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1. INTRODUCTION

The concept of fuzzy sets was introduced by Zadeh [26]. Using the concept
of fuzzy set Chang [2] introduced the concept of fuzzy topological spaces.

In 1986, Atanassov [1] introduced the concept of intuitionistic fuzzy sets as a
generalization of fuzzy setss. In 1997, Coker [5] introduced the concepts of intuition-
istic fuzzy topological spaces as a generalization of fuzzy topological spaces. After
the introduction of intuitionistic fuzzy topology by Coker [5], many mathematicians
such as Eom and Lee [7], Hanafy [9, 10], Jeon [11], Coker and his associates [8, 3, 24],
Thakur and his associates [17, 18, 19, 20, 21, 22] and Lupianez [13, 14, 15, 16] have
been extended various fuzzy topological concepts in intuitionistic fuzzy topology.

In the present paper, we introduced the concept of intuitionistic fuzzy semi
d-preopen sets and intuitionistic fuzzy semi d-precontinuous mappings and study
some of the basic properties.
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2. PRELIMINARIES

This section contains some basic denitions and preliminary results which will
be needed in the sequel.

Definition 2.1. [1] Let X be a nonempty xed set. An intuitionistic fuzzy set A is
an object having the form A = {< z,pa(x),va(x) >: x € X} where the functions
pa:X = I and vy : X — I denote the degree of membership namely pa(x) and
the degree of nonmembership (namely va(x)) of each element x € X to the set A,
respectively, and 0 < pa(z) +va(z) <1 for each z € X.

Obviously, every fuzzy set A on a nonempty set X is an intuitionistic fuzzy
set having the form A = {< z,pa(x),1 — pa(z) >z € X}.

For the basic properties of intuitionistic fuzzy set the reader should refer
[1, 5].

Definition 2.2. [5] Let X and Y be two nonempty sets and f : X — Y be a
mapping.
(a): If B={<y,us(y),ve(y) >y € Y} is an intuitionistic fuzzy sets in'Y,
then the pereimage of B under f denoted and defined by
fHB) ={< fHpp) (@), fH(vp)(z) : x € X}
(b): If A = {z,< pa(z),va(z) > x € X} is an intuitionistic fuzzy sets in
X, then the image of A under f denoted and defined by
FA) ={<y, f(ra)y), f-(va)ly) :y € Y}

where
-1
f(m(y):{gumef1<y>u,4<x>, ) #0 .
) otherwise,

and

J -1
f—<VA><y>=1—f(1—uA><y>={Zl"fwf-wym(x), WA,

’ otherwise.

Definition 2.3. [5] An intuitionistic fuzzy topology on a nonempty set X is a
family T of intuitionistic fuzzy sets in X satisfy the following axioms:

(a): 0,1 €,

(b): G1 NGy €7 for any G1,G3 € T,

(c): UG; € 7 for any arbitrary family {G; :i € j} C 7.

In this case the pair (X, 7) is called an intuitionistic fuzzy topological space
and each intuitionistic fuzzy set in 7 is known as an intuitionistic fuzzy open set in
X.

Definition 2.4. [5] The Complement of A° of an intuitionistic fuzzy open set A is
an intuitionistic fuzzy topological space (X, T) is called an intuitionistic fuzzy closed
set in X.
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Definition 2.5. [5] Let (X, 7) be an intuitionistic fuzzy topological space and let
A=<z, pa(z),va(x) > be an intuitionistic fuzzy set in X. Then the intuitionistic
fuzzy interior and intuitionistic fuzzy closure of A are dened by

int(A) =U{ G | G is an intuitionistic fuzzy open set in X and G C A},

c(A) =n{ K| K is an intuitionistic fuzzy closed set in X and A C K}.

Definition 2.6. [4] Let a, 8 € [0,1] and 0 < a4+ B < 1. An intuitionistic fuzzy
point x(q gy of X is an intuitionistic fuzzy set in X defined by

_ ((Jé,ﬁ) ify==
x(aﬁ) (y) - {(O7 1) ny 7& z (3)

Definition 2.7. [4] Let x( ) be an intuitionistic fuzzy point in X and A =<
X, pa,va > is an intuitionistic fuzzy set in X. Then x(q,5) € A if and only if
a Cpua(x) and 1 —x1_g > va, or equivalently, « C pa(x) and f 2 va(z).

Definition 2.8. [4] Two intuitionistic fuzzy set A and B of X said to be g-
coincident (denoted by A,B) if and only if there exists an element x € X such
that pa(x) > vp(z) orva(z) < pp(x).

