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Abstract: Supplier selection is an important strategic decision for construction companies due to long-term
project durations and high costs. In the construction sector, supplier selection decisions should take several
criteria and alternatives into account. Along with the high number of alternative suppliers, choosing the best
method to evaluate the alternative suppliers is another critical step. In this study, we compare the
effectiveness of different multi-criteria decision-making methods for selecting the most convenient supplier
for construction companies. In this respect, we study the integration of powerful multi-criteria
decision-making methods, Fuzzy Analytic Hierarchy Process (AHP) and Fuzzy Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS). We use Fuzzy AHP for the calculation of decision
criteria weights, and then we apply Fuzzy TOPSIS for ranking the alternatives. Several interviews were made
with the experts at construction companies and as a result of those interviews, 7 main criteria and 24 sub-
criteria for comparing alternative suppliers of the companies were determined. We test our approach for two
construction companies and use an integrated Fuzzy AHP and Fuzzy TOPSIS method to find the best supplier
for the selected criteria. The contribution of this study is not limited to the multi-criteria decision-making
methods for the supplier selection problem in the construction sector, but also we make a comparison of the
supplier selection decisions of two different sized companies having the same supplier pool, and we show the
effect of company based criteria weights in supplier selection.

Keywords: Fuzzy AHP; Fuzzy TOPSIS; Supplier selection.

Farkh Biiyuklikteki Insaat Firmalari icin Bulamk AHP ve
Bulanik TOPSIS Yontemleriyle Tedarike¢i Se¢cimi

Oz: Insaat firmalar igin tedarik¢i secimi, uzun donemli proje siireleri ve yiiksek maliyetler agisindan stratejik
bir karardir. insaat sektoriinde tedarikci segimi yapilirken pek cok kriter ve alternatif dikkate alinmalidir.
Alternatif tedarik¢ilerin sayisinin fazla olmasinin yami sira alternatif tedarikg¢ileri kiyaslamak i¢in en iyi
metodun secimi de kritik bir karardir. Bu ¢aligmada, ingaat firmalar1 i¢in en iyi tedarik¢iyi se¢me siirecinde
farkli ¢ok kriterli karar verme metotlarinin etkinligini kiyaslamaktayiz. Bu nedenle, ¢ok kriterli karar verme
problemi ¢oziimiinde oldukca etkili oldugu bilinen bulanik AHP (Analitik Hiyerarsi Prosesi) ve bulanik
TOPSIS (ideal Céziime Benzerlik Bakimindan Siralama Performansi Teknigi) metotlarinin entegrasyonunu
incelemekteyiz. Bulanik AHP metodu ile kriter agirliklarini hesaplayip bulamik TOPSIS metodu ile
alternatifleri siralamaktayiz. Insaat sektdriindeki ¢ok sayida uzman ile yaptigimiz goriismeler sonucunda insaat
firmalarinin tedarikgilerinin se¢imi igin 7 ana ve 24 alt kriter belirlenmistir. Yaklagimimizi iki ingaat firmasi
icin belirlenen kriterlere gore en iyi tedarik¢iyi se¢mek i¢in bulanik AHP ve bulanik TOPSIS metotlarim
biitiinlesik olarak kullanip test etmekteyiz. Bu ¢alismanin literatiire katkisi sadece ¢ok kriterli karar verme
metotlarinin ingaat sektdriinde uygulanmasiyla sinirli olmayip ayn: zamanda ayni tedarik¢i havuzunu kullanan
farkli olgekteki iki ingaat firmasinin tedarik¢i segimleri kiyaslanmakta ve firmalara goére belirlenen kriter
agirliklarinin tedarikgi segimine etkisi gosterilmektedir.

