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Abstract. The purpose of this paper is to give a new type of open function and closed function called (M. @, G¢ ‘)-open function and

(M, 3, G rclosed function.  Also, we obtain its characterizations and its basic properties.
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. INTRODUCTION

Njastad [11] initiated the concept of nearly open sets in topological spaces. Semi-open sets, pre-open sets, «-open sets, ﬁ-open sets and

&-open sets play an important role in the research of generalizations of open functions in topological spaces. By using these sets, several

authors introduced and studied various types of modifications of open functions in topological spaces.

In 2000, V.Popa and T.Noiri [16] introduced the notion of minimal structure. Also they introduce the notion of z-open sets and MZz-
closed sets and characterized those sets using Mz-closure and Mz-interior respectively. Further they introduced -continuous functions and
studied some of its basic properties. V.Popa and T.Noiri [14] obtained the definitions and characterizations of separation axioms by using the
concept of minimal structures.They achieved many important results compatible by the general topology case. Some other results about

minimal spaces can be found in [1], [2], [3], [9], [10], [12] and [13].

Already we introduce the paper, On Quasi ﬂ',?--open functions in topological spaces [5] and also Kokilavani V [6] et all. introduce

MG - closed set. In this paper we introduced the Minimal structure on Quasi r5',?--open functions in topological spaces and also we obtain

its characterizations and its basic properties.
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Il. PRELIMINARIES

In this section, we introduce the minimal quasi function namely (M, Q.G Jand define some important subsets associated to the

M -structure and the relation between them.

Definition 2.1. [8]
Let ¥ be a nonempty set and let 7 S P {X] where F{X} denote the power set of ¥ where ™x is an A -structure (or a minimal
structure) on X, if ¥ and X belong to M.

The members of the minimal structure x are called ™2x-open sets, and the pair (X My) is called an m-space. The complement of

#x-open set is said to be Mx-closed.

Definition 2.2. [8]
Let ¥ be a nonempty set and*x an M -structure on ¥. For a subset A of X,"Mx-closure of A and M x-interior of A are defined as follows:
my-cl{4) = N{F:A C F.X-F e my}
my.int{A) = U{F:U € A, U € my)
Lemma 2.3.[8]

Let ¥ be a nonempty set and #x an-structure on X. For subsets AandE of X, the following properties hold:

@) My-clX — A) =X —my-int(Aandmy-int (X — A) = X — my-cl(A).

(b) If X — A € my then my-cl(A) = Aand if A € M then my-int(4) = 4.

©) my-clle) = g, my-cl(X) = Xand my-intl@) = @, my-int(¥) = X.

(d) If 4 < Bthen my-cl(4) S my-cl(B) and my-int(4) S m,- it (B,

(e) A S my-cl(A)and my-int(4) C A,

() Ma-cl(mycl{4)) = my-6l(AandMa-int (M. int (4)) = my.int (A),

(g) my-int (ANB) = (my.int(A)) Ny int(B))ang

(my-int(A)) U (my-int (B)) € my-int(4UB).
(h) Mx-cl{AUB) S (myp-cl(A))U{my-cl(B)) and
My cl(ANB) C (me-cl{ADNN(my-cl(B)).

Lemma 2.4.[10]

Let (X, #ny ) be an mm-space and A be a subset of X.Thenx £ my-cl{A]ifand onlyif &7 A = gfor every IJ £ my containing
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Definition 2.5. [16]
A minimal structure M on a nonempty set X is said to have the property B if the union of any family of subsets belonging to x belongs to
My
Remark 2.6. A minimal structure m, with the property & coincides with a generalized topology on the sense of Lugojan.

Lemma 2.7. [2]

Let X be a nonempty set and Mz an-structure on X satisfying the property ‘B. For a subset Aof ¥, the following property hold:
@ AEmyiffmy—int(4) = A,
(b) AEmyiffmy—clld) =4
(c) My-int (A) € myangmy-cl(4) € my.

