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1 Introduction

Numerous researchers looked into the concept of
fuzzy sets' generalisation after L.A. Zadeh presented
it [30]. The term "lattice" was first used by
Dedekind in 1897, and it was later expanded upon
by Birkhofft, G. [8,9]. A special kind of lattice
known as a Boolean ring with identity was similar
to the Boolean algebra that Boole invented. This
relationship led to the establishment of the link
between lattice theory and contemporary algebra.
K.T. Atanassov [5,6] developed the idea of
intuitionistic fuzzy subset as a generalisation of the
idea of fuzzy set. Q-fuzzy subgroups is a brand-new
algebraic structure that was developed and defined
by A. Solairaju and R. Nagarajan [26,27]. In this
article, we discuss some of the characteristics of
lower Q-level subsets of a Q-intuitionistic L-fuzzy
{-semiring.

The heading of each section should be printed in
small, 14pt, left justified, bold, Times New Roman.
You must use numbers 1, 2, 3, ... for the sections'
numbering and not Latin numbering (I, IL, 111, ...)

2 Preliminaries

Definition 2.1. [31]Let X be a collection of set that
isn’t empty. A functionuy: X — [0,1] a fuzzy
subset p, of X.
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Definition 2.2.[27, 28]Let X be a non-empty set,
L= (L <) is a lattice with least member 0 and
largest element 1, and Q is a non-empty collection.
A (Q, L)-fuzzy subset u, of a functionpy: X X Q =
L.

Definition 1.3.[20,21]Let R be a £-semiring and Q
to be a set that isn’t empty. A (Q, L)-fuzzy subset
A of R is referred to as a (Q,L)-fuzzy ¢-
subsemiring (QLFLSSR)  of R if it meets the
following criteria:

Dpa(x+y,q) = pa(x,q) rpg (v,9),
(i) pa (xy,q ) = pa(x,q9 )Apa (v,q ),
(i) pa xVy,q) = pa 6, Q) Apa (v, q),
(V) pa(xAy,q) = pa(x,q ) nps (¥,9),
every x and y in R and q in Q.

Example 2.1.Let (Z,+,8,V,A) be a ¢-semiring and
Q ={p}, Then the (Q,L)-fuzzy set A of Z is
defined by

for

1 if x=0
033 if xe<2>-0
0 if xeZ—<2>
A is unmistakably a (Q, L)-Fuzzy ¢-subsemiring of
a £-semiring.
Definition 2.4.[5,6]An intuitionistic fuzzy subset
(IFS)A in X is defined as an object of the form A =
{<x,A4,(x),A9(x) >/x € X}, where A,: X — [0,1]
and Ag: X — [0,1] define the degree of membership
and the degree of non-membership of the element

A(x,q) =
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x € X respectively and for every x € X satisfying
0 <A4,(x) + Ap(x) = 1.
Definition2.5.[24]Let (L, <) be a complete lattice
with an involutive order reversing operation N :
L - L and Q be a set that isn’t empty. A Q-
intuitionistic L-fuzzy subset (QILFS)A in X is
defined as an object of the form A ={<
(x,9),Au(x,9), Ay (x,q) >/xin X and q in Q},
where A,;:X X Q - L and Ag: X X Q — L define
the degree of membership and the degree of non-
membership of the element x € X respectively and
for every x € X satisfying A,(x) < N(4y (x)).
Definition 2.6.[22]Let R be a #-semiring. A Q-
intuitionistic L-fuzzy subset A of R is referred to as
a  Q-intuitionistic ~ L-fuzzy  #-subsemiring
(QILFLSSR) of R if it meets the following criteria:
DA (x+y,q) =2 A, (x,q) NAL (0, 9),
(i) Ay (xy,q ) = Ay (x,q) NAL (v, 9),
(i) A, xVy,q) 2 A, (x,q9) ANA, (v, 9),
(VA (xAy,q) =2 A, (x,q) N (1, 9),
(V) Ag (x+¥,9) < Ag (x,q) VAy (¥.q),
(Vi) Ay (xy,q ) < Ay (x,q) VAs (v,9),
(Vi) Ay (xVy,q) < Ay (x,q) VAs (¥,q),
(viii) Ay (xAy,q) <Ay (x,q) VAy (y,q), for
every x and y € Rand q € Q.
Example 2.2.Let (Z,+,8,V,A) be a £-semiring and
Q = {p}, Then Q-intuitionistic L-Fuzzy subset A =
{< (%q),A,(xq)A4(x,q) >/xinZ and q in
Q } of Z is defined by

A, (x,q) = {0.6lfxE< 2>

0.3 otherwise
and

_(04ifxe<2>
Ay (q) = { 0.7 otherwise
A is unmistakably a Q -intuitionistic L-Fuzzy #-
subsemiring of a £-semiring.
Definition 2.7. Let A and B represent any two Q—
intuitionistic £-subsemiring of a ¢-semiring G and
H, respectively. The product of A and B, designated
by A X B, is defined as A X B = {< (x,¥),q), (A X
B)u((x, y),q), (AX B)y ((x, ), q) >/ for every x
in G and y in Hand q in Q}, where(4 X
B)u ((x,y),q) = Au(x, OnB,(y,q)  and (A X
B)y (x,¥),9) = Ay (x,q) VBy (v,q).
Definition 2.8.Let A be a Q-intuitionistic L-fuzzy
subset in a set S, and the strongest Q-intuitionistic
L-fuzzy relation on S, that is a Q-intuitionistic L-
fuzzy relation on A is V which is provided by
V(6 y), @) = Au(x, @) AN AL (Y, q) and
Vo((x,¥),q) = Ag(x,q) V Ay (v,q), for every x
and y in $ and q in Q.
Definition 2.9.Let (R,+,8,V,A) and (R',+,B,V,A)
to be any two semirings. Let f:R — R'be any
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function and A be a Q-intuitionistic L-fuzzy #-
subsemiring in R,V be an Q-intuitionistic L-fuzzy -
subsemiring in f(R) = R', defined by V,(y,q) =
sup A, (x,q) and Vo(y,q) =
xef1(y)
inf Ay (x,q), for every x in R and y in R’ and
xefH(y)
q in the Q. Then A is known as a V preimage under
f and is indicated by f~1(V).
Definition2.10.Let A and B be any two Q-
intuitionistic L-fuzzy subsets of a set X. We define
the following operations:

i) ANnB-= {< x,4,(x,q) AB,(x,q),As(x,q) v
By (x,q) >}, forall x € Xand q in Q.
(il) AUB= {< x,4,(x,q) VB, (x,q),Ag(x,q) A

By (x,q) >}, forall x € Xand q in Q.
(iii) LA ={<x,A,(x,q),1—-A,(x,q) >/ x € X},
for all x in Xand q in Q.
(iv) OA={<x,1—Ay(x,q),A9(x,q) >/ x € X},
for all x in Xand g in Q.
Definition 2.11.Let A be an Q-intuitionistic L-fuzzy
£-subsemiring of a f-semiring (R, +,E,V,A) and a
in R. Then the pseudo Q-intuitionistic L-fuzzy coset
(ad)? is  defined by ((ad,)")Ceq) =

p(@)A,(x,q) and ((ady)P)(x,q) = p(a)Ay(x,q),
for every x in R and for some p in P and q in Q.
Example 2.3.Let (Zg, +,3,V,A) to be a £-semiring.
Then  Q-intuitionistic = L-fuzzy subset A=
{(C5 @), Au (%, ), Ag (6, ))/x € Zs and q in Q} of
Zs, where

059 ifx=0
Au () = {0.28 if x =1,2,34
and
024 ifx=0
Ap(x) = {0.38 if x =1,2,3,4
without a doubt, A is a Q-Intuitionistic L-fuzzy #-
subsemiring.

