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PROPERTIES OF Q-INTUITIONISTIC
L-FUZZY NORMAL SUBSEMIRING OF A SEMIRING

S. Sampathu, S. Anita Shanthi, and A. Praveen Prakash

ABSTRACT. In this paper, we made an attempt to study the algebraic nature
of Q-intuitionistic L-fuzzy normal subsemiring of a semiring.

1. Introduction

After the introduction of fuzzy sets by L. A. Zadeh [26], several researchers
explored on the generalization of the concept of fuzzy sets. The concept of intu-
itionistic fuzzy subset was introduced by K. T. Atanassov [4, 5], as a generalization
of the notion of fuzzy set. The notion of fuzzy subnearrings and ideals was intro-
duced by S. Abou Zaid [1]. A. Solairaju and R. Nagarajan [22, 23] have introduced
and defined a new algebraic structure called @-fuzzy subgroups.

In this paper, we introduce the some theorems in @Q-intuitionistic L-fuzzy nor-
mal subsemiring of a semiring and established some results.

2. Preliminaries

We start with the necessary definitions.

DEFINITION 2.1 (][22, 23]). Let X be a non-empty set and L = (L,<) be a
lattice with least element 0 and greatest element 1 and ) be a non-empty set. A
(Q, L)-fuzzy subset A of X is a function A: X x Q — L.

DEFINITION 2.2 ([18]). Let (R, +,e) be a semiring and @) be a non empty set.
A (Q, L)-fuzzy subset A of R is said to be a (Q, L)-fuzzy subsemiring (QLFSSR)
of R if the following conditions are satisfied:
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(i) Az +y,q9) = Az, q) A Ay, 9),
(ii) A(zy,q) = A(z,q) N Ay, q), for all z and y in R and ¢ in Q.

EXAMPLE 2.1. Let (N, +, o) be a semiring and @ = {p}. Then the (Q, L)-Fuzzy
Set A of N is defined by

Az) = 0.82 ?f X %s even
0.18 if x is odd.

Clearly A is an (Q, L)-Fuzzy subsemiring.

DEFINITION 2.3 ([4, 5]). An intuitionistic fuzzy subset( IFS ) A in X is defined
as an object of the form A = {(x, ua(z),va(z)) : x € X}, where 4 : X — [0,1] and
va : X — [0, 1] define the degree of membership and the degree of non-membership
of the element x in X respectively and for every z in X,

0< pa(z)+rva(z) <1.

DEFINITION 2.4 ([20]). Let (L,<) be a complete lattice with an involutive
order reversing operation N : L — L and ) a non-empty set. A @Q-intuitionistic
L-fuzzy subset (QLIFS) A of a set X is defined as an object of the form

A= {{(z,q)pa(z,q),va(z,q)) : x € Xandg € @},

where pg : X X Q — L and vyq : X X Q — L define the degree of membership
and the degree of non-membership of the element = € X respectively, and for every
x € X satisfying pa(x) < N(va(x)).

DEFINITION 2.5. Let A and B be any two Q-intuitionistic L-fuzzy subsets of
a set X. We define the following operations.
(l) ANB= {<(JC, Q)huA(xv Q) A /.tB(ZI:, Q)7 VA($,q) \ VB(I', q)> cx € X and qc Q}
(ii) AUB = {{(z,q), pal(x,q) V up(z,q),va(z,q) Avp(z,q)) : x € X and ¢ € Q}.
(iil) OA = {{(x,q), pa(z,q), 1 —va(z,q)) : x € X and q € Q}.
(iv) QA= {{(z,q9),1 —va(z,q),va(z,q)) : x € X}, for all z € X and ¢q € Q.

DEFINITION 2.6. Let R be a semiring. A @Q-intuitionistic L-fuzzy subset A of
R is said to be a Q-intuitionistic L-fuzzy subsemiring (QILFSSR) of R if it satisfies
the following conditions:

(1) pa(@ +y.q) = pal@,q) A paly, q)

(1) palzy, q) > pa(z,q) A paly, q)

(111) va(z +y,q) S va(z,q) Vvaly,q) (iv) va(zy, q) < valz,q) Vva(y, q),
for all z and y € R and ¢ € Q.

EXAMPLE 2.2. Let L be the complete lattice and A : Z — L be an Q-

intuitionistic L-fuzzy subset A = {< (x,q), pa(z,q),va(z,q) > |z € X,q € Q}
defined as

0.82 ifz=<4>, 0.33 ifx=<4>,
pa(z,g) =051 ifxe<2>—<4>, andva(z,q) =¢0.72 ifze<2> — <4 >,

0 if otherwise. 1 if otherwise.
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Clearly A is an Q-Intuitionistic L-fuzzy normal subsemiring.

