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Abstract: The concept of intuitionistic fuzzy set and intuitionistic fuzzy topological space were defined by
Atanssov. Later Coker introduced the concept of intuitionistic set and intuitionistic points. He also introduced
the concept of intuitionistic topological space and investigated basic properties of continuous function and
compactness. In a recent paper, the concept of intuitionistic £ -open, intuitionistic S-closure and intuitionistic 5-
interior in intuitionistic topological space were defined by Singaravelan. Also some basic properties of
intuitionistic S-open set were discussd. The purpose of this paper is to introduce and study the concept of
intuitionistic S-continuous functions in intuitionistic topological space and studied its relation with other
existing intuitionistic continuous functions.
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I.  Introduction

In 1986, Atanassov[4] introduced the concept of Intuitionistic fuzzy sets as a generalization of fuzzy
sets. Later in 1996, Coker [9] introduced the concept of Intuitionistic set and Intuitionistic points. This is a
discrete form of intuitionistic fuzzy sets where all the sets are crisp set. In 2000, Coker [11] also introduced the
concept of “intuitionistic topological space” and investigated basic properties of continuous functions and
compactness. In general topological space N. Levine [16] introduced semi open sets and semi continuity in
topological space and M.E. Abd El. Monsef et.al [1] introduced “B-open sets and B-continuous mapping” and
discussed some basic properties. D.Andrijevic[3] introduced and discussed some more properties of semi pre
open set in topological space. A. Csaszar[5, 6] introduced and discussed generlazied open set, y-interior and y-
closure in topological space.

Gnanambal Ilango and Selvanayaki [14], introduced generalized pre regular closed sets in intuitionistic
topological spaces. A. Singaravelan [21] introduced intuitionistic B-open set in intuitionistic topological space
which called intuitionistic semi pre open in ITS(X).

In this paper, properties of intuitionistic -continuous mappings are discussed.

Il.  Preliminaries
Let us recall some basic definitions and results which are useful for this sequel. Throughout the present study, a
space X means an intuitionistic topological space.
Definition 2.01 [9]
Let X is a non empty set. An intuitionistic set (IS for short) A is an object having the form A = < X, A, A, >,
where A; and A, are subsets of X satisfying A; N A, =¢. The set A is called the set of members of A, while A,
is called the set of non-members of A.
Definition 2.02 [9]
Let X be a non empty set and let A, B are intuitionistic sets in the form A=< X, A;, A, >, B=< X, By, B, >
respectively. Then
(a) A [ B iff Alg Bl and Bz(; Az
(b)A=Biff AcBandBc A
(C) AC =< X, Az, Al >
@ [TA=<X Ay, (A) °>
() A-B=ANBC
B o.=<X, ¢ X> X . =<X, X, $>
(g) AUB =< X, A]_U Bl, A2 N Bz >,
(h)Aﬂ B=<X,A10Bl, A2U Bz>.
Furthermore, let {A,: a.e J} be an arbitrary family of intuitionistic sets in X, where A, = < X, A, &, A, @ >,
Then
HNA=<X,NAD, UA,@ >,
() VA = <X, UA, D NA, @ >
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Definition 2.03 [11]

An intuitionistic topology (for short IT) on a non empty set X is a family of IS’s in X satisfying the following
axioms.

i) ¢, X. et

(if) Gy N G, et forany Gy, Gyer.

(iii) v G, € t for any arbitrary family {G;: G,/ aeJ}< t where (X, ) is called an intuitionistic topological
space (for short ITS(X) ) and any intuitionistic set in is called an intuitionistic open set (for short 10S) in X. The
complement A° of an 10S A is called an intuitionistic closed set (for short ICS) in X.

Definition 2.04[11] Let (X, t) be an intuitionistic topological space (for short ITS(X)) and A = < X, Ay, A, > be
an IS in X. Then the interior and closure of A are defined by
Icl (A)=N {K: Kisan ICS in X and Ac K},
lint(A) = u{G: Gisan10Sin X and G < A}.

