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Abstract. The purpose of this paper is to introduce new
types of neutrosophic crisp sets with three types 1, 2, 3.
After given the fundamental definitions and operations,
we obtain several properties, and discussed the relation-

ship between neutrosophic crisp sets and others. Also, we
introduce and study the neutrosophic crisp point and neu-
trosophic crisp relations. Possible applications to data-
base are touched upon.
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1 Introduction

Since the world is full of indeterminacy, the neutrosophics
found their place into contemporary research. The funda-
mental concepts of neutrosophic set, introduced by
Smarandache in [16, 17, 18] and Salama et al. in [4, 5, 6, 7,
8, 9, 10, 11, 15, 16, 19,20, 21], provides a natural founda-
tion for treating mathematically the neutrosophic phenom-
ena which exist pervasively in our real world and for build-
ing new branches of neutrosophic mathematics. Neu-
trosophy has laid the foundation for a whole family of new
mathematical theories generalizing both their classical and
fuzzy counterparts [1, 2, 3, 4, 23] such as a neutrosophic
set theory. In this paper we introduce new types of neutro-
sophic crisp set. After given the fundamental definitions
and operations, we obtain several properties, and discussed
the relationship between neutrosophic crisp sets and others.
Also, we introduce and study the neutrosophic crisp points
and relation between two new neutrosophic crisp notions.
Finally, we introduce and study the notion of neutrosophic
crisp relations.

2 Terminologies

We recollect some relevant basic preliminaries, and in par-
ticular, the work of Smarandache in [16, 17, 18], and
Salama et al. [7, 11, 12, 20]. Smarandache introduced the
neutrosophic components T, |, F which represent the
membership, indeterminacy, and non-membership values

respectively, where J'O ,1+lis nonstandard unit interval.

Definition 2.1 [ 7]

A neutrosophic crisp set (NCS for short)

A=(A;, Ay, A3) can be identified to an ordered triple
(AL, A, Ag) are subsets on x and every crisp set in X is

obviously a NCS having the form (A, A,, A) ,

Salama et al. constructed the tools for developed neu-
trosophic crisp set, and introduced the NCS ¢y, X in X

as follows:
¢y may be defined as four types:

i) Typel: gy =(4. ¢, X),or

i) Type2: ¢y = (¢, X, X),o0r

iii) Type3: gy = (4, X, ¢), or

iv) Typed: gy =(¢.4.4)

1) X\ may be defined as four types

i) Typel: X =(X,4,¢),

i) Type2: Xy =(X, X, ¢),

iii) Type3: Xy =(X, X, ¢),

iv) Typed: Xy =(X, X, X),

Definition 2.2 [6, 7]
Let A=(A;,A;,A;) aNCSonX |, then the comple-

ment of the set A (A°, for short ) may be defined as
three kinds
(C.) Typel: A° =(A%, A%, A%),

(C,) Type2: A° =(Ag, Ay A)
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(C.) Typed: A° =(Ag, A2, Ay)

Definition 2.3 [6, 7]

Let X beanon-empty set, and NCSS A and B in
the forma= (A, A, A,), B=(B,,B,,B;) , then we may consid-
er two possible definitions for subsets (A< B)

(A < B) may be defined as two types:
1) Typel:AcB< A cB,,A, =B, and A; o B;or
2) Type2: AcB< A cB,A 2B, and A; o B;.

Definition 2.5 [6, 7]
Let X be a non-empty set,and NCSs A and B in
the form A= (A, A, A;), B =(B;,B,,B;) are NCSS Then
1)  ANB may be defined as two types:
i.  Typel: AnB=(A NB;,AyNB,, Ay UB;)or
ii. Type2: AnB=(A; NB;, Ay UB,, A; UB;)
2) AUB may be defined as two types:
i) Typel: AUB=(A UB,,A "B, A;UB;) OF
i) Type2: AUB=(AUB,A "B, A;NBy)

3 Some Types of Neutrosophic Crisp Sets

We shall now consider some possible definitions for some

types of neutrosophic crisp sets

Definition 3.1
The object having the form A=(A;, A,, A;) is called

1) (Neutrosophic Crisp Set with Type 1) If satisfy-
iNgA NA =¢, AnA;=g andA, nA;=¢.
(NCS-Typel for short).

