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FUZZY ALMOST STRONG PRECONTINUITY

BILJANA KRSTESKA

Abstract. The concept of fuzzy almost strong continuous mapping and fuzzy
almost strongly preopen (preclosed) mappings has been introduced and stud-
icd. A characterization of fuzzy open mappings by using those mappings and
some weaker forms of fuzzy continuous mappings has been established.

1. INTRODUCTION

The concept of fuzzy set was introduced by Zadeh in his classic paper [12] .
Azad [1] has introduced the concept of fuzzy semiopen and fuzzy semiclosed sets.
The fuzzy preopen and fuzzy preclosed sets were introduced by Singal and Prakash
[9]. Bay Shi Zhong [3] introduced the fuzzy strongly semiopen and fuzzy strongly
semiclosed sets. The author [6] defined the class of fuzzy strongly preopen and
fuzzy strongly preclosed sets. After that, many authors have used these concepts
to define and study weaker forms of fuzzy continuous mapping between fuzzy
topological spaces.

In the Section 3 new weaker form of fuzzy continuity called fuzzy almost strongly
precontinuity are introduced. Characterization theorems for that mapping are pro-
duced. The relation between this weaker form and some other form of continuity
defined early are discussed.

In the Section 4, in a similar manner we continue the investigation for fuzzy
almost strongly preopen and fuzzy strongly preclosed mappings.

2. PRELIMINARIES

Some notions and results that will be needed in this paper are recalled here.

By (X, 7) or simply by X we will denote a fuzzy topological spaces due to Chang
[4]. The interior, closure and the complement of a fuzzy set A we will denote by
intA, clA and A€, respectively.

Definition 2.1. Let A be a fuzzy set of an fts X. Then A is called

1. a fuzzy semiopen set if and only if there exists a fuzzy open set U such that
U<A<eclU 1]

2. a fuzzy preopen set if and only if A < int(clA4) [9].

3. a fuzzy strongly semiopen set if and only if A <int(cl(int A)) [7].
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4. a fuzzy semipreopen set if and only if A < cl(int(clA)) [8].
5. a fuzzy regular open set if and only if A = int(clA) [1].

The family of all fuzzy semiopen sets, fuzzy preopen sets, fuzzy strongly semi-
open sets, fuzzy semipreopen sets and fuzzy regular open sets of an fts (X, 7) will
be denote by FSO(r), FPO(7), FSSO(r), FSEPO(7) and F RO(7) respectively.

Definition 2.2. Let A be a fuzzy set of an fts X. Then A is called

1. a fuzzy semiclosed set if and only if A€ is a fuzzy semiopen set [1].

2. a fuzzy preclosed set if and only if A is a fuzzy preopen set [9].

3. a fuzzy strongly semiclosed set if and only if A€ is a fuzzy strongly semiopen
set [3].

4. a fuzzy semipreclosed set if and only if A is a fuzzy semopreopen set [8].

5. a fuzzy reqular closed set if and only if A€ is a fuzzy regular open [1].

The family of all fuzzy semiclosed sets, fuzzy preclosed sets, fuzzy strongly
semiclosed sets, fuzzy semipreclosed sets and fuzzy regularly closed sets of an fts
(X, 7) will be denote by FSC(r), FPC(r), FSSC(r), FSEPC(r) and FRC(7)
respectively.

Definition 2.3. Let A be a fuzzy set of an fts (X, 7). Then,
pintA = {B|B < A,B € FPO(1)}, is called the fuzzy preinterior of A [9].
pclA ={B|B > A,B € FPC(7)},is called the fuzzy preclosure of A [9].

Definition 2.4. A fuzzy set A of an fts X is called a fuzzy strongly preopen set if
and only if A < int(pclA) [6].

Definition 2.5. A fuzzy A of an fts X is called a fuzzy strongly preclosed set if
and only if A€ is a fuzzy strongly preopen set [6].

