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ABSTRACT. In this paper, we have introduced the notion of direct
product of intuitionistic fuzzy bi-ideals and direct product of intuitionistic
fuzzy P-systems of LA-semigroups and discussed some of their fundamental
properties. We have also proved that the IFS A X B = (uaxB,Aaxp) is
an IF bi-ideal of an LA-semigroup S; x Sz if and only if the upper and
lower level sets are bi-ideals of S1 x S2. Moreovere, we have proved that
if A= (pa,\a) and B = (up, Ap) are IF P-systems of LA-semigroups S
and Ss respectively, then A x B is an IF P-system of an LA-semigroup
S1 X Sz.
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1. INTRODUCTION

L. A. Zadeh initiated the concept of fuzzy set in his pioneer paper (see [14]) and
since then this concept has been applied to various algebraic structures, which pro-
vides a natural framework for generalizing some basic notions of algebra e.g. set
theory, group theory, ring theory, groupoids, real analysis, measure theory, topol-
ogy, and differential equations etc. The idea of ”Intuitionistic fuzzy set” was first
introduced by K.T. Atanassov (see [4, 5]) as generalization of the notion of fuzzy set.
Kazim and Naseerudin introduced the concept of LA-semigroup in their definitive
paper (see [7]). Let S be a non empty set. Then (S, *) is called an LA-semigroup, if
S is closed and satisfies the identity (x*y)*z = (z*xy)*x for all z,y, z € S, which is
called left invertive law. Later, Q. Mushtaq and others have investigated the struc-
ture further and added many useful results to the theory of LA-semigroups (see [11]).
It is a useful non associative algebraic structure, midway between a groupoids and a
commutative semigroup. The direct product of LA-semigroups was first introduced
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by Q. Mushtaq and M. Khan (see [10]). In the following manner: If S; and So are
LA-semigroups, then S x S = {(s1, s2) : s1 € S1 and s3 € Sy} is an LA-semigroup
under point-wise multiplication of order pairs. Q. Mushtaq and M. Khan defined
the direct product of left (resp, right) ideals, prime ideals, maximal ideals and in-
vestigate the properties of such ideals. In 1983, A. K. Ray introduced the concept
of product of fuzzy subgroups in his paper [12]. Recently, in [1], H. Aktas and N.
Cagman introduced the concept of generalized product of fuzzy subgroups and some
fundamental properties. Recently, M. Khan et al. introduced the concept of fuzzy
ideals and anti fuzzy ideals of LA-semigroups in his papers [3, 9]. In [2], M. Aslam,
S. Abdullah and T. Khan introduced the concept of generalized direct product of
fuzzy ideals in LA-semigroup. In [3], M. Aslam, S. Abdullah and N. Tabbasum used
the idea of direct(Cartesian) product of intuitionistic fuzzy set in LA-semigroup and
obtained some usful results.

In this paper, we introduce the concept of direct product of intuitionistic fuzzy
bi-ideals and direct product of intuitionistic fuzzy P-systems of an LA-semigroup
S1x S5, and some related properties are investigated. We have also proved if Ax B =
(axB,YaxB) is an IFS of an LA-semigroup S; X S, then A X B = (uaxp,7axB) I8
an IF bi-ideal of S; x S5 if and only if the upper and lower level sets are bi-ideals of
S7 x S. Moreover, we also prove that if A = (ua,\a) and B = (up,vp) are IF P-
systems of LA-semigroups S7 and S5 respectively, then A x B is an IF P-system of
an LA-semigroup S x Ss.

2. PRELIMINARIES

In this part we introduce some concepts and results that are needed in the sequel.

