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Abstract 
In handing information regarding various aspects of uncertainty, non-classical- 
mathematics (fuzzy mathematics or great extension and development of clas-
sical mathematics) is considered to be a more powerful technique than clas-
sical mathematics. The non-classical mathematics, therefore, has now days 
become a useful tool in applications mathematics and computer science. The 
purpose of this paper is to apply the concept of the fuzzy sets to some alge-
braic structures such as an ideal, upper semilattice, lower semilattice, lattice 
and sub-algebra and gives some properties of these algebraic structures by 
using the concept of fuzzy sets. Finally, related properties are investigated in 
fuzzy BCK-algebras. 
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1. Introduction 

In 1991, O. G. Xi [1] applied the concept of fuzzy sets to BCK-algebras. After 
that, concept of fuzzy sets to BCK-algebras has been considered by a number of 
authors, amongst them, Y. B. Jun [2]. E. Y. Deeba (1980) [3] introduced the 
concept of lattice filters. Y. B. Jun, S. M. Hong and J. Meng (1998) [4] introduced 
the concept of fuzzy BCK-Filter. For the general development of BCK-algebras, 
the filter theory plays an important role as well as ideal theory. The purpose of 
this paper is to give the fuzzification of BCK-algebras and we study relationships 
between BCK-filters and lattice filters in BCK-algebras. 

2. Preliminaries 

(For more details of BCK/BCI-algebras we refer to [5] [6] and [7].) 
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An algebra ( ); ,0X ∗  of type (2, 0) is said to be a BCK-algebra if it satisfies 
the following 

(I) ( ) ( )( ) ( ) 0x y x z z y∗ ∗ ∗ ∗ ∗ =  
(II) ( )( ) 0x x y y∗ ∗ ∗ =  
(III) 0x x∗ =  
(IV) 0 0x∗ =  
(V) 0x y∗ =  and 0y x∗ =  imply x y=  
A BCK-algebras can be (partially) ordered by x y≤  if and only if 0x y∗ = . 

The following statements are true in any BCK-algebras: for all , ,x y z , 
(p1) ( );x ≤  is a partially ordered set. 
(p2) 0x x∗ = . 
(p3) ( ) ( ) .x y z x z y∗ ∗ = ∗ ∗  
(p4) ( )( ) .x x x y x y∗ ∗ ∗ = ∗  
(p5) x y≤  implies x z y z∗ ≤ ∗  and .z y z x∗ ≤ ∗  
BCK-algebra X satisfying the identity x y y x∧ = ∧  where ( )x y y y x∧ = ∗ ∗  

for all ,x y X∈  is said to be commutative. If there is an element   of 
BCK-algebra X satisfying x ≤   for all x in X, the element   is called the unit 
of X. A BCK-algebra with the unit is called to be bounded. In a bounded 
BCK-algebra, we denote x∗  by xN  for every x X∈ . In bounded commuta-
tive BCK-algebra denote ( )x yN N

x y N
∧

∨ = . 
(p6) In bounded BCK-algebra we have x yN N y x∗ ≤ ∗ ) [8]. 

3. Fuzzy BCK-Algebra 

Definition 3.1. Zadeh [9] A fuzzy subset of a BCK-algebra X is a function 
[ ]: 0,1Xµ → . 

Definition 3.2. [10] Let X be a BCK-algebra. A fuzzy set µ  in X is called a 
fuzzy subalgebra of X if, for all ,x y X∈ , 

( ) ( ) ( ){ }min ,x y x yµ µ µ∗ ≥  

Definition 3.3. [11] Let X be a BCK-algebra and let I be a non empty subset of 
X. Then I it is called to be an ideal of X if, for all ,x y  in X. 

(a) 0 I∈  
(b) x y I∗ ∈  and y I∈  imply x I∈ . 
Definition 3.4. [12]. Let µ  be a fuzzy set of X. For [ ]0,1t∈ , the set 

( ){ }:t x X x tµ µ= ∈ ≥  is called a level subset of µ . 
Theorem 3.5. Let X be a BCK-algebra and let µ  be an arbitrary fuzzy sub-

algebra of X, then for every [ ]0,1t∈ , tµ  is an ideal of X, when tµ φ≠ . 
Proof. For any element x X∈  we have 

( ) ( ) ( ) ( ){ } ( )0 min ,x x x x x tµ µ µ µ µ= ∗ ≥ = = , where [ ]0,1t∈ , 

so that 0 tµ∈ . Let tx y µ∗ ∈  and ty µ∈ , and for any ,x y  in X, denote 

( ) ( ){ }min , .t x yµ µ=  

Then by the hypothesis µ  is a fuzzy subalgebra of X, we have 
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( ) ( ) ( ){ }min ,x y x y tµ µ µ∗ ≥ = . 