The family of all fuzzy strongly preopen sets and fuzzy strongly preclosed sets
of an fts (X, 7) will be denoting by FSPO(r) and FSPC(7) respectively.

Definition 2.6. Let A be a fuzzy set of an fts (X, 7). Then,
spintA = {B|B < A,B € FSPO(r)}, is called the fuzzy strong preinterior of
A [6].
spclA = {B|B > A,B € FSPC(r)} is called the fuzzy strong preclosure of A
[6].
Definition 2.7. [11] A fuzzy singleton xo of an fts X is called a fuzzy set of X
defined by:
a, fory==
Fo = 0<a<l
0, otherwise

Definition 2.8. [5] An fts (X, 7) is called extremely disconnected if and only if
ClU € T, for eachU € T. :

Lemma 2.1. [6] An fts (X,7) is extremely disconnected if and only if
FSO(r) C FSPO(r)
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Definition 2.9. [10] A fuzzy set A of an fts X is called fuzzy 6— open if and only
if there exists fuzzy reqular open sets A;, i € I, such that A = V;crA;.

Definition 2.10. [10] A fuzzy set A of an fts X is called fuzzy 6— closed if and
only if AC is a fuzzy 6— open set.

Definition 2.11. [10] Let A be a fuzzy set of an fts (X, 7). Then,
intsA = {B|B < A,B € FRO(7)}, is called the fuzzy 6— interior of A.
clsA ={B|B > A,B € FRC(1)} is called the fuzzy 6— closure of A.

Let (X,7) be an fts. Since the intersection of two fuzzy regular open sets is a
regular open set, the family F RO(r) forms a base for a smallest topology S(X)
on X, called semiregularization of X .

Definition 2.12. [10] An fts (X, 7) is called fuzzy semiregular if the family of all
fuzzy reqular open sets of X forms a base for the fuzzy topology 7.

Definition 2.13. A mapping f : (X,71) — (Y, 72 from an fts X into an fts Y is
called

1. a fuzzy strong precontinuous if f~(B) € FSPO(r1) for each B € 9. [7]

2. a fuzzy weak strong precontinuuous if f~1(B) < spintf~'(clB), for each
B € 1. [7]

3. a fuzzy strong precontinuous irresolution if f~1(B) € FSPO(r1), for each
B € FSPO(r). [1]

4. a fuzzy semicontinuous irresolution if f~1(B) € FSO(r1) for each
B € FSPO(r). [2]

5. a fuzzy regular continuous irresolution if f~'(B) € FRO(r1) for each
B € FRPO(r3). [T7]

Definition 2.14. A mapping f : (X,m1) — (Y, 72) from an fts X into an fts Y is
called
1. a fuzzy semiopen (semiclosed) if f(A) € FSO(r2), (f(A) € FSC(r2),) for
each A € Tl(AC S Tl). [2]
2. a fuzzy strongly semiopen (semiclosed) if f(A) € FSSO(r2),
(f(A) € FSSC(r2),) for each A € T1(A° € 11). [3]. :
3. a fuzzy strongly preopen (preclosed) if f(A) € FSPO(r2),
(f(A) € FSPC(r2),) for each A € T1(A° € m1). [6].
4. a fuzzy semiopen (semiclosed) irresolution if f(A) € FSO(ra),
[(A) € FSC(r3),) for each A € FSO(7,) (A € FSC(m1))[2].
5. a fuzzy regularly open (closed) irrcsolution if f(A) € FRO(12),
(f(A) € FRC(ry),) for each A € FRO(r1) (A € FRC(m))[7].

Lemma 2.2. [1] Let g : X — X XY be a graph of a mapping f: X — Y. If A is
a fuzzy set of X and B be a fuzzy set of Y, then g H(AxB)=ANA F{B}.
3. Fuzzy ALMOST STRONG PRECONTINUITY

e _
Definition 3.1. A mapping f : (X,71) — (X,72) from an fts X into an fts
Y is called fuzzy almost strong precontinuous if f~YB) € FSPO(m) for each
B € FRO(3).
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Remark 3.1. Let be a mapping from an fts into an fts . If is fuzzy strong pre-
continuous, then is a fuzzy almost strong precontinuous mapping. The following
example shows that the converse statement may not be true.

