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solving problems of semantic text analysis is considered. Software offered by various manufacturers, such
as “Semantic LLC”, “Tomita-parser (Yandex)”, Semantic Analyst “JHON?”, “SummarizeBot API”,
“TextAnalyst 2.0”, “Galaktika-ZOOM?”, “NLP ISA”, “Natasha” and etc. is used in various subject areas
and for different languages [3-10]. A complete overview of existing modern systems of semantic analysis
and their description are presented in table 1.

Table 1 — Review of modern software systems for semantic text analysis

System name Description
“Semantic LLC” is a program for editing unstructured text. The semiconductor line is graphically oriented,
each node is a semantic element, and the walls represent the elements of the elements.
Each node attribute has a great value, the set of attributes depends on the element type.
“Tomita-parser (Yandex)” a program that allows you to extract facts from structured text. Separation of facts is
based on context-independent grammar rules. And the program requires a dictionary of
keywords. The parser will write its own grammar.
“JHON” The semantic analyst "JHON" receives the meanings of a natural language in Russian and
solves the following tasks: lexical analysis, morphological analysis, syntactic analysis,
semantic analysis - involving the triad of subject-object relations, creating a semantic
network of text, fact of events.
“SummarizeBot API” The web service offers a RESTful API to handle all text and image processing tasks. It
uses over 100 languages including Russian, English, Chinese, Japanese and uses machine
learning technology. The current version uses the following parameters: 1) automatically
link to text; 2) Selection of keywords and conceptual documents; 3) Analysis of a sample
of documents and selection of material objects and attributes; 4) Automatically detect the
language of the document, 5) Obtaining unpublished data: the main text of articles,
forums, forums, etc.; 6) Image processing: identification and recognition of objects in
images.
“TextAnalyst 2.0” the program was developed by the research and production innovation center
MicroSystems as a tool for text analysis. Text links allow you to create a semantic web of
comments, expressed in processed text. The request has the ability to semantic search for
text fragments, taking into account the semantic links hidden in the text. Allows you to
parse text by composing a hierarchical tree / heading topics containing text.
“Galaktika-ZOOM” an automated information search and analysis system manufactured by the Galaktika
Corporation. It is a powerful editing and processing tool that allows you to get the
information you need in large quantities. It is offered as a commercial system with
consumers in advertising, government, and media. This program allows you to build
semantic networks, but its program codes are not shared with the system.
“NLP ISA” For the text, a tree of analyzed analysis was built, the semantic role and connections were
established. Allows you to select serialized syntax and semantic analysis mode.
Alternatively, you can also select a mode that has a syntax-semantic mode combination.
“Natasha™ it is a set of rules for getting a Tomita parser for Python and a set of ready-to-execute
rules, addresses, terms, sums and other objects.

Scientific works [11-13] describe the basic ideas of information retrieval. Various options for finding
text statistics are presented, which include counting the number of occurrences of words in documents and
the frequency of word contiguity, and new model architectures for computing continuous vector
representations of words from very large datasets. The quality of vector representations of words obtained
by various models was studied using a set of syntactic and semantic language problems. In [14], the
application of language models of a neural network to the problem of calculating semantic similarity for
the Russian language is shown. The tools and bodies used, and the results achieved are described.

The above software products are designed for multi-resource languages such as English, Spanish.
Russian, etc. Unfortunately, for the Kazakh language now there is no software implementation in the open
access. This is since the Kazakh language differs in its semantic and linguistic properties from others, and
also does not have large linguistic resources for conducting applied research.

2 Algorithm for semantic analysis of text in the Kazakh language

During digital technologies, given the constant growth of the volume of digital data, an important role
is played by improving the quality of information retrieval using new semantic approaches and methods.

To work with big data, various algorithms and methods are being developed for the machine solution
of this problem, since the amount of data does not allow for manual analysis. Any natural language is
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complex, unique, and multifaceted in its own way, therefore, extracting data from documents and text
resources is a large and time-consuming work that requires preliminary processing.

Based on the research done from the developed models used most for the semantic analysis of text
resources, there is an approach based on machine leaming. Below will be presented the developed
algorithm for semantic analysis of text in the Kazakh language and implementation based on this
approach. When developing an algorithm to map certain information to a certain attribute, we opted for a
neural network (NN) with a hidden layer (100). Neural network training consists of the following parts:

- Text preprocessing. Text preprocessing consists of three stages: tokenization, removal of stop
words, normalization of words.

