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The article is devoted to the problems of mathematical modelling of the processes
of organizing multipurpose learning. Under the multipurpose training is understood such
an organization of the educational process, in which in one group specialists are trained in
several related areas of activity, trajectory of training for which at certain intervals intersect.
In order to reduce the total training time, as well as the cost or resources required in the
training process, it is expedient to carry out the dynamic grouping of students by subgroups
in order to master certain competences.

The development of the mathematical apparatus used to optimize the multipurpose
learning process has not been completely studied at present. To reduce the dimension of
the overall task of optimizing the process of organizing multipurpose training, its step-by-
step solution is proposed. The article describes the approach to calculating estimates of the
possibility of training specialists in the areas of training and selection of training modules
available in the educational organization. The paper considers the options for optimizing the
selection of modules for training specialists on the following criteria: minimizing the total
duration of training, the cost of training and resources used for training. The algorithm
with the help of which it is possible to form an optimal group of students is proposed.

Keywords: multipurpose training simulation; field of training; optimization; assignment
problem.

Introduction

The accelerated rate of introducing scientific and technological achievements into
various areas of human activity calls for improved training (retraining) of specialists
obtaining both basic and specialized competences [1]. Some of the competences may apply
to several specialists, and another is unique and is expressed, for example, in just one
specialist. The issue of training and retraining of such specialists is rather expensive.
In this situation, good prospects are shown by formation of the specialist multipurpose
training groups in close areas of activity |2, 3|. Their formation is grounded by the fact that
the training paths of the mentioned groups of specialists partially intersect. This makes it
possible to create temporary subgroups for mastering some competences [4].

In this case, some specialists may have formed certain competences prior to the
beginning of the training, which is the ground for selecting for them such fields of
training that will be covered within the shortest period of time and (or) will require
minimal resources. Apart from this, there may exist some restrictions characterizing the
qualification requirements to the abilities to perform certain roles, which complement those
requirements to the specialists that are not accounted for the competences (availability
of field-specific education, record of service, practical experience associated with the role,
etc.) [5].

For simulation of the specialist group multipurpose training it is necessary to use
the sets L = [y,...,ljp| — trainees, N = ny,...,n|y| — fields of training, K = ki, ..., kx| —
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competences that exist or must be formed in the trainees, M = my,...,m|y — training
modules, each allowing forming one or several competences.

The general problem of organizing the multipurpose training has a large dimension,
which makes it almost impossible implement the global optimization. In this case,
it is expedient to use various reduction methods involving sequential optimization of
individual groups of the general problem parameters. This paper considers three options for
optimizing the choice of modules for training the specialists: by the criteria of minimization
of the total training duration, the training cost, and the resources used for training. The
mentioned task particularly requires specialists distribution optimization by the fields of
training.

1. Problem Statement and Formalization

Each field of training n;,i = 1,...,|N| is associated with a list of competences the
specialist should have.
We will assume that the competences k;, j = 1, ..., | K| have restrictions imposed on the

sequence of their formation. In order to simplify the mathematical model of the training
process, we will consider each level of formation [6] of a competence to be an independent
competence, which can take the following values: 1 — competence is formed, 0 — competence
is not formed.

By the training module my,k = 1,...,|M| we will understand a discipline, a
subdiscipline, a separate topic etc. The modules are executed in a certain sequence and
are aimed at forming one or several interconnected competences. The modules also include
individual work modules, and their purpose is to improve the existing competences.

A set of modules is characterized by the times of execution T' = (t(m1), ..., t(mn)),
the cost C' = (c(ma),...,c(mya)), and requires the known in advance set of resources
R = (F(my), ..., 7(ma)) |7, 8]. Several alternative options of the training modules can be
used for obtaining some competences. For example, availability of simulators allows saving
the training time, but increases the involved resources and limits the number of trainees
simultaneously mastering the respective module.

We should assign to the resources the availability in the educational organization that
performs the training process of the following: material and technical basis (laboratories,
simulators etc.), competent academic staff with an appropriate level of training, technical
means for training, etc.

Taking into account the necessity to solve the resource minimization problem, it can
be represented in a scalar form as a generalized resource

|M|

R = Z agr(my),
k=1

representing a weighted sum of various kinds of resource. The weight coefficients oy are
assigned subject to the importance of certain kinds of resource, which can be implemented,
for example, using the hierarchy analysis method [9].

Let us consider the issue of choice of the optimal option for distribution of the trainees
by the fields of training. The aforementioned grouping should correspond to one of the
three options of the training process optimization:
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1) minimization of the total time 7" with restrictions on the cost C' and the resource

]%, allocated for the educational process for the given group of trainees;
2) minimization of the training cost C' with restrictions on the total time 7" and the

resource 1%

3) minimization of the generalized resource R for ensuring the educational process in
the given group with restrictions on the time T and the training cost C.

