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Annotation. This paper presents a method for planning the use of educational and training
applications, which intended to improve the training level of military specialists. This paper
provides an algorithm for determining requirements to important professional qualities and
competencies of a military specialist, an integral indicator of his training level for fulfillment of
his functional duties, forecasting the process of improving professional qualities and
competencies and drafting a rational plan for professional development.

1. Introduction
Nowadays, the level of professional training of military specialists is one of the most important factors
that determine the effectiveness of the use of various types of weapons, military and special equipment
[1]. Therefore, the tasks associated with improving the process of training military specialists are highly
relevant.
A well-known direction of improving the process of training military specialists is the implantation
of modern automated information systems, which include educational and training applications (ETA).
The Modern ETA are multitasking automated systems used to acquire new knowledge and improve
existing skills and control the degree of their development. However, the tasks of optimal use are not
fully worked out. Therefore, their effectiveness is insufficient to achieve aims, but this is especially
important in the context of increasing military specialists’ professional level directly in military units.
Further, a method for the formation of a plan for using the ETA is proposed, which includes the
following stages:

e determination of requirements to professional important qualities (PIQ) and competencies of a
military specialist;

e determination of an integral indicator of his training level for fulfillment of his functional duties;

o forecasting the process of improving professional qualities and competencies;

e drafting a rational plan for professional development.

2. Research materials and methods

The determination of the requirements for the PIQ and the competencies of a military specialist is based
on a professional analysis [2]. For the correct compilation of a professional diagram, it is necessary to
identify the characteristics of a person that will directly affect the quality of the fulfilment of duties.
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After determining the P1Q, competencies and functional tasks, it is necessary to express them in a
guantitative and qualitative measure. This assessment is difficult to perform using the rules of classical
mathematics or a scoring system, since these indicators are poorly formalized. In this case, it is optimal
to use approximate human reasoning, applying linguistic variables, where fuzzy sets are the values of
these variables.

For detecting connection between a set of the PIQ, competencies and successful execution of the
functional tasks is proposed to use fuzzy correlation analysis [3, 4]. The values of the correlation
coefficients can be interpreted as the weighting coefficients of the significance of individual qualities
for the successful implementation of a particular functional task.

For the effective use of the ETA, it is also necessary to have information about the significance of a
particular functional task of a military specialist. This requires the creation of an integral system for the
classification of functional tasks. The use of this system makes it possible to determine a certain integral
indicator of the level of a military specialist's skills for performing tasks. Focusing on the fuzzy nature
of the initial data necessary to describe the features of the performance of their duties by military
specialists, to build the proposed system, it is advisable to use a mathematical apparatus that allows to
solve problems of classifying fuzzy and complexly structured figures [5, 6, 7]. In this case, the methods
of fuzzy classification (which are based on the principles of conceptual clustering) are an effective tool
for constructing a dividing surface in the space of all parameters of the objects under study,
multidimensional scaling and reduction of heterogeneous parameters to a homogeneous form.

In general, the task of the integral assessment of the level of training of specialists is to transform the
whole variety of different types of indicators into a single metric scale. The initial data are fuzzy, the
most effective is the multidimensional fuzzy classification algorithm [8, 9, 10].

To predict the process of improving the PIK and the competencies of a military specialist, it is
necessary to take into account that the process of improving the level of professional training depends
on many factors, including individual abilities, forms and methods of training [11, 12]. In this case, in
order to achieve the best results, it is necessary to focus on the features of the studied material and the
characteristic portrait of the student both at the beginning and during the learning process, and on their
basis to adapt the learning process.

In the research paper of the authors [13, 14], it is assumed that the learning process is exponential:

Q(1)=Qi - (Qi— Qr) €™, 1)

Qiand Qg — initial and required level of professional training of a specialist; o — learning rate indicator.