It can be shown that Icl(A) is an ICS and lint(A) is an 10S in X and A is an ICS in X iff IcI(A) = A and is an
I0Sin X iff  lint(A) = A.

Definition 2.05[9] Let X be a non empty set and PeX. Then the IS P defined by P = < X, {p}, {p} ¢ > is called
an intuitionistic point (IP for short) in X. The intuitionistic point P is said to be contained in A=< X, A;, A, >
(i.epe A)ifandonly ifpe A; .

Definition 2.06[14]

Let (X,t) be an ITS(X). An intuitionistic set A of X is said to be

(i) Intuitionistic semiopen if Ac Icl(lint(A)).
(ii) Intuitionistic preopen if Ac lint(Icl(A)).
(iii) Intuitionistic regular open if A =lint(Icl(A)) .
(iv) Intuitionistic a-open if Ac lint(Icl(lint(A))).

The family of all intuitionistic pre open, intuitionistic regular open and intuitionistic a-open sets of (X,t) are
denoted by IPOS, IROS and 1aOS respectively.

Definition 2.07[21]

A subset A of an intuitionistic topological space X is intuitionistic 3-open set, if there exists a intuitionistic
preopen set U in X, such that U < A < Icl(U). The family of all intuitionistic 3-open sets in X will be denoted
by IBOS(X). The complement of intuitionistic 13-open set is I3-closed set.

Definition 2.08 [9,11]

Let A, Ai(ieJ)belS’sinX, B,Bj(je K)IS’sin Y and f: X — Y a function. Then

(@ Arc A= f(A) = T(AY)

(b) By B, = f(By) = f(By)

(c) A c fY(f(A)) and if f is 1-1,then A = F1(f(A)).

(d) f(F*(B)) and if f is onto, then f(f1(B)) = B.

(e) F*(UBj) = Uf (Bj).

(f) F(nBj) = Af *(B)).

(g) f(LAI) = Uf(AI).

(h) f (nAI) < Nf(Ai) and if f is 1-1,then f(nAi) = ~f(Ai).

() FY) =X G) FH9) = ¢-

(k) f(X.) =Y. If f isonto. (I) f($.) = ..

(m) If fis onto, then f(4) < f(A): and if furthermore, fis 1-1, we have f(A) < f(4).

(n) £(B) = F~1(B)

(0) B, £B, = f!(B,) = f*(By).

Definition 2.09[11] Let (X, t) and (Y, ®) be two ITS’s and let f: X — Y be a function. Then f is said to be
continuous iff the preimage of each ISin ® isan IS in .

Definition 2.10[5] Let (X, 1) and (Y, @) be two ITS’s and let f: X — Y be a function. Then f is said to be open
iff the preimage of each ISin tisan IS in ®.

Definition 2.11 Let (X, t) and (Y, ®) be two ITS’s and let f: X — Y is called intuitionistic semi continuous if
for every intuitinistic set V of Y, (V) is semi open in X .

Definition 2.12 Let (X, t) and (Y, ®) be two ITS’s and let f: X — Y is called intuitionistic regular continuous if
for every intuitinistic open set V of Y, (V) is regular open in X .

Definition 2.13 Let (X, t) and (Y, @) be two ITS’s and let f: X — Y is called intuitionistic pre continuous if for
every intuitinistic open set V of Y, (V) is pre open in X .

Definition 2.14 Let (X, 1) and (Y, @) be two ITS’s and let f: X — Y is called intuitionistic a- continuous if for
every intuitinistic open set V of Y, (V) is a- open in X .
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Definition 2.15[11] Let (X, t1) and (Y, t,) be two ITS’s on X. then 1, is said to be contained in 1, ( in symbols,
T1 C Ty), if G € 1, for each Ger;. In this case, we also say that t; is coarser than ..

