Inzinerine Ekonomika-Engineering Economics, 2018, 29(3), 281-290
Selection of Carpenter Manufacturer using Fuzzy EDAS Method
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Making a decision in everyday life always comes with uncertainty and responsibility. To reduce the risk to a minimum and
to make the right decision, a person can use methods of multi-criteria analysis in combination with fuzzy logic. A married
couple, representing decision-makers in this case study, have purchased an apartment and it needs to be completely
refurbished including outside carpentry. The aim of this study is to select the most suitable manufacturer of PVC carpentry
for the apartment refurbishing. A total pool of 14 quantitative and qualitative criteria is used as a base for the selection of
the most suitable manufacturer of the seven available. For this case study, we will use one of the newer methods — - multi-
criteria analysis of fuzzy Evaluation Based on Distance from Average Solution (fuzzy EDAS) method. After obtaining the
results, an analysis of sensitivity has been conducted showing the stability of results where manufacturer number 4
represents an optimal solution in 13 experimental sets out of 14 in total.
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Introduction

Psychology provides an explanation as to why
individuals frequently make irrational decisions, while
economics provide normative theories (Morselli, 2015).
According to Chen et al., (2015) multi-criteria decision-
making (MCDM) is an effective systematic and quantitative
way to deal with vital real-life problems in the presence of a
number of alternatives and several (conflicting) criteria. A
great number of works applying diverse MCDM techniques
for engineering problems have been published recently
(Zavadskas et al., 2016). Everyday use of MCDM methods
(Mardani et al., 2015; Gul et al., 2016, Bojanic et al. 2018)
has certainly contributed to the rise in popularity of this area
(Zavadskas et al., 2014). Many of hybrid MCDM models
are proposed to solve different problems in engineering. An
integrated fuzzy AHP and fuzzy MOORA approach is
applied to solve the problem of industrial engineering sector
(Akkaya et al., 2015). One of the areas where these methods
are often applied are location problems where it is possible
to rank and select the location of various applications, such
as location selection of construction site (Jelokhani-Niaraki
& Malczewski, 2015; Turskis et al., 2015), or industrial site
selection (Rikalovic et al., 2014). The following multi-
criteria problems are also solved, namely, in relation to
transport (Stevic et al. 2017a; Pamucar & Cirovic, 2015;
Macharis & Bernardini, 2015), and in relation to supplier
selection (Govindan et al., 2015; Stevic et al., 2016a,

Vasiljevic et al. 2018). Some other areas where the
application of these methods is less present but not less
important are: ranking municipal solid waste treatment
alternatives (Soltan et al., 2015), construction solutions for
energy efficient single-family house (Motuziene et al.,
2016), the selection of construction projects (Ulubeyli &
Kazaz, 2016), assessment of housing market sustainability
(Nuuter et al., 2015), partner selection (Akhavan et al.,
2015), choosing residential building repair variants (Bucon
& Sobotka, 2015), technical and economic assessment of
revitalization aspects of down-town tenement-houses
(Marcinkowska et al., 2015), evaluation of building
foundation alternatives (Turskis et al., 2016), choice of
electricity generation technologies (Streimikiene et al.,
2016), fire risk assessment (Pushkina et al., 2015), etc. The
evaluation of criteria during the selection of proper
alternative in construction is not an easy task due to the lack
of up-to-date data and indicators measuring problems
(Zavadskas et al., 2014; Medineckiene et al., 2015). These
problems involve a multitude of requirements and uncertain
conditions that have to be taken into consideration
simultaneously (Zavadskas et al., 2015).

The main aim of this paper is to make a decision on
selecting the best manufacturer of PVC carpentry for the
apartment refurbishment taking into account the
uncertainties and inaccuracies that emerge in such processes.
Thus, in this paper, the application of fuzzy EDAS method
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provides support in solving important issues for everyday
functioning. In this multi-criteria model, making a decision
on the best manufacturer has a significant influence on the
quality of life of the decision-maker since the choice of the
proper alternative provides easier and simpler functioning.

