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UBMK’2025’ye Hosgeldiniz
Welcome to UBMK’2025

Sevgili Katihmcilar:

UBMK uluslararasi nitelikli konferans serisi, 1990 yilindan

beri diizenli olarak yapilmakta olan Bilgisayar Mihendisligi
Boliim Baskanlar toplantilannda alinan bir kararla on yil

énce baslamistir. Konferansin 10.su [EEE-UBMK-2025 bu yil
17-18-19 Eyliil, 2025 giinlerinde Istanbul Teknik Universitesinin
ev sahipliginde dizenlemistir.

IEEE-UBMK-2025 konferansina bu yil Almanya, Amerika Birlesik
Devletleri, Azerbaycan, Fransa, Irak, ingiltere, isveg, Italya,
Kanada, Kazakistan, Kinm, Kirgizistan, Rusya, Ozbekistan,
Tataristan, Taylant, Urdiin ve Tiirkiye’den 610 dolayinda bildiri
gdnderilmis ve bu bildiriler Tiirk ve yabanci 250 hakem
tarafindan degerlendirilmistir.

Her bildiri en az iki hakem tarafindan incelenmis ve uzlasma
olmadig durumlarda iigiincii bir hakemin degerlendirmesine
basvurulmustur. Bildiri basina diigen ortalama hakemlik 2,3
olmustur. Bu degerlendirmelerin sonunda 327 bildirinin sézlii
olarak sunulmasi uygun bulunmustur. Kabul edilen ve sunulan
bildiriler icerik ve kalite 8l¢iinlerini saglamasi durumunda
IEEE Xplore'da yayimlanacaktir.

Konferans calismalannda, Bilgisayar Mihendisligi B6lim
Baskanlari Danisma Kurulu olarak gorev almislardir. Bildirilerin
degerlendirilmesi Bilim Kurulu tiyeleri tarafindan yapilmistir.
Konferansin diizenlenmesi ise Yiiritme Kurulunun dnerileri
dogrultusunda, Diizenleme Kurulu tarafindan yapilmistir.

Son olarak, konferansin bagarili bir sekilde yliritiilmesi igin
tiim olanaklarini sunan istanbul Teknik Oniversitesi Rektori
Sayin Prof. Dr. Hasan Mandal’a tesekkiir ediyoruz. Ayrica
Diizenleme Kuruluna, bildirileri titizlikle degerlendiren Bilim
Kurulu Uyelerine ve degerli arastirmalannin sonuglarini biligim
camias! ile paylasan bildiri sahiplerine tegekkirlerimizi

iletiriz.

Prof. Dr. Esref ADALI
UBMEK-2025 Konferans Baskani ve Bildiri Kitabi Editori

Dear Participants:

The UBMK international conference series started nine
years ago with a decision taken at the Computer Engineering
Department Heads (BMBB) meetings, which have been held
regularly since 1990. The 10th edition of the conference,
UBMK'25, was held this year on October 17-18-19, 2025,
hosted by istanbul Technichal University.

This year, approximately 610 papers were submitted to the
IEEE-UBMK-2025 conference from Germany, the United
States, Azerbaijan, France, Iraq, the United Kingdom, Sweden,
Italy, Canada, Kazakhstan, Crimea, Kyrgyzstan, Russia,
Uzbekistan, Tatarstan, Thailand, Jordan, and Turkey, and these
papers were evaluated by 250 Turkish and foreign referees.

Each paper was evaluated at |east by two referees, and in
cases where there was no consensus, a third referee was
consulted. At the end of these evaluations, 327 papers
were accepted for oral presentation. Accepted and
presented papers will be submitted for inclusion into IEEE
Xplore subject to meeting IEEE Xplore's scope and quality
requirements.

During the conference, Heads of Information Engineering
Departments took part in the Advisory Board. The evaluation
of the papers was made by the members of the Scientific
Committee. The conference was organized by the Organizing
Committee in line with the recommendations of the Executive
Committee.

Finally, we would like to thank istanbul Technical University
Rector Prof. Dr. Hasan Mandal for his continued

support for the success of the conference. In addition, we
would like to thank the Organizing Committee, the Scientific
Committee Members who carefully evaluated the papers,
and the owners of the papers who shared the results of
their valuable research with the informatics community.

