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Abstract: : More sophisticated Supply Chain Management Systems (SCMS) that are built on more recent technology can
reduce expenses, enhance product quality, and expedite the manufacturing business' decision-making process. One
objective of green supply chain management (GSCM) systems is to reduce the overall environmental effect. It is
accomplished by including eco-friendly procedures into SCMS.It is accomplished by including eco-friendly procedures
into SCMS. The GSCM practices are the primary and most important factor in accomplishing the objective of sustainable
development. It has been demonstrated that integrating 10T into GSCM systems can improve productivity and
performance. The purpose of this research is to investigate the Critical Success Factors (CSFs) for the effective
implementation of 10T and environmentally friendly solutions across the industrial industry's supply chain. Manufacturers
are now concentrating on GSCM that is enabled by loT devices due to government pressure and growing consumer
awareness of environmental issues. This research employs a bipolar neutrosophic-DEMATEL strategy for the
identification and prioritization of loT-enabled GSCM success variables.
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1. Introduction environmental harms caused by supply chain
operations in order to accomplish sustainable
development goals [4]. Design, buying,
production, storage, and logistics processes
should thus be restructured by businesses as a
result of GSCM efforts [5]. Reverse logistics
is also a crucial component of GSCM for

Currently, because of the increased
awareness of sustainability and
environmental protection, Green Supply
Chain Management (GSCM) has gained a lot
of popularity [1]. Industries are required to

consider eco-friendly strategies to improve recovering value from discarded goods and

the envir_onment and thei_r green reputation materials or properly recycling them [6]. For
[2]. In this context, organizations around the businesses and communities. there are

world_ have implemented more _dependable several benefits to using GSCM. Waste
techniques to encourage sustainable and output is minimized while environmental
green management at all levels of their performance is enhanced with GSCM.

supply chain as a result of changes in rules, GSCM will offer guidelines to businesses on
legislation, lifestyle, and notably customer how to become more environmentally

tastes in society [3]. The major goals of proficient. Companies can stay up and
GSCM are to minimize or eliminate the increase  their level of commercial
1Research Scholar, Department of Mechanical performance since GCSM leads to the
Engineering, Sant Longowal Institute of Engineering and enhancement of activities in the economic
Technology, Sangrur, Punjab, India, and  environmental fields [4]. The
2Professor, Department of Mechanical Engineering, implementation of Internet of Things (loT)

Indira Gandhi Delhi Technical University for Women,
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3Professor, Department of Mechanical Engineering, Sant
Longowal Institute of Engineering and Technology,
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technology in the GSCM parts can be viewed
to add an intelligence and sustainability
assets to GSCM systems [7]. Numerous
definitions of GSCM have been provided in
this context by scholars and students. For
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instance, Hervani et al [8], explicitly used
GSCM to integrate sustainable design,
efficient material handling, green product
procurement, environmentally conscious
supplier cooperation, and waste
management. However, according to Jayant
and Tiwari [9], GCSM is a novel idea for
determining the right course for developing
products that are compliant  with
environmental laws and pre-established
standards, and businesses require it as a
tactic to collaborate on environmental
challenges.

According to statistical data, GSCM can
control 80% of environmental consequences
by using ecologically friendly approaches
[10]. Thus, determining and evaluating the
Critical Success Factors (CSFs) is crucial to
the successful deployment of the IloT-
Enabled GSCM. This investigation's
principal goal is to analyses the GSCM
CSFs. Because of this, the organizations only
pay attention to these crucial elements and
ignore other elements that are part of the
implementation process. You can offer each
of the aspects your best effort to the greater
extent that you concentrate on fewer of them.
We will help this organization by using the
opinions of three experienced experts to
build an integrated strategy of the decision-
making trial and evaluation laboratory
(DEMATEL) and Bipolar- Neutrosophic sets
(BNSs) to remove the vagueness of those
opinions by using a wider scale to identify
critical success factors by grouping them into
cause and effect groups [11], [12].
DEMATEL is a method used to develop and
analyze a structural model of relationships
and interdependences between success
factors into a matrices or digraphs [13]-[16].
By breaking down these components into
cause and effect according to their values
and importance, it will help the decision-
makers identify the success factors that will
have the biggest impact and be the important
success factors.

The study article focuses mostly on the

following objectives:

1. Determining the critical success
factors (CSFs) for contemporary

GSCM systems to give businesses a
competitive edge.

2. In accordance with the judgements
of three experts, this work also
attempts to prioritize these CSFs by
elucidating the contextual linkages
between them through the
combination of DEMTEL and BNS
methodologies.

3. Considering the modern information
technological (IT) paradigms such as
loT [17], [18], Big Data [19], [20],
and Big Data Analytics (BDA) [21]-
[23] that are now becoming a critical
parts for implementing an intelligent
and more productive GSCM
systems.

The majority of publications in the literature used the fuzzy
set, which has limitations because it only considers the
membership function and ignores the non-membership
function and indeterminacy function [24], [25]. Utilizing
Smarandache's Neutrosophic sets (NSs), a generalization of
intuitionistic fuzzy sets, we were able to overcome this
flaw. While taking into consideration the indeterminacy
function, NS focuses on the membership and non-
membership functions. This strategy can deal with
incomplete knowledge in the actual world because it is a
generalization [26].

The following sections are arranged as follows: The
literature review of the Internet of Things-enabled GSCM
supply chain and associated CSFs is covered in Section 2.
The fundamental ideas for the study are presented in
Section 3. The research methodology—which combines the
DEMATEL approach with bipolar neutrosophic sets—is
presented in Section 4. In section 4, we also introduce the
Application of BNS-DEMATEL technique for analyzing
the CSFs of the loT-enabled GSCM. The research's findings
are covered in Section 5. The research is concluded in
section 6.

1. Literature review

GSCM is becoming more and more
well-liked in professional and academic
areas. It is a relatively new idea that's
gaining popularity with suppliers and
producers centered on improving green
processes, reducing waste through reverse
logistics, raising the caliber of products
across their entire life cycles, and reducing
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harmful environmental activities [27]. In this
section we will focus on the key aspects
examined in the related works of
experimental GSCM implementation, one of
the sustainability's branches [28], to
determine the most important elements for
its successful implementation. Traditional
SCM methods, on the other hand, can have a
negative influence on the environment and
act as a source of pollution [29]. Raw
material manufacturing, distribution, and
waste are a few examples. Therefore, it is
crucial to incorporate green practices like
green manufacturing, green packaging, and
reverse logistics into overall SCM activities
in order to safeguard the environment [30].
Several countries aim to establish
environmental standards and business laws
in order to protect the environment from
undesirable activity. In order to achieve
sustainable environmental, economic, and
social development, these standards mandate
that enterprises use green and
environmentally friendly practices
throughout all SCM activities [31]. Because
of this, a number of studies have shown in
their work how crucial it is to adopt GSCM
while also taking the organization's
environment into account.

1.1GSCM implementation with the use of
MCDM tools.

Over the last many years, there has been
an increase in the interest of researchers to
use causal analysis in their investigations.
The most common explanation for why
issues occur is that they can have multiple
causes. In order to identify the relative
relevance of the components, decision-
makers must adopt a technique known as the
Multi- Criteria Decision Making (MCDM)
approach when evaluating such an issue [10].
MCDM is subfield of operations research
methodologies where the multifaceted
decision-making problem can be reduced to
a smaller problem [32]. The MCDM is a
valuable tool for organizing and prioritizing
the issues associated with decision-making.
It also supports decision-makers in
analyzing, choosing, and ranking options
based on the assessment of numerous

decision problem criteria [33]. An effective
method to evaluate the different elements
that serve as GSCM components is required.
Thus, the MCDM methods continue to be the
most effective option. The evaluation of
green SCM decision problems makes
extensive use of the MCDM approaches,
including the DEMATEL method, Analytical
Hierarchy  Process  (AHP), Analytic
Hierarchy Process (ANP), Technique for
Order of Preference by Similarity to Ideal
Solution (TOPSIS), Linear Programming,
and Fuzzy Programming [1]. In order to
determine the CSFs for the almost ideal
implementation of the GSCM systems, this
study uses an integrated methodology that
combines the GRAY-DEMATEL method
with BNSs.

