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Abstract. A decision-making process requires a prior definition and fulfilment of certain factors, especially when it refers
to complex fields such as supply chain management. One of the most important items in the initial stage of a supply chain,
which strongly influences its further flow, is making a decision on the most suitable supplier. In this paper, a model for
evaluation and supplier selection has been proposed, which has been considered in more than ten different production
areas. The model consists of twenty quantitative and qualitative criteria, which are reduced to a total of nine by the applica-
tion of the fuzzy AHP and the assessment of managers in production companies. The verification of the model has been
presented throughout a selection of suppliers in a company for the production of plastic bags and foils, where the Fuzzy
Analytic Hierarchy Process (Fuzzy AHP) method has been used to determine the significance of the criteria, and the Fuzzy
Evaluation based on Distance from Average Solution (Fuzzy EDAS) to evaluate and select suppliers. The obtained results
have been considered throughout a sensitivity analysis in which a total of 15 different scenarios have been formed and
where the stability of the model has been determined, since the supplier one is the best solution in all the cases.

Keywords: supply chain, supplier selection, multi-criteria decision-making, Fuzzy AHP, Fuzzy EDAS, logistics.

Introduction

According to Jafarnejad and Salimi (2013), the success of
an entire supply chain largely depends on the selection of
suppliers, while authors of the paper (Singh et al. 2012)
point out that the process of supplier selection is one of
the most significant factors, which has a direct impact on
an organization’s performance. Modern supply chains re-
quire the fulfilment of very strict requirements, so a very
difficult task is set before purchasing system managers in
terms of properly evaluating potential suppliers that will
enable efficient production and the formation of the fi-
nal price for the product with which the company will
be competitive in the marketplace. In addition to the set
of criteria for evaluating suppliers, it is necessary to have
experience and knowledge related to supplier evaluation
methods. The policy of relation and evaluation of sup-
ply sources has a strategic character for an entire supply
subsystem. The subsystem can effectively perform tasks

related to the supply of a company, if it chooses a supplier
or suppliers (a small number) that can meet the require-
ments, which are put in the supply subsystem and refer to
the quality, quantity, price, delivery deadlines and other
deadlines, reliability, flexibility, as well as other goals that
need to be fulfilled satisfying other criteria, which are
presented in the rest of the paper and which are deter-
mined by a literature review and research in the economic
system. The search for suppliers that fulfil the previously
written is a permanent and primary task. For this purpose
it is necessary to continuously collect and process data on
suppliers, establish and maintain adequate relations with
them, and then to develop and apply methods for evalua-
tion and ranking of potential suppliers.

The main aim of this paper is to make a decision on
selecting the best supplier in company for production
plastic bags and foils taking into account the uncertain-
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ties and inaccuracies that emerge in such processes. Beside
main aim, this paper has and several other aims. The first
is to improve the methodology for treating uncertain-
ties and subjectivity in the process of supplier selection.
The second aim is to is to present an integrated Fuzzy
multi-criteria model, integrated Fuzzy Analytic Hierar-
chy Process (Fuzzy AHP) and Fuzzy Evaluation based on
Distance from Average Solution (Fuzzy EDAS) methods
that responds to the need for production companies to
evaluate potential suppliers and to respond to practical
and realistic environmental conditions. The third aim of
the paper is to motivate other authors toward use of this
fuzzy integrated model, since the advantages of model that
are emphasized in this paper are a one of logical motive
for their wider application. In this multi-criteria model,
making a decision on the most suitable supplier has a
significant influence on the quality of supply chain since
the choice of proper alternative provides easier and better
functioning of companies.

The one of reason for the Fuzzy AHP method ap-
plication it is ability to equally handle quantitative and
qualitative criteria. Fuzzy AHP according to Hashem-
khani Zolfani et al. (2012) was used for obtaining more
decisive judgments by prioritizing the selection criteria
and weighting them in the presence of vagueness in the
problems. Triangular fuzzy numbers is used to extend the
range of a crisp comparison matrix of the AHP method,
because human assessment in the comparison of criteria
and suppliers is really vague. According to Kahraman
et al. (2003) though the purpose of AHP is to capture the
expert’s knowledge, the conventional AHP still cannot re-
flect the human thinking style. Therefore, Fuzzy AHP was
developed to solve the hierarchical fuzzy problems. The
most significant characteristics of the EDAS method are
its simplicity and lower computational process. The main
reason for applying the Fuzzy EDAS method is its great
application so far since, according to Stevi¢ et al. (2017a),
in a very short time, it has found its way through the wide
application in solving engineering problems, as well as
problems in business decision-making. Furthermore, one
of the reasons for using EDAS method, according to Stevi¢
et al. (2017a), is a mathematical apparatus, which assumes
the evaluation of alternatives on the basis of positive and
negative deviations from the average solution. Such model
presents very important support in decision-making in
everyday conflict situations.

The paper is structured throughout several chapters.
The chapter introduction briefly describes the importance,
which suppliers have on the entire supply chain and com-
pany’s performance. The 1st chapter provides a literature
review consisting of two parts: a review of the criteria used
in this field and a review of the most commonly used Mul-
ti-Criteria Decision-Making (MCDM) methods for evalu-
ating and supplier selection. The 2nd chapter provides ba-
sic information and steps of the Fuzzy AHP method, and
basic settings of the Fuzzy EDAS method. The 3d chapter
comprises the proposed model with steps, which are im-
plemented in it described in detail. The chapter consists of
evaluating the criteria for supplier selection in more than
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ten production areas and forming a smaller set of crite-
ria for further calculation using the Fuzzy AHP method.
After that, applying one of the recent MCDM methods,
Fuzzy EDAS, a selection of suppliers is made in a company
for the production of plastic bags and foils. In 4th chap-
ter, a sensitivity analysis is performed, in which different
sets with different values of criteria are defined, based on
which the stability of the proposed model is checked. The
last chapter provides a conclusion with the discussion of
the results obtained and guidelines for future research.

