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Abstract: The objective of this paper is to investigate ¢t-openness, ¢-continuity, and «-irresoluteness for functions within the
framework of (L,M)-fuzzy pretopology, using the implication operation and the (L,M)-fuzzy a-open operator as introduced by Li
[1]. We further expand on the characteristics of these concepts so that they apply to the (L,M)-fuzzy pretopological environment,
which is based on graded principles. Moreover, we analyze their connections to the concepts of ¢t-compactness, ¢-connectedness, and

the axioms associated with a-separation.
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1 Introduction

After Chang introduced fuzzy set theory to topology, the
principles of general topology have been effectively
extended into the fuzzy realm using precise methods. In
Chang’s I-topology for a set X, each open set is
considered fuzzy; however, the collection of these open
sets forms a crisp subset of the I-powerset IX, where I
represents the unit interval [0,1]. Additionally, the
topology itself is a crisp subset of all fuzzy subsets
present in X.

On another note, the very concept of a fuzzy topology
was initially articulated by Hohle in 1980. This idea was
later independently expanded upon by Kubiak [4] and
Sostak [5] in 1985 was also rediscovered by Ying in the
original context proposed by Hohle. In 1991, Ying [7] put
forth a logical perspective on fuzzifying topology, which
shares similarities with Hohle’s concept of fuzzy
topology.

The emergence of fuzzy topology brought with it
various topological properties, such as connectedness,
separability, compactness, and filter convergence, each
characterized by their own degrees. In 1988, Sostak
introduced the concept of connectedness degree through
level L-topological spaces [8,9]. Yue and Fang [10] later

defined connectivity for the entire L-fuzzy topological
space. Pang defined the degrees of openness, closeness,
and continuity for functions in L-fuzzifying topology in
[11], and he also generalized several general topology
results to the framework of L-fuzzifying topology. More
recently, Liang and Shi [12] explained the degrees of
functions being open, closed, or continuous using
implication operations, broadening many fundamental
properties  from regular topological spaces to
(L, M)-fuzzy topological spaces using graded concepts. In
2009, Shi [13] presented degrees of separatedness and
connectedness for L-subsets based on the L-fuzzy closure
operator. Shi also introduced L-fuzzy semiopen and
L-fuzzy preopen operators in L-fuzzy pretopological
spaces, which respectively evaluate the degrees of
semiopenness and preopenness of an L-subset [14].
Additionally, the idea of semi-compactness was defined
and explored wusing Shi’s operator in [15,16].
Furthermore, the degree of preconnectedness proposed by
Ghareeb [17] was established with the help of the L-fuzzy
preopen operator.

Wadei and Gareeb [18,19,31] recently introduced and
examined various concepts such as semiopenness,
semicontinuity, preopenness, precontinuity,
irresoluteness, and preirresoluteness regarding functions
in (L,M)-fuzzy topological spaces, with a focus on
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implication operations as well as several separation
properties related to (L,M)-fuzzy topology and
neighborhoods. Their foundational topological properties
will be broadened to encompass the context of
(L,M)-fuzzy topology through the application of graded
concepts. The concepts of semi-preopenness,
semi-precontinuity, and semi-preirresoluteness  for
functions within (L, M)-fuzzy pretopology, as introduced
by Gareeb and Wadei [20], will be articulated using

implication operations alongside the (L,M)-fuzzy
semi-preopen operator.
This paper seeks to describe (L,M)-fuzzy

pretopological spaces through the lens of sub-varieties
representing new degrees of functions. We introduced
novel degrees of weak forms of functions associated with
(L,M)-fuzzy  pretopological  spaces, employing
implication operations and Shi’s operators in our analysis.

The organization of this paper is as follows. Section 2
outlines fundamental concepts in general topology and
revisits (L, M)-fuzzy topology. In Section 3, we define the
terms necessary to elucidate the concepts of a-openness,
a-continuity, and ¢-irresoluteness pertaining to functions
in (L,M)-fuzzy pretopological spaces. Additionally, we
characterize these definitions and analyze various
properties linked to them. Section 4 investigates the
connections among O-compactness, o-connectedness,
and the degrees of certain a-separation axioms in the
realm of (L,M)-fuzzy pretopological spaces. We also
address theoretical applications related to the degrees
associated with (L, M)-fuzzy pretopology.

In a recent study, Wadei et al. [20,29,30] revealed
novel degrees of weak function forms in (L,M)-fuzzy
pretopological spaces through the implementation of
implication operations and Ghareeb’s operators. They
investigated various properties including
semi-preopenness, semi-precontinuity, and
semi-preirresoluteness  degree  of  functions in
(L,M)-fuzzy pretopology. Moreover, Wadei and Gareeb
[18] provided insights into the relationships involving the
degrees of semi(pre)-compactness,
semi(pre)-connectedness, as well as Semi-T;, Pre-Ti,
Semi-T5, and Pre-T5 properties of functions in the realm
of (L,M)-fuzzy topological spaces, framed through
implication operations. In 2016, Li and Jia et al. [32]
introduced an innovative operator based on the L-fuzzy
open operator to quantify the degree of ¢t-openness in an
L-subset. They also discussed the notions of
a-compactness and o-separatedness for an L-subset in
L-fuzzy topological spaces, driven by the L-fuzzy o-open
operator, along with the relationship between L-fuzzy
a-compactness and fuzzy o-compactness within
L-topological spaces [32].

