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Abstract. This paper proposes a domain-knowledge-based hybrid model for 
coreference resolution in low-resource and morphologically rich languages, with a 
specific focus on Kazakh. Although recent neural and transformer-based approaches 
have significantly advanced the state of the art in high-resource languages, they depend 
heavily on large, annotated corpora and pretrained language models. Such resources 
are limited or unavailable for many low-resource languages, which negatively affects 



142

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 1 (25). INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 1 (25).

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

system performance and generalization. To address this challenge, the proposed Kazakh 
Coreference Adaptation (KCA) framework integrates statistical machine learning tech-
niques with explicit domain knowledge derived from ontologies, morphological con-
straints, and semantic rules. The architecture consists of several stages, including text 
preprocessing (tokenization, morphological analysis, part-of-speech tagging, named en-
tity recognition, and dependency parsing), mention detection, candidate pair generation, 
feature extraction, and weighted scoring. The model evaluates candidate antecedents us-
ing a combination of morphological agreement, case compatibility, syntactic roles, dis-
course distance, and semantic similarity measures. Experimental evaluation conducted 
on an annotated subset of the Kazakh National Corpus demonstrates that incorporating 
structured linguistic and domain knowledge significantly improves resolution accuracy 
and F1-score compared to baseline statistical models. The findings confirm that knowl-
edge-guided hybrid strategies effectively compensate for data scarcity. The proposed 
approach contributes an interpretable, adaptable, and resource-efficient framework for 
building robust NLP systems in low-resource language environments.

Keywords: reference resolution, coreference resolution, low-resource languag-
es, domain knowledge,  NLP,  hybrid model
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Аннотация. Бұл мақалада морфологиялық тұрғыдан күрделі және цифрлық 
ресурстары шектеулі тілдерге арналған кореференцияны анықтаудың пәндік 
білімге негізделген гибридті моделі ұсынылады (қазақ тілі мысалында). Қазіргі 
нейрондық және трансформерлік модельдер жоғары нәтижелер көрсеткенімен, 
олар үлкен көлемдегі аннотталған мәтіндерге және алдын ала үйретілген тілдік 
модельдерге тәуелді. Аз ресурсты тілдер үшін мұндай деректер қоры жеткіліксіз 
болғандықтан, модельдердің тиімділігі мен тұрақтылығы төмендейді. Ұсынылған 
Kazakh Coreference Adaptation (KCA) жүйесі статистикалық машиналық оқыту 
әдістерін онтологиялардан, морфологиялық шектеулерден және семантикалық 
ережелерден алынған пәндік біліммен біріктіреді. Жүйе мәтінді алдын ала өңдеу 
кезеңдерін (токенизация, морфологиялық талдау, сөз табын анықтау, атаулы 
бірліктерді тану, тәуелділік талдауы), кейін кандидаттарды анықтау, белгілерді 
шығару және салмақталған бағалау сатыларын қамтиды. Кандидат-антецедент 
жұптары морфологиялық сәйкестік, септік үйлесімі, синтаксистік рөл, дискурстық 
қашықтық және семантикалық ұқсастық негізінде бағаланады. Қазақ ұлттық 
корпусы негізіндегі эксперимент нәтижелері пәндік білімді енгізу модельдің 
дәлдігін және F1-көрсеткішін едәуір арттыратынын көрсетті. Зерттеу аз ресурсты 
тілдер үшін сенімді, түсіндірілетін және бейімделгіш NLP жүйелерін әзірлеуге 
маңызды үлес қосады.
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Аннотация. В статье предлагается гибридная модель разрешения 
кореференции для малоресурсных и морфологически сложных языков на 
примере казахского языка. Современные нейронные и трансформерные 
модели демонстрируют высокую эффективность в условиях наличия больших 
аннотированных корпусов и предварительно обученных языковых моделей. 
Однако для малоресурсных языков такие данные ограничены или отсутствуют, 
что существенно снижает качество автоматического анализа текста. Для решения 
данной проблемы разработана модель Kazakh Coreference Adaptation (KCA), со-
четающая статистические методы машинного обучения с явным использова-
нием предметных знаний. В архитектуру системы входят этапы предваритель-
ной обработки текста (токенизация, морфологический анализ, POS-теггинг, 
распознавание именованных сущностей и синтаксический разбор зависимо-
стей), обнаружение упоминаний, формирование кандидатных пар и извлечение 
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признаков. Оценка кандидатных антецедентов осуществляется на основе взве-
шенной комбинации морфологического согласования, совместимости по па-
дежу и числу, синтаксической роли, дискурсивной дистанции и семантической 
близости. Экспериментальная оценка, проведённая на размеченной части 
Казахского национального корпуса, показала, что интеграция онтологических 
и семантических ограничений значительно повышает точность и F1-меру по 
сравнению с базовыми статистическими моделями. Полученные результаты 
подтверждают эффективность комбинирования знаний предметной области и 
методов машинного обучения при разработке устойчивых и интерпретируемых 
систем обработки естественного языка для языков с ограниченными цифровыми 
ресурсами.