DEFINITION 2.7. Let A and B be any two Q-intuitionistic L-fuzzy normal
subsemiring of a semiring G and H, respectively. The product of A and B, denoted
by Ax B, is defined as A x B = {< (z,¥),q), paxs((x,y),9),vaxs((z,y),q) > /for
all z in G and y in H and ¢ in @ }, where paxp((z,9),q) = pa(z,q) AN up(y,q)
and vaxp((x,y),q) = valz,q) Vvs(y,q).

DEFINITION 2.8. Let A be an @Q-intuitionistic L-fuzzy subset in a set .S, the
strongest @-intuitionistic L-fuzzy relation on S, that is a Q-intuitionistic L-fuzzy
relation on A is V' given by pv ((z,y),q) = pa(z,q) A pa(y,q) and vv((z,y),q) =
va(z,q) Vva(y,q), for all z and y in S and ¢ in Q.

DEFINITION 2.9. Let (R,+,e) and (R’,+,e) be any two semirings. Let f :
R — R’ be any function and A be an @Q-intuitionistic L-fuzzy normal subsemiring
in R,V be an Q-intuitionistic L-fuzzy normal subsemiring in f(R) = R’, defined

by pv(y,q) = sup pa(z,q) and vy (y,q) = inf wva(x,q), for all z in R and
zEF~1(y) zef~1(y)

y in R’ and ¢ in Q. Then A is called a preimage of V under f and is denoted by
7).

DEFINITION 2.10. Let A be an @-intuitionistic L-fuzzy subsemiring of a semir-
ing (R,+,e) and a in R. Then the pseudo Q-intuitionistic L-fuzzy normal coset
(aA)? is defined by ((apa)?)(x, ) = p(a)pua(z,q) and ((ava)?)(x, q) = p(a)va(z, q),
for every = in R and for some p in P and ¢ in Q.

3. Properties Q-Intuitionistic L-Fuzzy normal subsemiring of a
semiring

THEOREM 3.1. Let (R, +,e) be a semiring. If A and B are two Q-intuitionistic
L-fuzzy normal subsemirings of R, then their intersection ANB is a Q-intuitionistic
L-fuzzy normal subsemiring of R.

PrOOF. Let x and y € R. Let A = {{(,q), pa(z,q),va(z,q)) /z € R,q € Q}
and B = {{(z,q), uB(z,q),vB(x,q)) /x € R,q € Q} be an Q-intuitionistic L-fuzzy
normal subsemirings of a semiring R.

Let C = AN B and C = {{(,9), pc(z,q),vc(x,q)) /Jx € R,q € Q}, where
no(w,q) = pala,q) A p(x,q) and ve(z,q) = va(z,q) v vp(x,q). Then, C is a
Q@-intuitionistic L-fuzzy subsemiring of a semiring R, since A and B are two Q-
intuitionistic L-fuzzy subsemirings of a semiring R. Now

(i) pe(x +y,q9) = palz +y,9) Aup(x +y,q), = paly +z,9) A up(y + ,q),
= pc(y + z,q). Therefore, pc(x +vy,q) = po(y + z,q), for all x and y in R and ¢
in Q.

(i) pe(zy. q) = palzy,q) A ps(zy,q), = palyz, q) A psyz,q), = pe(yz,q),
Therefore, puc(xy, q) = pe(yz, q), for all z and y in R and ¢ in Q.

(ili) ve(z + y,q) = valz +y,q) Vp(e +y.9), = valy + =,9) Vvs(y + z,9),
=ve(y+z,q), Therefore, vo(x +vy,q) = ve(y +x,q), for all z and y in R and ¢ in
Q.
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(iv) ve(zy, q) = valzy,q) V ve(zy,q), = valyz,q) V ve(yz,q), = ve(yz,q),
Therefore, vo(xy, q) = ve(yz, q), for all x and y in R and ¢ in Q. Hence AN B is
a Q-intuitionistic L-fuzzy normal subsemiring of a semiring R. O

THEOREM 3.2. Let (R,+,e) be a semiring. The intersection of a family of Q-
intuitionistic L-fuzzy normal subsemirings of R is a Q-intuitionistic L-fuzzy normal
subsemiring of R.

PROOF. Let {A;}icr be a family of @-intuitionistic L-fuzzy normal subsemir-
ings of a semiring R and let A = (] A4; . Then for z and y € R and ¢ € Q. Clearly
the intersection of a family of Q—ilnetIuitionistic L-fuzzy subsemiring of a semiring R
is a Q-intuitionistic L-fuzzy subsemiring of a semiring R.

(1) pale +y,q) = nf pa; (@ +y,q) = b pa, (y + 2,9) = paly + . 9)-
Therefore, pa(z +y,q) = pa(y + x,q), for all z and y in R and ¢ in Q.

(i)pa(zy, q) = inf pa;(2y, @) = nf pa; (yz, @) = palyz, q).

