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ABSTRACT

The purpose of this paper is to define the notion of a Cartesian product of IVDIFK-ideals in BCK/BCI-
algebras. Also we define I-V level K-ideals and necessary and sufficient condition for 1-V level K-ideals in

BCI/BCK-algebra are stated.
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I. INTRODUCTION

The notion of BCK-algebras was proposed by Imai and Iseki in 1966. In the same year , Iseki introduced
the notion of a BCl-algebra which is a generalization of a BCK-algebra. Fuzzy sets were initiated by Zadeh. The
idea of ““ intuitionistic fuzzy set” was first published by Atanassov as a generalization of the notion of fuzzy sets.
After that many researchers considered the fuzzification of ideals and subalgebras in BCK(BCI)-algebras. In this
paper, using the notion of interval valued fuzzy set , we introduce the concept of Cartesian product of IVDIFK-

ideal in BCK/BCl-algebras and we prove that Cartesian product of two IVDIFK-ideals is again a IVDIFK-ideals

I1. PRELIMINARIES

In this section, some elementary aspects that are necessary for this paper are included.

An interval-valued intuitionistic fuzzy set ( briefly, I-V IFS) A defined on X is given by

A= {(x[ox(0), 0/ ()], [p5 (), pA (O]} ¥ x € X (briefly , denoted by A = [(a, a4), (p4, p4)]

Where gk, o/ are two membership functions and p, p{ are two nonmembership functions in X such that ¢} <
al and pkt>pY¥, VxeX. Leta,(x) =[ok,d¥] and g, (x) = [pk, pY].Vx e X

and let D[0,1] denote the family of all closed subintervals of [0,1]. If oi(x) = af (x) = c,

0<c<I1andif p5(x) = pY(x) = k, 0 <k <I, then we have 5,(x) = [c, c] and p,(x) = [k, k],

which we also assume , for the sake of convenience , to belong to D[0,1]. Thus &,(x) and

pa(x) €[ 0,11V x € X, and therefore I-V IFS A is given by A = { (x, 34(x) , pa(x))} V x € X , where G,(x): X

- [0,1], pa(x): X =[0,1]. Now let us define refined minimum, refined maximum ( briefly r min, r max) of two
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elements in D[0,1].we also define the symbols "<",">"and "=" in the case of two elements in D[0,1]. Consider
two elements D1 = [a1,b1] and D2 = [ a2 ,b2] € D[0,1].
Then r min( D1, D2) = [ min { a1, a2},min {b1,b2}]
r max( D1,D2) = [ max {a1,a2}, max {b1 ,b2}]
D,>D,<a>a,b>b,;D, <D, <a <a,,b <b,
Definition 2.1 : An interval valued intuitionistic fuzzy set A in BCI algebra X is called an interval — valued doubt

intuitionistic fuzzy K- ideal of X if it satisfies
) 04(0)<oa(X) ,  Pa(0)2 pa(X)
ii) o, (x* (y*2) < rmax{o, (x> (t*(y *2))), 0, ()}

iii) pp (xx (y*2)) 2 rmin{o, (x* (t* (Y *2))), LA}V X, ¥V, 2, t € X
I11. MAIN RESULTS
Definition 3.1 : An intuitionistic fuzzy relation A on any set A is a intuitionistic fuzzy subset A with a membership

function @, : X x X —[0,1] and non membership function ¥, : X xX —[01]

Lemma 3.2 : Let o4 and o& be two membership functions and p, and p, be two non membership functions
of each x e X to the doubt i-v subsets A and B ,respectively. Then o, x o, is membership function and p, x pg

is non membership function of each element (x,y) € X x X to the set Ax B and defined by

(oaxoe)(xy) =rmadoa(x),ce ()} (oaxpe)(xy) =rmin{p,(x), s ()}

Theorem 3.3: Let A = [(af,0)), (o4, pY)] and B = [(0}, 0Y), (05, py)] be two 1-V doubt intuitionistic fuzzy
K-ideals in a set X, then A x B is an |-V doubt intuitionistic fuzzy K-ideal of X x X.

