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ABSTRACT
In this paper, we introduce a new types of sets called intuitionistic D -open sets in intuitionistic topological space. Also

intuitionistic b -interior and intuitionistic b -closure of an intuitionistic sets are defined and their properties are
investigated with other existing forms of intuitionistic open sets.
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1. INTRODUCTION

Ever since the introduction of fuzzy sets by Zadeh [8], the fuzzy concept has invaded almost all branches of mathematics,
Atanassov [2], introduced the notion of intuitionistic fuzzy sets. Using this notion Coker [[3], [4], [5]] defined and studied
intuitionistic topological spaces, intuitionistic open sets, intuitionistic closed sets and compactness on intuitionistic
topological spaces. Also, he defined the closure and interior operators in intuitionistic topological spaces and established
their properties. Many different forms of open sets have been introduced over the years in general topology. Andrijevic

[1] introduced and studied about D -open sets in general topology. Palaniswamy et al., [7] introduced the concept of
intuitionistic semi-open, intuitionistic « -open, intuitionistic pre-open and intuitionistic /3 -open sets in 2016. In this

paper, is to define and study the intuitionistic b -open sets in intuitionistic topological spaces. Also some properties of
these are discussed.

2. PRELIMINARIES

The following definitions and results are essential to proceed further.

Definition 2.1: [3] Let X be a non empty fixed set. An intuitionistic set (briefly. 1S) A is an object of the form
A=(X,A,A,), where A and A, aresubsetsof X satisfying A NA, =C. Theset A is called the set of

members of A, while A, is called the set of non-members of A.

The family of all 1S ’sin X will be denoted by IS(X). Everycrispset A onanon-empty set X is obviously an
intuitionistic set.

Definition 2.2: [3] Let X be a non-empty set, A=(X,A,A,) and B=(X,B,,B,) be intuitionistic sets on
X, then
1. AcB ifandonlyif A B, and B, c A,.
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A=B ifandonlyif AcB and BC A
Ac B ifandonlyif A UA, 2B, UB,.
A= (XA, A).
AuUB=(X,AUB,A NB,).
AnB=(X,ANnB,A UB,).
A-B=ANB

$ =(X,,X) and X =(X,X,¢)

© N o g &~ WD

Corollary 2.1: [3] Let A,B,C and A be IS’sin X. Then
1. A < B foreach i implies that UA c B.
2. Bc A foreach i impliesthat B gﬂA.
3. m=ﬂz\ and ﬂ_A=UR
4. AcB&<BCcA
5. @=A,¢T=)Z and )7=5

Definition 2.3: [5] An intuitionistic topology (briefly 1T) on a non-empty set X is a family 7 of IS’sin X
satisfying the following axioms

1. ¢,Xer.
2. AnBer forany A Ber.

3. UA e r for an arbitrary family in 7.

In this case the pair (X,7) is called intuitionistic topological space (briefly ITS ) and the 1S sin 7 are called the

intuitionistic open setin X denoted by 1O and the complement of an 1O is called Intuitionistic closed set in
X denoted by 1C. The family of all 10 (resp. 1)C) sets in X will be denoted by | ”O(X) (resp.

19C(X).)

Definition 2.4: [5] Let (X,7) be an ITS and Ae IS(X). Then the intuitionistic interior (resp. intuitionistic
closure) of A are defined by int(A)=| J{K:K e1”0(X) and K c A} (resp. cl(A) = ﬂ{K K e 19C(X)
and Ac K})

In this study we use | ©i(A) (resp. 1c(A)) instead of int(A) (resp. cl(A)).

