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MODERN APPROACHES TO DATA STORAGE: COMPARISON OF
RELATIONAL AND CLOUD DATA WAREHOUSES
USING ETL AND ELT METHODS

The paper analyses various aspects of the use of relational and cloud data warehouses as
well as methods of integrating ETL and ELT data. A comparative analysis of these ap-
proaches, their advantages and disadvantages are provided. A central relational data
warehouse is proposed that provides a single version of truth (SVOT), which allows stand-
ardising and structuring data, avoiding differences and providing the access to the same
information for all users of an organisation. It is analysed the methodological approaches
to implementing a data warehouse: top-down, bottom-up, and from middle. It is described
cloud data warehouses that use cloud technologies to provide scalability, availability and
fault tolerance, which is important for the companies with huge amounts of data. The ad-
vantages and disadvantages of ETL and ELT are analysed: ETL transforms data before it
is loaded into the warehouse, which makes it easier to maintain data confidentiality. ELT
performs transformation after loading, which allows for more flexible data processing di-
rectly in the warehouse. In the article, we deal with the approaches to implementing a data
warehouse: top-down is suitable for strategic planning, bottom-up allows for faster results,
and the middle approach combines both methods to achieve optimal efficiency. We consid-
ered cloud data storage: compared to relational storage, cloud storage is more flexible,
scalable and efficient, providing speed and reducing infrastructure costs. It is described
cloud storage architectures: massive parallel processing, hybrid architectures, lambda ar-
chitectures, and multi-structured architectures. They provide high performance and flexi-
bility in data processing. It is described data storage technologies: Data Lake, Polyglot
Persistence, Apache Iceberg, Apache Parquet, and columnar databases that provide effi-
cient storage and processing of large amounts of data.

Key words: data warehouse, relational data warehouse, Data Lake, Polyglot Persistence,
Apache Iceberg, Apache Parquet.

boiiko H.I., Yepnenko A.B. Cyuachi nioxoou 0o 30epicantsa 0anux: NOPi6HAHHA pens-
uitinux i xmapuux cxosuui 3 eukopucmauuam ETL ma ELT memodie. Y oocniodicenti
NpOAHANi308aHO PI3HI acheKmu 6UKOPUCMANHA PEeNYIHUX | XMAPHUX CX08Ul OaHux, a
maxoc memoou inmezpayii danux ETL ma ELT. Hasedeno nopienanbruti ananisz yux nio-
X00i8, ix nepesazu ma HedoniKU. 3anponoHO8AHO YeHMpabHe pelsayiline cXxo8uwe OaHuXx,
sKe 3abesneyye eouny eepciio npasou (Single Version of Truth), wo 0036015€ cmanoapmu-
3yeamu ma cmpyKmypuzyeamu 0awi, ycyearouu po3oiscHocmi i 3abe3neuyiouu 00Cmyn 0o
00HaK080i inghopmayii 011 6cix kopucmysauis opeanizayii. Ilpoananizoeano memooonozi-
yni nioxXoou 01 peanizayii cxosuwa OaHUX: 36epxy 6HU3, 3HU3Y 620py ma iz cepeoutu. Po-
32AHYMI XMAPHI CXO8UWA OAHUX, K GUKOPUCTNOBYIOMb XMAPHI MEXHON02I 0Jis 3a0e3ne-
YeHHs Macumabo8anocmi, 0OCMYNHOCMI Ma 8I0MOBOCMIUIKOCHI, WO € 8ANCIUBUM OIS
KOMNAHil 3 geauxumu oocsazamu oanux. Ilpoananizoeano nepesaeu ma nedoniku ETL ma
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ELT: ETL suxonye mpancghopmayito 0anux neped ix 3a6aHMANCEHHIM Y CX08ume, o
cnpowgye dompumarnts KoHgioenyiunocmi danux. ELT suxonye mpancghopmayiro nicis 3a-
BAHMANCEHHS, WO O0380J5€ OiNbUU SHYUKO 00pobisamu daui b6e3nocepedtvo 8 cxosuwyi. B
cmammi po3esHymo nioxoou 00 peanizayii cxo8uwya OaHuX. 36epxy 6Hu3 nioxooums O
cmpameziuno20 NIAHY8AHHSL, 3HU3Y 820PY 00380JIAE WBUOULE OMPUMYBAMU Pe3yTbMamu, a
nioxio i3 cepeduru KOMOIHYE 00U08aA MeMOOU Ol OOCACHEHHS. ONMUMATbHOT edheKmUsHO-
cmi. Pozensnymo xmapui cxoguwya 0anux: nopiHAHO 3 PeNAYIHUMU CXOGUWAMU, XMAPHI
cxosuwya € 6inb 2HYYKUMU, MACUMabOBAHUMY MA eheKMUBHUMY, 3a0e3neyyIodU UEUO-
KiCmb § 3HUJICEHHs sumpam Ha inppacmpyxmypy. Haeedeni apximexmypu XxmapHux cxo-
8UWY: MACO8A napaerbHa 06pooKa, 2IbpudHi apximexmypu, 1amooa-apximexmypu ma o6a-
eamocmpykmypHi apximexmypu. Bouu 3abezneuyioms 6ucoxky npooyKmueHicms ma eHyd-
Kicmb y 06podyi danux. Haeedeni mexnonoeii 36epicanns oanux: Data lake, Polyglot
Persistence, Apache Iceberg, Apache Parquet ma cmosnuacmi 6a3u 0anux, sKi 3abe3neyy-
fomb eghekmusre 30epicarnts ma 0o6pooOKy 6eUKUX 00CA2i68 OAHUX.

