Proceedings of the5" European International Conference on Industrial Engineering and Operations Management
Rome, Italy, July 26-28, 2022

Hesitant Fuzzy Linguistic Term Sets based AHP-ARAS
Methodology for Assessment of Sustainability Action Areas

Giil¢in Biiyiikozkan, Merve Giiler and Esin Mukul
Professor of Industrial Engineering, Research Assistant, Research Assistant
Faculty of Engineering and Technology
Galatasaray University, Ortakdy, Istanbul, Turkey
gbuyukozkan@gsu.edu.tr, mguler@gsu.edu.tr, emukul@gsu.edu.tr

Abstract

The advancing technology and innovations change the world rapidly. Both countries and companies need to make
fast and effective decisions to keep up with the changing conditions and make our world sustainable. Accordingly,
this study aims to present a Hesitant Fuzzy Linguistic Term Sets (HFLTS) based Analytic Hierarchy Process (AHP)-
Additive Ratio ASsessment (ARAS) methodology for assessment of sustainability action areas. HFLTS is applied to
propose experts’ assessments by addressing the difficulty of expressing opinions by uncertainty. This technique
provides flexibility by eliciting comparative linguistics expressions, resulting in an assessment environment closer to
human thinking. The combined AHP-ARAS methodology offers many benefits such as ease of use for applying, the
ability to overcome complex situations, the simplicity with which it may be extended to diverse fuzzy environments,
flexibility, checking the consistency of decision-making. Plus, it considers the criteria's hierarchical structure and
provides a direct and proportional relationship with the criteria weights. The criteria, consisting of sustainability
action areas, are weighted with the Hesitant Fuzzy Linguistic (HFL) AHP method. Then, industries such as
chemical, information technology, food production, apparel, etc. are evaluated with the HFL ARAS method. To
illustrate the efficacy of the proposed methodology, an illustrative study is also provided. The results of this paper
showed that the most appropriate criterion is “Increasing resource efficiency” and the first ranked industry is
“Chemical Industry ™.
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1. Introduction

Dueto the changing market needs, the rapid development of technology, volatile customer demands, increasing
energy needs, and sustainability issues, many industries have to revisit their organizational structure (Jamwal et al.
2021; Escursell et al. 2021). The United Nations defined sustainability in 1987 as “filling the requirements of the
present without compromising future generations' ability to fulfill their own needs.” (United Nations 1987).
European Union’s political and legal framework about sustainability creates pressure for an organization in terms of
global challenges and objectives. Therefore, organizations are expected to realize sustainable actions such as
decreasing their carbon emissions to decarbonize the global economy in the medium term. However, in the long
term, proactive sustainability management requires both following laws and foreseeing and preparing for future
regulations (Federal Ministry for the Environment 2017).

To keep up with the changing circumstances and create a sustainable world, the organizations have to make fast and
effective decisions considering the future. After releasing the United Nation’s 2030 Agenda, which consists of
seventeen Sustainable Development Goals (SDGs), the number of methodological assessments, frameworks,
guidelines, and academic studies on sustainability has increased. However, the achievements of all the SDGs
necessities complex decision-making processes, considering many criteria and trade-offs between goals (Sousa et al.
2021).Therefore, in this study, the Multi-Criteria Decision Making (MCDM) approach is utilized to support the
decision-making of sustainability.
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The objective of this study is proposing a Hesitant Fuzzy Linguistic Term Sets (HFLTS) based Analytic Hierarchy
Process (AHP)-Additive Ratio ASsessment (ARAS) methodology for assessing sustainability action areas.
Rodriguez et al. (Rodriguez et al. 2012) established a technique for presenting linguistic expressions using HFLTS
to improve the linguistic flexibility in the MCDM process.

HFLTS is accepted as a robust and valuable approach since it offers flexibility and produces realistic results
(Rodriguez et al. 2012).In HFLTS, decision-makers (DMs) can express their opinions and thoughts by using
comparative linguistic expressions (e.g., at least, between, at most) to assess the criteria and alternatives. Therefore,
with the utilization of the HFLTS approach, DMs' uncertainty of problem and hesitancy are overwhelmed.

