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Abstract. The paper proposes an information technology for a decision support system (DSS)
designed for systemic and strategic analysis of JSC «Ukrzaliznytsia» (Ukrainian Railways). The aim of the
study is to develop a comprehensive automated information system that integrates modern methods of
qualitative and quantitative data analysis to enhance the efficiency of business process management, risk
assessment, and strategic planning within the railway industry.

The object of the research is a decision support system for systemic and strategic analysis at JSC
«Ukrzaliznytsia», encompassing data analysis methods, system architecture, and mechanisms for integration
with other corporate information systems. The authors provide a detailed description of the architecture and
functionality of the proposed DSS, which consists of three levels: the data level (collection, processing, and
storage of information from various internal and external sources), the analysis level (qualitative and
quantitative analysis using state-of-the-art methods and tools), and the decision-making level (data
visualization, reporting, and recommendations). Additionally, the paper outlines groups of methods for each
subsystem, as well as software tools and technologies that can be employed to implement the DSS information
technology.
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To select optimal decisions based on specified criteria, modern analytical methods are utilized,
including artificial intelligence, machine learning, and econometric models, enabling effective trend
forecasting and risk evaluation. The proposed DSS information technology facilitates improved integration
with other company information systems, ensuring seamless data exchange and eliminating duplication. The
implementation of this system is expected to enhance the competitiveness of «Ukrzaliznytsia» at both national
and international levels.

Future research directions include expanding the system's functional capabilities, particularly through
the application of deep learning and blockchain technologies to ensure transparency and security in information
processes. The development of new analytical methods will also contribute to improving forecasting accuracy
and strategic adaptability.

Keywords: information technology, decision support system, qualitative and quantitative data
analysis, strategic analysis, machine learning.

Problem Statement.

Modern automated information systems are primarily designed using a hybrid IT infrastructure that
consists of a local (private) server-based IT infrastructure and a public cloud or hybrid cloud services built
according to SOAP, XML-RPC, and JSON-RPC protocols [1], among others. In Europe and Ukraine,
numerous portal solutions have been developed in recent years, including those for the automated provision of
public services. Notable examples include the pan-European public sector information repository
(https://data.europa.eu/en), the Unified State Services Portal of Ukraine (https://diia.gov.ua/), and others. A
common feature of these solutions is the use of workflow automation processes, cloud-based solutions for
business process automation (commerce, service, and sales), and an IT architecture interface layer with
artificial intelligence support. This enables real-time data synchronization and the creation of a comprehensive
customer profile, enhancing decision-making processes and predictive analytics.

JSC «Ukrzaliznytsia» is the largest infrastructure company in Ukraine and the country's biggest
employer, operating complex business processes. The automation of passenger and freight transportation,
financial planning, and infrastructure management requires the integration of advanced information
technologies to support decision-making at various levels. This technology, designed within a unified IT
infrastructure for the railway sector, must include a decision support system that incorporates both qualitative
and quantitative analytical methods, ensuring a comprehensive assessment of business processes, risk factors,
and strategic alternatives. However, existing automated information systems in the public sector either fail to
provide multi-criteria decision-making support or lack such functionality altogether, not to mention risk
assessment and scenario analysis. This complicates the alignment of strategic planning with national
infrastructure policies and global transportation trends.

Thus, the development of an information technology solution in the form of a decision support system
for systemic and strategic analysis, capable of processing data from various systems and making decisions
based on expert evaluations and strategic analysis methods, is a relevant and necessary topic.

Analysis of Recent Research and Publications.

A review of the literature and recent studies on the development of decision support systems (DSS)
for transportation management highlights the growing importance of artificial intelligence (AI), machine
learning (ML), and big data analytics in optimizing railway operations. In [2], researchers demonstrate the
effectiveness of predictive maintenance for railway infrastructure using Al, leading to cost reduction and
increased service reliability. Study [3] proposes an architecture for big data analysis in transportation systems,
addressing data integration and privacy challenges. This research emphasizes the role of qualitative and
quantitative data analysis subsystems in enhancing decision-making efficiency for large-scale transportation
networks. In [4], the authors explore various methods for optimizing business processes, particularly through
risk assessment and quantitative data analysis, to design an information technology solution for railway IT
infrastructure. The use of modern artificial intelligence and machine learning methods for developing decision
support systems in railway operations, particularly for predictive maintenance and transportation process
optimization, is presented in [5]. Studies [6] and [7] introduce the development of DSS for railway freight
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transport optimization while considering risk assessment in railway systems, integrating safety and economic
factors.

