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Abstract: The aim of this paper is to study the concept of Intuitionistic L-fuzzy
soft semiring and Intuitionistic L-fuzzy soft subsemiring. The Intuitionistic L-fuzzy
soft subsemiring and its level set are defined. The homomorphism of Intuitionistic
L-fuzzy soft semiring defined under the Intuitionistic L-fuzzy soft function. The
results based on the Intuitionistic L-fuzzy soft semiring and its homomorphism are
determined.
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1. Introduction

Soft set theory is initiated by Molodtsov. D in [7]. Researchers all over the
globe are working with soft sets and soft sets such as fuzzy soft sets, L-fuzzy soft
sets. The theory of Intuitionistic fuzzy set plays an important role in modern
mathematics. The idea of Intuitionistic L-fuzzy set (ILFS) was introduced by
Atanassov. K. T (1986) [1] as a generalization of Zadeh. L. A (1965) [16] fuzzy
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sets. Maji P. K, Biswas. R and Roy. A. R. (2003) [5] have applied the concept of
Soft set theory of groups. The concept of fuzzy soft ring was introduced by Pazar
Varol. B, Ayunoglu. A and Aygun. H (2012) [13]. In this paper to introduced the
concept Intuitionistic L-fuzzy soft semiring and established some results on these.

2. Preliminaries

Definition 2.1. An intuitionistic fuzzy set (IFS) A in E is defined as an object of
the following from A = {(x, pa(z),va(x)) : * € E} where the function us : E —
[0,1] and v4 : E — [0,1] define the degree of membership and the degree of non-
membership of the element x € FE respectively and for every x € E, satisfying

0 < pa(z) +7a(zr) <1

In addition, for all x € E, E = {(x,0,1) : x € E} and ¢ = {(z,0,1) : x € E} are
intuitionistic fuzzy universal and intuitionistic fuzzy empty sets, respectively.
Definition 2.2. Let (L, <) be a complete lattice with an involutive order reversing
operation N : L — L. Let E be a non-empty set. An intuitionistic L-fuzzy set
(ILFS) A in E is defined as an object of the form A = {(x, pa(x),va(z)) : x € E}
where the function ua : B — L and v4 : E — L define the degree of membership
and the degree of non-membership of the element x € X respectively and for every

x € E, satisfying pa(r) < (N(va(x)).

Definition 2.3. Let (F, A) and (G, B) be two intuitionistic L-fuzzy soft sets over
U. Then, (F,A) is said to be an intuitionistic L-fuzzy soft subset of (G, B) if

1. AC B,
2. F(e) is an intuitionistic fuzzy subset of G(€), for all e € A.

3. Level Subsets of Intuitionistic L-fuzzy Soft Subsemiring of a Semiring

Definition 3.1. Let R be a semiring. A pair (F, A) is called an intuitionitic L-
fuzzy soft subsemiring over R, where F is a mapping given by F : A — ([0,1] x

[07 1])R’F( ) R — [Oa 1] [07 1]7F( ) = {(xvluF(e)( )77F(e)( )) RS R} fOT all
e € A, if for all z,y € R the following conditions hold :

Loppo (@ —y) 2 pip (@) A g (y) and Y (@ —y) < () V vee (Y),
2. ey (®Y) = ppe () A pip (Y) and Yo (1Y) < Ve (@) V Ve ()-

Definition 3.2. Let (F, A) be an intuitionistic L-fuzzy soft subset in a set S, the
strongest intuitionistic fuzzy relation on S, that is a intutionistic L-fuzzy soft rela-

tion on A is € given by pip o (2,Y) = pp (T) A pp(y) and
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Vi (@ Y) = Vi (@) Vi (y), for allz,y € S.

Definition 3.3. Let (F, A) be an intuitionistic L-fuzzy soft subset of X. For , 3
in [0,1] the level soft subset of A is the set, (F, A)(a,8) = {x € X : ppy(z) >
O, Vi) (x) < B}. This is called an intuitionistic L- fuzzy soft level subset of A.

Theorem 3.4. Let (F, A) be an intuitionistic L- fuzzy soft subsemiring of a semir-
ing R. Then for o and § in [0,1], A(«, B) is a soft subsemiring of R.
Proof. Given (F A) is an intuitionistic L-fuzzy soft subsemiring of a semiring R.
(cr, B), then
:1:') > o, Vi (r) < B and ppg(y) = o, 1ie(y) < 8. Now,
) = B (@) A pp (1) > aNa=a=ppy(r—y)=a,

> i) (T) AN g (y) > aha=a = ppy(ry) > a
VF(E) T —Y) < V) (®) VYY) SBVB=8= 75 —y) <

< Vi) (@) VYo (W) S BV B =B = vp(vy) < B forall 2,y € A(a, B).
Therefore 1T —Y) = o, ppe(ry) > @ and vp)(x —y) < B, Vg (2y) < B
= x —y,zy are in A(a, 6).
Hence A(a, ) is a soft subsemiring R.

