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A New Approach to Rough Lattices and Rough
Fuzzy Lattices Based on Fuzzy Ideals

Kuanyun Zhu, Jingru Wang* and Yongwei Yang

Abstract—This paper aims to consider the relationships
between rough sets, fuzzy sets and distributive lattices. In fact,
we consider a distributive lattice as a universal set and we
apply the notion of fuzzy ideals of a distributive lattice for
definitions lower and upper approximations in a distributive
lattice. A new congruence relation induced by a fuzzy ideal
of a distributive lattice is introduced. Moreover, rough lattices
(ideals, filters) and rough fuzzy lattices (ideals, filters) based
on fuzzy ideals are investigated. In particular, we consider the
relationships between lattices (ideals, filters) and rough lattice
(ideals, filters), fuzzy lattices (ideals, filters) and rough fuzzy
lattices (ideals, filters), respectively. Some characterizations are
also discussed.

Index Terms—Fuzzy ideal; t-level set; Rough lattice (ideal,
filter); Rough fuzzy lattice (ideal, filter)

I. INTRODUCTION

T is well known that, in the real world, classical methods

are not always successful in dealing with the problems in
economy, engineering and social science, because of various
types of uncertainties presented in these problems. As far as
known, there are several theories to describe uncertainty, for
example, fuzzy set theory [24], rough set theory [10] and
other mathematical tools. Over these years, a lot of experts
and scholars are looking for some different ways to solve the
problem of uncertainty.

The Pawlak’s rough sets which was introduced by Pawlak
[10] in the early 1980s, is an extension of classical set theory
and could be regarded as a mathematical tool for several
assessment and decision problems of imprecision, vagueness
and uncertainty data in information technology. The Pawlak’s
rough sets is built on the basis of a classification mechanism,
it is classified by an equivalence relation in a specific
universe and constitutes a partition of the universe. From
the viewpoint of granular computing, an equivalence class
can be viewed as a knowledge granule which be induced
by an indiscernibility relation. However, these equivalence
relations in Pawlak rough sets are restrictive for many
applications. Then some more general models have been
proposed, such as [30], [31], [34]. Nowadays, rough sets has
been applied to many areas, such as knowledge discovery,
machine learning, data analysis, approximate classification,
conflict analysis, and so on, see [2], [7], [21]. In particular,
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many researchers applied this theory to algebraic structures,
such as [4], [5], [20], [6], [1], [13]. In 2016, Wang and
Zhan [17] investigated rough semigroups and rough fuzzy
semigroups based on fuzzy ideals. In particular, Davvaz [5]
constructed a t-level relation based on a fuzzy ideal and
showed that U (u, t) is a congruence relation on rings, and the
author investigated roughness in rings based on fuzzy ideals.
Zhan et al. [25] investigated roughness in n-ary semigroups
based on fuzzy ideals. In 2017, Zhan et al. [26], [27] inves-
tigated roughness in hemirings based on strong h-ideals and
roughness in non-associative po-semihypergroups based on
pseudohyperorder relations, respectively. In addition, Zhan
et al. [28] also studied rough soft n-ary semigroups based
on a novel congruence relation and corresponding decision
making. Wang et al. [18] studied soft rough semigroups and
corresponding decision making applications. In 2018, Yang
and Hu [22] discussed the communication between fuzzy
information systems by using fuzzy covering mappings and
fuzzy covering-based rough sets. Shao et al. [15] discussed
the connections between two-universe rough sets and formal
concepts. Wang and Zhan [19] investigated Z-soft rough
fuzzy semigroups and its decision making. Rehman [14]
studied generalized roughness in LA-semigroups. Shao et
al. [16] investigated multi-granlation rough filters and rough
fuzzy filters in pseudo-BCI algebras. Prasertpong and Sirip-
itukdet [11] discussed rough sets induced by fuzzy relations
approach in semigroups. Zhang and Zhan [32] combined
rough sets with soft sets, they introduced the concept of
rough soft BCK-algebras. In 2019, Hussain et al. [9] studied
rough pythagorean fuzzy ideals in semigroups. Prasertpong
and Siripitukdet [12] presented generalized rough sets in
approximation spaces based on portions of successor classes
induced by arbitrary binary relations between two universes.
Yu et al. [23] investigated decision-theoretic rough set in
lattice-valued decision information system. Zhan et al. [29]
combined intuitionistic fuzzy sets with rough sets, they
introduced intuitionistic fuzzy rough graphs. Zhang and Zhan
[33] explored the relationships among several types of fuzzy
soft B-covrings based fuzzy rough sets.

Based on [5], in this paper, we consider the relationships
between rough sets, fuzzy sets and distributive lattices. A new
congruence relation U(u,t) induced by a fuzzy ideal p of a
distributive lattice L is introduced, and we give a definition
of a t-level relation of a fuzzy ideal. Next, we present a
definition for lower and upper approximations of a subset of
a lattice with respect to a fuzzy ideal. Further, the properties
of rough lattices and rough fuzzy lattices based on fuzzy
ideals are investigated. We also characterize rough lattices
(ideals, filters), fuzzy lattices (ideals, filters) and rough fuzzy
lattices (ideals, filters) of lattices.

