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Abstract 

Given the importance of suppliers to the overall viability and effectiveness of a supply chain, the assessment and 

choice of suppliers is a popular topic of research. Thus, in today's global climate, businesses must develop a methodical 

approach to evaluating and selecting the most suitable supplier based on their standards. To meet this need, businesses 

might turn to multi-criteria decision-making (MCDM) techniques, since deciding on a reliable provider is 

fundamentally an MCDM challenge. Although many examples of using these strategies for supplier assessment and 

choice can be found in the published literature, not enough research has been conducted on their effectiveness in the 

healthcare industry. In the healthcare industry, hospitals must also think about supplier-related choices to lessen 

hazards and threads that impact their efficacy. The VIKOR technique, which is focused on the development of a 

compromising answer within the context of options and assessment standards, yields excellent outcomes in situations 

requiring the consideration of numerous factors simultaneously. Numerous studies have shown that neutrosophic 

numbers actively aid in the process of making decisions. Suppliers in healthcare alternatives selection is a challenge 

that has been solved by the presented technique. 
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1. Introduction  

Businesses all around the globe are adopting sustainable supply chain practices to lessen their ecological footprint. 

Manufacturers have a critical role in creating a sustainable supply chain that will help achieve this objective[1], [2]. 

Assessment and the choice of sustainable suppliers are crucial steps toward achieving sustainability in supply chain 

management. Sustainable choice of suppliers refers to incorporating social, environmental, and financial 

considerations into conventional supply chain management. The success of businesses and their supply chains may 

benefit greatly from a careful choice of sustainable suppliers. The sustainable supply chain as a whole relies heavily 

on the strategic decision of which sustainable suppliers to work with[3], [4]. 

Organizational success relies heavily on resolving challenges with sustainable choice of suppliers. Therefore, it is 

imperative that businesses choose sustainable suppliers. Multiple factors are utilized in making choices, and these 

requirements sometimes clash with one another, making choosing sustainable suppliers difficult[5], [6]. Decision-
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makers engaging in sustainable supplier selection through multi-criteria decision-making (MCDM) must take into 

account and evaluate both qualitative and quantitative factors[7], [8]. MCDM methodologies are the obvious choice 

when it comes to weighing economic, social, and environmental considerations in order to choose a sustainable 

provider. The capacity of MCDM to assess multiple options based on specific criteria makes it a useful tool for 

analyzing complicated real-world issues[9]. 

 

MCDM techniques are used to partition large issues into manageable chunks, which can then be reassembled after 

analysis to provide the whole overview of the issue at hand. Certain criteria must be defined and met before a choice 

can be made, and this is particularly true when dealing with complicated issues[10], [11]. The notion of MCDM is 

well regarded in the scientific community. Standards for making decisions are used by these techniques. A decision 

maker use MCDM techniques to weight several options in light of predetermined criteria and determine which ones 

best serve the desired outcome[12]. More and more people are turning to MCDM techniques, and new techniques 

have been created, to find answers to a wide range of challenges. Outranking techniques, Synthesis techniques, and 

interactive approaches are the three broad categories under which all MCDM techniques fall. Optimization issues are 

tackled using an interactive approach, with a non-dominant solution in mind[13], [14]. Decision makers (DMs) may 

rate options based on their preferences using outranking techniques. When weighing several, perhaps contradictory 

factors, synthesis techniques allow for informed decision making. In order to find a happy medium between potentially 

competing factors, the decision-maker might use MCDM techniques to take into account many criteria or goals. 

Although several MCDM approaches have been published, choosing the optimal approach is quite difficult. 

Professionals and researchers often choose the approach to be used based on the severity and breadth of the issue at 

hand[15]. 

 

Scientific investigations use sensitivity assessments to determine whether the judgements made are appropriate in the 

face of a predetermined change in the hypothesis, thereby avoiding these uncertainty-related pitfalls[16], [17]. Tools 

like Bayesian networks, fuzzy logic, and neutrosophic logic may help with this. The fuzzy sets (FSs) theory, proposed 

by Zadeh, who established the membership grade/truth (T) specified in the interval [0,1], is widely utilized in MCDM. 

