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ABSTRACT

Context. The problem of identification and determination of personalized comprehensive indicators of presence each of the im-
pact factors in the processes of personal subjectivization of the researched supported object’s perception by the relevant subjects
interacting with it and making influence on its support, is being considered in this research. The process of forming multifactor por-
traits of subjects supporting software complexes, using a multilayer perceptron, is an object of study. While methods and means of
forming such multifactor portraits of subjects supporting software complexes is the subject of study respectively.

Objective. The goal of the work is the creation of a method of forming multifactor portraits of subjects supporting software com-
plexes, using a multilayer perceptron.

Method. A method of forming multifactor portraits of subjects supporting software complexes is proposed, using artificial neural
networks of the multilayer perceptron type, which provides possibility to form appropriate personalized multifactor portraits of sub-
jects which, directly or indirectly, interact with the object of support (which can represent both the supported software complex itself
as well as the processes associated with its complex support activities).

Results. The results of functioning of the developed method are the corresponding models of multifactor portraits of subjects
supporting software complexes, which later are used to solve a cluster of scientific and applied problems of software complexes’
support automation, in particular, the problem of identification and determination of personalized comprehensive indicators of pres-
ence each of the impact factors (from appropriate pre-agreed and declared set of impact factors) in the processes of personal subjec-
tivization of the researched supported object’s perception by the relevant subjects interacting (directly, or indirectly) with it and mak-
ing influence on its support. As an example, of practical application and approbation of the developed method, the results of resolv-
ing the applied practical task of automated search and selection of a maximal relevant candidate (from among the members of the
support team of the supported software complex) for best solving of a stack of specialized client’s requests (related to the support of
this software complex), are given.

Conclusions. The developed method provides possibility to resolve the scientific and applied problem of identification and de-
termination of personalized comprehensive indicators of presence each of the impact factors (from appropriate pre-agreed and de-
clared set of impact factors) in the processes of personal subjectivization of the researched supported object’s perception by the rele-
vant subjects interacting (directly, or indirectly) with it and making influence on its support. In addition, the developed method pro-
vides possibility for creating appropriate models of multifactor portraits of subjects supporting software complexes, which makes it
possible to use them in solving problems, tasks, or issues related to the automation of search and selection of subjects supporting
software complexes, which (subjects) meet the given criteria both in the context of subjectivization processes of personal perception
of the support objects (e.g. supported software complexes themselves, or processes directly related to their support), as well as in the
context of compatibility in interaction with client’s users of these supported software products (as those users, in fact, are also sub-
jects of interaction with the same researched supported object).

KEYWORDS: automation, software complex, support, impact factor, multifactor portrait, neural networks, multilayer percep-
tron.

ABBREVIATIONS
DevOps — Development and Operations;
TC — test case;
MP — multilayer perceptron;
Al — artificial intelligence;
ANN - artificial neural networks.

NOMENCLATURE
Fmp[1..p][1..q] is a matrix function of converting the
input data (incoming to the neurons of the input layer of
the encapsulated pre-trained trained artificial neural net-
work of the multilayer perceptron type) into the corre-
sponding results at the output (i.e., to the neurons of the
output layer) of the same ANN MP;
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H[1..q] is a hidden layers of neurons of an encapsu-
lated pre-trained artificial neural network of the multi-
layer perceptron type;

H[1][¥(1)] is a specific neuron y(1) of the first hidden
layer H[1] of an encapsulated pre-trained artificial neural
network of the multilayer perceptron type, activated dur-
ing simulation of the current test case;

H[q][y(¢)] is a specific neuron y(g) of the last hidden
layer H[q] of an encapsulated pre-trained artificial neural
network of the multilayer perceptron type, activated dur-
ing simulation of the current test case;

I[1..n] is a neurons of the input layer of an encapsu-
lated pre-trained artificial neural network of the multi-

layer perceptron type;
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I[x] is a specific x-th neuron of the input layer of an
encapsulated pre-trained artificial neural network of the
multilayer perceptron type, activated during simulation of
the current test case;

Imp[1..n] is an input layer of neurons of an encapsu-
lated pre-trained artificial neural network of the multi-
layer perceptron type;

O[1..m] is a neurons of output layer of an encapsu-
lated pre-trained artificial neural network of the multi-
layer perceptron type;

O[z] is a specific z-th neuron of output layer of an en-
capsulated pre-trained artificial neural network of the
multilayer perceptron type, activated during simulation of
the current test case;

Ompl[1..m] is a output layer of neurons of an encapsu-
lated pre-trained artificial neural network of the multi-
layer perceptron type;

SubjMFP[s]Inst[c] is an instant slice of the multifactor
portrait of the current researched subject Subj[s], obtained
based on the simulation results of the current test case
TClc];

SubjMFP[s] is an in-process-of-formation multifactor
portrait of the current researched subject Subj[s], obtained
based on the results of fully completed simulation of all
test cases available for this subject;

SubjPort[x] is a generalized representation of a multi-
factor portrait of some/any researched subject Subj[x];

TC[1..s][i(1),...,i(n)] is a matrix of test cases (from the
set [i(]),...,i(n)]) for modeling/simulation processes (as
well as obtaining relevant results) regarding the subjec-
tivization of perception of the supported object by the
relevant current researched subject (from the set 7C[/..s])
interacting with this object.

INTRODUCTION

The current state of the software product support in-
dustry requires researches for new solutions and opportu-
nities to provide, first of all, comprehensive and auto-
mated support. The need for comprehensive support of
software products is dictated by the conditions of the en-
tire information technologies field modern market — in
particular: high requirements for the competitiveness of
each software product, because clients, users, and inves-
tors are interested in the most complete and comprehen-
sive support for all those software complexes which they
use, or invest in. Meanwhile, support automation is driven
by the extremely high intensity and dynamics of the in-
formation technology market, where speed and time are
one of the greatest values and, again, a competitive ad-
vantage.

