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1. INTRODUCTION

The concept of fuzzy subset was introduced in the middle of the
sixties by Zadeh [16]. He defined a fuzzy subset of a set X as a
function A : X — [0, 1]. Based on this definition, Xi [15] introduced in 1991
the notion of fuzzy ideals in BCK-algebras. This work enlightened on the
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usefulness of ideals theory in general development of BCI/BCK/BL/MV-
algebras. From logical point of view, various ideals correspond to various
sets of provable formula, see [2, 3, 4, 10, 11, 12] and the references therein.

The tricky point when studying fuzzy mathematics lies in how to carry
out the ordinary concept to the fuzzy case. In other words, how to pick out
the rational generalization from the large number of available approaches.
The particularity of fuzzy ideals compared to ordinary ideals is that one can
not say which one of the BCK-algebra elements belongs (or not) to the fuzzy
ideals under consideration.

In this paper we study the foldness theory of commutative ideals in
BCK-algebras. This theory can be considered as a natural generalization of
commutative ideals. Indeed, given any BCK-algebra X, we use the concept
of fuzzy point to characterize n-fold commutative ideals in X.

The remainder of this paper is as follows: In Section 2, we recall some
important properties of BCK-algebras and their ideals. In Sections 3 and 4
we give some characterizations of n-fold commutative ideals and n-fold weak
commutative ideals. Finally, we construct some algorithms for studying
n-fold commutative, n-fold weak commutative ideals and their fuzzification
in BCK-algebras.

2. BACKGROUND

For some background information see ([1, 2, 5, 10]). An algebra (X, *,0) of
type (2,0) is called BCK-algebra iff V z,y,z € X the following conditions
hold:

BCK-1. ((xxy)x(xx2))*(2xy)=0;
BCK-2. (zx(zx*xy))*xy=0;

BCK-3. zxx =0;

BCK-4. 0xx=0;

BCK-5. zxy=0andyxz=0=x=y.
A binary relation < can be defined on X by
BCK-6. x<y<=zxy =0,

then (X, <) is a partially ordered set with the least element 0.
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The following properties also hold in any BCK-algebra ([1, 10, 14, 15]):
1. 20 =ux;
2. zxy=0and yxz=0= %z = 0;
B xxy=0= (x*2)x(y*x2)=0and (zxy)* (zxx) =0
4. (zxy)*xz=(x*2)*xy;
5. (z*xy)*xx =0
6. xx(z*x(xxy)) =xxy.

Let (X, *,0) be a BCK-algebra.
A fuzzy subset of a BCK-algebra X is a function

w: X —[0,1].

Let £ be the family of all fuzzy sets in X. For x € X and A\ € (0,1], ) € ¢
is a fuzzy point iff

Adf =y,
zA(y) =
0 otherwise.

We denote by X = {zy:z € X, \ e (0,1]} the set of all fuzzy points on X
and we define a binary operation on X as follows:

Ty * Yy = (T * y)min()\,,u)-
It is easy to verify that V xy, y,, 2o € X, the following conditions hold:
BCK-1". ((zx *yu) * (x) * 20)) * (2o * Yu) = Omin(Apa)}
BCK-2". [zx * (o2 * ¥u)] * Y = Omin(a, )3
BCK-3". zx* 2, = Omin(a )i

BCK-4’. 0y *xx = Omin(rp)-
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Remark 2.1. The condition BCK-5. is not true in (X,%). So the partial
order < in (X, ) can not be extended to (X, x).

We can also establish the following conditions V xy, y,, 2o € X:

1. T) * OM = xmin()\,u);
2wy x Y = Omin()\,u) and Yu * 2a = Omin(,u,a) = T\ k2o = Omin()\,,u);

3 Za*Yu = Omin(a ) = (T2 % 20) * (Y * 2a) = Omin(r p,e) a0d (2o *yu) *
(Zoz * .%')\) = Omin()\,u,a);

470 (x*yp) * 2o = (Tx * 2a) * Yp;

5. (@x *Yu) * Tx = Omin(r0);

6. xy* (xx ok (Tr*Yy)) =T * Yy
We recall that if A is a fuzzy subset of a BCK-algebra X, then we have the
following:

(1) A={zye X : A(x) >\ e (0,1}

(2) YAe(0,1], Xy ={z\:ze X}, and Ay = {z) € X, : A(x) > \}.

