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Abstract: The purpose of this article is to propose a fuzzy multi-attribute perfor-
mance measurement (MAPM) framework using the merits of both a novel Weighted
Aggregated Sum-Product Assessment method with Fuzzy values (WASPAS-F) and
Analytical Hierarchy Process (AHP). The object of this study is to select the best
shopping centre construction site in Vilnius. A number of conflicting qualitative and
quantitative attributes exist for evaluating alternative construction sites. Qualitative
attributes are accompanied by ambiguities and vagueness. This makes fuzzy logic a
more natural approach to this kind of multi-attribute decision making (MADM) prob-
lems. Fuzzy AHP is applied for assigning weights of the attributes and WASPAS-F
method is used to determine the most suitable alternative.

Keywords: AHP, WASPAS-F, Fuzzy AHP, multi-attribute decision making
(MADM), key performance attributes, construction site, shopping centre.

1 Introduction

The increasing competition cause a lot of construction site selection problems. Making de-
cisions is a complex process that involves multiple, usually conflicting, objectives or attributes.
They are ill-structured. Multi-criteria decision aid (MCDA, the European School) or multi-
attribute decision making (MADM, the American School) constitutes an advanced field of op-
erations research which is devoted to the development and implementation of decision support
methodologies to confront complex decision problems. The problem of how decisions are or ought
to be taken by individuals, organisations and institutions was previously discussed by Aristo-
tle [1]. Later, in the 18th century Bernoulli [2] concentrated research on probability theory,
Borda [3] on social choice procedures. The foundations of MCDA can be traced back in the
works of von Neumann and Morgenstern 4] and Fishburn [5] on utility theory. Multi-attribute
utility theory (MAUT) is an extension of the classical utility theory. The theory underlying
multi-attribute performance measurement models was developed in the 1960s, as summarised in
Keeney and Raiffa [6] and Zeleny [7].

Most of these methods have been developed based on the concepts of accurate measurements
and crisp evaluation. The performance measurement parameters cannot be given precisely. The
imprecision comes from different sources: unquantifiable information, incomplete information,
no obtainable information, and partial ignorance. The real-world problems in performance mea-
surement involve numerous aspects of uncertainty, contain a mixture of fuzzy and crisp data
and may have a large number of alternatives and dozens of attributes. The solution is highly
dependent on the preferences of the decision maker. It is common that people may not be 100%
sure when making subjective judgments. If all or some of the alternatives are imprecise, then
fuzzy MADM methods are required. Zimmermann’s description of uncertainty is as follows:
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Uncertainty implies that in a certain situation a person does not possess the information which
quantitatively and qualitatively is appropriate to describe, prescribe or predict deterministically
and numerically a system, its behaviour or other characteristics [8]. Fuzzy set theory is devel-
oped for solving problems, taking into account uncertainty, imprecision, vagueness. A pioneering
and outstanding works on fuzzy sets are done by Zadeh [9] - [12]. The papers introduced a new
perspective on the treatment of uncertainty, ambiguity, linguistic variables, and a fundamental
aspect of formal languages: fuzzy set theory. Fuzzy measures can be introduced for two different
uses: either they can represent a concept imprecisely known (although well defined) or a con-
cept which is vaguely perceived such as in the case of a linguistic variable. The basic concepts
and algorithms from classical MADM methods have been used in the development of the fuzzy
MADM methods.

Fuzzy direct aggregation procedures of MADM methods generally consist of two stages:

