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Abstract  

Global real estate investments have been one of the 

popular investment areas since developments in trans-

portation vehicles among countries, significant reduc-

tion in travelling costs, and suitable legal arrangements 

for purchasing real estates in a foreign country have 

made it attractive. This investment decision is com-

posed of three stages: Selection of a country, selection 

of a city, and selection of a district for a real estate. 

Since the selection process includes uncertain and 

vague evaluations under multiple criteria, a fuzzy mul-

ticriteria evaluation method is needed. In this paper we 

use interval-valued intuitionistic fuzzy sets to model 

this multicriteria and multiexpert problem.  

Keywords: MCDM, interval-valued intuitionistic, 

fuzzy, real estate, investment decision 

1. Introduction 

Investing in real estate includes the purchase, owner-

ship, management, rental and/or resale of real es-

tate for profit. Globalization causes a significant in-

crease in cross-border and cross-continental movements 

of people. They can now travel faster and regularly visit 

what used to be very remote parts of the world. This 

human mobility has brought to mind the purchase of a 

house or an apartment in the countries often visited. 

Becoming a citizen of another country is now much 

easier relative to the past. In addition, retirees often im-

age living in another country suitable to their budget 

and health conditions. 

The decision making process related to real estate in-

vestments requires to evaluate the problem from differ-

ent perspectives considering many factors from social 

to economic and from intangible to tangible. Therefore, 

the worldwide real estate investment making problem is 

a typical multicriteria decision making (MCDM) prob-

lem requiring careful assessment of alternatives and 

evaluating a wide variety of criteria such as Environ-

ment & Climate, Geographical location, Spoken lan-

guage and Development level to make an appropriate 

decision. This decision includes a variety of stages 

ranging from country selection to city selection and real 

estate district selection decisions. Every stage requires 

linguistic evaluations rather than exact numerical values  

 

 

 

because of uncertainties and subjectiveness in the eval-

uations of human beings. 

 

The fuzzy set theory is an excellent tool to handle the 

uncertainty in case of insufficient data. Its principals are 

similar to human beings’ thinking style. Ordinary fuzzy 

sets have recently been extended to hesitant fuzzy sets, 

intuitionistic fuzzy sets, type-2 fuzzy sets, nonstationary 

fuzzy sets, and fuzzy multisets (Rodriguez et al., 2012). 

The most used extensions among these are hesitant 

fuzzy sets and intuitionistic fuzzy sets. Hesitant Fuzzy 

Sets (HFS) were introduced by Torra (2010) as a new 

extension of fuzzy sets, motivated for the common dif-

ficulty that often appears when the membership degree 

of an element must be established. This difficulty is 

very usual in decision making when an expert might 

consider different degrees of membership of an element 

x in the set A (Rodriguez et al., 2012). 

 

An intuitionistic fuzzy set (IFS) has three functions to 

define it: the membership function, the non-

membership function and the hesitancy function. At-

anassov and Gargov (1989) proposed interval-valued 

intuitionistic fuzzy sets theory (IVIFS), which is a gen-

eralization of both interval valued fuzzy sets and intui-

tionistic fuzzy sets. Their concept is characterized by a 

membership function and a non-membership function 

whose values are intervals rather than a real number. 

IVIFS is more powerful in dealing with vagueness and 

uncertainty than IFS (Broumi and Smarandache 2014).  

 

In the literature, there are many MCDM methods for 

the selection among multiple alternatives such as ana-

lytic hierarchy process (AHP) (Saaty, 1980), Technique 

Ordered Preference by Similarity to the Ideal Solution 

(TOPSIS) (Hwang and Yoon, 1981), Multi-criteria op-

timization and compromise solution (VIKOR) 

(Opricovic and Tzeng, 2004), ELimination and Choice 

Expressing the Reality (ELECTRE) (Roy, 1991), Pref-

erence Ranking Organisation MeTHod for Enrichment 

Evaluations (PROMETHEE) (Brans, 1982) and Analyt-

ic Network Process (ANP) (Saaty, 2006). The exten-

sions of these methods have been developed under 

fuzziness and already published in the literature. How-

ever, in this paper we focus on pairwise comparisons of 

criteria as in AHP method by using interval-valued in-

tuitionistic fuzzy sets. Later, the evaluations of alterna-

tives are based on interval-valued intuitionistic Simple 

Additive Weighting method utilizing aggregation op-

erators. 
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The originality of this paper comes from the evaluation 

of international real estate investment decision by con-

structing the problem as a multi-stage decision making 

problem. The proposed methodology consists of three 

stages which are country selection, city selection and 

real estate district selection. However, in this study, on-

ly real estate district selection decision in a predeter-

mined city is realized by using interval-valued intuition-

istic fuzzy sets. We used a new methodology based on 

intuitionistic fuzzy Simple Additive Weighting method 

and intuitionistic pairwise comparisons. The rest of the 

paper is organized as follows: Section 2 gives brief in-

formation about literature review on real estate invest-

ment decision. Section 3 presents the basics of interval-

valued intuitionistic fuzzy sets while Section 4 gives the 

steps of the fuzzy multicriteria method. Section 5 

demonstrates the application of the methodology. In the 

last section, conclusion remarks and future research di-

rections are included. 

