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Abstract:

In this paper, we investigated the new contribution to soft set theory called N- fuzzy neutrosophic soft
theory over soft regular groupoids. Also complemented, N-level set and various ideal structures have been
studied with suitable examples.

Index Terms: Fuzzy Set, Soft Set, Union and Intersection of N-Fuzzy Soft Set, Left (Right) Ideals & Arbitrary
Intersections.
1. Introduction:

The theory of Neutrosophic set which is the generalization of the classical sets, conventional
fuzzy set [9], intuitionistic fuzzy set [1] and interval valued fuzzy set [9] was introduced by F.
Smarandache [7]. This concept has recently motivated new approach in several directions such as
databases, medical diagonses problems, decision making problem, topology, control theory and so on. The
concept of neutrosophic set handles indeterminate data where as fuzzy theory and intuitionistic fuzzy set
theory failed when the relations are indeterminate. The concept of Neutrosophic set was introduced by F.
Smarandache [8] which is a mathematical tool for handling problems involving imprecise, indeterminacy
and inconsistent data. In this paper, we investigated the new contribution to soft set theory called N- fuzzy
neutrosophic soft theory over soft regular groupoids. Also complemented, N-level set and various ideal
structures has been studied with suitable examples.

2. Preliminaries:
Definition 2.1: Let U be a non-empty set. Then by a fuzzy set on U is meant a function A: U — [0, 1]. A
is called the membership function, A(x) is called the membership grade of x in A. We also write A = {(x,

AX)):xe U}
Example 2.2: Consider U = {a, b, ¢, d} and A : U — [0, 1] defined by A(a) = 0, A(b) = 0.1, A(c) = 0.9,
Ad)=1

Definition 2.3: Let U be the initial universe set and E be the set of parameters. Let P(U) denote the power
set of U . Consider a non empty set A, Ac E. A pair (F, A) is called a soft set over U, where F : A —P (U).
Example 2.4: Suppose that U is the set of houses under consideration, say U = {hy, h,, . .., hs} .Let E be
the set of some attributes of such houses, say E = {ey, €5, ..., g}, Where e, €5, ..., eg stand for the
attributes “expensive”, “beautiful”, “wooden”, “cheap”, “mod- ern” and “in bad”, “repair” respectively.
Definition 2.5: A negative fuzzy (N-Fuzzy)neutrosophic soft set <4 on the universe of discourse X is
defined as A = (x,6,(x),L4(x),A,(x)), x € X , where 5, I, A : X — [-1, 0] and — 1 <
0,4(x),14(x), A 4(x) <0.
Definition 2.6: A N-Fuzzy neutrosophic soft set <4 over the universe X is said to be absolute (universe)
N-Fuzzy neutrosophic soft set if § ,(x) = 0,14,(x) =0,A,4(x) = —1forall x € X. Itis denoted by 0y.
Definition 2.7: A N-Fuzzy neutrosophic soft set A4 over the universe X is said to be null or empty N-
Fuzzy neutrosophic soft set if 6 4(x) = —1,14,(x) = —1,A4(x) = 0 forall € X. Itis denoted by —1,.
Definition 2.8: The complement of N-Fuzzy neutrosophic soft set <A is denoted by A¢ and is defined as
A =(x,8 4c(x), 1z (x), A e (x)) where § e (x) = Ay ()] 4c(x) = 1-14(x), A e (x) = 5.4(x). The
complement of a N-Fuzzy neutrosophic soft set A can also be defined as 0y — A.
Definition 2.9: Let (G, .) be a groupoid and let —1, # AENFNS(G), then A is called is called N-Fuzzy
neutrosophic soft subgroupoid ( in short NFNSS in G) if

8.4 (xy) <max{6.4 (X), 5.4 (¥)}

Lg (xy) <max{l; (), 14 (¥)}

A4 (xy)=min {A, (X), Ay ()} forall x,y € G.