Example 3.1. Let X = {a,b,c} and A, B, C be fuzzy sets of X defined as fol-
lows:

A(a) =0,5 A()=0,3 A(c) =0, 6;
B(a)=0,3 B(b) =0,4 B(c) =0, 3;
Cla) = 0,5 C(b) = 0,5 C(c) =0,6;

If we put 1 = {0,B,AV B,1}, 79 = {0,A,B,AANB,AV B, 1} and
f=1d: (X, 1) — (Y,02) we conclude that f is fuzzy almost strong precontinuous
but f is not fuzzy strong precontinuous mapping.

Theorem 3.1. Let f : X — Y be a mapping from an fts X into an fts Y. Then
the following statements are equivalent:

(t) f is a fuzzy almost precontinuous mapping.

(i) f~YB) is a fuzzy strongly preclosed set of X, for each fuzzy reqular closed set
B ofY.

(iii) spelf~(cl(intB)) < f~1(B), for each fuzzy closed set B of Y.

(iv) f7Y(B) < spintf~1(int(cIB)), for each fuzzy open set B of Y.

(v) f7YB) < spintf~I(int(cl(intB))) for each fuzzy strongly semiopen set B of
Y.

(vi) spelf 7 (cl(int(clB))) < f~Y(B) for each fuzzy strongly semiclosed set B of
v

(vii) spel f~(cl(intB)) < f~Y(B) for each fuzzy preclosed set B of Y .
(viii) f~1(B) < spintf ~!(int(clB)) for each fuzzy preopen set B of Y.
(iz) spelf~(cl(int(clB))) < f~Y(clB) for each fuzzy set B of Y.

(z) f~'(intB) < spintf ! (int(cl(intB))), for each fuzzy set B of Y.

Proof. The proof is standard and therefore is omitted. O

Theorem 3.2. Let f : X — Y be a mapping from an fts X into an fts Y. Then
the following statements are equivalent:

(¢) [ is a fuzzy almost precontinuous mapping.

(ii) spelf~Y(B) < f~Y(clB), for each fuzzy semiopen set B of Y .

(iii) f~1(intB) < spintf~'B, for each fuzzy semiclosed set B of Y.

(iv) f~Y(intB) < spintf 1B, for each fuzzy semipreclosed set B of Y .

(v) spelf~Y(B) < f~Y(clB) for each fuzzy semipreopen set B of Y .

Proof. The proof is standard and therefore is omitted. O
Corollary 3.2.1. Let f : X — 'Y be a fuzzy almost strong precontinuous mapping
from an fts X into an fts Y. Then the following statements holds:

(i) spelf'B < f~Y(elB), for each fuzzy open set B of Y.
(i1) f~Y(intB) < spintf 1B, for each fuzzy closed set B of Y.

The following theorem gives some local characterizations of the fuzzy almost
strong precontinuous mappings.
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Theorem 3.3. Let f : X — Y be a mapping from an fts X into an fts Y. Then
the following statements are equivalent:

(i) f is a fuzzy almost precontinuous mapping.

(i) for each fuzzy singleton zo of X and fuzzy open set B containing f(x4) there
exists fuzzy strongly preopen set A of X containing x4 such that f(A) < int(clB).
(7i2) for each fuzzy singleton zo of X and fuzzy reqularly open set B containing
[(zq) there ezists fuzzy strongly preopen set A of X containing =z,
such that f(A) < B .

Proof. (i) = (i1) Let f be fuzzy almost strong precontinuous, z, be a fuzzy
singleton of X and let B be a fuzzy open set of ¥ such that f(z,) < B. Then
2o < f7HB) < sp(intf~!(int(cIB)). Let A = sp(intf~!(int(cIB)). Then A is a
fuzzy strongly preopen set and f(A) = f(spintf ~!(int(cIB)) < ff~!(int(cIB)) <
< (int(clB)).

