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Abstract: Intuitionistic fuzzy numbers incorporate the membership and non-membership degrees. In contrast, Z-numbers consist of restriction components, with the existence of a reliability component describing the degree of certainty for the restriction. The combination of intuitionistic fuzzy numbers and Z-numbers produce a new type of fuzzy numbers, namely intuitionistic Z-numbers (IZN). The strength of IZN is their capability of better handling the uncertainty compared to Zadeh's Z-numbers since both components of Z-numbers are characterized by the membership and non-membership functions, exhibiting the degree of the hesitancy of decision-makers. This paper presents the application of such numbers in fuzzy multi-criteria decision-making problems. A decision-making model is proposed using the trapezoidal intuitionistic fuzzy power ordered weighted average as the aggregation function and the ranking function to rank the alternatives. The proposed model is then implemented in a supplier selection problem. The obtained ranking is compared to the existing models based on Z-numbers. The results show that the ranking order is slightly different from the existing models. Sensitivity analysis is performed to validate the obtained ranking. The sensitivity analysis result shows that the best supplier is obtained using the proposed model with 80% to 100% consistency despite the drastic change of criteria weights. Intuitionistic Z-numbers play a very important role in describing the uncertainty in the decision makers’ opinions in solving decision-making problems.
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1  Introduction

In the theory of fuzzy set, Zadeh [1] considered the real number in the interval [0, 1] to define the membership grade for a fuzzy set. The concept of the fuzzy set was then extended to a fuzzy number by Dubois et al. [2]. A fuzzy number is defined as a fuzzy subset of the real number in which its maximum membership values are surrounding the average value [2]. Many researchers have used triangular and trapezoidal fuzzy numbers to solve multi-criteria decision making (MCDM) problems.

The fuzzy set has been generalized as an intuitionistic fuzzy set by Atanassov [3]. The intuitionistic fuzzy set incorporates the membership and non-membership degrees, both taking values from the interval [0, 1]. The membership degree represents the grade of belongingness, while the non-membership degree measures the level of non-belongingness of the elements to the fuzzy sets. The concept of the intuitionistic fuzzy set has been extended to the intuitionistic fuzzy number by Grzegrorzewski [4].

In 2011, Zadeh [5] proposed a new type of fuzzy number, namely Z-number, Z = (A, R), which consists of a reliability component instead of only a restriction component. The reliability component, R, describes the level of sureness or certainty of the restriction component, A. The restriction and reliability components are usually represented by trapezoidal and triangular fuzzy numbers, respectively.

Many MCDM methods were developed based on fuzzy numbers, intuitionistic fuzzy numbers and Z-numbers. Among the prominent MCDM methods are the fuzzy analytical hierarchy process (FAHP), the fuzzy technique for order preference by similarity to ideal solution (FTOPSIS) and the fuzzy VIKOR method. Recently, Wang et al. [6] used FAHP and fuzzy weighted aggregated sum product assessment (FWASPAS) to evaluate the performance of the last-mile delivery companies in Vietnam. The same combined MCDM methods were used for online food delivery companies selection in [7]. The integrated FAHP-FTOPSIS was implemented in [8] to select the reverse logistics partners. FAHP and fuzzy VIKOR were used for logistics outsourcing in [9] and coffee bean supplier selection in [10].

Considering intuitionistic fuzzy numbers and Z-numbers, Sari et al. [11] defined the intuitionistic Z-numbers (IZNs) by refining the membership and non-membership grades of the constraint and reliability components of Z-numbers. The strength of the defined membership and non-membership grades are their ability to indicate the hesitancy of the experts for both components of Z-numbers in the decision making. The authors also proposed a defuzzification method to transform IZNs into regular fuzzy numbers. However, there was no application of IZNs in the decision making given in their literature. Since IZNs are believed to have a better capability of handling uncertainty, it is important to develop an MCDM model based on IZNs.

