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UBMK’2025’ye Hosgeldiniz
Welcome to UBMK’2025

Sevgili Katilimcilar:

UBMK uluslararasi nitelikli konferans serisi, 1990 yilindan

beri diizenli olarak yapilmakta olan Bilgisayar Muhendisligi
Boliim Baskanlari toplantilarinda alinan bir kararla on yil

once baslamistir. Konferansin 10.su IEEE-UBMK-2025 bu yil
17-18-19 Eyliil, 2025 giinlerinde istanbul Teknik Universitesinin
ev sahipliginde diizenlemistir.

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

Her bildiri en az iki hakem tarafindan incelenmis ve uzlagsma
olmadigl durumlarda lguincl bir hakemin degerlendirmesine
basvurulmustur. Bildiri basina diisen ortalama hakemlik 2,3
olmustur. Bu degerlendirmelerin sonunda 327 bildirinin s6zlu
olarak sunulmasi uygun bulunmustur. Kabul edilen ve sunulan
bildiriler icerik ve kalite dlgtnlerini saglamasi durumunda
IEEE Xplore’da yayimlanacaktir.

Konferans galismalarinda, Bilgisayar Mihendisligi B6Iim
Bagkanlari Danisma Kurulu olarak gérev almislardir. Bildirilerin
degerlendirilmesi Bilim Kurulu tyeleri tarafindan yapilmistir.
Konferansin diizenlenmesi ise Yuritme Kurulunun énerileri
dogrultusunda, Diizenleme Kurulu tarafindan yapilmistir.

Son olarak, konferansin basarili bir sekilde yiritilmesi igin
tiim olanaklarini sunan istanbul Teknik Universitesi Rektorii
Sayin Prof. Dr. Hasan Mandal’a tesekkiir ediyoruz. Ayrica
Diizenleme Kuruluna, bildirileri titizlikle degerlendiren Bilim
Kurulu Uyelerine ve degerli arastirmalarinin sonuglarini bilisim
camiasl ile paylasan bildiri sahiplerine tesekkurlerimizi

iletiriz.

Prof. Dr. Esref ADALI
UBMK-2025 Konferans Bagkani ve Bildiri Kitabi Editoru

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 least 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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Abstract—In recent years, various software systems
have been developed in the Uzbek language to perform text
processing tasks aimed at enhancing the effectiveness of
machine trandation, information retrieval, syntactic
parsers, language learning tools, and lexicographic
systems. In our study, we developed a program for the
automatic identification of phrase structures, which
represents one of the essential initial steps for building a
syntactic parser for the Uzbek language. The availability of
such a tool is crucia not only for accurate meaning
extraction and syntactic analysis but also for solving
alignment  problems in translation systems. We
investigated the syntactic templates of phrase structures in
Uzbek and the patterns of dependency and head-modifier
combinations. Based on this, we designed arule-based system
grounded in linguistic ~ models  and theoretical
frameworks. The program was implemented using Python
libraries and natural language processing (NLP) algorithms
adapted for the Uzbek language. Uzbek phrase structures
include governable, agglutinative, and concordant types. The
system evaluates the effectiveness of identifying all three
types of phrase structures in sentences, and the average
accuracy of the program's performance was measured. A
corpus of 100,000 Uzbek sentences was collected and
analyzed. A rule-based approach was used to develop the
rule set for phrase structureidentification.

Keywords—Phrase structure, syntactic pattern, tagging,
modeling, linguistic model, POS tagging, morphological
analysis.

I. INTRODUCTION

Modeling each grammatical rule and structure enables
more efficient language learning and utilization in computer
systems. Therefore, the tagging and modeling of phrase
structures has become a relevant topic in the field of

computational linguistics, contributing significantly to the
development and advancement of natural language processing
(NLP) applications [1]. In many cases, the smallest syntactic
unit that carries semantic meaning in atext isnot an individual
word, but rather a phrase. Accurately identifying the
boundaries of phrase structures plays a crucia role in the
creation of modern language corpora, especialy in the
detection of terminological phrases, free word combinations,
and idiomatic expressions. Automating this process requires
reliance on the grammatical dependency rules inherent in the
language, which guide the identification of syntactic
relationships within text data.

In the Uzbek language, phrase structures are classified
based on both the grammatical nature and the syntactic
structure of their components. When classified according to
grammatical properties, the categorization relies on the part of
speech of the head (governing) word and the syntactic
function of the dependent component. Phrase structures occur
in both fixed (idiomatic) and free forms; free phrases, in turn,
are formed through either coordinate or subordinate relations
[2]. Structurally, Uzbek phrase constructions are largely
similar to those found in other languages, including English.
Both typically consist of a head word and a dependent
(auxiliary) word [3]. In both languages, the phraseis classified
according to the part of speech of the head word. With regard
to structure, both languages distinguish between simple and
complex phrases. However, unlike Uzbek, compound phrases
are aso recognized in English. English includes several
distinct types of phrases, such as noun phrases, verb phrases,
adjective phrases, adverbial phrases, prepostional phrases,
verbal phrases, and absolute phrases, as well as expressions
like phrasal verbs, collocations, and idioms [4]. In contrast,
Uzbek phrase types differ somewhat, typically including noun
phrases, verb phrases, adjective phrases, adverbial phrases,
and modal-word phrases[5].

