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The increasing share of renewable energy sources in modern power systems
necessitates improving the efficiency of solar powstallation control. Solar power
generation is one of the most promising directions in the development of distributed
energy systems; however, its operation strongly depends on external conditions,
including solar irradiance, ambient temperature, cloudecoand the nature of
electrical load demand.

The main challenge in the operation of solar power installations is the instability
of output power, which complicates the maintenance of optimal operating conditions.
Under such circumstances, conventional tadn methods, including classical
maximum power point tracking algorithms and fixed controllers, do not always provide
sufficient adaptability and response speed intiea¢ operation.

A promising approach to solving this problem is the application efligent
control methods combined with digital twin technology. A digital twin makes it
possible to reproduce the current state of a solar power installation, predict changes in
its operating parameters, and evaluate the effectiveness of control actiores be
applying them to the physical system.

At the same time, the effective implementation of such an approach requires an
appropriate software architecture. In this context, the operating system serves as the
foundation for organizing data acquisition,anhation processing, control execution,
monitoring, and interaction with the digital twin. The integration of operating system

ICSPM 2026 21-22Istc©o dzv 2026'das. , 3.
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architecture, intelligent algorithms, and digital twin technology makes it possible to
improve the accuracy, adaptability, antlatality of solar power installation control.

The analysis of recent studies has demonstrated the active adoption of digital twin
technology in energy management systems. In particular, digital twins are used for
power generation forecasting and optimizatof energy system operating modes [1],
as well as for condition monitoring of photovoltaic installations [2]. Some studies also
demonstrate the feasibility of using operating systems as integration platforms for
implementing intelligent control of comgt technical systems [3, 4]. In addition, a
digital twin can serve as a virtual environment for adaptive control parameter
adjustment and redime decision support [5]. However, the implementation of
intelligent control for solar power installations atethevel of operating system
architecture with integrated digital twin functionality remains insufficiently explored.

To develop the digital twin of a solar power installation, it is appropriate to use a
mathematical model of the photovoltaic module thiaésainto account the effects of
solar irradiance, ambient temperature, and the electrical parameters of the solar panel.

To model the behavior of the photovoltaic module, a stdglde mathematical
model is used, which is widely applied fdescribing the electrical characteristics of
solar panels [6].

The output current of the photovoltaic module is determined by the following
expression:

00 0Q p —, (1)
wherel i output current of the photovoltaic module;
lon T photogenerated current;
loT diode saturation current;
Vi output voltage;
Rs1 series resistance;
Rsh T shunt resistance;
a’i diode ideality factor;
Vi1 thermal voltage.

The output power of thehotovoltaic module is determined as:

0 wdO (2)

The proposed model makes it possible to take into account the influence of solar
irradiance, ambient temperature, and the internal electrical ptgesmof the
photovoltaic module, ensuring an adequate representation of the behavior of a real solar
power installation within the digital twin.

To implement intelligent control of the solar power installation, a-level
operating system architecturepsoposed (Figre 1). The lower level is intended for
executing timecritical tasks in reatime, while the upper level is responsible for digital
twin operation, data analysis, and adaptive adjustment of control parameters.

At the lower level, it is apppriate to use a redlme operating system, such as
FreeRTOS or Zephyr. It provides priorbased task scheduling, predictable response
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time, and execution of functions directly related to the control of the solar power
installation.

The lower level incldes the following main tasks:

Data Acquisitioni collection and preprocessing of telemetry data, including
voltage, current, temperature, and solar irradiance values;

Control Tasks generation of control signals for the power converter;

Protectiori monitoring of abnormal operating conditions, including overvoltage,
overload, and overheating;

Communicatiori transmission of telemetry data to the digital twin and reception
of updated control parameters.

UPPER LEVEL — EMBEDDED LINUX
(Digital Twin and Analytical Processing)

PV Modules Digital Twin Forecasting Optimization Data‘
Analysis

h 4 [ Data Processing and Analytics ]

Power Y
Converter

[(a]e77:Y o) R st ) E
Telemetry Data . R L Control Parameters
(Measurements) | Bidirectional Communication (Setpoints)

Y

Sensors — LOWER LEVEL - RTOS
V1. T.G) (Real-Time Control)

Actuators /
Control Outputs
Data Control . . l (Converter,

3 Protection [Communication|
Acquisition Tasks Relays, etc.)

| /O Drivers ]

Figure 11 Proposed Twd.evel Operatingsystem Architecture for Intelligent
Control of a Solar Power Installation Using a Digital Twin

The upper level is implemented on the basis of the Embedded Linux operating
system. It provides the operation of the digital twin, forecasting module, and
optimization module. The digital twin receives telemetry data from the lower level,
compares actual operating parameters with calculated values, and generates
recommendations for adjusting operating modes.

A two-level operating system architecture fioielligent control of a solar power
installation using a digital twin has been proposed. The lower RI&38&d level is
responsible for data acquisition, control signal generation, protection, and
communication, while the Embedded Linbased upper levelrpvides digital twin
operation, forecasting, optimization, and analytical processing. This organization
makes it possible to combine rdshe responsiveness with intelligent decision
making.

The main advantage of the proposed architecture is the cldéabudien of
functions between deterministic control and analytical processing. -dfitneal
operations remain at the RTOS level, where predictable response time is required,
whereas forecasting, optimization, and meloleted analysis are performed at the
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upper software level. This reduces the computational load on theémneasubsystem
and increases the stability of the overall control process.

The integration of a digital twin into the operating system architecture enables the
comparison of actual andalculated operating parameters and supports adaptive
adjustment of control actions under changing environmental conditions. As a result,
the system can respond not only to current changes in solar irradiance, temperature,
and load, but also to predicteldanges obtained through digital twased analysis.

The proposed approach can be used as a basis for developing scalable control
solutions for distributed solar power installations. It is especially relevant for systems
where local reatime control mustbe combined with highdevel monitoring,
optimization, and decision support. Such architecture may also be applied in
microgrids, smart energy systems, and distributed renewable energy infrastructures.

Future research may focus on practical implementatbnthe proposed
architecture on embedded hardware platforms integrating RTOS and Embedded Linux
environments. An important direction is the use of artificial intelligence methods for
solar power forecasting, anomaly detection, and dynamic optimizatiaorifol
parameters.

Another promising direction is experimental validation using real photovoltaic
installations and hardwaia-the-loop simulation environments. Such validation
would allow evaluation of system responsiveness, computational efficiehalility,
and scalability under realistic operating conditions. In addition, further studies may
include integration with battery energy storage systems and coordination with other
renewable energy sources within smart grid infrastructures.
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At the current stage of information technology development, a global
transformation of humanomputer interaction (HCI) interfaces is taking place, with
the creation of naturaipntuitive communication methods becoming a priority. Global
trends indicate the gradual replacement of traditional manipulators with intelligent
contactless interfaces based on computer vision. In scientific literature, hand gesture
recognition is consided a fundamental task of humarachine interaction, enabling
the control of complex equipment without physical contact with input devices [2, 5].

Despite significant progress and the deployment of efficient frameworks for hand
skeleton tracking, such as MiaPipe Hands, unresolved problems and challenges still
remain. The primary difficulties arise when systems operate in-wedd
environments: dynamic lighting, complex backgrounds, partial occlusion by other
objects, as well as the limited computationesources of mobile platforms [1, 6].
Consequently, developing robust and enetiicient algorithms that can reliably
function within industrial environments or the "Smart Home" concept is of high
relevance, where touchless control is essential for impgohygienic safety and
ergonomics of work processes [3].

To select the technological foundation of the system, a formalized efficiency
assessment of existing hardware solutions was implemented using the weighted sum
method. The integral indicatdiYc is calculated by the formulawhere the
parameters are evaluated on gobint scale:

Yoeid ®© 6 ®© 6 w 6 wh (1)

where 7 0 the level of overcoming technological challenges (the
difficulty of mitigating obstacles);

7 0 the availability and prevalence of tools;

7 0 the quality of technical specifications (accuracy, speed);

7 0 the universality of application;

+ 0 the weighting coefficient
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priorities: +  Tio (robustness to noiye -~ it (availability), «+ T
(performancgand- T (universality. Part of the comparison results is presented
in Table 1
Table 1i Comparison of primary hand gesture recognition means
Data Source Challenges Tools Specifications | Application | Evaluation
(W1) (W2) (W3) (W4) (Score)
. . : HCI
Webcameras, Field of Available | High accuracy y
Kinect view (7) (10) (8) hou(sé‘;ho'd 8.2
. o Specialized| Joint tracking Sign
Leap Motion Lighting (6) 8) (10) language (8) 8.2
Depth sensors Range (6) | Medium (7) 3D mfz)gr)matlon Gaming (8) 7.6
Smart gloves | Comfort (4) Exp(glswe Hand (agt):curacy Industry (8) 7.2
Electromyography| Placement . Muscle activity| Prosthetics
Special (5 5.6
(EMG) @) Pecl O] ™ 7) 6)

Based on the analysis results, the highest integral evaluation (8.2 points) was
achieved by computer visidmased systems utilizing standard webcameras and the
Leap Motion controller. The selected approach is based on transitioning from simple
visual imageanalysis and skin color segmentation to mieiiel data processing with
the construction of skeletal models. This allows for separating the pose capture process
from the command interpretation logic. The conceptual diagram of the proposed

solution is shan in Figure 1.
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According to the developed concept, the first stage of video stream processing is
the noise filtering and Region of Interest extraction module, which allows for automatic
focusing on dynamichanges in the frame and ignoring background interference. The
next level is the structural abstraction and feature extraction block, which includes a
palm detector and a landmark localizer. Representing a gesture as a set of spatial
vectors followed by teir normalization ensures the system's invariance to the hand's
distance from the camera and its orientation [5].

The central intelligent element of the system is the classifier, whose logic is
divided into two branches. The static branch is responsibleéognizing the pose in
the current frame using lightweight machine learning modelsgexamplea one
dimensional convolutional neural network operating on the feature vector.
Concurrently, the dynamic branch analyzes the trajectory of movements thraough
temporal sequence buffer, applying recurrent neural networks, which allows for
differentiating complex gestures that share similar initial phases but have distinct
completion trajectories [3, 4].

To transform the classification results into control aigna logical controller is
integrated into the architecture. It consists of a state machine that filters out false
positives using confidence thresholds and time delay (debounce) mechanisms, and a
contextual mapping block. Contextual adaptation allowsf@anging the meaning of
the same gesture depending on the active operation mode of the equipment, making the
interface more ergonomic. Final commands are transmitted to the output interface to
control the target equipment via an API or input/output d6éits

Experimental verification of the architecture involves conducting tests for both
static and dynamic branches on datasets collected under various lighting conditions and
partial occlusion. To evaluate the quality of the algorithms, Accuracy and +Racro
metrics can be utilizedayith latency and FPS metrics to confirm the feasibility of stable
reattime operation.

The developed architecture provides a qualitatively new level of humaahine
interaction reliability due to the synergy of spatial pose@ting methods and adaptive
decisionmaking logic. This establishes a solid foundation for implementing
contactless intelligent interfaces in home automation systems and industrial cyber
physical complexes.
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1. Introduction

Software temporarily escaped physical constraints during the cloud era. Atrtificial
intelligence and infrastructwgcale systems are forcing engineering discipline back
into project management.

From approximately 2008 through 2022, software development operated under
incentive structures optimized for velocity, abstraction, and rapid iteration. Continuous
deployment, rollback culture, cheap cloud compute, and platform abstraction reduced
the immediateperational cost of architectural mistakes. These approaches produced
genuine productivity gains within the economics of that period.

The assumptions that governed wsslale consumer software do not transfer
cleanly into systems where software operatesfesstructure. Once software controls
transportation, hospitals, industrial automation, drones, energy grids, semiconductor
tooling, or Al inference at scale, defects become physical consequences rather than
digital inconvenience. Atrtificial intelligencaccelerates this transition because it
reintroduces physical constraints that software culture had partially abstracted away.
Compute is finite. Latency matters. Cooling matters. Energy matters. GPU supply
chains matter. Token usage carries real infragire cost. Modern technical project
management increasingly resembles systems engineering rather than pure feature
iteration.

2. Hardware Discipline Maps Directly to Software

Hardware engineering discipline transfers directly into modern software and Al
infrastructure practice. The terminology changed during the cloud era. The operational
realities did not.

Engineers working in semiconductor manufacturing, avionics, photonics, or
industrial systems learn quickly that abstraction layers do not remove ghysic
consequences. Thermal limits remain thermal limits. Timing constraints remain timing
constraints. Interface instability remains instability. During the cloud era, many
software organizations evolved within environments where rollback capability and
rapid deployment reduced the shtetm penalty for poor architectural decisions.
Hardwareoriented industries could not operate this way because their systems required
gualification testing, release discipline, interface freezes, and validation gates. That
distinction is disappearing as Al systems migrate from consumer software into
infrastructurescale operational environmer(isable 1).
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Table 11 Comparative characteristics of engineering approaches in hardware and
software environments

Hardware Discipline Software Equivalent
Tapeout freeze API freeze
Yield management Reliability engineering
Supply chain management Dependency management
Qualification testing CI/CD validation
Thermal budget Compute budget
Fault isolation Service isolation
Manufacturing tolerances Edgecase handling

Modern Al systems operate under bandwidth limitations, inference latency
requirements, GPU allocation constraints, memory locality considerations, cooling
capacity, electrical availability, and orchestratiomritinead. The abstraction layer still
exists, but physical infrastructure increasingly determines what systems are
economically viable. Software engineering is converging back toward systems
engineering.

3. Al as Infrastructure

The transition fromsoftware product to infrastructure system is one of the
defining engineering shifts of the Al era. The Boeing 737 MAX failures and the 2024
CrowdStrike outage illustrate different versions of the same systems problem. In both
cases, software operated agastructure while portions of the organizational process
continued treating elements of the stack as-dowsequence software layers. Agile
methods did not fail. Methodology must match operational layer.

Rapid iteration remains highly effective where lbaltk cost is low and system
consequences remain bounded. Systems engineering discipline becomes mandatory
where software interacts with physical infrastructure, industrial systems, or high
dependency operational environments. The same transition is agcumgide Al
infrastructure. Probabilistic outputs, orchestration complexity, GPU scarcity, energy
requirements, and evaluation instability reintroduce engineering constraints that much
of software culture had partially abstracted away during the cloud era

3.1 Tokens Are Not Abstract

Current Al discourse treats tokens as abstract computational units detached from
physical infrastructure. Tokens are not abstract. Tokens are electricity, cooling, silicon
utilization, network transit, and time expressed thgtogoftware interfaces. Every
unnecessary inference pass, repeated prompt cycle, orchestration failure, or oversized
context window consumes physical infrastructure resources somewhere within the
system. Poor orchestration and uncontrolled iteration &a&structure inefficiencies
disguised as software convenience.

