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Abstract—A digital agriculture park refers to an agricultural 

production and organizational unit of a certain scale where digital 

technology is used to optimize the agricultural supply chain. It 

enhances park management and service levels, achieving a new 

development model characterized by safe, low-carbon, high-

quality, high-yield, precise, and efficient production, management, 

service, and operation. The quality evaluation of digital 

agriculture park information system is a multiple-attribute 

decision-making (MADM). Currently, the Exponential TODIM 

(ExpTODIM) and TOPSIS was put forward MADM. The Type-2 

neutrosophic numbers (T2NNs) are employed to portray fuzzy 

information during the quality evaluation of digital agriculture 

park information system. In this works, the Type-2 neutrosophic 

number Exponential TODIM-TOPSIS (T2NN-ExpTODIM-

TOPSIS) approach is put forward MAGDM under T2NNs. Finally, 

numerical study for quality evaluation of digital agriculture park 

information system is determined to demonstrate the T2NN-

ExpTODIM-TOPSIS approach. The major research motivation is 

cultivated: (1) ExpTODIM and TOPSIS approach was enhanced 

under IFSs; (2) Entropy is put forward weight numbers in light 

with score values along with T2NNs; (3) T2NN-ExpTODIM-

TOPSIS is put forward the MADM along with T2NNs; (4) 

numerical example for quality evaluation of digital agriculture 

park information system and different comparative analysis is put 

forward the validity of T2NN-ExpTODIM-TOPSIS. 
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I. INTRODUCTION 

Building digital agriculture parks is a significant trend in 
modern agriculture, with countries worldwide gradually 
adopting this model. By integrating digital technologies like 
Internet of things, big data, and Artificial Intelligence, these 
parks enhance production, management, and services [1-3]. 
Currently, many countries are actively exploring and 
developing digital agriculture parks [4, 5]. Sensor networks and 
drone technology are widely used for land monitoring and crop 
management, enabling real-time data collection and precise 
management. This improves crop yield and quality while 
reducing the use of fertilizers and pesticides, thus lowering 

environmental pollution [6-8]. Digital parks also optimize 
production decisions through big data analysis. Farmers can 
adjust plans based on real-time data, enhancing resource 
efficiency and reducing costs. The introduction of intelligent 
management systems allows comprehensive monitoring and 
automation of production processes, increasing operational 
efficiency. Moreover, digital agriculture parks play a crucial 
role in food safety. Blockchain technology ensures traceability 
from production to sales, enhancing product safety and 
traceability [9-11]. This not only boosts consumer trust but also 
strengthens market competitiveness. The significance of 
building digital agriculture parks is substantial. Firstly, they 
increase agricultural productivity and efficiency. The 
application of digital technologies makes production processes 
more intelligent and precise, significantly improving resource 
utilization. Secondly, digital parks promote sustainable 
development. The use of precision agriculture technology 
reduces environmental pollution, achieving low-carbon and 
green agriculture. The development of digital agriculture parks 
also boosts rural economic growth. As park construction 
progresses, related industries develop, creating more jobs and 
improving rural economies[12-15]. Additionally, digital parks 
serve as testing grounds for technological innovation. The 
application and promotion of new technologies not only 
advance agricultural science but also provide references for 
innovation in other fields. However, there are challenges in 
building digital agriculture parks. High technical costs, data 
security issues, and farmers' acceptance of technology need to 
be addressed. Therefore, countries need to enhance policy 
support, drive technological innovation, and provide training to 
improve farmers' digital literacy. In the global context, the 
development of digital agriculture parks offers new 
opportunities for international cooperation. Countries can share 
technologies and experiences to address food security and 
environmental challenges together [16, 17]. Through global 
collaboration and technology sharing, digital agriculture parks 
will provide strong support for sustainable agricultural 
development worldwide. In summary, building digital 
agriculture parks not only enhances agricultural efficiency and 
safety but also promotes sustainable development and rural 
economic growth. It is a crucial path for modern agricultural 
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transformation. With continuous technological advancement, 
digital agriculture parks will play an increasingly important role, 
becoming a core model for future agricultural development [18, 
19]. 

With the development of decision science and practical 
needs, research on MADM has become popular again. In the 
1980s, some foreign scholars conducted research on group AHP 
and proposed some methods and some famous scholars in 
China also conducted relevant discussions [20-24]. Hwang and 
Yoon [25] systematically reviewed and summarized a large 
number of previous research results on MADM and edited and 
published the first monograph on multi-attribute decision-
making, "Multiple Attribute Decision Making Method and 
Application.". After the 1980s, many scholars studied various 
types of interactive algorithms for solving the MADM 
problems. At that time, there were already some mature 
methods for studying MADM problems [26-31], such as the 
optimal selection method, connection method, and separation 
method used to screen options when there were too many 
options, the least squares method and eigenvector method used 
to determine attribute weights, the most commonly used simple 
additive weighting method and hierarchical additive weighting 
method for option ranking, the dictionary ordering method for 
selecting options based on attribute weight size, TOPSIS 
method [32] and LINMAP [33-37] method based on the 
concept of ideal solutions, as well as the queuing method based 
on estimating relative positions, linear allocation method, 
ELECTRE [38-41] method, and so on. The quality evaluation 
of digital agriculture park information system is MADM. 
Currently, the ExpTODIM [42, 43] and TOPSIS technique[32, 
44, 45] is put forward the MADM. The Type-2 neutrosophic 
numbers (T2NNs) [46] are put forward for portraying fuzzy 
information during quality evaluation of digital agriculture park 
information system. Until now, no or few approaches were 
investigated on ExpTODIM and TOPSIS technique in light 
with entropy model along with T2NNs. Therefore, T2NN-
ExpTODIM-TOPSIS model is put forward MADM along with 
T2NNs. Numerical example for quality evaluation of digital 
agriculture park information system and comparative analysis 
is put forward the validity of T2NN-ExpTODIM-TOPSIS 
approach. The major research motivation is cultivated: (1) 
ExpTODIM and TOPSIS approach was enhanced under T2NNs; 

(2) Entropy is put forward weight numbers in light with score 
values along with T2NNs; (3) T2NN-ExpTODIM-TOPSIS is 
put forward the MADM along with T2NNs; (4) numerical 
example for quality evaluation of digital agriculture park 
information system and comparative analysis is put forward the 
validity of T2NN-ExpTODIM-TOPSIS. 

The structure of such study is cultivated. Preliminaries is 
given in Section II. In Section III, T2NN-ExpTODIM-TOPSIS 
model is put forward MADM along with T2NNs. Section IV 
numerical study for quality evaluation of digital agriculture 
park information system through different comparative analysis. 
Final conclusion is cultivated in Section V. 

II. PRELIMINARIES 

Wang et al. [47] built the SVNSs 

Definition 1 [47]. The SVNSs is cultivated: 

       , , ,VA VA VAVA VT VI VF     
  (1) 

where      , ,VA VA VAVT VI VF    is truth-

membership (TM), indeterminacy-membership (IM) and 
falsity-membership (FM), 

       , , 0,1VA VA VAVT VI VF    , 

     0 3VA VA VAVT VI VF      . The SVNN is 

implemented as  , ,A A AVA VT VI VF , where 

 , , 0,1A A AVT VI VF  , and 0 3A A AVT VI VF    . 

