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Abstract: In this paper, we introduce the concepts of two generalized soft intersection filters ofBL-algebras. Some characterizations
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provides a new soft algebraic tool in many uncertainties problems.
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1 Introduction

Fuzzy logic has been appeared as a new discipline from
the necessity to deal with some kinds of data and
imprecise information caused by indistinguishability of
objects in certain experimental environments. A
BL-algebra has been introduced by Hájek as the algebraic
structures for his Basic Logic [8]. A well known example
of a BL-algebra is the interval [0,1] endowed with the
structure induced by a continuoust-norm. In fact, the
MV-algebras, Gödel algebras and product algebras are the
most known classes ofBL-algebras.BL-algebras are
further discussed by many researchers. Turunen [23,24,
25] studied some types of filters and proved that the
implicative filters are equivalent to the Boolean filters in
BL-algebras. Liu [12] applied fuzzy set theory to
BL-algebras and introduced the concepts of fuzzy
implicative and positive implicative filters, and discussed
their related properties. Furthermore, Ma and Zhan
investigated some kinds of generalized fuzzy filters in
BL-algebras and obtained some important results, see [14,
15,28,30]. Zhang [32] described the relations between
pseudo-BL and pseudo-effect algebras. The other related
results can be found in [10,20,26,31].

It is known well that the complexities of modeling
uncertain data in economics, engineering, environmental
science, sociology, information sciences and many other
fields can not be successfully dealt with by classical
methods. To overcome these difficulties, Molodtsov [18]
proposed a completely new approach for modeling
vagueness and uncertainty, which is called soft set theory.

Since then, especially soft set operations have been
studied intensively. See [1,2,7,16,19]. Note that soft set
theory emphasizes a balanced coverage of both theory
and practice. Nowadays, it has promoted a breath of the
discipline of information sciences, intelligent systems,
expert and decision support systems, expert and decision
support systems, knowledge systems and decision
making, and so on. For examples, see[4,5,6,17].

At the same time, the soft set theory has a wide range
of applications in the algebraic structures such as [9,22,
29]. In particular, Çaǧman, Sezgin and Jun applied the
soft intersection theory to groups [3], near-rings [21] and
BL-algebras [11]. Recently, Ma et al. [13,27] put forward
the new concept:(M,N)-soft intersection set as a
generalization of soft intersection sets. They introduced
the concepts of(M,N)-soft intersection filters and
(M,N)-soft intersection implicative filters inBL-algebras
respectively.

As a continuation of [13,27], we organize the present
paper as follows. In section 2, we recall some concepts
and results of bothBL-algebras and soft sets. In section 3,
we investigate some characterizations of(M,N)-SI-PI
filters of BL-algebras. In section 4, we investigate some
characterizations of (M,N)-SI fantastic filters of
BL-algebras. Finally, we prove that a soft set in
BL-algebras is an(M,N)-SI implicative filter if and only
if it is both an (M,N)-SI-PI filter and an (M,N)-SI
fantastic filter.
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2 Preliminaries

Recall that an algebraL = (L,≤,∧,∨,⊙,→,0,1) is called
a BL-algebra [8] if it is a bounded lattice satisfying the
following conditions:

(i) (L,⊙,1) is a commutative monoid,
(ii) ⊙ and→ form an adjoin pair, i.e.,z≤ x→ y if and

only if x⊙ z≤ y for all x,y,z∈ L,
(iii) x∧y= x⊙ (x→ y),
(iv) (x→ y)∨ (y→ x) = 1.
In what follows,L is a BL-algebra unless otherwise

specified.
In anyBL-algebraL, the following statements are true

(see [8,23,24]):
(a1) x≤ y⇔ x→ y= 1,
(a2) x→ (y→ z) = (x⊙ y)→ z= y→ (x→ z),
(a1) x⊙ y≤ x∧y,
(a4) x→ y ≤ (z→ x) → (z→ y),x→ y≤ (y→ z) →

(x→ z),
(a5) x→ x′ = x′′ → x,
(a6) x∨x′ = 1⇒ x∧x′ = 0,
(a7) (x→ y)⊙ (y→ z)≤ x→ z,
(a8) x≤ y⇒ x→ z≥ y→ z,
(a9) x≤ y⇒ z→ x≤ z→ y,
(a10) x∨y= ((x→ y)→ y)∧ ((y→ x)→ x),

wherex′ = x→ 0.
A non-empty subsetA of L is called afilter of L if it

satisfies (I1) 1∈A, (I2) ∀x∈ A,∀y∈ L,x→ y∈ A⇒ y∈A.
It is easy to check that a non-empty subsetA of L is a filter
of L if and only if it satisfies: (I3)∀x,y∈ L,x⊙ y∈ A, (I4)
∀x∈ A,∀y∈ L,x≤ y⇒ y∈ A (see [24]).