A N-Fuzzy neutrosophic soft set A = {(x, 841004, x € x}in X can be identified to an

ordered pair (8.,4,14,8,4) inF (X, [~1,0])x F (X ,[-1,0)) xF (X, [~1,0])
Where F (X, [-1, 0]) denotes the set of all functions from X to [—1, 0]. For the sake of simplicity, we shall
use the notation A = (8,4,14,84) instead of A = {(x:8,4,14,8,4)/x € X }.
Definition 2.10: LetcA = (8.4,14,8,4) be an NFNSS in X. Then the set N{(8.4, L4, 84): (P, q,7)} =
{xeX/54<pIq<qAy=r}wherep,q,re[-10]withp+q+r=1iscalled an N-level set of A.
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Definition 2.11: LetcA = (84,14,8.4) and Let B = (83, Iz, Ag) be two NFNSS in X. If for all x € X,

S4(x) = 85(x), Ly(x) = Iz(x) and A 4 (x) < Ag(x), then A is called an NFNSS subset of B and is
writtenas <A € B. We say that A = B ifand only if A € Band 2 B.

Definition 2.12: LetcA = (54,14,48,) and Let B = (83, I3, Ag) be two NFNSS in X.
(AUB) = {x,min {d.4(z),05(x)} ,min {Ia(x), Ig(x)} ,maz {As(x), Ap(x)}}
Their union and intersection is also a N-Fuzzy neutrosophic soft set in X'defined as for all x € X. and
(ANB) = {z, maz {d.4(x),05(x)} ,maz {1 4(z), I5(x)} ,min {A(z), Ap(z)}}
Example 2.13:
Let X = wxy,zz be a non- empty set. Define
6A X — [—1,0],
Ig: X — [-1,0],
Ap: X — [=1,0]
as

oa(w) =—0.9 d4(x)=-05 da(y) =—0.7 4(2) =—0.6
Ia(w) = —0.8 Tu(x)=—-04 Tx(y)=-06 TIx(z)=-0.3

Ag(w) = —07 Ayzr)=-05 Auly)=-06 Ayu(z)=-02
Then A = {{(w, —0.9,—0.8,—0.7), (x, —0.5, 0.4, —0.5), (y, —0.7, —0.6, —0.6), (z, —0.6, —0.3, —0.2)}. It is easy
to verify that A = (8.4, 14,B.4) is N-Fuzzy neutrosophic soft set in X.
Definition 2.14: Let C be a non empty subset of X'. Then N-Fuzzy neutrosophic soft characteristic function of
Cisafunction #; = (8p,, Iy, , Ap,) defined as, for any xe X.

- _(—1 ifxecC
5%(")‘{ 0 ifxecC
- (0 ifxecC
I?”c(x)‘{o.s ifx¢cC

-~ 0.5 ifxecC
8o ={ 7 ixec
We denote N-Fuzzy neutrosophic soft characteristic function of X by ¥, = (Sx, L, Zx).
Definition 2.15: A negative fuzzy set (briefly, N-Fuzzy set) in a non empty set X is a function j :X —[-1,0].
Here we are using “—” for the negative fuzzy functions. Jun et.al () used the term negative valued function and
N-Function for negative fuzzy set and N-Fuzzy set.
Definition 2.16: Let G be a groupoid and let A € NFNS (G). Then A is called
(i)  N-Fuzzy neutrosophic soft left ideal (in short NFNSLI) of G if for any x,y € G,
A (Xy) <A (y), that is Sa‘l(xy) < 8:/1()/)’ qu(xy) < Iﬂ(y)and Aﬂ(xy)z Aﬂ(y)
(i)  N-Fuzzy neutrosophic soft right ideal (in short NFNSRI) of G if for any x,y € G,
(iif)  N-Fuzzy neutrosophic soft ideal (in short NFNSI) of G if for any x,y € G if it is both NFNSLI and
NFNSRI. It is clear that, A is a NFNSI of G if and only if for any x,y € G

E-A(l’.i!) < Tn’in{d.A(a:): ‘5.,4(3;)}
T.A(a:y) < m?n{TA(J) ) TA[y)}

An(ay) = maz{Aa), Bag)}
However, a NFNSI (respectively NFNSLI, NFNSRI) is a NFNS (G) of G. Note that for any NFNS (G) A of G
we have 6 4ny < 8.a¢yy: Laeny < Lagyand A gy = A 4y, Where X is any composite of X’s.
Note: In a groupoid G

(i) A N-Fuzzy neutrosophic soft left ideal (right) of G is N-Fuzzy neutrosophic soft subgroupoid of G but
the converse is not true.

