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Abstact. This paper proposes a requirements management model for analytical accounting
systems based on cloud infrastructure, aimed at ensuring adaptability, scalability, and consistency
between business requirements, analytical functionality, and infrastructure resources. The model
represents requirements as formalized entities characterized by type, priority, life-cycle state, and
traceability to analytical and architectural components. A key feature of the proposed approach is
the explicit integration of requirements management with cloud service layers (laaS, PaaS, SaaS),
enabling dynamic adaptation through resource scaling and service reconfiguration without system
downtime.

The requirements management process is implemented as an iterative cycle that includes
formalization, prioritization, traceability, and continuous adaptation based on feedback from system
operation. An experimental validation was conducted using a prototype analytical accounting system
deployed in a cloud environment. The results demonstrate a significant reduction in system
adaptation time to changing business requirements, improved query response times, increased system
availability, and more efficient utilization of computational resources compared to a baseline
approach without structured requirements management.

The proposed model can serve as a conceptual foundation for the design and modernization of
cloud-based analytical accounting systems, supporting more efficient system evolution and higher-
quality managerial decision-making in dynamic business environments.
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Introduction.
Modern analytical accounting systems are key components of the information

infrastructure of enterprises and organizations, providing support for managerial
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decision-making based on the processing of large volumes of structured and semi-
structured data. The conditions of digital transformation, continuous growth of data
volumes, and the dynamic nature of the business environment necessitate ongoing
refinement and revision of requirements for such systems.

At the same time, cloud infrastructure is increasingly adopted as the primary
deployment environment for analytical accounting systems, as it offers scalability,
resource elasticity, and reduced administrative costs. However, migrating systems to
cloud environments complicates requirements management processes, since
requirements must account for distributed architectures, dependencies on cloud service
providers, and the need for continuous functional adaptation.

In traditional requirements management approaches, the primary focus is placed
on the design phase, whereas in cloud-based environments the requirements life cycle
becomes a continuous process. This creates the need to develop models that integrate
requirements engineering with the characteristics of cloud architectures and analytical
data processing.

Analysis of Recent Research and Publications.

Issues of requirements management in information systems are addressed in
studies related to software engineering, information system architecture, and business
analysis. Contemporary research emphasizes the need to reduce the gap between
business requirements and the technical implementation of systems, especially in
distributed and cloud-based environments.

A separate line of research focuses on the use of cloud infrastructure for building
analytical systems, addressing scalability, reliability, and administrative efficiency. At
the same time, in most studies requirements management is considered independently
of the architectural characteristics of cloud platforms, which complicates the practical
application of such approaches in accounting and analytical systems.

The integration of requirements management processes with analytical modules
of accounting systems deployed in cloud environments, as well as the support for
requirements traceability throughout the entire system life cycle, remains insufficiently

explored. This determines the relevance of developing a generalized model oriented
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toward analytical accounting systems operating on the basis of cloud infrastructure.

The purpose of this study is to develop a requirements management model for
analytical accounting systems based on cloud infrastructure, which ensures
adaptability to changing business requirements, scalability, and consistency between
system development and operational processes.

Conceptual Model of Requirements Management

Analytical accounting systems operating on cloud infrastructure are characterized
by complex multi-layer architectures, distributed data storage, and dynamic usage
scenarios. Under such conditions, requirements management should be considered not
as a one-time design activity, but as a continuous process integrated into the system
life cycle.

The proposed requirements management model is based on representing
requirements as a formalized set

R ={r,mr,....,m},
where each requirement 7; is described by the tuple

1y = (L, Di, Sy Ai),
where t; denotes the requirement type (business, functional, non-functional,
analytical), p; is the priority, s; represents the life-cycle state (proposed, agreed,
implemented, validated), and a; corresponds to the related architectural or analytical
component of the system.

A key feature of the model is the tight coupling between requirements and cloud
infrastructure, which enables consideration of constraints and capabilities at the IaaS,
PaaS, and SaaS levels. Requirements define not only the functionality of the analytical
accounting system but also influence the selection of data storage, processing, and
scaling mechanisms. Thus, each requirement is traceable to a corresponding
infrastructure resource or cloud service.

The requirements management process within the model is implemented as an
iterative cycle that includes requirement formalization, prioritization, negotiation, and
adaptation. Formalization ensures unambiguous interpretation of requirements by all

stakeholders, while prioritization determines the order of implementation based on
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business value and cloud infrastructure resource constraints.
An important component of the model is the traceability mechanism that
establishes links between requirements, analytical modules, and accounting data. Let
A={ay,ay, .., ay}
be the set of analytical components of the system. Then, the mapping
ffR-A
defines the correspondence between requirements and specific components, enabling
the assessment of the impact of requirement changes on system architecture and
analytical processing results.