Proof : Let (x,y) € X x X then by definition,

(0 x56)(0,0) =rma{ca(0), 05 (0)} = r max{[ 5; (0), o's (O)1.[55 (0), o5 ()T}
=[max{ o (0), o5 (00}, max{ Y} (0), o5 (O] <[max{ o (X), o5 (¥)}, max{ o (x), o5 (¥)}]
=rma{[o(X),0% (] [o5 (¥), 05 (NI} =rma{aa(x),oa(y)} = (oaxs)(X,Y)

and (0, x p5)(0,0) =rmin{p,(0), 5 (0)} = r min{[0; (0), 23 (0)1.Lo5 (0). o5 (O)I}
=[min{0}x (0), o5 (0)}, min{ o5 (0), o5 ()31 = [min{ o} (%), 25 (y)}. Min{ o (X), o5 (¥)}]

=rmin{[px(x), 2% ()1,Los (¥), o5 (NI} = rmin{p,(X), 5 (Y)} = (Pa % L&) (%, )

Now forall X, y, z, t € X, we have

(axae)[(%X)*((y,Y)*(2,2)] = (caxce)(x, X)*(y 2,y *2')]

IJRAR19D1089 | International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 640


http://www.ijrar.org/

© 2019 IJRAR April 2019, Volume 6, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

=(oaxos)[x*(y*2z),x *(y *2)] = rmax{ca(x*(y*2)),0s (X *(y *2')}
<rmax{r max{ oa(x* (t*(y*2)))oa®)],r maqdos (X * (' *(y *2')),ce ()]}

_ rmax{[maX{(fﬂX*(t*(y*z)»,a,k(o},max{ax (x*(t*(y*2))), 0% (O] }
[max{ ol (X' * (' * (' * 7)), o5 ()} max{ oy (X' * (t'* (Y * 2))), o2 (1)}]

{max{max{ ak(x*(t*(y*z»),a;(x'*(t'*(y'*z'»)},max{a,k(t),a;(t')}}}
max{max{ oy (x* (t*(y *2))), 05 (X * (t'* (y' * 2))} max{cy, (1), o5 ()}}

=rmax{(caxos)[(x* (t*(y*2))), (X * (' *(y * 2)))],(cax Ts) (1, 1)}
Also, (0, % )X X)* (Y, Y) * (2, 2)] = (0 % P )[(X, X) % (y ¥ 2,y % 2')]

= (Pax Pe)[X*(y*2), X *(y' *2')] =rmin{p,(x* (y * 2)), pg (X' * (y'*2)}

> r min{r min[p , (X (t* (y * 2))), oo (O], F Min[ pg (X * (' * (Y *2'))), pg ()]}
— {[min{pk(x*(t*(y*z)»,px(t)},min{px (cx (tx (y * ), AR (O }
[min{ o (X * (' (y' *2)), ps ()} min{ pg (X * (' * (¥ * 2))), pg (t)}]

{min{min{pk (x* (t* (y *2))), pg (X (t"* (¥ * )} min{ oy (1), P (t')}}}
min{min{p; (x * (t * (y *2))), pg (x* (t'* (y'* )} min{pj, (t), P ()3}

=rmin{(px g )I(X* ([t * (y *2))), (X * (Y *2))], (0 % 05 )L, 1)}
Hence AxB isan I-V doubt intuitionistic fuzzy K-ideal of X x X

Theorem 3.4 : Let A be an |-V doubt intuitionistic fuzzy set in a BCl-algebra X. Then A is an I-V doubt

intuitionistic fuzzy K-ideal of X if and only if the non-empty sets A(A;[dy, dr]) =
{x € X/ G4(x) <[dy,d2]} and V(A;[is,i2]) = {x € X/ pa(x) = [iq, 0]} are K-ideals of X for every
[dy,d,] and [iy,i,] € D[0,1]. We then call A(A ; [d4,d;]) and V(4; [iy, i,]) are I-V level K-ideals of
X.

Proof : Assume that A is an I-V doubt intuitionistic fuzzy K-ideal of X.