We haYe also X C X, AC X, A, C fl,/h C X, and one can easily check
that (X, *,0,) is a BCK-algebra.

Definition 2.1 [3]. A nonempty subset I of a BCK-algebra X is called an
ideal if it satisfies

1. 0eI;

2. xxyelandyel =z e€l.
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Definition 2.2 [3]. A fuzzy subset A of a BCK-algebra X is a fuzzy ideal
iff

1. Vze X, A(0) > A(x);

2. Vz,ye X, A(z) > min(A(z xy), A(y)).
Definition 2.3. A is a weak ideal of X iff

1) VveIm(A), 0, € 4

2) Vay,y, € X, such that TA*Yy € A and Yu € A, we have Zmin(hu) € A.

Remark 2.2. Any weak ideal A has the following property

(A * Yy = Omin(r,p) and y,, € fl) = Tmin(\u) € A

Proof. Let z),y, € X such that z * Ypu = Omin(r,p) and yy, € A.

yHGA:A(y)Zu.

Let A(y) = a, using Definition 2.3 - 1) we obtain 0, € A.
So A(0) > a. But a = A(y) > p > min(\, p). Therefore 0piny ) € A

Finally, according to Definition 2.3 - 2), we have Zmin(A\pu) € A. -

A characterization of a weak ideal is given by the following theorem.

Theorem 2.1 [10]. Suppose that A is a fuzzy subset of a BCK-algebra X,
then the following conditions are equivalent:

1. A is a fuzzy ideal;
2.V Tx,Yu € Aa (Za * y,u) *T\ = Omin()\,,u,a) = Zmin(A\,p,a) € 121;

3.Vt € (0,1], the t-level subset A" = {z € X : A(xz) > t} is an ideal
when Al # ();

4. Ais a weak ideal.
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3. FUzzY n-FOLD COMMUTATIVE WEAK IDEALS

Throughout this paper, X always means a BCK-algebra and X the set of
fuzzy points on X.

Let us denote (...((z*y)*y)*...)xy by xxy™ and (...((xx*Yu)*Ypu)*...) ¥Yu
by z * y; (where y and y, occurs respectively n times) with z,y € X,

Tx,Yu € X .
We recall the following:

Definition 3.1. An nonempty subset I of a BCK-algebra X is called a
commutative ideal of X if it satisfies

1. 0eI;
2. Vry,z€X, (zxy)xz€land z€l) = zx(y*x(yxx)) € I.
An ideal I of a BCK-algebra X is commutative iff
Ve,ye X, zxyel = uzx(y*x(yxx)) € 1.
Lemma 3.1 [10]. For any fuzzy ideal A of X, if x <y, then A(y) < A(x).

Definition 3.2. A BCK-algebra X is n-fold commutative if for any x,y €
X, wry=mz*(yx(yx*z")).

Theorem 3.1 [13]. A BCK-algebra X is n-fold commutative iff for any
z,y € X, zx(zxy) <yx*(yxz™).

Definition 3.3. A nonempty subset I of a BCK-algebra X is an n-fold
commutative ideal of X if it satisfies

1. 0eI;

2. Va,y,z€ X,

(xxy)xzelandze€l) = xzx(y*(y*xz")) € I.
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Lemma 3.2 [13]|. Anideal I of a BCK-algebra X is an n-fold commutative
ideal iff

Ve,ye X, xxyel = xzx(yx(y*xa")) e l.

Now, we give some characterizations of fuzzy n-fold commutative ideals in
BCK-algebras.