The primary objective of this study is to elucidate the
notions of ¢-openness, &-continuity, and @-irresoluteness

in relation to functions operating within (L,M)-fuzzy
pretopological spaces, based on the (L, M)-fuzzy o-open
operator [17] and the associated implication operation.
We will delve into the distinctive properties associated
with these new definitions from a graded conceptual
perspective. Moreover, the paper will explore the
interrelations among -compactness, -connectedness,
and certain degrees of «-separation axioms within the
context of (L, M)-fuzzy pretopological spaces.

2 Preliminaries

In this document, unless otherwise indicated, symbols L
and M refer to completely distributive De Morgan
algebras, and X is identified as a nonempty set. The
minimum and maximum elements within L and M are
represented by Or, 17, and Oy, 1y, respectively. For any
elements a and b in L, we say that a is wedge below b
[21], denoted as a < b, if every subset </ C L satisfying
&/ > b leads to the conclusion that some ¢ € &/ satisfies
¢ > a. The complete lattice L is deemed a completely
distributive lattice if and only if for every b € L, it holds
that b= \/ a. An element b € L is considered co-prime if
a<b
the condition a < bV ¢ necessitates that a < b or a < c.
The set of all non-zero co-prime elements in L is
designated as P(L). We utilize L? to refer to the
collection of L-subsets formed on X. The least and
greatest L-subsets in LZ are represented as 0;» and 1; »,
respectively.

Moreover, 2 denotes the set of all finite sub-families
of contained in LZ . It is apparent that LZ functions as a
completely distributive De Morgan algebra. Additionally,
the collection {xa}a6P<L) consists of non-zero co-prime
elements found in LZ. The implication operation
—: M x M — M is defined within any completely
distributive De Morgan algebra M, expressed as

a— b= \/ c. The operation "< is also defined on M,
anc<b
based on the operation ”+—,” as

a<>b=(a—b)AN (b a).

An (L, M)-fuzzy inclusion [22,23] pertaining to the set X
is specified by a mapping C : L? x L? — M,
characterized by the equation

26161 = A {Gi2)ve2)]).

xeX

It is customary to denote the (L,M)-fuzzy inclusion
C(Gl,Gz) by the symbol [G1CG2].

Lemma 21/24] Given a completely distributive lattice
(M,\/,\) and an implication operation — defined on the
set M, we can assert the following:
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0)(x—y)>z<=xNz<yx<ySx—y=lyx—
y=2)=xAy) =z (2=x)Ax—=y) <z y 70>
x<(x—=y)= (z—y). x—= Axi= N(x—x;), henze
iel iel
x—y<x—zwhenevery<z \/xi—>y= A(xi—y),
i€l iel

henze x — 7 >y +— z whenever x <y,

for each x,y,z € M, {x;}icy, and {y;}ier C M.

8 Lemma 22/25] Let g : & — % be a mapping. Then for
each 7 C L%, we have

A\ {gi(G)’(y)\/ V H(y)} -

YEX HeA
A {G’(fw V gf(H)(ff)}-
xe%& He#

Definition 23/26] Let (2,T") be an L-fts and S € LZ . Sn
L-fuzzy a-open operator Ty : L? - Lis given by

ZuS)=\_7BA NV [ 7200 N A
B<S x) <8x) <C yu=Cy,£D>B
(7))’

at this time, y, is a 7 -induced L-fuzzy a-open operation,
and Ty (S) says that S is a a-open set of degrees.

Definition 24For any non-empty set 2, a function
T L% — M which satisfies the following statements:

(POT(1,) = T(0,) =\, 7 ( v Gi) > A 7(G)

icl icl

forall {G;}ic; CL?,
Sn (L,M)-fuzzy pretopology on % is denoted as such
[27]. The structure formed by the pair (2,I") is referred
to as an (L,M)-fuzzy pretopological space, abbreviated
as (L,M)-fpts. When an (L,M)-fuzzy pretopology T
Sulfills specific criteria, it is recognized as an (L,M )-fuzzy
topology, commonly referred to as (L,M)-ft, on % [24,4,
28,5]. If it meets the following additional condition:

(0)T (G1 ANGy) > T(G1) AT (Gr) for all Gy, Gy €

L.

The pair (%,I") is called (L,M)-fuzzy topological space
( (L,M)-fts, for short). The gradation of openness and
closeness of an L-subset G is given by 7 (G) and .T*(G)
respectively, where J*(G) = Z(G). S mapping
¢ (&) — (#2,15) is called an (L,M)-fuzzy
continuous iff 71 (g5 (H)) > F5(H) for all H € L”.
2.Definition 25Consider (2°,I") as an (L,M)-pfts where S
belongs to LZ . The (L, M)-fuzzy a-open operator, labeled
as Ty : L% — M, is characterized by the formula
TalS) = Vies{ 7B ANy <5V <c (T O My, e
Nyyieqp=B (F(D)). Here, Ty(S) and Tu(S') indicate

the degrees of a-openness and o.-closeness related to the
L-subset S, respectively.

Lemma 26For any (L,M)-pfts (2°,I"), the (L,M)-fuzzy
a-open operator Ty, fulfills the following assertions:

(])ya(QL) = ya(lL) =lum ,

(2)Za(V Gi) > N\ Tu(Gi) for any {Gi}ier CL7.
icl iel

Proof.Trivial.

Corollary 27In the context of any (L,M)-pfts (2°,I"), it
Sollows that if T, represents the associated (L,M)-fuzzy

a-open operator, then for every S € LZ, it holds that
T(S) < Ta(S).

