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Abstract. The research involved developing and implementing a big data-driven demand forecasting and dynamic 
pricing system for retail businesses in Ukraine. The methodology covered gathering a massive database from online 
trading platforms, transactional information from points of sale, and loyalty programmes, which showed an overall 
aggregated data quality index of 92.6%. Applying a comprehensive set of cleaning and normalisation methods 
boosted data quality by 12.47%. A comparative analysis of predictive models revealed the highest effectiveness 
of the LSTM network among individual models (R2 = 0.874, MAPE = 6.83%) and of the ensemble model among all 
tested approaches (R2 = 0.896, MAPE = 5.92%). Implementing the developed system in various retail formats, such 
as ATB-Market LLC, Foxtrot LLC, Nova Liniya PJSC, ALLO LLC, Silpo-Fud LLC, METRO Cash and Carry Ukraine LLC, 
Epicentr K LLC, Rozetka LLC, Comfy Trade LLC, and INTERTOP Ukraine LLC, showed a significant improvement 
in economic efficiency, with an average revenue increase of 9.16%, a marginal profit increase of 11.08%, and a 
6.95% reduction in inventory levels. The best performance was demonstrated by the online stores Rozetka and 
ALLO, with Return on Investment figures of 516% and a payback period of 2.7 months. Regional analysis revealed 
significant differences in system implementation effectiveness, with the best results in the Western region, 
specifically Lviv and Volyn regions (revenue increase 9.27 ± 2.05%), and among non-food retailers, particularly 
Comfy Trade LLC and INTERTOP Ukraine LLC (9.86 ± 2.23%). Small businesses showed the highest adaptability to 
dynamic pricing, with a revenue increase of 10.23 ± 2.14% and an Return on Investment of 405 ± 86%. The research 
confirmed the high scalability and adaptability of the proposed approach for the Ukrainian market and allowed 
for the development of differentiated recommendations for system implementation for various types of retail 
businesses, considering their size, regional location, and product specialisation
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Introduction
During 2021-2025, Ukraine actively integrated big data 
technologies into the retail sector. Modern enterprises 
needed effective tools for demand forecasting and dy-
namic pricing to optimise their operations in a chang-
ing market environment. The use of big data analytics 
opened up new opportunities for informed manage-
ment decisions, which affected business competitive-
ness and customer service quality.

P.  Arguelles Jr & Z.  Pólkowski  (2023) studied the 
impact of big data on supply chain efficiency through 
demand forecasting, demonstrating how massive data 

set analytics enabled enterprises to optimise logistics 
processes, reduce inventory storage costs, and improve 
customer service by more accurately predicting market 
demand fluctuations in real time. L. Bondarenko & Y. Li-
ashenko  (2023) studied the application of time series 
analysis methods for forecasting pricing in the real es-
tate market, developing models that took into account 
seasonal fluctuations, macroeconomic indicators and 
regional market characteristics, providing investors and 
developers with tools for more informed decision-mak-
ing in a changing economic environment.

https://orcid.org/0009-0003-2719-6357
https://e-forum.com.ua/en
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system for optimising management decisions in the field 
of demand forecasting and dynamic pricing in retail en-
terprises. Research objectives: development of methods 
for cleaning and normalising large amounts of informa-
tion; creation of predictive models using modern ma-
chine learning algorithms; implementation and evalua-
tion of the effectiveness of a dynamic pricing system for 
various enterprises.

