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1 Introduction

Machine translation is considered one of the most significant challenges in language
activity. As mass media and communication continue to expand, it is common to notice
some changes in the languages. In turn, translation plays a crucial role in order to
communicate effectively and is a sole effective means of dealing with language barriers.
Language barriers are the main problem for transmitting information, and the essential
part of the issue is related to scientific and technical knowledge defining technological
progress and civilizational development. There are other methods of overcoming language
barriers, such as mastering foreign languages at various levels through individual language
learning and education.

English stands out as one of the most commonly spoken languages worldwide. For
individuals who are not native English speakers, the investment required to learn a new
language is substantial, and attaining fluent communication demands challenges [1]. In
formal settings and situations where extensive information exchange is necessary, relying
solely on human translation is no longer sufficient to meet the increasing demand [2]. For
instance, simultaneous interpretation demands intense concentration from interpreters,
limiting their ability to work for extended periods. Consequently, there is a pressing need
for translation tools to supplement human efforts [3]. During the communication, lengthy
English sentences are conventional [4]. However, the grammatical structure of English
differs from that of other languages. When machine translation algorithms translate ex-
tended English sentences using a direct one-to-one mapping approach, it often results in
grammatically incorrect translations and, in severe cases, translation errors [5]. Fortu-
nately, the advent of intelligent algorithms offers a promising avenue for enhancing English



Morphological analysis of nouns . . . 127

machine translation efficiency and quality. Various studies have explored methods to en-
hance the efficiency and accuracy of English machine translation [6]. Lin et al. Proposed
a neural machine translation approach based on an innovative beam search evaluation
function, which notably enhanced English-to-Chinese translation quality.

Luong and Manning introduced an end-to-end neural machine translation technique
leveraging minimal-risk training, demonstrating its effectiveness through experiments [7].
Choi et al. Contextualized word embedding vectors using a nonlinear bag-of-words repre-
sentation of the source sentence. Experimental results showed significant improvements
in translation quality using their proposed contextualization and symbolization meth-
ods. This study outlines the fundamental framework of intelligent machine translation
algorithms and optimizes LSTM-based intelligent machine translation algorithms by in-
corporating a long sentence segmentation module and a reordering module. Utilizing
mathematical models in contemporary high-quality machine translation emphasizes the
concept of employing them within translation processes.

If the computer can be programmed to understand this mathematical model in a
language that it comprehends, then it is possible to achieve appropriate translation into
the target language. At present, machine translation has been advancing in providing us
with useful translation in many languages and various fields. If machine translation is
used in scientific fields, for example, one of the inevitable issues is to encounter ambiguous
words and content that loses its original meaning, despite some improvements in recent
years.

The research that has been conducted by us have made significant progress in achiev-
ing more meaningful machine translation by addressing some of these issues. However,
it is essential to admit the challenges that have not been sufficiently resolved in machine
translation. The foundation of machine translation is considered computer linguistics,
but every natural language (NL) is a complex system composed of mathematically un-
structured and unformulated components. In accordance with the scientific work by Y.N.
Marchuka [8], various concepts of machine translation models by mathematicians and
linguists are illustrated in detail. He also describes one of the machine translation models
based on translation writing. According to the author’s opinion, "this model replicates
the actions of a translator working in a specific language pair".

The translator systematically moves from phrase to phrase, forms some approximate
idea in his mind about the content of the text, then compares this idea with linguistic tools
by selecting translation equivalents, and looks for three types of translation compatibility:
equivalent, variant, and transformation. The task of any machine translation system is to
decode the meaning of the natural language (NL) input text and present it in a formally
understandable manner to the translation system. Indeed, the system needs to translate
this text and deliver the result to the user, it is necessary to provide semantic meaning of
the text. In order to achieve this, the study of Various NL grammatical constructions that
allow formalization and identification is crucial and also confirmed by Novikov I.A. [9].
Morphological analysis is the initial stages of machine translation and is divided into
tokenization − > lemming − > stemming [10]. The tokenizer checks words from left
to right. As a result, it is determined which word group this or that word belongs to.
Since our translation program is conducted in the English-Uzbek direction, initially all
the unique features of the English language are compared with the features of the Uzbek
language. In the monograph [11], 13 different mathematical models of words and sentences
were built based on logical-linguistic models according to the rules of affication of nouns.
Mathematical models presented in the monograph are generally constructed mathematical
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models for nouns. In this research work, using these mathematical models, the following
types of English nouns were studied and a comparative analysis was made with Uzbek
nouns. Below, numerical coefficients and new mathematical models have been built based
on the rules for the use of plural affixes in words in each type of noun phrase in two
languages.

