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The authors greatly appreciate the time and effort the referees spent on reviewing this
manuscript. This paper has been revised based on the constructive comments and
suggestions made by the referees. Major changes are shown in red color.

Referee 1’'s Comments:

| would like to thank the authors for this interesting approach in dealing with an
important subject. The subject of segmentation and especially weighting using decision
makers or "experts" are one of the areas of debate in many fields. | found this
approach easy to follow and reproducible. This is an important advantage for the
proposed method. However, | have few issues that | want to recommend and clarify:
1.1 am not sure that you have presented enough discussion in the literature about the
added value for your approach and the need for this approach, not only from
operational point of view but also from computational one. In other words, you provided
in the second paragraph of the introduction why you are proposing this approach, but
there is no justification for where you think it will improve the current method
statistically. Is this approach better in your opinion and why?
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2.Tables 6a - 6e are a bit confusing within the manuscript, maybe including these
tables in an annex will be more convenient.

3.There must be a discussion section after the section "Comparison of the proposed
method with another fuzzy MCDM method" and the conclusion section. The results are
not discussed clearly for the reader. The results need to be interpreted from
mathematical and operational point of view, as a reader | am afraid | need more
explanation for the numbers. It looked in some places that you jumped from section to
another without explaining the results. Moreover, you need to discuss the strengths of
your approach, how it tackled current existing problem, and why do you think it should
be considered by others. For example, have you considered a simulation study and
compare the results with other methods to assess the consistency of the results?! or
have you considered comparing this method with more statistically based approaches
such as Multidimensional Latent Class Item Response Theory Models?! There should
be more discussion before you present your conclusion.

Responses:

1.Thank you very much for your comments. The authors have added some sentences
in the introduction and literature review section to discuss more about the
shortcomings of the existing approaches and the advantages of our approach.
2.Thanks for your suggestion. The authors have moved Tables 6a - 6e to appendix
section.

3.Thanks for your comments. The authors have added some paragraphs to discuss
about the results of the study and the advantages of our approach. Some sentences
have been added in the implementation section to explain more about the calculation
process. In this study, a new dynamic generalized fuzzy MCDM approach has been
proposed. Then, we have compared the proposed method with another fuzzy MCDM
method to show its advantages. The comparison between our proposed approach with
more statistically based approaches such as Multidimensional Latent Class Item
Response Theory Models should be our further research.

Referee 2's Comments:

While new methods for "green" supplier segmentation is certainly important,
interesting, and relevant, there are several issues in this paper.

1.The methods in this paper appear to be sound, it is very hard to read and
comprehend. The organization and visualization of data/results is overall, poor.
2.Background on fuzzy numbers is lengthy and a bit hard to follow.

3.There is an excess of tables, which is incredibly overwhelming and unhelpful given
the complexity of the topic and notation. The tables in the literature review section are
redundant or unnecessary. If tables really are necessary, for this many tables, they
belong in an appendix.

4.Some terms or abbreviations are not explained and confusing. For example, in Table
6a, I'm assuming "fa" = "fair", "Ve_go" = "Very good"? This needs to be standardized
and presented in a more meaningful, insightful, and visually interesting manner. For
example, map responses to numbers rather than letter abbreviations, and plot a heat
map of responses, rather than use a table. This can be done with ALL of the tables in
this section.

5.Table 8 may be better off as some sort of visual representation (chart) rather than a
table.

6.There are grammatical mistakes throughout the paper

Responses:

1.Thank you very much for your comments. The authors have added some sentences
in the implementation section to explain more about the data and results of this study.
The authors have also moved the Tables 6a - 6e to the appendix.

2.Thanks for your suggestion. The authors have moved the background on fuzzy
numbers to appendix.

3.Thanks for your suggestion. The authors have moved Tables 1-3 to the appendix.
4.Thanks for your suggestion. The authors have tried to change the abbreviations of
linguistic variables (Appendix B - Table 2 and other tables).

5.Thanks for your suggestion. The authors have modified the Table 8 to make it more
visually.

6.The authors have tried to fix the grammatical mistakes throughout the paper.

The authors would like to thank again the reviewers for the time and expertise they

have invested in these reviews. The revised manuscript with marked changes has
been resubmitted to your journal. We look forward to your positive response.
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Abstract

Supplier selection and segmentation are crucial tasks of companies in order to

reduce costs and increase the competitiveness of their goods. To handle uncertainty and
dynamicity in the supplier segmentation problem, this research thus proposes a new
dynamic generalized fuzzy multi-criteria group decision making (MCGDM) approach
from the aspects of capability and willingness and with respect to environmental issues.
The proposed approach defines the aggregated ratings of alternatives, the aggregated
weights of criteria, and the weighted ratings by using generalized fuzzy numbers with
the effect of time weight. Next, we determine the ranking order of alternatives via a
popular centroid-index ranking approach. Finally, two case studies demonstrate the

efficiency of the proposed dynamic approach

Keywords: Supplier segmentation, dynamic fuzzy MCGDM, centroid-index,

generalized fuzzy numbers

Introduction

Supplier segmentation is a step that follows supplier selection and plays an

important role in organizations for reducing production costs and optimally utilizing

resources. Enterprises classify their suppliers from a selected set into distinct groups with
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different needs, characteristics, and requirements in order to adopt an appropriate strategic
approach for handling different supplier segments [1]. Supplier segmentation is a highly
complex decision-making problem that must consider many potential criteria and decision
makers under a vague environment [2,3]. Consequently, supplier segmentation can be

viewed as a fuzzy multi-criteria group decision making (MCGDM) problem.

Numerous studies in the literature have proposed fuzzy multi-criteria decision
making (MCDM) approaches to select and evaluate (green/sustainable) suppliers, with
some recent applications found in [4-10]. While several studies used multi-criteria methods
and fuzzy logic systems for solving supplier segmentation problem [2,3,11-13], existing
studies on segmenting suppliers have paid limited attention to environmentally and socially
related criteria [11]. Additionally, few studies have applied generalized fuzzy numbers
(GFNs) to select or segment suppliers. Furthermore, they all have converted GFNs into
normal fuzzy numbers through a normalization process and then applied fuzzy MCDM
methods for normal fuzzy numbers. Nevertheless, the normalization process has a serious

disadvantage - that is, the loss of information [14].

Chen [15] indicated in many practical situations that it is not possible to restrict the
membership function to the normal form. Furthermore, the existing studies targeting
supplier selection and segmentation only address static evaluation information for a certain
period. However, in many real-life problems the decision makers are generally provided
the information over different periods [16,17]. Lee et al. [16] proposed a dynamic fuzzy
MCGDM method for performance evaluation, while Mehdi et al. [17] presented a new
fuzzy dynamic MCGDM approach to assess a subcontractor. Overall, it seems that no
study has yet to propose a dynamic MCGDM using GFNs for solving the green supplier

segmentation (GSS) problem with the effect of a time weight.



This study primarily proposes a new dynamic generalized fuzzy MCGDM
approach from the aspects of capability and willingness with respect to environmental
issues. The proposed approach defines the aggregated ratings of alternatives, the
aggregated weights of criteria, and the aggregated weighted ratings using GFNs with the
effect of time weight. We then determine the ranking order of alternatives via a popular
centroid-index ranking approach proposed by [18]. Finally, two case studies demonstrate

the efficiency of the proposed approach.

Literature review on methods and criteria for supplier
segmentation

This section presents an overview of the methods and criteria that have been used

for supplier segmentation in the existing literature.
Supplier segmentation methods

Supplier segmentation models have been widely explored ever since the pioneering
works of [19,20], who specified the variables required for segmenting suppliers [2,3,21-
26]. Some of these models have been reviewed and discussed in the works of [20; 27-29].
Kraljic [20] presented a comprehensive portfolio approach to purchasing and supply
segmentation. To classify materials or components, Kraljic [20] utilized two variables, the
profit impact of a given item and the supply risk, under high and low levels that yield four
segments: (1) non-critical items (supply risk: low; profit impact: low), (2) leverage items,
(supply risk: low; profit impact: high), (3) bottleneck items (supply risk: high; profit
impact: low), and (4) strategic items (supply risk: high; profit impact: high). Dyer et al.
[30] developed strategic supplier segmentation based on the differences between
outsourcing strategies. According to them, firms should maintain high levels of

communication with suppliers that provide strategic inputs that contribute to the
3



differential advantage of the buyer’s final product. On the other hand, firms do not need to
allocate significant resources to manage and work with suppliers that provide non-strategic
inputs. Kaufman et al. [26] developed a strategic supplier typology that explains the
differences in the composition and performance of various types of suppliers, using

technology and collaboration to segment suppliers.

Svensson [27] applied three principal components, including the source of
disturbance, the category of disturbance, and the type of logistics flow, in supplier
segmentation. Hallikas et al. [24] described supplier and buyer dependency risks as the
variables for classifying supplier relationships. Day et al. [28] presented the taxonomy of
segmentation bases in which the buyer assesses the supply base from a purchasing
perspective. Che [22] proposed two optimization mathematical models for the clustering
and selection of suppliers. Model 1 is based on customer demands to cluster suppliers
under a minimal total within cluster variation. Model 2 takes the results of Model 1 to
determine the optimal supplier combination based on quantity discount and customer
demands. Rezaei & Ortt [31] proposed a framework for classifying suppliers based on
supplier capabilities and willingness. Using their framework, it is possible to segment

suppliers using multiple criteria, but most existing methods are based on just two criteria.

Rezaei et al. [32] presented an approach for segmenting and developing suppliers
using capabilities and willingness criteria. They employed the best worst method (BWM)
to define the relative weight of the criteria and further applied a scatter plot to segment the
suppliers, where the horizontal and vertical axes are capabilities and willingness,
respectively. Segura & Maroto [21] utilized a hybrid MCDM approach based on
PROMETHEE and Multi-Attribute Utility Theory and used Analytic Hierarchy Process
(AHP) for eliciting the weights of the criteria. The authors further took historical and

reliable indicators to classify suppliers. Bai et al. [11] presented a novel methodology



based on the rough set theory, VIKOR, and fuzzy C-means for green supplier
segmentation, employing the dimensions of willingness and capabilities in their approach.
Aineth & Ravindran [8] proposed a quantitative framework for sustainable procurement
using the criteria of economic, environmental, and social hazards. Rezaei & Lajimi [33]
combined purchasing portfolio matrix, supplier potential matrix, and BWM to segment

suppliers. Appendix A compares the existing methods for supplier segmentation.

Supplier segmentation is a MCGDM problem that includes many criteria and
decision makers within a vague environment. However, only a few studies in the literature
applied the multi-criteria method and fuzzy logic systems to segment suppliers.
Additionally, previous studies were limited to using normal fuzzy numbers and addressing
the static evaluation information at a certain period to segment suppliers. Rezaei & Ortt [2]
utilized the fuzzy AHP approach to segment suppliers using their capabilities and
willingness criteria. Haghighi & Salahi [13] used the integrated fuzzy AHP approach and
c-means algorithm to cluster suppliers. Akman [34] proposed a hybrid approach, including
VIKOR, confirmatory factor analysis, and fuzzy c-means, to evaluate and segment
suppliers in an automobile manufacturing company. The criteria of suppliers’ capability
and willingness were used to cluster suppliers. Lo & Sudjatmika [12] presented a modified
fuzzy AHP approach for evaluating suppliers using bell-shaped membership functions. To
our knowledge, no prior studies have developed the dynamic generalized fuzzy MCGDM

approach with respect to environmental issues for solving supplier segmentation problem.
Green suppller segmentation criteria Use plain style

Identifying the GSS criteria is one of the main challenges of a business enterprise to
formulate proper supplier segmentation. To conduct GSS, several economic,
environmental, and social dimensions should be considered [6], yet the majority of prior

research only considered the evaluation criteria from the economic aspect. To segment the
5
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suppliers, our study’s proposed approach takes into account not only economic criteria, but
also environmental and social criteria. Appendix A summarizes the capabilities and

willingness criteria drawing the greatest attention in recent literature.