Lemma 2.9. [4] For any two intuitionistic fuzzy sets A and B of X.
1(A,B) & A C B-.

Definition 2.10. [8] An intuitionistic fuzzy set A of an intuitionistic fuzzy topo-
logical space (X, ) is called intuitionistic fuzzy regular open set if A = int(cl(A)).

The family of all intuitionistic fuzzy regular open sets of an intuitionistic
fuzzy topological space (X, 7) is denoted by TFRO(X).

Definition 2.11. [8] An intuitionistic fuzzy set A in an intuitionistic fuzzy topo-
logical space (X, 1) is called intuitionistic fuzzy intuitionistic fuzzy regular closed if

A€ € IFRO(X).

Remark 2.12. [8] Every intuitionistic fuzzy reqular open (resp. intuitionistic fuzzy
regular closed) set is intuitionistic fuzzy open (resp. intuitionistic fuzzy closed)

Definition 2.13. [25] The d-interior (denoted by dint) of an intuitionistic fuzzy set
A of an intuitionistic fuzzy topological space (X, T) is the union of all intuitionistic
fuzzy regular open sets contained in A.
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Definition 2.14. [25] The d-closure (denoted by dcl) of an intuitionistic fuzzy
set A of an intuitionistic fuzzy topological space (X,T) is the intersection of all
intuitionistic fuzzy regular closed sets containing A.

Definition 2.15. [25] An intuitionistic fuzzy set A of an intuitionistic fuzzy topo-
logical space (X, T) is called intuitionistic fuzzy d-open if A = dint(A). The com-
plement of intuitionistic fuzzy d-open set is called intuitionistic fuzzy §-closed.

Definition 2.16. An intuitionistic fuzzy set A of an intuitionistic fuzzy topological
space (X, ) is called:

(a): intuitionistic fuzzy semiopen if A C cl(int(A)). [8]

(b): intuitionistic fuzzy preopen if A C int(cl(A)). [8]

(c): intuitionistic fuzzy a-open if A C int(cl(int(A))). [8]

(d): intuitionistic fuzzy semi preopen if there exists an intuitionistic fuzzy

preopen set O in X such that O C A C (cl(O)). [12]

(e): intuitionistic fuzzy §-preopen if A C int(dcl(A)). [25]

(£): intuitionistic fuzzy §-semiopen) if A C cl(dint(A)). [25]

(g): intuitionistic fuzzy y-open if A C cl(int(A)) Uint(cl(A)). [10]

The family of all intuitionistic fuzzy semiopen (resp. intuitionistic fuzzy pre-
open, intuitionistic fuzzy a-open, intuitionistic fuzzy semi preopen, intuitionistic
fuzzy d-preopen, intuitionistic fuzzy d-semiopen, intuitionistic fuzzy y-open) sets
of an intuitionistic fuzzy topological space (X, 7) is denoted by IFSO(X) (resp.
IFPO(X),IFaO(X),IFSPO(X),IF6PO(X),IFSO(X),[FyO(X)).

Definition 2.17. An intuitionistic fuzzy set A in an intuitionistic fuzzy topological
space (X, T) is called intuitionistic fuzzy intuitionistic fuzzy semiclosed (resp. intu-
itionistic fuzzy preclosed, intuitionistic fuzzy a-closed, intuitionistic fuzzy semi pre-
closed, intuitionistic fuzzy d-preclosed, intuitionistic fuzzy d-semiclosed, intuition-
istic fuzzy y-closed) if A® € IFSO(X) (resp. IFPO(X),[FaO(X),IFSPO(X),
IFSPO(X),IF5SO(X), IFyO(X)).

Remark 2.18. [6] Every intuitionistic fuzzy d-open (resp. intuitionistic fuzzy 0-
closed) set is intuitionistic fuzzy open (resp. intuitionistic fuzzy closed) but the
converse may not be true.

Remark 2.19. [8] Every intuitionistic fuzzy open (resp. intuitionistic fuzzy closed)
set is intuitionistic fuzzy a-open (resp. intuitionistic fuzzy a-closed), and every
intuitionistic fuzzy a-open (resp. intuitionistic fuzzy a-closed) set is intuitionistic
fuzzy semiopen (resp. intuitionistic fuzzy semiclosed) as well as intuitionistic fuzzy
preopen (resp. intuitionistic fuzzy preclosed). But the separate converses may not
be true.
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Remark 2.20. [12] Every intuitionistic fuzzy semiopen (resp. intuitionistic fuzzy
semiclosed) set and every intuitionistic fuzzy preopen (resp. intuitionistic fuzzy
preclosed) set is intuitionistic fuzzy semi-preopen (resp. intuitionistic fuzzy semi-
preclosed). But the separate converses may not be true.