Definition 3.4. A fuzzy subset A of X is called a fuzzy n-fold commutative
ideal of X if it satisfies

1. Vz e X, A0) > A(x);

2. Vur,y,z€ X, Al (yx (y*xz™))) > min(A((z xy) * 2), A(2)).

Definition 3.5 [10]. A is a commutative weak ideal of X iff

1. VveIm(A), 0, € A;

2.V 2\ Yu, 20 € X such that (Tx *Ypu) * 20 € A and z, € A, we have

xmin()\, @) * (yu * (yu * wmin()\, a))) €A

Definition 3.6. A is an n-fold commutative weak ideal of X iff

1. VveIm(A), 0, € A;

2.V T\, Yu, %a € X, if (x*yu) * 2o € A and z, € A, then

Lmin(\,e) * (yu * (y,u * mgqin()\@))) €A
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Example 3.1. Let X = {0,1,2,3,4} with x defined by the following table:

Wi RO %
BlWwiNn|—R OO
S GCR I Rl el i
Wl ool o N
[N el Bl el Nen i UV
[en)l el Nanll e e R

By simple computations one can prove that (X, x,0) is a BCK-algebra.
Let t1,t2 € (0,1] and let define a fuzzy subset A : X — [0, 1] by

t1 = A(0) = A(1) = A(2) = A(3) > A(4) = to.
One can easily check that for any n > 2,
A :{0)\ A E (O,tl]} U {1)\ tAE (O,tl]} U {2>\ A E (O,tl]}

U{?))\ tAE (O,tl]} U {4)\ A E (O,tl]}

is an n-fold commutative weak ideal.

Remark 3.1. A is a 1-fold commutative weak ideal of a BCK-algebra X

iff A is a commutative weak ideal of X.

Theorem 3.2. If A is a fuzzy subset of X, then A is a fuzzy n-fold com-

mutative ideal iff A is an n-fold commutative weak ideal.

Proof.
—> — Let A € Im(A), it is easy to prove that 0) € A;

— Let (a:A*yu)*zaEfland 2o € A,

A((x *y) x z) > min(\, u, @) and A(z) > .
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Since A is a fuzzy n-fold commutative ideal, we have

Az x (y = (yx2™))) > min(A((x *y) * 2),

A(z)) > min(min(\, g, @), o) = min(\, g, ).

Therefore,

(.%' * (y * (y * xn)))min()\,u,a) = wmin()\,a) * (yu * (yu * xglin()\,a))) €A
<= — Let 2 € X, it is easy to prove that A(0) > A(z).

— Let z,y,z € X and let A((z xy) x z) = 8 and A(z) = «, then
(T *Y) * 2)min(s,0) = (T8 % Ya) * 20 € A and z, € A.

Since A is n-fold commutative weak ideal, we have

Lmin(6,a) * (ya * (ya * mg—lin(ﬁﬂ))) = (.T * (y * (y * xn)))min(ﬁ,a) € A.
Thus A(z * (y * (y *2™))) > min(F, a) = min(A((z * y) * ), A(2)).

|
Proposition 3.1. In an n-fold commutative BCK-algebra, every weak ideal
18 an n-fold commutative weak ideal.

Proof. The proof is straigthforward.

Corollary 3.1. In an n-fold commutative BCK-algebra, every fuzzy ideal
s a fuzzy n-fold commutative ideal.

Proposition 3.2. An n-fold commutative weak ideal is an ideal. But the
converse does not hold in general.

Proof. Let zy,y, € A, then

xx*yuz(m,\*ou)*yueﬁ.
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Since A is an n-fold commutative weak ideal, we have

Lmin(\,p) = Lmin(\,p) * (O,LL * (O,U« * mg’lin()\7u))) € A.

