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Abstract: Mobile Network Operators play an important role in the communication industry 
since there are several billions of customers using their services in the world. This paper 
solves a problem of Mobile Network Operator selection by a user. Therefore, a methodology 
proposed in this paper is of particular interest from the user’s point of view. It can be applied 
as a decision-making tool that would support a customer in the process of evaluating and 
choosing a Mobile Network Operators. To rank the available Mobile Network Operators, 
the authors of this paper consider several criteria identified by the experts. The CRITIC 
(CRiteria Importance through Inter-criteria Correlation method) finds the importance of the 
criteria (weights), while the ARAS (Additive Ratio Assessment) method is used for ranking 
the alternatives and making a decision about the best possible alternative. 
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1. Introduction 

It is well known that people have needed to 
communicate with each other from ancient 
t imes. With technolog y development, 
communication was possible between 
more and more remote places, and today 
it is normal that people communicate 
wherever they are around the world. Each 
modern state recognizes the importance of 
communications. Accordingly, some scope of 
communication services should be provided 
to each citizen, regardless of the place of 
residence, whether it is some remote village 
or a big city. This type of obligation can be a 

burden imposed on the operators; however, it 
also provides some opportunities for making 
an additional profit (Dobrodolac et al., 2016).

According to Hassan et al. (2013), Mobile 
Network Operator (MNO) is a telephone 
company that provides network services for 
mobile phone users. MNOs play an important 
role in the communication industry since 
they connect the population all around the 
world in a wireless manner and provide a 
wide variety of communication services. 
There is a huge number of MNOs globally, 
which provide services to more than 5 billion 
users. Strong competition between MNOs 
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in the market is an expected phenomenon. 
These companies constantly apply some 
sort of quality improvement measures to be 
more attractive to customers (Dobrodolac 
et al., 2014). 

Various customers have a different point of 
view as well as different expectations from 
the MNOs. The needs and expectations 
of the customers vary since there are a 
lot of criteria affecting their decision-
making process when choosing the MNO. 
Vijay and Krishnaveni (2016) stated that 
by knowing the preference and buying 
behavior of the consumers, the MNOs 
could develop the promotional method to 
survive in the competitive market. They 
also stated that healthy competition between 
the different MNOs created the mobile 
number portability, value-added service, 
voice message, MMS, SMS, unbreakable 
signals, scheme changes, easy to recharge, 
other comfortable and satisfactory service 
to the mobile network customers. 

After the discussion with the managers 
employed in the telecommunication sector, 
the authors of this paper concluded that three 
of the most important criteria in evaluating 
MNOs are related to price, service quality, 
as well as an appropriate marketing strategy. 
When the marketing strategy is designed 
with an aim to gain and attract customers, 
it leads to an increase in profit as well as a 
high degree of customer satisfaction. 

When there is a task to compare different 
companies, various methodologies can be 
applied. For example, when comparing 
the companies by their efficiency, a Data 
Envelopment Analysis is a convenient 
method to use (Ralević et al., 2015; Ralević 
et al., 2020). Further, some approaches 

evaluate the success of a company based on 
employees’ well-being (Dobrodolac et al., 
2018). However, one of the most popular 
approaches is related to multi-criteria 
decision-making (Jovčić et al., 2019).

This paper provides an insight into the 
implementation of the Multi-Criter ia 
Decision-Making (MCDM) in the field of 
MNO evaluation and selection. The paper 
aims to show how the combination of the 
CRITIC-AR AS methodology can affect 
the rank of the MNO selection process. 
According to the authors’ knowledge, there 
are no examples in the literature related to 
CRITIC-ARAS methodology for the MNO 
selection. 

This article is organized as follows. After we 
explained the importance of the considered 
topic in the introduction, in Section 2 the 
literature review in the field related to 
MNO is presented. The literature review 
is separated into illustrative examples as 
well as the real-life applications, solved by 
various authors. In our case, the illustrative 
example was considered. Section 3 relates 
to the methodological part. This section 
is divided into two sub-sections. The first 
subsection explains the CRITIC method 
for obtaining the criteria weights, while the 
second one elaborates on the ARAS method 
for obtaining the final rank of the MNOs. In 
Section 4, the application of the methodology 
was carried out on the illustrative example. 
Section 5 gives concluding remarks and 
future directions. 

