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ON TOPOLOGICAL EQ-ALGEBRAS

J. YANG, X.L. XIN AND P.F. HE

ABSTRACT. In this paper, by using a special family of filters 7 on an EQ-
algebra E, we construct a topology 7 on E and show that (E,7rx) is a
topological EQ-algebra. First of all, we give some properties of topological
EQ-algebras and investigate the interaction of topological EQ-algebras and
quotient topological EQ-algebras. Then we obtain the form of closure of each
subset and show that (E, Tr) is a zero-dimensional space. Finally, we introduce
the concept of convergence of sequences on topological EQ-algebras and give
a condition under which the limit of a sequence is unique.

1. Introduction

Fuzzy logic is a logic to deal with uncertainty and approximate reasoning [22].
The well-known fuzzy logics include Lukasiewicz logic [3], BL-logic [12], MTL-logic
[9] and Rg-logic [24], etc. The corresponding algebraic semantics are MV-algebras,
BL-algebras, MTL-algebras and Rg-algebras, respectively. Note that the typical
operations on these algebras are multiplication ® and implication — which are
closely tied by adjointness property. EQ-algebras were proposed by Novak and
De Baets [21] with the intent to develop an algebraic structure of truth values a
higher-order fuzzy logic (a fuzzy type theory, FTT). EQ-algebras have three basic
binary operations (meet, multiplication and fuzzy equality) and a top element.
The motivation stems from the fact that until now, the truth values in FTT were
assumed to form either an IMTL-algebra, a BL-algebra, or an MV-algebra, all
of them are special kinds of residuated lattices in which the basic operations are
the monoidal operation (multiplication) and its residuum. The latter is a natural
interpretation of implication in fuzzy logic and the equivalence is then interpreted
by the biresiduum, a derived operation. From the algebraic point of view, the class
of EQ-algebras generalizes, in a certain sense, the class of residuated lattices and so
they may become an interesting class of algebraic structures as such. There exists
a list of references related to EQ-algebras, for instance [7, 14, 15, 16].

In the past ten years, many mathematicians have studied properties of algebras
endowed with topologies. Di Nola and Leustean[6] defined BL-sheaf spaces and BL-
algebras of global sections, and studied completely regular and compact BL-sheaf
spaces. Ciungu [4] investigated some concepts of convergence in the class of perfect
BL-algebras, Mi Ko and Kim [17] studied relationships between closure operators
and BL-algebras and Haveshki et al. [11] applied filters to construct topologies on
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BL-algebras. They studied the properties of these topologies such as compactness
regarding different filters. In [2] and [1], Borzooei et al. studied metrizability on
(semi)topological BL-algebras and the relationship between separation axioms and
(semi)topological quotient BL-algebras. In [13], Hoo introduced topological MV-
algebras and studied some of its topological properties. Hoo’s work reveals that
the essential ingredients are the existence of an adjoint pair of operations and the
fact that ideals of MV-algebras correspond to its congruences. Nganou [20] gener-
alized Hoo’s work in a more general context where similar ingredients are available,
namely FL,-algebras. Recently, Najafi et al. [19] studied (para, quasi)topological
MV-algebras and discussed the relationship among semitopological MV-algebras,
paratopological MV-algebras, quasitopological MV-algebras and topological MV-
algebras. Zahiri and Borzooei [23] used a special family of filters on a BL-algebra L
to construct a topology 7 such that all operations of L are continuous with respect
to 7, that is, the pair (L, 7) is a topological BL-algebra. Also, some interesting re-
sults of (L, 7) were investigated, in particular, they introduced complete BL-algebra
and constructed a complete BL-algebra from L.

It is well known that the logic background of EQ-algebras is different from other
logic algebras mentioned above. We know that the current research of topological
logic algebras was mainly based on filters. Given a prefilter F' on an EQ-algebra F,
as usual, we define a relation ~r on F by a ~p bif and only if a ~ b € F, then ~p
is an equivalence relation, but it is not a congruence (see [7, Remark 1]). Based on
the about reason Novdk[21] defined the filter on E to add a condition, that is, if
a—beF,thena®c—b®c e F for any ¢ € F, his main purpose is to make the
equivalence relation becomes a congruence. As is well-known, there is a one-to-one
correspondence between the set of all filters and the set of all congruences on the
logic algebras based on residuated lattices, however, this property is not true in EQ-
algebras. In fact, if F' is a filter of a residuated lattice L, we define a relation 8 on
Lby (x,y) € 0p if and only if t — y € F and y — x € F, then 0 is a congruence.
Conversely, let § be a congruence on L. Then the congruence class of an element 1
with respect to 6, namely [1]g is a filter of L. However, we shall give an example to
show that this property is generally incorrect in EQ-algebras (see Example 2.7.).
For this reason, studying topological EQ-algebras is different from other topological
logical algebras based on residuated lattices. From the algebraic point of view, EQ-
algebras slightly generalize residuated lattices[21]. Indeed, in a residuated lattice
L= (L,A\V,®,—,0,1) when we define a biresiduation operation <> by = <> y :=
(x = y) A (y = x), then (L,A,®, 4>, 1) is an EQ-algebra. Meanwhile, we observe
that topological EQ-algebras (which are EQ-algebras with topologies such that
all operations are continuous with respect to these topologies), in a certain sense,
generalize topological residuated lattices. More explicitly, if (£,7) is a topological
residuated lattice, then (L', 7) is a topological EQ-algebra, where £ = (L, A, V, ®, —
,0,1) and L' = (L, A\, ®, 4>, 1). Tt is sufficient to show that <> is continuous for 7.
For this, we prove that the map h: L x L — L defined by h(z,y) = x +> y for any
x,y € L is continuous. For a € L, we define maps f, : L — Land k: L XL — L by
fo(x) =a — x and k(x,y) = x Ay for any z,y € L. It is easy to verify that maps k
and f, X fp are continuous where f, X f3 is defined by fo X fy(z,y) = (a = 2, b — y).
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Since h(z,y) = (ko (fy X fz))(z,y) for any z,y € L, it follows that h is continuous.
For detailed about topological residuated lattices we refer to[10]. Therefore, it is
interesting to study topological EQ-algebras.