For the converse, let X = {0,1,2,3,4} with the binary operation * defined
by the following table:

WO OO W
[en) Nenll Hen) New) Nan) TSN

SNy NVl Nenl o Ranll [l V)

W O|IO

=W = O %
WO O

Obviously, (X, *,0) is a BCK-algebra.
Let us define a fuzzy subset A: X — [0,1] by

A(0) =1, A(1) = % A(2) = A(3) = A(4) = =

It is easy to check that

cremofure () ofes (1]
U{?))\:)\E (0,%]}U{4>\:)\6 (Qé]}

is a weak ideal, but not an n-fold commutative weak ideal because

(20 %31) %0, =0y € Aand 01 € A, but 21 % (31 % (31 x2})) =2, ¢ A.

Corollary 3.2. A fuzzy n-fold commutative ideal is a fuzzy ideal. But the
converse does not hold in general.

The following theorem gives a characterization of an n-fold commutative
weak ideal.
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Theorem 3.3. Suppose that A is a weak ideal (namely A is a fuzzy ideal

by Theorem 2.1), then the following conditions are equivalent:

1. A is a fuzzy n-fold commutative ideal;

2. Vayyu € X such that xy * yy € A, we have
xmin()\,,u) * <yﬂ * (y“ * xﬁ’lin(k,p))) S A,

3.Vt € (0,1, the t-level subset A® = {x € X : A(z) > t} is an n-fold
commutative ideal when A' # (;

4. Vaz,yze€X, Alwx (y* (yxa"))) > A(z *y);

5. A is an n-fold commutative weak ideal.

Proof.
1. = 2. Let x) xy, € A. Since A is a fuzzy n-fold commutative, we have

Az * (y = (y+2™))) > min(A((z * y) * (z * y)),

A(z *y)) > min(A(0), A(x xy)) = A(z x y) > min(A, p).
Therefore,

(% (% (0% ™) aino) = Fain) * (505 (30 ainag ) ) € A
2. = 3. — Obviously, V t € (0,1], 0 € A".
— Let (zxy)* 2 € A and z € A!, then we have
(xxy)*2); = (zsxy) 2z € Aand 2z € A.
Since A is a weak ideal, we have %y = (xxy) € A. Using the

hypothesis, we obtain

ek (yex(ypxay)) = (xx(y*(y*xx™)))s € A, hence ox(yx(yxa™)) € AL,
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By vertue of Lemma 3.2, we obtain that A = {z € X : A(x) >t}
is an n-fold commutative ideal.

3.=4. Let z,y € X and t = A(z*y), then xxy € A'. Since A’ is an n-fold
commutative ideal, we have

zx (y* (y*2™)) € A, hence A(z * (y* (y* 2™))) >t = A(z *y).

4. = 5. — Let A € Im(A). Obviously, 0, € A.
— Let (z) * y,) * 24 € A and z, € A. Since A is a weak ideal,
we obtain (o * ¥)min(xpu,a) € A. According to the hypothesis, we
obtain

Az x (y = (yxz™))) > A(x *y) > min(\, p, ),

hence
(@ (¥ (¥ *2")) min( )
= Tmin(\,p) * <Z/u * (yu * wﬁqin(x,a))) €A
5. = 1. Follows from Theorem 3.2. u

Theorem 3.4.  Let A and B be two weak ideals such that A < B, and
A(0) = B(0). If A is an n-fold commutative weak ideal, then B is also

n-fold commutative weak ideal.
Proof. To prove the theorem, we need the following result.

Lemma 3.3 [13]. If I and J are two ideals of X such that I C J with I
n-fold commutative, then J is also n-fold commutative.

Using this lemma, we can prove Theorem 3.4 as follows:

To prove that B is n-fold commutative, it suffices to show that V ¢ € (0, 1],
Bt is n-fold commutative ideal when B # ().
Since A(0) = B(0), it is clear that A® # () when B! # (.

ACB=— A'C B



FOLDNESS OF CMMUTATIVE IDEALS IN BCK-ALGEBRAS 123

Since A is n-fold commutative, A’ is also n-fold commutative. According
to Lemma 3.3, B! is also n-fold commutative. So, B is also n-fold
commutative. -

Consequence 3.1. V A\ € Im(A), if {0,} is an n-fold commutative weak
ideal, then A is also an n-fold commutative weak ideal.

