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Abstract. The article considers the development of formation methods of research competence
with the use of neural network technologies of IT specialists for the railway industry in multilevel
training system. The proposed method «ResCompStageNNT» consists of the following stages.: the
determination of the current load of the MPLS domain tunnels (for the Bachelor’s degree
applicants); clustering the traffic flows under the condition of SOM-based QoS parameter and
determining the MPLS domain tunnels on the basis of MLP (for the Master’s degree applicants),;
distribution of the traffic flows by the tunnels of the MPLS domain on the created software package
and the organization of a relevant research (for candidates of the Doctor of Philosophy’s degree).
The formed research competence of IT specialists of the railway industry provides an opportunity
for the ability to research existing and design new computer networks of the information and
telecommunication system of railway transport using the neural network technologies.

Key words: railway transport, degree, research competence, traffic, routing, MPLS, QoS
parameter, neural network technology.

Introduction

Formulation of the problem. At the present stage, the organization of routing in
computer networks which form the basis of the information and telecommunication
system of railway transport (ITS), is solved using the OSPF protocol. Nevertheless,
such a routing protocol is not able to work in conditions of changing network
configuration and traffic flow intensity considering several metrics while determining
the optimal path. This requires the research of the other approaches to routing in the
rail ITS computer networks.

Analysis of recent research. The solution to this problem is possible with the
use of new transport technologies; in particular, the multiprotocol switching
technology using labels (Multiprotocol Label Switching, MPLS) on the one hand, and
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the use of neural network technologies, on the other hand [3]. The characteristics of
MPLS [1, 5-7] on the basis of analytical and simulation models were highlighted by
the modern scientists such as Budyldina N.V., Goldstein A.B., Olifer V.G.,
Pasko S.P., Romanov O.., Rukkas K.M., Sharadka A.M., Zaichenko O.Yu.,
Zaitsev D.A. and others. The conducted studies have shown that the use of MPLS
technology can increase traffic by an average of 1.7 times. The solution of the routing
problem in computer networks can be found on the basis of the following neural
networks (NN): Hopfield’s network, multilayer perceptron, RBF network, etc.
However, it should be noted that at present there is a very limited number of
scientific sources with relevant research on the organization of routing in the MPLS
with using neural network technologies, in particular the ITS of railway transport.

The purpose of the article is to develop a methodology for the formation of
research competence with using neural network technologies ("ResCompStageNNT")
for the multilevel training of IT specialists in the railway industry.

1. Brief description of the "ResCompStageNNT" methodology. The general
structure of the proposed routing system for MPLS in the ITS of railway transport
which is based on the use of the such NN as SOM (Self Organizing Maps) for
clustering traffic flows and MLP (Multi Layer Perceptron) for identifying tunnels of
the MPLS domain is presented in fig. 1. Classes of service (CoS) of traffic flows are
assigned according to the selected parameter of quality of service (QoS), namely the
maximum time of packet transfer (Maximum Packet Transfer Delay, maxPTD).
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Fig. 1. General structure of the routing system in MPLS
Author working

The formation of the research competence of IT specialists in the railway
industry (specialties "Computer Engineering", "Cybersecurity", "Computer Science")
is facilitated by the following cycle of disciplines: "Local Area Networks" (LAN) for
first degree applicants; "Computer Network Design Theory" (CNDT) for the second
degree applicants; "Network Technologies" (NT) for the third degree applicants.

2. Research competence formation in the Bachelor’s degree applicants. The
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dependence of the solution quality of the traffic engineering problem on the sequence
of assignments of the MPLS network flows is performed in the research [2]. In the
framework of an individual educational research task (IERT) in the LAN discipline,
the first degree applicants were offered to find a solution based on the use of NN,
build it in MatLAB using the Neural Network Toolbox, and conduct necessary
research to determine its optimal parameters: the number of hidden neurons;
activation function; learning algorithm; sample length.

3. Research competence formation in the Master’s degree applicants. At the
preparatory stage, the simulation models of the MPLS network of various fragments
of ITS of railway transport created in the Opnet Modeler system by students of the
second educational degree in practical classes on the CNDT discipline were used [4].
The results obtained on simulation models operating in different scenarios (IP, MPLS
and MPLS TE) have proved the effectiveness of using MPLS TE. In addition, within
the course project on the CNDT discipline being conducted in the MatLAB system,
the Master’s degree applicants were offered to create SOM for clustering the traffic
flows based on maxPTD and MLP to define MPLS domain tunnels. Samples for
SOM and MLP were formed on the basis of data obtained with the simulation model
of the MPLS network in the Opnet Modeler system.