Remark 2.21. [23] Every intuitionistic fuzzy preopen (resp. intuitionistic fuzzy
preclosed) set is intuitionistic fuzzy §-preopen (resp. intuitionistic fuzzy d-preclosed)
but the converse may not be true.

Remark 2.22. [10] Every intuitionistic fuzzy semiopen (resp. intuitionistic fuzzy
preopen) set is intuitionistic fuzzy y-open and intuitionistic fuzzy -y-open set is
intuitionistic fuzzy semi-preopen but the separate converses may not be true.

Definition 2.23. [25] The d-pre interior of an intuitionistic fuzzy set A of an
intuitionistic fuzzy topological space (X, T) is the union of all intuitionistic fuzzy
d-pre open sets contained in A and it is denoted by opint(A)).

Definition 2.24. [25] The é-pre closure of an intuitionistic fuzzy set A of an
intuitionistic fuzzy topological space (X, T) is the intersection of all intuitionistic
fuzzy 0-pre closed sets which contain A and it is denoted by dpcl(A)).

Remark 2.25. [25] If A be an intuitionistic fuzzy set in (X, T) then A C dpcl(A) C
cl(A).

Definition 2.26. A mapping f: (X,7) = (Y,0) is called:
(a): intuitionistic fuzzy semi continuous if f~1(A) € IFSO(X) for each open

set A of Y. [8]

(b): intuitionistic fuzzy pre continuous if f~1(A) € IFPO(X) for each open
set A of Y. [§]

(c): intuitionistic fuzzy a-continuous if f~*(A) € IFaO(X) for each open
set A of Y. [11]

(d): intuitionistic fuzzy semi pre continuous if f~*(A) € IFSPO(X) for each
open set A of Y. [12]

(e): intuitionistic fuzzy §-pre continuous if f~1(A) € IFSPO(X) for each
open set A of Y. [23]

(g): intuitionistic fuzzy ~y-continuous if f~1(A) € IFyO(X) for every intu-
itionistic fuzzy set A € IFyO(Y). [10]

Remark 2.27. [8] Every intuitionistic fuzzy continuous mappings is intustionistic
fuzzy a-continuous, Every intuitionistic fuzzy a-continuous mapping is intuition-
istic fuzzy semi continuous and intuitionistic fuzzy pre continuous and every intu-
itionistic fuzzy semi continuous (resp. intuitionistic fuzzy pre continuous) mapping
is intuitionistic fuzzy semi pre continuous. But the converse may not be true.
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Remark 2.28. [10] Every intuitionistic fuzzy semi continuous (resp. intuitionistic
fuzzy pre continuous) mapping is intuitionistic fuzzy y-continuous and intuitionis-
tic fuzzy y-continuous mapping is intuitionistic fuzzy semi pre continuous but the
separate converses may not be true.

Remark 2.29. [23] Every intuitionistic fuzzy pre continuous mapping is intuition-
istic fuzzy §-pre continuous but the converse may not be true.

Remark 2.30. [11] The concepts of intuitionistic fuzzy semi continuous and intu-
itionistic fuzzy pre continuous mappings are independent.

3. INTUITIONISTIC FUZZY SEMI -PREOPEN SETS

In this section, we introduce the concept of intuitionistic fuzzy semi §-preopen
set and study some of their properties in intuitionistic fuzzy topological spaces.

Definition 3.1. An Intuitionistic fuzzy set A in an intuitionistic fuzzy topological
space (X, ) is called:

(a): intuitionistic fuzzy semi d-preopen if there exists an intuitionistic fuzzy
d-preopen set O such that O C A C 6cl(O).

(b): intuitionistic fuzzy semi d-preclosed if there exists an intuitionistic fuzzy
d-preclosed set F' such that dint(F) C ACF.

The family of all intuitionistic fuzzy semi d-preopen (resp. intuitionistic fuzzy
semi d-preclosed) sets of an intuitionistic fuzzy topological space (X, 7) is denoted
by IFSSPO(X) (resp. IFSSPC(X)).

Remark 3.2. Every intuitionistic fuzzy d-semiopen (resp. intuitionistic fuzzy -
semiclosed)set is intuitionistic fuzzy semiopen (resp. intuitionistic fuzzy semiclosed)
but the converse may not be true.

