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Abstract

Evaluation and selection of suppliers is one of the important issues in supply
chain management. This problem has become one of the uncertain issues in
the supply chain due to the impact of uncertain and inaccurate parameters, and
various tools have been proposed for weighting criteria and finding supplier
scores for each criterion. On the other hand, Neutrosophic numbers or sets are
modern tools for dealing with uncertainty along with ambiguous and
inconsistent information, which have recently been introduced. Neutrosophic
logic, as the most comprehensive type of non-classical logic for dealing with
uncertainty and information deficiency in the decision-making process, has
been introduced after fuzzy logic and intuitionistic fuzzy logic, in such a way
that the degree of membership and non-membership and the degree of
hesitation are determined and assigned independently of each other between
zero and one, unlike intuitionistic fuzzy logic. In this research, in order to
identify and weights of the evaluation criteria of suppliers, the quality function
deployment technique is developed in the Neutrosophic environment. The
Neutrosophic EDAS approach is proposed for selecting top suppliers, as well.
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A numerical study is presented using the data of pharmaceutical industry. The
results show that the geographical location and experience of suppliers are the
two most important criteria and the second supplier is selected as the best one.

Introduction

In the current situation where the competition between organizations and
supply chains is constantly increasing and the demand of customers in the
business environment is diverse and accompanied by uncertainty, timely
response to this type of demand requires proper and up-to-date performance
in the chain. One of the important factors influencing the performance of
supply chains in the market is the performance of their suppliers. For
example, timely delivery of final products requires agile suppliers, while
responding to the quality needs quality suppliers. The issue of selecting and
evaluating suppliers is one of the most important issues that affect the
success of the supply chain and many researchers have addressed it in recent
years. Organizations will perform better by evaluating and selecting
appropriate suppliers in accordance with competitive strategies.

In this research, after identifying the desired criteria from the perspectives of
customers, the quality function development (QFD) technique which is used
for converting the demands of customers in the market to the functions of the
produced product is applied for finding the suppliers’ assessment weights.
Then, a complementary approach to rank the suppliers is used, which in this
research is the evaluation technique based on the distance from the mean
distance (EDAS). It should be mentioned that all mentioned techniques will
be implemented in Neutrosophic space since evaluation and selection of
suppliers which is generally modeled as a multi-criteria decision problem,
deals with uncertainty.

Based on the review of the research literature, the researches that have used
the QFD tool to weigh the evaluation criteria are limited. In addition, the
researches that are conducted in the atmosphere of uncertainty, especially in
the Neutrosophic conditions, where the subjects of membership, non-
membership and hesitation are tabled, are more limited. Also, the EDAS
ranking technique has not been investigated in Neutrosophic condition
earlier. It is obvious that the combination of the two mentioned tools, namely
QFD and EDAS, for weighting and ranking in Neutrosophic conditions has
not been investigated so far and it is discussed for the first time in this
research.
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Research background

In this section, we give a brief literature review of the most pertinent
researches in the field. Abdelbaset et al. (2019) presented a TOPSIS method
in a neurosophic context for the selection of smart medical equipment.
Nabeeh et al. (2019) presented the Neutrosophic AHP method for weighting
and the TOPSIS method in Neutrosophic conditions for evaluating and
selecting people in the organization. Yazdani et al. (2021) used interval
neutrosophic fuzzy numbers for the supplier evaluation and selection
problem, considering supplier stability as a key indicator. Alzahrani et al.
(2023) worked on the women's university location problem using the
Neutrosophic AHP method for weighting indicators and the TOPSIS and
COPRAS methods for evaluating options. Adali et al. (2023) used the
correlation method between the criteria to weight the evaluation indicators
and the ARAS technique in Neutrosophic conditions to evaluate different
technology forecasting methods. Wang et al. (2023) used Neutrosophic
numbers of the second type for the mentioned problem considering the green
indices. They also used the entropy method to weight the indicators. One of
the innovations of this research is the introduction of a new distance criterion
to compare the mentioned numbers. Gorgun et al. (2023) used bi-polar
Neutrosophic methodology to evaluate logistics service providers of
agricultural products and vegetables. Delphi method was used to identify and
weight indicators and TOPSIS method was used for evaluation.