Ключевые слова: разрешение референций, разрешение кореференции, 
малоресурсные языки, знания предметной области, NLP, гибридная модель
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Introduction.
There has been a breakthrough in the development of Large Language Models 

(LLMs) in Natural Language Processing over the past few years. Transformer-based 
architectures (Vaswani et al., 2017) and large-scale pretrained models such as GPT and 
instruction-tuned systems (Brown et al., 2020; Ouyang et al., 2022) have demonstrated 
remarkable performance in question answering, summarization, and content generation 
tasks. Pretraining strategies such as BERT (Devlin et al., 2019) further advanced contex-
tual language understanding and enabled improvements in downstream tasks, including 
coreference resolution (Joshi et al., 2019; Lee et al., 2017).

Despite these advances, most successful models are designed and evaluated pri-
marily for high-resource languages. Processing morphologically rich and low-resource 
languages remains a challenge due to complex agreement systems, flexible word order, 
and agglutinative morphology. Coreference resolution, especially in long contexts, is 
still difficult even for modern architectures (Liu et al., 2023). Although long-context 
models such as Longformer (Beltagy et al., 2020) and BigBird (Zaheer et al., 2020) 
have been proposed, and efficiency improvements have been studied extensively (Tay 
et al., 2022; Huang et al., 2023), these approaches are optimized for English and other 
analytical languages.

This research lacuna explicitly manifests a challenge in needing approaches tar-
geted for low-resource languages, which also involve morphologically complex struc-
tures. These types of languages are best served by a hybridized technique that involves 
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linguistic rules, as well as a data-driven model. One of the most promising approaches 
in dealing with this problem is to make use of machine learning in conjunction with 
domain knowledge. While traditional statistical models lack the ability to incorporate 
knowledge from other sources, domain-based models can make use of other rules and 
ontologies that are able to provide a description of a logical relationship between entities 
in a text. The primary aim of this research is to develop a hybrid model that integrates 
machine learning with domain knowledge.

Materials and Methods.
The proposed Kazakh Coreference Adaptation (KCA) method is a hybrid model 

that combines rule-based linguistic techniques with supervised machine learning ap-
proaches. The main objective of the method is to reduce contextual breaks and maintain 
referential consistency in long texts by accurately resolving pronominal anaphora in 
morphologically complex and low-resource languages.

Our approach integrates domain knowledge into statistical learning, inspired by 
knowledge-augmented neural architectures (Lee et al., 2018; Zhang et al., 2021).

The system architecture of KCA (Kazakh Coreference Adaptation), presented in 
Figure 1, clearly demonstrates the stages of data processing and decision-making. The 
architecture consists of the following key blocks:

(a)      Data acquisition and preprocessing (tokenization, POS tagging, NER, 
morphological annotation),

(b)      Morphosyntactic analysis (dependency parsing),
(c)      Rule-based filters (morphology/case/number filter),
(d)      Feature extraction (morphological, syntactic, discourse distance, seman-

tic similarity),
(e)      Supervised learning layer (SVM / Decision Tree or another classifier),
(f)       Aggregation and decision-making (rule + ML weighting),
(g)      ) Final output - anaphora resolution.
These blocks are interconnected through clearly defined data flow: the rule-

based layer reduces the candidate set and passes only relevant ones to the ML layer; the 
ML layer assigns probabilities based on extracted features; finally, the rule-based and 
statistical scores are combined through weighted aggregation.

a. Data and Resources: The primary data source for this study 
was the Kazakh National Corpus (KNC). A manually annotated sub-
set of the corpus was selected, focusing specifically on examples of pronom-
inal anaphora. The data included literary, academic, and journalistic texts. 
Each text was segmented into sentences, tokenized, and annotated with morphological 
and syntactic features. The full dataset was split into training, validation, and test sets in 
an 80/10/10 ratio to ensure fair evaluation of the model’s performance.

b. Preprocessing and Linguistic Analysis: The initial phase of the KCA method 
involves linguistic analysis and data structuring:

Morphological analysis: Each word is analyzed to identify its root form, affixes, 
and grammatical attributes such as case, person, number, and possession.
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Fig. 1. System architecture for Kazakh coreference resolution

Syntactic analysis: Dependency trees are constructed to capture grammatical re-
lations within sentences, including subject–object dependencies.