2) (Neutrosophic Crisp Set with Type 2) If satisfy-
iNngANA =¢, ANA;=¢ and A, "A; =¢ and
AL UA, UA; = X. (NCS-Type2 for short).

3) (Neutrosophic Crisp Set with Type 3) If satisfy-
ing ANA,NA;=¢ and A UA, UA; =X.
(NCS-Type3 for short).

Definition 3.3
1) (Neutrosophic Set [9, 16, 17]): Let X be a non-

empty fixed set. A neutrosophic set ( NS for short) A
is an object having the form A = (1, (x),5A(X),vA(X))

where 1,(x),oA(x) and v,(x) which represent the
degree of membership function (namely z,(x)), the
degree of indeterminacy (namely o ,(x)), and the de-
gree of non-member ship (namely vA(x)) respectively
of each element xe X to the set A where
0 < up(X),00(X),va(x)<1? and

0 < up(X)+oa(X)+va(X)<3".

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 up(X),04(X),va(x)) Where 1a(x), O'A(X) and
va(x) which represent the degree of member ship
function (namely 2, (x)), the degree of indeterminacy
(namely o ,(x)), and the degree of non-member ship
(namely v 5(x)) respectively of each element x € X to
the set A where 07 <, (X),05(X),va(X)<1" and
the functions satisfy the condition
/jA(X)/\O'A(X)/\VA(X)S 0.5 and

07 <up(X)+oa(X)+va(x)<3*.

3) (Intuitionistic Neutrosophic Set [22]). Let X be a

non-empty fixed set. An intuitionistic neutrosophic set A
(INS for short) is an object having the form

A= (up(x),04(0,v4(0) Where s,(x).ca(x) and v,(x)
which represent the degree of member ship function
(namely yA(x) ), the degree of indeterminacy (namely

aa(x)), and the degree of non-member ship (name-
lyva(x)) respectively of each element x e X to the set
A where 0.5< u,(x), 04 (x),v5(x)and the functions sat-
isfy the condition pa(X)A T 4(x)< 0.5,
1a(X) Ava(x)< 05, aa(X) Ava(x)<0.5,

and "0< upa(X)+o,(X)+va(X)<27 . A neutrosophic
crisp with three types the object A=(A, Ay, A;) can be

identified to an ordered triple (A, Ay, A3) are subsets on
X, and every crisp set in X is obviously a NCS having the
form (A, Ay, Ag).

Every neutrosophic set A =(u,(x),oa(x),va(x)) ON X s
obviously on NS having the form (., (x),oa(x),va(X)) -

Remark 3.1

1) The neutrosophic set not to be generalized neutro-
sophic set in general.

2) The generalized neutrosophic set in general not intui-
tionistic NS but the intuitionistic NS is generalized
NS.

Intuitionistic NS—»  Generalized NS —» NS

GNS
NS
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Fig. 1. Represents the relation between types of NS

Corollary 3.1

Let X non-empty fixed set and A= (1, (x), o 4 (X),v (X))
be INS on X 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 u, (X), o4 (X),va(X) , and

Ha(X)ATA(X) 05 v,(X) A upa(x)<05
va(X) Aoa(X) 0.5 Implies
1A (X),cA(X), v a(X) <0.5 then is not to be Typel- A
INS. On other hand the Type 2- A®,
A® =(va(X), oA (X), 14 (x)) be INS and Type3- A°,
A = <VA(x),a°A(x), yA(x)> and o°a(x) <0.5 implies to

