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Abstract. Extracting aspects from the texts of scientific articles for the Kazakh language is an
important task in the field of natural language processing and information retrieval. This task
is relevant for revealing the key topics and ideas embedded in the texts of articles, which can
facilitate their understanding and analysis. Currently, automatic text processing of scientific
articles is becoming increasingly relevant, which includes many tasks such as term extraction,
extraction of relations between terms, autoreference, etc., which is associated with an in-
crease in the number of published works. Reading and analyzing publications in search of the
necessary information is becoming an increasingly time-consuming and resource-intensive
task. With the constant increase in data volumes, the development of more efficient process-
ing methods is required to ensure the speed and scalability of information extraction systems.
General methods may not always work effectively in different subject areas due to specific vo-
cabulary, sentence structure, and context. Therefore, building knowledge bases requires not
only extracting facts, but also structuring and linking them, however, this can be difficult in the
absence of clear patterns or structure in the text. Aspect extraction helps in creating tools for
more efficient search, indexing and categorization of scientific articles in the Kazakh language,

which can improve the accessibility and convenience of working with literature.

Keywords: tools, integration, automation, technologies, extraction methods.

Introduction

Extracting aspects from the texts of scien-
tific articles for the Kazakh language is an im-
portant task in the field of natural language
processing and information retrieval. This task
is relevant for revealing the key topics and
ideas embedded in the texts of articles, which
can facilitate their understanding and analysis.

Automatic extraction of information from
unstructured text data is a complex task that
facilitates the processing of large volumes of
scientific texts and can be used for automat-
ic indexing, categorization and information
retrieval. Despite significant progress in this
area, some key issues remain unresolved.

Many existing methods may face the prob-
lem of low accuracy in extracting informa-
tion, especially when the text contains a lot
of noise, slang, abbreviations or ambiguous
expressions. Understanding the semantic con-
text remains a difficult task. The ambiguity of
words, wordplay, and anaphoric relationships

EY¥1 can make it difficult to correctly extract mean-

ing from a text.

To solve these problems, work is underway
in the field of artificial intelligence, machine
learning and natural language processing. The
development of deep learning methods, the
use of contextualized representations (for ex-
ample, BERT, GPT) and the integration of se-
mantic models are designed to make automat-
ic information extraction more efficient and
accurate.

It is possible to identify certain challenges
when extracting aspects for the Kazakh lan-
guage:

1. The disadvantage of labeled data is that
labeled data is needed to develop effective as-
pect extraction models, which may be limited
for the Kazakh language.

2. Ambiguity and context — The Kazakh lan-
guage can contain ambiguous words and rich
context, which complicates the task of correct-
ly extracting aspects.

3. Specificity of scientific style - scientific
articles can use a specific lexical and structural



style that requires models to take into account
this specificity.

Possible approaches to the solution:

1. Machine learning methods - the use of
machine learning algorithms, such as deep
learning models or classical methods, for train-
ing on marked-up data.

2. Using pre-trained language models - it
is possible to use pre-trained language mod-
els adapted to the Kazakh language to improve
results.

3. Semantic analysis - the use of semantic
analysis methods to identify connections and
semantic relationships between terms.

Thus, extracting aspects from scientific ar-
ticles in the Kazakh language is an interesting
and promising task that requires innovative
approaches and modern methods of natural
language processing. Overcoming the chal-
lenges in this area can significantly enrich the
information space of scientific research in the
Kazakh language.

Lit review

There are a sufficient number of computer
applications processing the Kazakh language,
however, there are still enough difficulties and
problems associated with solving computation-
al linguistics problems for the Kazakh language
with the necessary level of text processing
quality. The existence of such problems is as-
sociated with the complexity of the morphol-
ogy, syntax and semantics of the Kazakh lan-
guage, as well as the historically late start of
work on the study and automation of the Ka-
zakh language. Such a formal starting point in
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the direction of structuring and computeriza-
tion of the Kazakh language can be considered
the appearance in the mid-70s of the 20th
century of the works of the Kazakh scientist
K.B. Bektaev [1; 2].

Most of the current scientific research on
automatic processing of the Kazakh language
is aimed at automating its morphological and
syntactic analysis [3-5], which is associated
with the existing problems of automatic pro-
cessing of agglutinative languages. The need
to verify existing and developing models and
methods of grammatical analysis of the Kazakh
language is also associated with the existence
of a fairly large number of linguistic corpora of
the Kazakh language, some of which are mor-
phologically annotated.

A comparative analysis of the extraction
of aspects from scientific articles by foreign
authors is an important stage for determin-
ing best practices and developing this field of
research, the purpose of which is to identify
technologies that can be most effective in spe-
cific scenarios (Table 1) [7-15].

Given the variety of languages, styles and
topics in scientific articles, such an analysis can
help identify universal and specific approaches
adapted to the peculiarities of the Kazakh lan-
guage and the nature of scientific articles in
this language (Table 2).

