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Abstract

Success in supply begins with the right choice of suppliers and in the long run is directly related to how suppliers are
managed, because suppliers have a significant impact on the success or failure of a company. Multi-criteria decisions are
approaches that deal with ranking and selecting one or more suppliers from a set of suppliers. Multi-criteria decisions
provide an effective framework for comparing suppliers based on the evaluation of different criteria. The present research
is applied based on the purpose and descriptive-sutvey based on the nature and method of the research. In the present
study, two library and field methods have been used to collect information. According to the objectives of this study,
suppliers will be evaluated using two methods of fuzzy hierarchical analysis with D-numbers. In order to better
understand these two methods, a case study is presented in which suppliers are ranked using two methods and then the
results are compared with each other. For manufacturing companies, 4 categories of parts were considered and based on
the classification, the suppliers of the manufacturing company were evaluated and analyzed. In the results of suppliers of
type A and B components in hierarchical analysis, D and fuzzy methods have many differences in the evaluation and
ranking of suppliers, and this shows the lack of expectations of experts in D and fuzzy analysis. On the other hand, in
type C and D components, the classification and ranking of suppliers have been matched in two ways and shows that
the opinions in the evaluation of these suppliers are the same.

Keywords: Supply chain management, Suppliers, Fuzzy AHP method.
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Licensee Journal

) chain management to allocate orders. Thus, in this regard, it focuses on identifying the key factors
of Fuzzy Extension and

Applications. This affecting the optimal selection of suppliers in the supply chain in industries [1]. Also, with the

article is an open access acceleration of the process of globalization and the increasing facilitation of communication, the
article distributed under | managet's perception of the environment becomes motre complex, uncertain and ambiguous [2].
the terms and conditions | Existence of numerous and unstable information and variables affecting the consequences of the

of the Creative Commons | jecision, challenges the manager to make the right and fast decision. Although human beings have
Attribution (CC BY)

i always faced the challenge of decision making, it is no exaggeration to say that the subject of decision
icense

(http://creativecommons making has never been so complicated [3]. Therefore, along with the growth of human knowledge,

various thinkers have addressed the issue of decisions and methods that can make this process easier

org/licenses/bv/4.0).
Corresponding Author: saedalatpanah@aihe.ac.ir
d http://dx.doi.org/10.22105/jfea.2020.248437.1007.281500


mailto:dastam66@gmail.com
http://dx.doi.org/10.22105/jfea.2020.248437.1007
http://www.journal-fea.com/
https://orcid.org/0000-0001-9349-5695