Now, we call a non-empty subsetA of L animplicative
filter if it satisfies (I1)and

(I5) x→ (z′ → y) ∈ A,y→ z∈ A⇒ x→ z∈ A.
A non-empty subsetA of L is said to be apositive

implicative filterof L if it satisfies (I1) and
(I6) x→ (y→ z) ∈ A,x→ y∈ A⇒ x→ z∈ A.
A non-empty subsetA of L is called afantastic filterof

L if it satisfies (I1) and
(I7) z→ (y→ x) ∈ A,z∈ A⇒ ((x→ y)→ y)→ x∈ A.
A non-empty subsetA of L is said to be aBoolean

filter of L if it satisfiesx∨ x′ ∈ A, for all x ∈ A. (see [24,
12,14,15])

From now on, we letL be anBL-algebra and letU be
an initial universe. We letE be a set of parameters and
let P(U) be the power set ofU andA,B,C ⊆ E. We let
/0⊆ M ⊂ N ⊆U .

Definition 2.1. [18,4] A soft set fA over U is a set
defined by fA : E → P(U) such thatfA(x) = /0 if x /∈ A.
Here fA is also called anapproximate function. A soft set
over U can be represented by the set of ordered pairs
fA = {(x, fA(x))|x ∈ E, fA(x) ∈ P(U)}. It is clear to see
that a soft set is a parameterized family of subsets ofU .
Note that the set of all soft sets overU will be denoted by
S(U).

Definition 2.2. [4] Let fA, fB ∈ S(U).

(1) fA is said to be asoft subsetof fB and denoted by
fA⊆̃ fB if fA(x)⊆ fB(x), for all x∈ E. fA and fB are said to
besoft equal, denoted byfA = fB, if fA⊆̃ fB and fA⊇̃ fB.

(2) The union of fA and fB, denoted byfA∪̃ fB, is
defined asfA∪̃ fB = fA∪B, where fA∪B(x) = fA(x)∪ fB(x)
for all x∈ E.

(3) The intersection offA and fB, denoted byfA∩̃ fB, is
defined asfA∩̃ fB = fA∩B, where fA∩B(x) = fA(x)∩ fB(x)
for all x∈ E.

Definition 2.3. [11](1) A soft setfL overU is called an
SI-filter of L overU if it satisfies:

(S1) fL(x)⊆ fL(1) for anyx∈ L,
(S2) fL(x→ y)∩ fL(x)⊆ fL(y) for all x,y∈ L,
(2) A soft setfL overU is called anSI-implicative filter

of L overU if it satisfies(S1) and
(S3) fL(y→ z)∩ fL(x→ (z′ → y))⊆ fL(x→ z) for all

x,y,z∈ L,
(3) A soft set fL over U is called anSI-positive

implicative filterof L overU if it satisfies(S1) and
(S4) fL(x→ y)∩ fL(x→ (y→ z)) ⊆ fL(x→ z) for all

x,y,z∈ L.

Definition 2.4. A soft set fL overU is called anSI-
fantastic filterof L overU if it satisfies(S1) and

(S5) fL(z)∩ fL(z→ (y→ x))⊆ fL(((x→ y)→ y)→ x)
for all x,y,z∈ L.

In [13,27], Ma et al. introduced the concepts of
(M,N)-SI filters and (M,N)-SI implicative filters in
BL-algebras, respectively.

Definition 2.5. (1) A soft set fL overU is called an
(M,N)-soft intersection filter(briefly, (M,N)-SI filter) of
L overU if it satisfies:

(SI1) fL(x)∩N ⊆ fL(1)∪M for all x∈ L,
(SI2) fL(x→ y)∩ fL(x)∩N ⊆ fL(y)∪M for all x,y∈ L.
(2) A soft set fL over U is called an(M,N)-soft

intersection implicative filter (briefly, (M,N)-SI
implicative filter) of L overU if it satisfies (SI1) and

(SI3) fL(y→ z)∩ fL(x→ (z′ → y))∩N⊆ fL(x→ z)∪M
for all x,y,z∈ L.

