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In the contemporary landscape of digital transformation, the concept of a "smart region” emerges as a key strategy for
regional development, utilizing data integration technologies to enhance the quality of life, optimize service delivery, and promote
sustainable growth. The designation of the "Centre of Europe" as a smart region is justified by its strategic geographical location,
encompassing Transcarpathia and adjacent areas of nejghboring countries, coupled with a relatively low population density. This
unique context creates compelling premises for rethinking traditional urban frameworks of smart cities on a broader scale,
transforming them into a comprehensive smart region model tailored to the specific needs and opportunities of Central Europe.

The rationale for implementing the "Centre of Europe” as a smart region stems from its advantageous position at the
heart of the continent, which generates unprecedented opportunities for cross-border collaboration, innovation, and connectivity.
The low population density of the region further highlights the potential for the adoption of advanced technological solutions
capable of addressing a wide array of challenges and needs. By achieving the status of a smart region, the "Centre of Europe”
aspires to become a leading example of how digital and technological innovations can be utilized to create an inclusive, efficient,
and progressive regional ecosystem.

Objective: The primary objective of this research is to conduct a comparative analysis of advanced data organization
system architectures and their role in facilitating the transformation of the "Centre of Europe" into an intelligent European region. It
also aims to explore the capabilities of utilizing data lakes for the effective management of large data sets and regional
development, taking into account the unique geographical and demographic characteristics of the region.

The subject of the study encompasses the architectures of big data organization systems in the smart region of the
"Centre of Europe". The object of the study involves the processes of storing and processing large data within the smart region.

Main characteristics: This article illuminates the main aspects of implementing big data processing technologies in the
smart region of the "Centre of Europe", necessitating scalable and flexible solutions for large data storage, the use of efficient data
management practices, and the integration of advanced technologies such as cloud computing, the Internet of Things (IoT), and
artificial intelligence (AI) to enhance data processing and analytical capabilities. Furthermore, recommendations for regional
authorities on adopting these technologies have been formulated, highlighting the importance of collaboration, support for
investments in the region'’s digital infrastructure as key components for achieving the smart region vision.

The construction of modern, high-tech data storage facilities using the Data Lake architecture enables the simultaneous
use and processing of large volumes of data from various fields and sources. The authors have proposed conceptual models for
forming data complexes from different functional areas of the smart region.
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Onexcangp 'OJIOTA, Bacunb KYT

Yxroponcekuit HamioHanbsHuil yHiBEpCHTET

Cepriit TACIYHMK, Oner TPUBOBCHKHI

HamionansHuii yHiBepcuteT «JIbBiBChKa MOMITEXHIKa»

AHAJII3 APXITEKTYP CUCTEMH OPTAHI3AIIIL JAHAX PO3YMHOI'O
€BPOIENCBHKOI'O PETTOHY «(IIEHTP €BPOIIN» HA OCHOBI
TEXHOJIOTI'TYHOI'O PIINIEHHSA O3EP JAHUX

Y cywacHomy narawa@Ti un@dposoi TpaHcdopmalii KoHUenyis "po3yMHOro perioHy” BUCTYNAaE SK K/o40Ba CTPaTeris
PErIOHA/IbLHOrO PO3BUTKY, BUKOPUCTOBYIOYM TEXHOJIOMT IHTErpauii AaHnx /151 MIABULYEHHST SKOCTI JXUTTS, ONTUMI3aLIl HagaHHs
oC/1yr 1@ CrpUSHHS CTaroMy 3pOCTaHHIO. [IPU3HAYEHHS MPOEKTY po3yMHoro perfoHy "LleHTp €Bporn” 06ymMos/ieHe voro
CTPATErYHUM r€OrpPagidHuM pPO3TALLYBEHHSM, O OXOM/IOE 3aKapraTTa Ta MPWIEIT ParioHn CyCiaHix KpaiH, pasoM 3 BIAHOCHO
HU3BKOIO TYCTOTOKO HACENEHHS. Lied yHIKa/lbHui KOHTEKCT CTBOPIOE MIEDEKOH/INBI NEPEAYMOBU AJIS IEPEOCMUCTIEHHS TDANLIVIHNX
MICBKMX PaMOK PO3YMHOro MICTa Ha Oifibll LUMPOKOMY piBHI, MEDETBOPIOOYN IX HA KOMI/IEKCHY MOJENL PO3YMHOIO PEIIOHY,
aAAaITOBaHy [0 KOHKPETHUX TOTPEG | MOX/INBOCTEHN LIeHTpa/IbHOI EBPOIHU.

