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Abstract

This article examines the economic efficiency of engineering optimization of IT infrastruc-
ture in commercial companies. It analyzes the impact of technical solutions on operating costs,
service availability, computing resource utilization, and losses associated with infrastructure
failures and downtime. Modern optimization methods are considered, including virtualization,
rightsizing, autoscaling, Infrastructure as Code, observability, and Site Reliability Engineering.
Particular attention is given to current approaches such as FinOps, AIOps, platform engineer-
ing, and intelligent energy management. The role of engineering solutions in improving busi-
ness process resilience and achieving an economically justified balance between infrastructure
costs, performance, and service reliability is also examined.
Keywords: IT infrastructure, economic efficiency, engineering optimization, FinOps, AIOps,

observability, autoscaling

Introduction
Digital infrastructure has become an
integral part of commercial organizations,
since the operation of a significant share
of internal and customer-facing processes
directly depends on its stability and scal-
ability. At the same time, more complex ar-
chitectures, growing volumes of processed
data, and the spread of cloud services in-
crease the requirements for the quality of IT
system operation. Under these conditions,
infrastructure is no longer considered only
as a technical environment and is increas-
ingly becoming an object of management
decisions related to cost control, risk man-

agement, and service quality.
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The transition from mainly static infra-
structures to dynamic environments, where
resource usage, service configurations, and
workload patterns can change continuously,
increases the relevance of engineering opti-
mization. This requires closer integration of
technical decisions with economic criteria and
supports approaches based on automation,
forecasting, and better alignment of infrastruc-
ture resources with business needs. The goal of
this research is to identify the main areas of en-
gineering optimization of IT infrastructure in
commercial companies and assess their impact
on the economic indicators of an organization,
taking into account modern approaches to re-
source management and operating costs.



Main part. Economic aspects
of IT infrastructure operation
in commercial companies

Generally, IT infrastructure in modern
commercial companies is not only the tech-
nical basis of information systems but also
a factor that directly affects operating costs,
business process continuity, and financial
performance. As digitalization increases de-
pendence on computing resources, failures
of servers, network infrastructure, or cor-
porate applications can interrupt sales and
customer service, reduce employee produc-
tivity, and create additional costs. There-
fore, IT infrastructure efficiency should be
assessed in terms of operating costs, re-
source utilization, and the required level of
service availability.

The economic assessment of infrastruc-
ture traditionally includes capital and op-
erating expenses. Capital expenditures
(CAPEX) include the purchase of server and
network equipment, data storage systems,
construction or modernization of facilities,
and other long-term investments. Operat-
ing expenses (OPEX) include electricity
costs, maintenance, software licensing, cloud
service payments, IT staff costs, and other
ongoing expenses. However, the transition
from CAPEX to OPEX does not itself mean
higher economic efficiency. One of the em-
pirical studies showed a positive relationship
between cloud computing adoption and com-
pany profitability and market value, although
the nature and size of the effect differed in the
short and long term (Chen X. et al., 2022). At
the same time, the results of a banking sec-
tor study show a more complex picture: the
use of cloud technologies was associated with
higher profit efficiency, but also with lower
cost efficiency and higher operational risk
(Cheng M. et al., 2022).

A more complete assessment of costs can
be provided by the Total Cost of Owner-

ship (TCO) indicator. Unlike a compari-
son of equipment purchase costs or a cloud
provider’s monthly bill, TCO covers costs
throughout the considered infrastructure
lifecycle.

Actual resource utilization is an im-
portant factor in TCO. Overprovisioning
helps systems handle peak loads but leads
to payments for idle CPU, memory, and stor-
age resources, while underprovisioning can
reduce direct costs at the expense of perfor-
mance and service quality. One study based
on large-scale cluster data showed that when
different types of workloads were executed
separately, the average CPU utilization of the
studied servers was only 29.29% for batch
jobs and 7.4% for service jobs. Co-locating
the workloads increased average utilization
to 39.26%. The estimated TCO savings for
the studied infrastructure segment, which
included more than 4,000 machines, were
about $600,000, while scaling the same ap-
proach to a much larger server infrastructure
could result in savings of tens of millions of
dollars (Everman B. et al., 2021).

One of the important components of
economic efficiency is the availability of
IT services. For digital business process-
es, an infrastructure failure creates costs
that may significantly exceed the cost of the
failed equipment itself. Losses arise from
lost revenue, employee downtime, recovery
of data and systems, involvement of tech-
nical specialists, penalties for violations of
service level agreements, as well as reputa-
tional consequences (PerelekhovI., 2026).
The reliability of IT infrastructure can be as-
sessed using several operational parameters
that also have direct economic significance.
The main indicators usually include Mean
Time Between Failures (MTBF), Mean Time
to Recovery (MTTR), Service Level Agree-
ment (SLA) and Service Level Objective
(SLO) (table 1).