In this paper, we focus on a special type of topology induced by system of filters
on an EQ-algebra. This paper is organized as follows: In Section 2, we review
some facts about EQ-algebras and topologies, used in the sequel. In Section 3,
we use a system of filters F = {F; | i € A} of an EQ-algebra E to construct a
topology Tx, prove that (E,Tr) is a topological EQ-algebra, and find the form of
closure of each subset in this topological space. Then we study a special class of
topological EQ-algebras, namely quotient topological EQ-algebras and show that
the topological EQ-algebra (FE, Tx) is a zero-dimensional space. Also, we show that
in separated EQ-algebras the topology Tr induced by F is Hausdorff if and only
if | F = {1}, and give an example to show that separability is necessary. Finally,
the convergence of sequences on topological EQ-algebras is investigated.

2. Preliminaries

In this section, we summarize some definitions and results about EQ-algebras
and topologies, which will be used in the following sections.

Definition 2.1. [15, 21] An EQ-algebra is an algebra & = (E, A, ®,~, 1) of type
(2,2,2,0) satisfying the following axioms: for any z,y, z,t € E,

(E1) (E,A,1) is a A-semilattice with top element 1. We put x < y if and only if

x A\ y =

E2) (E,®,1) is a commutative monoid and ® is isotone with respect to <;
E3) x ~x =1 ( reflexivity axiom );
E4) ((xAy) ~2)® (t ~z) <z~ (t Ay) (substitution axiom);
E5) (z~y)®(z~1t) < (x~2z)~ (y~1t) (congruence axiom);
E6)
ET)

(xAyAz)~xz<(xAy)~ 2z (monotonicity axiom);

2
3
4
5)
6
7) x®y < x ~y (boundedness axiom).

(
(
(
(
(
(

Wealsoput z > y=(xAy)~zand =z ~1forall x,y € E.
In the following, we simply write an EQ-algebra FE instead of (E, A, ®, ~, 1) when
there is no chance for confusion.

Proposition 2.2. [8, 21] Let E be an EQ-algebra. Then the following properties
hold: for any x,y,z € F,
) z@y<zAy<wzy;

i) 2@ (@ Ay) < (z@z) A (zQy);
i) e~y<z—y;
v) (x~y) @ (y~2) <oz

) ®

)

)

(i
(i
(i

V) (=y)@Yy—z)<z—z

vi) 2 <z, 1=1;

(vil) z® (z ~y) <y;

(xili) (z = y) @y = x) <z ~y.

Definition 2.3. [8, 21] Let E be an EQ-algebra. We say that it is
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(i) separated if for all a,b € E, a ~ b =1 implies a = b;
(ii) good if foralla € E,a~1=a.

Definition 2.4. [8, 21] Let E be an EQ-algebra. A subset F' of E is called an
EQ-filter (filter for short) of E if for all a,b,c € E it holds that
(i) 1€ F;
(ii) if a,a - b€ F, then b € F;
(iii) fa > be F,thena®c—b®ce F.

Lemma 2.5. [21] Let F be a filter of an EQ-algebra E. For all a,b,a’, b’ € F such
that a ~ b and o’ ~ V' € F it holds that
(a) (anad)~ (bAY)EF;
(b) (a®c)~ (b®c) € F;
(c) (a~d)~(b~V)eEF.
Let F be a filter of an EQ-algebra E. Define a binary relation ~r on F by
a=p bif and only if a ~ b € F.

Theorem 2.6. [21] Let F be a filter of an EQ-algebra E. The relation ~p is a
congruence on E.

If F is a filter of an EQ-algebra E, the quotient EQ-algebra induced by the
congruence ~p will be denoted by E/F. In addition, the congruence class of an
element a € FE with respect to &~ is often denoted by a/F, and Pr denotes the
natural projection E — E/F.

