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1. Introduction 
                                   In 1983, the concept of a BCH-algebra was introduced by Hu and Li in [14] and gave examples of proper BCH-algebras [15]. Some classifications of BCH-algebras were calculated by Dudek and Thomys [13] and Ahmad [1]. They also have studied a several properties of these algebras. Since then several researchers have applied this idea to different Mathematical disciplines. In [6], applied it to BCH-algebras, and he considered the ideals and filters in BCH-algebras. The classes of BCH-algebras were studied in [7, 8, 30]. In [34], Saeid and Namdar applied it to BCH-algebras and he considered on n-fold ideals in BCH-algebras and computation algorithms. The studied of smarandache BCH-algebras by [35]. In [33], Roh discuss radical in BCH-algebras.

                                   The concept of a fuzzy set, which was published by Zadeh in his classic paper [28] of 1965, was applied by many researchers to generalize some of the basic concepts of algebras. The fuzzy algebraic structures play a vital role in Mathematics with wide applications in many other branches such as theoretical physics, computer sciences, control engineering, information sciences, coding theory, topological spaces, logic, set theory, real analysis, measure theory etc. In [5], Chang studied it to the topological spaces. Das and Rosenfled applied it to the fundamental theory of fuzzy groups in [9, 32]. In [16], Hong et al., applied the concept to BCH-algebras and studied fuzzy dot subalgebras of BCH-algebras. Jun, give characterizations of BCI/BCH-algebras in [17]. In 2001, Jun et al. discuss on imaginable T-fuzzy subalgebras and imaginable T-fuzzy closed ideals in BCH-algebras [21]. Kim [24] studied intuitionistic (T, S)-normed fuzzy closed ideals of BCH-algebras. In [23], Jun et al. discussed N-structures applied to closed ideals in BCH-algebras. Jun and Park investigated filters of BCH-algebras based on bipolar-valued fuzzy sets in [22]. In [12], Dudek and Rousseau, give the idea of set-theoretic relations and BCH-algebras with trivial structure. In [25], Kazanci et al., studied soft set and soft BCH-algebras. Yin studied fuzzy dot ideals and fuzzy dot H-ideals of BCH-algebras in [37]. In [36], Saeid et al. discussed fuzzy n-fold ideals in BCH-algebras. 
                                   Murali [29] defined the concept of belongingness of a fuzzy point to a fuzzy subset under a natural equivalence on a fuzzy subset. The idea of quasi-coincidence of a fuzzy point with a fuzzy set given in [31], plays a vital role to generate some different types of fuzzy subgroups, called (α, β)-fuzzy subgroups, introduced by Bhakat and Das [4]. In particular, ((, ( ˅ q)-fuzzy subgroup is an important and useful generalization of the Rosenfelds fuzzy subgroups [32]. Bhakat in [2, 3] studied (
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)-fuzzy subalgebras in BCK/BCI-algebras and investigated some related results in [20]. In [18, 19], Jun discussed (α, β)-fuzzy subalgebras (ideals) of BCK/BCI-algebras. Zhan et al. in [39], studied ((, ( ( q)-fuzzy ideals of BCI-algebras. Davvaz [10] studied (
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)-fuzzy fantastic ideals in BCH-algebras are defined and investigate some of their properties. 
2. Preliminaries

                                 In what follows, let X denote a BCH-algebra unless otherwise specified. 
Definition 2.1. [7, 8] By a BCH-algebra, we mean an algebra (X, ( , 0) of type 

(2, 0) satisfying the axioms:

(BCH-I)
 x ( x = 0  
(BCH-II)
 x ( y = 0 and y ( x = 0 imply x = y

(BCH-III)
  (x ( y) ( z = (x ( z) ( y
                          for all x, y, z 
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 X. 

                 We can define a partial order ‘‘
[image: image26.wmf]£

’’ on X by x 
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 y if and only if x 
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 y = 0.
Proposition 2.2. [14, 15, 34] In any BCH-algebra X, the following are true:
(1)
 x ( (x ( y) ≤ y

(2)
 0 ( (x ( y) = (0 ( x) ( (0 ( y)

(3)
 x ( 0 = x
(4)
 x ≤ 0 implies x = 0
             for all x, y 
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 X.
Definition 2.3. [34] A non-empty subset I of a BCH-algebra X is called an ideal of X if it satisfies (I1) and (I2), where
(I1)      0
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 I,
(I2)      x 
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 y
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 I and y
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 I imply x
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 I, 

            for all x, y 
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 X.

Definition 2.4. [34] A non-empty subset I of a BCH-algebra X is called a fantastic ideal of X if it satisfies (I1) and (I3), where

(I1)      0
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 I, 
(I3)      (x 
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 y) 
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 z
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 I and z
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 I imply x 
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            for all x, y, z 
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                           We now review some fuzzy logic concepts. A fuzzy subset κ of a universe X is a function from X to the unit closed interval [0, 1], that is κ : X ( [0, 1].

Definition 2.5. [9] For a fuzzy set κ of a BCH-algebra X and t
[image: image46.wmf]Î

 (0, 1], the crisp set

                                             κt = {x
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 X | κ(x) 
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 t}

is called the level subset of κ.
Definition 2.6. [36] A fuzzy set κ of a BCH-algebra X is called a fuzzy ideal of X if it satisfies (F1) and (F2), where
(F1)
κ(0) 
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 κ(x), 

(F2)
κ(x) 
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 κ(x 
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 y) 
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 κ(y), 
            for all x, y 
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 X. 