Anahtar Kelimeler: Bulanik AHP; Bulanik TOPSIS; Tedarikgi segimi.
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1. Introduction

Supply is defined as providing the required product or service within the desired time at the right
quantity and with the acceptable quality. Supply chain is a network of producers and distributors in
which raw materials are procured, semi-finished and final goods are produced, and products are
distributed to customers [1]. Until 1990, the main objective of manufacturers was minimizing the
unit production costs. This was due to the popularity of mass production systems and economies of
scale approach used for producing large quantities of standardized products. After 1990s, due to the
increase in product variety and the competition between companies, customer focused production
has emerged. Customer demand and needs became the most important factors affecting the business
decisions. In order to ensure customer satisfaction, it is necessary for all members of the supply
chain (suppliers, producers, retailers, etc.) to cooperate with each other considering the fact that a
single supply chain member cannot control the intra-company activities alone without cooperation.
Because of this necessity, the Supply Chain Management, which enables to manage all supply
chain, has emerged [2, 3].

Today, companies focus on responding to their customers in shorter time and thus try to become
superior to their competitors and gain more profit with an effective supply chain management. In
order to achieve these, all members in the chain should be in coordination and act as one unit.
Among the members of the supply chain (suppliers, manufacturers, retailers, etc.), maybe the most
important actor in the supply chain is the supplier, because suppliers are critical sources that provide
direct and indirect materials to manufacturers for the production [4]. Therefore, in order to meet the
changing customer needs, companies prefer to work with the most suitable supplier or suppliers that
meet their needs along with the quality and time tolerances that fit their own strategies. As a result
of this, supplier selection problem is critical in today’s competing market conditions.

The supplier selection is described as determining the best supplier from a set of alternatives within
the acceptable cost range satisfying the company’s requirements. The high number of different
criteria and decision models, and also the difficulty of group decision making under uncertainty,
make the selection process complicated [3].

Options for the supplier are either choosing from the current suppliers or finding a new one by con-
ducting research in the market [5]. In both cases, supplier selection problem is a multi-criteria
decision-making problem, because there are multiple criteria evaluation processes [6].

Another important issue in the supplier selection problem is determining the most appropriate
method. There are various methods in the literature for the supplier selection problem and these
methods embed a multi-criteria decision-making structure in general. Some of these methods
include Analytic Hierarchy Process (AHP) [7, 8], game theory [9], Bayesian Network Model [10],
Quality Function Deployment (QFD) [11], Multi-Criteria Optimization and Compromise Solution
(VIKOR) [12], Best Worst Method [13], Fuzzy AHP and Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) [14], Data Envelopment Analysis [15], AHP - Fuzzy TOPSIS
[16], Fuzzy AHP and Decision Making Trial and Evaluation Laboratory (DEMATEL) [17], Fuzzy
TOPSIS, Fuzzy VIKOR, and Fuzzy Grey Relational Analysis (GRA) [18], Fuzzy AHP-VIKOR
[19], Fuzzy AHP [20, 21], mixed-integer linear programming [22], mixed integer nonlinear
programming based on a mathematical model [23], linear programming [24].

In this study, the most widely used methods, fuzzy AHP and fuzzy TOPSIS, are used in a
sequentially integrated manner. Weights of evaluation criteria are found with fuzzy AHP since this
method is most superior method for calculation of the weight due to the calculation approach. Then
we use fuzzy TOPSIS, one of the most appropriate methods to define the differences of two
alternatives according to their order preference concept, to select the right supplier among a set of
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alternative suppliers. This study is not limited to the multi-criteria decision-making methods for the
supplier selection problem using the defined criteria from literature. Additionally, we make a
comparison of the supplier selection decisions of two different sized companies having the same
supplier pool using the sector related criteria defined by a survey among the experts in this field,
and we show the effect of company based criteria weights in supplier selection.

2. Literature Review

Supplier selection is an important activity of procurement process which has a great impact on the
quality of products and the success of enterprises, and consequently the whole supply chain [5]. The
supplier selection can generally be defined as the determination of the best supplier among a set of
alternative suppliers. There are many qualitative and quantitative criteria for the comparison of
supplier alternatives. These criteria can change according to the sector and the company [20]. So an
important sub-problem of supplier selection problem is defining the criteria for evaluating and
selecting suppliers. Consequently, in this study the literature review can be divided in to two parts.