Iteration itself is not the problem. Iteration remains valuable for experimentation
and discovery. The question is whether iteration occurs with awareness of
infrastructure cost. A poorly orchgated Al system may consume enormous context
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windows while generating lowalue output, unstable retrieval behavior, or redundant
inference passes. A waddtructured system can achieve superior results using
significantly fewer resources. Bandwidth does equal throughput. Clock speed does
not equal capability. FLOPS do not equal system quality. Token volume does not equal
intelligence.

Uncontrolled Al iteration resembles repeatedly boiling unnecessary kettles of
water. The user experiences only theiface layer while the underlying infrastructure
absorbs the physical cost through electricity, cooling, networking, silicon utilization,
and datecenter operations. Al hides thermodynamics behind user experience. As Al
systems scale, the organizationst tearvive economically will be those that treat
compute as infrastructure rather than magic.

4. Resource Allocation and Reliability

Modern Al systems resemble constrained resealiogation systems. Large
scale Al infrastructure distributes finite computational resources across competing
functions: compute and inference, validation and guardrails, retrieval and
orchestration, monitang and rollback, evaluation and testing, and operational
headroom. This pattern is not unique to computing. Biological systems solve
structurally similar allocation problems under finite energy budgets, a parallel
formalized by Kleiber and developed by Wearown, and Enquist [10].

Many current Al systems allocate disproportionate resources toward raw
generation while underinvesting in validation, orchestration, monitoring, and
evaluation. The failure modes are familiar: hallucination, drift, adversaritdébess,
orchestration collapse, unreliable automation, and security instability. Validation,
orchestration, monitoring, and operator oversight are not secondary implementation
details. They are core infrastructure functions carrying real computatenl
operational cost. Al infrastructure behaves more like industrial infrastructure than
traditional software tooling.

5. The Return of Technical Project Management

The cloud era partially separated technical project management from deep
systems awarenesdnfrastructure abstraction reduced visibility into hardware
constraints and encouraged organizational focus on delivery cadence, coordination
velocity, and feature iteration. Al infrastructure reverses this separation.

Modern technical project managergjuge operational awareness of compute
allocation, orchestration topology, inference economics, GPU procurement constraints,
thermal and power limitations, integration dependencies, probabilistic system
behavior, and validation burden. Technical projechaggment is converging back
toward systems engineering. Organizations require personnel capable of stabilizing
generated code, validating orchestration behavior, debugging probabilistic outputs, and
integrating heterogeneous Al systems into existing ojpatinfrastructure. These
roles are not entirely new. They are modern expressions of older engineering
disciplines: validation, integration, reliability engineering, systems coordination, and
operator oversight.

Technical project management is returnagya systems discipline. Modern Al
infrastructure projects require architecture discipline, interface control, validation
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gates, orchestration awareness, resource accounting, integration management, anc
failureemode analysis. Iterative development and eyst engineering apply to
different layers of the same system. Rapid iteration remains effective fanteséaice
refinement, experimental workflows, feature exploration, and product discovery.
Systems engineering discipline is mandatory where softwéeeacts with physical
infrastructure, safetgritical systems, industrial automation, defense systems,-large
scale Al infrastructure, or higbost compute environments. The cloud era rewarded
abstractiofirst thinking. The Al infrastructure era rewardsstraintaware thinking.

6. Conclusion

Al did not eliminate systems engineering. It made systems engineering mandatory
again. The cloud era produced major advances in deployment speed, experimentation,
and software iteration. Those gains remain valuablergvthe underlying economics
support them. Al systems operate under physical constraints that abstraction layers
cannot remove. Compute has cost. Energy has cost. Cooling has cost. Latency has cost
Poor orchestration has cost. As software becomes infcaste, engineering discipline
returns. The future is neither pure waterfall nor pure agile. The future is hybrid.
Iterative development and systems engineering coexist at different layers of the same
system. Organizations that recognize this transitiaty esll build more resilient,
more efficient, and more sustainable Al infrastructure during the coming decade.
Infrastructure obeys physics whether developers acknowledge it or not.
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Electronic spreadsheets remain one of the most widely used tools for working
with data in business, education, finance, analytics, and research. They are popular
because they are accessilleible, and allow users to organize information, calculate
values, prepare reports, and build analytical models without developing specialized
software. However, the basic logic of spreadsheet interaction still depends mainly on
formulas. Traditional fanulas are powerful, but they require users to know exact
syntax, understand cell references, and build expressions correctly. Even common
business tasks may involve nested conditions, lookup functions, regular expressions,
or macros. This creates difficids for users who work with data but are not
professional programmers.

This limitation becomes more visible when spreadsheets are used to process
unstructured or senstructured data, such as customer reviews, emails, product
descriptions, company profilesurvey answers, and support requests. Classical
formulas can compare exact values or search for predefined fragments, but they cannot
reliably understand meaning, detect emotional tone, summarize text, or classify
information according to business coritex

The development of large language models has created new opportunities for
tabular computing. Recent studies show that such models are increasingly used for
table understanding, spreadsheet manipulation, question answering, and semantic
processing of stictured and senstructured data [1]. This allows spreadsheets to
evolve from deterministic calculation tools into intelligent environments where users
describe the desired result in natural language.

The purpose of this work is to describe the concemt development of
TableBrew, an intelligent SaaS platform for tabular computing based on semantic
gueries. TableBrew combines the familiar spreadsheet structure of rows, columns, and
cells with generative artificial intelligence. The platform allows usecédan, classify,
enrich, translate, summarize, and generate data directly inside éHigbie 1)

The key concept of TableBrasrPromptasFormula. In a traditional spreadsheet,
the user enters a formula with operators, functions, and cell references. In TableBrew,
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the user enters a natural language instruction that describes the expected result. For
example, if a table contairgistomer reviews, the user can create a column called
ASenti mento and enter the instruction:
Negati ve, or Neutral .o The system sele
request to a language model, amdtes the generated result into the corresponding
cell.

Job Portal

@ 5052 2 share ()
File  Edit View Al

Prompt @ GPT4o Generate feature/work item descriptions. Use a single, clear sentence per feature. Here's the draft: ~
A Feature ¢ Phase 0O Frontend Optimistic E Frontend P« F BackendQj G Ba
Project scaffolding & monorepo setup Setup initial project structure and manage monorepo. V1 a 8 8 12

2 Database schema design (PostgreSQL) Create a comprehensive database schema for storing data. V1 0 0 12 20
REST / GraphQL API architecture Design robust REST/GraphQL API to handle client requests. Vi 0 0 10 16
CI/CD pipeline Is integration and depl process. V1 0 0 12 18
Environment setup (local/dev/staging/prod) Configure environments for different deployment stages. Vi 2 4 6 10
Logging & menitoring Establish a system for application logging and monitoring. Vi 4 8 6 12

Enable admins to manage job source list with CRUD

Admin-managed job source list (CRUD + pausefretry) operations V1 6 10 8 12
Automated scraper (daily cadence, ~200 sources) Run daily automated scraping from multiple job platforms. V1 0 0 20 32
Al extraction & normalization (title, skills, level, etc.) Normalize job data using Al for titles, skills, and levels. V1 0 0 24 36
Admin correction & validation workflow Allow admins to correct and validate job data manually. Al 8 14 10 16
Historical job archive & snapshot storage Stores historical job archives and snapshots for analysis V1 0 0 10 16
Ingestion health menitoring & error reporting Monitors ingestion health and reports errors in real-time il 4 6 8 12
Workforce intelligence outputs (skills, titles, volume) Provides insights on workforce skills, titles, and volume Vi 8 14 16 24
Public job listing page (no auth required) Users can view job listings without needing authentication. 'l 8 14 4 6

Sheet1 +

Figurel - General view of the TableBrew spreadsheet interface

This approach changes the logic of spreadsheet work. The user no longer needs
to describe how the value should be calculated stegtdpy Instead, the user explains
what the value should represent. This reduces the technical barrier for working with
data and makes spreadsheets more suitable for tasks that require interpretation, contex
awareness, and language understanding.

TableBrewfollows the broader direction of Alased spreadsheet agents. For
example, SheetAgent demonstrates how large language models can support reasoning
and manipulation in spreadsheet tasks that require planning anestapleéxecution
[2]. TableBrew focusen a practical interface where semantic operations are
integrated directly into the spreadsheet workflow and remain understandable-for non
technical users.

The platform supports three main groups of semantic operations. The first group
Is data cleaning andhormalization: correcting text errors, standardizing names,
extracting parts of a value, converting formats, and removing unnecessary fragments.
The second group is classification and analysis: detecting sentiment, urgency, topic,
category, or lead relewae. The third group is generation and enrichment: creating
descriptions, personalized messages, missing values, comparison tables, and additiona
context.

ICSPM 2026 21-22Istc©o dzv 2026'das. , 3.



59

The main advantage of semantic spreadsheet processing is the ability to work with
meaning rather tmonly with formal values. A traditional formula follows fixed rules.

A language model can consider word meaning, relationships between columns, task
purpose, and row context. For example, if a row contains a company name, website,
industry, and short desption, the system can generate a sales note or classify the
company by potential relevance. This makes the spreadsheet more useful for business
analytics and knowledge work.

TableBrew is implemented as a modern web application. The client side is based
on React, which supports compondaised interface development and efficient state
management [4]. The main technical challenge is rendering performance because large
spreadsheet interfaces can become slow when every cell is represented as a separat
HTML element. To solve this, TableBrew uses the Glide Data Grid library, which is
designed for higiperformance spreadshdide interfaces with virtualization [5].

The central i nteraction mechanism in
spreadsheetshis symbol starts a formula. In TableBrew, it can also start a semantic
guery. For example, the instruction A=

activates an Al generation process. The system collects relevant context, sends the
request to th language model, and places the result into the cell.

To improve output reliability, TableBrew can use structured response formats.
Many spreadsheet tasks require predictable values, such as categories, labels, JSON
objects, or fields with a fixed schen&tructured generation reduces formatting errors
and simplifies the use of Al responses in the table interface [3]. For example, when
classifying a record, the model can be instructed to return only one allowed label.

A major technical problem in semanspreadsheets is context size. Sending an
entire table to a language model for every request is inefficient and expensive. For this
reason, TableBrew uses contextual selection. Before sending a request, the system
analyzes the current row, column namesy usgruction, and related values. It then
selects only the information that is most likely to be useful for the answer. This reduces
token usage, improves response time, lowers cost, and helps the model focus on
relevant data.

Data persistence is implented using Google Cloud Firestore. Firestore supports
cloud synchronization, documebased storage, redine updates, transactions, and
batched writes. In TableBrew, it is used to store user editgieAérated values,
workspace settings, and credit usaffee platform also supports automatic saving and
undo/redo functionality, which is important because users often test prompts, compare
generated results, and return to previous versions.

TableBrew is also designed for organized and controlled work with @ables
can be grouped into workspaces that represent projects, departments, clients, or
research tasks. Since spreadsheets may contain confidential or personal information,
the platform must isolate workspace data, control access through user radles, an
prevent user data from being used for model training without explicit consent. Cost
control is handled through a metered credit system, where each Al operation consumes
a defined number of credits. Firestore transactions can be used to check balance and
update credit usage consistently.
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The development othe TableBrew applicationshows several limitations of
semantic spreadsheet systems. Generated outputs can be inaccurate if the prompt i
unclear or the context is incomplete. Al operations are also slower than ordinary
formulas because they depend on external model inferenegldihon, processing
sensitive data through Al services creates privacy and compliance risks. Therefore, the
platform must support result review, editing, regeneration, loading indicators, output
validation, and proper safeguards for sensitive information.

Recent research confirms that readrld spreadsheets can be difficult for
language models to understand because they often include complex layouts, multiple
regions, formulas, and implicit structuré].[ This supports the need for context
selection, stratured reasoning, and validation mechanisms. A practical semantic
spreadsheet should not simply send raw table data to a model. It should prepare the
context, guide the model, check the result, and present the output in a way that users
can understand.

Degite these challenges, semantic spreadsheets have clear practical value. Sales
managers can classify leads, create personalized outreach messages, and summariz
customer information. Marketers can generate product descriptions, segment
audiences, and analy survey responses. Researchers can clean text datasets and
extract structured information. Business analysts can combine structured and
unstructured data without writing scripts. In each case, users work at a higher level of
abstraction and spend leswné on repetitive technical operations.

In conclusion, TableBrew demonstrates how generative artificial intelligence can
extend the traditional spreadsheet model. The platform combines tabular structure,
natural language interaction, cloud persistence, -pgformance rendering, and
semantic data processing. This makes it possible to move from rigid formulas to
flexible user intentions. The spreadsheet becomes not only a calculation tool, but also
an intelligent assistant for understanding, transforming esmiching data.
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Bi LSTM. v OC BBy 2 yd-nr h Ote On LB ' dzt M j dats
LightweightAttention, Dens€TCIs © D E&mestanmps Odzd " d dzd mw B j L I

vtej Isv dgj QtetsdzdzO 3 64 3 O dBO° B' dzz h MmEycC
Otern " IsjSIskted, wWCO ' HdAdkz' C-oed SeHAtdntoma mp | i
sO Convolution:

-H9 © BdzisC Conv Lesstims&mpl i nhgOted odC
mMEeHdmM®Y s sO oadlswegkesls! BOLtS" OCEkMmlsdy
- Input Projection (Densé@)dz" dz' 2 dzO s Sy v L O &
-yslsdtcd BdizsCd Cohdzoo dzger BizsC § dzj 2 tocts dedets
wedrn d& MmMiEpls'wa Fde ditsHdadzSeHAt MweIntt ii o nlutiosk © C

module;

-DenseCTA@ 9 d s ' H HHIREYS SHTEC® O dzdzv ;

-DenseTimestamp§ sCtej d@3d2 o©de" ' H Hd&v f jtojHBOYJ |

rdzv fsekzutsead y' ' Oten' IsjSCllkztcd dzj 2 toctsdac

O) LeBtlsSCtso ] Misdmdzj dzdz? SO o d dzlz yJ dadzv ¢

B) ftocgOy, v L

o) cdzdetsC ] Ctdelsj SMilsdzi dBsHJ dzs 9 Odadz? L C
BdzsC ' 9 (s’ HdzOdzgdzW cdzsB Odz! dets’ ko OGd IsO ¢

) fOtOdzjdzz dzgj f jtojHBOYJ dedzg" Mddzo tsdz' o

sOC0O Otn' ' IsjClikztc® jWjClsdodets ' Haglz'® dz
LOBJ LY jykee yd odMmtsCkz Isyds fMis! tesL " L dzO:
o dtc' o dzt o Odedz 3.

