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Ilyas Mustafazade

Ali Can Karaca

Fatih Amasyalı
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Mustafa Keskin 299 - 303
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Kaan Kurtel

1997 Prompting Large Language Models for Aerial Navigation Emirhan Balcı 315 - 320
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Investigating the Effects of Pre-trained Deep Learning Models and Fusion Techniques on 
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Esma İbiş 327 - 332
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Compensating for the Brain Shift Problem in Brain Tumor Surgeries: A Review of 

Computer-Assisted Methods
Meltem Kurt Pehlivanoğlu

Nur Banu Albayrak
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2039 AI-Enhanced Endometrial Cancer Diagnosis System Raziye Aslıhan Kürkcü 339 - 343
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Erkut Attar 
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Tacha Serif

2040 El Titreme Sinyalinden Transformer Temelli Parkinson Hastalığı Sınıflandırması Murat Atçeken 344 - 347

Transformer Based Parkinson's Disease Classification from Hand Tremor Signal Lütfü Hanoğlu

Mehmet Ersin Bitirgen

Bahadır K. Güntürk

İbrahim Özşeker

2042 Üretken Yapay Zeka Fırsatlar ve Tehditler: Bibliyometrik Analiz Betül Ersöz 348 - 353

Generative Artificial Intelligence Opportunities and Threats: Bibliometric Analysis Şeref Sağıroğlu 
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2053 Users Acceptance of Generative Artificial Intelligence Based on ChatBot Use Ayşe Yeşim Mutlu 354 - 359

2054 MMBAttn: Max-Mean and Bit-wise Attention for CTR Prediction Hasan Saribas 360 - 365

Cagri Yesil

Serdarcan Dilbaz

Halit Orenbas
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Nooshin Nemati 382 - 387
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2129
Turkish Sign Language Video Generation from Pose Sequences Using a Conditional GAN 

Model
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2131 Statistical Attention Layer for Neural Network Training Ergun Biçici 417 - 420

Hasan Saribaş
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approach 
İbrahim Türkoğlu

2148 Breast Cancer Detection Using Deep Learning Models Erkan Akkaş 427 - 430

Mustafa Yapar 

Şeref Sağıroğlu 

Ali Öter 
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2191 CGAN Mimarisi ile Kısıtlı Veri Ortamında Kestirimci Bakım Performansının İyileştirilmesi Mehmet Musa Özcan 433 - 438

Improving Predictive Maintenance Performance in Limited Data Environment with CGAN Uğurhan Kutbay 

2207 Integrating the Focusing Neuron Model with N-BEATS and N-HiTS Şuayb Talha Özçelik 439 - 442

Faik Boray Tek
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Products in Flat Steel Manufacturing
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2025
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Pandey Shourya Prasad 523 - 528
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Madhav Rao
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Volkan Dağlı

Mustafa Kağan Gürkan

2081
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Behiye Şahin 540 - 543
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2104
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Hasan Kilimci

H.Hakan Kilinc

Zeynep Hilal Kilimci
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Integrated Graph Neural Networks
Teoman Berkay Ayaz 568 - 573

Ege Gülce

Stanley Hsu

Alper Özcan

Akhan Akbulut

2155
Multi-Aspect Anomaly Detection with Graph Neural Networks and Kolmogorov-Arnold 
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Ulas Vural
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Approaches
Ahsen Usta

Orhan Akbulut
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Batıray Erbay
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Uzay Çetin 677 - 681
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Abstract. Creating a perfect Uzbek-English machine 

translation requires creating a perfect translation of 

grammatical forms in these languages. In this article, we analyze 

the units that we consider auxiliary words in the Uzbek language 

from a grammatical point of view, and several methods of their 

use in translation programs are proposed. The main focus of the 

research work is on the modeling of language units. The works 

of the world and Uzbek linguists dedicated to the modeling of 

language units were studied, and based on them, each 

grammatical meaning expressed by auxiliary words was 

approached individually. 

Keywords: machine translation, grammatical form, 
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I. INTRODUCTION

The issue of classification of words in languages is of 
special importance. Because in this way concrete 
grammatical meaning, function and categorical features of 
the word are revealed. For this reason, from the earliest 
periods of linguistics, scientists have been paying attention to 
the issue of categorization of language units. However, it 
should also be noted that the perfect classification of units in 
many languages remains one of the main problems of 
linguistics. In particular, language units in the Uzbek 
language are classified according to three principles: lexical-
semantic, syntactic and morphologic [1]. We based our 
research on the lexical-semantic classification of words. 
According to it, language units are divided into 3 groups: 

1. Units with lexical meaning.
2. Units that refer to a concept.
3. Units that do not have a lexical meaning.

Grammatical form refers to words that do not have a 
lexical meaning, but express only a grammatical meaning. It 
follows that the object of our research is language units that 
refer to a concept and do not have a lexical meaning. It is 
possible to determine the amount of such units in the Uzbek 
language. The problem is translating them into English. 
Because one form can express several grammatical meanings. 
The main task of our research is to create a perfect set of 

grammatical forms in these two languages in English-Uzbek 
translator programs. In this article, problems of machine 
translation of Uzbek grammatical forms called connecting, 
auxiliary, predicate into English, cases of compatibility and 
incompatibility of grammatical form and grammatical 
meaning and ways to overcome these problems are shown.  

