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Abstract: In the process of globalization and digital informatization, information technologies play a very important role
in the development of the Uzbek language. As a result of the Natural Language Processing (NLP) process of computer
linguistics and the creation of a (formal) form of natural language that can be understood by a computer, language-related
issues (editing, analysis, translation, voicing electronic text, converting spoken speech into electronic text, communicating
with a robot , such as converting large text into compact text) are being created. This article reviews the UZMORF
program and tools written in the Python programming language for natural language processing (NLP), which is one of
the main areas of computational linguistics. This program was created to automate the editing and processing of Uzbek
words and their spelling and grammar. The system works on texts and performs syntactic and morphological analysis on
words. As a result of these analyses, the system determines the words and their grammatical solutions and marks the
places where there are errors.

Key words: NLP, orthographic correction, grammatical correction, uzmorf.

Annotatsiya: Globallashuv va ragamli axborotlashtirish jarayonida o‘zbek tilining rivojlanishida axborot texnologiyalari
juda muhim o'rin tutadi. Kompyuter tilshunosligining tabiiy tilni gayta ishlash (NLP) jarayoni va kompyuter tomonidan
tushuniladigan tabiiy tilning (rasmiy) shaklini yaratish natijasida til bilan bog'liq muammolar (tahrirlash, tahlil qilish, tarjima
qgilish, elektron matnni ovozli qgilish, og'zaki nutgni elektron matnga aylantirish, robot bilan muloqot qilish, masalan, katta
matnni ixcham matnga aylantirish) yaratiladi. Ushbu magolada hisoblash tilshunosligining asosiy yo‘nalishlaridan biri
bo‘lgan tabiiy tilni gayta ishlash (NLP) uchun Python dasturlash tilida yozilgan UZMORF dasturi va vositalari ko‘rib chigiladi.
Bu dastur o‘zbek tilidagi so‘zlarni hamda ularning imlo va grammatikasini tahrirlash va qayta ishlashni avtomatlashtirish
magsadida yaratilgan. Tizim matnlar ustida ishlaydi va so‘zlar ustida sintaktik va morfologik tahlil giladi. Ana shunday
tahlillar natijasida tizim so‘zlar va ularning grammatik yechimlarini aniglab, xatosi bor joylarni belgilab beradi.

Kalit so‘zlar: NLP, orfografik tuzatish, grammatik tuzatish, uzmorf.

AHHOTauus: B npouecce rnobanu3aumm M unpoBON MHGOPMATU3ALUN UHADOPMALMOHHbIE TEXHOMOMMK UrpatoT
O4YeHb BaXXHYIO pornb B pa3BuTUM y3bekckoro s3blka. B pesynbrate npouecca ob6paboTkm ectectBeHHoro Asbika (NLP)
KOMMbIOTEPHOWN NMUHIBUCTUKM M co3paHust (hopmanbHON) hopMbl ECTECTBEHHOMO S3blka, KOTOPasi MOXET ObiTb MOHSATA
KOMMbIOTEPOM, CO3[ATCH SA3bIKOBblIE BOMPOCHI (pedakTMpoBaHWE, aHanu3, NepeBO, O3BYYMBAHUE 3MEKTPOHHOIO
TEeKcTa, npeobpa3oBaHME YCTHOW peyn B IMEKTPOHHLIA TEKCT, 06LlleHne ¢ poboTom, Hanpumep, npeobpas3oBaHue
6onbLLIOro TEKCTA B KOMMNAaKTHBIA TEKCT). B gaHHon ctatbe paccmartpuBaetcst nporpamma UZMORF v MHCTpyMEHTHI,
HamucaHHbIe Ha s3blke MporpaMmupoBaHus Python gns obpaboTtku ectectBeHHoro a3bika (NLP), koTopbin siBnsietcs
OLHUM U3 OCHOBHbIX HamnpaBfeHUN KOMMbIOTEPHOM NIMHIBUCTUKW. OTa nporpammMa Obina co3gaHa ansg aBsTroMaTtmsaumu
penakTMpoBaHnst U 0bpaboTkn y3bekckux croB, ux opdorpacdumn n rpammaTvkn. Cuctema pabotaeT ¢ TekcTamu u
BbINOMHAET CUHTaKCU4ECKUA U MOPONOrnyeckni aHanua cnoB. B pesynsrate aTnx aHanusoB cuctema onpegensier
CNoBa U UX rpaMMaTUYECKNE PELLEHUSI U OTMEYAET MECTA, I4e eCTb OLLUMOKN.

