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COMPUTATIONAL THINKING AS CREATIVE MODELING
IN AI-ASSISTED INTELLIGENT PROGRAMMING

Ualsher Tukeyev
Al-Farabi Kazakh National University, Kazakhstan
E-mail: ualsher.tukeyev@gmail.com

Al-assisted programming tools and large language models have
fundamentally changed software development. Today, Al can generate
full codebases, suggest architectures, create tests, and even assemble
deployable systems from high-level prompts. While this dramatically
accelerates implementation, it does not eliminate the need for
structured problem formulation and model-level reasoning.

This plenary lecture proposes a modeling-centered interpretation of
computational thinking in the era of Al-assisted development. Rather
than equating computational thinking with coding, we argue that its
constructive phase lies in creative modeling—the explicit design of
executable computational models grounded in domain constraints,
representation choices, and validation criteria.

In practice, creative modeling involves:

(1) defining the problem space and non-negotiable constraints,

(2) selecting or designing appropriate computational
representations that explicitly encode domain structure and
constraints,

(3) constructing hybrid executable models, and

(4)specifying validation procedures independent of implementation
details.

Al-assisted programming then operates as an implementation
accelerator within this structured workflow. The approach is illustrated
through a hybrid symbolic-neural model of Kazakh morphological
structure, where constraint-aware modeling ensures structural
correctness while neural components enableplenary generalization.
Experimental results demonstrate that explicitly modeled constraints
improve robustness and reduce structurally invalid outputs compared
to unconstrained neural solutions.

The lecture concludes by outlining when creative modeling becomes
essential: in constraint-sensitive systems, hybrid architectures,
explainable Al applications, and validation-critical domains. In such
contexts, intelligent programming requires not only code generation
but explicit model construction and verification.

This perspective reframes the role of the human engineer: from code
producer to model architect responsible for structural integrity and
correctness in Al-driven systemes.
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LARGE LANGUAGE MODELS
FOR ASPECT-BASED SENTIMENT ANALYSIS
IN CONSUMER SERVICE

Mersaid Aripov
National University of Uzbekistan of Mirzo Ulugbek, Uzbekistan
E-mail: m.aripov@nuu.uz

The rapid growth of digital platforms has transformed online consumer
reviews into an important source of social-behavioural data, reflecting
how citizens evaluate services, express satisfaction or dissatisfaction,
and communicate expectations toward businesses and institutions. In
emerging digital societies, such data can support evidence-based
service improvement and provide valuable insight into patterns of
public perception. However, for low-resource languages such as Uzbek,
the practical use of online review data remains limited by the lack of
large, high-quality annotated datasets and robust language
technologies. This talk addresses that gap by presenting a large
language model (LLM)-driven framework for Aspect-Based Sentiment
Analysis (ABSA) of Uzbek online service reviews, with a focus on the
banking, retail, and HoReCa sectors. The proposed direction is closely
aligned with the conference’s interest in applying computational and
Al-based methods to social-behavioural phenomena. Unlike
conventional sentiment analysis, which reduces reviews to broad
positive or negative labels, ABSA enables a more fine-grained
understanding of how users judge specific aspects of service
experience, such as staff behaviour, response speed, pricing, delivery
quality, product reliability, and digital interaction quality. This makes
ABSA especially relevant for modelling consumer perceptions as
complex social signals rather than simple emotional reactions. In
multilingual and low-resource contexts, such modelling is not only a
technical challenge but also a social one, because it determines
whether digitally expressed public opinion can be transformed into
structured knowledge for decision-making and service redesign. The
Uzbek case is particularly important because it represents a growing
digital market where user-generated content is increasing, while
computational resources for language understanding remain
underdeveloped.

The proposed research framework is based on the collection and
processing of more than 30,000 Uzbek-language consumer reviews
from the Sharh platform. To overcome the bottleneck of manual
annotation, the study employs open-source LLMs, including models
such as Llama 3 and Mistral, as annotation assistants for aspect
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extraction and sentiment labelling. These model-generated
annotations are refined through structured human feedback and
evaluated against a manually prepared gold set, supported by
consistency checks and an LLM-as-a-Judge validation strategy. The
resulting resource is designed to support the training and evaluation of
end-to-end ABSA models that can predict aspect-level sentiment
directly from raw Uzbek reviews. In methodological terms, the study
combines recent advances in generative Al with low-resource NLP,
while in practical terms, it creates a scalable pathway for transforming
unstructured public opinion into structured behavioural evidence.
Beyond the technical pipeline, the central contribution of this work lies
in demonstrating how Al can be used to model consumer behaviour in
a socially meaningful way. By comparing aspect-level sentiment
patterns across service domains, the research aims to identify which
dimensions of service quality most strongly shape user satisfaction and
dissatisfaction in the Uzbek context. This creates opportunities for
more responsive service management, comparative sector analysis,
and stronger links between computational modelling and real-world
policy or organisational improvement. More broadly, the talk argues
that low-resource languages should not be relegated to the margins of
digital social science. Instead, they should be treated as essential test
cases for inclusive Al development, where methodological innovation
must be combined with linguistic sensitivity and societal relevance. In
this sense, Uzbek online reviews are more than commercial feedback:
they are a form of digitally mediated social behaviour that can help
researchers and practitioners better understand trust, expectations,
and quality of experience in contemporary creative societies.



LARGE LANGUAGE MODELS FOR UNDER-RESOURCED
LANGUAGES: FROM TEXT UNDERSTANDING TO
MULTIMODAL RETRIEVAL

Mieradilijiang Maimaiti
Xinjiang University, China
E-mail: miradel_51@hotmail.com

Large language models (LLMs) have demonstrated remarkable
capabilities across a wide range of natural language processing and
multimodal tasks. However, their performance remains limited in
under-resourced language scenarios due to insufficient training data,
weak linguistic coverage, and a lack of multimodal supervision. This
talk presents our recent efforts to advance LLMs for under-resourced
languages in both text-only and multimodal settings. The presentation
begins with a brief overview of the foundations of LLMs, examining
their applications, challenges, and limitations in under-resourced NLP
tasks. Subsequently, we explore recent research on LLM-based
machine translation, covering instruction data construction, prior
knowledge integration, chain-of-thought prompting, and linguistically
aware translation strategies for under-resourced and morphologically
rich languages. The focus then shifts to our recent progress in
multimodal learning, highlighting the automatic construction of
multimodal corpora, efficient multimodal fusion, and vision-aware
retrieval mechanisms for under-resourced translation and caption
generation. Finally, the discussion turns to our ongoing explorations of
retrieval-augmented generation (RAG) and the development of
custom large language models for multilingual understanding and
generation in under-resourced languages.
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ON THE THEORY OF TECHNOLOGICAL REGRESSION
OF THE ECONOMY: NECROECONOMICS, ZOMBIE-
ECONOMICS, RETROECONOMICS, AND SANCTIONOMICS

Vladimer Papava
Thbilisi State University, Sakartvelo
E-mail: vladimer.papava@tsu.ge

The theory of economic progress has been extensively developed by
leading economists, including Joseph Schumpeter, Robert Solow,
Robert Lucas, and Douglass North. By contrast, a systemic theory of
economic regression remains in its formative stage. One important
dimension of economic regression is technological decline within the
economy.

The presentation examines four distinct theoretical approaches to the
issue of technological regression: necroeconomy (as a legacy of the
command economy), zombie-economy (as an outcome of financial
crises), retroeconomy (coming from a global tendency toward the use
of outdated technologies), and sanctionomy, reflecting constraints on
access to advanced technologies under economic sanctions.

The presentation proposes an effective mechanism for overcoming
necroeconomics, zombie-economics, and retroeconomics, grounded
in a fundamental reform of bankruptcy legislation. In the case of
sanctionomics, it assesses the effectiveness of economic sanctions, and
demonstrates that the persistence of informal or illegal forms of
globalization creates tangible opportunities to circumvent them.

10
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ROBUST MULTI-OBJECTIVE OPTIMIZATION OF
OMNICHANNEL CLOSED-LOOP FOOD SUPPLY CHAINS WITH
BLOCKCHAIN, IOT, AND BIOFUEL INTEGRATION

Sankar Kumar Roy
Vidyasagar University, India
E-mail; sankroy2006@gmail.com; roysank@mail.vidyasagar.ac.in

Food supply chains today are no longer linear—they are complex, data-
rich, and increasingly circular. This necessitates integrated, technology-
driven frameworks to achieve efficiency and sustainability. This talk
asks a simple but critical question: how can we redesign the closed-
loop food supply chain to be both intelligent and sustainable?

In connection with the question, we would learn how to investigate the
synergistic deployment of omnichannel strategies, Internet of Things
(loT)-enabled RFID systems, and blockchain technology to enhance
traceability, operational transparency, and decision-making across the
network.

A closed-loop perspective is adopted, emphasizing the value of food
waste into biofuel to simultaneously address waste management and
renewable energy generation, thereby reducing carbon emissions. To
capture system dynamics, a multi-period, bi-objective optimization
model is formulated wunder uncertainty, incorporating robust
optimization techniques for demand, supply, and process variability.
The proposed model is solved using an e-constraint method to
generate Pareto-efficient solutions balancing economic and
environmental objectives, followed by TOPSIS-based ranking to
identify preferred strategies.

Computational experiments across multiple instances, supported by
sensitivity analysis, demonstrate that the integration of omnichannel
logistics with loT and blockchain significantly improves supply chain
resilience, sustainability performance, and operational efficiency. The
findings offer both theoretical advancement and actionable insights
for designing next-generation sustainable food supply networks.

N
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ALTRUISTIC BEHAVIOR IN GAME-THEORETIC
ENVIRONMENTAL MODELS

Vladmir Mazalov
St. Petersburg State University, Russia
E-mail; vimazalov@yandex.ru

We consider a game-theoretic environmental model described by a
differential game with an infinite horizon. The traditional approach is
that players are rational and use selfish behavior that maximizes their
personal winnings. But the selfish behavior of the players can have a
negative impact on the environment. The reason is the limited supply
of resources, which is influenced by all players (the tragedy of
communs). We propose the concept of altruistic equilibrium in a
differential game related to environmental issues and compare them
with the Nash equilibrium. We assume that the players are connected
by some network structure. According to the concept of altruistic
equilibrium, players can offset a portion of other players' related
payoffts with a portion of their own profits. We conduct numerical
simulations and demonstrate the effectiveness of this approach in
solving problems related to the use of natural resources related to the
exploitation of natural resources.

12
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STRENGTHENING HUMAN AND SOCIETAL RESILIENCE
IN UNCERTAIN TIMES

Lina Volodzkiene
Mykolas Romeris University, Lithuania
E-mail: [ina.v@mruni.eu

Recent crises have shown that the same shock can have very different
consequences across societies. Some recover relatively quickly, while
others face lasting losses in human development, widening
inequalities and new forms of vulnerability. These differences cannot
be explained by economic prosperity alone. They raise a broader
question of resilience: what enables societies not only to withstand
disruption, but also to adapt, learn and continue developing when
uncertainty persists? This question is becoming increasingly important
as different sources of uncertainty — pandemics, geopolitical tensions,
climate change, socio-economic inequality, energy insecurity and
technological disruption — overlap and reinforce one another. Under
such conditions, resilience is more than the ability to recover and return
to where we were before. Resilience is the capacity to cope with change
while maintaining the ability to adapt, learn and continue developing.
It involves anticipating and withstanding shocks, adapting when
circumstances change, learning from difficult experiences and using
that experience to respond better to future challenges. Resilience
therefore depends not only on economic resources, but also on human
capabilities and opportunities, access to essential resources and
services, social cohesion and the capacity of institutions to respond to
change.

Comparative analysis of country clusters shows that resilience is not
evenly distributed. Similar global shocks can produce very different
outcomes, with countries at higher levels of human development
generally showing a stronger capacity to absorb shocks and recover.
Yet the findings also show that being more developed does not
automatically mean being more resilient. Inequality changes this
picture considerably: when differences in the distribution of health,
education and income are taken into account, the actual gains in
human development are significantly reduced, particularly in less
developed country groups. At the same time, countries with the
highest levels of human development tend to place greater pressure
on the planet. This reveals an important paradox: development can
strengthen the capacity to cope with some shocks while creating new
vulnerabilities and risks for the future.

These findings point to resilience as a capacity that is built over time
rather than activated only when a crisis occurs. Resilient societies are

13
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not those that avoid shocks, but those that are better prepared for
them, can adapt when conditions change and can learn from crises
without losing the foundations of human development. This also
changes the role of public policy. Policy cannot focus only on managing
the consequences of crises; it needs to create the conditions for
resilience before crises occur — by reducing vulnerability, strengthening
human capabilities and opportunities, ensuring access to essential
services, supporting social cohesion and building institutions capable
of anticipating and responding to change. The challenge is not to
eliminate uncertainty, but to prevent it from repeatedly turning into
lasting human and societal vulnerability. Resilience is therefore not
only about recovering from the last crisis; it is about being better
prepared for the next one.

14



ANNOTATION OF COREFERENCE IN UZBEK TEXTS
USING INCEPTION: A PIPELINE-BASED APPROACH

Shakhlo Abdisalomova
Tashkent State University of Uzbek Language and Literature
named after Alisher Navoi, Uzbekistan
E-mail: abdisalomovashahlo@gmail.com

Coreference resolution is a fundamental task in Natural Language
Processing (NLP) that aims to identify and link linguistic expressions
referring to the same real-world entity within a text. While substantial
progress has been made for high-resource languages, this task
remains insufficiently explored for low-resource languages such as
Uzbek, mainly due to the lack of annotated corpora and standardized
annotation methodologies.

