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Methods. The paper is based on a comprehensive review of the impact of Big Data Analytics
on modern business analytics and presents an innovative solution for efficient processing of this
data in high-performance computing (HPC) environments. The study aims to demonstrate how the
integration of Big Data technologies can qualitatively change strategic planning, risk management
and operational optimization in a business environment. The analysis covers the dynamic landscape
of modern business analytics, emphasizing its transformative power in obtaining critical insights
from large and diverse data sets. Special attention is paid to the challenges associated with insuffi-
cient performance and general versatility of existing big data processing tools in HPC infrastruc-
tures. To address these problems, the study discusses PyCOMPS, a task-based programming model
in Python, for the first time. The performance and efficiency of PyCOMPS are evaluated by apply-
ing it to implement a complex machine learning algorithm, namely Cascade SVM.

Novelty. The novelty of the work lies in the integrated approach, which not only summarizes
the multifaceted role of big data analytics (in particular, in customer-oriented initiatives and opera-
tional optimization), but also offers a specific, high-performance and flexible solution. PyCOMPS
is positioned as an excellent answer to the problem of the lack of productive and universal tools for
distributed big data processing in HPC. The results of the Cascade SVM implementation serve as
empirical evidence of its advantages.

Results. The study details the transformational path of big data analytics in modern business
intelligence, confirming its crucial role in reducing risks and increasing operational efficiency. The
main result is a demonstration of the high performance of PyCOMPS for the efficient development
and execution of Big Data analytical tasks. The work concludes with practical recommendations for
organizations seeking to maximize the potential of big data analytics in the data-driven era.

Practical value. The work has high practical value for IT architects, data engineers and ana-
lysts. Discussion of the benefits PyCOMPS provides a direct toolkit for high-performance and effi-
cient development of big data analytics in the environment of modern business intelligence systems.
This solution provides better flexibility and performance compared to traditional HPC models, mak-
ing complex data processing more accessible to developers using Python.

Keywords: Big Data, Business Intelligence, Data Analytics, Modern Business, PyCOMPS.

Statement of problem. Big data analyt-
ics refers to the systematic analysis of large and
complex data sets to uncover hidden patterns,
correlations, and valuable insights. In the mod-
ern business analytics landscape, the emergence
of big data analytics has become a cornerstone
of organizational success [4].

This paper explores how advanced ana-
Iytical techniques, including machine learning
and artificial intelligence, are integrated into

big data platforms, enhancing the depth and
accuracy of the information obtained.

In today’s dynamic business landscape,
the intersection of big data analytics and mod-
ern business intelligence (BI) is emerging as a
transformative force that is changing the way
organizations collect, process, and derive in-
sights from vast and diverse data sets. The
sheer volume of data generated every day re-
quires scalable solutions for storage and pro-
cessing.
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The speed of data production requires real-time
analytics capabilities. While traditional analyti-
cal methods are inadequate when it comes to
big data [6].

Machine learning (ML) and artificial in-
telligence (Al) are seamlessly integrated into
big data platforms, increasing the depth and
accuracy of analysis. Machine learning algo-
rithms, such as clustering and regression, suc-
cessfully learn from large data sets. Artificial
intelligence, with its cognitive capabilities, fa-
cilitates understanding, reasoning, and deci-
sion-making.

The transformative impact of big data an-
alytics on decision-making is a central theme.
Organizations use data-driven analytics for stra-
tegic planning and risk management. Predictive
analytics enable businesses to anticipate market
trends, identify potential risks, and make in-
formed decisions that align with overall objec-
tives. In finance, big data analytics improves
fraud detection and risk assessment. In
healthcare, it facilitates personalized medicine
and improves patient outcomes through predic-
tive analytics.

Real-world applications demonstrate a
wide range of impacts. In marketing, cam-
paigns become more targeted and effective
through data-driven analytics. In manufactur-
ing, processes optimize efficiency based on
recommendations from analytics. Customer-
centric initiatives, from personalized recom-
mendations to tailored user experiences, are
enhanced by the detailed analysis provided by
big data analytics.

The paper discusses real-world applica-
tions across various sectors and shows how big
data analytics has revolutionized industries
such as finance, healthcare, marketing, and
manufacturing.

The amount of data that society generates
is growing extremely fast. It is expected that by
2025, the amount of useful data will be of more
than 18 zettabytes (i.e., GB). [13].

The process of extracting useful infor-
mation from large amounts of data is also
known as big data analytics (BDA) [10]. BDA
involves transforming the data using various
operations, such as sorting, aggregating, or fil-
tering, as well as using machine learning algo-
rithms to obtain new information and to discov-
er patterns in data.

