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Abstract: Depending on the geometric isometry (AH-Isometry), it has been proven that every Neutrosophic 

real function is equivalent to three real functions. Then, the foundation of the symbolic 

2-plithogeniccalculuswas established, where new definitions of symbolic 2-plithogenicintegration and 

symbolic 2-plithogenicdifferentiation were introduced, along with some illustrative examples. Following that, 

definitions for the symbolic 2-plithogenicgamma function and symbolic 2-plithogenicbeta function were 

presented to pave the way towards achieving the desired goal, which is symbolic 2-plithogenicFractional 

calculus. 

 

Keywords: Symbolic 2-PlithogenicReal Function, Symbolic 2-PlithogenicIntegration,Symbolic 

2-PlithogenicDerivative,Symbolic 2-PlithogenicGamma Function and Symbolic 2-PlithogenicBeta Function. 

 

 

1. Introduction 

Neutrosophy is a new branch of philosophy concerns with the indeterminacy in all areas of life 

and science. It has become a useful tool in generalizing many classical systems such as equations 

[1,9], number theory [2,3], topology [4,5], linear spaces [6,10], modules [4,5], and ring of matrices 

[7,8]. 

In the literature, we find many studies about neutrosophic calculus, where some definitions and 

properties were presented about neutrosophic real functions and numbers [10].The neutrosophic 

real functions with one variable were defined only in a special case [11], as follows: 

Recently, Abobala and Hatip, have presented the concept of two-dimensional AH-isometry to 

study the correspondence between neutrosophic plane           and the classical module 

     . Also, the one-dimensional AH-isometry between R(I) and    . This isometry was useful 

in defining inner products and norms [10], ordering [9], and neutrosophic geometrical shapes [10]. 
In [12], the concept of symbolic n-plithogenic algebraic structures was proposed by 

Smarandache, then it was used on a wide range by many researchers to generalize classical algebraic 

structures such as modules [13], spaces [14-15], equations [16], and number theory [17-18]. In [19], 

the concept of symbolic 2-plithogenic matrices was presented with many applications in the theory 

of algebraic equations and representing functions. Laterally, symbolic 3-plithogenic matrices and 

4-plithogenic matrices were studied from many algebraic sides, especially those which are related to 

the diagonalization problem [20]. 

In this work, we use the one-dimensional AH-isometry to turn the general case of symbolic 

2-plithogenic neutrosophic real functions with one variable into three classical real functions so we 

mailto:olgun@gantep.edu.tr
mailto:kahramannhatiice@gmail.com
mailto:kahramannhatiice@gmail.com


Neutrosophic Knowledge, Vol. 40, 2040 2 of 8 

 

 

Necati Olgun,Hatice Kahraman, On The Symbolic 2-Plithogenic Netrusophic Fractional Calculus 

 

will go from       space into       space. The definitions of symbolic 2-plithogenic 

integration and symbolic 2-plithogenic differentiation were introduced.  

Following that, definitions for the symbolic 2-plithogenicGamma function and symbolic 

2-plithogenicBeta function were presented to pave the way towards symbolic 2-plithogenic 

Fractional calculus. 

2. Terminologies  

We present here some basic definitions and axioms of neutrosophic logic and refined 

neutrosophic logic.  

Definition 2.1. [21]: Let   be a non-empty fixed set. A neutrosophic set   is an object having the 

form                             , where      ,       𝑎𝑛𝑑      represent the degree of 

membership, the degree of indeterminacy , and the degree of non-membership respectively of each 

element       to the set   . 

Definition 2.2.[22]:Let   be a field, the neutrosophic file generated by 〈   〉 which is denoted by 

     〈   〉. 

Definition 2.3. [23]:Classical neutrosophic number has the form 𝑎     where a,b are real or 

complex numbers and   is the indeterminacy such that       and      which results that 

     for all positive integers 𝑛. 

Definition 2.4.[24]Let       𝑎      𝑎      where      be the neutrosophic field of reals. The 

one-dimensional isometry (AH-Isometry) is defined as follows: [49] 

               𝑎       𝑎 𝑎     

Remark 2.5. [24] 

 is an algebraic isomorphism between two rings, it has the following properties: 

1)  is bijective. 

2)   preserves addition and multiplication, i.e.: 

3) Since   is bijective, then it is invertible by: 

                   𝑎    𝑎     𝑎   

4)   preserves distances, i.e.: 

‖     ‖    ‖  ‖  

Definition 2.6. [25]:Let                    and             the f is called a 

neutrosophic real function with one neutrosophic variable. 

a neutrosophic real function      written as follows: 

                   [           ] 

 

Definition 2.7.[25]:Let   be a ring, the symbolic 2-plithogenic ring is defined as follows:  

          𝑎  𝑎    𝑎     𝑎      
        

 
                           }.  

Smarandache has defined algebraic operations on        as follows:  

Addition:  

[𝑎    𝑎    𝑎   ] +[              ] = (𝑎 +   ) +(𝑎  +   )   + (𝑎 +   )   .  

Multiplication:  

[𝑎    𝑎    𝑎    ].[               ] =(𝑎   ) +(𝑎    + 𝑎    𝑎   )   + (𝑎   + 𝑎   + 𝑎    

𝑎    𝑎   )  .  
 

Definition 2.8.Let          𝑎           𝑎        where 

  
        

     𝑎𝑛𝑑              

Be the symbolic 2-plithogenic field of reals. The symbolic 2-plithogenic isometry (AH-Isometry) is 

defined as follows:  
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                  𝑎            𝑎 𝑎      𝑎     

Remark 2.9. 

1)   is bijective, then it is invertible by: 

                   
   𝑎      𝑎             𝑎    

2)   preserves distances, i.e.: 

‖     ‖    ‖  ‖  

 

3. Symbolic 2-plithogenicCalculus 

 

3.1 Symbolic 2-plithogenicReal Function 

Definition 3.1.1. Let                   (        ) and                  the   is 

called the symbolic 2-plithogenicreal function with the symbolic 2-plithogenicvariable, written as 

follows: 

 (        )                    (               )   (           )   

 

Theorem 3.1.2.Any symbolic 2-plithogenic real function into three classical real functions, i.e., to the 

classical Euclidean plane      . 

Proof. 

Let  (        )                    (               )   (           )   a 

symbolic 2-plithogenic real function. 

Now, Using the one-dimensional AH-isometry, we have. 

 ( (        ))   (     (               )   (           )  ), then. 

           (                                ), then, we have. 

{

       

                  

              
 

The functions                                  are three real functions. 

 

Exemple 3.1.3.Let         be the symbolic 2-plithogenic field of reals, we have: 

1.  (        )             

                                

2.  (        )                

  𝑛    ( 𝑛         𝑛     )   ( 𝑛       𝑛   )  , where 

                   . 

3.  (        )  √          

 √  (√      √   )   (√    √ )  , where  

                   . 

4.  (        )    𝑛            

   𝑛    (  𝑛          𝑛     )   (  𝑛        𝑛   )   

3.2 The Derivative of Symbolic 2-plithogenic Real Functions on        . 

Definition 3.2.1. Let  (        )a symbolic 2-plithogenic function on        , the we define a 

derivative of a symbolic 2-plithogenic function  (        ) as follows: 

         
 (        )    

     (    
             

      )    (    
         

    )   

Examples 3.2.2.  
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1.                                                     

we have: 

         
 (        )                                           . 

2.  (        )   𝑛            

  𝑛    ( 𝑛         𝑛     )   ( 𝑛       𝑛   )  , where 

                    . 

We have. 

         
 (        )  

 

 
 (

 

     
 

 

   
)    (

 

   
 

 

 
)    

 

3. (        )    𝑛            

   𝑛    (  𝑛          𝑛     )   (  𝑛        𝑛   )   

We have. 

         
 (        )         (                   )   (               )   

            . 

3.3 The Integral of Symbolic 2-plithogenic Functions on        . 

Definition 3.3.1. Let  (        ) a symbolic 2-plithogenic function on        , the we define a 

integration of a symbolic 2-plithogenic function   (        )as follows: 

∫  (        ) 𝑑          (        )       [               ]   [           ]  . 

 

Examples 3.3.2. 

1.  (        )           . We have. 

∫          𝑑 

 ∫  𝑑  [∫      𝑑        ∫    𝑑     ]   

 [∫    𝑑      ∫  𝑑 ]    

                                𝑎          

            𝑎          

where𝑎      are conests.  

 

2.  (        )                 we have  

∫               𝑑        

 ∫       𝑑  [∫           𝑑        ∫        𝑑     ]   

 [∫        𝑑      ∫      𝑑 ]   

    𝑛    (  𝑛          𝑛     )   (  𝑛        𝑛   )   𝑎

           𝑛            𝑎          

where𝑎      are conests.  

3.4 The Definite Integration of Symbolic 2-plithogenic Functions on        . 

Definition 2.4.1. 

Let  (        ) a symbolic 2-plithogenic function on        , we define the definite integration of a 

symbolic 2-plithogenic function   (        ) as follows: 
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∫  (        )𝑑        

          

         

 ∫    𝑑 

 

 

 [ ∫         𝑑       

     

     

 ∫       𝑑     

   

   

]   

 [ ∫       𝑑     

   

   

 ∫    𝑑 

 

 

]    

 

Example 3.4.2. 

1.   ∫          𝑑        
       
         

 

 ∫  𝑑 

 

 

 [∫        𝑑(       )

 

 

 ∫      𝑑     

 

 

]   

 [∫      𝑑(       )

 

 

 ∫  𝑑 

 

 

]   

 [  ] 
  [[        ] 

  [      ] 
 ]   [[      ] 

  [  ] 
 ]   

 

        (             )   (            )  . 

 

4.1 Useful Symbolic 2-plithogenic Functions 

Definition 4.1.1.The most basic interpretation of the symbolic 2-plithogenicGamma function is simply the 

generalization of the symbolic 2-plithogenicfactorial for all symbolic 2-plithogenicreal numbers. 

We define a symbolic 2-plithogenicGamma function as follows: 

 (        )                 

       (                    )   (              )  

 ∫              (            )  

 

 

  (            ) 𝑑               

Remark 4.1.2. 

1.                   (         )   (         )     

And we can proof in this way, 
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                  ∫                 

 

 

  (            ) 𝑑              

 ∫   (            ) 𝑑              

 

 

 ∫     𝑑    

 

 

 [∫   (        )𝑑           ∫   (     )𝑑(       )

 

 

 

 

]   

 [∫   (     )𝑑        ∫     𝑑    

 

 

 

 

]    

     [     ]
 

 
 ([   (        )]

 

 
 [   (     )]

 

 
)    ([   (     )]

 

 
 [     ]

 

 
)    

                 

In the same way we can proof, 

1.               (        ) (        ) 

2.   𝑛            𝑛             𝑛                   

Definition 4.1.3. 

Like the symbolic 2-plithogenicGamma function, the symbolic 2-plithogenicBeta function is defined by a 

definite symbolic 2-plithogenicintegral. Its definition is given by 

 (                 )   (         
 
            

 
  ) 

   ∫              
(            )  

 

 

(                )
(            )  

 𝑑               

The Beta function can also be defined in terms of the Gamma function: 

 (                 )  
 (        )  (        )

 ((        )  (        ))
 

3. Conclusion 

Symbolic 2-plithogenic fractional calculus is a more generalized form of calculus. Unlike the symbolic 

2-plithogenicinteger order calculus where operations are centered mainly at the symbolic 2-plithogenicintegers, 

fractional calculus considers every real symbolic 2-plithogenicnumber,         . And as it has been briefly 

noted in this paper , the meaning and applications of this new type of calculus are quite comparable to those of 

the ordinary calculus, especially when gets closer and closer to a symbolic 2-plithogenicinteger.In the future, 

studying the symbolic 2-plithogenic fractional calculus became possible thanks to the definitions mentioned in 

the paper. 
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Abstract: Depending on the geometric isometry (AH-Isometry) the foundation of the symbolic 

2-plithogeniccalculuswas established, where new definitions of symbolic 2-plithogenicfractional integration 

and symbolic 2-plithogenicfractional differentiation were introduced, along with some illustrative examples. 

Following that, definitions for the symbolic 2-plithogenicgamma function and symbolic 2-plithogenicbeta 

function were presented to pave the way towards achieving the desired goal, which is symbolic 

2-plithogenicfractional 2-Plithogenic Calculus. 
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1. Introduction 

Fractional calculus owes its origin to a question of whether the meaning of a derivative to an 

integer order   could be extended to still be valid when   is not an integer. This question was first 

raised by L’Hopital on September 34th, 1695. On that day, in a letter to Leibniz, he posed a question 

about 
   

    , Leibniz’s notation for the derivative of the linear function  ( )   . L’Hopital curiously 

asked what the result would be if   
 

 
  Leibniz responded that it would be “an apparent paradox, 

from which one day useful consequences will be drawn,” [31] 

Neutrosophy is a new branch of philosophy concerns with the indeterminacy in all areas of life 

and science. It has become a useful tool in generalizing many classical systems such as equations 

[1,9], number theory [2,3], topology [4,5], linear spaces [6,10], modules [4,5], and ring of matrices 

[7,8]. 

In the literature, we find many studies about neutrosophic calculus, where some definitions and 

properties were presented about neutrosophic real functions and numbers [10].The neutrosophic 

real functions with one variable were defined only in a special case [11], as follows: 

Recently, Abobala and Hatip, have presented the concept of two-dimensional AH-isometry to 

study the correspondence between neutrosophic plane  ( )   ( )  and the classical module 

     . Also, the one-dimensional AH-isometry between R(I) and    . This isometry was useful 

in defining inner products and norms [10], ordering [9], and neutrosophic geometrical shapes [10]. 
In [12], the concept of symbolic n-plithogenic algebraic structures was proposed by 

Smarandache, then it was used on a wide range by many researchers to generalize classical algebraic 

mailto:olgun@gantep.edu.tr
mailto:kahramannhatiice@gmail.com
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structures such as modules [13], spaces [14-15], equations [16], and number theory [17-18]. In [19], 

the concept of symbolic 2-plithogenic matrices was presented with many applications in the theory 

of algebraic equations and representing functions. Laterally, symbolic 3-plithogenic matrices and 

4-plithogenic matrices were studied from many algebraic sides, especially those which are related to 

the diagonalization problem [20]. 

In this work, we use the one-dimensional AH-isometry to turn the general case of symbolic 

2-plithogenic neutrosophic real functions with one variable into three classical real functions so we 

will go from       space into       space. The definitions of symbolic 2-plithogenic 

integration and symbolic 2-plithogenic differentiation were introduced.  

2. Terminologies  

We present here some basic definitions and axioms of neutrosophic logic and refined 

neutrosophic logic.  

Definition 2.1. [21]: Let   be a non-empty fixed set. A neutrosophic set   is an object having the 

form *  (  ( )   ( )   ( ))    + , where   ( ) ,   ( )  𝑎 𝑑   ( ) represent the degree of 

membership, the degree of indeterminacy , and the degree of non-membership respectively of each 

element       to the set   . 

Definition 2.2.[22]:Let   be a field, the neutrosophic file generated by 〈   〉 which is denoted by 

 ( )  〈   〉. 

Definition 2.3. [23]:Classical neutrosophic number has the form 𝑎     where a,b are real or 

complex numbers and   is the indeterminacy such that       and      which results that 

     for all positive integers  . 

 

Definition 2.4. [25]:Let   be a ring, the symbolic 2-plithogenic ring is defined as follows:  

         *𝑎  𝑎    𝑎     𝑎      
       

                  (   )     }.  

Smarandache has defined algebraic operations on        as follows:  

Addition:  

[𝑎    𝑎    𝑎   ] +[              ] = (𝑎 +   ) +(𝑎  +   )   + (𝑎 +   )   .  

Multiplication:  

[𝑎    𝑎    𝑎    ].[               ] =(𝑎   ) +(𝑎    + 𝑎    𝑎   )   + (𝑎   + 𝑎   + 𝑎    

𝑎    𝑎   )  .  
 

Definition 2.5.Let         *𝑎           𝑎      + where 

  
        

     𝑎 𝑑              

Be the symbolic 2-plithogenic field of reals. The symbolic 2-plithogenic isometry (AH-Isometry) is 

defined as follows:  

                 (𝑎         )  (𝑎 𝑎      𝑎   ) 

Remark 2.6. 

1)   is bijective, then it is invertible by: 

                     (𝑎    )  𝑎  (   )   (  𝑎)   

2)   preserves distances, i.e.: 

‖ (  )‖   (‖  ‖) 

Definition 2.7. Let                   ( (     )) and                  the   is 

called the symbolic 2-plithogenicreal function with the symbolic 2-plithogenicvariable, written as 

follows: 

 ( (     ))   (         )   ( )  ( (     )   (   ))   ( (   )   ( ))   
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Definition 2.8. Let  ( (     ))a symbolic 2-plithogenic function on        , the we define a 

derivative of a symbolic 2-plithogenic function  ( (     )) as follows: 

  (     )
 ( (     ))    

 ( )  .    
 (     )      

 (   )/    (    
 (   )    

 ( ))   

Definition 2.9.Let  ( (     )) a symbolic 2-plithogenic function on        , the we define a integration 

of a symbolic 2-plithogenic function   ( (     ))as follows: 

∫  ( (     )) 𝑑 (     )   ( (     ))   ( )  , (     )   (   )-   , (   )   ( )-  . 

 

Definition 2.10.Let  ( (     )) a symbolic 2-plithogenic function on        , we define the definite 

integration of a symbolic 2-plithogenic function   ( (     )) as follows: 

∫  ( (     ))𝑑 (     )

          

         

 ∫  ( )𝑑 

 

 

 [ ∫  (     )𝑑(     )

     

     

 ∫  (   )𝑑(   )

   

   

]   

 [ ∫  (   )𝑑(   )

   

   

 ∫  ( )𝑑 

 

 

]    

 

Definition 2.11.The most basic interpretation of the symbolic 2-plithogenicGamma function is simply the 

generalization of the symbolic 2-plithogenicfactorial for all symbolic 2-plithogenicreal numbers. 

We define a symbolic 2-plithogenicGamma function as follows: 

 ( (     ))   (            )

  (  )  ( (        )   (     ))   ( (     )   (  ))  

 ∫(            )(            )  

 

 

  (            ) 𝑑(            ) 

Definition 2.12. Like the symbolic 2-plithogenicGamma function, the symbolic 2-plithogenicBeta function is 

defined by a definite symbolic 2-plithogenicintegral. Its definition is given by 

 ( (     )  (     ))   (         
 
            

 
  ) 

   ∫(            )
(            )  

 

 

(  (            ))
(            )  

 𝑑(            ) 

The Beta function can also be defined in terms of the Gamma function: 

 ( (     )  (     ))  
 ( (     ))  ( (     ))

 .( (     ))  ( (     ))/
 

3.Definition of the Riemann­LiouvilleSymbolic 2-plithogenic Fractional Integral 

We can start  by introducing a succinct notation that will be frequently used. From now on, 

  (     )
  (     )

 ( (     ))will denote the symbolic 2-plithogenicfractional integration of a symbolic 
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2-plithogenicfunction  ( (     )) to an arbitrary order  (     )and  (     ) is a symbolic 

2-plithogenicpositive real number . 