Abdel-Basset et al. [46] cultivated the T2NNs. 

Definition 1[46]. The T2NN is cultivated: 

       , , ,VV VT VI VF     
 (2) 

where        , , 0,1VT VI VF     be TM, IM and 

FM based on triangular fuzzy numbers. 

              , , ,0 1L M U L M UVT VT VT VT VT VT VT          
      (3) 

              , , ,0 1L M U L M UVI VI VI VI VI VI VI          
          (4) 

              , , ,0 1L M U L M UVF VF VF VF VF VF VF          
      (5)

We let 

 

   

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

 be a 

T2NN, 0 3U U UVT VI VF    . 

Definition 2[46]. Let 

 

   

1 1 1

1

1 1 1 1 1 1

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

, 

 

   

2 2 2

2

2 2 2 2 2 2

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

and
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 

   

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

 be 

TFNNs, the operation laws are cultivated: 

 

   

1 2 1 2 1 2 1 2 1 2 1 2

1 2

1 2 1 2 1 2 1 2 1 2 1 2

- , - , - ,
(1) ;

, , , , ,

L L L L M M M M U U U U

L L M M U U L L M M U U

VT VT VT VT VT VT VT VT VT VT VT VT
VV VV

VI VI VI VI VI VI VF VF VF VF VF VF

    
   

    

 

 

 

1 2 1 2 1 2

1 2 1 2 1 2 1 2 1 2 1 2 1 2

1 2 1 2 1 2 1 2 1 2 1 2

, , ,

(2) - , - , - , ;

- , - , -

L L M M U U

L L L L M M M M U U U U

L L L L M M M M U U U U

VT VT VT VT VT VT

VV VV VI VI VI VI VI VI VI VI VI VI VI VI

VF VF VF VF VF VF VF VF VF VF VF VF

 
 
 

     
 

    

      
      
      

1 1 ,1 1 ,1 1 ,

(3) , , , , 0;

, ,

L M U

L M U

L M U

VT VT VT

VV VI VI VI

VF VF VF

  

  

  

 

      
 
  

  
 
 
  

      
      
      

, , ,

(4) 1 1 ,1 1 ,1 1 , , 0.

1 1 ,1 1 ,1 1

L M U

L M U

L M U

VT VT VT

VV VI VI VI

VF VF VF

  

  


  



 
 
  

        
 
      
  

 

The operation laws have several properties. 

    
2

1 1 2

1 2 2 1 1 2 2 1 1 1(1) , ,VV VV VV VV VV VV VV VV VV VV


  
       ；

         (6) 

       1 2 1 2 1 2 1 2(2) , ;VV VV VV VV VV VV VV VV
  

                       (7) 

        
 1 2 1 2

1 1 2 1 1 2 1 1 1 1(3) , .VV VV VV VV VV VV
   

   


                       (8)

Definition 3 [46]. Let 

 

   

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

 be TFNN, 

the SF (score function) and AF (accuracy function) are 
cultivated: 

 

 

 

 

   

8 2

1
2 , 0,1

12

2

L M U

L M U

L M U

VT VT VT

SF VV VI VI VI SF VV

VF VF VF

   
 
     
 
   
  (9)      

 

 

 

 

   

2

1
2 , 0,1

12

2

L M U

L M U

L M U

VT VT VT

AF VV VI VI VI AF VV

VF VF VF

  
 
     
 
   
 

(10) 

For two TFNNs, based on Definition 3, the following results 
are cultivated:  
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   

       

       

1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

(1) , ;

(2) , , ;

(3) , , .

if SF VV SF VV then VV VV

if SF VV SF VV AF VV AF VV then VV VV

if SF VV SF VV AF VV AF VV then VV VV



  

Definition 4[46]. Let 

 

   

1 1 1

1

1 1 1 1 1 1

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

, 

 

   

2 2 2

2

2 2 2 2 2 2

, , ,

, , , , ,

L M U

L M U L M U

VT VT VT
VV

VI VI VI VF VF VF

 
 

  
  

be T2NNs, 

the T2NNs Hamming distance (T2NNHD) is cultivated: 

 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

2 ,

1

9

L L M M U U

L L M M U U

L L M M U U

T NNHD VV VV

VT VT VT VT VT VT

VI VI VI VI VI VI

VF VF VF VF VF VF

     
 
       
 
      
       (11) 

III. T2NN-EXPTODIM-TOPSIS APPROACH FOR MADM 

WITH ENTROPY 

The T2NN-ExpTODIM-TOPSIS is cultivated for MAGDM. 

Let  1 2, , , mVA VA VA VA  be alternative and 

 1 2, , , nVG VG VG VG  be attributes with weight vw , 

 0,1jvw  ,

1

1
n

j

j

vw


 .Then, T2NN-ExpTODIM-TOPSIS 

is cultivated for MADM (see Fig. 1). 

T2NN-ExpTODIM-TOPSIS approach for MADM with 
entropy model

Step 1. Cultivate the T2NN- matrix(HM)

Step 2. Normalize the T2NN-matrix(HM) to form matrix (NHM)

 Step 3. Cultivate the weight numbers through entropy model

Step 4. Cultivate the relative weight numbers

Step 5. Cultivate the T2NNDDV

Step 6. Cultivate the T2NNPIDS and T2NNNIDS

Step 7. Cultivate the T2NNEDV from T2NNPIDS and T2NNNIDS

Step 8.Cultivate the T2NNCCV from T2NNPIDS

Step 9. In line with T2NNCCV, the largest T2NNCCV is  optimal choice

 
Fig. 1. T2NN-ExpTODIM-TOPSIS approach for MADM with entropy. 
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A. T2NN-MADM Problem 

Step 1. Cultivate the T2NN-matrix ij m n
VM VM


    : 

1 2

1 11 12 1

2 21 22 2

1 2

n

n

n

ij m n

m m m mn

VG VG VG

VA VM VM VM

VA VM VM VM
VM VM

VA VM VM VM



 
 
      
 
                 

(12) 

      

      

      

, , ,

, , ,

, ,

L M U

ij ij ij

L M U

ij ij ij ij

L M U

ij ij ij

VI VI VI

VM VI VI VI

VF VF VF

 
 
 

  
 
 
    (13) 

Step 2. Normalize
ij m n

VM VM


   
into 

ij m n
NVM NVM


   

. 

Aiming at benefit attributes: 

      

      

      

      

      

      

, , ,

, , ,

, ,

, , ,

, , ,

, ,

L M U

ij ij ij

L M U

ij ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

NVT NVT NVT

NVM NVI NVI NVI

NVF NVF NVF

VT VT VT

VI VI VI

VF VF VF

 
 
 

  
 
 
 

 
 
 

  
 
 
   (14) 

Aiming at cost attributes: 

      

      

      

      

      

      

, , ,

, , ,

, ,

, , ,

, , ,

, ,

L M U

ij ij ij

L M U

ij ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

NVT NVT NVT

NVM NVI NVI NVI

NVF NVF NVF

VF VF VF

VI VI VI

VT VT VT

 
 
 

  
 
 
 

 
 
 

  
 
 
   (15) 

B. Cultivate the Weight Numbers Through Entropy 

Step 3. Cultivate the weight numbers through entropy. 

