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Abstract 
 The concurrence of randomness and imprecision exists in decision making problems 

(DMPs). To describe unpredictability, fuzziness and statistical uncertainty in a single frame, we 

have developed an interactive approach to probabilistic intuitionistic fuzzy MCDM method, in 

which assessment of alternative over attributes are provided by probabilistic intuitionistic fuzzy 

elements (PIFEs). In proposed methodology a conversion method to convert fuzzy sets to 

intuitionistic fuzzy sets is also used. To completely describe statistical and non-statistical 

uncertainty, suitable probability distribution function is associated to the both belongingness 

values and non-belongingness values of each one entity in constructed IFS. The core intention of 

this paper is to propose a PIF-TOPSIS (Technique for Order Preference by Similarity to Ideal 

Solution) method for MCDM problem. Firstly, we develop distance measures for PIFEs. 

Probabilistic intuitionistic fuzzy positive and negative ideal solutions are also defined.  A real life 

case study is in use as an example to illustrate the methodology of developed PIF-TOPSIS 

method and to find the ranking of organizations using real data. The decision making framework 

of proposed PIF-TOPSIS method is superior to other MCDM methods, because of introducing 

probabilistic information in IFEs, which can be useful to ensure the integrality and accuracy of 

intuitionistic fuzzy information.  

 

Key Words: Probabilistic Intuitionistic Fuzzy Set, Multi-Criteria Decision Making, PIF-PIS, 

PIF-NIS, Distance Measure, TOPSIS. 

 

1. Introduction  

 Uncertainty management in decision making problems (DMPs) has been an 

imperative issue for the researchers. It is sometimes impossible or very tough to obtain 

sufficient and accurate data due to inadequate awareness of decision makers (DMs), the 

behavior of objects, uncertainty with randomness of events. There may be various 

uncertainties in DMPs due to either fuzziness or randomness or both. These 

uncertainties can be categorized into stochastic/statistical and nonstochastic/non-

statistical uncertainty [1]. Generally, statistical uncertainty possibly handled effectively 

by probabilistic modeling [2, 3]. In contrast, the fuzzy set theory (FST) [4, 5] has been 

witnessed to be powerful tool to handle nonstatistical uncertainties. Several theories 

have been developed to deal with nonstochastic uncertainty, among which FST [4] is 

expansively researched and effectively applied in DMPs [6- 12]. Type-2 fuzzy sets 

[13], interval-valued fuzzy set [4] are various extension of fuzzy sets (FSs), which are 
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extremely used in MCDM problems to take in nonstochastic uncertainty, randomness 

and hesitation. Atanassov [14] used three parameters to characterize intuitionistic fuzzy 

set (IFS) to tackle non-determinism within system occurring due to hesitation of DMs. 

Various scholars [15-19] proposed IF decision making methods. 

 

 Both types of uncertainties, stochastic and non-stochastic exist simultaneously 

in the system. Probabilistic and fuzzy models individually process only one phase of 

uncertainty and do not have capable to tackle both type of uncertainties simultaneously. 

Comprehensive occurrence of randomness, hesitation, statistical uncertainty and 

imprecision in real life DMPs had fascinated researchers to integrate probability theory 

with FST. The integration of FST with probabilistic theory has been studied [20-23]. 

Probabilistic fuzzy set (PFS) was introduced [23] by describing center and width of 

membership function, which makes it able to tackle with both types of uncertainties in a 

single framework. PFS is applied for stochastic modeling [22, 23]. 

 The occurrence probabilities of the elements in IFS and their extension are 

assumed to be equal, which is obviously unsuitable for the evaluation and hesitation 

judgments of DMs in most of the real life problems. Bifuzzy (intuitionistic) 

probabilistic fuzzy set was introduced [24, 25] by describing the belongingness and 

non-belongingness functions of an object with randomness of choosing them. For 

example, a DM provides probabilistic intuitionistic fuzzy element (PIFE)
 

}6.0|5.0,4.0|4.0,{ ><x in which 0.4 represents the belongingness value and 0.6 is 

non-belongingness value with corresponding probabilities 0.4 and 0.6 respectively. 