The first part of our literature review focuses on the definition of evaluation criteria. The precursor
study on identifying the selection criteria was conducted by Dickson [25] in 1966. Dickson
identified 23 supplier selection criteria since then which have been widely adopted and reviewed in
several studies. He reported that the quality has extreme importance; the delivery, performance
history, warranties & claims policy, production facilities and capacity, price, technical capability,
and financial position have considerable importance according to mean rating. Weber and Current
[26] also published a study which analyzed 74 papers on supplier selection criteria during a 25-year
period, 1966-1990. They remarked that price is the most important criterion and then it is followed
by other criteria namely, delivery, quality, production facilities, and capacity, respectively. Choi and
Hartley [27] worked on selection criteria in auto industry companies that had different structures
such as having direct and indirect auto assemblers. Gunasekaran and Patel [28] also developed a
framework based on the literature review, for measuring strategical, tactical and operational level
performance in a supply chain. Wu and Weng [29], studied eight key factors (capabilities for price
response, quality management, technology, delivery, flexibility, management, commercial image,
and finance) for supplier selection that are considered by manufacturers. Chang and Chang [30]
used the DEMATEL method for evaluating the supplier performance and finding key factor criteria.
When we look other studies on the determination of the supplier evaluation criteria, it seems that
they mostly used evaluation criteria given in literature reviews [13, 31, 32]. Therefore, instead of
using the evaluation criteria which are already defined in literature, defining the criteria with respect
to the sector based variables becomes an outstanding topic as we did in this study.

Another important issue in supplier selection problems is the determination of the most appropriate
method for the selection. There are many methods in the literature to solve this multi-criteria
decision making problem. The critical step in deciding on a method is to determine the best method
that fits to the structure of the problem, because the method used in supplier selection affects the
result as much as the evaluation criteria used in this decision-making process. The literature
includes both individual and integrated methods, and the individual approaches are generally more
popular than integrated approaches. Although there are many integrated methods for supplier
selection, AHP is the most common one due to its clarity, ease of handling, and adaptability [33].
The objective of AHP is doing calculations by taking the expert's experience into account, but it
does not reflect the actual human thinking process. Therefore, fuzzy extension of AHP seems to be
preferable over classical AHP [20]. TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution), which is also one of the most used classical multi criteria decision making (MCDM)
method, based on the idea that the most ideal alternative has the minimum distance from the
Positive Ideal Solution (PIS) and the largest from the Negative Ideal Solution (NIS). But for real-
life problems, exact data can be inadequate. For such situations, a classical AHP approach, using
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fuzzy form of TOPSIS could be better. So, the human judgement which has a vague structure could
be integrated in decision making process [3].

