
Intuition based Decision Methodology for Ranking 

Interval Type – II Fuzzy Numbers 

 

Ahmad Syafadhli Abu Bakar
 1
  Alexander Gegov

 1
     

1
School of Computing, University of Portsmouth, Buckingham Building, Portsmouth PO1 3HE, United Kingdom.

Abstract  

Type – II fuzzy number is introduced in decision mak-

ing analysis as a concept that is capable to effectively 

deal with uncertainty in the information about a deci-

sion. As type – II fuzzy number is represented by possi-

bility distribution, it is hard to determine which type – 

II fuzzy number is greater than the other. In this paper, 

a new methodology for ranking type – II fuzzy number 

is proposed. The methodology is made up based on two 

intuitionistic components namely centroid point and 

spread. The paper also introduces for the first time the 

extension of type – II fuzzy number into standardised 

generalised type – II fuzzy number so that the represen-

tation is more generic and applicable to any cases of 

decision making problems. The methodology is then 

validated using both theoretical and empirical valida-

tions for real decision making applications.  

Keywords: Interval type – II fuzzy number; ranking 

interval type – II fuzzy number; standardised general-

ised interval type – II fuzzy numbers; consistent with 

human intuition. 

 

1. Introduction  

Fuzzy number is often used as a great tool in human 

decision making. This is reflected by its capability to 

appropriately representing linguistic characteristics 

used by human when making a decision. Apart from 

that, it complements any imprecision and incomplete-

ness in the information which contributes to uncertainty 

towards decision informativeness. These evidences em-

phasis that fuzzy number introduced by Zadeh (1965) is 

an appropriate tool for decision making especially when 

dealing with imprecise numerical quantities and subjec-

tive preferences of decision makers (Deng, 2013). 

 According to Zimmerman (2000) and Kumar et al. 

(2010), fuzzy numbers are represented by possibility 

distributions, thus they might potentially overlap with 

each other. If they are overlapped, then it is not easy to 

clearly determine which fuzzy number is larger or 

smaller than another (Kumar et al. (2010). In order to 

differentiate fuzzy numbers appropriately, a ranking 

fuzzy numbers concept is introduced by Jain (1976) 

such that it is regarded as a concept that is suitable in 

decision making application. In the literature of ranking 

fuzzy numbers, main processes involve in ranking 

fuzzy numbers are evaluating all fuzzy numbers under 

consideration and comparing them based on certain 

preferences. These indicate that practitioner cannot use 

direct evaluation towards fuzzy numbers if effective 

decision making is targeted to achieve. Among estab-

lished methods for ranking fuzzy numbers found in the 

literature of fuzzy sets are Cheng (1998), Chu & Tsao 

(2002), Wang et al., (2005), Asady (2010), Bakar et al., 

(2010; 2012), Dat et al. (2012), Yu et al. (2013) and 

Bakar & Gegov (2014).  

Although, ranking fuzzy numbers concept is devel-

oped for decision making purposes, limitation of fuzzy 

number itself on representing the uncertainty satisfacto-

rily, affects the final outcome of a decision making. 

This is because fuzzy numbers consider only one kind 

of uncertainty which is the intra – personal uncertainty 

in representing linguistic characteristics whilst there are 

supposedly two kinds of uncertainties that are related to 

linguistic characteristics namely intra – personal uncer-

tainty and inter – personal uncertainty (Wallsten & 

Budescu, 1995). Due to the fact that the uncertainty rep-

resentation of fuzzy number is arguable, capability of 

fuzzy numbers is extended to type – II fuzzy number 

(Zadeh, 1975) so that both kinds of uncertainty namely 

intra and inter – personal uncertainties are well repre-

sented. Since, type – II fuzzy number is an extension of 

fuzzy numbers, hence the term type – I fuzzy numbers 

is used to replace the term fuzzy numbers for conven-

ience purposes. Another advantage of type – II fuzzy 

number than type – I fuzzy number is it provides more 

flexibility in terms of degree of freedom than the latter 

as two type – I fuzzy numbers are utilised as a type – II 

fuzzy number. Those type – I fuzzy numbers charaterise 

the two kinds of uncertainty using two membership 

functions known as the primary and secondary (Hu et 

al., 2013).  

