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2.7 Score of IVNS

Let ) ,R  (r~ mnij where 

],[ ijijijijijijijr~  [a ,b ],[c ,d e , f ] the collective 

interval - valued neutrosophic decision matrix be. 

Then ij mnS  (s )  is defined as the score matrix of 

ij mnR  (r~ )  , where

n  a  c  e  b  d  fijijijijijijijij ),i  1,2,....,2
3

1
s  s(r~ ) 

(1) 

And s(r~ij )  is called the score of ij
~r

Example2.7.1Let 

~
A  ([0.3,0.4],[0.1,0.2],[0.5,0.7])

([0.4,0.5],[0.2,0.3],[0.5,0.6])
~
B     be two INVSs. 

Then by Definition 2.7, 

2  0.3  0.1 0.5  0.4  0.2  0.7) 0.4
3

1~
(A ) ijs

 

0.433

0.60.30.50.50.20.42
3

1
)

~



ijs(B

Hence, 
~~

ijijs(A )  s(B )  

Properties2.7.2 Let ],[e , f ]r~ ij ij ij ij ijijij  [a ,b ],[c ,d

be an INVS. Then the score of ij
~r  has some properties as 

follows: 

(i) )  0s(r~ij
 if and only if 

 c d   f 2ij ij ij ijijij ea b  . 

(ii) ) 1s(r~ij  if and only if 

1e b  c  ijijijijijij fda . 

(iii) )  1s(r~ij  if and only 

if 1e   c  ijijijijijij fdba . 

2.8 Distance between two IVNS 

Let ],[],[ i1 i1i1i1i1i1 e fc , dX  ([a ,b ]) and

])],[],[c ,([ i2 i2i2 i2i2i2 e fdY  a ,b  be two IVNSs. The 

normalized Hamming distance between X and Y is defined 

by Chi & Liu [33] as 


 | 

c b 


n

i iii

iiii

H
f  fe  ed  d

cba  a

n
d

1 2i12i12i1

212i12i1

|]|| [|

||  ||  |(|

6

1
(X ,Y )

(2)

3. Problem description and methodology

3.1Problem Description 

The present paper deals with the selection of transpor-

tation company and their mode of transportation in interval 

valued neutrosophic environment. At first the neutrosophic 

relation Q from a set of different transportation 

companies T to a set of different criteria C like transporta-

tion cost, defective rate, tardiness rate, flexibility, etc. is 

considered. Then it follows the second relation R from the 

set of different criteria C to a set of different mode M of 

transportation like roadways, railways, waterways and air-

ways. The composition of the two neutrosophic relation Q 

and R is the relation S from the set of transportation com-

panies to the set of different modes which gives the best 

mode of transportation for each of the transportation com-

panies.  Finally, the best transportation company is to be 

selected among the given different companies. The prob-

lem can be solved by different methods available in this 

context taking into account the different criteria. The pre-

sent paper focuses on two methods. The first one involves 

weighted correlation coefficient method. The second one 

involves extended TOPSIS method. The different weights 

are given for different criteria. 
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3.2 Methodology 

A. Application of normalized hamming distance 

for interval valued neutrosophic set 

Let there be a neutrosophic relation X: Ai ->Bj 

and Y: Bj ->Ck.  Using the distance between two IVNSs in 

Definition 2.8 the normalized Hamming distance for all the 

elements of the Ai from the Ck is equal to 









n

j

kjUiUjkjLiLj

kjUijUkjLijL

kjUijUkjLijL

kiH

 r r (C
n

d (A ,C
1

(C ) |)) |  | r (A )| r (A )

(C ) |(C ) |  | (A )| (A )

(C ) |(C ) |  |  (A )(| (A )

6

1
) 



   (3)

B. Multi-criteria decision making method based on 

weighted correlation coefficients in interval valued 

neutrosophic environment 

Let ,...., A }321 mA  {A , A , A be a set of alternatives

and let ,........,321 nC {C ,C ,C C }be a set of criteria. 