Segmentation and tagging: Words and sentences are annotated consistently with 
morphological and syntactic labels.

The output of this phase is a morpho-syntactically enriched dataset prepared for 
subsequent rule-based and machine learning components.

c. Hybrid Coreference Resolution Algorithm (KCA Algorithm)
Mention detection: In this stage, potential referential expressions are automati-

cally extracted from the text. These include:
Pronouns (e.g., ол – he/she, олар – they, бұл – this, оның – his/her, etc.)
Proper nouns (e.g., Aigul, Murat, Almaty)
Noun phrases (e.g., young teacher, new book)
This stage utilizes a Part-of-Speech (POS) tagger and Named Entity Recogni-

tion (NER) models. Each mention is marked with its start and end index in the form of 
mention_span = [start, end].

Given a text sequence consisting of n words, the goal is 
to extract a set of possible referential mentions:

                                

(1)
where: and denote the start and end of the mention , 

is the mention type.
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The mention detection function is defined as:
 

      (2)
where:
is the set of POS tags representing pronouns, nouns, and named phrases,
is the set of NER categories corresponding to named entities and subjects.

Algorithm in Text Form
Initialize the set M as an empty set:
M ← ∅
For each token wi in the text T, perform the following steps:
Determine the part-of-speech tag of wi:
tag ← POS(wi)
Determine the named entity label of wi:
entity ← NER(wi)
Check whether the token belongs to a relevant category:
If tag is one of {PRON, NOUN, PROPN} or entity is in {PERSON, LOCATION, 

ORGANIZATION}, then:
Compute the start index of the token:
start ← index(wi)
Compute the end index of the token:
end ← index(wi) + len(wi)
Define the mention type based on the POS tag:
type ← define_type(tag)
Add the mention to the set M:
M ← M ∪ {(wi, [start, end], type)}
Return the final set M.

 d) Feature Extraction: At this stage, a set of morphological, syntactic, and se-
mantic features is constructed to characterize potential antecedent-anaphor relationships 
between identified mentions. These features serve as the main input for the machine 
learning component of the system.

For each mention pair where is a candidate antecedent and 
is a pronoun or subsequent mention, the feature vector is defined as:

                                                    (3)
where:
 -        - morphological similarity score,
 -        - syntactic role compatibility,
 -        - discourse distance between mentions,
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 -      -semantic similarity (via lexical knowledge base).
This feature vector is then passed to a classifier (e.g., SVM, Decision Tree), 

which estimates the coreference probability:

				   	 (4) 

Morphological Similarity Feature:  Morphological features are derived 
from Kazakh grammar and include agreement in person, case, number, gender, and pos-
sessiveness. The similarity function is defined as:

                     (5)

where:
-          Kis the number of morphological categories,
-           is the morphological attribute of mention m,
-           and 0 otherwise.
Mentions that share agreement in features like case and person (e.g., ол and 

мұғалім) have high similarity scores . In contrast, mismatches (e.g., sin-
gular vs. plural) reduce the score toward zero.

Syntactic Role Feature  This feature captures the grammatical function of 
mentions within the sentence - subject, object, modifier, etc. Compatibility is assessed 
via:

                  (6)

where  is a partial match coefficient (e.g., subject-object pairs might 

have 
Discourse Distance Feature:  The farther apart the antecedent and pronoun 

are in discourse, the less likely they are to be coreferent. This feature is modeled as:

                    (7)
where:
-          is the number of sentences between the two mentioned,
-           controls the decay rate.
For instance, if mentions occur in the same sentence (d = 0),  = 1; at a dis-

tance of 3 sentences, .
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Semantic  Similarity Feature: This metric uses the Kazakh Lexical Knowl-
edge Base (KLKB) or embedding models (e.g., word2vec) to measure conceptual prox-
imity:

                 (8)

where v(m) denotes the vector representation of mention m. If the semantic link 
is strong (e.g., teacher and he), then ;  otherwise, it tends toward 0 (e.g., teach-
er and book).

