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1. Introduction:
b-open[1] sets are introduced by Andrijevic in 1996. K.R.Gentry[8] introduced

somewhat continuous functions in the year 1971. V.K.Sharma and the present authors of
this paper defined and studied basic properties of v-open sets and v-continuous functions in
the year 2006 and 2010 respectively. T.Noiri and N.Rajesh[10] introduced somewhat b-

continuous functions in the year 2011. Inspired with these developments we introduce in
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this paper somewhat almost sg-continuous functions, somewhat almost sg-open functions
and study its basic properties and interrelation with other type of such functions available
in the literature. Throughout the paper (X, t) and (Y, o) (or simply X and Y) represent
topological spaces on which no separation axioms are assumed unless otherwise
mentioned. For Ac(X; 1), cl(A) and A° denote the closure of A and the interior of A in X,

respectively.

2. Preliminaries:
Definition 2.1: A subset 4 of X is said to be
(1) b-open[l1]if Ac(cl{A})°N cl{A°}.
(i1) sg-dense in X if there is no proper sg-closed set C in X such that Mc Cc X.

Definition 2.2: A function fis said to be

(i) somewhat continuous|[8][resp: somewhat b-continuous[10]; somewhat sg-continuous[6]]
if for Ueo and £~ '(U) # ¢, there exists an open[resp: b-open; sg-open] set V in X such that
V£ ¢ and Ve £ '(U).

(i) somewhat open[10][resp: somewhat b-open[8]; somewhat sg-open] provided that if
Uet and U# ¢, then there exists an open[resp: b-open; sg-open] set V in Y such that V # ¢
and Vc f{U).

Definition 2.3: (X, 1) is said to be resolvable[7][ b-resolvable[10]] if there exists a set A in
(X, 1) such that both A and X - A are dense[b-dense] in (X, 7). Otherwise, (X, 7) is called

irresolvable.

Definition 2.4: If X is a set and T and o are topologies on X, then t is said to be
equivalent[resp: sg- equivalent] to o provided if Uet and U # ¢, then there is an
open[resp:sg-open] set V in X such that V # ¢ and V < U and if Uec and U # ¢, then there
is an open[resp:sg-open] set V in (X, 1) such that V£ pand U > V.
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3. Somewhat almost sg-continuous function:
Definition 3.1: A function f'is said to be somewhat almost sg-continuous if for Ue RO(c)

and f~'(U) # o, there exists a V# ¢eSGO(X) such that Vc f~'(U).

Example 1: Let X = {a, b, ¢}, t = {0, {a}, {b, ¢}, X} and o = {o, {a}, X}. The function
fi(X, 1)— (X, o) defined by f{a) = c, f{b) = a and f(c) = b is somewhat almost sg-continuous

but not somewhat continuous.

Example 2: Let X = {a, b, ¢}, 1= {¢, {b, ¢}, X}, o = {9, {b}, {a, ¢}, X} and n = {¢, {a},
X}. Then the identity functions fi(X, 1)— (X, o) and g:(X, o)— (X; 1) and g°f are

somewhat almost sg-continuous.

In general composition of two somewhat almost sg-continuous functions is not somewhat

almost sg-continuous. However, we have the following

Theorem 3.1: If f is somewhat almost sg-continuous and g is continuous|[r-continuous],

then gef'is somewhat almost sg-continuous.

Corollary 3.1: If fis somewhat almost sg-continuous and g is r-irresolute[r-continuous],

then g+f'is somewhat almost sg-continuous.

Theorem 3.2: For a surjective function f, the following statements are equivalent:

(i) fis somewhat almost sg-continuous.

(ii) If C is regular closed in Y such that ™ '(C) # X, then there is a D # ¢eSGC(X) such
that f~'(C)  D.

(iii)If M is a sg-dense subset of X, then f{M) is a dense subset of Y.

Proof: (i) =(ii): Let CeRC(Y) such that f~'(C) # X. Then Y-CeRO(Y) such that /~'(Y-C)
=X -/ (C) # ¢ By (i), there exists V# ¢eSGO(X) and Vc f~'(Y-C) = X - 7 '(C). Thus
X-Vo f'(C) and X - V =D is a proper sg-closed set in X.
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(i) =(i): Let UeRO(o) and f~'(U) # ¢ Then Y-UeRC(o) and /™ '(Y-U) = X-f"'(U) = X.
By (ii), there exists a proper D e SGC(X) such that Do f~ (Y-U). This implies that X-D c f~
'(U) and X-D is sg-open and X-D # ¢.