O6rpyHTYBaHHS peasii3auii MPOEKTY PO3YMHOro perioHy "LieHTp €Bporm" BUrNMBaE 3 vioro BUrAHOO OJIOXEHHS B CEDLI
KOHTUHEHTY, YO reHEPYE GE3IPELEEHTHI MOX/MBOCTI A/1S TPAHCKOPAOHHOI criBrpayi, iHHOBauii T1a 3B3Ky. Husbka rycrora
HacesierHHs1 perioHy A04artKkoBO MMIAKPECIOE OTEHLIan A1 BIPOBAfKEHHS MEPEJOBUX TEXHOOMYHUX pillieHb, SKI MOXYTb
BUPILLYBATU LUMPOKUY CIEKTD BUKITMKIB | IOTPe6. HabyTTsM CTaTycy po3yMHOro perioHy "LleHTp €Bporm" — perioH rparHe cratv
TIPOBIAHMM TPUKIIAA0M TOro, K UM@POBI Ta TEXHO/IOMYHI IHHOBALIl MOXYTb 6yTU BUKOPUCTaHI /1 CTBOPEHHS [HK/TIO3MBHOI,
epeKTMBHOI Ta rporpecuBHOI perioHanbHoI ekocnctemu. Meta: OCHOBHOKO METOK LbOro AOC/TIKEHHS € IMOPIBHA/IbHMA aHa/li3
IEPEAOBUX APXITEKTYP CUCTEM OpraHizauii gaHmx 1a iX posii y CripusHHI NEPETBOPEHHIO "LieHTpy €Bporm” Ha IHTEIEKTYa /ibHm
EBPONEVICLKMI PEIIOH, a TAKOX BUBYEHHS MOX/IMBOCTEN BUKOPUCTAHHS KOHUEMUIi 036p AaHuX A1 €QPEKTUBHOIO YIipassiiHHS
BE/MKUMU  HAbopamu AaHnx Ta pEriOHasbHOrO pPO3BUTKY 3 BPaxyBaHHAM YHIKA/IbHUX [EOrpagidyHnx 1a AemMorpa@idHmnx
XapaKTepUCTUK perioHy. [IpeameTomM AOCIIKEHHS € apXITEKTYPU CUCTEM OpraHizalii BEMKuX JaHnx po3yMHoro perioHy "LleHTp
€sporm”. O6€KTOM AOTTTIKEHHS € NMPOLECH 30EPEXEHHS Ta ONPAaLIlOBaHHS BE/MKUX JAHNX Y PO3YMHOMY PEriOHI.
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OCHOBHI XapakTepucTuku. Y CTarTi BUCBIT/IOETECS OCHOBHI aCIIEKTU BIPOBAIKEHHS TEXHOIONMV ONpautoBaHHs BEMKUX
AaHnx y po3yMHOMY perioHi "LleHTpi EBporm’”, ki nepesbaqaroTs HeOOXiAHICTL MaCLUTab0BaHNX Ta MHyYKuX pilleHb 47151 36€piraHHs
BE/MKUX [AHNX, BUKOPUCTAaHHS €QEKTUBHUX MPAKTUK YIPaB/IIHHS AaHUMU Ta IHTErpayii nepesoBux TEXHO/IONY, Takux K XMapHi
064ucrieHHs, IHTepHetr pedes (IoT) T1a wryyHmi iHTenekt (AL), 419 MOKPALYEHHS OrPaLioBaHHS AaHNX Ta aHamTuYHuX
MOX/IMBOCTEN. KpiM TOro, CQOPMOBAHO PEKOMEHAALII /1 PErIOHa/IbHUX OPraHiB Biaan LWOAO BrIPOBA[KEHHS LMX TEXHOJIONH,
TTIAKPECTIIOYM BaXIMBICTL CIIIBIPALY, MATDUMKA IHBECTULIIA Y LUNPPOBY IHBPACTDYKTYPY PEriOHY SIK K/IIOYOBUX KOMITOHEHTIB A/151
AOCArHEeHHs BI3li pO3YMHOIro perioHy.

[TobyaoBa cy4acHnx BUCOKOTEXHOJIOMYHMX CXOBULY A3HUX 3 BUKOPUCTaHHSM apXitekTypu o3zep ganmx (Data Lake)
CTBOPIOE MOX/IMBICTb OfHOYACHOIO BUKOPUCTAHHS Ta OMpPaLioBaKHHs BEMKNX 00 €EMIB AaHnX 3 pi3HUX cgep Ta fkepesn. ABTopamm
3arporioHOBaHO KOHLEMNTyallbHI MOAES POPMYBAHHS KOMIT/IEKCIB AGHNX 3 PI3HNX CRED QPYHKLIIOHYBAHHS PO3YMHOIO PErioHy.

