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This research proposes a novel supplier selection approach using 

Intuitionistic Trapezoidal Fuzzy Numbers (ITFNs), Signed Distance(SD),and 

Fuzzy TOPSIS. The Signed Distance, a robust metric for measuring the 

distance between intuitionistic fuzzy sets, is employed to rank ITFNs and 

compare suppliers based on multiple criteria using Fuzzy TOPSIS. The 

proposed model effectively handles uncertainty and vagueness in supplier 

evaluations, providing more flexible and accurate supplier rankings. The 

supplier selection process is demonstrated with a numerical example.  
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1. Introduction  

Uncertainties in real-life decision-making often cannot be effectively addressed by classical operation 

research theories. Lotfi Zadeh invented fuzzy set theory in 1965 [1] to address such concerns. However, 

in many cases, higher correctness is required, leading to the development of higher-order fuzzy sets, 

including Atanassov's Intuitionistic Fuzzy Sets (IFS) in 1986 [2]. IFS extends traditional fuzzy sets by 

incorporating both membership and non-membership values, enabling more effective handling of 

imprecise information. 

 

Effective supplier selection is crucial in supply chain management. Various Multi-Criteria Decision-

Making (MCDM) tools, such as TOPSIS, have been adapted for fuzzy data [3-8]. By generating a detailed 

inventory of supplier selection criteria, this study intends to present a comprehensive basis for supplier 

selection. A novel methodology is proposed to solve supplier selection problems using TOPSIS with sign 

distance and intuitionistic trapezoidal fuzzy numbers. This review integrates existing research on 

supplier selection criteria, expanding upon prior comprehensive reviews [11-16]. To establish a 

foundational framework applicable across various sectors, this study draws from two primary sources: 

review articles and empirical surveys of business practitioners. The primary objective is to compile an 

exhaustive and industry-agnostic list of supplier selection criteria, providing a starting point for 

organizations to tailor their specific requirements. To ensure broad applicability, this review prioritizes 

studies examining diverse industries, excluding those focused on a single industry or sector to maintain 

generalizability. Notably, Kahraman et al. [23] developed a leveraging vague membership functions and 

circular intuitionistic fuzzy TOPSIS method for supplier selection applications. 
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The organization of this paper is as follows: An overview of fuzzy notions and Earth Mover's Distance is 

given in Section 2. Section 3 explains ranking intuitionistic trapezoidal fuzzy numbers using signed 

distance, and Section 4 presents the new methodology. A numerical example is illustrated in Section 5, 

and in Section 6, the study presents results and discussions. 

2. Preliminaries  

As stated above, this section includes a number of basic descriptions.  

Definition 2.1: Fuzzy Set  

Assume 𝑈 is a “universal set. A membership function fA: U → [0,1] defines a fuzzy set 𝐴 of 𝑈, where fA(𝑎) 

is the degree of membership of 𝑎 in 𝐴. A = {(𝑎, fA(𝑎))/𝑎 ∈ U} is the representation of the fuzzy set 𝐴. 

Definition 2.2 :  Intuitionistic Fuzzy Set (IFS) 

Let fA, and gA are functions from 𝑈 to [0, 1] that reflect the degree of membership and non-membership 

of 𝑎 in 𝑈, respectively, and therefore 0 ≤ fA(𝑎) + gA(𝑎) ≤ 1 for any 𝑎 ∈ 𝑈, A= {(𝑎, 𝑓𝐴(𝑎), 𝑔𝐴(𝑎))/𝑎 ∈ 𝑈} 

defines an IFS of 𝐴 in 𝑈. 