In general, the congruence class of an element 1 in an EQ-algebra is not a filter.

Example 2.7. Consider F = {0,a,b, ¢,d, 1} with a A-semilattice structure defined
by following Hasse diagram. The multiplication ® and fuzzy equality ~ are defined
as follows: 1

’
Y

\Ia/

0

Then < E, A\, ®,~,1 > is an EQ-algebra[21]. It is easily checked that 8 = {(0, 0),
(a,a), (b,b),(c,c),(d,d),(1,1)} is a congruence on E. Clearly, [1]p = {1} is not a
filter of E, because 1,1 = d = (1Ad) ~1 =1 € [1]p but d ¢ [1]p, which contradicts
Definition 2.4 (ii).

Definition 2.8. [5] A poset (D, <) is called an upward directed set if for any
x,y € D there exists z € D such that z < z and y < z. Dually, (D, <) is called a
down-directed set if for any x,y € D there exists z € D such that z < x and z < y.
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Q10|lalb|lc|d]|1l ~10lal|lb|c|d]|1l
0(0|{0|0]|0O|0O]O 0O(1|{0|0]|0|0O|O
al0l0|0|0|0]|a al0|1|d|d|d]|d
b|10|0|lala|alb b|10|d|1|d|d|d
c|0]|0]al|l0|alc c|0|d|d|1l]|d|d
d|0|0|alal|al|d d|0|d|d|d|]1]1
1|{0flalblc|d]|1l 1(0(d|d|d|1]|1

Let 7 and 7 be two topologies on a set X. If 7 C 7/, then we say that 7’ is finer
than 7.

Lemma 2.9. [18] Let 8 and B’ be two bases for topologies 7 and 7" on X, respec-
tively. Then 7' finer than 7 if and only if for any v € X and each basis element
B € 8 containing x, there is a basis element B’ € 8’ such that x € B’ C B.

Let (X, 7) be a topological space. We have following separation axioms in (X, 7)

Ty : for any x,y € X and z # y, there is at least one in an open neighbor-
hood excluding the other;
Ty : for any z,y € X and = # y, each has an open neighborhood not
containing the other;
Ty : for any x,y € X and x # y, both have disjoint open neighborhoods
U,V ersuch that € U and y € V.
A topological space satisfying T; is called a T;-space, for any ¢ = 0,1,2. A Th-space
is also known as a Hausdorff space.

Theorem 2.10. [18] Every finite point set in a Hausdorff space is closed.

3. Topological EQ-algebras

The main purpose of this section is to endow a special topology 7x on an EQ-
algebra E such that all operations of F are continuous with respect to 7x, and
some properties of E' with this topology are investigated.

Definition 3.1. Let E be an EQ-algebra and 7 be a topology on it. The pair
(E,T) is called a topological EQ-algebra (TEQ-algebra for short) if the operations
A, ® and ~ are continuous with respect to 7.

Note that operation * € {A, ®,~} is continuous if and only if for any z,y € F
and any open neighborhood W of x * y, there exist two open neighborhoods U and
V of x and y, respectively, such that U « V C W.

Recall that a topological space (X,U) is a discrete space if for any z € X, {«}
is an open set (see [18]).

Example 3.2. Any EQ-algebra with a discrete topology is a TEQ-algebra. Let T
be a discrete topology on an EQ-algebra E. Routine calculation shows that (F,T)
is a TEQ-algebra.
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Example 3.3. Let E = {0,a,b,¢,d, 1} be a A-semilattice which can be seen below
Hasse diagram. Consider Cayley tables as follows:

1

/L
\I“/

0
R |0|lalblc|d]|l ~|0lalblc|d]|1l
0]0|0]|0O]|0O|0O]O O|1|1l|a|alala
a|0(0]0|0]ala all|l]lala|ala
b|0[0[0|0|D|D blala|l|c|b|b
c|0]0]0]|0fc]|c clalal|c|l|c|ec
d|0|a|b|lc|d|d dla|lalb|c|1l|d
1(0fla|blc|d]|1 l|lalal|b|lc|d]|1l

Routine calculation shows that < E, A, ®,~,1 > is an EQ-algebra. We give a
non-trivial topology T = {0, {0, a}, {b}, {c}, {d},{1},{b, ¢}, {b,d}, {b, 1}, {c, d},
{e.1},{d,1},{0,a,b},{0,a,c},{0,a,d},{0,a,1},{b,c, d},{b,c,1},{b. d, 1}, {c, d, 1},
{0,a,b,c},{0,a,b,d},{0,a,b,1},{0,a,c,d},{0,a,c,1},{0,a,d, 1},{b,c,d, 1},
{0,a,b,¢,d,1}} on E induced by a base g = {{0,a}, {b},{c}, {d},{1}}. Then it is
easy to check that (E,7T) is a TEQ-algebra.