Establishment of a new approach for solving green
supplier selection and segmentation

This section develops a new generalized fuzzy dynamic MCGDM approach to
solve the green supplier selection and segmentation problem. The procedure of the

proposed approach is described as follows.
Identifying the green capabilities and willingness criteria

A committee of k decision makers (D,,v=1...,k) is assumed responsible for
evaluating m suppliers (A,i=1...,m) under n selection criteria (C,,j=1...,n) in time
sequence t,u=1..h, where the ratings of suppliers versus each criterion and the

importance weight of the criteria are expressed by using GTFN. The criteria are classified

into two categories: capabilities (C;, j=1,...,I) and willingness (C,, j=1+1...,n).
A dynamic MCGDM approach can be concisely expressed in matrix format as:
Cl(tu) Cz(tu) Cj(tu)

Al(tu) Xll(tu) Xlz(tu) le (tu)

0, = Y| ) )

Ai(tu) Xil(tu) Xiz(tu) Xij (tu)



Aggregating the importance weights of the criteria

Let w,(t,)=(0, () py().a; &)@, (t,))w, ) eR j=1...nv=1_.k u=1..,h be
the weight assigned by decision maker D, to criterion C; (C,, j=1...,n) in time sequence t, .
The average weight, w, =(o,,p,.q,;@,), of criterion C, assessed by the committee of k

decision makers can be evaluated as:

1

w, :m@(vvjl(tl)@wjz(tz)ea...cawjk ), (1)
where 0 —izk 0. (t) —izk t,) —izk t,) and
i = g L) Py = 2 P b = o 2004 G

@ = min{wjl(tl),zujz('[z),...,wjk (t,)}.
Aggregating the ratings of green suppliers versus the criteria

Let x;,(t,)={e; ) f, (). 05 ()2, (1)), i=1...m j=1...n v=1..k u=1..h be
the suitability rating assigned to supplier A, by decision maker D,, for criterion C, in time

sequence t, . The averaged suitability rating, x; = (e, f;,9;;@;), can be evaluated as:

1

X = W® (Xijl(tl) ® Xijz(tZ) ®.0 Xijy (tu) D..® Xijk (th))! (2)
1 & 1 & 1 &
where eij :ﬁéeijv (tu)7 fij :ﬁ; fijv (tu)l gij :ﬁ;gijv (tu) ) and

oy = min{wijl(tl)lwijz(tz) ----- Tij )}
Constructing the weighted fuzzy decision matrix

The weighted decision matrices S, =(d,,h,,i;@,) and S,, =(d.,,h,,i,;@,) versus the
capabilities (C,,j=1...,1) and willingness criteria (C,,j=1+1...,n) in time t are

respectively defined as follows:



| |
Su:%Z(sij)m_, :%inj ®w,, i=1...,mj=1..,1 3)
1 =

j=

1 < 1 . . .
D ) meny =n——l—12 X ®w,, i=L..,mj=1+1..n 4)

2" n_l_lj:Hl j=I1+1
Defuzzification

This study applies the popular centroid-index ranking approach proposed by [18] to

determine the ranking order of alternatives.

Segmenting the green Supp“ers What was your justification to divide the suppliers??
support with evidence

Based on the distance values between the centroid and minimum points of the
alternatives, we divide the suppliers into 2 x 2 segments, including Group 1 (low
capabilities and low willingness), Group 2 (low capabilities and high willingness), Group 3
(high capabilities and low willingness), and Group 4 (high capabilities and high
willingness). The cut-off points, which are the potential values of the distance, are
determined by the decision makers; i.e., all decision makers give the linguistic variables for

the ratings of alternatives as Fair = (0.3, 0.5, 0.7; 0.8).

Implementation of the proposed dynamic generalized

fuzzy MCGDM approach

This section applies the proposed approach in the case of a medium-sized transport
equipment company located in northern Vietnam. The managers of this company have
become perplexed on how to effectively manage their suppliers to maximize their profit
due to the increase in the number of suppliers. We apply the proposed approach to the
process of this firm’s green supplier segmentation to help it segment its suppliers and test

the efficacy of the proposed method. Data were collected by conducting semi-structured
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interviews with the company’s top managers and department heads (decision-makers).
Three decision makers (D1, D2, and Ds3) were requested to separately evaluate the
importance weights of the capabilities and willingness criteria and the ratings of GSS at
three different times (ti, to, and t3). We characterize the entire GSS procedure by the

following steps.

Step 1: Aggregate the importance weights of the respective capabilities and
willingness criteria.

Step 2: Aggregate the ratings of green suppliers versus capabilities and willingness
criteria, respectively.

Step 3: Construct the weighted fuzzy decision matrices.

Step 4: Calculation of the distance of each green supplier.

Step 5: Segment the green suppliers.

Steps 1 and 2 were performed by the company’s managers (i.e., the three decision-
makers D1, D2, and Ds3) without any intervention from the authors. Steps 3 to 5 were

calculated using the proposed approach.
Aggregation of the importance weights of the respective green

capabilities and willingness criteria

Following the review of the literature and discussions with the top managers and
department heads, we select six capabilities (i.e., price/cost - Cy1, delivery - C», quality - Cs,
reputation and position in industry - Cs, financial position - Cs, hazardous waste
management - Ce¢) and four willingness criteria (i.e., commitment to quality - W,
commitment to continuous improvement in product and process - Wa, relationship
closeness - W3, willingness to share information, ideas, technology, and cost savings - Ws)

for evaluating and segmenting suppliers. After determining the green suppliers’ criteria,



the three company’s managers are asked to define the level of importance of each criterion

through a linguistic variable. Table 1 shows the aggregate weights of the criteria using Eq.
(1).

Table 1. Aggregated weights of the criteria evaluated by the decision makers

Decision maker
Criterion t1 to t3 Wij
D1 | D2 | D3| Dy | D2 | Ds | D1 | D2 | D3
C1 VI | VI VI|AlI|lVI|AI|lAI'| VI|AlI| (0.633 0.789, 0.944; 0.900)
Co \V . I I I I | VI|VI| | (0.433, 0.567, 0.700; 0.800)
Cs VI|AlL|VI|AlI'|lVI|VI|VI|VI|VI| (0567 0.744,0.922; 0.900)
Cs VI|{VI|AIVI|{VI|VI|IT |VI]I (0.511, 0.678, 0.844; 0.800)
Cs Al [ VI{VI] | | VI I I | VI | (0.489, 0.633, 0.778; 0.800)
Cs I | VI | I [VI|{VI| | |VI|VI| (0.456,0.611,0.767; 0.800)
Wi I I 1 | VI | | I | VI | (0.422, 0.544, 0.667; 0.800)
W, Vi | | VI I I | VIV | I (0.444, 0.589, 0.733; 0.800)
W3 | | | 1 | VI | I | VI | (0.422, 0.544, 0.667; 0.800)
W, I | VI | I | VI VI|VI|VI]| I (0.456, 0.611, 0.767; 0.800)

Aggregation of the ratings of green suppliers versus the

capabilities and willingness criteria

The decision makers define the suitability ratings of twelve green suppliers (i.e.,

A,..,A,) versus the capabilities and willingness criteria using the linguistic variables.

Tables 3a to 3e (in Appendix C) present the aggregated suitability ratings of the suppliers

versus the six capabilities criteria (i.e., C,,...,C,) and four willingness criteria (i.e., W,,...,W,)

from the three decision makers obtained from Eqg. (2) and Table 2 (in Appendix B).

Determination of the weighted rating

Table 4 shows the final fuzzy evaluation values of each green supplier using Egs.

(3) and (4).
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Table 4. Final fuzzy evaluation values of each supplier

Supplier

Capabilities criteria

Willingness criteria

Ay

(0,214, 0,405, 0,653; 0,700)

(0,126, 0,262, 0,443; 0,700)

Az

(0,124, 0,261, 0,444 0,600)

(0,214, 0,387, 0,611; 0,800)

Az

(0,303, 0,507, 0,762; 0,800)

(0,198, 0,372, 0,598; 0,800)

Ay

(0,131, 0,269, 0,453 0,600)

(0,214, 0,391, 0,620; 0,800)

As

(0,228, 0,422, 0,674, 0,700)

(0,191, 0,358, 0,576, 0,700)

As

(0,231, 0,428, 0,685; 0,700)

(0,219, 0,391, 0,611, 0,800)

A7

(0,298, 0,484, 0,716: 0,700)

(0,212, 0,386, 0,612; 0,800)

Ag

(0,137, 0,286, 0,487; 0,600)

(0,130, 0,266, 0,449; 0,600)

Ao

(0,231, 0,428, 0,683, 0,700)

(0,205, 0,377, 0,60; 0,800)

A1o

(0,258, 0,448, 0,692; 0,600)

(0,184, 0,353, 0,575; 0,700)

A

(0,239, 0,440, 0,699; 0,800)

(0,203, 0,378, 0,605; 0,800)

A

(0,131, 0,273, 0,464 0,600)

(0,214, 0,378, 0,589; 0,600)

Calculation of the distance of each green supplier

We obtain the distance between the centroid point and the minimum point Go =
(0,124, 0,600) of each green supplier as depicted in Table 5 by using the data in Table 4

and the ranking approach proposed by [18].

Table 5. Distance measurement

Capabilities criteria Willingness criteria
Supplier Centroid point A; Distance Centroid point )
PP (ny.) D(Ai, Go) IR Distance D(Ai, Go)
A1 (0,424, 0,233) 0,314 (0,277, 0,233) 0,177
Az (0,276, 0,200) 0,172 (0,404, 0,267) 0,298
As (0,524, 0,267) 0,414 (0,389, 0,267) 0,284
A4 (0,284, 0,200) 0,179 (0,409, 0,267) 0,302
As (0,442, 0,233) 0,331 (0,375, 0,233) 0,266
As (0,448, 0,233) 0,338 (0,407, 0,267) 0,300
A7 (0,499, 0,233) 0,387 (0,404, 0,267) 0,297
As (0,303, 0,200) 0,197 (0,282, 0,200) 0,175
Ag (0,447, 0,233) 0,337 (0,394, 0,267) 0,288
A1 (0,466, 0,200) 0,351 (0,370, 0,233) 0,261
A (0,459, 0,267) 0,352 (0,396, 0,267) 0,290
A1 (0,289, 0,200) 0,184 (0,394, 0,200) 0,279

Segmentation of the suppliers

Based on the distance scores for the capabilities and willingness of each green
supplier, we assign 12 green suppliers to one of four segments (Fig. 1) using Step 6 of the

proposed methodology. In this step, the cut-off points of the green supplier’s capabilities
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and willingness are 0.2084 and 0.1814, respectively. Figure 1 and Table 6 show that one
green supplier is assigned to Group 1, three green suppliers to Group 2, one green supplier
to Group 3, and seven green suppliers to Group 4. Thus, the company has seven good

green suppliers, but five of them lack capabilities, willingness, or both.

The results indicate that the company can use different strategies to handle various
segments and may try and develop those green suppliers that are less capable and less
willing to cooperate (i.e., Group 1 green suppliers) or terminate its relationship with them
in favor of good alternatives [2,3]. Group 2 green suppliers are willing to cooperate, but are
less competent to meet the buyer’s requirements. The company should help these green
suppliers improve their capabilities and performance or replace them with capable ones in
the short term [35]. Group 3 green suppliers have high capabilities, but exhibit a low-level
willingness to cooperate. The company should focus on improving its relationship with
these green suppliers and determine various approaches on how to become attractive to
them [36]. Group 4 green suppliers, which are the best green suppliers of the company,
have great capabilities and a high level of willingness. The company should maintain a

close long-term relationship with these green suppliers [31].

Table 6. Segments of the suppliers

Segment No. of suppliers Supplier(s)

Group 1 1 Asg

Group 2 3 Az, A4, A2

Group 3 1 A

Group 4 7 As, As, As, A7, Aoe, A1o, A11
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Fig. 1. Final supplier segmentation results

Comparison of the proposed method with another fuzzy

MCDM method

This section compares the proposed approach in time t,,u=1 with another fuzzy
MCDM approach to demonstrate its advantages and applicability by reconsidering the
example investigated by [2]. In this example, a medium-sized broiler (meat-type chicken)
company in the food industry intends to segment its suppliers. Six criteria for capabilities
and six criteria for willingness are selected to segment 43 suppliers based on the decision
makers (i.e., the managers). Table 7 shows the importance weights of the capabilities and

willingness criteria.

Table 7. Importance weights of the capabilities and willingness criteria

Cgﬁig;il:)tr']es Fuzzy weight V\ég:éggigﬁss Fuzzy weight
ct (0.065, 0.106, 0.181; 1.0) c) (0.114, 0.206, 0.350; 1.0)
Cs (0.110, 0.161, 0.238; 1.0) cy (0.086, 0.150, 0.266; 1.0)
Cs (0.148, 0.206, 0.279; 1.0) cy (0.094, 0.150, 0.253; 1.0)
cs (0.115, 0.161, 0.231; 1.0) (o (0.094, 0.150, 0.253; 1.0)
cs (0.109, 0.161, 0.240; 1.0) cY (0.127, 0.206, 0.328; 1.0)
Cs (0.132, 0.206, 0.302; 1.0) Cy (0.074, 0.137, 0.250; 1.0)
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Table 8 demonstrates the averaged ratings of suppliers versus the capabilities and
willingness criteria based on the data presented in Table 5 in the work of [2] and in Table 2

of this paper.