This paper presents a pipeline-based approach for annotating
coreference in Uzbek texts using the INCEpTION platform. The
proposed framework organizes the annotation process into a
structured and reproducible workflow, including data collection,
preprocessing, multi-layer annotation, coreference linking, validation,
and data export. A language-specific annotation scheme is designed
to address the unique linguistic characteristics of Uzbek, such as pro-
drop phenomena, rich morphology, and flexible word order.

The annotation process is carried out within the INCEpTION
environment, where referential expressions are identified and linked
into coreference chains. To ensure annotation quality and consistency,
inter-annotator agreement is evaluated and used to refine the
annotation guidelines. The resulting dataset is exported into standard
machine-readable formats, such as CoNLL and JSON, enabling its use
in downstream NLP tasks.

The experimental findings indicate that the proposed pipeline provides
an effective and scalable solution for building annotated corpora in
low-resource settings. The developed Uzbek coreference corpus
constitutes a valuable resource for future research and can support the
development of coreference resolution models for Uzbek and other
related languages.

15
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AUTOMATIC SPELLING ERROR DETECTION AND
CORRECTION FOR THE UZBEK LANGUAGE
USING NLP APPROACHES: A SYSTEMATIC REVIEW

Nilufar Abdurakhmonova
National University of Uzbekistan, Uzbekistan
E-mail; n.abduraxmonova@nuu.uz

Sevinch Kenjayeva
National University of Uzbekistan, Uzbekistan
E-mail: kenjayeva_s@nuu.uz

Spelling error detection and correction are foundational tasks in natural
language processing (NLP), with practical applications in text editors,
search engines, optical character recognition (OCR) post-processing,
and automated writing assistance. While high-resource languages
such as English have benefited from decades of research and
standardised evaluation benchmarks, the Uzbek Ilanguage—an
agglutinative Turkic language with an estimated 35 to 47 million native
speakers—remains under-resourced in the NLP domain. This paper
presents a systematic review of spelling error detection and correction
methods as applied to Uzbek, covering rule-based and dictionary-
lookup approaches, statistical language models, machine learning
classifiers, and transformer-based pre-trained language models. The
review describes the morphological properties of Uzbek that
complicate spelling correction, including agglutinative word
formation, partial vowel harmony, historical script changes between
Arabic, Cyrillic, and Latin alphabets, and inconsistent orthographic
conventions in digital text. Comparisons with Turkish, Kazakh, Finnish,
and English contextualise the Uzbek findings within the broader
agglutinative NLP literature. The review identifies the absence of a
standardised benchmark error corpus as the most critical limiting
factor for progress, alongside the limited coverage of existing
morphological analysers. Concrete directions for future research are
proposed, including cross-lingual transfer from Turkish, expanded
annotated datasets, and integration of transformer pre-training with
morphological constraints.

16
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ANNOTATION-BASED SOCIO-LINGUISTIC MODELLING
OF THE UZBEK AUDIO CORPUS

Nilufar Abdurakhmonova
National University of Uzbekistan, Uzbekistan
E-mail; n.abduraxmonova@nuu.uz

Mavluda Urazaliyeva
Chirchig State Pedagogical University, Uzbekistan
E-mail: mavludaurazaliveva@gmail.com

This paper investigates how socio-linguistic features of spoken Uzbek
can be captured through corpus annotation, thematic classification,
and interface design. Working with roughly 1,500 audio files drawn
from student recordings and news broadcasts published by Kun.uz in
2024, we built a corpus that reflects the genuine diversity of
contemporary Uzbek speech. Annotation was carried out across
multiple layers—phonetic and orthographic transcription, speaker
metadata, dialect tagging, and thematic labelling—so that each
recording carries enough information for both linguistic and
computational analysis. Frequency counts show that coverage skews
toward international affairs, technology, politics, and economics, while
phonetic data confirm that spoken Uzbek varies considerably across
regions and social groups. We also describe a search interface that lets
users query the corpus by metadata, theme, or transcript type. Taken
together, these components position the corpus as a practical resource
for corpus linguistics, speech-technology development, and NLP work
on low-resource Turkic languages.
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SURVEY ON RECENT DEVELOPMENT OF THE MARKOV
DECISION AND SEMI-MARKOV DECISION PROCESSES

Olabode Adewoye
Yaba College of Technology, Nigeria
E-mail: olabode.adewoye@yabatech.edu.ng

Our world is bedeviled with uncertainty and complexity. The human
body is an excellent example of a complex system. This system is
composed of several parts that all interact to produce a greater whole.
Each system-the circulatory, the endocrine, the respiratory, etc.- has its
own intricate processes, functions, and even unique roles, but when
combined with one another, create a wonderfully efficient and intricate
whole. The human body system is system of systems, and it is extremely
complex; The Sustainable development goals is system of systems.
Markov models originated with A.A. Markov and were further extended
by R.A. Howard and later, many other contributors, formulated,
analyzed, and evaluated simple and advanced models to solve the
world's dynamic and complex problems ranging from genetics to
robotic engineering and to maintenance problems and sustainable
development. When developing an appropriate model for a complex
problem, we must answer the following questions: Is the data
available/information sufficient; Do we use existing records or conduct
a new enquiry or survey; Is the problem properly defined;

What model to be used; How do we construct the model; How do we
analyze the system, identify variables and their interrelationships; Can
we think of any existing model; Do we use the system approach or the
pragmatic approach; How do we manipulate the model to produce a
solution; How do we establish the control?

This work surveys recent developments in Markov decision processes
(MDPs) as well as provides insight into how MDPs and Semi-Markov
Decision Processes can be applied to a variety of problems.

The Semi-Markov Process is a process whose successive state
occupancies are governed by the transition probabilities of a Markov
process. But its stay in any state is described by an integer-valued
random variable that depends on the state presently occupied and on
the state to which the next transition will be made. Thus, at transition
instants, the Semi—-Markov process behaves just like a Markov process.
However, the times at which transitions occur are governed by a
different probability mechanism

The Model: Consider a complex problem which can be described. We
augment our description by saying that whenever the system enters a
state, the probability and reward functions governing departure from
it are not fixed, but rather may be selected from among a finite set of

18
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alternatives. Associated with the Kth alternative in state i are the
transition probability to the next state, the holding time, the yield rate,
the bonus, and the probabilistic and reward measures derived from
these quantities. The findings show that any practical problem
involving complexity and uncertainty can at least be modeled as a
Markov model, provided we can break the problem into states,
establish the transition probabilities, and the reward structure and the
optimization criteria are known.
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DEVELOPMENT OF NEURAL MODELS FOR SPEECH
RECOGNITION AND TEXT SUMMARIZATION IN THE UZBEK
LANGUAGE

Dilnaz Akhmetova
Al-Farabi Kazakh National University, Kazakhstan
E-mail: dinaakhmetova555@gmail.com

Ualsher Tukeyev
Al-Farabi Kazakh National University, Kazakhstan
E-mail: ualsher.tukeyev@agmail.com

This paper presents an integrated speech-to-summary pipeline for
Uzbek, a low-resource Turkic language characterized by agglutinative
morphology and limited annotated resources. The study addresses two
interconnected tasks: automatic speech recognition (ASR) and
abstractive text summarization for Latin-script Uzbek. For ASR, the
pretrained wav2vec2-xls-r-300m-based model (oyqgiz/uzbek_stt) was
fine-tuned on Mozilla Common Voice corpora and combined with a
KenLM 3-gram language model. The proposed approach reduced word
error rate (WER) from 48.48% in the zero-shot baseline to 25.32% on
Common Voice 17.0, while additional training on Common Voice 25.0
further improved performance to 11.37% WER. The results demonstrate
that language-model integration and corpus expansion effectively
overcome the performance limitations of CTC-based architectures for
morphologically rich languages. For summarization, one of the first
documented Latin-script Uzbek summarization corpus was
assembled, comprising 12,096 text-summary pairs sourced from news
and multilingual summarization resources. Parameter-efficient
adaptation of MT5-XLSum using LoRA (r=32) achieved a 30.7%
improvement in ROUGE-1 compared with the zero-shot baseline. The
study additionally analyzes the limitations of ROUGE evaluation for
agglutinative languages and complements it with BERTScore and
qualitative analysis.

The developed ASR and summarization modules were integrated into
a unified speech-to-summary system. Experimental evaluation shows
that the pipeline preserves approximately 90% of summarization
quality at realistic ASR error rates. The proposed methodology and
resources contribute to the development of neural language
technologies for Uzbek and may be transferred to other low-resource
Turkic languages.
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LARGE LANGUAGE MODELS FOR ASPECT-BASED SENTIMENT
ANALYSIS OF UZBEK SERVICE SECTOR REVIEWS

Mersaid Aripov
National University of Uzbekistan of Mirzo Ulugbek, Uzbekistan
E-mail: m.aripov@nuu.uz

Sanatbek Matlatipov
National University of Uzbekistan of Mirzo Ulugbek, Uzbekistan
E-mail: smatlatipov@nuu.uz

Online consumer reviews have become a primary form of digitally
mediated social-behavioural data, encoding how citizens evaluate
services, articulate expectations, and signal trust toward businesses
and institutions. For low-resource languages such as Uzbek, the
practical use of this signal is constrained by the absence of fine-grained
sentiment resources and by the limited Uzbek coverage of multilingual
encoders.

We present UzABSA-LLM, an end-to-end framework that fine-tunes
open-source large language models (LLMs) with QLoRA for Aspect-
Based Sentiment Analysis (ABSA) on Uzbek service-sector reviews, and
that turns a single fine-tuned model into a scalable, quality-controlled
multidomain annotation engine. Under an identical QLoRA
configuration we compare Qwen-2.5-7B, Llama-3.1-8B and DeepSeek-
R1-Distill-Qwen-7B, evaluate them on a 618-sentence held-out test split,
and run them as zero/few-shot baselines before fine-tuning. We then
deploy the strongest model as an annotator over 5038 multi-domain
reviews spanning 23 business categories, score predictions on a 307-
review stratified sample with an LLM-as-Judge rubric (GPT-40-mini),
and human-verify a 50-review subset (94% gold-agreement). Fine-
tuning recovers a clear margin over base models: Qwen-2.5-7B reaches
an Aspect-Term Extraction F1 of 0.660 and a perfect 100% JSON parse
rate, while Llama-3.1-8B reaches the best end-to-end aspect—polarity Fl
of 0.581 and sentiment accuracy of 0.886.

Strikingly, the ranking by validation cross-entropy differs from the
ranking by ABSA task metrics, with implications for model selection in
structured extraction. The resulting silver corpus of 9,884 annotated
aspects across banking, retail and HoReCa surfaces aspect-level
satisfaction patterns that are directly interpretable as social signals. We
release the dataset, code, and fine-tuned adapters to support inclusive
Al development for Uzbek and other low-resource languages.
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OPERATIONS RESEARCH FRAMEWORK FOR TRANSPARENT
DECISION SUPPORT IN GOVERNMENT PROGRAM
MANAGEMENT

Akhmed Baikhojayev
Narxoz University, Kazakhstan
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Mafura Uandykova
Narxoz University, Kazakhstan
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Leonidas Sakalauskas
Vytautas Magnus University, Lithuania
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Public administration faces a structural contradiction that existing
research has not resolved. Governments increasingly adopt opaque
machine-learning architectures in pursuit of better decisions—yet
opacity is precisely what democratic accountability cannot tolerate. We
call this the Black Box Paradox. Compounding the problem is an
institutional gap that transparency research largely overlooks: even
where analytic systems function as intended, bureaucratic actors
frequently fail to convert their outputs into binding administrative
action. This paper presents TETRA-PROJECT, a Decision Support
System developed for Kazakhstan's state development program
management. The approach is deliberately conservative: all scoring
and ranking decisions are executed through formally transparent
Operations Research methods—including an original Dichotomous
Analysis technique, AHP, binary integer programming, and Monte
Carlo simulation—while Al components are confined strictly to
preprocessing. A pilot study across 309 regional infrastructure and
education projects demonstrates measurable improvements in
analytical consistency, decision traceability, and processing efficiency
relative to conventional expert review. We additionally introduce the
Decision Loop—an architectural module that converts analytic outputs
into binding governance assignments with automatic triggers,
responsible party identification, and escalation protocols. The
underlying design principle, Deterministic Accountability with Al
Augmentation, is proposed as a transferable standard for government
decision support architecture.
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CLIMATE CHANGE AND AGRICULTURAL PRODUCTION:
INTEGRATING ECONOMIC AND CLIMATIC DATA

Tomas Balezentis
Lithuanian Centre for Social Science, Lithuania
E-mail: tomas.balezentis@ekvi.lt

Arturas Lakis
Lithuanian Centre for Social Science, Lithuania
E-mail: arturas.lakis@ekvi.lt

Agricultural sector shows relatively high sensitivity to agroclimatic
conditions. Also, the European Union supports agriculture via the
Common Agricultural Policy with diverse measures available. In
addition, there have been multiple indicators and indices proposed to
measure the environmental impacts. We discuss integration of the
economic and climatic data for measurement of the production
possibilities and risk in Lithuanian family farms. To do this, we establish
a database of environmental indicators and indices exploiting data
from Lithuanian counties. The resulting variables are then used to
construct the models where yield or economic indicators are explained
in terms of the constructed climatic indicators. The risk measures are
also used as dependent variables to assess the impact of the climatic
conditions on the production risk. The results are important in devising
effective policy guidelines for ensuring viability and resilience of
Lithuanian family farms.
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TEMPORAL TOPIC EVOLUTION IN UZBEK TELEGRAM
COMMUNITIES USING BERTopic