This paper is organized as follows. In Section II, we recall
some concepts and results of lattices, fuzzy sets and rough

(Advance online publication: 20 November 2019)



TAENG International Journal of Applied Mathematics, 49:4, IJAM 49 4 03

sets. In Section III, we study some operations of lower and
upper approximations of distributive lattices. In Section IV,
we investigate rough lattices (ideals, filters) based on fuzzy
ideals. In Section V, we discuss rough fuzzy lattices (ideals,
filters) based on fuzzy ideals.

II. PRELIMINARIES

In this section, we recall some basic notions and results
of lattices, fuzzy set theory and rough set theory.

A lattice L is a poset in which any two elements have a
unique supremum and an infimum, where z V y= sup{z, y}
and z A y= inf {z,y}, z,y € L.

L is said to be distributive if it satisfies the distributive
law: Vz,y,z € L,

xA(yVz)=(xAy)V(xAz).

Definition 2.1: [3] Let L be a lattice and § C X C L.
Then X is a sublattice of L if z,y € L, x Vy € X and
Ay e X.

Definition 2.2: [3] Let L be a lattice and ) C I C L.
Then I is called an ideal of L if

(1) a,b €I implies xVy €1,

2)aeL,beland a <bimply a € 1.

Definition 2.3: [3] Let L be a lattice and § C F C L.
Then F' is called a filter of L if

(1) a,b € F implies x ANy € F,

2)aeL,be Fanda>bimply a € F.

Definition 2.4: [8] Let L be a lattice. A relation R is
called an equivalence relation if for all a,b,c € L,

(1) Reflexive: (a,a) € R,

(2) Symmetry: (a,b) € R implies (b,a) € R,

(3) Transitivity: (a,b) € R, (b,c) € R implies (a,c) € R.

An equivalence relation R is called a congruence relation
if for all a,b,c,d € L, (a,b) € R and (¢,d) € R imply
(avVe,bvd) € Rand (aAc,bAd) € R.

Definition 2.5: [8] Let L be a lattice and p be a fuzzy
set of L. Then p is called a fuzzy sublattice of L if for all
z,y €L, plxANy) Ap(eVy) = p@) A py).

Let u be a fuzzy sublattice of a lattice L. Then

(1) w is a fuzzy ideal of L, if p(x Vy) = p(x) A p(y).

(2) w is a fuzzy filter of L, if u(z A y) = p(z) A p(y).

Proposition 2.6: [8] Let L be a lattice and u be a fuzzy
sublattice of L. Then

(1) p is a fuzzy ideal of L, if and only if = < y implies
that u(z) > u(y) for all =,y € L.

(2) p is a fuzzy filter of L, if and only if x < y implies
that p(z) < p(y) for all 2,y € L.

Let i be a fuzzy subset of L and t € [0, 1]. Then the set
e = {x € Llu(x) >t} is called a t-level subset of p.

Let u be a fuzzy subset of L and t € [0, 1]. Then the set
e = {x € Liu(x) >t} is called a t-level subset of p.

Definition 2.7: [10] Let R be an equivalence relation on
the universe U and (U, R) be a Pawlak approximation space.
A subset X C U is called definable if R, X = R*X; in the
opposite case, i.e., if R,X — R*X # (), X is said to be a
rough set, where two operators are defined as:

R, X ={zeUllz]g C X}

and
R*X ={z eUl|zlgn X #0}.

III. A NEW CONGRUENCE RELATION INDUCED BY A
FUZZY IDEAL

In this section, we introduce a new congruence relation
U(p,t) induced by a fuzzy ideal p. Further, we investigate
the operations of lower and upper approximations of lattices.
Let A and B be subsets of L. We define the join and meet
of two non-empty subsets in a lattice as follows: AV B =
{aVblae A,be B}, ANB={aAbla€ Abe B}

Definition 3.1: Let p be a fuzzy ideal of a lattice L.
For each t € [0,1], the set U(p,t) = {(x,y) € L x
Ll '\ w(a) >t for some a € L} is called a t-level

aVx=aVy
relation of .

Example 3.2: Let L = {0,a,b,c,1} be a lattice defined
in Fig.1. It is easy to see that L is a distributive lattice. Let
p==%+0%8 4 064 044 0 Thep it is clear that p is a
fuzzy ideal of L. Choose ¢t = 0.9, then we have U(u,0.9) =
{(0,0), (a,a), (b,b),(c,c),(1,1)}. Thus U(y,0.9) is a 0.9-
level relation of p.

Fig. 1. Lattice L.

In the following, L is always a distributive lattice with the
element 0. First, we proved U(u,t) is a congruence relation
on L.

Lemma 3.3: Let u be a fuzzy ideal of L and ¢t € [0, 1].
Then U(p,t) is a congruence relation on L.