(if) A N-Fuzzy neutrosophic soft left ideal of G may not be a N-Fuzzy neutrosophic soft right ideal of G and
vice versa.
Example 2.17:
Let G ={e ,a, b, c}. The G is a groupoid under the operation defined in the following table
e a b c
el e a b c
ala e ¢ b
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b ¢
c b

e a
a €

b
c
Define 5,4 : X — [-1,0], Iy : X — [-1,0], A4 : X — [~1,0] such that
.A — (OA I_A AA)
= {{e,—0.7,—0.5,—0.3) , {a, —0.6,

—0.2,—0.3), {b, —0.9, —0.

Then A is N-Fuzzy neutrosophlc soft groupoid of G. Now

da(ab) = d4(c)

Hence A is not N-Fuzzy neutrosophic soft left ideal of G. If we take

B = (SBrTB:KB)

{{e,—0.8,—0.4,—0.6) , (a, —0.9, —0.6, —0.7) , (b,

—0.8 & —0.9 = d4(b)

5.—0.7), (¢, —0.8, —0.3, —0.5)}

—0.7,-0.4,-0.5) , {¢, 0.8, 0.4, —0.7)}

Then B is N-Fuzzy neutrosophic soft left and right ideal of G. Hence N-Fuzzy neutrosophic soft ideal of G.
Obviously it is an N-Fuzzy neutrosophic soft subgroupoid of G.

3. Properties of N-Fuzzy Soft Subgroupoids:

Proposition 3.1: Let G be a groupoid. Then the intersection of any collection of N-Fuzzy neutrosophic soft
subgroupoid of G is N-Fuzzy neutrosophic soft subgroupoid of G.

Proof:

Let {A; = (8.4, T4, B.4,),i € A} be a collection of N-Fuzzy neutrosophic soft subgroupoids of G.

Then &, (xy) < max {8,,(x), 84,0} .
{84,084} i€NXYEG

(ﬁ%) (zy)

i€

ﬂ (SA;- (if»"y))

1EA

IA

€A

iEA

ﬂ (TA,- (J’y))

ieA

(v
ieA

) (xy)

ieA

maxr

et
{

ieA

(_ﬁm) ()

max { (ﬂﬁ A,
ieEA

ﬁ {maz (I14,(z)

max (m I 4,

ﬁ {ma-:.y (5,45 (z),0.4, () }

max {ﬁgm (x), ﬁ&l, (y) }
ieA

e () o}

Ta)}

0. (74 ff)}

i€EA

o ()}

m (EA.- (CL";U))

e
> m {min (A (x). A4 (y))}
iEA
= mm{ﬂAA ﬂAA g}
icA icA

Iy (xy) < max {Iy,(x),I4,()} and B, (xy) = min

min { (ﬂAA
iEA

Hence iea

"is N-Fuzzy neutrosophic soft subgroupoid of G.

Jor ()}
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Proposition 3.2:
The intersection of any collection of N-Fuzzy neutrosophic soft left(right) ideal of G is N-Fuzzy
neutrosophic soft left(right) of G. This proof is similar as propsotion-3.1.
Proposition 3.3: Let A = (Sﬂ, I_ﬂ,Zﬂ) be N-Fuzzy neutrosophic soft set in G. Then
(i)  «is N-Fuzzy neutrosophic soft subgroupoid of G if and only if § ;0564 = 6.4, Iso5l 4 =1, and
Ajgogh <1y
(i) A is N-Fuzzy neutrosophic soft left ideal of G if and only if 570564 = 6,4, Iro5I, =14 and
Arogh <1y,
(iii) A A is N-Fuzzy neutrosophic soft right ideal of G if and only if § ;0467 = 6.4, 40417 = 14 and
Aqo5Ar<1I,.
Proof:
(i) Let A A is N-Fuzzy neutrosophic soft subgroupoid of G and x € G.
Case (i): If x = ab, for a,b € G, then

(04 o 4) (2) = =10 < (d4) ()
)

(T4 o a) () = —
and /—\A og A) ( ) =

Case (ii): If x=ab, fora,b € G, then
(5,4 og A) (x) max {mm ((5,4) (a), (6,4) (b))}

max (6.4) (ab)

