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University of New Mexico

Abstract. Special economic zones (SEZs) are essential if a developing country is to boost economic growth.

The selection of an SEZ site might be viewed as a multi-criteria decision-making (MCDM) difficulty because

of the many conflicting aspects connected to different locations. This work presents a flexible neutrosophic

MCDM approach for optimal SEZ site search. The single-valued neutrosophic sets transform the qualitative

evaluation of the criteria for SEZ alternatives into a quantitative evaluation. The method based on removal

effect on criteria (MEREC) approach is improved in a neutrosophic environment to ascertain the relevance

of every characteristic of SEZ alternatives. We suggested a three-tuple neutrosophic combined compromised

solution (N-CoCoSo) to evaluate the choice of expert to solve the SEZ site ranking problem. According to the

planned N-CoCoSo, coastal forest regions are the worst location for SEZ sites; agricultural land near coastal

areas is ideal. The sensitivity and comparability study helps establish the suggested method’s consistency and

resilience.
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1. Introduction

A Special Economic Zone (SEZ) refers to a specifically designated geographic region in-

side a nation subjected to distinct economic rules compared to the remaining areas of the

country [1]. These policies frequently adopt a more permissive approach, intending to entice

foreign investment, stimulate commerce, increase exports, create jobs, develop regional and

national infrastructure, and foster economic expansion [2]. The SEZ commonly provides vari-

ous advantages, including tax exemptions, exemptions from customs duties, and lenient labor

regulations, to promote the establishment of firms within the designated zone [3]. The imple-

mentation of SEZ has emerged as a prominent issue in pursuing higher economic objectives at

the governmental and policymaker levels, intending to attain sustainable development goals

shortly [4]. Numerous nations across the globe have implemented SEZs as integral components

of their economic growth strategies [5–7].

The crucial points of SEZ location selection depend on qualitative considerations like com-

munity backing and environmental effects against quantitative ones like land cost and trans-

portation accessibility [8]. The complexity of decision-making in this situation can be addressed

using multi-criteria decision-making (MCDM) methodologies enabling a structured study of

numerous aspects pertinent to SEZ location selection [9]. Establishing meaningful criteria is

an essential first step in applying MCDM to selecting SEZ locations [10]. These criteria are

typically established by researchers drawing on prior research to reflect the unique require-

ments and goals associated with the SEZ’s intended purpose. The selection of SEZ locations

is being carried out using Technique for Order Preference by Similarity to Ideal Solution

(TOPSIS) [10] and Analytic Hierarchy Process (AHP) [11, 12]. Fuzzy MCDM’s aggregation

method provides a more thorough understanding of these trade-offs, allowing for more edu-

cated decision-making [13]. Crisp approaches can drastically change the ranking of alternatives

since they are susceptible to even little changes in the criteria weights. This sensitivity can

pose a concern in decisions like SEZ selection, where criterion weights are frequently subject to

expert opinion. Because stakeholder input and new information might cause criterion weights

to vary in SEZ selection, fuzzy MCDM offers a more flexible decision-making framework that

can adjust to these changes without significantly impacting the results.

Considering these objectives, this article contributes the following advantages:

□ A framework for location selection for SEZs is formulated, identifying different geo-

graphic locations with their crucial criteria.

□ Criteria like public perception, environmental restoration, climate regulation, transport

proximity, and risk assessment are quantified using single-valued neutrosophic sets

(SVNSs).
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□ The method based on removal effect on criteria (MEREC) [14] is applied to determine

the criteria weight to avoid subjective assessment.

□ An integrated MCDM methodology is developed using neutrosophic rating of the cri-

teria, MEREC, and the neutrosophic extension of combined compromise solution (Co-

CoSo) [15] approach to counter hesitant and uncertain MCDM issues.

□ The proposed combined approach is applied to identify a suitable prospective SEZ

location.

□ The reliability and consistency of the proposed approach are evaluated by comparing

it to several prominent MCDM approaches.

□ The sensitivity analysis evaluates the influence of internal parameter modification and

criteria weight variation on the ranking of the choices.

The description of the remaining portion of the paper is as follows: The relevant literature

review is located in Section 2. The preliminary mathematics of SVNSs is the subject of

Section 3. According to Section 4, the geographic context serves as the foundation for the

SEZ’s location. The proposed integrated neutrosophic methodology is described in Section

5. Figure 6 illustrates the proposed methodology through numerical examples. Section 7

comprises the findings of this article.

2. Literature review

Yazdani et al. [15] presented the CoCoSo method as a novel MCDM strategy for determin-

ing the best option by merging exponentially weighted product models with simple additive

weighting. The benefits of the CoCoSo strategy are as follows: (i) it uses three separate com-

promise aggregation techniques [16, 17]; (ii) it offers optimum choices devoid of paradoxical

events [18, 19], and (iii) it is mostly unaffected by the addition or deletion of options [20].