Proof. It is easy to see that u(0) = 1. Now let Vo € L.
Then \/  p(a) = Vpla) > p(0) =1 > t. It follows

aVr=aVx
from Definition 3.1 that (z,z) € U(u,t). Therefore, U(u,t)
is reflexive.
Obviously, U(u,t) is symmetric.
Let (z,y) € U(u,t) and (y,z) € U(u,t). Then we have

\V o ow@=t \/ ud) >t
aVr=aVy bVy=bVz

for a,b € L. Thus,

(V

aVrz=aVy

pa A\ ud) >t

bVy=bVz

Since p is a fuzzy ideal of L, we have

(V wa)A( V

p(b))
aVr=aVy bVy=bVvz

= V(@) Au)
= Y u(a v b).

aVr=aVy,bVy=bVz

ForavVax=aVy,bVy=>bV z, we have
aVbVr=aVbVy,
aVbVy=aVbVz.

Thus,
aVbVr=aVb\Vz,
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which implies ¢V x = ¢V z, where ¢ = a V b € L. Hence,

\V plavd) < \/  plo).
aVrz=aVy,bVy=bVz cVr=cVz

Thus 'V
cVx=cVz
3.1 that (z,2) € U(u,t). Therefore, U(u,t) is an equiva-
lence relation on L.

Now we show that U(y, ) is a congruence relation on L.

Let (z,y) € U(u,t) and (u,v) € U(p,t). Then for a,b €

u(c) > t. Moreover, it follows from Definition

L,
Vo ow@) =t \ ud) =t
aVz=aVy bVu=bVv
Thus,
CV wapaC \/ u) =t
aVr=aVy bVy=bVvz
Further, we have
a\/w\:/a\/y'u(a> " bv \:/b\/ M(b)
= \% (n(a) A (b))

aVz=aVy,bVu=bVv

-

aVz=aVy,uVy=bVov

w(a V b).

ForaVz=aVy,bVu=>bVv, we have
aVbV(zVu)=aVbV(yVv),

that is
eV(xVu)=cV(yVwv),

where ¢ = a V b € L. Hence,

V plavb) < V

aVrz=aVy,uVy=bVu eV (zVu)=cV(yVv)

Thus,

p(c).

\/ p(e) > t.
cV(zVu)=cV(yVv)
This implies that (z V u,y V v) € U(p,t).
Let (z1,91) € U(p, t) and (22, y2) € U(p, 1)
Then for b,c € L,

Vo ou®) =t/ ple) =t
bVz1=bVyy cVza=cVya
Thus,
C VoAl Vo )=t

bVz1=bVyy cVra=cVys

ForbVzi =bVy and ¢V x2 = cV y2, we have
(bVa)A(cVay)=0BVy)A(cVys).

Since L is a distributive lattice, we have
[(bAC)V (1 Ac)V (z2 AD)]V (1 A x2)
=[bAc)V(yr Ac)V (y2 AD)]V (Y1 Ayo).

It follows from (bV z1) Ac= (cVyi)Ac

and (¢ V a2) Ab= (cVy2) Ab that
(bAC)V (z1 ANe)V (22 AD)
=(OA)V(y1Ac)V (y2AD).

It follows from p is a fuzzy ideal of L that
ul(bAc)V (z1 Ae)V (3 AD)]

=pnbAc) Ap(zy Ae) A u(xa AD).

Since bAec<b, 1 Aec<c¢, 29 Nb <D, we have

pbAe) A p(zr Ac) A p(ze Ab) = pu(b) A p(e).

Thus
(b)) A ( 1(c))
bvai1=bVy1 cVra=cVysz

= \% (1(b) A pu(c))
bVz1=bVyi,cVra=cVys

< V (b A e) Ay Ac) A plzg AD))
bVz1=bVyi,cVra=cVys

< V (kb A e) A play Ae) A p(az AD))
t\/(wl /\:Ez):t\/(yl /\y2)

< V p(a),

aV(zi1Az2)=aV(y1Ay2)

where t = (bA )V (x1 Ac) V (x2 AD)
=bAc)V(y1 Ac)V (y2 A D).
This implies that

\V p(a) > t.

aV(ziAz2)=aV(y1A\y2)

It follows from Definition 3.1 that

(x1 Azo, 1 Ny2) € U(p,t).

Therefore, U(y,t) is a congruence relation on L. O
Remark 3.4: In Lemma 3.3, we say x is congruent to y
mod p, written x =, y (mod ) if

Vo o) >t
aVr=aVy
for a € L.

It follows from Definition 3.1 and Lemma 3.3 that we can
get many useful properties of these congruence relations.

We denote by [z](,+) the equivalence class of U(u,t)
containning x of L.

Lemma 3.5: Let u be a fuzzy ideal of L and t € [0,1].
Then

(D [I}(u,t) v [y](u,t) C [I v y](u,t)»

@) @ AWl € =AY
Proof. It is straightforward. O

Definition 3.6: Let 11 be a fuzzy ideal of L and ¢ € [0, 1].
Then

(1) U(p,t) is called a V-complete congruence if [x], ) V
W] () = [TV Y], for all 2,y € L.

(2) U(p,t) is called a A-complete congruence if [x](, +) A
W] () = [T A Y], for all 2,y € L.

Example 3.7: Consider the Example 3.2. It is easy to
check that U(u,t) are both V-complete congruence and A-
complete congruence.

