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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. 

 

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 

data streams. Regarding cable access networks catering 

directly to subscribers, the market is still dominated by 

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 IoT 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
A x, x x U   ,                   (1) 

 

where  A
: 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 

 A
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: 

 а)   A
x R

sup x 1


  ;         

 b) for any x y z   the inequality is satisfied 

      A A A
y min x , z    . 

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]: 

 

 A

0,  if   x a or x c,

x a
x ,  if  a x b,

b a

c x
,  if  b x c.

c b


  



   




 


                  (2) 

 

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 

0 a b c    is called a positive triangular fuzzy num-

ber. Algebraic operations with two positive triangular 

fuzzy numbers  1 1 1 1A a ,b ,c  and   2 2 2 2A a ,b ,c  

[13, 4]: 

- Addition of fuzzy numbers (+):  

 

   
     

 

1 2 1 1 1 2 2 2

1 2 1 2 1 2

A A a ,b ,c a ,b ,c

     a a ,b b ,c c ;

   

   
               (3) 

 

- Multiplication of fuzzy numbers ( ):  

 

     

 

1 2 1 1 1 2 2 2

1 2 1 2 1 2

A A a ,b ,c a ,b ,c

     a a ,b b ,c c ;

   

   
             (4) 

 

- Multiplication of real number k and fuzzy num-

ber ( ): 

   

 
     

 

1 1 1 1

1 1 1

k A k,k,k a ,b ,c

    k a ,k b ,k c    for  k 0;

   

    
                      (5)  

 

- Subtraction of fuzzy numbers (  ):  

 

     

 

1 2 1 1 1 2 2 2

1 2 1 2 1 2

A A a ,b ,c a ,b ,c

   a a ,b b ,c c ;

   

   
            (6) 

 

- Division of fuzzy numbers (/):  

 

 

     1 2 1 1 1 2 2 2

1 1 1
2

2 2 2

A / A a ,b ,c / a ,b ,c

a b c
     , ,   for  a 0;

c b a

 

 
  
 

              (7) 

 

- Reciprocal of a fuzzy number:  

 

 
11

1 1 1 1 1
1 1 1

1 1 1
A a ,b ,c , ,  for  a 0.

c b a

  
   

 
   (8) 

 

The distance between two triangular fuzzy numbers

 1 1 1 1A a ,b ,c  and   2 2 2 2A a ,b ,c  is defined as fol-

lows 

 

 

     

1 2

2 2 2
1 2 1 2 1 2

d A ,A

1
a a b b c c .

3



      
  

    (9) 

 

 

2.2. Fuzzy TOPSIS method 

 

Any MCDM problem with m alternatives evaluated 

according to n criteria can be represented by a decision 

matrix 

 

1 2 n

1 11 12 1n

2 21 22 2n

m m1 m2 mn

C C C

A x x x

X A x x x

A x x x

 
 


 
 
 
 

,           (10) 

 

and  1 2 nW w ,w ,...,w ,    

 

where  iA i 1,2,...,m – alternatives,  jC j 1,2,...,n  

– criteria, ijx – 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: 

 

11 12 1n

21 22 2n

m1 m2 mn

x x x

x x x
X

x x x

 
 
 
 
 
 

,              (11) 

 

where ijx  – linguistic variables described by triangular 

fuzzy numbers  ij ij ij ijx a ,b ,c .  

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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 1 2 nW w ,w ,...,w ,                   (12) 

 

where   j j1 j2 j3w w ,w ,w .                                                                                                

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 

 

ij m n
R r


   

,                           (13) 

 

where   

ij ij ij

ij ij ij

ij ij ij

ij ij ij

x x x

x x x
i i i

ij

x x x
i i i

x x x

a b c
, ,  for benefit criterion

max c max c max c

r
min a min a min a

, ,   for cost criterion
c b a

 
 
  
  
 
 
 
 

  

                                              

Step 3. Building a weighted normalized fuzzy ma-

trix 

 

ij m n
V v


   

,                       (14) 

 

where  ij ij jv r w  .   