In Chen [34]’s study, TOPSIS method was extended with fuzzy logic and he presented the
applicability of this method in a multi-criteria decision-making problem as a new method. He
defined linguistic expressions in terms of triangular fuzzy numbers to use in the evaluation of
criteria and alternatives and to overcome the uncertainty. Chen, Lin [3] used fuzzy TOPSIS method
for supplier selection problem and demonstrated the applicability of the method. Kannan, Jabbour
[35] also used Fuzzy TOPSIS method for green supplier selection problem. They proposed a
framework using Fuzzy TOPSIS to build the criteria of green supply chain management practices.
Kahraman and Cebeci [20] defined the most appropriate supplier according to the determined
criteria using fuzzy AHP method which used extend analysis method. Kilincci and Onal [36] used
extent analysis method on Fuzzy AHP to determine the best supplier firm based on customer
satisfaction criteria. Lima Junior, Osiro [5] compared the fuzzy AHP and fuzzy TOPSIS methods
for supplier selection problem. The comparison was made according to the adequacy for changing
of alternatives or criteria, speediness in the decision process, the computational complexity, the
qualification to support group decision making, the number of alternative suppliers and criteria, and
the performance against uncertainty. The results show that both methods are well suited to deal with
the supplier selection problem. Stevié, Bozi¢kovi¢ [37] used combined classical AHP and fuzzy
AHP methods to rank and select the most suitable supplier among chipboard importers. Ak [46]
finds decision criteria weights via AHP and uses VIKOR and TOPSIS to rank the suppliers.
Chaising and Temdee [38], studied the problem of selecting the best raw material supplier in a SME
(Small and Medium Enterprise) for a multi-period process. The Fuzzy AHP and TOPSIS methods
were used in an integrated way to handle quantitative and qualitative criteria in the selection of the
raw material supplier. Gupta and Barua [39] studied on supplier selection among SMEs in terms of
their green innovation ability by using best worst method and Fuzzy TOPSIS. Ortiz-Barrios and
Kucukaltan [17] used Fuzzy AHP, DEMATEL and TOPSIS methods to determine the most suitable
polyethylene supplier. In the decision-making process, the Fuzzy AHP method was used to deal
with the problem of uncertainty of the evaluations of individuals and the inability to make decisions
with numerical values. This method was integrated with DEMATEL to evaluate the relationship
between factors and sub-factors and to identify potential advanced strategies, and then TOPSIS
method was used to rank the suppliers using the weights calculated with the Fuzzy AHP-
DEMATEL method. Banaeian, Mobli [18], compared the results of Fuzzy TOPSIS, Fuzzy VIKOR,
and Fuzzy GRA methods. The application of these 3 methods was made for the selection of green
suppliers in an agricultural-food sector enterprise and the results showed GRA has better time
performance while the suppliers ranking was similar. To the best of our knowledge, there is no
study which use the fuzzy AHP and fuzzy TOPSIS sequentially to take the advantages of different
perspective of these two methods for construction sector.

3. Methods

MCDM methods are suitable for supplier selections problems thanks to their nature. Although there
are several MCDM method used in this field fuzzy AHP and fuzzy TOPSIS is preferred hieratically
to make use of their differences. While fuzzy AHP is an outstanding method for calculation of
weight, fuzzy TOPSIS is such a method better for ordering. It is also needs to be mentioned that in
state of using the classical form of these methods, using the fuzzy methods give better solution. Due
to all the given reasons, fuzzy AHP and fuzzy TOPSIS methods are used in this paper.

3.1. Fuzzy AHP

Fuzzy AHP extends AHP to imitate human thinking using the fuzzy logic and relies on pairwise
comparison. In the literature, there exists a number of fuzzy AHP methods in the literature given by
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different studies. All these methods depend on fuzzy set theory and have a hierarchical alternative
selection structure.[20].

The first method for fuzzy AHP is developed by van Laarhoven and Pedrycz in 1983 and then
Buckley [41], Boender, de Graan [42], Chang [43], and Cheng [44] developed respectively different
fuzzy AHP methods that had both some advantages and disadvantages [45]. Although all of these
methods are used for solving multi-criteria decision making problems, the most popular one is
Chang [43]’s extend analysis method due to its easy implementation, less time and calculation
requirements [5, 37].

Extent analysis method of fuzzy AHP has 4 steps for application [43]. Let X={X1,X2,...,xn } describe
object set and G={01,92,....2n } a goal set. Chang [43] takes each object and extend analysis is
performed for each goal. So, m extent analysis values for the objects can be obtained as shown
below:

Mi, M2, .., MJ i=12,..,n (1)
All the above Méi (G =1,2,...,m) are triangular numbers.
Step 1: Calculate the fuzzy synthetic extent for the i" object according to equation (2).
S = X Mj, @[S, T M) @

To obtain y™, M, perform the fuzzy addition operation of m extent analysis values for a particular
matrix such that:

My = (BT L, YT m, YT ) ®)
where
— 1 1 1
n m J —
[ i=1 2j=1 Mgi] - ( }1=1ui'2}1=1mi’2}1=1li) @

Step 2: As well as M;=(l;, my, u;) and M,=(l, m,, uy) are two fuzzy numbers, the degree of
possibility of M, > M, is defined as:

sub

V(MZZMl)zyZX

|min (i, G0, s, )] (5)
Equation (5) is the expression of the y > x according to the expansion principle. Therefore, the
equation states that, the relationship of a pair (X, y) such as y > x, in other words shows V(Mz >

M1 that indicates the magnitude relationship between them, that is, M, may be greater than M.