Let 4 be a fuzzy ideal of L and t € [0, 1]. Then U(u,t)
is a congruence relation. Thus, when U = L and R is the
above equivalence relation (congruence relation), then we use
(L, u,t) instead of approximation space (U, R).

Definition 3.8: Let p be a fuzzy ideal of L, t € [0,1],
U(u,t) be a t-level congruence relation of p on L and () C
A C L. Then

Q(:u’taA) = {LL‘ € L|[$](u,t) - A}

and -
Ulp,t, A) = {z € L|[z]p N A # 0}

are called the lower and upper approximations of the set A
with respect to U (u,t), respectively. It is easy to know that
U(p,t,A) CACU(u,t, A).

Now, we investigate some operations of lower and upper
approximations of the set A with respect to U(u, t), respec-
tively.

(Advance online publication: 20 November 2019)
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Proposition 3.9: Let A and B are nonempty subsets of L.

(1) If U(p, t) is V-complete congruence, then U (i1, t, A)V
U(p,t,B) = U(u,t, AV B) and U(p,t,A) vV U(u,t,B) C
U(u,t, AV B).

(2) If U (1, t) is A-complete congruence, then U (1, t, A) A
U(p,t,B) = U(u,t, AN B) and U(p,t, A) ANU(p,t, B)
U(p,t, AN B)

Proof. (1) It is obvious that U(u,t, A) V U(u,t, B)
U(u,t,AV B). Now we show that U(u,t,AV B) C
U(p,t,A) vV U(u,t,B). Let = € U(u,t,AV B). Then
[2] ¢ty N (AV B) # . Thus there exist a € A and b € B
such that (aV b, z) € U(u,t). Since U(p,t) is a V-complete
congruence, we have x € [aVb](,1) = [a](y,) V[b](y,1)- Thus
there exist ¢ € [a](,,+), d € [a](,1) such that 2 = ¢V d. Since
a€ A be B, wehave [c|,yNAF#D, [dyNB #0.
Thus, ¢ € U(p,t,A), d € U(up,t,B). This means that
r=cVdeU(ut, A)VU(u,t,B). Thus U(u,t, AV B) C
U(p,t, A)VU(u,t, B). Since U(u,t) is V-complete congru-
ence, it is clear that U(u, ¢, A)VU(u,t, B) C U(u,t, AVB).

(2) The proof is similar to that of (1). O

The following example shows that the containment in
Proposition 3.9 is proper.

Example 3.10: Consider the lattice in Example 3.2. Let
w o= %+Off+%+o—f+% Then it is clear that p
is a fuzzy ideal of L. Choose ¢ = 0.8, then we have
U(Ma 0~8) = {(O> 0)7 (aa a)’ (ba b>7 (Ca C)v (17 1)7 (0’ b)a (a7 C)}
If A = {a} and B = {0,b,c}, then U(u,t,A) = 0

) = {0,b}. Thus we have U(u,t,AV B) =
{a,c} U(p,t,A) v U(u,t,B) = (. Therefore U(u,t, A) V
U(u,t,B) (u,t, AV B). Similarly, we have U (u,t, A)A
) (u,t, AN B).
: Let p and v be two fuzzy ideals of L, v C p
and t € [0,1 . Then [z](4) C [2](,e)-
Proof. Let a € [7](,4). Then we have (a,z) € U(v,t). That
is \/ v(b) > t,b e L. Since v C p, v(b) < pu(b). Thus

\/ w() > \/  v(b) >t This implies that
bVa=bVv bVa=bvz
(a,z) € U(p, ), that is a € [2](,4). Therefore, [2], ) C

[l O

Proposition 3.12: Let p and v be two fuzzy ideals of L
and ¢ € [0,1]. If X is a non-empty subsets of L, then

D) U(pnw,t,X) CU(p,t, X) N T (v,t, X).

QU t, X)uU(v,t, X) CU(uNv,t, X).

Proof. It follows from Lemma 3.11 that we get the conclu-
sions easily. O

The following example shows that the containment in
Proposition 3.12 is proper.

Example 3.13: Consider the Example 3.10. Let v = % —|—
08 05 + 03 + 0. Then it is clear that v is a fuzzy
ldeal of L. Choose t = 0.8, then we have U(v,0.8) =
{(0,0), (a, a), (b,b), (c, ),( :1),(0,a), (b, ¢)}. Thus U(p N
v,0.8) = {(0,0), (a,a), (b,b), (¢, ), (1L} If X = {0,¢},
then U(p N V,t,X) = {0,c¢}, U(u,t X)nUwt,X) =
{0,a,b,c}. Thus U(pNv,t, X) S U(p,t, X)NU(v,t, X).
Further, If X = {c, 1}, then Q(u,t,X) uU(v,t,X)={1},
Upnuvt,X) = {1,c}. Thus U(p,t,X) UU(v,t,X) &
U(pnu,t, X).

Let p and v be two fuzzy ideals of L and ¢ € [0,1]. The
composition of U(u,t) and U(v,t) is defined as follows:

U(u,t) « Uw,t) = {(zyy) € L x L|Fz €
L such that (z,z) € U(p,t) and (z,y) € U(v, t)}.