Example 3.3. Let X = {a,b} and intuitionistic fuzzy sets A, B,O are defined as
follows:

A=1{<a,03,0.7>,<b,04,06 >}
B ={<a,0.4,0.6 >,<b,0.3,0.7 >}
O ={<a,05,05>,<b,0.6,04 >}

let 7 = {0, A, B,AUB, ANB, 1} be the intuitionistic fuzzy topology on (X, 7). Then
O s intuitionistic fuzzy semiopen but not intuitionistic fuzzy 6-semiopen.
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Remark 3.4. Every intuitionistic fuzzy §-open (resp. intuitionistic fuzzy 0-closed)
set is intuitionistic fuzzy d-semiopen (resp. intuitionistic fuzzy 0-semiclosed) but the
converse may not be true. For, in the intuitionistic fuzzy topological space (X, T) of
example (3.3), the intuitionistic fuzzy set A is intuitionistic fuzzy d-semiopen but
not intuitionistic fuzzy d-open.

Remark 3.5. The concepts of intuitionistic fuzzy §-semiopen and intuitionistic
fuzzy open sets are independent. For, in the intuitionistic fuzzy topological space
(X,7) of example (3.3), the intuitionistic fuzzy set O is intuitionistic fuzzy 0-
semiopen but not intuitionistic fuzzy open and intuitionistic fuzzy A is intuitionistic
fuzzy open but not intuitionistic fuzzy 6-semiopen.

Theorem 3.6. An intuitionistic fuzzy set A € IFSSPC(X) if and only if A° €
IFSSPO(X).

Remark 3.7. Every intuitionistic fuzzy semi preopen (resp. intuitionistic fuzzy
semi preclosed) set and Every intuitionistic fuzzy d-preopen (resp. intuitionistic
fuzzy d-preclosed) set is intuitionistic fuzzy semi d-preopen (resp. intuitionistic
fuzzy semi 0-preclosed). But the separate converse may not be true.

Example 3.8. Let X = {a,b} and intuitionistic fuzzy sets A, B,O,F are intu-
itionistic fuzzy sets defined as follows:

A={<a,05,05>,<b,03,0.7 >}
B ={<a,0.5,0.5>,<5,0.1,0.9 >}
0 ={<a,05,0.5>,<b,09,0.1 >}

F={<a,05,05 >, <b0.6,04 >}
let T = {0, A, B,1} be an intuitionistic fuzzy topology on (X, T), Then

(a): O is intuitionistic fuzzy semi §-preopen (resp. O€ intuitionistic fuzzy
semi preclosed) but not intuitionistic fuzzy semi preopen (resp. intuitionis-
tic fuzzy semi preclosed).

(b): F is intuitionistic fuzzy semi 6-preopen (resp. FC is intuitionistic fuzzy
semi preclosed) but not intuitionistic fuzzy 6-preopen (resp. intuitionistic
fuzzy d-preclosed).

Remark 3.9. [t is clear that from remark (2.12), (2.18), (2.19), (2.20), (2.21), (2.22), (3.2),
(3.4), (3.5) and (3.7) that the following figure of implications is true.
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Intuitionistic Fuzzy &-open

(Intuitionistic Fuzzy &§-closed)
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Intuitionistic Fuzzy d-semi open Intuitionistic Fuzzy open
(Intuitionistic Fuzzy §-semi closed) (Intuitionistic Fuzzy closed)
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Intuitionistic Fuzzy semi open
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(Intuitionistic Fuzzy semi preclosed) (Intuitionistic Fuzzy 8-preclosed)

Intuitionistic Fuzzy semi - preopen [/

(Intuitionistic Fuzzy semi §-preclosed)

FIiGURE 1

Theorem 3.10. Let (X, 7) be an intuitionistic fuzzy topological space. Then
(a): Any union of intuitionistic fuzzy semi d-preopen sets is intuitionistic
fuzzy semi §-preopen.
(b): Any intersection of intuitionistic fuzzy semi §-preclosed sets is intuition-
istic fuzzy semi d-preclosed.

PrOOF. Obvious.
Theorem 3.11. An Intuitionistic fuzzy set A € IFSSPO(X) if and only if for

every intuitionistic fuzzy point x4 ) € A there exists an intuitionistic fuzzy set
O € IFSOPO(X) such that x4 p) € O C A.