The problem is solved in two steps:

at the first step, we determine the estimates of the ability to form in the trainees the
competences corresponding to the respective fields of training;

at the second step, we determine the optimal option for trainees grouping based on
their fields of training.

2. Estimates of the Training Ability in the Respective Fields

Let the test results show that a trainee [; has a set of competences K (l;) C K and the s-
th field of training requires possession of the set of competences K? C K. Then, for training
of the specialist /; in the s-th field, require that he masters the set of competences K(l;) =
K?\ Ky(l;). Apart from this, we should take into account the additional restrictions o;s
on the possibility to train /; in the s-th field of training:

{1, if the j-th trainee can be assigned to the s-th field of training,
0] =

0, it otherwise.

Considering the relation between the competences and the training modules for each
k, € K(l;) to be specified, we will find the set of all modules ensuring obtaining of
the given competence M(k,) C M. Considering that the modules can form several
competences simultaneously, their abilities to form competences may be partially or even
fully duplicated. Therefore, alternative options of training in these modules are possible.
Now let us turn to finding and estimation of the mentioned alternative options.

A part of the competences may be formed by a non-alternative method. The respective
modules M'(k,) C M are necessarily included in the training programme.

After this, all the competences K/ (l;) € K,(l;) are determined, whose formation is
ensured by the modules of the set M'(k,).

Admissibility of using the modules M’(k,) for training in the s-th field of training
is determined as a result of checking the restrictions for the respective training process
option.

Let us denote M (k,) = M(k,)\ M'(k,), K.(I;) = K,(I;)\ K’(l;). The problem reduces
to finding the modules from the set M(k,), which form the set of competences K,(I;) in
accordance with one of the above-mentioned options of the training process optimization.

The solution of the problem is such a subset M”(k,) of the set M(k,), which ensures
obtaining the entire set of competencies f(s(lj) and minimizes either the estimate of the
total training time of the specialist /; in the s-th field of training, which is determined by

the formula
Tio= > )+ > tmg),

mr €M (kp) mrEM” (kp)
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or the estimate of the training cost by the formula

Cjs = Z c(my) + Z c(my),

mi €M’ (kp) mieM” (kp)

or the estimate of the generalized resource

R;s = Z r(mg) + Z r(my).

mi €M’ (kp) mieM” (kp)

If the number of such subsets 2/M*»)l is not great, then the subset M”(k,), ensuring
obtaining of the minimal values, can be found as the exact solution of the problem by the
exhaustive method. If the problem solution time is inadmissibly great, then the last found
solution can be chosen as an approximate one.

Let us consider a numerical example that elucidates the described method.

Suppose that for training of the trainee [; it is required to master the competences
k1, ko, ks, k4. This can be ensured with the help of the modules, whose description and
abilities to form competences are represented in Table 1.

Table 1
Description of training modules
Notation | Time, conventional units | Generalized resource | ky | ko | k3 | ks
my 10 5 11010710
mso 6 5 01,1010
ms 6 5 010|111
my 10 15 0|1 1]1
ms 8 12 011,011

The competence k1 can only be obtained using the module m;. Therefore, it is
mandatory to choose this module.

The other competences can be obtained by three methods:

the 1st method — with the help of the modules my and ms,

the 2nd method — with the help of the module my,

the 3rd method — with the help of the modules m3 and ms.

The first competence forming method ensures minimization of the resource costs (15
conventional units), while the second method ensures minimization of the total time (18
conventional units of time). The third method is inefficient by any of the criteria.

3. Optimization of the Choice of Field of Training

Let us introduce variables:

X =ATjs}joyjppemr,ny» Where

Ljs

B {1, if the j-th trainee is assigned to the s-th field of training,

0, if otherwise.
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When distributing the trainees by the fields of training, the following conditions |10]
should be observed that take into account the qualification requirements:
1) only one trainee should be assigned to one field of training, i.e.

|L|

> w05 = 1; (1)
j=1

2) each trainee can be assigned to no more than one field of training

L]

7j=1

3) each trainee can only be assigned to the field of training he is admitted to
Vj Vs xj5 < 0js. (3)

Then, the problem of choosing the entire group of trainees has the following form:
1) find
|L|
X* = argmin Z zsTs (4)

sEN =1

with restrictions (1) — (3), if the training time is to be minimized;

2) find
IL|
X" = arg mian]gC]S (5)
seN =1
with restrictions (1) — (3), if the training cost is to be minimized;
3) find
|L|
X* = arg min Z zsRjs (6)
seN =1

with restrictions (1) — (3), if the generalized resource required for training is to be
minimized.

These problems can be interpreted as assignment problems, which allows using an
algorithm based on the results of the work [11].

Step 0. Assign each trainee to the field of training in which he can be trained within
the shortest time (with the minimal cost or the minimal resource), where

7 0, if otherwise.

