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Abstract—The purpose of this paper is to introduce a 

new types of crisp sets are called the neutrosophic crisp 

set with three types 1, 2, 3. After given the fundamental 

definitions and operations, we obtain several 

properties, and discussed the relationship between 

neutrosophic crisp sets and others. Finally, we 

introduce and study the notion of neutrosophic crisp 

relations.  

 
Index Terms—Neutrosophic set, neutrosophic crisp 

sets, neutrosophic crisp relations, generalized 

neutrosophic set, Intuitionistic neutrosophic Set. 

 
I. Introduction 

Since the world is full of indeterminacy, the 

neutrosophics found their place into contemporary 

research. The fundamental concepts of neutrosophic 

set, introduced by Smarandache in [16, 17, 18], and 

Salama et al. in [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15], 

provides a natural foundation for treating 

mathematically the neutrosophic phenomena which 

exist pervasively in our real world and for building new 

branches of neutrosophic mathematics. Neutrosophy 

has laid the foundation for a whole family of new 

mathematical theories generalizing both their classical 

and fuzzy counterparts [1, 2, 3, 19] such as a 

neutrosophic set theory.  In this paper we introduce a 

new types of crisp sets are called the neutrosophic crisp 

set with three types 1, 2, 3. After given the fundamental 

definitions and operations, we obtain several 

properties, and discussed the relationship between 

neutrosophic crisp sets and others. Finally, we 

introduce and study the notion of neutrosophic crisp 

relations.  

The paper unfolds as follows. The next section briefly 

introduces some definitions related to neutrosophic set 

theory and some terminologies of neutrosophic crisp 

set. Section 3 presents new types of  neutrosophic crisp 

sets and studied some of their basic properties. Section 

4 presents the concept of neutrosophic crisp relations . 

Finally we concludes the paper. 

  

II. Preliminaries 

We recollect some relevant basic preliminaries, and 

in particular, the work of Smarandache in  [16 , 17, 18], 

and Salama et al. [4,5]. Smarandache introduced the 

neutrosophic components T, I, F which represent the 

membership, indeterminacy, and non-membership 

values respectively, where  1,0 -
is nonstandard unit 

interval. 

Definition 2.1 [9, 13, 15] 

A neutrosophic crisp set (NCS for short) 

321 ,, AAAA   can be identified to an ordered 

triple 321 ,, AAA  are subsets on X, and every crisp 

event in X is obviously an NCS having the 

form 321 ,, AAA ,  
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Salama et al. constructed the tools for developed  

neutrosophic crisp set, and  introduced the NCS 

NN X,  in X as follows: 

1) N   may be defined as four types: 

i)Type1: ,,, XN   or 

ii)Type2: ,,, XXN   or 

iii)Type3: ,,,  XN  or 

iv)Type4:  ,,N  

2) NX  may be defined as four types 

i) Type1: ,,, XX N   

ii) Type2: ,,, XXX N   

iii) Type3: ,,, XXX N   

iv) Type4: ,,, XXXX N   

Definition 2.2 [9, 13, 15] 

Let 321 ,, AAAA   a NCE or UNCE on X , then 

the complement of the set A  (
cA , for short   maybe 

defined as three kinds of complements 

 1
C  Type1: 321 ,, cccc AAAA  , 

 2
C  Type2: 123 ,, AAAAc    

 3
C  Type3: 123 ,, AAAA cc   

One can define several relations and operations 

between NCS as follows: 

Definition 2.3 [9, 13, 15] 

Let X    be a non-empty set, and NCSS A  and   B   
in the form

321 ,, AAAA  ,
321 ,, BBBB  , then we 

may consider two possible definitions for subsets 

( BA ) 

( BA )  may be defined as two types: 

1)Type1:

332211   and  , BABABABA  or 

2)Type2:

332211   and  , BABABABA   

 

Definition 2.4 [9, 13, 15] 

Let X  be a non-empty set, and   NCSS A  and B in the 

form 321 ,, AAAA , 321 ,, BBBB   are NCSS 

Then 

1) A B  may be defined as two types: 

i) Type1: 

332211 ,, BABABABA  or 

ii) Type2:

332211 ,, BABABABA   

2) A B  may be defined as two types: 

i) Type 1: 
332211 ,, BABABABA   

or 

ii) Type 2: 
332211 ,, BABABABA   

Proposition 2.1 [9, 13, 15] 

Let  JjA j :  be arbitrary family of neutrosophic 

crisp subsets in X, then  

1) jA   may be defined two types as : 

i)Type1: 
321 ,, jjj AAAjA  ,or 

ii)Type2: 
321 ,, jjj AAAjA  . 

