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ABSTRACT

Selecting an appropriate project is a main key for contractors to increase their profits. In practice, in
this area the uncertainty and imprecise of the involved parameters is so high. Therefore, considering
fuzzy sets theory to deal with uncertainty is more appreciate. The aim of this paper is to present a
multi-criteria group decision-making model under an intuitionistic fuzzy environment. The weight of
each decision maker and each criterion are considered different. Indeed, decision makers' weights are
determined based on a new intuitionistic fuzzy index, and criteria’ weights are specified by proposed
decision method according to the concept of closer to ideal solution and farther from negative ideal
solution. Then, the potential projects are ranked based on new intuitionistic fuzzy relative closeness
coefficient. Thus, the proposed intuitionistic fuzzy group decision-making model is applied in an
illustrative example about construction project selection from the recent literature. Finally, the ranking
results are compared with a fuzzy TOPSIS method to indicate the applicability and efficiency of the

proposed model.

doi: 10.5829/idosi.ije.2015.28.09c.08

1. INTRODUCTION

Since Zadeh [1] introduced fuzzy sets theory, this
theory and their extensions have been widely applied in
solving the problems which have uncertain parameters.
These problems are regarded in some fields such as
artificial intelligence [2, 3], management [4, 5], pattern
recognition [6, 7] and decision making [8-10]. Decision
making is a procedure which is defined as final result of
problems and assist decision makers for choosing the
best potential candidates or set of potential candidates.
The multi-criteria decision making (MCDM) has
established an efficient framework for evaluation of the
problems which have been judged by multiple decision
makers. In traditional MCDM methods, the evaluations
of problems are provided based on crisp values, but in
an uncertain situation the problems should be judged
based on the fuzzy sets theory, and on the other hand it

*Corresponding Author’s Email: sm.mousavi@shahed.ac.ir (S.M.
Mousavi)

could be considered as fuzzy multi-criteria decision
making (FMCDM) approach [e.g., 11-13]. In addition,
employing some decision makers under a group to
assess the problem under imprecise condition is leading
to fuzzy multi-criteria group  decision-making
(FMCGDM) approach.

In real world, the parameters have been considered
uncertain/vague because decision makers cannot
express their preferences and judgments by a crisp
value. Thus, the decision makers’ judgments for
constructing the decision matrix and criteria’ weights
should be better to be defined by fuzzy values [8, 14,
15], such as interval values [16-19], hesitant fuzzy sets
[20-23], linguistic terms [24, 25], and intuitionistic
fuzzy sets [26-28]. A few studies have considered the
group decision-making methods in fuzzy conditions.
Hence, they considered fuzzy approaches which are
based on Zadeh’s fuzzy set. Thus, in this fuzzy set
theory, the membership degree for an object x is u(x)
and the non-membership  degree is 1—
u(x) automatically. In addition, the membership degree
integrates the preferences for x and against x. In real-life
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conditions, information about objects is fitting to a
fuzzy concept which may be insufficient and
incomplete. Therefore, the sum of the membership and
non-membership degrees may be less than one [29, 30].
In Zadeh’s fuzzy set, no tools are existed to incorporate
the membership degree when we have faced with lack
of knowledge [30, 31]. In this respect, Atanassov [26,
32] introduced an appropriate solution called
intuitionistic fuzzy set as a generalization of the Zadeh’s
fuzzy set which the membership grades are ill-known.
The intuitionistic fuzzy sets theory appears to be well
suited for defining the preferences values of decision
makers in  decision-making problems and its
applications [30, 31]. In this respect, numerous authors
focused on fuzzy sets theory and its extension to
overcome the existed uncertain parameters in their
decision-making problems [18, 33, 34].

The fuzzy sets theory can be utilized in construction
problems by considering their main advantages because
the uncertainty of involved parameters in these
problems can be high. In this respect, some authors have
utilized the fuzzy sets theory for the assessment and
have solved their construction problems [35-37]. In this
respect, Gu et al. [38] proposed a modified TOPSIS
method based on interval-valued intuitionistic fuzzy set
to select the best bridge construction project, in which
the criteria’ weights were completely known. Ning and
Wang [39] presented an intuitionistic fuzzy TOPSIS
method to assess the best site layout problem to select
the most suitable site layout from the site layout
candidates. Zhou et al. [40] developed the combined
TOPSIS method with grey system theory based
on intuitionistic triangular fuzzy numbers to rank the
green risks in construction projects.