Shaukurla Bekchanov
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Social media platforms have become important environments for
understanding public discourse and monitoring changes in collective
attention. Among these platforms, Telegram is widely used in Uzbek
istan for coommunication related to news, education, technology, and
so cial issues. This study proposes a transformer-based framework for
an alyzing temporal topic evolution in Uzbek Telegram communities
using BERTopic. Temporal analysis is performed through time-based
segmen tation and topic transition modeling to detect topic
emergence, growth, decline, and spikes associated with real-world
events. The framework is evaluated using topic coherence, topic
diversity, and temporal consis tency metrics and compared with
traditional topic modeling approaches such as Latent Dirichlet
Allocation (LDA) and Dynamic Topic Models. The expected findings
demonstrate that BERTopic produces more co herent and
interpretable topics for short Uzbek social media texts while electively
capturing semantic changes in online discussions.
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ON THE STABILITY OF NETWORK MODELS
OF THE INTERACTION BETWEEN RELIGIOUS MOVEMENTS

Mariia Bulgakova
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The paper contributes to the theory of structural balance and stability in
signed networks. For a class of so-called weighted complete networks,
where edge weights reflect the strength of links, we introduce a
characteristic function (CF) based on the weights of balanced cycles. A
convexity theorem for this CF is proved for a complete network with 4
vertices, which can be generalized to any finite set of vertices. Using the
introduced CF, we provide quantitative estimates of players’ power
based on the distribution of weights on the network edges. The well-
known properties of pairwise and strong stability for (unweighted)
networks are extended to the class of weighted networks under
consideration. The results are demonstrated using network models of
the relationships between religious movements and authority in Judea
(2nd-1st centuries BCE), based on known historical evidence.
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LLM-BASED SIMULATIONS OF OPINION DYNAMICS
IN THE MULTI-DIMENSIONAL DEGROOT MODEL

Maria Bykova
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We consider a multidimensional DeGroot model where agents interact
over multiple interdependent topics. Topic interdependencies are
captured by logical matrices de ned for each agent. This study
investigates how network structure and agent heterogeneity affect
consensus formation and the convergence rate. To bridge the gap
between abstract mathematical constructs and realistic sociological
dynamics, we integrate Large Language Models (LLMs) into the
simulation pipeline. Specically, LLMs are employed to translate
qualitative semantic relationships into logically consistent matrices, and
to initialize multidimensional opinion vectors and network topologies
grounded in specific agent personas. Following a series of rigorous
numerical simulations using these LLM generated parameters, LLMs are
further leveraged as post-simulation interpreters to attribute sociological
meaning to the mathematical out comes. By combining pure
mathematical simulations with LLM-driven semantic modeling, we
analyze the inuence of network structure and matrix heterogeneity on
the existence of consensus, nal opinion values, and the rate of
convergence.
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SPECIFICS OF NEGATIVE HEADLINES
ON THE LITHUANIAN NEWS PORTALS

Valdas Dambrava
Higher Education Institution, Lithuania
E-mail: dvaldas@yahoo.com

The article analyses the phenomenon of the prevalence of negative
headlines on the most popular Lithuanian online news portal “Delfi”. The
news criteria and the reasons for the dominance of negative headlines
are discussed. A study of the headlines of articles published on the portal
“Delfi” in March-April 2020 is presented. The study shows that negative
headlines dominate the general news flow, and a spectrum of various
specific negative situations is presented.

27


mailto:dvaldas@yahoo.com

MULTIMODAL EMOTION RECOGNITION
VIA CROSS-MODAL ALIGNMENT AND TEMPORAL MODELING
FOR DIGITAL-TWIN STATE UPDATING

Daoyun Tang
Al-Farabi National kazakh University, Kazakhstan
E-mail: hfuttdy@163.com

Multimodal emotion recognition (MER) has become an important topic
in affective computing because emotional signals are often distributed
across heterogeneous modalities, including text, speech, and visual
behavior. However, most existing studies remain focused on utterance-
level classification and do not explicitly maintain a persistent affective
representation that can evolve over time for human-centered digital
systems. To address this limitation, this paper presents a digital-twin-
aware MER framework that integrates cross-modal alignment, temporal
modeling, and twin-state updating within a unified architecture.
Specifically, modality-specific encoders are first employed to extract
linguistic, acoustic, and visual affective representations. A cross-modal
alignment module is then introduced to reduce semantic inconsistency
across modalities and to enhance complementary interaction in a
shared affective space. To capture contextual dependency and
emotional evolution, a temporal modeling module is further applied over
sequential multimodal observations. On this basis, a twin-state updating
mechanism is designed to combine historical affective memory with
current multimodal evidence, thereby maintaining a continuously
evolving digital-twin affective state. The empirical setting of this study is
defined on public multimodal benchmarks, including IEMOCAP, MELD,
and CMU-MOSEI, with unified dataset organization, label definition,
multimodal input structure, and evaluation protocol. The proposed
framework provides a coherent computational path from static emotion
recognition to continuous affective-state mirroring for digital-twin-
oriented applications.
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THE COVID-19 PANDEMIC:
A COMPLEX SOCIETAL PROBLEM

Dorien DeTombe
University of Sumatera Utara, Indonesia
Sichuan University, China
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In the period between 2020-2022 all governments over the world were
under the spell of the SARS-CoV-2 pandemic. Confronted with crucial
changing situations suddenly many measures had to be taken. The
governments regarded the pandemic as a healthcare problem, as
neither treatment nor an adequate vaccination was available, most
governments choose the policy of avoiding spreading the virus by
ordering isolation. A lockdown was ordered, people were advised or
forced to stay home to avoid infection in the name of health, however,
ironically, the lockdown had severe consequences on the wellbeing of
the people despite their being less prone to catching the virus.

The SARS-CoV-2 pandemic is now, mid 2025, more or less mitigated,
thanks to vaccinations and better medical treatment. So, it is time to
reflect on the events the pandemic created. The SARS-CoV-2 virus
caused a pandemic starting from December 2019 till mid-2022. In 2020
and 2021 many people in the world were held hostage by the threat of
the pandemic.

In this article we will explore, in a theoretical way, whether alternative
reactions to the pandemic, would have had a better effect on the safety
and on the wellbeing of people. We will explore, what would have
happened, had the government looked at the pandemic as a complex
societal problem, instead of only a healthcare and economic problem,
and had used the Methodology of Societal Complexity with the
Compram methodology to guide policy during the pandemic. What
would have been the effect for people’'s physical and mentally health.
We explore the hypotheses: was a severe lockdown necessary or could
it have been avoided for the sake of the greater physical and
psychological wellbeing of many people

29


mailto:doriendetombe@hotmail.com

POLYFUNCTIONALITY OF ADVERBIAL PHRASES:
A COMPARATIVE CORPUS-BASED ANALYSIS IN UZBEK
AND TURKISH LANGUAGES

Mahliyo Eshmamatova
Denau Institute of Entrepreneurship and Pedagogy, Uzbekistan
E-mail: meshmamatova2l@gmail.com

This study presents a comprehensive comparative analysis of the
polyfunctional characteristics of adverbial phrases (converbs) in Uzbek
and Turkish languages using the ParaTranslator parallel corpus.
Adverbial phrases represent a complex grammatical category that
performs multiple syntactic, semantic, and pragmatic functions in
Turkic languages. The research employs corpus linguistics
methodologies to examine morphological patterns, syntactic positions,
semantic functions, and translation equivalents of converbs in both
languages. Analysis of 2.5 million words from the parallel corpus reveals
that converbs in both languages share significant typological
similarities, with translation equivalence rates ranging from 75% to 91%
depending on the functional category. The study identifies four
primary semantic functions: temporal (35% in Uzbek, 32% in Turkish),
causal (25% in Uzbek, 28% in Turkish), conditional (15% in Uzbek, 18% in
Turkish), and manner (20% in Uzbek, 17% in Turkish). Despite genetic
proximity, language-specific differences emerge in affix productivity,
analytical constructions, and stylistic preferences. The findings
contribute to comparative Turkic linguistics, lexicogrammar
development, and natural language processing applications,
particularly machine translation systems. The developed linguistic
analyzer and parallel database serve as valuable resources for bilingual
lexicography and language technology development.
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This article investigates the processes of forming strategies for the
sustainable management of regional socio-ecological-economic systems
(SEES) in conditions of long-term planning. The authors analyze the
conflict between current economic growth and the need to minimize
accumulated environmental damage. The aim of the study is to
guantitatively assess and compare the trajectories of sustainable
development in regions with different levels of initial capital and
productive potential under intertemporal discounting scenarios. The
investigation is based on the authors’ modification of Solow’s neoclassical
economic growth model, which integrates modules for assessing
environmental externalities and the non-linear dynamics of innovation. A
key methodological approach is the use of differentiated discount rates
for economic benefits and environmental damage, which allows us to
formalize the principle of intergenerational justice. Simulation modelling
using data from the Rostov Region of the Russian Federation and the
Republic of Adygea revealed a significant divergence of optimal
Mmanagement strategies. It was found that an economically strong region
is characterized by high adaptive capacity, allowing it to maintain a
balance between consumption and minimal environmental investment.
On the contrary, for an economically weak region, an ‘environmental trap’
effect was identified over the long term, with a forecast of the need for a
complete reallocation of gross regional product towards the restoration of
natural resources to prevent system degradation. It is argued that
maximizing current welfare whilst ignoring environmental investments
leads to a disinvestment model of development in the long term. The
results of the study can be used by regional authorities in developing
socio-economic development strategies and justifying the need for
federal subsidies for the introduction of the best available technologies in
environmentally vulnerable regions.
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SIMPSON'S PARADOX IN LOGISTICS MANAGEMENT:
FALLACIES AND PREVENTION
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This paper discusses the practical relevance of Simpson’s paradox in
logistics-related decision-making, where misleading interpretations of
aggregated statistical data may result in incorrect managerial,
operational, or design decisions. Several illustrative case studies from
two major logistics domains—transport management and
intralogistics—are presented. These include make-or-buy decisions in
freight forwarding, interpretation of workforce-related statistical
indicators, representation of picking times in simulation models, and
analysis of reject patterns in automated material handling systems. In
addition, the paper provides broader overviews of application contexts
in which Simpson’s paradox may arise in both transport and
warehousing. Based on the analysed cases, practical
recommendations and  structured checklists of potential
disaggregation factors are proposed to support practitioners in
recognising and mitigating such statistical interpretation risks.
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CONSTRAINED RESOURCE ALLOCATION

Elena Gubar
St. Petersburg State University, Russia
E-mail: e.gubar@spbu.ru

Nikita Kosyanov
Matrosov Institute for System Dynamics and Control Theory
of SB of the RAS, Russia
E-mail: nkosyanov@forus.ru

Vladislav Taynitskiy
St. Petersburg State University, Russia
E-mail: v.taynitsky@spbu.ru

