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ABSTRACT

Context. The task of development the models of a polysubject multifactor environment for software’s complex support is con-
sidered in this research, that ensures possibilities of taking into account the influence of various impact factors onto the supported
software complexes themselves, onto their complex support’s processes, as well as onto the subjects (interacting with them) who
provide and implement this complex support. The object of study are the processes of complex support of software products, the
processes of automation of this complex support, the processes of influence of impact factors onto the object and subjects of the com-
plex support of software products, as well as the processes of perception’s subjectivization of the supported object by relevant sub-
jects of interaction with it. The subject of study are methods and means of artificial neural networks, in particular a multilayer per-
ceptron, as well as a computer design and modeling. Objective is the development of the method for building models of a polysub-
ject multifactor environment(s) of the complex support of software product(s).

Method. The developed method for building models of a polysubject multifactor environment of software complexes’ support is
proposed, which makes it possible (in an automated mode) to obtain appropriate models, based on which, later on — to investigate the
strengths and weaknesses of a specific researched complex support’s environment(s) of a particular investigated software product(s),
in order to ensure further improvement and automation of this complex support based on the study and analysis of impact factors,
which form the subjective vision and perception of this complex support by those subjects who directly provide and perform it, that
is, in fact, on whom this support itself depends, as well as its corresponding qualitative and quantitative characteristics and indicators.

Results. The results of functioning of the developed method are corresponding models of investigated polysubject multifactor
environments of the complex support of software products, which take into account the presence and the level of influence of rele-
vant existing and present factors performing impact onto the subjects of interaction with supported software complexes, which (sub-
jects) directly provide and perform the complex support for the studied software products, and also form relevant researched support
environments. In addition, as an example of a practical application and approbation, the developed method was used, in particular, to
solve the applied practical task of determining the dominant and the deficient factors of influence of a polysubject multifactor envi-
ronment of the studied software complex’s support, with presenting and analyzing the obtained results of resolving the given task.

Conclusions. The developed method resolves the problem of building models of a polysubject multifactor environment of the
complex support of software products, and ensures taking into account the action of various impact factors performing influence onto
the supported software complex itself, onto the processes of its support, as well as onto the subjects of interaction with it, which (sub-
jects) provide and perform this complex support. In particular, the developed method provides possibilities for modeling and investi-
gating a polysubject multifactor environments of the “in focus” software product’s complex support, which reflect the global (or the
local, it depends on the specific tasks) impact of various existing factors making influence onto the object of support itself (the sup-
ported software complex, or the processes of its complex support), as well as onto the subjects which directly carry out and imple-
ment this complex support in all its possible and/or declared manifestations. The practical approbation of the developed method has
been carried out by solving specific applied practical tasks, one of which is presented, as an example, in this paper, — which is the
task of determining the dominant and the deficient factors of influence of a polysubject multifactor environment of the studied soft-
ware complex’s support, and this approbation, actually, confirms its effectiveness in solving a stack of applied practical problems
related to researching the impact of factors performing influence onto the complex support of software products, using the advan-
tages of artificial intelligence technologies, machine learning, artificial neural networks, and multilayer perceptron in particular.

KEYWORDS: software product, complex support, software product support environment, impact factor, automation, artificial
neural networks, multilayer perceptron.

ABBREVIATIONS G[i].F[j] is a level of presence (in a normalized form

ANN - artificial neural networks; of representation) of the j-th impact factor within the ob-

DevOps — Development and Operations; tained multifactor portrait of the i-th investigated subject

IT — information technologies; of the complex support, represented by the corresponding
MP — multilayer perceptron; relevant i-th unique gradient;

XML — EXtensible Markup Language. InflFact[1..p][1..q] is a set of pre-agreed and declared

impact factors, affecting the perception subjectivization of

NOMENCLATURE the supported object by relevant subjects, who provide

FTk][/] is a level of presence of the k-th impact factor  and perform a complex support of/for this object;
within the j-th instant slice of a multifactor portrait of

) ) . PsMfEnvExt is a variable describing the expanded ver-
currently investigated subject of the complex support;

sion (option) of mathematical representation of the model
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of researched polysubject multifactor environment of
complex support;

PsMfEnvGrad is a variable describing the matrix vari-
ant of interpretation of the gradient form of representation
of the model of researched polysubject multifactor envi-
ronment of the complex support;

PsMfEnvSimp is a variable describing the simplified
version (option) of mathematical representation of the
model of researched polysubject multifactor environment
of complex support;

Subj[i]Portlnst[j] is an j-th instant slice of a multifac-
tor portrait of the i-th investigated subject of support;

Subj[ilPortFull is a full multifactor portrait of the i-th
investigated subject of the complex support, formed on
the basis of its corresponding instant slices;

SubjPercOfObj[j] is an j-th subjectivized characteristic
of subjective perception of the supported object by a spe-
cific subject which provides and performs its complex
support;

SupObjChars[i] is an i-th objective characteristic of
the investigated object of complex support.

INTRODUCTION

The nomenclature and assortment of software com-
plexes, as well as a wide variety of software in general,
continues growing steadily, which is due to the global
digitalization and informatization of an extremely huge
amount of objects, processes, entities and phenomena.
Thus, both the total amount of existing and developed
software and its general complexity are increasing, as
well as extremely high requirements for its competitive-
ness in the global information technology (IT) market.
Accordingly, there is a need for a complex support of all
these (both existing and those in-process of development)
software complexes, the requirements for which (just as
in case of the software itself) are constantly growing, be-
cause clients, customers and investors, as well as, directly,
the development companies of the relevant software com-
plexes, are interested in providing the highest quality,
effective, efficient and competitive, complex and compre-
hensive, support for all these software products.

Complex support of software products is one of the
most important stages of the software’s life cycle, while
the automation of this support is an actual scientific and
applied problem, which includes a huge range of related
scientific applied and practical applied tasks. At the same
time, the main driving force behind the implementation of
the complex support of software products — are, undoubt-
edly, the specialists and professionals of various fields:
ranging from a software developers, to customer service
specialists, and real client’s users of these supported soft-
ware products. All these specialists are the subjects of a
complex support of software products. Besides, all of
them, in one way, or another, are influenced by both in-
ternal and external impact factors, which, in different
ways and different extents, affect their subjective percep-
tion of both the supported software complex itself as well
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as the processes related to its complex support. And also,
all these subjects, as a single whole entity, form the corre-
sponding researched polysubject multifactor environment
of the complex support of software product. Thus, there is
a need to research and investigate such environments,
formalize their representation, and also ensure the possi-
bilities of their reproducing and modeling.

The object of study are the processes of complex
support of software products, the processes of automation
of this support, the processes of influence of impact fac-
tors onto the object and subjects of the complex support
of software products, as well as the processes of the per-
ception’s subjectivization of the supported object by rele-
vant subjects interacting with it.

The subject of study are methods and means of arti-
ficial neural networks, in particular a multilayer percep-
tron, as well as a computer design and modeling.

