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differentiate semantically polyfunctional words
in the context of the Uzbek language.
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Abstract. Another urgent issue of applied linguistics is to create a lin-

guistic filter for semantically distinguishing polyfunctional words, and for

the field of computer linguistics, it is an urgent issue to develop mathe-

matical models and algorithms for semantically distinguishing them, as

well as an information system. This article discusses the models for se-

mantic differentiation of polyfunctional words in the Uzbek language

when they occur in the structure of a sentence. We got acquainted

with studies of the Turkic language family. A hierarchy of polyfunc-

tional words in the Uzbek language in terms of word groups has been

formed. Mathematical models for semantically differentiating polyfunc-

tional words within the categories noun Vadjective, adjectiveVmodalword, adjectiveV
adverb, auziliaryverbVindependentverbandconclusionV auzxiliaryarepresented. T hebusinessprocessesdistingui

Keywords: Polyfunctional words mathematical model set finite set
business processes modeling vocabulary conceptual model
structure and architecture of information system.



2 Authors Suppressed Due to Excessive Length

1 Introduction

MThe problem of polyfunctionality of lexical units is one of the urgent problems
of modern linguistics. In world linguistics, the issue of polyfunctional words often
occurs in Russian, English, Tatar, and Chinese languages. The concept of poly-
functionality appears in some sources as multi-functionality. In many foreign lin-
guistic works, polyfunctionality is considered in connection with the phenomena
of homonymy. One of the main issues in the field of natural language process-
ing is the issue of automatic semantic analysis of words, sentences, and texts.
Semantic analysis is very important to NLP (Natural Language Processing) be-
cause its processes enable the identification of different meanings of words. In
addition, these processes help the machine understand the meaning of whole
sentences and texts. There are two typical processes of NLP semantics, which in
turn are divided into several groups according to the task they perform:

1. Word sense disambiguation
2. Sentiment analysis

Word sense disambiguation. This term describes the automatic process of
determining the context of any word. Thus, the process focuses on analyzing a
sample of text to find out the meaning of a word. In natural language, one word
often has more than one meaning. For example, the word kul can mean kukun
from a fire, but it can also represent the imperative form of the verb kulmoq. The
task of the computer is to understand the word in a certain context and choose
the best meaning. Computers use inference to perform tasks.

Sentiment analysis. A sentence often contains several nouns (words or phrases)
that are related to each other. The term relationship extraction describes the pro-
cess of extracting semantic relationships between these objects.

Automatic implementation of semantic analysis perfects the operation of the
information-search system in the national corpus of the Uzbek language. Deter-
mining the semantics of the searched lexical units is one of the main tasks in the
field of NLP. Extracting keywords.It is a branch of semantic analysis and con-
sists of groups of words that can perform different tasks. Keywords include words
such as synonym, homonym, antonym, polysemantic, polyfunctional, meronym.
Polyfunctional words are one of these elements and are important in semantic
analysis. The word polyfunctional (poly-many, functional-task) is a word that
performs many functions. A question may arise here. What tasks can be per-
formed, what is meant by task? Polyfunctional words are words that have the
same form and meaning within the same topic. They can be distinguished only
by having answers to questions of different word groups in different sentences.

1. Saodatzon orzigib javob kutar, Tojiboy aka bo‘lsa, aniq javob bermay, gapni
aylantirar edsi.
2. Endi kimga og‘iz solsang, g‘iring demay tegishi aniq

In these sentences, the word ”aniq” is a polyfunctional word, in the first sentence
it belongs to the adjective group, and in the second sentence it functions as a
modal word.
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2 MATERIALS AND METHODS

The problem of polyfunctionality of lexical units is one of the urgent problems
of modern linguistics. The issue of polyfunctional words is often found in Rus-
sian, English, Tatar, and Chinese languages in world linguistics. The concept
of polyfunctionality appears in some sources in the form of multi-functionality.
In many foreign linguistic works, polyfunctionality is considered in connection
with the phenomena of homonymy [17]; Kolesnikov 1984; Malakhovsky 1990;
Lapteva 1999; Starodumova 2002 and others|. Linguist Gorina Irina Ivanovna
in her article “Lekseman slovna polifunksionalnoye slova sovremennogo russkoga
yazyka” defines ”Multifunctionality is the ability to switch from one fixed part of
a sentence to another.” In his research, I.I. Gorina provided detailed information
about other polyfunctional usages of the word slovna in the Russian language
[18]. One of the Chinese linguists Xun Hun found the Chinese equivalent of the
polyfunctional words in the Russian language and the Russian-Chinese dictio-
nary in his candidate’s thesis and explained their meanings [19]. Examples of
polyfunctional words in English are pronouns. O.D. Vishnyakova proved that
the modal word -able can be considered as a polyfunctional word with the help
of annotations [21]. E.N. Vinogradova separated most of the functions of prepo-
sitions in the Russian language [17] and divided them into groups. Tokarchuk, I.
N. cited the methods of solving polyfunctionality in the process of POS tagging
of the national corpus of the Russian language [25]. Salvadori, J. spoke about
the polyfunctionality of adverbs in the French language, based on the lexical-
morphological features of adverbs at night [21].