Definition 3.1.Let  (     )be a symbolic 2-plithogenicpositive real number. Let  ( (     )) be integrable 

and piecewise continuous on (   ) . Then for (     )            , the Riemann-Liouville symbolic 

2-plithogenicfractional integral of  ( (     ))  of order  (     ) is: 

  (     )
  (     )

 ( (     ))  
 

 ( (     ))
∫ ( (     )   (     ))

 (     )  
 ( (     ))

 (     )

 

  ( (     )) 

Remark3.3. :Let ( (     )) ,              (     ) be  a symbolic 2-plithogenicreal function 

with one symbolic 2-plithogenicvariable, thenwe can write:  

  (     )
  (     )

 ( (     ))    (     )
  (     )

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

   
  (     )

 ( )  0      
  (     )

 (     )      
  (     )

 (   )1   

 0(    
  (     )

 (   ))    
  (     )

 ( )1    

Example3.4. : Let’s evaluate  (     )
  (     )

  (     )(     ) by definition, 

  (     )
  (     )

  (     )(     )

 
 

 ( (     ))
∫ ( (     )   (     ))

 (     )  
( (     ))

 (     )
 ( (     ))

 (     )

 

 
 

 ( (     ))
∫ ( 

 (     )

 

 
 (     )

 (     )
)

 (     )  

 (     )
 (     )  ( (     ))

 (     )
 ( (     ))

 
 

 ( (     ))
∫( 

 

 

  (     ))
 (     )  

 (     )
 (     )  ( (     ) (     ))

 (     )
 ( (     )) 

Where . (     )  
 (     )

 (     )
/ 

                       
 

 ( (     ))
 (     )

 (     )  (     ) ∫(   (     ))
 (     )  

( (     ))
 (     )

 ( (     ))

 

 

 

 
 

 ( (     ))
 (     )

 (     )  (     ) ( (     )     (     ))

 
 ( (     )   )

 ( (     )   (     )   )
 (     )

 (     )  (     ) 

We refer to the above example as the symbolic 2-plithogenicPower Rule. The symbolic 2-plithogenicPower 

Rule tells us that the symbolic 2-plithogenicfractional integral of a constant of order  (     ) is 
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  (     )
  (     )

  (     )(     )  
 ( (     )   )

 ( (     )   (     )   )
 (     )

 (     )  (     ) 

And in particular, if  (     )  
 

 
        , 

 
 (     )

 
 

 
         

,          -
  

 ( )

 .
 

 
/
,          -

 

  
 

√ 
√          

 
 

√ 
.√  0√       √    1    0√     √ 1   / 

 
 (     )

 
 

 
         

,          -
         

 ( )

 .
 

 
/
,          -

 

 
         

 

 √ 
√(          )

  

 
 (     )

 
 

 
         

,          -
  

 ( )

 .
 

 
/
,          -

 

  
  

  √ 
√           

Theorem 3.5. Let ( (     )) ,              (     ) be  a symbolic 2-plithogenicreal function 

with one symbolic 2-plithogenicvariable. Then for all  (     )  (     )            ,  

  (     )
  (     )

0  (     )
  (     )

 ( (     ))1    (     )
 (   )(     )

 ( (     ))    (     )
  (     )

0  (     )
  (     )

 ( (     ))1 

Proof: 

By definition of thesymbolic 2-plithogenicfractional integral we have 

  (     )
  (     )

0  (     )
  (     )

 ( (     ))1

 
 

 ( (     ))
∫ ( (     )

 (     )

 

  (     ))
 (     )  

0  (     )
  (     )

 ( (     ))1  ( (     ))

 
 

 ( (     ))
∫ ( (     )

 (     )

 

  (     ))
 (     )  

[
 

 ( (     ))
∫ ( (     )

 (     )

 

  (     ))
 (     )  

 ( (     )) ( (     ))] ( (     ))

 
 

 ( (     )) ( (     ))
∫ ( (     )

 (     )

 

  (     ))
 (     )  

 ( (     )) ∫ ( (     )

 (     )

 

  (     ))
 (     )  

 ( (     )) ( (     )) 
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 ( (     )   (     ))
∫ ( (     )   (     ))

 (     )  (     )  
 ( (     )) ( (     ))

 (     )

 

  ( (     )  (     )) ∫ ( (     )

 (     )

 

  (     ))
 (     )  (     )  

 ( (     )) ( (     )) 

 

4. Definition of the RiemannLiouville symbolic 2-plithogenicFractional Derivative 

The symbolic 2-plithogenicfractional derivative can be defined using the definition of thesymbolic 

2-plithogenic fractional integral.  

Definition 4.1.Suppose that  (     )   (     )   (     )   (     )  ⟦ (     )⟧Then, the symbolic 

2-plithogenicfractional derivative of  ( (     )) of order  (     ) is  

  (     )
 (     )

 ( (     ))    (     )
 (     )

0  (     )
  (     )

 ( (     ))1 

Example 4.2. suppose we wish to find the symbolic 2-plithogenicfractional derivative of  (     )(     ) 

of order  (     ) we just need to interchange  (     )   (     )   (     ) ,  (     )    and 

  (     )     (     ) . so, 

  (     )
 (     )

 ( (     ))    (     )
 0 

 (     )

 (   (     ))
 ( (     ))1    (     )

 0 
 (     )

 (   (     ))
  (     )(     )1 

   (     )
 *

 ( (     )   )

 (( (     )   (     )   )   )
 (     )

 (     )  (     )  + 

 ( (     )   (     )

  )
 ( (     )   )

( (     )   (     )   ) (( (     )   (     )   ))
 (     )

 (     )  (     ) 

 
 ( (     )   )

 (( (     )   (     )   ))
 (     )

 (     )  (     ) 

In particular, we will find the .
 

 
        /

  

 order derivative of ( (     ))  ( (     ))
 (     )

 : 

 
 (     )

 

 
        

( (     ))
 (     )

   (     )
         * 

 (     )

 
 

 
        

( (     ))
 (     )

+

 
 ( (     )   )

 (. (     )  
 

 
  /)

 (     )
 (     ) 

 

  

Example 4.3. 
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1)  
 (     )

 

 
        

(          )
            (     )

         * 
 (     )

 
 

 
        

(          )
         +  

  (     )
         0

 

√ 
√          1  

 

√ 
  (     )

         (√  [√       √    ]   [√     

√ ]  )  
 

√ 
(

 

 √ 
 [

 

 √ 
  

 √      
  

 √    
 

 

 √    
 

 

 √ 
 

 

 √    
]    [

 

 √ 
 

 

 √    
 

 

 √ 
 

 

 √ 
]   )  

 

√ 
(

 

√ 
 [

 

√      
  

√    
]    [

 

√    
 

 

√ 
]   ) 

2)  
 (     )

 

 
        

(          )
          

 (           )

 (.          
 

 
  /)

(          )
          

 

  
 ( )

 .
 

 
/
(  

        )
          

 

  
 

√ 
 

 

√          
 

 

√ 
 

 

√  0√       √    1   0√     √ 1  
 

Notice that 1) and 2) is iqual. 

5. Conclusion 

Symbolic 2-plithogenicfractional calculus is a more generalized form of calculus. Unlike the symbolic 

2-plithogenicinteger order calculus where operations are centered mainly at the symbolic 2-plithogenicintegers, 

fractional calculusconsiders every real symbolic 2-plithogenicnumber,  (     ). And as it has been briefly 

noted in this paper , the meaning and applications of this new type of calculus are quite comparable to those of 

the ordinary calculus, especially when gets closer and closer to a symbolic 2-plithogenicinteger.In the future, 

studying the symbolic 2-plithogenicfractional differential equations became possible thanks to the definitions 

mentioned in the paper. 

 

References 

1. Abobala, M., "AH-Subspaces in Neutrosophic Vector Spaces", International Journal of Neutrosophic 

Science, Vol. 6 , pp. 80-86. 2020. 

2. Abobala, M.,. "A Study of AH-Substructures in n-Refined Neutrosophic Vector Spaces", International 

Journal of Neutrosophic Science", Vol. 9, pp.74-85. 2020. 

3. Sankari, H., and Abobala, M., "Neutrosophic Linear Diophantine Equations With two Variables", 

Neutrosophic Sets and Systems, Vol. 38, pp. 22-30, 2020. 

4. Sankari, H., and Abobala, M." n-Refined Neutrosophic Modules", Neutrosophic Sets and Systems, Vol. 

36, pp. 1-11. 2020. 

5. Alhamido, R., and Abobala, M., "AH-Substructures in Neutrosophic Modules", International Journal of 

Neutrosophic Science, Vol. 7, pp. 79-86 . 2020. 

6. Smarandache, F., " A Unifying Field in Logics: Neutrosophic Logic, Neutrosophy, Neutrosophic Set, 

Neutrosophic Probability", American Research Press. Rehoboth, 2003. 

7. Suresh, R., and S. Palaniammal,. "Neutrosophic Weakly Generalized open and Closed Sets", 

Neutrosophic Sets and Systems, Vol. 33, pp. 67-77,. 2020. 

8. Olgun, N., and  Hatip, A.,  "The Effect Of The Neutrosophic Logic On The Decision Making, in 

Quadruple Neutrosophic Theory And Applications", Belgium, EU, Pons Editions Brussels,pp. 238-253. 

2020. 



Neutrosophic Knowledge, Vol. 04, 2024                                                                      29 of 30 

 

 

Necati Olgun,Hatice Kahraman, On The Symbolic 2-Plithogenic Netrusophic Fractional Calculus 

 

9. Hatip, A., Alhamido, R., and Abobala, M., "A Contribution to Neutrosophic Groups", International 

Journal of Neutrosophic Science", Vol. 0, pp. 67-76 . 2019. 

10.  Abobala, M., " n-Refined Neutrosophic Groups I", International Journal of Neutrosophic Science, Vol. 0, 

pp. 27-34. 2020. 

11. Abobala, M., "Classical Homomorphisms Between n-refined Neutrosophic Rings", International Journal 

of Neutrosophic Science", Vol. 7, pp. 74-78. 2020. 

12. Smarandache, F., " Introduction to the Symbolic Plithogenic Algebraic Structures (revisited)", 

Neutrosophic Sets and Systems, vol. 53, 2023.  

13. Taffach, N., and Ben Othman, K., " An Introduction to Symbolic 2-Plithogenic Modules Over Symbolic 2- 

Plithogenic Rings", Neutrosophic Sets and Systems, Vol 54, 2023.  

14. Taffach, N., " An Introduction to Symbolic 2-Plithogenic Vector Spaces Generated from The Fusion of 

Symbolic Plithogenic Sets and Vector Spaces", Neutrosophic Sets and Systems, Vol 54, 2023.  

15. Ali, R., and Hasan, Z., "An Introduction To The Symbolic 3-Plithogenic Vector Spaces", Galoitica Journal 

Of Mathematical Structures and Applications, vol. 6, 2023.  

16. Ben Othman, K., "On Some Algorithms For Solving Symbolic 3-Plithogenic Equations", Neoma Journal Of 

Mathematics and Computer Science, 2023.  

17. Merkepci, H., and Rawashdeh, A., " On The Symbolic 2-Plithogenic Number Theory and Integers ", 

Neutrosophic Sets and Systems, Vol 54, 2023.  

18. Rawashdeh, A., "An Introduction To The Symbolic 3-plithogenic Number Theory", Neoma Journal Of 

Mathematics and Computer Science, 2023. 

19. Alfahal, A.; Alhasan, Y.; Abdulfatah, R.; Mehmood, A.; Kadhim, M. On Symbolic 2-Plithogenic Real 

Matrices and Their Algebraic Properties. Int. J. Neutrosophic Sci. 2023, 21.  

20. Merkepci, H., "On Novel Results about the Algebraic Properties of Symbolic 3-Plithogenic and 4- 

Plithogenic Real Square Matrices", Symmetry, MDPI, 2023. 

21. F. Smarandache, "Neutrosophic Set a Generalization of the Intuitionistic Fuzzy Sets," Inter. J. Pure Appl. 

Math., pp. 287-297, 2005. 

22. M. Ali, F. Smarandache, M. Shabir and L. Vladareanu, "Generalization of Neutrosophic Rings and 

Neutrosophic Fields," Neutrosophic Sets and Systems, vol. 5, pp. 9-14, 2014. 

23. F. Smarandache, Introduction to Neutrosophic Statistics, USA: Sitech & Education Publishing, 2014. 

24. Abobala, M., "On Some Special Substructures of Refined Neutrosophic Rings", International Journal of 

Neutrosophic Science, Vol. 5, pp. 59-66. 2020. 

25. Sankari, H., and Abobala, M.," AH-Homomorphisms In neutrosophic Rings and Refined Neutrosophic 

Rings", Neutrosophic Sets and Systems, Vol. 38, pp. 101-112, 2020. 

26. Smarandache, F., " Introduction to the Symbolic Plithogenic Algebraic Structures (revisited)", 

Neutrosophic Sets and Systems, vol. 53, 2023 



Neutrosophic Knowledge, Vol. 04, 2024                                                                      30 of 30 

 

 

Necati Olgun,Hatice Kahraman, On The Symbolic 2-Plithogenic Netrusophic Fractional Calculus 

 

27. Ahmed Hatip. (2023). Symbolic 4-Plithogenic Rings and 5-Plithogenic Rings. Symmetry. doi:DOI: 

10.3390/sym15081588 

 

28. Ahmed Hatip Mohammad AlsheikhIyadAlhamadeh. (2023). On TheOrthogonality in Real Symbolic 

2-Plithogenic and 3-Plithogenic Vector Spaces. Neutrosophic Sets and Systems. 

doi:zenodo.10031182/10.5281 

 

29. Nader Mahmoud Taffach, Ahmed Hatip. (2023). A Brief Review on The Symbolic 2-PlithogenicNumber 

Theory and Algebraic Equations. Galoitica Journal Of Mathematical Structures And Applications 

(GJMSA). doi:DOI: 10.54216/GJMSA.050103 

 

30. Nader Mahmoud Taffach, Ahmed Hatip. (2023). A Review on Symbolic 2-Plithogenic Algebraic 

Structures. Galoitica Journal Of Mathematical Structures And Applications (GJMSA). doi:DOI: 

10.54216/GJMSA.050101 

31. K. Miller, B. Ross; An Introduction to the F ractional Calculus and F ractional Differential Equations, John 

Wiley & Sons, Inc., 1993. 



                                    Neutrosophic Knowledge, Vol. 04, 2024 
University of New Mexico  

 

Hasan Dadaş; Nötrosofik Esnek Çiftsel Açık ve Kapalı Kümeler 

 
 
 

Article 

Nötrosofik Esnek Çiftsel Açık ve Kapalı Kümeler 
 
Hasan Dadaş * 
 

Department of Mathematics, Faculty of Arts and Sciences, Kastamonu University. 
 
* Correspondence: hsn.dad@gmail.com ; Tel.: +905347992960 

 

Received: 05 18, 2024; Accepted: 05 20, 2024. 

Özet 

Bu makalede, nötrosofik esnek çiftsel açık ve kapalı kümeler tanımlanmış ve bu kümelerin temel 

özellikleri incelenmiştir. Nötrosofik küme teorisi, belirsizlik, çelişki ve bulanıklık durumlarını aynı 

anda ele alabilme yeteneği sayesinde, klasik küme teorisinin ötesine geçerek daha kapsamlı bir 

model sunar. İlk olarak, nötrosofik kümelerin ve esnek çiftsel topolojik uzayların temel kavramları 

ele alınmıştır. Ardından, nötrosofik esnek çiftsel açık ve kapalı kümeler tanımlanmış ve bu 

kümelerin çeşitli matematiksel özellikleri detaylandırılmıştır. Bu çalışma, belirsiz ve bulanık 

verilerin analiz edilmesinde önemli bir araç olan nötrosofik küme teorisinin uygulama alanlarını 

genişletmeyi amaçlamaktadır. 

Anahtar Kelimeler 

Nötrosofik Küme Teorisi;Esnek Çiftsel Topolojik Uzaylar;Açık Kümeler;Kapalı Kümeler;Topolojik 

Özellikler 

 

 

1. GİRİŞ 

Matematik ve mantık bilimlerinde, belirsizlik ve esnekliğin incelenmesi, karar verme süreçlerinin 

ve modelleme yaklaşımlarının geliştirilmesinde önemli bir rol oynamaktadır. Bu bağlamda, 

nötrosofik küme teorisi, klasik küme teorisindeki kesinlik ve kesin olmayan durumlar arasındaki 

boşluğu doldurmak için ortaya çıkmıştır. Nötrosofik küme teorisi, gerçek dünya problemlerindeki 

belirsizlikleri daha iyi temsil etmek için kullanılan esnek ve kapsamlı bir yöntem sunar. 

"Nötrosofik Esnek Çiftsel Açık ve Kapalı Kümeler" başlıklı bu makalede, nötrosofik küme teorisinin 

esnek çiftsel açık ve kapalı kümeler üzerindeki uygulamaları incelenecektir. İlk olarak, nötrosofik 

küme teorisinin temel kavramları ve tanımları gözden geçirilecektir. Ardından, esnek çiftsel açık ve 

kapalı kümelerin tanımları ve özellikleri detaylandırılacak ve bu kavramların matematiksel 

temelleri üzerinde durulacaktır. Son olarak, bu kümelerin çeşitli alanlardaki uygulama 

potansiyelleri tartışılacaktır. 

Bu makale, belirsizlik ve esnekliği içeren karmaşık problemlerin çözümünde önemli bir araç olan 

nötrosofik küme teorisinin daha iyi anlaşılmasına katkıda bulunmayı amaçlamaktadır. 
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2. Tanımlar 

Bu bölümde nötrosofik esnek ikili topolojik uzaylarda Çiftsel Açık ve Kapalı Kümeler 

++++     tanımlanmış ve bazı özellikleri incelenmiştir 

 Tanım 2.1  

(    
      

     ) bir nötrosofik esnek ikili topolojik uzay olsun. Eğer  

                    {

   {                            } 

   {      
          

   }  

               {                         }     

} 

olacak biçimde   

           {         
          

          
        }         

     

                     
          

          
                  

    

nötrosofik esnek açık kümeleri varsa,  

                                                     

kümesine nötrosofik esnek çiftsel açık küme denir.  

Tüm nötrosofik esnek çiftsel açık kümelerin ailesi           ile gösterilir. 

