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I. INTRODUCTION

The notion of BCK/ BCl-algebras was proposed by Imai and Iseki in 1966 as a generalization of the
concept of set-theoretic difference and proportional calculi. In 1991, Xi applied the concept of fuzzy sets to
BCK-algebras. In 1993, Jun and Ahmad applied it to BCl-algebras. After that Jun, Meng Liu and several
researchers investigated further properties of fuzzy BCK-algebras and fuzzy ideals . In 1999, Khalid and Ahmad
introduced fuzzy H-ideals in BCl-algebras. In 2010, Satyanarayana introduced intuitionistic fuzzy H-ideals in
BCK-algebras. In this paper, we investigate some properties of level sets of absolute direct product of doubt
intuitionistic fuzzy K-ideals.

Il. PRELIMINARIES
In this section , some elementary aspects that are necessary for this paper are included.
Definition 2.1: Let A = (o, p,) and B = (o3 pp) be two intuitionistic fuzzy sets in BCK/BCI- algebras X and
Y respectively. Then direct product of intuitionistic fuzzy sets A and B is denoted by A X B = (d4x5, Paxs)
where
ax (x,y) = min {g,(x),05(y)} and
Paxp (x! J’) = max {pA(x)! PB(J’)} for all (X ly) eXxY

Definition 2.2 : Let X and Y be two BCK/BCl-algebras and let A = (o4 p,) and B = (op, pp) be two doubt
intuitionistic fuzzy sets in X and Y respectively. Then the absolute direct product of doubt intuitionistic fuzzy
sets A and B is defined by

A X B=(044p,Paxp) Where a,5: X XY — [0,1] is given by

Ouxp (X, y) = max{o,(x),05(y)} and pyup:X XY — [0,1] is given by

Paxp (%, y) = min{p,(x), pp(y)} for all (x y) e X x Y
Definition 2.3 : If A x B = (0axp, Paxp) IS an intuitionistic fuzzy set of BCK / BCl-algebra
X x Y is said to be a doubt intuitionistic fuzzy K-ideal of X x Y if it satisfies the following axioms

1) 04x5(0,0) < gy (x,y) and payp(0,0) = paxp(x,y)
i) o4 p {(x1,y1) * ((x3:Y3) * (x4:3’4))}

< Oaxp [(x1,J’1) * ((xz'h) * ((X3J’3) * (x4,y4)))] V G5 (X2, Y2)
i) paxp{Cey, y1) * ((x3:Y3) * (x4,y4))}
2 Paxs [(x1,J’1) * ((xz'h) * ((X3J’3) * (x4,y4)))] A Paxg (X2, ¥2)
for every (x1,y1), (x2,¥2), (x3,¥3), (x4, 1) EX XY
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1. MAIN RESULTS
Definition 3.1 : Let A X B = (0445, Paxp) 0 @ doubt intuitionistic fuzzy K-ideal of BCK / BCl-algebra X x Y,
and @, 8 € [0,1] then « - level cut of o and S - level cut of p of A x B, is as follows.
Oixpa = 100Y) EXXY/ogp(x,y) a}and pipp = {(x,¥) EX XY /paxp(x,y) = B}
Theorem 3.2 : If A x B = (o4xp Paxg) be a doubt intuitionistic fuzzy K-ideal of
X x Y, then oy, and pg,p 5 are K-ideals of X x Y for any a, 8 € [0,1].
Proof: Let A X B = (0445, Paxg) 0 a doubt intuitionistic fuzzy K-ideal of X x Y, and let a € [0,1].Then we
have 0,,5(0,0) < g4 (x,y) forall (x,y) eX XY
But 0455 (x,y) < aforall (x,y) € 05xp 4-S0 0455(0,0) < @
Therefore (0,0) € 0.5,
Let (xxq,¥1), (x5, ¥2), (x3,¥3), (x4, ¥4) € X X Y be such that
(0 1) * (G2 y2) * (G5, ¥9) * (20, 90)) ) € G e A0 (43, 92) € T then