Yilso jtelsO dzj QtetsdzdzO 3y tej Y O BO' Otern ' Isj €k
l 5dz0 &3 Misdls! Hoe O BdzsSCd Conv subsampl i ng
BdzsCd ConformerBlock. v LOLdOyUjddr " Ot
h Otcd Dense CiTResSambpaseOd&dh jdts BjL L d3 d

v utslsdted dzj 2 totsdzdz aB3d o X ° dz0 9 Y O dz( f
MY ctcdiso Odegs gz dzO tsMhdzese "  HJ]BdBOIsj tc' Odz'
odSitedmlssoakzo Odzd mw d&zdh j OkH' sHtSte' ¥¢d. [ B
60
HO

C

sdmwy OkzuOBBYPLEzzdzs ftoso jH ] dzts Ok e d3j dzk
izt LdBselz LB dz hdIsd dzOB Btz HOd~ HtS 3C
[ dzw sy’ dzt 9 O dzdzV esLf’ L dz2ZOdztsG 5 Isj CSMiskz

9d¢ tsted Mls ©dZWERdsjtdsjtdVd Sz ' dzls § WERJIdzats E tEL G L dé
iWiShkdodatsmls® MdMmisj di3d ttsL ' L dzOo Odadz? Biso
WERL OL 9 dy0O?2 SCtdzdeoO'Is!:mw 9o H' Of OL sdz 9 ' H
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WtcOedj dzglsd Isj SMmlsk * OBMisdzs |sidsts * a5 dals d fuEal d
9" Htg'iLfglw 6As dzj OB s HytsHdets® MmatsytsMmis® [ 6]

OO'Y , (1)
HEITC dzr €' Mls! L Od3' dg;
DiC' & C' fls! odHOd d :
1TC" & €' Mls! ofMlsOo dzj dz'

CiC' dz €' Mis' fwOodd dedi Mz o:

NiC' dz €' M’ Mo o N=So+rdPFOH s Bz j S M’

) tod Yy dzy' JWjClkdodesmls' Mmdmlsj & tesL § "
fsCOLded S Istsydetsfyls WAed@:f * L dzOo Odzdz? Mmdz' 9 (

WO wop WO'Y , (2)

HETC  dz2 € Mis!y L O3 dg;

DiC' dz ¢ Mls! odHOd dz' :

17¢" d&z €' Mis! oflsOo dzj dz'

Ci¢' d& ¢' fils' fwOoadd dzedi M o:

NiC' dzt €' fyls! fdz & N=So+rdDFOH dzts Bz s j S fyls'

{jLkzd O oddi tet o Ody Issydesfmls’ ytilsdts
WERf tej HMlsOo dzj dz' bk kOBddy' 1. JfM' yskdee
Jjftsa. [y dC O boydtshmls® tesL ' L dzOo Odadzg? Isj !
2O OkH' BYW 02 d&OL, wWCdbdp Jan &L i ddz0s stz@o H Oc

s OB dzdiyWj LIzdz' sOIsd f stc’ o dgVv dzdaVSR L) 2 dgjslsizdaf| & O d
WER IsO WAcc
[iktedSd Yy dzj dgdzv [} jteh O [ e O stejlsw]| v jlso j tols

WER(zZ HEXCOR WAcc) & ¢40.98% 34.63% 36.29% 26.7%
(59.02%) | (65.3P6) | (63.71%) | (73.22%)
WER(z HEXSOR WAcc) bk (5573% 46.18% 46.34% 36.06%
(44.27%) | (53.826) | (53.66%) | (63.94%)
WER(EZ HEXS Ok WA ®ozY Of|63.56% 54.85% 54.92% 46.5%
(36.44%) | (45.1%%) | (45.08%) | (53.41%)
WER(Z HEXC Ok WAsazY Ok|42.06% 34.32% 35.91% 28.07%
(57.94%) | (65.686) | (64.09%) | (71.93%)
WER(EZ HEXS OE WA®oY Ok|62.71% 49.82% 52.08% 38.96%
(37.29%) | (50.18%6) | (47.92%) | (61.04%)
WER(Z HEXC Ok WAsazY Ok 48.05% 35.99% 37.06% 27.3%
(51.95%) | (64.006) | (62.84%) | (72.61%)
WER(EZ HEXS OE WA ®ozY O] 76.66% 63.35% 66.42% 53.3%
(23.34%) | (36.6%%) | (33.58%) | (46.61%)
WER(Z HEXC Ok WAsazY Ok|8077% 73.48% 74.51% 67.7%
(19.23%) | (26.526) | (25.49%) | (32.21%)
WER(Z HEYS Ok WAwGazY Ok|605% 54.44% 49.87% 39.88%
(39.41%) | (45.58%) | (50.13%) | (60.12%)
WER(Z HE>XC Ok WAsaz Ok|3911% 30.74% 33.07% 24,98%
(60.89%) | (69.26%) | (66.93%) | (75.02%)
Hjto] WERER HEXSCOR Mmj)kj (58.16% 48% (52%) | 48.10% 38.99%
(41.84%) (51.9%) (61.01%)
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1 02 CteBfsy dz’ fyls! tesL " f de®ai Q digtz iz ldstg £ em@dzO
dzj 2 ots dzdz@ RBiSNWEQREZ 9 M d  dz02 dzd ¥ YSWER=88i198% H dz' |
(WAcC= 61.01%) . r dg¥t i@ @ tis dedzBdWERS 58 16%

Hic 2 & @/ER = 48.00% toJs 6 "WER = 48.10% v j ls o jdig 19 @ s dzdz® B
odwodd&zOmw dz@2B ' d " jWjClsdodets L OonwWEC(:

-0 dC sted fidlerfodguizs dzsC " © L B' dz' h s totsL o3 tedz
B' dz hs¥ C' dr C' sy § OwOdjlstc’ o ;

Yy d " sBz §° HdzOdzdz® MudtidesaiSetiAtdation) ) O o3
L &S Od ddds LelsSCsodds dssH j dz o Odedg" &5 2§

-edzdBh "2 IO d@3OMhIsOBdz" ' 2 Oten ' IsjClslztc’

lfzdo Ol BicSkadzfn 5j toj 3y dz0 WERN dz fls! L

-ffj oh @] 2 tctsdzdzO (CiRY te JBILSTM + LightweightAttention)
@ZO2MdzOBN O YjtbjL GBM®j]jdz cddeddk 8O &jc

“Hickc O dzj 2 o dzdz® QRN & BBIOSTN)GC dAff 8 ®L O dzO 1§
fsCtcOh jdzdz? LOoHWESd LB dz'hjdg 2 cddzdeddz

stejlsv  dzik] ©F @RE@OIE) HEMW RO tjLbd SO’
Htczets’ , HJ d3ts dznls taddorfogquprs jdiisCC lod az@ofhills? L O 3,
f OOdjlstc’ o ;

yjlso jtelsO dzj 2 tetsdzdz®  dBj tCpnfodne) ( i3OI & @O d
@028 & hd2 fdt' Ml Istydtshkhls' L Qole@ddj Isie

sflsd 30dz! desdzgz B OdzOdzmlz d3' ¥ dzsC Odz dgdd3 ° G
{Isxd, Cdz® useddsd wyddzded ¢ ORd § " Hodh" j dzdg™
Otcn " IsjSIskzted Confor mer , L B dz h j dadagw totsL |

BOMh OB 5o Odz Mis!  dzj 2 to s zezil B H ydlgi' t5 ) X NASRA § dzvy
CsdB' dzOy' v sy dts’ MOkskzeOcd L § tsdzo tsdz¥
HO' fklls' sk §jttjoOck.

vV fBHOd hdi HeMd HYjdd": § &ZOdz' Is' fiw
On ' sj Sk’ wWCdr B LTandomerh GO& 'Y e @& jj dzdfys
%ZOB st HOd R, &O wedrn 0o yOddmw BEH,j
Okn' 5WO2d o.

s dMsS odCtedMmlsOdzdr HY Jj 6] dz

1. Kheddar H., Hemis M., Himeur Y. Automatic Speech Recognition using Advanced Deep
Learning Approaches: A survenformation Fusion2024. Vol. 109. Art. ID 102422.

2.1 Jtey" 2 1.1., vkteyJ dzS 5 w. | . 1 ted ¢ dzOH dzd 2 ff tots
mMkelsdIlstc' o H dzW OkzH' SO o' HJj W O2 dadas j ddgC Is I3 @ dzt
CdgW st dzOy -t 2 dz Sj mdzsdztse ' 9 RO2F)SLdrO Hidgd~S HISgiM dz® Wty
MiskzH j dzls ! G O Cs@infdigd 5 C sdaW J toj dgy’ = 314 4§ fgozsy * dz!

3. Gulati A., Qin J., Chiu CC., Parmar N., Zhang Y., Yu J., Han W., Wang S., Zhang Z., Wu
Y., Pang R. Conformer: Convolutiemugmented Transformer for &xh Recognitior21st Annual
Conference of the International Speech Communication Assodjatterspeech 2020proceedings,
25i 29 Oct. 2020, Shanghai, China. Baixas: ISCA, 2020. P.-5036.

4. Kim S., Gholami A., Shaw A., Lee N., Mangalam K., MalikMghoney M. W., Keutzer K.
Squeezeformer: An Efficient Transformer for Automatic Speech Recogniohrances in Neural
Information Processing Systems 35 (NeurlPS 20Z#nhceedings of the 36th International
Conference, 28 No¥@ Dec. 2022. San Diego: Neutaformation Processing Systems Foundation,
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2022. P. 936D373.

5. Prabhavalkar R., Hori T., Sainath T. N., Schliter R., Watanabe StoHfrid Speech
Recognition: A SurveyEEE/ACM Transactions on Audio, Speech, and Language Proce28izwy.

Vol. 32. P. 25-351.

6. Jurafsky D., Martin J. H. Speech and Language Processing: An Introduction to Natural
Language Processing, Computational Linguistics, and Speech Recognition with Language Models,
3rd edition. Onl i ne manuscript relURlLas ed
https://web.stanford.edu/~jurafsky/slp3
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VI s ©89Dag4912

1ovvfuewovr s rfc IrcdJrrrce tffAwsr 4l @
VIodwrfffo1? vo Jerflw storenfifrtlirm

 Bdlsj e ts 1 ° Cls s z¢y dzetas
vityadm@gmail.com

[ BdzBtetsom! €Cd2 [ dn 02 dzts
C. sHa f®RY J Hicd ' daV tsSted3
tsB yd fdz¢ eff@fdnisdpdds SO, 2§ tcC
10n" HdzZBEZC O™ dzin! K de? o fdrOmd lis
m.dombrovsky@wunueduua
ORCID: 0000-:000255825793

gilste' B3¢ J LtesMmMisOdzdzy tsB MW 6-Mg mldsji A st8 B 2 d3
dzj sB R Hdz Mis! E)UthSS@HXJdZdZW Cdzlsj dzi S sz Odzt
Cstedmlsizo Oy' € dnA 9 J todzj dz' . [ dzw f'  Hftod "
flesceOBdsets LOBjLYjujdd , L506]dEO BAS &
dzj GOsdodzdr Htso° Htsd3dts;t®IEd3 ‘L OB Q> ded ayd diedz¥ O WIS
f ' Histedd®3¢d SO " Hodh jdzdzw " 9dz" L OHts9 5dzf C
v CRIMIMIS] 3O~ dsj daj WY d®d (' Hiseddid " &H
dz' ¢ fMls! sjSCMssadnr o' HBMBRdz] dz tc' L dzts@
4 tcdzj dz n Otc OCHS jrstg d L lizth bsH thdg" frplsdEfr) Mls & yofm
dzj 4 dz' Mmise 9 ' H M6’ SIsdodzse s Mftcd2dav Is
jJtodzgjdz@ ' Heodhk' CBcedz Isdodzj dz09 Odzls Oy j C
weo dzj dzdzv CtedIlsd ygd n tuteaO HH[tyds 2 jdelez s fof 43S df f lis
dzZstso Odz" B IssHd OOz’ L 2 ksdzOdz! detsfmls”
yofm BB FCtcO dzfp! C sdstso dzd n Isj
Isj SMisdzgdr L Odzj Y desMmilsj 2, RBsteW sdzse "™ ydzkz ¢
B deszse' ° [ 6, 8].
H
s
T

G IS @FE O e

ded a3 dz02 B ' dz' h dWiClsdodzdma dzOf tow d3' o
ted MisOdzdz? IstcOdeMW sStedzj tocded » OB R Isfj € jizde

[ 3] LOBjLYjyk® -WaEdejiszdedortizday | & listsidsdpd: il
Misz SO otOr ko Odzdzy fJ d3CEgls qOLEGIN~dztL 990" WHL
tetsL IsON Iz 9 Odzdzw 2  toj yJj dzdz' . 10 9" HA dzz o
stc OdemW stcdzj tedz®@ Otcn " Isj CIslztce® toj Odz' L z° ff OteC
Hsf sdice s d3j - Odz' L sz B Pldad Betict =t detsotts ' 0 nz)o J ¢4
IssdzOdg'’ dzddn € ls* o sHddd3 "L GCdz¥g ytsseadnma dzO
Cdel St d3Oyt 2dzda MdMisj & [ 8], O -Istj j~ tedipiizscls
f ' Hlso jtoHY k' Is! MW Hsdz HY jdadz" 5 £ MW j te*
Csd3f 68 Isjtc® [ 5] .

