Netherlands

International scientific-online conference: INTELLECTUAL EDUCATION
TECHNOLOGICAL SOLUTIONS AND INNOVATIVE DIGITAL TOOLS

| Netherlands

FORECASTING THE ECONOMIC EFFICIENCY OF CLOUD
INFRASTRUCTURE MIGRATION USING TCO AND ROI IN THE DIGITAL
ECONOMY

Turdiyev Dilshod Abdirashidovich
Information Technologies and Management University, master's student

Abstract: This article proposes a TCO- and ROI-based algorithm for forecasting the
economic efficiency of enterprise migration to cloud infrastructure in the digital economy.
The study compares traditional IT infrastructure with cloud scenarios based on IaaS, PaaS,
SaaS and hybrid deployment models. The algorithm considers capital expenditure,
operational expenditure, migration costs, staff training, information security, network
reliability, service-level agreement indicators and the risk of vendor lock-in. A mathematical
model, a decision workflow and a scenario-based comparison table are presented. The
analytical evaluation shows that a planned transition to cloud services can reduce total cost
of ownership, improve resource elasticity and support faster managerial decision-making. The
proposed approach can be used by enterprises and public organizations before adopting cloud
services to forecast financial benefits and manage implementation risks.

Keywords: cloud computing, digital economy, cloud migration, TCO, ROI, CAPEX,
OPEX, hybrid cloud, cost optimization, decision model.

INTRODUCTION

The development of the digital economy requires enterprises to use flexible,
scalable and cost-effective information infrastructure. Traditional IT infrastructure
usually depends on physical servers, software licenses, local data centers, technical
maintenance, electricity consumption, backup systems and permanent technical
staff. Such a model gives the organization full control over resources, but it often
increases capital expenditure and limits the speed of digital transformation.

Cloud computing provides a different approach. Instead of purchasing and
maintaining all infrastructure components, an enterprise can receive computing
power, storage, development platforms and software services through the internet.
This makes it possible to move from a capital expenditure model (CAPEX) to a more
flexible operational expenditure model (OPEX). For this reason, cloud computing
has become an important technological basis for e-commerce, online education,
digital banking, health information systems, remote work, data analytics and
artificial intelligence services.

However, cloud migration should not be treated only as a technical
modernization project. The main question for managers is whether migration will
create real economic value. A cloud solution can be efficient when subscription costs,
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migration costs, security requirements, training expenses and risks are evaluated
together. Therefore, enterprises need a clear model that compares traditional IT and
cloud infrastructure before the migration begins.

The purpose of this article is to develop an algorithm for forecasting the
economic efficiency of cloud infrastructure migration using Total Cost of Ownership
(TCO) and Return on Investment (ROI). The article also proposes an integrated
efficiency index that combines savings, service availability, resource utilization,
security readiness and migration risk.

2. Related Work and Research Gap

Cloud computing research usually discusses three main service models:
Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a
Service (SaaS). IaaS provides virtual servers, storage and network resources; PaaS
supports application development and deployment; SaaS provides ready-to-use
software through the internet. In addition, cloud deployment models are commonly
divided into public, private and hybrid cloud models. Each model has different
economic, technical and security characteristics.

From the economic point of view, cloud computing is attractive because it can
reduce the need for large initial investments in servers and data centers. It also
allows resources to be scaled according to demand. Nevertheless, cloud adoption
may create new risks: dependence on the service provider, uncontrolled resource
consumption, data protection challenges, network dependency and hidden
operational costs. These factors show that a simple comparison of monthly
subscription prices is not sufficient.

The research gap addressed in this article is the lack of a compact decision-
oriented model that connects technical cloud migration scenarios with economic
indicators such as TCO, ROI and payback period. The proposed approach treats
cloud migration as a combined economic, technical and organizational decision
rather than as a purely technological replacement.

3. Proposed TCO-ROI Cloud Migration Algorithm

The proposed algorithm begins with the identification of the existing IT cost
structure. At this stage, an enterprise calculates hardware costs, software licenses,
energy consumption, technical maintenance, staff expenses, security tools, backup
systems and downtime losses. These indicators form the baseline for comparing
traditional IT infrastructure with cloud alternatives.