Table 8. Average ratings of suppliers versus the capabilities and willingness criteria

Supplier Capgbil_ities WiII_ingr_less Supplier Capgbil_ities WiII_ingr_less
no. criteria criteria no. criteria criteria
1 Ceon | Gaoon | 2| e | oo oo
2 ‘%9159175%.15%5’ (%9266115%.18%8’ 24 (%f’ffz’i%%if” (%95‘33;%.15?)5’
s | 020106 Qs 010 |, [ 00390050 [ (000102
4 ‘%92532%.181)1’ (%926615%.18330’ 2 (%91377;%958’ (%92556{%.182)3’
5 ‘%f’fgl\r;j"o‘?éz’ (06(.)244?;06.181)2’ 27 (%9{‘96{%.18%1’ (%95‘326'%.18")5’
o | Cpmonn | Guenia | w | GoROLS | Conoi
T | Gmenho [Coneim | m |Gt |Gonot
o | Gmmpin [ Couonn | w | Gunne | 0o
| oo [Couenn | a | Gt om0t
o |G [Coman | w | Comoln | OELIL
u |G [eoman | w | Copoun OEmi
o | O GO | w | Comoon | Coe
n | GEoto [Cmonn |« | Queonn | Gmeo
| GEos |Gt | w | QEmomo | GuitD
s |G | Comoee | o | GELoLT | GEoe
16 | 0250000 0057, 0095 55 | (044,009 | 0035 0100,
| 080088 000 0125 g | (0380085 | 00200055
18 ("J’fé‘ij%f’é‘f’ (%92550{%.181)7’ 4 “o?f‘gﬁ’i%?%g’ ‘%92553{%.181)7’
19 (%92551’;%.1%6’ (%91159;;%985)7’ 4 “o?féc;;%%& ‘%92“2"7';%.1%0’
20 (0.039, 0.088, (0.033, 0.090, 42 (0.053, 0.108, (0.049, 0.112,

0.175; 0.8) 0.210; 0.8) 0.202; 0.8) 0.240; 0.8)
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o1 (0.019, 0.059, | (0.013, 0.052,
0.133; 0.8) 0.139; 0.8) 13 (0.031,0.071, | (0.059, 0.125,
. (0.048,0.101, | (0.052, 0.117, 0.142; 0.8) 0.257; 0.8)
0.193; 0.8) 0.249; 0.8)

We obtain the distance between the centroid and minimum points of 43 suppliers

by using the ranking approach proposed by [17] as denoted in Table 9.

Table 9. Distance measurement

Capabilities criteria Willingness criteria
Supplier | Centroid Minimum Distance Centroid Minimum Distance
point point point point
[ oes Towe | 025 085 [oa
o [ Gae T o | O |00 oum
o [ one T o Toar | 022 |08 | oo
oo T | O TG0 o
|G T Toaw | Ol 00 o
o [ G T Tom | 0% |08 oo
e o T | O 00 o
o | Gom T Toas | Oy |08 | o
o [ om oms Tow | 0 085 o
o | 00 Town | 085 005 o
o | i 0o Tome | 05 005 o
o | oas oo Tomn | 05 005 [0
s | oo Tom | 015 005 [0
w | o0 Towe | 028 [ 005 o
s | o 0o Tome | 015 085 [0
o | oo T om Tom | O | 00 o
o | G oms Towe | € | O o
o | O 0o [ow | O |63 | o
19 (0.120, (0.014, 0,207 (0.074, (0.013, 0,188
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0.333) 0.333) 0.333) 0.333)
o | Gm e o | |08 | o
w | O o | O |00 | o
w | G o | o] 00 | o
n | G o | 05|00 |
w | o | o |08 | o
s [ Gm e o | |00 | o
s | Gm e o | 25|00 | o
o |G o | o | o0y | o
w |G o | o |0 |
s |G e o | 0| 0o |
o | G ow | 0|00 | o
o | G e o | om | Oar | o
w | G o | 0|00 | o
o |G o | 0|00 | o
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o | G e e | 0% |0 |
o | G o | 02|00 | o
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o |G em o | 0|08 | o
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o |0 e o | o] 0ar | o
o | O em Tow | 00| 08 | o
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Based on the distance scores for the capabilities and willingness of each supplier,
we assign 43 suppliers to one of four segments using Step 7 of the proposed method. The
cut-off points of the supplier’s capabilities and willingness are 0.196 and 0.1996,
respectively. Table 10 shows that three suppliers are assigned to Group 1, nine suppliers to

Group 2, three suppliers to Group 3, and twenty-eight suppliers to Group 4.

Table 10. Segments of the 43 suppliers

Segment No. of suppliers Suppliers
Group 1 3 Ao, A1o, and Azg
Group 2 9 Au4, Ate, A17, A1s, A4, Aze, Azo, As1, andAss
Group 3 3 A1g, Az, and Asg
A1, A2, As, As, As, As, A7, As, A11, A12, A13, and Ass,
Group 4 28 Az0, A21, A2, A3, Azs, Aze, A2z, Az, As1, Asz, Ass,
Ass, Ass, Asz, Ass, and Ago

Table 10 shows a slight difference between the segments of the 43 suppliers using
the proposed method and the approach introduced by [2,3]. The reason for the difference is
that the techniques proposed by [2,3] use the crisp values to measure the ratings of the
suppliers. This proceeding is unreasonable, because the supplier evaluation criteria include
both quantitative and qualitative criteria. The proposed method herein employs GFNs to

represent the ratings of suppliers.

DiSCUSSiOﬂS and COﬂClUSiOﬂS It should be supported by literature

Green supplier segmentation (GSS) is a critical marketing activity for companies
having many suppliers. Rather than formulating individual strategies for each supplier,
companies can now adopt an appropriate strategic approach for handling different supplier
segments. To manage the uncertainty and dynamics of GSS, this study develops a new
dynamic generalized fuzzy MCGDM using capabilities and willingness criteria. The
proposed approach contributes to the body of GSS literature in four significant directions.
First, it expands previous studies by using GFNs instead of fuzzy numbers. Second, it is
able to solve the supplier segmentation problem at different periods instead of one period.
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Third, it considers not only economic criteria, but also environmental and social criteria
from the aspects of suppliers’ capability and willingness. Fourth, the approach can solve
the GSS problem and also be employed in other management problems under similar

settings.

The proposed framework uses GFNs to express the aggregated ratings of
alternatives, the aggregated importance weights of criteria, and the aggregated weighted
ratings with the effect of time weight. In order to rank the alternatives, we apply the most
popular centroid-index ranking approach. We test the proposed approach by segmenting
the suppliers of a medium-sized transport equipment company to illustrate its applicability.
The company can thus formulate different strategies to handle various segments based on
the outcomes obtained using the proposed method. We identify at least four major green
supplier strategies: (i) maintain close long-term relationships with suppliers that have
strong capabilities and high willingness; (ii) improve and attract relationships with
suppliers that have high capabilities, but a low-level willingness to cooperate; (iii) help
suppliers that have low capabilities, but are very willing “to green” their products and
processes; (iv) terminate relationships with suppliers that are less capable and less willing
to cooperate. We further compare the proposed approach with another fuzzy MCDM
approach to demonstrate its superiority. Findings show that the proposed approach is an

effective tool for practitioners to solve GSS problems.

The study does have some limitations. First, the proposed approach does not
consider the correlation of attributes. Therefore, it is difficult to derive the weights of the
decision criteria while maintaining judgment consistency. Second, by using fuzzy sets, the
proposed approach cannot handle MCGDM problems that have indeterminate and

inconsistent information. Future work plans are to integrate an AHP method in MCGDM
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by defining the importance weights of criteria. Neutrosophic sets and their extension will

also be applied to express the vague information in MCGDM.
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Appendices
Appendix A

Supplier segmentation approaches

Methodology Segmentation method Reference(s)

Process [13]
Conceptual Portfolio [18]
Portfolio and Involvement [37]
Involvement [29]

Portfolio and Involvement [22-25]
AHP and Taguchi method [21]

Empirical AHP, Fuzzy AHP [2,8,12,13]

Fuzzy logic [3]

Portfolio, Best Worst Method [31,32]

Confirmatory factor analysis, VIKOR, fuzzy C-means [11,33]
PROMETHEE, Multi-Attribute Utility Theory [20]

List of capabilities criteria

Criteria Sub-criteria Sub-sub-criteria or explanation
Price/Cost Product price, logistics cost
Quality of products ISO quality system, repair and return rate
Delivery Lead time, safety of components
Communication and e-commerce systems,
Technology . e :
) production facilities and capacity
Economic Flexibilit Product volume changes, using flexible
criteria y machines
Financial capability Financial position
Culture Vendor’s image
Innovativeness New launch of products and/or technologies
Relationship Relationship closeness
Pollution production or | Harmful materials released, pollution reduction
control capability, end-of-pipe controls
. Consumption of resources in terms of raw
Resource consumption .
material, energy, and water
Design for resource efficiency, Design of
Eco-design products for reuse, recycle, and recovery of
Environ- material
mental , Environmental  certificates,  environmental
o Environmental . . .
criteria implementation and operation
management system .
Reverse logistics system
Green image and product En\{lronmenta_l _ frlendly product packaging,
social responsibility
Green competencies Clean technology
Staff environmental - . .
- Staff training on environmental issues
training
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Social Safety and health

Standardized health and safety conditions

criteria Employment practices

Job stability, employee welfare

List of willingness criteria

(Sources: [4,6,7,32])

Willingness criteria

Commitment to quality

Open to site evaluation

Commitment to continuous improvement in
product and process

Prior experience with supplier

Commitment to greening

Impression

Relationship closeness

Willingness to share: information, ideas,
technology, cost savings

Honest and frequent communication

Willingness to invest in specific technology

Communication richness

Willingness to co-design

Open to site evaluation

Willingness to participate in new product
development

Attitude

Willingness to eliminate waste

Appendix B. Preliminaries

Generalized fuzzy numbers

(Sources: [2,3,11,12])

We note that Hi=(si,s2,85,5:w,),0<w, <1 is a generalized trapezoidal fuzzy

number (GTrFN), where we (0,11, si,s2,5:, and s. are real numbers. If w, =1, then GTrFN

H. is called a normal TrFN and denoted as Hi=(s,s2,ss,5:;1). If s. =s; then H. becomes a

generalized triangular fuzzy number (GTFN) and can be denoted as Hi =(s:,s2,5:;w,, ). The

membership function », (x) of GTrEN H. satisfies the following conditions [38, 39]:

(@) 4, (x) is continuous to [0,w];

(b) 4, (x)=0, forall xe(—=,s];

(C) u, (x) is strictly increasing in [s,s.];

(d) u, () =w, forall xe[s,,ss];

(€) ,, (%) isstrictly decreasing in [ss,s.];
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(f) u, (=0, forall X€(§4,0o:| .

Arithmetic operations on generalized fuzzy numbers

Let H: and H. be two GTrFNs; i€, Hi=(4 X, Xsxw,) and
Hz = (Y, Y, Y5 YaiW,,), WHere xi,xz,xs,xs,y,,y,,y, and y, are real values, 0<w, <1, and

0<w, <1. Some arithmetic operators between GTrFNs H. and H. are defined as follows
[38].
(i). Addition (+):

Hi(+)Hz2 = (X1, X2, X3, Xa; W, )J(+)(Y1, Y0 Y3 Vas Wy, )

= (Xt + Yy, X + Y, Xa + Vg, Xa + Y, ;min(w, W, ))
(ii). Subtraction (-):

Hl(_)HZ = (Xl, X21X31X4;WH1)(_)(y11 yz7 y37 y4;WHZ)

= (X1 = Y40 X2 = Y3, Xs = ¥, Xa = Yy min(w,, ,w,, )
(iii). Multiplication (x):

Hi(X)H2 = (X1, X2, X3, X4;WH1)(X)(y1v Y21 Ys y4;WH2)

= (X1 XYy, X2 X Y,, X X Vg, Xa X Y, ;min(w,, , W, ))
(iv). Division (/):

H:(NH: = (Xl,Xz,X3,X4;WH1)(/)(y1, Yo Vs y4;wH2)

=X/ Y4 X2l Vg, X3 Yy, Xa Ly smin(w,, ,w,, )
Here, xi,xz2,Xs,Xs,Y,,Y,,Y, and y, are non-zero positive real numbers.