1. The aggregation of the performance scores with respect to all attributes (goals) and per
decision alternative, and

2. The rank ordering of the aggregated judgments of decision alternatives determine the op-
timal alternative.

Construction site selection is an important task. Proper construction site selection can im-
prove project’s success. Construction site selection for shopping centre requires a good visibility
and accessibility, proper access to suppliers, customers, suitable transportation network and suf-
ficient customer traffic and socio-economic population characteristics. The evaluation data of
location performance of the construction site for various subjective attributes, and the weights
of the attributes are usually expressed in linguistic terms. This makes fuzzy logic a more natu-
ral approach to this kind of problems. There is a limited number of papers evaluating suitable
locations. Usually GIS in combination with decision making methods is applied for selecting the
best site for ecologically and economically important objects such as renewable energy systems,
including solar or wind farms [13] - [15]. Prioritizing the best sites for waste management is sug-
gested by applying fuzzy TOPSIS [16] or VIKOR [17] methods. AHP is applied for warehouse [18]
or solar farm [19] construction site selection. Also fuzzy MCDM frameworks for locating plants
are suggested [20], [21]. Application of interval type-2 fuzzy sets for watershed site selection is
presented [22|. Hybrid approach of fuzzy analytic network process (ANP), fuzzy DEMATEL and
fuzzy ELECTRE for site selection is suggested [23].

The purpose of this article is to propose a novel fuzzy multi-attribute performance measure-
ment framework using the merits of both a novel Weighted Aggregated Sum-Product Assessment
method with Fuzzy values (WASPAS-F) and fuzzy Analytical Hierarchy Process (AHP).

2 Methodology

The high value of a problem-solving process is that it helps to align human’s thinking and
action around a common approach for winning team problem solving to the following nine steps:

1. Selecting the problem;

2. Exploring the problem and gathering data;
3. Establishing success attributes;

4. Developing a clear problem statement;

5. Generating alternatives;
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6. Evaluating alternatives;

7. Selecting a preferred solution;

8. Developing a plan for action;

9. Testing and modifying the solution.

There is no evidence in the literature of publications evaluating the shopping centre construc-
tion sites were applied in Lithuania. This is the most powerful motivation to consider the site
selection problem. Flowchart of proposed problem solving process is shown in Fig. 1. The first
part of methodology, i.e. the fuzzy AHP was used to calculate attributes weights. In the second
part, the WASPAS-F method was developed and used to rank and select the alternatives. First

Model for selection Determining attributes weights |-f———
of shopping centre
construction site |

v

Create a decision
maling board \ R

v Determining attributes values |
Delphi technique v
Determining attributes
and alternatives

\

Modify

SWOT analysis
of alternatives .
v Application of WASPAS-F method
Attributes that an ideal T
location must meet Analysis of results l————————
Identification of No
problems and errors Solution results are correct? | Modify
v Yes
Creation of — -
the AHP model — Decision making ‘

Figure 1: Flowchart of the proposed problem solving process

of all expert group was formed. The creditability of a group of experts depends on the expertise
of the people who are involved and how they can give full play to their professional expertise and
make wise and fair decisions. The group of experts was formed based on three main problem
solving skills:

1. Communications patience (techniques that help members share information and perspec-
tives by working hard to understand one another and working hard to be understood,
members with controversial or divergent views are not ignored or blocked);

2. Synergy creation (techniques that equip members to expand their thinking by generating
many ideas, building on those ideas, and evaluating ideas to create synergistic solutions);

3. Disciplined use of a problem solving process (members become disciplined in using a sys-
tematic process for analysing data, creating options, and evaluating and selecting preferred
solutions).
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In the absence of good data, members waste time in pointless debates over opinions, and the
problem with opinions is that we all have different ones. The members were asked to generate
as many ideas or options as they can without censorship or judgment. Ideas were evaluated
considering all factors consequences and sequels of all the probable consequences of a particular
scenario in the short term, the medium term, and the longer term. The members were asked to
identify important criteria for assessing the feasibility of several ideas.

2.1 Preliminairies

A fuzzy set is a class of objects with a continuum of membership grades. Such set is charac-
terized by a membership function which assigns to each object a grade of membership ranging
between zero and one [9]. A fuzzy set A defined in space X is a set of pairs:

A =A{(z, pa(z)),z € X}, (1)

where the fuzzy set A is characterized by its membership function g4 : X — [0;1], which
associates with each element z € X, a real number pa(x) € [0;1]. The value pa(z) at =
represents the grade of membership of x in A and is interpreted as the membership degree to
which z belongs to A . So the closer the value p4(z) is to 1, the more x belongs to A.