Therefore, pa(zy,q) = pa(yz,q), for all x and y in R and ¢ in Q.

(i) va(z +y,q) = SUpva, (z+y,q) = SUp v, (y+,q9) =valy +z,q).
Therefore, va(x 4+ y,q) = va(y + z,q), for all z and y in R and ¢ in Q.

(iv)valzy, q) = SUp V4, (xy,q) = SUp V4, (yz,q) = va(yz,q).

Therefore, va(xy,q) = va(yz,q), for all z and y in R and ¢ in Q. Hence the
intersection of a family of Q-intuitionistic L-fuzzy normal subsemiring of a semiring
R is a @Q-intuitionistic L-fuzzy normal subsemiring of R. t

THEOREM 3.3. Let A and B be Q-intuitionistic L-fuzzy subsemirings of the
semirings G and H, respectively. If A and B are Q-intuitionistic L-fuzzy normal
subsemirings, then AX B is a Q- intuitionistic L-fuzzy normal subsemiring of Gx H.

PROOF. Let A and B be @Q-intuitionistic L-fuzzy normal subsemirings of the
semirings G and H respectively. Clearly A x B is a Q-intuitionistic L-fuzzy sub-
semiring of G x H. Let x; and x5 be in G, y; and ys be in H and ¢ € . Then
(z1,y1)and (z2,y2) are in G x H. Now

(1) peaxsy (@1, y1) + (22,92),9) = paxs) ((T1 + 22,91 + ¥2),q) = pal(rr +
w2, Q) ApuB(Y1+Y2,q) = pa(r2+x1, ) Aps(Y2+y1,q) = taxs) (T2 +T1,y2+y1),q)
= p(ax)((z2,y2) + (z1,91), q). Therefore,

pa((@y1) + (22,92),0) = peaxs) (22, 42) + (21,91), ),

for all x and y in R and ¢ in Q.

(ii) teaxs)((z1,y1)(22,92),9) = paxs)(T122,Y192), )
= pa(@122,9) A pp(Y1y2, @) = pa(@221,9) A pp(Y291,9) = fiax ) (2221, Y291), 9)
= PL(AXB)(($2,y2)($1ay1)7Q)-
Therefore, pa((21,y1)(T2,¥2),q) = paxp)((T2,92)(21,91),q), for all x and y in R
and ¢ in Q.

(iii) vaxp)((T1,y1) + (22,92), 9) = V(axp) (21 + 22, Y1 + ¥2), q)
=va(21 + 22,9) V(Y1 +y2,9) = va(ra +21,9) V vB(Y2 + y1,9)
=vax) (T2 + 21,92 + 1), 9) = Vaxp)((T2,y2) + (71,1), 9)-
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Therefore, va((z1,91) + (%2,%2),9) = Vaxp) (22, y2) + (z1,91),q), for all 2 and y
in R and ¢ in Q.
(iv) vaxs) (T1, y1) (%2, Y2), @) = V(axB) (7172, 9192), q)

=va(z122,9) VvB(Y1Y2,q) = va(x221,9) V vB (Y291, 9)

= V(AxB)((ﬂfﬂl,yzyl),Q) = V(AXB)((x27y2)($1,yl)aQ)~

Therefore, va((z1,y1)(T2,y2),9) = Vaxn) (T2, y2)(21,91),9), for all z and y in R
and ¢ in Q. Hence A x B is a (Q, L)-intuitionistic fuzzy normal subsemiring of
G x H. O

THEOREM 3.4. If A; are (Q,L)-intuitionistic fuzzy normal subsemirings of
the semirings R;, then [[ A; is a (@, L)-intuitionistic fuzzy normal subsemiring of

PROOF. It is trivial. O

THEOREM 3.5. Let A be a Q-intuitionistic L-fuzzy subset in a semiring R
and V be the strongest Q-intuitionistic L-fuzzy relation on R. Then A is a Q-
intuitionistic L-fuzzy normal subsemiring of R if and only if V is a Q-intuitionistic
L-fuzzy normal subsemiring of R X R.

PROOF. Suppose that A is a @Q-intuitionistic L-fuzzy normal subsemiring of R.
Then for any x = (x1,22) and y = (y1,92) are in R x R
Clearly V is a Q-intuitionistic L-fuzzy subsemiring of a semiring R. We have

(1) pv(z +y,9) = pvl(z1,22) + (Y1,92), ¢} = pv (21 + Y1, 22 + y2), 9)
= pa((z1 +1),0) A pa((@2 +y2),0) = pal(y1 +21),9) A pa((y2 + 22),q)
= pv (1 + 21,92 + 22),9) = pv[(y1,92) + (21, 22), ¢) = pv (y + 2, 9).

Therefore py (z +y,q) = pv(y + x,q), for all z and y in R x R and ¢ in Q.