Unlike classical logic, it only allows for "true" and "not true" (or false) propositions. Similar to how human cognition 

is not dependent on a binary classical logic, fuzzy logic allows for the mathematical modelling of nebulous or 

inaccurate notions. Atanassov defined intuitionistic fuzzy sets (IFSs), which permit more complicated mental 

constructs and semantic doubts, and therefore included the degree of non-membership/falsehood (F). Nonetheless, 

FSs and IFSs are unable to evaluate metaphors or social occurrences that may be seen in two ways according to the 

observer[18], [19]. 

 

As a generalization of FSs and notably IFSs, Neutrosophic Sets (NSs) allow for novel breakthroughs in the 

management of ambiguity. The element of indeterminacy was first presented by Smarandache. Truth, falsehood, and 

indeterminacy are the 3 distinguishing features of NSs elements. In contrast to the fuzzy and intuitionistic designs, 

neutrosophic systems allow for a more than one sum of the three attributes (T, F, I), up to a maximum of three. In this 

approach, ambiguity and other semantic errors, including paradoxes, may be modelled. Single value neutrosophic sets 

(SVNSs) and interval neutral sets (INSs) were suggested since NSs are more challenging when it comes to 

technological or academic decision making. To more effectively interpret the ambiguity produced by the imprecision, 

inconsistency, and insufficient data that characterizes the real world, linguistic factors and conceptual aggregation 

operators were introduced to better define its characteristics[20], [21]. 

While the NSs may be traced back to the last years of the twentieth century, the theory behind them is relatively new. 

Hospital efficiency evaluation, employee selection, and typhoon disaster assessment are just some of the recent 

examples of where MCDM has been put to use. According to Navarro et al.'s analysis of the literature, no instances 

of the neutrosophic method being used in MCDM for assessing infrastructures have been discovered since 1995. As 

far as we are aware, NSs have not yet been used to assess the long-term viability of structural engineering or the 

construction of private homes. It initially showed up in the area of civil engineering in 2020, specifically in the context 

of building bridges. This is why the researchers have chosen to employ neutrosophic reasoning to assess the longevity 

of a residence designed for a single family[22], [23]. 
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2. Materials and Methods 

In 2004, the VIKOR technique made its debut in the academic literature. The method's foundational idea is focused 

on weighing competing criteria to determine which option is best. The approach's goal is to arrive at a mutually 

agreeable resolution during the vetting phase. Figure 1 shows the steps of the VIKOR method. 

 

 

Figure 1: The steps of the VIJOR method. 

Step 1: Build the decision matrix  

 

Step 2: Compute the weights of criteria  

 

Step 3: Aggregate the single valued neutrosophic decision matrix  

𝐷 = (𝑑𝑖𝑗)
𝑚×𝑛

                                                                                          (1) 

𝑑𝑖𝑗 = (𝑑𝑖𝑗
(1)

, 𝑑𝑖𝑗
(2)

, 𝑑𝑖𝑗
(3)

… … . . 𝑑𝑖𝑗
(𝑢)

) = 𝑤1𝑑𝑖𝑗
(1)

⊕ 𝑤2𝑑𝑖𝑗
(2)

⊕ 𝑤3𝑑𝑖𝑗
(3)

… … .⊕ 𝑤𝑢𝑑𝑖𝑗
(𝑢)

     (2) 

𝑑𝑖𝑗 = (1 − ∏ (1 − 𝑇𝑖𝑗
(𝑡)

)
𝑤𝑡𝑢

𝑡=1 , ∏ (𝐼𝑖𝑗
(𝑡)

)
𝑤𝑡𝑢

𝑡=1 , ∏ (𝐹𝑖𝑗
(𝑡)

)
𝑤𝑡𝑢

𝑡=1 )   (3) 

Where w refers to the weights of criteria 𝑤 = (𝑤1, 𝑤2, 𝑤3, … . . 𝑤𝑘)𝑇 , T,I,F refers to the truth, indeterminacy and falsify 

membership degree.  