Methods
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The redlization of phrase structures within linguistic
syntactic patterns is governed by significant syntactic
regularities. Linguistic syntactic patterns (LSPs) represent a
cognitive repertoire — a form of mental linguistic wealth —
that speakers subconsciously rely on. The number of such
patternsis highly limited. For example, the literature suggests
that the number of fundamental sentence construction
templates does not exceed 10 to 15. Research further indicates
that there may be approximately 40 identifiable phrase
structure templates. It isthrough the combinatorial application
of these 5060 LSPs that speakers are able to generate
millions of concrete phrase structures and sentences in actual
speech.

Linguigtic syntactic patterns (LSPs) are further divided
into patterns that generate nominative and communicative
speech units. Phrase structures function as nominative
syntactic units and differ in their linguistic (systemic) and
speech (actualized) redlizations. The realization of LSPs in
phrase structures follows the language—speech continuum,
which reflects atransition from general structures to specific,
concrete utterances through intermediate representations.

For example:
[W— W]
[W + morphological marker — W+ morphological marker]
[Wgenitive case Wpowadve ajffix]
[Noungenitivecase — NoUNpossessive ajffix]
[Common NOUN in genitive case — Common noun with poswdvewffix]
[Common noun 3 dependent 4 i e — Common noun e +
possess‘ve]

In the phrase Madinaning yozuvi (Madina's writing), the
general LSP is represented by the structure [W — W], whereas
the more specific LSP is [Common noun as dependent +
genitive case — Common noun as head + possessive suffix].

O. Abdullayeva and S. Khudayarova have expressed the
view that, in Uzbek linguistics, phrase structures are
considered complex units based on their structural formation,
the grammatical relations they establish, and the fact that in
some cases they are equivalent to a single word, while in
others they functionally correspond to a full sentence [6].
They note that it is difficult to assign a single fixed template
to such units.

J. Ibragimov notes that in modeling phrase structures
within Uzbek texts, he relies on generdly recognized
linguistic labels, and provides the following illustrative
examples. In the sentence "Ustodning muborak
ko'zoynaklarini  tagib, xalgimning o'tmishiga garadim"
("Wearing the honorable teacher’s glasses, | looked into my
peopl€e's past"), he analyzes the phrase "o'tmishiga garadim”
as follows. o'tmishiga garadim — N + SFN + V + SRV,
where: N = noun (OT), SFN = syntactic forms of the noun, V
= verb, SFV = syntactic forms of the verb. A submodel of the
typical structure "o*tmishiga garadim" can be presented as.

N + SG + PS_aff + Acc_CS aff +V + TS _aff + ShS_aff,
where: N = noun, SG = singular number, PS_aff = possessive
suffix, Acc_CS aff = directional case suffix (jo'nalish
kelishigi), V = verb, TS aff = tense suffix (from "Tense"),
ShS aff = person-number suffix (representing both person
and number agreement); tagib garamoq — V + V + SFV,
where: V = verb, SFV = syntactic forms of the verb.
xalgimning o tmishiga garadim — Nd + SFN + Nk + SFN +V
+ SFV, where the structure reflects nested dependencies
among possessive and directional case forms; ustodning

ko'zoynaklari —N + SFN + N + SFN, where each N standsfor
a noun and each SFN represents its syntactic form; muborak
ko'zoynaklari — ADJ + N + PS_aff, where: ADJ = adjective
(sifat), N = noun, PS_aff = possessive suffix [7].

In addition, S. Nazarova, in her research, developed a
model for noun+noun pattern-based phrase constructions in
Uzbek. The patterns are illustrated as follows:

1) [Noun in genitive case — INOUN with possessive suffix = as dependent
noun + as head noun]
Example: kitobning varag'i (the page of the book)

2) [Noun in gentive cse — Adjective with possessve suffix = &

dependent noun + & adjective]
Example: daraxtning mo'rti (the brittle part of the tree)

3) [Adjective in gentive case — NOUN with possessive suffix = =

dependent adjective + & noun|
Example: gulning/qizilining hidi (the smell of the
flower / the red one), and ets. [8].

Il. RESULTSAND DISCUSSION

An analysis of linguistic-syntactic pattern (LSP)
combinations in phrase structures revealed that there are a
total of 452 distinct L SPsin the Uzbek language. Thisanalysis
was carried out based on materials from the Uzbek language
corpus (https.//uzschoolcorpara.uz/). When examining the
LSP statistics of phrase structures in POS-tagged sentences
within the corpus, it was found that 36 distinct part-of-speech
(POS) category combinationsare involved in the formation of
phrase structure templates. The dataset of phrase structures
was compiled using POS-tagged simple and compound
sentences from the Uzbek language corpus.

In the Uzbek language, the possible linguistic-syntactic
patterns (LSPs) of prepositional phrase (boshgaruvli so‘z
birikmasi), non-prepositional  phrase  (bitishuvli  so‘z
birikmas), and possessive case phrase (modashuvli so'z
birikmasi) structureswereidentified. To enable the annotation
of these L SPs within the corpus, we developed a dedicated
tagging system. A total of 428 LSPs were identified for
prepositional phrase structures. Each pattern was analyzed in
terms of how part-of-speech (POS) tags are combined in the
output of the Uzbek morphological analyzer. For example, the
LSPs of the phrases guldan nozik (more delicate than the
flower) and onamga sovg' a (a gift for my mother) correspond
to the structures Ndan+JJ and Nga+N, respectively. When
processed by the Uzbek morphological analyzer, these appear
as N+JJ and N+N POS tag sequences. To label such
prepositional phrase structures, we proposed the tag SBbosh.
A search conducted in the Uzbek language corpus using this
pattern retrieved a dataset of 1,252 phrase structure instances
corresponding to governable combinations (Tablel).