The effective control of epidemic outbreaks presents a dual challenge:
identifying elcient intervention strategies and allocating lim ited
medical resources in real- time settings. This paper proposes a two
stage framework for epidemic control that combines continuous
optimal control with discrete resource allocation. The epidemic
dynamics are described by a Susceptible-Exposed-Infected-
Recovered-Dead (SEIRD) compartmental model, which captures both
latent infection dynamics and disease-induced mortality. At the Orst
stage, a classical optimal control problem is formulated and solved for
two time-dependent interventions: vaccination and treatment.
Vaccination transfers individuals from the susceptible compartment to
the recovered compartment, while treatment increases the recovery
rate of infected individuals. The objective is to minimize an integral cost
functional that accounts for the infected population, mortality, and the
implementation costs of vaccination and treatment. Pontryagin’s maxi
mum principle is used to derive optimal control strategies over a fixed
time horizon. Since this continuous model does not reflect the discrete
and capacity constrained nature of healthcare systems, a second stage
is introduced. It is based on the Potential Values Method, which
interprets the treat ment control obtained at the Urst stage as demand
for medical services. This demand is then distributed among a Unite set
of medical facilities subject to throughput and capacity limitations. The
resulting allocation problem is formulated as a minimax integer
optimization problem aimed at balancing facility workloads and
preserving reserve capacity. Numer ical experiments illustrate the
effectiveness of the proposed framework for integrating epidemic
control and healthcare resource allocation.
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The global upheavals that have regularly affected the world economy
since the turn of the century have led to growing disillusionment—
among both practitioners and academics—with the dominant
paradigm underpinning the financial and economic policies of most
modern states. Known as the neoliberal or monetarist paradigm, this
model originated in the work of Milton Friedman and the University of
Chicago school. Its core tenet is the minimization of state intervention in
market processes, relying instead on measures targeting the money
supply as the foundation of economic activity. Central to this approach is
the manipulation of the key interest rate by a nation's central bank.
However, recent experience demonstrates that such superficial
intervention—focusing only on the most visible components of the
economy—actually precipitates recurring crises and downturns. Since
the beginning of the new century, there has been increasing criticism of
the financial and economic model adopted by most nations following
the ascendancy of neoliberal doctrine. This model posits that the state
should foster economic growth solely through indirect monetary
measures based on aggregated national economic indicators. This
article analyzes the reasons for the ineffectiveness of state financial and
economic policies rooted in the neoliberal paradigm and outlines
prospects for developing a new approach to justifying government
decisions on supporting the national economy as it transitions into the
digital era.
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MODELING AND MONITORING SOCIAL CONTENT IN
AZERBAIJAN FOR DETECTING LINGUISTIC MANIPULATION:
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The rapid expansion of social media in Azerbaijan has intensified the
spread of linguistic manipulation, including propaganda, disinformation,
and covert persuasive strategies. In a low-resource linguistic
environment, the lack of annotated datasets and monitoring tools poses
significant challenges for detecting such manipulative discourse. This
study aims to develop an integrated computational framework for
modeling and monitoring Azerbaijani social content to identify linguistic
manipulation. The research employs a hybrid methodology combining
weak supervision, transformer-based language models (BERT), and large
language models (LLMs). A multi-layered analytical framework is
proposed, incorporating linguistic, pragmatic, interactional, actor-based,
and temporal dimensions of discourse. Weak supervision techniques are
used to generate labeled data through heuristic rules and LLM-based
prompts, while BERT models are fine-tuned for classification tasks. The
dataset includes Azerbaijani social media posts, news articles, and online
discussions. The findings demonstrate that the proposed model
effectively identifies various forms of linguistic manipulation, including
euphemisms, fear appeals, presuppositions, and delegitimization
strategies. The integration of weak supervision significantly improves
performance in data-scarce conditions, while transformer-based models
capture contextual and semantic nuances of manipulative language.
The system achieves reliable classification performance, supported by
evaluation metrics such as Fl-score and ROC-AUC, and demonstrates
robustness to evolving discourse patterns. The results confirm that
linguistic manipulation in Azerbaijani digital discourse is systematic and
context-dependent, shaped by sociopolitical dynamics and media
structures. The proposed framework highlights the importance of
combining computational linguistics with discourse analysis to address
real-world challenges. Furthermore, the study underscores the role of
continuous monitoring, concept drift detection, and adaptive learning in
mMaintaining model relevance. This research contributes to low-resource
NLP, expands applications of weak supervision and LLMs, and offers
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practical implications for combating disinformation and enhancing
media transparency in Azerbaijan.
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In the modern era, the vast opportunities provided by the internet play a
significant role in the prompt resolution of linguistic issues and in
enhancing language proficiency. In this context, the adequate
representation of any language in the digital environment is one of the
key conditions for its global recognition, learning, and development. For
the Azerbaijani language, certain efforts have been made to create
linguistic information resources; however, the existing resources are still
insufficient to fully and optimally reflect the richness of the language.
The representation of natural language in the online environment is
accompanied by a number of challenges. Fully modeling the lexical,
grammatical, and phraseological features of a language is a complex
task. Moreover, as language is a dynamic system, it constantly evolves
and changes, whereas digital language resources may become outdated
over time. This necessitates the development of mechanisms that
ensure the continuous updating of linguistic materials. To address this
issue, researchers propose the construction of artificial models of natural
language. In this regard, approaches to modeling the Azerbaijani
language at the morphological level through universal tagging systems
are particularly noteworthy. Such models can play an important role in
fields such as machine translation, automatic text processing, chatbot
systems, and the development of electronic dictionaries. One of the key
directions for the effective representation of the Azerbaijani language in
the digital space is the creation of a National Language Corpus. The
development of such a corpus is a complex, multi-stage process
involving text collection, digitization, linguistic annotation, and the
construction of search systems. In particular, the agglutinative structure
of the Azerbaijani language, the variability of affixes, and homonymy
pose serious challenges for automatic annotation. In conclusion, the
development of the Azerbaijani language in the digital space and its
integration into artificial intelligence systems is a priority issue from both
scientific and practical perspectives. The interaction between linguistics
and technology in this field opens significant prospects for the
preservation and future development of the language.
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Assessing the complexity of written texts has been a persistent feature of
instructional planning for decades. In recent years, the conceptualization
of text complexity has evolved dramatically, moving from general
qualitative assessments of a text's rigor to more nuanced,
multidimensional measurements. In this study, the historical evolution
of text complexity assessment will be described in order to illustrate
major shifts in theory and practice. Beginning with the foundational
theories of Pestalozzi and Dewey, the study will move through the
guantitative measures of complexity that emerged decades later via
formulas such as Flesch-Kincaid and Lexile. A discussion of current
thinking around text complexity as reflected in the College and Career
Readiness Standards (CCRS) will follow, also highlighting the qualitative
and reader-centered features included in the framework. Finally, the
study will conclude by reviewing the ways in which digital literacy and
assessment of multimodal texts have added yet another layer of
complexity to the evaluation of text(s). Using examples from general
education and special education classrooms, the study will address how
teachers have adapted the new concepts about text complexity in
curriculum planning, instructional strategies, and literacy learning.
Implications for effective pedagogy in today’s information age will be
highlighted.
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Tax debt accumulated by financially distressed enterprises creates a
complex fiscal and socio-economic risk. In insolvency-related situations,
traditional enforcement measures may generate only short-term
budgetary effects, while premature liquidation can reduce future tax
revenues, employment and business activity. This article proposes a
data-driven fiscal risk matrix for tax debt recovery in insolvency
procedures in Uzbekistan. The study combines official statistical data,
national legislation, and international standards developed by the OECD,
the World Bank and UNCITRAL.

The author argues that tax debt should be treated not only as an object
of compulsory collection, but also as an early warning signal of declining
solvency. The proposed model classifies tax debtors into low, medium
and high-risk groups according to debt size, duration, sectoral
concentration, fiscal impact and insolvency probability. The results show
that digital tax administration, inter-agency data exchange and risk-
based decision-making can improve the effectiveness of tax debt
recovery while preserving economically viable enterprises. The article
concludes that Uzbekistan’s ongoing digital transformation of tax
administration creates institutional conditions for moving from a
reactive collection model to a preventive fiscal risk management model."
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PRODUCTION-GRADE CONVERSATIONAL RAG SYSTEMS
FOR SUBSCRIPTION-BASED ENTERPRISE KNOWLEDGE
PLATFORMS

Khurshidbek Kurbanov
National University of Uzbekistan, Uzbekistan
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The rapid growth of subscription-based digital community platforms has
significantly transformed the way creators monetize premium educational
content and private knowledge repositories. Platforms such as Circle.so
enable creators to distribute seminars, podcasts, books, presentations, and
educational materials through subscription-driven ecosystems. However, as
the size of pri vate knowledge repositories increases, users often experience
difficulties in re trieving relevant information efficiently through traditional
search systems. Con ventional keyword-based retrieval approaches
frequently fail to provide semantic understanding, contextual reasoning,
and conversational interaction capabilities required for large-scale
knowledge ecosystems. This paper presents a production-grade
conversational Retrieval-Augmented Generation (RAG) system developed
for subscription-based enterprise knowledge platforms. The proposed
architecture enables users to interact conver sationally with private
educational knowledge repositories through an Al powered chat interface
integrated with the Circleso community platform. The knowledge
repository consists of 871 text files generated from seminars, pod casts, blog
articles, books, and presentation materials. Through semantic chunk ing
techniques, the repository was transformed into 32,594 semantic chunks
and indexed using a vector database infrastructure. The proposed system
combines semantic retrieval, vector indexing optimization, conversational
memory, and reranking mechanisms to support scalable conver sational
interaction. Initially, semantic retrieval operations required approxi mately
two minutes to generate responses. After applying vector indexing opti
mization techniques, the response latency was reduced to nearly five
seconds. The conversational Al system was deployed in a production
environment for a subscription-based enterprise platform in the United
States, significantly improv ing conversational engagement, knowledge
accessibility, and subscription growth metrics. The deployment contributed
approximately $20,000 in addi tional monthly revenue for the platform. The
results demonstrate the practical importance of production-grade
conversational RAG architectures for scalable Al-powered subscription
knowledge ecosystemes.
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SUSTAINABLE RURAL DEVELOPMENT:
A MULTI-CRITERIA APPROACH

Mindaugas Kuklierius
Lithuanian Centre for Social Science, Lithuania
E-mail: kuklierius.mindaugas@agmail.com

Tomas BalezZentis
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The development of rural areas is a multi-dimensional issue subject to
effects from both public and private actors. One of the key functions of
the rural areas is contribution to food security via the food production.
However, the rural areas often face depopulation as increased
productivity of the secondary and tertiary sectors in the urban areas
induce internal rural-urban or external migration. Amid these issues, it
is important to assess progress towards sustainable rural development.
This research seeks to map a theoretical indicator system for
sustainable rural development to a set of indicators available in public
databases. The case of the European Union is discussed. The theoretical
set is mapped to different indicators covering the three pillars of
sustainability. The basic example based on ranking of the indicator
values is applied to illustrate how different dimensions of rural
sustainability evolve over time. The constructed dataset can further be
applied for multi-criteria analysis based on exogenously or
endogenously set weights.

41


mailto:kuklierius.mindaugas@gmail.com
mailto:tomas.balezentis@ekvi.lt

AGENT-BASED DIGITAL TWIN
FOR PATIENT STATE SIMULATION

Danara Kuanyshbekova
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This article presents an agent-based approach to creating a digital twin
of a patient (digital twin), designed to simulate the dynamics of
physiological and pathological states of the human body. The proposed
model considers the patient as a set of interacting agents that
correspond to basic physiological subsystems such as the
cardiovascular system, metabolism and regulatory processes.

Each agent is characterized by its internal state and rules of behavior,
which makes it possible to simulate changes over time and the
influence of various external factors. The interaction between agents
makes it possible to present both normal physiological conditions, as
well as pathological processes, including the appearance and
development of the disease. In addition, the model takes into account
treatment scenarios and provides conditions for analyzing the impact
of medical interventions on the patient's condition.

The proposed approach enables carry out forecasting modeling and
personalized analysis, combining the methods of mathematical
modeling and artificial intelligence. The simulation results show that
the model can describe nonlinear dynamics and transitions between
different physiological states. This approach can be used in the health
sector to support decision-making, assess risks, and optimize
treatment strategies.
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DYNAMIC MODEL OF VENTURE CAPITAL INVESTMENT

Surya Kumacheva
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In this paper, we consider the problem of making investment decisions
in a situation where the investor has limited information about the
market. Venture capital investment is a good example of this problem.
In such cases, the decision to invest in a project depends on the
investor's belief about the potential protability of the project, the stage
at which the decision is made, and their personal risk propensity. Using
mathematical formalization and game theory, we create a model that
represents an incomplete information situation. The game involves two
players: the Investor and the Project. The market states and possible
types of projects are considered scenarios or alternatives. Based on
these assumptions, prot functions and strategies for both players can
be dened. First, a one-shot game was considered, where a Bayesian
Nash equilibrium was found. Then, the model was extended to a
multistage game, where perfect Bayesian equilibria were identied.
Using this constructed game, analysis was conducted to determine
conditions for project protability and investment eectiveness. All the
results were illustrated with numerical examples.

43


mailto:s.kumacheva@spbu.ru

SIMULATING AND DETECTING SOCIAL ENGINEERING ATTACKS
THROUGH BEHAVIORAL ANALYSIS USING LLM

Mukhammed-Ali Kumisbek
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The rapid evolution of Artificial Intelligence has led to a significant
transformation in the landscape of cybersecurity threats. Among these,
social engineering remains one of the most challenging vectors to
defend against, as it exploits human psychology rather than technical
vulnerabilities. Traditional rule-based and signature-based detection
systems often fail to identify sophisticated, multi-stage social
engineering attempts that utilize natural language to manipulate
victims. This report explores the application of Large Language Models
(LLMs) to address this gap through two interconnected approaches:
simulation and behavioral detection.

The first part of the research focuses on the simulation of social
engineering scenarios. By leveraging the generative capabilities of LLM
architectures, we model various attack vectors, such as spear-phishing
and pretexting, to understand how manipulative language patterns are
constructed. This simulation allows for the creation of diverse datasets
that reflect complex behavioral phenomena, including the
establishment of false authority, the creation of artificial urgency, and
the exploitation of trust.

The second and core part of the report presents a neural network
model designed to detect these attacks by analyzing behavioral
markers within digital communications. Unlike standard spam filters
that focus on keywords, the proposed approach utilizes LLMs to
perform deep semantic and behavioral analysis. The model evaluates
the intent and psychological pressure applied in the text, identifying
anomalies that deviate from safe communication normes.

Special attention is given to the performance of these models in low-
resource language settings, specifically focusing on the Kazakh
language, where linguistic nuances often hinder the effectiveness of
global security solutions. The preliminary results demonstrate that
LLM-based behavioral analysis significantly improves the detection
rate of social engineering attacks compared to traditional machine
learning methods. The findings of this study contribute to the
development of more resilient and adaptive defense systems for
modern digital societies, providing a robust framework for proactive
threat mitigation.
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SELF-REGULATION IN THE PUBLIC INFORMATION SPACE:
A COMPLEX SYSTEMS APPROACH
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The contemporary public informion space is characterized by high-
intensity information flows, increasing fragmentation, and the rapid
expansion of digital platforms. These developments intensify the risks
of disinformation, manipulation, and societal polarization. This study
examines the quality and resilience of the public information space
through the theoretical perspectives of cybernetics, the Viable System
Model, sociocracy, and self-organized criticality. It proposes a system of
health assessment indicators and multicriteria evaluation models
applicable to media ecosystems and social networks.