and safer. One of the most important multi-criteria decisions that has attracted the attention of
researchers in the organization is the choice of supplier in the supply chain of the organization [4]. This
is due to the fact that in the current competitive environment, the process of effective selection of
suppliers is very important in the success of any production organization [5]. In fact, success in
procurement begins with the right choice of suppliers and in the long run depends directly on how
suppliers are managed, because suppliers have a significant impact on the success or failure of a company
[6]. Choosing the right supplier requires consideration of several criteria. Many decision makers or experts
choose suppliers based on their own experiences and tastes, which are purely subjective and personal.
Multi-criteria decisions are approaches that deal with ranking and selecting one or more suppliers from a
set of suppliers. Multi-criteria decisions provide an effective framework for comparing suppliers based
on the evaluation of different criteria [7]. At present, in order to solve the problem of evaluating supplier
performance according to one criterion or determining the importance of a number of criteria with high
accuracy, multi-criteria decision-making vocabulary is used by both researchers and experts [8]. On the
other hand, multiple criteria decision making technique and besides multiple objective decision making
can consider several goals in order of the decision maket's priority. In multi-objective planning, the
decision maker has the ability to formulate conflicting goals in the form of a linear equation under the
objective function and on the other hand to formulate real constraints such as purchase budget, capacity,
etc. under the constraints of suppliers. Solving this model can determine the amount of materials received
from each supplier in a way that provides the maximum amount of optimization and also covers the
amount of aspirations for each goal [9]. The combination of these two techniques can create a model that
takes into account different ideals while considering different criteria. For more than two decades, supply
chain management and the supplier selection process have received considerable attention in the
literature. Many factories and industry owners have been looking for ways to partner with suppliers to
increase their management performance and competitiveness on the global stage. The quality of the
supplier base affects the competitiveness of companies. The continuity of the relationship between
suppliers and industry owners causes the company's supply chain to be a serious and strong obstacle in
the way of competitors. Also, establishing a long-term relationship with the supplier will reduce the costs
of the supplier and reduce the costs of the supplier will lead to a reduction in the costs of the organization
(employer) (mutual benefit). On the other hand, a stable relationship causes the supplier to follow the
rules and standards of the employer and the organization uses the facilities available to the suppliers such
as engineering technical facilities (benefit to the organization). Therefore, the decision to select the best
supplier for supply chain management is essential [10]. One of the most important issues in designing a
supply chain is the issue of supplier selection. The complexity of this issue is in fact because each of the
suppliers meets part of the buyer criteria, and the choice between them is in fact a Multiple Criteria
Decision Making (MCDM) that requites a structured and systematic approach, and without it an
important decision is likely to fail. With the help of computers, decision-making techniques have become
very acceptable in all areas of the decision-making process. Therefore, the application of multi-criteria
decision making methods for users, due to the mathematical complexity, has become very easy to
implement. Decision making is the process of finding the best option from a range of available options.
In fact, choosing the right set of suppliers to work with is crucial to a company's success, and the emphasis
on supplier selection has been emphasized for many years [11]. There are different techniques and
methods for making multiple fuzzy criteria that have different advantages and disadvantages over each
other. A supply chain is a series of organizations involved in the production and delivery of a product or
service. This chain starts with raw material suppliers and continues to the end customer. Supply chain
management is one of the effective and efficient approaches that reduces production costs and waiting
time. This attitude facilitates the provision of better customer service and ensures the opportunity for
effective monitoring of transportation systems, inventory and distribution networks. In this way, the
organization can exceed the expectations and demands of customers. Today, organizations are facing
customers who want high product diversity, low costs, high quality and fast response. Organizations are
well aware that they need an efficient supply chain to be able to compete in today's global marketplace
and interconnected network economy [12]. Many experienced companies believe that choosing a supplier
is the most important activity of an organization. Also, since the performance of suppliers has a major
impact on the success or failure of a chain, selecting a supplier is now considered a strategic task. As a
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result, wrong decisions in choosing suppliers will have many negative consequences and losses for the
company. Therefore, finding the right methods to select the right suppliers, which are the most important
components of the supply chain, is very important. On the other hand, because raw materials and parts
are the most important part of a company's costs, proper purchasing management is of considerable
importance to the efficiency, effectiveness and profitability of an organization. On the other hand, today,
due to new concepts of supply chain management and similar cases that lead to partnerships with suppliers
and the company's close relationship with suppliers, suppliers and customers are no longer recognized as
competitors of the organization. Rather, they are members of a core set called the supply chain, each of
which aims to maximize profits and increase the productivity of the entire chain. Nosrati and Jafari
Eskandari [13] in their research to design a supply chain network considering sustainability. The supply
chain network model is considered to be uncertain and includes uncertain parameters (demand, shipping
costs, and operating activity) that exist, which is a pessimistic possibility to control the model through
robust optimization method. Therefore, by considering the conflicting goals of the supply chain network,
including minimizing the total network costs and minimizing the amount of greenhouse gas emissions, the
community-based multi-objective decision-making methods and refrigeration simulation algorithm have
been used to solve the model. The results of T-Test statistical test on the means of the first, second, and
computational objective functions show that there is a significant difference between the means of
computational time. Sensitivity analysis performed on some parameters of the model also shows that
reducing network costs and reducing greenhouse gas emissions increases the supply capacity and reduces
the discount period for the purchase of raw materials.

Qasbeh [14] in his research stated that the key to success in the competition scene is to focus more on the
main activities and goals of the organization. Since the 1980s, many managers of large organizations have

decided to outsource activities that are not of strategic importance to the organization.