M, and M, are convex fuzzy numbers so:

1, lf m,; = mq
V(My = My) = hgt(My 0 M3) =, (d) 11_0;2 if hzu ©6)
otherwise

(mp—up)— (m1—1)’

Where d is the ordinate of the highest intersection point D between p,,, and p,, (see Fig. 1).
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ulx)

l"..(!: Z .\_11 ) 7

Figure 1. Intersection of M; and M,

Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy
numbers M; (i = 1,2, ..., k) can be defined by:

VIM = Mq,M; ... My) (7)

which means
minV(M > M;),i=12,..,k (8)

Assume that:
d'(A;) = minV(S; = S;) 9)

Fork = 1,2,...,n; k # i. After that the weight vector is defined as:

! ! ! ! T
W' = (d'(4),d'(Ay), ...,d'(A,)) (10)
where A; (i = 1,2, ...,n) are n elements.

Step 4: The normalized weight vector is pointed out by

T
W = (d(4y),d(Ay), ..., d(Ay)) (11)
where W is a non-fuzzy number.
3.2. Fuzzy TOPSIS

Fuzzy TOPSIS, developed by [34], uses linguistic variables in ranking calculations. The fuzzy
positive ideal solution (FPIS) and the fuzzy negative ideal solution (FNIS) are defined by
considering classical TOPSIS [3].

In Fuzzy TOPSIS, d@=(ay, a, as) and b=( by, b, bs) are both triangular fuzzy numbers. The distance
between these numbers is calculated by using the vertex method as in equation (12).

d(ab) = J§2?=1(ai —b)? (12)

In Fuzzy TOPSIS method, there are several linguistic variables used in raking process, as depicted
in Table 1 and Table 2, respectively.
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Assume that for a decision group having K persons, the importance of the criteria and the rating of
alternatives calculated by using equation (13) and (14), respectively.

Wy = [WHOT T (+) .. wF] (13)
Fij= [F (X LT ) .2 ] (14)

Table 1. Linguistic variables for the importance weight of each criterion [34]

Very low (VL) (0,0,0.2)
Low (L) (0,0.1,0.3)
Medium low (ML) (0.1,0.3,0.5)
Medium (M) (0.3,0.5,0.7)
Medium high (MH) (0.5,0.7,0.9)
High (H) (0.7,0.9, 1.0)
Very high (VH) (0.9,1.0,1,0)

According to the responses from the decision makers, matrices are defined as follows:

X11 X1 o Xqp

p=|"2 Tt o (15)
im1 JzmZ fmn

W= [Wy Wy e e W] (16)

Table 2. Linguistic variables for the ratings [34]

Very poor (VP) 0,0,1)
Poor (P) 0,1,3)
Medium poor (MP) 1,3,5)
Fair (F) (3,5, 7)
Medium good (MG) (5,7,9)
Good (G) (7,9, 10)
Very good (VG) (9, 10, 10)

Where D is fuzzy decision matrix and W is fuzzy weight matrix. In matrices D and W, %;; (V;;) and
w; j=(1,2,...,n) are linguistic variables These linguistic variables are described as triangular fuzzy
numbers, il] = (al-j, bijl Cl'j) and W] = (le,sz,Wj3).

Chen [34] uses linear scaling to transform the various criterion scales to a comparable scale to avoid

complex normalization formulas used in classical TOPSIS. The normalized fuzzy decision matrix,
denoted by R , is constructed as follows:

R=[ry] (17)

The normalized fuzzy decision matrix B and C contain benefit and cost criteria, respectively and
formed using equations (18) and (19).
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~ aij bi' Cij .
7, = (CJJCJJC_J) j €B (18)
A
T = (Cij'bij’aij>' J et (19)
where
¢; =maxcy; if j €B (20)
a; =minaif j€C (21)

Then the weighted normalized fuzzy decision matrix is found as follows:

V= [v;] i=12,..,m;j=12,..,n (22)

mxn

In equation (22), ¥;; is calculated as shown by equation (23).

