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MULTI-CRITERIA MODEL FOR SELECTION OF OPTICAL LINEAR TERMINALS
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Optical networks are an integral part of modern telecommunication systems. Huge traffic and ever-increasing
requirements for data transmission capacity and quality encourage the wider use of modern optical technologies
in telecommunications. The rational choice of equipment for the design of optical networks is an urgent task at
present. The subject of this study is the process of selecting optical line terminals, which is associated with the
evaluation of possible options by a set of indicators. The OLT (optical line terminal) in PON technology imple-
ments the function of organizing subscriber lines and is also a node equipment - an L4 switch that combines the
functions of routing (IP), traffic fragmentation (VLAN), switching (MAC), quality of service (QoS), and some
necessary network service functions. The optimal structuring of PON access networks demands a judicious se-
lection of software and hardware, guided by their tactical and technical characteristics, in view of the substantial
information load they entail. One of the effective approaches to solving such problems is the use of MCDM
(Multiple Criteria Decision Making) methods. Purpose: to construct a TOPSIS model of the optimal choice of
optical linear terminals in the conditions of unclear information for different cases of aggregation of evaluations
of decision makers. Task: to formalize the process of selecting optical linear terminals; develop a multi-criteria
mathematical model for the effective selection of optical line terminals. Methods used in the study: The fuzzy
TOPSIS method, four methods of aggregating the opinions of decision makers. The following results were ob-
tained. Alternatives and criteria for their evaluation are defined. On the basis of interviews with decision makers,
evaluations of the degree of importance of the criteria and alternatives to the criteria were determined. Linguistic
changes were used to describe decision-makers’ evaluations, which were interpreted as triangular fuzzy num-
bers. During this study, four methods of aggregating the evaluations of decision makers were used. A fuzzy
TOPSIS model for selecting an optical line terminal is constructed. The ranking of the selected optical line
terminals is obtained and the best alternative is determined. The results of modeling with different methods of
aggregating assessments of decision makers are compared. Conclusions. The use of the Fuzzy TOPSIS method
for optimal selection of optical linear terminals is proposed. The influence of the methods of aggregation of
evaluations of decision-makers is analyzed.

Keywords: optical network; optical line terminal; MCDM methods; multicriteria selection; triangular fuzzy
numbers; Fuzzy TOPSIS method.

data streams. Regarding cable access networks catering
directly to subscribers, the market is still dominated by

1. Introduction

1.1. Motivation

The societal consumption of information has exhib-
ited exponential growth in recent decades and is antici-
pated to persist in the near future. The ever-increasing
traffic transmitted by telecommunication networks leads
to enormous technical and economic challenges that en-
gineers must confront when designing both transport and
access networks [1].

Optical communication is one of the most promis-
ing technologies capable of addressing the escalating de-
mands of the telecommunications market due to a sharp
increase in the frequency resources of transmission chan-
nels [2]. Currently, optical communications are the dom-
inant technology for cable channels within transport net-
works that operate with powerful homogeneous digital

copper wire technologies that use well-developed and
cost-effective means of information exchange. However,
numerous subscribers have recently found copper tech-
nologies insufficient, primarily because of the necessity
of expanding the bandwidth. The adoption of optical
transport technologies for subscriber access is not feasi-
ble because of the increased cost and complexity associ-
ated with deploying individual optical channels.

A compromise solution to the problem of introduc-
ing optical technologies into the practice of access net-
works involves leveraging Passive Optical Network
(PON) technology. Its concept involves utilizing purely
optical methods to combine and separate individual chan-
nels without relying on complex electronic equipment to
facilitate multiple access. This makes it possible to con-
nect a significant number of densely located subscribers
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via optical transmission lines while minimizing capital
expenditures. From the provider's point of view, PON
technology entails constructing a tree topology for the
subscriber network based on optical splitters, where in-
formation is transmitted from the optical line terminal
(OLT) to the user terminals (Optical Network Unit
(ONU) or Optical Network Terminal (ONT) in PON ter-
minology).

The interaction between OLT and ONU in the for-
ward and reverse traffic channels is carried out via a sin-
gle optical fiber at different wavelengths using passive
frequency division technology of the shared WDM opti-
cal line resource. The information flow for individual
subscriber channels is structured similarly, allowing the
allocation of distinct shared channels for specific trans-
missions, such as television. Thus, from an economic
perspective, PON optical technology has approached the
conventional "copper" solutions commonly employed for
the "last mile" problem. Passive access technology has
proven to be so successful that it is also used in metro
transport networks [3].

Like any advanced subscriber access technology,
PON technology is developing dynamically. At present,
the most appropriate option is to use GPON (Gigabit
PON) and GEPON (Gigabit Ethernet PON), which offer
a subscriber traffic channel capacity in the range of tens
of gigabauds over distances spanning tens of kilometers.
Due to its powerful bandwidth, simple, and cost-effective
nature, PON technology can serve as a local transport
technology for constructing remote networks (rural net-
works) with low spatial concentration of ONUs. There-
fore, some small data transmission operators are actively
interested in its implementation.