(i) =(iii): Let M be a sg-dense set in X. If f{M) is not dense in Y. Then there exists a
proper CeRC(Y) such that AM) < Cc Y. Clearly /™(C) # X. By (ii), there exists a proper
DeSGC(X) such that Mc f~'(C) < Dc X. This is a contradiction to the fact that M is sg-
dense in X.

(i) =(ii): If (ii) is not true. there exists CeRC(Y) such that /= '(C) # X but there is no
proper DeSGC(X) such that f'(C) < D. Thus £~ '(C) is sg-dense in X. But by (iii), Af~
(C)) = C is dense in Y, which contradicts the choice of C.

Theorem 3.3: Let /' be a function and X = AU B, where A,BeRO(X). If f4 and f5 are
somewhat almost sg-continuous, then f'is somewhat almost sg-continuous.

Proof: Let Ue RO(o) such that £~ '(U) # ¢. Then (f,,) '(U) # ¢ or (fi) '(U) # ¢ or both
(fin) '(U) = ¢ and (fi5) '(U) # ¢. Suppose (fi) '(U) = ¢ , Since [}, is somewhat almost sg-
continuous, there exists V# peSGO(A) and Vc (f,) '(U) £ (U). Since VeSGO(A) and
AeRO(X), VeSGO(X). Thus f is somewhat almost sg-continuous. The proof of other

cases are similar.

Theorem 3.4: Let £:(X, 1)— (Y, o) be a somewhat almost sg-continuous surjection and t*
be a topology for X, which is sg-equivalent to t. Then fi(X, t*)— (Y, o) is somewhat
almost sg-continuous.

Proof: Let VeRO(o) such that (V) # ¢. Since fis somewhat almost sg-continuous, there
exists U= ¢eSGO(X, 1) such that Uc /= '(V). But by hypothesis t* is sg-equivalent to T.
Therefore, there exists U*z e SGO(X; t*) such that U*c U. But Uc f~'(V). Then U*c f~

'(V); hence £(X, t%)— (Y, o) is somewhat almost sg-continuous.
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Theorem 3.5: Let fi(X, 1)— (Y, o) be a somewhat almost sg-continuous surjection and c*
be a topology for Y, which is equivalent to o. Then f£i(X, 1)— (Y, o*) is somewhat almost
sg-continuous.

Proof: Let V¥*cRO(c*) such that /™ '(V*) # ¢. Since o* is equivalent to o, there exists
Vz0eRO(Y, o) such that Ve V*. Now ¢ # f~ "Wy < A '(V*). Since fis somewhat almost
sg-continuous, there exists U= e SGO(X, 1) such that Uc £~ (V). Then Uc £~ '(V*); hence

f(X, 1)—> (Y, o*) is somewhat almost sg-continuous.

4. Somewhat sg-irresolute function:
Definition 4.1: A function f'is said to be somewhat sg-irresolute if for Ue SGO(c) and f~

(U) # o, there exists a non-empty sg-open set V in X such that Vc 1~ '(U).

Example3: Let X = {a, b, ¢}, T = {9, {a}, {b, c}, X} and 6 = {o, {a}, {a, b}, X}. The
function £(X, 1)— (X, o) defined by fla) = c, f(b) = a and f{c) = b is somewhat sg-

irresolute but not somewhat-irresolute.

Example 4: Let X = {a, b, c}, t = {0, {a}, {a, b}, X} and 6 = {0, {a}, {b, ¢}, X}. The
function f defined by f{a) = ¢, f{b) = a and f{c) = b is not somewhat sg-irresolute.

Note 1: Every somewhat sg-irresolute function is slightly sg-irresolute.
Example 5: Let X = {a, b, c}, 1= {0, {b, ¢}, X}, o = {0, {b}, {a, c}, X} and n = {o, {a},
X}. Then the identity functions fi(X, 1)— (X, o) and g:(X, o)— (X; 1) and g°f are

somewhat sg-irresolute.

In general composition of two somewhat sg-irresolute functions is not somewhat sg-

irresolute. However, we have the following
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Theorem 4.1: If /is somewhat sg-irresolute and g is irresolute, then g¢f is somewhat sg-

irresolute.

Theorem 4.2: For a surjective function f, the following statements are equivalent:

(i) fis somewhat sg-irresolute.

(ii) If CeSGC(Y) such that f~'(C) # X, then there is a D= ¢ SGC(X) such that f~(C) < D.