The exponential model for improving professional knowledge and skills has become widespread.
But when examined qualitatively, the real process of holistic learning does not coincide with the
monotonous exponential [15]. Therefore, it is advisable to use a more complex learning model based on
the fact that the knowledge acquired by the student is capable of self-organization and is capable of
creating new knowledge themselves.

The above provisions are fully consistent with the "transformational” theory set forth in the research
paper [15]. As a result of using the presented provisions, it is possible to obtain an extensive class of
models for calculating the adaptive dynamics of the professional development of a specialist [16].

In general, the model makes it possible to predict the process of professional development of a
military specialist and to determine the expected time to reach a given level of training, depending on
the individual abilities of each student [17, 18, 19].

After forecasting, it is necessary to draft a rational plan for the professional development of a military
specialist. The plan of professional development is understood as a set of the PIQ and competencies that
need to be improved, as well as the length of time to improve each of them.

For a drafting a rational plan, either algorithms are used that have high accuracy, but have limited
capabilities for large dimensions of the initial data, or approximate algorithms that work fast enough,
but do not always reach an optimal solution [20, 21, 22]. Approximate algorithms include a greedy
algorithm that allows you to obtain an approximate solution (the accuracy of which can vary greatly) in
polynomial time.
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Evolutionary computation methods are an effective way to solve complex combinatorial problems,
among which genetic algorithms (GA), based on evolutionary modeling, occupy a special place [23, 24,
25]. The GA advantage over classical algorithms consists in a wide variety of possible representations
of the objective function, and optimization variables, the successful search for solutions in multimodal
target functions in the process of the GA does not require any additional information, which increases
the speed of the algorithm, as well as the use of probability and non-deterministic rules for finding
solutions [26].

The task of drafting a rational plan for the professional development of a military specialist has the
following informal setting: there is a certain declaratively defined time interval T, during which it is
necessary to organize the process of raising the level of training, as well as the list of the PIQ and
competencies X= {xi..., Xs}. The entire time period is divided into the smallest possible discrete intervals
named At for working out specific questions of the lesson. The number of intervals is determined by
Kin=T/At. Any the PIQ can be improved during the entire given period of time, therefore, the number of
selected intervals for the development of the PIQ can take on the maximum value named m=Kjn. The
integral indicator of the predicted level of training named Q of a military specialist will be determined
using a certain objective function. It is also necessary to draft such a plan, after which the integral
indicator of the level of training will reach the highest value, and the total duration of the preparation
time will not exceed a given period of time (named T).

The formal statement of the problem is to find a binary vector for a given set of the PIQ and
competencies (named X), preparation time (named T) and also values (named g; ):

X = (o11, X1 o s Xsm), Xij = { 1, t; T the PIQs x; o
0, tj | the PIQs x;
and at the same time the following condition:
"= Yo ti S Tu s Xj= qij - Xyj = max (3)

The solution will be represented by a binary vector named X= (X11, X12..., Xm). GA with standard
crossing and mutation operators is used when searching for a binary vector. However, at each step of
the iteration, it is necessary to ensure that the new solutions obtained as a result of crossing or mutation
satisfy the required restriction 7°<T, since if the restriction is not met, the “wrong” potential solution
must be modified.

Features of the use of GA for solving the problem are:

firstly, the number of genes contained in the chromosome is determined based on the number of the
PIQs and competencies, as well as the number of minimum allowable time intervals that fit into the
declarative interval allocated for training. The total number of genes in a chromosome will be
determined as the product of the number of time intervals and the number of the PIQs and competencies
considered in the research;

secondly, a complex functional that determines the value of the integral indicator of the level of
training of a military specialist at the current time will be used as a fitness function (FF). The fitness
function will be calculated on the basis of a hierarchical convolution of the values of the quality of
performance by military specialists of their functional tasks, taking into account the weight coefficients
of their significance. The possible level of quality in the performance of functional tasks is directly
determined by the level of development of individual PIKs and the degree of development of
competencies. The calculation of the degree of influence of PIK and competencies on the quality of
performance of functional tasks is carried out on the basis of a fuzzy correlation analysis. The issues of
calculating the listed indicators were presented earlier. It is worth noting the nonlinearity of the process
of increasing the level of specialist training in the learning process, which leads to polymodality of the
FF;

