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Abstract. Most people rely on search engines to get and share information from 
all sorts of resources. All totals returned by search engines are not always important 
because they are drawn from heterogeneous data sources. Moreover, it is not easy for a 
user to prove that the acquired results are relevant for the request. As a result, the 
semantic network plays a significant role in interpreting the relevance of search results. 
This paper proposes a new method for searching for appropriate documents using 
the semantic web, based on the concept of natural language processing (NLP). In the 
proposed system, NLP is used to analyze a user request in terms of parts of speech. 
The extracted definitions are compared with a domain dictionary to identify the 
appropriate domain of the user's interest. The retrieved user request papers are 
examined with natural language processing support to identify the respective domain. 

Keywords: semantic search engine, natural language processing, context analysis, 
information retrieval systems, graphematic analysis, ontology

For citation: A.K. Aitim, I. Khlevna. Models of natural language processing for 
improving semantic search results // INTERNATIONAL JOURNAL OF 
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СЕМАНТИКАЛЫҚ ІЗДЕУ НӘТИЖЕЛЕРІН ЖЕТІЛДІРУ 
ҮШІН ТАБИҒИ ТІЛДЕРДІ ӨҢДЕУ МОДЕЛДЕРІ
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Аннотация. Көптеген адамдар әртүрлі ресурстардан ақпаратты алу және 
бөлісу үшін іздеу жүйелеріне сүйенеді. Іздеу жүйелері қайтарған барлық 
нәтижелер жаңартылмайды, өйткені олар әртүрлі деректер көздерінен алынған. 
Сонымен қатар, алынған нәтижелердің пайдаланушы сұранысы үшін маңызды 
екенін растау қиын. Сондықтан семантикалық веб іздеу нәтижелерінің өзектілігін 
түсіндіруде маңызды рөл атқарады. Бұл мақалада табиғи тілді өңдеу 
тұжырымдамасына негізделген семантикалық вебті пайдалана отырып, сәйкес 
құжаттарды іздеу үлгісі ұсынылады. Бұл жүйеде қолданушы сұранысын сөйлеу 
бөліктері бойынша талдау үшін қолданылады. Шығарылған терминдер 
пайдаланушыны қызықтыратын сәйкес доменді анықтау үшін домен сөздігімен 
салыстырылады. Екінші жағынан, алынған пайдаланушы сұрауының құжаттары 
сәйкес доменді анықтау үшін табиғи тілді өңдеу арқылы зерттеледі.

Түйін сөздер: семантикалық іздеу жүйесі, табиғи тілді өңдеу, контекстік 
талдау, ақпаратты іздеу жүйелері, графематикалық талдау, онтология
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Аннотация. Большинство людей полагаются на поисковые системы для 
получения и обмена информацией из различных ресурсов. Все результаты, 
возвращаемые поисковыми системами, не всегда актуальны, поскольку они 
извлекаются из разнородных источников данных. Более того, обычному 
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пользователю трудно подтвердить, что полученные результаты важны для 
пользовательского запроса. Поэтому семантическая сеть играет важную роль в 
интерпретации релевантности результатов поиска. В этой работе предлагается 
модель для поиска соответствующих документов с использованием семантической 
сети, основанный на концепции обработки естественного языка (ЕЯ). В этой 
предлагаемой системе ЕЯ используется для анализа пользовательского запроса с 
точки зрения частей речи. Извлеченные термины сравниваются со словарем домена, 
чтобы идентифицировать соответствующий домен интереса пользователя. С 
другой стороны, извлеченные документы пользовательского запроса исследуются 
с помощью обработки естественного языка для идентификации соответствующего 
домена.

Ключевые слова: семантическая поисковая система, обработка естественного 
языка, контекстный анализ, информационно-поисковые системы, графематический 
анализ, онтология

Для цитирования: А.К. Айтим, И. Хлевна. Модели обработки 
естественного языка для улуч шения семантических результатов поиска // 
МЕЖДУНАРОДНЫЙ ЖУРНАЛ ИНФОРМАЦИОННЫХ И 
КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ. 2022. Том. 3. Is. 2. Номер 10. Стр. 
82–91 (на русском языке). DOI: 10.54309/IJICT.2022. 10.2. 008.

Introduction
One of the leading functions of advanced information systems (IS) is the exploration 

of data components that satisfy some parameters. The specificity of the methodological 
and technological tasks in a search arises due to several reasons. First, it is due to the 
nature of the content of the information resources included in the system. Textual content 
still dominates in advanced information systems, however, multi-format resources that 
have multimedia content and use all kinds of forms of content structuring to increase 
performance are becoming more widespread. The result of structurization is the division 
of information into precisely structured data, metadata that describe their structure, 
including "metadata" that define all kinds of data structures. 