Tanım 2.2  

 (    
      

     ) bir nötrosofik esnek ikili topolojik uzay olsun. Eğer  

                      {

                                  

    {      
          

   }  

                                    

} 

olacak biçimde  

                     
          

          
                  

    

                                  
          

                  
    

 nötrosofik esnek kapalı kümeleri varsa,  

                                                     

kümesine nötrosofik esnek çiftsel kapalı küme denir. Açıktır ki tümleyeni nötrosofik esnek çiftsel 

açık küme olan küme, nötrosofik esnek çiftsel kapalı kümedir. 

Tüm nötrosofik esnek çiftsel kapalı kümelerin ailesi           ile gösterilir.  
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Örnek 2.3  

              evrensel küme,           parametrelerin kümesi ve 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

olmak üzere   
                            ve   

     {                    }  nötrosofik esnek 

topolojileri verilsin. Bu durumda  

      {
(   {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 })  

(   {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 })

} 

nötrosofik esnek kümesi               ye eşit olup bir nötrosofik esnek çiftsel açık kümedir. 

Ayrıca 

  
      {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

  
      {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

  
      {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

  
      {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

olup 

   
        

     

{
 
 

 
 (   {⟨   

 

  
 
 

  
 
 

  
⟩  ⟨   

 

  
 
 

  
 
 

  
⟩  ⟨   

 

  
 
 

  
 
 

  
⟩})  

(   {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 })

}
 
 

 
 

 

kümesi nötrosofik esnek ikili kapalı kümedir. 

Teorem 2.4 

      
      

       bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda  

1)               nötrosofik esnek çiftsel açık kümelerdir. 

2) Nötrosofik esnek çiftsel açık kümelerin keyfi birleşimleri de nötrosofik esnek çiftsel 

açık kümelerdir. 
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3) Nötrosofik esnek çiftsel kapalı kümelerin keyfi kesişimleri de nötrosofik esnek çiftsel 

kapalı kümelerdir. 

İspat:  

1)                 
       

    ve                      olduğundan        bir nötrosofik esnek 

çiftsel açık kümedir.          
      

    olduğundan        bir nötrosofik esnek çiftsel açık 

kümedir. 

2)                        olsun. Bu durumda       için  

       (  
   )     

     

olacak biçimde    
       

          
       

    vardır. Böylece  

                    
        

      

                                        
                

      

olur.   
   

 ve   
    nötrosofik esnek ikili topolojik uzay olduğundan  

        
        

            
        

    

dir. Dolayısıyla                      olur. 

3)                         olsun.  Bu durumda      için  

          
        

     

olacak biçimde    
       

       
       

     vardır. Böylece   

⋂                    
        

              
                

        

olur. Ayrıca        
       

    ve        
       

    olduğundan ⋂                     dir.  

 

Teorem 2.5 

Nötrosofik esnek çiftsel açık kümenin tümleyeni, nötrosofik esnek çiftsel kapalı kümedir. 

İspat: 

                olsun. Bu durumda                       olacak biçimde           
    

ve           
    vardır. 

       [               ]                    

olur.             
    ve            

     olduğundan        bir nötrosofik esnek çiftsel kapalı 

kümedir. 

Sonuç 2.6 

Nötrosofik esnek çiftsel kapalı kümenin tümleyeni nötrosofik esnek çiftsel açık kümedir. 
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Teorem 2.7 

     
      

       bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda 

                      ise                       olur. 

İspat: 

                      olsun. Bu durumda 

                    ve                     

olacak biçimde                  
    ve                  

    nötrosofik esnek açık kümeleri 

vardır. Buradan 

                                        

olur. Ayrıca                  
    ve                  

    olduğundan              bir 

nötrosofik esnek çiftsel açık kümedir. 

Teorem 2.8 

     
      

       bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda           ailesi 

  üzerinde bir supra nötrosofik esnek topolojidir ve     ile gösterilir.  

İspat: 

Teorem 2.4 ten açıktır.  

Teorem 2.9  

(    
      

     ) bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda her nötrosofik esnek 

   açık kümesi, bir nötrosofik esnek çiftsel açık kümedir. 

İspat:  

        
    veya         

    olsun. Bu durumda                    olduğundan       

          dir. 

 

Sonuç 2.10 

(    
      

     )  bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda  

  
      

         

sağlanır. 

Aşağıdaki örnek, Sonuç 2.10 nun tersinin geçerli olmadığını göstermektedir. 

Örnek 2.11  
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                       olmak üzere (    
      

     ) nötrosofik esnek ikili topolojik 

uzayında  

  
    {                    } 

  
     {                    } 

 olsun.                  nötrosofik esnek kümeleri aşağıdaki gibi tanımlansın: 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

Bu durumda       
      

                     olur. Ancak               birleşimi   
    

  
     ye ait değildir. 

Teorem 2.12  

(    
      

     ) bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda her nötrosofik esnek 

   kapalı küme, bir nötrosofik esnek çiftsel kapalı kümedir. 

İspat:  

Teorem 2.5 nin ispatına benzer. 

Teorem 2.13  

(    
      

     ) bir nötrosofik esnek ikili topolojik uzay olsun. Eğer   
        

    ise       
    dir. 

İspat: 

  
        

    ve           olsun. Bu durumda                      lacak biçimde        

  
    ve          

    nötrosofik esnek açık kümeleri vardır. 

  
       

    olduğundan          
    olup         

    elde edilir. Sonuç olarak        
    dir.  

 

3. Sonuç 

 

Sonuç olarak, nötrosofik küme teorisi, belirsizlik ve esnekliği dikkate alan karmaşık problemlerin 

çözümünde güçlü bir araç olarak karşımıza çıkmaktadır. Bu makalede incelenen nötrosofik esnek 

çiftsel açık ve kapalı kümeler, klasik küme teorisinin sınırlarını aşarak daha geniş bir uygulama 

yelpazesi sunmaktadır. Nötrosofik kümelerin esnekliği, belirsiz ve bulanık verilerin işlenmesinde 

önemli avantajlar sağlamaktadır. 
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Bu çalışma, nötrosofik küme teorisinin temel kavramlarını ve esnek çiftsel açık ve kapalı kümelerin 

özelliklerini detaylandırarak, bu teorinin pratik uygulamalardaki potansiyelini ortaya koymuştur. 

Özellikle, mühendislik, yapay zeka, veri madenciliği ve karar destek sistemleri gibi alanlarda, bu 

kümelerin kullanımı, belirsizlikle başa çıkmada yeni ufuklar açabilir. 

Gelecekte, nötrosofik küme teorisinin daha da geliştirilmesi ve farklı disiplinlerdeki 

uygulamalarının genişletilmesi, bilim ve teknolojinin ilerlemesine önemli katkılar sağlayacaktır. Bu 

bağlamda, yapılan bu çalışma, nötrosofik esnek çiftsel açık ve kapalı kümelerin anlaşılmasına ve 

kullanılmasına yönelik önemli bir adım olarak değerlendirilebilir. 
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Özet 

Bu çalışmada, nötrosofik esnek ikili topolojik uzaylarda kapanış operatörü tanımlanmış ve 

incelenmiştir. Temel amaç, belirsizlik ve bulanıklığı etkin bir şekilde ele alan nötrosofik küme 

teorisinin ilkelerini içeren klasik topolojik kavramları genişletmektir. İlk olarak, nötrosofik kümeler 

ve esnek ikili topolojik uzayların temel kavramları gözden geçirilmiştir. Daha sonra, nötrosofik 

esnek çiftsel kapanış operatörünün tanımı ve temel özellikleri sunulmuştur. Bu operatörün, 

özellikle belirsiz ve bulanık verilerle başa çıkmadaki avantajları ve potansiyel uygulamaları 

tartışılmıştır. Bu araştırma, nötrosofik küme teorisinin teorik gelişimine ve karmaşık problem 

çözme senaryolarındaki pratik uygulamalarına katkıda bulunmaktadır. 

Anahtar Kelimeler 

Nötrosofik Küme Teorisi;Esnek İkili Topolojik Uzaylar;Kapanış Operatörü. 

 

 

1. GİRİŞ 

 

Nötrosofik küme teorisi, belirsizlik ve bulanıklığın matematiksel modellemelerde etkin bir şekilde 

temsil edilmesini sağlayan yenilikçi bir yaklaşımdır. Bu teori, klasik küme teorisinin ötesine geçerek, 

belirsizlik, çelişki ve bulanıklığı aynı anda ele alabilme kapasitesine sahiptir. Bu bağlamda, 

nötrosofik esnek ikili topolojik uzaylar, belirsizliklerin ve bulanıklıkların daha karmaşık yapılar 

içerisinde analiz edilmesine olanak tanımaktadır. 

 

"Nötrosofik Esnek Çiftsel Kapanış Operatörü" başlıklı bu makalede, nötrosofik esnek ikili topolojik 

uzaylarda kapanış operatörü tanımlanmış ve bazı temel özellikleri incelenmiştir. İlk olarak, 

nötrosofik küme teorisinin ve esnek ikili topolojik uzayların temel kavramları gözden geçirilecektir. 

Ardından, kapanış operatörünün tanımı yapılarak, bu operatörün çeşitli matematiksel özellikleri 

detaylandırılacaktır. Ayrıca, nötrosofik esnek çiftsel kapanış operatörünün, geleneksel kapanış 

operatörlerine kıyasla sağladığı avantajlar ve uygulama alanları tartışılacaktır. 
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Bu çalışma, nötrosofik küme teorisinin ileri düzeydeki uygulamaları ve teorik temelleri hakkında 

kapsamlı bir bakış açısı sunmayı amaçlamaktadır. Nötrosofik esnek çiftsel kapanış operatörünün 

incelenmesi, belirsiz ve bulanık verilerin işlenmesinde daha sofistike yöntemlerin geliştirilmesine 

katkıda bulunacaktır. 

Tanımlar 

Bu bölümde nötrosofik esnek ikili topolojik uzaylarda kapanış operatörü tanımlanmış ve bazı 

özellikleri incelenmiştir. 

 

Tanım 2.1  

(    
      

     ) bir nötrosofik esnek ikili topolojik uzay ve              olsun.  

      kümesinin nötrosofik esnek çiftsel kapanışı       kümesini içeren tüm nötrosofik esnek 

çiftsel kapalı kümelerin kesişimidir ve    
         ile gösterilir. Yani 

   
                                         

dir.    
          nin       yi içeren en küçük nötrosofik esnek çiftsel kapalı küme olduğu açıktır.  

Örnek. 2.2 

 (    
      

     ) nötrosofik esnek ikili topolojik uzayı Örnek 4.2.1’deki gibi tanımlansın.  

      

{
 
 

 
 (   {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 })  

(   {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 })

}
 
 

 
 

 

şeklinde tanımlı nötrosofik esnek kümesi verilsin.    
         kapanışını bulmak için       yi 

kapsayan tüm nötrosofik esnek çiftsel kapalı kümeleri belirlememiz gerekiyor.  

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

       {    
 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

ve 

  
      {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 }  

  
      {    

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
      

 

  
 
 

  
 
 

  
 } 

olduğundan       yi kapsayan nötrosofik esnek çiftsel kapalı kümeler         ve        dir. 

Böylece    
                                olur. 

Teorem 2.3  
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(    
      

     ) bir nötrosofik esnek ikili topolojik uzay olsun. Bu durumda              

         için aşağıdakiler sağlanır: 

1.    
   (      )         ve    

   (      )         

2.           
         

3.       bir nötrosofik esnek çiftsel kapalı küme ise    
               

4. Eğer                  
            

          

5. (   
            

        )     
   (           ) 

6.    
   (   

        )     
         

İspat:  

 

1.        ve        kümeleri nötrosofik esnek çiftsel kapalı kümelerdir. Ayrıca       yi 

kapsayan en küçük nötrosofik esnek çiftsel kapalı küme kendisi olduğundan 

   
   (      )         olur.        yi kapsayan tek nötrosofik esnek çiftsel kapalı küme 

kendisi olduğundan    
   (      )         olur. 

2. Tanım.1 ile            
           olduğu açıktır. 

3.        kümesi nötrosofik esnek çiftsel kapalı bir küme olsun. Bu durumda 

      nötrosofik esnek kümesi       yi kapsayan en küçük nötrosofik esnek çiftsel kapalı 

küme olduğundan    
               elde edilir. 

4.               olsun.            
         olduğundan 

         
         

elde edilir. Ancak       yi kapsayan en küçük nötrosofik esnek çiftsel kapalı küme    
         

olduğundan      
             

         olur. 

5.         (      ∪      ) ve         (      ∪      ) olduğundan        
          

   
   (           ) ve    

             
   (           ) bulunur. Böylece  

(   
            

        )     
   (           ) 

elde edilir. 

6.    
         =       olsun.  Bu durumda       bir nötrosofik esnek çiftsel kapalı 

kümedir.  Dolayısıyla    
               bulunur.          

   
    (   

        ) =    
         

olur. 
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Teorem.2.4 

(    
      

     )     nötrosofik esnek ikili topolojik uzay,               ,   
        bir 

nötrosofik esnek nokta ve,   
        yi içeren tüm nötrosofik esnek çiftsel açık kümelerin ailesi 

   ( 
 
       ) olsun. Bu durumda her    

       
    ( 

 
        ) için 

  
           

            
        

                

dir. 

İspat: 

  
           

         olsun.    
       

                olacak biçimde en az bir    
       

 

   ( 
 
       ) olduğunu varsayalım. Bu durumda           

       
   dir. Böylece 

   
            

       
        

       
        

   

 elde edilir. Dolayısıyla    
            

       
        olur. Bı ise  

  
           

            
       

 

olması ile çelişir. 

Tersine her    
        

    ( 
 
        ) için    

        
                olsun Şimdi   

        

   
         olduğunu kabul edelim. Bu durumda  

  
        (   

        )
 
    ( 

 
       ) 

 olur. Böylece, hipotezden (   
        )

 
              elde edilir. Bu ise       

   
         olması ile çelişir.   

 

3. Sonuç 

Sonuç olarak, nötrosofik esnek ikili topolojik uzaylarda tanımlanan kapanış operatörü, belirsizlik ve 

bulanıklığı ele alan matematiksel modellerin geliştirilmesine önemli katkılar sağlamaktadır. Bu 

çalışma, nötrosofik küme teorisinin esnek yapısını kullanarak, klasik topolojik kavramları 

genişletmiş ve bu kavramların belirsiz veriler üzerindeki uygulanabilirliğini göstermiştir. 

Nötrosofik esnek çiftsel kapanış operatörünün tanımı ve incelenen özellikleri, bu operatörün 

matematiksel yapısını ve potansiyel kullanım alanlarını ortaya koymuştur. Bu operatörün, 

mühendislikten yapay zekaya, veri madenciliğinden karar destek sistemlerine kadar geniş bir 

yelpazede uygulama potansiyeli bulunmaktadır. Özellikle belirsiz ve bulanık verilerin yoğun 

olduğu alanlarda, bu tür operatörlerin kullanımı, daha hassas ve güvenilir sonuçlar elde edilmesine 

olanak tanımaktadır. 

Gelecekte, nötrosofik esnek çiftsel kapanış operatörünün daha da geliştirilmesi ve farklı 

disiplinlerdeki uygulamalarının genişletilmesi, bilimsel ve teknolojik ilerlemeye önemli katkılar 
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sağlayacaktır. Bu bağlamda, bu çalışma, nötrosofik küme teorisinin ileri düzeyde anlaşılmasına ve 

uygulanmasına yönelik önemli bir adım olarak değerlendirilebilir. 
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Abstract. Interval Type-2 Intuitionistic Fuzzy Sets (IT2IFS) serve an essential part in the theory of fuzzy sets,

serving to be models for linguistic phrases and finding applications in engineering. These sets are described

through their Footprints of Uncertainty (FOU), that are further characterized through functions of membership

(MF) and non-membership functions (NMF). Uncertainty within the set is quantified by the IT2IFS centroid.

When employing IT2IFS to model input words in a CWW engine (Zadeh 1996, 1999; Mendel 2002; Liu and

Mendel 2009), the engine’s output is also an IT2IFS, requiring mapping to a linguistic label for comprehension.

Since each linguistic label is represented by an IT2FS, it becomes essential to assess the similarity between the

CWW engine’s output and linguistic labels to identify the most analogous linguistic label. This paper aims to

introduce the concept of the IT2IFS centroid and utilize it for comparing two IT2IFS using vector similarity

measure (VSM).

Keywords: Interval Type-2 Intuitionistic Fuzzy Sets (IT2IFS); Centroid; Extended vector similarity measure

(EVSM); Multi-attribute decision making (MADM).)

—————————————————————————————————————————-

1. Introduction

One of the most popular and useful techniques for managing non-probabilistic uncertainty is

fuzzy set theory. L.A. Zadeh introduced fuzzy sets (Zadeh 1965), which have several practical

M. Touqeer, Sajeela Fatima, Multi-Attribute Decision Making for Smog Control Using Extended Vector

Similarity Measure Based on Interval Type-2 Intuitionistic Fuzzy Sets
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applications and allow for easier modeling of complicated systems. The modeling of T1FS

gets increasingly complicated when more uncertainties are introduced. In order to capture the

fuzziness and uncertainty of real-world problems, Mendel and John (Mendel and John 2002;

Mendel et al. 2006; Mendel 2007) presented T2FS, these incorporate a footprint of uncer-

tainty that adds more degrees of freedom and allow one to characterize the uncertain data

in a three-dimensional (3D) representation. The most often used T2FS, IT2FS (Mendel and

John 2002; Mendel et al. 2006; Mendel 2007), is an a typical example of general T2FS and is

less complex due to the large figures of complexity involved. Touqeer et al. (2020, 2021) have

worked significantly with IT2FS.

IFS (Atanassov 1986, 1989), an extension of fuzzy sets, are introduced by K. T. Atanassov.

In an IFS, an element’s membership degree represents the level of membership, as in fuzzy

sets. However, there is an additional degree called non-membership degree, which quantifies

the level of an element’s non-membership in the set. In order to address the vagueness of

incomplete and unclear knowledge or information, IFS are beneficial and helpful in decision-

making difficulties by numerous researchers.

IT2IFS have emerged as fundamental constructs in the realm of fuzzy set theory, playing

a pivotal role in modeling linguistic expressions and finding diverse applications in engineer-

ing domains.The distinctive features of these sets are their FOU, which are defined by UMF,

LMF, UNMF and LMF. Quantification of ambiguity within an IT2IFS is encapsulated by its

centroid, contributing to a nuanced understanding of the inherent imprecision in linguistic

modeling. Particularly, when applied to model input words within a Computing with Words

(CWW) engine, the engine’s output manifests as an IT2IFS. This necessitates the mapping of

the engine’s output to a linguistic label for comprehensibility. Given that each linguistic label

is represented by an IT2FS, evaluating the similarity between the CWW engine’s output and

linguistic labels becomes imperative for identifying the most analogous linguistic label.

MADM (Touqeer et al. 2021,2023) is a crucial procedure in various fields, ranging from

business and engineering to healthcare and environmental management. It entails assessing

and choosing the best option from a range of options according to a number of factors or

attributes. One approach to enhance the MADM process is the utilization of similarity mea-

sures, which assess the resemblance between alternatives in a multidimensional space. These

measures play a pivotal role in quantifying the degree of similarity between alternatives, pro-

viding a foundation for decision-makers to make informed and effective choices.