Requirements adaptation in a cloud environment is achieved through dynamic
reconfiguration of services and resources without interrupting system operation. This
allows analytical accounting systems to respond promptly to changes in business
processes, data volume growth, or new reporting requirements. Consequently, the
model supports flexibility and scalability principles that are fundamental to cloud-
based solutions.

The proposed approach ensures coordinated management of requirements,
analytical functions, and infrastructure resources, contributing to improved
productivity in the development of analytical accounting systems and enhanced quality
of managerial decision-making. The model can be used as a conceptual foundation for
the design and modernization of cloud-based information and analytical systems.

Requirements Management Model Diagram Description

To formalize the proposed approach to requirements management in analytical
accounting systems operating in a cloud infrastructure environment, a generalized
structural model has been developed. The model reflects the relationships between
business requirements, functional components of the analytical system, and cloud
infrastructure resources. It is designed to support the full requirements life cycle, from
elicitation and prioritization to implementation, monitoring, and feedback-driven
refinement. The overall scheme of the requirements management model is presented
in Fig. 1. This model consists of three logically interconnected layers. The upper layer

represents business requirements formed by stakeholders and structured as a
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requirements catalog containing constraints, quality attributes, and service-level
objectives. These requirements are processed by the requirements management
subsystem, where formalization, prioritization, state control, and change management

are performed to ensure consistency and readiness for implementation.

BUSINESS REQUIREMENTS AND GOVERNANCE LAYER
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Figure 1 — Requirements Management Model for Cloud-Based Analytical

Accounting Systems
Authors

The central layer corresponds to the analytical accounting system, which includes
data collection, processing, and analytical modules. At this level, business
requirements are mapped to specific analytical functions, and traceability is maintained

between requirements and system components. This mapping enables systematic
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impact analysis when requirements evolve.

The lower layer represents the cloud infrastructure, encompassing compute
resources, data storage services, scalability mechanisms, observability tools, and
security controls. The linkage between the analytical layer and cloud infrastructure
enables dynamic adaptation of the system through resource scaling, configuration
changes, or workload redistribution without interrupting system operation.

Feedback loops shown in the model emphasize its iterative nature. Operational
metrics, analytical results, and infrastructure constraints are continuously fed back into
the requirements management process, enabling refinement and reprioritization of
requirements. This approach ensures coordinated management of requirements,
analytical functionality, and cloud resources, enhancing system adaptability,
development productivity, and alignment with real operational conditions.

Experimental Validation and Application Example

The experimental validation of the proposed requirements management model for
cloud-based analytical accounting systems was conducted using a prototype
information and analytical system designed to support operational performance
monitoring of a service-oriented enterprise. The system was applied to generate
management analytics related to financial transactions, staff workload, and key
performance indicators of business processes.

Application Example of the Model. As an application scenario, a change in
business requirements for an analytical report was considered: reducing the acceptable
generation time of a daily report from 10 minutes to 2 minutes and increasing the data
refresh frequency from once per day to once per hour. Within the proposed model,
these requirements were formalized at the requirements management level and
automatically translated into decisions regarding the scaling of computational
resources and the configuration of analytical services within the cloud infrastructure.

Figure 1 presents a generalized scheme of the experimental validation of the
requirements management model for cloud-based analytical accounting systems. The
starting point of the process is business requirements, which define the expected system

behavior in terms of performance, availability, and analytical granularity.
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The formalized requirements are passed to the requirements management module,

where prioritization, traceability, and transformation into technical parameters of

analytical components are performed. Subsequent execution takes place within the

cloud infrastructure, which provides dynamic scaling and allocation of the required

resources.

The results of analytical query execution are evaluated using predefined quality

and performance metrics. Based on these measurements, a feedback loop 1s formed and

used to adjust both requirements and system configurations. The overall logic of the

experimental pipeline is illustrated in Fig. 2.
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Figure 2 — Experimental validation scheme of the requirements management
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The scheme illustrates how changes at the business requirements level affect the
configuration of analytical modules and cloud infrastructure resources, while execution
results are returned to the management system in the form of measurable indicators.

Evaluation Metrics. To quantitatively assess the effectiveness of the proposed
model, the following metrics were used:

o Tiq — average time required to implement changes in business requirements
(hours);

« T — average response time of analytical queries (seconds);

o Ay — system availability (%);

o U, — utilization rate of computational resources (%);

o Acontf — number of manual infrastructure configuration changes required after
requirements modification.