Combining universal and specific approach-
es makes it possible to create more accurate
and adapted methods for effectively extracting
aspects from scientific articles in the Kazakh
language. Successful extraction of aspects
from scientific articles in the Kazakh language

Table 1 — Comparative analysis of the extraction of aspects from the texts of scientific articles

by foreign authors

Method
Result

Summary

. Ronzano . He | Huang
The Dayrell . Houngubo Liakata and Qasemi Augenstein J. et T.H.K.
highlighted et al., Hanyurwimfura and etal., Saggion Zadeh and etal. 2017 al et al
gaspgect 2012 etal,2012[8] Mercer, 2012 ZgOng " schumann, =770 T 0 2020
2012 1 2016 [12
[7] 0129] [10] ;7 2016[12] (4] [15]
Background
Task
Purpose
Contribution

Note — Compiled based on the source: [7-15]
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Table 2 — Universal and specific approaches adapted to the peculiarities of the Kazakh
language and the nature of scientific articles

Ne Online Methods/Models ‘

Application ‘ Opportunity

Universal approaches

Successful results in extracting
aspects from texts

1 Machine learning
methods

Application of machine learning
algorithms such as deep learning
models or classical methods (e.g.
SVM, Random Forest)

Using pre-exposed language models
such as BERT or GPT

Highlighting semantic connections
and improving the understanding

2  Pre-trained language
models

of context in scientific texts

3 Semantic analysis
methods

Application of semantic analysis

Identification of semantic relations
between terms and concepts

Specific approaches for the Kazakh language

1 | Accounting for ambiguity
and synonyms
language

Development of methods capable of taking into account the ambiguity
of words and synonyms, taking into account the specifics of the Kazakh

2  Lexical and structural
analysis

The study of specific lexical and structural features of scientific texts in the
Kazakh language and their consideration in the extraction of aspects

3  Morphological analysis

Using morphological analysis

More accurate extraction of key
terms and aspects from the text

4 | Integration with
terminology databases
Kazakh language

Introduction of special terminological
databases for scientific terms in the

Improved extraction accuracy

5 Taking into account the
specifics of writing styles

Development of methods that take into account the formal and stylistic
features of scientific texts in Kazakh

6 Contextual analysis

Developing approaches that take into account contextual aspects and the
relationship between words and expressions in a sentence.

Note — Compiled by the author

requires a balanced approach, including both
universal methods that are successful in oth-
er language environments, and specific tech-
niqgues adapted to the specific features of the
Kazakh language and the linguistic style of sci-
entific texts.

The main part

Extracting aspects from the texts of sci-
entific articles in Kazakh may involve sever-
al steps, including text preprocessing and the
use of Natural Language Processing (NLP)
methods.

According to Figure, text preprocessing and
the use of Natural Language Processing (NLP)
methods are important steps in the analysis of
textual information.

Research and development in this area can
significantly enrich the ways of analyzing sci-
entific documents in the Kazakh language and

EXZY improve understanding of their content.

Natural language processing allows com-
puters to understand and analyze text the
way humans do. It finds application in various
fields such as machine learning, information
retrieval, automatic text abstracting, automat-
ic translation and much more.

Extracting aspects from the texts of scien-
tific articles is the process of highlighting and
analyzing the key aspects, topics and informa-
tion contained in the article (Table 3).

It should be noted that the accuracy and
efficiency of aspect extraction depend on the
characteristics of the text itself and the quali-
ty of the natural language processing methods
used. You may also need a specific setting to
work with texts in the Kazakh language. The
application of modern methods of natural lan-
guage processing and machine learning to the
task of extracting aspects in the Kazakh lan-
guage can contribute to the development of
technological capabilities in this area.
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_- | The sequence of steps ]

Text preprocessing ]

. =

|
[ S — }_. Dividing the text into separate words or tokens, taking into

account the peculianties of Kazakh morphology and the
agglutination system

~
"

: Exclusion of frequently occurring words that do not carry a
—|  Deleting stop words }—' semantic load (for example, prepositions, conjunctions)

-

— Bringing words to their basic (dictionary) form to unify and
H[ e }_' mprove the accuracy of aspect extraction

Highlighting keywords and phrases that are most frequently
found in the text

f Using TF-IDF (Term Frequency-Inverse Document Frequency)
methods to evaluate the mportance of words

2 ) Definition of f for each word rerb,
_{ Marking up parts of 2 m°a;!’°°f:h e word (noun, v
& \ & B
.| Using machine leaming i Teaching machine leaming models using classification or
models g clustering algorithms defines important aspects of the text
\ Y . J/

: . l The use of semantics analysis methods to understand the
L Amalyniz.of cemmtics connections between words and highlight key aspects

\

L 4

Taking into account the context of sentences and paragraphs to

v

Checking the context }—.

