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INTERVAL-VALUED FUZZY SEMIOPEN, PREOPEN
AND o-OPEN MAPPINGS

YouNng Bat JUN, GI CHUL KANG AND MEHMET ALl OZTURK

Abstract. Using the concept of interval-valued fuzzy (IVF) sets,
the notions of IVF semiopen (semiclosed) sets, IVF preopen (pre-
closed) sets and IVF a-open (a-closed) sets are introduced, and in-
terrelations are investigated. Also, the concepts of IVF open map-
pings, IVF preopen mappings, IVF semiopen mappings and IVF

a-open mappings are introduced, and interrelations are discussed.

1. Introduction

After the introduction of the concept of fuzzy sets by Zadeh [11], sev-
eral researchers were concerned about the generalizations of the notion
of fuzzy sets, e.g., fyzzy set of type n [12], intuitionistic fuzzy sets [1] and
interval-valued fuzzy sets [4]. The concept of interval-valued fuzzy sets
was introduced by Gorzalczany [4], and recently there has been progress
in the study of such sets by several researchers (see [3], [5], [6], [7], [8], [9],
(10]). Azad [2] introduced fuzzy semiopen (semiclosed) sets and fuzzy
regular open (closed) sets, and then considered generalizations of semi-
continuous mapping, semiopen mapping, semiclosed mapping, almost
continuous mapping, and weakly continuous mapping in fuzzy setting.

In [5], the topology of interval-valued fuzzy sets is defined, and some
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of its properties are discussed, and then Mondal et al. [6] studied the
connectedness in the topology of interval-valued fuzzy sets. In this pa-
per, using the concept of interval-valued fuzzy (IVF) sets, we introduced
the notion of IVF semiopen (semiclosed) sets, IVF preopen (preclosed)
sets and IVF a-open (a-closed) sets, and then we investigate relation-
ships between IVF semiopen (semiclosed) sets, IVF preopen (preclosed)
sets and IVF a-open (a-closed) sets. We also introduced the notion of
IVF open mappings, IVF preopen mappings, IVF semiopen mappings
and IVF a-open mappings. We provide relationships between IVF open
mappings, IVF preopen mappings, IVF semiopen mappings and IVF

@-open mappings.

2. Preliminaries

Let D[0,1] be the set of all closed subintervals of the unit interval
[0,1]. The elements of D|0,1] are generally denoted by capital letters
M,N,---, and note that M = [ML,MU], where ML and MV are the
lower and the upper end points respectively. Especially, we denote 0 =
[0,0], 1 =[1,1], and a = [a,a] for every a € (0,1). We also note that

(i) (YM,N € D[0,1]) (M =N & M* = NL MU = NY).

(i) (VM,N € D|0,1]) (M < N & ML < NI, MU < NV).
For every M € D|0, 1], the complement of M, denoted by M€, is defined
by MC=1-M=[1-MY1- M.

Let X be a nonempty set. A function A : X — D|0,1] is called an
interval-valued fuzzy set (briefly, an IVF set) in X. For each z € X,
A(z) is a closed interval whose lower and upper end points are denoted
by A(z)* and A(z)Y, respectively. For any [a,b] € D[0,1], the IVF set
whose value is the interval [a,b] for all z € X is denoted by [E:Z] In
particular, for any a € [0,1], the IVF set whose value is a = [a, a] for all
z € X is denoted by simply a. For a point p € X and for [a,b] € D|0, 1]
with b > 0, the IVF set which takes the value [a, )] at p and O elsewhere
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in X is called an interval-valued fuzzy point (briefly, an IVF point) and
is denoted by [a,b],. In particular, if b = a, then it is also denoted by
ap. Denote by IV FS(X) the set of all IVF sets in X. In IVF point M,
where M € D[0, 1], is said to belong to an IVF set A in X, denoted by
M,EA, if A(x)l > M and A(z)V > MVY. It can be easily shown that
A=U{M, | M EA} (see [5]).