2. Worldwide investing in real estate: literature re-

view 

 

Investing in real estate is a popular problem area in the 

literature. Even we could not find any publication han-

dling three stage investments making in real estate, 

there are many works focusing on the real estate selec-

tion problem. Thomas (2002) proposes a Brownfield 

Site Ranking Model for selecting sites for potential re-

development. This process identifies 11 siting criteria 

derived from the review of general siting factors. These 

factors include commercial marketing guidelines, fi-

nancial incentives, environmental regulatory compli-

ance requirements, regional infrastructure, and local 

community acceptance. The considered main and sub-

criteria are as follows: Site Conditions: Environmental 

contamination, environmental problems, physical de-

velopment constraints. Current Use Compatibility 

with Local Plans: Compliant, Not compliant. Compat-

ibility with Surrounding Land Uses: Compatible, 

compatible with reservations, not compatible. Utility 

Infrastructure Capacity. Telecommunications Infra-

structure. Transportation Infrastructure: Interstate 

access/rail/airport, highways, county roads, local 

streets. 

 

Lin and Lin (2013) present a novel approach for evalu-

ating real estate purchases in Taipei. The proposed ap-

proach focuses on encouraging purchases to achieve 

better housing performance and supporting homebuyers 

in housing comparison and selection decisions. The 

proposed approach compares the features of different 

houses by integrating the Fuzzy Geographic Infor-

mation Systems (GIS) method with an Analytic Hierar-

chy Process (AHP). The comprehensive evaluation of 

uncertainty variable data includes 20 housing perfor-

mance indicators selected from a review of existing 

models, and GIS. The weights of each category and in-

dicator are calculated by employing AHP analysis.  

 

Xue (2005) makes an analysis on the risk in real estate 

development using project risk management theory and 

setting real estate developer as main exploring object. 

In the study, the risk element weight is also determined. 

The paper also provides an idea for building a real es-

tate development multi-layer fuzzy comprehensive 

evaluation model. The paper makes comparisons the 

purposed method with AHP method and highlights the 

advantages of the proposed method. 

 
Taking the above references into account, we determine 

the following evaluation criteria for making a prefer-

ence among real estate district alternatives: purchasing 

cost, expected increase in its value, neighborhood, 

closeness to hospitals, closeness to transportation vehi-

cles, closeness to schools, and closeness to malls. 

3. Interval-valued intuitionistic fuzzy sets 

In the fuzzy set theory, the membership of an element 

to a fuzzy set is a single value between zero and one. 

However, the degree of non-membership of an element 

in a fuzzy set may not be equal to 1 minus the member-

ship degree since there may be some hesitation degree. 

Therefore, a generalization of fuzzy sets was proposed 

by Atanassov (1986) as intuitionistic fuzzy sets (IFS) 

which incorporate the degree of hesitation, which is de-

fined as 1 minus the sum of membership and non-

membership degrees.  

Let 𝑋 ≠ ∅ be a given set. An intuitionistic fuzzy set in 

X is an object A given by 

       𝐴̃ = {〈𝑥, 𝜇𝐴(𝑥), 𝑣𝐴(𝑥)〉; 𝑥𝜖𝑋},      (1) 

where 𝜇𝐴: 𝑋 → [0,1] and 𝑣𝐴: 𝑋 → [0,1] satisfy the con-

dition for every 𝑥𝜖𝑋.  

                     0 ≤ 𝜇𝐴(𝑥) + 𝑣𝐴(𝑥) ≤ 1,   (2) 

Hesitancy is equal to “1-(𝜇𝐴(𝑥) + 𝑣𝐴(𝑥))”. 

The definition of interval-valued intuitionistic fuzzy 

sets (IVIFS) is given as follows. Let  D ⊆ [0,1] be the 

set of all closed subintervals of the interval and X be a 

universe of discourse. An interval-valued intuitionistic 

fuzzy set in 𝐴̃ over X is an object having the form                                           

    𝐴̃ = {< 𝑥, 𝜇̃𝐴(𝑥), 𝑣̃𝐴(𝑥)>|𝑥 𝜖 𝑋},    (3)              

where 

𝜇̃𝐴 → 𝐷 ⊆ [0,1], 𝑣̃𝐴̃(𝑥) → 𝐷 ⊆ [0,1] with the condition 

0 ≤ 𝑠𝑢𝑝𝜇̃𝐴(𝑥) + 𝑠𝑢𝑝𝑣̃𝐴(𝑥) ≤ 1, ∀𝑥 ∈ 𝑋.  