Proor. If A € IFSSPO(X) then we may take O = A for every z(, ) € A.
Conversely. We have A = (0.5 EA U{z(a,p)} Cia pyea UO C A

The result now follows from the fact that any union of intuitionistic fuzzy
d-preopen sets is intuitionistic fuzzy d-preopen.
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Theorem 3.12. Let (X, 1) be an intuitionistic fuzzy topological space.

(a): If AC O Cécl(A) and A € IFSSPO(X) then O € IFSSPO(X),
(b): Ifdint(B) C F C B and B € IFSOPC(X) then F € IFSSPC(X)

PROOF. (a) Let Oy € IF§PO(X) such that O; C A C §cl(Oy).

Clearly O1 C O and A C 6¢l(O;) implies that dcl(A) C §el(Oq). Consequently,
01 C O Cécl(0q). Hence O € IFS6PO(X).

(b) Follows from (a).

Lemma 3.13. An intuitionistic fuzzy set A € IFGPO(X) if and only if there exists
an intuitionistic fuzzy set O such that A C O C §cl(A).

PROOF. Necessity If A € IF§PO(X) then A C int(dcl(A)).

Put O =int(dcl(A)) then O is an intuitionistic fuzzy open and A C O C dcl(A).
Sufficiency Let O be an intuitionistic fuzzy open set such that A C O C dcl(A),
then A Cint(O) Cint(dcl(A)). Hence A € IFOPO(X).

Lemma 3.14. Let Y be an intuitionistic fuzzy subspace of intuitionistic fuzzy topo-
logical space (X,T) and A be an intuitionistic fuzzy set in Y. If A € IF6PO(X)
then A € IFOPO(Y).

PROOF. Since A € TF§PO(X), By Lemma (3.13), there exists an intuitionistic
fuzzy set O in (X, 7) such that A C O C écl(A). Therefore ANY CONY C
dcl(A)NY = dcly (A). Tt follows that A C O C dcly (A). Hence by Lemma (3.13),
A e IFSPO(Y).

Theorem 3.15. Let Y be an intuitionistic fuzzy subspace of intuitionistic fuzzy
topological space (X, 7) and A be an intuitionistic fuzzy setinY. If A € IFS§PO(X)
then A € IFSSPO(Y).

ProoF. Let O € IF§PO(X) such that O C A C cl(O). Then ONY C ANY C
c(0)NY. Tt follows that O C A C cly (O). Now by Lemma (3.14), O € IF5PO(Y)
and hence A € IFSSPO(Y).

Theorem 3.16. Let X and Y be intuitionistic fuzzy topological space, such that X
is product related to Y .

(a): If Ae IFSPO(X) and O € IFSPO(Y), then Ax O € IF6PO(X xY).
(b): IF A € IFSSPO(X) and O € IFSSPO(Y), then AxO € IFS§PO(X %
Y).

PROOF. (a) IF A € IF6PO(X) and O € IFOPO(Y). Then Ax O C int(dcl(A)) x
int(6cl(0)) = int(dcl(A x O)).

(b) Let F C A C écl(F) and vp C O C dc(vp), F € IFSPO(X) and ¢ €
IFSPO(Y). Then F x ¢ C A x O C 6cl(F) x dcl(¢) = dcl(A x v). Now the
result follows from (a).
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Definition 3.17. Let (X, 7) be an intuitionistic fuzzy topological space and A be
an intuitionistic fuzzy set of X. Then the intuitionistic fuzzy semi d-preinterior
(denoted by sépint) and intuitionistic fuzzy semi d-preclosure (denoted by sdpcl) of
A respectively defined as follows:

sopint(A) =U{O : O C A;0 € IFS6PO(X)},

sopcl(A) =n{0:0 2 A;0 € IFSSPC(X)}.

The following theorem can be easily verified.

Theorem 3.18. Let A and O be intuitionistic fuzzy sets in an intuitionistic fuzzy
topological space (X, 7). Then:
(a): sdpcl(A) C cl(A)
(b): sdpcl(A) is an intuitionistic fuzzy semi d-preclosed.
(c): A€ IFSSPC(X) & A= sopcl(A).
(d): AC O = sdpcl(A) C sopcl(O).
(e): int(A) C sopint(A).
(f): sdpint(A) is an intuitionistic fuzzy semi preopen.
(g): A€ IFS6PO(X) & A = sépint(A).
(h): A C O = sdpint(A) C sopint(O).
(i): sdpint(l — A) =1 — sdpcl(A).