(ii) = (iii) Let z, be a fuzzy singleton of X and let B be a fuzzy regularly
open set of Y containing f(z,). Then B is a fuzzy open set. According to the
assumption there exists a strongly preopen set A of X containing x, such that
F(A) < int(clB) = B

(iii) = (i) Let B be a fuzzy regularly open set of Y and let z, be a fuzzy
singleton of X such that zo, < f~1(B). According to the assumption there ex-
ists a strongly preopen set A of X such that z, < A and f(4) < B. Hence
2o <AL fTH(A) < f7YB) and 2, < A = spintA < spintf~(B). Since z, is
arbitrary and f~!(B) is the union of all fuzzy singletons of f~'(B),
f7H(B) < spintf~1(B). Thus f is fuzzy almost precontinuous mapping. O

Theorem 3.4. Let f : X — Y be a mapping from an fts X into an fts Y. Then
the following statements are equivalent:

(i) f is a fuzzy almost precontinuous mapping.

(ii) f~Y(B) is a fuzzy strongly preopen set of X for each fuzzy 6— open set B of
Y.

(i13) f~Y(B) is a fuzzy strongly preclosed set of X for each fuzzy 6— closed set B3
of Y. '

(iv) f(spclA) <clsf(A), for each fuzzy set A of X.

(v) spelf Y (B) < f~(clsB), for each fuzzy set B of Y.

(vi) f~'(intgB) < spintf~1(B), for each fuzzy set B of Y.

Proof. (i) = (ii) Let B be a fuzzy §— open set of Y. Then B = VaerBa, where Bq
is a fuzzy regularly open sets of Y, for each o € I. From FUBY = F  VuriBe) =
= Vaerf H(Ba) it follows that f~!(B) is a fuzzy strongly preopen set as a union
of fuzzy strongly preopen sets.

(ii) = (i4i) Can be proved by using the complement.

(iti) = (iv) Let A be a fuzzy set of X. Then clsf(A) is a fuzzy 6— closed
set of Y. According to the assumption f~!(clsf(A)) is a fuzzy strongly preclosed
set of X. Hence spclA < spelf ~1(f(A)) < spelf " elsf(A)) = fYelsf(A)), so
f(spelA) < cl-f(A). :
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(iv) = (v) Let B be a fuzzy set of Y. From the assumption it follows that
F(spelf~1(B)) < clsf(f~1(B)) < clsB. Thus spelf ~1(B) < f~' f(spelf "1(B)) <
< [~ clsB).

(v) = (vi) Can be proved by using the complement.

(vi) = (i) Let B be a fuzzy regular open set of Y. Then B = intsB. Accord-
ing to the assumption f~!'(B) = f~!(intsB) < spintf~'(B) < f~'(B). Hence
f71(B) = spintf~1(B) so f~'(B) is a fuzzy strongly preopen set. Thus f is a
fuzzy almost precontinuous mapping. O

Corollary 3.4.1. A mapping f : X — Y from an ftp X into an ftp Y is a fuzzy
almost strong precontinuous if and only if the mapping f : X — (Y,S(X)) is a
fuzzy strong precontinuous.

Corollary 3.4.2. Let f: X — Y be a mapping from an fts X into a semireqular
fts Y. The mapping [ is a fuzzy almost strong precontinuous if and only if f is a
fuzzy strong precontinuous.

Theorem 3.5. Let f : X — Y be a bijective mapping from an fts X into an fts Y.
The mapping f s a fuzzy almost strong precontnuous if and only if
ints f(A) < f(spintA), for each fuzzy set A of X .