The intervals 𝜇̃𝐴(𝑥) and 𝑣̃𝐴(𝑥) denote the membership 

function and the non-membership function of the ele-

ment x to the set A, respectively. Thus, for each  x ∈ X,, 

μ̃Ã(x) and ṽÃ(x) are closed intervals and their lower 

and upper end points are denoted by μ̃
AL̃

(x), μ̃
AŨ

(x), 

𝑣̃𝐴𝐿̃(𝑥), 𝑎𝑛𝑑 𝑣̃𝐴𝑈(𝑥), respectively. Interval-valued in-

tiutionistic fuzzy set 𝐴̃ is then expressed by                           

𝐴̃ = {< 𝑥, [μ̃
AL̃

(x), μ̃
AŨ

(x)], [𝑣̃𝐴𝐿̃(𝑥), 𝑣̃𝐴𝑈(𝑥)]>|𝑥 ∈ 𝑋},   (4)            

where 

0 ≤ μ̃
AŨ

(x) + 𝑣̃𝐴̃𝑈(𝑥) ≤ 1, μ̃
AL̃

(x) ≥ 0, 𝑣̃𝐴𝐿̃(𝑥) ≥ 0. 
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For each element x, we can compute the unknown de-

gree (hesitancy degree) of an interval-valued intuition-

istic fuzzy interval of 𝑥 ∈ 𝑋 in 𝐴̃ defined as follows: 

                    𝜋𝐴(𝑥) = 1 − μ̃
Ã

(x) − 𝑣̃𝐴̃(𝑥)         (5) 

= ([1 − μ̃
AŨ

(x) − 𝑣̃𝐴𝑈(𝑥)], [1 − μ̃
AL̃

(x) − 𝑣̃𝐴𝐿̃(𝑥)]) 

 

For convenience,  

Let μ̃
Ã

(x) = [𝜇−, 𝜇+], 𝑣̃𝐴(𝑥) = [𝑣−, 𝑣+], 

so 𝐴̃ = ([𝜇−, 𝜇+], [𝑣−, 𝑣+]). 

 

Some arithmetic operations with interval-valued intui-

tionistic fuzzy sets and 𝜆 ≥ 0  are given in the follow-

ing: Let 

 

𝐼1 = ([𝜇1
−, 𝜇1

+], [𝑣1
−, 𝑣1

+]) ,  Ĩ2 = ([μ2
-, μ2

+] , [v2
-, v2

+])  

be two interval-valued intuitionistic fuzzy sets. Then, 

some of the arithmetic operations for these singleton 

sets are given in Eqs. (6)-(8): 

 

Addition:   
 

𝐼1 ⊕ 𝐼2 = ([𝜇1
− + 𝜇2

− − 𝜇1
−𝜇2

−, 𝜇1
+ + 𝜇2

+ − 𝜇1
+𝜇2

+]    (6) 
                     . [𝑣1

−𝑣2
−, 𝑣1

+𝑣2
+]) 

 

Multiplication:  
 

         Ĩ1 ⊗ Ĩ2 = ([μ1
-
μ2

-
, μ1

+μ2
+] , [v1

-
+ v2

-
-v1

-
v2

-
,     (7) 

                         v1
+ + v2

+-v1
+v2

+]) 
 

Multiplication by a constant:  
       𝜆𝐼1 = ([1 − (1 − 𝜇1

−)𝜆, 1 − (1 − 𝜇1
+)𝜆],        (8) 

                       [(𝑣1
−)𝜆, (𝑣1

+)𝜆]) 

                           
The necessary definitions used in the multiexpert and 

multicriteria fuzzy methodology are stated in the fol-

lowing (Xu, 2010; Chen et al., 2011): 

 

Definition 1: Let 𝛼̃𝑗 = ([𝑎𝑗 , 𝑏𝑗], [𝑐𝑗 , 𝑑𝑗]) (𝑗 = 1,2, … , 𝑛) be 

a collection of interval-valued intuitionistic fuzzy num-

bers and let IIFWA: 𝑄𝑛 → 𝑄, if  

 

𝐼𝐼𝐹𝑊𝐴𝑤(𝛼̃1, 𝛼̃2, … , 𝛼̃𝑛) = 𝑤1𝛼̃1 ⊕ 𝑤2𝛼̃2 ⊕ … ⊕ 𝑤𝑛𝛼̃𝑛 (9) 

 

then IIFWA is called an interval-valued intuitionistic 

fuzzy weighted averaging (IIFWA) operator, where  

is the set of all IVIFNs, 𝑤 = (𝑤1, 𝑤2, … , 𝑤𝑛) is the 

weight vector of the IVIFNs 𝛼̃𝑗  (𝑗 = 1,2, … , 𝑛), and 

𝑤𝑗 > 0, ∑ 𝑤𝑗 = 1𝑛
𝑗=1 . The IIFWA operator can be further 

transformed into the following form: 