Kntouesble cniosa: HIM, opdorpadumyeckas Koppekuusi, rpammatuyeckas Koppekums, yamopd.
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In order for natural language text to be of high quality, text processing needs to be fully analyzed. However,
the difficulties that arise in creating such an analysis are that in practice all the theoretical rules developed
so far have not yet been implemented. The main problems here are the complexity of text analysis and the
complexity of creating a system that implements a complete model of the world’s languages. A text analysis
system should be able to analyze the text entered by the user in terms of syntax (sentence structure), semantics
(concepts used in the text) and pragmatics (correct use of concepts) [1]. Our system has the ability to detect
and correct spelling errors in the text entered by the user. In this case, the system must create a suitable
internal representation and synthesize its answer in natural language to infer the result. In general, the system
that supports text analysis in this article, the UZMORF program, includes the modules “Spelling Analysis” and
“‘Grammatic Editing”.

The UZMORF program is a program created for automatic processing of texts in the Uzbek language. This
program analyzes Uzbek words and their morphological structure and helps to prepare it for processing on
computers. The operating principles of the UZMORF program are as follows:

Words and their morphological structure: UZMORF determines the morphological structure of each word
in the Uzbek language. This structure information includes information related to which part of the word, which
gender it belongs to, and their form.

Morphological analysis: The program is based on language rules and features prepared on the
morphology of the Uzbek language. Uses morphological analysis methods to analyze words and determine
their morphological information.

Utilities and modules: UZMOREF is written in the Python programming language and uses modules to
analyze texts in Uzbek by word and structure. These modules help you work with texts and identify morphological
information in them.

Expert Uzbek language database: UZMORF uses a database containing Uzbek words and their
morphological information to operate on the texts it is analyzing.

Technical developments: UZMORF software is updated to support new information on new Uzbek words
and their morphological structure, taking into account technical developments.

The UZMORF program is used to automatically process texts in the Uzbek language and analyze their
morphological structure. This program can be used for editing Uzbek texts, automatic translation, language
teaching and other technical tools.

There are several ways to edit Uzbek words grammatically:

Orthography: When editing words, the orthography rules of the Uzbek language should be taken into
account. This includes rules such as correct placement of letters, correct use of extra characters and vowels,
capitalization of words, and more.

Morphology: Provides editing for morphology, word form, and concepts. This includes editing by word form
(singular or plural, person and number, etc.).

Lexicology: Lexicology also plays an important role in the editing process. This provides editing for words
and their meanings, their content, and the practical and aesthetic correctness of words or phrases.

These methods help to follow the rules of the Uzbek language in the general editing process.

The process of automatic spelling correction is carried out according to
the following algorithm:

1. When you enter words, the system will start searching for the word
in the main dictionary. If the word is found in the dictionary, it goes to step
4, otherwise it continues to step

2. In this step, a word is searched from the list of misspelled words, and
as a result, the searched word may be more than one. The correct word
corresponding to these words is determined, and if the result is successful,
it goes to step 1.

3. At this stage, a list of words corresponding to each word in the text
found as a result of the search is formed and presented to the user, and the
user is transferred to the 4th stage.

4.The user edits the text by selecting the words found by the system
as errors from the list of words provided by the system and completes the
work of the program.

Chiqish

<o'slar About 86,000 Uzbek words in Latin script are included in the system

database. The misspelled words related to each of these words are
attached, that is, the probability of misspelling of each word is at least equal
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to the number of letters in it, and all variants are included. A spelling error in the text entered by the user can
have several spelling correct forms of the word. The user is able to identify the word that matches the text.

{ Boshlash '

k=len(j)
m=len(l)
ext, Qoshimchalar, Sozlar | nafija[togrisil=i
XatoSozlar, XSTogrisi natijal"xato"]=xato
HET ag [
® s0z=i:m-k]
TextList=Text.spiit{" ")
naﬂja_=
Kato=| wato.append(xst)
{ tsin Sozlar
— (o =T
HeT Aa i i

¥s In XatoSazlar yangisozlar=X5Togrisi filtler[name=xs)

| in Qoshimehalar

1. Block diagram of UZMOREF text editing algorithms.

The user enters the text to be checked and the system edits the text in the following steps:

« the entered text is divided into words and suffixes are extracted from the word;

» each word is checked for availability in the list of word stems available in the database. If it exists, this
word is left as it is, otherwise, the misspelled words corresponding to each word are checked from the list of
words and the correct variants of the misspelled words are determined. presented to the user in the form of a
list;

« then the user is allocated words with spelling errors and the user is required to correct the words with
errors, i.e. select and change the words that match the entered text.

