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INTRODUCTION: After the introduction of fuzzy sets by L.A.Zadeh [31], several
researchers explored on the generalization of the concept of fuzzy sets. The concept of
lattice was first defined by Dedekind in 1897 and then developed by Birkhofft,
G.,[8,9]. Boole introduced Boolean algebra; a special class of lattice was equivalent to
Boolean ring with identity. This relation gave a link between lattice theory and
modern algebra. The idea of intuitionistic fuzzy subset was presented by
K.T.Atanassov [5,6], as a speculation of the thought of fuzzy set. The notion of fuzzy
subnearrings and ideals was introduced by Abou Zaid.S [1]. A.Solairaju and
R.Nagarajan [26,27] have presented and characterized another mathematical design
called Q-fuzzy subgroups. Sampathu.S, Anita Shanthi .S, and Praveen Prakash.A [23]
have introduced (Q,L)-fuzzy Subsemiring of a Semiring. In this paper, we introduce
the some theorems in Q-intuitionistic L-fuzzy (-subsemiring of a £-semiring and
established some results.

1.PRELIMINARIES:

1.1 Definition: Let X be a non—-empty set. A fuzzy subset A, of X is a function
Au: X — [0, 1].

1.2 Definition: Let X be a non-empty set and L= (L, <) be a lattice with least element
0 and greatest element 1 and Q be a non-empty set. A (Q, L)-fuzzy subset A, of X is

a function Ay: XxQ — L.
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1.3 Definition: Let R be a £-semiring and Q be a non empty set. A (Q, L)-fuzzy
subset A of R is said to be a (Q, L)-fuzzy €-subsemiring (QLFLSSR) of R if the
following conditions are satisfied:

(i) ACx+y, q) = Ax, ) A A(Y, q),

(i) A(xy, q) =2 A(x, Q) A A(y, ),

(i) A(xvy, ) = A(x, q) A A(y, q),

(iv) A(XAy, @) > A(x, q) A A(y, q),for all x and y in R and q in Q.

1.1 Example: Let (Z, +, ®,Vv,A) be a t-semiring and Q={p}, Then the (Q,L)-Fuzzy
Set A of Z is defined by

1 if x=0
A(x,q) = 033 if xe<2>-0
0 if xeZ—-<2>
Clearly A'is an (Q,L)-Fuzzy £-subsemiring of a £-semiring.

1.4 Definition: An intuitionistic fuzzy subset (IFS) A in X is defined as an

object of the form A ={(x, pa(x), va(x)) / xeX}, where pa : X — [0,1] and

va . X — [0,1] define the degree of membership and the degree of

non-membership of the element xe X respectively and for every x e X

satisfying 0 < pa(x) + va(x) < 1.

1.5 Definition: Let (L, <) be a complete lattice with an involutive order reversing

operation N : L — L and Q be a nonempty set. A Q-intuitionistic L-fuzzy subset

(QILFS) Ain X is defined as an object of the form A={< (x, q), na(X, 0), va(x, q) >/

xin X and q € Q }, where pa : XxQ — L and va : XxQ — L define the degree of

membership and the degree of non-membership of the element x € X respectively and

for every x € X satisfying pa(x) <N (va(x) ).

1.6 Definition: Let A and B be any two Q-intuitionistic L-fuzzy subsets of a set

X. We define the following operations:

MANB ={ (X, palX,)A us(x,q), valx,q) vV ve(x,q) ) }, forall x € Xand qin Q.

(i) AuB ={ (X palxq)V us(x,q), va(,aqA ve(x,q) ) }, forall x e Xand qin Q.

(AU B = { (X, 2 (pa(x,0) -re(x,0) ) / (na(x,0) + ps(x,0) ), 2 (va(x,q) .ve(x,a) ) /

(va(x,0) + va(x,0) ) )/ xeX }, forall x e Xand g in Q.

(iv) Ao B = { (x, max {va(x,q), us(x,q) }, min{ua(x,q), ve(x,q) } )/ xeX }, for all x
e Xand gqin Q.

V) OA = {{X pa(x,9),1-pax,q)) /Ixe X} ,forallxinXandqinQ.

(Vi) OA = {{(X, 1-va(x,0) ,va(x,0)) /Ixe X} ,forallxinXandqinQ.

1.7 Definition: Let R be a £-semiring. A Q-intuitionistic L-fuzzy subset A of R is said

to be a Q-intuitionistic L-fuzzy {-subsemiring (QILFLSSR) of R if it satisfies the

following conditions:

(1) pa(xty, q) = pa (X, @) A pa(y, a),
(i) pa (xy, g ) > pa (X, ) A pa(y, 9),

(i) pa (XVy, @) > pa (X, @) A pa (Y, 9),
(V) pa (XAy, @) = pa (X, ) A pa (Y, 9),
(V) va(x+y,q)<va(X,q) v va(y,q),
(Vi) va (XY, @) < va (X, @) V va(y, 0),
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(Vii) va (XVY, Q) <va (X, ) V va (Y, 9),

(viii) va (XAY, @) <va (X,q) V va(y,q) ,forall xandy e Rand q € Q.

1.2 Example: Let (Z, +, ®,v,A) be a £-semiring and Q={p}, Then Q-intuitionistic
L-Fuzzy subset A={< (x, q), na(X, 0), va(X, @) >/ x in Zand q in Q } of Z is defined
by

ua(x, ) = {

and
04ifxe<2>

X, Q)= .
vax, Q) { 0.7 otherwise_ o o
Clearly A is a Q-intuitionistic L-Fuzzy ¢-subsemiring of a £-semiring.

0.6ifxe<2>
0.3 otherwise

1.8 Definition: Let A and B be any two Q-intuitionistic L-fuzzy £-subsemiring of a
¢-semiring G and H, respectively. The product of A and B, denoted by AxB, is
defined as AxB = { ( (X,¥),d ), naxa((X,y),Q), vaxe ((X,y),q) ) / forall xinGand y in H
and g € Q }, where paxs((x,y),0) = pa(x,)A pe(y,a) and vaa((x, ¥).0) = va(x,q)

Vva(y,q) -
1.9 Definition: Let A be an Q-intuitionistic L-fuzzy subset in a set S, the strongest
Q-intuitionistic L-fuzzy relation on S, that is a Q-intuitionistic L-fuzzy relation on A

is V given by uv((x,y),0) = pa(x,a) Apa(y,q) and vv((x, ¥),0) = va(x,q)V va(y,q), for

allxandyinSandq e Q.