Thus, the topic (and the problematic, at the same time)
of automation in the context of comprehensive activities
related to software products’ support continues to be an
extremely relevant and non-trivial basic and formative
component of the corresponding relevant scientific and
applied problem, which includes a whole cluster of de-
rived scientific and applied problems, one of which is the
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need to investigate the processes of subjectivization of the
perception of researched support object (that can be repre-
sented by the supported software complex itself, as well
as by processes related to its support) by relevant subjects
which interact with the first (the supported object) directly
or indirectly and make influence on its support. Therefore,
to solve this task, as well as a corresponding stack of rele-
vant and/or derived tasks, the method, proposed and pre-
sented in this work, has been developed. This method
provides the possibility of building/constructing appropri-
ate models of multifactor portraits of investigated subjects
supporting dedicated software complexes, using artificial
neural networks, in particular, a multilayer perceptron.
However, the multilayer perceptron itself, like any other
artificial neural networks, does not contain ready-made
solutions for solving the given problem/task, therefore, it
is used as a complementary tool in the development of the
method represented in this research. At the same time, the
use of a multilayer perceptron makes it possible to addi-
tionally apply all its advantages, the main of which is its
extremely wide range and potential of possibilities, with
(at the same time) a comparatively simple and clear im-
plementation.

The object of study is the process of forming multi-
factor portraits of subjects supporting software com-
plexes, using a multilayer perceptron. The subject of
study are methods and means of forming multifactor por-
traits of subjects supporting software complexes, using a
multilayer perceptron.

The purpose of the work consists in the development
of a method of forming multifactor portraits of the sub-
jects supporting software complexes, using a multilayer
perceptron, which (the developed method) provides pos-
sibility to investigate the processes of personal subjectivi-
zation of the perception of the researched support object
by relevant subjects who interact with the first (directly or
indirectly) and affect its support.

1 PROBLEM STATEMENT

Let's consider the formalization of the researched
problem/task of forming a multifactor portrait(s) of the
subject(s) supporting investigated software complex(es),
in the form of a multi-parameter multifunctional depend-
ence task.

In such case, the input variable of this task is the
trained multilayer perceptron, encapsulated into the corre-
sponding subjective perception model of the support ob-
ject (e.g. supported software complex, or processes of its
support) — Omp[1..m=Fmp[1..p][1..q](Imp[1..n]), as well
as a set of test cases (TC) (for each of the subjects of in-
teraction with the object of support) for model-
ing/simulation the processes of subjectivization of the
perception of a given support object by each individual
subject interacting with it — TC[1..s]=[i(1),...,i(n)].

The output variables of this task are the chains of neu-
rons, activated in result of the simulation of each separate
test case TC[1..s][1..n] (for each separate researched sub-
ject from declared set of subjects [1..s]).
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Let a set of test cases, representing the processes of
subjectivization of the perception of support object by the
relevant subjects interacting with it, is given. After per-
forming simulation of current test case by the existing
pre-trained multilayer perceptron artificial neural net-
work, we will get the corresponding chain of neurons
activated on each of the layers of this multilayer percep-
tron: starting from the input layer of neurons /[1..n], con-
tinuing with the neurons of all hidden layers of this MP —
H[1..q], and finalizing with neurons of the output layer of
this MP — O[1..m].

Nx]->H[I]y(D)]->...H[q]W(@)]->0lz], (M

The main necessary criterion of the researched task is
the finiteness of the sets of: researched subjects, modeling
test cases, as well as predefined and declared impact fac-
tors, which is caused by the possibility of operating (in
this specific kind of problem) only by the finite sets of
these determined parameters and their values.

Limitation(s) of the task:

1. The data values of absolutely all test cases (for ab-
solutely all investigated subjects) must be presented in the
format of real numbers and (obviously) in a normalized
form of representation (which means: in the range of val-
ues between 0.0 and 1.0): TC[1..s][I..n] € [0..1].

Expression (1) provides possibility to represent the re-
sulting partial (instant, or “one-moment”) interpretation of
the researched support object by current consid-
ered/investigated subject.

However, this format of subjective interpretation of
the researched support object represents only a partial (for
only one specific test case) and at the same time com-
bined (in the context of defined impact factors) influence
of all the impact factors present in this interpretation in
general, without any decomposition of this subjective
interpretation partially by each (specifically) of the de-
clared impact factors.

Thus, raises corresponding scientific and applied task
of identifying and determining personalized complex in-
dicators of presence each of the impact factors in the
processes of personal subjectivization of the researched
supported object’s perception by the relevant subjects
interacting with it and making influence on its support. Or
in other words, this task can be interpreted as: the task of
forming a multifactor portraits of the researched subjects,
participating in support of dedicated software complexes.
Thus, precisely to solve this scientific and applied task —
the method of forming multifactor portraits of the subjects
supporting software complexes, using a multilayer per-
ceptron, has been developed and presented in this re-
search.

The purpose of the paper is to highlight the developed
method of forming multifactor portraits of the subjects
supporting software complexes, using a multilayer per-
ceptron artificial neural networks, as well as the corre-
sponding developed algorithm for building/constructing
relevant models, which, taken together, provides all
needed possibilities for solving researched scientific and
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applied task of identifying and determining personalized
complex indicators of presence each of the impact factors
in the processes of personal subjectivization of the re-
searched supported object’s perception by the relevant
subjects interacting with it.

2 REVIEW OF THE LITERATURE

The analysis of relevant researches and materials was
carried out in two key directions: in the direction of study-
ing the processes of subjective perception of the objects,
as well as in the direction of software complexes’ support
automation (in particular, using Al and machine learning
approaches). Resulted information on each direction is
presented below.