The weight is fundamental for MAGDM [48-52]. Entropy 
[53] is cultivated for weight numbers. The normalized fuzzy 
decision matrix (NFDM) is cultivated: 

      

      

      
      

      

      

, , ,

, , , 1

, ,

, , ,

, , , 1

, ,

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

ij

ij

NHA NHA NHA

AF NHB NHB NHB

NHC NHC NHC

NHA NHA N

N

HA

SF NHB NHB NHB

NHC N
D

HC N C
F

H

NHA

AF

M

  
  

  
  

  
   

 
  
   

  
  
  

  

      

      

      
      

      

      

1

,
, , ,

, , , 1

, ,

, , ,

, , , 1

, ,

L M U

ij ij

L M U

ij ij ij

L M U
m

ij ij ij

L M U
i

ij ij ij

L M U

ij ij ij

L M U

ij ij ij

NHA NHA

NHB NHB NHB

NHC NHC NHC

NHA NHA NHA

SF NHB NHB NHB

NHC NHC NHC



  
  

  
  

  
   

 
  
   

  
  
  

  



 (16) 

The fuzzy Shannon decision entropy (FSDE) is cultivated: 

1

1
ln

ln

m

j ij ij

i

F NFDM NFDM
m

SDE


  
 (17) 

and 
ln 0ij ijNFDM NFDM 

 if 
0ijNFDM 

. 

Then, the weight numbers  1 2, , , nvw vw vw vw is 

cultivated: 

 

 
1

1

1

j

j n

j

j

v
FSDE

FSDE

w







       (18) 

C. T2NN-ExpTODIM-TOPSIS Approach for MADM 

The T2NN-ExpTODIM-TOPSIS approach is cultivated for 
MADM. 

Step 4. Cultivate relative weight numbers: 

max ,j j j
j

rvw vw vw
          (19) 

Step 5. Cultivate the The T2NN dominance degree values 
(T2NNDDV). 

1) The T2NNDDV of
iVA over

tVA for jVG is cultivated: 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 8, 2024 

734 | P a g e  

www.ijacsa.thesai.org 

 

  
   

   
  

   

1

1

2 ,

2 ,

2 , 0  

1
 

1 10

1 10

j

ij tjn

jj

j i t ij tj

n

jj

ij tj

j

ij tj

ij tj

T NNHD NVM NVM

T NNHD NVM NVM

rvw

if SF NVM SF NVM
rvw

T NNDDV VA VA if SF NVM SF NVM

rvw

if SF NVM SF NVM
v rvw



















 



 

 















        (20) 

where, v is presented from Tversky and Kahneman [54] 

and  1,5  [55]. 

2) The   2 1,2,3, ,j iT NNDDV VA j n with 

respect to jVG is cultivated: 

   

   

   

   

1 2 1

2 1 2

1 2

1 2

1

2

2 ,

, ,

, ,

, ,

2

0 2 2

2 0 2

2 2 0

j i t

j j m

j j m

j m j m

j i m m

m

m

T NNDDV VA VA

VA VA VA VA

VA VA VA VA

VA VA VA VA

T NNDDV VA

VA VA VA

T NNDDV T NNDDVVA

T NNDDV T NNDDVVA

T NNDDV T NNDDVVA


   

 
 
 
 
 
   

3) Cultivate the overall T2NNDDV of 
iVA over others for

jVG :    
1

2 2 ,j i j i t

m

t

T NNDDV VA T NNDDV VA VA



(21) 

4) The overall T2NNDDD matrix is cultivated: 

 

     

     

 

1 2

1 1 1 2 1 1

2 1 2 2 2 2

1 2

1 1 1

1 1 1

1

2 2

, , ,

, , ,

, ,

2 2 2

2 2 2

2 2

ij m n

n

t t n t

t t n t

m m t m

m m m

t t t

m m m

t t t

m

t

T NNDDV T NNDDV

VG VG VG

VA VA VA VA VA VA VA

VA VA VA VA VA VA VA

VA VA VA VA V

T NNDDV T NNDDV T NNDDV

T NNDDV T NNDDV T NNDDV

T NNDDV T NNDDV



  

  







  

  

    
1 1

,2t n m t

m m

t t

A VA VAT NNDDV
 

 
 
 
 
 
 
 
 
 
 
 
  

 

Step 6. Cultivate the T2NN positive ideal decision solution 
(T2NNPIDS) and T2NN negative ideal decision solution 
(T2NNNIDS): 

 1 1

2

2 , 2 , , 2 n

T NNPIDS

T NNPIDS T NNPIDS T NNPIDS
                

(22) 

 1 1

2

2 , 2 , , 2 n

T NNNIDS

T NNNIDS T NNNIDS T NNNIDS
                

(23) 

1
max ,2 2

n

ij
j

jT NNPIDS T N DDVN



    (24) 

1
m n 2i2

n

ij
j

jT NNNIDS T NNDDV



     (25) 

Step 7. Cultivate the T2NN Euclidean distance values 
(T2NNEDV) for T2NNPIDS and T2NNNIDS. 

 

 
2

1

2 2

2 2

,i

n

ij j

j

T NN T NN

T N

D

N T N

E V HA PIDS

DD NV PIDS


 
    (26) 
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 

 
2

1

2 2

2 2

,i

n

ij j

j

T NN T NN

T N

D

N T N

E V VA NIDS

DD NV NIDS


 
    (27) 

Step 8. Cultivate the T2NN closeness coefficient values 
(T2NNCCV) for T2NNPIDS.  

 

 

 

 

2 2

2 2

2 2

2

,

2

,

,

,

i

i

i

i

T

E

CCV VA PIDS

N

EDV VA NIDS

DV VA PIDS

V

NN T NN

T NN T NN

T

A

NN T N

T NN T NED V PIDSN


 
 
      (28) 

 

 

 

2

1

2

1

2

1

2 2

2 2

2 2

n

ij j

j

n

ij j

j

n

ij j

j

T NN T NN

T NN T N

D

N

T N

D D NIDS

DDD NID

DN T N

S

DD PIDSN










 

 
 
 
  
 
 






 (29) 

Step 9. Rank and choose the optimal scheme in line with 
maximum T2NNCCV. 

IV. NUMERICAL EXAMPLE AND COMPARATIVE ANALYSIS 

A. Numerical Example for Quality Evaluation of Digital 

Agriculture Park Information System 

Since the 1990s, under the joint promotion of the Ministry 
of Agriculture, the Ministry of Science and Technology, and 
other ministries, China has initiated the construction of modern 
agricultural demonstration zones and agricultural science and 
technology parks at various levels. The aim is to cluster high-
quality agricultural production elements such as science, policy, 
and funding in these parks to lead the transformation and 
development of agriculture. Some parks comprehensively 
utilize the Internet of Things, cloud computing, and automatic 
control technologies to enhance their production and 
management levels. As modern agricultural parks deepen their 
exploration of information systems, the precise and intelligent 
advantages of digital technology have been leveraged, 
enhancing the value of park development. However, this has 
also exposed some deficiencies, mainly manifested in the 
following aspects: the disconnection between information 
systems and the main business of the parks; information system 
operations becoming a "negative asset" as they fail to fully 