(ii) pv(zy, q) = pvl(z1,22) (Y1, 92), 9l = pv (T1y1, 2292), q)
= pa((@1y1), )M a((@2y2), @) = pa((yrze), ) Apa((yza2), @) = pv (Y121, y222), )
= pv[(y1, y2) (21, 22), 9] = pv (yz, 9).

Therefore py (xy, q) = pv (yz, q), for all z and y in R x R and ¢ in Q.

(ili) vv(z +y,q) = vv[(z1,22) + (y1,92), 4] = vv((x1+y1, 22 + y2),9)
=va((z1+v1),q) Vrva((@2 +y2),q) =val(yr +21),9) V va((y2 + 22),9)
= vy (1 + 21,92 + 22),9) = vv[(y1,92) + (21, 22),¢] = vv(y + 2,q).

Therefore vy (x +vy,q) = vy (y + ,q), for all z and y in R x R and ¢ in Q.

(iv) vv(zy,q) = vv[(z1,22) (Y1, ¥2), 9] = vv ((x1y1, T2Yy2), )
=va((@1y1), @) Vva((z2y2),q) = va((y121), @) Vva((y222), @) = vv (121, y222), )
= vv|(y1,y2) (21, 22), ¢ = vv (yz, q).

Therefore vy (zy, q) = vy (yz,q), for all z and y in R x R and ¢ in Q. This proves
that V is a Q-intuitionistic L-fuzzy normal subsemiring of R x R.

Conversely, assume that V' is a Q-intuitionistic L-fuzzy normal subsemiring of
R x R. Then for any x = (z1,22) and y = (y1,y2) are in R x R, we know that A is
a Q-intuitionistic L-fuzzy subsemiring of R. If pa(x1 + y1,q) < pa(z2 + y2,q) and

() paler +y1,9) = pal(zr +y1,9) Apa(@z +y2,9) = pyl(@1 +y1, 22+ y2), 4
= pvl(z1,22) + (Y1,82), 4] = pv (@ +y,9) = pv (Y +2,9) = pv[(Y1,92) + (21, 22), 4
= pv((y1 + 21,92 + 22),q) = pa((y1 +21,9) A pa(yz + 22,.9) = pa(yr +21,9).



152 SAMPATHU, ANITA SHANTHI, AND PRAVEEN PRAKASH

Therefore uy (1 + y1,q) = pv(y1 + 1, q), for all z and y in R x R and ¢ in Q. We
have, pa((x1 +y1),q) = pa((y1 + x1),q), for all z; and y; € R and g € Q.

If ppa(z1y1, q) < pa(zayz, q), and

(ii) pa(z1iyr, q) = pa((@1y1,9) A pa(z2y2,9)) = pv (2191, 2292), g
= pv((z1,22) (Y1, ¥2), 4] = pv(zy, @) = pv (Y2, q) = pv{(y1,y2) (21, 22), 4]
= pv (121, Y272), @) = pa((v121,9) A pa(y22,9)) = pa(y121,9)
Therefore py (z1y1,9) = pv(y121, q), for all  and y in R X R and ¢ in ). We have,
wa((z1y1),q) = pal(yrz1),q), for all z; and y; € R and g € Q.

If va(z1 +y1,q) = va(zz + y2,q), and

(iil) va(z1 +y1,q9) = val(z1 +y1,9) Vvale2 +y2,q9) = vv[(z1 +y1, 72 + y2), ]
=wv[(z1,22) + (Y1,92), 4] = vv(z +y,9) =vv(y+2,9) = vv[(y1,y2) + (21, 22), 4]
= vy + 21,92 + 22),q) = val(yr + 21,9) V va(ys + 22,9) = valyr + 71,q)
Therefore vy (x1 +y1,q9) = vv(y1 + 1,q), for all x and y in R x R and ¢ in Q. We
have, va((x1 + y1,9) = va((y1 + x1,¢q), for all z; and y; € R and ¢q € Q.

If va(ziy1,q) = va(xaye,q), and

(iv) va(z1y1,9) = va((z1y1,9) V va(®2y2,9)) = vv[(T1y1, T2Y2), g
= vy (@1, 22)(y1,92), 4] = vv(2y,q) = vv(yz,q) = vv[(y1,y2) (21, 72), 4]
= vv((y121,Y222),q) = va((y121,9) V va(y222,9)) = va(y121,q)
Therefore vy (x1y1,q) = vv (Y121, ), for all z and y in R X R and ¢ in Q. We have,
va((z1y1),q) = va((y1z1),q), for all 1 and y; € R and ¢ € Q.

Therefore A is a Q-intuitionistic L-fuzzy normal subsemiring of R. (]

THEOREM 3.6. Let (R, +,e) and (R', +,e) be two semirings. The homomorphic
image of a Q-intuitionistic L-fuzzy normal subsemiring of R is a Q-intuitionistic
L-fuzzy normal subsemiring of R.