1.2 Suggested CSFs for a successful GSCM
implementation

This study identifies many important
critical aspects that are necessary to execute
loT-Enabled GSCM processes. These green
indicators are viewed as additional
instruments for supply chain management.
Using an extensive set of literature reviews,
the goal of this study was to identify the
important CSFS from the perspective of the
practices used by green supply chains
enabled by loT technology. Following a
comprehensive review of the literature, the
twenty CSFs were classified into two main
categories. Among the green drivers are the
green enablers for putting the GSCM into
practice, are the two primary dimensions.
The second dimension pertains to the loT
enablers, encompassing the  primary
motivators behind facilitating the integration
of 10T into the GSCM system. Table 1
presents the complete description of the
CSFs. It has been shown that MCDM
techniques are commonly used in the
adoption of green SCM methods. These
techniques are believed to be essential for
addressing  challenging  decision-making
problems. This research focuses on
identifying the critical success factors (CSFs)
for effectively implementing the loT-enabled
GSCM by classifying them into cause and
effect groups. The CSFs are prioritised using
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an integrated approach that combines the any ambiguity in those opinions
DEMATEL method and BNSs to eliminate

Table 1: Suggested CSFs for the Effective Use of 10T-Enabled GSCM

Code CSF DESCRIPTION Source
Green facilitators/
A
enablers
Investors or stakeholders have an interest in
Impact from the company. They also have the right to
F1 stakeholders and -ompany. y g [34], [35]
. obtain any revenues that the company
Investors .
publishes.
Wastes are materials that are not primary
. products and that the manufacturer wishes
Sustainable waste to get rid of since they are no longer
F2 management system 9 y 9 [25], [36]

required for the producer's own
manufacturing, processing, or
consumption.

Government-established environmental rules,

such as those pertaining to hazardous and

dangerous materials, must be followed by
Government rules

F3 . organizations; failure to do so may result in [37]-[40
and regulations gan. Yy [37]-[40]
penalties.

The use of sustainable business practices by
organizations can yield significant
competitive advantages over their non-
sustainable counterparts, hence contributing

Global to the latter's financial performance. Global
F4 . - X ) : [41], [42]
competition factor competitiveness is a major force behind
an

organization's adoption of sustainable
practices.

Sustainable business practices help
organizations control their toxic waste
harmful/ hazardous . . L
. production, which has a negative impact
materials and waste and .
F5 . . on both the environment and people, as [43]-[45]
pollution preventative . .
well as their consumption of hazardous

Management of toxic/

measures .
materials.
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Green packaging and

Green transport was initiated because of
the increasing greenhouse gas emissions
from freight transport in the 1990s. Eco-

F6 transportation friendly packaging is defined as bem‘g [46]-[48]
made completely of natural plants. It's safe
for human health, the environment, and
cattle welfare.
It occurs when individuals holding top
Top management rank

F7 P manag [49][51]

commitment . . . -
positions directly contribute to a specific
and critically important area of a business.
Competitive advantages associated with going

F8 Greening competition  green, better brand perception, and financial gains [52]

pressures will all benefit competitors who have environmental
management systems.
Requirements, advantages, and restrictions
L that

F9 Power negotiations
along the supply chain . .

g PRYY the market imposes on the participants of a [53], [54]
negotiation.

Green Advertising Companies can advertise their products
using their reputation as "green" brands,
which gives them a competitive advantage
F10 in the global marketing industry.
Furthermore, these companies now have
access to new markets since they are abiding  [55]
with environmental standards.

F11 Achieving and Certifications incentivize companies to use [56], [57]
sustaining green strategies and raise their quality
environmental (LEED,  standards. Usage of ISO 14000 is required for
Higg FEM, I1SO environmentally friendly  supplier-customer
14,001, ZDHC) operations.
certifications

It addresses the activities involved in [58]
- - roduct
Efficient reverse logistics P

F12  management ) .

g reuse. Remanufacturing and refurbishment
activities are also included in reverse
logistics.

SCM thought leaders advise businesses to [59]
take a more proactive approach to

F13 Availability of qualified developing SCM people with the skills and

and skilled manpower

industry-specific competences required to
manage supply chain processes that are
becoming more complicated and
strategically significant. This will support
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the management of
friendly procedures.

environmentally

Companies must make considerable [60], [61]
changes to their management policies,
green practices, operations, infrastructure, and products to
F14 policies, and successfully implement supply chain
infrastructure greening, frequently by
adopting new business models.
Cooperation with It i§ -importa_nt to emphasize_that supply [62], [63]
vendors chain integration and collaboration can more
successfully promote sustainability, even
F15 while this CSF doesn't function as a direct
primary driver. Including the ideas and
recommendations supplied by suppliers
might be quite advantageous.
Establish a set of standards for the collection, [64]
handling, and recovery of used electronics and
F16 Lifecycle electrical equipment, and hold producers
Management and financially accountable for these actions.
Recycling
B 10T enablers
F17 Global positioning The smart GSCM systems enabled the real- [7], [65]
system (GPS) and time location of people and resources both
radio frequency indoors and outside thanks to RFID and GPS
identification (RFID) technologies. They enabled transportation,
item monitoring, and stock updates.
F18 Cloud computing By providing services like platform,[18], [66]-[69]
and loT applications software, and infrastructure, cloud
and cloud computing computing uses the Internet to lessen
uncertainty for decision-makers. It allows
decision-makers in any business's GSCM
systems to choose the right product,
quantity, place, and timing for their
decisions. It serves as the host for the
Internet of Things apps that allow GSCM
entity tracking and administration..
F19 Sensor technologiesand Sensor and sensors network allow for the  [70]-[72]

sensor network

real-

time data collection and transmission in the
10T- Enabled GSCM systems.
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F20 Big Data and
Analytics Tools for
Big Data (BDA)

The GSCM system needs to implement big [21], [23], [73]
data technology in order to manage the

massive volumes of data that the 10T sensors

have collected. BDA tools allow for the real-

time analysis of the collected big data to

provide GSCM

decision makers with accurate and timely

data.

2. Methodology-

This section is divided into three
subsections to provide a comprehensive
explanation of our recommended approach.
First, we will provide a quick summary of
the neutrosophic sets. After that, the
DEMATEL method will be shown. Lastly,
we  will introduce our suggested
DEMATEL method that makes use of
BNS.

2.1 Neutrosophic Sets

This section discusses the idea of a
neutrosophic set and some of its functions,
such as the certainty, accuracy, and scoring
functions that are used to compare BNSs.
The fuzzy sets, intuitionistic fuzzy sets,
bipolar fuzzy sets, and neutrosophic sets
are all replaced by BNSs. A large nhumber
of articles in the literature used the fuzzy
set, however it has limitations because it
ignores the functions of non-membership
and indeterminacy and only considers the
membership function. By using the concept
of Neutrosophic sets (NSs), this restriction
was removed. The  function of
indeterminacy is considered, although the
both of membership and non- membership
methods are the main emphasis of NS [74],
[75]. In general, this approach can address
real-world information gaps.

Definition 1. Let S be a points’ space. And s€S. A
neutrosophic set N in S is described by the following three
functions:

1. The indeterminacy-membership function IN(s).

2. The truth-membership function TN(s).

3. The falsity-membership function FN(s).

TN(s), IN(s), and FN(s) are actual nonstandard or
standard subsets of (s):S—]-0,1+[ and FN(s):S—]-0,1+[.

Where the sum of TN (s), IN (s) and FN(s), so 0— < sup
(s) + sup s + sup s <3+ is not limited.