Definition 2.8.[7]

Let¥ be a nonempty set andsm, an M -structure on X. For a subset A of X, =G {"closure of A and MxG{ -interior of A are defined as
follows:

MyClge(A) = N{F: A S F.FisMyG{" _ciosedinX}

Mylnt; +(A) = U(F:U S A, UisMyG{"-openinX}

Definition 2.9.

A subset A of an #-space (X. My ) is called as

{1) mg-closed set [17] if m,-2I(4) © & whenever 4 T  and & is Mx-open.

(i) myg*® a_closed set [6] if amecl(A) S Uwhenever 4 = Uand Uis mg-open in X,

(i ymy ga-closed set [6]if amcl{A) € U whenever 4 = U and I is Mxg #ﬂ-open in X.
(1) Mz G closed set [6] if amcl(A) € U whenever 4 = Dand [is m,” ge-open in X.

The complement of > -closed set is called as =& -open set.

Definition 2.10.
Afunction £ (X my) = (V.myJis called as

(©) MG continuous [6] if £~ (Visa MG closed setin &) M) for every Mauclosed set Vof (¥, my),

(i) M T -irresolute [6] iff ~*(V) is a M, 57 -closed set in (i, m,, ) for every M, 74" -closed set 7 of (¥, 1],

ISSN: 2231-5373 http://www.ijmttjournal.org Page 388



http://www.ijmttjournal.org/

International Journal of Mathematics Trends and Technology —\VVolume 4 Issue 11 — December 2013

1 (M,Q,6G{").opEN FUNCTIONS AND (M, Q, GC").c| 0SED FUNCTIONS
We have introduce the following definition:

Definition 3.1.

Afunction f2(X.my) = (V.my ) s said to be (M. Q. C("]-open if the image of every }frxﬂ*f--open setin <€ is Mx-open in ¥,

Example 3.2.

Let £ =Y = {@, b c} with mx = {K' @ {Q}j and My = {.‘(, @.{a}.{a, b}.{a,c}. (&, C}} be the

Mspace on (A:MxJand (Y Mylrespectively. Here MxG{ -open set in (& My ] s 1/"" .@.{a}{a, c}. {a. b}} and "My-open set in

(¥, myJis {)’.(p,{a),{a, c}. {a.b}.{b. f}}. Define a function £ (¥, 7.} = (V. my) by fla) = a.f(b) = band Fle) = ¢ then f is

(M. Q.G *)-open function. Since the image of each (M. Q. GT*Y-open set in (X. M) is Mu-open set in {V. ).

Definition 3.3.

A function f:(}(,mx) — (¥.my] s said to be Mx'ﬂ‘?'-open if the image of every fx-open set in Xis u"'1".";"5*§T--open in ¥-

Theorem 3.4.
Afunction f:(X.my) = (V.my ) is said to be (M. Q.G Lopen if and only if for every subset Wof¥, f (M Itz (U)) © my_
int(f(U))
Proof:

Let f be a (M. Q. GZ*)-open function. Now, we havem-int{l} = Dand Mxintz - (U)js a MG open set. Hence, we
obtain that! (MxIntee=(UY) © fWU)  pg FIMyIntz o ()i open, My Intze (U)) © my_int{F (7))

Conversely, assume that U is a MxG{" -open set in X. Then f (V) = fUMeInt; o+ (U)) © my _int(F(U)) pyt My -

it (F(U)) < F@), Consequently FO) = myint(FWU)) and hence Fis (M. Q.G )-open.

Lemma 3.5.

If a function £+ (X myx) = (¥.my) is (M, Q.G ).open, then (MyIntgy=(f*(G)) & (my_int () for every subset Zof ¥

Proof:

Let © be any arbitrary subset of ¥ . Then, (MyIntoz-(F7H6)) s 4 MG open set in* and f is (M.Q.GT™) open,

thenf(""{xln‘.ﬁf'gul(a))) C myint ([(f_.(G\"D C mymnt (GJ'Thus(MxIHf/_;:'(f :(G)) cf :(mxmt((;)).

Definition 3.6.

Asubset % is said to be an M.z "-neighbourhood of a point x of X if there exists a M, {rd -open set Il such thatx = Il = &.
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Lemma 3.7.

