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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.
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l. 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
Salamaetal.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
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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.

1. 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, indeterminacT and non-membership

values respectively, where

interval.
Definition 2.1 [9, 13, 15]
A neutrosophic crisp set (NCS for short)

A:<A1,A2,A3> can be identified to an ordered

0 ,1+[is nonstandard unit

triple <A1, A, A3> are subsets on x, and every crisp
event in X is obviously an NCS having the

form(A, A, A;),
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Salama et al. constructed the tools for developed
neutrosophic crisp set, and introduced the NCS

@ Xy in X as follows:

1) ¢y may be defined as four types:
i)Typel: gy = (¢4, X), or
i) Type2: ¢y =<¢, X, X>,or
i) Type3: gy = (¢, X, ), 0r
iv)Typed: ¢y = (4,4,4)

2) X'y may be defined as four types
i) Typel: Xy =<X,¢,¢>,
i) Type2: X = <X, X,¢>,
i) Type3: Xy = (X, X, ),
iv) Typed: X :<X,X,X>,

Definition 2.2 [9, 13, 15]
Let A= <A1, A, A3> aNCE or UNCE onX , then

the complement of the set A ( A°, for short ) maybe
defined as three kinds of complements

(C,) Typel: A° :<A01,A02,A03>,
(C,) Type2: A° =<A3,A2,Al>
(A, A%2,A)

One can define several relations and operations
between NCS as follows:
Definition 2.3 [9, 13, 15]
Let X be anon-empty set, and NCSS A and B
in the form A= (A, A,, A;) . B=(B,,B,,Bj), then we
may consider two possible definitions for subsets
(AcB)

(A< B) may be defined as two types:
1)Typel:
AcB< A cB,A, B, and A; oBjor
2)Typez2:

AcB< A cB,A, 2B, and A; ©B;

(C,) Type3: A°

Definition 2.4 [9, 13, 15]
Let x be a non-empty set,and NCSS A and B in the

form A=(A, Ay, A), B=(B,,B,, B;) are NCSS
Then
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1) ANB may be defined as two types:
i) Typel:
ANB=(A NB;,A, "B,, A; UB;)or
ii) Type2:
ANB=(A NB,A, UB,, A; UB;)
2) AUB may be defined as two types:
i) Type 1: AUB=(A UB,, A, NB,, A; UB;)
or
i Type 2: AUB=(A UB;, A, NB,, A;NB;)
Proposition 2.1 [9, 13, 15]
Let {Aj je J[> be arbitrary family of neutrosophic
crisp subsets in X, then
e A]- may be defined two types as :

Typel: NA; = <m Aj,NA;

i ,uAj3>,or

iType2: NA; = <m Ajl,uAj2 ,

uAj3> .
2)U Aj may be defined two types as :

Typel: U A; = <u Aj,NA;

i ,F\Aj3>or

iType2: UA; = <u Aj VA

i2 ’mAi3>'

I11. 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 A=(Ay, Ay, Ay)where
A, A, and Agare subsets of X .
Definition 3.2

The object having the form A= (A, A, A) is called
1) (Neutrosophic Crisp Set with Type 1) If
satisfying Ay NA, =, ANA; =¢

and A, N Ay = ¢. (NCS-Typel for short).

2) (Neutrosophic Crisp Set with Type 2) If
satisfying Ay NA, =, ANA; =¢

and Ay "A;=¢ and A UA, UA; = X. (NCS-
Type2 for short).
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3) (Neutrosophic Crisp Set with Type 3) If satisfying
ANA NA =¢and
A UA, UA; = X. (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 A= (X, 1z, (X), oo (X), v (X)) where
,uA(X), GA(X) and vA(X) which represent the degree
of member ship function (namely yA(X)), the degree
of indeterminacy (namely GA(X)), and the degree of
non-member ship (namely v 5 (X)) respectively of each
element Xe X the A
0" < up(X),05(X ,va(X) <1 and

O < pupa(X)+0a(X)+VA(X)<3".

