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Abstract
Automatic punctuation restoration is one of the important tasks in natural language pro-

cessing, especially for low-resource languages such as Uzbek, where this problem remains par-
ticularly relevant. The lack of sufficiently annotated corpora negatively affects the performance 
of downstream applications, including speech recognition, machine translation, and semantic 
text analysis. This study proposes a hybrid deep learning model designed to predict punctu-
ation marks in Uzbek texts. The proposed approach combines BERT-based contextual vector 
representations, BiLSTM for modeling sequential dependencies, and a rule-based post-pro-
cessing stage grounded in linguistic knowledge. This architecture effectively leverages the se-
mantic capabilities of transformer models and the temporal dependency modeling strengths 
of recurrent networks, while the rule-based correction component improves the accuracy of 
punctuation detection in ambiguous boundary cases. Experimental results obtained on an 
annotated Uzbek corpus demonstrate that the proposed model outperforms existing neural 
and statistical approaches in terms of precision, recall, and F1-score. The findings confirm 
that integrating deep neural architectures with linguistic rules significantly enhances punctu-
ation restoration performance for low-resource languages. This work presents a practical and 
extensible approach for advancing Uzbek language processing and improving the accuracy of 
various applied NLP systems.
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1. Introduction
Natural Language Processing (NLP) 

has become one of the fastest-growing ar-

eas of artificial intelligence in recent years. 
The effectiveness of many practical appli-
cations – such as automatic text analysis, 
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speech recognition, machine translation, 
and question-answering systems – directly 
depends on the correct reconstruction of tex-
tual structure. From this perspective, auto-
matic punctuation detection and restoration 
represents a crucial preprocessing step. This 
task is particularly important for texts de-
rived from spoken language or written with-
out punctuation marks.

Although punctuation restoration has 
been extensively studied for high-resource 
languages, research remains relatively lim-
ited for low-resource languages such as Uz-
bek. The scarcity of annotated corpora, the 
complexity of linguistic characteristics, and 
the challenges of directly transferring ex-
isting models necessitate the development 
of effective, language-adaptive approaches. 
As a  result, incorrect or missing punctua-
tion negatively impacts the performance of 
downstream systems, including speech rec-
ognition, machine translation, and semantic 
analysis.

In recent years, deep learning–based ap-
proaches – particularly recurrent neural net-
works and transformer architectures – have 
demonstrated strong performance in mod-
eling sequential dependencies. Pretrained 
language models such as BERT enable the 
extraction of rich contextual representations, 
while BiLSTM networks effectively capture 
temporal dependencies within sequences. 
However, in certain ambiguous cases, pure-
ly neural approaches may fail to achieve suf-
ficient accuracy. Therefore, incorporating 
linguistic rule-based post-processing mech-
anisms is considered a  practical solution to 
improve robustness.

This paper proposes a hybrid deep learn-
ing model for punctuation prediction in Uz-
bek texts that integrates BERT, BiLSTM, and 
rule-based post-processing. The proposed 
approach unifies the semantic representa-
tion capabilities of transformer models, the 
sequential modeling strengths of recurrent 
networks, and the disambiguation power of 
linguistic rules within a  single architecture. 
Experiments are conducted on an annotat-
ed Uzbek corpus, and model performance 
is evaluated using precision, recall, and 
F1‑score metrics.

The main contributions of this study are 
as follows:

(1) proposing a  hybrid neural–linguistic 
model for punctuation restoration in Uzbek; 
(2) improving accuracy through the integration 
of deep learning and rule-based approaches; 
(3) presenting a practical and extensible solu-
tion for punctuation restoration in low-re-
source languages.

2. Related Work
Punctuation restoration and analysis is 

considered one of the important tasks in the 
field of Natural Language Processing (NLP). 
Proper punctuation improves text readabili-
ty and has a significant impact on the effec-
tiveness of downstream NLP tasks such as 
syntactic parsing, machine translation, in-
formation extraction, and automatic speech 
recognition (Guhr O., Schumann A.-K., 
Bahrmann F., Böhme H.-J., 2021). Although 
punctuation marks were initially regarded as 
secondary graphical elements, recent studies 
have demonstrated that they encode essen-
tial syntactic and semantic boundaries with-
in text.