In their research, Shafia et al. [15] presented a new framework for evaluating suppliers by considering risk
factors using decision-making techniques and two-level data envelopment analysis approach. In the first
step, the criteria of the hierarchical analysis process were weighted with the opinion of experts and then
used the data envelopment analysis approach to evaluate.

Mardani [10] stated in their research that frequent discussions related to supply chain sustainability events
show that companies with a global presence are trying to improve the environmental, social and economic
outcomes of global supply chains. They proposed sustainable supply chain management to improve the
results of sustainability in supply chains.

Ghadimi [17] stated in his research that in the last two decades, the issue of sustainable supply chain has
attracted the attention of many academics and professionals. In this regard, resources, maintenance and
recycling, as well as their pairs (i.c., resources and maintenance, maintenance and recycling) have provided
a platform for the exchange of technical, economic, institutional and policy aspects to help move societies

towards sustainability.

Rifaki [18] stated in his research that the supply chain plays an important role in today's global economy.
Therefore, in order to closely pursue sustainable business, a dynamic understanding of the issues affecting
sustainability in supply chains must be formed. However, this field of research is still unknown due to
limited theoretical knowledge and practical application.

2| Research Method

The approach of the present research is quantitative and qualitative according to the intended objectives.
Therefore, the present research is of an applied type. Also, the present research is a field research in terms
of implementation. Because in this research, the relationships between variables are expressed in the form
of decision model, using fuzzy techniques and D numbers and variables are observed, measured and
described, so the type of research method is descriptive-analytical. According to the objectives of this



study, supplier evaluation will be evaluated using two methods of fuzzy hierarchical analysis and D-
numbers. First, using the common and widely used method of multi-criteria decision making, namely
the Analytical Hierarchy Process (AHP) using mathematics based on fuzzy sets, a method has been
proposed to select the suppliers of a supply chain. Then this problem is evaluated again by combining
the two methods of AHP and D numbers. Finally, in order to achieve the desired results, the results of
these two methods will be compared with each other. In order to better understand these two methods,
a case study is presented in which suppliers are ranked using two methods and then the results are

compared with each other.
2.1| Basic Concepts in Dempster-Scheffer Theory or Belief Function

The detection framework in Dempster-Scheffer theory is a set of two by two separated elements or
propositions, and if the set x={xy, x5....,.x,}is a set of elements or propositions, the sample space or
detection framework is displayed as €2 = 2x . This set is a set of all sub-sets of X as follows:

Q= (X0}, {Xab e £Xab, 1K, Xobyo, (X0, Xoen o X b

If A1 = {X1}, A2 = {X2},... are sets belonging to the detection frame, the probability mass function or
the detection function of the set Ai on the detection frame is displayed as  (4:), which has the following

conditions:

mA) >0, AieQ

m(2)=0
Z m(Ai) =1,
Ae2x

The most accurate belief that can be obtained from the correctness or occurrence of set A from the
framework of diagnosis and based on the available evidence is called belief function. This function is

the sum of the mass of probabilities determined for the elements in set A and is calculated as follows:

bel(A) = m(b).

Contrary to the probability theory, be/ (4) = 0 means lack of evidence about set A; While p (4) = 0 means
the impossibility of this set, while 4¢/ (4) = 7 means the certainty of the occurrence of event A and it is
similar to the probability p (4) = 7, which means the certainty of the correctness of the set A.

The maximum possible belief for the correctness of set A, which is determined on the basis of evidence,

is called the possibility function. This function is the sum of the total probability masses of the existing
elements of the detection framework with zero inter section by set A. It is defined as follows:

pl(A) = E m(b).
A

The probability value of set A can be defined as the complement of not being belief of A, or in other

wortds, lack of evidence showing A is true:

pl(A) = 1 - bel(~A).
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pl(A) = 0 means that the set A is impossible or similarly p(A) = 0. Also pl(A) = Ois equal to bel(~A) = 1.
This means that if event A is impossible based on the evidence, then A is certainly not true. The degree of
uncertainty or degree of doubt in determining the magnitude of belief and possibility based on available
evidence is the distance between belief in the occurrence or correctness of set A and unbelief in the
occurrence or inaccuracy of set A in the context of diagnosis and is defined as follows:

U =1-bel(A) - bel(~A).

