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1. Introduction

T.M.Nour introduced slightly semi-continuous functions during the year 1995.
After him T.Noiri and G.I.Chae further studied slightly semi-continuous functions
on 2000. During 2001 T.Noiri individually studied slightly β−continuous func-
tions. C.W.Baker introduced slightly precontinuous functions. Erdal Ekici and
M. Caldas studied slightly γ−continuous functions. Arse Nagli Uresin and others
studied slightly δ−precontinuous functions. The Author of the present paper stud-
ied slightly ν−continuous functions, Almost Slightly Continuity, Slightly open and
Slightly closed mappings, Almost Slightly semi-Continuity, Slightly semi-open and
Slightly semi-closed mappings, Almost Slightly pre-continuity, Slightly pre-open
and Slightly pre-closed mappings in the year 2013. S. Balasubramanian, C. Sand-
hya and P.A.S. Vyjayanthi studied Slightly ν-open mappings in the year 2013. S.
Balasubramanian and C. Sandhya studied Almost Slightly β-continuity, Slightly
β-open and Slightly β-closed mappings in the year 2013. Recently in the year 2014
S. Balasubramanian, P.A.S. Vyjaanthi and C. Sandhya studied Slightly ν-closed
mappings. Inspired with these developements we introduce in this paper a new
variety of slightly open and closed functions called slightly νg−open and slightly
νg−closed function and study its basic properties; interrelation with other type of
such functions available in the literature. Throughout the paper a space X means
a topological space (X,τ ).
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2. Preliminaries

Definition 2.1. A ⊂ X is said to be
(i)ν-open [resp: regular α−open or rα−open] if there exists a regular open set O
such that O ⊂ A ⊂ (O) [resp: O ⊂ A ⊂ α(O)].
(ii)Regular open [resp: semi-open, α−open; pre-open; β−open] if A = (A)o [resp:

A ⊆ (Ao); A ⊆ ((Ao))o; A ⊆ (A)o; A ⊆ (A)o].
(iii)Regular closed [resp: semi-closed; α−closed; pre-closed; β−closed] if A =

Ao[resp: (A)o ⊆ A; ((Ao))o ⊆ A; (Ao) ⊆ A; (A)o ⊆ A].
(iv) resp:ν-closed if its complement is ν−open.
(v)g-closed [resp: rg-closed] if A ⊆ U whenever A ⊆ U and U is [resp: regular]
open in X.
(vi)sg-closed [gs-closed] if s(A) ⊆ U whenever A ⊆ U and U is semi-open [open] in
X.
(vii) pg-closed [gp-closed; gpr-closed] if p(A) ⊆ U whenever A ⊆ U and U is pre-
open [open; regular-open] in X.
(viii) αg-closed [gα−closed; rgα-closed] if α(A) ⊆ U whenever A ⊆ U and U
is{α−open [open rα−open] in X.
(ix)νg-closed if ν(A) ⊆ U whenever A ⊆ U and U is ν−open in X.
(x)βg-closed if β(A) ⊆ U whenever A ⊆ U and U is β−open in X.

Definition 2.2. A function f : X → Y is said to be
(i) continuous[resp: semi-continuous; pre-continuous; nearly-continuous; ν−conti-
nuous; α−continuous; rα−continuous; β−continuous] if the inverse image of ev-
ery open set is open[resp: semi-open; pre-open; rgular-open; ν−open; α−open;
rα−open; β−open]
(ii) irresolute [resp:pre-irresolute; nearly-irresolute; ν−irresolute; α−irresolute;
rα−irresolute; β−irresolute] if the inverse image of every semi-open [resp:pre-open;
regular-open; ν−open; α−open; rα−open; β−open] set is semi-open[resp:pre-open;
regular-open; ν−open; α−open; rα−open; β−open]
(iii) g-continuous [resp: sg-continuous; pg-continuous; rg-continuous; νg−continu-
ous; αg−continuous; rgα−continuous; βg−continuous] if the inverse image of ev-
ery closed set is g-closed [resp: sg-closed; pg-closed; rg-closed; νg−closed; αg−clo-
sed; rgα−closed; βg−closed]
(iv) g-irresolute [resp: sg-irresolute; pg-irresolute; rg-irresolute; νg−irresolute;
αg−irresolute; rgα−irresolute; βg−irresolute] if the image of every g-closed [resp:
sg-closed; pg-closed; rg-closed; νg−closed; αg−closed; rgα−closed; βg−closed] set
is g-closed [resp: sg-closed; pg-closed; rg-closed; νg−closed; αg−closed; rgα−closed;
βg−closed]

Note 1. From the definition 2.1 we have the following implication diagram.
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g-closed gs-closed
↓ ↓ տ

rgα−closed → rg-closed → νg−closed ← sg-closed ← βg-closed
↑ ↑ ↑ ↑ ↑

ր rα−closed → ν−closed ց ↑ ↑
Regular closed → π−closed → closed → α−closed → semi closed → β−closed

ւ ↓ ց ց
πg-closed pre-closed → ω−closed 6↔ gα−closed

ց ց
gpr-closed ← gp-closed ← pg-closed rω−closed

Definition 2.3. X is said to be T 1

2

[resp: s− T 1

2

; p− T 1

2

; α− T 1

2

; r − T 1

2

; ν − T 1

2

]

if every generalized[resp: semi-generalized; pre-generalized; α−generalized; regular-
generalized; ν−generalized] closed set is closed[resp: semi-closed; pre-closed; α−clo-

sed; regular-closed; ν-closed]

3. Almost Slightly νg-open mappings

Definition 3.1. A function f : X → Y is said to be almost slightly νg-open if the
image of every r-clopen set in X is νg-open in Y.