Let f: X — Y be a mapping and let A be an IVF set in X. Then
the image of A under f, denoted by f(A), is defined as follows:

sup [A(@)}", f7H(y) #0,

0, otherwise,

sup [A(@)]Y, f7H(y) #0,
[F(A) ()Y = v=1=
0, otherwise,

for all y € Y. Let B be an IVF set in Y. Then the it inverse image of B
under f, denoted by f~!(B), is defined as follows:

(vz € X) (/T (B)@)" = [B(F@)I", [ (B) (@)Y = [B(f(2)).

Definition 2.1. [5] A family 7 of IVF sets in X is called an interval-
valued fuzzy topology (briefly, IVF topology) on X if it satisfies:
(i) 0,1 ¢,
(il) AABeT = ANBer,
(ii) A, €emicen=> |JAer
Every member of 7 igesalled an IVF open set. An IVF set A in X is
called an IVF closed set if the complement of A is an IVF open set, that
is, A € 7. Moreover, (X, 7) is called an interval-valued fuzzy topological

space (briefly, IVF topological space).

Definition 2.2. [5] Let (X, 7) and (Y, ) be IVF topological spaces.
A function f : X — Y is said to be continuous if f~1(A) € 7 for all
A€k
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For an IVF set A in an IVF topological space (X, 7), the closure cl(A)
and the interior int(A) of A are defined, respectively, as

cl(A) =nN{B € IVFS(X) | B is IVF closed and A C B},

int(A) = U{B € IVFS(X) | B is IVF open and B C A}.
Then we have the following results (see [5]):

o int(A) is the largest IVF open set which is contained in A,
e A is IVF open if and only if A = int(A4),
o cl(A) = (int(A°))°.

3. Interval-valued fuzzy semiopen sets

In what follows let (X,7) denote an IVF topological space unless

otherwise specified.

Definition 3.1. An IVF set A in (X, 7) is called an IVF semiopen

setin (X, 1) if it satisfies:
(3BeT)(BC ACcl(B));
and an IVF semiclosed set in (X, 7) if it satisfies:
(3B e 1) (int(B) C A C B).

Denote by IVFSOS(X) (resp. IVFSCS(X)) the set of all IVF

semiopen sets (resp. IVF semiclosed sets) in (X, 7).

Theorem 3.2. Let A be an IVF set in (X, 7). Then
(i) A€ IVFSOS(X) & A C cl(int(A)),
(ii) A e IVFSCS(X) & int(cl(4)) C A.
Proof. (i) Let A be an IVF set in (X, 7) such that A C cl(int(A)).
Note that B := int(A) is IVF open and B C A C cl(B). Hence A is IVF

semiopen.
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Conversely, let A be an IVF semiopen set in (X, 7). Then there exists
B € 7 such that B C A C cl(B). But B C int(A) and thus cl(B) C
cl(int(A)). Hence A C cl(B) C cl(int(A4)).

(ii) Sufficiency is clear. Assume that A € IVFSCS(X). Then there
exists an IVF set B in X such that B¢ € 7 and int(B) C A C B. From
A C B and B¢ € 7, we have cl(4) C cl(B) = B, and so int(cl(4)) C
int(B) C A. O

Theorem 3.3. (1) The closure of an IVF open set is an IVF semiopen
set.
(2) The interior of an IVF closed set is an IVF semiclosed set.

Proof. (1) Let A be an IVF open set in (X, 7). Then A = int(A4), and
SO
cl(A) = cl(int(A)) C cl(int(cl(A))).
Hence cl(A) is an IVF semiopen set in (X, 7).
(2) Follows immediately from (1) by taking complements. O

Lemma 3.4. For a family {Ag}rea of IVF sets in (X, 1), we have
() Usea HAk) € ol (Upen 4 )-

(i) Uge g int(Ar) € int(UkEA Ak>.

(i) If & is finte, then Uye, ol(4x) = cl(Upen 4k)-

Proof. 1t is simple. O

Theorem 3.5. Let {Ay | k €A} be a collection of IVF semiopen sets
in (X,7). Then | J,, Ax is an IVF semiopen set in (X, 7), where A is

any index set.
Proof. For each k €A, we have By € T such that By C Ay C cl(Bg).