Definition 28Consider (% ,13) and (%,13) as two (L,M)-
pfts. The mapping g : (2,1) — (%Z,1,) is characterized
as:

1.(L,M)-fuzzy o-continuous mapping iff
5(B) < (T1)a(gf (B)) for any B € L”.

2.(L,M)-fuzzy a-irresolute mapping iff
(%) a(B) < (F)a(s (B)) for any B € L7.

Corollary 29Consider a function g : (Z,I1) — (%,15)
that establishes a relation between two (L, M)-pfts, namely
(Z,1T) and (%#,15).

lg is (L,M)-fuzzy o-continuous iff
T (B) < (7a); (s} (B)) for all B € L.
2.8 is (L,M)-fuzzy a-irresolute iff

(Za)5(B) < (Za)i (g5 (B)) forall B e L”.

Theorem 210Consider a function g : (Z,11) — (%,15)
that represents a mapping between the two (L,M)-pfts
(Z,0) and (Z,13).

LIf g is (L,M)-fuzzy continuous, then g is (L,M)-fuzzy
Q-continuous.

2.0f g is (L,M)-fuzzy o-irresolute, then g is (L,M)-fuzzy
Q-continuous.

Proof. 1.If g is (L,M)-fuzzy continuous mapping, then
9 (B) < Zi(gi (B)) for any B € L”. By using
Corollary 27 i.e (F(S) < Fu(S)), we have

7 (B) < Zi(g1 (B)) < (Zu)i(gL (B)),

for any B € L”. Hence g is an (L,M)-fuzzy
o-continuous.

2If g is (L,M)-fuzzy «-irresolute mapping, then
(Ta)2(B) < (Tg)1(gs (B)) for all B € L”. Based on
Corollary 27, we get

D (B) < (J)2(B) < (Ta)1(gr (B)),

for any B € L”. Hence g is an (L,M)-fuzzy
¢-continuous.

Definition 211A mapping g : (2,7 ) — (#,13) between
two (L, M)-pfts, which are (2 ,17) and (Z,15), is defined
as an (L,M)-fuzzy ai-open mapping if, for all S in L, the
condition 71 (S) < (Tu)2(g77 (S)) is satisfied.
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Theorem 212/1] If Jy is an (LM
operator on % and aCl is an (L,
operator. Then, we have

)-fuzzy o-open
)-fuzzy o-closure

aCl($) ()= N\ (Zu(B)),

X2 XBZC

forall x) € P(L? ) and S € L?.

Definition 213An (L, M)-fuzzy a-closure operator on %

is defined as a function aCl : LZ — MPL") that meets the
subsequent criteria:

LacCl(S)(23) = Ny<a @CL(S)(Z,) for all x), € P(L?).

2.aCl(0,)(23) = Oy for all x;, € P(LY).

3.0CI(S)(Z23) = 1y forall x), < S.

4.for any u € Mo,
(OCCI(\/(OCCI(S))[”]))[“] C (OCCI(S))[“].

The term aCIl(S)(23) reflects how much x), is a member
of the o-closure associated with the L-subset S.

Theorem 214/1] The L-fuzzy topological space is denoted
by F. Sssuming a € M(L) and considering  |a], we can
assert that for every element x; that is less than S, there
exists a set C with x; as a member of C such that 7 (C) >
a. Moreover, for all y, that are less than or equal to C
and which do not exceed D that is at least B, the condition
(Ta(B'")) > ais satisfied. This can be restated as follows:
for any x;, less than S, a set C exists containing x; where
T (C) > a, and for every y, that is a subset of C, kyy must
be less than or equal to B~.

Definition 2155n (L, M)-fuzzy quasi a-neighborhood
system on % is a family aQ = {aQx, | x, € P(L?)} of
mappings {0Qy, : L? — M} which satisfying the
following axioms:

1. OCQXl (OLz)

2.a0y, (S) #OM, thenx;L £ 5.

3. ocQ,% (BAC) < aQy, (B) AaQy, (C).
400, ()= V A aQy,(B)

x) £B>S"yy B’

From [26] and based on Lemma 26, we can easily
prove Theorems 216 and 219.

Theorem 216Consider the pair (2°,T") as an (L, M)-pfts,
where Ty represents the corresponding (L,M)-fuzzy
a-open operator. Define aQ7« = {aQ;, | x; € P(L?)}
to denote the (L,M)-fuzzy quasi o-neighborhood system
generated by y. If we establish the mapping

aCZ L% —5 MPL?) g5 expressed by

awwwwszw“wﬁﬂ

it follows that aC”7¢ functions as an (L,M)-fuzzy
o-closure operator on Z.

Definition 217The (L,M)-fuzzy o-neighborhood system
situated on % can be characterized by the set
aN = {aN,, | x; € P(Lff)}, comprising mappings
{aNy, : L? — M} that fulfill the following criteria:

].O{le (QLJ’) Opr.
2.0Ny, (S) # Opg, then xj £ S.
3.aNy, (BAC) < aNy, (B) A aN,, (C).
40oN, (S)= V A aN,,(B).
x, <B>Syu<B

Definition 2187The mapping known as the (L,M) fuzzy o-

interior operator on %, denoted ol : LY —s M" (z ) is
required to fulfill the following criteria:

1.ad(S)(23) = Ny<s @I(S)(Zy) for all x), € P(L?).
2.ad(1,2)(25) = 1y for all x; € P(L?).
3.0l(S )(Eﬁ) Opm for all xj £ 8.

(@l (V(al(8) ")) W,

The value al(S)(Z;) represent the degree to which x;
belongs to the o-interior of S.