1.10 Definition: Let R and R' be any two ¢-semirings. Let f: R — R' be any function

and A be an Q-intuitionistic L-fuzzy C-subsemiring in R, V be an Q-intuitionistic

L-fuzzy €-subsemiring in f(R) = R, defined by pyv(y,q) = sup ua(x,q) and vy(y,q) =
xef(y)

inf va(x,0), forall xin Rand y in R". Then A is called a preimage of V under f and

xef(y)
is denoted by f (V).
1.11 Definition: Let A be an Q-intuitionistic L-fuzzy £-subsemiring of a ¢-semiring
R and a in R. Then the pseudo Q-intuitionistic L-fuzzy coset (aA)® is defined by
((aua)®)(x,9) = p(@)ua(x,q) and ( (ava)®)(x,q) = p(a)va(x,q), for every x in R and for
somepinPandqg e Q.
1.3 Example: Let (Z, +, ®,v,A) be a £-semiring and Q={p}, Then Q-intuitionistic
L-Fuzzy subset A={<(x, q), pa(X, 0), va(X, q) >/ xinZand q € Q } of Z is defined by
LLA(Xq):{().6ifxe<2>

’ 0.3 otherwise
and

04ifxe<2>

valx, @) = {0.7 ({therwise
Clearly A is a Q-intuitionistic L-Fuzzy ¢-subsemiring of a £-semiring.
Now taking p(a) = 0.1 foreveryain Z
Then the pseudo Q-intuitionistic L-fuzzy coset (aA)® is defined by

_(0.06ifxE<2>
Halx, ) = {0.03 otherwise
and

vA(X, 0) = {0.04 ifxe<2>

0.07 otherwise
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Clearly (aA)? is a Q-Intuitionistic L-fuzzy ¢-subsemiring of a £-semiring.

2. PROPERTIES OF O-INTUITIONISTIC L-FUZZY (-SUBSEMIRING OF A
(-SEMIRING

2.1 Theorem: Intersection of any two Q-intuitionistic L-fuzzy €-subsemiring of a
¢-semiring R is a Q-intuitionistic L-fuzzy -subsemiring of R.

Proof: Let A and B be any two Q-intuitionistic L-fuzzy t-subsemirings of a
¢-semiring R and x and y in R and g € Q. Let A={(x,q),1a(X,q),va(X,q))/ XeR and q
€eQ} and B={(x,9),us(x,q),vs(X,q))/xeR and qeQ} and also let C=AnB =

{(x,0),pc(x,0), ve(x,0))/xeR and qeQf,where pa(x,q) Aps(x,0)=pc(x,q) and va(x,q)
vve(X,a)=ve(x,0).  Now, pc(x+y,q)=pa(x+y,q) A ps(x+y,q)>{ua(x,q)Apaly,a)} A
{us(x,a) Aus(y,a)}={ua(x,a) Aus(x,a)FA{naly.q) A pe(y,a)}=rc(X,0) A uc(y.q)-
Therefore, puc(X+y,q)>uc(X,q)Apc(y,q), for all x and yeR and qeQ . And, pc(xy,q)
=pa(xy,a) Aps(Xy,)={ua(x,0) Apa(y,a)} A {us(x,a) A ps(y,a)}={pa(x.a) Aps(x,q)} A
{ualy,0) Aps(y,0)}}=pc(x,0) Apc(y.a). Therefore, pc(xy,a)=pc(x,a) A uc(y.q), for all
xand yeRand q € Q. Also pc(xvy,q)= pa(xvy,q) A ps(xvy,a)>{pa(x,a) Aupaly,a)}
A{us(X,0) Aps(y,0)F={ra(x,a) Aus(X,0)} A {ualy,q) A ne(y,a) }=pe(X,0) A pe(y,a).
Therefore, uc(xVvy,q)>uc(X,q)Auc(y,q), for all x and yeR and geQ. And
He(XAY,Q)=pa(XAY,0) A ps(XAY,a)={na(X,0) Apa(y,d)} A{pe(X,0) A pe(y,d)}=
{ualx,a) A pa(x,0)F A {pnaly.0) Aps(y,a)}=nc(x,a) Apuc(y,q). Therefore, uc(xAy,q) =
uc(x,q)Auc(y,q), for all x and y € R and g € Q. Now, vc(x+y,q)= va(X+y,q) Vv
ve(X+Y,)<{va(x,a) v va(y,a)} v{ve(x,a) v ve(y. ) }={va(x,a) v ve(x,a)} v{va(y.a) v
ve(Y,q)}=ve(X,q) vV ve(y,q). Therefore, ve(X+y,q)<vc(X,q)V vc(y,q), forall xandy € R
and  qeQ. And,  vc(xy,Q)=va(xy,q)V ve(Xy,)<{va(x,q)vva(y.a)} v{ve(x,q)Vv
ve(y, )} ={va(x,q)vve(x,q)}v{ va(y.a0) Vv vey,a)}}=vc(x,0)vvc(y.q) .Therefore,
ve(xy,q) <ve(X,q) Vv ve(y,q) , for all x and y in R and q € Q. Also, ve(XVvy,q) =
va(xvy,Q)vve(xvy,q)<{va(x,a) vva(y.0)}v{vex.a)vve(y,a)} = {va(x,a) vve(x,0)}
V{valy,a)vve(y,a)}=vc(x,a) v ve(y.a). Therefore, ve(xvy,a)<ve(x,a)vve(y.a), for all
xand yeR and g € Q. And, vc(XAY,q) = va(XAy,q) vV ve(XAY,Q)<{va(X,q) Vva(y,q)}
v{ve(x,q) vve(y.q)}={va(x.a) v ve(x,Q)} v{va(y.a) v ve(y.a)} =vc(x,q) vvc(y.q).

Therefore, ve(xAY,Q)< vc(X,q) V ve(y,q), forall xandy € R and g € Q. Therefore C

is a Q-intuitionistic L-fuzzy €-subsemiring of R. Hence the intersection of any two Q-
intuitionistic L-fuzzy £-subsemirings of a ¢-semiring R is an Q-intuitionistic L-fuzzy
£-subsemiring of R.

2.2 Theorem: The intersection of a family of Q-intuitionistic L-fuzzy €-subsemirings
of £-semiring R is a Q-intuitionistic L-fuzzy £-subsemiring of R.

