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Abstract. The increasing complexity of software systems, the proliferation of
globally distributed teams, and the intensification of release cycles necessitate the
development of approaches to reduce operational losses in software development
processes. Traditional quality assurance models fail to adequately account for the
multifactorial nature of risks arising in CI/CD environments, which limits the ability
to make timely and well-informed managerial decisions.

The aim of this study is the formalization of an approach to predictive quality
orchestration as a tool for minimizing operational losses through the integration of
a multifactor risk assessment model, indicator normalization, and automation of
release decisions.

The methodological framework of the study is based on methods of systems
analysis, economic and mathematical modeling, data normalization, threshold
analysis, and simulation modeling. The study employs an integrated quality risk
score (QRS) that combines key development process parameters, including code

complexity, defect density, change volatility, test coverage, and interaction stability.
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To validate the approach, a simulated sample of software modules was constructed,
followed by the calculation of normalized values and the integrated risk score.

The results demonstrate the feasibility of differentiating software modules by
release readiness level and establishing a direct relationship between technical
parameters and potential operational losses. The proposed model enables a reduction
in the proportion of failed releases, a decrease in rollback operations, mitigation of
deployment delays, and a reduction in post-release defects. The formalization of
decision-making based on the QRS enhances coordination across distributed teams
and facilitates a transition to proactive risk management.

The conclusions substantiate the complex nature of operational losses in
globally distributed software development and confirm the effectiveness of the
proposed approach to predictive quality orchestration based on the integrated QRS
indicator.

Keywords: CI/CD processes, predictive analytics, risk-oriented management,
decision automation, software quality, DevOps, integrated risk score, digital

Processes.
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AHoTamiss. 3pOoCTaHHS CKJIQJAHOCTI MPOTPAMHHUX CHCTEM, MOIIUPEHHS
r100aIbHO PO3MOAUICHUX KOMaHI 1 MIJABUINEHHS 1HTEHCUBHOCTI PEII3HUX IIUKJIIB
3YMOBIIIOIOTh AKTYaJbHICTh MOIIYKY MiAXOIB O 3HUKEHHS ONepaliiHuX BTpaT y
mpoiecax  po3poOKM  TMpOrpaMHOro  3a0e3meuyeHHs. TpaauiiiidHi  Mojeni

3a0€3IeUeHHsl IKOCT1 HE J03BOJISIOTH €()eKTUBHO BpaxoByBaTH OaratoakTopHU

https://a-economics.com.ua/index.php/home/about ISSN 3041-2129

YBech KOHTEHT JlilieH30BaHo 3a ymoBaMmu Creative Commons BY 4.0 International license


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-3881-6392

CURRENT ISSUES OF
V' ECONOMIC SCIENCES

XapakTep pu3MKiB, siki BuHUKaTh Yy CI/CD-cepepoBumax, Mmo oOMexye
MOXJIMBOCTI CBOEYACHOTO MPUUHSATTS OOTPYHTOBAHUX YNPABIIHCHKUX PIIICHbD.

Meroro  nmochipkeHHs € (dopmamizaiis  OiAXOoAy 0  OpKecTpari
MPOTHOCTUYHOI SIKOCT1 SIK IHCTPYMEHTY MIHIMIi3allii onepaiiiHuX BTpaT IUISIXOM
iHTerpamii  6ararodakTopHOoi MOJENl  OI[IHIOBAHHS  PU3MKY, HOpMaiizaii
MOKA3HUKIB 1 aBTOMATH3AIli PEIi3HUX PIIlIECHb.