The public information space is conceptualized as a self-organizing
viable system composed of five mutually interacting subsystems.
Based on this framework, the study develops a set of multi-level
parametric self-regulation measures designed to improve information
quality and strengthen systemic resilience to noise, manipulation, and
disinformation. The proposed approach contributes to the
development of more adaptive, participatory, and sustainable
governance models for democratic information ecosystems.

45


mailto:algimantas.kurlavicius@vdu.lt
mailto:leonidas.sakalauskas@vdu.lt

A FISHERY MODEL
BASED ON STOCKS CONCENTRATION DYNAMICS
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Nadezhda Smirnova
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Mariia Bulgakova
St. Petersburg State University, Russia

We introduce a modification of primary multistage spatial fishery
model with migration based on the stocks concentration dynam ics
and refined economic objective functions which take into account the
actual size of the available fishery area. Non-cooperative and
cooperative solutions in stationary feedback strategies for this bicriteria
model are derived. We carry out numerical simulation to clarify the
solutions prop erties for the proposed fishery model as well as to
compare this modified model with closed bicriteria model with
standard stocks dynamics.
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INFORMATION MODEL OF THE GRAMMATICAL-SEMANTIC
PROCESSES OF PHRASEOLOGICAL UNITS IN THE UZBEK
LANGUAGE

Nilufar Madetbayeva
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E-mail: madetbaeva@gmail.com

This report examines the grammatical and semantic features of Uzbek
phraseological units and their role in the language system.
Phraseological expressions, with their fixed structure and figurative
meaning, enrich speech, enhance expressiveness, and reflect the
nation’s cultural worldview. The study classifies them as sentence
components (subject, predicate, object, attribute, adverbial modifier)
and proposes a three-stage information model for their automatic
detection: text segmentation, phrase extraction, and syn-tactic-
morphological analysis, represented through an IDEFO functional
model. The findings reveal that analyzing phraseological units as
sentence parts has both theoretical and practical value, improving
translation accuracy, machine translation, and semantic search
systems, while also preserving the cultural identity embodied in the
Uzbek language.
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THE NATIONAL CORPUS OF THE AZERBAIJANI LANGUAGE
IN THE CONTEXT OF ARTIFICIAL INTELLIGENCE
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This research explores the emergence of artificial intelligence (Al), its
applications, development prospects, and connections with other sciences,
particularly corpus linguistics. Al aims to develop systems that emulate
human cognitive functions. Its formation relies on various disciplines,
including mathematics, biology, psychology, computer science, and
linguistics. Corpus linguistics and Al share research objectives, such as
natural text processing, data search by formal features, machine translation,
and linguistic analysis using mathematical-statistical methods. New
linguistic technologies are foundational to Al systems. The article emphasizes
the importance of creating a national Azerbaijani language corpus within Al
systems, offering alternative perspectives on linguistic issues and enhancing
research efficiency. The study's novelty lies in analyzing natural text
processing, formal linguistic analysis, and language learning through
statistical methods, examining these technologies within Al contexts. This
integrated approach yields more accurate and optimal results. Among Al's
significant domains, natural language processing includes tasks like
machine translation, formal text analysis, statistical dictionary compilation,
and historical language research, all central to corpus linguistics. The article
aims to explore the interrelation between computer science and corpus
linguistics, particularly in Azerbaijani national corpus development, within Al.
This approach supports hypotheses for more efficient and optimal outcomes
in linguistic research. As efforts intensify to digitize language materials and
create electronic dictionaries, aligning linguistic technologies with Al offers
new opportunities for scientific advancement. The work addresses both
theoretical and practical challenges in developing linguistic technologies,
demonstrating their value in compiling statistical dictionaries and building
national corpora.
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A RETRIEVAL AND REASONING LAYER
FOR AGENT-BASED SOCIAL SIMULATION SYSTEMS
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Al-Farabi Kazakh National University, Kazakhstan
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Modelling social processes is a long-standing challenge in
computational social science: collective behaviour, information
diffusion and opinion dynamics arise from many local interactions and
are poorly captured by aggregate equations. Agent-based modelling
(ABM) has long been the standard tool for such problems, yet classical
platforms leave one specific gap—agent decisions are usually hand-
coded and rely only weakly on substantive textual information. This
paper proposes a retrieval and reasoning layer for agent-based social
simulation systems, in which agents call an Agentic Knowledge
Retrieval pipeline that combines hybrid search (BM25 with dense
embeddings aggregated through Reciprocal Rank Fusion) and a
LangGraph state graph with nodes for query-scope checking, retrieval,
relevance grading, query rewriting and grounded answer generation.
The current implementation focuses on the retrieval and reasoning
layer, while the full simulation layer is specified architecturally and left
for future empirical evaluation. Alongside the architecture, we describe
an ABM parameterisation, a simulation-loop pseudocode and an
evaluation design with operational metrics that future experiments
can use to test the expected effects of the proposed layer. The paper
does not report a completed quantitative evaluation; instead, it defines
an evaluation protocol and discusses expected behaviour based on the
architecture of the prototype.
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TRANSFORMING STUDENT ERRORS INTO PEDAGOGICAL
OPPORTUNITIES IN UNIVERSITY EFL CLASSES

Nargiza Masharipova
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This study examines the potential of student errors as tools for active
learning in university EFL classrooms, emphasizing their role in
promoting reflection and language development rather than being
viewed solely as mistakes. Conventional approaches often prioritize
immediate correction, which can Iimit learner autonomy and
metalinguistic awareness. The research employs micro-task activities,
peer review of errors, and structured reflective exercises to explore how
errors can enhance noticing, collaborative problem-solving, and
student engagement. Data were gathered from classroom
observations, student oral and written output, and teacher reflection
journals. Results indicate that when student errors are intentionally
integrated into guided activities, learners demonstrate higher
participation, improved awareness of language forms, and stronger
collaborative skills. The study also identifies challenges such as
classroom time constraints and entrenched teacher beliefs about error
correction. Practical recommendations are offered for EFL instructors
to convert errors into meaningful pedagogical opportunities.
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DATA-DRIVEN MODELING OF MALE SOCIALIZATION
UNDER ECONOMIC AND WORKPLACE DEPRIVATION:
A TYPOLOGICAL APPROACH TO SOCIAL MONITORING
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This article examines the typological diversity of male socialization
under conditions of post-Soviet transformation. The empirical basis of
the study is an anonymous survey of Lithuanian men aged 16-70 years
(N = 800). The analytical framework integrates three theoretical
perspectives: Vygotsky's concept of leading activity, Hirschman's Exit,
Voice, and Loyalty framework, and Hurrelmann's theory of socialization.
The study employs factor analysis, K-means cluster analysis, and the
triangulation of parametric and non-parametric statistical methods.

The findings identify distinct types of male socialization. Economic
deprivation, workplace dissatisfaction, and work-related alienation are
associated with stronger intentions to migrate for economic reasons,
lower levels of work engagement, and a broader orientation toward
withdrawal from the labor market. The results underscore the

importance of psychosocial adaptation and social integration in post-
Soviet societies.
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AUTOMATED DETECTION OF ILLICIT CONTENT
USING MACHINE LEARNING: A COMPARATIVE STUDY
OF CLASSIFICATION APPROACHES
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In this work, we propose and evaluate a method for detecting illegal or
illicit content using machine learning. We construct a dataset of 20,000
examples (10,000 legal vs. 10,000 illegal cases) and design a rich set of
features capturing lexical, structural, and behavioral indicators (e.g. TF-
IDF scores of an illegal-lexicon, URL pattern similarity, timestamp
anomaly, etc.). We train fourteen classifiers (including Random Forest,
SVM, gradient boosting, neural networks, and an ensemble voting
model) on this data. Performance is measured by accuracy, precision,
recall, F1-score, and ROC-AUC on a held-out test set. Our results show
that SVM and the ensemble voter achieve the highest Fl-scores (0.91)
and AUC (0.96), outperforming other models, while AdaBoost performs
worst (F1 = 0.77). Feature importance analysis reveals that lexical
features (illegal-word TF-IDF) and temporal anomalies are most
predictive. The proposed approach demonstrates the feasibility of
automated illegal-content identification with high accuracy. These
findings can inform automated monitoring systems in cybersecurity
and law enforcement contexts.
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TURKISH SPEECH SUMMARIZATION
WITH WHISPER AND mBART
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Automatic speech summarization for agglutinative languages remains
challenging due to high automatic speech recognition (ASR) error
rates, which affect abstractive text generation. In this paper, we
propose a cascaded end-to-end pipeline for Turkish speech
summarisation. The system consists of Whisper large-v3 for
transcription, followed by a fine-tuned MBART model for abstractive
summarisation. We evaluate the pipeline on a real-world dataset of 31
Turkish audio recordings (nhews broadcasts and podcasts, total
duration: 177 minutes) with manually transcribed references. The
average Word Error Rate (WER) of Whisper is 34.1%, with dominant
error types being affix substitutions (45%), negation/word omissions
(30%), and sentence boundary violations (25%). Fine-tuning MBART on
the Turkish XLSUM corpus improves ROUGE-1 from 2.9% to 29.2% (p <
0.001). The average compression ratio of the generated summaries is
0.066 (~15x compression). Two native Turkish speakers rated the
summaries: mean coherence 3.2/5, informativeness 2.9/5. Pearson
correlation between WER and summary quality is -0.73 (p < 0.001),
indicating that ASR errors are the primary bottleneck. Simple
post-processing heuristics reduce sentence breaks from 25% to 8%.
Comparison with an extractive TextRank baseline shows that our
abstractive model achieves higher informativeness (29 vs 2.4) at
stronger compression (6.6% vs 12%) but suffers from hallucinations (5%).
We discuss limitations (small dataset, single ASR model) and outline
future work. This study presents a novel quantitative analysis of error
propagation in a cascaded Turkish speech summarisation pipeline,
laying the foundation for robust systems in agglutinative languages.
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MODELLING ALGORITHMIC DISTRACTION AND ATTENTION
ECONOMIES: A MULTI-PLATFORM REGRESSION APPROACH
TO SOCIAL-BEHAVIOURAL PHENOMENA
IN CREATIVE SOCIETIES
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The convergence of social media usage and human capital
development is a crucial socio-behavioral problem in modern creative
societies propelled by knowledge economies and digital
connectedness. This study uses a multiple linear regression approach
to model the behavioral and cognitive effects of digital platform
involvement on undergraduate academic performance. We assess how
daily time investments across algorithmic and messaging ecosystems
(such as WhatsApp, TikTok, and Instagram) impact students' attention
spans and Cumulative Grade Point Averages (CGPAs), based on the
theories of Time Displacement and Uses and Gratifications. Using
Ordinary Least Squares (OLS) regression to analyze a validated sample
of N=386 respondents, the empirical model explains 50.7% of the overall
variance in academic standing (R? = 0.507, F = 130.73, p < 0.001). The
results demonstrate how infinite-scroll layouts impair cognitive
stamina in knowledge-intensive situations, with micro-video
algorithmic feeds (TikTok) acting as the most severe negative predictor
(B = -0.203, p < 0.001). The study addresses the implications for
governmental interventions and digital hygiene modeling in
contemporary creative cultures.
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Socio-political sources of social cohesion have gained new academic
interest as societies have struggled to deal with increasing polarisation,
low institutional trust, and unsettled claims of belonging. This paper has
explored the association between education and social and political
behaviour in Turkey using the Turkish General Social Survey (TGSS) 2024,
a cross-sectional (nationally representative) study. Following the
harmonisation of the rotation structure of the survey, a steady analytical
sample of 2,260 from the original subgroup of 2,615 respondents was
retained. The independent variable of interest was educational
attainment. Six outcomes were modelled: generalised interpersonal
trust, frequency of meeting friends, frequency of meeting neighbours
and perceived threat to the society by polarisation, corruption and
immigration. The analysis was conducted in three steps including
descriptive comparison among the education groups, Pearson
correlation analysis, and multivariate Ordinary Least Squares (OLS) and
logistic regression with heteroscedasticity consistent (HC3) standard
errors, with age, gender, and income considered. The results showed that
education was positively and significantly associated with interpersonal
trust (B = 0.200, p < 0.001) and negatively associated with the frequency
of meeting neighbours (B = -0.177, p < 0.001), a finding consistent with
the substitution of elective ties for territorial ones. Contrary to the
cognitive sophistication prediction, more educated respondents
reported higher perceived threats from polarisation, corruption, and
immigration (B between 0.109 and 0.146, all p < 0.01), a pattern in which,
in the Turkish context, education was associated with heightened, rather
than dampened, awareness of systemic risks. Because the design is
cross-sectional, these results are interpreted as associations rather than
causal effects throughout. The study contributes to computational social
science by demonstrating a transparent, replicable pipeline for
modelling social behavioural outcomes from large scale national
surveys.
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MULTIPOLAR MANAGEMENT IN RUSSIAN UNIVERSITIES:
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In the context of profound transformations driving the Russian higher
education  system—digitalization, sanctions pressure, shifting
government policies, and a rethinking of the university's role in society—
there is a growing need for new approaches to university management.
Traditional corporate management models, focused primarily on
operational efficiency and external rankings, are proving insufficient for
ensuring the long-term sustainable development of universities. This
presentation introduces a framework for diagnosing and optimizing
university management structures based on the concept of multipolar
management. According to this approach, organizational management
is built on the interaction of four social poles—inspirational, spiritual,
cultural, and intellectual—each led by a corresponding social leader and
aligned with a specific university subsystem (object, environment,
process, or project).

