takox BapTO 3a3HAYUTH, 10 MPOTATOM OCTAHHIX POKIB 3MEHIITY€EThCS KITBKICTh YUTAYIB
nanepoBux razet [14]. [IpoBenene 10CiHKEHHS TOKa3ye, 110 KUTbKicTh ynTadi B CIIIA
3sMmeHmmiack Ha 45%, a came 3 45 10 25 minbioniB, npotsirom 2010-2020 pokis. Taka
TEHJICHITIs 3MYIITY€ BEJTMKI Ta3eTH1 KOMITaHi1 oIfu)pOBYBATHCH Ta PO3BUBATH 1HIII KaHAIIN
3B’SI3Ky 3 KopucTtyBadamu. KpiM TOro, 30UIbIIYEThCS BaXJIUBICTh SKOCTI Ta
CHUCTEMAaTH30BaHOCTI OHJIAiiH-cTaTell. Y MIBUAKOMY Ta MacOBOMY IIOTOLl HOBUH
nyOJiKalii BaXIMBO JIaTH 3MOTY YMTauy IBUJIKO 3pO3YMITH KO TEMATHKHU MyOJiKalis

Ta 41 € BOHA I{1KaBOIO JJISI HHOI'O.
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1.2. AHani3 HasiBHUX aHAJIOTIB.

JIJis TOIIYyKy HAayKOBHX JIKEpea s 00paB HaykoMeTpuuHi Oasu Scopus [34] Ta
Google Scholar [28]. BubGip SCOpuUS aprymMeHTOBaHHMA WOTO aBTOPUTETHICTIO Ta
MacmtabHicTio. KpiM TOro, crarrti NOpoXoJiTh pETENbHE pPELEH3YBAHHS Mepe/]
nyOJTiKaIli€eo, Mo CyTTEBO MiABUIIYE KicTh pooitT. Hatomicts Google Scholar 06’ eqnye
Ta HaJa€ MOCTYM 0 BIAKPUTHI HAYKOBHUX JKepes. Takox L CUCTeMa Ma€ IHTYITHBHO
3pO3yM1UINI Ta MPOCTHH 1HTEepdeiic, 110 MONeTiye KOPUCTYBAHHS.

Jl7isg modyaTky MOIIyKy MOTpiOHO copMyBaTH BIANOBIAHUN MOITYKOBHM 3aIuT.
3aas1s 1IbOTO BUKOPUCTAEMO TIOIIYK 32 KIIFOYOBUMH CIIOBAMU, SIK1 aKTyaJIbH1 JJ11 00paHoi
teMu pobotu. Takox Bukopuctaemo omepatopu OR ta AND, 3amis koMOiHyBaHHS
PI3HHX KJIFOUOBHUX CIIIB Ta iX Bapiauii. [louatkoBuii 3anur:

TITLE-ABS-KEY/(("news summarization” or "news classification™) and ("NLP"
OR "Natural language processing" OR "Machine Learning” OR "Text Mining" OR
"Information Retrieval")).

Pesynbrar 115010 3anuty - 412 noxkymentiB. JlokyMeHTH, BiIIOpaHi UM 3aITUTOM,
CTOCYIOThCSI a00 pe3OMYBaHHS HOBHMH, a00 k ix kiacudikauii. byno 3pobieHo Take
pIIlIeHHS, OCKUIBKM PIJKO HAYKOBI pOOOTH CKOHIICHTPOBaHI BOAHOYAC HAa IUX 000X
TTOHATTSX.

Opnnak, 412 AOKYMEHTIB BCE LIE BaXXKO IpoaHaiizyBath. s BigOOpy OuibII
peJIeBaHTHUX CTATEH CJIiJ] 3aCTOCYBATH HACTYITHI KpUTEPii A1 (PUIBTpyBaHHS:

o PesynpTaT moBuHEH OyTH came crarreto. ToO0TO MOTpPIOHO BiAKUHYTH

po0OTH, SIK-OT, JJOMOBI/1 3 KOH(pEPEHII}.

o CratTi noBuHHI OyTH Omy0JIiKOBaHi 3a ocTanHi 5 pokis (2019-2023).
o MoBa HanMcaHHS — aHTJIHChKA.

o Cdepa nocmimxeHHsT — KOMIT FOTEPHI HAYKH.

o Biakpwuii pexxum goctymy.

CdopMyemMO OHOBJICHMI TIONIYKOBHMA 3alHUT 3 ypaxXyBaHHSIM HOBUX KPHUTEPIiB:
TITLE-ABS-KEY(("news summarization" or "news classification”) and ("NLP" OR
"Natural language processing” OR "Machine Learning" OR "Text Mining" OR
"Information Retrieval")) AND PUBYEAR > 2018 AND (LIMIT-TO ( OA,"all") ) AND
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(LIMIT-TO ( DOCTYPE,"ar" ) ) AND ( LIMIT-TO ( SUBJAREA,"COMP" ) ) AND (
LIMIT-TO ( LANGUAGE,"English") ).

OnHoBIIeHUH 3aNUT MIABUIIMB PEIEBAHTHICTH CTAaTEH, Ta I03BOJIUB MOBEPHYTH 43
nyOsmikallii B Mexkax HayKOMeTpU4HO1 0a3u Scopus. Takox nposeaemo nomyk B Google
Scholar 3a momiOHMUM TPUHIMITOM: 3HAMIEMO CTATTi 3a OCTaHHI 5 POKIB, IO TaKOX
MICTATh KJIFOYOBI cioBa ('news summarization”, "news classification"). PesymbpraT
BUKJIMKY TTOITYKOBOTO 3aNUTYy — 29 myOIiKaIiii.

Ha ocHOBI oTpuMaHUX pe3yibTaTiB, MPOBEACHO AHATITHYHHHA OTJISIT HAYKOBHX
JOKEpeN 3TIHO 3 CTaHJAapTU30BaHOK MeTonaojorieto PRISMA, mo micTuth 3arajibHi
PEKOMEeHIallli 10/10 OTJIS Ay HAYKOBUX Ta 0a30BUX 0COOJIMBOCTEN MeTa-aHaTI3y.

[Ipu 00’erHaHHI pe3yabTaTIB 3 ABOX 0a3, Oyjo BUsABIEHO 1 AyOmikar, mio 3By3ujI0
KUIBKICTh pe3ynbTaTiB 10 71 mokymenrta. Ha HacTymHOMy eTami, HUIIXOM aHaNI3y
3arojoBKa/aHoTalli, Oyno BukioueHo 41 crartio. Ha erami BiamoBigHOCTI Oyiio
3HAIEHO 3 cTarTl, sK1 Oynu omyOiikoBaHi panime 2019 poky, ane Oyiu NOMHIKOBOTO
MOBEPHYTI B PE3yJbTaTl MOUIYKOBOTO 3amuTy. Takox 9 crareii He Oynau BKIIIOYEHI B
SAKICHUHM aHaji3 Miclid Mepersiay ix 3MicTy. TakuM YMHOM KUIBKICTh CTaTel, HaJl SIKUMU
OyJe TpoBEAEHO KPUTHYHHUI aHaji3, ckopoTuiack a0 15. KinmeBuil BapiaHT cXeMu
PRISMA Bino6paxenwuii va puc. 1.2.

VY [10] aBTOpHM HaBOAATH KOPOTKHH OIJIAZ ICHYIOUHX MOJEJCH Ta IMiIXOIIB 10
kiacudikaiii TekcTy. Y mporeci BOHU BUCBITIIOIOTh HE TUIBKKM METOMH, ajie ¥ MpoIiec
MOTIEPETHBO1 MM ATOTOBKH JTAHUX, HAJAI0UX HOMY TaKy K BaXKJIMBICTh Ta aKTYaIbHICTB, SIK
1 cam mertoj kiacudikarii. lana myOmikailiss HaBOJUTH OTJISA SK CY4aCHUX METO/IIB
kiacugikarii, Tak 1 6T ycTaBieHux B 11k cdepi. Lls poboTta kopucHa npu BUOOPI
MiAXO0Ay 10 BAKOHAHHS JUTUIOMHOI pOoOOTH, ajie He HaJa€ JOCTaTHRO TNIMOOKOTO aHAIi3y
SIKOTOCh 3 MePepaxOBaHUX METO/IB.

Hocmimkenns [13] mpucBsueHO HOBiM Mojeni Kiaacudikallii TEKCTIB Ha OCHOBI
0araTopiBHEBUX CEMAaHTUYHUX O3HAK. ABTOpU MPONOHYIOTh JOJATH KOEPIIiEHT
kopesii kateropiit 1o TF-1DF, a Takox koedimienT kornenTpaitii yacrotu g0 CHI. Le
BIJIOOpaXka€ pIBEHb KJIOYOBUX CEMAHTUYHUX O3HAK. [HINI 2 piBHI Le — JIOKaJIbHI

ceManTHuHl O3HakKu 3a mornoMororo TeXtCNN Tta rioOanpHI CeMaHTHUYHI O3HAKHA 3a
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nornomororo BILSTM. O6’eqnanHs HuX PiBHIB 1 CKIIaa€ i1ei0 0araTopiBHEBUX O3HAK,
III0 € OCHOBHOIO TE€PEeBaror0, aJikKe J03BOJIsI€ OTpUMaTH OubIne iHGOpMAIlli PO TEKCT.
Hanuit metox OyB MPOTECTOBaHM Ha JEKUIBKOX BIOMUX HabOpax JaHMX Ta MOKa3aB
pe3ynbTaTH Bulle 6a30B01 Moiemi Uit X HaOopiB ganux. OHaK, aBTOPU HE MOKa3alu
BUKOPUCTAHHS IIHOTO MAXOMY Il MPOOJIeMH, SIKy BOHU TPArHYJId BUPIIIATH —

Kkiacudikalliss HOBUH KHTalChKOIO MOBOIO.

—
3aranom snasneno nyGnikauii (m=72)

= Pik myGnikanii: 2019-2023

=

=

=

E Kinekicts nyGnikauiii, BU3HaUeHHX KinbkicTs 1o0aTkoBHX myGiikauiii,

:E 1IpH [olyky & Basi Scopus BisHaucHEX B Dasi Google Scholar

(n=43) (n=129)
—
KinbkicTs myQmikauii, ki 3aliIKcs nicis BUAancHHa 1y0nikaris
(n=T1)

=

=

]
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=
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Puc. 1.2. Ompumana cxema PRISMA

Astopu 3 [29] mocmimkyBaau SIK TMOKPAIIUTH BUSBJICHHSA (DEHKOBHMX HOBHMH 3a
JIOTIOMOT'OF0 aBTOMAaTHYHOTO PE3IOMYyBaHHS TEKCTy. [IpOMOHYETHCS MOKpaIeHa MOJIeTh
BERT, sika mae Hazsy CMTR-BERT. Jlana Moenb BiAPI3HAETHCS Bl 3BUYHOI THM, 1110
BUKOPHCTOBYE JI0OJIATKOBY KOHTEKCTY 1H(OpMAIlilo, SK-OT Bi€O- YH (POTO-KOHTEHT.
3anponoHOBaHUII METOJ MOKa3aB JOCTATHbO XOPOIll pe3yJbTaTH Ha JIOCHIIKYBAHUX
Habopax JIaHMX, IO JIOBOJIUTH BaXKJIMBICTH JIOAATKOBOI KOHTEKCTHOI iH(opMartii. OgHak
3BIJICH BHHHMKA€ W HEIOJIK poOOTH — JaHi 0e3 J0AaTKOBOi iH(opMmarlii, SKHX BCe IIe

OUIBILIICTD y CBITI.
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Y pobori [6] aBTOpu MOpyIIyIOTH POOIEMY KiacH(biKyBaHHS KOPOTKHX HOBHH
JINIIE 3a 3arojIoBKOM, TOOTO IOBOIATH Hemoku Oaratbox wmogmeneid NLP, sxi
BUKOPHCTOBYIOTh BEJIMKI MAaCHBH TEKCTy 0€3 BUKOPUCTAHHS ceMaHTHKHA. HatoMicTh TyT
HaMararThCsl BAKOPHCTATH MOMEPEIHI0 00pOOKY 3aroJIoBKiB 3a JOMOMOT0r Word2vec 3
TF-IDF, a omicns 3acTocyBaBmm aHcamOyieBi Meroan MammHHOro HaBuaHHS (KNN,
HalBHUI OalieciBchkuil kinacudikarop, SVM). Haiikpamwmii pe3ynbTaT oKa3aB HaiBHUIA
OaiteciBchkuit kitacudikatop. Cepen HEAOMIKIB POOOTH — JOCHIIKEHHS Bi0YBaloCh Ha
HEBEIMKNX Ha0Opax MaHWX 3 TpPhOMa KjacaMd, Ta MOXE ITOKa3aTH 30BCIM 1HIII
pe3yibTaTH Ha OUIBIINX JIAHUX.

PoGota [5] HaBoaUTH Te3y, IO CydacHi MeTOAM Kiacudikaiii TEKCTI HaHOUIbII
PO3BUHYTI B JEKUIHKOX MOBax (aHIUChbKa, KUTAlChKa) Ta CTABUTH 3a METY PO3POOUTH
MOKpAaIIeHy MOJENb JUIsl MEHII IOMYJISPHOI MOBH — Ka3axXxChbkoi. ABTOPH HaBOSTHh
JTOCIIKEHHS 11070 TOoOYI0BH MOJIeNieH, iK1 BUKOPHUCTOBYIOTh JIUIIIE TEKCTOBI (HAIBHUIMA
OaifeciBcbkmit Kimacugikatop), sume doro-aani (CNN), abo x komOiHyoTh iX (DNN).
OcTanHi, MoKa3aiu Kpalmi pe3yabTaT, [0 J0BOAUTH JOIIbHICTh BUKOPUCTAHHS TAKOTO
niaxoay Js miei MoBu. OJHaK, B I[bOMY M 3HAXOJAUTh OCHOBHHUM HEJOJIIK METOIY — BIH
MOKe OyTH HE TAKUM PE3yJIbTATUBHUM JJIs IHIUX MOB, TOOTO HE € YHIBEPCAITbHUM.

Hocmimkenns [24] 3HOBY mopymirye mpoOiemy BupimeHHs 3amad NLP s
PI3HOMaHITHUX MOB. ABTOpPH HaBOJSATH IYMKY, IO OJHI U Ti )k MeToau NLP MoxyTb
JTaBaTH 30BCIM PI3HI PE3YJIbTATH JUISl IEKUIBKOX MOB. Y JaHOMY BUTIAKY JOCTIIKYETHCS
1HAOHe31McbKa. [IpornoHyeThbcsi BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHHX MEpEeX, SKl
3a3BUYall MpUTaAMaHH1 BUPIIMIEHHSM 33724 13 300paXeHHIMU, A0 KIacu(piKaiii TEKCTY.
Po3pobnena Mozenb rnmokaszana HermoraHi pe3yJibTaTh, OAHAK JOCIIIKEHHS TPOBOIUINCH
Ha JI0BOJII MajioMy Habopi nanux (4 kiacu ta 472 HoBuHM). KpiM TOr0, aBTOpU BKa3ylOTh,
[0 MOTPIOHO MPOBECTH MOAANIBINE JTOCHTIKEHHS 3 KOMOIHYBAaHHSM Pi3HUX IIapiB, a
TaKOoX (PyHKIIIM akTUBAIlli, IO MOXE CYTTEBO BIUIMHYTHU Ha pe3ynbTaTH. Jlo Toro x ueu
METO/ MOX€e OyTH MEHII €(PEKTUBHUM JJIs1 IHITUX MOB.

Y cBoiii poboti [21] aBTOpPH AOCTIIKYIOTH MOJKIJIMBOCTI KiIacH(ikaIii HOBUH
PI3HUMH MeToJlaMu sl OeHrajabchkoi MOBU. byrno posrmsnyro moxxiauBocti DNN, a

Takox nonysapHux kinacudikaropiB: KNN, HaiBHuii OalieciBehkuii kinacudikatop, SVM,
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JepeBo pimieHb. s BekTopuzallii BUKOpUCTOBYBajach TexHika [F-IDF. Ogaumu 3
HaWKpalux BUSBWIKCh MYJBTHUIIAPOBI TJIMOMHHI HEWPOHHI MEpEeXi, SKI IOoKa3zalu
BHCOKY TOYHICTh, Ta IIBUAKY BUJa4y pe3ynbTaTiB. Cepen HeI0iKIB BApTO BUIAUIUTH, IO
1 METOJIM MIAXOAATH JJIsl IOCTATHHO BENUMKUX HAOOPIB JaHMX JJisi TpeHyBaHHs. Takox
11l METOJM MOXYTh BUJABATH 1HIII PE3YyIbTATH JUISI IHITUX MOB.

