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Abstract: In this paper, we give the “generator” of int-soft filters and propose the notion of
t-int-soft filters on residuated lattices. We study the properties of t-int-soft filters and obtain some
commonalities (e.g., the extension property, quotient characteristics, and a triple of equivalent
characteristics). We also use involution-int-soft filters as an example and show some basic properties
of involution-int-soft filters. Finally, we investigate the relations among t-int-soft filters and give a
simple method for judging their relations.
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1. Introduction

Uncertainty widely exists in many practical problems. Compared with probability theory [1],
fuzzy sets [2], rough sets [3], intuitionistic fuzzy sets [4], and soft sets [5] have an unparalleled
advantage in solving uncertain problems. At present, many scholars are devoted to the study of
soft set theory and its applications. The theoretical work mainly focuses on some operations of soft
sets [6–8], soft and fuzzy soft relations [9], soft algebraic structures [10], and distance, similarity
measures, and equality of soft sets [11–13]. In applications, soft sets are extensively used in decision
making problems [14] and forecasting approaches [15].

Residuated lattices [16] originated from mathematical logic without contraction. They combine the
fundamental notions of multiplication, order, and residuation. In recent years, many logical algebras
have been introduced as the semantic systems of logical systems, for example, Boolean algebras,
MV-algebras, BL-algebras, R0-algebras, Heyting algebras, MTL-algebras, and so on. These logical
algebras are all special cases of residuated lattices.

Filters correspond to sets of formulae, closed with respect to Modus ponens. So, filters play an
important role in investigating the above logical algebras. At present, the filter theories of many fuzzy
logical algebras have been extensively studied. On residuated lattices, the relative literature is as
follows: [17–26]. In the literature, many concrete types of filters (implicative filters, fantastic filters,
Boolean filters, and so on) have been introduced, their equivalent characterizations studied, and the
relations among specific filters were investigated on residuated lattices. Notably, Víta [24] proposed
the notion of t-filters, in order to cover the great amount of special types of filters, and obtained some
basic properties of t-filters.

Recently, some scholars have applied soft sets to the filter theory of logical algebras. In [27,28],
Jun et al. proposed the (strong, implicative) intersection-soft (int-soft for short) filters, and established
their equivalent characterizations and the extension property of (strong) implicative int-soft filters on
R0-algebras. Lin and Ma [29] proved that all int-soft filters formed a bounded distributive lattice and
investigated the int-soft congruences, with respect to int-soft filters on residuated lattices. Jun et al. [30]
introduced the concepts of int-soft filters, MV-int-soft filters, int-soft G-filters, and regular int-soft
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filters, explored their properties and characterizations, and provided the conditions for an int-soft filter
to be an int-soft G-filter on residuated lattices.

T-filters provide a path toward the unifying of some types of filters. It is natural to ask whether
we can give a framework to cover as many int-soft filters as possible and obtain some of their basic
features. Based on this, we propose the notion of t-int-soft filters on residuated lattices, and show
how particular results about many kinds of int-soft filters are unified by our framework. In addition,
research about relations among kinds of int-soft filters is a hot topic. Is there a simple method to find
them? In order to answer this question, we particularly investigate the quotient structure of t-int-soft
filters, use it to study the relations among t-int-soft filters, and give a simple method for judging their
relations. The paper is organized as follows:

In Section 2, some preliminary definitions and theorems are recalled. In Section 3, the notion
of t-int-soft filters is proposed. Some characterizations of t-int-soft filters are derived. In Section 4,
a specific example of a t-int-soft filter is given. In Section 5, the general principles of investigating the
relations among t-int-soft filters are given.

2. Preliminaries

Definition 1. [16] A residuated lattice is an algebra (L,∧,∨,⊗,→, 0, 1), such that the following conditions hold:

R1 (L,∧,∨, 0, 1) is a bounded lattice,
R2 (L,⊗, 1) is a commutative monoid, and
R3 x⊗ y ≤ z if and only if x ≤ y→ z for all x, y, z ∈ L.