Define an ordered relation “̃⊆(M,N)” on S(U) as
follows: For any fL,gL ∈ S(U), /0 ⊆ M ⊂ N ⊆ U, we
define fL⊆̃(M,N)gL ⇔ fL ∩N⊆̃gL ∪M. And we define a
relation “ =(M,N) ” as follows:

fL =(M,N) gL ⇔ fL⊆̃(M,N) gL andgL⊆̃(M,N) fL.

Definition 2.6. [13,27] (1) A soft set fL over U is
called an(M,N)-SI filterof L overU if it satisfies:

(SI′1) fL(x)⊆̃(M,N) fL(1) for all x∈ L,

(SI′2) fL(x→ y)∩ fL(x)⊆̃(M,N) fL(y) for all x,y∈ L.
(2) A soft set fL over U is called an (M,N)-SI

implicative filterof L overU if it satisfies (SI′1) and
(SI′3) fL(y→ z)∩ fL(x→ (z′ → y))⊆̃(M,N) fL(x→ z) for

all x,y,z∈ L.
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3 (M,N)-SI-PI filters

In this section, we introduce the concept of(M,N)-SI-PI
filters inBL-algebras, and investigate their properties.

Definition 3.1. A soft set fS over U is called an
(M,N)-soft intersection positive implicative filter(briefly,
(M,N)-SI-PI filter) of L overU if it satisfies (SI1) and

(SI4) fL(x→ (y→ z))∩ fL(x→ y)∩N⊆ fL(x→ z)∪M
for all x,y,z∈ L.

Remark 3.2.If fL is an(M,N)-SI-PI filter of L overU ,
then fL is an( /0,U)-SI-PI filter of L overU . Hence every
SI-positive implicative filter ofL is an(M,N)-SI-PI filter
of L, but the converse need not be true in general. See the
following example.

Example 3.3. Assume thatU = S3, the symmetric
3-group, is the universal set and letL = {0,a,b,1}, where
0 < a < b < 1. We define
x∧ y := min{x,y},x∨ y := max{x,y}, and⊙ and→ as
follows:

⊙ 0 a b 1
0 0 0 0 0
a 0 a a a
b 0 a b b
1 0 a b 1

→ 0 a b 1
0 1 1 1 1
a 0 1 1 1
b 0 a 1 1
1 0 a b 1

It is clear that(L,∧,∨,⊙,→,0,1) is aBL-algebra. LetM =
{(13),(123)} andN = {(1),(12), (13), (123)}. Define a
soft set fL overU by fL(1) = {(1),(12),(123)}, fL(a) =
fL(b) = {(1),(12),(13),(123)} and fL(0) = {(1),(12)}.
Then we can easily check thatfL is an(M,N)-SI-PI filter
of L overU , but it is not anSI-positive implicative filter of
L overU since fL(a) 6⊆ fL(1).

By means of “̃⊆(M,N)”, we obtain the following
equivalent concept.

Definition 3.4.A soft setfS overU is called an(M,N)-
SI-PI filter of L overU if it satisfies (SI′1) and

(SI′4) fL(x→ (y→ z))∩ fL(x→ y)⊆̃(M,N) ⊆ fL(x→ z)
for all x,y,z∈ L.

Theorem 3.5.Every(M,N)-SI-PI filter of L overU is
an(M,N)-SI filter.

Proof. If we let x := 1 in (SI′4), then fL(1 → z)⊇̃(M,N)

fL(1 → (y → z)) ∩ fL(1 → y), that is, fL(z)⊇̃(M,N)

fL(y→ z)∩ fL(y). This shows that (SI′2) holds. Thus,fL is
an(M,N)-SI filter of L. ✷

Remark 3.6.The converse of Theorem 3.5 may not be
true as shown in the following example.

Example 3.7. Assume thatU = {0, t1, t2, t3, t4,1},
where 0< t1 < t2 < t3 < t4 < 1, is the universal set and let
L = {0,a,b,1} be a chain with the following Cayley
tables:

⊙ 0 a b 1
0 0 0 0 0
a 0 a a a
b 0 a a b
1 0 a b 1

→ 0 a b 1
0 1 1 1 1
a 0 1 1 1
b 0 b 1 1
1 0 a b 1

Define the operations∧ and∨ on L as “min” and “max”,
respectively. Then(L,∧,∨,⊙,→,0,1) is aBL-algebra. Let
M = {t2} andN = {t2, t3}. Define a soft setfL overU by
fL(1) = {t3, t4}, fL(a) = fL(b) = {t2} and fL(0) = {0, t1}.
One can easily check thatfL is an (M,N)-SI filter of L
overU , sincefL(b→ a)∪M = fL(b)∪M = {t2}+ fL(b→
(b→ a))∩ fL(b→ b)∩N= fL(1)∩N= {t3, t4}∩{t2, t3}=
{t3}.

