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Abstract

Objectives. To develop analytical approaches for the evaluation of probability-time characteristics and fiber
distributed data interface (FDDI) network performance with the marker access method, thus enabling communication
processes for digital electrical substations to be automated.

Methods. The authors used theory reliability methods, random process theory, mass maintenance theory, the
Laplace-Stieltjes transformation for inferring functional equations and the probability-time characteristics calculation
for the information transfer processes with the occurring failures.

Results. We conducted a numerical study of packet transfer processes between central processing stations in the
FDDI network. We considered the processes of discrete information exchange between electronic devices in the
system of electrical digital substations. These included the main technological operations and electrical digital
substations operator performed when preparing reports. We described the different modes of operation, both for the
individual electrical digital substation and for the system. The authors calculated node loading dependencies, FDDI
network performance and temporal characteristics of the packet transfer processes on the incoming message flow
intensity and the transmission medium reliability. We conducted a functional analysis of the FDDI networks on two
fiber-optic rings which form the main and redundant path of data transfer between the network nodes, significantly
increasing network resiliency. The objective of the study was to analyze the information transfer processes in FDDI
networks with an accent on ensuring the transmission medium reliability.

Conclusions. We were able to establish the existence of the critical operating network region, which leads to a sharp
increase in node load and temporal characteristics, while performance reaches its maximum value and then sharply
decreases. We propose the exchange of discrete messages to reflect the electronic devices state and information
messages of operator between various remotely spaced electrical digital substation with the FDDI fiber-optic network.
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HAYHHAA CTATbA

AHAJIUTHYECKUA METOJ aHAJIU3a MPOLEeCCOB
nepeaay COOOIEeHUH B ONTOBOJOKOHHBIX CETAX
¢ MAPKEPHBIM J0CTYNOM JJIsl HU(PPOBLIX NOACTAHIUMI

A.C. JleoHTbEB,
A.B. XmaTtos @

MWP3A — Poccuiickuii TexHosiorm4eckuii yamsepcutet, Mocksa, 119454 Poccus
@ ABTOp AN nepenvcku, e-mail: zhmatov@mirea.ru

Peslome

Llenu. Llenb paboTbl — paspaboTka aHaIUTUYECKNX METOLOB OLLEHKM BEPOSTHOCTHO-BPEMEHHbIX XapakTepucTuK
1 Npou3BoaMTENbHOCTU ONTOBOMIOKOHHOM FDDI-ceTu (fiber distributed data interface) ¢ mapkepHbiM MeToa0OM O0-
CTyna, N03BONSALLMX aBTOMATM3MPOBaTh NPOLECChl Nepeaayn coobLieHnr ansa LMdpoBbIX 31EKTPONOACTAHLNINA.
MeTogabl. Icnonb3oBaHbl METOAbLI TEOPUM HAOEXHOCTU, TEOPUM ClyHalHbIX NPOLECCOB M TEOPUN MACCOBOro 06-
CnyxmBaHus, npeobpasosaHue Jlannaca — Ctunteeca ans BbiIBOAA PYHKLUNOHANBHBLIX YPABHEHWNIA.

