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I. INTRODUCTION

In 1983, A.S.Mashhour [3] introduced the supra
topological spaces. In 2013, Saeid Jafari [4] introduced and
studied a class of sets and a class of maps between topological
spaces called supra B-open sets and supra B-continuous maps,
respectively. In 2012, O.R.Sayed [5] researched supra B-
connectedness by means of a supra -separated sets. In [7],
the authors introduced the notion of supra B-irresolute maps
and supra B-T;. In [6], the authors introduced the concepts of

totally supra p-continuous functions, slightly supra f-
continuous functions and strongly supra [-continuous
functions.

Section 2 deals with the preliminary concepts. In
Section 3, we investigate some other properties of supra -
irresolute maps. In Section 4, we discuss about slightly supra
B-continuous functions, strongly supra f3-continuous functions
and totally supra B-continuous functions and the relationship
between these functions.

I1. PRELIMINARIES

A subcollection H# & P(X) where P(X) is the
power set of X, is called a supra topology [3] on X i
X,0€p and p is closed under arbitrary union. The ordered
pair (X, 1) is called a supra topological space. The elements

of U are said to be supra open in (X, 1) and the complement
of a supra open set is called a supra closed set. The supra
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CI*(4)

closure of a set A, denoted by *is the intersection of

A

supra closed sets containing “*- The supra interior of a set ‘q,

denoted by lr’””-L“(A), is the union of supra open sets contained

X

in 4 The supra topology | on is associated with the

topology T if T = H-

Throughout this paper, (%,7),(Y,0) zpq (Z.v)
(or simply X, Y and Z) denote topological spaces on which no
separation axioms are assumed unless explicitly stated where
.0 and V.

For a subset 4 of X, the complement of 4 is denoted by X

‘q .

1, p and n are the associated supra topologies with

Definition 2.1 Let (X, 1) be a supra topological space. Let A
be a subset of % * Then 4! is said to be a

(1) supra B-open set [4] if
A < ci (et (c1*(4))).

(2) supra p-closed set [4] if X-A is supra B-open set.
(3) supra B-clopen set [6] if A is both supra $-open and
supra B-closed.

Definition 2.2 [4] The supra B-closure of a set A, denoted by

u
CiE (4), is the intersection of supra B-closed sets containing

w
A The supra B-interior of a set A, denoted by Intg (A:] is

the union of supra -open sets contained in A.

Definition 2.3 [5] Let A and B be subsets of a supra
topological space (X,u). Then A and B are said to be supra p-

K _ T3 _
separated AN C‘F*E(B:] = Clg (A)n B = 0.

Definition 2.4 [5] A subset Aof¥ isa supra p-connected set
if it cannot be represented as a union of two nonempty supra

X

B-separated sets. If Xis supra (3-connected, then “* is called a

supra B-connected space.
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Definition 2.5 A map f:X—Y is said to be

(1) supra g-continuous map [4] if the inverse image of

each open set in Yis supra B-open in X.
(2) supra B-open map [4] if the image of each open set

in ¥ is supra B-open in Y

(3) supra B-irresolute map [7] if the inverse image of
each supra [3-open set in Yis supra B-open in X

(4) continuous map [2] if the inverse image of each
open set in Yis open in X.

(5) totally supra pB-continuous function [6] if the

inverse image of each open set in ¥

in -
(6) slightly supra B-continuous function at a point
x€X [6] if for each clopen subset v in Y

iS supra B-clopen

containing f (x] there exists a supra B-open subset
U'in X containing * such that fFU) S V.ohe
function f is said to be a slightly supra p-
continuous function if f is a slightly supra B-

continuous function at each point of X.
(7) strongly supra p-continuous function [6] if the

inverse image of every subset of Yisa supra [3-

clopen subset of X.

Definition 2.6 [2] A topological space (X,7) is said to be a

T'y_space if for each pair of distinct points * and ¥ in % there

X

exist an open set U in X which contains one of them but not

the other.