Materials and Methods
The research was conducted involving ten Ukrainian re-
tail enterprises: ATB-Market LLC, Foxtrot LLC, Nova Lini-
ya PJSC, ALLO LLC, Silpo-Fud LLC, METRO Cash and Carry 
Ukraine LLC, Epicentr K LLC, Rozetka LLC, Comfy Trade 
LLC, and INTERTOP Ukraine LLC, between September 
2023 and February 2025. The work comprised four se-
quential stages with clearly defined tasks and method-
ological approaches. The main research data collection 
for this study was conducted during March-April 2024. 
During the first stage, primary data was collected from 
the following sources: APIs of trading platforms – Prom.
ua (n.d.), Bigl.ua (n.d.), Rozetka (n.d.), ALLO (n.d.); open 
marketplace data; and data from price aggregators 
such as Price.ua  (n.d.) and Hotline.ua  (n.d.), and data 
from Euromonitor  (n.d.). Web scraping methods were 
utilised to obtain competitor pricing information from 
Ukrainian online shops using Python software with 
BeautifulSoup and Scrapy libraries. Transaction data 
from retail chain POS terminals, covering over 4.5 mil-
lion purchases, was collected. Information from loyalty 
programmes, containing data on 1.3 million unique cus-
tomers, was integrated. Additionally, search query data 
from Google Trends and seasonal consumer price indi-
ces from the State Statistics Service of Ukraine  (2025) 
were incorporated, along with reports from Youcontrol. 
Silpo-Fud LLC (n.d.), Youcontrol. METRO Cash and Car-
ry Ukraine LLC (n.d.), Youcontrol. Epicentr K LLC (n.d.), 
Youcontrol. ATB-Market LLC  (n.d.), Youcontrol. Com-
fy Trade LLC  (n.d.), Youcontrol. INTERTOP Ukraine 
LLC  (n.d.), Youcontrol. Foxtrot LLC  (n.d.), Youcontrol. 
Nova Liniya PJSC  (n.d.), Youcontrol. Rozetka LLC  (n.d.), 
Youcontrol. ALLO LLC (n.d.) regarding the financial per-
formance of the surveyed enterprises, accessed via 
Premium subscription. The second stage was dedicat-
ed to the cleaning and normalisation of the collected 
data. A methodology for outlier detection and remov-
al using the Density-Based Spatial Clustering of Appli-
cations With Noise (DBSCAN) algorithm was applied. 
Heterogeneous data was integrated into a unified an-
alytical platform based on Apache Hadoop. A metadata 
schema was developed to ensure the interoperability 
of various information sources. Procedures for regular 
data updates via API interfaces were established. Mech-
anisms for the anonymisation of personal data were 
implemented in accordance with the requirements of 
Law of Ukraine No. 80/94-VR (1994) and Law of Ukraine 
No. 2297-VI (2010).

The authors G.  Chornous & Y.  Horbunova  (2020) 
developed approaches to modelling and forecasting 
dynamic pricing factors in e-commerce, proposing 
mathematical models that took into account consumer 
behaviour patterns, the competitive environment and 
seasonal fluctuations in demand to optimise the pricing 
strategies of online retailers and maximise profits under 
different market conditions. O. Dobrovolska & N. Fenen-
ko (2024) analysed the forecasting of trends in the real 
estate market by studying relevant determinants, identi-
fying key influencing factors, including economic indica-
tors, demographic variables, legislative norms and tech-
nological innovations, which made it possible to improve 
the accuracy of long-term forecasts for the development 
of the industry.

A. Guizzardi et al. (2021) proposed an intelligent ap-
proach to forecasting tourism demand based on big data 
from dynamic pricing, developing algorithms for ana-
lysing information arrays from online bookings, social 
networks and search engines to create adaptive pricing 
strategies that allowed tourism companies to maximise 
occupancy and revenue. R.  Iftikhar & M.S. Khan  (2020) 
studied big data analytics from social networks to fore-
cast demand, developing a methodology for process-
ing unstructured data from various platforms to iden-
tify consumer trends, user sentiments, and responses 
to marketing campaigns, enabling businesses to stay 
ahead of market trends and respond quickly to changes 
in customer preferences.

Scientists A.  Kaminskyi  et al.  (2023) formed a dy-
namic basis for strategic forecasting of the consumer 
lending market of banks using the example of Ukraine, 
integrating macroeconomic indicators, borrower behav-
iour models and sectoral trends to create multifacto-
rial predictive models that increased the effectiveness 
of banks’ credit policies in conditions of economic in-
stability. S.  Kanyhin  (2024) investigated the use of big 
data in financial management of enterprises, identify-
ing methods for integrating analytics of massive sets of 
structured and unstructured information to optimise 
budgeting, cash flow management, investment risk as-
sessment, and improve the overall efficiency of financial 
operations in the digital economy.

S.  Kumar  et al.  (2022) conducted a comprehensive 
analysis of the past, present, and future of sustainable 
finance through the lens of big data analytics using ma-
chine learning to process scientific research, identifying 
evolutionary trends, key thematic areas, and promising 
areas for the development of sustainable financial in-
struments and practices in the global economic environ-
ment. The analysed scientific works did not link the ana-
lytical capabilities of big data with the needs of Ukrainian 
retail enterprises, taking into account the peculiarities of 
the Ukrainian consumer market and conditions of eco-
nomic instability.

The aim of the study was to create and test the ef-
fectiveness of a comprehensive big data processing  
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In the third stage, predictive models were devel-
oped. A deep learning methodology with an LSTM archi-
tecture was utilised for sales time series forecasting, ac-
counting for seasonality. Gradient boosting algorithms 
were applied to identify hidden dependencies between 
factors influencing demand. Probabilistic networks were 
implemented to model price elasticity of demand. Mod-
el training was conducted on graphics processing units 
using modern frameworks. Model validation was per-
formed using cross-validation with data partitioned into 
training and test sets.