2) jA   may be defined  two types as : 

i)Type1: 
321 ,, jjj AAAjA  or 

ii)Type2: 
321 ,, jjj AAAjA  . 

 

III. New Types of Neutrosophic Crisp Sets 

We shall now consider some possible definitions for 

some types of neutrosophic crisp sets  

Definition 3.1 

Let X  be a non-empty fixed sample space. A 

neutrosophic crisp set (NCS for short) A  is an object 

having the form

 
321 ,, AAAA  where 

321   and , AAA are subsets of X . 

Definition 3.2  

The object having the form

 
321 ,, AAAA   is called  

1) (Neutrosophic Crisp Set with Type 1) If 

satisfying  21 AA ,  31 AA  

and  32 AA . (NCS-Type1 for short). 

2) (Neutrosophic Crisp Set with Type 2 ) If 

satisfying  21 AA ,  31 AA  

and  32 AA  and  .321 XAAA   (NCS-

Type2 for short).  
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3) (Neutrosophic Crisp Set with Type 3 ) If satisfying 

 321 AAA  and  

.321 XAAA   (NCS-Type3 for short).  

Definition 3.3 

1) (Neutrosophic Set [7]):  Let X be a non-empty fixed 

set. A neutrosophic set ( NS for short) A  is an object 

having the form  )(),(),(, xxxxA AAA  where 

   xx AA  ,  and  xA  which represent the degree 

of member ship function (namely  xA ), the degree 

of indeterminacy (namely  xA ), and the degree of 

non-member ship (namely  xA ) respectively of each 

element Xx  to the set A  where 

  1)(),(),(0 xxx AAA  and

  3)()()(0 xxx AAA  . 

2) (Generalized Neutrosophic Set [8]):  Let X be a non-

empty fixed set. A generalized neutrosophic (GNS for 

short) set A  is an object having the 

form )(),(),(, xxxxA AAA 
 

where 

   xx AA  ,  and  xA  which represent the degree 

of member ship function (namely  xA ), the degree 

of indeterminacy (namely  xA ), and the degree of 

non-member ship (namely  xA ) respectively of each 

element Xx  to the set A  where 

  1)(),(),(0 xxx AAA  and the functions 

satisfy the condition       5.0 xxx AAA   

and 
  3)()()(0 xxx AAA  .  

3) (Intuitionistic Neutrosophic Set [16]). Let X be a 

non-empty fixed set. An intuitionistic  neutrosophic set 

A  (INS for short) is an object having the 

form )(),(),( xxxA AAA   where 

   xx AA  ,  and  xA  which represent the degree 

of member ship function (namely  xA ), the degree 

of indeterminacy (namely  xA ), and the degree of 

non-member ship (namely  xA ) respectively of 

each element Xx  to the set A  where 

)(),(),(5.0 xxx AAA  and the functions 

satisfy the condition     ,5.0 xx AA 
 

  ,5.0)(  xx AA 
 

  ,5.0)(  xx AA 
 

and
  2)()()(0 xxx AAA  .  

A neutrosophic crisp with three types the object 

321 ,, AAAA   can be identified to an ordered 

triple 321 ,, AAA  are subsets on X, and every crisp 

set in X is obviously a NCS having the 

form 321 ,, AAA .Every neutrosophic set 

)(),(),( xxxA AAA   on X  is obviously on NS 

having the form )(),(),( xxx AAA  .
 

Remark 3.1 

1) The neutrosophic set not to be generalized 

neutrosophic set in general. 

2) The generalized neutrosophic set in general not 

intuitionistic NS but the intuitionistic NS is 

generalized NS. 

