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Abstract

Quality evaluation is crucial to guaranteeing the dependability and uniformity of suppliers' products, components,
and services. An overview of important topics concerning the evaluation of supplier quality is presented in this study.
The evaluation includes everything from product quality and regulatory compliance to production methods, delivery
times, customer service, financial stability, and the suppliet's general reputation. Businesses may build a robust supply
chain, ensure customer happiness, and make educated choices regarding supplier agreements by carefully considering
these factors. Considering a supplier's dedication to innovation, long-term relationship possibilities, and ongoing
development is also essential to evaluating their quality. Decreased defects and recalls, increased operational
efficiency, better brand perception, regulatory compliance, and reduced risk are all advantages of a thorough review.
Businesses can stay ahead of the competition and provide consumers with better goods and services if they prioritize
supplier quality inspections. We used multi-criteria decision-making (MCDM) to deal with conflicting criteria in
assessing the quality of suppliers. The neutrosophic set deals with uncertain information in the assessment process.
The neutrosophic set is integrated with the MCDM method, such as the TOPSIS method. The TOPSIS method is
used to rank the suppliers. We conducted this study at a drug company. We used 15 criteria and 20 suppliers. We
conducted a sensitivity analysis to ensure the stability of the results.

Keywords: Single valued neutrosophic sets, Uncertainty, Assessment, MCDM, Supplier, Supply chain, TOPSIS method.

1 | Introduction

Businesses across a wide range of sectors rely heavily on supplier quality assessments. Businesses depend on
suppliers to provide high-quality products, parts, and services that match their specifications. Companies may
keep product quality constant, reduce risk, and maintain customer happiness by assessing supplier quality.
Companies may build a robust supply chain that helps them achieve their goals by carefully evaluating their
suppliers. This will allow them to make educated choices about their relationships [1-3]. To find reliable and
suitable suppliers, it is necessary to evaluate their quality thoroughly. Product quality, manufacturing
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procedures, delivery performance, customer service, supplier reputation, financial stability, and regulatory
compliance are all aspects that fall under this category. Suppliers' capacity to reliably satisfy quality standards,
meet supply needs, and provide continuous support may be assessed by looking at these factors [4-0].

A supplier's quality management system, including their certifications, quality control methods, and
compliance with applicable industry standards, is usually reviewed thoroughly at the beginning of the
evaluation process [7, 8]. Production facilities, equipment, and compliance with good manufacturing
standards ate some aspects that businesses evaluate via on-site audits and inspections [9, 10]. Quality
evaluations of suppliers also heavily rely on supplier performance indicators, including on-time delivery rates,
defect rates, and customer complaints. Evaluating the current status of a suppliet's operations is only the
beginning of a thorough supplier quality evaluation. Thinking about their dedication to innovation, long-term
collaboration possibilities, and constant progress is also part of it. Suppliers who take the initiative to improve
quality, allocate resources to R&D, and align with the long-term objectives of the customer are more likely to
help the buyer succeed and create a win-win partnership [11, 12].

Robust supplier quality evaluation has several advantages. Improved operational etficiency, fewer product
defects and recalls, compliance with regulations, and risk mitigation in the supply chain are all benefits that
businesses get from this tool. Companies may keep their competitive advantage, improve their brand image,
and provide consumers with better goods and services by choosing high-quality suppliers [13, 14]. Ultimately,
evaluating suppliers' quality is an essential step for companies looking to build a solid and effective supply
chain. Businesses may make sure their suppliers are up to snuff in terms of quality, strategic fit, and long-term
performance by using a variety of evaluation metrics. Supply chain management relies on thorough supplier

quality assessments to remain competitive, produce high-quality goods, reduce risks, and keep customers

happy [15, 16].

A supplier quality assessment system must include efficient and frequent evaluations of supplier quality. When
just one supplier or component has to be evaluated, multi-criteria decision-making (MCDM) approaches are
the way to go [17-19]. We used the neutrosophic set to overcome uncertainty in the assessment process. Many
MCDM researchers have been captivated by the ambiguity and time-periodic nature of the data [20-22].
Various petiods are required to depict periodic occurrences in real life, a common source of decision-making
challenges. None of the classic fuzzy set theory models using actual membership or non-membership grades
can adequately characterize such issues [23-25]. To solve these MCDM challenges, criteria and alternatives
might be given complicated membership grades [26-28].