enhance management performance and continuously overdraw 
management costs; "cold wars" and redundant construction 
between information systems due to a lack of overall planning 
and coordination, leading to a lack of unified standards and 
coordination between old and new systems; the lack of distinct 
agricultural characteristics in the parks, with agricultural-
specific sensors currently lacking and intelligent control based 
on operation types and models still in the theoretical research 
stage; the breadth of the potential of information technology to 
stimulate agricultural economy is insufficient, and the 
economic potential of the combination of information 
technology and agriculture has not been fully tapped. Digital 
agricultural parks are not limited to production functions; they 
can combine the multi-dimensional advantages of the parks to 
play multifunctional effects such as technology promotion, 
scientific and educational training, capital aggregation, and 
scientific research transformation, thereby enhancing the added 
value of the development of digital agricultural parks. The 
construction of digital agricultural parks is a systematic and all-
inclusive project that requires the support of various 
management tools like performance, system, and organization 
to improve the priority level of digital agriculture, achieve top-
down, unified resource organization effects, and effectively 
mobilize organizational enthusiasm to realize construction 
goals. It is necessary to focus on the financial sustainability 
during the construction and operational phases as an important 
indicator for the construction of digital agriculture, 
incorporating it into feasibility or planning studies. The 
construction of digital agricultural parks cannot be separated 
from the deep involvement of a professional team, which 
should at least include roles such as IT consultants, project 
managers, product managers, developers, and operations 
engineers, and maintain the team's continuity and stability in 
the development of the park to ensure the continuous 
advancement of the digitalization strategy. The quality 
evaluation of digital agriculture park information system is 
MADM. Therefore, the quality evaluation of digital agriculture 
park information system is presented to demonstrate T2NN-
ExpTODIM-TOPSIS. Five potential digital agriculture park 

information systems
 

 1, 2,3,4,5iVA i   to assessed in line 

with different attributes: ①VG1 is software function for digital 
agriculture park information systems; ②VG2 is software 
performance for digital agriculture park information systems; 
③VG3 is management cost for digital agriculture park 
information systems; ④VG4 is software supplier for digital 
agriculture park information systems. The VG3 is cost attribute. 
The T2NN-ExpTODIM-TOPSIS is put forward the quality 
evaluation of digital agriculture park information system. 

Step 1. Cultivate the T2NN-matrix
5 4ijVM VM


     

(see Table I). 
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TABLE I. T2NN INFORMATION 

 VG1 VG2 

VA1 

 

 

 

0.53,0.62,0.87 ,

0.48,0.64,0.75 ,

0.45,0.51,0.59

 
 
 
 
 

 

 

 

 

0.42,0.53,0.62 ,

0.27,0.46,0.58 ,

0.48,0.53,0.57

 
 
 
 
 

 

VA2 

 

 

 

0.32,0.43,0.64 ,

0.28,0.39,0.67 ,

0.25,0.36,0.48

 
 
 
 
 

 

 

 

 

0.49,0.57,0.69 ,

0.58,0.65,0.74 ,

0.45,0.53,0.61

 
 
 
 
 

 

VA3 

 

 

 

0.51,0.58,0.76 ,

0.54,0.56,0.67 ,

0.35,0.39,0.54

 
 
 
 
 

 

 

 

 

0.39,0.57,0.65 ,

0.51,0.64,0.79 ,

0.54,0.58,0.73

 
 
 
 
 

 

VA4 

 

 

 

0.49,0.67,0.71 ,

0.32,0.45,0.67 ,

0.26,0.38,0.56

 
 
 
 
 

 

 

 

 

0.62,0.74,0.83 ,

0.37,0.46,0.58 ,

0.32,0.36,0.49

 
 
 
 
 

 

VA5 

 

 

 

0.48,0.52,0.59 ,

0.27,0.36,0.46 ,

0.42,0.45,0.48

 
 
 
 
 

 

 

 

 

0.65,0.76,0.84 ,

0.52,0.54,0.63 ,

0.56,0.62,0.72

 
 
 
 
 

 

 VG3 VG4 

VA1 

 

 

 

0.57,0.63,0.67 ,

0.29,0.52,0.63 ,

0.26,0.39,0.45

 
 
 
 
 

 

 

 

 

0.23,0.34,0.45 ,

0.43,0.51,0.57 ,

0.49,0.53,0.62

 
 
 
 
 

 

VA2 

 

 

 

0.39,0.47,0.53 ,

0.51,0.56,0.62 ,

0.34,0.57,0.69

 
 
 
 
 

 

 

 

 

0.43,0.47,0.52 ,

0.26,0.35,0.38 ,

0.46,0.49,0.52

 
 
 
 
 

 

VA3 

 

 

 

0.64,0.66,0.72 ,

0.73,0.81,0.85 ,

0.69,0.76,0.79

 
 
 
 
 

 

 

 

 

0.63,0.67,0.76 ,

0.37,0.45,0.52 ,

0.21,0.23,0.26

 
 
 
 
 

 

VA4 

 

 

 

0.25,0.34,0.62 ,

0.59,0.63,0.72 ,

0.46,0.53,0.62

 
 
 
 
 

 

 

 

 

0.38,0.42,0.47 ,

0.43,0.46,0.48 ,

0.32,0.43,0.53

 
 
 
 
 

 

VA5 

 

 

 

0.43,0.45,0.52 ,

0.43,0.52,0.65 ,

0.36,0.45,0.53

 
 
 
 
 

 

 

 

 

0.51,0.53,0.62 ,

0.43,0.54,0.65 ,

0.53,0.62,0.73

 
 
 
 
 
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Step 2. Normalize the 
5 4ijVM VM


     into
5 4ijNVM NVM


    (see Table II). 

TABLE II. THE NORMALIZED T2NN 

 VG1 VG2 

VA1 

 

 

 

0.53,0.62,0.87 ,

0.48,0.64,0.75 ,

0.45,0.51,0.59

 
 
 
 
 

 

 

 

 

0.42,0.53,0.62 ,

0.27,0.46,0.58 ,

0.48,0.53,0.57

 
 
 
 
 

 

VA2 

 

 

 

0.32,0.43,0.64 ,

0.28,0.39,0.67 ,

0.25,0.36,0.48

 
 
 
 
 

 

 

 

 

0.49,0.57,0.69 ,

0.58,0.65,0.74 ,

0.45,0.53,0.61

 
 
 
 
 

 

VA3 

 

 

 

0.51,0.58,0.76 ,

0.54,0.56,0.67 ,

0.35,0.39,0.54

 
 
 
 
 

 

 

 

 

0.39,0.57,0.65 ,

0.51,0.64,0.79 ,

0.54,0.58,0.73

 
 
 
 
 

 

VA4 

 

 

 

0.49,0.67,0.71 ,

0.32,0.45,0.67 ,

0.26,0.38,0.56

 
 
 
 
 

 

 

 

 

0.62,0.74,0.83 ,

0.37,0.46,0.58 ,

0.32,0.36,0.49

 
 
 
 
 

 

VA5 

 

 

 

0.48,0.52,0.59 ,

0.27,0.36,0.46 ,

0.42,0.45,0.48

 
 
 
 
 

 

 

 

 

0.65,0.76,0.84 ,

0.52,0.54,0.63 ,

0.56,0.62,0.72

 
 
 
 
 

 

 VG3 VG4 

VA1 

 