If ( ) ( ){ } ( )min ,x y y tµ µ µ= = , then ( )x tµ ≥  so that tx µ∈ . Or 
( ) ( ){ } ( )min ,x y x tµ µ µ= =  which implies tx µ∈ . Hence tµ  is an ideal of X. 

Definition 3.6. [13] A partially ordered set ,X ≤  is said to be a lower se-
milattice if every pair of elements in X has a greatest lower bound (meet ( ∧ )); it 
is called to be an upper semilattice if every pair of elements in X has least upper 
bound (Join (∨ )). If ,X ≤  is both an upper and a lower semilattice, then it is 
called a lattice. 

Definition 3.7. Let X be a bounded BCK-algebra, µ  be a fuzzy set in X. 
Then µ  is called a fuzzy BCK-filter of X if, for all ,x y X∈  

(FF1) ( ) ( )xµ µ≥  

(FF2) ( ) ( )( ) ( ){ }min ,
x yN N

x N yµ µ µ
∗

≥  

Theorem 3.8. A BCK-algebra ( ); ,0X ∗  is commutative if and only if it is 
lower semilattice with respect to BCK-order ≤ . 

Theorem 3.9. Let µ  be a fuzzy BCK-filter of bounded commutative 
BCK-algebra. Then for every [ ]0,1t∈ , tµ  is an upper semilattice with respect 
to BCK-order ≤ , when .tµ φ≠  

Proof. For bounded commutative BCK-algebra 
xNx N=  for all x X∈  (by 

Y.B.Jun) and ,x y x yN N N N∧ ≤  (by Theorem 3.7), then we have  

( )x x yN N N
x N N x y

∧
= ≤ = ∨  and ( )y x yN N N

y N N x y
∧

= ≤ = ∨  for all , .tx y µ∈  
This shows that x y∨  is a common upper-bounded of x and y. Next if 

,x y z≤ , then ,z x yN N N≤ . (by Theorem 3.7) we obtain  

( ),
zx yz x y NN N

N N N N N
∧

≤ ∧ ≤  thus x y z∨ ≤ . Hence x y∨  is a least upper 
bound of x and y, so it remains to prove tx y µ∨ ∈ , from (p6) we have 

( ) ( ) 0yx yN N y x y∨ ∗ ≤ ∗ ∨ = , and so ( ) 0yx yN N∨ ∗ = . 

Hence ( )
( )( ) ( ) ( ) ( ){ } ( )0min , min ,
x y

yN
x y N N y N y yµ µ µ µ µ µ

∨

  ∨ ≥ ∗ = =  
  

, 

so that tx y µ∨ ∈ . Hence ( ),tµ ≤  is upper semilattice. This completes the 
proof.                                                           □ 

Theorem 3.10. Let µ  be a fuzzy BCK-filter of a bounded commutative 
BCK-algebra X. If y x≤  for all ,x y X∈ , then for every [ ]0,1t∈ , tµ  is a 
lower semilattice with respect to BCK-order ≤ , when .tµ φ≠  

Proof. Let , tx y µ∈ . By (II) we know that ( ) ,x y x y∧ ≤ . Let z be any ele-
ment of X such that ,z x y≤ . Then 0z x z y∗ = ∗ = , so 

( ) ( )0z z z z x x x z= ∗ = ∗ ∗ = ∗ ∗ . 

By the same reason, we have ( )z y y z= ∗ ∗ , hence 

( ) ( )( )( ) ( )z x x z x x y y z x x y x y= ∗ ∗ = ∗ ∗ ∗ ∗ ≤ ∗ ∗ = ∧ . 

This says that for all ,x y  in tµ , x y∧  it is the greatest lower bound, so it is 
remain to prove tx y µ∧ ∈ . Then from (p6) we have  

( ) ( ) ( )( ) ( )0 0yx yN N y x y y y y x y y y y∧ ∗ ≤ ∗ ∧ = ∗ ∗ ∗ = ∗ ∗ = ∗ = , and so  
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( ) 0yx yN N∧ ∗ = . 

Hence 

( )
( )( ) ( ){ }

( ) ( ){ }
( ) ( ){ }

0

min ,

min ,

min , ,

x yN yx y N N y

N y

y

µ µ µ

µ µ

µ µ µ

∧
∧ ≥ ∗

=

= =

 

so that ( )tx y yµ∧ ∈ . Hence ( ),µ ≤  is lower semilattice. This completes the 
proof.                                                            □ 

Theorem 3.11. Let µ  be a fuzzy BCK-filter of a bounded commutative 
BCK-algebra X. If y x≤  for all ,x y X∈ , then for every [ ]0,1t∈ , tµ  a lattice 
with respect to BCK-order ≤ , when .tµ φ≠  

Proof. Since µ  fuzzy BCK-filter of a bounded commutative BCK-algebra X. 
and y x≤  for all ,x y X∈ , then for every [ ]0,1t∈ , tµ  is lower semilattice 
with respect to BCK-order ≤ , (from Theorem 3.10). also tµ  is upper semilat-
tice with respect to BCK-order ≤ , (from Theorem 3.9) combining with Defini-
tion 3.6, thus tµ  is a lattice with respect to BCK-order ≤ . 