Definition 2.16 [21]

Let (X,t) be an intuitionistic topological space and let A= < X, A;, A,> be the subset of X. then IB-cl(A)=N{F:
F is intuitionistic B-closed in X and AcF}.

Definition 2.17 [21]

Let (X, t) be an intuitionistic topological space and let A= < X, A;, A,> be the subset of X. then IB-int(A)=U{F:
F is intuitionistic B-open in X and FcA}.

Proposition 2.18[21] A subset A= < X, A;, A,> of an ITS(X) is intuitionistic B-open set iff Ac Icl(lint(Icl(A)))
Lemma 2.19[21] Let A and B be subsets of ITS(X), then the following results are obvious.

(i) IB-cl(X.)=X.and IB-cl(d.)=¢.

(i) If AcB, then IB-cl(A)c IB-cl(B)

(i) 1B-cl(IB-cl(A))= 1B-cl(A)

1. On Intuitionistic B-Continuous Functions
Here intuitionistic B-continuous functions is defined and its relation with existing intuitionistic continuous
functions is shown and its basic properties are given.
Definition 3.1:A mapping f: (X, 11) — (Y, 7,) is said to be intuitionistic $-continuous (briefly I3-continuous), if
the inverse image of each intuitionistic open set in Y is I3-open in X.
Theorem 3.2: Let f: (X, t1) — (Y, 1) be intuitionistic continuous, then f is I3-continuous.
Proof: Let A = < X, A;, A, > be a intuitionistic open set of Y. Since f is intuitionistic continuous, then  f(A)
is intuitionistic open in X, we know that every ituitionistic open set is Ip-open set, then  f (A) is IB-open in
X. Thus f is I3-continuous.
The converse of the above theorem need not be true from the following example.
Example 3.3 Let X = {a, b, c} =Y, 11 = {¢. X_ < X, {b}, {a c} > < X {a}, {b}>, < X, {a, b}, ¢ >} and
T2 = {9 X, <X, {c} {a b} > <X, {a}, {b,c}> <X, {ac}, {b} ¢>}.
Define f: (X, 1) — (X, 1) by f(a) = ¢, f(b) = b, f(c) = a, let A= <X, {b, c}, {a}> is IB-open set but f*(A) = < X,
{b, a}, {c}> is not a open in (X, ;). Therefore f is not continuous. However f is I 3-continuous.
Theorem 3.4: Let f: (X, t1) — (Y, 1) be intuitionistic regular continuous, then f is I 3-continuous.
Proof: Let A = < X, Ay, A, > be a intuitionistic open set of Y. Since f is intuitionistic regular continuous, then
£1(A) is intuitionistic regular open in X, as every ituitionistic regular open set is I-open, f*(A) is IB-open in
X. Thus fis IB-continuous.
The converse of the above theorem need not be true from the following example.
Example 3.5: Let X = {a, b, c}, Y = {a, b}, 11 = {0 X_ < X, {c}, {a, b} >, < X, {a}, {b, c}>, < X, {a, c}, {b}
>}and 7, = {9 X_ <X, {b}, ¢ >, < X, ¢, {a}>}.
Define f: (X, 1)) = (X, 1) by f(a) = b, f(b) = b, f(c) = a, let D= <X, {b}, ¢ > is open set and (D) is Ip-
open but not Ir-open set in (X, 11). Therefore f is not Ir-continuous. However f is I3-continuous.
Theorem 3.6: Let f: (X, 11) — (Y, 1) be intuitionistic semi continuous, then f is IB3-continuous.
Proof: Let A=< X, A;, A, > be a intuitionistic open set of Y. Since f is intuitionistic semi continuous, f(A) is
intuitionistic semi open in X, as every ituitionistic semi open set is I-open , f*(A) is IB-open in X. Thus f is
IB-continuous.
The converse of the above theorem need not be true from the following example.
Example 3.7: Let X ={a, b, c}, Y ={a, b, c}, 7y = {¢. X_ < X, {c}, {a, b} >, < X, ¢, {a, b}>, < X, ¢, {b, c} >,
<X {c} {b}> <X {ac} {b} > <X ¢ {b} >}and . = {¢. X. <X, {c}, {a b} > <X {a}, {b, c} > <X,
{a, c}, {b}>}.
Define f: (X, 1) — (X, 1) by f(a) = ¢, f(b) = a, f(c) = a, let D= < X, {a, c}, {b} > is open set and (D) is IB-
open but not 1S-open set in (X, ty). Therefore f is not IS-continuous. However f is I3-continuous.
Theorem 3.8: Let f: (X, 11) — (Y, 1,) be intuitionistic pre continuous, Then f is I3-continuous.
Proof:Let A = < X, A;, A, > be a intuitionistic open set of Y. Since f is intuitionistic pre continuous, then
f1(A) is intuitionistic pre open in X, as every ituitionistic pre open set is Ip-open , f1(A) is Ip-open in X. Thus f
is IB-continuous.
The converse of the above theorem need not be true as seen from the following example.
Example 3.9: Let X = {a, b, c}, Y = {a, b}, 11 = {o. X_ < X, {c}, {a, b} >, < X, {a}, {b, c}>, < X, {a, c}, {b}
>}and 1, = {¢. X <X, {b}, ¢ > <X, ¢, {a}> <X, {a}, {b}><X {a b}.¢>}
Define f: (X, 1) — (X, 1) by f(a) = a, f(b) = b, f(c) = b. Let D= <X, {b}, {a, c} > is open set and f*(D) is
IB-open but not IP-open set in (X, t;). Therefore f is not IP-continuous. However f is I3-continuous.
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Theorem 3.10:Let f: (X, 1) — (Y, 12) be intuitionistic a-continuous, and then f is I3-continuous.

