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Abstract. Since the world is full of indeterminacy, the neutro-
sophics found their place into contemporary research. The pur-
pose of this paper is to introduce a new type of neutrosophic
crisp set as the *- neutrosophic crisp sets as a generalization to
star intuitionistic set due to Indira et al.[4 ], and study some of

its properties. Finally we introduce and study the notion of *-
neutrosophic relation and some of its properties.
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1 Introduction

The fundamental concepts of neutrosophic set, introduced
by Smarandache in [31, 32, 33], and Salama et al. in [5, 6,
7,8,9,10, 11, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30], 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 mathe-
matical theories generalizing both their classical and fuzzy
counterparts [1, 2, 12, 22, 34 ] such as a neutrosophic set
theory. In this paper we introduce a new type of neutro-
sophic crisp set as the *- neutrosophic crisp set, and study
some of its properties. Finally we introduce and study the
notion of *- neutrosophic relation and some of its proper-
ties. Possible applications to mathematical computer are
touched upon.
2 Terminologies
We recollect some relevant basic preliminaries, and in par-
ticular, the work of Smarandache in [31, 32, 33], and
Salamaetal. in [5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30]. Smarandache
introduced the neutrosophic components T, I, F which rep-
resent the membership, indeterminacy, and non-

membership values respectively, where J'O ,1*[is nonstand-
ard unit interval.

3 *- Neutrosophic Crisp Sets
We shall now consider some possible definitions for a new
type of neutrosophic crisp set

Definition 3.1

Let X be a non-empty fixed set. A neutrosophic crisp
set (NCS for short) A is an object having the form

A=(A, A, As).

Then we define the *- neutrosophic set A™ as
A = (AN (AU A A N (AL A A N(A L A)°) Where
A, Ay and A; are subsets of X sych that
M=AN(A, UA)®, S=A, n(A UA;) and
R=A;n(ALUA))C.

A *- neutrosophic crisp set is an object having the
form A" =(M,S,R)

Lemma 3.1
Let X be a non-empty fixed sample space. A neutro-

sophic crisp set (NCS for short) A is an object having the
form A=(A;, A, A;). Then

A = (A (A UAY, A A (AUAN AR UA)Y) isalk
S0 a neutrosophic crisp set.

Proof

It’s clear.

Corollary 3.1

Let X be a non-empty fixed set. Then ¢y and Xn

are also neutrosophic crisp set.

Theorem 3.1

Let X be a non-empty fixed sample space, two neutro-
sophic crisp sets A B are having the form

A=(A, A, A) , B=(B,,B,B;) ,and two *- neutrosophic
sets A" =(M;,S;,R), B" = (M,,S,,R;) where
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Ry =A; (A UA), M, =B, n(B, UB;)°,

S, =B, (B, UB;), and
R, =B; (B, UB,), Then Ac BimpliesA =B,
Proof

Given Ac B, Then it is easy to prove thatM; = M,
Si<S,,RRoR, or M;cM,, S5 c$,,RioR,

SoA" B,

Remark 3.1

1) All types of ¢N* and ¢y are concedes.

2) Alltypesof Xy and Xn are concedes.

3) A =Bliff A cBand B c A",

Definition 3.8

Let X be a non-empty set, and A" =(M, S, R) be a *-
neutrosophic crisp seton a NCS A =(A;, Ay, A;) where
M=ANA,UA) S=AN(AUA)S,
R=A; n(A UA,)®, Then the complement of the set A"
(A*c, for short ) may be defined as three kinds of com-
plements

(C,) Typel: A™ =<|v|°,s°, R°>,

(C,) Type2: A =(R,S,M),

(C,) Type3: A :<R,S°,M>.

Definition 2.3
Let X be a non-empty fixed set, two neutrosophic crisp
sets A B are having the form A=(A A, A;) ,

B =(B,,B,,B;) , and two *- neutrosophic crisp
sets A" =(M,,S;,R), B = (M,,S,,R,) where
Mi=AN(ARUA), S=~AnNAUA),
Ri=AN(AUA), M, =B n(B,UB;)®,
S, =B, n(B,UB,)°, and
R, =By (B, UB,)%, Then
1) A" "B may be defined as two types:
i) Typel: A"nB” =(M; "My, S, NS, Ry UR;) or
i. Type2: A"nB" =(M;My,S; US,, Ry UR;)
4) A" UB” may be defined as two types:
i) Typel: A" UB”™ =(M; UM;,S, nS,, R NRy) or
i) Type2: A"UB" =(My;UM,,S, US,, Ry NRy).
Lemma 3.1

Let A", B" are *- neutrosophic crisp sets. Then
A —B =A~B"

It easy to show that L. H. S is also a *- neutrosophic
crisp sets.