The report presents findings from a content analysis of the strategic
documents of twenty leading Russian universities (the top 10 according
to RAEX and 10 federal universities). It identifies dominant poles,
proposes a typology of universities, and examines imbalances in their
governance structures. Specifically, the analysis reveals stable patterns
reflecting the differentiation of higher education by mission, profile, and
territorial role: inspirational-humanitarian, cultural-technical,
intellectual-research, and value-regional. The presentation offers
recommendations for developing a balanced multipolar university
governance structure, taking into account the institution's profile and
mission.
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The work attempts to describe and structure the human capital of a
corporation as the main socio-economic actor, whom the
competitiveness of the national economy depends on.

As the main methodological approach, the system economic theory is
used, which opens up the possibility of a voluminous description of the
human capital of a corporation, taking into account its economic,
sociological and psychological characteristics.

The relationship between the structural elements of the individual
capital of the employee and the patterns of his production behavior has
been established. The comparison of the tasks facing the enterprise in
the context of four system complexes and the influence on them of the
corresponding components of the human capital of the corporation. To
structure and comprehensively describe the human capital of a
corporation, it is proposed to use a geometric model of a quadrangular
pyramid. Each of the pyramid faces represents the corresponding
systemic component of human capital (environmental, process, project,
and object).

The importance of human capital as a factor of production is usually
underestimated. The proposed structuring allows determining the
systemic nature of the corporation’'s human capital, to move from a
fragmented vision to its holistic perception as a complex and
multifaceted concept.

This paper is aimed at economists and managers who study the
mechanisms of the functioning of enterprises and the impact of human
capital on the performance of companies, as well as for managers who
take into account such relationships in practical management activities.
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AUTOMATED WELFARE AND THE SOCIAL FABRIC:
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Post-2020 social policy has seen a global shift from applicant-driven
welfare eligibility toward proactive, automated systems governed by
state-constructed administrative profiles. In Kazakhstan, this
transformation is led by the Digital Family Card, which is an analytical
platform integrated with the Smart Data Ukimet system. The DFC
aggregates administrative data from diverse state databases on 20
million citizens (over 6.2 million families) to automatically score
household vulnerability and proactively initiate social benefits. While the
DFC successfully delivered proactive support to over 276,200 citizens in
2025 alone, its highly automated, data-driven nature introduces
potential issues when it comes to operational efficiency, algorithmic
justice, and community-level trust.

This paper analyzes digital provision of social welfare in Kazakhstan as a
tripartite framework of digital technology, issues of justice, and social
capital. First, we formalize the transaction-processing model for the DFC,
mMapping how transitional and end states of users within the system rely
on a scoring algorithm across five key dimensions: economic, healthcare,
housing, education, and social conditions. We analyze the technical
limits of this scoring, identifying potential problems and limitations.
Second, we address how procedural and relational justice are impacted
by security vulnerabilities to fraud, and how resulting public skepticism
creates processing bottlenecks and potentially compromises system
legitimacy. Finally, using an empirical framework adapted from OECD
social capital metrics, we outline a survey methodology to measure how
automated welfare administration feeds back into dimensions of social
capital among citizens, such as trust, civic engagement, and relational
safety nets. We argue that while unified digital registries for social
services streamline coordination, they risk freezing and miscalculating
complex household realities, potentially jeopardizing interpersonal
connections. Preserving just distribution of welfare means that digital
profiles must function as adaptable administrative aids supported by
robust local grievance and “repair” channels, rather than as definitive
sources family card.
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SOCRATIZATION OF SOCIAL-BEHAVIORAL PHENOMENA

Leonidas Sakalauskas
Vytautas Magnus University, Lithuania
E-mail: leonidas.sakalauskas@vdu.lt

The revolution in chip microcircuits, unfolding over the last half-century,
shapes the processes and patterns of modern development. To bridge
the conceptual and analytical gap between existing challenges
regarding social sustainability and our current body of knowledge, this
presentation introduces the methodology, process, and outcome of
socratization. Socratization allows for the interpretation of social
behavioral phenomena within the context of the Socratic dialogue. In
the first phase of this dialogue, paradoxes, irony, questions, hypotheses,
and conjectures enable the identification of ignorance and the removal
of the obstacles it creates; once these are overcome, truth and
knowledge emerge in the second phase. Socratization helps us avoid
ignorance.

Paleo-archaeological and historical research suggests that the defining
property of human phenomena is the use of verbal-symbolic-logical
communication for cooperation. (J. Tattersale, J. Dewey, J. Baudrillard).
Digitalization represents merely the final stage in the evolution of this
trait. Thus, communication can be analyzed as an exchange of messages
that creates a socio-informational space. The key features of this
communication are: universalism; finiteness.

These two properties determine the dynamics of the socio-informational
space, manifesting through laws of cybernetic control (R. Ashby),
groupthink (I. Janis, schismogenesis (G. Bateson), impossibility theorems
(K. Godel, A. Tarsky, K. Arrow), reflection theory (V. Lefebvre), and the
Goodhart/Campbell/Simpson effects and paradoxes. A pivotal tool for
investigating these dynamics is the theory of hierarchical types (B.
Russel), which must be integrated with linguistic models, including
Large Language Models (LLMSs). The derivation and application of these
principles lay the groundwork for resolving the Plato problem (of the
birth of knowledge) that according to N. Chomsky arises during the
second phase of the Socratic dialogue. Structural equation modeling
serves as the statistical tool for analyzing the socio-informational space.
People make decisions while taking into account that others are making
their own decisions as well. Socio-economic models of cooperation are
constructed using game theory frameworks—starting with the “tragedy
of the commons” CC-PP model while incorporating the aforementioned
principles of cormmunication.
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THE RELATIONSHIP BETWEEN CHANGES
IN THE STRUCTURE OF BUSINESS SECTORS
AND RETURN ON CAPITAL

Viktoras Sakalauskas
Lithuanian Scientific Society, Lithuania
E-mail: viktoras.sakalauskas@inbox.lt

There are many articles in the economic literature that discuss the
causes of economic growth in different countries. We are aware of the
various factors that contribute to labour productivity growth, such as
capital output, laour composition, TFP (total factor productivity), and
others. However, a closer examination of the causes of efficiency growth
in national economies reveals that structural changes also play a
significant role. The economic parameters of different business sectors
can vary greatly. For instance, the return on capital can differ between
individual sectors. However, it is not easy to assess this structural change.
Thus, the first section of this study examines the relationship between
newly created value added and changes in the amount of capital. In the
second section, we present a calculation method that enables us to
estimate both the structural change Q, and the change in marginal
capital elasticity Q, for a given country. When examining real data, the
importance of these components becomes apparent. The third section
presents calculations based on SIMPLEX algorithm solutions,
demonstrating the significant effectiveness of optimizing the structure
of business sectors in European countries and helping to solve the issue
of increasing investment efficiency. Conclusions and future work are
discussed at the end of article
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GENERATIVE Al FOR AUTOMATIC CODE GENERATION
AND TRANSPARENT ANALYSIS OF AGENT-BASED MODELS

Nikitas Sgouros
University of Piraeus, Greece
E-mail: sgouros@webmail.unipi.gr

It is widely assumed that Generative Al code generation can increase the
productivity of researchers by helping them focus on exploring
important problems in innovative ways rather than having to deal with
generating and troubleshooting computer code. We study the
plausibility and effectiveness of such a scenario for social simulation
through the development of a prototype of an agent-based simulation
environment that integrates Generative Al in the creation of code from
natural language descriptions of models supplied by the user. Our
system uses these descriptions to automatically synthesize prompts and
guide the LLM to generate code in our special purpose modeling
language. In order to solve common problems related to Generative Al
code generation, we have developed an interpreter that automatically
analyzes the generated code to verify its syntactic correctness and
examine its correspondence with the natural language descriptions. If
the interpreter detects no errors, the system automatically creates a
detailed description of the code through which the user can also verify
its correctness. In addition, it provides an environment for the safe
execution and analysis of the model code. Our use of an intermediate
special purpose language between natural language specifications and
their ultimate execution environment (implemented in Rust) enhances
the safety of the generated code as the intermediate language
generates safe interpretations of these specifications that can be more
easily verified, while Rust has a strong security profile. Our interaction
with this prototype indicates that the integration of Generative Al in a
structured and tightly controlled simulation environment, is highly
promising and can enhance research productivity.
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GENERATIVE Al FOR AUTOMATIC CODE GENERATION
AND TRANSPARENT ANALYSIS OF AGENT-BASED MODELS

Svetlana Shchepetova
Financial University under the Government
of the Russian Federation, Moscow, Russia
E-mail: seshchepetova@fa.ru

Despite the fairly rapid development of agent-based modeling,
simulating socio-economic systems' (SES) behavior is conjugated with a
number of unsolved problems.

In broad terms, some of these are due to the complexity of formalizing
the structural diversity of socio-economic systems and the behavior of
individuals as their main element with their own interests — that is, the
complexity of socio-economic systems as an object of modeling.

The second part of the unsolved problems is caused by the imperfection
of the theoretical and methodological foundations for constructing
model structures for studying SES and interpreting the modeling results.
The third group is related to the limitations of simulation processes of a
technical, technological, and software-instrumental nature. As a result,
providing a reasoned explanation of the dynamics of the SES is difficult,
and the existence of many deep-rooted problems remains unexplained.
Furthermore, many simulation models are formalized dfescriptions of
particular situations and do not allow for the study of system-wide
patterns. The proposed approach to building simulation models,
hereinafter referred to as structural-dynamic or
“Archetype-Pattern-Tetrad” modeling (APT modeling), allows stratifying
and parameterizing the processes of functioning of complex systems in
the interrelation of factors of different strata through the following order
of formalizing the dynamics of socio-economic systems.

Thus, "Archetype-pattern-tetrad" modeling (APT modeling) is an
approach that allows for the exploration of the connections between the
structure and dynamics of socioeconomic systems as a set of actors
(agents) depending on the interests, capabilities, constraints, and
mading decisions of an organizational, managerial, and behavioral
nature. APT simulation of socioeconomic system behavior s
accomplished by modeling the contour relationships in time and space
within the proposed model framework.

Unlike agent-based modeling, the ATP approach examines the “agents-
system-agents” contours and formalizes the connections between the
essential features of the structure of systems and the essential factors
influencing the behavior of actors.
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The APT approach to explaining the behavior of SES allows us to link all
aspects of the SES functioning and bring clarity to the issues of the
genesis of the dynamics of socio-economic systemes.

The APT approach allows us to organize the interweaving of various
factors in a problematic situation and to visualize the causality of deep-
rooted problems in society by the worldview of actors and the structure
of systems. In particular, it allows to explore the contour interactions
between the system and the personality, visualizing systemic traps (most
often of a mental-institutional nature), to identificate the root causes of
problems and to argu for the choice of a path for eradicating, rather than
smoothing over or modifying, socioeconomic problems, and, ultimately,
to eliminate the phenomenon of displacement (shifting) of goals and
functions.
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DETECTING AND COLLECTING TYPES
OF MALICIOUS MESSAGES USING MACHINE LEARNING

Assem Shormakova
Al-Farabi Kazakh National University, Kazakhstan
E-mail: shormakova.aseml@kaznu.kz

Ayaulim Dildabekkyzy
Al-Farabi Kazakh National University, Kazakhstan

This article presents an intelligent system for the automatic detection of
fraudulent messages in the WhatsApp messenger. The system analyzes
messages in the Kazakh language using the KazBERT model and large
language models (LLMSs), and automatically sends warnings to users
about suspicious messages. The system architecture includes a FastAPI-
based backend, an integration module using the WhatsApp Web API,
and a semantic verification mechanism. The results show that the
system effectively classifies messages in real time and helps protect
users from fraudulent activities.
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OPTIMAL CONTROL FOR A BIVIRUS MODEL
WITH PARTIAL AND WANING NATURAL IMMUNITY

Vladislav Taynitskiy
St. Petersburg State University, Russia
E-mail: v.taynitsky@spbu.ru

Elena Gubar
St. Petersburg State University, Russia
E-mail: e.gubar@spbu.ru

In this paper, we deal with the problem of controlling the spread of
multiple competitive infectious diseases in a population. Specifically, we
study the problem from the perspective of a public health authority that
has to decide how to assign a limited treatment capacity among the
different diseases, accounting for the costs associated with infections,
deaths, and treatment. To this aim, we build on a realistic bivirus model
that incorporates realistic features of partial and waning natural
immunity after recovery, consisting in a system of coupled nonlinear
ordinary differential equations, and we encapsulate treatment as a
control input in the system. By leveraging Pontryagin's maximum
principle and using Lagrange multipliers, we analytically characterize
the structure of the optimal control. Our theoretical results are then
illustrated and discussed through realistic numerical case studies.
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AGENT-BASED MODELING OF KNOWLEDGE DYNAMICS
WITH AGENTIC RAG

Nurdaulet Teshebayev
Al-Farabi Kazakh National University, Kazakhstan
E-mail: zhetessovarman@gamail.com

The increasing availability of large-scale digital information has
significantly advanced research in social and information networks,
enabling new approaches to studying knowledge exchange, information
diffusion, and collective behaviour. At the same time, the rapid growth of
scientific publications creates substantial challenges for researchers
attempting to analyze complex relationships and information flows
within large and evolving knowledge systems.