to set where

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 A= (X, £,(X), o5 (X), V(X)) where
,uA(X), GA(X) and VA(X) which represent the degree
of member ship function (namely ,uA(X)), the degree
of indeterminacy (namely GA(X)), and the degree of
non-member ship (namely v 5 (X)) respectively of each
xe X the A where
0 < up(X),05(X ,va(X)<1'and the functions
satisfy the condition ,uA(X)/\ O'A(X)/\ VA(X) <05

element to set

and 07 < 1, (X) + oA (X) +Vva(X) <37,

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 A= (11, (X), 4 (X), VA (X)) where
,uA(X), GA(X) and VA(X) which represent the degree
of member ship function (namely £z, (X)), the degree
of indeterminacy (namely O'A(X)), and the degree of
non-member ship (namely VA(X)) respectively of
each element Xe X to the set
05< up(X),0a(X),va(X)and  the
satisfy the condition ,uA(X)/\ GA(X) <0.5,

A where
functions
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,uA(X)/\VA(X)SO.S, O'A(X)/\VA(X)S 0.5,
and " 0< g, (X)+ o, (X)+v,(X) <27,

A neutrosophic crisp with three types the object
A=<A1,A2,A3> can be identified to an ordered

triple <A1, A, A3> are subsets on x, and every crisp
set in X is obviously a NCS having the
form <A1, A,, A3> Every neutrosophic set
A=(11,(X),0,(X),v,(X)) on X is obviously on NS
having the form (1, (X), oa (X), VA (X)) -

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

GNS
NS

Fig.1: Represents the relation between types of NS

Corollary 3.1
Let X non-empty fixed set and

A=(p,(X),0,(X),v,(X)) beINSonX
Then:
1) Typel- A® of INS be a GNS.
2) Type2- A® of INS be a INS.

3) Type3- A° of INS be a GNS.
Proof

Since A INS then 0.5 < 12, (X), 05 (X),VA(X), and
Ha(X)ATA(X) 05V, (X) A1, (X) <05
Va(X) Ao, (X) < 0.5Implies
15a(X),0°a(X),v°a(X) <0.5 then is not to be
Typel- A° INS. On other hand the Type 2-A°,
A® =(v,(X),04(X), 4 (X)) be INS and Type 3- A°,
A = (v, (x), %A (%), 12, (X))
and o°a(x) < 0.5 implies

A° :<VA(X),GCA(X),IUA(X)> GNS and not to be INS

to
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Example 3.1

Let X = {a, b, c}, and A, B, C are neutrosophic sets on
X,
A

(0.7,0.9,0.8) \ a,(0.6,0.7,0.6) \ b, (0.9,0.7,0.8 \ c),

B

(0.7,0.9,0.5) \ a,(0.6,0.4,0.5) \ b, (0.9,0.5,0.8\ c)

C=(0.7,09,05)\a,(0.6,0.80.5) \b,(0.9,0.50.8\ c)
By the Definition 3.3 n0.3

1y (X) Ao, (X)Av,(X) > 0.5, Abenot GNS and
INS,

B=(0.7,0.9,0.5)\a,(0.6,0.4,0.5) \ b, (0.9,0.50.8\c)
not INS, where &, (D) = 0.4 < 0.5. Since

U (X) Aoz (X) Avg(X)<0.5then B isaGNS but
not INS.

A = (O.S,O.LO.Z) \a,(0.4,0.3,0.4)\b,(0.1,0.3,0.2\ c)

be a GNS, but not INS.

B® =(0.3,0.1,0.5)\ a,(0.4,0.6,0.5) \ b,(0.1,0.5,0.2 \ ¢)
be a GNS, but not INS, C be INS and GNS,

C‘= <O.3,0.1,0.5) \a,(0.4,0.2,0.5\b,(0.1,0.50.2\ c>
be a GNS but not INS.

Definition 3.4

A neutrosophic crisp set (NCS for short)
A=<A1,A2,A3> can be identified to an ordered

triple <A1, A, A3> are subsets on x, and every crisp
set in X is obviously an NCS having the

form(A, Ay Ay),

Salama et al in [6,13] constructed the tools for
developed neutrosophic crisp set, and introduced the

NCS @y, Xy in Xas follows:
1) ¢y may be defined as four types:

i) Typel: @y =<¢, o, X>, or
iiType2: @y = <¢, X, X>, or
iii) Type3: @y =<¢, X,¢>,or
v) Typed: gy = (¢,4.4)

2) X'y may be defined as four types
i) Typel: Xy = <X,¢, ¢>,
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i) Type2: X :<X,X,¢>,
v) Type3: X =<X,X,¢>,
vi) Typed: X =<X,X,X>,

Definition 3.5
A NCS-Typel @y, , Xy, inXas follows:

1) ¢N1 may be defined as three types:
i) Typel: gy, =<¢, @, X>,or
i) Type2: ¢N1 :<¢, X,¢>,or
iii)  Type3: gy = (¢.4.4).