thirdly, the quality of the GA work will largely depend on the initial data. The total number of the
P1Qs considered, competencies and preparation time will significantly affect both the chromosome size
and the convergence rate of the algorithm. With a large number of PIQs and a short preparation time,
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the number of units in the chromosome will be relatively small compared to the total number of genes,
which will drastically reduce the speed of finding the optimal solution. Determination of the initial
population size, the values of the probabilities of crossing and mutation must be determined depending
on the specified conditions;

fourth, in the formulation of the combinatorial optimization problem when using GA, it is necessary
to take into account the limiting condition on the maximum number of units in the chromosome,
determined by the duration of the preparation time and the value of the minimum preparation time
interval. Simple destruction of offspring with an unsuitable genotype will lead to a sharp increase in the
time to find a solution, and to modify the genotype, a correct and effective algorithm is required, taking
into account the degree of influence of individual genes on the value of the FF.

The developed method involves the following steps:

e Determination of the set of the PIQs and competencies (set X).

o Determination of the list of functional tasks performed by a military specialist for their intended
purpose (set Y).

e The choice of the type of position (command and staff; command and control; engineering and
management or engineering and technical), in which the specialist fulfills his duties.

o Determination of the initial level of training of a military specialist xi(to), (the degree of
development of each of the considered the P1Qs and competencies).

e Calculation of the coefficients of the learning rate o; or each the P1Qs or competence, depending
on the activity strategy.

Determination of preparation time T, calculation of Kin=T/At for a value of At.

e Determination of the number of genes in the chromosome E=Kiqn's.

Determination of the power of the initial population (N), which is calculated based on the
processing of experimental data.

e Formation of representatives of the initial population directly Zi= (z11, Z12..., Zm): S — k the
number of the P1Qs and competencies, m=Ki, /=1...N. The encoding itself takes place in a
binary code, where each bit denotes a specific the PIQs or competency and its improvement or
ignoring during a certain minimum learning interval At To ensure the most representative
population, each subsequent chromosome is formed on the basis of already formed ones, taking
into account the condition of the maximum possible non-repetitive filling of genes with units.

e Calculation of the FF for each chromosome of the population (the FF is taken as the value of
the integral indicator of the level of training of a military specialist at the end of the training
time T):

Foys  (XiTij)d,
= . D — 4

Q 21_1 21_1 Zi=1rik ( )
xi — the level of development of the PIQs and competence; r;; — the correlation coefficient of the i-th the
P1Qs or competence and the j-th functional task; %; — the value of the weighting factor of a specific
functional task; F — the number of functional tasks/

e Calculation of the probability of selection for each chromosome by

j Qj .
Pl ="—;j=1..N (5)
sel Z;,Vzl Q;
e Random selection of rows based on probability P .
e Crossing the chromosome with the maximum FF value (Zi) nd a random representative of the
new population (Z;.) The probability of crossing (named P¢) s selected in the range from 0.8 to
0.9. The crossing operator assumes an element-wise comparison of the genes of the
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chromosome (Z;) and (Z;) and the selection of alleles according to the following rule: genes with
the same values are preserved in the offspring (they are inherited with a probability equal to 1).
Genes with different meanings are passed on to the offspring with a probability of 0.5.

A point mutation of the genes of the offspring is carried out with a probability P, equal to from
0.01 to 0.05.