1. Literature review

1.1. Criteria for supplier selection

The evaluation of suppliers is a constant process that re-
quires taking into account a certain number of criteria on
the basis of which it is necessary to make a decision on the
selection of the most suitable suppliers. Various studies
propose different criteria, and financial indicators, quality
and delivery, are present in almost all studies as criteria for
the selection of suppliers (Min, Galle 1999; Pi, Low 2006;
Parthiban et al. 2012; Mehralian et al. 2012; Fallahpour
et al. 2017). These criteria can be observed as the main
criteria, which are further subdivided into sub-criteria if
a larger number or criteria are considered or as criteria
without sub-criteria.

Table 1 shows the criteria of the model proposed in
this paper and an overview of the studies in which they
have been used. Although qualitative criteria have been
more and more applied, based on Table 1, it can be con-
cluded that the quantitative criteria continue to be applied
to a great extent. Material price, quality and delivery time
are the most commonly used criteria in the considered
studies. Out of a total of 34 papers, they are used as cri-
teria in 27 (material price), 26 (quality) and 22 (delivery
time). Financial stability is present in 59% of reviewed
studies, logistics capacities in 53%, while reputation and
communication system criteria are used in approximately
40% of papers. The criteria that are most rarely used are
volume discounts, awards and honours, reactions to rec-
lamation and information technology.

1.2. Methods for supplier selection

According to Triantaphyllou and Mann (1995), MCDM
plays an important role in real-life problems, as there are
a large number of everyday decisions to be make which
include a huge number of the criteria. According to Chen
et al. (2015), MCDM is an effective, systemic and quanti-
tative way of solving vital real-life problems with a large
number of alternatives and several (opposing) criteria.
The daily use of MCDM (Mardani et al. 2015; Karabasevi¢
et al. 2018; Badi et al. 2018; Pamucar et al. 2018; Bozanié
et al. 2018) has certainly contributed to the increasing
popularity of this field (Zavadskas et al. 2014). Logistics
systems are extremely important for the functioning of the
complete supply chain, so almost every day the evaluation
and selection of suppliers is carried out and according
Stevié et al. (2017a, 2017b) this is one of the most impor-
tant steps in optimizing logistics systems.
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Table 1. Review of supplier criteria in literature — the proposed criteria in this study
Criteria Sub-criteria Reference
Price of material Fallahpour et al. (2017); Birgiin Barla (2003); Chan, Kumar (2007); Dickson (1966);
Gencer, Giirpinar (2007); Hruska et al. (2014); Jamil et al. (2013); Kilic (2013); Lee (2009);
Muralidharan et al. (2002); Ozbek (2015); Simpson et al. (2002); Stevié et al. (2016); Tam,
Tummala (2001); Weber et al. (1991); Yiicenur et al. (2011); Rezaei et al. (2014); Wang et al.
(2017); Biiyiikozkan, Goger (2017)
N Financial stability Birgiin Barla (2003); Cebi, Bayraktar (2003); Chan, Kumar (2007); Dickson (1966);
2 Ellram (1990); Gencer, Giirpinar (2007); Hruska et al. (2014); Jamil et al. (2013); Lee (2009);
e Muralidharan et al. (2002); Simpson et al. (2002); Rezaei et al. (2014); Biiytikozkan,
&) Goger (2017)
Method of payment Hruska et al. (2014); Hudymacova et al. (2010); BaleZentis, A., Balezentis, T. (2011);
Stevi¢ et al. (2016); Ting, Cho (2008); Lam et al. (2010)
Price of transport Chan, Kumar (2007); Hruska et al. (2014); Hudymacova et al. (2010); Jamil et al. (2013);
Kahraman et al. (2003); Lee (2009); Ting, Cho (2008); Yiicenur et al. (2011)
Volume discounts Jamil et al. (2013); Wang (2010)
Delivery time Fallahpour et al. (2017); Chan, Kumar (2007); Dickson (1966); Gencer, Giirpinar (2007);
Hruska et al. (2014); Jamil et al. (2013); Kilic (2013); Lin, Chang (2008); Muralidharan et al.
(2002); Ozbek (2015); Stevié et al. (2016); Wang et al. (2004); Yiicenur et al. (2011);
Wang et al. (2017); Bityiikozkan, Goger (2017)
Reliability Birgiin Barla (2003); Cebi, Bayraktar (2003); Chan, Kumar (2007); Gencer, Giirpinar (2007);
Hudymécovd et al. (2010); Jamil et al. (2013); Lee (2009); Muralidharan et al. (2002);
- Wang et al. (2004); Yiicenur et al. (2011); Biiytikozkan, Goger (2017)
Q
*5 Flexibility Fallahpour et al. (2017); Cebi, Bayraktar (2003); Chan, Kumar (2007); Hudymacova et al.
% (2010); Jamil et al. (2013); Kannan, Tan (2006); Muralidharan et al. (2002); Uygun et al.
— (2013); Wang et al. (2004); Yicenur et al. (2011); Rezaei et al. (2014); Wang et al. (2017)
Logistics capacity Fallahpour et al. (2017); Dickson (1966); Ellram (1990); Hruska et al. (2014); Jamil et al.
(2013); Kahraman et al. (2003); Kannan, Tan (2006); Lee (2009); Lin, Chang (2008); Simpson
et al. (2002); Tam, Tummala (2001); Uygun et al. (2013); Zeydan et al. (2011); Yiicenur et al.
(2011); Rezaei et al. (2014)
The percentage of correct | Jamil et al. (2013); Ting, Cho (2008); Uygun et al. (2013); Wang et al. (2004)
realization of delivery
Quality of material Fallahpour et al. (2017); Chan, Kumar (2007); Dickson (1966); Gencer, Giirpinar (2007);
Hruska et al. (2014); Jamil et al. (2013); Kannan, Tan (2006); Kilic (2013); Lee (2009);
Muralidharan et al. (2002); Ozbek (2015); Simpson et al. (2002); Balezentis, A.,
Balezentis, T. (2011); Stevi¢ et al. (2016); Wang et al. (2017)
= Warranty period Dickson (1966); Simpson et al. (2002); Guo et al. (2009); Wang (2010)
Tg Certification of products | Birgiin Barla (2003); Hudymacova et al. (2010); Jamil ef al. (2013); Simpson et al. (2002);
o Ting, Cho (2008); Uygun et al. (2013)
Reputation Cebi, Bayraktar (2003); Chan, Kumar (2007); Dickson (1966); Ellram (1990); Kilic (2013);
Lee (2009); Lin, Chang (2008); Ozbek (2015); Tam, Tummala (2001); Weber et al. (1991);
Yiicenur et al. (2011); Rezaei et al. (2014); Wang et al. (2017)
Awards and honors Jamil et al. (2013)
Communication system | Cebi, Bayraktar (2003); Chan, Kumar (2007); Dickson (1966); Kahraman et al. (2003);
< Lee (2009); Lin, Chang (2008); Ozbek (2015); Simpson et al. (2002); Uygun et al. (2013);
E Guo et al. (2009); Yiicenur ef al. (2011); Rezaei et al. (2014)
= -
S % | Speed of response to Jamil et al. (2013); Kahraman et al. (2003); Ozbek (2015); Tam, Tummala (2001); Ting,
8 g requirements Cho (2008); Uygun et al. (2013); Wang et al. (2004); Biiytikozkan, Goger (2017)
é 3 | Reactions to reclamation | Ozbek (2015); Ting, Cho (2008); Zeydan et al. (2011)
g Information Technology |Jamil et al. (2013)
© Clean of business Jamil et al. (2013); Lee (2009); Zeydan et al. (2011); Guo et al. (2009); Yiicenur et al. (2011);
Wang et al. (2017)

