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1. INTRODUCTION

An algebraic structure (R,+,.) is said to be a semiring if (R,+) and (R,.) are semigroups
satisfying a.(b+c) = a.b + a.c and (a+b).c = a.c + b.c for all a, b, ¢ € R. A semiring (R,+,.) is said to
be additively commutative, if a+b = b+a for all a,b € R. A semiring has an identity 1, defined by
a.1 = a = l.a and zero O defined by a+0 = a = 0+a and 0.a = 0 = a.0 for all a € R. After the
introduction of fuzzy sets by Zadeh 17, several researchers explored on the generalization of the
concept of fuzzy sets. The concept of intuitionistic fuzzy subset was introduced by K. T.Atanassov
[2, 3], as a generalization of the notion of fuzzy set. A study on anti Q-fuzzy subsemiring of a
semiring has been introduced by Vanathi, et al. [47]. In this paper, we introduce some theorems in

Q-intuitionistic fuzzy subsemiring of a semiring.
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2. PRELIMINARIES
2.1 Definition

Let X be a non empty set and Q be a non empty set. A Q-fuzzy subset A of X is a function
A XxQ — [0, 1].

2.2 Definition
Let (R,+,.) be a semiring. A Q-fuzzy subset A of R is said to be a Q-fuzzy subsemiring of R if
it satisfies the following conditions:
(i) Ha(x+y, q) 2 min{pa(x, q), Ha(y, 9)},
(i1) pa(xy, q) =2 min{ pa(x, q), pa(y, q) }, for all x and y in R and q in Q.

2.3 Definition

Let (R,+,.) be a semiring. A Q-fuzzy subset A of R is said to be an anti Q-fuzzy subsemiring
of R if it satisfies the following conditions:

(i) Ha(x+y, q) < max{ ua(x, q), Ha(y, ) },

(i) pa(xy, q) < max{ pa(x, q), pa(y, q) }, for all x and y in R and q in Q.

2.4 Definition

A Q-intuitionistic fuzzy subset A in X is defined as an object of the form A = {{ (x, q),
pa(x, q), va(x, q) ) / xeX and q in Q}, where pa: XxQ — [0,17 and va: XXQ — [0,17 define the
degree of membership and the degree of non-membership of the element x in X and q in Q

respectively and for every x in X and q in Q satisfying 0 < pa(x, q) + va(x, q) < 1.

2.5 Definition

If A is a Q-intuitionistic fuzzy subset of X, then the complement of A, denoted Ac is the
Q-intuitionistic fuzzy set of X, given by A°(x, q) = {< (%, q), va(x, q), Ha(x, q) > / x€X and q€Q
}.

2.6 Definition
Let (R,+,.) be a semiring. A Q-intuitionistic fuzzy subset A of R is said to be a Q-intuitionistic
fuzzy subsemiring of R if it satisfies the following conditions:
(i) pa(xty, q) 2 min{pa(x, ), Ha(y, 9)},
(i) pa(xy, q) 2 min{ pa(x, q), pa(y, q)
(ii)) va(x+y, q) < max{va(x, q), va(y, q) },
(iv) va(xy, q) < max{ va(x, q), va(y, q) }, for all x and y in R and q in Q.

2.7 Definition
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Let A and B be Q-intuitionistic fuzzy subsets of sets G and H respectively. The product of A
and B, denoted by AxB, is defined as AXB = {{ ( (X, ¥), q), Maxs( (X, ¥), q)» Vaxp( (X, y),q) ) / X in
G and y in H and q in Q }, where paxp( (%, y), q ) = min{ pa(x, q), us(y, q)} and
vaxp( (X, ¥), q) = max{ va(x, q), v(y, q) }-

2.8 Definition

Let A be a Q-intuitionistic fuzzy subset in a set S, the strongest Q-intuitionistic fuzzy relation
on S, that is a Q-intuitionistic fuzzy relation on A is V given by pv( (X, y), q) = min{ pa(x, q),
pa(y, q) } and vv( (x, y), q) = max{ va(x, q), va(y, q) }, for all x and y in S and q in Q.