Intuitionistic probabilistic fuzzy set (IPFS) can easily overcome the gap between 

fuzziness and probability and has least statistical uncertainty. Various researchers [26-

28] have developed TOPSIS method for DMPs. 

 

 In this paper, limitations of usual IFS theory in some particular situations are 

discussed which are leading to the motivations for IFS with probabilistic theory. 

Objective of this study is to develop a decision making methodology to TOPSIS 

method in PIF environment. The decision making framework of proposed PIF-TOPSIS 

method is more superior to other MCDM methods, because of introducing probabilistic 

information in IFEs, which can be useful to ensure the integrality and accuracy of IF 

information.  

 

 The remaining of the research paper is ordered as follows: in section 2 the 

basic terminology and definition of FS, IFS and PIFS are described. In this section, a 

conversion method is also presented. Afterwards, step wise procedure of proposed PIF 

TOPSIS is described in section 3. The flow of calculation and results are presented in 

section 4. The conclusion is given at the end of this paper. 

2. Preliminaries 
 In this segment, we have briefly reviewed some elementary definitions related 

to FS, IFS and PIFS. Conversion theorem [29] for IFS is also discussed in this section. 

 

2.1. Fuzzy set and Intuitionistic fuzzy set 
 In 1965, Zadeh [4] established the theory of fuzzy set to deal with non-

stochastic uncertainty and vagueness. Atanassov [14] established the concept of IFS. 
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This idea seems to be useful in modeling the uncertainty because of hesitation in system 

in many real life situations [30]. 

 

Definition 1: [4] Let X be universal set then the fuzzy set A is characterized by 

membership degree ]1,0[: →XAµ  and represented by the following order pair: 

 
}:))(,{( XxxxA A ∈∀= µ                           (1) 

Definition 2:  [14] An IFS A on a universal set X is defined as an object of the 

following form: 

 
}|)(),(,{ XxxxxA AA ∈= νµ                              (2) 

Where the functions ]1,0[: →XAµ  and ]1,0[: →XAν  represents the belongingness and 

non- belongingness grade of an element XAx ⊂∈ respectively.                                     

2.2. Probabilistic intuitionistic fuzzy set  
 Both types of uncertainties, stochastic and nonstochastic exist simultaneously 

in the system. Probabilistic and fuzzy models individually process only one phase of 

uncertainty and do not have capability to tackle both types of uncertainties 

concurrently. The concurrence of randomness, hesitation, statistical uncertainty and 

imprecision in real life decision making problems has attracted scholars to incorporate 

probability theory with FST. The integration of FST with probabilistic theory has been 

studied [20-23]. PFS was developed [23] by describing center and width of membership 

function, which makes it able to tackle both types of uncertainties in a solitary 

framework. Recently, PFS is applied for stochastic modeling [23]. Bifuzzy 

(intuitionistic) probabilistic fuzzy set was introduced [24,25] by describing the 

belongingness and non-belongingness functions of an object with randomness of 

choosing them. 

 

Definition 3: Let X be the reference set, then a PIFS
PI  on X  is expressed as follows: 

  
}|)(|)(),(|)(,{ XxxqxxpxxI AAP ∈= νµ

                                          (3)
 

where )(xAµ  and )(xAν  represent the grade of intuitionistic fuzzy membership and 

non-membership of an element x ∈ PI ⊂ X correspondingly. )(xp  and )(xq  denoting 

the corresponding probabilistic information of probabilistic intuitionistic fuzzy set PI  

with 1)()(

#

1

≤+∑
=

xqxp

h

i

. 