Proof. We suppose that f is fuzzy almost strong precontinuous. Then
f~1(intsf(A)) is a fuzzy strongly preopen set of X for any fuzzy set A of X . Since f
is injective, from Theorem 3.4 it follows that f~!(intsf(A)) = spintf ~!(intsf(4))
< spintf~1f(A) = spintA. Again, since f issurjective, we obtain
intsf(A) = ff~"(intsf(A)) < f(spintA).

Conversely, let B be a fuzzy §— open set of Y. Then intsB = B. According to
the assumption, f(spintf~'(B)) > intsff~}(B) = intsB = B. Thus implies that
fVf(spintf~1(B)) > f~1(B). Since f is injective we obtain (spintf~!(B)) =
= f~f(spintf~Y(B)) > f~Y(B). Hence spintf~1(B) = f~1(B), so f~(B) is a
fuzzy strongly preopen set. Thus f is a fuzzy almost precontinuous mapping. 0O

IA

Definition 3.2. A mapping f : (X,71) — (Y, 72) from an fts X into an fts Y is
called:

1. fuzzy almost precontinuity if f~1(B) € FPO(7), for each B € FRO(72)

2. fuzzy almost strong semicontinuity if f~Y(B) € FS8SO0(r1), for each
B € FRO(72)

3. fuzzy almost semicontinuity if f~1(B) € FSO(r1) for each B € FRO(73).

Theorem 3.6. Let X1, X2, Yy and Yy be fts’s such that X, is a product related to
Xq. Then the product f1 x f2: X1 X X2 — Y1 X Y2 of fuzzy almost strong precon-
tinuous mappings f1: X1 — Y1 and fa : Xo — Y2 is a fuzzy almost precontinuous
mapping.

Proof. Let B = V(Uq % Vg), where U, and Vj are fuzzy open sets of Y7 and Y>
respectively.

From(f1 x f2)7'(B) = V(f "' (Ua) x f5 ' (Vp)) <
< V(spintf; ! (int(clUq)) x spintfy ' (int(cl(Vp)) <
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< V(pintf;  (int(clUq)) x pint f5 ! (int(cl (V) <
< V(pint(f; ! (int(clUa)) x f5*(int(cl(Vp)))) <
< pint(V(f; ! (int(clUq)) x f5 ' (int(cl(Vs))
< pint(f1 x fo) " H(V(int(elUy) x int(clV3g))) =
< pint(fr % f2) 7 (V(int(cl(Ua x Vp))) =

< pint(f1 x f2) " ((int(cl(V(Uq x V3))) =
= pint(f1 x f2) " (int(cIB)),

it follows that (f1 x f2)~!(B) is fuzzy almost precontinuous mapping. a

) <
£

Theorem 3.7. Let X, X, and Xy be fis’s and p; : X — X1 x Xo (i = 1,2) are
the projections of X1 x X9 onto X;. If f : X — X1 x X is a fuzzy almost strong
precontinuous, then p;f are also fuzzy almost precontinuous mappings.

Proof. Since the projections are fuzzy continuous and fuzzy open mappings we
have clp;(B) < pi_l(clB) and intp;(B) < p; l(mtB) for each fuzzy set B of X,.
Hence (pif) " (B) = £~1(p7 (B)) < spintf L (int(cl(p; (B))) <

< spintf =Y (p; (int(clB))) < spint(p;f) " (int(cl(B)), for each fuzzy open set B
of X. O

Theorem 3.8. Let f : X — Y be a mapping from an fts X into an fts Y. If
the graph g : X — X x Y of [ is fuzzy almost strong precontinuous, then is fuzzy
almost strong precontinuous.

Proof. By Lemma 2.2 f~1(B) = 1A f~1(B) = g7 (1 x B), for each fuzzy regular
open set B of Y. Since g is fuzzy almost precontinuous and 1 x B is a fuzzy
regular open set of X x Y, f7Y(B) is a fuzzy strongly preopen set of X, so f is
fuzzy alinost strong precontinuous. O

Theorem 3.9. Fuzzy almost strong continuity implies fuzzy weak strong precon-
tinuity.