2 | Materials and Methods

In this section, the single valued neutrosophic TOPSIS method is introduced to assess the quality of supplier
and rank the suppliers to select best one [29-30]. The steps of the TOPSIS method are introduce in Figure.
1.
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Figure 1. The steps of the proposed method.

In this section, the single valued neutrosophic TOPSIS method is introduced to assess the quality of supplier
and rank the suppliers to select best one [29-30]. The steps of the TOPSIS method are introduce in Figure 1.
Step 1. Build the judgment matrix.
a1 v aln]

A= (1)

dmi1  ° 4mn

Whete a1q refers to the value in decision matrix, m refers to the number of alternatives and n trefers to the
number of criteria. i = 1,2, ..m;j = 1,2, ...n.

Step 2. Normalize the judgment matrix.

ajj—min ajj

Y =

ij ——; Positive criteria. 2
max ajj—min ajj

min ajj —ajj

i = — P— aij; Negative criteria. 3

Yi1. " ¥Yin

y=1|: = )
Ym1i *° Ymn

Step 3. Compute the weights of criteria.

Step 4. Build the weight judgment matrix.
di; -+ dig

D=| : : (6)
dmi - dmn

Step 5. Compute the ideal solutions.

The ideal solutions are computed for positive and negative criteria:

E* = (Ef,Ef, ...E}) @)

Et = (max{e;1, €51, ...€m1}, max{e;,, €55, ...€n1}, ... max{e;p, €2p, .. €mn}) (8)
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E- = (E],E7, ..E}) )

E™ = (min{e;q, €51, ...€n1}, min{e;, €55, ...€41}, ... min{e 1, €2, ... €mn}) (10)

Step 6. Compute the distance from each suppliers and the ideal solutions for positive and negative criteria.

T = JZ,-“=1(E1+ - Eij)2 (11

T = JZ,-‘;l(E; ~Ey)’ (12)

Step 7. Compute the closeness value.

__T
| = o
Ti +Ti

3 |Results

(13)

In this section, we provide a case study for evaluating the quality of suppliers in a drug company to select the
best one from 20 suppliers. We collected 15 criteria, as shown in Figure 2.

Step 1. Build the judgment matrix using Eq. (1).
Step 2. Normalize the judgment matrix for positive and negative criteria by Eqs. (2-4) as shown in Table 1.

Step 3. Compute the weights of criteria as shown in Figure 3. We show the Regulatory Compliance is the
best criterion and Corporate Social Responsibility is the worst criterion.

Technical Capabilities and Innovation

Scalability and Flexibility

Assessment Quality of suppliers

Corporate Social Responsibility

Figure 2. The 15 criteria of suppliers in Drug Company.
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Table 1. Normalization judgment matrix.
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Figure 3. The weights of 15 criteria in quality assessment suppliers.

Step 4. Build the weight judgment matrix by Eqs. (5) and (6) as shown in Table 2.

Step 5. Compute the ideal solutions for positive and negative criteria using Egs. (7—10).

Step 6. Compute the distance from each supplier and the ideal solutions for positive and negative criteria

using Eqs. (11) and (12).

Step 7. Compute the closeness value using Eq. (13) as shown in Figure 4. We show that supplier 16 is the

best and supplier 2 is the worst.

Table 2. The weighted normalized judgment matrix.
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Figure 4. The rank of 20 suppliers in Drug Company.
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4 | Sensitivity Analaysis

In this section, we change the criteria weights and then rank the alternatives to show the stability of the results
and the suggested methodology. Figure 5 shows the 15 cases of changing the weights of the criteria. We put
one case with 0.06 weight and another with equal weight.

Then, we enter 15 cases as weights of criteria for the TOPSIS method and rank the suppliers as shown in
Figure 6. We show the results are stable in under 15 cases in terms of criteria weights.

AsQl

=@ _Case 1
=@ Case 2
==@==Case 3

Case 4
=@ _Case 5
=@ Case 6
=@=_Case 7
—=@=_Case 8
=@ Case 9

«=@==Case 10

=@ Case 11

Figure 5. The fifteen cases in changing the weights of suppliet’s criteria.
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W Case 5
W Case 6
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n [ce] o i m < [(s)
< < — - — —
2 223333333
< <

B Case 11
Figure 6. The rank of 20 suppliers under 15 cases.
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5 | Conclusions