The authors decided to apply the fuzzy EDAS method
for several reasons. The method allows the calculation of
criteria weights, which is not the case with other multi-
criteria decision-making methods. If any other method is
used, e.g. fuzzy CORPAS or fuzzy ARAS, integration with
the criteria weighting method such as AHP or BWM would
have to be performed. In addition, in this paper, the multi-
criteria model is based on 14 criteria, and using the fuzzy
EDAS method it is possible to determine their significance
in a very simple and easy way, while it is not the case with
other methods. If the AHP or BW method were to be
applied, then a hierarchical structure of criteria with different
levels would have to be formed and that would further
complicate the proposed model. The third reason for
applying the fuzzy EDAS method is its great application so
far. According to Stevic et al. (2017b), 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. Several studies have already been
published in different fields where this method has been
applied in its traditional form or some other forms
(Keshavarz Ghorabaee et al., 2018; Trinkuniene et al.,
2017; Stanujkic et al., 2017; Keshavarz Ghorabaee et al.,
2017; Kahraman et al., 2017; Turskis & Juodagalviene,
2016; Stevic et al., 2016b). Furthermore, one of the reasons
for using EDAS method, according to Stevic et al. (2017b),
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 a very
important support in decision-making in everyday conflict
situations.

Apart from the introduction and conclusion, the paper
comes in three chapters. The first chapter shows materials
and methods used within the framework where basic setups
of fuzzy logic, required for fuzzy EDAS method, have been
set. Basic operations with fuzzy trapezoid numbers used in
this method and all the necessary steps of the applied
method have been shown. Chapter two shows some practical
research, where the beginning gives an explanation to the
problem being solved, potential alternatives and formed
criteria, followed by actual problem solving and display of
obtained results. Chapter three is the analysis of sensitivity
completed with the use of 14 sets where criteria have
different values, and is used as a base of stability of the
results. Finally, conclusions with the views on the aim of the
work and future research for similar problems end the paper.

Material and Methods
Fuzzy Sets

Fuzzy sets are sets whose elements have degrees of
membership. The theory of fuzzy sets was first introduced by
Zadeh, (1965), whose application enables decision-makers to
effectively deal with the uncertainties. In a classical set theory,
the membership of elements in a set is assessed in binary
terms according to a bivalent condition — an element either

belongs or does not belong to the set. Fuzzy sets use generally
triangular (TFN), trapezoidal and Gaussian fuzzy numbers,
which convert uncertain fuzzy numbers. Some of the
definitions related to fuzzy sets and fuzzy numbers, which are
used to fuzzy EDAS method, are stated as follows:

Definition 1. A fuzzy subset A of a universal set X can be
defined by its membership function pA(x) as: (Zimmermann,
2010);

."-jl-= {x,.u‘.{{.r:lhx EX (1)

where x € X denotes the elements belonging to the
universal set, and pA(x): X—[0, 1].

Definition 2. A fuzzy number is a special case of a
convex, normalized fuzzy subset (sup pA(x)=1) of the real
line R pA(x): R— [0, 1]. (Wang and Lee, 2007);

Definition 3. A fuzzy number A is a trapezoidal fuzzy
number (TFN) if its membership function is: (Olcer and
Odabasi, 2005);

ay-ay

1 gy < X < g
wa@ =40 :
— Gy =X = Oy

x—dy

0y =X = a,

G483
0 otherwise 2

Definition 4. A crisp number k can be represented
by a trapezoidal fuzzy number k =(k,k,k,k).

Definition 5. Suppose that A = (a,,a;, a5, a,) and
E = (b, b,.byb,) are two positive trapezoidal fuzzy
numbers (a; > 0 and b1> 0) and k is a crisp number. The
arithmetic operations with these fuzzy numbers are
defined as follows: (Chen and Hwang, 1992);

Addition:

A® B =(a, +bpa, +by0; + baay + by) ©)
A+k=(o,+tkatha +ka, +k) 4
Subtraction:
A = E= (G'.j_ - 54,0’: - bgaag - .!J:,C!,d_ _bl:] (5)
A—k=(ay—ka—Fka —ka —k) (6)
Multiplication:
A®E =(a, ¥ bpa; ¥ byas X baay X by) )
I k_{(alxk,a:xk,cazxk,n4><kJifk20

*E = ay xkoag X oy, XxKoa, xK)if k<0 ®)
Division:
AQE= (oyfbyoq /by ag fba,ay fby) (9)
k= I{all.-’k, o, fkoagfkoay k) if k=10

T oy fhoag ke ke fR)iIF k=< 0 (10)

Definition 6. Let 4 = (a1.87.82.84) pe a trapezoidal
fuzzy number. Then, the defuzzified (crisp) value of this
fuzzy number can be defined as follows: (Keshavarz et al.,
2014)

k(4) :5{9,14_@: to;ta, —

3

LzH@g—3g¥dg )
laz+ag)-[ai+az) (11)
Definition 7. Suppose that 4 = (a,.a..a;.0,) is a
trapezoidal fuzzy number. A function, called psi (y), is
defined in the following to find the maximum between a
trapezoidal fuzzy number and zero.
( }_{ﬁ if k(A) =0
0 irk(d) <o (12)
where 8 = (0, 0, 0, 0).
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Fuzzy EDAS Method

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

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

X = ff—' nxm (13)
w Lok P
H T R Fe=ty (14)

-~
where *ijdenotes the performance value of alternative
Ai(1 <1< n) with respect to criterion cj (1 <j < m) assigned
by the pt" decision-maker (1 < p <k).
Step 2: Construct the matrix of the criteria weights,
shown as follows:

w=[w] (15)
= Lok =P
Wi T =t (16)

-

where " denotes the weight of criterion ¢; (1 <j < m)
assigned by the p™ decision-maker (1 <p <k).