      𝐼𝐼𝐹𝑊𝐴𝑤(𝛼̃1, 𝛼̃2, … , 𝛼̃𝑛) = ([1 − (∏ (1 − 𝑎𝑖)𝑛
𝑖=1 )𝑤𝑖 ,        (10) 

1 − (∏(1 − 𝑏𝑖)

𝑛

𝑖=1

)

𝑤𝑖

], [(∏ 𝑐𝑖

𝑛

𝑖=1

)

𝑤𝑖

, (∏ 𝑑𝑖

𝑛

𝑖=1

)

𝑤𝑖

]) 

    

Especially if 𝑤 = (1
𝑛⁄ , 1

𝑛⁄ , … , 1
𝑛⁄ ), then the IIFWA 

operator reduces to an interval-valued intuitionistic 

fuzzy averaging (IIFA) operator, where 

 

𝐼𝐼𝐹𝐴(𝛼̃1, 𝛼̃2, … , 𝛼̃𝑛) =
1

𝑛
(𝛼̃1 ⊕ 𝛼̃2 ⊕ … ⊕ 𝛼̃𝑛)         (11) 

   = ([1 − (∏ (1 − 𝑎𝑖)𝑛
𝑖=1 )1 𝑛⁄ , 1 − (∏ (1 − 𝑏𝑖)𝑛

𝑖=1 )1 𝑛⁄ ], 

       [(∏ 𝑐𝑖
𝑛
𝑖=1 )1 𝑛⁄ , (∏ 𝑑𝑖

𝑛
𝑖=1 )1 𝑛⁄ ]) 

    

Definition 2: Let 𝛼̃𝑗 (𝑗 = 1,2, … , 𝑛)be a collection of 

IVIFNs. An IIFHA operator of dimension n is a map-

ping IIFHA: 𝑄𝑛 → 𝑄which has associated with it a 

weighting vector ω = (ω1, ω2, … , ωn)Twith the condi-

tions 𝜔j > 0 and ∑ ωj
n
j=1 =1, such that 

 
        IIFHAω,w(α̃1, α̃2, … , α̃n) = ∑ wj

n
j=1 α̃̅σ(j)   (12) 

 
The weight vector of the ordered weighted aggregation 

(OWA) operator 𝜔 = (𝜔1, 𝜔2, … , 𝜔𝑛)𝑇 are obtained by 

Eq. (13): 

 

            𝜔𝑗 =
𝑒−[(𝑖−𝜇𝑛)2 2𝜎𝑛

2⁄ ]

∑ 𝑒−[(𝑗−𝜇𝑛)2 2𝜎𝑛
2⁄ ]𝑛

𝑖=1

,  j=1,2,...,n     (13)     (p) 

where 

 

          μn =
1+n

2
 and σn = √1

n
∑ (i-μn)

2n
i=1  .      (14) 

 

Table 1 gives the weight vector of the ordered weighted 

aggregation (OWA) operator for various dimensions of 

matrices. 

 
Weights n=3 n=4 n=5 n=6 

w1 0.243 0.155 0.112 0.086 
w2 0.514 0.345 0.236 0.172 
w3 0.243 0.345 0.304 0.242 
w4 - 0.155 0.236 0.242 
w5 - - 0.112 0.172 
w6 - - - 0.086 

 
Table 1: Weighting vectors for various dimensions 

 
Based on the basic operations of IVIFSs, Eq. (12) can 

be further transformed to Eq. (15) 

𝐼𝐼𝐹𝐻𝐴𝑤,𝜔(𝛼̃1, 𝛼̃2, … , 𝛼̃𝑛) = ([1 − (∏ (1 − 𝑎̅𝜎(𝑗))𝑛
𝑗=1 )

𝜔𝑗
,      (15) 

1 − (∏ (1 − 𝑏̅𝜎(𝑗))𝑛
𝑗=1 )

𝜔𝑗
], [∏ 𝑐

𝜎̅(𝑗)

𝜔𝑗𝑛
𝑖=1 , ∏ 𝑑̅

𝜎(𝑗)

𝜔𝑗𝑛
𝑖=1 ])  

Definition 3. Let 𝛼̃ = ([𝑎, 𝑏], [𝑐, 𝑑])
 

be an interval-

valued intutionistic fuzzy set. A score function of S for 

ranking interval valued intuitionistic fuzzy values can 

be represented as follows: 

 

                          𝑆(𝛼̃) =
𝑎−𝑏+𝑐−𝑑

2
,                     (16) 

 

where 𝑆(𝛼̃) ∈ [−1,1]. The greater the value of 𝑆(𝛼̃), the 

greater the IVIFN 𝛼̃. 