TABLEI. LINGUISTIC-SYNTACTIC PATTERN AND MODEL OF THE
PREPOSITIONAL PHRASE STRUCTURE

Tir Linguistic- POStaginthe | Corpus Genera
Syntactic morphological | derived tagging of a
Pattern of a | analyzer linguistic prepositional
Phrase dataset phrase
Structure structure

1 Nk tVB N+VB 75 SBbosh

2. P.stVB P+VB 200 SBhosh

3. Pegtdd P+JJ 200 SBhosh

4. JJs+VB JHVB 154 SBbosh

5. Ny sntdJ N+1J 29 SBbosh
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An investigation of possible variants of possessive case
phrase structures revealed a total of 14 distinct linguistic-
syntactic patterns (L SPs), based on analysisand examples. For
these structures, the use of the tag SBmos was proposed.
Analyses were conducted on the Uzbek language corpus, and
morphological POS tagging was identified as a key factor in
detecting such phrase structures. For instance, in concordant
phrases such as Aqllining fikri (the opinion of the intelligent
one) and Kelgakning ishonchi (Future's trust), the
morpheme-level morphological analyses yielded the patterns
Jdning + Ni and Nning + Ni, respectively. A total of 960
instances of this phrase type were collected as a dataset from
the Uzbek language corpus (Table I1).

TABLEII. LINGUISTIC-SYNTACTIC PATTERN AND MODEL OF THE
POSSESSIVE CASE PHRASE STRUCTURE

Tir Linguistic- POS tag in the | Corpus- Genera
Syntactic morphological derived tagging of a
Patern of a | anayzer linguistic | possessive
Phrase dataset case phrase
Structure structure

1 Ng.k+Ne.sh N+N 100 SBmos

2 Ng.k +Pe.sh N+P 50 SBmos

3. Pyk tUHes P+UH 7 SBmos

4. Ngk *UHesn N+UH 11 SBmos

5. Pk +Nes P+N 241 SBmos

Total: | 14ta 14ta 960 ta

An analysis of the linguistic-syntactic patterns (L SPs) of
non-prepositional  phrase structures revealed severd
problematic aspects. Quadlitative non-prepositional phrase
does not exist in the Uzbek language. In phrase structures
formed via agglutination, the head element cannot be an
adjective. When the components of a phrase structure appear
in such aform, the grammatical relation no longer expressesa
conceptual unit (i.e, a phrase), but rather congtitutes a
complete proposition. For example, constructions like bino
katta (the building is big) or ko'ylak chiroyli (the dress is
beautiful) are not phrase structures, but instead are classified
as simple sentences of the type S + P. In ko'ylak chiroyli,
ko'ylak functions as the subject, and chiroyli functions as the
nominal predicate. Similarly, bino katta follows the S + NP
syntactic template. After analyzing al possible variants of
non-prepositional phrasesin speech, it was determined that 10
L SPs exist for this type of structure. Sentences in the corpus
were POS-tagged using a morphological analyzer, and based
on the morphological analysis, syntactic patterns for phrase
structure identification were developed. For instance, in the
non-prepositional phrases o' zi bilmog (to know oneself) and
oltin soat (gold watch), the corresponding POS tag
combinationsidentified in the corpuswere P+ VB and N + N,
respectively. For such constructions, the syntactic label
SBbitishuv was proposed. A totd of 1,885 instances of non-
prepositional phrase structureswere collected from the Uzbek
language corpus (Table I11).

TABLE . LINGUISTIC-SYNTACTIC PATTERN AND MODEL OF THE
NON-PREPOSITIONAL PHRASE STRUCTURE

Tir Linguistic- POStag inthe | Corpus- General
Syntactic morphologica | derived tagging of a
Pattern of a | analyzer linguistic non-
Phrase dataset prepositional
Structure phrase

structure

1 JHN JHN 502 SBhitishuv
2 NUM+N NUM+N 523 SBhitishuv
3. P+N P+N 128 SBhitishuv
4. JHVB JHVB 26 SBhitishuv
5. VB+N VB+N 212 SBhitishuv
Tota: | 10 10 1885

In this study, atotal of 452 linguistic-syntactic patterns of
phrase structuresin the Uzbek language wereidentified. Using
the bigram and trigram functions of the Uzbek morphological
analyzer corpus, 36 types of phrase combinations were tested
in the software environment. To empirically demonstrate the
existence of these combinations in Uzbek, 4,028 phrase
structures were extracted.

Automatic ldentification of Phrase Sructures in Uzbek
Texts

The task of identifying phrase structures is considered
relevant not only within the domain of traditional syntax, but
also in modern computational linguistics and natural language
processing (NLP). Indeed, the analysis of complex syntactic
structures, as well as their automatic extraction and
classification, plays a critical role in the effective functioning
of numerous applied systems — such as machine trandation,
text indexing, semantic search, and linguistic anaysis
platforms. In the Uzbek language, phrase structures are
primarily formed on the basis of three types of linguistic
relations: Prepositional phrase (boshgaruvli so'z birikmasi),
non-prepositional phrase (bitishuvli so'z birikmasi), and
possessive case phrase (modashuvli so‘z  birikmas).
Therefore, the automatic phrase detection system developed
in this study was designed based on these theoretical
foundations.

The program employs a rule-based approach for
identifying phrase structures. For each type of phrase, a
specific syntactic template was devel oped. These modelstake
into account both the morphologica and syntactic
dependencies between words. As a result, in order to detect
prepositional phrase, non-prepositional phrase, and possessive
case phrase structures, it was essential to develop rule systems
grounded in theoretica linguistics that reflect the
morphosyntactic features of each type. The software was
implemented by designing a set of structured patterns and
rules as outlined below.