Take p(a) = 0.2 for each a in Zs.
Then the pseudo Q-intuitionistic L-fuzzy coset
(aA)P is defined by
012 ifx=0
A () = {0.01 if x =1,2,34
and
05 ifx=0
Ap(x) = {0.08 if x =1,2,3,4
without a doubt, (a4)P is a Q-Intuitionistic L-fuzzy
£-subsemiring.
Definition 2.12.Assume A is a Q-intuitionistic L-
fuzzy subset of X. For a, 8 in L, the lower Q-level
subset of A is the set A p) = {x EX:A,(x,q) =
a,Ay(x,q) < B}
Definition 2.13.Let say R be a ¢-semiring. A Q-
intuitionistic L-fuzzy subset A of R is referred to as

Volume 8, 2023



R. Arokiaraj et al.

a @Q-intuitionistic L-fuzzy normal ¢-subsemiring

(QILFNLSSR) of R if it meets the following

criteria:

D Au(x +y,q) = A,y +x,9),

(i) A, (xy, q) = A (yx, @),

(i) Ay (x VY, q@) = A, (Y V X, ),

(V) Ay (x Ay, q) = A, (y A x, q),

WM Ag(x +y,q) = Ag(y +x,9),

(i) Ay (xy,q) = Ag(¥x, Q)

(vi)) Ag(x Vy,q) = Ay (Y V x,q),

(viil) Ag(x ANy, q) = Ag(¥y A x,q), for every x and
y€ERandq € Q.

Example 2.4.Let L say be the complete lattice and

A:Z - L be an Q-intuitionistic L-fuzzy subset A =

{< (x' CI), Au(x' Q),A,g(x, Q) > / x € X, q n
Q}defined as
0.79 if x=<4>
Ay(x,q) = 0.31 if xeEK2>-<4>
1 if otherwise
and
027 if x=<4>
Ap(x,q) =10.75 if xXeEK2>—-<4>
1 if otherwise
A is unmistakably a Q-intuitionistic L-fuzzy

normal#-subsemiring.

3 The Properties of Q-Intuitionistic L-
Fuzzy ¢-Subsemiring of a £-Semiring
in  Homomorphism and  Anti-

Homomorphism

Theorem3.1.Let (R, +,3,V,A) and (R’,+,B,V,A) to
be any two £-semirings, and Q to be a non-empty
set. The homomorphic image of a Q-intuitionistic L-
fuzzy f-subsemiring of R is an Q-intuitionistic L-
fuzzy £-subsemiring of R'.

Proof: Let (R,+,8,V,A) and (R',+,3,V,A) to be
any two £-semirings Q to be a non-empty set. Let
f:R - R' be a £-semiring homomorphism. Then

(1) fOe+y)=f0)+fQ)

(i)  fey) =fOf W),

(i)  flxvy)=fx)Vf(y)and

(iv)  fxAy)=f(x)Af(y), forall x and y
in R.

Let A be a Q-intuitionistic L-fuzzy #-

subsemiring of R. We have to prove that V is a Q-
intuitionistic L-fuzzy ¢-subsemiring of R'.
Now, for f(x), f(y) in R'and q in Q,
® V() + ). @) =V,(fx+y),q =
A +y,q) 2 A, ) ALY, @)
which  implies  that  V,(f(x) +

FO, @) =V,(fx, ) AV, (F . D).
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(i) VGO, =V (xy).q) =
A, (xy,q) = A, (x,q) NA,(y,q) which
implies that VG, a) =
V(f e ) AV(F 0 @)
WF@ VIO, =& vy)q =
Ay(xVvy,q) =A,(x,q) NA,(y,q) which
implies that V@ VIW),q =

V(F o)) AV (f(, ).

(iii)

iv) VUGFOAfO),Q =V(f(xAy).q) =
A, (xNy,q) = Ay(x,q) ANA,(y,q) which
implies that VA9 =
V(e ) A(f G ) Now, for
f(x),f(y)inR"and q in Q.

V) Ve(fG)+ 1), q) =Vo(f(x+y),q) <
Ay(x +y,q) < Ag(x,q) V Ag(y,q) which
implies that Vo(f (x)+ f(y),q) <
Vo (f(x), @) V Vo (f (v, ©))-

vi)  Vo(fCIf ), q) =Ve(f(xy),q) <
Aﬁ(xy' q) < Aﬁ(x: Q) VAg(y, Q) which
implies that Vo(f () f (), q) <
Vo(f(x, ) vV Ve(f v, D).

(i) Vo(f() V), q) =Ve(f(xVy),q) <
Ag(xVy,q) < Ag(x,q) VAy(y,q) which
implies that Vo(f () V), q) <
Vo(F G, @) vV (F &, ).

(viii)  Vo(f ) Af(3),q) =Va(f(x AY), q) <

Ag(x Ny, q) < Ag(x,q) V Ap(y,q) which
implies  that Vo(fOONf(Y),q) <
Vo(f(x, @) vV Ve (f(v,q)), for all f(x) and
f(y)inR"and q in Q.
As a result, V is a Q-intuitionistic L-fuzzy -
subsemiring of R'.
Theorem 3.2.Let (R, +, @,V,A) and (R’,+,B,V,A) to
be any two £-semirings and Q to be a non-empty
set. The homomorphic preimage of a Q-intuitionistic
L-fuzzy {-subsemiring of f(R)=R' is a Q-
intuitionistic L-fuzzy £-subsemiring of R.
Proof: Let (R,+,0B,V,A) and (R',+,3,V,A) to be
any two £-semirings Q to be a non-empty set. Let
f:R — R’ be a £-semiring homomorphism. Then
O fx+y)=f)+fB),
(i) fC) = FEf ),
(iii) f(xVy) = f(x)V f(y) and
(iv) f(xAy) = f(x) A f(y), forall x and y in R.
Let V be a Q-intuitionistic L-fuzzy £-subsemiring of
f(R) =R'. We have to prove that A is an Q-
intuitionistic L-fuzzy £-subsemiring of R. Let x and
yinR and q in Q, Then,
) Axc+y,q) =V(fx+y)q),
V(fCx @) = Au(x, @) = Vu(f (o) +
fO O 2V(fe ) AV (f, ) =

since
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A, ) N (Y, q),  since  V(f(x,q) =
A,(x,q) which implies that A,(x +y,q) =
A, G ) NAL (Y, Q).

Au(xy, @) = V,(f(xy),q), since V,(f(x)) =

A,06) =V, (FOf (), @) = V(f(r ) A

VLUf0@) =4, A0,9), since

V#(f (x, q)) = A,(x,q) which implies that

Ay(xy,q) = A (6, ) NAL (Y, ).

(iii) A, (x vy, @) =V,(f(x V), q), since
V.(f(0) =A4,(x,9) = V,(F) V), q) =
V.(f G ) AVU(f O, ) = Au(x, @) A
A, (y,q), since Vl'l(f(x, q)) = A, (x,q) which
implies that Ay(xVvy,q) =A,(x,q) A
A, (v, q).

(V) A4,C Ay, ) = GG Ay, ), since

V.(f(0) = 4,(x, @) = V,(F) A f(), @) =

V. (fe ) AV (f @) = Au(x, @) A

A, (¥, q), since V;L(f(x, q)) = A,(x,q) which

implies that Ay(x Ny, q) = A,(x,q) A

A, (y,q). Letx and y in R and q in Q. Then,

Ag(x+y,q) =Vo(f(x +¥),9), since

Vo(f(x,q)) = Ag(x,q) = Vo(f(x) +

fO ) <Vo(fx. ) VVe(f(y. @) =

Ag(x,q)VAs(y,q), since Vy(f(x,q)) =
Ay(x,q) which implies that Vy(x +y,q) <

Vo(x, @) VVs(y, Q).

(i) Ag(xy, @) = Vo(f(xy, ), since
Vo(f(x, @) = Ag(x,q) = Vo(F ) f (), q) <
Vo(f, ) VVe(f(y,q)) = Ap(x, ) v
Ay (y,q), since V,g(f(x, q)) = Ay(x,q) which
implies that Ay (xy, q) < Ay(x,q) V Ay (¥, q).