A crisp or ordinary subset A of X can also be viewed as a fuzzy set in X with membership
function as its characteristic function, i.e.

1 x€A;

Hale) = { 0 z¢A. @)

The set X is called a universe of discourse and can be written C X. Sometimes a fuzzy set
A in X is denoted by list the ordered pairs (z, pa(x)), where the elements with zero degree are
usually not listed. Thus a fuzzy set A in X can be represented as A = {(x, pa(x))}, where x € X
and paq @ X — [0;1].

When the universe of discourse is discrete and finite with cardinality n, that is X = {z1,z2,..., 2y},
the fuzzy set A can be represented as

+...+ ,

A i HAJEji) _ MAx(iUl) N uAJE;L’z) HAJE:n) 3)
=1

when the universe of discourse X is an interval of real numbers, the fuzzy set A can be expressed

“ [ opalw)
A_/X . (4)

xr

A fuzzy number A is defined to be a fuzzy triangular number, with « - lower, 8 - modal, and
~ -upper values, if its membership function g4 : X — [0; 1] is fully described as follows:

r—«

pale) = T8t e (i), O SO )
0 otherwise.

In order to obtain a crisp output, a defuzzification process is needed to be applied. De-
fuzzification is the process of producing a quantifiable result in fuzzy logic, given fuzzy sets and
corresponding membership degrees. The output of the defuzzification process is a single num-
ber. Various types of membership functions are used. The most commonly used membership
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functions are the following [24]: triangular, trapezoid, linear, sigmoidal, m-type, and Gaussian.
A fuzzy number is generally a subjective data given by one expert or several (after collective

agreement). The most typical fuzzy set membership function is triangular membership function
(Fig. 2).

) 02 03 04 0% 06 0T DR 09 10 Ao
i i 4 +

Figure 2: Triangular membership function

Van Laarhoven and Pedrycz 25| introduced the basic operations of fuzzy triangular numbers
Z1 and Zy (Table 1). In the Table 1 « is a lower value of fuzzy number, - modal value of fuzzy
number, v -upper value of fuzzy number.

Values of weight 0 < w; < 1,2?:1 wj = 1 are usually determined by experts. There
are various approaches for assessing weights. Decision makers data which cannot be exactly
described by means of numerical values, commonly describe the different ways they measure
things numerically in terms of scales of measurement, which come in four flavours: nominal,
ordinal, interval, or ratio scales. Likert items were first introduced in 1932 [26]. Likert scales
can indeed be analysed effectively as interval or fuzzy scales [27] in which categories are labelled
with numerical values.

2.2 Fuzzy AHP

The earliest work in fuzzy AHP appeared in van Laarhoven and Pedrycz (25|, which com-
pared fuzzy ratios described by triangular membership functions. Chang [28| introduced a new
approach for handling fuzzy AHP, with the use of triangular fuzzy numbers for pairwise compar-
ison scale of fuzzy AHP, and the use of the extent analysis method for the synthetic extent values
of the pairwise comparisons. This study concentrates on a fuzzy AHP approach introduced by
Chang [28], in which triangular fuzzy numbers are preferred for pairwise comparison scale. This
questionnaire sought the satisfaction level of the experts concerning the candidate alternatives
using a Likert-type five-point scale. The linguistic variables matching TFNs are provided in
Fig.3.

Fuzzy group weight is determined as follows:

After obtaining the attributes weights from AHP the synthesising of ratio judgements is done.
W = [y, W,] = [1;] fuzzy group weights for n attributes are determined as follows (i, is fuzzy
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Table 1: Basic operations on fuzzy triangular numbers