Example 3.2. Let X = Y = {a, b, c}; τ = {φ, {a}, {b, c}, X}; σ = {φ, {a}, {b},
{a, b}, Y }. Let f : X → Y be defined f(a) = c, f(b) = a and f(c) = b. Then f
is almost slightly νg-open, almost slightly rg-open and almost slightly rgα-open but
not almost slightly open, almost slightly semi-open, almost slightly pre-open, almost
slightly α-open, almost slightly rα-open, almost slightly ν-open, almost slightly π-
open, almost slightly β-open, almost slightly g-open, almost slightly sg-open, almost
slightly gs-open, almost slightly pg-open, almost slightly gp-open and almost slightly
βg-open.

Example 3.3. Let X = Y = {a, b, c, d}; τ = {φ, {a, b}, {c, d}, X}; σ = {φ, {a}, {b},
{d}, {a, b}, {a, d}, {b, d}, {a, b, c}, {a, b, d}, X}. Let f : X → Y be defined f(a) = b,
f(b) = a, f(c) = d and f(d) = c. Then f is not almost slightly νg-open.

Theorem 3.4. We have the following interrelation among the following almost
slightly open mappings
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(i) al.sl.g.open al.sl.gs.open
↓ ↓ տ

al.sl.rgα.open → al.sl.rg.open → al.sl.νg.open ← al.sl.sg.open ← al.sl.βg.open
↑ ↑ ↑ ↑ ↑

ր al.sl.rα.open → al.sl.ν .open ց ↑ ↑
al.sl.r.open → al.sl.π.open → al.sl.open → al.sl.α.open → al.sl.s.open → al.sl.β.open

ւ ↓ ց ց
al.sl.πg.open al.sl.p.open → al.sl.ω.open 6↔ al.sl.gα.open

ց ց
al.sl.gpr.open ← al.sl.gp.open ← al.sl.pg.open al.sl.rω.open None is reversible.

(ii) sl.g.open sl.gs.open
↓ ↓ տ

sl.rgα.open → sl.rg.open → al.sl.νg.open ← sl.sg.open ← sl.βg.open
↑ ↑ ↑ ↑ ↑

ր sl.rα.open → sl.ν.open ց ↑ ↑
sl.r.open → sl.π.open → sl.open → sl.α.open → sl.s.open → sl.β.open

ւ ↓ ց ց
sl.πg.open sl.p.open → sl.ω.open 6↔ sl.gα.open

ց ց
sl.gpr.open ← sl.gp.open ← sl.pg.open sl.rω.open None is reversible.

(iii) If νGO(Y) = RO(Y), then the reverse relations hold for all almost slightly open
maps.

al.sl.g.open al.sl.gs.open
l l րտ

al.sl.rgα.open ↔ al.sl.rg.open ↔ al.sl.νg.open ↔ al.sl.sg.open ↔ al.sl.βg.open
l l l l l

տր al.sl.rα.open ↔ al.sl.ν .open ւց l l
al.sl.r.open ↔ al.sl.π.open ↔ al.sl.open ↔ al.sl.α.open ↔ al.sl.s.open ↔ al.sl.β.open

Theorem 3.5. (i) If (Y, σ) is discrete, then f is almost slightly open of all types.
(ii) If f is almost slightly open and g is νg-open then g◦ f is almost slightly νg-open.
(iii)If f is open and g is almost slightly νg-open then g◦ f is almost slightly νg-open.

Corollary 3.6. If f is almost slightly open and g is g− [rg−; sg−; gs−;βg−; rαg−;
rgα−; rα−;α−; s−; p−;β−; ν−;π−; r−] open then g ◦ f is almost slightly νg-open.

Corollary 3.7. If f is open[r-open] and g is al− sl− g − [al− sl− rg−; al− sl−
sg−; al− sl− gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− rα−; al−
sl − α−; al − sl − s−; al − sl − p−; al − sl − β−; al − sl − π−] open then g ◦ f is
almost slightly νg-open.

Theorem 3.8. If f : X → Y is almost slightly νg-open, then f(Ao) ⊂ νg(f(A))o

Proof. Let A ⊆ X be r-clopen and f : X → Y is almost slightly νg-open gives f(Ao)
is νg-open in Y and f(Ao) ⊂ f(A) which in turn gives νg(f(Ao))o ⊂ νg(f(A))o - - -
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(1) Since f(Ao) is νg-open in Y, νg(f(Ao))o = f(Ao) - - - - - - - - - - -(2) combining
(1) and (2) we have f(Ao) ⊂ νg(f(A))o for every subset A of X. ✷

Remark 3.9. Converse is not true in general.

Corollary 3.10. If f : X → Y is al − sl − g − [al − sl − rg−; al − sl − sg−; al −
sl − gs−; al − sl − βg−; al − sl − rαg−; al − sl − rgα−; al − sl − rα−; al − sl −
α−; al−sl−s−; al−sl−p−; al−sl−β−; al−sl−π−] open, then f(Ao) ⊂ νg(f(A))o

Theorem 3.11. If f : X → Y is almost slightly νg-open and A ⊆ X is open, f(A)
is τνg-open in Y.

Proof. Let A ⊂ X be r-clopen and f : X → Y is almost slightly νg-open ⇒
f(Ao) ⊂ νg(f(A))o ⇒ f(A) ⊂ νg(f(A))o, since f(A) = f(Ao). But νg(f(A))o ⊂ f(A).
Combining we get f(A) = νg(f(A))o. Hence f (A) is νg-open in Y.
✷

Corollary 3.12. If f : X → Y is al− sl− g− [al− sl− rg−; al− sl− sg−; al− sl−
gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− r−; al− sl− rα−; al−
sl − α−; al − sl − s−; al − sl − p−; al − sl − β−; al − sl − ν−; al − sl − π−]open,
then f(A) is τνg open in Y if A is open set in X.