Kniouosi cnosa: 6aza danux, penayiiuni 6asu oanux, Osepo oanux, Polyglot Persistence,
Apache Iceberg, Apache Parquet.

Description of the problem. Nowadays, processing huge amounts of information is a highly
important task for government agencies, scientific research and business. Relational data warehouses,
which have been around for a long time, play a key role in this, but they were not designed to cope with
today's explosive data growth or to deal with the ever-changing needs of end users.

With cloud storage, there are no more limitations to physical data centres, and it is possible to
dynamically expand or contract your data stores to quickly respond to changing business budgets and
requirements. Similar to traditional data warehousing, cloud data warehousing stores information from
a variety of data sources, such as 10T and financial systems [1].

The possibilities of relational and cloud data warehouses are determined by the need to choose
the optimal technology for efficient management of large amounts of data, ensuring high performance
and security, and optimising IT infrastructure costs. Analysing these technologies will not only help to
measure their current state, but also predict trends in their development and use in the future.

The importance of this paper is based on the fact that in today's world, with the help of a large
amount of properly structured and processed data, it is possible not only to view user data, but also to
apply machine learning methods to it, such as prediction, classification or recommendation systems that
help in various areas of our lives.

The practical value of this research includes the possibility of real improvement of data storage
and processing data in organisations, which will increase productivity, reduce costs, improve data reli-
ability and security, and support innovative business development.

The purpose of this publication is to conduct a comprehensive analysis of the capabilities of
relational and cloud data warehouses, as well as to assess their efficiency and perspectives for storing
and processing large amounts of data.

Analysis of the latest research and publications. Modern research is actively exploring new
approaches to data storage and processing. In general, they often describe the perspectives of cloud
technologies, their advantages and disadvantages, as well as the process of migration from relational
warehouses.

Literature analysis is an important step in conducting scientific research, as it allows you to get
acquainted with the existing theoretical and practical knowledge on the subject, identify the main con-
cepts and trends, and detect gaps in knowledge that require further study. As part of this paper, a number
of scientific articles, books and research papers on relational and cloud data warehouses were analysed.

In the article «A comparative analysis of traditional and cloud data warehouse» [1], the author
compares traditional data warehouses with cloud data warehouses and notes that traditional warehouses
might not be suitable for modern data analysis needs due to changes in the industry. Traditional ware-
houses are difficult to scale and cannot effectively cope with the growing number of users. The author
describes the appearance of a new type of data warehouse — cloud warehouses, which have new aspects
of design and implementation. Cloud data warehouses have evolved over time, which has an impact on
applications and business domains, allowing for efficient management of huge amounts of data, easy
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scaling of resources, and serving an unlimited number of users. In conclusion, the author notes that the
future belongs to cloud data warehouses.