Example 3.2
LetX ={a,b,c.d.e f}, A={{ab,c,d}{e}{f}),

B =({a,b,c}.{d}.{e}), C = {a,b}.{c.d}.{e, f a})
D = ({a,b}.{e,c},{f,d}) are NCS. Then

A" =({a,b,c,d}{e}{f}), B" =({a,b,c} {d}.{e}),
C" =({o}Ac.d}{e 13)

The complement may be equal as:
1)

A = (fe, T3 {a,b,c.d, f}{a,b,c,d}),
A = {343 {ab,c,d}), A = ({{f}{ab,cd}fab.c,d})
2)C” =({a,c.d, f}{ab.e f}.{ab.c,d}),

C* = (fe, F3{c. a3}, C* = {e, f3.{ab.e, f}.00}).
3)A" U B" may be equals the following forms
A UB" =({a,b,c,d}{e}.¢),
A"UB" = <{a, b,c, d},¢,{f}>,
4)A" A B" may be equals the following forms
A" B =({a,b,c}.{e,d}.{f e}),
A"UB" =({a,b,c}.4{f,€}),
Proposition 3.1
Let {Aj* Tje J} be arbitrary family of *- neutrosophic
crisp subsets on X, then
1) n Aj* may be defined two types as :

i) Typel: ﬁA*j =<mMj,mSj,uRJ—>,or

ii) Type2: NA"j =<mMj,qu,uRj>_
2) UA"j may be defined two typesas :

i) Typel: UA"j =<qu,mSj,ij>or

i) Type2: UA"j =(UM;,US;AR;).

Corollary 3.2

Let{A } be Nsz in X wherei € J , where J is an index

set and Ai* are corresponding *- neutrosophic crisp

subsets on X then
Q) A cBforeachieJ= UA cB".
by B "< A’foreachie] = B cuUA".

0) (WA =nAT (AN =UA" .
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d A cB <B” cA”.

e) A ’ =A,

f) ¢N*C = XN;XN*C :¢N*'

Now we shall define the image and preimage of *-
neutrosophic crisp set.
Let X,Y be two non-empty fixed sets and f:X —>Y,be a
function and A=(A, A, A;) B=(B,, B, B;) are
neutrosophic crisp sets on and
Y respectively A" =(My,S;,Ry) B"=(M,,S,,R,) be
the *- neutrosophic crisp setson X and Y respectively.

*C

Definition 3.9
(@) If B isa*- NCSinY, then the preimage of B
under f, denoted by f*(B),isa *- NCS in X
defined by £ 1(B") = (7(My), ™(S,), T (Ry)
(b) If A" is a *- NCS in X, then the image of A"
under T, denoted by f(A"), is the *- NCS in Y

defined by f(A") = < £(M,), (S,), f(R1)°)>.

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*:ie\]} , be a family of *- NCS in X, and B,

{B*j S eK} * NCS in Y, and f:X —Y a function.
Then
(@ Alc A% o f(A) < f(AS),
B1c B2 < f(B) < f(B%),
(b) A" < f(f(A") and if f is injective, then
A= (F(A),
(¢) f7Y(f(B") < B and if f is surjective, then
fH(f(B) =8,
(d) +uB )= fB%), f HNBY) =nf (B,
(8) f(UAS)=Uf(AT); f(nAW)cnf(A%);and if f is injec-
tive, then f(~A%) =T (A%);
() o) =X @) =67
@) f(gn)=¢"n, F(XN)=Y"w, if T issurjective.
(hy If f is surjective, then (f(A"))° < f(A")°. if further-
more f is injective, then have (f(A"))® = f(A")°.
(i) @) =(f*(B")".
Proof
Clear by definitions.

4 *- 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 ordinary nonempty sets
Definition 4.1
Let X be a non-empty fixed set, two neutrosophic crisp
sets A B are having the form A=(A, A, A;) ,

B =(B,,B,,B;) , and two *- neutrosophic crisp
sets A" =(My,S;,R,), B"=(M,,S,,R,) Where
Mi=AN(A, UA;), S;=A N(ALUA;),
Ry =As N (AL UA,),
M, =B, n(B, UB3), S, =B, n(B; WB;),and
R, =B3; n(B; WB,), Then
i)  The product of two *- neutrosophic crisp sets A"
and B” is a *- neutrosophic crisp set A" x B given by
A"xB" =(M;xM,,S; xSy, R xR,y )on X xY .
ii)  We will call a *- neutrosophic crisp relation
R" = A" x B on the direct product X xY .