Definition 2.5: Let (X,7) bean ITS andan IS A in X issaid to be
1. intuitionistic regular-open [6] (briefly 1 "RO) if A= 19i(1¢c(A)) and intuitionistic regular -closed
(riefly 1 9RC)if 1C¢(1Pi(A)) = A.
2. intuitionistic pre-open [6] (briefly 1©@PO) if Ac 1i(1¢(A)) and intuitionistic pre-closed (briefly
1OPCyif 1Pc¢(1@i(A) < A
3. intuitionistic semi-open [6] (briefly 17SO)if Ac |c(1®i(A)) and intuitionistic semi-closed (briefly
19sC)yif 1Di(17¢(A) < A
4. intuitionistic @ -open [7] (briefly 1700 ) if Ac 1@i(1Pc(17i(A))) and intuitionistic ¢ -closed
riefly | 7aCyif 10c(19i(19¢(A))) < A.
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5. intuitionistic S -open [7] (briefly 1780 ) if Ac 1P¢c(1”i(1¢(A))) and intuitionistic /3 -closed
(briefly 198C)if 1P1(17c(17i(A)) < A

The family of all 1RO (resp. 1”RC, 19PO, 1PPC, 1950, 1¥sC, 1020, 1©aC,
1980 and 174C ) sets in X will be denoted by 1?RO(X) (resp. 1'”"RC(X), 1©¥PO(X),
1DPC(X), 17SO(X), 19SC(X), 1Pa0(X), 1PaC(X), 140(X) and 1©4C(X).)

Definition 2.6: [6, 7] Let (X,7) bean ITS and A bean IS(X), then
1. intuitionistic regular-interior (resp. intuitionistic pre- interior, intuitionistic semi-interior, intuitionistic ¢« -interior and
intuitionistic /3 -interior ) of A is the union of all 1®RO(X) (resp. 1VPO(X), 17SO(X),1a0(X)
and 180(X) ) contained in A, and is denoted by 1 Ri(A) (resp. 1 ?Pi(A), 1Si(A), 1Pai(A) and
19 6i(A). )
ie. I7Ri(A) = KG:G eIPRO(X)and G c A},

19OPi(A) = KG:G e1”PO(X)and G c A},

19Si(A) = | {G:G e 17SO(X)and G = A},

19qi(A) = G:G e1®aO(X)and G c A},

196i(A) = [G:G e 1¥B0O(X)and G c A}.

2. intuitionistic regular-closure (resp. intuitionistic pre-closure, intuitionistic semi-closure, intuitionistic « -closure,
intuitionistic S -closure) of A is the intersection of all |“RC(X) (resp. 1®PC(X), 1%SC(X),
1 DaC(X), 1PBC(X)) containing A, and is denoted by |“Rc(A) (resp. 17Pc(A), 1©Sc(A),
1Dac(A), 198c(A).)
ie. 1Rc(A)=[KG:Gel®RC(X)andG 2 A},
19Pc(A)=(KG:G e IPC(X)and G o A}
1S¢(A) =[G :G e 1"SC(X)and G = A},
1Pac(A) =G :G elPaC(X)and G o A},
198c(A) = KG:GelPBC(X)and G = A}.

Proposition 2.1: [7] Let A€ IS(X), then
1. 195 GA) = An1Pc(1Pi(A)).
2. 19Pi(A) = An1Pi(1P¢c(A)).
3. 195 ¢A) = AUITPi(17¢(A)).
4. 19pc(A) = AuIPc(1i(A)).
5 19Pc(19Pi(A) = 1Pi(A) U 1 Pc(17i(A)).

3. ON INTUITIONISTIC b-OPEN SETS
Here intuitionistic b -open sets is defined and its relation with existing intuitionistic sets and basic properties are studied.

Definition 3.1: A subset A of an intuitionistic topological space X is said to be
1. intuitionistic (briefly 1b0) b -opensetif Ac 1@i(17c(A)) U 1P¢c(1Pi(A)).
2. intuitionistic b -closed (briefly 1 ©@bC)setif 1Vi(1Pc(A)) N 1Vc(17i(A)) < A
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The family of all intuitionistic b -open (resp. b -closed) in X will be denoted by | “bO(X) (resp. 1”bC (X))

Remark 3.1 The complement of intuitionistic D -open sets are intuitionistic b -closed.

