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I.  Introduction
Intuitionistic fuzzy set is introduced by Atanassov in 1986. Using the notion of intuitionistic fuzzy sets,
Coker [1997] has constructed the basic concepts of intuitionistic fuzzy topological spaces. The concept of b*
closed sets and b* continuous mappings in intuitionistic fuzzy topological spaces are introduced by
Gomathi and Jayanthi (2018). In this chapter we have introduced two types of b* continuous mappings namely
intuitionistic fuzzy almost b* continuous mappings and intuitionistic fuzzy almost contra b* continuous
mappings. Also we have provided some interesting results based on these continuous mappings.

Il. Preliminaries

Definition 2.1: [Atanassov 1986] An intuitionistic fuzzy set(IFS) A is an object having the form A= {(x, Ha(X),
va(X)): x € X},where the functions pa: X — [0, 1] and va: X —[0,1] denote the degree of membership and the
degree of non-membership of each element x € X to the set A respectively , and 0< pa(x) + va(x) <1 for each x
€ X. Denote by IFS(X) , the set of all intuitionistic fuzzy sets in X. An IFS of A in X is simply denoted by A =
(X, Ma, va) instead of denoting A = {(X, Ma(X), va(X)): X € X}.
Definition 2.2: [Atanassov 1986] Let A and B be two IFSs of the form A = {(X, Ha(X), va(X)): X € X} and B =
{(X, Ma(X), va(X)): X € X}. Then the following properties hold:

i. ACB ifand only if pa(x) < pg(x) and va(x) > vg(x) for all x € X,

ii. A=Bifandonlyif A< B and A2 B,
iii. A= {(X, ua(x), va(X) ) : x € X},
iv. A UB={(X, Ha(X) VHB(X), VA(X)A vB(X) ): X € X},

V. ANB={(x Ha(X) A Ha(x), va(X) V vg(X)) : X € X}.
The IFSs 0= (x, 0, 1) and 1= ( X, 1, 0) are respectively the empty set and whole set of X.

Definition 2.3: [Coker, 1997] An intuitionistic fuzzy topology (IFT) on X is a family t of IFSs in X satisfying
the following axioms:
i. 0,1. €

ii. GiNG,€tforany Gy, G, €1
iii. UGje tforany{G;:i€lJ}cr.

In this case the pair (X, 1) is called the intuitionistic fuzzy topological space (IFTS) and any IFS in t is
known as an intuitionistic fuzzy open set (IFOS) in X. Then the complement A® of an IFOS A in an IFTS (X, 1)
is called an intuitionistic fuzzy closed set (IFCS) in X.

Definition 2.4: [Coker, 1997] Let (X, t) be an IFTS and A = (X, P, va) be an IFS in X. Then the intuitionistic
fuzzy interior and intuitionistic fuzzy closure are defined by
int(A) = U {G/G isan IFOS in X and G €A},
cl(A) =n {K/Kisan IFCSin X and A € K}.
Definition 2.5: [Gurcay, Coker and Hayder, 1997] An IFS A = (X, Ha, va) inan IFTS (X, 1) is said to be an
)] intuitionistic fuzzy semi closed set if int(cl(A)) € A
i) intuitionistic fuzzy pre closed set if cl(int(A)) € A
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iii) intuitionistic fuzzy regular closed set if cl(int(A)) = A

iV) intuitionistic fuzzy a closed set if cl(int(cl(A))) € A

V) intuitionistic fuzzy B closed set if int(cl(int(A))) € A

Definition 2.6: [Hanafy, 2009] An IFS A=(X, Ha, va) in an IFTS (X, 1) is said to be an intuitionistic fuzzy y
closed set if int(cl(A)) n cl(int(A)) € A.

Definition 2.7: [Gomathi and Jayanthi, 2018] An IFS A = (X, HUa, va) in an IFTS (X, 1) is said to be an
intuitionistic fuzzy b* closed set (IFb*CS) if int(cl(A)) n cl(int(A)) = A.

Definition 2.8: [Coker, 1997] Let X and Y be two non empty sets and f: X =Y be a mapping. If B = {(y, us(y),
ve(y) /'y € Y)}isan IFS in Y, then the preimage of B under f is denoted and defined by (B)= {{ x, f*(ug)(X),
f(vg)(X) / x € X ) }, Where f* (ug)(x) = pg(f(x)) for every x € X.

