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METHOD FOR BALANCING MULTISUBJECT POLYFACTORIAL ENVIRONMENTS
OF SOFTWARE PRODUCTS’ COMPLEX SUPPORT

Within the scope of current research, the scientific and applied problem of balancing multisubject polyfactorial
environments of software products’ complex support was considered, in the context of a more global scientific and applied
problem of automation and intellectualization of the complex support of software products, as well as a human-machine
interaction. The relevant object of research in this work — is the process of balancing multisubject polyfactorial environments
of software products’ complex support. An appropriate method has been developed to ensure the possibility of balancing
(and further potential automation of these processes) of multisubject polyfactorial environments, which provides the
possibility of solving the declared scientific and applied problem of current research. In particular, the necessary algorithm
for balancing the investigated multisubject polyfactorial environments has been developed, as well as the corresponding
basic mathematical model, which provides the possibility of interpreting, researching, and modelling the processes of
balancing of the multisubject polyfactorial environments of software products’ complex support. A practical approbation of
the developed method has been carried out on the example of solving the experimental applied problem of identification and
monitoring “of-the-trend” dynamics of the deficient component during the automated balancing of the investigated
multisubject polyfactorial support environment of the research software complex. The prospects for further research
directions related to possible ways of potential improvement(s) and enhancement(s), as well as practical application of the
developed method (for balancing multisubject polyfactorial environments of software products’ complex support), have
been considered. In particular, as one of the potential directions of further research, we see the development of additional
algorithmic and software supply that would ensure possibilities for better modelling the researched processes of various
balancing multisubject polyfactorial environments for different software’s complex support, in order to find potential

evolution ways of the proposed concept.

Keywords: software, comprehensive software support, balancing of software support environments, intellectualization

of comprehensive software support.

Introduction

The modern world is filled with a variety of software
tools and systems aimed at simplifying people’s lives.
However, the number and complexity of such software
products continue to grow relentlessly, generating new
challenges for researchers. One of these challenges is the
subjectivity in the perception of both the software products
themselves and the processes of interaction with them
(united under the concept of “comprehensive support”) by
the subjects directly implementing the components of such
support. These subjects ensure the correct operation and
viability of the software in today’s aggressive and
competitive information technology (IT) market. At the
same time, the main complexity and problem of
comprehensive software support lie in the fact that it is
carried out by different subjects (members of the respective
teams: developers, testers, business analysts, system
engineers, etc.), each of whom has their own subjective,
personalized “vision” (or perception) of the support object —
whether it is the software product itself or the processes
involved in its comprehensive support. In turn, this

personalized perception by the subjects is shaped by
differences in the proportion of influence exerted by each
factor (from the common set of influencing factors shared by
all subjects). For one subject, certain factors may be
dominating and dominant, while for another — completely
different ones may prevail. As a result, we observe an
imbalance in the entire network (group, team, or in general —
the whole multisubject environment) of subjects involved in
comprehensive software support, which leads to negative
consequences and related support issues. Hence arises a
relevant applied scientific problem.

The object of the study is the process of balancing
multisubject polyfactor environments of comprehensive
software support.

The subject of the study is the methods and tools of
software and computer simulation, as well as artificial
intelligence methods and tools.

The aim of this paper is to develop a method for

environments  of
which  will

improvement in the balance of such environments and,

balancing multisubject polyfactor

comprehensive software support, enable
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consequently, enhance the quality of the support provided
within them.

To achieve this goal, the following main research tasks

were set:

e To analyze the subject area of balancing multisubject
polyfactor environments of comprehensive software
support.

® To develop an algorithm for balancing multisubject
polyfactor environments of comprehensive software

support.
e To create a basic mathematical model for balancing
multisubject polyfactor environments of

comprehensive software support.

e To conduct practical testing of the proposed method

by solving an experimental applied task.

This paper presents the complete development process of
a method designed to address the declared applied scientific
problem of balancing multisubject polyfactor environments
of comprehensive software support.

Analysis of recent studies and publications. The analysis
of recent studies and publications was carried out across
several key research directions, such as:
automation of components of comprehensive software support
(DevOps and Agile methodologies);

e software testing; incident handling); issues of human-

machine interaction;

e problems related to influencing factors on the

components of the comprehensive software support;

e as well as, the study of multisubject polyfactor

environments where such comprehensive support of
any software products is directly implemented.