Early research on punctuation detection 
and correction primarily relied on rule-based 
approaches. These methods employed man-
ually crafted algorithms grounded in gram-
matical and stylistic rules of a language. For 
low-resource languages, such approaches re-
main relevant. One of the notable works for 
the Uzbek language is the rule-based algo-
rithm proposed by Sharipov et al., in which 
the usage of periods and commas was ana-
lyzed using linguistic rules (Sharipov M. S., 
Adinaev H. S., Kuriyozov E. R., 2024). While 
this study laid the foundational groundwork 
for automatic punctuation analysis in Uzbek, 
it was reported to have limitations in han-
dling complex contextual structures.

Subsequently, punctuation restoration 
began to be formulated as a sequence label-
ing problem, leading to the widespread adop-
tion of statistical models, particularly Condi-
tional Random Fields (CRF). By modeling 
dependencies between tokens, CRF-based 
approaches achieved better performance 
compared to purely rule-based methods (At-
tia O. et al., 2014). For the Uzbek language, 
studies have demonstrated that approach-
es combining BiLSTM and CRF models can 
achieve high accuracy and F1‑scores (Shari-
pov M., Adinaev H., Sobirov O., 2025).
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In recent years, deep learning–based 
models, especially Bidirectional Long Short-
Term Memory (BiLSTM) networks, have 
been extensively applied to punctuation 
restoration tasks. These models jointly con-
sider left and right contextual information, 
enabling effective learning of long-range 
dependencies within text (Salimbajevs J., 
2018). The integration of a  CRF layer with 
BiLSTM further stabilizes sequence-level 
predictions of punctuation marks.

With the emergence of transformer ar-
chitectures, significant advances have been 
achieved in punctuation restoration. In par-
ticular, BERT and its multilingual variant 
mBERT have demonstrated strong perfor-
mance in restoring punctuation in Uzbek 
texts (Adinaev H. S., 2025). These models 
are pretrained on large-scale multilingual 
corpora and provide deep contextual se-
mantic representations. Furthermore, trans-
former models such as XLM-RoBERTa and 
RoBERTa offer effective transfer learning 
capabilities for low-resource languages (Shy-
mkovych V. et al., 2025).

Recent studies increasingly adopt hy-
brid architectures that combine trans-
former models with recurrent neural net-
works. Models such as BERT–BiLSTM and 
XLM-RoBERTa–LSTM jointly capture glob-
al contextual semantics and sequential de-
pendencies, resulting in improved accuracy 
(Zhu X. et al., 2024). In some works, punc-
tuation restoration has been jointly learned 
with capitalization prediction, further en-
hancing structural coherence of the recon-
structed text.

In addition, hybrid systems integrat-
ing acoustic and lexical features have been 

proposed for automatic speech recognition 
tasks. For example, an acoustic–lexical ap-
proach developed for Spanish demonstrated 
superior performance in question mark de-
tection compared to text-only models (Qiu J. 
et al., 2026). This indicates that leveraging 
multi-source information is a promising di-
rection for punctuation restoration.

Recent research also explores punc-
tuation not only as a  final prediction tar-
get but as an auxiliary signal. Specifically, 
punctuation-aware sparse attention mecha-
nisms developed for large language models 
utilize punctuation marks as indicators of se-
mantic boundaries, significantly improving 
long-context modeling performance (Qiu J. 
et al., 2026).

3. Methodology
In this study, the task of automatic punctu-

ation restoration in Uzbek texts is addressed 
using a  hybrid approach. The proposed 
method integrates a contextual neural mod-
el (BERT + BiLSTM) with a  rule-based 
post-processing stage. This approach is 
specifically designed to reduce errors arising 
in the prediction of low-frequency punctua-
tion marks.

3.1. Dataset Construction
The corpus used in this research contains 

more than 122 million tokens and over 8 
million sentences, and was compiled from 
publicistic, official, and technical texts. Sta-
tistical analysis of punctuation marks within 
the corpus reveals a highly imbalanced distri-
bution, indicating the necessity of additional 
mechanisms beyond a purely neural model. 
Table 1 presents the statistical overview of 
the dataset.