Definition 2.9: [Gurcay, Coker and Hayder, 1997] Let f be a mapping from an IFTS (X, 1) into an IFTS (Y, o).
Then f said to be an intuitionistic fuzzy continuous mapping if f'(V) is an IFCS in (X, 1) for every IFCS V of
(Y, o).

Definition 2.10: [Gomathi and Jayanthi, 2018] Let f be a mapping from an IFTS (X, 1) into an IFTS (Y, o).
Then f is said to be an

i) intuitionistic fuzzy b* continuous mapping if f* (V) is an IFb*CS in (X, 1) for every IFCS V of (Y, o).
ii) intuitionistic fuzzy contra b* continuous mapping if f* (V) is an IFb”CS in (X, 1) for every IFOS V of
(Y, o).

Definition 2.11: [Coker and Demirci, 1995] Intuitionistic fuzzy point (IFP), written as p, g, is defined to be an
IFS of X given by p(,, p(X) = {((%’f)) Dt‘}{e’r‘;ie
Definition 2.12: [Thakur and Rekha Chaturvedi, 2008] Two IFSs A and B are said to be g-coincident (A 4 B) if
and only if there exist an element x € X such that pa(x) > ve(x) or va(X) < Ug(X).

Definition 2.13: [Seok Jong Lee and Eun Pyo Lee, 2000] Let p, g be an IFP in (X, 7). An IFS A of X is called
an intuitionistic fuzzy neighbourhood of p, g, if there exist an IFOS B in X such that p, 5 € B € A.

. An IFP p(, p) is said to belong to a set A if o< pa and f > va.

I11. Almost b* continuous mappings in intuitionistic fuzzy topological spaces
In this chapter we have introduced and investigated intuitionistic fuzzy almost b* continuous mappings,

intuitionistic fuzzy almost contra b* continuous mappings, intuitionistic fuzzy T, space and intuitionistic
fuzzy T, space. We have provided many interesting results using these spaces.
Definition 3.1: If every IFb*CS is an IFCS in (X, 1), then the space is called as an intuitionistic fuzzy T .

space (IFT . space).
Example 3.2: Let X={a, b} and then T = {0., G;, G, 1.} is an IFT on X, where, G; = (X, (0.2, 0.3p), (0.7,
0.6y)) and G, = (x, (0.7, 0.6y), (0.25, 0.3p)). Then (X, t)isan IF T . space.

Definition 3.3: If every IFCS is an IFb*CS in (X, 1), then the space is called as an intuitionistic fuzzy T y¢ space

(IFT .+ space).
Example 3.4: Let X = {a, b} and then T = {0., Gy, G, 1.} is an IFT on X, where, G; = (X, (0.2, 0.3p), (0.7,
0.6y)) and G, = (x, (0.7, 0.6y), (0.2, 0.3p)). Then (X, t) is an IFT ; space.

Definition 3.5: A mapping f: (X, 7) = (Y, ¢) is called an intuitionistic fuzzy almost b* continuous mapping if f
L(V)isan IFb*CS in (X, 7) for every IFRCS V of (Y, o).

Example 3.6: Let X = {a, b}, Y = {u, v}.Then 1= {0-, Gy, G,, 1.} and 6 = {0-, G3,G4,1-} are IFT on X and Y
respectively, where,G; = (X, (0.2, 0.3p), (0.7,, 0.6p)), G2 = (X, (0.7,, 0.6y), (0.2,, 0.3,)),G3 = (y, (0.7, 0.6,), (0.2,
0.3,)) and G4 = (y, (0.2, 0.3,), (0.7, 0.6,)). Define a mapping f: (X, 1) = (Y, o) by f(a) = u and f(b) = v. Then
is an intuitionistic fuzzy b* continuous mapping.

Proposition 3.7: A mapping f: (X, 1) = (Y, o) is an intuitionistic fuzzy almost b” continuous mapping if and
only if the inverse image of each IFROS in Y is an IFb*OS in X.

Proof: Straight forward.

Proposition 3.8: If f: (X, t) — (Y, o) is an intuitionistic fuzzy almost b* continuous mapping, then for each IFP
P, p) Of X and each A € o such that f(p(,, 4)) € A, there exists an IFb*OS B of X such that P, p) € Band
f(B) c A.