There are a number of methods that belong to the field

solve a problem of the selection of suppliers, either in con-

of MCDM, and most often used, at least when it refers to
the selection of suppliers, is the AHP method, as it can
be seen in Table 2, where a review of the most frequently
used MCDM methods in the field of evaluation and sup-
plier selection is given. The AHP method has been used to

ventional form or in combination with fuzzy logic (Chen
et al. 2006; Kabi et al. 2017), while Ho, along with co-au-
thors — in Ho et al. (2010) conducted a literature review of
the application of MCDM methods in the mentioned field.
Keshavarz Ghorabaee et al. (2017b) conducted a literature
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review of the application of MCDM methods in fuzzy en-
vironments. The AHP is often used in combination with
other methods where the authors use the AHP to estimate
the weight of criteria, and the other methods for obtaining
the final rank of alternatives. Combination of the Fuzzy
AHP and Technique for Order of Preference by Similar-
ity to Ideal Solution (TOPSIS) methods (Balli, Korukoglu
2009; Mahmoodzadeh et al. 2007) the combination of the
Fuzzy AHP and Fuzzy TOPSIS (Sun 2010; Jain et al. 2018).

2. Material and methods
2.1. Fuzzy sets

Fuzzy sets are sets whose elements have degrees of mem-
bership. The theory of fuzzy sets was first introduced by
Zadeh (1965), whose application enables decision mak-
ers to effectively deal with the uncertainties. Fuzzy sets
used generally Triangular Fuzzy Number (TEN), trap-
ezoidal and Gaussian fuzzy numbers, which convert
uncertain fuzzy numbers. The operational laws of TFN
A :(ll,ml,ul) and A, :(lz,mz,uz) and can find in Tur-
skis et al. (2015). Some of the definitions related to fuzzy
sets and fuzzy numbers, which are used to Fuzzy EDAS
method can find in Keshavarz Ghorabaee et al. (2016).
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2.2. Fuzzy AHP method

TFN, that were used in this research are marked as
(ll’ml’ul) where lij is the smallest possible value, m; is the
value most nearest of crisp and u;; is highest value. In this
research, the AHP method by Chang (1996), is adopted.
Chang’s expanded analysis includes four steps.

Step 1. The value of fuzzy synthetic extent S; with re-
spect to the i-th criteria is defined as:
n (nom ) -1
-3 3500 | g
j=1 i=l i=1
Step 2. The degree of possibility of S, >, is defined
as:

Lif my >m,;
V (S, 2S,)=10,if I, > u; )
l _ub
(mb_ub)_(ma_la)

Step 3. Level of possibility for convex fuzzy number to
be greater than k convex number S, (i =12,.., k) can be
defined as follows:

, otherwise.

Table 2. Review of methods for the evaluation and supplier selection

Reference

Field of application

Method

Kahraman et al. (2003)

A white goods production companies | Fuzzy AHP

Zeydan et al. (2011) Automotive industry

Fuzzy AHP, Fuzzy TOPSIS, Data Envelopment
Analysis (DEA)

Lee (2009) Production TFT-LCD Fuzzy AHP
Asamoah et al. (2012) Pharmaceutical industry AHP
Khorasani, Bafruei (2011) Pharmaceutical industry Fuzzy AHP

Hruska et al. (2014)

Company of production in Czech AHP

Tam, Tummala (2001) Telecommunication company AHP

Parthiban et al. (2012) Automotive industry AHP

Lima Junior et al. (2014) Automotive industry Fuzzy AHP, Fuzzy TOPSIS

Rezai et al. (2014) Airline industry Fuzzy AHP

Chamodrakas et al. (2010) Electronic industry Fuzzy AHP

Kilincci, Onal (2011) A white goods production company | Fuzzy AHP

Jamil et al. (2013) Automotive industry AHP, Fuzzy AHP, TOPSIS, Fuzzy TOPSIS
Hudymacova et al. (2010) Production of machine parts AHP

Keshavarz Ghorabaee et al. (2016) | Detergent manufacturer Fuzzy EDAS

Bronja, Harun, Bronja, Haris (2015) | Production of exhaust systems of cars | Fuzzy AHP, Fuzzy TOPSIS

Eraslan, Atalay (2014)
electronic cards

A company for the production of

Fuzzy AHP, Fuzzy TOPSIS

Chiouy et al. (2011) Electronic industry

Fuzzy AHP

Hashemian et al. (2014) Dairy industry Fuzzy AHP, Fuzzy Preference Ranking Organization
METHod for Enrichment of Evaluations
(Fuzzy PROMETHEE)

Liao et al. (2016) Watch firm Fuzzy AHP, Fuzzy Additive Ratio ASsessment

(ARAS-F), Multi Segment Goal Programming
(MSGP)

Saad et al. (2016) Automotive industry

AHP, Fuzzy AHP

Stevié et al. (2017a) Construction company

Rough DEcision-MAking Trial and Evaluation
Laboratory (Rough DEMATEL), Rough EDAS




