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Abstract
This article examines modern neural network technologies and deep learning methods as tools for supporting and optimizing management 

decisions in the context of digital transformation. Based on an analysis of scientific reviews on Bayesian deep learning, maultivariate time series 
processing, image segmentation, and 3D reconstruction, it is shown that deep learning methods can significantly improve forecasting accuracy, 
reduce uncertainty, and enable comprehensive data analysis for strategic planning. Particular attention is paid to the application of intelligent data 
analysis methods in risk management, monitoring, and evaluating the effectiveness of management decisions.
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Introduction

Deep learning is a subset of machine learning based on the use 
of multilayer neural networks to automatically extract hierarchical 
features from data. By the mid-2010s, the field experienced 
rapid growth due to increasing data volumes, the availability of  

 

computing power (GPUs), and breakthrough architectures. Figure 
1 is a mind map illustrating the key aspects of deep learning: its 
definition, how it works, and the reasons for its exponential growth 
in the mid-2010s.

Diagram 1: Deep Learning Mind Map.
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Modern management decisions are made in conditions of high 
uncertainty, a dynamic external environment, and exponential 
growth in data volumes. Traditional analytical methods are 
increasingly proving insufficient for processing heterogeneous, 
multidimensional, and incomplete information. In these conditions, 
neural network technologies and deep learning methods are 
becoming key tools for supporting management decision-making.

Deep learning makes it possible to identify hidden patterns 
in large data sets, predict the development of complex systems, 
and generate intelligent recommendations for decision-makers. 
The application of these technologies is relevant for strategic 
planning, risk management, monitoring socioeconomic processes, 
and evaluating the effectiveness of government and corporate 
programs.

One promising area is Bayesian deep learning, which combines 
neural networks with probabilistic models. Unlike classical 
neural network approaches, Bayesian models not only allow for 
forecasting but also for quantifying the level of uncertainty in the 
results obtained. As noted in the review by Wang H. and Yeung 
D.-Y., a Bayesian approach is particularly important for making 
management decisions in critical areas where errors can have 
significant social or economic consequences. The ability to estimate 
forecast confidence intervals improves the validity of management 
decisions and reduces the risks associated with making decisions 
based on incomplete information [1, p. 15].

Multivariate time series are widely used in the management 
of socio-economic systems, financial analysis, and monitoring of 
infrastructure and environmental processes. However, real-world 
data often contain missing values, noise, and anomalies.

According to the review by Hayati M. et al., deep learning 
methods demonstrate high efficiency in missing value imputation 

and forecasting time series dynamics. The use of recurrent neural 
networks, autoencoders, and transformer architectures enables 
more accurate forecasts, which directly impacts the quality of 
management decisions in resource planning and management 
problems [2, p. 21]. Deep learning methods in computer vision 
are widely used in the management of territories, industrial 
facilities, and infrastructure. Reviews by F. Porikli and Yu Jin et al. 
demonstrate the effectiveness of neural network methods in image 
segmentation and 3D reconstruction [3, p. 51].

Image segmentation enables the automatic identification of 
objects of interest in satellite and aerial images, which is used in 
monitoring the urban environment, land use, and environmental 
risks. 3D reconstruction, in turn, facilitates the creation of digital 
twins of objects and territories, providing a basis for scenario 
analysis and strategic planning.

The integration of neural network models into decision support 
systems enables the transition from intuitive management to 
data-driven management. Deep learning enables the automation 
of analysis, the identification of complex relationships, and the 
generation of predictive scenarios.

The use of intelligent models is particularly effective in the 
following tasks:

-	 strategic planning and sustainable development 
assessment;

-	 environmental, social, and economic risk management;

-	 monitoring the effectiveness of government programs;

-	 Supporting management decisions under uncertainty.

The structure of the effective application of intelligent models 
in management decision-making is presented in Figure 1.

Figure 1: Effective Application of Intelligent Models in Management Decision-Making.
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Thus, neural network technologies are becoming an integral 
element of digital management systems. The analysis shows that 
neural network technologies and deep learning methods offer 
significant potential for improving the quality of management 
decisions. Bayesian models, time series analysis, computer vision, 
and 3D reconstruction methods form the intellectual foundation 
for modern strategic management systems. Further development 
of these technologies and their integration into management 
processes will facilitate the development of sustainable, adaptive, 
and scientifically sound decisions in the digital economy [1-3].
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