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Abstract

In this paper, we introduce a new class of sets termed as JF6c, IF6o, IFBso, IFOsc, IFMc and JFMo sets with the help
of JFO (resp. JF4) interior and JF6O (resp. JFS) closure. Also using these sets we have introduce JF- Oclo, IF-0sclo,JF-
éclo, IF-8pclo, IF-Mclo sets. Furthermore, We study the topological properties and characterizations of these sets. Also we
obtain the interrelations between these sets and already existing sets in the theory of intuitionistic fuzzy topological spaces, and we
provide examples to illustrate the theory.
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1 Introduction

The concept of fuzzy sets was introduced by Zadeh [16] in his classical paper. Fuzzy set have applications in many fields such as
Information [12] and Control [13]. After the introduction of fuzzy sets, various authors introduced generalization of the notion of
fuzzy set. Atanassov [3] generalized the fuzzy sets to intuitionistic fuzzy sets(in brief,7FS). Some basic results on JFS’s were
published in [3, 4], and the book [4] provides a comprehensive coverage of virtually all results in the area of the theory and
applications of JFS’s. Coker and his colleague [6, 8, 7] defined intuitionistic fuzzy topology (in brief, JFTS) in Chang’s sense.
After that the definition of JFTS in Samanta and Mondal [11, 10] (7F gradation of openness) was introduced and studied. In
2004, Caldas et al. [5], introduced some properties of 8 open sets and in 2011, Maghrabi and Johany [9] introduced M open sets
in topological spaces. In this paper, we study a new class of sets termed as JF6c, IF8o, IFOso, IFOsc, IFMc and IFMo sets
with its topological properties and characterizations of these sets. Also we obtain the interrelations between these sets and already
existing sets in the theory of intuitionistic fuzzy topological spaces, and we provide examples to illustrate the theory.

2 Preliminaries

Definition 2.1 [3] Let £ be a nonempty fixed set and I the closed interval [0,1]. An JFS u is an object of the following form
1= {(e, pu(e), 0,(€)): € € 2}, where the mapping p,: X — I and g,:2 — I denote the degree of membership (namely, p,(¢))
and the degree of nonmembership (namely, o,(¢)) for each element ¢ € 2 to the set u, respectively, and 0 < p,(¢) + 0,(s) <1
for each ¢ € Q.

Definition 2.2 [1, 3] Let 2 be a nonempty set, and the JFS’s u and y in 2 be the form u = {(&, p,(€), 0,(€)): € € N}y =
{(e,py(€), 0, (€)): € € 2} Furthermore, let {u;:i € J} (J be an index set) be an arbitrary family of JFS’s in 2. Then

1. u<yifandonlyif p,(e) < p,(e) and y, () =y, (e), forall € € X.
u=vyifandonlyif u< yandy <p.

uAy = {(&0,(&) A py (), vu(e) VY, (£)): € € X}.

uVy ={{epu(e) V py (&), vu(e) Ay, ()): € € X}
bw={evue)pule)):e€ X}

L=y =HuAY.

Aien Bi = {{EAien P (E)Vien ¥y (€)): € € X}

Vien i = {{&Vien P (E)Nien ¥y (€)): € € X}

0={01):ee€ X} and 1 ={(c,1,0): € € X}.
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Definition 2.3 [8] An JFT in Coker’s sense on a nonempty set 2 is a family t of JFS’s in Q2 satisfying the following axioms
1. 0,1€er.
2. H,ANH, €, forany Hi,H, € 7.
3. VH; € t for any arbitrary family {H;:i € J} S 1.

Each JFS u which belongs to t is called an JF open (3Fo) set in X. The complement i of an JFo set u in Q is called an
JF closed (IFc) setin Q.

Definition 2.4 [8] Let (£2,7) bean JFTS and u = {(&, u,,v,): € € 2} be an JFS in 0. Thenthe JF closure (in brief, JFC)
and JF interior (in brief, 3FI) of u are defined by

1. JFC(W) =Nien {t:t is an IFcsin Q and ¢ > pu}.
2. JFI(1) =Vien {K:k is an IFosin Q and k < u}.
Definition 2.5 [15] Let u be JFS inan JFTS (2,t). u iscalled an JF
1. regular open (in brief, 3Fro ) setif u = IFITIFC (u).
2. regular closed (in brief, 3Frc ) setif u = IFCIFI(w).
Definition 2.6 [15] Let (2,7) be an JFTS and u =< ¢, p,(€),v,(g) > bea JFS in Q. Then the IF & closure of u are
denoted and defined by JFSC (1) =A {i:¢ isan IFrc setin 2 and pu <} and JFSI(1w) =V {k:k isan JFro setin N and
K < u}
Definition 2.7 [14] Let u be an JFS inan JFTS (2,t) then u iscalled an IF [(i)]
1. &-preopen (briefly, 3Fépo ) setif u € IFint(IFcls(w)).
&-semiopen (briefly, 3Féso ) setif u € IFint(IFcls(w)).
e-open (briefly, JFeo ) setif u € IFclIFints(u) U IFintIFcls(u).
&-preclosed (briefly, 3Fépc ) setif u 2 IFcl(IFints(w)).
&-semiclosed (briefly, 3F8sc ) setif u 2 IFcl(IFints(n)).
e-closed (briefly, 3Fec ) setif u 2 IFclIFints(u) N IFintIFcls(w).