In this study, the criteria (i.e., sustainability action areas) are determined based on the report of the Federal Ministry
for the Environment, Nature Conservation, Building and Nuclear Safety (ENCBNS) (Federal Ministry for the
Environment 2017). There are four main criteria: fair operating practices, labor practices, human rights,
environment, and sixteen sub-criteria. These sustainability action areas signify adverse effects that an organization
should deal with. Using the Hesitant Fuzzy Linguistic (HFL) AHP method, the importance degrees of the
sustainability action areas are calculated. Different industries are affected by these action areas in various ways. For
instance, the use of chemicals in clothing production negatively affects workers' health, pollutes the water, and
destroys the local population’s livelihood (Federal Ministry for the Environment 2017). Therefore, the alternatives
(i.e., industries) should be ranked according to the sustainability action areas. The alternatives are assessed by
implementing the HFL ARAS method in this study.

This study contributes to integrating AHP-ARAS methods based on HFLTS with the fuzzy envelope approach
introduced by (Liu and Rosa M Rodriguez 2014). The second contribution of this study is applying the HFL AHP-
ARAS methodology for the first time in the sustainability area. The combined HFL AHP-ARAS methodology has
many benefits such as ease of use for applying, ability to overcome complex situations, ease of extension to different
fuzzy environments, flexibility, checking the consistency of decision-making, considering the hierarchical structure
of criteria, and providing a direct and proportionate link with the weights of the criterion (Medineckiene et al. 2015;
Biiyiikozkan and Giiler 2021; Onar et al. 2016). Moreover, Group Decision Making (GDM) approach is preferred to
remove the partiality in the decision-making process. Our GDM based HFL MCDM methodology is then applied
with the participation of industrial experts to exemplify the possible utilization of the presented methodology. This
way, the effects of sustainability action areas on the chemical industry, information technology industry, food
production industry, apparel industry, and service industry are assessed.

The organization of this study is as the following. In the next section, the background of the subject is provided
concisely. In the third section, the background of the study is offered to present HFLTS, AHP, and ARAS methods.
The proposed HFL AHP-ARAS methodology is provided in the fourth section. The application for the proposed
methodology is provided in section 5. Finally, the conclusion is presented in the sixth section.

2. Literature Review

In 2015, 193 United Nations member nations accepted the Sustainable Development Goals (SDGs) to be reached by
the end of 2030, the starting point of countries, companies, and people who plan to start working on sustainability.
The SDGs are a global call to end poverty, safeguard the environment, and guarantee that all people live in peace
and prosperity (United Nations).

The SDG also includes sustainability in companies and business processes. In the traditional management approach,
company management is only accountable to company shareholders; in the corporate sustainability approach, the
scope of accountability has expanded. Through sustainability reports, stakeholders can evaluate company
performance and compare it with another company operating in the same sector (Sachs et al. 2021; Strateji and
Bagkanlig1 2019; Dantas et al. 2021).

The sustainability approach provides many benefits to companies. These are raising awareness, motivating and
directing employees, generating long-term capital and advantageous financing terms, developing their skills,
developing management systems, effective risk management, creating new business opportunities and innovation
opportunities, continuous improvement, brand value, ensuring trust and reputation, oriented towards stakeholders
transparency (Sinclair 2009; Sachs et al. 2021).
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Sustainability management is only effective when all sustainability subjects and action areas are examined in the
context of the business, like strategies to promote sustainability in the workplace. Various action areas are relevant
for firms depending on the industry, and they give first advice for chosen sectors. The action areas should assist
businesses in determining significant sustainability consequences that may be utilized to define action areas for
sustainability management (Federal Ministry for the Environment 2017).

In sustainability literature, a variety of MCDM techniques are employed. AHP, TOPSIS, ANP, DEMATEL, BWM,
TODIM, and PROMETHEE are the most commonly used MCDM methods in the sustainability area. (Biiyiikozkan
and Karabulut 2018) presented a literature review of sustainability performance evaluation. (Tsai et al. 2009) used
the DEMATEL method to select socially responsible investment in the sustainability balanced scorecard concept.
The green supplier selection for the sustainability of thermal power equipment is presented by (Zhao and Guo 2014).

In the related literature, the HFL. AHP method is employed in a variety of applications such as water conservation,
estimation of software cost, bridge construction, computer design, company performance review, selecting strategic
places for islands and reefs, prioritization of marketplace and renewable energy choices, city assessment, retail
location selection, alternative-fuel vehicle selection and warehouse location selection (Biiyiikozkan and Giiler
2020).ARAS method is used with crisp numbers (Zavadskas and Turskis 2010; Medineckiene et al. 2015) in fuzzy
environment and its extensions (e.g. type-2, interval-valued etc.) (Bilylikdzkan and Gdger 2018; Biiyiikozkan and
Giiler, 2020) have extended this method in a hesitant fuzzy environment.