- Construction of the feature vector. The feature vector is a sign of the characteristic we are
interested in. For one descriptor, the features were taken as follows: a window of two words after, five
before was taken in the text of the article at the place of occurrence of the element. Moreover, a dictionary
is formed for each descriptor, which is responsible for the presence of the specified word in the dictionary.
All features of each descriptor are collected into one and a feature vector is constructed.

- Training the neural network. The network is trained by presenting each input dataset and then
propagating the error.

At the second stage, the neural network was trained. For text preprocessing, the developed natural
language processing modules were used. After applying these modules, we extracted the features of our
descriptor. A feature vector was then constructed using the extracted data. The constructed feature vector
was compared with certain keywords, determined by the modified TF-IDF method for the Kazakh
language.

3 Software solution and algorithm implementation

This is one of the most difficult and demanded tasks facing artificial intelligence is NLP (Natural
Language Processing). To solve and implement NLP tasks currently, there are several software systems
and libraries, which include the tasks of speech recognition, language formation and information
acquisition, etc.

Python is currently one of the most promising programs for solving NLP problems. Libraries written in
Python are designed to solve NLP problems and allow you to simulate various languages and processing
functions.

There are also many types of libraries, consider the most famous and applicable for word processing
tasks:

Spacy, NLTK, CoreNLP, StanfordNER, etc. Table 2 below shows a comparison of the functional
capabilities for solving the NLP problem.

Table 2 — Comparison of the capabilities of libraries aimed at solving NLP problems

Function Spacy NLTK CoreNLP
Programming language Python Python Java/Python
Neural network models + - +
Vector of integrated words + - -
Multilingual model + + +
Tokenization + + +
POS tagging + + +
Segmantation + + +
Parsing + - +
Highlighting named objects + + +
Communication between objects - - -
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>>> model = WordVec(sentences, size=100, window=5, min count=5,
workers=4)

Record initialized model

>>> model.save (fname)

>>> model = WordVec.load (fname) #

Now you can train with the resulting model. For training the model, a monolingual Kazakh corpus was
prepared, which is in the SQL database. When the text is processed by the model, vectors of words are
identified, which are stored in the model wv module in KeyedVectors. The resulting vectors of words are
also compared with keywords (phrases) from the text corpus for the purpose of further use as possible
values of semantic attributes of entitics. Once the model finishes training, you can go to
gensim.models. KeyedVectors in wv:

>>> word vectors = model.wv

>>> del model

The gensim.models.phrases module automatically detects a long chain of words. This module allows
us to define phrases through learning.

>>> bigram transformer = gensim.models.Phrases (sentences)

>>> model = WordZVec(bigram_transformer[sentences], size=100, ...)

class gensim.models.wordvec.Corpus (dirname)

class
gensim.models.wordvec.LineSentence (source, max sentence length=10000,
1imit=None)

After completing the gensim module, you can then start training the neural network.

sentences = LineSentence ('myfile.txt")

from gensim.models import Word2Vec # define training data

sentences = [['yn (ul)', 'Oanamnap (balalar)', 'kesmapra (gyzdarga)',
'kaparaHla (garaganda)', 'meikTel (myqgty)', 'Oosmazner (bolady) '],

["An (ALl)', 'kwe3 (gyz)', 'Gananap (balalar)', 'yimapra (uldarga)',
'kaparaHma (garaganda )','Hesik (nazik)'], ["Keiz  (Qyz) ', 'oJleMH1H
(alemning) ', 'kepki (korki)'],

["Tyn (Gul)', '"xepnin (zherding)', 'xepki (korki)'],

["KazakcTaH (Kazakhstan)', 'pecnyBmmkace (respublikasy)', 'Teyencis
(tauelsiz) ', 'mMemuexkerT (memleket)']]..

As a result of the obtained trained model, it is necessary to check the obtained data. You can also create
a graphical interpretation of the results (Figure 2).