In the article «Migrating a research data warehouse to a public cloud: challenges and opportuni-
ties» [2], the author shares his experience of moving from relational data warehouses to cloud-based
ones. It is noted that the needs for computing resources and warehouses in research environments can
quickly grow beyond the capabilities of local systems. New research data warehouses (RDWS) are mov-
ing to cloud platforms as they provide the scalability and flexibility needed to meet modern challenges.

The paper «Data-warehousing on Cloud Computing» [3] describes that cloud processing has be-
come a new paradigm for storing data and providing data processing services over the Internet. Cloud
computing is beneficial to business owners because it eliminates the need to plan for services in advance,
allowing businesses to start small and increase resources only as demand for services grows.

There is also the article «Integration Methods and Advantages of Machine Learning with Cloud
Data Warehouses» [4], which focuses on the integration of cloud data warehouses with machine learning
and the importance of parallel integration methods. First, the article describes how the integration of
cloud data warehouses and machine learning can support business innovation and productivity. It con-
tinues with a discussion of the challenges of managing machine learning models in production environ-
ments and the role of cloud data warehousing in solving these problems. Next, the authors present the
Snowflake cloud computing integration in details, including the implementation stages and parallel in-
tegration processes. The authors analyse the results of the parallel integration method and believe that it
has good prospects for application and development potential in cloud data warehouses.

The paper «A Data Warehouse Approach for Business Intelligence» [5] is devoted to the study of
perception, understanding, querying and managing spatiotemporal data for online analytical processing
(OLAP). The authors point out that in a cloud data warehouse, business users can access and query data
from multiple sources and geographically distributed locations. Business analysts and decision makers
rely on data warehouses, especially for data analysis and reporting. Temporal and spatial data are critical
to decision-making and marketing strategies, and many applications require modelling and specialised
processing of such data because it cannot be effectively handled in a conventional multidimensional
database.

The article «Optimising Data Warehousing Performance Through Machine Learning Algorithms
in the Cloud» [6] explores the integration of machine learning (ML) into cloud data warehouses, focus-
ing on optimisation challenges, methodology, results, and future trends. The authors examine data ware-
houses, which are central to reporting and analysis, and are transformed by ML, solving problems such
as high maintenance costs and failure rates. Integration improves performance through query optimisa-
tion, indexing, and automated data management. The results that they presented demonstrate the use of
ML in predictive analytics for working load management, automated query optimisation, and adaptive
resource management, which improves performance.

In the paper «From Classical DW to Cloud Data Warehousey [7], the author researches Data Lake
tools and notes that the technology has evolved significantly over the past decade. It responds to ever-
growing data volumes with the support of distributed computing tactics. The study provides an example
of applications of different types of structured, semi-structured and unstructured data. Data warehouse
processing, namely data lakes, is moving from on-premises server rooms to cloud data centres. The data
warehouse solution must also be able to meet the requirements of machine learning.

The authors of the article «Privacy and Availability in Cloud Data Warehouse» [8] write that with
the development of cloud computing, data warehouses can benefit from this new technology in terms of
cost reduction, computing power and response time. In line with technological advances, cloud compu-
ting has disadvantages, particularly in terms of security, which must be taken into account to take full
advantage of this solution. To solve this problem, the authors proposed a new secure scheme for external
data storage in the cloud. This new scheme is based on the (n, k) Shamir secret sharing scheme, IDA
information dissemination algorithm, and MV-OPE multi-valued order preserving encryption. The
scheme can provide high-confidentiality data, it also ensures data availability and minimises dependence
on a single cloud provider. Experimental results in their paper show that the scheme allows sending
queries to the data store in the cloud without further processing with high performance. The disadvantage
of this solution is that if sensitive data and descriptive attributes are large in data volume and make up
the majority of the data in the storage and are costly. Therefore, such solutions are more suitable for a
repository that contains little confidential data [9].
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A review of the literature (Table 1) shows that both technologies have their advantages and dis-
advantages, and the choice between them depends on the specific needs of the organisation. Relational
databases are traditionally reliable and efficient for structured data and transactional operations, while
cloud storage offers flexibility, scalability and cost-effectiveness for processing huge amounts of data.
Further data processing experiments will allow us to draw more detailed conclusions and recommenda-

tions on the optimal technology.

Table 1

Analysis of the main publications on the researched topic

Title of the paper (au-
thor)

Approaches to
data analysis
and storage

Advantages of applying
the approaches

Disadvantages of apply-
ing the approaches

Rehman, K. U. ur, Ahmad,
U., & Mahmood, S.
(2018).