Theorem 3.1:
1. Every intuitionistic regular open (resp. open, semi-open, pre-open and ¢ -open) set is intuitionistic b -open.
2. Every intuitionistic b -open set is intuitionistic /3 -open.

Proof:
1. Let AelPRO(X), thisimpliesthat A= 1”i(1”c(A)) which gives
Ac 1Oi(1c(A) U 1Pc(19i(A)).

Let Ac1P0(X), thisimpliesthat A=17i(A) whichgives Ac 1”c(1”i(A)) and also
Ac 1P1(1Pc¢(A) U I Dc(1Di(A)).

Let Aec1¥SO(X), thisimpliesthat A< I“c(1®i(A)) which gives
Ac 1P1(1Pc¢(A) U I Pc(1Di(A)).

Let Ac1PPO(X), thisimpliesthat A< I?i(17¢(A)) which gives
Ac 1P1(1Pc¢(A) U I Pc(1Di(A)).

Let Ac1PaO(X), thisimpliesthat A< I?i(17¢c(17i(A))) which gives
Ac 1P1(1Pc¢(A) U I Pc(1Di(A)).
2. Let AelPbO(X), this implies that Ac1Pi(1Pc(A))uUlc(1Pi(A)), that is either
Ac 1P1(17¢(A)) or Ac 1P¢c(1i(A)), in the first case, it is direct that Aei”B0(X) and in the

other case using A < 1”c(A) implies the remaining notion.

The converse of above theorem need not be true. It can be seen in the following examples.

Example 3.1: Let X ={a,b,c} and 7 ={(X,¢, X),(X,X,8),(X,s.{a,b}), (X,0.{b}), (X,0,{b,c}),
(X, {c}.{a,b}), (X {c}.{o}), (X {a,c},{b})}. Then the IS

1. (X, {b}{c}) € 1'bO(X) but (X,{b}.{c}) ¢ | PRO(X).
2. (X, {b}{c}) € 1bO(X) but (X ,{b}.{c}) & 1 ?0S(X).
3. (X, {b,c}{a}) € 1“bO(X) but (X ,{b}{c}) ¢ | VPO(X).
4. (X {b,c},4) € 1Pb0O(X) but (X,{b}.{c}) ¢ 1 DaO(X).

Example 3.2: Let X = {a,b} and T:{(X,¢,X),(X,X,¢),(X,{a},¢)} then the 1S (X {a}{o}) € "’bO(X)
but (X, {b}.{c}) & 1°SO(X).
The following diagram shows that the relationship between | HO and some other intuitionistic sets.

1PPO

9RO ——» 10— 1950 )'mﬂ@

1950 f
A — B represents A implies B, but not conversely.
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Theorem 3.2: Let (X,7) be an ITS and {A}

JA € 19b0(X).

be any arbitrary family of members from 1©bO(X) then

ied

Proof. Let A € 1PbO(X) then A < IPc(1i(A))U1Pi(1¢(A)). Now we decompose the family into
two sub families such that B, ={K :K is a member inA and K c I1Pc¢(1”i(K))} and C, ={G:G is

amember in A and G < I ?i(1%)¢(G))} Clearly UA =(UB)w( Jc)) and we have L_JBi e 19S0(X)
and UCi e IPO(X). unionofan 17SO and 1©PO isin 1bO(X).

Corollary 3.1: Let (X,7z) be an ITS and {A}
(A €1PbC(X).

be any arbitrary family of members from 1bC(X) then

iel

Remark 3.2: The intersection of two | @bO(X) need notbe 1bO(X) as shown by the following example.

Example 3.3: Let X ={a,b,c} and 7 ={(X,4, X), (X, X,9), (X {5}, {b}), (X {o}{a,b}), (X.{o},
{b,c}), (X {c}.{a,b}), (X, {c}.{b}), (X, {a,c}, {bh)} then the IS (X ,{¢}, {a}) and (X ,{g}.{c}) are
I PbO(X) but the intersection (X ,{¢},{a,c}) isnota b -open.