56 Z. Stevi¢et al. Evaluation of suppliers under uncertainty: amultiphase approach based on Fuzzy AHP and Fuzzy EDAS....

V(828,858 )=minV (8,25 )=w'(S,);  (3)
d'(A)=minV(8; 28 ), k#i,k=1,2,..,n. (4)

The weight vector is given by the following expression:
W= (d'(A).d (4 ), d'(4,)) (5)

Step 4. Through normalization, the weight vector is
reduced to the phrase:

W=(d(4,).d(4, ), d(4,)). (6)

2.3. Fuzzy EDAS method

The Evaluation based on Distance from Average Solution
EDAS method was developed by Keshavarz Ghorabaee
et al. (2015) for multi-criteria inventory classification.
In Fuzzy EDAS method the decision-makers express the
weights of criteria and the rating of alter-natives with re-
spect to each criterion by linguistic terms. These linguistic
terms are quantified by positive trapezoidal fuzzy num-
bers. The steps of the extended Fuzzy EDAS method are
presented as follows (Keshavarz Ghorabaee et al. 2016).

Step 1. Construct the average decision matrix X,
shown as follows:

X= [x,.j Lxm; 7)
- 1 -
X;; =E®’;zl x;;-’, (8)

where: xf denotes the performance value of alter-native
A; (1Si£n) with respect to criterion ¢ (1Sj£m) as-
signed by the p-th decision-maker (1 <p< k).

Step 2. Construct the matrix of criteria weights, shown
as follows:

W= |:wj :|1xm; 9)
N ~p
W]-—E®pzle) (10)

where: vT/f denotes the weight of criterion c; (1 <j< m)

assigned by the p-th decision-maker (1 <p< k).

Step 3. Construct the matrix of average solutions,
shown as follows:

av=lav;] (11)

1xm
~ 1
avj=—@®L, x;. (12)
n

The elements of this matrix av; represents the average

solutions with respect to each criterion.

Step 4. Suppose that B is the set of benefit criteria and
N is the set of non-benefit criteria. In this step the matri-
ces of positive distance from average (PDA) and negative
distance from average (NDA) are calculated according to
the type of criteria (benefit and non-benefit), shown as
follows:

pDA:[;Tdeij] ; (13)

nxm

NDA = [%ij}nxm; (14)

\u(fcij—av;)

_ k(av))

pda,, = \ll(;l;j—fcij)
k(av))

,if je B;
(15)
if jeN;

ndaij = (16)

where: ‘I;i;lij and @ij denote the positive and negative
distance of performance value of i-th alternative from the
average solution in terms of j-th criterion, respectively.

Step 5. Calculate the weighted sum of positive and
negative distances for all alternatives, shown as follows:

§];i=ea;gl(wj®ﬁiﬁij); 17)

s =@, (1, ®nday ). (18)

Step 6. The normalize values of e sp; and sn; for all
alternatives are calculated as follows:

P
miax(k(s}i)),

Step 7. Calculate the appraisal score (as;) for all alter-
natives, shown as follows:

nsp,; = (19)

nsn; =1— (20)

asi :%(n”s},. @nsn ). (21)

Step 8. Rank the alternatives according to the decreas-
ing values of appraisal scores as;. In other words, the al-
ternative with the highest appraisal score is the best choice
among the candidate alternatives.

3. Proposed model

The first stage in solving decision-making tasks is high-
quality data collection and their preparation, which can
greatly affect the final result. Figure 1 shows the model
proposed in this research, which consists of four stages
that comprise a total of 14 steps and a large number of
sub-steps.

3.1. First stage - data collection and preparation

The first stage of the proposed model consists of four
steps. The first one is the formation of a set of twenty cri-
teria based on a literature review, which is presented in
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Step 1. Creating a set of criteria for Step 9. Selection of criteri 3
. P ep 9. Selection of criteria Step 14.4.
evaluating suppliers (20 criteria) :> Cal?uriauou of
- =01 <01 [ Step 9.1. Field of construction ] appraisal score
Step 1.1. Literature and ranking
: CR
review altermatives
Step9.2. Producuon of /H
premsulated pipes Step 14.3.
Step1.2. Step 8. Caleulal . — 2 palculaﬁon
Cotrversation with tep 8. Calculate consistency ratio & weighted sum of
managers Step9.3. Ptoducuon of o PDAand NDA
ﬂ fnml fra 2 and their
1l — |, normalization
—_ | Step 7. Calculate Weights | o
Step 2. Structure a & [ Step9.4. PVC ] 2
= : = ep carpentry = Step142.
. % hierarchy = é Calculation PDA
5 . = 2 and NDA
) Step?hl. (?m?tmg 2 Step 6.4. Normalization the g Step9.5. Produchou of plastic ‘EZ
a main criteria § \\\,1ghts -% bags S Step14.1.
2 ) ~ o S E‘ Construct AVD
= : £ ~| | E 5 o i, ke of
S Step2.2. Creating = Step6.3. Detmmme level of = [ Step 9.6. Hoduchm of wire ] g criteria weights,
3 subcriteria é:’ possibilityfor convex fuzzy g o mairix loéaverage
= N P ) B solutions
E S Samter by be gaente s L g Step0.7. Fra———r g ||\ J
g % cotrvex number P, 2 washers for the automotive g Step 14, Supgier
8 %] 8 4.
A Step 3. Experts assessment g i “5&‘ B selection using fuzzy
< B EDAS method
Step3.1. Assessment by managers 5 Stepf6 2. D;tlemm;e Stlu;d;gtee [ Step9.3. Az,nculmre ] = ol 21
from over 10 fields of production = of possi “Y o T g =t :
T \ [ Step 9.9, Others ]
- " Step 6.1. Determme the value Step 13. Calculats CR
Step3.2. Assessment by scientific [ of fuzzy synthetic extent S;
expects ¥ [ Step 9.10. Scxeuhﬁc experts ] Step 12. Calculate
Step 6. FAHP calculation weights of criteria
I i _ vsing fuzzy AHP
Step 4. Transform | Step5. Aggregate individual TFNs Step 10. Selection ofnine criteria Step 11. Comparison
Data into Triangular Fuzzy Numbers [——— into group TFNs based on aggregate average value :> mte;wxplgguee
N~— —

Figure 1. The proposed model for supplier selection

detail in the first chapter (literature review), and an addi-
tional sub-step that implies the opinion of managers from
production areas. After that, the second step involves the
formation of a structure that consists of the main criteria:
finance, logistics, quality, communications and business
operations. Each of these four criteria is further divided
into five sub-criteria as shown in Table 1, and each of
them is explained in detail in the rest of paper at stage
two. The step three of the first stage consists of two sub-
steps, which include the evaluation of all criteria by man-
agers in more than 10 different production activities by
linguistic variables. In addition, it takes into account the
opinions of leading scientists who have been dealing with
problems in a supply chain sector for many years and have
a huge experience that can contribute to this model. Sub-
sequently, the final step of this stage is the transformation
of data presented by linguistic variables into triangular
fuzzy numbers.