 

 

0.26,0.39,0.45 ,

0.29,0.52,0.63 ,

0.57,0.63,0.67

 
 
 
 
 

 

 

 

 

0.23,0.34,0.45 ,

0.43,0.51,0.57 ,

0.49,0.53,0.62

 
 
 
 
 

 

VA2 

 

 

 

0.34,0.57,0.69 ,

0.51,0.56,0.62 ,

0.39,0.47,0.53

 
 
 
 
 

 

 

 

 

0.43,0.47,0.52 ,

0.26,0.35,0.38 ,

0.46,0.49,0.52

 
 
 
 
 

 

VA3 

 

 

 

0.69,0.76,0.79 ,

0.73,0.81,0.85 ,

0.64,0.66,0.72

 
 
 
 
 

 

 

 

 

0.63,0.67,0.76 ,

0.37,0.45,0.52 ,

0.21,0.23,0.26

 
 
 
 
 

 

VA4 

 

 

 

0.46,0.53,0.62 ,

0.59,0.63,0.72 ,

0.25,0.34,0.62

 
 
 
 
 

 

 

 

 

0.38,0.42,0.47 ,

0.43,0.46,0.48 ,

0.32,0.43,0.53

 
 
 
 
 

 

VA5 

 

 

 

0.36,0.45,0.53 ,

0.43,0.52,0.65 ,

0.43,0.45,0.52

 
 
 
 
 

 

 

 

 

0.51,0.53,0.62 ,

0.43,0.54,0.65 ,

0.53,0.62,0.73

 
 
 
 
 
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Step 3. Cultivate the weight numbers: 

1 2

3 4

0.3250, 0.3071

0.1461, 0.2218

vw vw

vw vw

 

 
. 

Step 4. Cultivate the relative weight numbers: 

 1.0000,0.9449,0.4495,0.6825rvw    

Step 5. Cultivate the 

 
5 4

2 2 ijT NNDDD T NNDDD


 (see Table III): 

TABLE III. THE

 
5 4

2 2 ijT NNDDD T NNDDD



 

 VG1 VG2 VG3 VG4 

VA1 -0.6281 -1.8156 0.5728 0.4033 

VA2 0.4370 1.4745 1.2118 1.1449 

VA3 -0.0216 -0.9719 -1.4074 -1.5380 

VA4 -0.7467 -0.2071 -0.6192 -0.4214 

VA5 -2.4991 0.3732 1.2087 -0.7838 

 

Step 6. Cultivate the T2NNPIDS and T2NNNIDS (see Table IV). 

TABLE IV. THE T2NNPIDS AND T2NNNIDS 

 VG1 VG2 VG3 VG4 

T2NNPIDS 0.4370 1.4745 1.2118 1.1449 

T2NNNIDS -2.4991 -1.8156 -1.4074 -1.5380 

 

Step 7. Cultivate the  2 , 2iT NNEDV VA T NNPIDS and  2 , 2iT NNEDV VA T NNNIDS  (see Table V). 

TABLE V. THE
 2 , 2iT NNEDV VA T NNPIDS

AND
 2 , 2iT NNEDV VA T NNNIDS

 

Alternative  2 , 2iT NNEDV VA T NNPIDS   2 , 2iT NNEDV VA T NNNIDS  

VA1 3.5941 3.3452 

VA2 0.0000 5.7882 

VA3 4.5004 2.6172 

VA4 3.1678 2.7434 

VA5 3.6815 3.4933 

Step 8. Cultivate the  2 , 2iT NNCCV VA T NNPIDS  (see Table VI). 

TABLE VI. THE
 2 , 2iT NNCCV VA T NNPIDS

 

Alternative  2 , 2iT NNCCV VA T NNPIDS  Order 

VA1 0.4821 3 

VA2 1.0000 1 

VA3 0.3677 5 

VA4 0.4641 4 

VA5 0.4869 2 
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Step 9. In light with 

 2 , 2iT NNCCV VA T NNPIDS , the order is: 

2 5 1 4 3VA VA VA VA VA    and the optimal digital 

agriculture park information system is 2VA . 

B. Comparative Analysis 

Then, the T2NN-ExpTODIM-TOPSIS approach is 
compared with T2NNWA approach [46], T2NNWG approach 
[46], T2NN-TOPSIS approach [46], T2NN-EDAS approach 
[56], T2NN-MABAC approach [57], T2NN-TODIM 
approach [58] and T2NN-TODIM-VIKOR approach [59]. 
The comparative results are cultivated in Table VII and Fig. 
2. 

From the above concrete analysis, it could be 
implemented that the order of these different approaches is 
slightly different, however, these different approaches have 
same optimal digital agriculture park information system and 
worst digital agriculture park information system. This 
verifies the T2NN-ExpTODIM-TOPSIS approach is 
effective for quality evaluation of digital agriculture park 
information system. Thus, the major advantages of T2NN-
ExpTODIM-TOPSIS approach are administrated: (1) T2NN-
ExpTODIM-TOPSIS approach not only administrated the 
uncertainty, but also administrated the psychological 
behavior during quality evaluation of digital agriculture park 
information system. (2) T2NN-ExpTODIM-TOPSIS 
administrated the different behavior of ExpTODIM and 
TOPSIS when these two techniques are hybrid with each 
other. 

TABLE VII. ORDER FOR DIFFERENT APPROACHES 

Approaches order 

T2NNWA approach [46] 
2 5 1 4 3VA VA VA VA VA     

T2NNWG approach[46] 
2 5 4 1 3VA VA VA VA VA     

T2NN-TOPSIS approach [46] 
2 5 1 4 3VA VA VA VA VA     

T2NN-EDAS approach [56] 
2 5 4 1 3VA VA VA VA VA     

T2NN-MABAC approach[57] 
2 5 1 4 3VA VA VA VA VA     

T2NN-TODIM approach[58] 
2 5 1 4 3VA VA VA VA VA     

T2NN-TODIM-VIKOR approach[59] 
2 5 1 4 3VA VA VA VA VA     

The T2NN-ExpTODIM-TOPSIS approach 
2 5 1 4 3VA VA VA VA VA     

 
Fig. 2. Order of different approaches. 

0 1 2 3 4 5 6

VA1

VA2

VA3

VA4

VA5

Order of different approaches

The T2NN-LogTODIM-TOPSIS approach T2NN-TODIM-VIKOR approach

T2NN-TODIM approach T2NN-MABAC approach

T2NN-EDAS approach T2NN-TOPSIS approach

T2NNWG approach T2NNWA approach

http://www.youdao.com/w/optimal/#keyfrom=E2Ctranslation
http://www.youdao.com/w/optimal/#keyfrom=E2Ctranslation
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V. CONCLUSION 

