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Abstract: With the continuous advancement of science and technology, the decision-making 

environment faced by managers is increasingly complex, which puts forward higher 

requirements for managers. Due to the complexity of the multi-attribute decision-making 

problem, it is difficult for the decision-maker to make the correct choice. In addition, due to 

the influence of the educational background and limited knowledge of the managers, it is 

impossible to evaluate with simple statistical data. In essence, the location problem of low-

carbon logistics parks is a MADM problem. Therefore, this paper establishes an optimization 

model to solve the multiple-attribute decision-making (MADM) problem with alternative 

preference and single-valued neutrosophic (SVN) information. Considering that the 

information of weight is unknown, a scientific model is built based on the minimum deviation 

method deriving the criterion weight. Furthermore, the above models and methods are 

extended to interval neutrosophic sets (INs). To verify the validity of the modified model, a 

numerical case for low-carbon logistics park site selection is taken as an example. Through 

the case study, we found that the method has strong operability and can make the most of the 

available information. 

Keywords: Multiple-attribute decision-making (MADM); single-valued neutrosophic sets 

(SVNSs); interval neutrosophic sets (INs); preference information; low-carbon logistics park 

site selection 

1. Introduction 

Decision makers (DMs) often have difficulty expressing their preferences accurately when 

presented with inaccurate, uncertain expression when solving MADM issues[1-5]. Fuzzy Sets 
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(FSs) [6]are considered to solve the MADM problems [7, 8]. Intuitionistic fuzzy sets (IFS)[9], as 

an extension, have subsequently been widely used in solving MCDM problems. Since IFSs 

consider both membership and non-membership, they are more flexible and practical than 

traditional FSs[10-14]. In some practical cases, membership, non-membership and hesitation of 

an element of IFSs may not be a specific figure. Therefore, it is extended to IVFS [15-20]. To 

represent uncertainty and inconsistency in information, Smarandache [21] introduced 

neutrosophic sets (NS) as an alternative to IFSs and IVIFSs. To facilitate practical application, 

the SVNS [22] and INS [23] were proposed as subclasses of NS, and then Ye [24] introduce`ed 

SNS, SVNS and INS. According to the literature. NS is a generalization of FS, IFS, and IVIFS. 

In practice, SNS (SVNS and INS) are ideal for the expression of incomplete and uncertain 

information in practical applications. In recent years, SNSs (ins) and SVNSs (SVNSs) is the ideal 

choice for expressing incomplete, uncertain and inconsistent information. Sahin and Kucuk 

[25] gave the introduction of entropy measure of SVNSs. And correlation coefficient of SVNSs 

and the method of using SVNSs for decision making are introduced based on the preliminary 

knowledges. In a time-neutral environment, Broumi and Smarandache [26] built the correlation 

coefficients of INSs. While Zhang, Wang and Chen [27] developed INNWA operator and 

INNWG operator. Furthermore, Ye [28-32] introduced a similarity measure between SVNSs 

and INSs. Ye [33] examined interval-neutral MADM methods based on probability degree 

sequencing and ordered weighted aggregate operators. Ye and Jun [34] proposes an interval-

neutral MADM with confidence information. Peng, Wang, Zhang and Chen [35] studied a 

transcendent approach to MADM problems with simplified neutral sets. With interval-value 

neutral sets, Zhang, Wang and Chen [36] devised a transcendent method to solve the MADM 

issues. In their paper, Tian, Zhang, Wang, Wang and Chen [37] examined the use of interval 

neutral set cross entropy. The SVNNWBM operator was proposed by Liu and Wang [38] using 

the Bonferroni mean, the WBM, and the normalized WBM. Liu, Chu, Li and Chen [39] 

combined Hamacher operator and generalized operator into NS, proposed the GNNHWA 

operator, GNNHOWA operator and GNNHHA operator. Zhao, Du and Guan [40] extended 

the GWA operator to work in line with the IVNS data. Liu and Wang [41] further proposed 

INPOWA operator. In their study, the preferred weighted average operator and priority 

weighted geometric operator for SNN [42] were then defined. Ye [43] proposed INWEA 

operator and DUNWEA operator based on exponential algorithm. Li, Liu and Chen [44] 

proposed some Heronian mean operators with SVNSs. 
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Knowledge explosion, information torrent, rapid technological change, rapid social 

change, rapid economic development, and so on, this is an era of change, but also an era of 

development. With the popularization of the Internet and the rapid development of the e-

commerce industry, the way of shopping has gradually shifted from offline to online[45, 46]. 

Online shopping has become an indispensable part of contemporary people's lives, and the 

accompanying logistics system is an important part of it. support. The rapid development of 

SF Express, "Three Links and One Delivery" (Zhongtong, Shentong, Yuantong, Yunda Express), 

JD Logistics and other niche express delivery has driven economic growth, but their extensive 

logistics operations have also caused great damage to the environment. Influence. Logistics 

systems include a variety of activities, such as supplier production, transportation and 

distribution, that consume energy and emit carbon[47-50]. In the context of global warming 

and environmental deterioration, it is extremely urgent to develop low-carbon logistics[51-53]. 

Government departments have formulated a series of plans to implement them. The primary 

task of the logistics industry system from the perspective of low carbon is to carry out 

reasonable planning of logistics activities, build logistics parks and solve the problem of site 

selection of logistics parks[54-56]. The location of a low-carbon logistics park depends on 

factors such as the economic development of a certain place, market demand, low-carbon 

attributes of logistics and transportation routes, and whether carbon emissions meet 

environmental requirements[57-59]. In essence, the location problem of low-carbon logistics 

parks is a MADM problem. During the process of single valued neutral MADM with 

alternative preference information. The weights are not completely known or completely 

unknown. Nevertheless, none of the above methods are suitable for dealing with this situation. 

To overcome this limitation, it is necessary to find methods based on the minimum deviation 

method. The aim of this manuscript is to establish a method based on the least deviation 

method. We will introduce SVNSs in the next section of this paper. In Section 3, we build the 

MADM model under SVNSs, where the information about criterion weight is not completely 

known, and the attribute value and preference value of options are SVNNs. In Section 4, There 

is no complete information about criterion weight, and the attribute value and preference value 

are expressed as INNs. In Section 5, illustrative examples for low-carbon logistics park site 

selection are indicated. In Section 6, we summarize the full text. 

2. Preliminaries  
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Definition 1[60]. Assume W  be a set with an element in a fixed set W , which is denoted by

 . A NSs   in W is defined by the function of  truth-membership    , indeterminacy-

membership    and a falsity-membership function    . The functions    , 

   and    are real standard or nonstandard subsets of 0,1    , that’s, 

   : 0,1 , : 0,1W W               and   : 0,1W       . There is no 

restriction of    ,    and    , so 

     0 sup sup sup 3            . 