] sG e Odgdzd 2 L O lsissh) bopds Cs fiafduzs jCEHEz® dzlo to R
L 9 dSttedmMisOdzdzy i3 dzdse d Pyt hon I[IsO Wtj 2 dzo t

m WO
- mo,
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LOBJ LY Jyuykz' L H " dzj dzdz? ' 9dz' ®© 9L O dBISH'
sO ' dg¥ j o] demlz IstcOdzMW sted3j toc dzts ' d MdstOHigdalr’ . to j rind
L OMlssMtso Odzs I rOdz' L3 SihkoOdzdz" L O HBY T
hts HLoatdw ' bkddCdizlsd fftsolsttedsets L O Odzls
hodHCBH' 8 L(Dfr]lstsfnlzszIz [ 3, 7].
ltesydm WEdSy tsdize Odzdzv L OMis s Mk ezl ] O
dZ@SJHJdZ'[SG'tS dzO tso[fr]lzdz Z 1. stdzgoj ' to o ¢ dzt y
tcJ dgmlz ISstcOdzeMW Stcd3 tocdats’

IstsC j dz LOu B 3O ¢ »

LH' 2fdes ' Is! mMw  tSydh j dzdagw ﬂtSE)‘HtSd3dZJdZJ o " H
Otlsj W OC EndamIsQRAGOYT |\ O3S jdz L Oy' = I8 EMmls MmJ «
LO Odzctstedlsdstcds Wor dPi ec e, hts LOBjJ LY J Yyt
Isj ted3’ dgsdztsG * SO &' dz2' &3 L iz° ftotse dzj &3z dzj o
WBstedzslz ' Is+ Mw Cdzlsj S MiskOdzr dzgj  toj H fipls @ adzly jo dzdk
Otemn " IsjSCIskted Transfor mer [ 4] , f' mdzvw ytse

stsdzz f s ' H tsd3dzj dadzv .

Pezynerar

BxioHE 2B EpHEHHA MonepeaHa obpofika TokeHizauiA M onens BERT Knacudikarop
(Sentiment Label

{TEKCT YKPAIHEbKOKD) {Hopmanizalia, o Wil eHHA) (WordPieceSubwards) {Seff-Attention layers) {Lingar + Softrmax)

{ dMHetsGsdzo § * b 8L B sdzz o Odedz" L OfissMmb

] sMmdats o ° " dglsy dzg S IskzOdz dztsG ts d3 ts-hakzedzw €
multiinguatu nc as e d, OHOf Istse Odzlz HESE My Jydw' ¢d
L o j todzj dz hdzw atsds ftetsyj-Hzwidn gH s dz@8 Yy O dzdpdz
MW stecdizts o O dzts MfJy Odz' L soOdzd2! HOEOMgzl' 9dzC
ftoesctcORRdzd~ JtosHEZGCIS" o BAS, M. E. Doc Is ©
1 s Hisd3dzj dzdzw totsL f sSH ' dzj dets dzO@ Isted € dzOMm(:

[ dzw sflsddz" L Oy* ’ o Ocsadn C4 W' y' " dals’
H 5 dzO 9 y O dzdzW L Ofisssmsb @@l ¢z xtc] fiffropy J dzls
Loss) , wCO &3 dz' &3 L Ez° tcsL B ydzg Mis! R Y f
fseo" Hsdgdzy dz2# [ 3, 4] :

0 B wl Id,
Hjwd ' fMils d dzdzO® df dB@HP] W' AEOpzO dzd 7 f 59 ' H 5 d3dzj «
WO flose detsL 59 Odz@ d2Odgs{a ' € ds'ofiPlslzd » f S8 ' H 5 d3dz

I S tsted Mls Odzdzy  dfjtntCedm tLidgkn  Svetd Lfo ts dzd dzts
" sC kMo Olkdmw dz0® Sz ysodn *kOLS jteOR j &Y'
boted uddedz' [4] . Ad LOBJjLYJygdztsj sz dedegf -~ Mk
L' M zOH dets® MikSlsktetss , ol j il Qdispdzdsdd
Ctsdaflstelz S y' W dsd .
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[ MY jteddj dzlsOdz' dzO f jtejo’ 8¢ O MmdMmilsj B
f so ' Htsd3dzj-da Mis§ &M " Hitced ' d3sMmise O. [ dzw ts 1
CazOMmMdW & §OHdMIsOdzets d3j stcd S d -Preciesi dnj,L E
sy’ dzt 9 Odzdzy dzOo jHjdes E IsOBd&dY'™ 1.
v OB dzdiywj Isticd € d tsy' dg®¥ 9 Odgdzg? §& dzOMdw "™ $ Oy’

s &zOMm ( r d3dsy ' | Precision Recall |F1-score

1 jGcOldaded? (| 0,75 1,00 0,86

] stdlsdeded?2 (| 1,00 0,67 0,80

1 j2btcOdz ded?2 ( 1,00 1,00 1,00

1 06 0dz! dzO Is sy dj 8 0,88 3

(¢ MY Jed BD &l BRods O] @36 dNstlgdeOfgds ! ¢ dzOMm¢

88, 89%. 102B' dh 90Oy dzdiddist &< OL dzdzOts J3 dadlz
dzj e Osdo detse s §C dzOfmkz, wW¢j HBMWGEds 1, 00. |
Ctedlsdydedms Lo jtedzjdz2 * LOBJLYjyk' Mmeat’® yOf
ftotsB 8z d3ffizts @ ° H s d3dzj dzdzv CstedMmiszo OY"' 9. chfr]
dzj 2 IstcOdz! dztsc ts Is © fsLdlsdo detsc ts CdzOMm" o |
B3 dz2° i3 L zeo Olsd ¢ dz ¢ Mmlst Utsd;é{dzﬁ)tsaq’ dzls §
L O Odzls Oy j dzdz? HOdzadr HdzW f j toj @O dtc d fipiOdzg Iz
v o' Cdzg L OMlstsmizdzC 2 o' HtSB tGOxOBIstr]W fts9
Qo lstsdBOIsd ydaets™ ¢ dzOMdW "™ €Oy JjhBsy' 2desets Ist
Drag and drop file here Browse files
test_crm_data_v3.csv 1.4KB X
Pe3synLTaTit aHanisy:

0 He Moy 3aliTii & CUCTEMY, NilLe 'MOMUNKA aBTOpM3aLi' HeraTugHuii

1 [19Kylo TeXnigTpuMLi 3a onepaTHeHy gonomory 3 MPPO. MO3UTUBHMA

2 flka akTyanbHa UiHa Ha cynpogig BAS? HeitTpansHmii

3 3HoBy BUGMBaE NOMUAKY Npu cnpabi nignucaTy 3siT y M.E.Doc. HeraTueHH i

4 Bce NpaLIoe Yy[10B0, OHOBNEHHA BCTAHOBUAOCA 663 NpoBnem. HeraTusHMii

5  HagiwniTe, 6yab Nacka, paxyHOK Ha NPOAOBXEHHA NiLEH3ii. HedTpanbHUin

6 Yekalo Ha BIANOBIgL BXe APYry FOAUHY, AyHeE NOBINLHO NpauoeTe! HeratusHmii

7 [lyxe 3a0,0B0NEHUI KOHCYNLTALLIEND, MEHEKED AOMOMIT BCE HANAWITYBATY. MO3UTUBHME

8 Skuity Bac rpacik po6oTH y CBATKOBI AHi? HeiiTpanbHuii

9 Mporpama NOCTiHHO BUAITAE NICNA OCTAHHLOTO OHOBNEHHS. HeraTuBHuMiA

t dMz2As Vo Odzls O j dzgd = HOdzedr Hd&W f jto] o' fe

rdev §  Hodh jdedew jWjCldodzsfls' OdzOdz' Lk
BsHEd ' dlsjeOSlsdodts’ o' LEOdE LOY' . ults
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9" HSBOY O ¢' dzr €' Mdzd?2 wBBLYtSH dz f 89"  H A3
s JtOlsdy ezBlsgdg'tdplz ISsdzOdz dz' Mis: L o J tedej dz' .

CTaTUCTUKa PO3NOAiNy TOHANBHOCTI:

6

5

A

4

2

1

0 . .
@ ] o
= = =
= oy =
el =
£ 3
i C

t Mz E OcBBBPSH " dz J BBy ' 2 dzs’ Istsc

Sstczetso O H' OCteOBRBO M " 99" Hdetsh j dagda? | By
4, LOBjLYjuk' ELOCOM dzj dzgj ftej HilsOo dzj dadz
f 5o HsBdndMnIisg &Y .

CniBBigHOWEHHA TOHANbHOCTI

it dMEz4Es S Ot OBRBO MY " 99" Hdesh j dadzy | sy

1 0ftosf sdegtso Odzgd?2 " HRe"H § jtojHBOYO ZHts
Bz dz' Isd BBts 9 dzd = s too@iEiWdsjt2ds | tediafn OdzOdz' L Iz z
Isj mde’ Yydzsce s C ts déipd] figlds jzdz@ 8 H f@R[M d3fls o . 1 0 9o
Zdz o jtcmMOdzt dzgdr d3tsH jdzj 2 OdzOdz' L 2 IstsdzOdz' dzts
My iJydWw' ¢k ftesWim 2ds’ dj ¢MmMded, Isjndz ydao
Mfjy Odz' Lo Odedr Lo Jjtodzj dz@ CttedMmlslzea Oy' o.
CazOmdW * SOy IsO LOBjLjuydlsd odmtsClkz {§ tso
dZzOo " Is! L O kZdise BBA3 Y J dets’™ dzOo yOdz' dats’™ o d
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Transfer Learning.v § ' H figkzfigi€o stcj dzts Oo Is ts dats d3dzd 2 i tofs
‘dzlsj ctotse OdafdRisly ZRM j tcj L MIsOdzH Otelsd L s Odz
Il ¢ tsted fls Odzdzw L OMmistsmiz dz€ Iz QolstsiOIsdL z° t
3" dz' i3 LIz tedLd¢ ftesflkzmMCk Ctodlsdydd-
tetgBlsd MdzEyesd "  Hlstedd®BSd O Lddyk* ¢ tsc dz
LOoHWCd " dzsjtcOCIsdoadz 2 o' LEOM LOY"' = gLk
v toj L zdz' IsOIs" Hisfdz' HY J dzdgw totsL totsB dzj o
‘delsj dzj SIskzOdz dzd? HtsctcOdzd?2 L OMistshMiedits
s ts dzlz f s H@RAFMIs] BORCRM HIsted &3¢ Cdz' ' d
Istc OdzmW tstcdzj to dats’ Otern " IsjSIsktcd BERT E &'+
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[MBdzde ' Mis¥ Odestedlsdisz * Isj, Mt { tctsc dzgt
witsflsOltsydzj te'hjdzdzv, O w¢ BOLBod?2 fst
Rsy dzd o sMis” C tcj Odz" L Oy"' ° 9 bkdiseo On € t5dzC
~dB dzs G s ftosc detsL Iz mMd Mils j 3O Oo Is s d3OIs d y dzts
Odz' Isj tedzOIsd o dztsG 5 d3cjlslsHIz f to G’ddi.%lso[LlslzobOﬁzdzﬂz,Js
fsdzdddz¢ sodma te" h jdzr IO "  Hoadh o[lscf Mls® 2¢ " Ml

1 jtoj 9 Oc O L(Dljtmsl]’isdzisa@dz cts f " HaBHE { Bd
¢ jtolzo Odzdav , hts ' Hdalz* f tesc dztsL dz' Bts ) o
B34 » Odz' L d3Od3d tc] OCIsd o dzts”’ OHWIH'Is O 'Otc OCHIS) te
MdteiHsSadh ©O. 10 o' HA3 dzgz © " H dgj Qtetsa3d tod ) d
sBydmdzs 9 Odz! dzd -~ t6j Miztem' o, LOf tetsf tsdatso Odzd
BOtedyv dd, s LOBjLY jykz' L dedy j dedzy tsBydf
hodHGCEH' fpd misd di3d .

{8, LOf toesf sdgso Odgd?2 Odzéstedlsds L OB JjL T
f*"H Yyofm Cjtkzo Odzdz" tockzrtsdz OolstsdatsdBdese s OC J
1 Of tew dssdz Hdzv f sSH Oz hsets HBMdz' H Y J dadgw
HdzOd3" yded s Mjtej Hisadh On, HIgd ffgdsty’™ Ctfstadits i

hodHC' Mist E yofm' .

s dmMsS odCtedmlsOdzed- HY J 6] dz

1. "Mseadyd deS s [. 1. [ ilstsHd IO MmMdMmilsj digd N Iskz ydat
wetstew o' Ctstems ¢s86ts, 2020. 216 M.

2. Surmann H., Jestel C., Marchel R. et al. DRemforcement Learning for Real Autonomous
Mobile Robot Navigation in Indoor Environments. arXiv. 2020. arXiv:2005.13857.

3.Kahn G., Villaflor A., Ding B. et al. Selfupervised Deep Reinforcement Learning with
Generalized Computation Graphs for Robot Natr@n. arXiv. 2017. arXiv:1709.10489.

4. Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning: Data Mining,
Inference, and Prediction. 2nd ed. New York: Springer, 2009. 745 p.

5ekzeBtls" dz . [. 1 J2tetsdedz B sy B. B PG 35O
2016. 132 M.