 

Definition 4:  Let 𝛼̃ = ([𝑎, 𝑏], [𝑐, 𝑑]) be an interval-

valued intutionistic fuzzy set. In this study, the follow-

ing score function is proposed for defuzzifying 𝛼̃ :  

 

        I(α̃) =
a+b+(1-c)+(1-d)+a×b-√(1-c)×(1-d)

4
     (17)             

 

In Eq.(17) the terms (1-c) and (1-d) convert non-

membership degrees to membership degrees while the 
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term “√(1 − 𝑐) × (1 − 𝑑)” decreases the defuzzified 

value as much as the magnitude of non-membership. 

4. Fuzzy multicriteria method for real estate dis-

trict selection  

The used method is adopted from the study of Chen et 

al. (2011). The proposed method is composed of two 

stages in which Stage 1 determines the weights of the 

criteria based on the pairwise comparison matrices 

while Stage 2 selects the best alternative/s based on the 

decision matrices. The steps of the multicriteria method 

are summarized in the following.  

Stage 1 

Step 1. Construct the fuzzy preference relation matrix 

composed of linguistic terms assigned from Table 2 for 

the pairwise comparisons of criteria by each expert. 

Linguistic Terms Membership & Non-membership 

values Absolutely Low (AL) ([0.1, 0.25],[0.65, 0.75]) 

Very Low (VL) ([0.15,0.3],[0.6,0.7]) 

Low (L) ([0.2,0.35],[0.55,0.65]) 

Medium Low (ML) ([0.25,0.4],[0.5,0.6]) 

Approximately Equal (AE) ([0.45,0.55],[0.3,0.45]) 

Medium High (MH) ([0.5,0.6],[0.25,0.4]) 

High (H) ([0.55,0.65],[0.2,0.35]) 

 Very High (VH) ([0.6,0.7],[0.15,0.3]) 

Absolutely High (AH) ([0.65,0.75],[0.1,0.25]) 

Exactly Equal (EE) ([0.5, 0.5], [0.5, 0.5]) 

Table 2: Linguistic scale and its corresponding values 

Step 2. Convert the interval-valued intuitionistic fuzzy 

preference relation matrix on criteria for each expert. 

       𝐺̃𝑘 = [

𝑔̃11
(𝑘)

⋯ 𝑔̃1𝑝
(𝑘)

⋮ ⋱ ⋮

𝑔̃𝑝1
(𝑘)

⋯ 𝑔̃𝑝𝑝
(𝑘)

],  k=1, 2, …, m        (18) 

Step 3. Apply the operation in Eq. (11) to aggregate 

each row of preference relations. 

Step 4. Apply Eq. (15) to integrate experts’ opinions on 

criteria, and express the criterion weights in the inter-

val-valued intuitionistic fuzzy format as follows: 

             𝑔̃𝑗 = 𝐼𝐼𝐹𝐻𝐴𝜔,𝑤(𝑔̃𝑗
(1)

, 𝑔̃𝑗
(2)

, … , 𝑔̃𝑗
(𝑚)

)      (19) 

Eq.(15) transforms to Eq. (20) 

 

𝐼𝐼𝐹𝐻𝐴𝑤,𝜔(𝛼̃1, 𝛼̃2, … , 𝛼̃𝑛) = ([1 − (1 − 𝑎̅𝜎(𝑗))
𝑚𝜔𝑗 , (20) 

1 − (1 − 𝑏̅𝜎(𝑗))
𝑚𝜔𝑗],  [𝑐

𝜎̅(𝑗)

𝑚𝜔𝑗
, 𝑑̅

𝜎(𝑗)

𝑚𝜔𝑗
]) 

Step 5. Using Definition 3, rank the 𝑔̃𝑗
(𝑘)

 values. 

Step 6. Calculate each interval-valued intuitionistic 

fuzzy criterion weight using Eq. (15) and substituting   

values in Eq. (13). The calculated alues can be 

readily found in Table (1).  

Step 7. Defuzzify 𝑔̃𝑗 = ([𝑎𝑗, 𝑏𝑗], [𝑐𝑗 , 𝑑𝑗]) j=1,2,…, n by 

applying the score function I(.) given in Eq. (17) and 

normalize the obtained weights to provide the sum 

equal to 1.0. 

Stage 2 

Step 8. Collect decision matrices from experts, com-

posed of alternatives performances with respect to crite-

ria utilizing Table 2. 

         𝐷̃𝑘 = [

𝑑̃11
(𝑘)

⋯ 𝑑1𝑝
(𝑘)

⋮ ⋱ ⋮

𝑑̃𝑝1
(𝑘)

⋯ 𝑑𝑝𝑝
(𝑘)

],     k=1, 2, …, m.       (21) 

Step 9. Apply Eq.(22) to integrate experts’ opinions on 

alternatives performances with respect to criteria and 

establish the aggregated decision matrix.  

𝐼𝐼𝐹𝐻𝐴𝑤,𝜔(𝛼̃1, 𝛼̃2, … , 𝛼̃𝑛) = ([1 − (1 − 𝑎̅𝜎(𝑗))
𝑠𝜔𝑗

,       (22) 

1 − (1 − 𝑏̅𝜎(𝑗))
𝑠𝜔𝑗

], [𝑐
𝜎̅(𝑗)

𝑠𝜔𝑗 , 𝑑̅
𝜎(𝑗)

𝑠𝜔𝑗 ])    

where s indicates the number of experts. 

