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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  

ANN – artificial neural networks;  
DevOps – Development and Operations;  
ІТ – information technologies;  
MP – multilayer perceptron;  
XML – EXtensible Markup Language.  

 
NOMENCLATURE  

F[k][j] is a level of presence of the k-th impact factor 
within the j-th instant slice of a multifactor portrait of 
currently investigated subject of the complex support;  

G[i].F[j] is a level of presence (in a normalized form 
of representation) of the j-th impact factor within the ob-
tained multifactor portrait of the і-th investigated subject 
of the complex support, represented by the corresponding 
relevant і-th unique gradient;  

InflFact[1..p][1..q] is a set of pre-agreed and declared 
impact factors, affecting the perception subjectivization of 
the supported object by relevant subjects, who provide 
and perform a complex support of/for this object;  

PsMfEnvExt is a variable describing the expanded ver-
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]PortInst[j] is an j-th instant slice of a multifac-
tor portrait of the і-th investigated subject of support;  

Subj[i]PortFull is a full multifactor portrait of the і-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 і-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 

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..q](SupObjChars[1..n]), 

(1)

 

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 

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 

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 
model described in research [14], it becomes possible to 
obtain the second (internal) level of decomposition of the 
developed model of a polysubject multifactor environ-

ment of the complex support of researched supported ob-
ject by modeling one specific case of perception’s subjec-
tivization of this object by the relevant researched subject 
interacting with it.  

 

 
 

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:  

 

Subj[i]PortInst[j](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 support.  

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)=[∑(F1[1..o]) / o, 
∑(F2[1..o]) / o, … ∑(Fm[1..o]) / o], 

(3)

 

where ∑(F[j][1..o])/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 = 
o); m – the number of pre-agreed and declared impact 
factors within researched environment of complex sup-

port; о – 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..p]PortFull[F2])/p,… 

…∑(Subj[1..p]PortFull[Fm])/p], 
(4)

 

where ∑(Subj[1..p]PortFull[F[j]])/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; р – 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)], (5)
 

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> 
                                         ... 
                                      <Fm>..</Fm> 
                                  </PortInst> 
                              </Subj> 

(6)

 

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

(7)

 

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> 

(8)

 

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

(9)

 

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.  

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[f], 
                           G[2].F[1], G[2].F[2], … G[2].F[f],
                           G[..].F[1], G[..].F[2], … G[..].F[f],
                           G[s].F[1], G[s].F[2], … G[s].F[f]),

(10)

 

where G[i].F[j] (iЄ1..s, jЄ1..f) – the level of presence (in 
a normalized form of representation) of the impact factor 
F[j] within the formed multifactor portrait of the subject 
Subj[i], represented by its unique gradient G[i]; f – 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.  
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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;  

– 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.  

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. 

 
 

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

ments 
 
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.  

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.  

 

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.  

 

 
 

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-

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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АНОТАЦІЯ 

Актуальність. Розглянуто задачу побудови моделей полісуб’єктного мультифакторного середовища підтримки програ-
мних комплексів, що забезпечує врахування дії різноманітних факторів впливу на сам підтримуваний програмний комплекс, 
на процеси його підтримки, а також на суб’єктів взаємодії з ним, що забезпечують та реалізують цю підтримку. Об’єктом 
дослідження є процеси комплексної підтримки програмних продуктів, процеси автоматизації цієї підтримки, процеси впли-
ву факторів на об’єкт та суб’єкти комплексної підтримки програмних продуктів, а також процеси суб’єктивізації сприйняття 
об’єкта підтримки відповідними суб’єктами взаємодії з ним. Предметом дослідження є методи та засоби штучних нейрон-
них мереж, зокрема багатошарового перцептрона, а також комп’ютерного проектування та моделювання. Метою роботи є 
розроблення методу побудови моделей полісуб’єктного мультифакторного середовища комплексної підтримки програмних 
продуктів.  

Метод. Запропоновано розроблення моделей полісуб’єктного мультифакторного середовища підтримки програмних 
комплексів, що дає змогу, в автоматизованому режимі, отримати відповідні моделі, на основі яких, в подальшому – дослі-
джувати сильні та слабкі сторони конкретного досліджуваного середовища комплексної підтримки того чи іншого програм-
ного продукту, з метою забезпечення подальшого покращення та автоматизації його підтримки на основі вивчення та аналі-
зу факторів впливу, що формують суб’єктивне бачення цієї підтримки тими суб’єктами, які її, власне, безпосередньо здійс-
нюють, тобто, фактично, від яких залежить сама ця підтримка, а також відповідні її якісні та кількісні характеристики і по-
казники.  

Результати. Результатами роботи розробленого методу є відповідні моделі досліджуваних полісуб’єктних мультифак-
торних середовищ комплексної підтримки програмних продуктів, що враховують наявність та рівень впливу відповідних 
наявних факторів впливу на суб’єктів взаємодії з підтримуваними програмними комплексами, які (суб’єкти) безпосередньо 
забезпечують і реалізують цю комплексну підтримку досліджуваних програмних продуктів, та формують релевантні дослі-
джувані середовища підтримки. Крім того, в якості прикладу практичного застосування та апробації, розроблений метод 
використано, зокрема, для розв’язання прикладної практичної задачі визначення домінуючого та дефіцитного факторів 
впливу полісуб’єктного мультифакторного середовища підтримки досліджуваного програмного комплексу, а також наведе-
но та проаналізовано отримані результати розв’язання поставленої задачі.  

Висновки. Розроблений метод вирішує поставлену задачу побудови моделей полісуб’єктного мультифакторного сере-
довища підтримки програмних комплексів, та забезпечує врахування дії різноманітних (попередньо узгоджених та задекла-
рованих) факторів впливу на сам підтримуваний програмний комплекс, на процеси його підтримки, а також на суб’єктів 
взаємодії з ним, що забезпечують та реалізують цю комплексну підтримку. Зокрема, розроблений метод дає змогу моделю-
вати та досліджувати полісуб’єктні мультифакторні середовища комплексної підтримки програмних продуктів, що відо-
бражають глобальний (або локальний) вплив різноманітних наявних факторів як на сам об’єкт підтримки (підтримуваний 
програмний комплекс, чи процеси його комплексної підтримки), так і на суб’єктів, що безпосередньо здійснюють та реалі-
зують дану комплексну підтримку в усіх її можливих та/або задекларованих проявах. Практична апробація розробленого 
методу здійснена на прикладі вирішення конкретних прикладних практичних задач, однією з яких є представлена в роботі 
задача визначення домінуючого та дефіцитного факторів впливу полісуб’єктного мультифакторного середовища підтримки 
досліджуваного програмного комплексу, та підтверджує його ефективність при розв’язанні стеку прикладних практичних 
задач дослідження впливу факторів на комплексну підтримку програмних продуктів, з використанням переваг технологій 
штучного інтелекту, машинного навчання, штучних нейронних мереж, та багатошарового перцептрона зокрема.  

КЛЮЧОВІ СЛОВА: програмний продукт, комплексна підтримка, середовище підтримки програмних продуктів, фак-
тор впливу, автоматизація, штучні нейронні мережі, багатошаровий перцептрон.  
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