2.9 Definition

Let (R, +,-) and ( R +,- ) be any two semirings. Letf: R — R' be any function and A be a
Q-intuitionistic fuzzy subsemiring in R, V be a Q-intuitionistic fuzzy subsemiring in f(R) = R,
defined by pv(y, q) = sup pa(x, q) and vy(y, q) = inf va(x, q), for all x in R and y in R'. Then

xefi(y) xet(y)

A'is said to be the preimage of V under f'and is denoted by (V).

2.10 Definition

Let A be a Q-intuitionistic fuzzy subsemiring of a semiring( R, +, - ) and a in R. Then the
pseudo Q-intuitionistic fuzzy coset (aA)P is defined by ( (apa) )( x, q) = p(a)ua( X, q) and
((ava)P )(x, q) = p(a)va(x, q), for every x in R and for some p in P and q in Q.

3. SOME THEOREMS OF Q-INTUITIONISTIC FUZZY SUBSEMIRING:

3.1 Theorem

Intersection of any two Q-intuitionistic fuzzy subsemiring of a semiring R is a Q-
intuitionistic fuzzy subsemiring of R.

Proof: Let A and B be any two Q-intuitionistic fuzzy subsemirings of a semiring R and x and
yin Rand qin Q. Let A = { ( (%, q), na(x, q), va(x, q) ) / xeR and q in Q} and B = {( (x, q),
pe(x, q), v(x, q) ) / xeR and q in Q } and also let C = AnB = { ((x, q), Hc(X, q), ve(x, q) ) / xeR
and q in Q}, where min { pa(x, q), ua(x, q)} = pc(x, q) and max { va(x, q), va(X, q) } = vc(x, q).
Now, pe( x+y, q) = min { pa(x+y, q), ue(x+y, q)} = min{ min {pa(X, q), Ha(y, q)}, min {p(X, q),
He(y, q)3 3= min{ min{ pa(x, q), He(x, q)}, min{pa(y, q), Ke(y, @)} }= min{pc(x, q), Ky, q)}-
Therefore, pc(x+y, q)= min {uc(x, q), pe(y, q)}, forall x and y in R and q in Q. And, pc(xy, q) =
min { pa(xy, q), ke(xy, q) }= min { min{pa(x, q), pa(y, @)}, min {Hs(x, q), ue(y, q)}}= min{ min
{a(x, @) He(x, @)}, min {pa(y, @) ey, @)= min{c(x, Q). pely, @)} Therefore, p(xy, q) =
min{ pc(x, q), ke(y, q)}, forall x and y in R and q in Q. Now, vc(x+y, q)= max {va(x+y, q),
vi(x+y, @)} < max{max {va(x, ), Va(y, @)} max{vi(x, q) vi(y, Q)}}= max{max{va(x, q)

=
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ve(X, q)}, max{va(y, q), ve(y, q)}}= max{ve(x, q), vc(y, q)}. Therefore, vc(x+y, q) < max
{ ve(x, q), ve(y, q) }, forall x and y in R and q in Q. And v¢(xy, q) = max {va(xy, q), ve(xy, q)} <
max {max {va(x, @), Va(y, )}, max {vi(x, q), ve(y, @)} }= max fmax {va(x, q), va(x, ) }, max {va(y,
q), ve(y, q)} } = max{vc(x, q), vc(y, q)}. Therefore, ve(xy, q) < max {v(x, q), vc(y, q)}, forall x and
y in R and q in Q. Therefore C is a Q-intuitionistic fuzzy subsemiring of R. Hence the intersection
of any two Q-intuitionistic fuzzy subsemirings of a semiring R is a Q-intuitionistic fuzzy

subsemiring of R.

3.2 Theorem
The intersection of a family of Q-intuitionistic fuzzy subsemirings of a semiring R is a
Q-intuitionistic fuzzy subsemiring of R.

