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ALMOST M-PRECONTINUOUS FUNCTIONS IN BIMINIMAL
STRUCTURE SPACES

ANJALU ALBIS BASUMATARY®, DIGANTA JYOTI SARMA(?) AND BINOD CHANDRA
TRIPATHY®

ABSTRACT. In this article, we define almost M-Precontinuous functions in bimini-
mal structure spaces by using the concept of M-preopen sets. We have investigated
some properties. We have proved some equivalent relations between some proper-
ties. We have studied the relationship of this type of functions with some other

various existing functions together with J-open sets.

1. INTRODUCTION

The concept of minimal spaces has been introduced by Maki et al.[4]. Popa and Noiri
[6] introduced the notion of M-continuous functions in minimal spaces and studied
some of its properties. Min and Kim [5] explored the notion of m-preopen sets and
M-Precontinuous functions in minimal spaces and obtained several characterisations.
Boonpok [1] introduced the concept of biminimal structure spaces by taking two min-
imal structures on a non-empty set. Boonpok [2] introduced the idea of M-preopen
sets and studied the notion of M-Precontinuous and weakly M-Precontinuous func-
tions in biminimal structure spaces. It is found that Carpintero et al. [3] had intro-

duced and characterized the concept of m-preopen sets and their related notions in
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biminimal structure spaces. Also, Phosri et al. [7] defined weakly M-Precontinuous
functions on biminimal structure spaces in a different way. Fuzzy m-structures and
m-~open multifunctions in fuzzy bitopological space has been studied by Tripathy and

Debnath [8].

2. PRELIMINARIES

Throughout this article, (X, Mj(x), Myx)) (respectively, (X, M(x))) denotes a bimin-
imal structure space (respectively, minimal space) with two minimal structures M x)

and My(x) (respectively, M(xy) on a non-empty set X.

According to Maki et al. [4], a collection Mx) of a powerset P(X) of a non-empty
set X is called a minimal structure (briefly m-structure) on X if § € Mx) and
X € M) and the space (X, M) is said to be a minimal space. Members of
Mxy are called M x)-open sets and the complement of M x)-open sets are said to
be Mx)-closed sets. That is, for a subset S of X, S € Mx) means S is M x)-
open and X \ S € M) means S is Mx)-closed. If S C X, then the M-
closure and the M x)-interior of S denoted by M x)-CI(S) and M x)-Int(S) respec-
tively are defined as Mx)-Cl(S) = "{T : S C T,T is Mx)-closed} and Mx
Int(S)=U{T:T CS,T € M}

The following results are due to Maki et al. [4]

Lemma 2.1. Let (X, M(x)) be a minimal space and S C X, then

(a) Mx)-Cl(X \ S) = X \ Mx)-Cl(S) and Mxy-Int(X \ S) = X \ Mx)-Int(S).
(b) Mx)-Int(S) € Mxy and Mx)-Cl(S) is M(x)-closed.

(c¢) S is Mxy-closed if and only if Mx)-Cl(S) = S and S € M if and only if
Mx)-Int(S) = S.

(d) S C Mx)-Cl(S) and Mx)-Int(S) C S.
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(6) M(X)—CZ(M(X)—CZ(S)) = M(X)—CZ(S) and M(X)—Int(M(X)— [nt(S)) = M(X)—
Int(S).

A point a € Mx)-CI(S) if and only if T'N S # 0, for every T' € Mx) containing a.
A subset S of a minimal space (X, Mx)) is M-preopen [5] if S C Mx)-Int(Mx)-
Cl(9)).

A space (X, My x), MQ(X)) with two minimal structures My x) and Mpx) on a non-
empty set X is called a biminimal structure space [1].

According to Boonpok [2], a subset S of a biminimal structure space (X, Mj(x), Ma(x))
is said to be

(a) M;jx)-preopen if S C M;x)-Int(M;x)-CI(S)) and M;;xy-preclosed if X \ S is
M;j(x-preopen.

(b) Mjx)y-regular open if S = M; x)-Int(M;x)-CI(S)).

(c) Myj(xy-regular closed if S = M;x)-Cl(M;(x)-Int(S))

where 7,5 = 1,2 and 7 # j.