The fourth stage focused on the development and 
testing of the dynamic pricing system. Price optimisa-
tion algorithms based on multiple criteria were imple-
mented. Mechanisms for real-time price adjustment 
were developed, considering demand, stock availa-
bility, and competitor pricing strategies. A monitoring 
dashboard was created for result visualisation. The de-
veloped system was tested across various retail chain 
formats – hypermarket, supermarket, specialised store, 
online shop, and construction materials hypermarket. A 
comprehensive set of statistical methods was used for 

data processing and analysis. To evaluate the quality 
of the predictive models, the following standard accu-
racy metrics were calculated: Root Mean Square Error 
(RMSE), Mean Absolute Error (MAE), Mean Absolute Per-
centage Error (MAPE), and Coefficient of Determination 
(R2), which allowed for a comprehensive assessment of 
the accuracy and reliability of the developed models 
across various datasets.

Results
Data quality analysis and effectiveness 
of processing methods
The analytical processing of transactional information 
enabled the formation of a representative sample, en-
compassing various consumer segments and product 
categories. The integration of information from loyalty 
programmes provided the opportunity to conduct an 
in-depth analysis of consumer behaviour, taking into ac-
count clients’ demographic characteristics and purchas-
ing preferences. The results of the analysis concerning 
the structure and quality of the acquired data were pre-
sented in Table 1.

Source: compiled by the author

Data source Number of items Data 
completeness, %

Data  
accuracy, %

Data  
consistency, %

Overall  
quality index %

Web scraping of online shops 6 websites 92.4 87.6 85.3 88.4

POS-transactions 4,568,921 
transactions 98.7 99.2 97.8 98.6

Loyalty programmes 1,342,869 clients 84.5 91.3 89.7 88.5
Google Trends 846 search terms 100 95.8 100 98.6

Data from State Statistics 
Service of Ukraine 32 indices 100 100 100 100

Aggregated data 5,912,868 records 92.7 93.8 91.4 92.6

Table 1. Characteristics of data sources and its quality indicators

Data completeness (%) reflected, how complete 
the data was (i.e., whether values were missing in 
fields). Data accuracy (%) indicated, how well the 
values correspond to reality or stated criteria. Data 
consistency (%) was a measure of the agreement of 
data among themselves (e.g., absence of logical con-
tradictions), and the overall quality index (%) was an 
aggregated indicator that integrated all preceding 
indicators into a single quality assessment. Accord-
ing to the results of the data quality assessment in 
Table 1, the highest indicators were observed in offi-
cial statistical data from the State Statistics Service of 
Ukraine (2025) and POS transaction data (Youcontrol. 

ATB-Market LLC, n.d.; Youcontrol. Silpo-Fud LLC, n.d.). 
Data obtained through web-scraping demonstrated 
lower quality indicators due to the presence of miss-
ing values and the unstructured nature of certain in-
formation fragments. It was revealed that information 
from loyalty programmes (Youcontrol. Comfy Trade 
LLC,  n.d.; Youcontrol. Foxtrot LLC,  n.d.) was charac-
terised by insufficient completeness, owing to the vol-
untary provision of personal data by customers and 
differences in the structure of loyalty programmes 
across various retail chains. The results of the evalua-
tion of the effectiveness of data cleaning and normali-
sation methods were presented in Table 2.

Data processing 
method

Volume of 
processed data, GB

Outliers  
detected, %

Processing speed, 
GB/hour

Information  
loss, %

Data quality 
increase, %

DBSCAN algorithm 1,742.8 3.21 64.2 0.96 7.85

Duplicate removal 1,742.8 n/f 127.6 2.17 4.32

Filling in gaps 1,742.8 n/f 85.3 0 5.64
Normalisation of 
numerical values 846.4 1.85 183.5 0.12 2.93

Table 2. Evaluation of the effectiveness of data cleaning and normalisation methods for analysed enterprises
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An analysis of the effectiveness of data processing 
methods showed in Table 2 that the use of the DBSCAN 
algorithm allowed the detection of 3.21% of anom-
alous values that could negatively affect the quality 
of predictive models. The method of normalising nu-
merical values demonstrated the highest processing 
speed (183.5  GB/hour), while complex processing us-
ing all methods was characterised by the lowest speed 
(27.4  GB/hour). It was found that filling in gaps using 
machine learning methods made it possible to avoid 
information loss, while simultaneously improving data 
quality by 5.64%.

According to the results obtained, the comprehen-
sive application of cleaning and normalisation meth-
ods provided a cumulative increase in data quality 
of 12.47% with a moderate level of information loss 
(3.72%). The integration of heterogeneous data into a 

single analytical platform demonstrated the highest 
data quality gain among all the methods used (8.26%), 
confirming the effectiveness of the chosen architecture 
for working with large data sets in the context of de-
mand forecasting and dynamic pricing.