6.1 d ¢ tstcd fMls O dzdz" Navigati onAgent s. [ ¢ & d3gd dal
https://docs.godotengine.org/uk/stahlégdrials/navigation/navigation_using_navigationagents.html
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frofr teof wrdphAtmws Alr f ¢ rdfrc
tdI 2L rm wyft 10 [er 1w 1]
FINE-TUNING

fdzj ¢mdhddz [ 9 6] dz [figtig K HnOk
genjaoleksyshyh@gmail.com

1 OkSCsoad2:1CQMefdd & o 1 OH" v |
C.Is. dz., HBBYyjdzls, HBY4 dzls ¢
sBydmdzs 9 Odz' degd= mMdmlsy
10n" HAzBEZC O dzp! € d2 dOy'
nvs@wunueduua,
ORCID: 00000002424 77523

1 0Mis’” dz dz' tsdizk®8' YEwBhuhbpgepawhs & Drago
of Cthulhui * MEZOHddd3 HEsdg) desds "L Yy ' IsCts6 9 dzlz |
dMmisj BORB] ftOoddz, &Bj~O0d OB fjtejo’ st
SO totsLcOdzlzy jJ dzgd 3 dzstetsdz. A J dzlstcOdzt detss W' Gk
Keeper, Game MastehsmMtsB O, W OGSy dmig' sz’ ~ , L "
LOMsMsoz Qo ddzO o tj Odz desdzz yOfm' [ 1]
4lzyoOmdze ojdzd¢' dseodz dsHjdz® (LLM) L HC
" Odzts G, SH dzO ¢ z oL CsMf jy' Odz' L s Oded =
dzdy 2 s mw. [ SHPE&ZOd de@d8 ys @Y 2O~ , dzj d3¢
tG(Dao[dz C sddugj Ifdmf'L o Is* H B, 1SOC L o Odzd n
dzg WOSIkdydes dzi Ststcj € Isded - a‘Hl]’tsa‘HJD. [ C
c1£2'rstg<4glsdz(9 ‘dzlsjteftej IsOY’ WH .5 mn Odz' € telz?2 dzlz’
[ Jtss HOdzs' totsBtslsd ‘ -@f § pls ) Istezw zH t8dg3PC
‘“Hdzz® RAGNnI®gf HOozé " Hoadh jdadgw HBsMistse ' &
Al O O et adgvdedzy T HRtSH' &8 L Odzd M OB Is
rdzW OHOf IsOY' °~ dguzddds: wiso &tf@zS toj Isdztsa t
dzdlsd Isted tSmMdesodz " HatSHd: " deyd dzgd 6
dzj dedzv o5 ¢ j dzgj e OYy' ° IsO Htsd3j dedzej H tsdzO9
t engineering fjttjHBOYO' Wtstedizo C
o OtlOdy As'teH Hitso 5dz' ftesmMisddz &
Isd mde’ yded s L dzOdzr ° L dz2Oyded~ 5B Yyd
5 9'H ffjtejHds G5 dzO9 yYyOdadzgy A3t
dr OBB 9dcOHQMHG- . W OCIs' 89 E MmC dzC
g fJtjHBOYO H 5 dzO 9 Yy O dzdz? B O
so Odesdge HOLOMjIs', s LOBJ LY J Yl
Ctoj BO s Odzgz o Odzgdz? s o3’ desdztse * Mmisd dz'
HdzsyOm lstcd 3Oz L @20 @zl Is VO ¢ Mdzts s j dgv, kN

—r = &I_G)‘I_ T ©®
o0& O <@
-U~=r,z
v}

@ @

ICSPM 2026 21-22Istc©o dzv 2026'das. , 3.



86

L HOIdz fMls ftcOys 90lsd L Ltsoads hde &sd OBt |
‘At stedsOy' T [ 3] .

RAG HfiBode ' fyjfm ¢jdajcOy' ' jrOd L
mJaewbm WtOcdj dasd HBCLkdsj dzls' o OfodesazO |
o' Hd3 dzmnamig,fiydeLOBjLjyuk' HBhskf Ht
SdzOdzdz? L Ofdkk, s Lddyk* tdLd& ¢ Ods

qmm'—‘g
B ®o Q-
g

tcdzlstso Odz o Hfwso ' H' [4]. 1tHdsyom w¢

h 2 C O fylst’ BsH j d2f StstejCldets ' dgsj ctolzo O

sty J dz CL tetsL G dzv dzlz Isd - f '  HotSH' ' 9 d3C
oL CsMf jy' Odz' LsoaOdzgdms HEBA] dzOr, N ts B~ tok

10f s sdzgso Oded 2 jlssH ° kL OCOd dzj ded &5 H
M jyd¥ CO Cwdftejlsdets’ ctod odL dzOyYO' Is: fqw
My d&zOte” ° ) SO HEsd3] dedetst OHD®ONEBOYY . ¥ v d3tsHjdak
B IssH twsLedZYHO 'Is' @al 1dzOo0 ff oG € lz®OH h u HJ
MicOdzdIsj d&zv ( Keeper) . 1 O Odz! dzgz fMn J &3z dgj Is
edmMizdeSC 2 1.

[ ibtsH MCEZOHO' Is! fw L Ho tsn -tfsOdfsdr@ dzlz

9JClststedetss B OL 88 L dzOdz Is© HBdz09 y jodgtdzls o3
sisted i3z LOYdIs " H Ctedmlskze OyoO, od¢ sdzlz’
sdatseo® L dz2O2H jdzedrn WtecOedRjdals' @ @ jdaj oz’ 9"
finetuning H s d3j dzdz' L dzO dzdzw .

1 j to d% JBOUB@ ‘ Wisted3lzo Odzdz? H s3] dzdzts G 5
C'WOd Isdf " HOdzd n: destcdzOIlsdoe dz7 d3OIsj to' Odzd
st dmd 'G&BSBGB Me sk (s deMisted, dzsCOyY' ’
ftcdesHd SO dBsHEzd ), fttds dZzOHd dzOtcOIlsdo Iz,

v oadfOHCE Caqammﬁmcm@mmhwgwsuobq ¢ dzq
BsHEZzdA& , LECtej @O " Cl ean Up, Ai sl e Four
Bsy z1s 9d§B&dthata®qu1 we BjLYtsMmjtej HO
HYy Jtoj dzs Hdzw G jdej Oy  detsodnm Msyjls' 9.

[ dzv § BHOW his®tdd d§ GRHGO?2 dz Cstef 2 tofs
Wit OG d3d dzlsd (chunks) W' CMmMtso Odzts G 5 totsL d3'
WBGGQJQBGQd s HBLeoatsdzY® LBjt' 60OIsd ¢ ts5dzk

sy Jdz WteOed3j dzs CwotfikzmMikz §jtojlseostes ' Is!
embeddils@ﬁscls@ Bsyf j &z JBBJHJdAzG" &, ' fMmdzw
oL’ HOdzdr. 1 0O tedC dzOH, . mdmisy o3 CoCai
J SIsstcdzO B OL O-eflnl@ct BtxH | d'dzvn dfmsiBdzHiS9 d J d3B 4

ve B
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Kopnyc aaHux CoC
npasusa, iop, Aianoru

RAG-HQ

Po36uTTA Ha chunks

Fine-funing

[atacer: '3anut ->

EmbeauHru . . .
BiZNOBiAb XpaHuTeNs

v

3anur rpasuA BekTopHa B, PEFT / LoRA

CeMaHTUYHUIA NMOLLYK [loHaBYeHa Moaenb

-

Al-areHT XpaHuTesb

Bignosiab

t dmEz dis&G JI3O L Of te s s dzts otddgt=lgOH " d3jdsad HI Z2  0dEO

ted dZOHAtHY jdzdz LOfdllkz o' H CttedMmisizeo O
L s CBHE'Is:fMw E ojChttodtsdktz ftooMmiststc' ,
( d ¢ dzOH , cosine similarity) 9 dL dzOyc
¢ M " vDOCH2HBLoaBdY ' L dZORBHdId ° dgW¥ tstc
O dzgj dzdhj LO LB'@Etsdz Cdz6 ysoadrmr Mmdz' o.
o3

=t = O
N &

l " H' BtoOdz WicOed3j dzlsd * dzlsj etz Ist mpw Bk €
tso dats dc3sH j dz , LOBJ LY jykze yd OCIszOdz
Gjdzgj 6OYy"'"". 9" Hf 58 ' H
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1 Ot Odzj dz! dzts L fi@BAAHAD 20z ROAGGR idzlz ‘nig! frpvO L f
B9 dats”’ s H j dz' dzO H OlsSiQifrjsi Gsdzts dddlzOW G d3dlds's * @ |
1 O yOdadzw L H" 2Mdzs ‘ Is+ Mw L o JEMisdengrndsTOmadzy d3 {
(PEFT), LtCtcj 30" sj Heseztsdzv® M RKB, ots L dzd |
9 dlstcOIsd fstc' adgWwdets L ftsodadd3 HtsdzOo yOdzdz" d3

L tg:;LIZdZJ-tI&lJGhI&]"ngfid31t53chdzJ OHOf sk Is' Mw HTB

3" desdztsc ' © s d dz &ZOtc Oy "' [ O2MstcO® ¢
drma d3j ASOdz S5 C tAQjh ZISOC L HOIsdz' Mmls ZL
Jdzsd ftcOoaddz, tlteddBOdz yjtejL RAG, {
‘e CtsdgS o] Isdats’ BOL So s’ BB H | d H dzW
HY J dzdzV ; sfdesodzedds Ctodlsjte' ' &3 ©° HB TS
Jdodes OHOf Islzeo Olsd My HE HBRjdz L O HTt
dzs 9 Oz degd = t6j MzteMO~ .
yom 6jdzgjtcOy’ ' o Hitse' H' dBBHJjdz IS
L : L Ofmoe st' Wzl i nfg ,H Isy@® MS £ dzlnjeS Misz Odz' dz
RAG. @L ' Mz J o ydesmis” 3" N dzd d3d , tej ¢ t5¢C
Cdzlsj CMlsk L RAG w¢ B'dh btydtsdilz IsO o
sO0Cdds yddzstmagi nfgi n®s jL §jyk* mis d dz’ ‘ H S d3
9 " Hftseo" " HO' L O WOSIdydzz Issydz mls: .

g% T = "

W =@ g Q%
O e+ 3I—08 &
,OQ- Tanmgoan
8.135 "W G
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1 Of e 5 ddgols@dad 2 tow BBso Odzd?2 dzO " He dh j d
OGJ dZlsO k2 HEBd] d' dOMmis’ dzt dzed~ tetsdz! s9dm ‘Gls
tuning HtL9tddIls! HsMwelsd B' dzX h 57 L et
Is OC 5y LOBj LY Jjydls: 9" HY[s®2 plsids @y ls G tc dn.ls c{qiztte
odStstedmlsOdzdz RAG LOBJ LY Jykz® HeMlskzyY HTB
L dzOdz' BJL dzjsBm' HdzBMIs' (sodzsets f j toj dzO9

l SsHdsyoOf " Ha' ' H &GO dedL Sk tBdJ Y J dz .
' H foodzeslsd IsO VvOSEHBS T sdctf e MW H Oldad] & dets My Is
tcj dzj 9 Odzglsdzedr WtcOc dgJ dals* o . 1 sddd dz€ d dzO@ j Is
dzj Sstej Slsdedr OBts dgj f sodzdm o " Htftsuon iHN QR . d3tSHI
Bts Y J Gjdzj tczo Olsd dzj Issydz OBt 9 diff @OHDOEER
dzj sHdzatsL dzOydedr OBts dzj f sodzedrm ff tcOQo d dz.

| SHOIsSCtsodds tsBA3d J dedzv o3 ° o  HiEIsdz Mlis!
LGjdzj toctso Odzad s o HYftseo Hj2, hts EMC dzOHd® ' ¢

s OCdd3 yd dzts d3, OdzO dz' L-O cdf jdistH zH dmyj OHlas dg jOdgk
tcsdz) sodnm ' etste dzO Mdzse ' THBURBZOddzE CRAG' Is
YBHid "L " HAaBH ' 9 SSCtjBs dgg LOBJLY Jjyk"
ksH' WwW¢ '8 CsdiB' dzzo Odzdz® oL O° Bdegs § Y §
B stsH L QesOd dejldis(dlz L OMmistsMtseo Odzgd?2 HB o
sy 2¢O f "  HatH' 9 LO C"'d¢ €' fded B 3j sted € Od

s dmMsS odCtedmlsOdzd~ HY J 6] dz
1. GiannK. How to Build an Al Dungeon Master for Tabletop RPGs. Medium, 2025. URL:
https://medium.com/@kgiannopoulou4033/htmbuild-an-ai-dungeormasterfor-tabletoprpgs
548b7dd6dlee
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2.1BM Think. RAG vs. finetuning vs. prompt engineering. IBM, 2024. URL:
https//www.ibm.com/think/topics/rags-fine-tuning-vs-promptengineering

3. Wu, X-K.; Chen, M.; Li, W.; Wang, R.; Lu, L.; Liu, J.; Hwang, K.; Hao, Y.; Pan, Y.; Meng,
Q.; et al. LLM FineTuning: Concepts, Opportunities, and Challeng&g. Data and Cognitive
Compuing. 2025. Vol. 9.

4. Muhammad Arslan, Hussam Ghanem, Saba Munawar, Christophe Cruz, A Survey on RAG
with LLMs. Procedia Computer Scienc2024.Vol. 246 P. 3781379Q

5. StarsRail. CoCai: A chatbot that plays Call of Cthulhu powered by Al. GitHub, 2024. URL.:
https://github.com/StarsRail/Cocai
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fLrolf? Yo datofrfw ¢t mwsprsuvsotrR 1JCc w
REI NFORCEMENT LEARNING |1 ¢ 1 {tRrRUS
I mMsteseo j y! §d2 wjteg' 2
OfMmf " tOdzls, 122 st (
sergeu.ostrovetskiu.2001@gmail.com
ORCID: 0009000544236071
1 OS¢ tso d2:1Csjdalr joSdefsto © 1 OlsOdz' W
H. J. d, ftesWjmMste COWJjHd
10ftste” L €2 dzOy' tsdzOdz
npoluektova68@gmail.com,
ORCID:000900059637%-4916
1 OHOYO d&BOtwhtekzlsdL Oy* stcOdzmf stclslz L Y
Probl em with Ti me Wi ndows, VRPTW) i ts

BOwh elzls' & HdzWw CB fij daldss’ too A QdEEYO dz' @ yYOMmEse

zsc ' Misdydzedr odltcOIls. vteOHdY 2des dzOQeadh Iz
BjlsOjotcdmisdyded?2 Odzetstedlsds Adapti ve Lar ge
LOf totsf sdetseo Odzd 2 o . t sf1f j f6dgs 9 dzafm ddasd
odCtcdmlsso Iz° tcj OCIsdodzz MrjdBz odBBtlZz J!
dB3d » Odz" L ) , weoO MmMidqtO' Is: mMw dzdhj dzO0 ' Mis
f clstsyifidss@dsz ff esmiststelz to' h j dz' .

4 zyomdz HsMdz" HY J dgdg?W HEBSOBSHWIS! | hts o d¢
f " HGCt' fdzj dgdgv &3 ( Deep Rei nforcement Lear
ftesyd Md Cod3e’ dzOIsAsTLtlzls ™ BT B B SOQL 2° [ HisMe
mMftesed  tow dzgts”’ ‘dzlsj et Oyt " Mdzlze yd e  dzj ? te
ZsC Odz degsets fsh Sk YyoOfmsts MsdCOE s+ Mw L {1
3" Myve (bottleneck): odlstcOIsd yomkz dzO o
"lsjteOyYt 2 d2 9 jdzrrlst fitejoOcG4d o' H fCtO |

[ dzv Mmlseotstcj dzdg" " H tokzdzlsw HB o dtc’ hj dad
tesL tetsB dzj dets o dzOMmdzz W z dzH O d3j dzls © dz6 ddlzj ~EO@z @ o3
LBBtcZ HOddr SO LGjde 5o Odats 9" HES tSdashgd 2 Ml
TrajectoriesDat as et ¢e. Kj?2 dzOB " t6  H Odzd n 3° Misd
BOtcCtsom! Cdr -AFH-3A) F5sH "9 o(dIiskzf O BOL dMtsds
sW dzaik@is yOdadzy ¢ SHB gz dzgd - OGJ dzls’ o .