4.For any | € My, (OCI(S))(“) <

Theorem 219Let (Z,I") denote an (L,M)-pfts, and
consider aN7 = {OtNy | x5 € P(L?)} as the
corresponding (L,M) fuzzy a- nezghborhood system. If we
define the function ol”7« : L% — MP %) through the
equation al”%(8)(2,) = N)i‘J‘(S)7 then it can be
concluded that ol”® functions as an (L,M)-fuzzy
o-interior operator on % .

Definition 220For an (L,M)-fpts (2,I") and S € LZ . Let

oCon(S)
= A { Vaao @)\ eciB)i)
B.CceL?\{0}, | =B yu<C
S=BVC

Then aC(S) is called the degree of fuzzy o.-connectedness
of an L-subset S.

Theorem 221Let (2°,I") be an (L,M)-pfts and S € LZ.
Then

aCon(S) = /\
SAB#0, 7 , SNCH#0, o,
SABACH0, 5, S<BVC

(ECOMEACHE

In the work of Li [1], the idea of a-compactness was
introduced in the setting of L-fuzzy topology, based on
the (L,M)-fuzzy semi-preopen operator. The following
definitions will clarify the concepts of degree
a-compactness, as well as o-77 and -7, in
(L,M)-fuzzy pretopology by utilizing the implication
operation.
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Definition 222Consider (%,I") as an (L,M)-pfts. In the
event that a subset P is present for L%, it follows that
there is

N Zalg)nN N\ S'(2)v \ F(Z

FeZ xeZ FeZ

<V ANE@)VvNAFZ

927 xeZ Fe2

oacom g, (S) =

Then say S is(L,M)-fuzzy-compact. Here 27 is a set of all
finite subsets of &

Definition 2231f (2,.7) be an (L,M)-pfts, then
1.The degree o-T\ (% ,) to which T is a-Tj is given by:

aT(Z,7)= NV Zu®).

ViEVy Vi £S>Vy

2.The degree a-To(%,T) to which 7 is a-T, is given
by:

OT(F, 7) = /\\/{% VA Tu(C) | Vi £ B

V1$V2

ZCZVQ}.

3 o-openness, a-continuity and
a-irresolutness degree of mappings based on
(L,M)-fuzzy o.-reopen operator

We present the concepts of a-openness, o¢-continuity, and
the degree of o-irresolutness in the context of
(L,M)-fuzzy pretopology. Furthermore, we define these
concepts through the framework of (L,M)-fuzzy quasi
o-neighborhood systems, (L,M)-fuzzy o-neighborhood
systems, (L,M)-fuzzy o-interior operators, and
(L,M)-fuzzy a-closure operators.

Definition 31Suppose g : (%, I1) — (#,1I3) represents a
Sfunction connecting two (L,M)-fpts (Z,11) and (%#,13);
then:

1.The degree aeC(g) to which g is a-continuous is given
by
ace) = A {#W) - (T O}
vel”
2.The degree aOP(g) to which g a-open is given by

aor(e)= A\ {719 (Tt 5))}-

seL?

3.The degree al(g) to which g is a-irresolute is given by

al(g) = A {(%»(U) = (T (gf<u>>}.

vel”

Definition 32When considering g : (2°,11) — (%,13) as
a bijective function, the measure (g) of how g qualifies as
an o.-homomorphism is defined by

(8) = al(g) N aOP(g).

and

(8) =

Remark 33According  to
oC(g) = 1y, ltfollows that (Ty)1(g5

every B in L7

oC(g) A aOP(g).

Lemma 21 (2), when
i (B)) = Z(B) for
This represents the definition of an
o-continuous function between two  (L,M)-fpts.
Furthermore, if we consider the identity function
d : (L) — (Z,0) it holds  that
ol(id) = oX(id) = a-Hom(id) = 1

The ensuing corollaries are immediate implications of
Definition 34 and Corollary 29.

Corollary 3dWhen g : (2°,I1) — (%,I) represents a
mapping from one (L,M)-fpts (2 ,I1) to another
(L,M)-fpts (#Z,1I), we can state that:

1.The degree aC(g) to which g is a-continuous, is given
by

aCly)= A {%*(U) - (%)T(gf(U))}-

Uel#

2.The degree al(g) to which g isa-irresolute, is given by

al(g) = A {(%);(U) - (%)’f(gf(U))}-

vel”

Definition 35If we consider the mapping
g (&) — (%,I) that connects the (L,M)-fpts’s
(Z,1N) and (#,13), then the degree o/C(g) is defined as
the extent to which g is &-closed.

aClg)= N\ {mw - %)z(gm))}.

BelLZ

Theorem 36Consider (£,11), (%,13), and (Z, %) as
(L,M)-fpts, with mappings defined by
f:(Z.n) - (%Z,5) and f : (Z,15) = (Z, 7). The

subsequent properties hold true:

Lol(g)Nal(g) < al(fog).
2.00P(g) NoOP(g) < aI(fog).
3.aCl(g) AN al(g) < aCl(fog).
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Proof Establishing (1) is sufficient, given that the other
outcomes can be shown in a comparable way. From
Lemma 21 and Definition 34, it follows that

al(g)nal(s) = N\ {(%)z(U) - <%>1<g5<u>>}A

veL”

A {<%>3<v> - <%>2<gf<v>>}

velZ

<A {%»(gf(vw<%>l<gf<gf<v>>>}A

velZ

A {<%>3<v> - <9a>2<gf<v>>}

velZ

= A (Zuntei ) > Fanterowwn )
Fon)

velZ

((Zav) (2

|
< A (<%>3<gf<v>>~><%> cog) v>>)

vel?
= al(grogr).