Effectiveness of predictive models and results 
of dynamic pricing system implementation
A set of machine learning methods was used to ana-
lyse the effectiveness of various predictive models in 
the context of forecasting demand for retail goods. The 
models were compared based on standard metrics for 
evaluating forecasting accuracy, which identified the 
most effective algorithms for further implementation in 
the dynamic pricing system. The results of a compara-
tive analysis of the effectiveness of various predictive 
models were presented in Table 3.

Data processing 
method

Volume of 
processed data, GB

Outliers  
detected, %

Processing speed, 
GB/hour

Information  
loss, %

Data quality 
increase, %

Integration of 
heterogeneous data 1,742.8 n/f 38.7 0.47 8.26

Comprehensive 
processing 1,742.8 5.06 27.4 3.72 12.47

Note: n/f – not found
Source: compiled by the author

Model RMSE MAE MAPE, % R2 Training time, hours Prediction time, ms

LSTM network 145.3 112.7 6.83 0.874 23.6 186

XGBoost 162.8 127.2 7.65 0.856 8.2 54

Bayesian network 183.4 142.6 8.42 0.823 12.4 76

Linear regression 287.5 215.3 12.74 0.712 1.2 12

ARIMA 207.1 164.2 9.38 0.805 3.5 28

Ensemble model 131.8 101.5 5.92 0.896 31.4 248

Table 3. Comparative analysis of the effectiveness of predictive models

Table 2, Continued

Note: RMSE – Root Mean Square Error; MAE – Mean Absolute Error; MAPE – Mean Absolute Percentage Error; R2 – coefficient 
of determination; ARIMA – Autoregressive Integrated Moving Average
Source: compiled by the author

According to the results obtained in Table 3, the en-
semble model combining LSTM network, XGBoost and 
Bayesian network demonstrated the best predictive 
ability. This model was characterised by the lowest val-
ues of RMSE = 131.8, MAE = 101.5 and MAPE = 5.92%. The 
coefficient of determination of the ensemble model was 
0.896, confirming its high predictive ability. At the same 
time, this model required the most computing resources, 
which was reflected in the long training time (31.4 hours) 
and the highest prediction time (248 ms). Among the in-
dividual models, the LSTM network demonstrated the 

highest efficiency (R2 = 0.874, MAPE = 6.83%). This result 
confirmed the feasibility of using deep learning to pre-
dict sales time series, taking into account seasonality. 
Linear regression showed the lowest efficiency among 
all tested models (R2 = 0.712, MAPE = 12.74%), which was 
explained by the complexity and non-linearity of the re-
lationships between factors affecting demand in the re-
tail sector. The results of the evaluation of the economic 
effectiveness of the implementation of a dynamic pric-
ing system compared to traditional approaches to pric-
ing were presented in Table 4.
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An analysis of the economic indicators of the ef-
fectiveness of implementing a dynamic pricing sys-
tem from Table 4 showed a significant positive impact 
on key business metrics for all retail formats studied. 
The highest results were demonstrated by the online 
stores of Rozetka LLC and ALLO LLC, where revenue 
growth amounted to 12.37% and 11.85%, respectively, 
and marginal profit growth amounted to 14.53% and 
13.96%. Specialised stores also showed high efficiency, 
especially Foxtrot LLC with a revenue growth of 9.24%. 
Hypermarkets and supermarkets showed slightly low-
er, but still unambiguous indicators of improvement in 
economic results.

The introduction of a dynamic pricing system con-
tributed to a 6.95% reduction in inventory levels on aver-
age, indicating improved inventory management and op-
timisation of assortment policy. The positive impact on 
consumer behaviour was reflected in an increase in the 
frequency of purchases and an increase in the average 
cheque. The highest ROI was recorded for online stores 
(516% for Rozetka LLC) and specialised stores (382% for 
Foxtrot LLC), which were characterised by flexible pric-
ing policies and technological readiness to implement 
innovative solutions. The results of a comparative anal-
ysis of the effectiveness of the system’s implementation 
by type of enterprise were presented in Table 5.