The proposed HFL AHP-ARAS methodology has merits that separate itself from other studies. Firstly, expert
judgments are based on HFLTS, and they are aggregated by using the fuzzy envelope technique proposed by (Liu
and Rosa M Rodriguez 2014). Secondly, to the best of the authors’ knowledge, it is the first publication that
combines HFL. AHP-ARAS methods for the sustainability field. Thirdly, with the utilization of the GDM approach,
the partiality in the decision-making process has been overcome.

3. Methodology

3.1Hesitant Fuzzy Linguistic Term Sets

Decisionprocesses in the real world are not always straightforward. The uncertain environment frequently
complicates the available choices and how to select them. Linguistic knowledge can help with uncertainty
management. In 2010, hesitant fuzzy sets were offered as a linguistic technique for the first time (Torra 2010).
Rodriguez et al. (Rodriguez et al. 2012) established a model for presenting linguistic expressions using HFLTS to
improve the richness of linguistic flexibility in the MCDM process.

DMs use comparative language terms to evaluate the given criteria and alternatives in HFLTS. It is a solid and helpful
technique to overcome uncertainty and hesitancy. It provides flexibility with linguistic expressions, as well as realistic
results (Rodriguez et al. 2012; Biiyiikozkan and Giiler 2020).
An HFLTS, H,, denotes a subset of the set’s linguistic elements S = {sy, . . ., s¢/(Rodriguez et al. 2012).
The HFLTS’s upper bound H;+and lower bound H,. are characterized as
Hy = max(sy) =s;, s;€ Hy and s; < s; Vi (1)
H,.=min(sy) =s;, si€ Hyand s; <s; Vi )
The Egrfunction is used to convert comparative linguistic term sets into HFLTS(Rodriguez et al. 2012), (Torra
2010).
The superior bound H-+and inferior bound H;. are described as (Liu and Rosa M Rodriguez 2014):
env(Hs) = [Hy, H,], Hy <H," 3)

3.2 Hesitant Fuzzy Linguistic AHP Method

(Saaty 1990)’s AHP model is the most extensively used in the MCDM area. It is a powerful and straightforward
MCDM tool that prioritizes many factors. HFL AHP is often employed when there is vagueness in the decision-
making process. A hesitant judgment is expressed by multiple alternative values (Biiylikdzkan et al. 2021). Because
of its straightforward structure and capability for solving complicated choice issues, the AHP method is highly
preferred in MCDM literature (Biiylikozkan et al. 2021).This paper implemented the HFL AHP method for
calculating the criteria weights. The steps of HFL AHP are explained next:
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Step 1. The criteria are evaluated by creating pairwise comparison matrices. Then, the linguistic expressions are
converted into HFLTS. The linguistic scale used in HFL AHP is illustrated in Table 1.

Table 1. Linguistic scale for HFL. AHP (Onar et al. 2016)

Linguistic expression Fuzzy numbers
Absolutely Low Importance (ALI) | (0.11,0.11,0.14)
Very Low Importance (VLI) (0.11,0.14,0.2)
Essentially Low Importance (ESLI) | (0.14,0.2,0.33)
Weakly Low Importance (WLI) (0.2,0.33,1)

Equally Low Importance (ELI) (0.33,1,1)
Exactly Equal (EE) (1,1,1)
Equally High Importance (EHI) (1,1,3)
Weakly High Importance (WHI) (1,3,5)
Essentially High Importance (ESHI) (3,5,7)
Very High Importance (VHI) (5,7,9)
Absolutely High Importance (AHI) (7,9,9)

Step 2. OWA operator is used for creating the HFLTS fuzzy envelope, which yields a trapezoidal fuzzy number (Liu
and Rosa M. Rodriguez 2014).

A = {ay, a,..., a,} represents a set of components that will be aggregated. It is worth noting that it differs from the
set of alternatives. In this case, the OWA operator F is described as follows (Liu and Rosa M. Rodriguez, 2014):

F (a1, a,..., a,) =wb™= Y1, w;b, 4)

where w= (w1, w2,..., wn)T denotes the weights vector, with wi € [0, 1] and Y}, w; = 1 and b denotes the associated
ordered values vector, and bi € b is the ith largest value in A.