Thus we completed the proof.

The subsequent corollaries arise directly from Definition
32 and Theorem 36.

Corollary 37Consider two functions
g:(Z.Nh) - (#2.,13) and g : (%,13) — (Z,9), which
are (L,M)-fpts defined on the sets 2 and %. Given that
these mappings are bijective, the subsequent assertion is
valid:

()N (g) < (gog).

Theorem 38Consider the mappings
g:(Z.n)— (Z,1;) and f : (%#.,I5) — (Z,53), which
are two (L,M)-fpts’s defined on % and Z. If f is
surjective, it follows that the subsequent assertions are
true:

L.aOP(fog) Aal(g) < aOP(f).

2.aCl(fog)Nod(g) < aCl(f).

Proof.Establishing (1) is sufficient, as the other assertions
can be proved in like fashion. Since g functions as a
surjective mapping, we derive that
(gogr)” (g5 (U)) = g7 (U) for any element U € L.

Based on Lemma 21 (4), we know

GOP (g0 f) A al(g) =
A {(%h(sw <%>3<<gLogL>ﬂ<S>>}A
Na &2
A {(«%)2(@ - (%h(gf(U))}
vel?%
< A {(%) (65 (U)) = (Za)a((gL082) <g*<u>>>}A
vel”
A {(%)2(U) s (Tan(s <U>>}
Uel”
= A {((%) (55 (V) = (Za)s(s <U>>)A
vel?
((%) (U) = (T (s <U>>)

< A {(%»(u) - <%>3<gi<v>>} — 40P(g

vel”#
It can be similarly confirmed that
Theorem 39Consider the functions g : (Z,11) — (#,13)
and g : (%#,15) — (Z,93), which are both (L,M)-fpts

defined on the sets %, %, and Z. If g is a surjective
function, then the subsequent statements are valid:

1.aOP(go f) A od(g) < aOP(g).

2.0Cl(gof)Aal(g) < aCl(g).

Theorem 310Let g : (%, I1) — (%,I3) is a bijective
mapping between (L,M)-fpts’s on % and %, then

Lal(g) = gy {%)2(5 (8)) <%>1<S>}.
2.00P(g) = \yopr {(%h(gf(w - (%»(U)}

3.al(g”!) = aOP(g) = aCl(g).

Proof.Demonstrating conditions (1) and (3) suffices, as
condition (2) can be similarly established to condition (1)

(1) Since g : & — Z is a bijective mapping, we have
8t (87(S)) = 8. ¥S € L*, and g (gf (U)) = U,
YU € L”.

The following inequalities are obtained
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Uel”
= A {m)z(gf(gf(m)w<%>]<gL <U>>}> A {%)2(& <S>>H<%>1<S>}
Uel? seLZ
Hence
al(g)= N\ {<%>z<g5<u>>~><%>l<v>} A {<9a>2<g;<s>>~><%>1<s>}.
vel” seL?

(3) Since g : 2 — Z is a bijective mapping, we have (g7)i™(S) = g;7(S) and g;7(§') = g7 (S)’ for any S € LZ . Then

alg = A {<%>1<s>~><%>2<<g1>f<s>>}= A {(9a)1(5)’—>(9a)2(87(5))}ZOCOP(g)-

seL? seL?

and

aOP(z )= A\ {<%>1(S>H<%>z<gr<s»}— A {(%>1<s’>w<%>z<g:<s’>>}

seL? seL?

- A {(%h(s’m<%>2<g:<s>’>}=a01<g>.

seL?
Corollary 311Let g : (2, 1) — (%, I3) represent a bijective function connecting the (L,M)-fpts’s % and %, such that

1.(g) =al(g) Aal(g™!) = al(g) AaCl(g).
2.(8) = Aser {<%>z<g;<s>> - <%>1<S>}.

3.(8) = Ayers {<%>l<g5<u>> - <%>2<U>}.

The subsequent corollaries and theorems define the concepts of degree of ¢-irresolutness and ¢-openness in relation to
(L,M)-fuzzy quasi o--neighborhood systems, (L, M)-fuzzy a-closure operators, and (L, M)-fuzzy o-interior operators.

Corollary 312Consider a mapping g : (Z°,11) — (%,13) that connects the (L,M)-fpts’ % with %

Ta o
1.aX(g) = Ayer# Ny, cp?) {O‘Q;‘(,@))zA U) = O‘Q)(q " (gf(U))}.

Ta Ta
2.01(8) = Nyers Neyern) | Oy 57 (U)(8(2)1) = “(gf(U))}-

3.01(8) = Ayeps A, co ) | AR (U)(g(2);) — el e (g5 (U))(25) }

—

4.01(8) = Ayers Ay, cp) | ACITR (U)(g(2),) = aCll T (gfw))(za)'}.
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Proof( ) Since ochl“ (S) = VXA£3’>S/ w(B) for all § € L, and for any x; € P(L?) and U;,U € L”, we have
D) LU >U =x; £ (U1) > g5 (U). Then

AN {00 a0l o)

UelL? x; eP(L¥Y

=A A {‘\/ (Tah2(U) (%)1(U1)}

UeL” x, eP(LY) D) LU =0 X 2U/>gi (U)
A A |V @es VG o)
UeL? x, €P(LY) ~ f(2), LU/ >U’ x£gi (U2) =g (U)