vy = ;)W (23)
The FPIS (A") and the FNIS (A™) are defined according to equations (24) and (25), respectively.
A =TT, ., T (24)

A™ =B, P5, ., Uy (25)

where 7 = (1,1,1) and ¥ = (0,0,0), j=(1,2,...,n).
The distance between the alternatives A* and A~ is given by:

d: = 7=1d(171]l17;;l = 1:21 -ym (26)
dl_ = ;l=1d(17iji 17]_, i=12,..,m (27)

In order for the alternatives to be sorted, the closeness coefficients are calculated using equation
(28).

CC,=-3_i=12,...,m (28)

4. Results of Supplier Selection Problem using Fuzzy AHP and Fuzzy TOPSIS

High project budgets and long project completion times are very common in the construction
projects. Before the start of a project, the answers of the most questions are already known, such as
“when the project will be completed”, “who will be involved in the project, “with which suppliers it
is going to be worked with”, and “when the raw materials will be procured”. In this sector, the
identification of suppliers for procurement has more importance than other sectors, because after the
start of the project, change of suppliers or delays caused by the suppliers can lead to serious costs as
well as delay of the project completion time.

Applying the steps given by equations (2-11), the results given in Table 4 is obtained.

42



Karabayir, A.N. and Botsali, A.R. ECJSE 2022 (1) 35-48

Table 3. Pairwise Fuzzy Numbers of flexibility for Company A

After-sales Warranty Response to Fulfilling the
support changes urgent
After-sales support  1,1,1 15,2,25 04,05,0.67 0.22,0.25,0.29
Warranty 04,05,067 1,1,1 0.29,0.33,04 0.29,0.33,04
Response to changes 1.5, 2,2.5 253,35 1,11 0.22, 0.25, 0.29
Fulfilling the urgent  3.5,4,4.5 25,3,35 35,4,45 1,1,1

Table 4. Weights of criteria

Main Criteria  Weight A Weight B Sub-Criteria Weight A Weight B
After-sales support - -
Flexibility 00725 00176  'varanty - i

Response to changes - -
Fulfilling the urgent requirements  0,1429 0,0955
Finding solutions to quality

0,0081 -
problems
Quality 0,0366 - Technical competence - -
Certificate of quality - 0,0070
Product quality 0,1429 0,0955
Terms of payment 0,1429 0,0955
Availability at the market price 0,0067 0,0339
Price 0,2676 0,2642 Transportation cost - -
Discount commitment 0,0195

Compliance with contract terms 0,0690 0,0891

Ease of communication - 0,0955
Relationship 0,0653 0,1585  Communication openness 0,1429 0,0097
Potential for collaboration 0,0293 -
Performance history - -
Profile 0,1014 0,2521  Sustainability performance 0,0293  0,0500
Production facility and capacity 0,1429 0,0955
The right product delivery 0,1429 0,0955
. Conformity of delivery quantity - 0,0495
Delivery 0,2676 0,1292 On-time Delivery - 0,0495
Delivery time - 0,0233
Vendor - supplier o 1590 1784 Financial stability 0,429  0,0955

relationships

In this study we worked with two companies that are called as Company A and Company B, both of
them from construction sector and located in mid-Anatolia, Turkey. Company A was founded in
1978 and it works on projects such as construction of industrial buildings, shopping centers, and
living areas. The company has a large scale project in mid-Anatolia and nowadays they start a new
project in Istanbul in partnership with a large scale company. Company B was founded in 2010 and
started the service with a shopping center project. After this project, the company built some living
areas but all project are in mid-Anatolia. So we can say the company B has a smaller business scope
than Company A. Besides this, two company work with same suppliers. So in this part we identify
the best supplier for different scale companies.