Linguistic variables and fuzzy numbers

Table 2 shows the linguistic variables represented by GTFNs for the ratings of

alternatives and the importance weights of the criteria [40].
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Table 2. Ratings of alternatives and importance weights of the criteria

Ratings Importance weights
Linguistic variable GTFNs Linguistic variable GTFNs
Very Poor (VP) (0.1,0.2,0.3; 0.6) Unimportant (Ul) (0.0,0.2,0.4; 0.6)

Ordinary Important

Poor (P) (0.2,0.3,0.4;0.7) (0.3,0.4,0.5;0.7)

(®))
Fair (F) (0.3,0.5,0.7; 0.8) Important (1) (0.4, 0.5, 0.6; 0.8)
Good (G) (0.5,0.7,0.9; 0.9) Very Important (V1) (0.5,0.7,0.9; 0.9)

Absolutely Important

Very Good (VG) (0.8,0.9,1.0; 1.0) (Al)

(0.8,0.9, 1.0; 0.9)

Appendix C

Table 3a. Average ratings of suppliers versus the capabilities criteria

Decision maker
Criterion | Supplier t1 t2 t3 Aggregated ratings rij
Dy | D2 | D3 | D1 | D2 | D3 | D1 | D2 | D3

(0,256, 0,411, 0,567

As Flr|F|P|F|P|P|F|P 0.700)
(0,278, 0,456, 0,633;

Ax Flp|F|F|F|FE|P|FI|F 0.700)
(0,600, 0,767, 0,933;

A |ve|c|c|vele |G |G|vela 0500)
(0,178, 0,289, 0,400;

A vl P vl P P |v|P|F]|P 0500)
(0,511, 0,700, 0,889

As cle|cl|lc|c|F|lvelc|oa 0500
N el rlrleclclelel s+ | (03890580789

. 0,800)
A |ve|ve|ve| G |ve|ve|ve| G |ve (0’733'§§§(%’ 0,978;
(0,178, 0,300, 0,422;

Ao |velwe|we| P v P |P|FI|F 0500)
(0,478, 0,678, 0,878;

Ao c|lFlel|le|e|le|e|c|oa 0500)
Ao |Vve| e | e |ve|le|ve| G |vel|a (0’633'8 gg(% 0,944,
(0,344, 0,544, 0,744;

Awr Flo|F|F |G| F|F|FI|F 0500)
(0,256, 0,411, 0,567;

Az plPp|F|F|P|F|F|P|F 0.700)
(0,433, 0,633, 0,833;

As c|lFlcle|e|lc|F|F|oG 0500)
(0,222, 0,367, 0,511,

. Ax plw|w | P | F|F|P|F|F 0500
As |G |ve|lve| G |ve|lve| G| G (0’633'85(?(%’ 0,944,
As F|P | F | F|F | F|P|F|F | (02780456 0633
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0,700)
A | FIF|P|F|IF|F|F|F|oG (07311'5'758(% 0,689;
As scleolealvelc!lalvel g lve| (0600 é)’g&?), 0,933;
A |ve|le|ve| e |6 |ve|c |G |ve| @633 ggg(% 0,944;
As plelplplelplelel g | (0300 8,7458, 0,611;
n | FIF|F|F|F|F|Pp|F|F| @29 5’74075)’ 0.667;
Aso PIvV|P|P|F|F|P|FI|F (0,233, gg()?(%, 0,522;
Av |G |ve|G|G|ve|G |G |6 |ve| (@60 (?97 5507) 0,933;
Az cle|F|pP|vw|lP|F|P|F (0’289’8’;5‘5‘)’ 0,600;
Table 3b. Average ratings of suppliers versus the capabilities criteria
Decision maker
Criterion | Supplier t1 to t3 Aggregated ratings rij
D1 | D2 | D3 | D1 | D2 | D3 | D1 | D2 | D3
Ar Flelcglelelal el el | 038 gésg(%, 0,789;
Az P|w|P|F|F|P|P|V|P (0,200, 850202), 0,444:
As clvelvel s lalclvela!l g | (0800 &970607), 0,933;
A | FIF|F|lP|F|P|P|F|p| 0 8'740101)’ 0.567;
A | F|Fle|ve|ve| o |ve e || (5080
. As clelalclalalalelg| (0456 (())’,86(5)3(%, 0,856;
A | FlF|P|F|ve|ve|c|F|c| @4 o0
A | FIF|F|F|F|G|F|la|F | 034 85&;‘)’ 0.744;
Ag G| F|G|G|F|F|G|VG|G (01467,8558, 0,844;
Mo | F|F|F|F|F| F|lc|c|ve @40 A
A ||| F|le|la|vel | F|F (0’467'&?05(% 0,844;
Ar clelplplelel felp| g| 267, (?,;15(\)3)’ 0,600;
A |G|lF|lc|c|velG|ve|c |G (0’544'&370202)’ 0,900;
- e | FlP|F|F|P|F|F|P|F| ©2 8745’5’)’ 0.600;
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(0,600, 0,767, 0,933;
As G |VG| G |VG|VG| G | G| G| G 0.900)
(0,289, 0,444, 0,600;
A4 G|F|G|P|V|P|F|F|P 0.600)
(0,433, 0,633, 0,833;
As FI1 G|G|F|F|G|]G|G|G 0.800)
(0,333, 0,522, 0,711,
As F | P FI F| G| F|F|G|F 0.700)
A7 VG|VG| G| G |[VG|VG|VG| G | G (0’667’(()) 980101) 0,956;
(0,278, 0,433, 0,589;
As P F PP | F | P F| G| F 0.700)
(0,422, 0,611, 0,800;
Ag F | F F|I G| F|F | G|VG| G 0.800)
(0,544, 0,722, 0,900;
A1 G| G|VG|G|F |G |VG| G| G 0.800)
(0,444, 0,633, 0,822;
A G | F FIG|F | F |G| G|VG 0.800)
(0,233, 0,378, 0,522;
A1z PIVP| P | F|F|P F | F P 0.600)
Table 3c. Average ratings of suppliers versus the capabilities criteria
Decision maker
Criterion | Supplier t1 t2 t3 Aggregated ratings rij
D1 | Dy | D3 | D1 | Do | D3 | D1 | D2 | D3
\% (0,489, 0,678, 0,867,
A1 G| G| F |G G G| F |G| G 0.800)
(0,222, 0,356, 0,489;
Az F P F|P|F | P | P |VP|P 0.600)
\% (0,522, 0,700, 0,878;
As G |[VG| G G G| G|F|F |G 0.800)
(0,300, 0,444, 0,589;
Aq G| G| G |VP| P P| P [P F 0.600)
(0,333, 0,522, 0,711;
As P F| F|F|F|F|G|F|G 0.700)
pn |Gle|FlF|le|F|c|c|ve| (046706560844
Ce 0,800)
\/ (0,667, 0,811, 0,956;
A7 VG (VG | VG| G G G| G| G |VG 0.900)
(0,233, 0,389, 0,544;
A V| P |VW|F|P|F|F|F|F 0.600)
\% \% (0,544, 0,722, 0,900;
Ao G| F |G G G| G G G| G 0.800)
\% (0,511, 0,700, 0,889;
Ao G| F |G| G G G| G| G| G 0.800)
(0,478, 0,678, 0,878;
An G| G|G|G|G |G |G| F |G 0.800)
(0,256, 0,411, 0,567,
A1z F|P|P|F|F|P|F|F|P 0.700)
Cs A1 F FI G|G|F |G |G |G| G (0,433, 0,633, 0,833,
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0,800)

(0,244, 0,389, 0,533;

A; F|P|P|F|P|F|F|P]|P 0.700)
As G|G|VG| F|G |G \G’ G |vg| (0578 gggg), 0,911;
As plelelplelprl|rlp|p | 0244 5,73&%, 0,533;
As G| F|G|F|F|G |G \é o | (0467, &3658’ 0,844;
A |ve|G|G|lG|F|lG|a|F|c | 0% ggg(%, 0,867;
Ao PPl Pp|F|P|lP|c|c|F | 02 5'745’5’)’ 0578;
i | F|F|F|P|F|IF|F|pP|F | ©28 8'74506)’ 0.633;
As G| |ve|G|F|c|c | F|F| @7 85506) 0,844;
Awo G |VG| G |G 2;/ G 2;/ 2;/ c | (0833 ggg(% 0,044;
Ar |G |F |G \é cleclclcela (0,511,8;;8(%, 0,889;
rme (v P we|F|P|F|F|F|p | 02 85(% 0511,
Table 3d. Average ratings of suppliers versus the willingness criteria
Decision maker
Criterion | Supplier t1 t2 ts Aggregated ratings r;
D; | D, | D3 | D1 | Do | D3 | D1 | D2 | D3
Ao | PlF|P|F|F|P|c|F|c| O 8'7407(% 0.644;
n |G |ve|ve|G |G |G|Gc |6 |ve| @60 (‘))’ggg)’ 0,933;
A |G| FlGe|ve| G| G|ve| G| G (0’544'&370202)’ 0,900;
A [vele |6 |G|vec|c|c 6| OO ) 0.922;
As c|F|lc|c|c|G|F|F| G| 0 8,865,(%, 0,833;
s As G|ve| G |G|G|G|ve o |c| ©F gggg) 0,922;
A7 clelelelalalc!| gl g | (045, gg()s(g—s), 0,856;
As plrlelerlElprlelal g | (28 (2,741()5(%, 0,622;
Ao cleolvele |l FlaeglElal o | (048, ggg(gs), 0,867;
Ato Flp|F|lc|F|lc|G|F|F | O35 5,755151), 0,733;
Au FIGIF|G]G|F[G]F]|G] (04110611, 0,81L;




0,800)

(0,333, 0,467, 0,600;

A1z P |VP| P P P F | G |VG| G 0.600)
A Flrp |l FIlEIlPIEIFIPI|E (0,267,5)’,743(%, 0,600;
n |6|c|ve F|lc|Fl|le|c|ve| 052 SJSS) 0,878;
As clFleglegleglacglclc!|a (0,478,5)’,:075), 0,878;
Aq FlecleglaglFlaoglac | FI|a (0,433,5)’,:&%, 0,833;
p | FlG G G |ve|G|vel G| G| O 25 0:900:
A |F|F|c|c|c|ve|la|F|c | O oe00
W N clolvelelclelclala (0,533,8,970202), 0,911;
Ag P|V| P |P|P|F|F|F|G (0,256, 8,518(% 0,544;
Ag G| G FIl G| F F EFl G E (0,389,8,8553(% 0,789;
Mo |G| F|F|lele|Fle|F|c| 04 &360101), 0,811;
Au1 Flelelel|ele|ac|a|ve| ©L 83378(% 0,889;
A1z clegleglegl|lFleglc!|lFEla (0,456,(())’;36(5)3(%, 0,856;

Table 3e. Average ratings of suppliers versus the willingness criteria
Decision maker
Criterion | Supplier t1 t t3 Aggregated ratings rij
D; | D, | D3 | D1 | D2 | D3 | Di | D2 | D3

Aq ) ) ) = P = = P = (0,244,5)’,7353(% 0,533;
Ao FlF|le|F|le|Fl|la|c || O &360101)’ 0.811%;
Az G| G F F |l G F El G E (0,389,5)’,85(2)3(% 0,789;
Ay F | G Flaolala Elc | e (0,433,5)’,;03(;:’), 0,833;
Ws As c|F|le|c|F|lc|c|c|c| (0% 8,8658, 0,856;
A | F|G|F|G|F|F|ve|c|ve| ©478 &365’8’ 0,833;
A |6 |ve|ve|c|ve|c|c|c|c | (0600 85(?07)’ 0,933;
Ag plplprPrlEIlP|IlEIEIEI|G (0,278,8,74&%, 0,589;
Ag G |vel G |vGclVvG| G Flc| o (0,578, 0,744, 0,911,

0,800)
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Ao

VG

(0,511, 0,700, 0,889;

il B °1° 0,800)
Av |G6l6le|c|ve|le|c|c|a| @3 é’gOZOZ) 0,911;
M2 |VG| G| G |G |G |6 |G |G |vel @7 é’ggg) 0,922;
A clelelplelelalelg| 0388 53750202) 0,711;
n lelelelelrlalrlal g | 0438 é)gg,g,) 0,833;
As clclElclaolelalal | 4L é)ésolol) 0,811;
A lelvelelclelcelale| g | 053 (?970202) 0,911;
As cEle|rlp|FlPr|c|F]|c| 0322 8’758(%’ 0,678;
As clelaolrlelclvelvsl g | (@300 (;)8607(5)3) 0,856
Wa . - rlalelrlelalsl s @@ (;)85(?07) 0,767;
As Flr|lF|F|c|F|a|F|a| ©%F (;)’,855307), 0,767;
Ag c|le|e|F|c|F|c|F|c| 0% (;)860303) 0,833;
Ao Fle|F|F|lc|e|a|c|r| O (())860101) 0,811;
Au c|F|lc|F|F|F|c|c|a| @4 (?860101) 0,811;
A: |G |G|le|c|ve|lc|ve| 6 |ve| (060007670933

0,900)
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Abstract

Supplier selection and segmentation is-aare crucial tasks of companies in order

to reduce the-costs and increase the competitiveness of theirfer goods. To handle the

uncertainty and dynamicity efin the supplier segmentation problem, this study-research
thus proposes a new dynamic generalized fuzzy multi-criteria group decision making
(MCGDM) approach from the aspects of capability and willingness_and; with respect to
environmental issues. The proposed approach defines the aggregated ratings of
alternatives, the aggregated weights of criteria, and the weighted ratings by using
generalized fuzzy numbers with the effect of time weight. FheaNext, we determine the
ranking order of alternatives viais-determined-using a popular centroid-index ranking

approach. Finally, two case studies were—used—to-demonstrate the efficiency of the

proposed dynamic approach

Keywords: Supplier segmentation, dynamic fuzzy MCGDM, centroid-index,

generalized fuzzy numbers

Introduction

Supplier segmentation_i—which-is a step that follows supplier selection and; plays

an important role infer organizations forte reducinge production costs and optimally

1



utilizinge resources. The—organizationsEnterprises classify is—their suppliers from a

selected set into distinct groups with different needs, characteristics, and requirements in
order to adopt the—an appropriate strategic approach for handling different supplier
segments [1]. Supplier segmentation is a highly complex decision-making problem_that
must;-which-should consider many potential criteria and decision makers under a vague

environment [2,3]. Consequently, supplier segmentation can be viewed as a fuzzy multi-

criteria group decision making (MCGDM) problem.