\ extract aspects more accurately "
kit ] Using text similanty assessment methods to identify similar or
_: . : f Using keyword extraction algorithms to highlight the main

Keyword exfraction ’—' topics and aspects from the text
\ . 7

Steps required to extract aspects of scientific articles for the Kazakh language
Note — Compiled by the author

The method of automatic extraction of is an important study, given the peculiarities
terms from the texts of scientific articles in of this language and restrictions on access to
the Kazakh language proposed in this article marked and unlabeled data. The task of ex- EZE)
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Table 3 — The process of highlighting and analyzing the key aspects, topics and information

contained in the article

Ne Key aspects The allocation process Features
1 The subject of the Defining the main topic Highlighting keywords and terms that characterize the
article of the article main idea of the article
2 The purpose and ob- The study of the formulation of the research goal, as well as the specific tasks
jectives of the study assigned to the authors of the article
3 Research methods Identification of the Analysis of the description of methodology, experimen-
research methods used  tal procedures, statistical methods and other things
4 | Results Analysis of the research results, highlighting the main conclusions, statistical
data and important facts presented in the article
5 Discussion Identification of key aspects of the discussion, including interpretation of the
results, discussion of methodological approaches, assessment of the reliability
of the study and indication of further research directions
6 List of literature Can provide information about the context in which the study is being conduct-
ed and point to key sources
7 Keywords Consideration of the keywords used by the authors for a better understanding
of the accents and research directions
8 The novelty of the Determining to what extent the research is new and what new aspects it intro-
research duces into the subject area

tracting terms in the Kazakh language pres-
ents additional difficulties, requiring innovative
approaches and algorithms.

Conclusion

To extract aspects from the texts of scien-
tific articles in the Kazakh language, the de-
scribed method using the pre-trained BERT
language model and a linear classifier seems
to be an effective and modern approach, the
main arguments of which are:

1. Accounting for contextual information.

Using the pre-trained BERT model allows
you to take into account contextual dependen-
cies between words, which is important when
working with scientific articles, where complex
concepts and terms are often found.

2. Rich semantic representations.

The embeddings received from BERT pro-
vide rich semantic representations of tokens,
which contributes to a more accurate ex-
traction of aspects from the text.

3. Linear classifier for accurate classifica-
tion.

Using a linear classifier after obtaining vec-
tor representations helps to determine exactly
which aspect each token belongs to.

4. Applicability to the Kazakh language.

The BERT-based approach can be success-
fully adapted to the Kazakh language, provided
there is a pre-trained model for this language
or using representations trained in a similar
language.

5. The need for careful data preprocessing.

It is important to carry out thorough pre-
processing of texts in the Kazakh language,
including tokenization, removal of stop words,
lemmatization and other steps to ensure
high-quality results.

6. Evaluation of the results.

It is proposed to evaluate the results of the
model on a test dataset to determine the ac-
curacy of aspect extraction and the overall ef-
fectiveness of the algorithm.

Taking into account these factors, the de-
scribed method may represent a promising
solution for the task of extracting aspects from
scientific articles in the Kazakh language.
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AHagaTtna. Ka3ak TiJliHe apHaJsiFaH fblJIbIMU MaKasaaapAblH MOTIHAEPIHEH acrieKTiziepai anay Ta-
6urn Tiigi 6HAEY XOHE aKnapartTbiK i34€y casacbiHAarbl MaHbl34bl MiHAET 60/ibin Tabbliaabl.
byn MiHAET MaKasanapAblH MITIHAEPIHE EHI3I/IreH HErI3ri TaKkbIipbInTap MeH uaesapabl allyra
KaTtbICTbl, 6y/1 onapAabl TYCiHy MEH Tasngayabl XeHingeteqi. Kasipri yakbiTra fbl/ibiIMU Makasia-
J1apAblH MBTIHAEPIH aBTOMAaTThl TYPAE 6HAEY 63€EKTI/liriH apTThipyAa, oFaH TEPMUHAED LUbIFAPY,
TepMuHAEp apacbiHAarbl KaTblHacTapAabl aay, aBTopegepauns xoHe T.6. CUSIKTbI KONTEreH MiH-
AeTTep Kipeai, by xapussiaHraH XYMbICTap CaHbIHbIH 6CyiHe 6ariaHbICTbl. KaXeTTi aKkrnapatTbl
i3aeyae xxapusiaiaHbiMAapAbl OKYy XXOHE Tasgay yaKbIT reH pecypcrapra 6ariiaHbiCTbl 6aprFaH
cauviblH KbiMmbaTka Tyceai. [JepeKTep Kes1EMIHIH TYpPaKTbl 6CyiMEH akrnapatTbl aay XyHesnepiHiH
XKbl1AaMAblFbl MEH MaclTabTasayblH KaMTaMachkl3 €Ty YLUiH eHAEYAIH TUiMAl a4iCTePiH a3ip/ey
KaxxeTt. XKasnnbl agictep 6enrini 6ip 1eKCUKara, CONIEM KYPblIbIMbIHA )XOHE KOHTEKCTKE 6ariia-
HBbICTbI 8p TypJii MoHAIK caaanapaa apAanibiM TUiMAI XYMbIC icTeMeyi MyMKiH. COHAbIKTaH 6i1im
bazanapblH Kypy ¢akTinepai welFapbirn KaHa KorMar, on1apabl KypblibiMaay MeH 6aiiaHbICTbl-
pyAabl KaxeT eTeqi, 6ipak MaTiHAE HaKThl YJriiep HEMECE KypbiyibiM 60/iMaraH Ke3ge 6y KubiH
60s1ybl MyMKIH. ACMEKTIiepAi any Kasak TiZliHAEri Fbl/ibIMA MaKasaaapAbl HEFYPJIbIM TUIMAI i3-
Aey, UHAEKCTey XOHEe caHatTay YLWIH Kypangap xacayra Kemekrtecegi, by afgebuerrepmMeH
JKYMBbIC ICTEYAIH KOJKETIMAINIrT MEH bIHFAMJIbI/IbIFbIH XXaKcapTa asiaabl.