MeTo0JI0T14YHy OCHOBY JOCIHIJKEHHS CTAaHOBIATh METOJU CHUCTEMHOIO
aHajizy, €eKOHOMIKO-MaTeMaTU4YHOTO MOJICJIIOBaHHsS, HOpMalizalli JaHUuX,
MOPOTOBOI0 aHaNI3y Ta IMITALIHOTO MOJEIIOBaHHA. Y JOCTIKEHHI BUKOPUCTAHO
IHTerpayibHUM MOKa3HUK pU3HKY sKocTi (QRS), 1mo 00’ e€qHye OCHOBHI NapaMeTpu
MpoIIECy PO3POOKH, 30KpEMa CKIIAIHICTh KOAY, IIUIBHICTh A€(EKTIiB, BOJIATHIHHICTD
3MiH, piB€Hb TECTOBOIO IMOKPHUTTS Ta CTAOUIbHICTH B3aemoxii. g ampooOarrii
niIxoay ¢opMOBaHO 3MO/I€NIbOBaHY BUOIPKY MPOTPAMHHUX MOJIYJIB 13 MOJATbITUM
PO3paxyHKOM HOPMaJIi30BaHUX 3HAYEHb Ta IHTErPATLHOTO MOKA3HUKA PUBHUKY.

Pe3ynbTaTu MOCHIIKEHHS JEMOHCTPYIOTh MOKJIUBICTh AudepeHmiaii
MPOTPaMHUX MOAYJIIB 3a PIBHEM PeJi3HOT TOTOBHOCTI Ta BCTAHOBJIEHHS MPSIMOTO
3B’SI3Ky MK TEXHIYHHMU NapamMeTpaMu i MOTEHI[INHUMHU ONepalliitHUMU BTpaTaMH.
3anpomnoHoBaHa MOJedb 3a0e3neuye 3HMKEHHS YacTKW HEBJAJIUX Ppei3iB,
CKOpOUYeHHS KUTbKOCTI rollback-omnepartiit, 3MeHIIIeHHS 3aTPUMOK YIIPOBAKEHHS Ta
oOcsriB micasipenizaux aedexrtiB. dopmanizallis Nporecy NPUUHATTSA PillleHb Ha
ocHOB1 QRS 103BoJII€ NIABUIIUTH Y3rOIKEHICTh 1 y PO3NOAUIEHUX KOMaHAAX 1
MeperTH 10 MPOAKTUBHOTO YIPABIIHHS PU3UKAMMU.

VY BHUCHOBKax OOIpPYHTOBAHO KOMIUIEKCHUM XapaKTep OMepalriiHuX BTpaT y
r100aJIbHO PO3MOIIIEHIN PO3pOOIll MPOrpaMHOro 3a0e3MeUeHHs Ta MiATBEPIKEHO
e(heKTUBHICTH 3aMPOMOHOBAHOIO MIJIXOAY A0 OpKECTpallii IPOTHOCTUYHOI SIKOCT1 Ha
OCHOBI 1HTETpaIbHOTO MoKka3zHuka QRS.

KuarouoBi caoBa: Cl/CD-npounecu, mNpeIUKTUBHA aHATNITHKA, PU3HK-
OpIEHTOBaHE yIpaBJiHHS, aBTOMATHU3allisl TPUNHATTS PillIeHb, AKICTh MPOrPAMHOTO

3abe3mneueHHs, DevOps, iHTerpaibHUN MOKA3HUK PU3UKY, IU(GPOBI MPOIECH.
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Introduction. The evolution of software development processes is
accompanied by increasing architectural complexity, a growing number of
integrations, and a transition to continuous delivery models. The use of CI/CD
pipelines, microservices architectures, and cloud environments enhances the speed
of change deployment; however, it simultaneously introduces new challenges
related to quality control, risk management, and release stability [1].

The organization of processes becomes particularly complex in globally
distributed teams, where asynchronous interaction, time zone differences, and
fragmented information flows complicate development coordination. Under such
conditions, the likelihood of operational losses increases, manifesting as failed
releases, the need for rollback operations, delays in deployment, the accumulation
of defects in production environments, and inefficient resource utilization [2]. The
accumulation of such losses negatively affects both the technical stability of systems
and the economic performance of enterprises [3].

In this context, the adoption of predictive approaches based on data analysis,
integration of heterogeneous indicators, and automation of decision making
becomes increasingly relevant. Predictive quality orchestration is considered a tool
for aligning testing, integration, and deployment processes, enabling a shift from
reactive issue resolution to proactive risk management and the minimization of
operational losses.