Definition 2: A BNS N in g is characterized as an item
with the form N={<s, Tr(s), Ir(s), Fr(s), T™(s), I"(s),

Fn(s)>:s € g}, where T?, I , Fr : g —[1,0] and T, I*, Fn
: ¢ — [-1, O] . The positive membership degree Tr(s),
Ir(s), Fr(s)of an item € g pointing to a BNS N and the
negative membership degree T»(x), I*(x), Fr(x)of an item

€ ¢ identifies a counter-property that is implicit and
comparable to a BNS A , Assume that A=< T», Ir , F» T,
In , Fn > be a Bipolar Neutrosophic Number (BNN)
following that, the score function S (A), accuracy function
a (A), and certainty function ¢ (A) of a BNN are described
as in the following relations:

S (A) = 16 *[ Tr+1- [p +1- Fp+1+ Tn - [n -Fn]

1
a(A)=Tr- Fr+ Tn -Fn
2
c(A)=Tr-Fn
3
2.2 DEMATEL

The DEMATEL approach was
developed to assess and depict the nature
and intensity of the direct and indirect
relationships between complex real-world
aspects in a study system [76]. DEMATEL
is a method for group decision-making that
involves gathering ideas and determining
the relationship between causes and effects
in complex problems [77]. The DEMATEL
method helps to uncover the optimal
answer in solving problems involving
complex systems by assessing the overall
relationships between the structural parts of
a study system and grouping elements into
cause and effect groups [13], [78]. It is
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constructed upon the foundation of graph
theory [2].

4.Method for evaluating the CSFs of the loT-
enabled GSCM using the proposed BNS-
DEMATEL approach

The objective of this section is to address the
ambiguity in the expert opinions that will be

incorporated into the DEMATEL matrices by
integrating the DEMATEL approach with the BNS
neutrosophic set. Figure 1 illustrates the steps in the
recommended methodology
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Identify the CSFs related to our problem through
literature review

v
Identify experts for the loT-enabled GSCM and select|

the most experienced N experts

False « E*+
True v
Get the CSFs linguistic Relationship matrix of the
Expert
v

Convert each linguistic expression in the matrix to

corresponding bipolar neutrosophic value

v

Obtain the crisp score for each

bipolar neutrosophic value

Calculate the Average Direct Relationship Matrix

\4

(ADRM) by intearating the selected N experts’ matrixes
v

Normalize the ADRM
v

Obtain the total relationship matrix
v

Get the R and C by calculating the
summation of TRM rows and columns

v

Build the cause and effect diagram by
using the R+C and R-C.

End

Figure 1: Phases of the DEMATEL method by Neutrosophic
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Step 1:
GSCM

Finding the CSFs to execute the green
supply chain made possible by 10T devices is
the first stage in our model. Twenty CSFs for
adopting the loT-enabled GSCM have been
found through a survey of the literature.
Table 1 presents the identified factors. Two
categories  were created from  the
identification of CSFs. The first category
consists  of  essential elements  for
environmentally friendly production. While
the second group consists of the components
needed for the loT devices to enable the
GSCM.

Identify the CSFs for the loT-enabled

Step 2: Find professionals in the Internet of
Things-enabled GSCM and choose the most

seasoned N experts:

We looked for professionals with
knowledge of Internet of Things and green
supply chain management. We have chosen
the three most seasoned specialists in the
domains of GSCM and loT after vetting the

experts. Table 2 contains the metadata
pertaining to the chosen experts. After that,
we give our specialists a thorough

explanation of the chosen CSFs. Following
that, we ask each expert for a language
Relationship matrix

.Table 2: Experts' metadata

Expert :_rlla;/eizgsf Xperience Proficiency | Work Profession Gender
Ex1 11 Very good | In Industry GSCM Male
Ex2 10 Good In Industry GSCM Male
Ex3 9 Medium In Industry I0T-GSCM Male

Step 3: Obtain each expert's linguistic relationship

matrix from CSF.

Based on the opinions of each expert,
we create a pairwise comparison matrix

between CSFs here by utilising the linguistic
terms displayed in figure 2. Expert 1's
linguistic relationship matrix is displayed in
Table 3.

Extremely High( ED

3

No Influence ( No

>~

Very Low ( vi

xpressions

_—

Very High ( VH\/‘

/

e

=
Medium < M)

Extremely Low </ E)

Figure 2: Linguistic expressions
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Step4: Create a corresponding bipolar
neutrosophic value for every language
statement in the linguistic Relationship
matrix.

As per Table 4, we will now substitute
the verbal terms with their respective
bipolar neutrosophic values.

Step 5: For every bipolar neutrosophic value,
find the crisp score.

First, using equation (1), we determine the
crisp score associated with each bipolar
neutrosophic value. The computed crisp
scores for the language expressions utilised in
this investigation are displayed in Table 5.
Tables 6 and 7 show the expert 1's crisp
scoring matrix.

Step 6: Take the matrices of the chosen N
experts and integrate them to get the Average
Direct Relationship Matrix (ADRM).

ADRMi,j=%VijENE=1N

(4)
Where Vi jE represents the value of the crisp matrix at
row i and column j for expert, and Ai,j denotes the
degree to which the component i impacts the factor j

There are N experts, or E. The three experts' ADRMs
are displayed in Tables 8 and 9.

Step 7: Normalize the ADRM

The following equations will be used in this stage to
normalize the initial direct relationship matrix.
S=Max {max 1<i<NXADRMi, jNj=1,
max1<j<NXADRMi, jNi=1}

(®)
NADRM=ADRMIS

(6)

Normalized ADRM is displayed in Tables 10 and 11.

Step 8: Obtain the total relationship matrix

Here, we use the following equation to obtain the total
relationship matrix

.TRM=NADRM*(I-NADRM)™*
(7

| represent the identity matrix here. The normalized
ADRM is displayed in Tables 12 and 13

Step 9: Get the Ri and Cj by calculating the
summation of TRM rows and columns

We shall compute Calculate R+C, which denotes
importance, R-C, which divides CSFs into cause or
effect groups; if the result is positive, it belongs in the
cause group (which has a significant impact on the
overall goal and requires more attention); if the result is
negative, it belongs in the effect group (which is easily
impacted by other factors, but doesn't mean it isn't
important because every factor has an impact on other
factors as we can consider F7, which has a high
importance, high R+C, and negative R-C, which
divides CSFs into cause and effect groups).

C=STRMi,jNj=1

(8)
R=XTRMi jNi=1

9)

Table 14 show the summation of TRM rows and
columns.

Step 10: Build the cause and effect diagram by using
R+C and R-C

To construct the diagram, we will utilise the results
from the previous step as a guide. The horizontal axes
will be represented by the values of Ri + Cj, and the
vertical axes by the values of Ri - Cj. CSFs with
positive values, located above the x-axes, belong to the
cause group, while those with negative values, located
below the x-axes, belong to the effect group. The casual
diagram is displayed in Figure 2.
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Code F-1 F-2 F-3 F4 F5 F6 F7 F8 F9 F-10 F-11 F-12 F-13 F-14 F-15 F-16 F-17 F-18 F-19 F-20

F-1 0 M H M M H M L H VH H VH L EL H EH VH VH VH VH

F-2 H O EH H M VHH ™M VL VLM EH VHH M L VL L EL

F-3 VH VH 0 VH H EHH M H H M M VL H VWH H H H

F4 M EH H O L M H L VL H VWM H L H VHH H H

F5 H H M H 0 M H H H ™M L H VA M EH VH H VH M EH

F6 EH M VH H H 0 L H M H L EH H H H EH H M EH

F7 VHH M M M H 0 VH VH VH EH VH VH VH M H VH VH VH EH

F-8 L M M M H M H O M EH M M H H L M EH EH EH EH

FO M VL M H H L ™M H O H VH H VL H H H VH
FFI0OH H M VH M M L EH EH EH EH

H
VL VH L H O M M
M

FF11EH H VH M VH EH H VH VH M 0 VL EH VH VL M L M

Table 3: Linguistic relationship matrix for expert 1
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F-12H VH M M VL VHVH VL M M L 0 M H VL H EH VH EH
F-13 M H H H H VH M VvL M M H 0 VH L EL M M M
F-14 M M EH L L VL EH L EH M VH M O EH M VH H VH
F-15 H L L H M EL L M H VHH M L 0 VL VM H H

FFI6 M M VHH ™M L H VL VHM VL VL H L VHO VH M VH
FF17EH H M VH M M VH VH M EH M EH M H EH O EH EH
FI8VH H M VHH H H VHH EH M VH M H H H 0 EH
FI9H H M VH M H VHVH M EH M EH M H EH EH O

FF20VH EH H VH H VH EH EH VH EH H EH M H EH H H EH M

Table 4: Linguistic terms with its matching bipolar neutrosophic value.