Corollary 3.3. Let A and B be two fuzzy ideals of X such that A < B
and B(0) = A(0). If A is a fuzzy n-fold commutative ideal, then B is also a
fuzzy n-fold commutative ideal.

4. Fuzzy n-FOLD WEAK COMMUTATIVE WEAK IDEALS

In this section, we define and give some characterizations of fuzzy n-fold
weak commutative weak ideals in BCK-algebras.
Let us recall the following results.

Definition 4.1. A nonempty subset I of X is called an n-fold weak com-
mutative ideal of X if it satisfies

1. 0eI;
2.Vz,y,ze€ X, (xx(zxy™))xze€land z€ [ = yx* (y*xx) € I.
Lemma 4.1 [13]. An ideal I of a BCK-algebra X is an n-fold weak com-
mutative ideal iff
VrzyzeX, xx(zxy") el = yx(yxz) € I

Definition 4.2. A fuzzy subset A of X is called a fuzzy n-fold weak
commutative ideal of X if it satisfies

1. Vz e X, A(0) > A(x);

2. Va,y,z€ X, Aly* (y*xx)) > min(A((x * (x xy™)) x 2), A(2)).
Definition 4.3. A is a weak commutative weak ideal of X iff

1. Vv e Im(A), 0, € 4

2.V 2\ Yu, Za € X,

((l’)\ * (x)\ * yu)) * 2o € 121 and z, € A) = (y,u * (y,u * xmin()\,a))) €A
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Definition 4.4. A is an n-fold weak commutative weak ideal of X iff
1. Vv e Im(A), 0, € 4;
2.V o)\ Yu, Za € X,

((zx* (2r % Y))) * 20 € A and 20 € A) = (Y * (Yu * Tmin(ra))) € A.

Example 4.1. Let X = {0,1,2,3} with % defined by the following table:

*x 011123
010(0]0]|0
111/0(0]0
2121200
31313130

By simple computations one can prove that (X, *,0) is a BCK-algebra.
Let t1,t € (0,1] and let us define a fuzzy subset A : X — [0, 1] by

t1 = A(0) = A(1) = A(2) > A(3) = ta.
It is easy to check that for any n > 2,
A={0x: 2 (0,6 U{ly: A€ (0,0}
U{2x: A € (0,t1]} U {35 : A € (0,¢2]}
is an n-fold weak commutative weak ideal.

Remark 4.1.~ A is an 1-fold weak commutative weak ideal of a BCK-
algebra X iff A is a weak commutative weak ideal.

Theorem 4.1. If A is a fuzzy subset of X, then A is a fuzzy n-fold weak
commutative ideal iff A is an n-fold weak commutative weak ideal.
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Proof. )
— — Let A € Im(A). Obviously 0) € 4;

— Let (x) * (x) * yﬁ)) %24 € A and 2z, € fl, then

A((x * (z*y™)) * z) > min(\, u, ) and A(z) > a.

Since A is a fuzzy n-fold weak commutative ideal, we have

Ay * (y * 2)) = min(A((2 * (z *y)) * 2),

A(z)) > min(min(\, g, ), o) = min(\, p, ).

Therefore (y * (¥ * Z))min(Apu0) = Yu * (Y * Tmin(r,a)) € A.
<= — Let z € X, it is easy to prove that A(0) > A(x);

— Leta,y,z € X, Al(w* (2 xy™) *2) = § and A(z) =
Then,

(% (2 % Y™)) * 2)min(g.0) = (% (25 % Y§)) * 20 € A and 2z, € A.

Since A is n-fold weak commutative weak ideal, we have

Yp * (yﬁ * mmin(ﬁ,a)) = (y* (y = x))min(,@,a) € A

Hence, A(y x (y * x)) > min(5, a) = min(A((z * (z x y™)) * 2), A(2)).
|

Proposition 4.1. In an n-fold commutative BCK-algebra, the concepts of
weak ideals, n-fold commutative weak ideals and n-fold weak commutative
weak ideals are the same.

