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.Wang, Smarandache, Zhang and Sunderraman[17] proposed the definition of the interval valued 

neutrosophic set (INS) as an extension of the neutrosophic set.The INS could reflect indeterminate, inaccurate, 

inadequate and unreliable data that occurs in the reality. 

Plithogeny is the origin, creation, production and evolution of new objects from the synthesis of conflicting 

or non-conflicting multiple old objects. Smarandache[12] 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 element x (say) to the plithogenic set P (say) with respect to certain constraints. For the first time, 

Smarandache[12] introduced the contradictory (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). 

Y.B. Jun et al [4] implemented a cubic set which is  a combination of a fuzzy set with an interval valued fuzzy 

set. Internal and external cubic sets were also described and some properties were studied. 

Y.B.Jun, Smarandache and Kim [4] introduced Neutrosophic cubic sets and the concept of internal and 

external for truth, falsity and indeterminacy values.Furthermore they provided so many properties of P (R) -union,P 

(R) –intersection for internal and external neutrosophic cubic sets. 

In this article, using the principles of cubic sets and plithogenic set, we presented the generalisation of 

plithogenic cubic sets for fuzzy, Intuitionistic fuzzy and neutrosophic sets 

2. Preliminaries 

Definition 2.1 [15] Let Z be a universe of discourse and the fuzzy set { }ZzzzF f ∈= |)(,µ   is described by a 

belonging function fµ as , ]1,0[: →Zfµ . 

Definition 2.2 [10] Let Y be a non-empty set. Then, an interval valued fuzzy set B over Y is defined as

}:/)](),({[ YyyyByBB ∈= +−
where )(xB

−
 and )(xB

+
 are stated as the inferior and superior degrees of belonging 

Yy∈  where +≤ −
)(0 yB 1)( ≤+

yB  correspondingly. 

Definition 2.3 [2, 3] Let N be a non empty set.The set { }NnnA AA ∈= φλ ,,  is called an intutionistic fuzzy 

set (in short, IFS) of N where the function ]1,0[: →NAλ , ]1,0[: →NAφ   denotes the membership degree (say )(nAλ
) and non-membership degree (say )(nAφ ) of each element Nn ∈ to the set A and satisfies the constraint that 

.1)()(0 ≤+≤ nn AA φλ  

Definition 2.4 [10] Let Y  be a non-empty set. The set }|)(),(,{ YyyNyMy AA ∈><=Α  is called an interval 

valued   intuitionistic fuzzy sets (IVIFS) A in Y where the functions ]1,0[:)( →YyM A  and ]1,0[:)( →YyNA  

denotes the degree of belonging, non-belonging of A respectively. Also )](),([)( yMyMyM AUALA =  and 

)](),([)( yNyNyN AUALA = , 1)()(0 ≤+≤ yMyM AUAU  for each Yy∈  

Definition 2.5 [6] Let N be a non empty set.The set { }NnnA AAA ∈= γφλ ,,,  is called a neutrosophic set (in 

short, NS) of N where the function ]1,0[: →NAλ , ]1,0[: →NAφ  and ]1,0[: →NAγ  denotes the membership degree 

(say )(nAλ ), indeterminacy degree (say )(nAφ ), and non- membership degree (say )(nAγ )of each element Nn ∈ to 

the set A and satisfies the constraint that .3)()()(0 ≤++≤ nnn AAA γφλ  
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Definition 2.6 [1] Let R be a non-empty 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 .  

Definition 2.7 [4,5] Let E be a non-empty set. By a cubic set in E ,we construct a set which has the form 

}|)(),(,{ EeeeBe ∈><=Ψ µ in which B  is an interval valued fuzzy set (IVFS) in E and µ  is a fuzzy set in E. 

Definition 2.8 [4] Let E be a non-empty set. If )()()( eBeeB
+− ≤≤ µ  for all Ee ∈ then the cubic set 

>=<Ψ µ,B  in E is called an internal cubic set (briefly IPS). 

