The American Journal of Engineering and Technology
(ISSN-2689-0984)

Published: June 18, 2021 | Pages: 35-46

Doi: https://doi.org/10.37547/tajet/Volumeo3lssue06-07

IMPACT FACTOR
2021:5.705

OCLC-1121105677

TAJET
VOLUME 03

THE AMERICAN
JOURNAL OF

ENGINEERING
AND TECHNOLOGY

Journal Website:
http://theamericanjour
nals.com/index.php/taj
et

Copyright: Original
content from this work
may be used under the
terms of the creative
commons  attributes
4.0 licence.

ABSTRACT

Integration Of Fuzzy Set Approach For Comprehensive
Study Of Sustainable Functioning Of The
Telecommunication System Of Uzbekistan

U.0.Qutliyev
Associate Professor, Urgench State University, Urgench, Uzbekistan

E.Sh. Avazov

Associate Professor, Urgench Branch Of Tashkent University Of Information Technologies
Named After Muhammad Al-Khwarizmi, Urgench, Uzbekistan

I.1.Omonov
Assistant, Urgench Branch Of Tashkent University Of Information Technologies Named
After Muhammad Al-Khwarizmi, Urgench, Uzbekistan

M.M.Muradov
Assistant, Urgench Branch Of Tashkent University Of Information Technologies Named
After Muhammad Al-Khwarizmi, Urgench, Uzbekistan
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INTRODUCTION

Today, the stage of development of
telecommunication technologies, networks
and communication infrastructure of the
country is carried out by expanding fixed and
mobile  broadband  access  networks,
modernizing and expanding backbone optical
telecommunication networks, as well as
creating infrastructure for the development of
multimedia services. Today information

technologies are actively developing, and in
parallel, the problems of ensuring the stable
operation of backbone optical networks
continue to grow.

Means and telecommunication networks of
the Republic of Uzbekistan are the main
arteries for sustainable development of all
sectors of the country's economy and today
more than 97% are digitalized.
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A telecommunication system is understood as
an organizational and technological system
that includes telecommunication facilities and
networks (communication lines, transmission
line-cable

supply
systems, information security, information

lines, physical circuits,

communication facilities), power

protection,  technical operation and
maintenance, subscriber terminals, training

and retraining of personnel [1-4].

It is known that the creation of a digital
telecommunication system is a complex and
capital-intensive task, at the same time it is
quite conservative. Conservatism lies in the
fact that the capital invested in the creation of
a digital
returned for years, through the creation and

telecommunication system s

sale of telecommunication services [5-8].

In these conditions, it is urgent to solve the
problem of ensuring the stable functioning of
the digital telecommunication system [9-12].

An interruption in the operation of the
telecommunication system, even for a short
period, causes the loss of a large amount of
which, being a
violation of the stability of the functioning of

transmitted information,
the system, can lead to serious technical and
financial consequences [13-15].

Another important task that determines the
stability of the functioning of the
telecommunications system as a whole is the
requirement for the delivery to the subscriber

(consumers  of services) of reliable
information transmitted through
communication channels. With modern ultra-
high-speed fibre-optic information
transmission  systems, even short-term

external and internal factors of influence can

cause the so-called "data packet loss".
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Detection of such packets necessitates their
retransmission. This first of all causes a delay
in the message delivered to the subscriber for
the time of detection and retransmission of
the "lost data packet", degrades the quality of
the services
negatively affects the market image of a
telecommunications operator, especially an

provided and, therefore,

international operator.

In recent years, it is especially important to
resolve the issue of the integrity of the
transmitted information, which led to the
creation of a

system for protecting

information  transmitted via a digital

telecommunications system.

The stability of the telecommunication
network (TN) functioning is understood as the
structural stability of the TN, which ensures
the performance of the established functions
in the event of failure of a part of the system
elements as a result of the influence of
destabilizing factors. Such a substantiation of
the term for the stability of the functioning of
the telecommunication system is explained by
the fact that when external and internal
destabilizing factors act on the PT - the
deterioration of the reliability of individual
elements and nodes, the violation of
survivability, short-term interruptions and
changes in the power supply voltage, short-
term traffic overload, etc., the topology and

structure of the TN in the whole is preserved
[14].