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

av = [av],, (17)
(18)

The elements of this matrix av; represent the average
solutions with respect to each criterion. Therefore, the
dimension of the matrix is equal to the dimension of the
criteria weights matrix.

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

PDA= [pah".-i.] nxm (19)

NDA = [ﬂ?u.i_i-]r

BV = ¥ i=1 ¥

pEges) (€ E
KI8T ) if
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k(&)
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T-’Hﬂ'-.'_i'
if jEN
fi (1)
ifjEER
ﬂ?n._-j- =
if JEN
fi 22)
where P985 and MG%: denote the positive and
negative distance of performance value of i alternative
from the average solution in terms of j" criterion,
respectively.
Step 5: Calculate the weighted sum of positive and
negative distances for all alternatives, shown as follows:

5P; = ©[L. (7 ®pday) (23)
?‘J‘l[ = (‘B}u:j_{ﬁ_i' = ﬂHﬂ[j'j (24)

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

— =L

TSP T (ke (25)
=1 — ER;

nsn; = mazx; k(S (26)
Step 7: Calculate the appraisal score (EE) for all

alternatives, shown as follows:
as; = (3 @) @)
Step 8: Rank the alternatives according to the
decreasing values of appraisal scores (535). In other words,

the alternative with the highest appraisal score is the best
choice among the candidate alternatives.

The Selection of Manufacturer of PVC
Carpentry

The market is filled with manufacturers of PVC carpentry
which offer various products. Through research made by
decision-makers, they have selected the seven manufacturers,
all located on maximal distance of 50 km. The surface of
apartment which requires the selection of the most suitable
manufacturer of PVC carpentry is 67m? and Figure 1 shows
dimensions of all the apartment surfaces in need of PVC
carpentry.

XM (20)
"y -
2 —
6806802 |1/ I e
’ B “, g ‘
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§ \ Q N 98— _H §
- 5 \1 % 8 =
AN | ]| L J
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Figure 1. Dimensions of Elements Needed for Refurbishment

As it can be seen in Figure 1, according to the wish of
buyers — decision-makers, there are surfaces that need
carpentry together with window blinds and several surfaces

without window blinds. The first window shown in Figure
1 is double-hung and needs two pieces, and it is intended
to be placed in the living room. The following elements in
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Figure 1 are double-hung balcony doors for the kitchen,
without blinds. The penultimate element displayed in the
figure is a double-hung bathroom window without blinds
and the last element is a single-hung window with blinds
needed in two pieces intended for two bedrooms.

Criteria formed in this research and the base for
decision-makers to make the selection of the most suitable
manufacturer are: quality of product, price of product,
guarantee timeframe, number of product chambers,

reliability, flexibility, communication system, delivery
time, payment methods, price of assembly and
disassembly, manufacturer reputation, financial stability,
response time and production capacity marked hereinafter
as C; — Cuq, respectively. The second, the eighth, the tenth
and the thirteenth criteria are expense criteria, the rest of
the criteria are benefit criteria. Table 1 shows linguistic
variables and trapezoidal numbers for markings of values
of the criteria and importance of alternatives.

Table 1

Linguistic Terms and their Corresponding Trapezoidal Fuzzy Number

Terms TFN for weighting criteria TFN for rating alternatives
Very low (VL) (0,0,0.1,0.2) (0,0,1,2)
Low (L) (0.1,0.2,0.2, 0.3) (1,2,2,3)
Medium low (ML) (0.2,0.3,0.4, 0.5) (2,3, 4,5)
Medium (M) (0.4,05,0.5,0.6) 4,5,5,6)
Medium high (MH) (0.5,0.6,0.7,0.8) (5,6,7,8)
High (H) (0.7,0.8, 0.8, 0.9) (7,8,8,9)

Very high (VH) (0.8,0.9,1.0,1.0) (8,9, 10, 10)

Table 2

The weight of Criteria Assigned by Decision-Makers and the
Matrix of Criteria Weights

Criteria DM, DM, Wi

Cy VH VH (0.80, 0.90, 1.0, 1.0)