The CoCoSo method, in contrast to other MCDM strategies, improves the precision of the

deciding mechanism and has a greater degree of resolution in discriminating the choices that

are being considered [21–23]. Scholars were inspired by the advantages of the CoCoSo method

and applied it to their research for various applications. Yazdani et al. [24] developed a grey

interval-based CoCoSo technique to assess the efficiency of construction vendors. Ecer et

al. [25] suggested an integrated BWM-CoCoSo framework for supplier selection. Peng and

Huang [26] extended the CoCoSo approach in the q-rung ortho-pair fuzzy set and combined

it with CRITIC for financial risk assessment. Peng and Smarandache [27] formulated a com-

bined CRITIC-CoCoSo approach for the security evaluation of the earth industry. Liao et

al. [28] suggested a pythagorean expansion of the CoCoSo technique to determine the optimal

logistic distribution centre. Peng et al. [29] proposed a Pythagorean CRITIC-CoCoSo frame-

work for evaluating 5G industries. Ulutacs et al. [30] developed a GIS-based SWARA-CoCoSo
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technique for selecting logistic center locations. Rani and Mishra [31] developed a similarity

measure-based CoCoSo approach to determine the best way to recycle electrical and electronic

equipment waste. Yazdani et al. [32] developed a neutrosophic CRITIC-CoCoSo method for

supplier selection. Mishra and Rani [33] extended the CoCoSo approach in a neutrosophic con-

text for performance evaluation of logistic suppliers. Peng and Luo [16] assessed the bubble in

the China stock market through a picture fuzzy extension of the CoCoSo approach. Rani et

al. [34] developed a combined SWARA-CoCoSo methodology to determine the optimal source

of renewable energies. Alrasheedi et al. [19] suggested an interval-valued intuitionistic CoCoSo

framework to identify factors in green growth in manufacturing sectors. Peng et al. [23] im-

proved the CRITIC-CoCoSo technique in an interval-valued fuzzy soft context for assessing

healthcare management through AI. Torkayesh et al. [20] developed a hybrid weighting method

using BWM and LBWA with CoCoSo to rank the healthcare facilities in European countries.

Demir et al. [35] extended FUCOM and CoCoSo in fuzzy environments to choose the best plan

for sustainable urban transportation. A decision-making model using picture fuzzy-based Co-

CoSo was developed by Qiyas et al. [36] for choosing the best drug. Chen et al. [37] developed a

fermatean CoCoSo method for risk evaluation in professional hazards related to health issues.

Pamucar and Gorcun [38] proposed a combined fuzzy LBWA-CoCoSo approach to reduce

transportation costs in shipping industries. Wei [39] assessed the quality of English courses for

college standards through a neutrosophic CoCoSo approach. Peng et al. [40] proposed a neu-

trosophic CRITIC-CoCoSo model for assessing project-driven immersion teaching. Wei and

Pan [41] assessed the teaching quality in sport management through the neutrosophic extension

of the CoCoSo approach. Li and Qin [42] suggested a triangular neutrosophic CoCoSo method

for college content assurance of innovation and entrepreneurship projects. Mohamed et al. [43]

developed a triangular neutrosophic expansion of the AHP-CoCoSo method to identify the risk

in the food supply chain. Nabeeh and Sallam [44] proposed a neutrosophic CoCoSo approach

to choosing the best bearing ring in the medical field. Aytekin et al. [45] identified the barriers

to blockchain technology implementation through the neutrosophic CoCoSo approach.

2.1. MCDM approaches for location selection of SEZ

SEZ location selection is based on several objectives: transportation proximity, land cost,

local govt.’s rules and regulations, climate, environment, availability of labor, foreign invest-

ment, public perception, and many more. Several case studies are conducted in different

countries or states using MCDM approaches [46]. Table 1 provides case studies conducted

through MCDM for location selection of SEZ-related issues.
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Table 1. Case studies of location selection issues using MCDM.

Contributor Benchmark Country Application

Mohon and Naseer [47] AHP India Port locations

Ahmed et al. [10] AHP-VIKOR Pakistan SEZ location

Komchornrit [48] AHP-PROMETHEE Thailand SEZ location

Asaad M. A. et al. [49] AHP-RSW-SRS Egypt Landfill site selection

Tercan et al. [50] AHP-WLC Turkey Solar power system location

Mulusew et al. [12] AHP Ethiopia Waste disposal site selection

Saatsaz et al. [51] AHP-GIS Iran Landfill selection

Zak et al. [46] ELECTRE Poland Logistic center location selection

Nguyen et al. [52] BWM-ELECTR Vietnam Dry port location selection

Rajput et al. [53] AHP-LAM India Business climate

Table 1 shows that the AHP method has been applied primarily to conduct the case studies

on location selection. The locations considered for prospective sites for constructing SEZ

include only one location. On these points, the prospective research areas can include:

• There is a need for a more fuzzy MCDM approach in location selection problems. How-

ever, describing the nature of the essential factors of location selection issues through

fuzzy sets is more acceptable.

• Regional geographic advantage is a crucial factor in SEZ location selection. The demo-

graphic characteristics, local weather, food habits, and available facilities are critical

factors in searching for a suitable SEZ location. These crucial issues still need to be

addressed in the literature.

• Determining the criteria weight is always an important factor in ranking the alterna-

tives. Researchers often need to pay more attention since either they use subjective

assessment or minimal objective procedure to determine the same.

• There is a need for more MCDM methods that consider uncertainty and hesitation in

the computation process. The computation process should include a complete absorp-

tion of uncertainty to reflect the decision expert’s opinions.

3. Preliminaries on neutrosophic set

Definition 3.1. An SVNS [54] on a fixed setX is defined by A = (x, φA(x), ϖA(x), ϱA(x)|x ∈

X), where φA(x), ϖA(x), ϱA(x) ∈ [0, 1] are sets of membership, non-membership, and

indeterminacy degrees of the element x ∈ X to the set A, respectively, with 0 ≤ φA(x) +

ϖA(x)+ϱA(x) ≤ 3. In general, 0 ≤ (φA(x))
q+(ϖA(x))

q+(ϱA(x))
q ≤ 3, ∀x ∈ X. For simplicity,

we use A = (φA(x), ϖA(x), ϱA(x)) as a single valued neutrosophic number (SVNE).
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Definition 3.2. [55] Let A1 = (φ1, ϖ1, ϱ1) and A2 = (φ2, ϖ2, ϱ2) be two SVNEs and λ ≥ 0

then the basic arithmetic operations are defined as follows:

A1

⊕

A2 = (φ1 + φ2 − φ1.φ2, ϖ1ϖ2, ϱ1ϱ1)

A1

⊗

A2 = (φ1.φ2, ϖ1 +ϖ2 −ϖ1ϖ2, ϱ1ϱ1)

λA = (1− (1− φ)λ, ϖλ, ϱλ)

Definition 3.3. Score function of SVNS: [56] Let A = (φA(x), ϖA(x), ϱA(x)|x ∈ X) be

a SVNE and φA(x), ϖA(x), ϱA(x) ∈ [0, 1] are sets of membership, non-membership degree,

and indeterminacy of the element x ∈ X to the set A, respectively. Then the score function

of A is defined as:

SC(A) =
3 + 3 ∗ (ϱA(x))

q − 2 ∗ (ϖA(x))
q − (φA(x))

q

6
(1)

Where q ≥ 1 is the exponents and if q = 1, the score function represents for SVNE.

4. An MCDM framework of SEZ’s location selection

The first step in formulating an MCDM issue is identifying available alternatives and their

critical criteria. In this section, we have identified five prospective areas for SEZ and nine

criteria that significantly impact SEZ location selection.

4.1. Identification of SEZ location

Identifying the appropriate site for a SEZ entails thoroughly assessing infrastructure, work-

force availability, governmental regulations, market entry opportunities, and environmental

and social considerations. A thorough evaluation should be conducted to choose sustainable

solutions for long-term viability. Taking this into consideration, we have examined the follow-

ing geographical locations as alternatives to encompass all potential areas:

Forestry coastal (O1): The coastal forestry region is valuable because it has raw mate-

rials that reduce logistics challenges, transit infrastructure that saves time, and precise

regulations and environmental standards for managing the ecosystem. However, most

coastal settlements are near cities, making marketplaces easier to reach.

Forestry hill (O2): Establishing a SEZ in a hilly region is feasible; however, it necessi-

tates a meticulous assessment of the distinctive opportunities and challenges presented

by the local communities, environment, and terrain. Strategic planning, targeted eco-

nomic incentives, and environmental safeguards will be essential for the sustainability

and viability of this endeavor.

Barren and fallow plane (O3): Developing supporting infrastructure and construct-

ing networks that facilitate access to local and international markets may use the
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extensive land in Barren and fallow plains. The interconnections of these locations

enable the conveyance of products and services between domestic and international

markets without jeopardizing any environmental strategies. Consequently, it is im-

perative to engage in meticulous preparation to minimize adverse effects and optimize

potential economic benefits.

Agricultural land coastal (O4): Coastal agricultural fields generally provide expan-

sive areas of level or slightly inclined ground well-suited for industrial and commercial

development. The presence of available land facilitates the establishment of man-

ufacturing facilities, warehouses, residential complexes, and the essential supporting

infrastructure for the activities of SEZs. In addition to this, it possesses the preexist-

ing infrastructure for a comprehensive transportation network encompassing roadways,

trains, and ports. The area would have an ample local workforce, decreasing recruiting

expenses and promoting long-term job prospects for neighboring areas.

Agricultural land plane (O5): Agricultural plains are ideal for establishing large-scale

industries because of the abundance of necessary resources such as infrastructure, trans-

portation, labor, and easy access to raw materials. The industry also took advantage

of local agricultural resources in many aspects. They are assessing the condition of nat-

ural resources, identifying threats, and assessing the efficacy of conservation strategies

through scientific research and monitoring programs.

4.2. Defining Criteria

The literature assessment and experts’ opinions in the relevant field are the sources from

which the requirements for developing a special economic zone (SEZ) are gathered [10], [?]

toward. The following are the primary factors to consider when surveying a location for a SEZ

building:

Public Perception (Y1): Considering the local people’s willingness to allow the estab-

lishment of industry on agricultural land, the impact on public health caused by pol-

lution, and the long-term sustainability of the social and economic equilibrium defines

this criterion.

Environmental restoration (Y2): Continuous monitoring is necessary to restore the

environment damaged by deforestation, pollution, and carbon sequestration to promote

the development of a healthy society organized by the region’s policies.

Climate regulative (Y3): Ensuring environmental resilience that promotes human

well-being requires understanding and protecting the climate regulator. The function

of natural ecosystems in controlling the pattern at regional and international levels is

being discussed.
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Presence of labour and their settlement (Y4): To satisfy the operational require-

ment of industrialization, which drives economic success, this specifies the education

and training for developing skilled laborers.

Foreign resources (Y5): This criteria investigates the knowledge, skills, intellectual

property, technological advancement, transfer of consumer products, and collabora-

tion that enhance local capital about global resources.

Transport facility (Y6): The success of a SEZ is contingent upon the presence of an

efficient transportation infrastructure. It must be meticulously planned and integrated

with the SEZ’s overall infrastructure to ensure seamless connectivity to national and

international markets, reduce costs, and support efficient logistics.

Installation cost (Y7): These cost parameters pertain to the system’s installation, ma-

chinery relocation, and transportation, all of which benefit the organization.

Risk and uncertainty (Y8): The remainder of this piece elucidates the strategies for

attaining enduring objectives about societal and economic advancement through adopt-

ing secure and salubrious regulations and using more environmentally friendly indus-

trial technology.

The aforementioned criteria for identifying SEZ locations are the most effective for selecting

alternatives. The beneficiary criteria are Y1, Y2, Y3, Y4, Y5, and Y6, while the cost criteria

are Y7 to Y8.

5. The proposed Methodology: Neutrosophic MEREC-CoCoSo Approach

The primary aim of this section is to create a decision-making method that employs the

MEREC and CoCoSo approaches to address ambiguous MCDM problems. The proposed

method is detailed below, with each phase delineated.