In this present paper, a new MCDM model based on IZNs is proposed. First, the linguistic value for each linguistic term of IZNs is given. The aggregation of decision makers’ opinions are aggregated using the trapezoidal intuitionistic fuzzy power ordered weighted average (TIFPOWA) [12]. Although many other effective MCDM methods can be used, such as FAHP, FTOPSIS and fuzzy VIKOR as in [6–10], this study focused on the ranking of alternatives using a ranking function based on centroid [13], which makes the model more time-efficient. In fact, the main purpose of the model is to illustrate the use of IZN in characterizing the decision makers’ preferences for the decision-making process. The proposed model is then implemented in the supplier selection problem.

This paper is organized as follows: the introduction of the paper is explained in Section 1, and some preliminaries on intuitionistic fuzzy numbers, Z-numbers and IZNs are given in Section 2; Section 3 proposes the MCDM model based on IZNs; Section 4 illustrates the proposed model using the supplier selection problem. Finally, results and discussion are given in Section 5, and the conclusion is presented in Section 6.

2  Preliminaries

In this section, some preliminaries on the intuitionistic fuzzy numbers, Z-numbers and intuitionistic Z-numbers are reviewed.

2.1 Intuitionistic Fuzzy Number

Instead of only assigning the membership degree to each element of the fuzzy set, Atanassov [3] defined the non-membership function, which denotes the degree of non-belongingness of the element to the set. The intuitionistic fuzzy set is a generalization of a classical fuzzy set, defined as follows [3]:

Definition 1 An intuitionistic fuzzy set I in the universe of discourse U is defined by


I={⟨x,μI(x),νI(x)⟩|x∈U},
(1)

where μI(x) is the membership function and νI(x) is the non-membership function, satisfying the condition,


0≤μI(x)+νI(x)≤1.
(2)

A trapezoidal intuitionistic fuzzy number AI = 〈(a2, a3, a4, a5)(a1, a3, a4, a6)〉 is shown in Fig. 1. The trapezoidal intuitionistic fuzzy number is used instead of the triangular intuitionistic fuzzy number due to its capability of processing ill-defined quantities [14–16].
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Figure 1: A trapezoidal intuitionistic fuzzy number

2.2 Z-Number

Moreover, Zadeh [5] introduced the concept of Z-numbers, which incorporate two components: the restriction component, A and the reliability component, R. Moreover, Z-numbers include the probability concept in the fuzzy knowledge since the reliability deals with the probability distribution. For simplicity, the restriction and reliability components of Z-numbers can be represented by a trapezoidal fuzzy number and triangular fuzzy number, respectively, as shown in Fig. 2.
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Figure 2: A Z-number Z = (A, R)

2.3 Intuitionistic Z-Number

Refining the membership and non-membership functions for both components of Z-numbers, Sari et al. [11] defined the intuitionistic Z-numbers.

Definition 2 An intuitionistic Z-number is of the form 
Z=(A~I,R~I)
, where


A~I={⟨x,μA~I,νA~I⟩|x∈U}=(a2,a3,a4,a5;a1,a3,a4,a6),
(3)


R~I={⟨x,μR~I,νR~I⟩|x∈U}=(r2,r3,r4;r1,r3,r5),
(4)

as illustrated in Fig. 3.
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Figure 3: An intuitionistic fuzzy Z-number 
Z=(A~IR~I)

The defuzzification of intuitionistic fuzzy Z-numbers was also given in [11] as follows:

Step 1: Convert the reliability into a crisp value.


αI=r2+2r3+r44+r1+2r3+r5τ,
(5)

where τ can be any large positive number.

Step 2: Add the weight obtained in Step 1 to the restriction component to obtain the weighted Z-number.


Z~αI={⟨x,μA~IαI(x)⟩|μA~IαI(x)=αIμA~I(x),μ(x)∈[0,1]}.
(6)

Step 3: Convert 
ZαI
into an ordinary fuzzy number 
Z′~
.