Proof: Let {Vi: iel} be a family of Q-intuitionistic L-fuzzy €-subsemirings of a

¢-semiring R and let A = inevﬁ' Let x and yeR and qeQ. Then, pa (x+y,q)=i_n}c Ly
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Oy, Q)= inf {uavi(,0) A pvily. OF= N 1i(,6)A nf pvily,Q)=1a(,Q) ARAY.0).
Therefore, pa(X+y,q)> pa(x,q) Apa(y,q), for all x and yeR and geQ. And, pa(xy,q)=
inf pvi(xy, )z inf {pvi(x,q) A pviCy,q)}=1nf pvi(,g) A Inf pvi(y,q)=palx,4) A pa(y,q).
Therefore, ua(xy,q)>pa(X,q) Apa(y,q) , for all x and yeR and ge Q.Also, pa (XVY,q)=
inf pvi(xvy,q)=inf {pvi(x,a) Apvily, @)= 1nf pvi(,q) A inf iy, q)=pa(x,q) Apa(y.a) -
Therefore, pa(xVvy,q)>pa(x,q)Apa(y,q), for all x and yeR and qeQ. And, pa(xAy,q)
=inf pvi(xAy,q)zinf {pvixa) Apvily, d)3=inf pvi(x,q) A nf pvily,q)=pa(x,a) Aualy,
q). Therefore, pa(xAy,q)>pa(x,q)Apa(y,q), for all x and yeR and qeQ. Now,
VA(X+Y,0)=sup vvi(x+y,a)<sup {vvi(x,a) v vvi(y,q)}= Slellp wi(X,0) v sup wi(y,d)=va(X,

iel iel i iel
q)vva(y,q) . Therefore, va(x+y,q)<va(x,q)VvVva(y,q) , for all x and yeR and qeQ.
And, - va(xy,a)=sup vvi(xy,q)<sup {vvi(x,a) v vvi(y,a)}=sup vvi(x,a) v sup vvi(y,a) =
el iel

iel i iel
va(X,q) Vva(y,q). Therefore, va(xy,q)< va(X,q) Vva(y,q) , for all x and yeR and qeQ.
Also, va(xvy,q)=sup vvi(xVy,a)<sup {vvi(x,q) v vvi(y,q) }= sup wi(x,q) v sup wi(y,q)

iel iel iel iel
= va(X,q) vVva(y,q) . Therefore, va(xVvy,q)<va(X,q) vVva(y,q) , for all x and yeR and q
€Q.And,va(xAy,q)=sup vwi(xAy,a)<sup {vvi(X,a) v vvi(y,q)}= sup vvi(x,q) v sup vvi(y,

iel iel iel iel
q)=va(X,q) Vva(y,q). Therefore, va(xAy,q)< va(X,q)vVva(y.q) , for all x and yeR and q
€Q. That is, A is a Q-intuitionistic L-fuzzy €-subsemiring of a £-semiring R. Hence,
the intersection of a family of Q-intuitionistic L-fuzzy £-subsemirings of R is a Q-
intuitionistic L-fuzzy ¢-subsemiring of R.
2.3 Theorem: If A and B are any two Q-intuitionistic L-fuzzy £-subsemirings of the
¢-semirings R; and R, respectively, then AxXB is a Q-intuitionistic L-fuzzy
£-subsemiring of RyxR.
Proof: Let A and B be two Q-intuitionistic L-fuzzy ¢-subsemirings of the £-semirings
R1 and R, respectively. Let x; and X, €R3, y1 and y,€ Ry and qeQ. Then (xy,y1) and
(x2,y2) are in RixRa. Now, paxe[((X1,y1)*(X2,Y2)),a]=paxe((Xi+X2,y11Y2),0) =
Ha((X2+X2),0) A pa((Yr+y2), a)2{{na(xe,a) Apa(2,a)} A{ps(y1,0) A ua(y20)} 3=
{{ualxs, ) Aps(ys,d) A {pa(Xz,0) Ape(y2, o)} =paxe((X1,Y1),0) A paxe((X2,Y2),0).-
Therefore,  paxg[((X1,Y1)+(X2,Y2),0)]Z1axe((X1,Y1),0) A paxe((X2,Y2),0)-And,  paxs
[((x1,y1)(X2,Y2)),@)]=axe((X1X2,Y1Y2) A)=Ha(X1X2,0) A pe(Y1Y2,A)2{{ na(X1,0) A pa(X2,q)
I {pa(y1,a) A ps(y2,a) 3} ={{ra(X1,0) A ps(yn )} A {ua(X2,0) A pa(y2,0) } }=paxe((X1,Y1),
q) Apaxe((X2,Y2),0). Therefore, paxg[((X1,Y1)(X2,Y2)),d]=paxe((X1,y1),0) A paxe((X2,Y2),
q). Also, paxa[((X1,y1)V(X2,¥2)),al=paxe((X1VX2,Y1 VY2),q)=pa((X1VX2), Q) A pa((Y1V
y2),a)2{{pa(x1,a) Apalx2,0)} A{pe(y1,0) A ua(y2,a) 3 ={{ra(x1,0) A us(yra) } A {ua(x2,