Proof:Let A = < X, A;, A; > be an intuitionistic open set of Y. Since f is intuitionistic a-continuous, then
f1(A) is intuitionistic a-open in X, we know that every ituitionistic o-open set is I3-open set, then f*(A) is
IB-open in X. Thus fis I3-continuous.

The converse of the above theorem need not be true from the following example.

Example 3.11: Let X ={a, b, c}= Y, © ={o. X_ <X, {c}, {a, b} >, < X, ¢, {a, b}> < X, ¢, {b, c} >, <X, {c},
{b}> <X {a c} {b} > <X ¢ {b} >} and v, = {¢., X_ < X, {c}, {a, b} > <X, {a}, { b, c} > <X, {a c},
{b}>}.

Define f: (X, 1)) — (X, 1) by f(a) = &, f(b) = ¢, f(c) = c. Let D= < X, {a}, {b, c} > is open setand f*(D) is IB-
open but not Ia-open set in (X, ;). Therefore fis not la-continuous. However f is I-continuous.

Remark 3.12: The following diagram shows the relationship between the some other existing intuitionistic
continuous function.

IS-continuous

el

Ir-continuous —» I-continuous —» Iu-continuous — Ip-continuous

~ !

IP-continuous

(A — Brepresents A implies B but not conversely)

Theorem 3.13: Let f: (X, t1) — (Y, 12) be a mapping, then the following condition are equivalent

(i) f is Ip-continuous.

(if) The inverse image of intuitionistic closed set in Y is IB-closed in X.

Proof: (i) — (ii) Assume f is IB-continuous. Let A be a intuitionistic closed subset of Y, then Y-A is
intutionistic open in Y and f(Y-A) = X-f1(A), is IB-open in X, which implies that f*(A) is  Ip-closed in X.

(if) —(i): Assume, the inverse of each intuitionistic closed set in Y is IB-closed in X. Let B be an intuitionistic
open set in Y, then Y-B is a intutionistic closed set in Y, which implies f*(Y-B) = X-f(B) is Ip-closed in X.
Hence £%(B) is IB-open in X, which implies that f is I3-continuous.