Definition 2.7 [7] A supra topological space (X, 1) is said to
be

(1) supra p-T 1 if for each pair of distinct points * and ¥

in % there exists supra p-open sets U and V' in &
suchthat CEU YVEU g VEV x €V

(2) supra p-T 2 if for each pair of distinct points * and ¥
in % , there exists disjoint supra -open sets Uang V
in¥ suchthat* € Uand ¥ €V,

Definition 2.8 [1] A space X is said to be

Page | 49

ISSN [ONLINE]: 2395-1052

(1) clopen-T, if for each pair of distinct points x and y in
X, there exist clopen sets U and V in X containing x
and y respectively such that ¥ €U and * € V',

(2) clopen-T, if for each pair of distinct points x and y in
X, there exist disjoint clopen sets U and V in X such
that* € Uand ¥ €V,

Theorem 2.9 [4] The following conditions are equivalent for a

supra topological space (X, -”':].

(1) (X, 1) is not supra f-connected.
(2) There exist two non-empty disjoint supra [3-open sets
suchthat® = AV B

(3) There exist two non-empty disjoint supra B-closed
setssuch that X = AV B,

Theorem 2.10 Let G= % . Then G is supra B-connected if and
only if there do not exist two supra p-closed sets A and B in X

such  that GE A G z BGS AUB

ANEBENG=0

and

I11. SUPRA B-IRRESOLUTE MAPS

In this section, some other properties of supra B-
irresolute maps are investigated.

Theorem 3.1 If one of the following conditions holds, then
the map f:X—Y is supra B-irresolute.

(It} (4) € It} (f 7 (A)

1. for every subset

AofY.
ep—1 c £-1707P

2. Clg(f (an<f (Clg (4)) for every subset

AofY.
M c P

3. F(Clg (B)) < Clg (F(B) for every subset B of

X.

Proof: Let A be any supra B-open subset of Y. If Condition
f7H(ntf (4) € Intf (F7(4))

1) holds,  then
f_l(‘qj & ‘rnt;[f_l(ﬂ]]. We know that
Intf (F7(4)) € F7'(4) Thus

-1 _ [T -1 -

)= ‘rﬂ’tﬂ f [A:]:] Then '(4) is supra B-open
set in X. Hence f is supra B-irresolute. If condition (2)
Clo(F AN S FH(CRA) s

FA(ntf (4) S Inth (F71(4)

then we have
This is nothing but
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u o
condition (1). If condition (3) 7 (Cle(B)) € Clg (£(8))
holds for every  subset B of Y, then

Mee—1 — £-17m7P
Clg(f (an<f (Clg (4)) for every subset A of Y.

This is nothing but condition (2). Hence f'is supra p-irresolute.

The converse of Theorem 3.1 need not be true as
shown by the following example.

Example 3.2 Let X={a,b,c,d}. Clearly p={¢,X,{a},{b},{a,b}}
is a supra topology on X. Here the sets
0,X,{a},{b},{a,b},{a,c},{a,d},{b,c},{b,d},{a,b,c},{a,b,d},{a,c
,d},{b,c,d} are supra [-open. Let Y={ab,c}. Clearly
p={0,Y,{a},{a,b},{b,c}} is a supra topology on Y. Here all
the subsets of X except {c} are supra B-open. Define f:X—Y
by f(a)=c,f(b)=a,f(c)=f(d)=b. Clearly the inverse image of
every supra B-open in Y is supra B-open in X. Hence f is a
supra B-irresolute map. Then

o L A={b}. Then
1 (Intg (.4]) =) ={c.d} and
mt} (£ 71(4)) = Int} ({c,d}) = ®  Hence
Fo1 (mt§ (ﬁD) € Ity (f7(4)

2) Let peack  Then
CBEI@)=chla=x

o (clp@) = @) = (b}

CIA(f2(A)) £ (cag (Aj).
)

ence

(@) Let A={ab}. Then (clt@)=r=v_
i (£(4) = cli({a,c}) = {a,c}.

f(cl) 2 cig(Fa).

nd

Hence

Theorem 3.3 Let f:X—Y be a map. Then the following
conditions are equivalent:

(1) fis a supra B-irresolute map.
(2) The inverse image of each supra B-closed set in Y is
supra B-closed set in X.