Definition 3.4. Let F be a family of filters of an EQ-algebra E. We call F a
system of filters of E (system for short) if (F,C) is a down-directed set.

Remark 3.5. Note that in an EQ-algebra E the definition of system denoted by
F = {F; | i € A} is equivalent to the index set A is an upward directed set and
it satisfies if ¢ < j implies I} C F; for any 4,5 € A. In fact, suppose that poset
(F, Q) is a down-directed set, we define a relation on index set A by ¢ < j if and
only if F; C F;, then it is easy to verify that (A, <) is an upward directed set. The
converse is obviously.

Proposition 3.6. Let E be an EQ-algebra and F be a family of filters of E. If F
is closed with respect to finite intersection, then F is a system of E.

Proof. Let F = {F; | i € I} be a family of filters of E which is closed with respect
to finite intersection. It is sufficient to show that (F,C) is a down-directed set.
Assume F;, F; € F, then F; N F; € F. Setting Fy = F; N F;, we conclude that
Fy, C F;, F;. Therefore, (F,C) is a down-directed set. O
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Recall that 7T, denotes the set of all neighborhoods of = in a topological space
(A, T). Then subfamily V, of 7, is called a fundamental system of neighborhoods
of z, if for each U, in T, there exists a V, in V, such that V,, C U, (see [18]).

Proposition 3.7. Let F = {F; | i € A} be a system of an EQ-algebra E. Then
there exists a topology T on E with a base 8 = {x/F; |z € E,i € A}. Moreover, F
is a fundamental system of neighborhoods of 1.

Proof. Let F = {F; | i € A} be a system of E and 8 = {z/F, |z € E,i € A}. Now
we prove that T ={U C E :Va € U,Jy/F; € B s.t. a € y/F; C U} is a topology on
E. Clearly, 0, A € T. Let {U,} be a subfamily of 7 and a € |JU,. Then a € U,
for some «. Hence there exists y/F; € [ such that a € y/F; C U,. It follows
that YUy € T. Let Uy, Us € T and a € U, NUg. Then there exist y;/F; € S
and yo/F; € f such that a € y1/F; C U, and a € yo/F; C Ug. Since (F,C) is
a down-directed set and Fj, F; € F, there exists Fj, € F such that Fj, C F;, Fj;.
Hence Fj, C F; N F};. Now, we have

a € a/Fy C (a/F;) N (a/F) = (y1/Fi) N (y2/Fj) € Ua N Ug.

It follows that U, NUg € F. Clearly, § is a base for 7. Now we prove that F is
a fundamental system of neighborhoods of 1. Let 1 € U € 7. Then there exists
y/F; € Bsuch that 1 € y/F; CU. Thuswecanget 1 € F;, =1/F, =y/F;, CU. O

From now on, if 7 = {F; | i € A} is a system of filters of an EQ-algebra E,
then the topology in Proposition 3.7 will be denoted by 7x. We say that 7r is a
topology on E induced by F, unless otherwise stated.

Example 3.8. Let F = {0,a,b,1} be a chain (0 < a < b < 1) with Cayley tables
as follows:

&
0
a
b
1

olo|lololo
SEESRE=IE=IRS]
SO
=S QO =
A==l
o|lo|o|—|lo
Q|e|~lole
ol Bl RSB K==l R~
el RN =

Routine calculation shows that < F, A, ®,~> is an EQ-algebra. It is easy to
check that F = {F; | i € A} is a system of E, where A = {1,2}, F; = {0,a,b,1} and
Fy, = {b,1}. So we can easily calculate 8 = {{0},{a},{b,1},{0,a,b,1}} and Tr =
{0,{0},{a},{0,a},{b,1},{0,b,1},{a,b,1},{0,a,b,1}} is a topology on E with a
base .

Theorem 3.9. Let F = {F; |i € A} be a system of an EQ-algebra E and T be a
topology on E induced by F. Then (E,TF) is a TEQ-algebra.

Proof. According to Proposition 3.7, 7T is a topology on E with a base 8 = {«/F; |
x € E i€ A}. Let x € {\,®,~} and f, : E X E — E be a map which is defined by
fe(z,y) = x xy for any z,y € E. Since S is a base for Tz, it is sufficient to show
that f_1(b/F;) is an open subset of E x E for any b/F; € 8. Let (z,y) € f. 1 (b/F;).
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Then z xy € b/F;. Clearly, x/F; X y/F; is an open subset of E x E containing
(x,7). We shall show that z/F; x y/F; C f-*(b/F;). For any (u,v) € z/F; x y/F;,
we have u € x/F;, v € y/F;, that is, © =g, u,y ~p, v. Due to ~p, is a congruence
of B, we get x xy ~p, uxv. Thus uxv € b/F;. Hence z/F; x y/F; C f71(b/F;).
It follows that f_!(b/F;) is open subset of E x E and so f. is a continuous map.
Therefore, (E, TF) is a TEQ-algebra. O

By Proposition 3.7 and Theorem 3.9, the pair (E, 7x) is a TEQ-algebra, where
Tx is a topology induced by a system F = {F; | : € A}. For simply, we always use
a sentence (F, Tr) is a TEQ-algebra induced by a system F = {F; | i € A} replace
if there is no chance for confusion.