2. Literature Review 

The literature review is performed to provide 
better insights into the concepts underlying 
this research. The first part emphasizes 
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the application of the AR AS method by 
various authors that solved the illustrative 
example problems. The second one includes 
the papers where the AR AS method was 
coupled with some other methods applied 
in real-life studies.

A lthough the A R AS method is a new 
approach in the MCDM literature, it has 
been applied in many areas. Such areas 

that show the illustrative examples are as 
follows: logistics center location (Turskis 
and Zavadskas (2010a)), supplier selection 
problem (Turskis and Zavadskas (2010b)), 
foundation installment (Zavadskas et al. 
(2010)), personnel selection (Keršulienė 
a nd Tu rsk is (2 014)), a nd renewable 
energy systems (Ghenai et al. (2020)). The 
mentioned research performed by various 
authors is presented in Table 1. 

Table 1
Application of the ARAS Method in Solving the Illustrative Example Problems 

Reference Illustrative Example Problem Method(s)
Zavadskas and Turskis (2010) Microclimate in office rooms ARAS
Turskis and Zavadskas (2010a) Logistics center location FUZZY-ARAS
Turskis and Zavadskas (2010b) Supplier selection problem GREY ARAS 
Keršulienė and Turskis (2014) Personnel selection SWARA, FUZZY-ARAS

Ghenai et al. (2020) Renewable energy systems SWARA, ARAS
Authors’ Study Selection of a Mobile Network Operator CRITIC-AR AS method

Source: Authors
Note: SWARA - Stepwise Weight Assessment Ratio Analysis

When it comes to real-life applications, the 
AR AS method was combined with many 
other MCDM methods. There are several 
real-life studies where the AR AS method 
was used, found in the literature (Table 2).

Tupenaite et al. (2010) applied the AR AS 
method to evaluate alternatives for built 
and human env ironment renovat ion. 
Baležentis et al. (2012) coupled the ARAS 
method with the fuzzy logic in order to 
compare the efficiency of economic sectors 
in Lithuania. However, Pehlivan and Gürsoy 
(2019) combined the fuzzy logic with ARAS 
method to evaluate life satisfaction levels. 
Fu (2019) utilized an integrated approach 
to catering supplier selection. A real-live 
study was performed in the Airline industry. 
He combined the ARAS method with the 

Analytic Hierarchy Process (AHP) in order 
to obtain the final rank of suppliers. Jovčić 
et al. (2020) performed a study related to 
the Freight Distribution Concept (FDC) 
selection in a tire manufacturing company 
in the Czech Republic. They used picture 
fuzzy sets coupled with the ARAS method 
in order to propose an effective decision-
making tool. To rank built heritage projects, 
Turskis et al. (2013) combined the AHP and 
grey AR AS methods. On the other side, 
Kutut et al. (2014) used the AHP-AR AS 
method to rank historic buildings. Zamani 
et al. (2014) integrated the fuzzy ARAS and 
ANP methods to solve the brand-extension 
strategy selection problem. Radović et al. 
(2018) proposed a rough ARAS method for 
evaluating the performance parameters of 
transportation companies.
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Table 2
Application of the ARAS Method Combined with Some Other MCDM Methods in Solving the Real-life 
Problems

Reference Real-life Problem Method(s)

Tupenaite et al. (2010) Built and human environment renovation SAW, TOPSIS,  
COPRAS and ARAS

Baležentis et al. (2012) Economic sector comparison FUZZY-ARAS
Turskis et al. (2013) Built heritage projects AHP and GREY ARAS
Kutut et al. (2014) Historic buildings preservation AHP-ARAS

Zamani et al. (2014) Brand extension strategy selection FUZZY-ARAS, ANP
Radović et al. (2018) Performance parameters of transportation companies Rough ARAS

Fu (2019) Catering supplier selection AHP-ARAS
Pehlivan and Gürsoy (2019) Life satisfaction levels FUZZY-ARAS

Jovčić et al. (2020) Freight Distribution Concept (FDC) Selection PICTURE FUZZY -ARAS

Note: SAW – Simple Additive Weighting; TOPSIS – Technique for Order of Preference by Similarity 
to Ideal Solution; COPRAS – Complex Proportional Assessment; ARAS - Additive Ratio Assessment 
Method; ANP – Analytic Network Process. 