Such a comprehensive approach to research analysis
enables a deep and representative understanding of the overall
problem domain. In particular, regarding the topic of
automation in comprehensive software support components,
the following papers should be noted. Paper [1] provides a
general overview of the current state of application of DevOps
automation practices, while paper [2] offers a deeper insight
into modern DevOps trends by exploring their integration with
generative artificial intelligence technologies. Meanwhile,
paper [3] addresses the highly relevant issue of automating the
development of the component of comprehensive software
support through the integration of an Al-based program code
analysis subsystem. At the same time, another fundamental
component of comprehensive software support — software
testing — although arguably one of the oldest, continues to
evolve. This is confirmed by studies in papers [4] and [5], in
which the authors propose relevant optimization solutions
based on artificial intelligence and virtual reality technologies,
respectively.

Additionally, another key area of automation within the
context of comprehensive software product support is
incident processing — both “external” (originating from end
users, clients, or customers of the software) and “internal”
(created internally by employees of the companies
developing these software products). For instance, the author
of paper [6] studied the possibilities of automated incident

response using machine learning and artificial intelligence
technologies within the DevOps methodology. Another
study [7] focused on predictive incident management, also
applying machine learning methods and tools. Meanwhile,
the authors of paper [8] conducted a comprehensive review
of the use of machine learning approaches in systems for
software users request registration and handling. An
additional noteworthy study of incident processing [9]
presents a practical solution for technical support
management, aimed at enhancing service delivery in a
technical university setting. The authors of [10] carried out
an in-depth investigation into the use of generative Al in
technical support systems.

At the same time, within the research domain of human-
machine interaction, several recent works have made valuable
contributions. For example, [11] offers a thorough analysis of
human-machine interaction and augmented intelligence in the
paradigm of interactive machine learning in educational
software. Paper [12] provides a systematic literature review on
artificial intelligence in human-machine interaction, while in
[13] the authors present practical guidelines for combining
human-machine interaction with Al

Moreover, various influencing factors undoubtedly play
a significant role in the context of comprehensive software
support and the study of multisubject polyfactor
environments associated with such support, as they affect
comprehensive software support processes in one way or
another, to a greater or lesser extent. For instance, the authors
of paper [14] propose a tool comprising 79 elements across
13 different social and human influence factors to measure
perception of these influences on software development
performance. In [15], the authors conduct a comprehensive
analysis of literature in the context of influence factors from
two generalized categories: organizational and human,
impacting software development productivity in deve-
lopment companies. In [16], the authors examine factors
affecting the implementation of secure software
development lifecycle (SSDLC) practices in small and
medium-sized companies practicing remote work.

While the state of research regarding the previously
discussed key directions appears quite promising (in the
context of ongoing scientific investigations within those
areas), the situation is somewhat more complex when it
comes to the study of multisubject polyfactor environments
of comprehensive software support. This complexity stems
from the relatively limited number of existing studies on the
topic. Among the few available studies, references [17-20]
consider such environments only as technological or
technical constructs — sets of tools or components — without
accounting for the subject dimension. In other words, they
fail to take into account the presence of human or
organizational actors who, alongside the technical
components, actively participate in the support processes and
thereby shape these very multisubject polyfactor support
environments.

Based on this comprehensive analysis of current research
and publications in the context of the studied issues, the
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following can be concluded: the automation and intelligent
enhancement of each component of comprehensive software
product support is a highly relevant applied scientific
problem today, particularly in the context of human-machine
interaction. However, the influence factors affecting the
subjects responsible for delivering this support remain
significantly underestimated. This results in evident research
gaps, particularly in studies that could facilitate the
resolution of derivative applied scientific problems and
challenges associated with multisubject polyfactor
environments of comprehensive software support, including
the issue of balancing such environments.

On a more optimistic note, some progress has been
made to fill this research gap. Notably, study [21]
proposes a method for generating individual polyfactor
“profiles” (or models) of support agents using a multilayer
perceptron. The creation of such individual polyfactor
profiles for all agents involved in the studied multisubject

eclaration of input data regarding: the
support object: support subjects;
influence factors.