Pe3ynbTaTbl. [pOBEAEHO YMCNEHHOE MCCeO0oBaHMe MPOLECCOB nepefadyn nakeToB Mexay 31eKTPuUyecKumun
umdposbiMu noactaHumamu (LIINMC) B onToBonokoHHoW ceTn FDDI. PaccMoTpeHbl NpoLeccbl 06MeHa ANCKPETHOM
MHpOpMaLMen MeXAy 3NeKTPOHHLIMW YCTPOMCTBAMUN B cUCTEME anekTpuydeckux LIMNMC, Bknoyas OCHOBHbIE TEXHO-
Niorvyeckme onepauuu, BbiMosHIeMble NePCOHANoM cucteMbl LIMNC npm noarotoBke OTY4ETOB, XapakKTEPUIYHOLLINX
pPasnnyHbIe pexurMbl paboTbl kKak oTAeNbHbIX LIMC, Tak 1 BCel cucTeMsl B LLe1IoM. MNonyyeHbl 3aBUCUMOCTY 3arpy3Kku
y3110B, Npon3BoamTensHOCTN FDDI-ceTn 1 BpeMEHHbIX XapakTepuUCTUK MPOLLECCOB Nepeaayn NakeTos OT UHTEHCUB-
HOCTW BXOOHbIX MOTOKOB COOBLLEHUIM 1 HAAEXHOCTM NepenatoLlen cpeabl. [NpoBeaeH aHanMa GyHKLUNOHMPOBAHMS
FDDI-ceTel, NOCTPOEHHbIX HA OCHOBE ABYX OMTOBOJ/IOKOHHbIX KOJIEL,, KOTOPblEe 06Pa3dyoT OCHOBHOW 1 PE3EPBHbIN
nyTu Nepenayn aHHbIX MeXAy y31amMu CETU, HTO 3HAYNTENIbHO MOBLILLAET 0TKA30yCTONYMBOCTb Takux ceTel. 3aaa-
4ya nccnefoBaHUS BKIOYANa aHanm3 NpoLLeccoB nepeaayn nHgopmaumm B cetsx FDDI ¢ akuieHTOM Ha obecneyveHme
HaLEXHOCTU NepeaatoLLer cpeapl.

BbiBOAbI. BbISIBNEHO, YTO CYLLECTBYET KpUTUYECKast 061acTb GYHKLMOHUPOBAHUS CETU, MPU [OCTUXKEHUN KOTOPOIA
HabNo4aETCS Pe3Koe YBENMYEHNE 3arpy3km Y3108 U BDEMEHHbIX XapaKTEPUCTUK, B TO BPEMS KaK MPON3BOAUTESb-
HOCTb A0CTUraeT MakCUMaslbHOro 3Ha4YeHUs 1 3aTeM PE3KO CHmkaeTcs. NpeanoxeHo ocyLlecTBnsaTe 0OMeH anc-
KPETHLIMU COOOBLLEHNSAMU, OTPAXKALLUMMN COCTOSIHUE 3NEKTPOHHbIX YCTPONCTB, U MHDOPMALMOHHLIMU COOObLLE-
HUAMW NepcoHana Mexzay pPasnnyHbIMY OUCTAHLUMOHHO pasHeceHHbiMu LNMC ¢ ncnons3oBaHnemM OnNTOBOJIOKOHHOMA
cetn FDDI.

KnioueBble cnoBa: undposblie noactaHuuu, FDDI-ceTn, MmapkepHbI METOA AOCTYNa, MOAENN, BPEMEHHbIE Xapak-
TEPUCTUKKN, OTKa3bl, MPON3BOANTENIbHOCTb

e Moctynuna: 30.01.2024 » fopa6oTaHa: 24.04.2024  MpuHaTa kK ony6nukoBaHuio: 27.09.2024

Ansa untupoBaHua: JleoHTeeB A.C., XmaTtos [1.B. AHanuTtnyecknii Meto aHannsa npoLeccoB nepenayqm coobLeHnn
B ONTOBOJIOKOHHbIX CETAX C MapKepHbIM A0CTYNOM Ans uMdpoBbixX NnoacTaHumin. Russ. Technol. J. 2024;12(6):26—38.
https://doi.org/10.32362/2500-316X-2024-12-6-26-38

Mpo3payHocTb hpUHAHCOBOMN AEATENIbHOCTU: ABTOPbLI HE UMEIDT PUHAHCOBOM 3aNHTEPECOBAHHOCTW B NPEACTaBNEH-
HbIX MaTepmanax unm MeToaax.

ABTOPbI 3a5BNSIOT 06 OTCYTCTBUM KOHGMIMKTA MHTEPECOB.
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INTRODUCTION

The digital substation (DSS) is a type of electrical
substation where all monitoring, analysis and control
processes are performed in a single digital format. The
main link for data transmission in such substations
is a local area network (LAN) based on Ethernet
technology.