Let (E,U) be a TEQ-algebra and F be a filter of E. We define A, ® and ~ on
E/F by

(a/F) A (b/F) = (a AD)/F,

(@/F)® (b/F) = (a®b)/F,
(a/F) ~ (b/F) = (a ~b)/F.

It is easy to check that < E/F,A\,®,~,1 > is an EQ-algebra. In the following we
give conditions under which E/F becomes a TEQ-algebra.

Proposition 3.10. Let (E,U) be a TEQ-algebra and F be a filter of E. If natural
projection P is an open map, then the quotient EQ-algebra E/F equipped with the
quotient topology is a TEQ-algebra.

Proof. Tt is sufficient to prove that (x/F,y/F) — x/F xy/F = (x xy)/F is con-
tinuous with respect to quotient topology, where * € {A,®,~}. Let z,y € E and
W be an open neighborhood of (z % y)/F. Then Pn'(W) is an open subset in
E and z xy € Pp'(W). Since (E,U) is a TEQ-algebra, there exist open neigh-
borhoods Uy of  and Vj of y, respectively, such that Uy x Vo C Pn L(W). Taking
U = Prp(Up) and V = Pp(Vp). Then U and V are open subsets in E/F', since Pr is
open. Clearly, /F € U, y/F € V and then U x V C Pr(Uy x Vi) C W. Therefore,

* is continuous. O

Theorem 3.11. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; |
i € A} and F be a filter of E. If F C (\{F; | i € A}, then the natural projection
Pp : E — E/F is an open map.

Proof. Let F = {F; |i € A} and 8 = {«/F; | x € E,i € A}. By Proposition 3.7,
B is a base for Tx, so that it is sufficient to show that Pg(x/F;) is an open subset
in E/F for any x/F; € B. Suppose z/F; € 8. We show that Py '(Pp(z/F;)) € Tr.
Let a be an arbitrary element of Py'(Pp(z/F;)). Then Pp(a) € Pr(x/F;) and
so a/F € (z/F;)/F. Hence there exists b € z/F; such that a/F = b/F, that is,
a~pb. Since b ~p, x and F C F;, we get a =p, b and b ~p, x. Thanks to ~p, is a
congruence, it follows that a ~p, x. Hence a € z/F; and so Py ' (Pr(z/F;)) C x/F;.
Clearly, /F; C P=Y(Pp(z/F;)). Therefore, PEI(PF(x/Fl)) =z/F; € Tr. So Pp
is an open map. [l
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Corollary 3.12. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; |i €
A} and F be a filter of E. If F C (\{F; | ¢ € A}, then quotient EQ-algebra E/F
equipped with the quotient topology is a TEQ-algebra.

Proof. 1t is directly follows from Proposition 3.10 and Theorem 3.11. (]

Proposition 3.13. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; |
i € A} and F be a filter of E. If F is open, then the quotient topology on E/F is
discrete.

Proof. Note that for every x € E, the equality P,'({x/F}) = x/F holds. There-
fore, it is enough to prove that =/F is open for topology Tr for any € E. Let
x € E. We define f, : E — E by f.(y) = 2 ~ y. Then f, is continuous. Since F'
is open, we get f. 1(F) is open. Clearly, z/F ={y € E |z ~y € F} = f71(F).
Therefore, x/F is an open set. O

Proposition 3.14. Let (E, Tr) be a TEQ-algebra induced by a system F = {F; |
i € A} and F be a filter of E. If F is open (closed), then for each x € E, x/F is
open (closed).

Proof. When F' is open, the proof has been given in the proof of Proposition 3.13.
The case F' closed is handled similarly. a

Proposition 3.15. Let (E, Tr) be a TEQ-algebra induced by a system F = {F; |
i € A}. Then every open filter is closed.

Proof. Suppose that a filter F' is open. Then by Proposition 3.14, 2:/F is open for
any x € E. It follows that F = E\ |J{z/F | « ¢ F} is closed. O

Recall that a topological space (X,U) is a zero-dimensional space if U has a
clopen base (see [18]).

Theorem 3.16. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; | i €
A}. Then (E,TF) is a zero-dimensional space.

Proof. Let F = {F; | i € A} and 8 = {«/F, | « € E,i € A}. According to
Proposition 3.7, it is enough to show that x/F; is closed for any x/F; € 8. Let
x/F; € 8. Clearly, F; = 1/F; € 8. By Proposition 3.15, it follows that F; is closed.
According to Proposition 3.14, we conclude that x/F; is closed a

Theorem 3.17. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; |
i € A}, S be a non-empty subset of E and S/F; = \J{z/F; | x € S}. Then
S ={S/F;|ie A}, where S is a topological closure of S.