Step 10. Using Definition 3, rank the 𝑑̃𝑗
(𝑘) values. 

Step 11. To obtain the aggregated decision matrix, cal-

culate interval-valued intuitionistic fuzzy values for 

each alternative using Eq. (15) and the readily given ωj 

values in Table 1. 

Step 12. Generate the performance values of each alter-

native by using the weights of criteria obtained in Step 

7. 

Step 13. Employing Eq.(17), defuzzify the performance 

scores of the alternatives and determine the best alterna-

tive/s. 

5.  Application 

 

In this section, we first state the prerequisites of the 

purchaser related to the district selection problem for a 

real estate investment decision. There are six possible 

alternatives which are Besiktas, Kadikoy, Bakirkoy, 

Beykoz, Uskudar, and Sariyer since the purchaser pre-

fers a real estate on the sea shore of Istanbul.  

 

In Figure 1, the hierarchy of the problem is illustrated.  

In the first layer of the hierarchy, the goal is defined 

while in the second layer, the criteria are stated. In the 

last level, the alternatives are given. 
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In the following we apply the steps of multicriteria se-

lection method.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: The hierarchical structure of the problem

 

Step 1. The pairwise comparison matrices for the crite-

ria using intuitionistic fuzzy sets are obtained from 

three experts as displayed in Tables 3, 4 and 5. 

Criteria C1 C2 C3 C4 C5 C6 C7 

C1 EE ML AL L MH H VL 
C2   EE L ML H VH L 
C3     EE MH AH AH ML 
C4       EE H VH ML 
C5 

C5 

        EE H VL 
C6           EE AL 
C7             EE 

 

Table 3:Linguistic pairwise comparison of the 

 criteria by Expert 1 

Criteria C1 C2 C3 C4 C5 C6 C7 

C1 EE AE VL L MH H AL 
C2   EE ML L H VH VL 
C3     EE AE H VH AE 
C4       EE VH AH L 
C5 

 

        EE MH VL 
C6           EE AL 
C7             EE 

 

Table 4: Linguistic pairwise comparison of the criteria 

by Expert 2 

 

 

 

 

 

 

 

Table 5: Linguistic pairwise comparison of the criteria 

by Expert 3 

 

Table 6 presents the aggregation results for the experts 

pairwise comparisons by using Eq. (11). In this table cij 

indicates  ith expert’s opinion for criterion j based on 

each individual row in the pairwise comparison matri-

ces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6: Aggregation of the pairwise comparisons 

 

In Table 7, the experts’ weights are reflected to the cal-

culations in Table 6. Table 8 presents the final weights 

of the criteria and their defuzzified and normalized val-

ues by using Eq. (17). Tables 9-11 illustrate the deci-

sion matrices for three experts. The aggregated decision 

matrix is obtained as listed in Table 12 while in Table 

13, the fuzzy intuitionistic performance scores of alter-

natives are calculated and the fuzzy scores are defuzzi-

fied and normalized as in the right column of the table. 

The results indicate that the best district for purchasing 

a real estate is Bakirkoy and it is closely followed by 

Kadikoy and Besiktas, respectively. In addition, the 

worst alternative is found as Beykoz.  

 

 

 

Criteria C1 C2 C3 C4 C5 C6 C7 
C1 EE ML VL L MH H VL 
C2  EE L ML H VH L 
C3   EE MH AH AH AE 
C4    EE VH AH ML 
C5 
 

    EE MH L 
C6      EE VL 
C7       EE 

c11 ([0.3452,0.4547],[0.4862,0.5871]) 

c12 ([0.4218,0.5267],[0.4069,0.5110] 

c13 ([0.5521,0.6490],[0.2939,0.3661]) 

c14 ([0.4723,0.5717],[0.3463,0.4555]) 

c15 ([0.2997,0.4156],[0.5224,0.6177]) 

c16 ([0.2128,0.3338],[0.5889,0.6799]) 

c17 ([0.5608,0.6511],[0.2401,0.3621]) 

c21 ([0.3735,0.4767],[0.4609,0.5678]) 

c22 ([0.4088,0.5135],[0.4225,0.5275]) 

c23 ([0.5251,0.6140],[0.2741,0.3973]) 

c24 ([0.5158,0.6112],[0.3065,0.4228]) 

c25 ([0.2948,0.4101],[0.5176,0.6120]) 

c26 ([0.2201,0.3414],[0.5827,0.6737]) 

c27 ([0.5769,0.6682],[0.2277,0.3495]) 

c31 ([0.3505,0.4601],[0.4763,0.5762]) 

c32 ([0.4218,0.5267],[0.4069,0.5110]) 

c33 ([0.5632,0.6543],[0.2414,0.3637]) 

c34 ([0.4909,0.5918],[0.3352,0.4442]) 

c35 ([0.2891,0.4043],[0.5268,0.6220]) 

c36 ([0.2201,0.3414],[0.5827,0.6737]) 

c37 ([0.5386,0.6277],[0.2601,0.3827]) 
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The weights  

of criteria 

The normalized 

 weights 

𝑤𝐶1 =([0.369,0.479],[0.458,0.561]) 0.1229 

𝑤𝐶2 =([0.434,0.541],[0.393,0.498]) 0.1430 

𝑤𝐶3 =([0.566,0.660],[0.259,0.355]) 