Numerous studies in the literature have proposed the-fuzzy multi-criteria decision

making (MCDM) approaches to select and evaluate (green/sustainable) suppliers, with s-

Some recent applications ean-be-found in [4-10]. However,While there-are-several studies
in-whichused multi-criteria methods and fuzzy logic systems are-used-for solving supplier
segmentation problem [2,3,11-13], - Besides-existing studies onfer segmenting suppliers
have paid limited attention to environmentally and socially related criteria [11].
Additionally, few ef-studies have applied the-generalized fuzzy numbers (GFNSs) to select
or segment the-suppliers. Furthermore, they all of-these-studies-have converted the-GFNs
into normal fuzzy numbers through a normalization process and then appliedy-the fuzzy
MCDM methods for normal fuzzy numbers. Nevertheless, the normalization process has a

serious disadvantage_-; that is, the loss of information [14].

Chen [15] indicated that-in many practical situations that it is not possible to restrict
the membership function to the normal form. Furthermore, the existing studies targetingfer
supplier selection and segmentation only address static evaluation information forat a
certain period. However, in many real-life problems; the decision makers are generally
provided the information at-theover different periods [16,17]. Lee et al. [16] proposed a
dynamic fuzzy MCGDM method for performance evaluation, while- Mehdi et al. [17]

presented a new fuzzy dynamic MCGDM approach to assess a subcontractor. Overall, it




seems that no study has yet to propose ates-have-prepesed-a dynamic MCGDM using the

GFNs for solving the green supplier segmentation (GSS) problem with the effect of a time

weight.

This study primarily aims-te-proposes a new dynamic generalized fuzzy MCGDM
approach from the aspects of capability and willingness; with respect to environmental
issues. The proposed approach defines the aggregated ratings of alternatives, the
aggregated weights of criteria, and the aggregated weighted ratings using GFNs with the

effect of time weight. We then determineFhen; the ranking order of alternatives is

determinedvia-using a popular centroid-index ranking approach proposed by [18]. Finally,

two case studies-were-used-to demonstrate the efficiency of the proposed approach.

Literature review on methods and criteria for supplier
segmentation

This section presents an overview of the methods and criteria which-tahat have

been used for supplier segmentation in the existing literature.
Supplier segmentation methods

Supplier segmentation models have been widely explored ever since the pioneering
works of [19,20], who specified the variables required for segmenting suppliers [2,3,21-
26]. Some of these models have been reviewed and discussed in the works of [20; 27-29].
Kraljic [20] presented a comprehensive portfolio approach to purchasing and supply

segmentation. To classify the—materials or components, Kraljic [20] utilizedused two

variables, the nramehy-profit impact of a given item and the supply risk, with-under high
and low levels that yield four segments: (1) non-critical items (supply risk: _low; profit

impact: _low), (2) leverage items, (supply risk: -low; profit impact: -high), (3) bottleneck



items (supply risk: -high; profit impact: -low), and (4) strategic items (supply risk: _high;
profit impact: -high). Dyer et al. [30] developed a-strategic supplier segmentation based on
the differences between outsourcing strategies. According to them-authers, firms should
maintain high levels of communication with suppliers that provide strategic inputs that
contribute to the differential advantage of the buyer’s final product. On the other hand,
firms do not need to allocate significant resources to manage and work with suppliers that
provide non-strategic inputs. Kaufman et al. [26] developed a strategic supplier typology
that explains the differences in the composition and performance of various types of

suppliers, using t—Fechnology and collaboration were-used-to segment suppliers.

Svensson [27] applied three principal components, including the source of
disturbance, the category of disturbance, and the type of logistics flow, in supplier
segmentation. Hallikas et al. [24] described supplier and buyer dependency risks as the
variables for classifying supplier relationships. Day et al. [28] presented the taxonomy of
segmentation bases in which the buyer assesses the supply base from a purchasing
perspective. Che [22] proposed two optimization mathematical models for the clustering
and selection of suppliers. Model 1 iwas based on customer demands to cluster suppliers
with-under a minimal total within cluster variation. Model 2 takesused the results of Model
1 to determine the optimal supplier combination based on quantity discount and customer
demands. Rezaei & Ortt [31] proposed a framework for classifying the-suppliers based on
supplier capabilities and willingness. Using their framework, it is possible to segment
suppliers using multiple criteria, whie-mest-thebut most existing methods are based on just

two criteria.

Rezaei et al. [32] presented an approach for segmenting and developing suppliers

using capabilities and willingness criteria. They employed the bBest worst method (BWM)

was-employed-to define the relative weight of the criteria_and further applied a-—A scatter



plot-was—furtherapphied to segment the suppliers, where the horizontal and vertical axes
are capabilities and willingness, respectively. Segura & Maroto [21] apphed-utilized a
hybrid MCDM approach based on PROMETHEE and Multi-Attribute Utility Theory; and
useding Analytic Hierarchy Process (AHP) for eliciting the weights of the criteria. The
authors further used-tookthe historical and reliable indicators to classify suppliers. Bai et
al. [11] presented a novel methodology based on the rough set theory, VIKOR, and fuzzy

C-means for green supplier segmentation, employing the dimensions of w—¥/illingness and

capabilities dimensions-were-used-in their approach. Aineth & Ravindran [8] proposed a
quantitative framework for sustainable procurement using the criteria of economic,
environmental, and social hazards—eriteria. Rezaei & Lajimi [33] combined purchasing
portfolio matrix, supplier potential matrix, and the-BWM to segment the—suppliers.

Appendix A compares the existing methods for supplier segmentation.

Supplier segmentation is a MCGDM problem that includes many criteria and
decision makers under-within a vague environment. However, only a few studies in the
literature applied the multi-criteria method and fuzzy logic systems to segment suppliers.
Additionally, previous studies were limited to use-usingthe normal fuzzy numbers and
addressing the static evaluation information at a certain period to segment suppliers.
Rezaei & Ortt [2] apphed-utilized the fuzzy AHP approach to segment suppliers using the
supphiers’their capabilities and-the willingness criteria. Haghighi & Salahi [13] used the
integrated fuzzy AHP approach and c-means algorithm to cluster suppliers. Akman [34]
proposed a hybrid approach, including VIKOR, confirmatory factor analysis, and fuzzy c-
means, to evaluate and segment suppliers in an automobile manufacturing company. The
criteria of suppliers’ capability and willingness were used to cluster suppliers. Lo &
Sudjatmika [12] presented a modified fuzzy AHP approach for evaluating suppliers using

bell-shaped membership functions. To our knowledge, no prior studies have developed the



dynamic generalized fuzzy MCGDM approach with respect to environmental issues for

solving supplier segmentation problem.
Green supplier segmentation criteria

Identifyingication-of the GSS criteria is one of the main challenges of a business
enterprise to formulate the—proper supplier segmentation. +—To conducting—the GSS,
several economic, environmental, and social dimensions should be considered [6], vet-
Hewever; the majority of prior research has-only considered the evaluation criteria from

thein economic aspect. To segment the suppliers, oka-thisur study’s;-the proposed approach

takes into account not only economic criteria, but also environmental and social criteria-te

segment-the-supphiers. Appendix A summarizes tFhe capabilities and willingness criteria

drawing the greatest attention in recent literature.~were-summarized-in-the-Appendix-A

Establishment of a new approach for solving green
supplier selection and segmentation

This section develops a new generalized fuzzy dynamic MCGDM approach to
solve the green supplier selection and segmentation problem. The procedure of the

proposed approach is described as the-followsing:.
Identifying the green capabilities and willingness criteria

A committee of k decision makers (D,,v=1...,k) is assumed responsible for
evaluating m suppliers (A,i=1..,m) under n selection criteria (C;,j=1...,n) in time
sequence t,,u=1...h, where the ratings of suppliers versus each criterion and the

importance weight of the criteria are expressed by using GTFN. The criteria are classified



into two categories—namely;:  capabilities (C;,j=1...1) and willingness criteria

A dynamic MCGDM approach can be concisely expressed in matrix format as:
G (t) C () - Ci(t)

At,) X, (t,) X, () - Xl](tu)
D)= /':\2('[.,) Xfl(tu:) Xzzz(fu) X (1)

A(tu) Xil(tu) XiZ(tu) Xij(tu)



Aggregating the importance weights of the criteria

Let w,(t,)=(0,(t). py(t).a; ()@, (t,)), W, &) R j=1...nv=1..k u=1.,h be
the weight assigned by the—decision maker D, to criterion C, (C;,j=1....,n) in time
sequence t, . The average weight, w, =(o;,p;.q;;,) , of criterion C; assessed by the

committee of k decision makers can be evaluated as:

w

= B (W, ) W) @ OW, (). 6y

where 0; = ﬁzv -1 0, (L) Py = h*k Zv 1p1v( ).q; = h*k zv 1q1v(t ) and

@, =min{w]1(ti),w12(t2) ..... @, )y
Aggregating the ratings of green suppliers versus the criteria

Let x,(t)=(e, (). fi ). 95 )@ (), _i=L1...m j=1..nv=1_.k _u=1.,h be
the suitability rating assigned to supplier A, by decision maker D,, for criterion C; in time

sequence t, . The averaged suitability rating, x; =(e;, f;,g;:@;), can be evaluated as:

1

Xij h*k®(xljl(tl)®xuz(t )® @ X

i (0) @@ %, (1)), )]

where ¢, = h*kze.,v(t) = h*sz'”(t) 9 = h*kzg.,v(t) and

A

;= min{wijl(tl)’wijz(tz) ----- Tk (t)}:
Constructing the weighted fuzzy decision matrix

The weighted decision matricxes_S, =(d,,h,,i,;@,) and S, =(d,,h,,i,;@,) Versus

the capabilities (C;,j=1...,I) and willingness criteria (C;,j=1+1...,n) in time t, are

respectively defined as follows:
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14 14 . .
Su:TZ(sij)m| :I—inj ®w,, i=L...,mj=1..1 3)
i1 =

1 2 1 2 . .
S, = I—l-z (S mgory :m_z X ®w,, i=1..,mj=1+1..n 4
j=1+1

n— j=l+1

Defuzzification

This study applies the popular centroid-index ranking approach proposed by [18] to

determine the ranking order of alternatives.
Segmenting the green suppliers

Based on the distance values between the centroid and minimum points of the
alternatives, we divide the suppliers are-divided-into 2 x 2 segments, including Group 1
(low capabilities and low willingness), Group 2 (low capabilities and high willingness),
Group 3 (high capabilities and low willingness), and Group 4 (high capabilities and high
willingness). The cut-off points, which are the potential values of the distance, are
determined by the decision makers;; i.e., all decision makers give the linguistic variables

for the ratings of alternatives as Fair = (0.3, 0.5, 0.7; 0.8).
Implementation of the proposed dynamic generalized

fuzzy MCGDM approach

This section applies the proposed approach in the case of a medium-sized transport
equipment jeint—steck—company located in northern Vietnam. The managers of this
company have become eenfusedperplexed on how to effectively manage their suppliers to
maximize their profit_due to-because-of the increase in the number of suppliers. We apply
tFhe proposed approach was—applied—to the process of this firm’s green supplier

segmentation-ef-this-cempany to help it segment theiits suppliers and test the efficacy of



the proposed method. Data were collected by conducting semi-structured interviews with
the company’s top managers and department heads (decision-makers). Three decision
makers_(-—e—D1, D2, and Ds;) were requested to separately evaluate the importance
weights of the capabilities and willingness criteria and the ratings of GSS at three different
times (t1, tz, and t3). We characterize tFhe entire GSS procedure was—characterized-by the

following steps.:

Step 1: _Aggregate the importance weights of the respective capabilities and
willingness criteria.

Step 2: _Aggregate the ratings of green suppliers versus capabilities and willingness
criteria, respectively.

Step 3: Construct the weighted fuzzy decision matrices.

Step 4: Calculation of the distance of each green supplierBefuzzify.

Step 5: _Segment the green suppliers.

Steps 1 and 2 were performed by the company’s managers (i.e., the three decision-
makers: D1, Dz, and Dz) without any intervention from the authors. Steps 3 to 5 were

calculated using the proposed approach.
Aggregation of the importance weights of the respective green

capabilities and willingness criteria

Following the review of the literature and discussions with the top managers and
department heads, we select six capabilities (i.e., price/cost - Cy, delivery - Ca, quality - Cs,
reputation and position in industry - Cs, financial position - Cs, hazardous waste
management - Cg) and four willingness criteria (i.e., commitment to quality - Wy,
commitment to continuous improvement in product and process - W, relationship

closeness - W3, willingness to share information, ideas, technology, and cost savings - Wa)
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for were-selected-in-order-to-evaluatinge and segmenting suppliers. After determining the
green suppliers’ criteria, the three company’s managers are asked to define the level of
importance of each criterion through a linguistic variable. Table 1 shows the aggregate

weights of the criteria using Eq. (1).