Proof. Let x € E. Then z € S
< 2 €U implies UNS # () for any U € Tx
&z € a/F; implies (a/F;) NS # 0 for any a/F; € 3
& (z/F;)NS #Q for any i € A
< x e S/F; for any i € A
s xe({S/F;|ie€ A} O
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Theorem 3.18. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; | i €
A}, If (E,TF) is a Hausdorff space, then (\{F; | i € A} = {1}. The converse is
true if E is separated.

Proof. Let (E,Tr) be a Hausdorff space. Then by Theorem 2.10, the set {1} is
closed. Hence according to Theorem 3.17, we have

(1} ={=({1/FlieA}={F|icA}

Conversely, let E be separated. Assume that ({F; | i € A} = {1} and z,y are
distinct elements of E. It follows that x ~y ¢ ({F; | « € A} = {1}, and hence
there is a A € A such that z ~ y ¢ Fx. So (z/Fy)(\(y/F») = 0. Therefore, we
conclude that (E, 7x) is a Hausdorff space. O

In the following we give an example to show that in Theorem 3.18 separability
is necessary.

Example 3.19. Consider 6-element EQ-algebra E given in Example 3.3. Note
that this EQ-algebra is not separated because 0 ~ a = 1 but 0 # a. We give a
system of E by F = {F; | i € A}, where A = {1,2}, F; = {d,1} and F, = {1}. By
Proposition 3.7, the topology 7r with a base 8§ = {{0,a}, {b},{c}, {d},{1}}. By
Theorem 3.9, (E,7Tr) is a TEQ-algebra. Clearly, F satisfies (\{F; | i € A} = {1}.
However, it is not a Hausdorfl space because any open set of T can not separate
0 and a.

Proposition 3.20. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; |
i € A}. The following statements are equivalent:
(i) (E,TF) is a Hausdorff space;
(ii) (E,TF) is a Ti-space;
(iii) (B, Tr) is a To-space.

Proof. The proofs of (i)=-(ii) and (ii)=-(iii) are clear. Let (F,7x) be a Tp-space
and x,y € E, x # y. By assumption, either there exists an open set U containing
x but not containing y or there exists open set V' containing y but not containing
x. If the former holds, then there exists z/F}; such that x € z/F; C U. We can
get x/F; = z/F; and y ¢ x/F};, and so (z/F;)(\(y/F;) = 0. The rest situation is
similar. Therefore, (F, Tx) is a Hausdorff space. O

Proposition 3.21. Let F = {F; | i € A} and G = {G; | j € T’} be two systems
of an EQ-algebra E and Tr, Tg be the topologies induced by them, respectively.
Then Tr is finer than Tg if and only if for any j € T', there exists i € A such that

Proof. Let 8 = {z/F; | v € E,i € A} and ' = {z/G, | x € E,j € T} be two
bases for topologies Tr and 7g on E, respectively. We prove the sufficiently at
first. Let « € E and a/G; be an arbitrary element of ' containing . Then by the
assumption, there is ¢ € A such that F; C G;. Clearly, z € «/F;. We claim that
z/F; C a/Gj;. Let v € x/F;. Then u ~ x € F; C Gj. We can get u ~ z € Gj
and so u ~g, r. Since z € a/Gj, we have x ~g, a. It follows that u ~g; a,
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that is, v € a/G;. Thus z/F\ C a/G;. Therefore, by Lemma 2.9, Tx is finer
than 7g. Now we prove the necessity. Suppose 7r is finer than 7g and j € T
Clearly, 1 € G; = 1/G; € /. By Lemma 2.9, there exists z/F; €  such that
1 €x/F; C1/G,. It follows that 2/F; = 1/F; = F;. Hence F; C Gj. O

Theorem 3.22. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; | i €
A} and F be a filter of E. If F is closed, then quotient EQ-algebra E/F equipped
with the quotient topology is a TEQ-algebra.

Proof. By Corollary 3.12, it is sufficient to show that F' C ({F; | i € A}. According
to Theorem 3.17, we have F = F = ({F/F; |i € A} CN{1/F; | i € A} = N{F; |
i€ A} O

Proposition 3.23. Let (E,Tr) be a TEQ-algebra induced by a system F = {F; |
i € A}, F be a filter of E and Pr : E — E/F be the nature projection. If E/F
equipped with the quotient topology is a Hausdorff space, then F' is closed. Moreover,
the converse is true if Pr is open.