The issue of polyfunctional words has not been fully resolved in world linguistics,
and we have not found any research on its automatic detection, elimination in
the corpus, linguistic filter and P model. In this article, an attempt was made to
summarize the existing theoretical views in the Uzbek language and use them
to perform preliminary work on the modeling of polyfunctional words for the se-
mantic analyzer. Filters work to model polyfunctional words. It is important to
create mathematical models based on the generated filters and linguistic models.
Researcher Sh. Gulyamova says, ”Linguistic modeling of polyfunctional words
should be defined in terms of categories” [20]. He summarized the existing theo-
retical views on the Uzbek language and carried out initial work on the modeling
of polyfunctional words for the semantic analyzer. The researcher identified a to-
tal of 21 groups of polyfunctional words in the section of word groups.

3 MAIN PART

It is necessary to develop a mathematical model of polyfunctional word differen-
tiation for each category. Similar to homonyms, polyfunctional words can be dif-
ferentiated based on conjunctions. But this method alone is not enough to distin-
guish all polyfunctional words and create a model. Because some sets of words are
determined by the context. Although this is the case, clear laws and models are
needed for a system that differentiates polyfunctionality. When Sh. Gulyamova
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classified in categories, she developed a linguistic model for the polyfunctional
words of each group. Based on the created linguistic models, we will develop
legal and mathematical models for the system. We introduce a set of generic
polyfunctional words such as Pf. Determining polyfunctionality between noun
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Fig. 1. Cases of meeting polyfunctional words within word groups

Vadjectivewordgroups. W etaketheword” kasal” asanexampleo fawordthatcreatespoly functionalitybetweenno
“O‘g‘lingizning kasali ma’lum bo‘ldi”, — debdi Ibn Sino
Bahonani oshirishmi yoki kasalni yashirish?!
Qo‘shnim kasal sigirini yetaklab gassobxona yo‘l oldi.
Palataga og‘ir kasal bemor joylashtirildi.

In sentences 1-2, the word kasal belongs to the noun group. In sentences 3-4, the
word kasal is an adjective. In these sentences

— Kasal+-i/ni/ga/lar/da/ini/. .. aniglandi/ko‘rmogq/keldi/. . .
— Kasal odam/bemor/hayvon/qush/. ..
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Based on these analyses, we conclude:

PN if PFAGN L | affNaV

PfAG i f prAGNL | of flegm N (1)

Pfagn = {

Using (1), we propose to determine the polyfunctionality between noun or adjec-
tive. Determining polyfunctionality between adjective Vmodalwordgroups. W ede finethemathematicalmodelde |
modalwordgroupsusingtheexactwordandconclude :
Anig-adjectivet :
Saodatzon orziqib javob kutar, Tojiboy aka bo’lsa, aniq javob bermay, gapni

aylantirar edi

o ‘pchilik tomonidan ma’qullangan amaliy, aniq takliflar kiritildi
Modal word:

Xolmirza aka ichidan “shu g‘ayrating bo‘lsa, ikki yilda Xirmontepadan aniq
ayrilamiz”, deb o‘ylaydi.

Endi kimga og‘iz solsang, g‘iring demay tegishi aniq.

Aniq — modal so‘z, shubhasiz, shaksiz so‘zlari bilan ma’nodosh.

It can be seen from the sentences that after a polyfunctional word, a verb
can be found in both cases, and a noun word can be found before it. It
follows that it is possible to distinguish polyfunctionality between adjective
V modal words by forming a list of compounds for this type of words

PfAG if PFMAYL | af fAd) @ WPIad

/ 2
PfM if WM @ ppMAd 4 gy M @

Pfyag = {

Using the model (2), polyfunctionality between an adjective or a modal word
can be determined.
Determining the polyfunctionality between Independent verb and auxiliary
verb. We bring the word ”boq” to the polyfunctional words between adjec-
tives or adverbs:
Boq —1.to look. 2. To care for a long time by giving food (verb).
Bog- to the lexical meaning of an independent verb, it adds the grammati-
cal meaning of ”execution of an action for the purpose of testing, checking”
i (auxiliary verb).
Taking into account the above analysis, we present the following mathemat-
ical model
{Pff,if W= +af 5 @ Pt
PfIA,L = L - L L I,L (3)
Pfeif V¥ +aff"®Pf">

Through this model, it is possible to distinguish between polyfunctional
words that can become leading and auxiliary verbs.

Determining the poly-functionality between adjectives and adverbs
Let’s consider the analysis of ”betartib” words as one of the words that cre-
ate poly-functionality between adjective V adverb word groups:
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betartib+-roq/-gina odam/xona/uy/ko‘cha/
betartib kiyinmoq/yumogq/kelmog/. . .

PfAdj7if PfAdj,Adv +affdeg @NPFAdj

PfAdv) ’Lf PfAdj,Adv oV (4)

Pfagj,ad0 = {

Using the model (4), it is possible to determine the polyfunctionality of the
adjective Vadverb word group.