Theorem 3.3: Let (X,7) bean ITS and Ac X, then
1. (1%bc(A)C = 19bi(A°).
2. (19bi(A))° = 1Pbc(A°).
Proof.
(i) Let AeIS(X) and (X,7) bean ITS. Now
1Pbc(A) = KG:G e1”bC(X) and G = A}
(17bc(A)° = [ KG:G e 1PbC(X) and G o A}
= KG®:G® e 1bO(X) and G° = A°}
(1Pbc(A))° = 1 “bi(A°).

(ii) The similar proof can be given.

Theorem 3.4 Inan ITS (X,7), foran Ae IS(X), the following are equivalent:
1. AelPbO(X).
2. A= 1OPi(A)UISi(A).
3. Ac 1@Pc(1@Pi(A)).

Proof. Let Ae IS(X) inan ITS (X,7)

(i) = (ii): Suppose that A e 1PbO(X), sothat Ac I Pc(1@i(A) U l@i(1Pc(A)). Now,
1OPI(A) U TESi(A) = (AN 111 Pc(A)) U (AN 1 Oc(1Pi(A)))
= An(191(1Pc(1Di(A))))
= A
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(if) = (iii): Consider
A=19Pi(A)UISi(A)
= 1OPiI(A) U (AN 1D (17i(A)))
c 19Pi(A) U1 Dc(17i(A))
= 19Pc(17Pi(A))
ie, AcI®Pc(1VPi(A)).

(iii)= (i): Consider
Ac 1PPc(17Pi(A))
= 19Pi(A) U1 Pe(1Pi(A))
= (AN 1Qi(1Pc(A))) U1 Pc(1Pi(A)
< 191(1Pc(A) U1 Pe(1i(A))
Ac 19i(1Pc(A) U1 Pe(1Pi(A))
ie, Ael®bO(X).
This completes the proof.
Theorem 3.5: Let A bean IS in X, then
1. 19pi(A) = 19Si(A) U 1Pi(A)
2. 1Pbc(A) = 199Sc(A) N 1 OPc(A).

Proof:
@Let AelIS(X),(X,7) bean ITS. Since 1®bi(A) e 1®@bO(X), we have,

1bi(A) < 1Pc(1@1(1@bi(A)) U 1911 Pc(1@bi(A)))
< 19c(1Di(A) U 11 Pc(A)
AN 1Pbi(A) < AN[1Pc(1Di(A) U 1@i(1Pc(A))]
=[AN 11T AN]UTANTDi(1De(A)]
= 1@Si(A) U Pi(A) (by Proposition(2.1))
1pi(A) < 1DSi(A) U1 DPI(A).
But 1Si(A) < 1¥bi(A) and 1Pi(A) < 1©bi(A), hence 1VSi(A)UIPPi(A) < 1©bi(A).
Therefore 1 @bi(A) = 19Si(A) U 1 @Pi(A).

(b) Since 1®bc(A) e 1PbC(X), we have,
1Dc(1@i(1Pbc(A) N 111 Pc(1Pbe(A))) < | Vbe(A)
Ic(191(A) A TD1(1P¢(A) < 1Pc(1Di(1Pbe(A))) N 111 Pc(1Pbe(A))) < 17be(A)
AUIPc(191(A) N 111 Pc(A) < AulPbe(A) N[AUTDi(1Pc(A)] < | Pbe(A)
19Sc(A) N 1PPc(A) < 1 @be(A).  (by Proposition(2.1))

But 1®bc(A) = 1¥Sc(A) and 1@bc(A) < 1PPc(A), hence 1@bc(A) = 1©Sc(A) N 1PPc(A).
Therefore 1 @bc(A) = 17Sc(A) U 1 PPc(A).
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