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Abstract: With increased environmental protection awareness, sustainability has been incorporated
into supply chain management. Sustainable supplier selection and evaluation have become an
acritical part of supply chain management. They can significantly improve the supply chain’s
operational performance and enhance enterprises’ competitiveness. Based on trapezoidal interval
type-2 fuzzy numbers (TIT2FNs) and cloud probability dominance relations (PDR), manufacturers can
make more tangible and environmentally friendly decisions in the SSSE process. In this paper, a SSSE
indicator system is first established using the necessary economic, environmental, and social factors.
The importance of the indicators described in linguistic terms is transformed into TIT2FNs, and
the weight of each indicator is calculated. In order to prevent candidate suppliers from promoting
performance maliciously, different weights are given according to the impact of the enterprise’s
historical performance on the present. Finally, the cloud PDR method is used to determine the
optimal sustainable supplier. A case study and analysis are provided to show the feasibility and
superiority of the proposed method.

Keywords: sustainable supplier selection and evaluation (SSSE); TIT2FNs; cloud PDR; supply chain
management (SCM); operational performance improvement; sensitivity analysis

1. Introduction

Due to the high globalization and increased expectations of customers, enterprises
should strengthen their supply chain management (SCM) ability to constantly shorten
product development time, improve quality, reduce cost, and enhance process efficiency.
Supplier selection is the core content of supply chain management because the procurement
cost of raw materials accounts for 60% of the total production cost of the enterprise [1-3].
However, traditional supplier selection pursues only economic benefits, and only a few
researchers have focused on sustainable social factors or combined them with economic
and environmental factors [4-8]. With the increasing attention to environmental and social
issues, sustainable supply chain management, that is, introducing attention to environ-
mental and social into SCM, has become an important research direction in operation
management [9,10], and some research has already proven that cooperation with suppliers
with strong environmental, societal, and economic awareness can significantly improve the
sustainability of supply chains [11,12]. Therefore, many organizations are gradually paying
more attention to economic-ecological-social aspects in supplier selection. However, there
are many difficulties in the SSSE process, such as imperfect indicator systems, inflexible
supplier selection, and qualitative methods [13-16]. Scholars in the sustainable supplier
domain have applied several research methods, but these methods have limitations with
regards to dealing with human judgment and unclearness in data [14,16].

This study aims to develop a novel SSSE method that can help enterprise managers
choose more suitable sustainable suppliers. To achieve the objective, the evaluation indicators
are first determined by searching the related literature for terms related to economic, environ-
mental, and social indicators, including “lead time required”, “environmental competencies”,
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“social health care”, and others. Due to the presence of ambiguity and uncertainty in human
thinking, decision-making often encounters difficulties. The membership function of TIT2FNs,
which has a great advantage in solving problems so that more scientific and robust results can
be obtained, is more in line with the actual decision-making situation. In this paper, TIT2FNs
are used to determine the weight of each indicator. Finally, the optimal sustainable supplier is
determined based on the time weight and the cloud PDR.

In this decision-making process, cloud PDR fully considers the ambiguity, volatility,
and randomness of a decision, making the evaluation process and results more objective
and comprehensive. Hence, we identify and evaluate a comprehensive SSSE indicator
system from the economic, environmental, and social aspects.

The remainder of this paper is organized as follows: Section 2 gives a critical literature
review. Section 3 presents the research methodology. Section 4 presented a model. A case
study is illustrated in Section 5. Sensitivity analysis is discussed in Section 6. Section 7
describes the managerial implications. Finally, conclusions are drawn in Section 8.

2. Literature Review

With the problems of natural resources shortages, environmental pollution, labor
safety, labor rights, and interests becoming increasingly prominent, the public attributes
these problems to the lack of corporate social responsibility, forcing enterprises to attach
more importance to sustainable development. The sustainable supply chain has been
the focus of managers, and the selection of sustainable suppliers is the core content of
sustainable supply chain management. This article summarizes commonly used methods
for sustainable supplier selection and evaluation.

The first is related studies assessed using a single method. Goren [17] calculated
sustainable standard weights using the fuzzy decision-making trial and evaluation lab-
oratory (DEMATEL) method and used the weights as the input of Taguchi loss function
to rank calculation results, and finally, the decision-making framework for selecting sus-
tainable supplier is obtained. Thanh and Lan [18] considered the triple bottom line, a
fuzzy analytical hierarchical process (FAHP) approach addressing supplier selection in the
food processing industry. Park et al. [19] determined the sustainable supply area through
multi-attribute utility theory and applied the multi-objective integer linear programming
model to find the optimal supplier. Mohammed et al. [20] adopted an approach with four
stages: (1) using the fuzzy AHP to allocate the relative weights of the sustainable standards;
(2) using the fuzzy TOPSIS to evaluate suppliers; (3) establishing a multi-objective program-
ming model to obtain the optimal quantity allocation, and (4) TOPSIS was used to reveal
the final solution of the Pareto solutions set. Govindan et al. [21] assumed the random
demand of retailers and proposed a multi-objective hybrid approach to minimize the total
cost and environmental impact under the framework of the supply chain network. Moheb-
Alizadeh and Handfield [22] built a multi-objective mixed integer nonlinear programming
(MINLP) model to achieve sustainable supplier selection. Govindan et al. [23] proposed
the ELECTRE-based method to effectively approach the problem of the third-party re-
verse logistics providers’ selection. Yousefi et al. [24] proposed robust dynamic DEA to
identify sustainable suppliers. Taking into account business and environmental factors,
Yu et al. [25] proposed a transportation distance method considering supplier selection
and also proposed an incentive mechanism to urge policy makers to make more environ-
mentally friendly decisions. Su et al. [26] used a hierarchical gray DEMATEL method to
analyze criteria in an environment with incomplete information.

Some integrated methods have also been proposed. Sarkis and Dhavale [27] inte-
grated a Bayesian framework and the Monte Carlo Markov chain (MCMC) method to
select suppliers. Kumar et al. [28] proposed green DEA (GDEA) with carbon footprint
monitoring to select environment friendly suppliers. Azadi et al. [29] combined data envel-
opment analysis (DEA) with the enhanced Russell measure (ERM) model to select optimal
sustainable suppliers. Awasthi et al. [5] combined the fuzzy analytic hierarchy process
(AHP) and Vlse Kriterjumska Optimizacija I Kompromisno Resenje (VIKOR) approach to
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propose a sustainable global supplier selection framework with sustainability risk from
subsuppliers. Luthra et al. [16] integrated AHP, VIKOR, and a multi-criteria optimization
and compromise solution approach to SSSE. Salimian et al. [30] presented a method com-
bining an extended Vlsekriterijuska Optimizacija I Komoromisno Resenje (E-VIKOR) and
measurement alternatives and ranking according to the compromise solution (MARCOS)
for the selection of sustainable healthcare equipment suppliers. Shang et al. [31] integrated
BWM, fuzzy Shannon entropy, and fuzzy MULTIMOORA methods to select suppliers.
Fallahpour et al. [4] determined SSSE standards based on a questionnaire survey and then
adopted a systematic method to evaluate sustainable suppliers. Cui et al. [32] proposes a
hybrid model that integrates fuzzy set theory, stepwise weight assessment ratio analysis,
and a Bayesian network to evaluate the critical SSS criteria in a three-tier supply chain.
Izadikhah et al. [33] adopted the Charnes-Cooper-Rhodes (CCR) model to eliminate the
inaccuracy of input and output, obtained goals through goal planning (GP) and DEA,
and proposed a new method for evaluating supplier sustainability. Hatami-Marbini and
Kangi [34] presented fuzzy TOPSIS, which included conventional TOPSIS, adjusted TOP-
SIS, and modified TOPSIS. Saputro et al. [35] integrated supplier selection with inventory
management under supply disruptions. Jauhar and Pant [36] combined the traditional
multi-criteria performance evaluation tool with the differential evolution algorithm to
overcome the shortcomings of DEA and then developed an effective sustainable supplier
selection system.