Then
UBecU4vc U ca(lB).

kea kea kea kea
Putting B = |J,¢, Bk, the desired result is obtained. a
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Similarly we have the following theorem.

Theorem 3.6. Any intersection of IVF semiclosed sets is an IVF

semiclosed set.

Theorem 3.7. Let A and B be IVF sets in (X, 1) such that A C
B C cl(A). If A is an IVF semiopen set in (X, 7), then so is B.

Proof. If A is an IVF semiopen set in (X, 7), then there exists G € 7
such that G C A C cl(G). Then G C B. But cl(4) C cl(G) and thus
B C cl(G). Hence G C B C cl(G) and B is an IVF semiopen set in
(X, 7). O

Remark 3.8. If A is an IVF open set in (X, 7), then A is an IVF
semiopen set in (X, 7). The converse is false as seen in the following

example.

Example 3.9. Let A and D be IVF sets in I = [0,1] given by

3z,2z+ 3., 0<z<i,
Al@)=S[f -z 1-2a], §<z<,
0,1 - 1], %Sxﬁl,
x,:c—{—l, OS:ESZ,
D(z) = | 2 )
[z,1], T<z<1

for all z € I. Then 7 = {0, A,1} is an IVF topology in I = [0,1]. It is
easy to show that D is an IVF semiopen set in (I, 7). But we know that

D is not an IVF open set in (I, 7).

Combining Theorem 3.7 and Remark 3.8, we know that in an IVF

topological space (X, 7), the following are valid.

o 7 C IVFSOS(X).
o (VA € IVFSOS(X)) (VB € IVFS(X)) (AC B C cl(A) = B €
IVFSOS(X)).
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Theorem 3.10. Let 2 = {By} be a collection of IVF sets in (X, T)
such that
(i) 7 %,
(ii) (VB € B) (VD € IVFS(X)) (BC D Ccl(B) = D € #).
Then IVFSOS(X) C %, thus IVFSOS(X) is the smallest class of IVF
sets in X satisfying (i) and (ii).

Proof. Let A € IVFSOS(X). Then B C A C cl(B) for some B € 7.
Then B € 8 by (i) and so A € B by (ii). This completes the proof. [

Theorem 3.11. Let A be an IVF sets in (X, 7). Then A is IVF
semiopen if and only if for every IVF point M_EA, there exists an IVF
semiopen set By, such that MzE€By, C A.

Proof. If Ais an IVF semiopen set in (X, 7), then we may take By, =
A for every M EA. Conversely, we have
A= |J{Mc | Bu.CA
M€A M€A
and hence A = |J By, which is an IVF semiopen set in (X, 7) by

MzEA
Theorem 3.5. O

4. Interval-valued fuzzy preopen sets

Definition 4.1. An IVF set A in (X, 7) is called an IVF preopen set
n (X, 7) if A C int(cl{(A4)); and is called an IVF preclosed set in (X, T)
if cl(int(A4)) C A.

Denote by IVFPOS(X) (resp. IVFPCS(X)) the set of all IVF
preopen sets (resp. IVF preclosed sets) in (X, 7).

Remark 4.2. It is obvious that every IVF open (resp. closed) set is
an IVF preopen (resp. preclosed) set, but the converse may not be true
as seen in the following examples. Example 4.4 also shows that an IVF

preopen set need not be an IVF semiopen set, and vice versa.
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Example 4.3. Let X = {a,b} and consider an IVF topology 7 =
{0, 4,1} on X, where A is an IVF set in X defined by A(a) = [3, I] and
A(b) = 1. Then an IVF set B in X given by B(a) =1 and B(b) =0 is
IVF preopen which is not IVF open.