KI1to40Bi c/10Ba: po3yMH €BPONENCHKMI PEIIOH, apXITEKTYPa CUCTEMM OpraHi3auii Aarmux, «LieHTp €Bporn», BEMKI AaHi,
Data Lake.

Introduction

Motivation. The era of digitalization and technological progress leads to the global changes in all spheres of
human activity. Data consumers, businesses, government structures, and the scientific community face the need for
an optimal and efficient use of voluminous information flows. In the context of expanding digital integration
geography, the concept of a smart region that is a cohesive system of cities and settlements based on the principles
of intelligent data analysis, becomes particularly important. The smart European region "Center of Europe"
possesses a unique potential to become a pilot project where big data becomes the key to harmoniously combining
technologies, culture, economy, and social innovations of several regions of neighboring countries. However,
despite the obvious advantages, research in this area remains limited, particularly due to the complexity of regional
characteristics, requiring detailed understanding of data organization system architectures. Therefore, the study of
big data use in the context of the smart region "Center of Europe” not only opens new horizons for the development
of information technologies at the regional level but also proposes the latest approaches to management,
development, and modernization of the region in the face of modern challenges.

Analysis of Sources. In the modern scientific context, data storage systems are considered as a key
component of effective management and analysis of big data. Works by W.H. Inmon [1], R. Kimball [2] focus on
the main principles and architectural solutions related to data storage methods, with particular attention to storage,
integration, and data processing issues. Scientific literature often emphasizes specific types of systems. For example,
M. Stonebraker, U. Cetintemel, etc. [3] explore the issues of creating and optimizing data lakes, highlighting their
advantages in storing unstructured data.

The objective of this work is to analyze the architectural concept of the data lake organization system in the
context of information technologies of the smart European region "Center of Europe”. The main focus of the
research is to identify the key features of this architectural concept and its impact on the implementation of the smart
region system "Center of Europe".

The goal is also to systematize and analyze the aforementioned concepts to identify their advantages and
disadvantages, as well as to determine areas of their application and potential interactions between them. Through
in-depth analysis of literature sources and real use cases, the researcher aims to identify optimal conditions and
scenarios for the application of each architectural concept within the smart information infrastructure of the
European region "Center of Europe". The results of this study are intended to serve as a basis for developing
recommendations and strategies for implementing architectural solutions in practical situations requiring the
organization of large volumes of data. Considering the specifics of the European region "Center of Europe"”, the
work proposes a correspondence between the chosen architecture and the needs for storage, processing, and analysis
of data in modern information systems. This research plays a crucial role in the development of intelligent
technologies in the European region "Center of Europe”, promoting the improvement of strategies for smart
integration and data analysis, which is a necessary condition for the further development of this geographical region.

Data Storage Issues and the Development of Data Storage Systems

In the modern digital landscape, where data plays a critical role in strategy selection and innovation
achievement [4], digitization covers absolutely all spheres of human activity and there is a need for distributed
processing and storage of information [5], the challenges of storage, processing, and management of data become
paramount [6]. The increasing volumes of data and the diversity of information present the new challenges for
information systems and technologies [7]. The global issue of data storage necessitates new approaches and
architectural solutions [8]. One of the key challenges is the efficient storage of large volumes of data from various
sources [9]. Ensuring the integrity, confidentiality, and accessibility of information is of great importance [10, 11].
A rapid access to data becomes crucial for making informed decisions and ensuring competitiveness [12]. The
problem also lies in processing various data formats - from structured to unstructured ones [13]. The diversity of
sources and types of information requires specialized approaches to analysis and processing. This article explores
various architectural concepts aimed at solving the issues of data storage and processing. We consider both
traditional and modern approaches, such as "data lakes" and others. Overall, the issue of data storage requires the
selection of optimal architectural approaches for effective processing and access to information [14]. Understanding
the different concepts of data storage methods and their impact on the operation of organizations helps professionals
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in developing and managing information systems to make informed decisions [15]. Modern data architecture refers
to the latest approach to designing and implementing data systems that are capable of effectively addressing
challenges and leveraging opportunities presented by the ever-increasing volume, diversity, and speed of data
transfer.

Key characteristics and components of modern data architecture [16]:

Integration and Data Loading. Modern methods offer powerful data integration capabilities, collecting
information from various sources, such as structured databases, unstructured data, and streaming transfer. This
ensures rapid data loading in real time.