(i)

™)

(vii) Ag(x vy, q) = Vo (F(x Vy, @), since
Vo(f(x, @) = Ag(x,q) = Vo(f(x) v
fO @) <Vo(fx. ) VVe(fy. @) =
Ag(x, Q) VAy(y,q), since Vy(f(x,q)) =

Ay(x,q) which implies that Ag(xVy,q) <
Ay(x, @) V Ay (¥, @)

(viii)  Ag(x Ay, q) =Vo(f(x Ay, q)), since
Vo(f(x,q)) = Ag(x,q) = Vo (f(x) A
fO,) <Vo(f ) VVe(fr. @) =
Ag(, )V As(y,q), since Vy(f(x,q)) =

Ag(x,q) which implies that Ag(x Ay,q) <
Ag(x,q) VAs(¥,q).
As a result, A is a Q-intuitionistic L-fuzzy #-
subsemiring of R.
Theorem3.3.Let (R, +,B,V,A) and (R',+,B,V,A) to
be any two £-semirings Q to be a non-empty set.
The anti-homomorphic image of a Q-intuitionistic
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L-fuzzy £-subsemiring of R is an Q-intuitionistic L-

fuzzy £-subsemiring of R'.

Proof: Let (R,+,B,V,A) and (R’,+,3,V,A) to be

any two £-semirings Q to be a non-empty set. Let

f:R - R’ be an ¢-semiring anti-homomorphism.

Then

Q) fG+y)=FO)+f&),

(i) flxy) =fOf(x)

(i) f(xVy) = f(y)V f(x) and

(iv) f(xAy)=f@)Af(x), forall x,y ER.Let A
be a Q-intuitionistic L-fuzzy £-subsemiring of
R.

We have to prove that V is an Q-intuitionistic L-

fuzzy £-subsemiring of f(R) = R'.

Now, for f(x), f(y) in R and q in Q,

O W+ =@ +x),9 =2

A +xq) 2 A0, N (x,q) =

A, (x,q) ANA,(y, @Q)which implies

V@) + 00, 2V (fx @) A

V(f o)

VL), q) = Vu(fx, @) =

Ayx,q) =2 A (v, ) NAL(x,q) = A (x, @) A

A, (y, q),which implies that V,(f (x)f (¥), q) =

V.(f G @) AV(F O @)

(i) ,FG VI, O =V(fVvxq) =

A yvxq) 2 A0 ) ANAL(x,q) =

A, (x,q) NA,(y, q),which implies

VGV, q) 2V (fx, ) A

L(f o).

LA, =V(fOAx Q) 2

Ay Axq) 2 A0 @) ANAL(x,q) =

A, (x,q) NA,(y, q),which implies

V(FGOAFO), @) 2V, (f(x, @) A

Vu(f(y, q)). Now, for f(x), f(y) in R' and q in

Q.

Vo(f () +f(¥), @) =Vo(f(y +x),9) <

Ag(y+x,q) < Ag(y, @) VAy(x,q) =

Ay(x,q) V Ay (y, @)which implies

Vo(f () + f(), @) < Vo (f(x, ) v

Vo(f v, @))-

i) Vo(f ()f ), @) = Vo (f (¥x), ) <
Ag(yx,q) < Ap(¥, @) V Ay(x,q) = Ap(x,q) V
Ay (y, @)which implies that Vy(f(x)f (), q) <
Vo(f (. @) V Vo (fF (0, @)

(Vi) Vo(f () V F(¥), @) = Vo(fF(y VX), @) <
Ay(yVx,q) < Ag(y, @) VAy(x,q) =
Ay(x,q) V Ay (y, q)which implies
Vs(FCV F(1),4) < Vo (f (@) V

that

(i)

that

@iv)

that

™)

that

that
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(vii)  Vo(fGOAf(¥), @) =Vo(f(y Ax),q) <
Ag(y A x,q) < Ag(y,q) V Ay(x,q) =
Ag(x,q) VvV Ay (v, q)which implies that
Vo(fF A (), @) < Vo(f(x, ) v
Vo(f (v, ).

As a result, V is a Q-intuitionistic L-fuzzy #-

subsemiring of R'.

Theorem 3.4.Let (R, +, @,V,A) and (R’, +,3,V,A) to

be any two f-semirings @ to be a non-empty set.

The anti-homomorphic preimage of a Q-

intuitionistic L-fuzzy ¢-subsemiring of R’ is an Q-

intuitionistic L-fuzzy £-subsemiring of R.

Proof: Let (R,+,8,V,A) and (R',+,E,V,A) to be

any two f-semirings Q to be a non-empty set. Let

f:R—> R’ be an ¢-semiring anti-homomorphism.

Then

@O fx+y)=f)+fx),

() fxy) = ffx)

(i) f(xVvy) = f(y) vV f(x) and

(iv) f(xAy) = f(¥) A f(x), for all x and y in R.
Let V be a Q-intuitionistic L-fuzzy #-

subsemiring of f(R) = R’. We have to prove that A

is an Q-intuitionistic L-fuzzy £-subsemiring of R.

Let x and y in R. Then

i) A&x+y.9=V.(fx+y) 9, since
V(f( @) = At @) = V,(F ) +
f), ) 2 V,(fo. ) AV (fr. @) =
V(f e ) AV(f O, @) = A, (e, @) A
A,(y,q), since V,(f(x,q)) = A,(x,q) which
implies that Ay(x+y,q9) = A, (x,q9) A
Ay, ).

(i) Au(xy,q) = V,(f (xy), @), since V,(f(x,q)) =
A,060) = V,(FONF ), @) = V,(F(r, @) A
V(fee@) =V(f e ) A(f, @) =
Ao NA L), since Y (f(xq) =
A,(x,q) which implies that A,(xy,q) =
Ay, @) NAL (Y, @)

(iii) A, (x vy, @) =V,(f(x V), q), since
V(fe@) = At ) =V(F) v
f,0) 2V(fO.O) AV(fx ) =
Vu(fe, D) AV (fr @) = Ay () A
A, (y,q), since Vu(f(x, q)) = A, (x,q) which
implies that Ay(xVvy,q) =A,(x,q) A
A, Q).

(iv) A, (x Ay, q) =V, (f(x Ay),q), since
V(f, @) = A, @) =V, (F ) A
f@),) =2V, (fo. ) AV (f(xq) =
Vu(fe, D) AV (f @) = AuCe.q) A
A, (y,q), since %(f(x, q)) = A, (x,q) which
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implies that
A, ).

V) Ag(x+y,q9) =Vo(f(x +¥), ), since
Vo(f(x,@)) = Ag(x,q) = Vo (f () +
fG,@) 2 Vo(f, @) AVs(f(x, ) =
Vo(f(t, ) AVo(F (3, @) = Ag(x,q) A
Ay (y,q), since Vﬁ(f(x,q)) = Ay (x,q) which
implies  that  Ay(x+y,q) = Ay(x,q) A
A19 (y! Q)

(vi) Ay(xy,q) = Vo (f (xy), q), since
Vo(f(x, @) = Ag(x,q) = Vo (F ) f (), @) =
Vo(f (i, @) AV (F(x, @) = Vi (F(x, @) A
V19 (f(yl Q)) = A19 (x: Q) A A19 (y! q)l since
Vg (f (x, q)) = Ay(x,q) which implies that
ﬁ(xy' q) 2 Aﬁ(x: Q) A Ag(y, Q)-

(Vll) A19 (X Vy, q) = V19 (f(x \% }’): CI)' since
Vo(f(x,q)) = Ag(x,q) = Vo(fF () v
f),a) 2Ve(f(y, @) AVe(f(x,9) =
Vo(f(x, @) AVe(f (3, @) = Ag(x, @) A
Ay (y,q), since V,g(f(x,Q)) = Ay (x,q) which
implies that Ag(xVy,q) = Ag(x,q) A
A19 (y' CI)

(vili) Ag(x Ay, q) =Ve(f(xAY),q), since
Vﬁ(f(x' q)) = Aﬂ(x' q) = Vﬂ(f(y) A
fC,@) 2 Vo(f, @) AV (fx, ) =
Vo(F O, ) AVe(F (v, @) = Ag(x,q) A
Ay (y,q), since Viy(f(x,q)) = Ag(x,q) which
implies that Ag(x Ny, q) = Ag(x,q) A
Ay (¥, ).

As a result, A is a Q-intuitionistic L-fuzzy #-

subsemiring of R.