In this paper, we review and evaluate Py-
COMPS [14] as an approach to bridge the gap
between BDA and HPC programming models.
PyCOMPS is a task-based programming model
that can be used to easily build and execute
parallel Python applications. PyCOMPS has the
advantage of being based on Python, which
provides great productivity and is one of the
most popular programming languages among
data scientists.

The paper concludes by highlighting the
changing landscape of big data analytics, re-
viewing emerging trends such as Edge Analyt-
ics and the integration of big data with other
transformative technologies.

In essence, this paper reviews the critical
role of big data analytics in modern business
analytics and the dynamic interplay between
analytics and organizational innovation.

Analyses of recent papers. The paper
explores the changing landscape of big data
analytics, starting with emerging trends such as
edge analytics [11]. This approach involves
processing data at the edge of the network,
closer to the data source. Edge analytics reduc-
es latency, enhances real-time insights, and is
particularly relevant in scenarios where imme-
diate responsiveness is critical, such as loT
applications and autonomous systems.

Combining big data analytics with trans-
formative technologies such as the Internet of
Things (1oT) and blockchain expands its capa-
bilities [3]. The synergy of these technologies
creates ecosystems where data is not only ana-
lyzed at scale, but also seamlessly integrated
into a variety of applications. From optimizing
supply chains to powering smart city initiatives,
the convergence of technologies promises new
frontiers of innovation. In conclusion, the trans-
formative role of Big Data Analytics in modern
business analytics is evident across sectors and
industries. Its fundamental principles, integra-
tion of advanced analytical techniques, impact
on decision-making processes, and changing
landscape demonstrate the breadth and depth of
its impact.

Despite the challenges, organizations are
moving forward, addressing ethical considera-
tions, strengthening cybersecurity measures,
and embracing new trends [5]. As we stand at
the crossroads of data abundance and techno-
logical innovation, the potential of Big Data
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Analytics will expand even further. It is not just
a data processing tool; it is a catalyst for inno-
vation, a guide to strategic decisions, and a cor-
nerstone for businesses that aspire to thrive in
the digital age.

The journey continues, and with each ad-
vancement in Big Data Analytics, the future of
business analytics becomes increasingly data-
driven and limitless.

Materials and methods. The speed of
data production requires real-time analytics
capabilities. In addition, the diversity of data,
including structured and unstructured formats,
requires flexible processing methods. Big data
platforms, such as Apache Hadoop and Apache
Spark, provide the infrastructure for navigating
and analyzing these vast data sets.

The fundamental principle of volume
processing involves distributed computing
frameworks such as Apache Hadoop and
Apache Spark [15]. These frameworks break
large data sets into small, manageable chunks
that are distributed across multiple nodes or
clusters. This distributed approach allows or-
ganizations to leverage parallel processing
power, significantly reducing the time required
to analyze data.

By integrating technologies such as
Apache Kafka for streaming processing, organ-
izations can analyze data as it is generated, en-
abling real-time decision-making. This princi-
ple of speed is especially important in fields
such as finance, where making split-second
decisions can have a significant impact on trad-
ing outcomes.

The Hadoop Distributed File System
(HDFS) is an example of a storage system de-
signed to handle a variety of data formats [16].
It allows organizations to store and process
unstructured data alongside structured data.
This versatility is crucial in industries such as
healthcare, where patient records may include
structured data such as demographics and un-
structured data such as medical images or doc-
tor’s notes.

The integration of analytical technolo-
gies, especially machine learning (ML), is mak-
ing big data analytics a powerful predictive
force [8]. Machine learning algorithms learn
from historical data patterns, allowing organi-
zations to make accurate predictions and opti-
mize decision-making processes.

Classification algorithms, such as logistic
regression, are used in scenarios where data
needs to be categorized into predefined classes
(Shah et al., 2020). Regression algorithms, on
the other hand, are used to predict numerical
values, which makes them valuable for finan-
cial forecasting or demand forecasting. By inte-
grating machine learning into Big Data Analyt-
ics, organizations can uncover hidden patterns
in the vast data sets they accumulate.

Artificial Intelligence (Al) goes beyond
machine learning and introduces cognitive ca-
pabilities that allow machines to understand,
reason, and make autonomous decisions [1].
Natural Language Processing (NLP) and Com-
puter Vision are components of Artificial Intel-
ligence integrated into Big Data Analytics, al-
lowing organizations to extract insights from
unstructured data sources such as text or imag-
es.