Data Storage and Management. Various data storage technologies are used, such as data lakes or databases,
providing fast and efficient access to data [17].

Data Processing and Analytics. Different methods of data processing and analytics are supported, including
batch processing, stream processing, and real-time analytics.

Cloud and Hybrid Systems: Modern methods actively utilize cloud computing and support hybrid
environments.

Data Management and Security. Priority is given to data management and security practices.

Data Access and Analytics for Users. Tools are provided for self-service access and data analysis.

Scalability and Flexibility: Solutions are designed to scale according to the needs.

DataOps and DevOps Principles. Collaboration and flexibility in data-related projects are supported.

The advantages of this approach include improved data access, accelerated time to results, enhanced
decision-making, and the ability to use advanced analytical methods [18]. However, it should be noted that modern
data architecture requires a personalized approach. Organizations must carefully assess their needs and capabilities
and build infrastructure accordingly [19].

Data Lake

A data lake is a centralized data storage service that stores large volumes of structured, semi-structured, and
unstructured data in their raw or original format. Unlike a data warehouse or data mart that adheres to a predefined
schema, a data lake allows the storage of data in its original form, without the need for prior transformation [20]. In
a data lake, data is stored in a flat architecture, typically using a distributed file system such as Apache Hadoop, or
cloud storage systems like Amazon S3 or Azure Data Lake Storage [21]. This repository can accommodate various
types of data such as text files, documents, sensor data, log files, social media streams, etc. [22].

Key characteristics and advantages of data lakes:

Diverse Data Storage. A data lake can store structured, semi-structured, and unstructured data from various
sources without imposing a specific schema [23]. This flexibility allows organizations to store vast amounts of data
in their primary format, maintaining data integrity for future analysis.

Scalability. Data lakes are designed to handle massive volumes of data, making them highly scalable. They
can scale horizontally by adding more storage nodes or utilizing cloud storage resources.

Schema-on-Read. In a data lake, the structure and schema of data are applied at the time of data access or
query, not during their acquisition. This approach provides greater flexibility for data exploration and analysis, as
users can interpret and transform data according to their specific needs during an analysis.

Data Exploration and Discovery. Data lakes facilitate data exploration, offering a wide range of sources and
formats. Analysts and researchers can explore various datasets, combine, and correlate data from different sources,
discovering hidden patterns or insights.

Integration with Analytical Tools. Data lakes integrate with various analytical and processing tools, such as
Apache Spark and Apache Hive, allowing users to perform complex analyses and derive valuable insights from data
stored in the lake.

Data Management and Security. Data lakes require effective management and security methods to ensure
data confidentiality, compliance, and access control [24]. Data management practices, such as data cataloging,
metadata management, and data lineage tracking, help maintain data quality, track data origin, and establish data
usage policies.
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Fig. 1. Data Lake structure visualization

Data Democratization. Data lakes promote data democratization, providing self-service data access for
different user groups within an organization [25]. Business users, analysts, and researchers can access the lake,
discover relevant datasets, and derive insights without significant reliance on IT or data engineering teams. The
input data for the developed "Methodology for predicting the success of the implementation of scientific IT projects
based on the analysis of their characteristics" is a set of indicators on the basis of which requirements are formed, as
well as the category of project success is determined [26]. Data democratization refers to the process of granting
users an access to data and analytical tools, typically without direct intervention or support from the IT department.
At the same time, it is possible to use a multi-agent system for taking into account the information of the subject
field, which: performs parsing of documents based on semantic similarity and contributes to the formation of the
ontological presentation of documents [27]. The goal of data democratization is to enable self-service access to
information for informed decision-making across various organizational levels. Key aspects of data democratization
include:

Self-Service Data Access. Users can independently access databases or other information sources instead of
relying on IT specialists.

Use of Intuitive Tools. The market offers a lot of data visualization and analysis tools designed to be user-
friendly, even for non-technical users.

Supporting Decision-Making. Access to data enables professionals from various fields (e.g., marketers,
financiers, managers) to make decisions based on factual information, not just intuition.

Data Security and Management. While democratization aims to provide broader data access, it's important
to ensure proper control and data security, potentially including role-based access models, user action audits, and
other control mechanisms.

Maintaining Data Quality. Data access is only useful if the data is accurate and up-to-date. Therefore, some
measures must be taken to ensure high data quality given the rapid development of data analysis technologies, data
democratization is becoming a key component of many modern organizations, fostering a culture of data-based
decision-making and enhancing market competitiveness.