Example 4.4. Let B, C and D be IVF sets in I = [0, 1] defined by

16°

3,31, 1<z,
0, 0§m<l,
Clz) = 2
3,4, i<z<1,

<
[x_%ax]a lfxs

for all z € I. Then x = {0, B, C, i} is an IVF topology for I. It is easy
to show that D is an IVF preopen set in (I, k). But it is clearly not IVF
open. Since D € B¢ = cl(int(D)), D is not IVF semiopen in (I, k).

Example 4.5. Let 7 and D be as in Example 3.9. Note that D is an
IVF semiopen set in (I, 7) but not an IVF preopen set in (I, 7). Also,
Bn D is not an IVF preopen set in (I, x) where k is the IVF topology
described in Example 4.4 and B is the IVF set given in Example 4.4.

In Theorem 3.3, we showed that the closure of an IVF open set is an
IVF semiopen set. The following example shows that the closure of an

IVF open set may not be an IVF preopen set.

Example 4.6. Let A and B be IVF sets in I = [0, 1] defined by

o
IA
8

o=

IN

8

N A
—_ Nl
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e —

[, 2]. Then 7 = {0,1, A ,B} is an IVF topology for I. Now
) = B¢, and so int(cl(A)) = int(B°) = B. It follows that

and B =
we get cl(A

cl(A) = B ¢ B = int(cl(A)) = int(cl(cl(A)))
so that cl(A4) is not IVF preopen.

Theorem 4.7. Let A be an IVF set in an IVF topological space
(X, 7). Then

(i) Ae IVFPOS(X) & (3B e 1)(AC B Ccl(A)),

(i) Ae IVFPCS(X) & (3B e 7)(int(A) C B C A).

Proof. (1) If A is IVF preopen, then A C int(cl(A)). Putting B =
int(cl(A)), we know that B is IVF open and A C B C cl(4).

Conversely, let B be an IVF open set in (X, 7) such that A C B C
cl(A). Then A C int(B) C int(cl(A4)), and so A is an IVF preopen set in
(X, 7).

(ii) Similar to the proof of (i). O

Theorem 4.8. An arbitrary union (resp. intersection) of IVF pre-

open (resp. preclosed) sets is an IVF preopen (resp. preclosed) set.

Proof. Let {Ag}kea be a collection of IVF preopen sets of an IVF
topological space (X, 7). Then Ay C int(cl(Ag)) for all k €A . It follows

that
U A C U int(cl(Ag)) C 1nt(cl(U Ak>>
kea ke
so that |J Ay is an IVF preopen set in (X, 7). Takmg complements, we
ke
get the desired result for the case of IVF preclosed. O

Theorem 4.9. Let A be an IVF sets in (X, 7). Then A is IVF pre-
open if and only if for every IVF point M €A, there exists an IVF
preopen set B such that M,€B C A.

Proof. Similar to the proof of Theorem 3.11. O
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5. Interval-valued fuzzy a-open sets

Definition 5.1. An IVF set A in (X, 7) is called an IVF a-open set
in (X,7) if A C int(cl(int(A4))); and is called an IVF «a-closed set in
(X, 7) if cl(int(cl(A))) C A.

Denote by IVFaOS(X) the set of all IVF a-open sets in (X, 7).

Example 5.2. Let A, B, C and D be IVF sets in I = [0, 1] defined
by

T,z + %), 0<z<i,
Az) = | s 2
[l—x,g—m], %Sxﬁl,
1, 0<z<y,
B(z) = 5 1
8 §<.’L‘S1,
z,z + 3], 0<z<{,
D(z) = [ d 8
1, I<z<l

The collection 7 = {f), A, i} is an IVF topology for I. The IVF sets B
and D are IVF a-open sets in (I,7), and BN D is also an IVF a-open

sets in (I, 7).
If A is an IVF open set in (X, 7), then int(A) = A. Since A C cl(4),
it follows that
A = int(A) C int(cl(A4)) = int(cl(int(A4)))

so that A is an IVF a-open set in (X, 7). Now if A is an IVF a-open set
in (X, 7), then

int(A) C A C int(cl(int(A4))) C cl(int(A4)).
Since int(A) is an IVF open set in (X, 7), it follows that A is an IVF
semiopen set in (X, 7). Assume that A is an IVF a-open set in (X, 7).