The literature review shows that the primary methods for SSSE are TOPSIS, AHP, DEMA-
TEL, VIKOR, and others. Few scholars have used goal programming, artificial neural network
(ANN), multivariate linear programming (MLP), and Markov chain Monte Carlo (MCMC)
methods in their research. To the best of our knowledge, the integration of TIT2FNs and
cloud PDR has not been used thus far. TIT2FNs have the advantage of describing uncertainty
compared with other fuzzy numbers, which provides a new theoretical basis for handling
uncertain problems [37—41]. The cloud PDR method integrates the advantages of cloud model
theory with PDR, which fully considers the ambiguity, volatility, and randomness of the
decision-making. This method does not strictly require all attributes of schemes to satisfy
the dominance relation and only requires a certain proportional relationship. This method is
more consistent with actual production and life, which can avoid those schemes and cannot
be compared under multiple attributes [42—44]. In SSSE, there are three difficulties. First, it is
difficult to construct an evaluation indicator system. Second, when evaluating sustainable
suppliers, the evaluation language of the decision subject is vague. Third, it is not possible to
compare candidate suppliers because supplier selection is flexible (manufacturers need differ-
ent services from suppliers according to their development). Therefore, selecting sustainable
suppliers based on an integration of TIT2FNs and cloud PDR has more critical theoretical and
practical value.

3. Research Methodology
3.1. TIT2FNs

Type-2 fuzzy numbers provide a greater flexibility for formulation uncertainty. How-
ever, when using traditional type-2 fuzzy numbers to handle problems, the computation is
very complicated and will take considerable time. Based on this, TIT2FNs with obvious
advantages are usually adopted in literature. Compared to the type-2 fuzzy numbers, the
calculation process of TIT2FNss is relatively effective. Therefore, the TIT2FNs are used in
this paper. The relevant basic definitions are described as follows [37-41].

Definition 1. A is a type-2 fuzzy set, and X is the universe of discourse. The membership function
of type-2 is u; A can be represented in two forms, namely:

A= {((x,u),uz(x,u))|Vx € X,Yu e Jy € [0,1] } 1)

A= /xex /uelx u(x, 1)/ (x, 1) )
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where uz(x,u) C [0,1], [ [refers to the union of all available x and u.

Definition 2. If the membership functions of the lower bound A and upper bound AYof IT2FNs
are all trapezoidal fuzzy numbers, then A is called TIT2FNs, which can be expressed by

A= (AY, A% = (&, a3, a, af; Hi (AY), Ho(AY)), (@}, a5, @5, ay; Hh (AD), Hy(AD))) - (3)
where H; (Au) and H; (AL) represent the upper and lower memberships function of a¥. 1 and @ ak
respectively. j + 1is the (j + 1)th element of AY and AL, 1 <j <2.

j+1

Definition 3. Let A = (AU, AL) = (@, &, aY,a; Hy (AY), Ho(AY)), (at, a5, a5, ak; Hy (AL),
Hy(AY)) and B = (BY,BY) = ((04, 64,64, 6Y; Hy(BY), Hy(BY)), (bk, b, bk, bY; Hy (BL),
Hy(BL))) be two TIT2ENs. The fundamental operations are given in Table A1 of Appendix A.

Definition 4. Let A;(i = 1,2, ..., n) be a set of TIT2FNs, and assume that a5 ,ab,ak and al;

are greater than zero. The uggregutzon operator TIT2-WAA (trapezoidal interval type-2 wezghted
averaging) is also a TIT2FN.

TIT2 — WAA(A;) =

(Lot ot Eot i ~ {10 (a) - T10-m())))

i=1

n

((sz mzw%zwl IBIZwan_ﬁ(l—H (Af))wi,l—H(l—Hz(AiL»w‘))

i=1

n
where )" w; = 1.
i=1

Definition 5. There are two TIT2FNs that are transformed from fuzzy language.

Am = (A5, AL) = (g, 8, Ay, A Hi (AR, Ha (AR, (a0, 80, 85, 805 Hi (AR), Ha(AT))
An = (A, AL) = (a3, agh, ags, anly; Hi (AY), Ha (AR, (a5, ay, a3, 050 Hi (A7), Ha (A7)

The corresponding ranking values of each indicator can be calculated as follows.
Calculate R using the below.

2
CH+ Y ug
R = k=1 ©)

4 2 2
¥ wit § [H(AR) ~ H(AR)| + & |Hi(AR) — Hi(a)|

where C = (a5 +a;,) — (ay; +ap) + (a5 + ayy) — (a3 +ag)), ux = max(Hy(Ay) —
H(A5),0)), +max(Hk(Ay) — Hi(Ay),0) and

_ 4L L L L
Wy =y + 3 — Ay — Ao

_ ,u u _ u _ u
Wy = Ay + Az = Ay — A

_ 4L L _ L _ ,L
W3 =y, + Ayz — A1 )

— U u u u
Wy = Ay + 3 — By — Ay
The degree of probability degree of A, over A, can be obtained as

p(Am > A,) = min(max(R,0),1) (6)
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The weight of each indicator is determined by

Z p(A; > A])
Rank(A;) = n]:1n 7)
Zl 121P(Az = A])
i=1j=

3.2. Cloud Model Theory

Cloud model can convert qualitative concepts to quantitative values expressed in
linguistic values based on traditional probability, statistics theory, and fuzzy mathematical
theory. A cloud droplet y is denoted by y = X(Ey, E,, He) with three parameters: expec-
tation Ey, entropy E,, and hyperentropy H.. Here, E, represents the center value of the
qualitative concept, E;, describes the stochasticity and fuzziness of the qualitative concept,
and H, reflects the degree of dispersion of the cloud droplets and the uncertainty of the
membership function.

3.3. PDR

PDR is a method of calculating cloud dominance degree, x-probability dominance
class, a-probability dominance degree matrix, and comprehensive dominance degree
according to the attribute value of the research object, and then the ranking of the object
is determined according to the size of the comprehensive dominance degree [45,46]. This
method not only solves the problem that the traditional ranking method is too strict and it
is difficult to evaluate sustainable suppliers under the condition of incomplete information,
but also enriches the methodology of SSSE.

Cloud dominance degree: Assume that S = (X, A) is a decision system, where X
represents the set of schemes, and A indicates the attribute set. For any x;, xj€ X,a €A,
Py(x;, xj) the dominance degree of x; is relative to x; under attribute a. There are three cases
for cloud dominance degree: If x; > x;, then the cloud dominance degree of x; in relation

1
to x; under attribute a is 1, that is, x; > x;. If x; < x;, then the cloud dominance degree of x;

0
in relation to x; under attribute a is 0, that is, x; > x;. If x; = x;, then the cloud dominance
degree of Xj in relation to x; under attribute a is 0.5, that is, Xj % x;. Here, =, < and ~

represent superior, inferior, and similar, respectively.

num(1) + num(0.5)
num(1) + num(0.5) + num(0)

PA(xirxj) = (8)
where num(1) represents the quantity of attributes for which x; is superior to x;, num(0.5)
represents the quantity of attributes for which x; is similar to x;, and num(0) represents the
quantity of attributes for which x; is inferior to x;.

x-probability dominance class: In the decision system S = (X, A), R%“ is the
a-probability dominance relationship for x; under the attribute set A, where
R%”‘ = {(x;, x;) P4 (x;, xj)>w 05<a<1 }. For any «, [xi]i'x is the a-probability domi-
nance class of scheme x; under attribute set A.

x-probability dominance degree matrix: This matrix is obtained via a set operation on
probability dominance class [x;]3", where each element is represented by M5*(x;, Xj).

Comprehensive dominance degree: This is calculated by averaging each line element of
the probability dominance matrix. We record the comprehensive dominance degree as Ci“ (x;).

3.4. Cloud PDR Method

Cloud PDR is a type of probabilistic dominance relation that is constructed with fault
tolerance. We calculate the comprehensive dominance degree according to each scheme’s
attribute values and determine the ranking of the schemes.
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Definition 6. Assuming that y1 = X1(Ex,, En,, He,) and y» = Xo(Ex,, En,, He,) are any two
clouds in the same domain, the basic operations are shown in Tables A1 and A2 of Appendix A.