Cla(F 1 (B)) = fH(Clz(B))

3) for every subset
BofY.
M C P
(4) F(Clg (4) < Clg (F(4)) for every subset A of
X.
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5 [ (ntp(B)) S Intp (f(B))
subset B of Y.

(

or every

Proof:

(1)=(2) Let f be a supra B-irresolute map. Let A be a supra B-
closed subset of Y. Then Y-A is supra 3-open in Y. Since f is

. -1 . .
a supra B-irresolute map, f (Y-A) is supra B-open in X. That

is, x-F7HA) § supra B-open in X. Hence A supra -
closed in X.

o
(2)=(3) Let B be any subset of Y. Since CIE(B} is supra B-

N ¢ad L
closed in Y and By (2), f (Cin'? ) is supra B-closed in X.
Therefore,

cig(r-1(B) cciy (f‘i(c.t;(B})) =f1(ciz(8))
Cla(fFH(B)) < fFH(Clz(B))

Hence for every subset B
of Y.
3=®) Assume that the condition

Ber—1 c £ irplP
Ci,r_;: (frBHEf (C‘F*E‘ (8)) holds for every subset B

of Y. Let A be any subset of X. Then f(A)EY. By (3),

FHCR (N 2 a2 () 2 Clp(a)
f(CIz(A)) < CIZ(F(4))

Hence

for every subset A of X.

4)=(5) Assume
i o
f(mﬁ ()= Cif-*' (F(4) holds for every subset A of X.

Let B be any subset of Y. Then X-f ~(B) €Y. By (1),
Mpr oo o

that the condition

Then
FOX =g (F1(B))) € CIf(v — B\ Y - Intg (B)
-1 o B -1
e f (mrg (3]) < Intg (F71(B)).
B)=0) Assume that the condition

f (mrg(gj) S Intf(f71(B))
holds for every subset
B of Y. Let B be any supra B-open subset of Y. By (5),

f(B) < mty(f1(B)).
Inty(F~*(B)) < F(B).

f_ltgj - ;ntﬁ[f—l[gj), Therefore, fhl(gj is supra

B-open in X. Hence f'is a supra B-irresolute map.

We know that

Thus
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Theorem 3.4 If £:X—Y is a supra B-irresolute surjective map
-1
and C and D are supra B-separated sets in Y, then ()
fHD) i
and are supra p-separated in X.

Proof: Let f:X—Y be a supra B-irresolute map. Since C and D
are supra B-separated in Y,

C nClE(Dj = cigtc] NnD=0
Cla(FHCO) < FH(clp ()
C(FH@)n F ) € £ (@) n

f4D) = £ (cif(c)nD) = F(0) = 0.
cla(F () n (D) =0. Similarly we can
orove that FHeIn ey (F71(D)) = o

-1 -1
F(C) and f(D) are supra -separated in X.

. By Theorem 3.3 (3),

Then

Hence

Hence

Theorem 3.5 If :X—Y is supra B-irresolute bijective map and
A is a supra B-connected subset of X, then f(A) is a supra -
connected subset of Y.

Proof: Suppose f(A) is not a supra B-connected subset of Y.
Then f(A):CUD where C and D are non-empty supra [-
separated sets in Y. By Theorem 3.4, f'l[Cj and f_lu:’]
are supra -separated sets in X. Since f is bijective, f _1(C]
and f_l(D] are non-empty. Since f is bijective, A=

-1 -1
fu D). Hence A is not a supra B-connected
subset of X, which is a contradiction.Thus f(A) is a supra f3-
connected subset of Y.

Theorem 3.6 If £:X—Y is a supra B-irresolute map and G is
supra B-connected in X, then f(G) is supra p-connected in Y.
Proof: Suppose f(G) is not connected in Y, then there exist
two supra B-closed sets A and B in Y such that fle) ¢ ‘4,
#G) CBf(G)SAUB ,4 ANBNf(G)=0
Then G f‘l(,q), GZ f‘l[s),
GCFYAUB) FHA UV F(B) and
-1 -1 —

fANF(B)NG =0 This implies that G is not
supra B-connected in X, which is a contradiction. Hence f(G)
is supra p-connected in Y.