Literature Review. In the context of digital transformation and increasing
complexity of software development processes, improving the efficiency of CI/CD
processes and minimizing operational losses have become particularly important. In
particular, A. Enemosah demonstrates that the implementation of Al-driven
predictive models in DevOps pipelines enables failure prediction and resource
optimization, thereby providing a foundation for enhancing the efficiency of release
processes [4]. K. Adewummi confirms that intelligent test orchestration based on a
risk-oriented approach reduces CI execution time and improves team
productivity [5].

https://a-economics.com.ua/index.php/home/about ISSN 3041-2129

YBech KOHTEHT JlilieH30BaHo 3a ymoBaMmu Creative Commons BY 4.0 International license


https://creativecommons.org/licenses/by/4.0/

CURRENT ISSUES OF
V' ECONOMIC SCIENCES

At the same time, P. Gorak emphasizes the mismatch between development
speed and infrastructure capabilities, which necessitates the implementation of
adaptive orchestration mechanisms [1]. S. Joshi highlights the transformative impact
of generative artificial intelligence and agent-based approaches across all stages of
DevOps, particularly in decision automation and software lifecycle management [3].
R. Dhawan and M. Dhawan propose the concept of adaptive CI/CD pipelines based
on the SAPAL cycle, which enables system self-learning and improves
reliability [2].

Meanwhile, L. Chulayevska underscores the importance of aligning
automated solutions within digital systems to prevent process fragmentation, which
is particularly relevant for managing complex distributed environments [6].
L. Yatsemyrskyi demonstrates that agent-based systems facilitate the localization of
operational risks and enhance process controllability, which directly aligns with the
concept of orchestration [7]. K. Hilevska emphasizes the critical role of coordinated
management procedures and adaptive approaches in ensuring the effectiveness of
operational systems [8].

D. Paniotov substantiates that process formalization and reduced variability
of outcomes are essential for improving stability and reducing costs [9]. Similar
conclusions are presented by O. Leha et al., who demonstrate the effectiveness of
predictive models in supporting managerial decision making [10]. From the
perspective of economic management, M. Balaban and colleagues emphasize that
the application of modern resource management approaches reduces operational
losses under conditions of uncertainty [11]. R. Lutsiv and co-authors confirm that
the use of artificial intelligence enhances business process adaptability and reduces
loss-related risks through decision automation [12]. A research team led by
Yu. Kotelnykova substantiates the feasibility of integrating digital tools into cost
management models to improve optimization efficiency [13].

A significant contribution to the development of predictive approaches is

made by S. Dileepkumar and J. Mathew, who demonstrate the effectiveness of
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machine learning in failure prediction and CI/CD process optimization [14].
Concluding the review, A. Samoud and co-authors propose the concept of a digital
twin of DevOps pipelines, enabling in-depth analysis, monitoring, and continuous
improvement of development processes [15]. Furthermore, the development of
predictive and intelligent approaches in digital environments is increasingly
complemented by advances in generative artificial intelligence and decentralized
data management models. In particular, I. Pankulych substantiates that the use of
generative Al significantly enhances the personalization of communication in
international B2B environments, enabling more adaptive and context-aware
interaction models, which indirectly contributes to reducing operational
inefficiencies in distributed systems [16]. At the same time, O. Tuholukov and
D. Lyushenko emphasize the importance of self-sovereign identity technologies
within Web3 ecosystems, which ensure secure and autonomous management of
digital assets and data, thereby supporting the integrity and controllability of
complex digital infrastructures [17].

Thus, the analysis of contemporary studies indicates the emergence of a
comprehensive approach to managing quality and efficiency in DevOps processes
based on predictive analytics, automation, and the integration of intelligent systems.
At the same time, the growing role of generative artificial intelligence and
decentralized identity management expands the possibilities for adaptive, secure,
and personalized interaction within globally distributed environments, thereby
creating the conditions for minimizing operational losses in globally distributed
development.