Suppose AEQ, set A is defined according to the above definitions and using the belief sizes bel(A), U(A)
and bel(~A) as follows:

s = {(bel(A),u(A),bel(~A)/A € Q}.

So that for each set A of the detection framework, and bel(~A) € [0,1] and U (A) and bel(A)and their sum
for AeQis as follows:

0 < bel(A) + u(A) + bel(~A) < 1.
Hence, according to Dempster-Schaffer theory, the generated D numbers will be as follows:

For the discrete set (2= (b1, b2, ..., bi, ..., bn} such that bi ¢ Rand bi # bj if i # J, a special form of numbers

is expressed as follows:
D({b1}) = v1,
D({b2}) = v2,
D({bi}) = vi,
D({bn}) = vn.

Or more simply D = ((b1, v1), (b2, v2),..., (bL, vi),... (bn, vn)} such that vi> 0 and if two numbers D, D1
and D2 exist, they will be as follows:

D, ={(b}, 1), (b1, V1), (B},
D, ={(b2,v2), s (B2,V2 ) (B2, V2 ).

The combination of D1 and D2 is shown and calculated as follows:

b(b)=v,
b_bil+b],2

V' + _2’
v=—-—-/C,



i\fil =1 andil\/j2 =1;
= =1

, ivj < and i\/}? =1;
v £
ln ]m

, ZVil < and Z:Vj2 =1;
= =T

ZV: < and ]Zml:vjz <1

such that V! =1->V/, V?=1->V".
i=1 =1

It should be noted that hybrid operations do not maintain corporate property, so D humbers can be
combined correctly and efficiently:

D1OD)PD3 # D1POD3)PD2 # (D2PD3)PD1.

If D = {(b1, v1), (b2, v2),..., (bL, vi),... (bn, vn)}is a D number, the consensus operator D is defined as
follows:

3| Findings
3.1| Evaluation of Suppliers Based on AHP Method with Theory D

To evaluate suppliers based on approach D in AHP method, we perform the following steps: In this
section, 8 expert opinions will be evaluated and analyzed based on three criteria of cost, time and quality,
and based on the collected opinions; first the opinions will be evaluated. We will scale and then formulate
a decision matrix in which experts present their views to each supplier at a brainstorming session.
According to the evaluation of suppliers for the classification of parts, this section evaluates and weighs
the indicators based on the average opinions of experts, which is the final weight from the experts' point
of view (Table 1 values are calculated based on the percentage of importance).

Table 1. Weight of criteria from the perspective of experts.

C1 C2 C3 C1 C2 C3
Expert1l 00778 04868 0.4355 Expert5 0.0993 0.5109 0.3897
Expert2 01694 0.4431 03875 Expert6 0.2411 0.2101 0.5488
Expert3 03278 02611 04111 Expert7 0.1186 0.6123 0.2691
Expert4 0.1146 04798 0.4057 Expert8 0.4002 0.233  0.3668

Hence the display of D numbers for Al is as shown in Table 2.
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According to Table 2, evaluations are performed for the other 25 suppliers. According to the evaluation, in

the next step, the combination of D numbers will be done. Therefore, based on the following relation, the

numbers will be combined as Tablk 3.

DA1 =D11 + D12 + D13 + D14 + D15 + D16 + D17 + D18.

Table 2. Display of D numbers.

Al

D numbers

Expert 1
Expert 2
Expert 3
Expert 4
Expert 5
Expert 6
Expert 7
Expert 8

D11= [(0.56,0.4355), (0.66,0.4868), (0.28,0.0778)]
D12= [(0.25,0.3875), (0.4,0.4431), (0.2,0.1694)]

D13= [(0.09,0.4111), (0.71,0.2611), (0.41,0.3278)
D14= [(0.46,0.4057), (0.61,0.4798), (0.24,0.1146)
D15= [(0.33,0.3897), (0.65,0.5109), (0.43,0.0993)
D16= [(0.34,0.5488), (0.45,0.2110), (0.46,0.2411)
D17= [(0.08,0.2691), (0.72,0.6123), (0.25,0.1186)
D18= [(0.43,0.3668), (0.82,0.2330), (0.45,0.4002)

— =

According to the accepted evaluation, the suppliers' ranking for category A parts is as shown in Tabl 3.