3
>

Preparation of the model of the current
multisubject polyfactor environment
(MSPE)

:lteration through all subjects:>
(i=1; i++; i>ns)

Formation of the individual
polyfactor profile (IPP) of the current
subject S[i][f1...fnf]

Encapsulation of the IPP of
the current subject into the
model of the current MSPE

Formulation (or
adjustment) of the
balancing task

©

environment enables further exploration of the balancing
problem, which is discussed in greater detail in the next
section of this paper.

Research results and their discussion

The initial stage and primary step in addressing the
declared problem of balancing multisubject polyfactor
environments of comprehensive software support is the
development of an appropriate balancing algorithm.
Specifically, Fig. 1 below presents a block diagram of the
developed algorithm.

The next step in solving the stated problem of balancing
multisubject polyfactor environments of comprehensive
software support is the development of a corresponding
baseline mathematical model, which consists of a set of
expressions (1)—(4) described and explained in detail further
below.

O

Does the current
environment satisfy the
balancing task?

YES

Identification of the factor fM with|
the maximum imbalance in the
current MSPE model

<Iterati0n through all subjects:>
(i=1; i++; i>ns)

Identification of subject S[m] with the
maximum value of factor fM in its IPP

Reduction of the impact
share of factor fM in the IPP|
of subject S[m]

End

Fig. 1. Block diagram of the balancing algorithm for multisubject multifactor environments of software products comprehensive support

In particular, expression (1) below represents the model
of a multisubject polyfactor environment (of comprehensive
software support), which is formed on the basis of the
individual polyfactor profiles of all the actors constituting
this environment:

1 ns . -
MPS:{—ZIPS[[Q],FLnf}, (1
ns i

where MPS — a variable-identifier denoting the studied
multisubject polyfactor environment (comprehensive
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support for the software product under consideration);
IPS[) — the share of influence of the j-th factor within the

individual polyfactor profile of the i-th subject (within the
studied multisubject polyfactor environment); ns— the
number of subjects forming the studied multisubject
polyfactor environment; nf— the number of influence
factors shaping the individual polyfactor profile of each
subject (within the studied multisubject polyfactor
environment).

Expression (2) below represents the identification of the
imbalance level (in general, although component-wise
identification is also possible) compared to the acceptable
level of imbalance, which is determined / set by the current
conditions of the balancing task (either during its initial
formulation or during subsequent adjustment):

MP. S[dixbalunce] = fMaxF(MPS)—-A ,

Imbalance
where MPSjimbaiance) — the identified level of imbalance (in
this particular case — in general, although it is also possible
to identify imbalance for each individual component, which
in such a case would be additionally indexed in the upper
register) of the current studied multisubject polyfactor
environment; fMaxF — a function for identifying the
potential factor of maximum imbalance (for the current
studied multisubject polyfactor environment); A — the
acceptable imbalance value, established by the current
conditions of the balancing task.

Expression (3) below details the function for detecting a
potential factor of maximum imbalance:

fMaxF (MPS) =

2)

{MPS

| MPS > MPS, i ellaf )iz i j=Lnf ), ()

Ll
where MPS[ s the value of the share of influence of the

J-th factor within the current studied multisubject polyfactor
environment (i.e., the software product under study).

I Factor 1 M Factor 2 [ Factor 3
B Factor 7 [ Factor 8 M Factor 9

The following expression (4) represents the identification
of the subject with the maximum value of the indicator of a
specific factor of influence (denoted as “fM”), the share of
influence of which was returned by the previously described
function fMaxF"

IPS|[" = IPS])

((J=Lns) (i elnf ) A (1S = fMaxF (MPS))), ()

where k — a variable-identifier of the subject whose share
of influence of the fM-th factor must be reduced (within
the current balancing cycle, in the context of the current
multisubject polyfactor environment under investigation).

Thus, expressions (1)—(4) represent the developed basic
mathematical model for balancing multisubject polyfactor
environments of comprehensive software product support. In
turn, the developed algorithm for balancing multisubject
polyfactor environments of comprehensive software product
support, along with the above mathematical model,
collectively form the fundamental basis of the developed
method for balancing multisubject polyfactor environments
of comprehensive software product support.