PROOF. Let (R, +,e) and (R, +,e) be any two semirings and f : R — R be
a homomorphism. Let V = f(A), where A is a @Q-intuitionistic L-fuzzy normal
subsemiring of a semiring R. We have to prove that V is a Q-intuitionistic L-fuzzy
normal subsemiring of a semiring R’ .

Now, for f(x), f(y) € R, clearly V is a Q-intuitionistic L-fuzzy subsemiring of
a semiring R/, since A is a @Q-intuitionistic L-fuzzy subsemiring of a semiring R.

(i) po(f(2) + fW). @) = w(f(x +y),a0), = palz +y,q9) = paly + 2,9 <
1o (f(y +2),9) = o (f(y, q) + f(z,9)).
Therefore p,(f(z,q) + f(y,q)) = po(f(y,q) + f(x,q)), for all f(z) and f(y) in R’
and ¢ in Q.

(i) po(f(2,0)f(y, ) = o (f(yx),q), = palyz,q) = palzy,q) < po(f(zy),q)
= o (f(y, ) f(,q)).
Theetore (75, /(1) = o/ ,) 0,0, ol (o) s 1) in R snd
in

(ili) vo(f(2,0) + f(,0) = vo(f(@ +¥),0), < palz +y.q) = valy + 2,q)
> o (fy +12),0) = vo(fy.0) + F(2.0)).
Therclore v,(f(2.) + 2)) = Vo F(y.0) + F(z.0)). for all f(z) and £(y) in B
and ¢ in Q.

(V) (f (2, 0) f(y,0)) = vo(f(2y), @), < valey,q) = valyz,q) = pwo(f(y2),q)
=vo(f(y,0)f(2,9)).
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Therefore v, (f(z,q)f(y,q)) = vo(f(y,q) f(x,q)), for all f(x) and f(y) in R’ and ¢
in Q.

Hence V is a Q-intuitionistic L-fuzzy normal subsemiring of a semiring R. O

THEOREM 3.7. Let (R,+,e) and (R',Jr,o) be any two semirings. The anti-
homomorphic preimage of a Q-intuitionistic L-fuzzy normal subsemiring of R isa
Q-intuitionistic L-fuzzy normal subsemiring of R.

PROOF. Let (R,+,e) and (R',+,e) be any two semirings and f : R — R’
be an anti-homomorphism. Let V = f(A), where V is a @Q-intuitionistic L-fuzzy
normal subsemiring of a semiring R . We have to prove that A is a Q-intuitionistic
L-fuzzy normal subsemiring of a semiring R. Let  and y € R and ¢ € @), then A is
a @Q-intuitionistic L-fuzzy subsemiring of a semiring R, since V' is a Q-intuitionistic
L-fuzzy subsemiring of a semiring R.

(i) pa(z+y,9) = po(f(x +v,9), = w(f(y, ) + f(,9))
= po(f(@,0) + f(y,9) = po(f(y +2.9)) = paly +z,q).

Therefore pa(z+y,q) = pa(y + x,q), for all x and y in R and ¢ in Q.

(il) pa(zy, @) = po(f(zy, ) = 1o(f (¥, @) f(z.q))
= o (f(z,9)f(y,0)) = palyz, q).

Therefore pa(xy,q) = pa(yzx,q), for all x and y in R and ¢ in Q.

(i) va(@ -+, 0) = vo(F (2 +9,0)) = vo(F (9, @)+ F(@,0)) = vo (£, @) + F(1,0))
=v,(f(y+z,q) =valy+z,q). Therefore va(z+y,q) = va(y+z,q), for all z and
yin R and ¢ in Q.

(iv) valzy,q) = vo(f(2y,9)) = vo(f(y,0) f(z,9)) = v (f(z,9)f(y,q))
=w(f(yz,q)) = valyz,q).

Therefore va(zy, q) = va(yx,q), for all x and y in R and ¢ in Q.
Hence A is a Q-intuitionistic L-fuzzy normal subsemiring of a semiring R. O

In the following Theorem circ is the composition operation of functions:

THEOREM 3.8. Let A be a Q-intuitionistic L-fuzzy subsemiring of a semiring H
and f is an isomomorphism from a semiring R onto H. If A is a Q-intuitionistic
L-fuzzy normal subsemiring of the semiring H, then Ao f is a Q-intuitionistic
L-fuzzy normal subsemiring of the semiringR.

PrOOF. Let  and y € R,q € @ and A a Q-intuitionistic L-fuzzy normal
subsemiring of a semiring H. Then, Ao f is a Q-intuitionistic L-fuzzy subsemiring
of a semiring R. Now

(i) (pao f)x+y.q) = palf(x+y,9) = palf(z,9) + f(y,0) = palf(y,9) +
f(@,q)) = pa(f(y +2,9) = (pao f)ly +z,q).