(1i)If M is a sg-dense subset of X, then AM) is a sg-dense subset of Y.

Proof: (i) =(ii): Let CeSGC(Y) such that /~'(C) # X. Then Y-CeSGO(Y) such that f~
'(Y-C)=X - '(C) # ¢ By (i), there exists V= ¢peSGO(X) and Vc f'(Y-C) =X - £ (C).

This means X-V> f~'(C) and X - V = D is proper sg-closed in X.

(ii) =(i): Let UeSGO(o) and f~'(U) # ¢ Then Y-U# ¢eSGC(Y) and /™ (Y-U) = X-f~ '(U)
# X. By (ii), there exists D # ¢eSGC(X) such that D> £~ '(Y-U). This implies that X-D c f
“!(U) and X-D is sg-open and X-D # ¢.

(ii) = (iii): Let M be a sg-dense set in X. If AM) is not sg-dense in Y. Then there exists a
proper CeSGC(Y) such that AM) c Cc Y. Clearly £~ '(C) # X. By (ii), there exists a proper
DeSGC(X) such that Mc £~ '(C)  Dc X. This is a contradiction to the fact that M is sg-

dense in X.

(i) =(ii): Suppose (ii) is not true. there exists Ce SGC(Y) such that /~'(C) # X but there is
no proper D# ¢eSGC(X) such that f~'(C) < D. This means f/~'(C) is sg-dense in X. But by
(iii), A7~ (C)) = C must be sg-dense in Y, which is a contradiction to the choice of C.

Theorem 4.3: Let f be a function and X = AU B, where A,BeRO(X). If f/4 and fp are
somewhat sg-irresolute, then f'is somewhat sg-irresolute.

Proof: Let UeSGO(o) such that /- '(U) # . Then (fj») " '(U) # ¢ or (fz) '(U) # ¢ or both
(fn) '(U) = ¢ and (fg) " '(U) = ¢. If (f,x) " '(U) # ¢, Since f), is somewhat sg-irresolute,
there exists V= @eSGO(A) and Ve (1) '(U) c f '(U). Since V is sg-open in A and A is

r-open in X, V is sg-open in X. Thus fis somewhat sg-irresolute.

The proof of other cases are similar.
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If fis the identity function and t and o are sg-equivalent. Then fand /™' are somewhat sg-
irresolute. Conversely, if the identity function f is somewhat sg-irresolute in both

directions, then t and ¢ are sg-equivalent.

Theorem 4.4: Let £i(X, 1)— (Y, o) be a somewhat sg-irresolute surjection and t* be a
topology for X, which is sg-equivalent to t. Then £i(X, t*)— (Y, o) is somewhat sg-
irresolute.

Proof: Let VeSGO(c) such that £ (V) # ¢. Since fis somewhat sg-irresolute, there exists
U# ¢eSGO(X, 1) with Uc f~ (V). But for t* is sg-equivalent to 1. Therefore, there exists
U*# ¢geSGO(X; t*) such that U*c U. But Uc £~ (V). Then U*c £~ !(V); hence £(X, T%)—

(Y, o) is somewhat sg-irresolute.

Theorem 4.5: Let (X, 1)— (Y, o) be a somewhat sg-irresolute surjection and c* be a
topology for Y, which is equivalent to o. Then fi(X, 1)— (Y, o*) is somewhat sg-
irresolute.

Proof: Let V¥co* such that /™ '(V*) # ¢. Since o* is equivalent to o, there exists V=
9e(Y, o) such that Ve V*. Now ¢ =/~ '(V) < f~'(V*). Since fis somewhat sg-irresolute,
there exists U= ¢peSGO(X, 1) such that Uc £~ '(V). Then Uc £~ '(V*); hence £ (X, 1)— (Y,

c*) is somewhat sg-irresolute.

5. Somewhat almost sg-open function:

Definition 5.1: A function f is said to be somewhat almost sg-open provided that if

UeRO(7) and U= @, then there exists a V# ¢eSGO(Y) such that Vc fU).
Example 6: Let X = {a, b, c}, T = {¢, {a}, X} and o = {o, {a}, {b, c}, X}. The function f:

defined by f(a) = a, f{b) = c and f{c) = b is somewhat almost sg-open, somewhat sg-open

and somewhat open.
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Example 7: Let X = {a, b, c}, T = {0, {a}, {b, ¢}, X} and 6 = {0, {a}, X}. The function f:
defined by f{a) = a, f{b) = ¢ and f{c) = b is not somewhat almost sg-open.