 

Step 4: Compute the weighted decision matrix  
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𝑈∗ = 𝑈 ⊗ 𝑊    (4) 

𝑈𝑖𝑗
∗ = 𝑤𝑗 ⊗ 𝑢𝑖𝑗 = (𝑇𝑖𝑗

𝑤, 𝐼𝑖𝑗
𝑤 , 𝐹𝑖𝑗

𝑤)             (5)  

Step 5: compute the positive and negative values  

𝑇𝑗
𝑤+ = (max

𝑖
𝑇𝑗

𝑤|𝑗 ∈ 𝐵) , (min
𝑖

𝑇𝑗
𝑤|𝑗 ∈ 𝑁)                                                                                                  (6) 

𝐼𝑗
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𝑖
𝐼𝑗

𝑤|𝑗 ∈ 𝐵) , (max
𝑖

𝐼𝑗
𝑤|𝑗 ∈ 𝑁)                                                                                                  (7) 

𝐹𝑗
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𝑖
𝐹𝑗

𝑤|𝑗 ∈ 𝐵) , (max
𝑖

𝐹𝑗
𝑤|𝑗 ∈ 𝑁)                                                                                                  (8) 

𝑇𝑗
𝑤− = (max

𝑖
𝑇𝑗

𝑤|𝑗 ∈ 𝐵) , (max
𝑖

𝑇𝑗
𝑤|𝑗 ∈ 𝑁)                                                                                                  (9) 

𝐼𝑗
𝑤− = (max

𝑖
𝐼𝑗

𝑤|𝑗 ∈ 𝐵) , (max
𝑖

𝐼𝑗
𝑤|𝑗 ∈ 𝑁)                                                                                                  (10) 

𝐹𝑗
𝑤− = (max

𝑖
𝐹𝑗

𝑤|𝑗 ∈ 𝐵) , (max
𝑖

𝐹𝑗
𝑤|𝑗 ∈ 𝑁)                                                                                                  (11) 

Where B refers to beneficial criteria and N refers to non-beneficial.  

𝑤𝑗
+ = (𝑇𝑗

𝑤+, 𝐼𝑗
𝑤+, 𝐹𝑗

𝑤+), 𝑤𝑗
− = (𝑇𝑗

𝑤−, 𝐼𝑗
𝑤−, 𝐹𝑗

𝑤−)                                                                                   (12) 

Step 6: Compute the 𝑆𝑖  𝑎𝑛𝑑 𝑅𝑖 

𝑆𝑖 =  ∑ 𝑤𝑗   
||   𝑤𝑗

+ −𝑊𝑖𝑗    || 

||   𝑤𝑗
+ −𝑤𝑗

−    ||
 𝑛

𝑗=1                                                                                                              (13) 

𝑅𝑖 =  max
𝑗

𝑤𝑗   
||   𝑤𝑗

+ −𝑊𝑖𝑗    || 

||   𝑤𝑗
+ −𝑤𝑗

−    ||
                                                                                                             (14) 

 

Step 7: Compute the 𝑄𝑖  value  

𝑄𝑖 = 𝜑 [
𝑆𝑖−𝑆+

𝑆−−𝑆+] + (1 − 𝜑) [
𝑅𝑖−𝑅+

𝑅−−𝑅+]                                                                                                             (15) 

Step 8: Rank the alternatives 

 

3. Results 

A public hospital served as the setting for this investigation. By analysing the available literature, we were able to 

establish both the primary and secondary criteria for making our supplier choice. 

Three buying specialists from the hospital under review were questioned to assign relative importance to the various 

selection criteria. Professionals were asked to rate the vendors. Let experts to evaluate the criteria to compute the 

weights of criteria as shown in Table 1. 

 

Table 1: The importance of criteria in healthcare. 

Criteria Weights 

HealtC1 0.105715 

HealtC2 0.154286 
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HealtC3 0.134285 

HealtC4 0.017143 

HealtC5 0.051429 

HealtC6 0.154286 

HealtC7 0.105715 

HealtC8 0.154286 

HealtC9 0.105715 

HealtC10 0.017143 

 

Then let experts to evaluate the criteria and alternatives to build the decision matrix by using the single valued 

neutrosophic numbers as shown in Table 2. 

Table 2: The neutrosophic number by the decision maker. 

 HealtC1 HealtC2 HealtC3 HealtC4 HealtC5 HealtC6 HealtC7 HealtC8 HealtC9 HealtC1

0 

Healt

A1 

(0.60, 

0.35, 

0.40) 

(0.90, 

0.10,0.

10) 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.30, 

0.70, 

0.70) 

(0.90, 

0.10,0.