At the same time, the final stage in the development of
the proposed method is its validation through solving a
practical applied task — identifying and monitoring the trend
dynamics of a deficit component during the balancing
process of the investigated multisubject polyfactor
environment of support. The solution to this declared
experimental task is carried out in several stages (fully
aligned with the developed and presented algorithm for
balancing multisubject polyfactor environments of
comprehensive software support), the first of which is the
construction of individual polyfactor profiles for all the
subjects that form the studied multisubject polyfactor
environment of software support and are involved in the
given applied task. Fig. 2 below presents a graphical
interpretation of the obtained individual polyfactor profiles
of the subjects in the environment.

[0 Factor 4 M Factor 5 [ Factor 6
M Factor 10 [0 Factor 11 I Factor 12

100%
90%
80%-
70%-
60%-
50%-
40%-
30%-
20%-
10%-

0%+—

Subject. 1 Subject 2

Subject 3 Subject 4

Fig. 2. Graphical interpretation of the obtained individual polyfactor profiles of the subjects in the studied environment
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Fig. 2. Graphical interpretation of the obtained individual polyfactor profiles of the subjects in the studied environment (continued)
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The next stage is the formation of a generalized profile of
the current multisubject polyfactor environment of
comprehensive support (based on the previously obtained

W Factor |
B Factor?7

B Factor 2
[J Factor 8

[] Factor3
B lactor9

individual polyfactor profiles of all its constituent subjects),
with its corresponding graphical interpretation shown below
in Fig. 3.

"] Factor4 M Factor 5
M Factor |0 [ Factor ] 1]

7 Factor6
B Factor |2

0.100-
0000+
0080+
0070+~
0,060+

00501
0.0401
00301
00201

0.0104
0.000

Environment

Fig. 3. Graphical interpretation of the obtained generalized profile of the current studied multisubject polyfactor environment

The final stage of solving the declared practical applied
task is the identification and monitoring of the trend
dynamics of the deficit component during the balancing
process of the studied multisubject polyfactor support
environment.

It is worth noting that multisubject polyfactor support
environments of any software products are closed systems.
A specific feature of such systems is that regulating one part
inevitably results in a deficit in other parts. In practice, in the
context of balancing multisubject polyfactor environments,
this means that reducing the influence of a dominant factor
will automatically induce the rise of another (or several

other) factors, which in turn may lead to a reduction in yet
another factor (or factors), etc. This is a natural and normal
process (one that should not be feared or “fought against™)
for closed systems such as the multisubject polyfactor
environments of comprehensive software support considered
in this study.

Below, in Fig. 4, a graphical visualization of the
generalized trend dynamics of the deficit component in the
studied multisubject polyfactor environment is presented
(based on test cases [001]-[100]), without factor-by-factor
detailing — that is, without specifying the unique identifier
(ordinal number) of the factor, but showing only its value.

B Trend dynamics of the deficit component

0.070+

0.060 1,
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0.040

0.030 i 1 1

0.020~

0.010 1

0.000 RaNEmaERaass
1 7

|
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Fig. 4. Graphical visualization of the generalized trend dynamics of the deficit component
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Meanwhile, Fig. 5 presents a detailed (factor-by-factor)  balancing of the studied environment, indicating not only the
trend dynamics of the deficit component during the factor value but also its unique identifier.

Factor-by-factor dynamics of the deficit component (test cases [01]-[25])

m Factor] M Factor2 [] Factor3 [1]Factor4 M Factor5 @ Factor6
W Factor7 [JFactor8 M Factor9 M Factorl(0 []Factorl]l m Factorl2

0.0701

0.060
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0.040

0.030

0.0201

0.0101

0.000

Factor-by-factor dynamics of the deficit component (test cases [25]-[50])
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0.000

Factor-by-factor dynamics of the deficit component (test cases [50]—[75])
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Fig. 5. Graphical visualization of the factor-by-factor dynamics of the deficit component
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Factor-by-factor dynamics of the deficit component (test cases [75]—[100])
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Fig. 5. Graphical visualization of the factor-by-factor dynamics of the deficit component (continued)

Thus, the declared experimental applied task of
identifying and monitoring the trend dynamics of the deficit
component during the balancing of the studied multisubject
polyfactor support environment has been successfully
resolved. In turn, the resolution of this applied task provides
a successful validation of the proposed method, thereby
finalizing the full cycle of its development within the
framework of this research.