) A pe(Y2,0) H=paxe((X1,Y1),0) A paxs((X2,Y2),0). Therefore, paxs[((X1,y1) Vv (X2,Y2),0)] =
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HaxB((X1,Y1),0) A paxe((X2,y2),0). And, paxa[((X1,y1)A(X2,Y2)),dl=Haxe((X1AX2,Y1AY2),
q)=pa((X1AX2), ) ALB((Y2AY2), D)Z{{1alX1,0) A pa(X2, o) FA{ e (Y1,0) A pue(Y2,d) 1=
{H{ualxs, ) Aps(ys,d) A {pa(Xz,0) Ape(y2, o)} =paxe((X1,Y1),0) A paxe((X2,Y2),0).-
Therefore,  paxa[((X1,y1) A (X2,Y2),0)]ZpAxe((X1,Y1), ) A paxe((X2,Y2),0).  NOow,  vaxg
[((X1,y1)*+(X2,Y2),a)]=vaxe((X1+X2,Y1Y2), @) =va((X1+X2),0) V ve(( Y1t Y2 ),0)< {{va(X1,0)
Vva(x2,0)}v{va(ysa) v ve(y2 )} }={{valxs,a) v ve(yrLa)}v{va(xz2a) v va(y2,a)} }=
vae((X1,Y1),d) Vvae((X2Y2),d). Therefore, vaxe[((X1,y1)+(X2,y2),d)]<vaxe[ (X1,y1) ,0)
Vvaxa((X2,y2),0)].  And,  vaxg[(X1,Y1)(X2,Y2),d]1=vaxe((X1X2, Q) (Y1Y2,d))=VA(X1X2,q) V
ve(Y1Y2, D={Va(X1,d) V va(X2,0)} vV {ve(y1,a) v ve(Y2,0)} }={{va(X1,q) V ve(y1,0)} v
{valx2,0) v ve(y2,0)}=vaxe((X1,Y1).0) vV vaxa((X2,y2),0). Therefore,  vaxs[((X1,y1)(X2,y2)),
ql<vaxe((X1,y1),0) vV vaxe((X2,y2),d). Also, vaxe[((X1,y1)V (X2,Y2),d)]=vaxe((X1 VX2, Y1V
Y2),a)=va((X1VX2),q)Vve((y1Vy2), D)={{va(X1,a) v va(X2,a)} v {ve(y1,d) v ve(y2, )} }=
{{va(x1,9) vve(y1,a)} v{va(x2,0) vV va(y2 a)}}=vaxe((X1,Y1),0) V vaxs((X2,Y2),0)-
Therefore, vaxg[((X1,y1) v (X2,¥2),0)]<vaxs[(X1,Y1),0) V vaxe((X2,Y2),0)]. And, vaxs [((X1,
Y1) A(X2,Y2),0)]=vaxe((X1A X2, Y14 Y2),8)=Va((X1AX2),0) V vB((Y11 Y2) ) <{{va(X1,0) V
VA(X2,d)}V {ve(y1,d) Vv ve(y2, d) 1 ={{va(x1,0) V ve(y1,0)} V{va(X2,0) vV ve(y2,d)}} =
vaxs((X1,Y1),0) V vaxe((X2,Y2),q). Therefore, vaxa[((X1,y1) A (X2,Y2),0)] < vaxs[ (X1, Y1),0)

vvaxe ((X2,¥2),0)]. Hence AxB is a Q-intuitionistic L-fuzzy (-subsemiring of (-
semiring of RyxR,.

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

Proof: Suppose that A is a Q-intuitionistic L-fuzzy ¢-subsemiring of a £-semiring R.
Then for any x=(xi,Xz) and y=(yi,y2) are in RXR and q € Q . We have,

rv((X+y),0)=pv[((X2,X2)+(Y1,Y2)), DI=Rv((Xitys, X2+Y2),a)=pa((X2 Y1), a) A pa((X2ty2) |
A)2{{ra(X1,0) A palyr, d)FA{pa(2,0) A paly2, A3 ={{ralXs,a) Apa®e,a)} A{ualyLa)
Apa(Y2,0) 33 =rv((X2,X2),0) A puv((Y1,Y2), d)=pv(X,0) Apv(y,d). Therefore, uv((x+y),q) =
(X, Apv(y,q), for all x and y in RxR and qeQ. And, pv(xXy,q) =
v [((X2,X2) (Y1, Y2), ) ]=pv((Xey1,X2Y2), a)=pa(X1y1,0) A pa(X2y2, ) 2{{pa(X1,0) A pa(y1,0)
I {pax2,0) Apa(y2, )3 ={{ralXz,a) A paxe,d)FA{ua(Ys, o) A palyz,a) 3 ={rv((X1,X2),
) A pv((ysY2), )3 ={uv(x,a) A pv(y,a)}- Therefore, puv(xy,a)=pv(X,d) Apv(y,q), for all x
and y in RxR and q € Q. Also, pv((xvy),a)=pv[((X1,X2) v (Y1,y2)),a)]=pv((X1 V Y1,
X2V Y2),0)=pa((X1V Y1),0) A pa((X2V Y2), 0)2{{1a(X1,0) A palyn,a) } A {ua(X2,0) A pa(y2,0)
3 ={palxa) Apal2)} A{palyna) Apaly2o)}t=pv((XeX2),0) Apv((yny2).q) =
rv(X,d) A pv(y,q). Therefore, py((xvy),a) = pv(x,0) Apv(y,q), forall x and y in RxR
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and  qeQ. And,  pv((XAY),@)=pv((X1,X2) A (Y1,Y2)), D) ]=pv((X1 AY1,X2 A Y2),0)=
Ha((X2A Y1), 0) A pa((X2AY2), A)2{{ra(Xs, ) A palyn, D) I A{ual%2,0) A paly2,a) }={{ra(x:
@) A pa(X2,0) A {palys,d) A pa(y2, 83 =pv((X1,X2),0) A pv((Y1,Y2),0) =pv(X,d) Apv(y,a).
Therefore, uv((XAY),q)=pv(X,q) A pv(y,q), for all x and y in RXR and q € Q. We have,
V((X+Y),0)=v((X1,X2)+(Y1,Y2), ) J=vw((Xi+y1,Xo+y2),d)=va((X1+y1),d) V va((X2+Y2).0 )
J<{Hva(Xu,@) Vva(yn @)} v{va(x2,0) Vva(yz, )} ={{va(Xw,a) vV valX2, )} vV {valyrLa) v
VA(Y2,0)}={vv((X1,%2),0) V vwA(Y1,Y2), @) }=vv(X,0) V vw(y,q). Therefore, vv((x+y),q) <
w (X,q)vw(y,q) , for all x and y in RxR and qeQ. And, vv(xy,q)=vv [((X1,X2)(Y1,
Y2), ) ]=vv((X1Y1,X2Y2),0)=va(X1y1,0) V va(XaY2, D= { {Va(X1,0) V Va(Y1,0) } V{Va(X2,0),
VA(Y2,d) 3 ={{valxs,a) v va(X2,0)} V{Va(Y1,d ) V Va(Y2,a) }}=vv((X1,X2),0) V vW((Y1, ¥2),0)
= vy (X,q)Vvy (v,9) . Therefore, vv(xy,q)<vv(X,q)Vvv(y,q) , for all x and y in RxR
and  qeQ. Also,  vw((XVy),d)=v[((X1X2) v (YrY2).D]=vv((X1 VY1 X2VY2),0) =
VA((X1 VY1), a) vV va((X2VY2), @)} <{{va(X1,a) V Va(Y1, Q)3 V{Va(X2,0) V Va(Y2,0) }}=
{valx,a) vva(x2,a)}v{valyna) v valyz D)} }={vv((X1%2),d) v vv((y1,y2), a)} =vv(X,0)
vwy(y,q). Therefore, ww((xVvYy),q) <vw(X,q) vV w(y,q) ,for all x and y in RxR and qe Q.
And, ((XAY),a)=vw((X1,X2) A (Y1,Y2), D) ]=vv((X1 A Y1, X2 AY2),0)=VAa((X1AY1),0) V
VA((X2AY2),) < {H{va(X1,a) Vva(YnLd)}V {va(X2,q) vV va(y2,a)}}= {{va(x1,q) Vva(x2,q)}
V{VAlYLa) v va(y2 )} ={vv((X1,X2),a) v vw((YrY2), )} =vu(X,0) Vvv(y,q). Therefore,