SA A A {(%)z(m)H(%h(gf(Ul))}

UEL” x; €P(LY) f(Z) UV 2V’

> A {((0) = (Fnlei )} = (o)

Uel”
Conversely, since
y S) = (ya)l S
w(S)= /\ aQ;*'(S)
x“{S’

for each § € LZ, and for each x; € P(L?), U € L”,and x; £ g (U) = f(Z); % U'. The following is valid

al(g) = A {(%»(uw(%)l(gfw))} A { A a0l 7wy A aQﬁ“”(g;(U))}

vel” Uel? ~yu%U’ X, £ei (U)
> /\{ A a5 W) A aQ£;“>‘(gf<U>>}
UeL” zU’ x) £g5- (U)

>N\ A (ag}@mv)HaQi'f“”(gf(U))}

UeL? x) fgi (U)

> A A {an;('?g))zl(U)HaQi‘l“)l(gf(U)))

UeL? x; eP(LY)

We have now concluded the proof of (1). Utilizing Theorem 216 and Theorem 219, we can establish the validity of (2),
(3), and (4).

Theorem 313Consider g : (%,17) — (%,13) as a transformation linking the (L,M)fpts’s % and %, then

LaOP(g) = Agep2 Ay, cpin2) {anA“ Han ( *(S))}-

2000 (6) = Asci» Avycry { AN, 5)(22) = a5 a1 (5) .
SGOP(E) — Ager Aoy {az $)(2) = o (e (5))(23) .
£0OP(E) = sy > Avyery { 0CI ()2 ~>acz<'%>2<g:<s>'><g(£fm’}.
5.GOP(8) = Ay A, cps {anf W)= agl3; )]}
6.00P(g) = Ayep# Ay ep?) { JEIN

o
{

Al (g (U))(25) s e T (U ><ﬁa>}.

AN (g5 (U))(25) > a7 <U>}.
7.00P(g) = Ayer# Ny, cp?)

8.00P(g) = e Ny ep 2 | @CIL ))(%)Hacﬂ%h(w)(g(f)n’}.
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Proof.Demonstrating (5) suffices because the remaining conditions have been established in a similar manner.

A A el e ) a0l )

UeL? x, eP(LY)

=N A VAR E AN T= Y, <%>2<U1>}
UelZ x; eP(LY) ~x) 2U)'>g5 (UY F(2) 20/ >(UY

A Ay e Y (Zanlsi @)}
UeL? x) eP(LY) ~x; £Ui' g (U) 2)tep (Ua)>U'

_ /\{ V. (ZahUn) e V <%>2<g:<vz>>}

UEL” xy €P(LY) *x £Ui'2g} (U) F(ZEef (U2) 285 (UY

A A A {(%)1(U1)H V <%>z<gr<02>>}

UEL? x; €P(LY ) x £Uy'>g1 (U) H(2)Lep (U2)2g= ()

S A A A {(%MUQH(%»@:(m))}

UeL? x;, eP(L?) x; £U\'>g5 (U)

> A @005 e )} = st
vel”
It must be shown that for every S € L, the following holds true
Ta T
A a0 s) = A a5 (e (9).
&L (S)) F(Z) £ (e (9))

It is obvious that
A ad < N alR ((s)).
yu% (g (5)) F(Z)2 % ()Y
We will show that
A a2 )= N R (g (9)).

(e’ (8)) S22 (s (9)Y
For any yj, € P(L”) with y, £ g7 (S)’, we obtain y ﬁ (827 (S)(»)' = Aj(z)=yS(Z)". Then there exists x € 2 such
that g(2°) = yand b < S(Z')". This implies b £ A y(») (z)’ =g, (5)(g(Z))". Hence g(Z)y < g’ (S)'. On the other

hand, since
o '705 o
N2y, tter )y @05 52 (81 (5)) < @052 (277(5)) = @0}, ™2 (g7 (S)). Then

T o
A adiZ2 )< N el e (9)).
22 ()Y (87’ (S))

Therefore () )
A a0 RN N\ aQyEs (s(S)).

&8z (8)) F(2) 281 (S))
@ Ascr { Moy 0@ (€ (6D 7 Ay a9
00\(%), (¢ (5) }
> A A {0 e o) - ad o)

UeL? x; eP(LY)
For each ¢ € M such that

< A A {ed o) - ag )}

UeL” x; eP(LY)
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Then ¢ < ocQ,(%“)l(gf( U)) — OcQ(%)2 (U) for any U € L” and x; € P(L?). Uy Lemma 21(1), we have
c A aqu( (U)) < Q?"%)l( ). For all S € L? and g(2), < g7(S), we obtain

A < g (8)(8(2)) = Np(#)=f(z)S(z). Then there exists z € 2 such that g(z) = f(Z) and A £ S(z)’. This implies
A £ S(z)". On the other hand, since

en N\ a0 (s (517 (9))
x2S

<en a0l (7 (s1'(5)))

<aQ{7% (g (8)) = aQ}52 (32'(5)).
The subsequent statement is accurate.

en N\ el g @< N ag}@h (a2 (S))-
LS F(&) ke (S)

By Lemma 21(1), we have
€< Avzs @05 (81 (82 () = Ay 2 (s
aQ}52 (21 (5)).

Therefore

e< /\ { N @@ g er < A aQ‘(f’T;?fA(gZ’(S))}.