C H H (0.70, 0.80, 0.80, 0.90)
Cs ML MH (0.35, 0.45, 0.55, 0.65)
Cq L M (0.25, 0.35, 0.35, 0.45)
Cs VL M (0.20, 0.25, 0.30, 0.40)
Cs M ML (0.30, 0.40, 0.45, 0.55)
C, MH H (0.60, 0.70, 0.75, 0.85)
Cs H VH (0.75, 0.85, 0.90, 0.95)
Co MH MH (0.50, 0.60, 0.70, 0.80)
Cio L ML (0.15, 0.25, 0.30, 0.40)
Cu M M (0.40, 0.50, 0.50, 0.60)
Cu MH M (0.45, 0.55, 0.60, 0.70)
Cis H MH (0.60, 0.70, 0.75, 0.85)
Cu M M (0.40, 0.50, 0.50, 0.60)

As already stated, there are two decision-makers in the
study, a young married couple. In Table 2, an importance
of every criteria has been displayed individually toward
both decision-makers applying linguistic variables from
Table 1. Moreover, a weight value of the criteria reached
through an equation (16) has been displayed.

Two decision-makers are perhaps not enough in group
decision-making, but, in the practical example addressed in
this paper, they are sufficient and only correct. The reason
for this is the fact that the decision-makers are the only
ones who live in that apartment and it would be very non-
objective to involve more decision-makers since needs,
demands and opportunities differ from a person to person.
The goal is to make a right and objective decision taking
into account only relevant facts as it is the case in this
paper.

It is possible to conclude from Table 2 that the most
important criterion in selection of the manufacturer of PVC
carpentry is criterion number one, which is product quality,
then time needed for production and delivery, then price,
where other criteria have a slightly lower importance. As
other important criteria, we can mention communication
system that is initial contact with the staff employed in the
company and response time, because these two factors also
play an important part in decision-making process, as the
aim of the couple is to complete the works as soon as
possible in order to move in.

Table 3 displays evaluation of alternatives with the use
of linguistic variables of each criterion used by the
decision-making couple.

Table 3
The Rating of Alternatives According to the Criteria Expressed in Linguistic Variables
DM C. C Cs Cy Cs Cs C, Cs Co Cuo Cu Cop Cus Cu
A H VL L H H VH H MH M H H VH MH VH
A; VL VH L MH MH VH VH H M H L H H MH
As MH VL ML H VH H MH M ML H H VH MH H
1 Ay VH VH VH VH ML MH MH VH VH VH H VH H VH
As MH M VH H H H H H MH M H H H H
As H H H H H VH VH MH MH H VH H VH VH
A; VH ML MH H H MH H H MH H VH H MH MH
A VH VL VL H H H MH H M H VH VH H H
A; L VH L M H VH VH H MH MH ML VH H H
As MH L M H H H H MH L H H H MH H
2 A, VH H VH VH M H H VH VH H MH H VH VH
As H ML H H H H VH H MH M H H H VH
As VH MH VH H VH H VH MH H H H VH VH VH
A; H ML MH H H H MH MH H H H MH M H
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Apart from the values of the average decision matrix,
Table 4 also shows the values of an average solution
according to all the criteria obtained through the following

expressions (17) and (18).
Then, we need to calculate positive distances (PDA)
and negative distances (NDA) from the average solutions
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depending on the criteria type. By applying equations (21),
we get the values of the positive distance (PDA) (Table 5)
and (22), the values of the negative distance (NDA) from
the average solution (Table 6).
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Table 4
The Elements of the Average Decision Matrix and the Average Solution Matrix