Definition 3.19. Let A be an intuitionistic fuzzy sets in an intuitionistic fuzzy
topological space (X, T) and x(q ) is an intuitionistic fuzzy point of X. Then A is
called:

(a): intuitionistic fuzzy semi d-preneighborhood of x(q. p) if there exists an
intuitionistic fuzzy set O € IFSSPO(X) such that v, ) € O C A.

(b): intuitionistic fuzzy semi 6-pre Q-neighborhood of x4 gy if there exists an
intuitionistic fuzzy set O € IFSSPO(X) such that x4 5,0 C A.

Theorem 3.20. An intuitionistic fuzzy set A € IFS6PO(X) if and only if for
each intuitionistic fuzzy point x4 p) € A, A is an intuitionistic fuzzy semi 6-
preneighborhood of x4 g)-

ProOF. Obvious

Theorem 3.21. Let A be an intuitionistic fuzzy sets in an intuitionistic fuzzy
topological space (X, 7). Then an intuitionistic fuzzy point x(4,p) € sdpcl(A), if
and only if every intuitionistic fuzzy semi 6-pre QQ-neighborhood of x4 gy is quasi-
coincident with A.

PrOOF. Necessity Suppose z(,,3) € sépcl(A) and if possible let there exists an
intuitionistic fuzzy semi J-pre @Q-neighborhood O of x(, gy such that |(O4A). Then
there exists an intuitionistic fuzzy set O; € IFSIPO(X) such that x(, 5,01 C
01 C O which show that [(O144) and hence A C Of. As Of € IFSSPC(X),
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sopcl(A) € Of. Since x4 ) € Of, we obtain that x(, g) ¢ sdpcl(A) which is a
contradiction.

Sufficiency Suppose every intuitionistic fuzzy semi d-pre Q-neighborhood of z ()
is quasi-coincident with A. If 2, g) ¢ sdpcl(A) then there exists an intuitionistic
fuzzy semi d-preclosed set O O A such that 2, ) ¢ O. So O° € IFSSPO(X) such
that x(q,p),0° and [(OgA) a contradiction.

Definition 3.22. A mappings [ : (X,7) — (Y, 0) is said to be intuitionistic fuzzy
§-preirresolute if f~1(A) € IFSSPO(X) for every intuitionistic fuzzy set A €
[FSPO(Y).

Theorem 3.23. If f : (X,7) — (Y,0) is an intuitionistic fuzzy 6-pre irresolute
and intuitionistic fuzzy open mapping, then f~1(A) € IFS6PO(X), for every A €
IFS§PO(Y).

PROOF. Let A € IFSOPO(Y). Then there exists an intuitionistic fuzzy set O €
IF§PO(X) such that O C A C dcl(O). Therefore f~1(0) C f~1(A) C f~(5cl(O))
since f is intuitionistic fuzzy open and d-pre irresolute. f~1(0) C f~1(A) C
F71(6c(0)) Céel(f~1(0)) and f~1(0) € IFSSPO(X). Hence f~1(A) € IFSSPO(X).

4. INTUITIONISTIC FUZZY SEMI 6-PRECONTINUOUS MAPPINGS

Definition 4.1. A mappings f : (X,7) = (Y, 0) is said to be intuitionistic fuzzy
semi &-precontinuous if f~1(A) € IFSSPO(X) for every intuitionistic fuzzy open
set A of Y.

Remark 4.2. Fvery intuitionistic fuzzy 0-pre continuous (resp. intuitionistic fuzzy
semi precontinuous) mappings is intuitionistic fuzzy semi 0-precontinuous but the
converse may not be true.

Example 4.3. Let X = {a,b} andY = {p, q} and intuitionistic fuzzy sets A, B,O, F
are defined as follows:
A={<a,0.5,0.5>,<0,0.3,0.7 >}
B={<a,05,05>,<b0.1,0.9 >}
0 ={<p,05,0.5><¢0.90.1>}
F={<p,05,0.5>,<¢0.6,0.4 >}
let 1 = {0,A,B,1}, o = {0,0,1} and 73 = {0,F,1}. Then the mapping f :
(X,71) — (Y,72) defined by f(a) = p, f(b) = q is an intuitionistic fuzzy semi
d-pre continuous but not intuitionistic fuzzy semi precontinuous and the mapping
g: (X,m) — (Y,73) defined by g(a) = p, g(b) = q is an intuitionistic fuzzy semi
d-precontinuous but not intuitionistic fuzzy §-pre continuous.
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Remark 4.4. Remark (2.27), (2.28), (2.29) and (4.2) reveals that the following
figure of implications is true.

Intuitionistic Fuzzy continuous

!