These features of the content, in an obvious or implicit form, determine the layout 
for the organization of an effective search for information within the framework of 
an appropriate set of resources. Another necessary circumstance that has a significant 
impact on the effectiveness of information retrieval devices is the distributed and, 
therefore, heterogeneous nature of advanced information resources and systems. Search 
mechanisms aimed at implementation in the criteria of homogeneous information 
systems and resources quickly lose their effectiveness when used in distributed 
heterogeneous systems, where data presentation formats and, in accordance with this, 
metadata are allocated from resource to resource or from system to system. This event 
forces prospectors and creators to find ways to create universal methods and technologies 
for information search, adequate to the claims of advanced information systems (Aitim 
et al., 2020: 118–124).

The word is considered one of the leading forms of information exchange in society. 
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Textual information in various formats is an important part of the information resources 
of information systems. As a result, the creation and development of word processing 
technologies attracted great concern at all stages of the formation of information 
systems. The most common systems of this category are text search systems, the task 
of which is to search for a given collection of documents in natural language that meet 
the information needs of users. This work presents the main foundations of text search, 
natural language processing methods and their implementation in search models.

Materials and methods
Information retrieval methods and natural language text processing. An important 

place in the development of text search is occupied by the processing of NL. Under the 
processing of NLP (Natural Language Processing) is understood the conclusion of tasks 
related to awareness, analysis, performance of various operations on words, and for 
example, their generation. Examples of similar tasks: classification, clustering of stored 
collections of documents, deep word test, translation of documents from one language 
to another, etc.

All the variety of information search methods is based on the processing and analysis 
of the words of indexed documents. The bulk of information retrieval systems (IRS) are 
the systems with preprocessing - preparatory processing (indexing) of all documents 
available in the system. Exceptions are made for metasearch engines. Here is the list of 
the main problems that arise when processing words in NL (Aitim et al., 2020: 1–4):

- the problem of synonymy;
- the problem of homonymy;
- stable combinations of words;
- morphological variations.
The problem of synonyms. One concept can be expressed by different texts. As a 

result, relevant papers that use synonyms for the opinions indicated by the user in the 
request have every chance of not being detected by the system.

The problem of homonymy and phenomena "adjacent to the homonymy". 
Grammatical homonyms are the words different in meaning of the text, but coinciding 
in spelling in separate grammatical forms. It has every chance of being the text of one or 
different parts of speech. Lexical homonyms are texts of the same part of speech, similar 
in sound and spelling, but different in lexical meaning.

Stable combinations of texts. Phrases have every chance of owning a remarkable 
meaning from the meaning that the texts have separately. Morphological options in 
many natural languages, texts have several morphological forms that differ in spelling.

The IRS that uses all kinds of ways to process the words of the NL. In the advanced 
text search, not only the installation of linguistics for the analysis of words is used, but 
also statistical methods, mathematical logic and the doctrine of possibilities, a cluster 
test, methods of artificial origin of the mind, and for example, control technologies data. 
Let us consider two leading scenarios for the processing and analysis of NL words ― 
statistical and linguistic.

An effective layout based on statistical analysis is latent semantic indexing. Latent 
Semantic Testing is a doctrine and method for extracting the context-dependent 
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meanings of texts while supporting statistical processing of large text datasets. The 
latent semantic test is based on the idea that the totality of all contexts in which a given 
text collides and does not collide sets many mutual restrictions, which to a large extent 
make it possible to qualify the similarity of the semantic meanings of texts and sets of 
texts among themselves.

The key defect of statistical methods is the impossibility of considering the coherence 
of a word, and the presentation of a word as an unpretentious large number of texts is 
not enough to refl ect its content. The word gives a set of texts arranged in a specifi c 
given sequence. To overcome this defect allows the introduction of linguistic methods 
of word analysis.

In fi gure 1 proper meanings of linguistic analysis such as graphematic, morphological, 
syntactic, semantic are given. The output of each value is used by the next level of 
analysis as input. The purpose of graphematic analysis is to highlight the components 
of the word structure: paragraphs, services, individual texts, etc (Karpagam et al., 2015: 
5679–5688). 

Figure 1 - Levels of linguistic analysis

The purpose of morphological analysis is to determine the morphological data of the 
text and its leading word form. The features of analysis strongly depend on the chosen 
natural language.