PobGora [16] € moBomi o00’emHOI0 Ta BHpinlye crnenudidyHy mpodieMy —
Kkiacudikaiis craTed B HOBHHHI Ta3l 3 METOI BHUSBJICHHS HOBUH MPO JIOPOKHBO-
TPAHCTIOPTHI NMPUTOJM 3aJi1 CIOBIIIEHHS HAaceleHHS B LIbOMY perioHi. Sk 1 cepen
nonepeHix poOiT, aBTOPU BUKOPUCTOBYBAJIM OaraTo pi3HUX MOJENEH 3aisi BUOOPY
Halikpanux. Takumu BusiBuiiuck — SVM Ta Bunaikosuii jtic. Kpim toro, 6yio 3a3HadeHo,
no HaOip AaHuUX € He30alaHCOBaHUM, TOX JOJATKOBO 3aCTOCOBYBAIM JCKUIbKa
anroput™MiB BHOIpku manux. KomOinyBanus SVM/Bunankosoro micy ta ROS/RUS
(random oversampling/undersampling) BusBHIMCE HalePEKTUBHIIMMH. ABTOPH
OOILSIOTh MOSICHUTU TaKy MOBEAIHKY B MailOyTHIHA poOOTI, IO 3aJUIIAETHCS BIIKPUTUM
nuTaHHsM. OKpiM 1[bOTO, Cepel HEOJNIKIB pPOOOTH BapTO 3a3HAYMTH, L0 TYT
po3riAaeThes OlHapHa Kiacu@ikarlis.

Astop [33] mocunaeTbes Ha MIBHIKE 301IbIIEHHS 00CATy iH(pOpMAaIii Ta HOBHH
3arajoM y CBITI, 4epe3 L0 BUHUKA€E MOTpeda B aBTOMATUYHI KiIacH(iKalii [UX HOBUH.
JocnimKkeHHs: TPOBOAUTHLCS HA ABOX METOJax — Kiacudikallii 3a J10MOMOIoK HaiBHOTO
OaifeciBcrkoro kinacudikaropa ta TF-IDF. ABTop 3Mir MIBUIKO JOCSITHYTH PE3yJIbTAaTIB,
OJTHAK YaCTO MOKA3HUK TOYHOCTI TOBOJII HU3bKUH, 110 MOTUBYE MOATBIIE 0 CITIHKCHHS.

Y poboTi [23] aBTOpH MPOBETU CYTTEBY POOOTY 31 300py iH(OpMaIiT 3 ICHYIOUHX
poOiIT y chepi kiacudikalili HOBUH, a TAKOX JOCTIAMIN MOXKIMBOCTI Kiacudikailii HOBUH
3a gonomororo 4 MmeronaiB: KNN, SVM, naiBHoro OaiieciBchbkoro kiacudikaropa Ta
jorictuyHoi perpecii. Cepesl MO3UTUBHUX CTOPIH POOOTH BapTO BUIAUIMTH HAOIp TaHUX
Ha SIKOMY TPOBOJAMJIUCH AOCIIKEeHHs. [le mpubau3Ho 75 THCSY HOBUH 3 CEMH Pi3HUX
pecypciB. Takoxk 10 HHOTO OMUCYIOTHCS €TaIU MONEePeIHhOI 00POOKH. SK 1 B AEKIIBKOX
nomepeHix poboTax, HaWKpaluM pe3yJbTaTOM BOJIOMIE HaiBHUN OaleCiBChKUN
kiacudikatop. OpHaK, BUHHMKAIOTH JIEKIIbKa MpoOJieM 3 BUKOPUCTAHHSM METOIB

MaITMHHOTO HaBYaHHS I Kiacudikamii HOBHH, SIKI caMl aBTOPU 3a3HAYAIOTh.
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Hanpukiaza, BAHUKHEHHSI HOBOT'O, HEB1JIOMOTO /111 MOZIEJIl, TUITY HOBHH.

Hocmimkenns [15] mpucsyeHo kimacudikaifii HOBUH Ta BHIIJICHHS HACTPOIB
KOPHCTYBaUiB 3a JIONOMOT' 00 HOBOTO METOy Kacudikailii Ha OCHOBI M’ SIKHX OOUHCIICHb
3 BHKOPHUCTAHHSAM Teopil Oau3bkux MHOKHH. AnroputMm (TSC) mokazaB cebe kpaiie
KJIACUYHUX MeTO/IB (SK-0T SVM un BumnaakoBuii nic) Ha 7 3 10 mocmimxyBaHux HaOOpiB
nannx. OCHOBHA MepeBara 3anpornoHOBAHOTO AITOPUTMY — BHILA TOUHICTH JIJIsI KOPOTKUX
TekcTiB. OpjHak, 31 30UIBIMICHHSIM JIOBXKUHM TOTEHIIMHOI HOBWHMU/MyOJiKaIli
e(eKTUBHICTh Ta JOIIbHICTh BUKOPUCTAHHSA LILOTO METOAY Oy7ie 3MEHIIIYBaTHUCh.

PoGota [9] craBuTh 3a MeTy BHpIlICHHS 3a7adi Kiaacu(ikaiii HOBUH MOBOIO
TUTPUHBS — e(pioceMiTChKa MOBa, 110 3HaLIa nomupeHHs B Eputpei. BapTo 3a3Hauntu,
110 IIOJ0 IIi€i MOBH € MaJlo OE€3KOIITOBHMX Ta BaroMux HaOopiB gaHux. Came TomMy
aBTOpU camocTiiiHO chopmyBanu Habip 3 30000 HOBUH Ha OCHOBI IMyOJTIKaIlIi MICIIEBUX
raser. Ik pe3ynapTart, JOCIIAHUKNA OTPUMAJIM MOPIBHSAHHS ICHYIOUMX KJIACUYHUX METO/IB
3 CNN+word2vec+FastText. Mopmeni Ha OCHOBI 3TOPTKOBHX HEHPOHHHX MEpex
MoKa3ajy OUIBIIY TOYHICTh Kiaacudikarlii, o J0BOAUTH JOIIBHICTh IIBOTO MIAXOTY JJIs
BUIIAJIKY 3 THUTPUHBIO. ABTOpPH TMPHUITYCKAIOTh, IO METOA MOXE OyTH TaK caMo
¢()eKTUBHUM 1 JIJI IHIIMX MOB, OJIHAK BIH BHMAara€ BEJMKOi KUIBKOCTI JTaHUX IS
TpEHYBaHHS.

Y [7] aBTOpHM aKIEHTYIOTh yBary Ha BaXJIMBOCTI BHOOpY TrinmeprapaMeTpiB
moxene. Tak, ontumizoBana moaenb SVM mokazana Ha 20% OiuIblly TOYHICTH, HIXK
3BUYANHI MOJENl HEONTUMI30BaHa MoJenb. Takox Oyma crnpo0a MOKpalUTHA 1HII
knacuuni  migxoxu (SGD, BumaakoBmit ic, norictmuna perpecis, KNN), aze
ontumizoBana mojenb SVM mpamoBana kpamie, HbK 1HIN moxeni. Tomi sik 0e3
MiIX0ay 70 BUOOpY TrimeprnapameTpiB, TOOTO HEMAE aIrOpPUTMY BUOOPY HAMOUIBII
ONTUMI30BaHUX TiMeprapaMmeTpiB, a OUIbIIE CXUISETHCA 0 eMIipuIHOro miaxoay. Came
TOMY BOHA MOYXE€ BUKOPHUCTOBYBATHUCH SIK XOPOIITHI MPUKJIa] OOTPYHTYBaHHS BaKJIUBOCTI
rineprmapaMeTpiB, aje He BUPIMICHHS K caMe X 0OMpaTH.

Hocmimkenns [27] npucBsueHo  po3poOJICHHIO J0JaTKa IMiJ  Ha3BOIO

TwitterBulletin. Ile mporpama mis 36o0py, kiacudikaiii Ta BigoOpa)XC€HHS HOBHH
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TYpELbKOIO MOBOIO 3 I[IJILOBOIO ayJUTOPII0 — KypHaJIicTaMu. ABTOpU 3a3HAYAIOTh, 1110
BUKOPHCTAIU TypelbKy 0i0mioreky s oOpoOku moBu Zemberek. Kpim Toro,
BUKOpHUCTaIM pi3HI MeToau Bektopm3aii (TF-IDF, N-Gram, word2vec) ta anroputmu
kinacudikamii (CNN, SVM, KNN, norictuuna perpecis). JlogaTok moka3zaB XOpoiii
MOKa3HUKHU TOYHOCTI Ta O€3yMOBHO Ma€ MPUKIIAAHE 3aCTOCYBaHHA. AJle BiH 3aTOUYCHUI
Ha BUKOpHUCTaHHI 0i0mioTexkn Zemberek, mo yHeMoxIuBIItOE HOTO BUKOPUCTAHHS IS
THIITMX MOB.

Ocrtanns nyOumikamis [4] cTaBuTh 3a METy BUPIIIUTH JBI 3aJa4i — BHJIYYCHHS
BaXKJIMBOTO BMICTY 3 BeO-pecypciB (HOBHMH 3 HOBUHHHUX CAMTIB) Ta pe3IOMyBaHHS TEKCTY.
3anmpornoHOBaHUM IIIX1] MICTUTh BUJIICHHS KIIFOYOBHX (ppa3 Ha OCHOBI BUOOPY 3 (pa3-
KaHJIMJATIB 32 JOMOMOIOI0 (PYHKIIi Baru, sika B cBoto uepry mictuth [F-IDF, Gepe no
yBaru no3uilito ppaszu Ta mody 0By CEMAaHTHUHUX 3B’ SA3KIB M1’k CIIOBAMHU 32 JIOITIOMOTOIO
WordNet. Jlanuii MeTo € IepCeKTUBHUM, OJHAK BiH TaKOX MOTpeOye MOKpaIIeHHS,
OCKIJIbKH € BUIAJIKH KOJIU [IPU CTUCHEHHI BTPA4Ya€ThCs BayKIIMBa 1HPOpMAILlis, IK-OT J1aTa,
yac abo x wmicue myOmikamii. Kpim Toro, aBTopu cTaTTi OLIbIIE aKIEHTYIOTh Ha
BUSIBJICHHI Ba)JIMBOTO KOHTEHTY, THM CAMHM YIIYCKAlOYM JAETall IMIUIEMEHTAallll
pE3I0OMYBaHHS L[OTO KOHTEHTY.

Buiie omnmcani HaykoBi CTaTTi TakoXK OYJIO CHCTEMAaTHW30BaHO Yy BHUIJISAIL

tabymmi 1.1.
Tadauus 1.1. Ornsn icHyro4ux pooiT
No HazBa IHcTpymenTapiit 3anaya Pix | [Tocunanus
1 | A Survey on Text| word2vec, Knacudikarris 2022 [10]
Classification FastText, TEKCTY

Algorithms:  From | GloVe, KNN,
Text to Predictions | nepeBo piiiieHs,
JIOTICTUYHA

perpecis, CNN
2 |A Text | TextCNN, Knacudikaris 2022 [13]
Classification BILSTM, TEKCTY
Model via Multi- | Word2Vec
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No Hasga [HCTpy™MeEHTapiit 3agaua Pix | Ilocwianus
Level Semantic
Features
3 | Applying CMTR-BERT, | Pe3tomyBanHs 2022 [29]
Automatic Text | BERT TEKCTY TUTSE
Summarization for BUSIBIICHHS
Fake News (eHKOBUX HOBUH
Detection
4 | Automatic KNN, maiBauii | Knacudikarris 2019 [6]
Semantic OalieCciBChKHI HOBHUH
Categorization  of | kimacudikatop,
News  Headlines | SVM).
using Ensemble
Machine Learning:
A Comparative
Study
5 | Classification  of | DNN, CNN, | Knacudikarris 2022 [5]
Scientific HaIBHUHT HayKOBHX pOOiT
Documents in the | OaiieciBchkmit
Kazakh Language | knacudikarop
Using Deep Neural
Networks and a
Fusion of Images
and Text
6 | Indonesian  news | CNN Knacudixarrist 2020 [24]
classification using HOBHH
convolutional
neural network
7 | Multi-category KNN, SVM, | Kitacudikartis 2021 [21]
Bangla News | DNN, HaiBHMi1 | HOBHH
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HasBa

[acTpymenTapiit

3amaua

Pix

ITocunanuag

Classification using
Machine Learning
Classifiers and
Multi-layer Dense

Neural Network

0aleCiBChKUNA

kiacudikaTop

News
Classification  for
Identifying Traffic
Incident Points in a
Spanish-Speaking
Country: A Real-
World Case Study
of Class Imbalance

Learning

SVM,
BHUITaJKOBUH JIiC,
KNN, data
sampling

techniques

Kacudixkarris

HOBHUH

2020

[16]

News
Classification
Using Machine

Learning

HaiBuwuii
OaileCiBChKHUH

kiacudikarop,

TF-IDF

Kacudikaris

HOBHUH

2021

[33]

10

ONLINE NEWS
CLASSIFICATIO
N USING
MACHINE
LEARNING
TECHNIQUES

SVM, KNN,
HaiBHUU
0aleciBCHKHI
kiacudikarop,

JIOTICTUYHA

perpecis

Knacudixkaris

HOBHUH

2021

[23]

11

Short Text
Classification with
Tolerance-Based
Soft
Method

Computing

TSC (Tolerance
Sentiment
Classifier),
SVM,

BUIIAIKOBUH JIIC

Kacudikaris

TEKCTY

2022

[15]
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No Hasga [HCTpy™MeEHTapiit 3agaua Pix | Ilocwianus
12 | Text Classification | CNN, word2vec, | Knacudikarris 2021 [9]
Based on | FastText TEKCTY
Convolutional
Neural  Networks
and Word
Embedding for
Low-Resource
Languages:
Tigrinya
13 | Topic SVM, SGD, | Knacudikartis 2023 [7]
Classification  of | BumagkoBuii jic, | HOBUH
Online News | KNN,
Avrticles Using | morictnyHa
Optimized Machine | perpecis
Learning Models
14 | TwitterBulletin: An | Zemberek, Knacudikaris 2022 [27]
Intelligent and | CNN, SVM, | HoBUH
Real-Time KNN,
Automated  News | norictnyna
Categorization perpecis,  TF-
Tool for Twitter IDF, N-Gram,
word2vec
15 | Web-Based News | WordNet, TF- | BusBienus ta | 2022 [4]
Straining and | IDF pE3IOMyBaHHs
Summarization HOBHH

Using Machine
Learning Enabled
Communication

Techniques for

30



No Hasga [HCTpy™MeEHTapiit 3agaua Pix | Ilocwianus

Large-Scale 5G

Networks

VY mpotieci NONIyKy HayKOBHX JKEpeJ B HAyKOMETPUIHHUX 0a3ax, MOKHA TOMITUTH
3pOCTaHHS 1HTEpecy A0 MpobiieMu Kiaacudikairii Ta/abo pe3roMyBaHHS HOBUH 3a OCTaHHI
pok# (puc. 1.3). Lle miaTBepaKy€e akTyalbHICTh HAYKOBOI CIIIJIBHOTH /IO IIbOTO HATIPSIMKY

JTOCITIIKEHHS.