Definition 3.12. [14] A non-empty subset F of a BCK-algebra X is said to be a 
lattice filter if it satisfies that (D1) x F∈  and x y≤  implies y F∈ ; (D2) 

,x y F∈  g.L.b. { },x y F∈ . 
Theorem 3.13. Let X be a bounded commutative BCK-algebra, µ  be a fuzzy 

BCK-filter of X, then for every [ ]0,1t∈ , tµ  is a lattice filter of X, when 

tµ φ≠  and y x≤  for all ,x y  in X. 
Proof. Assume µ  is a fuzzy BCK-filter of X, then for all [ ]0,1t∈ , let 

,x y X∈  be such that ty µ∈  and y x≤ . Then 0x yN N y x∗ ≤ ∗ =  and so 
0x yN N∗ = . Hence 

( ) ( )( ) ( ){ }
( ) ( ){ }
( ) ( ){ }

( )

0

min ,

min ,

min ,

x yN N
x N y

N y

y

y

µ µ µ

µ µ

µ µ

µ

∗
≥

=

=

=



 
So that tx µ∈ . This shows that tµ  satisfies (D1). The proof of (D’2) is similar 

to the proof of Theorem 3.10 and omitted. Hence tµ  is a lattice filter of X. This 
completes the proof. 

Theorem 3.14. Let X be a BCK-algebra and µ  be an arbitrary fuzzy subal-
gebra of X. Then for every a,x and y in X and for every [ ]0,1t∈ , the following 
hold when tµ φ≠ : 

(a) ( )( )( )( )( )0 0 ta a a x µ∗ ∗ ∗ ∗ ∗ ∗ ∈   
(b) if X it is positive implicative, then ( )n

tx y µ∗ ∈  where nx y∗  is recursively 
defined as follows ( )1 1, n nx y x y x y x y y+∗ = ∗ ∗ = ∗ ∗  for any n∈  (where 


 

is the set of all the natural numbers). 
(c) ( ) tx y x µ∗ ∗ ∈  
(d) if X is bounded commutative, then x y tN N µ∗ ∈  
(e) if X is positive implicative, then ( ) tx y y µ∗ ∗ ∈  
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(f) if X is implicative, then ( ) ( )( ) tx y y x y µ∗ ∗ ∗ ∗ ∈  
(g) if X is commutative, them ( )( ) tx y y x µ∗ ∗ ∗ ∈  
Proof. For any ,x y  in X denote ( ) ( ){ }min ,t x yµ µ=  

( )( )( )( )( )( )
( ) ( ) ( ){ }

0 0

min ,

a a a x

a x a x t

µ

µ µ µ

∗ ∗ ∗ ∗ ∗ ∗

= ∗ ≥ =

 

 

So ( )( )( )( )( )0 0 ta a a x µ∗ ∗ ∗ ∗ ∗ ∗ ∈  . Hence (a) holds. In any positive 
implicative BCK-algebra, the following identity hold nx y x y∗ = ∗  for any 
n∈  thus ( ) ( ) ( ) ( ){ }min ,nx y x y x y tµ µ µ µ∗ = ∗ ≥ =  so n

tx y µ∗ ∈ . Hence 
(b) holds. 

( )( ) ( )( ) ( ) ( )
( ) ( ) ( ){ }

0 0

min , ,

x y x x x y x

x x x x t

µ µ µ µ

µ µ µ

∗ ∗ = ∗ ∗ = ∗ =

= ∗ ≥ =
 

so ( ) tx y x µ∗ ∗ ∈  and (c) holds. 