Proof: Let {V;:i€l} be a family of Q-intuitionistic fuzzy subsemirings of a semiring R and

let A= NV,.Letx, y € Rand q € Q. Then pa(x+y, q) = INf pyi(x+y, q) = INf min {pvi(x, q),
iel il

iel
wvi(y, q) } = min { IQT Hvi(x, q), ',nf iy, q) } = min {pa(x, q), na(y, q) }. Therefore, pa(x+y, q)

> min {pa(X, q), Ha(Y, q)}, for all x,y € R and q € Q. And, pa(xy, q) = INF pvi(xy, q) > inf
iel i

iel

min v, @), w(y, @)} = min{ INf (@), N pa(y, @)} = ming pags, @), wa(y, )} Therefore,
le le

pa(xy, q) = min{ pa(x, q), pa(y, q)}, forall x and y in R and q in Q. Now, va(x+y, q) = SUp

iel

Vvi(x+y, q) <SUPmax { vvi(x, q), Vvi(y, q)} = max {SUPvvi(x, q), SUP vwi(y, q) } = max{ va(x, q),

iel iel iel

va(y, q) }. Therefore, va(x+y, q) < max{va(x, q), va(y, q)}, forall x and y in R and q in Q. And,

va(xy, q) = SUPvvi(xy, q) <SUPmax{vvi(x, q), iy, q)}= max{SUP vvi(x, q), SUP vvi(y, q)}=

iel iel iel iel
max {va(X, q), va(y, q)}. Therefore, va(xy, q) < max{va(x, q), va(y, q)}, forall x and y in R and q
in Q. That is, A is a Q-intuitionistic fuzzy subsemiring of a semiring R. Hence, the intersection of

a family of Q-intuitionistic fuzzy subsemirings of R is a Q-intuitionistic fuzzy subsemiring of R.

3.3 Theorem

If A and B are any two Q-intuitionistic fuzzy subsemirings of the semirings R, and Re
respectively, then AXB is a Q-intuitionistic fuzzy subsemiring of Ry XRo.

Proof: Let A and B be two Q-intuitionistic fuzzy subsemirings of the semirings R; and Re
respectively. Let x1, Xo € Ry, y1, yo € Ro. Then ( xy, y1 ) and ( Xo, yo ) € RixRo. Now, paxs[(X1,
Y)+(Xe, ¥2), @1 = Haxs( (Xi+Xe, y1+Y2), q) = min {pa(Xi+Xe, q), Ua(y1+ye, q) }2 min{min {pa(xi, q),
Ha(xz, q)}, min {pa(ys, q), fe(ye q)} 3= min{ min {pa(xi, q), pa(ys, q)}, min{pa(xz, q), pa(yz q)} =
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min {paxp((X1, y1), q), Haxs((Xe, y2), )} Therefore, paxs[(xi, y1) (Xe, y2), 7 = min{paxs((X1, y1), q),
HaxB((Xe, y2), Q) }- Also, Hax[(X1, y1)(Xe, yo), qJ = Haxs((Xi1Xe, y1Ye), q) = min{pa(XiXe, q), HB(y1Ye,
q)}2 min{min {pa(X1, q), Ma(Xe, q)}, min{ps(ys, q), Ue(ye, )} = min{ min {pa(xs, q), He(yi, 9)}
min {pa(Xe, q), MB(ye, q)} }= min{paxp((X1, 1), ), Max((Xe, yo), ) }. Therefore, paxp[(x1, yi)(Xe,
¥yo), 412 min{paxp((X1, y1), ), Hax((Xe, o), q)}- Now, Vaxs[(X1, y1) + (Xe, yo), 1 = Vaxp((X1+Xe,
Yi+ye), q) = max{va(xi+Xo, q), VB(y1+ys, q) } < max{ max {va(xi, q), Va(xe, q) }, max{va(yi, q),
Va(ye, q) }}= max{ max{va(xi, q), Ve(y1, q) }, max {Va(xe, q), Ve(ys, q)} } = max{ vaxs( (X1, y1), q),
Vaxs( (Xo, yo), q) }. Therefore, Vaxs [(x1, y1) + (X2, y2), q] < max{vas((x1, y1), ), Vaxs((Xe, y2), 4)}-
Also, vaxp[(x1, y1) (Xe, yo), q] = Vaxs((XiXe, yiye), q)= max{va(XiXe, q), VB(yiye,
q)}smax{max{va(Xi, q), Va(Xe, q)}, max {Ve(y:, q), V(ye, q)}} = max{ max {va(xi, q), V(y1, 9)},
max {Va(Xe, q), VB(ye, q)} = max{Vaxp( (X1, y1), ), Vaxp( (Xe, y2), q) }. Therefore, vaxp[(x1, y1)(xe,
Vo), q1 < max{ vaxs( (X1, ¥1), q), Vaxs( (Xe, ¥2), q) }. Hence AxB is a Q-intuitionistic fuzzy

subsemiring of semiring of R;xR..