KinbKicTb nybnikaLin

25
20

15

10
., ]

2019 2020 2021 2022 2023 (HenoBHMN)

B KinbKicTb nybnikaw,in

Puc. 1.3. Kinokicmo nyonikauiii 3a 00panoro memamukoro 3a 0CmaHHi 5 poxis,

OnyoNiKosanux 6 HayKOMempuuHii 6a3i SCOpPUS

Jlns kaTeropuzartiii Ta pe3roMyBaHHS HOBUHHUX CTAaTeH ICHYE psI MpoOjIeM, SKi B
JESKUX TIOTICPEIHBO ONMUCAHUX PIMICHHSIX BUPINTYIOTHCS JIMIIIE YaCTKOBO:

1. HemocratHs KUIBKICTh TaHUX JIJISL JOCHIPKEHHS 3 PI3HUMU MOBaMHU.

2. lllupoka Bapiarisi METOMIB JJIsS BUPIIIEHHS KaTerOpH3allii, ki MOXXYTh MaTu
pI3HI pe3yiabTaTH B PI3HUX cHUTyauisx/moBax. ToOTo, 1e moOTpedye
JTOCHIKEHHST 3201 11eHThdIKaIli HalOUIbIl €(PEeKTUBHUX Ta TOYHUX JIJIst
KOHKPETHOT IPOOJIeMH.

3. IIpobmeMa MapkyBaHHS HOBHH 3 HOBHMH KaTETOPisSMH.

4. Pu3uk BTpaTH BaXJIWBOI 1H()OpMAITi TPU CTHCHEHHI.
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5. Hwusbka KiIbKICTh HAYKOBUX POOIT 11010 pe3IOMYBaHHSI HOBHUH.
6. BijncyTHICTh IHCTPYMEHTIB, K1 O BUPIITYBaJIH 111 AB1 3a7a4i (KaTeropu3aliis Ta

pE3IOMYBaHHs1) BOJHOYAC.

1.3. IlocTanoBKA 3aaaui.

Meta poOoTH MoNATaEe B TOCHIKEHHI Ta MOKJIMBOCTI MOKPAIIEHHS €()EKTUBHOCTI
METO/I1B Ki1acu(iKarlii Ta pe3loMyBaHHS HOBUH. Pe3ynbratom poboTH, SIKUH TUTAHYEThCS
JIOCSITHYTH € TIOPIBHSJIbHA XapaKTEpHUCTHKA METOAIB Kiacudikallii Ta pe3roMyBaHHS
HOBHH Ha OCHOBI HU3KH JIOCII/DKEHb, @ TAKOXK KOHIICTIIIisl POTPAMHOTO MPOAYKTY 33715
aBTOMATUYHOI 0OpOOKH CBIX)KUX HOBUHHHUX CTaTEH.

JJist ToCSITHEHHST METH HEOOX1HO BUPIIIUTH PsiJl 3a/1a4, a came:

7. JlocnmiauTy ICHYIO41 METOAM KaTeropu3allii TEKCTY.

8. JlocmiauTu iICHYIOY1 METOIM PE3IOMYBaHHS TEKCTY.

9. 3pilicHuTy oryAn HaOOpIB JaHUX, SIKI MOXYTh OyTH BUKOPHCTaHI MpH

BUKOHAHHI I1i€1 poOOTH. 3a moTpedu, moOyIyBaTh HOBUI HAOIp TaHUX.
10.ITporpamHo peanizyBaTu ASKIJIbKa METOIB KaTeropusallii Ta pe3loMyBaHHS.
11.ITpoBecTn TecTyBaHHS MMOOYJOBAaHUX MOJENEH Ta aHall3 OTPUMAHHUX

pe3ynbTaTiB.

1.4. BucHoBKH

B nanomy po3zaini Oyno po3riissHyTo cdepy BHUKOPHUCTaHHSA 3aco0iB 00pOoOKU
NPUPOAHLOT MOBU. Tak0X HaBEIEHO BAXKJIMBICTh B Cy4aCHOMY CBIiT1 OHJIAWH-PECYPCIB B
CydyacHOMY JKHUTTI Jrojied. ByB mpoBeneHMil aHami3 JITEpaTypd Ha OCHOBI CXEMU
PRISMA. Pe3ynpTaT 115010 mnokasaB 3aIlikaBJCHICTh HAyKOBOiI CIUIBHOTH B 00JIacTi
kiacudikarii Ta pe3toMyBaHHS TEKCTIB.

Kpim Toro, Oyno BU3HaUeHO MeTy poOOTH Ta MEpeNiK 3aBJAaHb, BUPIIIEHHS SKUX

000B’I3K0OBE JJIA JOCATHCHHA MCTH.
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2. JIOCJIAHUIBLKUI PO3LIT

2.1. Anajni3 npeameTHoi 00.1acTi.

Kiacudikariist TeKCTy — 11€ Ipoliec BU3HAUYCHHs KaTeropii TEKCTY Ha OCHOB1 HOTO
3MicTy, HanoBHEeHHS. Lle 3100ym0 mommpenHs B 6aratbox cepax Ta BUPIIIYIOTh HU3KY
NPUKJIATHUX 3a7a4d (BU3HAUCHHS CIIaMy, BU3HAYCHHS MOBH TEKCTY, MPUCBOEHHS TETiB
CTaTTsIM, TOIIO).

Icnye pexinmbka MIAXOAIB 1O MOOYJOBH CHCTEM, LIO0 BHUPIIIYIOTH MHpOOIEMy

kiacudikanii (puc. 2.1).

( ¥nacudizayin TexcTy ‘

rGpnona

oy

-
Ha ocHosi MaWKHEOMD
Ha ocroei npasun
HEEUSHHA

Haie=wi Safecizceamil
wnacubikarop

] NoricTwusa perpecia

. Oepess pileHs

\——h TpaHcdopMmepa

Puc. 2.1. Memoou knacugixayii mexcny

Po3rigHeMo aeTtajpHIIIE KOXKEH 3 MIIXOIIB.
o CucreMr Ha OCHOBI MpaBWI. Y JaHOMY BUNAAKY BITHECEHHS TEKCTY J0
KOHKPETHO1 KaTeropii Bi0yBaeThCs 3a HaNepea BU3HAYEHUMU TMpaBUIaMU

[19]. 3a3Buuaii 11e BiIOYBA€ETHCSA 3a HASBHICTIO CHEIUGBIYHOT JCKCUKH IS
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pi3aux cdep. Toxai BigOyBaeThcs MOOY10Ba CIIOBHUKA, JI€ 10 KOKHOTO KJ1acy
(kateropii) MPUCBOIOETHCSA CIUCOK ciiB. Hampukman, ajisi HOBUH 10 TEMHU
“3nounHU”, MOXe OyTH CTBOPEHHH CIOBHHUK 3 TaKUMH CJIOBAMH:
KpUMIHAJIbHUN KOJEKC, Kpaaikka, Kopymiis. [Ipoiiec mpucBoeHHs kaTeropii
Oyze CympoBOKYBaTUMETHCS MIAPAXyHOK BXOKEHHsSI CJiB J0 HOBOTO
TEKCTY 1 IPUCBOEHHS KaTETopii, KUTbKICTD CIIB 3 SIKO1 € HaO1JIbIIIe B TEKCTI.
JlaHuii miaxia € MpoCcTUM B peatizallii, ajie Mo)e OyTH J0BOJII HETOUYHUM Ta
JIOPOTUM, aJKe MOOY0Ba JIIHIBICTUYHUX MIPABHII JIJIsl CJIOBHUKIB TOTPEOYyE
rMOOKOTO PO3yMiHHS Kiacy uu kateropii. Cepen mepeBar MeETOLy —
BIJICYTHS TOTpeOa B HAaBYAIBHUX JJAHUX 1 JIETKICTh B PO3YMIHHI.

Cucremu Ha OCHOBI MamIMHHOTO HaBuaHHs. Llel cmocid IpyHTyeTbcs Ha
BUKOPUCTAHHI METOJIB Ta MOJEJIe MalIMHHOTO HAaBYaHHS. 3aMICTh TOTO
abu caMOCTIHHO BpYy4YHY OyayBaTh TpaBuja BIAHECEHHS TEKCTY [0
KaTeropii, po3poOHUKHU NEPEKIAIAI0Th BIAMOBIIAIbHICTh HA AITOPUTMH, 1110
MOXYTh 3HAWTH TEBHI 3B’SI3KM MDK TEKCTOM Ta KjacoM. JlaHui miaxin
BUMAarae IONEPEHbOI OOpOOKM TEKCTy Ta penpe3eHTalli TEKCTy Yy
3pO3yMLUIOMY AJIsI AITOPUTMY MPEACTABIECHH] — 3a3BUYail BEKTOP1 YUCEIL.
['iOpuaHi CUCTEMU MOEIHYIOTh BUKOPUCTAHHSA 000X MOMEpPEaHIX MIAXOMAIB:
Ha OCHOBI MPaBUJ Ta MAIIMHHOTO HaB4YaHHs. Taka cucrteMa joj1ae OUIbIIOL
THYYKOCTI Ta MOXJIMBICTh BHOCUTH 3MiHM. Hanpukian, noOygoBaHa MOACIb
MaITMHHOTO HaBYaHHS MOXKE HETPABUIBLHO TependavyaT sIKUHUChH 3 KIIACIB,
TOJ1 JOJIaBaHHSI HAO0OpY JIIHTBICTUUHMX MPABUI JOTOMOXKE 00poOUTH 11ei
BUHSTOK. AJie Bifpa3dy CTa€ OYEBUIHO, IO TaKy CHCTEMY BaKue

MiATPUMYBATH 1 pO3pPOOJISTH.

HaiBHuii OalieciBcbkuil Kinacudikatop — kinacugikaTop Ha OCHOBI HMOBIPHOCTEM,

KWW BUKOPHUCTOBYE Teopemy baiieca ajis BU3HaA4eHHS WMOBIPHOCTI MPUHATICKHOCTI 10

neBHoro kinacy. [Ipu BHKOpHCTaHHI IILOTO METOJY BXIJHUN TEKCT MPEICTABICHUN Yy

BUTIISAI TopOuM ciiB [2], Je cioBa mpeacTaBicHHI 0Oe3 BpaxyBaHHS TO3WINI 4YH

rpamMatudHoi ¢GopMH, aje BPAXOBYIOUM YACTOTYy BXOJDKCHHS B TeKCT. Pe3ymbrar

MIPUHAJIEKHOCTI TEKCTY JI0 OJHOTO 3 KJIACIB OMUCYEThes popmyroro 2.1.
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¢ = argmax P(c|d) (2.1)
cecC

e ¢ e Kilac 3 HaWOUIBIIOK aloCTEPiOPHOI HMOBIPHICTIO, TOOTO YMOBHOIO
HMOBIpPHICTIO MPUHAJICIKHOCTI JI0 KJIaCy C 32 YMOBH BXiJHOTO TeKcTy d.

JloricTuHa perpecisi — CTaTUCTUYHHUNA MeTOj Kiacudikaiii, KU Moxe OyTu
aJanToOBaHUM 111 O1HAPHOI YU MHOXKMHHOT Kiacudikaiii (MyJbTHHOMIaIbHA JIOTICTHUYHA
perpecisi) [31]. Jlanuii rpyHTY€EThCSI Ha TOOYIOBI JIiHIT perpecii sl 3HaueHb, 0 MOYKHA
IPEICTaBUTH y IBiiiKoBOoMY BUIJIsAL [3]. V saxocTi mapaMeTpiB (pyHKIIT perpecii MOXKYTh
BHUCTYIIATH TIE€BH1 MOBHI ITpaBWJIa: KUIBKICTh BXO/PKEHbB CIIIB IIEBHOTO JIEKCUKOHY, O1HapHE
3HAUCHHS YM € 3HaK OKJIUKY Tomro. Cepen HeMOMiKiB METO/Ia BaPTO BUAUIATH HEBUCOKY
AKICTh Kjacudikarlii Ta BUCOKI OOYHCIIIOBAIbHI BUTPATH, OJHAK METOJ[ € MPOCTUM B
peanizari.

HlepeBa pimieHb — METOJ MAIIMHHOTO HAaBYaHHS, SKUW BUKOPUCTOBYE
JIEPEBONOIIOHY CTPYKTYPY, /1€ TUCTKU PEIPE3CHTYIOTh KJIaCH, & BHYTPIIIHI BY3JIH MEBH1
MpaBuia, SKi BU3HAYAIOTh PYX BHU3.

Astopu [31] 3BepTaroTh yBary Ha Te, sIK JIFOJJMHA BHBUYAE CIIOBA MPOTATOM KHTTH,
30KpeMa JWTUHCTBA. BpaxoByrouu, IO CJIOBHMKOBHM 3amac JOpOCIOi JIFOJAMHU
konuBaeThes Big 30000 mo 100000, MoxHA TPUMYCTUTH, IO AITH MOBHHHI BUBYATH B
cepeHbOMy TIO0 7 cliB MIOAHS A0 AocsirHeHHs 20-piyHoro BiKy. binbmiicte 3 HUX
JI3HAIOTHCS SK MOOIYHMIA MPOAYKT YATAHHS. [HITUMU CIIOBaMHU — TIPOIIEC TPEHYBaHHS,
KWW CIIBCTAaBHUHM 3 MPOIECOM TPEHYBAHHS MOJENIe MAaIlMHHOTO HaBYaHHA. Takum
YUHOM — 3 SBHJIACh 171es TpaHCHOpMEpiB — HAWUMOIMIUPEHINIUX MOBHHUX IMOTEPEIHbO
HAaBUYEHUX apXITeKTyp. TpaHchopmep MPONOHyeE MEXaHI3MH CaMOyBaru Ta MO3UIIIHOTO
KOJIyBaHHS, III0 MOX€e OyTH BUKOPUCTAHO I BUPIIICHHS pi3HuX 3aBaanb NLP. YV tomy
yucial M KaTeropusaulii Ta pe3loMyBaHHS TekcTy (HoBuH). Came pi3HI BUIU
TpaHchopmepiB Oyae TOCHIKEHO B I poOOTi, a apXiTeKTypy Ta TOJOBHI ijei
JIeTaji30BaHo B po3aimi 2.3.

Opnnak, BapTo 3rajaTd ICTOPI0 1 OPUYMHU TOsiBU TpaHchopmepiB. Y 2017
nocigauku 3 Google onyO6mikyBaau poboTy mmia HazBoro “Attention is All You Need”

[39]. ¥V mpomy mocmipkeHHI OyJiO KUHYTH BUKJIMK HAWTOMYJISPHIIIAM MOJIEISAM JUIsI
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Bupimrenss 3aaa4 NLP Toro vacy — pexkypentnum Heiiponaum mepexkam (RNN). TTosBa
apXiTEeKTypH TpaHchOpMepiB BILUIMHYJIA HA PO3BUTOK chepr 00pOOKH MIPUPOIHBOI MOBH
HaI3BUYAHO CHIIBHO, 1 BKe chorojHi koxkeH 4uyB npo ChatGPT (GPT — Generative
Pretrained Transformer) un BERT (Bidirectional Encoder Representations from
Transformers).

Y ocuoBi RNN Oynu nekinpka KOHLEMIIN, sKi OylqM NEepeBUKOPHCTaHI Ta
nokpaireHi B Tpancopmepax. Cepen HUX BapTO BHIIIUTH 2 OCHOBHI: MOJIENb KOJepa-
JIeKo/iepa Ta MEXaHi3M yBaru.

BizpmMeMo mpukiaa BUPIIICHHS 3aBJaHHS TepeKIIaly — Ha BXO1 1 BUXO/1 MEpexKi
MOBUHHI OyTH TOCIIJIOBHOCTI JOBUIBHOI AOBXHHHU. TOJI 3aCTOCOBYIOTH apXITEKTYpPY
KoJiepa-aekoaepa. Kogep BiamoBigae 3a koayBaHHs (a0o »x mepeBin) iH(opmailii B
quciaoBy dopMy (abo k mpuxoBaHui cTtaH). HatoMicTh Jekojep OTpuMye 1€l CcTaH 1

TeHEepy€e HOBY MOCIIOBHICTH (pHC. 2.2).

' N - N\

ChoroaHi —» : > Today
Yygosmn —» —» (Good
Mogenes CtaH Mopenb
HdeHs —m —» Day
Ao 4 A\ J
Konep Hexogep

Puc. 2.2. IIpuknao po6omu xooepa-oekooepa

OnHak, epeBOsIYN JIOBr'Y MOCIIIOBHICTh CJIIB B OJJMH OCTAaTOYHMM CTaH, MOXE
TpanmuTHUCh, 10 1H(oOpMmallis Oyne BTpadeHa B TPOIECi CTHCHEHHS 10 (DIKCOBAHOTO
3HaueHHA. BupinieHHs 1iei npoOaeMu iCHye — B¥KE paHillle 3raJlaHuii MeXaH13M yBaru.