Kint cespep: Kypangap, nHTerpaunsi, asToMaTraHAbIpy, TEXHOJI0rnsiap, 3KCTpakuyms agicre-
pi.
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AHHOTayMs. Vi3Brie4HeHnEe acrieKToB U3 TEKCTOB Hay4YHbIX CTaTel A/151 Ka3axCKOro si3blKa rpes-
cTaBsiseT cobol BaXkHyto 3agady B 0671actu 06paboTKu eCTECTBEHHOIO S3blka M MHGOpMaLmn-
OHHOro roucka. 37a 3agaya aKkTyasbHa /1S PacKpbITUS KJIKOYEBbLIX TEM U UAEH, 3a/10)KEHHbIX
B TEKCTax CTatei, 4To MOXET 0bseryntb nx rnoHUMaHue v aHaan3. B HacTtosiee Bpems Bcé
60/1bLLIYI0 aKTya/lbHOCTb MpnobpeTaeT aBToMaTnyeckass 06paboTka TEKCTOB HayYHbIX CTaTel,
KOTOpasli BK/04YaeT B cebsi MHOrme 3agaqvv, Takume KakK M3BJIEYEHUE TEPMWUHOB, U3BJIEYEHME
OTHOLLEHUI MEXAY TEPMUHAMM, aBTOPEDEPUPOBAHNE U AP., YTO CBSI3aHO C POCTOM 4Ymuca ry-
6/1mKyembix pabot. YteHue u aHanan3 nybankaumi B monckax Hy>XHou MHGopMauyum CTaHOBSIT-
csl BCE b6osiee 3aTpaTHbIMU M0 BPEMEHU U pecypcam 3agadyamu. C rnoCTOSSHHbIM yBE/IMYEHUNEM
06beMOB faHHbIX Tpebyetcs pa3paboTtka 6osee 3¢pheKTUBHbIX METOA0B 06paboTKu, 4TOOLI
obecrieynTb 6bICTPOAEHCTBUE M MACLUTAOUPYEMOCTb CUCTEM U3BIE€YEHUS] MHDOopMaunn. ObLyme
MeToAbl MOryT He Bcerga 3¢@HeKTUBHO paboTaTtb B pas3/iIMYHbIX MPeAMETHbIX 061acTsiX U3-3a
crneynuUecKon eKCUKN, CTPYKTYPbl MPEATTOXEHNI M KOHTEKCTA. [1o3ToMy nocTpoeHne 6a3
3HaHu TPeBYET HE TOJIbKO M3BJ/IEYEHUS PAKTOB, HO U UX CTPYKTYPUPOBaHWSI N CBSI3bIBAHMS,
O4HAaKO 3TO MOJXXET 6bITb C/I0XXHO P OTCYTCTBUU YETKMX LUAG/IOHOB MM CTPYKTYPbl B TEKCTE.
U3Bne4yeHne acrekToB MoMoraeT B CO34aHUM MHCTPYMEHTOB A/151 60/1ee 3¢p¢heKTUBHOIro rioncka,
UHAEKCaUNU N KaTeropmnlauymm Hay4YHbIX CTAaTeEN Ha Ka3axCKOM SI3bIKE€, YTO MOXXET YJyYLUNTb
AOCTYMHOCTb U yA06CTBO paboTbl C IMTEPATYPOU.

KnroueBbie cnoBa: MHCTPYMEHTbI, MHTErpaLus, aBToMaTtn3aLuns, TeXHOJI0MrMu, METObI N3BJie-
HeHns.
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