For x ∈ L, we define x∗ = x → 0 and x∗∗ = (x∗)∗. For a natural number n, we define x0 = 1 and
xn = xn−1 ⊗ x for n ≥ 1.

Definition 2. [17,22,31,32] Let L be a residuated lattice. Then, L is called:

• An involutive (or regular) residuated lattice if x∗∗ = x for x ∈ L;
• a Heyting algebra if x⊗ y = x ∧ y for all x, y ∈ L, which is equivalent to x2 = x for all x ∈ L;
• a Rl-monoid if x ∧ y = x⊗ (x → y) for all x, y ∈ L (axiom of divisibility);
• an MTL-algebra if (x → y) ∨ (y→ x) = 1 for all x, y ∈ L (axiom of prelinearity);
• a BL-algebra if it satisfies both axioms of prelinearity and divisibility;
• an MV-algebra if it is a regular Rl-monoid; and
• a Boolean algebra if it is an idempotent MV-algebra.

In what follows, L denotes a residuated lattice, unless otherwise specified.

We give some rules of calculus on L, which will be needed in the rest of study.

(1) 0∗ = 1, 1∗ = 0.
(2) x → y ≤ (y→ z)→ (x → z).
(3) x⊗ y→ z = x → (y→ z).
(4) x ∨ y→ y = x → y.
(5) x ≤ y if and only if x → y = 1.

Definition 3. [23] A nonempty subset F of L is called a filter if

(1) If x ∈ F and x ≤ y, then y ∈ F, and
(2) If x, y ∈ F, then x⊗ y ∈ F.

Theorem 1. [23] F is a filter if and only if

(1) 1 ∈ F, and
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(2) If x, x → y ∈ F, then y ∈ F.

It is clear that {1} and L are filters. In addition, given a filter F of L, we can define the relation ≡F
on L by x ≡F y if and only if x → y ∈ F and y → x ∈ F. We can also prove that ≡F is a congruence
relation. We use L/F to denote the set of the congruence classes of ≡F (i.e., L/F = {[x]F|x ∈ L}),
where [x]F := {y ∈ L|y ≡F x}. If we define the following operations on L/F: [x]F u′ [y]F = [x ∧ y]F,
[x]F t′ [y]F = [x ∨ y]F, and [x]F �′ [y]F = [x ⊗ y]F, [x]F ⇀′ [y]F = [x → y]F, then, we have the
following lemma.

Lemma 1. [23,26] Let F be a filter of L. Then (L/F,u′,t′,�′,⇀′, [0]F, [1]F) is a residuated lattice, with
respect to F.

In what follows, we recall some basic concepts of soft sets.

Let U be an initial universe set, and E a set of parameters. Let P(U) denote the power set of U
and A, B, C · · · ⊆ E.

Definition 4. [5] A soft set ( f̃ , A) over U is defined to be the set of ordered pairs

( f̃ , A) := {(x, f̃ (x)) : x ∈ E, f̃ (x) ∈P(U)},

where f̃ : E→P(U), such that f̃ (x) = ∅ if x /∈ A.

Now, we take a residuated lattice L as the set of parameters.

Definition 5. [30] A soft set ( f̃ , L) over U is called an int-soft filter of L if it satisfies

(1) f̃ (x) ∩ f̃ (y) ⊆ f̃ (x⊗ y), ∀x, y ∈ L, and
(2) If x ≤ y, then f̃ (x) ⊆ f̃ (y), ∀x, y ∈ L.

Lemma 2. [30] Every int-soft filter ( f̃ , L) of L satisfies

(1) f̃ (x) ⊆ f̃ (1), ∀x ∈ L, and
(2) f̃ (x) ∩ f̃ (x → y) ⊆ f̃ (y), ∀x, y ∈ L.