OcHOBHA i7iesl TMOJsATaE B BUBOJI MPUXOBAHOTO CTaHy Ha KOXHOMY KpOIll OOpOOKH
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BX1JIHO1 MMOCIII0BHOCTI. Hanmpukiiaz, 115 HaBeAeHOTo Npukiaay Ha puc. 2.10 6ynae 3 pi3Hi
CTaHH, 110 PIBHE KIJILKOCTI BX1HUX CJIiB. HaTOMICTh IeKoiep MICTUTUME OKPEMU OJI0K
yBaru, sIKMil 3M0ke BU3HAUATH MPIOPUTETH HA KOKHOMY KPOIIi IEKOAYBaHHs, a00 X SKi
cranu Kpariie BukopuctoByBatu [20]. Lleit MexaHi3M J03BOJIUB 3HAXOIUTH HETPHBIaIbHI
3B’SI3KM MDK CJIOBaMHM, III0 3HAYHO TOKPAIIMJIO SKICTh MAIIMHHOTO TEpeKiamy. Aje
pa3oM 3 THM, BUHUKJIAa 1 HOBa TpoOiemMa — OOYMCIICHHS OYJIM TMOCIIIOBHI 1 HE MOTJIH
NiJUIsIraTd  po3napaselieHHio. Yepe3 1€ HaBYaHHS TaKUX MoJeJed Moryo 3abupaTtu
Oararo dacy. lleit Hemomik OyI0 BHPIMIEHO Pa3oM 3 MOSBOIO TpaHC(HOPMEpIB, MO Oye
OUIBIII JETAIBHO PO3KPHUTO B MiAPO3/iii 2.3.
3ragyrour cymapusalliio, BapTO 3rajarTH, M0 1€ MPOIEeC 3MEHIIEHHS O0CsTy
BEJIMKOI'O TEKCTy, 30€epiraroud TOJOBHI Te3W/ifei. 3arajioM alropuTMH CyMapu3arlii
OyBarOTh JIBOX BH/IIB:
o ExcrpaktuBHa cymapu3aiiis. Lle mporiec BUIIIICHHS BXKE ICHYIOUHUX PEYEHb 3
TekcTy. ToOTO ajropuTM TMOBHHEH OLIHUTH PEUYCHHS HA OCHOBI MEBHOI
METPHUKHU, BIACOPTYBATH 3a II€I0 OIIIHKOIO Ta TIOBEPHYTHU NIEAKY KUIBKICTh
HalBAXJIMBIIIUX PEYEHb. AJITOPUTM HE MOXKE 3r€HEpYyBaTH HOBE CIOBO YU
peueHHs, sike He 0yJIOo 3rajlaHe B BX1JJTHOMY TEKCTI.
o AOcTpakTHa cymapu3anis. JlaHuil MeTos1 € OUIbII CKIIAJHUM Yy peai3alii Ta
BIJIPI3HSIETHCS MOKJIMBICTIO T€HEPYBAaTH BUXIJIHHMMA pe3ylbTaT HAa OCHOBI

(aKTiB B TEKCTI Ta 3MICTOBHOTO 3HAYEHHSI.

2.2. AHani3 Ta nodyaoBa HAOOpy JaHUX.

IcHye Benwka KUIBKICTH HAOOpIB JaHMX, $KI MICTATH 1HGOPMAIIIO TPO
Kkiacuikalio yu cymapuzaiiito TekctiB. [le Moxe OyTH sIK Kareropuzarlisi 3a 3MIiCTOM,
Tak 1 3a TOHaIBHICTIO. KpiM TOro, iCHy!OTh Ha0OpU JaHUX BY3bKO-CIEIlaTi30BaHOI
TeMaTuku. HaTomicTh caMe HOBUHM MOKYTh MICTUTH UM HE HAPI3HOMAHITHIITY JIEKCUKY
3 pizHEX cdep. s BupimeHHs Ta MOXIMBOCTI TECTYBaHHS HEOOXiTHO abu Hablp TaHUX
MICTUB 1H(OpPMAIII0 MPO KaTEropit0 HOBMHM, ii 3arojoBOK a00 KOPOTKHM 3MICT Ta
MOBHUM TEKCT CTATTI.

VY [37] 3i0paHOo OaHY 3 HAHYMCENBHINIMX KOJEKII HOBHH OIMyOJIKOBAaHUX Ha
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pecypci HuffPost [11] mpotsirom 2012-2022 pokiB. HaGip nanux mictuth 210 THCSY
3amuCiB K1 MpoMapKoBaHl Ha 42 kaTeropii (Hampukiaa, MOJMITHKA YU MOA0poxKi). Kpim
TOT0, HaO1p MICTUTH MOCUJIAHHS Ha KOKHY OHJIaiiH-HOBUHY.

Ha6ip [12] mictuts 3 Minbionu 3amuciB maroBanux Bim 2001 mo 2022 poky.
OnHak, MICTUTh BKpai Majio iH(opmarlii o0 NOXOHKEHHS CTaTTi YU TTOBHOTO TEKCTY.
Taxo, BapTO BIAMITHTH, IO AESIKa YaCTUHA PAIKIB MICTUTh HEBIJIOMY KaTETOPifo.

BBC News Summary [25] — HaOip gaHuX OpH3HAYECHUN IJIs JTOCIIIKCHHS
cymapu3anii Tekcty. Bin mictuth 2225 NOKyMEHTIB MOJUICHMX Ha S5 Kareropid. 3
HEJIOJIIKIB BapTO BIAMITUTH CaM€ HHU3bKY KUIBKICTh 3alHMCIB Ta OXOIUICHHS PI3HUX
KaTeropii.

Pemra nocnimpxeHux HaOOpPIB JaHUX MICTHIM 1H(OPMAIIO MO0 MOXOKEHHS
HOBUH (peanbHa 4M (eiik) abo kK MICTHIM HEJOCTATHIO 1H(OPMAIIIIO 010 JIOKATBHUX
HOBUHHUX PECYPCIB.

OT1xe, HaONTUMAJIBHIIIMM BapiaHTOM € BUOIp mepiioro Habopy naHux. Bennka
KUIBKICTB 3aIMCIB JTO3BOJISIE MPOBOJIUTHU JICTANIbHE JOCIIHKEHHS, 8 HASIBHICTh MTOCUJIAHHS
Ha TIEPIIOHKEPEsIO HAJa€ MOXKIIMBICTD 3aCTOCYBaHHS 3aco0iB BUI00yBaHHS qaHuX (Web
mining). TakuMm 4yuHOM, y i POOOTI Oyae PO3IIMPEHO BIACHOPYY ICHYIOUHMH HaOIip
JaHUX.

Hwuxde naseneno surissg News Category Dataset (puc. 2.3).

link headline category short_description authors date
https:/iwww_huffpost.com/entry/covid-  Over 4 Million Americans Roll Up Sleeves US NEWS Haalth experts said it is toa early to predict Carla K. Johnson, 2022-09-
boosters-.. For O.. AP 23
Thananey /) il i - Ameri irli o oW . 1o W 0, . -
https:/iveww huffpost. com/entry american-  American Airlines Flyer Charged, Banmlad US NEWS He was subdued by passengers and cre Mary Papenfuss 2022-09
airlin.. For Li.. when he ... 23
-l /| n iest- i o " i . i 09-
https:/iwww huffpost.com/entry/funniest 23 Of The Funniest Tweets About Cats COMEDY Until you have a dog you don't understand Elyse Wanshel 2022-09
twaets.. And Dogs .. wha... 23
https:/iwww huffpost.com/entry/funniest-  The Funniest Tweets From Pl:alrents'Th\s BARENTING Accidentally put grown-up toothpaste on Caroline Bologna 2022-09-
parent.. Week (Se.. my to... 23

S /i I - ST T / ird- i 09-
https:/fwww huffpost.com/entry/amy-cooper-  Woman Who Called Cops On Black Bird US NEWS Amy Cooper accused investment firm Nina Golgowski 2022-09

lose..

Watcher Lo..

Franklin Te...

Puc. 2.3. 3anucu ¢ News Category Dataset

2.3. DyHKUIOHAJIbHA TAa MATEMATHYHA MO/IeJIb.

Knacuuna apxitektopa

TpaHnchopmepa

CKJIAAacThCI 3

22

ABOX OCHOBHHX

KOMITOHEHTIB: KoJiepa Ta JEKoJepa, SKi MOXYTh CKJIAJaTUCh Y OKpemi OJI0KH, TOOTO
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noBToproBatuck [20](puc. 2.4).

\
Time
flies + P |l | P »
like
Jra:w ) —
Tokenized  Token Token Positional  Encoder Hidde
text encodings embeds embeds stack states
D|e [[ rr M [ rr
Zeit - Pl [l | P » » P> Pleil
fliegt
‘o o

Puc. 2.4. Apximexkmypa Kodepa-oexooepa 6 mpancgphopmepax

Jlomamo JeKiabKa CIliB 11010 300pakKeHO01 CXeMU:

BXinHuil TEKCT NMPOXOIUTH €Tan TOKEH13allis — pO30OUTTS MOCIJOBHOCTI HA
TOKEHU — MEHIII 3a 00CAroM, 3a3BU4ail atoMapHi ejaemeHTH. [licis nporo
BiZI0yBaeThCs o0y I0Ba BKIIaJieHb ciniB (embeddings) — BinoOpakeHHs CITiB
a00 (¢pa3 3 cioBHUKA y BekTOpH mificHuX uuncen [1]. Ane mpu poborti 3
TEKCTaMH BAXKIMBO PO3YMITH, LIO MO3UILIA KOXKHOTO CJIOBAa/TOKEHY Hece
JIOJaTKOBUM 3MICT 1 BIUIMBA€ Ha HOro 3HAYCHHS, a00 X KOHTEKCT. Lle
KOMIICHCYEThCSI MOOYAOBOIO TMO3UIIMHUX BKJIAJICHL CJIiB. BOHU MICTATH
iH(popMaIlll0 TpoO pO3TAIYBAaHHS KOXXHOTO TOKEHY B IOYATKOBIA
MIOCJTiJIOBHOCTI.

Konep Ta enkonep 3a3Buuail pernpe3eHTOBaHU HE B OJTHOMY €K3EeMILISIpl —
BiH 00 €JIHaHUIi B JEKiIbKa NOBTOPIOBAHKX MIapiB (6J0KiB). IXHS KiNbKiCTh
HE € YUMOChH 3aTATBHONIPUITHSATA Ta 3yCTPIYAETHCS pi3HA KIJIBKICTh OJIOKIB (6
B ROBERTa, 12 8 AIBERT, 24 — opurinansuuii BERT).

Jlexonep Ha KOKHOMY KpOIll JI€KOAYBaHHS OTPUMY€E pe3yJbTaT 3 OJIOKIB
KOJZIepa, a TaKOXX CBOI TMOMepeaHi BUXOaAW. Hampukiaa, BiH BUKOHYE
3aBJaHHS TEPEeKIaay — IICIs OTPUMAaHHS JBOX MEPIIUX CIIB, JEKOAEP

BHU3Hauya€ HaWOLIbII HMOBIPHE HACTYITHE CJIOBO Ha OCHOBI JIBOX MONEPEAHIX
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CIIiB, a TaKOX pe3yJabTaTy pPOOOTH KOJepa, TaKMM UYHWHOM HE BTpayaro
KOHTEKCT.

VY knacuuHid ToyaTKii Bepcii TpaHchopmepiB Oyno MpeACTaBICHO MOJAETH 3
HasBHICTIO 000X €JeMEHTIB — Kojepa Ta jaekoda. Lle Oyyo 3pydHO uisi BUPIIICHHS
3aB/IaHb, € HA BXOJ1 i BUXO/II € TEKCTOBI IMMOCTIIOBHOCTI — MAIIMHAMH niepekian. OaHaxk,
Hapa3i TpaHcpopMepu BHPINIYIOTH Habarato OibIe PI3HOMAHITHIMIUX 3aBIaHb 1

MOXYTh OYTH TPHOX THIIIB:

o Tineku KOIED.
° Tiapku gexoaep.
o Konep Ta enkonep.

Mopgeini 3 HassBHUMHM JiMIe OJOKaMU KOAEepa BUKOPUCTOBYIOTHCS ISl BUPILLICHHS
3aBAaHb Ki1acudikarlii, i ki sskpasz OyyTh TOCHIIKEH1 B 11 poboTi. HatomicTs Moneni 3
JWIIe JeKoJepaMy BHUKOPHUCTOBYIOTH B 3ajaudax mependadeHHs ciuiB. Hampukiar,
BIJINIOBIIEH HA MUTAHHA YU MPOJOBXKEHHS peyeHb. TaKoK BapTO 3a3HAYUTH, 110 MOJEI]
3 HasBHICTIO KOJIEPOM Ta JIEKOJAEPOM TaKOkK BUKOPUCTOBYIOTHCS 3a/J1s1 cyMapH3allii, ado
XK pe3lOMyBaHHS TEKCTy. BukopucTaHHs B Mexax BHOpPaHOTO HAOOPYy JaHUX TMMOBUHHO

BUTJISIAATH HACTYITHUM YUHOM (Ta0:. 2.1).

Tabauus 2.1. [puknax pobotu knacudikaTopa Ta cymapuszaTopa

4.4 million Americans
have rolled up their sleeves
for the updated COVID-19
booster shot. The Centers
for Disease Control and
Prevention posted the
count Thursday as public
health experts bemoaned
President Joe Biden’s
recent remark that “the

early to predict whether
demand would match up
with the 171 million doses
of the new boosters the U.S.
ordered for the fall.

OpuriHaJibHHMA TekcT | KopoTknii onuc | Kareropis
HOBUHH, TMepIll ACKIIbKa | (Pe3IOMYBaHHS)

pedyeHb

U.S. health officials say Health experts said it is too | U.S. NEWS
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OpurinanbHUN tekcT | KopoTkuit onuc | Kareropis
HOBHHHM, TIepIIl JeKUIbKa | (pe3tOMyBaHHS)

peueHb

pandemic is over.” The
White House said more
than 5 million people
received the new boosters
by its own estimate that
accounts for reporting lags
In states.Health experts
said it is too early to
predict whether demand
would match up with the
171 million doses of the
new boosters the U.S.
ordered for the fall....

3arajioM OJIOKM KojJepa Ta JeKojepa JOBOJII CXOXl1, OCKUIBKM MICTATh HACTYIMHI

exeMenTH (puc. 2.5) [31]:

° [ITap camoyBaru.
J [Tap nepenaBaHHs (MOMIUPEHHS).
o Hopwmamizanis.

Bnok

TpaHcopmepa

CamoyBsara

- /

Puc. 2.5. IIpuxnao 6yooeu 610Ky mpauncgopmepa

CamoyBara — TOJIOBHE HOBOBBEICHHS apXiTeKTypu TpaHchopmepa. Sk Bxke
3raJlyBajioCh paHillle, MEXaHi3M YyBaru 1€ MPUCBOEHHS KOXXHOMY €JIEMEHTY IEBHOTO
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koedimienty, meBHoi omiHku. CamoyBara X oO3Haudae, 10 Koe(ilieHTH OyayTh
OOYMCITIOBATUCH [IJISl KOKHOTO MPUXOBAHOTO CTaHy Kojepa uu Aekozepa. Lle no3Bosse
MEpEeKi OKPEMO OOUHMCITIOBATH KOHTEKCT 3 BEIMKOTo 00cAry iH(popmarlii 0e3 mMpoMi>KHUX
PEKYpPEHTHUX 3B’ SI3KIB.