The main task of the basic components of

telecommunication  systems  (hardware,

software and service systems) is to ensure or

restore the normal functioning of the
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telecommunication system during a standard
period of time

[15]. The structural diagram of the TN
functioning is presented in the form of a set of
dispersed objects and subsystems functioning
individually or as a whole (Figure 1).

The given structural scheme of TN functioning
presupposes consideration of the problem of
stability of functioning as a whole, in a
complex, which is much more difficult,
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broader than the system approach. Research
and operational assessment of the degree of
stability of TN functioning should be based on
a systematic approach that provides
operational accounting of the influence of
each factor on the stable operation of the
system [15].

External Internal
factors factors Energy factor Service factors
| | | |
Service Telecommunication Services
reauests

Figure. 1 - Structural diagram of the functioning of the telecommunication system

However, the complexity and ambiguity of the
relationships between the parameters and
characteristics of the TN, the influence of
internal and external factors on the stability of
the functioning of the TN, which have a
heterogeneous character and different
attribute spaces, is decisive when choosing an
integrated approach based on a systematic
consideration of the components of TN with
their subsequent aggregation within a single

TN [14].

The classification of factors affecting the
stability of the functioning of
telecommunications systems, taking into
account the degree of their impact and the
decisions made to eliminate them, is a
complex and multi-parameter problem (Figure

The USA Journals Volume 03 Issue 06-2021

2). Therefore, for a quick assessment of the
state of the TN functioning, an assessment
concept is proposed based on an integrated
model based on a systematic consideration of
the elements and components of the TN. The
complex model includes the following basic
components:

e Identification (assessment) of the
technical state of TN, taking into account
external and internal influencing factors;

e Making decisions to regulate the
elimination of the influence of influencing
factors.

Application of the principles of the theory of
fuzzy sets.
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Due to the fact that the factors influencing the
stability of the telecommunication system
(Figure 2) are characterized by heterogeneity,
i.e. different subject scales of measurements
and the nature of information (quantitative,
qualitative, mixed), then for the
implementation of such a concept it seems
expedient to apply the principles of the theory
of fuzzy sets (TFS), which makes it possible to
make decisions in conditions when the goals,
limitations and consequences of possible
impacts on the ST are considered to be not

known.

The USA Journals Volume 03 Issue 06-2021

Let us assume that S1, S2, S3, S4 are TN states,
defined linguistically in the following order:

S1-<steady state of TN >;

S2 - <more or less stable state of TN >;
S3 - <unstable state of TN >;

S4 - <absolutely stable state of TN >.

The formulated states S1, S2, S3, S4 are
considered to be the types of assessment of
the state of ST, to be determined based on the
results of their study.
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Factors affecting the stability of the functioning of the
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bility of the functioning of the

The structure of the model for carrying out a comprehensive assessment of the stability state of the
vehicle is presented in the form of a tree (Figure 3) inference according to the following
relationships:
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Figure. 3 - Fuzzy inference tree for a comprehensive assessment of the state of the
telecommunications system.

In the integrated model, the following designations are adopted:
S - < state of TN>;

X - <influence of external factors>;

Y - <influence of internal factors>;

Z - <influence of energy factors>;

P - <service>;

S=1f,(X,Y,Z,P), (1)
S, = f, (X,, X,), (12)
S, =1,(Y,Y,), (13)
S, = f. (Z,, Z,, Z,), (1.4)
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S,=1,(P, B, R). (1.5)

X1 - the influence of factors of physical origin;
X2 - the influence of intentional factors;
Xo = Fxa(Xiny Xazy Xizp Xagy Xis), (1.6)
Xy = Fxo(Xary Xazy Xa3y Xagy Xas), (1.7)

Y1-impact in the form of parametric failure;
Y2 -impact in the form of catastrophic failure;
Y, = fyi(Yayy Yoz Yi3), (1.8)