Linguistic Expression Bipolar Neutrosophic value
EH (1.00,0.00,0.11,-0.11,-0.91,-1.01)
VH (0.86,0.16,0.22,-0.20,-0.71,-0.91)
H (0.76,0.25,0.30,-0.30,-0.66,-0.55)
M (0.50,0.56,0.55,-0.56,-0.55,-0.55)
L (0.40,0.30,0.65,-0.40,-0.30,-0.20)
VL (0.35,0.80,0.70,-0.65,-0.25,-0.40)
EL (0.25,0.80,0.90,-0.75,-0.20,-0.10)
NO (0.00,1.00,1.00,-1.00,0.00,0.00)

Table 5: Crisp scores for the Study linguistic expressions

Neutrosophic Bipolar Number Scale Crisp score
(1.00,0.00,0.10,-0.10,-0.90,-1.00) 0.9506
(0.75,0.25,0.20,-0.25,-0.70,-0.80) 0.8169
(0.85,0.25,0.20,-0.20,-0.50,-0.60) 0.6920
(0.60,0.50,0.60,-0.60,-0.50,-0.60) 0.5021
(0.40,0.30,0.80,-0.20,-0.10,-0.20) 0.3838
(0.35,0.70,0.70,-0.65,-0.25,-0.40) 0.2756
(0.25,0.80,0.90,-0.35,-0.20,-0.10) 0.1668

(0.00,1.00,1.00,-1.00,0.00,0.00) 0.0000

Table 6: Part 1 of the crisp score matrix of expert 1

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(21s), 4331-4362 | 4343



Code [F-1  [F2 [F3 |4 [F5 [F6 |7 [F8 [F9  [F-10
F-1

0 0.5000 [0.6917 [0.5000 [0.5000 |0.6917 |0.5000 [0.3833 [0.6917 [0.8167
F-2

0.6917 [0 0.9500 [0.6917 |0.5000 (0.8167 [0.6917 |0.5000 [0.2750 [0.2750
F-3

0.8167 |0.8167 [0 0.8167 [0.6917 [0.9500 [0.6917 |0.5000 [0.6917 [0.6917
F-4

05000 |0.9500 (0.6917 [0 0.3833 [0.5000 [0.6917 [0.3833 |0.2750 [0.6917
F-5

0.6917 |0.6917 [0.5000 (0.6917 |0 0.5000 [0.6917 [0.6917 [0.6917 |0.5000
F-6

0.9500 |0.5000 [0.8167 [0.6917 [0.6917 |0 0.3833 (0.6917 (0.6917 [0.5000
F-7

0.8167 |0.6917 [0.5000 [0.5000 [0.5000 [0.6917 [0 0.8167 |0.8167 (0.8167
F-8

0.3833 |0.5000 [0.5000 [0.5000 [0.6917 |0.5000 |0.6917 [0 05000 |0.9500
F-9

05000 [0.2750 [0.5000 [0.6917 [0.6917 [0.3833 [0.5000 [0.6917 |0 0.6917
F-10

0.6917 |0.6917 [0.5000 (0.8167 |0.5000 |0.2750 |0.8167 [0.3833 (0.6917 |0
F-11

0.9500 [0.6917 [0.8167 [0.5000 [0.8167 [0.9500 [0.6917 [0.8167 |0.8167 |0.5000
F-12

0.6917 |0.8167 [0.5000 [0.5000 [0.2750 [0.8167 [0.8167 [0.2750 |0.5000 |0.5000
F-13

0.5000 [0.6917 [0.6917 [0.6917 [0.6917 [0.6917 [0.8167 [0.5000 [0.2750 |0.5000
F-14
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0.5000 [0.5000 |0.6917 [0.9500 |0.3833 |0.3833 |0.2750 |0.9500 [0.3833 [0.9500