SeL? Sxp£S F( )28 (S)

By the arbitrariness of ¢, we have

A { N GHOR A O) E aQﬁsZ%?ng?(S»}

SeL? “xy g8 F(&)ater’ (9)

T
> Nyes Ao, o) {/\w Q7 (g5 (5)) <

Nr(2), £57(S) Och 7a)2 (g _’(S))} For each S € LZ and S < g5 (g77(S)), can be verified that

(2),\8
. {(%)1(5) NE AN <S>>}
seL?
- A A a0 00 A a0 ee)
seL? “x) £ g™ (S)
A A A ael o))
seL? N x) £8' F(&Z) 5t (S)
> AN @0 6w on s A a0l e}
SeL? N x) £8' F(2) %817 (S)
> AN el w) -l )
vel? *x;eP(LY)

The desired equality is obtained.
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4 oa-compactness, o.-connectedness, a-77,
and a-T, degree in (L, M)-fuzzy
pretopological spaces

Theorem 41Consider (%,I1) and (%,13) as two
(L,M)-fpts, with g : & — X designated as a mapping.
Then, it holds that
acomz,) (S) A al(g) < acom(g,),(g,'(S)) for all

SelL?.

Proof.Take any ¢ € M such that ¢ < acom 7, (S) A al(g).
Then

e<all = A ((7a(0) = (Za(er )

veL”
and ¢ < acom 7, (S)

- /\,,){(Q(%“(BMQX<SIVB\E/§B)(%)

§eL?

vy

c2®) xeZ

Then for all U € L” and § C ng’, by Lemma 22, we have

¢ < (Ja)2(U) = (Ta)i(gr (V)), and
(Q AxQZ (S’\/\/B) )

=V A (S’v\/zs)

c2®) xeZ

Sccording to Lemma 21(1), it is possible to obtain

AT )2(U) < (T (g5 (U)),VU € L”

and

AN (TN BN (S’vl¥§3>(ff)§ VoA (s'vlg\/@z;)(g)

Be§ xeZ Hea(§) xeZ

It is necessary to establish that for all sets B contained
within L7,

¢ <acom(g,), (g7’ (S))

= A A ety v o Jo)

cL# U, e YER
SV A (w6rv Vool
20 yeZ U, e

{e5(U1) | Uy €} C LZ. Then we have

sV Ul) o)

Letgy ()=

AN (Ta)2U)A N (87(

U, € YER U e
<e AN N (Ta)i(gi UD))A N\ (gL )’V\/U1>(y)
U e YER Ue
e A Gantai 00) A (5 V g 00)(2)
Ue xe¥ U e
S A B)A N\ (S’v \/ (B))(ff)
Begs () x€Z Begy ()
< VA (svvene
EZ(gL 0xeZ
VA (S’v\/gf(%))(ff
20 xeZ Ue
VA (@6 Vo)
20 ye# Uie

By Lemma 21(1), we have

e<( A hwon A (a67v Vo )o)

U e YEXA U e
VA <gi<s>’v[>l/evl) o)
Therefore
¢ </\{</\ i (s )’vlyeul)w)
SV (v 01)0) ) = acomz 6 (5)
2 ye# Ue

By the arbitrariness of ¢, we obtain that occom( ), (S) A
al(g) < acomz,), (g (S))-

The corollaries that follow are immediate consequences of
Theorem 41.

Corollary 42Consider a surjective mapping
g: (Z. ) — (#,15) that connects the (L,M)-fpts’s &
with  %. In this context, it follows that
ocom g ), (1, 2)Nod(g) < ocom( g ), (0;2).

In general topology, the principle states that if G is a
connected space and g is continuous, then the image g(G)
is also connected. We will now broaden this idea to the
framework of (L, M)-fpt.

Theorem 43Consider a mapping g : (Z,11) — (%,13)
that relates the (L,M)-fpts’s & and %. It follows that
acomz,) (G) A al(g) < acom(z,), (87" (G)) for every

Gel?.
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Theorem 44Let g : (Z,11) — (#%,13) be a mapping
between (L,M)-fpts’s %  and %, then
aCli 7, (87 (9)) Nal(g) < aCg,), (S) forall S € L?.

Proof.Take any ¢ € M such that ¢ < aC(g,),(g’(5))" A
SPi(g). By Theorems 221 and 34 (2), we obtain

c<aCz,), (g (9))

V {(%)z(U{) v(%h(uﬁ)}
8L )ANUI#0, %, 81" (S)NU2#0, %,
gL ()YNUIAU2=0, %, 81" (S)<UIVU,

and

e<atle)= A {0 (e o}
Usel”

This implies that there exist U;, U, € L” with
g8y N U # O, g (S) N Uy # O,
g (S) AU, /\U2 = 0;#, & 7 (S) < Uy VU, such that
¢ < (Ja)2(U}) ANM(Ta)2(Uy), and

c< (%) (U}) = (Ta)1(g=(U3)") for all Us € L”.
This implies that there exist Uj;, U, € L” with
SN g () # 0o, SAg(Uh) # 02,
SAgr (U) Ngp (Ua) =02, S < gp (Uh)Vgr (Ua)
where

c< (yoc)2(U1/) A (ga)Z(UZ/)a 4.1
and
A (Ta)2(U5) < (Ta)1(gr (Us)), VU3 € L7 “.2)

Upon examination of Eqgs. (4.1) and (4.2), the subsequent
findings are obtained:

c=cA(Tg)a(U)A

leq(Ta)1 (gL (V1)) A

(T)2(U3)rightarrow

(Ta)1(gr (U1))

< V
SABA0, 5, SAC£0, 7,
SABACHO, o, SSBVC

Therefore, given that ¢ is not fixed, we can assert that
aCz,),(87 (5)) Nal(g) < aC (g, (S)

We broaden the understanding of a7} and 7> in the
context of our discussion in this paper.