In the following Theorem o is the composition
operation of functions

Theorem 3.5.Let A be a Q-intuitionistic L-fuzzy -

subsemiring of a #-semiring H and f is an

isomorphism from a £-semiring R onto H. Then A o

f is a Q-intuitionistic L-fuzzy £-subsemiring of R.

Proof: Let x and y in R and A be a Q-intuitionistic

L-fuzzy £-subsemiring of a ¢-semiring H and Q to

be a non-empty set. Then we have,

(D) (Ao Hx+y,@) =40+, =
A+ ). a) = A (f(x, ) A
A(FG@) 2 (Ao ) A(Aue £, @),
which implies that (A4, f)(x+y,q) =
(Ao ) A(Ay o ) @)

(i) (A )y, @) =A,(F(xy), ) =
AFOfO), ) = A(f(x, @) A
A(fO @) = (Aue ) A4 f)B, @),
which  implies  that (4, ° f)(xy,q) =
(Aue ) A (Ao f), ).

Ay(x Ny, q) = A, (x,q) A
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(i) (Ag e f)xvy, @) =A4,(Fxvy)q) =
AV ), @) = Au(f G, @) A
A(fO D) = (Ao ) A (4
f ) (y,q),which implies that (A” of ) (xv
v.@) = (A, o ) ) A (Ay o £, @)

(iv) (Ag o f)xny, ) =A4,(FGcAy),q) =

A FEAFO), @) 2 Au(f (@) A

A(f00) = (A, ) A (A e £, 0,

which implies that (4,°f)(xAy,q) =

(Au o f)(x, q) A (A# o f)(y, q). Then we have

(Ag e x+y,q) = Ag(f(x +¥),q) =

Ag(fFO) + F(1),0) = Ag(f (x, @) A

As(f», @) = (Ag o N, D) A (Ag ° ), ),

which implies that (dgeof)(x+vy,q) =

(Ay o )x,q) A(Ag ° I, q).

(VD) (Ag o f(xy,q) = A (f(xy),q) =
Ag(FCOf 1), @) = Ap(f (x, @) A
As(f0. ) = (Ag e ), @) A(Ag 2 B, 0D,
which  implies that (Age f)(xy,q) =
(Ay o )x, q) A (Ag ° I, q).

(vii) (Ag e H(xVy, q) = Ag(f(x Vy),q) =
Ag(fF V), q) = As(f(x, @) A
Ag(fO,@) = (Ag o ))(x, @) A (Ag ° B, @),
which  implies that (Agof)(xVy,q) =
(Ay o )x, q) A (Ag ° I, q).

(vii) (Ao XAy, @) =As(f(x Ay),q) =
As(FOIAF(), @) = Ag(f(x, @) A
As(f, @) = (Ag ° (x, @) A (Ag ° ), @),
which implies that (Agef)(xAy,q)=
(Ag ° f)(x, @) A (Ag o f)(,q), for all x and y
in R and q in Q.

As aresult, (Ao f) is a Q-intuitionistic L-fuzzy #-

subsemiring of a £-semiring R.

Theorem 3.6.Let A be an Q-intuitionistic L-fuzzy -

subsemiring of a #-semiring H and f is an anti-

isomorphism from a £-semiring R onto H. Then A o

f is a Q-intuitionistic L-fuzzy £-subsemiring of R.

Proof: Let x and y in R and A be a Q-intuitionistic

L-fuzzy £-subsemiring of a #-semiring H and Q be a

non-empty set. Then we have,

) (Ao f)x+y,a) =4, +y),q =

AFO) +F(0), @) = A (f (@) A

AfG@) 2 (Ao ) A (Ao f)B, @),

which implies that (4, °f)(x+y,q) =

(Au ° f)(x:CI) A (Au ° f)(y: q).

(Ao )y, ) = A (F(xy), q) =

A FDDfF ), q) = A(f(x, @) A

AF@0) 2 (Ao ) ) A (Ao £, @),

™)

(i)
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which  implies  that
(Ape ) A(Ay o ), a).

(i) (Age f)xVy,q) = A,(f(xVy),q) =
AV, @) = A,(F (@) A

Ao.D)= Ao ) A (Ao ), ),
(Au Of)(xVy,q) =

which implies that
(Ao ) A(Ay o ), @)

(iv) (Ao f)xAy, @) =4,FxAy),q) =
AFD) A ), @) = A, (f (@) A

A(O0)= (Ao ) A(Au e ). )
(Au Of)(x/\y,q) =

which implies that
(A“ ° f)(x, qQ) N (Au o f)(y, q). Then we have
Ay e Hx+y,q) =As(f(x +¥),q) =
Aﬁ(f(y) + f(x)r Q) = Aﬁ(f(x' q)) A

™)

As(f(, @) = (Ag ° . q) A(Ag ° B, q),
(Agelx+y,q) =

which implies that

(Ag ° f)(x,q) A (Ag ° ), )
(vi) (Ag° f)(xy,q) = Ap(f(x¥),q) =

Ag(FONf (), @) = Ap(f (x, 9)) A

Ag(f(, @) = (g ° (x,q) A(Ag ° B, q),
(Ag o xy, q) =

which  implies  that
Ag e ) A (Ag° Y, .

(vii) (Ag o H(x VY, q) = Ag(f(x Vy),q) =
As(fFOIV f(0),q) = Ag(f(x, @) A

As(F @) = (Ag e N, @ A(Ag ° B, q),
(Ao flxVvy,q) =

which implies that
(Ag o fIx, ) A (Ag ° W, Q).

(vii)  (Ag e f(xAY,q) = As(f(x AY),q) =
As(FOI A (), q) = Ag(f(x, @) A

As(f, @) = (Ag ° (x,q) A(Ag ° B, q),
(Ago Hx Ay, q) =

which implies that
(Ao I, q) A (Ay e I, q).

As a result, Ao f is a Q-intuitionistic L-fuzzy #-

subsemiring of a £-semiring R.

Theorem3.7.Let A be a Q-intuitionistic L-fuzzy ¢-
subsemiring of a ¢-semiring (R, +, @,V,A), then the
pseudo Q-intuitionistic L-fuzzy coset (a4)P is a Q-
intuitionistic L-fuzzy #-subsemiring of a £-semiring

R, forevery a in R and p in P.

Proof: Let A be a Q-intuitionistic L-fuzzy #-
subsemiring of a £-semiring R. For every x and y in

R and q in Q, we have,
0 ((a4)")Cx +y.0) = p(@AL +y,0) =

pP(@{(A.(x, ) A Ay, )} = {p(@)A,(x, ) A

p(@4,(, 0} = {((a4.) ) ) A
((aA#)p)(y, q)}.Therefore, ((aAu)p)(x +
v, = {((a4,)")x. 0) A ((a4,)) . )}
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(i) ((a4,)") 0y, @) = p(@)Au(xy,q) =
p(@{(A, . ) A A, @)} = {p(@)A,(x, @) A
p(@A4, 0, 0} = {((24,)) . ) A
((aAH)p)(y, q)}.Therefore,

((aAH)p)(xy, q) = {((aA”)p)(x, qQ) N
((aa)") )}

(iii) ((a4,)") (v, @) = p(@AL(x VY, q) =
p(@{(A, (. ) A A, @)} = {p(@)A,(x, @) A
p@4,, 0} = {((a4) )@ @) A
((aAH)p)(y, q)}.Therefore, ((aAﬂ)p)(x Y
v, @) = {((a4,)") e, ) A ((a4,)") 3. 0)}-