Definition 2[22]. Let W  be a collection in fixed set W , denoted by . A SVNSs inW is 

defined as follows: 

       , , , W                                   (1) 

Where  x ,    and     are in the value of  0,1 , that is, 

       : 0,1 , : 0,1W W      and    : 0,1W   . And the sum of    , 

   and    meets the condition      0 3           . Then a 

simplification of is represented by        , , , W            , which is a 

SVNS. 

    For a SVNS        , , , W           , the ordered triple components

      , ,        , are defined as a SVNN, and each SVNN can be expressed as

 , ,      , where      01 , 01 , 01      ， ， ， , and 0 + + 3      . 

Definition 3[61]. Set  , ,       be a SVNN, a score function   is represented: 

 
 2

3

    
 

  
 ,    0,1                     (2) 

Definition 4[61]. Set  , ,       be a SVNN, an accuracy function   is represented: 

        ,    1,1     .                        (3) 

Definition 5[61]. Let  , ,       and  , ,      be two SVNNs, 

 
 2

3

    
 

  
  and  

 2

3

    
 

  
  be the scores function, and let
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         and          be the accuracy degrees, then if        , then 

  ; if        , then 

(1) if        , then   ; (2) if        , then   . 

Definition 6[61]. Let  , ,       and  , ,        be two SVNNs, and some 

basic operations are defined: 

 

 

      
        

(1) , , ;

(2) , , ;

(3) 1 1 , , , 0;

(4) , ,1 1 , 0.

       

         

  

  

   

  

         

           

    

    

   

     

   

   

 

Based on Definition 6, the following properties are derived. 

Theorem 1[22]. Let  , ,       and  , ,        be two SVNNs, 1 2, , 0    , 

then 

 

     

 

     
 

    

1 2 1 2

2
1 1 2

1 2 1 2

(1) ;

(2)

(3) ;

(4) ;

(5) ;

(6) ;

(7) .

  

   


  

   

   

    

   

     

  

 



  

  

  

  

  

 



；

 

Definition 7[61]. Let   , , 1,2, ,            be a collection of SVNNs, and let 

SVNWA: Q Q  , if 

   

     

1 2
1

1 1 1

SVNWA , , ,

= 1 1 , ,  



   


  
  

  

  

    

  



  

 

 
  

 
  

                       (4) 

where  1 2, , ,
T

     be the weight of  1,2, ,   , and 0  , 
1

1








 , 

then SVNWA is called SVNWA operator. 
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Definition 8[25]. Let  , ,       and  , ,        be two SVNNs, then the 

Hamming distance is defined: 

   
1

,
3

d                                     (5)  

3. Models for SVN MADM issues  

(1) Let  1 2, , ,      be a discrete set of alternatives;(2) Let  1 2, , ,      be 

a set of attributes;(3) Let  1 2, , ,      be subjective preference and 

 , ,
         are SVSNs, which is subjective preference on alternative

 1,2, ,   .(4) The criterion weights is incompletely known. Let 

 1 2, , , R      be the weight of attributes, where 0  , 1,2, ,  ,

1
1







 , R  is a set of criterion weight, constructed by the following forms [62, 63], for 

  : Form 1. A weak sequence:    ; Form 2. A strict sequence:      , 0 

;Form 3. A sequence of differences:        , for     ;Form 4. A sequence 

with multiples:      , 0 1  ; Form 5. An interval form: 

, 0 1i              . Suppose that    , ,V       
   

 
   is 

SVN decision matrix,      0,1 , 0,1 , 0,1       , 0 + + 3      , 

1,2, ,  , 1,2, ,  . 

Definition 9[61]. Let    , ,V       
   

 
   is the SVN matrix,

 1 2, , ,        be the attribute values for alternative  , 1,2, ,  , then we call 

   

       
1

1 1 1

1 2, ,

= 1 1 , ,

SVNWA , , ,

  

   

     

    


  

      

    

 


  

 
    

 

 

  
             (6) 

the overall value of  , where  1 2, , ,
T

    is the criterion attributes. 
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On the premise that the attribute weight is known, we can aggregate the weighted values 

into a total value through Eq. (6). According to the overall attribute value, we can make a final 

ranking of possible solutions, and finally choose the most suitable solution. 

If the attribute weight information of the decision model is unknown, to reflect the 

subjective preference and objective information of the DM at the same time, the optimization 

decision model is established. However, there are some differences between DM's subjective 

preference and objective information. To make decision-making more scientific and reasonable, 

the selection of attribute weight vector should minimize the total deviation between objective 

information and DM subjective preference. 

For   , the deviation of alternative   to DM’s subjective preference is defined as 

follows: 

   , , 1,2, , , 1,2, ,K              .                   (7) 

Let      
1 1

, , 1,2, ,K K
 

    
 

       
 

     

Then  K   denote the deviation of   to DM’s subjective preference value  . 

According to the above analysis, we must select the criterion weight vector to minimize 

all deviations of possible solutions. To this end, we establish a linear programming model： 

 M-1
     

1 1 1 1

1

min ,

Subject to 1, 0, 1,2, ,

K K
   

   
   



 

     

   

   




 


   


 



 

where    1
,

3                        . 

If the attribute weight information is completely unknown, another programming model 

is established: 

 M-2

   

 

1 1

1 1

2

1

min

1

3

. . 1, 0, 1,2, ,

K K

s t

  

 


 

 

      
 



 

 

      

   

 

 








     



  








 

The Lagrange function is constructed as follows: 
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    2

1 1 1

1
, 1

3 6
L

  

  

       
  


         

  

 
        

 
      (8) 

where   is the Lagrange multiplier. 

Differentiating Eq. (8) and setting these partial derivatives equal to zero: 

 
1

2

1

0

1 0

mL

L

  



      








      









 
       



   







            (9) 

By solving Eq. (9), we get the attribute weights: 

 

 

* 1

2

1

  

  



     


 

     


     



     





    



     
 





                    (10) 

By standardizing  * 1,2, ,    be a unit, we have 

 

 
1

1 1

  

  



     


  

     

 

     



     



 

    



    




                       (11) 

We propose a practical method to solve MADM with alternative preference and SVNs.  

(Procedure one) 

Step 1. Let    , ,V       
   

 
  be a SVN matrix,   1 2, , ,     be the 

criterion weight, where  0,1  , 1,2, ,  ,    is a set of the known weight 

information. Let  1 2, , ,      be subjective preference,  , ,
         are 

SVNNs, which are subjective preference values on alternatives  1,2, ,   . 

Step 2. By solving the model (M-1), the partially known index values of the weight information 

are obtained.  

Step 3. Utilize the weight  1 2, , ,      and Eq. (7), we obtain the   of 

 1,2, ,   . 
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Step 4. Obtain the scores    of  1,2, ,   to rank all the solutions 

 1,2, ,   . Then we calculate the     and    , and then rank the 

alternatives through     and    . 

Step 5. Rank solutions  1,2, ,    and select the best one through     and

    1,2, ,  . 

Step 6. End. 