The second stage is the selection of a cloud model. If the enterprise needs
flexible computing capacity and full system control, the IaaS model may be
appropriate. If the organization develops software products, PaaS can reduce
development and deployment time. If the main task is to use ready-made digital
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services, SaaS can be the most convenient option. In cases where sensitive data must
remain under stronger organizational control, a hybrid cloud model can provide a
balance between flexibility and security.

The third stage is the calculation of cloud TCO. This includes subscription fees,
migration costs, network expenses, staff training, security configuration, data
transfer, integration work and possible overuse of cloud resources. The fourth stage
calculates expected savings and ROl The fifth stage evaluates service-level
agreement (SLA) indicators, data protection requirements and migration risks.
Finally, the algorithm compares several scenarios and recommends whether to
migrate, postpone migration or choose a gradual hybrid strategy.

Input data
1. IT costs 2. Cloud model 3. 1CO
Cost items

SLA and risk

4

: . Output
4. ROI 5. SLA + risk 6. Scenario
TCO and ROI

Decision

Y

7. Decision

Figure 1. TCO-ROI based decision workflow for cloud infrastructure migration

4. Mathematical and Economic Model

The total cost of ownership of traditional IT infrastructure can be represented as
follows:

TCOtrad = Cserver + Clicense + Cenergy + Cstaff + Cmaintenance + Csecurity
+ Cbackup + Cdowntime (1)

Here, Cserver is the cost of hardware and servers, Clicense is the cost of
software licenses, Cenergy is energy consumption, Cstaff is staff cost, Cmaintenance
is maintenance cost, Csecurity is security cost, Cbackup is backup cost and
Cdowntime is the economic loss caused by service interruptions.

For cloud infrastructure, total cost of ownership is defined as:

TCOcloud = Csubscription + Cnetwork + Cmigration + Ctraining + Csecurity +
Cintegration + Coveruse  (2)

In this expression, Csubscription is the cloud service fee, Cnetwork is internet
and connectivity cost, Cmigration is the cost of data and application migration,
Ctraining is staff training cost, Cintegration is integration with existing information
systems and Coveruse is the additional cost caused by uncontrolled resource
consumption.
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The relative saving from migration is calculated by the following formula:
S = ((TCOtrad - TCOcloud) / TCOtrad) *100%  (3)
Return on investment is calculated as:
ROI = ((Bcloud - Cmigration) / Cmigration) * 100%  (4)
In Eq. (4), Bcloud represents the expected economic benefit of cloud adoption,

including cost reduction, productivity growth, faster service deployment and
reduced downtime. To support final decision-making, an integrated efficiency index
is proposed:

Ecloud = wl*Ssaving + w2*Aavailability + w3*Uresource + w4*Sec - w5*Rrisk
©)

Here, Ssaving is the normalized saving indicator, Aavailability is service
availability, Uresource is resource utilization efficiency, Sec is security readiness,
Rrisk is migration and vendor lock-in risk, and w1l...w5 are weighting coefficients. A
higher value of Ecloud indicates that cloud migration is economically and
technically more justified.

5. Scenario-Based Analytical Evaluation

A scenario-based evaluation was prepared to demonstrate how the proposed
model can be used before the real migration process. Four scenarios were compared:
traditional IT infrastructure, hybrid cloud, SaaS-oriented model and optimized cloud
architecture. The values in the table are relative indicators designed to show the
logic of decision-making and can be adapted to real enterprise data.

Table 1. Comparison of cloud migration scenarios based on TCO and ROI

B Mai .
Scenario Relative TCO xpected am 1\./Ia%n ,
saving advantage limitation
High CAPEX
Full  internal | and
Traditional IT | 100% 0% e ane
control maintenance
burden
Balance
bet M 1
Hybrid cloud | 82% 18% N we'en or.e compIEx
security ~ and | architecture
tlexibility
Fast
SaaS-oriented 799, 239, implemen’.cation Provider
model and simple | dependency
management
Optimized 63% 379, Elastic resource Reql.lires
cloud management continuous
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Scenario-based decrease in total cost of ownership
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Figure 2. Scenario-based decrease in relative total cost of ownership

The scenario analysis indicates that cloud adoption can significantly reduce
total ownership cost when migration is planned and controlled. However, the lowest
subscription price does not always mean the best economic result. A solution
becomes efficient only when performance, availability, security, staff readiness and
resource consumption are managed as a single system. For organizations with
sensitive data, the hybrid model may be preferable because it allows critical data to
remain under stronger control while less sensitive services are moved to the public
cloud.