Prof. Dr. Esref ADALI
UBMK'25 Conference Chair and Proceedings Editor
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A Hybrid Named-Entity Recognition Algorithm for
Ecological Documentation in Uzbekistan

Nilufar Abdurakhmonova
National University of Uzbekistan
named after Mirzo Ulugbek
Tashkent, Uzbekistan
0000-0001-9195-5723

Tulkin Asadov
Bukhara State University
Bukhara, Uzbekistan
0009-0007-9975-6236

Abstract—The  rapid expansion of environmental
documentation in Uzbekistan, from parliamentary minutes to
environmental impact assessment reports, requires automated
tools to quickly find key actors, territories, and institutions.
However, existing named entity exiraction systems struggle with
the dual script (Cyrillic «— Latin) and agglutinative mor phology
of the Uzbek language. This paper proposes a hybrid NER
algorithm that combines two deterministic preprocessing
modules with the SpaCy statistical model. The orthographic
standardization module converts Cyrillic input to unified Latin,
normalizing aposirophes and specific letters. The morphological
corrector performs lemmatization and corrects typical typos,
eiminating suffix “noise” that masks entity boundaries. A
corpus of 5,000 environmental sentences, marked up according
to the BIOES scheme for the PER, ORG, LOC classes, was
compiled for training. Comparative testing shows that the
hybrid approach increases the average Fi-measure by 4-7%
relative to the basic SpaCy model. The developed algorithm
takes a step towards creating a reliable infrastructure for
analyzing environmental data in the Uzbek language and
supports decision-making in the field of sustainable development
of the country.

Keywords—rule-based algorithm, Ubek Ilanguage, Turkic
languages, named entity recognifion, natural language processing.

[. INTRODUCTION

Today, the environmental sector of the Republic of
Uzbekistan is actively developing, in particular, 2025 has been
declared as the “Year of Environmental Protection and the
Green Economy'[1]. In 2022, the government adopted a
special Green Growth Strategy, which sets a 2030 horizon for
increasing energy efficiency, reducing fossil fuel subsidies and
scaling up renewable energy, all while tracking progress using
an OECD-style indicator framework([2].

It is important to note that these commitments are not just
ambitious, they respond to pressing environmental issues such
as land degradation around the Aral Sea, recurring dust storms
and rising levels of urban air pollution, the health damage from
which is already estimated at 6.5% of GDP[3].

Moreover, political and institutional reforms have been
carried out in parallel with these policy changes. In particular,
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the Ecological Movement of Uzbekistan, created in 2008, was
transformed into the Ecological Party of Uzbekistan (O‘zEP)
in 2019[4]. At the same time, 15 reserved seats in the
Legislative Chamber gave rise to a permanent eco-faction,
which now represents green priorities in parliament[5].

However, effective policy implementation depends on
timely access to reliable information. Ministries, non-profit
NGOs and private sector entities generate thousands of pages
of environmental impact assessments, climate risk assessments
and green finance reports every year[6]. Manually reviewing
this text stream imposes certain difficulties in the form of time
spent, which entails certain costs in this direction[7].
Consequently, key actors - government agencies, industrial
polluters, protected areas - remain unindexed, which
complicates evidence-based decision-making. This study
proposes a solution to this problem, namely, the development
of a hybrid selution based on a rule-oriented algorithm and
neural networks.

To implement such a solution, the authors examined
existing solutions that solve similar problems for the Uzbek
language, information on which is contained in the third
section of this article, Moreover, the solution itself and the
results of its testing are included in sections 4 and 5. In
addition, the conclusion and development prospects of the
proposed algorithm are described in section 6.

II. MORPHOLOGY OF UZBEK LANGUAGE

Today, the modern Uzbek language has a Latin alphabet,
which was officially established during the years of our
country's independence[8]. Despite this, in informal
communication, it can be seen how interlocutors actively use
the Cyrillic alphabet[9]. In addition, in the appeals of citizens
and even legal entities, one can see how the text of the appeal
or application is written in the Cyrillic alphabet[ 10]. However,
official documents, including legislative acts and regulatory
documents (including those related to ecology), are published
in Latin[11]. Speaking about the nature of the language, it can
be said that the Uzbek language is an agglutinative language,
which implies the formation of word forms by attaching
affixes to the root of the word[12]. For example, the word
epmenzie (epmeHnemenae) can be divided into such parts as
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epmet (forest, root of the word) + lar (plural ending) + imiz
(first person ending, declension) + dagi (present-modern).