The widespread adoption of PON technology is ac-
tively facilitated by the following advantages: conserva-
tion of optical fibers in optical cables; elimination of
power supply for solitaries; reduction in the number of
OLT optical emitters; simplicity in connecting subscrib-
ers; dynamic control over subscriber bandwidth and
emitter power levels; and ease of network maintenance.
However, the main challenge still hindering the develop-
ment of PON is the cost of line and subscriber equipment
(OLT and ONU).

From the perspective of network technologies, the
OLT in PON technology not only fulfills the role of or-
ganizing subscriber lines but also serves as node equip-
ment, functioning as an L4 level switch. It combines var-
ious functions, including routing (IP), traffic fragmenta-
tion (VLAN), switching (MAC), ensuring quality of ser-
vice (QoS), and several essential service network func-
tions. The extensive information load on the tactical and
technical characteristics of software and hardware em-
phasizes the necessity for providers to rationally select
optical line terminals. This choice is essential for the ef-
ficient organization of PON access networks and their

seamless interaction with higher-level transport net-
works. Therefore, the need to develop a methodology for
rational equipment selection has become a pressing task,
especially given the growing integration of optical tech-
nologies into residential subscriber networks.

The growing complexity of the world around us and
the multitude of decision-making challenges render it in-
creasingly difficult to make sound decisions. Complex
problems in science, engineering, or management are
usually characterized by several criteria that are not al-
ways quantifiable and usually conflict or interact with
each other. The problem of selecting optical line termi-
nals is one of them.

Decision-making processes in solving such prob-
lems require the support of methods and tools that have
ready-made procedures for reducing uncertainty, resolv-
ing conflicts, and limiting the number of unknowns. In
this situation, we can use Multiple Criteria Decision
Making (MCDM) methods, which have ready-made al-
gorithms that allow us to organize possible solutions and
choose the best option [4].

1.2. State of the art

Currently, multicriteria decision-making methods
are of great importance, have become quite popular, and
are widely used in solving real-world decision-making
problems in various industries. Multi-criteria decision-
making is a methodological tool for solving complex en-
gineering problems. Most problems in the design of tele-
communication networks can be modeled as an MCDM
problem, where it is necessary to evaluate several criteria
and choose the most appropriate solution for design en-
gineers according to their preferences and requirements.

The problem of making rational equipment choices
in the design of telecommunication networks is currently
highly relevant and has been explored by
A. Zhanasbayeva et al. [5], V. Bezruk et al. [6], L. Melni-
kova et al. [7], G. Gaivoronska and B. Rybalov [8],
M. Kolisnyk [9], Pidchenko S. et al. [10].

However, in real-life decision making, in many
cases, the actual situation cannot be described in a clear
and deterministic way, i.e., by providing clear quantita-
tive assessments of all criteria and alternatives, because
human judgment is often fuzzy and cannot evaluate cer-
tain preferences with a precise numerical value. In addi-
tion, the data used in the decision-making process may
be incomplete or unclear. In such circumstances, classi-
cal decision-making methods lose their rele-
vance [11, 12].

A more realistic approach is to use linguistic varia-
bles instead of numerical values to evaluate criteria and
alternatives. Linguistic expressions, such as "important",

"very important”, "not very important”, "low", "me-
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dium®, "high", etc., are a natural reflection of the judg-
ment of decision makers. To work with data and infor-
mation containing uncertainties, the best tool is fuzzy set
theory, which was proposed by Zadeh (1965) as a tool for
modeling complex systems. The use of fuzzy set theory
allows the inclusion of information that cannot be quan-
tified or incomplete information in a decision-making
model. The theory of fuzzy sets provides a mathematical
tool for capturing the uncertainty associated with linguis-
tic variables and helps to measure the ambiguity of con-
cepts associated with human subjective judgment [13].

The theory of fuzzy sets is currently applied to prob-
lems in engineering, business, medicine, and natural sci-
ences. MCDM is one of the fields in which fuzzy set the-
ory has found wide application. The combination of
MCDM and fuzzy set theory has led to a new theory of
decision making, which is now known as Fuzzy Multi-
Criteria Decision Making (FMCDM). The development
and application of fuzzy MCDM methods have increased
significantly over the past two to three decades [12, 14].

One of the most common FMCDM methods is the
Fuzzy TOPSIS (FTOPSIS) method. The classic TOPSIS
method (Techinque for Order Preference by Similarity to
Ideal Solution) was developed by C.L. Hwang and K.
Yoon in 1981. The idea behind the method is to choose
the alternative that is closest to the positive ideal solution
(PIS) and farthest from the negative ideal solution (NIS)
[15]. Positive and negative ideal solutions are artificial
alternatives that are determined by the decision maker;
therefore, PIS is the ideal solution for all criteria and NIS
is the solution that has the worst performance for all cri-
teria [16].