N

-
-

~
&
S
3
IS}
w
N~
~

It is no difficult to see that U (u, t)+xU (v, t) is a congruence
relation on L if and only if U(u,t) x U(v,t) = U(v,t) *
U(p,t). We denote this congruence relation by U (u * v, t).

Proposition 3.14: Let pu and v be two fuzzy ideals of L,
t €[0,1] and U(p *v,t) = U(v * u,t). If X is a sublattice
of L, then

D) U(p, t, X)VU(r,t,X) CU(p*v,t, X).
) U(p, t, X) AU (v, t, X) Ql](u*y t, X).
Proof. (1) Let m € U(u,t, X)VU(v,t, X). Thenm = zVy,

where z € U(p,t,X) and y € U(u,t,X). Hence, there exist
a,b € L such that a € [z], ) N X and b € [y]p N X,
that is a € [7](,,,a € X and b € [y]u.4,b € X. Since
X is a sublattice of L, we have a Vb € X. Since U(u,t)
and U(v,t) are congruence relations on L, we have (a V
y,xVy) € U(u,t) and (a V b,aVy) € U(v,t). Hence,
(xVy,avbd) € Upx*uwv,t). Thus a Vb € [2V Y]
Therefore, m = xVy € U(u*v,t,X). Thatis U(u,t,X)V
U, t,X) CU(u*v,t,X).

(2) The proof is similar to that of (1). O

The following example shows that the containment in
Proposition 3.14 is proper.

Example 3.15: Consider the Example 3.13. If X = {c},
then X is a sublattice of L. Thus we have U(p,t, X) V
U, t,X) ={c}and U(uxv,t, X) = {0, a,b, c}. Therefore
U(p, t, X)VU(v,t,X) S U(pxv,t, X). Similarly, we have
U, t, X)NU (v, 1, X) G T Up*v,t, X).

Theorem 3.16: Let p and v be two fuzzy ideals of L,
t€[0,1] and U(p*v,t) = U(v*p,t). If X is a non-empty
subset of L, then

U(p, t,U(v,t, X)) =U(v,t,U(p,t, X)).

Proof. Let a € U(p,t,U(v,t,X)). Assume that a ¢
U(v,t,U(u,t, X)), then there exists b € [a],4) but b ¢
U(p,t, X). This implies that there exists ¢ € [b]¢,4
but ¢ ¢ X. So (a,c) € U(v * p,t) = Up * v,t).
Thus there exists d € L such that (a,d) € U(u,t) and
(d,c) € U(v,t). Since a € U(p,t,U(v,t,X)), we have
b € U(p,t,X). Thus we have ¢ € [d],,) € X. That is
¢ € X, which contradicts with ¢ ¢ X. From the above, we
have U(u,t,U(v,t, X)) C U(v,t,U(p, t, X)). Similarly, we
have U(p,t,U(v,t,X)) 2 U(v,t,U(p,t,X)). Therefore,
Q(,u,t,Q(V,t,X)) ZQ(V%Q(MJ,X))- o

Theorem 3.17: Let p and v be two fuzzy ideals of L and
t € [0,1). If X is a non-empty subset of L, then the following
are equivalent:

W) U ,8) = Uy + p, 1)

@) Up,t, U(v,t, X)) = Uv,t,U (. t, X)).
Proof. (1) = (2) Let a € U(,u7 ( X)). Then there
exists b € U(v,t, X) such that (a, b) ( t). This means
that there exists ¢ € X such that (b,c) € U(v,t). Thus
(a,c) € U(uxv,t). Since U(uxv,t) = U(v*pu,t), there exist-
s d € L such that (a,d) € U(v,t) and (d,c¢) € U(u,t). Thus

€ [d](v,sy N X. This means that d € U( X). Further,
d € [a]y NU(p,t,X). SoaecU(vt, U(u,t,X)). There-
fore U(u,t,U(v,t, X)) C U(v,t,U(u,t, X)). In a similar
way, we have U(;ht Uv,t, X)) 2 U(v,t,U(p,t,X)). So
Up, t,U(v,t, X)) =U(v,t,U(p, t, X)).

(2) = (1) Let (z,y) € U(u * 1,t). Then we have = €
Tl t, T) ity {y}) = T(,t,0) (st {y}). This means
that there exists 2z € U(u, t, {y}) such that (z,2) € U(y,t).
Thus (z,y) € U(u,t). So (z,y) € U(v * u,t). Therefore,

S
1L
E
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U(p * v,t) C U(v * u,t). In a similar way, we have
U(p*v,t) D U(v* p,t). Thus U(p x v, t) = U(v * p,t).
O

IV. ROUGH LATTICES (IDEALS, FILTERS) OF LATTICES
BASED ON FUZZY IDEALS

In this section, we investigate rough lattices (ideals, filters)
of lattices based on fuzzy ideals.

Definition 4.1: In Definition 3.8,
U(u,t, A), then
(1) A is called a lower (upper) rough lattice (ideal, filter)
w.rt. U(u,t) of L, if U(u,t, A) (U(u,t, A)) is a sublattice
(ideal, filter) of L;

(ii) A is called a rough lattice (ideal, filter) w.r.t. U(u,t) of
L,if U(p,t, A) and U(u,t, A) are sublattices (ideals, filters)
of L.