For example, the authors of work [1] investigate the
problem of distortion of the subject's perception of the
researched objects in situations with presence of a “noise”
(or various stimuli, which could be also represented by
certain considered external impact factors) inside the
main visual channel, through which these subjects receive
all the necessary information about the researched object.
So, investigation, performed in this work, actually, con-
firmed the influence of personal (internal) impact factors
(in particular, specifically the “expectation” factor) of the
subjects on the perception of the researched object, be-
cause, according to the results presented in this work: the
perception of reasonably expected objects was enhanced
(heightened) relatively to unexpected objects, when the
visual data were unreliable (which means, these data were
more influenced by present external impact factors), while
this effect was changing in favor of unexpected objects
when the signal was more reliable (which means, it was
less exposed to external impact factors).

At the same time, authors of works [2] and [3] study
in detail the problem of subjectivization of user’s percep-
tion of software products’ graphical interfaces. Since the
correct approach to supporting the graphical interface of
the developed software products requires taking into ac-
count and consideration the subjective perception of users
and the principles of objects grouping (such as Gestalt
laws), because users usually group simple objects
(graphic elements and shapes) into connected visually
dominant objects. In addition, according to the results of
those authors’ research, measuring the characteristics of
visually emphasized objects of the graphical interface (of
the supported software product), displayed on the screen,
is a promising way for evaluation the quality of the user
interface, although, on the other hand, it brings additional
problems related to the ambiguity of object’s recognition
caused by the subjective perception of different users.
That is why the authors analyzed the applicability of se-
lected object-oriented metrics for quality assessment, in
particular, the toolbars (as a key element of the graphical
user interface) and the ability to distinguish well-designed
samples, focusing mainly and precisely on the subjective
perception of users.

While, another work [4] is already devoted to the de-
velopment of a specialized algorithm for automating the
processing of client requests (for support services) based
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on their prioritization and the formation of an appropriate
queue, to ensure their fair and balanced processing. Also,
in the work [5], the authors, based on a review of the rele-
vant specialized literature sources, conducted a general-
ized analysis of the current state of affairs in the field of
client requests’ (for support services) processing automa-
tion in order to identify certain trends or tendencies, ac-
cording to which, for example: the creation of automated
incident management tools is a major topic in this field,
followed by escalating inquiries and predicting (forecast-
ing) customers’ sentiments, as well as various appropriate
algorithms for a very wide variety of classifications in this
field. In addition, the author of the work [6] presented
research aimed at creation of an intelligent user “LAVA”
— a solution that provides context-dependent support for
users of a supported software product, taking into account
the interaction with these users, and is based on machine
learning and searching in a dedicated two-level distrib-
uted knowledge repository (e.g. knowledge base). At the
same time, works [7] and [8] study in detail the problems
of automating the process of classifying customer re-
quests received in dedicated systems of support services,
because it is an extremely time-consuming process in case
it is performed manually, while the use of machine learn-
ing gives really good results when solving tasks of such
type (e.g. classification tasks). At the same time, work [9]
examines the problems of processing client’s requests
(received in support services) in the context of using ma-
chine learning algorithms (namely in the part of natural
language processing), which are fundamental for optimiz-
ing the processing of requests in a wide variety of cus-
tomer support services and systems. Also, it is worth not-
ing the works [10], [11] and [12], which reveal, in fact,
the basic issues of both the fundamental theoretical prin-
ciples and principles of functioning, as well as the practi-
cal application, of an artificial neural networks and a mul-
tilayer perceptron, which provides possibilities for better
understanding and realizing their full potential, both in the
context of possible use in the field of software complexes
support, and as a whole.

3 MATERIALS AND METHODS

The main functional purpose of the developed method
of forming multifactor portraits of the subjects supporting
software complexes, with the use of a multilayer percep-
tron, is to ensure the possibility of identification and de-
termination personalized complex indicators of presence
each of the impact factors (within a relevant pre-agreed
and declared set of impact factors) in the processes of
personal subjectivization of the researched supported ob-
ject’s perception by the relevant subjects interacting with
it (directly or indirectly) and making influence on its sup-
port.

The main idea of the developed method, which pro-
vides possibility to achieve the declared goal and task of
this research, is to use the results of another researches
[13], [14] and [15] in order to ensure the possibility of
solving the declared task of identification and determina-

tion personalized complex indicators of presence each of
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the impact factors in the processes of personal subjectivi-
zation of the researched supported object’s perception by
the relevant subjects interacting with it. In particular, re-
searches [13] and [14] provides possibilities to identify
the probabilities of belonging of the hidden layers’ neu-
rons (of the encapsulated trained multilayer perceptron
artificial neural network) to the corresponding declared
impact factors. Meanwhile, research [15] provides the
possibility of modeling these processes using R-system
and Python environments.

After all, having the specific numerical values of
probability indicators of belonging each of the hidden
layers’ neurons (of the encapsulated trained MP ANN) to
the appropriate relevant impact factors, it becomes possi-
ble to further step-by-step construction of a multifactor
portrait of the corresponding researched subject. Since
each chain of activated neurons obtained using expression
(1) is, in fact, an instant slice of the researched subject’s
multifactor portrait:

SubjMFP[s]Inst[c] = Y [c]FI1]),...2 [c]FID ] (2)

Thus, after fully completing the simulation for all
available test cases belonging to one particular specific
researched subject, we will obtain a corresponding set of
various (perhaps, even partially repeated) chains of neu-
rons activated during the simulation of each of these test
cases (exactly for this one separate specific researched
subject):

SubiMFP[s]=[ S[1..n)(F[1])/n,....S[L.0lF[AM) 1. 3)

Expression (2) provides the possibility of interpreting
the researched task by usage of relevant results obtained
by simulation of previously trained multilayer perceptron
artificial neural network, where:

— Y[c](F[1]) — the sum of the belonging of all acti-
vated neurons (in simulation results of the current test
case [c]) to the first one impact factor F[1] from a pre-
declared set of defined impact factors;

— Y [c](FTf]) — the sum of the belonging of all activated
neurons (in simulation results of the current test case [c])
to the last one impact factor F[f] from a pre-declared set
of defined impact factors.