Definition 2.9 [4] Let E be a non-empty set. If ))(),(()( eBeBe
+−∉µ  for all Ee ∈ then the cubic set 

>=<Ψ µ,B  in E is called an external cubic set (briefly ECS) 

Definition 2.10 [10] Plithogenic Fuzzy set for an interval valued (IPFS) is defined as 

)]1,0[(:, CWCdCc →×∈∀ , Ww∈∀ and  ),( wcd is an open, semi-open, closed interval included in [0, 1] and 

C([0, 1]) is the power set of the unit interval [0,1] (i.e) all subsets of [0,1]. 

Definition 2.11 [10] A set which has the form )]1,0[(:,
2

CWCdCc →×∈∀  and Ww∈∀ is called interval 

valued plithogenic intuitionistic fuzzy set (IPIFS) where ),( wcd is an open, semi-open, closed for the  interval 

included in ]1,0[ . 

Definition 2.12 [10] A set which has the form )]1,0[(:,
3

CWCdCc →×∈∀  and Ww∈∀ is called interval 

valued plithogenic neutrosophic set (IPNS) where ),( wcd is an open, semi-open, closed for the  interval included in 

]1,0[ . 

3. Plithogenic Cubic sets 

3.1 Plithogenic fuzzy Cubic sets 

Definition 3.1.1 For a non empty set Y, the Plithogenic fuzzy cubic set (PFCS) is defined as 

}|)(),(,{ YyyyBy ∈><=Λ λ  in which B is an interval valued plithogenic fuzzy set in Y and λ  is a fuzzy set in Y. 

Example 3.1.2 The following values of attribute represents the criteria “Musical instruments” : Piano (the 

dominant one), guitar, saxophone, violin. 

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Piano Guitar Saxophone Violin 

Appurtenance Degree )(yB  [0.5, 0.6] [0.2, 0.8] [0.4, 0.7] [0.1, 0.3] 

)(yλ  0.3 0.4 0.6 0.2 

 

Definition 3.1.3  For a non-empty set Y, the PFCS >=<Λ λ,B  in Y is called an internal plithogenic fuzzy 

cubic set (briefly IPFCS) if )()()( yByyB
ii did

+− ≤≤ λ  for all Yy ∈  and di represents the contradictory degree and 

their respective value of attributes. 

Example 3.1.4  The following values of attribute represents the criteria “Color” : Yellow(the dominant one), 

green, orange and red.   

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Yellow Green Orange Red 
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Appurtenance Degree )(yB  [0.2, 0.3] [0.6, 0.8] [0.3, 0.6] [0.4, 0.9] 

)(yλ  0.2 0.7 0.5 0.8 

 

Definition 3.1.5  For a non-empty set Y, the PFCS >=<Λ λ,B in Y is called an external plithogenic fuzzy 

cubic set (briefly EPFCS) if ))(),(()( yByBy
ii ddi

+−∉λ  for all Yy ∈ and and di represents the contradictory degree 

and their respective value of attributes. 

Example 3.1.6  The following values of attribute represents the criteria “Subjects” : Mathematics(the dominant 

one), Physics, Chemistry and Biology  

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Mathematics Physics Chemistry Biology 

Appurtenance Degree )(yB  [0.4, 0.6] [0.5, 0.8] [0.2, 0.3] [0.5, 0.9] 

)(yλ  0.7 0.1 0.6 0.3 

 

Remark 3.1.7 If any one of the attribute value ( ) yyi =λ  for all Yy ∈ and i represents the  values of attribute 

then Λ  is neither an IPFCS nor an EPFCS. 

3.2 Plithogenic Intuitionistic fuzzy cubic set 

Definition 3.2.1 For a non empty set Y, the Plithogenic Intuitionistic fuzzy cubic set (PIFCS) is defined as 

}|)(),(,{ YyyyBy ∈><=Λ λ in which B is an interval valued Plithogenic Intuitionistic fuzzy set in Y and λ  is a 

intuitionistic fuzzy set in Y. 