F-15

0.6917 |0.3833 |0.5000 [0.3833 |0.6917 |0.5000 |0.1667 |0.3833 [0.5000 |(0.6917

F-16

0.5000 |0.5000 |0.8167 |0.6917 |0.5000 |0.3833 |0.6917 |0.2750 |0.8167 |0.5000

F-17

0.9500 |0.6917 |0.5000 |0.8167 |0.5000 |0.5000 |0.8167 |0.8167 |0.5000 [0.9500

F-18

0.8167 |0.6917 |0.5000 [0.8167 |0.6917 |0.6917 |0.6917 |0.8167 |0.6917 [0.9500

F-19

0.6917 |0.6917 |0.5000 |0.8167 |0.5000 |0.6917 |0.8167 |0.8167 |0.5000 [0.9500

F-20

0.8167 |0.9500 |0.6917 [0.8167 |0.6917 |0.8167 |0.9500 |0.9500 |0.8167 [0.9500

Table 7: Part 2 of the crisp score matrix of expert 1

Code

F-11 |F-12  |F-13 F-14 |F-15 |F16 |F-17  F-18  |F-19 |F-20

F-1 ]0.6917 |0.8167 |0.3833 |0.1667 [0.6917 |0.9500 |0.8167 |0.8167 |0.8167 |0.8167

F-2  |0.5000 |0.9500 |0.8167 |0.6917 |0.5000 [0.3833 |0.2750 |0.3833 |0.1667 |0.3833

F-3  |0.5000 |0.5000 |0.2750 |0.6917 |0.8167 |0.6917 |0.6917 |0.6917 |0.6917 |0.6917

F-4 ]0.8167 |0.5000 |0.6917 |0.3833 |0.6917 |0.8167 |0.6917 |0.6917 |0.6917 |0.6917

F-5 ]0.3833 |0.6917 |0.8167 |0.5000 [0.9500 [0.8167 |0.6917 |0.8167 |0.5000 |0.9500

F-6 ]0.6917 |0.3833 |0.9500 |0.6917 [0.6917 |0.6917 |0.9500 |0.6917 |0.5000 |0.9500

F-7 |0.9500 (0.8167 (0.8167 |0.8167 |0.5000 |0.6917 |0.8167 |0.8167 |0.8167 |0.9500

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(21s), 4331-4362 | 4345



F-8 |0.5000 |0.5000 |0.6917 |0.6917 |0.3833 |0.5000 |0.9500 |0.9500 |0.9500 [0.9500

F-9 |0.8167 |0.6917 (0.5000 |0.5000 |0.6917 |0.2750 |0.6917 |0.6917 |0.6917 |0.8167

F-10 |0.5000 (0.5000 (0.6917 |0.6917 |0.5000 |0.3833 |0.9500 |0.9500 |0.9500 |0.9500

F-11 |0 0.5000 |0.5000 |0.2750 |0.9500 |0.8167 |0.2750 |0.5000 |0.3833 |0.5000

F-12 |0.3833 |0 0.5000 |0.6917 |0.2750 [0.6917 |0.9500 |0.8167 |0.9500 |0.9500

F-13 |0.5000 |0.6917 [0 0.8167 |0.3833 |0.1667 |0.5000 |0.5000 |0.5000 |0.5000

F-14 ]0.5000 |0.8167 [0.5000 |0 0.9500 [0.5000 |0.8167 |0.6917 |0.8167 |0.8167

F-15 |0.8167 |0.6917 [0.5000 [0.3833 |0 0.2750 |0.8167 (0.6917 |0.6917 |0.8167

F-16 |0.2750 |0.2750 |0.6917 |0.3833 [0.8167 |0 0.8167 |0.5000 (0.8167 |0.6917

F-17 |0.5000 (0.9500 [0.5000 |0.6917 |0.6917 |0.9500 |0 0.9500 |0.9500 |0.8167

F-18 |0.5000 |0.8167 |0.5000 |0.6917 [0.6917 |0.6917 |0.6917 |0 0.9500 |0.9500

F-19 |0.5000 [0.9500 (0.5000 |0.6917 |0.6917 |0.6917 |0.9500 |0.9500 |0 0.5000

F-20 |0.6917 |0.9500 [0.5000 |0.6917 |0.9500 |0.6917 |0.6917 |0.9500 |0.5000 |0

Table 8: Part 1 of the average direct relationship matrix

Code -1 [F2 [F3 [F4 |5 [F6 |7 |8 [F9  [F-10

F-1 |0.0000 |0.5000 |0.6917 |0.5000 |0.5000 |0.6917 |0.5000 |0.3833 [0.6917 |0.8167

F-2 |0.6917 |0.0000 |0.9500 [0.6917 |0.5000 |0.8167 |0.6917 |0.5000 [0.2750 |0.2750

F-3 |0.8167 |0.8167 |0.0000 |0.8167 |0.6917 |0.9500 [0.6917 |0.5000 [0.6917 |0.6917

F-4 |0.5000 |0.9500 |0.6917 |0.0000 |0.3833 |0.5000 [0.6917 |0.3833 [0.2750 |0.6917

F-5 |0.6917 |0.6917 |0.5000 [0.6917 |0.0000 |0.5000 |0.6917 |0.6917 [0.6917 |0.5000

F-6 |0.9500 |0.5000 |0.8167 |0.6917 |0.6917 |0.0000 |0.3833 |0.6917 [0.6917 |0.5000

F-7 ]0.8167 |0.6917 |0.5000 |0.5000 |0.5000 |0.6917 |0.0000 |0.8167 |0.8167 |0.8167

F-8 |0.3833 |0.5000 |0.5000 [0.5000 {0.6917 |0.5000 |0.6917 |0.0000 [0.5000 [0.9500

F-9 |0.5000 |0.2750 |0.5000 [0.6917 |0.6917 |0.3833 |0.5000 |0.6917 |0.0000 |0.6917

F-10 |0.6917 |0.6917 |0.5000 |0.8167 |0.5000 |0.2750 |0.8167 |0.3833 [0.6917 |0.0000

F-11 |0.9500 |0.6917 |0.8167 |0.5000 |0.8167 |0.9500 |0.6917 |0.8167 |0.8167 |0.5000

F-12 |0.6917 |0.8167 |0.5000 |0.5000 |0.2750 |0.8167 |0.8167 |0.2750 [0.5000 [0.5000

F-13 |0.5000 |0.6917 |0.6917 |0.6917 |0.6917 |0.6917 |0.8167 |0.5000 [0.2750 [0.5000

F-14 |0.5000 |0.5000 |0.6917 [0.9500 |0.3833 |0.3833 |0.2750 |0.9500 [0.3833 |0.9500
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F-15 |0.6917 |0.3833 |0.5000 [0.3833 |0.6917 |0.5000 |0.1667 |0.3833 |0.5000 |0.6917

F-16 |0.5000 |0.5000 |0.8167 [0.6917 |0.5000 |0.3833 |0.6917 |0.2750 |0.8167 |0.5000

F-17 0.9500 |0.6917 |0.5000 (0.8611 |0.5000 |0.5000 [0.8167 |0.8167 |0.5000 |0.8000

F-18 |0.8167 |0.6917 |0.5000 (0.8167 |0.6917 |0.6917 |0.6917 |0.8167 |0.6917 |0.9500

F-19 |0.6917 |0.6917 |0.5000 (0.8167 |0.5000 |0.6917 |0.8167 |0.8167 |0.5000 |0.8000

F-20 |0.8611 |0.9500 |0.6917 |0.8167 |0.6917 |0.8167 |0.9500 |0.9500 (0.8167 |0.9500

Table 9: Part 2 of the average direct relationship matrix

Code

F11  |F12 |F13 |F-14  |F-15 |F-16 |F-17  |F-18  |F-19  |F-20

F-1 |0.6917 |0.8167 |0.3833 [0.1667 |0.6917 |0.9500 |0.8167 |0.8167 |0.8167 |0.8611

F-2 10.5000 |0.9500 |0.8167 |0.6917 |0.5000 |0.3833 |0.2750 |0.3833 |0.1667 |0.3833

F-3 |0.5000 |0.5000 |0.2750 [0.6917 |0.8167 |0.6917 |0.6917 |0.6917 |0.6917 |0.6917

F-4 10.8167 |0.5000 |0.6917 [0.3833 |0.6917 |0.8167 |0.6917 |0.6917 |0.6917 |0.6917

F-5 ]0.3833 |0.6917 |0.8167 |0.5000 |0.9500 |0.8167 |0.6917 |0.8167 |0.5000 |0.9500

F-6 10.6917 |0.3833 |0.9500 [0.6917 |0.6917 |0.6917 |0.9500 |0.6917 |0.5000 |0.9500

F-7 10.9500 |0.8167 |0.8167 |0.8167 |0.5000 |0.6917 |0.8167 |0.8167 |0.8167 |0.9500

F-8 ]0.5000 |0.5000 |0.6917 |0.6917 |0.3833 |0.5000 |0.9500 |0.9500 |0.9500 |0.9500

F-9 0.8167 |0.6917 |0.5000 [0.5000 |0.6917 |0.2750 [0.6917 |0.6917 |0.6917 |0.8167

F-10 |0.5000 |0.5000 |0.6917 [0.6917 |0.5000 |0.3833 |0.9500 |0.9500 [0.9500 |0.9500

F-11 |0.0000 |0.5000 |0.5000 (0.2750 |0.9500 |0.8167 |0.2750 |0.5000 (0.3833 |0.5000

F-12 |0.3833 |0.0000 |0.5000 [0.6917 |0.2750 |0.6917 |0.9500 |0.8167 |0.9500 |0.9500

F-13 |0.5000 |0.6917 |0.0000 (0.8167 |0.3833 |0.1667 |0.5000 |0.5000 [0.4611 |0.5000

F-14 0.5000 |0.8167 |0.5000 [0.0000 |0.9500 |0.5000 [0.7111 |0.6917 |0.8167 |0.8167

F-15 |0.8167 |0.6917 |0.5000 (0.3833 |0.0000 |0.2750 |0.8167 |0.6917 |0.6917 |0.8611

F-16 |0.2750 |0.2750 |0.6917 |0.3833 |0.8167 |0.0000 [0.8167 |0.5000 |0.8167 |0.6917

F-17 0.5000 |0.9500 |0.5000 [0.6917 |0.6917 |0.9500 [0.0000 |0.9500 |0.9500 |0.8167

F-18 |0.5000 |0.8167 |0.5000 [0.6917 |0.6917 |0.6917 |0.6917 |0.0000 [0.8000 |0.9500

F-19 |0.5000 |0.9500 |0.5000 (0.6917 |0.6917 |0.6917 |0.9500 |0.9500 [0.0000 |0.5000

F-20 10.6917 |0.9500 |0.5000 [0.6917 |0.9500 |0.6917 |0.6917 |0.9500 |0.5000 |0.0000

Table 10: Part 1 of the normalization matrix
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Code [F-1  [F2 [F3 |4 [F5 [F6 |7 [F8 [F9  [F-10
F-1