II. LITERATURE REVIEW

The term morphological analysis used in traditional 
linguistics and the concepts of morphological analysis in the 
field of computational linguistics are not the same. In 
theoretical linguistics, morphological analysis means only the 
study of word form, while in applied linguistics, 
morphological analysis is a procedure that can be obtained 
from the form or appearance of information about different 
levels of the linguistic structure to convert into a structure, 
and the unit of morphological analysis is the word form into 
which the text is divided [2]. 

Morphological structure is a sequence of morphological 
structures of word forms included in the text, and these 
elements are arranged in the same order as the corresponding 
word forms in the text. 

Comparing units that do not have a common lexical 
meaning in Uzbek and English, we refer to the grammar of 
these two languages. When analyzing word groups in 
machine translation, the following must be taken into 
account: 

1. to identify the similarities of grammatical categories
existing in both languages;

2. coordination of mutually different categories in both
languages;

3. similar modeling of both groups above [3].

Studies on linguistic typology and comparative analysis
of languages are considered in the aspect of generative 
linguistics. Language modeling for a computer base is the 
most convenient learning method. Computer morphology is 
necessary for high-level applications, so modeling within 
morphology is used in many studies [4]. In particular, at 
Carnegie Mellon University, M. Raab defended his thesis 
entitled "Language modeling techniques for machine 
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translation". Various methods of language modeling, 
comments on created language models, practical research of 
the researcher, results and conclusions are included in the 
research work [5]. University of Haifa scientists Gennady 
Lembersky, Noam Ordan, Shuly Wintner study the difference 
between language models built from original texts in the 
target language and language models built from texts 
manually translated into the target language. In this way, they 
propose to create language models for machine translation 
[6]. Research works are being carried out within the 
framework of machine translation in Turkish languages as 
well. Turkish scientists are conducting research on Turkish 
interlanguage and Turkish-English machine translation. For 
example, many scientists such as A.C. Tantuğ [7], Z. Sagay 
[8], I. Hamzao'glu [9], K. Altintash [10], M. Orhun can be 
listed. For example, in M. Orhun's research work entitled 
“Machine translation between uygur language and turkish”, 
models of Turkish and Uyghur language units are created and 
compared [11]. 

In Uzbek computer linguistics, much attention is paid to 
modeling today. Because it is confirmed that it solves many 
problems of today's NLP. For this reason, scientific research 
work on modeling different levels of the language is being 
carried out. In particular, in this regard, B. Elov [12], N. 
Abdurahmonova, Sh. Hamroyeva [13], S. Bozorova [14], S. 
Muhammedova [15], S. Khudayarova [16], M. Suyunova [17 
] can be listed. They offer different ways of modeling 
language units in their work. In particular, models of simple 
Uzbek-English sentences for machine translation were 
developed and compared by N. Abdurahmonova. Sh. 
Hamroyeva's doctoral dissertation is devoted to the modeling 
of grammatical forms for the morphoanalyzer of the Uzbek 
language. And B. Elov offers a hidden dirixle method of 
modeling language corpus texts. S. Bozorova offers methods 
of syntactic analysis based on free context grammar and 
models Uzbek word combinations. M. Suyunova is engaged 
in modeling grammatical homonyms in the Uzbek language, 
and S. Khudayarova is engaged in modeling word 
combinations. 

In morphological modeling, it is important to give a 
correct and precise linguistic description. The correctness of 
the morphological criteria is checked in the following stages: 

1. analysis of only correctly formed grammatical word
forms;

2. how to determine grammatically incorrect word forms
[11].

The correctness of word forms is determined only from 
the models that are found to be correct, and the remaining 
cases confirm its incorrectness. 

In Uzbek, conjunctions, auxiliaries and prepositions, 
which are generalized as auxiliary language units, have a 
specific form in Uzbek and appear in English through several 
different means. In this case, cases of mismatch between 
grammatical form and grammatical meaning are observed, 
namely, situations such as grammatical polysemy, 
homonymy, and synonymy appear. Such language 
phenomena affect the quality of translation in machine 
translation. 