Z~′={⟨x,μZ~′(x)⟩|μZ~′(x)=μA~I(xαI),μ(x)∈[0,1]}.
(7)

3  MCDM Model Based on Intuitionistic Z-Numbers

An MCDM model is developed based on IZNs, in which the trapezoidal intuitionistic fuzzy power ordered weighted average (TIFPOWA) is used as an aggregation operator. In contrast, the ranking function of intuitionistic fuzzy numbers based on centroid is used to rank the alternatives. The proposed steps of the MCDM method are as follows:

Step 1: The experts’ opinion is obtained and transformed into IZNs. The linguistic terms for the restriction and reliability components are given in Tabs. 1 and 2, respectively.
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Step 2: The IZNs are then converted into intuitionistic fuzzy numbers using Eqs. (5)–(7) from the previous section.

Step 3: The evaluations from all decision-makers are then aggregated using the trapezoidal intuitionistic fuzzy power ordered weighted average (TIFPOWA) [12].


TIFPOWA(A1,A2,…,An)=⟨(∑j=1nwjaj2,∑j=1nwjaj3,∑j=1nwjaj4,∑j=1nwjaj5),(∑j=1nwjaj1,∑j=1nwjaj3,∑j=1nwjaj4,∑j=1nwjaj6)⟩.
(8)

Step 4: The evaluations for all criteria are aggregated using TIFPOWA given by Eq. (8).

Step 5: The ranking function based on centroid [13] is calculated.


R(IA)=12([x~μ(IA)−y~μ(IA)]2+[x~ν(IA)−y~ν(IA)]2),
(9)

where


x~μ(IA)=13(a42+a52−a22−a32−a2a3+a4a5a4+a5−a2−a3)y~μ(IA)=13(a2+2a3−2a4−a5a2+a3−a4−a5)x~ν(IA)=13(2a62−2a12+2a32+2a42+a1a3−a4a6a4+a6−a1−a3),y~ν(IA)=13(2a1+a3−a4−2a6a1+a3−a4−a6).

4  Supplier Selection Problem

In this section, some literature regarding supplier selection in the automobile manufacturing industry is reviewed. Then, a case study adapted from [18] is implemented to illustrate the supplier selection using the model proposed in the previous section.

4.1 Literature Review

Selecting suppliers is a crucial process in supply chain management. The main objective of supplier selection is to assess available suppliers by using a set of criteria and measures [19]. Many multi-criteria decision-making (MCDM) methods have been developed to help experts in selecting the best supplier in various industries such as digital, textile manufacturing, logistics and automobile.

Furthermore, Huo et al. [20] implemented a 4-stage supplier selection method using TOPSIS to determine the quality suppliers in an automobile manufacturing enterprise. The integrated FAHP, FTOPSIS and fuzzy multi-objective linear programming methods were developed in [21]. The supplier selection in an Iranian automobile manufacturing company is implemented to illustrate the developed model. The integrated FAHP-FTOPSIS model was used for green supplier selection in the automobile industry in [22]. In most models using FAHP and FTOPSIS, the FAHP is used to evaluate the criteria weight, while FTOPSIS is to select the best alternatives.

Apart from that, Hashemi et al. [23] developed a model using the analytical network process (ANP) and Grey relational analysis (GRA) for a green supplier selection process. The automotive industry was used to demonstrate the proposed model. A fuzzy TODIM method based on interval type-2 fuzzy sets was used in [24] for a green supplier selection, in which the selection of automobile manufacturers was considered as a case study. Likewise, Yadav et al. [25] proposed a hybrid data envelopment analytical hierarchy process (DEAHP) to solve supplier selection in an Indian automobile company. They used another approach in [26], which is FAHP, to select the best supplier in a car and truck manufacturing company in India.

In 2016, Dweiri et al. [27] proposed a non-fuzzy AHP and implemented the model for supplier selection in the automotive industry. Four criteria considered were cost, quality, delivery and service and three suppliers were ranked. A modified multiplicative AHP (MMAHP) was used in [19] to select the best green supplier in an automobile manufacturing company. Other than that, Qin et al. [28] extended the TODIM technique using interval type-2 fuzzy sets and implemented the method for supplier selection in an automobile manufacturing enterprise. Ten criteria were considered to search for the best supplier to buy key components of its new automobile equipment.