0.0000 [0.0331 [0.0458 [0.0331 [0.0331 [0.0458 [0.0331 [0.0254 |0.0458 |0.0540
F-2

0.0458 |0.0000 [0.0629 (0.0458 [0.0331 |0.0540 |0.0458 [0.0331 [0.0182 [0.0182
F-3

0.0540 |0.0540 [0.0000 [0.0540 [0.0458 [0.0629 [0.0458 (0.0331 |0.0458 |0.0458
F-4

0.0331 |0.0629 [0.0458 [0.0000 [0.0254 [0.0331 [0.0458 [0.0254 |0.0182 |0.0458
F-5

0.0458 |0.0458 [0.0331 (0.0458 [0.0000 |0.0331 |0.0458 [0.0458 [0.0458 [0.0331
F-6

0.0629 |0.0331 [0.0540 (0.0458 [0.0458 |0.0000 |0.0254 [0.0458 [0.0458 [0.0331
F-7

0.0540 |0.0458 [0.0331 [0.0331 [0.0331 [0.0458 [0.0000 [0.0540 [0.0540 |0.0540
F-8

0.0254 |0.0331 [0.0331 (0.0331 [0.0458 |0.0331 |0.0458 [0.0000 [0.0331 [0.0629
F-9

0.0331 |0.0182 [0.0331 [0.0458 [0.0458 [0.0254 [0.0331 [0.0458 [0.0000 |0.0458
F-10

0.0458 |0.0458 [0.0331 [0.0540 [0.0331 [0.0182 [0.0540 [0.0254 |0.0458 |0.0000
F-11

0.0629 |0.0458 [0.0540 [0.0331 [0.0540 |0.0629 |0.0458 [0.0540 [0.0540 [0.0331
F-12

0.0458 |0.0540 [0.0331 [0.0331 [0.0182 |0.0540 |0.0540 [0.0182 [0.0331 [0.0331
F-13

0.0331 |0.0458 [0.0458 (0.0458 |0.0458 |0.0458 |0.0540 [0.0331 [0.0182 [0.0331
F-14

0.0331 |0.0331 [0.0458 [0.0629 [0.0254 |0.0254 |0.0182 [0.0629 [0.0254 [0.0629
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F-15

0.0458 |0.0254 |0.0331 [0.0254 |0.0458 |0.0331 |0.0110 |0.0254 |0.0331 [0.0458

F-16

0.0331 |0.0331 |0.0540 [0.0458 |0.0331 |0.0254 |0.0458 |0.0182 [0.0540 (0.0331

F-17

0.0629 |0.0458 |0.0331 |0.0570 |0.0331 |0.0331 |0.0540 |0.0540 |0.0331 |0.0529

F-18

0.0540 |0.0458 |0.0331 [0.0540 |0.0458 |0.0458 |0.0458 |0.0540 [0.0458 |0.0629

F-19

0.0458 |0.0458 |0.0331 |0.0540 |0.0331 |0.0458 |0.0540 |0.0540 |0.0331 |0.0529

F-20

0.0570 |0.0629 |0.0458 |0.0540 |0.0458 |0.0540 |0.0629 |0.0629 |0.0540 |0.0629

Table 11: Part 2 of the normalization matrix

Code

F11  |F-12 |13 |F14  |F-15 [F-16 |17 |18 |F-19  [F-20

F-1 ]|0.0458 |0.0540 |0.0254 |0.0110 [0.0458 |0.0629 |0.0540 |0.0540 |0.0540 |0.0570

F-2  |0.0331 |0.0629 |0.0540 |0.0458 [0.0331 |0.0254 |0.0182 |0.0254 |0.0110 |0.0254

F-3 |0.0331 |0.0331 |0.0182 |0.0458 |0.0540 |0.0458 |0.0458 |0.0458 |0.0458 |0.0458

F-4 10.0540 |0.0331 |0.0458 |0.0254 [0.0458 |0.0540 |0.0458 |0.0458 |0.0458 |0.0458

F-5 ]0.0254 |0.0458 |0.0540 |0.0331 [0.0629 |0.0540 |0.0458 |0.0540 |0.0331 |0.0629

F-6  0.0458 |0.0254 |0.0629 |0.0458 |0.0458 |0.0458 |0.0629 |0.0458 |0.0331 |0.0629

F-7  10.0629 |0.0540 |0.0540 |0.0540 [0.0331 [0.0458 |0.0540 |0.0540 |0.0540 |0.0629

F-8 ]0.0331 |0.0331 |0.0458 |0.0458 |0.0254 |0.0331 |0.0629 |0.0629 |0.0629 |0.0629

F-9 ]0.0540 |0.0458 |0.0331 |0.0331 |0.0458 |0.0182 |0.0458 |0.0458 |0.0458 |0.0540

F-10 ]0.0331 |0.0331 |0.0458 |0.0458 |0.0331 |0.0254 |0.0629 |0.0629 |0.0629 |0.0629

F-11 |0.0000 |0.0331 |0.0331 |0.0182 |0.0629 |0.0540 |0.0182 |0.0331 |0.0254 |0.0331

F-12 |0.0254 (0.0000 [0.0331 |0.0458 |0.0182 |0.0458 |0.0629 |0.0540 |0.0629 |0.0629

F-13 |0.0331 (0.0458 (0.0000 |0.0540 |0.0254 |0.0110 |0.0331 |0.0331 |0.0305 |0.0331

International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(21s), 4331-4362 | 4349



F-14 |0.0331 |0.0540 |0.0331 |0.0000 [0.0629 |0.0331 |0.0471 |0.0458 |0.0540 |0.0540

F-15 |0.0540 (0.0458 (0.0331 |0.0254 |0.0000 |0.0182 |0.0540 |0.0458 |0.0458 |0.0570

F-16 |0.0182 (0.0182 (0.0458 |0.0254 |0.0540 |0.0000 [0.0540 |0.0331 |0.0540 |0.0458

F-17 |0.0331 (0.0629 (0.0331 |0.0458 |0.0458 |0.0629 |0.0000 |0.0629 |0.0629 |0.0540

F-18 |0.0331 |0.0540 |0.0331 |0.0458 [0.0458 |0.0458 |0.0458 |0.0000 |0.0529 |0.0629

F-19 |0.0331 |0.0629 |0.0331 |0.0458 [0.0458 |0.0458 |0.0629 |0.0629 |0.0000 |0.0331

F-20 |0.0458 (0.0629 (0.0331 |0.0458 |0.0629 |0.0458 |0.0458 |0.0629 |0.0331 |0.0000

Table 12: Part 1 of the total relationship matrix

Code 1 [F2 [F3 [F4 [F5 [F6 [F7 [F8 |9 [F-10
F-1

0.2061 |0.2233 |0.2266 |0.2324 |0.2010 [0.2266 |0.2264 |0.2053 |0.2185 |0.2548
F-2

0.2170 |0.1619 |0.2151 |0.2123 |0.1743 [0.2071 |0.2064 |0.1837 [0.1641 |0.1894
F-3

0.2658 |0.2503 |0.1915 |0.2606 [0.2198 [0.2496 |0.2446 [0.2209 [0.2250 |0.2564
F-4

0.2274 |0.2414 |0.2184 |0.1900 |0.1852 [0.2063 |0.2279 |0.1961 |0.1828 |0.2361
F-5

0.2544 |0.2402 |0.2204 |0.2495 |0.1738 [0.2198 |0.2428 [0.2295 [0.2220 |0.2420
F-6

0.2767 |0.2343 |0.2457 |0.2563 |0.2233 [0.1934 |0.2298 [0.2357 [0.2274 |0.2485
F-7

0.2856 |0.2617 |0.2413 |0.2610 |0.2250 [0.2524 |0.2214 |0.2589 [0.2496 |0.2844
F-8

0.2323 |0.2257 |0.2159 |0.2356 |0.2140 [0.2158 |0.2404 |0.1843 [0.2071 |0.2664
F-9

0.2219 |0.1955 |0.2004 |0.2287 |0.2001 [0.1938 |0.2114 |0.2118 |0.1605 |0.2330
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F-10