2.3. A Methodology of construct IFS from fuzzy set 
 A technique to construct IFS from FSs proposed by Jurio et al. [29] is 

presented in this subsection. Corresponding to a given FS, IFS may be constructed by 

modifying the value of membership.  
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Let )(PsFS denotes the set of all FSs in the universal set P with )(PsFSFA ∈ and let 

]1,0[:, →Pδπ . Then 

 
}))(),(),((ˆ,{ Pipipipip

FAfipI ∈∀= δπµ
                                         (4)

 

denotes an IFS, the mapping 

 
∗→× Lf ]1,0[2]1,0[:ˆ    given by 

 
)),,(ˆ),,,(ˆ(),,(ˆ δνδµδ yxfyxfyxf =  where 

 
),1(),,(ˆ yxyxf δδ −= yyxyxf δδδν −−−= )1(1),,(ˆ

                                  (5)
 

and  

 
}1]1,0[]1,0[),(:),{( ≤+×∈=∗ yxwithyxyxL                                          

 (6)
 

 

3. An algorithm of proposed PIF TOPSIS 
 Step to step algorithm of developed PIF TOPSIS method is presented in the 

following section. Assumes that },.....,,{ 21 mAAAA =  and },......,,{ 21 nCCCC =  

are sets of m  alternatives and n  criteria correspondingly. Following are various steps 

in PIF TOPSIS method. 

Step 1: Intuitionistic fuzzy decision matrix (IFDM) nmijII ×= )( of IF value 

),( ijijij vI µ= is constructed using construction theorem. Here ijµ  and ijν  are 

membership and non-membership grade of alternative Ai under the criteria Cj. This step 

includes following sub steps. 

  (i) Define the universal set for each alternative for each criterion. 

 (ii) Construct the suitable FSs for each criterion. 

 (iii) IFSs are constructed using construction theorem corresponding to FSs obtained in 

above sub step.  

The IFDM can be symbolized as follows: 
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mmmmmm
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⋮

⋮

⋮

⋮

⋮

⋮                  (7) 

Step 2: In this step, suitable probability distribution function is associated to the both 

membership and non-membership values of each entity ),( ijijij vI µ=  of IFDM 

nmijII ×= )( constructed in step 1 to construct probabilistic intuitionistic fuzzy decision 

matrix (PIFDM) )|)(,|)(( ijAijAijP qxpxI νµ= . Here ijp  and ijq  denotes the 
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corresponding probabilistic information of probabilistic intuitionistic fuzzy set PI  

having condition 1)(

,

)( ≤+∑ ij

ji

ij qp . Suitable probability distribution function is 

associated to the both membership and non-membership values as follows: 
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Here B and C denotes benefit and cost criteria correspondingly.  

The PIFDM nmijPII ×= )( can be represnted as follows: 
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 (8)    

Step 3: PIF-PIS )(
+

Pℏ and PIF-NIS )(
−

Pℏ  are defined as follows:     
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Here B and C are group of benefit and cost criteria respectively.  

Step 4: Distance ),(
+

PiAd ℏ among the Ai and PIF-PIS )(
+

Pℏ  and the distance 

),(
−

PiAd ℏ  between the alternative Ai and PIF-NIS )(
−

Pℏ , is calculated using following 

distance measure: 
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Step 5: The closeness coefficient value of each alternative is calculated using 

subsequent expression. 
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 Step 6: Ranking of all the alternatives is given according to the decreasing value of 

closeness coefficient.  

4. A real case study  
 In this section, developed PIF-TOPSIS method is applied to rank seven 

organizations, S.B.I. (A1), InfoTech Enterprises (A2), ITC (A3), H.D.F.C. Bank (A4), 

Tata Steel (A5), Tata Motors (A6), Bajaj Finance(A7) using real data. 

4.1. Implementation of proposed method 
 Seven organizations (Ai, i =1, 2, 3…6,7) are evaluated for their performance on 

the basis of following seven criteria (Ci, i =1, 2, 3…6,7). 