3.4 Theorem

Let A be a Q-intuitionistic fuzzy subset of a semiring R and V be the strongest Q-
intuitionistic fuzzy relation of R. Then A is a Q-intuitionistic fuzzy subsemiring of R if and only if
Visa Q-intuitionistic fuzzy subsemiring of RxR.

Proof: Suppose that A is a Q-intuitionistic fuzzy subsemiring of a semiring R. Then for any
X = (x5, Xe) and y = (y1, ye) in RxR. We have py( x+y, q) = pv[ (X1, Xeo)+(y1, y2), qJ =
v( (Xity1, Xotye), q) = min{ pa(xi+ys, q), Ha( Xetys, q) } 2 min { min { pa(xs, q), pa(ys, ) },
min { pa(xe, q), Ha(yz, q) } } = min { min { pa(xs, q), Ba(Xe, q) }, min { pa(ys, ), Ba(ys, ) § =
min { pv( (X1, X2), q), Wv((y1, ¥2)» q) }= min{ pv(x, q), uv(y, q) } Therefore, uy (x+y, q) = min
{ kv (% q), wv (y, ) }, for all x and y in RXR and q in Q. And, py(xy, q) = [ (X1, X2) (1, ¥2), 4 ]
= Wy (x1y1, Xoye), q) = min { Ha(X1y1, q), Ha(Xeye, q) } 2 min { min { pa(xs, q), Ha(ys, q) }, min
{Ha(Xe, q) palyz, q) }}= min{ min{ pa(xi, q), Ra(Xz, q)f, min{ pa(ys, q), Ha(ys q)}} = min
{v( (1, X2), @) W( (¥, y2), q) } = min {pv(X, q), uv(y, q) }. Therefore, puv(xy, q) 2 min{ pv(x, q),
pv(y, q)}, for all x and y in RXR and q in Q. Wehave, vvy(x+y, q) = V[ (X1, Xo)+(y1, y2), 9] =
Y (Xityn, Xetye), q) = max { Va(Xityy, q)Va(Xetys, q) } < max { max { va(xs, q), va(yn ) J,
max {Va(Xs, q), Va(yz, q) }} = max { max { va(xi, q), Va(Xs, q) }, max {Va(y1, q), Va(ys q) } } =
max {vv( (X1, X2), q), Vv ( (¥1, ¥2), Q)} = max {vv (X, q), vv (¥, q) }. Therefore, vy(x+y, q) < max
{vv (X, q), vv(y, q)}, for all x and y in RXR and q in Q. And, vv (xy, q) = vv [(X1, Xo)(¥1, y2), 4] =
Ve( (%11, Xoy2), @)= max {Va(xiy1, ), Va(Seye, @)} max { max {va(xs, ), Va(yr, )}, max {va(se, q),
Va(y2, ) }} = max{ max {va(x, q), Va(a ) }, max fva(ys, Q) va(ys @) b} = max{w( (x1, x2), q),
VV( (1, ¥2) ) } = max{ vv(x, q), v (y, q) }. Therefore, vv(xy, q) < max{vv (x, q), vv(y, q) }, for
all x and y in RxR and q in Q. This proves that V is a Q-intuitionistic fuzzy subsemiring of RxR.