Proof. Let f : X — Y be a fuzzy almost strong precontinuous mapping from an
fts X into an fts Y, and let B be a fuzzy open set of Y. Then int(ciB) is a fuzzy
regular open set of Y. Therefore f~1(B) < spintf~!(int(cl(B)) < spintf ~!(clB),
so f is fuzzy weak strong precontinuous mapping. O

Theorem 3.10. Let f : X — Y be a fuzzy strong preopen and fuzzy strong precon-
tinuous irresolution from an fts X onto an fts Y and let g : Y — Z be a mapping
from fts Y into fts Z. The mapping gf is a fuzzy almost strong preconimuous if
and only if g is a fuzzy almost strong precontinuous.

Proof. Let gf be a fuzzy almost strong precontinuous. Then g ~}(C) = f(gf)~(C)
is a fuzzy strongly preopen set of Y, for each fuzzy regular open set C' of Z. Hence
g is a fuzzy almost strong precontinuous mapping.

Conversely, let g be a fuzzy almost strong precontinuous mapping and let C' be
a fuzzy regular open set of Z. From (gf)~1(C) = f~'(¢7*(C)) it follows that gf
is a fuzzy almost strong precontinubus mapping. O
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Theorem 3.11. Let f:X — Y be a mapping from an fts X into an fts Y. The
mapping f is a fuzzy almost strong semicontinuous if and only if it is both fuzzy
almost semicontinuous and fuzzy almost strong precontinuous.

Proof. 1t can be proved in a similar manner as Theorem 3.9. 0O

Theorem 3.12. A fuzzy almost semicontinuous mapping f : X — Y from an
extremely disconnected fts X into an fts Y is a fuzzy almost strong precontinuity.

Proof. 1t follows from the Lemma 2.1. O

Theorem 3.13. Let f : X — Y be a mapping from an extremely disconnected fts
X into an fts Y. The mapping f is a fuzzy almost strong semicontinuous if and
only if it is fuzzy almost semicontinuous.

Proof. Tt follows from the Theorem 3.11 and Theorem 3.12. O

Theorem 3.14. Let f : X — Y be a mapping from an fts X into an fts Y. If
the mapping [ is both fuzzy almost strong precontinuous and fuzzy semicontinuous
wrresolution then f is fuzzy regular continuous irresolution.

Proof. It can be proved in a similar manner as Theorem 3.15. O

Corollary 3.14.1. Let f : X — Y be a mapping from an fts X into a semireg-
ular fts Y. If the mapping f is both fuzzy almost strong precontinuous and fuzzy
semicontinuous irresolution then f is fuzzy continuous mapping.

4. Fuzzy ALMOST STRONGLY PREOPEN AND FUZZY ALMOST STRONGLY
PRECLOSED MAPPINGS

Definition 4.1. A mapping f : (X,71) — (Y, 72) from an fts X into an fis Y is
called
1. fuzzy almost strongly preopen if f(A) € FSPO(r2) for each A € FRO(m1).
2. fuzzy almost strongly preclosed if f(A) € FSPC(r3) for each A € FRC (7).

Remark 4.1. Let be a mapping from an fts X into an fts Y. If f is fuzzy strongly
preopen (preclosed), then f is a fuzzy almost strongly preopen (preclosed) mapping.
The following example shows that the converse statement may not be true.

Example 4.1. We consider the Example 3.1. The mapping

f —id: (X,m2) — (Y,71) is fuzzy almost strongly preopen (preclosed) but f* is not
fuzzy strongly preopen (preclosed).

Theorem 4.1. Let f : X — Y be a bijective mapping from an fts « into an fts Y .

Then f is a fuzzy almost strongly preopen (preclosed) if and only if it is a fuzzy
almost strongly preclosed (preopen).

Proof. Using the complement can prove it. O

Theorem 4.2. Let f : X — Y be a bijective mapping from an fts X into an fts
Y. Then f is a fuzzy almost strongly preopen (preclosed) if and only if flisa
fuzzy almost strong precontinuous.