(@) ((a4.)7)x Ay, q) = p(@)A,(x Ay, q) =
P@{(Au(x, ) A ALY, @)} = {P(@A,(x, g) A
p(@4,(, 0} = {((a4.) )@ ) A
((aA“)p)(y, q)}.Therefore, ((aAM)p)(x A

v, @) = {((a4,)") e ) A ((a4,)") 3. 0},
for every x and y in R and q in Q.
((@4)P)(x +y,q9) = p(@)Ay(x +y,q) =
p(@){(As(x, @) Ny (¥, @)} =
{p(@Ay(x, @) ANp(@)As(y,q)} =
{((@d)P)(x, q) A ((ady)P)(y, q)}-Therefore,
((@d9)P)(x +y,q9) = {((@ds)P)(x,q) A
((@alds)P)(y, @)}
(vi) ((@dy)P)(xy,q) = p(@)As(xy,q) =
p(@){(Ag(x, @) Ny (¥, @)} =
{p(@As(x,q) ANp(@)As (¥, q)} =
{((@d)P)(x, q) A ((ady)P)(y, q)}.Therefore,
((@d)P)(xy, q) = {((@ads)P)(x,q) A
((ad)P)(y, q)}-
(vii) ((ad9)P)(x Vy,q) = p(a)Ay(x VY, q) =
p(@){(As(x, @) NAy (¥, @)} =
{p(@)Ay(x,q) Ap(@)Ay(y,q)} =
{((@49)P)(x, q) A ((aAg)P)(y, q)}.Therefore,
((@d9)P)(x VY, q) = {((ady)P)(x,q) A
((@ald9)P) (v, )}
((@d4)P)(x Ay, q) = p(@)Ag(x Ay, q) =
p(@){(Ag(x, @) Ny (¥, @)} =
{p(@As(x,9) ANp(@)As (¥, q)} =
{((@d4)P)(x, q) A ((ady)P)(y, q)}.Therefore,
((@A)P)(x Ay, q) = {((ady)P)(x,q) A
((ad9)P)(y,q)}. for every x and y in R and g
in Q.
As a result, (ady)P is a Q-intuitionistic L-fuzzy #-
subsemiring of a #-semiring R.

™)

(viii)
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4 The Properties of Q-Intuitionistic L-
Fuzzy Lower Q-Level ¢-Subsemiring
of a ¢-Semiring in Homomorphism

and Anti-Homomorphism

Theorem 4.1.Let (R,+,B,V,A) and (R',+,8,V,A)

be any two £-semirings and Q be a non-empty set.

The homomorphic image of a lower Q-level #-

subsemiring of an Q-intuitionistic L-fuzzy #-

subsemiring of R is a lower Q-level £-subsemiring

of a Q-intuitionistic L-fuzzy #-subsemiring of R'.

Proof: Let (R,+,@,V,A) and (R’,+,3,V,A) be any

two ¥¢-semirings and Q be a non-empty set. Let

f:R = R'be af-semiring homomorphism. Then,

) fx+y)=f)+fO),

(i) fxy) =fOf ),

(i) fF(xVvy) =f(x)V f(y)and

@iv) f(xAy) = f(x) A f(y), forall x and y in R.
Let V = f(A), where A is an Q-intuitionistic L-

fuzzy £-subsemiring of R.

Clearly V is a Q-intuitionistic L-fuzzy #-

subsemiring of R'.

If x and y in R, then f(x) and f(y) in R’

Let A4 p)be a lower Q-level £-subsemiring of A.

Suppose x and y in A4 gy, then x + y, xy,x Vy and

xAyin Ap). That is, Ay(x,q) = a and

Aﬁ(x'q) SﬁrAy(y'q) = a and Aﬁ(y,Q)S

B A +y,q) 2 aAu(xy,q) 2 0, A4,(xVy,q) 2

Ay (x Ny, q) = a and Ag(x+y,q9) <

B, Asg(xy,q) < B, Ag(x Ay, q) < B,Ag(x Ay, q) <

B.

We have to prove that f (A(a,/g)) is a lower Q-level

£-subsemiring of V.

Now, V,(f(x),q) = A,(x,q) = a, implies that

W)@z aV,(f0),e) 2 4,(.9) 2 o

implies that V,(f (), q) = &,

) L@+ =W +y).qg) =
Ay(x+y,q) =  which implies that
MU+ f(),4) = a for all f(x) and £(y)

inR'".

(i) E®fO) o =F&y).q) =
A (xy,q) = a, which implies that
WEfWa) z a

(i) VG Vi, 9 =V.(f(xvy)q =
A,(xVy,q)=a  which implies that
W@ VI.g z e

V) .GFOAFO), ) =V,(f(xAy),q) =
A,(xAy,q) = a  which  implies  that

V() Af(¥), @) 2 o, for all f(x) and f(y)

inR'.

Volume 8, 2023



R. Arokiaraj et al.

Now, Vy(f(x),q) < Ay(x,q) < B, implies that
Vo(f(x),q0) < B;Vo(f(¥), @) < Ap(y,q) < B,
implies that Vy(f(y),q) < B.

Vo(f () + (), @) = Vo(f(x + y), @) 2
Ag(x+y,q) =  which implies that

Vo(f () + f(¥),q) = & for all f(x) and f(y)
inR'.

™)

D) Vo(f()f ), ) = Vi (f(xy). q) 2
Ag(xy,q) = o which implies that
Vo(f(Of (), @) 2

(i) Vo(f )V f(¥), @) = Vo (f(x V y), q) 2
Ag(xVy,q)=«a  which implies that

Vo(f () V f(¥),q) =2
(vii)  Vo(fCONf(¥), @) =Vo(f(x AY),q) =
Ag(x ANy, q) =«  which implies that
Vo(f () Af(¥),q) = o, for all f(x) and f(y)
inR' and q in Q.
Therefore, V,(f(x) + f(y),q) = «, for all f(x) and
f) in R" and V,(f()f(¥),q) = o, for all f(x)
and f(y) in R and Vy(f(x) + f(¥),q) < B, for all
f(x) and f(y) in R" and Vy(f(x)f (¥),q) < B, for
all f(x) and f(y) in R'. As a result, f(A(a,[;)) is a
lower Q-level subsemiring of a Q-intuitionistic L-
fuzzy £-subsemiring V of a £-semiring R’
Theorem 4.2.Let (R, +,2,V,A) and (R, +,3,V,A) to
be any two £-semirings and Q to be a non-empty
set. The homomorphic pre-image of a lower Q-level
f-subsemiring of a Q-intuitionistic L-fuzzy +#-
subsemiring of R’ is a lower Q-level ¢-subsemiring
of a Q-intuitionistic L-fuzzy £-subsemiring of R.
Proof: Let (R,+,@,V,A) and (R',+,3,V,A) to be
any two f-semirings and Q to be a non-empty set.
Let f:R—> R’ be a f-semiring homomorphism.
Then,
) fx+y)=f+fQ)
(i) fCy) = FEf ),
(i) F(xVy) = f() V f(¥) and
(iv) f(xAy) = f(x)Af(y), for all x and y in R
and f(xy) = f(x)f(y), forall x and y in R.
Let V = f(A), where V is an Q-intuitionistic L-
fuzzy £-subsemiring of R'.
Clearly A is an Q-intuitionistic L-fuzzy #-
subsemiring of R.
Letx and y in R and g in Q.
Let f (A(a,ﬁ)) be a lower Q-level £-subsemiring of
V.
Suppose f(x) and f(¥) in f(A(qp)), then f(x) +
fOFEfW, f) V) and f)Af(Q) in
f(Ap))-
That is, V,(f(x),q) = a and Vy(f(x),q) <
BV.(f(),q) =z « and Vo(F(¥), @) <
BiVu(f )+ f) @) =2 o V,(F(Of ), @) =2
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AV (fOVIW), )z aV,(FCOAf).q) =z a
and  Vo(f(x) +f(), @) < B Vo(fF()f ), @) <
BVo(f()V (). q) <BVo(fF()Af),q) <B.
We have to prove that A(g gy is a lower Q-level ¢-
subsemiring of A.
Now, A,(x,q) =V,(f(x),q) = o, implies that
Au(x,q) 2 5 Ay(y,q) = u(f(¥), @) = a, implies
that A, (y, q) = a,we have