w ((XAY),q) < v (X,0) Vv (y.q) , forall xand y in RXR and g € Q. This proves that
V is a Q-intuitionistic L-fuzzy £-subsemiring of RxR.

Conversely assume that V is a Q-intuitionistic L-fuzzy €-subsemiring of RxR, then
for any x=(x;,X2) and y=(y1,y2) are in RxR and qeQ , we have

HA((X1+Y1),0) A pa((X2+Y2),d)=pv((Xa+Y1,X2+Y2),d)=pv[((X1,%2),0)+((Y1,Y2),a)]=

rv((X+Y),0)= pv(X,a) A pv(y,@) = pvl((Xa,X2) DARV((Y1,Y2),8) ={{ralX1,) A palx2,0)} A
{ua(yn,a), pa(y2,a)3} If pa((Xat y1),0)<pa((X2+y2),0), pa(X1,d) < pa(X2,d), pa(ys,q) <
ua(y2,q), we get, pua((X1+y1),q) > pa(X1,9) Apalys,q), for all x;and y; in R and g in Q.

And, pa(X1y1),a) Apa(X2y2),0)}=pv((Xay,X2y2),a)=pv[((X1,X2) (Y1, Y2),a)]=pv(X y,q) >

HvGA) A (Y, A)= By ((X2,%2),0) A (Y1, Y2), ) F={{ra(X1,0) Apa(x2,@)}A {palynq) A
na(Y2,0)}} 1 pa(Xayn,a)spa(Xzy2,d), pal(Xnd<pa(X2,d), na(ynd )<ua(y2,q), we get
ua(X1y1,q)>pa(X1,9) Apa(ys,q) , for all x;and y; in R and g € Q. Also, pa((X1Vy1),q)

Apa((X2VY2),Q)=pv((X1VY1,X2 v Y2),0)=pv[((X1,X2),a) V ((Y1,Y2), o) ]=pv((X V), 0)=
v(X,a) A pv (Y, @) =pv((X1,X2),8) A v ((Y1,Y2), ) ={{a(X1,0) A pa(X2,0) } A {pa(y,a),
Ha(Y2,0)3} 1f pa((X2v y1),0)<pa((X2VY2),q), pa(X1,d) < pa(X2,d), pa(y1,a) < pa(y2,a),
we get, pa((X1Vvyr),q)>ua(X1,q)Aualys,q), for all x; and y; in R and geQ. And,
HA((X2A Y1), 0) A pa((X2AY2), Q)=pv((Xa A YL X2 A Y2),0)= v [((X2,X2),d) A ((Y1,Y2),0)]=

183



Turkish Journal of Computer and Mathematics Education Vol.14 No.01 (2023),177-189
R esearch Article

uv((XAY), @)z v (X,0) A v (Y, a)=pv((X1,X2),0) A (Y1, Y2), ) ={{ra(X1,0) Apa(x2, @)} - A
{nalyn),ualy2,0)3} If pa((XeA y1),0)<pa((x2AY2),0), pa(X1,0) < pa(X2,0), pa(ysd)<
Ha(y20), we get, pa((X1Ay1),0)=pa(X1,0)Apa(ys,0), for all x;and y; in Rand g € Q.
We have va((X1ty1),d)V va((X2tY2),d)=vv((X1+Y1,X2+Y2),d) =vv[((X1,x2)+ (Y1,Y2),0)] =
VW(XHY,Q)=vv(X,d) VY vw (Y, B)=vv((X1,X2),0) V vw((Y1,Y2), ) ={{va(X1,0) vV va(x2,0)} v {

VAYLA) VVA(Y2,0)}}. If va(Xi+yn,d)>Va(Xa+Y2,0), VA(X1,0)>VA(X2,0), VA(YLD)=VA(Y2,9 ),
we get, va(X1ty1,q)<va(X1,q) Vva(y1,q) , for all x; and y; in R and g € Q. And,
VA(X1Y1,0) VVA(X2Y2,0)=vv((X1y1,X2Y2), d)=vw((X1,X2),(Y1,Y2)).@)] = vv(Xy,@)<vv(X,0)

Vv(Y,)=vw((X1,X2),0) vV vw((Y1,Y2),a)={{va(x1,d) Vva(X2,a)} V{va(y1, ),va(y2a)}}.
If va(X1y1,0)=va(X2y2,0),va(X1,0)>Va(X2,0),va(Y1,d)>Va(Y2,0), we get va(Xiy1,Q) <
va(X1,q)vVva(y1,q) , for all x; and y; in R and qeQ. Also, va((x1vyi),q) Vv
VA((X2VY2),d)=vv((X1 VY1,X2V ¥2),d)=vv[((X1,X2) V (Y1,Y2),D]=Vv(X VY, 0)<vv(X,q) v
(Y, @)=vw((X1,X2),dV Vv ((Y1,Y2), D) ={{va(X1,Q) Vva(X2, )} V{va(yn.a) Vva(y2,a)}}. If
VA(X1VY1,0)>Va(X2VY2,0),Va(X1,0)=VA(X2,0),va(YLd)>VA(Y2,0), We get, va(X1VYy1,q) <
va(X1,q)Vva(y1,9) , for all x; and y;€R and geQ. And, va((X1AY1),q) vV va((X2AY2),q)
=vv((X1AY1,X2AY2),0)=vv[((X1,%2) A (Y1,Y2), ) ]=vw(X A Y, Q) <vv(X,0) V (Y, 8) = Vv (X1,
X2),d) V Vv ((Y1,Y2),D)={{va(X1,Q) vV va(X2,)} V{va(yna) Vva(y2a)}}. If va(xiAynq) >
VA(X2AY2,0),va(X1,0)>VA(X2,0), VA(YLD)=VA(Y2,0),  we get, va(XiAynLQ)<va(Xi,Q)V
va(y1,q) , forall x;and y; in R and g € Q. Therefore A is a Q-intuitionistic L-fuzzy -
subsemiring of R.