We denote the collection of all M;; x)-preopen, M;; x)-preclosed, M;; x)-regular open
and M;;x)-regular closed sets of X by M;;x)-PO(X), M;;x)-PC(X), Myjx)-RO(X)
and M;;(x)-RC(X) respectively.

A point a in a biminimal structure space (X, My (x), Ma(x)) is said to be (please refer
to Carpintero et al. [3])

(a) [3] M;j(x)-preinterior point of a subset S of X if there exists T € M;;(x)-PO(X)
such that a € T'C S.

(b) [3] M;j(x)-precluster point of a subset S of X if T'N.S # 0, for every T' € M,;j(x)-
PO(X) containing a.

The set of all M;;x)-preinterior points of S is called M;;(x)-preinterior of S and is
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denoted by M;;x)-Int,(S). Also, the set of all M;; x)-precluster points of S is called
M;;(x)-preclosure of S and it is denoted by M;;(x)-Cl,(S).

The following results are due to Carpintero et al. [3]

Lemma 2.2. Let (X, My(x), Mayx)) be a biminimal structure space and S C X. Then
(a) Myjx)-Int,(S) € M;jx)-PO(X)

(b) Mijx)-Cly(S) € Mijix)-PC(X)

(¢) Mijxy-Int,(S) =U{T : T C S and T € M;;x)-PO(X)}

(d) Mijix)-Cly(S) ={T: S CT and T € M;jx)-PC(X)}

(e) M;jxy-Int,(S) is the largest Myj(x)-preopen set in X contained in S.

(f) Mijx)-Cly(S) is the smallest M;jx)-preclosed set in X containing S.

(9) S € Myjx)-PO(X) if and only if S = M;jx)-Int,(S) and S € M;jx)-PC(X) if
and only if S = M;jx)-Cl,(S).

Lemma 2.3. Let (X, My(x), Myx)) be a biminimal structure space and S C X. Then
(a) A point a € M;j(x)-Cl,(S) if and only if TNS # 0, for every T € M;;x)-PO(X)
containing a.

(b) X\ Mijix)-Clyp(S) = Mij(x)-Inty (X \ S).

(¢) X\ Mijix)-Inty(S) = Myjx)-ClLy(X \ S).

3. ALMOST M,;;-PRECONTINUOUS FUNCTION

Definition 3.1. A function g : (X, My(x), Max)) = (Y, Miy), Mayy) is said to be
almost M;;-precontinuous at a point a € X if for every S € M,y containing g(a),
there exists T € M;jx)-PO(X) containing a such that g(T') C My )-Int(M;y)-
Cl(9)).

If g is almost M;;-precontinuous at every point a € X, then it is called almost M;;-

precontinuous.
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Theorem 3.1. Let g : (X, My(x), Myxy) = (Y, Myyy, Mawyy) be a function. Then
the following statements are equivalent:

(a) g is almost M;;-precontinuous.

(b) a € Mijixy-Int, (g~ (Mioyy-Int(M;y)-ClU(S)))), for every S € My containing
g(a), where a € X.

(¢c) a € Mijx)-Int,(g71(S)), for every S € M;j-RO(Y) containing g(a), where
ac X.

(d) For every S € M;jiyy-RO(Y') containing g(a), there exist T € M;jx)-PO(X)

containing a such that g(T') C S.

Proof. (a) = (b) Let S € M,y such that g(a) € S. Since g is almost M;;-
precontinuous, so there exists T € M;;(x)-PO(X) containing a such that g(7') C
M;yy-Int(Mjy-Cl1(S)). This implies a € T C g~ (M;y)-Int(M;y)-C1(S))). Since
T € Myx)-PO(X), s0 a € T = My;x)-Int,(T) C My;ix)-Int, (g~} (Mipy-Int(M;yy-
Cl(9)))). Hence, a € M;jx)-Int, (g (M;iy-Int(M;H-Cl(S)))).

(b) = (C) Let S € Mlj(y)—RO(Y> Containing g(a) So S = Mz(y)-]nt(M](y)—Cl(S))
By (b), we have a € M;jx)-Int,(g~ (M;y)-Int(M;y)-CI1(S)))) which implies that
@ € Mygo-Inty (g7 (5).

(¢) = (d) Let S € M;jiy)-RO(Y') containing g(a). By (c), a € M;jx)-Int,(¢97(S)) C
g~1(S). Since, M;jx)-Int,(g7*(S)) € M;jx)-PO(X) containing a, so if we take
T = M;jix)-Int,(g7(S)), then T' € M;jx)-PO(X) such that a € T C g~ *(S). Hence
g(T) C S.