0 Alx+y.=V(&+y)q =
V.(f(x) + f(¥),q) = «, which implies
that A,(x +y,9) = ¢, for all x and y
in R and q in Q.
Au(xy, @) =V (f(xy). q) =
V. f (), q) = «, which implies
that 4,(xy,q) = a.
AxVvy, ) =V Vy)q) =
V.(Fx) Vv f(¥),q) = a, which implies
that A,(xVy,q) = ¢, for all x and y
in R and q in Q.
Ax Ay, ) =V(F(xAY)q) =
V.(fF(x) A f(¥),q) = a, which implies
that A,(x Ay,q) = a
Vo(x,q) =Vo(f(x),q) < B,  implies
Ag(,q) < B A, @) =Ve(F(¥), @) < B,
implies that Ay (y, q) < B,we have
V) Agx+y,q =Vy(f(x+y),q) =
Vo(f(x) + f(¥),q) = B, which implies
that Ay(x +y,q) = o, for all x and y
inR and q in Q.
Ay (xy, q) = Vo (f (xy), q) =
Vo(f(x)f(¥),q) = B, which implies
that Ay(xy,q) = B.
Ag(xVy,q) =Vo(f(xVy),q) =
Vo(f(x)V f(¥),q) = B, which implies
that Ag(xVy,q) = B.
Ag(x Ny, q) =Vo(f(xAy),q) =
Vo(f(x) A f(¥),q) < B which implies
that Ag(x Ay,q) < f, for all x and y in
R and g in Q.
Therefore, A(x+y,q9) = aA,(xy,q) =
oAy (xVy,q) = aand Ay (x Ay, q) = o, for all x
and y in R and q in Q and Ag(x+y,q) <
B, Ag(xy,q) < B,Ag(xVy,q) < and Ay(xA
y,q) < B, forall x and y in R and q in Q.
As a result, Aq p) is a lower Q-level £-subsemiring
of a Q-intuitionistic L-fuzzy £-subsemiring A of R.
Theorem4.3.Let (R, +,3,V,A) and (R',+, B,V,A) to
be any two £-semirings and Q to be a non-empty
set. The anti-homomorphic image of a lower Q-level
f-subsemiring of a Q-intuitionistic L-fuzzy #-
subsemiring of R is a lower Q-level £-subsemiring
of a Q-intuitionistic L-fuzzy #-subsemiring of R’.

(i)

(iii)

(iv)

that

(vi)

(vii)

(viii)
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Proof: Let (R,+,@,V,A) and (R',+,@,V,A) to be
any two ¢-semirings and @ to be a non-empty set.
Let f: R - R’ be an anti-homomorphism. Then

@) fGx+y) =f0)+fx),

(i) flxy) = f)fx)

(iii) f(xVy) = f(y) Vv f(x) and

(iv) f(xAy) = f(y) A f(x) forall x and y in R.
Let V = f(A), where A is an Q-intuitionistic L-
fuzzy £-subsemiring of R.

Clearly V is a Q@Q-intuitionistic
subsemiring of R".

If x and y in R and q in Q, then f(x) and f(y) in
R'.
Let A p)be a lower Q-level £-subsemiring of A.
Suppose x and y in A p), then y + x, yx,y V x and
y A xin A g g)-

That s, Ay(x,q9) =2 a and Ay(x,q) <
B.Au(y,q) 2 cand  Ap(y,q) < B, A,(y +x,q) 2
A, (yx,q) 2 A,y Vx,q) = A,y Ax,q) =
a and Ay(y+x,q) <B,Ag(yx,q) <B,Ay(yV
x,q) < B, As(y Ax,q) < B.

We have to prove that f (A(a,[;)) is a lower Q-level
£-subsemiring of V.

Now, V,(f(x),q) =A4,(x,q) = o, implies that
W(f(),e)z aV,(fO), @) 2 Au(y.9) 2 o,
implies that V,(f (), q) = &,

L-fuzzy +¢-

O LE@+fO,a) =W +x),.q9 =2
A,(y+x,q) =@  which implies that
V.(f() + f(),q) = g for all f(x) and f(y)
inR'.

(i) .FfO, ) =V x).q) =
A,(yx,q) = o, which implies that
W(ff(), @) =z e

(i) ,(F V()@ =V.(fyVvx).q) 2
A,(yvx,q) = a  which  implies that
AGICIADECHN D=2

V) U@ AfO), @) =V (fyAx),q) =
A,(yAx,q) = a  which  implies that

V(F)Af(y),q) = o for all f(x) and f(y)
inR'. And
Vo(f(x),q) < Ag(x,q) < B, implies that
Vo(f (x), @) < B; Vo (f(¥), q) < Ag(y,q) < B,
implies that Vy(f(y),q) < B.
Vo(f () + f() @) = Vo (f(y +x),q) <
Ag(y+x,q) <, which implies that
Vo(f (x) + f(¥),q) < B, for all f(x) and f(y)

™)

inR'.
i) Vo(f ()f ), @) = Vo (f(yx), @) <
Ag(yx,q) < B, which implies that

Vo(f(x)f (), @) < B, for all f(x) and f(y) in
R'.
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(Vi) Vo(f ) V f(¥),q) = Vo (fy VX),q) <
Ag(yVvx,q) <pB, which implies
Vo(f () V f(¥),q) < B.

(viii)  Vo(F) A f(¥),q) =Ve(f(y Ax),q) <
Ag(yAx,q) <, which implies that
Vo(f () Af(¥),q) < B, for all f(x) and f(y)
inR'".

Therefore, V,(f (x) + f(¥),q) = a, for all f(x) and

f@  in RGO = e (f)V

fW)a) =z a and V,(fF()Af),q) = o, for all

f(x) and f(y) in R" and Vo(f(x) + f(¥), @) < B,

for all f(x) and f(y) in R, Vy(f(x)V f(¥),q) <

BVo(f()Af(¥),q) < B and Vo(f(x)f(¥). q) <

B, for all f(x) and f(y) in R’

As a result, f (A(a,ﬁ)) is a lower Q-level #-

subsemiring of a Q-intuitionistic L-fuzzy #-

subsemiring V of a £-semiring R'.

Theorem4.4.Let (R,+,3,V,A)and (R',+,3,V,A) to

be any two #-semirings and Q to be a non-empty

set. The anti-homomorphic pre-image of a lower Q-

level £-subsemiring of a Q-intuitionistic L-fuzzy #-

subsemiring of R’ is a lower Q-level £-subsemiring

of a Q-intuitionistic L-fuzzy £-subsemiring of R.

Proof: Let (R, +,8,V,A)and (R’, +, @,V,A) to be any

two £-semirings and Q to be a non-empty set. Let

f:R — R’ be an anti-homomorphism. Then,

i) fx+y)=f)+fx),

(i) flxy) =fO)f(x)

(i) f(xVy) = fF(3) V f(x) and

(iv) f(xAy) = f() A f(x), forall x and y in R.
Let V = f(A), where V is a Q-intuitionistic L-

fuzzy £-subsemiring of R'.

Cleartly A is a Q-intuitionistic

subsemiring of R.

Letx and y in R and q in Q.

Let f (A(a,/;)) be a lower Q-level #-subsemiring of

V.

Suppose f(x) and f(y) in f (A(a‘ﬁ)), then f(y) +

fOOLFWMfC,fOV f(x) and f()Af(x) in

f(A@p)- That is, V,(f(x),q)=a and

Vo(f (), @) < B V.(f(¥),q) = « and

VoM, ) < BV, (fFO) + (), q@) =

a L (fOf(x),q) 2 o ,(FO) V f(x),q) =

o V,(f(y) A f(x),q) = aand Vo(f(¥) +

fG), @) < B, Vo(ff (x),q) < B, Vs(F(¥) V

fO), @) =B Vo(FM Af(x),q) < B.
We have to prove that A, gy is a lower Q-level ¢-

subsemiring of 4.

Now, A,(x,q) =V,(f(x),q) = o, implies that
Ay(x,q) 2 64, (y,q) =V,(F(¥),q) = o implies
that A, (y, q) = a,we have

that

L-fuzzy +-
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i) A&x+y,9=V(Fx+y),q9 =
V.(f@) + f(x),q) = &, which implies that
Ay(x+y,q) = o, forall x and y in R.

(i) A,(xy,q) =V, (f(xy),q) =
V.(f@)f(x),q) = o, which implies that

Au(xy,q) = a, forall x and y in R.