Definition 2.3 : Intuitionistic Fuzzy Number 

An intuitionistic fuzzy number on the real line 𝑹 is defined as an intuitionistic fuzzy set 

 A = {(𝑎, 𝑓𝐴(𝑎), 𝑔𝐴(𝑎))/𝑎 ∈ 𝑈}  if it satisfies  

 
Intuitionistic fuzzy normality (∃ 𝑧 ∈ 𝑹,  g𝐴(z) = 0 and fA(z) = 1), (ii) Intuitionistic fuzzy convexity 
𝑔𝐴(𝜆𝑎 + (1 − 𝜆)𝑏) ≤ 𝑀𝑎𝑥 (𝑔𝐴(𝑎), 𝑔𝐴(𝑏)), (𝑓𝐴(𝜆𝑎 + (1 − 𝜆)𝑏) ≥ 𝑀𝑖𝑛 (𝑓𝐴(𝑎), 𝑓𝐴(𝑏)) where 𝑎, 𝑏 ∈ 𝑈, 𝜆 ∈
 [0,1],” (iii) The real-valued functions 𝑔𝐴(𝑎) and  𝑓𝐴(𝑎)  are piecewise continuous, and (iv) A's support is 
bounded. 

 
Definition 2.4 :  Intuitionistic Trapezoidal fuzzy number (ITFN) 

An intuitionistic fuzzy number 𝐴 is said to be ITFN and is represented as A =
(a𝛼′1, a𝛼2, a𝛼3, a𝛼

′
4); (a𝛼1, a𝛼2, a𝛼3, a𝛼4)  with membership and non-membership function f𝐴 and  g𝐴 

(Figure 1). 

𝑓𝐴 =

{
 
 

 
 

0,                 𝑎 < 𝛼1
𝑎−𝛼1

𝛼2−𝛼1
 ,     𝛼1 ≤ 𝑎 ≤ 𝛼2

   1,           𝛼2 ≤ 𝑎 ≤ 𝛼3 
𝑎−𝛼4

𝛼3−𝛼4
 ,     𝛼3 ≤ 𝑎 ≤ 𝛼4

0,               𝛼4 < 𝑎

        and           𝑔𝐴 =

{
 
 

 
 

0,              𝑎 < 𝛼′1
𝑎−𝛼2

𝛼′1−𝛼2
 ,   𝛼′1 ≤ 𝑎 ≤ 𝛼2

1,             𝛼2 ≤ 𝑎 ≤ 𝛼3
𝑎−𝛼3

𝛼′4−𝛼3
 ,     𝛼3 ≤ 𝑎 ≤ 𝛼′4

0,       𝛼′4 <   𝑎  

 

 

 

Figure 1: Intuitionistic Trapezoidal Fuzzy Number (ITFN) 



304  J INFORM SYSTEMS ENG, 10(23s) 

Definition 2.6  Arithmetic operations of intuitionistic trapezoidal fuzzy numbers (ITFN) 

Let 𝐴 = ⟨(a𝛼′1, a𝛼2, a𝛼3, a𝛼′4)(a𝛼1, a𝛼2, a𝛼3, a𝛼4)⟩ and 𝐵 = ⟨(b𝛽1
′ , b𝛽2, b𝛽3, b𝛽4

′)(b𝛽1, b𝛽2, b𝛽3, b𝛽4)⟩ be 

ITFN. Then the arithmetic operations are  

(i) Addition: 

𝐴⊕ 𝐵 = {
(𝛼′1 + 𝛽′1, 𝛼2 + 𝛽2, 𝛼3 + 𝛽3, 𝛼′4 + 𝛽′4)
(a𝛼1 + 𝛽1, a𝛼2 + 𝛽2, a𝛼3 + 𝛽3, a𝛼4 + 𝛽4)} 

(ii) Subtraction:  

𝐴𝐵 = {
(𝛼′1 − 𝛽′4, 𝛼2 − 𝛽2, 𝛼3 − 𝛽3, 𝛼′4 − 𝛽′1)
(𝛼1 − 𝛽4, 𝛼2 − 𝛽2, 𝛼3 − 𝛽3, 𝛼4 − 𝛽1) } 

(iii) Scalar Multiplication:  