2) X n1 May be defined as one type
Typel: Xy, :<X,¢,¢>.

Definition 3.6
A NCS-Type2, ¢y, , X, in X as follows:

1) Py , May be defined as two types:
i) Typel: gy, =(4.4,X),0r
i) Type2: ¢N2 = <¢, X, ¢>
2) Xy , may be defined as one type
Typel: Xy, = <X , 0, ¢>

Definition 3.7
a NCS-Type 3, @3, X3 in X as follows:

1) Py 5 Mmay be defined as three types:
i) Typel: @yg = <¢, o, X>, or
ii) Type2: @z = (4, X, ¢),or

iii) Type3: @y3 = <¢, X, X>.
2) Xy 5 May be defined as three types
i)Typel: X3 = (X , @, ¢>,
ii)Type2: X 3 = <X, X,¢>,
iii)Type3: X y3 = <X @, X >,
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-Typel, 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

NCS

Fig. 2: Venn diagram represents the relation between
NCSs
Example 3.2
Let A,B,C,DareNCSson X ={a,b,c,d,e, f},
the following types of neutrosophic crisp sets
i) A= ({a} {b}{c}) be aNCS-Type 1, but not
NCS-Type 2 and Type 3
i) B=({a,b} {c,d}{f e}) beaNCS-Type 1,2,
3
iii) C = ({a,b,c,d}.{e}.{a,b, f}) beaNCS-Type
3 but not NCS-Type 1, 2.
iv) D=({a,b,c,d}{a,b,c}{a,b,d, f})bea
NCS but not NCS-Type 1, 2, 3.
The complement for A, B,C, D may be equals
The complement of A
i)Type 1: A —({b,c.d.e, f}.{a,c.d,e F}{ab,d,e f})
be a NCS but not NCS—Typel, 2,3
i) Type 2: A° = ({c} {b}{a}) be a NCS-Type 3
but not NCS—Typel, 2
i) Type 3: A° =({c}{a,c,d,e f}.{a}) bea
NCS-Type 1 but not NCS—Type 2, 3.
The complement of B may be equals
i)Type 1:
B°=({c.d,e, f}{a,b,e, f}.{a,b,c,d}) be
NCS-Type 3 but not NCS-Type 1, 2.
i) Type 2. B® =({e, f}.{c,d}.{a,b}) be NCS-
Type 1,2, 3.
ii)Type 3: B® =({e, f}{a,b,e, }.{a,b}) be
NCS-Type 3, but not NCS-Type 1, 2.
The complement of C may be equals

i)Type 1. C°© :<{e, f}.{a,b,c,d, f},{c,d,e}) .
i) Type 2: C° =({a,b, f}.{e}.{a,b,c,d}),
iii) Type 3:
C®={ab, f}{abc,d}{ab,cd}),
The complement of D may be equals
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NType 1: D° =({e, f}.{d.e, f}.{c.e})

be NCS-Type 3 but not NCS-Type 1, 2.
ii)Type 2: D° =({a,b,d, f}.{a,b,c},{a,b,c,d})
be NCS-Type 3 but not NCS-Type 1, 2.
iii)Type 3: D°=({a,b,d, f}{d,e f}{a,b,c,d})

be NCS-Type 3 but not NCS-Type 1, 2.
Definition 3.8

Let X be anon-empty set, A= <A1, A, A3>

1) If A beaNCS-TypelonX ,thenthe
complement of the set A ( A°, for short ) maybe
defined as one kind of complement Typel:
A=(AALA) .