3.2. Second stage - application of Fuzzy AHP

The first step of the second stage, i.e., the fifth step of the
model, involves the aggregation of experts” individual re-
sponses presented by triangular fuzzy numbers into group
TFNs obtained by applying the geometric mean. The sixth
step involves the application of the Fuzzy AHP method,
and the sub-steps are the steps of the Fuzzy AHP method.
The seventh step includes the calculation of the weight
values of the criteria. In order to access the next eighth
step of the model, it is necessary to perform defuzzifica-

tion of the values from step five. Then applying the steps
of the classic AHP method, a consistency check of the ob-
tained values is performed, i.e., a degree of Consistency
Ratio (CR) is calculated. If the CR is in the allowed range,
the next step, i.e., the next stage is approached. If that is
not the case, the supplier evaluation questionnaire should
be returned to the managers for re-filling. In that case, it
is necessary to return to step three and, after re-evaluating
the criteria, to repeat all further steps. In the following
part, it is provided an example of applying the Fuzzy AHP
method in a company for the production of plastic bags
and foils, and, before that, the explanation of all criteria
that are a part of the model.

As it can be seen in the first chapter, there are a large
number of criteria used to evaluate and select suppliers.
However, in some cases, especially when it refers to using
certain conflicting criteria, a smaller number is a better
solution. Therefore, in the rest of the paper, the proposed
model of twenty criteria shown in Table 1 is reduced to
nine using the knowledge of managers in production com-
panies, as well as strict requirements, which the market
place sets before them. In the rest of the paper, there is an
example of calculating the values of criteria and identify-
ing nine, the most important ones in a company for the
production of plastic bags and foil for the reasons that in
this paper the verification of the supplier selection model
has been presented in the afore mentioned company.

Fuzzy important weight of the criteria is calculated by
taking geometric mean of the responses of the managers
this is shown in Table 3.
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Table 3. Fuzzy important weight calculated by taking geometric mean

G G G Cy
C, 1.00 1.00 1.00 0.79 1.14 1.44 0.67 1.00 2.00 1.14 1.65 2.15
G, 0.69 0.87 1.26 1.00 1.00 1.00 0.51 0.69 1.10 0.63 1.14 1.65
G 0.50 1.00 1.50 0.91 1.44 1.96 1.00 1.00 1.00 1.65 2.15 2.66
Cy 0.46 0.61 0.87 0.61 0.87 1.59 0.38 0.46 0.61 1.00 1.00 1.00

To determine fuzzy combinationﬂ expansion for each
one of the criteria, first we calculate ZM éi value for each
row of the matrix. =1

Cy =(1+0.794+0.667 +1.145;

1+1.145+1.000+1.651;

1+1.442+2.000+2.154) =

(3.605; 4.796; 6.597), etc.

n n

The ZZM éi value is calculated as:
i=1 j=1

(3.605; 4.796; 6.597 )+

(2.834; 3.172; 5.012)+

(4.060; 5.597; 7.114) +

(2.446; 2.943; 4.067) =

(

12.945; 17.047; 22.789) .
-1

n n m
Then, §; :ZMéi ZZM;
j=1 i=1 j=1
S, =(3.605; 4.796; 6.597))x
(1/22.789;1/17.047; 1/12.945) =
(0.158; 0.281; 0.510), etc.

In Table 4 is shown values obtained after first step.

Table 4. Values obtained after first step

1 1 1
1 m u c < L
D | m | 2k
i=1 i=1 i=1
C, | 3605 | 4796 | 6597 | 0.158 | 0281 | 0.510
C,| 2834 | 3712 | 5012 | 0.124 | 0218 | 0387
C, | 4060 | 5597 | 7.114 | 0.178 | 0328 | 0.550
C, | 2446 | 2943 | 4067 | 0.107 | 0.173 | 0314
> | 12,945 | 17.047 | 22.789

Now, the V values (preference order) are calculated us-
ing second step:

V(528)= 0.178-0.510
V(5:28;)= (0281-0510) (0328 0.178)
V(S 28,)=1

The priorities of weights are calculated using:
d'=(C,)min(1; 0.876; 1)=0.876;
d'=(C,)min(0.783; 0.654; 1)=0.654;

d= (C3 )min(l; 1 1) =1;
d'=(C,)min(0.589; 0.808; 0.466)=0.466.

After the four step is applied, weight values are ob-
tained, and normalized weights of criteria are received:

W’ =(0.876; 0.654; 1; 0.466);
W =(0.292; 0.218; 0.334; 0.156).

Obtained weights of criteria indicate that the third
criterion (quality) is most important, while second most
important criteria is finance. Logistics has lower value of
finance, while the fourth criterion of communication and
business has a minimum value.

After the calculated weights of criteria, it is neces-
sary to check the consistency. It is necessary to perform
defuzzification of values by using the following equation
(Kwong, Bai 2003):

(4-m+l+u)

M —crisp = 6

(22)

After defuzzification shown in the previous table, by
applying the steps of conventional AHP method, we ob-
tain the following values Table 5: A, = 4.105; CI = 0.035;
CR = 0.039, which means that the CR is 0.039, which is
much less than the maximum permitted limit of 0.08 for
this matrix size.

Table 5 shows all local and global values of all criteria,
their local and global ranking, and calculated CR for all
comparisons made. The criteria indicated in the table are
the criteria selected for the company for the production
of plastic bags and foils. All calculated CRs are within al-
lowed limits, which means that in the decision-making
process subjectivity is very small, which is essentially the
goal.