The authors’ assessment of the literature 
has revealed that no previous research has 
been done in the field of MNO selection by 
applying the CRITIC-ARAS method. 

3. Methodology

T h i s  p a p e r  c o u p l e s  t w o  p o s s i b l e 
methodologies to solve the MNO selection 
problem. The CRITIC (CRiteria Importance 
through Inter-criteria Correlation) method 
is used to find the criteria weights for the 
mobile network operators. Then, the criteria 
weights should further be utilized in the 
AR AS method to select the best MNO. 
In Section 3.1 the CR ITIC method is 
methodologically elaborated, while Section 
3.2 methodologically explains the AR AS 
method.

3.1. CRITIC (CRiteria Importance Through 
Inter-criteria Correlation) Method

In a decision-making process, the importance 
of the criteria plays an important role. Not 

all the criteria are equally important. Many 
methods exist nowadays for obtaining the 
criteria weights, where most of them are 
based on the experts’ opinions. In this paper, 
to evaluate the criteria weights, the authors 
have decided to use the CRITIC (CRiteria 
Importance through Inter-criteria Correlation) 
method. According to Diakoulaki et al . 
(1995), in the MCDM problems, the CRITIC 
is an effective method for determining the 
objective weights of criteria. The obtained 
criteria weights by this method include 
both contrast intensity of each criterion 
and conflict between criteria. According to 
Ghorabaee et al. (2017), the contrast intensity 
of criteria is considered by the standard 
deviation, and conf lict between them is 
measured by the correlation coefficient. 
The CR ITIC method for obtaining the 
criteria weights may be presented through 
the following steps: 

Step 1 is the calculation of the transformations 
of performance values (xij) and obtaining 
criteria vectors. It may be presented through 
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Equation 1: 

 (1)

Where: xij
T

  presents the transformed value, 
xj presents the vector of j-th criterion, x*

j and 
x–

j presents the ideal and anti-ideal values 
with respect to j-th criterion. If jϵ B then 
x*

j = maxixij and x–
j = minixij . If jϵ N then x*

j 
= minixij and x–

j = maxixij. 

In Step 2 , the standard deviation δj of 
each criterion is calculating using the 
corresponding vector.  

Step 3 formulates a mxm square matrix R with 
elements rjk, where k = 1, 2, ... , m.

 (2)

The elements of this matrix are the linear 
correlation coefficient between the vectors 
xj  and xk. 

In Step 4, the information measure of each 
criterion is calculated by applying the 
equation (3):

 (3)

Step 5 is the final step and the criteria weights are 
calculating here by applying the equation (4):

 (4)

3.2. The Additive Ratio Assessment 
(ARAS) Method

The Additive Ratio Assessment (AR AS) 
method is one of the relatively new multi-
criteria decision-making methods developed 

by Zavadskas and Turskis (2010). This 
method is very efficient and easy to use in 
situations where multiple criteria are taken 
into consideration. According to Zavadskas 
and Turskis (2010), the ARAS method can 
be described through several steps: 

Step 1. Formulate a Decision-making Matrix 
(DMM)

A decision-making matrix consists of m 
feasible alternatives (rows) rated on n sign 
full criteria (columns). 

 (5)

where: m - number of alternatives, n – number 
of criteria describing each alternative, xij – 
value representing the performance value 
of the i–th alternative in terms of the j-th 
criterion, x0j – optimal value of j-th criterion.

If the optimal value of j-th criterion is 
unknown, then: 

 (6)

Usually, the performance values xij and the 
criteria weights Wj are considered as the 
entries of a DMM. The system of criteria as 
well as values and initial weights of criteria is 
determined by experts. The information can 
be corrected by the interested parties by taking 
into account their goals and opportunities. 