Since forall x € A(A;[dy,d,]) and V(4 ; [iy, i,]),

We have 6,(0) < d,(x) < [dy,d,] and p4(0) = pa(x) = [iy, i3]

Therefore 0 € A(A; [dy,d,]) and V(4 ; [iy, i5])

Now let x * (t * (y *z)) &t € A(A; [dy, d,]) and V(4 [iy, i5])

Then, 3, (x * (y * 2)) <rmax { g3 (x * (t * (y * 2))), G4(0)} <rmax {[dy,d;], [dy,d,]} = [dy, dy]
Pa(x * (v *2)) Zrmin { fa(x * (¢t * (v * 2))), pa(©)} = r min {[iy, i5], [i1, i1} = [ig, i;]

Andso x x (y xz) € A(A; [dy,d;]) and V(4 ; [iq, i2])
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Hence A(4;[dy,d,]) and V(4; [i4, i,]) are K-ideals of X.
Conversely assume that x € A(4;[dq,d2]) (# @), x €V(A4; i1, i2]) ( # @) are K-ideals of X for every
[dy,d,] € D[0,1] , also [i;,i,] € D[0,1].
Suppose that there exist x, yo, Zo, to € X such that
G4 (0 * (¥ * 29)) > r max {G (o * (to * (Vo * 20))), Ga(to)} and
ﬁA(xo * (Yo * Zo)) <rmin {P_A(xo * (to * (o * ZO)))’ﬁA(tO)}
Let G4 (xo * (to * (Vo * 20))) = [61, 82], Ga(te) = [83, 64 and 4 (%0 * (¥ * 29)) = [A4,2,] then
[A1,A5] > rmax {[61, 6,5],[63, 641} = [max {61, 63}, max {52, 64}
Hence A,> max {6;, 5} and 1,> max {J,, 6,}
Taking [ay, ;] = %[GA(xO x (yo * 20) ) + rmax{Gs(xo * (to * (Vo * 20))), Ga(te)}]
We obtain [a;, a;] = 5 ([A1, 4] + [max{8;, 5}, max {5, 6,}])
= [ (A1 + max{8y, 63}), = (A + max {6, 6,3)]

It follows that , max{6;, 8} < &y = - (A, + max{6;, 8:1)< 1

Max{8y, 84} < @z = - (A + max{8, 5,1)< 1,
s that [max{8;, 85}, max{8s, 8,}] < [ay, @;] < [A1, A2] = G4 (%0 * (¥ * 20))
Therefore x, * (yo * z5) & A(4; [aq, 3])
On the other hand , g (xo * (to * (¥ * 20))) = [81, 851 < [max{8y, 83}, max{S,, 8,}] < [y, @3]
And g, (ty) = [83,84] < [max{6;, 65}, max{d,, 8,}] < [aq, @3]
And s0 xg * (to * (Yo * 29)), to € A(A; [y, a3])
And let 5 (xo * (to * (Vo * 20))) = [, 2], Pa(to) = [z, sl @nd G (x0 * (vo * 20)) = [£1, €2] then [eg, &5] <
rmin {[uy, o], [, 141} = [Min {pq, p3}, min {uy, 14}
Hence &< min {uq, us} and e;< min {uy, ta}
Taking [, 5] = %[ﬁA(XO * (Yo * Zo)) + rmin{p_A(xO * (to * (Yo * ZO))):ﬁA(tO)}]
We obtain [y, 8] = - ([e1, &, + [min{uy, s}, min {uz, u4})

=[5 (&1 + min{uy, g3), 5 (&2 + min {5, 13)]

It follows that , min{u,, us} > p1 = %(e1 + min{uq, u3}) > &

Min{uz, 4} > B2 = 5 (2 + minfpiy, 1)) > &
so that [min{uy, ps}, min{u,, e} > [B1, B2 > [e1, €21 = pa(x0 * (o * 2o))
Therefore xo * (Yo * 2) € V(4; (B, f2])
On the other hand , 54 (xo * (to * (Vo * 20))) = [y, 2] > [min{uy, 33, min{uy, s3] > [B1, Bl
And p,(to) = [ms, 1a] = [min{py, ps}, minfuy, e}l > [By, B2l

And s0 xq * (tg * (Vo * Z9)), to € V(A; [B1, B2])
But this contradicts the fact that A(A ; [d4,d,]) and V(4 ; [i;, i,]) are K-ideals of X.
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Hence EA(x * (y * Z)) <rmax { a4(x * (t * (y * 2))),34(t)}

pa(x * (y*2))>rmin { pa(x * (¢t * (y * 2))), pa(t)} forall x,y, z, t € X.
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