Step 1: Formulation of MCDM problem: Encourage a decision-maker (DM) to be

accessible to evaluate the criteria of each option using the SVNE rating. Create a

MCDM challenge considering ‘p’ alternatives O = {O1, O2, ..., Op} and ‘q’ criteria

Y = {Y1, Y2, ..., Yq}, where beneficiary and non-beneficiary criteria are denoted by

Yb and Ynb respectively, such that Yb ∪Ynb = Y and Yb ∩Ynb = ∅.

Step 2: Neutrosophic decision matrix: Gather DM’s opinions to form a neutro-

sophic decision matrix ℶ = (aij)p×q, such that aij = (φij , ϖij , ϱij), i = 1(1)p; j =

1(1)q. The rating of the ith alternative and jth criterion is aij , determined by the

neutrosophic linguistic scale provided in Table 2.
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Table 2. Criteria assessment scale.

Linguistic terms SVNE (φ, ϖ, ϱ)

Worst Case Acceptable (EL) (0.261, 0.813, 0.701)

Very Poorly Acceptable (TL) (0.346, 0.728, 0.643)

Poorly Acceptable(AL) (0.463, 0.651, 0.586)

Acceptable (N) (0.558, 0.533, 0.551)

Fairly Acceptable (AH) (0.646, 0.422, 0.386)

Moderately Acceptable (TH) (0.753, 0.317, 0.215)

Highly Acceptable (EH) (0.831, 0.262, 0.113)

Exceptionally Acceptable (NH) (0.982, 0.142, 0.097)

Step 3: Preference of the alternative: Determine the primary preference based on

the alternate choice POi
. Since the DM views the options as having an equal chance

of occurring:

POi
=

1

p
such that

p
∑

i=1

POi
= 1.

Step 4: Neutrosophic MEREC approach to determine the criteria weight: Fol-

low these procedures for establishing the criteria weight using the MEREC method:

Step 4.1: Use the decision matrix ℶ from Table 2 to evaluate the neutrosophic

criteria weights.

Step 4.2: Compute the normalized neutrosophic decision matrix ℶN = (ηij)p×q

using equation (2).

ηij =







mink xkj

xij
for j ∈ Yb

xij

maxk xkj
for j ∈ Ynb

(2)

Step 4.3: Compute the overall performance Si of the options Oi using equation (3).

Si = ln(1 + (
1

p

∑

j

|ln(ηij)|)) (3)

Step 4.4: Determine the performance of each alternative, irrespective of the criteria

Sij using equation (4).

Sij = ln(1 + (
1

p

∑

k ̸=j

|ln(ηij)|)) (4)

Step 4.5: To determine the removal effect of the jth criteria, compute the sum of

absolute deviation using equation (5).

Ej =
∑

j

|Sij − Si| j = 1(1)q (5)
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Step 4.6: Establish the neutrosophic weights of the criteria using equation (6).

ωj =
Ej

∑

j Ej
, j = 1(1)q (6)

Step 5: Normalization of neutrosophic decision matrix: Normalize the neutro-

sophic decision matrix (ℶ) using equation (7).

rij =







xij−minj xij

maxj xij−minj xij
for j ∈ Yb

maxj xij−xij

maxj xij−minj xij
for j ∈ Ynb

(7)

Step 6: Real evaluation of the alternatives: Determine the real evaluation of neu-

trosophic weighted sum measure (WSM) (Li) and weighted product measure (WPM)

(Mi) corresponding performance indexes using equation (8).

Li =

q
∑

j=1

ωj

⊗

rij and Mi =

q
∑

j=1

rij
ωj (8)

Step 7: Neutrosophic appraisal score: Calculate the neutrosophic appraisal scores

for the alternatives using equation (9).



















κiα = Li+Mi∑m
i=1

(Li+Mi)

κiβ = Li

mini(Li)
+ Mi

mini(Mi)

κiγ = λLi+(1−λ)Mi

λmaxi(Li)+(1−λ)maxi(Mi)
, λ ∈ (0, 1)

(9)

Step 8: Overall appraisal score: Compute overall appraisal score κi of each alterna-

tives using equation (10)

κi = (κiακiβκiγ)
1/3 +

1

3
(κiα + κiβ + κiγ), i = 1(1)p (10)

Step 9: Ranking order: Determine the ranking of each choice in decreasing order

depending on the κi values.

Figure 1 shows the description of the SEZ selection problem by a sequential structure.
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Normalization the decision matrix 
for the weight calculation of criteria 

Normalise the decision matrix for the 
fuzzy optimization process  

Identify the problem for the selection of ideal SEZ location 
depends on criteria 

Scale the criteria using linguistic terms and formulate the decision 
matrix 

Calculate the weights of criteria using 
their rating by MEREC Method in 

Neutrosofic Fuzzy set  

Calculate the weighted 
comparability sequence by the 
weighted Sum and Weighted 

exponent formula 

Then calculate the values of Aggregation strategies 𝜅𝑖𝛼, 𝜅𝑖𝛽, 𝜅𝑖𝛾  
Finally Calculate the value of κ𝑖 

Final rank is being processed according to the descending order of the value 

Defuzzify the value using score value formula of the Neutrosofic q - set 

Figure 1. Description of SEZ selection problem by a sequential three-level

structure.

6. Numerical illustration of proposed neutrosophic MEREC-CoCoSo approach

Step 1: The MCDM framework of the SEZ location selection has five options O =

{O1, O2, O3, O4, O5} and eight criteria Y = {Y1, Y2, Y3, Y4, Y5,Y6, Y7, Y8} such

that Yb = {Y1, Y2, Y3, Y4, Y5,Y6} and Ynb = {Y7, Y8}.
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Step 2: Table 3 provides the construction of the neutrosophic decision matrix (ℶ)5×8 in

accordance with the SVN rating from Table 2.