M. Touqeer, Sajeela Fatima, Multi-Attribute Decision Making for Smog Control Using
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The idea of the IT2IFS centroid in this specific circumstance is provided and elaborated

upon in this research paper. Furthermore, the paper aims to demonstrate the utility of the

centroid in the comparison of two IT2IFSs using a EVSM. This comparative analysis is cru-

cial for refining the mapping process between the CWW engine’s output and linguistic labels,

enhancing the accuracy and effectiveness of linguistic comprehension in the concept of fuzzy

set theory.

The arrangement of the article is as follows: A few basic descriptions are provided within

Section 2. In Section 3 Centroid of IT2IFS is presented. Section 4 demonstrates the Ex-

tended Vector similarity measure. In Section 5 an application is demonstrated to represent

the proposed approach.

2. Preliminaries

A few definitions are briefly reviewed in this section.

Definition 2.1. In (Mendel et al. 2002, 2006), IT2FS Ĩ is described as

Ĩ =

∫
xϵI

∫
uϵJx

1

(x, u)
= [(p, q, r, r;λ(x)), (ṕ, q́, ŕ, ŕ;λ(x))] (1)

The FOU of Ĩ [FOU( Ĩ)], that is, the union of all the primary memberships, represents

uncertainty about Ĩ.

FOU(Ĩ) =
⋃
xϵI

Jx = {(x, y) : yϵJx = [I(x), I(x)] ⊆ [0, 1]}. (2)

Figure 1. IT2FS
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Definition 2.2. An IFS Ĩ has the form Ĩ = ([p, q, r, r];λĨ, ηĨ) where its trapezoidal member-

ship function λĨ(x) is described as follows:

λĨ(x) =



(x−p)hλ
Ĩ

q−p p ≤ x < q

hλĨ
q ≤ x ≤ r

(r−x)hλ
Ĩ

r−r r ≤ x < r

0 otherwise

(3)

ηĨ(x) =



(q−x)+hη
Ĩ
(x−p)

q−p p ≤ x < q

hηĨ q ≤ x ≤ r
(x−r)+hη

Ĩ
(r−x)

r−r r ≤ x < r

0 otherwise

(4)

where hλĨ
and hηĨ are heights of the MF and NMF satisfying 0 ≤ hλĨ

≤ 1, 0 ≤ hηĨ ≤ 1,

0 ≤ hλĨ
+ hηĨ ≤ 1, and p, q, r, r ∈ I.

Definition 2.3. In IT2IFS (Yuan and Chao 2019), the type-1 membership is the ordinary

fuzzy membership with additional membership as well as NMF. An IT2ITrFS Ĩ is stated as:

Ĩ =

∫
x∈I

∫
u∈Jλ

x

∫
u∈Jη

x

1

(x, u)
=

∫
x∈I

[

∫
u∈Jλ

x

∫
u∈Jη

x

1

u
]/x (5)

It’s lower and upper membership [λĨ(x), λĨ(x)] and non-membership functions [η
Ĩ(x)

, ηĨ(x)] are

as:

λĨ(x) =



(x−ṕ)hλ
Ĩ

q́−´́p
ṕ ≤ x < q́

hλĨ
q́ ≤ x ≤ ŕ

(́r−x)hλ
Ĩ

ŕ−ŕ ŕ ≤ x < ŕ

0 otherwise

(6)

λĨ(x) =



(x−p)hλ
Ĩ

q−p p ≤ x < q

hλĨ
q ≤ x ≤ r

(r−x)hλ
Ĩ

r−r r ≤ x < r

0 otherwise

(7)

η
Ĩ
(x) =



(q−x)+hη
Ĩ
(x−p)

q−p p ≤ x < q

hη
Ĩ

q ≤ x ≤ r
(x−r)+hη

Ĩ
(r−x)

r−r r ≤ x < r

0 otherwise

(8)
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ηĨ(x) =



(q́−x)+hη
Ĩ
(x−ṕ)

q́−ṕ
ṕ ≤ x < q́

hηĨ q́ ≤ x ≤ ŕ
(x−ŕ)+hη

Ĩ
(́r−x)

ŕ−ŕ ŕ ≤ x < ŕ

0 otherwise

(9)

Uncertainty is represented as the FOU of Ĩ,

FOUλ(Ĩ) =
⋃
x∈I

Jλ
x

= {(x, y) : y ∈ Jx = [λĨ(x), λĨ(x)] ⊆ [0, 1]}.

FOUη(Ĩ) =
⋃
x∈I

Jη
x

= {(x, y) : y ∈ Jx = [η
Ĩ
(x), ηĨ(x)] ⊆ [0, 1]}.

where 0 ≤ hλĨ
≤ 1, 0 ≤ hλĨ

≤ 1, 0≤ hη
Ĩ
≤ 1, 0 ≤ hηĨ ≤ 1, 0 ≤ hλĨ

+hηĨ ≤ 1, 0 ≤ hλĨ
+h(η

Ĩ
) ≤

1, and p, q, r, r ∈ R.
The IT2ITrFN is denoted as Ĩ = ⟨([p, q, r, r];λĨ, ηĨ), ([ṕ, q́, ŕ, ŕ];λĨ, ηĨ)⟩.

Figure 2. IT2ITrFS

Definition 2.4. The weight w and the centroid c of a FS Ĩ = (I, λ) are described as follows:

w =

∫
λ(x)dx (10)

and

c =

∫
xλ(x)dx∫
λ(x)dx

(11)
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Definition 2.5. The centroid C˜̃
I
of IT2FS, given an IT2FS with an embedded T1FS Iλ,

˜̃I is

the union of all Iλ centroids (Wu and Mendel 2007).

C˜̃
I
=

⋃
∀Iλ

c(Iλ) =
⋃
∀Iλ

∫
I xλIλ(x)dx∫
I λIλ(x)dx

= [cl(
˜̃I), cr(

˜̃I)] (12)

where the centroid of Iλ is c(Iλ), and for every Iλ, the centroid with the lowest value is cl(
˜̃I),

and the centroid with the highest value is cr(
˜̃I). Using the KM algorithm (Liu and Mendel

2008), cl(
˜̃I) and cr(

˜̃I) may be calculated.

Definition 2.6. A similarity measure s must satisfies the following for any fuzzy sets Ĩ1, Ĩ2,

Ĩ3:

(1) Reflexivity: If and only if two fuzzy sets (FSs) are exact identical, then their similarity

is 1, expressed as s(Ĩ1, Ĩ2) = 1 ⇔ Ĩ1 = Ĩ2.

(2) Symmetry: The order of computation should not affect the similarity between two

FSs; in other words, s(Ĩ1, Ĩ2) should be the same as s(Ĩ2, Ĩ1).

(3) Monotonicity: As the distance between two FSs increases, their similarity decreases.

If Ĩ1 ⊆ Ĩ2 ⊆ Ĩ3, then s(Ĩ1, Ĩ3) ≤ s(Ĩ1, Ĩ2) and s(Ĩ1, Ĩ3) ≤ s(Ĩ2, Ĩ3).

(4) Overlapping: If the intersection of two fuzzy sets is non-empty, there should be some

level of similarity between them. This can be expressed as follows: if Ĩ1 ∩ Ĩ2 ̸= ∅ ⇒
s(Ĩ1, Ĩ2) > 0.

Definition 2.7. In (Wu and Mendel 2007), it has been described that assessing the resem-

blance among IT2FSs Ĩ1 and Ĩ2, it is crucial to consider both their shapes and proximity. The

VSM for IT2FSs, stated by Wu and Mendel, comprises two components, namely,

svsm(Ĩ1, Ĩ2) = (s1(Ĩ1, Ĩ2), s2(Ĩ1, Ĩ2)
T (13)

where the degree of similarity between each of the shapes of Ĩ1 and Ĩ2 is represented by

s1(Ĩ1, Ĩ2) ∈ [0, 1], and s2(Ĩ1, Ĩ2) ∈ [0, 1]. is a metric of similarity between Ĩ1 and Ĩ2 in terms

of their distance. To compute s1Ĩ1, Ĩ2), Ĩ1 and Ĩ2 are aligned for shape comparison. Denote

the centroids of Ĩ1 and Ĩ2 as CĨ1
= [cl(Ĩ1), cr(Ĩ1)] and CĨ2

= [cl(Ĩ2), cr(Ĩ2)], respectively. The

centers of CĨ1
and CĨ2

are defined as

c(Ĩ1) =
[cl(Ĩ1), cr(Ĩ1)]

2

c(Ĩ2) =
[cl(Ĩ2), cr(Ĩ2)]

2
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Moving Ĩ1 and Ĩ2 so that c(Ĩ1) and c(Ĩ2) coincide is a suitable alignment procedure. When

Ĩ1 and Ĩ2 are aligned, s1(Ĩ1, Ĩ2) is defined as,

s1(Ĩ1, Ĩ2) =
AC(Ĩ1 ∩ Ĩ′2)

AC(Ĩ1 ∪ Ĩ′2)
=

card(λĨ1
(x) ∩ λ

Ĩ′2
(x) + card(λĨ1

(x) ∩ λ
Ĩ′2
(x)

card(λĨ1
(x) ∪ λ

Ĩ′2
(x) + card(λĨ1

(x) ∪ λ
Ĩ′2
(x)

(14)

where Ĩ′2 is Ĩ2 moved to Ĩ1.

s2(Ĩ1, Ĩ2) gauges the proximity of Ĩ1 and Ĩ2, and it is defined as

s2(Ĩ1, Ĩ2) = h(d(Ĩ1, Ĩ2)) (15)

where

d(Ĩ1, Ĩ2) = |c(Ĩ1)− c(Ĩ2)| (16)

is the Euclidean distance among the respective centers of the centroids of Ĩ1 as well as Ĩ2,

while h may correspond to any function satisfying: A monotonic reduction in h(x) occurs as x

increases, (2) h(x) = 1 ⇐⇒ x = 0, and (3) limx→∞ h(x) = 0.

3. Centroid of IT2IFS

A fuzzy set’s centroid is an essential metric, providing a representative point that summarizes

the central tendency of the set’s membership distribution. In the realm of IT2IFS (IT2IFS),

the centroid becomes an even more intricate concept, capturing not only the uncertainty in

membership but also the intuitionistic hesitation associated with each element.

Each element in an IT2IFS has a membership interval as well as a non-membership interval,

providing a more thorough depiction of uncertainty. The degree of hesitation or uncertainty

in the process of making choices is taken into account by the intuitionistic component, which

adds another level of complexity.

An IT2IFS’s centroid involves the calculation of a representative point within the combined

uncertainty space defined by both the membership and non-membership intervals. This rep-

resentative point not only considers the central tendency of the membership distribution but

also incorporates the nuances introduced by the intuitionistic factor.

In mathematical terms, the centroid of an IT2IFS is established by a weighted average that

takes into account the intuitionistic component as well as traditional membership and non-

membership degrees. Resulting centroid provides a valuable insight into the central tendency

of the fuzzy set while accounting for the multifaceted nature of uncertainty inherent in complex

decision-making scenarios.

In the subsequent definition, we provide the formal expression for computing the centroid

of an IT2IFS, clarifying each element’s contribution to encapsulating the core of ambiguity in

the set. Let Iλ and Iη be an embedded type-2 MF and NMF of an IT2IFS Ĩ. The centroids
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of MF and NMF of Ĩ are defined as:

Cλ
Ĩ
=

⋃
∀Iλ

c(Iλ) =
⋃
∀Iλ

∫
I xλIλ(x)dx∫
I λIλ(x)dx

= [cλl (Ĩ), c
λ
r (Ĩ)] (17)

where

cλl (Ĩ) =

∑k
i=1 xiλIλ +

∑L
i=k+1 xiλIλ∑k

i=1 λIλ +
∑L

i=k+1 λIλ

(18)

cλr (Ĩ) =

∑k
i=1 xiλIλ

+
∑R

i=k+1 xiλIλ∑k
i=1 λIλ

+
∑R

i=k+1 λIλ

(19)

and

Cη

Ĩ
=

⋃
∀Iη

c(Iη) =
⋃
∀Iη

∫
I xηIη(x)dx∫
I ηIη(x)dx

= [cηl (Ĩ), c
η
r(Ĩ)] (20)

where

cηl (Ĩ) =

∑k
i=1 xiηIη

+
∑L

i=k+1 xiηIη∑k
i=1 ηIη

+
∑L

i=k+1 ηIη
(21)

cηr(Ĩ) =

∑k
i=1 xiηIη +

∑R
i=k+1 xiηIη∑k

i=1 ηIη +
∑R

i=k+1 ηIη

(22)

where k is the switch point.

4. Extended Vector Similarity Measure for IT2IFS

Within the context of IT2IFS, assessing similarity goes beyond a straightforward comparison

of shapes; it necessitates a comprehensive evaluation of both form and the distance. The

Extended Vector Similarity Measure (EVSM) in context of IT2IFS, encapsulates this dual

perspective by decomposing the overall similarity into two components.

The EVSM is expressed as a vector SEV SM (Ã1, Ĩ2), where each component serves a dis-

tinct purpose. The first component, s1(Ĩ1, Ĩ2), quantifies the similarity in shape between the

IT2IFSs Ĩ1 and Ĩ2. This shape-based similarity takes into account the alignment of the sets,

ensuring a meaningful comparison. The second component, s2(Ĩ1, Ĩ2), focuses on the proxim-

ity of Ĩ1 and Ĩ2, measuring how closely they are positioned in the fuzzy space. The vector

similarity measure is expressed as:

SEV SM (Ĩ1, Ĩ2) = (s1(Ĩ1, Ĩ2), s2(Ĩ1, Ĩ2)
T

where s1(Ĩ1, Ĩ2) and s2(Ĩ1, Ĩ2) are both confined to the interval [0, 1].

To compute s1, a crucial step involves aligning Ĩ1 and Ĩ2 by adjusting their positions in

a manner that their centroids coincide. This alignment facilitates the comparison of their
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shapes. s1(Ĩ1, Ĩ2) is then computed as the ratio of the average cardinality of UMF, LMF,

UNMF, and LNMF intersection to the average cardinality of corresponding unions.

s1(Ĩ1, Ĩ2) =
AC(Ĩ1 ∩ Ĩ′2)

AC(Ĩ1 ∪ Ĩ′2)

=
card(λĨ1

(x) ∩ λ
Ĩ′2
(x)) + card(λĨ1

(x) ∩ λ
Ĩ′2
(x)) + card(ηĨ1(x) ∩ η

Ĩ′2
(x)) + card(η

Ĩ1
(x) ∩ η

Ĩ′2
(x))

card(λĨ1
(x) ∪ λ

Ĩ′2
(x)) + card(λĨ1

(x) ∪ λ
Ĩ′2
(x)) + card(ηĨ1(x) ∪ η

Ĩ′2
(x)) + card(η

Ĩ1
(x) ∪ η

Ĩ′2
(x))

=

∫
I
min(λĨ1

(x), λ
Ĩ′
2
(x))dx+

∫
I
min(λĨ1

(x), λ
Ĩ′
2
(x))dx+

∫
I
min(ηĨ1

(x), η
Ĩ′
2
(x))dx+

∫
I
min(η

Ĩ1
(x), η

Ĩ′
2

(x))dx∫
I
max(λĨ1

(x), λ
Ĩ′
2
(x))dx+

∫
I
max(λĨ1

(x), λ
Ĩ′
2
(x))dx+

∫
I
max(ηĨ1

(x), η
Ĩ′
2
(x))dx+

∫
I
max(η

Ĩ1
(x), η

Ĩ′
2

(x))dx

(23)

where Ĩ′2 is Ĩ2 that has been moved to Ĩ1.

The second component, s2(Ĩ1, Ĩ2), assesses the proximity between Ĩ1 and Ĩ2, the Euclidean

distance that lies between the centers from Ĩ1 to Ĩ2 determines it, denoted as d(Ĩ1, Ĩ2). The

function h further scales this distance, adhering to specific properties.

s2(Ĩ1, Ĩ2) = h(d(Ĩ1, Ĩ2)) (24)

where

d(Ĩ1, Ĩ2) = |c(Ĩ1)− c(Ĩ2)|

Any function satisfying the following can be h. (1) monotonic reduction in h(x) occurs as

x increases, (2) h(x) = 1 ⇐⇒ x = 0, and (3) limx→∞ h(x) = 0. The extended vector

similarity measure, therefore, provides a nuanced evaluation of the similarity between IT2IFSs,

accounting for both their shapes and proximity. This comprehensive approach enables a more

robust comparison, making it a valuable tool in decision-making processes where uncertainty

is inherent.

Theorem 4.1. The EVSM meets the requirements for reflexivity, symmetry, monotonicity

and overlapping.

Proof. (1) Reflexivity: To show that SEV SM is reflexive, let us suppose that

SEV SM (Ĩ1, Ĩ2) = 1 ⇔ Ĩ1 = Ĩ2.

The only way that SEV SM (Ĩ1, Ĩ2) = 1 is possible when min(λĨ1
, λĨ2

) = max(λĨ1
, λĨ2

)

,min(λĨ1
, λĨ2

) = max(λĨ1
, λĨ2

), min(ηĨ1 , ηĨ2) = max(ηĨ1 , ηĨ2) and min(η
Ĩ1
, ηĨ2) =

max(η
Ĩ1
, ηĨ2), which implies that λĨ1

= λĨ2
,λĨ1

= λĨ2
, ηĨ1 = ηĨ2 and η

Ĩ1
= ηĨ2 which

shows that Ĩ1 = Ĩ2.