The purpose of the work is a development of a
method for building models of a polysubject multifactor
environment of the complex support of software products,
that take into account the presence and the level of influ-
ence of relevant existing impact factors onto the subjects,
which (those subjects) are interacting with the supported
software complexes, and which directly provide and per-
form the complex support for the “in focus” software
products, and form the relevant researched complex sup-
port’s environments.

1 PROBLEM STATEMENT

Let’s consider the formalization of the researched
problem of building models of a polysubject multifactor
environment of the complex support of software products
in the form of problem of a nonlinear poly-criteria de-
pendence. In this case, the input variables of the problem
are the objective characteristics of the supported software
complex (or processes related to its complex support) as a
direct object of support: SupObjChars[i] (i=[1..n]), where
n — the number of characteristics of this object of support.

While the initial variables of this task are the subjec-
tive characteristics of perception of the same object of
support by the subjects who directly provide and perform
its complex support: SubjPercOfObj[j] (j=[1..m]), where
m — the number of characteristics of the subjectivized
perception of the object of support by a specific subject(s)
which provides and performs its complex support.

Let there be an existing set of a pre-agreed and pre-
declared impact factors affecting the perception’s subjec-
tivization of the support object by the subjects, which
provide and perform its complex support, thus forming a
non-linear polycriteria dependence in the form like below:

SubjPercOfObj[1..m]= )
=InflFact[1..p][1..q1(SupObjChars[1..n]),

The main necessary criterion of the researched prob-
lem is the finiteness of this set of pre-agreed and declared
impact factors, that ensures the stability of the transforma-
tion function over the entire period of the research.
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Limitation(s) of the problem:

1. The values of the input characteristics of the inves-
tigated object of complex support SupObjChars[1..n]
must be represented in the format of real numbers and
necessarily in a normalized form (that is, in the range of
values between 0.0 and 1.0): SupObjChars[1..n] € [0..1].

Expression (1) provides the possibility of interpreting
the given problem with help of a multilayer perceptron,
where SupObjChars[1..n] — is interpreted by neurons of
the input layer of MP ANN; InflFact[1..p][1..q] — is inter-
preted by neurons of the hidden layers of MP ANN; Sub-
JPercOfObj[1..m] — is interpreted by neurons of the output
layer of MP ANN.

However, such interpretation requires additional train-
ing and further testing of a multilayer perceptron, as well
as formation of a new quality data (based on the received
information) which will provide the possibility of assess-
ing the complex influence of impact factors onto the en-
tire support environment in general, including each of the
subjects forming this environment as a single whole.

Thus raises a relevant scientific and applied task of
forming and modeling a polysubject multifactor environ-
ment of the complex support of software products, in or-
der to take into account the influence of various impact
factors affecting the supported software complex itself,
the processes of its complex support, as well as the sub-
jects, who directly provide and perform this complex sup-
port, and the processes of subjectivization of their percep-
tion of the supported software complex or the processes
of its complex support. In order to resolve scientific and
applied problem a suitable method for building models of
a polysubject multifactor environment of the complex
support of software products has been developed.

The purpose of this paper is to highlight the developed
method for building models of a polysubject multifactor
environment of the complex support of software products,
as well as the corresponding developed algorithm for
building these models, which both and together provides
possibilities to solve the scientific and applied problem of
forming and modeling a polysubject multifactor environ-
ment(s) of the complex support software products, in or-
der to take into account the influence of impact factors
onto the objects, the processes, and the subjects of the
complex support of software products.

2 REVIEW OF THE LITERATURE

The analysis of existing researches and publications
was carried out in two main directions, namely: in the
direction of automating the complex support of software
products, as well as in the direction of the application of
artificial intelligence technologies (in particular a multi-
layer perceptron type of artificial neural networks) in the
processes of the complex support of software product.

One of the basic options for ensuring the mandatory
requirements for the functionality, reliability, and com-
petitiveness of software products is, actually, the automa-
tion of the complex support of these software products,
which includes, in particular, such key points as: testing
automation; DevOps automation; automation by means of
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knowledge bases and chatbots; automation of processing
of a customer/user requests. Each of these basic directions
in its own way investigates and improves the support of
software products, while all of them together provide a
comprehensive (complex) support for these products. At
the same time, artificial (or computational) intelligence
and/or machine learning technologies are increasingly
becoming effective mechanisms for implementing this
automation. All the information, obtained by the results of
processing of each of the directions, is presented below.

In particular, authors of research [1] carried out an ex-
tended review of the current state of general research and
implementation in the field of software testing with usage
of machine learning, in order to identify and classify (by
classification categories, by clustering and by anomaly
detection) existing approaches, methodologies and tools
of such use, and their application in various types of test-
ing, such as test creation, test execution and defect predic-
tion. The research [2] represents introductory information
on the application of artificial intelligence technologies to
improve the quality of implemented software, including
the way by analyzing any anomalies in the behavior of the
researched software complexes and systems. For example,
authors of another research [3] investigate the issue of
improving test automation using guided machine learning,
namely the “The K nearest neighbors” method for setting
priorities and configuring testing scenarios and relevant
test cases. While, research [4] investigates the end-to-end
automation of DevOps, emphasizing its potential for op-
timizing the entire life cycle of software: from the commit
of correction code into the appropriate version control
system’s repository, and up to deployment in the client’s
main operational environment(s). In addition, author of
research [5] conducts a generalized review of the applica-
tion of DevOps best practices to improve the entire life
cycle of software complexes, both for systems that require
a high level of automation and support, and for all others,
which are, actually, not characterized by the presence of
highly complex processes inside of their operational rou-
tines. The research [6] examines the advantage of DevOps
compared to Agile, as well as their combination, since,
according to the author, Agile and DevOps function as
complements, and also author emphasizes that for obtain-
ing a better effect DevOps should be adopted rather as an
organizational culture then just a technique, which allows
to increase the overall efficiency of operational process
and reduce costs due to cooperation improvement and
tasks automation. In turn, author of research [7] reviewed
the existing methods, tools, and applications for building
knowledge bases, while, another author of the following
considered research [8] investigated the semantic parsing
of natural language phrases and sentences in such a man-
ner that they were compatible with the used sources of
structured data, such as: ConceptNet, Quasimodo,
ATOMIC, and ontology like a WordNet, by extracting
meaning from unstructured texts and representing it in the
form of knowledge graphs, which are transformed into the
first-order logical formulas that can be further used in
order to answer user queries. At the same time, authors of
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research [9] conducted a systematic study (in the context
of a human-machine interaction approach) of how users
interact with text chatbots, describing how users (alive
people) perceive a chatbots within categories of satisfac-
tion, involvement and trust, how and why they accept and
use this technology, the issue of emotional involvement of
such an interaction, as well as the issue of the disadvan-
tages of such type of interaction. In addition, work [10]
represents the results of the authors’ research on the issue
of automation of IT-incident’s forecasting (these incidents
are, in fact, the appeals of real users of software com-
plexes, that come to the relevant customer support ser-
vices of these complexes) and solving them in the shortest
time, by using an artificial intelligence models. In addi-
tion, authors of research [11] proposed a neural network,
based on a convolutional neural network, for the auto-
mated classification of customer support service tickets of
software complexes, which provides possibilities to solve
such problems of traditional ticket classifiers as sparsity,
nonlinearity, overfitting and manual work of functions.
Thus, based on performed analysis of existing re-
searches, the considerable influence of artificial intelli-
gence and machine learning technologies, used precisely
for the purpose of automating the component processes of
the complex support of software products, is confirmed.
However, at the same time, we also state the lack of con-
sideration of the peculiarities of the subjects interacting
with the processes of the complex support of software
products, as well as various (both internal and external)
impact factors which affect the supported software com-
plex itself, the processes of its support, as well as the sub-
jects of this support. After all, in fact, impact factors form
the very environment inside of which each particular sup-
ported software complex is constantly located and exists.
So, this is the way how a corresponding actual scientific-
applied task of researching this polysubject multifactor
environment (of the complex support of software prod-
ucts) arises. And one of the effective tools for its resolu-
tion is, actually, the development of an appropriate rele-
vant model which provides possibilities for describing,
researching and modeling such environments, and, ac-
cordingly, taking into account the effect of various impact
factors that significantly affect the object, processes, and
subjects of the complex support of software products.