(d) = (a) Let S € M;(yy such that g(a) € S. Then g(a) € S = Myy)-Int(S) C M;y)-
Int(M;yy-Cl(S)). Since, My )-Int(M;x)-CU(S)) € M;jyy-RO(Y'), so by (d), there
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exists T € M;j(x)-PO(X) containing a such that g(T") C M;yy-Int(M;y)-CI(S)).

Thus ¢ is almost M;;-precontinuous function. U

Theorem 3.2. Let g : (X, My(x), Myxy) = (Y, Myyy, Mawy) be a function. Then
the following statements are equivalent:

(a) g is almost M;;-precontinuous.

(b) g7 (Myy)y-Int(M;-CU(S))) € Mijx)-PO(X), for every S € Myy).

(¢) g~ H( My -CU M -Int(T))) € Mijx)-PC(X), for every M;y)-closed set T of

(d) g1 (T) € Mjx)-PC(X), for every T € M;jyy-RC(Y).
(e) g71(S) € Mijix)-PO(X), for every S € M;jyy-RO(Y).

Proof. (a) = (b) Let S € My and let a € g~ ' (M;y)-Int(M;yy-Cl1(S))). This
implies g(a) € M;y)-Int(M;y)-CI(S)). By (a), g is almost M;;-precontinuous and
since M;yy-Int( j(y)-Cl(S>> € M;jiyy-RO(Y'), so by Theorem 3.1, there exists T €
M;jx)-PO(X) containing a such that g(T') C M;yy-Int(M;y)-CI1(S)). This implies

a €T C g (Myy)-Int(M;y)-Cl(S))). Since T € M;jx)-PO(X),s0a € T = M;j(x)-
Inty(T) C Mijx)-Inty(g~" (Mi(Y)'f”f(Mj(YrCl(5)))) C g7 (Miyy-Int(Mjj)-Cl(S)))-
Hence, g~} (Myyy-Int(M;iy1-Cl(S))) € Myjx)-PO(X).

(b) = (c) Let T be Ml-(y _closed set in Y. Then Y \ T € M. So by (b), we
have g~ (Myy)-Int(M;y-CLY \ T))) € Myyx-PO(X). Now, g~ (Miyy-Int(Mjcy -
CIY\T))) = g~ (M) -fm‘(Y\ M;y-Int(T))) = g~ (Y \Miy)-CUM;v)-Int(T))) =

9 )\ g (Miy-CUMvy-Int(T))) = X\ g~ (Miv)-ClU(M; fmf(T)))- There-
fore, g™ (Miy)-Int(M;v)-CUY \T))) = X \ g~ (M; Cl( fmf(T))) € Mij(x)-

PO(X). Hence, g~ (M;y)-Cl(M;x-Int(T))) € MZ-]-X -PC(X )

(c) = (d) Let T' € M,jy)-RC(Y). Then T = M;y)-Cl(M;yy-Int(T)). Also, M;y)-
CUT) = Mx)-CUM;x\-Cl(M;jy-Int(T))) = Myy-Cl(Mjyy-Int(T)) = T. So, T
is M;y)-closed in Y. By (¢), g (Miy)-Cl(Mjiyy-Int(T))) € Myjx)-PC(X). This
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(d) = (e) Let S € sz(y)-RO(Y) Then Y\S € Mlj(y)-RC(Y) By (d), g_l(Y\S) =
X \g_l(S) I~ MZ](X)-PC(X) Hence, g_l(S) - MU(X)—PO(X)

() = (a) Let a € X and S € M;jy)-RO(Y) containing g(a). Then a € ¢g~*(5).
By (e), we have ¢7*(S) € M;jx)-PO(X). Now, g(¢g~'(S)) € S. Thus by Theorem

3.1, g is almost M;;-precontinuous function. 0

Theorem 3.3. Let g : (X, My(x), Myxy) = (Y, Myyy, Mawyy) be a function. Then
the following statements are equivalent:

(a) g is almost M;;-precontinuous.

() Mijix)-Clylg™ (M) UMy -Int(Mir)-CI(S)))) € g (M) -CUS)), for ev-
ery S CY.