(i) Ay(xVy, @) = ,(f(x Vy),q) =

V.(F@)Vf(x),q) = a, which implies that

Ay(xVy,q) = a forall x and y in R.

ANy, =V (fxAy), @) =

V@) Af(x),q) = a which implies that

Ay,(x ANy, q) = o, for all x and y in R. And,

Ag(x,q) =Vy(f(x),q) < B, implies that

Ay(x,q) < B; Ay (¥, @) = Vo (f(¥), @) < B,

implies that Ay (y, q) < B,we have

Ag(x +y,q) =Vo(f(x +¥),q) =

Vo(f(y) + f(x),q) < which implies that

Ag(x+y,q) < p, forall x and y in R.

Ay (xy, q) = Vo (f(xy), q) =

Vo(f()f(x),q) < which implies

Ag(xy,q) < B, forall x and y in R.

(vi) Ag(x Vy,q) = Vo(f(x Vy),q) =
Vo(f(y)V f(x),q) < B which implies
Ag(xVy,q) <, forall x and y in R.

(vii)  Ag(x Ay, q) =Vo(f(xAY),q) =
Vo(f W) A f(x),q) < B which implies
Ag(x Ny, q) < B, forall x and y in R.

Therefore, A,(x +y,q) = a, for all x and y in R

and q in Q,A,(xy,q) = aA,(xVy,q) = aand

Ay (x Ny, q) = o, for all x and y in R and Ay(x +

Y,q) < B, As(xy,q) < B,Ay(xVy,q) < B, for all

x and y in R and Ay(x Ay,q) < B, for all x and y

inR and q in Q.

As aresult, A p) is a lower Q-level £-subsemiring

of a Q-intuitionistic L-fuzzy £-subsemiring A of R.

Theorem4.5.Let A be an Q-intuitionistic L-fuzzy ¢-

subsemiring of a £-semiring (R, +, @,V,A). Then for

a and B in L such that < A,(x,q) and B =

Ay (x,q), A p)is a lower Q-level £-subsemiring of

R.

Proof: For all x and y in A(, ) and q in Q,we have,

Ay(x,q) = aand Ay(x,q) < f and A,(y,q) = «

and Ay (y,q) < B.Now,

) Ax+y,9 24,9 NA0,q Zana=
a,which implies that, A,(x +y,q) = a.

() Ay(xy,q) =2 A,(x, ) NAL (Y, @) ZaAha=
a,which implies that, A,(xy,q) = o.

(i) Ay (x vy, q) 2 A, (x, Q) NA,(y, ) Zaha =
a,which implies that, A4,(xVy,q) = a.

(iv)

™)

(vi)
that

that

that
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(iv) Ay(x Ay, @) =2 A (x, ) ANAL(Y,9) =2 aha =
a,which implies that, A,(x Ay,q) = o. And
also,

(V) Ag(x+y,q) <Asg(x, @) VAs(y,q) S BV
B = B, which implies that, Ay(x +y,q) < B.

(Vi) Ay(xy,q) < Ag(x, @) VAy(y,q) BV =
B, which implies that, Ay(xy,q) < B.

(i) Ag(x Vy,q) < Ag(x, @) VAy(y,@) S BV B =
B, which implies that, Ay(xVy,q) < B.

(vii)  Ag(xAy,q) < Ag(x,q) VAy(y,q) < BV
B = B, which implies that, Ag(x Ay, q) < B.

Therefore, A(x+y,q9) = A (xy,q) =

oAy (xVy,q) = aA,(xAy,q) = a and Ay(x +

V@) < B, Ag(xy,q) < B, Ag(xVy,q) <

B, Ag(x Ny, q) <[, wegetx +y,xy,xVyandx A

yin A(a,ﬂ)'

As a result, Apy is a lower Q-level #¢-
subsemiring of R.

Theorem4.6. Let A be an Q-intuitionistic L-fuzzy ¢-

subsemiring of a £-semiring (R, +, @,V,A). Then two

lower Q-level f-subsemiring Acq, g,y A(a,p,) and
aq,a,in L and B, B, in L with a; < @y and 1 <

P, of A are equal if and only if there is no x in R

such that @y > A,(x,q) > a; and B; < Ay(x,q) <

B>

Proof: Assume that Aq, g,) = A(a,B,)-

Suppose there exists x € R and g in Q such that

ay > A,(x,q) > az and By < Ay(x,q) < B,.

Then A(a1:ﬁ1) - A(O-'ZIBZ)’ which 1mp11es that x

belongs to A(q, g,), but notin Acg, ..

This is contradiction to A(q, g,) = A(a,,8,)-

Therefore there is no x € R and g in Q such that

ay > A,(x,q) > az and B; < Ay(x,q) < B,.

Conversely, if there is no x € R and q in Q such that

ay > A,(x,q) > az and By < Ay(x,q) < B,.

Then A(“1:B1) = A(“z:ﬁz)'

Theorem4.7.: Let (R, +, @,V,A) be a £-semiring and

A be an Q-intuitionistic L-fuzzy subset of R such

that A gy be a lower Q-level £-subsemiring of R. If

a and B in L satisfying a<A,(x,q) and B =

A,(x,q), then A is an Q-intuitionistic L-fuzzy ¢-

subsemiring of R.

Proof: Let (R, +,8,V,A) to be a £-semiring for x

and y in R and q in Q.

Let Ay(x,q) = aq and A, (y,q) = ap, Ag(x,q) =

B1and Ay(y,q) = pBo.

Case (i): If ¢4 < oy and ; > By,then x and y in

A(“l’ﬁﬂ'

As A, pp 18 a lower Q-level f-subsemiring of

Rx+yxy,xVyxAy Ay 1)

Now,

in
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(1 Aty Yz =ahNay =

A, (x,q) NA,(y,q),which implies that
A(x+y,q9) =2 A,(x, ) NA, (¥, q), for
all x and y in R and q in Q.

Ay, )z = Aoy =

Ay (x,q) NA,(y, q),which implies that
Ay(xy,q) = A, (x,q) NA,(y, q), for all
xand y in R and q in Q.
AxVy,Q)za =g hay =

A,y (x,q) NA,(y, q),which implies that
Ay(xvy,q) = A,(x,q) NAL(Y, q), for
all x and y in R and q in Q.
AxANy, )z =g hay =

A,y (x,q) NA,(y, q),which implies that
Ay(x Ny, q) =2 A,(x,q) NAL(Y, q), for
all x and y in R and q in Q. And also,
Ag(x+y,q) <Py =P VB =
Ay(x,q) V Ay(y,q),which implies that
Ag(x +y,9) < Ay(x, ) VA, (¥, ),
for all x and y in R and q in Q.
Ag(xy,q) <Py =PV B =

Ay(x,q) V Ay(y, q),which implies that
Ag(xy,q) < Ag(x, @) VA, (y,q),  for
all x and y in R and q in Q.
Ag(xVy, @) S =P VP, =
Ay(x,q)V Ay(y,q),which implies that
Ag(xVy,q) < Ag(x,q) VA, (Y, q), for
all x and y in R and q in Q.

Ag(Xx Ay, q) SB1 =P VB =
Ay(x,q) V Ay(y, q),which implies that
Ag(x Ny, q) < Ag(x,q) VAL (Y, q), for
all x and y in R and q in Q.

Case (ii): If @y < a, and B, < 5, then x and y in
A(“bﬂz)'

As A, p,) 1s a lower Q-level #-subsemiring of
R,x+y,xy,xVy,x Ay in A, g,)-Now,

(@

(i)

(iii)

(iv)

™)

(vi)

(vii)

(viii)

Ax+y, )z =aNay =A,(x,q) A

A,(y,q),which  implies that A,(x +y,q) =

Ay(x,q) NA,(y,q), for all x and y in R and q

in Q.

() Au(xy,q) =g = Ay = Au(x,q) A
A,(y,q),which  implies that A,(xy,q) =
Ay(x,q) NA,(y,q), for all x and y in R and q
in Q.

(i) Ay (xVy,q) 2o =g Nay = A,(x,q) A
A, (y,q),which  implies that 4,(xVy,q) =
Au(x,q) NA,(y,q), for all x and y in R and q
in Q.

