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Abstract: One of the key directions in the field of Natural Language Processing (NLP) is the
automatic detection and correction of spelling errors in texts. This task becomes particularly
challenging in agglutinative languages such as Uzbek, where words are formed through the
addition of numerous affixes. This paper analyzes algorithms for detecting and correcting spelling
errors in the Uzbek language, their operational principles, and modern machine learning
approaches. The study examines dictionary-based methods, the Levenshtein distance algorithm, N-
gram models, and context-aware approaches based on neural networks. The findings demonstrate
that a hybrid algorithm, combining multiple techniques, provides the most effective solution for
Uzbek spell-checking.
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Introduction

In recent years, the rapid development of information and communication
technologies has led to a significant increase in the volume of digital texts generated across
various platforms. The growing number of texts produced through internet networks,
social media platforms, electronic document systems, and artificial intelligence-based
services has made the tasks of efficient processing, analysis, and quality control of textual
data increasingly important [1].

In particular, the rapid detection of spelling errors in written language and their
automated correction has become not only a theoretical research problem but also an
essential component of practical systems [2].

Although the task of detecting spelling errors may appear simple at first glance, its
internal mechanism consists of several complex stages. Initially, the text is segmented into
smaller units, after which these units are compared with existing linguistic resources.
Based on the identified inconsistencies, possible correct variants are generated, and the
most appropriate option is selected among them [3].

For this process to function effectively, a combination of linguistic knowledge,
probabilistic modeling, and algorithmic approaches is required. In particular, recent
advancements in deep learning methods have created new opportunities in this domain
[4].

Spell-checking systems developed for high-resource languages have reached a high
level of sophistication, relying on large-scale corpora and extensive lexical databases. Such
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systems are capable not only of detecting simple typographical errors but also, in certain
cases, identifying contextually inappropriate words [5].

At the global level, numerous advanced systems have been developed based on
artificial intelligence and machine learning technologies [6].

Methodology
Popular systems include:
e Grammarly — performs contextual grammatical and stylistic analysis
e Microsoft Word — includes a built-in spell-checking system
e Google Docs — provides real-time Al-based editing
e LanguageTool — a multilingual open-source system
These systems utilize the following technologies:
e rule-based approaches
e statistical models
e neural networks (deep learning)

Their main advantage lies in their ability to understand context and detect complex
errors.

However, such technologies cannot be uniformly applied to all languages. This
limitation is primarily due to the internal structure and grammatical characteristics of each
language.

Results and Discussion

Although automatic spell-checking systems are highly developed for English and
Russian, this field remains insufficiently developed for low-resource languages, including
Uzbek. Due to the agglutinative nature of the Uzbek language, a single root can generate
hundreds of word forms, which significantly complicates algorithmic analysis [7].

The Problem of Spelling Errors in the Uzbek Language

In recent years, the development of Natural Language Processing (NLP) has made
automatic text analysis, error detection, and error correction an important scientific issue.
This problem becomes even more complex in agglutinative languages such as Uzbek [8].

In Uzbek, words are formed through numerous affixes, which allows hundreds of
different forms to be generated from a single root [9].

Uzbek Spelling Rules as Linguistic Support

¢ Lexical Database
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Figure 1. Linguistic Support Components of the Spell-Checking System.

For example: yozmoq — yozdi — yozayotgan — yozilmagan

Such a structure creates additional challenges for spell-checking systems. As a result,
a simple dictionary-based check is not sufficient; it becomes necessary to consider context,
while morphological analysis plays an important role [10].

The main features of the Uzbek language are:
a) word formation through suffixes;
b) sequential attachment of morphemes;

c) high morphological variability.

For example:

Table 1. The main features of the Uzbek language.

Root Suffix Result
Kitob -lar Kitoblar
Kitoblar -imiz  Kitoblarimiz

kitoblarimiz -dan Kitoblarimizdan

This structural complexity makes spell-checking systems more difficult to develop
[11].

Morphological analyzers, such as MorphUz, operate through the following stages
[12]:

Input Text

Affix Extraction

Morphological Analysis

Through this process:

the root of the word is identified;

its grammatical form is determined;

the probability of an error is evaluated.

The MorphUz system classifies words by separating affixes [13].

Table 2. Spelling errors are divided into two main types:

Error Type Description Example
Non-word error The word is not found in the dictionary Kitobn
Real-word error The word exists but is used in an incorrect context men kitob yedi
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In Uzbek, spelling errors mainly arise due to the following factors:
keyboard errors, such as missing or extra letters;
phonetic similarity, such as x-h and o’—u;

incorrect use of suffixes;

Lo

morphological complexity.

Studies show that traditional dictionary-based checking systems do not provide
sufficient accuracy for Uzbek, because words have numerous grammatical variants [14].