Let S be non-empty set. Then (5, *) is called an LA-semigroup if z xy € S and
(xxy)*z = (zxy)*x for all z,y,z € S. A non-empty subset U of an LA-semigroup
S is said to be a subLA-semigroup if UU C U, where UU = {uy * ug : uj,us € U}.
A left (right) ideal U of an LA-semigroup S is a non-empty subset I of S such that
SICI(ISCI). IfIisboth left and right ideal of an LA-semigroup S, then we say
that [ is an ideal of S. A non-empty subset B of an LLA-semigroup S is called bi-ideal
of S'if BB C B and (BS)B C B. A non-empty subset M of an LA-semigroup S is
called M-system if for all a,b € M and x € S such that (ax) b € M and a non-empty
P of S is called P-system of S if for all a € M and z € S such that (az)a € M.

Definition 2.1 ([10]). Let Is, and Ig, be subsets of LA-semigroups S; and So
respectively. The direct product Is, X Ig, is called left (resp. right) ideal of LA-
semigroup S1 X Sy if

(Sl X 52)(151 X 152) - (ISIX 15'2) (resp. (ISIX ISz)(S]. X 52) - (ISIX ISQ))‘
Lemma 2.2 ([10]). If Is, and Is, are ideals of LA-semigroups Sy and Ss, respec-
tively, then Is, x Ig, is an ideal of LA-semigroup S1 X Ss.

Lemma 2.3 ([10]). If Is, x Ig, and Jg, x Jg, are ideals of LA-semigroups Sy x Sa,
respectively, then (Is, X Is,) N (Jg, x Js,) is an ideal.

Definition 2.4 ([8]). A fuzzy subset f of LA-semigroup is called fuzzy subLA-
semigroup of LA-semigroup S if for all z,y € S, f(xy) > max{f(z), f(y)}
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Definition 2.5 ([3]). A fuzzy subset f of LA-semigroup S is called fuzzy a left
(resp. right) ideal of LA-semigroup S if f(zy) > f(y) (vesp. f(zy) > f(z) for all
x,y € S) and a fuzzy subset f is called a fuzzy ideal of an LA-semigroup S if it is
both fuzzy left and fuzzy right ideal of S.

Definition 2.6 ([12]). Let f : S; — [0,1] and g : S2 — [0,1] be two fuzzy
subsets of LA-semigroups S7 and Ss respectively. Then the product of fuzzy subsets
is denoted by f x g and defined as f x g : S1 x So — [0, 1], where (f X g) (s1,82) =
min{ f(s1),g(s2)}-

Definition 2.7 ([1, 5]). Let X be a nonempty fixed set. An intuitionistic fuzzy set
(briefly, IFS) A is an object having the form

A= {{z,pa(x),ya(2)) s v € X}

where the functions pa : X — [0,1] and v4 : X — [0, 1] denote the degree of
membership (namely pa(x)) and the degree of nonmembership (namely v4(z)) of
each element z € X to the set A respectively and 0 < pu(x) + ya(z) < 1 for all
x € S. For the sake of simplicity, we use the symbol A = (ua,v4) for the IFS

A={{z,pa(@),7a()) : 2 € X}.

Definition 2.8 ([5]). If A= (ua,va) and B = (up,vp) are two IFSs of the set X,
then
ACBift Ve e X, pa(z) < pp(z) and va(z) > vp(z),
A=Biff Vo € X, pa(z) = pp(x) and va(z) = v5(z),
0A = {I, :U‘A(‘T)7 1- :U‘A(‘T”x € X}7
CA= {:L'a 1- ’YA(I')a PYA(I')L(” € X}

Definition 2.9 ([6]). Let A = (ua,v4) and B = {(up,vp) be intuitionistic fuzzy
sets of non-empty sets X; and Xy respectively. The direct product of intuition-
istic fuzzy sets denoted by A x B = (uaxp,vaxp) and defined as paxp(z,y) =
min{pa(z), pp(y)} and vaxp(z,y) = max{pa(z), pp(y)} for all (z,y) € S1 x Ss.