[Ilap camoyBaru OTpuUMy€ Ha BXiJl BEKTOp 3HA4YEHb (X1, Xy ... Xp), AOBXKHUHHU N i
BU/Ia€ Ha BUXiI BeKTOP (Vi,Vs -..Vn) TaKOI K MOBKUHH. [Ipu OOUMCIICHHI KOXHOTO
3HAY€HHA Y;, QYHKIIS Ma€e JOCTYI JO BCHOTO BEKTOpa X Ta HE 3aJCKUTh BlJl 00UMCICHb
Ha TOMYy caMoMy piBHi (T0OTO Y;). Ll 0cOOMMBICTL J03BOISAE 3aCTOCOBYBATH 3aCO0H
napajelbHUX OOYUCIIEHb /10 HAaBYaHHs Ta BUKOPUCTAHHA 0€3M0cepeIHbO HATPEHOBAHOI
MOJEJII.

CamoyBara 0a3yeTbCcsi Ha MOKJIMBOCTI TOPIBHSIHHS €JE€MEHTa ISl  SKOTO
OOYMCIIIOETBCS HOBE BHUXIJHE 3HAUYEHHA 3 IHIIMMHM €JIEMEHTaMU TEKCTOBOI
MOCTIJOBHOCTI, TaKMM YHWHOM 30epirmm KOHTeKCT. Hampuknaa, sKimo y Hac
MIOCJIIIOBHICTD 3 TPhOX €JIEMEHTIB (X1, X, X3), TO a0M 3HANTH Y3, MOTPIOHO MOPIBHSITH X3
3 KO)KHAMH €JIEMEHTOM BXiJHOT mociigoBHOCTI [20]. MeTo/ MOpiBHAHHSA — CKaJISPHUI

TOOYTOK:

score(xi,xj) = X; " Xj (2.2)

PesynbTaT 00uYMCiieHh MOXE HAOYTH PI3HUX 3HAYEHb, alie 331 €(PEKTUBHOIO
BUKOPUCTaHHS OILIHOK MOTPIOHO HOPMAJI3yBaTH 3HAYEHHS, 110 HAJACTh KOE(IIIEHTH
MPOTOPLINHOTO BIJHOIIEHHS IMOTOYHOTO €JIEeMEHTa JI0 1HIIOro, abo  KOHTEKCT.

MosxmBui BapiaHT HopMaizaii — Gyukitis Softmax [17]:

. _ exp(score(x;x;))
a;; = softmax (score(xi,xj)) Y —— (2.3)
Otpumana popmya 00UUCIEHHS Y}, BpaxoByroun 2.2 Ta 2.3:
Vi = Ljsi %ij " X (2.4)

Opnak, TpaHchopMepr JO3BOJIAIOTH OOUYMCIIOBATH CaMOyBary TpIIIKA
CKJIAIHIIIMM PO3MIUPEHIINUM crnocodboM. J[iig uporo (GopmyroTh TpU MaTpHIl, SIKI

BiJI0Opa)karoTh pi3HE MPHU3HAYCHHS: 3aITUT, KJIFOY 1 3HaueHHs (query, key, value).
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AOu 1ie peamizyBaTu (POpMYIOThCS MaTPHIll Bar JJjisi KOKHOTO MPU3HAYEHHS —
We WX WV. Kopucryrounchk HUIMH MOKHA JiCTATH TIPEICTABICHHS KOKHOTO 3HAYEHHS
Xi.

qi = WQxl-, ki = WKXL', VU = Win (25)

TakuM YWHOM, HACTYITHUM KPOKOM THOTPIOHO OHOBHUTH (opmyily 2.2 SKIIO
IIPHUITYCTHUTH, IO MOIIOHICTh MIXK IBOMA €JICMEHTAMH Ta 1€ HACKUTBLKH 3aITUT | IXO0IUTh

710 KJTIoYa |

score(x;, x;) = q; - kj (2.6)

Takox BapTo 3rajatu, 1o J0OYTOK MOXKE OYTH SIK 3aBIOJIHO BETUKUM UM MaJIHM,
10 MOKE TIPU3BECTH JIO0 CKJIAHOIIIB B OAAIBIIIOMY 00paxyHKy €KCIIOHEHTH (dhopmyia
2.2.) 1 BTpart TpaJii€HTIB IpH HaBYaHHI. AOU YHHUKHYTH 1IbOT0, 3aCTOCOBYIOTh J1JICHHS Ha

KBaJIpaTHUI KOPiHb 13 PO3MIPHOCTI BEKTOPIB 3anuTy 1 Kitova [31]:

score(xl-,x]-) = 1K (2.7)

NG

Omxe, Oepyun no ysaru 2.3, a Takox 2.1 3 ypaxyBaHHsAM, WO X; Oyne
NPEACTABICHUN y BUIAAI BEKTOpA 3HAYEHHS Vj, OTPHMMYEMO KiHLEBY (hopMyity

CaMOyBaru:
. QKT

Self Attention(Q,K,V) = softmax (ﬁ) vV (2.8)
Bapro 3a3HauuTH, 110 CJIOBa B PEYEHHI MOXYTh CHIBBIJHOCHTHUCH Oaratbma
cnocobamu. lle moxke OyTu 3B 30K Ji€ciiB 3 00’€KTaMU YU CyO €KTamu, pi3HI
CEMaHTHYHI Ta CHHTAKCHYHI 3B’S3KH TOIO. Maroum numie oauH Habip matpunb (Q, K,
V) HeMOXJIHMBO BpaxyBaTH Bci 1l 3B’s3ku. lle BUpimIyeTbcs —peasizalliero
0araToJIoroJIOBUX IIapiB caMOyBary, Jie TOJI0BOIO Ha3UBAIOTh HA0IP 3 TPhOX MaTpHIlh. L1
Ha0OpH pO3TaIlOBaHI HAa OJHIM TIUOWHI 1 € HE3aJICKHUMHU OJHWH BiJ ofHOTO. [laHwmii
NIIX11 TEpPerykyeTbcsi 3 HaOOpoM (UIBTPIB B 3rOPTKOBUX HEHUPOHHUX Mepexax y

BUPIIIEHH1 331a4 KOMIT FOTEPHOTO 30PY, /i€ KO’KEH (iIbTP 3BEpTaE yBary Ha CBOIO O3HAKY

(po3mip, hopma, KOIip TOIIO).
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CTBOpPIOIOYM BKJIQ/ICHHS CJIiB 1 BUKOHYIOUHU NapasiesibHI 00UMCIEHHS JIs1 KOKHOTO
3 HUX, J0C1 HE 3TrajlyBajach ypaxyBaHHs PO3TAlllyBaHHS y BX1THOMY TEKCTi. ApXITEKTypa
TpaHcOpMeEpiB MPOIMOHYE 3aCTOCYBAHHS MO3UIIAHUN BKIaJEHb, apKe 1€ HaIacThb
JIOJIATKOBUI KOHTEKCT IMPO MOPSAOK CIIB, 10 € BAXJIMBUM IPHU poOOTI 3 TEKCTAMH YU
yacoBUMHU psgamu. lle peamizyeTbcs MomaBaHHSM JI0 BXITHUX BEKTOPIB MO3UIIAHUX
BKJIAJICHB, SIKi OOYMCITIOIOTHCS 3a JOTIOMOTOI0 TPUTOHOMETPUYHHUX (DYHKITIM, THM CaMUM
CTBOPIOIOYHM YHIKAJbHE 3HAYEHHS ISl KOKHOI 3 MO3UIINA. AJie 1le He MpUETHAHHS J10
KIHIIS BXITHOTO BEKTOPY, a 3BUYaiiHE MOEJIEMEHTHE JIOJaBaHHSI — HA BUXOJ1 NMOBUHEH
OyTH BEKTOpP TaKOTro camoro po3mipy. Po3pi3HsaIOTh aOCOIIOTHE Ta BIIHOCHE MO3UIIIITHE
KOJIyBaHHS. 3 Ha3BU CTa€ 3p03yM1LIIO0, IO MEPIIe BPaXOBYE MO3UIIIIO B TEKCT1 3arajioM 1 €
INPOJYKTUBHUM IpPU POOOTI 3 HEBEJIMKUMHU 00’€MaMH JaHUX, HATOMICTh BIJIHOCHE —
BPaXOBY€ €JIEMEHTH MOPYY, 1[0 MOKe OYTH 3HAYHO BXKJIMBIIIUM MPU pOOOTI 3 OLITBIITUMHU
TEKCTaMH.

Ha pucynky 2.5 Takox 300pa’keHO HOpMati3ailito Ta npsime nomupeHHs. [Ipsme
MOIIUPEHHS TPHU3HAYEHE [JIs JOJIATKOBOi OOpOOKM BHUXOIB 1 BUTIIANAE SAK JBa
MOBHO3B’ s13H1 1IapH (KOKEH HEHPOH MEPIIOro 3’€THAHUI 3 KOXKHUM HEHPOHOM JPYroro
mapy), y SKOMy CUTHaJI MOITUPIOETHCS B OJHOMY HampsMKy. Baxknua aetans — 1iei map
He 00po0JIsiE BEKTOP SIK OJIHE 1IlJIe, a 00pOoO0JIsi€ KOKEH €JIEMEHT He3aJIeKHO, 0 TaKOXK
Jla€ MOXJIMBICTh BHUKOHYBAaTH OOYHMCIIEHHS TNapaieibHo. HaTomicTh HoOpmaizallis
noTpiOHA I MPUBEACHHS pe3yIbTaTIB 0 HOPMOBAHOTO PO3MIpy (3a3BUUall B /iama3oHi
Bim 0 mo 1). Ile momomoske Kpallle HaBYATUCh MOJCISIM, YHUKHYTH BXKE 3raJlaHuX
npo0ieM 3 TPaJiEHTOM, NPUCKOPUTH 30DKHICTH HABYAHHS TOIIO. Y apXITEKTypax
PO3PI3HAIOTH J1Ba BUM HOpMaTi3allii B 3aJIeKHOCTI BiJ ii MICIIs 3aCTOCYBaHHS — MIEpe]l Un
MiCJIs MEBHOTO mapy. ToOTo HopMali3allis BXOy YA BUXOTY.

PucyHnoxk 2.5 MICTHTH 3arajibHy apxiTEeKTypy Kojepa-IeKojepa, aje IeKoJaep Mae
JIEN0 CKIAIHIIINNA MEXaH13M yBaru, SKui MpeCcTaBICHU IBoMa Miiapamus:

o MackyBanbpHuii 0araTOrojoBHii Iap caMOyBaru — TapaHTye, IO

3reHepOBaHl TOKEHUM Ha KOKHOMY MOMEHTI yacy moOyJoBaHI Ha OCHOBI
NOMEepeIHIX JaHUX 1 MOTOYHOMY MependayeHoOMY TOKEeHY. MacKyBaHHS

rapaHTye, 1o 3ajgada OyJie HETPUBIAILHOIO 1 JeKoJep He OyJlie MpOCTO
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KOIIIOBATH 11Ib0BHI pe3yabTaT [20].

o Konep-nekonep map yBarm — Ha I[bOMY €Talli JCKOAEpP Ma€ JOCTYI JI0
BUXITHOTO PE3yibTaT 3 MOMEPEIHBOTO IMapy, a TAKOXK J0 TPOMDKHUX
pe3ynbTaTiB Habopy KojaepiB — 3HadeHb (value), mpu mpomy pe3yibTaT
pobotu nexoxaepa € 3anmurom (query). Takum drnHOM HOPMYIOTHCS 3B’S3KH
M1X pI3HUMHU HAOOpaMu CIIiB — HANPUKJIA/, Y 3a7a4 MAIIMHHOTO MEePEKIIany.

BaxymBuM etanmom npu moOyJ0BI Ta aHaji3l MOJIeJl MAIIMHHOTO HaBYaHHS €

orinka e(eKTUBHOCTI, abo > TouyHOocTi. s kmacudikaiii METPUKH OIIHIOBaHHS
0a3yl0ThCsl Ha JEKIIBKOX TMOHSTTS:

o TP (true positive) — KiIBKICTh TPABHIIBHO BiJHECEHHX 00 E€KTIB JIO KIIacy.
ToOTo MoeNs PaBUIIHHO TIepeI0aunIa MPUHAICKHICTH 10 KJIacy.

o FP (false positive) — kiJIbKiCTh IPUHAICIKHOCTEH 00’ €KTY 10 KIacy, SIKUM

BiH HACTIPaB/II €.

o TN (true negative) — KiTBKICTB IPaBHIILHUX Mepe10aueHb HEMPUHAICKHOCTI
70 K1acy.
o FN (false negative) — KiIbBKICTP HENpaBWIBHHX  IIepea0adeHb

HEMPUHAJIEKHOCTI JI0 KJIacy.
Ha ocHoBI 11X 4-X 3Ha4€Hb OYIyIOTHCS TAKOX 1HILT METPUKU:
TounicTh (Precision) — KUIbKICTh MPaBUIIBHO Mepea0adeHUX 00’ €KTIB IOTO KJ1acy
710 3arajibHOI KiJTIbKOCTI 00’ €KTIB BiIHECCHUX 10 ITi€l rpymu (2.9).

TP
TP+FP

Presicion = (2.9)

[ToeHoTa (recall) — xiabpKicTh MPaBUIIBHO TIEpe0aUYeHUX 00’ €KTIB IIBOTO KJIACY JI0

3arajibHOI KiJTbKOCTI CIpaBXHiX 00’ €KTiB 11boro kiacy (2.10).

TP
TP+FN

Recall = (2.10)

TounicTe nmepenbaueHHs (aCCuracy) — KUTbKiCTh MPABHIILHO TMPUHAICKHOCTECH Ta

HETPUHAIOKHOCTEH 10 KJIacy JI0 3arajbHUX pe3yibTatiB (2.11).
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TP+FP
TP+FP+FN+TN

Accuracy = (2.11)

F1 ominka — MeTpHKa, IO TMOEIHYE 3HAYEHHS MOBHOTH Ta TOYHOCTI, TOOTO

BiloOpakae MOETHAHHS TOYHOI 1 MOBHOT Kiacudikarrii.

PrecisionxRecall

F1 Score = 2 * (2.12)

Precision+Recall

Mo:kHa TOMITUTH, IO 111 METPHUKH TIIXOISITh A0 OIIHIOBaHHS Kiacudikarlii mo/10
OJTHOTO KJiacy. ICHye JekisibKa cIoco0iB arperyBaTu pe3ysibTaTh Jjisi 0araToKIacoBOTO
BUIAJIKY:

o Macro average precision/recall/accuracy/fl — miaxig, mnpu sSKOMy

BUPAXOBYEThCA CEPEAHE 3HAYCHHS I KOXHOTO Kiacy. Hampukian y

BUIIAJIKy PO3PAXYHKY TOYHOCTI:
Macro — AveragedPrecision = % r P (2.13)

JIe N BIATOBIIHO KUTBKICTh KJIaciB, a Pj — OIliHKa TOYHOCTI /I KJIacy 3 IHICKCOM |.

o Micro average precision/recall/accuracy/fl1 — miaxim npu sSKOMY
BUPAXOBYEThCA KOXKHA CKJIaJOBa METPHUKH 3arajoM [JIsi BCIX KJIaciB.
Hanpuknan asis TOYHOCTI:

=1 TP
n
2 i, (TPi+FPy)

MicroAveragedPrecision = (2.14)

3agavya pe3rOMyBaHHS BUMAara€ TaKoXK IMEBHOTO CHocoOy OLHKU. 3a3BU4Yail, B
TakoOMy BHIaAKy 3BepratoThesi 10 Rouge (Recall-Oriented Understudy for Gisting
Evaluation).