Meanwhile, expression (3), in turn, provides the pos-
sibility of interpretation the researched task of forming
multifactor portraits of the subjects supporting the inves-
tigated object (the supported software complex, or proc-
esses of its support), where:

— Y [1..n](FT1]) — the sum of the belongings of all acti-
vated neurons (in obtained simulation results of all test
cases [1..n] for current researched subject) to the first one
impact factor F[1] from a pre-declared set of defined im-
pact factors;

— >[1..n](F[f] — the sum of the belongings of all acti-
vated neurons (in obtained simulation results of all test
cases [1..n] for current researched subject) to the last one
impact factor F[f] from a pre-declared set of defined im-

pact factors;
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— n — the number (amount) of test cases for the current
researched subject.

In addition, expression (3) also provides additional
normalization of the obtained resulting data.

Thus, expression (3) actually represents the corre-
sponding relevant mathematical model of the multi-factor

Reading the values of the
probabilities of belonging
the neurons of the hidden
layers of the encapsulated
MP ANN to the relevant
pre-defined impact factors

Overrun of all researched subjects
interacting with the supported object

Overrun of all simulation test cases for
the current researched subject

Construction of a chain of MP
ANN’s neurons, activated during
the simulation of current test case

1 5

portrait of the subjects supporting investigated software
complexes.

Below, in the Figure 1, a corresponding generalized
block diagram of the developed algorithm of forming a
multifactor portrait of the researched subject interacting
with the investigated supported software complex is rep-

resented.
00 ® D€
Formation of an instant slice

of a multifactor portrait for
the current researched subject

Saving the current instant slice
of the “in-process-of-forming”
current multifactor portrait

Formation of the final complete multifactor portrait
(of current subject) based on its instant slices

Saving the formed complete multifactor
portrait of current researched subject

End

Figure 1 — Block diagram of the developed algorithm of forming a multifactor portrait(s) of the researched subject(s) interacting with
the investigated supported software complex

The developed algorithm, block diagram of which is
presented in Figure 1, as well as the corresponding
mathematical model represented by expression (3), actu-
ally, create the needed basis of the developed method of
forming multifactor portraits of the subjects supporting
software complexes, with usage of a multilayer percep-
tron.

While the corresponding: mathematical model (repre-
sented in research [13]), the model of decomposed isola-
tion dominance (represented in research [14]), as well as
the appropriate information model (represented in re-
search [15]) form up a complementary, but, at the same
time, absolutely integral and irreplaceable component part
of this method.

So, taken together, all these abovementioned constitu-
ent elements form a holistic method which provide possi-
bility to resolve the declared scientific and applied task,
namely: the task of identification and determination of
personalized comprehensive indicators of presence each
of the impact factors in the processes of personal subjec-
tivization of the researched supported object’s perception
by the relevant subjects interacting with it and making
influence on its support, is being considered in this re-
search.

4 EXPERIMENTS
The experiment consists in a step-by-step execution of

all the stages described in this research, namely: correct
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formulation of the researched task with all the necessary
input data, as well as mandatory compliance with the de-
clared restrictions; preparation and encapsulation of cor-
responding artificial neural network of a multilayer per-
ceptron type, training this model, and obtaining all neces-
sary results of the specific numerical values of probabili-
ties of the hidden layers’ neurons’ belonging to the corre-
sponding pre-declared impact factors; preparation of test
cases for modeling the subjectivization processes of the
perception of support object by all researched subjects
(separately by each of these subjects); step-by-step execu-
tion of the developed algorithm of forming a multifactor
portrait(s) of each of the studied/researched subjects by
forming the corresponding instant slices of these (“in-
process-of-constructing”) multifactor portrait(s), as well
as the final full and complete multifactor portrait(s) of the
subject(s) based on the relevant developed and proposed
mathematical model.

5 RESULTS

The main results of functioning of the developed
method — are formed/constructed multifactor portraits of
the subjects supporting investigated object (e.g. the sup-
ported software complex, or processes of its support). In
fact, each these obtained in such a way multifactor por-
traits (for each particular researched subject) represents a
set (or array) of personalized comprehensive indicators of
presence each of the pre-declared impact factors in proc-
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esses of personal subjectivization of perception of the
investigated support object by the corresponding relevant
researched subject(s).

Thus, any multifactor portrait of any researched sub-
ject of interaction with an investigated supported software
complex can be presented using the following appropriate
expression (4):

SubjPort[x]=[Presence(F[1]), ..., Presence(F[f])] (4)

So, in accordance with the proposed generalized rep-
resentation of a multifactor portrait(s) of the researched
subject(s), formalized using expression (4), any multifac-
tor portrait could be, in fact, represented by a correspond-
ing set (array) consisting of elements, where:

— Presence(F[1]) — indicator of presence of the first
(from a relevant set of all the pre-declared impact factors)
impact factor F[1] in current considered multifactor por-
trait SubjPort[x];

— Presence(F[f]) — indicator of presence of the last
(from a relevant set of all the pre-declared impact factors)
impact factor F[f] in current considered multifactor por-
trait SubjPort[x].

Also, all these obtained resulting data of indicators of
presence each of the impact factors in the researched mul-
tifactor portrait are already pre-normalized by using an
expression (3).

Visually, any researched multifactor portrait is best
perceived in the format of any standard diagram or histo-
gram. In particular, below, in Figure 2, an example of
visual interpretation of the obtained multifactor portraits
of the researched subjects is presented, precisely with the
help of a standard set of tools for constructing diagrams
and/or histograms.

Also, as additional part of the research, carried out in
this paper, the developed method has been tested on the
example of resolving the specific applied practical task of

Subject Q
B Factor 1 B Factor2  [OFactor3  OFactor4 M Factor 5
M Factor 6  MFactor 7 OFactor8  MFactor9 M Factor 10
0.02
0.03 0.09 0.19

0.09

0.15

automated search and selection of the candidate (from
among the members of corresponding relevant support
team of the supported software complex) which would be
the best in resolving the stack of specialized client re-
quests/task (related to supporting activities for this soft-
ware complex).