Example 3.2.2 The following values of attribute represents the criteria “Mobile phone brands” : Apple (the 

dominant one), Samsung, Nokia, Lenova. 

 

Definition 3.2.3  For a non-empty set Y, the PIFCS >=<Λ λ,B  in Y is called an internal plithogenic 

intuitionistic fuzzy cubic set (briefly IPIFCS) if )()()( yByyB
ii did

+− ≤≤ λ  for all Yy ∈ and di represents the 

contradictory degree and their respective value of attributes. 

Example 3.2. The following values of attribute represents the criteria “ Proficiency ” : Excellent (the dominant 

one), good, average, poor 

Contradictory Degree  0 0.50 0.75 1 

Value of attributes Excellent Good Average Poor 

Appurtenance Degree )(yB  
([0.3, 0.5], 

[0.1, 0.6]) 

([0.4, 0.6], 

[0.5, 0.8]) 

([0.1, 0.8], 

[0.7, 0. 8]) 

([0.2, 0.3], 

[ 0.1,0.6]) 

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

 

Contradictory Degree  0 0.50 0.75 1 

Value of attributes Apple Samsung Nokia Lenova 

Appurtenance Degree )(yB  
( [0.2, 0.5], 

[0.3, 0.6] ) 

([0.5, 0.8], 

[0.1, 0.7]) 

([0.4, 0.7], 

[0.2, 0.6 ]) 

([0.1, 0.3], 

[ 0.4,0.7]) 

)(yλ  ([0.1,0.7]) ([0.2, 0.4]) ([0.1, 0.8]) ([0.2, 0.5]) 
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Definition 3.2.5  For a non-empty set Y, the PIFCS >=<Λ λ,B in Y is called an external plithogenic 

intuitionistic fuzzy cubic set (briefly EPIFCS) if ))(),(()( yByBy
ii ddi

+−∉λ  for all Yy ∈ and di represents the 

contradictory degree and their respective value of attributes. 

Example 3.2.6  The following values of attribute represents the criteria “ Mode of Transport” : Bus (the 

dominant one), Car, Lorry, Train 

Contradictory Degree                   0 0.50 0.75 1 

Value of attributes Bus Car Lorry Train 

Appurtenance Degree )(yB  
([0.4, 0.6], 

[0.3, 0.5]) 

([0.5, 0.7], 

[0.2, 0.4]) 

([0.2, 0.6], 

[0.3, 0.7]) 

([0.3, 0.6], 

[ 0.1,0.4]) 

)(yλ  ([0.1,0.6]) ([0.4, 0.5]) ([0.7, 0.2]) ([0.7, 0.6]) 

 

3.3 Plithogenic Neutrosophic cubic set 

Definition 3.3.1 Let Ω  be an universal set and  Y  be a non empty set. The structure 

}|)(),(,{ YyyyBy ∈><=Λ λ  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 λλλλ =  is a neutrosophic set in Y.  

The pair >=<Λ λ,B is called plithogenic neutrosophic cubic set over Ω  where Λ  is a mapping given by 

)(: Ω→Λ NCB .The set of all plithogenic neutrosophic cubic sets over Ω  will be denoted by 
Ω

NP  

Example 3.3.2 consider the attribute “Size” which has the following values: Small (the dominant one), 

medium, big, very big. 