Theorem 2. [30] A soft set ( f̃ , L) over U is an int-soft filter of L if and only if the set

f̃τ := {x ∈ L | τ ⊆ f̃ (x)}

is a filter of L, for all τ ∈P(U), with f̃τ 6= ∅.

Lemma 3. A soft set (T̃, L) is an int-soft filter of L, where T̃ has the following form

T̃(x) =

{
U, if x = 1,

∅, if x 6= 1.
(1)

Proof. ∀τ ∈P(U),

T̃τ =

{
L, if τ = ∅,

{1}, if τ 6= ∅.
(2)

By Theorem 2, we know that (T̃, L) is an int-soft filter.



Mathematics 2019, 7, 236 4 of 10

Lemma 4. Let ( f̃ , L) be a soft set. If ( f̃ , L) is an int-soft filter, then f̃ f̃ (1) is a filter.

Proof. Let ( f̃ , L) be an int-soft filter. Since 1 ∈ f̃ f̃ (1), we have f̃ f̃ (1) 6= ∅. By Theorem 2, we have f̃ f̃ (1)
is a filter.

3. T-Filters and T-Int-Soft Filters

In this section, we use the symbol x̄ to indicate the abbreviation of x, y, . . .; that is, x̄ is a formal
listing of variables used in a given context. We use the term t to denote a term in the language of
residuated lattices. Given a variety B of residuated lattices, we denote its subvariety satisfying the
equation t = 1 by the symbol B[t], and we call this algebra the t-algebra.

Definition 6. [24] Let t be an arbitrary term on the language of residuated lattices. A filter F of L is a t-filter if
t(x̄) ∈ F for all x̄ ∈ L.

Example 1. [17,18,21,24–26] Let F be a filter of L. Then F is,

• an involution filter (or a regular filter) for t(x̄) = x∗∗ → x;
• a Heyting filter for t(x̄) = x → x2;
• a Rl-monoid filter (or a divisible filter) for t(x̄) = (x ∧ y)→ (x⊗ (x → y));
• a MTL-filter for t(x̄) = (x → y) ∨ (y→ x);
• a BL-filters for t(x̄) = ((x → y)→ (x → z))→ ((x → z) ∨ (y→ z));
• a MV-filter for t(x̄) = ((x → y)→ y)→ ((y→ x)→ x); and
• a Boolean filter for t(x̄) = x ∨ x∗.

Remark 1. Many of the filters in Example 1 have different names. To avoid confusion, Buşneag and Piciu [18]
proposed a new approach for classifying filters and renamed some filters.

Theorem 3. [24] Let B be a variety of residuated lattices and L ∈ B. Then, the following statements
are equivalent:

(1) Every filter of L is a t-filter.
(2) {1} is a t-filter.
(3) L ∈ B(t).

Theorem 4. [24] Let B be a variety of residuated lattices, L ∈ B, and F a filter of L. Then, F is a t-filter if and
only if L/F ∈ B(t).

Definition 7. Let ( f̃ , L) be an int-soft filter of L. ( f̃ , L) is called a t-int-soft filter if, for all τ ∈P(U), f̃τ is
either empty or a t-filter.

Remark 2. According to Definition 7, we can define involution-int-soft filters, MTL-int-soft filters, and
BL-int-soft filters.

Theorem 5. Let ( f̃ , L) be an int-soft filter of L. Then, ( f̃ , L) is a t-int-soft filter if and only if f̃ f̃ (1) is a t-filter.

Proof. Let ( f̃ , L) be a t-int-soft filter. Since 1 ∈ f̃ f̃ (1), then f̃ f̃ (1) 6= ∅. By Definition 7, we have that

f̃ f̃ (1) is a t-filter.