Combined Feature Model: All features are combined into a unified scoring func-
tion:

           (9)

where are empirically tuned weight coefficients. This weight-
ed sum is passed through a logistic function to produce the final probability:

         (11)

Table 1 – Weight Configurations and Corresponding CoNLL-F1 Scores.
w₁ (Morph) w₂ (Case/Num) w₃ (Dist) w₄ (SemSim) CoNLL-F1 (%)
0.40 0.20 0.20 0.20 73.8
0.50 0.15 0.15 0.20 72.6
0.30 0.25 0.25 0.20 71.9
0.35 0.20 0.25 0.20 74.2 (optimal)
0.25 0.25 0.25 0.25 70.3

Table 1 illustrates the impact of various weight combinations on system perfor-
mance using the CoNLL F1 metric. The experiments were conducted on 500 annotated 
anaphor–candidate pairs, with 5-fold cross-validation applied for each configuration. 
The results demonstrate that increasing the influence of morphological features (w₁ = 
0.35–0.40) leads to an optimal overall performance.

Accordingly, the final model adopted the configuration of (w₁ = 0.35, w₂ = 0.20, 
w₃ = 0.25, w₄ = 0.20). The configuration (w₁ = 0.35, w₂ = 0.20, w₃ = 0.25, w₄ = 0.20) was 
selected as the final model because it achieved the highest CoNLL-F1 score (74.2%). 
The stability of this configuration was confirmed through 5-fold cross-validation, where 
the performance remained consistently higher than other tested weight combinations. 
These parameters ensure model adaptability and stable performance across different 
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textual inputs.
Scoring and Antecedent Selection (Salience Scoring)
Rule-based Layer: This layer assesses candidates based on morphological and 

grammatical compatibility (person, case, number, and referential agreement). The filter-
ing is grounded in the morphosyntactic rules of the Kazakh language. Candidate refer-
ents are scored according to the following criteria:

Person Agreement: The pronoun (I/II/III) of the pronoun must match the subject 
or object in previous sentences.

Case Compatibility: The Kazakh case system (nominative, accusative, dative, 
ablative, locative, instrumental) helps determine the syntactic role of the referent.

Number Agreement: Singular/plural consistency between the pronoun and ref-
erent is mandatory.

Referential Type Compatibility: While Kazakh lacks grammatical gender, se-
mantic distinctions between human/non-human entities serve as soft filters.

Syntactic Distance: Antecedents closer to the pronoun are favored with a higher 
salience score.

Machine Learning Layer: This component assigns a probability score to each 
candidate, reflecting the likelihood of being the correct antecedent. The following algo-
rithms are used:

Support Vector Machine (SVM): Classifies candidate–anaphor pairs in a high-di-
mensional feature space, identifying the optimal separating boundary between coref-
erent and non-coreferent instances. Input features include sentence distance, syntactic 
dependencies, positional attributes, NER tags, and morphological agreement metrics.

Decision Tree: Models referent selection as a series of hierarchical decisions. 
Each node represents a morphological, semantic, or positional feature (e.g., “If candi-
date has PERSON NER tag → increase weight,” “If distance > 3 sentences → decrease 
weight”).

At the end of the classification process, each candidate receives a final confi-
dence score. The candidate with the highest weight is selected as the antecedent.

Algorithm RESOLVE_PRONOUN(T, candidates):
1. Initialize scores ← ∅
2. For each candidate c in candidates:
3.     # 1) Rule-based Filtering (Morphological & Syntactic Agreement)
4.     morph_score ← CHECK_MORPH_AGREEMENT (c, T.pronoun)
5.     case_score ← CHECK_CASE_COMPATIBILITY (c, T.pronoun)
6.     num_score ← CHECK_NUMBER_AGREEMENT (c, T.pronoun)
7.     dist_score ← COMPUTE_DISTANCE_SCORE (c, T.position)
8.     if morph_score == 0 OR case_score == 0:
9.         continue     # candidate eliminated
10.    rule_score ← WEIGHT1*morph_score + 
                    WEIGHT2*case_score + 
                    WEIGHT3*num_score + 
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                    WEIGHT4*dist_score
11.    # 2) Machine Learning Layer (Probabilistic Scoring)
12.    features ← EXTRACT_FEATURES(c)
13.    svm_prob ← SVM_MODEL.predict_proba(features)
14.    tree_prob ← DT_MODEL.predict_proba(features)
15.    ml_score ← (svm_prob + tree_prob) / 2
16.    # 3) Combined Final Score
17.    final_score ← α*rule_score + β*ml_score
18.    scores[c] ← final_score
19. # 4) Select candidate with highest score
20. best_candidate ← argmax(scores)
21. Return best_candidate
Results and Discussion.
This section presents the experimental results obtained using the Kazakh Coref-

