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1. Introduction

Project selection (PS) problem is one of the most important issues in managerial decision making. For
project selection, the decision maker, or decision makers, has a large set of criteria for selecting
projects, which are associated with intangible or conflicting attributes. The problem is to compare
various criteria and to determine their relative importance through pairwise comparison. Hence, the
project selection is a multi-criteria decision making (MCDM) problem. In addition to, in project
selection models, the goals and parameters are generally assumed to be deterministic /crisp. However,
real-world project selection problems are subject to many sources of imprecise/fuzzy owing to
incomplete and unobtainable information. Therefore using fuzzy theory or probability theory can be a
promising approach. There are various methods on project selection in the different fields. The
majority of accomplished works often yield complicated mathematical programming such as mixed-
integer or nonlinear programming (e.g. Weingarten, 1966a, b; Hall et al., 1992; Ansoff, 1970; Ignizio,
1976; Hawkins & Adams, 1974; Badri et al. 2001; Yavuz & Captain, 2002; Gabriel et al. 2006;
Rabbani et al. 2006; Huang, 2007; Carlsson et al., 2007; Rabbani et al., 2010; Khalili-Damghani et
al., 2012; Khalili-Damghani et al., 2013).

* Corresponding author. Tel: +98(938)1631744
E-mail address: kayvan.salehi@gmail.com (K. Salehi)

© 2015 Growing Science Ltd. All rights reserved.
doi: 10.5267/j.dsl.2014.8.003



110

However, in recent years, many multi criteria decision making (MCDM) methods have been
developed for handling PS problems. Mohanty (1992) used The Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) approach, as an MCDM technique, for the project selection
problem. Mohanty et al. (2005), in other work, proposed a fuzzy analytical network process (ANP)-
based approach to R&D project selection. Enea and Piazza (2004) proposed a constrained fuzzy
analytical hierarch process (AHP) method for the project selection problem. Mahmoodzadeh et al.
(2007) applied fuzzy AHP and TOPSIS method for project selection. Amiri (2010) employed AHP
and fuzzy TOPSIS methods for project selection in oil-field development. Daneshvar Rouyendegh
and Erol (2012) presented a fuzzy ELECTRE method for selecting the best project using TOPSIS
method. However, a number of studies have shown that VIKOR obtain better results against TOPSIS
method (Chu et al., 2007; Opricovic & Tzeng, 2004; Raei & Jahromi, 2012). This paper presents a
hybrid fuzzy approach of AHP and VIKOR techniques for solving project selection problem.

To achieve this purpose, the rest of this paper is organized as follows: In section 2, some notation
about fuzzy sets and fuzzy numbers is explained. Section 3 discusses fuzzy hybrid AHP and VIKOR
approach for solving project selection problem. In order to evaluate efficiency proposed algorithm, a
numerical example is given in section 4. Finally, in Section 5, we draw conclusions and future
researches.

2. Fuzzy Set Theory

Definition 2.1 Consider a Fuzzy set @ in a universe of discourse X characterized by a membership
function u;(x), which is associated with each element x in X, a real number in the interval [0,1] .

The function value u;(x) terms the grade membership of x in @[1]. In this study, we use triangular
fuzzy numbers defined by (a4, a,, a;). The mathematical form is as follows:

r O x < a
x_al

a<x<a
a —a; 1 2

.ud(x):<a3—x 0 <x<a (1)

as — az
\1 x> as

To calculate addition, multiplication and divided between two fuzzy numbers d@ = (a4, a,, as),
b = (b4, b,, b3) are as follows,

ﬁ+5=(a1+b1,a2+b2,a3+b3) (2)
axb= (ay * by, a; * by, az * b3) (3)
5/5 = (ay/bs, a3 /by, az/b,) (4)

3. The Fuzzy AHP and Fuzzy VIKOR Method
3.1. Fuzzy AHP

The AHP method was originally developed by Saaty (1980) in order to determine the relative
importance of a set of activities in a multi-criteria decision problem. This approach is essentially
formulated for understanding the complex problem using a hierarchical structure. A hierarchy has at
least three levels: the focus or overall goal of the problem at the top, multiple attributes (criteria) that
define alternatives in the middle, and competing alternatives at the bottom (Saaty, 1980). AHP is
frequently used to solve the multiple criteria decision-making problems and has successfully been
applied in many practical contexts (Amiri, 2010). In spite of its popularity, this method is often
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criticized because it cannot handle the inherent uncertainty and imprecision which are associated with
the mapping of DM's perceptions to exact numbers, traditional AHP requires exact or crisp numbers
(Tiryaki & Ahlatcioglu, 2009).