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): 

 

 1 2 n

i1 i2 in
i i i

A v , v ,..., v

  max v ,max v ,...,max v ,

    

 
  
 

      (15) 

   

where   
ij ij ijij v v v

i i i i
max v max a ,max b ,max c

 
  
 

. 

 

 1 2 n

i1 i2 in
i i i

A v , v ,..., v

    min v ,min v ,...,min v ,

    

 
  
 

      (16) 

 

where  
ij ij ijij v v v

i i i i
min v min a ,min b ,min c

 
  
 

. 

Step 5. Calculate the distance from each alternative 

to the ideal A
 and anti-ideal A

according to formula 

(7): 

 

 
n

i ij j
j 1

d d v , v 



     and     
n

i ij j
j 1

d d v , v 



 .   (17) 

 

Step 6. Calculate the integral index (the coefficient 

of proximity to the ideal positive solution A ) for each 

alternative Ai: 

 

i
i

i i

d
CC

d d



 



.                           (18) 

 

Step 7. Ranking of alternatives by the integral indi-

cator iCC . 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) methods, 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], Nãdãban [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 

a triangular fuzzy number  k k k k
ij ij ij ijx a ,b ,c , then ac-

cording to [4], the aggregate opinion of experts can be 

defined as: 

- arithmetic mean:  

 

K K K K
k k k k

ij ij ij ij ij
k 1 k 1 k 1 k 1

1 1 1 1
x x a , b , c

K K K K
   

 
   

 
 

    ;  (19) 

                                                                                   

- modified arithmetic mean:  

 

K
k k k

ij ij ij ij
k kk 1

1
x min a , b ,max c

K


 
  
 
 

 ;           (20) 

                                                                                                                 

-  geometric mean: 

 

1
K K

k
ij ij

k 1

1 1 1
K K KK K K

k k k
ij ij ij

k 1 k 1 k 1

x x

   a , b , c ;



  

 
  
 
 

 
      

       
     
       
 



  

    (21) 

 

- modified geometric mean:  

              

1
K K

k k k
ij ij ij ij

k k
k 1

x min a , b ,max c



 
  

   
 

   
 

 .           (22) 

 

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: A1 - 

BDCOM P3600-04 optical line terminal; A2 - BDCOM 

GP3600-08B optical line terminal; A3 - BDCOM 

GP3600-16B optical line terminal; A4 - BDCOM P3600-

16E optical line terminal; A5 - BDCOM P3600-08E op-

tical line terminal. 

The following characteristics of optical line termi-

nals were chosen as selection criteria: C1 - number of 

PON ports; C2 - backplane bandwidth; C3 - MAC address 

table; C4 - IPv4 routing table; C5 - IPv6 routing table; C6 

- AC power supply; C7 - weight; C8 - Uplink interfaces; 

C9 - types of supported PON modules. 

Based on the interviews with the decision makers 

(DM1, DM2, DM3), 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: 

3 2 5 4 1A A A A A . Thus, the best alternative is 

alternative A3. 

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 DM1 DM2 DM3 

C1 B VB FB 

C2 M VB FB 

C3 M B FB 

C4 FB B FB 

C5 FB B B 

C6 S S VS 

C7 VS VS VS 

C8 VB B VB 

C9 FB FB B 
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Table 4 

 Evaluation of alternatives using criteria by decision makers 

Alternatives decision makers C1 C2 C3 C4 C5 C6 C7 C8 C9 

А1 

DM1 F G F F G F G G F 

DM2 F G F F F G G F G 

DM3 F G P VG VG VG VG G F 

А2 

DM1 F F VG VG VG G G VG VG 

DM2 G G VG VG VG VG G VG VG 

DM3 G G VG VG VG VG VG VG VG 

А3 

DM1 VG G VG G G VG G VG VG 

DM2 VG G VG VG VG VG G VG VG 

DM3 VG G VG VG VG VG VG VG VG 

А4 

DM1 VG VG G G F VG G F G 

DM2 VG VG G G G G VG G G 

DM3 VG VG F VG VG VG VG G F 

А5 

DM1 G VG G VG VG G G G G 

DM2 G VG G G G G VG G G 

DM3 G G F VG VG VG VG G F 

 