Theoritical foundations

In this section, the foundations of the Neutrosophic numbers and their
difference with fuzzy numbers are given. The major difference between
Neutrosophic and fuzzy number is in the additional component of the
Neutrosophic number which is hesitation degree. In fact, a fuzzy number has
membership and non-membership degrees whose sum is equal to one. In the
Neutrosophic number, a thord dimension is added. Furthermore, we review
the foundations of QFD technique and its stages from what to how.
Furthermore, EDAS methods as one of the recent methods of multiple
criteria decision-makind is descri

Proposed method



(V98 Ol | Fojled | Jot o | o5 <J8) Sl fuad | € ojleis | € UL | Aleurlil f

In this section, the proposed integrated methods of QFD and EDAS and its
calculations in the Neutrosophic condition are given

The first step of QFD:
identifying the "what" criteria,
weighting the criteria as a
Th? third step c;fED:ALS; Neutrosophic number,
determining the positive and com-‘eﬁ_ing the. weights to a
negative intervals of the definite equivalent and

r ¥

indicators normalizing 1t.
7 .
The fourth step of EDAS: The second step of QFD: identifving the
determining the weighted sum "how" criteria based on the "what",
of positive and negative determining the relationships between the
intervals "how" and "what" criteria, calculating the
l weighted sum of the scores of the "how"
criteria and calculating the normalized
The fifth step of EDAS: values of the weights of the "how" criteria
descale the weighted sum of in a Neutrosophic way.
positive and negative intervals 4
i The first step of EDAS:
The sixth step of EDAS: forming a de?ls“’“ mMatrix
between suppliers and "how"
calculate the score of each R
option criteria in the form of
¢ Neutrosophic numbers
The seventh step of EDAS: — ¢ =
Sorting the points of the The second step of EDAS:
options in descending order determining the average value
and ranking of each index in the decision
matrix
Case study

The presented case study is related to a given pharmaceutical company. The
company manufactures several drugs and tries to enforce various laws
related to drug manufacturing, drug testing, and drug marketing through
promotion of its suppliers. For the production process, the company needs
the right production components (such as chemical raw materials) and the
correct formulas. The company can get these materials from different
suppliers. Due to the ambiguity in some information, the combined QFD-
EDAS method is used in the Neutrosophic environment.
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Identification of qualitative indicators "what" and determination of relative
weights. At this stage, questionnaires are used to identify the needs of
customers. Based on the results of this questionnaire, the pharmaceutical
company's requirements for the process of purchasing chemical raw
materials from foreign suppliers are according to the following 5 criteria:

Quality: The quality of the final product means medicine, which is directly
affected by the quality of the ingredients.

Cost: This criterion focuses more on price stability.

Location: The location of the organization that is available to the customer is
usually more favorable.

Price: The final price of the final product offered to the customer is usually
the lower the better.

Delivery: refers to the time it takes for the product to be delivered to the
customer, usually the shorter the better.

Conclusions

In this research, a combined QFD-EDAS approach was presented for the
problem of evaluation and selection of suppliers in ambiguous conditions
and using numbers or Neutrosophic logic. With the help of the QFD method,
the factors desired by the customers in the market were identified (what) and
turned into the specifications required by the suppliers (how). The steps of
the mentioned method were designed and proposed considering
Neutrosophic logic. This logic provides good flexibility to the decision
maker in assigning quantitative values to qualitative ones. Also, the new
EDAS method was developed to rank options in Neutrosophic conditions,
and finally, a numerical study was conducted in the pharmaceutical industry
based on experts' opinions. This research can be considered as one of the few
researches related to the implementation of Neutrosophic logic in evaluation
systems, especially in the supply chain.

Keywords: Supply chain management, Supplier evaluation and
selection, Quality function deployment, EDAS, Neutrosophic numbers
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