IS L o

3 Intuitionistic fuzzy M closed sets

Definition 3.1 Let (2,7) bea JFTS, V JIFS y,v the operators JF- 6 interior and JF- 6 closure denoted by (3F)61
and JFOC are defined as

IFOI() =V v | vET & JFC(y) <V}

and

IFOC() =V v | vET & IFI(Y) Z v}

Definition 3.2 Inan JFTS (2,7) and JFS y iscalled an
1. JF -6 open (resp. IF -6 semi open) (briefly 3F0o (resp. IF6Oso)) setif y = IFOI(y). (resp. y < IFC(IFOI(y))).
2. JF -0 closed (resp. JF-0 semi closed) (briefly 3F0c (resp. IF0sc)) setif ¥ isan JF Go (resp. IFOso) set.

Definition 3.3 Inan JFTS (2,7),and JFS vy iscalledan
1. JF-M closed (briefly 3FMc) setif y = IFI(IFOC(y)) AIFC(IFSI(y)).
2. JF-M open (briefly 3FMo) setif y isan IFMc set.

Definition 3.4 Let (2,7) bea JFTS, then the

1. unionofall 3FMo (resp. JF0so) sets contained in y is called the JFM (resp. JF6 semi) interior of y and is denoted by
JFMI(y) (resp. IFOsI(y)).

2. intersection of all JFMc (resp. JF6Osc) sets containing y is called the IFM (resp. IF6 semi) closure of y and is
denoted by JFMC (y) (resp. IFOsC(y)).
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Proposition 3.1 Ina JFTS (2,1) Vyv € I%,
1. 9FMI(0) = 0 and IFMI(1) = 1.

JFMC(0) = 0 and IFMC(1) = 1.

IFMI(y) = IFMC (7).

IFMC(y) = IFMI(F).

If y <v then IFMI(y) < IFMI(v).

If y <v then IFMC(y) < IFMC(v).

IFMI(y). <y < IFMC ().

IFMC(y Vv) = IFMC(y) v IFMC ().

IFMC(y Av) < IFMC(y) AIFMC(v).

10. IFMC(IFMC(y)) = IFMC(y).

11. If y is IFMc setthen IFMC(y) =y

12. If v is JFMo setthenv q y iff v q IFMC(y).

13. IFMI(y Vv) = IFMI(y) Vv IFMI(v).

14. IFMI(y Av) < IFMI(y) A IFMI(v).

15. IFMI(IFMI(y),) = IFMI(y).

16. If y is IFMo setthen IFMI(y) =

17. y <IFC(y) < IFSC(y) < IFOC(Y).

18. IFOI(y) < IFSI(y) < IFI(y) <7.

© © N o g B~ w DN

Proof. Straight Forward.

Theorem 3.1 Inany JFTS (0,7) Ever
1. JF6sc (resp. IFopc) setisan JFMc set.
2. JFOc setisan JFOsc set.
3. JFOc setisan JFc set.
4. JFc setisan JFépc set.
5. JFMc setisan JFec set.
But not conversely.
Proof. Straight Forward.

1’0’02’0 01071 0°1°0°0 1'0°1°01

<£ [N W )> l/)=<£( £ L )(0 =, 0'9 0)> Then the family 7 = {0, 1,v, ¢, v V ¢} isan IFT on 2. @ is

1°'0°0°1 00200 0’08’0’1
JFec but not IFSsc and IFMc, i is IFMc but not 7Ffsc and IFSpc , ¢ is IFc but not IFOc and TFOsc

Example3.2 Let 2 ={a,e}, v= < (05 05) (03 05)> ¢=< (07 02) (03 02)> =< (03 04) (05 06)> v =
<£, (&,017) (E 0—2)> Then the family 7 = {0,1,v} isan JFT on Q2. g is 7FSpc but not IFc and ¥ is IFSsc but not IFc.

Example 3.1 Let.()-{aelo} v—<€ R —)(, - )> ¢ = <€ G259, (g'e'l:o)> =

From the Theorem 3.1, Examples 3.1, 3.2 the following
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JF -Oe¢

RN

JF -0sc JTF -c
JTF -dpc
J;—Mc J{T"— dsc
NS
JF -ec

Note: A — B denotes A implies B, but not conversely.