In this study, a new intuitionistic fuzzy group
decision procedure is presented to select the most
appropriate project in construction industry. In proposed
model, the weights of criteria and decision makers are
determined by proposed compromise solution and new
intuitionistic fuzzy index, respectively. In addition,
decision makers evaluate the project’s candidates versus
the conflicted criteria based on linguistic terms, which
converted to intuitionistic fuzzy numbers. The main
contributions of this study are outlined as follows: (1) a
novel group decision making method is proposed based
on the intuitionistic fuzzy logic; (2) the relative
importance of each decision maker is computed by a
new intuitionistic fuzzy index; (3) the criteria’ weights
are determined by developed compromise solution in an
intuitionistic fuzzy setting; and (4) an intuitionistic
fuzzy relative closeness coefficient is proposed for each
candidate to rank the potential projects.

The reminder of this paper is structured as follows:
In section 2, the proposed model is presented to solve
the group decision-making problems. Hence, in section
3, an illustrative example about the construction project
is provided to show the suitability of the proposed

model. Finally, some concluding remarks and future
direction are presented in section 4.

2. PROPOSED INTUITIONISTIC FUZZY DECISION
MODEL

A decision-making problem can be demonstrated in a
decision matrix, in which x;; as an element can be
indicated the assessment of the ith alternative (4;)
regarding to jth criterion (C;). This study will develop
the classical group decision matrix to intuitionistic
fuzzy group decision matrix (R) based on the opinions
of a group of experts. Let A; be a set of candidates and
let C; be a set of attributes, where A4;= {4,
Ay, o, Apdand C; = {Cy, Cy, ..., C,}. The properties of the
candidate are expressed by the IFS, indicated as below:

Ay = {(Cy, g1, vi1), (Co, iz, Vi2), -+ (G imy i)}, 0= 1)
1,2,..,m

where the satisfaction degree of candidates versus the
attributes are denoted by u;;, and v;; represented the
non-satisfaction degree of candidates versus the
attributes C; (yij, vi]-),i =12,..m;j=12,..,n
However, the proposed model is explained to determine
the weight of each attribute and experts, and also rank
the potential candidates which are provided as follows:
Step 1. Establish a group of experts to determine the
attributes and specify the prospective candidates for the
group decision-making problem. The chosen attributes
are defined qualitatively and assessed in linguistic terms
which converted to intuitionistic fuzzy numbers.

Step 2. Calculate the weight of each expert (2 )based
on new intuitionistic fuzzy index. In this respect, an
intuitionistic fuzzy number for evaluating the kth
experts is denoted by D, =[x, ,v,,7, |-

e e 114
1—Hnu.:+[nnﬂ:— Hu.:] vt

1 j=1 i=l j=l i=l j=1 17HHH‘T+HHU:

A= Iljflm "|1|1 vk (2)
| na om o =TT T4
ST 0TI
(=) il je1 i1 je1 ERE 1_HH'U:+HHU:
1 j=1

and YX_, 4, = 1.

Step 3. Compute the criteria’ weights by proposed
compromise solution based on the concept of closer to
ideal solution and farther from negative ideal solution
by considering the following sub-steps.

Step 3.1. Establish the intuitionistic fuzzy decision
matrix (G ) for each criterion (Cj; 1,2,...,n) respecting to

the candidates (A;; 1,2,...,m) and opinions of each
experts (k; 1,2,...,K).
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where, ﬂ:q,- is the intuitionistic fuzzy membership degree

for mth candidate which judged by kth expert to
establish the jth intuitionistic fuzzy decision matrix.

Step 3. 2. Determine the intuitionistic fuzzy
positive/negative ideal solutions (IFPIS/IFNIS) matrixes

(AW* /A, ) based on the intuitionistic fuzzy decision
matrix, respectively.