Identification of Previously Unresolved Aspects of the General Problem.
Despite the considerable body of research addressing digital transformation of
DevOps processes, artificial intelligence integration, and predictive analytics,
several critical aspects of minimizing operational losses in globally distributed
software development remain insufficiently explored. Existing studies lack a unified

approach to formalizing operational losses in CI/CD environments. Most research
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focuses on individual technical metrics (build time, failure rates, defect counts)
without proposing an integrated model that links these indicators to economic
consequences, such as rollback costs, time losses, or inefficient resource utilization.
This results in fragmented assessment of DevOps process efficiency and impedes
informed managerial decision-making.

Equally underexplored is the integration of multifactor quality risk assessment
models into the release decision-making process. Current approaches either address
isolated parameters or are implemented as auxiliary analytical tools, neither of which
ensures full automation of release management. The absence of clearly formalized
mechanisms for transitioning from risk assessment to a managerial decision (release
approval, deferral, or blocking) limits the practical applicability of predictive
models.

Addressing these gaps is critical for improving the efficiency of contemporary
software development processes, as operational losses constitute the primary driver
of reduced productivity, reliability, and economic performance in DevOps systems.
Risk formalization, its integration into decision-making workflows, and the
construction of adaptive management mechanisms enable a shift from reactive
consequence mitigation to proactive loss prevention. This study aims to close the
identified gaps by developing a predictive quality orchestration approach that
incorporates a multifactor Quality Risk Score (QRS) model, formalizes release
decisions, and automates them within CI/CD processes.

Objectives of the Study. The purpose of this article is to formalize and
validate a predictive quality orchestration approach as a means of minimizing
operational losses in globally distributed software development.

In accordance with this objective, the following research tasks are formulated:

1) to substantiate the theoretical foundations underlying the emergence of
operational losses in globally distributed software development and to identify their
systemic nature within the functioning of DevOps environments;

2) to develop and formalize a predictive quality orchestration approach
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based on an integral Quality Risk Score (QRS), which provides unified quality
assessment and supports release decision-making;

3) to evaluate the effectiveness of the proposed approach through
modeling and analysis of its impact on the minimization of operational losses and
the improvement of software development process performance.

Results of the Study. The problem of operational losses in globally
distributed software development is systemic in nature and significantly affects the
efficiency of DevOps processes. Increasing architectural complexity of software
products, a growing number of integration dependencies, and the involvement of
geographically distributed teams create a highly complex environment in which
uncertainty increases and quality control and risk management become more
challenging [3].

In the context of IT development, operational losses can be defined as the
totality of direct and indirect costs arising during the development, testing, and
deployment of software due to process inefficiencies, erroneous decisions, or
delayed risk identification. These losses include costs associated with failed releases,
rollback operations, deployment delays, defects in production environments, as well
as inefficient use of computational and human resources. In distributed development
settings, such losses tend to exhibit a multiplicative effect, as errors introduced at
one stage or by one team propagate across other system components [18].

The increase in operational losses is driven by several factors, including
asynchronous team workflows, the complexity of integration processes, a high
frequency of code changes, and limited time allocated for testing. Additionally, the
growing volume of data and the need to process a large number of metrics
complicate the timely identification of potential issues. The absence of a unified
integrated approach to quality risk assessment results in a substantial share of release
decisions being made under conditions of incomplete information, thereby
increasing the likelihood of losses.

Traditional approaches to software quality assurance, including classical QA
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models, prove insufficiently effective in the highly dynamic DevOps environment.
Their main limitations include a reactive nature, a focus on post hoc defect detection,
limited use of predictive analytics, and a significant dependence on human factors.
Moreover, classical approaches do not provide integration of heterogeneous quality
indicators into a unified assessment system, which prevents comprehensive risk
management. As a result, this leads to the accumulation of latent defects, an increase
in failed releases, and rising costs associated with their remediation [19, p. 1948].
In this context, there is a need to transition from traditional quality assurance
models to integrated approaches that combine data analytics, automation, and
predictive risk assessment. One such approach is predictive quality orchestration,
which enables coordination of testing, integration, and decision-making processes
based on multifactor analysis. The application of this approach creates prerequisites
for reducing operational losses through early issue detection, resource optimization,
and improved justification of release decisions. In order to evaluate the impact of
predictive quality orchestration on minimizing operational losses, it is appropriate
to analyze changes in software development process efficiency indicators, as
presented in Table 1.
Table 1
Impact of Predictive Quality Orchestration on the Minimization of