Conversely assume that V is a Q-intuitionistic fuzzy subsemiring of RxR, then for any x = (x;, Xo)
and y = (y1, y2) are in RxR, we have min{pa(Xi+y1, q), Ha(Xetye, q)}= Hv((X1+y1, Xotya), q)=
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Hv (X1, Xe)+(y1, yo), qJ= Ky (x+y, q)2 min{pv(x, q), pv(y, )} = min{pv((Xi, Xe), q), wv((y1, y2), )} =
min{min {{a(xs, q), Ha(xe, q)}, min {pa(ys, ), Hayz @)} - I pa(itys, q) < pa(Xetye, q), Ba(xi, q)
< Ha(xe, Q) Ha(Y1 ) < Ha(ye, q), e get, Ha(Xi+yi, ) 2 min{pa(xy, q), Ra(ys q)}, for all xyand y,
in Rand q in Q. And, min {pa(x1y1, q), Ba(Xeye, q)} = Hv( (X1y1, XeYe), q) = Hv[(X1, Xe)(y1, ¥2), 47 =
Hv(xy, q) 2 min{pv(x, q), uv(y, q)}= min{uy((x1, Xo), ), Wy((y1, ye), @)} = min{min {pa(xi, q),
HA(Xe, )}, min{pa(ys, q), Ha(ye, @)} }- I pa(Xay, q) < Ma(Xeye, Q), Ha(X1, q) < Ha(Xe, ), Ha(yr, q) <
pa(ys q), we get pa(x1y1, q) = min{pa(x, q), Ha(yi, q) }, for all x; and y; in R and q in Q. We have
max {Va(Xi+ y1, q), Va(Xet ¥o, )} = VW((Xi+y1, Xety2), q) = V(X1 Xo)+(y1, ¥2), q1 = vv(x+y, q)
<max{Vvv (X, q), vv(y, q) }= max{vv ( (x1, X2), q), Vv( (y1, y2), q)} = max{ max {va(xi, q), Va(xe, q)},
max {Va(y1, q), Va(ye, @)} }- If va(xi+y1, q) = Va(Xetys, q), Va(X1, q) 2Va(Xe, q), Va(y1, ) = Va(ye, q),
we get, va(Xity1, q) < max{va(xi, q), va(y:, q)}, for all x; and y; in R and q in Q. And,
max {Va(Xiy1, q), Va(Xeye, q) } = Vv( (Xiy1, Xeye), q) = VvL(X1, Xe)(y1, ¥2), 9] = Vv (Xy, q) <
max {Vv(x, q), Vv (y, q)}= max {vv (X1, X}, q), Vv ((y1, ¥2)» q)} = max{max{va(xi, q), Va(Xe, q) },
max {Va(y1, q), Va(yz q)} }- If va(xiyi, q) = va(xeye, q), va(x1, q) = Va(Xe, q), Va(y1, q) = Va(ys, ), we
get Va(X1y1, q) < max{va(xy, q), va(y1, q)}, for all x; and y; in R and q in Q. Therefore Aisa Q-

intuitionistic fuzzy subsemiring of R.

3.5 Theorem

If A is a Q-intuitionistic fuzzy subsemiring of a semiring (R, +, - ), then H = {x / xe€R:
pa(x, q) = 1, va(x, q) = 0} is either empty or is a subsemiring of R.

Proof: If the condition is not satisfied by any element, then H is empty. If x and y in H and q
in Q, then pa(x+y, q) 2min{pa(x, q), pna(y, q)} = min{1, 1} = 1. Therefore, pa(x+y, q) = 1. And
pa(xy, q) 2 min{pa(x, q), pa(y, q)} = min{1, 1}= 1. Therefore, pa(xy, q) = 1. Now, va(x+y, q) <
max {va(X, q), va(y, q)} = max {0, 0}= 0. Therefore, va(x+y, q) = 0. And va(xy, q) < max {va(X,
q), va(y, q)}= max {0, 0}= 0. Therefore, va(xy, q) = 0. We get x+y, xy in H. This implies that H

is a subsemiring of R. Hence, H is either empty or is a subsemiring of R.

3.6 Theorem
Let A be a Q-intuitionistic fuzzy subsemiring of a semiring (R, +, - ).
(1) If pa(x+y, q) = 0, then either pa(x, q) = 0 or pa(y, q) = 0, for all x and y in R and q in Q.
(i1) If pa(xy, q) = 0, then either pa(x, q) = 0 or pa(y, q) = 0, for all x and y in R and q in Q.
(iil) If va(x+y, q) = 1, then either va(x, q) = 1 or va(y, q) = 1, for all x and y in R and q in Q.
(iv) If va(xy, q) = 1, then either va(x, q) = 1 or va(y, q) = 1, for all x and y in R and q in Q.