Proof. The proof is straightforward. u

Corollary 4.1. In an n-fold commutative BCK-algebra, the concepts of
fuzzy ideals, fuzzy n-fold commutative ideals and fuzzy n-fold weak commu-
tative ideals are the same.
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Proposition 4.2. An n-fold weak commutative weak ideal is a weak ideal.

Proof. By setting y, = x, in Definition 4.4 and using the fact that z*x = 0
and x * 0 = x, one obtains that

V 2y, 2o € X such that z) % 2z, € A and z, € A, Trin(ra) € A

Corollary 4.2. A fuzzy n-fold weak commutative ideal is a fuzzy ideal.

The following theorem summarizes a characterization of an n-fold weak
commutative weak ideal.

Theorem 4.2. Suppose that A is a weak ideal (namely A is a fuzzy ideal
by Theorem 2.1), then the following conditions are equivalent:

1) A is fuzzy n-fold weak commutative ideal;

2) Vayy € X such that zy * () * Yrmin(\ u)) € A, we have

Y * (Yp * Trmin(r ) € A

3) V t € (0,1], the t-level subset A' = {x € X : A(x) >t} is an n-fold
weak commutative ideal when At # ();

4 VayeX, Aly«(yxz)) = Az * (z+y"));
5) A is an n-fold weak commutative weak ideal.

Proof.

1) = 2) Let z) * (x) * Yrmin(x u)) € A. Since A is a fuzzy n-fold weak com-

mutative ideal, we have

Ay x (y*x)) > min(A((z * (x xy")) * 0),

A(0)) = A(z * (x +y"))) = min(A, p).

Therefore, (y * (4 %)) min(\) = Yp * (U * Tmin(rp)) € A-



FOLDNESS OF CMMUTATIVE IDEALS IN BCK-ALGEBRAS 127

2) = 3) — Obviously, V ¢t € (0,1], 0 € A"
— Let z % (x xy") € A, we have

(x*(z*xy™))e = xp % (e xyp) € Al

By virtue of the hypothesis, one obtains y;*(ys*x;) € A, therefore
y* (y*x) € A'. Using Lemma 4.1, we can conclude that A® =
{z € X : A(z) > t} is an n-fold weak commutative ideal.

3)=4) Let 7,y € X and t = A(z x (z * y™)), then z * (z * y") € A’. Since
Al is an n-fold weak commutative ideal, we have

y* (yxx) € A, therefore A(y * (y * x)) >t = Az * (x * y™)).

4) = 5) — Let A € Im(A), it is clear that 0y € A.

— Let (zx*(xrxy))) *2a € A and z, € A. Since A is a weak ideal,
(2% (2 * Y") ) min(Ap,a) € A. Using the hypothesis, we obtain

Ay x (yxx)) > A(z * (z *x y™)) > min(\, u, @).

From this, one can deduce that

(y * (Z/ * x))min()\,u,a) =Yu* (yu * wmin()\,a)) €A

5) = 1) Follows from Theorem 4.1. m

Theorem 4.3. Theorem 3.4, its corollary (Corollary 3.3) and consequence
(Consequence 3.1) are valid if “n-fold commutative” is replaced by “n-fold
weak commutative”.