Table 1 Types of nouns
1. A common noun 4. A collective noun

Proper noun

Common noun

Names of people, places

Regular nouns

2. Concrete noun 5. Noun types according to structure

animate

inanimate

Abstract

Simple noun

Compound noun

Abbreviated noun

Repetitive noun

3. Uncountable
Abstract noun

material

2 Methods

The morphological analysis of the word helps to determine the general structural model
of the word, as well as the syntactic function of the lexeme. A word found to belong to a
noun is in the process of tokenization (separation into morphemes). There are not many
types of affixes that can be added to a word in English. They include the plural suffix
( −s,−es ) and the possessive suffix (’s, s’). In the Uzbek language, affixes added to
nouns are slightly different. In general, nouns have a grammatical indicator in the form of
singular and plural, and according to the features of their formation, the plural category
can also be reflected in exceptional cases. Therefore, the countable and uncountable types
belonging to each noun are indexed in the database as reflected in traditional dictionaries.
For the purpose of indexing in the database, the plural suffixes < s > or < es >, with or
without their addition or without their participation, mark each type in a conditionally
expanding input language ( C− noun group) according to [12] we can define by types:
C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14. Analysis of the words
in the data base built for computer translation according to the types of nouns in the
English and Uzbek languages by mathematical models and the difference in the weights
of words and plural affixes in the two languages, this is the basis for computer translation
to ensure correct translation. We provide the following numerical coefficients and new
mathematical models for two languages in order to find out which nouns belong to the
words in EVX, and to ensure the quality of the translation content in EVIX.

In English and Uzbek languages, plural suffixes are used in words in the same way, that
is, it is not important with which letter the lexeme ends. Based on this point of view, we
can construct the following weight and weight difference and a new mathematical model
for two languages.

The following designations are taken to simplify the tables. All designations in the
text were created on the basis of [11]: C(MM) is a mathematical model of the given word
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according to the noun group; EVX is an incoming sentence; EVIX is an outgoing sentence;
V2 - word weight; V3 - weight of affixes; EVX(V2) is the weight of the input; EVIX(V2)
– weight of output; EVX(V3) – EVIX(V3) is the difference in the sum of the weights of
each suffix in each word in the input and output languages.

The weights of optional natural language word groups are defined as follows [13]:
words belonging to the noun (C)− 0.1; words belonging to the adjective (P)− 0.2; words
belonging to the verb (G)−0.3; words belonging to the adverb (N)−0.4; words belonging
to the pronoun (M)− 0.5; words belonging to the numerals (F)− 0.6; other word groups
(U, D, Y, L) (that is, auxiliary word groups) - 0.07.

Based on this, the numbering of word types helps to calculate the weight of words
in two languages. For example, the tables below show the weights of words in English
related to the noun group, the weights of these words as a result of translation into Uzbek,
and the weights of plural affixes added to words in the meaning of plural. and the newly
constructed new mathematical models that match each other and differ from the new
mathematical models in the Uzbek language are given as examples.

2.1 Result and analysis

In the 2nd table below, a word related to the noun in the English language is translated
in the form of book (kitob) <⇒> book +s (kitoblar) when it takes the plural affix < s >.
In English, the word kitob is a noun, and in Uzbek it is translated as a book and a
noun. Since the Uzbek language is a word belonging to the noun group, the weight of
the word calculated in two languages, in other words, when the weight of the word EVX
is subtracted from the weight of the word EVIX, the value is equal to 0 . The weighting
value 0 means that the word EVX has the same meaning as the word EVIX and the
translation is done correctly. If this word means to reserve a place in the English text,
to give an order, then if we select words from the given database based on the content of
the text in the computer translation, and reflect it in the constructed model algorithm,
the correct translation comes out from the content.

Table 2 Mathematical models in English and Uzbek for the use of plural affixes
EVX Book+s

∑︀
𝑉

V2 0.1 0.1

V3 0.10101 0.10101

C(MM) C(C,C(X)) = S[i,1−h]C[i]⊕ ↓ $[j,1−h[]]C
(︀
X[j]

)︀
EVIX Kitob+lar

V2 0.1 0.1

V3 0.10101 10101

EVX(V2) - EVIX(V2) 0

EVX(V3) - EVIX(V3) 0

V3 in the 2nd table above, the plural affix < s > of the word belonging to the noun
in the English language corresponds to the plural affix < lar > in the Uzbek language.
When calculating the weights of plural affixes in two languages, the result was equal to
0 . From the result obtained above, we can see that the weights calculated for the two
languages corresponded to each other.