Step 3. Reciprocal values in the pairwise comparison matrix (C) are computed as:

G ) (5)
Step 4. Fuzzy geometric mean () of € is calculated as:
7= (€1 Q Eir... @Cin) " ©6)
Step 5. Fuzzy weight (w,F) of every main criteria is computed as:
WiCR = fi ®(f1® 172 .. ® ‘Fn)'l (7)
Step 6. Fuzzy global weights of the sub-criteria’s are computed as:
WijG — WiCR X WjCR (8)

where W;© symbolizes sub-criteria global weight.
Step 7. Trapezoidal fuzzy numbers W;© using are defuzzified and these values are normalized as:

+2B+2y+8
= ©)
G
BN
Wij 212_] Wi(j; (10)
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3.3 Hesitant Fuzzy Linguistic ARAS Method

ARAS approach was introduced by (Zavadskas and Turskis 2010) and demonstrated its application in a case study.
(Turskis and Zavadskas 2010) employed the same strategy in the fuzzy environment. This method is used in various
fields, including technology, supply chain, facility location, ergonomics, construction, human resources, and
management.

ARAS technique has several advantages, including constructing a proportional link between criteria weights, the
capacity to handle very complicated problems, ecase of use, efficacy, and ease of adaptation to various fuzzy
environments (Biiylikozkan and Giiler 2020). We implemented the HFL. ARAS method to evaluate the alternatives in
this study. The steps of HFL ARAS are explained next:

Step 1: The decision matrix is built with linguistic expressions, which are then transformed into HFLTS. The
linguistic scale used in HFL ARAS is provided in Table 2. Please refer to (Biiyiikozkan and Giiler 2020) for details of
the ARAS method.

Table 2. Linguistic scale for HFL. ARAS (Beg and Rashid 2013)

Linguistic expression Fuzzy Numbers
None (N) (0,0,0.17)
Very Low (VL) (0,0.17,0.33)
Low (L) (0.17,0.33,0.5)
Medium (M) (0.33,0.5,0.67)
High (H) (0.5,0.67,0.83)
Very High (VH) (0.67,0.83,1)
Perfect (P) (0.83,1,1)

Step 2: Normalization of decision matrix is realized as:

For maxima desirable costs of criteria:
=_ %

== (11
X 0%p
For minima desirable costs of criteria:
X = XjTsm = 12
Ty (YR (12)
Step 3: Elements of the weighted normalized decision matrix are calculated as:
X=x;w;, i=0,1,...,m (13)
where w; symbolizes the j criterion’s weight and:
=1 14
Step 4: Optimality function value of " alternative is calculated as:
S= Y%, i=0,1,...m (15)
Step 5: Center of area approach is used to determine the outcome as follows:
S;=1/3(S;,+Sis+Ss) (16)
Step 6: Utility degree of alternatives is calculated as:
K=, i=0,1,...m 17
0

where S, denotes value of the most ideal criterion.

5. Application for Assessment of Sustainability Action Areas

Many organizations have already engaged with social responsibility in their business practices in terms of
sustainability. An application about sustainability assessment of different industries is realized to validate our
proposed methodology’s usefulness. Three DMs assessed the sustainability action areas and industries. All DMs
have enough expertise and understanding in the field of sustainability. DMs are selected based on their expertise and
knowledge in sustainability. In this study, DMs’ weights are assumed to be equal.

The evaluation criteria, which contain four main criteria and sixteen sub-criteria, are based on the report of the
Federal Ministry for ENCBNS (Federal Ministry for the Environment 2017). They are shown in Table 3 and, these
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criteria are the action areas inspired by the international norm on social responsibility ISO 26000. These action areas
indicate adverse effects that an organization should deal with.