Table 3. Linguistic neutrosophic decision matrix.

Alt./Cr. Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

O1 EH AN AL TL TH AN AN TL

O2 AL AH EH AL AN TL AL EL

O3 TH EH AN AN AL AH EL TH

O4 AN NH TH AH TH EH TL AL

O5 NH TH AN EH AH TH AH AH

Step 3: Since this MCDM issue of location selection for SEZ have five alternatives,

POi
= 1

5 such that sum5
i=1POi

= 1.

Step 4: Proposed neutrosophic MEREC method for criteria weight computation:

Step 4.1: The neutrosophic decision matrix of Table 3 is generated using the criteria

rating from Table 2.

Step 4.2: The normalized decision matrix ℶN is provided in Table 4 using equation (2).

Table 4. Normalised neutrosophic decision matrix

Zone Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

O1 (0.557,0.542,0.858) (1,0.266,0.176) (1, 0.402,0.193) (1,0.360,0.176) (0.615,1,1) (0.620,0.492,0.205) (0.864,0.656,0.786) (0.459,0.895,0.917)

O2 (1,0.218,0.165) (0.864,0.336,0.251) (0.557,1,1) (0.747,0.402,0.193) (0.829,0.595,0.390) (1,0.359,0.176) (0.717,0.801,0.836) (0.858,0.519,0.551)

O3 (0.615,0.448,0.451) (0.672,0.542,0.858) (0.829,0.492,0.205) (0.620,0.492,0.205) (1,0.487,0.367) (0.536,0.621,0.293) (0.404,1,1) (1,0.390,0.307)

O4 (0.829,0.266,0.176) (0.568,1,1) (0.615, 0.826,0.526) (0.536,0.621, 0.293) (0.615,1,1) (0.416,1,1) 0.536,0.895,0.917) (0.615,0.801,0.836)

O5 (0.472,1,1) (0.741,0.448,0.451) (0.829,0.492,0.205) (0.416,1,1) (0.717,0.751,0.557) (0.459,0.826,0.526) (1.000,0.519,0.551) (0.347,1,1)

Step 4.3: The equation (4) is employed to ascertain the aggregate performance of the

alternatives Si, which is detailed in Table 5.

Table 5. Overall performance of the alternatives.

Cr./Alt. O1 O2 O3 O4 O5

(Si, SN(i), SH(i)) (0.269, 0.494, 0.641) (0.192, 0.555, 0.710) (0.326, 0.484, 0.663) (0.433, 0.255, 0.395) (0.429, 0.286, 0.422)

Step 4.4: Table 6 provides the efficacy of each alternative, which is determined by equa-

tion (4).

Step 4.5: The sum of the absolute deviations is calculated using equation (9) and is

presented in Table 6.

Step 4.6: Using equation (6), the neutrosophic criteria weights are computed and are

displayed in Table 6.
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Table 6. Absolute deviation and neutrosophic criteria weights.

Alt./Cr. Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

O1 (0.057,0.048,0.010) (0,0.106,0.121) (0,0.072,0.115) (0,0.081,0.122) (0.048,0,0) (0.047,0.168,0.110) (0.014,0.107,0.016) (0.077,0.207,0.128)

O2 (0.000,0.116,0.117) (0.015,0.081,0.089) (0.062,0,0) (0.031,0.068,0.107) (0.019,0.038,0.060) (0.000,0.152,0.113) (0.035,0.026,0.011) (0.031,0.186,0.130)

O3 (0.045,0.064,0.053) (0.037,0.048,0.010) (0.017,0.056,0.108) (0.044,0.056,0.108) (0.000,0.057,0.067) (0.058,0.055,0.082) (0.085,0.041,0.000) (0.037,0.148,0.090)

O4 (0.015,0.137,0.158) (0.047,0,0) (0.040,0.019,0.056) (0.052,0.047,0.109) (0.040,0,0) (0.074,0.053,0) (0.052,0.018,0.007) (0.089,0.007,0.015)

O5 (0.063,0,0) (0.025,0.078,0.067) (0.015,0.069,0.139) (0.074,0,0) (0.027,0.027,0.049) (0.065,0.067,0.054) (0.000,0.117,0.050) (0.117,0.007,0.067)

SUM (0.181,0.365,0.338) (0.123,0.314,0.287) (0.135,0.216,0.417) (0.201,0.252,0.445) (0.135,0.122,0.175) (0.244,0.496,0.360) (0.186,0.309,0.084) (0.352,0.555,0.430)

Wi (0.116,0.139,0.133) (0.079,0.120,0.113) (0.087,0.082,0.164) (0.129,0.096,0.175) (0.087,0.046,0.069) (0.157,0.189,0.142) (0.120,0.118,0.033) (0.226,0.211,0.169)

Step 5: The normalized decision matrix of the neutrosophic decision matrix (Table 3

using equation (7) is displayed in Table 7.