One of the main functions of DSS is the exchange of
discrete information between digital electronic devices,
including voltage and current transformers [1—4]. The
GOOSE (generic object-oriented substation event) data
transfer protocol described in IEC 61850! standard [5-7].
GOOSE model provides a fast mechanism for transmitting
events (e.g., commands and warnings) and is used to shut
down, start devices, and record alarm events. During the
design phase, the utilization and bandwidth of the data
transmission paths must be taken into account. The size of
a GOOSE message ranges from 573 to 830 bytes. When the
message includes 64 discrete signals, the size of a GOOSE
message including service information (28-30 bytes,
including preamble, sender and receiver addresses,
cyclic control code, control fields, limiters, status field)
is 1 Kbyte. In this regard, when modeling the exchange
of discrete signals between different DSS connected to
the fiber distributed data interface (FDDI) network, the
synchronous traffic in the network is a GOOSE message
of 1 Kbyte or 8 kbits in size. In order to accelerate the
development process and improve the quality of the
DSS system, methods need to be proposed to analyze
the efficiency of the applied information technologies, in
particular, standard technologies for preparing information
and analytical reports by personnel. The creation of
mathematical models to describe the main stages and
schemes of report preparation enables the selection of
system components for the realization of different modes
of operation of both individual DSS and the whole system
to be automated on the basis of multivariate analysis. The
functioning of individual DSS is based on the use of Fast
Ethernet LAN, while the FDDI fiber-optic network is used
for the interaction of different DSS.

The main functional tasks performed by DSS
system personnel on a daily basis when preparing
reports describing various modes of operation of both
individual DSS and the entire system include fact-
based information retrieval, contextual information
retrieval, frequency analysis by report attributes, sorting,
clustering, and semantic analysis.

I GOST R IEC 61850-5-2011. National Standard of the
Russian Federation. Communication networks and systems in
substations. Part 5. Communication requirements for functions
and device models. Moscow: Standartinform, 2020 (in Russ.).
The standard describes data flow formats, types of information,
rules for describing the elements of an energy object, and a set of
rules for organizing an event-based data transfer protocol.

1. METHODOLOGY FOR RECEIVING
A MESSAGE TO DSS

The maximum length of lines between DSS is 200 km,
provided that the ring does not exceed 100 km. The
maximum number of double connection nodes is limited
and is 500. According to the IEC 61850 standard [1-3],
there are two options for exchanging GOOSE messages
between power facilities.

The first option (Fig. 1) relies on tunneling
technology. In this context, a broadband Ethernet channel
is formed between the objects, through which GOOSE
messages are transmitted using network equipment.

Tunneling

DSS 1

GOOSE message

DSS 2

Ethernet channel

Communication network equipment

Fig. 1. Tunneling technology for the transmission
of GOOSE messages between DSS components

The second scenario, shown in Fig. 2, involves
the use of a gateway. In this scenario, an alarm and
command device is used to exchange GOOSE messages
between objects. The alarm and command devices
convert discrete signals from GOOSE messages into
coded analog or digital signals for the safe transmission
of relay protection commands over the DSS channel. At
the receiving end of the alarm and command transmitter,
GOOSE messages are generated from the encoded
signals received via the channel.

Gateway

DSS 1

GOOSE lnessage

Alarm transmission device

High-frequency path

Signal transmission device

GOOSE message

DSS 2

Fig. 2. Use of alarm transmission devices
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In order to transmit GOOSE messages using
tunneling, digital channels between substations are
required. They can be organized by means of digital
industrial communication networks or dedicated fiber
optic channels. However, the organization of reliable
digital high-frequency channels for GOOSE messages
is impossible. This is due to the need to transmit relay
protection and emergency control commands when short
circuits occur on power lines [2—4].

FDDI fiber optic networks can be interconnected with
a DSS, in order to enable efficient data transmission in
digital power transmission networks. Digital substations
can use FDDI networks to exchange data between
various devices in the power system, such as monitoring
and control systems, security systems, load management
systems, and other devices requiring fast and reliable
data transmission. Connecting FDDI networks to
DSS enables the use of fiber rings to transmit large
amounts of data at high speed and reliability, provide
high bandwidth, fault tolerance and low latency data
transmission. This is especially important for critical
power transmission systems.