Determination of the correctness of the genotype of the resulting offspring by the number of
units in the chromosome K;,,; > Zj?;l z; . If the offspring is incorrect, it is necessary to correct
the genotype (reduce the number of 1 in the chromosome). The degree of influence of each gene
on the FF is calculated based on the presented population

N
_ Xj=1Qj°Zij

b; j=1..E (6)

S ez
In the chromosome of the offspring obtained as a result of the crossing operation, the genes

having the value of allele 1 take the value 0, depending on the number of excess units. The
probability Pcor of correction of the gene value is determined by

. b
Pl =—~ .i=1..E 7
cor Z]E=1bj] ()

Checking the rules for stopping the GA work by time, by the number of iterations and by the
accuracy of the result.

3. Results
The method that was presented in this paper was tested in the process of training military specialists (for
this, the PIQs of a military specialist were also grouped).

Further, the general structure of the competence of a military specialist was formed. The number of
the military specialist's internal control complex was 60 units, and the competencies were 50 units. The
formation of quantitative values of variables was obtained using expert estimates. All functional tasks
that a military specialist need to solve in the course of his professional activity are divided into several
logical groups. The number of functional tasks was 51 units.

Based on the training model, the dynamics of changes in the level of professional training was
obtained on (figure 1).

Training level (Q)

Figure 1. The process of changing the
professional training of a specialist
((1120,8, 02=0,5, (13:0,3) with an
unlimited training time.

Based on the results of modeling, the volume of educational information transmitted at one step of
learning to the learning object was determined, learning algorithms were selected, which are the basis
for the ETA. The built-in training model made it possible to predict the dynamics of the development of
professional qualities in a military specialist and to determine the most rational strategies for their
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improvement, subject to time and cost constraints. As a result, the use of the proposed technique made
it possible to increase the level of training of military specialists by an average of 9%.

4. Conclusion

Based on the above, it can be concluded that the proposed methodology for the formation of a plan for
the use of the ETA takes into account all the variety of vaguely defined qualities necessary for a military
specialist in the performance of his official duties and the degree of their influence on some integral
indicator of the level of readiness. This method can significantly increase the efficiency of the training
process for military specialists.

References

[1] Baranchuk N A, Gusenica YA N 2020 Methodology for assessing the degree of competence
formation of military specialists Human capital 3(135) 94-103

[2]  Zhil'cov V 2017 Technique for compiling a professiogram (M.: Literaturnyj sovet) p 230

[3] Crittenden W F, Biel | K and Lovely W A 2018 Embracing Digitalization: Student Learning and
New Technologies Journal of Marketing Education 41(1) 5-14

[4] Thyagarajan S, Nambirajan T and Chandirasekaran G 2019 An Empirical Analysis of Training
Facilities in Micro-Small-Medium Enterprises (MSME) for Self-Help Groups (SHG) Ushus-
Journal of Business Management 18(2) 23-42

[5] Loépez S, Marquez A A, Marquez F A and Peregrin A 2018 Evolutionary Design of Linguistic
Fuzzy Regression Systems with Adaptive Defuzzification in Big Dqgata Environmets
Cognitive Computation 11 388-99

[6] Thaker S and Nagori V 2018 Analysis of Fuzzification Process in Fuzzy Expert System Procedia
Computer Science 132 1308-16

[71 Thorn P D and Schurz G 2018 Meta-inductive prediction based on Attractivity Weighting:
Mathematical and empirical performance evaluation Journal of Mathematical Psychology 89
13-30

[8] Bagrecov S A 2017 Algorithm for multidimensional fuzzy classification of metaprogram images
of specialists Human factor: problems of psychology and ergonomics 1 10-28

[9] Zade L A 1980 Fuzzy sets and their application in pattern recognition and cluster analysis
Classification and cluster (M: Mir) p 208-47

[10] Varghese A and George J S A 2018 Continious Assessment Strategy Using Fuzzy Logic Learning
Strategies and Constructionism in Modern Education Settings 1-305

[11] Karaboga D and Kaya E 2018 Adaptive network based fuzzy inference system (ANFIS) training
approaches: a comprehensive survey Artificial Intelligence Rewiew 2263-93