Step 2. Normalize the Input Data 

In this step, the initial values of all the 
criteria are normalized – defining values 
–xijof normalized decision-making matrix X–.
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 (7)

For the criteria with the maximal preferable 
values, the normalization is done by the 
following equation: 

 (8)

For the criteria with the minimal preferable 
values, the normalization is done through 
two-steps, by the following equation: 

 (9)

Step 3. Define Normalized-weighted Matrix -  

It is possible to evaluate the criteria with 
weights 0 < Wj < 1. Only well-founded 
weights should be used because weights 
are always subjective and inf luence the 
solution. The values of weight Wj are usually 
determined by the expert evaluation method. 
The sum of weights Wj is limited as follows:

 (10)

 (11)

Normalized-weighted values of all the 
criteria are calculated as follows:

 (12)

Where Wj is the weight (importance) of the 
j-th criterion and –xij is the normalized rating 
of the j-th criterion.

Step 4. Determine the Value of Optimality 
Function

 (13)

Where: Si is the value of optimality function 
of i-th alternative.

The biggest value of Si is the best one, while 
the least one is the worst. Therefore, the 
greater the value of the optimality function 
Si, the more effective the alternative. The 
priorities of alternatives can be determined 
according to the value Si.

Step 5. Calculate the Degree of the Alternative 
Utility

To calculate the degree of the alternative 
utility, it is necessary to compare the variants 
with the ideally best one S0. The calculation 
of the utility degree Ki of an alternative ai is 
given in Equation (14):

 (14)

Where Si and S0 are the optimality criterion 
values, obtained from Equation (13). The 
calculated values Ki are between 0 and 1. 

4. Application of the Methodology to an 
Illustrative Example

I n t h i s sec t ion, t he CR IT IC-A R A S 
methodology is applied to an MNO selection 
problem. This paper aims to offer customers 
a decision-making tool when choosing the 
best possible alternative (MNO) among 
several of them. To solve this problem, two 
of the methodologies are proposed. The first 
one (Critic method) is applied to determine 
the criteria weights since not all the criteria 
are equally important. The second one is 
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the AR AS method, and it is used to rank 
the MNOs.

Since this is a multi-criteria decision-making 
problem, several criteria (determined by the 
experts from the telecommunication field) 
are taken into consideration. Those criteria 
are as follows: Call price (C1), Network 
quality (C2), Geographical coverage (C3), 
SMS price (C4), Security & Data protection 
(C5) as well as Value-added services (C6):

• Call price (C1) – this criterion represents 
a cost that customer pays for the call 
by using the services of the considered 
MNO. The call price is expressed in 
Euros per minute. 

• Network quality (C2) – this criterion is 
given between the intervals from zero 
to one, where 0 represents the poorest 
network quality while 1 represents the 
highest quality network. 

• Geographical coverage (C3) – indicates 
the percentage of the territory of the 
country covered by a particular MNO. 

• SMS price (C4) – this represents the cost 
customer pays when sending messages 
by using service by a particular MNO.

• Security & Data protection (C5) – 
this criterion is expressed between 
the intervals from zero to one, where 
1 represents the highest security of a 
particular MNO.

• Value-added services (C6) – denote 
the number of additional services that 
a particular MNO provides besides the 
essential ones. 

W hen it comes to M NOs, t here a re 
four possible a lternat ives taken into 
consideration. They are marked as Mobile 
Network Operator 1 (MNO1), Mobile 
Network Operator 2 (MNO2), Mobile 
Network Operator 3 (MNO3) as well as 
Mobile Network Operator 4 (MNO4). 

4.1. Application of the CRITIC Method to 
Obtain the Criteria Weights 

To obtain the criteria weights, the first step 
is to formulate an initial decision-making 
matrix. This matrix gives the data about all 
the possible alternatives compared through 
the 6 previously mentioned criteria. The 
initial decision-making matrix is presented 
in Table 3. 

Table 3
The Initial Decision-making Matrix

Mobile Network Operator C1 C2 C3 C4 C5 C6

MNO1 0.58 0.88 99.98 0.22 0.5 5
MNO2 0.62 0.92 98.88 0.25 0.6 7
MNO3 0.6 0.89 94.99 0.27 0.5 8
MNO4 0.59 0.94 97.66 0.23 0.6 6

Non Beneficial/ Beneficial N B B N B B
Best Value 0.58 0.94 99.98 0.22 0.6 8

Worst Value 0.62 0.88 94.99 0.27 0.5 5

The next step is the calculation of the 
transformations of performance values (xij) 

and calculation of the standard deviation 
бj of each criterion. It is shown in Table 4. 