The solution of the given applied practical task is re-
duced to the application of the developed method for pur-
pose of forming appropriate multifactor portraits of the
researched subjects: members of the support team of
given software complex, followed by their comparison
with a certain “reference” multifactor portrait of some
“ideal” candidate, the most appropriate, and maximally
suitable and/or adapted for solving the given stack of spe-
cialized client requests related to the support of this soft-
ware complex.

Therefore, the member of the support team (of consid-
ered software complex), whose multifactor portrait is
maximally comparable to the reference one — will be the
most suitable candidate for delegating him the appropriate
stack of specialized client requests regarding the support
of this software complex.

Below, in Figure 3, appropriate personal multifactor
portraits of the research subjects (of the applied practical
task being solved) are presented, using the developed
method, as well as the results of their comparison with the
reference multifactor portrait of the “ideal” candidate,
both with the selected result of this comparison and the
corresponding maximal suitable candidate from among
the researched subjects (which, looking ahead, appeared
to be “Subject 127).

In addition, below, in Figure 4, the results of solving
this applied practical problem are presented, visualized in
a convenient form of representation with the help of a
comparative histogram.

0.3 B Subject W
0.25+
0.2 7 0.18
0,15
0.15+

2

Factor 1
Factor
Factor 3
Factor 4
Factor 5
Factor 6
Factor 7
Factor 8
Factor 9
Factor 10

Figure 2 — Visualization examples of formed multifactor portraits of the researched subject using a standard set of tools for construct-
ing diagrams and/or histograms
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Portraits Factor 1 Factor2 TFactor3 TFactor4 TFactor5 Factor6 Tactor7 TFactor8 TFactor9 Factor 10

Subject 1 0.045 0.049 0.116 0.098 0.134 0.179 0.175 0.067 0.028 0.109
Subject 2 0.037 0.002 0.187 0.121 0.082 0.076 0.164 0.045 0.078 0.118
Subject 3 0.114 0.033 0.108 0.090 0.084 0.035 0.084 0.091 0.209 0.062
Subject 4 0.126 0.0535 0.095 0.102 0.087 0.079 0.117 0.124 0.107 0.108
Subject 5 0.034 0.177 0.090 0.149 0.146 0.088 0.065 0.056 0.102 0.093
Subject 6 0.046 0.113 0.049 0.096 0.152 0.076 0.064 0.123 0.164 0.117
Subject 7 0.095 0.060 0.162 0.228 0.073 0.068 0.035 0.086 0.106 0.087
Subject 8 0.084 0.033 0.143 0.026 0.045 0.104 0.301 0.123 0.104 0.037
Subject 9 0.048 0.132 0.229 0.042 0.162 0.068 0.037 0.067 0.152 0.063
Subject 10 0.126 0.172 0.076 0.036 0.084 0.140 0.038 0.152 0.083 0.093
Subject 11 0.045 0.101 0.165 0.095 0.141 0.119 0.084 0.095 0.095 0.060
Subject 12 0.087 0.067 0.099 0.183 0.122 0.095 0.068 0.044 0.128 0.107
Subject 13 0.058 0.107 0.138 0.124 0.109 0.076 0.094 0.088 0.117 0.089
Subject 14 0.054 0.065 0.083 0.071 0.072 0.097 0.127 0.208 0.105 0.118
Subject 15 0.131 0.063 0.203 0.121 0.083 0.115 0.046 0.074 0.086 0.078
Reference 0.089 0.058 0.107 0.202 0.064 0.092 0.106 0.049 0.086 0.147
ComparisonABS Factor 1 Factor2? Factor3 Factor4 Factor5 Factor6 Factor7 Factor8 Factor9 Factor 10 Sum
Subj.1 vs Refer. 0.044 0.009 0.009 0.104 0.07 0.087 0.069 0.018 0.058 0.038 0.506
Subj.2 vs Refer. 0.052 0.034 0.08 0.081 0.018 0.016 0.058 0.004 0.008 0.029 0.380
Subj.3 vs Refer. 0.025 0.025 0.001 0.112 0.02 0.057 0.022 0.042 0.213 0.085 0.602
Subj.4 vs Refer. 0.037 0.003 0.012 0.1 0.023 0.013 0.011 0.075 0.021 0.039 0.334
Subj.5 vs Refer. 0.055 0.119 0.017 0.053 0.082 0.004 0.041 0.007 0.016 0.054 0.448
Subj.6 vs Refer. 0.043 0.055 0.058 0.106 0.088 0.016 0.042 0.074 0.078 0.03' 0.590
Subj.7 vs Refer. 0.006 0.002 0.055 0.026 0.009 0.024 0.071 0.037 0.02 0.06 0.310
Subj.8 vs Refer. 0.005 0.025 0.036 0.176 0.019 0.012 0.195 0.074 0.018 0.11 0.670
Subj.9 vs Refer. 0.041 0.074 0.122 0.16 0.098 0.024 0.069 0.018 0.066 0.084 0.756
Subj.10 vs Refer. 0.037 0.114 0.031 0.166 0.02 0.048 0.068 0.103 0.003 0.054 0.644
Subj.11 vs Refer. 0.044 0.043 0.058 0.107 0.077 0.027 0.022 0.046 0.009 0.087 0.520
Subj.12 vs Refer. 0.002 0.009 0.008 0.019 0.058 0.003 0.038 0.005 0.042 0.04 0.224
Subj.13 vs Refer. 0.031 0.049 0.031 0.078 0.045 0.016 0.012 0.039 0.031 0.058 0.390
Subj.14 vs Refer. 0.035 0.007 0.024 0.131 0.008 0.005 0.021 0.159 0.019 0.029 0.438
Subj.15 vs Refer. 0.042 0.005 0.096 0.081 0.019 0.023 0.06 0.025 0 0.069 0.420

Figure 3 — Formed personal multifactor portraits of the researched subjects, as well as the results of their comparison with the corre-
sponding reference multifactor portrait of the ideal candidate