It's important to note that while a data lake provides a flexible and scalable storage solution, it requires
proper data management and governance practices to ensure data quality, data integration, and appropriate access
control [25]. Without proper management, a data lake can become a data swamp, where data becomes unorganized
and challenging to find, making it nearly impossible to derive valuable insights. In summary, a data lake is a
centralized repository that stores a variety of raw data, allowing organizations to capture, store, and analyze large
volumes of information in a flexible and scalable manner, facilitating data exploration and discovery for various
analytical and decision-making purposes. Regarding the potential use of a data lake in developing the smart region
"Center of Europe," the following areas can be highlighted:

Initial Information Accumulation. A data lake is an ideal platform for collecting and storing large volumes
of data from various information sources in a smart region. This may include data from sensors, geodata, citizen
information, government registries, and more. Centralized storage facilitates an easy and quick access to required
data.
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Data Transformation and Optimization. Before data can be used for analytics and decision-making, it often
requires processing and normalization. Data lakes allow for such transformations "on the fly," using the "schema-
on-read" principle, providing flexibility in data utilization.

Geodata Aggregation. In smart regions like "Center of Europe,” the focus is on integration and interaction
between cities and communities. Data lakes can aggregate geodata from all types of sensors, creating centralized
cartographic images for planning and monitoring.

Integration with Data Warehouses. While data lakes focus on storing raw data, data warehouses help
organize, aggregate, and optimize this data for specific analytical needs. Integration between the lake and the
warehouse can provide a harmonious approach to data management and analysis at the regional level.

Facilitating Data Democratization. As smart regions involve active citizen participation, data
democratization through data lakes can be key to collaboration and interaction between government bodies, the
private sector, and the public.

Ensuring Security and Compliance. An important part of any data infrastructure is information protection.
Data lakes can implement stringent security mechanisms and ensure compliance with regional and international
standards for data processing and storage.

In conclusion, the approach to using a data lake in the smart region "Center of Europe"” can serve as an
essential component of the successful implementation of the smart region concept, providing integration, analysis,
and access to key information at all management levels.

Possible Use Cases.

The Data Lake concept, thanks to its flexibility and ease of use, can be applied within a smart region to solve
a wide range of tasks. The most interesting aspect of using Data Lake storage is the ability to create common
information domains (both structured and unstructured), areas similar in origin, or data usage, to which statistical
analysis and artificial intelligence analysis approaches can be applied. It is possible to find common patterns and
data connections within one domain and, most importantly, at the intersection of several data domains. Potential
domains that can be created:

- Social Domain. Data related to education, social protection systems, healthcare, libraries, support for
national minorities.

- Natural Resources Domain. The state of natural resources, seismological status, weather, etc.

- Economic Domain. Information on the economic activity of the population, tax burden, etc.

- Infrastructure Domain. Information about transport flows, road conditions, etc.

- International Cooperation Domain. Considering that the smart region "Center of Europe" is located at the
intersection of many countries, information on integration and communication of different legislation and
restrictions should also be stored in a separate domain.

Other Domains. The necessity of which will become more evident during real integrations and analysis.

Examples of creating services based on the intersection of data from different information domains:

Health and Environment Monitoring. Combining data from the Social and Natural Resources Domains to
monitor public health trends in relation to environmental changes, such as air quality or weather patterns.

Economic Forecasting. Using data from the Economic Domain in conjunction with information from the
Infrastructure Domain to predict economic trends based on transportation and infrastructure development.

Disaster Response and Planning. Integrating data from the Natural Resources Domain with Social and
Infrastructure Domains to improve disaster response strategies and plan for future infrastructure development in
areas prone to natural disasters.

Education and Labor Market Analysis. Combining data from the Social Domain with Economic Domain
insights to align educational programs with current and future labor market demands.

Cross-Border Cooperation. Using the International Cooperation Domain to facilitate legal and logistical
aspects of cross-border projects is to incorporate data from other domains to ensure compliance and efficiency.

Community Health Initiatives. Leveraging data from the Social and Economic Domains is to identify areas
in need of healthcare resources and plan for community health initiatives.

Transportation and Urban Planning. Utilizing data from the Infrastructure Domain in combination with
Social and Economic Domains is to optimize urban planning and public transportation routes according to
population needs and economic activities.

Cultural and Minority Support Programs. Integrating data from the Social Domain, particularly focusing on
national minorities is to develop targeted cultural and support programs.

These examples demonstrate how the intersection of data from various domains can lead to innovative
solutions and services in a smart region, enhancing the quality of life, economic development, and environmental
sustainability.