The syntactic pattern of the language, or rather the
arrangement of the parts of speech, follows the SOV pattern,
where S is the subject, O is the object, V is the verb[13],[14].
However, it should be noted that this pattern is typical, and in
practice the structure of the sentence can change. Let's look at
two examples:

1) Vazirlik chiqindilarni kamaytirish rejasini tasdigladi
(The Ministry approved the waste plan: [Ministrp-SURT]
waste-OBJ reduction plan-OBJ approved-VERB — neutral).

2) Chigindilarni Vazirlik tasdigladi (The waste was
approved by the Ministry: fronting the object to emphasise
waste).

In the first case, we follow the standard SOV pattern,
although in the second case, we move the object (the waste)
forward to change the focus of attention to it.

Regarding named entities, it is worth noting that there are
quite a large number of types (categories) of named entities. In
particular, persons, organizations, locations, time, etc. As part
of our research work, it is expected that named entities such as
persons, organizations, and locations will be identified, which
are the most popular and useful in terms of information content
today[15].

In addition, it should be noted that the Uzbek language also
actively uses dialect lexicons, which are very different from
the formal equivalent[16]. In particular, it is possible to
separately identify such groups as the Oghuz or Kipchak
dialect groups, which are actively used in the northern and
western regions of the country (Khorezm region,
Karakalpakstan). Moreover, the Oghuz (Khorezm) dialect of
the Uzbek language is also actively used in the neighboring
country, in particular, in the Tashkhauz region of
Turkmenistan,

ITII. RELATED WORKS

In this research paper [17], the authors propose an
algorithm for identifying named entities in Uzbek texts. In
particular, it is assumed that a dictionary approach (a list of
newspapers) will be used, which allows for a word-by-word
analysis of the text. At the same time, the authors proposed an
additional algorithm that eliminates the drawback of the first.
In particular, the first algorithm is based on its base, which
means that if there are no words in the base, the algorithm will
skip the named entity without recognizing it. Meanwhile, the
second algorithm involves the use of syntactic analysis, and
thanks to which it is possible to identify location entities due
to the identified members of the sentence (adverbial modifier
of place). In particular, the keyword (city, village, district, ete.)
is identified first, after which the name of the location is
identified, which is usually located after the keyword. Thus,
the authors developed a universal algorithm for identifying
locations in the Uzbek language.

However, it is noted that such a universal solution is
difficult to implement for other types of named entities.
Although, the possibility of using this approach for other
Turkic languages is not excluded. Nevertheless, with such
(both algorithms) analyses it is quite difficult to grasp the
context of the analyzed text, since in both cases only one word
is taken into account. Fig. 1 demonstrates second (upgraded)
algorithm.

Meanwhile, in this [18] research paper, the authors
examine a similar task, namely, the development of a desktop
application for identifying named entities. It should be noted
that the authors conducted a fairly detailed study on annotating
a text corpus, as well as existing technologies for identifying
named entities. Regarding annotating named entities, the
authors considered such schemes as BIO, BIOS, BILOU and
IOB. Meanwhile, considering the developed algorithm, it
should be noted that the authors used a rule-oriented approach
to implement this algorithm. In particular, a tokenizer is used
that segments the text, and then analyzes each word in the text
word by word. Although, in studying existing tasks, the
authors provided information not only on traditional
algorithms, but also on artificial intelligence technologies
(neural networks and machine learning). Moreover, speaking
about the chosen approach, it can be noted that this algorithm,
like the previous work, does not take into account the context
of the entire text, but is limited to one word.

CE

1. Input text
2 Segmentation into
" an array of words

Loop of morphological
analyzing

Morphological analyzing
of each word

Loop of syntax
analyzing

Does the word
belongs to ... part of
the senteace?

Segmentation into
an array of words
1

—

5, PRINT RESULT I

Fig. 1. Scheme of the upgraded algorithm’s work.

In addition, this work [19] also solves a similar problem,
however, the language for which the algorithm was developed
is Tatar. It should be noted that the Tatar language is quite
close in nature to the Uzbek language, due to the fact that it,
like Uzbek, is agglutinative and belongs to the Turkic
languages. Regarding the technical aspect of the algorithm, it
is based on a dictionary approach that actively uses n-grams,
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which allows taking into account not only single-word entities,
but also those that consist of two or more words. The testing
results showed how named entities of different categories are
recognized by the algorithm differently. In particular, the
names of ministries and official services were identified with
an accuracy of up to 100%, while the names of restaurants and
corporations were within 37.7% - 45.7%.