Al A2 A3 A4
Ci 0.75 0.85 0.90 0.95 0.05 0.10 0.15 0.25 0.50 0.60 0.70 0.80 0.80 0.90 1.00 1.00
C, 0.00 0.00 0.10 0.20 0.80 0.90 1.00 1.00 0.05 0.10 0.15 0.25 0.75 0.85 0.90 0.95
Cs 0.05 0.10 0.15 0.25 0.10 0.20 0.20 0.30 0.30 0.40 0.45 0.55 0.80 0.90 1.00 1.00
Cy 0.70 0.80 0.80 0.90 0.45 0.55 0.60 0.70 0.70 0.80 0.80 0.90 0.80 0.90 1.00 1.00
Cs 0.70 0.80 0.80 0.90 0.60 0.70 0.75 0.85 0.75 0.85 0.90 0.95 0.30 0.40 0.45 0.55
Ce 0.75 0.85 0.90 0.95 0.80 0.90 1.00 1.00 0.70 0.80 0.80 0.90 0.60 0.70 0.75 0.85
Cs 0.60 0.70 0.75 0.85 0.80 0.90 1.00 1.00 0.60 0.70 0.75 0.85 0.60 0.70 0.75 0.85
Cg 0.60 0.70 0.75 0.85 0.70 0.80 0.80 0.90 0.45 0.55 0.60 0.70 0.80 0.90 1.00 1.00
Co 0.40 0.50 0.50 0.60 0.45 0.55 0.60 0.70 0.15 0.25 0.30 0.40 0.80 0.90 1.00 1.00
Cio 0.70 0.80 0.80 0.90 0.60 0.70 0.75 0.85 0.70 0.80 0.80 0.90 0.75 0.85 0.90 0.95
Cu | 075 0.85 0.90 0.95 0.15 0.25 0.30 0.40 0.70 0.80 0.80 0.90 0.60 0.70 0.75 0.85
Cp 0.80 0.90 1.00 1.00 0.75 0.85 0.90 0.95 0.75 0.85 0.90 0.95 0.75 0.85 0.90 0.95
Ciz | 0.60 0.70 0.75 0.85 0.70 0.80 0.80 0.90 0.50 0.60 0.70 0.80 0.75 0.85 0.90 0.95
Ciu | 075 0.85 0.90 0.95 0.60 0.70 0.75 0.85 0.70 0.80 0.80 0.90 0.80 0.90 1.00 1.00

A5 A6 A7 AV
C: 0.60 0.70 0.75 0.85 0.75 0.85 0.90 0.95 0.75 0.85 0.90 0.95 0.60 0.69 0.76 0.82
C, 0.30 0.40 0.45 0.55 0.60 0.70 0.75 0.85 0.20 0.30 0.40 0.50 0.39 0.46 0.54 0.61
Cs 0.75 0.85 0.90 0.95 0.75 0.85 0.90 0.95 0.50 0.60 0.70 0.80 0.46 0.56 0.61 0.69
C, 0.70 0.80 0.80 0.90 0.70 0.80 0.80 0.90 0.70 0.80 0.80 0.90 0.68 0.78 0.80 0.89
Cs 0.70 0.80 0.80 0.90 0.75 0.85 0.90 0.95 0.70 0.80 0.80 0.90 0.64 0.74 0.77 0.86
Ce 0.70 0.80 0.80 0.90 0.75 0.85 0.90 0.95 0.60 0.70 0.75 0.85 0.70 0.80 0.84 0.91
Cq 0.75 0,85 0.90 0.95 0.80 0.90 1.00 1.00 0.60 0.70 0.75 0.85 0.68 0.78 0.84 0.91
Cs 0.70 0.80 0.80 0.90 0.50 0.60 0.70 0.80 0.60 0.70 0.75 0.85 0.62 0.72 0.77 0.86
Cy 0.50 0.60 0.70 0.80 0.60 0.70 0.75 0.85 0.60 0.70 0.75 0.85 0.50 0.60 0.66 0.74
Cyp | 0.40 0.50 0.50 0.60 0.70 0.80 0.80 0.90 0.70 0.80 0.80 0.90 0.65 0.75 0.76 0.86
Cy | 0.70 0.80 0.80 0.90 0.75 0.85 0.90 0.95 0.75 0.85 0.90 0.95 0.63 0.73 0.76 0.84
Ci, | 0.70 0.80 0.80 0.90 0.75 0.85 0.90 0.95 0.60 0.70 0.75 0.85 0.73 0.83 0.88 0.94
Cis | 0.70 0.80 0.80 0.90 0.80 0.90 1.00 1.00 0.45 0.55 0.60 0.70 0.64 0.74 0.79 0.87
Cyu | 075 0.85 0.90 0.95 0.80 0.90 1.00 1.00 0.60 0.70 0.75 0.85 0.71 0.81 0.87 0.93