Comparison of
traditional data
warehouses
with cloud

The processes that take
place in cloud data ware-
house have an impact on
applications and business
domains. This has given
rise to the need to control
huge data. It is possible to
increase or decrease the
storage itself at any time.

There are no limitations on
the number of users. The
advantage of the traditional
approach is the simple im-
plementation of processes.

Traditional data warehous-
ing is unsuitable for data an-
alytics needs due to the
problem of scaling data, and
the difficulty with the grow-
ing number of users. Cloud
warehouses can be hard to
integrate.

Michael G. Kahn, Joyce
Y. Mui, Michael J. Ames,
Anoop K. Yamsani, Nikita

Pozdeyev, Nicholas Ra-

faels, lan M. Brooks
(2022)

Migration from
relational to
cloud ware-

houses

Moving from a traditional
data warehouse is not easy.
Migration of tools and pro-

cesses and access to re-
sources is performed on an

as-needed basis, which
slows down the implemen-
tation of cloud warehouses.

Relational data warehouses
are being forced to move to
cloud platforms for the
scalability and flexibility
needed to cope with new
challenges and increasing
data volumes

Hemlata Verma
(2013)

Comparison of
traditional data
warehouses
with cloud

Cloud computing data stor-
age is elastic, scalable,
takes less time to deploy, is
reliable and has lower
costs.

Data storage in the cloud is
largely hypothetical, and
cloud comparisons can lead
to new insights into the pos-
sibilities and impossibilities
of deploying storage in a
modern cloud environment.

Summary of the main material. A relational data warehouse acts as a central repository for

many subject areas and provides a Single Version of Truth (SVOT). This means that all data in the
repository is standardised and structured. This allows to eliminate differences and provide all users with
access to the same information, which improves decision-making, collaboration and efficiency through-
out the organisation [10, 11].

ETL (Extract, Transform, Load) is a process used in data warehouses to extract data from a variety
of sources, transform it into a suitable format, and load it into the data warehouse. ETL applies a set of
business rules to cleanse and organise data from raw data, preparing it for storage, analysis, and machine
learning (ML). The ETL process consists of three main steps (Fig. 1) and is iterative and repeated as
new data is added to the warehouse. It ensures that the data in the data warehouse is accurate, complete
and up-to-date, and in the right format for analysis and reporting [12, 13].

10
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ELT (Extract, Load, Transform) is an alternative data integration process. This method moves
raw data from the source system to the destination data warehouse. The data integration process com-
bines data from multiple sources into one consistent warehouse. Traditional ETL tools were created to
build data warehouses that support business intelligence (BI) and artificial intelligence (Al) applications
[14, 15].

The main difference between ELT and ETL is the order in which the steps are performed: ELT
first loads and then transforms the data, which means that the second and third steps of the ETL process
are reversed (Fig. 1). ELT copies or exports data from the source locations, but instead of intermediate
storage for transformation, it loads the raw data directly into the target data warehouse where it can be
transformed as needed. Thus, ELT does not transform the data during transfer.

Another difference between ETL and ELT is that ETL transforms data before it is moved to a
central repository, which can make it easier or more systematic to maintain data privacy than ELT

(Fig. 1).

ETL Extract } ~ Transform | - Load

ELT Extract | - Load » Transform

Fig. 1 — Steps of the ETL and ELT processes

Methodological approaches for implementing a data warehouse [16]:

1. Top-down design

2. Bottom-up design

3. Middle of design

The top-down approach works well for historical type reports, to determine what happened (de-
scriptive analytics) and why it happened (diagnostic analytics) (Fig. 2). In a top-down approach, the
general planning, design, and architecture of the data warehouse is established first, and then specific
components are developed. This method highlights the importance of defining the overall enterprise
vision and understanding the organisation's strategic goals and information requirements before starting
to develop the data warehouse.

Structure I——— Ingest I—r Analyze

Fig. 2 — Top-down approach

Without knowing what questions to ask about the data, a bottom-up approach can quickly explore
the data to identify relevant ones when data is initially collected, before generating any theories or

11
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hypotheses [17]. The bottom-up approach starts with planning and designing departmental data ware-
houses without first developing the organisation's global computing infrastructure. This approach is
preferable in many cases because it leads to final results faster (Fig. 3).

