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Abstract: Chen (Inform. Sci. 297 (2015) 50-79) proposed the normalized version of the Minkowski 

distance between two interval type-2 trapezoidal fuzzy numbers and showed that the city block distance 

is a particular type of Minkowski distance. Chen also proposed a LINMAP (linear programming 

technique for multidimensional analysis of preference) method based on proposed Minkowski distance 

as well as a LINMAP method based on proposed city block distance for solving MCDA (Multi criteria 

decision analysis) problems within the interval type-2 fuzzy number environment. Furthermore, Chen 

solved an existing supplier selection problem by their proposed LINMAP methods. In this note, it is 

shown that the Minkowski distance as well as city block distance, proposed by Chen, are not valid in 

their present form and hence, the LINMAP methods, proposed by Chen, are also not valid in their 

present for9m. Also, the modified version of Minkowski distance and city block distance between two 

interval type-2 trapezoidal fuzzy numbers are proposed. Furthermore, using these modified distances 

the exact results of a supplier selection problem, chosen by Chen, are obtained.  

 

Keywords: LINMAP, Multi Criteria Decision Analysis, Interval Type-2 Trapezoidal Fuzzy Number, 
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Introduction: Chen [2, Section 4.1, Equation 42-43, pp. 66] proposed the normalized version (1) of the 

Minkowski distance  between two interval type-2 trapezoidal fuzzy numbers  

  and  

 

.                                                                         (1) 

where,  and . 

 

Chen [2, Section 4.1, pp. 66] pointed out that for  Minkowski distance reduces to the city block 

distance. Chen [2, Section 4.1; Equation 44, pp. 66; Equation 46, pp. 67] used the Minkowski distance 

and the city block distance to obtain the expressions for closeness based index and used these 

expressions to propose the interval type-2 fuzzy LINMAP methods. Furthermore, Chen [2, Section 5, pp. 

71] solved a supplier selection problem by his/her proposed LINMAP methods.  
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It is obvious that the expression (1) is independent from the heights , , and of interval type-

2 trapezoidal fuzzy numbers and hence the closeness based index as well as the interval type-2 fuzzy 

LINMAP methods, proposed by Chen [2, Section 4, pp. 65], are independent from the heights , , 

and of interval type-2 trapezoidal fuzzy numbers, which is mathematically incorrect. In this note, 

the modified version of the Minkowski distance and the city block distance between two interval type-2 

trapezoidal fuzzy numbers are proposed. Also, using these modified distances the exact results of 

supplier selection problem, chosen by Chen [2, Section 5, pp. 71], are obtained. 

Invalidity of the Existing Distance Measure and LINMAP Methods: It is pertinent to mention that 

although the support of interval type-2 trapezoidal fuzzy numbers 

 and  are same but  

 and  represents two different interval type-2 trapezoidal fuzzy numbers as  and . 

However, on applying the existing expression (1) the obtained value of  is , which contradicts 

the well known fact that  if and only if . This clearly indicates that the existing 

distance measure (1) between interval type-2 trapezoidal fuzzy numbers is not valid in its present form.  

 

Furthermore, as the LINMAP methods, proposed by Chen [2, Section 5, pp. 71], are based upon the 

existing expression (1). Hence, these LINMAP methods are also not valid. 

 

Modified Version of Minkowski Distance and City Block Distance: As discussed in previous section 

that the existing Minkowski distance between two interval type-2 trapezoidal fuzzy numbers is not 

valid. Therefore, in this section with the help of the existing Minkowski distance [1, Equation 17, pp. 

546], the modified version of Minkowski distance (2) is proposed.  

   

                           (2) 

If  then the proposed Minkowski distance (2) will be reduced into the city block distance (3). 

     

                                                                                                                                        (3) 

If  then the proposed Minkowski distance (2) will be reduced into the Euclidean distance (4). 

    

                                                                                       (4) 

 

If  and  are three interval type-2 trapezoidal fuzzy numbers then for a valid distance measure 

between three interval type-2 trapezoidal fuzzy numbers ,  and  the following properties should be 

satisfied: (i)  (ii)  iff  (iii)  (iv) 

. 

 

It can be easily verified that for the modified distance measure, all these properties are satisfying. 

Therefore, the modified distance measure is valid. 
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Exact Results of the Supplier Selection Problem: Chen [2, Section 5, pp. 71] solved a supplier 

selection problem to illustrate his/her proposed LINMAP methods. However, as discussed earlier, these 

methods are not valid. Therefore, the results of supplier selection problem, obtained by Chen [2], are not 

exact. In this section, the exact solution of this problem is obtained by the existing LINMAP methods [2, 

Section 4.4, pp. 70] with modified Euclidean and city block distances instead of existing Euclidean and 

city block distances [2]. 