The fuzzy Delphi method and the integrated AHP-DEMATEL were used in [29] to optimize supplier selection in the Indian automobile industry. Here, fuzzy Delphi was used to finalize the criteria selection, and AHP was implemented for prioritizing the criteria. Next, AHP-DEMATEL was used to determine the inter-relationship among all criteria. Besides, Rabieh et al. [30] developed a robust-fuzzy model for the purpose of supplier selection specifically under uncertainty. Finally, the developed model was applied in the automobile industry for a case study.

Moreover, Jain et al. [31] used fuzzy AHP and TOPSIS to solve supplier selection problems in the Indian automotive industry. The fuzzy AHP and TOPSIS methods were used separately to rank the alternatives. Hence different supplier ranking was obtained using different methods. However, using sensitivity analysis, they found that the AHP method is more robust than TOPSIS. Subsequently, Haeri et al. [32] combined the best worst method and fuzzy Grey relational analysis to select suppliers in the automotive industry.

A cloud TOPSIS model was used by Ramakrishnan et al. [33] to solve the green supplier selection problem for the automotive industry. In addition, Wang et al. [18] used the TOPSIS method based on Z-numbers to solve the supplier selection problem in the automobile manufacturing industry. Recently, Beiki et al. [34] proposed a novel integrated language entropy weight method and multi-objective programming method to solve the supplier selection in an automobile manufacturing company. The analysis of criteria considered from the above-mentioned literature is presented in Tab. 3 below.
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4.2 Case Study

The proposed MCDM model based on IZNs is implemented in the supplier selection problem adopted from [18]. The supplier selection problem involved is concerning the automobile manufacturing company, considering five criteria: quality, price, technological capability, partnership and on-time delivery. There are six suppliers to be ranked, and three decision-makers are involved.

Step 1: The linguistic terms given by the three decision-makers are converted into linguistic values in the form of trapezoidal IZNs. For example, the evaluations of the first decision-maker (DM1) are given in Tab. 4, and the converted evaluations in the form of trapezoidal IZNs are given in Tab. 5.
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Step 2: The trapezoidal IZNs are then converted into intuitionistic fuzzy numbers using Eqs. (5)–(7), assuming τ = 100. The value of τ is chosen based on the suggestion from [11]. Moreover, τ should be large so that the defuzzified value of the reliability part of IZN is mainly determined by the membership degrees. The presence of the smaller defuzzified value for the non-membership degree exhibits a degree of hesitancy. If τ is too big, then the non-membership degree of the reliability component will be completely ignored. Hence, choosing τ = 100 is perfect enough for the purpose of defuzzifying IZN into intuitionistic fuzzy numbers.

Step 3: The evaluations of all decision-makers are aggregated using TIFPOWA. For example, considering only criterion 1, the aggregated evaluations in the form of intuitionistic fuzzy numbers are given in Tab. 6.

[image: images]

Step 4: Again, using TIFPOWA, the evaluations for all criteria are aggregated, assuming the similar criteria weight for each criterion. The aggregated evaluations for each supplier are given below.


IA1=⟨(0.285,0.351,0.417,0.483),(0.327,0.493,0.587,0.753)⟩IA2=⟨(0.284,0.350,0.416,0.482),(0.373,0.540,0.640,0.807)⟩IA3=⟨(0.280,0.345,0.409,0.474),(0.327,0.493,0.587,0.753)⟩IA4=⟨(0.327,0.373,0.420,0.466),(0.427,0.553,0.627,0.753)⟩IA5=⟨(0.413,0.458,0.503,0.548),(0.613,0.720,0.787,0.893)⟩.


IA6=⟨(0.311,0.369,0.428,0.486),(0.447,0.580,0.673,0.807)⟩

Step 5: The ranking functions are calculated, resulting 
R(IA1)=0.394678
, 
R(IA2)=0.506023
, 
R(IA3)=0.395010
, 
R(IA4)=0.710810
, 
R(IA5)=1.517141
and 
R(IA6)=0.719979.

5  Results and Discussion

Based on the ranking functions in the proposed model, the ranking of suppliers is 
A5≻A6≻A4≻A2≻A3≻A1.
The ranking of these suppliers differs from the existing MCDM models using different methods based on Z-numbers. The ranking of suppliers adopting several methods is shown in Tab. 7.