In conventional AHP (Saaty et al., 1980) for portfolio selection, the primary objective is to set up a
hierarchy consisting of the final goal of the problem or the decision to be made, a number of criteria,
the sub-criteria associated with each main criterion, and a number of alternatives to select. In
conventional AHP, the uncertainty associated with the mapping of human judgment to a number of
natural language does not take into account; the ranking of the AHP method is rather imprecise; and
the subjective judgment of perception, evaluation, improvement and selection based on preference of
decision-makers have great influence on the AHP results. To overcome these problems, we use fuzzy
theory as a powerful tool for decision-making in an uncertain environment with AHP method. Fuzzy
AHP method steps can be stated as follow (Lu et al., 2007):

Step 1: Determine the relative importance of the decision criteria. By a pairwise comparison, the
matrix D, containing fuzzy estimates for the relative significance of each pair of factors, is
constructed. We use the linguistic variable in Table 1 for pairwise comparisons of criteria

D= (5)

X1 o xln]

Xm1i ° Xmn

where fl’j Vi, j is linguistic variable, that can be described by a triangular fuzzy number, %X =

ij —
(aij, bij, ij)-

Table 1

The 1-9 fuzzy conversion scale

1 (1,1,1) 5 (4.0,5.0,6.0)
2 (1.6,2,2.4) 7 (5.6,7,8.4)
3 (2.4,3,3.6) 9 (7.2,9,10.8)

Step 2: Calculate fuzzy estimates for the weights or priorities of the decision criteria based on the
matrix D

Wy, Wy, ..., Wy) (6)

where w;,j = 1,2, ...,n is a linguistic variable, that can be described by a triangular fuzzy number,
w; = (wjl, wjz,wjg). In this paper, a fuzzy pairwise comparison considered and the comparison
matrix is normalized into the range of [0,1] by

N Xij
Y i=1 Xij

Now the weight of each criterion is computed by Eq. (8) as follows,

. €ij

W, == 8
' Z?:l €ij (8)

3.2 Scoring alternatives

After calculating the importance weights of criteria, a modified fuzzy VIKOR approach is applied for
conducting the ranking process. Here, VIKOR is chosen because it is one of the most favorable
MCDM techniques among researchers, and it has been successfully applied to various problems and
contexts. The flow chart of the proposed approach is depicted in Fig 1.
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Fig. 1. Schematic diagram of the proposed model for project selection

3.3 Fuzzy VIKOR

The VIKOR method was first developed by Pricovic and Tzeng (2002, 2004) for solving multi-
criteria optimization problems. This method focuses on ranking and selecting from a set of
alternatives, and determines the compromise solution for a problem with conflicting criteria, which
helps decision makers reach a final solution (Chu et al., 2007). The multi-criteria measure for
compromise ranking is developed from the LP — metric used as an aggregating function in a
compromise programming method (Zeleny, 1982).

Assuming that each alternative is assessed based on each criterion; the compromise ranking can be
performed by comparing the measure of closeness to the ideal alternative. The various m alternatives
are denoted as Ag, Az, As, ..., An. for alternative A; the rating of the jth aspect is denoted by fj; i.e. fj;
is value of jth criterion function for the alternative A;; n is the number of criteria. The fuzzy VIKOR
method is briefly review as steps follows:

Step 1: Form matrix evaluation alternatives in term of criteria as follows:

D= 9)

X1 f1n]

Xm1i = Xmn
where %;; is performance alternative j; j = 1,2,3, ...,n in terms of criteria i; i = 1,2,3, ..., m.

Step 2: Construct the normalized fuzzy performance decision matrix as follows,
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fll fln

F=]|": Lo (10)
fml fmn
wherefij = % vi=1273..,m
j=1%ij
Step 3: Determine the fuzzy best value (FBV) and fuzzy worst value (FWV):
fi = max%;; Vi (12)
fi =minZ%; Vi (12)
Step 4: Compute the values S; and R;, by the following relationships
n Sk ~
. w;(f — %)
Si=) F (13)
=1 (fJ - f] )
_ w(fr —%..
R; = maxw [ =1,2,..,n. (14)
7 =7)
where W; are the weights of criteria, expressing their relative importance.
Step 5: Compute the index Q;
~ U(S~l' - S~*) U(ﬁi - E*)
=t " 1= 7 15

where $* = min S;,$~ = max$;, R* = minR;,R~ = maxR;.
Here, v is introduced as the weight in strategy of the maximum group utility, namely v = 0.5.