Conversely, suppose ( f̃ , L) is an int-soft filter of L. Then, by Theorem 2, ∀τ ∈ P(U), we have
if f̃τ 6= ∅, then f̃τ is a filter. Let f̃ f̃ (1) be a t-filter, then t(x̄) ∈ f̃ f̃ (1). For all τ ∈ P(U), there exist
two cases:
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(i) τ ⊆ f̃ (1):

Suppose x ∈ f̃ f̃ (1), then f̃ (x) ⊇ f̃ (1) ⊇ τ. This shows that x ∈ f̃τ . Thus, f̃ f̃ (1) ⊆ f̃τ . Hence,

t(x̄) ∈ f̃τ . By Definition 6, we have that f̃τ is a t-filter.

(ii) τ ⊃ f̃ (1):

Since ( f̃ , L) is an int-soft filter, then ∀x ∈ L, τ ⊃ f̃ (1) ⊇ f̃ (x). Thus, f̃τ = ∅.

By Definition 7, we know that ( f̃ , L) is a t-int-soft filter.

Theorem 6. (Extension property) Let f̃ , g̃ be int-soft filters of L, f̃ (x) ⊆ g̃(x) for all x ∈ L, and, moreover,
f̃ (1) ⊇ g̃(1). If ( f̃ , L) is a t-int-soft filter, then (g̃, L) is a t-int-soft filter.

Proof. Let ( f̃ , L) be a t-int-soft filter and f̃ (1) ⊇ g̃(1). Then, f̃ f̃ (1) is a t-filter. Thus, t(x̄) ∈ f̃ f̃ (1).

Suppose x ∈ f̃ f̃ (1), then f̃ (x) ⊇ f̃ (1). Also, g̃(x) ⊇ f̃ (x), and thus g̃(x) ⊇ f̃ (x) ⊇ f̃ (1) ⊇ g̃(1).
This shows that x ∈ g̃g̃(1). That is, f̃ f̃ (1) ⊆ g̃g̃(1). Thus, t(x̄) ∈ g̃g̃(1). We have that g̃g̃(1) is a t-filter.
Hence, g̃ is a t-int-soft filter.

The next part concerns the quotient structure.

Lemma 5. If ( f̃ , L) is an int-soft filter, then f̃ (x → z) ⊇ f̃ (x → y) ∩ f̃ (y→ z) for all x, y, z ∈ L.

Proof. Assume that ( f̃ , L) is an int-soft filter. Since x → y ≤ (y → z) → (x → z), it follows,
from Definition 5 (2), that f̃ ((y → z) → (x → z)) ⊇ f̃ (x → y). From Lemma 2 (2), we have
f̃ (x → z) ⊇ f̃ (y→ z) ∩ f̃ ((y→ z)→ (x → z)). Thus, f̃ (x → z) ⊇ f̃ (x → y) ∩ f̃ (y→ z).

Lemma 6. Let ( f̃ , L) be an int-soft filter of L and x, y ∈ L. For any z ∈ L, we define f̃ x : L → P(U),
f̃ x(z) = f̃ (x → z) ∩ f̃ (z→ x). Then, f̃ x = f̃ y if and only if f̃ (x → y) ⊇ f̃ (1) and f̃ (y→ x) ⊇ f̃ (1).

Proof. Suppose f̃ x = f̃ y, then f̃ x(x) = f̃ y(x). Also, f̃ x(x) = f̃ (1), f̃ y(x) = f̃ (y → x) ∩ f̃ (x → y).
Thus, f̃ (x → y) ⊇ f̃ (1) and f̃ (y→ x) ⊇ f̃ (1).