[image: images]

It is clearly seen that using different methods results in different rankings for the suppliers. Each of the models has its own strengths and weaknesses. However, identifying them for specific problems is quite hard [18]. The MCDM models [18,35–38] use Z-numbers, while the proposed model utilizes intuitionistic Z-numbers, which are more detailed in terms of representation of expert's evaluation. The fusion of intuitionistic fuzzy numbers concepts in the Z-numbers has a better capability of handling uncertainty arising from the lack of information when making the evaluation on the restriction and reliability components.

The model in [18] used TOPSIS and power aggregation operators to produce its ranking. The ranking fuzzy numbers method was used in [35], and the model in [36] used priority weight. The similarity measure was used in [37], and the TOPSIS method was used in [38]. In the TOPSIS method implemented in [18,38], the distance is used to measure the separation of each alternative from the positive and negative ideal solutions. In this paper, instead of using the distance measure, a ranking method was used to rank the alternatives. The use of the ranking method has skipped some steps as compared to the TOPSIS method, which makes the proposed model time-efficient.

Based on the proposed model, the supplier A5 is ranked first. The same supplier, however, is ranked second in [18,35,36,38]. The supplier A1 is ranked last in the present model, which is similar to the ranking from [38]. In fact, the ranking of the last three alternatives of the proposed model is similar to the one in [38]. The proposed model and the model from [37] give similar ranking for the third and fourth, which are A4 and A2, respectively.

To validate the ranking result obtained using the proposed method, a sensitivity analysis is used by changing the weight of each criterion into zero [39–41] and increasing by 50%, 100% and 150%. The sensitivity analysis is a well-known method in studying how the output uncertainty of a model can be attributed to different sources of uncertainty in the model input [42]. Tab. 8 below lists the ranking obtained when each criterion weight is shifted to zero. Tabs. 9–11 present the ranking obtained when each criterion weight is increased by 50%, 100% and 150%, respectively. Here, C1, C2, C3, C4 and C5 represent the criteria for quality, price, technological capability, partnership and on-time delivery, respectively.
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From Tabs. 8 and 9, A5 is always ranked first no matter which criterion weight is changed. When the criteria weight is increased by 100% and 150%, A5 is still ranked first except when criterion C3 is changed, as shown in Tabs. 10 and 11. As the goal of this selection problem is to identify the best supplier, this research focuses on the consistency of the first ranking. The consistency of the ranking is defined as the similarity of at least two rankings of the alternatives [43]. In this case, the first ranking obtained when the criteria weight is shifted to zero and increased by 50%, 100% and 150% is compared to the ranking obtained using the proposed model, which recommends that A5 is the best supplier. The consistency of the obtained ranking using sensitivity analysis is shown in Tab. 12.
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The sensitivity analysis thus suggests that A5 is the best supplier among all with an 80% to 100% consistency degree, as shown in Tab. 12. Again, a radar diagram is most suitable to support this result. Figs. 4–7 further illustrate this ranking, in which Situations 1, 2, 3, 4 and 5 represent the state where the weights of criteria quality, price, technological capability, partnership and on-time delivery are changed, respectively.
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Figure 4: Radar diagram for sensitivity analysis when the criteria weights are changed to zero
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Figure 5: Radar diagram for sensitivity analysis when the criteria weights are increased by 50%
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Figure 6: Radar diagram for sensitivity analysis when the criteria weights are increased by 100%
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Figure 7: Radar diagram for sensitivity analysis when the criteria weights are increased by 150%

From the presented radar diagrams, it is obviously seen that supplier A5 is the outermost line in all situations, recommending it to be the best supplier among all. Furthermore, the robustness of the proposed model was validated with an 80% to 100% consistency, hence supporting the fact that the intuitionistic Z-numbers play a vital role in representing the uncertainty in the decision-making process.