Lemma 4.2: Let u be a fuzzy ideal of L and t € [0, 1].
If A, B are nonempty subsets of L and A C B, then
U(p.t, A) € Uls,t, B) and U(p,t, A) € U(u,t, B).
Proof. It is straightforward. O

Theorem 4.3:  Let p be a fuzzy ideal of L and t € [0, 1].

(1) If A is a sublattice of L, then A is an upper rough
sublattice of L.

(2) If A is an ideal of L, then A is an upper rough ideal
of L.

(3) If A is a filter of L, then A is an upper rough filter of

L.
Proof. (1) Let A be a sublattice of L. Then AV A C A and
ANA C A. It follows from Proposition 3.9 and Lemma 4.2
that U(u,t, A) vV U(u,t,A) C U(u,t, AV A) C U(u,t,A)
and U(p,t, A) AU (u,t, A) CU(p, t, ANB) C U(u,t, A).
Thus, U(u,t, A) is a sublattice of L. It follows from Defi-
nition 4.1 that A is an upper rough sublattice of L.

(2) Let A be an ideal of L. Then A is a sublattice of L.
It follows from (1) that a V b € U(u,t, A) for all a,b €
U(p,t,A). Let ¢ € L,d € U(u,t,A) and ¢ < d. Then
there exists e € [d](, ) N A. Now Let f € [c](,,). Then
eNf e [d}(,u,t) N [C](u,t) Clen d](uyt) = [C](u,t)- Since A
is an ideal of L, e A f < e, we have e A f € A. Thus
[]uty N A # 0. This means that ¢ € U(p,t, A). Thus,
U(p,t, A) is an ideal of L. It follows from Definition 4.1
that A is an upper rough ideal of L.

(3) Let A be a filter of L. Then it follows from (1) that
aNbecU(ut,A) for all a,b € U(u,t,A). Let c € L,d €
U(p,t, A) and ¢ > d. Then there exists e € [d](,,;)NA. Now
Let f € [C](u,t)~ TheneV f € [d}(mt)\/[c](mt) - [C\/d](lht) =
[c](u,t)- Since Ais afilter of L, eV f > e, we have eV f € A.
Thus [c](,,+) N A # (). This means that ¢ € U(u,t, A). Thus,
U(u,t, A) is a filter of L. It follows from Definition 4.1 that
A is an upper rough filter of L. O

Theorem 4.4: Let U(u,t) be a V-complete congruence
relation on L.

(1) If A is a sublattice of L and U(y,t) is a A-complete
congruence relation on L, then A is a lower rough sublattice
of L.

(2) If A is an ideal of L, then A is a lower rough ideal of
L.

(3) If A is a filter of L, then A is a lower rough filter of
L.

Proof. (1) Let A be a sublattice of L. Then AV A C A and
ANA C A. It follows from Proposition 3.9 and Lemma 4.2

it U(ut,A) +#

that Q(:U’v 2 A) v Q(/’La t A) - Q(M? t AV A) - Q(Ma t A)
and U(p,t, A) NU(u,t, A) CU(u, t, ANA) CU(p,t,A).
Thus, U(u,t, A) is a sublattice of L. It follows from Defi-
nition 4.1 that A is a lower rough sublattice of L.

(2) Let A be an ideal of L. Then A is a sublattice of L.
It follows from (1) that a Vb € U(u,t, A) for all a,b €
U(p,t,A). Let a € L,b € U(p,t,A) and a < b. Then
{JJ v y‘LE € [a](u,t)vy € [b](u,t)} = [a](u,t) A [b](u,t) = [CL v
b}(u,t) = [b](u,t) C A. Now let x € [a](lm) and y € [b}(lht)'
Then 2 Vy € [a](u) V [ (ue) = [Bl(ue) € A ThatiszVy €
A. Since A is an ideal of L and x < z V y, we have x € A.
This means that [a](, ;) € A. Thus, a € U(p,t, A). Hence,
U(p,t, A) is an ideal of L. It follows from Definition 4.1
that A is a lower rough ideal of L.

(3) Let A be a filter of L. It follows from (1) that a Ab €
U(p,t, A) foralla,b e U(u,t,A).Leta € L,b € U(u,t, A)
and a > b. Then {z Ay|z € [a](u1), Y € [b](up)} = [a]ue A
[b](u,t) = [a/\b](u,t) = [b](u,t) C A. Now let x € [a](u,t) and
Y € [bl(ut)- Then z Ay € [a](u,e) A bty = [blut) € A
That is z Ay € A. Since A is a filter of L and z > z Ay,
we have x € A. This means that [a],,) € A. Thus, a €
U(p,t, A). Hence, U(u,t, A) is a filter of L. It follows from
Definition 4.1 that A is a lower rough filter of L. O

Lemma 4.5: Let 1 be a fuzzy ideal of L and ¢ € [0,1].
Then

(1) [0](4,¢) is an ideal of L.