Firstly, we defined which supplier group we will evaluate. According the construction purchasing

experts, the sector has 3 fundamental different purchasing area which are construction, mechanical,

and electrical. In this study, we deal with only ready-mixed concrete suppliers which are in
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construction materials area. After this step, the evaluation criteria are determined from the literature
along with expert opinions. 7 main criteria and 24 sub-criteria are determined for construction. The
determined criteria’s weights are calculated with extent analysis method on fuzzy AHP,
systematically as shown below. Table 3 shows that the pairwise comparison of flexibility criteria
for Company A and the reference calculation is made according to this pairwise comparison. All the
calculations for Companies A and B are done according the fuzzy numbers that are achieved by
pairwise comparison of experts’ opinions.

Table 5. Weighted Normalized Decision Matrix for Company A
S1 S2 S3
0,7778 11,0000 0,5556 0,7778 1,0000 0,5556 0,7778 1,0000 0,7778

Fulfilling the urgent
requirements

Finding solutions to
quality problems

Product quality 0,9000 1,0000 0,5000 0,7000 0,9000 0,3000 0,5000 0,7000 0,9000
Terms of payment - 0,1000 0,7000 0,9000 1,0000 - 0,1000 0,3000 -

Availability at the
market price

0,0441 0,0567 0,0315 0,0441 0,0567 0,0189 0,0315 0,0441 0,0441

- 0,0052 0,0260 0,0364 0,0468 0,0260 0,0364 0,0468 -

Compliance with
contract terms

Financial stability 0,9000 1,0000 0,5000 0,7000 0,9000 0,3000 0,5000 0,7000 0,9000

0,4347 0,4830 10,2415 0,3381 0,4347 0,2415 10,3381 0,4347 0,4347

Ease of
communication

Communication

0,9000 1,0000 0,7000 0,9000 1,0000 0,5000 0,7000 0,9000 0,9000
openness

Potential for

. 0,1594 0,2049 0,1138 10,1594 0,2049 0,1138 0,1594 0,2049 0,1594
collaboration

Performance history - - - - - - - ; ;

Sustainability

performance 0,1594 0,2049 10,0683 0,1138 0,1594 0,1138 0,1594 0,2049 0,1594

Production facility

: 0,7000 10,9000 0,3000 0,5000 0,7000 0,7000 0,9000 1,0000 0,7000
and capacity

The right product

: 0,9000 1,0000 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000 0,9000
delivery

After the calculation of criteria weights, alternatives are evaluated using with fuzzy TOPSIS
method. The calculations are made using MS Excel according to the given equations related with
Fuzzy TOPSIS. Since the weights are calculated using the Fuzzy AHP, weighted normalized fuzzy
decision matrix is the first calculation step of fuzzy TOPSIS using the equations from 17 to 23. The
weighted normalized fuzzy decision matrix results for each company is given in Table 5 and Table
6 separately using the evaluation values.

The FPIS (A") and the FNIS (A™) are defined according to equations (24) and (25), respectively.
Here for A" and A" are #'7=(1,1,1) and #";7=(0,0,0).
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To find the best alternative the distance between the each alternatives from the positive and
negative ideal solutions A" and A’ is calculated by using equations (26) and (27) considering vertex
distance respectively and results are given in the Tables 7 for both Company A and B.

Table 6. Weighted Normalized Decision Matrix for Company B

Sl S2 S3

Fulfilling the urgent

. 0,5000 0,7000 0,9000 0,9000 1,0000 1,0000 0,7000 0,9000 1,0000
requirements

Certificate of quality 0,0512 0,0658 0,0731 0,0512 0,0658 0,0731 0,0512 0,0658 0,0731
Product quality 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000
Terms of payment 0,5000 0,7000 0,9000 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000
Q\i/sellabllltyatthe market 0,2482 10,3191 0,3545 0,2482 0,3191 0,3545 0,2482 0,3191 0,3545
Transportation cost - - - - - - - - -

Discount commitment 0,0877 0,1461 0,2046 0,0877 0,1461 0,2046 0,0877 0,1461 0,2046
t(é?rr:]wspllance with contract 0,6532 0,8398 0,9331 0,6532 0,8398 0,9331 0,6532 0,8398 0,9331
Financial stability 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000
Ease of communication 0,0714 10,0917 0,1019 0,0714 0,0917 0,1019 0,0714 0,0917 0,1019
Performance history 0,3664 0,4711 0,5234 10,3664 0,4711 055234 0,3664 0,4711 0,5234