4. Model Formulation

To increase market competitiveness and improve the SCM performance, the selection
of sustainable suppliers is crucial, which comprises three components: the first one is
to determine the SSSE indicators, the second one is the establishment of the evaluation
indicators’ weights, and the last one is a comprehensive assessment of candidate sustainable
suppliers. The framework of the proposed model is depicted in Figure 1.

Sustainable supplier selection indicator system

L Environmental L
Economic indicators .o Social indicators
indicators

v v '

1. Product price

2. Product delivery and 1. Green packaging
i 2. Green inn ion . .
service . < c¢ ovatio 1. The interests and rights
3. Lead time required 3. Environmental
. . of employees
4. Transportation costs competencies i
. X 2. social health care
5. Product quality 4. Environment X X
. A 3. Information disclosure
6. Production facilities management systems .
. 4. The rights of
and capacity 5. Waste management
. stakeholders
7. Product profits 6. Green manufacturing 5. Respect for the polic
8. Flexibility 7. Green design and - Resp policy
9. Technological and purchasing

financial capability

The determination of indicator weights based on TIT2FNs

Step 1. Convert the language terms of indicators into TIT2NFs according to transformation rules

v

’
H
1
1
1
H
' Step 2. Calculate the degree of probability between indicators according to the formula (6)
i
1
1
\

v

Step 3. Obtain the weight of each indicator according to formula (7).

Sustainable supplier selection based on cloud PDR

F S —

Step 1. Transform and defuzzify evaluation Step 4. Calculate probability cloud
language of experts. dominance class.
 Step 2. Convert the original data of ' .
sustainable suppliers into corresponding Step 5. Calculate the cloud dominance
matrix of probability

1

1

1

H

1

1

;

E

i cloud droplet form

! d § .
P v , , v
E .

i

H

1

:

1

1

1

Step 6. Computing comprehensive cloud

Step 3. Calculate the cloud dominance T ee,

v

Step 7. According to comprehensive cloud dominance, obtained the ranking of research objects.

N mccccccccccccecmcmce—m———————————

Get the sustainable supplier that best meets manufacturer's requirements

Figure 1. Proposed framework.
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4.1. SSSE Indicators

The traditional process of supplier evaluation mainly considers the economic indica-
tors, while the green supplier evaluation primarily considers both the economic indicators
and the environmental indicators. Thereby, sustainable suppliers should consider the
economic indicators, environmental indicators, and social indicators. We build a tangible
indicators system based on literature review. The indicators system lists relatively impor-
tant indicators. Manufacturers can delete or increase corresponding indicators according to
specific circumstances when selecting sustainable suppliers.

The following provides some explanations of economic indicators, environmental
indicators, and social indicators:

Economic indicators. For any sustainable supplier, their ultimate goal is to achieve
the highest profit at the lowest cost. There are nine economic indicators we have identi-
fied: (1) product price [47], (2) product delivery and service, (3) lead time required [48,49],
(4) transportation cost, (5) product quality, (6) production facilities and capacity [50],
(7) product profit, (8) flexibility [51,52], and (9) technological and financial capability.
Product price refers to the ability of sustainable suppliers to provide products with a com-
petitive price; product delivery and service have a great influence on customer satisfaction;
lead time required indicates the ability of ensuring delivery on time; transportation costs
expresses the costs of transporting the product; product quality represents the rate of
qualified products; production facilities and capacity refers to the level of advancement
production equipment; product profits indicates the profitability of products; flexibility
expresses the sustainable suppliers’ ability to respond to market changes; technological and
financial capability indicates the ability of sustainable suppliers to handle technical and
financial issues.

Environmental indicators. Environmental sustainability has become an important
concern for manufacturers. Thus, we not only evaluate the economic performance of
suppliers but also understand the environmental awareness of suppliers and consider
their corresponding environmental protection measures. There are seven environmental
indicators identified: (1) green packaging, (2) green innovation, (3) environmental compe-
tencies, (4) environment management systems [53], (5) waste management [54], (6) green
manufacturing [55], and (7) green design and purchasing [48,56]. Green packaging refers
to the ability of sustainable suppliers to consider the environment in their packaging; green
innovation represents the innovation capabilities of sustainable suppliers; environmen-
tal competencies indicate the ability and technology of companies to reduce the impact
of pollution in the production process; environment management systems expresses the
policy structure, planning and implementation of sustainable suppliers in environmen-
tal protection; waste management refers to the ability of sustainable suppliers to reduce
waste during production; green manufacturing represents sustainable suppliers’ ability
to reduce raw materials and energy consumption during production; green design and
purchasing refer to the environmental capabilities of sustainable suppliers in the design and
procurement stage.

Social indicators. Due to the growing society concerns, manufacturers are more will-
ing to cooperate with the suppliers with higher social performance. Very few scholars have
incorporated social responsibility into the SSSE process. Five social indicators are identi-
fied: (1) the interests and rights of employees [57], (2) social health care, (3) information
disclosure, (4) the rights of stakeholders [58], and (5) respect for policy. Here, the interests
and rights of employees can increase the overall level of sustainable supplier companies,
including staff training input capabilities; social health care represents the health of staff
and workplace comfort; information disclosure provides customers with information on
the character of materials and substances released during production and use; the rights of
stakeholders further indicate social morality and the interests of partners; respect for policy
indicates the degree of sustainable suppliers’ respect for policy requirements.
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4.2. The Determination of Indicator Weights Based on TIT2FNs

The weight of indicators reflects the preference of manufacturers for sustainable
supplier indicators, and the solution is the key to SSSE. In real decision-making, due to
human ambiguity and uncertainty in data, decision-making information often encounters
uncertainties when making decisions. The concept of fuzzy sets is thus introduced to
express the evaluation values of the decision makers [59,60]. Attribute values are not
expressed in concrete real numbers, but are expressed in the form of fuzzy numbers. In the
fuzzy environment decision, it is common to use traditional type-1 fuzzy numbers. In fact,
traditional interval-2 fuzzy numbers have more flexibility and accuracy when handling
such problems. In other words, describing the evaluation information of decision makers
using TIT2NFs is very suitable. There are three steps in the determination of sustainable
supplier evaluation indicator weights based on TIT2FNss:

Step 1. Convert the language terms of indicators into TIT2NFs according to the
transformation rules. For example, we regard the linguistic term “very unimportant
(VU)” as TIT2NFs “((0,0,0,0.1;1,1), (0,0,0,0.05;0.9,0.9))”, “less important (LI)” as TIT2NFs
“((0.1,0.3,0.3,0.5;1,1), (0.2,0.3,0.3,0.4;0.9,0.9))”, and so on.

Step 2. Calculate the possible degree between indicators using Formula (6).

Step 3. Obtain the weight of each indicator using Formula (7).

4.3. SSSE Based on Cloud PDR

The cloud PDR method introduces parameters such as expectation, entropy, and hyper-
entropy into the PDR. The method fully considers the ambiguity, volatility, and randomness
in decision-making. The traditional dominance relationship has poor fault tolerance. There-
fore, it is of great significance to propose PDR that are insensitive to interference data.
The PDR do not require that the scheme has a strict dominance relationship among all
attribute values, but the number of attributes satisfying the dominance relationship should
reach a certain proportion. For example, in the sustainable supplier selection process, it is
difficult to determine the strict superiority relationship between two sustainable suppliers.
Therefore, adopting the cloud PDR method is more suitable and consistent with the actual
decision-making processes.

These are five steps of SSSE using the cloud PDR method, which are elaborated below:

Step 1. Transform and defuzzify the evaluation language of experts.