Equation Operation
i‘ = x ) ‘/'L. ) ‘/'L. ) .
. (@10, 219, 215) (6) fuzzy triangular numbers
T2 = ($2a7$257932»y)
Tia + T2as
T1 DTy = T18 + T2, (7) addition
xl’y + x2’y
Tia — T2+,
T168%2=| x5 — T2, (8) substraction
Tly — T2a
T1al2a,
T1Q@Ty=| x18%28, 9) multiplicaction
L1~y T2y
k’l‘la,
k@ =| kxig, (10) multiplicaction by constant
k$17
Tia/T2y,
Ty =T = | x18/w28, (11) division
mlv/x2o¢
1/£C1’y,
it = 121, (12) reverse number
1/$1a
Tia
it = xf;‘f , (13) raising a fuzzy triangular number of the power of an-
a2e other fuzzy triangular number, if 1, < 215 < 214 < 1
K and oo < T2 < Toy < 1 is special for this case study

triangular number):
Tj = (Tja, Tjg: Tjy), (14)

where y;, is j attribute weight determined by k expert, p is number of experts, w;, = mk@n YiksJ =

P 1/p
1,n,k = 1,p is minimum possible value, w;z = (H yjk> ,J = 1,n is the most possible value
k=1
and wj, = m’?X Yik,J = 1,n,k = 1,p is maximum possible value of j attribute weight.
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Linguistic ~Triangular ~ Fuzzy

Scale Fuzzy Numbers
0 05 1.0 » /1~ Scale
; (a.5.79)
| Just Equal i P
Equally (1,1,3) i
Moderately (1.3, 5) 3
Strongly 07 5
Very -
Strongly Bl !
Extremely  (7.9,9) 9

Figure 3: Linguistic variables for the importance weight of each attribute.

2.3 A novel fuzzy multi-attribute performance measurement model:
Weighted Aggregated Sum-Product Assessment method with Fuzzy val-
ues (WASPAS-F)

This subsection extends WASPAS to the fuzzy environment. The merit of using a fuzzy
approach is to assign the relative importance of attributes using fuzzy numbers instead of precise
numbers. MADM method, namely WASPAS, was introduced in 2012 by Zavadskas et al. [29].
Later, modification of the method WASPAS-IFIV was introduced [30]. There are a number of
applications of WASPAS method, including site selection for wind turbine [31], deciding shopping
mall locating [32] or assessing sites for implementation of solar projects [33|. Also the method was
successfully applied for evaluating alternative technological or design solutions in construction
[34] - [37], manufacturing [38], business issues [39] or even for performance analysis and ranking
of scholarly journals [40].

The WASPAS method consists of two aggregated parts:

1. The Weighted Sum Model (WSM);
2. The Weighted Product Model (WPM).

The WSM method is simple, easy to use and understood. It determines overall score of an
alternative as a weighted sum of the attribute values. It is the best known and most widely used
method [41]. The WPM is developed in order to avoid alternatives with poor attribute values. It
determines score of each alternative as a product of the scale rating of each attribute to a power
equal to the importance weight of the attribute [42].

Based on the briefly summarized fuzzy theory above, WASPAS-F steps can be outlined as
follows:

Step 1. Forming of fuzzy decision-making matrix (FDMM). The performance values Z;; and
the attributes weights w; are entries of a DMM. Choose the linguistic ratings.

The system of attributes as well as the values and initial weights of attributes are determined
by experts. The discrete optimization problem is represented by the preferences for m reasonable
alternatives (rows) rated on n attributes (columns):



880 Z. Turskis, E.K. Zavadskas, J. Antucheviciene, N. Kosareva

i’ll 5)1]‘ ... T1n
X =|Zn Tij . Tip | i=1,m,j =1,n, (15)
Fml e Tmj oer Tmm

where Z;; — fuzzy value representing the performance value of the 7 alternative in terms of the j
attribute. A tilde ~ is placed above a symbol if the symbol represents a fuzzy set.