Rouge omiHIo€E SKICTh 3reHEepOBaHOi CyMapu3allii TeKCTy MOpIBHIOYU HOro 3
MOTEPEIHBO HAIIMCAHUM TEKCTOM JIIOAUHOI0 [32]. ¥V SKOCTI OAMHHMIG I MiAPaXyHKY
BUCTYIAIOTh N-TpaMH — TOCTIJOBHOCTI 3 N €JIEMEHTIB, SKI HECYyTh NMEBHUNW MOBHHUIA
3B’SI30K MK CcO0010 (Hampukiaa, npukian oirpamu — “poO0oTH30BaHa pyka”, “maru
xapy”). Y 3anexxHocTi un Mu Oyayemo Rouge st yHirpam uu 6irpam € Mmetpuka Rougel

ta Rouge2. BianoBiiHO, 00paxyHKH MPOBOJAATHCS HACTYITHUM YHHOM:
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K—CTb CJIiB,11[0 BXOAATbH B 00M/ABi MOC/iIOBHOCTI

Rougel Presicion = (2.15)

K—CTb CJIiB,10 € B 3reHepOBAHOMY TEKCTI

K—CTb CJIiB,1110 BXO/STb B 00M/BI ITOCJIiJOBHOCTI
Rougel Recall = (2.16)

K—CTb CJIiB,1110 € B OPUTIHAJILHOMY TEKCTI

MoHa TOMITUTH, IO KOJIHA 3 IIUX METPUK HE MOXKE YITKO OILIHHUTH SKICTh
cymapm3ailii. Apke MOXe CTaTHCh TaK, 1110 3T€HEPOBAHUIN TEKCT MICTUTHUME BCi CIIOBA 3
OpUTIHAJIBHOTO, ajie OyAe MaTH 3HAYHO OLIbIIEe CTOPOHHIX CIIB 1 HaBMAKH — BCI CJIOBa
3r€HEPOBAHOTO TEKCTYy BXOJIWUTUMYTh B OpHUTIHAJIBHY MOCIIOBHICTH, ajieé BOHA Oyze
3HauyHO OunbmIa 3a o0csirom. Came TOMY KOJIM HaBOSThL METPUKY Rouge, To 3a3Buyait
e moBa npo F1 oriHky, sika oOpaxoByeThes 3a popmyioro 2.12.

Takox icHye RougeL — y sKOCTI 3HAMEHHUKA B TOYHOCTI Ta TTOBHOTI BUCTYNA€
napaMeTp HaiIoBIIa criyibHa mianociigoBHicTh (longest common subsequence — LCS).
dopMyIra MOBHOTH HaOy/e BUTIISITY:

LCS(s,e)

Rougel Presicion = ———————,
K—CTb YHITDaM

(2.17)

Jie S Ta e — 3TeHEepOBaHa Ta OPUTIHAJIBHA MTOCI1JOBHOCTI.

2.5. BUCHOBKH

VY nmanomy posaini Oyja0 MPOBEACHO OIVISI ICHYIOUMX ITIXOIIB JO BUPIIICHHS
nocTasieHoi 3amadi. Cepen 1poro Oyyno omucaHo psif 6a30BUX alTOPUTMIB, a TAKOXK
JIeTaIbHO PO3IIIIHYTO CY4acHE apXiTEKTypHE pilleHHs — TpaHchopmepu. Y X0l podoTu
OyJ10 HaBEJIEHO OCHOBHI €JIEMEHTH TpaHC(HOPMEPIB, ICTOPIIO Ta MPUUUHU IXHBOI TIOSIBH,
a TaKOK HOBOBBEJICHHS, 5Kl BoHU npuHecnu B chepy NLP. Kpim Toro, Oyno onucano psij
METPUK — MOKAa3HHUKIB, Kl OyIyThb BUKOPHUCTOBYBAaTHUCh B HACTYIMHOMY poO37ini, abu
OIIIHUTH Pe3yJIbTaT pOOOTH PI3HUX MOJIEINICH Ta TIOPIBHSTH iX.

Takox OyB mpoBeNeHUN OIJIAJ ICHYIOUYMX HAOOpIB JaHUX Ta iXHIO
MIPUCTOCOBAHICTH JI0 BUPIIIICHHS TTOCTABJICHOTO 3aBaaHHs. byno o6pano Habip maHuX Ha
OCHOBI HOT0 XapaKTepUCTHK, KUK OyJae BUKOPHUCTOBYBATHCH ISl TPEHYBAaHHSA Ta

TECTYBaHHS MOJIeJIel B HACTYITHOMY PO3Iii.
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3. PO3/IIJI ATPOBAIIIN TA PE3YJIBTATIB

3.1. 3acoOum peaJrizauii.

JIns po3B’si3aHHS TOCTaBJICHOI 3ajadvi, a came kiacuikaiii Ta pe3roMyBaHHS
TEKCTOBUX HOBUH Oyna oOpama moBa mporpamyBanHsi Python. Python e ogmiero 3
HAWTOMJISIPHIIIAX MOB IPOTPaMyBaHHs LIS pealtizalliil 3aBJJaHb MallIMHHOTO HaBYaHHS,

30Kpema i 00poOku nmpupoaHboi MoBU. Cepesl mepeBar 1bOro BUOOPY MOXKHA BUIIIUTH

HACTyTIHE:
o IcHye Benmmka KinbKicTh 61010TEK SIKI CIIPOIIYIOTh PO3POOKY ITPOTPaMHOTO
KOJy, Bi3yasli3allilo pe3yyibTaTiB TOLIO;
o [TonynsipHICTP MOBH TaKOX MOPOJKYE BEIUKY KUIBKICTb OOrOBOPEHB,

JTOCITIJIKEHB Ta CTaTeH.

Kpim Toro, 3amis mpoBeneHHs JociiaiB Oyna oOpana tuiardgopma Jupyter
Notebook, sxa no3Bossie 3amyckath MIMaTKU KOMY SIK JIOT1UHI HE3aJeKHI OJIOKH, IO
poOUTH pe3yIbTaTH OUIBII 3PO3YMUIMMHU Ta IHTEPAKTUBHUMU. TakoX JAOCTIAN CIOYATKY
MPOBOAWINCH, Ha OCOOUCTOMY HOYTOYyIl, OJHAK uepe3 KOMIUIEKCHI 1 CKJIaJHI
OOYUCIICHHS, IUX TOTYXKHOCTEH Oyi0 3amano, Oyio 3po0sieHO BUOIp B CTOPOHY I1HIIIOTO
cepenoBuina BukonanHs — Google Colaboratory [26]. Ile Oe3komToBHU#T pecypce, SKuii
HaJIa€ JOCTYII JI0 PI3HUX OOUMCITIOBAIBHUX PECYPCIB:

o CPU (Central Processing Unit) — nieHTpaibHHiA TpoLiecop

o GPU (Graphics Processing Unit) — rpadiunuii nporecop

o TPU (Tensor Processing Unit) — ten3opHuit nporecop.

Oco065mBO NMOTPIOHO 3BEpHYTH yBary Ha octanHHiid — TPU. TeHn3opHuii npouecop
OyB po3pobienuii kommaniero Google mnas ontumizarii Ta NPUCKOPEHHS BUKOHAHHS
oreparliii MoB’sA3aHUX 3 MTYYHUM 1HTeJeKToM. Llel mporecop 3aroueHuit Ha poOOTI 3
TEH30paMH — CIICMIAIbHUX CTPYKTYP JaHUX, SIKi BHKOPHUCTOBYIOTHCS TPHU HaBUYaHHS
Heiponnux mepex. Jlocmimkenns [18] mokasyrots, mo TPU e B 15-30 pa3siB mBuammm
Hix GPU yu CPU, Ta B ieKibKa AECATKIB pa3iB eHeproeeKTUBHILIUM.

Takox nmpu BUKOHAHHI Ii€T poOOTH OyJI0 BUKOPUCTAHO Pl CTOPOHHIX 010T10TEK,

K1 HAJAIOTh PI3HUNA JOTIOMDKHUX (YHKIIIOHA:
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Pandas — 6ibmiorexa mis pobotu 3 Habopamu manux. Hamae dyHkionan
Bi3yamizaiii Ta TpenporecuHry pgaHux (puIbTpyBaHHS, BHUJIAJCHHS
nyOmiKaTiB, COPTYBaHHS TOIIO);

Requests — 6i6moTteka ansa BukoHanHss HT TP-3anuTiB B cepenoBuiill MoBU
Python;

BeatifulSoup — inctpyment mas mapcunary HTTP uu XML 00’€exTiB;
Numpy — 6i6mioTeka /I MATPUMKHA BETUKUX MAacHUBIB JaHUX Ta oreparlii
BHUCOKOTO PiBHSI HaJl HUMHU;

Tensorflow — 3py4nwmii iHCTpYMEHT Ui pOOOTH 3 HEUPOHHUMH MEpPEKaMU
Ha BCIX €Tamax: CTBOPEHHs, TPCHYBaHHS, TECTYBaHHSI,

NItk — NLP 06i0mioTeka, ska Hadae IMAPOKHH (YHKIIOHAT IS
MPENPOIECUHTY JTaHUX;

Matplotlib — moryxxna 6i0mioTexa mis Bi3yamizaimii JaHUX y BUTISAL
rpadikiB Ta aiarpam;

Sklearn — 6ibmioTeka Ayt CTATUYMHOTO aHATIZY JaHUX;

Transformers — 6i0mioreka anst poOOTH MOIEIIMUA OOPOOKH MPHPOTHBOT

MOBH, 30Kpe€Ma Ha OCHOBI1 TpaHchopMepi.

3.2. BuMoru 10 TeXHi4YHOr0 Ta MPOTrPaMHOIo 3ade3neveHHs .

JIJisi BUKOHAHHSI TIOCTaBJICHOTO TMOYaTKOBO OYB BUKOPUCTAHWUN IMEPCOHAIBHUMA

HOYTOYK 3 HACTYITHUMU XapaKTEePUCTHUKAMMU:

[enTpansuauii mporecop: AMD Razen 9 4900H
O6’em oneparuBHoi am’ati: 16 I'b.

['padiunuii nporecop: NVIDIA GeForce RTX 2060 6 I'b

Omnepariiina cucrema: Windows 10.

Onepariii BUA0OOYyBaHHS JaHUX Ta BEOCKPEUMIHTY (IIEPETBOPEHHSI B CTPYKTYPOBaH1

TabnuuHi JaHi iHopmarlii 3 Be6-CTOPIHOK) MPOBOAWINCH IIMMHU MOTY>KHOCTIMU. OHAK,

TpEHYBaHHS MOJIeJIeil BUMaraino OUIbIIMX NOTY>KHOCTEW, TOMY MOJabllie TPEHYBaHHS Ta

TECTYBaHHS Mojeliel mpoBoauiock B cepenonuiii Google Colab 3 mianuckoro PRO, sika

HAJa€ MOXJIMBICTh BHUKOPUCTAHHS 30UIBIIEHOTO 00’€My OIEpaTUBHOI MaM’sTI Ta
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notyxHimux mporecopi. Google Colab e Be0-3acTocyHOK, TOMY rOJIOBHI BUMOTH 10

porpaMHOro 3abe3MeyeHHs: — JOCTYI 10 Mepexi |HTepHeT Ta HasBHICTH Opaysepa

(Chrome, Edge, Safari).

3.3. Onuc peaizamii.

3.3.1. Po3wmupenna ma ananiz Ha6opy 0aHux.
Sk BKe 3a3HAYaNOCh BHINE, OOpaHUl HAOIp MaHUX MICTUTh HEAOCTATHIO
iH(dopMailrito 1 morpedye 10AaTKOBOI OOPOOKM 3a/Jii OTpUMaHHS HOBUX JaHUX. News

Category Dataset MicTUTh OCHIIaHHS Ha MOBHOTEKCTOBY HOBUHY (puc. 3.1), sike MOXkHa

BHKOPHUCTATH OJIA BHI[O6YB3HH5[ JaHHUX 3 BC6-CTOpiHKI/I.

American Airlines Flyer Charged, Banned For . > p> o </p> ==
Life After Punching Flight Attendant On Video 4

Highlights from the Chrome 116 update

Improved debugging of missing
stylesheets

Find and fix iséu

O]

Mo>Ha TIOMITUTH, 10 OCHOBHHI TEKCT CTATTi po3TamoBanuii B html enemenrax

Puc. 3.1. Ilpuknao nosunu na pecypci HuffPost

div, sixi mpoMapkoBaHi KiacoM “primary-cli”. Takoxk BcepeanHi Moke OyTH 10IaTKOBO
NIOCWJIAHHS Ha CTOPOHHI pecypcu uu iHmi obroptkori teru (div um p). 3acobamwu
0i0moTeku requests orpumyemo html-kox cropinkw, a 3a gonomororo kiacis BeatifulSup
OTPUMYEMO TEKCT a03aliB 3a BHUINE3TaJaHUMU KpHUTEpiaMH. PesynbpTaTr poboTH

HaBEJCHUH Ha puc. 3.2.
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1 af.iloc[@

Link nttps . huffpost. con/entry/covid-hoost:
headline Over lion Americans Roll Up Sleeves Fﬂ
category U.s. NEWS
hort_description  Health experts said it is too early to predict...
authors K

date -

full_text U.S. health officials say 4.4 million American...

Name: @, dtype: object
T eoB QLW
© ¢f-iloc[8].full text
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Puc. 3.2. Ompumanuii noéHomeKcmosuil 6apianm 0OHI€i 3 HOBUH

BaxxnuBuM eTarnoM B MallTMHHOMY HaBUYaHHI € MPETPOIICCUHT JaHUX. Y BUIAJKY 3
BUPIIIEHHSAM 3aJ1auil Kjaacu@ikaiii TEeKCT MOBUHEH MPOUTHU Psijl 3MiH Tepe]l TOTOBHICTIO
710 BUKOPUCTAHHSA:

o ToxkeH13al1is: Mpolec po3aITIEHHS! TEKCTY HAa TOKEHHU (pedeHHsl, ciioBa). [Ipu
IbOMY OJIMH BEJIMKHUI TEKCT CTa€ HA0OPOM JIEKCEM, KOXKHA 3 SIKUX MOKE HECTH OKpeMe
1H(pOopMaIliiiHe 3HaYEHHS.

o Hopwmanizamis: nepeenenns ¢opm cioBa g0 oaHoro dopmaty. IcHye
JeKiibka (pakTopiB AKI MOTPIOHO BpaxyBaTu: MPHUBEACHHS CIIB JO OJHOTO PETICTPY
(HWKHBOTO), JeMaTu3allis — MPUBEACHHS pI3HUX MopdosioriyHux ¢GopM cioBa a0
MOYaTKOBOI (POpPMHU.

o Bunanenns cromn-ciiB: (QuIbTpyBaHHS HEBEJIMKUX YacCTOK MOBH, IO HE
HECYTb 3HAUYLIOCTI JJIsl BUPILIEHHS 3a]1a4l.

o BunanenHs cnemialbHUX MYHKTYallMHUX 3HAaKiB: (QUIbTPYBAaHHA KOM,
Kpamok, TBOKPAroK TOIIIO.

TakuM 4yuHOM, TpoIEC MPEMPOIECUHTY TEKCTy MOKHa 300pa3uTH HACTYITHOIO

niarpamoro Ha puc.3.3.
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"I went to the university in Uzhhorod!”

e

Tokenization = <"I", "went”, "to”, "the", "university”, "in", "Uzhhorod”, "I"=

o

Y
ey

Lowercasing — <"T", "went", "to”, "tha”, "university”, "in", "uzhhorod", "I">

S ——

k

lemmatization  p——» <"i", "g0”, "to", "the", "university", "in", "uzhhorod”, "I">

Y
o

removing stop words ——» <"", "ga", "university”, "uzhhorod", "I"=

—

L 4
—
remaoving special

characters > <", "go", "university”, "uzhhorod">

Puc. 3.3. IIpenpouecunz oanux

[Ile onun eran — BugageHHs AyOmikaTiB. BusBuiaocs, 1o B garaceTi npucyTHi 13
OJIHAKOBHX 3aIlCIB.

[TpoBenemo KOpOTKUI aHali3 JaHUX B HA0OPi. SIK BiKe 3a3Ha4YaI0Ch BUIIIE, B HA0OP1
npucyTHi 42 xareropii, a came: 'U.S. NEWS', 'COMEDY", 'PARENTING', 'WORLD
NEWS', 'CULTURE & ARTS', 'TECH', 'SPORTS', 'ENTERTAINMENT, '‘POLITICS',
'WEIRD NEWS', 'ENVIRONMENT', 'EDUCATION', 'CRIME', 'SCIENCE',
‘WELLNESS', 'BUSINESS', 'STYLE & BEAUTY', 'FOOD & DRINK', 'MEDIA',
'QUEER VOICES', 'HOME & LIVING', 'WOMEN', 'BLACK VOICES', ' TRAVEL",
'MONEY", 'RELIGION', 'LATINO VOICES', 'IMPACT', 'WEDDINGS', 'COLLEGE',
'PARENTS','ARTS & CULTURE', 'STYLE','GREEN', " TASTE', ' HEALTHY LIVING/,
‘THE WORLDPOST', 'GOOD NEWS', 'WORLDPOST', 'FIFTY", 'ARTS', 'DIVORCE".
Jlesiki 3 muX KaTeropiii MoxxHa 00’ eHaTH B 011HY, sk-0T Black Voices ta Latino Voices
B Tpymny mia Ha3sor Group Voices. Buacmiok Takux MEpeTBOPEHb 3MEHIITYEMO

KUIBKICTB KaTeropii 1o 27. Huxxue 300pakeHo po3Mo/1iJ1 HOBUH 33 PI3HUMHM KaTeropisiMu
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y BUTJISIZII CEKTOPHOI Jiarpamu (puc. 3.4).