4. Models for INS MADM problems 

Definition 10[23]. Let W  be a collection with element in fix setW , denoted by . An INSs 

 inW is defined as follows: 

       , , , W                                (12) 

where    ,    and    , which are interval values in the value of  0,1 , that is, 

       0,1 , 0,1      and    0,1   . 

        0 sup sup sup 3           .  

    For a INSs        , , , W           , the ordered triple components

      , ,        , are described as an INNs, and each INN can be expressed as

   , , , , , , ,X Y X Y X Y

                            , where

     , 01 , , 01 , , 01X Y X Y X Y

                    ， ， ， , and 0 + + 3Y Y Y

      . 

Definition 11[64]. Let  , , , , ,X Y X Y X Y

                      be an INN, a score function   

is represented: 

 
   2 2

6

X X X Y Y Y

          
 

      
 ,    0,1   .    (13) 

Definition 12[64]. Let  , , , , ,X Y X Y X Y

                      be an INN, an accuracy 

function  is represented: 

 
   

2

X Y X Y

      
 

  
 ,    1,1    .               (14) 
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Tang [64] gave an order relation between two INNs. 

Definition 13[64]. Let  , , , , ,X Y X Y X Y

                      and 

 , , , , ,X Y X Y X Y

                     be two INNs, 

 
   2 2

6

X X X Y Y Y

          
 

      
  and  

   2 2

6

X X X Y Y Y

          
 

      
  

be the scores of  and  , respectively, and let  
   

2

X Y X Y

      
 

  
  and 

 
   

2

X Y X Y

      
 

  
  be the accuracy degrees of  and  , then if 

       , then   ; if        , then 

(2) if        , then   ; (2) if        , then   . 

Definition 14[27]. Let  1 1 1 1 1 1 1, , , , ,X Y X Y X Y                 and 

 2 2 2 2 2 2 2, , , , ,X Y X Y X Y                  be two INNs, and some basic operations are 

defined: 

1 1 1 1 1 1 1 1

1 2

1 2 1 2 1 2 1 2

1 2 1 2

1 2 1 1 1 1 1 1 1 1

1 1 1 1

, ,
(1) ;

, , ,

, ,

(2) , ,

,

X X X X Y Y Y Y

X X Y Y X X Y Y

X X Y Y

X X X X Y Y Y Y

X X X X

       
 

       

   

         

   

        
       

  

       

 

   

       

 
       

   

1 1 1 1

1 1

1

1 1 1 1

1 1 1 1

1

1 1

;

1 1 ,1 1 ,

(3) , 0;

, , ,

, , , ,

(4) ,

1 1 ,1 1

Y Y Y Y

X Y

X Y X Y

X Y X Y

X Y

 

   

  



 

   

 

 

   

   

 

 

 
 
 
 
     

     
   

  
    

      

   
       

  
     
   

0.

 

Theorem 2[27]. Let  1 1 1 1 1 1 1, , , , ,X Y X Y X Y                 and 

 2 2 2 2 2 2 2, , , , ,X Y X Y X Y                  be two INNs, 1 2, , 0    , then 
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 

     

 

     
 

    

1 2 1 2

2
1 1 2

1 2 2 1

1 2 2 1

1 2 1 2

1 2 1 2

1 1 2 1 1 2 1

1 1 1

1 1

(1) ;

(2) ;

(3) ;

(4) ;

(5) ;

(6) ;

(7) .

  

   


  

   

   

    

   

     

  

 



  

  

  

  

  

 



 

Definition 15[27]. Let   , , , , , 1, 2, ,X Y X Y X Y

                         

 1,2, ,   be a collection of INNs, and let INWA:Q Q  , if 

   

   

       

1 2
1

1 1

1 1 1 1

INWA , , ,

1 1 ,1 1 ,

=

, , ,

X Y

X Y X Y

 

   



   


 
 

 

 

   
   

   

   

    

 

   



 

   

 

  
     

  
 
    
    
    

 

   

         (15) 

where  1 2, , ,
T

     be the criterion weight, and 0  , 
1

1
n







 , then INWA is 

called INWA operator. 

Definition 16[64]. Let  1 1 1 1 1 1 1, , , , ,X Y X Y X Y                 and 

 2 2 2 2 2 2 2, , , , ,X Y X Y X Y                  be two INNs, then the normalized Hamming 

distance between  1 1 1 1 1 1 1, , , , ,X Y X Y X Y                 and 

 2 2 2 2 2 2 2, , , , ,X Y X Y X Y                 is defined: 

 
1 2 1 2 1 2

1 2

1 2 1 2 1 2

1
,

6

X X Y Y X X

Y Y X X Y Y

     
  

     

      
 
     
 

             (16) 

Let  ,  and  be presented as in section 3. Suppose that 

   , , , , ,X Y X Y X YV          
      

 

            is the INN matrix, 
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 , 0,1 ,X Y

           , 0 , 1 , , 0 , 1X Y X Y

                 , 0 + + 3Y Y Y

      , 

1,2, ,  , 1,2, ,  . The subjective preference information on alternatives is 

known, and  , , , , ,X Y X Y X Y

                           are INNs, which is subjective preference 

values on alternative  1,2, ,   . 

Definition 17[27]. Let    , , , , ,X Y X Y X YV          
      

 

            is the INN 

matrix,  1 2, , ,        be the vector of attribute values for  , 1,2, ,  , then we 

call 

 

   

   

       

1

1 1

1 1 1 1

1 2

, , , , ,

1 1 ,1 1 ,

=

, , ,

INWA , , ,

X Y X Y X Y

X Y

X Y X Y

 

   

      



 


 
 

 

 

   
   

   

   

  

     

  

 

   



 


 

   

        

 

  
     

  
 
    
    
    





 

   

           (17) 

the overall value of , where  1 2, , ,
T

    is the criterion weight. 

When the attribute weight information is completely known, aggregate all the weighted 

attribute values corresponding to each alternative into a whole using Eq. (17).  

If the decision model is difficult to obtain attribute weight, sometimes the criterion weight 

information is completely unknown. To reflect the subjective preference and objective 

information of decision-makers, an optimization model is established to obtain the weight of 

attributes. However, there are some differences between DM's subjective preference and 

objective information. To make the decision more reasonable, the selection of criterion weight 

vector is to minimize the total deviation between objective information and DM subjective 

preference. 

The least deviation method was used to calculate the difference between DM's subjective 

preference and objective information. For the   , the deviation of alternative   to DM’s 

subjective preference is described as follows: 

   , , 1,2, , , 1,2, ,K              .               (18) 
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Let      
1 1

, , 1,2, ,K K
 

    
 

       
 

     Based on the above analysis, we 

must choose weights to minimize all deviations from all alternatives. To this end, we 

establish a linear programming model: 

 M-3  
     

1 1 1 1

1

min ,

Subject to 1, 0, 1,2, ,

K K
   

   
   



 

     

   

   




 


   


 



 

where  
1

,
6

X X Y Y X X

Y Y X X Y Y

  

  

     

 

     

     
  

     

     
 
      
 

. 

By solving the model  M-3 , we get the  1 2, , ,     , which is used as attributes 

weight. 