Table 3. Evaluation criteria (Federal Ministry for the Environment 2017)

Main Criteria Sub-Criteria

Cll. Avoiding environmental impacts and
hazardous materials

C1. Environment C12. Climate change mitigation and adaptation
C13. Increasing resource efficiency

C14. Avoiding loss of biodiversity

C21. Banning child and forced labour

C22. Equal opportunities and non-discrimination
C23. Freedom of association

C24. Avoiding complicity

C31. Employment and employment relationships
C32. Working conditions and social protection
C33. Health and safety at work

C34. Social dialogue

C41. Fighting corruption

C42. Responsible political involvement

C43. Fair competition

C44. Respecting property rights

C2. Human rights

C3. Labor practices

C4. Fair operating practices

Organizations should focus on the negative impact on the environment and those affected. The organization should
pay attention to groups that are potentially even more vulnerable (e.g., the elderly, children, people with disabilities)
in terms of human rights. Since there is increasing demand for ethical and sustainable work practices, labor practices
must be reconsidered. Moreover, sustainable growth highlights the significance of competition and fair operating
practices.

Depending on the industry, different action areas affect organizations in terms of sustainability. Therefore, in this
study, different industries indicate alternatives. The five alternatives are determined based on the report of the Federal
Ministry for ENCBNS (Federal Ministry for the Environment 2017) and the authors’ own elaboration. They can be
listed as Chemical Industry (A1), Information Technology Industry (A2), Food Production Industry (A3), Apparel
Industry (A4) and, Service Industry (AS). In the following section, these alternatives (i.e., industries) are assessed
considering the four main criteria and sixteen sub-criteria (i.e., action areas) provided in Table 3.

5.1 Calculation of Criteria Weights

DMs first assess the main criteria using the linguistic scale provided in Table 1. The evaluation of the main criteria is
presented in Table 4.The linguistic expressions provided in Table 4 are converted into fuzzy numbers by using (3).
Then, by using (4)-(7), the weights of each main criterion are computed. The relative weights of the main criteria are
shown in Table 5.

Table 4.Pairwise comparisons of the main criteria

Cl1 C2 C3 C4
Between EHI and Between ESHI and
C1 EE WHI Between WHI and ESHI AHI
C2 EE Between EHI and WHI | Between EHI and WHI
C3 EE Between ELI and EHI
C4 EE
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Table 5.Relative weights of the main criteria

C1 C2 C3 C4 Relative Weights
C1 | (1,1,1,1) (1,1,3,5) (1,3,5,7) (3,6.78,7.22,9) |(0.150,0.335,0.837,1.629)
C2 ](0.2,0.33,1,1) (1,1,1,1) (1,1,3,5) (1,1,3,5) (0.076,0.120,0.450,0.864)
C3  [(0.14,0.2,0.33,1) (0.2,0.33,1,1) |(1,1,1,1) (0.33,1,1,3) (0.035,0.080,0.197,0.509)
C4 (0.11,0.14,0.15,0.33) ](0.2,0.33,1,1) [(0.33,1,1,3) (1,1,1,1) (0.033,0.073,0.162,0.386)

To obtain the weights of sub-criteria, each sub-criterion's evaluation matrices are constructed using the linguistic scale
provided in Table 1. Table 6 illustrates the evaluation matrix of the first criterion (C11). The other sub-criteria
evaluation matrices are structured as in Table 6.

Table 6.Pairwise comparisons of the first criterion (C11)

C11 C12 C13 C14
C11 EE Between VLI and ESLI Between ESLI and ELI Between ELI and EHI
C12 EE Between ELI and EHI Between EHI and WHI
C13 EE Between WHI and ESHI
Cl14 EE

The linguistic expressions provided in Table 4 are converted into fuzzy numbers by using (3). Then, by using (4)-(7),
the weights of each sub-criterion are computed. Then, defuzzification is realized using (9), and then the values are
normalized (10). These final results are provided in Table 7.

Table 7.Weights of criteria

Sub- . Defuzzified | Normalized
Criteria Global Weights Weights Weights
C11 |0.004]0.029]0.102 | 0.696 0.160 0.0532
C12 [0.016/0.093]0.427|2.380 0.573 0.1900
C13 [0.012[0.108]0.393|2.431 0.574 0.1904
C14 |0.005]0.032|0.151]0.919 0.215 0.0713
C21 [0.008|0.045]0.253|1.359 0.327 0.1085
C22 |0.006]|0.028|0.203 | 1.174 0.274 0.0908
C23 |0.002]0.008|0.060 | 0.367 0.084 0.0279
C24 |0.003]0.011{0.064 |0.452 0.101 0.0335
C31 |0.001]0.005|0.015]0.107 0.024 0.0081
C32 |0.002]0.015|0.044|0.367 0.081 0.0269
C33 |0.008]|0.046|0.133]0.786 0.192 0.0636
C34 |0.001]0.008|0.022|0.211 0.046 0.0151
C41 |0.003]0.018|0.089|0.589 0.134 0.0446
C42 |0.001]0.007|0.026|0.242 0.052 0.0171
C43 |0.003]0.014|0.078 | 0.448 0.106 0.0351
C44 |0.001]0.011{0.045]0.319 0.072 0.0239

The consistency ratio is determined for the evaluation matrices to assess the consistency. The results showed that
DMs’ evaluations are consistent.