The TIT2FNs A = (AY, AY) = ((a}l,d¥,a¥,ay; Hy(AY), Hy(AY)), (ak,ab, a}, a;
Hy(A%), Hy(AL))) can be deburred using Formula (9) [61].

a4 (14-Hy (AY) )a¥l+ (14-Hy (AU ) )a¥ +alf
1 (AU h (AU
def(A) = E a{q—(1+éj(liL(Sﬂgig£22()AL>)“é"‘”i (9)
+ 4+Hy (AL)+H,(AL)

Step 2. Using the following formulas (10)=(12), the original data of sustainable suppliers
are converted into the corresponding cloud droplet form, namely, ¥ = X;(Ey,, Es,, He;), where

1 T
Exi = foiat (10)
t=1
1 T
En,v = Tz‘fmt - Ex;| (11)
t=1
1 & ’
He; = =) (fiat — Ex;) (12)
T—-1 =

Here, f;,; represents the t-th value of sustainable supplier i under attribute a.
Step 3. The calculation of cloud dominance degree.
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The cloud attribute value of x;, is Xj,(Ey,, , En,,, He,, ), and the cloud attribute value of
Xjg 18 X]-a (E Xjar Ey,].a, Heja ). According to the calculation method of cloud dominance degree,
the cloud dominance degree of Ey, E, and H, of x;, and Xj, are obtained in Table A3:

When comparing xj, with x5, p1(Xia, Xja), p2(%ia, Xja) and p3(xis, Xjs) represent the
cloud dominance degree of expectation Ey, entropy E,;, and hyperentropy H,, respectively.
According to the comparison rules, there are three cases:

If Ex], > Ey,, then pq (xia, xja) = 1. This means that the expectation E, of x; is superior
to that of x;. If Ex, = Ex,, then py (xia, Xja) = 0.5. This implies that the expectation Ey of x;
is similar to that of x;. If Ex]. < Ey,, then p1(x,, xja) = 0. This indicates that the expectation
Ey of x; is inferior to that of x;. The comparison results of entropy E,, and hyperentropy H,
are the opposite. The relationships of En,-,, > Ey,,, En i = Ey,, E,,].a < Ey,, and Hejﬂ > He,,
Hg],u =H,,, Heja < H,,, are the opposite.

Comparing x;j, and x4, their cloud dominance degree can be denoted as P, (%4, x]-a) =
(1 (Xias Xia)s P2(Xia, Xja), P3(Xias xju)]. Analogously, the cloud dominance degree of x; com-
pared to x; under attribute set A can be denoted by Py (x;, xj) = [pa1(xia, xja), paz(xia, x]-A),}
[pa3(xia, xja)], where

num|ay | + 0.5num|b |

pa1(Xia, xja) = num]A| (13)
num|ay| + 0.5num|b

pa2(Xia, Xja) = | 2r|zum|A| = (14)
num|az| + 0.5num|b

pas(Xia, xja) = 23 | (15)

num|A|

Here, num|ay |, num|ay|, and num|asz| express the number of attributes whose value
is 1 under Ey, E,, and H,, respectively. That is, the number of p1(x;,, xja), p2(Xia, xja), and
P3(Xia, Xja) is equal to 1. num|by|,num|by|, and num|bs| represent the numbers of py (xis, Xjs),
p2(Xia, Xja), and p3(xiq, xj;) equal to 0.5, respectively. num|A| is the number of attributes.

Step 4. Calculate a-probability cloud dominance class.

According to the related concepts and definitions of the a-probability cloud dominance
class, a-probability cloud dominance relationship and a-probability cloud dominance class
(i35, [xi]75, and [x;]75 of x; under expectation Ey, entropy E,, and hyperentropy H,
are obtained.

Here,

A= (G pan(xix) 2 0,05 <a <1} 655 = (x| () €RZF} a6)
R = {(xi %) [panlxi ) 2 0,05 <w <1}, [z = {x)|(ux) € RE ) (17)
R = {(xi,2)) [pas(xi %)) > 2,05 <& <1}, [xi]35 = {xf (xir3j) € R‘%g} (e

When « tends to 0.5, Rii‘ is called an optimistic PDR, and when « approaches 1, Rii‘
is called a pessimistic PDR.

Obviously, when a = 0.5, it means that only half of the attributes are “superior”, and
this requirement is relatively easy to satisfy. When a= 1, it means that all attributes are
“superior”. This requirement is relatively strict and difficult to meet. Therefore, 0.5 and 1 are
the upper and lower bounds of optimistic and pessimistic decision-making, respectively;
and this situation has great significance for decision makers with different risk preferences
to choose the credibility parameter.

Step 5. Calculate the cloud dominance matrix of a-probability
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Calculate the cloud dominance matrices M7 ¥ (x;, xj), MZ5 (%, xj), and MZ5(x;, x;)
according to the expectation Ey, entropy E;, and hyperentropy H,, respectively.

H"j]ii‘*["i]ﬁ

M3 (xi, %) = q [[]55 -tz [+

> 12«
T A 7 Bl (19)

0.5 else

“"j]i;*[xf]fi“

Ll # il 0)

M5 (%, %)) = Q i) Iz [+l 8 =[]
0.5 else
N ij]ig_[xi]%g [x4]21x # [x] Zﬂt
24 > o« a >alrs 1
M3 (xir %) = 4 [l -l [+lzs -l 7 T4 (1)
0.5 else

In Formulas (19)—(21), [x;] ii‘ represents a set of elements that have a better a-probability

than the object x;. [x;] ig denotes a set of elements that have a better a-probability than
>
Al
elements that are better than the a-probability of x; are removed from the set of elements
with better a-probability than x; to represent the a-probability dominance of object x;
relative to object x;.

Step 6. Computing comprehensive cloud dominance degree.

According to the cloud dominance matrix of a-probability, calculate the cloud domi-

: >a ~>u >a,
nance matrices C37, C7,, and CZ3:

object x;. In other words, ‘ [xj] - [xi]ii" measures the difference of the sets. That is, the

1 n
Cai(x) = EZM%(% X;) (22)
=
>n 1 z >n
CZz (xi) = EZ MZz (xi, xj) (23)
i
>n 1 L >u
Cas (xi) = - ) MZ5 (%, %)) (24)
=

Step 7. According to comprehensive cloud dominance degree, the ranking of research
objects (suppliers) is obtained.

5. Case Study

Sustainable supplier selection is a very complex process, especially when using
TIT2FNs to determine indicator weights and the cloud PDR method to evaluate sustainable
suppliers. Therefore, a numerical example is illustrated to prove the effectiveness of the
proposed method.

5.1. Problem Definition and Description of Case

With the continuous increase in electronic products, 40-70 million tons of electrical
product waste is being generated annually around the worldwide [62]. The electronic
products manufacturers of China mainly produce digital products such as mobile phones
and computers. These products have a high market share in the world, and there are also
many waste electronic products simultaneously. Under the supervision of the government,
market, consumers, shareholders, and other factors, the manufacturer must pay attention to
sustainable SCM. That is, the manufacturer must consider importance in the selection and
evaluation of sustainable suppliers. This section describes the application of the proposed
method to this manufacturer. When choosing spare part suppliers, the manufacturer not
only considers the economic benefits brought by suppliers, but also uses the concept of
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sustainable development as an assessment criterion. Based on this, we assume that the
manufacturer established a decision-making team composed of three experts from relevant
departments (the procurement department, the marketing department, and the logistics
department) and two experts from outside the manufacturer to select a more appropriate
sustainable supplier of accessories and repairs among the five candidates.

5.2. Selection of Indicators

The determination of the indicator system is the first step in the selection and eval-
uation of sustainable suppliers. The formulation of indicator standards should meet the
requirements and development strategies of the manufacturer. In order to select suitable
sustainable suppliers, 15 indicators from 3 dimensions are finally determined through 5
experts’ inputs and relevant literature. This study mainly considers three types of indica-
tors: economic, environmental, and social. The economic indicators include product price
(PPE), product profits (PPT), product quality (PQ), transportation costs (TC), and lead time
required (LTR); the environmental indicators include green design and purchasing (GDP),
green manufacturing (GM), green packaging (GP), environmental competencies (EC), and
green innovation (GI); the social indicators include social health care (SHC), the interests
and rights of employees (IRE), the rights of stakeholders (RS), information disclosure (ID),
and respect for policy (RP). Figure 2 shows the SSSE indicators in each dimension.

