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Abstract: The paper presents a new concept called P-Order (Union and Intersection) and R- Order 

(Union and Intersection) of the Plithogenic Neutrosophic Cubic Sets (PNCS). We derived some of 

the primary properties of the internal and external PNCS of P and R- Order. We also proved that 

P-Union and P- intersection of Truth (T) (resp. falsity (F), indeterminacy(I)) external PNCS may not 

be T (resp. F, I) external PNCS and R-Union and R-intersection of T (resp. F, I) internal PNCS may 

not be T (resp. F, I) internal PNCS with the numerical examples. This principle is extremely 

appropriate for analyzing problems that involve multi-attribute decision making since this PNCS is 

defined by many values of attribute and the reliability of the data is also so accurate. 
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1. Introduction 

The definition of fuzzy sets, proposed by Zadeh [19] in 1965, paved the way for fuzzy 

mathematics development. In many areas of mathematics, this concept has a wide range of 

applications, such as reasoning, set theory, number theory, fuzzy set theory, real analysis, metric 

theory, and topology. In 1975, Zadeh [19] developed the concepts of interval-valued fuzzy sets as an 

extension of fuzzy sets, that is, fuzzy sets with interval-valued membership functions. 

A notable concept has been developed by Jun et al. [3], namely the cubic sets theory. An 

interval-valued fuzzy set and a fuzzy set constitute this structure. In addition, the definition of an 

internal cubic set and an external cubic set was also implemented by Jun et al. [3]. 

Smarandache [9, 10] proposed Neutrosophic sets (NSs), a generalisation of FS and IFS, which is 

highly helpful for dealing with inadequate, uncertain, and varying data that exists in the real life. 

NSs are characterised by functions of truth (T), indeterminacy (I) and falsity (F) belonging functions. 

This concept is very essential in several areas of application since indeterminacy is clearly 

enumerated and the truth, indeterminacy and falsity membership functions are independent. 

Wang, Smarandache, Zhang and Sunderraman[18] anticipated the definition of an interval 

valued neutrosophic set (IVNS) as an extension of NS. The IVNS could reflect indeterminate, 

inaccurate, inadequate and unreliable data that occurs in the reality. 
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Plithogeny is the foundation, establishment, construction and development of new articles from 

the combination of consistent or inconsistent multiple old articles. Smarandache[13] introduced the 

plithogenic set as a generalisation of neutrosophy in 2017. 

The elements of Plithogenic sets are denoted by one or many number of attributes and each of it 

have several values. Each values of attribute has its respective (fuzzy, intuitionistic fuzzy or 

neutrosophic) appurtenance degree for the component x (say) to the plithogenic set P (say) with 

respect to certain constraints. For the first time, Smarandache[12] introduced the inconsistency 

degree between each value of attribute and the dominant value of attribute which results in getting 

the better accuracy for the plithogenic aggregation operators(fuzzy, intuitionistic fuzzy or 

neutrosophic). 

Priyadharshini et al [8] introduced the new concept called plithogenic cubic sets which has a 

wide range of application in multi criteria decision making problems. In particular, the ideology of 

Plithogenic neutrosophic cubic set helped in this paper to learn the P, R-union and the P, 

R-intersection of PNCS and derived some of its core properties. 

We proved that the P-union and the P-intersection of T (resp. F, I) internal PNCS are also T (resp. 

F, I) internal PNCS. We provide examples to show that the P-union and the P-intersection of T (resp. 

F, I) external PNCS may not be T (resp. F, I) external PNCS, and the R-union and the R intersection of 

T (resp. F, I) internal PNCS may not be T (resp. F, I) internal PNCS. The conditions for the R-union 

and R-intersection of two T (resp. F, I) internal PNCS to be a T (resp. F, I) internal PNCS. 

We believe that the suggested theorems and examples will be effective in resolving 

multi-attribute group decision-making concerns in a Plithogenic neutrosophic cubic set 

environment. 

The rest of the article is as follows. Section 2 is concerned with the preliminary concepts and 

definitions that are absolutely vital for the proposed work. Section 3 provides a brief description of 

the P and R order of Plithogenic neutrosophic Cubic sets along with numerical examples. Section 4 

summarizes the conclusion and the scope of future work. 