(5A) (r),Vx € G.
max {min ((Ia) (a), (1) (b))}

r=ab

max (I 4) (ab)

x=ab

(I4) (z).Vz € G.
Apog a) () = mln {matr ((A4) (a), (A4) (b))}
min (AA) (ab)

x=ab
(A.) (x),Vz € G.
This implies that § 40564 = 8.4, L4051 4 = I 4 and A 405A 4< I 4.
Conversely, we suppose that § 40564 = 6.4, 40614 = 14 and A ;058 1< I 4.
Leta, b € Gand x = ab. Then _ _

(0.4) (ab) = (0.4) () = (040 4) (.

I)_
= max {mm ((
(

Al

[A

(TA og A) (.’L’)

IA

IA

v

IV

max 0.a) (u), (d4) (v)) }

> min{(04) (a), (64) (b)}.
Similarly we can prove (ii) of definition 1. o
An) (ab) = (Ba) (2) < (Daog a) (@) B

= win {maz ((B4) (u), (Ba) (1)}
< max {(A4) (a), (Aa) (b)} .
Hence A is N-Fuzzy neutrosophic soft subgroupoid of G. Similarly, we can prove (ii) and (iii).
Proposition 3.4:
LetA = (Sﬂ,l_ﬂ,lﬂ) be NFNSS in G. Then A is N-Fuzzy neutrosophic soft subgroupoid of G if
and only if M_4(p, g, r) is a soft subgroupoid of G, forall p, g, r € [-1,0] withp +q +r>—1.
Proof:
LetcA = (8,4, 14,A,) be NFNSSinG.
Letx,y € M 4(p, g, 1), where p, q, r € [-1,0] with p + g + r>—1. Then
84(x) =p,I4(x) =qgand A, (x) <7 and
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y) 2p, 1) >qandAﬂ(y) <r. Now
alry) < nal{éA( }<p
Ta(ry) <

TH(LI{IA IAU}<q

@ﬂ/—\

and
Aulzy) = min {Aa(z), Aaly)} =1

This implies that xy € M_4(p, q, r) for all X, y € M_4(p, q, r).Implies that M_4(p, g, r). M_4(p, 9, NE M_4(p, g,
r).Hence M_4(p, q, r)is a soft subgroupoid of G.
Conversely, we suppose that M _4(p, g, r) is a soft subgroupoid of G for all p, q, r € [-1,0] withp + q + r>—1.
Let X, y € G such that §,,(x) = p,, [4(x) = q, and A (x)=1r, and 6,(y) =p,, L,(») = q, and
A= 7, with —1 < p, + g, + 7, < 0 and may assume that =1 < p,, + q,,+ 7, < 0 then X EM_; (P, G, 73)
and y € My4(py,q,,1). We may assume that p, < p,, q, < q, and 7, > 7, then M4 (Py, 4y, 1) S
M (py, ay.73).
Which implies that x,y € M4(p,, q,, 1, ).Since M4(p,, q,, 7, )is a neutrosophic soft subgroupoid of G implies
Xy € M(py,qy,7y)- Then B ~

oa(ry) < p, = mazx{p,.p,} = max {JA(I), (Ll(y)}

La(zy) < gy = max{qs, gy} = maz {Ta(x), Ta(y)}
and o o o
Aa(zy) = ry = min{r,,ry} = min {Ax(x), Asly)
Hence A = (8.4,14,8.4) is N-Fuzzy neutrosophic soft subgroupoid of G.
Proposition 3.5:
Let A = (8,4,14,8.4) be NFNSS in G. then A is N-fuzzy neutrosophic soft left(right) ideal of G if
and only if M_4 (p, q, r) is soft left(right) ideal of G forall p, q,r€ [-1,0] withp+q+r<-1.
Proof:

}.for allx,y € G.