23

International Journal for Traffic and Transport Engineering, 2021, 11(1): 17 - 29



Table 4
Transformations of Performance Values and Standard Deviation бj 

C1 C2 C3 C4 C5 C6

MNO1 1.0000 0.0000 1.0000 1.0000 0.0000 0.0000

MNO2 0.0000 0.6667 0.7796 0.4000 1.0000 0.6667

MNO3 0.5000 0.1667 0.0000 0.0000 0.0000 1.0000

MNO4 0.7500 1.0000 0.5351 0.8000 1.0000 0.3333

бj 0.42696 0.45896 0.42997 0.44347 0.57735 0.43033

Table 5 represents mxm square matrix (R) formulated from the six chosen criteria. 

Table 5
Formulated mxm Square Matrix from the Six Criteria

C1 C2 C3 C4 C5 C6

C1 1.0000 -0.3367 0.1803 0.6382 -0.5071 -0.6803

C2 -0.3367 1.0000 -0.0103 0.0955 0.9435 0.0469

C3 0.1803 -0.0103 1.0000 0.8161 0.2112 -0.8273

C4 0.6382 0.0955 0.8161 1.0000 0.1302 -0.9898

C5 -0.5071 0.9435 0.2112 0.1302 1.0000 0.0000

C6 -0.6803 0.0469 -0.8273 -0.9898 0.0000 1.0000

The information measure of each criterion 
(Hj), as well as the criteria weights (Wj), are 
calculated by applying the Equations (3) and 

(4). It is highlighted in Table 6. For better 
clarification, the obtained criteria weights 
are presented in Figure 1. 

Table 6 
Obtained Information Measure of each Criterion (Hj) as well as the Criteria Weights (Wj)

C1 C2 C3 C4 C5 C6 Sum by Rows бj Hj Wj

C1 0.0000 1.3367 0.8197 0.3618 1.5071 1.6803 5.7056 0.4270 2.4360 0.1748

C2 1.3367 0.0000 1.0103 0.9045 0.0565 0.9531 4.2611 0.4590 1.9557 0.1403

C3 0.8197 1.0103 0.0000 0.1839 0.7888 1.8273 4.6300 0.4300 1.9908 0.1428

C4 0.3618 0.9045 0.1839 0.0000 0.8698 1.9898 4.3098 0.4435 1.9113 0.1371

C5 1.5071 0.0565 0.7888 0.8698 0.0000 1.0000 4.2222 0.5774 2.4377 0.1749

C6 1.6803 0.9531 1.8273 1.9898 1.0000 0.0000 7.4506 0.4303 3.2062 0.2300

From Table 6, it may be noticed that the 
highest importance is assigned to the 
value-added services (0.23), followed by 
the security & data protection (0.1749), 

call price (0.1748), geographical coverage 
(0.1428), network quality (0.1403) and SMS 
price (0.1371), respectively.  

24

Bošković S. et al. Selection of Mobile Network Operator Using the Critic-Aras Method



Fig. 1. 
The Obtained Rank of the Criteria Weights 

The obtained criteria weights use the ARAS method to rank the MNOs. 

4.2. Application of the ARAS Method to Obtain the Rank of Mobile Network Operators

The second part of this paper relates to the application of the ARAS method. This method 
uses the criteria weights obtained from the CRITIC method. 

The initial decision-making matrix is presented in Table 7. 

Table 7
The Initial Decision-making Matrix

Call Price

(Euro/min)

Network

Quality

Geographical

Coverage
SMS Price 

(Euro /SMS)

Security 
& Data 

Protection

Value-
added 

Services

0 - Optimal Value 0.58 0.94 99.98 0.22 0.6 8

MNO1 0.58 0.88 99.98 0.22 0.6 5

MNO2 0.62 0.92 98.88 0.25 0.6 7

MNO3 0.6 0.89 94.99 0.27 0.5 8

MNO4 0.59 0.94 97.66 0.23 0.6 6

C/B C B B C B B

Weights 0.1748 0.1403 0.1428 0.1371 0.1749 0.2300

Sum 8.42 4.57 491.49 21.14 2.80 34.00
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The next step is normalization of the input data and it is presented in Table 8.