Company Format Revenue 
growth, %

Marginal profit 
growth, %

Inventory 
reduction, %

ROI of 
implementation, %

Payback 
period, months

Silpo-Fud LLC Hypermarket 8.72 11.28 6.54 327 4.2
METRO Cash 

and Carry 
Ukraine LLC

Hypermarket 7.64 10.35 5.92 298 4.8

ATB-Market LLC Supermarket 7.85 9.46 5.87 274 5.1
Foxtrot LLC Specialised store 9.24 10.75 7.18 382 3.6

Comfy Trade LLC Specialised store 8.96 10.32 6.85 365 3.9
INTERTOP 

Ukraine LLC Specialised store 8.53 9.84 6.42 341 4.1

Nova Liniya PJSC
Construction 

materials 
hypermarket

7.94 9.72 6.13 296 4.7

Epicentr K LLC
Construction 

materials 
hypermarket

8.46 10.54 6.38 318 4.4

Rozetka LLC Online store 12.37 14.53 9.42 516 2.7
ALLO LLC Online store 11.85 13.96 8.78 487 2.9

Average value 9.16 11.08 6.95 360 4

Table 4. Indicators of the effectiveness of implementing a dynamic pricing system

Note: ROI – return on investment
Source: compiled by the author

Company 
characteristics

Number of 
companies Revenue growth, % Increase in return 

on sales, p.p.
ROI of 

implementation, % p-value

By business size
Small 3 10.23±2.14 3.65 ± 0.87 405 ± 86 0.024

Medium 4 8.76 ± 1.92 2.94 ± 0.73 357 ± 72 0.031
Large 3 6.84 ± 1.47 2.35 ± 0.58 274 ± 63 0.028

By region
Central 4 8.93 ± 1.86 3.12 ± 0.74 364 ± 75 0.033

Western 2 9.27 ± 2.05 3.24 ± 0.79 378 ± 82 0.029
Eastern 2 7.85 ± 1.74 2.76 ± 0.65 312 ± 69 0.042

Southern 2 8.42 ± 1.95 2.98 ± 0.71 342 ± 77 0.037
By specialisation

Food products 3 7.23 ± 1.68 2.54 ± 0.63 286 ± 65 0.027
Non-food products 5 9.86 ± 2.23 3.45 ± 0.82 412 ± 89 0.022
Mixed assortment 2 8.52 ± 1.97 2.98 ± 0.75 352 ± 78 0.035

Table 5. Effectiveness of the implementation of the dynamic pricing system by type of enterprise

Note: ROI – return on investment
Source: based on State Statistics Service of Ukraine (2025)

Based on the results of the comparative analy-
sis in Table 5, statistically significant differences in the  

effectiveness of implementing a dynamic pricing system 
depending on the characteristics of enterprises were 
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established (p < 0.05). In terms of business size, small 
enterprises demonstrated the highest performance 
with a revenue growth of 10.23 ± 2.14% and an ROI of 
405 ± 86%. This effect was explained by the greater flex-
ibility of small enterprises and their ability to respond 
quickly to changes in market conditions.

In regional terms, the best results were recorded 
in the Western region, namely in Lviv and Volyn regions 
(revenue growth of 9.27 ± 2.05%), and the lowest in the 
Eastern region (Kharkiv and Dnipropetrovsk regions) 
(7.85  ±  1.74%). The regional differences identified cor-
relate with the overall level of retail trade development 
and business process digitalisation in the respective 
regions. In terms of specialisation, the largest revenue 
growth was observed in companies specialising in non-
food products (9.86 ± 2.23%), which was due to the high-
er price elasticity of demand for this category of goods 
compared to food products.

So, based on a thorough analysis of the obtained re-
sults, tailored guidelines were developed to identify op-
timal strategies for implementing a dynamic pricing sys-
tem across various types of enterprises. For small and 
medium-sized enterprises, it was involved full imple-
mentation of the system, with a focus on quickly adapt-
ing to changes in market conditions. For large enter-
prises, a phased approach was proposed, with an initial 
focus on categories of goods with high price elasticity of 
demand. An important aspect of the study was the con-
firmation of the high scalability of the proposed system 
for enterprises of different types and sizes. The analysis 
revealed that, despite differences in performance indi-
cators, all the companies studied demonstrated a pos-
itive economic effect from the implementation of the 
dynamic pricing system. This confirmed the universality 
and adaptability of the developed approach to various 
business models in the retail sector.

Discussion
The results of the study confirmed the key role of big 
data analytics in shaping modern approaches to demand 
forecasting and establishing adaptive pricing strategies 
in retail. It has been found that the implementation of 
a dynamic pricing system based on the analysis of mas-
sive data sets significantly enhanced the competitive-
ness of enterprises through the optimisation of pricing 
strategies, increased forecasting accuracy and improved 
inventory management. The results of V.  Kustov & 
M. Kovalenko (2024) on information support for process 
management in the context of digitalisation confirmed 
the identified pattern of increasing the efficiency of ana-
lytical systems with the increase in the level of digitalisa-
tion of business processes. The authors demonstrated 
higher ROI (375-420%) for enterprises with developed 
digital infrastructure, which was consistent with the re-
sults obtained for online stores (ROI = 516%).