Theorem 3.14: Let f: (X, t1) — (Y, 1) be a mapping, where X and Y are intuitionistic topological spaces, then
the following are equivalent.

(i) The function f is IB-continuous.

(if) The inverse image of intuitionistic closed set of Y is If3-closed set in X.

(iii) f(IB-cl(A)) < Icl(f(A)) for intuitionistic set A of X.

(iv) 1B-cl(f'(B)) c F(IcI(B)) for each intuitionistic set of Y.

Proof: (i) — (ii): Follows from theorem 3.13.

(ii)—(iii): Let A be a intuitionistic set of X. then Icl(f(A)) is intuitionistic closed in Y. By (ii) f*(IcI(f(A))) is
IB-closed in X and f(IcI(f(A))) = IB-cI(F*(ICI(f(A)))). Since Acf*(f(A)) we have IB-cl(A) < IB-cl(F (f(A)))
c IB-cI(F(IcI(f(A)) = FH(ICI(f(A)) , FIB-CI(A)) < IcI(f(A)).

(iii)—>(iv): Let B be a intuitionistic set of Y. Then by (iii) we have f(Ip-cl(f*(B))) < IcI(f(f*(B))). Hence
IB-cI(F(B)) =F*(IcI(f(F*(B)))) = F*(IcI(B)), 1B-cl(f(B)) <f(IcI(B)).

(iv)—>(i): Let B be a intuitionistic set of Y. Then B® = C is intuitionistic closed subset in Y so that Icl(C) = C.
Now by condition(iv) Ip-cl(f*(C)) < f(Icl (C)) = £1(C).That is C is intuitionistic closed, we have f*(C) > IB-
cl(f*(C)) = (IB-int(F*(C%))°. Hence f'(C)° is IB-open in X. That is f'(c) is IB-closed. Therefore f is
IB-continuous.

Theorem 3.15: Let f: (X, 11) — (Y, 1) be a mapping, where X and Y are intuitionistic topological spaces, and
then the followings are equivalent.

(@ The function f is IB-continuous.

(b) For each subset A of Y, (F*(lint(A)) < IB-int (F1(A))

Proof: (a) = (b). Let A =< X, A, A, > be any intuitionistic set of Y, lint(A) is open set in Y and f(lint(A) is a
IB-open set in X. since f is Ip-continuous. As f*(lint(A)) < F1(A), and f'(lint(A) < 1B-int((F*(A)).

(b) = (c) Let A be any intuitionistic open subset of Y, so that lint(A) = A. By condition
F1(lint(A) < IB-int((F'(A)) = F1(A) = Fi(lint(A) < IB-int((FY(A)) = F1(A) < IB-int((F(A))

Hence (A) is I3-open, where A is intuitionistic open in Y. Therefore f is Ip-continuous.
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Theorem 3.16: Let f: (X, t;) — (Y, 1) be a single valued function, where X and Y are intuitionistic topological

space s, then the followings are equivalent.

(i) The function f is I3-continuous.

(if) For each point p.eX and each intuitionistic open set V in Y with f(p.) €V, there is a I3-open set U in X.
such that p.eU, f(U)cV.

Proof: (i) — (ii) Assume f: X — Y is a single valued function, where X and Y is ITS(X). Let f (p.) €V and

VcY and intuitionistic open set, then p_ef'(V)e IB-open set of X. Since f is IB-continuous, let U= f(V), then

p.eUand f(U) c V.

(ii)—>(i): Let V be a intuitionistic open set in Y and p.ef*(V), then f(p.) €V, there exists a U,-<IB-open set of

X, such that p_eU,. and f(U,.) < V. then p_eU,.c f'(V) and f'(V) = U U,. by theorem every intuitionistic

continuous function is IB-continuous function. Therefore (V) is intuitionistic -open set in X. therefore f is Ip-

continuous function.
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