The collection of all *- neutrosophic crisp relations on
X xY is denoted as SNCR(X xY)

Definition 4.2

Let R” be a *- neutrosophic crisp relation on X xY
then the inverse of R™ is donated by R where
R"cA"xB on X xY then R"'cB " xA"on Y x X,

Example 4.1

LetX ={a,b,c,d,e, f}, A=({a,b,c,d}.{e}.{f}),
B = ({a,b, c},{d}.{¢}), are NCS.

Then A" =({a,b,c,d},{e}.{f}), B" =({a,b,c}{d}{e}), then
the product of two *- neutrosophic crisp sets given by

A" xB” =({(a a),(a,b),(a,c),(ba),(b,b), (b,c), (c. @), (c.b), (¢, )} {(e, )} {(f . €)})

and

B"x A" =({(a.a),(a.b).(a,¢).(,d), (b,a), (b.b), (b.¢), (0,d),(c,a),(e.b). e, ), ¢ D} (1AL, )

. and R, =({(a a)}{(c,0}{(d,d)}), R, <A xB on
Xx X,
R, = {(a.b)}{(c.0}{(d,d),(0,d)}) R, =B xA"on
X x X, Ry "=({(a,a)}{(c,0)}{(d,d)}) cB" x A" and
R, ' =({(b,a)}{(c.0}.{(d.d).(d,b)}) =B xA".

We can define the operations of *- neutrosophic crisp

relations.
Definition 4.3

Let R andS™ be two *- neutrosophic crisp relations
between X and Y for every (x,y)e X xY and NCSS A

A. A. Salama and Hewayda Elghawalby,*- Neutrosophic Crisp Set & *- Neutrosophic Crisp relations



Neutrosophic Sets and Systems, Vol. 6, 2014

15

and Binthe form A= (A, A, A), A" on X,

B =(B,,B,,B;), B on Y Then we can defined the follow-
ing operations
i) R Smay be defined as two types
a) TypeliR cS <&M, =M, S cS,
R, 2Ry,
b) Type2:
RcS &M, cM, S, 28, R, 2R,
ii)  R"US" may be defined as two types
a) Typel:
R'US™ =(M;g UMyg, Sjg USis, Rig NRis),
b) Type2:
R"US™ = (Mg UMyg, Sjg N Sis, Rig NRys) .
iii) R"~S” may be defined as two types
a) Typel:
R"NS" =(Mir "My, Sig USis, Rig URys),
b) Type2:
R'NS" =(Mg "My, Sigr M Sis, Rig URsg).
Theorem 4.1
LetR", S"and Q" be three *- neutrosophic crisp rela-

tions between X and Y for every (x,y) e X xY , then
**1

i) R*gS*:R*ilgS

ii) (R*US*)_1:> R Us™
iy (RS =R
. *—1 -1 *

iv) (R ) =R

V) R AlT0Q)=[R AsT)UR AQ).
Vi) R7U[S"MQ7)=([R US| (R LUQ").
vii) If S"cR", Q"cR" then S"UQ " cR".
Proof

Clear
Definition 5.4

The *- neutrosophic crisp relation I © € SNCR™ (X x X),

the *- neutrosophic crisp relation of identity may be de-
fined as two types

) Typelil” = k{A"x A} {A x A'}¢" >
i) Type2: I" = < {A" x AL g 4" >
Now we define two composite relations of *- neutro-

sophic crisp sets.
Definition 5.5

LetR" be a *- neutrosophic crisp relation in X xY , and
S” be a neutrosophic crisp relation inY x Z . Then the

*1
NS .

composition of R™ andS”, R” o S”be a *- neutrosophic
crisp relation in X x Z as a definition may be defined as two

types
i) Typel:

R"0S" > (R"oS™)(x,2)

= A{<{(MxM3)g n(MyxM;)s},

{(S1x82)r N (81 %xSy)sh {(RixRy)r M(RyxRy)s}>.
ii) Type2:

R 0S" <> (R"=5")(x,2)

={<{(M1xM3)g U(M;xM3)s},

{(S$1x82)r W (S %S)sh {(RyxRy)r W (R xRy)s}>.
Theorem 4.2

LetR" be a *- neutrosophic crisp relation in X xY , and
S be a * neutrosophic crisp relation in

Y xZthen(R"-S") " =5
Proof
Let R A"'xB"0on X xY thenR" " c Bx A,

*

—1 -1
oR" .

S B xD"0onY xZ thens* " = D*xB”, from Definition
4.3 and similarly we
can 1" R sy (x,2) = 1 "'s**(x,2) and 1"'r**(x,z) then

-1 -1
1 R*

(R8s t=5s
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