[12] Zhang X, Zhang Y, Sun Y and Lytras M 2017 Ordonez de Pablos P., He W. Exploring the effect
of transformational leadership on individual creativity in e-learning: a perspective of social
exchange theory Studies in Higher Educatin 43(11) 1964-78

[13] Atkinson R, Bauer G and Kroters Z 1969 Introduction to Mathematical Learning Theory
(M.: Mir) p 486

[14] Majer RV 2014 Cybernetic Pedagogy: Simulation of the Learning Process (Monograph. Glazov:
Glazov gos. ped. In-t) p 141

[15] Venda V F 1990 Hybrid Intelligence Systems: Evolution Psychology Informatics
(M.: Mashinostroenie) p 448

[16] Prorok V YA, Timofeev A V and Vorona S G 2020 Model of the process of training specialists
using educational and training means Radiotekhnika 2(3) 72-80

[17] Eremeev A P and Rybina G V 2018 Application of systems of intelligent simulation of RDO in
the educational process of MPEI and MEPhI for training personnel in the field of artificial
intelligence Soft measurements and calculations 12(13) 57-67

[18] Rybina G V and Sergienko E S 2017 Some approaches to the automated construction of
competence-oriented models of specialists in the field of knowledge engineering using training


https://www.elibrary.ru/author_items.asp?refid=708975878&fam=William&init=F
https://www.elibrary.ru/author_items.asp?refid=708975878&fam=Isabella&init=K
https://www.elibrary.ru/author_items.asp?refid=708975878&fam=William&init=A
https://www.elibrary.ru/contents.asp?titleid=5140#_blank
https://scholar.google.ru/citations?user=XXhwsHgAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=YOBeH4AAAAAJ&hl=ru&oi=sra
https://www.elibrary.ru/contents.asp?titleid=35241#_blank
https://www.elibrary.ru/contents.asp?titleid=48678#_blank
https://www.elibrary.ru/contents.asp?titleid=48678#_blank
https://www.sciencedirect.com/science/journal/18770509/132/supp/C#_blank
https://elibrary.ru/contents.asp?id=37003091&selid=37003098

ASEDU 2020 IOP Publishing

Journal of Physics: Conference Series 1691 (2020) 012037  doi:10.1088/1742-6596/1691/1/012037

[19]

[20]

[21]
[22]

[23]

[24]
[25]

[26]

integrated expert systems Information-measuring and control systems 7 3-15

Rybina G V and Fontalina E S 2018 Experience of automated construction of models of young
specialists in the field of knowledge engineering, based on training integrated expert systems
Collection of scientific papers of the XXI Russian scientific conference (Moscow: Russian
Economic University named after G V Plekhanov) p 222-8

Fedorenko K V and Olovyannikov A L 2017 Study of the main parameters of the genetic
algorithm as applied to the problem of finding the optimal route Bulletin of the State University
of Marine and River Fleet named after Admiral S O Makarova 4 714-23

Kruglov V V and Borisov V V 2001 Artificial neural networks: theory and practice
(M.: Goryachaya liniya — Telekom) p 382

Rutkovskaya D, Pilin'skij M and Rutkovskij L 2013 Neural networks, genetic algorithms and
fuzzy systems (M.: Goryachaya liniya — Telekom) p 384

Basyrov A G, Zaharov | V and SHushakov A O 2018 Method for choosing the structure of a
heterogeneous hierarchical information-computing system based on the apparatus of genetic
algorithms Proceedings of the A.F. Mozhaisky VKA 665 14-24

Emel'yanov V V, Kurejchik V V and Kurejchik V M 2003 Evolutionary modeling theory and
practice (M.: Fizmatlit) p 432

Kurejchik V V, Kurejchik V' M and Rodzin S | 2012 Evolutionary Computing Theory
(M.: Fizmatlit) p 260

Muhamedieva D T 2015 Analysis of the features of genetic algorithms Problems of computational
and applied mathematics 1(1) 87-93