An alternative 
iA  is represented by the following IVNS: 

}[r (C ),r (C )]:

(C )](C ),(C )],[(C ),{(C ,[

C C

A

jAi L j AiU j

jAiUjAi LjAiUjAi Lji  

(C ) 1(C )where 0  jAiUjAiU
 (C )  0jAiL



(C )  0jA Li
 j = 1; 2;... ; n, and i= 1,2,...,m. 

The IVNS that consists of Inter-

vals ]j ij ijA (C )  [a ,b ( ) [ ]ijijj c ,dCAi


)  [ ]j ijijA e , fr (C
i

for C j C is denoted 

by ],[ ],[ ])ij ij ij ijijijij e , fc , d  ([a ,b for conven-

ience. 

We can express an interval-valued neutrosophic decision 

matrix ij mnD  ( ) .

Ye ([18],[19]) established a model for weighted correlation 

coefficient between each alternative and the ideal 

alternative for single valued neutrosophic sets (SVNSs) 

using known weights of the criterion. Though the ideal 

alternative does not exist in real world, it does provide a 

useful theoretical construct against which to evaluate 

alternatives. Ye ([18],[19]) defined the ideal alternative for 

SVNSs as ( )  (1,0,0)*** ijijija ,b ,c* . 

If the information about weight wj of the criterion Cj (j= 

1,2,...,n) is completely known, for determining the criterion 

weight from the decision matrix D   we can establish an 

exact model for the weighted correlation coefficient 

between an alternative Ai and the ideal alternative A* 

represented by the IVNS as in Equation (4).We define the 

ideal alternative 
*A as the 

IVNS

([ ],[ ],[ ])  ([1,1],[0,0],[0,0])*******  ijijijijijij e , fc , da ,b

 . 

]]

. f ]
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 b  .c  d  e  b  c  d  e 
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



(4) 
Then the bigger the value of the weighted correlation 

coefficient 
iW is, the better the alternative 

iA is. Therefore 

all the alternatives can be ranked according to the value of 

the weighted correlation coefficients so that the best 

alternative can be selected. 

C. TOPSIS method to solve the multi-attribute decision 

making problem with the given information about attribute 

weights in interval valued neutrosophic environment 

In the situations where the information about weights is 

completely known, that is, the weights wi = (w1, w2, ..., 

wm)T of the 
jc  (j = 1,2,...,n) can be completely determined 

in advance, then we can construct the weighted collective 

interval-valued neutrosophic decision matrix 

mnijR  (r~ )**
where 

wi ]}],[,],[),1 (1)r~* wiiwiii

ijij

w

ijij

w

ij

w

iji ijij e , fc d b w r~ {[1 (1 a

 (5) 

is the weighted IVNS, i = 1,2,...,m; j = 1,2,...,n, and 
iw  is 

weight of the attribute ui  such that  0iw and 1
1

 


m

i

iw . 

Now, we denote by 

],[],[ *******

ijijijijijijij c , dr~  ([a ,b e , f ] where i= 1; 2;... ;m; 

Let
1

j= 1; 2;... ; n   (6) 

J  be a collection of benefit attributes (i.e., the larger 

ui, the greater preference) and 
2J  be a collection of cost 

attributes (i.e., the smaller ui , the greater preference). The 

interval-valued neutrosophic PIS, denoted by 
*A , and the 

interval-valued neutrosophic NIS, denoted by 
A , are de-
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fined as follows: 

T

n

ij
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ij
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j

j

j Jj JA  {{c

1,2,....,  ,.....,  )r~n}  (r~ , r~
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 (7)
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r~ : i Jr~ : i JA

(  ,.....,  )r~r~ , r~1,2,...., n}

)}:), (max{{c , (min

21
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1

*




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
(8)

 (8)

where ([ ],[c ,d ][e , f ]r~   i iiiiii a ,b and

],[  ([r~  

i iiiiii a ,b c ,d ][e , f ] ,i=1,2,..,m

Burillo & Bustince [13] method has been extended to find 

the separation measures for interval valued intuitionistic 

fuzzy numbers in Park et al. [17] and in Kour et al, [4]. The 

extension of this in IVNS has been used here to find sepa-

ration measures based on the Hamming distance. 