If the information about criterion weights is completely unknown, we build another 

programming model: 

 M-4

   
1 1

1 1

2

1

min

1

6

. . 1, 0, 1,2, ,

X X Y Y X X

Y Y X X Y Y

K K

s t

  

  

 


 

 
     


 

     



 

 

     


     

   

 

 







         

       

   









 

To solve this model, we build the Lagrange function: 

  2

1 1 1

1
, 1

6 12

X X Y Y X X

Y Y X X Y Y
L

  

  

  
     

 
  

     

      
   

       

        
    
        

    (19) 

where   is the Lagrange multiplier. 

Differentiating Eq. (19) with respect to  1,2, ,   and , and setting these partial 

derivatives equal to zero,  

1

2

1

0

1 0

X X Y Y X X

Y Y X X Y Y

L

L

  

  


     


      







     


      








          
        

 


  






        (20) 
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By solving Eq. (20), we get the attribute weights: 

1
*

2

1

X X Y Y X X

Y Y X X Y Y

X X Y Y X X

Y Y X X Y Y

  

  

  

  


     


     




     


     

     

     


     

     





      
 
     
 

       
  
      
  





              (21) 

By normalizing  * 1,2, ,    be a unit, we have 

1

1 1

X X Y Y X X

Y Y X X Y Y

j X X Y Y X X

Y Y X X Y Y

w

  

  

  

  


     


     

 
     

 
     

     

     

     

     



 

      
 
     
 
      
 
     
 





                (22) 

Based on the above model, a practical method is proposed to solve INN-MADM with 

alternative preference information. The method includes the following steps:  

(Procedure two) 

Step 1. Let    , , , , ,X Y X Y X YV          
      

 

           be an INN matrix, where 

, , , , ,X Y X Y X Y

                      ，  for    with respect to   , 

 1 2, , ,     be the weight of attributes, where  0,1  , 1,2, ,  , 

which is constructed by the forms 1-5. Let  1 2, , ,      be subjective preference, 

 , , , , ,X Y X Y X Y

                           are INNs, which are subjective preference on 

alternatives  1,2, ,   . 

Step 2. By solving the model (M-3), the partially known index values of the weight is obtained. 

If the criterion weight is unknown, then we can obtain the criterion weights by Eq. (22). 

Step 3. Utilize  1 2, , ,      and Eq. (17), we obtain the   of  1,2, ,   . 

Step 4. Compute out the scores    of  1,2, ,   to rank all the alternatives 

 1,2, ,    then rank the alternatives   and   through     and

   . 
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Step 5. Rank all the alternatives  1,2, ,m    and select the best one(s) through   

and     1,2, ,  . 

Step 6. End. 

5. Case Study  

With the expansion of the e-commerce Internet, online shopping has been enthusiastically 

sought after by people, and the logistics industry has also risen rapidly. Logistics promotes 

economic growth and is increasingly prominent in the national economic status. However, as 

an indispensable part of the logistics industry, logistics parks have many difficult problems. 

Usually occupies a large scale, and the construction investment cost is high. Once completed, 

it is not easy to relocate, and today's environmental problems are becoming more and more 

serious. The basic criteria for planning and building a low-carbon logistics park It is "low 

energy consumption, high efficiency". The location problem of low-carbon logistics parks can 

be regarded as a MADM problem. Generally, multiple decision-makers give corresponding 

evaluations to a limited number of alternatives under the influence of different factors, and use 

scientific decision-making methods to evaluate the relevant ones. The evaluation information 

is processed, so as to sort the different alternatives and make a reasonable choice. In this section, 

we apply the constructed model to a real-world example, taking the low-carbon logistics park 

site selection as an example. Through market research, a panel of five possible low-carbon 

logistics park sites
 

 1,2,3,4,5    was selected. The experts selected four indexes to 

evaluate five low-carbon logistics park sites: ① 1  is transportation and warehousing 

investments; ② 2 is regional goods material turnover; ③ 3  is land use; ④ 4 is degree of 

environmental protection. Five possible low-carbon logistics park sites  1,2,3,4,5  

will use the SVNNs by the decision maker under the above four attributes, as listed in the 

following matrix. 

       

       

       

     

0.5, 0.8, 0.1 0.6, 0.3, 0.3 0.3, 0.6, 0.1 0.5,0.7,0.2

0.7, 0.2, 0.1 0.7, 0.2, 0.2 0.7, 0.2, 0.4 0.8,0.2,0.1

V= 0.6, 0.7, 0.2 0.5, 0.7, 0.3 0.5, 0.3, 0.1 0.6,0.3,0.2

0.8, 0.1, 0.3 0.6, 0.3, 0.4 0.3, 0.4, 0.2 0.5,0.6, 

       

0.1

0.6, 0.4, 0.4 0.4, 0.8, 0.1 0.7, 0.6, 0.1 0.5,0.8,0.2

 
 
 
 
 
 
 
   

DMs’ subjective preference value on alternative: 
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     

   

1 2 3

4 5

0.6,0.5,0.2 , 0.7,0.2,0.1 , 0.3,0.4,0.3

0.9,0.3,0.2 , 0.5,0.6,0.4

  

 

  

 
 

Next, developed method is used to select the best location of low-carbon logistics park. 

Case 1: Criterion weight information is known as follows: 




1 2 3

4

4 1

0.18 0.23,0.20 0.24,0.25 0.30,

0.25 0.33, 0, 1,2,3,4, 1 

   

   


      

    
 

Step 1. The single-objective programming model is obtained as follows: 

  1 2 3 4min 0.6333 0.6667 0.8333 0.7000K          

Solving this model, we get the weight of attributes:  0.2300 0.2400 0.2500 0.2800 
T

   

Step 2. Utilize the weight  1 2, , ,      and by Eq. (6), we obtain the   of the low-

carbon logistics park site  1,2, ,   . 

   

   

 

1 2

3 4

5

0.4845,0.5667,0.1581 , 0.7322,0.2000,0.1670

0.5538,0.4468,0.1854 , 0.5824,0.3040,0.2135

0.5633,0.6348,0.1670

 

 



 

 



 

Step 3. Calculate the scores    of  1,2, ,    

     

   

1 2 3

4 5

0.5866, 0.7884, 0.6406

0.6883, 0.5872

     

   

  

 
 

Step 4. Rank all the low-carbon logistics park sites  1,2,3,4,5    through     

 1,2, ,5  : 2 4 3 5 1     , and thus the most desirable low-carbon logistics park 

site is 5 . 

Case 2: When the weight is unknown, we use another method to get the optimal location 

of low-carbon logistics park. 

Step 1. Get the weight of attributes: 

 0.2235 0.2353 0.2941 0.2471 
T

   

Step 2. Utilize the  1 2, , ,      and Eq. (6), we obtain the overall values   of the 

low-carbon logistics park site  1,2, ,   . 
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   

   

 

1 2

3 4

5

0.4762,0.5647,0.1537 , 0.7286,0.2000,0.1770

0.5498,0.4425,0.1794 , 0.5732,0.3031,0.2172

0.5727,0.6296,0.1618

 

 



 

 



 

Step 3. Compute out the scores    1,2, ,    of  1,2, ,   . 