Proof: Let p,, gy be an IFP of X and A € o such that  f(p(,, 5)) € A, then p(,, 4y € f(A). Put B =f*(A).
Then by hypothesis, B is an IFb*OS in X such that p(,, 5 € B and f(B) = f(f (A)) c A.
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Proposition 3.9: If f: (X, 1) = (Y, o) is an intuitionistic fuzzy almost b* continuous mapping then for each IFP
P, p)Of X and each A € o such that f(p(,, 4))¢A, there exists an IFb*0S B of X such that (P(«, p))q B and
f(B)c A.

Proof: Let p,, pybe an IFP of X and A € o such that f(p(,, 5))eA. Then pee, gyq T (A) put B = f *(A). Then
by hypothesis, B is an IFb*OS in X such that P(a, p)qB and f(B) = f(f A) cA.

Proposition 3.10: Let f: (X, 1) - (Y, o) be an intuitionistic fuzzy almost b* continuous mapping, then
Y(int(cl(B))) < cl(int(f *(cl(B))))u int(cl((f *(cI(B)))) for every IFS B in Y.

Proof: Let B be any IFS in Y. Then int(cl(B)) is an IFROS in Y. By hypothesis f *(int(cl(B))) is an IFb*OS in
X. Since every IFb*0S is an IFbOS, f'(int(cl(B))) is an IFb OS in X. Therefore f “(int(cl(B))) < cl(int(f -
Y(int(cl(B))))) U int(cl(f *(int(cl(B))))) < cl(int(f *(cI(B)))) U int(cl(f *(cI(B)))).

Proposition 3.11: Let f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost b* continuous mapping, then cl(int(f -
Y(int(B)))) n int(cl(f *(int(B)))) < f *(cl(int(B))) for each IFRCS B of .

Proof: Let B be any IFS in Y. Then cl(int(B)) is an IFRCS in Y. By hypothesis f *(cl(int(B))) is an IFb*CS in X.
Since every IFb* CS is an IFbCS, f *(cl(int(B))) is an IFbCS in X. Therefore cl(int(f*(int(B))))nint(cl(f
Y(int(B)))) € cl(int(f*(cl(int(B))))) nint(cl(f(cl(int(B))))) < F(cl(int(B))).

Proposition 3.12: Let f: (X, 1) = (Y, o) be an mapping, where X is an IFT .+ space. If fis an intuitionistic
fuzzy almost b* continuous mapping, then (int(cl(f*(B))) n cl(int(f'(B))) < f*(cl(B) for every IFRCS B in Y.
Proof: LetB S Y be an IFRCS. By hypothesis, f*(B) is an IFb* CS in X. Since every IFb*CS is an IFCS in X
as Xisan IFT ., space, f(B) is an IFCS in X. Therefore cI(f*(B) = f*(B). Now (int(cl(f*(B))) n cl(int(f*(B)))
c £(B) u (int(cl(f(B))) n cl(int(f*(B))) < cl(f*(B) = f*(B) < f'(cI(B). Hence (int(cl(F'(B))) N cl(int(F'(B)))
c f(cI(B).

Proposition 3.13: Let f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost b* continuous mapping, where X is an
IFT .« space, then for each IFP p(,, gy in X and each IFROS A in Y such that f(p(,, 5)) € A, int(F*(cl(A))) is
an intuitionistic fuzzy neighbourhood of p(,, 4y in X.

Proof: Let p, ) € X and let A be an IFROS in Y such that f(p(,, 4)) € A P, ) € f1(A). By hypothesis f
'(A) is an IFb* OS in X. Since X is an IFT . space, f*(A) is an IFOS in X. Now p(,, 4y € F'(A) = int(f *(A))
C int(F'(cl(A))). Hence intf*(cl(A)) is an intuitionistic fuzzy neighbourhood of P(a, py IN X

Proposition 3.14: Let f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost b* continuous mapping, where X is an
IFT ,+ space. Then cl(f'(A)) € f*(cl(A)) for every IFSOS Ain Y.