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The relative closeness of an alternative 
iA  with respective 

*A  is defined as the to interval-valued neutrosophic PIS

following: 










ii

i
i

SS

S
C where i =1, 2 ,….,m      (11) 

The bigger the closeness coefficient


iC , the better the al-

ternative 
iA  will be, as the alternative 

iA  is closer to the 

*
interval-valued neutrosophic PIS A ,. Therefore, the alter-

natives Ai (i = 1, 2 ,..., m) can be ranked according to the 

closeness coefficients so that the best alternative can be se-

lected. 

3.3 Solution Procedure: 

A. Algorithm for the method based on normalized 

hamming distance 

Let ,....,T }321 mT {T ,T ,T be a set of transportation

companies, ,........,321 nCC  {C ,C ,C }  be a set of cri-

teria and ,....,321 pM {M , M , M M }be a set of

modes of transportation where each of the jC of
iT  and 

kM is represented by IVNS. 

(T )],[r (T ),r (T )])(T ),(T )],(T ),(T )  ([ i Uj iLjijUijLijL jUii [C  

)], (([ (M ), k k Uj kLjk jUjLkk k jUjL r (M ),r (MM ), (MM   (M [  )],[ )])  

Using the distance between two IVNSs in Definition 2.8 

the Normalized Hamming distance for all the criteria of the 

i-th transportation company from the k -th modes is equal 

to 







5

1 (M ) |)(M ) |  | r (T )(M ) |  | r (T )| (T )

(M ) |(M ) |  | (T )(M ) |  |  (T )(| (T )

30

1
)

j kjUUj ikjLLj ikjUjU i

kjLjL ikjUjU ikjLjL i

kiH
 r r

d (C(T ),M




(12) 

The minimum distance determines the appropriate mode of 

each transportation company. 

B. Algorithm for the method based on weighted corre-

lation coefficients using given weights 

Step 1: Calculate the weighted correlation coefficient 

(A , A )*

iiW  (i = 1,2,...,m) by using Eq. (4).

Step 2: Rank the alternatives according to the obtained cor-

relation coefficients, and then obtain the best choice. 

C. Algorithm for TOPSIS method with the given in-

formation about attribute weights 

Step1. Calculate the weighted collective interval-valued 

neutrosophic decision matrix ij mnR  (r~ )**

Step 2:  Calculate the score matrix ij mxnS  (s )   of the 

collective interval-valued neutrosophic decision matrix R 

using Equation(1 ) from Definition 2.7. 

Step3. Determine the interval-valued neutrosophic PIS
*A , 

and interval-valued neutrosophic NIS 
A using Equa-

tions(7) , (8) and score matrix S obtained above in Step 2 . 

Step 4.Calculate the separation measures 


iS and


iS  of

each alternative 
iA (i = 1,2,...,m) from interval-valued 

neutrosophic PIS 
*A  and interval-valued neutrosophic 

NIS 
A , respectively using Equations (9) and (10). 

Step 5: Calculate the relative closeness 


iC  of each alter-

native 
iA  (i = 1,2,...m) to the interval-valued neutrosophic 

*
PIS A using Equation(11). 
Table 1. Data of transportation companies and their criteria in 
form of interval valued neutrosophic fuzzy numbers 

Step 6. Rank the alternatives 
iA  (i = 1,2,...,m), according 
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to the relative closeness to the interval-valued neutrosophic 
*

PIS A  and then select the most desirable one (s). 

4. Numerical Illustration:

4.1 Example 

An international company needs a freight transporta-

tion company to carry its goods. The company determined 

four possible transportation companies. The criteria con-

sidered in the selection process are transportation costs, de-

fective rate, tardiness rate, flexibility and documentation 

ability. Transportation cost is the cost to carry one ton 

along one kilometre. Tardiness rate is computed as ‘‘the 

number of days delayed/the number of days expected for 

delivery. In Kulak & Kahraman [29], Transportation costs, 

defective rate and tardiness rate are taken to be crisp varia-

bles and the other criteria ‘‘flexibility’’ and ‘‘documenta-

tion ability’’ are taken as linguistic variables just to find 

only the best transportation company. In Kour et al. [4], the 

problem is taken in Interval valued Intuitionistic fuzzy en-

vironment in which each element of the decision matrix is 

taken as interval valued intuitionistic fuzzy numbers and 

the best appropriate transportation company is selected. 