A= ([ a)])

- DM, DM, -~ DM,

A (eutat) (wfofad) o (slu o) @)
: : : . : vj

A\ (bt oom 7 ) (g g ) (g o))

A= ([l ot m])

= DM, DM, - DM,
- (g o) (5)

A [ (hotm)) (wfofm))
: : : vj

k -k

A’“ (tumj U 1 ) (:umj U 1 ) (:un;;(’l)r‘;j'”mj)mxk

where the average of the intuitionistic fuzzy group
decision matrix is calculated by the following relations:

()= TTa- PP | e o

7 =1y —of Q
(ﬂijfklui}k):(mjin{yi';},m?x{ui'j‘}) Vi k @®)
”i}k :1_,Ui}k _Ui}k ©)

Step 3.3. Compute the separation measure for each
intuitionistic ~ fuzzy decision matrix from the
intuitionistic fuzzy positive/negative ideal solution
matrixes by using the intuitionistic fuzzy Euclidean
distance measure  which  denoted bysjfand S,

respectively.

%f$%i2W%wﬂwuwﬁw“ﬁﬂw (10)

RGN R CRa) § R/ CEY

Step 3.4. Specify the intuitionistic fuzzy relative
closeness  of criteria(CWJ)for determining the most

important criterion.

[f10-ss 5.

Cy, = (12)

' \/(H(l " )% +S,, 71]2 + J[H(l ' )% +S,, 71]2

whereS_W* the average of so (i=12,.,n) and also

the average of s, (i=12,..,n) represented as
S,

Step 3. 5. Aggregate the preferences experts’ judgments
about the criteria’ weights (ij ) as follows:

wjf=<u V0T, f)=
IFW4, (w ( e w?, ...,Wj(k)) = 2w® @ 1L,w? &
(€3]
@ At =
I (13)
k k
[1—115 (1= 1) I, () T (1 -

(k)) —TIE 1( (k)) ]

Step 3.6. Estimate the weight of each criterion(wj)
regarding to the relative closeness.

u c; c c, 1-(1-p,, !
gt finf |

Step 4. Construct the integrated intuitionistic fuzzy
decision matrix based on the preferences experts’

judgments. In this case, R = (ris.k)) is defined as an
mxn

intuitionistic fuzzy decision matrix for each expert.
Then, integrated intuitionistic fuzzy decision matrix
(R=(ry), ) can be obtained based on the IFWA

operator which is proposed by Xu [28].

@ (2) k)Y _ ,.(1) (2) (k)
—IFWA( T ety ) =1 @ @@

=[1—n',:_1(1 WOV T (O T (1 - uP) — (15)
T (v ) ]

Here, r; = (ur,(x%), v, (). m, () i = 1.2, .,
The aggregated intuitionistic fuzzy decision matrix is
represented as follows:

m;j=12,..,n
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[ (Hr1 (x0), vy, (1), 70y, (x1))
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Step 5. Establish the weighted intuitionistic fuzzy
decision matrix by regarding step 3.6.

Step 6. Compute the intuitionistic  fuzzy
positive/negative ideal solution of each criterion (

P"/P)as follows:
By = (45,05, 77) = (max{, } min{o, } 1- 4 —0] ) v 17

P :(yj’,uj’,ﬂj’):(miin{yij},mt’:lx{uij},lf,uj’ ﬂ)}) vij (18)

Step 7. Calculate the intuitionistic fuzzy separation
measure as follows:

= [ Eln-sf i ) e

=l

5= ) +(s 01T 2= ) (20

=1

Step 8. Compute the intuitionistic fuzzy relative
closeness coefficient of each candidate (C, ) by utilizing

the following proposed index:

LS5 -5+ S -s7)
i=1 i=1

c - vi
Fasifges N
< (0") -1 [T P [10 @)
7 =1-g -0 (23)
=) [Tl [T | @
7 =1-g -0 7 7 (25)