The transformative impact of big data an-
alytics on decision making is a central theme.
Organizations use data-driven insights for stra-
tegic planning and risk management. Predictive
analytics enables businesses to anticipate mar-
ket trends, identify potential risks, and make
informed decisions that align with key objec-
tives. In finance, big data analytics improves
fraud detection and risk assessment. In
healthcare, it facilitates personalized medicine
and improves patient outcomes through predic-
tive analytics.

Data mapping is the first process of data
analytics, followed by business understanding,
data exploration, data preparation, as shown in
Figure 1. Data preparation is followed by data
modeling, and finally data evaluation.

In marketing, campaigns become more
targeted and effective through data-driven ana-
Iytics [10]. In manufacturing, processes opti-
mize efficiency based on recommendations
from analytics.

Customer-centric initiatives, from per-
sonalized recommendations to tailored user
experiences, are enhanced by the detailed anal-
ysis provided by Big Data Analytics.

Big Data Analytics serves as a strategic
compass that enables organizations to anticipate
market trends through predictive analytics. By
analyzing historical data and identifying pat-
terns, businesses can make informed predic-
tions about future market movements. This is
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especially important in dynamic industries such
as retail and e-commerce, where understanding
consumer behavior and predicting market
trends can be the foundation for successful stra-
tegic planning.

Big data analytics enables sophisticated
scenario modeling, allowing organizations to
assess and mitigate potential risks before they
materialize [7]. By analyzing historical data and
simulating different scenarios, businesses can
make risk-based decisions, whether it’s finan-
cial investments, supply chain management, or
project planning. This proactive risk manage-
ment approach is instrumental in mitigating
unforeseen challenges.

The Evolving Landscape and Emerging
Trends The paper explores the evolving land-
scape of Big Data Analytics, beginning with

Data Modeling

Data Preparation

Data Analytic Process

emerging trends such as edge analytics. This
approach involves processing data at the edge
of the network, closer to the data source. Edge
analytics reduces latency, enhances real-time
insights, and is particularly relevant in scenari-
0s where immediate responses are crucial, such
as in loT applications and autonomous systems.
Federated learning, a decentralized approach to
machine learning, is gaining prominence. It
allows models to be trained across multiple
decentralized devices without centralizing raw
data. This privacy-preserving technique is valu-
able in industries where data security and pri-
vacy are paramount, such as healthcare and
finance. The fusion of Big Data Analytics with
transformative technologies like the Internet of
Things (1oT) and blockchain extends its capa-
bilities.

Data evuluation

Deployment

Business Understanding

Data Exploration

Figure 1. Schematic of the Data Analytic Process

The synergy of these technologies creates
ecosystems where data is not only analyzed at
scale but also seamlessly integrated into diverse
applications. From optimizing supply chains to
enhancing smart city initiatives, the conver-
gence of technologies promises new frontiers of
innovation. In the rapidly evolving landscape of
Big Data Analytics, staying ahead of emerging
trends is paramount for organizations seeking to
harness the full potential of their data [12].

Programming model — PyCOMPSs. We
consider the Python-based software framework
PyCOMPS as an excellent solution for distrib-
uted big data processing on HPC infrastructure.
A machine learning algorithm (Cascade SVM)
is implemented using PyCOMPS and its per-
formance is evaluated based on these algo-
rithms.

PyCOMPSs is a task-based programming
model that makes the development of parallel
and distributed Python applications easier. Py-
COMPSs consists of two main parts: program-
ming model and runtime. The programming
model provides a series of simple annotations
that developers can use to define potential paral-
lelism in their applications. The runtime analyz-
es these annotations at execution time, and dis-
tributes the computation automatically among
the available resources. The main component of
PyCOMPSs’ programming model is the task
annotation, which defines units of computation
that can be executed remotely.

PyCOMPSs applications are regular Py-
thon applications with certain annotations that
help the runtime to exploit parallelism.

The simplicity of PyCOMPSs’ program-
ming model allows for fast development of data
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analytics algorithms in a highly productive lan-
guage that is widely used in the scientific com-
munity, and that is surrounded by a large eco-
system of mathematical libraries [9]. Moreover,

def main:
s =0

any existing Python application can be easily
parallelized by just including some annotations
in the code.

for i in range(10):
s += multiply(i, i)

@Qtask (numl1=IN,

num2=IN,
def multiply (numil,

returns=int)
num?22) :

return numl * num?2

Figure 2. Example PyCOMPSs application

In an experiment conducted by Javier Al-
varez Cid-Fuentes et al., the performance of the
PyCOMPSs C-SVM implementation was eval-
uated using 7 publicly available datasets. [2].