2.5 Theorem: If A is a Q-intuitionistic L-fuzzy ¢-subsemiring of a ¢-semiring R, then

H={x/xeR: ua(x,q)=1,va(x,q)= 0} is either empty or is a £-subsemiring of R.
Proof: If no element satisfies this condition, then H is empty. If x and yeH and ge Q,

then pa(x+y,a)=pa(X,q)Apa(y,q)=1A1=1. Therefore, pa(x+y,q)=1. And pa(xy,q) =
na(x,Q)Apa(y,q)=141=1. Therefore, pa(xy,q)=1. Also, pa(xVvy,q)zpa(x,q)Apa(y.q)
=1A1=1. Therefore, pa(xVvy,q)=1. And, pa(XAy,q)=pa(X,q)Apa(y,q)=1A1=1.
Therefore, upa(XAy,q)=1.Now, va(X+y,q)<va(X,q)Vva(y,q)=0v0=0. Therefore,
va(X+y,q)=0. And va(Xy,q)<va(X,q) Vva(y,q)=0v 0= 0. Therefore, va(xy,q)=0. Also,
va(XAY,Q)<va(X,q) Vva(y,q)=0v0=0. Therefore, va(XAy,q)=0. And, va(xAy,qQ)<

va(X,q) Vva(y,q) =0v0=0. Therefore, va(xAy,q)=0.We get x+y, Xy, XVy , XAy in H.
Therefore, H is a £-subsemiring of R. Hence H is either empty or is a £-subsemiring
of R.

2.6 Theorem: If A is a Q-intuitionistic L-fuzzy ¢-subsemiring of a ¢-semiring R, then
[1A s a Q-intuitionistic L-fuzzy £-subsemiring of R.

Proof: Let A be a Q-intuitionistic L-fuzzy ¢-subsemiring of a £-semiring R. Consider
A={((x,q),ua(x,q),va(x,q))}, for all x in R and q € Q, we take [JA=B={{(x,q),

“B(X’q)’VB(X’q»}’ Where HB(X’q):uA(X’q)aVB(X!q):]-_MA(X’q)' Clearly’ HB(X+y1
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q)>ue(x,q) Aps(y,q), for all x and yeR and qeQ and pg(xy,q)>ps(X.q) A
ug(y,q), for all x and yeR and qeQ. Also, ug(XVvy,q)>us(X,q) Aus(y,q), for all

x and yeR and qeQ and pg(xAy,q)>us(x,q) Aus(y,q), for all x and yeR and q
€Q. Since A is an Q-intuitionistic L-fuzzy (-subsemiring of R, we have

ua(X+Y,Q)=pa(x,0) Apa(y,q), for all x and yeR and geQ, which implies that 1
ve(xy,@)={(1-ve(x,a)) A (1-ve(y,a))}, which implies that vg(x+y)<1—{(1- va(X,
q)) A (1-ve(y,a))}=ve(x,d) v ve(y.q). Therefore, vg(x+y,q)<ve(x,q)Vvvs(y,q ), for
all x and yeR and qeQ. And pa(Xy,q)>pa(X,q)Apa(y,q) , for all x and yeR
and qeQ, which implies that  1-vg(xy,q)>{(1-vs(X,q))A(1-vs(Yy,q))} which
implies  that  vg(Xy,@)<I{(1-vs(x,q)) A (1-ve(y,a))}=vs(X,Q) v v&(Y.q)-
Therefore, vg(Xy,q)<vs(X,q)Vvvg(y,q), for all x and yeR and qeQ. Also,
ua(XVvy,q)>pa(x,q) Aualy,q), for all x and yeR and qeQ, which implies that 1—
ve(XVy,0)={(1-vg(x,)) A (1-ve(y.a))}, which implies that vg(xvy)< 1-{(1-
ve(X,a)) A (1-ve(y.q))}=ve(X,a) v ve(y.q) . Therefore, vg(Xvy,q)<ve(X,q)V va(y,
q) , for all x and yeR and qeQ. And, pa(XAY,q) >pa(X,q9) Apa(y,q), for all x
and yeR and qeQ, which implies that 1-vg(XAy,q)>{(1-vs(X,q)) A (1-vs(Y,q))

}, which implies that vg(xAy)<1—{(1-ve(x,q)) A (1-ve(y,a))}=ve(X,a) vV ve(y,q).
Therefore, vg(XAY,q)< ve(X,q)Vve(y,q) , for all xand y € R and g € Q. Hence
B = 1A is an Q-intuitionistic L-fuzzy ¢-subsemiring of a ¢-semiring R.

2.7 Theorem: If A is a Q-intuitionistic L-fuzzy €-subsemiring of a £-semiring R, then
QA is a Q-intuitionistic L-fuzzy ¢-subsemiring of R.

Proof: Let A be a Q-intuitionistic L-fuzzy €-subsemiring of a £-semiring R. That is
A={((x,).ua(x,0),va(x,a)}, for all xeR and qeQ. Let 0A=B={((x,q)us(x,q),
ve(x,a)}, where ps(x,q)=1-va(x,0), ve(x,a)=va(x,q). Clearly ve(x+y,g)< va(x) Vv
ve(y), forall x and ye R and vg(xy,q)<vs(x,q)Vvs(y,q), for all xand y € R and qeQ.
Since A is a Q-intuitionistic L-fuzzy (-subsemiring of R, we have va(x+y,q) <