Lemma 3.8. [13] Let fL be an(M,N)-SI-filter of L
overU . Then for anyx,y,z∈ L, we have

(1) x≤ y⇒ fL(x)⊆̃(M,N) fL(y),

(2) fL(x→ y) = fL(1)⇒ fL(x)⊆̃(M,N) fL(y),
(3) fL(x⊙ y) =(M,N) fL(x)∩ fL(y) =(M,N) fL(x∧y),
(4) fL(0) =(M,N) fL(x)∩ fL(x′),

(5) fL(x→ y)∩ fL(y→ z)⊆̃(M,N) fL(x→ z),

(6) fL(x)∩ fL(y)⊆̃(M,N) fL(x⊙ z→ y⊙ z),

(7) fL(x→ y)⊆̃(M,N) fL((y→ z)→ (x→ z)),

(8) fL(x→ y)⊆̃(M,N) fL((z→ x)→ (z→ y)).

Now, we characterize (M,N)-SI-PI filters of
BL-algebras as follows.

Theorem 3.9.Let fL be an(M,N)-SI filter of L over
U . Then the following are equivalent:

(1) fL is an(M,N)-SI-PI filter of L,
(2) fL(x→ y)⊇̃(M,N) fL((x→ (x→ y)) for all x,y∈ L,
(3) fL(x→ y) =(M,N) fL(x→ (x→ y)) for all x,y∈ L.

Proof.(1)⇒ (2). Assume thatfL is an(M,N)-SI-PI filter
of L overU . If we let z := y andy := x in (SI′4), then

fL(x→ y) ⊇̃(M,N) fL(x→ (x→ y))∩ fL(x→ x)
= fL(x→ (x→ y))∩ fL(1)
⊇̃(M,N) fL(x→ (x→ y)).

Thus(2) holds.
(2)⇒ (3). For anyx,y∈ L, we have

fL(x→ (x→ y))

⊇̃(M,N) fL(x→ y)∩ fL((x→ y)→ (x→ (x→ y)))

= fL(x→ y)∩ fL(x→ ((x→ y)→ (x→ y)))

= fL(x→ y)∩ fL(x→ 1)

= fL(x→ y)∩ fL(1)

⊇̃(M,N) fL(x→ y),

which implies fL(x → (x → y))⊇̃(M,N) fL(x → y).
Combining (2), we have
fL(x→ (x→ y)) =(M,N) fL(x→ y).

(3)⇒ (1). Using(3) and Lemma 3.8(5), we have

fL(x→ z) =(M,N) fL(x→ (x→ z))
⊇̃(M,N) fL(x→ y)∩ fL(y→ (x→ z))
= fL(x→ y)∩ fL(x→ (y→ z)).
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Thus, by Definition 3.4,fL is an(M,N)-SI-PI filter of
L overU . ✷

Theorem 3.10.If fL is an(M,N)-SI filter of L overU ,
then the following are equivalent:

(1) fL is an(M,N)-SI-PI filter of L,
(2) fL(x→ (y→ z))⊆̃(M,N) fL((x→ y)→ (x→ z)) for

all x,y,z∈ L,
(3) fL(x→ (y→ z)) =(M,N) fL((x→ y)→ (x→ z)) for

all x,y,z∈ L,
(4) fL((x⊙ y) → z) =(M,N) fL((x∧ y) → z) for all

x,y,z∈ L.

Proof. (1)⇒ (2). AssumefL is an(M,N)-SI-PI filter of L
overU . If we let y := y→ z andz := (x→ y)→ z in (SI′4)
and Lemma 3.8, we obtain

fL((x→ y)→ (x→ z))

= fL(x→ ((x→ y)→ z))

⊇̃(M,N) fL(x→ ((y→ z)→ ((x→ y)→ z)))

∩ fL(x→ (y→ z))

= fL((y→ z)→ ((x→ y)→ (x→ z)))

∩ fL(x→ (y→ z))

= fL(1)∩ fL(x→ (y→ z))

⊇̃(M,N) fL(x→ (y→ z)).