O Factor1 BFactor2 CFactor3 OFactor4 B Factor5 EFactor1 M Factor2 OFactor3 [Factord BFactor3
OFactor6 MFactor7 OFactor8 BFactor9 ®Factor10 O Factor6 HFactor7 OFactor8 MFactor9 BFactor10
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0.050 0.0507
0.000 0.000-
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Subject 7 Subject 8

Figure 4 — The results of solving an applied practical task, obtained using the developed method, and visualized in a convenient form
of representation by the usage of a comparative histogram
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Figure 4 — The results of solving an applied practical task, obtained using the developed method, and visualized in a convenient form
of representation by the usage of a comparative histogram (Continuation)

Thus, as an example of approbation and practical ap-
plication of the developed method, the results of solving
the applied practical task of automated search and selec-
tion of the candidate (from among the members of corre-
sponding relevant support team of the supported software
complex) which would be the best in resolving the stack
of specialized client requests/task (related to supporting
activities for this software complex), have been presented
in this research.

In general, the obtained results testify to the suitability
and effectiveness of the developed method for solving the
declared scientific and applied task of identification and
determination of personalized comprehensive indicators
of presence each of the impact factors (from a pre-agreed
and declared set of impact factors) in the processes of
personal subjectivization of the researched supported ob-
ject’s perception by the relevant subjects interacting with
it (directly or indirectly) and making influence on its sup-
port.

6 DISCUSSION

In the scope of research [16], a comprehensive study
has been carried out aimed mainly at identifying and ana-
lyzing the most modern and actual methods, algorithms
and sensor technologies in existing studies of the intellec-
tual interaction of a person with a computer (e.g. more
known ask a “human computer interaction” — HCI), the
topic of trends in the area of this interaction, as well as
potential directions for future researches in this area. In
particular, it is also going about the corresponding intelli-
gent user interfaces of the various used software products
and complexes. Research in both these directions is
mainly focused on intelligent recognition of emotions,
gestures and facial expressions of users, involving a sen-
sor technologies (such as camera, portable sensors / trans-
ducers, trackers, gyroscopes, etc.). At the same time, re-
searchers and developers most often use the intellectual
solutions they need — based on the methods, algorithms
and sensor technologies of artificial intelligence, machine
learning, artificial neural networks, including a multilayer
perceptron.

© Pukach A. 1, Teslyuk V. M., 2025
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At the same time, another research [17] presents an
overview of research focused on a universal usability,
plasticity of user interface design, and facilitating the de-
velopment of an interfaces with universal usability. The
basics of adaptive or intelligent user interfaces (of various
software products and complexes) are presented, focused
on three main areas: artificial intelligence, user modeling,
and intelligent human-computer interaction. According to
the results of this research, the interface of the developed
and supported software product or complex should take
into account the individual characteristics of users, based
rather on the actual behavior of these users, then on their
feedback about the supported software product. Also, the
need for a more complete understanding of the human
psychological model of the researched subjects (users) is
emphasized, which requires a high-quality interdiscipli-
nary approach and cooperation between different fields’
researchers.

Additionally, the research [18] also investigates the in-
teraction of subjects (users) with modern intelligent tech-
nological systems, which (interaction) goes far beyond
just the concept of convenience of supported software
products usage, extending to a person's emotions before,
during and after using a system (e.g. software product /
complex), and cannot be determined only by examining
the main attributes of usability, such as the effectiveness
and satisfaction of the actors (i.e. users) interacting with
that system. Therefore, such research requires more intel-
ligent and complex approaches, including artificial intel-
ligence technologies as well as considering and taking
into account the approach of a general intelligent comput-
ing environment.

Thus, the existing provided researches confirm the ac-
tuality, relevance and necessity of studying and taking
into account the peculiarities of subjects interacting with
developed and supported software products, complexes,
or systems. At the same time, they study various options
for taking into account these features of the subjects that
interact (and influence accordingly) the developed and
supported software products, systems and complexes.
However, in none of the researched cases, the influence of
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relevant factors, which, precisely, make impact onto these
subjects themselves, is being considered and appropri-
ately taken into account.

Meanwhile, the method of forming multifactor por-
traits of subjects supporting software complexes, devel-
oped and presented in current research, provides possibili-
ties for carrying out the necessary identification and de-
termination of personalized comprehensive indicators of
presence each of the impact factors (from a pre-agreed
and declared set of impact factors) in the processes of
personal subjectivization of the researched supported ob-
ject’s (e.g. supported software product, complex, systems,
as well as the processes of its support) perception by the
relevant subjects interacting with it.

Thus, at the output of its functional operation, the de-
veloped method ensures obtaining a relevant suitable
model(s) of the multifactor portrait(s) of the researched
subject(s), which, later, makes it possible to take it into
account when researching and resolving various related
scientific and applied tasks of a more complex scientific
and applied problem of software complexes support
automation.

As a further practical application of the developed
method, we can see the solution of a stack of relevant
applied practical tasks, among which, for example, are
such as:

— development of models of various subjects interact-
ing with the researched and supported software com-
plex(es);

— adjustment of personal characteristics, skills, and
features of the researched subjects in order to correct their
multifactor portrait(s) in the necessary vector of require-
ments;

— development of personal instructions for subjects in
order to improve their characteristics, including, in par-
ticular, professional ones;

— research on the compatibility of various (interacting
each other) subjects based on their multifactor portraits;

— and others.

Thus, taking into account a wide range of applied
tasks, the expediency of further research in this direction
is fully justified.

In addition, the developed method can also be used in
other areas of science and practice, in particular, for ex-
ample, in such fields as psychology and sociology, where
the formation of various multifactor portraits is an ex-
tremely important stage in the investigation of any re-
searched subjects.