IV. PROPOSED SOLUTION

To implement the task, the authors developed a hybrid
approach, which consists of rule-oriented algorithms used for
text preprocessing, as well as neural networks for identifying
named entities.

For the highest quality text analysis, two algorithms based
on the rule-oriented approach were developed. In particular,
the first algorithm is designed to standardize Cyrillic letters to
Latin, To successfully replace these letters, a dictionary is used
that contains all the letters of the Uzbek alphabet in two
variations (in Cyrillic and Latin). The replacement occurs
when Cyrillic is detected with a Latin equivalent.

At the same time, the second algorithm is designed to
check the correctness of the spelling of a word in the text. This
is checked by stemming, which uses morphological analysis of
the word form. To conduct such an analysis, a dictionary of
more than 120 affixes is used, as well as a dictionary of 10
thousand word roots. If stemming is successful, the algorithm
skips the word, because in this case we do not need to correct
the spelling of the word. Otherwise, a counter is triggered that
counts incorrectly written words in order to include this
information in the algorithm result at the very end.

Meanwhile, a dataset of more than 5,000 sentences was
formed to train the model, where each of them was annotated
using the BIOES scheme []. This annotation scheme has
repeatedly confirmed its advantage over alternative text
annotation options for named entity problems []. Online news
outlets served as sources for the dataset formation, and for
more universal operation of the model, it was decided to
extract news articles (ecology related) on various topics.

SpaCy was chosen as the neural network architecture, or
rather an empty model (xx), which was trained from scratch on
the above-mentioned dataset. This library is quite well-known
and popular in light of its ability to quickly scale, which is
especially important for low-resource languages such as
Uzbek.

The model was trained for 24 epochs, but the weights were
rolled back to 21 epochs due to an early stop. It should be noted
that the expectation parameter was set to 3, which means that
we wait no more than three epochs to improve the model, after
which we return to the epoch where the best results were
observed. The training results are shown in Fig. 2, which
includes such indicators as accuracy, recall, and Fl-score in
terms of epochs.

Training Progress of NER Model

o Procision
—=— Recall

0.50

1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 16 19 20 21 22 23 24
Epoch

Fig. 2. Process of model traning.

As can be seen from the graph, the best results of precision
and recall, as well as fl-measure, reached values of 85.5%,
84.8% and 85.1%, respectively.

V. TESTING AND RESULTS OF THE ALGORITHM

To test the trained model, a dataset of 500 sentences was
prepared. Testing was carried out in two formats, where in the
first case, the model was tested without preprocessing the text,
and in the second case, preprocessing was performed, after
which the text was transferred to the model. The results show
(Table 1} how the model copes much better with the text after
preprocessing. At the same time, Fig. 3 shows a graph of the
results before and after using text preprocessing,

TABLE L. RESULT OF MODEL'S TESTING
Model Precision Recall F1-Score
SpaCy-only 81.2% 79.0% 80.1%
SpaCy + Preprocessing 85.5% 84 8% 852%
100%
95%
=t 85,5% 84,8%
85% 8 =
80%
75%
70%
65%
60%

Before preprocessing After preproccesing

WPrecision MRecall —F1-Score

Fig. 3. Process of model training.

In addition to general testing of the model, experimental
tests were conducted in the context of named entities. Thus,
Table 2 shows the results of testing the model for each type of
entity both before and after preprocessing.

TABLE II. RESULT OF MODEL'S TESTING AMONG NAMED ENTITIES
Model | Precision | Recall Fl-Score
Before preprocessing
LOC 0.845 0828 0.836
ORG 0.782 0.765 0.773
PER 0.745 0721 0.733
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After preprocessing
LOC 0.882 0.874 0.878
ORG 0.824 0815 0.819
PER 0.792 0779 0.785

As can be seen from the table above, preprocessing has a
positive effect on the final result for all named entity types.

V1. CONCLUSION

The developed hybrid approach, which involves rule-
oriented algorithms in conjunction with a neural network,
showed that even lightweight rule-oriented modules can
significantly improve entity extraction in Uzbek texts, At the
same time, on a corpus of 5,000 environmental sentences, the
model increased the F1-measure from 0.80 to 0.85, with the
largest increase (+5%) observed for persons. In general, the
proposed solution can be considered practical for government
and research environmental monitoring systems.

The next steps include expanding the entity sets (species of
flora and fauna, pollutants), as well as eliminating the
remaining homonymy of toponyms such as Sirdaryo.
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