Thus(2) holds.
(2)⇒ (3). Obvious.
(3)⇒ (4). By (a2),(iii ) and(3), we have(x⊙y)→ z=

x→ (y→ z) and(x∧y)→ z= (x⊙ (x→ y))→ z= (x→
y)→ (x→ z), and sofL((x⊙ y→ z) =(M,N) fL((x∧ y)→
z)).

(4) ⇒ (1). By Lemma 3.8, we have
fL(x → (y → z))⊇̃(M,N) fL(x → (y → z))∩ fL(x → y). By
(a2) and (4), we havefL(x → (x → z)) = fL((x⊙ x) →
z) =(M,N) fL((x ∧ x) → z) = fL(x → z). Hence

fL(x → z)⊇̃(M,N) fL(x → (y → z)) ∩ fL(x → y). Hence
(SI′4) holds. Therefore,fL is an (M,N)-SI-PI filter of L.
✷

The relationship between(M,N)-SI Boolean filters
and(M,N)-SI implicative filters ofBL-algebras is shown
as follows:

Lemma 3.11. [27] A soft set fL of L over U is an
(M,N)-SI Boolean filter of L if and only if it is an
(M,N)-SI implicative filter.

Finally, we give a relationship between(M,N)-SI
implicative (Boolean) filters and(M,N)-SI-PI filters of
BL-algebras.

Theorem 3.12.Every(M,N)-SI implicative (Boolean)
filter of L overU is an(M,N)-SI-PI filter.

Proof. Assume that fL is an (M,N)-SI implicative
(Boolean )filter ofL overU . Then, for anyx,y,z∈ L, we

have

fL(x→ z) ⊇̃(M,N) fL((x∨x′)→ (x→ z))∩ fL(x∨x′)
=(M,N) fL((x∧x′)→ (x→ z))∩ fL(1)
⊇̃(M,N) fL((x∨x′)→ (x→ z)).

Since(x∨ x′) → (x → z) = (x → (x → z))∧ (x′ → (x →
z)) = x→ (x→ z), we havefL((x∧x′)→ (x→ z)) =(M,N)

fL(x→ (x→ z)). HencefL(x→ z)⊇̃(M,N) fL(x→ (x→ z)).
It follows from Theorem 3.9 thatfL is an (M,N)-SI-PI
filter of L overU . ✷

Remark 3.13.The converse of Theorem 3.12 may not
be true as shown in the following example:

Example 3.14. Consider the BL-algebra
L = {0,a,b,1} as in Example 3.3. LetU = {0, t1, t2,1},
where 0< t1 < t2 < 1 and letM = {t1} andN = {t1, t2}.
Define a soft set fL over U by
fL(1) = {t2,1}, fL(a) = fL(b) = {t1} and fL(0) = {0, t1}.
Then one can easily check thatfL is an(M,N)-SI-PI filter
of L overU , but it is not an(M,N)-SI Boolean filter ofL,
since fL(a∨ a′)∩ N = fL(a)∩N = {t1} 6= fL(1)∪M =
{t2,1, t1}.

4 (M,N)-SI fantastic filters

In this section, we investigate some characterizations of
(M,N)-SI fantastic filters ofBL-algebras. Finally, we
prove that a soft set inBL-algebras is an(M,N)-SI
implicative filter if and only if it is both an(M,N)-SI-PI
filter and an(M,N)-SI fantastic filter.

Definition 4.1. A soft set fL over U is called an
(M,N)-soft intersection fantastic filter (briefly,
(M,N)-SI-fantastic filter) of L overU if it satisfies (SI1)
and

(SI5) fL(z→ (y → x))∩ fL(z)∩N ⊆ fL(((x → y) →
y)→ x)∪M for all x,y,z∈ L.

Remark 4.2. If fL is an(M,N)-SI fantastic filter ofL
overU , then fL is an( /0,U)-SI fantastic filter ofL. Hence
everySI-fantastic filter ofL is an(M,N)-SI fantastic filter
of L, but the converse may not be true.