3 MATERIALS AND METHODS

One of the most important components of develop-
ment the method, highlighted in current one research, is
the preliminary development of the algorithm for building
a model(s) of a polysubject multifactor environment(s) of
the complex support of software products.

The general step-by-step mechanism for building a
model of a polysubject multifactor environment of the
complex support of software products involves the fol-
lowing mandatory stages, which, actually, form the basis
of the developed algorithm.

At the first stage, the construction of a generalized
support model of the software complex’s support is car-

ried out, followed by the encapsulation of an artificial
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neural network (ANN) of the multilayer perceptron (BP)
type, as well as the implementation of the corresponding
training of this encapsulated ANN BP based on a previ-
ously prepared dataset(s).

At the second stage, the levels of presence of each of
the impact factors (from the pre-declared set of impact
factors) in the corresponding neurons of the hidden layers
of the encapsulated and trained BP ANN are calculated.

At the third stage, personal multifactor portraits of the
subjects of support, formed on the basis of the corre-
sponding instant slices of these portraits, are built.

At the fourth (and the final) stage, the construction of
the model of a polysubject multifactor environment of the
complex support of studied software product is imple-
mented, based on the subjects’ personal multifactor por-
traits obtained at the previous stage, which, actually at the
same time, form the researched support environment.

Thus, the implementation of these presented above
four basic stages of the developed algorithm makes it pos-
sible to obtain (at the output) a corresponding model of
the researched polysubject multifactor environment of the
complex support of corresponding software product.

Figure 1 below represents the block diagram visuali-
zation of the developed algorithm, with a detailed repre-
sentation of each of the aforementioned stages.

The developed algorithm provides both: options for
representing the model of a polysubject multifactor envi-
ronment of the complex support (from among two possi-
ble developed options: simplified or expanded), as well as
the forms of representing the model (from among possible
developed forms, such as: mathematical, linguistic and
gradient). Each of these possible fluctuations of options
and forms is described in more detail in the following
paragraphs of current section of this research.

The next fundamental component of the developed
method is, in fact, the development of a model of poly-
subject multifactor environment for supporting software
complexes. The main feature of the developed model is
that it requires preliminary decomposition into simpler
components, such as:

— at the first (external) decomposition level — personal
(individual) multifactor portraits of each of the subjects
interacting with the object of support (the supported soft-
ware complex itself, or the processes of its support);

— at the second (internal) decomposition level — instant
slices of these multifactor portraits of each of the subjects
interacting with the object of support.

Accordingly, in order to ensure the possibility of
building a correct and complete model of a polysubject
multifactor environment for supporting any software
complex, it is necessary and mandatory to fully imple-
ment its two levels of decomposition, starting from the
most detailed (i.e., in this case — aforementioned internal,
or second, decomposition level), and ending with the least
detailed (i.e., in this case — aforementioned external, or
first, decomposition level).

Using the appropriate components, such as, in particu-
lar: the mathematical model presented in research [12], as
well as the model of decomposed insulating dominance
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presented in research [13], together with the information  ment of the complex support of researched supported ob-
model described in research [14], it becomes possible to  ject by modeling one specific case of perception’s subjec-
obtain the second (internal) level of decomposition of the  tivization of this object by the relevant researched subject
developed model of a polysubject multifactor environ- interacting with it.

Construction of a generalized model of
support of the researched supported object
Encapsulation of a multilayer perceptron (MP) artificial
neural network (ANN) into a generalized support model

| | Training of the encapsulated MP ANN | |

Calculation of the levels of presence of each of the
impact factors in the corresponding neurons of the
hidden layers of the encapsulated trained MP ANN

| IF(mnalion of personal multifactor portraits of the support subjcctsl I

Preparation of a new model of polysubject multifactor
environment for software’s complex support

l

/ Overrun of all

"\ support subjects

-,

<
+

No, simplified

Overrun of all
Consideration the value of current
impact factor (of current subject) in the
averageweighted value of this impact
factor within the environment model

expanded version Yes, extended

of the model being

Adding a full multifactor
portrait of the current
subject into a new model

A

-
Ll

( Saving the model (

Choice of
model representation
form

Output of the model (in the
selected form of representation)
End

Figure 1 — Block diagram of the developed algorithm for building a model of polysubject multifactor environment of the complex
support of software products
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In turn, the set of modeling results of all available
cases of perception subjectivization of the supported ob-
ject by the corresponding researched subject of interaction
— provides all the necessary data for building a personal
(individual) multifactor portrait of this specific researched
subject, which represents the first (or external) level of
decomposition of the developed model of a polysubject
multifactor environment of researched object’s support.

Few variants of representation forms of the model of a
polysubject multifactor environment of the complex sup-
port of software products have been developed and pro-
posed, in particular, such as: mathematical form of repre-
sentation; linguistic form of representation; and gradient
form of representation.

At the same time, the developed model of a polysub-
ject multifactor environment of the complex support of
software products, regardless of its form of presentation,
can exist in scope of two possible options of its present-
ing: a simplified option (in which only the average values
of the presence levels of each of the impact factors in the
researched environment are represented), as well as ex-
panded option (in which there are separate values of the
presence levels of each of the impact factors for each of
the subjects which form the researched environment).

The mathematical form of representation of the model
of a polysubject multifactor environment of the complex
support of software products contains the following com-
ponents, which are described in detail in the text below.