0.2524 10.2388 |0.2176 |0.2558 |0.2031 |0.2040 |0.2489 |0.2102 |0.2194 |0.2083

F-11

0.2609 |0.2301 |0.2318 |0.2275 |0.2184 |0.2391 |0.2324 |0.2279 |0.2229 |0.2314

F-12

0.2452 |0.2386 |0.2115 |0.2290 |0.1825 [0.2304 |0.2411 |0.1965 |0.2017 |0.2318

F-13

0.2097 |0.2098 |0.2023 |0.2171 |0.1892 |0.2024 |0.2184 |0.1890 |0.1674 |0.2080

F-14

0.2353 |0.2226 |0.2249 |0.2586 |0.1922 (0.2058 |0.2110 |0.2385 |0.1962 |0.2630

F-15

0.2238 |0.1921 |0.1914 |0.1999 |0.1915 |0.1920 |0.1812 |0.1834 |0.1838 |0.2217

F-16

0.2147 |0.2022 |0.2140 |0.2226 |0.1825 |0.1872 |0.2160 [0.1795 |0.2056 |0.2139

F-17

0.2897 |0.2590 |0.2378 [0.2793 |0.2210 |0.2372 |0.2695 |0.2543 (0.2272 |0.2805

F-18

0.2780 |0.2554 |0.2345 |0.2731 |0.2301 |0.2452 |0.2582 |0.2515 |0.2357 |0.2856

F-19

0.2635 |0.2486 |0.2278 |0.2659 |0.2120 |0.2389 |0.2587 |0.2449 |0.2174 |0.2692

F-20

0.3023 |0.2903 |0.2653 [0.2931 |0.2480 |0.2722 |0.2930 |0.2778 |0.2614 |0.3061

Table 13: Part 2 of the total relationship matrix

Code

F-11 F-12 |F-13 |F-14 F-15 |F-16 F-17  |F-18 F-19 |F-20

F-1 |0.2152 |0.2538 |0.1994 |0.1852 |0.2416 |0.2430 |0.2676 |0.2699 |0.2561 |0.2817

F-2 10.1773 |0.2299 |0.1994 (0.1909 |0.1983 |0.1794 |0.2003 |0.2082 |0.1838 |0.2174

F-3 ]0.2121 |0.2438 |0.2015 |0.2246 |0.2584 |0.2351 |0.2692 |0.2715 |0.2568 |0.2818
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F-4

0.2142

0.2245 |0.2099

0.1899

0.2312

0.2247

0.2471

0.2497

0.2365

0.2583

F-5

0.2020

0.2529 |0.2315

0.2110

0.2625

0.2387

0.2657

0.2758

0.2424

0.2939

F-6

0.2257

0.2399 (0.2440

0.2272

0.2541

0.2376

0.2872

0.2748

0.2482

0.3002

F-7

0.2554

0.2833 |0.2508

0.2500

0.2576

0.2523

0.2973

0.3007

0.2847

0.3190

F-8

0.2048

0.2380 (0.2203

0.2207

0.2245

0.2166

0.2774

0.2809

0.2663

0.2893

F-9

0.2105

0.2316 |0.1932

0.1925

0.2267

0.1877

0.2432

0.2465

0.2331

0.2622

F-10

0.2072

0.2404 |0.2209

0.2210

0.2330

0.2111

0.2780

0.2818

0.2672

0.2901

F-11

0.1696

0.2299 |0.2047

0.1879

0.2539

0.2306

0.2307

0.2459

0.2250

0.2565

F-12

0.1928

0.1998 |0.2031

0.2147

0.2116

0.2234

0.2704

0.2649

0.2591

0.2814

F-13

0.1808

0.2195 |0.1518

0.2026

0.1955

0.1701

0.2182

0.2206

0.2058

0.2291

F-14

0.2024

0.2527 |0.2051

0.1728

0.2552

0.2133

0.2602

0.2616

0.2556

0.2776

F-15

0.2009

0.2214 |0.1837

0.1761

0.1731

0.1787

0.2393

0.2349

0.2218

0.2527

F-16

0.1721

0.1997 |0.1990

0.1799

0.2278

0.1622

0.2434

0.2266

0.2333

0.2459

F-17

0.2251

0.2880 (0.2288

0.2392

0.2654

0.2657

0.2437

0.3056

0.2907

0.3078

F-18

0.2224

0.2761 |0.2260

0.2362

0.2622

0.2462

0.2834

0.2425

0.2772

0.3119

F-19

0.2160

0.2769 (0.2199

0.2305

0.2544

0.2401

0.2914

0.2938

0.2205

0.2770

F-20

0.2523

0.3047 |0.2444

0.2541

0.2978

0.2647

0.3052

0.3236

0.2801

0.2766

Table 14: Summation of TRM rows and columns

Code

C

R+C

R-C

F-1

4.6342

4.9628

9.5970

-0.3286

F-2

3.9162

4.6219

8.5381

-0.7057

F-3

4.8394

4.4342

9.2736

0.4052

F-4

4.3978

4.8484

9.2462

-0.4506

F5

47707

4.0868

8.8575

0.6839

F-6

4.9099

4.4193

9.3292

0.4907

1.00

0.80

0.60

0.40

0.20

LS
Y 0.00
8.90

Internatior

-0.20

-0.40

-0.60

-0.80

-1.00

>

11.00

F2

O
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F-7 5.2925 4.6792 9.9717 0.6133
F-8 4.6761 4.3798 9.0558 0.2963
F-9 4.2840 4.1954 8.4794 0.0885
F-10 4.7089 4.9304 9.6393 -0.2216
F-11 4.5571 4.1589 8.7159 0.3982
F-12 4.5296 4.9068 9.4364 -0.3772
F-13 4.0073 4.2377 8.2450 -0.2304
F-14 4.6044 4.2068 8.8112 0.3976
F-15 4.0431 4.7850 8.8281 -0.7419
F-16 4.1280 44211 8.5492 -0.2931
F-17 5.2154 5.2186 10.4340 -0.0032
F-18 5.1313 5.2797 10.4110 -0.1483
F-19 4.9675 4.9441 9.9116 0.0234
F-20 5.6134 5.5106 11.1240 0.1028

Figure 3: Causal diagram

5. Results and Discussions

This study attempts to list and prioritize
the essential components of Internet of Things-
enabled GSCM systems. Twenty CSFs that we
considered were relevant to our problem were
selected from the literature review. Following
their detection, these 20 CSFs were categorized
using the Neutrosophic DEMATEL approach,
which is thought to be an efficient MCDM
tool. It can transform the complex
interrelationships between the demands of real-
world issues into an organized, simply
understood model. the conclusion obtained
from the analysis of data obtained from the
selected experts using the proposed model.

5.1 Ranking of the CSFs

Based on the R+C values shown in
table 13, the ranking was completed. The
availability of qualified and skilled manpower
(F13), with a value of 8.2450, is the least
influential CSF of the 20 factors that were
chosen, but it is evident that Big Data and
BDA tools (F20) were the most important
factor, with the greatest importance value of

11.1240. Table 16 displays the degree of
influence for each CSF that was taken into
account throughout the computation. We
advise the organizations to focus on these
important CSFs, and the implementation
process will be modified after loT-enabled
GSCM deployment reaches the proper
degree. Through a continuous improvement
process, the degree of implementation will
now be increased, with the least important
CSFs receiving attention commensurate
with their significance. Figure 4 illustrates
the CSFs' importance ranking for further
explanation of the findings.

5.2 Cause/effect grouping of the CSFs

The CSFs were categorized into cause
and effect groups based on the R-C values
(Table 15). Ten CSFs (F-20, F-7, F-19, F-6,
F-3, F-8, F-5, F-14, F-11, and F-9) were
recognised to be in the cause group while
rest ten CSFs (F-17, F-18, F-10, F-1, F-12,
F-4, F-15, F-16, F-2, and F-13) were
recognised to be in the effect group. This
investigation revealed that F-5, with its
highest R-C value of 0.6839, is the most
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influencing CSF, whereas F-15, with its case scenario evaluated twenty CSFs. In order to track
lowest R-C value of minus 0.7419, is the the ways in which each CSF influences and is
most influenced CSF. influenced by other CSFs, the threshold (A), which is
calculated by utilising the following expression, has
been used to build the IRM each CSF.