Among domestic research, the fundamental works of Professor P. I. Bidiuk deserve special mention.
In his textbook [8], he presents a methodology for designing decision support information systems based on
modern principles of system analysis and strategic planning. The book also examines functional structures and
alternative approaches to DSS implementation using various design models. An analysis of studies in this field
indicates the development of railway decision-making systems that combine expert evaluations with Al-based
quantitative analysis, ensuring a holistic approach to strategic and systemic railway management.

The aim of this research is to develop an information technology solution for decision support in the
systematic and strategic analysis of JSC «Ukrzaliznytsiay». This article focuses on creating a comprehensive
system that integrates modern qualitative and quantitative data analysis methods to enhance business process
management, risk assessment, and strategic planning in the railway sector.

Presentation of the Main Material.

To achieve the stated goal and address decision-making challenges across various business processes
integrated into a unified IT infrastructure via hybrid cloud services, a modular decision support system (DSS)
has been proposed. A key feature of this system is its multi-layered data analysis structure, which includes a
primary data collection and processing subsystem, a qualitative and quantitative data analysis subsystem, an
indicator grouping subsystem, and an information-analytical platform for scenario analysis. These subsystems
reflect the structural-functional processes and business logic of the decision support system. The analysis of
optimal decision selection takes into account predefined goal criteria, statistical data, and specified indicators
of the company’s qualitative development dynamics.

Subsystem for Primary Data Collection and Processing.

The primary data collection and processing subsystem is a fundamental component of the decision
support system (DSS) for the systemic and strategic analysis of JSC «Ukrzaliznytsia» Its primary objective is
to ensure the timely, accurate, and comprehensive collection of data from various sources, its preliminary
processing, and preparation for further analysis. The quality of input data processing directly influences the
effectiveness of decision-making and the performance of other subsystems: incomplete, inaccurate, or outdated
data can lead to erroneous conclusions and inefficient management decisions.

The data collection process involves recording and accumulating information from a wide range of
sources, including internal and external information flows. Internal sources encompass train movement
automation systems, dispatch control, freight accounting, scheduling and planning systems, financial records,
as well as databases related to infrastructure, rolling stock, and personnel. Additionally, reports on operational
activities, technical documentation, and audit results play a crucial role. External sources include data from the
State Statistics Service of Ukraine, the Antimonopoly Committee, the State Transport Safety Service, the
Ministry of Infrastructure, and other relevant institutions. Furthermore, this category includes information on
market competition, suppliers, clients, and contractors. A key element of this subsystem is its ntegration with
governmental information resources, allowing access to additional analytical data while ensuring compliance
with legislative requirements.

Data collection methods vary depending on the data source and its characteristics. Automated data
collection is facilitated through integration with internal systems via APIs, ETL (Extract, Transform, Load)
processes, web scraping, and open data analysis. Additionally, manual data collection methods, such as report
processing, surveys, interviews, and expert consultations, are employed. To enhance data quality at the
collection stage, mechanisms for filtering, verification, and deduplication are implemented.

Following collection, data undergoes preliminary processing, including cleaning, transformation, and
standardization for subsequent analysis. This stage involves duplicate removal, error correction, missing value
imputation, data normalization, and aggregation. Data is then stored in centralized data warehouses or
specialized databases, ensuring quick access and analytical processing. A critical aspect of this process is data
quality control, which guarantees accuracy, completeness, and consistency. Initial data assessment is
performed using expert methods such as brainstorming, STEEP, and SWOT analysis, which help identify
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potential risks and optimal management solutions. Data reliability is evaluated using Miller’s scale, allowing
the elimination of incorrect or insufficiently precise data.