Proof.
The proof is similar to that of Theorem 3.4 and is therefore omitted.
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Appendix A

ALGORITHMS

Algorithm for BCK-algebras
Input(X : set, x: binary operation)
Output(“X is a BCK-algebra or not”)
Begin
If X =( then
go to (1.);
EndIf
If 0 ¢ X then
go to (1.);
EndIf
Stop:=false;
1:=1;
While ¢ <|X| and not(Stop) do
If z; x x; # 0 then
Stop:=true;
EndIf
If 0% z; # 0 then
Stop:=true;
EndIf
7j:=1
While j < |X| and not(Stop) do
If (z; % (x; *y;)) *y; # 0 then
Stop:=true;
EndIf
If (z; *y; =0) and (y; * x; = 0) then
If xX; 7& Yj then
Stop:=true;
EndIf
EndIf
k:=1;
While k < |X| and not(Stop) do
If (@i *y;) * (z; % 2)) * (2 * y;) # 0 then
Stop:=true;
EndIf
EndWhile
EndWhile
EndWhile
If Stop then
(1.) Output(“X is not a BCK-algebra”)
Else
Output(“X is a BCK-algebra”)
EndIf
End
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Algorithm for ideals of BCK-algebras
Input(X: BCK-algebra, I: subset of X);
Output(“I is an ideal of X or not”);
Begin
If I =( then
go to (1.);
EndIf
If 0 ¢ I then
go to (1.);
EndIf
Stop:=false;
1:=1;
While ¢ < |X| and not(Stop) do
7j:=1
While j < |X| and not(Stop) do
If z;xy; €I and y; € I then
If x; ¢ I then
Stop:=true;
EndIf
EndIf
EndWhile
EndWhile
If Stop then
Output(“I is an ideal of X7)
Else
(1.) Output(“I is not an ideal of X”)
EndIf
End
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Algorithm for n-fold commutative ideals
Input(X: BCK-algebra, I: subset of X, n € N);
Output(“I is an n-fold commutative ideal of X or not”);
Begin
If I =0 then
go to (1.);
EndIf
If 0 ¢ I then
go to (1.);
EndIf
Stop:=false;
1:=1;
While ¢ < |X| and not(Stop) do
j:=1
While j < |X| and not(Stop) do
k=1
While k < |X| and not(Stop) do
If (z;%y;)* 2 €1 and z; € I then
If 2 * (y; = (y; *2})) ¢ I then
Stop:=true;
EndIf
EndIf
EndWhile
EndWhile
EndWhile
If Stop then
Output(“I is an n-fold commutative ideal of X”)
Else
(1.)Output(“I is not an n-fold commutative ideal of X”)
EndIf
End
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Algorithm for n-fold weak commutative ideals

Input(X: BCK-algebra, I: subset of X, n € N);
Output(“I is an n-fold weak commutative ideal of X or not”);
Begin
If I =( then
go to (1.);
EndIf
If 0 ¢ I then
go to (1.);
EndIf
Stop:=false;
1:=1;
While i < |X| and not(Stop) do
j:=1
While j < |X| and not(Stop) do
k=1
While k < |X| and not(Stop) do
If (z; % (z; *y})) * 2, € I and z, € [ then
If y; « (y; x ;) ¢ I then
Stop:=true;
EndIf
EndIf
EndWhile
EndWhile
EndWhile
If Stop then
Output(“I is an n-fold weak commutative ideal of X”)
Else
(1.) Output(“I is not an n-fold weak commutative ideal of X”)
EndIf
End
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Algorithm for fuzzy subsets
Input(X : BCl-algebra, A : X — |0, 1]);
Output(“A is a fuzzy subset of X or not”);
Begin
Stop:=false;
1:=1;
While i < |X| and not(Stop) do
If (A(z;) <0) or (A(z;) > 1) then
Stop:=true;
EndIf
EndWhile
If Stop then
Output(“A is a fuzzy subset of X”)
Else
Output(“A is not a fuzzy subset of X”)
EndIf
End

Algorithm for fuzzy n-fold commutative ideals
Input(X: BCK-algebra, x: binary operation, A: fuzzy subset of X);
Output(“A is a fuzzy n-fold commutative ideal of X or not”);
Begin
Stop:=false;
1:=1;
While ¢ <|X| and not(Stop) do
If A(0) < A(x;) then
Stop:=true;
EndIf
j:=1
While j < |X| and not(Stop) do
k:=1;
While k < |X| and not(Stop) do
If Az * (y; * (y; * 22))) < Min(A(z; *y;) * zx), A(z)) then
Stop:=true;
EndIf
EndWhile
EndWhile
EndWhile
If Stop then
Output(“A is not a fuzzy n-fold commutative ideal of X”)
Else
Output(“A is a fuzzy n-fold commutative ideal of X”)
EndIf
End
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Algorithm for fuzzy n-fold weak commutative ideals