𝑘𝐴 = {
(𝑘𝛼4, 𝑘𝛼3, 𝑘𝛼2, 𝑘𝛼1)(𝑘𝛼′4, 𝑘𝛼3, 𝑘𝛼2, 𝑘𝛼′1) 𝑖𝑓 𝑘 < 0

(𝑘𝛼1, 𝑘𝛼2, 𝑘𝛼3, 𝑘𝛼4)(𝑘𝛼′1, 𝑘𝛼2, 𝑘𝛼3, 𝑘𝛼′4) 𝑖𝑓 𝑘 ≥ 0} 

 

Definition 2.7 : Earth Mover’s Distance (EMD) 

EMD between two ITFN’s A and B can be calculated as follows :  

1. Compute membership and non-membership function for both A and B. 

2. Compute cumulative distribution functions for both A and A   and  B and B   

i.e., 𝐹𝜇𝐴  (𝑎)  and 𝐹𝐴  (𝑎) 

       𝐹𝜇𝐵  (𝑎)  and 𝐹𝐵  (𝑎) 

3. Compute EMD for both A and B 

𝐸𝑀𝐷𝜇 (𝐴, 𝐵) =  ∫ |
∞

−∞

𝐹𝜇𝐴  (𝑎) − 𝐹𝜇𝐵  (𝑎)| 𝑑𝑎 

 𝐸𝑀𝐷 (𝐴, 𝐵) =  ∫ |
∞

−∞

𝐹𝐴  (𝑎) − 𝐹𝐵  (𝑎)| 𝑑𝑎 

4.  Total EMD is calculated as  EMD (A,B) =     
𝐸𝑀𝐷𝜇 (𝐴,𝐵)+𝐸𝑀𝐷 (𝐴,𝐵)

2
 

In the context of supplier selection, EMD can be employed to measure the dissimilarity between (i) 

supplier and Intuitionistic Trapezoidal Fuzzy Positive Ideal Solution (ITFPIS) and (ii) supplier and 

Intuitionistic Trapezoidal Fuzzy Negative Ideal Solution (ITFNIS).  EMD is particularly useful when 

dealing with fuzzy numbers, as it can effectively handle the inherent uncertainty and variability.  

Definition 2.8 : Supply Chain Network (Figure 2):  Supply chain networks (SCNs) generally 

comprise the transportation of goods with prospective stakeholders, such as wholesalers, suppliers, 

retailers, distributors, and consumers, rather than enabling the direct transportation of goods from 

producers to consumers [10].  

Suppliers → Manufacturers → Distributors→ Retailers→ Customer 

  
   

 

Figure 2 : Supply Chain Network 
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3. Signed Distance Ranking Method [9] 

Let A = (a𝛼′1, a𝛼2, a𝛼3, a𝛼
′
4) (a𝛼1, a𝛼2, a𝛼3, a𝛼4) and B = (b𝛽′

1
, b𝛽2, b𝛽3, b𝛽

′
4
) (b𝛽1, b𝛽2, b𝛽3, b𝛽4) be two 

ITFN. Let   O = (0,0,0,0) (0,0,0,0) be the fuzzy origin.  

The shortest distance from A to the fuzzy Origin  is  

SD (A, O) =
(𝛼1 + 𝛼4) + 4 (𝛼2 + 𝛼3) + ( 𝛼

′
1 + 𝛼

′
4)

24
 

The shortest distance from B to the fuzzy Origin  is 

SD (B, O) =
(𝛽1 + 𝛽4) + 4 (𝛽2 + 𝛽3) + ( 𝛽

′
1
+ 𝛽′

4
)

24
 

SD(A,B) is the difference between the two signed distances of the two intuitionistic trapezoidal fuzzy 

numbers from fuzzy origin.  

Comparisons:  

SD (A, B) < 0  iff  SD (A,O) < SD (B,O), which implies A < B 

SD (A, B) > 0  iff  SD (A,O) > SD (B,O) , which implied A > B 

SD (A, B) = 0  iff  SD (A,O) = SD (B,O) , which implies  A = B  

 

4. Proposed Methodology to Select Supplier Using TOPSIS 

Let  𝐴𝑖 ,  𝑖 = 1,2, … ,  𝑛 be the set of suppliers and  𝐶𝑗 ,  𝑗 = 1,  2,… ,𝑚 be the set of criteria. 