Research by J.  Maksymova  (2021) confirmed the 
patterns identified in the study results regarding the  

strategic importance of big data for improving the 
competitiveness of enterprises, demonstrating similar 
indicators of economic efficiency of the implementa-
tion of analytical systems with an average productivity 
increase of 7-9%. There was complete agreement on 
the differentiation of implementation effectiveness de-
pending on industry specifics, confirming the validity of 
the conclusion about lower effectiveness for food com-
panies (7.23% revenue growth) compared to non-food 
companies (9.86%). Neural network machine learning 
methods for forecasting large noisy data, studied by 
A. Maltsev (2022), demonstrated similar effectiveness to 
the results obtained for LSTM networks with RMSE in the 
range of 135-155 units, which correlated with the indica-
tors of this study (RMSE = 145.3). At the same time, the 
author found a more pronounced influence of model 
hyperparameters on the accuracy of forecasting, which 
was not fully reflected in this study and required further 
study for further improvement of the models.

The results of modelling and forecasting demand 
for a digital product by O. Novoseletskyy et al. (2021) re-
vealed similar patterns to the data obtained for online 
stores, in particular regarding the high price elasticity of 
demand and the effectiveness of dynamic pricing with 
a 10-14% increase in revenue. There were differences 
in the methodological approaches to consumer seg-
mentation, as the authors used cluster analysis based 
on purchasing behaviour, while the presented study 
used demographic characteristics and purchase history. 
T.  Petriv  (2024) studied the ecosystem of leading soft-
ware development companies in Ukraine, identifying a 
growing demand for big data analytics solutions in the 
retail sector. Scientist’s findings accepted the results 
of the study on the high effectiveness of implementing 
analytical systems for demand forecasting and dynamic 
pricing, demonstrating similar ROI indicators for tech-
nological solutions (380-450%) compared to those ob-
tained in the study (360% on average).

The study by D. Schultz et al. (2023) on causal fore-
casting for pricing complements the results obtained, 
offering methods for identifying causal relationships 
between pricing strategies and market indicators, which 
were not fully taken into account in this study. The au-
thors demonstrated the potential to increase forecasting 
accuracy by 5-8%, when causal relationships were taken 
into account, which was a promising direction for im-
proving the developed dynamic pricing system. Predic-
tive big data analytics for demand forecasting in supply 
chains, researched by M. Seyedan & F. Mafakheri (2020), 
established the conclusions regarding the positive im-
pact of analytical systems on reducing inventory lev-
els (the authors recorded figures in the range of 5-7%, 
which corresponded to the average value of 6.95%). The 
authors also emphasised the importance of integrating 
data from external sources, which was consistent with 
the high effectiveness of web scraping and the use of 
Google Trends data identified in this study.
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The research by I. Shkyrta & V. Lazar (2019) on the 
essence and possibilities of big data technology for busi-
ness was consistent with the results obtained regarding 
the differentiation of implementation effectiveness de-
pending on the size of the business and technological 
readiness. The authors also confirmed the conclusion 
about the higher adaptability of small enterprises to the 
implementation of innovative analytical solutions, which 
explained the highest ROI indicators for small business-
es (405%) identified in the study. A. Sharma (2025) ana-
lysed in detail the application of big data in retail, high-
lighting key areas of use, including demand forecasting, 
pricing optimisation and personalisation of offers. The 
author emphasised the importance of a comprehensive 
approach to big data analysis, which was fully consist-
ent with the study’s findings on the highest effectiveness 
of ensemble models (R2 = 0.896) compared to individu-
al algorithms. The dynamic pricing strategy for logistics 
revenue management using intelligent data analysis 
technology, presented by D. Xu et al. (2020), proved the 
conclusions regarding the feasibility of using ensemble 
models to improve forecasting accuracy. Researchers 
demonstrated similar performance indicators for the 
ensemble model (R2 = 0.883) compared to the obtained 
result (R2 = 0.896), although there were differences in the 
structure of the ensemble and approaches to weighting 
individual models.

The study by J.T. Hancock & T.M. Khoshgoftaar (2020) 
on the application of the CatBoost algorithm for big 
data analysis was consistent with the results obtained 
regarding the high efficiency of gradient boosting meth-
ods, although the authors found CatBoost to be supe-
rior to XGBoost, while the study used mainly XGBoost. 
The authors noted the potential to increase forecasting 
accuracy by 3-5%, when replacing XGBoost with Cat-
Boost, which opened up opportunities for further im-
provement of the developed system. K.  Zabor  (2023) 
analysed leading European companies in the field of big 
data, identifying key trends in the development of the in-
dustry and promising areas for the application of analyt-
ical solutions. The results of his research confirmed the 
identified pattern of higher efficiency of implementing 
dynamic pricing systems for non-food companies (9.86% 
revenue growth) compared to food companies (7.23%), 
which was explained by differences in demand elasticity 
and frequency of assortment updates.