Ingest |—>— Analyze I—»— Structure

Fig. 3 — Bottom-up approach

Bottom-up and top-down approaches can be combined depending on the goals of the data ware-
house project manager. The design from the middle approach is a combination of the above approaches
applied in a spiral process. First, the core of the system is created (the top-down approach), and then it
is gradually expanded by adding new or additional functionality (the bottom-up approach). Thus, each
of the two approaches mentioned above can be used at each turn of the spiral [15].

Relational databases (RDBs) are one of the most common ways to organise and store structured
data. The main features of RDBs are shown in Table 2.

Table 2
Main features of relational data warehouses
Features of relational data ware- Possibilities of using the method
houses

- The relational model is based on tables containing rows and col-
umns, where each row is a separate record and columns define

Data model the attributes of the record.

+ Popular management systems: MySQL, PostgreSQL, Oracle
Database, Microsoft SQL Server

+ To work with relational databases, you can use SQL (Structured

Query language Query Language), which allows performing various operations
with data: selecting, inserting, updating, deleting.

- RDB ensure high data integrity through the use of transactions
and various constraints (keys, indexes, uniqueness, etc.).

Scalability - RDB are usually scaled vertically, which means adding re-

sources to a single server.

Data integrity

A cloud data warehouse is a data warehouse that exists in a cloud environment and is capable of
combining exabytes of data from multiple sources. Cloud data warehouses are designed to handle com-
plex queries and are optimised for business intelligence. The «cloud» part means that instead of manag-
ing physical servers and infrastructure, everything happens online - third-party servers do the heavy
lifting, and you can access your data and analytics tools over the Internet without having to download
or configure any software or applications [18].

Cloud data warehousing is critical for quick data-driven decision making, offering improved com-
puting power and simplified data management, enabling valuable insights to be derived from updated,
accurate and enriched data as needed. The data in a cloud data warehouse is well-structured and unified,
ready to support a wide range of specific business intelligence use cases.

In the modern world, cloud data warehouses play a critical role in collecting, storing and pro-
cessing data for decision-making. There are certain types of cloud storage architectures:

1. Massively parallel processing architecture distributes and processes complex data queries
across multiple nodes, delivering high performance and scalability for huge datasets [19].

12
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2. Hybrid architectures use a combination of on-premises and cloud infrastructure, typically with
on-premises resources used only to extend the cloud where needed. They are designed to leverage the
strengths and overcome the limitations of each architecture to achieve optimal efficiency and perfor-
mance [20].

3. Lambda architectures process huge amounts of data using a combination of layers (batch,
speed and serving). The data is delivered simultaneously to the batch and speed layers, with the batch
layer supporting the processing of raw data and the speed layer supporting low-latency data that has not
yet been delivered to the batch layer. At the same time, the service layer supports real-time queries [21,
22].

Multi-structured data architectures can acquire, store, and process data in a variety of formats for
more complete and flexible data analysis.

A data lake is a central location that contains huge amounts of data in a raw format. Compared to
a hierarchical data warehouse that stores data in files or folders, a data lake uses a flat architecture and
an object store to contain data. The object store saves data with metadata tags and a unique identifier,
which makes it easier to find and retrieve data across regions and improve performance [23].

Polyglot Persistence is the use of multiple storage technologies to store different types of data in
a single application or system depending on how the data is used. Polyglot Persistence is about choosing
the right tool for the right use case, using multiple data stores in an organisation or enterprise. Each data
warehouse is optimised for a specific type of data or use case. This approach allows organisations to use
different data warehouses for different projects or business units, rather than a single approach for the
entire organisation [24].

Apache Iceberg is a table format that solves the problems of traditional directories and is quickly
becoming the industry standard for managing data in a data lake. Iceberg introduces capabilities that
allow multiple applications to work together on the same data in a consistent transaction order and define
additional information about the state of datasets as they evolve and change over time [13].

Apache Parquet is an open source, column-oriented data file format designed for efficient data
storage and retrieval. It provides efficient data compression and performance-enhancing coding schemes
for mass processing of complex data. Apache Parquet is designed as a common exchange format for
both batch and interactive workloads [20].