2) If A be a NCS-Type 2 onX , then the
complement of the set A (A°, for short ) maybe
defined as one kind of complement A® = <A3, A, A&>
3)If A be NCS-Type3 onX , then the complement of
the set A (A°, for short ) maybe defined as one kind
of complement defined as three kinds of complements

(C,) Typel: A° :<A°1, ASy, A°3>,
(C,) Type2: A® =(Aq, A, A)
(C,) Type3: A° =<A3,A02,A1>

Example 3.3

LetX ={a,b,c,d,e, f}, A=({a,b,c,d}{e}.{f})
be a NCS-Type 2, B=({a,b,c}{#}.{d.e}) be a
NCS-Typel., C =({a,b}.{c,d}.{e, }) NCS-Type 3,
complement A=({a,b,c,d} {e}.{f}).

then the

A°=({f}{e}{abc,d}) NCS-Type 2, the
complement of B=({a,b,c}{¢}.{d.€}),
B® ={{d,e}.{s}.{a.b,c}) NCS-Typel. The

complement of C =({a,b},{c,d}{e, f}) may be
defined as three types:

Type1: C° =({c,d,e, f}.{a,be, f}{a,b,c,d}).
Type 2: C° =({e, f}.{c,d}.{a,b}),

Type 3: C° =({e, f}.{a.b,e, f}.{a,b}),

Proposition 3.1
Let {Aj tjeld } be arbitrary family of neutrosophic
crisp subsets on X, then
1N Aj may be defined two types as :
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Typel: N A = <m Ajl,mAj2 ,uAj3 > or
Type2: N Aj = <m Ajl,uAj2 ,uAb > .

2) A j may be defined two types as :

Typel: U AJ- =<u Ajl,mAj2 ,mAj3>or

Type2: U A :<u Ajl,uAj2 ,mAj3>.
Definition 3.9
@If B= <Bl, B,, Ba) isa NCS in Y, then the preimage
of B under f, denoted by f (B),is a NCS in X
defined by f(B)=(1"(B), 1 (B,),(B,))
(b) If A=(A, A,, A;) isaNCS in X, then the image
of A under T, denoted by f (A), is the a NCS in Y

defined by f(A)=(f(A), F(A), F(A)) ).

Here we introduce the properties of images and
preimages some of which we shall frequently use in the
following.

Corollary 3.2

Let A, {A :ied} , be afamily of NCS in X, and
B, {Bj:jeK} NCS in Y, and f:X —>Ya
function. Then

@ AchA = T(A)c T(A)

B,cB, = f'(B)cf(B,),

(b) Ac f*(f(A)) andif f isinjective, then
A=f(f(A)),

(c) f(f(B))< B andif f issurjective, then
f(f(B) )=B,

() £1uB))=fB), f(NB) )=nf7(B),
€ f(UA) =Uf(A); F(NA) c=nf(A);and

f isinjective, then f(~A) =~f(A);

0 £y =Xy, F4) =4y

Q) f(gy) =gy, T(Xy) =VY,, if T issubjective.

Proof
Obvious

if

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
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Definition 4.1
Let X and Y are two non-empty crisp sets and NCSS

A and B inthe form A=(A, Ay, A5) on X,

B :<Bl, B,, B3>on Y. Then

i) The product of two neutrosophic crisp sets A and B
is a neutrosophic crisp set Ax B given by

Asz(Alel,Aszz,Asx83>on X xY.
ii) We will call a neutrosophic crisp
R < Ax B on the direct product X xY .

The collection of all neutrosophic crisp relations on
X xY is denoted as NCR(X xY)

relation

Definition 4.2
Let R be a neutrosophic crisp relation on X xY , then

the inverse of R is denoted by R™ where
Rc AxBon X xY then R* <= BxAon
Y x X.

Example 4.1

Let X ={a,b,c,d}, A=({a b}.{c}.{d}) and

B =({a}.{c}.{d, b}) then the product of two
neutrosophic crisp sets given by

AxB=({(a,a),(b,a)}{(c,0)}.{(d.d),(d,b)})

and

Bx A=({(a a),(ab)}.{(c.c)}{(d,d),(b,d)}).

and

R, =({(a,a)}{(c,c)}{(d,d)}),R, = AxBon
XxX,

R, =({(a,b)}.{(c.c)}.{(d.d),(b,d)})

R, € BxAon X xX.

Example 4.2
From the Example 3.1

R =({(a a)}{(c.03{(d,d)}) € Bx A and

R, ={(b a)}{(c,0)}{(d.d),(d,b)})
c BxA.

Example 4.3

Let X ={a,b,c,d,e, f},
A=({{a,b,c,d}.{e}.{f}).