Definition 2.10 ([3]). Let A = (ua,va) and B = (up,vs) be intuitionistic fuzzy
set of LA-semigroups S; and Sy respectively. The direct product of intuitionistic
fuzzy set A x B = (uaxp,vaxp) is called an intuitionistic fuzzy subLA-semigroup
of LA-semigroup S7 x Sy If

min{uaxs((z1,91), paxs(T2,Y2)}
maX{'YAxB((xlayl)a'YAxB(-'L'Qa yz)}

MAxB(($1,Z/1)($2,Z/2))
and yaxs((z1,1), (x2,92))
for all (.Tl,yl), (Ig,yz) S Sl X Sg.

2
<

Definition 2.11 ([3]). Let A = (ua,va) and B = (up,vyp) be intuitionistic fuzzy
sets of LA-semigroups S; and Ss respectively. The direct product of intuitionistic
fuzzy set A X B = (uaxp,Yaxp) is called an intuitionistic fuzzy right (resp. left)
ideal of an LA-semigroup S; x Sy if

paxs((x1,y1)(x2,y2)) > paxs((T1,y1)
(vesp. praxp((T1,91)(22,92)) > paxp(r2,Y2)
YaxB((x1,91), (22, 92)) < vaxs(®1,91)
(resp. vaxB((®1,y1)(22,y2)) < Yaxp(z2,92)
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for all (z1,y1), (x2,y2) € S1 X Sa.

AX B = {(1axB,Yaxp) is called an intuitionistic fuzzy ideal of an LA-semigroup
S1 x Sy if it is both intuitionistic fuzzy right and intuitionistic fuzzy left ideal of an
LA-semigroup S7 X Ss.

Example 2.12 ([3]). Let S1 = {0,1,2} and Sz = {a,b,c} be two LA-semigroups
with the following tables:

-‘O 1 2 ~‘abc
o1 2 1 alc b c
111 1 1 b|b b b
211 1 1 c|b b b

Then S; x Sy = {(0,a), (0,b),(0,¢), (1,a),(1,d),(1,¢),(2,a),(2,b)(2,,c)} is an LA-
semigroup with point wise multiplication. We define direct product of intuitionistic
fuzzy set AXB = (uaxB,Yaxp) on LA-semigroup S xX.Sg as ppaxp : S1x5 — [0,1]
by paxp(0,a) = paxp(l,a) = paxp(2,a) = 0.2, paxp (0,b) = paxp(0,¢) =
paxp (1,0) = paxp (1,¢) = paxp (2,b) = paxp (2,¢) = 0.3 and yaxp : S1 X S —
[0, 1] by vaxB (O7a) = YAxB (07b) = YAxB (O,C) = 0.6, yaxB (1,@) = YAxB (Lb) =
Yaxp (1,6) = 1raxs (2,0) = vaxs (2.5) = vaxs (2.¢) = 0.5. Then by routine
calculations A x B = (uaxB,YAxpB) is an intuitionistic fuzzy ideal of LA-semigroup

Sl X S2.

3. MAJOR SECTION

In [6], there are five different forms of direct (or Cartesian ) product, while here
only one of them is used.

Definition 3.1. Let A = (ua,v4) and B = (up,7yp) be intuitionistic fuzzy sets
of LA-semigroups S7 and S5 respectively. The direct product of intuitionistic fuzzy
set A X B = (uaxp,YAxp) is called an intuitionistic fuzzy bi-ideal of LA-semigroup
Sl x S if

(IFB1) paxp((z1,y1)(22,92)) > min{paxp((z1,91), haxp(T2,92))},

(IFB2) paxp(((z1,y1)(22,92)) (x3,y3)) = min{paxs((x1,91), paxs(@s, y3))},

(IFB?)) 'YAXB((xlvyl)(vayQ)) < maX{IVAXB(('Thy1)7’YA><B($27y2))}7

(IFB3) vyaxs(((z1,y1)(x2,¥2)) (x3,93)) < max{yaxs((z1,¥1),vaxB(23,93))},
for all ($17y1), (xg,yg), ($3,y3) € 5] xS,

Theorem 3.2. If A = (ua,v4) and B = (up,vp) are any two IF bi-ideals of LA-
semigroups S1 and So respectively, then A X B = (iaxp,Yaxp) is an IF bi-ideal of
an LA-semigroup S X So.