Therefore (ua o f)(z+y,q) = (pao f)(y+x,q), for all x and y in R and ¢ in Q.

(i) (pa o f)(zy,q) = pa(f(2zy,q) = palf(@,9)f(y,9) = pa(f(y, ) f(z,q))
= na(f(yz,q)) = (pao /)y +z,q).

Therefore (a4 o f)(zy,q) = (wa o f)(yz,q), for all x and y in R and ¢ in Q.

(ili) (vao )@ +y,q) = valf(z+y,q) =valf(z,q) + f(y.9) = valf(y,q) +
f(@,0) =valf(y+2,q)) = (vao )y +=,q).

Therefore (va o f)(z+y,q) = (vao f)(y + ,q), for all z and y in R and ¢ in Q.
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(iv) (va o f)(zy.q) = va(f(zy,q) = valf(z.0)f(y,q)) = va(f(y.a9) f(z.q))
=va(f(yr,q) = ao f)(y +z,q).
Therefore (v4 o f)(zy,q) = (va o f)(yx,q), for all x and y in R and ¢ in Q.

Hence Ao f is a (@, L)-intuitionistic fuzzy normal subsemiring of a semiring
R. O

THEOREM 3.9. Let A be a Q-intuitionistic L-fuzzy subsemiring of a semir-
ing H and f is an anti-isomomorphism from a semiring R onto H. If A is a
Q-intuitionistic L-fuzzy normal subsemiring of the semiring H, then Ao f is a
Q-intuitionistic L-fuzzy normal subsemiring of the semiringR.

PrROOF. Let x and y € R,q € @ and A a Q-intuitionistic L-fuzzy normal
subsemiring of a semiring H. Then, Ao f is a Q-intuitionistic L-fuzzy subsemiring
of a semiring R. Now

() (mao )@ +y.q) = palf(@+y,q) = palf(y,q) + (2, 9)) = palf(z,q) +
[y, @) = palfly+z.9) = (pao f)y+2q).

Therefore (ua o f)(x+y,q) = (pao f)(y+x,q), for all x and y in R and ¢ in Q.

(i) (pao flxy,q) = pa(f(zy,q) = palf(y, ) f(z,q)) = palf(z,0)f(y,q)
= pa(f(yz,q)) = (pao )y +x,q).

Therefore (ua o f)(zy,q) = (pa o f)(yz,q), for all z and y in R and ¢ in Q.

(itt) (vao f)(x+y,q) = valf(z+y,9) = va(f(y,q) + f(x,9)) = va(f(z,q) +
f(y,0) =valf(y+x,9) = wao f)y+z,q).

Therefore (va o f)(x+y,q) = (vao f)(y+x,q), for all x and y in R and ¢ in Q.

(iv) (vao f)(zy,q) = va(f(zy,q)) = va(f(y,a)f(z,q) = va(f(z,a)f(y,q))
=va(f(yr,q)) = (vao f)(y +x,q).

Therefore (v o f)(zy,q) = (va o f)(yz,q), for all z and y in R and ¢ in Q.

Hence Ao f is a (Q, L)-intuitionistic fuzzy normal subsemiring of a semiring

R. O

THEOREM 3.10. Let A be a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R, +, o)

(i) If paz +y,q) =1, then pa(z,q) = pa(y,q), fora andy € R and q € Q.

(ii) If va(z +y,q) =0, then va(z,q) =va(y,q), fora andy € R and q € Q.

ProOOF. It is trivial. O

THEOREM 3.11. Let A be a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R,+,.). Then

(i) If pa(z +y,q) =0, then either pa(z,q) =0 or pa(y,q) =0, for all © and
y€ R and q € Q.

(ii) If va(x +y,q) = 1, then either va(z,q) =1 or va(y,q) = 1, for all x and
y€ R and q € Q.

ProOF. It is trivial. O

THEOREM 3.12. If A is a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R, +, ),
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(i) If pa(x,q) < pa(y,q) for some x and y € R and q € Q then

palx+y,q) =palr,q) = paly +z,q),

for some x andy € R and q € Q.
(ii) If va(y,q) < va(z,q) for some x and y € R and q € Q then

VA(Jj +y7q) = VA(J:,Q) = VA(Z/+33aQ)7
for some x and y € R and q € Q.

ProOOF. It is trivial. O

THEOREM 3.13. Let A be a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R, +, ).
(i) If pa(z,q) > pa(y,q) for some x and y € R and q € Q then

pa(z+y,q) = pa(y,q) = paly +2,q),

for some x and y € R and q € Q.
(ii) If va(y,q) > va(z,q) for some x andy € R and q € Q then

va(@ +y,q) =valy, q) = valy + z,q),
for some x andy € R and q € Q.