In the present paper, the problem is modified as the best 

transportation company and also their mode of transporta-

tion is selected under interval valued neutrosophic  

environment. 

Let the set of transportation companies be T = {TC1, TC2, 

TC3, TC4}. Let the set of different criteria of the transpor-

tation companies be denoted by C = {Transportation cost 

(TC), Defective rate (DR), Tardiness rate (TR), Flexibility 

(F), Documentation ability (DA)}. The data of degree of 

satisfaction, indeterminacy and rejection of each criterion 

by each transportation company is represented by an IVNS 

in Table 1. The IVNS is  denoted by a set of Inter-

vals
)  ([ ],[ ],[ ])

][],[( ,[

ij ij ijijijijj

Ti L TiUTiUTi LTiUTi Lji

e , fc ,da ,bCC

r , rCT



  , , ] :  

Table 2. Data of criteria of transportation companies and their 

mode of transportation in form of interval valued neutrosophic 

fuzzy numbers 

The IVNS is usually elicited from the evaluated score to 

which the alternative TCi satisfies the criterion Cj by 

means of a score law and data processing or from 

appropriate membership functions in practice. Therefore, 

Alter-

native 

Trans

porta-

tion 

Com-

pa-

nies 

Criteria 

Transporta-

tion 

Cost 

Defective 

Rate 

Tardiness 

Rate 

Flexibility Documenta-

tion 

Ability 

Trans.

Comp

.1 

([0.7,0.8],[0.

01,0.02],[0.2,

0.4]) 

([0.8,0.85], 

[0.02,0.03] , 

[0.3,0.5]) 

([0.3,0.4],[

0.2,0.4] 

,[0.1,0.2]) 

([0.6,0.8],[

0.01,0.02],

[0.2,0.3]) 

([0.4,0.5], 

[0.1,0.3] , 

[0.1,0.2]) 

Trans.

Comp

.2 

([0.8,0.85],[0

.01,0.03],[0.2

,0.3]) 

([0.01,0.03],[

0.8,0.9], 

[0.3,0.5]) 

([0.8,0.92],

[0.01,0.04]

,[0.2,0.3]) 

([0.01,0.02

],[0.4,0.6],[

0.2,0.3]) 

([0.85,0.9], 

[0.01,0.02] , 

[0.2,0.4]) 

Trans.

Comp

.3 

([0.85,0.89],[

0.02,0.05],[0.

3,0.5]) 

([0.4,0.6], 

[0.1,0.3], 

[0.2,0.4]) 

([0.9,0.95],

[0.01,0.02]

,[0.3,0.4]) 

([0.9,0.92],

[0.01,0.03]

, [0.3,0.5]) 

([0.7,0.8], 

[0.02,0.04], 

[0.2,0.4]) 

Trans.

Comp

.4 

([0.8,0.9], 

[0.01,0.02],[0

.2,0.5]) 

([0.2,0.4], 

[0.6,0.7], 

[0.3,0.4]) 

([0.2,0.3],[

0.3,0.6],[0.

3,0.4]) 

([0.5,0.6],[

0.1,0.2],[0.

2,0.3]) 

([0.7,0.8], 

[0.3,0.4], 

[0.02,0.1]) 

Alter-
native 
Criteria 

Mode of transportation 

Road-
ways 

Railways Water-
ways 

Airways 

Trans-
porta-
tion 
Cost 

([0.7,0.85
],       
[0.02,0.03
], 
[0.1,0.15]
) 

([0.8,0.9], 
[0.02,0.03] 
, 
[0.01,0.04]
) 

([0.5,0.6], 
[0.1,0.2] ,  
[0.3,0.35]) 

([0.3,0.4], 
[0.2,0.3] ,  
[0.4,0.5]) 

Defec-
tive 
Rate 

([0.3,0.4],  
[0.1,0.2],  
[0.5,0.6]) 