Then the determination of the priorities of alternatives is carried out in several steps.
Step 2. The initial values of all the attributes Z;; are normalised — defining values Z;; of

normalised decision-making matrix X = [Zi5)mxn-

Tij . _.
J if max Z;; is preferable,
N max i 1
Tij = mllni 1=1,m,j5=1,n. (16)
11 55
L if min ;; is preferable;
l‘ij [

Step 3a. Calculate the weighted normalised fuzzy decision matrix Xq for WSM:

11 jlj T1n
Xq = | i1 Tij Zin ajij = i‘lJQI}J,Z = l,m,j =1,n. (17)
_xml . :ij . xmn_

Step 3b. Calculate the weighted normalised fuzzy decision matrix Xp for WPM:

K
Kin

11 15 1n
X, = |7 7 Tin | 15y =5 i=T,m,j=1 18
p = il ij mn ,ﬂS'U—IEZ-j,’L— ,m,) = L,n. ( )
_fi'ml Tmj e i’mn_

Step 4. Calculate values of the optimality function:
a) according to the WSM for each alternative:

j=1
b) according to the WPM for each alternative:
(20)

o
Il
—
§\\z
Ly
\'&
Il
—
3
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The result of fuzzy performance measurement for each alternative are fuzzy numbers Q; and P;.
The centre-of-area is the most practical and simple to apply for defuzzification:

Qi = 5(Qia + Qis + Q). (21)

1
P = 5(Pia+ Pig + Pr). (22)

Step 5. The integrated utility function value of the WASPAS-F method for an alternative could
be determined as follows:

Ki=AY Qi+(1-XN)> PA=0,..,1,0<K; <L (23)
j=1 j=1

A is determined based on the assumption that total of all alternatives WSM scores must be equal
to the total of WPM scores:

A==t (24)

Step 6. Rank preference order. Choose an alternative with maximal K; value.

3 Construction site for shopping centre site selection in Vilnius

In this case study, an investor company conducted a feasibility study to establish strategies to
locate an appropriate shopping centre in strategic demand areas of Vilnius. The identification of
feasible sites and the selection of the one will optimize the company’s performance strategically.
The problem was solved according to the presented above methodology. The MAPM model has
been designed by considering the interests and objectives of all stakeholders, customers, local
community, employees and suppliers. First of all, expert’s team determined the potential critical
errors of construction site location selection (Fig. 4). Then, based on expert team questionnaire
they determined the main problems of construction site selection (Fig. 5).

Lack of thorough

rescarch and consideranon

Use of
inappropriate variables
for the model

¢ Inadequate assessment
of the competition

Critical errors
of construction g
site selection

Selection of
a new location based on
short-term criteria_

inadequate experts in
the modelling process

Not identifying
properly the customer
profile

Figure 4: Critical errors of construction site selection.
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Differences in nisk
perception by the people
involved in
decision-making process

Possible delays
and problems in
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and licenses

Problems of
construction o
site selection 5=

The alternatives

are oo distant
from the place of
orgin (clients)

Numerous potential
alternative sites for
the same issue

Figure 5: Problems of construction site selection.

An interview to evaluate the most suitable location alternatives was conducted with seven
experts, including stakeholders, business development managers, real estate consultants and aca-
demicians. The next step was collection of the information associated to all of the alternative
construction sites identified and a description of the most important attributes. The Strengths,
Weaknesses, Opportunities, and Threats analysis was performed. Finally, four location alterna-
tives, which are denoted as A1, Ao, A3 and A4 are selected as feasible alternatives. Ap alternative
is at the intersection of important roads between the airport and the railway station and the
central bus station. As is one of the developing dwelling districts. As is the most populated
residential district. A4 is one of the nearby the centre point of the Vilnius.

Later, the attributes were compared each other using AHP. A Likert-type ten-point scale
(Fig. 3) was used.