The basic fundamental unit of measurement for the fu-
ture representation of any researched polysubject multi-
factor environment — is an instant slice of the multifactor
portrait of each specific individual researched subject,
represented by the following single expression:

SubjlilPortinstlj)(i € 1..n)=[F1[j], F2[j], ... Fm[j]}, (2)

where F[k](k€ 1..m)[j] — the level of presence of the im-
pact factor F[k] inside the instant slice of a multifactor
portrait Portinst[j] of the investigated subject Subj[i]; n —
the number of subjects forming the researched polysub-
ject multifactor environment of complex support; m — the
number of pre-agreed and declared impact factors within
researched environment of complex suppott.

The next important component of constructing of any
researched polysubject multifactor environment — is a
complete multifactor portrait of the researched subject(s),
formed on the basis of its instant slices, and represented
by the following expression:

Subj[i]PortFull(i € 1..n)=[Y.(FI[1..0]) / o,
S(F2[1..0])/ o, ... Y.(Fm[1..0])/ o],

where Y (F[j][/..0])/o (j€ 1..m) — the average arithmetic
value of the level of presence of a specific (currently con-
sidered) impact factor F[j] inside the multifactor portrait
of current researched subject Subj[i]PortFull, formed on
the basis of its instant slices (with total amount of slices =
0); m — the number of pre-agreed and declared impact
factors within researched environment of complex sup-

€)
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port; o — the number (amount) of instant slices of the cur-
rently researched multifactor portrait.

Accordingly, on the basis of formed full multifactor
portraits of subjects (which, in fact, directly form the re-
searched environment of the complex support of software
product), the simplified option of mathematical represen-
tation of the polysubject multifactor environment’s model
of complex support is described by following expression:

PsMfEnvSimp=[} (Subj[1..p]PortFull[F1])/p,
> (Subj[1..plPortFull[F2])/p,... 4)
...2(Subj[1..p]PortFull[ Fm))/p],

where Y (Subj[1..p]PortFull[F[j]1])/p (j € 1..m) — the aver-
age arithmetic value of the level of presence of a specific
current impact factor F[j] in the current model of the re-
searched polysubject multifactor environment of the com-
plex support, formed on the basis of values of presence
levels of this impact factor in the available full multifactor
portraits of all subjects Subj[1..p]PortFull, which (sub-
ject) form this specific support environment; p — the num-
ber of full multifactor portraits of subjects which form the
researched support environment; m — the number of pre-
agreed and declared impact factors within researched en-
vironment of complex support.

Meanwhile, the expanded option of mathematical rep-
resentation of the polysubject multifactor environment
model of complex support is described by the following
expression:

PsMfEnvExt=[Subj[i]PortFull(i € 1..n)], ®)

where Subj[i]PortFull(i€ 1..n) — are full multifactor por-
traits of all subjects Subj[1..p]PortFull, which form this
specific support environment; n, p — the number of sub-
jects, which form this specific support environment.

In other words, the expanded option of mathematical
representation of the polysubject multifactor environ-
ment’s model of complex support — is nothing more than
just an array of pre-formed full multifactor portraits of the
subjects which, in fact, form this support environment.

The main advantage of the developed and described
mathematical form of representation of the polysubject
multifactor environment’s model of complex support — is
basically its universality and uniformity, which makes it
possible to use it also beyond the limits of the only par-
ticular area of software complexes’ support, or even the
field of information technologies as a whole.

The linguistic form is the next one developed and in-
troduced form of representation of the polysubject multi-
factor environment model of complex support. This repre-
sentation form involves the partial or full use of any exist-
ing, modified, or completely new linguistic constructions,
to describe a polysubject multifactor environment(s). One
of such existing variants of linguistic constructions is, in
particular, XML (EXtensible Markup Language), since
XML still remains as one of the most widely used and
popular markup languages for representing a wide variety
of objects and structures regardless of their degree of
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complexity, so it could be used both in the classic form of
representation and as a basis for various modifications,
including the considered linguistic form of a polysubject
multifactor environment’s model representation.

Below is a variant of the linguistic representation of
an instant slice of the multifactor portrait of investigated
subject interacting with the supported object:

<Subj>
<PortInst>
<F1>.</F1>
<F2>..</F2> (6)
<Fm>..</Fm>
</PortInst>
</Subj>

At the same time, the linguistic form of representation
of the full multifactor portrait of the investigated subject
is described by the following expression:

<Subj>
<PortFull>
<F1>}(<Portlnst>.<FI>[1..
<F2>%(<Portlnst>.<F2>[1..

0])/o</F1>
/o</F2>
o])/o %)
<F m>Z(<PortInst>.<F m>[1..0])/o</Fm>
</PortFull>
</Subj>

Accordingly, the linguistic representation of a simpli-
fied version (option) of the polysubject multifactor sup-
port environment’s model will have the following form:

<PsMfEnvSimp>
<F1>}(<Subj>[1..p].<PortFull>.<F1>)/p</F1>
<F2>}(<Subj>[1..p].<PortFull>.<F2>)/p</F2> )
<Fm>) (<Subj>[1..p].<PortFull>.<Fm>)/p</Fm>
</PsMfEnvSimp>

While, the linguistic representation of the expanded
version (option) of the model of a polysubject multifactor
support environment will, accordingly, look like below:

<PsMfEnvExt>
<Subj>
<PortFull>
<F1>}(<Portlnst>.<F1>[1..
<F2>3(<PortInst>.<F2>[1..

o])/o</F1>
/0</F2>
o]) )
<Fm>Z(<PortInst>.<Fm>[ 1..0])/o</Fm>
</PortFull>
</Subj>
</PsMfEnvExt>

The main advantage of the developed and proposed
linguistic form of representing of the model of a poly-
subject multifactor support environment is its adaptability
for use precisely within the framework of almost any pos-
sible further software implementation and/or computer
simulation and modeling.

© Pukach A. 1., Teslyuk V. M., 2025
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The gradient form is the next one developed and in-
troduced form of representation of the models of a poly-
subject multifactor environment of the complex support
of software products. The main idea of this form of repre-
sentation is the most concise and rational numerical repre-
sentation of the researched model of the complex support
environment with the simultaneous selection of data by
each of the subjects forming this environment.

At the same time, the data of each individual subject
are represented by the range of values of its (subjects’s)
personal gradient, which can act as a separately taken
unique segment of the numerical range of values, for ex-
ample: (10.00-20.00) — the gradient of subject 1, 20.00—
30.00 — the gradient of subject 2, 30.00-40.00 — the gradi-
ent of subject 3, and so on; as well as, for example, a
unique combination of symbols, for example: AA — the
gradient of subject 1, AB — the gradient of subject 2, AC —
the gradient of subject 3, and so on.

However, the numerical values (themselves) of the
levels of presence of each of the impact factors inside the
formed multifactor portraits of the subjects must remain
in a single common coordinate system, and also, necessar-
ily, in a single normalized form of representation (the last
one means they must be represented by real numbers in
the value range [0.00 — 1.00]).

Thus, each gradient, representing a multifactor portrait
of a separate subject, receives its own personal range of
saturation values for each of the impact factors, however
(necessarily) within the framework of a common evalua-
tion system (coordinates) as well as a common normal-
ized scale for comparison of data of all other gradients.