Theorem 5.1: Let /' be an r-open function and g somewhat almost sg-open. Then g+ f'is

somewhat almost sg-open.

Theorem 5.2: For a bijective function f, the following are equivalent:

(1) fis somewhat almost sg-open.

(i1) If C is regular closed in X, such that f{C) # Y, then there is a D # ¢eSGC(Y) and D>
AO).

Proof: (i) =(ii): Let CeRC(X) such that {C) # Y. Then X-C# ¢eRO(X). Since f is
somewhat almost sg-open, there exists V# ¢eSGO(Y) such that Ve fAiX-C). Put D =Y-V.
Clearly D# ¢eSGC(Y). If D =Y, then V = ¢, which is a contradiction. Since Vc {X-C), D
=Y-V o (Y- fiX-C)) =AC).

(i1) =(): Let U# 9eRO(X). Then C = X-UeRC(X) and AX-U) = AIC) = Y- AU) implies
AC) # Y. Then by (ii), there is D # ¢eSGC(Y) and f/C) < D. Clearly V = Y-D=
@eSGO(Y). Also, V=Y-D c Y- IC) = Y- AX-U) = AU).

Theorem 5.3: The following statements are equivalent:

(1) fis somewhat almost sg-open.

(i)If A is a sg-dense subset of Y, then /™ '(A) is a dense subset of X.

Proof: (i) =(ii): Let A be a sg-dense set in Y. If /~'(A) is not dense in X, then there exists
BeRC(X) such that f~ '(A) « Bc X. Since fis somewhat almost sg-open and X-BeRO(X),
there exists C # peSGO(Y) such that Cc fAX-B). Therefore, Cc AX-B) < fif" '(Y-A))
Y-A. That is, Ac Y-C c Y. Now, Y-C is a sg-closed set and Ac Y-C c Y. This implies
that A is not a sg-dense set in Y, which is a contradiction. Therefore, /™ '(A) is a dense set

in X.
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(ii) =(): If A# peRO(X). We want to show that sg(f{A))°# ¢. Suppose sg(f{A))° = o.
Then, sgc/{(f(A))} =Y. Then by (ii), f~ "y - f{A)) is dense in X. But f~ Y- fA)) < X-A.
Now, X-AeRC(X). Therefore, £~ (Y- AA)) < X-A gives X = cl{(f” (Y- iA)))} < X-A.
Thus A = ¢, which contradicts A # ¢. Therefore, sg(f{A))°# ¢. Hence f'is somewhat almost

sg-open.

Theorem 5.4: Let f'be somewhat almost sg-open and A be any r-open subset of X. Then f),
is somewhat almost sg-open.

Proof: Let U# ¢€RO(t1/4). Since UeRO(A) and AeRO(X), UeRO(X) and since f is
somewhat almost sg-open function, there exists VeSGO(Y), such that Vc f{U). Thus f, is

a somewhat almost sg-open function.

Theorem 5.5: Let f be a function and X = AU B, where A,BeRO(X). If f/4 and fp are
somewhat almost sg-open, then f'is somewhat almost sg-open.

Proof: Let U # ¢eRO(X). Since X = AUB, either AnU # ¢ or BNU # ¢ or both AnU # ¢
and BNU # ¢. Since UeRO(X), UeRO(A) and UeRO(B).

Case (i): If AnU # ¢@eRO(A). Since f, is somewhat almost sg-open, there exists
VeSGO(Y) such that VcflUNA) < f(U), which implies fis somewhat almost sg-open.
Case (ii): If BNU # @eRO(B). Since fp is somewhat almost sg-open, there exists
VeSGO(Y) such that Ve AUNB) c AU), which implies fis somewhat almost sg-open.
Case (iii): If both AnU # ¢ and BNU # ¢. Then by case (i) and (ii) f'is somewhat almost

sg-open.

Remark 1: Two topologies T and ¢ for X are said to be sg-equivalent if and only if the

identity function f; (X, 1)— (Y, o) is somewhat almost sg-open in both directions.
Theorem 5.6: If /:(X, 1)—>(Y, o) is somewhat almost open. Let T and 6* be topologies for

X and Y, respectively such that t* is equivalent to T and c* is sg-equivalent to . Then f:

(X; )= (Y; o*) is somewhat almost sg-open.
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6. Somewhat M-sg-open function:

Definition 6.1: A function f'is said to be somewhat M-sg-open provided that if UeSGO(r)
and U= ¢ , then there exists a V= ¢eSGO(Y) such that Vc f(U).