Intuitionistic Fuzzy a-continuous

I

Intuitionistic Fuzzy Intuitionistic Fuzzy Intuitionistic Fuzzy
semi continuous —> ¥-continuous precontinuous
Intuitionistic FUZZV semi Intuitionistic Fuzzy &-
precontmuous pre continuous

7

Intwtlonlstlc Fuzzy semi
§- pre continuous

FIGURE 2

Theorem 4.5. Let f : (X,7) — (Y,0) be a mapping from an intuitionistic fuzzy
topological space (X, T) to intuitionistic fuzzy topological space (Y,o). Then the
following statements are equivalent:
(a): f is intuitionistic fuzzy semi §-precontinuous.
(b): for every intuitionistic fuzzy closed set A in Y, f~1(A) € IFS6PC(X).
(c): for every intuitionistic fuzzy point x(q gy in X and every intuitionistic
Juzzy open set A such that f(x(a,py) € IFSOPO(X) there is an intuition-
istic fuzzy set O € IFSSPO(X) such that x4,y € O and f(O) C A.
(d): for every intuitionistic fuzzy point x4 gy of X and every neighborhood
A of f(x(a,p)), f~1(A) is an intuitionistic fuzzy semi 6-pre neighborhood of
T (a,p)-
(e): for every intuitionistic fuzzy point x5y of X and every neighborhood A

of f(x(a,py), there is an intuitionistic fuzzy semi §-pre neighborhood U of
T(qa,8) such that f(U) C A.
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f): for every intuitionistic fuzzy point x (., of X and every intuitionistic
(a0, 8)
fuzzy open set A such that f(x((X’B))qA, there is an intuitionistic fuzzy set
O € IFS6PO(X) such that x(, 3,0 and f(O) C A.
g): for every intuitionistic fuzzy point x(, gy of X and every Q-neighborhood
( 75)
A of f(x(a,p)), F7Y(A) is an intuitionistic fuzzy semi 6-pre Q-neighborhood
of T(a,p)-
h): for every intuitionistic fuzzy point x(, gy of X and every Q-neighborhood
(v, 8)
A of f(x(a.p8)), there is an intuitionistic fuzzy semi pre Q-neighborhood U
(@,8)
of T(a,p) such L‘hat fo) C
(i): f(s5pcl(A)) Cd(f(A)), for every intuitionistic fuzzy set A of X.
(4): sépcl(f_ (0)) C f=Xcl(0)), for every intuitionistic fuzzy set O of Y.
(k): f~1(int(0)) C sépmt( L(0)), for every intuitionistic fuzzy set O of Y.

PROOF. (a) = (b) Obvious.

(a) = (c) Let x( ) be an intuitionistic fuzzy point of X and A be an intuition-
istic fuzzy open set in Y such that f(z(a,g)) € A. Put O = f~'(A), then by (a),
O € IFS6PO(X) such that x5 € O and f(O) C A.

(¢) = (a) Let A be an intuitionistic fuzzy open set in ¥ and (4,5, € f~'(A). Then
f(x@a,p) € A. Now by (c) there is an intuitionistic fuzzy set O € IFSPO(X)
such that 2(, g) € O and f(O) C A. Then z(, 3y € O C f~1(A). Hence by theorem
(3.11), f~1(A) € IFSSPO(X).

(a) = (d) Let x(4,5) be an intuitionistic fuzzy point of X and A be a neigh-
borhood of f(z(4,)). Then there is an intuitionistic fuzzy open set U such that
f(@(a,p) € U C A Now F71(U) € IFS6PO(X) and z(o 5 € f~1(U) C f71(A).
Thus f~1(A) is an intuitionistic fuzzy semi pre neighborhood of T(a,p) in X.

(d) = (e) Let x(4,5) be an intuitionistic fuzzy point of X and A be a neighborhood
of f(x(a,)). Then U = f~1(A) is an intuitionistic fuzzy semi d-pre neighborhood

of 2(a, and f(U) = f(f~1(4)) C A.

(e) = (c) Let x(4,5) be an intuitionistic fuzzy point of X and A be an intu-
itionistic fuzzy open set such that f(z(,3)) € A. Then A is a neighborhood of
f(#(a,p))- So there is intuitionistic fuzzy semi d-pre neighborhood U of x(4 g in
X such that 2,6y € U and f(U) C A. Hence there is an intuitionistic fuzzy set
O € IFS6PO(X) such that x4 3y € O CU and so f(O) C f(U) C A

(a) = (f) Let (a5 be an intuitionistic fuzzy point of X and A be an intu-
itionistic fuzzy open set in Y such that f(z(ap))q € A. Let O = f~(A). Then
O € IFS6PO(X), 20,540 and f(O) = f(f~'(A)) C A.