2. TASK STATEMENT OF THE PROBLEM
OF ANALYTICAL STUDY OF THE FDDI NETWORK

When analyzing the performance of FDDI networks,
it is paramount that methods, models and algorithms be
created which take into account the characteristics of
data transmission in these networks, including possible
failures.

Simulation methods to determine the temporal
characteristics of computer systems and networks
under failure conditions are inefficient [8]. Currently
known analytical methods are usually applicable to the
analysis of local structures and, as a rule, are focused
on the analysis of either the time characteristics of local
systems with regard to reliability [9-11], or reliability
indicators of computer systems and networks [12—14].

Let us consider the problem formulation and
analytical model for estimating the time characteristics
and performance indicators of FDDI networks with
fiber optic rings taking into account the reliability of
the transmission medium and limitations on the data
transmission time. This approach and its implementation
expand the scope of application of the methodology
for the study of data transmission processes in local
networks using analytical methods [15, 16].

The main indicators in this context are probabilistic
and temporal characteristics which are highly dependent
on failures of the transmission medium.

A detailed formulation of the problems of research
into the probabilistic-temporal characteristics and
performance of Ethernet-type LANs and LAN with the
token access method, as well as analytical methods of

their solution were first developed by A.S. Leontyev
and published in 2001 in [15]. The general formulation
of the problem of research of probabilistic-temporal
characteristics and performance of FDDI networks
corresponds to the methodology described in [15].
It can be formulated as follows: to determine the
probabilistic-temporal characteristics of packet
transmission, the load of nodes and transmission
medium, as well as to evaluate the performance of
fiber-optic FDDI networks at a given bandwidth and
reliability of the transmission medium, the structure
and number of nodes of the FDDI network, streams
of transmitted information and limitations on the
time of packet transmission.

The selected performance metric is the total intensity
of the flow served in time. The solution of the problem is

based on the assumption that the flows A,,n=1LN
entering the network for service and the failures of the
transmission medium are of Poisson distribution. It is
envisioned that the input to the node is via an accumulator
with unlimited capacity. As shown in [15], these
assumptions are justified in the development of system
modes of operation of the local network. The accuracy
of the results obtained with their help is acceptable for
engineering calculations.

3. DEVELOPMENT OF MATHEMATICAL
APPARATUS FOR FDDI NETWORK RESEARCH

Let us number the nodes of the network in the
order of polling, and use the index n to denote the
station (node) of the FDDI network. Let N be the
number of nodes in the network, 2 is the intensity
of packet flow to the nth node. The average packet
transmission time from one node to the neighboring
node is determined by the ratio:

x® = Fpac
C

>

wherein L is the length of the packet including
the length of the marker; C is the throughput of the
transmitting medium.

Obviously, the average interval Z() between two
consecutive polls of a node is equal to:

N L
Zz0 :Z{pnxm +(1_pn)?m}, n=LN, (1)

n=1
wherein p, is the load of the nth load, L, is the marker

length.
In steady-state mode:

;an(l) =p, )
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From (1) and (2) we obtain:

N L
}\’nZ{an(l)-’-(l_pn)?m}:pn' (3)

n=1

The system of equations (3) is an inhomogeneous
system of linear algebraic equations with regard to p,,.

L
A,N-—D
P, = ¢ n=1,N (@)

N L b 9 b
1_29%()(0) ‘&“J

k=1

A 1s the maximum number of packets in a node; k is the
maximum number of nodes.
By comparing (2) and (4), we obtain:

nLm
z0=—— € . (5)

L
1—2%,{()@—3}

k=1

Formulas (4) and (5) determine the utilization of
the network nodes and the average polling cycle of the
nodes under the conditions of reliable operation.