Table 1. Reliability parameters of IT infrastructure and their economic significance

Parameter Meaning Economic significance
Availability Share of time when the Directly affects the probability and duration
service is available. of business downtime.
MTBF Mean time between failures. Characterizes the frequency of infrastructure

failures.
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Parameter Meaning

Economic significance

MTTR Mean time to recovery.

SLA Agreed service level.

SLO Internal target for service
quality.

Redundancy  Use of additional infra-

structure resources for fault

tolerance.

Longer recovery increases losses caused by

downtime.
Its violation may result in financial penalties

and customer losses.
Helps define the required level of reliability.

Reduces expected outage losses but increases

infrastructure costs.

The economic importance of downtime
is confirmed by industry statistics. Accord-
ing to 2024 data (Uptime Institute, 2024),
54% of respondents who had experienced
a significant, serious, or severe outage
during the previous three years estimat-
ed the cost of their most recent incident at
more than $100,000, while 20% estimated
it at more than $1 million. The assessment
included direct costs, lost opportunities,
and reputational losses. At the same time,
the growing dependence of commercial
processes on digital services increases the
economic cost of even relatively short peri-
ods of unavailability.

From an economic point of view, not
only the availability percentage itself is im-
portant, but also the cost of increasing it.
For instance, moving from 99.9% to 99.99%
availability requires additional redundancy
of equipment, communication channels,
computing resources, and organizational
recovery mechanisms. Therefore, maximiz-
ing availability at any cost is not a rational
goal. The engineering task is to achieve
a level of reliability at which additional
fault-tolerance costs are balanced against
the expected reduction in losses from inci-
dents.

Reducing infrastructure costs without
considering performance and reliability can
worsen overall business results, while ex-
cessive redundancy creates unjustified fixed
costs. Engineering optimization should
therefore focus on an economically justified
balance between infrastructure cost, perfor-
mance, and resilience.
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Engineering methods for IT
infrastructure optimization and their
impact on economic indicators

Engineering optimization of IT infra-
structure is aimed at providing the required
performance and service availability while
using computing and financial resources effi-
ciently. Basic methods include server consol-
idation through virtualization, which makes
it possible to increase equipment utilization
and reduce costs for its purchase, power sup-
ply, cooling, and maintenance (fig. 1).

However, excessive consolidation can re-
duce performance because virtual machines
compete for shared resources. In cloud and
virtualized environments, rightsizing helps
align allocated CPU, RAM, and other re-
sources with actual demand while preserving
the required performance margin.

Containerization and orchestration
systems provide more flexible resource man-
agement and allow individual application com-
ponents to scale independently. The greatest
economic effect is achieved when containeriza-
tion is combined with autoscaling. One study
proposed joint horizontal and vertical scaling
of containers and virtual machines while con-
sidering placement costs (EntrialgoJ. et al.,
2024). In experiments on a real application, the
resulting configurations were approximately
20% cheaper than those produced by the stud-
ied heuristic resource allocation algorithms.

Another study showed that the use of
ML for cloud resource management reduced
the number of QoS requirement violations
by up to 80% compared with previously
used algorithms, while virtual machine us-
age decreased by 3-50% depending on the
experimental scenario (PintyeI. et al., 2024).



Thus, workload forecasting makes it possible
to reduce both the amount of excessively re-
served capacity and the probability of service
degradation. Component redundancy, load

distribution, data replication, and automatic
failover reduce expected losses from failures,
although they require additional infrastruc-
ture resources.

Figure 1. Traditional server consolidation (Bermejo B. & Juiz C., 2022)
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Infrastructure management automation
also has a significant impact on operating
costs. The Infrastructure as Code (IaC)
concept involves describing infrastructure
through machine-readable configurations,
which makes its creation and modification
automated and reproducible, while version
control and testing can be applied to the
configurations. The economic component is
gradually being integrated directly into such
processes. In a 2024 study, authors analyzed
more than 152,000 repositories and then
examined cost-related changes in projects
using Terraform. The results showed that de-
velopers take the cost of cloud resources into
account both before and after deployment
and optimize it through service selection, re-
source allocation, and configuration changes
(Feitosa D. et al., 2024).

For distributed and microservice sys-
tems, observability is especially import-
ant, combining the analysis of metrics, event
logs, and distributed traces. Its economic
value is mainly related to reducing the time
required to detect and resolve failures and,
therefore, reducing the duration of the re-
sulting downtime.