0.355 
0.1857 

𝑤𝐶4 =([0.510,0.610],[0.313,0.424]) 0.1671 

𝑤𝐶5 =([0.307,0.425],[0.504,0.601]) 0.1063 

𝑤𝐶6 =([0.228,0.353],[0.569,0.662]) 0.0849 

𝑤𝐶7 =([0.577,0.668],[0.225,0.346]) 0.1900 

Table 8: The defuzzified and normalized 

weights of criteria 

 

Alternatives 
Criteria 

C1 C2 C3 C4 C5 C6 C7 

C7 Besiktas ML VH AH AH VH VH AL 

Kadikoy VH H H VH H VH VL 

Bakirkoy MH H AH H H VH ML 

Beykoz MH AE L H ML VL ML 

Uskudar VH H VH VH MH L ML 

Sariyer VH MH L H MH MH L 

 

Table 9: Decision matrix for Expert 1 

 

 

 
 

 

 

Alternatives 
Criteria 

C1 C2 C3 C4 C5 C6 C7 
 

C7 
Besiktas ML VH VH AH AH AH L 

Kadikoy H H VH AH VH AH VL 

Bakirkoy AE VH AH H H VH ML 

Beykoz H AE L H ML L L 

Uskudar VH H H VH H AE L 

Sariyer H H L AH MH H VL 

 

Table 10: Decision matrix for Expert 2 

 

Alternatives 
Criteria 

C1 C2 C3 C4 C5 C6 C7 

 

C7 
Besiktas L VH AH AH VH AH VL 

Kadikoy MH H AH AH VH AH VL 

Bakirkoy MH VH VH H H VH ML 

Beykoz MH AE VL VH AE VL L 

Uskudar H VH H H MH L ML 

Sariyer H MH ML VH AE H AL 

 

Table 11. Decision matrix for expert 3 

 

 

 

 

 

 

 

 

 

 

 
weights 0.1229 0.1430 

alternatives C1 C2 

Besiktas ([0.2484,0.4031],[0.4958,0.5980]) ([0.6179,0.7175],[0.1364,0.2825]) 
Kadikoy ([0.5690,0.6696],[0.1854,0.3331]) ([0.5676,0.6679],[0.1845,0.3321]) 

Bakirkoy ([0.5051,0.6063],[0.2455,0.3947]) ([0.6063,0.7062],[0.1484,0.2949]) 

Beykoz ([0.5298,0.6307],[0.2217,0.3703]) ([0.4662,0.5676],[0.2825,0.4324]) 

Uskudar ([0.6063,0.7062],[0.1484,0.2949]) ([0.5804,0.6807],[0.1731,0.3204]) 

Sariyer ([0.5804,0.6807],[0.1731,0.3204]) ([0.5298,0.6307],[0.2217,0.3703]) 

weights 0.1857 0.1671 

alternatives C3 C4 

Besiktas ([0.6564,0.7556],[0.1009,0.2455]) ([0.6679,0.7667],[0.0891,0.2333]) 
Kadikoy ([0.6336,0.7337],[0.1247,0.2704]) ([0.6063,0.7062],[0.1484,0.2949]) 

Bakirkoy ([0.6564,0.7556],[0.1009,0.2455]) ([0.5676,0.6679],[0.1845,0.3321]) 

Beykoz ([0.1965,0.3517],[0.5468,0.6494]) ([0.5804,0.6807],[0.1731,0.3204]) 

Uskudar ([0.5804,0.6807],[0.1731,0.3204]) ([0.6063,0.7062],[0.1484,0.2949]) 

Sariyer ([0.2218,0.3767],[0.5219,0.6243]) ([0.6194,0.7195],[0.1373,0.2834]) 

weights 0.1063 0.0849 

alternatives C5 C6 

Besiktas ([0.6307,0.7304],[0.1252,0.2708]) ([0.6564,0.7556],[0.1009,0.2455]) 
Kadikoy ([0.6063,0.7062],[0.1484,0.2949]) ([0.6564,0.7556],[0.1009,0.2455]) 

Bakirkoy ([0.5676,0.6679],[0.1845,0.3321]) ([0.6179,0.7175],[0.1364,0.2825]) 