([0.6,0.7],  
[0.03,0.04]
,   
[0.2,0.25]) 

([0.65,0.75
], 
[0.02,0.05]
,        
[0.1,0.2]) 

([0.8,0.9],  
[0.01,0.02]
,   
[0.01,0.1]) 

Tardi-
ness 
Rate 

([0.3,0.5], 
[0.02,0.04
] , 
[0.4,0.45]
) 

([0.5,0.65], 
[0.01,0.02]
,   
[0.2,0.25]) 

([0.4,0.5], 
[0.01,0.05] 
,     
[0.2,0.3]) 

([0.75,0.85
], 
[0.02,0.03]
,  
[0.1,0.15]) 

Flexibil-
ity 

([0.8,0.9], 
[0.2,0.3],  
[0.01,0.08
]) 

([0.6,0.7], 
[0.1,0.2] ,  
[0.2,0.25]) 

([0.5,0.6], 
[0.01,0.02]
,      
[0.15,0.2]) 

([0.4,0.5], 
[0.02,0.04]
,      
[0.2,0.3]) 

Docu-
menta-
tion 
Ability 

([0.6,0.7],  
[0.01,0.02
],       
[0.2,0.25]
) 

([0.65,0.8],  
[0.03,0.05]
,        
[0.15,0.2]) 

([0.7,0.8],  
[0.2,0.4],  
[0.1,0.15]) 

([0.75,0.85
],  
[0.03,0.04]
,    
[0.05,0.1]) 
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we can express an interval-valued neutrosophic decision 

matrix D = ij mxn( ) .

Similarly let the set of different transportation modes is 

denoted by M = {Roadways, Railways, Waterways, Air-

ways}. The data of degree of satisfaction, indeterminacy 

and rejection of each criterion for each mode is represented 

by an IVNS in Table 2. 

]),], [,], [) ([

C M ] :,][,], [,,[(

jkjkjkjkjkjkk

C jUC j LC jUC j LCjUC j Lj k

fedca ,bMM

rr



 

And it can be denoted by an interval-valued neutrosophic 

decision matrix D’ = jk nxp( ) .

The weights are taken as w1=0.38, w2=0.17, w3=0.21, 

w4=0.24, w5=0.00 

4.2 Solution 

The given problem is a multi criteria decision making 

problem in interval valued neutrosophic environment and 

is solved in two sections. The first section follows up with 

selecting the best mode of transportation for each transpor-

tation company using distance measures. The second sec-

tion includes the selection of the most appropriate trans-

portation company by the two above mentioned methods. 

The results are obtained as follows: 

A. Solution with method based on Applica-

tion of Normalized Hamming Distance for Inter-

val valued neutrosophic set 

The Equation (3) is used to find the distance for all the cri-

teria of the i-th transportation company from the k-th 

modes using the normalised Hamming distance as in Table 

3. In the definition 2.8, the normalized hamming distance

between X and Y (defined by Chi & Liu [33]) is given in 

Equation (2) which means the distance between any two 

IVNS. This definition is utilized to calculate the minimum 

distance between two IVNS in two different but related ta-

bles with IVNS as in Equation (3). Then the Equation (3) 

is utilized to find the Normalized Hamming distance for all 

the criterion of the i-th transportation company from the k-

th modes as in Equation (12) taking data from the related 

tables Table 1 and Table 2. The minimum distance deter-

mines the appropriate mode of each transportation compa-

ny. For Example - The minimum distance for all the crite-

ria of the transportation company TC2 is 0.2337 from 

the Railways mode. That means the appropriate mode for 

transportation companyTC2 is Railways. Similarly, the ap-

propriate mode for each transportation company is given in 

Table 4. 