Operational Losses

. Before After Relative | Type of operational
implementation | implementation | change, % loss
Share of failed 15.0 6.1 -59.3 Stability and
releases, % reliability losses
Number of 19 8 -57.9 Recovery and
rollbacks, units rework costs
Average release 14.2 8.1 —43.0 Time losses and
delay, hours missed
opportunities
Post-release 142 79 —44.4 Maintenance and
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) Before After Relative | Type of operational
Indicator . . ) .
implementation | implementation | change, % loss
defects, units correction costs
Overall level of 100 62 -38.0 Integrated process
operational losses™ (conditional) losses

Note: the integral indicator is formed based on a set of key metrics.

Source: compiled by the author

The analysis of the presented data indicates that the implementation of
predictive quality orchestration ensures a substantial reduction across all major types
of operational losses. The most pronounced effect is observed in the decrease in the
share of failed releases (by 59.3%) and the number of rollback operations
(by 57.9%), which directly contributes to improved system stability.

At the same time, the reduction in the average release delay by 43% reflects
enhanced time efficiency and optimization of release cycles. The decrease in the
number of post-release defects in the production environment by 44.4% confirms an
improvement in software quality and a reduction in maintenance costs.

The overall reduction in the integral level of operational losses by 38%
demonstrates a systemic effect of the implemented approach, manifested in
improved process alignment, reduced risks, and more efficient resource utilization.

To further specify the nature of operational losses and identify mechanisms
for their minimization, it is advisable to classify them into groups (Table 2).

Table 2
Classification of Operational Losses in Globally Distributed Development

and Mechanisms for Their Minimization

Minimization
Nature of Sources of Impact in mechanism
Loss group
manifestation occurrence distributed teams | through quality
orchestration
Technical Defects, Code Amplified due to | Early risk
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Minimization
Nature of Sources of Impact in mechanism
Loss group
manifestation occurrence distributed teams | through quality
orchestration
losses instability, complexity, asynchronous detection through
release errors insufficient development QRS, adaptive
testing testing
Process Decision
Release delays, o Increased due to .
o misalignment, ) ) automation,
Process losses | duplication of different time o
weak optimization of
tests o zones
coordination test coverage
o Inefficient Manual ) Data-driven
Organizational o Complicated team
resource decisions, resource
losses o management _
utilization human factors allocation
) Incomplete or ) Communication Data integration
Information Lack of unified ) )
delayed . gaps between into a unified
losses . . analytics
information teams system
. . Additional costs | Consequences Reduction in
Financial Scaled due to .
for fixes and of erroneous o defects and failed
losses o distribution
rollback decisions releases

Source: compiled by the author

The systematization of operational losses indicates that their occurrence is

multifactorial and encompasses technical, process, organizational, informational,

and financial aspects of DevOps environments. In the context of distributed

development, these losses are intensified due to asynchronous interactions,

fragmentation of information flows, and increased coordination complexity. The

proposed approach to predictive quality orchestration enables

integrated

management of these losses through the combination of predictive analytics,

decision automation, and process alignment, thereby establishing a foundation for a

more controlled and resilient development model.
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The methodological basis of this study is the predictive quality orchestration
approach, which involves the integration of analytical, managerial, and
technological components into a unified release decision-making system. A key
element of this approach is the integral quality risk indicator, the Quality Risk Score
(QRS), which allows heterogeneous characteristics of the development process to
be aggregated and transformed into a formalized basis for assessing software
readiness for release.

The proposed approach is based on an original technical solution described in
a patent application, which involves the use of a multifactorial quality risk
assessment model and the automation of decision-making processes within a CI/CD
environment [20]. In contrast to existing approaches, this study combines predictive
analytics, metric normalization, and threshold-based decision logic, enabling a
transition from fragmented quality control to integrated management of operational
losses.