1. Earnings per share(EPS) (C1) 

2. Face value (C2) 

3. Book value (C3) 

4. Deliverables (C4) 

5. Put-Call Ratio (C5) 

6. Dividend yield (C6) 

7. Price  to earnings ratio) (C7) 

  

 321 ,, CCC and 4C are fit in to benefit criteria i.e, high value designates good 

quality growth and 6,5 CC
 
and 7C  belong to cost criteria i.e., low value designates 

indicate good growth.. Actual numerical values of these seven criteria of the 

organizations are retrieved from http://www.moneycontrol.comfrom date 20.7.2017 to 

27.7.2017 and average of this information is tabulated in Table 1:  

 

 C1 C2 C3 C4 C5 C6 C7 

A1 13.15 1.00 196.53 45.21 19.27 260 23.48 

A2 61.18 5.00 296.12 71.41 14.98 515 15.40 

A3 8.54 1.00 37.31 75.74 30.52 475 33.55 

A4 59.07 2.00 347.59 59.77 28.50 550 30.17 

A5 22.25 2.00 237.82 66.95 5.98 25 20.17 

A6 35.47 1.12 511.31 26.35 7.95 100 16.12 

A7 36.64 2.00 174.60 39.87 45.39 245 46.99 

 

Table1: Average of actual numerical value of criteria 
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 Following are the stepwise computations in ranking the organizations using 

proposed TOPSIS method with probabilistic intuitionistic fuzzy information. 

Step 1: Crisp numerical values of Table 1 are fuzzified using FSs for each criterion and 

following FDM (Table 2) is obtained. 

80.311/23.40.269/26070.287/19.210.297/45.2530.272/196.0.158/1.050.128/13.11 ++++++=A

00.204/15.40.534/51580.223/14.910.469/71.420.41/296.10.788/5.080.595/61.12 ++++++=A

50.444/33.50.492/47520.455/30.540.497/75.710.052/37.30.158/1.00.083/8.543 ++++++=A

0.4/30.170.57/55000.425/28.570.392/59.7590.481/347.0.315/2.070.574/59.04 ++++++=A

70.267/20.10.026/250.089/5.98950.4397/66.820.329/237.0.315/2.050.216/22.25 ++++++=A

20.214/16.10.104/10070.119/7.9550.173/26.3310.708/511.0.177/1.1270.345/35.46 ++++++=A

90.622/46.90.254/24590.677/45.370.262/39.8600.242/174.0.315/2.040.356/36.67 ++++++=A
 

 

 C1 C2 C3 C4 C5 C6 C7 

A1 0.128 0.158 0.272 0.297 0.287 0.269 0.311 

A2 0.595 0.788 0.41 0.469 0.223 0.534 0.204 

A3 0.083 0.158 0.052 0.497 0.455 0.492 0.444 

A4 0.574 0.315 0.481 0.392 0.425 0.57 0.4 

A5 0.216 0.315 0.329 0.439 0.089 0.026 0.267 

A6 0.345 0.177 0.708 0.173 0.119 0.104 0.214 

A7 0.356 0.315 0.242 0.262 0.677 0.254 0.622 

 

Table 2: Fuzzy decision matrix 

 

 Construction theorem (Section 2.3) is applied to construct IFDM (Table 3) 

from FDM (Table 2).  

 

 083.0=π , 595.0=δ  are used to construct the IFN of A1 against criterion C1.  

122.0)083.0595.01(128.0)( 1 =×−=Cµ
 

829.0083.0595.0)083.0595.01(128.01)( 1 =×−×−−=Cν
 

 Therefore, IFN corresponding to fuzzy number of A1 against criterion C1 is 

(0.122, 0.829). Similarly other IFNs are constructed to have IF decision matrix      

(Table 3).  
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C1 C2 C3 C4 C5 C6 C7 

A1 (0.122, 

0.829) 

(0.138, 

0.738) 

(0.262, 

0.701) 

(0.271, 

0.643) 

(0.27, 

0.67) 

(0.265, 

0.72) 

(0.272, 

0.602) 

A2 (0.566, 

0.385) 

(0.69, 

0.186) 

(0.395, 

0.569) 

(0.428, 

0.486) 

(0.21, 

0.73) 

(0.526, 

0.46) 

(0.178, 

0.695) 

A3 (0.079, 

0.872) 

(0.138, 

0.738) 

(0.05, 

0.913) 

(0.454, 

0.46) 