Conversely, Ĩ1 = Ĩ2 means that λĨ1
= λĨ2

,λĨ1
= λĨ2

, ηĨ1 = ηĨ2 and η
Ĩ1

= ηĨ2
which implies that min(λĨ1

, λĨ2
) = max(λĨ1

, λĨ2
) ,min(λĨ1

, λĨ2
) = max(λĨ1

, λĨ2
),

min(ηĨ1 , ηĨ2) = max(ηĨ1 , ηĨ2) and min(η
Ĩ1
, ηĨ2) = max(η

Ĩ1
, ηĨ2), which follows that

SEV SM (Ĩ1, Ĩ2) = 1
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(2) Symmetry: Symmetry of SEV SM is obvious as SEV SM (Ĩ1, Ĩ2) does not rely on the

sequence in which Ĩ1 and Ĩ2 so SEV SM (Ĩ1, Ĩ2) = SEV SM (Ĩ2, Ĩ1)

(3) Monotonicity: Let Ĩ1 ⊆ Ĩ2 ⊆ Ĩ3, then

SEV SM (Ĩ1, Ĩ2) =∫
I
min(λĨ1

(x), λĨ2
(x))dx+

∫
I
min(λĨ1

(x), λĨ2
(x))dx+

∫
I
min(ηĨ1

(x), ηĨ2
(x))dx+

∫
I
min(η

Ĩ1
(x), η

Ĩ2
(x))dx∫

I
max(λĨ1

(x), λĨ2
(x))dx+

∫
I
max(λĨ1

(x), λĨ2
(x))dx+

∫
I
max(ηĨ1

(x), ηĨ2
(x))dx+

∫
I
max(η

Ĩ1
(x), η

Ĩ2
(x))dx

(25)

SEV SM (Ĩ1, Ĩ2) =

∫
I λĨ1

+
∫
I λĨ1

+
∫
I ηĨ1 +

∫
I ηĨ1∫

I λĨ2
+
∫
I λĨ2

+ ηĨ2 +
∫
I ηĨ2

(26)

SEV SM (Ĩ1, Ĩ3) =∫
I
min(λĨ1

(x), λC̃(x))dx+
∫
I
min(λĨ1

(x), λC̃(x))dx+
∫
I
min(ηĨ1

(x), ηC̃(x))dx+
∫
I
min(η

Ĩ1
(x), η

C̃
(x))dx∫

I
max(λĨ1

(x), λC̃(x))dx+
∫
I
max(λĨ1

(x), λC̃(x))dx+
∫
I
max(ηĨ1

(x), ηC̃(x))dx+
∫
I
max(η

Ĩ1
(x), η

C̃
(x))dx

(27)

SEV SM (Ĩ1, Ĩ3) =

∫
I λĨ1

+
∫
I λĨ1

+
∫
I ηĨ1 +

∫
I ηĨ1∫

I λĨ3
+
∫
I λĨ3

+ ηĨ3 +
∫
I ηĨ3

(28)

because Ĩ2 ⊆ Ĩ3, it follows that
∫
I λĨ2

+
∫
I λĨ2

+ ηĨ2 +
∫
I ηĨ2

≤
∫
I λĨ3

+
∫
I λĨ3

+

ηĨ3 +
∫
I ηĨ3

, hence SEV SM (Ĩ1, Ĩ2) ≥ SEV SM (Ĩ1, Ĩ3). Similarily it can be shown that

SEV SM (Ĩ2, Ĩ3) ≥ SEV SM (Ĩ1, Ĩ3)

(4) Overlapping: If Ĩ1 ∩ Ĩ2 ̸= ∅, ∃x such that min(λĨ1
and λĨ2

) > 0,min(ηĨ1 , ηĨ2) > 0,

then the numerator of (23),∫
I
min(λĨ1

, λĨ2
) +

∫
I
min(λĨ1

, λĨ2
) +

∫
I
min(ηĨ1 , ηĨ2) +

∫
I
min(η

Ĩ1
, η

Ĩ2
) > 0 (29)

In the denominator of (23),∫
I
max(λĨ1

, λĨ2
) +

∫
I
max(λĨ1

, λĨ2
) +

∫
I
max(ηĨ1 , ηĨ2) +

∫
I
max(η

Ĩ1
, η

Ĩ2
) ≥∫

I
min(λĨ1

, λĨ2
) +

∫
I
min(λĨ1

, λĨ2
) +

∫
I
min(ηĨ1 , ηĨ2) +

∫
I
min(η

Ĩ1
, η

Ĩ2
) > 0 (30)

Consequently, SEV SM (Ĩ1, Ĩ2) > 0. On the other hand, when SEV SM (Ĩ1, Ĩ2) = 0,

then min(λĨ1
, λĨ2

) = min(λĨ1
, λĨ2

) = min(ηĨ1 , ηĨ2) = min(η
Ĩ1
, η

Ĩ2
) = 0 ∀x, then in the

numerator of (23)∫
Imin(λĨ1

, λĨ2
) +

∫
Imin(λĨ1

, λĨ2
) +

∫
Imin(ηĨ1 , ηĨ2) +

∫
Imin(η

Ĩ1
, η

Ĩ2
) = 0

consequently, Consequently, SEV SM (Ĩ1, Ĩ2) = 0.

0.1cm
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5. Application

This section presents examples pertaining to MADM in an interval type-2 intuitionistic

setting in order to show the usefulness and practicality of the suggested methodology.

5.1. Smog Control

In Lahore, persistent smog poses a significant environmental challenge, primarily stemming

from vehicular emissions, industrial pollutants, and agricultural residue burning. High traffic

density contributes to elevated levels of nitrogen oxides and particulate matter, while unreg-

ulated industrial emissions further worsen air quality. The practice of burning crop residues

adds to the smog problem, releasing pollutants into the atmosphere. To address this issue,

three potential air quality improvement measures have been considered. First, I1 the introduc-

tion of electric buses aims to reduce pollutants significantly, with moderate cost-effectiveness

and positive social acceptance due to heightened environmental awareness. Second, I2 the

implementation of stricter emission standards for industries targets a moderate reduction in

pollutants, offers good cost-effectiveness over the long term, and may face initial resistance.

Third, I3 afforestation projects seek to improve air quality by enhancing green cover, result-

ing in moderate reductions in pollutants, cost-effectiveness, and high social acceptance. The

key attributes for evaluation are C1 reduction in pollutants, C2 cost-effectiveness, and C3

social acceptance. To determine the most suitable solution, EVSM using IT2IFS will be em-

ployed, considering the uncertainties associated with each attribute value for a comprehensive

decision-making process.

C1 C2 C3

I1 [(4,6,7,9;0.1,0.9),(5,6,7,8;0.3,0.6)] [(1,3,4,6;0.3,0.7),(2,3,4,5;0.4,0.5)] [(2,4,5,7;0.2,0.8),(3,4,5,6;0.3,0.6)]

I2 [(3,5,7,9;0.2,0.7),(4,5,7,8;0.3,0.6)] [(4,6,7,8;0.2,0.8),(5,6,6,7;0.3,0.7)] [(2,4,6,8;0.2,0.7),(3,4,6,7;0.3,0.5)]

I3 [(5,7,8,10;0.1,0.9),(6,7,8,9;0.2,0.7)] [(1,4,5,7;0.3,0.7),(2,4,5,6;0.4,0.5)] [(3,5,7,9;0.2,0.8),(4,5,7,8;0.3,0.7)]

Table 1. IT2IFS based decision matrix

We compare the alternative values on the criterias with the ideal solution

I∗ = [(5, 7, 8, 10; 0, 1), (6, 7, 8, 9; 0, 0.9)] .

In conclusion, the comprehensive evaluation of air quality improvement measures for La-

hore, considering the pivotal criteria of pollutants reduction, cost-effectiveness, and social

acceptance, reveals that ”afforestation projects” emerge as the most suitable solution. The

implementation of afforestation projects is anticipated to yield moderate reductions in pol-

lutants, presenting a harmonious balance with favorable cost-effectiveness and high levels of

social acceptance. This result underscores the importance of not only addressing environmental
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C1 C2 C3

Ĩ1 0.9588 0.4725 0.3729

Ĩ2 0.9113 0.5265 0.5821

Ĩ3 0.9657 0.4825 0.9836

Ranking order Ĩ3 > Ĩ1 > Ĩ2 Ĩ2 > Ĩ3 > Ĩ1 Ĩ3 > Ĩ2 > Ĩ1

Table 2. Decision matrix on applying EVSM
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Figure 3. Comparison of Ĩ1, Ĩ2 and Ĩ3 on the basis of C1
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Figure 4. Comparison of Ĩ1, Ĩ2 and Ĩ3 on the basis of C2

concerns through pollutant reduction but also considering the economic viability and societal

approval of the chosen measure. Afforestation, with its potential to enhance green cover and

contribute to the city’s ecological health, stands out as the optimal choice in mitigating the

pervasive smog issue in Lahore. This decision not only aligns with ecological sustainability but

also acknowledges the social dynamics and economic considerations crucial for the successful

implementation of air quality improvement initiatives.
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Figure 5. Comparison of Ĩ1, Ĩ2 and Ĩ3 on the basis of C1

6. Conclusion

In conclusion, this paper has delved into the intricacies of the centroid computation for

IT2IFS and provided a comprehensive exploration of the EVSM applied to IT2IFS. By es-

tablishing a clear understanding of these mathematical concepts, we have showcased their

potential in addressing real-world challenges. The practical application of EVSM in con-

trolling smog in Lahore serves as a noteworthy example, demonstrating the versatility and

effectiveness of these methods. As we navigate the complexities of environmental issues, the

knowledge gathered from this study can help create solid plans and tactics for handling and

lessening environmental problems on a larger scale. The integration of theoretical foundations

with practical applications underscores the significance of bridging the gap between academic

knowledge and real-world problem-solving, highlighting the potential for continued advance-

ments in the realm of fuzzy logic and environmental control.

References

1. Atanassov, K. T. (1986) Intuitionistic fuzzy sets, Fuzzy Set. Syst. 20(1):87-96.

2. Atanassov, K. T. (1989) More on intuitionistic fuzzy sets, Fuzzy Set. Syst. 33:37-46.

3. Liu, F., Mendel, J. M. (2008) Aggregation using the fuzzy weighted average as computed by the Karnik-

Mendel algorithms. IEEE T. Fuzzy Syst. 16(1):1-12.

4. Liu, F., Mendel, J. M. (2009) Perceptual reasoning for perceptual computing: A similarity-based approach.

IEEE T. Fuzzy Syst. 17(6):1397-1411.

5. Mendel, J. M. (2001) Rule-based fuzzy logic systems: introduction and new directions. Prentice Hall, Upper

Saddle River, NJ.

6. Mendel, J. M. (2002) An architecture for making judgments using computing with words. Int. J. Appl.

Math. Comput. Sci. 12(3):325-335.

7. Mendel, J. M., John, R. B. (2002) Type-2 fuzzy sets made simple, IEEE T. Fuzzy Syst. 10(2):117-127.

8. Mendel, J. M., John, R. I., Liu, F. L. (2006) Interval type-2 fuzzy logical systems made simple, IEEE T.

Fuzzy Syst. 14(6):808-821.

M. Touqeer, Sajeela Fatima, Multi-Attribute Decision Making for Smog Control Using
Extended Vector Similarity Measure Based on Interval Type-2 Intuitionistic Fuzzy Sets



Neutrosophic Knowledge, Vol. 04, 2024 56 of 57

9. Mendel, J. M., Hagras, H., John, R. I. (2006) Standard background material about interval type-2 fuzzy

logic systems that can be used by all authors.

10. Mendel, J. M. (2007) Advances in type-2 fuzzy sets and systems, Inform. Sciences 177:84-110.

11. Nikravesh, M. (2005) Soft computing for reservoir characterization and management. IEEE Int. Conf. on

Granular Computing, Vol. 2:593-598.

12. Rickard, J. T., Aisbett, J., Morgenthaler, D. G., Yager, R. R. (2019) Modeling of complex system phenomena

via computing with words in fuzzy cognitive maps. IEEE T. Fuzzy Syst. 28(12):3122-3132.

13. Song, S., Johnson, A. P. (2023) Predicting Drug Review Polarity Using the Combination Model of Multi-

Sense Word Embedding and Fuzzy Latent Dirichlet Allocation (FLDA). IEEE Access 11:118538-118546.

14. Touqeer, M., Shaheen, K., Irfan, R. (2020) Evaluation model for manufacturing plants with linguistic

information in terms of three trapezoidal fuzzy numbers. J. Intell. Fuzzy Syst. 38(5):5969-5978.

15. Touqeer, M., Umer, R., Ahmadian, A., Salahshour, S., Ferrara, M. (2021) An optimal solution of energy

scheduling problem based on chance-constraint programming model using Interval-valued neutrosophic

constraints. Optim. Eng.:1-29.

16. Touqeer, M., Umer, R., Ahmadian, A., Salahshour, S. (2021) A novel extension of TOPSIS with interval

type-2 trapezoidal neutrosophic numbers using (α, β, γ )-cuts. RAIRO Oper. Res. 55(5):2657-2683.

17. Touqeer, M., Umer, R., Ali, M. I. (2021) A Chance-constraint Programming Model with Interval-valued

Pythagorean Fuzzy Constraints. J. Intell. Fuzzy Syst. 40(6):11183–11199.

18. Umer, R., Touqeer, M., Omar, A. H., Ahmadian, A., Salahshour, S., Ferrara, M. (2021) Selection of solar

tracking system using extended TOPSIS technique with interval type-2 pythagorean fuzzy numbers. Optim.

Eng. 22:2205-2231.

19. Touqeer, M., Umer, R., Ahmad, M. N., Salimi, M., Ahmadian, A. (2023) Signed distance-based approach

for multiple criteria group decision-making with incomplete information using interval type-2 neutrosophic

numbers. Multimed. Tools Appl.:1-28.

20. Wu, D., Mendel, J. M. (2007) A vector similarity measure for interval type-2 fuzzy sets. In: 2007 IEEE

International Fuzzy Systems Conference, pp. 1-6. IEEE.

21. Yuan, W., Chao, L. (2019) Online Evolving Interval Type-2 Intuitionistic Fuzzy LSTM-Neural Networks

for Regression Problems. IEEE Access 7:35544-35555.

22. Zadeh, L. A. (1996) Fuzzy logic = computing with words. IEEE T. Fuzzy Syst. 4(2):103-111.

23. Zadeh, L. A. (1999) From computing with numbers to computing with words. From manipulation of mea-

surements to manipulation of perceptions. IEEE T. Circuits Syst. I Fundam. Theory Appl. 46(1):105-119.

24. Zadeh, L. A. (1965) Fuzzy sets. Inform. Control 8(3):338-353.

7. Ethical Approval

Not applicable.

8. Consent to Participate

Not applicable.

9. Consent to Publish

Not applicable.

M. Touqeer, Sajeela Fatima, Multi-Attribute Decision Making for Smog Control Using
Extended Vector Similarity Measure Based on Interval Type-2 Intuitionistic Fuzzy Sets



Neutrosophic Knowledge, Vol. 04, 2024 57 of 57

10. Authors Contributions

Touqeer conceived and designed the analysis of the proposed scheme. Sajeela has worked out the Mathe-

matical models and wrote the paper.

11. Funding

The authors did not receive support from any organization for the submitted work.

12. Competing Interests

The authors declare that they have no competing interests.

M. Touqeer, Sajeela Fatima, Multi-Attribute Decision Making for Smog Control Using
Extended Vector Similarity Measure Based on Interval Type-2 Intuitionistic Fuzzy Sets



                                    Neutrosophic Knowledge, Vol. 04, 2024 
University of New Mexico  

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

 

 
 
 

Article:

Introduction to Neutrosophic Philosophy: Application of 

Neutrosophic Logic to Philosophy 

 

 

Kachchouh Mustapha * 

Affiliation: Professor of Logic and Philosophy of Science, Department of Philosophy, Faculty of Arts and Human Sciences, 

Dhar El Mahraz, University of Sidi Mohammed Ben Abdellah Fez, Morocco. 

  
* Correspondence: 

kachchouh.mustapha@gmail.com// mustapha.kachchouh@usmba.ac.ma//  Tel.: (002126509650)    

 

Received: 05 21, 2024; Accepted: 05 23, 2024. 

Abstract: In this paper, we aim to apply Neutrosophic Logic (founded by Florentine 

Smarandache 1995) to philosophy (philosophical ideas and doctrines). This 

application is determined by the following points: 1) The Neurosophic perspective 

of philosophical ideas: paradoxes and contradictions in philosophy.2) Nature and 

classification of philosophical ideas. 3) the Evolution of philosophical ideas. 4 ) The 

laws governing philosophical ideas. 

Keywords: Neutrosophic Logic, Neurosophy, philosophy, Paradoxes, 

contradictions, Philosophical Laws. 

1

23

 (4  

mailto:kachchouh.mustapha@gmail.com
mailto:mustapha.kachchouh@usmba.ac.ma
mailto:mustapha.kachchouh@usmba.ac.ma


Neutrosophic Knowledge, Vol. 04, 2024                                                                            59 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

 

 

   Florentine smarandache)  (

 

 

(Neutro-philosophy)  Neutrosophic philosophy) 

 

                                                 

1 Neutrosophy Neutro

NeutreNeutral

 SophySophia



Neutrosophic Knowledge, Vol. 04, 2024                                                                            60 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

1 

[3].

[6]،



Neutrosophic Knowledge, Vol. 04, 2024                                                                            61 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

[6]

2 

1 

2  

3  

4  



Neutrosophic Knowledge, Vol. 04, 2024                                                                            62 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

 [6] 

[6]

9321131

[4]1

234

[5]

[8]



Neutrosophic Knowledge, Vol. 04, 2024                                                                            63 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

[7]

3 

. [3]

[6] 



Neutrosophic Knowledge, Vol. 04, 2024                                                                            64 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

Neutrosophic Organcism

1 

[6]

2 

 [6] 

3 

[6] 

4 

 [6] 

 

5 

[6] 

6 

 



Neutrosophic Knowledge, Vol. 04, 2024                                                                            65 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

7 

[6] 

8 

 

[6] 

 

12

34

4 

                                                 

2 1234 



Neutrosophic Knowledge, Vol. 04, 2024                                                                            66 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

 [6] 

.

41

 

ʘʘ[6]

ʘ

ʘ[1]



Neutrosophic Knowledge, Vol. 04, 2024                                                                            67 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

ʘ

ʘ

ʘ

[1] 

ʘ 

=
 

 
x f

 

[6]

ʘ



Neutrosophic Knowledge, Vol. 04, 2024                                                                            68 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

ʘ

42

 [1] 

 

Turgeniv1862

[1]



Neutrosophic Knowledge, Vol. 04, 2024                                                                            69 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

Rationalism

[10] 

[9]



Neutrosophic Knowledge, Vol. 04, 2024                                                                            70 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

43

[6]

Tao

[2]

44[1] 

 



Neutrosophic Knowledge, Vol. 04, 2024                                                                            71 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

[6-1]

!

 [1] 

1 

 

2 

 



Neutrosophic Knowledge, Vol. 04, 2024                                                                            72 of 72 

 

 

Kachchouh Mustapha, Introduction to Neutrosophic Philosophy: Application of Neutrosophic Logic to Philosophy 

 [1]. Smarandache, Florentin [1111] , A Unifying Field in Logics: Neutrosophic Logic, 

Neutrosophy, Neurosophic Probability and Statistics, InfoLearnQuest and Learning 

(University of Microfilm International), sixth edition, USA 2007. 

[2]. Smarandache, Florentin and Yuhua, FU  [2010 ] , Neutrosophic Interpretation of Tao 

Te Ching, English- Chinese Bilingual, Kappa and Omega Chinese branch, Glendale, 

USA and Beijing, China, 2011. 

[3]. Sorensen, Roy [2003] , A Brief history of the Paradox, Philosophy and the Labyrinths 

of the Mind, Oxford University Pres، New –York. 