Table 3. Data of distances for each transportation company 

from the considered set of their possible modes of transporta-

tion 

Alternative 

Transportation 

Companies 

Mode of transportation 

Roadways Rail-

ways 

Waterways Airways 

Trans.Comp.1 0.1737 0.1333 0.1283 0.1847 

Trans.Comp.2 0.2393 0.2337 0.361 0.292 

Trans.Comp.3 0.172 0.1303 0.1727 0.2087 

Trans.Comp.4 0.194 0.1923 0.1887 0.2743 

Table 4.  Appropriate Mode for each transportation company 

Transportation 

companies 

Minimum Dis-

tance 

Appropriate 

Mode 

Trans.Comp.1 0.1283 Waterways 

Trans.Comp.2 0.2337 Railways 

Trans.Comp.3 0.1303 Railways 

Trans.Comp.4 0.1887 Waterways 

B.  Solution with method based on weighted 

correlation coefficients 

The attribute weights are taken as w1=0.38, w2=0.17, 

w3=0.21, w4=0.24, w5=0.00 

Step 1: The weighted correlation coefficient between an al-

ternative Ai and the ideal alternative A* represented by the 

IVNS 

Is given by Equation (4).

Then taking weight attributes as w1=0.38, w2=0.17, 

w3=0.21, w4=0.24, w5=0.00, the weighted correlation coef-

ficient can be calculated for the data mentioned in Table 1 

by applying Equation (4). 

By applying Equation (4), we can compute (A , A )*

iiW  (i

= 1, 2, 3, 4) as 

(A , A )  0.67371

*

1W ; (A , A )  0.48112

*

2W ; 

(A , A )  0.89423

*

3W ; (A , A )  0.70764

*

4W

Step 2: From the weighted correlation coefficients between 

the alternatives and the ideal alternative, the ranking order 

is 214A3  A  A  A
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which is given in Table 5.

 Table 5 Ranking based on Weighted Correlation Coefficient 

Alternatives Value of 

(A , A )*

iiW

Rank 

Trans.Comp.1 0.6737 3 

Trans.Comp.2 0.4811 4 

Trans.Comp.3 0.8942 1 

Trans.Comp.4 0.7076 2 

Therefore, we can see that the alternative TC3  is the best

choice, which is the same result as Kulak & Kahraman 

[29] and by method of weighted correlation coefficient in 

Kour et al.[4]. 

C.  Solution with TOPSIS method with the 

given information about attribute weights 

The attribute weights are taken as w1=0.38, w2=0.17, 

w3=0.21, w4=0.24, w5=0.00 

Step 1: The weighted collective interval-valued neutro-

sophic decision matrix ij mnR  (r~ )**
is calculated (Table 

6) applying Equation (5).

ij mxnS  (s )Step 2: The score matrix    of the collective 

interval-valued neutrosophic decision matrix R is calculat-

ed using Equation (1 ) from Definition2.7 as in Table 7. 

Step 3: Using Equations. (7), (8) and score matrix obtained 

above , the interval-valued neutrosophic PIS 
*A  and in-

A is determined as in Ta-terval-valued neutrosophic NIS 

ble 8. 

Step 4: The separation measures 


iS  and i

S  of each alter-

native 
iA (i = 1, 2, 3, 4) are calculated from interval-

valued neutrosophic PIS 
*A and interval-valued neutro-

sophic NIS
A , respectively, based on the Hamming dis-

tance using Equations. (9) - (10) (Table 9). 

Step 5: The relative closeness i

C  of each alternative
iA  (i 

= 1, 2, 3, 4) to the interval-valued neutrosophic PIS
*A is 

calculated with the different separation measures, based on 

the Hamming distance, using Eq. (11) (Table 10). 

Step6. Rank the preference order of alternatives
iA   (i = 1, 

2, 3, 4) (Table 6), according to the relative closeness to the 

interval-valued neutrosophic PIS A *  and the ranking or-

der is 2134A  A  A  A .

Therefore, we can see that the alternative TC4  is the

best choice and then the most desirable alternative is 

Transportation company TC4 as by TOPSIS in Kour et

al. [4]. 
Table 6 Weighted collective interval valued neutrosophic fuzzy 

decision matrix 

Alternative 

Transpor-

tation 

Compa-

nies 

Criteria 

Transpor-

tation 

Cost 

Defective 

Rate 

Tardi-

ness 

Rate 

Flexibilty Documen-

tation 

Ability 

Trans.Co

mp.1 

([0.37,0.46

], 

[0.17,0.22]

, 

[0.54,0.71]

) 

([0.24,0.28]

, 

[0.51,0.55] 

, 

[0.81,0.89]) 

([0.07,0.