Two variants of interpretation of the gradient form of
representation (of the models of polysubject multifactor
support environments) have been developed and proposed
in this research: the matrix variant of interpretation and
the graphic variant of interpretation.

In particular, the matrix variant of interpretation of the
gradient form of representation (of the models of polysub-
ject multifactor support environments) is described using
the following expression:

PsMfEnvGrad=(G[1].F[1], G[1].F]2], ... G[1].F[],
GI2LAT), GI2)FT2], ... GI2LETL, g

G[.].F11], G[..].F12], ... GL.].FT/],

GLsLFT1, GLs1FT2], .. GIsLFIA).

where G[i].F[j] (i€1..s, JEI..f) — the level of presence (in
a normalized form of representation) of the impact factor
FTj] within the formed multifactor portrait of the subject
Subj[i], represented by its unique gradient G[i]; /' — the
number of declared available impact factors; s — the num-
ber of subjects forming the researched polysubject multi-
factor support environment.

While, the graphical variant of interpretation of the
gradient form of representation (of the models of polysub-
ject multifactor support environments) can be demon-
strated with the help of the Figure 2 below, at the same
time, all the notations used in this figure, are absolutely
the same as in the expression (10) provided above.

OPEN a ACCESS




p-ISSN 1607-3274 PagioenexrpoHika, iHpopmaTuka, ynpasmainss. 2025. Ne 2
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2025. Ne 2

Polysubject multifactor

support environment

- =
- - —
= o— o =
B . ==
=l = =
L =~
[=T— o &
=) -2
5 = = ©
= 0 = =
4 ot
g @ =
G a o A
| e
= 4 = g
= o (R
= =
= =
& ~
o o iy
o, .l = g3
= e
=1 v =
o = Z ©
= W =P
2 w0 S
— = o &
o= e o=
=, =
Elc o 8
-3 —

Figure 2 — Demonstration of a graphical variant of interpretation of the gradient form of the representation of a polysubject multifac-
tor support environment’s model.

The main idea of the developed and proposed graphi-
cal variant of interpretation of the gradient form of repre-
sentation the support environment’s model is, first of all,
its simplicity of visual perception, as well as the ability to
“combine” subjects in a different (and/or needed)
ways/manner in order to form and obtain the necessary
structure of the researched environment itself.

The gradient of each subject is indicated (in the pro-
posed graphic variant) with a corresponding unique color,
while the level of presence of each impact factor within
formed multifactor portrait of this subject is represented
with a gradient shades of this color. Hue saturation repre-
sents the normalized value of the presence fraction: the
more saturated the hue — the closer this value is to 1, and
the less saturated the hue — the closer this value is to 0.

The main advantage of the developed and described
gradient form of representation of the model of a polysub-
ject multifactor environment for supporting software
complexes is its rationality, brevity, as well as dynamism
and accessibility of perception, provided, among other
things, by the developed and proposed graphical variant
of interpretation of this form.

4 EXPERIMENTS

The experiment consists in the step-by-step execution
of all the stages described in this research, namely:

— selection of an object of complex support;

— definition of the subjects of support;

— determination of existing impact factors;

— determination of the objective characteristics of the
supported object;

— determination of the subjective characteristics of the
perception of the supported object by relevant subjects;

— design and encapsulation of the appropriate relevant
MP ANN;

— preparation of the datasets for training and testing
the encapsulated MP ANN;
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— formation of the instant slices of a multifactor por-
traits of the subjects of researched support environment;

— formation of a full multifactor portraits of the sub-
jects of researched support environment (based on their
instant slices);

— development of a model of the researched polysub-
ject multifactor support environment based on obtained
full multifactor portraits of the subjects forming this envi-
ronment;

— presentation of the obtained model in an arbitrary
form from among the developed, proposed and described
forms of representation.

5 RESULTS

The main results of functioning of the developed
method — are the appropriate models of the researched
polysubject multifactor support environments for various
supported software complexes. The obtained models pro-
vide opportunities both for the representation of the inves-
tigated polysubject multifactor support environment in a
convenient form of representation (from a set of devel-
oped and proposed ones), as well as for any further re-
search of such important components of the complex sup-
port of software products as: the impact of the researched
support environment onto the supported object itself (di-
rectly the supported software complex itself, or the proc-
esses related to its support); the impact of individual sub-
jects onto the researched support environment; as well as
the influence of individual impact factors onto the re-
searched support environment through prior influence
onto the subjects forming the same environment.

In addition, the models of the researched polysubject
multifactor support environments, obtained using the de-
veloped method, make it possible to get specific numeri-
cal values of the levels of presence of each of the impact
factors within the specific researched support environ-
ment, and, therefore — the detection of any disproportions,
anomalies, regularities, features, or any other characteris-
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tics of the polysubject multifactor structure of the re-
searched environment, in order to provide opportunities
for further correction(s) of this environment, in such a
manner to improve the complex support of the “in focus”
software products in automated mode. In addition, the
presence of the developed and proposed simplified and
expanded options of representation of the obtained mod-
els ensures the variability of the detalization degree of
corresponding researched polysubject multifactor struc-
ture of the simulated support environment(s). At the same
time, the expanded option of representation also provides
the possibility of additional clustering of the structure of
researched support environment both by the criteria of
support subjects and by the criteria of impact factors.

Figure 3 below presents an example of visualization of
both simplified and expanded (extended) options of repre-
sentation of a polysubject multifactor support environ-
ments based on relevant multifactor portraits of the sub-
jects, which actually form these environments.

At the same time, depending on the obtained results of
the complex representation of the researched polysubject
multifactor support environment (obtained on the basis of
processing the corresponding multifactor portraits of the
subjects which form this environment) various options for
the classification of such environments are possible.

In particular, the following options for the classifica-
tion of support environments (of the complex support of
software products) have been developed and proposed
based on the level of their balance:

— perfectly balanced environments;

— well-balanced environments;

— satisfactorily balanced environments;

— non-satisfactorily balanced environments.

The main criterion for classifying the support envi-
ronment(s) into one of these categories — is the average
deviation (in percentages) of the indicator value of each
of the impact factors, from the arithmetic mean value of
this indicator across all impact factors.

¥ Factor 1 M Factor 2 Factor 3
Factor 4 ® Factor 5 ® Factor 6
B Factor 7 Factor 8 B Factor 9
B Factor 10
0.100

_ 0.113

0.098

0.101 0.102

0.093

0.100  0.100
Simplified option

Depending on specific tasks, environments, necessi-
ties or features, the specific numerical values of the
thresholds of each of the categories of the developed clas-
sification may change and shift in one direction or an-
other. As an example, as well as on the basis of conducted
researches, the following values of the thresholds of each
of the categories are proposed, in accordance to which:

— perfectly balanced environments — are those in
which the average deviation (in percentages, rounded to
the nearest integer according to generally accepted mathe-
matical rounding rules) of the indicator value of each of
the impact factors, from the arithmetic mean value of this
indicator for all impact factors, varies within 1-2%;

— well-balanced environments — are those in which the
average deviation (in %) of the indicator value of each of
the impact factors, from the arithmetic mean value of this
indicator for all impact factors, varies within 3—5%;

— satisfactorily balanced environments — are those in
which the average deviation (in %) of the indicator value
of each of the impact factors, from the arithmetic mean
value, varies within 6—-10%;

— non-satisfactorily balanced environments — are those
in which the average deviation (in %) exceeds 10%.