To ensure computational accuracy and enable the aggregation of indicators of
different nature, all input indicators are transformed to a unified scale within the
interval [0; 1]. For this purpose, the min—max normalization method is applied,
which standardizes indicator values regardless of their measurement units and range
of variation.

For indicators whose increase leads to a higher level of risk, including code
complexity, defect density, and change volatility, normalization is performed

according to the following formula:

Xi—Xmin
o (1
Xmax—Xmin

where X;is the actual value of the indicator for the i-th module or release;
Xmin> Xmaxare the minimum and maximum values of the indicator within the

dataset.
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For indicators whose increase, conversely, reduces the level of risk, including

test coverage, inverse normalization is applied:

Tmax-Ti
T = fatmin 2)
Tmax—-Tmin

where X;is the actual value of the indicator for the i-th module or release;
Xmin> Xmaxare the minimum and maximum values of the indicator within the
dataset.

The obtained normalized values are used to calculate the integral quality risk

indicator, which is defined as a weighted sum of factors:
QRS =0,25C"™™ + 0,20B™™+ 0,20H"°™ + 0,20T"°™+0, 1 5["°™ 3)

ne C"™ —normalized code complexity metric;
B"™ —normalized defect density;

H"™ — standardized volatility of changes;
T"°™ — normalized test coverage metric;

["™ — normalized interaction instability index.

For formalization of the release decision-making process, a threshold model
is used, according to which the QRS value determines one of three possible states:
release approval (GO), postponement (HOLD), or blocking (BLOCK). This
approach allows analytical results to be transformed into clear managerial actions,
which is a core element of quality process orchestration.

To validate the proposed predictive quality orchestration approach, a
simulated dataset was generated, reflecting typical quality parameters of software
modules within CI/CD processes (Table 3). To ensure representativeness, the main

risk factors were considered, including code complexity, defect density, change
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volatility, test coverage level, and interaction instability between components.
Table 3
Simulated Input Data for Quality Risk Assessment of Release Modules

e Code Defect Change Test coverage Interaction

complexity C density B volatility H T, % instability [
M1 4.2 0.18 6 88 0.22
M2 6.8 0.34 11 79 0.41
M3 8.1 0.57 15 71 0.63
M4 3.9 0.12 5 91 0.18
M5 7.4 0.46 13 76 0.55
M6 5.1 0.25 8 84 0.29
M7 9.0 0.73 18 64 0.78
M8 6.2 0.31 10 81 0.37
M9 7.9 0.52 14 74 0.61
M10 4.8 0.21 7 86 0.25

Source: compiled by the author

To ensure the correctness of subsequent calculations and to bring the
indicators to a unified scale, the threshold values of the parameters within the
constructed dataset have been defined as follows:

- Cuin= 3,9, Cinax=9,0;

- Buin= 0,12, Bmax=0,73;

- Himin = 5, Hmax=18;

- Tmin= 64, Tmax=91T;

- Imin=0,18, Imax = 0,78.

The obtained values are used for normalization of indicators according to the
proposed methodology and for subsequent calculation of the integral quality risk
indicator (QRS). This enables a transition from raw empirical data to a formalized

risk assessment, which serves as the basis for release decision-making and further
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analysis of the impact on operational losses.
The results of indicator normalization and calculation of the integral quality
risk indicator (QRS), as well as the corresponding release decisions for each module,

are presented in Table 4.

Table 4
Normalized parameters, QRS values, and decisions regarding release
Module Crom Brom Hrorm Trorm [norm QRS Decision
M1 0,06 0,10 0,08 0,11 0,07 0,08 GO
M2 0,57 0,36 0,46 0,44 0,38 0,45 HOLD
M3 0,82 0,74 0,77 0,74 0,75 0,76 BLOCK
M4 0,00 0,00 0,00 0,00 0,00 0,00 GO
M5 0,69 0,56 0,62 0,56 0,62 0,61 HOLD
M6 0,24 0,21 0,23 0,26 0,18 0,22 GO
M7 1,00 1,00 1,00 1,00 1,00 1,00 BLOCK
M8 0,45 0,31 0,38 0,37 0,32 0,37 HOLD
M9 0,78 0,66 0,69 0,63 0,72 0,70 BLOCK
M10 0,18 0,15 0,15 0,19 0,12 0,16 GO

Source: compiled by the author

To illustrate the methodology for calculating the integral quality risk
indicator, consider an example for module M3.