( ) ( ) ( )( ) ( )( )( )
( )( ) ( )( )

( ) ( ) ( ){ }
0

min , ,

x yN N x y y x

y y x y x

y x x y t

µ µ µ

µ µ

µ µ µ

∗ = ∗ ∗ ∗ = ∗ ∗ ∗

= ∗ ∗ ∗ = ∗ ∗

= ∗ ≥ =

   



 
thus ( ) .x yN N tµ ∗ ≥  

Which implies x y tN N µ∗ ∈ , proving (d). 
(e) Since X is a positive implicative BCK-algebra, it follows that 

( )( ) ( ) ( )( ) ( )( )
( ) ( ) ( ){ }

0

min , ,

x y y x y y y x y

x y x y t

µ µ µ

µ µ µ

∗ ∗ = ∗ ∗ ∗ = ∗ ∗

= ∗ ≥ =
 

thus ( ) tx y y µ∗ ∗ ∈ . Hence proving (e). 
(f) Since X is an implicative BCK-algebra, it follows that 

( ) ( )( )( ) ( ) ( ) ( ){ }min , ,x y y x y x y x y tµ µ µ µ∗ ∗ ∗ ∗ = ∗ ≥ =
 

thus ( ) ( )( )( )x y y x y tµ ∗ ∗ ∗ ∗ ≥ , so ( ) ( )( ) .tx y y x y µ∗ ∗ ∗ ∗ ∈
  

Hence (f) holds. 
(g) Form commutative of X and it follows that 

( )( )( ) ( )( )( ) ( )
( ) ( ){ }min , .

x y y x x x x y x y

x y t

µ µ µ

µ µ

∗ ∗ ∗ = ∗ ∗ ∗ = ∗

≥ =
 

Thus ( )( )( )x y y x tµ ∗ ∗ ∗ ≥  so ( )( ) .tx y y x µ∗ ∗ ∗ ∈  
Hence (g) holds. This finishes the proof. 

4. Conclusions 

1) A level subset of a fuzzy sub-algebra of BCK-algebras X is an ideal X. 
2) A level subset of the fuzzy BCK-filter of bounded commutative BCK-algebra 

X is an upper semilattice with respect to BCK-order ≤. 
3) A level subset of a fuzzy BCK-filter of abounds commutative BCK algebras 

X is a lower semilattice with respect to BCK-order ≤ and If y x≤  for all 
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,x y X∈ . 
4) A level subset of a fuzzy BCK-filter of abounds commutative BCK algebras 

X is a lattice with respect to BCK-order ≤. 
5) A level subset of a fuzzy BCK-filter of a bounded commutative BCK-algebra 

X is a lattice filter with respect to BCK-order ≤ and if y x≤  for all ,x y X∈ . 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Xi, O.G. (1991) Fuzzy BCK-Agebras. Mathematica Japonica, 36, 935-942. 

[2] Jun, Y.B. and Meng, J. (1994) BCK-Algebra. Kyung Moon, SACo, Seoul. 

[3] Deeba, E.Y. (1980) Filter Theory of BCK-Algebras. Mathematica Japonica, 25, 
631-639. 

[4] Jun, Y.B., Hong, S.M. and Meng, J. (1998) Fuzzy BCK-Filters. Mathematica Japoni-
ca, 47, 45-49.  

[5] Iséki, K. (1980) On BCI-Algebras. Math. Sem. Notes Kobe Univ., 8, 125-130.  

[6] Iséki, K. and Tanaka, S. (1978) An Introduction to the Theory of BCK-Filters. Ma-
thematica Japonica, 23, 1-26. 

[7] Meng, J. (1986) Ideal in BCK-Algebra. Pure Applied Mathematics, 2, 68-76. 

[8] Meng, J. (1991) Commutative Ideal in BCK-Algebra. Pure Applied Mathematics, 9, 
49-53. (In Chinese) 

[9] Zadeh, L.A. (1965) Fuzzy Sets. Information and Control, 8, 338-353.  
https://doi.org/10.1016/S0019-9958(65)90241-X 

[10] Muhiuddin, G., Kim, S.J. and Jun, Y.B. (2019) Implicative N-Ideals of BCK-Algebras 
Based on Neutrosophic N-Structures. Discrete Mathematics, Algorithms and Ap-
plications, 11, 1950011. https://doi.org/10.1142/S1793830919500113 

[11] Meng, J. (1991) Commutative Ideal in BCK-Algebra. Pure and Applied Mathemat-
ics in the People’s Republic of China, 7, 949-953.  

[12] Meng, J. (1996) BCK-Filters. Mathematica Japonica, 44, 119-129. 

[13] Muhiuddin, G. and Jun, Y.B. (2020) Further Results of Neutrosophic subalgebras in 
BCK/BCI-Algebras Based on Neutrosophic Points. TWMS Journal of Applied and 
Engineering Mathematics, 10, 232-240. 

[14] RoH, E.H. and Jun, B. (1997) On BCK-Filter. Far East Journal of Mathematical 
Science, Special Volume, Part II, 181-188. 

 
 

https://doi.org/10.4236/jamp.2020.85071
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1142/S1793830919500113

	Fuzzy BCK-Algebras
	Abstract
	Keywords
	1. Introduction
	2. Preliminaries
	3. Fuzzy BCK-Algebra
	4. Conclusions
	Conflicts of Interest
	References