1, if Tjs = minTy,,
0 { ;i Tjs = minTj,

If, in this case, all nodes of the set IV are covered and restrictions (3) — (5) are fulfilled,
then the optimal distribution of the trainees by the field of training is found. If no trainee
is assigned to some field of training, then the problem is not solved. Hence, we proceed to
step k.
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Step k. Introduce the subsets of edges

Fl:{(j75)|$j821}7
Fy ={(js) | zjs = 0} .

Form a net, where the set of nodes indicating the fields of training to which several
trainees are assigned will be taken as the net input; and the set of nodes indicating the
fields of training to which none of the trainees is assigned will be taken as the net output.
Change the directions of the edges from the subset F) for the opposite ones, take their
length equal to (—7}s), while the lengths of the edges from the subset F is equal to Tjs.
In the obtained net, find the path of the minimal length z*.

Then calculate:
k-1 e
fEk _ {xgs )7 if (.]78) ¢ :uk7

js (k—1)

1_xjs , if (j,S) E:uk‘

Step k is repeated until the optimal value is found.

Conclusion

The described module and algorithm allow to determine the modules expedient to use
for the multipurpose specialists training in various fields, which will later facilitate choosing
individual training paths for each of them. The said paths should represent sequences of
actions for implementation of the training modules. For each action, the subgroups of
trainees should be determined, whose choice optimization will ensure the optimization of
the entire multipurpose training process, which is the aim of the further researches.
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OIITUMU3AIINA BEIBOPA MOIYJIEN OBYUYEHUS
TP MHOTOIIEJIEBON IIOJATOTOBKE CIIEITUAJINCTOB

B.B. Menvwux, E.H. Cepeda
Boponexcknit uncturyr MB/I Poccun, r. Boponex, Poccuiickag @enepanus

CraTbsl MOCBSIEHA BOIMPOCAM MATEMATHYECKOrO MOJEJMPOBAHUST MPOIIECCOB OPTaHu-
3aluy MHOTOIEIeBOr0 ob0yuenusi. [lom MHOrONETeBbIM OOyUYEHHEM TIOHUMAETCS TaKas Op-
TaHU3AIMS YIeOHOTO MPOIEeCca, TPU KOTOPOH B OJHOM IPYIIE TOTOBSTCS CHEHATACTHL ITO
HECKOJIbKMM POJICTBEHHBIM HAIIPABJIEHWSAM IeATeTHhHOCTH, TPAEKTOPUH O0yYeHUs 110 KOTO-
PBIM B OIpe/IeSIeHHBIE TPOMEXKYTKY BpeMenn nepecekaiorcd. C meabio coKpamnieHusa obIero
BpeMeHH OOydYeHMs, a TaK»Ke CTOMMOCTH HJIN PECYPCOB, TPeOYEeMBIX B MPOIECce 00ydIeHNs,
JIJIsT OCBOEHWST HEKOTOPBIX KOMTIETEHITHH 11e1ec000pa3HO OCYIIECTBIASATh ANHAMUYECKOe Tie-
pepacrpe/iesenne 00yJaroImuxcst Mo TOATPYIIaM.

Bompockr pazpaboTku MaTeMaTndeckoro ammnapara, UCIOIb3yeMOro st ONTUMU3AINT
MIPOIIECCA MHOTOIENEBOrO 00y YeHUA, B HACTOSIIEE BPEMsI H3yYeHbl HegocTarouno. g cau-
JKeHUsT PA3MEPHOCTH OOIMIed 33/1a9Uu ONTHMUBAINN [IPOIIECCa OPraHU3alUKu MHOTOIEIEBOTO
obydeHus IPEJIJIOKEHO ee TodTanHoe pemieare. OnucaH Mo/IX0/ K BBIYUCIECHUIO OLEHOK BO3-
MOXKHOCTHU OOyUeHUsl CIEeNUaJuCTOB M0 MMEIOIMMCS B 00PA30BATEBHON OPTaHU3AIUN Ha~
MPaBJIEHUSIM [TOATOTOBKHU W BBIOOpa yueOHBIX Mojysieii. B pabore paccMOTpeHBI BAPHUAHTHI
ONTUMW3AINY BIOOPA MOIYJIEH JIJIsT MOATOTOBKY CITEIUAJUCTOB 10 CJIEAYIONIAM KPUTEPUAM:
MUHUMU3AIMUHA OOMIEN AIUTETHHOCTH MOATOTOBKU, CTOMMOCTH OOYYEHUS W HUCIIOIb3yeMbIX
J71s1 0bydennsa pecypcos. IIpeamoxken ajropuTM, ¢ IOMOIIBI0 KOTOPOTrO BO3MOXKHO CPOPMHU-
pOBATH ONTUMAJIBLHYIO MO COCTABY OOYYAIOIIUXCS TPYIIILY.

Karonesvie ca08a: Mo0esuposanue MHO20UEACE020 0BYwEHUA; HANPABAEHUE NOJ20MO6-

KU, onmumMu3ayust,; 300644 0 HA3ZHONEHUAX.
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