Theorem 3.13. If νg(A)o = r(A)o for every A ⊂ Y , then the following are equiv-
alent:
a) f : X → Y is almost slightly νg-open map
b) f(Ao) ⊂ νg(f(A))o

Proof. (a) ⇒(b) follows from Theorem 3.8.
(b) ⇒ (a) Let A be any r-clopen set in X, then f(A) = f(Ao) ⊂ νg(f(A))o by
hypothesis. We have f(A) ⊂ νg(f(A))o, which implies f (A) is νg-open. Therefore f
is almost slightly νg-open.
✷

Theorem 3.14. If ν(A)o = r(A)o for every A ⊂ Y , then the following are equiv-
alent:
a) f : X → Y is almost slightly νg-open map
b) f(Ao) ⊂ νg(f(A))o

Proof. (a) ⇒(b) follows from Theorem 3.8.
(b) ⇒ (a) Let A be any r-clopen set in X, then f(A) = f(Ao) ⊂ νg(f(A))o by
hypothesis. We have f(A) ⊂ νg(f(A))o, which implies f (A) is νg-open. Therefore f
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is almost slightly νg-open.
✷

Theorem 3.15. f : X → Y is almost slightly νg-open iff for each subset S of Y
and each r-clopen set U containing f−1(S), there is an νg-open set V of Y such
that S ⊆ V and f−1(V ) ⊆ U .

Proof. Assume f : X → Y is almost slightly νg-open. Let S ⊆ Y and U be r-clopen
set U containing f−1(S). Then X-U is r-clopen in X and f (X-U) is νg-open in Y as
f is almost slightly νg-open and V = Y - f (X-U) is νg-open in Y. f−1(S) ⊆ U ⇒
S ⊆ f(U) ⇒ S ⊆ V and f−1(V ) = f−1(Y − f(X − U)) = f−1(Y )− f−1(f(X − U)) =
f−1(Y )− (X − U) = X − (X − U) = U .

Conversely Let F be r-clopen in X⇒ F c is r-clopen. Then f−1(f(F c)) ⊆ F c. By
hypothesis there exists a νg-open set V of Y, such that f(F c) ⊆ V and f−1(V ) ⊃ F c

and so F ⊆ [f−1(V )]c. Hence V c ⊆ f(F ) ⊆ f[f−1(V )c] ⊆ V c ⇒ f(F ) ⊆ V c ⇒
f(F ) = V c. Thus f(F ) is νg-open in Y. Therefore f is almost slightly νg-open.
✷

Remark 3.16. Composition of two almost slightly νg-open maps is not almost
slightly νg-open in general.

Theorem 3.17. Let X, Y, Z be topological spaces and every νg-open set is r-clopen
in Y. Then the composition of two almost slightly νg-open maps is almost slightly
νg-open.

Proof. (a) Let f and g be almost slightly νg-open maps. Let A be any r-clopen set
in X ⇒ f (A) is r-clopen in Y (by assumption) ⇒ g(f(A)) = g ◦ f(A) is νg-open in
Z. Therefore g ◦ f is almost slightly νg-open.
✷

Corollary 3.18. Let X, Y, Z be topological spaces and every g − [rg−; sg−; gs−;
βg−; rαg−; rgα−; rα−;α−; s−; p−;β−;π−]open set is r-clopen [r-clopen] in Y.
Then the composition of two al − sl − g − [al − sl − rg−; al − sl − sg−; al − sl −
gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− rα−; al− sl−α−; al−
sl − s−; al − sl − p−; al − sl − β−; al − sl − ν−; al − sl − π−; al − sl − r−] open
maps is almost slightly νg-open.

Example 3.19. Let X = Y = Z = {a, b, c}; τ = {φ, {a}, {a, b}, X};σ = {φ, {a, c},
Y } and η = {φ, {a}, {b, c}, Z}. f : X → Y be defined f(a) = c, f(b) = b and f(c) = a

and g : Y → Z be defined g(a) = b, g(b) = a and g(c) = c, then g, f and g ◦ f are
almost slightly νg-open.
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Theorem 3.20. If f : X → Y is almost slightly g-open[almost slightly rg-open],
g : Y → Z is νg-open and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-open.

Proof. (a) Let A be r-clopen in X. Then f (A) is g-open and so open in Y as Y is
T 1

2

⇒ g(f (A)) = g ◦ f (A) is νg-open in Z (since g is νg-open). Hence g◦ f is almost
slightly νg-open.
✷

Corollary 3.21. If f : X → Y is almost slightly g-open [almost slightly rg-open],
g : Y → Z is g − [rg−; sg−; gs−;βg−; rαg−; rgα−; rα−;α−; s−; p−;β−; ν−;π−;
r−] and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-open.

Theorem 3.22. If f : X → Y is g-open[rg-open], g : Y → Z is almost slightly
νg-open and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-open.

Proof. (a) Let A be r-clopen in X. Then f (A) is g-open and so open in Y as Y
is T 1

2

⇒ g(f (A)) = g ◦ f (A) is νg-open in Z (since g is almost slightly νg-open).
Hence g ◦ f is almost slightly νg-open.
✷

Corollary 3.23. If f : X → Y is g-open[rg-open], g : Y → Z is al − sl − g −
[al− sl− rg−; al− sl− sg−; al− sl− gs−; al− sl− βg−; al− sl− rαg−; al− sl−
rgα−; al−sl−rα−; al−sl−α−; al−sl−s−; al−sl−p−; al−sl−β−; al−sl−π−]
open and Y is T 1

2

[rT 1

2

]], then g ◦ f is almost slightly νg-open.