ASA2 =
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~
<
(%]
<

ASA1

ASA9
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ASAIS -+
ASA20

A
ASA15

A
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To build a trustworthy and effective supply chain, companies must evaluate the quality of their suppliers.
Businesses may guarantee that their suppliers reliably provide high-quality goods and services that align with
rules and consumer expectations by implementing a thorough review procedure. Considerations such as
supplier reputation, financial stability, product quality, production methods, delivery performance, regulatory
compliance, and customer service are all part of an exhaustive evaluation. Through this review process,
businesses may improve operational efficiency, decrease defects and recalls, detect risks, and maintain
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compliance. When looking to build solid and mutually beneficial connections with suppliers, examining their
dedication to continual development, innovation, and the possibility of long-term partnerships is essential.
Reduced risk, higher-quality products, adherence to regulations, more efficient operations, and a good name
for the company are all advantages of supplier quality evaluation. Businesses may stay ahead of the
competition, meet consumer expectations, and succeed in the long run by putting supplier quality evaluation
first. We conducted this study at a drug company to select the best supplier. We used 15 criteria and 20
suppliers. We used the MCDM methods to evaluate the quality of suppliers. The TOPSIS method was used
to rank the suppliers. The TOPSIS method was integrated with the neutrosophic set to overcome the

uncertainty in the evaluation process.

Acknowledgments

The author is grateful to the editorial and reviewers, as well as the correspondent author, who offered

assistance in the form of advice, assessment, and checking during the study period.
Author Contributaion

All authors contributed equally to this work.
Funding

This research has no funding source.
Data Availability

The datasets generated during and/or analyzed during the current study are not publicly available due to the
privacy-preserving nature of the data but are available from the corresponding author upon reasonable

request.
Conflicts of Interest

The authors declare that there is no conflict of interest in the research.
Ethical Approval

This article does not contain any studies with human participants or animals performed by any of the authors.

References

[1] S.Onii,S. S. Kara, and E. Isik, “Tong term supplier selection using a combined fuzzy MCDM approach: A case study for a
telecommunication company,” Expert systems with applications, vol. 36, no. 2, pp. 3887-3895, 2009.

[2] 7. Stevi¢, D. Pamuéar, A. Puska, and P. Chatterjee, “Sustainable supplier selection in healthcare industries using a new
MCDM method: Measurement of alternatives and ranking according to COmpromise solution (MARCOS),” Computers &
Industrial Engineering, vol. 140, p. 106231, 2020.

[3] K. Renganath and M. Suresh, “Supplier selection using fuzzy MCDM techniques: A literature review,” in 2016 IEEE
International Conference on Computational Intelligence and Computing Research (ICCIC), IEEE, 2016, pp. 1-6.

[4] M. Yazdani, P. Chatterjee, E. K. Zavadskas, and S. H. Zolfani, “Integrated QFD-MCDM framework for green supplier
selection,” Journal of Cleaner Production, vol. 142, pp. 3728-3740, 2017.

[5] M. Yazdani, “An integrated MCDM approach to green supplier selection,” International Journal of Industrial Engineering
Computations, vol. 5, no. 3, pp. 443—458, 2014.

[6] B.Matic¢ et al,, “A new hybrid MCDM model: Sustainable supplier selection in a construction company,” Symmetry, vol. 11,
no. 3, p. 353, 2019.

[11 J-C. Kao, C.-N. Wang, V. T. Nguyen, and S. T. Husain, “A Fuzzy MCDM Model of Supplier Selection in Supply Chain
Management.,” Intelligent Automation & Soft Computing, vol. 31, no. 3, 2022.



Single Valued Neutrosophic Sets for Assessment Quality of Suppliers under Uncertainty Environment

10

(8]
]

[10]

[20]

(21]

[30]

E. E. Karsak and M. Dursun, “An integrated fuzzy MCDM approach for supplier evaluation and selection,” Computers &
Industrial Engineering, vol. 82, pp. 82-93, 2015.

A. Haldar, A. Ray, D. Banerjee, and S. Ghosh, “A hybrid MCDM model for resilient supplier selection,” International Journal
of Management Science and Engineering Management, vol. 7, no. 4, pp. 284-292, 2012.

J. J. Jassbi, R. A. Ribeiro, and L. R. Varela, “Dynamic MCDM with future knowledge for supplier selection,” Journal of
Decision Systems, vol. 23, no. 3, pp. 232-248, 2014.

Y. Deng and F. T. S. Chan, “A new fuzzy dempster MCDM method and its application in supplier selection,” Expert Systems
with Applications, vol. 38, no. 8, pp. 9854-9861, 2011.

S. Hamdan and A. Cheaitou, “Supplier selection and order allocation with green criteria: An MCDM and multi-objective
optimization approach,” Computers & Operations Research, vol. 81, pp. 282-304, 2017.