Traffic Management
Utilizing the Infrastructure Domain, International Cooperation Domain, and Natural Resources Domain.
One example of Data Lake application within a smart region is an automated traffic management system. Such a
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system uses data from surveillance cameras and analyzes it with artificial intelligence (Al) systems to obtain road
traffic load statistics. In all areas of the smart region, there is already a developed system of various quality road
traffic surveillance cameras. Given that the Data Lake is optimized for storing large amounts of unstructured data,
this information can be easily analyzed by artificial intelligence to create road traffic status information and, for
example, the condition of road surfaces. Surveillance cameras, placed at key road junctions, collect real-time traffic
data. This data is then uploaded to the Data Lake for further analysis. Al systems analyze the video data to
determine the quantitative and qualitative characteristics of traffic (e.g., the number of vehicles, speed of movement,
etc.). Based on the obtained data, the system automatically adjusts the operation mode of traffic lights, increasing or
decreasing passage time to improve road traffic capacity. The system also provides reports and analytics to local
authorities to assist in planning infrastructure improvements. Under certain conditions, the road restrictions can be
automatically created in case of road surface problems (earthquake, landslide, heavy rain, river flooding, etc.), or
border crossing needs, etc. By integrating with municipal and social and medical services (ambulance, fire brigade,
police, etc.), green corridors can be created for emergencies.

Predicting Weather Disasters

Utilizing the Natural Resources Domain and the Social Domain. We propose using Data Lake for predicting
weather disasters, providing critically important information for prevention and response to emergencies. For this
project, Data Lake will collect weather data such as:

Satellite Images. These can be used to detect anomalies in weather conditions, such as changes in
temperature, humidity, or atmospheric pressure.

Data from Meteorological Stations. This can be used to monitor current weather conditions.

Historical Weather Data. This can be used to identify trends that may indicate the possibility of a disaster.

Information from 10T Sensors. This can be used for real-time weather condition monitoring.

This will provide a comprehensive overview of weather conditions and assist in accurately predicting
weather disasters. Artificial Intelligence (Al) systems can analyze the integrated data to identify patterns that
indicate the possibility of weather disasters. Al uses machine learning algorithms to analyze data, enabling
predictions of hurricanes, floods, heavy rains, and other extreme weather conditions. For instance, Al systems can
be used for:

- Predicting Hurricane Trajectories

- Assessing Flood Strength

- Identifying Potential Dam Break Points

- Predicting Soil Erosion

This predictive capability is critically important for timely response to potential dangers. Integrating and
analyzing weather data in Data Lake can significantly improve the efficiency of responses to weather disasters. This
not only allows smart cities to better prepare and respond to extreme weather conditions but also enhances the
overall safety and quality of life of residents. There are several challenges in using Data Lake for predicting weather
disasters. One of the main challenges is ensuring accurate data integration. Weather data may come from various
sources, and it's important that they are correctly integrated and cleansed before analysis. Another challenge is the
effective analysis of data. Analyzing weather data can be a complex task, as many different factors need to be
considered. Al systems can be used to automate this process, but it's important to ensure they are trained on a
sufficient data set to provide accurate predictions. Despite these challenges, using Data Lake for predicting weather
disasters has the potential to significantly improve the effectiveness of responding to weather disasters. Population
resettlement information can be used for early warnings to the population, organizing evacuations, signaling social
services for residents who need extra checking (health problems and restrictions, remote living, etc.).

Earthquake Prediction

Utilizing the Natural Resources Domain, Social Domain, Economic Domain, and Infrastructure Domain.
Earthquakes are among the most dangerous natural phenomena, capable of leading to significant human casualties
and material damages. The use of Data Lake for earthquake prediction is a promising direction that has the potential
to significantly reduce the risks associated with these disasters. Data Lake allows the integration and analysis of vast
amounts of data from various sources, enhancing the accuracy and timeliness of predictions. This data can include:

- Data from Seismographs. Seismic data is used to record earthquakes.

- Data on Geological Structures. There are such as faults and fold belts, potential sources of earthquakes.

- Weather Data. Meteorological data that can influence seismic activity.

- Historical Earthquake Data. It can help identify patterns and trends indicating the possibility of future
earthquakes.

- Information from loT Sensors. It can be used for real-time weather condition monitoring.