Columnar databases are particularly beneficial for analytical queries that often scan or aggregate
large data sets but require only a few columns. Since only the necessary columns are read from the
storage, import/export costs and time are minimised, providing an advantage over traditional row-based
databases in analytics scenarios. For these use cases, columnar databases make better use of system
resources and provide faster information [17].

In summary, cloud data storage is a new approach to data storage and processing that takes ad-
vantage of cloud technologies. The main features of cloud storage are shown in Table 3.

Table 3
Main features of cloud data warehouses
Features of cloud data warehouses Possibilities of using the method
+ Cloud data warehouses can support both relational and
non-relational data models, providing flexibility in choos-
Data model ing a data storage approach.
- Popular management systems: Amazon RDS, Google
Cloud SQL, Microsoft Azure SQL Database
+ Cloud services usually operate on a pay-as-you-go model,
which allows you to optimise costs
- Cloud providers deliver high availability and reliability of
data through distributed architecture and backups.
- Cloud storage is usually scaled horizontally, which allows
Scalability you to efficiently process huge amounts of data by distrib-
uting the load across many servers.

Payment model

Availability and reliability

13
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Based on the literature analysis, the following key aspects can be identified for comparing rela-
tional and cloud data warehouses (Table 4).

Table 4
Comparing relational and cloud data warehouses
Main characteristics of Relational data warehouses Cloud data warehouses
data warehouses
- Relational databases demonstrate + Cloud storage provides flexibility
L high performance when working | and scalability, which can be more
Productivity ; X - .
with transactional data and complex | efficient when processing huge
queries. amounts of data.
- Relational databases are typically + Cloud storage is typically scaled
scaled vertically, which can limit | horizontally, which allows you to
. their performance as data volumes | distribute the load across multiple
Scalability X
grow. servers and provides better perfor-
mance and resilience to data vol-
ume increases.
- The cost of relational databases can  Cloud storage offers a pay-as-you-
Pri be high because of the need to main- | go model, which can be more cost-
rice . . . e s
tain and upgrade the infrastructure. effective for organisations with in-
termittent workloads.
- Relational databases provide high re- + Cloud storage provides reliability
L . liability due to the transactional | and security through a distributed
Reliability an rit - . . ; .
eliability and security model and integrity constraints. architecture, backup, and security
tools provided by the providers.

To experiment with the efficiency of relational and cloud data warehouses we chose the dataset
«Amazon Books Reviewsy [10], which contains 3000000 reviews for 212404 books.

We chose the PostgreSQL database to work with a relational data warehouse. To offer with a
preper analysis of the data, we divided it between three tables and added identifiers for each of them:

- Table of books «books» with columns: id- book identifier, title, price. It contains 221998 values

- Table of users «users» with columns: id - user identifier, profileName. It contains 1008972 val-
ues

- Table of reviews «reviews» with columns: uuid - review identifier, book_id, user_id, score,
time, summary. It contains 2966688 values.

To load the data into PostgreSQL, we used Python and its libraries such as sqlalchemy to com-
municate with PostgreSQL and its server; and the pandas library to read CSV files in which the data for
each of the tables were structured. Queries to the data warehouse were also implemented using sqlal-
chemy and the time library to calculate the query time.

Queries with COUNT, SUM, GROUP BY operations are most often used in data analytics be-
cause they aggregate and summarise large amounts of data, so the focus was on them.

The requests were implemented:
1. Search for book reviews by the book identifier:
| Time of request execution | 0.8293237686 |

2. Number of reviews for the book by its identifier:
| Time of request execution | 0913532257 |

3. The number of reviews of a book by its identifier in 2000:
| Time of request execution | 0.7880356312 |

4. Average rating of the book among all users:
| Time of request execution | 0.9420266152 |

14
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To work with cloud storage, Amazon S3 was chosen to upload data to the cloud and DynamoDB
as a database.

Firstly, the CSV file data was converted to JSON format using Python to upload the data to Dy-
namoDB. Then it was uploaded to an S3 bucket. And after that, the data was successfully transferred to
the database. Queries to the data warehouse were implemented using boto3 to connect to the server on
the cloud and the time library to calculate the query time.