Finally, we have Equation (26)

i=1

C = %('Hﬁ i 0T O A A A I A D +D +lﬂ[(l_”:>% +1ii[(l—,uf)% _ﬁ(u;k )% _H(Uii)% _6J

(yrl (x2), vy, (x2), Ty, (Xz))
R= | (yrz (x1), vy, (x1), 70y, (x1)) (urz(xz), vy, (x2), 707, (xz))

(url (xn), vy, (20, 707, (xn)) ]
(urz (), vy, (x), 70, (xn)) | (16)

(urm (xn), Vr, &xn)' Ty (xn))J

whereS”is the average of S, S7,..., S, and also
the average of S, S,..., S are represented as S~ .
Step 9. Rank the candidates by decreasing sorting.

3. ILLUSTRATIVE EXAMPLE FOR CONSTRUCTION
PROJECT SELECTION PROBLEM

In this section, an illustrative example about the
selection of an appropriate construction project is
adopted from study of Tan et al. [41]. In their numerical
example, a local contractor defined three available
projects (A;, i=1,2,...m) based on the available
information in the market. Indeed, a group of experts by
three decision makers (DM, k=1,2,3) is established to
evaluate the construction project selection problem
under nine criteria (C;, j=1,2,..,9). In this respect, the
considered criteria are defined as follows:

C;: Profitability;

C,: Difficulty;

Cs: Relationship with owner;

C,: Need for work;

Cs: Resources and capabilities;

Cs: Keenness of competitors;

C,: Competitors’ competitiveness;

Cg: Project execution risk;

Cy: Financial risk.

In this respect, decision makers could assess the
project selection problem and the importance of each
criterion by linguistic variables, indicated in Table 1.
Therefore, the relative importance of each criterion and
the intuitionistic fuzzy decision matrix are defined by
linguistic terms which are given in Tables 2 and 3,
respectively. In addition, these tables are converted to
intuitionistic fuzzy numbers which are indicated by
Tables 4 and 5.

i=1 i=1

i=1

Qi EE e T R

g+ +7rf*+uf*+lﬂ[(lfyf)% 7ll[(ul*)% 73]

(26)

i=1 i=1

TABLE 1.Linguistic terms for the rating of weights and alternatives

Linguistic terms

Intuitionistic fuzzy numbers

Very good (VG)/ Very high (VH)

Good (G)/High (H)

Medium good (MG)/Medium high (MH)
Fair (F)/Medium (M)

Medium bad (MB)/Medium low (ML)
Bad (B)/Low (L)

Very bad (VB)/ Very low (VL)

(0.90, 0.10)
(0.75, 0.20)
(0.60, 0.30)
(0.50, 0.40)
(0.40, 0.50)
(0.25, 0.60)
(0.10, 0.90)
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TABLE 2. Preferences experts’ judgments about the criteria’
weights based on linguistic terms

TABLE 4. Preferences experts’ judgments about the criteria
weights based on IFS

i Experts
Attributes

DM, DM, DM;
Cy H H VH
C, M MH M
Cs H H MH
C4 H MH M
Cs VH H H
Cs M MH MH
C; H H H
Cs H MH MH
Co MH H H

TABLE 3. Preferences experts’ judgments for rating the
alternatives based on linguistic terms

Experts
Attributes
DM, DM, DM;
Cy (0.75, 0.20) (0.75, 0.20) (0.90, 0.10)
Cx (0.50, 0.40) (0.60, 0.30) (0.50, 0.40)
Cs (0.75, 0.20) (0.75, 0.20) (0.60, 0.30)
(o9 (0.75, 0.20) (0.60, 0.30) (0.50, 0.40)
Cs (0.90, 0.10) (0.75, 0.20) (0.75, 0.20)
Cs (0.50, 0.40) (0.60, 0.30) (0.60, 0.30)
C, (0.75, 0.20) (0.75, 0.20) (0.75, 0.20)
Cs (0.75, 0.20) (0.60, 0.30) (0.60, 0.30)
Co (0.60, 0.30) (0.75, 0.20) (0.75, 0.20)