This paper presents an Agentic RAG-based system for analyzing
scientific articles and constructing structured knowledge bases, with a
focus on modeling information dynamics in scientific and social
networks. The proposed approach leverages large language models
(LLMs) in combination with hybrid retrieval mechanisms and agent-
based reasoning to identify semantic relationships, implicit connections,
and patterns of knowledge interaction across large document
collections.

The system architecture incorporates a structured document processing
pipeline alongside a LangGraph-based agent framework that enables
multi-step reasoning, query reformulation, and relevance-based
filtering. This allows the system to simulate analytical processes involved
in exploring information networks, including the discovery of influential
concepts, emerging trends, and interconnected research topics. By
integrating adaptive retrieval with iterative reasoning, the system
captures key aspects of information diffusion and knowledge structuring
within scientific communities.

Experimental evaluation demonstrates improved retrieval accuracy and
reduced hallucination rates compared to baseline methods. Beyond its
technical contribution, the proposed framework provides a
computational perspective for studying social and information networks,
supporting research in computational sociology and the analysis of
knowledge ecosystems.

66


mailto:zhetessovarman@gmail.com

MODELING THE WORKS OF BUKHARA JADID WRITERS AS
SOCIO-BEHAVIORAL PHENOMENA USING Al

Umriniso To'rayeva
Bukhara State University, Uzbekistan
E-mail: niso.2019@mail.ru

The Bukhara Jadid movement is considered an educational and intellectual
phenomenon that occupies a special place in the history of the socio-cultural
development of Turkestan. Emerging in the late nineteenth and early
twentieth centuries, the Jadid movement promoted the ideas of national
awakening under conditions of social stagnation, scientific backwardness, and
political crisis in Eastern society. In particular, Bukhara Jadids such as Abdurauf
Fitrat, Fayzulla Khujayev, and Abdulvohid Burhonov critically analyzed socio-
behavioral phenomena in society through their works and sought to shape a
new model of thinking. Their literary, journalistic, and philosophical views
possess scientific significance not only as historical and cultural sources, but
also as complex cognitive and social models. The development of modern
science, particularly the advancement of Artificial Intelligence (Al)
technologies, is introducing new methodological approaches into
humanitarian research as well. Today, Al methods such as NLP (Natural
Language Processing), semantic analysis, knowledge graphs, sentiment
analysis, and agent-based modeling are expanding the possibilities for deep
structural and conceptual study of literary texts. In this regard, modeling the
works of Bukhara Jadid writers as socio-behavioral phenomena with the help
of artificial intelligence appears as one of the most relevant scientific
directions. In essence, Jadid literature is a discursive system that reflects
human behavior in society, spiritual values, and the transformation of social
consciousness. In the works of the Jadids, concepts such as “ignorance,”
‘enlightenment,” “progress,” “national awakening,” “morality,” and “free
thinking” actively function as central semantic units. These concepts are social
determinants that influence both individual and collective human behavior.
For example, in Fitrat's work “Munozara” (The Debate), the conflict between old
and new ways of thinking contrasts conservative and modern behavioral
models within society. This makes it possible to interpret Jadid texts not only
as literary works but also as cognitive-social models. Artificial intelligence
methods serve as effective tools for identifying semantic connections in Jadid
texts, modeling major conceptual nodes, and analyzing the dynamics of social
behavior. In particular, through semantic network models, it becomes possible
to visually map the relationships between concepts such as “knowledge,”
“school,” “nation,” “reform,” “ignorance,” and “progress” found in Jadid works.
The knowledge graph methodology, in turn, allows the structural
representation of social actors, values, and discursive relations within the texts.
Furthermore, sentiment analysis enables the identification of indicators of
socio-emotional mood, critical spirit, and educational motivation in Jadid texts.
Socio-behavioral phenomena in the works of Bukhara Jadid writers appear on
several levels.
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TRANSFORMING UZBEK LEXICOGRAPHY:
CORPUS-BASED INNOVATIONS, DIGITAL PLATFORMS,
AND LEXICAL TECHNOLOGIES IN PERSPECTIVE

Matlubaxon Turobova
The Denau Institute of Entrepreneurship and Pedagogy Uzbekistan
E-mail: turobovamatlubaxon@agmail.com

In recent years, electronic lexicography has become a pivotal area within
modern linguistics, driven by the rapid advancement of information and
communication technologies. As societies transition from print to digital
mediums, dictionaries—one of the most vital linguistic tools—are also
undergoing significant transformation. Uzbek lexicography, rooted in
centuries of rich linguistic tradition, is now experiencing a dynamic shift
toward electronic formats, opening new possibilities for linguistic
research, education, and cross-cultural communication. The emergence
of Uzbek electronic dictionaries reflects broader global trends, such as
the integration of linguistic corpora, artificial intelligence, and
multimedia components into lexicographic design. These changes not
only enhance the functionality and accessibility of dictionaries but also
demand a reevaluation of traditional lexicographic principles in the
context of user-oriented digital environments. This study aims to analyze
the modern principles and developmental directions of Uzbek electronic
lexicography from technological, linguistic, and applied perspectives.
Special attention is given to the classification of electronic dictionaries,
their interface designs, corpus-based innovations, and their
implementation in education and scientific fields. The study also
addresses challenges related to technological infrastructure, data
structuring, and user engagement.
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SOCIOCULTURAL INFLUENCES ON OPINION FORMATION:
WORD OF MOUTH DYNAMICS, MASS MEDIA
AND BEHAVIOURAL DEVELOPMENT

Elpida Tzafestas
National and Kapodistrian University of Athens, Greece
E-mail: etzafestas@phs.uoa.gr

We study a sciety of agents belonging to a number of
occupational/cultural groups that form opinions about others' situation
in the same/different group. Opinions develop either by observation
within one's own group or by directly interacting with members of other
groups, therefore by word-of-mouth (WoM). Additionally, global mass
media (MM) may be available that inform indirectly about the situation
of the various groups. The sociocultural interplay of these processes and
the degrees of relative exposure to each of the sources has diversified
effects on final opinion and social attitude formation. In large and
complex societies and groups where not everyone can physically interact
by WoM with everyone about everything, these processes show potential
for mass control and social automation engineering. Our model can also
represent and be generally informative about segmented societies that
consist of groups with different occupational and cultural characteristics
and it can offer insights into social issues such as the generation gap,
social cleavages and so on.
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THE TETRAD MODEL OF THE MODERN ECONOMIC SYSTEM:
A SYSTEMIC APPROACH TO INNOVATION-BASED
DEVELOPMENT

Mafura Uandykova
Narxoz University, Kazakhstan
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Akhmed Baikhojayev
Narxoz University, Kazakhstan
E-mail: akhmed.baikhodzhayev@narxoz.kz

The modern economy, shaped by digitalization, technological change,
globalization, and institutional transformation, requires a
reconsideration of traditional approaches to economic development and
governance. As innovation becomes one of the key drivers of
competitiveness and sustainable growth, a systemic understanding of
the interaction among the principal actors of the economic system
becomes increasingly important. Economic development is increasingly
determined not by the isolated activities of individual institutions, but by
the nature of their interrelationships, feedback mechanisms, and
capacity for coordinated adaptation.

This paper proposes the Tetrad Model of the Modern Economic System,
based on the interaction of four interconnected components: the state,
business, science and education, and society. These components are
viewed not as isolated institutional sectors but as structural and
functional elements of an integrated socio-economic system that jointly
generate economic value, knowledge, technological innovation, human
capital, institutional development, and social welfare.

The model is based on the principle of systemic co-evolution, according
to which changes in one component generate direct and indirect
transformations in the others. The state establishes the institutional
environment and strategic priorities; business transforms knowledge
and technology into goods, services, and investment; science and
education generate knowledge and develop competencies;, while
society generates demand, provides human capital, and defines social
priorities. Economic development is therefore interpreted as the
outcome of continuous interaction, feedback, and mutual adaptation
among the components of the system.

The model identifies three interconnected dimensions of innovation-
based development: technological, financial, and socio-institutional. This
approach extends the conventional understanding of innovation by
considering technological change in conjunction with financing
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mechanisms, institutional transformation, and social acceptance of
innovation.

Gross value added (GVA) is proposed as a key measurable outcome of the
interaction among the components of the Tetrad. Defined as gross
output minus intermediate consumption, GVA makes it possible to
assess the contribution of individual economic activities to the creation
of economic value and to link the results of innovation and institutional
development with the structural characteristics of the economy. Within
the proposed framework, value creation is represented as a sequence of
interconnected processes: institutional action by the state » investment
and productive activity of business » knowledge and competence
formation through science and education » demand and human capital
generated by society » creation of GVA - inter-industry interactions -
formation of gross output and GDP » improvement of social welfare.
The empirical context of Kazakhstan demonstrates both positive
structural changes and persistent institutional constraints. According to
the Economic Complexity Index, Kazakhstan ranked 55th in 2024 with an
index value of 0.38, improving its position compared with 2020. The
dynamics of sectoral value added also indicate a strengthening role of
manufacturing, mechanical engineering, construction, and transport
and logistics. At the same time, the Bertelsmann Transformation Index
2026 indicates continuing institutional and governance challenges:
Kazakhstan ranks 71st in the Status Index with a score of 4.94, 93rd in
Political Transformation with a score of 3.73, and 80th in the Governance
Index with a score of 4.42. The combination of structural transformation
and institutional constraints highlights the need for a systemic
framework capable of coordinating economic, technological, and social
development.

The mathematical formalization of the Tetrad Model incorporates a
system of indicators and coefficients, a hierarchical goal structure
represented as a dichotomous tree, criteria aggregation methods for
obtaining integrated assessments, and multipliers for modeling
development trajectories. This formalization makes it possible to identify
imbalances among system components, evaluate alternative
development scenarios, and determine appropriate management
interventions.

The practical implementation of the model is supported by a modular
Intelligent Decision Support System (IDSS) incorporating data and inter-
industry relationship management, process analysis, development-
program design, and project implementation monitoring. The use of
MOLAP and Web OLAP technologies, Data Mining, Critical Path Method
(CPM), and optimization modeling enables a transition from monitoring
primarily financial execution of government programs to assessing their
structural and economic effects. In particular, linking government
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program data with the input-output balance creates an opportunity to
evaluate the impact of individual programs and projects on sectoral GVA,
gross output, and overall economic outcomes.

The scientific contribution of the proposed framework lies in
conceptualizing the Tetrad as an integrated model of the modern
economic system that combines institutional analysis, systemic
modeling, innovation policy, value-added assessment, and intelligent
decision support within a unified methodological framework. Its
practical relevance is particularly high for countries seeking to move
from a predominantly resource-oriented economy toward a diversified,
technology-driven, and innovation-based development model. The
Tetrad Model provides a foundation for moving from fragmented
management of individual programs and institutions toward systemic
governance of interconnected processes of economic transformation.
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A METHOD FOR FRACTAL ANALYSIS OF SOCIAL DATA

Neringa Urbonaite
Vilnius University, Lithuania

Leonidas Sakalauskas
Vilnius University, Lithuania
E-mail; leonidas.sakalauskas@mif.vu.lt

Many processes in technology and social systems are fractal. A method
for multivariate and multioutput fractal data analysis is proposed based
on the geometry of fractional Euclidean matrices, avoiding the positively
defined correlation functions, usually used for spatial-temporal fractal
data modelling. The maximum likelihood method for estimating model
parameters and the kriging method for predicting data are presented.
Applications of the method to the multi-fractal spectra analysis of heavy
metals distribution in soil and climate data are discussed.
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ENHANCING EFL LEARNERS’ WRITING PROFICIENCY
THROUGH AN INTEGRATED ADDIE MODEL AND GOOGLE
CLASSROOM FRAMEWORK

Shokhsanam Usmanova
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E-mail: usmanova.sh@uwed.uz

llkhomjon Tokhtasinov
Uzbekistan State University of World Languages, Uzbekistan
E-mail: uzdjtu_d@edu.uz

This research introduces a holistic instructional design framework for
enhancing EFL learners' writing proficiency through the amalgamation
of the ADDIE model and Google Classroom. The proposed method
systematically links each phase of ADDIE with pertinent psychological
learning theories behaviorism, cognitivism, constructivism, and
humanism to guarantee a pedagogically sound process. It provides
educators with a structured methodology to analyze learners' needs,
design and develop technology-enhanced writing tasks, implement
instruction in an digital environment, and evaluate learning outcomes
effectively. By leveraging the tools and features of Google Classroom, the
model facilitates interactive learning, timely feedback, and efficient
assessment practices. The proposed approach aims to support teachers
in creating theory-driven, practical, and scalable writing instruction
adaptable to diverse EFL contexts. This study contributes to the field of
language education by offering an integrated model that bridges
instructional design, learning theory, and digital pedagogy.
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A NEW LOOK AT SCHISMOGENESIS THROUGH
A SYSTEM DYNAMICS LENS

Seyed Ashkan Zarghami
Australian National University, Australia
E-mail: ashkan.zarghami@anu.edu.au

1. Introduction and Motivation

How do groups drift from productive tension into entrenched division?
This question sits at the heart of behavioral science and remains one of
the field's most practically urgent concerns. The opening scenario is
familiar to any organizational practitioner: two teams that once
collaborated effectively begin to mirror and amplify each other's
antagonism until communication breaks down, silos form, and collective
performance deteriorates. Understanding the structural dynamics that
drive this process—not merely its surface manifestations—is essential for
designing effective interventions.