Investigation on utilising type – II fuzzy numbers is 

not new in the literature of fuzzy sets as many decisions 

involving them are found in various decision making 

problems. For example, radiographic tibia image clus-

tering (John et al., 2000), signal processing problem 

(Nagy & Takács, 2008), pattern recognition (Wu & 

Mendel, 2009) and oversea minerals investment prob-

lem (Hu et al., 2013). Even though, type – II fuzzy 

number improves the capability of type – I fuzzy num-

ber, it needs a suitable method to distinguish it from 

other type – II fuzzy numbers when there are more than 

two type – II fuzzy numbers are considered at a time. 

As type – II fuzzy number is a generalisation of type – I 

fuzzy numbers (Mitchell, 2006) and is viewed as a 

group of type – I fuzzy numbers where each of the two 

aforementioned kinds of uncertainties are modelled us-
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ing type – I fuzzy numbers, it requires a ranking method 

like type – I fuzzy numbers as it also represented by 

possibility distribution. 

 Due to this, the paper suggests a new decision 

methodology for ranking type – II fuzzy numbers based 

on centroid point and spread. Both methods are chose 

and utilised in this study because these methods capable 

to give appropriate decision results such that the results 

are consistent with human intuition (Bakar & Gegov, 

2014). In this methodology, interval type – II fuzzy 

number is used as it is viewed as a special case and re-

quires less computational works compared to type – II 

fuzzy numbers (Hu et al., 2013). Along with this study, 

an extension of type – II fuzzy numbers into standard-

ised generalised type – II fuzzy numbers is introduced 

for the first time in the literature of fuzzy sets due to the 

extension creates generic representation of type – II 

fuzzy numbers which are suitable for decision making 

purposes.  

The remainder of the paper is organised as follows: 

Section 2 discusses the theoretical preliminaries, Sec-

tion 3 views on the proposed work. Validation of the 

proposed work is given in Section 4 and at last, a con-

clusion is made in section 5.  

2. Theoretical Preliminaries 

The following are some basic concepts used in this pa-

per. 

2.1. Type – I trapezoidal fuzzy number  

A type – I trapezoidal fuzzy numbers can be repre-

sented by the following membership function given by 

 

 

 

 

 

 

 

 

 

Fig 1: Type – I Fuzzy Number 

 

For a type – I trapezoidal fuzzy number, if ai2 = ai3, then 

the type – I fuzzy number is in the form of type – I tri-

angular fuzzy number. Whereas, if ai1 = ai2 = ai3 = ai4 for 

both type – I triangular and type – I trapezoidal fuzzy 

numbers, then both type – I fuzzy numbers are said to 

be in the form of type – I singleton fuzzy number. 

Length between ai1 and ai4 is known as the core of the 

type – I fuzzy numbers (Chen & Chen, 2009). 

2.2. Standardised generalised type – I trapezoidal 

fuzzy number 

If type – I fuzzy number A has the property such that 

 – 1< ai1< ai2 < ai3 < ai4 < 1 then A
~

 is called a standard-

ised generalised type – I trapezoidal fuzzy number and 

is denoted as (Chen & Chen, 2009) 

 

                   
Aiiii waaaaA ~4321 ;~,~,~,~~

                        (1) 

 

Furthermore if 32
~~

ii aa   then A
~

is known as a stand-

ardised generalised type – I triangular fuzzy number. 

Any generalised type – I fuzzy number may be trans-

formed into a standardised generalised type – I fuzzy 

numbers by normalization as described in (2). 
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where  .,,,max 4321 iiii aaaak   

 

It should be noted that in the normalisation process 

only the components of type – I fuzzy numbers are 

changed where ai1, ai2, ai3, ai4 are changed 

to 4321
~,~,~,~

iiii aaaa  but the height, Aw of the type – I 

fuzzy number remains unchanged (Chen & Chen, 

2009). 

 

2.3. Interval Type – II fuzzy numbers 

As mentioned in the introduction section, a type – II 

fuzzy number consists of primary and secondary mem-

bership functions where both are extensions of type – I 

fuzzy numbers. Based on Mendel et al. (2006), type – II 

fuzzy number is defined as follows. 

 

(Mendel et al., 2006) Let Â be a type – II fuzzy set, 

i.e.