Table 1. Aggregated weights of the criteria evaluated by the decision makers

Decision makers
Criteriona t1 ta t3 Wij
D [ D2 | D3| D1 |D2|Ds|Di1|Dz| D3
C1 VI|VI|VI|AlI|VI|AI|AI|VI|AI| (0633, 0.789, 0.944; 0.900)
Co VI | | | | I | VI VI | (0.433, 0.567, 0.700; 0.800)
Cs VI|AlL|VI|AI|VI|VI|VI|VI|VI| (0567 0.744,0.922; 0.900)
Cs VI{VI|AL|VI|{VI|VI| T |VI|I (0.511, 0.678, 0.844; 0.800)
Cs AL [ VIIVI| T |[VI] I I [ VI | (0.489, 0.633, 0.778; 0.800)
Ce I (VI | I {[VI|VI| I |VI|VI]| (0.456,0.611, 0.767; 0.800)
Wi | | I | VI | | I | VI | (0.422, 0.544, 0.667; 0.800)
W, Vil 1t [vi[ 1 [ 1 vi][vi] 1] 1] (04440589, 0.733;0.800)
W3 | I | I (VI | I [ VI | (0.422, 0.544, 0.667; 0.800)
W4 I (VI | I [VI|{VI|{VI|VI] I (0.456, 0.611, 0.767; 0.800)

Aggregation of the ratings of green suppliers versus the
capabilities and willingness criteria

The decision makers define the suitability ratings of twelve green suppliers (i.e.,

A,..,A,) versus the capabilities and willingness criteria using the linguistic variables.

Tables 3a to 3e (in Appendix C) present the aggregated suitability ratings of the suppliers

versus the six capabilities criteria (i.e., C,,...C,) and four willingness criteria (i.e., W,,...,W,)

from the three decision makers obtained from Eq. (2) and Table 2 (in Appendix B).

Determination of the weighted rating

Table 4 shows the final fuzzy evaluation values of each green supplier using Egs.

(3) and (4).
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Table 4. Final fuzzy evaluation values of each supplier

Suppliers Capabilities criteria Willingness criteria
A1 (0,214, 0,405, 0,653; 0,700) (0,126, 0,262, 0,443; 0,700)
A> (0,124, 0,261, 0,444, 0,600) (0,214, 0,387, 0,611; 0,800)
As (0,303, 0,507, 0,762; 0,800) (0,198, 0,372, 0,598; 0,800)
A4 (0,131, 0,269, 0,453; 0,600) (0,214, 0,391, 0,620; 0,800)
As (0,228, 0,422, 0,674; 0,700) (0,191, 0,358, 0,576; 0,700)
As (0,231, 0,428, 0,685; 0,700) (0,219, 0,391, 0,611; 0,800)
A7 (0,298, 0,484, 0,716; 0,700) (0,212, 0,386, 0,612; 0,800)
As (0,137, 0,286, 0,487; 0,600) (0,130, 0,266, 0,449; 0,600)
Ag (0,231, 0,428, 0,683; 0,700) (0,205, 0,377, 0,601; 0,800)
Ao (0,258, 0,448, 0,692; 0,600) (0,184, 0,353, 0,575; 0,700)
A (0,239, 0,440, 0,699; 0,800) (0,203, 0,378, 0,605; 0,800)
A (0,131, 0,273, 0,464, 0,600) (0,214, 0,378, 0,589; 0,600)

Calculation of the distance of each green supplier

We obtain tFhe distance between the centroid point and the minimum point Go =
(0,124, 0,600) of each green supplier is-ebtained-as depicted in Table 5 by using the data in

Table 4 and the ranking approach proposed by [18].

Table 5. Distance measurement

Capabilities criteria Willingness criteria
Suppliers | Centroid point A Distance Centroid point Distance D(A;,

(Xa, Y,) D(Ai, Go) Ai (X, Y,) Go)
A1 (0,424, 0,233) 0,314 (0,277, 0,233) 0,177
Az (0,276, 0,200) 0,172 (0,404, 0,267) 0,298
Az (0,524, 0,267) 0,414 (0,389, 0,267) 0,284
Aq (0,284, 0,200) 0,179 (0,409, 0,267) 0,302
As (0,442, 0,233) 0,331 (0,375, 0,233) 0,266
As (0,448, 0,233) 0,338 (0,407, 0,267) 0,300
A7 (0,499, 0,233) 0,387 (0,404, 0,267) 0,297
Asg (0,303, 0,200) 0,197 (0,282, 0,200) 0,175
Ag (0,447, 0,233) 0,337 (0,394, 0,267) 0,288
Ao (0,466, 0,200) 0,351 (0,370, 0,233) 0,261
An (0,459, 0,267) 0,352 (0,396, 0,267) 0,290
An (0,289, 0,200) 0,184 (0,394, 0,200) 0,279

Segmentation of the suppliers

Based on the distance scores for the capabilities and willingness of each green

supplier, we assign 12 green suppliers are-assigned-to one of four segments (Fig. 1) using

Step 6 of the proposed methodology. In this step, the cut-off points of the green supplier’s

12
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capabilities and willingness are 0.2084 and 0.1814, respectively. Figure- 1 and Table 6
show that one green supplier is assigned to Group 1, three green suppliers are-assigred-to
Group 2, one green supplier is-assigned-to Group 3, and seven green suppliers are-assigned
to Group 4. Thus, the company has seven good green suppliers, but five of them lack in

capabilities, willingness, or both.

The results indicate that the company can use different strategies to handle various
segments_and —TFhe-company-may try and develop those the-green suppliers that are less
capable and less willing to cooperate (i.e., Group 1 green suppliers) or may-terminate its
relationship with them in favor of good alternatives [2,3]. Group 2 green suppliers are
willing to cooperate, but_are less competent to meet the buyer’s requirements. The
company should help these green suppliers improve their capabilities and performance or
replace them with capable ones in the short term [35]. Group 3 green suppliers have high
capabilities, but exhibithave a low-level willingness to cooperate. The company should
focus on improving its relationship with these green suppliers and determine various
approaches on how to become attractive to them [36]. Group 4 green suppliers, which are
the best green suppliers of the company, have great capabilities and a high level of
willingness. The company should maintain a close long-term relationship with these green

suppliers [31].

Table 6. Segments of the suppliers

Segments No. of suppliers Supplier(s)
Group 1 1 Asg
Group 2 3 A2, As, A12
Group 3 1 A1
Group 4 7 As, As, As, A7, Aog, Ao, A1
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Fig. 1. Final supplier segmentation results

Comparison of the proposed method with another fuzzy

MCDM method

This section compares the proposed approach in time t,,u=1 with another fuzzy
MCDM approach to demonstrate its advantages and applicability by reconsidering the
example investigated by [2]. In this example, a medium-sized broiler (meat-type chicken)
company in the food industry intends to segment thei—its suppliers. Six criteria for
capabilities and six criteria for willingness are selected to segment 43 suppliers based on
the decision makers (i.e., the managers). Table 7 shows the importance weights of the

capabilities and willingness criteria.

Table 7. Importance weights of the capabilities and willingness criteria

Ca_pab_iliti_es Fuzzy weight Wi_IIin_gne_ss Fuzzy weight

criterionia criterionia
o (0.065, 0.106, 0.181; 1.0) c (0.114, 0.206, 0.350; 1.0)
Cy (0.110, 0.161, 0.238; 1.0) cy (0.086, 0.150, 0.266; 1.0)
cs (0.148, 0.206, 0.279; 1.0) cy (0.094, 0.150, 0.253; 1.0)
cs (0.115, 0.161, 0.231; 1.0) cy (0.094, 0.150, 0.253; 1.0)
Cs (0.109, 0.161, 0.240; 1.0) c (0.127, 0.206, 0.328; 1.0)
cs (0.132, 0.206, 0.302; 1.0) cy (0.074, 0.137, 0.250; 1.0)
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Table 8 demonstrates the averaged ratings of suppliers versus the capabilities and

willingness criteria based on the data presented in Table 5 in the work of [2] and ien Table

2 ofin this paper.

Table 8. Averaged ratings of suppliers versus the capabilities and willingness criteria

Supplier Capgbil_ities WiII_ingrjess Supplier Capgbil!ties WiII_ingr_wess
L [Ctoos | wow s |, | 0o | 0o 2
;| 050105 Q0L 0128 |, | 0026, 0055, 10043, 0105
s | OO0 QOB 01N || 005 009 | (0040, 0102
4 ‘%9552%.181)1' ‘%‘?fééf%.l%"' 2 (%95’7795%‘?8“38' ‘%‘?5’56{%.182)3'
s | CuLosz oo oz [y | 006 0100 | 002 0105
o | (00080089, [ 0890115 | g | (0058 Q115 | (00400100
7 ‘%9255;"6.181)‘" ‘%92“37;%.%?)9' 29 (%f’fé”;%f’:f’ ‘0(5?’2“2";"5%%"'
8 (%‘?ff’;%%f' ‘%‘?115“35%985)7' 30 (%91119506933' ‘%95‘52%%%“’
9 ‘%f’fJgj%f’S)O' (06?1154;06(.)&?)7' 31 (%95’895%‘?8’30' ‘%‘?2“3535%.18%7'
A I R AR
| O%80096 0065 013 | oy | (00450100, | @055 0125,
17 | 00 0100 00640135y, 0046 0095, | 0130053
1 | Qom0 00T 01z o 00k 00T [ 00 0122
| Comoos | Gumton | w | CEmome [ Comot
s | Comoon | Gomoon | o | GELiLn G
6 | GEo OIS | w | Guate | OEae
v |Gt TOm | a | Gumton | i
18 (%‘?115‘5%%5' ‘0(5?’5’55"&81]' 4 (%f’fJii%‘?%g’ ‘%925515%.181)7’
19 (%95’51';%.1%6' ‘%‘?ffél%%?' 4 (%95’6%;%%8' ‘%‘?2“207’;%.15)"'
20 (0.039, 0.088, (0.033, 0.090, 42 (0.053, 0.108, (0.049, 0.112,

0.175; 0.8) 0.210; 0.8) 0.202; 0.8) 0.240; 0.8)
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’1 (0.019, 0.059, | (0.013, 0.052,
0.133;0.8) 0.139; 0.8)

- (0.048,0.101, | (0.052,0.117,
0.193;0.8) 0.249; 0.8)

43

(0.031, 0.071,
0.142; 0.8)

(0.059, 0.125,
0.257; 0.8)

We obtain tFhe distance between the centroid and minimum points of 43 suppliers

by-is-ebtained using the ranking approach proposed by [17] as denoted in Table 9.

Table 9. Distance measurement

Capabilities criteria

Willingness criteria

Suppliers | Centroid Minimum Distance Centroid Minimum Distance
point point point point
1| Q0 ] OOl oaes | O3 [ OO o
;o om o | G| OO |
S| Omy | o | O | sy | omy | 02
4 (é)313.23?) ((()):?313% 0,209 (831;;’) g)gslsg) 0,226
5 | Qa6 | OO0l og | O3 [ OO o
o | QM0 | OOl [ oae | O | OO og
| Dmy | oaw | %% | sy | osy | 028
C e em o | OO | O o
o | Qo | OO0l | ougs | 005 | 003 o
w0 | 008 ] OO0l | oug | 005 | OO o
no| Omy | o | O | sy | omy | 0228
2 | Oy | omy | O | sy | sy | 0%
o | O] | G| O |
OO | O | O | o
15 | 0208 | OO0 ogr | Oz [ 00 g0
o | 0T Om | S| 0o o
o | 0% 0w | OB | 0o o
18 ((?:?3?33) (5)3313% 0.182 (831335% %)3931;’) 0,218
19 (0.120, (0.014, | 0207 | (0.074, (0.013, | 0,188
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0.333) 0.333) 0.333) 0.333)
20 ?313?31) ((?3?31;) 0,198 (8313131) (0035)315 0,203
2l ((g).é?s?ss))' ((?.5931;)' 0,186 %7?5% gf;;‘ 0,186
| O[O0 g0 | 018 [ OO og
2 ((?.'313}9?)' ((g).é?e,lsf;' 0,206 %’,'31;35)' gg;%, 0,221
24 ((;)3?3?33 ((;)3?3133 0.185 (8313233 ((?3(,)313?) 0,212
2 ((g).é,ls?%' ((?.5931;)' 0,199 §§§$’ gf;;‘ 0,210
26 | 02 | OO0 [ ores | OMS [ OO o
2 ?31319?) ((g).é?;sf;' 0,204 %),'313?38)’ gf;??’)‘ 0,212
a | GO | | 02 08 o
a OB OB e 03| Gm | o
30 gfg;, ((()).':?313%' 0,184 %)3}3?; ((?.'3?3133)‘ 0,210
31 ((;).é,ls?%' ((g).é?s*l?fl)' 0,199 %),5132% (00..\’30?}3?)1 0,212
32 ((;)313132) ((;).'3?3133' 0,203 %E;% (g‘%;’)’ 0,218
3 ((?313133) (g.gsl'j)' 0,204 (00_'31;% %?g% 0,222
34 %)313131) ((()).':?313%' 0,202 %),é)% ((?.'3?3133)‘ 0,186
3 ((g).é,ls*lss))' ((?.'3?31??)' 0,202 (é’j?f‘??)’ (g'%;‘ 0,221
s | 08 | OO0 [ one | 0RO [ 00 oag
3 ((g).é,le,as%' ((g).é?gl;)' 0,212 %),5,13?35)’ (é).'%% 0,221
38 ((?.'313?9?)' ((g).é?e,lsf;' 0,201 (8313?32) (ggg’)‘ 0,208
% ((g).é,ls?s‘z)' ((?.'3?31??)' 0,198 §§§£’ (g'%ss;‘ 0,193
40 ?3}3}3‘2) ((?.5931;)' 0,203 (éfﬁ?f?f’)’ (ggg)‘ 0,218
4| Omy | omy | %% | omy | omw | 029
42 ((?31329}) ((g)e?slsf; 0,207 (8313?; (gggl;’) 0,215
a | O | 0| OB o
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Based on the distance scores for the capabilities and willingness of each supplier,
we assign 43 suppliers are-assighed-to one of four segments using Step 7 of the proposed
method. The cut-off points of the supplier’s capabilities and willingness are 0.196 and
0.1996, respectively. Table 10 shows that three suppliers are assigned to Group 1, nine
suppliers are-assigned-to Group 2, three suppliers are-assigned-to Group 3, and twenty-

eight suppliers are-assigned-to Group 4.