Beykoz ([0.3170,0.4565],[0.4401,0.5521]) ([0.1698,0.3253],[0.5730,0.6758]) 

Uskudar ([0.5298,0.6307],[0.2217,0.3703]) ([0.2810,0.4208],[0.4823,0.5946]) 

Sariyer ([0.5051,0.6063],[0.2455,0.3947]) ([0.5558,0.6564],[0.1967,0.3446]) 

c11 ([0.3589,0.4710],[0.4690,0.5716]) 

c12 ([0.4374,0.5440],[0.3890,0.4941]) 

c13 ([0.5697,0.6669],[0.2765,0.3482]) 

c14 ([0.4889,0.5894],[0.3284,0.4379]) 

c15 ([0.3120,0.4310],[0.5057,0.6030]) 

c16 ([0.2222,0.3472],[0.5735,0.6669]) 

c17 ([0.5785,0.6689],[0.2236,0.3441]) 

c21 ([0.3880,0.4934],[0.4434,0.5520]) 

c22 ([0.4241,0.5307],[0.4047,0.5109]) 

c23 ([0.5425,0.6320],[0.2569,0.3793]) 

c24 ([0.5331,0.6291],[0.2889,0.4050]) 

c25 ([0.3070,0.4255],[0.5009,0.5972]) 

c26 ([0.2297,0.3550],[0.5671,0.6605]) 

c27 ([0.5948,0.6860],[0.2115,0.3316]) 

c31 ([0.3643,0.4765],[0.4590,0.5605]) 

c32 ([0.4374,0.5440],[0.3890,0.4941]) 

c33 ([0.5810,0.6721],[0.2248,0.3458]) 

c34 ([0.5078,0.6096],[0.3174,0.4266]) 

c35 ([0.3011,0.4195],[0.5101,0.6074]) 

c36 ([0.2297,0.3550],[0.5671,0.6605]) 

c37 ([0.5561,0.6456],[0.2432,0.3647]) 

Table 7. Reflection of experts weights 
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weights 0.1900 

  
 

alternatives C7 

  
 

Besiktas ([0.1576,0.3133],[0.5865,0.6898]) 

  
 

Kadikoy ([0.1569,0.3124],[0.5849,0.6876]) 

  
 

Bakirkoy ([0.2607,0.4151],[0.4830,0.5849]) 

  
 

Beykoz ([0.2218,0.3767],[0.5219,0.6243]) 

  
 

Uskudar ([0.2484,0.4031],[0.4958,0.5980]) 

  
 

Sariyer ([0.1576,0.3133],[0.5865,0.6898]) 

    

Table 12: Aggregated decision matrix

Alternatives Intuitionistic fuzzy scores 
Normalized 

scores 
Besiktas ([0.840,0.919],[0.091,0.162]) 0.1744 

Kadikoy ([0.841,0.917],[0.072,0.142]) 0.1753 

Bakirkoy ([0.840,0.916],[0.051,0.114]) 0.1764 

Beykoz ([0.668,0.805],[0.146,0.247]) 0.1442 

Uskudar ([0.813,0.899],[0.069,0.141]) 0.1709 

Sariyer ([0.753,0.861],[0.118,0.208]) 0.1587 

 

Table 13: The fuzzy performance scores of alternatives 

The ranking  of the alternative are : Bakirkoy > Kadikoy > Besiktas >Uskudar >Sariyer > Beykoz . 

 

5.  Sensitivity Analysis 

 

In Figure 2, dark blue, red, green, purple, blue and or-

ange colors represent the alternatives Besiktas,Kadikoy, 

Bakirkoy, Beykoz, Uskudar and Sariyer, respectively. 

All graphs almost indicate the same result. For the low 

levels of criteria weights, Bakirkoy takes always the 

first order. For the criteria weights between 0.20 and 

0.35, Kadikoy always takes the first order. For the crite-

ria weights larger than 0.35, Sariyer is the selected al-

ternative. 

 

 

 

Fig.2: The results of sensitivity analysis 
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6. Conclusions 

Worldwide real estate investment is a multicriteria 

problem including many conflicting and linguistic-

valued attributes. Considering the membership and non-

membership functions as well as hesitancy provides a 

comprehensive evaluation of criteria and alternatives. 

Integrating the experts weights to the aggregation pro-

cess, the importance of past experience have been re-

flected into the results.  Sensitivity analysis is also ap-

plied to check if there is a change in the solution when 

the criteria weights change. Apart from the literature, a 

new defuzzification method has been proposed in the 

study.  

In this paper, specifically the district selection for real 

estate investment decision has been realized. For the 

further researches, we plan to extend the study to select 

a country and a city before deciding the district in the 

city. Besides, other fuzzy MCDM methods like TOP-

SIS, VIKOR, AHP, and ELECTRE with hesitant or in-

tuitionistic fuzzy sets are suggested to apply and com-

pare the results obtained in this study.  
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