The same queries were performed as in the relational storage, namely:

1. Search for book reviews by the book identifier:
| Time of request execution | 0.6458830833 |

2. Number of reviews for the book by its identifier:
| Time of request execution | 0553743124 |

3. The number of reviews of a book by its identifier in 2000:
| Time of request execution | 0.667219638 |

4. Average rating of the book among all users:
| Time of request execution | 0.707470178 |

For a better testing analysis, a general table comparing the time of each query relative to the
storages is displayed (Table 5).

Table 5
Relational and cloud storage query times
Relational data warehouses Cloud data warehouses
0.8293237686 0.6458830833
0.913532257 0.553743124
0.7880356312 0.667219638
0.9420266152 0.707470178

Analysing the table, it can be said that in all cases, the relational data warehouse processed the
query and displayed the result slower than the cloud one. To better see the difference, a diagram can be
displayed (Fig. 4).

Execute time to data warehouses

(%]
£

= 0,4

0,2

0

Request 1 Request 2 Request 3 Request 4
Requests
==@==Relational data warehouses Cloud data warehouses

Fig. 4 — Comparison of the time spent on each request by relational and cloud warehouses
Based on the results of the experiments, a conclusion can be made that cloud data warehouses

process and analyse tables and data faster than relational warehouses. The tests were conducted on 3
million records, and in large companies, these volumes reach terabytes and even exabytes. Storing such
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data on physical servers is extremely difficult, as opposed to cloud storage, which is easier to scale. An
additional advantage is that data can be accessed from anywhere in the world, which saves on hardware
and maintenance.

In addition, cloud storage has the advantage of scalability. They can be easily adapted to the
growth of data, which is important for companies that process massive amounts of information. In fact,
cloud storage provides high availability and fault tolerance, which ensures continuous access to data and
minimises the risk of loss.

To summarise, cloud data warehouses offer a more flexible, scalable and efficient solution for
processing huge amounts of data compared to relational warehouses. They are suitable for a wide range
of applications, including business intelligence, machine learning, and analysing data from various
sources.

Conclusions

Many companies still use relational data warehouses because they are familiar and well-known,
or because they fear that data migration will be difficult. However, cloud computing is already well
established and has shown to be a reliable and efficient business solution.

The main problem for Ukraine is the unstable supply of electricity and the Internet, which are
critical for data processing. Generators also have a limited lifespan. Cloud technologies can significantly
improve business operations, as when using physical servers, the lack of access to them stops the com-
pany's work. Storing data in the cloud allows you to work with it from anywhere in the world, even if
the local infrastructure is down.

Our lives are changing and progressing rapidly. It could be remembered how data was stored on
paper, where you had to rewrite the entire document to correct an error. Later, data was stored on phys-
ical devices, edited in notebooks or on physical storage. The introduction of relational data warehouses
was a significant step forward, reducing the time required to store and process data. Today, cloud com-
puting is the next step in this development, enabling faster and more optimised data processing using a
wider range of tools.

From this, we can conclude that cloud computing is a more powerful solution for working with
data, and the future of business belongs to it. However, it is possible that even more powerful and rele-
vant technologies will appear in the future.

Comparison has shown that cloud data storage offers a more flexible, scalable, and efficient so-
lution for processing large volumes of data compared to relational storage. Cloud technologies provide
significant advantages for businesses, especially in the context of modern challenges such as unstable
power and internet supply in Ukraine.

Relational storage, while remaining popular due to its familiarity and stability, lags behind cloud
solutions in many aspects. Cloud storage allows savings on physical equipment and ensures data access
at any time and from any location, which is a key factor for the successful operation of modern busi-
nesses. Cloud technologies are the next logical step in the evolution of data storage and processing, and
their use will continue to grow.

Thus, cloud data storage is a promising direction for business development, allowing adaptation
to rapidly changing conditions and optimizing the handling of large volumes of information.
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JOCJIIKEHHSA METOI[OJIOFIFI PO3POBKU BEBIOJATKY
JJIA MEJIMYHOI KJITHIKHW 3 BUKOPUCTAHHSAM REACT