WELLNESS

ENTERTAINMENT

PARENTING

poLITICS

STYLE & BEAUTY

US. NEWS

EDUCATION
GROUPS VOICES
RELIGION

WEIRD NEWS
MISCELLANEOUS
MEDIA
TRAVEL
DIVORCE
MPACT
CRIME

WORLD NEWS

WOMEN

WEDDINGS

FOOD & DRINK ARTS & CULTURE

ENVIRONMENT
BUSINESS & FINANCES. SCIENCE & TECH
COMEDY worrs  HOME & LVING

Puc. 3.4. Cexmopna odiazpama po3nooiny HOGUH 3a Kamezopiamu

Mo>kHa MOMITHTH, IO Ha0ip MaHWX HE € 30amancoBanuM. Hampukian, 3amucu 3
kareropiero “Politics” penpe3eHTyroTh 17% Bchoro Habopy manux. HatomicTs, gecsaTok
Kareropit matoth He Oinbine 2%. lle moBoaUTH, IO OlbIIIE BAPTO 3BEpPTATH yBary Ha
MeTpuKy F1, Hi>k Ha 3BUYailHy TOYHICTb, aJIKe 11€ KOMIIPOMIC MI>K TOYHICTIO 1 IOBHOTOIO.

Takox moOyayeMo xMapy CliB, sika BiIoOpakae HaWOLIBIN XapaKTEpHI CJIOBA B
neBHUX KaTeropisx (puc. 3.5). XMapa ciiiB 300paky€eTbCsl y BUTIISA1 MATIOHKY 3 CJIOBAMHU
pO3TaIlIOBAaHUMHU FOPU30HTAIBLHO Ta MIEpeNesIbHO, a po3Mip mpUudTy BigoOpaxkae OiIbITy
CYTHICTh B MeEKax KOHTeKcTy. Hampukman, y BUMaaKy 3 TOJITHKOK OYiKyBaHO
BUJIUISIFOTHCS CJIOBA “‘Ipe3uieHT”, “Tpammn’ (Habip JaHUX y TOMY 4ucii popMyBaBcs Mmija

yac akTuBHOI nepeasruoopuoi kammnanii B CIIIA). 3Haxo5KeHHS TaKUX XapaKTePHUX CIiB

y TEKCT1 HOBUHU MOX€ I1IBUILUTH 11 BIIHECEHHS A0 OJIHIET 3 KaTeropii.
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Word Cloud for Category: POLITICS
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Puc. 3.5. IIpuxknao xmapu cnie 011 080X Kamezopiii

3.3.2. Peanizauyin knacughikauii ma pe3romysants 0aHux.

JUisi TpOBENIEHHA EKCIEPUMEHTIB sl Kiacu]ikalii BUKOPUCTOBYBATUMETHCS
MOJIeITi Ha OCHOBI pi3HUX TpaHchopmepis, a came DistilBert, ROBERTa, AIBERT. Bci
BOHU € Moju(ikailiero opuriHaiabHO1 Mozeni Bert npencrasieHoi B HaykoBiit poOOTI B
2018 pori [8]. V cBili yac MOSBU BiH MEPEBUIINB HAUTIOMYJISPHIIII 1 Cy4acHIIN MOZIEIi
NLP y BupimieHH1 AeKITbKOX 3aBJIaHb PI3HOT CKIIQHOCTI.

BERT 3amouatkyBaB iA€l0  JBOHampaBieHUX  TpaHchOpMeEpPiB-KOAEPIB,
HATPEHOBAHUX 3a JIOIOMOIOI0 MoOjeIroBaHHsA 3amackoBanoi moBu (MLM — Masked
Language Modeling). MLM — TtpeHyBaHHS Mepexki, MACKYIOUH ACSKY KiJIbKICTh CIIB Y
MOYATKOBIH MOCTIIOBHOCTI crieriiaibHuM TokeHoM ([MASK]), TakuMm YuHOM 3MYyIIIyI0un
MOJieb Tepen0auuT OpHUriHaJIbHUM TeKCT. [|[BOHampaBieHICTh y I[bOMY BHUMNAAKY —
MOXJIMBICTh OauUTH KOHTEKCT B 000X HampsiMKax: JIBOPYY Ta IPaBOpPYdY TEKCTY.

BianosinHo, popMynna 00paxyHKy BUXIAHOTO BEKTOPY (2.4) 3MIHUJIACK:
Vi = ] 1 Qi " Vj (3.1)
HaromicTh Bce pemitra BiAMNOBIZA€ KIACHYHIA apXiTEKTypi TpaHchOpMEpiB:
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BXIJIHUM TEKCT IMJIAra€ TOKEHI3allli, BpaXOBYEThCS IMO3UIIIHHE KOJYBaHHS, MPUCYTHI
IIapu CaMOyBaru TOIIIO.

Taxum 4HOM OCHOBHI XapakTepuctuku mozaeni BERT:

J Po3mip crnoBauka ckianae 30000 pi3HUX TOKEHIB.

o 12 61okiB TpaHchopmepa KOXKEH 3 AKX MICTUTH 12 rojiiB caMoyBar.
o binbmie 100 MibHOHIB MapaMeTpiB MPUCYTHI B MOJIETII.

° OOMexeHHs Ha BX1J1 — 512 TOKEHIB.

DistilBert — mozuriionye cebe sk JICTTIWH, MBUIIIANA Ta MEHII BAMOTIHBHHA JI0
00YHCITIOBAILHUX TOTYXHOCTeH mocmigoBHuk Bert [38]. Po3poOHuky 3asBISIOTH, 110
Mozeinb ctana Ha 40% menmoro 1 30eperna 97% Bcix moximBocted Bert, Oynyun npu
oMy Ha 60% mBuaIION0. SIKII0 poOUTH AOCIIBHUN NEepekiaa — AMCTUIbOBaHUM Bert.

Binminni xapakrepuctuku DistilBert:

o 6 6;10K1B TpaHchopmMepa, KOKEH 3 IKUX MICTUTDH 3 TOJIOBH CAMOYBAarH.

o biu3bko 66 MiIBHOHIB TapaMeTpIB.

ROBERTa — BuHUKIIA SIK pe3ybTaT AOCTIIKEHHs MOKPAIEHHS MPOyKTUBHOCTI
Bert musixom 3MiHM Tporiecy MONEpeaHhOTO HaBYaHHsS. Tak, BOHO CTajio BUMAaraTu
JOBILIKH Yac, aje NPOAYKTUBHICTb MOKPAIINIach.

Bigminai  xapaktepuctnkn ROBERTa 1e 3anpoBajpkeHHS JIHMHAMIYHOTO
MacKyBaHHS. Y BHMAaKy 3 Bert MackyBaHHS MpOBOAMIIOCH HA €Talli MiATOTOBKH JaHUX,
nakeramu. Hatomicth ROBERTa mnpomnonye BukoHyBaTH 1€ Ha eTami HaBYaHHS
nuHaMiyHO. Kpim TOro, aBTOpM akLEHTYIOTh YBary Ha Ba)JIMBOCTI BHOOp1
rineprnapamMeTrpiB, 10 CYTTEBO MOKPAILY€E MPOIYKTUBHICTh Ta €)EKTUBHICTb.

AIBERT — takox € ogHMM 3 MOCHi0BHUKIB apxXiTektypu BERT. Bin npusic 3
co0OI0 1HIIIE HOBOBBEACHHS — MIapoBY po3pimkeHicth [36]. Lle cmocid 3mMeHmuUTH
KUIBKICTh TTApaMETPIB MEPEXKi NIITXOM 00’ € THAaHHS MMapaMeTpiB ACKITHKOX MIAPiB B OJTHE
ine. Sk pe3ynbTat — Bcboro 11 MisbIHOHIB MapaMeTpiB.

OcHoBa peanizaiii kiacudikamii HOBUH MOJIArae B TMOOYIOBI Ta TPEHYBaHHI
HEHPOHHOI MEpPEeXi 3 BUKOPUCTAHHSIM MPETPEHOBAHUX TpaHCHOpPMEpiB, 3rajaHUX B
panime. HatomicTe B rHOOKiIM HEHMpOHHIA Mepexi Oyae AeKUIbKa I1HIIMX IIapiB
(puc. 3.6).
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Input Layer (512)
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{ CLS Token (T63) J

Dropout (0.5)

I

Dense (128)

|

Dense (27)

Puc. 3.6. Apximexmypa neiipoHHoi mepeiici 3 BUKOPUCMAHHAM mpaHchopmepa

[lepmmii map npuitMae Ha BXiJl BKJIaJ@aHHS CJIB JOBXKUHOIO 512, siKi OyIyrOThCS
TOKEHI3aTOpaMM, SIKI BIIPI3HSIOTHCS JUIsi KOXKHOrOo BuUAy TpaHchopmepiB. ToOTo,
BiJIOYBA€ETHCSl TEPEBIJI BEKTOPY TEKCTOBUX JAHMX Y BEKTOP YHCJIOBUX 3HAYCHD,
noTpiOHUx  Tpancpopmepy. [loTpiOHmii  pesynpTaT poboTH  TpaHchopmepa
npencraBieHuid y Burisiai CLS TokeHa, sSikuil penpe3eHTye BeCh TEKCT OTPUMaHUi Ha
BXO/J11 1 MOX€e OyTH BUKOPUCTAHUM I 3a/1a4 Kiacudikariii.

Dropout map — mMeTop peryiaspu3saiii, SKHid Crpuse YHUKHCHHIO IepEeHaBUYaHHS
[UIIXOM BUKJIFOUEHHSI HEUPOHIB 3 JIEIKOI0 Halepel BKa3aHO WMOBIPHICTIO.

Dense miap — MOBHO3B’SI3HMM 1Iap, TOOTO TakWi, 110 MICTUTH MEBHY KIIBKICTh
HEUPOHIB KOXKEH 3 SIKMX € 3 €JHAaHUM 3 KOXXHUM HEUPOHOM IMOMEPEIHBOTO IIapy.
[lepmmii map mpu3HAYEHHI 711 3MEHIIICHHSI PO3MIPHOCTI PE3yJIbTAaTiB OTPUMAHUX BiT
TpaHcopMepa, a TaKOXX MOXKE CITYKUTH SIK TOJATKOBHH 3aciB peryispusaiiii. OcTanHii
map — BUXiAHMNA map 3 27 HelipoHamu Ta (yHKiero aktusaiii softmax. KinbkicTh
HEHpPOHIB 3yMOBJIEHA KIJBKICTIO KJIaciB, TOOTO Kareropiii HOBHH, a ¢yHKIs SOftmax
HOpMaJII3ye€ OTpUMaHl JaHi, L0 Ja€ 3MOTY pENpEe3eHTYBAaTH L€ SK WMOBIPHOCTI
BIJIHECEHHS JI0 TICBHOTO KJIacy.

Y sKOCTI oONTHUMI3aTopa BHKOPHCTOBYEThCS onTuMizaTop Adam — meron

CTOXAaCTHUYHOI ONTHMIi3allli, 3aCHOBAaHMIN Ha OIlHII MOXIAHUX TMEPIIOTO Ta JIPYroro
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MOPSIIIKY.
Mertpuka, 1110 BUKOPUCTOBYETHCS /ISl OI[IHKM OaratokiiacoBoi kinacudikarmii — F1,
Hwxkue (puc.3.7-8) HaBemeHa icTOpis TpEeHYBaHHS HEHPOHHUX MEPEX 3

BUKOpHCTaHHM pizHux TpaHcopmepis (DistilBert, ROBERTa, Albert).

Model F1 score Model F1 score

—— Train —— Train
Validation 0.65 A Validation

0.70 /
0.60 -

0.65 4
0.55 4

e
5 0.50
A

Loss

0.55 - 0.45

0.40 4

0.354

0.45 1

Epoch Epoch

Model F1 score

—— Train

Validation
06 4 /

0.5

Score

0.4 4

0.31

T T T T T T
0 2 4 6 8 10
Epoch

Puc. 3.7. I'paghix 3anexsncnocmi mempuxu F1 io enoxu mpenysanns o1sa memooie

DistilBert, RoOBERTa ma AIBERT

VYci Tpu Mozeni Mmoka3aid MBHAKY 301KHICTh HA MEPIIMX €MoXax Ta MOCTYIIOBE
MIJBUILIEHHS METPUKH TOYHOCTI AJiA BadijaiitHoi BuOipku. OqHaK, y pi3HUX CUTYaLIsIX
0 pi3HOMY CIpaifoBaB MexaHi3m panHboi 3ynuHkH. DIStilBERT ta ROBERTa
nepecTaii CyTTEBO TMOKpAIIlyBaTH pPe3yJbTaTH Ha BaNiJaIiiHINA BUOIPIN, HATOMICTh
TOYHICTh Ha TPEHYBaJIbHIM BUOIPIl MOYAIO CTPIMKO 3pPOCTAaTH, 110 MOTJIO BUKJIMKATH
nepenaBuanusa. AIBERT tex MaB cxoxuii clieHapii, ajne Ha mi3Hinmx ernoxax (10 npotu

5). MoxHa MpUIyCTUTH, 110 MEPIil 1Bl MOl HABYAIOThCS IIBU/IIIE.
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Puc.3.8. I'paghix 3anescnocmi ghynkuii smpam 6i0 enoxu mpeHyeanHs 011 Memooie

DistilBert, RoOBERTa ma AIBERT

VY Bumanky 3 aHanizoM rpadiky 3ajnexHOCTI (YHKIIIT BTpAT CUTYaIllsl € CXOXOI0.
AIBERT 3HoBy mi3Himie modaB 36iratuch, a DiStiIBERT i ROBERTa nposBuin cxoxy
noBeAiHKy. BapTo 3a3HaunTtH, M0 Ha rpadikax TeX MOMiITHA HeOe3MeKa MOAaJbIIoro
nepenaBuanns. Haiikparre s nporo miaxoauts DistiIBERT — nporsarom octanHiX 1BOX
enox (yHKIIS BTpaT JJisl BadiJamiiHOi BUOIPKHM MoYana 3pOoCTaTH, HATOMICTh s
TPEHYBaJIbHOI BUOIPKHM HABIAKU — IPOJOBXKYBATH P13KO 3MEHIITYBATHUCh.

Jlns peamizanii cymapu3aiiii Oyja0 BUKOPHUCTaHO JBi 0i0mioTekn — Summarizer i
SimpleT5. Iepma nagae noctyn xo Hu3ku moaeneii (BERT, XLNet) mist cymapu3anii Ha
OCHOBI MpeTpeHoBaHuX TpaHchopmepiB. Hatomicts, SimpleT5 Hamae dyHKIionan mis
MMITOYEHHS MO |5 Ha OCHOBI BXIIHUX JaHUX.

Kox nporpamu 3HaxoauThes 3a mocuiiaHHsaM B pertozutopii [30].
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3.4. AHani3 oTpuMaHMX pe3yJbTAaTiB.
Cucrematnu3zyemMo OTpHUMaH1 JaHi BHACIIAOK TpPEHYBaHHS Kiacu(iKaliiHuX
Mojeneit B Tabmuio 3.1.