Artificial intelligence algorithm “Spell Checker” (text checker) algorithms were used in the program to identify
errors of words that do not exist in the word base or are no longer used. These algorithms help to identify and
correct word errors in texts. That is, it checks each word according to existing dictionaries and grammar rules.
If the entered word is not found in the available dictionaries or there are alternatives to edit it, the word checker
algorithm will suggest these alternatives. To eliminate these situations, the artificial intelligence algorithm is
formulated as follows:

import re
from collections import Counter
def words(text):

return re.findall(r\w+’, text.lower())
def train(features):

model = Counter()

for word in features:

model[word] += 1
return model

def edits1(word):
letters = ‘abcdefghijklmnopqrstuvwxyz’
splits = [(word[:i], word[i:])  foriin range(len(word) + 1)]
deletes =[L + R[1:] for L, R in splits if R]

transposes = [L + R[1] + R[0] + R[2:] for L, R in splits if len(R)>1]
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replaces =[L +c+ R[1:] for L, R in splits if R for c in letters]
inserts =[L+c+R for L, R in splits for c in letters]
return set(deletes + transposes + replaces + inserts)
def known(words, model):
return set(w for w in words if w in model)
def known_edits2(word, model):
return set(e2 for e1 in edits1(word) for e2 in edits1(e1) if e2 in model)
def known_words(words, model):
return known(words, model) or known(edits1(word), model) or known_edits2(word, model) or [word]
def correction(word, model):
return max(known_words([word], model), key=model.get)
def spell_check(text, model):
return [correction(word, model) for word in words(text)]
# Example usage
text = “Thes is a smple text with an errer.”
WORDS = train(words(open(‘sozlar.xlsx’).read()))
corrected_text = spell_check(text, WORDS)
print(corrected_text)

In this example, we will use the ‘spellchecker’ Python package. It finds a list of closed existing words and
misspelled words for use in texts and suggests correct options for them. As a result, text filled with correct
words is returned. That is, the word base is entered with the file named ‘sozlar.xIsx’. This file contains a list of
words from typical texts. Words and their alternatives are selected into the dictionary named ‘WORDS’. The
‘correction’ function finds the best alternative for the entered word. The ‘spell_check’ function checks each word
in the text and returns a list of correct spellings.

bugin barcha talabala darega kelishdi
D' zpartin:
Bugun
Bugina
Bumnin
Dugin
Budin
D Qoldir

2. UZMOREF spell editing process window.

The process of automatic grammatical correction is carried out according to the following algorithms:
« the entered text is divided into words and suffixes are extracted from the word. Suffixes are attached to
the root of the word in a certain sequence, that is:

Asos yoki @l So‘z yasovchi @ l Shakl yasovchi @l So‘z o‘zgartiruvchi

o‘zak go‘shimchalar ao‘shimchalar qo‘shimchalar

» each word is checked for availability in the list of word stems available in the database. If it exists, this
word is left as it is, otherwise, the grammatical error corresponding to each word is checked from the list of
words, and the correct variants of the words written with grammatical error are determined. modified and edited;
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bugin barcha talabala darsga ishtrok etishdi

- e

bugin barca talabala darsga ishtrok etishti
Y N LT\ YV~ ~
bugin barca talaba | la dars ga ishtrok etishti
Y N V2| Vv \Y Y \
Bugun barcha talaba | lar dars ga ishtirok etishdi.
N ¥ N v N r~ £
Bugun barcha talabalar darsga ishtirok etishdi.

=y e

Bugun barcha talabalar darsga ishtirok etishdi.

« then the user is highlighted the grammatically incorrect words and the system provides the user with an
edited text.

W' Grammatik taheis bargin barca talabala darsga ishtrok etishti Bugun barcha talabalar darsga ishtirok
etishdi,

3. Grammatical editing process window of UZMORF program

Automatic editing and analysis is one of the main directions of computer linguistics, which arose in
connection with the development of the computer text editor (Microsoft word). In the process of automatic
editing and analysis, it is assumed that the spelling mistakes of the text entered into the computer will be
automatically corrected and the user will be prompted about the error. In the process of automatic editing of the
text, in order to make it perfect and high-quality systematic, it is planned to create the possibility of syntactic,
semantic and paradigmatic editing of the texts included in it from the orthographic, stylistic and grammatical
side.
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