Theorem 3.24. If f : X → Y , g : Y → Z be two mappings such that g◦ f is almost
slightly νg-open then the following statements are true.
a) If f is continuous [r-continuous] and surjective then g is almost slightly νg-open.
b) If f is g-continuous[resp: rg-continuous], surjective and X is T 1

2

[resp: rT 1

2

]] then
g is almost slightly νg-open.

Proof. For A r-clopen in Y, f−1(A) open in X ⇒ (g ◦ f)(f−1(A)) = g(A) νg-open in
Z. Hence g is almost slightly νg-open.

Similarly one can prove the remaining parts and hence omitted.
✷

Corollary 3.25. If f : X → Y , g : Y → Z be two mappings such that g ◦ f is
al − sl − g − [al − sl − rg−; al − sl − sg−; al − sl − gs−; al − sl − βg−; al − sl −
rαg−; al − sl − rgα−; al − sl − rα−; al − sl − α−; al − sl − s−; al − sl − p−; al −
sl− β−; al− sl− ν−; al− sl− π−; al− sl− r−]open then the following statements
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are true. a) If f is continuous [r-continuous] and surjective then g is almost slightly
νg-open.
b) If f is g-continuous[rg-continuous], surjective and X is T 1

2

[rT 1

2

]] then g is almost
slightly νg-open.

Theorem 3.26. If f : X → Y , g : Y → Z be two mappings such that g ◦ f is
νg-open then the following statements are true.
a) If f is almost slightly-continuous [almost slightly-r-continuous] and surjective
then g is almost slightly νg-open.
b) If f is almost slightly-g-continuous[almost slightly-rg-continuous], surjective and
X is T 1

2

[resp: rT 1

2

]] then g is almost slightly νg-open.

Proof. For A r-clopen in Y, f−1(A) open in X ⇒ (g ◦ f)(f−1(A)) = g(A) νg-open in
Z. Hence g is almost slightly νg-open.
✷

Corollary 3.27. If f : X → Y , g : Y → Z be two mappings such that g ◦ f is
g − [rg−; sg−; gs−;βg−; rαg−; rgα−; rα−;α−; s−; p−;β−; ν−;π−; r−]open then
the following statements are true.
a) If f is almost slightly-continuous [almost slightly-r-continuous] and surjective
then g is almost slightly νg-open.
b) If f is almost slightly-g-continuous[almost slightly-rg-continuous], surjective and
X is T 1

2

[rT 1

2

]] then g is almost slightly νg-open.

Theorem 3.28. If X is νg-regular, f : X → Y is r-open, r-continuous, almost
slightly νg-open surjective and Ao = A for every νg-open set in Y then Y is νg-
regular.

Corollary 3.29. If X is νg-regular, f : X → Y is r-open, r-continuous, almost
slightly νg-open, surjective and Ao = A for every open set in Y then Y is νg-regular.

Theorem 3.30. If f : X → Y is almost slightly νg-open and A open in X, then
fA : (X, τA)→ (Y, σ) is almost slightly νg-open.

Proof. Let F be a r-clopen set in A. Then F = A ∩ E for some open set E of X
and so F is open in X ⇒ f (A) is νg-open in Y. But f(F ) = fA(F ). Therefore fA is
almost slightly νg-open.
✷

Theorem 3.31. If f : X → Y is almost slightly νg-open, X is T 1

2

[rT 1

2

] and A is

g-open [rg-open] set of X then fA : (X, τA)→ (Y, σ) is almost slightly νg-open.
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Proof. Let F be a r-clopen set in A. Then F = A ∩ E for some open set E of X
and so F is open in X ⇒ f (A) is νg-open in Y. But f(F ) = fA(F ). Therefore fA is
almost slightly νg-open.
✷

Corollary 3.32. If f : X → Y is al− sl− g− [al− sl− rg−; al− sl− sg−; al− sl−
gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− r−; al− sl− rα−; al−
sl − α−; al − sl − s−; al − sl − p−; al − sl − β−; al − sl − ν−; al − sl − π−] open
and A open in X, then fA : (X, τA)→ (Y, σ) is almost slightly νg-open.

Theorem 3.33. If fi : Xi → Yi be almost slightly νg-open for i = 1, 2. Let
f : X1×X2 → Y1×Y2 be defined as f(x1, x2) = (f1(x1), f2(x2)). Then f : X1×X2 →
Y1 × Y2 is almost slightly νg-open.

Proof. Let U1 × X2 ⊆ X1 × X2 where Ui is r-clopen in Xi for i = 1, 2. Then
f(U1 × U2) = f1(U1)× f2(U2) is νg-open set in Y1 × Y2 . Hence f is almost slightly
νg-open.
✷

Corollary 3.34. If fi : Xi → Yi be al− sl− g − [al− sl− rg−; al− sl− sg−; al−
sl−gs−; al−sl−βg−; al−sl−rαg−; al−sl−rgα−; al−sl−r−; al−sl−rα−; al−
sl− α−; al− sl− s−; al− sl− p−; al− sl− β−; al− sl− ν−; al− sl− π−]open for
i = 1, 2. Let f : X1 ×X2 → Y1 × Y2 be defined as f(x1, x2) = (f1(x1), f2(x2)), then
f : X1 ×X2 → Y1 × Y2 is almost slightly νg-open.