(¢) Mijxy-Cly (g~ (Miy)-ClU(M;y-Int(T)))) C g H(T), for every T € M;jy)-RC(Y).
(d) Mijx)-Cly(g™ ( in)-ClUF ))) 9~ (Migy)-CU(F

(¢) g7 (F) C Mijix)-Inty (g~ (Migy)-Int(Mjy)-CU(F

), for every F € M.

)))), for every F' € M.
Proof. (a) = (b) Let a € X and S C Y. Suppose that, a € X \ g~ (M;)-Cl(9)).
Therefore g(a) € Y \ M;y)-CIl(S) and so by Lemma 2.1, there exists F' € My,
containing g(a) such that F'N.S = (), which implies F' N M;y)-CUM;vy-Int(M;yy-
Cl(S))) = 0. Thus, My)-Int(M;x)-CUF)) N My )-ClM;jy-Int(M;y)-Cl(S))) =

(). Since g is almost M,;-precontinuous, so there exists W € M;;(x)-PO(X) containing

a such that g(W) C M;y)-Int(M;y)-CIl(F)). This implies g(W) N My —CZ(M- Y-
Int(M;y)-Cl(S))) = 0. That is, Wﬂg_( i) -CUM;yvy-Int(M;y)-Cl(S)))) =
Consequently, by Lemma 2.3, we have a € X \ M;;x)-Cl, (g~ (M; (M]
Int(Miy)-C1(5))))). Hence, Mijox)-Cly(g~" (Migy)-CUM;y-Int(Micyy- ( ) <

g~ (Micr)-CU(S)).
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(b) = (c) Let T € My;)-RC(Y). So T = Myyy-Cl(M;yy-Int(T)). Now,

Mij(x)-Cly(g™ (Micyy-CUM;(yvy-Int(T)))) = Mij(x,) Cl( H(Miyy-CUM;vy-

Int(Miy-Cl(Mjyy -Int(T)))))) € g~ (Miy)-CUM;vy-Int(T))) = g~ (T), by (b).

Hence, Mij(x)-Cly(g~ (Miy)-CLM;y)-Int(T)))) € g~ (T).

(c) = (d) Let F € Mu). Then Miy)-CU(F) € Myj)-RC(Y). Therefore, by (c),

we have M;;x)-Cly(97 (Miy)-CUF))) € Mijix)-Clp(g™ (Mir)-CUM,vry-Int(Miy-

CI(F))))) € g7 (Miy)-CU(F)). Hence, M;;x)-Cly(97 (Miy)-CU(F))) € g7 (Mi(y)-

CI(F)).

(d) = (¢) Let F € Miy). So Y \ My -CU(F) € My). Now by (d), we have
)

Cly(g™ (Miy)-CUY \ Mjy)-CU(F)))) € g~ (Miqy)-CUY \ Mjiy)-CU(F))) =

Cly(g™ (Y \ Miqyy-Int(Mj(y,) Cl( ) € g7 Y\ Migyy-Int(M;vy-CUF))) =

Clp(X\ g™ (Miqy)-Int(My)-CI(F)))) © X\ g~ (Miqy)-Int(Mjy) Cl(F)))
X\Mm'(xrfntp(g‘ (Micy-Int( j(Y)-Cl(F)))) X\g™H (Migy)-Int(M;y)-CI(F))) €

X\ g }(F). Hence g~ (F) C M;jix)-Int, (9~ (Mvy-Int(M;yy-CUF ))))
() = (a) Let @ € X and F € My containing g(a). Then a € g '(F) C

MZ--(X)—Int (g‘l(Mi(y)—[nt(Mj(y)—C’l(F)))). Putting W = Ml-j(x)—fntp(g_l(Mi(y)—

Int(M;yy-CIU(F)))), then W € M;;x)-PO(X) containing a and W C ¢~ (M;yy-
Int(M;yy-CU(F))). Thus g(W) C M;y)-Int(M;y)-Cl(F)) and hence g is almost
Ml-j—precontmuous function. O

Theorem 3.4. Let g : (X, My(xy, Maxy) = (Y, Miyy, Mayy) be almost
M;;-precontinuous function and let S € My N\ Mjyy. If for everya € X, a € Myj(x)-
Cly(971(9)) \ g71(S), then g(a) € Mijy)-Cly(S).