Let £: (X, mye) = (V.my) and 9: (V. my} — (Z.mz) be two functions and 8 ° f+ (X, my) = (Z,mz) js (M. Q. GT")open. If gis
continuous injective, then f is (M. @. & )-open.

Proof:

Let U be a(M-Q-GE.]-open set in X, then (g @ FICU) is Mx-open in Z. Sinced ® f is (N-O-Gi’.]—open. Again & is an injective

continuous function, £ = g7*(g = £)(UY is Mx-open in ¥. This shows that f is (M. Q. G -open.

Theorem 3.8.

If f:(X-'mx) = (¥.my) and g:(Y.m,.) = (Z.mz) are two (M.Q.G{7) -open functions, then & °f:('¥'mx) = (Z.mz) s
a

(M. Q,G{")-open function.
Proof:
Let F be any MG open setin X, since f is (M. @. G )-open function, £ (F)is a e, -open setin¥, we know that everyan, -open set is

MzGT" open set[6], F(Flis an MxG{"open set.  Since Gis a (M. Q.G )-open function, 9CFF) is mx -open in Z. That is

(g = HF) = a(FF))is Mx_open set in Z and hence 9 ° f isa (M. Q. G " )-open function.

Definition 3.9.
A function f: (X my) — (V.myJis called (M. Q. GT* Y-open function if the image of every MG "-open subset of ¥ is M=G{*-open in
¥.

Therorem 3.10.

Let f1 00, my) = (Fomy) and 22 (V.mey) = (Z.mz2) pe any two functions. Then

(i fis fo:*f‘-open and gis (M. Q. G("]-open, then & ® f is Mx-open function.

(i) 1 fis (M. Q. G(-‘]-open function and £'is Mxﬂf--open function, then & * fis(M. Q" Gf‘}-open function.

(it} If Fis (M. Q. GT")-open function and 4 is (M. Q. GZ*)-open function, then @ * fis (M. Q. G )-function.

Proof:

() Let F be any Mx-open set in.¥, since I is %G -open function, ¥ Jis a Mxﬁf‘-open set in ¥. Since @ is a (M, @, G )-open
function, Q(f(F]:’ is ™x_open set in 2 Thatis (9= AIF) = Q(f{FJ) is ™xopen set in Zandhence 8° Fisa M open function.

(11} Let F be any MxG{ -open set in ¥, since [ is (M. Q. C{"]-open function, F(FJ is a Mx-open set in ¥. Since g is a MG -open

function, o(F (F)) is?x G open setin Z. Thatis Lg = FI(F) = a(F(F)) s MG open setin and hence 8 = fisa (M. Q7. G{™)-

open function.

ISSN: 2231-5373 http://www.ijmttjournal.org Page 390



http://www.ijmttjournal.org/

International Journal of Mathematics Trends and Technology —\VVolume 4 Issue 11 — December 2013
(iii) Let F be anyM;G{" -open set in X, sincef is(M.Q . G{") -open function, f{(F) is aMyG{" -open set in ¥. Sinceg is a
(M, Q,G{")-open function, g{ £ (7)) is my-open set in Z. That is (g = f)(F) = gl f(F)) is my-open set inZ and hence g = f is a

(M, Q,G{")-open function.

Definition 3.11.

Afunction £ (X, my) — (¥.myis said to be (M. Q. G )-closed if the image of each MG closed set in ¥is Mx-closed in ¥.

Example 3.12.
Let X =¥ = {a. b, ¢} with myx = {X, . {a}] ang my = {X. ¢.{a).{a. b}, {a.c}. (b. c}} pe the
M.space on (& MyJand (¥ My respectively. HereMxG< —closed set in (A:mMx] is {Y o. {8}, {c}, {b, f}} and Migclosed set in

(¥V.m.lis {Y_.q),{a},{b},{c}, {b'd} . Define a function Frlomy) = (V.omy,) by fla) =a, fb) = ? and fFle) == then ¥ is

(M. Q.G7*)-closed function. Since the image of each (M. Q. G )-closed set in (X. ™ is Ma-closed set in LY. ).