In the next step the questionnaire was about experts’ satisfaction level toward construction
site selection. This questionnaire adopts a Likert-type ten-point scale (Fig. 6). It has ten
different levels - from "very bad" (P;) to "excellent" (Pyo) - on a fuzzy ten-level scale. For
example, expert might think the satisfaction the linguistic score of "fair" (]55), that score would
or correspond to a TFN of (0.4,0.5,0.6) respectively. The pairwise comparison matrix set by
TFNs that matches linguistic statements of data is shown in Table 2. Each of experts determined
attributes weights. Integrated results of established weights are shown in Table 3. The priority
weight vector describes the importance degree of the attributes in decision matrix. After getting
the importance degree of attributes, WASPAS-F method was employed to evaluate alternative
locations. In this phase of the study, WASPAS-F starts establishing fuzzy evaluations of the
alternative locations (Aj, Ao, A3 and A4) with respect to the attributes by using TFNs. This is
an initial decision making matrix for ranking alternatives and indicates the performance ratings
of the alternatives according to the attributes. The alternatives according to linguistic scales and
their corresponding fuzzy numbers {(1, 1, 1) — very poor, (2, 3,4) — poor, (4,5,6) — fair, (6,7,8) —
good, (8,9,10) — very good} are compared by experts. Table 4 shows comparison of alternatives
according to attributes. The normalised decision matrix is obtained by using Eq. (16) (Table 5).
The weighted normalised fuzzy decision matrix for WSM is obtained by using Eq. (17) (Table
6) and one for WPM is obtained by using Eq. (18) (Table 7). Values of the optimality function
values for WSM and WPM are calculated by using Eq. (19) and Eq. (20) respectively. The
integrated utility function value of the WASPAS-F method for an alternative was determined by
using Eq. (24), as presented in Table 8.

As can be seen from Table 8, A3 is the best alternative in the WSM, WPM and WASPAS
method. A4 alternative is the worst among considered alternatives. Decision maker should
choose and implement the Ag alternative.
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Table 2: Pairwise comparisons of site selection attributes for shopping centre via TFEN (The first
Expert).

Table 4: The initial fuzzy decision making matrix for construction site selection

w

Ay As As Ay max
o B Y a | B |y o | B |7y |a |B |y |a |B |~
z1 [ 021 {02803 |05|06|07)|06]|07]08)|06)|07]08]06]|07]|038 0.8
z2 | 0.16 | 0.20 | 0.23 | 06 | 0.7 | 08 | 0.6 | 0.7 | 0.8 | 0.8 | 09 | 1.0 | 0.5 | 0.6 | 0.7 1
z3 | 0.14 | 0.16 | 0.17 | 0.8 | 09 | 1.0 | 0.5 ] 0.6 | 0.7 | 0.6 | 0.7 | 0.8 | 0.6 | 0.7 | 0.8 1
x4 | 0.09 | 0.12 | 017 | 05| 06 | 0.7 | 0.6 | 0.7 | 0.8 | 0.5 | 0.6 | 0.7 | 0.4 | 0.5 | 0.6 0.8
zs | 0.07 | 0.08 | 0.12 | 08 |09 |10 |07 ]08|09]06)|07|08]05]|06]0.7 1
ze | 0.05 | 0.06 | 0.09 | 0.5 | 06 | 0.7 | 08 ] 09 | 10|06 |07 |08]08)| 09|10 1
z7 | 0.03 | 0.05 | 0.07 | 0.4 | 05|06 | 05|06 |07]08]09]|10]07)|08]09 1
zg | 0.01 | 0.03 | 0.06 | 0.5 | 06 | 0.7 | 04| 05|06 |04|05]|06]05]|06]0.7 0.7
Table 5: The normalised fuzzy decision making matrix
w Aq Ao Az Ayg
o B vy a B Y o B vy a B Y o B vy