Table 3. Ranking of suppliers of category A parts.

Suppliers

Al A2 A3 A4 A5 A6

I D)
ranking

0.3869 0.2886 0.3420 0.2024  0.2032  0.3640
4 8 7 12 11 5

Suppliers

A7 A8 A9 A10 All Al12

I D)
ranking

0.2483 0.3981 0.4378 0.3908 0.2716 0.3616
10 2 1 3 9 6

As can be seen, supplier A9 with a weight of 0.4378 was in the first place and supplier A8 with a weight of

0.3981 were in the second place. Also, the ranking of suppliers of category B parts is as shown in Table 4.

Table 4. Ranking of suppliers of parts category B.

Suppliers

Al3 Al4 Al5 Al6 Al17 A18

1 (D)

ranking

0.3526  0.3077 0.3377 0.2326 0.3826  0.3829
3 5 4 6 1 2

According to the evaluation performed on the category B parts, supplier A17 with a weight of 0.3826 was

in the first place and supplier a18 with a weight of 0.3829 were in the second place. The rating of suppliers

of category C parts is as shown in Table 5.

Table 5. Ranking of suppliers of parts category C.

Suppliers A19  A20 A21  A22

(D)

ranking

0.4916 0.4892 0.3038 0.3731
1 2 4 3

For category C, suppliers A19 with a weight of 0.4916 were ranked first and A20 with a weight of 0.4892
were ranked second. The ranking of suppliers of D parts is as shown in Tabl 6.

Also, suppliers were classified for type D components and all suppliers were evaluated and analyzed by D

numbers in the hierarchical analysis method. In the next step, suppliers were ranked using the fuzzy AHP

method approach.



Table 6. Ranking of suppliers of parts category D.

Suppliers A23 A24 A25

1D) 0.5851  0.5400 0.4441
ranking 1 2 3

3.2| Evaluation and Ranking of Suppliers Based on F-AHP Method

In this section, 25 suppliers identified for 4 types of parts required for supply in manufacturing
companies will be evaluated and analyzed based on the fuzzy AHP method, which are in three steps as

shown in Figs. (1)-(3).
Goal: Supplye cha
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Fig. 1. Step 1: cluster the levels in expert choice software.
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Fig. 2. Step 2: matrix of pairwise comparison of indicators based on the mode of expert opinions.
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Fig. 3. Step 3: obtain the weight of the indicators.

As can be seen, the cost index with a weight of 0.740 was in the first place and the delivery time index with
a weight of 0.167 was in the second place and the quality index with a weight of 0.094 were in the third

place.

al 158 .
a2 150 [
a3 106 I
a4 091 I
as 090
a6 ..
a7 s
a8 ..
a9 057 I
al0 043 I

all 032 I

al12 048 I

Inconsistency = 0.09

Fig. 4. Supplier ratings for category A components.

Supplier selection using fuzzy AHP method and D-numbers

According to Fig 4, Supplier A1 with a weight of 0.158 was in the first place and supplier A2 with a weight
of 0.150 was in the third place and A3 with a weight of 0.106 was in the third place. Also, the sensitivity
analysis of indicators and suppliers is as shown in Fig. 5.
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Fig. 5. The sensitivity analysis of indicators and suppliers for category A.



Supplier ratings for Type B components are shown in Fig. 6.
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Fig. 6. Supplier ratings for category B components.

As can be seen, supplier 14 with a weight of 0.317 was in the first place and supplier A13 with a weight
of 0.206 were in the second place. The sensitivity analysis of the assessment is as shown in Fig. 7.
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Fig. 7. The sensitivity analysis of indicators and suppliers for category B.

The evaluation for category C parts is shown in Fg. 8.

a3 47 I
a20 33 I
a2l 14; I
a2z 049

Fig. 8. The evaluation for category C parts.