A. Ulutas et al, “Developing of a novel integrated MCDM MULTIMOOSRAL approach for supplier selection,”
Informatica, vol. 32, no. 1, pp. 145-161, 2021.

M. Ghorbani, S. Mohammad Arabzad, and A. Shahin, “A novel approach for supplier selection based on the Kano model
and fuzzy MCDM,” International Journal of Production Research, vol. 51, no. 18, pp. 5469-5484, 2013.

H. M. Wang Chen, S.-Y. Chou, Q. D. Luu, and T. H.-K. Yu, “A fuzzy MCDM approach for green supplier selection from
the economic and environmental aspects,” Mathematical Problems in Engineering, vol. 2016, 2016.

M. Dursun and E. E. Karsak, “A QFD-based fuzzy MCDM approach for supplier selection,” Applied Mathematical
Modelling, vol. 37, no. 8, pp. 5864-5875, 2013.

V. Bashan, H. Demirel, and M. Gul, “An FMEA-based TOPSIS approach under single valued neutrosophic sets for maritime
risk evaluation: the case of ship navigation safety,” Soft Computing, vol. 24, no. 24, pp. 18749-18764, 2020.

P. Biswas, S. Pramanik, and B. C. Giri, “NonLinear programming approach for single-valued neutrosophic TOPSIS
method,” New Mathematics and Natural Computation, vol. 15, no. 02, pp. 307-326, 2019.

S. Pramanik, P. P. Dey, and B. C. Giri, “TOPSIS for single valued neutrosophic soft expert set based multi-attribute decision
making problems,” Neutrosophic Sets and Systems, vol. 10, pp. 88-95, 2015.

A. Elhassouny and F. Smarandache, “Neutrosophic-simplified-TOPSIS multi-criteria decision-making using combined
simplified-TOPSIS method and neutrosophics,” in 2016 IEEE international conference on fuzzy systems (FUZZ-IEEE),
Teee, 2016, pp. 2468-2474.

J. Chen, S. Zeng, and C. Zhang, “An OWA distance-based, single-valued neutrosophic linguistic topsis approach for green
supplier evaluation and selection in low-carbon supply chains,” International journal of environmental research and public
health, vol. 15, no. 7, p. 1439, 2018.

G. Selvachandran, S. G. Quek, F. Smarandache, and S. Broumi, “An extended technique for order preference by similarity
to an ideal solution (TOPSIS) with maximizing deviation method based on integrated weight measure for single-valued
neutrosophic sets,” Symmetry, vol. 10, no. 7, p. 236, 2018.

J. Ye, “An extended TOPSIS method for multiple attribute group decision making based on single valued neutrosophic
linguistic numbers,” Journal of Intelligent & Fuzzy Systems, vol. 28, no. 1, pp. 247-255, 2015.

R. Sahin and M. Yigider, “A Multi-criteria neutrosophic group decision making metod based TOPSIS for supplier selection,”
arXiv preprint arXiv:1412.5077, 2014.

D. Karabasevic¢ et al., “A novel extension of the TOPSIS method adapted for the use of single-valued neutrosophic sets and
hamming distance for e-commerce development strategies selection,” Symmetry, vol. 12, no. 8, p. 1263, 2020.

S. Zeng, D. Luo, C. Zhang, and X. Li, “A correlation-based TOPSIS method for multiple attribute decision making with
single-valued neutrosophic information,” International Journal of Information Technology & Decision Making, vol. 19, no.
01, pp. 343-358, 2020.

Y. Sun and Y. Cai, “A flexible decision-making method for green supplier selection integrating TOPSIS and GRA under the
single-valued neutrosophic environment,” IEEE Access, vol. 9, pp. 83025-83040, 2021.

S. Ridvan, A. Fuat, and K. Gékge Dilek, “A single-valued neutrosophic multicriteria group decision approach with DPL-
TOPSIS method based on optimization,” International Journal of Intelligent Systems, vol. 36, no. 7, pp. 3339-3366, 2021.
P. Biswas, S. Pramanik, and B. C. Giri, “TOPSIS method for multi-attribute group decision-making under single-valued
neutrosophic environment,” Neural computing and Applications, vol. 27, pp. 727-737, 2016.

X. Peng and J. Dai, “Approaches to single-valued neutrosophic MADM based on MABAC, TOPSIS and new similarity
measure with score function,” Neural Computing and Applications, vol. 29, pp. 939-954, 2018.