Modern agricultural parks gather elements such as land, 
capital, technology, talent, and information. They serve 
multiple functions including agricultural science and 
technology innovation and transformation, clustering and 
incubation of agri-tech enterprises, cultivation and functional 
expansion of new agricultural industries, and modern 
agricultural technology training and information services. 
These parks are crucial in effectively promoting the transition 
from traditional to modern agriculture, facilitating regional 
agricultural industrial structure adjustments and industrial 
optimization and upgrading, and achieving agricultural 
modernization. Digital agriculture treats data information as a 
key element of agricultural production. It integrates modern 
information technologies such as the Internet of Things, cloud 
computing, and big data to intelligently control agricultural 
resources and environments, agricultural production processes, 
and agricultural products, representing a new form of 
agriculture. Digital agriculture can effectively change 
traditional production relationships, compel small-scale 
economies towards scalable development, reduce transaction 
costs, establish the fastest circulation paths, and accelerate the 
development of rural economies. Digital agriculture is a crucial 
"direction marker" for the modernization of agriculture, and the 
implementation of digital technologies in modern agricultural 
parks is the "opening move" in the strategic game of digital 
agriculture. The quality evaluation of digital agriculture park 
information system is MADM. The TODIM and TOPSIS was 
put up with MADM. The T2NNs are put up with characterizing 
fuzzy information during the quality evaluation of digital 
agriculture park information system. In this work, T2NN-
ExpTODIM-TOPSIS model is put forward MADM along with 
T2NNs. Numerical example for quality evaluation of digital 
agriculture park information system and comparative analysis 
is put forward the validity of T2NN-ExpTODIM-TOPSIS 
approach. The major research motivation is cultivated: (1) 
ExpTODIM and TOPSIS approach was enhanced under T2NNs; 
(2) Entropy is put forward weight numbers in light with score 
values along with T2NNs; (3) T2NN-ExpTODIM-TOPSIS is 
put forward the MADM along with T2NNs; (4) numerical 
example for quality evaluation of digital agriculture park 
information system and comparative analysis is put forward the 
validity of T2NN-ExpTODIM-TOPSIS. 

There may be some possible study limitations, which could 
be further executed the quality evaluation of digital agriculture 
park information system: (1) It is a worthwhile research 
contents to execute consensus issue [60-62] to quality 
evaluation of digital agriculture park information system under 
T2NNs; (2) It is also worthwhile research contents to execute 
regret theory model to quality evaluation of digital agriculture 
park information system under T2NNs [63-65]; (3) In future 
research contents, full integration of ExpTODIM approach with 
other approaches could be executed for quality evaluation of 
digital agriculture park information system [66, 67]. 

REFERENCES 

[1] E. Jakku, A. Fleming, M. Espig, S. Fielke, S. C. Finlay-Smits, and J. A. 
Turner, "Disruption disrupted? Reflecting on the relationship between 

responsible innovation and digital agriculture research and development 
at multiple levels in australia and aotearoa new zealand," (in English), 
Agricultural Systems, Article vol. 204, p. 7, Jan 2023, Art. no. 103555. 

[2] W. Yao and Z. Sun, "The impact of the digital economy on high-quality 
development of agriculture: A china case study," (in English), 
Sustainability, Article vol. 15, no. 7, p. 19, Apr 2023, Art. no. 5745. 

[3] M. Clementi, V. Dessi, G. M. Podestà, S. C. Chien, B. A. T. Wei, and E. 
Lucchi, "Gis-based digital twin model for solar radiation mapping to 
support sustainable urban agriculture design," (in English), Sustainability, 
Article vol. 16, no. 15, p. 24, Aug 2024, Art. no. 6590. 

[4] Y. Y. Chen, Y. Li, and C. J. Li, "Electronic agriculture, blockchain and 
digital agricultural democratization: Origin, theory and application," (in 
English), Journal of Cleaner Production, Article vol. 268, p. 15, Sep 2020. 

[5] S. Bhaskara and K. S. Bawa, "Societal digital platforms for sustainability: 
Agriculture," (in English), Sustainability, Article vol. 13, no. 9, p. 8, May 
2021, Art. no. 5048. 

[6] A. R. Abdulai, "A new green revolution (gr) or neoliberal entrenchment 
in agri-food systems? Exploring narratives around digital agriculture (da), 
food systems, and development in sub-sahara africa," (in English), Journal 
of Development Studies, Article vol. 58, no. 8, pp. 1588-1604, Aug 2022. 

[7] A. M. Bartolome, D. A. Carpio, and B. Urbano, "Urban agriculture digital 
planning for the european union's green deal," (in Unspecified), 
Amfiteatru Economic, Editorial Material vol. 24, no. 59, pp. 143-143, Feb 
2022. 

[8] D. S. Gangwar, S. Tyagi, and S. K. Soni, "A techno-economic analysis of 
digital agriculture services: An ecological approach toward green 
growth," (in English), International Journal of Environmental Science and 
Technology, Article vol. 19, no. 5, pp. 3859-3870, May 2022. 

[9] F. H. Iost, J. D. Pazini, T. M. Alves, R. L. Koch, and P. T. Yamamoto, 
"How does the digital transformation of agriculture affect the 
implementation of integrated pest management?," (in English), Frontiers 
in Sustainable Food Systems, Review vol. 6, p. 9, Nov 2022, Art. no. 
972213. 

[10] A. Kayad et al., "How many gigabytes per hectare are available in the 
digital agriculture era? A digitization footprint estimation," (in English), 
Computers and Electronics in Agriculture, Article vol. 198, p. 10, Jul 2022, 
Art. no. 107080. 

[11] A. López-Castñneda, J. Zavala-Cruz, D. J. Palma-López, J. A. Rincón-
Ramírez, and F. Bautista, "Digital mapping of soil profile properties for 
precision agriculture in developing countries," (in English), Agronomy-
Basel, Article vol. 12, no. 2, p. 13, Feb 2022, Art. no. 353. 

[12] M. Teucher, D. Thürkow, P. Alb, and C. Conrad, "Digital in situ data 
collection in earth observation, monitoring and agriculture-progress 
towards digital agriculture," (in English), Remote Sensing, Article vol. 14, 
no. 2, p. 15, Jan 2022, Art. no. 393. 

[13] S. Cesco, P. Sambo, M. Borin, B. Basso, G. Orzes, and F. Mazzetto, 
"Smart agriculture and digital twins: Applications and challenges in a 
vision of sustainability," (in English), European Journal of Agronomy, 
Article vol. 146, p. 9, May 2023, Art. no. 126809. 

[14] X. W. Dai, Y. Chen, C. Y. Zhang, Y. Q. He, and J. J. Li, "Technological 
revolution in the field: Green development of chinese agriculture driven 
by digital information technology (dit)," (in English), Agriculture-Basel, 
Article vol. 13, no. 1, p. 18, Jan 2023, Art. no. 199. 

[15] J. Degila et al., "Digital agriculture policies and strategies for innovations 
in the agri-food systems-cases of five west african countries," (in English), 
Sustainability, Review vol. 15, no. 12, p. 18, Jun 2023, Art. no. 9192. 

[16] J. A. J. Mendes, N. G. P. Carvalho, M. N. Mourarias, C. B. Careta, V. G. 
Zuin, and M. C. Gerolamo, "Dimensions of digital transformation in the 
context of modern agriculture," (in English), Sustainable Production and 
Consumption, Article vol. 34, pp. 613-637, Nov 2022. 

[17] A. Nasirahmadi and O. Hensel, "Toward the next generation of 
digitalization in agriculture based on digital twin paradigm," (in English), 
Sensors, Review vol. 22, no. 2, p. 16, Jan 2022, Art. no. 498. 