Sustainable supplier selection indicators system

L Environmental r N
Economic indicators .. Social indicators
indicators

1. Social health care(SHC)

. Green design and 2. The interests and rights

1. Product price(PPE) purchasing(GDP)
2. Product profits(PPT) 2. Green manufacturing gf,i?l?:gﬁiso(gRE)
3. Product quality(PQ) (GM) st'akehol ders(RS)
4. Transportation costs(TC) 3. Green packaging (GP) 4. Information disclosure
5. Lead time required(LTR) 4. Environmental (I.D)
competen.cws(EC.) 5. Respect for the policy
5. Green innovation (GI) (RP)

______________________________________________________________________________________

Figure 2. Distribution of the SSSE indicators in each dimension.

5.3. Computing Indicator Weights Using TIT2FNs

The manufacturer evaluated the importance of each indicator according to its own
development status, and the evaluation results are presented in Table 1. Then, the manu-
facturer assigned three experts (they come from the decision-making team, have a good
understanding of the measurement methods of each indicator, and are able to make an ac-
curate evaluation of each candidate supplier) to evaluate the performance of the candidate
sustainable suppliers. In this part, they assess the importance of each indicator based on
the actual development of the manufacturer. When the evaluation results are different, the
expert explains the reasons for giving the evaluation results and then repeats the evaluation
process until the evaluation results of the three experts are consistent. The final result
is shown in Table A4 of Appendix B. To prevent sustainable suppliers from maliciously
promoting corporate performance, different time weights (0.2, 0.3, 0.5) are assigned to 2015,
2016, and 2017, respectively, based on the impact of history on the current situation.
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Table 1. Indicator importance evaluation form.

Economic Indicators

Environmental Indicators Social Indicators

PPE
I

PPT PQ TC
U VI GI

LTR
MI

GDP
VI

GM GP EC GI
LI LI VI I

SHC
VI

IRE RS 1D
GI MI VI

RP
LI

In this evaluation, decision makers evaluated indicator performance in the past three
years using linguistic terms (S1 = (very unimportant (VU), unimportant (U), less important
(LI), generally important (GI), more important (M), important (I), very important (VI)))
and (S2 = very very bad (VVB), very bad (VB), bad (B), ordinary (O), medium (M), good
(G), very good (VG), very very good (VVG)). The conversion criteria are shown in Table A5
and A6 of Appendix B.

Step 1. To assess the importance of a sustainable supplier indicator, we convert the
evaluation language terms (Table A4) of indicator importance into TIT2FNs according to
Table A6.

Step 2. Using Formula (4), (5) and the indicator transformation result, the probability
matrix is obtained, and the details are in the possibility matrix of Appendix B.

Step 3. Using Equation (7), we obtain the weight of each indicator, shown in Table 2.

Table 2. The weight of each indicator.

PPE
0.0597
GDP
0.0425
SHC
0.0271

PPT
0.1111
GM
0.1182
IRE
0.1025

TC
0.0900
EC
0.0271
1D
0.0271

LTR
0.0711
GI
0.0582
RP
0.0578

PQ
0.0383
GP
0.0982
RS
0.0711

Economic Indicators

Environmental
indicators

Social indicators

5.4. Cloud PDR

Step 1. Transformation and defuzzification of the evaluation language is performed.
The results are shown in Tables A7-A10.

Step 2. In order to prevent candidate sustainable suppliers from improving per-
formance maliciously, experts assess their performance in the past three years and give
different timing weights based on the distance from the current time. The results with
timing weights and indicator weights handled are shown in Table 3.

Table 3. Expert evaluation results of candidate sustainable suppliers’ indicators based on timing
weights and indicator weights.

Sustainable
Supplier

Economic Indicators

Environmental Indicators Social Indicators

Time
PPE

PPT

PQ TC LTR GDP GM GP EC GI SHC TE RS ID RP

SS1

552

SS3

S54

SS5

2015
2016
2017
2015
2016
2017
2015
2016
2017
2015
2016
2017
2015
2016
2017

0.004
0.018
0.040
0.012
0.021
0.040
0.006
0.018
0.040
0.012
0.021
0.036
0.012
0.021
0.029

0.022
0.010
0.054
0.022
0.033
0.054
0.007
0.010
0.054
0.022
0.025
0.054
0.022
0.025
0.029

0.008
0.016
0.019
0.002
0.009
0.019
0.008
0.016
0.019
0.002
0.009
0.014
0.002
0.009
0.019

0.018
0.036
0.044
0.018
0.020
0.054
0.018
0.036
0.044
0.018
0.020
0.044
0.018
0.020
0.054

0.011
0.029
0.027
0.014
0.021
0.035
0.011
0.029
0.027
0.014
0.016
0.035
0.011
0.021
0.035

0.008 0.023 0.015 0.003
0.012 0.035 0.035 0.010
0.029 0.070 0.048 0.013
0.008 0.023 0.010 0.005
0.015 0.027 0.022 0.006
0.029 0.058 0.058 0.016
0.003 0.007 0.019 0.005
0.012 0.035 0.040 0.011
0.029 0.080 0.048 0.013
0.008 0.018 0.006 0.005
0.012 0.042 0.022 0.006
0.029 0.058 0.048 0.016
0.008 0.023 0.010 0.005
0.012 0.019 0.022 0.004
0.029 0.058 0.048 0.016

0.009
0.024
0.035
0.011
0.017
0.029
0.009
0.024
0.035
0.011
0.021
0.035
0.006
0.017
0.035

0.007
0.010
0.018
0.005
0.008
0.016
0.000
0.006
0.013
0.005
0.010
0.018
0.005
0.010
0.016

0.020 0.011 0.005 0.009
0.037 0.025 0.011 0.021
0.069 0.035 0.018 0.022
0.020 0.004 0.005 0.011
0.037 0.016 0.004 0.017
0.061 0.042 0.016 0.034
0.011 0.017 0.005 0.009
0.000 0.029 0.011 0.023
0.069 0.035 0.016 0.022
0.020 0.008 0.005 0.011
0.037 0.016 0.006 0.017
0.050 0.035 0.018 0.034
0.020 0.004 0.005 0.009
0.037 0.016 0.006 0.021
0.050 0.035 0.013 0.028
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Step 3. Using Formulas (10)-(12), the expectation, entropy, and hyperentropy of each
dimension and indicator were obtained.

Step 4. The cloud dominance degree of sustainable suppliers is calculated using For-
mulas (13)—(18). The results are shown in Table 4. For example, (x1, x2) [0.600, 0.567, 0.533]
indicates that the probability that the expectation of SS; is higher than that of 557 is 0.6, the
probability that the entropy of SS; is higher than that of SS; is 0.567, and the probability
that the hyperentropy of SS; is higher than that of SS; is 0.533.

Table 4. Cloud dominance degree among sustainable suppliers.

Cloud Dominance Degree

(x1,%2) [0.600,0.567,0.533]  (x1,x3) [0.533,0.533,0.600]  (x1,x4) [0.700,0.600,0.633]  (x1,x5) [0.833,0.567,0.600]
(x2,x1) [0.400,0.433,0467]  (xp,x3) [0.467,0.467,0467]  (x2,x4) [0.667,0.467,0533]  (xp,x5) [0.800,0.400,0.400]
(x3,x1) [0.467,0.467,0400]  (x3,x5) [0.533,0.533,0533]  (x3,x4) [0.600,0.567,0.567]  (x3,x5) [0.633,0.533,0.533]
(x4,%1) [0.300,0.400,0.367]  (xs,x) [0.333,0.533,0467]  (x4,x3) [0.400,0.433,0433]  (x4,x5) [0.667,0.467,0.500]
(xs5,x1) [0.167,0.433,0400]  (xs,x5) [0.200,0.600,0.600]  (xs,x3) [0.367,0.467,0.467]  (x5,x4) [0.333,0.533,0.500]

Step 5. The probability « is determined according to the actual situation of manufac-
turers (in this case, « = 0.5), and the cloud dominance degree of each sustainable supplier
is constructed. The results are shown in Table 5.

Table 5. Cloud dominance degree of sustainable suppliers.

