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Abstract. At the present stage, the information and telecommunications system of railway
transport uses local networks of the following technologies: Ethernet; Fast Ethernet; Gigabit
Ethernet, as well as the OSPF routing protocol, when used in real time, a problem arises due to
constant changes in the volume of transmitted data, and for its solution, it is possible to consider the
use of a neurofuzzy tool, which confirms the relevance of the topic. As a mathematical apparatus for
solving the problem of determining the optimal route, a neural fuzzy network of the configuration
«12-24-144-144-1» was taken, where 12 is the number of input neurons (delays on routers), 24 is the
number of hidden neurons taking into account the terms; 144 is the number of hidden neurons
according to the number of rules; 1 is the number of resulting neurons (total delay on routers along
the route). Using the Fuzzy Logic Toolbox package of the MatLAB environment, a Sugeno ANFIS
algorithm (with a Gaussian membership function for hidden neurons) was created, on which the mean
square error and the number of learning epochs were studied using various learning optimization
methods (Backpropagation, Hybrid) on samples of different lengths. It was determined that the
accuracy of the created neurofuzzy tool is 80% for the considered fragment of the railway transport
information and telecommunications system; a general scheme of an intelligent computer network
based on ANFIS was proposed.

Keywords: information and telecommunications system, Ethernet family technologies, OSPF,
router delay, neurofuzzy tool, Sugeno, Gaussian function, learning optimizer, epoch, error, intelligent
computer network.
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Introduction

Problem statement. Today, the railway transport of Ukraine has implemented an
information and telecommunications system (ITS), the basis of which is computer
networks of the Ethernet family (Ethernet, Fast Ethernet, Gigabit Ethernet) [2]. The
main issue in the functioning of computer networks of railway transport is the
organization of routing, which is achieved at the present stage using the well-known
OSPF (Open Shortest Path First) protocol, which is based on the principle of finding
the shortest path. But such a routing protocol is not able to work in conditions of sharp
changes in the intensity of traffic flows, as well as changes in the network configuration
and taking into account several metrics for determining the optimal path. In this regard,
there is a need to use other approaches to routing in computer networks of railway
transport, in particular the use of artificial intelligence methods.

Analysis of recent research. A review of scientific sources showed that for
routing in computer networks it is possible to use: Hopfield network [1]; multilayer
perceptron [5, 7]; neural fuzzy network [6]; ant method [3]; GWO method [4]. For
example, in [5] the authors determined the optimal route in the computer network of
the ITS of railway transport using the software model of the multilayer perceptron «34-
2-X-34», where the channel throughput was taken as the metric. But in some cases, to
determine the optimal route in a computer network, it is advisable to use completely
different metrics, in particular, delays on routers.

The purpose of the article is to study the intelligent computer network of railway
transport based on the created neuro-fuzzy tool for determining the optimal route. In
accordance with the goal, the following tasks are set: 1) to create a neuro-fuzzy tool
for determining the optimal route in the computer network of railway transport; 2) to
determine the optimal parameters of the created neuro-fuzzy tool; 3)to assess the
accuracy of determining the optimal route for the considered fragment of the ITS of
railway transport using the created neuro-fuzzy tool.

1. ocranoBka 3agaui. Figure 1 shows the general structure of the computer
network for the considered fragment of the railway transport ITS [5]. The computer
network can be represented as an undirected graph G(V,W), where V is the vertices of
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the graph (a set of routers, M=30), and W is the edges of the graph (a set of channels

connecting routers N=35). The delay on the router, ps, is taken as the weight of the

edges.
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Figure 1 — General structure of the ITS computer network [5]

The optimization criterion is the minimum sum of delays on routers that make up
the route in a computer network:
i 27:1 tij - pij = min,
where t;; — delay between the i-th and j-th routers;
pij — sign of the entry of the (i-/) network channel into the route, and p;;=1 if the (i-))
channel enters the route; p;;=0 if the (i-j) channel does not enter the route.

2. Mathematical apparatus. As the main method for solving the problem
Adaptive Network Fuzzy Inference System (ANFIS) of the configuration «12-24-144-
144-1» was taken, where 12 — the number of input neurons (delays on routers); 24 —
the number of hidden neurons (due to therms); 144 — the number of hidden neurons,
which corresponds to the number of rules; 1 — the number of resulting neurons (total

delay on routers along the route), and is shown in Figure 2.
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Figure 2 — Structure of the neuro-fuzzy network «12-24-144-144-1»

3. Sample preparation. Suppose that it is necessary to determine the optimal

route between two routers: «12» and «28», in the corresponding possible routes it is

possible to use 10, 11 or 12 hops. The delay time on the router is from 1 to 500 ps. The

resulting variable is the data transfer time along the route (delays on the transmission

lines are not taken into account, since they are significantly less than the waiting time

in the queue on the routers). The training sample consists of 144 examples.