Step 6: Defuzzify fuzzy number Q; and rank the alternatives, sorting by the value Q;. Consequently,
the smaller the value Q;, the better the alternative. In order to convert fuzzy number Q; into crisp
values, in this paper, we employed Chen and Hseih’s (1999) approach as follows:

Let @ = (a4, a,, as) be a triangular fuzzy number. Crisp equivalent this fuzzy number based on Chen
and Hseih (1999) is given in Eq (16).
(a; +4a, + as)

6

mean(a) = (16)

4 Numerical example

In order to illustrate the proposed approach, a case study is presented. After discussion with the
expert team, four criteria were considered to evaluate the projects. These criteria include net present
value (C1), quality (C2), contractor's technology (C3), and contractor's economic status (C4). Three
projects, P1, P2 and P3 are assigned to be evaluated in this problem. Decision hierarchy structured
with the determined alternative projects and the criteria are provided in Fig. 2. In the first step, using
fuzzy AHP, four criteria are evaluated as shown in Table 2.
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Fig 2. Decision hierarchy structure

Table 2
Matrix for criteria (pairwise comparison)
c1 C2 Cc3 C4
C1 1,11) (2.4,3,3.6) (4,5.6) (1.6,2,2.4)
c2 (1,1,1) (2.4,3,3.6) (2.4,3,3.6)
c3 1,1,1) (4,5,6)
c4 (1,1,1)

The results obtained from the computations based on the pairwise comparison matrix provided in
Table 2, are presented in Table 3.

Table 3
Results obtained with fuzzy AHP
Criteria weights Criteria weights
C1 (0.34,0.46,0.63) C3 (0.13,0.18,0.26)
C2 (0.18,0.24,0.34) C4 (0.08,0.11,0.15)

In Table 4, the fuzzy rating of three candidates to construct the triangular fuzzy number decision
matrix is given. In next step the values f] and fj‘ are determined as Table 5.

Table 4
fuzzy decision matrix
C1 c2 C3 ca
P1 (4,56) (5.6,7,8.4) (24.3,3.6) 456)
P2 (5.6,7,8.4) (2.43,3.6) (4,5,6) (4,5,6)
P3 (4,5,6) (4,5,6) (2.43,3.6) (2.43,3.6)
Table 5
Fuzzy best value (f;") and fuzzy worst value (f;)
C1 c2 C3 ca
7; (5.6.7.8.4) (5.6,7,8.4) (4,5,6) (4,5,6)
In (4,5,6) (2.43,3.6) (2.43,3.6) (2.43,3.6)

As stated in above relationships, the index S; and R; are computed in Table 6. Applying relevant
equations, the indexes of S*, S, R* and R~ can be shown in Table 7.

Table 6
Index S; and R;

C1 C2 C3

(-0.17,0.65,-3.35) (-0.26,0.24,-1.34) (-0.02,0.88,-2.50)
(-0.10,0,-6.90) (0.07,0.24,1.30) (0.01,0.46,2.33)

=

Jo~e
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Table 7
Index S*, S~,R*and R~

S*: (-0.26,0.24,-3.35) S$7: (-0.26,0.24,-1.34)

R* _ (-0.10,0,-6.90) R™: (0.07,0.46,2.33)

Based on above relationships, the Q; for each project is computed as Table 8.

Table 8
Index 0;
P1 P2 P3
0 (-0.08,0.32,-0.95) (-0.001,0.26,-0.06) (-0.12,1,-0.16)

Finally, the triangular fuzzy number Q; is defuzzified into a crisp number Q; as Table 9.

Table 9
Index Q; and rank for projects
P1 P2 P3
Q; 0.04 0.16 0.62
Rank 1 2 3

5 Conclusions

In this work, an integrated MCDM approach was proposed for project selection problem. Integrated
approach has consisted of AHP and VIKOR techniques. Fuzzy set theory has been applied for two
techniques in order to make the evaluation process more prices and more flexible for the decision
makers. Usage of fuzzy set in describing uncertainties in different factors simplified the complex
structure of the decision phase. The proposed hybrid structure for project selection is the unique
feature of the present study, which has not been reported in the literature. The future researches can
be focused on two issues: First employing the proposed approach for other fields in management and
industrial engineering. Second various kinds of MCDM methods can be hired in future studies
regarding project selection.
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