Table 7. Normalized decision matrix according to proposed N-CoCoSo

method

Alt./Cr. Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

O1 (0.317,0.105,0.015) (0.000,0.447,0.447) (0.000,0.447,0.447) (0.000,0.447,0.447) (0.447,0.000,0.000) (0.195,0.260,0.370) (0.213,0.680,0.102) (0.053,0.923,0.370)

O2 (0.000,0.447,0.447) (0.093,0.320,0.285) (0.447,0.000,0.000) (0.108,0.373,0.399) (0.147,0.289,0.405) (0.000,0.447,0.447) (0.163,0.815,0.213) (0.290,0.647,0.097)

O3 (0.250,0.154,0.108) (0.288,0.137,0.016) (0.115,0.312,0.414) (0.195,0.260,0.370) (0.000,0.447,0.447) (0.277,0.154,0.230) (0.000,1.000,0.447) (0.447,0.553,0.000)

O4 (0.082,0.344,0.415) (0.447,0.000,0.000) (0.352,0.063,0.096) (0.277,0.154,0.230) (0.447,0.000,0.000) (0.447,0.000,0.000) (0.082,0.903,0.348) (0.106,0.854,0.264)

O5 (0.447,0.000,0.000) (0.206,0.200,0.116) (0.115,0.312,0.414) (0.447,0.000,0.000) (0.282,0.141,0.206) (0.375,0.053,0.086) (0.447,0.553,0.000) (0.000,1.000,0.447)

Step 6: The neutrosophic WSM and WPM are computed using equation (8). Table 8

provides neutrosophic WSM, and Table 9 provides neutrosophic WPM.

Debashis Ghosh, Bahnishikha Roy Muhuri, G.S. Mahapatra, B.S. Mahapatra. Integrated MEREC-CoCoSo

approach using score function of Neutrosophic for location selection of special economic zone

Alt./Cr. Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

O1 (0.037,0.230,0.146) (0,0.513,0.510) (0,0.493,0.538) (0,0.501,0.544) (0.039,0.046,0.069) (0.031,0.400,0.459) (0.026,0.717,0.132) (0.012,0.940,0.477)

O2 (0,0.524,0.521) (0.007,0.402,0.366) (0.039,0.082,0.164) (0.014,0.433,0.504) (0.013,0.322,0.446) (0,0.551,0.526) (0.020,0.836,0.239) (0.066,0.722,0.251)

O3 (0.029,0.271,0.227) (0.023, 0.240,0.127) (0.010,0.368,0.510) (0.025,0.331,0.480) (0,0.472,0.485) (0.043,0.313,0.340) (0.0000,1.0000,0.466) (0.101,0.647,0.170)

O4 (0.010,0.434,0.493) (0.036,0.120,0.113) (0.030,0.140,0.245) (0.036,0.235,0.365) (0.039,0.046,0.069) (0.070,0.188, 0.142) (0.010,0.914,0.370) (0.024,0.885,0.388)

O5 (0.052,0.139,0.133) (0.016,0.296,0.216) (0.010,0.368,0.510) (0.058,0.096,0.175) (0.024,0.181,0.261) (0.059,0.231,0.216) (0.054,0.605,0.033) (0,1,0.541)

Table 8. Neutrosophic weighted sum measure.

Table 9. Neutrosophic weighted product measures

Cr./Alt. Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

C1 (0.869,0.014,0.002) (0,0.069,0.070) (0,0.070,0.070) (0,0.072,0.070) (0.901,0,0) (0.818,0.036,0.055) (0.819,0.136,0.013) (0.686,0.281,0.055)

C2 (0,0.070,0.070) (0.751,0.045,0.040) (0.906,0.000,0) (0.756,0.057,0.060) (0.780,0.043,0.062) (0,0.070,0.070) (0.792,0.195,0.029) (0.853,0.125,0.012)

C3 (0.844,0.020,0.014) (0.861,0.018,0.002) (0.768,0.045,0.063) (0.814,0.037,0.055) (0,0.074,0.070) (0.854,0.020,0.032) (0,1,0.070) (0.902,0.098,0)

C4 (0.736,0.050,0.064) (0.908,0,0) (0.880,0.008,0.012) (0.851,0.021,0.032) (0.901,0,0) (0.906,0,0) (0.725,0.259,0.051) (0.749,0.219,0.037)

C5 (0.906,0,0) (0.827,0.026,0.015) (0.768,0.045,0.063) (0.904,0,0) (0.849,0.019,0.028) (0.886,0.007,0.011) (0.902,0.098,0) (0,1,0.070)
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Step 7: The relative significance of the alternatives is determined by calculating the

appraisal score using equation (1), which is presented in Table 10.

Step 8: The overall appraisal scores of the options are computed using equation (9) and

is provided in Table 10.

Table 10. Overall appraisal scores of the alternatives.

Alt. WSi WPi κiα κiβ κiγ(λ = 0.5) κi

O1 -1.187 2.265 0.116 1.977 -0.250 1.260

O2 -1.215 2.660 0.156 2.174 -0.087 1.492

O3 -1.066 2.533 0.158 1.996 0.022 1.426

O4 -0.725 3.610 0.311 2.191 0.952 2.038

O5 -0.683 3.092 0.260 1.927 0.743 1.747

For standardization, the coefficient of the compromise decision system indicated by

λ ∈ (0, 1) and is set to 0.5 to assign identical preference.

Step 9: The decreasing order of the overall appraisal scores determines the ranking order

of the SEZ locations, which is O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1.

The computation of the proposed N-CoCoSo method is carried out for q = 2 in equation (1)

and the outcome is displayed in Table 11.

Table 11. Overall appraisal scores of the SEZ locations for q = 2 in equation

(1).

Alt. WSi WPi κiα κiβ κiγ(λ = 0.5) κi

O1 -4.664 8.180 0.066 1.972 0.177 1.022

O2 -4.797 11.548 0.126 2.412 0.340 1.428

O3 -4.020 12.068 0.150 2.313 0.405 1.477

O4 -2.625 22.284 0.367 3.272 0.990 2.602

O5 -2.418 17.978 0.291 2.702 0.783 2.109

Hence the ranking order of the alternatives is O4 ≻ O5 ≻ O3 ≻ O2 ≻ O1. The parameter

q is not significantly affected by the ranking of the SEZ locations, despite the fact that the

overall performance scores are sensitive to variations in q.