Proof. Let a € X and a € M;;x)-Cl,(¢7(S)) \ ¢ *(S). Assume that, g(a) ¢ M;jx)-
Cl,(S). Then by Lemma 2.3, there exists T € M;;y)-PO(Y') containing g(a) such
that T NS = 0. So, Mi(y)—[nt(Mj(y)—Cl(T)) ns = 0. Also, Mi(y)—fnt(Mj(y)—

CIU(T)) € M;jyv)-RO(Y) and since g is almost M;;-precontinuous, so by Theorem 3.1,
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there exists W € M;jx)-PO(X) containing a such that g(W) C M;y)-Int(M;y-
CUT)) and so g(W) NS = 0. Since a € M;jx)-Cl,(g~'(S)) we have by Lemma 2.3,
Wng(S) # 0, that is g(W)NS # 0, which is a contradiction. Hence, g(a) € M;jy)-
ClL,(95). O

Definition 3.2. A point a in a biminimal structure space (X, M;x), My(x)) is said
to be M;;(x)-0-cluster point of P C X if PN Q # 0, for every @ € M;;x)-RO(X)
containing a. The set of all M;;x)-d-cluster points of P is called M;;x)-0-closure of
P and may be denoted by M,;;x)-Cls(P). The subset P of X is called M,;x)-d-closed
if the set of all M;;(x)-d-cluster points of P is a subset of P. Also, P is M;; x)-0-open
if X \ P is M;jx)-0-closed. So, any subset of (X, Mi(x), Ma(x)) is Myj(x)-0-open if it
can be expressed as the union of M;;x)-regular open sets of X.

We denote the set of all M;;(x)-6-closed and M;;(x)-6-open sets of (X, My (xy, Myx))
by M;jx)-0C(X) and M;;x)-00(X) respectively.

Theorem 3.5. Let g : (X, My(x), Max)) = (Y, My, Mawyy) be a function. Then
the following statements are equivalent:

(a) g is almost M;;-precontinuous.

(b) g(M;j(x)-Cl,(S)) € Mijivy-Cls(g(S)), for every S C X.

(¢) Mijix)-Cl,(¢ 1 (T)) C g~ H(Mijvy-Cls(T)), for every T C Y.

(d) g7*(S) € M;jx)-PC(X), for every S € M;j)-0C(Y).

(e) g1 (T) € Myjx)-PO(X), for every T € M;jy)-00(Y).

Proof. (a) = (b) Let a € S and S C X. Also, let F' € M;(y) containing g(a). By (a),
g is almost M;;-precontinuous, so there exists W € M;;x)-PO(X) containing a such
that g(W) C Myy-Int(M;yy-CI(F)). Let a € M;jx)-Cl,(S), then by Lemma 2.3,
WNS #Qandso D #g(W)Ng(S) C Myyy-Int(Mr)-ClL(F))Ng(S). Since we have
F € My, so F C Myy-Int(Mjyy-CU(F)) and My y-Int(M;yy-ClU(F)) € Mijy)-
RO(Y). Hence g(a) € M;yy-Cls(g(S)). Consequently, a € g~ (M;j)-Cls(g9(S))).
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Thus M;jx)-Cly(S) € g7 (Mijv)-Cls(g(S5))). That is, g(Mijx)-Clp(5)) € Mijy)-
Cls(g(5))-

(b) = (¢) Let T C Y. Then ¢ (T) C X. By (b), we have g(M;;x)-Cl,(¢~(T))) C
Mijvy-Cls(g(9™H(T))) € Mijiy)-Cls(T) = Mijx)-Cly(9H(T) € g7 (Mijvy-Cls(T)).
(c) = (d) Let S € Myy)-0C(Y). So by (c), Myx)-Cly(g~'(5)) S g~ (Mijer)-
Cli(S)) = (). Also, g7(S) € My Cly(g™(S)). Thus g(S) = Myon-
Cl,(g~*(S)) and hence g~'(S) € M;;x)-PC(X).

(d) = (e) Let T € M;jiyy-6O(Y). Then Y \ T € M;jy)-0C(Y). By (d), we have
g (Y \T) = X\ g"(T) € Myx)-PC(X). Hence, g~ (T) € Myx)-PO(X).