Proof. Let A = (ua,va) and B = (up,vp) be any two IF bi-ideals of LA-semigroups
S; and Sy respectively. Then for any (z1,y1), (z2,y2) € S1 X S, we have
paxs((@, 1) (@2,92)) = paxs(@1T2,y1y2) = min{pa(x,v1), pe(22,y2)}
min{min{pa(z1), pa(x2)}, min{pup(y1), pe(y2)}}
min{min{pa(z1), pp(y1)}, min{pa(x2), up(y2)}}

= min{paxp(®1,y1), pax(T2,y2)}
154
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and

YaxB((1,y1)(x2,92)) = Yaxp(@122,y1y2) = max{va(z122),v8(y1y2)}
max{max{ya(z1),va(z2)}, max{yp(y1), v8(y2)}}
= max{max{ya (z1),75 (y1)}, max{ya(z2),75(y2)}}
= max{yaxB(T1,y1), YAxB(T2,y2)}.

IN

Now, let (z1,y1), (22,¥2), (z3,y3) € S1 X Sa. Then

paxs((@1,91)(22,92)) (73, Y3)) = paxp((T122)T3, (Y192)Y3)
= min{pa((r122)23), u5((Y1y2)y3)}

> min{min{pa(21), pa(zs)}, min{ps(y1), upys)}}

= min{min{pa(z1), pp(y1)}, min{pa(zs), np(ys)}}

= min{paxp (@1, Y1), LaxB(T3,Y3)}s

Yax (@1, 91)(22,¥2)) (23, ¥3)), = vax B((2122) 23, (Y192)y3)
= max{ya((z122)z3), v5((y1y2)y3)}

< max{max{vya(z1),va(z3)}, max{ys(y1),vBY3)} }

= max{max{ya(z1),v5(y1)}, max{ya(zs),v5(y3)}}

= max{vax5(21, 1), vaxB(T3,Y3)}

This completes the proof. O

Theorem 3.3. If A = (ua,va) and B = (up,yB) are any two IF left(right) ideals
of LA-semigroups S1 and Sy respectively, then A X B = {uaxp,Yaxp) is an IF
bi-ideal of an LA-semigroup S X So.

Proof. Let A = (ua,va) and B = (up,vp) be any two IF left(right) ideals of LA-
semigroups 57 and Ss respectively. Then for any (x1,y1), (2,y2) € S1 X Sz, we
have

min{paxp(r1,y1), paxp(x2,y2)} and
maX{'YAxB(xla yl)a'YAxB(x%yQ)}

paxB(z1,y1)(T2,92))

>
YaxB((T1,91)(72,92)) <

Now let (x1,41), (z2,y2), (z3,y3) € S1 X So. Then

paxs(((x1,y1)(72,92))(23,93)) > paxs(zs,ys)

> min{paxp(T1,y1), paxs(xs,y3)},
YaxB((x1,y1)(x2,92))(23,3)) < ~vaxs(T3,y3)
< max{vaxp(®1,91), YaxB(*3,Y3)}
This completes the proof. O

Example 3.4. Let S; = {0,1,2,3} and Sy = {a,b,¢,d}. Consider the following
tables:
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-10(1112]3 al|lblc|d
012121213 alalb|c|d
1131322 bld|c|clec
2131333 clclelc|e
3133|133 d|blc|clec
ua(d) = 0.7=pa(c), pa(d) =0.6, pa(a) =0.5.
y4(b) = 0.2 =74(c), va(d) = 0.3, ya(a) = 0.5.
up(l) = 0.7=pup(3), up(2) =0.6, up(0) =0.5.
(1) = 01=75(3),v5(2) =0.3, v5(0) = 0.5.

Then A = (ua,pa) and B = (up,up) are IFS on S; and Sy respectively and
A X B = {uaxp,yaxp) is an IF bi-ideal but not an IF ideal.