 

Intuitionistic NS           Generalized NS            NS 

 

 

 

 

 

 

 

Fig.1: Represents the relation between types of NS 

 

Corollary 3.1 

Let X non-empty fixed set and 

)(),(),( xxxA AAA 
 
be INS on X 

Then: 

       1) Type1-
cA  of INS be a GNS. 

2) Type2-
cA  of INS be a INS. 

3) Type3-
cA  of INS be a GNS. 

Proof 

Since A INS then )(),(),(5.0 xxx AAA  , and 

5.0)()(,5.0)()(  xxxx AAAA   

5.0)()(  xx AA  Implies 

5.0)(),(),( xxx A
c

A
c

A
c   then is not to be 

Type1-
cA  INS. On other hand the Type 2-

cA ,
 

)(),(),( xxxA AAA

c  be INS and Type 3-
cA ,

 

)(),(),( xxxA AA
c

A

c 
 

and 5.0)( xA
c implies to 

 
)(),(),( xxxA AA

c

A

c  GNS and not to be INS 
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Example 3.1 

Let  cbaX ,, , and CBA ,, are neutrosophic sets on 

X, 

,\8.0,7.0,9.0(,\)6.0,7.0,6.0(,\)8.0,9.0,7.0 cbaA 

 

cbaB \8.0,5.0,9.0(,\)5.0,4.0,6.0(,\)5.0,9.0,7.0

 

cbaC \8.0,5.0,9.0(,\)5.0,8.0,6.0(,\)5.0,9.0,7.0

By the Definition 3.3 no.3 

    ,5.0)(  xxx AAA 
 
 A be not GNS and 

INS, 

cbaB \8.0,5.0,9.0(,\)5.0,4.0,6.0(,\)5.0,9.0,7.0

not INS, where 5.04.0)( bA . Since 

5.0)()()(  xxx BBB 
 
then   B

  
is a GNS but 

not INS.
 

cbaAc \2.0,3.0,1.0(,\)4.0,3.0,4.0(,\)2.0,1.0,3.0
  

be a GNS, but not INS. 

 

cbaBc \2.0,5.0,1.0(,\)5.0,6.0,4.0(,\)5.0,1.0,3.0

be a GNS, but not INS, C be INS and GNS,  

cbaC c \2.0,5.0,1.0(,\)5.0,2.0,4.0(,\)5.0,1.0,3.0

be a GNS but not INS. 

 

Definition 3.4  

A neutrosophic crisp set (NCS for short) 

321 ,, AAAA   can be identified to an ordered 

triple 321 ,, AAA  are subsets on X, and every crisp 

set in X is obviously an NCS having the 

form 321 ,, AAA ,  

Salama et al  in [6,13] constructed the tools for 

developed neutrosophic crisp set, and introduced the 

NCS NN X,  in X as follows: 

1) N   may be defined as four types: 

i) Type1: ,,, XN   or 

ii) Type2: ,,, XXN   or 

iii) Type3: ,,,  XN  or 

iv) Type4:  ,,N  

 

2) NX  may be defined as four types 

i) Type1: ,,, XX N   

ii) Type2: ,,, XXX N   

v) Type3: ,,, XXX N   

vi) Type4: ,,, XXXX N   

Definition 3.5  

A  NCS-Type1 
11

, NN X  in X as follows: 

1) 
1N   may be defined as three types: 

i) Type1: ,,,
1

XN   or 

ii) Type2: ,,,
1

 XN  or 

iii) Type3:  ,,N . 

2)
1NX  may be defined as one type 

Type1:  ,,
1

XX N  . 

Definition 3.6  

A  NCS-Type2, 22
, NN X  in X as follows: 

1) 
2N   may be defined as two types: 

i) Type1: ,,,
2

XN   or 

ii) Type2:  ,,
2

XN   

2)
2NX  may be defined as one type 

    Type1: ,,
2

XX N   

Definition 3.7  

    a  NCS-Type 3, 33 , NN X  in X as follows: 

1) 
3N   may be defined as three types: 

i) Type1: ,,,3 XN   or 

ii) Type2: ,,,3  XN  or 

iii) Type3: .,,3 XXN    

2)
3NX  may be defined as three types 

i)Type1: ,,,3 XX N   

ii)Type2: ,,,3 XXX N   

iii)Type3: ,,,3 XXX N   

Corollary 3.1 

In general  

1-Every NCS-Type 1, 2, 3 are NCS. 