Lemmad5Let g : (2,I1) — (%,13) is a bijective
mapping between (L,M)-fuzzy pretopological spaces %
and X#. Then

1.aTi(Z,71) NaOP(g) < aT\(%#,%).
200,(Z, 1) ANaOP(g) < aTr (%, T).

{9061 (B/> V '%61 (Ué) } = SPC(ya)I (S)/

Proof.(1) Take any ¢ € M such that

c<ali(%,7)ASPo(g)

=NV
ay fay a1 £5>q;
A A ((F0108) > (Fanater ).

BeL?

Consider any a; and a; in P(L”/'Z)) where a; is not
comparable to a;. It follows that there exists an element S
in L such that it holds that a; is not less than or equal to
S, and S is at least as large as ap, while ¢ remains less than
or equal to (J)1(8'). Sdditionally, for any S; found in
LZ, if ¢ < (Jy)1(B), it leads to the conclusion that
(a)2(g; (B)) is valid. Based on Lemma 21 (1), we
derive that ¢ A (Jy)1(B) is indeed less than or equal to
(u)2(g77 (S1)). In order to demonstrate

C<OCT1 %%

AV

uy fuz uj ﬁUZuz

(‘70!>2(U/)7

let uy, up € P(L”) with ¢ £ e. Since g is a bijective
mapping, there exist aj, ay € J (Lff ) with a; £ aa, such
that u; = g;’(a1) and up = g;’(az). From a; £ ao, there
exists S € L?, with a; £ S > ay such that ¢ < (F)1(S).
Then u; = g;"(a1) £ g7/ (S) > g, (a2) = up. Since g is a
bijective mapping, we have

c=cA(Ta)1(S) < (Ta)2(8’ (5) = (Ta)2(8L(S))-
This implies
c< AV (Faa(V)=al(%.13).

uy Ly uy LU>uy
By the arbitrariness of ¢, we obtain
ali(Z, %) NaOP(g) < T\(%, 7»)
. Other case are similarly proved.

Lemmad6Ler g : (2,I1) — (#,1) is a bijective
mapping between (L,M)-fuzzy pretopological spaces %
and X#. Then

Lo (Z, %) Nad(g) < aTi(Z, D).
2.00,(Z, ) Nal(g) < o (Z,Th).

Proof.1t is proved in the same way of Lemma 45

Integrating Lemmas 45, 46, and Definition 32(1) allows us
to establish the following theorem.

Theorem 47Let g : (2, 11) — (%,I3) be a bijective
mapping between (L,M)-fpts’s % and X. Then

Lol (2, 7)) < ali(#, %), aTi(Z, 72) N (g) <
ol (%,:91)
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2.00(Z, 7))\ (g) < o(%, ), aD(Z, 7)) N(g) <
aTz(%,ﬁ)

The following corollary obtained from Theorem 48.

Corollary 48Let g : (Z,11) — (#,12) be a bijective
mapping between (L,M)-fpts’s & and %. Then

LaT\(Z, )N (g) = aTy (R, T5) A (g).
2.a0(Z, 7)) N (g) = al(#,P) A(g)

5 Conclusion

In our work, we have established the a-open operation
within the scope of L-fuzzy topological spaces. Using this
definition as a starting point, we examine the features of
(L,M)-fuzzy pretopology. This specific form of
(L,M)-fuzzy a-pretopology paves the way for further
exploration of (L,M)-fuzzy extensions. By focusing on
pretopological  attributes  like  connectivity  and
separability, our aim is to investigate these notions more
extensively in the (L, M)-fuzzy pretopological space. The
present paper serves as a detailed survey of (L,M)-fuzzy
pretopological spaces, concentrating on sub-categories of
innovative function degrees. We have introduced new
weaker variants of function degrees within the
(L,M)-fuzzy pretopological spaces through the
application of implication operations and Shi’s operators.
In addition, we analyze the characteristics of a-openness,
a-continuity, and the extent of o-irresoluteness in
functions related to (L, M)-fuzzy pretopology, confirming
that a variety of functions can be regarded as «-open,
a-continuous, and exhibit differing levels of
o-irresoluteness. Moreover, we constructed and reviewed
relationships involving a-compactness, o-connectedness,
Semi-7, Pre-T;, Semi-7>, and Pre-T5.

6 Conclusion

We have defined the a-open operation in the context of
L-fuzzy topological spaces. Utilizing this definition, we
investigate the properties of the (L, M)-fuzzy pretopology.
This particular space of (L,M)-fuzzy o-pretopology
facilitates future investigations into (L,M)-fuzzy
extensions. By considering pretopological features like
connectivity and separability, we aim to further explore
these concepts within the (L,M)-fuzzy pretopological
space. In this paper, we present a comprehensive
overview of (L,M)-fuzzy pretopological spaces, focusing
on sub-varieties of innovative function degrees. We have
established new weak forms of function degrees within
the (L, M)-fuzzy pretopological spaces through the use of
implication operations and Shi’s operators. Additionally,
we explore the properties of q-openness, ¢¢-continuity,
and the degree of ¢-irresoluteness in functions associated
with (L,M)-fuzzy pretopology, demonstrating that
various functions can be considered «-open,

o-continuous, and a-irresolute to some degree. We also
constructed and examined relationships concerning
o-compactness, ¢-connectedness, Semi-77, Pre-Tj,
Semi-T75, and Pre-T5.
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