Definition 3.13.

A function/* (x, 'mx) = (¥Y.my)is said to be M= G closed if the image of every Mx-closed set in Xis MzG{" closed in ¥

Lemma 3.14.

I a function £ (X my) — (V.mydis(M. Q. 6T )-closed function, then F~t{myint(4)) < (MyInto~(f~2(A))¢o, every subset ““of .
Proof.

This proof is similar to the proof of Lemma 3.5.

Definition 3.15.
A function F: (X, my) = (V. msis called (M. Q.G )-closed functionif the image of every MG {"-closed subset of ¥is MxG7 -closed

in¥.

Theorem 3.16.
if £:00, myd = (V.my) and 2:V.omed = (Z.mz2) are two (M.Q.GT™) closed functions, then @ ° f:(.my) = (Z.m2)is a

{M,Q,G{*)-closed function.
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Proof.
Let F be any Mz {"closed set in X, since f is £M. Q. G )-closed function, £ (F ] is amy -closed set in¥ , we know that everynz; -closed
set is MG -closed set[6],F(F)is an =G closed set. Since & is a (M. Q.G )-closed function, a(FF)) is™Mx closed inZ . That is

(g o AF) = g(FF)) is Mx_closed setin < and hence @ ° fis a (M. Q. G{*)-closed function.

Theorem 3.17.

Let f: (¥, my) = (V.my)and 9: (¥, my} = (Z.mz)be any two functions. Then

(ilif fis MxG T closed function and gis (M. @.G{ )-closed function, then @ © fis m-closed function.

(iinf fis (M. Q.G )-closed function and gis & “closed function, then & = Fis (M. Q. G )-closed function.

(i e fis (M. Q. G -closed function and gis (M. @.G{ )-closed function, then & © fis (M. Q.G )closed function.

Proof.

{i)Let F be any mu-closed setin X, since f is M7 closed function, f (F1 is a MG {"closed setin ¥, Since mis a (M. @.G{ )-closed
function, Q(f (F]) is ™ closed set in <. That is (g AF) = g(f(F]) is ™Mzclosed setin “and hence 4 ° f isa ™:xclosed function.
(if)Let F be anyM=G{ closed set in X, since £ is (M. @. G )closed function, £ (FJis a Mx-closed set in ¥. Since @ is a Mz G "closed
function, 9{F(F)) is MG closed set in =. That is @ =/ F) = g{f(F)) is MG closed set in Zand hence 8° F is a
(M.Q". G )closed function.

(@il et F be any MxG{™ closed set inX |, since f is(M. Q" GT )closed function, f(Flis aMxG{™ closed set in¥ . Sinces is
alM. Q. GT )closed function, o F(FY)is Mx_closed set inZ. That is (@ ° FUF) = g(F(F)) is™x closed set inZ and hence 8 ° fis

alM. Q. Gf‘)-closed function.

Theorem 3.18.
Let £: (¥, my) = (V.mydand a: (¥, me) = (Z.mz)be any two functions such that 8 @ £+ (X, my) = (Z.m2)js (M. Q. 6 )closed.
Cihf fis MG lirresolute surjective, then Gis Mx-closed.

(iihf gis M=G -continuous injective, then Fis (M. @, G{ )closed.

Proof. ({)Suppose that Fis an arbitrary Mx-closed set in ¥. As Fis MG irresolute, f~ *(F) is MxGE" closed in X Since @ = fis

¥ 7Y ° -1 y! S ] . F .. . " .
(M. Q.G07) ¢10sed and s surjective,(g 0 U:))..) -90:),which is "x-closed in . This implies that &is a ™-closed function.

(ii)suppose Fis any MG closed set in X, Since 8 © s (M. Q.G T )closed, (9 © FHTF)is myglosed in ZAgain & a Mxl{™

continuous injective function,g"(_g o f(F)) = FI{F), which is M= -closed in ¥. This shows that fis (M, Q ", G *J-closed.
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