In 2000, Chen proposed an extension of the TOPSIS
method to fuzzy numbers. Accordingly, in the Fuzzy
TOPSIS method, the alternative that is closest to the
fuzzy positive ideal solution (FPIS) and farthest from the
fuzzy negative ideal solution (FNIS) is selected as the op-
timal solution [13].

In recent years, the Fuzzy TOPSIS method has been
used in a significant number of studies. In particular,
FTOPSIS has been used to select a supplier [17], soft-
ware [18], for personnel selection [19], website quality
assessment [20], and 1oT application selection [21].

1.3. Objectives and the approach

The purpose of the article: construction of the TOP-
SIS model of the optimal choice of optical linear termi-
nals in the conditions of unclear information for different
cases of aggregation of evaluations of decision-makers.

The material of this article is organized as follows.
The second chapter presents a description of the research
methodology (the concept and properties of triangular
fuzzy numbers; the Fuzzy TOPSIS method algorithm;
methods of aggregating experts' assessments). In the

third section, a fuzzy TOPSIS model is built for the se-
lection of an optical linear terminal, and the simulation
results are compared for different cases of aggregation of
the judgments of decision makers. The results of this
study are discussed in the fourth chapter. The final sec-
tion presents conclusions and recommendations for fu-
ture research.

2. The theoretical basis of the research

The goal of the multi-criteria decision-making pro-
cess is to evaluate and rank available alternatives based
on a selected set of criteria. Thus, the main stages of the
multi-criteria decision-making process are as follows: (1)
identification of alternatives and criteria for evaluating
alternatives; (2) determination of the importance of each
criterion (determination of weight coefficients of crite-
ria); (3) evaluation of alternatives according to each cri-
terion; (4) evaluation of alternatives according to a set of
criteria, ranking of alternatives and making a decision
based on the results of the ranking [10].

2.1. Fuzzy numbers

The FMCDM method use linguistic variables that
can be represented by fuzzy numbers to assess the im-
portance of criteria and evaluate alternatives. The most
commonly used fuzzy numbers are triangular and trape-
zoidal.

A fuzzy set A on a universal set U is a set of or-
dered pairs:

A={<x,pA(x)>|XGU}, (1)

where pg :U—[0,1] —membership function [4].

A membership function is a mathematical function
that defines the degree to which the elements of a set U
belong to a fuzzy set A . The more the argument X cor-
responds to a fuzzy set A, the greater the value of
HA (x) . A fuzzy number is a special form of a fuzzy set

on the real number set R.

A fuzzy number is a fuzzy set given on the set of
real numbers A that has a normal and convex member-
ship function, i.e:

a) suppj (x)=1;
XeR

b) for any x<y<z the inequality is satisfied
ia (¥)= min fu (%), (2)}

A triangular fuzzy number is a fuzzy number A
represented by a triple of real numbers (a,b,c), where
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a<b <c, whose membership function is defined as fol-
lows [13]:

0, if x<aorx>c,
X728 it a<x<b, @)
b-a
CX it p<x<c
b

Thus, each triangular fuzzy number can be repre-
sented by an ordered triple of real numbers: A = (a,b,c)
, Where b is the modal value, and the values a and c rep-

resent the lower and upper bounds of the number A and
determine the so-called degree of fuzziness of the num-
ber.

Triangular fuzzy number A=(a,b,c) for which
O0<a<bh<c is called a positive triangular fuzzy num-
ber. Algebraic operations with two positive triangular
fuzzy numbers A, =(ay,by,c;) and A, =(ay,by,cy)
[13, 4]:

- Addition of fuzzy numbers (+):

A (+)A, =(ag, by, ¢ )(+)(az,by,cp) =

@)
:(a1+a2,b1+b2,C1+C2);
- Multiplication of fuzzy numbers (*):
AL (*)Ag = (ag,by,c0)(*) (a2, bz, 00 ) = @)

=(ag-ap,by-by,c1-y);

- Multiplication of real number k and fuzzy num-
ber (*):

k(*)Ay = (K K)(¥)(ag, by, c) =

©)
=(k-ay,k-by,k-c;) for k>0;
- Subtraction of fuzzy numbers (-):
A1 (=)Az = (a1, by,c1)(-)(az, bz, c0) = ©)

=(ay—a,by —by, 0 —Cy);
- Division of fuzzy numbers (/):

A (1)Ag =(ag,by,cp)(/)(az, by co) =

7
=[ﬂ,ﬂ,&J for a, >0; @
C; by a

- Reciprocal of a fuzzy number:

Al‘lz(al,bl,cl)_l=[i,i,iJ for a; >0. (8)
Cp by

The distance between two triangular fuzzy numbers
A =(ay,by,cy) and A, =(ay,b,,c,) isdefined as fol-
lows

)=
- a0 (b0 (e |

o
—_
=1 2>
p>3
N

©)

2.2. Fuzzy TOPSIS method

Any MCDM problem with m alternatives evaluated
according to n criteria can be represented by a decision
matrix

Cl C2 vee Cﬂ
AL [ X1 X2 ot X
X=Ay [ X1 Xy v Xpp |, (10)
Am XmL Xm2 Xmn

and W =(wy, Wy, ..., W, ),

where A;(i=1,2,...,m)- alternatives, Cj(j:1,2,...,n)

— criteria, Xx;;— evaluation of the i-th alternative accord-

=
ing to the j-th criterion, W — vector of criteria weighting
coefficients.

Accordingly, the FMCDM problem is represented

by the fuzzy decision matrix:

X111 %12 X1n
- X X X
)N(ml )~(m2 )N(mn

where X;; — linguistic variables described by triangular
fuzzy numbers %;; = (ayj, byj, cij ) -
The weights of the criteria are usually also repre-

sented by linguistic variables, which are described by tri-
angular fuzzy numbers:
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(12)

where W] Z(le,sz,Wj3).

The algorithm of the Fuzzy TOPSIS method con-
sists of the following steps [4, 13].

Step 1. Construction of a fuzzy decision matrix.

Step 2. Construction of a normalized fuzzy decision
matrix

(13)

R= [Fij:|m><n '

where

B by i

MaxCy.  MaxCg. MaxCg.
I

Cx
for benefit criterion

r”- = .
min a)~(ij

minag. minag.
i 1 i 1 i S
, for cost criterion

Step 3. Building a weighted normalized fuzzy ma-
trix

V= [\7” ]mxn ' (14)

where \7Ij = F'J (*)WJ .
Operation (*) is performed according to equation

(4).

Step 4. Determining the fuzzy ideal positive deci-
sion A" (ideal) and the fuzzy ideal negative decision
A~ (anti-ideal):

(16)
= (m.in Vit, min¥j5,...,min vin),
I 1 1

where min V;; = (min ag..,minbg..,mincy. j .
[ i T T
Step 5. Calculate the distance from each alternative
to the ideal A™ and anti-ideal A~ according to formula

():

di = id(vij,v}) and di = id(vij,v;). 17)
i i1

Step 6. Calculate the integral index (the coefficient

of proximity to the ideal positive solution A*) for each
alternative Ai:

CC; = L
di +di

(18)

Step 7. Ranking of alternatives by the integral indi-
cator CC; . The best alternative corresponds to the larg-

est one.

The growing complexity of the problems that arise
in the management of complex systems, including tele-
communications, leads to the fact that decisions are made
not by one person, but by a group of experts or decision
makers. Therefore, when using multicriteria decision-
making (FMCDM) methads, it is necessary to aggregate
the opinions of experts (or decision makers).

The assessment of the degree of importance of the
criteria and the evaluation of alternatives according to the
criteria are carried out using linguistic variables that can
be represented by triangular fuzzy numbers [11], as
shown in Tables 1 and 2.

Table 1
Linguistic terms for weights of criteria [11]

Linguistic terms Fuzzy number

Very small (VS) (0,0,0.1)

Fairly small (FS) (0,0.1,0.3)

Small (S) (0.1,0.3,0.5)
Middle (M) (0.3,0.5,0.7)

Big (B) (0.5,0.7,0.9)
Fairly big (FB) (0.7,0.9,1)

Very big (VB) (0.9,1,1)

Table 2

Linguistic terms for alternatives [22]

Linguistic terms Fuzzy number
Very poor (VP) (1,1,3)
Poor (P) (1,3,5)
Fair (F) (3,5,7)
Good (G) (5,7,9)
Very good (VG) (7,9,9)

To aggregate expert opinions, the concepts of geo-
metric mean, arithmetic mean, or other ideas are usually
used to help determine aggregate estimates of the weights
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of criteria and alternatives by criteria. Scientists, in par-
ticular, Chen, Kacprzak [4], Nadaban [14], proposed dif-
ferent approaches to aggregating expert opinions. Thus,
D. Kacprzak in his work [4] identified four approaches to
determining the aggregate opinion of experts.