A :<vA(x),g°A(x),ﬂA(x)>GNS and not to be INS

Example 3.1
Let X ={a,b,c}, and A, B, Care neutrosophic sets on

X, A=(0.7,0.9,08)\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)\,(0.6,0.8,0.5) \b,(0.9,0508\c) By the Def-
inition 3.3N0.3 s, (X)A A (X)AVA(X) > 0.5, A be not

GNS and INS,
B= <0.7,0.9,0.5) \a,(0.6,0.4,0.5)\b,(0.9,0.5,0.8\ c> not INS,

whereo 4 (b) = 0.4 < 0.5. Since
g (X) Aog(X) Avg(x)<0.5 then B isa GNS but not INS.
A° =(0.3,0.1,0.2)\a,(0.4,0.3,0.4)\b,(0.1,0.30.2\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°®=(0.30.105)\a,(0.4,0.2,0.5)\b,(0.1,050.2\c)

Be a GNS but not INS.

Definition 3.2
A NCS-Typel ¢N1, X ng in X as follows:
1) ¢N1 may be defined as three types:
i) Typel: gy =(¢.4,X), or
i) Type2: gy, = (¢, X,9), or

2) Xy, may be defined as one type

Typel: Xy, =(X,¢,4).

Definition 3.3
ANCS-Type2, ¢y, , Xy, in Xas follows:

1) oy , May be defined as two types:
i) Typel: gy, =(4.4,X), or

i) Type2: gy, = (¢, X,9)

2) Xy, may be defined as one type
Typel: Xy, =(X,¢,4)

Definition 3.4
A NCS-Type 3, ¢y3, X3 in X as follows:

1) ¢y, may be defined as three types:
i) Typel: gnz = (4.4, X) 0r
i) Type2: ¢ys = (4, X, 4), 01
iii) Type3: ¢ys = (4, X, X).
2) Xy, may be defined as three types
) Typel: Xys =(X,4,9),
i) Type3: X g = (X, 4, X),

Corollary 3.2

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.

The following Venn diagram represents the relation be-
tween NCSs

C3-Type 2§
NCS-Type 1

NCS

Fig 1. Venn diagram represents the relation between NCSs

Example 3.2
LetX ={a,b,c,de, f}, A={ab,cd}{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 a NCT-Typel but not NCS-
Type 2, 3. C =({a,b}.{c,d}.{e, f,a}) be a NCS-Type 3.but
not NCS-Typel, 2.

Definition 3.5
Let X be anon-empty set, A=(A}, A, Ag)
DIf A beaNCS-TypelonX , then the complement
of the set A (A°, for short ) maybe defined as one
kind of complement Typel: A® =(Ag, Ay, A)) .
2) If A beaNCS-Type 2onX , then the comple-
ment of the set A (A®, for short ) may be defined

as one kind of complement A° = (A, Ay, A) .
3) If A be NCS-Type3onX , then the complement
of the set A (A, for short ) maybe defined as one

kind of complement defined as three kinds of com-
plements

(C,) Typel: A° =<A°1, A, A°3>,
(C,) Type2: A® =(Aq, A, A)

(C.) Typed: A° =(Ag, A%, A)
Example 3.3
LetX ={a,b.c.d.e, f}, A=({a,b,c,d},{e},{f}) bea

NCS-Type 2, B=({a,b,c}{¢#}.{d,e}) be a NCS-Typel.,
C = ({a,b}.{c.d}.{e, f}) NCS-Type 3, then the comple-
ment A=({a,b,c,d}.{e}.{f}).

A® =({{f}{e}{a,b,c,d}) NCS-Type 2, the complement
of B = <{a,b,c},{¢},{d,e}>, B® = <{d,e},{¢},{a,b,c}>

NCS-Typel. The complement of
C= <{a, b}, {c,d},{e, f}) may be defined as three types:

Type 1: C®=({c,d,e, f}{a,b.e, f}{ab,c,d}).
Type 2: C° =({e, f}{ab.e, f}{a,b}),

Type 3: C° =({e, f}{c.d}{a.b}),

Proposition 3.1

Let {A; : j € J | be arbitrary family of neutrosophic

crisp subsets on X, then
1) ~A; may be defined two types as :

i) Typel: NA, :<m Ajp.NA, ,uAj3>,0r
ii) Type2: NA, :<mAj1,uAj2 ,uAj3>.
2) UA; may be defined two typesas:

1) Typel: UA; =(UAj,nA;,NA; ) or

2) Type2: UA, = <u Ay A, ,mAj3> .