4. Research competence formation in the Doctor of Philosophy’s degree
applicants. Applicants of the third degree on the NT discipline were offered to create
a software model of traffic flow distribution in the MPLS network which generates a
sample for NN and its implementation. The programming language was chosen by an
applicant according to his/her personal wishes and abilities. For example, the research
of the parameters of NN was carried out on the software model "CoSThDist" created
in Python by means of Keras framework (fig. 2) [8].

model accuracy model accuracy
train train .
0.7 test 0-8 1 test [
0.6 = I
1
0.5 0:8 1 |I 'FI | |
g — 2 gt [ PR
© 0.4 © LN/ |
2 g 0.4 \ o H I L
2 0.3 B . |.'I | I
0.24 | 0.2 - ‘
0.1 L
00_ T T T T T T 0-0_ T ' ! ! ! !
0 100 200 300 400 500 o 100 200 300 400 500

P s

x=-15.7188 »=0.808584

- 8s 23us/step ~0400f
- 8s 24us/step
- @s 23us/step

- 8s 23us/step

- B85 23us/step B - @s 23us/step

- Bs5 23us/step =k - 8s 23us/step
- 8s Fus/step ! - @s Jus/step

(a) (6)
Fig. 2. Study of the sample length influence on the accuracy of the NN forecast:

(a) - 6,400 examples; (b) - 25,600 examples
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It was determined that the optimal solution is NN configuration 18-3-36-10 with
the Softplus activation function in hidden layers which under using the optimizer
Adam provides accuracy of 74.5 % for 520 epochs on the samples from 6,400
examples.

Conclusions

1. The research competence formation of IT specialists for the railway industry
in degree education system with the use of neural network technologies is facilitated
by the proposed method "ResCompStageNNT" consisting of the following stages:
determining the tunnels current load of the MPLS domain (in the framework IERT of
the LAN discipline for the first degree applicants); clustering of traffic flows
considering the QoS parameter based on SOM and determining tunnels of the MPLS
domain based on MLP (within conducting the course project on the CNDT discipline
for the second degree applicants); traffic flows distribution in the tunnels of the
MPLS domain on the basis of the created software package and organization of
research (study of the NT discipline for the third degree applicants).

2. Nowadays, 4*4 configuration of SOM is created that allows to distribute the
traffic flows under the maximum packet transmission time from 50 to 100 ms; MLP
configuration 18-3-36-10 with the Softplus activation function in hidden layers which
under using the optimizer Adam provides an accuracy of 74.5 %. Further research
should be performed taking into account other QoS parameters, in particular Packet
Delay Variation (PDV) from 1.5 to 5 ms.
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Anomauia. YV cmammi uceimieHo NUMAHHA  pO3POOKU MemoOuKu  QopmyeaHHs
00CIOHUYLKOI KOMNEMEHMHOCMI 3 GUKOPUCAHHAM HEUPOMEPENCHUX MEXHONO02IU Y cmyneHesii
niocomosyi IT-¢haxisyie 3aniznuunoi eanysi. 3anpononosana memoouxa «ResCompStageNNT»
CKAA0AEMbCS 3 MAKUX emanie: GU3HAYEHHs NOMOYHOI 3asanmadiceHocmi myuenie domeny MPLS
(011 3000y8auie cmynens «bakaiaspy), Kiacmepusayii nomoxie mpaghiky 3a ymosu napamempy
QoS na ocnosi SOM ma eusnauenns myuenie domeny MPLS na ocnosi MLP (0na 3000y8auis
cmynens «mazicmpy); posnooin nomokie mpagiky za mynensimu oomeny MPLS na cmeopenomy
NPOCPAMHOMY KOMNJEKCI ma opeanizayii 8i0nogionux 0ocniodcens (01 3000y8aui@ CMyneHs
«ookmop ¢hinocogiin). Cghopmosana oocnionuyvka komnemewmuicmo IT-¢haxisyie zaniznHuunoi
eanysi 0ae 3M02y OOCHIONCeHHs OIloYUX ma NPOEKMYBAHHS HOBUX KOMN TOMEPHUX Mepedic
IHopMayiiHO-MeNeKOMYHIKAYIUHOT cucmemu  3ali3HUYHO20 MPAHCHOPMY 3  BUKOPUCMAHHAM
HeUpoOMepeHCHUX MeEeXHOLO2ILL.

Knrouoei cnoea: 3anizmuunuii mpaxcnopm, CmyniHb, OOCILIOHUYbKA KOMNEMeHMHICMb,
mpaghix, mapuwpymusayis, MPLS, napamemp QoS, Hetipomepedcna mexHonozis.
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