3.3. Third stage - selection of nine criteria

In the same way as shown at the previous stage, using the
described methodology in more than ten different pro-
duction areas, ranking of the criteria and selection of the
most important nine ones have been completed, which
are used further in the paper. Table 6 shows the final re-
sults for all areas given at the bottom of the table. The
results presented include local and global ranking as well
as aggregated aver-age ranking values. Figure 2 selects the
criteria according to aggregated average values, which rep-
resents the tenth step of the third stage. After describing
the methodology and applying the Fuzzy AHP method for
determining the significance of criteria, a set of nine cri-
teria has been identified, which are further applied to the
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Table 5. Weights of criteria and sub-criteria in company for production plastic bags and foil
Criteria w; CR Sub-criteria V\{:i)gclﬁs v?:?glﬁls I;:Iiil C?;H: ! CR

1.1 | Price of material 0.297 0.087 1 2

1.2 | Financial stability 0.206 0.060 3 5
1. |Finance 0.292 1.3 | Method of payment 0.117 0.034 5 13 0.026

1.4 | Price of transport 0.119 0.035 4 12

1.5 | Volume discounts 0.261 0.076 2 3

2.1 | Delivery time 0.229 0.050 1 6

2.2 | Reliability 0.203 0.044 2 7
2. | Logistics 0218 2.3 | Flexibility 0.194 0.042 3 8 0.028

2.4 | Logistics capacity 0.183 0.040 4 9

2.5 | The percentage of correct | 1) | 9 3 8

0.039 realization of delivery

3.1 | Quality of material 0.354 0.118 1 1

3.2 | Warranty period 0.179 0.060 3 5
3. | Quality 0.334 3.3 | Certification of products 0.207 0.069 2 4 0.023

3.4 | Reputation 0.206 0.069 2 4

3.5 | Awards and honours 0.054 0.018 4 17

4.1 | Communication system 0.149 0.023 4 16

4. | Speed of response to 0.196 0.031 3 14
4 Communication 0.156 requirements 0.033

and business 4.3 | Reactions to reclamation 0.238 0.037 11

4.4 | Information Technology 0.172 0.027 15

4.5 | Clean of business 0.246 0.038 1 12

Table 6. Final results of ranking criteria in over ten area of production
A C D E F G H I AV

LR|{GR|LR|GR|LR|GR|LR|GR|LR|GR|LR|GR|LR|GR|LR|GR|LR|GR|LR|GR| LR GR
C |3 4 2 5 1 1 3 8 1 2 2 3 2 3 6 2 1 7 | 1.83 | 3.56
C,| 4|12 4|15 2 9 1 3 3 5 3 3 6 4 7 3 2 10 | 2.70 | 7.41
G |1 2 1 3 3 10| 4 | 11 | 5 13 1 4 |13 | 2 5 4 3 11 | 2.38 | 595
Cy| 5| 14| 5|17 5 14 | 5 |14 | 4 |12 | 4 | 11| 5 18 | 5 14 | 5 |14 | 5 17 | 4.78 | 14.35
Cs | 2 3 3 8 3 110 | 2 5 2 3 5115] 1 3 1 4 1 1 4 | 16 | 2.07 | 5.03
Cs | 2 8 1 2 1 4 2 6 1 6 1 4 1 5 3 11 1 3 1 2 | 1.28 | 4.45
C |1 7 2 3 8 1 3 2 7 3 8 4 |11 | 4 | 12| 2 4 2 3 | 217 | 6.34
C | 3 9 4 |12 | 4 |12 | 2 6 3 8 4 9 5 12 1 9 4 |10 | 3 8 |3.05| 930
C | 5 13 | 3 10 [ 5 14 | 3 9 4 9 2 2 7 2 10 | 5 |12 | 5 12 | 3.35 | 10.04
Cpol 4 11| 5 |13] 2 6 4 112| 3 8 51121 3 10| 5 |13 ] 3 7 4 9 |3.66| 9.79
Chl 1 1 1 1 2 1 1 1 1 1 1 1 3 3 1 1 1 1 1.12 | 1.28
Chl| 2 7 4 9 4 7 3 4 3 5 3 3 14 | 4 7 2 4 3 5 [3.02] 633
Csl| 4 |10 2 4 3 5 2 2 2 4 2 2 2 2 2 3 5 2 4 | 232 381
Cul| 3 8 3 6 2 3 4 6 2 4 4 |12 | 4 | 15 1 1 3 5 4 6 | 278 | 533
Ci5| 5 16 | 5 19 | 5 16 | 5|16 | 4 |17 | 5 16 | 5 19 [ 5 8 4 |15 | 5 18 | 4.78 | 15.63
Cel 5 15| 5| 18| 5 15| 4 |13 4 |16 | 4 |14 | 4 |16 | 4 |18 | 4 |13 | 4 | 17 | 428 | 1540
Ci7| 2 1 11| 4 [ 13 | 3 12 | 3 14 | 1 6 1 3 17 1 6 2 14 | 1.83 | 9.99
Csl| 3 2 12| 2 11| 2 |10 | 2 112 10| 2 9 1 15 | 2 1 13 | 1.81 | 10.36
Col| 4 | 14| 3 14 | 3 12 | 5 | 15| 5 15 4 | 14| 3 11 | 2 16 | 3 11 | 4 | 17 | 3.48 | 13.76
Cyl 1 5 4 |16 | 1 10 | 1 7 1 121 3 |13 | 5 171 2 |16 | 3 11| 3 15 | 2.01 | 11.46

Notes: A - construction; B — production of the preinsulated pipes; C — production of furniture; D - PVC carpentry; E - production
of plastic bags; F — production of wire; G — production of metal washers for the automotive industry; H - agriculture, I - others; ] -

scientific experts.
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selection of suppliers in the company for the production
of plastic bags and foils. The red line (Figure 2) denotes
the division of criteria considered in the current course
of research and those applied in its further part; since it
is ranking of criteria, this means that the lowest value is
the best solution (ranking within one production activity
is based on the maximum value).

In relation to Table 6 where the criteria have been se-
lected in the company that is the subject of the research in
this paper and in relation to the selected criteria based on
the evaluation of managers from all production activities,
it can be concluded that there are not too many differ-
ences. Generally, the only difference is that, in the overall
ranking of criteria, financial stability, which according to
Table 7 is in the fifth position, is not in the first nine ones,
so it is not considered in the rest of the model.