Definition 3.6
(@) If B=(B,B,,B,) isa NCS in Y, then the preimage

of Bunder f, denoted by f *(B),isa NCS in X
defined by () :<f*1(31), t(B,), f’1(83)>.

(b) If A=(A, A, A;) is @ NCS in X, then the image
of A under f,denoted by f(A), is the a NCS in

Y defined by f(A) = <f(A1), £(A), F(A)) >

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

Corollary 3.3
LetA, {A :ied}, be a family of NCS in X, and B,

{Bj ‘je K} NCSinY,and f:X —Y afunction. Then
(@) AchA < f(A)c ()

Bic B, & f(B) < f7(By),

(o) Ac f71(f(A) andif f is injective, then
A=fHf(A)),

(c) £71(f(B) =B andif f issurjective, then
f(f(B) )=8,

@) 2uB))=17B), fHNB) ) =nf(B),

(e) f(UA) =UT(A) F(OA,) cnf(A); and if f is injec-
tive, then f(PA) =nT(A);

) 2 =Xy, 20 =dy-

() f(dy) =4y, F(Xy) =Yy, if T issubjective.

Proof
Obvious

4 Neutrosophic Crisp Points

One can easily define a nature neutrosophic crisp set in X,
called "neutrosophic crisp point™" in X, corresponding to an
element X:

Definition 4.1
Let A= <A1 A, A3> ,be a neutrosophic crisp set on a

set X, then p={({py},{p,}.{ps}), P1# P, # ps € X is called
a neutrosophic crisp point on A.
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A NCP p=({p,},{p,}{ps)). is said to be belong to a
neutrosophic crisp set A=<A1,A2,A3>, of X, denoted

by p € A, if may be defined by two types

Type 1: {p} = A{p,} = A,and {p;}c Asor
Type 2: {p} < A.{p.} 2 Aand{pz}c A

Theorem 4.1
Let A:<A1,A2 : A3>and B = (By, B,, By), be neutro-

sophic crisp subsets of X. Then Ac B iff p e Aimplies
p e B for any neutrosophic crisp point p in X.

Proof
Let AcB and pe A, Type 1: {p;} < A.{p,}< Aand

{ps}c A; or Type 20 {p}c A.{p,}2 A and {p}c A,
Thus p e B . Conversely, take any pointin X. Let p; € A
and p, €A, and p; € A;. Then p is a neutrosophic
crisp point in X. and pe A. By the hypothesis p B.

Thus p;eB; or Typel: {p}<B, {p,}<B, and
{psy=Bsor Type2: {p}c B, {p,}=>B,and {p;} < B;.
Hence Ac B.

Theorem 4.2

Let A= <A1 , A2 , A3 > , be a neutrosophic crisp subset of

X.Then A=U{p:peAl

Proof
Obvious

Proposition 4.1
Let {Aj Tje J} is a family of NCSsin X. Then
(&) p:<{p1},{p2},{p3}> ejQJ Aj iff p €A for each
jeld .
(@) p EjLEJJ A; iff JjeJ suchthat p € A;.
Proposition 4.2
Let A=(A A ,A)and B=(B B B, ) betwo
neutrosophic crisp sets in X. Then Ac B iff foreach P
wehave p € A < p B andforeach p we have
p €A =p eB.iff A=B foreach p we have
p €A = peB andforeach p we have
p €A <p eB.
Proposition 4.3

Let A=<A1,A2,A3> be a neutrosophic crisp set in X.
Then A= <{p;:py e Ahipa 1 P2 € Al {ps i Ps e Agt.