[ Ot yd MV stediso Odzz BOLEZ HOdr SO 9t0OR ¢
Hts ' dzlsjcteOyY' = dgj 2tetsd3j tej y, dzOMmMiszy dzddz € to1
HisfMdz" HY jdzde" BRkdzZO WL tesBEC O IO B tokzdzlskzo
tesL o' WL Zo®@ Ol Mvics@tss ' Isj Clskztcdzed?2  Olsj tedz
L &' W L daes) oupling IMOOps, wed?2 w 'L dydsts s©O dz
tcj MztocmMsdz' MiIs¢ ftotsyd Md. K J HESL 9 tsdzw- dzC
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dzOo Yy BldatigsH j dzj 2 IsO L OB iu q’lsc[ dzfifhfefendef K€ ts j
Wt OdALNSE]jlsdke st Ols d qHCBH" .
{ 5L tsB dzj 20 (BSH | d OtG:'ISJQISIZth', ¢ dzO

' wmdmisd &3 (LdmMzdest 1) :

|
h 9

BiakpwTtuia patacer
(VRPTW-Search-
Trajectories)

Cwpi gani S-A-R-5-A

v

1. State Representation
Layer
(Hopmanisauia o3Hak, BekTop
cTany)

TeH30pu cTaHy

v

2. Offline RL Training Engine
(DQN, Experience Replay)

3amopoXeHi Baru Heripomepexi

3. Policy Middleware ! i
' Hosa 3apnaya VRPTW

(Cepianisauis 8 ONNX, Peectp ! p
. ' (IHcTaHuii Solomaon)
Monerneit) .

| T

BigxomninbosaHa nonituka BxigHi napametpu
4, RL-Enhanced ALNS Solver
(IHhepeHc, BUGID eBPUCTUK,
Fallback)
BuxigHi aaHi

OnNTUMI3oBaHI MapLUPYTH

tdmedzEH] dz2 fscteORdes’ Oten " Isj Slskzted dz
RL-" dgW j toJ dzfylz

1. 1 ' Hind Mis jodsds s df € dfi HOdzd n Is © tej fteiL jdz
Representation Layer).A j 2 &BsHbkzdz 9o  Hftse ' HO' O IteO
HOIsOM] stz B j dzL stedzad 2 WistedzOIls, HtodHOlsdad?2 HC
l jClsstec "Yijlss@dl * Is+ Mw L dzestedzOdz’ L tso Odzd = L dz
9 ' HdzsMdats’ a(Dtslsisfr]Is‘ (9" Hn~ dedg] disizvh jodzdav ) dzO 2
Htso )y ddzed dBOth telzls' o, C'dzt CsMis’ L OH " W dzd n
hiseOWlkZ LO §stelzh jdzdz?y yoOmsedm o Sz st

— ot
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MisOdzH OtelsdL Oy '-¢ c ayrdes rsa rdz®@& | i(Zat i on) , h 5
MlsOB ""dz’cLtgH " * dzls" @ " H YyOfm dzOo yOdadz?" 0OcG j dz

2. [ SH Ez dz =E@pOR@Hzdzy ( Of f I i ne RILMET rda iCri
oLO dZsH ' W L toj Odz dgdd3s Mjtej Hisedh jd3 ALNS
Otcn ' Isi S sktcO® MO’ Is! Mw dO § OtcOH G i3z Of
ZOB tstH Odzdr BjL HBHOGStSdtsHEZAL Mifedz®OdOY'Z* ) C
Q-Net work (DQ®N)y"' 2r fdfmilsj &3 ‘ HdMSC toj Isdats s
Ctsdel toj Is dsf j tefOstdstfs ' o - 'tolzctslazdz jOddatiazv e L dzdzts Y
Jotedmyd¢ J[lsHIzdzJ g’tels Clslz’ Is+ mw L odCtstodfr
Repl ay: B O™ hYffi 9dFEPHE SO M o3 dzt Blls' Mmw
ANz dzC y' o w o lstcOls l]’ gdz3' L z° Is+ mw Isd@X o glg| dz @ € ¢
Of etsSC M d3sze Ols d 0zEhd) '8 ¥ ts E £ tdzop frPodistzfn) Isf) 2 d3 O te dzlz
(L d3g dgh j dzdzv aOtGIslsfr]ls BOteh czlsz) o' H L OMIs
L OH Odzts d3lz MisOdz" . ¢d? f " HR ' H f 4t dztsf
CdzdBsC tsG s danﬁ@djzdz)ﬂsJ tz@z' IO " HetslstsoCd (4t
.1 tesd3 ydzed?2 hOte tSflsddz L Oy' ° sO o jtfm' t
dzv f sHEBd&zZOdzdz" L Olsted d3ts € (Iatency) f"' H
d¢ sted Mmlis O dzda o0y Cdn Wicj 2 3o ste S ' @ (PyTo
gt twtsLo' WL EzoOYyo. }1 " Ha'"H fjt6jHBOYO'
dimsj &3 2, cOW dzgj 2tetsdedets’ Bty 1O
CsftcsHESIsJodzd?2 Mjte' Odz' L s Oded?2 W tstcd3
¥ odCtdzz’ tosd¥o diejl‘ iRetgld s Hy))dzj 2H (L 9 S
B3 ydes ° Ho Odzs Oy ko Olsd M jydw " ™ ydz i
dhlsOdzy®° VRPTW.

4. [ sHdW ' CoOded?2 totsl deW ¥ 1o iz dzfgimlgncédmRILNS
Solver).v W Htc' CazOMmMd ydetse s tosL 8' VWL zaf @z dytisH |
LOd dzt ‘' Is! Mw dz2O0 Gflsddiz Ltse Oded?2 tekh ' 2 {tc
it sBtsyd?2 ydSdz BsHdW ' Ctso Odegséets ALNS ff jtej HE

-y dz€ 0: Ollzg m@hHeRLBELO &BjstedsSd ftsists:

-lwtsyjfm fed2dvislsw ' " jde datizOte judefdgs® o
fjtejHOsIs! Mw [k o' H WA daz', s oWOCdlr oONINXdzlz
(forward pass) "L Mmked' dz' fj € & dzrdaBtz|y] da' Ols «

3 A tesLo' WLEko Oy tBJdtO’ i Ote zOs Y Hadz®
AQCAD .

-10fsB' ydzgd& (Fall back): Ht @pDOHIsg bzt &t
odetstelz. ¢cC¢hts L' WL koOyY YIstcOf dzw* k& Ml
L dz09 yOdz dats -of-cbidset rtdaChdu t ( @unt) , Ot W' CMmiz*
MdMmisj 3O Isdd@ZzyomMseo st bk PHIsydzscts o B Stek
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ftoddeydyf HEL oo tedgtOrlg drflsd yded?2 MmyJ dzOte’ 2,
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toj Ssd3j dzH Oy" = dzO0 tshdetse ' o] dzOVv o detse s ff ok
LO ttsBBlsOB, Mt LOWedzwseIs! iqw " Ldg hj OBt
tesLodlsCtsd3 266t dzOEZC so d RE ' dAglsC)dg jfif lodets alty &
Csdzd MdMmMisj O W OSIsdydzs Blsted iz HEsSMIskzY Ht
e Csd3d dzH Oy * hj dzJ BzdzO B HtMiskzy dats® .
Wistcdilzo Odzdzv tcj dzj @ Odzlsdzs®™ d3detsy d dzd H 5§ 2 d3j dzls
1.

U@dzq’lu edlsjte’’ Whttdlzo Odzdzg? toj dzj o O dzls dzts”’
tcdlsj tc' 1B Mmls Ctedls JtodL dzOyj dzdzv o
1 OwWeds MiIs! sy, . ,
CseskO®] Oplws{l HBBEBOYO  dOEY
: , Sl OH S 5 Reizd dists €
felsy dy’ 2dts 6 HY Jd ted dz¢ dzts™ B OL
fzBd COY' W d&(
1 Oveds Mis: M (I s BBOCO’ otcOn b
4ff " 909lss|1OBBB dz2Odzj 3 dz' MIs{C sdZOB St OY " 2 dzd 2

Hsfdz' Hdzd y! S 8G|HBMdz HY J dg

Il destedmisOdzdzy |y OB dzd 2 J S MY J
tctsB' s Hdzv ftets|tcj Oz detsEts fyyg dzq
f' ' Ldzg "dr ftgteg oltej Stsd3j dgH Oy "'’

£dlsOls dz

Yy Omtse J
tetsL H'® dzj dz

1 SHOdO MNjkO Stedlsjte’ "o daj L O dz*' j¢
9' Hlsotste® 9 Odzgz tfmdesolz Hd&zv f stc' o dzv dadzw d3ts
LOfMssMso o Okd Qo d O dgl§ 'da o Pdgis jlas ftzs ' i &'
bdzd S Olsd MdkkzOY' ', Ctdd §jjos0c0 BHA *
sjfissod? fdSd&OH' 9. t(jLbd OIS §stc’ o dgv C

v OB d2[iY st o dzV dzdz™ d31SH,_&|dzg'2Lng3é);{Hq’tEgC$sd
ZOkCtsodh fbkBd SOY"' 2

[ 5H J dz{ nDCG | Precision | Recall F1 MRR

SciBERT 0.008 0.004 0.007 | 0.005| 0.014

SciNCL 0.078 0.047 0.128 | 0.058 | 0.134

SPECTER V1| 0.080 0.027 0.086 | 0.035| 0.127

SPECTER v2| 0.081 0.066 0.105 | 0.067 | 0.146

1 ©9 4 HJ d& tcjLbEzdz SO Mo HyOlIs+ | hts Sci
&3y Isted € . Kj " HIse jteHy 2" , hs OHOfIsOY' ° H
wC' dzse s s 2CE ftsH Bdzdms HEBCERA3j dzls’ 9, W
L OHOY' HisC 2 d3gd dzls dzts 'H j efsisdflafrylsGetizf) Is " Iz IsIsC 19 NsC LS

smMesedzdos L O Recall, hts 9C0OLES dzO
tcj dzj o Odzlsdzd = dBOIJj tc° Odz" 9 .
1 sto' adgv dgdzy SOCBYy fsCOLkz, Pt adMmtsCj L

HsMlsOldy 8% ' HilsOo 5% Hdzwe i NPE s talzj dsfstsiam,
fste' odg" dets o dMsClk §oodeslsl, ©HAOS §amiskiy.
MRR. &% tjStsdjdioy 2ds’ 0dhlsj dd yj
B' dzr hj Ylsjdgy' 2dzts toj dzj o Odgsdedn tetsB' ks, O
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CotedMdes Bzls B 2O YOsHEFRYHCEZ. vtz tMmisOls sydzd
mMzC e dsmils® d&iilsted ¢ .

SPECTER vl ' SPECTER v2 {t¢0OLEs s dz
tesL ez dzgelsdr dBBHjdZj2, Mt ° o90yddeoddys H dw
Yy! sz SPECTER v2 &01 KO2IMER' Rjebti €090
dzdhj L dz2OrtsHdls! toj dzj o Odzsdz HEtsCEd3j dzlsd, O
MfdmMSk, Il Wtttz wOClsdydsts Ctsted mdz b

[ Isted &30 dz' tcjLEzdz SOl EZLetsHYE® Is! Mw L
SPECTER M2 ofte@ s HO' o dBEcOdBR toj ¢ tsd3j dzH (
o jCltstced o' HBBtOY O Is! dzy dzdhj dBseodzz f s+
LoOWLSCd o3 3 deOkzCBsoaddid teBBISOM]. | dzv MmdH
yj BB dzdots 90y dzdets, Gy hHlskzeokeO® & My d3vz] H §

w ¢ shdzso © H dzw ftsBkzHBo d Isj BOIsd ydztsec 5 {f t
fkzedz COy' 2 ° G ' BtocdHdesets fsh z2CIz.

1 tcOC Isd ydzj L dzO Y J dzdzW odettclz SPECTER Vv
Jd@BdBjJHddcd {CtcOhz8 Is! dzJ dzd h § f@s y®Is e
dZzOMmis 2§ dz J Ot d tctsB tsls d mMd Misj d&3d . cSehts
' HtsBtOY OB Is! L d&3° Mmls fkzedz COy" 2, Is ts Is j
CsRf OCIsdz’ M d 3q, 4 dzldctg tf ‘teHi f j dzlsZBlg deg dg” o d d3d
tcOdzy z o0 fptiz®B ' dz' dz' " d 3. J 5 JJ d3Bg digf ddc * ai3sts w jf
G)tG:'ISJQISIZtGlz toj Ctsdzy dzH Oy * 2 dzts’ mMdMmilsj di3d L Oc

sy, SPECTER v 2 HisYy' dz! des o dSCtsted Mists
fsBkzutseod jdBjHJdze' @8 E MmMdMmilsj &3 tc j C 5d3j dzH
fsdzv ¢ O defipts oL BTGz § 5° H dzO dzdz’ Istsydetsmls ' i
] SHOdz! M HisMdz' HY J dzdgV RBsy z1s! Blzlsd My tcw
B3tsH j dzj 2, H 5 dzO o Yy O dzdzw dzO H tsd3j dedzts 3z ¢ tste
dZokzCsodn IsjCMis’ & f 5° HdzOdzdzed d3df J ) ff IS tz® dzk

ydlsize Odadz” .

s MBS odCttedMisOdzdn HYjtoj oz

1. Iz Beltagy, Kyle Lo, Arman Cohan. SciBERT: A Pretrained Language Model for Scientific
Text. Proceedings of the 2019 Conference on Empirical Methods in Natural Language Processing
and the 9th Internatioaloint Conference on Natural Language Processing (EMINIGNLP)
(Hong Kong, 37 November 2019). New York, 2019. P. 363620.