Discussion of the results. In paper [22], the authors
investigate adaptive and multicriteria balancing within
decision support environments in the context of planning the
testing component of comprehensive software support. The
study focuses on balancing numerous criteria within a
preference-based structure, including balancing between
such categories as cost, risk, and approved time limits during
decision-making regarding testing planning in the context of
rapid system deployment.

Meanwhile, in another study [23], the authors explore the
use of information criteria such as the Akaike Information
Criterion (AIC) and the Bayesian Information Criterion
(BIC) for balancing ARIMA (Autoregressive Integrated
Moving Average) models to evaluate performance indicators
in the context of predictive analytics within cloud computing
environments.

At the same time, in another study [24], the author inve-
stigates, in particular, the issue of balancing computational
resources (in data-absent environments using machine
learning approaches and incorporating Gaussian mixture
models) through several stopping criteria, including:
maximum number of iterations, monitoring changes in log-
likelihood, and evaluating minimal parameter changes (such
as means and covariances).

In contrast, the results obtained in the course of the
present research, as presented in this paper, provide a
comprehensive solution specifically in the context of the
narrowly focused scientific and applied challenge of
balancing multisubject polyfactor environments of com-
prehensive software support. This includes full consideration

of the domain-specific features, peculiarities, and potential
difficulties involved in solving subordinate tasks within this
class of problems.

Thus, based on the results obtained, we affirm a high
level of specialization of the developed solution — both in
terms of the balancing method as a whole and its individual
components (the algorithm and the model) — in relation to the
studied scientific and applied problem of balancing
multisubject polyfactor environments of comprehensive
software support. Furthermore, the results of the practical
validation confirm the significant applied potential of the
proposed innovation — not only within the broader scientific
and applied context of automating and intellectualizing
comprehensive software support, but also in adjacent areas,
particularly in the field of human—machine interaction.

Scientific novelty of the obtained results — For the first
time, a method has been developed for balancing
multisubject polyfactor environments of comprehensive
software support, which provides the capability to resolve
the declared applied scientific problem of the same name,
within the context of the broader challenge of automating
and intellectualizing comprehensive software support.

Practical significance of the research results — The
developed method for balancing multisubject polyfactor
environments of comprehensive software support has
undergone practical validation, which confirms that this
method can be used to solve a wide range of relevant applied
tasks related to balancing, adjusting, or diagnosing
environments of this class.

Conclusions

This paper presents a developed method for balancing
multisubject polyfactor environments of comprehensive
software support, enabling the resolution of the eponymous
applied scientific problem within the broader context of
automating and intellectualizing comprehensive software
support, as well as within the domain of human-machine
interaction.
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An appropriate balancing algorithm for the studied
environments has been developed, along with a
corresponding basic mathematical model (comprising four
components, each of which may function as an autonomous
submodel of the respective process). Together, these
elements provide the capability to interpret, study, and
simulate balancing processes in multisubject polyfactor
environments of comprehensive software support.

As the final stage of the declared method’s development,
practical validation was performed through solving an
experimental applied task of identifying and monitoring the
trend dynamics of the deficit component during the
automated balancing of the studied multisubject polyfactor
support environment.

The results obtained confirm the effectiveness and
efficiency of the developed solution in addressing both
relevant scientific and applied challenges and practical tasks
within the overarching scientific and applied domain of
automation and intellectualization of comprehensive
software support, as well as within the field of human—
machine interaction.