2. Preliminaries 

Definition 2.1 [9, 10] Let N be a non-void set. The set  NnnA AAA   ,,,  is called a 

neutrosophic set (in short, NS) of N where the function ]1,0[: NA , ]1,0[: NA  and ]1,0[: NA  

denotes the membership degree (say )(nA ), indeterminacy degree (say )(nA ), and non- 

membership degree (say )(nA )of each element Nn to the set A and satisfies the constraint that 

.3)()()(0  nnn AAA   

 

Definition 2.2 [11] Let R be a non-void set. An interval valued neutrosophic set (INS) A in R is 

described by the functions of the truth-value )( TA  , the indeterminacy )( IA  and the falsity-value 

)( FA for each point Rr  , ]1,0[)(),(),( rArArA FIT .  
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Definition 2.3 [3] Let E be a non-void set. By a cubic set in E, we construct a set which has the 

form }|)(),(,{ EeeeBe   in which B  is an interval valued fuzzy set (IVFS) in E and   is a 

fuzzy set in E. 

Definition 2.4 [3] Let E be a non-void set. If )()()( eBeeB     for all Ee then the cubic 

set  ,B  in E is called an internal cubic set (briefly IPS). 

 

Definition 2.5 [3] Let E be a non-void set. If ))(),(()( eBeBe   for all Ee then the cubic set 

 ,B  in E is called an external cubic set (briefly ECS). 

 

Definition 2.6 [8] Let   be an universal set and Y  be a non-void set. The structure 

}|)(),(,{ YyyyBy    is said to be Plithogenic Neutrosophic cubic set (PNCS) in Y, where 

  )(),(),( yByByBB
F

d

I

d

T

d iii
 is an interval valued Plithogenic Neutrosophic set in Y and 

)}(),(),({( yyy
F

i

I

i

T

i    is a neutrosophic set in Y.  

The pair  ,B is called plithogenic neutrosophic cubic set over   where   is a 

mapping given by )(:  NCB .The set of all plithogenic neutrosophic cubic sets(PNCS) over   

will be denoted by 


NP  

   

Definition 2.7 [8]   For a non-void set Y, the plithogenic neutrosophic cubic set  ,B  in 

Y is called truth internal, indeterminacy internal, falsity internal  respectively if  the following 

equations hold 

(i) )()()( yByyB
T

d

T

i

T

d ii


     (3.1) 

(ii) )()()( yByyB
I

d

I

i

I

d ii


       (3.2) 

(iii) )()()( yByyB
F

d

F

i

F

d ii


     (3.3)  

Where for all Yy and di represents the dissimilarity measure and their respective value 

of attributes. 

If a PNCS in Y satisfies the above equations we conclude that   is an internal plithogenic 

neutrosophic cubic set (IPNCS) in Y. 

 

Definition 2.8 [8] For a non-void set Y,  the PNCS  ,B  in Y is called truth external, 

indeterminacy external, falsity external respectively if the following equations hold 

(i) ))(),(()( yByBy
T

d

T

d

T

i ii


  (3.4) 
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(ii) ))(),(()( yByBy
I

d

I

d

I

i ii


  (3.5) 

(iii) ))(),(()( yByBy
F

d

F

d

F

i ii


    (3.6)  

Where for all Yy  and di represents the dissimilarity measure and their respective value of 

attributes.    

If a PNCS in Y satisfies the above equations, we conclude that   is an external plithogenic 

neutrosophic cubic set (EPNCS) in Y. 

3. P and R Order of PNCS  

Definition 3.1 Let  ,C  and  ,D  be a PNCS in a non-void set H where  
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Then we define the equality, P-order and R-order as follows: 

(i) . andMKDC    (Equality) 

(ii) . andMKDC P    (P-Order) 

(iii) . andMKDC R   (R-Order) 

The P-Union, P-Intersection, R-Union, R-Intersection of PNCS are described as follows. 

Definition 3.2 For any PNCS 
jdjdjdC ,  in a non-void set H where 

     
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For Bj and B  is any index set, we define  

(i) ),(
jd

Bj
jd

Bj
jd

Bj

KK
P

 


   (P-Union) 

(ii) ),(
jd

Bj
jd

Bj
jd

Bj

KK
P

 


   (P-Intersection) 

(iii) ),(
jd

Bj
jd

Bj
jd

Bj

KK
R

 


   (R-Union) 

(iv) ),(
jd

Bj
jd

Bj
jd

Bj

KK
R

 


   (R-Intersection) 

Where 
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Proposition 3.3 

For any PNCS  ,C ,  ,D ,  ,LX and  ,Y  in a non-void set H, we 

have 

(i) If DC P  and XD P then XC P  

(ii)  If DC P  then 
'' CD P  

(iii)   If DC P  and XC P  then XDC PP   

(iv)  If  DC P  and DX P  then DXC PP   

(v)   If DC P  and YX P then YDXC PPP   and YDXC PPP    

(vi)   If DC R  and XD R then XC R  

(vii) If DC R  then 
'' CD R  

(viii) If DC R  and XC R  then XDC RR   
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(ix)  If  DC R  and DX R  then DXC RR   

(x)   If DC R  and YX R then YDXC RRR   and YDXC RRR    

  

Proposition 3.4 

Let }|,{ BjC
jdjdjd  be a family of F- IPNCS in a non-void set H, then the P-Order of 

}|,{ BjC
jdjdjd  are F-IPNCS in H. 