Definition 2.7. A fuzzy set κ of a BCH-algebra X is called a fuzzy fantastic ideal of X if it satisfies (F1) and (F3), where

(F1)
κ(0) 
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 κ(x),
(F3)     κ(x 
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 (y 
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 x))) 
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 κ((x 
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 κ(z), 
            for all x, y, z 
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 X.  
Theorem 2.8. A fuzzy set κ of a BCH-algebra X is a fuzzy fantastic ideal of X if and only if each non-empty level subset κt is a fantastic ideal of X.

Proof. Suppose that κ is a fuzzy fantastic ideal of a BCH-algebra X. By Definition 2.7 (F1), we have 

                                            κ(0) ≥ κ(x), for all x ( X. 

Therefore κ(0) ≥ κ(x) ≥ t for x ( κt, and so 0 ( κt. Let 
                                        (x 
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 y) 
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 z ( κt    and    z ( κt. 
Then 
                                        κ((x 
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 z) ≥ t   and   κ(z) ≥ t.
Since κ is a fuzzy fantastic ideal, it follows from (F3) that 

                                κ(x 
[image: image67.wmf]*

 (y 
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 (y 
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 x))) ≥ κ((x 
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 z) ( κ(z) 

                                                                 ≥ t ( t

                                                                 ≥ t

So that x 
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 (y 
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 x)) ( κt. Hence κt is a fantastic ideal of X. 

                                   Conversely assume that κt is a fantastic ideal of X. We show that (F1) and (F3) of Definition 2.7 are true. If (F1) is false, then there exists x'( X such that κ(0) < κ(x'). If we take 

                                                        t' = (κ(x') + κ(0))/2

then κ(0) < t' and 0 ≤ t' < κ(x') ≤ 1. Thus x'( κt', and κt'
[image: image75.wmf]¹
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. As κt' is a fantastic ideal of X, we have 0( κt' and so κ(0) ≥ t', a contradiction. Now suppose (F3) is not true. Then there exist x', y', z' ( X such that 

                                     κ(x' 
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 (y' 
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 (y' 
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 x'))) < κ((x' ( y') ( z') ( κ(z').

Setting 

                                     t' = (κ(x' 
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 (y' 
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 (y' 
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 x'))) + κ((x' ( y') ( z') ( κ(z'))/2

then
                                      κ(x' 
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 (y' 
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 (y' 
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 x'))) < t' 
and 
                                    0 ≤ t' < κ((x' ( y') ( z') ( κ(z') ≤ 1.

Hence 
                                     κ((x' ( y') ( z') > t' and κ(z') > t'. 
This implies that (x' ( y') ( z' ( κt' and z'( κt'. Since κt' is a fantastic ideal, it follows that x' 
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 (y' 
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 x')) ( κt' and κ(x' 
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 x'))) ≥ t', which is a contradiction. Hence κ is a fuzzy fantastic ideal of X. 
Definition 2.9. [36] A fuzzy set κ of a BCH-algebra X of the form 
κ(y) = 
[image: image92.wmf],
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is said to be a fuzzy point with support x and value t and is denoted by xt .

                    A fuzzy point xt is said to belong to (resp., quasi-coincident with) a fuzzy set κ, written as xt ( κ (resp., xtqκ) if κ(x) ≥ t (resp., κ(x) + t > 1).
                    If xt 
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 κ or xtqκ, then we write xt 
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                    Let γ, δ 
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 [0, 1] be such that γ < δ. For a fuzzy point xr and a fuzzy set κ of a BCH-algebra X, we say

(1)      xr 
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  κ if κ(x) 
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 r > γ .

(2)      xrqδκ if κ(x) + r > 2δ.

(3)      xr 
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Definition 3.1. A fuzzy set κ of a BCH-algebra X is called an (
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Theorem 3.2. Every fuzzy ideal of a BCH-algebra X is an (
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Proof. Straightforward.
Definition 3.3. A fuzzy set κ of a BCH-algebra X is called an (
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Theorem 3.4. Every fuzzy fantastic ideal of a BCH-algebra X is an (
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Proof. Straightforward.
Theorem 3.5. A fuzzy set κ of a BCH-algebra X is an (
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 δ   for some  γ < t < δ.
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κ, which is a contradiction. Hence (D) holds.
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This is a contradiction.
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(i)       If γ = 0 and δ = 1, then κ is a fuzzy fantastic ideal of X.

(ii)      If γ = 0 and δ = 0.5, then κ is an (
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Theorem 3.7. Let κ be a fuzzy set of a BCH-algebra X. Then

(1)      κ is an (
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Proof. The proof is similar to the proof of Theorem 3.5.  
Remark 4.3. For any (
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Theorem 4.4. Let κ be a fuzzy set of a BCH-algebra X. Then
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Proof. The proof is similar to the proof of Theorem 3.7.  

                           By setting γ = 0 and δ = 0.5 in Theorem 4.4, the following corollary is obtained.  
Corollary 4.5. Let κ be a fuzzy set of a BCH-algebra X. Then
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