Y ecmammi demanvro oocniodicyiomsvcs memooonozii po3podxu 6e6000amxie 0us Meouy-
HUX KAIHIK 3 BUKOPUCTARHAM NONYaapHoi bioriomeku React. OcnosHow0 memoio ybo2o 00-
CRIO0JCEHHS € AHANI3 CYHACHUX NIOX00I8 00 CMBopeHHs 8e6000amKis, Ki 8i0nosioaroms
cneyudiunum gumozam meouynux ycmanos. Ocodausa yeaea npuoinacmvcsa QYHKYionans-
HUM ma HeYHKYIOHATbHUM XAPAKMEPUCTIUKAM, WO € KDUMUYHO 8ANCTUBUMU OJIsL MAKUX
cucmem, 30Kkpema bezneyi 0aHux, KOPUCMy8aybKomy 00C8ioy, ihmespayii 3 iCHYIOUUMU CU-
cmemamu ma 8i0nogionocmi Hopmamuenum cmanoapman. llepws 3a éce, npogederno ce-
OIYHUL aHANI3 BUMO2 MEOUUHUX KAIHIK 00 8eb0odamkis. besnexa danux € 00num 3 Halsa-
JHCTUBTUIUX ACNEKMIB, OCKIIbKU MEOUYHI YCIMAHO8U NPAYIOIOMb 3 KOH@IOeHYitiHOoW0 iHGpOp-
mayier. Y 00CnioHceHHi po3eisiHymo memoou 3a6e3neyents KOHpioenyiinocmi ma yinic-
HOCMI MEOUUHUX OAHUX, 30Kpema wiaxom dompumanus cmandapmie HIPAA ma GDPR.
React 0oszsonse neexo inmeepysamu cyyacui sacoou oesnexu, maxi ax JWT (JSON Web
Tokens) ons aymenmugbikayii ma asmopusayii, a maxKox;c SUKOPUCINOBYBAMU 3AXUUYEHI
HTTP-3'¢onanus onsi nepedaui Oawnux. Kpim moeco, ocobauea ysaza npudiiena
kopucmyeayvkomy ooceioy (UX/UI), axuil mae 3abe3neuysamu 3pyunicms ma eghekmug-
HiCMb BUKOPUCMAHHA 6e0000aMKY K MeOUYHUM NEpCoOHANoM, mak i nayicumamu. React
00360J151€ CMBOPHOGAMU OUHAMIYHI MA [HMEPAKMUGHI THmMepeticu, Wo MONCYyMb a0anmy-
8amucsi 00 Pi3HUX NPUCMPOIE Ma eKPaHie, 3a0e3neuyryu MmaKum YUHOM BUCOKY SKICMb
KOpucmy6aybko2o 00csioy. Lle ocobaugo eaxciuso 0 MeOudHUX 000amKis, 0e moyHiCMb
I WBUOKICL 83AEMOOIT MONCYMb BNAUBAMU HA AKICMb HAOAHHSA MeduyHux nocaye. Hase-
0eHO OemaNbHUll ONUC HAUKPAWUX NPAKIMUK MA NIOX00i8 00 po3podKU 6e0000AmKY 3 8U-
Kopucmanuam React. Posenanymo apximexmypy KoMnoweHmis, axa 3abe3neyye mooyib-
HiCMb ma nosmMopHe SUKOPUCMAHHS KOOY, WO € KIIOY08UM (DAKMOPOM Y CIMBOPEHHI MAC-
wmadosanux ma aeeko NiOMpUMYSaHuUx 000amkis. Jocnioxnceno pisHi Memoou Kepy8aHHs
cmauom y 0ooamky, maki sk euxopucmanns Context APl ma Redux, wo 0ozeonse egex-
MUBHO Kepysamu Oanumu ma sabezneuysamu cmaobinviy pobomy dodamky. Onucano pe-
KOMeHOayil w000 HAIAWmyeanHs mapuipymusayii 3a oonomoeorw 6ioaiomexu React
Router, wo 0ozeonse cmeoprogamu OUHAMIuHI ma 6a2amocmopinkosi 0ooamxu, 3abes3ne-
YUY NpU YbOMy NIAGHY HaAgieayilo ma xopowuti Kopucmyeayvkutl 00ceio. Kpiv mozo,
PO32NAHYMO Cnocobu 3abe3neuenns besneku 000amKy, ekmoyaioyu 3axucm 6io XSS-amax,
CSRF ma inwux munise 8pasnugocmett, o € KPUMU4HO 8aANCTUSUM Y MEOUUHUX 000AMKAX.
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