The dictionary-based checking method works quite simply: the input string is
checked against a list of accepted words, that is, whether it exists in the dictionary. If the
string is not found in the dictionary, it is marked as a misspelled word. However, there are
also subtle challenges in constructing a dictionary that is useful for a spell-correction
application.

Historically, text recognition systems have relied more on n-gram methods, whereas
spell-checkers have mainly used dictionary-based checking. In both cases, problems arise
when errors disrupt word boundaries, that is, when words are incorrectly joined or split.
The advantage of this approach is that it works quickly and is easy to implement. Its
limitation is that it cannot detect real-word errors.

Levenshtein Distance Algorithm

The Levenshtein distance calculates the minimum number of edit operations
required to transform one string into another. This algorithm is based on insertion,
deletion, and substitution operations [15]. The Norvig model selects the most appropriate
word probabilistically based on this distance. Its advantage is that it detects typographical
errors effectively. Its limitation is that it does not take context into account.

Table 3. N-gram Statistical Model.

Word Correct Form Distance
Kitb Kitob 1
Kelmadi Kelmadi 0
Oquvchi o‘quvchi 1

N-grams are sequences of n consecutive characters in a word or string, where n is
usually equal to 1, 2, or 3.

One-character n-grams are called unigrams or monograms; two-character n-grams
are called digrams or bigrams; and three-character n-grams are called trigrams.

In general, n-gram-based error detection methods examine each n-gram in the input
string and compare it with a precompiled n-gram statistics table to determine its presence
or frequency. Strings containing nonexistent or very rare n-grams are marked as
potentially misspelled units.

N-gram methods usually require a dictionary or a large text corpus to build the n-
gram table in advance. The N-gram model calculates the probability of a sequence of
words:

P(wy | Wy-1, oo, W)

This model makes it possible to select the variant that best fits the sentence context
instead of the incorrectly written word [2:56-60].

Neural Networks and Language Models
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In recent years, the use of models such as LSTM, BiLSTM, and BERT has significantly
increased. Experimental studies conducted for the Uzbek language confirm that the
BiLSTM model achieves over 90% accuracy in spelling correction. In addition, POS tagging
and morphological analysis play a crucial role in determining contextual appropriateness
[6:210-215; 8:33].

Proposed Automatic Correction Algorithm

Algorithm for Automatic Detection and Correction of
Spelling Errors in the Uzbek Language

Text Input and Initial Preprocessing

C Tokenization and Cleaning j

Comparing Words with the Dictionary

Is the word in the dictionary?

Correct Word [ Misspelled Word]

L Error Analysis and Candidate Generation J

C Possible Corrections )

Evaluation and Ranking of Candidates

C Selecting the Best Candidate)

Presenting the Result to the User

C Correction Suggestions )

Research findings indicate the following performance levels:

Table 4. For agglutinative languages, a single algorithm is not sufficient; hybrid
models yield the best results.

Method Accuracy
Dictionary-based 60-70%
Levenshtein 75-85%
N-gram 80-88%
BiLSTM ~90%

Conclusion

In conclusion, this study provides a comprehensive analysis of the automatic
detection and correction of spelling errors in the Uzbek language based on modern Natural
Language Processing approaches. The problem of automatic spelling correction in Uzbek
represents a relevant and important research direction within NLP.
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The results demonstrate that due to morphological complexity, simple dictionary-
based systems are insufficient. The Levenshtein algorithm proves effective for error
detection, while contextual language models significantly improve correction accuracy. A
hybrid approach (combining dictionary-based methods, edit distance, and neural models)
is shown to be the most optimal solution.

Furthermore, the study scientifically confirms that the agglutinative nature of the
Uzbek language where words are formed through numerous suffixes limits the
effectiveness of traditional spell-checking algorithms. Therefore, purely dictionary-based
systems fail to provide sufficient results in real-world applications.

The analysis also shows that the process of spelling error correction consists of two
main stages: error detection and context-based correction. These stages require the
integration of various algorithmic approaches. While the Levenshtein distance algorithm
demonstrates high efficiency in detecting typographical errors, statistical N-gram models
and neural language models significantly improve correction accuracy by incorporating
contextual information. In particular, context-aware models enriched with morphological
analysis are highly important for adapting to the Uzbek language.

Based on the research findings, the most effective solution is a hybrid algorithmic
model that integrates dictionary-based verification, edit distance, and probabilistic
language modeling. This model not only detects misspelled words but also selects
semantically appropriate corrections. Such an approach expands the possibilities of
effectively using the Uzbek language in electronic document processing, educational
platforms, search engines, and automatic speech processing systems.

For future research, it is recommended to develop large annotated corpora for the
Uzbek language, localize transformer-based language models (such as BERT and GPT
families), and design real-time spell-checking systems. These advancements will
significantly enhance the functional capabilities of the Uzbek language in the digital
environment and contribute to the development of national language technologies.
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