       10,1,0,,,,ˆ
ˆ  AxA

JuXxuxuxA 

where X and A denote the domain of Â and the mem-

bership functions of Â respectively.  

 

A can also be expressed as 

 

     1,0,,,ˆ
ˆ    

x
Xx J A
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x
  

  

 

If all values of membership grade,   1,  uxA , the type 

– II  fuzzy set is called interval type – II fuzzy set, i.e.,  
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Therefore, without loss of generality, the interval type – 

II fuzzy number is called trapezoidal interval type – II 

fuzzy numbers when upper membership function (sec-

ondary) and lower membership function (primary) are 

depicted as  

 

      L
a

L
a

LLLLUUUU wwaaaaaaaaA ˆˆ43214321 ;;ˆ,ˆ,ˆ,ˆ,1;1;ˆ,ˆ,ˆ,ˆˆ   

                                                                                     (3) 

 

where 4,3,2,1,ˆ iaU
i and 4,3,2,1,ˆ iaL

i are secondary 

and primary membership functions values for Â , 

whereas, L
aw ˆ  is the height for the primary membership 

function.  

 

 

 

  

 

 

 

 

 

 

 

     L
a

L
a

LLLLUUUU wwaaaaaaaaA ˆˆ43214321 ;;ˆ,ˆ,ˆ,ˆ,1;1;ˆ,ˆ,ˆ,ˆˆ   

 

Fig 2: An Interval Type – II Fuzzy Numbers 

3. Methodology for Ranking Type – II Fuzzy Num-

bers 

3.1. Standardised generalised interval type – II 

fuzzy number 

As mentioned in the introduction section, this study 

proposes a concept of standardised generalised interval 

type – II fuzzy number for easy computation. This is 

because it provides generic representation of interval 

type – II fuzzy numbers that are suitable for decision 

making purposes. Thus, definition of standardised gen-

eralised interval type – II fuzzy number is given as the 

following.  

If an interval type – II fuzzy number Â  has the 

property such that – 1 < 
Ua1  < 

Ua2  < 
Ua3  < 

Ua4  < 1 

and – 1 < 
La1  < 

La2  < 
La3  < 

La4  < 1 then A  is 

called as a standardised generalised interval type – II 

trapezoidal fuzzy number and is denoted as  

                  

     L
a

L
a

LLLLUUUU wwaaaaaaaaA ;;,,,,1;1;,,, 43214321  (4) 

 

Any interval type – II fuzzy numbers may be trans-

formed into a standardised generalised interval type – II 

fuzzy numbers by normalization as described in 

(5).
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where  UUUU aaaak 4321
ˆ,ˆ,ˆ,ˆmax    

          LLLL aaaam 4321
ˆ,ˆ,ˆ,ˆmax  

It should be noted that the normalisation process only 

changes the components of interval type – II fuzzy 

numbers where UUUU aaaa 4321
ˆ,ˆ,ˆ,ˆ and LLLL aaaa 4321

ˆ,ˆ,ˆ,ˆ  are 

changed to UUUU aaaa 4321 ,,,  and 
LLLL aaaa 4321 ,,,  re-

spectively while the heights, 1 and L
aw , of type – II 

fuzzy number remain unchanged. 

3.2. Ranking of interval type – II fuzzy numbers 

based on centroid point and spread 

Let A   be a standardised generalised interval type 

– II fuzzy number denotes as 
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Then, the proposed methodology for ranking interval 

type – II fuzzy numbers is as follows.  

 

Step 1: Compute the centroid point for A  by finding 

the horizontal – x centroid of A using  
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and the vertical – y centroid equation A as  
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where 

  

A is the length of the  – cuts of A  

xA
*
   [–1 , 1] and y A

*
  [0 , Aw  ]. 

 

In this step, two centroid points are obtained for 

Awhereby the centroid points are  ** ,
UU AA yx   and 

 ** ,
LL AA yx 

 
for ai and bi respectively.  

 

Step 2:   Calculate the spread value for A  such that  

 

the distance along the x – axis from centroid of x – val-

ue is 

  

iA =dist     1414 , bbaa   
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While the distance along the vertical y – axis from the 

centroid of  y – value is depicted as 

               

                             ** ,
LU AAA yyii                                    (9) 

 

Therefore, spread of A ,  As  is defined as 

  

         iiiAs AA    

                = 
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LL

A
UU
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where iA  and iiA  are dist     LLUU
aaaa 1414 ,   and 

** ,
LU AA yy   respectively.  As  , iA , iiA , dist ( 4a  – 

1a  ) [0 ,1]. 