     

   

1 2 3

4 5

0.5860, 0.7839, 0.6426

0.6843, 0.5938

     

   

  

 
 

Step 4. Rank all the solutions through    : 2 4 3 5 1     , and thus the most 

desirable low-carbon logistics park site is 2 . 

If the five possible low-carbon logistics park sites  1,2,3,4,5    are to be evaluated 

using the INNs, as listed in the following matrix. 

             
             
             
      

0.5, 0.6 , 0.8, 0.9 , 0.1, 0.2 0.6, 0.7 , 0.3, 0.4 , 0.3, 0.4

0.7, 0.9 , 0.2, 0.3 , 0.1, 0.2 0.7, 0.8 , 0.1, 0.2 , 0.2, 0.3

V= 0.6, 0.7 , 0.7, 0.8 , 0.2, 0.3 0.5, 0.6 , 0.7, 0.8 , 0.3, 0.4

0.8, 0.9 , 0.1, 0.2 , 0.3, 0.4 0      
             

             
          

.6, 0.7 , 0.3, 0.4 , 0.4, 0.5

0.6, 0.7 , 0.4, 0.5 , 0.4, 0.5 0.4, 0.5 , 0.8, 0.9 , 0.1, 0.2

0.3, 0.4 , 0.6, 0.7 , 0.1, 0.2 0.5, 0.6 , 0.7, 0.8 , 0.1, 0.2

0.7, 0.9 , 0.2, 0.3 , 0.4, 0.5 0.8, 0.9 , 0.2, 0.3 , 0.1,











  
             
             
             

 0.2

0.5, 0.6 , 0.3, 0.4 , 0.1, 0.2 0.6, 0.7 , 0.3, 0.4 , 0.2, 0.3

0.3, 0.4 , 0.4, 0.5 , 0.2, 0.3 0.5, 0.6 , 0.6, 0.7 , 0.1, 0.2

0.7, 0.8 , 0.6, 0.7 , 0.1, 0.2 0.5, 0.6 , 0.8, 0.9 , 0.2, 0.3











DM’s subjective preference value on alternative is: 

             

             

      

1 2

3 4

5

0.6,0.7 , 0.5,0.6 , 0.2,0.3 , 0.7,0.8 , 0.2,0.3 , 0.1,0.2

0.3,0.4 , 0.4,0.5 , 0.3,0.4 , 0.9,1.0 , 0.3,0.4 , 0.2,0.3

0.5,0.6 , 0.6,0.7 , 0.4,0.5

 

 



 

 



 

Case 1: The attribute weights are partially known, 




1 2 3

4

4 1

0.18 0.23,0.20 0.24,0.25 0.30,

0.25 0.33, 0, 1,2,3,4, 1 

   

   


      

    
 

Step 1. Establish the ingle-objective programming model: 

  1 2 3 4min 0.6500 0.7000 0.8500 0.7333K          
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Solving this model, we get the weight of attributes: 

 0.2300 0.2400 0.2500 0.2800 
T

   

Step 2. Utilize the  1 2, , ,      and Eq. (17), we obtain the   of the low-carbon 

logistics park sites  1,2, ,   . 

      

      

      

      

 

1

2

3

4

5

0.4845,0.5168 , 0.5667,0.6731 , 0.1302,0.2362

0.7322,0.8556 , 0.1693,0.2722 , 0.1670,0.2772

0.5538,0.6323 , 0.4468,0.5540 , 0.1854,0.2905

0.5824,0.6960 , 0.3040,0.4218 , 0.2135,0.3234

0.5633,0.4059 , 0.



















     6348,0.7383 , 0.1670,0.2766

Step 3. Calculate the scores    of  1,2, ,    

     

   

1 2 3

4 5

0.5658, 0.7837, 0.6183

0.6693, 0.5254

     

   

  

 
 

Step 4. Rank all the low-carbon logistics park sites  1,2,3,4,5    through scores     

 1,2, ,5  of  1,2, ,   : 2 4 3 1 5     , and most desirable alternative is

2 . 

Case 2: If attribute weights are completely unknown, we utilize an alternative approach to 

obtain the best low-carbon logistics park sites.  

Step 1. Utilize the Eq. (22) to get the weight of attributes: 

 0.2216 0.2386 0.2898 0.2500 
T

   

Step 2. Utilize the  1 2, , ,      and Eq. (17), we obtain the   of the low-carbon 

logistics park site  1,2, ,   . 

      

      

      

      

 

1

2

3

4

5

0.4774,0.5169 , 0.5633,0.6696 , 0.1300,0.2360

0.7289,0.8546 , 0.1695,0.2723 , 0.1763,0.2873

0.5499,0.6328 , 0.4431,0.5503 , 0.1802,0.2857

0.5734,0.6960 , 0.3040,0.4209 , 0.2171,0.3264

0.5714,0.4078 , 0.



















     6312,0.7346 , 0.1617,0.2712
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Step 3. Calculate the scores of  1,2, ,   . 

     

   

1 2 3

4 5

0.5659, 0.7797, 0.6206,

0.6668, 0.5301

     

   

  

 
 

Step 4. Rank all the low-carbon logistics park sites  1,2,3,4,5    through    : 

2 4 3 1 5     , and thus the most optimal low-carbon logistics park site is 2 . 

6. Conclusion  

Under the background of increasingly standardized logistics market and increasingly fierce 

market competition, there is an increasing demand for establishing and improving logistics functions 

and information-based logistics centers. In order to respond to the new needs of economic and social 

development and advocate the concept of green, low-carbon and sustainable development, low-

carbon logistics is the only way for the development of the logistics industry. The planning and 

construction of logistics parks are considered to be an important part of promoting the development 

of modern logistics. In the planning process of the logistics park, the layout and location function are 

the important basic parts that affect the overall development of the logistics park. Choosing a 

reasonable location is particularly important for building a logistics center. One of the most important 

parts of logistics park planning is the quantitative optimization of the logistics park location problem. 

In recent years, the location theory has developed rapidly, and there are many types of locations. The 

rapid development of the location theory of logistics parks is attributed to the informatization of 

today's science and technology, which provides a powerful tool for feasibility analysis and rational 

decision-making. The logistics park location problem is also regarded as a MADM problem. In this 

manuscript, we studied the SVN-MADM problem with alternative preference information. In the 

fuzzy background, the weight information of indicators is often uncertain, and based on this, the 

minimum deviation method is used to determine the weight of indicators. On the other hand, in the 

process of MADM, in order to obtain comprehensive evaluation information, The SVNWA operator 

is used to aggregate all decision information. Calculate the value of the scoring function and the 

accuracy function and rank the alternatives. On the basis of guaranteeing the validity, the calculation 

steps are relatively simple, thus realizing the operability. Furthermore, the above models and 

methods are extended to INNs. Finally, illustrative examples for low-carbon logistics park site 

selection demonstrates the extension of the model from theory to practical application. The 

constructed models and methods can be applied to other MADM problems, such as investment risk 

assessment, selection of commodity suppliers, selection of factory locations, etc. In the future 

research, we shall continue to focus on the detailed research of decision-making methods and 

98
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aggregation operators by fusing TODIM method[65-67], QUALIFLEX method [68-71], ARAS method 

[72-75], WASPAS method [76-79], Maclaurin symmetric mean (MSM) [80], Muirhead mean (MM) [81-

84] and power average (PA) [85, 86] operators to Neutrosophic numbers and propose some new 

MAGDM methods.  