PROOF. It is trivial. O

THEOREM 3.14. Let A be a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R,+, ®) such that Imus = {a} and Imvy = {8}, where o and g € L. If
A = BUC, where B and C are Q-intuitionistic L-fuzzy normal subsemiring of a
semiring of R, then either B C C or C' C B.

PRroOOF. It is trivial. O

THEOREM 3.15. If A is a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R, +, o), then A is a Q-intuitionistic L-fuzzy normal subsemiring of R.

PROOF. Let A be a @Q-intuitionistic L-fuzzy normal subsemiring of a semiring
R. Consider A = {{(z,q), pa(x,q),va(z,q))}, for all z in R and ¢ in Q, we take
UA = B = {<(£L’, Q)v MB(xv Q)a VB(xv Q)>}v where N’B(xv q) = /U'A(xv Q)’ VB(:EV Q) =
1 —pa(z,q). Clearly A is a (Q, L)-intuitionistic fuzzy subsemiring of R, We have

(1) up(r +y,q) = pa(e +y,q) = paly +z,9) = pp(y + ,9).

Therefore pup(x +vy,q) = pply + z,q) for all z and y € R and q € Q.

(ii) ps(2y, @) = palry,q) = palyz,q) = ps(yz, q).

Therefore pup(zy,q) = pp(yz,q) for all x and y € R and g € Q.

Since A is a Q-intuitionistic L-fuzzy subsemiring of R, we have pa(z +y,q) =
wa(y+x,q), for all z and y € R and ¢ € Q, which implies that 1 — pa(z+y,q) =
1 — pa(y + x,q) which implies that vg(z + y,q) = ve(y + =, q). Therefore, vp(x +
y,q) = vp(y +x,q), for all z and y € R and g € Q. And pa(xy,q) = pa(yz,q), for
all z and y € R and ¢ € Q, which implies that 1 — pa(zy,q) = 1 — pa(yz, q) which
implies that vg(zy, q) = ve(yz,q). Therefore, vg(xy,q) = vp(yz, q), for all  and
y € Rand q € Q.



156 SAMPATHU, ANITA SHANTHI, AND PRAVEEN PRAKASH

Hence B = A is a Q-intuitionistic L-fuzzy normal subsemiring of a semiring
R. d

REMARK 3.1. The converse of the above theorem is not true.

THEOREM 3.16. Let A be a Q-intuitionistic L-fuzzy normal subsemiring of a
semiring (R,+,e), then the pseudo Q-intuitionistic L-fuzzy coset (aA)P is a Q-
intuitionistic L-fuzzy normal subsemiring of a semiring R, for every a € R.

PROOF. Let A be a Q-intuitionistic L-fuzzy normal subsemiring of a semiring
R. For every z and y € R and ¢ € @, clearly (aA)? is a Q-intuitionistic L-fuzzy
subsemiring of a semiring R and

(i) (apa)?) (@ +y, q) = pla)pa(e+y, q) = pla)paly+z, q) = ((apa)?)(y+z,q).
Therefore ((apa)?)(x +y,q) = ((apa)?)(y + x,q) for all z and y € R and ¢ € Q.
Therefore, ((apa)?)(z + vy, q (apa)?)(y+z,q), for all z and y € R and q € Q.

) = (
(i) ((apa)?)(2y, q) = pla)pal(ey, q) = pla)palyz, q) = ((apa)?)(yz,q),
Therefore ((apa)?)(xy, q) = ((apa)?)(yz, q) for all z and y € R and q € Q.

(iii) ((ava)?)(x+y,q) = p(a )VA(QH-Z/ q) = pla)valy+z,q) = ((ava)?)(y+z, q).
Therefore, ((ava)?)(z+y,q) = ((ava)?)(y+z,q), for all x and y € R and ¢q € Q.

Q) =
(iv) ((ava)?)(zy, q) = p(a)va(zy, q) = pla)valyz, q) = ((ava)?)(yz, q),
Therefore, ((ava)?)(zy,q) = ((ava)?)(yz,q), for all z and y € R and ¢q € Q.
Hence (aA)P is a Q-intuitionistic L-fuzzy normal subsemiring of a semiring
R. O