Functional equations for determining the cycle of the
network with token access method taking into account
occurring failures have the following form:

Zi(9)=Z" g +5 =0 (5)), (6)

Y (s) = Ff (Mg +5 = Ap Y7 (s)), (7)

Zi(s) = [e™dZy (1), Y (s)= [edY; (o),
0 0

7' O +5 =077 () = [ e Crts T Oz,
0

Fy (kg +5 = heYf (5) = _l‘e_(kfﬂ_foF(S))ZdF(f),
0

wherein Z(#) is the distribution function (DF) of the
network cycle taking into account failures, Z(#) is the
DF of the network cycle under conditions of reliable
operation, F(?) is the DF of the transmission medium
recovery time after failures, Y(7) is the DF of the
transmission medium occupancy period after failures,

and s is the complex parameter of the DF of the network
cycle taking into account failures.

Functional Egs. (6) and (7) can be obtained using
the catastrophe method [9], in accordance with the
technique described in [15]. Differentiating (6) and (7)
by s, we obtain:

F
f 1°
1-aFY
70
zZW-—"_ ©9)
f 1
1-2FY

The Laplace—Stieltjes transform of the DF of packet
transmission time taking into account the occurring

failures X ; (s) is defined using the following functional
equation:

Xp(s)=X"(s+hp)+
7‘f

(10)

+

(A= X7 (s + A DEF () X7 (5),s

wherein X (s +Ap) = [e ¢ 0ax (), X() is the DF

0
of packet transmission time over the transmitting

medium under conditions of reliable operation.
Functional Eq. (10) is easily obtained by using the
catastrophe method [9].

Moments Vn(l),Vn(z) of the service time DF of
a packet arriving at the free nth node are defined by the
expressions:

v =xO 4wl

=1°
(2) (2) ) ”'21) (2) (1
Vish =X+ 2Wnli,,=1Xf + Wn|gn=1’

wherein £  is the number of packets in node ; X El) , X Ez)

are the DF moments X (?); Wn(|lE_,) 1’ Wn(é) _; are the
n n
Ist and 2nd DF moments of waiting time for the arrival
of a token at the nth node at §, = 1.
The average waiting time of packets in the queue for
service in the nth node of FDDI network Wn(l) is given
by the Pollaczek—Khinchine formula [15]:

—nn__ (12)
n

wherein Vrfl), Vn(z) are defined by the formulas (11).
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The average packet delivery time T, ,fl) in the network
is defined by the expression:

IO =W v, 1)

The total intensity of the timely served packet
flow (FDDI network performance) is calculated by the
formula:

(14)

wherein P, is the probability of timely delivery of
packets arriving to the ith node of the FDDI network,
A, is the intensity of packets arriving to the ith node of
the network.

Analytical relations necessary for estimating the
probability P; of timely delivery of packets arriving at
the ith node of the network taking into account emerging
failures are presented in [9, 15].

4. SOFTWARE PACKAGE
FOR ANALYSIS OF INFORMATION
TRANSMISSION PROCESSES IN FDDI NETWORK
AND MODELING RESULTS

The authors have developed a set of programs which
enable the analytical model considered above to be
used in practice, in order to evaluate the efficiency of
FDDI network. It can be installed on the FDDI network
server for access from workplaces.

Analytical apparatus implemented in the form of
this software package enables automated study of the
structure and characteristics of FDDI network with
two fiber rings, taking into account the reliability of the
transmission medium. The screen form of input of initial
data and output of modeling results is shown in Fig. 3.
The user can enter the input data in the dialog mode
using the specified forms.

The calculation results are displayed on the screen
as text and in graphic windows. The user can correct the
initial data and save the results of calculations in text and
graphic files without leaving the modeling system.