Step 1: Define an assessment matrix 𝑃 for 𝑛 suppliers under 𝑚 criteria, with the performance of each 

supplier and criteria as 𝑝𝑖𝑗 and the matrix given as 

𝑃 = [
 𝑝11 ⋯ 𝑝1𝑚
⋮ ⋱ ⋮
𝑝1𝑛 ⋯ 𝑝𝑛𝑚

] 

Each entry is represented by  intuitionistic trapezoidal fuzzy number 
(a𝛼1

′ , a𝛼2, a𝛼3, a𝛼4
′ )(a𝛼1, a𝛼2, a𝛼3, a𝛼4) . 

Step 2: Using the normalization method, the matrix  𝑃 = [𝑝𝑖𝑗]𝑛×𝑚 is normalized to form the 𝑁 =

[𝑟𝑖𝑗]𝑛×𝑚, where   𝑟𝑖𝑗 =
𝑝𝑖𝑗

max (𝑝𝑖𝑗)
 . Here, each ITFN is ranked using signed distance ranking in Section 3.  

Step 3: Compute the normalised weighted decision matrix [𝑑𝑖𝑗]𝑛×𝑚 . 

where 𝑑𝑖𝑗 = 𝑟𝑖𝑗 . 𝑤𝑗, and 𝑤𝑗  - weight of the 𝑗𝑡ℎ  criterion such that ∑ 𝑤𝑗
𝑛
𝑗=1 = 1. 

Step 4: Find negative and positive ideal solutions. 

𝐼𝑇𝐹𝑁𝐼𝑆 = {< min (𝑑𝑖𝑗)/j𝑗 ∈ 𝐽_ >,< max (𝑑𝑖𝑗)/j𝑗 ∈ 𝐽+ >} = {𝑑𝑛𝑗/𝑗 = 1,2, … ,𝑚}  

                 = Minimum value across each criteria  

𝐼𝑇𝐹𝑃𝐼𝑆 = {< max (𝑑𝑖𝑗)/j𝑗 ∈ 𝐽_ >,< min (𝑑𝑖𝑗)/j𝑗 ∈ 𝐽+ >} = {𝑑𝑝𝑗/𝑗 = 1,2, … ,𝑚}   

                 = Maximum value across each criteria 

 where, 𝐽− associated to cost criteria, 𝐽+ associated to benefit criteria. 

  Step 5: Evaluate the separation measures. 

The distance between each supplier and the ITFPIS using EMD  

and the distance between each supplier and the ITFNIS using EMD 
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Step 6:  Determine the relative closeness by 

                                     𝑅𝑖𝑛 =
𝑑𝑖𝑝

𝑑𝑖𝑛+𝑑𝑖𝑝
, 0 ≤ 𝑅𝑖𝑛 ≤ 1 and 𝑖 = 1,2, … ,  𝑛 

Step 7:   Rank the suppliers based on relative closeness,  𝑅𝑖𝑛, 𝑖 = 1,2, … ,  𝑛. 

        The supplier with the highest Relative Closeness value is considered the best supplier. 

5. Illustrative Example  

This example considers five suppliers, each assessed based on six evaluation criteria.  

Step 1 : The assessment matrix P utilizes linguistic terms from Table 1 and Table 2 to evaluate five 

suppliers across 6 criteria. Each entry in the table  is represented by an ITFN and is represented as 

(a𝛼1
′ , a𝛼2, a𝛼3, a𝛼4

′ )(a𝛼1, a𝛼2, a𝛼3, a𝛼4) and presented in Table 3.  