If the assessment of the k-th expert is represented by

ij
cording to [4], the aggregate opinion of experts can be
defined as:

- arithmetic mean:

a triangular fuzzy number X x,] (au bk cu) then ac-

= zxu ( kil,,, kZbk 1Zc”j;(w)

- modified arithmetic mean:

Xij (mlnau, Zb,J maxc,lj (20)
- geometric mean:
1
K K
o ok
XIJ_[HXHJ =
k=1
1 1 1 (21)
K K K (K K
k k k
= [Haij] {Hbu] {HCUJ !
k=1 k=1 k=1
- modified geometric mean:
1
K K
Kij = mina{j, Hb:j ,maxcﬁ (22)
k ka1 k

3. Research results

This study used data on the characteristics of optical
line terminals provided by representatives of the Khmel-
nytsky branch of Ukrtelecom JSC. The following optical
line terminals were identified as alternatives: A; -
BDCOM P3600-04 optical line terminal; A, - BDCOM
GP3600-08B optical line terminal; As - BDCOM
GP3600-16B optical line terminal; A, - BDCOM P3600-
16E optical line terminal; As - BDCOM P3600-08E op-
tical line terminal.

The following characteristics of optical line termi-
nals were chosen as selection criteria: C; - number of

PON ports; C; - backplane bandwidth; C; - MAC address
table; C4 - IPv4 routing table; Cs - IPv6 routing table; Ce
- AC power supply; C7 - weight; Cg - Uplink interfaces;
Cy - types of supported PON modules.

Based on the interviews with the decision makers
(DM, DM, DM), the importance of the criteria and the
scores of the alternatives by criteria were determined.
The assessment was performed using linguistic variables,
as shown in Tables 1 and 2. The results are presented in
Tables 3 and 4.

Using Tables 1 and 2, the importance ratings of the
criteria and the scores of the alternatives by criteria made
by the decision makers were converted into triangular
fuzzy numbers (Tables 5 and 6).

To further apply the Fuzzy TOPSIS method, the
opinions of decision makers were aggregated using (20).
Thus, a fuzzy decision matrix and a vector of weighting
coefficients were formed (Table 7).

In the next step, the fuzzy decision matrix was nor-
malized according to (13). Then, considering the weights
of the criteria, the weighted normalized fuzzy matrix and

the fuzzy ideal positive decision A* and ideal negative
decision A~ were determined (according to (14) - (16)).
Next, the distances from each alternative to the ideal A*

and anti-ideal A~ were calculated using (17). The calcu-
lation of the integral index for each alternative Ai, ac-
cording to (18), allows us to create a ranking of alterna-
tives. The following ranking was obtained:
Az = A, = Ag = A, = A, . Thus, the best alternative is

alternative Aa.

However, as mentioned above, the aggregation of
decision makers’ opinions can be done in different ways
(according to formulas (19) - (22)). In the first stage, we
used a modified arithmetic mean to aggregate the opin-
ions of decision makers.