Taboauus. 3.1. Pe3ynbrat TpeHYBaHHS Ta TECTYBaHHS KiIacu(iKallIHHIX

Mozelein
[Toxasuuxk\Mopens | MultinomialNB |  DistilBert RoBERTa Albert
Accuracy 0.617 0.711 0.694 0.700
Precision 0.699 0.637 0.610 0.635
Recall 0.400 0.617 0.596 0.596
F1 score 0.432 0.620 0.597 0.609
Hac Tpenysaiii, i 26,50 68,43 95,86
XBUJINH
Hae rectysanss, : 43,15 88,70 90,23
XBUJIMH
KipkicTs
apaMeTpiB - 66362880 124645632 11683584
Tpancdopmepa
Kareropis 3
HaNOIIBIIOI0 GROUPS . . .
ChIEKiCTIO VOICES Politics Politics Politics
IIOMHIIOK

Ha ocHOBI oTpuMaHMX pe3yJbTaTiB, MOXKHA BIJIMITUTH JOMIHAIIIO MOJEII
DistilBert nan inmmMu. Lle cTocyeTbes Maiike BCiX HaBEACHHMX IOKa3HUKIB. YacTka
npaBUILHUX MPOTHO31B € aemto Buiiow (0.711 nmpotu 0.694 ta 0.700), onHak HA KOKHIN
3 MOJeNl YacTKa CHpaBkHIX TMO3UTHUBHUX TiependadeHb cepel YCiX MO3UTUBHUX
pe3yabTaTiB € JEeNl0 HHU3bKOI. 3BIJACM MOXHA 3pOOUTH BHUCHOBOK, IO MOJAEII
NOTPeOYIOTh TTOIABIIIOTO TOCIIPKEHHS 3 METOIO MOKPAIIEHHS TOKA3HUKIB.

Takox vac TpenyBanns DistilBert e menmm Hixk y Albert, monpu e, 1110 KiabKicTh
napameTpiB € B JIeKiJIbKa pa3iB BUIIO0. Lle HaouHO BijoOpaxae, 1110 Yac TPEeHYBAHHS Ta
poOOTH Mozemni 3alekuTh Bi Oaratbox (akTopiB (0COONMBOCTEH apXITEKTypH,
BUKOPUCTAHHS PI3HUX ONTHMI3aTOPIB TOIIO), HE TUIbKM KUIBKOCTI mapameTpiB. Bapto
3a3HAYMTH, 110 MOJIEJII HA OCHOBI1 TpaHC(hOpPMEPIB MOKa3aIu HabaraTo Kparl pe3yabTaTh

HIK HAaiBHUW Oalie€CIBChKUN KIAacU(DIKATOpP, METPUKH SKOTO € 3HAYHO HUKYMMH Ta HE
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MOXYTh OyTH 3aJIOBUIbHUMHM JJISI BUKOPUCTAHHS B MPUKIAJHUX 3a7adax Kiacudikari
TEKCTY.

Jist  3amadi  pe3loMyBaHHS JIOCTIIKYBaJIUCh MOJENII Ha OCHOBI TPhOX
tpancdopmepi: BERT, XLNet Ta T5.

Monens BERT 6arato o6roBoproBasiach B I1iii pob0Ti — 11e Tpanchopmep-Koep,
SIKHH YacTile BChOr0 BUKOPUCTOBYIOTH AJIs 33/1a4 Kiacugikailii. Ane HOro TakoX MOXKHa
aJanTyBaTH JUIsl BUPIIIEHHS 3a1ad pe3toMyBaHHA. g 1poro TpaHcopmep-koaep
BUKOPHCTOBYIOTh 3311 BEKTOpH3AIlii TEKCTY, 1€ KOXHE PEUYCHHS PENPE3CHTOBAHO Yy
BUTJISAL BekTOpy. Ilicas 1mboro 3acTOCOBYIOTH KiacTepu3aiito. OTpuMaHi peyeHHs 3
OUIBIII CXOKUMH BEKTOpaMH OyAyTh BIAHECEHI J0 KJIacTepy CX0oro 3a 3mictoM. [licis
yoro OyJae MOXIMBICTH O0OpaTH OJHE pPEUYEHHs, SIKE€ HECTHUME 3MICT KiacTepa
(excTpakTuBHa cymapuzaiiisi). Came Takuil migxia peanizoBaHuil B 6i6mioteri “bert-
extractive-summarizer”.

XLNet — Oyna cTtBopeHa abu TOKpamuTd Te, 4oro jgocsria moaens BERT.
Po3poOHuKN Aemo 3MIHMIM MeXaHi3M MackyBaHHs: B BERT BumaagkoBum dYnHOM
MacKyBaJIUCb TOKEHH 1 MOJENb IOBUHHA Oyna mnependauntH, HatoMmictb XLNet
MepecTaBJIsie€ BCl TOKCHU BHUMAJAKOBUM YMHOM 1 MparHe nependaynTH HaCTYIHUN TOKEH
Ha OCHOBI BCHOTO KOHTEKCTY. AJie 3arajoM BHUKOPWUCTAHHS IJis BUPIMICHHS 3a1adi
cymapwu3aiiii cxoxe 3 BERT.

T5 — mopnenb, ska HaWOLIbIIE BIAPIZHAETHCS BIJ IONMEPEAHIX JBOX, aJKE II€
NpeACTaBHUK MOJeNel TpaHchopmepiB KOAEp-AeKoAep apXITEeKTypH. [HIIMMH clIOBaMU,
MOJIe/Ib TIPUiMa€e Ha BXIJl TEKCT 1, IK pe3yJIbTaT, BUAAE HA BUXIJ TaKOX TEKCT. 3J1aTHA
BUPIIITYBATH Pi3H1 BUIU 3aBJIaHb, OJHE 3 IKUX CyMapu3allisi, abo * pe3toMyBaHHS.

[IpoBeneHi AOCHIDKEHHS 3 PI3HUMH MOJEISIMM  CyMapu3aTopiB  TaKOX
CUCTEMATU30BaHl y BUTIIAAI Tabmuii 3.2. YV SIKOCTI XapaKTepUCTUK TMOPIBHSHHSA OyJ10
oOpaHOK TUI cymapu3allli (y3aralbHeHHs ), 4yac TPEHYBaHHs Ta reHepepallii BIANOBIIL, a

TaKoX HaOip MeTpuk ROUQE 3315 SIKICHOT OLIIHKKA OTPUMAHMX PE3YJIbTaTIB.
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Ta6auus 3.2. Pe3ynbTaTi TpeHYBaHHS Ta TECTyBaHHS MOJEJIEH PE3IOMYyBaHHS

ITokaszuuk\Moneib Bert XLNet T5
V3arajabHeHHS ExcrpakTuBHE ExcTpakTuBHE AOGcTpakTHE
Yac TpeHyBaHHH, ] ] 78
XBHJIHH
Yac renepariii
oAel 1.51 1.43 0.73
cymapu3ariii,
CEKYH]T
Rougel 0.187 0.285 0.310
Rouge2 0.066 0.273 0.182
RougeL 0.139 0.285 0.280
RougeLsum 0.140 0.285 0.279

[lepm HiX aHami3yBaTH IEBHI YKCIIOBI pe3yJbTaTH, BapTO 3rajaTH KIOYOBY
BigMiHHICcTh Mixk Bert/XLNet Ta T5. Ilepri aBi Mojiei BAKOPUCTOBYIOTh €KCTPAKTHBHE
y3arajJibHeHHs, TOOTO Take, 110 BUAUILE BXKE ICHYIOUl ()parMeHTH TEKCTy Ha BXOJI.
Hartomicte TS5 € mpeacTtaBHUKOM aOCTPAaKTHOIO y3araJlbHEHHS — TeHepallii HOBOTO
TEKCTY, IKM MOXe He OyTH (parMeHTOM BX1JTHOTO.

Yac reneparrii BiIMOBI/II € HAUMEHIIO s 15, 1m0 poOUTH HOro MpuBabIMBUM
JUIS BEJIMKUX Ta HaBaHTAXXEHUX N0JaTKiB. Takox meTpukud ROUQE 1j1si OLIHKU SKOCTI
cyMmapu3alli BKa3ylOTb Ha JOMIHAIlll0 [5, 10 s TMOB’A3yl0 3 BHUKOPHUCTAHHSIM

abCTpaKTHOTO y3arajbHEHHS.

3.5. BucHoBkn

VY mpoMy posnii 0ysi0 HaBEJEHO OINMKC CepeIOBUINA PO3POOKH Ta HOTo mepeBaru
HaJ 1HIIMMU MOXJIMBUMU 3aco0amu. Takoxx OyB 3HIMCHEHHI OIS JOJAaTKOBHUX
Oi0moTek juis MoBu Python, siki Oynu BHKOpHCTaHI Ui peami3ailii Ta MPOBEIACHHS
JOCT>KEHb.

byno HaBemeHo MeTo[ Ta I1HCTPYMEHTH pO3LIMPEHHS HAOOPY MNaHMX, SIKUN
BUKOPHCTOBYBABCS B NOJAIBIIOMY JOCHIIKeHHI. KpiM TOro, mokpoKoBO HaBeIEHO
€JIEMEHTH IPENPOLIECUHTY JaHUX, IKUW MOTPIOeH 711 OTPUMAaHHSI KPAIUX Pe3yJIbTaTiB.

[Ticnst uporo onucano crocid peanizaiii kaacudikailii Ta pe3toMyBaHHsI HOBUH. Y SIKOCTI
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JTOCIKeHb Oyyo oOpaHo 1o 3 Mojeni-TpancopMepa 3 SKUMH IPOBEIECHO HU3KA
JOCIIJIIB JJIi OTpPUMaHHS pe3yJibTariB, 10 Oynu mnpoaHamizoBaHl. OOpaHi Mopeni
TpaHChOpPMEPIB I TOCHTIDKEHHS OyJId OMUCaHi, a iXHI XapaKTePUCTUKU TTOPIBHSHI.
Haiikpaie mokazanu cede mozeni DistilBert nis xareropuzamii Ta TS5 mast cymapusarrii
HOBUH. J[aHWII BHWICHOBOK 3pOOJICHMM MUISXOM aHai3y METPUK TOYHOCTI JIJIst

kiacudikaiii Ta pe3roMyBaHHS.
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BUCHOBKHA

Y X0/11 BUKOHAHHS TaHO1 MaricTepchbkoi kBasi(ikariiHoi poO0oTH O0yII0 3aBEPIICHO
psan pizaux eramiB. Cepesl HUX — MONIYK Ta aHaji3 pi3HUX HAYKOBUX CTATEi/poOiT Ha
ocHoBl cxeMa PRISMA. [Iis momryky HayKoOBUX Jikepesn Oylo 0OpaHO HayKOMETPHUUHI
0a3u Scopus ta Google Scholar. Bubip OyB apryMeHTOBaHHI aBTOPHTETHICTIO Ta
MacITabHICTIO TIEPIIIOTO Ta BIAKPUTOCTI JI0 Pi3HUX JKepen apyroro. byo Bigiopano 15
CTaTell sl IKICHOTO aHai3Yy.

Hacrtymauii 3po6ieHuit eran — aHaji3 mpeaMeTHOT 00J1acTl, a TAKOXK MaTeMaTHYHO1
Mozeni. byno HaBeeHO OMUC ICHYIOUMX MIAXOIB 1 METOMIB /10 BUPIIICHHS 3aBIaHHS
kiacudikamii Ta pe3roMyBaHHS TEKCTiB. OcoOMMBY yBary MNpUILICHO Cy4YacHUM
apxiTekTypam aig BupinieHHsa 3aBaaHb NLP — tpancopmepam. IlpoTtsrom ocranHix
POKIB BOHM 3700yJM WIaJE€HY MOMYJSIPHICTH 1 HE JapMa — iXHI TOKa3HHUKHU
Pe3yAbTAaTUBHOCTI Ta THYYKOCTI Y BUPIIICHH] PI3HUX 3aBJaHb CIpPaB]l HEOE3IiICTABHI.
byno naBeneHo cnenudiky pobotu TpaHcpopMmepiB, iXHIX HOBATOPCHKUX PIIIEHb Ta
apXITEKTYpH.

Omicns O0yB chopmoBanuit HaOlp JaHUX HAa OCHOBI ICHYIOYOi 301pKHM HOBHH 3
HoBuHHOTO TopTany HuffPost. Bubip OyB aprymeHTOBaHUI po3Mip HAOOPy, a TaKOXK
MO>KJIMBICTIO JIO HOTO PO3IIMPEHHS, 1110 1 0yJI0 3p00JICHO METOJaMU BUIOOYBaHHS TAHUX
3 BEO-CTOPIHOK HOBHUH. Y XOAYy JAOCHIPKeHHS Oyino mnoOyaoBaHO MOJENIb 3
BUKOPUCTAaHHAM PI3HUX TpaHchopMepiB 3311 BUPIILIEHHS 33/1a4l Ki1acu@ikallli, a TaKox
HABEJICHHS BUKOPUCTaHHS TpaHchopmepiB s pestomyBaHHs. KirouoBorwo MeToro 0yIio
JOCIIIIATHU PI3HUIIO B pOOOTI PI3HUX apXITEKTYP Ta MOKIIMBOCTI 3aCTOCYBAHHS B 00J1aCT1
HOBUH. Mojeni Mmokas3aid JOBOJII BUCOKY TOYHICTh, a TaKl XapaKTEPUCTHKU SK dYac
HaBYaHHS 1 pOOOTH, TI03BOJISIOTH IOAATKOBO TIOPIBHSTH iX.

OTpuMaHi pe3ynbTaTH JI0BEJIU MOKIIMBICTh BUKOPUCTAHHS TpaHCPOPMEPIB 3a/1J1s
BHPIIICHHS 3a/1a4i Kiaacudikalrii Ta iXHI0 JOMIHAIII0 HaJ IPUMITUBHUMHU aJITOPUTMaMHU.
Tak, meTpuka Tounocti F1 st 6aifeciBchkoro kinacugikaropa ckiaia 0.432, HaTOMICTh
Ui apxiTeKTypu 3 BUKopucTaHHsM TpaHcpopmepa DIistiiBERT — 0.620. Bapro
3a3HAYUTH, M0 OUIBIIICTh TpaHCPOpPMEPIB BUKOPUCTOBYBAIMCH BXKE€ HABYEHI, IO

J03BOJIMJIIO BHUKOPHUCTATHU BCIIMKY KUJIBKICTD BIKE AOKIIaJCHUX 3YCHJIb HAYKOBOIO
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CHUIBHOTOIO.

Tema marictepcbkoi poOOTH € aKTyaJbHOIO, aJK€ 3 KOKHUM JHEM Ha JIIoJeH
3IIACHIOETHCS BCE OLIBIINN 1HPOPMAIIITHHIA BIUIUB 1 Op1€EHTYBATUCH B OKeaH1 iH(opMartii
crae Baxkde. OTpUMaHI pe3yJbTaTd JO3BOJSIOTH BIEBHUTUCH B  MOJKIIMBOCTI
3aCTOCYBaHHI METO/I1B MAIIMHHOTO HaBYaHHS, 30KpeMa TpaHcpopmepiB, y 00J1acTi HOBUH
(HOBHWHHI CaiiTH, TeJerpaM-KaHaJld, TOIIO).

Kpim toro, MetosiiB kinacu@ikaiiii Ta pe3roMyBaHHs 1ICHye Habarato Oiblie, HiX
Ipe/CTaBiIeHI B po0OOTi, TOX iXHE TOCIIHPKEHHS MOXKE MPOJOBKYBATUCH, 110 TO3BOJISE
IPOAOBKYBATH JTOCIITHUIIBKY ISJIBHICTh HaBeIEHY TYT. TakoX IJIaHyeTbCs po3poOKa
IPOrpaMHOTrO MPOAYKTY — BeO-pecypcy, AKUil BUKOPUCTOBYBaTUME TpaHC(HOpMEPH 33 1Sl
aBTOMApKyBaHHS HOBUH XapaKTePHUMH TEMaMH, a TaKoX (DOpMyBaHHS y3araJbHEHb
HOBUHHHMX CTaTed 3a/uid (opMyBaHHS MIOACHHUX JAaWKECTIB JUIsl KOpUCTyBayiB. JlaHi
TEXHOJIOT1i TaK0X J03BOJIAIOTH PO3POOUTH CUCTEMY PEKOMEHJAIlM, ajke 3a3BHyai
KOPUCTYBaul UIKaBIATbCA HaWOUIbIIEe JeKUIbKoMa c(epaMu — aBTOMapKyBaHHS

AOIIOMOIKC Y IbOMY.
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