erence Adaptation (KCA) hybrid method, along with performance evaluation metrics 
and a comparative analysis with traditional approaches. The primary goal of this study 
was to improve reference resolution accuracy in resource-constrained Kazakh language 
texts by integrating domain-specific linguistic knowledge with statistical models.

1. Evaluation Metrics
To assess the model’s effectiveness, three standard metrics commonly used in 

Natural Language Processing (NLP) were applied, following international benchmark-
ing protocols:

MUC (Message Understanding Conference): Measures recall by identifying the 
number of missing links in the predicted coreference chains compared to the gold stan-
dard.

B³ (B-cubed): Evaluates precision by checking how accurately each individual 
mention has been assigned to its correct coreference cluster.

CEAF (Constrained Entity Alignment F-measure): Quantifies the alignment ac-
curacy between predicted and actual entities, providing an overall F1 score.

CoNLL F1: The final performance score is calculated as the harmonic mean of 
the MUC, B³, and CEAF scores, offering a holistic view of model quality.

Experimental Results
The experiments were conducted using the annotated subset of the Kazakh Na-

tional Corpus (KNC). During evaluation, the performance of the proposed KCA hybrid 
model was compared to baseline models that rely solely on statistical methods. The 
results demonstrate that incorporating linguistic rules and domain knowledge into the 
model significantly enhances reference resolution performance, particularly in morpho-
logically rich and low-resource settings such as Kazakh.

Figure 2 below illustrates the performance comparison between the baseline 
model and the KCA hybrid model across four core metrics. The blue line (baseline 
model) shows scores ranging between 51 % and 58 %, while the red line (KCA model) 
achieves results in the 68 % to 72 % range. An average performance gap of approxi-
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mately 15 % is observed between the two models.

Fig. 2. Model Comparison

Fig. 3. Performance of the KCA Model

Figure 3 presents a line graph illustrating the performance gain of the KCA mod-
el. According to the B³ metric, the model reaches a peak improvement of 17.3 %. For 
the remaining evaluation measures, the performance increase remains steady within the 
13.7 % to 15.8 % range, clearly demonstrating the overall effectiveness of the model.
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Fig. 4. Error Analysis

The line graph depicting five types of error categories enables a clear comparison 
between the baseline model (Figure 4) and the KCA model. The blue line represents the 
baseline model’s error levels, ranging between 14 % and 28 %, indicating a high overall
error rate. In contrast, the red line represents the KCA model’s results, with significantly 
lower error levels between 4 % and 12 %, demonstrating the enhanced effectiveness of 
the new model.

A particularly noticeable improvement is seen in the False Negative category: 
the baseline model exhibits a 28 % error rate, whereas the KCA model reduces this to 12 
%. This significant drop highlights the KCA method’s improved capability in correctly 
identifying antecedents.

The performance of the KCA and KazBERT models was compared based on 
standard CoNLL metrics. In terms of the Recall metric, the KazBERT model achieved a 
score of 70.8 %, while the proposed KCA method reached 75.4 %. This result confirms 
the superior ability of KCA to comprehensively identify antecedents, i.e., it is more 
effective at detecting anaphoric links. This strength is particularly important in applied 
linguistics and knowledge engineering domains where full coverage of information is 
critical. The comparison results are shown in Table 2 below.

Table 2 – Comparative Results of KCA and KazBERT Models.
Модель F1-Score (CoNLL) Precision Recall
KCA 72.4 % 75.2 % 70.1 %
KazBERT 76.8 % 78.0 % 75.4 %

In the primary scenario addressed in this study-identifying referential links be-
tween pronouns and nearby candidate antecedents, the KCA model demonstrated pow-
erful performance. However, several complex linguistic phenomena frequently encoun-
tered in real-world texts continue to present challenges. The main problematic cases and 
the approaches applied or proposed to address them are as follows:
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Ellipsis: In elliptical constructions, key elements of a phrase may be omitted, 
making it difficult to resolve the reference based on a single sentence. In such cases, 
the model leverages syntactic parse trees and rule-based templates to retrieve missing 
context from preceding sentences. Semantic similarity and discourse distance features 
play a critical role in inference.