Proof 

Since 
jdjdjdC , is an F-IPNCS in a non-void set H, We have  
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   and ),(
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KC
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


  are F-INPCS in H. 

 

Correspondingly the following propositions holds. 

Proposition 3.5 

Let }|,{ BjC
jdjdjd  be a family of T-IPNCS in a non-void set H, then the P-Order of 

}|,{ BjC
jdjdjd  are T-IPNCS in H. 

Proposition 3.6 

Let }|,{ BjC
jdjdjd  be a family of I-IPNCS in a non-void set H, then the P-Order of 

}|,{ BjC
jdjdjd  are I-IPNCS in H. 

Corollary 3.7 

Let }|,{ BjC
jdjdjd  be a family of IPNCS in a non-void set H, then the P-Order of 

}|,{ BjC
jdjdjd  are IPNCS in H. 
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The subsequent illustration indicates that the P -Union and P- intersection of T, I -IPNCS may not be 

T, I-IPNCS. 

 

Example 3.8 

Let us consider the attribute values National Electronic Fund Transfer (NEFT), Real Time Gross 

Settlement (RTGS), Immediate Payment Service (IMPS), Unified Payment Interface (UPI) for 

transferring money and  ,C  and  ,D  be the PNCS in H with the Table values 1 

& 2 correspondingly. 

 

Table 1.  ,C  

Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure )(hK  )(h  

0 NEFT ( [0.35, 0.4 ], [0.7, 0.9], [0.2, 0.5]) (0.2, 0.65, 0.4) 

0.5 RTGS ( [0.6, 0.8 ], [0.5, 0.7], [0.3, 0.7]) (0.2, 0.85, 0.6) 

0.75 IMPS ( [0.45, 0.6 ], [0.2, 0.4], [0.1, 0.3]) (0.7, 0.6, 0.2) 

1 UPI ( [0.2, 0.3 ], [0.1, 0.3], [0.6, 0.9]) (0.1, 0.4, 0.95) 

 

Table 2.  ,D  

Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure )(hM  )(h  

0 NEFT ( [0.1, 0.3 ], [0.7, 0.8], [0.6, 0.9]) (0.7, 0.92, 0.7) 

0.5 RTGS ( [0.6, 0.7 ], [0.5, 0.6], [0.2, 0.4]) (0.9, 0.2, 0.3) 

0.75 IMPS ( [0.45, 0.8 ], [0.2, 0.5], [0.5, 0.7]) (0.35, 0.1, 0.6) 

1 UPI ( [0.5, 0.6 ], [0.4, 0.5], [0.4, 0.7]) (0.45, 0.3, 0.45) 

 

 Table 3.   ,MKDC P   

Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure 

))(( hMK   

)()( h  

0 NEFT ( [0.35, 0.4 ], [0.7, 0.9], [0.6, 0.9]) (0.7, 0.92, 0.7) 

0.5 RTGS ( [0.6, 0.8 ], [0.5, 0.7], [0.3, 0.7]) (0.9, 0.85, 0.6) 

0.75 IMPS ( [0.45, 0.8 ], [0.2, 0.5], [0.5, 0.7]) (0.7, 0.6, 0.6) 

1 UPI ( [0.5, 0.6 ], [0.4, 0.5],  [0.6, 0.9]) (0.45, 0.4, 0.95) 

 

Table 4.   ,MKDC P   

Dissimilarity Value of Appurtenance Measure ))(( h  
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Measure attributes 
))(( hMK   

0 NEFT ( [0.1, 0.3 ], [0.7, 0.8], [0.2, 0.5]) (0.2, 0.65, 0.4) 

0.5 RTGS ( [0.6, 0.7 ], [0.5, 0.6], [0.2, 0.4]) (0.2, 0.2, 0.3) 

0.75 IMPS ( [0.45, 0.6 ], [0.2, 0.4], [0.1, 0.3]) (0.35, 0.1, 0.2) 

1 UPI ( [0.2, 0.3 ], [0.1, 0.3], [0.4, 0.7]) (0.1, 0.3, 0.45) 

Then  ,C  and  ,D  are both T-external and I-external PNCS in H.  