Proposition 3.5. If A x B = (uaxp,vaxs) and C x D = {ucxp,Yoxp) are any
two left(right) ideals of LA-semigroups S x Sa, then Ax BNC x D is an IF bi-ideal
of an LA-semigroup S; X Ss.

Proof. The proof is straightforward. O

Proposition 3.6. If A X B = (uaxp,Yaxp) is an IF bi-ideal of an LA-semigroup
Sy X S, then O (A x B) = (uaxp, baxp) is an IF bi-ideal of S1 x Ss.

Proof. Let A x B = {(uaxp,yaxp) be an IF bi-ideal of an LA-semigroups S; x So.
Then for any (z1,1), (2,y2) € S1 X Sa, we have

MAXB((x17y1)(I27y2)) > min{/u‘AXB(Ihyl)nu‘AXB(I27y2)} and

bFaxe((x1,91)(x2,92)) = 1—paxs((z1,y1)(z2,¥2))
< 1-—min{paxp(@1, 1), taxp(T2,y2)}
= max{lquxg(ml,yﬂ,l*,quB(Iz,m)}

= max{fiaxp(®1,y1), faxB(T2,y2)}

and
Baxe(((x1,y1)(z2,92))(xs,vy3)) = 1—paxs(((z1,y1)(x2,y2))(x3,Y3))
< 1 —min{paxp(®1,91), paxs(rs, y3)}
= max{l — paxp(®1,91),1 — paxp(xs,y3)}
= max{fiaxp(Z1,y1), kaxB(T3,Y3)}.
This completes the proof. O

Proposition 3.7. If A X B = (uaxp,vaxp) is an IF bi-ideal of an LA-semigroup
Sy x Sa, then O (A X B) = (JaxB,YaxB) s an IF bi-ideal of S1 x Ss.
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Proof. Let A X B = (uaxp,Yaxns) be an IF bi-ideal of an LA-semigroup S; x So.
Then for any (x1,41), (z2,y2) € S1 X Sa, we have

YaxB((®1,y1)(72,92)) < max{yaxp(z1,y1),74xB(T2,92)} and
YaxB((x1,y1)(22,92)) L —vaxs((z1,y1)(22,92))

1 —max{vaxs(1,y1), YaxB(r2,y2)}
min{l —yaxp(®1,y1),1 —vaxB(T2,y2)}
min{yax (w1, y1), YaxB(T2,y2)}.

v

Also

I —vaxs(((x1,y1) (22, y2))(23,y3))
1 —max{vaxB(z1,¥1), YaxB(r3,y3)}
min{l — yaxp(z1,y1),1 —vaxs(zs,ys3)}

= min{Yaxs(r1,¥1), Yaxs(r3,y3)}

Yaxs(((T1,91) (22, y2)) (23, y3))

Y

This completes the proof. O

Theorem 3.8. If A X B = (uaxn,Yaxp) is an IF bi-ideal of an LA-semigroup
S1 X So, then paxp and Yaxp are fuzzy bi-ideals of S1 X So.

Proof. Let A X B = {(uaxp,Yaxs) be an IF bi-ideal of an LA-semigroup S; x So.
Then we have for any (z1,y1), (z2,y2) € S1 X So

paxs((@1,y1)(w2,y2)) = min{paxs(xi,y1), paxs(xe2,y2)} and
YaxB((@1,y1)(22,y2)) < max{yaxp(®1,y1),7axB(T2,92)}
1—vaxp((z1,y1)(z2,¥2)) > 1—max{vaxp(T1,Y1), YaxB(T2,%2)}
Yaxp((@1,y1)(x2,12)) < min{l —yaxp(1,91), 1 — yaxp(z2,92)}
jYAxB((xlayl)(IQayQ)) < maX{:YAxB(Il’yl)v’?AxB(Iz,yz)}