Figure 4 below provides a visualization of examples
of each of the categories of the developed classification of
software product support’s environments.

Thus, the developed classification provides the possi-
bility of a flexible dynamic system of evaluation and de-
termination of the balance category of any researched
support environment of the relevant software products.

In addition, the developed method provides the possi-
bility of studying the balance of any specific area of the
researched support environment formed by the relevant
subjects, as well as combining the activities of the sub-
jects of this support environment in such a way to achieve
a local balance improvement(s) within this specific area
of the investigated support environment.

Extended option

Figure 3 — Example of visualization of simplified and expanded (extended) options of representation of a polysubject multifactor
support environments based on relevant multifactor portraits of the subjects which form this environment
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In addition, as an example of practical application and
approbation, the developed method has been used, in par-
ticular, to solve the applied practical task of determining
the dominant and the deficient impact factors of a poly-
subject multifactor environment of the complex support
of researched software product.

The resolution of the given applied practical task
comes down to the application of the developed (and pre-
sented in this research) method of building models of a
polysubject multifactor environment for the complex sup-
port of software products.

The formation of the model of the entire polysubject
multifactor environment takes place on the basis of previ-
ously formed personal multifactor portraits of the subjects
which form this support environment.

In turn, the formation of multifactor portraits of the
subjects (of the support environment) is carried out on the
basis of their instant slices, obtained by modeling the cor-
responding individual test cases of these subjects.

Subject 1 Subject 2 o Subject 3

0.104

0.097

0.106
Well-balanced
environment

0.103

@ Factor 1
B Factor 2
O Factor 3
O Factor 4
W Factor 5
@ Factor 6
B Factor 7
O Factor 8
M Factor 9
B Factor 10

0.101

0.091

0.109 0.094

0.106 0.086

0.125

Non-satisfactory
0.096 balanced
environment

0.102
0.072

0.105
Figure 4 — Visualization examples of each of the categories of the developed classification of software product support’s environ-
ments

Figure 5 below presents the obtained results of model-
ing and formation of personal multifactor portraits of the
subjects of the researched support environment.

While Figure 6 below presents the results of solving
the given applied practical task of determining the domi-
nant and the deficient impact factors of the polysubject
multifactor environment of the complex support of the
researched software product. In addition, the results of
determining the balance category of the researched sup-
port environment are given, from which, by the way, an-
other possible (alternative) way of solving the given ap-
plied practical task raises, since both the dominant and the
deficient impact factors (of any researched support envi-
ronment) will always have the largest indicators (in abso-
lute equivalent) of the deviation of their value from the
arithmetic mean value of all impact factors, while their
polarity (that is, the real value, but not the absolute) will
indicate their dominance or deficiency, which is con-
firmed by obtained results presented in the same Fig. 6.

Subject 4

Subject 5

Figure 5 — Personal multifactor portraits of the subjects of the researched support environment
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Figure 5 — Personal multifactor portraits of the subjects of the researched support environment (Continuation)

Thus, with the help of the developed method of build-
ing models of a polysubject multifactor environment for
the complex support of software products, as an example
of its practical application and approbation, the applied
practical task of determining the dominant and the defi-
cient impact factors of a polysubject multifactor support

environment has been resolved for the specific software
product. In addition, the accompanying task of identifying
the balance level of the researched support environment
was also resolved, which, in turn, provided the possibility
of one more, additional, alternative solution to the same
applied practical task.

[ Factor 1 M Factor 2 [ Factor 3 [J Factor 4 M Factor 5 [ Factor 6 B Factor 7 [J Factor 8 M Factor 9 B Factor 10

E ] - Dominant impact factor

0,121

0,100 4

-
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-
00601

0.0407

00207

0,000

Visualization of the representation of a
polysubject multifactor support environment

r | - Deficient impact factor

-

15.0007"

Average value of deviation = 3.7%
indicating a well-balanced
environment

10.000f"

- 100006

Visualization of the balance level of'a
polysubject multifactor support environment

Figure 6 — Visualization of the solution of the given applied practical task
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6 DISCUSSION

In work [15], the impact of entire procedures of Scrum
and Agile technologies is studied as factors of influence
onto the project management support related to the ad-
ministration of development and support of software
products, which takes into account, in particular, the
twelve basic principles of the Agile methodology, as well
as five key characteristics and three fundamental princi-
ples of the Scrum methodology, thereby demonstrating
that not only external or internal separate impact factors
can act as factors of influence onto the complex support
of software products, but methodologies can undoubtedly
be such factors as well, since each of them contains a
clear list of principles that make their direct adjustments
to the processes of development and complex support of
software products. Another work [16] examines the influ-
ence of automated and manual testing factors onto the
relevant indicators of the efficiency and effectiveness of
testing the supported software product(s), where the au-
thors take into account relevant impact factors, and as a
result, it was established that only some hybrid variant of
testing (which combines both manual and automated test-
ing) makes it possible to take into account the complex
influence of the impact factors of both these categories of
testing, and thus obtain improvements in all indicators of
efficiency and effectiveness studied by the authors. While
in work [17], artificial intelligence technologies are con-
sidered as factors of influence on supported software
products and their automation, and the analysis of their
influence onto the automation of digital software products
is carried out on example of a particular field of medical
services (which is one of the most actual and profitable
niches of software development nowadays) as well as the
main factors affecting the implementation of artificial
intelligence in systems of this class, were investigated.

Thus, in all considered cases, the relevance and sig-
nificance of factors affecting supported software products,
their support processes, and automation, have been con-
firmed. At the same time, unfortunately, the issue of a
complex study of these impact factors within the frame-
work of a single common environment of their existence
and functioning remains unsolved.

At the same time, the method developed and presented
in this one current research fully discloses this issue, and
makes it possible to model and explore polysubject multi-
factor environments of the complex support of software
products as a single whole indivisible entity, which di-
rectly affects the object, the processes, and the subjects of
such complex support.

As at the output of the developed method, we get a
model of researched polysubject multifactor environment
of software’s complex support, represented in a conven-
ient form (from among those developed and proposed
here in this research), which fully represents the re-
searched environment.

As a further application of the developed method, we
see the potential of its use for solving a stack of applied
practical problems and tasks related to the research of a

polysubject multifactor environments of the complex sup-
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port of software products, which could be various investi-
gated teams, collectives, divisions, departments, compa-
nies, or any other agglomerations of subjects interacting
with the investigated object(s) of complex support. How-
ever, the potential of the developed method is not limited
only to the context of software products’ support, but also
extends to other areas of science and practice, in which
the key elements are active subjects and factors influenc-
ing their interaction. Thus, taking into account a wide
range of applied problems, the expediency of further re-
search in this direction is fully justified.