(2) [0]¢p,e) is a filter of L.
Proof. (1) Letz,y € [0](,4). Then 2Vy € [0]¢,, 0 V[0](ue) =
[0 \Y O]W,t) = [0](#’,5). Thus, z Vy € [0](;1,,t)~ Now let
a € L,b € [0](, and a < b. Then (0,b) € U(u,t). Since
U(p,t) is a congruence relation, we have (0 A a,b A a) €
U(p,t), thatis (0,a) € U(u,t). Thus, a € [0], ) Therefore
[0](u,¢) is an ideal of L.

(2) The proof is similar to that of (1). O

Proposition 4.6: Let p be a fuzzy ideal of L and ¢ € [0, 1].
Then Q(N” t, [0](u,t)) = [O](u,t)-
Proof. (1) It is easy to know that U(u,t,[0](..¢))  [0](u,0)-
Now we show that [0](,, € U(p,t,[0]us)). Let x €
[0](u,e)- Then (0,z) € U(p,t). Let y € [0]¢,,. Then
(z,y) € U(u,t). Since U(u,t) is a congruence relation on
L, we have (0,y) € U(u,t). This means that y € [0], 4.
Thus (7], € [Ol(ue), e @ € U(p,t,[0](u), ie.
v € U(p,t,[0](u,e)). Therefore, U(p,t,[0](u)) = [0](u,0-
O

Corollary 4.7: Let u be a fuzzy ideal of L and ¢ € [0, 1].
Then [0],,+) is a lower rough ideal of L.

Proposition 4.8: Let p be a fuzzy ideal of L and ¢ € [0, 1].
Then [O](Nﬂf) = Ht.

Proof. We first show that 1y C [0],.+). Let © € ju;. Then

w(x) >t. Thus \/  wu(a) > p(z) > t. It follows from
aVr=aV0

Definition 3.1 that (0,x) € U(u,t). That is 2 € [0], 4.

Therefore, [0](,,,+) C p¢. Now we prove that [0](,, ;) € p. Let

y € [0](u,0)- Then (y,0) € U(p,t). Thatis \/  pu(a) >t,

aVy=aV0

a € L. ForaVy=aV0, we know that y < a. Since pu

is a fuzzy ideal of L, we have u(y) > u(a). Thus p(y) >
\V  w(a) > t, that is y € p;. Therefore, 0], C .

aVy=aV0

From the above, we obtain that [0](, ;) = ;. O
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V. ROUGH FUZZY LATTICES (IDEALS, FILTERS) OF
LATTICES BASED ON FUZZY IDEALS

In this section, we investigate rough fuzzy lattices (ideals,
filters) of lattices based on fuzzy ideals.

Definition 5.1: Let u be a fuzzy ideal of L, t € [0,1]
and « be a fuzzy subset of L. Then the lower and upper
approximation of « are defined as

U, t,0)(@) = N{eW)ly € [2]un )
and

U(p,t,0) (@) = \/{aW)ly € [#]un}
respectively.

(1) « is called a lower (upper) rough fuzzy lattice (ideal,
filter) of L if U(u,t,a) (U(u,t,)) is a fuzzy lattice (ideal,
filter) of L.

(ii) « is called a rough fuzzy lattice (ideal, filter) of L if
U(p,t,«) and U(p, t, a) are fuzzy lattices (ideals, filters) of
L.

Lemma 5.2: Let y be a fuzzy ideal of L, t € [0, 1] and «
be a fuzzy subset of L. Then

(]) g(lh ta at) = Q(M» t7 a)t-

(2) U(/.L, t7 at) = U(Ma t7 O‘)t‘

Proof. It is straightforward. O

Theorem 5.3: Let p be a fuzzy ideal of L and ¢ € [0, 1].

(1) If « is a fuzzy sublattice of L, then « is an upper
rough fuzzy sublattice of L.

(2) If a is a fuzzy ideal of L, then « is an upper rough
fuzzy ideal of L.

(3) If a is a fuzzy filter of L, then « is an upper fuzzy

rough filter of L.
Proof. (1) Let o be a fuzzy sublattice of L. Then «y is a
sublattice of L. That is a; V oy € o and oz A oy C .
It follows from Proposition 3.9 and Lemmas 4.2 and 5.2
that U(p,t, ) V U (s t, )y = Up,t, o) VU (p, t, o) C
U(p,t,aVay) CU(p,t, o) = U(pst, o) and U, t, o) A
U(p,ty o)y = Ulp,t, ) NU(p,ty o) S U (ptap Aay) C
U(p,t,ar) = U(p, t,a)s. Thus, U(u,t, @) is a sublattice of
L. This means that U(u,t,«) is a fuzzy sublattice of L. It
follows from Definition 5.1 that « is an upper rough fuzzy
sublattice of L.

(2) Let o be a fuzzy ideal of L. Then « is a fuzzy sublattice
of L. It follows from (1) that a V b € U(u,t,aq) for all
a,b € U(p,t,aq). Let ¢ € L,d € U(u,t, o) and ¢ < d.
Then there exists e € [d](, ) N as. Now Let f € [c](,,0)-
Then e f € [d}(u,t) A [C](lht) Clen d}(u,t) = [C}(u,t)- Since
«y is an ideal of L, e A f < e, we have e A f € ay. Thus
[cl(uty N # 0. This means that ¢ € U(u,t, ;). Thus,
U(p,t, o) is an ideal of L. It follows from Lemma 5.2 that
Ul(p,t, o) = U(p,t,);. Hence, U(p,t,a); is an ideal of
L, which implies U (y, t, o) is an fuzzy ideal of L. It follows
from Definition 5.1 that « is an upper rough fuzzy ideal of
L.