(0.428, 

0.512) 

(0.485, 

0.5) 

(0.388, 

0.485) 

A4 (0.546, 

0.405) 

(0.276, 

0.6) 

(0.463, 

0.5) 

(0.359, 

0.555) 

(0.399, 

0.54) 

(0.561, 

0.424) 

(0.349, 

0.524) 

A5 (0.206, 

0.745) 

(0.276, 

0.6) 

(0.317, 

0.646) 

(0.402, 

0.512) 

(0.084, 

0.856) 

(0.026, 

0.96) 

(0.233, 

0.64) 

A6 (0.328, 

0.623) 

(0.155, 

0.721) 

(0.681, 

0.282) 

(0.158, 

0.756) 

(0.111, 

0.828) 

(0.102, 

0.883) 

(0.186, 

0.687) 

A7 (0.339, 

0.612) 

(0.276, 

0.6) 

(0.233, 

0.73) 

(0.239, 

0.675) 

(0.636, 

0.304) 

(0.25, 

0.735) 

(0.543, 

0.33) 

Table 3: Intuitionistic fuzzy decision matrix 

 

Step 2: PIFDM (Table 4) of probability intuitionistic fuzzy value )|,|( ijijijijij pvpI µ=  

is constructed. Probabilities to both membership and non-membership values are 

associated as follows: 