Integrating this data into Data Lake allows researchers to detect complex patterns that are not identifiable
using traditional methods, leading to more accurate earthquake forecasts. Using machine learning and other
analytical tools, researchers analyze Data Lake data to identify potential earthquakes, including predicting the
location, time, and potential strength of future seismic events. Predictions obtained from Data Lake are used by local
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authorities for civil defense planning. These forecasts can help rescue services prepare for possible earthquakes and
save lives. Among the challenges of earthquake prediction is ensuring data accuracy and adapting to rapid
technological changes. Data from seismographs may be incomplete or distorted, leading to false predictions.
Additionally, machine learning technologies are constantly evolving, and researchers must continually refine their
algorithms to ensure prediction accuracy. The future development prospects of earthquake prediction include
improving machine learning algorithms and expanding data volume for more accurate forecasts. The researchers are
also working on developing early warning systems that can provide warnings about imminent earthquakes in a few
minutes or even hours in advance. Using Data Lake in seismology plays a crucial role in predicting earthquakes,
reducing risks, and preparing society for possible natural disasters. Further development of these technologies opens
new possibilities for ensuring safety and stability in vulnerable regions of the world. There are some additional
explanations regarding the inclusion of historical earthquake information in Data Lake:

- Historical Earthquake Information. It can help identify patterns and trends that may be useful for predicting
future earthquakes. Researchers may find that earthquakes with a certain location or strength tend to recur at a
certain frequency.

- Historical Information. It can also help assess the potential strength of future earthquakes. If researchers
know that an area has experienced a 7-magnitude earthquake, they can predict that future earthquakes in that area
might also be quite strong.

Including historical earthquake information in Data Lake it can significantly increase the accuracy of
earthquake predictions. In addition to the recommendations of the system for special care for certain individuals, as
mentioned in the previous section, the system can predict potentially risky areas and advise against laying roads (or
additionally reinforcing them), or building large-scale productions in particularly dangerous places, etc.

Impact of Schools on Life Indicators in Residential Areas

Domains: Infrastructure, Social, Economic. Schools are not just educational institutions but also important
catalysts for social and economic development in residential areas. Investment and support for schools are critically
important to ensure their positive impact on the life indicators of the areas where they are located. Schools
contribute to social cohesion and community development. They become centers for local events such as meetings,
cultural activities, and sports competitions, strengthening interpersonal connections and supporting community
engagement. Schools also contribute to raising the level of education and training of the population, which can lead
to increased employment rates and incomes. The quality of schools directly affects property values in the area,
making it more attractive to investors. Schools also contribute to the local economy through job creation and support
for small businesses, especially in the service sector. Experts estimate that the quality of schools can increase
property values in the area by 5-10%. Schools also contribute to the creation of new jobs for teachers, school
administration staff, and personnel. Additionally, schools can promote the development of small businesses in the
areas where they are located, such as through the creation of food establishments, trade, and other services that are
in demand among parents and students. We propose that all these indicators are collected in a database, then
statistically processed, and as a result, we obtain a ranking of residential areas. This will help young families and
highly qualified educators in choosing a place of work or residence. To ensure the positive impact of schools on the
life indicators of the areas where they are located, it is necessary to provide them with sufficient funding and
support. In some areas, schools are underfunded, which can lead to a decrease in the quality of education and
negatively affect the social and economic development of the area. Additionally, there are areas where schools
cannot provide proper conditions for learning and student development, for example, in areas with high crime rates
or poverty. Addressing these challenges requires joint efforts by government authorities, local communities, and
educators. For example, government bodies can provide additional funding to schools located in low-income areas.
Local communities can support schools through volunteer activities or participation in parent committees. Educators
can develop innovative programs and teaching methods that meet the needs of students from different social groups.
Using schools as catalysts for the social and economic development of residential areas has the potential to
significantly improve the quality of life of residents.

Epidemic Forecasting

Domains: Social, International, Infrastructure, Economic, etc. Predicting epidemics plays a key role in
preventing large-scale disease outbreaks and reducing their negative impact on society. Early detection of potential
epidemics allows health authorities and governments to distribute medical and logistical resources more effectively
and plan response strategies. For example, predicting a flu epidemic allowed US health authorities to quickly initiate
population vaccination, helping to prevent serious outbreaks. Predicting a polio epidemic in Africa allowed health
authorities to coordinate vaccination efforts for children, leading to the eradication of polio in that region. Various
data sources are used for epidemic forecasting, including:

- Medical Records. Data on patients who have been infected with a disease can help health authorities track
the spread of the disease and assess its severity.

- Social Media Information. Data on social media posts can help identify trends in the spread of the disease,
such as an increase in posts about symptoms.
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- Meteorological Data. Weather data can help predict conditions that facilitate the spread of disease, such as
temperature and humidity.

- Population Mobility Data. Data on people's movements can help identify areas where the disease is
spreading most rapidly.