In this direction, the importance of rule-based, namely, 
grammatical analysis is that the analysis is consistent with 
linguistic phenomena of polysemy and homonymy, and 
another aspect is the separate study of different categories in 
languages belonging to different types [12]. 

Two types of algorithms are used to improve the quality 
of morphological analysis in the process of identifying a set 
of ambiguous words: statistical-probabilistic and rules 
governing words/codes. 

In order to implement a perfect machine translation of 
Uzbek-English grammatical forms, it is necessary to create a 
linguistic database that takes into account linguistic 
phenomena. Below we will consider this model of linguistic 
support. 

Solving the problems of synonymy, homonymy, 
polysemy encountered in grammatical forms requires the 
creation of a separate linguistic database for each case. 

III. POLYSEMY IN GRAMMATICAL FORMS

Multiple meanings of a word is an independent system in 
language, and this phenomenon is called polysemy in general 
linguistics. The word was originally used for one meaning, 
but through the passage of time and various linguistic 
influences, it has several meanings. Polysemy is 
distinguished from other phenomena by the fact that it 
consists of lexical meanings within a category, their 
interdependence, and the fact that the meanings belong to the 
same word itself [13].For example,  

Uxlasin deb qo‘shiq aytib berdim(1). 

Tanimaydi deb salom bermadim (2). 

In both languages, the word deb has a grammatical 
meaning, but there is a difference in meaning. In the first 
example, the word deb expresses the meaning of the goal, and 
in the second, it expresses the reason. In English, they are 
equivalent to two words. 

I sang a song for him to sleep(1). 

I didn't say hello because I didn't know him(2). 

In the first sentence, the word "deb" is translated as "to" 
and "because" in the second sentence. 

It is important to fully reflect their grammatical meaning 
when creating the linguistic support of auxiliaries belonging 
to a group. 

Although grammatical forms do not have a lexical 
meaning, their grammatical meaning and function is realized 
in the speech process. For this reason, it is not correct to 
consider them as a morphological form separated from 
speech. 

In world and Uzbek linguistics, several theories have been 
developed to solve the problems of lexical polysemy, 
homonymy and synonymy. In a sense, they partially solved 
the problem. However, this is still not enough. Perfect 
machine translation mechanisms have not yet been 
developed. Studying the opinions and theories of world 
scientists and drawing conclusions from them, we would like 
to propose several ways to solve the problem of inconsistency 
of grammatical form and grammatical meaning. 

A. Method 1 – the encoding method.

The linguistic support base is aimed at explaining such
words and clarifying their meaning. It contains all the 
grammatical meanings of a word. The meanings represented 
by conjunctions, auxiliaries, and prepositions are coded to 
translate these grammatical forms into machine language and 
determine the English equivalent. A separate code is given for 
each grammatical meaning. The general ID number of a 
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morphological tool is equal to the codes represented by the 
grammatical meanings in it. 

The first character in the code of the morphological form 
is its grammatical category ((bog‘lovchi – B, ko‘makchi – K, 
yuklama – Y), if the language unit we are studying does not 

Fig.1. Encoding a word with one grammatical meaning 

Some units work together in two different categories. A 
conditional sign of both categories is included in the coding. 
For example, the code of the word “bo‘yicha” is K4567F9. 
See figure 2. 

have polysemous features, the next three characters are the 
code of its grammatical meanings, the next two characters 
represent the special code of the word. If the auxiliary 
language unit has several grammatical schemes, a two-
character code is given for each scheme. For example, the 
atab assistant will have the ID number K003A6. 

Some units work together in two different categories. 
A conditional sign of both categories is included in the 
coding. For example, the code of the word “ham” is 
YB-056308A4. This is given in figure 3. 

Fig. 3. Coding the word within two different categories 

The grammatical meanings of auxiliary language units in 

the Uzbek language have the following conditional sign. 

See Table I. 

TABLE I. SPECIFIC GRAMMATICAL MEANINGS OF AUXILIARY WORDS 

definition 001 
amount, measure  002 
designation 003 
subtraction  004 
highlight  005 
gallic  006 
sequence  007 
togetherness  008 
cooperation  009 
expressing togetherness  010 
connection 011 
emotion  012 
surprise 013 
scaring 014 
topic of thought  015 
suspicion, guess 016 
the object that is the basis for the action  017 
direction  018 
manner of performance of action  019 
the occurrence of movement along a certain place  020 
occurrence of the action for a certain period of time  021 
action start time 022 
the initial place in the occurrence of the action  023 
the initial source of action 024 
duration of action  025 
that only one of the two actions takes place  026 
that neither of the two actions takes place  027 
completion of action  028 
lack of activity  029 
time before action  030 
level of activity  031 
past tense  032 
present tense  033 
future tense  034 
question  035 
command  036 
desire 037 