References

[1] S. Abou-Zaid. On generalized characteristic fuzzy subgroups of a finite group. Fuzzy sets
and systems, 43(2)(1991), 235-241.
[2] M. Akram and K. H. Dar. On fuzzy d-algebras. Punjab university journal of mathematics,
37(2005), 61-76.
[3] M. Akram and K. H. Dar Fuzzy left h-ideals in hemirings with respect to a s-norm. Int. J.
Comp. Appl. Math., 2(1)(2007), 7-14.
[4] K. T. Atanassov. Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20(1)(1986), 87-96.
[5] K. T. Atanassov. Intuitionistic fuzzy sets. Theory and applications. Heilderberg: Physica-
Verlag, A Springer-Verlag company, 1999.
[6] B. Banerjee and D. K. Basnet. Intuitionistic fuzzy subrings and ideals. J. Fuzzy Math.
11(1)(2003), 139-155.
[7] K. Chakrabarty, R. Biswas and S. Nanda. A note on union and intersection of intuitionistic
fuzzy sets. Notes on Intuitionistic Fuzzy Sets , 3(4)(1997), 34-39.
[8] F. P. Choudhury and A. B. Chakraborty and S. S. Khare. A note on fuzzy subgroups and
fuzzy homomorphism. J. Math. Anal. Appl., 131(2)(1988), 537-553.
[9] B. Davvaz and W. A. Dudek. Fuzzy n-ary groups as a generalization of Rosenfeld’s fuzzy
groups. Journal of multiple-valued logic and soft computing 15(5)(2009), 451-469.
[10] K. De, R. Biswas and A. R. Roy. On intuitionistic fuzzy sets. Notes on Intuitionistic Fuzzy
Sets, 3(4)(1997), 14-20.
[11] K. De, R.Biswas, and A.R. Roy. On intuitionistic fuzzy sets. Notes on Intuitionistic Fuzzy
Sets, 4(2)(1998), 28-33.
[12] V. N. Dixit, R. Kumar and N. Ajmal. Level subgroups and union of fuzzy subgroups. Fuzzy
Sets and Systems, 37(3)(1990), 359-371.
[13] K. Hur, H. W. Kang and H. K. Song. Intuitionistic fuzzy subgroups and subrings. Honam
Math. J. 25(1)(2003), 19-41.



PROPERTIES OF Q-INTUITIONISTIC L-FUZZY NORMAL SUBSEMIRING ... 157

[14] K. H. Kim. On intuitionistic Q-fuzzy semiprime ideals in semigroups. Advances in fuzzy
mathematics, 1(1)(2006) 15-21.

[15] R. Kumar. Fuzzy Algebra. University of Delhi Publication Division, 1 (1993).

[16] N. Palaniappan and K. Arjunan. Some properties of intuitionistic fuzzy subgroups. Acta
Ciencia Indica, 33(2)(2007), 321-328.

[17] A. K. Ray. On product of fuzzy subgroups. Fuzzy Sets and Systems, 105(1)(1999), 181-183.

[18] S. Sampathu, S. A. Shanthi and A. P. Prakash. A Study on (Q,L)-fuzzy Subsemiring of a
Semiring. General. Math. Notes, 28(2)(2015), 55-63.

[19] S. Sampathu, S. A. Shanthi and A. P. Prakash. A Study on (Q,L)-fuzzy normal subsemiring
of a semiring. American Journal of Applied Mathematics, 3(4)(2015), 185-188.

[20] S. Sampathu, S. A. Shanthi and A. P. Prakash. A study on Q-intuitionistic L-fuzzy sub-
semiring of a semiring. Gen. Math. Notes, 28(2)(2015), 54-63.

[21] P. Sivaramakrishna das. Fuzzy groups and level subgroups. J. Math. Anal. Appl.,
84(1)(1981), 264-269.

[22] A. Solairaju and R. Nagarajan. A New structure and construction of Q-Fuzzy groups. Ad-
vances in Fuzzy Mathematics, 4(1)(2009), 23—-29.

[23] A. Solairaju and R. Nagarajan. Q-Fuzzy Left R-Submodules of Near rings with Respect to
T-norms. Antarctica Journal of Mathematics, 5(1-2)(2008), 59-63.

[24] J. Tang and X. Zhang. Product Operations in the Category of L fuzzy groups. J. Fuzzy
Math., 9(1)(2001), 1-10.

[25] W. B. Vasantha Kandasamy. Smarandache Fuzzy Algebra. American research press, Re-
hoboth, 2003.

[26] L. A. Zadeh. Fuzzy sets. Information and control, 8(3)(1965), 338-353.

Receibed by editors 18.10.2017; Revised version 20.11.2018; Available online 26.11.2018.

DEPARTMENT OF MATHEMATICS, SRI MUTHUKUMARAN COLLEGE OF EDUCATION, CHIKKARA
- YAPURAM, CHENNAI - 600 069, INDIA
E-mail address: sampathugokul@yahoo.in

DEPARTMENT OF MATHEMATICS, ANNAMALAI UNIVERSITY, ANNAMALAINAGAR - 6008002, CHI-
DAMBARAM, INDIA
E-mail address: shanthi.Anita@yahoo.com

DEPARTMENT OF MATHEMATICS, HINDUSTAN UNIVERSITY, PODER, CHENNAI - 603103, TAMIL
NaADuU, INDIA
E-mail address: apraveenprakash@gmail.com