Table 8
Normalization of the Initial Decision-making Matrix

C1 C2 C3 C4 C5 C6

Optimal Value - 0 0.2047 0.2057 0.2034 0.2150 0.2143 0.2353

MNO1 0.2047 0.1926 0.2034 0.2150 0.2143 0.1471

MNO2 0.1915 0.2013 0.2012 0.1892 0.1786 0.2059

MNO3 0.1979 0.1947 0.1933 0.1752 0.2143 0.2353

MNO4 0.2012 0.2057 0.1987 0.2056 0.1786 0.1765

C/B C B B C B B

Weights 0.1748 0.1403 0.1428 0.1371 0.1749 0.2300

The normalized weighted values ( ), the value of optimality function (Si) as well as the 
degree of the alternative utility (Ki) presented in Table 9. 

Table 9
Normalized Weighted Values ( ), Value of Optimality Function (Si) and the Degree of the Alternative 
Utility (Ki)

C1 C2 C3 C4 C5 C6 Si K i Rank

Optimal value - 0 0.0358 0.0289 0.0290 0.0295 0.0375 0.0541 0.2148  

MNO1 0.0358 0.0270 0.0290 0.0295 0.0375 0.0338 0.1926 0.8969 3.

MNO2 0.0335 0.0282 0.0287 0.0259 0.0312 0.0474 0.1950 0.9078 2.

MNO3 0.0346 0.0273 0.0276 0.0240 0.0375 0.0541 0.2051 0.9551 1.

MNO4 0.0352 0.0289 0.0284 0.0282 0.0312 0.0406 0.1924 0.8960 4.

Figure 2 presents better clarification of the obtained degree of the alternative utility (final 
rank of the MNO). 

Fig. 2. 
The Rank of the Mobile Network Operators according to the Degree of the Alternative Utility
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The results obtained from the ARAS method 
shows that the best Mobile Network Operator 
is the MNO3, with the degree of utility 
0.9551, followed by the MNO2 (0.9078), 
MNO1 (0.8969) and MNO4 (0.8960).

5. Conclusion

In this article, the study on the Mobile 
Network Operator selection problem was 
carried out. Two methods are coupled in 
order to obtain the desired result. The first 
method was the CRITIC method, and it was 
used to determine the criteria weights. The 
second one was the ARAS method, used to 
rank the best of four possible alternatives. 

The issue of the M NOs is of cr ucia l 
importance nowadays, and in the future, 
it will have an increasing trend. W hile 
selecting the MNO, from the customer’s 
point of v iew, many criteria should be 
taken into consideration. Among many of 
them, special attention should be played 
on price, network quality as well as value-
added services. As the authors emphasized in 
the introduction, good marketing strategies 
should help telecommunication companies 
to gain new customers, as well as to retain 
the existing ones.

By applying the proposed methodology, 
regarding the criteria weights, the following 
conclusion has been reached: the highest 
importance was assigned to the value-added 
services (0.23), followed by the security & 
data protection (0.1749), call price (0.1748), 
geographical coverage (0.1428), network 
quality (0.1403) and SMS price (0.1371), 
respectively. When those criteria weights 
were taken into consideration, and after the 
ARAS method was applied, the following 
rank was reached: the best Mobile Network 

Operator was the MNO3, with the degree 
of utility 0.9551, followed by the MNO2 
(0.9078), MNO1 (0.8969) and MNO4 
(0.8960). 

The combination of those two methodologies 
proved to be very effective when deciding 
about the Mobi le Net work Operator 
selection process. The future direction of 
this paper can be to solve the problem with 
a similar approach by combining some other 
multi-criteria decision-making methods, 
fuzzy logic, etc. We believe the implemented 
research could be an inspiration for other 
authors to investigate the considered 
telecommunication topic.
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