The main experimental results are summarized in Table 1.

Table 1 — Comparison of analytical system performance indicators

Metric Without requirements With proposed model
management model

Treq, h 68 1-2

Tresp, S 4,5 1,2

Agys, %0 96,8 99,2

Utes, % 85 65

Acont High Minimal
Authors

The obtained results demonstrate that the application of the proposed model
significantly reduces system adaptation time to new business requirements and
decreases infrastructure load through more efficient resource utilization.

Analysis of Experimental Results.

The reduction in analytical query response time and the increase in system
availability confirm the effectiveness of integrating requirements management with

cloud infrastructure scaling mechanisms. Particularly notable is the decrease in the
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number of manual configuration changes, which indicates a higher level of automation
in administration processes and a reduced risk of human error.

Thus, the experimental validation confirms that the proposed model is practically
applicable to analytical accounting systems operating in dynamic environments and
requiring rapid adaptation to evolving business requirements.

Conclusions

This paper presents a requirements management model for analytical accounting
systems deployed on cloud infrastructure, aimed at ensuring adaptability, scalability,
and consistency between business requirements, analytical functionality, and
infrastructure resources. Unlike traditional approaches that treat requirements
management as a one-time design activity, the proposed model considers it as a
continuous, iterative process integrated throughout the system life cycle.

The model formalizes requirements as structured entities linked to analytical
components and cloud services, enabling systematic traceability and impact analysis.
By coupling requirements management with cloud infrastructure capabilities, the
model supports dynamic adaptation through resource scaling and service
reconfiguration without interrupting system operation. This approach aligns
requirements engineering with the inherent flexibility of cloud-based architectures.

Experimental validation using a prototype analytical accounting system
demonstrated a significant reduction in system adaptation time to changing business
requirements, improved query response times, increased system availability, and more
efficient utilization of computational resources. The reduction in manual infrastructure
configuration changes further confirms the effectiveness of automating requirements-
driven adaptation mechanisms.

The obtained results indicate that the proposed model is practically applicable to
analytical accounting systems operating in dynamic business environments. It can
serve as a conceptual foundation for the design and modernization of cloud-based
information and analytical systems, supporting informed managerial decision-making

and improving the overall efficiency of system development and operation.
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Anomauia. Cyyacui ananimuuni cucmemu 004Ky 6i0ieparomsv KIHOU08) pob Y NIOMpumyi
VIPABNIHCObKUX pilleHb NIONPUEMCMS | OpeaHnizayill, 3ab6e3neyyrouu oOpodNeHHs 3HAYHUX 00Cs2i8
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CMPYKMYPOBAHUX | HANIGCMPYKMYPOBAHUX OaHux. Ymosu yugposoi mpancgopmayii, 3pocmanns
00cs2i8 iHghopmayii ma ouHamiunicms Oi3HeC-cepedo8uUa 3yMOBII0I0Mb NOCMIUHY 3MIHY 8UMO2 00
maxux cucmem. OOHOYACHO AKMUBHE BNPOBAONCEHHS XMAPHOI iHGpacmpykmypu sK 064308020
cepeoosuwia  po32OPMAanHa — AHANIMUYHUX — CUCeM — NIOBUWYE  GUMOSU OO0  CHYUKOCHII,
MacumaboeaHocmi ma eqhekmusHoOCmi Kepy8aHHs pecypcamu, die 800HOYAC YCKIAOHIOE npoyecu
KepyB8aHHsl 8UMO2aMU Yepe3 PO3NOOLIEeHY apXimeKmypy ma 3a1eACHICMb 8I0 XMAPHUX CepBicis.

Ananiz cyuacnHux Haykosux nyonikayilli nokazas, wo OilbwWicms ICHYIOYUX Ni0X00ié 00
KepYBAHHs BUMOAMU 30CEPEONHCEH] NePesaNCHO HA emani NPOEKMYBAHHA cucmem i HeOOCMAamHbO
8pAX08YI0Mb  0Oe3nepepeHuUll XapaKkmep HCUMMEBO20 UYUKIY BUMO2 V XMAPHOMY Cepedo8UU.
Heoocmamnbo onpayboeanumu 3a1umaiomscs NUMAanHs inmezpayii npoyecie Kepy8anHHs UMO2aMU
3 AHANITMUYHUMU MOOYIAMU OONIKOBUX cucmeM ma NiOMPUMKU HACKPISHO20 MPACY8AHHA 8UMO2
VAPOOOBIC YCbO2O HCUMMEBO20 YUKTY CUCHIEMU.