 

It has to be noted that this step also produces two values 

like Step 1 but in this case, both values are spread for 
U

a4  and L
a4 which are separating by ‘,’. 

 

Step 3: Determine the ranking value for A using the 

following equation 

 

                     AsA yxCPS AAII   1
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(11)
 

 where  

  

xA
*
 is the average value of *

UAx  and *

LAx   

y A
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 is the average value of *

UAy  and *

LAy   

 As  is the average value for 
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 ACPS II  [–1 , 1]. 

 

If    BA CPSCPS IIII  ,  then BA  . (i.e. A  is 

greater than B ). 

If    BA CPSCPS IIII  ,  then BA   . (i.e. A  is 

lesser than B ). 

If    BA CPSCPS IIII  ,  then BA  . (i.e. A  and 

B  is equal). 

 
 

Note that, computations on finding the average in 

Step 3 are introduced in this methodology as to ensure 

only one ranking value for each type – II fuzzy number 

is obtained. This is because the average gives only one 

value of xA
*
 , y A

*
 and  As   for each type – II fuzzy 

number under consideration even if two values of xA
*
 , 

y A
*
 and  As   are computed in Step 1 and 2. It is worth 

adding that these computations on finding the average 

are generalisation of Wu & Mendel (2009) work on 

ranking type – II fuzzy number using approximation to 

the end points of type – reduced interval (Greenfield & 

Chiclana, 2013). 

4. Validation of Results 

In this section, two types of validations are used 

namely theoretical and empirical validation where both 

justify the utilisable of the CPS ranking method in deci-

sion making. 

 

4.1 Theoretical Validation 

For theoretical aspect, CPS ranking method is validated 

using four reasonable theoretical properties adopted 

from Wang & Kerre (2001, 2002) whereby proofs of 

the properties are applicable to IICPS  ranking method. 

It is worth mentioning that this validation is crucial in 

order to ensure IICPS  ranking method is capable to 

ranking type – II fuzzy numbers appropriately. Without 

loss of generality, ordering properties presented by 

Wang & Kerre (2001, 2002) which are provided for 

IICPS  ranking method are as follows. 

Let 1A  and 2A  be two standardised generalised 

type – II fuzzy numbers where 1A  and 2A  can be any 

types of type – II fuzzy numbers. 
 

 

 Property 1: If 1A  ≽ 2A  and 2A ≽ 1A , then 21 AA   

 

Proof:  

 

Since, 1A  ≽ 2A  implies that    21 ACPSACPS IIII  , 

and 2

~
A ≽ 1A  implies that    12 ACPSACPS IIII   

hence indicates that,    21 ACPSACPS IIII  , which is 

21 AA   

 

Property 2: If 1A  ≽ 2A  and 2A ≽ 3A , then 31 AA   

 

Proof:  

 

For IICPS  ranking method, 1A  ≽ 2A  implies 

that    21 ACPSACPS IIII  , and 2

~
A ≽ 3

~
A , implies that 

   32 ACPSACPS IIII  . 

 

This indicates that    31 ACPSACPS IIII  , which is 

1A  ≽ 3A . 

 

Property 3: If 021  AA  and 1A  is on the right side 

of 2A , then 1A  ≽ 2A  
 

 

Proof: 

 

Since, 021  AA  and 1A  is on the right side of 2A , 

hence,  implies that    21 ACPSACPS IIII  , thus, 1A  

≽ 2A . 

 

 Property 4: The order of 1A  and 2A  is not affected by 

the other type – II fuzzy numbers under comparison. 
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Proof: 

 

Since, the order of 1A  and 2A , is completely deter-

mined by  1ACPS II   and  2ACPS II   respectively, 

which indicates that it has nothing to do  by the other 

type – II fuzzy numbers under comparison, thus, the 

ordering of 1A  and 2A  is not affected by the other type 

– II fuzzy numbers under comparison. 