5 0.21 0.28 0.35 0.63 0.75 0.88 0.75 0.88 1.00 0.75 0.88 1.00 0.75 0.88 1.00

) 0.16 0.20 0.23 0.60 0.70 0.80 0.60 0.70 0.80 0.80 0.90 1.00 0.50 0.60 0.70

z3 0.14 0.16 0.17 0.80 0.90 1.00 0.50 0.60 0.70 0.60 0.70 0.80 0.60 0.70 0.80

T4 0.09 0.12 0.17 0.63 0.75 0.88 0.75 0.88 1.00 0.63 0.75 0.88 0.50 0.63 0.75

x5 0.07 0.08 0.12 0.80 0.90 1.00 0.70 0.80 0.90 0.60 0.70 0.80 0.50 0.60 0.70

T 0.05 0.06 0.09 0.50 0.60 0.70 0.80 0.90 1.00 0.60 0.70 0.80 0.80 0.90 1.00

Ty 0.03 0.05 0.07 0.40 0.50 0.60 0.50 0.60 0.70 0.80 0.90 1.00 0.70 0.80 0.90

Tg 0.01 0.03 0.06 0.71 0.86 1.00 0.57 0.71 0.86 0.57 0.71 0.86 0.71 0.86 1.00

] I T I o I T3 I T4 I 5 I T6 I T7 I T8 [ w ]
Construction
costs 1 | 1,1, 1 | 0.20,0.33,1 | 1,1, 3 | ,3,5 | 5,7,9 | 3,5, 7 | 3,57 | 3, | 0.21 |
Economical zo | 1,3, 5 | 1,1, 1 | 1,1, 3 | 1,3,5 | 3,5, 7 | 1,3,5 | 3,57 |3, [ 021 ]
afZZ?sdes z3 | 0.33, 1, 1 | 0.33, 1, 1 | 1,1, 1 | 0.20,0.33,1 | 1,3,5 | 3,5, 7 | 1,35 | 1, | 0.17 |
Competit.:ion x4 | 0.20,0.33,1 | 0.20,0.33, 1 | 1,3,5 | 1,1, 1 | 1, 3, | 1,3,5 | 1,35 |1, [ 017 ]
chz(:g:ttrti‘:tri‘cs x5 | 0.11,0.14, 0.20 | 0.14, 0.20, 0.33 | 0.20, 0.33, 1 | 0.20, 0.33, 1 | 1,1, 1 | 3,5, 7 | 1,35 | 1,1,3 | 0.12 |
nvironmental
B impacts ) xz¢ | 0.14, 0.20, 0.33 0.20, 0.33, 1 0.14, 0.20, 0.33 | 0.20, 0.33, 1 | 0.14, 0.20, 0.33 1, 1,1 1,3, 5 1, 0.07
Risks 27 | 0.14, 0.20, 0.33 | 0.14, 0.20, 0.33 0.20, 0.33, 1 0.20, 0.33, 1 0.20, 0.33, 1 0.20, 0.33, 1 1,1, 1 1, 0.04
Attractiveness | xg | 0.14, 0.20, 0.33 | 0.14, 0.20, 0.33 0.20, 0.33, 1 0.20, 0.33, 1 0.33, 1, 1 0.33, 1, 1 0.33, 1,1 | 1, 0.01
Table 3: Fuzzy weights of attributes
Experts w
E1 EQ E3 E4 E5 EG E7 Wja w;p W~
r1 | 0.21 | 0.33 | 0.29 | 0.31 | 0.23 | 0.35 | 0.27 | 0.21 | 0.28 | 0.35
z2 | 0.21 | 0.23 | 0.18 | 0.21 | 0.23 | 0.17 | 0.16 | 0.16 | 0.20 | 0.23
zz | 0.17 | 0.16 | 0.14 | 0.17 | 0.14 | 0.17 | 0.16 | 0.14 | 0.16 | 0.17
rq4 | 0.17 | 0.11 | 0.09 | 0.10 | 0.14 | 0.12 | 0.12 | 0.09 | 0.12 | 0.17
rs | 0.12 | 0.07 | 0.09 | 0.07 | 0.08 | 0.08 | 0.09 | 0.07 | 0.08 | 0.12
ze | 0.07 | 0.05 | 0.07 | 0.05 | 0.08 | 0.05 | 0.09 | 0.05 | 0.06 | 0.09
z7 | 0.04 | 0.03 | 0.07 | 0.05 | 0.05 | 0.04 | 0.05 | 0.03 | 0.05 | 0.07
zg | 0.01 | 0.02 | 0.06 | 0.02 | 0.05 | 0.02 | 0.05 | 0.01 | 0.03 | 0.06
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Table 6: The weighted normalised matrix for WSM