Table 5 

Criteria importance scores expressed as triangular fuzzy numbers 

Criteria DM1 DM2 DM3 

C1 (0.5; 0.7; 0.9) (0.9; 1; 1) (0.7; 0.9; 1) 

C2 (0.3; 0.5; 0.7) (0.9; 1; 1) (0.7; 0.9; 1) 

C3 (0.3; 0.5; 0.7) (0.5; 0.7; 0.9) (0.7; 0.9; 1) 

C4 (0.7; 0.9; 1) (0.5; 0.7; 0.9) (0.7; 0.9; 1) 

C5 (0.7; 0.9; 1) (0.5; 0.7; 0.9) (0.5; 0.7; 0.9) 

C6 (0.1; 0.3; 0.5) (0.1; 0.3; 0.5) (0; 0; 0.1) 

C7 (0; 0; 0.1) (0; 0; 0.1) (0; 0; 0.1) 

C8 (0.9; 1; 1) (0.5; 0.7; 0.9) (0.9; 1; 1) 

C9 (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 
decision 

makers 
C1 C2 C3 C4 C5 C6 C7 C8 C9 

А1 

DM1 (3,5,7) (5,7,9) (3,5,7) (3,5,7) (5,7,9) (3,5,7) (5,7,9) (5,7,9) (3,5,7) 

DM2 (3,5,7) (5,7,9) (3,5,7) (3,5,7) (3,5,7) (5,7,9) (5,7,9) (3,5,7) (5,7,9) 

DM3 (3,5,7) (5,7,9) (1,3,5) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (3,5,7) 

А2 

DM1 (3,5,7) (3,5,7) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (7,9,9) 

DM2 (5,7,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) 

DM3 (5,7,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) 

А3 

DM1 (7,9,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) 

DM2 (7,9,9) (5,7,9) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (7,9,9) (7,9,9) 

DM3 (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) 

А4 

DM1 (7,9,9) (7,9,9) (5,7,9) (5,7,9) (3,5,7) (7,9,9) (5,7,9) (3,5,7) (5,7,9) 

DM2 (7,9,9) (7,9,9) (5,7,9) (5,7,9) (5,7,9) (5,7,9) (7,9,9) (5,7,9) (5,7,9) 

DM3 (7,9,9) (7,9,9) (3,5,7) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (3,5,7) 

А5 

DM1 (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) 

DM2 (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) 

DM3 (5,7,9) (5,7,9) (3,5,7) (7,9,9) (7,9,9) (7,9,9) (7,9,9) (5,7,9) (3,5,7) 
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Table 7  

Fuzzy decision matrix 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 

А1 (3,5,7) (5,7,9) (1, 4.3, 7) (3, 6.3, 9) (3,7, 9) (3,7, 9) (5, 7.7, 9) (3, 6.3, 9) (3, 5.7, 9) 

А2 (3, 6.3, 9) (3, 6.3, 9) (7,9,9) (7,9,9) (7,9,9) (5, 8.3, 9) (5, 7.7, 9) (7, 9, 9) (7, 9, 9) 

А3 (7,9,9) (5,7,9) (7,9,9) (5, 8.3, 9) (5, 8.3, 9) (7,9,9) (5, 7.7, 9) (7,9,9) (7, 9, 9) 

А4 (7,9,9) (7,9,9) (3, 6.3, 9) (5, 7.7, 9) (3,7, 9) (5, 8.3, 9) (5, 8.3, 9) (3, 6.3, 9) (3, 6.3, 9) 

А5 (5,7,9) (5, 8.3, 9) (3, 6.3, 9) (5, 8.3, 9) (5, 8.3, 9) (5, 7.7, 9) (5, 8.3, 9) (5,7,9) (3, 6.3, 9) 

W  (0.5,0.87,1) (0.3,0.8,1) (0.3,0.7,1) (0.5,0.83,1) (0.5,0.77,1) (0,0.2,0.5) (0,0,0.1) (0.5,0.9,1) (0.5,0.83,1) 

 

Table 8 

Results of ranking alternatives using the Fuzzy TOPSIS method, using different aggregation methods 

 ССі (АМ) rank ССі (МАМ) rank ССі (GМ) rank ССі (МGМ) rank 

А1 0.04 5 0.03 5 0.04 5 0.03 5 

А2 0.76 2 0.77 2 0.77 2 0.78 2 

А3 0.86 1 0.83 1 0.87 1 0.83 1 

А4 0.52 4 0.48 4 0.52 4 0.48 4 

А5 0.53 3 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 A3. 