Memoto 0ocniddcenns € po3pobaeHHs MOOei Kepy8aHHs BUMO2AMU 8 AHALIMUYHUX CUCEMAX
00J1iKy Ha OCHOBI XMapHOI IHhpacmpykmypu, sika 3abe3neyye adanmueHicms 00 3MiH Oi3Hec-8UMOoe,
Macumabo8aHicms ma y32004CEHICMb MIdHC npoyecamu po3poOieHHs U eKCHIyamayii cucmemu.
3anpononosana Mmoodenv IPYHMYEMbCA HA  (HOPMANIZ08AHOMY NPEOCMABNIEHHI  BUMOZ  AK
CMPYKMYPOBAHOT MHONCUHU 3 BUSHAYCHUMU AMPUOYymamu muny, npiopumemy, CMaHy *#CUmmesozo
YUKIY ma GION0GIOHOCMI AHANIMUYHUM I ApXimeKmypHum Komnonenmam cucmemu. Kirouosor
0cooaugicm0o MoOeni € MICHUU 38 'S30K MIJC 8UMO2AMU MA PIBHAMU XMAPHOI IHGpacmpykmypu
(laaS, PaaS, SaaS), wo 0o3sons€ 8paxogysamu iH@hpacmpyKmypHi 00MeHCenHsl 1l MOHCIUBOCTI Ni0
yac peanizayii aHanimu4Hoi yHKYioHATbHOCT.

IIpoyec xkepysanusa umocamu peanizyemvcsa y Uil imepamusHo20 YUK, AKUl 6KI0YAE
dopmanizayiro, npiopumuszayito, mpacy8anHs ma a0anmayio 6UMOo2 Ha OCHOBI 360POMHO20 38 S3K)
8I0 eKCnaAyamayitiHux mempukx. 3anponoHoéana CMpYKMypHa cxema Mooeli 8iooopadcae
83AEMO038 "A3KU MidC OI3HeC-8UMO2aMU, AHANIMUYHUMU KOMNOHEHMAMU CUCMeMU Ma pecypcamu
xmapuoi  inghpacmpykmypu, 3a0e3neuyrouu  y32e00ceHe Kepy8aHHs QYHKYIOHANbHICMIO ma
pecypcamu.

Excnepumenmanvhy nepegipky mooeni npoeedeno Ha NPUKIAdi Npomomuny aHalimuyHoi
cucmemu 001iKy OnepayiiHux NOKA3HUKI@ CEPBICHO20 NIONPUEMCMEA, PO32OPHYMOI Y XMAPHOMY
cepedosuwyi. OYinB8aHHs eheKmusHOCMI GUKOHYBAIOCA 3 MEMPUKAMU YACY Peanizayii 3MiH 8UMOe,
yacy 6i0nosidi aHaNIMUYHUX 3aNUmie, OOCMYNHOCMI CUCTEeMU, PIBHA BUKOPUCMAHHS PecypCié ma
KIIbKOCMI py4HUX IiHpacmpykmypuux 3miH. Pezynomamu excnepumenmie noxkasanu icmomue
CKOpOUYeHHs 4Yacy aoanmayii cucmemu 00 HOBUX OI3HeC-8UMO2, 3MEHUIeHHs HABAHMANCEHHS HA
iHppacmpykmypy ma nioguwjerHs cmabilbHOCmi pooomu cucmemu NOPIBHAHO 3 NIOX000M Oe3
dopmanizoeano2o kepy8aHHs UMO2AMU.

Ompumani pe3ynomamu niomeepotcyioms NPAKMuYHy NPUOAMHICIb 3aNPONOHOBAHOI MOOe
0151 AHATLIMUYHUX cucmem 00Ky, wo QYHKYIOHYIOmMb Y OuHamivHux ymoeax. Mooenv modwce o6ymu
BUKOPUCIAHA 5K KOHYENMYAlbHA OCHO8A Ol NPOEKMYBAHHA MA MOOEPHI3ayii XMAapHUux
IHOpMAYIUHO-AHATIMUYHUX CUCMEM, CHPUSAIOYU NIOBUWEHHIO epheKmuUeHOCmi po3poOieHHs mda
AKOCMI YNPAGAIHCOKUX PILUEHD.

Knrwowuosi cnosa: ynpasninnsa eumoeamu, aHAniMuyHi  0ONIKOBI CUCMeEMU, XMAPHA
iHppacmpykmypa,  i0cmedcysanicms — 8UMO2,  MACUmMadosanicms  xmapu,  OizHec-uMo2u,
AHANIMUYHI cucmemu, a0anmueHi cucmemu
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