Table 5
Values of PDA

Al A2 A3 A4
Cy -0.07 0.09 021 | 0.35 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | -0.02 0.14 0.31 | 040
C, 0.19 0.36 054 | 0.61 0.00 0.00 0.00 | 0.00 0.14 0.31 0.44 | 0.56 0.00 0.00 0.00 | 0.00
Cs 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.11 0.29 0.44 | 0.54
C,4 -0.19 0.00 0.02 | 0.22 0.00 0.00 0.00 | 0.00 | -0.19 0.00 0.02 | 022 | -0.09 0.10 0.22 | 0.32
Cs -0.16 0.03 0.06 | 0.26 0.00 0.00 0.00 | 0.00 | -0.11 0.08 0.16 | 031 0.00 0.00 0.00 | 0.00
Cs -0.16 0.01 0.10 | 0.25 | -0.11 0.06 0.20 | 0.30 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00
Cy 0.00 0.00 0.00 | 0.00 | -0.11 0.06 0.22 | 0.32 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00
Cs -0.23 -0.03 | 0.07 | 0.26 0.00 0.00 0.00 | 0.00 | -0.08 0.12 022 | 041 0.00 0.00 0.00 | 0.00
Cq 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.06 0.24 0.40 | 0.50
Cuo 0.00 0.00 0.00 | 0.00 | -0.20 0.00 0.06 | 0.26 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00
Cu | -0.09 0.09 0.17 | 0.32 0.00 0.00 0.00 | 0.00 | -0.14 0.04 0.07 | 0.27 0.00 0.00 0.00 | 0.00
Cyp | -0.14 0.02 0.17 | 0.27 | -0.19 -0.03 | 0.07 | 0.22 | -0.19 -0.03 | 007 | 022 | -0.19 -0.03 | 0.07 | 0.22
Ci | -0.21 -0.01 | 0.09 | 0.27 0.00 0.00 0.00 | 0.00 | -0.16 0.04 0.19 | 0.37 0.00 0.00 0.00 | 0.00
Cu | -0.18 -0.02 | 0.09 | 0.24 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | -0.13 0.03 0.19 | 0.29

A5 A6 A7
C, -0.22 -0.06 | 006 | 025 | -0.07 0.09 0.21 | 035 | -0.07 0.09 0.21 | 0.35
C, -0.16 0.01 0,14 | 031 0.00 0.00 0.00 | 0.00 | -0.11 0.06 024 | 041
Cs 0.06 0,24 0.34 | 0.49 0.06 0.24 034 | 049 | -0.19 -0.01 | 0.14 | 0.34
C,4 -0.19 0,00 0.02 | 0.22 | -0.19 0.00 0.02 | 022 | -0.19 0.00 0.02 | 0.22
Cs -0.16 0.03 0.06 | 0.26 | -0.11 0.08 0.16 | 0.31 -016 0.03 0.06 | 0.26
Ce 0.00 0.00 0.00 | 0.00 | -0.16 0.01 0.10 | 0.25 0.00 0.00 0.00 | 0.00
Cy -0.16 0.01 012 | 0.27 | -0.11 0.06 0.22 | 0.32 0.00 0.00 0.00 | 0.00
Cs 0.00 0.00 0.00 | 0.00 | -0.18 0.02 0.17 | 036 | -0.23 -0.03 | 0.07 | 0.26
Cq -0.24 -0.06 | 0.10 | 0.30 | -0.14 0.04 0.15 | 035 | -0.14 0.04 0.15 | 0.35
Cuo 0.05 0.25 0.26 | 0.46 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00
Cu | -0.14 0.04 0.07 | 0.27 | -0.09 0.09 0.17 | 032 | -0.09 0.09 0.17 | 0.32
Cp 000 0.00 0.00 | 0.00 | -0.19 -0.03 | 0.07 | 0.22 0.00 0.00 0.00 | 0.00
Cis 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | -0.06 0.14 024 | 042
Cu | -0.18 -0.02 | 009 | 024 | -0.13 0.03 0.19 | 0.29 0.00 0.00 0.00 | 0.00
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Table 6
Values of NDA
Al A2 A3 A4
C, 0.00 0.00 | 0.00 | 0.00 | 0.35 054 | 066 | 077 | -0.20 | -0.01 | 0.16 | 0.32 | 0.00 0.00 | 0.00 | 0.00
C, 0.00 0.00 | 0.00 | 0.00 | 0.19 0.36 | 054 | 0.61 | 0.00 0.00 | 0.00 | 0.00 | 0.14 0.31 044 | 0.56
Cs 0.21 0.41 0.51 0.64 0.16 0.36 0.41 0.59 -0.09 0.11 0.21 0.39 0.00 0.00 0.00 0.00
Cs 0.00 0.00 | 0.00 | 0.00 | -0.02 0.18 | 0.25 | 0.44 | 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
Cs 0.00 0.00 0.00 0.00 -0.21 -0.01 0.07 0.26 0.00 0.00 0.00 0.00 0.09 0.29 0.37 0.56
Cs 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 | -0.20 0.00 | 004 | 021 | -0.15 005 | 014 | 0.31
C, -0.17 0.03 0.14 031 000 0.00 0.00 0.00 -0.17 0.03 0.14 | 0.31 -0.17 0.03 0.14 0.31
Cs 0.00 0.00 0.00 0.00 -0.16 0.03 0.08 0.28 0.00 0.00 0.00 0.00 -0.06 0.13 0.28 0.38
Cy | -0.10 0.10 | 0.16 | 0.34 | -0.20 0.00 | 011 | 029 | 0.10 0.30 | 041 | 059 | 0.00 0.00 | 0.00 | 0.00
Cuo -0.16 0.04 0.05 0.25 000 0.00 0.00 0.00 -0.16 0.04 0.05 0.25 -0.11 0.09 0.15 0.30
Cy | 0.00 0.00 | 0.00 | 0.00 | 0.23 0.43 | 051 | 0.69 | 0.00 0.00 | 0.00 [ 000 | -0.22 | -0.02 | 0.06 | 0.24
Cio 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cis 0.00 0.00 0.00 0.00 -017 0.01 0.06 0.26 0.00 0.00 0.00 0.00 -0.12 0.06 0.16 0.31
Cu | 0.00 0.00 | 0.00 | 000 | -0.14 | 006 | 017 | 0.33 | -0.19 0.01 | 0.07 | 023 | 0.00 0.00 | 0.00 | 0.00
Ab A6 A7