CONCLUSIONS

The method of building the models of a polysubject
multifactor environment of the complex support of soft-
ware products has been developed. The main scientific
and applied problem solved by the developed method is
the problem of forming and modeling a polysubject multi-
factor environment(s) of the complex support of software
product(s), in order to take into account the influence of
various impact factors that affect the supported software
complex itself, the processes of its complex support, as
well as the subjects which directly form and implement
this complex support, as well as the processes of subjec-
tivization of their (subjects’) perception of the supported
software complex or processes of its support. Also, the
algorithm for building the model(s) of a polysubject mul-
tifactor environment(s) of the complex support of soft-
ware products has been developed. In addition, several
representation forms of the developed models of a poly-
subject multifactor environments (of the complex support
of software products) have been developed and proposed,
in particular, such as: mathematical form of representation
(which includes additionally developed expanded and
simplified representation options); linguistic form of rep-
resentation; gradient form of representation (which in-
cludes additionally developed matrix and graphic versions
of interpretation); and the main advantages of each of the
above forms of representation are given. In addition, op-
tions for the classification of software product support’s
environments (based on their balance level) have been
developed, which includes such categories as: perfectly
balanced environments; well-balanced environments;
satisfactorily balanced environments; unsatisfactorily
balanced environments. The main criterion for the balance
classification of the environment is the deviation average
value (in percentages) of the indicator of each of the im-
pact factors, from the arithmetic mean value of this indi-
cator for all impact factors. The developed method pro-
vides possibility to carry out research on a polysubject
multifactor environments of the complex support of soft-
ware products by developing relevant models, which al-
lows to describe, represent, investigate, and model such
environments, as well as, accordingly, take into account
the impact of various factors that significantly affect the
object, the processes, and the subjects of the complex
support of software products.

The scientific novelty consists in the development of
a method for building models of a polysubject multifactor
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environment of the complex support of software products,
which provides possibility to solve the scientific and ap-
plied problem of defining, forming, and modeling a poly-
subject multifactor environment(s) of the complex support
of software products, in order to take into account the
influence of various impact factors affecting the sup-
ported software complex itself, the processes of its com-
plex support, as well as the subjects which directly form,
provide and implement this complex support, as well as
the processes of subjectivization of their (subjects’) per-
ception of the supported software complex or its relevant
support’s processes.

The practical significance consists in: the developed
algorithm for building a model(s) of the researched poly-
subject multifactor environment(s) of the complex support
of software products; in the development of forms of rep-
resentation of this model (in particular, such as: mathe-
matical form of representation; linguistic form of repre-
sentation; gradient form of representation); as well as in
the development of an appropriate specialized classifica-
tion of complex support’s environments of software prod-
ucts based on their balance level (which includes, in par-
ticular, such categories as: perfectly balanced environ-
ments; well-balanced environments; satisfactorily bal-
anced environments; and non-satisfactorily balanced envi-
ronments).

Prospects for further research consist in the devel-
opment of appropriate additional specialized algorithmic
and software dedicated for modeling the researched poly-
subject multifactor environments of the complex support
of software products, with the aim of automating the re-
search of the influence of various existing impact factors
performing influence on the object, the processes, and the
subjects of the complex support of software products, as a
component of more global scientific and applied problem
of automation of the complex support of software prod-
ucts.
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METO/I MOBYJIOBU MOJEJEMN MOJICYE’EKTHOI'O MYJbTU®AKTOPHOI'O CEPEJTOBUIIA MMIATPUMKH
INPOTPAMHUX KOMIIJIEKCIB

IMykau A. I. — kana. TexH. HayK, acucTeHT Kadeapu ABromarn3oBanux Cucrem Ynpasninus [Hctutyty Komm’rorepanx Hayk Ta
Tadopmaniitnux Texnomnoriit HanionansHoro YHiBepcurety «JIpBiBcbka [lomiTexHika, JIpBiB, YKpaiHa.

Tecarok B. M. — 1-p TexH. HayK, mpod., 3aBigyBad kapenpu ABromaru3oBannx Cucrem Ynpasminas [Herutyty KoM’ rorepHux
Hayx ta [ndopmamiiinux Texnosoriit HarionansHoro Yuiepcutery «JIpBiBecbka [Tomitexnikay, JIbBiB, Ykpaina.

AHOTAIIA

AxTyanbHicTh. Po3risiHyTo 3amauy noOynoBu Mozeneit nojicy6’eKTHOro MyJIbTH(AaKTOPHOIO CEPEeIOBHIIA MiITPUMKH IIPOrpa-
MHHX KOMILIEKCIB, 110 3a0e3nedye BpaXyBaHHs il pi3HOMaHITHUX (aKTOPIB BILIMBY Ha CaM MiATPUMYBAaHHI IPOrPAMHHUMA KOMILICKC,
Ha MPOLECH HOro MiATPUMKH, a TAKOXK Ha Cy0’€KTiB B3a€MOJIl 3 HUM, LIO 3a0e3MMeUyI0Th Ta peati3yloTh LI0 MATPUMKY. O6’€KTOM
JOCJIiIZKeHHS € TIPOIeC KOMIUIEKCHOI MiATPUMKH MPOTPaMHUX MPOIYKTIB, IIPOLIECH aBTOMATH3AMIi Li€l MATPUMKH, IPOLIECH BILTH-
BY (pakTOpiB Ha 00 €KT Ta cy0’€KTH KOMIUICKCHOI MIATPUMKHU MPOTPAMHUX MPOAYKTIB, a TAKOXK MPOLIECH Cy0’ €KTHBI3aLii CIPHHHATTS
00’€eKTa MiATPHMKH BiIOBiIHUME Ccy0’exTamu B3aeMonii 3 HuM. IlpeamMeTom moc/iizkeHHsI € METOAN Ta 3aCO0M ITYyYHHUX HEHPOH-
HUX Mepex, 30KpeMa 0araTomapoBoro MepIenTpoHa, a TAKOXK KOMIT IOTEPHOTO NPOSKTYBAaHHS Ta MOJEIIoBaHHs. MeToi0 poboTH €
po3pobiieHHsT MeToay To0yI0BH MoJiesel MoJicy0’ eKTHOrO MyJIbTH(AKTOPHOTO CEPeOBHIIA KOMIUICKCHOI MIATPHMKH IPOrPaMHUX
MIPOJYKTIB.