Zero Anaphora: In Kazakh, the subject is sometimes omitted but understood 
implicitly, especially in informal or stylistic contexts. Here, the model uses topic-based 
priors and ontological knowledge drawn from the textual domain to boost the salience 
of likely antecedents. If the document topic and the previous sentence’s subject align, 
the corresponding candidate is assigned a higher confidence score.

Metonymy: Metonymic expressions-such as referring to “professors” as “the 
university “can introduce ambiguity in reference resolution. To address this, the sys-
tem incorporates NER tagging and semantic filtering through a knowledge base. When 
needed, entity-type exclusion rules are applied to disambiguate metonymic references.

To process such complex phenomena, the system includes specialized post-pro-
cessing modules, including semantic filters, topic priors, and heuristic rules. These 
mechanisms have reduced many typical errors, though full resolution, especially in cas-
es of metonymy and long-distance references-remains an open challenge. Despite archi-
tectural improvements such as Longformer (Clark et al., 2019) and BigBird (Wu et al., 
2022), morphologically rich languages remain underexplored in long-context modeling 
scenarios. Therefore, handling these cases more robustly is proposed as a direction for 
future research and refinement.

Conclusion.
This study proposes an effective approach to reference resolution in low-resource 

morphologically rich languages like Kazakh. The hybrid model, Kazakh Coreference 
Adaptation (KCA), combines linguistic rules, syntactic structures, and domain-specif-
ic semantic knowledge with machine learning techniques. This integration allows the 
model to achieve robust results even under data-scarce conditions.

Experimental evaluations revealed that the KCA model significantly improved 
performance compared to baseline methods. The overall CoNLL F1 score increased 
from 54.5 % to 70.3 %, with individual metric gains ranging from 13 % to 17 % (MUC, 
B³, CEAF). Notably, the B³ metric saw a 17.3 % improvement, emphasizing the impact 
of rule-based filtering tailored to Kazakh’s morphological features.

Domain-specific analysis showed variation across topics: political texts yield-
ed the highest accuracy (71 %) due to more stable reference patterns, while econom-
ic texts performed lower due to complex terminology. Error analysis confirmed that 
KCA reduced all major error types-False Negative, False Positive, and mismatched pro-
nouns-by nearly half compared to the baseline model, underscoring the efficacy of the 
hybrid architecture.

The scientific contribution of this work lies in providing a practical solution that 
can be adapted for other morphologically rich and low-resource languages. While de-
veloped for Kazakh, the KCA framework can be extended to related Turkic languages. 
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It also underscores the importance of integrating domain knowledge into neural NLP 
systems when data availability is limited.

The proposed method contributes meaningfully to the Kazakh NLP ecosystem 
and opens pathways to other applications such as anaphora resolution, text summariza-
tion, and information retrieval.

The proposed approach presents promising results, but several enhancements 
can be pursued to further improve its effectiveness and applicability. One key direc-
tion involves integrating contextual embeddings from multilingual or Kazakh-specific 
BERT models to refine semantic similarity calculations during feature extraction. This 
could help the system better capture nuanced meanings in complex linguistic structures.

Additionally, the current model relies on manually tuned parameters. Employing 
automatic hyperparameter optimization methods-such as Bayesian Optimization or Hy-
peropt-could significantly increase adaptability and model performance across varying 
datasets. Expanding the annotated corpus is another vital step. Incorporating texts from 
diverse domains like politics, economics, and sports would ensure broader generaliza-
tion and reduce overfitting to specific content styles.

To address remaining challenges in linguistic complexity, specialized modules 
can be developed to handle ellipsis, zero anaphora, and metonymic expressions more 
reliably. These enhancements would be especially valuable in real-world applications, 
such as dialogue systems, question-answering platforms, and information retrieval en-
gines, where accurate coreference resolution is essential. Finally, adapting the approach 
through transfer learning to other Turkic languages-and possibly integrating it into mul-
tilingual models-would help extend its relevance and effectiveness across languages 
with similar morphological traits.
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