Then
A Cint(cl(int(A4))) C int(cl(A)),
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and thus A is an IVF preopen set in (X, 7).

Example 5.3. Let A, B, and C be IVF sets in I = [0, 1] defined by

[0, 3], 0<z<i,
22 — 1,1], Bcoz<l,
1
1’ OSxS 1
—4x +2,1], lcp< 2,
B(I) - [ ] 17 49 33
[~z +2,~dx + F], 35 <z <3,
0, ;<z <1,
\
[0, 31, 0<z<y,
Clz) =4[54z - 1), 54z -1+ 3], ;<2<
(3(4z — 1), 1], B<r<l

Then 7 = {(~),A,1}, Ty = {(),A,B,AUB,AHB,i} and 75 = {0,C, 1}
are IVF topologies for I = [0,1]. We know that AU B and AN B are
IVF sets in X given by

1, 0<z<y,
1
(—4x + 2,1], iSz<3,
(AUB)(z) = [~dz+2,~dz+ ], H<z<y,
2z — 1,2z — T}, F<z< B
[[2z - 1,1], Ler<y,
Oala O<$<l,
(AN B)(z) = 05 0=z
0, T<z<l,

and that

(i) The IVF set C is IVF a-open which is not IVF open in (I, 7).
(ii) The IVF set C is IVF semiopen which is not IVF a-open in (I, 73).
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(iii) The IVF set A is IVF preopen which is not IVF a-open in (I, 73).
(iv) The IVF set A is IVF preopen which is not IVF semiopen in (I, 73).
(v) The IVF set C is IVF semiopen which is not IVF preopen in (I, 73).
(vi) The IVF set C¢ is IVF a-closed which is not IVF closed in (I, 7).
(vii) The IVF set C¢ is IVF semiclosed which is not IVF a-closed in
(I, 7).
(viii) The IVF set A¢ is IVF preclosed which is not IVF a-closed in
(1,73).
(ix) The IVF set A€ is IVF preclosed which is not IVF semiclosed in
(1,73).
(x) The IVF set C¢ is IVF semiclosed which is not IVF preclosed in
(I, 7).
(xi) Consider the IVF topology x = {0, B, 1} for I. The IVF set AUB
is an IVF a-open set in (I, k) which is not IVF open.

We have the following diagram described relations between IVF open
set (IVF closed set), IVF a-open set (IVF a-closed set), IVF semiopen
set (IVF semiclosed set), and IVF preopen set (IVF preclosed set) in

which reverse implications do not valid.

IVFOS(X) (resp. IVFCS(X))

|

IVFaOS(X) (resp. IVFaCS(X))

ﬂ \

IVFSOS(X) (resp. IVFSCS(X)) IVFPOS(X) (resp. IVFPCS(X))

Diagram 5.1

where IVFCS(X) (resp. IVFaCS(X), IVFSCS(X), IVFPCS(X))
is the set of all IVF closed sets (resp. IVF a-closed sets, IVF semiclosed
sets, IVF preclosed sets) in (X, 7).
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Theorem 5.4. Let A and B be any IVF sets in X and consider an
IVF topology T = {0,B,1} for X. If B ¢ B¢, then AU B is an IVF

a-open set in (X, 7).

Proof. Note that B C AUB. If AUB = 1, then obviously AUB is an
IVF a-open set in (X, 7). Assume that AUB # 1. Then int(AUB) = B,
and so cl(int(A U B)) = cl(B) = 1 since B ¢ B¢. It follows that

AUBC1 =int(cl(int(AU B)))
so that AU B is an [VF a-open set in (X, 7). O

Theorem 5.5. (i) An arbitrary union of IVF a-open sets is an IVF
«-open set.
(ii) An arbitrary intersection of IVF a-closed sets is an IVF a-closed

set.