Example 4.3.Assume thatU = D2 = {< x,y> |x2 =
y2 = e,xy= yx}= {e,x,y,yx}, the Dihedral 2-group, is the
universe set. LetL = {0,a,b,1}, where 0< a< b< 1. We
definex∧y := min{x,y},x∨y := max{x,y}, and⊙ and→
as follows:

⊙ 0 a b 1
0 0 0 0 0
a 0 0 0 a
b 0 0 a b
1 0 a b 1

→ 0 a b 1
0 1 1 1 1
a b 1 1 1
b a b 1 1
1 0 a b 1
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Then(L,∧,∨,⊙,→,0,1) is a BL-algebra. LetM = {e,y}
andN = {e,x,y}. Define a soft setfL overU by fL(1) =
{e,x} and fL(a) = fL(b) = fL(0) = {e,x,y}. Then fL is
an (M,N)-SI fantastic filter ofL overU , but it is not an
SI-fantastic filter ofL overU , since fL(a)* fL(1).

By using the relation “⊆(M,N) ”, we can obtain an
equivalent relation of(M,N)-SI fantastic filters.

Definition 4.4.A soft setfL overU is called an(M,N)-
SI fantastic filterof L overU if it satisfies (SI′1) and

(SI′5)
fL(z → (y → x)) ∩ fL(z)⊆̃(M,N) fL(((x → y) → y) → x),
for all x,y,z∈ L.

Theorem 4.5.Every(M,N)-SI fantastic filter ofL over
U is an(M,N)-SI filter.

Proof. If we let y := 1 in (SI′5), then
fL(((x → 1) → 1) → x)⊇̃(M,N) fL(z → (1 → x)) ∩ fL(z),

that is, fL(x)⊇̃(M,N) fL(z → x) ∩ fL(z). This proves (SI′2)
holds. ThusfL is an(M,N)-SI filter of L. ✷

Remark 4.6.The converse of Theorem 4.5 may not be
true as shown in the following:

Example 4.7.In Example 3.14, we know thatfL is an
(M,N)-SI filter of L over U , but it is not an(M,N)-SI
fantastic filter of L over U , since
fL(((b→ a)→ a)→ b)∪M = fL(b)∪M = {t1}, fL(1→
(a → b))∩ fL(1)∩N = {t2}. This implies thatfL(((b →
a)→ a)→ b)∪M + fL(1→ (a→ b))∩ fL(1)∩N.

Now we investigate some properties of(M,N)-SI
fantastic filter ofBL-algebras.

Theorem 4.8.Let fL be an(M,N)-SI filter of of L over
U . Then fL is an(M,N)-SI fantastic filter ofL if and only
if it satisfies the following condition:

(SI′6) fL(((x → y) → y) → x)⊇̃(M,N) fL(y → x) for all
x,y,z∈ L.

Proof. Assume thatfL is an(M,N)-SI filter of L overU .
If we let z := 1 in (SI′5), then fL(((x → y) → y) →

x)⊇̃(M,N) fL(1 → (y → x))∩ fL(1)⊇̃(M,N) fL(y → x). Thus
(SI′6) holds.

Conversely, for anyx,y,z∈ L, since fL is an (M,N)-
SI filter of of L overU , we havefL(y→ x)⊇̃(M,N) fL(z→
(y → x))∩ fL(z). By applying (SI′6), we obtain fL(((x →

y) → y) → x)⊇̃(M,N) fL(y → x)⊇̃(M,N) fL(z→ (y → x)) ∩
fL(z). Thus (SI′5)holds. This shows thatfL is an(M,N)-SI
fantastic filter ofL. ✷

Now we investigate some relationships between
(M,N)-SI implicative (Boolean) filters and(M,N)-SI
fantastic filters ofBL-algebras.

Lemma 4.9. [27] Let fL be an(M,N)-SI filter of L
overU . Then the following are equivalent:

(1) fL is an(M,N)-SI implicative (Boolean) filter ofL,
(2) fL(x) =(M,N) fL(x′ → x), for all x∈ L,

(3) fL(x)⊇̃(M,N) fL(x′ → x), for all x∈ L,

(4) fL(x)⊇̃(M,N) fL((x→ y)→ x), for all x,y∈ L,

(5) fL(x)⊇̃(M,N) fL(z→ ((x→ y)→ x))∩ fL(z), for all
x,y,z∈ L.

Theorem 4.10.Every(M,N)-SI implicative (Boolean)
filter of L overU is an(M,N)-SI fantastic filter ofL.