Linguistic-Syntactic Pattern and Rule of prepositional
phrase Structure

1. Example pattern: N + [-ni / —ga / —da / —dan /
postpositions] + VB. Rule: If anoun (N) in the text is
followed by a specific case suffix (such as—i, —ga, —
da, —dan) or a postposition (e.g., bilan, uchun, hagida,
bilan birga) and is then followed by a verb (VB), this
congtruction is identified as a prepositiona phrase
structure.

2. Example pattern: P + [-ni / —ga / —da / —dan /
postpositions] + VB. Rule: If apronoun (P) occurs with
a specific case suffix (—ni, —ga, —da, —dan) or a
postposition, and is then followed by a verb (VB), it
forms a prepositional phrase structure.

3. Example pattern: P + [-ni / —-ga / —da / —dan /
postpositions] + JJ. Rule: If a pronoun (P) is followed
by a case suffix or a postposition (e.g., bilan, uchun,
hagida) and then an adjective (JJ), the resulting
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congtruction is considered a prepositional phrase
structure.

4. Example paettern: P + [-ni / —ga / —da / —dan /
postpositions] + MD. Rule: If a pronoun (P) is
accompanied by a case suffix or a postposition (e.g.,
bilan, uchun, hagida), and then followed by a modal
word (MD, such as kerak, lozim, mumkin, shart), it is
classified as aprepositional phrase structure.

Linguistic-Syntactic Patterns and Rules of possessive
case Phrase Structures

1. Example pattern: N + [-ning] + N + [possessive affix:
—m, —im, —ng, —ing, —si, =iz, —imiz, -ngiz, —ingiz, —
lari]. Rule: If anoun (N) appears in the genitive case (-
ning), and is followed by another noun bearing a
possessive  suffix, the resulting construction is

considered a possessive case phrase structure.

2. Example pattern: N + [-ning] + P + [possessive affix].
Rule: If a noun (N) in the genitive case (-ning) is
followed by a pronoun (P) that bears a possessive
suffix, the phrase is identified as a possessve case
phrase structure.

3. Example pattern: N + [-ning] + Num + [possessive
affix]. Rule: If the firs word is a noun (N) in the
genitive case (-ning), and is followed by a numeral
(Num) that carries a possessive suffix, the construction
is considered a possessive case phrase.

4. Example pattern: N + [-ning] + VB (verbal noun) +
[possessive &ffix]. Rule: If the first word is a noun in
the genitive case (-ning), and is followed by a
nominalized verb (VB) that carries a possessive suffix,
the resulting structure is classified as possessive case
phrase.

Linguistic-Syntactic Patterns and Rules of non
prepositional Phrase Sructures

1. Example pattern: JJ + N. Rule: If an adjective (1J) is
immediately followed by a noun (N) in the text, with
no intervening postpositions or conjunctions, the
resulting sequence is identified as an non-prepositional
phrase structure.

2. Example Pattern: Num + N. Rule: If a numeral (Num)
is directly followed by a noun (N) without any other
elements (such as postpositions or conjunctions)
between them, they form an non-prepositional phrase
structure.

3. Example pattern: P+ N. Rule: If apronoun (P) directly
precedes anoun (N) with no intervening elements, and
no postpositions or connectives are present, this
construction isclassified as an non-prepositional phrase
structure.

4. Example pattern: N + N. Rule: If two nouns (N + N)
appear consecutively, with no other words (eg.,
postpositions or conjunctions) between them, and they
are tightly semantically bound to form a new meaning,
they constitute an non-prepositional phrase structure.

Linguistic Aspects Necessary for the Effective Operation
of an Automatic Phrase Identification System

To ensure the effective performance of an automatic
phrase identification system, the following linguistic aspects
must be taken into account:

Part-of-Speech Tagging: Determining the grammatical
category of each word—such as noun, adjective, verb,
numeral, pronoun, etc.—playsacrucial role in identifying the
type of phrase.

Morphological Analysis. Identifying the grammatical
formswithin aword (e.g., case endings, possessive, and plural
suffixes) is essential for recognizing syntactic relationships.
Special attention must be given to affixes such as —ning, —ni,
—ga, —dan, -, —si, —imiz, -ari, asthey are critical in detecting
and classifying phrase structures.

Immediate Word Proximity: Especially in non-
prepositional phrases, it is important that no other words
intervene between two elements. For example, katta qora
mushuk (a big black cat) may be considered a phrase
composed of three tightly linked words.

Pattern Matching: Each pair or triplet of words is
compared against pre-defined linguistic templates. If the
conditions of a given pattern are met, the corresponding
phrase typeisidentified.

This process can be represented through the following
procedural flowchart (Fig. 1.):

e e i
err

el Bl
e

e p—
e

Fig. 1. Overal Block Diagram of the Program Workflow

The system executes the following primary processes
(Table1V):

TABLEIV. MAIN FUNCTIONS OF THE SOFTWARE MODULE
T/r | Function Imported Library
1 Tokenization Nltk, re
2. POS tagging NItk.pos_tag, spacy
3. Lemmatization Spacy, stanza, pymorphy?2
4 Morphological Stanza, pymorhy2
Analysis
5. Matching linguistic- | Python's conditional statements (if, dif,
syntactic structures else) and regular expressions (re)

6. Classification of
word combinations

Categorization  of  phrase  types
(Prepositional phrase, non-prepositional

(phrases) phrase, possessive case phrase) according
to their matched linguistic-syntactic
templates

7. Generating Output Displayed via the terminal and graphical
user interface
Program Architecture

The program is written in a modular structure, with each
component performing a specific task. The core module
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analyzes the input text and identifies phrase structures.
Subseguently, it matches them to the appropriate pattern-
based models.