[18] C. Sharma, P. Pathak, A. Kumar, and S. Gautam, "Sustainable 
regenerative agriculture allied with digital agri-technologies and future 
perspectives for transforming indian agriculture," (in English), 
Environment Development and Sustainability, Review; Early Access p. 
36, 2024 Aug 2024. 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 8, 2024 

741 | P a g e  

www.ijacsa.thesai.org 

[19] M. Tauzie, T. D. G. Hermans, and S. Whitfield, "The new achikumbe elite: 
Food systems transformation in the context of digital platforms use in 
agriculture in malawi," (in English), Agriculture and Human Values, 
Article vol. 41, no. 2, pp. 475-489, Jun 2024. 

[20] K. Zhang, Y. J. Xie, S. A. Noorkhah, M. Imeni, and S. K. Das, 
"Neutrosophic management evaluation of insurance companies by a 
hybrid todim-bsc method: A case study in private insurance companies," 
(in English), Management Decision, Article vol. 61, no. 2, pp. 363-381, 
Mar 2023. 

[21] F. Riazi, M. H. Dehbozorgi, M. R. Feylizadeh, and M. Riazi, "Enhanced 
oil recovery prioritization based on feasibility criteria using intuitionistic 
fuzzy multiple attribute decision making: A case study in an oil reservoir," 
(in English), Petroleum Science and Technology, Article; Early Access p. 
19, 2023 Jun 2023. 

[22] Ravita, S. Rawat, H. S. Ginwal, and S. Barthwal, "Screening of salt 
tolerant <i>eucalyptus</i> clones based on physio-morphological and 
biochemical responses using grey relational analysis," (in English), 
Journal of Sustainable Forestry, Article vol. 42, no. 5, pp. 533-551, May 
2023. 

[23] P. Rani, S. M. Chen, and A. R. Mishra, "Multiple attribute decision 
making based on mairca, standard deviation-based method, and 
pythagorean fuzzy sets," (in English), Information Sciences, Article vol. 
644, p. 15, Oct 2023, Art. no. 119274. 

[24] M. Palanikumar, K. Arulmozhi, O. Al-Shanqiti, C. Jana, and M. Pal, 
"Multiple attribute trigonometric decision-making and its application to 
the selection of engineers," (in English), Journal of Mathematics, Article 
vol. 2023, p. 27, May 2023, Art. no. 5269421. 

[25] C. L. Hwang and K. P. Yoon, Multiple attribute decision making. Methods 
and applications. A state-of- the-art survey. New York: Springer-Verlag, 
1981. 

[26] T. M. H. Nguyen, V. Nguyen, and D. T. Nguyen, "Model-based evaluation 
for online food delivery platforms with the probabilistic double hierarchy 
linguistic edas method," (in English), Journal of the Operational Research 
Society, Article; Early Access p. 18, 2023 Feb 2023. 

[27] A. Nemati, S. H. Zolfani, and P. Khazaelpour, "A novel gray fucom 
method and its application for better video games experiences," (in 
English), Expert Systems with Applications, Article vol. 234, p. 20, Dec 
2023, Art. no. 121041. 

[28] A. Mondal, S. K. Roy, and J. M. Zhan, "A reliability-based consensus 
model and regret theory-based selection process for linguistic hesitant-z 
multi-attribute group decision making," (in English), Expert Systems with 
Applications, Article vol. 228, p. 18, Oct 2023, Art. no. 120431. 

[29] Z. K. Mohammed et al., "Bitcoin network-based anonymity and privacy 
model for metaverse implementation in industry 5.0 using linear 
diophantine fuzzy sets," (in English), Annals of Operations Research, 
Article; Early Access p. 41, 2023 Jun 2023. 

[30] R. Mishra, S. Malviya, S. Singh, V. Singh, and U. S. Tiwary, "Multi-
attribute decision making application using hybridly modelled gaussian 
interval type-2 fuzzy sets with uncertain mean," (in English), Multimedia 
Tools and Applications, Article vol. 82, no. 4, pp. 4913-4940, Feb 2023. 

[31] T. Mahmood, U. U. Rehman, and Z. Ali, "Analysis and applications of 
aczel-alsina aggregation operators based on bipolar complex fuzzy 
information in multiple attribute decision making," (in English), 
Information Sciences, Article vol. 619, pp. 817-833, Jan 2023. 

[32] Y.-J. Lai, T.-Y. Liu, and C.-L. Hwang, "Topsis for modm," European 
journal of operational research, vol. 76, no. 3, pp. 486-500, 1994. 

[33] H. C. Xia, D. F. Li, J. Y. Zhou, and J. M. Wang, "Fuzzy linmap method 
for multiattribute decision making under fuzzy environments," Journal of 
Computer and System Sciences, vol. 72, no. 4, pp. 741-759, Jun 2006. 

[34] J. C. Wang and T. Y. Chen, "A novel pythagorean fuzzy linmap-based 
compromising approach for multiple criteria group decision-making with 
preference over alternatives," (in English), International Journal of 
Computational Intelligence Systems, Article vol. 13, no. 1, pp. 444-463, 
2020. 

[35] N. A. Zhang, Q. Zhou, and G. W. Wei, "Research on green supplier 
selection based on hesitant fuzzy set and extended linmap method," (in 
English), International Journal of Fuzzy Systems, Article vol. 24, no. 7, 
pp. 3057-3066, Oct 2022. 

[36] W. C. Zou, S. P. Wan, and S. M. Chen, "A fairness-concern-based linmap 

method for heterogeneous multi-criteria group decision making with 
hesitant fuzzy linguistic truth degrees," (in English), Information Sciences, 
Article vol. 612, pp. 1206-1225, Oct 2022. 

[37] P. Gao, M. Chen, Y. Zhou, and L. Zhou, "An approach to linguistic q-rung 
orthopair fuzzy multi-attribute decision making with linmap based on 
manhattan distance measure," Journal of Intelligent & Fuzzy Systems, vol. 
45, no. 1, pp. 1341-1355, 2023. 

[38] G. Vanhuylenbroeck, "The conflict-analysis method - bridging the gap 
between electre, promethee and oreste," European Journal of Operational 
Research, vol. 82, no. 3, pp. 490-502, May 1995. 

[39] Z. M. Liu, D. Wang, Y. J. Zhao, X. H. Zhang, and P. D. Liu, "An improved 
electre ii-based outranking method for madm with double hierarchy 
hesitant fuzzy linguistic sets and its application to emergency logistics 
provider selection," (in English), International Journal of Fuzzy Systems, 
Article vol. 25, no. 4, pp. 1495-1517, Jun 2023. 

[40] M. Q. Wu, J. W. Song, and J. P. Fan, "Itara and electre iii three-way 
decision model in the spherical fuzzy environment and its application in 
customer selection," (in English), Journal of Intelligent & Fuzzy Systems, 
Article vol. 44, no. 6, pp. 10067-10084, 2023. 

[41] R. Zhang, Z. Xu, and X. Gou, "Electre ii method based on the cosine 
similarity to evaluate the performance of financial logistics enterprises 
under double hierarchy hesitant fuzzy linguistic environment," Fuzzy 
Optimization and Decision Making, vol. 22, no. 1, pp. 23-49, 2023/03/01 
2023. 