Theorem 3.35. Every νg-open and contra νg-closed is almost slightly νg-open
map but not conversely.

Proof. Let A be any r-clopen set in X, then A is both open and closed in X. For,
f is νg-open and contra νg-closed, f (A) is νg-open. Hence f is almost slightly
νg-open. ✷

Example 3.36. Let X = Y = {a, b, c, d}; τ = {φ, {a}, {b}, {d}, {a, b}, {a, d}, {b, d},
{a, b, c}, {a, b, d}, X}. Let f : X → Y be defined f(a) = b, f(b) = a, f(c) = d and
f(d) = c. Then f is almost slightly νg-open but not contra νg-closed and almost
contra νg-closed.

Example 3.37. Let X = Y = {a, b, c, d}; τ = {φ, {a}, {b}, {d}, {a, b}, {a, d}, {b, d},
{a, b, c}, {a, b, d}, X}. Let f : X → Y be defined f(a) = c, f(b) = d, f(c) = a and
f(d) = b. Then f is almost slightly νg-open but not νg-open and almost νg-open.
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Corollary 3.38. If f is g−[rg−; sg−; gs−;βg−; rαg−; rgα−; r−; rα−;α−; s−; p−;
β−; ν−;π−]open and c−g−[c−rg−; c−sg−; c−gs−; c−βg−; c−rαg−; c−rgα−; c−
r−; c− rα−; c− α−; c− s−; c− p−; c− β−; c− ν−; c− π−]closed then f is almost
slightly νg-open.

Proof. Let A be any r-clopen set in X, then A is both open and closed in X. For, f
is g-open and contra g-closed, f (A) is g-open and so νg-open[by remark 1]. Hence
f is almost slightly νg-open. ✷

Corollary 3.39. If f is open and g is al−sl−g− [al−sl− rg−; al−sl−sg−; al−
sl−gs−; al−sl−βg−; al−sl−rαg−; al−sl−rgα−; al−sl−r−; al−sl−rα−; al−
sl−α−; al− sl− s−; al− sl− p−; al− sl− β−; al− sl− ν−; al− sl− π−]open then
g ◦ f is almost slightly νg-open.

4. Almost Slightly νg-closed mappings

Definition 4.1. A function f : X → Y is said to be almost slightly νg-closed if the
image of every r-clopen set in X is νg-closed in Y.

Example 4.2. Let X = Y = {a, b, c}; τ = {φ, {a}, {b, c}, X}; σ = {φ, {a}, {b},
{a, b}, Y }. Let f : X → Y be defined f(a) = c, f(b) = a and f(c) = b. Then f
is almost slightly νg-closed, almost slightly rg-closed and almost slightly rgα-closed
but not almost slightly closed, almost slightly semi-closed, almost slightly pre-closed,
almost slightly-α-closed, almost slightly rα-closed, almost slightly ν-closed, almost
slightly π-closed, almost slightly β-closed, almost slightly g-closed, almost slightly sg-
closed, almost slightly gs-closed, almost slightly pg-closed, almost slightly gp-closed
and almost slightly βg-closed.

Example 4.3. Let X = Y = {a, b, c, d}; τ = {φ, {a, b}, {c, d}, X}; σ = {φ, {a}, {b},
{d}, {a, b}, {a, d}, {b, d}, {a, b, c}, {a, b, d}, X}. Let f : X → Y be defined f(a) = b,
f(b) = a, f(c) = d and f(d) = c. Then f is not almost slightly νg-closed.

Theorem 4.4. We have the following interrelation among the following almost
slightly closed mappings
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(i) al.sl.g.closed al.sl.gs.closed
↓ ↓ տ

al.sl.rgα.closed → al.sl.rg.closed → al.sl.νg.closed ← al.sl.sg.closed ← al.sl.βg.closed
↑ ↑ ↑ ↑ ↑

ր al.sl.rα.closed → al.sl.ν.closed ց ↑ ↑
al.sl.r.closed → al.sl.π.closed → al.sl.closed → al.sl.α.closed → al.sl.s.closed → al.sl.β.closed

ւ ↓ ց ց
al.sl.πg.closed al.sl.p.closed → al.sl.ω.closed 6↔ al.sl.gα.closed

ց ց
al.sl.gpr.closed ← al.sl.gp.closed ← al.sl.pg.closed al.sl.rω.closed None is reversible.

(ii) sl.g.closed sl.gs.closed
↓ ↓ տ

sl.rgα.closed → sl.rg.closed → al.sl.νg.closed ← sl.sg.closed ← sl.βg.closed
↑ ↑ ↑ ↑ ↑

ր sl.rα.closed → sl.ν.closed ց ↑ ↑
sl.r.closed → sl.π.closed → sl.closed → sl.α.closed → sl.s.closed → sl.β.closed

ւ ↓ ց ց
sl.πg.closed sl.p.closed → sl.ω.closed 6↔ sl.gα.closed

ց ց
sl.gpr.closed ← sl.gp.closed ← sl.pg.closed sl.rω.closed None is reversible.

(iii) If νGC(Y ) = RC(Y ), then the reverse relations hold for all almost slightly closed maps.
al.sl.g.closed al.sl.gs.closed

l l րտ

al.sl.rgα.closed ↔ al.sl.rg.closed ↔ al.sl.νg.closed ↔ al.sl.sg.closed ↔ al.sl.βg.closed
l l l l l

տր al.sl.rα.closed ↔ al.sl.ν.closed ւց l l
al.sl.r.closed ↔ al.sl.π.closed ↔ al.sl.closed ↔ al.sl.α.closed ↔ al.sl.s.closed ↔ al.sl.β.closed

Theorem 4.5. (i) If (Y, σ) is discrete, then f is almost slightly closed of all types.
(ii) If f is almost slightly closed and g is νg-closed then g ◦ f is almost slightly νg-
closed.
(iii)If f is closed and g is almost slightly νg-closed then g ◦ f is almost slightly νg-
closed.