User Interface of the Uzbek Phrase Identification System

The interface of the system for automatic phrase
identification in Uzbek text allows users to input sentences,
process them through the analysis pipeline, and view the
detected phrase structures based on linguistic-syntactic
templates (Fig. 2 and Fig. 3.).

Fallan Ly WanFulibi

Fig. 2. User Interface of the Automatic Phrase Identification System for
Uzbek Texts

Platn emhlili

| Setinhues sete i stae

|
Fig. 3. Anaysisand Results

I1l. StuDY OF THE PROBLEM

As part of our research, we tested 100 sentences for each
type of phrase structure in the developed program for
automatic phrase identification in Uzbek texts. The accuracy
and precision during the execution of the system showed high
accurecy for Prepostional phrase (boshgaruvli) phrase
structures, while the possessive case phrase (moslashuvli)
phrase dtructures was dignificantly lower. For non-

prepositional phrase (bitishuvli) phrase structures, the
accuracy exceeded 50%. Below, the process of testing the
examples and obtaining the resultsis anayzed.

Accuracy of Identifying Prepositional Phrase Structures

e  Total number of sentences: 100
e Number of actual prepositional phrase: 100
e Number of correctly identified Prepositional phrase
by the system: 76
Based on this, the accuracy is calculated proportionally.
Formula:

Accuracy (Precision or Ef fectiveness)
( Correctly Detected Instances

x 1009
Total Number of Real Phrase Instances) %

Accuracy (Precision or Ef fectiveness)

—(76)x100°/—76°/
~\100 0= 1P

Incorrectly Identified and Unidentified Instances:
100%—76%=24%

The system correctly identified 76 out of 100 Prepositional
phrase structures, resulting in an accuracy rate of 76%. Thisis
considered a satisfactory outcome for a rule-based approach.
However, to improve the system’ s performance in subsequent
stages, it is necessary to analyze the remaining 24% of
incorrect or missed cases.

1) Accuracy of Identifying possessive case phrase
Structures

e Total number of sentences: 100

e Actua number of possessive case phrase

structures: 126

e  Correctly identified by the system: 24

[ ]
Formula:

Accuracy (Precision or Ef fectiveness)
( Correctly Detected Instances

x 1009
Total Number of Real Phrase Instances) %

Accuracy (Precision or Ef fectiveness)

—(24)><1000/ 19.05%
~\126 0T SR

Incorrectly Identified and Unidentified Instances:
100%—19.05%=80.95%

The system correctly identified only 24 possessive case
phrases, resulting in an accuracy rate of 19%. This relatively
low accuracy suggests that the current model for identifying
possessive case phrase structures requires further refinement
and improvement.

2) Accuracy of Identifying non-prepositional phrase
Structures
e Total number of sentences: 100
e Actua number of non-prepositional phrase
structures: 94
e  Correctly identified by the system: 53
Formula:

Accuracy (Precision or Ef fectiveness)
( Correctly Detected Instances

x 1009
Total Number of Real Phrase Instances) %
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Accuracy (Precision or Ef fectiveness)
53
= (37) x 100% ~ 56.38%

94
Incorrectly  Identified and Unidentified
100%—56.38%=43.62%

The system correctly identified 56.38% of the non-
prepositional phrase structures. This result indicates a
moderate level of performance, suggesting that the current
model is functional and useful; however, the presence of
approximately 44% unrecognized cases highlights the need

for further analysis and refinement of rule-based components.

Instances.

To improve the system’s precision, it is necessary to
develop additional rules capable of capturing currently
unrecognized constructions and to consider the integration of
dtatistical and machine learning-based models. This would
enhance both the accuracy and processing speed of the phrase
identification system.

3) Average Efficiency of the System by Phrase Type

e Prepositional phrase: 76%

e  possessive case phrase: 19.05%

e non-prepositional phrase: 56.38%
Formula
S1+S2+S 3)

SAverage Accuracy = ( -

Average Accuracy
(76 +19.5+56.38 15143

- 3 3
~ 50.48%)

Analysis of the Overall Efficiency of the System

Based on the results above, the system demonstrated
varying levels of effectiveness in identifying Prepositional
phrase, possessive case phrase, and non-prepositional phrases
in Uzbek language texts. The accuracy for detecting
Prepositional phrases was relatively high at 76%, while for
possessive case phrases, it was the lowest at 19.05%. In the
case of non-prepositional phrases, the system achieved a
moderate accuracy of 56.38%.

By calculating the arithmetic mean of these individua
results, the overall efficiency of the system was determined as
follows:

Average Accuracy
_ (76 +19.5+56.38 151.43

B 3 -3

= 50.48%)

This indicates that the system operates with an overal
accuracy of 50.48%, meaning that it produces a correct result
in approximately one out of every two instances. Thislevel of
performance may be considered acceptable for an initial
prototype stage, but highlights the need for further
improvement — particularly in enhancing the accuracy of
identifying possessive case phrases, expanding the rule base,
and integrating machine learning components.

Moreover, the analysis results provide insights into which
models and approaches yield higher precision in the
development of a syntactic parser. The obtained average score
can serve as a benchmark for evaluating the effectiveness of
hybrid approaches (rule-based + machine learning) in future
implementations.