Now, for any (z1,y1), (z2,¥2), (z3,y3) € S1 x Sa, we have

paxs((x1,y1)(x2,y2))(23,93)) > min{paxp(r1,91), paxs(T3,y3)}
Yaxs(((z1, 1) (T2, y2))(23,93)) < max{yaxp(T1,91),vaxB(T3,Y3)}
1 —yaxB(((z1,31) (@2, 92))(x3,y3)) < 1—max{vaxp(®1,y1),vaxB(T3,y3)}
Yaxp (@1, y1) (22, 92)) (@3,y3)) < min{l —yaxp(@1,v1),1 — yaxs(z3,y3)}
Y axs((@1,90) (02,02 (@5,95)) < min {Fasp(@1,00) Vaxp(@s,95) |
Therefore paxp and Yaxp are fuzzy bi-ideals of S; x Ss. O

Theorem 3.9. If A X B = (uaxn,Yaxp) is an IF bi-ideal of an LA-semigroup
Sy X Sy, then piayp and Yaxp are anti fuzzy bi-ideals of Sy x Sa.
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Proof. Let A X B = (uaxp,Yaxs) be an IF bi-ideal of an LA-semigroup S; x So.
Then we have for any (z1,y1), (22,y2) € S1 X Sa

paxs((r1,y1) (22, y2)) > min{paxp(T1,y1), haxp(T2,y2)}
1= paxp((@1,y1)(x2,92)) < 1—min{paxp(@1,y1), paxs(z2,y2)}
faxp((@1,91)(2,92) < max{l — paxp(r1,y1), 1 — paxs(@2,y2)}
fass(@,00)(@2,92)) < max {awp (@), faxs(@2,12) |, and
YaxB((@1,y1)(w2,92)) < max{yaxp(T1,y1), YaxB(T2,y2)}
Now, for any (z1,y1), (22,¥2), (x3,y3) € S1 X S2, we have

)
3,y3)) > min{paxp(@1,y1), kaxs(®s,ys)}
<

MAXB(((xl’yl)(xQ’QQ))(‘T

1= paxs(((z1,y1) (22, y2))(73,93)) 1 —min{paxp(21,y1), paxp(r3,y3)}
taxp (@1, y1) (22, 92)) (23,93)) < max{l — paxp(r1,91),1 — paxs(rs,ys)}
/;AXB(((CCDyl)(x27y2))(x3ay3)) < max{ﬁAxB(xhy1)7ﬁAxB($3yy3)}7 and
YaxB(((T1,91)(22,¥2))(23,¥3)) < max{yaxp(r1,91),7axB(T3,Y3)}

This completes the proof. O

Definition 3.10. If A = (ua,v4) and B = (up,vp) are intuitionistic fuzzy sets of
LA-semigroups S; and Sy respectively, then for any s,¢ € [0, 1], the set

Ulpaxp,s) ={(z,y) € S1 x S2: paxp(z,y) = s}
is called the upper level set of paxp(z,y) and the set

L(VAXB7t) = {(xay) € Sl X SQ : ’YAXB(J%Z/) < t}
is called the lower level set of yaxp(z,y).
Theorem 3.11. If A x B = {uaxp,vaxn) is an IFS of an LA-semigroup S1 x Sa,

then A X B = (uaxp,Yaxn) is an IF bi-ideal of S1 x S if and only if the upper
and lower level sets are bi-ideals of S1 X So.

Proof. Let A X B = {uaxp,vaxp) be an IF bi-ideal of an LA-semigroup S; x S
and (21,y1), (x2,y2) € U(uaxs,t). Then paxp(x1,y1) > t and paxp(we,y2) >t
since

> min{paxp(T1,y1), paxs(T2,y2)}

> min{t,t} =t

> t.

paxs(z1,y1)(T2,y2))

paxs((z1,y1)(T2,2))

Hence (z1,y1)(2,y2) € U(axs,t).
Let (z1,91), (23,y3) € U(paxp,t) and (x2,y2) € S1 x Sa. Then paxp(xi,y1) >t
and paxp(x2,y2) > t, since

min{paxs(T1,y1), paxs(xs3,y3)} > t,
t.