  

2119 

21171 

195512114 

19481979

19862113

1991

2114 



Neutrosophic Knowledge, Vol. 04, 2024

University of New Mexico

On Neutrosophic Topological Spaces in Šostak’s Sense
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Abstract. Alexander P. Šostak has proposed a fundamental approach to the notion of fuzzy topological space,

which depends on the generalization of classical (crisp) topology and Chang’s fuzzy topology. Unlike previous

approaches, not only the subsets were fuzzified, but also the conditions between them. In this paper, we present

the notion of neutrosophic topological space in Šostak’s sense by a simple way. Moreover, we investigate

interesting properties of this topological space which is considered as a generalization of fuzzy and intuitionistic

fuzzy topological spaces.
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—————————————————————————————————————————-

1. Introduction

F. Smarandache [17] generalized the notions of fuzzy sets and Atanassov’s intuitionistic fuzzy

sets to the notion of neutrosophic sets (NSs). He introduced this notion to deal with imprecise

and indeterminate data. NSs are defined by truth membership function (T ), indeterminacy

membership function (I) and falsity membership function (F ). Many authors have studied

and applied the notion of neutrosophic sets in several areas such as decision making problems

(e.g. [21]), image processing (e.g. [25]), educational problem (e.g. [11]), conflict resolution

(e.g. [15]), social problems (e.g. [10]), medical diagnosis (e.g. [22]), supply chain management

(e.g. [1]). In particular, to exercise neutrosophic sets in real life applications suitably, Wang

et al. [23] defined the notion of single valued neutrosophic sets (SVNSs) as a subclass of a

neutrosophic sets, and investigated some of its properties. The studies, whether theoretical or
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applied on single valued neutrosophic set have been progressing rapidly. For instance, [2, 6, 8]

and more others.

We study in this paper the notion of neutrosophic topological space in Šostak’s sense as

an important generalized fuzzy topological space. Also, several interesting properties on this

structure are discussed.

The contents of the paper are organized as follows. In Section 2, we recall the necessary

basic concepts and properties of neutrosophic sets, and some related notions that will be

needed throughout this paper. In Section 3, we present the notion of neutrosophic topological

space in Šostak’s sense by a simple method. In Section 4, we study interesting properties of

this topological space which is considered as a generalization of fuzzy and intuitionistic fuzzy

topological spaces. Finally, we present some conclusions and discuss future research in Section

5.

2. Preliminaries

This section contains the basic definitions and properties of neutrosophic sets and some

related notions that will be needed throughout this paper. The notion of fuzzy sets was first

introduced by Zadeh [24].

Definition 2.1. [24] Let X be a nonempty set. A fuzzy set A = {⟨x, µA(x)⟩ | x ∈ X} is

characterized by a membership function µA : X → [0, 1], where µA(x) is interpreted as the

degree of membership of the element x in the fuzzy subset A for any x ∈ X.

In 1983, Atanassov [3] proposed a generalization of Zadeh membership degree and introduced

the notion of the intuitionistic fuzzy set.

Definition 2.2. [3] Let X be a nonempty set. An intuitionistic fuzzy set (IFS, for short) A

on X is an object of the form A = {⟨x, µA(x), νA(x)⟩ | x ∈ X} characterized by a membership

function µA : X → [0, 1] and a non-membership function νA : X → [0, 1] which satisfy the

condition:

0 ≤ µA(x) + νA(x) ≤ 1, for any x ∈ X.

In 1998, Smarandache [17] defined the concept of a neutrosophic set as a generalization of

Atanassov’s intuitionistic fuzzy set. Also, he introduced neutrosophic logic, neutrosophic set

and its applications in [18,19]. In particular, Wang et al. [23] introduced the notion of a single

valued neutrosophic set.

Definition 2.3. [18] Let X be a nonempty set. A neutrosophic set (NS, for short) A on X is

an object of the form A = {⟨x, µA(x), σA(x), νA(x)⟩ | x ∈ X} characterized by a membership
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function µA : X →]−0, 1+[ and an indeterminacy function σA : X →]−0, 1+[ and a non-

membership function νA : X →]−0, 1+[ which satisfy the condition:

−0 ≤ µA(x) + σA(x) + νA(x) ≤ 3+, for any x ∈ X.

Certainly, intuitionistic fuzzy sets are neutrosophic sets by setting σA(x) = 1−µA(x)−νA(x).

Next, we show the notion of single valued neutrosophic set as an instance of neutrosophic

set which can be used in real scientific and engineering applications.

Definition 2.4. [23] Let X be a nonempty set. A single valued neutrosophic set (SVNS, for

short) A on X is an object of the form A = {⟨x, µA(x), σA(x), νA(x)⟩ | x ∈ X} characterized

by a truth-membership function µA : X → [0, 1], an indeterminacy-membership function

σA : X → [0, 1] and a falsity-membership function νA : X → [0, 1].

The class of single valued neutrosophic sets on X is denoted by SV N(X).

For any two NSs A and B on a set X, several operations are defined (see, e.g., [20, 23]).

Here we will present only those which are related to the present paper.

(i) A ⊆ B if µA(x) ≤ µB(x) and σA(x) ≤ σB(x) and νA(x) ≥ νB(x), for all x ∈ X,

(ii) A = B if µA(x) = µB(x) and σA(x) = σB(x) and νA(x) = νB(x), for all x ∈ X,

(iii) A ∩B = {⟨x, µA(x) ∧ µB(x), σA(x) ∧ σB(x), νA(x) ∨ νB(x)⟩ | x ∈ X},
(iv) A ∪B = {⟨x, µA(x) ∨ µB(x), σA(x) ∨ σB(x), νA(x) ∧ νB(x)⟩ | x ∈ X},
(v) A = {⟨x, 1− νA(x), 1− σA(x), 1− µA(x)⟩ | x ∈ X},
(vi) [A] = {⟨x, µA(x), σA(x), 1− µA(x)⟩ | x ∈ X},
(vii) ⟨A⟩ = {⟨x, 1− νA(x), σA(x), νA(x)⟩ | x ∈ X}.

In the sequel, we need the following definition of level sets (which is also often called (α, β, γ)-

cuts) of neutrosophic sets.

Definition 2.5. [2] Let A be a neutrosophic set on a set X. The (α, β, γ)-cut of A is a crisp

subset

Aα,β,γ = {x ∈ X | µA(x) ≥ α and σA(x) ≥ β and νA(x) ≤ γ},

where α, β, γ ∈]0, 1].

Definition 2.6. [2] Let A be a neutrosophic set on a set X. The support of A is the crisp

subset on X given by

Supp(A) = {x ∈ X | µA(x) ̸= 0 and σA(x) ̸= 0 and νA(x) ̸= 0}.

3. Neutrosophic topological spaces

In this section, we provide the basic definitions of neutrosophic topological space and several

properties of neutrosophic topological spaces in Šostak’s sense.
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3.1. Definitions

Definition 3.1. [16] Let X be non empty set and τ is a family of neutrosophic subsets in X

satisfying the following axioms:

(i) ∅, X ∈ τ , with ∅ = (0.0.1) and X = (1.1.0).

(ii) For every A,B ∈ τ, then A ⊓B ∈ τ .

(iii) For any {Ai, i ∈ I} ⊑ τ, then ⊔Ai ∈ τ .

In this case, the pair (X, τ) is called a neutrosophic topological space in Chang’s sense, and

any neutrosophic set in τ is known as neutrosophic open set in X.

Remark 3.2. To avoid any confusion or misunderstanding of some equation, we will use the

symbols (⊏,⊔,⊔) to refer to the order, max, and min of neutrosophic sets and (≤,∧,∨) to

refer toathe usual order, max, and min on the unit interval [0, 1].

Now, we present the notion of neutrosophic topological space in Šostak’s sense by a simple

way.

Definition 3.3. Let X be non empty set and τ is a family of neutrosophic subsets in X

satisfying the following axioms:

(i) µτ (∅) = στ (∅) = 1 and ντ (∅) = 0,

µτ (X) = στ (X) = 1 and ντ (X) = 0.

(ii) For every A1, A2 ∈ IX ,

µτ (A1 ⊓A2) ≥ µτ (A1) ∧ µτ (A2),

στ (A1 ⊓A2) ≥ στ (A1) ∧ στ (A2) and

ντ (A1 ⊓A2) ≤ ντ (A1) ∨ ντ (A2).

(iii) For any Ai ∈ IX , i ∈ I,

µτ (⊔i∈IAi) ≥ ∧i∈Iµτ (Ai),

στ (⊔i∈IAi) ≥ ∧i∈Iστ (Ai) and

ντ (⊔i∈IAi) ≤ ∨i∈Iντ (Ai).

In this case the pair (X, τ) is called a neutrosophic topological space in Šostak’s sense and

any set in τ is known as neuterosophic open set in X. The functions µτ , στ and ντ repre-

sent the degree of openness, the degree of neutral-openness, and the degree of non-openness,

respectively.

Definition 3.4. Let X be non empty set and I is a family of neutrosophic subsets in X

satisfying the following axioms:

(i) µI(∅) = σI(∅) = 1 and νI(∅) = 0,

µI(X) = σI(X) = 1 and νI(X) = 0.
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(ii) For every A1, A2 ∈ IX ,

µI(A1 ⊔A2) ≥ µI(A1) ∧ µI(A2),

σI(A1 ⊔A2) ≥ σI(A1) ∧ σI(A2) and

νI(A1 ⊔A2) ≤ νI(A1) ∨ νI(A2).

(iii) For any Ai ∈ IX , i ∈ I,

µI(⊓i∈IAi) ≥ ∧i∈IµI(Ai),

σI(⊓i∈IAi) ≥ ∧i∈IσI(Ai) and

νI(⊓i∈IAi) ≤ ∨i∈IνI(Ai).

The pair (X, I) is called the closed set. The elements of I are called closer neutrosophic sets.

4. Properties of neutrosophic topological spaces in Šostak’s sense

In this section, we study interesting properties of neutrosophic topological spaces in Šostak’s

sense which is considered as a generalization of fuzzy and intuitionistic fuzzy topological spaces.

Proposition 4.1. Let (X, τ) be a neutrosophic topological space in Šostak sense, and A be a

neutrosophic subset on X. If the following statement hold:

(i) µI(A) = µτ (A
c),

(ii) σI(A) = στ (A
c),

(iii) νI(A) = ντ (A
c).

Then I is a gradation of closeness.

Proof. (i) We show that [µI(∅) = σI(∅) = 1 and νI(∅) = 0] and [µI(X) = σI(X) = 1 and

νI(X) = 0]. From (i), (ii) and (iii) of Definition 3.3 we get that,

µI(∅) = µτ (∅c) = µτ (X) = 1,

σI(∅) = στ (∅c) = στ (X) = 1 and

νI(∅) = ντ (∅c) = ντ (X) = 0.

By using the same methode, we obtain [µI(X) = σI(X) = 1 and νI(X) = 0].

(ii) We show that µI(A1 ⊔ A2) ≥ µI(A1) ∧ µI(A2), σI(A1 ⊔ A2) ≥ σI(A1) ∧ σI(A2) and

νI(A1 ⊔ A2) ≤ νI(A1) ∨ νI(A2). By (i), (ii) and (iii) of Definition 3.3 we get that,

µI(A1 ⊔A2) = µτ ((A1 ⊔A2)
c) = µτ (A

c
1 ⊓Ac

2). Also, by using the same Definition 3.3,

we conclude that µτ (A
c
1⊓Ac

2) ≥ µτ (A
c
1)∧µτ (A

c
2) = µI(A1)∧µI(A2). Thus µI(A1⊔A2) ≥

µI(A1)∧µI(A2). In the same manner, we can show that σI(A1∨A2) ≥ σI(A1)⊔σI(A2)

and νI(A1 ⊔A2) ≤ νI(A1) ∨ νI(A2).

(iii) We show that µI(⊓i∈IAi) ≥ ∧i∈IµI(Ai), σI(⊓i∈IAi) ≥ ∧i∈IσI(Ai) and νI(⊓i∈IAi) ≤
∨i∈IνI(Ai). From (i), (ii) and (iii) of Definition 3.3,we get that, µI(⊓i∈IAi) =

µτ (⊓i∈IAi)
c = µτ (⊔i∈I(Ai)

c). Also, by using the same Definition 3.3, we conclude
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that µτ (⊔i∈I(Ai)
c) ≥ ∧i∈Iµτ (A

c
i ) = ∧i∈IµI(Ai). Hence µI(⊓i∈IAi) ≥ ∧i∈IµI(Ai).

In the same manner, we can show that σI(⊓i∈IAi) ≥ ∧i∈IσI(Ai) and νI(⊓i∈IAi) ≤
∨i∈IνI(Ai).

Therefore, I satisfies the conditions of the gradation of closeness on X.

Proposition 4.2. Let (X, τi)i∈I be a family of a neutrosophic topological spaces in Šostak’s

sense on X. Then their intersection ⋏i∈I(X, τi) is a neutrosophic topological space in Šostak’s

sense on X.

Proof. We put τ = ⋏k∈Iτk, and we will show that (X, τ) is a neutrosophic topological space

in Šostak’s sense on X.

(i) On the one hand µτ (∅) = µ⋏k∈I
τk(∅) = ∧k∈Iµτk(∅) = ∧k∈I1 = 1. In the same manner,

we get that στ (∅) = 1 and ντ (∅) = 0. On the other hand µτ (X) = µ⋏k∈I
τk(X) =

∧k∈Iµτk(X) = ∧k∈I1 = 1. By the same method, we get that στ (X) = 1 and ντ (X) = 0.

Hence, µτ (∅) = στ (∅) = 1 and ντ (∅) = 0, µτ (X) = στ (X) = 1 and ντ (X) = 0.

(ii) We show that µτ (A1 ⊓ A2) ≥ µτ (A1) ∧ µτ (A2), στ (A1 ⊓ A2) ≥ στ (A1) ∧ στ (A2) and

ντ (A1 ⊓A2) ≤ ντ (A1) ∨ ντ (A2), for every A1, A2 ∈ IX .

µτ (A1 ⊓ A2) = µ⋏k∈Iτk(A1 ⊓ A2) = ∧k∈Iµτk(A1 ⊓ A2) ≥ ∧k∈I(µτk(A1) ∧ µτk(A2) =

(∧k∈Iµτk(A1)) ∧ (∧k∈Iµτk(A2)) = µτ (A1) ∧ µτ (A2), it follows that µτ (A1 ⊓ A2) ≥
µτ (A1)∧µτ (A2). In the same manner, we can show that στ (A1⊓A2) ≥ στ (A1)∧στ (A2)

and ντ (A1 ⊓A2) ≤ ντ (A1) ∨ ντ (A2).

(iii) We show that µτ (⊔i∈IAi) ≥ ∧i∈Iµτ (Ai), στ (⊔i∈IAi) ≥ ∧i∈Iστ (Ai) and ντ (⊔i∈IAi) ≤
∨i∈Iντ (Ai). For any Ai ∈ IX

µτ (⊔i∈IAi) = µ⋏k∈Iτk(Ai) = ∧k∈Iµτk(⊔i∈IAI) ≥ ∧k∈I(∧i∈Iµτk(Ai)). Since τk are

a neutrosophic topologies in Šostak’s sense, then it holds that ∧k∈I(∧i∈Iµτk(Ai)) ≥
∧i∈I(∧k∈Iµτk(Ai)) = ∧i∈Iµτ (Ai), it follows that µτ (⊔i∈IAi) = ∧i∈Iµτ (Ai),

στ (⊔i∈IAI) = σ⋏k∈Iτk(⊓Ai) = ∧k∈Iστk(⊔i∈IAI) ≥ ∧k∈I(∧i∈Iστk(Ai)) ≥
∧i∈I(∧k∈Iστk(Ai)) = ∧k∈Iστ (Ai), then it follows that στ (⊔i∈IAi) = ∧i∈Iστ (Ai)

and ντ (⊔i∈IAI) = ν⋏k∈Iτk(⊓Ai) = ∧k∈Iντk(⊔i∈IAI) ≤ ∧k∈I(∧i∈Iντk(Ai)) ≤
∧i∈I(∧k∈Iντk(Ai)) = ∧k∈Iντ (Ai), then ντ (⊔i∈IAi) ≤ ∨i∈Iντ (Ai). Hence µτ (⊔i∈IAi) ≥
∧i∈Iµτ (Ai), στ (⊔i∈IAi) ≥ ∧i∈Iστ (Ai) and ντ (⊔i∈IAi) ≤ ∨i∈Iντ (Ai).

Thus τ is a neutrosophic topological space in Šostak’s sense.

Next, we provide a characterization in neutrosophic topological space in Šostak’s sense.

First, we need the following notions.
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Definition 4.3. Let f : (X, τ) → (Y, τ ′) be a mapping between two topologies. Then f is

called :

(1) open if µτ (A) ≤ µτ (f(A)), στ (A) ≤ στ′ (f(A)) and ντ (A) ≥ ντ′ (f(A)),

(2) closed if µI(A) ≤ µI′(f(A)), σI(A) ≤ σI′(f(A)) and νI(A) ≥ νI′(f(A)).

Definition 4.4. Let (X, τ) and (Y, τ ′) are two neutrosophic topologies and f : X → Y is

a mapping and is called a neutrosophic continuous if µτ (f
−1(B)) ≥ µτ ′(B), στ (f

−1(B)) ≥
στ ′(B) and ντ (f

−1(B)) ≤ ντ ′(B), for every B ∈ IY , where f−1[B] is defined by f−1[B](x) =

B(f(x)),∀x ∈ X.

Theorem 4.5. Let (X, τ) and (X, τ
′
) be two neutrosophic topological spaces in Šostak’s sense

and f : X −→ Y be a bijective mapping. The following statement are equivalent

(i) f−1 is a neutrosophic continuous,

(ii) f is a neutrosophic open,

(iii) f is a neutrosophic closed.

Proof. (i) =⇒ (ii)

Suppose that f−1 is a neutrosophic continuous, we need to prove that f is neutrosophic open.

Since f−1 is a continuous mapping, then it holds that µτ ′(f(B)) ≥ µτ (B), στ ′(f(B)) ≥ στ (B)

and ντ ′(f(B)) ≤ ντ (B) for any B ∈ IX . We get directly that f is a neutrosophic open.

(ii) =⇒ (iii)

Suppose that f is a neutrosophic open i.e., τ(A) ≤ τ ′(f(A)), and we need to prove that f is a

neutrosophic closed i.e., I(A) ≤ I′(f(A)). We have that I(A) = τ(Ac). and µI(A) = τ(Ac) ≤
τ ′(f(Ac)), because that f is a neutrosophic open µτ ′(f(A

c)) = µτ ′ [(f(A))c] = µI′(f(A)),

then it follows that µI(A) ≤ µI′(f(A)). By using the same method, we can obtain that

σI(A) ≤ σI′(f(A)). Also, νI(A) = τ(Ac) ≥ τ ′f(Ac), since f is neutrosophic open ντ ′f(A
c) =

ντ ′ [(f(A))c] = νI′(f(A)), then it follows that νI(A) ≥ νI′(f(A)). Hence, f is a neutrosophic

closed.