C, 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
C, 0.00 0.00 | 0.00 | 0.00 | -0.01 0.16 | 0.29 | 0.46 | 0.00 0.00 | 0.00 | 0.00
Cs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cs 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
Cs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce -0.20 0.00 0.04 | 0.21 0.00 0.00 0.00 0.00 -0.15 0.05 0.14 | 0.31
C, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.17 0.03 0.14 | 0.31
Cs -0.16 0.03 0.08 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cy 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cuo 0.00 0.00 0.00 0.00 -0.16 0.04 0.05 0.25 -0.16 0.04 0.05 0.25
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cio -0.17 0.03 0.08 0.24 0.00 0.00 0.00 0.00 -0.12 0.08 0.18 0.34
Cis -0.17 0.01 0.06 0.26 -0.07 0.11 0.26 0.36 0.00 0.00 0.00 0.00
Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.14 0.06 0.17 0.33

In order to obtain the values shown in the table below,
it is necessary first to apply step 5 of fuzzy EDAS method,
i.e. the equations (23) and (24), and this represents the sum
of weighted matrix for positive and negative distance for

all alternatives. Furthermore, it is necessary to normalize
previous values by using step 6, i.e. equations (25) and
(26). Finally, it is necessary to calculate the assessment of
the results by using equation (27) (Table 7).

The Weighted Sum of Distances, their Normalized Values and the Appraisal Scores

Table 7

P, §7, 37,
Al (-0.52,0.40,1.07,2.23) (-0.10,0.27,0.52,1.05) (-0.62,0.47,1.27,2.64)
A, (-0.21,0.05,0.32,0.68) (0.14,1.28,1.95,3.33) (-0.25,0.06,0.38,0.81)
Az (-0.27,0.41,0.83,1.75) (-0.40,0.26,0.74,1.65) (-0.32,0.48,0.98,2.07)
Ay (-0.11,0.44,1.04,1.62) (-0.25,0.52,1.08,2.04) (-0.12,0.52,1.24,1.92)
As (-0.68,0.11,0.70,2.01) (-0.36,0.05,0.18,0.76) (-0.81,0.13,0.83,2.38)
As (-0.59,0.34,1.14,2.43) (-0.08,0.22,0.44,0.82) (-0.70,0.40,1.35,2.87)
A; (-0.59,0.28,0.94,2.22) (-0.28,0.12,0.38,0.95) (-0.70,0.33,1.11,2.63)
e, as, k(a5
A (-0.06,0.16,0.30,0.62) (-0.34,0.32,0.79,1.63) 0.61
A, (0.08,0.76,1.16,1.97) (-0.08,0.41,0.77,1.39) 0.63
As (-0.24,0.15,0.44,0.98) (-0.28,0.32,0.71,1.53) 0.58
Ay (-0.15,0.31,0.64,1.21) (-0.14,0.41,0.94,1.56) 0.70
As (-0.21,0.03,0.11,0.45) (-0.51,0.08,0.47,1.41) 0.38
As (-0.05,0.13,0.26,0.49) (-0.37,0.26,0.81,1.68) 0.60
A (-0.17,0.07,0.22,0.56) (-0.43,0.20,0.67,1.59) 0.52

Characteristics of the selected manufacturer are as
follows: PVC positions are made of the German six-
chamber Inoutic PVC profile of Prestige system with three
grey seals, depth of construction is 76 mm, white colored
with 1.5 mm reinforcement, dimensions of window frame
are 76/85 mm and blinds of 84 mm in height, window
blinds made of PVC system INOUTIC PROTEX with
aluminum cover, box dimensions of 205x185 mm, Frame
Roto NT, glass: 1ZO Flot 24 mm thick (4+16+4)