Proof: Let f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost b” continuous mapping and let A be an IFSOS in
Y. Then A < cl(int(A)). Now, cl(A) < cl(cl(int(A))) < cl(int(cl(A))) < cl(cl(A)) € cl(A). Therefore cl(A) =
cl(int(cl(A))). This implies cl(A) is an IFRCS in Y. By hypothesis, f*(cl(A)) is an IFb*CS in X. Since every

IFb*CS is an IFCS in X as X is an IFT .+ space, f1(cl(A)) is an IFCS in X. Therefore cl(f'(cl(A))) = f
Y(cl(A)). Now, cI(F1(A)) S cl(f (cl(A))) = F(cI(A)). Thus cl(F1(A)) < fi(cl(A)).

Proposition 3.15: Let f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost b* continuous mapping, where X is an
IFT ,+ space. Then f*(A) < int(f*(int(cl(A)))) for every IFPOS Ain Y.

Proof: Let f: (X, 1) — (Y, o) be an intuitionistic fuzzy almost b* continuous mapping and let A be an IFPOS in
Y. Then A <€ int(cl(A)) . Since int(cl(A)) is an IFROS in Y , by hypothesis, f* (int(cl(A))) is an IFb*OS in X.
Since every IFb*OS is an IFOS in X as X isan IFT . space, f* (int(cl(A))) is an IFOS in X. Therefore f* (A) €
£1(int(cl(A))) = int(F*(int(cl(A)))).

Proposition 3.16: Let f: (X, 1) — (Y, o) be an intuitionistic fuzzy almost b* continuous mapping then f*(int(B))
C int(F(B)) for every IFS B in Y where X is an IFT .+ space.

Proof: Let f be an intuitionistic fuzzy almost b* continuous mapping. Let B be an IFROS in Y. By hypothesis f
'(B) is an IFb*0S in X. Since every IFb” OS is an IFOS in X as X is an IFT . space, f* (B) is an IFOS in X.
Therefore f(int(B)) < f*(B) = int(f*(B)).

Proposition 3.17: Let f: (X, 1) = (Y, ©) be a mapping where X is an IFT . space. If f*(int(B)) € int(f*(B)) for
every IFS B in Y, then f is an intuitionistic fuzzy almost b* continuous mapping.

Proof: Let B be an IFROS. By hypothesis, f*(int(B)) < int(f*(B)) . Since B is an IFROS, it is an IFOS in Y.
Therefore int(B) = B. Hence f*(B) = f(int(B)) < int(f*(B)) < f*(B). This implies f*(B) is an IFOS in X and
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hence f*(B) is an IFb*0OS in X as X is an IFT , space. Thus f is an intuitionistic fuzzy almost b* continuous

mapping.

Proposition 3.18: Let f: (X, 1) - (Y, ©) be a mapping where X is an IFT , space. If cl(F(B)) < (F'(cI(B)) for
every IFS B in Y, then f is an intuitionistic fuzzy almost b* continuous mapping.

Proof: Let B be an IFRCS. By hypothesis, cl(f'(B)) < f*(cI(B)). Since B is an IFRCS, it is an IFCS in Y.
Therefore cl(B) = B. Hence f(B) = f(cl(B)) 2 cl(f*(B)) 2 f*(B). This implies f!(B) is an IFCS in X and hence
f1(B) isan IFb* CS in X as X isan IFT , Space. Thus f is an intuitionistic fuzzy almost b* continuous mapping.

Definition 3.19: A mapping f: (X, 7) = (Y, o) is called an intuitionistic fuzzy almost contra b* continuous
mapping if (V) isan IFb*CS in (X, 7) for every IFROS V of (Y, o).

Example 3.20: Let X = {a, b}, Y = {u, v}. Then t = {0-, G;, G, 1.} and 6 = {0-, G3, G4 1.} are IFTs on X and
Y respectively, where, G; = (X, (0.7, 0.6p), (0.24, 0.3p)),G, = (X, (0.2, 0.3p), (0.7,, 0.6p)) , G3 = (y, (0.7, 0.6,),
(0.2, 0.3,)) and G4 = (y, (0.2, 0.3,), (0.7, 0.6,)). Define a mapping f: (X, t) = (Y, 6) by f(a) = u and f(b) = v.
Then f is an intuitionistic fuzzy almost contra b* continuous mapping.

Proposition 3.21: Let f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost contra b* continuous mapping. Then
for every IFRCS Ain Y and for every IFP p(,, gy € X, if f(pa, py) g Athen pe, )4 bint(f'l(A)).