Proof: Let x and y be arbitrary elements in R and q in Q. (i) By the definition pa(x+y, q) 2
min {pa(x, q), La(y, q)}, we have that 0 = min {ua(x, q), La(y, q) }. This implies that either pa(x,
q) = 0 or pa(y, q) = 0. (ii) By the definition pa(xy, q) = min {pa(x, q), L a(y, q)}, we have that 0 >
min {pa(X, q), 1 a(y, q) }. Therefore, either pa(x, q) = 0 or pa(y, q) = 0. (iii) By the definition
va(x+y, q) < max { va(x, q), va(y, q)}, which implies that 1 < max {va(X, q), va(y, q)}. Therefore,
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either va(x, q) = 1 or va(y, q) = 1. (iv) By the definition va(xy, q) < max { va(x, q), va(y, q)},
which implies that 1 < max {va(x, q), va(y, q)}. Therefore, either va(x, q) = 1 or va(y, q) = 1.

3.7 Theorem
If A is a Q-intuitionistic fuzzy subsemiring of a semiring ( R, +, - ), then H={( (x, q), pa(x, q)
), for all x in R and q in Q } is either empty or a Q-fuzzy subsemiring of R.

Proof: It is trivial.

3.8 Theorem
If A is a Q-intuitionistic fuzzy subsemiring of a semiring( R, +, - ), then H ={{(x, q), va(x,
q))} is either empty or an anti Q-fuzzy subsemiring of R.

Proof: It is trivially true.

3.9 Theorem

If A is a Q-intuitionistic fuzzy subsemiring of a semiring( R, +, - ), then [JA is a Q-
intuitionistic fuzzy subsemiring of R.

Proof: Let A be a Q-intuitionistic fuzzy subsemiring of a semiring R. Now take A = { { (x, q),
pa(x, q), va(x, q) ) }, for all x € R and q € Q, we take JA = B ={ ( (x, q), (X, q), va(x, q) ) },
where pp(x, q) = Ha(X, q), VB(X, q) =1-pa(x, q). Clearly, pp(x+y, q) = min{ps(x, q), ps(y, q)}, for
all x and y in R and q in Q and pg(xy, q) = min {us(X, q), Us(y, q) }, for all x and y in R and q in
Q. Since A is a Q-intuitionistic fuzzy subsemiring of R, we have pa(x+y, q) = min {pa(x, q), pa(y,
q) }, for all x and y in R and q in Q, we have that 1- vp(x+y, q) = min { ( 1-Vvs(X, q) ), ( 1= va(y, q)
) }, which implies that vg(x+y, q) < 1-min { (1- vg(X, q) ), (1= va(y, q) )} = max {vs(X, q), Va(y,
q)}. Therefore, vp(x+y, q) < max {va(x, q), va(y, q) }, for all x and y in R and q in Q. And pa(xy,
q) = min {pa(x, q), pa(y, q) }, for all x and y in R and q in Q, which implies that 1— vg(xy, q) =
min { ( 1= vg(x, q) ), ( 1= Vs(y, q) ) }, which implies that vp(xy, q) < 1-min {(1-vs(X, q) ), (1-Vs(y,
q))} = max {vs(X, q), Va(y, q) }. Therefore, vg(xy, q) < max { vg(x, q), v8(y, q) }, for all x and y in

R and q in Q. Hence B = [JA is a Q-intuitionistic fuzzy subsemiring of a semiring R.

3.10 Remark: The converse of the above theorem is not true.

It is shown by the following example: Consider the semiring Z; = {0, 1, 2, 3, 4} with
addition modulo 5 and multiplication modulo 5 operations and Q = {q}. Then A ={((0, q), 0.7,
0.2), { (1, q), 0.5, 0.1 ), { (2, q), 0.5, 0.4 ), { (3, q), 0.5, 0.1 ), { (4, q ), 0.5, 0.4 ) } is not a Q-
intuitionistic fuzzy subsemiring of Z;, but A ={( (0, q), 0.7, 0.3 ), { (1, q), 0.5, 0.5 ), { (2, q), 0.5,
0.5),((8,9),0.5,0.5),{ (4, q),0.5,0.5 ) } is a Q-intuitionistic fuzzy subsemiring of Z;.
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3.11 Theorem

If A is a Q-intuitionistic fuzzy subsemiring of a semiring( R, +, - ), then 0A is a Q-
intuitionistic fuzzy subsemiring of R.