Example 8: Let X = {a, b, ¢}, T = {0, {a}, X} and o = {9, {a}, {b, ¢}, X}. The function f
defined by f(a) = a, f{b) = ¢ and f{c) = b is somewhat M-sg-open, somewhat sg-open and

somewhat open.

Example 9: Let X = {a, b, c}, t = {0, {a}, {b, ¢}, X} and 6 = {o, {a}, {a, b}, X}. The
function f defined by f{a) = b, f(b) = c and f{c) = a is not somewhat M-sg-open.

Theorem 6.1: Let f be an r-open function and g somewhat M-sg-open. Then ge¢ f is

somewhat M-sg-open.

Theorem 6.2: For a bijective function f, the following are equivalent:

(1) fis somewhat M-sg-open.

(i1) If CeSGC(X), such that f{C) # Y, then there is a DeSGC(Y) such that D= Y and D>
AO).

Proof: (i) =(ii): Let CeSGC(X) such that C) # Y. Then X-C# ¢eSGO(X). Since f is
somewhat M-sg-open, there exists V# ¢eSGO(Y) such that Vc fiX-C). Put D = Y-V.
Clearly D# ¢eSGC(Y). If D =Y, then V = ¢, which is a contradiction. Since Vc {X-C), D
=Y-V o (Y- fiX-C)) =AC).

(ii) =(1): Let U# ¢eRO(X). Then C = X-UeSGC(X) and {X-U) = fAC) = Y- AU) implies
AC) =Y. Then by (ii), there is De SGC(Y) such that DY and f{C) c D. Clearly V = Y-D#
0eSGO(Y). Also, V=Y-D c Y-f(C) = Y- iX-U) = fU).

Theorem 6.3: The following statements are equivalent:
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(i) f'is somewhat M-sg-open.

(i))If A is a sg-dense subset of Y, then /™ '(A) is a sg-dense subset of X.

Proof: (i) =(ii): Let A be a sg-dense set in Y. If f~ '(A) is not sg-dense in X, then there
exists Be SGC(X) in X such that f'(A) c Bc X. Since f'is somewhat M-sg-open and X-B
is sg-open, there exists a C# e SGO(Y) such that Cc f{X-B). Therefore, Cc fAiX-B) c f{f"
'(Y-A))  Y-A. That is, Ac Y-C Y. Now, Y-C is a sg-closed set and Ac Y-C c Y. This
implies that A is not a sg-dense set in Y, which is a contradiction. Therefore, /~'(A) is a sg-
dense set in X.

(ii) =(i): Let A% 9eSGO(X). We want to show that sg(f{A))°# ¢. Suppose sg(f{A))° = ¢.
Then, sgcl{(f{A))} =Y. Then by (ii), /™ '(Y - f{A)) is sg-dense in X. But f~ (Y- fA)) < X-
A. Now, X-AeSGC(X). Therefore, £~ '(Y- AA)) < X-A gives X = cl{(f" (Y- A)))} < X-
A. Thus A = ¢, which contradicts A# ¢. Therefore, sg(f{A))°# ¢. Hence fis somewhat M-

sg-open.

Theorem 6.4: If f is somewhat M-sg-open and AeRO(X). Then f/, is somewhat M-sg-
open.

Proof: Let U # ¢eSGO(1/4) and AeRO(X). Since fis somewhat M-sg-open, there exists
VeSGO(Y), such that Vc f{U). Thus f/4 is a somewhat M-sg-open.

Theorem 6.5: Let f be a function and X = AU B, where A,BeSGO(X). If /4 and fj are
somewhat M-sg-open, then f'is somewhat M-sg-open.

Proof: Same as Theorem 5.5.

Remark 2: Two topologies T and ¢ for X are said to be sg-equivalent if and only if the

identity function f: (X, 1)— (Y, o) is somewhat M-sg-open in both directions.
Theorem 6.6: If £:(X, 1)—(Y, o) is somewhat M-open. Let t* and c* be topologies for X

and Y, respectively such that t* is equivalent to t and o* is sg-equivalent to 6. Then f: (X;

t™*)— (Y; o*) is somewhat M-sg-open.
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CONCLUSION: In this paper we defined Somewhat-sg-continuous functions, studied its

properties and their interrelations with other types of Somewhat-continuous functions.
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