Table 1. Statistical summary of the dataset

№  Label name Number

1 Number of words (tokens) 122 161 579

2 Number of sentences 8 196 343

3 Number of commas 7 752 610

4 Number of periods 8 283 883

5 Number of question marks 265 449

6 Number of exclamation marks 249 576

7 Number of colons 1 128 044

8 Number of semicolons 219 920
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№  Label name Number

9 Number of ellipses 144 755

10 Number of parentheses 3 730 689

11 Number of quotation marks 1 799 606

12 Number of dashes 805 807

13 Total number of punctuation marks 24 380 339

3.2. Preprocessing
The texts were subjected to Unicode nor-

malization, Uzbek-specific special characters 
were standardized, and word-level tokeni-
zation was performed. Sentence boundaries 
were identified, and punctuation-free raw 
text was prepared as input for the model.

3.3. Annotation and Formatting
For each token, corresponding punc-

tuation labels were assigned. The label set 
includes periods, commas, question marks, 
exclamation marks, colons, semicolons, el-
lipses, dashes, parentheses, and quotation 
marks. The annotated data were stored in 

CoNLL format and split into training, val-
idation, and test sets with an 80/10/10 ra-
tio.

3.4. Neural Model Architecture
The punctuation restoration task was 

formulated as a  sequence labeling problem. 
A  BERT model adapted for the Uzbek lan-
guage was selected as the base encoder. Con-
textual embeddings generated by BERT were 
passed to a  Bidirectional LSTM (BiLSTM) 
layer to model long-range dependencies be-
tween tokens. In the final stage, a fully con-
nected layer was applied to predict the punc-
tuation label for each token.

Figure 1. Architecture of the proposed BiLSTM–BERT 
hybrid model with rule-based post-processing
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3.5. Rule-Based Post-Processing 
(Hybrid Stage)

The model outputs were further refined 
through a  rule-based post-processing stage. 
This stage applies normative rules of the 
Uzbek language, including the insertion of 
dashes in reported speech constructions, the 

use of colons after explanatory and formal ex-
pressions, comma placement rules associat-
ed with discourse markers, and capitalization 
at sentence boundaries. This post-processing 
stage significantly improves the accuracy of 
low-frequency punctuation marks, which are 
often challenging for purely neural models.

Figure 2. Confusion matrix (%) of the proposed BiLSTM–
BERT hybrid model with rule-based post-processing

4. Conclusion
In this study, a hybrid approach was pro-

posed for the task of automatic punctuation 
restoration in Uzbek texts. The proposed 
model integrates a contextual language mod-
el (BERT), a sequence modeling component 
(BiLSTM), and a  linguistically motivated 
rule-based post-processing mechanism. This 
combination effectively unifies the statistical 
learning capabilities of neural models with 
the precision of rule-based approaches.

Experimental results obtained on a large-
scale, CoNLL-formatted dataset constructed 
from real Uzbek texts demonstrate that the 
proposed hybrid model achieves approxi-
mately 87% Macro-F1. Confusion matrix 
analysis shows that the model performs with 
very high accuracy on frequent punctuation 
marks such as periods, commas, and ques-
tion marks. At the same time, the rule-based 

component plays a  crucial role in reducing 
errors observed in purely neural approaches 
for punctuation marks such as colons, quota-
tion marks, and parentheses.

Although punctuation marks such as el-
lipses and dashes remain challenging due to 
their strong dependence on context, the ob-
served errors can be attributed to inherent 
semantic and pragmatic ambiguities of the 
language. Overall, the results confirm that 
the hybrid approach provides a robust, inter-
pretable, and practically effective solution for 
punctuation restoration in Uzbek.

5. Future work
Based on the findings of this study, the 

following directions are considered promis-
ing for future research:

Incorporating discourse and pragmatic 
features to improve the detection of punc-
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tuation marks such as ellipses and dashes, it 
is recommended to introduce mechanisms 
that model inter-sentential relations and 
document-level context, such as document-
level transformer architectures.

Expanding and adapting the rule system 
the current set of linguistic rules can be au-
tomatically expanded based on statistical ob-
servations or enhanced with adaptive mech-
anisms, including learnable or data-driven 
rule induction approaches.

Utilizing multi-genre corpora further 
training the model on literary, journalistic, 
and social media texts is expected to improve 

its generalization capability across different 
writing styles.

Practical integration integrating the pro-
posed model into text editors (e. g., Word 
add-ins), web applications, or mobile plat-
forms would contribute to the development 
of automatic text editing tools for the Uzbek 
language.

Releasing resources as open data Making 
the dataset, model architecture, and rule sets 
publicly available would positively impact 
the advancement of Uzbek NLP research and 
encourage further studies in this domain.
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