Conflicts of Interest: The authors declare no conflict of interest. 

References 

[1] J.J. Zhou, X.Y. Li, Hesitant fuzzy beta covering rough sets and applications in multi-attribute decision making, 

Journal of Intelligent & Fuzzy Systems, 41 (2021) 2387-2402. 

[2] A.S. Alfakeeh, A. Almalawi, F.J. Alsolami, Y.B. Abushark, A.I. Khan, A.A.S. Bahaddad, A. Agrawal, R. Kumar, 

R.A. Khan, Hesitant Fuzzy-Sets Based Decision-Making Model for Security Risk Assessment, Cmc-

Computers Materials & Continua, 70 (2022) 2297-2317. 

[3] A. Prithiviraj, A. Maheswari, D. Balamurugan, V. Ravi, M. Krichen, R. Alroobaea, S. Rubaiee, S. Sennan, Multi-

Criteria Fuzzy-Based Decision Making Algorithm to Optimize the VHO Performance in Hetnets, Cmc-

Computers Materials & Continua, 70 (2022) 323-341. 

[4] H.X. Xu, P.D. Liu, F. Teng, Two prospect theory-based decision-making models using data envelopment 

analysis with hesitant fuzzy linguistic information, Information Sciences, 582 (2022) 415-438. 

[5] A. Yazidi, M. Ivanovska, F.M. Zennaro, P.G. Lind, E.H. Viedma, Support A new decision making model based 

on Rank Centrality for GDM with fuzzy preference relations, European Journal of Operational Research, 

297 (2022) 1030-1041. 

[6] L.A. Zadeh, Fuzzy Sets, in:  Information and Control, 1965, pp. 338-356. 

[7] R.E. Bellman, L.A. Zadeh, Decision-making in a fuzzy environment, Management science, 17 (1970) B-141-B-

164. 

[8] R.R. Yager, Multiple objective decision-making using fuzzy sets, International Journal of Man-Machine 

Studies, 9 (1977) 375-382. 

[9] K.T. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20 (1986) 87-96. 

[10] W.Z. Wang, J.M. Mendel, Intuitionistic Fuzzy Hybrid Weighted Arithmetic Mean and Its Application in 

Decision Making, International Journal of Uncertainty Fuzziness and Knowledge-Based Systems, 27 (2019) 

353-373. 



Neutrosophic Sets and Systems, Vol. 51, 2022     100  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

[11] J.M. Zhan, H.M. Malik, M. Akram, Novel decision-making algorithms based on intuitionistic fuzzy rough 

environment, International Journal of Machine Learning and Cybernetics, 10 (2019) 1459-1485. 

[12] L. Zhang, J.M. Zhan, Z.S. Xu, J.C.R. Alcantud, Covering-based general multigranulation intuitionistic fuzzy 

rough sets and corresponding applications to multi-attribute group decision-making, Information Sciences, 

494 (2019) 114-140. 

[13] J.H. Yuan, X.G. Luo, Approach for multi-attribute decision making based on novel intuitionistic fuzzy 

entropy and evidential reasoning, Computers & Industrial Engineering, 135 (2019) 643-654. 

[14] C.H. Feng, S. Huang, G.Z. Bai, A group decision making method for sustainable design using intuitionistic 

fuzzy preference relations in the conceptual design stage, Journal of Cleaner Production, 243 (2020). 

[15] K. Atanassov, G. Gargov, Interval valued intuitionistic fuzzy-sets, Fuzzy Sets and Systems, 31 (1989) 343-349. 

[16] J. Tang, F.Y. Meng, Y.L. Zhang, Decision making with interval-valued intuitionistic fuzzy preference relations 

based on additive consistency analysis, Information Sciences, 467 (2018) 115-134. 

[17] Z.M. Zhang, Geometric Bonferroni means of interval-valued intuitionistic fuzzy numbers and their 

application to multiple attribute group decision making, Neural Computing & Applications, 29 (2018) 1139-

1154. 

[18] W. Wang, J.M. Mendel, Interval-valued intuitionistic fuzzy aggregation methodology for decision making 

with a prioritization of criteria, Iranian Journal of Fuzzy Systems, 16 (2019) 115-127. 

[19] Y.J. Wang, Interval-valued fuzzy multi-criteria decision-making based on simple additive weighting and 

relative preference relation, Information Sciences, 503 (2019) 319-335. 

[20] F.B. Yeni, G. Ozcelik, Interval-Valued Atanassov Intuitionistic Fuzzy CODAS Method for Multi Criteria 

Group Decision Making Problems, Group Decision and Negotiation, 28 (2019) 433-452. 

[21] F. Smarandache, A unifying field in logics: Neutrosophic logic, Multiple-Valued Logic, 8 (1999). 

[22] H. Wang, F. Smarandache, Y.Q. Zhang, R. Sunderraman, Single valued neutrosophic sets, Multispace 

Multistruct, (2010) 410-413. 

[23] H. Wang, F. Smarandache, Y.Q. Zhang, R. Sunderraman, Interval Neutrosophic Sets and Logic: Theory and 

Applications in Computing, Hexis: Phoenix, AZ, USA, (2005). 

[24] J. Ye, A multicriteria decision-making method using aggregation operators for simplified neutrosophic sets, 

Journal of Intelligent & Fuzzy Systems, 26 (2014) 2459-2466. 



Neutrosophic Sets and Systems, Vol. 51, 2022     101  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

[25] R. Sahin, A. Kucuk, On similarity and entropy of neutrosophic soft sets, Journal of Intelligent & Fuzzy 

Systems, 27 (2014) 2417-2430. 

[26] S. Broumi, F. Smarandache, Correlation Coefficient of Interval Neutrosophic Set, Applied Mechanics 

Materials, 436 (2013) 511-517. 

[27] H.Y. Zhang, J.Q. Wang, X.H. Chen, Interval Neutrosophic Sets and Their Application in Multicriteria 

Decision Making Problems, Scientific World Journal, (2014) 15. 

[28] J. Ye, Single valued neutrosophic cross-entropy for multicriteria decision making problems, Applied 

Mathematical Modelling, 38 (2014) 1170-1175. 

[29] J. Ye, Similarity measures between interval neutrosophic sets and their applications in multicriteria decision-

making, Journal of Intelligent & Fuzzy Systems, 26 (2014) 165-172. 