Corollary 4.6. If f is almost slightly closed and g is g−[rg−; sg−; gs−;βg−; rαg−;
rgα−; rα−;α−; s−; p−;β−; ν−;π−; r−] closed then g◦f is almost slightly νg-closed.

Corollary 4.7. If f is closed[r-closed] and g is al− sl− g− [al− sl− rg−; al− sl−
sg−; al− sl− gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− rα−; al−
sl − α−; al − sl − s−; al − sl − p−; al − sl − β−; al − sl − π−] closed then g ◦ f is
almost slightly νg-closed.

Theorem 4.8. If f : X → Y is almost slightly νg-closed, then νg((f(A))) ⊂ f((A)).

Proof. Let A ⊂ X be r-clopen and f : X → Y is almost slightly νg-closed gives f(A)

is νg-closed in Y and f(A) ⊂ f((A)) which in turn gives νg((f(A))) ⊂ νg((f((A))))-

- - - - (1) Since f((A)) is νg-closed in Y, νg((f((A)))) = f((A)) - - - - - - (2) From
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(1) and (2) we have νg((f(A))) ⊂ f((A)) for every subset A of X.
✷

Remark 4.9. Converse is not true in general.

Corollary 4.10. If f : X → Y is al − sl − g − [al − sl − rg−; al − sl − sg−; al −
sl − gs−; al − sl − βg−; al − sl − rαg−; al − sl − rgα−; al − sl − rα−; al − sl −
α−; al−sl−s−; al−sl−p−; al−sl−β−; al−sl−π−] closed, then νg((f(A))) ⊂ f((A))

Theorem 4.11. If f : X → Y is almost slightly νg-closed and A ⊆ X is closed,
f(A) is τνg-closed in Y.

Proof. Let A ⊂ X be r-clopen and f : X → Y is almost slightly νg-closed implies
νg((f(A))) ⊂ f((A)) which in turn implies νg((f(A))) ⊂ f(A), since f(A) = f((A)).
But f(A) ⊂ νg((f(A))). Combining we get f(A) = νg((f(A))). Hence f (A) is τνg-
closed in Y.
✷

Corollary 4.12. If f : X → Y is al− sl− g− [al− sl− rg−; al− sl− sg−; al− sl−
gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− r−; al− sl− rα−; al−
sl − α−; al − sl − s−; al− sl − p−; al− sl − β−; al− sl − ν−; al − sl − π−]closed,
then f(A) is τνg closed in Y if A is closed set in X.

Theorem 4.13. If νg((A)) = r((A)) for every A ⊂ Y and X is discrete space,
then the following are equivalent:
a) f : X → Y is almost slightly νg-closed map
b) νg((f(A))) ⊂ f((A))

Proof. (a) ⇒ (b) follows from Theorem 4.8
(b) ⇒ (a) Let A be any r-clopen set in X, then f(A) = f((A)) ⊃ νg((f(A))) by
hypothesis. We have f(A) ⊂ νg((f(A))). Combining we get f(A) = νg((f(A))) =
r((f(A)))[by given condition] which implies f (A) is r-closed and hence νg-closed.
Thus f is almost slightly νg-closed.
✷

Theorem 4.14. If ν((A)) = r((A)) for every A ⊂ Y and X is discrete space, then
the following are equivalent:
a) f : X → Y is almost slightly νg-closed map
b) νg((f(A))) ⊂ f((A))



Almost Slightly νg−open and Almost Slightly νg−closed Mappings 79

Proof. (a) ⇒ (b) follows from Theorem 4.8
(b) ⇒ (a) Let A be any r-clopen set in X, then f(A) = f((A)) ⊃ νg((f(A))) by
hypothesis. We have f(A) ⊂ νg((f(A))). Combining we get f(A) = νg((f(A))) =
r((f(A)))[by given condition] which implies f (A) is r-closed and hence νg-closed.
Thus f is almost slightly νg-closed.
✷

Theorem 4.15. f : X → Y is almost slightly νg-closed iff for each subset S of Y
and each r-clopen set U containing f−1(S), there is an νg-closed set V of Y such
that S ⊆ V and f−1(V ) ⊆ U.

Proof. Assume f : X → Y is almost slightly νg-closed. Let S ⊆ Y and U be
r-clopen set containing f−1(S). Then X-U is r-clopen in X and f(X − U) is νg-
closed in Y as f is almost slightly νg-closed and V = Y − f(X − U) is νg-closed
in Y. f−1(S) ⊆ U ⇒ S ⊆ f(U) ⇒ S ⊆ V and f−1(V ) = f−1(Y − f(X − U)) =
f−1(Y )− f−1(f(X − U)) = f−1(Y )− (X − U) = X − (X − U) = U.

Conversely Let F be r-clopen in X ⇒ F c is r-clopen. Then f−1(f(F c)) ⊆ F c.
By hypothesis there exists an νg-closed set V of Y, such that f(F c) ⊆ V and
f−1(V ) ⊃ F c and so F ⊆ [f−1(V )]c. Hence V c ⊆ f(F ) ⊆ f[f−1(V )c] ⊆ V c ⇒
f(F ) ⊆ V c ⇒ f(F ) = V c. Thus f (F) is νg-closed in Y. Therefore f is almost
slightly νg-closed.
✷

Remark 4.16. Composition of two almost slightly νg-closed maps is not almost
slightly νg-closed in general.