Proof: Let A be a Q-intuitionistic fuzzy subsemiring of a semiring R. Take A = { ( (%, q ),
pa(x, q), va(x, q) ) }, forallx e Rand q € Q. Let A =B = { ((x,q), ue( X, q ), v8( X, q ) ) }, where
pe( X, q ) = 1-va( X, q), (X, q) = va(x, q). Clearly, v(x+y, q) < max{vg(x, q), Va(y, q) }, for all x
and y in R and q in Q and vg(xy, q) < max{ vg(x, q), va(y, q) }, for all x and y in R and q in Q.
Since A is a Q-intuitionistic fuzzy subsemiring of R, we have va(x+y, q) < max {va(x, q), va(y, q)
}, for all x and y in R and q in Q, which implies that 1—up(x+y, q) < max {(1- ps(x, q) ), (1— ps(y,
q) )}, which implies that pup(x+y, q) = 1-— max { ( 1- pp(x, q) ), (1= us(y, q) )} = min { pp(x, q),
ps(y, q) }. Therefore, pup(x+y, q) = min{us(x, q), us(y, q) }, for all x and y in R and q in Q. And
va(xy, q) < max { va(X, q), va(y, q) }, for all x and y in R and q in Q, which implies that 1—up(xy,
q) < max { (1-Kp(x, q) ), (1=pe(y, q) )} which implies thatup(xy, q) = 1= max {(1-ps(x, q) ), (1=
ma(y, q) ) }=min { ps(x, q), ke(y, q) }. Therefore, pp(xy, q) = min {MB(x, q), MB(y, q) }, for

all x and y in R and q in Q. Hence B = QA is a Q-intuitionistic fuzzy subsemiring of a semiring R.

3.12 Remark: The converse of the above theorem is not true.

It is shown by the following example: Consider the semiring Z; = { 0, 1, 2, 3, 4 } with
addition modulo 5 and multiplication modulo 5 operations and Q = {q}. Here
A = {{ (0, q), 0.5 0.1),{(1,q), 06,04 ),{ (2, q), 0.5, 04 ), (3 q), 0.6, 0.4 ),{ (4 q), 0.5,0.4 ) } is
not a Q-intuitionistic fuzzy subsemiring of Zs, but 0A = {{ (0, q), 0.9, 0.1 ), { (1, q), 0.6, 0.4),
(2, q), 0.6,0.4),( (3, q), 0.6,0.4 ), { (4, q), 0.6, 0.4 ) } is a Q-intuitionistic fuzzy subsemiring of Z;.

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

3.13 Theorem

Let A be a Q-intuitionistic fuzzy subsemiring of a semiring H and f is an isomorphism from a
semiring R onto H. Then A°fis a Q-intuitionistic fuzzy subsemiring of R.

Proof: Let x and y be arbitrary elements in R and q in Q and A be a Q-intuitionistic fuzzy
subsemiring of a semiring H. Then we have, (ua°f)( x+y, q ) = pa(f{x +y ), q ) = pa(fx)+ f{(y), q)
= min {pa(f(x), q), Ha(fy), q) } = min {(na°f)(x, q), (af)(y, )}, which implies that (ua-f)(x+y, q)
= min { (Haof)(x, q), (Maf )y, q) }. And (pacf)(xy, q) = pa( f(xy), a ) = pa( f(x)fly), q )
{Ha(f(x), ), ka(fly), @) } = min{ (Ra°f)(x, q), (La°f)(y, q) }, which implies that (nacf)(xy, q) = min
{(Ravh)(x, ), (Ra°t)(y, q) }- Then we have, (vact)(x+y, q) = va( f{x+y), q) = va( f(x)+f{y), q ) <
max {va( f(x), q), va(fly), q) }= max { (vaf)(x, q), (va°f )(y, q) }, which implies that (va°f)(x+y, q)
< max {(vaef )(x, q), (vaof )(y, q) }. And (vach)(xy, q) = va( f(xy), q) = va( {x)f(y), q) < max
{va(f(x), q), va( f{y), q) }< max{ (va°f )(x, q), (va°f )(y, q) }, which implies that (va°f)(xy, q) < max
{(va°f )(x, q), (vact)(y, q) }. Therefore (A°f) is a Q-intuitionistic fuzzy subsemiring of a semiring R.