CONCLUSIONS

The method of forming multifactor portraits of sub-
jects supporting software complexes, using a multilayer
perceptron, is developed. The main scientific and applied
task, resolved by the developed method, is the task of
identification and determination of personalized compre-
hensive indicators of presence each of the impact factors
(from a pre-agreed and declared set of impact factors) in
the processes of personal subjectivization of the re-
searched supported object’s (e.g. supported software
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complex, as well as the processes of its support) percep-
tion by the relevant subjects interacting with it (both di-
rectly or indirectly) and making influence on its support.
The input data of the developed method of forming multi-
factor portraits of the software complex support subjects —
is the relevant trained multilayer perceptron ANN, encap-
sulated into a corresponding model of subjective percep-
tion of the investigated support object (the supported
software complex, or processes of its support). as well as
a set of test cases (for each of the researched subjects in-
teracting with the object of support) for modeling the
processes of subjectivization of the supported object’s
perception by each separate researched subject interacting
with this object.

The corresponding developed algorithm of forming a
multifactor portrait(s) of researched subject(s) (interacting
with the investigated supported software complex) is pre-
sented, as well as a corresponding mathematical model of
multifactor portrait(s) of these subject(s) of interaction,
which form the basis of the developed method. While the
corresponding: mathematical model (represented in re-
search [13]), the model of decomposed isolation domi-
nance (represented in research [14]), as well as the appro-
priate information model (represented in relevant research
[15]) — make up a complementary, but absolutely integral
comprehensive and irreplaceable component of the devel-
oped method. So in aggregate, all these constituent ele-
ments form a complete method, which provide possibility
to solve the declared scientific and applied task of this
research.

The basic forms of representation of the multifactor
portrait(s)’ models of subjects (interacting with the sup-
ported software complexes) are presented, which in-
cludes: an appropriate developed mathematical form of
representation, a visual form of representation using a
standard set of tools for constructing diagrams and/or
histograms; as well as the given examples of simulation
results.

The developed method provides the possibility of
building a relevant multifactor portraits’ models of the
researched subjects interacting with the investigated sup-
ported software complexes, as well as any other objects
(or processes) of software products’ complex support.

The scientific novelty consists in the development of
a method of forming multifactor portraits of the subjects
supporting program complexes, which provides possibili-
ties for studying both, in general: the impact factors per-
forming influence onto the investigated software com-
plexes and their support, as well as the processes of per-
ception’s subjectivization of the investigated object of
support by the relevant researched subjects who interact
with the first (directly or indirectly), and affect its sup-
port.

The practical significance consists in the develop-
ment of an appropriate specialized dedicated algorithm of
forming a multifactor portrait(s) of the researched sub-
ject(s) interacting with the investigated supported soft-
ware complex(es), as well as a corresponding mathemati-
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cal model of the multifactor portraits of these researched
subjects.

Prospects for further research consist in the devel-
opment of appropriate additional specialized algorithmic
and programming tools for modeling multifactor portraits
of the researched subjects interacting with the investi-
gated supported software complexes and products, as well
as in the further application of the developed models in
the fields of studying both the influence of impact factors
as well as the relevant processes of perception’s subjec-
tivization of the investigated support object by the rele-
vant subjects who interact with it, both in the direction of
software complexes’ support automation, and in other
related (or possible potentially related) areas of scientific
and applied research.
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METOA ®OPMYBAHHSA MYJIbTU®AKTOPHUX ITOPTPETIB CYB’€EKTIB NIATPUMKHU TPOI'PAMHUX
KOMILJIEKCIB, 3 BUKOPUCTAHHSAM BAT'ATOIIAPOBOT' O IEPHEIITPOHA

IMykau A. I. — kaHx. TexH. HayK, acUcTeHT Kadeapu ABromarnsoBanux Cucrem Ynpasninus [uctutyty Komm’orepanx Hayk Ta
Indopmaniitnux TexHosmoriit HarionansHoro YHiBepcutety «JIbBiBchka [Tomitexnikay, JIbBiB, Ykpaina.

Tecarok B. M. — 1-p TexH. HayK, mpod., 3aBigyBau kapeapu Apromatu3oBaHnx Cucrem Ynpasminas [Herutyty KoM’ rorepaux
Hayxk ta [ndopmamniiinnx Texnomnoriit HanionansHoro YHiBepcurety «JIpBiBcbka IlomitexHikay, JIbBiB, YipaiHa.

AHOTAIIA

AxTyanbHicTh. Po3risiHyTO npobnieMy ineHTHiKamil Ta BU3HaYEHHS IEepPCOHI(IKOBAaHNX KOMIUIEKCHUX ITOKa3HUKIB HasiBHOCTI
KOKHOTO 3 (paKTOpiB BIUIMBY B IpoLiecax 0COOMCTICHOT Cy0’ eKTHBI3alii CHPHUHHATTS JOCIIDKYBaHOTO 00’ €KTa MIATPHUMKH BiIOBII-
HUMH Cy0’€KTaMH, SIKi 3 HUIM B3a€MOJIIOTH i BIUIMBAIOTh HA HOTO mMiATpUMKY. O6’€KTOM JOCIIIKEHHS € Tpolec GOpMyBaHHS MyJb-
TU(AKTOPHUX MOPTPETIB Cy0 €KTIB MIATPUMKH MPOTPaMHUX KOMILIEKCIB, 3 BUKOPHCTaHHIM OararourapoBoro mnepuentpona. Ilpen-
METOM JIOCITI/KEHHSI € METOIH Ta 3aco0u (opMyBaHHs MyJIbTH(HAKTOPHUX MOPTPETIB CyO’€KTIB MiATPUMKH HPOrPAMHUX KOMILICK-
ciB.

Meta po60oTH — po3poOIeHHS METOLy (POPMYyBaHHS MYJIbTH()AKTOPHUX MOPTPETIB CYO’ €KTIB MIATPUMKH MPOTPAMHUX KOMILICK-
ciB, 3 BUKOPHCTaHHSM 0araToLIapoBOro MepLenTpoHa.