(iii) =⇒ (i)

Suppose that f is a neutrosophic closed i.e., I(A) ≤ I′(f(A)), and we need to prove that f−1 is

a neutrosophic continuous i.e., τ(A) ≤ τ ′(f(A)) for any A ∈ IX , µτ (A) = µI(A
c) ≤ µI′(f(A

c)),

because that f is a neutrosophic closed µI(f(A
c)) = µI′ [(f(A))c] = µτ ′f(A), then it holds that

µτ (A) ≤ µτ ′f(A). By using the same method, we can obtain that στ (A) ≤ µτ ′f(A). Also,

ντ (A) = µI(A
c) ≥ νI′(f(A

c)), from f is a neutrosophic closed νI′(f(A
c)) = νI′ [(f(A))c] =

ντ ′f(A). Hence, ντ (A) ≥ ντ ′f(A). Thus, f−1 is a neutrosophic continuous.
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5. Conclusion

In this work, we have studied the notion of neutrosophic topological spaces in Šostak’s sense

which is considered as a generalization of fuzzy and intuitionistic fuzzy topological spaces.

Future work will be directed to study topological properties in this case such as completeness,

compactness and other topological properties.
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Abstract: La neutrosophie, un cadre philosophique et scientifique relativement récent introduit dans 

les années 1990,1 propose une approche robuste pour comprendre et modéliser l’indétermination, la 

contradiction et l’incertitude. Explorons les concepts fondamentaux de la neutrosophie et quelques 

diverses applications à travers plusieurs disciplines, notamment les mathématiques, la physique, la 

sociologie, la psychologie et la biologie. 
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1. Concepts fondamentaux de la neutrosophies 

Les énormes données auxquelles nous sommes confrontés dans la vie réelle sont remplies 

d’indétermination : elles sont vagues, incomplètes, contradictoires, hybrides, biaisées, ignorantes, 

redondantes, superflues, dénuées de sens, ambiguës, floues, etc. C’est pourquoi les sciences 

neutrosophiques (qui traitent de l’indétermination), à travers le processus de neutrosophication, 

sont impliquées, telles que : la neutrosophie (une nouvelle branche de la philosophie), l’ensemble 

neutrosophique, la logique neutrosophique, la probabilité neutrosophique et les statistiques 

neutrosophiques, l’analyse neutrosophique, la mesure neutrosophique, et ainsi de suite. La 

neutrosophie étudie uniquement les triades (<A>, <neutA>, <antiA>), où <A> est un élément ou un 

concept, qui ont du sens dans le monde réel. 

Par conséquent, au cœur de la neutrosophie, elle étend la logique binaire classique en 

introduisant un système logique à trois valeurs. Les trois composantes sont : 

 Truth / Vérité (T) : Représente ce qui est vrai. 

 Falsehood / Fausseté (F) : Représente ce qui est faux. 

                                                 
1. Florentin Smarandache (2002). ‚Neutrosophy, A New Branch of Philosophy.‛ Multiple Valued Logic 8(3): 

297-384. An International Journal published by Taylor & Francis Group, UK and USA, ISSN 1023-6627. Le 

titre en français : « Neutrosophie, une nouvelle branche de la philosophie. » Article disponible en ligne : 

https://fs.unm.edu/Neutrosophy-A-New-Branch-of-Philosophy.pdf. 
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 Indeterminacy / Indétermination (I) : Capture ce qui est indéterminé, incertain ou 

contradictoire. 

La neutrosophie postule que chaque proposition a simultanément un degré de vérité, un degré 

de fausseté et un degré d’indétermination, reflétant la nature complexe et souvent contradictoire des 

phénomènes du monde réel. Ce changement de paradigme permet une compréhension plus 

nuancée de la réalité, où la vérité absolue et la fausseté sont souvent entrelacées avec des éléments 

d’incertitude. 

1.1. Neutrosophication 

Le processus de neutrosophication signifie : 

 convertir un concept précis {c'est-à-dire un concept (1, 0, 0), ce qui signifie un concept qui est à 

100% vrai, 0% indéterminé et 0% faux} en un concept neutrosophique {c'est-à-dire un concept 

(T, I, F), qui est T% vrai, I% indéterminé et F% faux - ce qui reflète plus précisément notre 

réalité imparfaite et non idéaliste}, ou plus généralement en un concept raffiné (T1, T2, …; I1, I2, 

…; F1, F2, <); 

 ou la conversion de nombres précis (1 ou 0), flous (T), ou flous intuitionnistes (T, F) en un 

nombre neutrosophique (T, I, F); 

 ou la conversion d’un nombre précis (exact) N en un nombre neutrosophique de la forme N = a 

+ bI, où a est la partie déterminée du nombre N et bI la partie indéterminée du nombre N. 

2. L’Ensemble neutrosophique  

Soit U un univers de discours, et M un ensemble inclus dans U. Un élément x de U est noté par 

rapport à l'ensemble M comme x(T, I, F) et appartient à M de la manière suivante : il est t% vrai dans 

l'ensemble, i% indéterminé (inconnu s'il est) dans l'ensemble, et f% faux, où t varie dans T, i varie 

dans I, f varie dans F. 

Statiquement, T, I, F sont des sous-ensembles, mais dynamiquement, T, I, F sont des 

fonctions/opérateurs dépendant de nombreux paramètres connus ou inconnus. 

L'ensemble neutrosophique 2  est une généralisation de l’ensemble flou intuitionniste, de 

l’ensemble flou intuitionniste inconsistent, de l’ensemble flou q-Rung Orthopair, de l’ensemble flou 

sphérique et de l’ensemble flou hypersphérique n. 

La Neutrosophie a également été étendue à la Neutrosophie Raffinée, et par conséquent, la 

Neutrosophication a été étendue à la Neutrosophication Raffinée. Ainsi, la théorie du regret, la 

théorie des systèmes gris et la décision à trois voies sont des cas particuliers de la Neutrosophication 

et de la Probabilité Neutrosophique. Smarandache a également étendu la décision à trois voies à la 

décision à n voies, cette dernière étant un cas particulier de la Neutrosophie Raffinée. L’ensemble 

Neutrosophique généralise également l’ensemble paraconsistant, l’ensemble intuitionniste, etc. 

3. La Logique neutrosophique  

La Logique neutrosophique3 est un cadre général pour l’unification de nombreuses logiques 

existantes, telles que la logique floue (en particulier la logique floue intuitionniste), la logique 

paraconsistante, la logique intuitionniste, etc. L’idée principale est de caractériser chaque énoncé 

logique dans un Espace Neutrosophique en 3D, où chaque dimension de l’espace représente 

respectivement la vérité (T), la fausseté (F), et l'indétermination (I) de l’énoncé en question, où T, I, F 

                                                 
2. Florentin Smarandache (2007). ‚A Unifying Field in Logics: Neutrosophic Logic. Neutrosophy, 

Neutrosophic Set, Neutrosophic Probability and Statistics.‛ Sixth edition. First published in 1998. Ann 

Arbor: InfoLearnQuest, 156 p. Le titre en français : « Un champ unificateur en logiques : la logique 

neutrosophique. Neutrosophie, ensemble neutrosophique, probabilité et statistiques neutrosophiques. » 

Article disponible en ligne : http://fs.unm.edu/eBook-Neutrosophics6.pdf. 

3. Ibidem. 
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sont des sous-ensembles réels standard ou non standard de ]-0, 1+[ sans nécessairement aucun lien 

entre eux. 

Pour la logique neutrosophique à valeur unique, la somme des composantes est : 

 0 ≤ t+i+f ≤ 3 lorsque les trois composantes sont indépendantes ; 

 0 ≤ t+i+f ≤ 2 lorsque deux composantes sont dépendantes, tandis que la troisième est 

indépendante d’elles ; 

 0 ≤ t+i+f ≤ 1 lorsque les trois composantes sont dépendantes. 

Lorsque trois ou deux des composantes T, I, F sont indépendantes, on laisse place à des 

informations incomplètes (somme < 1), des informations paraconsistantes et contradictoires (somme 

> 1), ou des informations complètes (somme = 1). 

Si les trois composantes T, I, F sont dépendantes, alors de manière similaire on laisse place à des 

informations incomplètes (somme < 1), ou des informations complètes (somme = 1). 

4. Les Statistiques neutrosophiques 

Alors que les statistiques classiques traitent exclusivement de données déterminées et de 

méthodes d’inférence, les statistiques neutrosophiques s’occupent de données indéterminées - des 

données présentant différents degrés d’indétermination, telles qu’incertaines, vagues, partiellement 

inconnues, contradictoires ou incomplètes. Dans les statistiques neutrosophiques,4 les méthodes 

d’inférence intègrent également des degrés d’indétermination. Par exemple, au lieu de s’appuyer 

uniquement sur des arguments nets et des valeurs pour les distributions de probabilité, les 

graphiques, les diagrammes, les algorithmes ou les fonctions, on peut rencontrer des arguments et 

des valeurs inexacts ou ambigus. 

Par exemple, les tailles de population ou d’échantillon pourraient ne pas être précisément 

connues en raison d’individus qui n’appartiennent que partiellement à la population ou à 

l’échantillon, ou d’individus dont le statut d’appartenance est complètement inconnu. De plus, 

certains individus de la population ou de l’échantillon peuvent avoir des données indéterminées. 

Les statistiques neutrosophiques sont également une généralisation des statistiques par 

intervalles. Alors que les statistiques par intervalles reposent sur l'analyse par intervalles, les 

statistiques neutrosophiques sont basées sur l’analyse par ensembles, englobant tous types 

d’ensembles, pas seulement les intervalles (comme les ensembles discrets finis). De plus, les 

statistiques classiques et les statistiques par intervalles supposent que tous les individus d’un 

échantillon ou d’une population appartiennent à 100 % à celui-ci. Cependant, dans la réalité, les 

individus appartiennent souvent seulement partiellement, partiellement ne pas appartenir, ou leur 

appartenance est indéterminée. Les statistiques neutrosophiques produisent des résultats plus précis 

que les statistiques classiques et les statistiques par intervalles en tenant compte de manière 

appropriée des différents degrés d’appartenance. 

5. La Probabilité neutrosophique  

Les distributions de probabilité neutrosophiques peuvent être représentées par trois courbes : 

l’une indiquant la probabilité de l’événement se produisant, une autre indiquant la probabilité de 

l’événement ne se produisant pas, et une troisième représentant la probabilité indéterminée de 

l’événement se produisant ou non. 

Bien sûr, les ensembles de données neutrosophiques, où les données présentent un certain 

degré d'indétermination, sont utilisés dans les statistiques neutrosophiques. La probabilité 

neutrosophique est une généralisation de la probabilité classique et de la probabilité imprécise dans 

laquelle la chance qu'un événement A se produise est de t% vrai - où t varie dans le sous-ensemble T, 

i% indéterminé - où i varie dans le sous-ensemble I, et f% faux - où f varie dans le sous-ensemble F. 

                                                 
4. Ibidem. 
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En probabilité classique, la somme de toutes les probabilités de l'espace est égale à 1, tandis qu’en 

probabilité neutrosophique, elle est égale à 3. 

En probabilité imprécise : la probabilité d’un événement est un sous-ensemble T dans [0, 1], et 

non un nombre p dans *0, 1+, ce qui reste est censé être l’opposé, le sous-ensemble F (également de 

l’intervalle unitaire *0, 1+); il n’y a pas de sous-ensemble I indéterminé en probabilité imprécise.5 

La fonction qui modélise la probabilité neutrosophique d’une variable aléatoire x est appelée 

distribution neutrosophique : NP(x) = (T(x), I(x), F(x)), où T(x) représente la probabilité que la valeur 

x se produise, F(x) représente la probabilité que la valeur x ne se produise pas, et I(x) représente la 

probabilité indéterminée/inconnue de la valeur x.6 

6. La Physique neutrosophique  

La physique neutrosophique décrit des collections d’objets ou d’états qui sont individuellement 

caractérisés par des propriétés contradictoires, ou ne sont caractérisés ni par une propriété ni par 

l’opposé de cette propriété, ou sont composés de sous-éléments contradictoires. De tels objets ou 

états sont appelés entités neutrosophiques. 

Par conséquent : une entité physique qui est une combinaison d’éléments opposés, ou une 

entité physique qui possède une propriété P et également l’opposé de la propriété P, ou une entité 

physique qui n’a ni la propriété Q ni l'opposé de la propriété Q. 

La physique neutrosophique signifie un mélange de concepts / idées / espaces / lois / théories / 

objets physiques <A> avec leurs opposés <antiA> ou avec leur neutre <neutA>, où <neutA> est la 

neutralité par rapport à <A>, et signifie ni <A> ni <antiA> mais entre les deux ; c’est-à-dire des 

combinaisons de choses hétérogènes et contradictoires qui tiennent ensemble. Il existe de nombreux 

cas dans les domaines scientifiques (et humanistiques) où deux ou trois de ces éléments <A>, 

<antiA>, <neutA> coexistent. 

Un élément <A> et son opposé <antiA> ou leur neutre <neutA> peuvent être simultanément 

valides. 

Quelques exemples d’entités neutrosophiques : 

 les anyons dans deux dimensions spatiales sont des particules de spin arbitraire qui ne sont ni 

des bosons (spin entier) ni des fermions (spin demi-entier) ; 

 parmi les candidats possibles à la matière noire, il peut y avoir des particules exotiques qui ne 

sont ni des fermions de Dirac ni des fermions de Majorana ; 

 le mercure (Hg) est un état qui n’est ni liquide ni solide dans des conditions normales à 

température ambiante ; 

 les matériaux non magnétiques ne sont ni ferromagnétiques ni antiferro-magnétiques ; 

 le plasma quark-gluon (QGP) est une phase formée par des quarks et gluons quasi-libres qui 

ne se comporte ni comme un plasma conventionnel ni comme un liquide ordinaire ; 

 l’unmatière (unmatter),7 qui est formée par la matière et l'antimatière qui se lient ensemble ; 

 le kaon neutre, qui est un composite pion & anti-pion et donc une forme d’unmatière ; 

                                                 
5. Florentin Smarandache (2013). ‚Introduction to Neutrosophic Measure, Neutrosophic Integral, and 

Neutrosophic Probability.‛ Craiova (Roumanie) : Sitech, 140 p. ISBN: 978-1-59973-253-4. Le titre en 

français : « Introduction à la Mesure Neutrosophique, à l’Intégrale Neutrosophique et à la Probabilité 

Neutrosophique. » Livre disponible en ligne : 

http://fs.unm.edu/NeutrosophicMeasureIntegralProbability.pdf  

6. Florentin Smarandache (2014). ‚Introduction to Neutrosophic Statistics.‛ Craiova (Roumanie): Sitech, 124 

p. ISBN  978-1-59973-274-9. Le titre en français : « Introduction aux Statistiques Neutrosophiques ». Livre 

disponible en ligne : http://fs.unm.edu/NeutrosophicStatistics.pdf  

7. Ervin Goldfain, Florentin Smarandache (2008). ‚On Emergent Physics, ‚Unparticles‛ and Exotic 

‚Unmatter‛ States.‛ Progress in Physics 4:10-15. Le titre en français : « Sur la physique émergente, les « 

unparticules » et les états exotiques de « unmatière ». » Article disponible en ligne : 

https://fs.unm.edu/PP-15-02.pdf  

http://fs.unm.edu/NeutrosophicMeasureIntegralProbability.pdf
http://fs.unm.edu/NeutrosophicStatistics.pdf
https://fs.unm.edu/PP-15-02.pdf
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 les méthodes neutrosophiques en relativité générale ; etc. 

7. La Personnalité neutrosophique  

Les principes neutrosophiques sont précieux en psychologie aussi, particulièrement dans 

l’étude de la cognition humaine. Les pensées et les émotions humaines sont rarement binaires ; elles 

sont souvent remplies d’incertitude et d’ambivalence. La logique neutrosophique offre un moyen de 

modéliser ces processus cognitifs de manière plus précise, ce qui peut conduire à de meilleurs outils 

de diagnostic et à des stratégies thérapeutiques plus efficaces. Par exemple, dans la thérapie 

cognitive-comportementale, reconnaître les aspects indéterminés des croyances et des émotions 

d’un patient peut mener à des plans de traitement plus efficaces. 

En conséquence, Smarandache a proposé la Neutropsyche8 comme une théorie psychologique 

qui explore l’esprit à travers le prisme de la neutrosophie et des théories neutrosophiques. La 

Personnalité Neutropsychique est un système psychologique dynamique et ouvert, défini par les 

tendances uniques d’un individu à ressentir, penser et agir. 

En outre, Smarandache a défini la Mémoire Raffinée Neutrosophique qui conceptualise la 

mémoire en trois catégories : conscience, aconscience (un mélange de conscience et d'inconscience) 

et inconscience. Dans la Psychanalyse Neutrosophique, le ‘ça’ de Freud (das Es) est renommé 

‘sous-moi’ pour créer une connexion symétrique avec le ‘moi’ et le ‘surmoi’. Cette approche étend 

certains aspects de la psychanalyse de Freud tout en en rejetant d’autres. 

Smarandache évalue que tous les souvenirs possèdent des degrés de conscience (c), des degrés 

d’aconscience (a) et des degrés d’inconscience (u). Chaque individu présente un degré d’anti-trait et 

un degré de trait par rapport à chaque paire anti-trait—trait de la personnalité. La Personnalité de 

Trait suit une Évolution Neutrosophique, caractérisée par des degrés d’Évolution, 

d’Indétermination et d’Involution. Grâce à l’adaptation et à la sélection sociale, certains traits de 

personnalité évoluent (et les gènes responsables de ceux-ci sont exprimés), d’autres restent 

inchangés ou leur changement est indéterminé, et une troisième catégorie de traits - ceux moins 

nécessaires dans un nouvel environnement - subit une involution (et les gènes responsables de 

ceux-ci cessent d’être exprimés). 

8. La Neutrosociologie 

La neutrosociologie9 applique les principes de la neutrosophie au domaine de la sociologie, 

offrant de nouvelles façons de comprendre et d'analyser les phénomènes sociaux caractérisés par 

l’incertitude, l’ambiguïté et la complexité. Cette approche améliore les méthodes sociologiques 

traditionnelles en intégrant la nature indéterminée et souvent contradictoire des dynamiques 

sociales, visant à comprendre les attitudes et les comportements sociaux, analyser les conflits 

sociaux, examiner les réseaux sociaux, étudier le changement social et améliorer la recherche 

qualitative. 