 

Table 1 : Linguistic Terms and Corresponding Intuitionistic Trapezoidal Fuzzy Numbers 

[25] 

Linguistic Term  Intuitionistic Trapezoidal 
Fuzzy Number 

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

 

Table 2 : Evaluation from DM1 [25] for Intuitionistic Trapezoidal Fuzzy Numbers 

Suppliers Quality  
(C1) 

 

Partnership 
 

(C2) 
 

Technological 
Capability 

(C3) 
 

Price 
(C4) 

 

On-time 
delivery 

(C5) 
 

S1 VL H MH ML MH 
S2 L H M MH M 
S3 MH M H ML VL 
S4 H ML MH H VH 
S5 M H MH M VH 
S6 ML H H ML L 

 

Table 3 :  Representation of Evaluation Matrix using ITFN 

Suppliers Quality  
(C1) 

 

Partnership 
 

(C2) 
 

Technological 
Capability 

(C3) 
 

Price 
(C4) 

 

On-time 
delivery 

(C5) 
 

S1 (0.0, 
0.0,0.0,0.0) 

 (0.0, 
0.0,0.0,0.0) 

(0.7, 
0.8,0.9,1.0)  

(0.7, 
0.8,0.9,1.0) 

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

0.6,0.7,0.9) 

(0.1, 
0.2,0.3,0.4)  

(0.0, 
0.2,0.3,0.5) 

(0.5, 
0.6,0.7,0.8) 

 (0.4, 
0.6,0.7,0.9) 

S2 (0.0, 
0.1,0.2,0.3) 

 (0.0, 
0.1,0.2,0.3) 

(0.7, 
0.8,0.9,1.0)  

(0.7, 
0.8,0.9,1.0) 

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

0.4,0.5,0.7) 

(0.5, 
0.6,0.7,0.8) 

 (0.4, 
0.6,0.7,0.9) 

(0.3, 
0.4,0.5,0.6) 

  (0.2, 
0.4,0.5,0.7) 
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S3 (0.5, 
0.6,0.7,0.8) 

 (0.4, 
0.6,0.7,0.9) 

(0.3, 
0.4,0.5,0.6)  

(0.2, 
0.4,0.5,0.7) 

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

(0.1, 
0.2,0.3,0.4)  

(0.0, 
0.2,0.3,0.5) 

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

S4 (0.7, 
0.8,0.9,1.0) 

 (0.7, 
0.8,0.9,1.0) 

(0.1, 
0.2,0.3,0.4)  

(0.0, 
0.2,0.3,0.5) 

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

0.6,0.7,0.9) 

(0.7, 
0.8,0.9,1.0) 

 (0.7, 
0.8,0.9,1.0) 

(1.0, 
1.0,1.0,1.0)  

(1.0, 
1.0,1.0,1.0) 

S5 (0.3, 
0.4,0.5,0.6) 

  (0.2, 
0.4,0.5,0.7) 

(0.7, 
0.8,0.9,1.0) 

 (0.7, 
0.8,0.9,1.0) 

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

(0.3, 
0.4,0.5,0.6) 

  (0.2, 
0.4,0.5,0.7) 

(1.0, 
1.0,1.0,1.0)  

(1.0, 
1.0,1.0,1.0) 

S6 (0.1, 
0.2,0.3,0.4)  

(0.0, 
0.2,0.3,0.5) 

(0.7, 
0.8,0.9,1.0)  

(0.7, 
0.8,0.9,1.0) 

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

(0.1, 
0.2,0.3,0.4)  

(0.0, 
0.2,0.3,0.5) 

(0.0, 
0.1,0.2,0.3) 

      (0.0, 
0.1,0.2,0.3) 

 

Step 2 :  Each ITFN is ranked according to Signed Distance (Section 3) and then normalized using the 

formula outlined in Step 2, with the outcomes depicted in Table 4. 