128.0
829.0122.0

122.0
)( 11 =

+
=pµ ,  872.0

829.0122.0

829.0
)( 11 =

+
=pν  

 C1 C2 C3 C4 C5 C6 C7 

A1 {(0.122| 

0.128), 

(0.829| 

0.872)} 

{(0.138| 

0.158), 

(0.738| 

0.842)} 

{(0.262| 

0.272), 

(0.701| 

0.728)} 

{(0.271| 

0.297),     

(0.566| 

0.595)} 

{(0.385| 

0.405), 

(0.69| 

0.788)} 

{(0.186| 

0.212), 

(0.395| 

0.41)} 

{(0.569| 

0.59), 

(0.428| 

0.469)} 

A2 {(0.079| 

0.083), 

(0.872| 

0.917)} 

{(0.138| 

0.158), 

(0.738| 

0.842)} 

{(0.05| 

0.052), 

(0.913| 

0.948)} 

{(0.454| 

0.497),    

(0.546| 

0.574)} 

{(0.405| 

0.426), 

(0.276| 

0.315)} 

{(0.6| 

0.680), 

(0.463| 

0.381)} 

{(0.5| 

0.519), 

(0.359| 

0.392)} 

A3 {(0.206| 

0.216), 

(0.745| 

0.784)} 

{(0.276| 

0.315),  

(0.6| 

0.685)} 

{(0.317| 

0.329), 

(0.646| 

0.671)} 

{(0.402| 

0.439), 

(0.328| 

0.345)} 

{(0.623| 

0.655), 

(0.155| 

0.177)} 

{(0.721| 

0.823), 

(0.681| 

0.708)} 

{(0.282| 

0.292), 

(0.158| 

0.173)} 
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A4 {(0.339| 

0.356), 

(0.612| 

0.644)} 

{(0.276| 

0.315), 

(0.6| 

0.685)} 

{(0.233| 

0.242), 

(0.73| 

0.758)} 

{(0.239| 

0.262), 

(0.643| 

0.703)} 

{(0.27| 

0.713), 

(0.67| 

0.287)} 

{(0.265| 

0.731), 

(0.72| 

0.269)} 

{(0.272| 

0.689), 

(0.602| 

0.311)} 

A5 {(0.486| 

0.531), 

(0.21| 

0.777)} 

{(0.73| 

0.223), 

(0.526| 

0.466)} 

{(0.46| 

0.534), 

(0.178| 

0.796)} 

{(0.695| 

0.204), 

(0.46| 

0.503)} 

{(0.428| 

0.545), 

(0.512| 

0.455)} 

{(0.485| 

0.508), 

(0.5| 

0.492)} 

{(0.388| 

0.556), 

(0.485| 

0.444)} 

A6 {(0.555| 

0.608), 

(0.399| 

0.575)} 

{(0.54| 

0.425), 

(0.561| 

0.43)} 

{(0.424| 

0.57), 

(0.349| 

0.6)} 

{(0.524| 

0.4), 

(0.512| 

0.561)} 

{(0.084| 

0.911), 

(0.856| 

0.089)} 

{(0.026| 

0.974), 

(0.96| 

0.026)} 

{(0.233| 

0.733), 

(0.64| 

0.267)} 

A7 {(0.756| 

0.827), 

(0.111| 

0.881)} 

{(0.828| 

0.119), 

(0.102| 

0.896)} 

{(0.883| 

0.104), 

(0.186| 

0.786)} 

{(0.687| 

0.214), 

(0.675| 

0.738)} 

{(0.636| 

0.323), 

(0.304| 

0.677)} 

{(0.25| 

0.746), 

(0.735| 

0.254)} 

{(0.543| 

0.378), 

(0.33| 

0.622)} 

 

Table 4: Probabilistic intuitionistic fuzzy decision matrix 

 

Step 3: PIF-PIS ( +
Pℏ ) and PIF-NIS ( −

Pℏ ) are obtained as follows: 

)}22.0,14.0(),246.0,03.0(),23.0,08.0(),23.0,23.0(),08.0,48.0(),04.0,54.0(),16.0,34.0{(),( == +++
jjP νµℏ

   

)}14.0,22.0(),025.0,25.0(),08.0,23.0(),63.0,03.0(),87.0,003.0(),62.0,02.0(),72.0,01.0{(),( == −−−
jjP νµℏ

Step 4: Distance
 

),(
+

PiAd ℏ between Ai and PIF-PIS )(
+

Pℏ  and the distance ),(
−

PiAd ℏ  

between Ai and PIF-NIS )(
−

Pℏ  respectively are calculated and are shown in following 

table (Table 5).
 

Alternative ),(
+

PiAd ℏ  ),(
−

PiAd ℏ  

A1 0.582 0.355 

A2 0.32 0.582 

A3 0.784 0.394 

A4 0.457 0.607 

A5 0.457 0.432 

A6 0.555 0.784 

A7 0.472 0.329 

 

Table 5: Distance of alternatives from PIF-PIS and PIF-NIS 
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Step 5: Closeness coefficients 7.......,,2,1,
),(),(

),(
=

+
=

−+

−

i
AdAd

Ad
Cc

PiPi

Pi
i

ℏℏ

ℏ
for each 

alternative are computed and are shown in following table (Table 6). 

 

      1Cc  2Cc  
3Cc  4Cc  

     5Cc  6Cc  7Cc  

0.3791 0.6449 0.3343 0.5703 0.4862 0.5855 0.4108 

 

Table 6: Closeness coefficients value 

 

Step 6: Organizations are ranked as A2 > A6 > A4 > A5>A7 > A1 > A3.in the accordance 

with decreasing value of closeness coefficient. This shows that the most and the least 

desirable alternative confirmed by using proposed PIF TOPSIS method is A2 and A3 

respectively. 

 

4.2 Comparative Analysis  
 To demonstrate the recital of our proposed PIF TOPSIS method, we make a 

comparative analysis with IF TOPSIS method developed by Joshi & Kumar [18]. The 

ranking results based on Joshi & Kumar [18] are A2  > A5 > A6 > A4 >A1 > A7 > A3 . It is 

clear from above results that the ranking of alternatives derived from above proposed 

approach is slightly different from results derived by Joshi & Kumar’s [18] method. But 

the most and the least desirable alternative confirmed by using proposed method and 

Joshi & Kumar’s [18] methods are same. 

 

 

Table 7: Ranking of alternatives by different methods 

 This slight difference in ranking is due to reason that we have introduced 

probabilistic information in IFEs, which can be useful to ensure the integrality and 

accuracy of intuitionistic fuzzy information. The decision making framework of 

proposed PIF-TOPSIS method make decision results more reasonable and accurate. 