(e) = (a) Let a € X and S € M,y such that g(a) € S. Then M;y)-Int(M;y)-
CIl(S)) € Myy)-RO(Y) containing g(a). Since, M;yy-Int(M;yy-CIl(S)) € Mijy)-
d0(Y), then by (e), we have g~ (M;n)-Int(M;y-Cl(S))) € M;jx)-PO(X). Since,
S C Miy)-Int(M;y)-Cl(S)), so g'(S) C g~ (M< V- Int(Mj)-Cl(S))) = Mijx)-
f”fp(g_l(Mz(Y)']nt( M;(vy-C1(S)))). Thus g~(S) € Mz’j(X)'f"fp(g_ (M-I nt (Mjy)-

C1(S)))). Hence by Theorem 3.3, we have g is almost M,;-precontinuous. O

Theorem 3.6. Let g : (X, My(x), Max)) = (Y, Miyy, M) be a function. Then
the following statements are equivalent:

(a) g is almost M;;-precontinuous.

(b) For every a € X and every S € M;;jy)-00(Y) containing g(a), there exists
T € M;jx)-PO(X) containing a such that g(T)) C S.

Proof. (a) = (b) Let a € X and S € M;;y)-00(Y) be such that g(a) € S. Then
there exists W € M;y containing g(a) such that W = My )-Int(W) C M;y)-
Int(M;yy-Cl(W)) C S. Since, My y-Int(M;y)-Cl(W)) € Myy)-RO(Y') containing
g(a), then by Theorem 3.1, there exists T € Mij(X)—PO(X) containing a such that
g(T) C Myyy-Int(M;)-Cl(W)) C S.
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(b) = (a) Let @ € X and every S € M,y containing g(a). Then M;y-Int(M;y-
CIl(S)) € Myy)-00(Y) containing g(a). By (b), there exists T € M;;x)-PO(X)
containing a such that g(T') C M;y)-Int(M;y)-CI(S)). Hence g is almost M-

precontinuous. O

Definition 3.3. A function g : (X, My(x), Myxy) = (Y, Myyy, Myy) is
M;j-precontinuous if g='(S) € M;jx)-PO(X) for every S € My, where i,j = 1,2
and @ # j.

Remark 1. M;;-precontinuity = almost M;;-precontinuity. However, the converse

may not be true in general as shown in the following example.

Example 3.1. Let X = {p,q,r} =Y, Myx) = {0, {p}. {q, 7}, X},

Myxy = {0, {q}, {p.r}, X}, Mivy = {0, {p}, {q}, {p.a}:{a, 7}, Y}, Moy = {0, {p},Y}.
Let g : (X, My(x), Max)) = (Y, Miyy, Mayy) be the identity function. Then g is al-
most Miag-precontinuous function but it is not Miy-precontinuous since {q} € My

but g~ ({q}) & Mia(x)-PO(X).

Theorem 3.7. Let g : (X, My(xy, Maxy) = (Y, Miyy, Mayy) be almost
M;j-precontinuous function satisfying M;jx)-Int,(g~ (M;x-CU(F))) C g~ (F) for

every F' € My, then g is M;;-precontinuous.

Proof. Let F' € M,y and g be almost M;;-precontinuous. Then by Theorem 3.3, we
have g~ (F) C Mijcx)-Inty (97 (Mio)-Int(Mj)-CU(F)))) C Myjxy-Inty(g7H (Mjv-
CI(F))). Further by the given condition, M;;x)-Int,(g~ (M;y)-Cl(F))) C g~ '(F).
So, g Y (F) = Mijx)-Int, (97 (M;y)-CU(F))) and consequently by Lemma 2.2,

g Y (F) € Myjx)-PO(X). Hence g is M;;-precontinuous. O

Definition 3.4. A function g : (X, My(x), Maxy) = (Y, Miy), Magyy) is said to be

weakly M;;-precontinuous at a € X if for every S € M;y containing g(a), there
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exists T' € M;j(x)-PO(X) containing a such that g(T') C M;y)-CI(S). If g is weakly

M;;-precontinuous at every point a € X, then it is called weakly M;;-precontinuous.

Remark 2. Almost M;;-precontinuity = weakly M,;-precontinuity. But the converse

need not be true in general follows from the example given below.