Sensitivity Analysis and Discussion

After obtaining the results, it is necessary to conduct a
sensitivity analysis in order to ensure whether the selected
solution is in fact optimal and in which frame changes
affect the final ranking of alternatives, i.e. to verify the
model stability. Therefore, an experiment with 14 sets
where one criterion has the highest value and one has the
lowest value in each set has been made. For example, set 1
indicates that the first criterion has the value of 0.01, in the
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second set 0.02, in the third set 0.03, and so on until the
last set with the value of 0.14. In the same way, the other

sets are formed as it can be seen in Figure 2 which
represents all sets and values of each criterion in the set.
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012 {1 L2 ——Set2
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0,09 - A A —¥—Set5
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Figure 2. Criteria Values in Simulated Sets

Figure 3 displays values of all the manufacturers in all
formed sets in sensitivity analysis, where it can be noticed
that in the fifth set the value of manufacturer number four
is the highest when the tenth criterion is with the highest
value, and the eleventh criterion is with the lowest value
reaching overall value of 0.94, and, in that set, the selected

manufacturer is in significant lead in comparison to other
manufacturers. A slightly smaller advantage in comparison
to the fifth set, the manufacturer number four has in the
sixth set. In the same set, the manufacturer number five is
with the lowest value of 0.30.

= 0,90-1,00
™ 0,80-0,90
= 0,70-0,80
= 0,60-0,70
= 0,50-0,60
= 0,40-0,50
= 0,30-0,30
= 0,20-0,30

Figure 3. Values of Alternatives in Sensitivity Analysis

Figure 4 displays ranking of the manufacturers in
different sets where it can be clearly seen that the
selected manufacturer number four is the best solution
in 13 of total of 14 sets, where the manufacturer number
five has the lowest value in most cases, even in 11 sets,
where in the other three sets the manufacturer number
four is in the penultimate, sixth place. The largest
influence on the single change in the ranking of the
manufacturer number four has set 13 where the criterion
of financial stability has the highest value. In other
changes of the criteria weighting, the mentioned
alternative remains in the first position. Manufacturer
number one is more vulnerable to changing the weights
of the criteria, so its position varies from the second to
sixth place. Alternative number two is most commonly

ranked as second, i.e. in nine sets, while by increasing
the importance of criterion 12, it is in the first position.
In addition, it is twice in the third and fourth position. In
the half of the sets, manufacturer number three is in the
fifth position, four times in the fourth position, twice in
the high third place and once in the sixth position. For
alternative number six, it can be said to maintain the
stability in relation to criterion weighting, as it is in the
third and fourth position with the exception of set 13
when it is in the sixth position. Alternative number the
seven changes its position from the fourth to the last
position.
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Figure 4. Ranking of Manufacturers in Sensitivity Analysis

Based on the conducted sensitivity analysis, it can be  neglected and, therefore, other criteria have also been used
concluded that the results are stable and that, in fact, in order to make the decision as best as possible. When the
manufacturer number four is the best solution for the  final decision has been made on the basis of the results
apartment refurbishment when it comes to installment of  obtained, it can be said without hesitation that manufacturer
outdoor carpentry. number four represents the best solution, as it fulfills all

The limitations and weaknesses of the applied model are  previously mentioned criteria to a large extent. Satisfaction
in relation to its narrow application capability. The model is  with the selected manufacturer who completed contracted
defined and set up on the basis of the specific case and for ~ works is on a very high quality level for both decision-

any other problem it should be significantly modified. makers.
The contribution of this paper is mainly in making a
Conclusions real-life decision which has a great influence on the quality

of life. Moreover, the model provides objective aggregation

Research made in this paper shows applicability of ot D decisions and takes into account subjectivity and
methods of multi-criteria analysis in making everyday uncertainty present in group decision-making.

decisions which can be of remarkable importance to every When it comes to future research which will deal with
individual. ~Solving ~the problem the selection of e same or similar problems, it is possible to apply some
manufacturer of PVC carpentry has used all relevant ¢ oiner methods of multi-criteria analysis or a
criteria which can influence the final decision. The aim o mination of two methods where one is applied to reach
was to obtain the most suitable offer, which means high  jmoortance of the criteria, and other for ranking of the
quality, price as low as possible, short delivery times,  qriteria Furthermore, it is possible to have a larger number

quick response, possibility of monthly ~payments, ¢ gecision-makers, depending on the specificity of the
guarantees along with reliability, but also other relevant problem and how many people are involved in solving it.
facts which may influence the decision have not been
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