In experiments with C-SVM, PyCOMPS
imposes communication overhead and achieves
higher execution times. This indicates that Py-
COMPS generally performs better with large
applications and long-running tasks. Therefore,
BDA applications that process large amounts of
data typically run for more than 4 minutes and
have medium to high granularity tasks.

Recommendation. The transformative
role of Big Data Analytics in modern business
analytics is evident across all sectors and indus-
tries. Its fundamental principles, integration of
advanced analytical techniques, impact on deci-
sion-making processes, and changing landscape
demonstrate the breadth and depth of its im-
pact.

Despite the challenges, organizations are
moving forward, addressing ethical considera-
tions, strengthening cybersecurity measures,
and embracing new trends. As we stand at the
crossroads of data abundance and technological
innovation, the potential of Big Data Analytics
is poised to expand even further. It is not just a
data processing tool; it is a catalyst for innova-
tion, a guide to strategic decisions, and a cor-
nerstone for businesses that aspire to thrive in
the digital age.

In the ever-expanding landscape of mod-
ern business analytics, the transformative role
of Big Data Analytics is undeniable. As organi-
zations navigate the complexities of vast data
sets and dynamic market environments, har-

nessing the full potential of analytics becomes
not only a strategy but also a necessity for sus-
tainable success.

Recommendations for organizations seek-
ing to optimize their use of Big Data Analytics:

— In the digital age, data privacy is
paramount, so organizations must prioritize
ethical data practices, implement privacy-
preserving measures such as anonymization and
encryption to strike a balance between
collecting valuable information and respecting
individual privacy.

— Organizations should strengthen cyber-
security measures,

ensure strong encryption protocols and
continuous monitoring to protect data assets.

— Address machine learning privacy is-
sues by preserving the locality of sensitive data.

— Synergy with transformative technolo-
gies such as the Internet of Things (loT) and
blockchain, evaluating how blockchain applica-
tions can increase trust and security in data pro-
cesses, especially in scenarios related to trans-
actions and supply chain management.

— It is best to wuse the artificial
intelligence-based software framework
PyCOMPS, which is considered an excellent
solution for processing distributed big data.

Conclusions. In conclusion, the trans-
formative role of Big Data Analytics in modern
business analytics is an ongoing journey char-
acterized by continuous innovation and adapta-
tion. As organizations navigate a data-driven
future, these recommendations provide guiding
principles for unlocking the full potential of
analytics.
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The profound impact of Big Data Analyt-
ics is being felt across industries, from strategic
planning and risk management to operational
optimization and customer-centric initiatives.

As we stand at the crossroads of data
abundance and technological evolution, organi-
zations that employ ethical data practices,
strengthen cybersecurity measures, explore
emerging trends, and foster a culture of innova-
tion will thrive in the dynamic landscape of
modern business analytics. The journey to a
data-driven future is an opportunity to shape a
narrative of success and innovation led by the
transformative capabilities of Big Data Analyt-
ics.

In this paper, we show that PyCOMPS
provides a general-purpose programming mod-
el with the best compromise between produc-
tivity, flexibility, and performance. PyCOMPS
allows developers to write BDA algorithms
with more functionality and less complexity.
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MACHITABHA OBPOBKA BEJIMKMX JAHUX 3A JOIIOMOI'OXO PYTHON V¥V CYYACHII
BIBHEC-AHAJIITULI
T. I. Miwsioobadsze, npogecop, I opiticokuii Oepacasnuil ynisepcumem, I py3is