(iv) Ay(x Ay, @) 2o =g Nay = A,(x,q) A

A, (y,q),which  implies that A4,(x Ay,q) =
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Au(x,q) NA,(y,q), for all x and y in R and q
in Q. And also,

(V) Ag(x+y,q) S B =p1VPr=A9(x,qQ)V
Ay (y,q),which implies that Ay(x +y,q) <
Ag(x,q) VA, (y,q), for all x and y in R and q
in Q.

(vi) Ag(xy,q) <P, =PV By = Ap(x, @)V
Ay(y,q),which  implies that Ay(xy,q) <
Ayg(x,q) VA, (y,q), for all x and y in R and q
in Q.

(Vi) Ag(x Vy,q) < B = By V B2 = Ay(x,q) V
Ay(y,q),which implies that Ay(xVy,q) <
Ag(x,q) VA, (y,q), for all x and y in R and q
in Q.

(viii)  Ag(xAy,q) < By =P1V B2 = Ag(x,q) V
Ay(y,q),which implies that Ag(x Ay,q) <
Ag(x,q) VA,(y,q), for all x and y in R and q
in Q.

Case (iii): If ¢; > a, and f; > By,then x and y in

A(a’2u81)'

As Aa,p) 1s a lower Q-level f-subsemiring of

R x+yxy,xVyxAyin A(a,,p)-Now,

(1) Au(x+y,q)2a2=0{1/\a2=

A, (x,q) NA,(y,q),which implies that

A (x+y,q9) = A,(x,q) NA, (Y, q), for

all x and y in R and q in Q.

Ay zm=a4Nay =

A, (x,q) NA,(y,q),which implies that

Ay (xy,q) = A, (x,q) NA, (Y, q), for all

x and y in R and q in Q.

AxVyqzom=aqNay =

A, (x,q) NA,(y,q),which implies that

Ay(xVvyq) = A,(x,q9) NA(Y, q), for

all x and y in R and g in Q.

AxANy, )z =g Nay =

A, (x,q) NA,(y,q),which implies that

Ay(xny,q) = A,(x,q) NAL(Y, q), for

all x and y in R and q in Q. And also,

Ag(x+y, Q) SPr =P VP =

Ay(x,q)V Ay (y, q),which implies that

Ag(x +y,q) < Ag(x,q) VA, (¥, @),

forall x and y in R and q in Q.

Ag(xy,q) <Py =PV 2 =

Ap(x,q) V Ay(y, q),which implies that

Ag(xy,q) < Ag(x,q) VAL(y,q), for

all x and y in R and g in Q.

Ag(xVy,q) <1 =p1VB =

Ag(x,q) V Ay(y,q),which implies that

Ag(xVy,q) < Ay(x,q) VALY, q), for

all x and y in R and q in Q.

(i)

(iii)

(iv)

™)

(vi)

(vii)
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(viii) Ag(xAy,q) <Py =PV B, =
Ag(x,q) V Ap(y, q@),which implies that
Ag(x Ay, q) < Ag(x,q) V Au(y,q), for
all x and y in R and q in Q.

Case (iv): If @; > @, and B; < By,then x and y in

A(az'ﬁz)'

As Aq,p, 1s a lower Q-level f-subsemiring of

R,x+yand xy,xVy,x Ay in A, g,)-Now,

1) Al+ydzm=arag =409 A

A,(y,q),which  implies that A,(x +y,q) =

Ay(x,q) NA,(y,q), for all x and y in R and q

in Q.

Ay(xy,q) = o =g Ny = A, (x,q) A

A,(y,q),which  implies that A,(xy,q) =

Au(x,q) NA,(y,q), for all x and y in R and q

in Q.

(i) A,(xVy, @) =2 =g Ny = A, (x,q) A

A,(y,q),which implies that A,(xVy,q) =

Au(x,q) NA,(y,q), for all x and y in R and q

in Q.

Ax ANy, Q) ==y Nay = A,(x,q) A

A,(y,q),which implies that A,(x Ay,q) =

Ay (x,q) NA,(y,q), for all x and y in R and q

in Q. And also,

Ag(x+y,q) S P =PV, =As(x,q9) vV

Ag(y,q),which implies that Ag(x +vy,q) <

Ag(x,q) VA, (y,q), forall x and y in R and q

in Q.

Ag(xy,q) S P =PV P = Ag(x, ) v

Ay(y,q),which  implies that Ay(xy,q) <

Ag(x,q) VA, (y,q), for all x and y in R and q

in Q.

(Vi) Ag(xVy,q) S B =P1 VB2 = Ag(x,q) V
Ay (y,q),which implies that Ag(xVy,q) <
Ag(x,q) VA, (y,q), for all x and y in R and q
in Q.

(viii)  Ay(xAy,q) < B =PV B =Ay(x,q)V
Ay(y,q),which implies that Ay(x Ay,q) <
Ag(x,q) VA, (y,q), forall x and y in R and q
in Q.

Case (v): If a; = ay and §; = B,.

It is trivial.

In all the cases, as a result, A is an Q-intuitionistic

L-fuzzy £-subsemiring of a £-semiring R.

Theorem4.8.Let A be an Q-intuitionistic L-fuzzy ¢-

subsemiring of a f-semiring (R, +,3,V,A). If any

two lower Q-level £-subsemiring of A belongs to R,

then their intersection is also lower Q-level

subsemiring of 4 in R.

Proof: For «aq,ay,B1,52in L and a; <

Au(x' Q)' a; < A/J(x' Q) and Bl = Au(x! Q)l ﬁZ =

Ay (x, @)

(i)

@iv)

™)

(vi)
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Case (i): If a;<Au(x,q)<a, and f;>
Ay(x,q) > Ba, then Acg, 5,) S A(a,,p,)-
Therefore, A(a11/3'1) n A(az,ﬁz) = A(az,ﬁz)’ but

A(a, p,) 18 a lower Q-level £-subsemiring of A.

Case(ii): If a;>A4,(x,q)<a, and f;<
Ap(x,q) < B, then A(“lﬂﬂl) c A(sz.ﬁﬂ'

Therefore, A(a11/3'1) N A(az,ﬁz) = A(“pﬁﬂ’ but
A(q, p,) 18 a lower Q-level £-subsemiring of A.

Case (iii): If a; <Au(x,q)<a; and f; <
Ap(x,q) < By, then A(az’/ﬂ) c A(“Lﬂz)'

Therefore, A(a2,ﬁ1) N A(al,ﬁz) = A(az,ﬁﬂ’ but
A(a, p,) 18 a lower Q-level £-subsemiring of A.

Case (iv): If a;>A,(x,q)>a, and fB; >
Ag(x,q) > B, then Aa, p,) S A(ay y)-

Therefore, A(a’1u81) N A(az,ﬁz) = A(apﬁz)’ but

A(q, B, 18 a lower Q-level £-subsemiring of A.
Case (v): If ay = a; and By = B,, then Ay, gy =
A(a’zﬁz)'
In all cases, intersection of any two lower Q-level £-
subsemiring is a lower Q-level £-subsemiring of A.
Theorem 4.9.Let A be an Q-intuitionistic L-fuzzy -
subsemiring of a £-semiring (R, +, B,V,A). If a; and
Bjin L, oy < A,(x,q) and f; = (x,q) and A(aiﬁj),i
and j in I, is a collection of lower Q-level #-
subsemiring of A, then their intersection is also a
lower Q-level £-subsemiring of A.
Proof:

It is trivial.

5 Conclusion

This study work's major goal is to succinctly
describe and prove the findings, theorems, and facts
related to the homomorphism and anti-
homomorphism lower Q-level subsets of a Q-
intuitionistic L-fuzzy £-subsemiring of a £-semiring.
Future work can expand on this work to include
inter-valued Q-level subsets of a Q-intuitionistic L-
fuzzy £-subsemiring of a £-semiring and ideals of
(Q, L) fuzzy soft £-subsemiring. We believe that our
effort will have a significant impact on future
research in this area and other soft algebraic
investigations, opening up new avenues for
advancement and premium.
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