  ,MKDC P   and    ,MKDC P   are given by Tables 3 & 4 

correspondingly. 

Then    ,MKDC P   is neither an I-EPNCS nor T-EPNCS in H since 

( ))()(),()(()8.0,45.0(7.0))(( IMPSDCIMPSDCIMPS TTTTTT   ) 

And 

))()(),()(()5.0,4.0(4.0))(( UPIDCUPIDCUPI IIIIII    

Also   ,MKDC P   is neither an I-EPNCS nor T-EPNCS in H since 

))()(),()(()3.0,1.0(2.0))(( NEFTDCNEFTDCNEFT TTTTTT    

))()(),()(()3.0,1.0(3.0))(( UPIDCUPIDCUPI IIIIII    

We provide conditions for the R-Union of two T-internal (resp. I- internal and F-Internal) PNCS to be 

a T- internal (resp. I- internal and F-Internal) PNCS. 

 

Proposition 3.9 

If  ,C  and  ,D  be T-IPNCS in a non-void set H such that  

).)()()}()(),()(max{()( hhMhKZz TTTT   
   (3.1) 

Then the R-Union of  ,C  and  ,D  is a T-INPCS in H. 

Proof 

   Let   ,C  and  ,D  be T-IPNCS in a non-void set H which satisfies the 

constraints (3.1). Then 

)()()()()( hKhhK TTT    and ),()()()()( hMhhM TTT    

and so ).()())(( hMKh TTTT    

It follows from (3.1) that  

 )()( hMK TT  )()()()()}()(),()max{( hMKhhMhK TTTTTT     

Hence ),(   MKDC R  is a T-INPCS in Z. 
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Correspondingly the following propositions hold. 

 

Proposition 3.10 

If  ,C  and  ,D  be I-IPNCS in a non-void set H such that  

).)()()}()(),()(max{()( hhMhKHh IIII       (3.2) 

Then the R-Union of  ,C  and  ,D  is a I-INPCS in H. 

 

Proposition 3.11 

If  ,C  and  ,D  be F-IPNCS in a non-void set H such that  

).)()()}()(),()(max{()( hhMhKHh FFFF   
   (3.3) 

Then the R-Union of  ,C  and  ,D  is a F-INPCS in H. 

 

Corollary 3.12 

If two INPCS  ,C  and  ,D  satisfies the constraints (3.1), (3.2), (3.3), then the 

R-Union of  ,C  and  ,D  is an INPCS in H. 

We provide conditions for the R-Intersection of two T-internal (resp. I- internal and 

F-Internal) PNCS to be a T- internal (resp. I- internal and F-Internal) PNCS. 

 

Proposition 3.13 

If  ,C  and  ,D  be T-IPNCS in a non-void set H such that  

)}).()(),()min{())((()( hMhKhHh TTTT      (3.4) 

Then the R-Intersection of  ,C  and  ,D  is an T-INPCS in H. 

Proof 

Assume that the condition (4.4) is valid. Then 

)()()()()( hKhhK TTT   and )()()()()( hMhhM TTT    for all .Hh  

It follows from (4.4) that 

)()()}()(,)min{())(())(( hBAhMKhhMK TTTTTTTT      for all .Hh  

Therefore ),(   MKDC R  is a T-INPCS. 

Correspondingly the subsequent propositions hold. 

 

Proposition 3.14 

If  ,C  and  ,D  be I-IPNCS in a non-void set H such that  
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)}).()(),()min{())((()( hMhKhHh IIII      (3.5) 

Then the R-Intersection of  ,C  and  ,D  is an I-INPCS in H. 

 

Proposition 3.15 

If  ,C  and  ,D  be F-IPNCS in a non-void set H such that  

)}).()(),()min{())((()( hMhKhHh FFFF      (3.6) 

Then the R-Intersection of  ,C  and  ,D  is an F-INPCS in H. 

 

Corollary 3.16 

If two INPCS  ,C  and  ,D  satisfies the constraints (3.4), (3.5), (3.6), then the 

R-Intersection of  ,C  and  ,D  is an INPCS in H. 

The subsequent illustration indicates that the R -Union and R- intersection of T, F -EPNCS may not 

be T, F-EPNCS 

 

 Example 3.17 

Let us consider the attribute values of life insurance policies ‘Whole life Insurance (WLI), Term 

Life Insurance(TLI),Universal Life Insurance(ULI) and Variable Life Insurance (VLI) and 

 ,C  and  ,D  be the PNCS in H with the Table values 5 & 6 respectively. 