D= <{a, b}.{e,c} {f, d}> be a NCS-Type 2,
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B=({a,b,c},{#}{d,e}) be aNCS-Typel.
C=({a,b}.{c.d}{e f}) be a NCS-Type 3. Then
<{(a, a),(a,b), (b,a), (b,b), (b,b),(c,a),(c,b) >

.(d,a),(d,b)}.{(e.e), (e, {(f, ), (f,d)}

DxC — <{(a, a), (a,b), (b, a), (b, b)}, {(e, c), (e, d), >
(c,0), (c,d), {(f,e), (f, ), (d,e), (d, )}

AxD=

we can construct many types of relations on products.
We can define the operations of neutrosophic crisp
relation.

Definition 4.4
Let R andS be two neutrosophic crisp relations
between X and Y for every (X,y) e X xY and NCSS

A and Bin the form A=(A,A;,A;) on X

B=<Bl,Bz,Bg>on Y, Then we can defined the

following operations
i) R < S may be defined as two types

a)Typel:Rc S & A, =B, Ay, =By,

Agr 2 Bgs
b)Type2: RC S < AlR cB

Bss < Asr

i) R U S may be defined as two types
a)Typel:

RUS :<A1RUBls'A2RUBZS’A3RmBSS>*
b)Type2:
RuUS

:<A1RUBls’A2RmBZS’A3R mBSS>'

iii) R 'S may be defined as two types
a)Typel:RNS

:<A1R N Bys, Asg U Bys, Agg UBgs>,
b)Type2:
RMS

:<A1RmBls1A2RmBZS’A3RUBSS>'

Theorem 4.1
LetR, Sand Q be three neutrosophic crisp relations

between X and Y for every (X, y) € X xY , then
i)RgS:R_lgS_l.

if(RUS) ' =>RTUS™

i) RNS) ' =>R*TNS™

v (R =R

1g Asr 2 Bys,
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WRN(SuUQ)=(RNS)U(RNQ).
ViIRU(SNQ)=(RUS)N(RUQ).
viDlf Sc R, QcR,then SUQcR

Proof

Clear

Definition 4.5

The neutrosophic crisp relation | € NCR(X x X), the

neutrosophic crisp relation of identity may be defined
as two types

i)Typel: | = {<{A>< A} {Ax A}, ¢ >}
ii)Type2: | = {<{A>< A}, b, ¢ >}

Now we define two composite relations of
neutrosophic crisp sets.

Definition 4.6

Let R be a neutrosophic crisp relation in X xY , and
S be a neutrosophic crisp relation inY x Z . Then the
composition of R andS, RoSbe a neutrosophic
crisp relation in X x Z as a definition may be defined
as two types
i) Typel:

RoS <> (RoS)(x,2)

= A<{(A xBy)g N (A, xB;)s}
{(A; xB,y)r N (A, xBy)s},
{(A3xB3)g M (A3 xBg)s}>.

i) Type2 :
RoS <> (RoS)(x,2)

= {<{(A xB))g U(A; xB,)s},
{(Ay xBy)r W(A; xB;)s 1},
{(A3xB3)gr U (A3 xB3)s}>.

Example 4.5

Let X ={a,b,c,d}, A=({a,b}{c}{d})and

B = ({a}.{c}.{d, b}) then the product of two events
given

by Ax B =({(a,a), (b, a)}{(c,0)}{(d.d),(d,b)}).

and

Bx A=({(a a),(a,b)}.{(c.c)}{(d,d),(b,d)}).

and

Ry =({(a,a)}{(c.c)}{(d,d)}).R, = AxBon
Xx X,

R, =({(a,b)}.{(c,0)}{(d.d),(b,d)})

R, 2 BxAon X xX.
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R o R, = ({(a,a)}~{(a b)}.{(c.c)}.{(d,d)})
=({#}{(c.0)}.{(d,d)})and

| x ={(a,2).(a,b).(b:2)},{(a,2).(a, b).(b, @)} {#})
a2 ={{(a a).(a,b).(ba)} {¢} {¢})

Theorem 4.2

Let R be a neutrosophic crisp relation in X xY , and
S be a neutrosophic crisp relation
inY xZthen(RoS) ™ =S1oR™

Proof
Let Rc AxBonX xY thenR* = Bx A,

ScBxDonY xZthenS™* = DxB, from
Definition 3.6 and similarly we
can I(ROS)_l (x,2)= IS_1 (x,z) and 1 ol (X,z) then

(ReS) =S oR™
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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