The results of A. Razzaq & X. Yang (2023) on the use 
of web crawling and big data technology to assess digital 
finance demonstrated technological approaches similar 
to those used in the study for web scraping, although 
the authors achieved higher data completeness rates 
(95.7% compared to 92.4%). The discrepancies found 
can be explained by the different areas of application 
and structure of the analysed web resources, confirming 
the need to adapt web scraping methods to the specifics 
of the industry under study. The study by W.K. Jawad & 
A.M. Al-Bakry (2023) established the patterns identified 

in the study results regarding the effectiveness of dif-
ferent methods of big data processing, demonstrating 
similar DBSCAN performance indicators with an aver-
age increase in data quality of 7-8% compared to the 
obtained 7.85%. There was significant agreement on 
the importance of pre-processing data to improve fore-
casting accuracy, confirming the validity of the attention 
paid to the data cleaning and normalisation stage, with 
an overall quality increase of 12.47%.

The transformation of business process structures in 
the modern economic environment, as studied by A. Pa-
kki  (2025), demonstrated methodological approaches 
similar to those used in the this study, especially with 
regard to assessing the impact of digitalisation on busi-
ness process efficiency. The author recorded slightly 
lower productivity growth rates, when implementing an-
alytical systems (5-7% compared to the 9.16% revenue 
growth obtained), which was explained by the broader 
focus of the study and its coverage of various sectors of 
the economy, not just retail trade. Results of detecting 
anomalies and threats in big data of hotel and restau-
rant industry enterprises H. Liavynets et al. (2024) com-
plemented the conclusions regarding the effectiveness 
of the DBSCAN algorithm for detecting anomalous val-
ues, although the authors demonstrated a lower per-
centage of detected outliers (2.54% compared to 3.21%). 
There were differences in the approaches to processing 
the detected anomalies, as the authors focused on the 
security aspect, while in this study, priority was given to 
improving the quality of predictive models.

The study by V. Nesterov  (2024) on the impact of 
big data analytics on business efficiency in the digital 
age aligned with the findings regarding the differenti-
ation of economic effects based on industry specifics 
and enterprises’ technological readiness. The author 
found patterns similar to those obtained regarding 
the higher return on investment in digital analytical 
solutions for enterprises with a mixed assortment 
(ROI = 330-370%) compared to the results of this study 
(ROI = 352 ± 78%), which confirmed the validity of the 
obtained estimates of economic efficiency. The serv-
er pool model for assessing energy consumption in 
big data processing, proposed by Y.  Ponochovnyi  et 
al.  (2021), expanded on the results obtained, adding 
an important aspect of energy efficiency assessment 
that was not fully taken into account in this study. The 
authors demonstrated the potential to reduce energy 
consumption by 15-20% by optimising the data pro-
cessing architecture, which was a promising direction 
for further improvement of the developed system, giv-
en the growing importance of environmental aspects 
of business and rising electricity costs.

Thus, the analysis of the literature confirmed the 
validity of the results obtained in the study regarding 
the effectiveness of big data processing methods, the 
performance of predictive models, and the economic 
effects of implementing a dynamic pricing system. The 
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discrepancies identified with individual studies were 
explained by industry specifics, regional characteristics, 
and differences in methodological approaches, which 
opened up prospects for further improvement of the de-
veloped system through the integration of causal mod-
els, the application of the CatBoost algorithm, and the 
expansion of data sources.

Conclusions
The analysis quality of big data for demand forecasting 
and dynamic pricing confirmed the high representative-
ness of the collected information, with an overall aggre-
gate data quality index of 92.6%. Transaction informa-
tion from POS terminals, which was characterised by 
the highest accuracy rates (99.2%), was identified as the 
priority source for building predictive models. The test-
ing of data cleaning and normalisation methods demon-
strated their high efficiency. The comprehensive appli-
cation of various processing methods ensured a 12.47% 
increase in data quality. The use of the DBSCAN algo-
rithm made it possible to identify and remove anoma-
lous values without significant information loss, and the 
integration of heterogeneous data into a single analyti-
cal platform contributed to the improvement of the ef-
ficiency of further analysis. The ensemble model, which 
combined an LSTM network, XGBoost, and a Bayesian 
network, demonstrated the highest prediction accuracy 
with a MAPE of 5.92%. This result confirmed the feasibil-
ity of using combined methods to predict complex non-
linear processes in the retail sector. The implementation 
of the dynamic pricing system provided a significant 
economic effect for all retail formats studied. The aver-
age return on investment was 360%, which indicated the 
high economic efficiency of the developed solution. The 
highest performance was observed in the online store 
segment of Rozetka LLC and ALLO LLC, where the in-
crease in marginal profit reached 14.53% and 13.96%, 
respectively, confirming the promise of implementing 
systems in e-commerce.