Definition 4.2
Let f:X —Y beafunctionand P be a neutrosophic

crisp point in X. Then the image of punder f , denoted
by f(p), is defined by f(p )= <{Q1}v {02, {Q3}> » where

a; = f(p1). a2 = f(p,) and g3 = f(p3) .Itis easy to see
that f(p ) isindeed a NCPinY, namely f(p)=q,
whereq = f(p), and it is exactly the same meaning of the
image of a NCP under the function f .

Definition 4.3
Let X be a nonempty set and p € X . Then the neutro-
sophic crisp point py defined by py = <{p} é, {p}°> is

called a neutrosophic crisp point (NCP for short) in X,
where NCP is a triple ({only element in X}, empty set,{the
complement of the same element in X }). Neutrosophic
crisp points in X can sometimes be inconvenient when ex-
press neutrosophic crisp set in X in terms of neutrosophic

crisp points. This situation will occur if A= <A1 ALA, >

NCS-Typel, p ¢ A,. Therefore we shall define "vanish-
ing" neutrosophic crisp points as follows:

Definition 4.4
Let X be anonempty set and p e X a fixed element
in X Then the neutrosophic crisp set py_ :<¢,{p},{p}°>

is called vanishing™" neutrosophic crisp point (VNCP for
short) in X. where VNCP is a triple (empty set,{only ele-
ment in X}, { the complement of the same element in X}).

Example 4.1

Let X ={a,b,c,d} and p=be X .Then
Py =(fbh o fac.df), py, =(4. {0} {a c.dl),
P =(fo}{a}. {df) .

Now we shall present some types of inclusion of a neu-
trosophic crisp point to a neutrosophic crisp set:

Definition 4.5
Let py = <{p} ¢, {p}°> is a NCP in X and

A= <A1 A A, > a neutrosophic crisp set in X.
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(@) py is said to be contained in A (py € A for
short) iff pe A;.
(b) pny be VNCP in X and A:<A1,A2,A3> a neu-

trosophic crisp set in X. Then P, is said to be contained
in A (py, €A forshort) iff pe A;.

Remark 4.2
py and py, are NCS-Typel

Proposition 4.4
Let {Aj Tje J} is a family of NCSsin X. Then

(a1) py eerwJ A; iff py € Ajforeach jeJ.
(az) Py, EJQJ A; iff py, eA;foreach jelJ.
(by) py ejLE)J A; iff 3jeJ suchthat py € A;.
(by) Py eer\J A; iff 3jeJ suchthat py € A;.

Proof
Straightforward.

Proposition 4.5

Let A=(A,A A ) and B=(B B,,B,) are two
neutrosophic crisp sets in X. Then Ac B iff for each
Py Wwehave py € A < py B and for each py, we
have py €A = py, €B. A=Biff foreach py we

have pyeA = pyeB and for each py, we

have py €A < py, €B.

Proof
Obvious
Proposition 4.6

Let A=<A1,A2,A3> be a neutrosophic crisp set in X.
Then A:(U{pN “Pn EA})U(U{F)NN *Pan EA})-

Proof
It is sufficient to show the following equalities:

Aiz(U{P Yipne A})U(U{¢: P € A), Ag=¢
and A :(m{{p ¥ipy e A})m(m{{p}c "Pawy € A})
which are fairly obvious.

Definition 4.6
Let f:X —Y be a function and py be a nutrosophic

crisp point in X. Then the image of py under f , denoted

by f(py) is defined by f(py)=(la}e o))
whereq= f(p ).

Let pyy be a VNCP in X. Then the image of P,
f(pyn), i defined by
f(pun) = (#.10} {)°) whereq = (p ).

It is easy to see that f(py) is indeed a NCP in Y,
namely f(py)=0qy whereqg=f(p ), and it is exactly

under f, denoted by

the same meaning of the image of a NCP under he func-
tion f f(pyy ) is also a VNCP in Y, namely

f(Pnn)=0nn,Where g=f(p ).