2. Malte Ostendorff, Nils Rethmeier, Isabelle AugensteBela Gipp, Georg Rehm
Neighborhood Contrastive Learning for Scientific Document Representations with Citation
Embeddings. arXiv preprint arXiv:2202.06671v2 2022. Retrieved from
https://arxiv.org/pd2202.06671

3. Arman Cohan etl. SPECTER: Documeitével Representation Learning using Citation
informed Transformers.Proceedings of the 58th Annual Meeting of the Association for
Computational LinguisticOnline, 510 July 2020). 2020. P. 22i72282.

4. Amanpreet Singh et al. SciRepEvA Multi -Format Benchmark for Scientific Document
Representationg2roceedings of the 2023 Conference on Empirical Methods in Natural Language
ProcessingSingapore, 610 December 2023) New York, 2023. Vol. 1 P. 55H56.

5. Priem J., Piwowar H., Orr R. @pAlex: A fully-open index of scholarly works, authors,
venues, Iinstitutions, and concept@Xiv preprint arXiv:2205.01833. 2022Retrieved from
https://arxiv.org/pdf/2205.01833
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grRev [ o ¢luvffovry Ll O L1 L vlpolfJwrrc )
forwrofcufto tJ4fuvd

it EMdzOC ¢ dzH tc* 2 |9 zdHA] @l2lsdz
rusnak.and@gmail.com

1 OkGC tso d2:ufjjctc dp diaddgH tg," 2 w
C.I. dz., HBY jdgls, H
Mfjy Odz' L so Odzdr § S O
10n" HdZBEZC KGO dz! S sSets dzOyY' s
andriy.segin@gmail.com,
ORCID: 000600023556-248X

[(WiCldoedz fls: Mz yofmdds tesetlsdL s5o Odze] !
dzj MsteCbbktcso Odzgs Bz MjtejHisodh ' BiLGGMjEj!
BOdz § Edzw y' Wdzed'iL Muafisse Odsd S ts g3 Ok sty g ¢

LOf tctsctcORgso Odz IO’ Clstste’ ™ twekzrnlkz olstcOYyOB |
%@ tesBtsyYykz Lsdzk R OBlsdydzts IsO L o9 df OHCBBo ts5¢
u ‘o f ctsB dzj d3d ‘ fsBEZHESO O L OBS dzj dztsG 5

hjmsdm! soscts O dz Hfipdddhisjtsda<s SARnNd misj dstss |
OHOf Isdoadzdd3 o ¢ tsdzojussly HHe@dpds'tets etBB sIsd
tctsL otsB € O Is © ftcOCIsdydzO o jtedW® SOy w ud
HiSL o tsdzw & Is QolssBOIsdLzoa OlIsd ftesyjm MmMsclsk
Istsydzteflglb Y ' L dzOo Odzdz? SO Odze st Isd3’ ydzts¥ dzOH

r dzw tcj Odz' L Oy’ f sMmisOo dzj dzd ~ L O9 H Odz
L 8BOY Jded?2 dzO twdmizdeSz 1, Otern ' Isj CSIskztcO
tetsL BLWBHBS 00 dizdz. | Jtsd3ilstedyded?2 yJj delste d3j IsC
fted2dswilsts L O OBMmtsdzé Isdzd?2 dzzdz2 HJ COlsso 5°
M tevw ddso OdzO oo g dB'jeHES, D fac IsMy'C Oalzr dzts o9 G Stelz.
CotstecH d d&zOIs dzO o dMmBsIs’ 650 bR MIsOy' dzOte dzts
o' ! Wi Gttt dlf twds@ROdhldasts o dzdL . t sBts5YO
f dztsh d dzlz m< Odzkz 9 O dzdzW tesL d3° e 0

50 :500
fJjtg Ctcdo O’ Is! MW BByt MW jtst d&BOd f kzdzw |

oddz' Is wEBsets BJL " dzMistclzd dzslz MisOdzesdtH IS
Ho S Odz'! yjosets LORtS dz¢ 90YyO HB9 Y ( dets e 165
1 OWodz Mis! CodmistekzCIsdo dzs™ d3j telsoats’™ L sdzd
otcORtsoa OO o ftotsetcOR@dtsdiztz L OB j L j yddedz HC

lJtesyym OQolsts@OIsdi it stshOuzslz da20dzdz®L © L O
4 tcOo dz' dadav , Izt €O wWOEtsets fftoj HMIsOo dzj dzO
fsyddz@’ s mw L W' ¢MOy'° COHtlE, Hy dzj 2tets
[ Oz LO HBfth@ses &EOIstedy' ccRced®&B' Hw it
W 'oLduydz 3" dz' d3d Isted dz0O MmMlssdz' . 1 0 BMdzse
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SBjtedzgj gz L OHOYE S' dzgj BOdSd, IsteOdzhy tsteds
fsosteslslk hjfisd StksCsodn Hodcbkds o ROd
Bj R Odz ydzts® tolz Clefte bPdztizazlis ¢ diyv lsvieB@ Is (5 @3BdEA®E G O H
fjtcjlbottej dedz? CttstoHddzOl HBs €' dzyjotsets j W
BOltedy' GHodsE' Hds' keOdhy sedoy' = &OdsS

tdmMzdelzv H tsBYBSEE Misj dzH Iz

PoapaxyHok 3BOpPOTHOT

nompu; cnpoba MoBTopHe BepudikaLinHe
ckaHysBaHHa YOLO

36inbIUMTH NiYMIbHI
cnpob +1

Mepexin o noLuyky
HacTynHoro ob'exta

t dmMiz disés J2ABO tesL ' L dzO0o Odzdz? f sdzd dzsG L O H S

vdMmjd &0 ojtd¥' COyYy' ¥ &Olj EOdydes’
Nistels o O dzdzw f ZOMsdC o ceEts  § i C O u dtisy a
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sk 08 Isjtodatsets L tstelz o dL dz@utfleiz@dzﬁlb@zdgszdﬁsve
O Y = 250 &3 o' Hdzsfdas dgzdzv B OLd. [ ° o
"W Oetstt® MlsOdatso d s 353. 55 d3ds, hts o' HY
d ¢ ts dzO dzdzv L On s dzj dzdav B dzts € f dzO dzlz & O dzdz™
L OG Odz' dzj dzd Gl =23, g2 =30°=xy8)3 15°, g4 = 0°, g5 = 90°, g6 = 0°.
[MS  dzr € o tcsB SIS L Ofmisdstp'sth Pjds OB DN
165.5d3d3, HdzWw  dzOH "' 2 deséts Lklsted d3Odzdz? H j s Odz
CGteOdzy 2 ¢ ' deyd<¢d J dzOfmisdydedr ¢ Gsdz W o= t2s odfd
ftseo jtcn dz s ts dzlz . ] ZtcOrlzo Odzedz? 3 H B9 ) d d
By »n Odz' yodzsets W dzOdzgyw dBOde fedzwlststc® O fn
9" ' Hftse '  HdzsMIs®™ o dCBdZOdzs BSHIW " COyYy' 8 L dg" |
165.5 = 201. 7 5tcdlygelzd 21 tHomiBdiRls sROIsH dzv L OH O
odce dzv H
Tg = T7(45°) - T5(30%) - T3 (15%) - T4 (0°) - T5/(90°) - T (0°)

1 " HiMsO@odohd Ek t' odgvdzdgv G jtsd3j sted ydz'® ¢

64.2 dd3, a2 = 305 d&d3, dl1 = 169.77 dd, ¢
d6*, totLtcOR B Odats Y dfPdeticad'y ' L dz2Oy j dadz? € sy dat
0.707 0 0.707 45.39 0.866 —0.5 0 264.14
zo_ |0.707 0 —0.707 4539 .. _ | 05 0866 0 152.50
=1 0 1 0 169.771 "2 | 0 0 1 0

0 0 0 1 0 0 0 1
0966 0 0.259 0 1 0 O 0
T2 _ 0259 0 —0.966 0 T3 _ 0 0 1 0
571 0 1 0 o’ "%+ [0 —1 0 22263

0 0 0 1 0 0 O 1
0010 1 00 0
s (1 0 0 0 5 |0 1 0 0

T5_0100’Tﬁ_001201.75

0 0 0 1 0 0 0 1

1" fydzw o d ¢ ts dz0 dzdzW BOlted ydetse s dzsdats ) j dzdz
sktcd BOdets ' HiMkE S so bk ydmdzsslk ®EOtedys ISt
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0.250 0.707 0.661 250.00

0.933 0.053 0.356 250.00

0.231 0.705 0.671 167.50
0 0 0 1

0 __
Iy =

( Oz d3d dzls d sMmis Odzdz! tsG t5 Mlstseo f yw tcj L kzdz
CtststeH d dzOIsd f sdztsy § dedzy 2 5 Oz 6,6z adigiifids .A8,0= Pd3d,
167.50d3c3. 1B' G xIs@P1\Pj df'sL Hy' * ¢ CkzBdSC O " HIs
L teOrkzdllz (jthts’ M f' ' H Gkt 74 BO.
Hso sHdIs! |, hts MdMmMlsj BO OolssBOIsdydzes o tcOR &
BOdZ' fdzW Istste©® d 1 =dzQUOBES..7 7) Qlzds ALAs * dzCz-dgfla d
Gz ts¢ Cte' 4§ jtwO s dde SBdiY o " Isits y bipts 5 deke@
fjtoj Ctcdod®@sdpdzROtctsolz adimslskz CEBdC O, s L
CsdzZlsOC sz j dzOMisdydese s O jto' Odzz L tsBO ' Gk

(t Shted d3d dzls ©dz! dz' Hisfdz" HY j dedz? Istsydetsfls’
Cokf d&zj Mk fesotsHdddmw §°H yOf 100 yd¢<d
odftesBlzo Odzdz? ¢ OL Odzd, hts ' dzlsj ctetso OdzO
Istsydz' Mis! twsL ' L dz0o Odzdze s B OC OBzl - C 8 6 ' ¢
84. 2 %. 1 0QoHwCd odC ttcd Mmls Odzdzs BOIstetdy" Gt
L OHOY' ¢ dgj BOIsdC (), fMj toj H dgv OB Mtsdzs Is dzO
L ORstf dz¥ 9 Oy® dzOH HjIlsOdzdze MC ZzOdzO 3j dz" j (
Oolsts Bl AW o dzj dzdz? § s B dzs ¢ dBOdz ff & dzt 9 O dzdz
ftosH | IcdzMistczo OdzO odMsSCkz OdzetstedIlsdz’ ydzkz
odfOHSd o9df OHOdzdzY HjIsOdzj 2 IO MOBsMIs® 2 dzts

Il dmdetse € d . 1 0 sMmdtse f tes p deB | dzdizls § azfshd
QolstsROIsdL s Odzge MdMmisj B3z E§ tcOo dz' dzgdg" tefsB &
Qo lstsdegsBdetse s Mtstclslzo Odzdzgy tsBO ' CIs' 9, wCeO
L O9 H Odzdz™ . ydfimjdzt dz@ o jtedW SOy w ¢ dzgj i3OI
Istsydz' Mils!' telgeCtided "Atsdiffj ojHde B fsadBCtss
ltcOR o Odzdzy G j B3 stcdydzdr § OOd3jIstc’ © dzo W
LOcOdz d2' 2 &BOtedy' bttOdhWsttdOy' ~ LOBJL{.
sBO' Cls' o Mstels zo Odadzw . | § tets 9 O Hf Yejsdzde'O d3 dEdss
Csd3tf dzj S Mz HEtsL & sdzv ° f* " Hodhdlsd cdzzy¢ ' mis!
dzj sBR ' Hdz Mils! wkydesets oaltclzyOdedzy s j Ols st

4 M odStstedMmlsOdedr HY j 6] dz
1.l Mk HB ttsBtlstslsjnrndz €d: B RO CO IsO €]tk
f sdz' Isj2-0dd €. ,496 Mm.
2. Jocher G. Ultralytics YOLOvVS8: Rediime Object Detection and Image Segmentation. URL:
https://github.com/ultralytics/ultralytics
3. Annin C. AR4 Robot Kinematics and Calibdmat Manual. Annin Robotics Publications,
2023. 45 p.
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RAG-¢ L1y cs Jea1ddo Tt JLtofrrRm o[ wl
trfrdorvovrfw wialtfohdwy

L Odzfyy € d2 ¢ dzH, tc' fPls Iz HSjGdE
sozanskiyandriyj@gmail.com

l Omddzr €' & 1 OH' W [
C.Is. dz., HtsYyj dzls C-OW jH
sBydmdzs e Odzr dzgd = MmdMmisj
HdzskzZG O def! €2 dzgOy' s

nvs@wunu.edu.ua
ORCID: 0000-:000242477523

1 Or°

[BO'd3 HOddr © " dWsted3dOy' 2dzdr MdMmilsj &3O~
¢ &zOH dg¥ ° ftetsydm JWJSCldoe dztsa ts7tclf dzlsS tzsk @xdzdz
tcj dzj 9 Odzls dzts Cdgh s dzOy . BicOHdyY"' 2 dzg o
L dzOr BH Y j dadz' Cdzt ysse dn mdz' o OB 5 MisOIsd y
otcOrBBOlZEIs! Ctsdzlsj CMls L OHOY , yYy' &z Cstedmls
4Oy bz OCIskz Odztiztlzdedsd d3j IsSwlalf § g E5E Od '
i * H Rétneval Augmented Generation(RAG) , wed?2 9 Cdz¢t yoO )
HSCEZd3i dzls”™ &9 IsO odCtstcdMmlsOdzdegr "= o  tsHOdz' !
BOdzdr dBsodzd- dBSHJAzi2 [ 1] .

[ JIstss H Odats’ tesBSIsd  RAG®GEZ dgly j alzdzw ¢ C
f tes6 tc ©Odzdzd - BsHEZd o fshizCk tcj dzj 9 Odzls dzts
OQtcn " IsjSCIsktcdzdr tMsBdzdotsmisj?2, fteddydti o W
CdeW stedzsOyt 2 dzd s MdMmis g d30.-..