Proof. Let quotient topology on E/F be Hausdorff and F be a filter of E. Suppose
x € E\F, then z/F # 1/F. According to assumption, there exist two open
subsets V,W of E/F such that z/F € W,1/F € V and VN W = (. Hence
€ PoY(W) €eUr, F C PaY(V) €Uz and F NP, (W) = (. Since P, (W) is an
open subset of F satisfies x € P, (W) C E\ F, we deduce that F is a closed subset
of E. Conversely, let Pr be open and F' be closed. Suppose z/F # y/F. Then
we get that * ~y ¢ F and so x ~ y € E\ F. By assumption, z ~ y ¢ F. Thus
there exists an open subset V of E such that x ~y € V and VN F = (. Hence
1/F ¢ V/F. Considering a map f : E x E — E which is defined by f(a,b) =a ~b
for any a,b € E. Since (E, Tr) is a TEQ-algebra, we have f is a continuous map and
so Pro f is continuous, too. As Pp is an open map, we conclude that Pr(V) =V/F
is an open subset of E/F. Hence (Pr o f)™!(V/F) is an open subset of E x E.
By z ~y € V, we get (Ppo f)(z,y) € V/F and so (z,y) € (Pro f)"'(V/F).
Then there exist W, A € T such that (z,y) € W x A C (Ppo f)~Y(V/F). We get
xeW,yc Aandsox/F € W/F,y/F € A/F. Clearly, W/F, A/F are open subsets
of E/F, since Pr is an open map. Now, we show that (W/F) N (A/F) = 0. Let
z/F € W/F)N(A/F). Then there exist a € W and b € A such that a/F = z/F
and z/F = b/F. It follows that 1/F = (z ~ 2)/F = (2/F) ~ (2/F) = (a/F) ~
(b/F)=(a~Db)/F =Pp(a~b)=Pp(f(a,b)) € (Prof)(WxA) CV/F, which is
a contradiction. Hence (A/F)((W/F) =0 and so E/F with quotient topology is
a Hausdorff space. O

In the following we introduce notions of Cauchy sequences and convergent se-
quences in TEQ-algebras (E, Tr) induced by a system F = {F; | i € A}.

Definition 3.24. Let (E,7x) be a TEQ-algebra induced by a system F = {F; |
i € A}. A sequence {z;}icp in (E,Tx) is called

(i) convergent to the point z if for any A € A, there exists Ny € A such that
x; € x/F)y for any Ny <i and i € A;
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(ii) Cauchy sequence if for any A € A, there exists Ny € A such that z,/F) =
Tm/Fy for any m,n > Ny and m,n € A.

If a sequence {x;};ca converges to x, we denote limz; = x and say that = is a
limit of {x;}iea.

Theorem 3.25. Let (E,Tx) be a TEQ-algebra induced by a system F = {F; | i €
A} and let {z;}iean and {y;}ica be two sequences of (E,Tx). Then we have the
following:
(i) if (E,Tx) is a Hausdorff space, E is a separated EQ-algebra and {x;}ica
18 convergent, then its limit is unique;
(ii) iflimy; = y and limz; = x for some x,y € E, then the sequence {x;*y; }ica
is convergent and lim(z; * y;) = x * y for any operation x € {\,®, ~};
(i) any convergent sequence of (E,Tx) is a Cauchy sequence.

Proof. (i) Let limz; = x and lima; = y for some z,y € E. For A € A, there exist
Ny € A and N;\ € A such that z,, € z/F\, z,, € y/F\ for any m,m € A and
Ny <m, N:\ < m’. Since A is an upward directed set, there exists € A such that
N, < p and N:\ < u. IfneAand p <n, then z,, € x/Fy and z,, € y/F) and
so x ~p, y, that is, z ~ y € F\. By Proposition 3.18 and (E, Tr) is a Hausdorff
space, we conclude that z ~y € ({F; | i € A} = {1}, andsox ~y =1. As E is
separated, we have x = y.

(ii) Let * € {A,®,~}, limz; = x and limy, = y. Suppose that A € A. Then
there exist N)\,N;\ € A such that z,, € /F) and y,,/ € y/F» for any m,m € A
and Ny <m, N;\ <m’. Since A is an upward directed set, there exists N € A such
that Ny < N and Ny < N. If n € A and N < n, then z,, € z/F and y, € y/Fj.
Hence z,, =p, z, yn ~p, y. It follows that x,, *y, ~p, z*y foranyn € A, N <n.
Therefore, lim x,, * y, = x * y.

(iii) Let {x;}ica converge to the point x of E. For A € A, there is N € A such
that z; € «/Fy for any Ny < 4. Suppose that m,n € A and m,n > N,. Then
Zn € x/Fy and z,, € x/F), and so x,/F\ = x/F) = x,,/Fx. Therefore, {x;}ica is
a Cauchy sequence. O

4. Conclusion

In this paper, we use a system of an EQ-algebra to construct a TEQ-algebra
and investigate some topological properties of TEQ-algebras and quotient TEQ-
algebras. Currently, studying topologies of logic algebras based on residuated lat-
tices mainly through filters of corresponding algebras, which are prefilters corre-
sponding to EQ-algebras. A prefilter is a subset F' of an EQ-algebra E satisfies:
(i) 1 € F, and (ii) for any z,y € E, if x € F,x — y € F, then y € F. Unlike the
method of recent papers [10, 19, 23], prefilters of E can not induce a topology on
FE such that every operation on FE is continuous with respect to this topology, since
prefilters can not induce congruences on E. So we consider the system of filters on
E, which can induce a topology such that all binary operations of E are continuous.
In our future work, we shall try to use such filters to study sheaf representations of
TEQ-algebras and completeness of TEQ-algebras.