Theorem 3.5. Let (F, A) be an intuitionistic L- fuzzy soft subsemiring of a semir-
ing R. Then two level soft subsemiring (F, A)(oq, 1), (F, A)(, B2) and on, as,
B1, Ba in [0,1] with oy < o and By < Ba of (F, A) are equal if and only if there is
no x in R such that ay > ppy(x) > az and Bi < vp () < P

Proof. Assume that (F, A)(ay, 31) = (F, A)(as, 3,). Suppose there exists = € R
such that ar > pp(z) > az and B1 < vp((z) < Pa. Then (F,A)(aq,31) C
(F', A)(arg, B2) which implies z € (F, A)(ag,B,) but = ¢ (F, A)(ay,B) which
implies a contradiction to (F,A)(aq,B1) = (F,A)(ag,3,) therefore there is no
x € R such that an > pp(z) > az and Bi < Yp(x) < B2 Conversely if
there is no x € R such that a; > pp ) (z) > az and S < yp(z) < B2. Then
Alar, br) = Alaz, Ba).

Theorem 3.6. Let R be a soft semiring and (F,A) be an intuitionistic L-fuzzy
soft subset of R such that (F, A)(«, 8) be a soft subsemiring of R. If o and S in
[0,1] then (F, A) is an intuitionistic L-fuzzy soft subsemiring of R.

Proof. Let R be a soft subsemiring. For x and y in R.

Let Mﬁ(e)(x) = Qq, Mﬁ(g)(y) Q2; Vi(e)\ T (z) = b1 and VF(e)(y) = Pa.

Case (i):

If ; < ap and [ > B then x,y € (F,A)(al,ﬁl).

As (F, A)(aq, f1) is a soft subsemiring of R ,  —y and zy in (F, A)(ay, 1)
i) —y) > a1 = a1 A ap which implies iz (2 —y) > pigo (T) A ppo (y),
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[1pe)(TY) > cn = a1 A ap which implies piz o (2y) > pipo (2) A g (Y),
Vi@ —y) < B = BV fa which implies vz (z — y) < v (@) V Vi (9),
Ve (@y) < Bi = PV Bo which implies vz (2y) < V5 (%) V Y5 (¥),

for all z,y € R.

Case (ii):

If oy < oy and By < B, then z,y € (F, A)(ay, Bs).

As (F, A)(ay, f) is a soft subsemiring of R , z —y and zy in (F, A)(ay, fs)
(T —y) = a1 = an A ap which implies pz (2 —y) = ppo(2) A ppe (V)
fi@(Ty) = ar = a1 A ag which implies pp) (2y) = fpo (2) A ppe (Y),

Vi) (€ —y) < B2 = B1 V P2 which implies vz (z — y) S Vi (@) V Vi (¥),
Vi) (®y) < B2 = BV B2 which implies vz (2y) < Vo) (T) V Ve V),

for all z,y € R.

Case (iii):

If oy > ap and fy > B, then z,y € (F, A)(as, ).

As (F, A)(ag, 1) is a soft subsemiring of R , 2 —y and zy in (F, A)(ag, 51)
fpe) (T —Y) = ap = a1 A ap which implies uF( (&= Y) > ppo (@) A g (y),
ffo(Ty) = as = an A ag which implies pp) (2y) > pipo (2) A pip (Y),
Vi@ —y) < B = BV fa which implies vz (x — y) < v (@) V Vi (¥),
Vi (2y) < Bi = fi V By which implies 7 (vy) < Y7 (2 ) Veo W),

for all x,y € R.

Case (iv):

If oy > vy and By < B, then z,y € (F, A)(as, Bs).

As (F, A)(as, f) is a soft subsemiring of R , z —y and zy in (F, A)(as, fs)
[ie(® —Y) = a2 = ay A ap which implies pip o (z —y) = pp (2) A i (),
fif(2y) = as = a1 A ag which implies pp) (2Y) > fjo (2) A ppe (Y),

Vi) (T —y) < B2 = B1 V B2 which implies vz (z — y) < V5 () V 15 (¥),
Vio(@y) < B2 = B V o which implies vz (2y) < V5o (T) V Y5 (Y),

for all z,y € R.

Case (v):

If a1 = ap and {7 = P ,then it is trivial.

In all the cases, (F, A) is an intuitionistic L-fuzzy subsemiring of a semiring R.

4. Homomorphism of Intuitionistic L- fuzzy Soft Semiring
In this section we show that the homomorphism image and pre-image of a
intuitionistic L-fuzzy soft semiring.

Definition 4.1. Let f : R — S and g : A — B be two functions, where A and B
are parameter sets for intuitionistic L- fuzzy soft sets R and S, respectively. Then,
the pair (f, g) is called an Intuitionistic L- fuzzy soft function from R to S.
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Definition 4.2. Let (F,A) and (G, B) be two intuitionistic L- fuzzy soft rings
over R and S, respectively, Let [ : R — S be a homomorphism of rings, and let
g : A — B be a mapping of sets. Then, we say that (f,g) : (F,A) — (G, B) is
an intuitionistic L-fuzzy soft homomorphism of intuitionistic L-fuzzy soft rings and
define by f(F,A) = (G, B)g , if the following conditions are satisfied: flupg (@) =
(he @)g, f(1pe (@) = (o (@)g-

Definition 4.3. Let (', A) and (G, B) be two intuitionistic L-fuzzy soft rings over
R and S. Let (f,g) be an intuitionistic L-fuzzy soft function from R to S.