Metoau. Pobora 6azyeTbcss Ha BCeOIYHOMY OTJIsI/II BIUIMBY aHAJITHUKU BENUKUX JnaHUX (Big
Data Analytics) Ha cydacHy Oi3HEeC-aHAIITUKY Ta MPEICTABIISE€ IHHOBAI[IITHE PIICHHS 11 €(PEKTHUB-
HOi OOpOOKM LUX JTAaHUX y BHUCOKOMPOXYKTUBHUX oOumcimroBaibHuX (HPC) cepenoBumax. [oci-
JDKEHHS Ma€ Ha MeT1 MPOJIEMOHCTPYBATH, SIK IHTErpalis TEXHOJIOT1H BETUKUX JaHUX MOKE SIKICHO
3MIHUTH CTpaTeriyHe IUIaHYBaHHS, YIpaBIiHHSA PU3UKAMH Ta ONTUMI3allilo omepariil y Oi3Hec-
cepe/IoBHILI. AHaJI3 OXOIUIIOE TUHAMIYHUN JIaHmadT cydacHoi Oi3HeC-aHaTITUKY, HAroJOIyI0un
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ECONOMICS OF ENTERPRISE
Ha ii TpaHchopMaIliiiHiid CHUiIl B OTPUMAaHHI KPUTHYHHUX 1HCAWTIB 3 BEJIMKHUX Ta PI3HOMAHITHUX Ha-
60opiB nanux. Oco0nMBa yBara NpUAISETHCS BUKIMKAM, TIOB'I3aHUM 13 HEJOCTATHBOIO MTPOAYKTHB-
HICTIO Ta 3arajJibHOI YHIBEPCAJIBHICTIO ICHYIOUMX IHCTPYMEHTIB 00poOKM Benukux nanux y HPC-
iHppacTpykTypax. s BHpIIEHHS IUX [OpoOieM, y AOCIIIKEHHI BIHEpIIe OOTrOBOPIOETHCS
PyCOMPS — mozenp mporpamyBaHHS, 3aCHOBaHa Ha 3aBaaHHsx (task-based programming model)
Ha MoBi Python. [IpoagyktuBHicTs Ta epextuBHicTh PyCOMPS 01iHIOIOTBCS HIISXOM HOTO 3aCTO-
CYBaHHS JUIsl IMILIEMEHTAIII] CKJIaJHOTO aJTOpUTMYy MAIIMHHOTO HaBuaHHS, a came Cascade SVM.

HoBu3na. HoBusHa po0OoTu mossirae B iHTErpajJibHOMY MiIXOl, SIKUM HE JUILIE MiJCYyMOBYE
OaratorpaHHy poJib aHATITHKUA BEIMKUX JaHUX (30KpeMa, Y KIIIEHTOOPIEHTOBAHHUX IHIIIaTUBAX Ta
OTepaTUBHIN ONTHMI3allii), aje i MPOMoHye KOHKPETHE, BUCOKONPOAYKTUBHE Ta THYYKE PillICHHS.
PyCOMPS mno3uiioHyeThesl SIK BiIMiHHA BIATIOBiAb HA MPOOJEMY BiICYTHOCTI MPOAYKTUBHUX Ta
YHIBEpCAJIbHUX 1HCTPYMEHTIB Ui po3noziieHoi o0pooku Benukux ganux y HPC. Pesynpratu im-
memenTanii Cascade SVM ciyryroTh eMITipUYHUM J0Ka30M HOTO TIEpeBar.

PesyabTaTn. JlocmiKeHHs IE€TaIbHO OKPECTIOE TpaHC(HOPMAIMHNN NUIAX aHATITUKU BEJIH-
KUX JaHUX y CyYacHiil Oi3HEC-pO3BiMI, MATBEPKYIOUYH 11 BUPIIIAIBLHY POJIb Y 3HUKEHHI PU3UKIB
Ta MiJBUIICHHI ONepaiitHoi eeKTUBHOCTI. [ 0OIOBHIM pe3yabTaTOM € IEMOHCTpAIlisi BHCOKOI MPO-
ayktuBHOCTI PyCOMPS 15151 epeKTUBHOTO PO3pO0JICHHS Ta BUKOHAHHS aHATITHYHUX 3aBaaHb Big
Data. PoboTa 3aBepuryeTbcs HaJaHHSM NPAKTUYHUX PEKOMEHJAIN ISl OpraHi3alliid, sKi mparuyTb
MaKCHMaJbHO BUKOPUCTATH MOTEHII1al aHAJIITUKY BEIUKUX JAHUX B €pY, KEPOBaHY JIAHUMHU.

IIpakTuyne 3acrocyBanHs. Po6oTa Mae BHCOKY mpakTHuHy HiHHICTH /i [T-apxiTexTopis,
1HXKeHepiB JaHuXx Ta aHaniTukiB. O0roBopenns nepeBar PyCOMPS nanae 6e3nocepenHiii iHCTpY-
MEHTapiil JUIsi BUCOKOIIPOAYKTUBHOTO Ta €()EKTUBHOTO PO3BUTKY aHAJITHKH BEIUKUX JTaHUX Y Ce-
penoBuIIl cydacHHX Oi3Hec-aHaNITUYHUX cucTeM. Lle pimeHHs 3a0e3nedye Kpaily THYYKICTh Ta
MPOAYKTHUBHICTD MOPiBHAHO 3 TpanuuiitanmMu HPC-monmensimu, poOiisian ckimagHy oOpoOKy JaHuX
OLUIBII TOCTYITHOIO 711 pO3POOHUKIB, KI BUKOPUCTOBYIOTH Python.

Kntouoei cnoea: Benuki naHi, Oi3HEC-aHANITHKA, aHAIITHKA JaHWUX, CydacHUU Oi3Hec,
PyCOMPS.
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