Retrieval AugmentedGenerationi yj " Ha ' H, s &' dz"
HOdzdr £ LBods PNdg' 7 toj MkztemMOR "L ¢ jdgjtcOYy" *
9" HA3 dzdz’ Mlissk ' H CdzOmdydzed= @ j dzj tcOIsd o dzd r
sisted dz0 dz' " H YORAG dz@ § 1§ @ dzlizts s aHtO'dz’ L dzO2 H § dz

HEC EZd3J dzls® o BOL Lfigleosie d "OB A jo jLCde@sveddts] -~ §f ° H
9 ' Hfiso " Hj2, LOBjLYfjyk® OCIskzOdz dz' Mmls! * dah
HOdzedr [ 2] .

| Ofisk§ dzd 3
BBsHj dz2 dzj dz
st ROGOC J dz
Csdadsj CMmls, §ts
" steiskze Olsd fls
tjOdk LkoOlsdj
MY &t ds o Oded 7

JISOIIIEA(@‘UBQ{@@;WQ;C{M&VOddeW 06 J dzls
q’h Gjdej oz o' Hffsets Yy M® Ps'B
o[ L HOIs dzg' OdzOdz' Lzoa OIsd L Of dk
d? d3®lsq’ tc' h j dadzv hsHts dzj tsSB -
tcOlsj ¢’ Slsted d3O dzdzy 6 dzj o O dzl
tf@@tq@ w0ty L Of d 'zakzlsls® Oz
HY s

B
9’ 9 HJ2 [2].
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it 5B HRAGBOG ] dzsO By 20O ftjHMIsOadlsd Ek odc
Cyjdz azLtsdz 9" HfBO " HO LO od¢ sdzOdedzy 56
fjtejatsHd d 3 ded d3d kedzk rydz@igyee 9 dzdzrts diy dSnts j Wiz

DoOpMYyBaHHA 3anUTy
(3 ypaxyBaHHsIM icTopii gianory)

OuiHka
[ocTaTHoCTI

iHchopmaLii ans
Bignoeigi

Hi Tak

YTOUYHEHHA
3anuty
KopucTyBaYa

Mopynb noLuyky
penesaHTHUX
OOKYMEHTIB

MepepaHKyBaHHS
3HanageHux
LOKYMEHTIB

[eHepauin
BianoBiai
MOBHOH

Mogenmnio

Bignosigb <«

t d ik ditg G GIG-O¢ j dzls O
) sYOkStsodd jOfsd ‘° VYstdzo Oddzy L Of sk

H' Odztsg Iz . [ Odz' OGjdels L H" 2Mmdes sy dSk L C
fshkzCk HBCEEGj dzls’ o . v Iselzd fd@H € He ts M) IS Aldlef <6, s«
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z s sydzt 9 Odz! dzj LOf dIlsOdzedzr Cwtedfmiskzeo Oyg o' .
fshkCk SO HBLotdw ' MW istedizo Olsd dzOH ' 2 dzd 2
CEShs dzOVodes™ ' deWsted3OYy' '  HEMIsOdy 5, L
HSCEZd3d dzs’ o, wed?2 oL O" qBBH " L 9 Hiftso '
tej L zdz' sOIsd f"  HdzW g O8 [s fJtcd tcOdey Iz o O dzdz®
WicOGed3j dzls® o . L H ' Infigizs ‘s ‘sfigws W Ssfiplasliz o Owizdzf 2 € s dds
HES dRIsodes’ BSHjdzZ' Hdzw 6 jdej eOy' ~ W' dzOdz! dzt
l1tcj HINIsOo dzj dzd 2 GtcOW odL dzOuO‘ f sdz' HE
ftcd2dawislsw t'hjdz@ 1O 9L 0O ®BSH' ' ¥ & 3y ¢ iRyt
LOBJLUJLI_IZ fREGQJ dzic@® s Sis'd f tesL ste” MiIss W kzc
By dzde " Mis! sHOM "tséts totsL " dtoj dadgy Otern ' Isj

vsOCddz yddesdz, tj Odz' LOYy' v BsHEzY {tsh k¢
Isj -~ dzgsdzts G -Au gRee mrtieedv aGener ati on HOMIS!Y L di3ts
B ~Odz" LB 9 Mj BOdzlsdyudzesets 8 E2CE L By dzd ¢
Wistocdilzo Odzdzy L o3° Mis tes dzadfsB ™ 18 B dzl€ tsaddBdpd--Aiso " H Y ¢
CstedMmislzea Oy o. l S stedMisOdedz? yY*! sets " HatS
o' Hfts9o " H] 2, smM¢ " dz €d Bso dzO® disHJ dz s ls tc
CdeW sted3OYyT T IsO Wttdsz® toj L kzdz sOIsd dzO tsf)dzt
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1. Unity Technologies. Unity MtAgents Toolkit Documentation. Unifffechnologies, 2024.
https://github.com/UnityTechnologies/mhgents

2. Unity Technologies. Unity Physics and Rigidbody Components Documentation. Unity
Manual, 2024. https://docs.unity3d.com/Manual/cleggidbody.html

3. Unity Technologies. Unity Collider Compents Documentation. Unity Manual, 2024.
https://docs.unity3d.com/Manual/CollidersOverview.html

4. Unity Technologies. Barracuda Neural Network Inference Library Documentation. Unity
Manual, 2024https://docs.unity3d.com/Packages/com.unity.barracuda

5. Reinforcement Learning: An Introduction / Richard S. Sutton, Andrew G. Barto. 2nd ed.
Cambridge, MA: MIT Press, 2018. 582
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2.1 jtweSts . 5., Jljtjm [. [. 1tts' Clkzo Odadz? * daW
ldHOoedzdylsets [+ 0" ot €5) Yodz sjrndd €d, 2017. 490
BvtesWddzj dzSts . 1., ltstsf J. l ., [ BG' dztse O
HOdzed - : dzOo Y -G jf Bfff HB. dzcpSd].f 200 . ' HBH o dz. [HJjMO: A jd

ICSPM 2026 21-22Istc©o dzv 2026'das. , 3.



165
vrs 004.62:004. 78

Itadwuvfewor s rfc wosrtloef?vd4d 11 of "

MOtcrn Odz' M d ' Odajded v
LHBSBERZOOY fjtehtsets (BOSC OdzOo tc !
kharkhalis.valeriia@gmail.com

skteyd dz¢ s wted dzO |
C.Is. d., HBYJ dzls, HEBY4 dzls ¢
sBydmadzte 9 Oz dzgd s M Mmlis j ¢
itu@wunu.edu.ua
ORCID: 000600029441-6669
1 O ' H ddiEZ CCt@ dzOy ' s dzO dz' dzd -

VL MEzyoOmdedr EdRktse OF Mt BESes twsLodlkSEk
dzO0o yOdedzw ( dzOo yOdedzw fteslswesd3 kMm! set  y dLk
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JCtoj Bz ke Oekz yYydWttseo L OyY" '’ d3d stsH " 9 L
bolststed Lo jtlsOs Is! o Oclkz -HzPr e dzsd 52 ofdsts
Jd dzd € stots dzgebdORc IsWsdzj Mnf ed v * f jJ eisdzOdz" L Oy' =~ dz
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BOL OdzestedIsdz’ o #R') d3jIS2C) IsptsH ZSdm p eLrsM=tairo ) Is ©
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3anut (Hanp., oujHka
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MapuwpyTtusaTtop 3anuTis

Bigo6paxkeHHs pesynkTary [leneryBaHHs

v

O6po6HKK 3anuTiB (KoHTponep)

: i \ CTBOPEHHSA aCHHXPOHHOTO
MigrotoBneHi AaHi

3aBlaHHA

v

IHTeptheiic kopucTyBaya 3anuT Ha 3miHy /0TpUMaHHA O6po6ka hoHOBKX 3apa4

(Burnsig) AaHux (Yepra)
""""""""" / 3anuT Ha Bignpask
OHOBNEHHA noriB/CTaAV Craryc BUKOHaHHSA Anpasky
s HaraflyBaHHA
v \ N

BizHec-norika Ta anroputmu 30BHILLHI cepBick
(Moaens) (CnoBiwenHs / IHTerpauii)
Habip faHux  3anuT Ha YMTaHHA /3annc

CxoBULLE AaHUX
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Model-View-Controller
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Ukrai neds economic r e ¢ o vywarr tyansfarmadios r W
requires substantial investment resources, the effective attraction of which depends not
only on the availability of financial meahisms but also on the quality of analytical
tools for evaluating project investment attractiveness. In the context of digital
economic transformation, traditional approaches to assessing investment activity are
undergoing significant changes, as investhuatisioamaking is increasingly shaped
by digital determinants, information transparency, and the adaptability of analytical
systems [1, 2]. Digitalization creates new opportunities to enhance investment
attractiveness by reducing transaction costs, awipg access to information,
increasing market transparency, and strengthening investor confidence [2, 3]. At the
same time, economic recovery projects in Ukraine require the application of
multicriteria evaluation models capable of considering not omignicial efficiency,
but also financial efficiency, risk resilience, strategic impact, ESG characteristics,
digital readiness, and institutional capacity [4, 5].

In the scientific literature, investment attractiveness assessment is examined from
the perspdoves of financialeconomic analysis, risariented approaches, systemic
evaluation, and digital transformation of investment processes. In patrticular,
Sukhovieiev O. [1] substantiates the relevance of applying a systemic approach to
assessing investmentdtavity under digitalization, emphasizing the need to account for
digital determinants, institutional changes, and transformations in managerial decision
making logic. Yemets V. et al. [4] propose a multilevel monitoring model for regional
investment attretiveness in the context of pesar recovery using expert evaluation
and modern information technologies. At the same time, Malykhin M. et al. [5] justify
a multicriteria approach to selecting reconstruction investment projects through the
integration of technical, economic, and organizational information, while
RozumovychN. [3] demonstrates the significant impact of digital infrastructure
development on investment attractiveness through increased transparency,
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adaptability, and improved management decisquality. Despite the substantial
scientific contribution in this area, approaches to comprehensive digital evaluation of
t he Il nvest ment attractiveness of Ukr a
insufficiently developed, particularly those capableimtiegrating financial, risk
related, strategic, ESG, institutional, and digital criteria within a unified formalized
model.

The aim of this study is to develop a qualimetric model for the digital evaluation
of the investment a briomi@recovery moeess wovidifga Uk r
comprehensive multicriteria assessment framework to support informed investment
decisionmaking under conditions of high uncertainty.

To achieve this objective, a qualimetric approach is proposed, allowing the
evaluaton process to be formalized through the integration of quantitative and
gualitative project characteristics into a unified integrated indicator. The relevance of
this approach is determined by the need to simultaneously consider heterogeneous
parameters iituencing the investment attractiveness of recovery projects, including
economic efficiency, risk resilience, strategic significance, digital readiness, and
institutional capacity.

The proposed model is oriented toward the use of digital analytical twadls t
ensure automation of data collection, processing, monitoring, and visualization,
thereby increasing transparency in the evaluation process and reducing subjectivity in
determining investment priorities.

Within the proposed qualimetric model, the invesht attractiveness of recovery
projects is assessed through a system of integrated criteria synthesized from investment
analysis, systemic evaluation, rdekiented management, and digital transformation
approaches [16]. The model includes six key critar

Financial efficiency reflects the economic feasibility of project implementation
and the effectiveness of investment resource utilization, corresponding to classical
approaches to investment decisimaking and multicriteria investment project
evaluation [5, 6]. Risk resilience reflects project sensitivity to wartime, regulatory,
operational, and institutional risks, which are particularly critical for-p@strecovery
projects [4, 6]. Strategic recovery impact determines the significancerofext for
critical infrastructure restoration, economic growth, and social stability [4].

ESG characteristics account for the environmental, social, and governance impact
of a project as an important component of contemporary investment analysis [6].
Digital readiness reflects the level of digital integration, data transparency, digital
monitoring capability, and analytical support of the projedt3]1 Institutional
readiness determines the level of organizational, legal, and managerial preparedness of
aproject for implementation [1, 4, 6].

The proposed set of criteria ensures a comprehensive evaluation framework by
combining classical investment efficiency parameters with digital and institutional
characteristics that are critically important for Ukeaif' s economi ¢ r eco'

The quantitative evaluation of the investment attractiveness of recovery projects
IS proposed to be carried out using an integrated qualimetric indicator, developed in
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accordance with multicriteria decisionaking approache®r supporting investment
decisions [7]:
0 -B A, (1)
whereQ 1 integrated investment attractiveness score;

g T normalized criterion value;

ni number of evaluation criteria.

In this model, Q represents the integrated investment attractiveness score, while
normalized criterion values allow the comparison of heterogeneous qualitative and
guantitative indicators within a unified analytical franoelu The value of Q ranges
from O to 1: the closer Q is to 1, the higher the overall investment attractiveness of the
project; conversely, values closer to O indicate a lower level of investment
attractiveness.

At the pilot stage, equal weighting is apgli® demonstrate the operational logic
of the model without introducing additional subjectivity related to weight calibration.

This approach makes it possible to formalize the investment evaluation process,
reduce subjectivity in decisiemaking, and suppbdigital prioritization of economic
recovery projects.

To demonstrate the operational logic of the model, alével scoring scale is
proposed for transforming qualitative project characteristics into normalized
guantitative values (Table 1).

Table 11 Scoring Scale for Pilot Evaluation

Score Interpretation
0.2 Very Low
0.4 Low
0.6 Moderate
0.8 High
1.0 Very High

This scale enables the comparison of heterogeneous project parameters within a
unified evaluation framework.

The pilotapplication of the model was conducted using two recovery projects: the
Mykolaiv Water Supply Restoration Project and the Western Border Infrastructure
Modernization Project (Table 2).

Table 2i Comparative lllustrative Evaluation Results

Criterion Mykolaiv Project Border Project
Financial efficiency 0.6 0.8
Risk resilience 0.4 0.8
Strategic recovery impact 1.0 0.8
ESG characteristics 1.0 0.6
Digital readiness 0.6 0.8
Institutional readiness 0.8 0.8
Integrated scor® 0.73 0.77
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For the Mykolaiv Water Supply Restoration Project, the integrated score equals
Q = 0.73, corresponding to a moderately high level of investment attractiveness. For
the Western Border Infrastructure Modernization Proj€rts 0.77, indicating a
slightly stonger investment profile due to higher financial efficiency, lower risk
exposure, and higher digital readiness.

Although these values are illustrative, the comparative results demonstrate that
the proposed qualimetric framework can differentiate betwemsvesy projects with
distinct investment profiles and support structured investment prioritization.

Thus, the proposed model provides a comprehensive framework for the digital
evaluation of investment attractiveness of economic recovery projedisramne. It
integrates six complementary dimensidnginancial, riskrelated, strategic, ESG,
digital, and institutional enabling a more balanced assessment of recovery projects.

The practical relevance of the model lies in improving transparency,ingduc
subijectivity, and strengthening analytical support for investment degisadmg in
the context of Ukrainebds economic reco\
the methodology through expdrased weighting and exploring its integration into
digital investment decisieaupport platforms.
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