The optimized cloud scenario demonstrates the highest potential saving
because it combines resource elasticity, continuous monitoring and workload-based
cost control. At the same time, this scenario requires mature governance. Without
monitoring, auto-scaling policies and clear responsibility for resource consumption,
cloud expenses may increase unexpectedly. Therefore, cloud migration must be
supported by financial control mechanisms and technical monitoring tools.

6. Scientific Novelty and Practical Value

The scientific novelty of the article is the integration of TCO, ROI, SLA, security
readiness and migration risk into one decision-oriented model. The proposed
algorithm does not evaluate cloud computing only by its technical advantages. It
connects infrastructure modernization with measurable economic indicators and
converts them into a practical decision workflow.

The practical value of the model is that it can be used by medium and large

enterprises, educational institutions, medical organizations, e-commerce platforms
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and public information systems. It helps decision-makers answer four important

questions: whether cloud migration is economically justified, which cloud model is
most appropriate, which costs will decrease and which risks must be managed
before implementation. The approach is especially useful for organizations that plan
to move from traditional server-based infrastructure to a hybrid or service-based
cloud environment.

7. Conclusion

This article proposed a TCO- and ROIl-based algorithm for forecasting the
economic efficiency of cloud infrastructure migration in the digital economy. The
model compares traditional IT infrastructure with cloud alternatives and includes
migration costs, training expenses, network requirements, security readiness, service
availability and risk factors. A workflow diagram, mathematical formulas and
scenario-based comparison were presented.

The analytical evaluation shows that a well-planned cloud migration strategy
can reduce total cost of ownership, increase flexibility and accelerate managerial
decision-making. However, cloud adoption must be supported by careful financial
planning, security policy, staff training and continuous cost monitoring. Future
research should test the proposed model using real enterprise datasets, develop a
software module for automated TCO-ROI calculation and include energy efficiency
and carbon footprint indicators in the assessment model.

References:

8. Rashidovich BG, Ugli NBU, Ugli NBB Al dan foydalanib, piyodalar
o'tish joylarida to'xtash yoki yurishda davom etish haqida real vaqt rejimida
maslahat bera oladigan murakkab qaror qabul qilish tizimini yaratmoqda
//Universum: texnik fanlar. - 2026. - T. 6. - Ne. 1 (142). - S. 50-54.

9. Ugli NBU, Baxtiyorovna NS ilg'or biometrik autentifikatsiya tizimi:
ALGORITMIK MODELLAR, XAVFSIZLIK TAHDILARI VA MULTIMODAL
BAHOLASH RAMALARINI CHUKUR O'RGANISH //Universum: texnicheskie. -
2026. - T. 6. - Ne. 1 (142). - S. 64-68.

10. Ugli N. B. U, Ugli A. T. K. ADAPTIVE MULTIMODAL BIOMETRIC
AUTHENTICATION SYSTEMS: A HUMAN-CENTERED ANALYSIS OF DESIGN,
EVALUATION, AND SECURITY CHALLENGES //Universum: TexHM4YecKVe
HayKu. — 2026. - T. 6. - Ne. 1 (142). - C. 69-72.

11. ugli Norboev B. U. et al. Artificial Intelligence in Education and the
Digital Preconditions of Tertiary Expansion in Uzbekistan: ARDL Evidence from
2000-2023. - 2026.

77
https://interonconf.org



https://interonconf.org/

International scientific-online conference: INTELLECTUAL EDUCATION
TECHNOLOGICAL SOLUTIONS AND INNOVATIVE DIGITAL TOOLS

12. Pardayeva G.A., Raximqulov FUQAROLAR MUROJAATLARINI
STATISTIK TAHLIL QILISH UCHUN AXBOROT TIZIMINI ISHLAB CHIQISH //
UNIVERSAL AKADEMIK VA KO'P FANLI TADQIQOTLAR JURNALLIL - 2026. - T.

4. - No. 32. - S. 87-90.

13. Qodirov B. TALABALARDA KOMPLEKS MA'LUMOTLAR BAZASI
KOMPETENSIYALARINI RIVOJLANTIRISH UCHUN TIZIMLANGAN
PEDAGOGIK STRATEGIYALAR //Osiyo ilmiy tadgiqotlar va innovatsiyalar
jurnali. - 2026. - T. 5. - Ne. 1. - S. 143-147.

78
https://interonconf.org



https://interonconf.org/