On Topological EQ-algebras 59

Acknowledgments: This research is supported by a grant of National Natural
Science Foundation of China (11571281,11601302), Postdoctoral Science Founda-
tion of China (2016M602761) and Natural Science Foundation of Shaanxi Province
(2017JQ1005).

REFERENCES

[1] R.A. Borzooei, G.R. Rezaei, Metrizability on (semi)topological BL-algebras, Soft Comput.,

16(10)(2012), 1681-1690.

[2] R.A. Borzooei, G.R. Rezaei, N. Kuhestani, Separation azioms in (semi)topol-ogical quotient

BL-algebras, Soft Comput., 16(2012), 1219-1227.

[3] C.C. Chang, Algebraic analysis of many valued logics, Trans. Am. Math. Soc., 88(1958),

467-490.

[4] L.C. Ciungu, Convergences in perfect BL-algebras, Mathware and Soft Comput., 14(2007),

67-80.

[5] B.A. Davey, H.A. Priestley, Introduction to Lattice and Order, Cambridge University Press,

London, 2002.

[6] A. Di Nola, L. Leustean, Compact representations of BL-algebras, Arch. Math. Log.,

42(8)(2003), 737-761.

[7] M. El-Zekey, Representable good EQ-algebras, Soft Comput., 14(2010), 1011-1023.
[8] M. El-Zekey, V. Novék, R. Mesiar, On good EQ-algebras, Fuzzy Sets and Systems, 178(2011),

(10]
(11]
[12]
[13]
(14]
(15]
[16]
(17)

(18]
(19]

20]
21]
[22]
23]

24]

1-23.

F. Esteva, L. Godo, Monoidal t-norm based logic: towards a logic for left-continuous t-norms,
Fuzzy Sets and Systems, 124(2001), 271-288.

S. Ghorbani, A. Hasankhani, Some properties of quotient topology on residuated lattices, PU.
M. A., 21(2010), 15-26.

M. Haveshki, E. Eslami, A. Borumand Saeid, A topology inducd by uniformity on BL-
algebras, Math. Log. Q., 53(2)(2007), 162-169.

P. Hijek, Metamathematics of fuzzy logic, Kluwer, Dordrecht, 1998.

C.S. Hoo, Topological MV -algebras, Topol. Appl., 81(1997), 103-121.

Y.B. Jun, S.Z. Song, Hesitant Fuzzy frefilters and filters of EQ-algebras, Applied Mathemat-
ical Sciences, 9(2015), 515-532.

L.Z. Liu, X.Y. Zhang, Implicative and positive implicative prefilters of EQ-algebras, Journal
of Intelligent and Fuzzy Systems, 26(2014), 2087-2097.

Z.M. Ma, B.Q. Hu, EQ-algebras from the point of view of generalized algebras with fuzzy
equalities, Fuzzy Sets and Systems, 236(2014), 104-112.

J. Mi Ko, Y.C. Kim, Closure operators on BL-algebras, Commun. Korean Math. Soc.,
19(2004), 219-232.

J.R. Munkres, Topology a First Course, Prentice-Hall, Englewood Cliffs, 1974.

M. Najafi, G.R. Rezaei, N. Kouhestani, On (para, quasi) topological MV -algebras, Fuzzy
Sets and Systems, 313(2017), 93-104.

J.B. Nganou, S.F.T. Tebu, Topological FLew -algebras, Journal of Applied Logic, 13(2015),
259-269.

V. Novdk, B. Daets, EQ-algebras, Fuzzy Sets and Systems, 160(2009), 2956—2978.

L.A. Zadeh, Is there a need for fuzzy logic?, Inform Sci., 178(2008), 2751-2779.

O. Zahiri, R.A. Borzooei, Topology on BL-algebras, Fuzzy Sets and Systems, 289(2016),
137-150.

H.J. Zhou, B. Zhao, Stone-like representation theorems and three-valued filters in Ro-
algebras(nilpotent minimum algebras), Fuzzy Sets and Systems, 162(2011), 1-26.

JIANG YANG, SCHOOL OF MATHEMATICS, NORTHWEST UNIVERSITY, XI’AN,710127, CHINA
E-mail address: yangjiang@stumail.nwu.edu.cn



60 J. Yang, X.L. Xin and P.F. He
X1A0 LoNGg XIN*, SCHOOL OF MATHEMATICS, NORTHWEST UNIVERSITY, XI'AN,710127, CHINA
E-mail address: x1xin@nwu.edu.cn(Corresponding author)

PENG FEI HE, SCHOOL OF MATHEMATICS AND INFORMATION SCIENCE, SHAANXI NORMAL UNI-
VERSITY, XI’AN, 710119, CHINA
E-mail address: hepengf1986@126.com

%+ CORRESPONDING AUTHOR