Input(X: BCK-algebra, x: binary operation, A: fuzzy subset of X);
Output(“A is a fuzzy n-fold weak commutative ideal of X or not”);
Begin
Stop:=false;
1:=1;
While i < |X| and not(Stop) do
If A(0) < A(x;) then
Stop:=true;
EndIf
7j:=1
While j < |X| and not(Stop) do
k:=1;
While k < |X| and not(Stop) do
If Ay * (yj *2)) < Min(A((z; * (z; * y}) * z1)), A(2x)) then
Stop:=true;
EndIf
EndWhile
EndWhile
EndWhile
If Stop then
Output(“A is not a fuzzy n-fold weak commutative ideal of X”)
Else
Output(“A is a fuzzy n-fold weak commutative ideal of X”)
EndIf
End

133



134

[1]
2]

3]

[4]

[5]

(6]

[7]

8]

[9]

[10]

[13]

[14]

C. LELE AND S. MOUTARI

REFERENCES

J. Meng, On ideals in BCK-algebras, Math. Japonica 40 (1994), 143-154.

J. Meng and X. Guo, On f uzzy ideals in BCK/BCI-algebras, Fuzzy Sets and
Systems 149 (2005), 509-525.

J. Meng, Y.B. Jun and H.S. Kim, Fuzzy implicative ideals of BCK-algebras,
Fuzzy Sets and Systems 89 (1997), 243-248.

Y.B. Jun and E.H. Roh, Fuzzy commutative ideals in BCK-algebras, Fuzzy
Sets and Systems 64 (1994), 401-405.

Y.B. Jun, Characterization of Noetherian in BCK-algebras via fuzzy ideals,
Fuzzy Sets and Systems 108 (1999), 231-234.

Y.B Jun, S.Z. Song and C. Lele, Foldness of quasi-associative ideals in BCI-
algebras, Scientiac Mathematicae 6 (2002), 227-231.

Y.B Jun and K.H. Kim, Fuzzifications of foldness of quasi-associative ideals
in BCI-algebras, J. Appl. Math. Computing 11 (2003), 255-263.

Y.B. Jun and C. Lele, Fuzzy point BCK/BCI-algebras, International Journal
of Pure and Applied Mathematics 1 (2002), 33-39.

Y.B. Jun, On n-fold fuzzy implicative/commutative ideals of BCK-algebras,
IIMMS, (2001), 419-424.

C. Lele, C. Wu, P. Weke, T. Mamadou and G.E. Njock, Fuzzy ideals and
weak ideals in BCK-algebras, Scientiae Mathematicae Japonicae 54 (2001),
323-336.

C. Hoo, Some fuzzy concepts of BCI, BCK and MV-algebras, Int. J. Approx.
Reason. 18 (2002), 177-189.

L.Z. Liu and K.T. Li, Fuzzy filters of BL-algebras, Information Sciences (In
press).

Y. Huang and Z. Chen, On ideals in BCK-algebra, Math. Japonica 50 (1999),
211-226.

K. Iseki and S. Tanaka, An introduction to the theory of BCK-algebra, Math.
Japonica 23 (1978), 935-942.



FOLDNESS OF CMMUTATIVE IDEALS IN BCK-ALGEBRAS 135

[15] O.G. Xi, Fuzzy BCK-algebras, Math. Japonica 36 (1991), 935-942.
[16] L.A. Zadeh, Fuzzy sets, Inform. and Control 8 (1965), 338—-353.

Received September 2005
Revised January 2006


http://www.tcpdf.org