According to the evaluation, supplier A19 with a weight of 0.473 was in the first place and A20 with a
weight of 0.332 were in the second place. The sensitivity analysis indicators and suppliers for category
C is as shown in Fg. 9.
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Fig. 9. The sensitivity analysis of indicators and suppliers for category C.
Then, for the category of type D parts, the evaluation is as Fig. 70.
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Fig. 10. The evaluation for category D parts.

We also have a sensitivity analysis performed for category D which is shown in Fjg. 77.
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Fig. 11. The sensitivity analysis of indicators and suppliers for category D.

As shown in Fig 77, suppliers A23 with a weight of 0.579 were in first place and A24 with a weight of
0.322 were in third place.

4| Conclusion

Today, the demands of customers along with the advancement of technology, are widely and constantly
changing. This has caused the life cycle of products to be shorter and business organizations must launch
a variety of products with desirable features to attract customer attention and satisfaction [19]. For this
reason, in order to stay competitive, most organizations consider outsourcing the product parts to suppliers
who have the technology and special ability in that field in their management, and design and produce the
main parts themselves. They pay. This solution requires effective communication with suppliers and has
made the issue of selecting and evaluating suppliers an important principle in the supply chain [20].



In evaluating suppliers, the most important criteria that have the greatest impact on this process must
first be identified. In previous studies, criteria and indicators such as price, quality, and delivery time
have been considered important in evaluating and selecting suppliers [21]. Wang [22] concluded from
customer research that price and quality, delivery time, and performance history are important factors.
Therefore, based on two models of hierarchical analysis with D and fuzzy numbers in the evaluation of
the supply chain of the manufacturing company was discussed. Therefore, 4 categories of parts were
considered for manufacturing companies and based on the classification; the suppliers of the
manufacturing company were evaluated and analyzed. In the results obtained from suppliers of type A
and B components in the hierarchical analysis of D and fuzzy methods, there are many differences in
the evaluation and ranking of suppliers, and this shows the lack of expectations of experts in D and
fuzzy analysis. On the other hand, in type C and D components, the classification and ranking of
suppliers have been matched in two ways and it has been shown that the opinions in the evaluation of
these suppliers are the same. Like any other research, conducting this research was faced with many
obstacles and problems, some of which were eliminated and some others changed the direction of the
research or limited the application of the results. These restrictions include:

—  Some of the contracts between the manufacturing company and the suppliers of raw materials are related to
previous years, which make the price and other influential factors of these suppliers different from other
suppliers that have signed a contract this year and makes it influential in choosing suppliers.

—  Due to price fluctuations and market demand, it is possible to change the company's production volume.
Therefore, what is considered in this study as the technical requirements of the product is without considering
the product development.

—  Due to the current currency situation, some suppliers are not willing to cooperate with the company due to the
export of their products, which can complicate the research process and affect the choice of supplier by the
company.

Considering that so far, the selection of suppliers has been done according to the needs of the company
and in order to meet it, based on the intuitive judgments of experts, and the experts used to compare
suppliers based on their own judgments. It is suggested that from now on, using the results of this study,
the selection of suppliers in this company and other similar companies be done by collecting the required
information of the models in a systematic and scientific manner. During the different stages of this
research, new points were realized and as the research progressed, more ambiguities were created in
front of the researcher, which due to the existing limitations, their study requires more research.
Therefore, for the research of future researchers who intend to work in this field, some topics are

suggested:

—  To increase accuracy and reduce uncertainty in prioritizing criteria and suppliers and allocating the optimal
order amount to each supplier, it is suggested to combine this model with neural network models and fuzzy
logic and compare it with the results of this study.

— It is suggested to provide a comprehensive model related to similar organizations and large companies by
examining other similar companies that covers all the criteria of the companies involved.

— It is suggested that the indicators be tested in similar companies based on the conceptual model or structural
model in order to identify the supply framework.

—  Using the gray approach to develop the accuracy of the answers obtained

Using the heuristic factor analysis approach to identify customers’ technical requirements.

Use of fuzzy Delphi approach in order to identify the technical requirements of the product.
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