OaxB [(x1 ,3’1) * ((xz'lb) * ((x3'3’3) * (x4'J’4)))] < aand oyyp(xg,y,) < @
Since g, is a doubt intuitionistic fuzzy K-ideal of X x Y, it follows that,
Oaxp{(x1,y1) * ((x3'3’3) * (x4'3’4))}
< max{o,xp [(x1,J’1) * ((xz'J’z) * ((xs'J’3) * (x4'3’4)))] Ouxp (X2, ¥2)} < «a
And hence (x1,y1) * ((c3, ¥3) * (x4, Y4)) € 05, Tor all

(xll yl)r (x2r }’z), (x3; Y3), (X4_, y4_) EXXY.
Therefore o, , is a K-ideal of X x Y for a € [0,1].

let B € [0,1], we have p,5(0,0) = paup(x,y) forall (x,y) e X XY

But paxgp(x,y) = B forall (x,y) € pij,B'SO Paxp(0,0) = B

Therefore (0,0) € p3yzp

Let (x1,v1), (%2, ), (x3,3), (x4,y,) € X X Y be such that

(x1,1) * ((xz')’z) * ((r3,y3) * 054:3’4))) € Paxp,p AN (x2,¥7) € piyp g then

PaxB [(x1 Y1) * ((xz:yZ) * ((x3,y3) * (x4,y4)))] = fand puxp(x2,52) = B
Since p,.p is a doubt intuitionistic fuzzy K-ideal of X x Y, it follows that ,
Paxp{(x1,y1) * ((x3,y3) * (x4:J’4))}
= min{pxgp [(x1,3’1) * ((xz:yZ) * ((x3,y3) * (x4,y4)))] 2 Paxe(X2,¥2)} = B
And hence (x;,y1) * ((x3,y3) * (x4,4)) € Paxg,p forall

(e, 1), (2, ¥2), (3, ¥3), (X4, ¥4) EX XY,
Therefore p3, 5 5 is a K-ideal of X X Y for § € [0,1].

Theorem 3.3 : A doubt intuitionistic fuzzy set A X B = (0,445, Paxp) IS @ doubtintuitionistic fuzzy K-ideal of X
x Y if and only if for all a, 8 € [0,1], 0 aNd pjp 5 are either empty or K-ideal of X x Y.
Proof: Assume ozyp . and pz,p z are either empty or K-ideal of X x Y for a, 8 € [0,1].
Forany (x,y) € X X Y, let oy (x,v) = a and puxs(x,y) = B
Then (x, y) € afxB,a and pixB,ﬁ » SO O-Ast,a o+ pij,ﬁ
Since a5, aNd pz,p 5 are K-ideals ofX x Y, therefore (0,0) € 05,5, and pzyp 5
Hence 04x5(0,0) < a = 0455 (x,¥) and psx(0,0) = B = paxp(x, y) where
(x,y) eX xY.
If there exist (x1,y1), (X3, ¥5), (x3,¥3), (x4, Vs) € X X Y such that
Oaxp{(x1, Y1) * ((x3:Y3) * (x4,y4))}

> max{0,xp [(xl,yl) * ((xz'h) * (3, 73) * (xa,'J’A,)))] »Oaxp (X2, ¥2)}
Then by taking,

ay = % (uaxs ((xp)ﬁ) * ((X3J’3) * (x4,y4)))
+ max{o,xz [(x1,J’1) * ((XZ'YZ) * ((x3IJ’3) * (x4,y4)))] 2 Oaxp (X2,¥2)})
We have
Taxe{Cer, 1) * (3, 73) * (x4, ¥4))} > @
> max{oyxp [(x1,J’1) * ((XZ'YZ) * ((x3IJ’3) * (x4,y4)))] »Oaxp (X2, ¥2)}
Hence (xy,y,) * ((xs'Y3) * (x4'3’4)) ¢ O'ASXB,aOv
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(x1 ,3’1) * ((xz'Y2) * ((x3:J’3) * (x4'3’4))) € O'ASxB,aO and (x,,y,) € UASxB,aO
That is 0 4, is NOt a K-ideal of X X Y.
Which is a contradiction.