The NER Stanford software package was used to train the model. The following is a listing of working
with the Stanford NER library and software implementation

>>> trainFile = train/dummy-kazakh-corpus.tsv serializeTo = dummy-
ner—-kazakh-french.ser.gz map = word=0, answer=1

useClassFeature=true useWord=true useNGrams=true noMidNGrams=true
maxNGramLeng=6 usePrev=true useNext=true

useSequences=true usePrevSequences=true maxLeft=1 useTypeSegs=true
useTypeSeqgsZ=true useTypeySequences=true wordShape=chris2uselC
useDisjunctive= true
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The problem was successfully solved by using a morphological parser for marking up parts of speech
in texts with the subsequent application of the machine learning method of semantically related keywords
(phrases). A trained neural network with a hidden layer is applied to the set of these phrases in order to
assign a specific phrase to a specific attribute of the entity described in the text. Thus, based on a set of
semantically related pairs of words, an ontology is built for a specific document, which is formed during
the operation of a neural network.

Conclusion

To solve the problem, semantic analysis in the Kazakh language is based on machine learning. The
program is implemented in the python programming language, using the libraries gensim, matplotlib,
sklearn, numpy, etc. A set of vectors of words in the Kazakh language was obtained, which was trained on
the corpus, which is 1 million sentences. The corpus is fed to the program input in a normalized form.
Further, to improve the result, the corpus will be supplemented with proposals on various topics.

Acknowledgments

The study was supported by the Ministry of Education and Science of the Republic of Kazakhstan
within the framework of the scientific project AP 05132950 "Development of an information-analytical
data retrieval system in the Kazakh language".

I.P. Paxumosa'?, 9.0. TypranGaesa'

10n-Papabu atbHgars! Kasak, yITTHIK yHEBEpCHTET, AlMarhl, KazakcTam,
2 AKIIapaTThIK JKOHE eCEllTey il TEXHOIOIHUIap MECTUTY ThL, AnMarsl, Kazakcran