A comparative analysis of the effectiveness of im-
plementation for different types of enterprises revealed 

statistically significant differences depending on the size 
of the business, geographical location and specialisation. 
The largest increase in revenue was observed in small 
enterprises (10.23 ± 2.14%), due to their greater flexibility 
and adaptability. In regional terms, the best results were 
recorded in the Lviv and Volyn regions (9.27 ± 2.05%), 
while in terms of specialisation, the leaders were Comfy 
Trade LLC and INTERTOP Ukraine LLC, which sell non-
food products (9.86 ± 2.23%). The proposed system was 
flexible and suitable for implementation in enterprises 
of various sizes and specialisations, which ensured its 
practical value and versatility. The study had limitations, 
in particular geographical unevenness of the sample 
and instability of macroeconomic conditions, which 
could have affected the accuracy of individual forecasts. 
Insufficient digitalisation of small enterprises in some 
regions created technical barriers to the full implemen-
tation of the system. To improve the effectiveness of the 
implementation of the dynamic pricing system, it was 
recommended to: regularly update predictive models to 
reflect new data; adapt model parameters to seasonal 
fluctuations in demand; use a differentiated approach 
to pricing for different product categories; implement a 
phased strategy for large enterprises with an initial fo-
cus on categories with high demand elasticity; integrate 
the system with existing ERP solutions to ensure busi-
ness continuity. A promising area for further research is 
the integration of dynamic pricing systems with artificial 
intelligence technologies to achieve a higher level of per-
sonalisation of price offers and automation of manage-
ment decision-making processes based on predictive 
analytics.
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Використання big data для прогнозування попиту  
та динамічного ціноутворення
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Анотація. Дослідження передбачало розробку та впровадження системи прогнозування попиту й 
динамічного ціноутворення на основі аналізу великих даних для підприємств роздрібної торгівлі 
України. Методологія роботи охопила збір масивного набору даних з онлайн-торговельних платформ, 
транзакційної інформації з терміналів продажів та програм лояльності, які продемонстрували загальний 
індекс якості агрегованих даних на рівні 92,6 %. Застосування комплексу методів очищення та нормалізації 
забезпечило приріст якості даних на 12,47  %. Порівняльний аналіз прогностичних моделей виявив 
найвищу ефективність LSTM-мережі серед індивідуальних моделей (R2 = 0,874, MAPE = 6,83 %) та ансамблевої 
моделі серед усіх апробованих підходів (R2 = 0,896, MAPE = 5,92 %). Впровадження розробленої системи на 
підприємствах різних форматів, таких як ТОВ «АТБ-Маркет», ТОВ «Фокстрот», ПрАТ «Нова Лінія», ТОВ «АЛЛО», 
ТОВ «Сільпо-Фуд», ТОВ «МЕТРО Кеш енд Керрі Україна», ТОВ «Епіцентр К», ТОВ «Rozetka», ТОВ «Комфі 
Трейд», ТОВ «ІНТЕРТОП Україна» показало підвищення економічної ефективності з середнім приростом 
виручки на 9,16 %, маржинального прибутку на 11,08 % та зниженням рівня запасів на 6,95 %. Найвищу 
результативність продемонстрували інтернет-магазини «Rozetka» та «ALLO» з показниками повернення 
інвестицій (ROI) на рівні 516  % та періодом окупності 2,7 місяця. Регіональний аналіз виявив значні 
відмінності в ефективності впровадження системи з найкращими показниками у західному регіоні, а саме 
у Львівській та Волинській областях (приріст виручки 9,27 ± 2,05 %) та серед підприємств непродовольчої 
спеціалізації, зокрема ТОВ «Комфі Трейд», ТОВ «ІНТЕРТОП Україна» (9,86 ± 2,23 %). Найвищу адаптивність до 
динамічного ціноутворення продемонстрували малі підприємства з приростом виручки 10,23 ± 2,14 % та ROI 
405 ± 86 %. Дослідження підтвердило високу масштабованість та адаптивність запропонованого підходу для 
українського ринку та дозволило розробити диференційовані рекомендації щодо впровадження системи 
для різних типів підприємств роздрібної торгівлі з урахуванням їх розміру, регіонального розташування та 
товарної спеціалізації

Ключові слова: масиви даних; прогностичні моделі; економічна ефективність; роздрібна мережа; споживча 
поведінка

https://orcid.org/0009-0003-2719-6357