Based on all the above proofs provided in the theo-

retical validations, it is clear that the proposed IICPS  

ranking method fulfils all properties of reasonable or-

dering for fuzzy quantities presented by Wang & Kerre 

(2001, 2002). This is directly indicating that IICPS  

ranking method is suitable and has the capability to 

ranking type – II fuzzy numbers appropriately. 

 

4.2 Empirical Validation 

In this validation, some benchmarking examples 

of interval type – II fuzzy numbers which are proposed 

for the first time in the literature of fuzzy sets. These 

benchmarking examples involve cases that are related 

with decision making problems. If a ranking method 

produces correct ranking result such that the result is 

consistent with human intuition, then the ranking result 

is signified as consistent (Y). Otherwise, it is incon-

sistent (N).  

It is worth mentioning here that all benchmarking 

examples considered in this study are in the form of 

standardised generalised type – II fuzzy numbers so that 

any cases of type – II fuzzy numbers which are suited 

with decision making environment.  

Note that, all established existing ranking methods 

used in this section are methods proposed to ranking 

type – II fuzzy numbers. Otherwise mentioned, if meth-

ods are added with ‘II’ (e.g. II – Cheng (1998)), then 

this signifies that these methods are methods for rank-

ing type – I fuzzy numbers but are extended to ranking 

interval type – II fuzzy number for the first time all in-

terval type – II fuzzy numbers considered are reduced 

into type – I fuzzy numbers using Nie – Tan (2008) re-

duction method.  The following are cases of interval 

type – II fuzzy number which potentially appear in de-

cision making environment. 
 
 

Case 1: Embedded type – II fuzzy numbers of different 

shapes. 

 
Consider two type – II fuzzy numbers 1A  and 2A  

shown in Figure 3. The correct ranking order of type – 

II fuzzy numbers for this case should be 1A    2A  due 

to the centroid of 1A  is greater than 2A . Chen & Chen 

(2009) produced unreasonable ranking order that is in-

consistent with human intuition ( 2A    1A ) since they 

treated type – II fuzzy numbers with smaller centroid as 

greater than the other. Kumar et al. (2010) and Chen & 

Sanguansat (2011) ranking methods on the other hand 

treated both type – II fuzzy numbers as equal ( 1A    

2A ) which is inconsistent with human intuition. It is 

also shown in Table 1 where ranking methods by Cheng 

(1998) and Chu & Tsao (2002) unable to give any rank-

ing result for this case as they are only applicable to 

normal case of fuzzy numbers. This outcome implies 

that those methods are unable to differentiate the type – 

II fuzzy numbers appropriately. Using IICPS  ranking 

method, the ranking order produces is consistent with 

Dat et al. (2012) method where it produces consistent 

ranking order as human intuition by ranking the type – 

II fuzzy numbers with higher centroid as higher ranking 

order. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

     7.0;7.0;4.0,35.0,25.0,2.0,1;1;5.0,4.0,2.0,1.01 A  

     7.0;7.0;4.0,3.0,3.0,2.0,1;1;5.0,3.0,3.0,1.02 A  

 

 

Fig 3: Type – II fuzzy numbers 1A  and 2A  of Case 1. 
 

Table 1: Comparative results using Type – II fuzzy 

numbers of Case 1. 

 

Methods 

Type – II fuzzy 

numbers Ranking 
Results 

Eval-
uation 

1A  2A  

II – Cheng (1998) - - x N 

II – Chu & Tsao (2002) - - x N 

II – Chen & Chen 
(2009) 

0.254 0.258 1A  2A  N 

II – Kumar et al. (2010) 0.240 0.240 1A  2A  N 

II – Chen & Sanguansat 

(2011) 
0.300 0.300 1A  2A  N 

II –Dat et al. (2012) 0.333 0.222 1A  2A  Y 

IICPS  0.103 0.077 1A  2A  Y 

 
Note: ‘x’ denotes ranking method as unable to rank the type – II fuzzy numbers 

          ‘-‘ denotes no ranking result are obtained. 

         ‘Y’ denotes the ranking result is consistent 

          ‘N‘ denotes the ranking result is inconsistent. 