IV. CONCLUSION

A gpecialized software and linguistic infrastructure has
been developed for the identification of phrase structures in
the Uzbek language. The proposed system isbased on models
formulated in accordance with the syntactic and
morphological rules of Uzbek. Using a set of rule-based
models, the program identifies grammatical dependencies
between words and classifies them into the corresponding
phrase types — Prepositional, non-prepositional, or
possessive case congtructions. The study revealed that the
automatic detection of phrase structures using a rule-based
approach faces challenges such as complex syntactic relations
and lexical ambiguity (homonymy). This research represents
an initial step toward the development of a full syntactic
parser. In subsequent phases, the system is expected to be
improved by integrating rule-based methods with machine
learning techniques, thereby enhancing its performance and
linguistic accuracy.
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	2278 - Kredi Gecikme Aşamaları  Tahminlenmesi  - - - Predicting Loan Delinquency Stages
	2361 -- Short-Term Forecasting of Türkiye’s Monthly Electric Vehicle Sales Using M-DAM and LSTM Models
	2543 - Temizlik Kağıdı Üretiminde Çoklu Doğrusal  
Regresyon ve Doğrusal Programlama ile Karar Destek Modeli  - - - Decision Support Model for Tissue Paper Production Using Multiple Linear Regression and Linear Programming 
	2559 - Analysis of Factors Affecting Electricity Prices and Electricity Price Forecast for Türkiye
	2578 - Reliable Hybrid Forecasting for Financial Liquidity Stacking Deep Tree Based and Attention Models
	2616 -- Event_Prediction_in_Individual_Pension_Systems
	2618 - Attention-Enhanced Dual-Head LSTM with Rich Feature Engineering for Risk-Adjusted Stock Return Forecasting
	2637 - UBMK_Mindrisk_Bounced_Check_Model_Study_Fixed
	2650 - Predicting Customer Churn in Retail Using Machine Learning on Transaction Data
	2670 - Graph Theory-Based Fraud Detection in Banking Check Transactions
	2679 -  Dynamic Ransomware Analysis using CAPEv2 and Retrieval-Augmented Generation
	2695 - Post-earthquake Damage Detection in Aerial Images using Transfer learning and Vision

Transformers
	2766 - Churn Prediction for Subscription-Based Applications Using Machine Learning
	2787 -- Leveraging Contrastive Learning and LightGBM for Classification

	SW - -  Yazılım Müh.
	2241 - Yapay Zekâ Destekli ve Etkileşimli Uzayın Keşfi, Bilgilendirme ve Eğitimi - - - AI-Supported and Interactive Exploration, Information and Education of Space
	2319 - On the Impact of Common External Package Dependencies on Software Modularization
	2332 - Hybrid AI-Driven Decision Model for Test Automation in Agile Software Development
	2396 - Measuring AI Impact on Software Engineering Productivity and Quality
	2402 - AutoStructor: A Generative AI-Based Framework for Automated Program Repair with Deep Learning-Guided Fault Localization
	2647 - Flexible and Reproducible RF Calibration using Google Cloud Workflows
	2667 - Code Generation in LLM Families A Quality Comparison of Reasoner and Regular Models
	2673 - Geleneksel ERP Otomasyonunda Engelleri Aşmak Oracle EBS Java Swing Modülleri için BDD Tabanlı Bir Otomasyon Çerçevesi - - - Breaking Barriers in Legacy ERP Automation: A BDD-Based Automation Framework for Oracle EBS Java Swing Modules 
	2680 - AI-Driven Synthetic Test Data and Scenario Generation via GAN-LLM Integration A Modular Approach for Web Application Testing
	2684 - Automatic Quality Dimension Tagging and Classification Using LLMs Applied to User Reviews in a Software Quality Context
	2689 - Yük Testi Hacimlendirmesi Gerçekçi Performans Testleri için Çok Boyutlu Bir Çerçeve - - - Load Test Volumization: A Multidimensional Framework for Realistic Performance Testing 
	2714 - AutoMOS Otomatik Mobil İşletim Sistemi Uyumluluk Testi İçin Akıllı Bir Framework - - - AutoMOS: An Intelligent Framework for Automatic Mobile OS Compatibility Testing 
	2718 - Savunma Sanayinde Yapılandırma Tetkiki ve Kalite Güvencenin Bütünleştirilmesi - - - Integrating Configuration Control and Quality Assurance in the Defense Industry
	2751 - The Influence of ChatGPT’s Questions and Answers on Student Learning in Software Design Patterns
	2773 - Enhanced Multimodal Diagram Search for Professional Facilitator Networks A Web-Based Educational Platform
	2774 - Understanding LLM Behavior in Test Case Prioritization A Comparative Study

	Data Mining - - Veri Madenciliği
	2245 - Graphlet Types and Application Domains A Review
	2489 - Bt Uzmanlarının Kariyer Başarılarını Analiz Eden Akıllı Sistem Yapay Zeka Tabanlı Bir Yazılım Çözümünün Geliştirilmesi Ve Uygulanması
	2523 - Benchmarking STT Systems for Turkish Accuracy and Transcription Performance Evaluation

	Hum. Comp. Inter.  - -  İnsan Bilgi. Etkileşimi
	2242 - Web Erişilebilirliği Değerlendirmesine Pa11y Tabanlı Bir Yaklaşım - - - A PA11Y Based Approach To Web Accessibility Evaluation
	2272 - Measurement of Virtual Reality Experiences through Electroencephalography
	2514 - Gaze and Eyebrow-Mediated Control of a Mini-Robot Prototype for Assistive Applications
	2623 - Augmented Reality Application for Relieving the Pain of Child Dental Patients
	2659 - The Optimal Action Set Evidence-Based Design Principles for Job Search Platforms