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Small Medium Big Very big 

Appurtenance Degree )(yB  ([0.3, 0.5], 

[0.1, 0.8], 

[0.1, 0.9]) 

([0.1, 0.3], 

[0.4, 0.8], 

[0.4, 0.9]) 

([0.1, 0.5], 

[0.2, 0. 6], 

[0.6, 0.9]) 

([0.2, 0.6], 

[0.2,0.5], 

[0.7, 0.9]) 

)(yλ  ([0.4,0.5, 0.8]) ([0.3, 0.7, 0.4]) ([0.2,0.5,0.8]) ([0.5,0.2,0.8]) 

 

Definition 3.3.3  For a non-empty set Y, the plithogenic neutrosophic cubic set >=<Λ λ,B  in Y is called  

(i) truth internal if )()()( yByyB
T

d

T

i

T

d ii

+− ≤≤ λ  for all Yy ∈  and di represents the contradictory degree and 

their respective value of attributes.  (3.1) 

(ii) indeterminacy internal if )()()( yByyB
I

d

I

i

I

d ii

+− ≤≤ λ  for all Yy ∈ and di represents the contradictory 

degree and their respective value of attributes. (3.2) 

(iii) falsity internal if )()()( yByyB
F

d

F

i

F

d ii

+− ≤≤ λ  for all Yy ∈ and di represents the contradictory degree 

and their respective value of attributes.  (3.3). 

If a plithogenic neutrosophic cubic set in Y satisfies the above equations we conclude that Λ  is an internal 

plithogenic neutrosophic cubic set (IPNCS) in Y. 

Example 3.3.4  The following values of attribute represents the criteria “Sports”: Volley ball(the dominant 

one), Basket ball, Cricket, Bat-minton 

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Volley ball Basket ball Cricket Bat-minton 
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Appurtenance Degree )(yB  ( [0.2, 0.5], 

[0.6, 0.8], 

[0.1, 0.5]) 

([0.1, 0.3], 

[0.4, 0.5], 

[0.6, 0.9]) 

([0.5, 0.8], 

[0.1, 0. 4], 

[0.6, 0.9]) 

([0.3, 0.6], 

[ 0.1,0.5], 

[0.7, 0.9]) 

)(yλ  ([0.3,0.6, 0.4]) ([0.2, 0.5, 0.8]) ([0.7,0.2, 0.8]) ([0.4, 0.3, 0.9]) 

 

Definition 3.3.5  For a non-empty set Y,  the plithogenic neutrosophic cubic set >=<Λ λ,B  in Y is called  

(i) truth external if ))(),(()( yByBy
T

d

T

d

T

i ii

+−∉λ for all Yy ∈ and di represents the contradictory degree 

and their respective value of attributes.  (3.4) 

(ii) indeterminacy external if ))(),(()( yByBy
I

d

I

d

I

i ii

+−∉λ for all Yy ∈ and di represents the contradictory 

degree and their respective value of attributes.  (3.5) 

(ii)  falsity external if ))(),(()( yByBy
F

d

F

d

F

i ii

+−∉λ for all Yy ∈  and di represents the contradictory 

degree and their respective value of attributes.   (3.6) 

If a plithogenic neutrosophic cubic set in Y satisfies the above equations, we conclude that Λ  is an external 

plithogenic neutrosophic cubic set (EPNCS) in Y. 

Example 3.3.6 The following values of attribute represents the criteria “Seasons” : Spring (the dominant one), 

Winter, Summer, Autumn 

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Spring Winter Summer Autumn 

Appurtenance Degree )(yB  
([0.3, 0.6], 

[0.7, 0.5], 

[0.4, 0.8]) 

([0.1, 0.3], 

[0.2, 0.3], 

[0.6, 0.8]) 

([0.1, 0.4] , 

[0.2, 0. 6], 

[0.8, 0.9]) 

([0.3, 0.5], 

[ 0.2,0.7], 

[0.6, 0.8]) 

)(yλ  ([0.1,0.2, 0.9]) ([0.4, 0.5, 0.9]) ([0.7, 0.9, 0.6]) ([0.1, 0.8, 0.3]) 

 

Theorem 3.3.7 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y which is not external. Then there 

exists Yy ∈ such that ))(),(()( yByBy
T

d

T

d

T

i ii

+−∈λ , ))(),(()( yByBy
I

d

I

d

I

i ii

+−∈λ or 

))(),(()( yByBy
F

d

F

d

F

i ii

+−∈λ  where di represents the contradictory degree and their respective value of 

attributes.. 