2-Every NCS-Type 1 not to be NCS-Type2, 3. 

3-Every NCS-Type 2 not to be NCS-Type1, 3. 

4-Every NCS-Type 3 not to be NCS-Type2, 1, 2. 

5-Every crisp set be NCS. 
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The following Venn diagram represents the relation 

between NCSs 

                               

 

 

 

 

 

 

 

 

Fig. 2: Venn diagram represents the relation between 

NCSs 

Example 3.2 

Let DCBA ,,, are NCSs on },,,,,{ fedcbaX  , 

the following types of neutrosophic crisp sets  

i) }{},{},{ cbaA   be a NCS-Type 1,  but not 

NCS-Type 2 and Type 3 

ii) },{},,{},,{ efdcbaB   be a NCS-Type 1, 2, 

3 

iii) },,{},{},,,,{ fbaedcbaC   be a NCS-Type 

3 but not NCS-Type 1, 2. 

iv) },,,{},,,{},,,,{ fdbacbadcbaD  be a 

NCS but not NCS-Type 1, 2, 3.  

The complement for DCBA ,,, may be equals  

The complement of A 

i)Type 1: },,,,{},,,,,{},,,,,{ fedbafedcafedcbcA   

be a NCS but not NCS—Type1, 2,3 

ii)Type 2: }{},{},{ abcAc   be a NCS-Type 3 

but not NCS—Type1, 2 

iii)Type 3: }{},,,,,{},{ afedcacAc   be a 

NCS-Type 1 but not NCS—Type 2, 3.  

The complement of B may be equals  

i)Type 1:  

},,,{},,,,{},,,,{ dcbafebafedcBc   be 

NCS-Type 3 but not NCS-Type 1, 2. 

ii) Type 2:  },{},,{},,{ badcfeBc   be NCS-

Type 1, 2, 3. 

iii)Type 3:  },{},,,,{},,{ bafebafeBc   be 

NCS-Type 3, but not NCS-Type 1, 2.  

The complement of C may be equals  

i)Type 1: },,{},,,,,{},,{ edcfdcbafeCc  . 

ii)Type 2: },,,{},{},,,{ dcbaefbaCc  , 

iii)Type 3: 

},,,{},,,,{},,,{ dcbadcbafbaCc  , 

The complement of D may be equals  

i)Type 1: },{},,,{},,{ ecfedfeDc   

 be NCS-Type 3 but not NCS-Type 1, 2. 

ii)Type 2: },,,{},,,{},,,,{ dcbacbafdbaDc   

be NCS-Type 3 but not NCS-Type 1, 2. 

iii)Type 3: },,,{},,,{},,,,{ dcbafedfdbaDc   

be NCS-Type 3 but not NCS-Type 1, 2. 

Definition 3.8 

Let   X be a non-empty set, 321 ,, AAAA    

1)  If   A   be a NCS-Type1 on X , then the 

complement of the set A  (
cA , for short   maybe 

defined as one kind of complement Type1: 

123 ,, AAAAc   . 

2)  If   A   be a NCS-Type 2 on X , then the 

complement of the set A  (
cA , for short   maybe 

defined as one kind of complement 123 ,, AAAAc  . 

3)If A be NCS-Type3 on X , then the complement of 

the set A  (
cA , for short   maybe defined as one kind 

of complement defined as three kinds of complements 

 1
C  Type1: 321 ,, cccc AAAA  , 

 2
C  Type2: 123 ,, AAAAc    

 3
C  Type3: 123 ,, AAAA cc   

Example 3.3 

Let },,,,,{ fedcbaX  , }{},{},,,,{ fedcbaA  

be a NCS-Type 2, },{},{},,,{ edcbaB   be a 

NCS-Type1., },{},,{},,{ fedcbaC  NCS-Type 3, 

then the complement }{},{},,,,{ fedcbaA , 

},,,{},{},{ dcbaefAc   NCS-Type 2, the 

complement of },{},{},,,{ edcbaB  , 

},,{},{},,{ cbaedBc 
 

 NCS-Type1. The 

complement of },{},,{},,{ fedcbaC  may be 

defined as three types: 

Type 1: },,,{},,,,{},,,,{ dcbafebafedcCc  . 