Initial data

Node Chart

LAN operating mode: failure-free? Yes / No

1. Local network nodes number: N= 100

2. Capacity: C[bps]= 100000000

3. Marker length: Lm[bit]= 96

4. Packet length: Lpac[bit]= 8000

0,001

5. Transmission time limitation: Tlim[s]=

6. MTBF: TMTBF[s]= 1000000

100

7. Recovery time: Trec[s]=

Transmission medium loading: rmed

Average polling cycle of LAN nodes
—||Loading node [rnode]

Average waiting time for transmission of a post
packet to an empty packet

Average waiting time of a packet in the queue at
anode

Average packet service time in the LAN
Probability of processing in schedule time

—

=1l il il e
o I T e e I I T e

Calculation

Save

Calculation results for node No. 2

[v1 |Ronode  [w1

[wi11

[ v [ |amc [«

0.000039677
0.00009756
0.00009836
0.00009917
0.00010000
0.00010084
0.00010163
0.00010256
0.00010344
0.00010434

0.00009677
0.00019512
0.00029508
0.00033663
0.00050000
0.00060504
0.00071186
0.00082051
0.00093103
0.00104347

0.00004838
0.00004877
0.00004916
0.00004957
0.00004987
0.00005033
0.00005081
0.00005124
0.00005168
0.00005213

W Ro av

0.00800000
0.01600000
0.02399339
0.03200000
0.04000000
0.04799933
0.05600000
0.06400000
0.07200000

0 0.08000000

= W W~ =W

0.00000080
0.00000161
0.00000242
0.00000323
0.00000404
0.00000485
0.00000566
0.00000647
0.00000729
0.00000810

0.00012913 0.94158786
0.00013033 0.94121321
0.00013160  0.94083268
0.00013281 0.94044613
0.00013403 0.94005342
0.00013526 0.93365439
0.00013643 0.93924883
0.00013773 0.93883676
0.00013838 0.93841783 844.84457604

0.00014024 093799192 937.9379919z .

94.941587862|
188.18824264
282.2822438C
376.3761784E
470.47002671
563.5637926%
B57.65747422

751.75106341

L —

F— - y

Fig. 3. Screen form for input of initial data and output of modeling results.
AMC—automatic message counting
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In order to demonstrate the study of packet delivery
processes and performance of fiber optic FDDI networks
using the developed analytical method, a simulation of
packet transmission is performed. The following initial
data were selected for modeling:

e type of transmission medium is two fiber optic

rings;

e type of node distribution in the network is random,;

e number of nodes in the network N = 100;

e bandwidth 100 Mbps;
MTBEF of the transmission medium
100000-1000000 s;
average recovery time after failure 100 s;
marker length 96 bits;
directive time 1 ms;
synchronous packet
message) 8 kbits;

¢ intensity of arrival of synchronous packets (discrete

GOOSE messages in DSS system) is the same in all

nodes of FDDI network (variable parameter).

It should be noted that the group of programs
developed enables modeling to be performed at different
intensity of the packets arriving to the network nodes for
service.

Results of calculations of the probability-time

length (discrete GOOSE

transmission medium of the FDDI network of the DSS
system with given initial data under load variation are
presented in Figs. 4-10.

In an FDDI network, packet delivery time depends
on the time waiting for transmission in the queue at
the network nodes and the time of packet transmission.
Therefore, the parameters of information processing
in the network should be chosen in such a way that
in the whole range of changes in the intensity of the
flows of processed packets there are no bottlenecks in
the system, i.e., overloads of individual nodes and the
transmission medium. In a balanced system, the load
of the transmission medium and the load of the nodes
when the load increases should be close to each other.
As the failure rate decreases and the number of nodes
decreases for a given transmission medium capacity,
the length of transmitted packets should increase, in
such a way that the network is balanced when the load
increases.

It should be noted that with an increasing failure
rate in FDDI network and increasing number of nodes
for a given network throughput to balance the network
in the whole range of load changes, and in order to
obtain optimal performance, the length of transmitted
information packets needs to be reduced, since it will