va(x,q)vva(y,q), for all x and yeR and qeQ, which implies that 1-pg(x+y,q)<{(1-
pe(x,0))V(1-ps(y,q))}.which implies that us(x+y,q)=1—-{(1-ps(x,q)) v (1-us(y,q))}
= ug(X,q)A ps(y,q). Therefore, pus(X+y,q)>us(X,q) Aus(y,q), forall xandy € Rand g
e Q. And va(xy,q) < va(x,q)vva(y,q), for all x andy € R and q € Q, which implies
that  1-pg(xy,q)<{(1-pe(x,q))v(1-ps(y,a)), which implies that ps(xy,q)>1—{(1-
ne(x,)) v (1-ps(y,a))} =ps(x,a) Aus(y,q) . Therefore, pa(xy,q)>ps(x,q) A ps(y.q), for
all x and yeR and qeQ. Also, va(xVy,q)<va(x,q)vVva(y,q), for all x and yeR and qe
Q, which implies that 1-ug(XVy,q)<{(1-us(X,q))Vv(1-us(y,q))} which implies that
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us(X VY, q)=1-{(1-ps(x,9)) v (1-us(y,q)) }=rs(X,q) Aus(y,q). Therefore, us(xvy, q) =
us(X,q) Aus(y,q), for all x and yeR and qeQ. And va(XAy,q)<va(x,q)Vva(y,q), for
all x and yeR and qeQ, which implies that 1-pg(XAy,q)<{(1-us(x,q))V (1—us(y,
d))}, which implies that pg(XAY,q)=1-{(1-ps(x,q)) v (1-pa(y,d))}=pe(X.q) A pe(y.d).

Therefore, us(XAY,q)>us(X,q)Aus(y,q), for all x and yeR and qeQ. Hence B = 0A is

an Q-intuitionistic L-fuzzy £-subsemiring of a £-semiring R. Hence B = 0A is a Q-
intuitionistic L-fuzzy €-subsemiring of a ¢-semiring R.

2.8 Theorem: 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°f is a Q-intuitionistic
L-fuzzy €-subsemiring of R.

Proof: Let xand y in R and q € Q, A be a Q-intuitionistic L-fuzzy ¢-subsemiring of a

t-semiring H. Then we have, (pacD(X+y,q)=pa(f(x+y),q)=pa(f(x,a)+f(y,q))=
ra(fO6a)) A pa(f(y,a)z(pacH)(X,a) A(nact)(y,q), which implies that (uaf )(x+y,q)=
(racD(X,a) A (pach)(Y,d). And (pacH)(XY,d)=pa(f(xy,d))=pa(fx,a)f(y.d)=zpa(f(x,q)) A
ua(f(y,a)) = (racD(X,0) A (pacf)(y,q), which implies that (nacD)(Xy,q)= (nacD(X,q) A
(LacD(y.q).  Also, (pacD(XVY.Q)=pa(f(xvy),a)=pa(fx,q)vVi(y.a)= pa(f(x,q)) A
ra(f(y,a)=(pacD(x,0) A (nach)(y,q), which implies that (pacf )(xVy, )= (naf)(x,0) A
(acD(y,).  And,  (nacDXAY,AQ)=pa(fXAY),a)=pa(fX,a)AT(Y,0)=  pa(f(x,a)) A
ra(f(Y, ))=(nacD(x,0) A (nacD(y,q), which implies that (pacf )(XAY,a)= (nacD(X,q) A
(nacD)(y,q). Then we have, (vaeD(x+y,d)=va(f(x+y,q))=va(f(x,a)+f(y,d)=va(f(x,q))
VVa(f(y,a)=(vacD(X,Q) v (vacf)(y,d), Which implies that (va°H)(X+y,q)<(vaD)(x,d) V
(vac)(y,@). And, (vaeH)(Xy,q)=va(f(xy,q))=va(f(x,a)f(y.0))=va(f(x,q)) vva(f(y.q)) <
(vaeD(x,0) Vv (vacf)(y,q) , which implies that (va°f )(Xy,d)=(va°f)(X,d) Vv (va°f)(y,q).
Also,  (vach)(XVY,a)=va(f(xvy,d))=va(f(x,a) v E(y,D)<va(f(x,a)) v va(f(y,a))<(vat)
(x,9) v (va°f)(y,q), which implies that (vacf)(xvy,q)<(va°H)(x,q) Vv (va°f )(y,q). And,
(vaeD(XAY,a)=va(f(xAy,a))=va(f(x,q) Af(y,a))<va(f(x,d)) Vva(f(y,9)<(va-D) (x,0) v

(vach)(y,q), which implies that (vacH)(xAY,q) < (va°h)(X,q) Vv (vacf )(y,q). Therefore
(A°f) is a Q-intuitionistic L-fuzzy €-subsemiring of a £-semiring R.

2.9 Theorem: Let A be a Q-intuitionistic L-fuzzy €-subsemiring of a £-semiring
R, then the pseudo Q-intuitionistic L-fuzzy coset (aA)” is a Q-intuitionistic L-fuzzy ¢-
subsemiring of a £-semiring R, for every ain R.

Proof: Let A be a Q-intuitionistic L-fuzzy £-subsemiring of a £-semiring R. For every

x and yeR and qeQ, we have, ((apa)")(x+y,q)=p(@)ua(x+y,0)=p(@){(ua(x.a) A a(Y.q
)}=p(@)na(x,0) Ap(a)naly.q)=((aua)’)(x.a) A ((apa))(y.0)-Therefore, ((aua)®) (x+y.q)
>((apa)’) (%A A ((@na)’)(y.0). Now, ((@ua)’)(xy,a)=p(a)ua(xy.a)=p(@) {ua(x,a) A pa(y,
N)}=p@)ua(x.0) Ap(@)ualy.a)=((ana)’)(x.a) A ((apa)")(y.q). Therefore, ((aua)®) (xy.q) 2
(ara)(x.a) A ((apa)")(y,a).  Also,  ((aua)’)(XVvy,aq)=p(a)ua(XVY,0)=p(a){(a(x,a) A
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a(Y,0)}=p@)ua(x,a) Ap(@)ualy,q)=((ana)’)(x,a) A ((apa)’)(y,q). Therefore, ((apa)®)
(XVvy,9)>((apa)®)(x,0)A((apa)”)(y,g). For every x and yeR and gqeQ, we have,
((ava)’) (x+Y,Q)=p(@)va(x+y,)=<p(a) {(va(X,q) V va(Y,2) }=p(@)va(X,Q) VP(@)Va(y,.q) =
((ava)’)(x,0) v ((ava)’)(y.q). Therefore, ((ava)’)(x+y,q)=((ava)® )(x,Q)V((ava)’)(y,q).
Now, ((ava)’)(xy,q)=p(a)va(xy,a)<p(a){va(x,q) Vv va(y,0)}=p(@va(x,q)v p(a) va(y.q)
=((ava)’)(x,9) v ((ava))(y.q). Therefore, ((ava)’)(xy,@)=((ava)’)(x,Q)V ((ava)’)(y.q)-
Also, ((ava)’)(xvy,q)=p@)va(xvy,q)<p(a) {(va(x,q) v va(y,q) }=p(@)va(x,a) vp(a)
va(y,Q)=(@va)’)(x,q) v ((ava)’)(y,q). Therefore,  ((ava)’)(XVy,0)=((ava)’)(x,q)Vv
(@va))(y,a). And, ((ava)’)(xAy,q)=p(@)va(xAy,q)<p(a) {(va(x,q) v va(y,a)}=p(a)
va(X,Q)vVp(@)va(y,q)=((ava)’)(x,a)v((ava)’)(y,q). Therefore,  ((ava)’)(xAy,q) <

((ava)®)(x,g) Vv ((ava)")(y,q). Hence (aA)® is a Q-intuitionistic L-fuzzy ¢-subsemiring
of a ¢-semiring R.