C(MM) was built using a new mathematical model of the word in English and Uzbek
noun group (C) in Table 2, using the expanding input language [13]. This new model is a
mathematical model built by taking the plural suffix of the word belonging to the noun in
English and Uzbek languages. The novelty of this mathematical model is that it is built
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on exactly one type of noun phrase in two languages. The mathematical model presented
in the monograph [11] is generally built on the basis of logical-linguistic models for the
noun phrase. In this respect, this newly constructed mathematical model differs from the
mathematical model
presented in the monograph [11]. This comment is also relevant for all new mathematical
models written in the article.

In English, when < s > is added to nouns of the C 1 type, lexemes that do not undergo
phonetic phenomena have the following principle. When we apply the plural affix to nouns
in the English language, they are translated into Uzbek as shown in table 3 below.

Table 3 C1 type nouns take the plural suffix

When the words with the plural suffix < 𝑠 > in the English language are translated
into Uzbek, the word-forming affix and the plural affix are taken. The translation of
the English word "The Germans"into Uzbek is translated as "Germaniyaliklar". The
weight of the word and plural affix in the English language for the noun given in Table 3
was calculated. The weights of the words and affixes were calculated by translating the
English noun-related word into Uzbek. Table 3 shows the difference in weights for the
two languages.

New mathematical models of bilingual words in C(MM) were constructed as follows.
The new mathematical model of the English word given in Table 3 above is appropriate
for both languages. But when translated from English to Uzbek, the new mathematical
model differs in terms of structure due to the plural affix in the words.

The suffix < es> is added if the following C2 type noun words end with the letters
(−x|− s|− sh | − as|-ch| -z). In English, it should be specified that words in the data base
created for the translation program should receive the plural suffix if they end with these
letters. To do this, we can find the weights of words and affixes in computer translation
and apply appropriate mathematical models based on these weights to get a translation
with quality content.

The new mathematical models of the words given as examples in Table 4 above were
built in the same way in both languages. In this regard, the table of the above words in
the data base compiled for computer translation should be given separately.

The following C3 nouns in English ending in the letter < f > take the plural affix
< s > or < es > and the letter ⟨f⟩ changes to ⟨v⟩. The weight of the English word and the
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weight of adverbs were calculated. The weights of the word that translated this word into
Uzbek and the plural affix taken by this word were found, and the difference in weights
is shown in Table 5.

Table 4 Taking the plural affix of nouns of the C2 type
EVX Boxes, watches

∑︀
𝑉

V2 0.1 0.1

V3 0.10102 0.10102

C(MM) C(C,C(X)) = s[i,1−h]C[i]⊕ ↓ $[𝑗,1−h[]]C
(︀
X[𝑗]

)︀
EVIX Qutilar, Soatlar

V2 0.1 0.1

V3 0.10101 0.10101

EVX(V2)- EVIX(V2) 0

EVX(V3)- EVIX(V3) 0.00001

Table 5 Taking the plural affix of nouns of the C3 type

EVX leaf->leaves
∑︀𝑉

V2 0.1 0.1

V3 0.10103 0.10103

C(MM) C(C,C(X)) = $[i,1−h]C[i]⊕ ↓ $[𝑗,1−h[]]C
(︀
X[j]

)︀
EVIX Yaproqlar

V2 0.1 0.1

V3 0.10101 0.10101

C(MM) C(C,C(X)) = $[i,1−h]C[i]⊕ ↓ $[j,1−h[]]C
(︀
X[𝑗]

)︀
0

EVX(V2) - EVIX(V2) 0

EVX(V3)-EVIX(V3)

A separate table should be created on the basis of the given ones for the nouns of
the C 4 type listed below. Because these types of nouns also end with the letter < f >.
But when taking the plural affix < s >, there are no letter changes. Table 6 shows the
English word given as an example and the weights of the plural affix taken by this word.
The translation of an English word into Uzbek was taken as an example. The weights of
the Uzbek word and the plural affix taken by this word, as well as the new mathematical
models of the word taken as an example, are presented in Table 6.