Table 5.  ,C  

Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure )(hK  )(h  

0 WLI ( [0.8, 0.9 ], [0.2, 0.4], [0.3, 0.5]) (0.8, 0.25, 0.5) 

0.5 TLI ( [0.7, 0.9 ], [0.3, 0.6], [0.7, 0.8]) (0.8, 0.5, 0.75) 

0.75 ULI ( [0.5, 0.8 ], [0.3, 0.5], [0.1, 0.6]) (0.7, 0.4, 0.1) 

1 VLI ( [0.1, 0.2 ], [0.1, 0.6], [0.4, 0.8]) (0.2, 0.7, 0.6) 

 

Table 6.  ,D  

Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure )(hM  )(h  

0 WLI ( [0.4, 0.7 ], [0.3, 0.6], [0.4, 0.6]) (0.6, 0.45, 0.6) 

0.5 TLI ( [0.1, 0.5 ], [0.3, 0.4], [0.6, 0.8]) (0.3, 0.3, 0.7) 

0.75 ULI ( [0.6, 0.8 ], [0.6, 0.7], [0.2, 0.9]) (0.6, 0.7, 0.9) 

1 VLI ( [0.5, 0.7 ], [0.1, 0.3], [0.2, 0.5]) (0.65, 0.2, 0.4) 

 

Table 7.   ,MKDC R   
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Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure 

))(( hMK   

)()( h  

0 WLI ( [0.8, 0.9 ], [0.3, 0.6], [0.4, 0.6]) (0.6, 0.25, 0.5) 

0.5 TLI ( [0.7, 0.9 ], [0.3, 0.6], [0.6, 0.8]) (0.3, 0.3, 0.7) 

0.75 ULI ( [0.6, 0.8 ], [0.6, 0.7], [0.2, 0.9]) (0.6, 0.4, 0.1) 

1 VLI ( [0.5, 0.7 ], [0.1, 0.6],  [0.4, 0.8]) (0.2, 0.2, 0.4) 

 

 

Table 8.   ,MKDC R   

Dissimilarity 

Measure 

Value of 

attributes 

Appurtenance Measure 

))(( hMK   

))(( h  

0 WLI ( [0.4, 0.7 ], [0.2, 0.4], [0.3, 0.5]) (0.8, 0.45, 0.6) 

0.5 TLI ( [0.1, 0.5 ], [0.3, 0.4], [0.7, 0.8]) (0.8, 0.5, 0.75) 

0.75 ULI ( [0.5, 0.8 ], [0.3, 0.5], [0.1, 0.6]) (0.7, 0.7, 0.9) 

1 VLI ( [0.1, 0.2 ], [0.1, 0.3], [0.2, 0.5]) (0.65, 0.7, 0.6) 

 

Then  ,C  and  ,D  are both T-internal and F-internal PNCS in 

H.   ,MKDC R   and    ,MKDC R   are given by Tables 7 & 8 

respectively. 

Then    ,MKDC R   is neither an I-IPNCS nor T-IPNCS in H since 

));()(),()(()9.0,8.0(6.0))(( WLIDCWLIDCWLI TTTTTT    

));()(),()(()9.0,7.0(3.0))(( TLIDCTLIDCTLI TTTTTT    

)).()(),()(()7.0,5.0(2.0))(( VLIDCVLIDCVLI TTTTTT    

And 

)).()(),()(()9.0,2.0(1.0))(( ULIDCULIDCULI FFFFFF    

Also   ,MKDC R   is neither an I-IPNCS nor T-IPNCS in H since 

));()(),()(()7.0,4.0(8.0))(( WLIDCWLIDCWLI TTTTTT    

));()(),()(()5.0,1.0(8.0))(( TLIDCTLIDCTLI TTTTTT    

)).()(),()(()2.0,1.0(65.0))(( VLIDCVLIDCVLI TTTTTT    

And 
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));()(),()(()5.0,3.0(6.0))(( WLIDCWLIDCWLI FFFFFF    

));()(),()(()6.0,1.0(9.0))(( ULIDCULIDCULI FFFFFF    

)).()(),()(()5.0,2.0(6.0))(( VLIDCVLIDCVLI FFFFFF    

4. Conclusion and Future Work 

  In this paper we studied the P-Order and R- Order (Union and Intersection) of the PNCS. The 

theorems and results we derived will be useful in the multi criteria decision making problems. 

Applications in various engineering, technical, medical, and so on areas of learning P and R-Order 

should be assessed. In future we can extend the concept to plithogenic neutrosophic soft sets which 

may help abundantly in the areas related with decision making. 
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