Observability is closely related to the
Site Reliability Engineering (SRE) ap-
proach, which involves reliability manage-
ment based on measurable service quality
objectives. Its economic meaning is to pro-
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vide the required rather than the maximum
possible level of availability, since addition-
al reliability also requires additional infra-
structure costs.

Thus, modern engineering optimization
methods affect economic indicators in dif-
ferent ways. Consolidation and rightsizing
reduce excess capacity, while containeriza-
tion, autoscaling, and predictive algorithms
help adapt resources to workload changes.
Redundancy reduces potential losses from
failures, while Infrastructure as Code, ob-
servability, and SRE lower manual effort, im-
prove reproducibility, and support faster and
more economically justified reliability man-
agement.

Modern approaches to intelligent
and economic optimization
of IT infrastructure

The development of cloud technologies,
containerization, and distributed architec-
tures has changed the approach to IT infra-
structure optimization. Along with conven-
tional methods of reducing operating costs,
continuous infrastructure = management
based on data about its cost and technical
condition is becoming increasingly relevant.
Important areas include FinOps, the use of
artificial intelligence (AI) in IT operations,
the development of internal engineering plat-
forms, and intelligent energy management.



One of the key modern approaches is
Fin Ops, which involves joint management of
technology costs by engineering and business
departments. Its task is to reduce costs and
relate infrastructure costs to the business val-

ue created. According to the State of FinOps
2026, its practice already goes beyond public
clouds and covers cost management for Al,
Software as a Service (SaaS), licensing, private
clouds, and own data centers (fig. 2).

Figure 2. Areas of cost management in FinOps practice (FinOps, 2025)
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An important development of FinOps is
the use of unit economics, where the cost
of not the entire infrastructure, but a sepa-
rate unit of created result is evaluated. This
approach becomes notably relevant for Al in-
frastructure, since its cost is determined by
GPU usage, training and inference requests,
the volume of processed data, and other pa-
rameters.

Another rapidly developing area is AI for
IT Operations (AIOps), which means the
application of machine learning and other Al
methods to IT infrastructure operations. The
AIOps practice is used for anomaly detec-
tion, failure prediction, root cause identifica-
tion, and support of recovery actions (Diaz-
de-ArcayaJ., 2024). Its economic effect is
mainly associated with reducing specialist la-
bor costs and incident duration. Automated
analysis of metrics, logs, and traces makes it
possible to detect deviations faster and move
from responding to an already occurred fail-
ure to predicting potential problems.

The current stage of AIOps development
is also associated with the use of large
language models and autonomous Al
agents. Intelligent agents can interact with
cloud infrastructure, localize intentionally
created failures, and take actions to elimi-
nate them (Khlystun M., 2026). Fully auton-
omous management is still associated with
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significant risks, so for critical infrastruc-
ture a more realistic model is one in which
AT performs analysis and standard verifiable
operations, at the same time potentially dan-
gerous changes remain under the control of
a specialist.

The reduction of operating labor costs is
also connected with the development of plat-
form engineering. This approach involves
creating an internal platform that provides
product teams with standardized access to
computing resources, storage, databases, CI/
CD, observability, and other infrastructure
services.

Another direction is the combination of
economic and energy optimization. Within
Green Ops, reducing the number of idle re-
sources, consolidating computing workloads
or dynamically managing capacity make it
possible to reduce both energy consumption
and operating costs. Workload forecasting,
dynamic consolidation and migration of vir-
tual machines, as well as machine learning
methods can be used to manage the energy
consumption of cloud data centers.

Modern IT infrastructure is increasingly
optimized continuously based on technical
and economic data. Observability, AIOps,
automated platforms, and FinOps make it
possible to connect the state of the system,
engineering actions, and their financial effect,



while their use is justified only when the final
economic result is positive.

Conclusion

The economic efficiency of IT infrastruc-
ture is determined not only by the amount of
direct costs for equipment, cloud resources,
and maintenance, but also by how efficient-
ly computing capacity is used, how quickly
the system adapts to workload changes, and
how stable critical services are. Engineering
optimization makes it possible to influence
these parameters through consolidation and
rightsizing of resources, autoscaling, fault-
tolerant architectures, IaC, observability,
and SRE. Excessive reduction of resources
can increase downtime risks, while excessive

redundancy leads to unjustified growth of
operating costs.

Modern approaches develop this logic
through a closer connection between tech-
nical and economic data. FinOps increas-
es the transparency of technology costs
and makes it possible to relate them to the
business value created, AIOps expands the
possibilities for workload forecasting and
incident automation, while platform engi-
neering helps standardize and reduce re-
petitive engineering operations. As a result,
IT infrastructure optimization is gradually
becoming a continuous process in which
decisions are made taking into account
cost, utilization, reliability, and business
process requirements.
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