Table 6 Taking the plural affix of nouns of the C 4 type

EVX chief->chiefs
∑︀𝑉

V2 0.1 0.1

V3 0.10101 0.10101

C(MM) C(C,C(X)) = S[i,1−h]C[i]⊕ ↓ $[𝑗,1−h[]]C
(︀
X[𝑗]

)︀
EVIX boshliq->bosh+liq+lar

V2 0.1 0.1

V3 0.10135 0.10101

C(MM)
C(C,C(X)) = S[𝑖,1−h]C[𝑖]⊕ ↓ $[𝑗,1−h[]]

C
(︀
A1[𝑗]

)︀
⊕ ↓ $[𝑖1,1−h[]]C

(︀
X[i1]

)︀
EVX(V2) - EVIX(V2) 0

EVX(V3) - EVIX(V3) 0.20236



132 Khakimov M.Kh., Bekova V.G.

Table 7 Taking the plural affix of nouns of the C5 type
EVX sky->skies

V2 0.1 0.1

V3 0.10104 0.1104

C(MM) C(C,C(X)) = $[i,1−h]C[i]⊕ ↓ $[j,1−h[]]C
(︀
X[j]

)︀
EVIX Osmonlar

V2 0.1 0.1

V3 0.10101 0.10101

EVX(V2) - EVIX(V2) 0

EVX(V3) - EVIX(V3) 0.0093

A separate table was created on the basis of the above-mentioned names of the C5
type. Because when nouns ending with the letter ⟨𝑦⟩ receive the plural suffix < es >, the
letter ⟨𝑦⟩ is deleted and replaced by < 𝑖 >. For the word given as an example in Table 7
above, the weight and the difference in weights in the two languages corresponded to each
other. New mathematical models were constructed in the same way. When we perform a
computer translation based on this type of weight and mathematical models, the meaning
in EVX is the same as in EVIX, because this difference determines the position of the
affixes in the base.

Table 8 Taking the plural affix of nouns of the C6 type

EVX

goose->geese
tooth->teeth
child->children

ox->oxen

∑︀𝑉

V2 0.1 0.1

V3 0.10303 0.10303

C(MM) C(C,C(X)) = $[𝑖,1−h]C[i]⊕ ↓ $ [𝑗,1,−h[]]C
(︀
X[j]

)︀
EVIX

g’oz->g’ozlar
tish->tishlar
bola->bolalar
buqa->buqalar

V2 0.1 0.1

V3 0.10101 0.10101

EVX(V2)-EVIX(V2) 0

EVX(V3)-EVIX(V3) 0.00202

Nouns of the C6 type include nouns with the component noun->noun1, in the form
of a plural, there are phonetic changes in the stem of the word. A separate table has
been created for this type of horses in the data base. There are not many words similar
to those listed in Table 8 in the English language. In computer translation, when words
similar to this in English appear in the plural in the process of translation into Uzbek, we
need to create a program to select the appropriate word from the database.

The above results were obtained by morphologically analyzing the English noun to
the Uzbek noun group. The obtained results prove it. Noun affixes accepted in the
construction of words and sentences are used in two different ways in two languages. This
article presents the results of C1÷ C6 types of the noun as a sample.
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The new mathematical models constructed in this paper are abstract models used
for mathematical interpretation of the system, which explain a certain phenomenon and
process through mathematical formulas and connections. Including the mathematical
model of natural languages (English, Uzbek). Because the mathematical model plays a
very important role in translating natural languages from one language to another. In
this regard, in the monograph [11], the importance of mathematical models in computer
translation is fully explained from a theoretical point of view.

3 Conclusion

When creating computer translation in educational, scientific and technical fields, the
mathematical models of NL must match each other so that the computer translation
between two languages is accurate and correct in terms of content. In relation to the new
mathematical models created in this article on the word group of nouns, it should be noted
that in computer translation, formalization of TL through mathematical modeling serves
the accuracy of the result. Semantic and syntactic analysis of words is very important for
mathematical modeling and numerical coefficients. This is proven by the analysis of the
above two languages. It is important for the software to return the correct result based
on the noun phrase, the built data base, and new mathematical models for the correct
translation of the content of these two languages. In computer translation, numerical
coefficients are the correct basis of plural affixes for the types C1÷C6 of the noun group.

The future study will consist of the results obtained on the types of nouns in C7÷C14.
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В статье анализируется проделанная работа по созданию высококачественно-

го компьютерного перевода. Также описываются подходы, проблемы и решения в

достижении семантически точного перевода при компьютерном переводе. В статье

подчеркивается важность формализации при моделировании грамматических кате-

горий для английского и узбекского языков, особенно классификации существитель-

ных при их вступлении в синтаксические отношения. Значимость морфоанализатора

в обеспечении точного и качественного автоматического перевода анализируется с

использованием математических моделей и классификации аффиксов слов и мно-

жественного числа и их весов в обоих языках. Новые математические модели, по-

строенные для обоих языков, представлены в отдельных таблицах для каждого типа

категории существительных. В статье приводятся пояснения на основе построенных

новых математических моделей.

Ключевые слова: обработка естественного языка, категория существительного,

вес слова, аффикс множественного числа, токенизация.
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