strengthening  038 
exaggeration  039 
reason  040 
result  041 
target  042 
contradiction  043 
selection  044 
compatibility, proportion  045 
compatibility  046 
exception  047 
uncertainty  048 
place  049 
demarcation relative to place 050 
time  051 
analogy  052 
comparison  053 
clarifying on the basis of comparison  054 
mixing  055 
compare 056 
weapon, tool  057 
something that is a tool for action  058 
a place that is instrumental in the occurrence of action 059 
equality  060 
speed  061 
used in relation to a sudden action  062 
barrier  063 
surprise, amazement  064 
condition  065 
generalization  066 
limitation  067 
limitation in relation to time  068 
demarcation relative to place 069 

On the same basis, special codes of grammatical forms in 
English are created. They are compared and the 

Fig.2. Encoding a word with multiple grammatical meanings 
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proportionality of grammatical forms is determined in 
percentages. 

The difference of this method from other encoding-
decoding, comparison-contrast methods is that it emphasizes 
the dominance of one language. That is, the language that is 
relatively more complex and has more exceptions is taken as 
dominant. Units of a second language are considered separate 
units, detached from the grammatical rules of that language. 
Separate units of the second language are analyzed based on 
the rules of the dominant language. In our research, the Uzbek 
language was taken as the main criterion. English words are 
analyzed based on Uzbek grammar. This method gives us the 
following advantages: 

1. Eliminates inter-category differences. Since we are
dealing with the grammatical meanings of words, we
cannot avoid the issue of their categorization. The
border of independent and non-independent units in
English differs from that in Uzbek. Therefore, it is
necessary to bring them together.

2. Facilitates unit modeling. Allows both languages to
use the same encoding method.

3. The modeling of words in English is the same as in
Uzbek. See figure 4.

Fig.4. Encoding a word with multiple grammatical meanings in English. 

The results are compared. 

B. Method 2. Encoding each form and meaning

separately. 

This method is a logical continuation of the first method. 
The difference is that in this method, a separate code is given 
for each meaning of a specific language unit. Each 
grammatical meaning and the grammatical form representing 
it are given a separate place in linguistic support. For 
example, the word with has five grammatical meanings: 
togetherness, cooperation; condition; unobstructed; 
time, tool. They are reflected in the linguistic base as shown 
in Table II.

TABLE II. GIVING THE WORD FORM IN THE LINGUISTIC BASE. 

Id Word 
formative 

Word classes Grammatical 
meaning 

Examle 

B-010008 bilan Conjunction Cooperation  Doim birga 
kuylaymiz 
do‘stim bilan 
men 

K-010051 bilan Auxillary Time Qo‘ng‘iroq 
chalinishi bilan 

dars boshlandi 
K-010019 bilan Auxillary Condition  Alam bilan 

kuyladi 
K-010063 bilan Auxillary Unobstructed  Aytganim bilan 

baribir kelmaydi 
K-010057 bilan Auxillary Tool  Qalam bilan 

yozdi 

In this case, the first character represents the general 
grammatical meaning of the word, namely the category of the 
word, the next three characters represent the special code of 
the word, and the last three characters represent its 
grammatical meaning. Given  in figure 5. 

Fig.5. Encoding only one meaning of a word. 

A similar database of code words is created in English. 
Units that correspond to each other are considered 
compatible. See table III. 

TABLE III. THE APPEARANCE OF THE ENGLISH ALTERNATIVE OF 
THE WORD IN THE LINGUISTIC DATABASE 

Id Word 

formative 

Examle 

B-010008 And  My friend and I always sing together 

K-010051 As soon as As soon as the bell rang, the lesson began 

K-010019 With/ - He sang with pain 

K-010063 Even if Even if I say him, he will not come 

K-010057 With  He wrote with a рen 

IV. CONCLUSION

The following conclusions were drawn from the study: 

1. Unlike lexical units, grammatical forms can be
analyzed on the basis of certain forms. Because their
meanings are limited.

2. When comparing morphologically different
languages, the units of one language can be reduced to
the grammatical criteria of the second language. This
makes them easier to understand.

3. Analyzing words using the modeling method in
grammatical forms gives good results.

Thus, the concept of morphological analysis was formed 
in applied linguistics and widely used in machine translation. 
The concept of morphological analysis is an operational 
concept, if in traditional linguistics it includes only the 
description of word forms and "what is classified?" to answer 
the question, in computer linguistics it is not important, but 
the main attention is focused on how to get this or that 
information from the word form in the text. However, these 
two areas cannot be separated from each other. Because 
computational linguistics is based on theoretical linguistics. 
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