Y, = fya(Yay Yaa)- (1.9)

Z1-impact in the form of short-term outages;
Z2 - emergency shutdown;

Z3 - use of renewable energy sources;

P1- prompt elimination of ST instability;

P2 - programmed elimination of ST instability;
P3 - restoration of work;

X11 - deterioration of the S/ W ratio;

X12 - cable aging;

X13 - cable break;
X14 - electromagnetic influences;
X15 - energy problems;
Y11 - <off parameters from the norm>;
Y12 - <traffic congestion>;

Y13- <synchronization violation>;

The USA Journals Volume 03 Issue 06-2021

41



The American Journal of Engineering and Technology

(ISSN-2689-0984)

June 18, 2021 |

35-46
https://doi.org/10.37547/tajet/Volumeo3lssue06-07

Y21 - <failure of a part of TN>;

Y22- <TN failure>;
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To assess the values of the linguistic variables X, Y, Z, P and S and their components, a single scale of
qualitative terms is introduced: L - low; BA - below average; M - medium; AA - above average; H- high.

Implementation of an integrated model for assessing the stability of TN.

To implement a comprehensive model for assessing the stability of ST, a knowledge base is being

designed (table N21- N25):

Table 1. Knowing about the ratio S = (S, S,,S;,S,)

S S, S, S, S,
X L BA M BA BA BA AA H H H
Y L L BA BA BA BA AA H M AA
YA L L L BA L BA AA H AA AA
P H H H BA L BA AA H L BA
Table 2. Knowing about the ratio. S, = f; (X, X,)
s, L BA M AA H
X, | L |BA|BA|L|BA|[M| M| M|M AA | M | AA | AA | H
X, L BA L M| M M L |BA | M M | AA | AA H H
Table 3. Knowing about the ratio. 52 = fs2 (Yl’Yz)
S, L BA M AA H
Y, L|L|BA|BA| M BA | BA | BA M AA | AA H H
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Y, LM M BA | BA M M BA | BA | AA | AA | AA AA | H
Table 4. Knowing about the ratio. S; = fS3 (Z,,2,,2,)
Ss L BA M AA H
Z, L L L L L M L BA | M M M M M M M
Z, L BA M BA | M M M BA M L L L L BA L
Z5 L BA L M M L M M BA | AA M AA | AA H H
Table 5. Knowing about theratio S, = f, (R, P, P;)
S, L BA M AA H
P, L L L BA | BA | BA M M M M M AA | AA | AA H
P, L | BA | BA | BA L BA | BA M M | AA M M AA | AA H
Ps L L BA L BA | BA| BA | BA | M M AA M M AA | AA

Based on tables No. 1- No. 5 and using the principles of TNM, a system of fuzzy logical equations is

obtained, which allows determining the state of the telecommunication system:

p51i(s) = [p (x) x pM () x pt(2) x pt )1V 1" (x) x u?4(y) x u?4(2) x pP4(@)];

p2(s) = [uBA(x) x uM(y) x uBA(2) x pB4 )1V [1B4(x) x uB4(y) x uk(2) x pt )]V [pM (x) x

UBAYyXuBAzxuBAp];

pS3(s) = [pM(x) x pM(y) x pM(2) x pt )]V [pA4(x) x pA4(y) x pA4(2) x u(P)] Vv [ (x) x

HHYXpHzXutp],

pSe(s) = [ (x) x pt () x ph(2) x pH )1V [pBA(x) x ut(y) x pt(2) x p ()] v [pM (x) x

UBAyXulzxup},
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HE(S1) = [1h(eg) Xt Ce)] V [P (ey) X P4 Ce) ]V P4 (g) X k()
HPA(S1) = [t Cer) x uM (e)] V [P (g X M Ce)]V [ (y) X 1M (x2)];
P (S = [ (ey) Xt Ce) ]V [ (ey) X pBA0e) IV [ (ey) X M () ;
pAA(S1) = [ Cep) x M (e)]V [ (ey) X M Ge)]V [ (ey) x 4 (x2)];

p(Sy) = [ () x )]V [ () x p () ]V [ (ey) X (x)];