6.1. Sensitivity Analysis

To evaluate the influence of internal parameter variation and criteria weight variation on

the sorting order of the proposed approach, this section implements two distinct categories of

sensitivity analysis.
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6.1.1. Internal parameter variation

The alteration in internal parameters has a major impact on the sorting sequence of the

options. This impact plays an important role in checking the robustness of the proposed

approach. The impact of variation in parameter λ to determine the neutrosophic appraisal

score at Step 7 is depicted in Table 12.

Table 12. Impact of λ variation on ranking orders of SEZ locations.

Alt. Ranking order

λ = 0.1 O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

λ = 0.2 O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

λ = 0.3 O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

λ = 0.4 O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

λ = 0.5 O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

λ = 0.6 O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

λ = 0.7 O4 ≻ O5 ≻ O3 ≻ O2 ≻ O1

λ = 0.8 O4 ≻ O5 ≻ O3 ≻ O2 ≻ O1

λ = 0.9 O2 ≻ O1 ≻ O3 ≻ O4 ≻ O5

Table 12 shows that the λ alteration has marginally modified the ranking order of the

choices. The rankings obtained for λ = 0.1 to λ = 0.6 are identical, whereas those for λ = 0.7

and λ = 0.8 deviate a bit. However, the ranking order produced for λ = 0.9 differs entirely

from the others. In conclusion, ranking orders have little impact on λ variation since they

only alter the value of a single component in the performance score. Figure 2 illustrates the

influence of λ change on ranking order.
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Figure 2. Impact of λ variation on performance scores of SEZ locations.



The performance scores of SEZ locations O4 and O5 are not affected by the λ variation,

as illustrated in figure 2. Nevertheless, the performance values of O1, O2, and O3 have been

substantial affected for λ ∈ (0.7, 0.9). In summary, the performance values of the alternatives

exhibit minimal fluctuation in response to variations in λ. This is because it can modify only

one of the three parameters comprising the performance score.

6.1.2. Criteria weight variation

The relevance of the criterion may vary depending on the viewpoint of the decision expert.

In this context, it is significant to examine the influence of criterion variation on the ordering

of the choices. The rank-exponent approach [57] for criteria weight determination is described

as follows:

Suppose that kj and wj represent the rank and preference degree of the jth criterion, re-

spectively, then wj =
(n−kj+1)p∑n
j=1

(n−kj+1)p
, p ≥ 0. When p = 1, it is called the rank-sum approach

and assigns equal weights (holistic) when p = 0.

This article uses entropy, holistic, rank-sum, and rank-exponent (p = 2) methods to deter-

mine the criteria weight. To apply these approaches, the neutrosophic decision matrix (Table
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6) is transformed into a crisp decision matrix using equation (1), regardless of the proposed N-

CoCoSo approach in determining the ranking orders. Table 13 provides the computed criteria

weights using these approaches.

Table 13. Weights of each criteria determined by various methods.

Methods Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Entropy [58] 0.138 0.131 0.124 0.123 0.119 0.126 0.116 0.123

Holistic 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

Rank-Sum 0.167 0.111 0.056 0.139 0.028 0.194 0.083 0.222

Rank-Exponent (p = 2) 0.078 0.044 0.240 0.314 0.123 0.176 0.020 0.005

MEREC [14] 0.122 0.120 0.122 0.126 0.130 0.123 0.129 0.129

allocation through these approaches.

assessment in entropy and MEREC approaches. Figure 3 shows the variation in criteria weight

sum and rank-exponent approaches may lie in the subjective assessment compared to objective

than the remaining criteria. The reason for the difference in weight allocation in rank-6and Y

,4, Y3The rank-exponent approach for (p = 2) assigns too high preference to the criteria Y

.7, and Y5, Y3The rank-sum approach assign significantly lower importance to the criteria Y

have much higher importance than the criteria average weighted criteria.8, and Y6, Y1Y

for p = 2 approaches assign specific preferences. According to rank-sum approach, criteria

to the criteria, consistent with the holistic preference. However, rank-sum and rank-exponent

Table 13 shows that the entropy and MEREC approaches assign almost identical weights
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Figure 3. Criteria weight variation in different approaches.

The beginning and ending portions of the curves in figure 3 show that the criteria weight

allotted to all the criteria is almost equal in entropy, rank-sum, and MEREC approaches. The

maximum variation is seen in the weight allocation of the rank-exponent approach for p = 2.

The most crucial criterion is Y8 in the rank-sum approach, while Y4 receives the highest

preference in the rank-exponent approach for p = 2. The variation is observed for almost

all criteria in their weight allocation in rank-sum and rank-exponent approaches; still, this

variation is eye-catching in the criteria weight of Y3 and Y8. Table 14 illustrates the influence

of criteria weight scheduling on the ranking sequence of the options.

Table 14. Ranking orders for criteria weight alteration.

Methods Ranking order

Entropy O4 ≻ O5 ≻ O3 ≻ O1 ≻ O2

Holistic O4 ≻ O5 ≻ O3 ≻ O1 ≻ O2

Rank-Sum O4 ≻ O5 ≻ O3 ≻ O1 ≻ O2

Rank-exponent (p = 2) O3 ≻ O4 ≻ O2 ≻ O1 ≻ O5

MEREC O4 ≻ O5 ≻ O2 ≻ O3 ≻ O1

The ranking sequence of the options in entropy and holistic criteria weight determination

are identical, as expected from their criteria weight allocation, as depicted in Table 14. Sur-

prisingly, the ranking sequence obtained from the rank-sum approach also coincides with the
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entropy and holistic approaches, though their criteria weight allocations are entirely different.