Proof. (i) Let {Ax | k €A} be a collection of IVF a-open sets of an
IVF topological space (X, 7). Then Ax C int(cl(int(Ag))) for all £ €A .
Thus

U 4 € | imt(cl(int(4x))) € int(cl(int(U Ak))>,

kea kea kea

and so { Jy¢, Ak is an IVF a-open set in (X, 7).

(ii) Follows immediately from (i) by taking complements. O

The following example shows that the intersection of two IVF a-open

sets may not be an IVF a-open set.

Example 5.6. Let X = {a,b,c}. Consider IVF sets A, B, and D in
X defined by

A(a) = [0.3,0.4], A(b) =[0.2,0.3], A(c) = [0.7,0.8],
B(a) = [0.8,0.9], B(b) = [0.9,1], B(c) = [0.4,0.5),
D(a) = [0.8,0.9), D(b) = [0.9,1], D(c) = [0.5,0.6).
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Then 7 = {0,1,4,B,ANB, A U B} is an IVF topology on X. It is easy
to check that A and D are IVF a-open sets in X. But AN D is not an
IVF o-open set in X.

We provide condition(s) for an IVF set to be an IVF a-open set.

Theorem 5.7. If A is an IVF set in (X, 7) and B is an IVF semiopen
set in (X, 7) such that B C A C int(cl(B)), then A is an IVF a-open
set in (X, 7).

Proof. Since B is IVF semiopen, we have B C cl(int(B)). It follows
from hypothesis that

A Cint(cl(B)) C int(cl(cl(int(B)))) = int(cl(int(B))) C int(cl(int(A)))
so that A is an IVF a-open set in (X, 7). |

We provide characterizations of an IVF «a-open set.

Theorem 5.8. Let A be an IVF sets in (X, 7). Then A is IVF a-open
if and only if it is both IVF semiopen and IVF preopen.

Proof. Necessity is by the Diagram 5.1. Suppose that A is both
an IVF semiopen set and an IVF preopen set in (X, 7). Then A C
cl(int(A4)), and so

cl(A4) Ccl(cl(int(A))) = cl(int(A)).

It follows that A C int(cl(A4)) C int(cl(int(A))), so that A is an IVF
a-open set in (X, 7). O

Theorem 5.9. Let A be an IVF sets in (X, 7). Then A is IVF a-open
if and only if for every IVF point M €A, there exists an IVF a-open set
B such that M,EB C A.

Proof. Similar to the proof of Theorem 3.11.
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6. Interval-valued fuzzy preopen, semiopen, and a-open map-

pings

Definition 6.1. Let (X, 7) and (Y, k) be IVF topological spaces and
let f: X — Y be amapping. Then f is called

(i) an IVF open mapping if it satisfies:
(VAe IVFS(X))(AeT = f(A) €k),

(i1) an IVF preopen mapping if it satisfies:

(VAe IVFS(X))(AeT = f(A) e IVFPOS(Y)),
(i) an IVF semiopen mapping if it satisfies:

(VAe IVFS(X))(AeT = f(A) e IVFSOS(Y)),
(iv) an IVF a-open mapping if it satisfies:

(VAe IVFS(X))(AeT = f(A) € IVFaOS(Y)).

Example 6.2. Let X = {a,b,c} and Y = {1,2,3}. Define IVF sets
Aj and As on X, and By, By, B3, By and Bs on Y as follows:

Ay(a) = [0.1,0.3), Ay(b) = [0,0.3], A1(c) = [0.2,0.4],
As(a) = [0.2,0.3], Ay(b) = [0.1,0.4], Az(c) = [0 1,0.3],
Bi(1) = [0.2,0.4], By(2) = [0,0.3], B (3)

By(1) = [0.2,0.3), By(2) = [0.1,0.4], 32(3) =

Bs(1) = [0.1,0.3], Bs(2) = [0,0.3], B3(3) =

By(1) = [0.2,0.4], B4(2) = [0.1,0.4], B4(3) =

Bs(1) =1, Bs5(2) = 1, Bs(3) = 0.