(3) Let « be a filter of L. Then it follows from (1) that
anNbeU(u,t, o) for all a,b € U(u,t, o). Let c € L,d €
U(p,t,0q) and ¢ > d. Then there exists e € [d](,+) N ay.
Now Let f € [C}(#_’t). Then e V f € [d](,u,t) V [C](#yt) -
[eV d](u) = [cl(ut)- Since ay is afilter of L, eV f > e, we
have eV f € ay. Thus [c](,,¢) Ny # (). This means that ¢ €
U(p,t, o). Thus, U(p, t, ay) is a filter of L. It follows from
Lemma 5.2 that U (p, t, o) = U(p, t, ). Hence, U(u, t, o)

is a filter of L, which implies U(u,t,a) is a fuzzy filter of
L. Tt follows from Definition 5.1 that o is an upper rough
fuzzy filter of L. O

Theorem 5.4: Let U(u,t) be a V-complete congruence
relation on L.

(1) If « is a fuzzy sublattice of L and U(u,t) is a A-
complete congruence relation on L, then A is a lower rough
fuzzy sublattice of L.

(2) If « is a fuzzy ideal of L, then « is a lower rough
fuzzy ideal of L.

(3) If « is a filter of L, then « is a lower rough fuzzy

filter of L.
Proof. (1) Let o be a fuzzy sublattice of L. Then a4 is
a sublattice of L. That is oy V oy € a4 and oy A oy C
ay. It follows from Proposition 3.9, Lemmas 4.2 and 5.2
that U(u,t, o) VU (p, t, ) = U(p,t,00) VU(p,t,0p) C
U(pt, Vo) CU(p,t o) = U, t, o)y and U(p, t, o) A
Q(M’ t, a)t = Q(M, L, O‘t) A Q(:uv i, at) < Q(Na t, o N at) -
U(p,ty o) = U(p, t, )¢ Thus, U(p, t, )y is a sublattice of
L. This means that U(u,t,«) is a fuzzy sublattice of L. It
follows from Definition 5.1 that « is a lower rough fuzzy
sublattice of L.

(2) Let « be a fuzzy ideal of L. Then « is a fuzzy sublattice
of L. It follows from (1) that a Vb € U(p,t, ;) for all
a,b € U(u,t,a4). Let a € L,b € U(p,t,a4) and a < b.
Then {2V gl € [,y € Blgun} = [alun V Bl =
[aV bty = [bl(uy) € . Now let z € [a](,4) and y €
[b](ﬂyt). Then x Vy € [a](#yt) V [b](#yt) = [b](ﬂyt) C 4. That
is zVy € ay. Since oy is an ideal of L and x < xVy, we have
x € oy. This means that [a](, ) € a;. Thus, a € U(p, t, o).
Hence, U(u,t, ;) is an ideal of L. It follows from Lemma
5.2 that U(p, t, ;) = U(u, t, )y, which implies U (u, t, )y
is a ideal of L. It follows from Definition 5.1 that o is a
lower rough fuzzy ideal of L.

(3) Let a be a filter of L. It follows from (1) that
aANb € U(u,t,aqp) for all a,b € U(p,t, o). Let a €
L,b e U(u,t,ap) and a > b. Then {x Ayl € [a]u,y €
o} = [ A Bloun = [0 A by = Blou © A
Now let z € [a]u) and y € [b](,). Then z Ay €
[a] () AB] () = [B] ey € . Thatis zAy € . Since avis
a fuzzy filter of L, oy is a filter of L. Since x > x Ay, we have
x € oy. This means that [a](, ;) € «;. Thus, a € U(p, t, o).
Hence, U(p,t, o) is a filter of L. It follows from Lemma
5.2 that U(p,t,co) = U(p,t, ). Hence, U(p,t, ) is a
filter of L, which implies U(u,t,«) is a fuzzy filter of L.
It follows from Definition 5.1 that « is a lower rough fuzzy
filter of L. O

VI. CONCLUSIONS

In this paper, we built up a connection between rough
sets, fuzzy sets and lattices. Firstly, we introduced a new
congruence relation induced by a fuzzy ideal of a distributive
lattice, and then we presented a definition of lower and
upper approximations of a subset of a distributive lattice
with respect to a fuzzy ideal. Some properties of rough
subsets in distributive lattices are investigated. Finally, we
obtained that the notions of rough sublattices (ideals, filters),
rough fuzzy sublattices (ideals, filters) are the extensions
of sublattices (ideals, filters) and fuzzy sublattices (ideals,
filters), respectively.
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As an extension of this work, the following problems
maybe considered:

(1) Roughness of distributive lattices based on fuzzy
ideals.

(2) Rough prime ideals and rough fuzzy prime ideals in
distributive lattices.

(3) Rough sets induced by fuzzy ideals in distributive
lattices.
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