To implement this subsystem, modern information technologies are proposed, including Oracle
database management systems, ETL tools such as Informatica PowerCenter, Talend Open Studio, Apache
Kafka, and programming languages such as Python, Java, and R for data processing and algorithm
development. Data visualization and analytics can be performed using Power BI, Tableau, or Qlik Sense, while
hybrid cloud technologies such as AWS, Azure, or Google Cloud are recommended for storing and processing
large datasets. Information security is ensured through access control systems and cryptographic protection
mechanisms.

A user-friendly interface is a critical functional component of the subsystem, enabling data access,
processing, and analytical report viewing. In the three-tier IT architecture, artificial intelligence (Al) is
proposed for use in the interface layer to adapt to different user categories, including executives, analysts, and
operational personnel, each requiring different levels of data detail. Additionally, the subsystem should
incorporate performance monitoring mechanisms and automated issue detection to ensure stable operation.

The proposed structure of the primary data collection and processing subsystem is presented in
Figure 1.

Subsystem for Data Quality Analysis.

A key component of the information technology for decision support proposed by the authors is the
qualitative data analysis subsystem. For JSC «Ukrzaliznytsiay, it performs the function of strategic analysis,
forming alternative development scenarios, and assessing risk factors. Additionally, it focuses on identifying
patterns, trends, and cause-and-effect relationships in the data collected by the primary data collection
subsystem, using a wide range of analytical methods for a deep understanding of the context and forecasting
the development of events. The main goal of such analysis embedded in the information technology is to ensure
the qualitative analysis of information. Together with the methods of the quantitative data analysis subsystem,
this allows for the assessment of latent issues, risks, and opportunities, forming effective management
strategies and making informed decisions.

The analysis process uses five groups of different methods: expert evaluation methods, strategic
analysis methods, uncertainty analysis and probabilistic forecasting methods, big data processing methods,
and creative analysis methods. These include techniques such as SWOT analysis, STEEP analysis, cognitive
modeling, expert assessment methods, the Delphi method, Analytical Hierarchy Process (AHP), as well as
probabilistic forecasting methods, including Bayesian models and scenario analysis. Using these approaches
allows for assessing the strengths and weaknesses of the company, identifying the impact of external factors,
predicting market changes, and evaluating potential risks. In addition, qualitative analysis methods can include
content analysis, which involves automated and manual processing of textual sources, social media analysis,
and entity extraction through Natural Language Processing (NLP) techniques. Data grouping and classification
contribute to the systematization of large amounts of information.

An important role in the subsystem’s operation is played by the interactive interaction group,
consisting of qualified experts, analysts, and department heads. This group ensures the collection, discussion,
and analysis of data, preparation of development scenarios, risk assessment, and adjustment of the company’s
strategic decisions. Using collective analysis methods such as brainstorming and cross-impact analysis helps
obtain the most objective conclusions regarding possible directions of development. Additionally, the
subsystem enables the assessment of the likelihood of different scenarios, taking into account their economic,
social, and environmental impact, which is crucial in the process of long-term strategic planning. The results
of the qualitative analysis are transferred to the corporate database, which is integrated with the quantitative
analysis subsystem for further mathematical modeling and calculations. To ensure the reliability and validity
of the results, methods of data triangulation and intersubjective validation can be used in the qualitative data
analysis subsystem.
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Modern technologies and tools can be used to implement the qualitative analysis subsystem, including
software components for text analysis (NLTK, spaCy, Stanford CoreNLP) and data visualization tools
(Tableau, Power BI, Gephi). Specialized platforms for coding and qualitative data analysis (NVivo, ATLAS.ti)
can also be employed. Furthermore, cloud computing platforms such as AWS, Azure, and Google Cloud
Platform provide efficient processing of large volumes of data and scalability of the subsystem.

The scheme of the proposed qualitative data analysis subsystem is shown in Figure 2.

Subsystem for Quantitative Data Analysis.

The third component of the proposed information technology for decision support is the quantitative
analysis subsystem. It performs mathematical risk assessment, analysis of alternative scenarios, and
forecasting of key indicators based on statistical and econometric methods. The main task of the subsystem is
to process data using formal analysis methods, allowing the company’s management to make informed
decisions focused on effective business process management, financial management, and strategic
development.