Therefore a5 {Crr, 1) * (X3, ¥3) * (4 v4))}
< max{oAXB [(x1_:Y1) * ((xz'yZ) * ((X3, y3) * (x4,y4)))] , O—AxB(xZJ }’2)}

fOf any (xl' yl)' (xz' J’z), (x3' J’3)' (X4_, }/4) EXXY
Now assume there exist (x4, 1), (X2, ¥2), (x3,¥3), (x4,¥,) € X X Y such that

Paxpi(x1,y1) * ((x3'3’3) * (x4'3’4))}

< min{p,xp [(x1,J’1) * ((xz'J’z) * ((xs'J’3) * (MJ’:L)))] s Paxe (X2, ¥2)}
Then by taking,

1
Bo = 5 (axe (Crary) * (G2, v5) * (xa )

+ min{p,xp [(x1,3’1) * ((xz'J’z) * ((x3'3’3) * (x4:}’4)))] 2 Paxs(X2,¥2)})

We have
min{p,xp [(x1 ,3’1) * ((xz,Y2) * ((xs,J’3) * (x4,J’4)))] »Paxe (X2, ¥2)} > Bo

> prB{(xp)ﬁ) * ((x3'J’3) * (x4'3’4))}
Hence (xy,y1) * ((3,73) * (4, ¥4)) € Paxipo
(0 1) * (G2 y2) * (G5, 79) * (20, ¥0)) ) € P g, A0 (42,92) € Pl
That is pz,p 5, 1S Nt a K-ideal of X x Y. Which is a contradiction.
Therefore p,yp{(x1,y1) * ((x3:J’3) * (x4:3’4))}

= min{paxp [(x1,}’1) * ((XZJ’Z) * ((x3'3’3) * (x4'3’4)))] Paxp (X2, ¥2)}

for any (x4, 1), (x2,¥2), (x3,¥3), (X4, ¥4) EX XY
Conversely assume A X B = (0445, Paxp) 1S @ doubt intuitionistic fuzzy K-ideal of X x Y.

To prove i, and pg,p 5 are either empty or K-ideal of X x Y.

Suppose that oy 5 , # ¢ for any a € [0,1].

Itis clear that (0,0) € 07, aNd p3yp g, SINCE 04y (0,0) < gpp(x,¥) = @,
Paxp(0,0) = pap(x,y) =B

Let (x1 ,)’1) * ((xz'yZ) * ((x3,y3) * (M:ﬂ))) € Oiupq AN (X2,Y2) € Oiipq

O4xB [(x1 Y1) * ((xz:yZ) * ((x3,y3) * (x4,y4)))] < aand o5 (x;,,) S @
Oaxp{ (1, ¥1) * ((xs»ys) * (x4,y4))}
< max{o,xp [(x1,y1) * ((xz:yz) * ((xs»ys) * (x4,y4)))] 2 Oaxp (X2, ¥2)} S @
Therefore oy, {(x1,¥1) * ((xs:J’3) * (x4,y4))} =a
Therefore (xy, ;) * ((¥3,3) * (4, 74)) € 05
Hence o, are K-ideals of X x Y.
Let (x;,y,) * ((xz:YZ) * ((xg,y3) (x4,y4))) € Pixpp and (x2,¥2) € Picpp
pae | (e 32) * (Cra72) * ((ra,73) * (00, 92)) )| 2 B and pass (2, 72) = B
Paxp{(x1,y1) * ((X3J’3) * (xa,'ya,))}
= min{pxgp [(xl,yl) * ((xz»yz) * ((X3J’3) * (M,.)’a,)))] 2 Paxe (X2, ¥2)} = B
Therefore paup{(x1, y1) * ((x3,¥3) * (x4,y4))} =p

Therefore (xy,y,) * ((3,¥3) * (x4, 74)) € Piupp
Hence p3p 5 are K-ideals of X x Y.
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