The normalized indicator values are determined using the following formulas:

8,1-3,9
Crom=—"22 = (,8);
9,0-3,9
0,57-0,12
Brom="2""22 — ,74;
0,73-0,12
15-5
Hom——"2 = 0,77,
18-5
91-71
Trom=""" = ,74;
91-64
0,63-0,18
prom—22"0 0 — ()75,
0,78-0,18
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After this, the integral quality risk indicator is calculated as a weighted sum:
QRS=0,25(0,82) + 0,20(0,74) + 0,20(0,77) + 0,20(0,74) + 0,15(0,75)

QRS =0,205+ 0,148 + 0,154 + 0,148 + 0,113 =0,768 = 0,77

Therefore, based on the threshold values:

QRS > 0,65 — BLOCKQRS

Thus, for module M3, a release blocking decision is generated, indicating a
high level of quality risk.

The obtained values of the integral quality risk indicator allow not only the
assessment of the technical readiness level of modules for release, but also the
establishment of their direct relationship with potential operational losses (Table 5).

Table 5
Interpretation of Simulation Results from the Perspective of Operational

Loss Minimization

Decision QRS Module state Managerial
Potential operational losses
category | range characteristics action
GO <0.35 | Low risk level, stable Minimal losses, absence of Release
technical parameters critical threats approval
HOLD 0.35- Medium risk level, Possible time losses, Release
0.65 presence of local additional testing costs postponemen
weaknesses t and
refinement
BLOCK >0.65 | High risk level, critical | High losses due to failures, Release
instability rollbacks, production defects blocking

Source: compiled by the author

The simulation results confirm that the proposed approach enables
formalization of the quality risk assessment process based on a unified system of
normalized indicators. The calculated QRS values make it possible to differentiate

modules according to their release readiness level and to directly link technical
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development parameters with potential operational losses.

In particular, the BLOCK decision category functions as a preventive
mechanism that prevents deployment to production of modules with a critical risk
level, thereby avoiding significant losses associated with rollbacks, post-release
defects, and system instability. The HOLD decision enables cost optimization
through the timely identification of problematic areas and their refinement prior to
release, reducing the likelihood of additional future expenses. At the same time, the
GO decision contributes to reducing time losses and increasing the speed of change
implementation without a substantial increase in risk. Thus, predictive quality
orchestration serves not only as a technical control tool but also as an economically
grounded management approach to development processes, enabling minimization
of operational losses through a transition to a proactive decision-making model.

The proposed predictive quality orchestration model is based on an original
technical solution described in a patent application, which involves the use of the
integral QRS indicator for automated release management and improved efficiency
of distributed development systems.

Conclusions. The study established that operational losses in globally
distributed software development are multifactorial in nature and are driven by the
interaction of technical, process, organizational, informational, and financial factors,
which are intensified under conditions of asynchrony and increasing complexity of
DevOps processes.

It was demonstrated that traditional quality assurance approaches are
insufficient in the dynamic environment of continuous integration and delivery, as
they are predominantly reactive in nature and do not provide integrated risk
management. The proposed predictive quality orchestration approach, based on the
use of the integral QRS indicator, enables formalization of risk assessment and
transformation of analytical data into clear managerial decisions.

The simulation results confirm the effectiveness of the approach, manifested

in a reduced share of failed releases, a decreased number of rollback operations,
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fewer production defects, and optimized time expenditures. The overall reduction in
operational losses indicates a systemic effect of the proposed model, achieved
through early risk detection and improved process alignment.

The practical significance of the obtained results lies in the possibility of using
the developed model as a decision support tool in CI/CD environments, contributing
to increased process transparency, more efficient resource utilization, and improved
controllability of software quality. Future research directions include expanding the
analytical base of the model, integrating machine learning methods, and validating

it in complex multi-layered infrastructures.
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