Type 2: },{},,{},,{ badcfeCc  , 

Type 3: },{},,,,{},,{ bafebafeCc  , 

Proposition 3.1  

Let  JjAj :  be arbitrary family of neutrosophic 

crisp subsets on X, then  

1) jA   may be defined two types as : 
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Type1: 
32

,,1 jjj AAAjA  ,or 

Type2: 
32

,,1 jjj AAAjA  . 

2) jA   may be defined  two types as :
 

Type1: 
32

,,1 jjj AAAjA  or 

Type2: 
32

,,1 jjj AAAjA  . 

Definition 3.9 

(a) If 
321 ,, BBBB   is a NCS in Y, then the preimage 

of  B under ,f  denoted by ),(1 Bf 
is a NCS in X 

defined by .)(),(),()( 3

1

2

1

1

11 BfBfBfBf    

(b) If 
321 ,, AAAA   is a NCS in X, then the image 

of A under ,f denoted by ),(Af  is the a NCS in Y 

defined by .))(),(),()( 321

cAfAfAfAf    

  Here we introduce the properties of images and 

preimages some of which we shall frequently use in the 

following. 

 Corollary 3.2 

 Let A,  JiAi :  , be  a family of NCS in X, and  

B,  KjB j :  NCS in Y, and YXf : a 

function. Then  

(a) ),()( 2121 AfAfAA 

),()( 2

1

1

1

21 BfBfBB    

(b) ))((1 AffA   and if f is injective, then 

))((1 AffA  , 

(c) BBff  ))((1  and if f is surjective, then 

,))((1 BBff   

(d) ),())( 11

ii BfBf   ),())( 11

ii BfBf    

(e) );()( iiii
AfAf  );()( iiii

AfAf  and if 

f is injective, then  );()( iiii
AfAf   

(f) ,)(1

NN XYf 

NNf   )(1 . 

(g) ,)( NNf   ,)( NN YXf   if f is subjective. 

Proof  

    Obvious  

 

IV. Neutrosophic Crisp Relations 

 

Here we give the definition relation on neutrosophic 

crisp sets and study of its properties.  

Let X, Y and Z be three ordinary nonempty sets 

 

Definition 4.1 

Let X and Y are two non-empty crisp sets and NCSS 

A  and B  in the form 321 ,, AAAA   on X, 

321 ,, BBBB  on Y. Then 

i) The product of two neutrosophic crisp sets A and B 

is a neutrosophic crisp set BA given by  

332211 ,, BABABABA  on YX  . 

ii) We will call a neutrosophic crisp relation 

BAR  on the direct product YX  . 

The collection of all neutrosophic crisp relations on 

YX  is denoted as )( YXNCR   

 

Definition 4.2 

Let R  be a neutrosophic crisp relation on YX  , then 

the inverse of R  is denoted by 
1R  where 

BAR  on YX   then ABR 1
on 

.XY   

Example 4.1 

Let  },,,{ dcbaX  , }{},{},,{ dcbaA
 
and 

},{},{},{ bdcaB  then the product of two 

neutrosophic crisp sets given by 

)},(),,{()},,{()},,(),,{( bdddccabaaBA   

and 

)},(),,{()},,{()},,(),,{( dbddccbaaaAB  , 

and 

)},{()},,{()},,{(1 ddccaaR  , BAR 1 on 

XX  , 

)},(),,{()},,{()},,{(2 dbddccbaR 

ABR 2 on XX  . 

Example 4.2 

From the Example 3.1 

1
1


R = )},{()},,{()},,{( ddccaa AB  and 

)},(),,{()},,{()},,{(
1

2 bdddccabR 


 

AB .  

 

Example 4.3 

Let },,,,,{ fedcbaX  ,  

}{},{},,,,{ fedcbaA , 

},{},,{},,{ dfcebaD   be a NCS-Type 2, 
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 },{},{},,,{ edcbaB   be a NCS-Type1. 