Table 10. Segments of the 43 suppliers

Segments No. of suppliers Suppliers
Group 1 3 Ao, Ao, and A1
Group 2 9 Aus, Ats, A1z, Ats, Aag, A2g, Aso, As1, andAsgz
Group 3 3 Aig, Azs, and Aszg
A1, Az, Az, Ag, As, As, A7, Ag, A1z, A1z, A1z, and Ass,
Group 4 28 Az, A21, A2z, A2z, Azs, Aze, A2z, Azs, Ast, Az, Ass,
Ass, Ass, Azz, Ass, and Ago

Table 10 shows a slight difference between the segments of the 43 suppliers using
the proposed method and the approach introduced by [2,3]. The reason for the difference is
that the techniques which-proposed by [2,3] useed the crisp values to measure the ratings
of the suppliers. This proceeding is unreasonable, because the supplier evaluation criteria
include both quantitative and qualitative criteria. Ttn-the proposed method_herein employs;

the GFNs-were-used to represent the ratings of suppliers.

Discussions and Conclusions

Green supplier segmentation (Fhe—GSS) is a critical marketing activity forte

companies with—having many suppliers. Rather than having—te—formulatinge individual
strategies for each supplier, companies can now adopt the-an appropriate strategic approach
for handling different supplier segments. To handlemanage the uncertainty and
dynamicsity of the-GSS, this study develops aed-the new dynamic generalized fuzzy
MCGDM using capabilities and willingness criteria. The proposed approach contributes to
the body of GSS literature in four significant directions. First, it expands the-previous
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studies by using GFNs instead of fuzzy numbers. Second, it_is able to-ean solve the
supplier segmentation problem at the-different periods instead of one period. Third, it
considers not only economic criteria, but also environmental and social criteria from the
aspects of suppliers’ capability and willingness. Fourth, the approach cannet-enby—can
apphyte solve the GSS problem_and —it-also beean employed in other management

problems under similar settings.

+a-tThe proposed framework usesapproach—the GFNs were—used-to express the
aggregated ratings of alternatives, the aggregated importance weights of criteria, and the
aggregated weighted ratings with the effect of time weight. In order to rank the
alternatives, we apply the most popular centroid-index ranking approach-was-apphed. We
test t+he proposed approach was-apphied-teby segmenting the suppliers of a medium-sized
transport equipment jeint-steck-company to illustrate its applicability. The company can
thus formulate different strategies to handle various segments based on the outcomes
obtained using the proposed method. We identify aAt least four major green supplier
strategies-tdentified-inelude:_ (i) maintaining a-close long-term relationships with suppliers
whe-that have strong capabilities and high willingness; (ii) improveing and attracting-the
relationships with suppliers whe—that have high capabilities, but have—a low-level
willingness to cooperate; (iii) helping suppliers whe-that have low capabilities, but are very
willing “to green” their products and processes; (iv) terminateirg-the relationships with

suppliers whe-that are less capable and less willing to cooperate. We further compare tFhe

proposed approach was—further—compared—with another fuzzy MCDM approach to

demonstrate its superiority. Findings showl—has—been—demonstrated that the proposed

approach is an effective tool for practitioners to solve GSS problems.

The study does havehas some limitations. Firsthy, the proposed approach does not

consider the correlation of attributes. Therefore, it is difficult to derive the weights of the
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decision criteria while keeping-themaintaining judgment consistency. Secondty, by using
fuzzy sets, the proposed approach cannot handle the-MCGDM problems which-that have
the-indeterminate; and inconsistent information. Future work plans are to integrate an AHP
method in MCGDM by defining the importance weights of criteria. Neutrosophic sets and

their extension will also be applied to express the vague information in MCGDM.
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Appendices

Appendix

A

Supplier segmentation approaches

Methodology Segmentation method Reference(s)

Process [13]
Conceptual Portfolio [18]
Portfolio and Involvement [37]
Involvement [29]

Portfolio and Involvement [22-25]
AHP and Taguchi method [21]

Empirical AHP, Fuzzy AHP [2,8,12,13]

Fuzzy logic [3]

Portfolio, Best Worst Method [31,32]

Confirmatory factor analysis, VIKOR, fuzzy C-means [11,33]
PROMETHEE, Multi-Attribute Utility Theory [20]

List of capabilities criteria

Criteria Sub-criteria Sub-sub-criteria or explanation
Price/Cost Product price, logistics cost
Quality of products ISO quality system, repair and return rate
Delivery Lead time, safety of components
Communication and e-commerce systems,
Technology - . .
. production facilities and capacity
Economic L Product volume changes, using flexible
Criteria Flexibility machines
Financial capability Financial position
Culture Vendor’s image
Innovativeness New launch of products and/or technologies
Relationship Relationship closeness
Pollution production or | Harmful materials released, pollution reduction
control capability, end-of-pipe controls
Environ- . Consumption of resources in terms of raw
Resource consumption .
mental material, energy, and water
criteria Design for resource efficiency, Design of
Eco-design products for reuse, recycle, and recovery of
material
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Environmental
management system

Environmental
implementation and operation
Reverse logistics system

certificates, environmental

Green image and product

Environmental
social responsibility

friendly product packaging,

Green competencies

Clean technology

Staff environmental
training

Staff training on environmental issues

Social Safety and health

Standardized health and safety conditions

criteria Employment practices

Job stability, employee welfare

List of willingness criteria

(Sources: [4,6,7,32])

Willingness criteria

Commitment to quality

Open to site evaluation

Commitment to continuous improvement in
product and process

Prior experience with supplier

Commitment to greening

Impression

Relationship closeness

Willingness to share: _information, ideas,
technology, cost savings

Honest and frequent communication

Willingness to invest in specific technology

Communication richness

Willingness to co-design

Open to site evaluation

Willingness to participate in new product
development

Attitude

Willingness to eliminate waste

Appendix B. Preliminaries

Generalized fuzzy numbers

(Sources: [2,3,11,12])

We note that Hi=(s:,5,5s,54;w,),0<w, <1 is a generalized trapezoidal fuzzy

number (GTrFN), where we (0,4, s1,52,5:-._and s. are real numbers. If w, =1, then-the

GTIFN H; is called a normal TrFN and denoted as Hi =(1,52,5s,84;1). If 5, =ss then-the H;

becomes a generalized triangular fuzzy number (GTFN); and can be denoted as

Hi=(51,52,5;w,,). The membership function g, (x) of the—GTrFN H. satisfies the

following conditions [38, 39]:
(@) a4, (%) isa-continuous to [0,w];

(b) 4, (0=0 % forall xe(-0,5];
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(€) , (x) isstrictly increasing ien [s;,s.];
(d) g, 0=w, forall x €[s2,53];

(e) u, (x) is strictly decreasing ien [Ss,s4;

(f) m, (x)=0, forall X€(§4,oo:| .
Arithmetic operations on generalized fuzzy numbers

Let H: and H. be _are—two GTrFNs; i, Hi=(xxXz %, x;w,) and

A

Hz = (Y., Y. Y5 YaiW,, ), WHEre xi,xz,Xs,Xs,¥,,Y,,y, and y, are real values, 0<w, <1-, and
0<w, <1 Some arithmetic operators between the-GTrFNs H. and H. are defined as
follows [38].:

(1). Addition (+):

Hi(+)H2 = (X1, X2, X3, Xa; W, Y(+) (Y11 Vo1 Vs Yar Wy,)

=(Xu+ Yy, X2 + Y, Xs + Yg, Xa + Y, smin(w, W, )
(ii). Subtraction (-):

Hi(-)H2 = (x, x2,x3,x4;le)(—)(y1, Y21 Y y4;WH2)

= (X = Y40 X2 = Y3, X3 = ¥y, Xa — Yy, min(w,, , w,, ))
(iii). Multiplication (x):

Hi(X)Hz2 = (X1, X2, X3, Xa;W,, JX)(Y1, Y2, Y3 Yai Wy, )

= (XX Y;, X2 X Yy, Xa X Yg, Xa x Y, smin(w, , W, ))
(iv). Division (/):

Hi()H2 = (1, X2, Xs, Xa; W, YY1, Y1 Yo Yas Wy, )

=Xl Y, X2l Yy, Xs 1Y, Xa /Y smin(w,, W, )
Here, where-xi, X2, Xs, Xa, Y1, ¥,, ¥, @and y, baree non-zero positive real numbers.

Linguistic variables and fuzzy numbers
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Table 2 shows the linguistic variables representeding by GTFNs foref the ratings of

alternatives and the importance weights of the criteria [40].
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Table 2. Ratings of alternatives and importance weights of the criteria

Ratings Importance weights
Linguistic variables GTFNs Linguistic variables GTFNs
Very Poor (VP) (0.1,0.2,0.3; 0.6) Unimportant (Ul) (0.0, 0.2,0.4; 0.6)

Ordinary Important

Poor (P) (0.2,0.3,0.4;0.7) (0.3,0.4,0.5; 0.7)

QN
Fair (F) (0.3,0.5,0.7;0.8) Important (1) (0.4,0.5,0.6; 0.8)
Good (G) (0.5,0.7,0.9; 0.9) Very Important (V1) (0.5,0.7,0.9; 0.9)

Absolutely Important

Very Good (VG) (0.8,0.9,1.0; 1.0 (Al)

(0.8, 0.9, 1.0; 0.9)

Appendix C
Table 3a. Averaged ratings of suppliers versus the capabilities criteria
Criterion Decision makers « Formatt(led Table
P Suppliers ty t t3 Aggregated ratings
D1 | D | D3 | D1 | D2 | D3 | D1 | D2 | D3
(0,256, 0,411, 0,567
A1 FIF|F|P|]F|P|P|F|P 0.700)
(0,278, 0,456, 0,633;
Az FIP|F|F|F|F|P|F|F 0.700)
(0,600, 0,767, 0,933;
As VG| G| G |VG| G| G| G |VG| G 0,900)
(0,178, 0,289, 0,400;
Aq VP| P |VP| P |P|VP|P|F|P 0,600)
(0,511, 0,700, 0,889;
As G| G|G|G |G| F|VG|G|G 0.800)
As cleleleleclalel FlE (0,389, 0,589, 0,789;
C 0,800)
A |ve|ve|ve| G |ve|ve|ve| G |ve (0'733'(())'55’(% 0.978;
(0,178, 0,300, 0,422;
Asg VP |VP|VP| P |VP| P |P|F|F 0,600)
(0,478, 0,678, 0,878;
Ag G|F|G|G|G|G|G|G|G 0,800)
Ao VG| G| G |VG| G |VG| G |VG| G (0,633, 0,789, 0,944;
0,900)
(0,344, 0,544, 0,744;
Aut F|G|F|F|G|F|F|F|F 0.800)
(0,256, 0,411, 0,567;
Ar P PI|F|F|P|F]|F|P|F 0,700)
(0,433, 0,633, 0,833;
A1 G|F|G|G|G|G|F|F|G 0,800)
(0,222, 0,367, 0,511,
C Az P IVP|VP|P|F|F|P|F|F 0,600)
Az G| G|VG|VG| G |VG|VG| G | G (0’633’5 ;&% L
Aq FI/P|F|F|F|F|PI|]FI|F (0,278, 0,456, 0,633;
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0,700)
As FIF|lP|F|F|F|F|F|o (0'311'8'75&% 0,689,
A |G |6|Gc|ve| |G |ve|a |va| (@60 bl
A |ve|lG|ve| e |G |ve|c |G |ve| ©@638 é),b?(?c% Bhthas
As plF|P|P|F|P|F|lc|c]| @0 3*7405(?)' et
A FIF|F|F|F|F|P|F|F (0'289'8;‘07(% s
Ao plw|p|P|F|F|P|F|F]| ©2 (()),'5)07(% 0,522,
A |G |ve|lG |G |ve| G |G| |ve| (@600 é),ggg)' B
Asz cle|E|p|w|lpr|E|lpr]|r]| @89 g’g‘gg‘)' 0,600;
Table 3b. -Averaged ratings of suppliers versus the capabilities criteria
Criterion | ¢ . Decision makers - .LFormatteLl Table
A uppliers t1 t2 t3 Aggregated ratitgsry
Di [ D; [ Ds | Di [ D; [ Ds | Di|Ds ] Ds

mo o |FlF|le|c|F|c|F|F|c| ©39 g
A plw|p|F|E|p|p|vw|p]| ©200 85’0202)' s
A |G |ve|ve|c|c|c|ve|lc|a| (@60 8;&7) L
Au FlE|lF|lPp|FE|P|P|F|pPp]| O 8’740101)' i
A | F|F|lc|ve|ve|c |ve|c|a| @6 8’870202)' 0.839;