Sustainability performance 0,7000 0,9000 1,0000 0,9000 1,0000 1,0000 0,7000 0,9000 1,0000
Production facility and
capacity

The right product delivery  0,3630 0,4668 0,5186 0,3630 0,4668 05186 0,3630 0,4668 0,5186
Conformity of delivery

0,7000 0,9000 1,0000 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000

0,3630 0,4668 0,5186 0,3630 0,4668 0,5186 0,3630 0,4668 0,5186

quantity
On-time Delivery 0,1708 0,2195 0,2439 10,1708 0,2195 0,2439 0,1708 0,2195 0,2439
Delivery time 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000 0,7000 0,9000 1,0000

Table 7. d and d* Values
d; di
S1 S2 S3 S1 S2 S3
Company A 5,8760 6,1022 5,2481 18,5482 18,3584 19,2029
Company B 8,8302 9,3282 9,1438 15,6657 15,0980 15,3477

Finally, using equation (28) with the information given Table 7, the ranking of Company A’s
suppliers are S2 (0.2495), S1 (0.2495) and S3 (0.2146), while supplier of Company B is sorted as
S2 (0.3819), S3 (0.3733) and S1 (0.3605). These results imply that both companies have the same
best supplier yet order of suppliers change for the second and third best suppliers depending on the
company.

5. Discussion and Conclusions

Supplier selection is one of the important problems for the supply chain management in the
construction sector. For construction companies, the studies directly concentrating on supplier
selection with use of multi-criteria decision-making techniques are limited in number. In addition,
because of the structure of sector, purchase of materials for construction, mechanical, and electrical
areas can be different from each other. There are no specific study for the selection of construction
materials providers. Therefore, by this study, an integrated multi-criteria decision-making method is
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applied to select the most appropriate supplier in the construction area based on Fuzzy AHP and
Fuzzy TOPSIS methods. This integration is useful for evaluation and selection process, because
AHP works based on weighted criteria and TOPSIS is better for ranking. Also for the expression of
assessment difficulty in numerical terms due to human vagueness, fuzzy logic is involved in
selection process.

According to our study, the results show that the most preferred supplier is same for both
companies although the companies have different sizes. However, in this sector it is not possible to
work only with one supplier so alternative suppliers should be considered, too. At this point, our
results show that the second and the third preferred suppliers may differ depending to the size of
companies. Another important outcome of the study is the differences in evaluation criteria weights.
As the most important criterion, price, and vendor - supplier relationships have the same ranking,
however the criteria for quality, profile, and delivery have different weights for companies A and B.
After-sales support, warranty, response to changes, technical competence, and performance history
criteria weights are zero for two companies because of the structure of construction purchasing. On
the other hand, these criteria weights for mechanical and electrical area purchases could be different
than zero. Therefore, we conclude that in construction sector, the criteria weights may be different
according to purchase category. According to the results, the fulfililment of urgent requirements, the
product quality, terms of payment, the production facility and the capacity, the right product
delivery and the financial stability have different weight scores for both companies A and B but
have the largest weights. In addition, some other criteria like ease of communication, on-time
delivery have different scores and different ranks. Therefore, we conclude that although the most
important criteria are same for different companies regardless of company size, the less important
criteria may have different rankings for different companies.

Furthermore, future studies may focus on the other purchase categories (electrical and mechanical)
of construction sector and show the difference. In addition, other multi-criteria decision-making
methods can be performed on this problem and the results can be compared with our findings. Also,
use of evaluation criteria related to environmental protection for green supply chain management
can be considered for construction companies in supplier selection problem.

Yazarlarin Katkilar

ANK makaledeki analiz ve deney calismalarint ARB damismanliginda yiiriitti. ANKve ARB
makale yazimin yapti. Her iki yazar da makalenin son halini okudu ve onayladi.
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Yazarlar, ¢ikar catigsmast olmadigini beyan eder.
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