Displaying all CSF interactions on an Impact

Relationship Map (IRM) was challenging because the

V=XXTRMi,jNj=1Ni=1 N=N (10)

5.3 CSFs Interactions

IRMs have been developed for every
CSF; however, Figure 4 only shows an
example of the F16 AMB IRM. A multitude
of other CSFs also influence and are
influenced by each other. All of the
interactions between the CSFs are displayed
in Table 16.
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Table 15: Prioritizing CSFs and corresponding cause-and-effect associations

Ri+ Cj Ranking Ri-Cj

CSF CSF Cause Effect

Code
Big Data and Analytics Tools
for Big Data (BDA) F-20 11.1240 1 0.1028
Global positioning system
(GPS) and Radio Frequency -0.0032
Identification (RFID) F-17 10.4340 2 H
;g;;gt?:]lgatlons and Cloud -0.1483

F-18 10.4110 3 O
Top management commitment 0.6133

F-7 9.9717 4
Sensor technologies and sensor 0.0234
network

F-19 9.9116 5
Green Advertising -0.2216

F-10 9.6393 6 O
Impact from stakeholders and
investors -0.3286

F-1 9.5970 7
Efficient reverse logistics
management -0.3772

F-12 9.4364 8
Green packaging and transportation 0.4907

F-6 9.3292 9 0
Government rules and regulations | F-3 9.2736 10 0.4052

-0.4506

Global competition factor F-4 9.2462 11 0
Greening competition pressures 0.2963

F-8 9.0558 12
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Management of toxic/ harmful/
hazardous materials and waste
and pollution

0.6839
preventative measures F-5 8.8575 13

Cooperation with vendors -0.7419
F-15 8.8281 14 0

green practices, policies, and

infrastructure 0.3976

F-14 8.8112 15 0

Achieving and sustaining
environmental (LEED, High
FEM, ISO 14,001, ZDHC)

certifications 0.3982

F-11 8.7159 16 O

Lifecycle Management and

Recycling -0.2931

F-16 8.5492 17 O

Sustainable waste management

-0.7057
system

F-2 8.5381 18 O

power negotiations along the

X 0.0885
supply chain

F-9 8.4794 19 O

Availability of qualified and

skilled manpower -0.2304

F-13 8.2450 20 O

12
11.5
11
10.5

10

9.5
||III“||III
8

F20 F17 F18 FY F19 F10 F1 F12 F6 F32 F4 F8 F5 F15F14 F11 F16 F2 F9
CSF

R+C

\o

Figure 4: Identified CSFs ranking
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Table 16: Interactions between CSFs

CSF Influencing In-influenced
F-11,F-13,F-16,F-17,F-18,F-19,F-20 F-3,F-5,F-6,F7,F10,F-11, F-12, F-14 , F-

1 17 ,F-18, F-19, F-20
2 F-3,F-4,F-5,F-6,F-7,F-10,F-12,F-17 , F-
18, F-19, F-20
3 F-1,F-2,F-4,F-6,F7,F-10,F-11, F-13, F-6,F-7,F-17,F-18, F-20
F-16 , F-17 , F-18 , F-19, F-20
F-2,F-11,F-18, F-19 ,F-20 F-3,F-5,F-6,F-7,F-8,F-14 ,F-17 ,F-18 , F-
F-4
19,F-20
F5 F-1,F-2,F-4, F-7,F-10,F-11,F-13,F-16, F-20
F-17 ,F-18, F-19, F-20
6 F-1,F-2,F-3,F-4,F-8,F-10, F-11, F-13, F-3,F-7,F-11, F-17 , F-18 , F-19, F-20
F-14 [F-16 ,F-17, F-18 , F-19, F-20
F-1, F-2, F-3, F-4, F-6, F-8, F-9, F-10, F-11, F- F-3, F-5 , F-8 , F-10, F-12 , F-17 , F-18 , F-19 ,
F.7 12, F-13, F-14, F-15, F-16, F-17, F-20
F-18, F-19, F-20
F-8 F-4 ,F-7,F-11,F-13,F-18 ,F-19, F-20 F-6,F-1,F-14,F-17 ,F-18 ,F-19, F-20
F-9 F-18 , F-19 F-7,F-18, F-20
E.10 F-1,F-2,F-4,F-7,F10,F-13,F-18,F-19, F-3,F-5,F-6, F-7, F-10, F-11 ,F-12, F-14 , F-
F-20 17,F-18 , F-19, F-20
F11 F-1,F-6,F-10, F-16, F-19 F-1,F-3,F-4,F-5,F-6,F-7,F-8,F-14 ,F-17
,F-18 ,F-19, F-20
F-12 F-1,F-2,F-7,F-10, F-18,F-19, F-20 F7,F20
FA3 e F-1,F-3,F5,F-6,F-7,F-8,F-10,F-14 , F-
17 ,F-18 ,F-19, F-20
14 F-1,F-4,F-8,F-10,F-11,F-13,F-16, F-18 F-6 ,F-7, F-20
,F-19 , F-20
F-15 F-18,F-19 F-7,F-17 ,F-18 , F-20
F.16 F-18,F-20 F-1,F-3,F-5,F-6,F-7,F-11, F-14 ,F-17 , F-
18, F-19, F-20
17 F-1,F-2,F-3,F-4,F-6,F-7F-8,F-10,F- F-1,F-3,F-5,F-6,F-7,F-17 ,F-18,F-19 , F-
11, F-13,F-15,F-16 , F-17 , F-18 , F-19 20
F-1, F-2, F-3, F-4, F-6, F-7, F-8, F-9, F-10, F- F-1, F-3, F-4, F-5, F-6, F-7, F-8, F-9, F-10, F-12,
F-18 11, F-13, F-15, F-16, F-17, E-18, F-14, F-15, F-16,
F-19, F-20 F-17 , F-18,F-19, F-20
E.19 F-1,F-2,F-4,F-6,F-7,F-8,F-10, F-11, F- F-1, F-3, F-4, F-5, F-6, F-7, F-8, F-9 F-10, F-11
13, F-16 , F-17 , F-18 , F-19 F-12, F-14, F-15,F-17 , F-18 , F-19, F-20
F-1, F-2, F-3, F-4, F-5, F-6, F-7, F-8, F-9, F- F-1,F-3,F-5,F-6,F-7,F-8,F-10, F-12, F-
F-20 10, F-11, F-12, F-13, F-14, F-15, 14, F-16 , F-17, F-18, F-20

F-16 ,F-17, F-18 , F-19, F-20
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6. Conclusion

Within the manufacturing operation,
insufficient core  skills and less
information awareness are caused by
inadequate strategic planning, ineffective
management, and inadequate information
management. System performance and
productivity may clearly be increased by
focusing more on the underlying causes of
problems and effectively managing their
impacts. To  prioritize the CSFs
accountable for the company's
performance, a similar approach was
applied in loT-enabled GSCM systems
utilizing the neutrosophic DEMATEL
method. One important aspect of
businesses' attempts to increase their
performance has been seen as green
supply chain management. Because of
this, the main goal of this study was to
find out what success factors are essential
for managing environmentally friendly
supply chains that are made possible by
Internet of Things technology. After a
literature review, 20 CSFs were identified
and divided into two categories: 10T
enablers and green enablers. We
determined each factor's relative
importance, the cause-and-effect
grouping, and the ways in which each
CSF influences and is influenced by other
CSFs after using the neutrosophic
DEMATEL technique. In conclusion, we
advised the organizations to focus on
particular CSFs, and to modify the
implementation process once loT-enabled
GSCM implementation reaches the proper
degree. Now, a continuous improvement
method will be used to increase the degree
of implementation, with the least important
CSFs receiving attention commensurate
with their significance.
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