Metoa. Po3pob6ieno meton GopmyBaHHS MyIbTH()AKTOPHUX MOPTPETIB CyO’ €KTIB MiITPHMKH IIPOTPAMHUX KOMIUIEKCIB, 3 BUKO-
PHUCTaHHSIM LITYYHUX HEHPOHHUX MEpPEX THUITy 0araToIlapoBOrO MEpLENTPOHa, IO Jac 3MOory (HOpMyBaTH BiJIIOBIJHI ITEPCOHAIBHI
MyJIbTH(AKTOPHI TOPTPETH CyO €KTIB, KOTpi, HANPAMY a0b0 OIOCEPEIKOBAHO, B3aEMOJIIOTH 3 00°€KTOM HiITPUMKH, B SKOCTI SKOTO
MOX€ BHCTYIATH SIK CaM MiATPUMYBAHHUI IPOrpaMHHUiT KOMIUIEKC, TaK i HPOLECH, TIOB’s3aHi 3 HOr0 KOMIUIEKCHOIO i ATPUMKOIO.

PesyabraTn. PesynpratamMmu po6oTH po3po0iieHOro METoIy € BiAMOBiAHI Moaeni MyJIbTH()AKTOPHHUX MOPTPETIB CyO €KTIB mif-
TPUMKH TIPOTPAMHUX KOMIUICKCIB, 5IKi, B HOJAJIBIIOMY, BUKOPHUCTAHO IS PO3B’SI3aHHS KJIacTepy HAyKOBO-NIPHKIAIHUX 3a/ia4d aBTO-
MaTH3alii MATPUMKH TPOTPaMHHUX KOMIUIEKCIB, 30KpeMa, 3a1ady ileHTUQIKaIii Ta BU3HAYEHHs IEPCOHATI30BAHUX KOMIUIEKCHHUX
MIOKA3HHKIB MIPUCYTHOCTI KOXKHOTO i3 (haKTOpiB BIUIMBY (Hamepen y3roUKEHOI Ta 3aIeKIapoBaHOI MHOXKMHH (haKTOpPIB BIUIUBY) B
Iporecax IMepCcoHAIbHOI Cy0’ eKTUBI3aNil CHPHHHSTTS JOCTIIKYBaHOTO 00’ €KTa MIATPUMKH BiJIIOBITHUMH Cy0’€KTaMH, KOTpi B3ae-
MOJIIIOTh 3 MepIIuM (HanpsiMy abo OIloCcepeIKOBaHO), Ta BIUIMBAIOTh HA HOTo MIATPUMKY. B sIKOCTI NpHKiIagy IpakTHYHOTO 3aCTOCY-
BaHHS PO3POOJICHOIO METOJy, HAaBEJCHO Pe3yJIbTaTH PO3B’sI3aHHS MPUKIJIAJHOI MPaKTUYHOI 3a/adi aBTOMAaTH30BAHOTO IIOLIYKY Ta
migbopy KaHauaara (3 4ucia WieHIB KOMaHIU MiATPUMKH IPOrPAHOro KOMIUIEKCY) AJIsl PO3B’s3aHHS CTEKY CIIeLiani3oBaHUX KIi€HT-
CHKHX 3aIUTIB (11010 MiATPUMKH [IbOIO MPOrPAMHOTO KOMILIEKCY).

BucHoBku. Po3pobnenuit MeTos BUpilIye MOCTaBIEHY 334ady ineHTU(IKaIil Ta BU3HAYCHHS MEPCOHATI30BAHUX KOMIUICKCHUAX
MMOKAa3HUKIB MPHCYTHOCTI KOKHOTO 13 ()aKTOpiB BIUIMBY (Hamepea Y3roKeHOI Ta 3aJeKIapoBaHOI MHOKHHH (DaKTOpPIiB BIUIHBY) B
Iporecax IMepCOHAIbHOI Cy0’ eKTUBI3aLil CHPUHHSTTS HOCTIIKYBAaHOTO 00’ €KTa MIATPUMKH BiJIIOBITHUMH Cy0’€KTaMH, KOTpi B3ae-
MOJIIOTh 3 IEepIINM (HampsiMy abo ONOCepeKOBaHO), Ta BIUIMBAIOTH HA HOTO MIATPUMKY. B momoBHEHHS, po3polieHuii MeTos 3a-
Oe3nedyye MOXKIIMBICTD MOOYIOBU BiANOBIIHUX MOJieNed MyIbTH(HAKTOPHUX MOPTPETIB CyO’ €KTIB MIATPHMKHU IPOrPAMHUX KOMILIEK-
CiB, 110 JIa€ 3MOTY BHKOPHCTOBYBATH iX IPH PO3B’si3aHHI OyIb-sKMX 33Jad, MOB’SI3aHMX 3 aBTOMATH3AL€I0 MOIIYKYy Ta Hindopy
Cy0’€KTiB MATPUMKH HOPOrPaMHHMX KOMILICKCIB, IO BIANOBINAIOTH 33ZaHUM KPUTEPisIM sIK B KOHTEKCTi MpOLECiB cy0’eKTUBIi3aLil
MEPCOHANBHOTO CIPUUHATTS 00’ €KTIB MIATPUMKHU (MIATPUMYBaHHX MIPOTrPAaMHHUX KOMILICKCIB, UM MPOLECIB X MIATPUMKH), TaK i B
KOHTEKCTI CyMICHOCTI Y B3a€MOIii 3 KIIIEHTaMH Ta/a00 KOPUCTYBaYaMH MiATPHUMYBAHUX MPOTPAMHUX MPOAYKTIB (OCKUIBKH LI KOPHUC-
TyBadi, (PaKTHYHO, TEXK SBIAIOTHCS CYO’ €KTaMH B3a€MOZIT 3 THM K€ JOCIIKYBaHHM 00’ €KTOM MiATPUMKH).

KJIIOYOBI CJIOBA: aBromaru3arisi, IporpaMHUH KOMIUIEKC, MATPUMKa, (JaKTOp BIUIMBY, MyJIbTU(GAKTOPHIX HOPTPET, HEH-
POHHI Mepexi, 6araTomapoBHii IepLIeNnTPOH.
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