Experts
Criteria
DM, DM, DM; The relative significance of each decision maker is
A A A A A A A A A determined based on the new intuitionistic fuzzy index
C VG F F VG F MG G MG F and represented in Table 6. Then, a compromise method
is developed based on the concept of closer to ideal
C;c MG F MG F F F MG MG F . o .
solution and farther from negative ideal solution to
&< F R OF F F F F MP MG compute the weight of each criterion. In this respect, the
Cs F G MG F MG MG MG G MG IFPIS and IFNIS matrixes are established based on the
Cs G F MG MG F MG MG F MG Step 3.2. The results are given in Table 7. Thus, the
Co G MG F F MG F MG MG F separation measure, the intuitionistic fuzzy relative
closeness of criteria and also the final weight of each
C ¢ 6 F MG MG F MG F F criteria are determined by Steps 3.3-3.6 and are shown
C¢ MG F F MG F F MG MG F in Table 8.
Cc, MG F F F MG F F MG F
TABLE 5. Preferences experts’ judgments for rating the alternatives based on intuitionistic fuzzy set
Experts
Attributes
DM, DM DM;
A A As A A, As A A A
C (0.90,0.10)  (0.50,0.40)  (0.50,0.40)  (0.90,0.10) (0.50,0.40) (0.60,0.30) (0.75,0.20)  (0.60,0.30)  (0.50, 0.40)
C, (0.60,0.30)  (0.50,0.40) (0.60,0.30) (0.50,0.40)  (0.50,0.40) (0.50,0.40) (0.60,0.30) (0.60,0.30) (0.0, 0.40)
Cs (0.50,0.40)  (0.50,0.40) (0.50,0.40) (0.50,0.40) (0.50,0.40) (0.50,0.40) (0.50,0.40) (0.40,0.50)  (0.60, 0.30)
Cq (0.50,0.40)  (0.75,0.20)  (0.60,0.30) (0.50,0.40) (0.60,0.30) (0.60,0.30) (0.60,0.30) (0.75,0.20)  (0.60, 0.30)
Cs (0.75,0.20)  (0.50,0.40)  (0.60,0.30)  (0.60,0.30)  (0.50,0.40)  (0.60,0.30) (0.60,0.30) (0.50,0.40) (0.0, 0.30)
Ce (0.75,0.20)  (0.60,0.30) (0.50,0.40) (0.50,0.40) (0.60,0.30) (0.50,0.40) (0.60,0.30)  (0.60,0.30)  (0.50, 0.40)
C (0.75,0.20)  (0.75,0.20)  (0.50,0.40)  (0.60,0.30)  (0.60,0.30) (0.50,0.40) (0.60,0.30)  (0.50,0.40)  (0.50, 0.40)
Cs (0.60,0.30) (0.50,0.40) (0.50,0.40) (0.60,0.30) (0.50,0.40) (0.50,0.40) (0.60,0.30) (0.60,0.30)  (0.50, 0.40)
Co (0.60,0.30) (0.50,0.40) (0.50,0.40) (0.50,0.40) (0.60,0.30) (0.50,0.40) (0.50,0.40) (0.60,0.30)  (0.50, 0.40)
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TABLE 7. FPIS/IFNIS matrixes

Alternatives IFPIS (AW‘ )
DM, DM, DM;
A (0.6919, 0.2473, 0.0608) (0.6118, 0.3115, 0.0766) (0.6011, 0.3057, 0.0932)
A, (0.5819, 0.3321, 0.0860) (0.5472, 0.3520, 0.1008) (0.5827, 0.3236, 0.0938)
As (0.5358, 0.3634, 0.1007) (0.5358, 0.3634, 0.1007) (0.5358, 0.3634, 0.1007)
IFNIS (AW’ )
DM, DM, DM;
A (0.5,04,0.1) (0.5,04,0.1) (0.5,0.4,0.1)
A, (0.5,04,0.1) (0.5,04,0.1) (0.5,0.4,0.1)
As (0.5,0.4,0.1) (0.5,0.4,0.1) (0.5,0.4,0.1)