Metoa. 3anponoHOBaHO PO3pPOOICHHS MOJEJeH MOoJicy0’€eKTHOrO MyJIbTH(AKTOPHOTO CEPEeIOBHIINA MIATPUMKH IPOrPaMHUX
KOMIUIEKCIB, 110 Ja€ 3MOTy, B aBTOMAaTH30BaHOMY PEKHMi, OTPUMATH BiJTOBiJHI MOJE, HA OCHOBI SIKHX, B MOAAJIBIIOMY — JOCIi-
JDKYBaTH CHJIBbHI Ta c1a0Ki CTOPOHU KOHKPETHOTO JOCTIHKYBAaHOTO CEPEIOBHIA KOMIUIEKCHOT MATPHMKH TOTO Y 1HIIOTO IPOrpam-
HOTO MPOIYKTY, 3 METOIO 3a0€3eUeHHs MOJAbIIOr0 NOKPALICHHS Ta aBTOMATH3allii HOTo MiATPUMKH Ha OCHOBI BUBYEHHS Ta aHAi-
3y (aKkTOpiB BIUIUBY, IO (GOPMYIOTH Cy0’ €KTUBHE OaueHHs IIi€l MITPUMKH TUMHU Cy0’€KTaMH, sKi i1, BiacHe, Ge3mocepetHbo 31iiic-
HIOIOTB, TOOTO, (PaKTHYHO, BiJ SKUX 3aJISKUTH caMa IIf MiTPUMKa, a TAKOXK BiIIOBIMHI 11 AKiCHI Ta KUIBKICHI XapaKTEPUCTHKH 1 IO-
Ka3HUKH.

Pe3yabsTaTn. PesynsraTamu poGOTH po3po0IEHOr0 METOIY € BiJIIOBIHI MOJENI JOCIIDKYBaHUX MONICY0’ €KTHUX MYyJbTH(AK-
TOPHHX CEPEIOBHII KOMIUIEKCHOI MiATPUMKH TPOTPAMHUX MPOIYKTiB, [I0 BPAXOBYIOTh HASBHICTh Ta PiBEHb BIUIMBY BiMOBIIHUX
HassBHUX (paKTOPIB BILUIHBY Ha Cy0’€KTiB B3a€MOZIi 3 MiATPUMYBAHHUMH POrPaMHUMHU KOMILIEKCAaMH, sKi (Cy0’€KTH) Ge3mocepeHbOo
3a0e3MeuyIoTh i pealizyloTh 10 KOMIUIEKCHY MIATPHUMKY JOCIIKYBaHUX IPOrPaMHUX MPOIYKTIB, Ta GOPMYIOTH pesieBaHTHI A0CITi-
JDKyBaHI CepeloBHIIA MATPUMKHA. KpiM TOro, B SKOCTI MpUKIaAy NPAaKTHYHOTO 3aCTOCYBAaHHS Ta ampoOarlii, po3poOIeHnit MeTox
BHKOPHUCTAHO, 30KpeMa, JJIs PO3B’s3aHHs NMPHUKIAAHOI MPAaKTUYHOI 3afadi BH3HAYCHHS JOMIHYIOYOTO Ta Ne(IIUTHOTO (aKkTopiB
BIUIMBY HOJIICY0’ €KTHOIO MYJIbTH(HAKTOPHOIO CEPEIOBHILA MIITPUMKHI JOCIIPKYBAHOTO POrPaMHOTO KOMIUIEKCY, a TAKOXK HaBeJIe-
HO Ta NPOaHaJi30BaHO OTPUMaHi Pe3yJIbTATH PO3B’sI3aHH OCTABJICHOI 3a/1a4i.

Bucnosku. Po3po0nenuii MeTos BUpilllye NOCTaBlIeHy 3a/ady 00yH0BH Mojeleil noiicy6’ eKTHOro MyJibTH(AKTOPHOTO cepe-
JOBHIIA MIATPUMKH IIPOrpaMHUX KOMIUIEKCIB, Ta 3abe3nedye BpaxyBaHHs Jii pi3HOMaHITHHX (IIONEpeHbO Y3roDKEHHX Ta 3aJeKia-
poBaHuX) (akTOpiB BIUIMBY Ha caM IiATPUMYBAHHUI MPOrpaMHHN KOMILUICKC, Ha MPOLECH HOro MiATPUMKH, a TAKOXK Ha Cy0’€KTiB
B3a€EMOJIT 3 HUM, L0 3a0€3IeUyIOTh Ta Peali3yloTh 110 KOMIUIEKCHY MIATPHMKY. 30KpeMa, po3poOIeHHI METO Ja€ 3MOTy MOJEIIIO-
BaTH Ta JOCIIKYBaTH TOJICY0 €KTHI MyJIbTH()AKTOPHI CepelOBUINAa KOMIUIEKCHOI MIATPUMKH MPOTPaMHHUX MPOIYKTIiB, IO BiIO-
OpakatoTh riIo0anbHUl (200 JIOKAaJbHUI) BIUIMB PI3HOMAHITHUX HAasBHUX (PaKTOPIB K Ha caM 00’€KT MiATPUMKH (IiATpUMYBaHHN
IIPOrpaMHHIH KOMIUIEKC, YH MPOLEecH H0T0 KOMIUIEKCHOI MATPUMKH), TaK i Ha cy0’€KTiB, 0 Ge3rmocepeiHbo 3AIHCHIOIOTE Ta peati-
3yHOTh JaHy KOMIUIEKCHY MIATPHMKY B yciX Il MOXJIHBHX Ta/abo 3ajeKiapoBaHuX mposBax. IIpakTuyHa anpo0arlis po3po0iaeHOro
METOJy 3IiiiCHeHa Ha IIPUKJIA/i BUPIMICHHS KOHKPETHUX MPUKIAJHUX MPAKTHYHMX 3a]a4, OHICIO 3 SIKUX € MpeJcTaBieHa B poOoTi
3aja4ya BU3HAUYCHHS JOMIHYIOUOTo Ta Ae(ilUTHOrO (haKTOpPiB BIUIMBY IOJIICYO’€KTHOTO MyJbTH(HAKTOPHOTO CEPEOBHIIA MiITPHMKHI
JOCIIIKYyBaHOTO NIPOrPAMHOTO KOMIUIEKCY, Ta IJITBEPIUKYE HOro e(heKTHBHICTD NPU PO3B’SA3aHHI CTEKY NPHUKIAJHUX MPAKTUYHUX
3a/1a4 JOCIIKEHHS BIUIMBY (paKTOPiB Ha KOMIUIEKCHY IIATPUMKY NPOIPAMHHUX MPOAYKTIB, 3 BUKOPHCTAHHSIM IEpeBar TEXHOJIOTIH
IITYYHOTO iHTEJICKTY, MAIIHHHOTO HABYAHHS, LITYYHUX HEHPOHHUX MEpex, Ta 6araroapoBoro nepluenTpoHa 30Kpema.

KJIFOYOBI CJIOBA: nporpaMHHUil TPOIYKT, KOMIUIEKCHA MIATPUMKA, CEPEIOBHIIE MIATPUMKH MPOTPaMHHUX MPOIYKTIiB, (ax-
TOp BIUIUBY, aBTOMaTH3allisl, IITY4YHI HEHPOHHI Mepeski, OaraTomapoBHii IEepIEITPOH.
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