 
 

Case 2: Embedded Type – II fuzzy numbers of different 

spreads 
 

Consider two type – II fuzzy numbers 1A  and 2A  

shown in Figure 4. The correct ranking order for this 

case IS 2A  1A . This is due to ranking order for type – 

II fuzzy numbers with lower spread value is greater 

than the other provided that the centroid value of type – 

II fuzzy numbers under consideration are the same. In 

this case, Kumar et al. (2010),  Allahviranloo & Sanei-

fard (2012) and Dat et al. (2012) ranking methods are 

2A  

0.1 0.3 0.5 

x  

 

1.0 
1A  

)( x  

0.7 
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unable to differentiate the type – II fuzzy numbers 

where they are producing equal ranking ( 1A  2A ). 

Cheng (1998) and Chu & Tsao (2002) ranking methods 

in this case produce no ranking result as they both are 

not applicable when dealing with non – normal fuzzy 

numbers. Ranking method by Yu et al. (2013) on the 

other hand, capture the actual decision makers’ prefer-

ence by utilising the degree of optimisms in obtaining 

the ranking order for the type – II fuzzy num-

bers. IICPS  ranking method produces consistent order-

ing as Chen & Chen (2009) and Chen & Sanguansat 

(2011) in which all of them rank the type – II fuzzy 

numbers correctly by giving priority towards type – II 

fuzzy numbers with lower spread which is in line with 

human intuition.  

It can also be seen in this case where most of the 

latest presented ranking methods were unable to solve 

this type of type – II fuzzy numbers case. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

     5.0;5.0;6.0,5.0,5.0,4.0,1;1;8.0,5.0,5.0,2.01 A  

          5.0;5.0;55.0,5.0,5.0,45.0,1;1;75.0,5.0,5.0,25.02 A  

 

Fig 3: Type – II fuzzy numbers 1A  and 2A  of Case 2. 
 

Table 2: Comparative results using Type – II fuzzy 

numbers of Case 2. 

 

Methods 

Type – II fuzzy 
numbers Ranking 

Results 

Eval
uati

on 1A  2A  

II – Cheng (1998) - - x N 

II – Chu & Tsao (2002) - - x N 

II – Chen & Chen (2009) 0.258 0.278 1A  2A  N 

II – Kumar et al. (2010) 0.500 0.500 1A  2A  N 

II – Chen & Sanguansat 

(2011) 
0.300 0.300 1A  2A  N 

II – Allahviranloo & 

Saneifard (2012) 
0.240 0.240 1A  2A  N 

II – Dat et al. (2012) 0.111 0.111 1A  2A  N 

II– Yu et al. (2013) for 

 = 0  
1.000 1.000 1A  2A  N 

II – Yu et al. (2013) for 

 = 0.5  
1.000 1.000 1A  2A  N 

II – Yu et al. (2013) for 

 = 1  
1.000 1.000 1A  2A  Y 

IICPS  0.103 0.077 1A  2A  Y 

 

Note: ‘Y’ denotes the ranking result is consistent 

   ‘N‘ denotes the ranking result is inconsistent. 

 

Case 3: Reflection of Type – II fuzzy numbers. 

  

Consider reflection case of two non – overlapping 

interval type – II fuzzy numbers 1A  and 2A  shown in 

Figure 5. It is obvious that 2A  is situated on the farthest 

right   compared to 1A . Therefore, the ranking order 

that is consistent with human intuitions should be 2A  

  1A A. Cheng (1998) and Chu & Tsao (2002) ranking 

methods again producing no ranking result for this case 

while Kumar et al. (2010) method is incapable to dif-

ferentiate both interval type – II fuzzy numbers, hence 

producing inconsistent ranking order. Using the IICPS  

method, the ranking order obtained is consistent with 

Chu & Tsao (2002), Chen & Chen (2009), Chen & 

Sanguansat (2011), Allahviranloo & Saneifard (2012) 

and Dat et al. (2012) in which the ranking order was 

consistent with human intuitions. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

      

           7.0;7.0;4.0,35.0,25.0,2.0,1;1;5.0,4.0,2.0,1.01 A  

      7.0;7.0;4.0,35.0,25.0,2.0,1;1;5.0,4.0,2.0,1.02 A  

 

Fig 5: Type – II fuzzy numbers 1A  and 2A  of Case 3. 

 
 

Table 3: Comparative results using Type – II fuzzy 

numbers of Case 3. 