. Pe c|Fle|lc|e|e|c|F|a| @6 8’8653 viaze
A | F|F|P|F|ve|lve|a|F|c| @44 ool 0t
As FIF|F|F|F|c|F|a|F| @4 85&;‘)’ 0.744
A |G| Flc|c|F|F|G|ve|la| @ 8'8605& 0.844;
Ao |FIE|F|F|F|F|c|o|ve| ©A400 3‘5’&% BTt
A |G|lG|F|e|e|ve|a|F|F | ©%7 3865’5) 0,844;
re | FlF|P|P|F|F|F|P]|F| ©F 8'740303)' Betlt:
A |G| F|le|c|ve|le|ve| e || © gggé LLEl0t:

- Ao Flep|F|F|P|F|F|P|F| © 3'74035)' 0,600;

29



(0,600, 0,767, 0,933;
As G |VG| G |VG|VG| G |G| G| G 0.900)
(0,289, 0,444, 0,600;
Ay G|F|G|P|W|P|F|F|P 0.600)
(0,433, 0,633, 0,833;
As F G G F F G G G G 0,800)
(0,333, 0,522, 0,711;
A F|P|F|F|G|F|F|G|F 0.700)
A |ve|ve| G |G |ve|ve|ve| e |c | (@67 850101) 0.956;
(0,278, 0,433, 0,589;
As PIF|P|P|F|P|F|G|F 0.700)
(0,422, 0,611, 0,800;
Ao F F F G F F G |VG| G 0,800)
(0,544, 0,722, 0,900;
Ao G G |VG| G F G |VG| G G 0,800)
(0,444, 0,633, 0,822;
An G|F|F|G|F|F|G]|G|VG 0.800)
(0,233, 0,378, 0,522;
A P|I|V|P|F|F|P|F|F|P 0.600)
Table 3c. Averaged ratings of suppliers versus the capabilities criteria
Criterion | Supplier Decision makers « F ltt d Tabl
'Z 1on UPS e 1 t2 t3 Aggregated ratinéa".r.;"a ec Tave
D1 | D | D3 | D1 | D2 | D3 | D1 | D2 | D3
\% (0,489, 0,678, 0,867;
A1 G| G| F |G G G|F|G|G 0,800)
(0,222, 0,356, 0,489;
A F|P|F|P|F|P|P|VP|P 0.600)
\Y% (0,522, 0,700, 0,878;
As G |VG| G G G|G|F|F|G 0,800)
(0,300, 0,444, 0,589;
Ay G G G |VP| P P P P F 0,600)
(0,333, 0,522, 0,711;
As P|F|F|F|F|F|G|F|G 0.700)
A |cle|FlFle|Flc|c|ve| O g :5’5 e
Cs -
Vv (0,667, 0,811, 0,956;
A7 VG |VG|VG| G G G| G| G |VG 0,900)
(0,233, 0,389, 0,544;
As VP | P|VW|F|P|F|F|F|F 0.600)
\% \% (0,544, 0,722, 0,900;
Ag G F G G G G G G G 0,800)
\% (0,511, 0,700, 0,889;
Ao G F G G G G G| G G 0,800)
(0,478, 0,678, 0,878;
A G|G|G|G|G|G|G|F]|G 0,800)
(0,256, 0,411, 0,567;
Ar F|P|P|F|F|P|F|F|P 0.700)
Cs AL F F G G F G G| G G (0,433, 0,633, 0,833;
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0,800)
p | Flp P |E|lP|FE|F|Pp|p | O#4 8’7353(% 0.533;
Ao |Gl |ve|Fle|c|l]c|vel ©7 é’ggg‘) 0.911;
As plr|FE|P|F|P|r|P]|p]| @4 8'7353)' 0,533;
Ao |G| Flo|F|F|o|c|g]a | OOn)N08
e |ve|e|c|c|F|a|c|F|c | OO )08
A | p|Pp|lP|FlP|P|lc|c|F | 02 874;5 0.578;
Ao FIF|F|P|F|F|F|P]|F| O 8'7405(% 0,633;
r |e|lo|velc|Fle|a]|F|F | ©%6 3’:&%’ 0,844;
mo |G lve|e|e|Yle|Y| Y| ©F (()Jgg(% 0,944;
mo 6| Fle|V]e|e|e]e|o| @ 8,87(;)(% 0,889;
Ae |velP|ve|E|P|F|F|F]|p| 02 3’63(?07)' 0:511;
Table 3d. Averaged ratings of suppliers versus the willingness criteria
Criterion | Supplier : DECiSiOT makers : A < .r[Formattled Table
a s 1 2 3 ggregated ratingsry
D [ D2 [ Ds | Di[D; [ Ds | Di|Ds] D5
Ao |P|lF|P|F|F|P|lc|F|c| O3 é’;‘gg 0644,
A |6 |ve|lve| |6 |6 |6 |6 |ve| (@600 8';(;307)' 0,933;
A |G| Fle|ve|c |6 |ve|c|c| O (?,'87 0202)' UL
A |ve|c|e|c|ve|e|e|c|a| ©@F (?97;61) Lo
A |6|Fle|c|e|c|F|F|a| @ 886035 0.833;
W A |G |ve|lc|c|c|a|ve|c|a| O 3'97 gé')' U
A~ lclelolrFlelale|e|c| 456 g,gg(% 0,856;
Ao PlFE|F|lP|F|P|F|c]|F | (02 3'745’(% 0,622;
p |G| G|ve|6|F|c|F|c|c | 90 53) 0.867;
Ao |FlP|F|c|F|e|c|Fr|r| O 3’75513')' 0.733;
Au_ | F |G| F|G|G|F]|G]|F]|G]| (04110611,081L




0,800)

Ao | P |welPp|P|P|F|lc]|velc | ©F8 8 égg)' 0.600;
Ao | FlP|F|F|P|F|F|P|r| ©@ 8’7435)' 0.600;
p |G|l |ve|F|lG|F|G|aG|ve (0’522’8';8(% 0.878;
As G|F|G|G|G|G|G|G]|G (0,478, (?:07(% 0,878:
pn | Flele|c|Flc|a|F|o (0’433’3'8603% 0833;
As Flec|Gc|G|ve|G|ve|G |G (0*544’8&]2()2)' 0,900;
A |F|lF|le|e|c|ve|G|F |G (0’467’8&5(?)’ 0.844;

" A |Gele|ve|e|c|c|c|c|a (0’533*8';0% 0.911;
n lplwelperlelrplelelele] ©28 (()J’,g(())g), 0,544;
Ao Gle|F|lc|F|F|F|lG]|F (0’389'85(?(% 0,789;
re lclrlelclolrelol|rlo| ©L 8,860101), 0.811;
e lFlclolelolelaolslvel ©51L é)l,gé)(%, 0,889;
A: |G|G|G|G|F|lG|G|F|o (0’456’8'865(% 0.856;

Table 3e. Averaged ratings of suppliers versus the willingness criteria
Criterion . ) Decision makers . _{Formam]e e
a uppliers L t; ts Aggregated ratitygs 11
D: [D; | Ds | Di|D; | Ds | Di] D] Ds

A plelplelplelelplg]| 24 &,73(5)3(%, 0,533;
Az FlFlc|F|c|F|lo|a|a]| O géi()l()l), 0,811;
Az G|G|F|F|G|F|F|G|F (0,389, ggg(%, 0,789;
As Fle|F|le|c|e|F|le|c| @0 88603; 0,833;

Ws As c|F|le|c|F|c|c|c|a| O% 8865(?) 0,856;
A | F|G|F|G|F|F|ve|G|vG (0'478’8&5(% 0.833;
A | G|Ve|Ve| G |ve| G |G |G |G (0'60078';507)' 0.933;
Ao plep|P|FlP|F|F|F|c]| @8 8'74035’)' 0,589;
po |G |ve|le|velve|e | F|c|c| O (;‘(;")' 091L;
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(0,511, 0,700, 0,889;

Ao F|G|G|G|G G |VG| G 0,500}
A G|G|G|G|VG 6|lc|c| (055 8,;()202), 0,911;
A |VG| G |G |G |G 6| e |ve| @567 8’;&%’ 0,922;
A ElelelrlcF sl e lg | ©33% 8750202) 0,711;
A G|G|G|G|F Flo|F | (048 8503(;3) 0,833;
As F|G|F|G]|G cla | F (0,411,8,866[3.), 0,811;
As G|VG|G |G |G G|lc|c| (055 8,;()2()2), 0,911;
As FIF|F|P|F G| F|c| @322 8'75&% L
" A | Fle |G| F|F ve|ve| g | (0500 88607(% U,
Az FI|F|G|G]|F el F|E (0,367, é)lggg), 0,767;
As F|F|F|F|G c | el | ©367, &5{?07)' 0,767;
Ag G|G|G|F|G G| F|c| (045 ggg(% 0,833;
Ao FI|G|F|F|G G|e|F | (04 886501) 0,811;
Au G|F|G|F|F clc|c | ©O4L 8860101) 0,811;
As2 |G| c|c|ve ve| 6 |ve| (0600, (()Jg&?) 0,933;
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value for your approach and the need for this approach, not only from operational point of
view but also from computational one. In other words, you provided in the second
paragraph of the introduction why you are proposing this approach, but there is no
justification for where you think it will improve the current method statistically. Is this

approach better in your opinion and why?

2. Tables 6a - 6e are a bit confusing within the manuscript, maybe including these tables in

an annex will be more convenient.

3. There must be a discussion section after the section "Comparison of the proposed method
with another fuzzy MCDM method" and the conclusion section. The results are not
discussed clearly for the reader. The results need to be interpreted from mathematical and
operational point of view, as a reader | am afraid | need more explanation for the numbers.
It looked in some places that you jumped from section to another without explaining the
results. Moreover, you need to discuss the strengths of your approach, how it tackled
current existing problem, and why do you think it should be considered by others. For
example, have you considered a simulation study and compare the results with other
methods to assess the consistency of the results?! or have you considered comparing this

method with more statistically based approaches such as Multidimensional Latent Class



Item Response Theory Models?! There should be more discussion before you present your

conclusion.

Responses:

1.

Thank you very much for your comments. The authors have added some sentences in the
introduction and literature review section to discuss more about the shortcomings of the

existing approaches and the advantages of our approach.

. Thanks for your suggestion. The authors have moved Tables 6a - 6e to appendix section.

. Thanks for your comments. The authors have added some paragraphs to discuss about the

results of the study and the advantages of our approach. Some sentences have been added
in the implementation section to explain more about the calculation process. In this study,
a new dynamic generalized fuzzy MCDM approach has been proposed. Then, we have
compared the proposed method with another fuzzy MCDM method to show its
advantages. The comparison between our proposed approach with more statistically based
approaches such as Multidimensional Latent Class Item Response Theory Models should

be our further research.

Referee 2°s Comments:

While new methods for "green" supplier segmentation is certainly important,

interesting, and relevant, there are several issues in this paper.

1.

2.

3.

The methods in this paper appear to be sound, it is very hard to read and comprehend.
The organization and visualization of data/results is overall, poor.

Background on fuzzy numbers is lengthy and a bit hard to follow.

There is an excess of tables, which is incredibly overwhelming and unhelpful given the
complexity of the topic and notation. The tables in the literature review section are
redundant or unnecessary. If tables really are necessary, for this many tables, they belong

in an appendix.

Some terms or abbreviations are not explained and confusing. For example, in Table 6a,
I'm assuming "fa" = "fair”, "Ve_go" = "Very good"? This needs to be standardized and
presented in a more meaningful, insightful, and visually interesting manner. For example,
map responses to numbers rather than letter abbreviations, and plot a heat map of

responses, rather than use a table. This can be done with ALL of the tables in this section.



5. Table 8 may be better off as some sort of visual representation (chart) rather than a table.
6. There are grammatical mistakes throughout the paper
Responses:

1. Thank you very much for your comments. The authors have added some sentences in the
implementation section to explain more about the data and results of this study. The

authors have also moved the Tables 6a - 6e to the appendix.

2. Thanks for your suggestion. The authors have moved the background on fuzzy numbers

to appendix.
3. Thanks for your suggestion. The authors have moved Tables 1-3 to the appendix.

4. Thanks for your suggestion. The authors have tried to change the abbreviations of

linguistic variables (Appendix B - Table 2 and other tables).

5. Thanks for your suggestion. The authors have modified the Table 8 to make it more

visually.

6. The authors have tried to fix the grammatical mistakes throughout the paper.

The authors would like to thank again the reviewers for the time and expertise they
have invested in these reviews. The revised manuscript with marked changes has been

resubmitted to your journal. We look forward to your positive response.

Sincerely,

Luu Quoc Dat