[30] J. Ye, Improved cosine similarity measures of simplified neutrosophic sets for medical diagnoses, Artificial 

Intelligence in Medicine, 63 (2015) 171-179. 

[31] J. Ye, Single-valued neutrosophic similarity measures based on cotangent function and their application in 

the fault diagnosis of steam turbine, Soft Computing, 21 (2017) 817-825. 

[32] J. Ye, Single-Valued Neutrosophic Clustering Algorithms Based on Similarity Measures, Journal of 

Classification, 34 (2017) 148-162. 

[33] J. Ye, Multiple attribute decision-making method based on the possibility degree ranking method and 

ordered weighted aggregation operators of interval neutrosophic numbers, Journal of Intelligent 

Fuzzy Systems and Mathematics, 28 (2015) 1307-1317. 

[34] Ye, Jun, Interval Neutrosophic Multiple Attribute Decision-Making Method with Credibility Information, J 

International Journal of Fuzzy Systems, 18 (2016) 1-10. 

[35] J.J. Peng, J.Q. Wang, H.Y. Zhang, X.H. Chen, An outranking approach for multi-criteria decision-making 

problems with simplified neutrosophic sets, Applied Soft Computing, 25 (2014) 336-346. 

[36] H.Y. Zhang, J.Q. Wang, X.H. Chen, An outranking approach for multi-criteria decision-making problems 

with interval-valued neutrosophic sets, Neural Computing & Applications, 27 (2016) 615-627. 

[37] Z.P. Tian, H.Y. Zhang, J. Wang, J.Q. Wang, X.H. Chen, Multi-criteria decision-making method based on a 

cross-entropy with interval neutrosophic sets, International Journal of Systems Science, 47 (2016) 3598-3608. 

[38] P.D. Liu, Y.M. Wang, Multiple attribute decision-making method based on single-valued neutrosophic 



Neutrosophic Sets and Systems, Vol. 51, 2022     102  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

normalized weighted Bonferroni mean, Neural Computing & Applications, 25 (2014) 2001-2010. 

[39] P.D. Liu, Y.C. Chu, Y.W. Li, Y.B. Chen, Some Generalized Neutrosophic Number Hamacher Aggregation 

Operators and Their Application to Group Decision Making, International Journal of Fuzzy Systems, 16 

(2014) 242-255. 

[40] A.W. Zhao, J.G. Du, H.J. Guan, Interval valued neutrosophic sets and multi-attribute decision-making based 

on generalized weighted aggregation operator, Journal of Intelligent & Fuzzy Systems, 29 (2015) 2697-2706. 

[41] P.D. Liu, Y.M. Wang, Interval Neutrosophic Prioritized OWA Operator and Its Application to Multiple 

Attribute Decision Making, Journal of Systems Science & Complexity, 29 (2016) 681-697. 

[42] X.H. Wu, J.Q. Wang, J.J. Peng, X.H. Chen, Cross-Entropy and Prioritized Aggregation Operator with 

Simplified Neutrosophic Sets and Their Application in Multi-Criteria Decision-Making Problems, 

International Journal of Fuzzy Systems, 18 (2016) 1104-1116. 

[43] J. Ye, Exponential operations and aggregation operators of interval neutrosophic sets and their decision 

making methods, Springerplus, 5 (2016). 

[44] Y.H. Li, P.D. Liu, Y.B. Chen, Some Single Valued Neutrosophic Number Heronian Mean Operators and Their 

Application in Multiple Attribute Group Decision Making, Informatica, 27 (2016) 85-110. 

[45] Z. He, P. Chen, H. Liu, Z. Guo, Performance measurement system and strategies for developing low-carbon 

logistics: A case study in China, Journal of Cleaner Production, 156 (2017) 395-405. 

[46] Q. Qu, W. Wang, M. Tang, Y. Lu, S.-B. Tsai, J. Wang, G. Li, C.-L. Yu, A Performance Evaluation Study of 

Human Resources in Low-Carbon Logistics Enterprises, Sustainability, 9 (2017). 

[47] C. Zhao, Y. Liu, Efficient allocation and reasonable transportation of logistics enterprises under low carbon 

economy, in:  International Forum on Materials Analysis and Testing Technology (IFMATT 2013), Qingdao, 

PEOPLES R CHINA, 2013, pp. 1086-1089. 

[48] L. Leng, C. Zhang, Y. Zhao, W. Wang, J. Zhang, G. Li, Biobjective low-carbon location-routing problem for 

cold chain logistics: Formulation and heuristic approaches, Journal of Cleaner Production, 273 (2020). 

[49] S. Zhang, N. Chen, N. She, K. Li, Location optimization of a competitive distribution center for urban cold 

chain logistics in terms of low-carbon emissions, Computers & Industrial Engineering, 154 (2021). 

[50] A. Zhu, Y. Wen, Green Logistics Location-Routing Optimization Solution Based on Improved GA A1gorithm 

considering Low-Carbon and Environmental Protection, Journal of Mathematics, 2021 (2021). 



Neutrosophic Sets and Systems, Vol. 51, 2022     103  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

[51] W. Wang, Y. Ren, W. Bian, X. Jia, Low-carbon Marine Logistics Network Design under Double Uncertainty 

of Market Demand and Carbon Trading Price, Journal of Coastal Research, (2019) 30-39. 

[52] L.-Y. Zhang, M.-L. Tseng, C.-H. Wang, C. Xiao, T. Fei, Low-carbon cold chain logistics using ribonucleic acid-

ant colony optimization algorithm, Journal of Cleaner Production, 233 (2019) 169-180. 

[53] X. Fang, N. Li, H. Mu, Iop, Research progress on logistics network optimization under low carbon 

constraints, in:  International Conference on Green Development and Environmental Science and 

Technology (ICGDE), Changsha, PEOPLES R CHINA, 2020. 

[54] Y. Ren, C. Wang, B. Li, C. Yu, S. Zhang, A genetic algorithm for fuzzy random and low-carbon integrated 

forward/reverse logistics network design, Neural Computing & Applications, 32 (2020) 2005-2025. 

[55] Z. Wang, P. Wen, Optimization of a Low-Carbon Two-Echelon Heterogeneous-Fleet Vehicle Routing for Cold 

Chain Logistics under Mixed Time Window, Sustainability, 12 (2020). 

[56] X. Zhu, R. Yan, Z. Huang, W. Wei, J. Yang, S. Kudratova, Logistic Optimization for Multi Depots Loading 

Capacitated Electric Vehicle Routing Problem From Low Carbon Perspective, Ieee Access, 8 (2020) 31934-

31947. 

[57] D. Zhang, L. Wang, J. Xu, K. Chen, Simulation analysis of the evolutionary mechanism of low-carbon rural 

logistics, Dyna, 96 (2021) 484-491. 