},{},,{},,{ fedcbaC   be a NCS-Type 3. Then  

)},(),,{()},,(),,{()},,(),,(,

),(),,(),,(),,(),,(),,(),,{(

dfffceeebdad

bcacbbbbabbaaa
DA   

)},(),,(),,(),,{()},,(),,(

),,(),,{()},,(),,(),,(),,{(

fdedffefdccc

decebbabbaaa
CD 

 

we can construct many types of relations on products.  

We can define the operations of neutrosophic crisp 

relation. 

 

Definition 4.4  

Let R  and S  be two neutrosophic crisp relations 

between X and Y for every YXyx ),(   and NCSS 

A  and B in the form 321 ,, AAAA   on X, 

321 ,, BBBB  on Y, Then we can defined the 

following operations  

i) SR may be defined as two types  

a)Type1: SR  ,11 SR
BA  ,22 SR

BA 

SR BA 33   

b)Type2: SR  ,11 SR
BA  ,22 SR BA 

RS AB 33   

ii) SR  may be defined as two types 

a)Type1: 

SR SRSRSR BABABA 332211 ,,  , 

b)Type2: 

SR

SRSRSR BABABA 332211 ,,  . 

iii) SR  may be defined as two types 

a)Type1: SR

SRSRSR BABABA 332211 ,,  , 

b)Type2: 

SR

SRSRSR BABABA 332211 ,,  . 

 

Theorem 4.1  

Let R , S and Q  be three neutrosophic crisp relations 

between X and Y for every YXyx ),( , then  

i) .11   SRSR  

ii)   .111 
 SRSR  

iii)   .111 
 SRSR  

iv)   .
11 RR 


 

v)      QRSRQSR  . . 

vi)      QRSRQSR  . . 

vii)If ,RS  ,RQ then RQS   

 

Proof 

 Clear 

Definition 4.5 

The neutrosophic crisp relation )( XXNCRI  , the 

neutrosophic crisp relation of identity may be defined 

as two types  

i)Type1:   },{},{ AAAAI   

ii)Type2:   ,},{ AAI  

Now we define two composite relations of 

neutrosophic crisp sets. 

Definition 4.6 

Let R  be a neutrosophic crisp relation in YX  , and 

S be a neutrosophic crisp relation in ZY  . Then the 

composition of R  and S , SR  be a neutrosophic 

crisp relation in ZX  as a definition may be defined 

as two types  

i)Type1: 

SR  ),)(( zxSR 

})(){({ 2211 SR BABA  ,

},)(){( 2222 SR BABA 

 })(){( 3333 SR BABA . 

ii)Type2 : 

SR  ),)(( zxSR 

})(){({ 2211 SR BABA  ,

},)(){( 2222 SR BABA 

 })(){( 3333 SR BABA . 

Example 4.5 

Let },,,{ dcbaX  , }{},{},,{ dcbaA and 

},{},{},{ bdcaB  then the product of two events 

given 

by )},(),,{()},,{()},,(),,{( bdddccabaaBA  , 

and 

)},(),,{()},,{()},,(),,{( dbddccbaaaAB  , 

and 

)},{()},,{()},,{(1 ddccaaR  , BAR 1 on 

XX   , 

)},(),,{()},,{()},,{(2 dbddccbaR 

ABR 2 on XX  . 
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)},{()},,{()},,{()},{(21 ddccbaaaRR 

)},{()},,{(},{ ddcc and 

}{)},,).(,).(,{()},.).(,).(,{(1 abbaaaabbaaaI A 

, }{},{)},.).(,).(,{(2 abbaaaI A    

 

Theorem 4.2 

Let R  be a neutrosophic crisp relation in YX  , and 

S  be a neutrosophic crisp relation 

in ZY  then 111)(   RSSR  . 

 

Proof 

 Let BAR  on YX   then ABR 1
, 

DBS  on ZY  then BDS 1
, from 

Definition 3.6 and similarly we 

can ),(  and  ),(),( 111)(
zxIzxIzxI

RSSR  


 then  

111)(   RSSR  . 

V. Conclusion 

In our work, we have put forward some new types 

of neutrosophic crisp sets and  neutrosophic crisp 

continuity relations. Some related properties have 

been established with example. It ‘s hoped that our 

work will enhance this study in neutrosophic set 

theory. 
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