3.4. Supplier selection in company
for production plastic bags

Integrated Fuzzy AHP — Fuzzy EDAS model was applied
in company for production plastic bags and foils that is lo-
cated in Bosnia and Herzegovina. The Fuzzy AHP method
has been used to determine the significance of the crite-
ria, and the Fuzzy EDAS to evaluate and select suppliers.
The fourth stage of the model consists of four steps. Since
there is a difference between the selected criteria and the
most important criteria in the company, it is necessary to
re-evaluate the criteria in step 11. In step 12, a calcula-
tion of the values of criteria has been performed using
the Fuzzy AHP method, in step 13, the CR test, and in the
final step 14, the application of the Fuzzy EDAS method
for supplier selection.

3.5. Determination of criteria weights
using Fuzzy AHP method

After reevaluating, the process of obtaining weight values
is identical to that described in detail in the second stage
of the model, so results are: the weight values of the cri-
teria are as follows: C; = 0.177; C, = 0.166; C; = 0.106;
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C, = 0.109; Cs = 0.099; C, = 0.142; C, = 0.100; Cg = 0.088;
Cy = 0.013, which means that the first criterion, the mate-
rial quality, is the most significant. A little less important
are material price and an additional volume discount cri-
teria. Observing the obtained values in relation to the pre-
vious evaluation of the criteria in the company, it can be
noticed that the results are approximate, which confirms
the consistency of the managers of the company and their
undisputed knowledge and experience. The subjectivity in
evaluating the criteria is insignificant, which is confirmed
by the following values: A, = 9.311; CI = 0.039 and CR =
0.027.

max

3.6. Supplier selection using Fuzzy EDAS method

To select suppliers, it is used one of the newer MCDM
methods, i.e., the fuzzy EDAS method, developed in 2016,
while its conventional form was developed one year ear-
lier. Several papers have already been published in various
fields that apply this method either in its conventional or
other forms (Turskis, Juodagalviené 2016; Kahraman et al.
2017; Keshavarz Ghorabaee et al. 2017a, 2017c, 2018a,
2018b; Stevié et al. 2017a; 2018a; Ecer 2018; Zavadskas
et al. 2017; Stanujkic et al. 2017; Ren, Toniolo 2018). Inte-
gration Fuzzy AHP and Fuzzy EDAS is also proposed in
(Ecer 2018; Turskis et al. 2017).

Table 7 shows the evaluation of suppliers by three
managers based on the linguistic scale. Table 8 shows the
elements of the average decision-matrix and the average
solution matrix obtained by applying the first and third
step of this method. It is important to note that the sec-
ond criterion, the price of material and the fourth crite-
rion, delivery time, belong to cost criteria, while the other
seven belong to useful ones. Having applied Fuzzy EDAS
method in Table 9 we have results and final ranking of
alternatives. According to the obtained results, the ranking
of alternatives is in relation to declining values, so the sup-
plier one represents the best solution, while other suppli-
ers occupy positions as they are listed in the model, and it
is important to emphasize that the supplier six has a value
close to zero and it is a very bad solution.

18 1

Quality of material
Price of material
Delivery time
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Warranty period
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Figure 2. Total ranking of criteria based on their average values in all production area
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Table 7. Evaluation of suppliers based on the linguistic scale

Criterion
Expert Supplier
G G G Gy Cs Cs & Cs G
E, N H H H H VH H MH H VH
S, H MH H VH H M MH H VH
S3 M L H ML M L MH L MH
Sy L ML M ML MH ML M M M
A\ ML M MH M L M MH ML M
Se MH MH M MH ML VL ML ML ML
E, S H MH VH H H H MH VH H
S, MH MH H VH VH MH MH VH
S3 M MH M M ML MH L H
Sy L M ML ML MH M M MH M
Ss L M H M ML M M ML MH
Se M MH ML MH ML L ML M ML
E; ] VH MH VH MH H VH H VH VH
A\ H H MH H VH MH H H VH
S3 M ML M ML M ML H ML MH
Sy ML M ML L H M ML MH H
Ss L ML H ML ML MH M L MH
A\ M MH M MH M ML ML M L
Notes: VL - Very Low; L — Low; ML - Medium Low; M - Medium; MH - Medium High; H - High; VH - Very High.
Table 8. The elements of the AV-matrix and the average solution matrix
A Aq AV
G 0.73 0.83 0.87 0.93 0.43 0.53 0.57 0.67 0.41 0.51 0.54 0.64
G, 0.57 0.67 0.73 0.83 0.50 0.60 0.70 0.80 0.42 0.52 0.58 0.68
G 0.77 0.87 0.93 0.97 0.33 0.43 0.47 0.57 0.54 0.64 0.68 0.77
Cy 0.63 0.73 0.77 0.87 0.50 0.60 0.70 0.80 0.45 0.55 0.61 0.70
Cs 0.73 0.83 0.87 0.93 0.27 0.37 0.43 0.53 0.51 0.61 0.66 0.74
Cs 0.73 0.83 0.87 0.93 0.10 0.17 0.23 0.33 0.37 0.47 0.52 0.61
C, 0.57 0.67 0.73 0.83 0.20 0.30 0.40 0.50 0.45 0.55 0.61 0.71
Cg 0.77 0.87 0.93 0.97 0.33 0.43 0.47 0.57 0.43 0.53 0.57 0.66
Cy 0.77 0.87 0.93 0.97 0.17 0.27 0.33 0.43 0.55 0.65 0.70 0.78
Table 9. The weighted sum and the appraisal scores
‘;;)i 5711‘ 7;;;71- 1;;;1,' a‘i k(c;i)
A (0.06, 0.31, (=0.05, 0.05, (0.17, 0.87, (0.021, 0.59, (0.19, 0.73, 0.85
0.43, 0.64) 0.11, 0,20) 1.21, 1.79) 0.80, 1.17) 1.00, 1.48)
A, (-0.08, 0.17, (-0.02, 0.08, (-0.21, 0.49, (0.13, 0.47, (-0.04, 0.48, 062
0.29, 0.54) 0.14, 0.22) 0.82, 1.51) 0.70, 1.07) 0.76, 1.29)
A, (=0.06, 0.08, (=0.12, 0.10, (<0.16, 0.22, (~0.49, 0.33, (=033, 0.27, 041
0.15, 0.29) 0.17, 0.38) 0.43, 0.81) 0.63, 1.48) 0.53, 1.15)
4, (=0.10, 0.06, (=0.07, 0.12, (~0.28, 0.16, (~0.53, 0.21, (~0.40, 0.19, 033
0.14, 0.30) 0.20, 0.39) 0.40, 0.85) 0.53, 1.29) 0.47, 1.07)
As (-0.14, 0.04, (-0.04, 0.13, (-0.40, 0.12, (-0.43, 0.20, (-0.42, 0.16, 0.30
0.13, 0.32) 0.21, 0.37) 0.36, 0.88) 0.49, 1.15) 0.43, 1.02)
4, (=0.07, 0.00, (=0.12, 0.17, (=0.19, -0.01, (~1.43, -0.37, (~0.81, -0.19, 001
0.02, 0.09) 0.35, 0.63) 0.06, 0.25) 0.34, 1.46) 0.20, 0.85)
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3.7. Sensitivity analysis