Theorem 4.17. Let X, Y, Z be topological spaces and every νg-closed set is r-
clopen in Y. Then the composition of two almost slightly νg-closed maps is almost
slightly νg-closed.

Proof. (a) Let f and g be almost slightly νg-closed maps. Let A be any r-clopen
set in X⇒ f (A) is r-clopen in Y (by assumption)⇒ g(f (A)) = g◦ f(A) is νg-closed
in Z. Therefore g ◦ f is almost slightly νg-closed.
✷

Corollary 4.18. Let X, Y, Z be topological spaces and every g − [rg−; sg−; gs−;
βg−; rαg−; rgα−; rα−;α−; s−; p−;β−;π−]closed set is r-clopen in Y. Then the
composition of two al− sl− g− [al− sl− rg−; al− sl− sg−; al− sl− gs−; al− sl−
βg−; al− sl− rαg−; al− sl− rgα−; al− sl− rα−; al− sl− α−; al− sl− s−; al−
sl− p−; al− sl− β−; al− sl− ν−; al− sl− π−; al− sl− r−]closed maps is almost
slightly νg-closed.
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Example 4.19. Let X = Y = Z = {a, b, c}; τ = {φ, {a}, {a, b}, X};σ = {φ, {a, c}, Y }
and η = {φ, {a}, {b, c}, Z}. f : X → Y be defined f(a) = c, f(b) = bandf(c) = a and
g : Y → Z be defined g(a) = b, g(b) = aandg(c) = c, then g, f and g ◦ f are almost
slightly νg-closed.

Theorem 4.20. If f : X → Y is almost slightly g-closed[almost slightly rg-closed],
g : Y → Z is νg-closed and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-closed.

Proof. (a) Let A be r-clopen in X. Then f (A) is g-closed and so closed in Y as Y
is T 1

2

⇒ g(f (A)) = g ◦ f (A) is νg-closed in Z (since g is νg-closed). Hence g ◦ f is
almost slightly νg-closed.
✷

Corollary 4.21. If f : X → Y is almost slightly g-closed [almost slightly rg-closed],
g : Y → Z is g − [rg−; sg−; gs−;βg−; rαg−; rgα−; rα−;α−; s−; p−;β−; ν−;π−;
r−] closed and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-closed.

Theorem 4.22. If f : X → Y is g-closed[rg-closed], g : Y → Z is almost slightly
νg-closed and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-closed.

Proof. (a) Let A be r-clopen in X. Then f (A) is g-closed and so closed in Y as Y
is T 1

2

⇒ g(f (A)) = g ◦ f(A) is νg-closed in Z (since g is almost slightly νg-closed).
Hence g ◦ f is almost slightly νg-closed.
✷

Corollary 4.23. If f : X → Y is g-closed [rg-closed], g : Y → Z is al − sl − g −
[al− sl− rg−; al− sl− sg−; al− sl− gs−; al− sl− βg−; al− sl− rαg−; al− sl−
rgα−; al−sl−rα−; al−sl−α−; al−sl−s−; al−sl−p−; al−sl−β−; al−sl−π−]
closed and Y is T 1

2

[r − T 1

2

] then g ◦ f is almost slightly νg-closed.

Theorem 4.24. If f : X → Y , g : Y → Z be two mappings such that g◦ f is almost
slightly νg-closed then the following statements are true.
a) If f is continuous [r-continuous] and surjective then g is almost slightly νg-closed.
b) If f is g-continuous[resp: rg-continuous], surjective and X is T 1

2

[resp: rT 1

2

]] then
g is almost slightly νg-closed.

Proof. For A r-clopen in Y, f−1(A) closed in X ⇒ (g ◦ f)(f−1(A)) = g(A) νg-closed
in Z. Hence g is almost slightly νg-closed.

Similarly one can prove the remaining parts and hence omitted.
✷
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Corollary 4.25. If f : X → Y , g : Y → Z be two mappings such that g ◦ f is
al − sl − g − [al − sl − rg−; al − sl − sg−; al − sl − gs−; al − sl − βg−; al − sl −
rαg−; al − sl − rgα−; al − sl − rα−; al − sl − α−; al − sl − s−; al − sl − p−; al −
sl−β−; al− sl− ν−; al− sl−π−; al− sl− r−]closed then the following statements
are true.
a) If f is continuous [r-continuous] and surjective then g is almost slightly νg-closed.
b) If f is g-continuous[rg-continuous], surjective and X is T 1

2

[rT 1

2

]] then g is almost
slightly νg-closed.

Theorem 4.26. If f : X → Y , g : Y → Z be two mappings such that g ◦ f is
νg-closed then the following statements are true.
a) If f is almost slightly-continuous [almost slightly-r-continuous] and surjective
then g is almost slightly νg-closed.
b) If f is almost slightly-g-continuous[almost slightly-rg-continuous], surjective and
X is T 1

2

[resp: rT 1

2

]] then g is almost slightly νg-closed.

Proof. For A r-clopen in Y, f−1(A) closed in X ⇒ (g ◦ f)(f−1(A)) = g(A) νg-closed
in Z. Hence g is almost slightly νg-closed.
✷

Corollary 4.27. If f : X → Y , g : Y → Z be two mappings such that g ◦ f is
g−[rg−; sg−; gs−;βg−; rαg−; rgα−; rα−;α−; s−; p−;β−; ν−;π−; r−] closed then
the following statements are true.
a) If f is almost slightly-continuous [almost slightly-r-continuous] and surjective
then g is almost slightly νg-closed.
b) If f is almost slightly-g-continuous[almost slightly-rg-continuous], surjective and
X is T 1

2

[rT 1

2

]] then g is almost slightly νg-closed.