Table 4 : Normalized Matrix 

Suppliers Quality  
(C1) 

 

Partnership 
 

(C2) 
 

Technological 
Capability 

(C3) 
 

Price 
(C4) 

 

On-time 
delivery 

(C5) 
 

S1 0/0.5 = 0 0.425/0.5=0.85 0.325/0.5=0.65 0.125/0.5=0.25 0.325/0.5=0.65 
S2 0.075/0.5=0.15 0.425/0.5=0.85 0.225/0.5=0.45 0.325/0.5=0.65 0.225/0.5=0.45 
S3 0.325/0.5=0.65 0.225/0.5=0.45 0.425/0.5=0.85 0.125/0.5=0.25 0/0.5= 0 
S4 0.27/0.5=0.77 0.125/0.5=0.25 0.325/0.5=0.65 0.425/0.5=0.85 0.5/0.5=1 
S5 0.225/0.5=0.45 0.425/0.5=0.85 0.325/0.5=0.65 0.225/0.5=0.45 0.5/0.5=1 
S6 0.125/0.5=0.25 0.425/0.5=0.85 0.425/0.5=0.85 0.125/0.5=0.25 0.075/0.5=0.15 

 

Step 3 :  Each criterion is assigned a weight (w1, w2, w3 , w4 , and w5) ,and the sum of the weights equals 

one. These weights are multiplied by the elements in Table 4 to get the weighted normalised decision 

matrix values, which are then displayed in Table 5. 

                                                Table 5 : Weighted Normalised Decision Matrix 

Suppliers Quality  
(C1) 

W1=0.2 
 

 

Partnership 
 

(C4) 
W2 =0.1 

 
 

Technological 
Capability 

(C3) 
     W3 =0.3 

 
 

Price 
(C2) 

W4 =0.2 
 

On-time 
delivery 

(C5) 
W5=0.2 

 
 

S1 0 0.085 0.195 0.05 0.13 
S2 0.03 0.085 0.135 0.13 0.09 
S3 0.13 0.045 0.255 0.05 0 
S4 0.154 0.025 0.195 0.17 0.2 
S5 0.09 0.085 0.195 0.09 0.2 
S6 0.05 0.085 0.255 0.05 0.03 

 

Step 4 : Identify the negative ideal solutions ITFNIS and positive ideal solution (ITFPIS) using  Step 

4.  

ITFPIS =  (0.154,0.085,0.255,0.17,0.2) 

ITFNIS = (0,0.025,0.135,0.05,0) 
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Step 5 :  Calculate the EMD between each supplier and the ITFPIS  and ITFNIS as specified in 

section 2, the findings are displayed in Table 6.  

Table 6 : Earth Mover’s Distance Calculation 

Suppliers ITFPIS 
 

 

ITFNIS 
 

S1 0.421 0.853 
S2 0.351 0.651 
S3 0.482 0.951 
S4 0.201 0.351 
S5 0.312 0.551 
S6 0.541 0.851 

 

Step 6 : The distances from Table 6 are used to calculate each supplier's relative proximity, which is 

then displayed in Table 7.  

Table 7 : Relative Closeness of each Supplier 

 

 

 

 

 

 

Step 7 : Rank the suppliers based on their relative closeness values as presented in Table 8. The supplier 

with the greatest Relative Closeness value is deemed the best supplier, which in this case is S6. 

Table 8 : Ranks of Suppliers 

 

 

 

 

 

 

 

Results and Discussion  

Selecting a supplier is an essential part of supply chain management, significantly influencing an 

organization's overall performance, effectiveness, and profitability. However, decision-making in 

supply chains is often plagued by uncertainty and fuzziness. To address this challenge, this study 

established a new supplier selection methodology that integrates ITFN with Signed Distance(SD) 

ranking, Earth Mover's Distance (EMD), and Fuzzy TOPSIS. By leveraging EMD to accurately measure 

distances between ITFN and fuzzy TOPSIS for efficient supplier ranking, this research aims to provide 

a robust evaluation and selection framework for optimal suppliers. The invented model is tested in real-

world supply chain scenarios to demonstrate its practical applicability. 

 

Suppliers Relative Closeness 
 

 
S1 0.330  
S2 0.350  
S3 0.336   
S4 0.385   
S5 0.362    
S6 0.389      

Suppliers Rank  
 

 
S1 6 
S2 4 
S3 5 
S4 2 
S5 3 
S6 1 
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