HE(S2) = [t Orn) x p )]V [ ) x u™ )]V [1P4 (1) % 1 ()],
HPA(Sy) =[P4 () x P4 )]V [ (v1) X wPA IV [PA () x M (72)];
uM(S5) = [P () X WM )l V [PA () x uPA)IV [ (1) % P4 () ];
pAA(Sy) = [ () X )]V M (r) x w4 )]V [ () % w4 (v2)];

uf(Sy) = [ (yy) x w1V [ (1) x uA )1V [ (1) x u (y2)];

pE(S3) = [uh(z1) X u(z2) X ub(23)]1V [k (z1) x pB4(z;) x pBA(z)V [1h (z1) x uM(zy) x pt(z3)];

uBA(S3) = [uh(z1) X uB4(25) x uM (2z3)1V [k (z1) x pM(z) x uM(23)]V [uM (21) x pM(z;) x
.UM(Z3)];

uM(S3) = [uh(z1) x uB4(z) x uM(23)]1V [uB4(21) x uB4(zy) x uM(23)]V [uM (2z1) x pM(z,) x
.UBA (z3)];

pA4(S3) = [uM(z1) X pub(z2) x p4(z3)1V [ (z1) % ph(zz) x M (z3)]V [ (z1) x pP4(zy) %
.UAA(Zs)];

u(S3) = [uM(z1) x ph(zy) x p4(z3)] v [.UM (z1) x uB4(z,) x .UH(Z3)]V [.UM(Z1) X pl(zy) x pt (z3)];
1 (Sa) = [ (p1) x 1 (p2) X )1V [kt (p1) x uBA(p2) x u" )1V [uh (p1) x uBA(p2) x uB4(p3)];

uBA(Sy) = [P (p1) X uB4(p2) X ut )1V [P (1) x uh(p2) x uP4(p3)]V [P (p1) X uB4(p,) X
HBA (p3)];

M (Sy) = [ (p1) x uB4(py) x uBA(pa)]1V [1M (1) x M (pa) X uB4(p3)]V [1™ (p1) % uM (py) X
IJM (p3)];
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pA4(Sy) = [M(py) x 4 (p2) x M )1V [ (p1) x 1M (p2) x M (p)]V 1 (p1) x 1M (p2) x
llM (p3)];

uH(Sy) = [p(p1) x p 4 (p2) x pM )1V [ (p1) x p4(p2) x u 4 (p)V [k (p1) x uf (p,) x
pA4(3)].

To simplify calculations for all linguistic variables of the complex model, a single form of the
membership function for fuzzy terms(L, HC, M, BC, H) is used using a universal substitution [27].

. X. — X.
,Llj (U) U= 4%—)_(' ; 1= L; BA; M; AA; H; u—[0,4].

The analytical membership function has the form;

Intuitively, based on experience, for the parameter b for the terms L, BA, M, AA, H, the values are
taken as 0,1,2,3,4, respectively, and the parameter M for all terms is taken equal to 0.9 [27]. The
proposed fuzzy-logical models make it possible to assess the stability of the ST and are implemented
according to the following algorithm:

1. The values of the state parameters are fixed:
U ={X. %\ Y1:Y2: 21,251 25, Py Py, Ps}-
2. The values of the membership function (MF) are determined at fixed values of U*.

3. Based on the system of fuzzy-logical equations, the FP values are calculated for the states S1, S2,
S3, S4.

4. By ranking the values of the MF by states in descending order, specific states are determined from
the sets of possible S = {S1, S2, S3, S4}.

the functioning of telecommunications
facilities and networks seems promising in

We have investigated fuzzy multiple terms of representing ST as a whole, within
approaches to the process of functioning of the framework of a single integrated model of
telecommunication networks. It is shown that telecommunications facilities and networks.

the integration of fuzzy multiple approaches
into the process of assessing the stability of
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