 

Solution by Interval Type-2 LINMAP Method Based on Euclidean Distance and City Block 

Distance: Since, in Step 1 to Step 4 of existing LINMAP method [2, Section 4.4, pp. 70], the Euclidean 

distance or city block distance is not used. So, there is no change in the calculation upto Step 4. The 

modified calculations for the remaining steps are as follows: 

Step 5: Since, 

, 

  and 

.  

Therefore,  

1. Using the modified Euclidean distance (4),  and . 

2. Using the proposed city block distance (3), 0.117 and . 

The remaining Euclidean distances and city block distances are obtained which are shown in Table 1. 

 

Step 6: (i) Putting the values of  and  in , the value of 

 is 0.8165. 

(ii) Putting the values of  and in  

= , the value of  is 0.8169. 

 

The other obtained closeness based index are shown in Table 1. 

Step 7: (i) Putting the values of  ,  and  in the existing model [2, Section 4.3, M3, pp. 69], 

it is transformed into the following linear programming model. 

  

s.t.  

(ii) Putting the values of  ,  and  in the existing model [2, Section 4.3, M4, pp. 69], it is 

transformed in following linear programming model. 

 

s.t.  
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Step 8: Solving the first linear programming model, obtained in Step 7, no feasible solution is obtained. 

(It is pertinent to mention that there also does not exist any feasible solution for the existing linear 

programming problem [2, Section 5, Equation 66, pp. 72]. However, Chen [2, Section 5, pp. 72] has 

wrongly claimed that , , ,  is the solution of the existing 

linear programming problem [2, Section 5, Equation 66, pp. 72]). Furthermore, on solving the second 

linear programming model, obtained in Step 7, the obtained values of  are 0,0,1 and 0 

respectively. 

 

Step 9: Putting the values of  and  in , the obtained values are , 

,    ,  and  . It is obvious that  . 

This clearly indicates that . 

 

Table 1: Results of Distances and Closeness-Based Indices 

 The city block distance  The Euclidean distance  

       

 0.8610 0.0000 0.0000 0.3063 0.0000 0.0000 

 0.0000 0.8612 1.0000 0.0000 0.3063 1.0000 

 0.1170 0.5220 0.8169 0.0418 0.1860 0.8165 

 0.7567 0.0000 0.0000 0.2694 0.0000 0.0000 

 0.4270 0.4215 0.4895 0.1588 0.1526 0.4900 

 0.8610 0.0000 0.0000 0.3063 0.0000 0.0000 

 0.0000 0.6390 1.0000 0.0000 0.2274 1.0000 

 0.1177 0.6390 0.8444 0.0466 0.2274 0.8299 

 0.0000 0.8610 1.0000 0.0000 0.3063 1.0000 

 0.6262 0.2347 0.2725 0.2255 0.0870 0.2784 

 0.6390 0.0000 0.0000 0.2274 0.0000 0.0000 

 0.2347 0.5220 0.6898 0.0870 0.1860 0.6813 

 0.6172 0.2437 0.2830 0.2205 0.0891 0.2877 

 0.8610 0.0000 0.0000 0.3063 0.0000 0.0000 

 0.1170 0.5220 0.8169 0.0418 0.1860 0.8165 

 0.0000 0.7567 1.0000 0.0000 0.2694 1.0000 

 0.1177 0.7432 0.8631 0.0466 0.2651 0.8504 

 0.2437 0.6172 0.7168 0.0890 0.2205 0.7124 

 0.6390 0.0000 0.0000 0.2274 0.0000 0.0000 

 0.4270 0.3172 0.4191 0.1588 0.1139 0.4176 

 

Results and Discussion: The ranking of all the alternatives , , , ,  of the existing supplier 

selection problem [2, Section 5.1, pp. 71], obtained by the existing LINMAP methods [2, Section 4.4, pp. 

70] and the modified LINMAP methods, are shown in Table 2. 

 

Table 2:  Comparison between Existing and Modified Methods 

 LINMAP methods with 

existing distances [2] 

LINMAP methods with 

modified distances 

Euclidean distance No feasible solution No feasible solution 

City block distance   
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It is obvious from the results, shown in Table 2 that on applying the LINMAP method based on existing 

as well as modified Euclidean distance no feasible solution is obtained for the existing supplier selection 

problem [2, Section 5, pp. 71]. Also, on applying the LINMAP method based on the existing city block 

distance [2], the alternative  is obtained as the best alternative. While, on applying the LINMAP 

method with modified city block distance, the alternative  is obtained as the best alternative. 

 

Conclusion: The deficiencies in the existing normalized version of the Euclidean and city block 

distances between interval type-2 trapezoidal fuzzy numbers [2] are pointed out. Also, to resolve the 

deficiencies, the existing normalized version of the Euclidean and city block distances are modified. 

Furthermore, using the existing LINMAP methods [2, Section 4.4, pp. 70] with the modified distances, 

the exact results of an existing supplier selection problem [2, Section 5, pp. 71] are obtained. 
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