	Hight Per. Comp. - -  Yüksek. Baş. Hesp.
	2481 - Algorithmic Approaches and Performance Analysis of Data Parallelism Frameworks for Computing on Distributed GPUs

	Cloud Comp. - -  Bulut Bişim
	2320 - FASTER Function-As-a-Service Triggering for Efficiency and Responsiveness
	2345 - Explainable AI-Based Performance Prediction Using Optimised ML Models in Cloud Systems

	Q&A - - Soru Yanıt
	2259 - IVR ile Entegre Çağrı Yönetimi - - - IVR-Integrated Call Management System
	2378 - Heterogeneous CPU-GPU-Quantum Accelerator
	2453 - COMA++ Quantum-Enhanced Communication in Multi-Agent Reinforcement Learning for Marine Debris Collection Optimization 
	2512 - Design and Implementation of Quantum Kernel Convolution for Hybrid Neural Networks
	2765 - RAG Based Interactive Chatbot for Video Streaming Services

	Cryptology  - - Şifreleme
	2223 - High-Speed Prime Number Generation for Cryptographic Applications
	2366 - Adaptive image steganography using linear hash functions and chessboard-partitioned blocks
	2377 - Privacy-Aware PCA with Noise Perturbation for IIoT Data
	2465 - SME-SHIELD A Scalable AI Architecture for Third-Party Cyber Risk Assessment in Small and Medium Enterprises (SMEs)
	2479 - Effects of Post Quantum Cryptography on Financial Blockchains
	2485 - A Cost-Effective Statistical Learning Approach for Detection of DoS and Fuzzy Attacks in Controller Area Networks
	2821 - Corrector Student An Online Distillation-Based Framework for Distilling the Undistillable Teachers

	IoT - - Nesnelerin İnter.
	2257 - Kent içi Otopark Sorunlarına Akıllı Çözüm Sürdürülebilir ve Dönel Otopark Sistemi Yaklaşımı - - - An Intelligent Approach to Urban Parking Challenges: Sustainable and Automated Rotating Parking Systems
	2344 - Smart Surveillance for Pedestrian Protection An ESP32-Based Pedestrian Detection System with AI-Driven Voice Interaction and Real-Time Vehicle Communic
	2399 - A Secure End2End Automotive Driving Assistant with Secure Remote SW Update System
	2443 - A Multi-purpose Safety IoT Platform Focused on Earthquake Scenarios
	2734 - Tiremo: An End-to-End AIoT System Design to Enable Intelligence Over Connectivity 

	Inf. Tech - -  Bilgi Teknolojileri
	2328 - İkiz (Dijital ve Yeşil) Dönüşüm Aracı Olarak Kayıtlı Elektronik Posta (KEP) - - - Registered Electronic Mail (REM) as a Tool for Twin (Digital and Green) Transformation 
	2234 - The Foundations and Infrastructure Required for

Digital Transformation in the Jordanian Public

Sector
	2369 - Mnemonik Teknikler için Artırılmış Gerçeklik Yazılımı Geliştirilmesinde Sistem Mimarisi ve Konum Doğruluğu İzmir Kültürpark Örneği
	2454 - Methods And Algorıthm For Aı-Based Monıtorıng Of The Automated Power Supply System Status In Mobıle Control And Communıcatıon Complexes Under Crısıs Conditions - - - System Architecture and Location Accuracy in Developing an Augmented Reality Application for Mnemotechnics: The Case of İzmir Kültürpark

	NET - - - BAĞ
	2296 - ZigBee Based Indoor Localization via RSSI-Based Fingerprinting with Adaptive Path Loss Estimation
	2306 - Knowledge Defined Networking for 6G A Reinforcement Learning Example for Resource Management
	2406 - AI-Driven Smart Communication
	2534 - Inferring Location Information From Cell Data The Viterbi Algorithm As A Case Study
	2565 - Performance of AI Algorithms for Reliable Communication Against Jammer Threats in Dynamic Spectrum Access 
	2609 - Virtual PLCs in HCI Systems Enhancing Factory Automation Through Advanced Virtualization Technique

	BlockChain - - Öbek Zinciri
	2238  - Security Challenges in Cross-Chain DeFi Applications
	2668 - Enhancing AI-Driven DDoS Mitigation in SAGIN Networks via Blockchain Integration
	2781 - Güvenli ve Otonom Çalışan Sözleşmesi Yönetimi 

için Blokzincir Tabanlı Akılı Kontrat Sistemi: 

Hukuksal Teknolojiler ve Yapay Zeka Perspektifi 

- - - A Blockchain-Based Smart Contract System for Secure and Autonomous Employment Agreement Management: A Legal-Tech and AI Perspective

	Robotics - - Robot
	2388 - Distributed Fault-Tolerant Control of Drone Swarms An Experimental Study
	2482 - Sürü Zekâsı ile Ağaçlandırmaya Yönelik Otonom Drone Sistemi

	Signal - - Sinyal İşleme
	2346 - Optimizing Lis-Assisted Wireless Communication Systems Using Deep Learning
	2505 - Composite Time–Frequency Imaging and Deep Learning for Binary EEG-State Classification A Revised Comparative Study of VGG-19 and a Custom CNN
	2598 - Leveraging the Pre-trained Whisper Encoder for Multilingual Language Identification
	2325 - Privacy-Preserving Cyber Threat Intelligence: A Framework Combining Private Information Retrieval, Federated Learning, and Differential Privacy
	2461 - An Enhanced Fraud Detection for Recommendation Systems
	2530 - PromptShield: Policy-Aware DLP Framework for Generative AI Prompts
	2539 - A Data-Driven Framework for Predicting Flight Arrival Delays Using Integrated Aviation and Meteorological Data
	2581 - Jailhouse Hipervizörü Tabanlı Gömülü Çok Çekirdekli Karma Kritik Sistemin Performans Değerlendirmesi - - - Perfmance Evaluation of a Jailhouse Hypervisor-Based Embedded Multi-Core Mixed-Criticality System 
	2264 - An Ontological Model for Classification and Detection of Information Attacks in Social Media