4. Creation of a neurofuzzy tool. Using the Fuzzy Logic Toolbox package of the

MatLAB environment, a neurofuzzy network (ANFIS; Figure 3) was created, the

structure of which coincides with the proposed configuration (see Fig. 2).

x1(2)
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Sugeno
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RoutingANFIS (144 )

System RoutingANFIS: 12 inputs, 1 oulpuls, 144 rules
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Figure 3 — Structure of a neural fuzzy network created in MatLLAB
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The Gaussian function is taken as the membership function. The fuzzy rule system
is given as follows:

IF xI=MIN I x2=MIN I x3=MIN I x4=MIN I x5=MIN I x6=MIN I x7=MIN I
x8=MIN I x9=MIN I x10=MIN I x11=MIN I x12=MIN THEN y=MIN;

IF xI=MAX I xX2=MAX 1 x3=MAX I x4=MAX I x5=MAX I x6=MAX 1
x7=MAX I x8=MAX I x9=MAX I x10=MAX I x11=MAX I x12=MAX THEN
y=MAX.

5. Determination of optimal parameters of the created neural fuzzy tool. On
the created neural fuzzy network of configuration «12-24-144-144-1», studies of the
root mean square error (RMSE) and the number of epochs using different learning
optimization methods (Backpropagation, Hybrid) on samples of different lengths
(25%, 50%, 75% and 100% of the sample) were conducted, which allowed us to
determine the optimal parameters of the neural fuzzy network: learning optimization
method — Hybrid; sample length — 50%.

6. Assessment of the accuracy of determining the optimal route using ANFIS.
10 experiments were conducted, according to the results of which the coincidence of
the determined route on the created ANFIS with the optimal route was 8 (onuH 13 HUX
Ha pUCYHKY 4). As an example of the discrepancy between the result obtained by the
neurofuzzy method and the optimal route is shown in Figure 5.

Conclusions

To determine the optimal route in the computer network of the considered
fragment of the ITS railway transport, a fuzzy network of the configuration «12-24-
144-144-1» was taken, the resulting neuron of which is the total delay on the routers
along the route. Using the Fuzzy Logic Toolbox package of the MatLAB environment,
a fuzzy network with a Gaussian membership function was created using the Sugeno
algorithm, and its optimal parameters were determined. The accuracy of determining
the optimal route in the computer network of the considered fragment of the ITS

railway transport based on the use of the created fuzzy tool was 80%.
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Figure S — Optimal and determined path using ANFIS
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Anomauyia. Ha cyuachomy emani 6 iHGhopmayilino-meneKoMyHIKayitiHil — cucmemi
3aNI3HUYHO20 MPAHCNOPMY 3ACMOCOBYVIOMbCA JOKANbHI Mepedici HacmynHux mexnonozii: Ethernet;
Fast Ethernet; Gigabit Ethernet, a maxooic npomokon mapupymusayii OSPF, npu suxopucmanmi
K020 8 PeAlbHOMY YACi 3 ABNIAEMbCA NPOOIeMa 3a80AKU NOCMIUHUM 3MIHAM 00CA2i6 nepedasacmux
Ooanux, i Ol GUPIUUEHHS SIKOI MOJNCIUBUL PO32TA0 BUKOPUCMAHHA HEUPOHeyimKo2o 3acoby, uo
nIOMBepONHCY€E aKMyaibHICMy memu. Y aKkocmi MmamemamuyHo2o anapamy 0Jis po38 A3aHHA 3a0ayi
BU3HAYEHHS ONMUMAIbHO20 MAPWPYMY B35MO HeUpOHeUimKy mepexcy Kougicypayii «12-24-144-
144-1», oe 12 — kinbKicmb 6XIOHUX HEUPOHI8 (3AMPUMKU HA MApupymu3amopax), 24 — Kinvkicme
NPUXOBAHUX HEUPOHIB 3 YPAXYBAHHAM mepmie; 144 — KinbKicmb npuxoeanux HetpoHis 8iOn0BIOHO 00
Kitbkocmi npasun; 1 — KilbKicmb — pe3yibmyrouux —HeUpoHie (3a2anbHa 3ampumka  Ha
Mapwpymuzamopax 3a mapupymom). 3a oonomoeor naxema Fuzzy Logic Toolbox cepedosuwa
MatLAB cmeopeno 3a arcopummom Cyeeno ANFIS (3 T'aycoscvkoio yukyicio HanexicHicmio ons
NPUXOBAHUX HEUPOHIB), HA AKIL NPOBEOEHO OOCHIONCEHHS CepeOHbOKB8AOPAMUYHOI NOXUOKU Mma
KIIbKOCMI enoxX HA8UAHHs 34 PI3HUMU Memooamu onmumizayii nasuanns (Backpropagation, Hybrid)
Ha ubipkax pi3Hoi Ooexcunu. Buznaueno, wjo mouuicme cmeopeHo2o HeUupoHeyimko20 3acody
cknaoae 80 % ona pozenaHymozo ¢paemenmy iHGOPpMAYTUHO-MENEKOMYHIKAYIHOI cucmemu
3aNI3HUYHO20 MPAHCNOPMY, 3ANPONOHOBAHO 3A2ANILHY CXeMy IHMeNeKMyalbHOi KOMN TomepHOi
mepedrci Ha ochogi ANFIS.

Knrwouoei cnosa: ingopmayitino-menekomynikayitina cucmema, mexronoeii poounu Ethernet,
OSPF, sampumxa na mapwpymuzamopax, Hetiponewimkui 3acio, Cyeeno, [aycoscvka @yHxyis,
ONMUMI3AMOP HABYAHHS, enoxa, NOXUOKa, iHmeleKmyaibHa KOMN 1omepHa mepexcd.
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