The purpose of syntactic analysis is to determine the syntactic dependence of 
texts in a sentence. Due to the presence in the Kazakh language of many syntactically 
homonymous systems, the presence of a close connection between semantics and 
syntax, the procedure for automatic parsing of a word is considered labor-intensive. The 
complexity of the method increases exponentially as the number of texts in a sentence 
and the number of applied rules increase (Madhu et al., 2016: 34–42).

Developments in the fi eld of semantic analysis of the word are associated with the 
fi eld of artifi cial origin of the mind, reprimanding the semantic awareness of the word. 
In real time, success in this direction is rather limited. The created semantic analyzers 
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have the highest computational complexity and ambiguity of the output results.
Information retrieval models
During the formation of information retrieval systems, many models of information 

search were proposed, then we will consider the main ones.
The model is a cobweb of proper elements:
1. Format of submission of documents.
2. Format of submission of requests. A request is a formalized method for expressing 

the information needs of an IRS user. For this, a search query language is used, the 
syntax of which varies from system to system.

3. The function of the ratio of the document to the request. The level of correlation 
between the query and the found document (relevance) is a personal concept because 
the results of the search, suitable for 1 user, have every chance of being unsuitable for 
another.

In all possible IRS models, the picture of the relevance aspect of documents depends 
on the appearance of the information search model, for example, in semantic search 
models, a clear entry of query texts into the document is not considered the main aspect, 
as, for example, in set-theoretic models (Dou et al., 2018: 59–68).

Variants of these elements defi ne many implementations of search systems. Let's 
look at the more well-known search models. These models of conventional information 
search given in Figure 2 are usually divided into 3 types: set-theoretic (Boolean, fuzzy 
sets, extended Boolean), algebraic (vector, generalized vector, latent-semantic, neural 
network), probabilistic.

Figure 2 - Models of traditional information retrieval

Boolean model is a search model based on the operations of crossing, joining, 
and subtracting sets. Requirements are presented in the form of Boolean expressions 
from texts and regular operators. Relevant securities are those that satisfy the Boolean 
expression in the query. The leading defect of the Boolean model is its unsuitability for 
ranking search results.

A vector model is a representation of a collection of documents by vectors from the 
1st common vector place for the entire collection. Papers and claims are represented 
as vectors in n-dimensional Euclidean space. The authority of a term in a document 
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can be qualified in different ways. For example, it is possible to count the number of 
occurrences of a term in a document, for example, the named frequency of the term - the 
more often the text collides in the document, the greater its weight will become. If the 
term does not collide in the document, then its authority in this document is equal to 
zero. All definitions that are seen in the documents of the collection being processed can 
be ordered. If now for some documents write out by covering those that are not in this 
document, a vector will come out, which will become a representation of the provided 
document in the vector place (Deng et al., 2018: 75–96).

Results and discussion
Semantic search. One of the promising directions in the formation of information 

retrieval systems is the construction of models of "semantic" search. Semantic intelligence 
is a picture of automatic full-text information search, considering the semantic content 
of texts and phrases of the user's request and services of words of indexed information 
resources. Semantic intelligence, for example, allows you to find papers that do not have 
texts from the search query, but are related to it.

Ontologies have personal methods of processing (logical inference), corresponding 
to the tasks of semantic processing of information. As a result, ontologies have become 
widespread in the conclusion of problems of knowledge representation and knowledge 
engineering, semantic integration of information resources, information search, etc.

Ontology defines a vocabulary for scientists who need to apply information together 
in the subject area. It incorporates machine-interpretable formulations of the domain's 
leading opinions and the dealings between them.

The main problem in the implementation of the use of the ontological layout is the 
inaccessibility of quite large and high-quality ontologies of subject areas, especially in 
the Kazakh language.

The main idea of   communicative grammar is that, in fact, syntax must investigate 
just reasonable speech, and syntactic criteria must consider the categorical meanings of 
texts to be able to predetermine the generalized meanings of any syntactic system - from 
a text to a phrase and an unpretentious sentence. There is no doubt that 1 morphological 
data is not enough for the text to become a constructive unit of syntax. The word-
lexeme is not yet considered a syntactic unit, the text is not a collection, and in its 
various forms, various aspects of its joint meaning have every chance to be realized 
or actualized. Thus, the decisive role here is played by the generalized meaning, that 
is, the categorical-semantic class of the text. The generalized meaning determines the 
syntactic abilities of the text and the methods of its functioning. Creating and exploring 
coherent speech, syntax deals with reasonable units that carry personal, not individually 
lexical, but generalized, categorical meaning in systems of varying degrees of difficulty. 
These units are characterized each time by the interaction of morphological, semantic, 
and active symptoms. These units are called syntaxes. It is important to emphasize that 
the semantic meaning is formed because of the combination of the categorical meaning 
and the morphological form and is realized in a specific syntactic position. Discussing 
the text in isolation, in isolation from the word, does not allow the introduction of a 
syntactic meaning, and therefore - to bring to life semantic intelligence.
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The need for ontologization is associated with the inability of existing methods to 
process texts adequately automatically in the native language. For high-quality text 
processing, it is necessary to have a detailed description of the problem area with many 
logical connections that show the connections between terms. The use of ontologies 
makes it possible to process text in the native language in such a way that it becomes 
available for automatic processing (Deng et al., 2018: 75–96).