Future research directions aimed at potential
enhancement and practical implementation of the developed
balancing method of multisubject polyfactor support
environment have been considered. These include, in
particular, the development of additional algorithmic and
software tools to further extend the capabilities of computer-
based modeling.
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A. I Ilykay, T. B. Tecarok

Hayionanenuii ynieepcumem “Jlvsiscoka nonimexuixa”, Jlveis, Yxpaina

METO/] BAJIAHCYBAHHA MYJIbTUCYB'EKTHHUX INOJIIPAKTOPHUX CEPEJOBMUIIL]
KOMIIJIEKCHOI MIAITPUMKH ITPOTPAMHUX IPOJIYKTIB

YV 3pilicHeHOMY [JOCII/UKEHHI pPO3IISHYTO HAayKOBO-NPUKIAAHy IpoOsieMy OalaHCYBaHHS MYJIbTUCYO €KTHHX
noMi()aKTOPHUX CEPENOBUIL KOMIUIEKCHOI MIATPUMKHU NPOrPaMHUX IPOAYKTIB y KOHTEKCTI IJ00ANbHINIOI HAayKOBO-
HPUKIAJHOT NMpoONeMaTUKU aBTOMATH3alil U iHTeNeKTyami3alil KOMIIIEKCHOI MiATPUMKM HPOrpaMHHUX IPOXYKTIB Ta
JIOJUHO-MAMIKUHHOI B3aeMonii. OO0 eKT HociifxeHHS y Liil po6oTi — mpouec GalaHCYBaHHS MYJIbTUCYO’€KTHHUX IOJIi-
(aKTOPHHUX CEpeOBHII KOMIUICKCHOT MiATPUMKH MNPOTPAMHHUX MPOAYKTIB. P0o3poOiieHMN BiINOBITHUNA METO st
3a0e3MeYeHHs] MOXKIIMBOCTI OaaHCyBaHHS (Ta MOAABIIOT OTCHIIIHHOT aBTOMATH3AIlIT IIMX MPOIECIB) TAKUX CEPEIOBHIIL,
o 3a0e3Meuye MOXKIIMBICTh BUPIIICHHS 33/1€KJIapOBaHOT HAYKOBO-TIPUKIIAIHOT TPOOJIEMHU BOTO JAOCIIIKEHHS. 30Kpema,
PpO3p00IIeHO HEOOXITHHUIT aNroOpUT™M OaTaHCyBaHHSI JOCIIPKYBAHUX CEPEIOBHIIL, & TAKOXK BIMOBIAHY 0a30By MaTeMaTHUHY
MOJICNIb, M0 3a0e3MeYyrTh MOXKJIMBICTh IHTEpIIpETallii, MOCIIPKEHHS Ta MOJEIIOBAHHS TMPOIECiB OalaHCyBaHHS
MYJIBTHCYO’ €KTHUX MOJI(AKTOPHUX CEPEOBHUII KOMIUICKCHOT MiITPUMKH IPOTPAMHHUX MPOAYKTIB. PeatizoBaHo npakTHYHY
anpoOariiro po3poOJICHOTO METO/MY Ha TMPHUKIAl PO3B’S3aHHS CKCIIEPUMEHTAIBHOT MPUKIIAIHOI 3a1adi ineHTuikamii ta
MOHITOPHUHIY TEHACHUINHOT AUHaMiKU Ae(iUTHOI KOMIOHEHTH B XOJIi aBTOMATH30BaHOI0 OaJaHCYBaHHS AOCIIKYBaHOTO
MYJIBTHCY0 €KTHOTO IOJi()aKTOPHOTO CEepelOBHINA MIATPUMKU. PO3MISHYTO NEPCIEKTHBH IIOJAJBIINX HAINpPSMIB
JIOCTI/DKeHb 100 MOJKJIMBHX CHOCOOIB MOTEHIIHHOTO BJIOCKOHAICHHS Ta IOKPAIICHHS, a TaKOoX MPaKTHYHOTO
3aCTOCYBaHHS PO3pPOOJIEHOro MeToAy OalaHCYBaHHS MYJIBTUCYO €KTHHX IMOJI(GAKTOPHUX CEpPEIOBHI] KOMILIEKCHOT
HiATPUMKU IPOTPAMHUX IPOIYKTIB.

Kniouosi cnosa: nporpaMHe 3a0e3MEUCHHS, KOMIUIEKCHUI CYyIpPOBiJ NPOrpaMHOro 3a0e3NeucHHs, OalaHCYyBaHHS
CEePeNOBUI TIATPUMKH TPOTPAMHOT0 3a0e3HeYeHHS,
3a0e3neyeHHs!.

IHTEJIEKTyali3alis KOMIUIEKCHOI MiJITPUMKH IPOTPaMHOTO
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