Theorem 3.2 Let (2,7) bean JFTS,
1. '¥N y; isan JFMo setif V. i €N, y; bean JFMo set.
l

2. A Yi isan JFMc setif v i €N, y; bean JFMc set.
L

Proof. (i) Let y; be an JFMo set, Vi € N then
Yi < IFCIFOI(y,)) V IFI(IFSC(yy)) vi € N.
=V v SV (IFCIFOI(y))V IFIIFSC (1))
l L
< IFCIFOI(V v;)) V IFI(AFSC(V v))).
i€l i€l i€l
Thus _\E/I y; isan JFMo set.
l
(ii) Similar to the proof of (i).
Theorem 3.3 Inan JFTS (2,7) let y ,v beany JFS

1. yAvisan JFMo setif y isan JFMo setand v € 1.
2. yVvvisan JFMc setif y isan JFMc setand v € T

Proof. (i) Let y isan JFMo set,and JFS,v € T then
yAv < (JFCAFOI(y)) VIFI(IFSC(y))) Av
= (JFCUIFOI(y)) Av) V (IFI(IFSC(y)) Av)
< (JFCAFOI(y) AV))V (IFI(IFSC(y) Av))
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< (JIFCIFOI(y AV))) V (IFI(IFSC(y AV)))
Hence y Av isan JFMo set.
(ii) Similar to the proof of (i).
Theorem 3.4 If JFS y isboth 7FMo and JFc setin (£2,7) then y isan JF6so.
Proof. Let y bean JFMo then
y < IFCIFOI(y)) VIFI(IFSC(Y))
= JFC(IFOI(y)) V IFI(¥)
< JFCIFOI(Y),).
Hence y is an JF0so.
Theorem 3.5 If y € I¥ isboth 3FMc and JFo setin (2,7) then y isan JFfsc.
Proof. Follows from Theorem 3.4.
Theorem 3.6 Ina JFTS (2,7) vV IFS v, [()]
1. If y et then y isan JFMo set.
2. JFI(y) isan IFMo set.
3. JFC(y) isan JFMc set.

Proof. Straight Forward.

4 Intuitionistic fuzzy M clopen sets

Definition 4.1 Ina JFTS, (2,7),an JFS, v is called an IF- M clopen (resp. IF- 6 clopen, JF- 6 semiclopen, JF- §
clopen and JF- § preclopen) (briefly 39FMclo (resp. JFOclo, IFOsclo, IFSclo and IFdpclo )) if v is both IFMo (resp.
JF6o, IFOso, IFSo and JFSpo) set and IFMc (resp. IFOc, IFOsc, IFSc and JFSpc) set.

Proposition 4.1 Ina JFTS (2,1)
1. 0 and 1 are 3FMclo (resp. IFOclo, IFOsclo, IFSclo and IFSpclo) sets.
2. If IFS v is IFMclo (resp. IFOclo, IF6sclo, IFSclo and IFSpclo) set then sois (V).

3. If IFS v,u are JFMclo (resp. IFOclo, IFOsclo, IFSclo and IFSpclo) setsthen v v u and v A u are IFMclo (resp.
JFOclo, IFBsclo, IFSclo and IFSpclo) set.

4. Thesetofall 3FMclo (resp. IF6clo, IFOsclo, IFSclo and IFSpclo) sets may be used as a basis for a JFTS, whereas
the set of all 7FMo sets do not form any basis.

Definition 4.2 Let (2,7) bea JFTS, then the

1. unionof all 9FMclo (resp. IFOclo, IFOsclo, IFSclo and JFSpclo) sets contained in y is called the 7FM clopen
(resp. JF6 clopen, JF6 semiclopen, JF§ clopenand JF& preclopen) interior of y and is denoted by JFMI<°(y) (resp.
JFOIC(y), IFOsI®(y), IFSI®(y) and IF6pl(y)).

2. intersection of all 3FMclo (resp. IF6clo, IF6sclo, IFSclo and IFSpclo) sets containing y is called the JFM clopen
(resp. JF6 clopen, JF6 semiclopen, JF§ clopen and JF& preclopen) closure of y and is denoted by JFMC°(y) (resp.
JFOC(y), IFOsC(y), IFSC°(y) and IFSpC(y)).

Proposition 4.2 Ina JFTS (2,t) V y,v be IFS [(i)]
1. JFMI®(0) = 0 and IFMI(1) = 1.
If y < v then IFMI(y) < IFMI®(v).
IFMI®(y) < IFMI(y) <y < IFMC(y) < IFMC(y).
IFMI®(IFMI (y)) = IFMI(y).
IFMI(y) = IFMC 7).
If y is 3FMclo setthen JFMC°(y) =y = IFMI°(y).
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The Proposition 4.2 holds for the operators JFOI1°°(y) (resp. IFOsI(y), IFSI(y), IFSpI®(y), IFMC(y), IFOC(y),
JFOsC(y), IFSC(y ) and IFSpC°(y)) with respect to their clopen sets.
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