Straight forward.
Proposition 3.6:
A non-empty subset C of G is a soft subgroupoid of G if and only if 7 = (8p,,Ip..Ap,)
is N-fuzzy neutrosopic soft subgroupoid of G.
Proof:
Let C be a neutrosopic soft subgroupoid of G. Then CGC < C.
Letx, y € G then we have the following cases.
Case (i): If x,y € Cthen xy € C and hence
T9,(r)=09,(7)=F3.( )=-limpliesthatd 3, .(»» )=max {J 3,(r), 7 7,(r)}. Also that
79,(r)=79,()=7 9,(» )=-Llimpliesthat7 . (7 )=max{7 3.(r),7 (7 )} Also that
Ay, (r)=Ry,.(y)=DBy, (» )=-1limpliesthatAy, (» )=min{Ay, (1), Ay, (r)}
Case (ii) : If either x¢ C ory & C then either
I 9,(r)=0,7 9,(r)=0 aind Afyf(l’l:-l or 53,.(7) iO, / 9.(r)=0and Ay, (1) :;1
This implies that, max { ' ,.(r), §2,(x)}=0 but Jz,.( ) <0 implies that J 3, .(» )=max
{72,750} B B
Similarly we can prove (ii) of definition. Also either Az, (+ )=-1 or Az,.(y )=-1 which implies that
min{Ay,.(r ), Ay, (7 )}=-1but Ay, ( ) =-1 implies that Ay,.(» )=min {Ay, . (r),Ap.(r )} for all
Xy € G.
Case (iii): Whenx¢ C andy ¢ C gives the same result as in case (ii). Hence %, = (i%,/—@[,&—%) is N-
fuzzy neutrosopic soft subgroupoid of G
Conversely, we suppose that #Z, = (7 ;,,C,/_;UF,Z%) is N-fuzzy neutrosopic soft subgroupoid of G. Let x,y €
C then xy € CGC. By definition of Z,, & 5,.(+ )= 7 3,(7 )=-1, implies that max {7 3,( ), ,(y )}=-1.
Similarly we can prove (ii) of definition. Also we can show that Zy,[(y/ )=0.This gives that xy € C implies
that CGC < C. Hence C is a neutrosopic soft subgroupoid of G.
Proposition 3.7:
A non-empty subset C of G is a neutrosopic soft left(right) ideal of G if and only if #, =
(79,7 »,,89,) is N - fuzzy neutrosopic soft left(right) ideal of C.
Proof:
Straight forward.
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Definition 3.8: A N—fuzzy neutrosopic soft subgroupoid A = (4,7 4,A,) of G is called N—fuzzy
neutrosopic soft bi-ideal of G if B B B
(NFNSBI) d4(zwy) < max{da(z),04(y)}

(NENSBIL) I 4(vwy) < max{la(z), Ia(y)}

(NFNSBI3) A(zwy) > min{A(x), Aaly)}
Example 3.9:
Let G ={a, b, c, d, e} be a subgroupoid with the following cayley table.

a b ¢ d e
ala a a a a
b|a a a a a
cla a ¢ c e
dl a a c¢c d e
el a a ¢ ¢Cc ¢

Define NFNSS A = (4 4,7 4,A,) in G by
J 4(@)=-0.6, 7 4(b)=-0.5, 7 4,(c)=-0.4, F 4(d)=7 4(e)=-0.3
/7 4(@)=-04,7 4(b)=-0.3,7 4(c)=7 4(d)=-0.2,7 4(e)=-0.1
A, (a)=A,(b)=-0.3, A4 (c)=-0.2,A,(d)=-0.1,A,(e)=-0.1
By routine calculation, we can check thatfuzzy neutrosopic soft bi-ideal of G.
Proposition 3.10:
Every N—fuzzy neutrosopic soft left(right) ideal of G is N—fuzzy neutrosopic soft bi-ideal of G.
Proof:
LetA = (J 4,7 4,A,) be N-fuzzy neutrosopic soft left ideal of G and x, y, w € G. Then
Talmy )=d4Cw Yy)<JT () =max{d ,(r),d ()}
TaCw )=T 4w Iy)<ST () smax{Z 4(r),7 4 ()}
A G ) =0 Dy )= A () Zmin{d, (), A, ()3
Thus A = (d 4,7 4,A,) is N-fuzzy neutrosopic soft bi-ideal of G. The right case is proved in an analogous
way.
Conclusion:
We have studied various soft structures over subgroupoids and ideals in this article. Furthur
researchers may continue this studies in the field of modules and near-ring theory.
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