Corollary 3.7 If :X—Y is a surjective supra p-irresolute map
and X is supra B-connected, then Y is supra B-connected
Proof: By Theorem 3.6, f(X) is supra f3-connected. That is, Y
is supra f3-connected.
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IV TOTALLY SUPRA B-CONTINUOUS FUNCTIONS,
SLIGHTLY SUPRA B-CONTINUOUS FUNCTIONS
AND STRONGLY SUPRA B-CONTINUOUS
FUNCTIONS

In this Section, we investigate some other properties
of totally supra PB-continuous functions, slightly supra -
continuous functions and strongly supra [-continuous
functions. Also, the relationship between these functions and
supra B-irresolute maps are discussed.

Theorem 4.1 Let f:X—Y be a totally supra B-continuous
injective function. If Y is a Tg-space, then X is a supra B-T,
space.

Proof: Let x and y be any pair of distinct points in X. Since f
is injective, f(x)¢f(y) in Y. Since Y is a To-space, there exists
an open set V in Y containing f(x) but not f(y) or containing
-1
f(y) but not f(x). Thus for the first case, * = F(V) and
-1
ye&f (V:] Since f is a totally supra [-continuous
-1 -1
function, F=(v) and X — (V) are disjoint supra B-

clopen sets in X containing x and y respectively. The proof of
the other case is similar. Hence X is a supra B-T, space.

Theorem 4.2 Every slightly supra p-continuous function into
a discrete space is strongly supra B-continuous function.

Proof: Let f:X—Y be a slightly supra B-continuous function
where Y is a discrete space. Let A be any subset of Y. Then A
is a clopen set in X. Since f is a slightly supra B-continuous

-1
function, (4 is supra B-clopen in X. Hence f is a
strongly supra B-continuous function.

Theorem 4.3 Let £:X—Y and g:Y—Z be functions. Then
gof: X—7Z.

(1) If f is supra B-irresolute and g is slightly supra B-
continuous then gof is slightly supra f-continuous.

(2) Iffis slightly supra B-continuous and g is continuous,
then gof is slightly supra f3-continuous.

Proof: Let V be any clopen subset of Z.

-1
(1) Since g is slightly supra p-continuous, & (V) is
supra B-open in Y. Since f is supra p-irresolute,

-1p.-1
f g (V) is supra B-open in X. That is,
-1
(gof) (V) supra B-open in X.
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-1

(2) Since g is continuous, & (V) is clopen in Y. Since
-17.-1

f is slightly supra B-continuous, e ) is

-1
supra B-open in X. That is, (gof) (V)5 supra B-
open in X.

Hence gof'is slightly supra -continuous.

Corollary 4.4 If :X—Y is supra B-irresolute and g:Y—Z is
supra fB-continuous then gof:X—Z is slightly supra -
continuous.

Proof: Since every supra B-continuous function is slightly
supra B-continuous function, g is slightly supra -continuous
function. By Theorem 4.3 (1), gof is slightly supra (-
continuous.

Theorem 4.5 Let :X—Y be a supra B-irresolute supra -open
surjective map and g:Y—Z be a function. Then g is slightly
supra B-continuous if and only if gof is slightly supra B-
continuous.

Proof:

= Let g be slightly supra p-continuous. By Theorem 4.3 (1),
gof'is slightly supra B-continuous.

= Let gof be slightly supra B-continuous. Let V be any
clopen subset of Z. Then (gof)™(V) is supra p-open in X. Since
f is supra B-open, f((gof)™(V)) is supra p-open in Y. Since f is
surjective, f((gof)™ (V))=f(f*(g™*(V)))= g*(V) is supra p-open
in Y. Hence g is slightly supra f3-continuous.

Theorem 4.6 Let £:X—Y be a slightly supra -continuous
injective map and Y is clopen-T;, then X is supra B-T; for
i=1,2.

Proof: Let x and y be any two distinct points in X. Then f(x)
and f(y) are distinct pointsin Y.