Proof. For anyx,y ∈ L,1 = ((x → y) → y) → (x → x) =
x→ (((x → y)→ y)→ x), that is,x≤ (((x→ y) → y)→
x), and hence(((x → y) → y) → x) → y ≤ x → y, which
implies

((((x→ y)→ y)→ x)→ y)→ (((x→ y)→ y)→ x)

≥ (x→ y)→ (((x→ y)→ y)→ x)

= ((x→ y)→ y)→ ((x→ y)→ x)

≥ y→ x

By Lemma 3.8,fL((((x → y) → y) → x) → y)→ (((x →

y) → y) → x)⊇̃(M,N) fL(y → x). It follows from Lemma

4.9 that fL(((x → y) → y) → x)⊇̃(M,N)

fL((((x → y) → y) → x) → y) → (((x → y) → y) → x)
⊇̃ fL(y → x). This proves that (SI′6) holds. Therefore, by
Theorem 4.8,fL is an(M,N)-SI fantastic filter ofL. ✷

Remark 4.11.The converse of Theorem 4.10 may not
be true as shown in the following.

Example 4.12. Consider the universe setU and
BL-algebra L as in Example 4.3. LetM = {y} and
N = {x,y}. Define a soft set fL over U by
fL(1) = {e,x,y} and fL(a) = fL(b) = fL(0) = {e,x}.
Then we can check thatfL is an(M,N)-SI fantastic filter
of L over U , but it is not an (M,N)-SI implicative
(Boolean) filter of L over U , since
fL(a∨a′)∩N = fL(b)∩N = {x} 6= {e,x,y}= fL(1)∪M.

Finally, we discuss the relationships among these kinds
of (M,N)-SI filters ofBL-algebras.

Theorem 4.13.A soft set fL overU is an (M,N)-SI
implicative (Boolean) filter ofL and only if it is both an
(M,N)-SI-PI filter and an(M,N)-SI fantastic filter ofL.

Proof. Necessity: It follows from Theorems 3.12 and 4.10
immediately.
Sufficiency: Suppose thatfL is both an(M,N)-SI-PI filter
and an (M,N)-fantastic filter of L over U . Since
(x→ y)→ x≤ (x→ y)→ ((x→ y)→ y), by Lemma 3.8,
we obtain
fL((x → y) → ((x → y) → y))⊇̃(M,N) fL((x → y) → x).
Since fL an(M,N)-SI-PI filter of L, by Theorem 3.9(2),
we have
fL((x → y) → y)⊇̃(M,N) fL((x → y) → ((x → y) → y)).
Thus

(∗) fL((x→ y)→ y)⊇̃(M,N) fL((x→ y)→ x)

On the other hand, sincefL is an (M,N)-SI fantastic
filter of L, by Theorem 4.8, we have
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fL(((x → y) → y) → x)⊇̃(M,N) fL(y → x). Since
(x → y) → x ≤ y → x, by Lemma 3.8,
fL(y→ x)⊇̃(M,N) fL((x→ y)→ x). Thus

(∗∗) fL(((x→ y)→ y)→ x)⊇̃(M,N) fL((x→ y)→ x)

Now, by using(∗) and(∗∗), we obtain

fL(x)

⊇̃(M,N) fL((x→ y)→ y)∩ fL(((x→ y)→ y)→ x)

⊇̃ fL((x→ y)→ x)

It follows from Lemma 4.9 that fL is an (M,N)-SI
implicative (Boolean) filter ofL. ✷

A BL-algebraL is called anMV-algebraif x′′ = x, or
equivalently,(x→ y)→ y= (y→ x)→ x, for all x,y∈ L.

Summarizing the above theorems, we can obtain the
following corollaries:

Corollary 4.14. Let fL be a soft set of anMV-algebra
L overU . Then the following are equivalent:

(1) fL is an(M,N)-SI filter,
(2) fL is an(M,N)-SI fantastic filter.

Corollary 4.15. Let fL be an(M,N)-SI filter of an
MV-algebraL overU . Then the following are equivalent:

(1) fL is an(M,N)-SI implicative filter,
(2) fL is an(M,N)-SI Boolean filter,
(3) fL is an(M,N)-SI-PI filter.

5 Conclusions

As a continuation of papers [13,27], we introduce the
concepts of(M,N)-SI-PI and(M,N)-SI fantastic filters in
BL-algebras based on a new soft intersection set. Some
good examples are explored. Moreover, some
characterizations of soft intersection filters are discussed.
Finally the relationships among these kinds of soft
intersection filters are established. We hope it can lay a
foundation for providing a new soft algebraic tool in
many uncertainties problems.