The ranking order obtained in the MEREC approach has a slight variation between O4 and O5

compared to the ranking orders obtained from entropy and holistic approaches. The ranking

order obtained through criteria weight determined by the rank-exponent approach for p = 0 is

entirely different from those of the remaining approaches. However, the alternative O4 scores

second in the ranking order, proving its superiority among the remaining alternatives. The

influence of criteria weight alteration on the performance of the alternatives is depicted in

figure 4.

Entropy Holistic Rank Sum Rank Exponent (p = 2) MEREC

Figure 4. Variation of alternative’s performance scores due to criteria weight

alteration.

The performance scores of the locations for SEZ are significantly influenced by the criteria

weight variation, as illustrated in Figure 4. Compared to the remaining locations, the SEZ

location O1 only outperforms them regarding holistic criteria weight. The O2 and O3 options

exhibit appalling performance in the entropy, rank-sum, and MEREC approaches, while they

perform exceptionally well in the remaining two approaches. The O4 and O5 options exhibit

comparable performance across all criteria weight determination procedures. Consequently, it

is verifiable that these two alternatives are viable to select the location of a SEZ.

6.2. Comparison analysis

To establish the proposed neutrosophic MEREC-CoCoSo approach, it is imperative to check

the outcomes of the suggested technique with some popular existing MCDM techniques like
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MAIRCA [59], EDAS [60], CODAS [61], and MABAC [62] approaches. Here, we have de-

termined the criteria weights through the MEREC approach to maintain logical similarity,

and these approaches are applied to a crisp decision matrix obtained from neutrosophic de-

cision matrix (Table 3) using equation (1). Table 15 displays the obtained outcomes of this

comparison analysis.

Table 15. Comparison analysis of proposed approach.

Approach MAIRCA EDAS CODAS MABAC SVN-CoCoSo

Options Score Rank Score Rank Score Rank Score Rank Score Rank

O1 0.567 5 0.630 3 14.898 3 0.0356 3 1.259 5

O2 0.531 4 0.846 1 26.637 1 0.046 2 1.492 3

O3 0.827 3 0.672 2 11.492 4 0.0730 1 1.425 4

O4 0.857 2 0.138 5 15.457 2 -0.061 4 2.037 1

O5 1.057 1 0.199 4 10.120 5 -0.078 5 1.746 2

The proposed neutrosophic MEREC-CoCoSo approach shares significant similarities with

the MAIRCA approach, while the outcomes in the EDAS, CODAS, and MABAC approaches

are significantly different. The first two positions obtained by the alternatives O4 and O5

in SVN-CoCoSo and MAIRCA approaches are identical, while the remaining positions are

identical. Hence, the alternative O4 has significant credibility than the remaining alternatives.

The alternative O1 fails to prove its credibility as it is almost at the end of the ranking orders

in all approaches. The performance score comparison of the alternatives is shown in figure 5.
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Figure 5. Comparison of performance scores of the options.



The performance scores of MAIRCA, EDAS, MABAC, and the proposed SVN-CoCoSo

methods are within a very narrow range, as illustrated in figure 5. Conversely, the CODAS

method exhibits a significantly higher performance score. Nevertheless, this observation does

not significantly influence the ranking sequence of the options in various approaches. The

alternative O2 ranks first in CODAS with a significant difference, whereas the same incident

occurred in EDAS with a shallow margin. The reliability of O2 is uncertain due to its incon-

sistent performance across several methodologies. In MAIRCA, CODAS, and the proposed

SVN-CoCoSo approaches, the performance of O4 is evident. However, in EDAS and MABAC,

the performance is not as good, although the difference is minimal compared to the first.

Therefore, O4 is a superior choice for a SEZ site. In conclusion, the proposed SVN-CoCoSo

method exhibits a certain degree of similarity to the crisp approaches, with the distinction

being the criteria analysis through neutrosophic information.

The advantages of carrying out the recommended N-CoCoSo method are as follows: (i)

This strategy is significantly less complex compared to other fuzzy CoCoSo approaches, (ii)

the suggested strategy evaluates the criteria using SVNS, which enhances its generality and

adaptability, (iii) it employs the Entropy approach to determine the objective weights of the

relevant criteria. Adopting and utilizing such emerging technology enhances the precision of
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Conclusion

the decision-making system, supports business policies, validates worldwide objectives, and

yields advantageous outcomes for management control.

We have found that the land near the littoral area is significantly more advantageous than

the plains far from the sea by utilizing the proposed N-CoCoSo approach for SEZ location

selection. This may be because of proximity to the port, which is a critical requirement for

SEZs. In the littoral region, agricultural land is more advantageous than forest land near

the sea. The rationale is the straightforward and appropriate evaluation of the availability of

large tracts of land and the environmental concerns. Mangroves frequently encircle the coastal

forest areas, which substantially affects the preservation of biodiversity.

However, despite its numerous advantages, the proposed N-CoCoSo decision-making model

has certain limitations. The limitations of the proposed approach are (i) The subjective bias

and personal favoritism of the DM towards any specific criteria, and (ii) the fact that the

criteria information needs a hesitancy component makes it impracticable to implement. Future

research may include (i) the development of the suggested technique to accommodate more

complex analyses in the context of Z-number, D-number, type II fuzzy, and hesitant fuzzy

environments, (ii) the implementation of an appropriate blend of subjective and objective



criteria preferences by the decision expert’s qualifications; and (iii) the proposed N-CoCoSo

method can be implemented to address decision-making challenges, including the evaluation

of financial firms’ performance and the selection of suppliers, ERP selection, and analysis of

renewable energy sources.
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