(f) = (a) Let A be an intuitionistic fuzzy open set in Y and x4 € f~'(A)
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clearly f(z(q,3)) € A, choose the intuitionistic fuzzy point x deﬁned as

. ) (Bya) ifz=2z
Tlas) () = {(1, 0) ifz#z )

Then f(x(4,5))qA and so by (f), there exists an intuitionistic fuzzy set O €
IFS0PO(X), such that z(, 4,0 and f(O) C A.

Now :cfaﬁ)qO implies z (4,3 € O

Thus z (4,5 € O C f~!(A). Hence by theorem (3.11) f~ € IFS§PO(X).

(f) = (g) Let x(4 ) be an intuitionistic fuzzy point of X and A be a @-neighborhood

of f(#(a,p)). Then there is an intuitionistic fuzzy open set A; in Y such that

J(7(a,8))qA1 € A. By hypothesis there is an intuitionistic fuzzy set O € IFS6PO(X)
such that z(, 3,0 and f(O) C A;. Thus 24 8,0 C f~ L(A)) C f7L(A).

Hence f~1(A) is an intuitionistic fuzzy semi §-pre Q-neighborhood of T(a,B)-

(9) = (h) Let x(4, gy be an intuitionistic fuzzy point of X and A be a Q-neighborhood
of f(%(a,8)). Then U = f7Y(A) is an intuitionistic fuzzy semi d-pre Q-neighborhood
of #(a,5) and f(U) = f(f~1(4)) C A.

(9) = (f) Let x(4 ) be an intuitionistic fuzzy point of X and A be an intuitionistic
fuzzy open set such that f(x(4,8))q € A. Then A is Q-neighborhood of f(z(4,g))-
So there is an intuitionistic fuzzy semi d-pre Q-neighborhood ¢ of (4 ) such that
f(U) € A. Now U being an intuitionistic fuzzy semi J-pre Q-neighborhood of
T(q,8)- Then there exists an intuitionistic fuzzy set O € IFSSPO(X) such that
I(a”g)qo g U. Hence SC(a”g)qO and f(O) Q f(U) g A

(b) < (4) Obvious.
(h) < (j) Obvious.
(4) & (k) Obvious.

Theorem 4.6. Let X, X, X5 be an intuitionistic fuzzy topological spaces and
pi + X1 x Xo = X; (i = 1,2) be the projection of X1 X Xo into X;. Then if
[ X1 x Xo is an intuitionistic fuzzy semi §- pre continuous mapping, it follows
that p;of is also an intuitionistic fuzzy semi §- pre continuous mapping.

Theorem 4.7. Let f : (X,7) — (Y,0) be a mapping. If the graph mapping g :
X = X XY of f is an intuitionistic fuzzy semi §-pre continuous, then [ is an
intuitionistic fuzzy semi d-pre continuous.

PROOF. Let O be an intuitionuistic fuzzy open set of Y. Then 1 x O is an intuition-
istic fuzzy open in X x Y. Since g is an intuitionistic fuzzy semi d-pre continuous,
g (1 x 0) € IFSSPO(X). But f~1(0) =1nf10)=g¢"'(1x0), f0) e
IFS6PO(X). Hence f is an intuitionistic fuzzy semi d-pre continuous.
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Theorem 4.8. Let X; and X} (i = 1,2) be an intuitionistic fuzzy topological spaces
such that Xy is product related to Xo. If f; : X; — X (1 = 1,2) is an intuitionistic
fuzzy semi §-pre continuous, then fi X fao: X1 x Xo — X x X3 is an intuitionistic
fuzzy semi §-pre continuous.

ProoF. Let A = U(Ay x Op) where Ay s and Ojs are intuitionistic fuzzy open
sets of X{ and X3 respectively, be an intuitionistic fuzzy open sets of X; x X3.
We obtain (f; x fo) '(A) = U{f; " (As) x f5 1(Op)}. Since f; and f, are in-
tuitionistic fuzzy semi -pre continuous, f; '(A,) € IFSSPO(X1) and f; '(Op) €
IFSSPO(X5). Therefore by theorem (3.16)(b), f; *(Aa)x f5 (Og) € IFSSPO(X; x
X5). Hence by theorem (3.10), (f1 x f2) 1 (A) € IFSSPO(X; x X3).
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