For further investigation in this field, one can apply
this theory to other fields such as algebras, topologies and
other mathematical branches. Maybe one can apply this
new idea to decision making, data analysis and
knowledge based systems.
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[4] N. Çaǧman and S. Enginoglu,Soft matrix theory and its
decision making, Comput. Math. Appl.,59 (2010), 3308-
3314.
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near-rings with its applications, Neural Comput. Appl.,21
(2012) (Suppl1), 221-229.

[22] M. Shabir and A. Ali,On soft ternary semigroups, Ann.
Fuzzy Math. Inform.,3 (2012), 39–59.

[23] E. Turunen,BL-algebras of basic fuzzy logic, Mathware and
Soft Comput.,6 (1999), 49-61.

[24] E. Turunen,Boolean deductive systems of BL-algebras,
Arch. Math. Logic.,40 (2001), 467-473.

[25] E. Turunen,Mathematics Behind Fuzzy Logic, Physica-
Verlag, Heidelberg, 1999.

[26] W. Wang and X.L. Xin,On fuzzy filters of pseudo-algebras,
Fuzzy Sets and Systems,162(2011), 27-38.

c© 2015 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.9, No. 4, 1915-1921 (2015) /www.naturalspublishing.com/Journals.asp 1921

[27] J. Zhan, Q. Liu and H.S. Kim,A new extended soft
intersection set to(M,N)-SI implicative fitters of BL-
algebras, The Scientific World Journal, Volume 2014,
Article ID 517039, 5 pages.

[28] J. Zhan, W.A. Dudek and Y.B. Jun,Interval valued(∈,∈
∨q)-fuzzy filters of pseudo BL-algebras, Soft Computing,13
(2009), 13-21.

[29] J. Zhan and Y.B. Jun,Soft BL-algebras based on fuzzy sets,
Comput. Math. Appl.,59 (2010), 2037-2046.

[30] J. Zhan and Y. Xu,Some types of generalized fuzzy filters of
BL-algebras, Comput. Math. Appl.,56 (2008), 1604-1616.

[31] J.L. Zhang, G. Wang and M. Hu,Topology on the set of BL-
semantics for BL-algebras, Soft Computing,12(2008), 585-
591.

[32] X.H. Zhang and X.S. Fan,Pseudo-BL algebras and pseudo-
effect algebras, Fuzzy Sets and Systems,159 (2008), 95-
106.

Xueling Ma is a
professor of Mathematics
in Hubei University for
Nationalities. She is
an associate editor of
Journal of Intelligent and
Fuzzy Systems(ISI). She is
interested in logical algebras
(BL-algebras, R0-algebras
and MTL-algebras), fuzzy

algebras(semirings, hemirings and rings) and their
hyperstuctures (hyperring, hypergroups, hypermodules,
Hv-modules, Hv-ring), and so on. She has published more
than 40 journal papers in these areas, such as INS, CAM,
JIFS, IJFS, NCA and MLQ, and so on.

Jianming Zhan is
a professor of Mathematics
in Hubei University for
Nationalities. Since 2004,
Prof Zhan has been a
reviewer of Math Review
(America) and Zentrablatt
fur Mathematik (Germany).
He is the Editor-in-Chief
of International Review of

Fuzzy Mathematics (IRFM) and also the editor of some
ISI Journals, such as Journal of Intelligent and Fuzzy
Systems, Applied Mathematics & Information Sciences,
Abstract and Applied Analysis , Mathematical Problems
in Engineering and Journal of Applied Mathematics. His
research interests include logical algebras, fuzzy algebras
and their hyperstuctures. He has published more than 100
journal papers in these areas.

Hee Sik Kim is working
at Dept. of Mathematics,
Hanyang University as a
professor. He has received his
Ph.D. at Yonsei University.
He has publised a book,
Basic Posetswith professor
J. Neggers, and published 170
papers in several journals. He
is working as an (managing)

editor of 5 journals. His mathematical research areas are
BCK-algebras, fuzzy algebras, poset theory, theory of
semirings, and Fibonacci numbers. He has been reviewed
over 300 papers in this areas. He is engaged in martial
arts, photography and poetry also.

c© 2015 NSP
Natural Sciences Publishing Cor.

www.naturalspublishing.com/Journals.asp

	Introduction
	Preliminaries
	(M,N)-SI-PI filters
	(M,N)-SI fantastic filters
	Conclusions