A key stage of the subsystem’s operation is the risk assessment associated with each potential
development scenario. Simulation modeling is used for this, allowing the prediction of possible changes in the
company’s external and internal environment. Various econometric analysis methods are applied during the
process, including correlation-regression analysis, statistical analysis, time series methods (AR, MA, ARMA,
ARIMA models), exponential smoothing, as well as neural networks and machine learning algorithms. These
methods allow not only the assessment of the current state of business processes but also the forecasting of the
development of the company’s key performance indicators.

The quantitative analysis subsystem uses a system for grouping indicators, which forms the basis of a
balanced system for assessing the company’s performance. It divides the indicators into four main categories:
financial indicators, customer indicators, business process efficiency indicators, and learning and development
indicators. Financial indicators include parameters such as profitability, liquidity, financial stability, and asset
turnover. Customer indicators encompass passenger and cargo shipper satisfaction levels, service quality, and
application processing speed. Business process indicators assess innovation potential, risks, and strategic
development directions, while learning and development indicators define staff training levels, training hours,
the effectiveness of new technology implementation, and employee motivation.

Based on the analysis of the collected data, the subsystem performs multi-criteria assessment of
development scenarios, determines the confidence level for each scenario, and generates final analytical reports.
An important component is the use of Monte Carlo methods for simulating random processes and evaluating
the probabilities of different development scenarios. Additionally, morphological analysis, optimization
methods, and trend analysis are used to form the most effective strategic decisions.

The interaction of the quantitative analysis subsystem with other modules in the decision support
system occurs through a database containing structured and processed information. The subsystem receives
data from the primary data collection subsystem and the qualitative analysis subsystem, supplementing them
with mathematical evaluations and forecasting calculations. The results of the quantitative analysis are
provided to the company’s management and used for assessing the effectiveness of strategic planning, financial
management, and operational process optimization.

The scheme of the proposed quantitative data analysis subsystem is shown in Figure 3.

Structural and Functional Diagram of the Decision Support System.

The structural and functional diagram of the Decision Support System (DSS) for JSC «Ukrzaliznytsia»
represents a comprehensive multi-level architecture that ensures effective strategic and systemic analysis of
the company's activities. The main goal of the DSS is to improve decision-making quality, assess the
effectiveness of business processes, monitor risks, and forecast possible development scenarios for the
company.

The DSS consists of several key subsystems, each of which performs specific tasks but interacts
closely with other components. The first level of the structure is the subsystem for primary data collection and
processing, which is responsible for registering, accumulating, transferring, and preliminary evaluating data.
The information comes from various sources, including sensors, automated accounting systems, databases
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from government agencies, internal reports of the enterprise, and expert assessments. After collection, it
undergoes filtering, structuring, and evaluation of critical parameters.

The second level is the qualitative analysis subsystem, which consists of five groups of different
methods: expert evaluation methods, strategic analysis methods, uncertainty and probabilistic forecasting
methods, big data processing methods, and creative analysis methods. This subsystem uses strategic analysis
methods, including SWOT, STEEP, the Delphi method, hierarchical analysis, scenario analysis, and cognitive
modeling. It generates alternative development scenarios, assesses risks, and determines the level of trust in
certain decision options. An important role in its functioning is played by the interactive interaction group,
consisting of experts, analysts, and managers of structural units, who conduct discussions, form conclusions,
and adjust management strategies based on the obtained data.

The next level is the quantitative analysis subsystem, which performs mathematical processing of
information, evaluates risks, conducts statistical and correlation-regression analysis, builds econometric
models, and forecasts using time series (AR, MA, ARMA, ARIMA models). It also applies optimization
methods, trend analysis, Monte Carlo methods, neural networks, and machine learning algorithms to assess
the probability of certain scenarios and search for optimal solutions for the company.

The indicator grouping subsystem is the foundation of the balanced scorecard system used by the
quantitative analysis subsystem and serves as the base for the entire DSS. It is an extended classifier for
collecting, accumulating, and processing all the company’s information based on predefined criteria to address
the outlined tasks. The subsystem is divided into four components: the financial component (assessment of
profitability, liquidity, financial stability), the customer component (analysis of service quality and customer
satisfaction), the business processes component (assessment of innovation level, strategic directions, and risks),
and the learning and development component (evaluation of staff competency, effectiveness of new technology
implementation, and employee motivation).