6  Conclusion

The ranking of alternatives always differs if different methods of the MCDM model are used. Each method has its own advantages and disadvantages. In the present paper, the MCDM model is developed based on IZNs, which combine the intuitionistic fuzzy numbers and Z-numbers. The degrees of membership and non-memberships are defined for each component of Z-numbers, where their values for linguistic terms are defined. This fusion has a better capability of handling uncertainty and vagueness arising from the lack of information during the process of experts’ evaluation. The proposed model involves the conversion of IZNs into intuitionistic fuzzy numbers, which are then evaluated using the ranking function to list the alternatives. As compared to other models which use TOPSIS, this model did not measure the nearest and furthest distance of alternatives from the positive or negative ideal solutions, respectively. Instead, the ranking function based on centroid is used. The sensitivity analysis is used to validate the obtained ranking, in which the supplier A5 is ranked first. The strength of IZNs and the ranking function plays a crucial role in the proposed model. In the future, a better defuzzification method is used in the fuzzy MCDM model to transform the IZNs into intuitionistic fuzzy numbers. Besides, it is also recommended that direct calculation on IZNs is used without needing to convert the IZNs into intuitionistic fuzzy numbers. This will avoid significant loss of information contained in the IZNs and can be implemented to solve many MCDM problems.
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Table 3: Criteria of supplier selection in the automobile manufacturing industry

Criteria Literature

Cost [18—19,21-34]
Quality [18—-19,21-28,31-34]
Delivery [18,21,24-27,29-34]

Technological capability
Environmental competency
Recycle rate

Pollution control
Management commitment
Service

Capability

Reputation

Flexibility

Long term relationship

18,21,23,24,32-34]
21,31]

19,22]
23,28,32-34]
23,32]
19,24-27,29,33]
[24]

[24]

25-26,29,34]

18,25,26,31,33]
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Table 8: Results of sensitivity analysis when the criteria weights are changed to zero

Changed criterion R(Iy,) R(ly,) R(ly) R(ly,) R(ly) R(ly) Ranking

Cl 0.4715 0.5149 0.3875 0.6764 1.8937 0.7909 As = Ag = As = Ar = A3 = A;
C2 0.5635 0.5286 0.5635 0.8598 1.3020 0.7083 As > A4 = Ae = A3 = A1 = A>
C3 0.2945 0.4669 0.2081 0.4163 2.2945 0.9027 As > Ag = Ax > As = A1 = A3
C4 0.3315 0.4108 0.4300 0.9585 1.4719 0.4608 As > Ay = Ag = A3 = Ar > A,

C5 0.3325 0.6196 0.4298 0.7289 0.9824 0.7876 As = Ag = As > Ay = Az = A;
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Table 4: The evaluations from DM1 [18]

Suppliers  Quality Price Technological capability  Partnership  On-time delivery
A (VL, NVS) (ML, VS) (MH, S) (H, NVS) (MH, NS)

A (L, S) (MH, NVS) (M, NS) (H, VS) (M, NVS)

A (MH, NVS) (ML, S) (H, VS) (M, NVS)  (VL, NVYS)

Ay (H, S) (H, NS) (MH, VS) (ML, NS) (VH, S)

As (M, NVS) (M, VS) (MH, NS) (H, NS) (VH, S)

Ag (ML, NS) (ML, NS) (H, S) (H, NVS) (L, S)
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Table 9: Results of sensitivity analysis when the criteria weights are increased by 50%

Changed criterion R(Iy,) R(ly,) R(ly) R(ly,) R(ly) R(ly) Ranking

Cl 0.3570 0.5017 0.3989 0.7291 1.3645 0.6869 As = Ay = A = Az = A3 = A
C2 0.3193 0.4952 0.3197 0.6380 1.6426 0.7258 As >~ A >~ As = Az = A3 = A
C3 0.4481 0.5259 0.5095 0.8973 1.2313 0.6368 As = A4 > A¢ = Az = A3 = A3
C4 0.4271 0.5570 0.3785 0.6094 1.5398 0.8768 As >~ Ag = As = Ar = Ay = A3
C5 0.4269 0.4530 0.3783 0.7018 1.9010 0.6871 As = A4 = A¢ >~ Az = A1 = A3
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Table 7: Comparison of ranking of suppliers with other MCDM models