	TurkLang.pdf
	2250 - A Novel Model of Deep Learning-Based Spelling Detection in Turkish
	2277 - The Boundarıes of Onomastıc Vocabulary
	2284 - Yazar Özgünlüğünü, Derlem ile İnceleme Üzerine bir Yaklaşım - - - An Approach to Examining Author Originality with a Corpus 
	2286 - General Structure of Uzbek Treebank
	2294 - Stаges оf Sentiment Аnаlysis оf Uzbek Texts Using the АBSА Methоd
	2299 - Improved Kazakh Named Entity Transcription Using Synthetic Speech
	2326 - Özbek Ağızları Derlemi Geliştirme Çalışması (Nurota İlçesi Kıpçak Ağzı Örneğiyle) - - - Development of an Uzbek Dialects Corpus (With an
	2329 - Morphotactic Models and Algorithms of the Uzbek Language
	2348 - İki Dilli Insanlar Konuşma Derleminda Sosyal Özgüllük Özelliklerinin Analizi - - -  Analysis of Social Specificity Features in Bilingual Speech Corpora
	2351 - Human-Annotated NER Dataset for the Kyrgyz Language
	2353 - Towards a Corpus of Scientific Metaphors in Uzbek
	2354 - The Poetic Corpus of Abdulla Oripov, Muhammad Yusuf, and Shavkat Rahmon Frequency Dictionary Analysis
	2363 - SentiUzNet A Domain-Independent Sentiment Lexicon for Uzbek and Its Application in Machine Learning Models
	2371 - Stages of Creating Uzbek language Multimedia Corpus
	2386 - NER Models for Automatic Recognition of Onomastic Units (Proper Nouns) in the Uzbek Language
	2391 - Automatic POS Tagging of Verbs in the Uzbek Language and the Algorithm for Identifying Person-Number and Tense Categories
	2395 - Stages of Creating an Uzbek-English Parallel Corpus and Principles of Selecting a Linguistic Base
	2401 - A SBERT-Based Hybrid Approach for Cognate Identification Between Turkish and Uzbek
	2403 - Punctuation Restoration in Uzbek Texts Using POS Tagging Techniques
	2446 - Creating an Annotated Dataset for Coreference Resolution in Uzbek Texts Based on the CoNLL-2012 Format
	2448 - A Survey of Turkic Language Modeling Challenges, Resources and Future Directions
	2458 - Bridging the Gap in Less-Resourced languages Building a Benchmark for Kyrgyz Language Models
	2524 - Concordance of the Poetry Corpus of Abdulla Oripov, Muhammad Yusuf, and Shavkat Rahmon
	2545 - SentiAzNet A Polarity Lexicon for Azerbaijani
	2555 - Özbek-Türk Dili Paralel Derlemi Yapisi, İçeriği ve Arama Sistemi - - - The Structure, Content, and Search System of the Uzbek-Turkish Parallel Corpus
	2600 - Zahiriddin Muhammed Babür’un Eserlerinin CorpusOluşturma Çalışmaları - - -Efforts to Create a Corpus of Zahiriddin Muhammad Babur’s Works
	2606 - Diyakron Derlemin Mimarisi ve Modeli
	2608 - Regarding the results of corpus linguistics in Turkic languages
	2621 - Phonological and acoustic analysis of consonant phonemes in the Uzbek language
	2624 - A Feedforward Neural Model for Morphological Stemming of Uzbek Words
	2626 - Analyzing semantic ambiguity and term structuring in Uzbek mining terminology
	2631 - Çevrimiçi dikte kontrolüne yönelik algoritmaların ve yazılım altyapısının geliştirilmesi - - -  Development of Algorithms and Software Infrastructure for Offline Dictation

Control
	2691 - Methods and Algorithms of POS-tagging of

Adverbs and Pronouns in Uzbek Texts
	2750 - Unified Emotion–Dialect Speech Platform for Turkic Languages via Multi-Task High-Dimensional Modeling
	2753 - The first electronic corpus of the Karachay-Balkar language and its unification problem
	2761 - Statistical POS Tagging Algorithms (HMM, CRF)
	2775 - Context-Based Multilingual Translation Technology on the Example of the Paratranslator platform
	2778 - The importance of transformational method in automatic translation
	2780 - Semiotic Universal as an Atomic Element of the Lexical-Grammatical Structure of the Tatar Language
	2797 -The Annotation of Turkic Copula Verbs in UD
	2814 - A Hybrid Named-Entity Recognition Algorithm for Ecological Documentation in Uzbekistan
	2820 - Geolinguistic System for Dialect Similarity Analysis Based on Associative Rules and Fuzzy Logic 
	2823 - Ontolinguistic Basis of Universal Linguistic

Kknowledge Graph “Turklang”
	2824 - Semantic annotation in electronic corpus of Tatar language “Tugan Tel” based on knowledge graph
	2825 - Explainable Artificial Intelligence Methods in Text Classification of Machine Learinng Models for Tatar Language
	2831 - Uzbek Terminology and Linguistic Engineering Integration: Principles of Semantic Tagging of Terms in Uzbek Scientific Discourse for Language Corpora