FUZZY ALMOST STRONG PRECONTINUITY 97

Proof. Tt follows from the relation (f ~*)~1(A) = f(A), for each fuzzy regular open
(closed) set 4 of X. |

Theorem 4.3. Let f : X — Y be a mapping from an fts X into an fts Y. Then is
a fuzzy almost strongly preopen (preclosed) if and only if f : (X, S(X)) — (Y, S(Y))
is a fuzzy strongly preopen (preclosed) mapping.

Proof. Let A be an arbitrary fuzzy open set of Y. Then A = VaerAs where A,
is a fuzzy regular open sets of X for each a € I. From f(A) = f(Vaerda) =
= Vaerf(Aq) it follows that f(A4) is a fuzzy strongly preopen set as a union of
fuzzy strongly preopen sets.

Conversely statement follows from the condition that each fuzzy regular open
set of X is a fuzzy open set of S(X). O

Corollary 4.3.1. Let f : X — Y be a mapping from a fuzzy semiregular fts X
into an fts Y. Then f is a fuzzy almost strongly preopen (preclosed) if and only if
it 1s fuzzy strongly preopen (preclosed) mapping.

Theorem 4.4. Let f : X — Y be a mapping from an fts X into an fts Y.. Then
f is a fuzzy almost strongly preopen if and only if f(intA) < spintf(A), for each
fuzzy semiclosed set A of X .

Proof. Let f be a fuzzy almost strongly preopen mapping and let A be any fuzzy
semiclosed set of X. Then intA = int(clA). According to the assumption we have
f(intA) = f(int(clA)) = spintf(int(clA)) = spint f(intA) < spintf(A).
Conversely, let A be any fuzzy regular open set of X. Then A is a fuzzy
semiclosed set of X. According to the assumption we have f(A) = f(intA) <
< spintf(A). Thus f(A) is a fuzzy strongly preopen set of X. O

Theorem 4.5. Let f : X — Y be a mapping from an fts X into an fts Y. Then
f is a fuzzy almost strongly preclosed if and only if spclf(A) < f(clA), for each
fuzzy semiopen set A of X.

Proof. It can be proved in a similar manner as previous theorem. O

Theorem 4.6. Let f : X — Y be a bijective mapping from an fts X into an fts
Y. Then the following statements are equivalent:

(i) [ is a fuzzy almost strongly preopen (preclosed) mapping.

(i7) f(intA) < spintf(A), for each fuzzy semiclosed set A of X.

(1) spelf(A) < f(clA), for each fuzzy semiopen set A of X .

Proof. Tt follows from the Theorem 4.1, Theorem 4.4 and Theorem 4.5. O

Theorem 4.7. Let f : X — Y be a mapping from an fts X into an fts Y. Then
the following statements holds:

(1) f is a fuzzy almost strongly preopen mapping if and only if f(intA)
< int(pclf(A)), for each fuzzy semiclosed set A of X.

(2) f is a fuzzy almost strongly preclosed mapping if and only 1f cl(pintf(A))
< f(clA)), for each fuzzy semiopen set A of X .

IA

IN
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Proof. We will prove only the statement (1). Let f be a fuzzy almost strongly
preopen mapping. Then, for any fuzzy semiclosed set A of X, intA = int(clA), so
f(intA) is a fuzzy strongly preopen set of Y. Thus f(intA) = int(pclf(intA)) <
< int(pclf(A)).

Conversely, let A be a fuzzy regular open set of X. From f(A4) = f(intA) <
< int(pclf(A)), we conclude that f(A) is a fuzzy strongly preopen set, so f is a
fuzzy almost strongly preopen set. O

Theorem 4.8. Let f : X — Y be a mapping from an fts X into an fts Y. Then
f 18 fuzzy almost strongly preopen if and only if for each fuzzy set B of Y and
each fuzzy reqularly closed set A of X, f~Y(B) < A, there exists a fuzzy strongly
preclosed set C of Y such that B < C and f~}(C) < A.