Proof. Direct proof 

Theorem 3.3.8 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y. If Λ is both T-internal and T-

external, then ( ) { } { }( )YyyBYyyByYy
T

d

T

d

T

i ii
∈∪∈∈∈∀ +−

)()()(λ  where di represents the contradictory degree 

and their respective value of attributes. 

Proof. The conditions (3.1) and (3.4) implies that )()()( yByyB
T

di

T

d ii

+− ≤≤ λ and

))(),(()( yByBy
T

d

T

d

T

i ii

+−∉λ  for all Yy ∈ and i = 1, 2, 3,…n. 

Then it indicates that )()( yBy
T

d

T

i i

−=λ  or )()( yBy
T

d

T

i i

+=λ , and hence  

{ } { }YyyBYyyBy
T

d

T

d

T

i ii
∈∪∈∈ +−

)()()(λ where di represents the contradictory degree and their 

respective value of attributes. 

Hence the proof. 
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Correspondingly the subsequent theorems hold for the indeterminate and falsity values. 

Theorem 3.3.9 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y. If Λ is both I-internal and I-

external, then ( ) { } { }( )YyyBYyyByYy
I

d

I

d

I

i ii
∈∪∈∈∈∀ +−

)()()(λ where di represents the contradictory degree 

and their respective value of attributes. 

Theorem 3.3.10 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y. If Λ is both F-internal and F-

external, then ( ) { } { }( )YyyBYyyByYy
F

d

F

d

F

i ii
∈∪∈∈∈∀ +−

)()()(λ where di represents the contradictory degree 

and their respective value of attributes. 

Definition 3.3.11 Let Y be a non empty set, The complement of >=<Λ λ,B is said to be the PNCS

>=<Λ ccc B λ, where ( ){ })(),(),( yByByBB
F

d
cI

d
cT

d
cc

iii=  is an interval valued PNCS in Y and 

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

i
cI

i
cT

i
c λλλλ =  is a neutrosophic set in Y. 

Theorem 3.3.12 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y.  If Λ is both T-internal and T-

external, then the complement >=<Λ ccc B λ, of >=<Λ λ,B is an T-Internal and T-external PNCS in Y. 

Proof. Let Y be a non empty set .If >=<Λ λ,A  is an T-internal and T-external PNCS in Y, then 

)()()( yByyB
T

di

T

d ii

+− ≤≤ λ and ))(),(()( yByBy
T

d

T

d

T

i ii

+−∉λ  for all Yy ∈ and i = 1, 2, 3,…,n. It follows that 

)(1)(1)(1 yByyB
T

di

T

d ii

+− −≤−≤− λ and. )).(1,)(1()(1 yByBy
T

d

T

d

T

i ii

+− −−∉− λ Therefore >=<Λ ccc B λ, is an T-

Internal and T-external PNCS in Y. 

Correspondingly the subsequent theorems hold for the indeterminate and falsity values. 

Theorem 3.3.13 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y. If Λ is both I-internal and I-

external, then the complement >=<Λ ccc
B λ, of >=<Λ λ,B is an I-internal and I-external PNCS in Y. 

Theorem 3.3.14 Let Y be a non empty set and >=<Λ λ,B be a PNCS in Y.  If Λ is both F-internal and F-

external, then the complement >=<Λ ccc
B λ, of >=<Λ λ,B is an F-internal and F-external PNCS  in Y. 

Definition 3.3.15 Let NPB
Ω>∈=<Λ λ,  . 