Proof: Let f be an intuitionistic fuzzy almost contra b* continuous mapping. Let A = Y be an IFRCS and let
Pea, p) € X. Also let f(p,, ) o A, then p, 4y o F(A). By hypothesis, f*(A) is an IFb*OS in X. Since every
IFb* OS is an IFbOS, f *(A) is an IFbOS in X. Hence bint(f*(A)) = F(A) and p(,, ) int(F*(A)).

Proposition 3.22: If f: (X, 1) = (Y, o) is an intuitionistic fuzzy almost contra b* continuous mapping
Y(bel(int(B))) < bint(f*(cl(int(B)))) for every IFSB in Y.

Proof: Let B < Y be an IFS. Then cl(int(B)) is an IFRCS in Y. By hypothesis, f*(cl(int(B))) is an IFb* OS in X.
Since every IFb* OS is an IFbOS, f(cl(int(B))) is an IFb OS in X. Therefore f*(bcl(int(B))) < f(cl(int(B))) =
bint(f*(cl(int(B))).

Proposition 3.23: If f: (X, 1) = (Y, o) be an intuitionistic fuzzy almost contra b* continuous mapping, then for
each IFP p(,, 4y € X and for each IFRCS B containing f(p,, g)), there exists an IFbOS A ¢ Xand p(,, 4y € A
such that A c f*(B).

Proof: Let B be an IFRCS in Y. Let py,, gy be an IFP in X such that f(p(,, p)) € B. Then p, 5y € Fi(f
(P, p)) € F(B). By hypothesis f*(B) is an IFb*OS in X. Since every IFb*OS is an IFb OS, f*(B) is an IFbOS
in X. Now, let A = bint(f*(B)) < f*(B). Therefore Ac f(B).

Proposition 3.24: Let f:(X, 1) = (Y, o) be an intuitionistic fuzzy almost contra b* continuous mapping, then f
Yel(int(B))) 2 cl(int(f *(int(B))))u int(cl((f “(int(B)))) for every IFSBin Y.

Proof: Let B be any IFS in Y. Then cl(int(B)) is an IFRCS in Y. By hypothesis f *(cl(int(B)) is an IFb*OS in X.
Since every IFb*OS is an IFbOS, f(cl(int(B)) is an IFbOS in X. Therefore f *(cl(int(B)) 2 cl(int(f -
Yel(int(B))))u int(cl(f (cl(int(B))))) 2 cl(int(f *(int(B)))) U int(cl(f *(int(B)))).

Proposition 3.25: Let f:(X, 1) = (Y, o) be an intuitionistic fuzzy almost contra b* continuous mapping, then
cl(int(f *(cI(B)))) n int(cl(f *(cI(B)))) < f *(int(cl(B))) for each IFS B of Y.

Proof: Let B be any IFS in Y. Then int(cl(B)) is an IFROS in Y. By hypothesis f (int(cl(B))) is an IFb"CS in
X. Since every IFb?CS is an IFbCS, f(int(cl(B))) is an IFbCS in X. Therefore cl(int(f*(cl(B))))nint(cl(f
Y(cl(B)))) € cl(int(F (int(cI(B))))) N int(cl(F*(int(cl(B))))) < F(int(cl(B))).

Proposition 3.26: If f: (X, 1) = (Y, o) is an intuitionistic fuzzy almost contra b* continuous mapping, where X
isan IFT . space, then the following conditions hold:
i) cl(f *(B)) < f (int(cl(B))) for every IFROS in Y.

i) £ (cl(int(B)) <int(f (B)) for every IFRCS in Y.

Proof: (i) Let B € Y be an IFROS. By, hypothesis f*(B) is an IFb*CS in X. Since every IFb*CS is an IFCS in X
as X is an IFT . space, f(B) is an IFCS in X. This implies
cl(f *(B)) = f *(B)= f *(int(B)) c f *(int(cl(B))).

(ii) Let B € Y be an IFRCS. By hypothesis, f*(B) is an IFb*0S in X. Since every IFb*OS is an IFOS in X as X
is an IFT . space, £1(B) is an IFOS in X. This implies

int(f 2(B)) = f “(B) = f *(cI(B)) o f *cl(int(B)) .
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