Table 3
Assessment of the importance of the criteria
by decision makers

Criteria DM, DM, DM;
Cy B VB FB
C> M VB FB
Cs M B FB
Cs FB B FB
Cs FB B B
Cs S S VS
Cs VS VS VS
Cs VB B VB
Co FB FB B
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Table 4
Evaluation of alternatives using criteria by decision makers
Alternatives decision makers Cy C, Cs Cs Cs Cs Cs Cs Co
DMy F G F F G F G G F
A1 DM, F G F F F G G F G
DM; F G P VG | VG | VG | VG G F
DM, F F VG | VG | VG G G VG | VG
A DM, G G VG | VG | VG | VG G VG | VG
DM3 G G VG | VG | VG | VG | VG | VG | VG
DM, VG G VG G G VG G VG | VG
As DM, VG G VG | VG | VG | VG G VG | VG
DM; VG G VG | VG | VG | VG | VG | VG | VG
DM, VG | VG G G F VG G F G
As DM, VG | VG G G G G VG G G
DM3 VG | VG F VG | VG | VG | VG G F
DM, G VG G VG | VG G G G G
As DM, G VG G G G G VG G G
DM; G G F VG | VG | VG | VG G F
Table 5
Criteria importance scores expressed as triangular fuzzy numbers
Criteria DM; DM, DM3
C: (0.5;0.7; 0.9) 0.9;1; 1) (0.7;0.9; 1)
C (0.3;0.5; 0.7) 0.9;1; 1) (0.7;0.9; 1)
Cs (0.3;0.5; 0.7) (0.5;0.7; 0.9) (0.7;0.9; 1)
Cs (0.7;0.9; 1) (0.5;0.7; 0.9) (0.7;0.9; 1)
Cs (0.7;0.9; 1) (0.5;0.7; 0.9) (0.5;0.7; 0.9
Cs (0.1;0.3; 0.5) (0.1;0.3; 0.5) (0; 0;0.2)
C; (0; 0; 0.1) (0; 0;0.2) (0; 0;0.2)
Cs 0.9;1;1) (0.5;0.7; 0.9) 0.9;1;1)
Cy (0.7;0.9; 1) (0.7;0.9; 1) (0.5;0.7; 0.9
Table 6
Evaluation of alternatives using criteria expressed as triangular fuzzy numbers
Alternatives dr’?'lg.lljl!}?: C1 Cz Cs C4 Cs Ce C7 Cg Cg
DM; (3,5,7) | (5,7,9) | (3,557 | (357 | (57,9 | (357) | (57,9) | (57,9) | (3,57)
A1 DM, (3,5,7) | (57,9 | (3,57 | (357 | (3,57 | (57,9 | (57,9 | (3,557 | (57,9
DMs3 (3,5,7) | (5,79 | (1,35 | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9) | (5,7,9) | (3,5,7)
DM; (3,5,7) | (357 | (7,99) | (7,99) | (7,99) | (5,7,9) | (5,7,9) | (7,99) | (7,9,9)
Az DM, (5,79 | (5,7,9) | (7,9,9) | (7,99) | (7,9,9) | (7,9,9) | (5,7,9) | (7,9,9) | (7,9,9)
DMs3 (5,79 | (5,7,9) | (7,9,9) | (7,99) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9)
DM; (7,99 | (5,7,9) | (7,9,9) | (5,7,9) | (5,7,9) | (7,9,9) | (5,7,9) | (7,9,9) | (7,9,9)
As DM, (7,99 | (5,7,9) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9) | (5,7,9) | (7,9,9) | (7,9,9)
DMs (7,9,9) | (5,7,9) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9) | (7,9,9)
DM; (7,99 | (7,9,9) | (5,7,9) | (5,7,9) | (3,57) | (7,99 | (5,7,9) | (3,57) | (57,9
As DM, (7,99 | (7,9,9) | (5,7,9) | (5,7,9) | (5,7,9) | (5,7,9) | (7,9,9) | (5,7,9) | (5,7,9)
DMs3 (7,99 | (7,99 | (3,57 | (7,99 | (7,99 | (7,99 | (7,9,9) | (5,7,9) | (3,57)
DM; (5,7,9) | (7,9,9) | (5,7,9) | (7,9,9) | (7,9,9) | (5,7,9) | (5,7,9) | (5,7,9) | (5,7,9)
As DM, (5,7,9) | (7,9,9) | (5,7,9) | (5,7,9) | (5,7,9) | (5,7,9) | (7,9,9) | (5,7,9) | (5,7,9)
DMs (5,7,9) | (5,7,9) | (3,5,7) | (7,99 | (7,9,9) | (7,9,9) | (7,9,9) | (5,7,9) | (3,5,7)
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Table 7
Fuzzy decision matrix
o C2 Cs Cs Cs Cs Cr Cs Co
A1 (3,5,7) (5,7,9) 1,43,7) | (3,63,9) (3,7,9) (3,7,9) (5,77,9) | (3,63,9 | (357,9)
A2 | (3,63,9 | (3,6309) (7,9,9) (7,9,9) (7,9,9) (5,83,9) | (577,9 | (7,99) (7,9,9)
As (7,9,9) (5,7,9) (7,9,9) (5,83, 9) (5,83, 9) (7,9,9) (5,7.7,9) (7,9,9) (7,9,9)
As (7,9,9) (7,9,9) (3,63,9 | (5,77,9) (3,7,9) (5,83,9) | (583,9) | (3,63,9) | (3,63,9)
As (5,7,9) (5,839 | (3,639 | (583,9) (5,83,9 | (5,779 | (583,9) (5,7,9) (3,6.3,9)
Wl (05,0871) | (0.3081) | (03071) | (0.50.831) | (050.77,1) | (00.205) | (0,00.1) | (0.50.9,1) | (0.50.831)
Table 8
Results of ranking alternatives using the Fuzzy TOPSIS method, using different aggregation methods
CCi (AM) rank CCi (MAM) rank CCi (GM) rank CCi (MGM) rank
A 0.04 5 0.03 5 0.04 5 0.03 5
A 0.76 2 0.77 2 0.77 2 0.78 2
As 0.86 1 0.83 1 0.87 1 0.83 1
As 0.52 4 0.48 4 0.52 4 0.48 4
As 0.53 8 0.49 3 0.54 3 0.5 3

Therefore, in the next stage of the study, we determined
the ranking of alternatives using the Fuzzy TOPSIS
method and other methods of aggregating the opinions of
decision makers (arithmetic mean, geometric mean, and
modified geometric mean). The results are presented in
Table 8. Regardless of the method of aggregation, the rat-
ings obtained are the same and the best alternative is al-
ternative As.

4. Discussion

One of the most important issues that must be
resolved when designing telecommunication networks is
the choice of telecommunication equipment that meets
the requirements of the network. As indicators (criteria)
for selecting appropriate equipment, the technical char-
acteristics determined by the specifics of the network are
used. However, the presence of several selection criteria
leads to an increase in the amount of information needed
to evaluate the importance of the criteria and compare al-
ternatives according to the specified criteria.