If )()()( yByyB
T

d

T

i

T

d ii

+− ≤≤ λ
,

)()()( yByyB
I

d

I

i

I

d ii

+− ≤≤ λ
,

))(),(()( yByBy
F

d

F

d

F

i ii

+−∉λ
 

or 

 )()()( yByyB
T

d

T

i

T

d ii

+− ≤≤ λ
,

)()()( yByyB
F

d

F

i

F

d ii

+− ≤≤ λ ))(),(()(, yByBy
I

d

I

d

I

i ii

+−∉λ
  

or 

)()()( yByyB
F

d

F

i

F

d ii

+− ≤≤ λ
,

)()()( yByyB
I

d

I

i

I

d ii

+− ≤≤ λ ))(),(()(, yByBy
T

d

T

d

T

i ii

+−∉λ for all Yy ∈ .Then 

Λ   is called 
3

2
 IPNCS or 

3

1
EPNCS. 

Example 3.3.16 The following values of attribute represents the criteria “Types of humans” : Fun loving (the 

dominant one), Sensitive, Determined, Serious 

Contradictory Degree 0 0.50 0.75 1 
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Value of attributes Fun loving Sensitive Determined Serious 

Appurtenance Degree )(yB  ([0.1, 0.6], 

[0.3, 0.5], 

[0.4, 0.8]) 

([0.1, 0.3], 

[0.2, 0.3], 

[0.6, 0.8]) 

([0.1, 0.4] , 

[0.2, 0. 6], 

[0.8, 0.9]) 

([0.3, 0.5], 

[ 0.2,0.7], 

[0.6, 0.8]) 

)(yλ  ([0.1,0.4, 0.9]) ([0.2, 0.5, 0.7]) ([0.7, 0.5, 0.8]) ([0.3,0.4, 0.3]) 

 

Definition 3.3.16  Let NPB
Ω>∈=<Λ λ, . 

If )()()( yByyB
T

d

T

i

T

d ii

+− ≤≤ λ , ))(),(()( yByBy
I

d

I

d

I

i ii

+−∉λ , ))(),(()( yByBy
F

d

F

d

F

i ii

+−∉λ   

or 

)()()( yByyB
F

d

F

i

F

d ii

+− ≤≤ λ , ))(),(()( yByBy
T

d

T

d

T

i ii

+−∉λ , ))(),(()( yByBy
I

d

I

d

I

i ii

+−∉λ  

or 

 )()()( yByyB
I

d

I

i

I

d ii

+− ≤≤ λ , ))(),(()( yByBy
F

d

F

d

F

i ii

+−∉λ , ))(),(()( yByBy
T

d

T

d

T

i ii

+−∉λ for all Yy ∈ . 

Then Λ  is called  
3

1
 IPNCS or 

3

2
EPNCS. 

Example 3.3.17 The following values of attribute represents the criteria “ Social Networks ” : Whatsapp, 

Facebook (the dominant one), Instagram, Linkedinn  

Contradictory Degree 0 0.50 0.75 1 

Value of attributes Whatsapp Facebook Instagram Linkedin 

Appurtenance Degree )(yB  
([0.2, 0.6], 

[0.7, 0.5], 

[0.4, 0.8]) 

([0.1, 0.3], 

[0.2, 0.4], 

[0.6, 0.8]) 

([0.1, 0.4] , 

[0.2, 0. 6], 

[0.8, 0.9]) 

([0.3, 0.5], 

[ 0.2,0.7], 

[0.6, 0.8]) 

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

 

Theorem 3.3.14 Let NPB
Ω>∈=<Λ λ, . Then 

(i)   All IPNCS is a generalisation of  ICS. 

(ii)   All EPNCS is a generalisation of  ECS. 

(iii) All PNCS is a generalisation of CS. 

 

Proof. Direct proof. 

4. Conclusions and future work 

In this article,We have introduced the plithogenic fuzzy cubic set, plithogenic intuitionistic fuzzy cubic set, 

plithogenic neutrosophic cubic sets and their corresponding internal and external cubic sets are defined with 

examples. Furthermore some of the properties of plithogenic neutrosophic cubic sets are investigated. In the 

consecutive research, we will study the P-Union, P-Intersection, R-Union, R-Intersection of plithogenic 

neutrosophic cubic sets. 
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