Conversely, suppose f̃ (x → y) ⊇ f̃ (1) and f̃ (y → x) ⊇ f̃ (1). For any z ∈ L, f̃ x(z) = f̃ (x →
z) ∩ f̃ (z → x), f̃ y(z) = f̃ (y → z) ∩ f̃ (z → y). By Lemma 5, f̃ (x → z) ⊇ f̃ (x → y) ∩ f̃ (y → z) ⊇
f̃ (1) ∩ f̃ (y → z) ⊇ f̃ (y → z). We have f̃ (z → x) ⊇ f̃ (z → y) ∩ f̃ (y → x) ⊇ f̃ (z → y) ∩ f̃ (1) ⊇
f̃ (z → y). Thus, f̃ (x → z) ∩ f̃ (z → x) ⊇ f̃ (z → y) ∩ f̃ (y → z). Similarly, f̃ (y → z) ∩ f̃ (z → y) ⊇
f̃ (x → z) ∩ f̃ (z → x). Therefore, f̃ (x → z) ∩ f̃ (z → x) = f̃ (y → z) ∩ f̃ (z → y). This shows that
f̃ x(z) = f̃ y(z). By the arbitrariness of z, we have f̃ x = f̃ y.

Theorem 7. Let ( f̃ , L) be an int-soft filter of L. Then, f̃ x = f̃ y if and only if x → y ∈ f̃ f̃ (1) and y→ x ∈ f̃ f̃ (1)
if and only if x ≡ f̃ f̃ (1)

y.

Proof.

f̃ x = f̃ y ⇐⇒ f̃ (x → y) ⊇ f̃ (1), f̃ (y→ x) ⊇ f̃ (1)

⇐⇒ x → y ∈ f̃ f̃ (1), y→ x ∈ f̃ f̃ (1)

⇐⇒ x ≡ f̃ f̃ (1)
y.
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Theorem 8. Let ( f̃ , L) be an int-soft filter of L, L/ f̃ := { f̃ x|x ∈ L}. For any f̃ x, f̃ y ∈ L/ f̃ , if we define

f̃ x u f̃ y = f̃ x∧y, f̃ x t f̃ y = f̃ x∨y , f̃ x � f̃ y = f̃ x⊗y, f̃ x ⇀ f̃ y = f̃ x→y , then L/ f̃ = (L/ f̃ ,u,t,�,⇀
, f̃ 0, f̃ 1) is a residuated lattice.

Proof. Suppose f̃ x = f̃ s, f̃ y = f̃ t. By Theorem 7, we have x ≡ f̃ f̃ (1)
s, y ≡ f̃ f̃ (1)

t. Since ≡ f̃ f̃ (1)
is

a congruence relation on L, we have x ∨ y ≡ f̃ f̃ (1)
s ∨ t, and so f̃ x∨y = f̃ s∨t. Similarly, we have

f̃ x∧y = f̃ s∧t, f̃ x⊗y = f̃ s⊗t, f̃ x→y = f̃ s→t. This shows that the operators on L/ f̃ are well defined.

Clearly, L/ f̃ satisfies (R1) and (R2). We only need to prove that (�,⇀) is an adjoint pair. We note
that the lattice order f̃ x � f̃ y if and only if f̃ x t f̃ y = f̃ y and

f̃ x � f̃ y ⇐⇒ f̃ x t f̃ y = f̃ y

⇐⇒ f̃ x∨y = f̃ y

⇐⇒ f̃ (x ∨ y→ y) ⊇ f̃ (1)

⇐⇒ f̃ (x → y) ⊇ f̃ (1).

Suppose f̃ x, f̃ y, f̃ z ∈ L/ f̃ , then

f̃ x � f̃ y � f̃ z ⇐⇒ f̃ x⊗y � f̃ z

⇐⇒ f̃ (x⊗ y→ z) ⊇ f̃ (1)

⇐⇒ f̃ (x → (y→ z)) ⊇ f̃ (1)

⇐⇒ f̃ x � f̃ y→z

⇐⇒ f̃ x � f̃ y ⇀ f̃ z.

Therefore, (R3) holds. This shows that L/ f̃ is a residuated lattice.

Theorem 9. Let ( f̃ , L) be an int-soft filter. Then, the residuated lattice L/ f̃ ∼= L/ f̃ f̃ (1).