Theorem 4.28. If X is νg-regular, f : X → Y is r-closed, nearly-continuous, al-
most slightly νg-closed surjection and A = A for every νg-closed set in Y, then Y
is νg-regular.

Corollary 4.29. If X is νg-regular, f : X → Y is r-closed, nearly-continuous,
almost slightly νg-closed surjection and A = A for every closed set in Y then Y is
νg-regular.

Theorem 4.30. If f : X → Y is almost slightly νg-closed and A closed in X, then
fA : (X, τA)→ (Y, σ) is almost slightly νg-closed.

Proof. Let F be an r-clopen set in A. Then F = A ∩ E for some closed set E of X
and so F is closed in X ⇒ f (A) is νg-closed in Y. But f(F ) = fA(F ). Therefore fA



82 S. Balasubramanian

is almost slightly νg-closed.
✷

Theorem 4.31. If f : X → Y is almost slightly νg-closed, X is rT 1

2

and A is rg-

closed set of X then fA : (X, τA)→ (Y, σ) is almost slightly νg-closed.

Proof. Let F be a r-clopen set in A. Then F = A ∩ E for some closed set E of X
and so F is closed in X ⇒ f (A) is νg-closed in Y. But f(F ) = fA(F ). Therefore fA
is almost slightly νg-closed. ✷

Corollary 4.32. If f : X → Y is al− sl− g− [al− sl− rg−; al− sl− sg−; al− sl−
gs−; al− sl− βg−; al− sl− rαg−; al− sl− rgα−; al− sl− r−; al− sl− rα−; al−
sl − α−; al− sl − s−; al− sl− p−; al− sl − β−; al− sl − ν−; al− sl − π−] closed
and A closed in X, then fA : (X, τA)→ (Y, σ) is almost slightly νg-closed.

Theorem 4.33. If fi : Xi → Yi be almost slightly νg-closed for i = 1, 2. Let
f : X1×X2 → Y1×Y2 be defined as f(x1, x2) = (f1(x1), f2(x2)). Then f : X1×X2 →
Y1 × Y2 is almost slightly νg-closed.

Proof. Let U1 × X2 ⊆ X1 × X2 where Ui is r-clopen in Xi for i = 1, 2. Then
f(U1 ×U2) = f1(U1)× f2(U2) is νg-closed set in Y1 × Y2. Hence f is almost slightly
νg-closed.
✷

Corollary 4.34. If fi : Xi → Yi be al− sl− g − [al− sl− rg−; al− sl− sg−; al−
sl−gs−; al−sl−βg−; al−sl−rαg−; al−sl−rgα−; al−sl−r−; al−sl−rα−; al−
sl − α−; al − sl − s−; al − sl − p−; al − sl − β−; al − sl − ν−; al − sl − π−]closed
for i = 1, 2. Let f : X1 ×X2 → Y1 × Y2 be defined as f(x1, x2) = (f1(x1), f2(x2)),
then f : X1 ×X2 → Y1 × Y2 is almost slightly νg-closed.

Theorem 4.35. Every νg-closed and contra νg-open map is almost slightly νg-
closed map but not conversely.

Proof. Let A be any r-clopen set in X, then A is both open and closed in X. For,
f is νg-closed and contra νg-open, f (A) is νg-open. Hence f is almost slightly
νg-closed. ✷

Example 4.36. Let X = Y = {a, b, c, d}; τ = {φ, {a}, {b}, {d}, {a, b}, {a, d}, {b, d},
{a, b, c}, {a, b, d}, X}. Let f : X → Y be defined f(a) = b, f(b) = a, f(c) = d and
f(d) = c. Then f is almost slightly νg-closed but not contra νg-open and almost
contra νg-open.
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Example 4.37. Let X = Y = {a, b, c, d}; τ = {φ, {a}, {b}, {d}, {a, b}, {a, d}, {b, d},
{a, b, c}, {a, b, d}, X}. Let f : X → Y be defined f(a) = c, f(b) = d, f(c) = a and
f(d) = b. Then f is almost slightly νg-closed but not νg-closed and almost νg-closed.

Corollary 4.38. If f is g−[rg−; sg−; gs−;βg−; rαg−; rgα−; r−; rα−;α−; s−; p−;
β−; ν−;π−]closed and c − g − [c − rg−; c − sg−; c − gs−; c − βg−; c − rαg−; c −
rgα−; c− r−; c − rα−; c− α−; c− s−; c− p−; c− β−; c− ν−; c− π−]open then f
is almost slightly νg-closed.

Proof. Let A be any r-clopen set in X, then A is both open and closed in X. For,
f is g-closed and contra g-open, f (A) is g-closed and so νg-closed[by remark 1].
Hence f is almost slightly νg-closed. ✷

Corollary 4.39. If f is closed and g is al−sl−g− [al−sl−rg−; al−sl−sg−; al−
sl−gs−; al−sl−βg−; al−sl−rαg−; al−sl−rgα−; al−sl−r−; al−sl−rα−; al−
sl − α−; al − sl − s−; al − sl − p−; al − sl − β−; al − sl − ν−; al − sl − π−]closed
then g ◦ f is almost slightly νg-closed.

Conclusion

In this paper author defined new open and closed mappings called almost
slightly νg-open and almost slightly νg-Closed mappings and studied their interre-
lations with other types of almost slightly-continuous functions.
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