Proposition 4.7
States that any NCS A in X can be written in the

form A=Au Au A where A=u : Af
N NN NNN N {pN pN < }

A=gy and A =U{pun : Py € A} It is easy to show
N

: _ c
that, if A:<A1,A2,A3> , then ﬁ_<A1,¢,A1> and
A=(g A, A).
A=(¢ Ay, A)
Proposition 4.8
Let f:X —Y beafunction and A:<A1,A2,A3> be a
neutrosophic crisp set in X. Then we have
f(A)=f(AUT(A)UT(A).
N NN NNN

Proof

This is obvious from A= AU Au A .
N NN NNN

Proposition 4.9
Let A:<A1,A2,A3> and B=<81,82,83> be two

neutrosophic crisp sets in X. Then
a) AcB iff foreach py we have

Py € A < py €B and foreach py we have

Py €A = py, €B.
b) A=B iff foreach py we have

Pn €A = py €B andforeach p, —we
have py, €A < py, €B.

Proof
Obvious
Proposition 4.10

Let A= <A1 , A2 , A3> be a neutrosophic crisp set in X.

Then A:(U{pN ‘PN EA})U(U{pNN “ P GA})-
Proof
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It is sufficient to show the following equalities: AxB = <A1 x By, Ay x By, Ay x B3> on X xY .
A=(ip Yy e AJu(Ulp:pw e Al) A =¢ i) We will call a neutrosophic crisp relation

and A, :(m{{p ¥Fipy e A})m(m{{p}c ‘P € A})
which are fairly obvious.

Definition 4.7

Let f: X —Y be afunction.

(a) Let py be a neutrosophic crisp point in X. Then
the image of py under f , denoted by f(py ), is defined

by 1(pw) =(1ah 4. fa)° ) whereq = £(p ).
(b) Let pyy be a VNCP in X. Then the image of
pyy under f | denoted by f(pyy), is defined by

f(pNN)=<¢, {a}, {q}°> ,whereq = f(p ). Itis easy to see

that f(py) is indeed a NCP in Y, namely f(py) =0y .
whereq = f(p ), and it is exactly the same meaning of the

image of a NCP under the function f . f(p,, )is also a
VNCPinY, namely f(pyy)=0n.Where q=f(p ).

Proposition 4.11
Any NCS A in

form A=AuU Au A
N NN NNN

A=gy and A =U{pun : Py €A} It is easy to show

X can be written in the
, Where ﬁ:u{pN Py €A},

that, if A:<A1,A2,A3> , then ﬁ=<X,A1,¢,A1C> and
NANz(x,¢,A2,A3>.

Proposition 4.12
Let f:X —Y beafunctionand A=(A A, A;) bea

neutrosophic crisp set in X. Then we have
f(A)=f(AUT(A)UT(A).
(W= AV TAVT(A)

Proof

This is obvious from A= AU AU A .
N NN NNN

5 Neutrosophic Crisp Set Relations
Here we give the definition relation on neutrosophic crisp
sets and study of its properties.

Let X, Y and Z be three crisp nonempty sets

Definition 5.1

Let X and Y are two non-empty crisp sets and NCSS
A and B inthe form A=(A;, Ay, A;) On X,
B=(B,,B,,B;)on Y. Then

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

R < AxB on the direct product X xY .

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

Definition 5.2
Let R be a neutrosophic crisp relation on X xY , then

the inverse of R is donated by R where
Rc AxBonX xY then R™ < BxAon Y x X.

Example 5.1
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,c)},{(d,d),(d,b)}> and

BxA= <{(a,a), (a,b)},{(c,c)}.{(d,d), (b, d)}> , and

R = {(a@)}{(c,0)}{(d.d)}),R, = AxBon XxX,

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

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

Ryt ={(b.a)}{(c.0}{(d.d).(d.b)}) =BxA.
Example 5.2
LetX ={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,
B = ({a,b,c},{#}.{d,e}) be a NCS-Typel.
C =({a,b}.{c,d}.{e, f}) be a NCS-Type 3.Then
AxD =({(a,), (a,b), (b,a), (b,b), (b,b), (¢, &), ¢, b), (d, ), (d, b} {(e, &), (e, )} A(F, £, (F,)})
DxC =({(a,a), (a,b), (b, a), (b,b)}.{(e, ), (e, ), (c,c), (c, )} {(F, ), (f, ). (d.e). (d, F)})
We can construct many types of relations on products.