Proof. Define a mapping ϕ : L −→ L/ f̃ by ϕ(x) = f̃ x. Then,

x ∈ ker(ϕ)⇐⇒ ϕ(x) = f̃ 1

⇐⇒ f̃ x = f̃ 1

⇐⇒ f̃ (x) ⊇ f̃ (1)

⇐⇒ x ∈ f̃ f̃ (1).

Therefore, ker(ϕ) = f̃ f̃ (1). Clearly, ϕ is surjective. It is easy to verify that ϕ is a homomorphism.

Thus, L/ f̃ ∼= L/ f̃ f̃ (1).

Theorem 10. (Quotient characteristics) Let ( f̃ , L) be an int-soft filter of L. Then, ( f̃ , L) is a t-int-soft filter if
and only if L/ f̃ ∈ B(t).

Proof. ( f̃ , L) is a t-int-soft filter if and only if f̃ f̃ (1) is a t-filter if and only if L/ f̃ f̃ (1) ∈ B(t) if and only if

L/ f̃ ∈ B(t) .

Theorem 11. (Triple of equivalent characteristics) Let L be a residuated lattice. Then, the following statements
are equivalent:
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(1) Every int-soft filter of L is a t-int-soft filter.
(2) (T̃, L) is a t-int-soft filter.
(3) L ∈ B(t).

Proof. (1)=⇒(2)

Since (T̃, L) is an int-soft filter, the result is obvious.

(2)=⇒(3)

Suppose (T̃, L) is a t-int-soft filter, then T̃T̃(1) is a t-filter. Thus, L/T̃T̃(1) ∈ B(t). Also, T̃T̃(1) = {1}
and L/{1} ≈ L. Thus, L ∈ B(t).

(3)=⇒(1)

Suppose ( f̃ , L) is an int-soft filter of L, then f̃ f̃ (1) is a filter. Also, L ∈ B(t), and thus f̃ f̃ (1) is a t-filter.

Hence, ( f̃ , L) is a t-int-soft filter.

4. A Specific Example

In this section, we use involution-int-soft filters as an example.

Definition 8. Let ( f̃ , L) be an int-soft filter of L. Then, ( f̃ , L) is called an involution-int-soft filter if, for all
τ ∈P(U), f̃τ is either empty or an involution filter.

Lemma 7. Let ( f̃ , L) be an int-soft filter of L. Then, ( f̃ , L) is an involution-int-soft filter if and only if
f̃ (x∗∗ → x) ⊇ f̃ (1), for all x ∈ L.

Proof. Suppose ( f̃ , L) is an involution-int-soft filter, then, by Theorem 5, we have that f̃ f̃ (1) is an

involution filter. By Example 1, we have x∗∗ → x ∈ f̃ f̃ (1). This shows that f̃ (x∗∗ → x) ⊇ f̃ (1).

Conversely, since ( f̃ , L) is an int-soft filter, then f̃ f̃ (1) is a filter. Suppose f̃ (x∗∗ → x) ⊇ f̃ (1),
then x∗∗ → x ∈ f̃ f̃ (1). By Example 1, we know that f̃ f̃ (1) is an involution filter. Thus, ( f̃ , L) is an
involution-int-soft filter. �

Theorem 12. (Extension property) Let f̃ , g̃ be int-soft filters of L, f̃ (x) ⊆ g̃(x) for all x ∈ L, and, moreover,
f̃ (1) ⊇ g̃(1). If ( f̃ , L) is an involution-int-soft filter, then (g̃, L) is an involution-int-soft filter.

Theorem 13. (Quotient characteristics) Let ( f̃ , L) be an int-soft filter of L. Then, ( f̃ , L) is an involution-int-soft
filter if and only if L/ f̃ is an involutive residuated lattice.

Theorem 14. (Triple of equivalent characteristics) Let L be a residuated lattice. Then, the following statements
are equivalent:

(1) Every int-soft filter of L is an involution-int-soft filter.
(2) (T̃, L) is an involution-int-soft filter.
(3) L is an involutive residuated lattice.