Then 7 = {0,1, Ay, Ay, A|N Ay, A{UAy} and k = {0, 1, By, By, B1N By,
Bs, By, Bs} are IVF topologies on X and Y, respectively. The mapping
f: X — Y defined by f(a) = f(¢) = 1 and f(b) = 2 is an IVF open
mapping.
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Using Diagram 5.1, we have the following relations.

IVF open mapping

|

IVF a-open mapping

T

IVF semiopen mapping IVF preopen mapping

Diagram 6.1

The reverse implications are not true in the above diagram in general,

as seen in the following example.

Example 6.3. (1) Let A; and Ay be IVF sets in X = {x,y, 2z} given
by Ai(z) = [0.1,0.3], Ai1(y) = [0.1,0.3], A1(z) = 0, Az(z) = [0.1,0.3],
As(y) = [0.1,0.3], A2(2) = [0.7,0.9], and let By, B, Bs, By be IVF
sets in Y = {a,b,¢,d} defined by Bi(a) = [0.1,0.3], B1(b) = [0.1,0.3],
Bi(c) = 0, By(d) = 0, By(a) = [0.7,0.9], By(b) = [0.1,0.3], Ba(c) = 0,
By(d) = 0, Bs(a) =[0.1,0.3], B3(b) = 1, Bs(c) = 0, B3(d) = 0, B4(a) =
1, B4(b) = [0.1,0.3], B4(c) = 0, B4(d) = 0. Consider an IVF topology
7 ={0,1, A;, A2} on X and IVF topologies x1 = {0,1, By, Ba, Ba}, kg =
{0,1, By, B3}, and s3 = {0,1, By, B§{} on Y. A mapping f : (X,7) —
(Y, k1) defined by f(z) = b and f(y) = f(z) = a is an IVF a-open
mapping, which is not an IVF open mapping since f(1) ¢ x1. A mapping
f:(X,7) — (Y,Ky) defined by f(z) = b and f(y) = f(2) = ais an
IVF semiopen mapping, which is not an IVF preopen mapping since
f(A2) ¢ int(cl(f(Az2))), and hence not an IVF a-open mapping. A
mapping f : (X,7) — (Y, k3) defined by f(z) =b and f(y) = f(2) = a
is an IVF preopen mapping, which is not an IVF semiopen mapping

since f(1) ¢ cl(int(f(1))), and so not an IVF a-open mapping.
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(2) Let A, B, C, D and E be IVF sets in I = [0, 1] defined by A = 2,

o

B=R30=}

T

e
ool
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IN

Y
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&
f

[ T

<z

IA

?

NI

and F = %. Then a mapping f : (I, = {0,1,A}) — (I, = {0,1, B}),
z +— z,is an IVF a-open mapping which is not an IVF open mapping. A
mapping f : (I,73 = {0,1,C}) — (I,7y = {0,1, B°}), z + , is an IVF
preopen mapping which is not an IVF semiopen mapping, and hence not
an IVF a-open mapping. A mapping f : (I,75 = {0,1,D}) — (I, 76 =
{0,1,D, E}),  — min{2z,1}, is an IVF semiopen mapping which is not
an IVF preopen mapping since f(D) ¢€ int(cl(f(D))), and thus not an
IVF a-open mapping.

Theorem 6.4. Let f : (X,7) — (Y,k) and g : (Y,k) — (Z,9) be
mappings of IVF topological spaces. If f is IVF open and g is IVF «-
open (resp. IVF preopen), then go f is IVF a-open (resp. IVF preopen).

Proof. Straightforward. |

Theorem 6.5. A mapping f : (X,7) — (Y,k) of IVF topological
spaces is IVF a-open if and only if it is IVF preopen and IVF semiopen.

Proof. Necessity follows from the diagram 5.1. Assume that f is IVF
preopen and IVF semiopen and let A be an IVF open set in (X, 7).
Then f(A) is an IVF preopen set as well as IVF semiopen set in (Y, &).
It follows from Theorem 5.8 that f(A) is an IVF a-open set in (Y, k) so
that f is an IVF a-open mapping. 0
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