characteristics, performance, node utilization and  reduce the probability of distortion.
095‘11‘44‘1~<~44<44 .............
0.00 e fme ot adonndeonbmnlnnd e oo e B S e L
NCCE T  R DR S RN SN (NS S T VO S M SAS. S W SO SO
0.80 F- - do il la il il
T e S LLLT CERK IS FEIS BUP RN SRS SR S S S 9 T - -
0704t el
QY O 0 N TR SR WK U Y U .U . O YO0 SO S 1 S SO U S N T W
3 : : :
o (I e B B R Lt LT T e R R R R 7 L L L e T e e e e o
DTS TS0 S NS NS RO OGS SN O NS SO N < N A e
% gig ““““““““““ T e
o 7 ' ' ' ' ' ' ' . ' ' ' ' ' '
L BT B R Rt S S At S Rt Rl S A St R Skt Ml St Ml Gl e e e Tk sl o
Tl 0 0 "
e o B M S 1 M- s et e i s " T A S s e
0.25 et inndemedonsdenndacoipbodenadsnadasotasadnand trme y
020 J-i-mdemdon b b de b de e e A S
015 Jodedeendo i e e b oedeende
e -
R T Rt S L L AEh IETEAEERCPEE SPRS SRR PR
é 110 1':") 2[0 25 30 35 40 45 50 ':';5 6i0 6'5 72) 75 80 85 90 95 1(30 1(1)51;01;512T

Incoming packet intensity A, pac/s

Fig. 4. Dependence of transmission medium load of fiber-optic FDDI network of DSS system
on the intensity of synchronous packets arrival to the nodes
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As can be seen from the graphs (Figs. 4-9), as the
intensity of packet flows served in the FDDI network
increases, the node utilization, node polling cycle and
timing characteristics increase, while the network
performance (the total timely served packet flow in the
network) reaches the maximum value and begins to fall
sharply. As the failure rate of the transmission medium
increases, the area of abrupt change of FDDI network
characteristics shifts to the side of lower utilization.

Consequently, certain modes need to be provided
for the operation in FDDI networks of a set of separated
DSS when exchanging synchronous packets (GOOSE
messages and packets transmitting synchronized
parameters of vector measurements for DSS) between
different DSS. The objective must be to prevent reaching
the area of sharp changes in FDDI network performance,
i.e., the need to control the intensity of input flows and
limit their growth.

Specific recommendations on the selection of
parameters and modes of operation of FDDI network
used for information exchange in a distributed system
of DSS can be obtained by conducting multivariate
analytical calculations using a set of programs
implementing the analytical method for the study of
fiber-optic FDDI networks, while taking into account the
reliability of the transmission medium.

CONCLUSIONS

The study developed a standard technological
scheme of report preparation by DSS dispatchers. The
authors propose the use of a fault-tolerant FDDI network
with two fiber optic rings as a telecommunication
component for information exchange between different
nodes in the system of remote DSS. Discrete GOOSE
messages form a synchronous flow of FDDI network
packets, while information messages arising during
the performance of basic technological operations in
the preparation of reports by dispatchers of the central
station do not form such a flow.

The study looked at aspects of development
of the analytical models for the estimation of

probabilistic-temporal characteristics and performance
of FDDI networks with fiber optic rings taking into
account possible failures in the transmission medium.
The problem was posed and an analytical method
was developed, in order to assess the performance of
FDDI networks taking into account the reliability of
the transmission medium, thus extending the scope of
analytical approaches.

The conclusion which can be drawn based on this
research is that a mechanism must be implemented to
control packet flows entering the network, in order to
ensure the efficient operation of FDDI networks. Thus,
controlling the intensity of incoming flows and limiting
their growth becomes an important aspect of ensuring
the efficient operation of the network.

Based on the analytical method developed
herein, a set of programs for studying the processes
of information transmission in FDDI networks was
created. This software enables multivariate analysis of
different modes of operation of FDDI networks used for
data transmission between remote DSS.

The study also established analytical expressions for
estimating node and transmission medium utilization,
average packet dwell time in the network, probability
of timely packet service and performance. Aspects of
FDDI network operation and transmission medium
reliability were taken into account when formulating
these expressions.

It was found that there is a critical load for FDDI
networks at which the network performance reaches
a maximum and then decreases sharply. As the failure
rate of the transmission medium increases, the critical
modes of FDDI network operation shift towards lower
loads.

In order to ensure the efficient operation of FDDI
networks, the modes of operation need to be regulated
in such a way as to avoid reaching critical load at the
nodes and in the transmission medium. Controlling the
intensity of input flows and limiting their growth are key
elements for DSS systems in FDDI networks.
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