Model Ranking

Proposed model As = Ag = A4 = Ay = A3 = A;
(18] Ag = As = A3z = Ag = A1 = A>
36] Ay = As = Ag = A1 = As > A
[37] Az = As = Ay = Ag = A1 = A>
[38] Az = Ay = Ay = Ay = As >~ Ag
39] Ay = As = A = Ar = A3 > A;
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Table 12: Consistency of the ranking using sensitivity analysis

Changed criterion The first ranking obtained via different sensitivity analysis
Shifted to 0 50% increment 100% increment 150% increment
Cl As As As As
C2 As As As As
C3 As As Ay Ay
C4 As As As As
C5 As As As As

Consistency 100% 100% 80% 80%
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Table 11: Results of sensitivity analysis when the criteria weights are increased by 150%

Changed criterion R(Iy,) R(ly,) R(ly) R(ly,) R(ly) R(ly) Ranking

Cl 0.2837 0.4932 0.4069 0.7674 1.1105 0.6248 As = Ay = Ag = Ar = A3 = A,
C2 0.1890 0.4745 0.1893 0.4972 1.9408 0.7376 As = Ag = As = Ar = A3 = A;
C3 0.5603 0.5664 0.7762 1.3720 0.7916 0.4852 A4 > As = A3 = Ar = A1 = As
C4 0.4936 0.6659 0.3472 0.4404 1.5851 1.2588 As > Ag = Ax = A1 = Ay = A3

C5 0.4934 0.3542 0.3466 0.6839 3.1349 0.6233 As > Ag = A = A1 = Ay = A3
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Table 1: Linguistic terms and corresponding trapezoidal IFNs for restriction [17]

Linguistic terms Trapezoidal IZNs

Very Low (VL) ((0.0, 0.0, 0.0, 0.0), (0.0, 0.0, 0.0, 0.0))
Low (L) ((0.0, 0.1, 0.2, 0.3), (0.0, 0.1, 0.2, 0.3))
Medium Low (ML) ((0.1, 0.2, 0.3, 0.4), (0.0, 0.2, 0.3, 0.5))
Medium (M) ((0.3,04, 0.5, 0.6), (0.2, 0.4, 0.5, 0.7))
Medium High (MH) ((0.5, 0.6, 0.7, 0.8), (0.4, 0.6, 0.7, 0.9))
High (H) ((0.7, 0.8, 0.9, 1.0), (0.7, 0.8, 0.9, 1.0))

Very High (VH) (1.0, 1.0, 1.0, 1.0), (1.0, 1.0, 1.0, 1.0))
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Table 6: The converted evaluations of the first decision-maker for the first criterion in the form of intuitionistic
fuzzy numbers

Suppliers Criterion 1: Quality

4, ((0.196, 0.2, 44, 0.292, 0.340), (0.200, 0.333, 0.400, 0.533))
4, ((0.282, 0.356, 0.430, 0.505), (0.367, 0.500, 0.600, 0.733))
As ((0.275, 0.342, 0.409, 0.476), (0.333, 0.533, 0.633, 0.833))
A, ((0.444, 0.522, 0.600, 0.679), (0.500, 0.667, 0.767, 0.933))
As ((0.367, 0.440, 0.514, 0.587), (0.433, 0.600, 0.700, 0.867))

As ((0.253, 0.310, 0.367, 0.423), (0.367, 0.533, 0.633, 0.800))
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Table 2: Linguistic terms and corresponding triangular IZNs for reliability

Linguistic terms Triangular IZNs

Not Sure (NS) ((0.0, 0.2, 0.4), (0.0, 0.2, 0.4))
Not Very Sure (NVS) ((0.2, 04, 0.6), (0.1, 0.4, 0.7))
Sure (S) ((0.4, 0.6, 0.8), (0.3, 0.6, 0.9))

Very Sure (VS) (0.6, 0.8, 1.0), (0.6, 0.8, 1.0))
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Table 10: Results of sensitivity analysis when the criteria weights are increased by 100%