Example 3.2. Let X = {p,q,7} =Y, Myx) = {0, {p}, {q.7}, X},

Myxy = {0.Ap, 7} {q, 7}, X}, My = {0.{p}, {a} . {p, ¢}, Y}, Moy = {0, {p},V}.
Let g : (X, My(x), Myx)) — (Y, Myyy, Myyy) be the identity function. Then g is
weakly Mis-precontinuous function but it is not almost Myo-precontinuous, since for
{a} € My containing g(q) there does not exist T € Migyx)-PO(X) containing q
such that g(T") C My y-Int(Mayy-Cl({q})).

Theorem 3.8. ]fg : (X, Ml(X)a MQ(X)) — (K Ml(y), Mg(y)) 18 weakly
M;;-precontinuous function which satisfies g(T) C M;yy-Int(M;yy-Cl(g(T))) for

every T € M;jx)-PO(X), then g is almost M;j;-precontinuous.

Proof. Let a € X and S € M,y containing g(a). Since g is weakly M,;-precontinuous,
so there exists T" € M;;(x)-PO(X) containing a such that g(7') C M;y)-CI(S). Also,
9(T) C Miyy-Int(Mji)-Cl(g(T))) C Micyy-Int(M;i)-Cl{M;x)-CU(S5))) C Miy)-

Int(M;yy-Cl(S)). Hence, g is almost M,;-precontinuous. O

Theorem 3.9. Let g : (X, Myx), Maxy) — (Y, My, Mawyy) be a function and
h:X — X XY be a function defined by h(a) = (a, g(a)) for every a € X. Then g is

almost M;;-precontinuous if h is almost M;j-precontinuous.

Proof. Let h be almost M,;-precontinuous and let S € M;;(y)-RO(Y') containing g(a),
where a € X. Then h(a) = (a,g(a)) € X x S and X x S € M;jxxy)-RO(X xY).
Since h is almost M, ;-precontinuous, so there exists 7" € M;j( X)—PO(X ) containing a
such that h(T) € X x Y. Then we get g(7') C S. Now, by Theorem 3.1, we have g

is almost M;;-precontinuous. 0
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Theorem 3.10. Let h : (X, Ml(X), MQ(X)) — (Y, Ml(y), Mg(y)) be almost
M;j;-precontinuous and R € Mjxxy)-6C(X xY). If Pxxy_x is the projection of
X xY onto X and G, is the graph of h, then Px.y_x(RNGy) € M;jx)-PC(X).

Proof. Let a € M;jx)-Cl,(Pxxy—x (RN Gy)) and R € M;jxxy)-0C(X x Y). Also
let S € Mj(x) such that a € S and T' € M;y) such that h(a) € T. Since, h is almost
M;j-precontinuous, so by Theorem 3.3, we have a € h™H(T') C Mjx)-Int,(h™ (Myy)-
Int(M;y-CUT)))) and S N Mijx)-Inty (B (Micyy-Int(M;vy-CUT)))) € Mijix)-
PO(X) which contains a. Also, since a € Ml-j(X)—C'lp(PXXyHX(RﬂGh)), so SNM,j(x)-
Int,(h™ (M y-Int(M;y)-ClU(T)))) N Pxxy—x(RNG}) contains one point, say, b € X
which implies (b, h(b)) € R and h(b) € M;y-Int(M;x)-CU(T)). Therefore, B # (S x
(Mvy-Int(M;)-CU(T)))) N R € M;yy-Int(M;yy-Cl(S x T)) N R. Thus (a, h(a)) €
Mijxxv)-Cls(R). Since R € Mij(XXy)—éC(X xY), so (a,h(a)) € RN Gy and
a € Pxxy—x(RNG}). Therefore, M;jx)-Cly(Pxxy—x(RNGh)) € Pxxy—x(RNG).
Consequently, Pxxy_,x(RNG}) € Mijx)-PC(X). O

Definition 3.5. A biminimal structure space (X, My(x), Ma(x)) is said to be M, x)-
semi regular if for every a € X and for every S € M;x), there exists T € M;x)
containing a such that a € T C M;x)-Int(M;x)-Cl(T)) C S.

Theorem 3.11. If g : (X, My(xy, Max)) — (Y, Mi(yy, Mayy) is almost
M, j-precontinuous and (Y, My, Mz(y)) is Mijyy-semi reqular, then g is

M;;-precontinuous.