E, E, He
[x1]7° {x1, %2, x3, x4, X5} {x1,x2, %3, x4, x5} {x1,x2,%3, x4, x5}
[x2]3"° {x2, x4, x5} {x2} {x2, x4}
[x3]3° {x2,x3, x4, x5} {x2,x3,x4, X5} {x2,x3,x4, x5}
[xa] 5 {x4, x5} {x2, x4} {x4,x5}
[x5]7"° {xs} {x2, x4, x5} {x2, x4, x5}

Step 6. The cloud dominance matrix of a-probability M§0'5 is calculated using Formu-
las (19)—(21).

(0.5,0.5,0.5) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.0,0.0,0.0) (0.0,0.0,0.0)
(1.0,1.0,1.0) (0.5,0.5,0.5) (1.0,1.0,1.0) (0.0,1.0,0.5) (0.0,1.0,1.0)
M5%° = [(1.0,1.0,1.0) (0.0,0.0,0.0) (0.5,0.5,0.5) (0.0,0.0,0.0) (0.0,0.0,0.0)
(1.0,1.0,1.0) (1.0,0.0,0.5) (1.0,1.0,1.0) (0.5,0.5,0.5) (0.0,1.0,1.0)
(1.0,1.0,1.0) (1.0,0.0,0.0) (1.0,1.0,1.0) (1.0,0.0,0.0) (0.5,0.5,0.5)

Step 7. Using the average value of the above comprehensive cloud dominance matrix,
the comprehensive dominance degree of sustainable suppliers is obtained. The results are
shown in Table 6.

Table 6. The comprehensive cloud dominance degree of sustainable suppliers.

Sustainable Supplier Comprehensive Cloud Dominance Degree
ss1 0.1,0.1,0.1]
Ss2 0.5,0.9,0.8]
553 [0.3,0.3,0.3]
SS4 0.7,0.7,0.8]
SS5 0.9,0.5,0.5]

In Table 6, the first numbers of comprehensive cloud dominance degree are compared;
0.1, 0.5, 0.3, 0.7, and 0.9 are compared. A larger value shows that the supplier is better.
According to the values of the first numbers, the sequence of sustainable suppliers can be
obtained, which is SS5 = 554 > SS, > 553 > SS7.
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Through case analysis, we found that SS5 is the most consistent with manufacturers’
sustainability requirements.

6. Sensitivity Analysis

To improve the effectiveness of the proposed method, sensitivity analysis is con-
ducted [63,64]. The purpose of sensitivity analysis is to observe the SSSE results when
the a-probability changes. From Section 4.3, it can be found that the requirement of one
supplier being more appropriate than another increases as the a-probability increases.

When the a-probability increases to 0.6, the calculation results of the cloud dominance
class of the sustainable suppliers are as shown in Table 7.

Table 7. Cloud dominance classes of sustainable suppliers when the a-probability is 0.6.

Ex En He
[x1]7¢ {x1,x2, x4, x5} {x1, x4} {x1,x3, %4, %5}
[x2) 7 {x2, x4, x5} {x2} {x2}
[x3]73° {x3, x4, x5} {x3} {x3}
EA {x4, x5} {x4} {x4}
[x5]5"¢ {xs} {x2, x5} {x2, x5}

Then, we obtain the comprehensive dominance matrix of sustainable suppliers accord-
ing to cloud dominance classes.

(0.5,0.5,0.5) (0.0,2/3,0.2) (1/3,1/3,0.0) (0.0,0.0,0.0) (0.0,0.5,0.25)
(1.0,2/3,08) (0.5,05,05) (0.5,05,05) (0.0,0505) (0.0,1.0,1.0)
M3% = 1(2/3,2/3,1.0) (05,05,05) (0505,05) (0.0,0505) (0.0,2/3,2/3)
(1.0,1.0,1.0)  (1.0,05,05) (1.0,05,05)  (0.5,0.5,05) (0.0,2/3,2/3)
(1.0,0.5,0.75)  (1.0,0.0,0.0) (1.0,1/3,1/3) (1.0,1/3,1/3) (0.5,0.5,0.5)

Using the average value of the above comprehensive dominance matrix, the compre-
hensive dominance degree of sustainable suppliers is obtained, as shown in Table 8.

Table 8. Comprehensive dominance degree of sustainable suppliers.

Sustainable Supplier Comprehensive Dominance Degree
ss1 [0.167,0.4,0.19]
552 [0.4,0.633,0.66]
SS3 [0.333,0.567,0.633]
554 [0.7,0.633,0.633]
555 [0.9,0.333,0.383]

Therefore, the ranking of sustainable suppliers is SS5 > 5S4 > 5S, > 553 > S5;.
When the a-probability increases to 0.7, the calculation results of the cloud dominance
class of the sustainable suppliers are as shown in Table 9.

Table 9. Cloud dominance classes of sustainable suppliers when a-probability is 0.7.

E, E, He
[x1)5%7 {x1, x4, x5} {x1} {x1}
[xal5 7 {x2, x5} {x2} {x2}
[x3] 57 {x3} {x3} {xs}
EN {xa} {x4} {x4}
[xs]2"7 {xs} {xs} {xs}
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We obtain the comprehensive dominance matrix of sustainable suppliers according to
cloud dominance classes.

(0.5,05,05) (0.25,0.5,0.5) (0.25,0.5,0.5) (0.0,0.5,0.5) (0.0,0.5,0.5)
(0.75,0.5,0.5)  (0.5,0.5,0.5) (0.5,0.5,0.5) (0.5,0.5,0.5) (0.5,0.5,0.5)
M%7 = {(0.75,05,0.5) (0.5,05,05) (0.505,05) (0.5,0505) (0.5,05,0.5)
(1.0,05,05) (0.5,05,05) (0.5,05,05) (0.5,0.5,05) (0.5,0.5,0.5)
(1.0,05,05) (05,05,05) (0.5,05,05) (0.5,0.5,05) (0.5,0.5,0.5)

According to the average value of the above comprehensive dominance matrix, the
comprehensive dominance degree of sustainable suppliers is obtained, as shown in Table 10.

Table 10. Comprehensive dominance degree of sustainable suppliers.

Sustainable Supplier Comprehensive Dominance Degree
SS1 [0.2,0.5,0.5]
sS2 [0.55,0.5,0.5]
SS3 [0.55,0.5,0.5]
554 [0.6,0.5,0.5]
SS5 0.6,0.5,0.5]

Therefore, when the a-probability is 0.7, the order of sustainable suppliers is SS5 ~
5S4 > S5y ~ S§S3 = §51. From the order, the most appropriate supplier was obtained,
which is SS5 or S54.

The above analysis shows that there are some differences among the ranking results
of the sustainable suppliers as the a-probability increases. This change in the results
demonstrates the effectiveness of the proposed method. An increase in the a-probability
means an improvement in sustainable supplier requirements, further meaning a reduction
in the division between sustainable suppliers. For example, if the a-probability is equal to
1, the dominance relationship between sustainable suppliers becomes a strict advantageous
relationship. Therefore, the method proposed in this article is more flexible. This flexibility
does not affect the robustness of the results. The sensitivity analysis shows that supplier 1
is the optimal choice for the manufacturer.

7. Implications of This Research

This research aims to assist managers in selecting and evaluating their suppliers to
improve the operational performance of their sustainable supply chains. This research has
the following significant implications.

The study provides a comprehensive indicator system for the selection and evaluation
of sustainable suppliers. In the selection of suppliers, decision makers need to understand
the problems and objectives of enterprises. The indicator system, proposed in this paper,
can guide managers in managing sustainable supplier-related decisions effectively.

The method proposed in this paper has merits in terms of theoretical and practical
values and provides robust methodological support for sustainable supplier evaluation
decision makers. Practicing managers can make purchasing and production plans based on
the findings of this work. The findings of this work further assist managers in improving
and evaluating the sustainability of suppliers from a sustainability viewpoint.