Changed criterion R(ly,) R(l4,) R(ly) R(ly,) R(Ly) R(Iy,) Ranking

Cl 0.3199 0.4974 0.4029 0.7480 1.2300 0.6552 As > A4 = Ag = Ar = A3 > A,
C2 0.2503 0.4847 0.2508 0.5666 1.7829 0.7317 As = Ag = As = Ar = A3 = A,
C3 0.5033 0.5460 0.6365 1.1154 0.9927 0.5586 A4 = As = A¢ = A3 = Ax = A;
C4 0.4601 0.6102 0.3626 0.5198 1.5624 1.0551 As > Ag = Ay = As = A1 = A3

C5 0.4599 0.4024 0.3621 0.6928 24144 0.6549 As > Ay = A = A1 = Ay = A3
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Table 5: The converted evaluations of DM1 1n the form of trapezoidal IZNs

Suppliers Quality

Price

Technological
capability

Partnership

On-time delivery

A,

((0.0, 0.0, 0.0,
0.0), (0.0, 0.0,
0.0, 0.0))

(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

((0.0, 0.1, 0.2,
0.3), (0.0, 0.1,
0.2, 0.3))

((0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

(0.5, 0.6, 0.7,
0.8), (0.4, 0.6,
0.7, 0.9))

(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))

((0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

((0.3, 0.4, 0.5,
0.6), (0.2, 0.4,
0.5, 0.7))

(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

((0.1, 0.2, 0.3,
0.4), (0.0, 0.2,
0.3, 0.5))

((0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

(0.1, 0.2, 0.3,
0.4), (0.0, 0.2,
0.3, 0.5))
(0.6, 0.8, 1.0),
(0.6, 0.8, 1.0))

(0.5, 0.6, 0.7,
0.8), (0.4, 0.6,
0.7, 0.9))
(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

(0.1, 0.2, 0.3,
0.4), (0.0, 0.2,
0.3, 0.5))
(0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

(0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))
(0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

(0.3, 0.4, 0.5,
0.6), (0.2, 0.4,
0.5, 0.7))
(0.6, 0.8, 1.0),
(0.6, 0.8, 1.0))

(0.1, 0.2, 0.3,
0.4), (0.0, 0.2,
0.3, 0.5))
(0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

(0.5, 0.6, 0.7,
0.8), (0.4, 0.6,
0.7, 0.9))
((0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

((0.3, 0.4, 0.5,
0.6), (0.2, 0.4,
0.5, 0.7))
((0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))

((0.6, 0.8, 1.0),
(0.6, 0.8, 1.0))

(0.5, 0.6, 0.7,
0.8), (0.4, 0.6,
0.7, 0.9))
((0.6, 0.8, 1.0),
(0.6, 0.8, 1.0))

(0.5, 0.6, 0.7,
0.8), (0.4, 0.6,
0.7, 0.9))
((0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))
((0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))
(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))

(0.6, 0.8, 1.0),
(0.6, 0.8, 1.0))

(0.3, 0.4, 0.5,
0.6), (0.2, 0.4,
0.5, 0.7))
(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

(0.1, 0.2, 0.3,
0.4), (0.0, 0.2,
0.3, 0.5))
((0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))
((0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

((0.7, 0.8, 0.9,
1.0), (0.7, 0.8,
0.9, 1.0))
(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

(0.5, 0.6, 0.7,
0.8), (0.4, 0.6, 0.7,
0.9))

(0.0, 0.2, 0.4),
(0.0, 0.2, 0.4))

((0.3, 0.4, 0.5,
0.6), (0.2, 0.4, 0.5,
0.7))

((0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

((0.0, 0.0, 0.0,
0.0), (0.0, 0.0, 0.0,
0.0))

(0.2, 0.4, 0.6),
(0.1, 0.4, 0.7))

(1.0, 1.0, 1.0,
1.0), (1.0, 1.0, 1.0,
1.0))

(0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

(1.0, 1.0, 1.0,
1.0), (1.0, 1.0, 1.0,
1.0))

(0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))

(0.0, 0.1, 0.2,
0.3), (0.0, 0.1, 0.2,
0.3))

(0.4, 0.6, 0.8),
(0.3, 0.6, 0.9))
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