The most appropriate criterion is found as “C13.Increasing resource efficiency”, the second important one is “C12.
Climate change mitigation and adaptation,” and the third-ranked criterion is “C21. Banning child and forced labor”.

5.2 Assessment of Alternatives

Three DMs evaluate the alternatives by using expressions provided in Table 2. Table 8. illustrates the evaluation of
DMs for the first criterion (i.e. C11. Avoiding environmental impacts and hazardous materials).
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Table 8.Evaluation of alternatives of the first criterion (C11)

DM1 DM2 DM3
Al | Between VH and P | Between H and VH | Between VH and P
A2 | Between M and H | Between M and H At least VH
A3 At least P At least P At least P
A4 | Between M and H | Between VH and P | Between M and H
AS At least VH Between H and VH At least VH

The fuzzy envelope and OWA operator are used to transform the linguistic expressions in Table 8 into fuzzy values.
The fuzzy values for C11 are provided in Table 9.

Table 9.Fuzzy decision matrix of the first criterion (C11)

DM1 DM2 DM3
A1] (0.67,0.83,1) | (0.67,0.83,1) | (0.67,0.83, 1)
A2][(0.5,0.67,0.83) | (0.5, 0.67, 0.83) | (0.67,0.83, 1)
A3 (0.83,1,1) (0.83, 1, 1) (0.83, 1, 1)
A4[(0.5,0.67,0.83)| (0.67,0.83,1) |(0.5,0.67,0.83)
A5] (0.67,0.83,1) | (0.67,0.83,1) | (0.67,0.83, 1)

Then, the matrix is normalized by using (11)-(12), and the normalized matrix is weighted by using the criteria weights
obtained in HFL AHP and (13). The optimality function value of alternatives is determined with (15), and the center
of area method is applied using (16). Their utility degree is determined by using (17) to rank the alternatives. The
outcomes of the HFL ARAS method are given in Table 10.

Table 10.Ranking of alternatives

Sia | Sy | Sip Si Ki | Ranking
A0 | 0.016 | 0.325 | 4.713 | 1.685 | 1.000 -
Al | 0.010 | 0.275 | 4.713 | 1.666 | 0.989 1
A2 | 0.007 | 0.230 | 4.440 | 1.559 | 0.926 4
A3 | 0.010 | 0.274 | 4.660 | 1.648 | 0.978 2
A4 | 0.010 | 0.286 | 4.713 | 1.591 | 0.944 3
A5 10.007 | 0.226 | 4.303 | 1.512 | 0.898 5

According to results in Table 10, the sustainability action areas have mainly affected the “Chemical Industry (A1)”.
The ranking of the second, third, fourth, and fifth industries are Food Production Industry (A3), Apparel Industry
(A4), Information Technology Industry (A2), and Service Industry (AS5), respectively.

6. Conclusion

The SDGs aim to achieve sustainable development and welfare by monitoring progress on a global scale through
fundamental indicators. These targets are overarching objectives that present goals for all countries, including the
least developed, developing, and developed countries. The sustainability action areas need to be implemented in the
right environment and suitable industries to support these goals.

This paper aims to present the HFL. AHP-ARAS methodology for assessing sustainability action areas. The
evaluation criteria were weighted with the HFL AHP method. Then, industries such as the chemical industry,
information technology industry, food production industry, apparel industry, etc., were evaluated with the HFL
ARAS method. The most appropriate criterion was found as “Cl3.Increasing resource efficiency” and the first
ranked industry was determined as “Chemical Industry (Al)”. To illustrate the efficacy of the proposed
methodology, an application was also provided.

For future studies, the decision-making problem can be handled by employing aggregation operations for the GDM
to aggregate DM assessments. On the other hand, various fuzzy set extensions may be implemented into the
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framework. Moreover, different HFL. MCDM methods can be used to make a comparison with their outcomes in the
future.
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