 

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 A3.  

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 

CC3 and CC2 (for alternatives A3 and A2) 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: 3 2 5 4 1A A A A A . Thus, the best 

alternative, regardless of the aggregation method, is al-

ternative A3 (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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БАГАТОКРИТЕРІАЛЬНА МОДЕЛЬ ДЛЯ ВИБОРУ ОПТИЧНИХ ЛІНІЙНИХ ТЕРМІНАЛІВ  

НА ОСНОВІ МЕТОДУ FUZZY TOPSIS  

Сергій Підченко, Оксана Кучерук, Ілона Драч, Олег Пивовар 

Оптичні мережі є невід'ємною частиною сучасних телекомунікаційних систем. Величезний трафік, а та-

кож постійно зростаючі вимоги до пропускної здатності та якості передачі даних спонукають до ширшого 

використання сучасних оптичних технологій у телекомунікаціях. Раціональний вибір устаткування при про-

ектуванні оптичних мереж є актуальним завданням на даний час. Предметом дослідження в статті є процес 

вибору оптичних лінійних терміналів, який пов'язаний з оцінкою можливих варіантів за набором показників. 

OLT (оптичний лінійний термінал) в технології PON реалізує функцію організації абонентських ліній, а також 

є вузловим устаткуванням – комутатором рівня L4, що об’єднує функції маршрутизації (IP), фрагментації 

трафіку (VLAN), комутації (MAC), якості зв’язку (QoS) та ряду необхідних сервісних мережевих функцій. 

Таке високе інформаційне навантаження на програмно-апаратні тактико-технічні характеристики обумовлю-

ють необхідність їх раціонального вибору для потреб ефективної організації PON мереж доступу. Одним з 

ефективних підходів до вирішення таких задач є використання методів MCDM (Multiple Criteria Decision 

Making). Мета статті: побудова моделі TOPSIS оптимального вибору оптичних лінійних терміналів в умовах 

нечіткої інформації для різних випадків агрегації оцінок осіб, що приймають рішення. Завдання: формалізу-

вати процес вибору оптичних лінійних терміналів; розробити багатокритеріальну математичну модель для 

ефективного вибору оптичних лінійних терміналів. В досліджені використано методи: метод Fuzzy TOPSIS, 

чотири способи агрегації думок осіб, що приймають рішення. Отримано такі результати. Визначено альтер-

нативи та критерії їх оцінювання. На основі проведених інтерв'ю з особами, що приймають рішення визначено 

оцінки ступеня важливості критеріїв та оцінки альтернатив за критеріями. Для опису думок осіб, що прийма-

ють рішення, було використано лінгвістичні змінні, які інтерпретувались трикутними нечіткими числами. В 

ході дослідження використано чотири способи агрегації оцінок осіб, що приймають рішення. Побудовано не-

чітку модель TOPSIS для вибору оптичного лінійного терміналу. Одержано ранжування обраних оптичних 

лінійних терміналів та визначено кращу альтернативу. Порівняно результати моделювання при різних спосо-

бах агрегації оцінок осіб, що приймають рішення. Висновки. Запропоновано використання методу Fuzzy 

TOPSIS для оптимального вибору оптичних лінійних терміналів. Проаналізовано вплив способів агрегації 

оцінок осіб, що приймають рішення. 

Ключові слова: оптичні мережі, оптичний лінійний термінал, методи MCDM, багатокритеріальний ви-

бір, трикутні нечіткі числа, метод Fuzzy TOPSIS. 
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