A special role in the structural and functional diagram is played by the information-technical platform
for scenario analysis. This platform is a set of methodological, organizational-technical, mathematical,
structural-process, and technological methods and tools that enable effective interaction between experts,
system operators, technical personnel, and specially created software and hardware. The information-technical
platform has three hierarchical levels: the technological management level of the system, the system-
organizational level, and the analytical level. It ensures interaction between subsystems and the integration of
the obtained results into the decision-making process.

The DSS also includes a data repository that ensures the storage, processing, and integration of
information from various sources. This repository stores both structured (digital databases, electronic
documents) and unstructured (analytical reports, expert conclusions) data. Information in the system is divided
according to access levels based on user classification: JSC «Ukrzaliznytsia» management, the financial and
economic department, the economics, planning, and budgeting department, the main department of suburban
passenger transportation, regional branches, the Antimonopoly Committee of Ukraine, the State Statistics
Service, and the Ministry of Infrastructure.

Due to its clear structural and functional diagram, the decision support system allows the integration
of large volumes of data, the application of modern analytical methods, the formation of alternative
development scenarios, and ensures effective strategic management of JSC «Ukrzaliznytsia’s» activities. It
improves forecasting accuracy, reduces risks, and facilitates well-founded management decision-making,
which is critically important for the development of the enterprise.

The proposed structural and functional diagram of the decision support system is shown in Figure 4.

Conclusions and Prospects for Further Research.

This paper proposes an information technology for decision support in the systemic and strategic
analysis of JSC «Ukrzaliznytsia». The uniqueness of this technology lies in its comprehensive tool for
improving management processes and decision-making, based on the integration of subsystems for primary
data collection and processing, qualitative and quantitative data analysis, and the information-technical
platform for scenario analysis. The structure of these subsystems is described in detail in the paper, with
diagrams illustrating their organization.
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Furthermore, the proposed information technology allows for the integration of advanced analytical
methods, including artificial intelligence, machine learning, and econometric models, providing a
comprehensive approach to evaluating business processes, analyzing risks, and generating alternative
development scenarios. Its effectiveness is derived from the ability to conduct objective analysis of large
volumes of data from various sources, identify hidden patterns, and forecast future trends. The implementation
of this system will contribute to enhancing the company's management efficiency, improving strategic
planning, and aligning operational activities with national infrastructure policies and global transport trends

.The integration of the proposed DSS with other information systems at JSC «Ukrzaliznytsia» will
ensure full data exchange, prevent duplication, and, most importantly, facilitate the identification of potential
problems and risks at early stages for timely response.

Prospects for Further Research include expanding the system's functional capabilities through the
introduction of artificial intelligence methods, such as machine learning and deep learning, which could
significantly improve the DSS's forecasting abilities in the areas of passenger and freight flow prediction,
resource planning optimization, and the development of adaptive management strategies for railway transport.
Additionally, there are plans to expand modeling capabilities by analyzing scenarios based on the «what-if»
principle, and to further evaluate interdependencies among various elements of the system.

Further research should also focus on improving forecasting accuracy by developing new analytical
methods that account for unpredictable external factors. Another promising direction for future research is the
potential use of blockchain technology to enhance the transparency and security of information processes.
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AHoTamisi. Y cTaTTi 3amporOHOBAaHO 1H(QOPMAIIHHY TEXHOJIOTII0 CHCTEMH IMiJTPUMKH TPUAHATTS
PITIeHB IJI1 CHCTEMHOTO Ta cTparerigHoro anamizy AT «YKp3ami3Hutys.

MeToro JOCHiIKEHHSI € CTBOPEHHS KOMIUIEKCHOI aBTOMAaTH30BaHOI iHpoOpMamiiiHOi cucTemH, sika
IHTETpy€e CcydacHi METOAM SKICHOTO Ta KUIBKICHOTO aHami3y JaHWuX Ui e(eKTUBHOTO YIIpaBIiHHS Oi3Hec-
MIPOIIECaMM, OI[IHKHA PU3UKIB i CTPaTEriYHOTO IIaHYBaHHS B 3aTi3HUYHIHN Tairy3i.