5. Conclusion 
  In this research paper, we have developed an interactive approach to solve real 

life DMPs under probabilistic intuitionistic fuzzy environment. The main advantage of 

PIFS is that it can effectively handle comprehensive concurrence of randomness and 

fuzziness. Hence, PIFS can handle both statistical and non-statistical uncertainty. The 

core intention of this paper is to propose a PIF TOPSIS method for MCDM problem. In 

this proposed method a conversion theorem to convert fuzzy set to intuitionistic fuzzy 

set is also used. Firstly, we develop distance measures for PIFEs. Distance measures are 

also extended for PIFS and were used in proposed TOPSIS method to MCDM problem. 

Method  Ranking Best / Worst  

Proposed method A2  > A5 > A4 > A6>A7 > A1 > A3 

 

A2 /A3 

 

Joshi & Kumar’s method A2  > A5 > A6 > A4 >A1> A7 > A3  A2 /A3 
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PIFPIS and PIFNIS are also defined for PIFS. A real life decision making problem is 

also undertaken to indicate the feasibility, reasonable and applicability of the developed 

multi-criteria decision making (MCDM) methodology. The decision making framework 

of proposed PIF-TOPSIS method make decision results more reasonable and accurate 

than other MCDM methods, because we have introduced suitable probabilistic 

information in IFEs, which can be useful to ensure the integrality and accuracy of 

intuitionistic fuzzy information. 

 

References 
1. Meghdadi, A. H. and Akbarzadeh-T, M. R. (2001). Probabilistic fuzzy logic 

and probabilistic fuzzy systems. In Fuzzy Systems, 2001, The 10th IEEE 

International Conference on (Vol. 3, p. 1127-1130). IEEE. 

2. Valavanis, K. P. and Saridis, G. N. (1991). Probabilistic modeling of intelligent 

robotic systems, IEEE transactions on robotics and automation, 7(1), p. 164-

171. 

3. Pidre, J. C., Carrillo, C. J. and Lorenzo, A. E. F. (2003). Probabilistic model for 

mechanical power fluctuations in asynchronous wind parks, IEEE Transactions 

on Power Systems, 18(2), p. 761-768 

4. Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8 , p. 338–356. 

5. Zadeh, L. A. (1975). Fuzzy logic and approximate reasoning, Synthese, 30(3), 

p. 407-428. 

6. Lee, L. W. and Chen, S. M. (2015). Fuzzy decision making and fuzzy group 

decision making based on likelihood-based comparison relations of hesitant 

fuzzy linguistic term sets, Journal of Intelligent & Fuzzy Systems, 29(3), p. 

1119-1137. 

7. Chen, C.T. (2000). Extension of the TOPSIS for group decision making under 

fuzzy Environment, Journal of Fuzzy Sets and Systems, 114, p. 1-9. 

8. Chen, J. Hwang, C. L. and Hwang, F. P. (1992). Fuzzy multiple attribute 

decision making (methods and applications), Lecture Notes in Economics and 

Mathematical Systems. 

9. Grattan Guinness, I. (1976). Fuzzy membership mapped onto intervals and 

many valued quantities, Mathematical Logic Quarterly, 22(1), p. 149-160. 

10. Liu, J., Chen, H., Xu, Q., Zhou, L. and Tao, Z. (2016). Generalized ordered 

modular averaging operator and its application to group decision making, Fuzzy 

Sets and Systems, 299, p. 1-25. 

11. Liu, J., Chen, H., Zhou, L. and Tao, Z. (2015). Generalized linguistic ordered 

weighted hybrid logarithm averaging operators and applications to group 

decision making, International Journal of Uncertainty, Fuzziness and 

Knowledge-Based Systems, 23(03), p. 421-442. 

12. Yoon, K. P. and Hwang, C. L. (1995). Multiple Attribute Decision Making: An 

Introduction (Vol. 104), Sage Publications.  

13. Zadeh, L. A. (1975). The concept of a linguistic variable and its application to 

approximate reasoning—I, Information sciences, 8(3), p. 199-249. 