Artificial intelligence (Al) and machine learning play a crucial role in analyzing large volumes of data to
detect patterns that may indicate the possibility of an epidemic outbreak. These technologies help increase the
accuracy and timeliness of predictions, allowing for a quick response to threats. Using Al and machine learning for
epidemic forecasting poses several challenges. One of the main challenges is that these technologies can be
imperfect. For example, they can be susceptible to noise in the data or may not consider all the factors influencing
the spread of the disease. Another challenge is the need for confidence in the prediction results. If the predictions are
not accurate, it can lead to incorrect decisions that can worsen the situation. Overcoming these challenges requires
further research and development. However, thanks to continuous improvements in artificial intelligence and
machine learning, epidemic forecasting is becoming more accurate and effective.

Crop Yield Forecasting

Domains: Natural, Social, Economic, etc. The use of Data Lake in the agricultural sector for predicting crop
yields opens the new opportunities to enhance productivity and efficiency in farming. Integrating large volumes of
data allows for deeper analysis of factors affecting yield and making more accurate forecasts. Data Lake facilitates
the collection and analysis of data from various sources, such as:

- Weather Data. Factors like temperature, precipitation, and humidity can significantly impact crop yields.

- Soil Data. Information such as soil type, acidity, and nutrient content also affects crop yields.

- Previous Years' Yield Data. It can help identify patterns and trends useful for forecasting future yields.

This data integration reveals trends and patterns critical for yield forecasting. For example, researchers
might discover that the yield of a certain crop depends on specific weather conditions or soil characteristics. Data
Lake collects and integrates data from weather stations, satellite images, 10T sensors in fields, providing a
comprehensive picture of agricultural conditions. This ensures a thorough analysis necessary for accurate
forecasting. Applying machine learning algorithms to Data Lake data helps identify key factors affecting yields.
Models assist in predicting potential yield, considering various scenarios and conditions. The forecasts help farmers
and agricultural companies in planning agronomic measures, efficient resource allocation, and risk management.
Integrating this data with decision support systems enhances the overall productivity of agribusiness. Using Data
Lake for predicting crop yields is an important step in modernizing agriculture. It enables the identification and
utilization of key data to improve yield, planning, and management of agricultural resources, contributing
significantly to food security and stability in the agricultural sector. There are some additional explanations
regarding the inclusion of weather conditions and soil characteristics data in Data Lake:

- Weather Conditions. It is one of the most critical factors affecting yield. Weather data, such as
temperature, precipitation, and humidity, can help researchers identify patterns and trends useful for forecasting
yields. For example, researchers might find that the yield of a particular crop depends on soil temperature.

- Soil Characteristics. It also impacts yields. Data on soil, such as a soil type, acidity, and nutrient content,
can help researchers assess the yield potential of a specific field. For instance, researchers might discover that a field
with a certain soil type has the potential for high yields of a particular crop.

Including these data in Data Lake allows researchers to make more accurate crop yield predictions.

Conclusions

In the evolving tapestry of the European digital landscape, the "Centre of Europe" region is positioned
uniquely, both as a beneficiary and a driver of the relentless integration of data and emerging technologies. The
contemporary push towards a more digitally coherent and intelligent European region is not just a trend but an
imperative, and the tools and techniques to manage data form the cornerstone of this transformative journey.

The diverse technological concepts explored in this research, ranging from traditional databases and data
warehouses to more novel constructions like data lakes and data meshes, illuminate the myriad ways in which data
can be stored, organized, and retrieved. Each technology presents its unique attributes, advantages, and potential
pitfalls, and their relevance and applicability can vary based on specific regional requirements and objectives.

However, the true essence of this study transcends the mere understanding of these technologies. It
emphasizes the strategic synthesis of these systems to harness the full potential of big data. When judiciously
selected and integrated, these technologies can unlock unprecedented insights, optimize operational efficiencies, and
catalyze innovations, thereby enhancing the quality of life and services in the "Centre of Europe".

Furthermore, the potential applications of these data technologies stretch across various sectors. From
optimizing urban infrastructure and public services to fostering innovations in healthcare, education, and commerce,
the possibilities are expansive. But with great potential the responsibility also comes to ensure ethical data practices,
maintain data security, and prioritize user privacy.

In wrapping up, it's evident that the road ahead for the "Centre of Europe" is both promising and
challenging. The foundation has been laid with a profound understanding of modern data storage and organizational
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techniques. The next steps involve strategic implementation, continuous adaptation, and the vision to merge
technological prowess with regional aspirations. The "Centre of Europe", with its intelligent approach to harnessing
data, is poised to become a beacon of digital excellence in the European context.
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