TABLE 10. Intuitionistic fuzzy relative closeness coefficient of each candidate and ranking the potential candidates by comparative

analysis
Alternatives Si* S C Ranked by proposed model Ranked by Tan et al. [41] method
Ay 0.0249 0.0789 0.0948 2 2
Ay 0.0545 0.0613 0.0422 3 3
As 0.0810 0.0203 0.1007 1 1
S’ 0.0535
S 0.0534

TABLE 6. Experts’ weights based on new index

DM's weight DM; DM, DM,

A 0.331 0.335 0.334

k

TABLE 8. Separation measure, intuitionistic fuzzy relative
closeness and the criteria’ weights

potential candidate is obtained by computing the
intuitionistic fuzzy separation measure and intuitionistic
fuzzy relative closeness coefficient of each candidate
based on steps 7 and 8. The aforementioned results are
given in Table 10. In addition, the obtained ranking
results are compared with Tan et al. [41]' study that
have implemented the triangular fuzzy TOPSIS method
in the construction project selection problem. The same
results of comparing the two methods are shown that
our proposed group decision model is validated. The
most appropriate project for the selection is the third
project, and the worst project is the second potential
candidate project.

TABLE 9. Intuitionistic fuzzy positive / negative ideal
solution of each criterion

Criteria S; S, C, @,
C 0.0863 0.1419 0.6566 0.1728
C, 0.0422 0.0624 0.5986 0.1006
Cs 0.0737 0.0236 0.7324 0.1588
Cy 0.0754 0.1080 0.5677 0.1165
Cs 0.0408 0.0791 0.0059 0.0024
Cs 0.0344 0.0825 0.1500 0.0306
C, 0.0471 0.0898 0.6251 0.1531
Cs 0.0327 0.0624 0.4471 0.1021
Cy 0.0467 0.0577 0.7612 0.1626

S 0.0534
S, 0.0791

The intuitionistic fuzzy decision matrix is
aggregated and the weighted intuitionistic fuzzy
decision matrix is constructed. Then, the intuitionistic
fuzzy positive / negative ideal solutions of each criterion
are calculated based on step 5, and the results are
demonstrated in Table 9. Finally, the rank of each

Criteria Pl‘ P
Cy (0.2919, 0.6991, 0.0090) (0.1242, 0.8395, 0.0363)
C, (0.0744, 0.9031, 0.0225) (0.0813, 0.8944, 0.0243)
Cs (0.1148, 0.8515, 0.0337) (0.0956, 0.8748, 0.0296)
Cs (0.1335,0.8421,0.0244)  (0.0856, 0.8887, 0.0257)
Cs (0.0027, 0.9967, 0.0007) (0.0017, 0.9977, 0.0006)
Ce (0.0210, 0.9723, 0.0067) (0.0302, 0.9626, 0.0073)
C; (0.1007, 0.8691, 0.0302) (0.1515, 0.8146, 0.0339)
Cs (0.0754, 0.9017, 0.0228) (0.0894, 0.7903, 0.1203)
Co (0.1174, 0.8482, 0.0344) (0.1385, 0.6876, 0.1739)
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4. CONCLUDING REMARKS

Multi-criteria group decision-making method is one of
significant technique which has helped contractors to
select the most suitable project for increasing their
income. For this purpose, this study proposed a new
group decision-making model based on the closer to
ideal solution and farther from negative ideal solution
and the intuitionistic fuzzy set was considered to cope
with uncertain parameters. Hence, decision makers and
criteria’ weights were calculated by proposed new
intuitionistic fuzzy index and compromise solution,
respectively. In addition, the preferences decision
makers' judgments about the criteria’ weights and the
weight of each decision makers were considered in
proposed compromise solution for determining the
criteria’ weights to obtain a precise solution. Then, an
illustrative example was provided to show the
applicability and efficiency of the proposed
intuitionistic fuzzy group decision by comparing with
the fuzzy TOPSIS method in the literature, in which
same ranking results were obtained. For future
direction, the proposed method can be developed under
the interval-valued intuitionistic fuzzy and also a
hierarchical structure can be developed to define the
criteria and to consider all aspects of the project
problem. In this respect, the proposed compromise
solution method for determining the criteria’ weights
can be extended.
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