1. The image of (F,{l) under the intuitionistic L-fuzzy soft function (f,q) de-
noted by (f,g). (F,A) is the intuitionistic L-fuzzy soft ring over S defined
by (f,9)(F, A) = (f(F),g(A)), where

\)/ Vo bpe(r), if re fi(s)

g(a)=k
0, Otherwise
A A Vo), if refi(s)
(7" =s  g(a)=k
1, Otherwise

for all k € g(A) and for all s € S.

2. The preimage of (G, B) under the intuitionistic L-fuzzy soft function (f,g)
1

denoted by (f,g)” l(é )7+ is the intuitionistic L-fuzzy soft ring over R de-

fined by (f,9)" (G, B) = (f 1(G).g~"(B)), where

F YD) (1) = (G) g (f(r)), for alla € g~*(B) and for all r € R.

If f and g are injective (surjective), then (f,g) is said to be injective (surjec-
tive).

Theorem 4.4. Let (ﬁ’, A) be an intuitionistic L-fuzzy soft subsemiring over R and
(f,g) an intuitionistic L-fuzzy soft homomorphism from R to S. Then, (f, 9)(F, A)
s an intuitionistic L- fuzzy soft subsemiring over S.

Proof. Let k € g(A) and y1,y, € S. If f~1(yy) = ¢ or f~1(y2) = ¢ the proof is
straightforward.

Let assume that there exist z1,x2 € R such that f(z1) = y1, f(z2) = yo.

f(F)k(yl_?h) V V H (e ()

f®)=y1—y2  g(a)=k
> V(T —x2)
g(a)=k
2V (ro(en) Ao (a)
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= V wpo@) AN V ppe(e:)
g(a)=k g(a)=k
This inequality is satisfied for each x1, x5 € R, which

satisfy that f(x1) = y1, f(22) = yo. Then we have

FE)k(yr — y2) > ( V V /’Lﬁ'(e)(tl)> A < V V Mﬁ(e)(t2>>
B f(~t1)=y1 g(a)=~k ft2)=y2  gla)=k
FE) Ry — y2) = F(F)(y) A f(F)i(y2).

And, we have

S k(yr - y2) = y V' kgt

v

(o @) A s (22)

=V bpe@) AN V ppe(e:)
g(a)=Fk g(a)=k
This inequality is satisfied for each x1, 29 € R, which

satisfy that f(x1) = y1, f(x2) = y2. Then we have

FE)(yr - y2) > (f( V V Nﬁ(e)(tl)) A ( V V kup(e)(t2)>

t1)=y1  g(a)=k flt2)=y2  gla)=

(a
i(lF)k(yl “ya) = f(F)r(yr) A f(F)r(y2)-

F
S )e(y1 — 1) = A A ’Yﬁ(e)(t)

f®)=y1—y2  gla)=k

< A Vpel@ —a2)
g(a)=k

< (/)\ (%5(6) (1) V Y5 (932)>
g(a)=k

= N YoE)V A vpo(r2)
g(a)=k g(a)=k

FE)e(yr — o) < (f A (/\kmg)(tl)) v < A A me)(h))

R (t1)=y1  g(a) flt2)=y2  gla)=k

i(E)k(.% —y2) = f(F)r(y) V [(
gain
ey -y2) = A A ’Yﬁ(e)(t)

i

'T_jg
~—
=
~—~
<
o)
~—
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< A (”YF(G)(xl)\/’YF(e)(%))

g(a)=k

= N Yrele)V /\k%(e)(xz)

g(a)=k g(a)=

FE)k(ys - o) < (f( A N Vet )) v (f(t/\ A 715(6)@2))

t1)=y1 g(a)=k 2)=y2 g(a)=k

)
F(E(yr - y2) = FE)lyn) V F(EF)el(ye).

Thus we conclude that (f, g)(F, A) is an intuitionistic L-fuzzy soft subsemiring over

S.

Theorem 4.5. Let (é, B) be an intuitionistic L-fuzzy soft subsemiring over R and
(f,9) an intuitionistic L-fuzzy soft homomorphism from R to S. Then,
(f,9) Y (G, B) is an intuitionistic L- fuzzy soft subsemiring over S

Proof. Let a € g~'(B) and 21,2, € R.
FHG)alr - 5) = (G gy (f (21 - 22)
= (G)g(a)(f(21) - f(22))

i > (G)y( )(f( ) A Gy (f(22))
FHG)al@1 - 22) = [7HG) @) (1) A fTHG) (@ (22) and
FH@)alwr = 22) = (G gy (f (21 — 22))

= @yt () — ()
> (G (f(21)) A (G )g(a)(f(l"z))

FHG)alzr — w2) = f N @) (@) A FHE) ) (22)
o (f,9) ' (G, B) is an intuitionistic L- fuzzy soft subsemiring over S.
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