10) 

(0.60, 

0.35, 

0.40) 

(0.90, 

0.10,0.

10) 

(0.60, 

0.35, 

0.40) 

(0.10, 

0.90,0.

90) 

Healt

A2 

(0.90, 

0.10,0.

10) 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.20, 

0.75, 

0.80) 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.10, 

0.90,0.

90) 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.90, 

0.10,0.

10) 

Healt

A3 

(0.10, 

0.90,0.

90) 

(0.30, 

0.70, 

0.70) 

(0.80, 

0.25, 

0.20) 

(0.30, 

0.70, 

0.70) 

(0.80, 

0.25, 

0.20) 

(0.60, 

0.35, 

0.40) 

(0.20, 

0.75, 

0.80) 

(0.20, 

0.75, 

0.80) 

(0.60, 

0.35, 

0.40) 

(0.10, 

0.90,0.

90) 

Healt

A4 

(0.90, 

0.10,0.

10) 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.20, 

0.75, 

0.80) 

(0.30, 

0.70, 

0.70) 

(0.10, 

0.90,0.

90) 

(0.10, 

0.90,0.

90) 

(0.10, 

0.90,0.

90) 

(0.30, 

0.70, 

0.70) 

(0.80, 

0.25, 

0.20) 

Healt

A5 

(0.30, 

0.70, 

0.70) 

(0.60, 

0.35, 

0.40) 

(0.20, 

0.75, 

0.80) 

(0.60, 

0.35, 

0.40) 

(0.20, 

0.75, 

0.80) 

(0.60, 

0.35, 

0.40) 

(0.60, 

0.35, 

0.40) 

(0.30, 

0.70, 

0.70) 

(0.20, 

0.75, 

0.80) 

(0.80, 

0.25, 

0.20) 

Healt

A6 

(0.20, 

0.75, 

0.80) 

(0.10, 

0.90,0.

90) 

(0.10, 

0.90,0.

90) 

(0.70, 

0.30, 

0.30) 

(0.10, 

0.90,0.

90) 

(0.30, 

0.70, 

0.70) 

(0.10, 

0.90,0.

90) 

(0.30, 

0.70, 

0.70) 

(0.10, 

0.90,0.

90) 

(0.30, 

0.70, 

0.70) 

Healt

A7 

(0.90, 

0.10,0.

10) 

(0.60, 

0.35, 

0.40) 

(0.30, 

0.70, 

0.70) 

(0.60, 

0.35, 

0.40) 

(0.70, 

0.30, 

0.30) 

(0.20, 

0.75, 

0.80) 

(0.60, 

0.35, 

0.40) 

(0.80, 

0.25, 

0.20) 

(0.20, 

0.75, 

0.80) 

(0.80, 

0.25, 

0.20) 

Healt

A8 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.20, 

0.75, 

0.80) 

(0.10, 

0.90,0.

90) 

(0.70, 

0.30, 

0.30) 

(0.80, 

0.25, 

0.20) 

(0.10, 

0.90,0.

90) 

(0.10, 

0.90,0.

90) 

(0.20, 

0.75, 

0.80) 

(0.10, 

0.90,0.

90) 

Healt

A9 

(0.30, 

0.70, 

0.70) 

(0.20, 

0.75, 

0.80) 

(0.20, 

0.75, 

0.80) 

(0.30, 

0.70, 

0.70) 

(0.30, 

0.70, 

0.70) 

(0.80, 

0.25, 

0.20) 

(0.20, 

0.75, 

0.80) 

(0.20, 

0.75, 

0.80) 

(0.20, 

0.75, 

0.80) 

(0.10, 

0.90,0.

90) 

Healt

A10 

(0.90, 

0.10,0.

10) 

(0.10, 

0.90,0.

90) 

(0.90, 

0.10,0.

10) 

(0.30, 

0.70, 

0.70) 

(0.10, 

0.90,0.

90) 

(0.90, 

0.10,0.

10) 

(0.10, 

0.90,0.

90) 

(0.90, 

0.10,0.

10) 

(0.30, 

0.70, 

0.70) 

(0.90, 

0.10,0.