9. La Théorie neutrosophique de l’Évolution, de l’Involution et de l’Indétermination 

Pendant le processus d’adaptation d’un être (végétal, animal ou humain) à un nouvel 

environnement ou à de nouvelles conditions, l’être évolue partiellement, dévolue partiellement 

(dégénère) et est partiellement indéterminé, c’est-à-dire ni en évolution ni en dévolution, donc 

                                                 
8. Florentin Smarandache (2018). ‚Neutropsychic Personality. A mathematical approach to psychology.‛ 

Third updated edition. Brussels: Pons, 131 p. ISBN 978-1-59973-583-2. Le titre en français : « La 

Personnalité Neutropsychique. Une approche mathématique de la psychologie. » Livre disponible en 

ligne : https://fs.unm.edu/NeutropsychicPersonality-ed2.pdf  

9. Florentin Smarandache (2019). ‚Introduction to Neutrosophic Sociology (Neutrosociology).‛ Brussels: 

Pons, 131 p. ISBN: 978-1-59973-605-1. Le titre en français : « Introduction à la Sociologie Neutrosophique 

(Neutrosociologie). » Livre disponible en ligne : https://fs.unm.edu/Neutrosociology.pdf  

https://fs.unm.edu/NeutropsychicPersonality-ed2.pdf
https://fs.unm.edu/Neutrosociology.pdf
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inchangé (neutre), ou le changement est flou, ambigu, vague, comme dans la logique 

neutrosophique. Grâce à l’adaptation, on a donc : évolution, involution et indétermination (ou 

neutralité), chacun de ces trois composants neutrosophiques à un certain degré. Les degrés 

d’évolution/indétermination/involution se réfèrent à la fois : à la structure de l’être (ses parties du 

corps), et à la fonctionnalité de l’être (la fonctionnalité de chaque partie, ou l’interfonctionnalité des 

parties entre elles, ou la fonctionnalité de l’être dans son ensemble). Avec cette clarification à l’esprit, 

Smarandache a donc introduit la Théorie Neutrosophique de l’Évolution, de l’Involution et de 

l’Indétermination (ou Neutralité).10 

10. La Génétique neutrosophique 

La génétique neutrosophique11 est l’étude de la génétique utilisant la logique, l’ensemble, la 

probabilité, les statistiques, la mesure et d’autres outils et procédures neutrosophiques. Basée sur la 

Théorie Neutrosophique de l’Évolution (qui inclut des degrés d’Évolution, de Neutralité (ou 

Indétermination), et d’Involution) – en tant qu’extension de la Théorie de l’Évolution de Darwin, 

Smarandache montre l’applicabilité de la neutrosophie en génétique, et présente dans le cadre de la 

génétique neutrosophique les concepts suivants : mutation neutrosophique, spéciation 

neutrosophique, et coévolution neutrosophique.  

11. Chronologie neutrosophique 

1995-1998 Smarandache généralise le Yin Yang et la dialectique à la Neutrosophie  

http://fs.unm.edu/Neutrosophy-A-New-Branch-of-Philosophy.pdf  

L’ensemble/logique/probabilité/statistiques neutrosophiques 

L’ensemble neutrosophique à valeur unique 

http://fs.unm.edu/eBook-Neutrosophics6.pdf  

1998 et 2019  Logique Neutrosophique Non Standard, Ensemble, Probabilité 

https://arxiv.org/ftp/arxiv/papers/1903/1903.04558.pdf  

2002   Types spéciaux d’ensembles / probabilités / statistiques / logiques 

http://fs.unm.edu/DefinitionsDerivedFromNeutrosophics.pdf  

 ensemble intuitionniste, ensemble paraconsistant, ensemble faillibiliste, 

ensemble paradoxiste, ensemble pseudo-paradoxiste, ensemble tautologique, 

ensemble nihiliste, ensemble dialéthéiste, ensemble trivialiste; 

 probabilité et statistiques intuitionnistes, probabilité et statistiques 

paraconsistantes, probabilité et statistiques faillibilistes 

 probabilité et statistiques paradoxistes, probabilité et statistiques 

pseudo-paradoxistes, probabilité et statistiques tautologiques, probabilité et 

statistiques nihilistes, probabilité et statistiques dialéthéistes, probabilité et 

statistiques trivialistes; 

                                                 
10. Florentin Smarandache (2017). ‚Introducing a Theory of Neutrosophic Evolution: Degrees of Evolution, 

Indeterminacy, and Involution.‛ Progress in Physics 13(2): 130-135. Le titre en français : « Introduction à une 

théorie de l'évolution neutrosophique : degrés d'évolution, indétermination et involution.  » Article 

disponible en ligne : https://fs.unm.edu/neutrosophic-evolution-PP-49-13.pdf  

11. Florentin Smarandache (2021). ‚Introduction to Neutrosophic Genetics.‛ International Journal of 

Neutrosophic Science 13(1): 23-27. Le titre en français : « Introduction à la la génétique neutrosophique. » 

Article disponible en ligne : http://fs.unm.edu/NeutrosophicGenetics.pdf.  

http://fs.unm.edu/Neutrosophy-A-New-Branch-of-Philosophy.pdf
http://fs.unm.edu/eBook-Neutrosophics6.pdf
https://arxiv.org/ftp/arxiv/papers/1903/1903.04558.pdf
http://fs.unm.edu/DefinitionsDerivedFromNeutrosophics.pdf
https://fs.unm.edu/neutrosophic-evolution-PP-49-13.pdf
http://fs.unm.edu/NeutrosophicGenetics.pdf
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 logique paradoxiste (ou paradoxisme), logique pseudo-paradoxiste (ou 

pseudo-paradoxisme), logique tautologique (ou tautologisme); 

2003   Nombres neutrosophiques (a+bI, où I = indétermination) 

Structures algébriques I-neutrosophiques 

Cartes cognitives neutrosophiques 

http://fs.unm.edu/NCMs.pdf 

2005   L’Ensemble/Logique Neutrosophique Intervalle 

http://fs.unm.edu/INSL.pdf  

2006   Degré de Dépendance et Degré d’Indépendance entre T, I, et F 

http://fs.unm.edu/eBook-Neutrosophics6.pdf  

http://fs.unm.edu/NSS/DegreeOfDependenceAndIndependence.pdf 

2007 L’Overset Neutrosophique (lorsqu'un composant neutrosophique est > 1),  

l’Underset Neutrosophique (lorsqu'un composant neutrosophique est < 0), et l’Offset 

Neutrosophique (lorsque certains composants neutrosophiques sont en dehors de 

l'intervalle [0, 1], c'est-à-dire que certains composants neutrosophiques > 1 et d'autres 

composants neutrosophiques < 0) 

La Logique, la Mesure, la Probabilité,  

les Statistiques Neutrosophiques Over/Under/Off. 

http://fs.unm.edu/NSS/DegreesOf-Over-Under-Off-Membership.pdf  

http://fs.unm.edu/SVNeutrosophicOverset-JMI.pdf  

http://fs.unm.edu/IV-Neutrosophic-Overset-Underset-Offset.pdf  

http://fs.unm.edu/NeutrosophicOversetUndersetOffset.pdf  

L’Ensemble Tripolaire Neutrosophique et l’Ensemble Multipolaire Neutrosophique 

Le Graph Tripolaire Neutrosophique et le Graph Multipolaire Neutrosophique 

http://fs.unm.edu/eBook-Neutrosophics6.pdf  

http://fs.unm.edu/IFS-generalized.pdf  

2009   la N-norme et de la N-conorme 

http://fs.unm.edu/N-normN-conorm.pdf  

2013   Développement de la Probabilité neutrosophique :  

http://fs.unm.edu/NeutrosophicMeasureIntegralProbability.pdf  

Raffination des composants (T, I, F) en (T1, T2, ...; I1, I2, ...; F1, F2, ...) 

http://fs.unm.edu/n-ValuedNeutrosophicLogic-PiP.pdf  

2014   La Loi du Multiple-Milieu Inclus (<A>; <neutA1>, <neutA2>, ..., <neutAk>; <antiA>) 

http://fs.unm.edu/LawIncludedMultiple-Middle.pdf  

Statistiques neutrosophiques  

http://fs.unm.edu/NS/NeutrosophicStatistics.htm 

http://fs.unm.edu/NeutrosophicStatistics.pdf  

2015   Pré-Calcul neutrosophique et Calcul neutrosophique 

http://fs.unm.edu/NeutrosophicPrecalculusCalculus.pdf  

Nombres Neutrosophiques Raffinés (a + b1I1 + b2I2 + ... + bnIn) 

Graphs Neutrosophiques 

Thèse-Antithèse-Neutrothèse, et Neutrosynthèse 

http://fs.unm.edu/NCMs.pdf
http://fs.unm.edu/INSL.pdf
http://fs.unm.edu/eBook-Neutrosophics6.pdf
http://fs.unm.edu/NSS/DegreeOfDependenceAndIndependence.pdf
http://fs.unm.edu/NSS/DegreesOf-Over-Under-Off-Membership.pdf
http://fs.unm.edu/SVNeutrosophicOverset-JMI.pdf
http://fs.unm.edu/IV-Neutrosophic-Overset-Underset-Offset.pdf
http://fs.unm.edu/NeutrosophicOversetUndersetOffset.pdf
http://fs.unm.edu/eBook-Neutrosophics6.pdf
http://fs.unm.edu/IFS-generalized.pdf
http://fs.unm.edu/N-normN-conorm.pdf
http://fs.unm.edu/NeutrosophicMeasureIntegralProbability.pdf
http://fs.unm.edu/n-ValuedNeutrosophicLogic-PiP.pdf
http://fs.unm.edu/LawIncludedMultiple-Middle.pdf
http://fs.unm.edu/NS/NeutrosophicStatistics.htm
http://fs.unm.edu/NeutrosophicStatistics.pdf
http://fs.unm.edu/NeutrosophicPrecalculusCalculus.pdf
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Système Axiomatique Neutrosophique 

Systèmes Dynamiques Neutrosophiques 

La Logique Neutrosophique Symbolique 

Structures (t, i, f)-Neutrosophiques 

Structures Algébriques Neutrosophiques Quadruples 

Loi de Multiplication des Subindéterminations  

http://fs.unm.edu/SymbolicNeutrosophicTheory.pdf  

Indéterminations neutrosophiques naturelles 

http://fs.unm.edu/MODNeutrosophicNumbers.pdf  

L’Ensemble Crisp Neutrosophique <A, B, C>  

http://fs.unm.edu/NeutrosophicCrispSetTheory.pdf  

2016   Multisets Neutrosophiques  

http://fs.unm.edu/NeutrosophicMultisets.htm  

Structures Triplets Neutrosophiques  

Structures Triplets Étendues Neutrosophiques  

http://fs.unm.edu/NeutrosophicTriplets.htm  

Structures Duplets Neutrosophiques 

http://fs.unm.edu/NeutrosophicDuplets.htm 

2017   La Théorie de l’Évolution Neutrosophique 

Degrés d’Évolution, Indétermination ou Neutralité, et Involution 

http://fs.unm.edu/neutrosophic-evolution-PP-49-13.pdf  

2017-2019  La Plithogénie (généralisation de la Dialectique et de la Neutrosophie) 

L’Ensemble/Logique/Probabilité/Statistiques Plithogéniques  

http://fs.unm.edu/P/ 

Structures Algébriques Plithogéniques Symboliques : 

https://arxiv.org/ftp/arxiv/papers/1808/1808.03948.pdf  

http://fs.unm.edu/Plithogeny.pdf  

2018-2022  Nouveaux types d’ensembles flous  

 L’Ensemble HyperSoft,  

 L’Ensemble IndetermSoft,  

 L’Ensemble IndetermHyperSoft,  

 L’Ensemble TreeSoft. 

http://fs.unm.edu/TSS/  

https://fs.unm.edu/NSS/ExtensionOfSoftSetToHypersoftSet.pdf  

2018   La Psychologie Neutrosophique  

 Neutropsyche,  

 Personnalité Neutropsychique,  

 Mémoire Neutrosophique Raffinée : consciente, a-consciente, inconsciente, 

 Personnalité Neutropsychique Crisp,  

 Fonctionnement Corps-Âme-Esprit Neutrosophique. 

http://fs.unm.edu/NeutropsychicPersonality-ed3.pdf  

2019   Théorie de l’Évolution Humaine Neutrosophique en Spirale  

http://fs.unm.edu/SymbolicNeutrosophicTheory.pdf
http://fs.unm.edu/MODNeutrosophicNumbers.pdf
http://fs.unm.edu/NeutrosophicCrispSetTheory.pdf
http://fs.unm.edu/NeutrosophicMultisets.htm
http://fs.unm.edu/NeutrosophicTriplets.htm
http://fs.unm.edu/NeutrosophicDuplets.htm
http://fs.unm.edu/neutrosophic-evolution-PP-49-13.pdf
http://fs.unm.edu/P/
https://arxiv.org/ftp/arxiv/papers/1808/1808.03948.pdf
http://fs.unm.edu/Plithogeny.pdf
http://fs.unm.edu/TSS/
https://fs.unm.edu/NSS/ExtensionOfSoftSetToHypersoftSet.pdf
http://fs.unm.edu/NeutropsychicPersonality-ed3.pdf
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http://fs.unm.edu/SpiralNeutrosophicEvolution.pdf  

La Sociologie Neutrosophique (Neutrosociologie)  

https://fs.unm.edu/Neutrosociology.pdf  

 

Ensemble Crisp Neutrosophique Raffiné 

http://fs.unm.edu/RefinedNeutrosophicCrispSet.pdf  

Généralisation des Structures Algébriques classiques aux Structures Algébriques 

Neutro (ou NeutroAlgèbres) et des Structures Algébriques Anti (ou AntiAlgèbres)  

http://fs.unm.edu/NeutroAlgebra.htm  

2019-2022  Introduction de nouveaux types de topologies 

 Topologie Neutrosophique Raffinée,  

 Topologie Crisp Neutrosophique Raffinée,  

 NeutroTopologie, AntiTopologie,  

 SuperHyperTopologie,  

 SuperHyperTopologie Neutrosophique 

http://fs.unm.edu/NSS/NewTypesTopologies-Improved14.pdf  

http://fs.unm.edu/TT/  

L’Extension de l’HyperGraph au SuperHyperGraph 

http://fs.unm.edu/NSS/n-SuperHyperGraph-n-HyperAlgebra.pdf  

2020   La Génétique Neutrosophique 

http://fs.unm.edu/NeutrosophicGenetics.pdf  

2021   NeutroGéométrie et AntiGéométrie 

http://fs.unm.edu/NG/  

http://fs.unm.edu/NSS/NeutroGeometryAntiGeometry31.pdf  

http://fs.unm.edu/NSS/ExamplesNeutroGeometryAntiGeometry35.pdf  

La Logique Plithogénique (généralisation de la Logique Multivariée) 

http://fs.unm.edu/NSS/IntroductionPlithogenicLogic1.pdf  

La Probabilité Plithogénique, Les Statistiques Plithogéniques 

http://fs.unm.edu/NSS/PlithogenicProbabilityStatistics20.pdf  

2022   SuperHyperAlgèbre & SuperHyperAlgèbre Neutrosophique 

http://fs.unm.edu/SuperHyperAlgebra.pdf  

SuperHyperGraph, SuperHyperGraph Neutrosophique 

http://fs.unm.edu/NSS/n-SuperHyperGraph.pdf  

SuperHyperFonction, SuperHyperTopologie 

http://fs.unm.edu/NSS/SuperHyperFunction37.pdf  

L’Ensemble IndetermSoft, l’Ensemble IndetermHyperSoft 

https://fs.unm.edu/TSS/NewTypesSoftSets-Improved.pdf  

http://fs.unm.edu/NSS/IndetermSoftIndetermHyperSoft38.pdf  

L’Ensemble TreeSoft 

http://fs.unm.edu/NSS/IndetermSoftSet-TreeSoftSet59.pdf  

2023   Structures Algébriques Plithogéniques Symboliques  

http://fs.unm.edu/NSS/SymbolicPlithogenicAlgebraic39.pdf  

http://fs.unm.edu/SpiralNeutrosophicEvolution.pdf
https://fs.unm.edu/Neutrosociology.pdf
http://fs.unm.edu/RefinedNeutrosophicCrispSet.pdf
http://fs.unm.edu/NeutroAlgebra.htm
http://fs.unm.edu/NSS/NewTypesTopologies-Improved14.pdf
http://fs.unm.edu/TT/
http://fs.unm.edu/NSS/n-SuperHyperGraph-n-HyperAlgebra.pdf
http://fs.unm.edu/NeutrosophicGenetics.pdf
http://fs.unm.edu/NG/
http://fs.unm.edu/NSS/NeutroGeometryAntiGeometry31.pdf
http://fs.unm.edu/NSS/ExamplesNeutroGeometryAntiGeometry35.pdf
http://fs.unm.edu/NSS/IntroductionPlithogenicLogic1.pdf
http://fs.unm.edu/NSS/PlithogenicProbabilityStatistics20.pdf
http://fs.unm.edu/SuperHyperAlgebra.pdf
http://fs.unm.edu/NSS/n-SuperHyperGraph.pdf
http://fs.unm.edu/NSS/SuperHyperFunction37.pdf
https://fs.unm.edu/TSS/NewTypesSoftSets-Improved.pdf
http://fs.unm.edu/NSS/IndetermSoftIndetermHyperSoft38.pdf
http://fs.unm.edu/NSS/IndetermSoftSet-TreeSoftSet59.pdf
http://fs.unm.edu/NSS/SymbolicPlithogenicAlgebraic39.pdf
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La Cryptologie Neutrosophique  

http://fs.unm.edu/NeutrosophicCryptography1.pdf  

http://fs.unm.edu/NeutrosophicCryptography2.pdf  

http://fs.unm.edu/NSS/2OnANovelSecurityScheme.pdf  

1998-2024  Applications Neutrosophiques en : 

 Intelligence Artificielle, Systèmes d'Information, Informatique, 

Cybernétique, Méthodes Théoriques, Structures Algébriques Mathématiques, 

Mathématiques Appliquées, Automatisation, Systèmes de Contrôle, Big Data, 

Ingénierie, Électricité, Électronique, Philosophie, Sciences Sociales, Psychologie, 

Biologie, Génétique, Ingénierie Biomédicale, Informatique Médicale, Recherche 

Opérationnelle, Science de la Gestion, Science de l'Imagerie, Technologie 

Photographique, Instruments, Instrumentation, Physique, Optique, Économie, 

Mécanique, Neurosciences, Radiologie Nucléaire, Médecine, Imagerie 

Médicale, Applications Interdisciplinaires, Sciences Multidisciplinaires, etc. 

12. Conclusions  

La neutrosophie, avec son approche novatrice de la logique et de l’indétermination, offre des 

perspectives profondes et des outils pratiques dans un large éventail de disciplines. En embrassant 

la complexité et l’incertitude du monde réel, la neutrosophie permet une compréhension plus 

précise et nuancée de divers phénomènes. Alors que la recherche et les applications de la 

neutrosophie continuent de s’étendre, 12  son impact sur la philosophie, les mathématiques, la 

sociologie, la psychologie, la biologie et au-delà devrait s'approfondir, offrant de nouvelles façons de 

naviguer et de donner du sens à notre monde complexe. 
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