8. Conclusions and Future Work

In this paper, an SSSE indicator system was first established considering economic,
environmental, and social aspects. An appropriate sustainable supplier is determined
using the novel TIT2FNs and cloud PDR methods. Finally, a case study and sensitivity
analysis are conducted to show the effectiveness of the proposed methodology. Some
concluding remarks can be made on this study: The TIT2FNs not only effectively denote
the hesitant characteristics of decision makers, but also evaluate the fuzzy and uncertain
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characteristics of information. The most appropriate sustainable supplier (SS5) is selected
based on comprehensive cloud dominance degree. This means that SS5 better meets the
requirements of manufacturers in terms of product profits, green manufacturing, and
the interests and rights of employees. These indicators are in line with the sustainable
development status of manufacturers.

There are some limitations of this study. The selection of indicators may vary with
time and technological advancements. The decision makers and experts must be highly
knowledgeable and professionally skilled to better analyze the situation. In the future, we
will seek to build a quantitative model to calculate the results based on the relevant data
provided by enterprises, which can further reduce the impacts of subjective factors on the
selection and evaluation of sustainable suppliers.
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Appendix A

Table Al. The operating rules of TIT2FNs.

Operation Specific Process

A+B Al 4+ b, 3y + Y, G + BY, @ + B min(Hy (AY), Hy (BY)), min(Hy (AY), Hy (BY))

G+ bk, @ + b, ak + B, @k + B; min(Hy (AL), Hy (BL)), min(Ha(AL), Ha(BL)).
A-B & — o, a5 — by, af — o, &l — bl min(Hy (AY), Hi (BY)), min(Hp (AY), Ho(BY))

ab — bk, ay — b5, a5 — bk, @ — bk min(Hy (AY), Hy (BY)), min(Hy(AY), Hy(BY))
kA KA = ((katl, kayl, kay, kal; Hy (AU), Hy(AY), (kak, kab, kak, kak; Hy (AL), Hy(AL))

Table A2. The rules of cloud computing and comparison.
E, E, H,

nty Ey +Ey E,112+E,,22 y/HclerHezz
-1 Ey —Ey \/Eny 2+ Eny? /Hey 2+ Hey?

T X Ey Exy (EnyExy)” + (EnyEx,)* (He, Exy)* + (HeyEx) )
h+ih E. /E; Ex | (B \*, (Emp\? Ex | [(He)?  (Hep)?
v Exy (f“‘l )~+ (Exz ) Ex (En ) + (E-Yz )
Exl > Ex2 ]ﬁ > ZZ
Enl > Enz Zl < ]12
HL’1 > HL’Z 1 <Yy
Table A3. The calculation rules of cloud dominance degree.
P1 (xiulxju) P2 (xialxja) P3 (xialxja)
Ey, > Ex, 1
Ey, = Ex, 0.5
Ex, < Ex, 0
Njg > Enia O
En, = En, 0.5
Ey, < Eu, 1
He/u > Hexa O
Hejzz = Heia 0.5
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Appendix B

Table A4. Evaluation results of indicators for sustainable suppliers in the past three years.

Sustainable ) Economic Indicators Environmental Indicators Social Indicators
Suppliers Time PPE PPT PQ TC LTR GDP GM GP EC GI SHC IRE RS D RP
2015 B G G G M G G M o M VVG G M G M
ss1 2016 G B VG VG VG G G VG VG VG VG VG VG VG VG
2017 VG G G G M VVG VG G G VG VWG VVG G VVG M
2015 G G B G G G G o) G G G G B G G
ss2 2016 VG G M M G VG M M M G G VG M o G
2017 VVG G G VG G VG G VG VG G VG VG VG VG VG
2015 o) B G G M B B G G M VVB o VG G M
ss3 2016 G B VVG VG VVG G G VWG VWG VVG M VVB VG VG VVG
2017 VVG G G G M VG VG G G VG G VVG G VG M
2015 G G B G G G M B G G G G o G G
ss4 2016 VG M M M M G VG M M VG VG VG M M G
2017 VG G M G G VG G G VG VG VVG G G VG VG
2015 G G B G M G G o) G o G G B G M
SS5 2016 VG M M M G G o M o G VG VG M M VG
2017 G o G VG G VG G G VG VG VG G G G G
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possibility matrix =

r 0.5000

0.0000
0.8750
0.0000
0.0000
0.7778
0.0000
0.0000
1.0000
0.5625
1.0000
0.0000
0.0000
1.0000

L 1.0000

1.0000
0.5000
1.0000
1.0000
1.0000
1.0000
0.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0000

Table A5. Transformation rules between language terms and trapezoid interval type-2 fuzzy numbers.

Linguistic Terms

Trapezoidal Interval Type-2 Fuzzy Number

Very unimportant (VU)

Unimportant (U)
Less important (LI)

General important (GI)
More important (MI)

Important(I)
Very important (VI)

((0,0,0,0.1;1,1), (0,0,0,0.05;0.9,0.9))
((0,0.1,0.1,0.3;1,1), (0.05,0.1,0.1,0.2;0.9,0.9))
((0.1,0.3,0.3,0.5;1,1), (0.2,0.3,0.3,0.4,0.9,0.9))
((0.3,0.5,0.5,0.7;1,1), (0.4,0.5,0.5,0.6;0.9,0.9))
((0.5,0.7,0.7,0.9;1,1), (0.6,0.7,0.7,0.8;0.9,0.9))
((0.7,0.9,0.9,1;1,1), (0.8,0.9,0.9,0.95;0.9,0.9))

((0.9,1,1,1;1,1), (0.95,1,1,1;0.9,0.9))

Table A6. Transformation rules between language terms and trapezoid interval type-2 fuzzy numbers.

Linguistic Variables

TIT2FSs

Very very bad (VVB) ((0,0,0,0;1,1), (0,0,0,0;0.9,0.9))
Very bad (VB) ((0,0.1,0.1,0.2;1,1), (0.05,0.1,0.1,0.15;0.9,0.9))
Bad (B) ((0.1,0.2,0.2,0.35;1,1), (0.15,0.2,0.2,0.3;0.9,0.9))
. 0.2,0.35,0.35,0.5;1,1
Ordlnary (O) (( 74 7 7 747 )I
(0.25,0.35,0.35,0.45;0.9,0.9))
Medium (M) ((0.35,0.5,0.5,0.65;1,1), (0.4,0.5,0.5,0.6;0.9,0.9))
0.5,0.65,0.65,0.8;1,1
G 00 d (G) (( 7 y A L, )/
(0.55,0.65,0.65,0.75;0.9,0.9))
Very good (VG) ((0.65,0.8,0.8,0.9;1,1), (0.7,0.8,0.8,0.85;0.9,0.9))
Very very good (VVG) ((0.8,0.9,0.9,1;1,1), (0.85,0.9,0.9,0.95;0.9,0.9))
0.1250 1.0000 1.0000 0.2222  1.0000 1.0000 0.0000 0.4375 0.0000 1.0000 1.0000 0.0000 0.0000 17
0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
0.5000 1.0000 1.0000 0.5625 1.0000 1.0000 0.3000 0.8571 0.3000 1.0000 1.0000 0.3000 0.0000
0.0000 0.5000 0.0000 0.0000 1.0000 0.8333 0.0000 0.0000 0.0000 0.5455 0.0000 0.0000 1.0000
0.0000 1.0000 0.5000 0.0000 1.0000 1.0000 0.0000 0.0000 0.0000 1.0000 0.5000 0.0000 1.0000
0.4375 1.0000 1.0000 0.5000 1.0000 1.0000 0.2500 0.7500 0.2500 1.0000 1.0000 0.2500  0.0000
0.0000 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000 0.0000 0.0000 0.2000 0.0000 0.0000 1.0000
0.0000 0.1667 0.0000 0.0000 1.0000 0.5000 0.0000 0.0000 0.0000 0.2857 0.0000 0.0000 1.0000
0.7000 1.0000 1.0000 0.7500 1.0000 1.0000 0.5000 1.0000 0.5000 1.0000 1.0000 0.5000 0.0000
0.1429 1.0000 1.0000 0.2500 1.0000 1.0000 0.0000 0.5000 0.0000 1.0000 1.0000 0.0000 0.0000
0.7000 1.0000 1.0000 0.7500 1.0000 1.0000 0.5000 1.0000 0.5000 1.0000 1.0000 0.5000 0.0000
0.0000 0.4545 0.0000 0.0000 0.8000 0.7143 0.0000 0.0000 0.0000 0.5000 0.0000 0.0000 0.0000
0.0000 1.0000 0.5000 0.0000 1.0000 1.0000 0.0000 0.0000 0.0000 1.0000 0.5000 0.0000 1.0000
0.7000 1.0000 1.0000 0.7500 1.0000 1.0000 0.5000 1.0000 0.5000 1.0000 1.0000 0.5000 0.0000
1.0000  0.0000 0.0000 1.0000 0.0000 0.0000 1.0000 1.0000 1.0000 1.0000 0.0000 1.0000 0.5000 |
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Table A7. Trapezoidal interval type-2 fuzzy numbers represent the economic indicators of sustainable suppliers.
Sustainable Ti Economic Indicators
. ime
Suppliers PPE PPT PQ TC LTR
2015 ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
s (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.8,0.9,09,1,1,1), ((0.8,0.9,09,1;,1,1), ((0.8,0.9,09,1;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95,0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75,0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
s (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75,0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2016 ((0.65,0.8,0.8,0.9;,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2015 ((0.2,0.35,0.35,0.5;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
ss3 (0.25,0.35,0.35,0.45;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.8,0.9,09,1;1,1), ((0.8,0.9,09,1;,1,1), ((0.8,0.9,09,1;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95,0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
g4 (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75,0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2016 ((0.65,0.8,0.8,0.9;,1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2017 ((0.65,0.8,0.8,0.9;,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
ss5 (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75,0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2016 ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2017 ((0.5,0.65,0.65,0.8;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.5,0.65,0.65,0.8;1,1),