Ay As As Ay

) o B 04 a B 04 a B 04 a B 0

1 0.13 | 0.21 | 0.31 | 0.16 | 0.25 | 0.35 | 0.16 | 0.25 | 0.35 | 0.16 | 0.25 | 0.35
To 0.10 | 0.14 | 0.18 | 0.10 | 0.14 | 0.18 | 0.13 | 0.18 | 0.23 | 0.08 | 0.12 | 0.16
T3 0.11 | 0.14 | 0.17 | 0.07 | 0.10 | 0.12 | 0.08 | 0.11 | 0.14 | 0.08 | 0.11 | 0.14
Tq 0.06 | 0.09 | 0.15 | 0.07 | 0.11 | 0.17 | 0.06 | 0.09 | 0.15 | 0.05 | 0.08 | 0.13
s 0.06 | 0.07 | 0.12 | 0.05 | 0.06 | 0.11 | 0.04 | 0.06 | 0.10 | 0.04 | 0.05 | 0.08
e 0.03 | 0.04 | 0.06 | 0.04 | 0.05 | 0.09 | 0.03 | 0.04 | 0.07 | 0.04 | 0.05 | 0.09
T 0.01 | 0.03 | 0.04 | 0.02 | 0.03 | 0.05 | 0.02 | 0.05 | 0.07 | 0.02 | 0.04 | 0.06
T8 0.01 | 0.03 | 0.06 | 0.01 | 0.02 | 0.05 | 0.01 | 0.02 | 0.05 | 0.01 | 0.03 | 0.06
Q 0.78 0.79 0.82 0.75
S Qs 3.15

Table 7: The weighted normalised matrix for WPM
Ay Ao Az As
o B v o B v o B 2l o B v

T1 085 | 092 | 097 | 090 | 0.96 | 1.00 | 0.90 | 0.96 | 1.00 | 0.90 | 0.96 | 1.00
T2 089 | 093 | 096 | 0.89 | 093 | 0.96 | 0.95 | 0.98 | 1.00 | 0.85 | 0.90 | 0.94
T3 096 | 098 | 1.00 | 0.89 | 092 | 095 | 092 | 094 | 097 | 0.92 | 0.94 | 0.97
Za 0.92 | 097 | 0.99 | 0.95 | 0.98 | 1.00 | 0.92 | 0.97 | 0.99 | 0.89 | 0.95 | 0.97
Ts 097 | 099 | 1.00 | 0.96 | 098 | 0.99 | 0.94 | 097 | 0.98 | 0.92 | 0.96 | 0.98
T6 094 | 097 | 098 | 098 | 099 | 1.00 | 0.96 | 098 | 0.99 | 0.98 | 0.99 | 1.00
Z7 094 | 097 [ 098 | 095 | 097 | 0.99 | 098 | 0.99 | 1.00 | 0.98 | 0.99 | 1.00
Ts 098 | 1.00 | 1.00 | 0.97 | 099 | 1.00 | 0.97 | 099 | 1.00 | 0.98 | 1.00 | 1.00
P 0.74 0.75 0.79 0.71
S P 2.99

Table 8: Integrated utility function values of the WASPAS-F method

Ay Ao As Ay
Q 0.78 | 0.79 | 0.82 | 0.75
P 0.74 | 0.75 | 0.79 | 0.71
A 0.49
K 0.76 | 0.77 | 0.80 | 0.73
Rank 3 2 1 4
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Figure 6: Membership functions of linguistic values for criteria rating (Likert-type ten-point
scale).

4 Conclusions

Today, increase in population well-being and income causes the need of new construction
sites. Selecting the best location for a new construction site in fuzzy environments becomes a
difficult task for stakeholders. This paper proposed a combined fuzzy MADM approach based
on the fuzzy AHP and WASPAS-F methods for selecting a suitable construction site location. In
the proposed method, the fuzzy AHP was used to determine the weights of the attributes, while
WASPAS-F was employed to rank the alternative locations. The approach combines the strong
sides of the AHP and WASPAS methods. As a result of the study, we find that the proposed
method is practical for ranking alternatives with respect to multiple conflicting attributes for the
large scale problems.
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