 
 

Methods 

Type – II fuzzy 

numbers Ranking 

Results 

Evalu-

ation 
1A  2A  

II – Cheng (1998) - - x N 

II – Chu & Tsao 

(2002) 
- - x Y 

II – Chen & Chen 
(2009) 

– 0.258 0.258 1A  2A  Y 

II – Kumar et al. 

(2010) 
0 0 1A  2A  N 

II – Chen & San-
guansat (2011) 

– 0.300 0.300 1A  2A  Y 

II –Dat et al. (2012) 0.150 0.133 1A  2A  N 

II – Allahviranloo & 

Saneifard (2012) 
0.240 0.240 1A  2A  N 

IICPS  0 0.600 1A  2A  Y 

 
   Note: ‘Y’ denotes the ranking result is consistent 

            ‘N‘ denotes the ranking result is inconsistent. 

1A  

2A  

1A  2A  

- 0.5 -0.3 -0.1 0.1 0.3 0.5 

1.0 

x

 

)( x

 

0.7 

0.2 0.5 0.8 

1.0 

x  

 

)( x  

0.5 

598



x

 

)( x

 

Case 4: Non – overlapping Type – II fuzzy numbers of 

different shapes 

 

Consider different shape case of two non – over-

lapping type – II fuzzy numbers 1A  and 2A  shown in 

Figure 6. Using the same explanation in Case 3, the 

ranking order should be obtained is 2A    1A . Apart 

from that, another reason of  2A    1A  is because a 

crisp value is treated greater than any type – II fuzzy 

numbers (Chen & Chen, 2009). Only certain ranking 

methods are able to rank these type – II fuzzy numbers 

that is consistent with human intuitions. They are Chen 

& Chen (2009), Chen & Sanguansat (2011), Dat et al. 

(2012) and the IICPS  ranking method. Therefore, this 

situation shows that IICPS  ranking method not only 

able to give consistent ranking order towards type – II 

fuzzy numbers but also to crisp value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     7.0;7.0;4.0,35.0,25.0,2.0,1;1;5.0,4.0,2.0,1.01 A  

        7.0;7.0;0.1,0.1,0.1,0.1,1;1;0.1,0.1,0.1,0.12 A  

 

 

 

Fig 6: Type – II fuzzy numbers 1A  and 2A  of Case 4. 

 
 

Table 4: Comparative results using Type – II fuzzy 

numbers of Case 4. 

 
Note: ‘x’ denotes ranking method as unable to rank the type – II fuzzy numbers 

          ‘-‘ denotes no ranking result are obtained. 

         ‘Y’ denotes the ranking result is consistent 

         ‘N‘ denotes the ranking result is inconsistent. 
 

 

 

 

It is notable that each presented method of ranking 

type – II fuzzy numbers has its own strengths and 

weaknesses. Although, all methods used for comparing 

type – II fuzzy numbers in this section were actually 

methods for ranking fuzzy numbers, the above analysis 

was provided as to illustrate the capability of the estab-

lished ranking methods in ranking type – II fuzzy num-

bers rather than ranking fuzzy numbers only. Based on 

the analysis, there were some methods that can deal 

with cases of fuzzy numbers effectively while some 

produce irrelevant results for certain cases. Neverthe-

less, in each case examined above, the IICPS  ranking 

method is the most effective in ranking type – II fuzzy 

numbers by giving consistent ranking results for all 

cases of type – II fuzzy numbers. 

 Since, both layers of the proposed methodology 

have been validated, hence, this implies that the pro-

posed methodology is relevant and reliable for solving 

real decision making problems involving type – II fuzzy 

numbers. 

5. Conclusion 

This study proposes a novel method for ranking type 

– II fuzzy numbers which utilises centroid point and 

spread approaches, IICPS . In this paper, it is shown 

that the IICPS  ranking methodology is validated and 

produces results that are correct such that the results are 

consistent with human intuition. Furthermore, the utili-

sation of standardised generalised type – II fuzzy num-

bers in replacing conventional type – II fuzzy numbers 

used by existing method improve the ability of type – II 

fuzzy numbers when being applied to decision making 

problems. In conclusion, the proposed method possess-

es intuitional concepts for ranking type – II fuzzy num-

bers as well as for decision making analysis. Therefore, 

it is expected that this method can be further improved 

for decision making purposes.  
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