AxB((x1,91)(T2,Y2))(%3,Y3))
paxs((@1,y1) (T2, y2)) (3, 3))

Hence ((z1,y1)(z2,vy2))(z3,y3) € U(paxns,t). Therefore U(uaxp,t) is bi-ideal of
S1 X Sy. Similarly L(yaxp,t) is bi-ideal of S7 x So.
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Conversely, let the upper and lower level sets are bi-ideals of S; x Sy and Ax B =
(axB,YAxp) is not an IF bi-ideal of an LA-semigroup S; x S3. Then for some
(21,91), (T2,y2) € S1 X Sa, we have

paxs((x1,y1)(z2,92)) < min{paxp (1, Y1), paxp(T2,Y2)}
Let to = 3{paxs((x1,y1)(@2,y2)) + min{pax (1, 1), paxs(®2,y2)}}. Then
paxp((x1,y1)(x2,92)) < to <min{paxp(®1,y1), paxB(T2,y2)}

implies paxp((z1,91)(72,92)) < to and to < min{paxp(z1,y1), paxs(r2, y2)}
implies to < praxp(r1,91) and tg < paxs(w2,y2)
(x1,51) € Ulpaxs,to) and (z2,y2) € U(paxn, to) but
<

paxs((z1,y1)(z2,92)) to = (v1,y1)(22,92) € U(axs;to),
which is a contradiction. Hence A x B = (uaxp,Yaxp) is an IF bi-ideal of an
LA-semigroup S7 x Ss. O

Definition 3.12. An IFS A = (u4,v4) of an LA-semigroup S is called an intu-
itionistic fuzzy P-system if for all a,z € S

(1) pa(z(az)) = pa(z),

(2) va(z(azr)) <valz).
Theorem 3.13. If A = (ua,va) and B = {up,vp) are IF P-systems of LA-

semigroups S, and Sy respectively, then Ax B is an IF P-system of an LA-semigroup
Sl X SQ.

Proof. Let A = (ua,va) and B = (up,v5) be IF P-systems of LA-semigroups S}
and Sy respectively. Let (z,y), (a,b) € S1 X S2. Then

paxs((@,y)((a,b)(z,y)))

paxn(zi(azs), (y1(by2))
min{pa(z(ax)), pp(y(by))}
min{pa(z) A pa(x), pe(y) A pe(y)}
min{pa(z) A pp(yr), pa(@) A ps(y)}
= min{paxp(z,y), paxs(,y)}
NAXB(xa y) A NAXB(xa y) and
Yaxs((x,y)((a,0)(z,y))) Yaxs(z(az), (y(by))

(A\VARAYS

=
S
X
oo}
—~
8
<
~— ~—
—~
—
8
=
<
Vv

< max{ya(z(az)),v5(y(by))}
< max{ya(z) Vya(@),78(y) V18(y)}
= max{ya(z) VY1), va(®) Vy5(y)}
max{yaxs(z,y), vax5(z,y)}
YaxB((@,9)((a;0)(x,y))) < vaxp(®,y)Vyaxs(T,y).
Hence A x B is an IF P-system of an LA-semigroup S; x Ss. a

Theorem 3.14. If A X B = (uaxB,YaxB) is an IF P-system of an LA-semigroup
Sy x Sa, then O(A x B) = (uaxp,faxp) and O (A X B) = (Jaxp,Yaxp) are IF
P-systems of S1 x Ss.

Proof. Straightforward. O
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Theorem 3.15. If A x B = {uaxp,Yaxn) is an IFS of an LA-semigroup S1 x Sa,
then A X B = {(uaxp,YAxB) is an IF P-system of S1 x Sy if and only if the upper
and lower level sets are P-systems of S1 x Ss.

Proof. 1t follows from Theorem 3.11. O

4. CONCLUSIONS

M. Aslam and S. Abdullah have introduced the concept of direct product of in-
tuitionistic fuzzy ideals of LA-semigroups. In this paper we have introduced the
concept of direct product of intuitionistic fuzzy bi-ideals of LA-semigroups and dis-
cussed some of their fundamental properties.
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