We can define the operations of neutrosophic crisp re-
lation.

Definition 5.3
Let R and S be two neutrosophic crisp relations be-

tween X and Y for every (x,y) e X xY and NCSS A and
B in the form A=(A A, A;) on X, B=(B;,B,,B;)on Y
Then we can defined the following operations

i)  Rc< Smay be defined as two types

a) Typel:RcS < A cB,, A =By Ag2By

b) Type2:RcS < A c By, Ag 2By,

Bss = Asr
i)  RwS may be defined as two types
a) Typel:RuUS

:<A1R UBys, Ajr UByg, Agjg M Bss> )
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b) Type2:
RUS =(Ajg UBs, Ajg MByg, Agg NBsg ).
iii) RANS may be defined as two types
a)  Typel:RNS =(Ag N Bis, Ajg UBys, Agg U B,
b) Type2:
RAS =(Ag MBys, A MBys, Agg UBgs) .

Theorem 5.1
LetR, Sand Q be three neutrosophic crisp relations

between X and Y for every (x,y) e X xY , then
) RcS=R!'cs™
i) (RuUS)*=R*uUS™
(RnS)'=R*ns™

iv) RY)'=r
V) RN(SuUQ)=(RNS)U(RNQ).

vi) RU(SNQ)=(RUS)N(RUQ).
vii) If ScR, Q<R then SUQcR
Proof

Clear

Definition 5.4

The neutrosophic crisp relation I e NCR(X x X) , the

neutrosophic crisp relation of identity may be defined as
two types

i)  Typel:l = {<{AxA}{Ax A}, ¢ >}

i)  Type2: | = {<{Ax A}, ¢,4 >}

Now we define two composite relations of neutrosoph-
ic crisp sets.

Definition 5.5
Let R be a neutrosophic crisp relation in X xY , and S
be a neutrosophic crisp relation inY x Z . Then the compo-
sition of R andS, RS be a neutrosophic crisp relation
in X x Z as a definition may be defined as two types
i) Typel:
RoS <> (ReS)(x,z) = A{<{(A xB;)g N (A; xB;)s},
{(A; xB3)r N(A; xB,) s} {(AsxB3)r N (Ag xB3)st>.
ii) Type2:
RoS <> (RoS)(x,2) ={<{(A xB;)gr U(A; xB;)s},
{(A;xB3)g W(A; xB,) s} {(AsxBs)g W (A x Bg)s}>.
Example 5.3
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.c)}.{(d.d).(d,b)}), and
BxA=({(a,a),(a,b)}{(c,0)}{(d,d),(b,d)}), and

R = {(a,a)}{(c,0)}{(d,d)}), Ry = AxBon XxX ,
R, = {(a.b)}{(c.c)}{(d.d),(b.d)}) R, = BxAon X xX.
R R, = U({(a,a)} ~{(a,b)}.{(c,c)}{(d,d)})
= {#rA(c,01{(d,d)}) and
I = {(a,2).(a,b).(b.a)},{(a,2).(a,b).(b,a)},{}),
Iaz = ({(a,2).(a,b).(ba)}, {¢}{4})
Theorem 5.2
LetR be a neutrosophic crisp relation in X xY , and S
be a neutrosophic crisp relation
inY xZthen(RoS)t=5"t-R?.
Proof
Let Rc AxBonXxY thenR™ < BxA,

Sc=BxDonYxZthens™ < DxB, from Definition 5.4

and similarly we can | 2 (%,2) =14a(x,2) and 1,.(x,2)

(ReS)
then (RoS)1=5"1oR™?
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