10], 

[0.7,0.83

] , 

[0.62,0.7

1]) 

([0.2,0.32], 

[0.33,0.39] 

, 

 [0.68,0.75]

) 

([0,0], 

[1,1] , 

[1,1]) 

Trans.Co

mp.2 

([0.46,0.51

], 

[0.17,0.26]

,  

[0.54,0.63]

) 

([0.0017,0.

005], 

[0.963,0.98

2], 

[0.815,0.88

8]) 

([0.29,0.

41], 

[0.38,0.5

1], 

[0.71,0.7

8]) 

([0.002,0.0

05], 

[0.8,0.88], 

[0.68,0.75]

) 

([0,0], 

[1,1] , 

  [1,1]) 

Trans.Co

mp.3 

([0.51,0.57

], 

[0.23,0.32] 

,  

[0.63,0.77]

) 

([0.08,0.14]

, 

[0.68,0.81], 

[0.76,0.86]) 

([0.38,0.

47], 

  [0.38,0.4

4] , 

[0.78,0.8

3]) 

([0.42,0.45

], 

[0.33,0.43]

, 

[0.75,0.85]

) 

([0,0], 

[1,1] , 

[1,1]) 

Trans.Co

mp.4 

([0.46,0.58

], 

[0.17,0.23]

, 

[0.54,0.77]

) 

([0.04,0.08]

, 

[0.92,0.94] 

,  

[0.81,0.86]) 

([0.05,0.

07], 

[0.78,0.9

], 

[0.78,0.8

3]) 

([0.15,0.2], 

[0.58,0.68]

, 

[0.68,0.75]

) 

([0,0], 

[1,1] , 

[1,1]) 

Table 7  Score matrix of  the Weighted collective interval val-

ued neutrosophic fuzzy decision matrix 

Alternative 

Transporta-

Criteria 

Minimize Maximize 
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tion 

companies 

Transporta-

tion 

Cost 

Defec-

tive 

Rate 

Tardi-

ness 

Rate 

Flexi-

bilty 

Documenta-

tion 

Ability 

1 

Trans.Comp.  0.3967 -0.08 -0.2333 0.1233 -0.6667 

Trans.Comp.

2 

0.45667 -0.5473 0.1067 -0.3677 -0.6667 

Trans.Comp.

3 

0.3767 -0.2967 0.14 0.17 -0.6667 

Trans.Comp.

4 

0.4433 -0.47 -0.39 -0.1133 -0.6667 

Table 8 Interval valued PIS and NIS 

Minimize Maximize 

Transporta-

tion 

Cost 

Defective 

Rate 

Tardiness 

Rate 

Flexibilty Docu-

menta-

tion 

Ability 

PI

S 

 ([0.51,0.57], 

[0.23,0.32], 

  [0.63,77]) 

[0.0017,0.005],

  [0.963,0.982],[

0.815,0.888]) 

[0.05,0.07], 

[0.78,0.9], 

[0.78,0.83]) 

 ([0.42,0.45], 

[0.33,0.43], 

[0.75,0.85]) 

 ([0,0], 

[1,1], 

[1,1]) 

S 

NI  ([0.46,0.51], 

[0.17,0.26], 

[,0.54,0.63]) 

 ([0.24,0.28], 

[0.51,0.55], 

[0.81,0.89]) 

([0.38,0.47]

,[0.38,0.44]

,[0.78,0.83]

) 

([0.002,0.00

5],[0.8,0.88], 

[0.68,0.75]) 

 ([0,0], 

 [1,1], 

[1,1]) 