14. Atanassov, K.T. (1986). Intuitionistic fuzzy sets, Fuzzy Sets and system, 20(1), 

p. 87-96. 

15. Grzegorzewski, P. (2004). Distances between intuitionistic fuzzy sets and/or 

interval-valued fuzzy sets based on the Hausdoff metric, Fuzzy Sets and 

Systems, 149, p. 319-328. 



36                                    Journal of Reliability and Statistical Studies, December 2018, Vol. 11(2) 

 

16. Wan, S. P. and Li, D. F. (2014). Atanassov's intuitionistic fuzzy programming 

method for heterogeneous multi-attribute group decision making with 

Atanassov's intuitionistic fuzzy truth degrees, IEEE Transactions on Fuzzy 

Systems, 22(2), p. 300-312.  

17. Wan, S. P. and Yi, Z. H. (2015). Power average of trapezoidal intuitionistic 

fuzzy numbers using strict t-norms and t-conorms, IEEE Transactions on Fuzzy 

Systems, 22(2), p. 300-312.  

18. Joshi, D. and Kumar, S. (2014). Intuitionistic fuzzy entropy and distance 

measure based TOPSIS method for multi-criteria decision making, Egyptian 

Informatics Journal, 15(2), p. 97-104. 

19. Joshi, D. and Kumar, S. (2018). Improved accuracy function for interval-valued 

intuitionistic fuzzy sets and its application to multi–attributes group decision 

making, Cybernetics and Systems, 1-13. 

20. Laviolette, M. and Seaman, J. W. (1994). Unity and diversity of fuzziness/spl 

minus/from a probability viewpoint, IEEE Transactions on Fuzzy Systems, 

2(1), p. 38-42. 

21. Zadeh, L. A. (1995). Discussion: Probability theory and fuzzy logic are 

complementary rather than competitive, Technometrics, 37(3), p. 271-276. 

22. Liang, P. and Song, F. (1996). What does a probabilistic interpretation of fuzzy 

sets mean. IEEE Transactions on Fuzzy Systems, 4(2), p. 200-205. 

23. Liu, Z. and Li, H. X. (2005). A probabilistic fuzzy logic system for modeling 

and control, IEEE Transactions on Fuzzy Systems, 13(6), p. 848-859. 

24. Gerstenkorn, T. and Mańko, J. (1995). Bifuzzy probabilistic sets, Fuzzy sets 

and systems, 71(2), p. 207-214. 

25. Agarwal, M., Biswas, K. K., and Hanmandlu, M. (2011, December). 

Probabilistic intuitionistic fuzzy rule based controller. In Automation, Robotics 

and Applications (ICARA), 2011 5th International Conference on (p. 214-219), 

IEEE. 

26. Shen, F., Ma, X., Li, Z., Xu, Z. and Cai, D. (2018). An extended intuitionistic 

fuzzy TOPSIS method based on a new distance measure with an application to 

credit risk evaluation, Information Sciences, 428, p. 105-119. 

27. Joshi, D. K., Bisht, K. and Kumar, S. (2018). Interval-valued intuitionistic 

uncertain linguistic information-based TOPSIS method for multi-criteria group 

decision-making problems, In Ambient Communications and Computer 

Systems (pp. 305-315), Springer, Singapore. 

28. Joshi, D. K. and Kumar, S. (2018). Trapezium cloud TOPSIS method with 

interval-valued intuitionistic hesitant fuzzy linguistic information, Granular 

Computing, 3(2), p. 139-152. 

29. Jurio, A., Paternain, D., Bustince, H., Guerra, C. and Beliakov, G., (2010). A 

construction method of Atanassov’s intuitionistic fuzzy sets for image 

processing, In 5th IEEE conference on Intelligent Systems, London, UK.  

30. Grzegorzewski, P. and Mrówka, E. (2005). Some notes on (Atanassov's) 

intuitionistic fuzzy sets,  Fuzzy sets and systems, 156(3), p. 492-495. 

 