After presenting the results, it is necessary to determine
the stability of the model and the sensitivity of the re-
sults to the change in the significance of particular crite-
ria. Therefore, a sensitivity analysis has been performed,
which is presented throughout three parts. Figure 3 shows
simulated values of all criteria in 15 different sets. Figure 4
shows the values of all suppliers throughout different sce-
narios, while Figure 5 shows the ranking of alternatives
in all scenarios.

Figure 3 shows sets of sensitivity analysis and simu-
lated criteria values throughout each set. In the first nine
sets, one criterion starting from the first one increases by
12%, while the other criteria are reduced by 1.5% in order
to satisfy the condition that the sum of the values of all
the criteria still remains one. In set 10, all criteria have the
same value, in set 11, the first four criteria are reduced by
10%, while the other five criteria increase by 8%. The most
important criteria C;, C, and C in set 12 are reduced by
12%, while the value of the other six criteria increases by
6%. In set 13, the values of 0.200 are assigned to the least
significant Cs, C;, Cg and Cq criteria, while the other crite-
ria obtain the value of 0.040. In set 14, the least significant
Cs, Cg and Cy criteria increase their values by even 20%,
while the others reduce the values by 10% and in the last
set 15, the first three criteria have a value of 0.221, while
the others have 0.056.

Figure 4 shows the results of the sensitivity analysis
and the values that each supplier has in the formed sets.
With the increase in the value of the first criterion, the
suppliers four, five and six have very low values and in that
case, they can be immediately eliminated as inappropriate.
By increasing the second criterion, the value of the third
supplier grows and approaches the value of the second
one, while the values of the fourth and fifth suppliers are
also approximate. The certification of products as the third
criterion significantly affects suppliers five and four who
exchange the positions they occupy in this set. As the im-
portance of delivery time criterion increases, the supplier
three acquires the highest importance and occupies the
second position in the overall ranking. In sets five and six,
the suppliers three and four have identical values, while
in set seven the significance of the fifth supplier increases.
In the next set, the value of the fourth supplier increases
that exchange the position with the third one. There are no
significant changes in the sets nine and 10, and the results
are almost identical to those in the model. By reducing
the significance of the first four criteria, and increasing
the others, the alternative four increases and occupies the
third position, while the alternative five is in the fourth
and the alternative three is in the fifth position. In the
remaining sets, no significant changes are made either.

As it can be seen in Figure 5, the stability of the mod-
el does not come into question, since the supplier one in
all formed sets represents the best solution and its value
throughout the sets is in the range of 0.78...0.97. The sup-
plier two has only lost the fourth position in the set four,
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Figure 5. Ranking of suppliers in the sensitivity analysis

which additionally confirms the validity, i.e., the stability
of the model. The supplier six has proved to be the most
unsuitable and it is always the worst solution. More im-
portant changes in the sensitivity analysis are not visible,
since even when a change in ranking occurs, there are no
drastic changes. The supplier three is in more than 50% of
cases at the position three, once it is placed at the second
and fifth position, while in the other five sets it is in the
fourth place. The suppliers four and five mostly exchange
positions four and five.

Conclusions

The research presented in this paper lasted more than a
year. The paper proposes the model for evaluating sup-
pliers in production companies, which in its initial stage
consists of twenty criteria. Applying the knowledge of
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managers from the mentioned fields, the set of criteria,
using the Fuzzy AHP method, has been modified to a total
of nine, and it has been verified in the case of the selec-
tion of suppliers in a company for the production of plas-
tic bags and foils. The proposed model is the integration
of the Fuzzy AHP and Fuzzy EDAS methods, where the
Fuzzy AHP is used to obtain weight values, and the Fuzzy
EDAS to select suppliers. The results obtained by applying
this model show that the supplier one is the best solution,
even in all scenarios that imply different values of crite-
ria, which means that it is completely insensitive to the
significance of the criteria. In accordance with the prob-
lem setting, the development of an integrated evaluation
model and supplier selection, it can be highlight several
of the most important tasks that have been performed.
The first is the analysis of the current situation and pre-
vious research in the field with a review of the situation
in developing countries. The conducted review provided
data showing the actuality of the topic and the need for
further research. The second task is a confirmation of the
possibility of improving the supply chain parts in terms of
evaluating and selecting the best supplier using a combi-
nation of MCDM and fuzzy set theory. The third task that
has been performed is the development of the integrated
model for supplier evaluation in supply chains that reduce
the subjectivity and imprecision that occur every day in
decision-making. In addition, the proven applicability of
the developed an integrated model for supplier evaluation
under the current conditions prevailing in the observed
supply chains has been demonstrated.

Contribution of this model is that with certain modi-
fications, this model could be applied to almost all pro-
duction activities, regardless of the marketplace where the
producers and suppliers exist. In addition, the flexibility of
the model is reflected in the fact that its verification can
be carried out by integrating any of the MCDM methods.
In its original form it is recommended for the markets of
developing countries, because within it there are criteria
that are specific for those markets, which represents one
of the limitations of this model.

Future research related to this paper refers to the pos-
sibility of forming a similar model including managers
from production activities of many countries operating
on different continents.
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