Table9 Separation measures based on Hamming distance 

Alternatives 

iS 

iS

Trans.Comp.1 0.4997 0.5688 

Trans.Comp.2 0.6505 0.29073 

Trans.Comp.3 0.39033 0.5372 

Trans.Comp.4 0.287 0.6372 

Table 10 Relative closeness 
i

C based on Hamming Distance

Alternatives 
Value of 



iC
Rank 

Trans.Comp.1 0.53234 3 

Trans.Comp.2 0.30888 4 

Trans.Comp.3 0.57917 2 

Trans.Comp.4 0.68946 1 

5. Results and comparison

In this paper, the distance measures on interval valued neu-

trosophic set using the normalized hamming distance help 

to find the best modes of transportation for each transporta-

tion company as in Table 4. The paper helps to find the ap-

propriate transportation company. It follows with two 

methods. The first method which is based on weighted cor-

relation coefficient gives the best transportation company 

as TC3. The result is same as in the Kour et al. [4] for the 

method to find the best transportation company based on 

weighted correlation coefficient under interval valued intu-

itionistic fuzzy environment. The second method which is 

the extended TOPSIS gives the best transportation compa-

ny as TC4. The result is same as in the Kour et al. [4] for 

the extended TOPSIS method to find the best transporta-

tion company under interval valued intuitionistic fuzzy en-

vironment. In addition, this paper also helps to find the 

best mode of transportation for the selected transportation 

companies.  In the first result, the selected transportation 

company TC3 opt for Railways whereas in the second re-

sult, the selected transportation company TC4 chooses Wa-

terways as their mode of transportation. The present paper 

also deals with degree of indeterminacy along with the de-

gree of acceptance and rejection of the different attributes 

as in Kour et al. [4]. The results can be compared with the 

help of the below mentioned tables (Table 11, Table 12, 

Table 13 and Table 14). 

Table11 Solution as in [4] under interval valued intuitionistic 

fuzzy environment 

Alternatives Rank with 

Weighted Corre-

lation Coefficient 

Method(unknown 

Rank with Ex-

tended TOP-

SIS(known 

weights) 
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weights) 

Trans.Comp.1 3 3 

Trans.Comp.2 4 4 

Trans.Comp.3 1 2 

Trans.Comp.4 2 1 

Table12 Appropriate Transportation Company in [4] under in-

terval valued intuitionistic fuzzy environment 

Weighted Correlation 

Meth-Coefficient 

od(unknown weights) 

ExtendedTOPSIS(known 

weights) 

Trans Comp 3 Trans Comp 4 

Table13 Solution as in   the present paper under interval val-

ued neutrosophic environment 

Alternatives Rank with 

Weighted Cor-

relation Coef-

ficient Meth-

od(known 

weights) 

Rank with Ex-

tended TOP-

SIS(known 

weights) 

Trans.Comp.1 3 3 

Trans.Comp.2 4 4 

Trans.Comp.3 1 2 

Trans.Comp.4 2 1 

Table14 Appropriate Transportation Company and their mode 

in the present paper under interval valued neutrosophic envi-

ronment 

Methods Weighted Corre-

lation Coefficient 

Method     

(unknown 

Extended TOPSIS 

(known weights) 

weights) 

Best 

Transportation 

Company 

Trans Comp 3 Trans Comp 4 

Best 

Transportation 

Mode 

Railways Waterways 

6. Conclusion

 A new type of transportation company 

selection problem is constructed in which the 

mode of transportation is also selected along with 

the best transportation company which gives a 

greater scope of its application in real life circum-

stances to achieve better requirements of the 

transportation companies. 

 The method for the application of nor-

malized hamming distance on interval valued 

neutrosophic set helps the users to relate the given 

two different relational tables consisting of trans-

portation companies, their criteria and their mode 

of transportation and thus to find the appropriate 

mode of each transportation companies for the 

first time. 

 The weighted correlation coefficient 

method helps the users to solve the multi-criteria 

decision making problems with given weight in-

formation which has been done for the first time 

in Interval valued neutrosophic environment 

 The extended TOPSIS method provides 

us an effective and practical way to solve the 

same type of problems, where the data is charac-

terized by IVNSs and the information about 

weights is completely known. A score function 

has been defined for interval valued neutrosophic 

sets for the first time and is used to find the inter-

val valued neutrosophic PIS and NIS.  

 The interval valued neutrosophic set data 

can be seen as real life uncertainties and so repre-

sents more practical solutions of the problem 

where the degree of acceptance, indeterminacy 

and rejection of the different attributes are taken 

into account. 
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