Proof. Let S € My such that g(a) € S, where @ € X. Then a € g~!(S). Since
(Y, Mi(yy, Mywyy) is M;jyy-semi regular, so there exists T € M,y such that g(a) €
T C Miy)-Int(M;-CUT)) € S. Also, g is almost M,j-precontinuous, so there
exists R € M;jx)-PO(X) containing a such that g(R) C M;y-Int(M;yy-Cl(T)) C
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S. So, a € R = Mx)-Int,(R) € Mx)-Int,(g7'(S)). Thus g~'(S) C M;jx)-
Int,(g~'(S)). Hence, g='(S) = M;jx)-Int,(g'(S)) and so g (S) € M;jx)-PO(X).

Consequently, g is M;;-precontinuous. 0

Definition 3.6. [3] Let f : (X, My(x), Max)) — (Y, Myy), Mayy)) be a function.
Then the graph G of this function f is said to be M;;xxy)-preclosed in X x Y if
for every (a,b) € (X xY)\ Gy, there exists S € M;;x)-PO(X) containing a and
T € My containing b such that (S x T) NGy = 0.

Lemma 3.1. [3] The graph G ¢ of the function [ : (X, My(x), Myxy) = (Y, My, Mayy)
is M;j(x xv)-preclosed in X XY if and only if for every (a,b) € (X <Y )\Gy, there exists
S € M;jx)-PO(X) containing a and T € M,y containing b such that f(S)NT = 0.

Definition 3.7. [3] A biminimal structure space (X, Mi(x), Myx)) is said to be
M;;xy-pre Ty space if for every a,b € X such that a # b, there exists S, T" € M;;x)-
PO(X) containing a and b respectively such that SNT = (.

Theorem 3.12. If a function f : (X, Myx), Max)) — (Y, My, Mayy) is al-
most M;j-precontinuous, where the graph Gy is M;jxxy)-preclosed in X x 'Y and
(Y, Myyvy, Mayy) is M;jiyvy-semi regqular, then (X, Myxy, Mayx)) is said to be M;j(x)-

pre Ty space.

Proof. Let a,b € X such that a # b. Then f(a) # f(b). Then (a, f(b)) € (X xY)\Gy.
Since Gy is M;j(xxy)-preclosed in X x Y, so by Lemma 3.1, there exists S € M;;(x)-
PO(X) containing a and T' € My containing f(b) such that f(S)NT = 0. Since
f is almost M;;-precontinuous and Y is M;;yy-semi regular, so by Theorem 3.11,
[ is M;j-precontinuous. Therefore f~1(T) € M;;x)-PO(X) containing b such that
SN f~YT) = 0. Hence, (X, Mi(xy, Myxy) is M;jx)-pre T space. O
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Definition 3.8. A biminimal structure space (X, My (x), My(x)) is said to be M;;(x)-
almost regular if for every a € X and for every S € M;x), there exists T" € M;x)
containing a such that a € T'C M;(x)-Cl(T) C M;x)-Int(M;x)-CI(S))

Theorem 3.13. If f : (X, My(x), Myx)) = (Y, Myyy, Mayy) be a function such that
(Y, Miyy, Mywyy) is M;jyvy-almost reqular, then g is almost M;;-precontinuous if and

only if g is weakly M;;-precontinuous.

Proof. Let g be weakly M;;-precontinuous and S € My such that a € g~'(9),
where a € X. Then g(a) € S. Since S € My so S € M;jy)-RO(Y) containing
g(a). Also, since (Y, Myyy, Mawyy) is Mijv)-almost regular so there exists 7' € My
containing g(a) such that g(a) € T C Mjy)-ClU(T) € My )-Int(M;x)-C1(S)) which
implies that a € T' C Mjy)-Cl(T) C S. Now, g is weakly Mij—precontinuous, SO
there exists R € M;;x)-PO(X) containing a such that g(R) C M;y)-Cl(T) C S.
Thus R C g~!(S) and a € R = M;jx)-Int,(R) C M;jx)-Int,(g~'(S)). Therefore,
g7 1(S) C Myjx)-Int,(g~*(S)). Thus g~ *(S) = M;jx)-Int,(g~*(S)) and so g~'(S) €
M;jx)-PO(X). Now, by Theorem 3.2, we have g is almost M;;-precontinuous.

Conversely, it is obvious that every almost M;;-precontinuous function is weakly M;;-

precontinuous. O
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