This paper addresses that challenge through the concept of
schismogenesis, introduced by the English anthropologist Gregory
Bateson in the 1930s. Bateson defined schismogenesis as “a process of
differentiation in the norms of individual behavior resulting from
cumulative interaction between individuals” (Bateson, 1936, p. 175). At its
core, schismogenesis operates through feedback loops that produce two
distinct dynamics: symmetrical schismogenesis, in which groups mirror
each other’s escalating behavior through competitive reinforcement,
and complementary schismogenesis, in which dissimilar yet
interdependent responses generate patterns of dominance and
submission. Crucially, these two forms are not static—transitions
between them are possible and, as this paper argues, can be modelled
with precision.

Despite the inherently systems-oriented character of schismogenesis, it
has received remarkably limited attention within the systems thinking
literature. The concept remains largely qualitative, and to date, no
guantitative framework has been proposed to measure the relative
influence of the variables that drive schismogenic processes. Without
such a framework, identifying where and how to intervene in
schismogenic systems remains largely a matter of intuition rather than
evidence. This paper addresses both gaps.

2. Research Gaps and Objectives

A review of the systems thinking literature reveals that schismogenesis
has been engaged almost exclusively under the alternative label of
“systems of holding back” (Hamalainen & Saarinen, 2007). Only three
peer-reviewed studies have directly applied this construct, and none
have attempted to formalize the dynamic mechanisms through which
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schismogenesis unfolds or to measure the causal weight of its
constituent variables. The broader behavioral sciences literature, while
rich in ethnographic and qualitative applications of schismogenesis, has
similarly not engaged with its structural dynamics.

This paper identifies three specific research gaps. First, the dynamic
behavior through which schismogenesis unfolds—the “hows” of its
production and reinforcement—remains unexplored. Second,
schismogenesis has been treated exclusively as a qualitative concept,
with no quantitative method proposed to assess the relative influence of
its driving variables. Third, existing frameworks do not specify targeted
areas of intervention that account for the structural position of variables
within the schismogenic system. This paper addresses all three gaps by
developing a system dynamics (SD) model of schismogenesis and
applying the DEMATEL (Decision Making Trial and Evaluation
Laboratory) method to the model variables.

3. Theoretical Framework: Schismogenesis as a Path-Dependent
System

A defining feature of schismogenesis that distinguishes it from
established conflict resolution frameworks—such as social identity
theory (Tajfel & Turner, 1979) and principled negotiation (Fisher & Ury,
1981)—is its emphasis on feedback loops and cumulative dynamics. This
paper argues that schismogenesis is best conceptualized as a path-
dependent system, in which “small, unpredictable events early in the
history of the system can decisively determine its ultimate fate”
(Sterman, 2000, p. 350). Small divergences from behavioral norms are
amplified by reinforcing feedback loops until the system locks in to one
of three long-term outcomes: fusion into a homogeneous culture,
coexistence through dynamic equilibrium, or domination and
destruction of one party by the other.

System dynamics (SD) modelling, developed by Forrester in the late
1950s, provides an ideal methodological vehicle for capturing this path-
dependent logic. Unlike event-oriented thinking, which treats problems
as discrete episodes requiring quick fixes, SD integrates problem and
solution through feedback loops, enabling the modeler to trace the
structural sources of dynamic behavior over time. Causal loop diagrams
(CLDs) serve as the primary analytical tool, visualizing positive and
negative causal links and identifying reinforcing and balancing feedback
loops within the system.

4. A System Dynamics Model of Schismogenesis

This paper develops a generic SD model of schismmogenesis and then
applies it to Bateson’'s ethnographic case study of the Naven ritual
among the latmul people of Papua New Guinea—the foundational
empirical context in which schismmogenesis was first articulated.
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The generic model comprises three interconnected causal loop
diagrams. The first, representing symmetrical schismogenesis, captures
the reinforcing feedback loop (R1) in which Party A's aggressive behavior
provokes Party B's defensive response, which in turn reinforces Party A's
perception that aggression is necessary, creating an escalating cycle of
mutual antagonism. The second CLD, representing complementary
schismogenesis, captures the reinforcing feedback loop (R2) in which
Party A's assertion of control elicits Party B's submission, which in turn
encourages further assertion, progressively institutionalizing a
dominance-submission dynamic. The third CLD introduces the
transition mechanism (R3) through which the system can shift between
these two modes: prolonged hegemony in the complementary mode
eventually reaches a threshold at which the subordinate party perceives
the dominant party’'s authority as an existential threat, triggering
aggressive resistance and initiating symmetrical dynamics.

The Naven case study operationalizes this generic model through nine
empirically grounded variables: Initiators’ Ritual Authority (IRA),
Initiators’ Harsher Behavior (IHB), Initiators’ Masculine Behavior (IMB),
Initiators’ Authority Challenge (IAC), Novices' Ritualized Submission
(NRS), Novices' Ceremonial Passivity (NCP), Novices' Authority Defense
(NAD), Novices' Competing Brutality (NCB), and Women's Admiration
(WA). Five reinforcing feedback loops govern the system. Loops R1 and
R2 capture the symmetrical and complementary dynamics between
initiators and novices respectively. Loop R3 represents the transition
mechanism between these modes. Loops R4 and R5 introduce women's
admiration of male performance as an exogenous amplifier that
intensifies masculine behavior and accelerates the novice-to-initiator
transition, thereby perpetuating the cycle across generations.

5. Quantitative Analysis: DEMATEL Method

To address the quantitative gap identified above, this paper applies the
DEMATEL method to measure the relative influence of variables within
the SD model. DEMATEL operationalizes causal influence through a four-
step procedure: construction of a direct-relation matrix capturing
pairwise causal links among variables;, normalization of this matrix;
computation of a total-relation matrix that captures both direct and
indirect effects; and factor analysis that yields, for each variable, a
prominence score (R+C, indicating overall system centrality) and a
relation score (R-C, indicating whether the variable is a net driver or a net
receiver of influence).

Applied to the nine Naven variables, the DEMATEL analysis yields a clear
structural picture. Initiators’ Ritual Authority (IRA) and Initiators’ Harsher
Behavior (IHB) emerge as the system’s core drivers, with the highest
prominence and the strongest net causal influence. Initiators’ Authority
Challenge (IAC) and Women's Admiration (WA) are identified as latent
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drivers—causally positive but with lower overall prominence,
representing untapped intervention potential. Novices' Authority
Defense (NAD) is classified as a peripheral outcome with low
prominence and negative net influence, while Initiators’ Masculine
Behavior (IMB) and Novices’ Competing Brutality (NCB) emerge as
critical outcomes—high-prominence variables that serve as key
performance indicators of system behavior but are largely shaped by
other variables rather than shaping them. Novices' Ritualized
Submission (NRS), Novices' Ceremonial Passivity (NCP), and Women's
Admiration (WA) are classified as balanced intermediaries, with near-
zero relation scores indicating transitional roles between drivers and
outcomes.

6. Key Findings and Contributions

This paper makes three interconnected contributions. First, it provides
the first formal SD model of schismogenesis, conceptualizing
schismogenic dynamics as a self-reinforcing, path-dependent system
rather than a static relational pattern. The model captures both forms of
schismogenesis—symmetrical and complementary—and explicitly
represents the transition mechanisms between them, extending
Bateson’s (1972, p. 80) insight that a small admixture of complementary
behavior in a symmmetrical relationship, or vice versa, can go a long way
toward stabilizing the system.

Second, the paper introduces the first quantitative framework for
measuring the influence of variables in a schismogenic system. The
DEMATEL-based analysis produces a four-zone classification of model
variables—core drivers, latent drivers, peripheral outcomes, and critical
outcomes—that directly informs targeted intervention strategies. Core
drivers (IRA and IHB) should be prioritized for immediate intervention;
latent drivers (IAC) should be proactively developed; critical outcomes
(IMB and NCB) should serve as key indicators of intervention
effectiveness; and balanced intermediaries require sustained attention
to maintain system connectivity.

Third, the paper advances the integration of systems thinking into
behavioral science and anthropological research. For behavioral
scientists, causal loop diagramming offers a rigorous method for
visualizing the feedback structure of schismogenic processes that verbal
descriptions alone cannot capture. For systems thinkers, the application
of SD modelling to schismogenesis demonstrates the broader utility of
systems methods in human-centered domains such as conflict
resolution, organizational behavior, and intercultural dynamics.

7. Conclusion and Future Directions

This paper has treated schismogenesis as a path-dependent system
driven by reinforcing feedback loops, developed an SD model that
captures both its symmetrical and complementary dynamics, and
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applied the DEMATEL method to measure the structural influence of its
constituent variables. The resulting four-zone classification framework
enables practitioners and researchers to identify where targeted
interventions are most likely to restrain schismogenic escalation.

Two directions for future research are particularly promising. First, stock
and flow diagrams could extend the current CLD-based model to enable
forecasting of schismogenic behavior over time, including the timing of
tipping points between symmetrical and complementary dynamics.
Second, the current model treats schismogenic lock-in as potentially
disrupted by external forces but does not formally incorporate these
exogenous influences. Future work should integrate such factors—
including third-party mediation, institutional interventions, and cultural
constraints—to model the full range of conditions under which
schismogenic systems stabilize, transition, or collapse.

Keywords: Causal loop diagram; DEMATEL; Feedback loop;
Schismogenesis; System dynamics
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REGIONAL SEARCH ANXIETY MONITORING: METHODOLOQGY,
REGIONAL DISPARITIES, AND SOCIO-ECONOMIC DRIVERS
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In the current context of socioeconomic and geopolitical instability,
measuring social anxiety is critical for timely state and civil society
responses. Traditional surveys are labour-intensive, costly, and lack
real-time capability. Hence, approaches based on digital traces—
specifically internet search queries—are gaining relevance. Search
behavior is spontaneous, making it a valid indicator of genuine fears and
needs. However, until now, Russia has lacked a comprehensive method
for quantifying background anxiety (not tied to immediate news events)
suitable for spatiotemporal analysis across all regions over a long horizon.
The key scientific problem addressed is the need to develop and validate
a tool that objectively, continuously, and regionally measures social
anxiety in Russia, overcoming survey limitations and accounting for
Russian search behavior specifics. Unresolved issues included: which
indicator best reflects social anxiety in Russia; how to ensure
cross-regional comparability given differences in population, internet
activity, and culture; and how to isolate the contribution of seasonal,
epidemiological, and geopolitical factors to anxiety dynamics.

The authors propose a methodology based on six thematic indicator
groups (financial fears, fear of unemployment, mental health, legal
insecurity, social relations, crisis news) and a neutral control group. Using
the Yandex Wordstat API, monthly data were collected for 86 Russian
regions from 2018-2025 (over 204,000 rows). The Search Anxiety Index
(SAI) was calculated as a relative indicator normalised by the control
group, eliminating regional differences in population size and
digitalisation. The interest index identified dominant drivers: financial
anxiety in Tyva and Altai; crisis news in Lipetsk and Kaliningrad. A
regression model (R? = 0.8) shows that background anxiety grows by
0.7% per month on average, with significant spikes in spring months, the
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COVID-19 pandemic, the start of the SMO, mobilisation announcement,
and Wagner Group events. The index was validated via event analysis.
The developed SAl is a reliable, sensitive, real-time tool for monitoring
public sentiment. It enables not only regional ranking and risk zone
identification but also diagnosis of specific anxiety types (financial, legal,
psychological, etc.), allowing targeted policy responses. Future research
includes correlating SAI with official socioeconomic indicators (poverty,
unemployment, credit burden) and semantic query analysis by
sociodemographic groups.
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This article examines successive approximation methods for finding
Nash equilibrium points in certain N-person games. The aim of this work
is to investigate the Nash equilibrium in a two-player differential game.
Based on the well-known von Neumann theorem and Nikaido's lemmma,
the existence of a Nash equilibrium in an auxiliary game is established,
and the obtained result is generalized to topological spaces using
general minimax theorems. Furthermore, as a practical application, the
method proposed in this paper is implemented to determine the Nash
equilibrium in a terminal differential game.
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LEGAL NIHILISM: SOURCES AND IMPLICATIONS
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Over centuries neglect for systemic flaws in social, economic, political,
legal and other planes of world order has led to disruptive manifestations
which could be called “legal nihilism”, and modern creative societies
should seek innovative ways how to harness those dangerous aspects of
human nature and to maintain a sustainable system that could outlast
its creators. This article offers some hypotheses on what constitutes
nihilism in law, classifies main situations when social behavior reaches
the point where the binding quality of legal norms loses its power. A
working definition of legal nihilism is introduced: a rejection of a legal
system, fully or in part, or of its certain positive norms, as a reaction to
grave injustices for which that system is blamed and which lead to the
loss of authority of that system or its parts. That rejection may take
various forms — from simple disregard for specific norms to extreme
modes of violence and global disruptions. The article is limited to the
analysis and classification of the sources of such legal nihilism in relation
to the functioning of legal norms (whether rejection is caused by unjust
norms, or by unjust application of norms, or by lack of norms where they
are expected to exist, or by overextension of norms into the extra legem
field, or by fundamental flaws and ineffectiveness of the legal system
itself). The article offers possible directions for further research and
discussion of the interdisciplinary phenomenon of legal nihilism.
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