> min

22
© 2014 Conscientia Beam. All Rights Reserved



International Journal of Mathematical Research, 2014, 3(2): 15-24

3.14 Theorem

Let A be a Q-intuitionistic fuzzy subsemiring of a semiring H and f is an anti-isomorphism
from a semiring R onto H. Then A°fis a Q-intuitionistic fuzzy subsemiring of R.

Proof: Let x and y be arbitrary elements in R and q in Q and A be a Q-intuitionistic fuzzy
subsemiring of a semiring H. Then we have, (uacf)(x+y, q) = pa(f{x+y), q) = pa(f{y)+f{x), q) =
min {yua( f(x). ), wa( fly), @) }2 min {(uaef)(x, ), (aeh)(y, a) } which implies that (uasf)(x+y, q) =
min {(pach)(x, q), (Ra°h)(y, q)}- And (uach)(xy, q)= pa(f(xy), @) = pa(f(y)f(x), q) = min{pa(f(x), q),
pa(fly), @)} = min { (nach)(x, q), (uaf)(y, q)}, which implies that (na°f)(xy, q) = min {(na°f)(x, q),
(uacf)(y, a) }. Then we have, (vash)(x+y, @) = va( fix+), ) = va( fy)+(x), ) < max {va(fx), q),
va( f(y), q) } < max { (va°f)(x, q), (va°f )(y, q) }, which implies that (vaof)(x+y, q) < max {(va°f)(x,
q), (vat)(y, @) }- And (vach)(xy, q) = va( f{xy), q) = va(f(y)f(x), @) < max {va(f(x), q ), va(f(y), q)
+ < max {(va°f)(x, q), (va°f)(y, q)}, which implies that (va°f)(xy, q) < max {(va°f)(x, q), (va°f)(y, q)

}. Therefore Aefis a Q-intuitionistic fuzzy subsemiring of a semiring R.

3.13 Theorem

Let A be a Q-intuitionistic fuzzy subsemiring of a semiring ( R, +, . ), then the pseudo
Q-intuitionistic fuzzy coset (aA)P is a Q-intuitionistic fuzzy subsemiring of a semiring R, for every
ain R.

Proof: Let A be a Q-intuitionistic fuzzy subsemiring of a semiring R. For every x and y in R
and q in Q, we have, ((apa)P J(x+y, q) = p(a)ua(x+y, q) = p(a) min {( Ha(X, q),1a(y; q) } = min
{p(a)ua(x, q), p(a)ualy, q) }= min { ((apa)? )(x, q), ( (ama)? )y, q) }- Therefore, ( (apa)? )(x+y, q) =
min {((apa) )(x, q), ((araP)(y, q)}- Now, ((apa)(xy, q) = p(a)ua(xy, q) = p(a)min {pa(x, q), Ha(y,
q) }= min { p(a)ua(x, q), p(a)pa(y, @) 1= min { ((apa)” )%, q), ( (aa)? )y, q) }- Therefore, ((apa)?
)Xy, q) = min { ((apa) )(X, q), ( (apa)? )(y, q) }. For every x and y in R and q in Q, we have, ((ava)P
Jx+y, q) = p(a) va(x+y, q) < p(a) max {(Va(x, Q)va(y, q) } = max { p(a)va(x, q), p(a)va(y, q) }=
max {((avalP )%, q), ( (aval )y, q) }. Therefore, ((ava)p )(x+y, q) < max
{((ava)?)(x, @), ((ava)? )(y, @)}- Now, ((ava)? )(xy, q) = p(a)va(xy, q) < p(a)max {Va(x, q),va(y, q)} =
max { p(a)va(x, q), p()va(y, q) } = max {( (aval )(x, q), ( (ava))y, q) }. Therefore,
((ava) )(xy, q) < max {( (ava)P )(x, q), ( (ava)? )(y, q) }. Hence (aA)P is a Q-intuitionistic fuzzy

subsemiring of a semiring R.
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