Proof. Let B be any fuzzy set of Y and let A be a fuzzy regularly closed set of
X such that f7!1(B) < A. Then A°¢ < f~1(B°), so f(A°) < ff~Y(B®) < B-.
Since A€ is a fuzzy regularly open set, f(A€) is a fuzzy strongly preopen set, so
f(A€) < spintB¢. Hence A¢ < f~1f(A°) < f~(spintB¢).Thus result follows for
C = spclB.

Conversely, let U be a fuzzy regularly open set of X. We will show that f(U) is a
fuzzy strongly preopen set of Y. From U < f~1f(U) follows that U¢ > (f~1f(U))¢
where U€ is fuzzy regularly closed set of X. Hence there is a fuzzy strongly
precolsed B of Y such that B > f(U)¢ and f~1(B) < U¢. From B > f(U)°
follows that B > spclf(U)¢ > U, so B¢ < (spclf(U)€)¢ < spintf(U). From
f~YB) < U® we have B > f~Y(B¢) > U, so B¢ > ff~}(v°) > f(U). Hence
S(U) = spintf(U). Thus f(U) is a fuzzy strongly preopen set, so f is a fuzzy
almost strongly preopen mapping. O

Theorem 4.9. Let f : X — Y be a mapping from an fts X into an fts Y. Then
[ is fuzzy almost strongly preclosed if and only if for each fuzzy set B of Y and
ecach fuzzy reqularly open set A of X, f~H(B) < A, there exists a fuzzy strongly
preopen set C of Y such that B < C and f~1(C) < A.

Proof. 1t can be proved in a similar manner as Theorem 4.8. O

Theorem 4.10. Let f : X — Y be a mapping from an fts X into an fts Y . Ti%e
mapping f is a fuzzy almost strong semiopen (semiclosed) if and only if it is both
fuzzy almost semiopen (semiclosed) and fuzzy almost strongly preopen (preclosed,).

Proof. Let A be any fuzzy regularly open set of X. Then the mapping f is
both fuzzy almost semiopen and fuzzy almost strongly preopen if and only if
f(A) € FSO(o2) and f(A) € FSPO(o2). This means that

f(A) € FSO(o2) N f(A) € FSPO(og). Since FSO(o2) 2 FSPO(02), from the
last relations we get f(A) € FSSO(o2). O

Theorem 4.11. Let f : X — Y be a mapping from an fts X into an cxtremely
disconnected fts Y . If the mapping f is fuzzy almost semiopen (semiclosed) then
[ is fuzzy almost strongly preopen (preclosed).
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Proof. Each fuzzy semiopen set in extremely disconnected fts is a fuzzy strongly
semiopen set. O

Corollary 4.11.1. Let f : X — Y be a mapping from an fts X into an extremely
disconnected fts Y. The mapping f is fuzzy strongly semiopen (semiclosed) if and
only if it is fuzzy semiopen (semiclosed).

Proof. 1t follows from the Theorem 4.10 and Theorem 4.11. O

Theorem 4.12. Let f:X — Y be amapping from an fts X into an fts Y. If the
mapping f is both fuzzy almost strongly preopen (preclosed) and fuzzy semiclosed
(semiopen) irresolution, then f is fuzzy regularly (closed) open irresolution.

Proof. Let A be any fuzzy regular open set of X. Since f is fuzzy almost strongly
preopen mapping it follows that f(A) € FSPO(o32). On the other hand f is fuzzy
semiclosed irresolution, so f(A) € FSC(o2). This means that

f(A) € FSPO(o2) N FSC(02),s0 f(A) € FRO(o32). O

Corollary 4.12.1. Let f : X — Y be a mapping from a semiregular fts X into
an fts Y. If the mapping f is both fuzzy almost strongly preopen (preclosed) and
fuzzy semiclosed (semiopen) irresolution, then f is fuzzy (closed) open mapping.
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