OO0'eKTOM IOCTIIKECHHS € CHCTeMa MIATPUMKH NPUIHATTS PillieHb Il CACTEMHOTO Ta CTPATETiYHOTO
anamizy B AT «Ykp3ami3HUL», sIKa BKIIOYA€ METOIU aHANI3y JaHHUX, apXiTEeKTypy, a TaKoXX MeXaHi3MH
iHTerpaii 3 iHmuMA iHGOPMAIIHHUMI CUCTEMaMH KOMIIaHii.

ABTOpaMH JIETaJbHO OIMCAHO AapXiTeKTypy Ta (YHKIIOHATBHICTH 3alpONOHOBAHOI CHCTEMHU
MiATPUMKHA TPUHHSTTS pIillleHb, sIKa BKJIIOYAE€ TPU PiBHI: piBeHb AaHUX (30ip, oOpoOka Ta 30epiraHHs
iH(dopMarii 3 pi3HUX BHYTPIIIHIX Ta 30BHIMIHIX JHKEPEN), piBeHb aHaNi3y (SKICHUH Ta KUTbKICHUH aHali3 3
BUKOPHUCTAaHHSAM CYYaCHHX METOJIB Ta IHCTPYMEHTIB) Ta pPiBEHb NMPUHHATTSA pPIlleHb (Bi3yalizarlis DaHWX,
3BITHICTbH Ta peKoMeHarlii). KpiM Toro, onvcani rpymnu METOAIB sl KOXKHOT MIICKCTEMH Ta MPOTrpaMHi 3aco0u
1 TEXHOJIOT11, sIKi MOXYTh OYTH BUKOPHUCTaHI IS peaiizanii iHpopmariitaa Texnonoris CIIIIP.

Jlist BUOOPY TPaBWIIBHOTO PIIlIeHHS, 3TiMHO 3aJaHuX KPUTEPiiB, BHUKOPHUCTOBYIOTBHCS CYYacHi
AHAJITUYHI METOJY, BKIIOYAIOUM IITYYHUH 1HTENEKT, MAllMHHE HAaBYaHHS Ta €KOHOMETPHUYHI MOJENI, IO
JI03BOJISIIOTH €()eKTUBHO IPOTHO3YBAaTH TEHACHIIII Ta OL[IHIOBATH PU3UKH.

3anporioHoBaHa iHopmMariitna TexHonoris CIIIIP chnpustuMe kpamiiii iHTerpamii 3 IHIIUMH
iHpOpMaLiHUMU CHCTEMaMHU KOMITaHil, 3a0e3Mevyroun NOBHUI OOMiH JaHWMH Ta YHHKHEHHS JyOIrOBaHHS.
BrpoBamkenHss 1€l cuCTeMH [J03BOJHUTH MiABHLIMTH KOHKYPEHTOCIPOMOXKHICTH «YKp3ali3HHUII» Ha
HaI[iOHAJTLbHOMY Ta MI>KHAPOJHOMY PiBHSX.

[Momampmni mocmiKEeHHS TependadaoTh PO3MMPEHHS (YHKITIOHAIBHHX MOXJIHMBOCTEH CHCTEMH,
30KpeMa 4epe3 3aCTOCYBaHHS TEXHOJIOTiH TJIMO0KOro HaBYaHHS Ta OJIOKYEHH /s 3a0e3MeUeHHs MPO30POCTI
Ta Oe3nekw iH(pOpMaUidHUX mporeciB. PO3BUTOK HOBHUX aHANITUYHUX METOMAIB TaKOX CHpPUSATHME
T IBUIIEHHIO TOYHOCTI IPOTHO3YBAHHS Ta aJallTUBHOCTI CTpaTerii.

Karwuosi ciaoBa: indopmaliiiHa TEXHOJIOTIS, CHCTEMA MIATPUMKH NPUHHATTS pillleHb, SIKICHAN Ta
KUTbKICHUH aHaJIi3 JaHWUX, CTPATETYHUH aHaJi3, MalllMHHE HABYaHHS.
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