[58] L. Zhang, M. Fu, T. Fei, X. Pan, Application of FWA-Artificial Fish Swarm Algorithm in the Location of Low-

Carbon Cold Chain Logistics Distribution Center in Beijing-Tianjin-Hebei Metropolitan Area, Scientific 

Programming, 2021 (2021). 

[59] Q. Bai, X. Yin, M.K. Lim, C. Dong, Low-carbon VRP for cold chain logistics considering real-time traffic 

conditions in the road network, Industrial Management & Data Systems, 122 (2022) 521-543. 

[60] F. Smarandache, A unifying field in logics: neutrosophic logic. Neutrosophy, neutrosophic set, neutrosophic 

probability: neutrsophic logic, Infinite Study, 2005. 

[61] J.J. Peng, J.Q. Wang, J. Wang, H.Y. Zhang, X.H. Chen, Simplified neutrosophic sets and their applications in 

multi-criteria group decision-making problems, International Journal of Systems Science, 47 (2016) 2342-

2358. 

[62] S.H. Kim, H.C. Sang, J.K. Kim, An interactive procedure for multiple attribute group decision making with 

incomplete information: Range-based approach, European Journal of Operational Research, 118 (1999) 139-



Neutrosophic Sets and Systems, Vol. 51, 2022     104  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

152. 

[63] S.H. Kim, B.S. Ahn, Interactive group decision making procedure under incomplete information, European 

Journal of Operational Research, 116 (1999) 498-507. 

[64] G. Tang, Approaches for Relational Multiple Attribute Decision Making with Interval Neutrosophic 

Numbers Based on Choquet Integral, in, Shandong University of Finance and Economics, 2016. 

[65] L. Gomes, L.A.D. Rangel, An application of the TODIM method to the multicriteria rental evaluation of 

residential properties, European Journal of Operational Research, 193 (2009) 204-211. 

[66] L. Gomes, L.A.D. Rangel, F.J. Maranhao, Multicriteria analysis of natural gas destination in Brazil: An 

application of the TODIM method, Mathematical and Computer Modelling, 50 (2009) 92-100. 

[67] R.A. Krohling, A.G.C. Pacheco, Interval-Valued Intuitionistic Fuzzy TODIM, in:  2nd International 

Conference on Information Technology and Quantitative Management (ITQM), Elsevier Science Bv, Natl 

Res Univ, Higher Sch Econ, Moscow, RUSSIA, 2014, pp. 236-244. 

[68] J. Paelinck, Qualiflex: A flexible multiple-criteria method, Economics Letters, 1 (1978) 193-197. 

[69] T.Y. Chen, Interval-valued intuitionistic fuzzy QUALIFLEX method with a likelihood-based comparison 

approach for multiple criteria decision analysis, Information Sciences, 261 (2014) 149-169. 

[70] Z.P. Tian, J. Wang, J.Q. Wang, H.Y. Zhang, A Likelihood-Based Qualitative Flexible Approach with Hesitant 

Fuzzy Linguistic Information, Cognitive Computation, 8 (2016) 670-683. 

[71] X.L. Zhang, Multicriteria Pythagorean fuzzy decision analysis: A hierarchical QUALIFLEX approach with 

the closeness index-based ranking methods, Information Sciences, 330 (2016) 104-124. 

[72] Zavadskas, E. Kazimieras, Turskis, Zenonas, A NEW ADDITIVE RATIO ASSESSMENT (ARAS) METHOD 

IN MULTICRITERIA DECISION-MAKING, Technological Economic Development of Economy, 16 (2010) 

159-172. 

[73] A.R. Mishra, P. Rani, A q-rung orthopair fuzzy ARAS method based on entropy and discrimination 

measures: an application of sustainable recycling partner selection, Journal of Ambient Intelligence and 

Humanized Computing,  22. 

[74] Z. Turskis, E.K. Zavadskas, A Novel Method for Multiple Criteria Analysis: Grey Additive Ratio Assessment 

(ARAS-G) Method, Informatica, 21 (2010) 597-610. 

[75] E.K. Zavadskas, Z. Turskis, T. Vilutiene, Multiple criteria analysis of foundation instalment alternatives by 



Neutrosophic Sets and Systems, Vol. 51, 2022     105  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

applying Additive Ratio Assessment (ARAS) method, Archives of Civil and Mechanical Engineering, 10 

(2010) 123-141. 

[76] E.K. Zavadskas, Z. Turskis, J. Antucheviciene, A. Zakarevicius, Optimization of Weighted Aggregated Sum 

Product Assessment, Elektronika Ir Elektrotechnika, 122 (2012) 3-6. 

[77] A.P. Darko, D.C. Liang, Probabilistic linguistic WASPAS method for patients' prioritization by developing 

prioritized Maclaurin symmetric mean aggregation operators, Applied Intelligence,  19. 

[78] D. Pamucar, M. Deveci, I. Gokasar, M. Popovic, Fuzzy Hamacher WASPAS decision-making model for 

advantage prioritization of sustainable supply chain of electric ferry implementation in public 

transportation, Environment Development and Sustainability,  40. 

[79] T. Senapati, G.Y. Chen, Picture fuzzy WASPAS technique and its application in multi-criteria decision-

making, Soft Computing,  9. 

[80] C. Maclaurin, A second letter to Martin Folkes, Esq.; concerning the roots of equations, with the 

demonstration of other rules in algebra, Philosophical Transactions of the Royal Society of London, 36 (1730) 

59-96. 

[81] R.F. Muirhead, Some Methods applicable to Identities and Inequalities of Symmetric Algebraic Functions of 

n Letters, Proceedings of the Edinburgh Mathematical Society, 21 (1902) 144-162. 

[82] H. Garg, R. Arora, Generalized Maclaurin symmetric mean aggregation operators based on Archimedean t-

norm of the intuitionistic fuzzy soft set information, Artificial Intelligence Review, 54 (2021) 3173-3213. 

[83] P. Liu, W. Liu, Maclaurin symmetric means for linguistic Z-numbers and their application to multiple-

attribute decision-making, Scientia Iranica, 28 (2021) 2910-2925. 

[84] Z.M. Mu, S.Z. Zeng, P.Y. Wang, Novel approach to multi-attribute group decision-making based on interval-

valued Pythagorean fuzzy power Maclaurin symmetric mean operator, Computers & Industrial 

Engineering, 155 (2021) 13. 

[85] R. Yager., The power average operator, IEEE Transactions on Systems Man and Cybernetics - Part A Systems 

and Humans, 31 (2001) 724-731. 

[86] H. Zhang, G. Wei, X. Chen, Spherical fuzzy Dombi power Heronian mean aggregation operators for multiple 

attribute group decision-making, Computational and Applied Mathematics, 41 (2022) 98. 

  



Neutrosophic Sets and Systems, Vol. 51, 2022     106  

 

 

Xinrui Xu, Dexue Deng, Cun Wei, Location Selection of Low-carbon Logistics Park Based on the Neutrosophic Numbers Multiple Attribute 

Decision Making 

Received: June 5, 2022.  Accepted: September 25, 2022 