(0.55,0.65,0.65,0.75;0.9,0.9))

(0.25,0.35,0.35,0.45;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))

(0.7,0.8,0.8,0.85;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))
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Table A8. Trapezoidal interval type-2 fuzzy numbers represent the environmental indicators of sustainable suppliers.
Sustainable Environmental Indicators
. Time
Suppliers GDP GM GP EC GI
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.35,0.5,0.5,0.65;1,1),
s (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.8,0.9,09,1;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9))  (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;,1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
s (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2016 ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2015 ((0.1,0.2,0.2,0.35;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
ss3 (0.15,0.2,0.2,0.3;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.8,0.9,09,1;1,1), ((0.8,0.9,09,1;,1,1), ((0.8,0.9,09,1;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9))  (0.55,0.65,0.65,0.75;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.8,0.9,09,1;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95,0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.1,0.2,0.2,0.35;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
ss4 (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.65,0.8,0.8,0.9;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;,1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.2,0.35,0.35,0.5;1,1),
ss5 (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9))  (0.25,0.35,0.35,0.45;0.9,0.9)) (0.4,0.5,0.5,0.6,0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9))  (0.55,0.65,0.65,0.75;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;,1,1),

(0.85,0.9,0.9,0.95;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))

(0.7,0.8,0.8,0.85;0.9,0.9))

(0.7,0.8,0.8,0.85;0.9,0.9))
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Table A9. Trapezoidal interval type-2 fuzzy numbers represent the social indicators of sustainable suppliers.
Sustainable . Social Indicators
Suppliers Time SHC TE RS 1D RP
2015 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
s (0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2016 ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.8,0.9,09,1;,1,1), ((0.65,0.8,0.8,0.9;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.8,0.9,09,1,1,1), ((0.35,0.5,0.5,0.65;1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95,0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
52 (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2016 ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9))  (0.55,0.65,0.65,0.75;0.9,0.9))
2017 ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;,1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2015 ((0,0,0,0;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.65,0.8,0.8,0.9,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
(0,0,0,0,0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
583 ot ((0.35,0.5,0.5,0.65;1,1), ((0,0,0,0;1,1), ((0.8,09,09,1;1,1), ((0.8,09,09,1;1,1), ((0.8,0.9,0.9,1;1,1),
(0.4,0.5,0.5,0.6;0.9,0.9)) (0,0,0,0;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9))
2017 ((0.5,0.65,0.65,0.8;1,1), ((0.8,0.9,09,1;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9)) (0.85,0.9,0.9,0.95,0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.2,0.35,0.35,0.5;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),
ss4 (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.25,0.35,0.35,0.45;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2016 ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.5,0.65,0.65,0.8;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9))
2017 ((0.8,0.9,09,1,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.8,0.9,09,1,1,1), ((0.65,0.8,0.8,0.9;,1,1),
(0.85,0.9,0.9,0.95;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.85,0.9,0.9,0.95;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2015 ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.1,0.2,0.2,0.35,1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.35,0.5,0.5,0.65;1,1),
(0.55,0.65,0.65,0.75;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.15,0.2,0.2,0.3;0.9,0.9)) (0.55,0.65,0.65,0.75;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9))
555 2016 ((0.65,0.8,0.8,0.9;1,1), ((0.65,0.8,0.8,0.9;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.35,0.5,0.5,0.65;1,1), ((0.65,0.8,0.8,0.9;1,1),
(0.7,0.8,0.8,0.85;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.4,0.5,0.5,0.6;0.9,0.9)) (0.7,0.8,0.8,0.85;0.9,0.9))
2017 ((0.65,0.8,0.8,0.9;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1), ((0.5,0.65,0.65,0.8;1,1),

(0.7,0.8,0.8,0.85;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))

(0.55,0.65,0.65,0.75,;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))

(0.55,0.65,0.65,0.75;0.9,0.9))




Systems 2022, 10, 166 22 of 24

Table A10. Expert evaluation of candidate sustainable suppliers.

Sustainable ) Economic Indicators Environmental Indicators Social Indicators
Supplier Time PPE PPT PQ TC LTR GDP GM GP EC GI SHC IRE RS ID RP
2015 0.31 0.98 098 0.98 0.75 0.98 098 0.75 053 0.75 1.35 0.98 0.75 0.98 0.75
SS1 2016 0.98 0.31 1.35 1.35 1.35  0.98 098 1.19 1.19 1.35 1.19 1.19 1.19 1.35 1.19
2017 1.35 0.98 098 0.98 0.75 1.35 1.19 0.98 098 1.19 1.35 1.35 098 1.35 0.75
2015 0.98 0.98 031 0.98 098 0.98 098 0.53 098 0.98 098 0.98 031 0.98 0.98
SS2 2016 1.19 0.98 0.75 0.75 098 1.19 0.75 0.75 0.75 0.98 098 1.19 0.75 0.53 0.98
2017 1.35 0.98 098 1.19 098 1.35 098 1.19 1.19 0.98 1.19 1.19 1.19 1.19 1.19
2015 0.53 0.31 098 0.98 0.75 031 0.31 098 098 0.75 0.00 0.53 1.19  0.98 0.75
SS3 2016 0.98 0.31 1.35 1.35 1.35 098 098 1.35 135 1.35 0.75 0.00 135 1.35 1.35
2017 1.35 0.98 0.98 0.98 0.75 1.35 1.35 0.98 098 1.19 098 1.35 098 1.19 0.75
2015 0.98 0.98 0.31 0.98 098 0.98 0.75 0.31 098 0.98 098 0.98 0.53 0.98 0.98
SS4 2016 1.19 0.75 0.75 0.75 0.75 098 1.19 075 0.75 1.19 1.19 1.19 0.75 0.75 0.98
2017 1.19 0.98 0.75 0.98 098 1.35 098 0.98 1.19 1.19 1.35 0.98 098 1.35 1.19
2015 0.98 0.98 031 0.98 0.75 0.98 098 0.53 098 0.53 098 0.98 0.31 0.98 0.75
SS5 2016 1.19 0.75 0.75 0.75 098 098 053 0.75 0.53 098 1.19 1.19 0.75 075 1.19
2017 0.98 0.53 098 1.19 098 1.35 098 0.98 1.19 1.19 1.19 098 098 0.98 0.98
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