REFERENCES

1. Abou Zaid. S, On fuzzy subnear rings and ideals, fuzzy sets and systems,
44(1991),139-146.

187



10.
11.

12.
13.
14,
15.
16.
17.
18.
19.
20.

21.

22.

23.

Turkish Journal of Computer and Mathematics Education Vol.14 No.01 (2023),177-189
R esearch Article

Akram.M and Dar.K.H, On fuzzy d-algebras, Punjab university journal of
mathematics, 37(2005), 61-76.

Akram.M and Dar.K.H, Fuzzy left h-ideals in hemirings with respect to a s-norm,
International Journal of Computational and Applied Mathematics, Volume 2 Number
1 (2007), pp. 7-14

Asok Kumer Ray, On product of fuzzy subgroups, fuzzy sets and systems, 105, 181-
183 (1999).

Atanassov.K.T., Intuitionistic fuzzy sets, fuzzy sets and systems, 20(1), 87-96 (1986).
Atanassov.K.T., Intuitionistic fuzzy sets theory and applications, Physica-Verlag, A
Springer-Verlag company, April 1999, Bulgaria.

Banerjee.B and D.K.Basnet, Intuitionistic fuzzy subrings and ideals, J.Fuzzy Math.11,
no.1, 139-155 (2003).

Birkhoff, G., and Pierce, R.S., Lattice ordered rings , Annals. Acad. Bras., 28 (1956),
41-69.

Birkhoff, G., Lattice theory , American Mathematical Society, colloquium
Publications, Providence, No. XXV, Third edition, (1979).

Chakrabarty, K., Biswas, R., Nanda, A note on union and intersection of Intuitionistic
fuzzy sets , Notes on Intuitionistic Fuzzy Sets, 3(4), (1997).

Choudhury.F.P. and Chakraborty.A.B. and Khare.S.S. , A note on fuzzy subgroups
and fuzzy homomorphism, Journal of mathematical analysis and applications,
131,537 -553 (1988).

Davvaz.B and Wieslaw.A.Dudek, Fuzzy n-ary groups as a generalization of rosenfeld
fuzzy groups, ARXIV-0710.3884V1 (MATH.RA) 20 OCT 2007, 1-16.

De, K., Biswas, R, Roy, A.R, On intuitionistic fuzzy sets, Notes on Intuitionistic
Fuzzy Sets, 3(4), (1997).

De, K., Biswas, R, Roy, A.R, On intuitionistic fuzzy sets, Notes on Intuitionistic
Fuzzy Sets, 4(2), (1998).

Dixit.V.N., Rajesh Kumar, Naseem Ajmal., Level subgroups and union of fuzzy
subgroups, Fuzzy sets and systems, 37, 359-371 (1990).

Hur.K, Kang.H.W and H.K.Song, Intuitionistic fuzzy subgroups and subrings, Honam
Math. J. 25 no.1,19-41 (2003).

Kim.K.H., On intuitionistic Q-fuzzy semi prime ideals in semi groups, Advances in
fuzzy mathematics,1(1),15-21 (2006).

Palaniappan.N & Arjunan.K, Operation on fuzzy and anti fuzzy ideals, Antartica J.
Math., 4(1) (2007), 59-64.

Rajesh Kumar, Fuzzy Algebra, Volume 1, University of Delhi Publication Division,
July -1993.

Ranga Rao, P., Lattice ordered semirings , Mathematics seminar notes, kobe
university, Vol. 9, No. 1 (1981), 119-149.

R.Arokiaraj, V.Saravanan, and J.Jon Arockiaraj, A Study on Lower Q-Level Subsets
of ¢-Subsemiring of an (Q, L)-Fuzzy ¢-Subsemiring of a ¢-Semiring , Malaya J. Mat.
9 (01) (2021), 1100-1104.

R.Arokiaraj, V.Saravanan, and J.Jon Arockiaraj, A Study on (Q,L)- Fuzzy Normal
(-Subsemiring of a (-Semiring under Homomorphism and Anti-Homomorphism,
American Journal of Mathematical and Computer Modelling , 2021,6(3), 50-54.
Sampathu.S, Anita Shanthi 'S, and Praveen Prakash.A, A Study on (Q,L)-fuzzy
Subsemiring of a Semiring, General. Math. Notes, VVol.28, No.2, 55-63(2015).

188



24,
25.

26.
217.
28.
29.
30.
31.

Turkish Journal of Computer and Mathematics Education Vol.14 No.01 (2023),177-189
R esearch Article

Satya Saibaba, G.S.V., Fuzzy lattice ordered groups, Southeast Asian Bulletin of
Mathematics, Vol. 32, issue 4, (2008), 749-766.

Sivaramakrishna das.P, Fuzzy groups and level subgroups, Journal of mathematical
analysis and applications, 84, 264-269 (1981).

Solairaju.A and Nagarajan.R, A New Structure and Construction of Q-Fuzzy
Groups, Advances in fuzzy mathematics, Volume 4, Number 1 (2009), 23-29.

Solairaju.A and Nagarajan.R, Q-fuzzy left R-subgroups of near rings w.r.t T-norms,
Antarctica journal of mathematics, Volume 5 (2008),1-2.

Swamy, K.L.N., Dually residuated lattice ordered semigroups , Mathematische
Annalen,Vol.159, No.2 (1965), 105-114.

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

Vasantha kandasamy.W.B, Smarandache fuzzy algebra, American research press,
Rehoboth -2003.

Zadeh.L.A. Fuzzy sets, Information and control, VVol.8, 338-353 (1965).

189