[42] A. B. Leoneti and L. F. Autran Monteiro Gomes, "A novel version of the 
todim method based on the exponential model of prospect theory: The 
exptodim method," European Journal of Operational Research, Article vol. 
295, no. 3, pp. 1042-1055, Dec 16 2021. 

[43] H. Sun, Z. Yang, Q. Cai, G. W. Wei, and Z. W. Mo, "An extended exp-
todim method for multiple attribute decision making based on the z-
wasserstein distance," (in English), Expert Systems with Applications, 
Article vol. 214, p. 14, Mar 2023, Art. no. 119114. 

[44] K. P. Yoon and C.-L. Hwang, Multiple attribute decision making: An 
introduction. Sage publications, 1995. 

[45] C. T. Chen, "Extensions of the topsis for group decision-making under 
fuzzy environment," (in English), Fuzzy Sets and Systems, Article vol. 
114, no. 1, pp. 1-9, Aug 2000. 

[46] M. Abdel-Basset, M. Saleh, A. Gamal, and F. Smarandache, "An approach 
of topsis technique for developing supplier selection with group decision 
making under type-2 neutrosophic number," Applied Soft Computing, vol. 
77, pp. 438-452, 2019/04/01/ 2019. 

[47] H. Wang, F. Smarandache, Y. Q. Zhang, and R. Sunderraman, "Single 
valued neutrosophic sets," Multispace Multistruct, no. 4, pp. 410-413, 
2010. 

[48] Tehreem, A. Hussain, A. Alsanad, and M. A. A. Mosleh, "Spherical cubic 
fuzzy extended topsis method and its application in multicriteria decision-
making," (in English), Mathematical Problems in Engineering, Article vol. 
2021, p. 14, Jun 2021, Art. no. 2284051. 

[49] R. P. Tan, W. D. Zhang, and S. Q. Chen, "Decision-making method based 
on grey relation analysis and trapezoidal fuzzy neutrosophic numbers 
under double incomplete information and its application in typhoon 
disaster assessment," (in English), Ieee Access, Article vol. 8, pp. 3606-
3628, 2020. 

[50] J. H. Kim and B. S. Ahn, "The hierarchical vikor method with incomplete 
information: Supplier selection problem," (in English), Sustainability, 
Article vol. 12, no. 22, p. 15, Nov 2020, Art. no. 9602. 

[51] M. S. A. Khan, F. Khan, J. Lemley, S. Abdullah, and F. Hussain, 
"Extended topsis method based on pythagorean cubic fuzzy multi-criteria 
decision making with incomplete weight information," (in English), 
Journal of Intelligent & Fuzzy Systems, Article vol. 38, no. 2, pp. 2285-
2296, 2020. 

[52] P. D. Liu and W. Q. Liu, "Multiple-attribute group decision-making 
method of linguistic q-rung orthopair fuzzy power muirhead mean 
operators based on entropy weight," International Journal of Intelligent 
Systems, vol. 34, no. 8, pp. 1755-1794, Aug 2019. 

[53] C. E. Shannon, "A mathematical theory of communication," Bell System 
Technical Journal, vol. 27, no. 4, pp. 379-423, 1948. 

[54] A. Tversky and D. Kahneman, "Prospect theory: An analysis of decision 
under risk," Econometrica, vol. 47, no. 2, pp. 263-291, 1979. 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 8, 2024 

742 | P a g e  

www.ijacsa.thesai.org 

[55] A. B. Leoneti and L. Gomes, "A novel version of the todim method based 
on the exponential model of prospect theory: The exptodim method," (in 
English), European Journal of Operational Research, Article vol. 295, no. 
3, pp. 1042-1055, Dec 2021. 

[56] U. Cali, M. Deveci, S. S. Saha, U. Halden, and F. Smarandache, 
"Prioritizing energy blockchain use cases using type-2 neutrosophic 
number-based edas," IEEE Access, vol. 10, pp. 34260-34276, 2022. 

[57] V. Simic, I. Gokasar, M. Deveci, and A. Karakurt, "An integrated critic 
and mabac based type-2 neutrosophic model for public transportation 
pricing system selection," (in English), Socio-Economic Planning 
Sciences, Article vol. 80, p. 22, Mar 2022, Art. no. 101157. 

[58] Z. Y. Wang, Q. Cai, and G. W. Wei, "Modified todim method based on 
cumulative prospect theory with type-2 neutrosophic number for green 
supplier selection," (in English), Engineering Applications of Artificial 
Intelligence, Article vol. 126, p. 18, Nov 2023, Art. no. 106843. 

[59] Z. Y. Wang, Q. Cai, and G. W. Wei, "Enhanced todim based on vikor 
method for multi-attribute decision making with type-2 neutrosophic 
number and applications to green supplier selection," (in English), Soft 
Computing, Article; Early Access p. 15, 2023 Jul 2023. 

[60] P. Wu, F. G. Li, J. Zhao, L. G. Zhou, and L. Martfnez, "Consensus 
reaching process with multiobjective optimization for large-scale group 
decision making with cooperative game," (in English), Ieee Transactions 
on Fuzzy Systems, Article vol. 31, no. 1, pp. 293-306, Jan 2023. 

[61] X. X. Xu, Z. W. Gong, E. Herrera-Viedma, G. Kou, and F. J. Cabrerizo, 
"Consensus reaching in group decision making with linear uncertain 
preferences and asymmetric costs," (in English), Ieee Transactions on 
Systems Man Cybernetics-Systems, Article vol. 53, no. 5, pp. 2887-2899, 

May 2023. 

[62] H. M. Zhang and Y. Y. Dai, "Consensus improvement model in group 
decision making with hesitant fuzzy linguistic term sets or hesitant fuzzy 
linguistic preference relations," (in English), Computers & Industrial 
Engineering, Article vol. 178, p. 14, Apr 2023, Art. no. 109015. 

[63] Y. Lin, Y. M. Wang, and S. Q. Chen, "Hesitant fuzzy multiattribute 
matching decision making based on regret theory with uncertain weights," 
(in English), International Journal of Fuzzy Systems, Article vol. 19, no. 
4, pp. 955-966, Aug 2017. 

[64] X. Jia, X. F. Wang, Y. F. Zhu, L. Zhou, and H. Zhou, "A two-sided 
matching decision-making approach based on regret theory under 
intuitionistic fuzzy environment," (in English), Journal of Intelligent & 
Fuzzy Systems, Article vol. 40, no. 6, pp. 11491-11508, 2021. 

[65] X. L. Tian, Z. S. Xu, J. Gu, and F. Herrera, "A consensus process based 
on regret theory with probabilistic linguistic term sets and its application 
in venture capital," (in English), Information Sciences, Article vol. 562, 
pp. 347-369, Jul 2021. 

[66] X. Peng, J. Dai, and F. Smarandache, "Research on the assessment of 
project-driven immersion teaching in extreme programming with 
neutrosophic linguistic information," International Journal of Machine 
Learning and Cybernetics, vol. 14, no. 3, pp. 873-888, 2023/03/01 2023. 

[67] X. D. Peng and J. G. Dai, "Research on the assessment of classroom 
teaching quality with q ‐ rung orthopair fuzzy information based on 
multiparametric similarity measure and combinative distance ‐ based 
assessment," International Journal of Intelligent Systems, vol. 34, no. 7, 
pp. 1588-1630, 2019. 

 