HEWPOH/IBIK 'KEJILIEPTE HET'BAEJITEH KA3AK TUITHIH CEMAHTHKAJIBIK TAJIJJAYBI

AHHOTANUA. AKIapaTTHIK JKoHE CMapT TEXHOJIOTHSUIAPIBIH, JKacaH bl MHTEIISKT KYHelepiHiH JaMybiHa TaGuru TUIAEp/I
OHJIey FBUILIMU 3€pTTey calachl YIKEH BIKIATBH THTI3IN JKaThlp. Makanana ceMaHTHKalbK Taljayra apHamraH Kasipri
YaKbITTaFbl 9icTep MeH GarqaplaMalblK TICUIIEepIiHe YKacalraH Kalllbl MoTy KaMThUraH. JKypriziireH 3epTreyiep Heri3iHue
MOTIHJIIK pecypcTap/ibl CeMaHTHKABIK TATAay YIIH MAIHHATBIK OKBITYFa HET13/IeTeH 9/[ic KOl KOJNJaHBLTATEIHB] aHBIKTAIIHL.
Maxkanasa KUIT co3/iep/Il ecKepy apKbUThI Ka3ak, TUIIH/ET] MATIHTe CeMaHTHKAITBIK TaLay JKacay IbIH alrOpUTMI YCHIHBUIFAH JKoHE
MOJTYTIhIep KYMBICHI CHITaTTaFaH. benrimi 6ip akmaparTel Senrini 6ip aTpudyTKa calkecTeHAIpY alrOpUTMIH JKacaraH/Ia TaHIay
sKachIpeH Kabatel Gap (100) HelipoHABIK *kemire TokTaabl (NN). bacTankpl Ke3eH e MaTiH I alIBH ana eHaeIe . MaTiH/Il anIbH
ana eHjey YIIH TaGUrH TUINl OHJeyTe apHaIFaH ©31Mi3 acaraH MOYIbAep KOIMaHbUIABR. Ochl MOTYTBACPAl KO TaHFaHHAH
KeiH Jeckpurrop Genriiepi amsmabl. CopaH KeffiH albIHFaH MAIIMETTep/i KoljaHa OTHIPBHII, Genriiep BEKTOPH KYPHUIIBL
Kyppumran Genrimep BekTOphl Kazak Tum yruH e3reptimreH TF-IDF omiciMeH aHpKTairaH Oenrimi Oip KUIT ce3/iepMeH
CaTBICTRIPLULIBL. EKIHIN Ke3eHie HeUpOHABIK *kelli oKBIThUsl. CoHptaii-ak, GepinreH oamicTiH Python Garmapnmamanay TiTiHIE
OpBIH@TFaH OarJapiaMalblK IMeTiMi YCHHBDUIFaH. barJapiaMalblK jkacakTaMaHBl icke achlpyaa gensim, matplotlib, sklearn,
numpy >koHe T.6. CHSIKTHI KeH TaparaH KiTalrxaHanap KOMJIaHBUIAbL MoembIi OKBITY YIIIH Keleci TapaMeTpiep OpHATHULBL
MYMKIHJIK BeKTOPBIHBIH omemMi 100; ceitmeMaeri arbIMarsl jkoHe GODKaHATHIH CO3 apachIHJAFhl aca YIKeH apakarbIKTHIK 5,
GLTIMHIH, MUHUMAaIIBI JeHredi - 1; kecy xuimiri 4 ce3zgeH Typaabl. COHBIMEH KaTap, MOJETHIl OKBITY YIIH Ka3ak TLIIHJEe
1 MUITTHOH coliTeMHeH TYpaThIH kaHe SQL MamiMmerTep Ga3achHIa opHATAcKaH GipTyTac Ka3ak KOpPITYChl AalbiHaa pl. MaTiHIl
MojenbMeH omHjiereH kesfne KeyedVector-ma model. wv MoAymiHe cakTamFaH €63 BEKTOpPIAphl aHBIKTATAbl. AJBIHFAH CO3
BEKTOPITaphl MOTIH KOPITYCHIHAFHI KUIT CO3/IepMEH (Co3 TIPKECTEPIMEH) CABICTRIPBIIANBI, OV CEMaHTHKAIBIK aTpUOyTTap IbIH
BIKTUMAaT MOHIH 9pl Kapail maiifjamaHy MakcaThIHAa *kacamaibl. HakTel 6ip Ky’KaTKa apHAIFaH OHTOJIOTHS HEUPOHIBIK JKEeTIHIH
KYMBICBI GapbIChIHAa Taiiia GoNmaThlH CeMaHTWKANLIK OailaHBICTBI YN SKUBIHTHIFBIH KOMJaHY apKbUIBl KacairaH.
JKyMBICHIMBI3TA JKYPri3ireH TOKIpHOe HOTHKECI Co3 SKUBIHTHIFBIHBIH TpadUKaIblK TYPiHJEe KOPCETUINeH. ¥ ChIHBITFAH TACUIIIH
KaHAIBIFBI — KazaK TUTIHAETI MOTIH MarblHACHI JKaFbIHaH JKaKbIH CO3JEpAl aHbIKTay. Dyl KYMBIC MaMHAIBIK ayjapMa
JKYHeCIHIeT1, aKIapaTTHl 13/IeyIeT1, COHBIMEH KaTap Tajay »KoHe oHJey KyMeciHIeri Macenenep Il Menryre bIKIal eTe.

Tyiiin ce3nep: word2vec, MOJIENb, €63, BEKTOPIIBIK, KOPIHIC, CEMAHTUKAIBIK, TA/IAY, Ka3ak, Tili.

J.P. PaxumoBa'?, 9.0. Typrantaepa!

'Kasaxckuit HAIMOHATBHBIN YHUBEPCHTET HMEHH anb-Dapadu
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CEMAHTHUYECKHIL AHAJIA3 KA3AXCKOI'O S3bIKA
HA OCHOBE ITIOAXOJA HEUPOHHbBIX CETEU

Annotamus. B jmanmoit paGoTe mpenctaBleH 0630p CYMIECTBYIONMX COBPEMEHHBIX METOJOB M IPOTPAMMHBIX II0IXO/IOB
CeMaHTHUEeCKOro aHam3a. Ha ocHOBe MpojieNlaHHBIX UCCIIEI0OBAHVI BBIABIEHO, UTO JUIT CEMAHTUUECKOTO aHAM3a TEKCTOBBIX
pecypcoB HambGolee TIPUMEHSETCS IOAXOJA, OCHOBAaHHBII Ha MammMHHOM OOyUeHHMH. B JaHHOW cTaThe IIpejicTaBIeH
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