In real-life decision making, a person’s preference
model is fuzzy and subjective. Therefore, the decision
maker cannot express his/her preferences using precise
numerical values. In addition, most solutions involve the
work of a group of experts or specialists. However, in a
group of decision-makers, each of them can specialize in
different issues, have different knowledge, skills, and ex-
perience. That is, there is a need to aggregate their opin-
ions.

The results of the study showed that the use of the
fuzzy MCDM method allowed decision makers to ex-
press their subjective judgments using linguistic terms,
which facilitated the process of assessing the importance
of the criteria and evaluating alternatives according to the
criteria.

Linguistic evaluations of decision makers were
transformed into triangular fuzzy numbers and a fuzzy
decision matrix was formed. To aggregate the opinions
of decision-makers, a modified arithmetic mean was ini-
tially used. Then the Fuzzy TOPSIS method was used.
According to the results of this study, the best alternative
is alternative As.

In the next phase of the study, a better alternative
was identified using other approaches to the aggregation
of decision makers’ ratings. As the results of this study
showed, the value of the integral indicator of some alter-
natives varies slightly with different methods of aggrega-
tion. Thus, the difference between the integral indicators
CCs and CC; (for alternatives Az and Ay) is 0.1 when us-
ing the arithmetic mean and geometric mean for aggre-
gating opinions. When using the modified arithmetic
mean and modified geometric mean, this difference is
0.06 and 0.05, respectively.

Thus, if the alternatives are very similar in terms of
characteristics, the method of aggregation may affect the
result. Therefore, when building a decision-making
model (with the participation of a group of decision-mak-
ers), it is necessary to consider different approaches to
the aggregation of assessments of decision-makers.
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5. Conclusion

Given the high cost of modern telecommunications
equipment, the rational choice of optical line terminals
by providers is a decision-making task that considers a
set of criteria that contradict each other.

This article proposes a fuzzy TOPSIS model for
choosing an optical linear terminal by considering a set
of criteria.

The ambiguity of human judgment in assessing the
importance of criteria and evaluating alternatives by cri-
teria creates certain problems for decision makers. The
use of fuzzy logic allows processing of imprecise and un-
certain information, providing a more complete and ac-
curate assessment of alternatives and evaluation of the
importance of criteria. The main advantage of fuzzy de-
cision making is that it provides a structure with more
flexibility to solve problems that arise due to lack of in-
formation.

The fuzzy TOPSIS method is the best tool to solve
the problem in an environment of uncertain and impre-
cise data. This method allows you to present the evalua-
tion of the criteria and the alternative in a descriptive (lin-
guistic) form, which facilitates the decision-making pro-
cess.

This study showed that the TOPSIS fuzzy method
provides a comprehensive and reliable alternative evalu-
ation system, which increases the efficiency of the optical
line terminal selection process.

A model of the optimal choice of optical linear ter-
minals has been developed. The following stages of mod-
eling are defined: formalization of assessments of deci-
sion makers using linguistic variables; their interpreta-
tion by triangular fuzzy numbers; aggregation of evalua-
tions of decision makers by arithmetic mean, modified
arithmetic mean, geometric mean, and modified geomet-
ric mean; application of the Fuzzy TOPSIS method for
ranking alternatives (optical linear terminals) and select-
ing the best alternative based on a set of criteria.

The following rating of the optical linear terminals
was obtained: Az >~ A, > Ag > A, > Aq. Thus, the best

alternative, regardless of the aggregation method, is al-
ternative A; (BDCOM GP3600-16B optical line termi-
nal).

In further research, it is planned to use trapezoidal
fuzzy numbers to interpret linguistic variables and com-
pare the simulation results with those obtained in this
study.
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BATATOKPUTEPIAJIbHA MOJIEJIb JIJISI BABOPY ONITUYHMUX JITHIMHUX TEPMIHAJIIB
HA OCHOBI METOAY FUZZY TOPSIS