(1) For i=1. Since Y is clopen-Ty, there exist clopen sets
V and W in Y such that F(x) €V, F() &V 5ng
fy) e W, f(x) € W Since f'is slightly supra -
continuous, f*(V) and (W) are supra B-open in X
such  that x€fVLYEF V) ang

-1 -1
VEFT(W)x & F7 (W) This shows that X is
supra B-T;.

(2) For i=2. Since Y is clopen-T,, there exist disjoint

f[:x:] = Vand

fy) e W Since fis slightly supra B-continuous, f

clopen sets V and W in Y such that
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Y(v) and fY(W) are disjoint supra B-open in X
containing x and y respectively. Hence X is supra p-
T,.

Proposition 4.7 Every supra B-irresolute map is slightly supra
B-continuous.

Proof: Let f:X—Y be a supra B-irresolute map. Let A be any
clopen subset of Y. Then A is open in Y. Since p is the
associated supra topology with o, A is supra open in Y. Then
A is supra B-open in Y. Since f is supra p-irresolute, f1(A) is
supra B-open in X. Hence f'is slightly supra 3-continuous.

The converse of Proposition 4.7 need not be true as
shown by the following example.

Example 4.8 Let X={a,b,c} and =={0,X,{a,b}} be a topology
on X. Clearly u={o,X,{a},{a,b}{b,c}} is a supra topology on
X. Here the only clopen sets are ¢ and X and all the subsets of
X except {c} are supra B-open in X. Define f:iX—X by
f(a)=c,f(b)=a,f(c)=b. Clearly the inverse image of every clopen
set is supra B-open. Hence f is a slightly supra p-continuous
function. But the inverse image of a supra B-open set {b} is
{c} which is not a supra B-open set. Hence f is not a supra -
irresolute map.

Proposition 4.9 Every strongly supra f3-continuous function is
supra B-irresolute.

Proof: Let f:X—Y be a strongly supra B-continuous function.
Let A be any supra B-open subset of Y. Since f is a strongly
supra B-continuous function, f'(A) is supra B-clopen in X.
That is, f*(A) is supra B-open in X. Hence f is supra p-
irresolute.

The converse of Proposition 4.9 need not be true as
shown by the following example.

Example 4.10 Let X={ab,c} and t={0,X,{a,b}} be a
topology on X. Clearly p={¢,X,{a},{a,b},{b,c}} is a supra
topology on X. Here all the subsets of X except {c} are supra
B-open and all the subsets of X except {c} and {a,b} are supra
B-clopen in X. Define f:X—X by f(a)=b,f(b)=a,f(c)=c.
Example 3.6 in [7] shows that this map f is a supra B-irresolute
map. But the inverse image of the set {a,b} is {a,b} which is
not supra B-clopen. Hence f is not a strongly supra f-
continuous function.

Remark 4.11 Totally supra (-continuous functions and supra
B-irresolute maps are independent.

For example, Let X={a,b,c} and 1={¢,X,{a,b}} be a
topology on X. Clearly u={¢,X,{a},{a,b},{b,c}} is a supra
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topology on X. Here the sets ¢,X,{a,b} are open, all the
subsets of X except {c} are supra -open and all the subsets of
X except {c} and {a,b} are supra B-clopen in X.

(1) Define f:X—X by f(a)=c, f(b)=a, f(c)=b. Clearly the
inverse image of every open set is supra p-clopen.
Hence f is a totally supra B-continuous function.
Example 4.8 shows that this map f is not a supra p-
irresolute map.

(2) Define f:X—X by f(a)=b, f(b)=a, f(c)=c. Example 3.6
in [7] shows that this map f is a supra B-irresolute
map. Clearly the inverse image of the open set {a,b}
is {a,b} which is not supra B-clopen. Hence f is not a
totally supra -continuous function.

V. CONCLUSION

In this paper, we have investigated some other
properties of supra -irresolute maps, totally supra B-
continuous functions, slightly supra B-continuous functions
and strongly supra B-continuous functions. Also, the
relationship between these functions are discussed.
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