10) 

 

Then apply the previous steps in previous section to rank the alternatives. First determine the positive and negative 

criteria. The cost criterion is negative and all criteria are positive criteria. In this study, we used ten criteria and ten 

suppliers. The ten criteria are list as: Ecological, Social, Flexibility, Dependability, Quality, Shipping, Reputation, 

Administration and Planning, Safety and health on the job, Learning. Compute the weighted matrix as shown in Table 

3. 
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Table 3: The weighted decision matrix 

 HealtC1 HealtC2 HealtC3 HealtC4 HealtC5 HealtC6 HealtC7 HealtC8 HealtC9 HealtC1

0 

HealtA

1 

0.0374

4 0 

0.0195

84 

0.0171

43 

0.0363

76 

0.1542

86 0 0 0 0 

HealtA

2 0 

0.0225

01 

0.1342

85 

0.0138

09 0 0 

0.1057

15 

0.0225

01 

0.1057

15 

0.0171

43 

HealtA

3 

0.1057

15 

0.1157

14 

0.0195

84 

0.0114

29 0 

0.0996

43 

0.0818

44 

0.1317

85 0 0 

HealtA

4 0 

0.0225

01 

0.1342

85 

0.0138

09 

0.0363

76 0 

0.1057

15 

0.1542

86 

0.0647

93 

0.0146

43 

HealtA

5 

0.0792

86 

0.0546

42 

0.1147

02 

0.0023

81 

0.0426

48 

0.0996

43 0 

0.1157

14 

0.0818

44 

0.0146

43 

HealtA

6 

0.0902

98 

0.1542

86 

0.1342

85 0 

0.0514

29 

0.0385

71 

0.1057

15 

0.1157

14 

0.1057

15 

0.0042

86 

HealtA

7 0 

0.0546

42 

0.1007

14 

0.0023

81 

0.0062

72 0.0225 0 

0.0225

01 

0.0818

44 

0.0146

43 

HealtA

8 

0.0154

17 

0.1542

86 

0.1147

02 

0.0171

43 

0.0062

72 

0.1317

85 

0.1057

15 

0.1542

86 

0.0818

44 0 

HealtA

9 

0.0792

86 

0.1317

85 

0.1147

02 

0.0114

29 

0.0363

76 

0.1317

85 

0.0818

44 

0.1317

85 

0.0818

44 0 

HealtA

10 0 

0.1542

86 0 

0.0114

29 

0.0514

29 

0.1542

86 

0.1057

15 0 

0.0647

93 

0.0171

43 

 

 

 

Using Eqs. (6-11) to compute the positive and negative values.  Then compute the 𝑆𝑖  𝑎𝑛𝑑 𝑅𝑖 using Eqs. (13-14). Then 

compute 𝑄𝑖  by using Eq. (15). Finally rank the alternatives based on the smallest value of 𝑄𝑖 . The values of 𝑄𝑖  are 

shown in Figure 2. From Figure 2, the suppliers 7 is the best supplier and supplier 6 is the worst supplier.  
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Figure 2: The values of 𝑄𝑖 . 

4. Conclusion  

Every industry is rapidly becoming more globalized in today's highly competitive market. Therefore, there are more 

providers from whom to choose and more parameters to consider while making that decision. Businesses in the 

manufacturing or service industries are under pressure to establish reliable alliances and choose the most reliable 

vendors to ensure their continued success. The assessment and choice of a supplier allow a business to get high-quality 

goods and services at a reasonable cost and promptly. Depending on the nature of the goods or services being 

purchased, this procedure may include a wide range of variables and complex interdependencies. Improving quality 

and flexibility in addition to lead time is a critical role of a company's buying department. Given the significance to a 

business, there has to be a methodical approach to choosing the best vendor. The steps involved in this procedure 

include identifying the need for a new supplier, determining and defining the decision criteria, conducting an initial 

qualification process, selecting a final provider, and keeping tabs on the chosen vendor. In this article, we show how 

a private healthcare organization might use MCDM techniques to identify a supplier that will be there for the long 

haul. To solve the issue of making decisions based on several factors, the authors of this work propose a new technique 

they name VIKOR. The VIKOR method is used to rank the alternatives. The VIKOR method is a hybrid with 

neutrosophic sets to solve vague and uncertain information. From applying the neutrosophic VIKOR method, supplier 

7 is the best, and supplier 7 is the worst.  
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