Determining the polyfunctionality between the conjunction V auxiliary . The
conjunction V is modeled using the polyfunctionality event between the aux-
iliary and the word as follows (if it becomes a conjunction bilan):

Ota bilan bola/ gul bilan lola/oq bilan qora/kelish bilan ketish/oy bilan
quyosh/. ...

Qunt bilan o‘qi/ aql bilan o‘ylamoq/tuni bilan ishlamoq/. ..

PfConj’ Zf WC’onj @ PfC'onj,Auz D WConj

; 5
PfAuw’Z'f WAuJ; @ PfCon],Aux eV ( )

PfConj,Aua: = {

With the help of this mathematical model, it is possible to identify words
that create polyfunctionality between the conjuction and auxiliary words.
Similar mathematical models can be developed to identify other groups of
polyfunctional words in the hierarchy of the above classification of polyfunc-
tional words. To correctly define polyfunctionality, it is necessary to distin-
guish the set of words that can be combined with these words. In short, a
large amount of context is necessary. With enough context, models can be
tested.

There are a number of models of information systems. For example, informa-
tion model, conceptual model, models representing business processes in the
system. In today’s article, we describe the processes that determine polyfunc-
tionality in the system. A number of notations can be used to model business
processes. UML, IDEF3, BPM notations are among them. One of the mod-
ern notations in business process modeling is BPM notation. The following
business processes are modeled using this notation. The information system
for semantic analysis of sentences in the Uzbek language performs general
processes as shown in Figure 3, and each complex process includes several
processes. Initially, the sentence entered by the user is divided into tokens.
We make sentences in the Uzbek language using only blank spaces, because
commas (,) in the sentence are also important in determining homonymous
modal words. The next process is the process of removing unnecessary words
(StopWords), which involves removing words from the sentence that do not
affect its semantics. Unimportant words in the Uzbek language are found
among word groups such as conjunctions, prepositions, pronouns, adverbs.
There are also such word combinations that, when encountered in the text,
remain insignificant for its semantics. But these words are sometimes impor-
tant in the composition of texts. Although the list of bigrams and trigrams
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of such ambiguous words was separately highlighted by Kh.A.Madatov and
Sh.Bekchanov [16], B. Elov and A. Abdullayeva, they formed a list of pure
non-essential words in the Uzbek language [22]. A total of 182 purely Stop-
Words can be seen in the list of purely stopWords, that is, words that do not
affect the semantics of any sentence. In this article, since the processes of
semantic differentiation of polyfunctional words in the sentence are consid-
ered, we turn to the 4th process in the main fig 3. After removing ambiguous
words from the sentence, the main process is to check whether a polyfunc-
tional word is included in the sentence.
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Fig. 2. BPM model of general information system processes.

It is determined how many part of speech meet the polyfunctional word
found in the sentence in the business process presented in Figure 4. It is
known that polyfunctional words in the Uzbek language are found within
two or three parts of speech. A separate rule is developed for each group of
polyfunctional words presented in Figure 2. Because polyfunctional words
can be defined by their morphological features. In the Uzbek language, poly-
functional words within two part of speech are divided into 15 groups. The
main goal of the article is to distinguish polyfunctional words, which are one

M i i i s o £t o s s o 2 o
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Fig. 3. The process of determining in which part of speech a polyfunctional word can
be found

of the elements of the semantic analyzer of the Uzbek language, based on
the above-mentioned business processes. Based on the mentioned mathemat-
ical models and algorithms, we believe that we have approached the goal.
Before developing an information system for semantic analysis of sentences
in the Uzbek language, it is required to develop its architecture, structure,
and conceptual models. This information system was developed based on the
Django MVT (Module View Template) architecture

The capabilities of the Django framework were used in the development of
the information system. The structure of the information system for semantic
analysis of sentences in the Uzbek language has also been developed. Based
on the architecture and structure of the information system that analyzes
sentences in the Uzbek language, a conceptual model has also been devel-
oped. With the help of a conceptual model, the function of the information
system can be understood at a glance. It follows from this that it is possible
to see the processes that take place in the identification of polyfunctional
words and the methods used in their implementation.

4 Conclusion

The role of polyfunctional words in the development of the information sys-
tem for the semantic analysis of sentences in the Uzbek language is signif-
icant. Polyfunctional words in the Uzbek language can be determined us-
ing methods based on basic rules for semantic differentiation. Because they
differ in morphological characteristics. In the development of the informa-
tion system for the semantic analysis of polyfunctional words in the Uzbek
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Fig. 4. Information system architecture

language, a number of rules have been developed [1][2][3], each functional
process in the information system has been defined and their BPMN models
have been developed. In order to differentiate polyfunctional words in the
Uzbek language in the context, connections between words are of course of
great importance. 101 sentences were entered into the developed informa-
tion system as a test. The number of exact results obtained from the entered
sentences was 71. Overall 71.7 percentage accuracy was achieved. It is advis-
able to use Machine learning and Artificial intelligence methods to further
increase efficiency.These connections are called Grammatical connection in
Turkic languages. Semantic analyzers are developed using the interaction of
words in a sentence.
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