Figure 3 - Block diagram of automatic text processing based on the linguistic method

Based on the results of the study, the following stages of automatic text analysis are 
performed:

− automatic resolution of lexical ambiguity,
− building a thematic representation of the text,
− division of words according to the structure of the structure,
− formation of a block of words,
− based on the built thematic presentation
− automatic division of words into sections / topics
− automatic categorization,
− automatic annotation (Fig.3)
Many words processing models in the fi eld of information retrieval assume the 

independent use of words in a connected text. Meanwhile it is known that the text 
contains many related words and has an internal hierarchical structure. There are quite a 
few diff erent applications of automatic text processing that could produce better results 
if it were possible to automatically identify the content structure of a coherent text. 
Among them are applications such as automatic segmentation of texts, resolution of 
polysemy, proper information search, better defi nition of term weights in a document, 
text categorization, automatic annotation of texts, etc. The concept of text connectivity 
can be considered in several aspects.

Structural coherence and coherence of the text are distinguished. In fact, we are 
talking about internal (structural) and external (pragmatic) connectivity. Cohesion is the 
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relationship of text elements, in which the interpretation of some text elements depends 
on others. Coherence is the connectedness introduced by something external to the 
text, first by the knowledge of its addressee. Based on this knowledge, the addressee 
can construct a certain list and complete the links that are not explicitly present in the 
text. From another point of view, the global and local connectedness of the text are 
distinguished. The global coherence of the text is ensured by the fact that the text has a 
single theme. The local connectedness of discourse manifests itself in the relationship 
between adjacent minimal units of the text.

Determining the main topic of a text is an important step for many information 
retrieval applications. The concept of the main (or global) theme of the text is associated 
with such properties of the text as thematic coherence and thematic structure. A text can 
be formally connected through various types of connectivity, but if it does not have a 
single theme, then it cannot be considered as a text. The topic of a whole text can be 
characterized in terms of subtopics, and subtopics in terms of even more local subtopics. 
Each sentence of the text corresponds to one or another subtopic of the hierarchical 
structure of the text. The macrostructure of a text determines its global connectivity. 
"Without such global connectivity, it would be impossible to control local connections. 
sentences can be well connected according to local connectivity criteria, but they might 
deviate if there were no global restrictions on their content".

Semantic networks are one of the artificial intelligence methods for representing 
knowledge in natural language. The semantic network is an information model of the 
subject area, which has the form of a directed graph, the vertices of which correspond to 
the objects of the subject area, and the edges determine the relationship between them. 
Objects can be concepts, events, properties, processes. Thus, semantic networks are one 
of the ways to represent knowledge in natural language. In recent years, in the works 
of many scientists, it is proposed to use graphodynamic systems as a formal basis for 
projected intelligent systems, abstract logical-semantic models of intelligent systems.

Conclusion
The described classical search engine models at the beginning hoped to 

discuss documents as many separate texts that do not depend on each other. 
The probabilistic model is characterized by low computational scalability, the 
need to constantly study the system. Algebraic set-theoretic models are more 
widespread, since their practical effectiveness is usually higher. It follows in the 
footsteps to indicate that the recent implementations of information search plans 
proposed recently are often considered hybrid models and have the qualities 
of models of various classes. One of the promising directions in the formation 
of information retrieval systems is the construction of semantic search models, 
the main task of which is to analyze the word, i.e., extracting meaning from a 
word and reflecting it into a formal model that allows you to find the semantic 
proximity of two words. It is worth accepting that the potential of these systems 
is indeed enormous, however, not all possible semantic technologies have been 
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sold far away in real time. In essence, now they can only help to mark the main 
texts from tirades built in natural language and select auxiliary word forms for 
making a correct search query. This purpose of search methods urgently asks for 
formation.
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