Cepein ITiouenxo, Oxcana Kyuepyk, Inona /[pau, Onez Ilusosap

OnTtuyHi Mepexi € HeBiI'€eMHOIO YaCTHHOIO Cy4acHUX TEIEeKOMYHIKAIlIMHUX cucTeM. Benndesnuii Tpagik, a Ta-
KO TIOCTiHfHO 3pOCTal0¥i BUMOTH JI0 MPOITYCKHOI 34aTHOCTI Ta SIKOCTI Mepefadl JaHUX CHOHYKAloTh /10 IIMPIIOro
BHUKOPHCTAaHHS CYJYaCHUX ONTHYHHUX TEXHOJIOTIH y TeJIeKoMyHiKkamisx. ParioHanpHUI BUOIp yCTaTKyBaHHS HPH MPO-
€KTYBaHHI ONITHYHUX MEPEX € aKTyaJIbHUM 3aBJaHHAM Ha JaHuii yac. [IpeqMeToM 10CITiPKEHHS B CTAaTTi € Ipoliec
BHOOPY ONTHYHUX JIIHIHHUX TEPMiHANIB, SIKMH TTOB'SI3aHUH 3 OIIHKOIO MOYKJIMBUX BapiaHTiB 32 HAOOPOM ITOKa3HUKIB.
OLT (onrrmunwuii JiHidHUK Tepminan) B TexHouorii PON peani3ye ¢pyHKIif0 opraHizaiiii aOOHEHTCHKHX JIiHIH, a TaKOXK
€ BY3JIOBHM YCTaTKyBaHHSIM — KOMyTaTtopoM piBHS L4, mo 06’equye ¢ynkuii mapmpyrusanii (IP), ¢pparmenranii
tpadiky (VLAN), komyramnii (MAC), sikocti 3B’s13Ky (Q0S) Ta psay HEOOXIIHUX CEpBICHHX MEpEXeBUX (YHKIIH.
Taxke Bucoke iHpopMalliiiHe HaBaHTa)KEHHS Ha TIPOrPaMHO-anapaTHi TAKTUKO-TEXHIYHI XapaKTePHUCTHKH 00YMOBITIO-
FOTh HEOOXIIHICT iX palioHaJIbHOro BHOOPY s motped edekruBHOi opranizamii PON mepex gocrymy. OgHuM 3
eeKTUBHMX ITIXOJIB A0 BUPIIICHHS TakuX 3a7ay € BUKopucTanHsi meroniB MCDM (Multiple Criteria Decision
Making). Mera cratti: mo6ymosa mozeni TOPSIS ontumasnabHOro BHOOPY ONTHIHMX JIIHIHHUX TEPMiHAIIB B YMOBaX
HEYiTKOI iH(pOpMAIIii s pi3HUX BUIAMKIB arperaiiii OIiHOK 0ci0, 10 MPUIMArOTh pillicHHs. 3aBIaHHA: (opMati3y-
BaTH IpOLEC BUOOPY ONTHYHUX JIHIHHUX TEPMiHATIB; PO3POOHTH OaraTOKpUTEpiaabHy MaTeMaTH4YHY MOJENb JJIs
e(eKTUBHOr0 BUOOPY ONTHUYHMX JIIHIMHUX TepMiHamiB. B mocmipkeni Bukoprctano metoam: merox Fuzzy TOPSIS,
4OTHPU CIIOcoOM arperarii AyMOK 0ci0, 1110 npuiiMaroTh pimeHHs. OTpuMaHo Taki pe3yiabTaTi. BusHaueHo anbTep-
HAaTUBH Ta KpUTEPil iX ouiHOBaHHs. Ha 0CHOBI MPOBEACHUX IHTEPB'IO 3 0C00aMHU, 1110 MPUIMaIOTh PillIeHHS] BU3HAYEHO
OLIIHKY CTYIICHS BOXKJIMBOCTI KPUTEPIiB Ta OLIIHKK allbTEPHATUB 3a KpuTepismMu. /s onucy qymMok ocib, 1o npuiiMa-
I0Th pillleHHs], OyI0 BUKOPUCTAHO JIIHIBICTHYHI 3MiHHI, SIKI IHTEpPIPETYBaINCh TPUKYTHUMH HEUITKUMHU YHCIaMu. B
XOJ1i TOCI/PKEHHSI BAKOPUCTAHO YOTHPH CIIOCOOM arperailii oliHOK 0ci0, 1o npuitMaroTh pimenHs. [1o0ynoBaHo He-
yitky Mozaenb TOPSIS mist BuGopy ontuuHOro jiHidHOro Tepminany. OJep:kaHo paH)KyBaHHsI OOpaHUX ONTUYHUX
JIHIHHUX TepMiHAJIB Ta BU3HAYEHO Kpally alnbTepHaTUBY. [IOpiBHSHO pe3ynbTaT MOJEIIOBAHHS TIPH PI3HUX CIIOCO-
Oax arperaiii OI[IHOK OCi0, 110 MPHMAalOTh pilleHHs . BUCHOBKHU. 3arpornoHOBaHO BUKOPHCTaHHS Merony Fuzzy
TOPSIS st ontMaibHOro BHOOPY ONTHYHUX JIiHIHHMX TepMiHamiB. [IpoaHaiiizoBaHO BIUIMB CrOCOOIB arperairii
OLIIHOK OCI0, 1110 TPUHMAIOTh PIillICHHS.

Koarwouosi ciioBa: onTudHi Mepexi, ONTUUHUH JiHIHHUN TepMinai, metoan MCDM, GaratokpurepiaibHUN BU-
0ip, TpUKYTHI HewiTKi yncina, meron Fuzzy TOPSIS.
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