5. The Relations among T-Int-Soft Filters on Residuated Lattices

Lemma 8. [21] Let L be a residuated lattice. Every Heyting algebra is a Rl-monoid.

Lemma 9. [33] Let L be a residuated lattice. Then, the following statements are equivalent:

(1) L is a Boolean algebra.
(2) L is involutive and idempotent.
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Lemma 10. [31,32] Let L be a residuated lattice. Then, L is an MV-algebra if and only if L is an involutive
BL-algebra.

In what follows, let ( f̃ , L) be an int-soft filter of L.

Theorem 15. If ( f̃ , L) is a t1-int-soft filter and B(t1) ⊆ B(t2), then ( f̃ , L) is a t2-int-soft filter.

Proof. ( f̃ , L) is a t1-int-soft filter =⇒ L/ f̃ ∈ B(t1) =⇒ L/ f̃ ∈ B(t2) =⇒ ( f̃ , L) is a t2-int-soft filter.

Theorem 16. If B(t1) ⊆ B(t2) and B(t2) ⊆ B(t1), then ( f̃ , L) is a t1-int-soft filter if and only if ( f̃ , L) is a
t2-int-soft filter.

Proof. ( f̃ , L) is a t1-int-soft filter⇐⇒ L/ f̃ ∈ B(t1)⇐⇒ L/ f̃ ∈ B(t2)⇐⇒ ( f̃ , L) is a t2-int-soft filter.

Remark 3. The above results reveal the general principles concerning the relations among t-int-soft filters.
Their relations are consistent with those among the corresponding quotient algebras. Since we are familiar
with the relations among these algebras, we can easily obtain the relations among t-int-soft filters. We have the
following results.

Theorem 17. Let L be a residuated lattice. If ( f̃ , L) is a Boolean-int-soft filter, then ( f̃ , L) is a MV-int-soft
filter, an involution-int-soft filter, a Heyting-int-soft filter, a Rl-monoid-int-soft filter, a MTL-int-soft filter, and a
BL-int-soft filter.

Theorem 18. Let L be a residuated lattice. If ( f̃ , L) is a MV-int-soft filter, then ( f̃ , L) is a MTL-int-soft filter,
an involution-int-soft filter, a Rl-monoid-int-soft filter, and a BL-int-soft filter.

Theorem 19. Let L be a residuated lattice. If ( f̃ , L) is a Heyting-int-soft filter filter, then ( f̃ , L) is a
Rl-monoid-int-soft filter.

Theorem 20. Let L be a residuated lattice. Then, ( f̃ , L) is a Boolean-int-soft filter if and only if ( f̃ , L) is a
MV-int-soft filter and a Heyting-int-soft filter.

Theorem 21. Let L be a residuated lattice. Then, ( f̃ , L) is a MV-int-soft filter if and only if ( f̃ , L) is an
involution-int-soft filter and a Rl-monoid-int-soft filter.

Theorem 22. Let L be a residuated lattice. Then, ( f̃ , L) is a BL-int-soft filter if and only if ( f̃ , L) is a
MTL-int-soft filter and a Rl-monoid-int-soft filter.

6. Conclusions and Future Work

In this paper, we proposed the notion of t-int-soft filters on residuated lattices. In our framework,
the “generator” of t-int-soft filters was given. As long as there are t-filters, we can obtain the
corresponding t-int-soft filters. The characterizations of t-int-soft filters were derived. The general
principles of investigating the relations among t-int-soft filters were derived. The research embodies
the relationship between t-filters and t-int-soft filters. The thoughts and methods in this paper can be
completely applied to special cases of residuated lattices, and the corresponding int-soft filters can be
introduced and their characterizations can be obtained on these logical algebras.

Additionally, in [34–36], Chishty and Jun et al., respectively, discussed the properties of uni-soft
filters on residuated lattices and MTL-algebras. In our future work, we will characterize the common
features of uni-soft filters on residuated lattices.
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