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81. INTRODUCTION:

Mappings plays an important role in the study of modern mathematics, especially in
Topology and Functional analysis. Closed mappings are one such mappings which are studied
for different types of closed sets by various mathematicians for the past many years.
N.Biswas, discussed about semiopen mappings in the year 1970, A.S.Mashhour, M.E.Abd EI-
Monsef and S.N.EI-Deeb studied preopen mappings in the year 1982 and S.N.El-Deeb, and
I.A.Hasanien defind and studied about preclosed mappings in the year 1983. Further Asit
kumar sen and P. Bhattacharya discussed about pre-closed mappings in the year 1993.
A.S.Mashhour, I.A.Hasanein and S.N.EI-Deeb introduced o-open and o.-closed mappings in
the year in 1983, F.Cammaroto and T.Noiri discussed about semipre-open and semipre-clsoed
mappings in the year 1989 and G.B.Navalagi further verified few results about semipreclosed
mappings. M.E.Abd EI-Monsef, S.N.EIl-Deeb and R.A.Mahmoud introduced [3-open
mappings in the year 1983 and Saeid Jafari and T.Noiri, studied about -closed mappings in
the year 2000. In the year 2010, S. Balasubramanian and P.A.S.Vyjayanthi introduced v-open
mappings and in the year 2011 they further defined almost v-open mappings. In the last year
S. Balasubramanian and P.A.S.Vyjayanthi introduced v-closed and Almost v-closed
mappings. Author of the present paper studied vg-open mappings in the year 2011. In the
present paper author tried to study a new variety of closed map called vg-closed and almost
vg-closed map. Throughout the paper X, Y means topological spaces (X, t) and (Y,c) on which
no separation axioms are assured.

82. PRELIMINARIES:

Definition 2.1: Ac X is said to be

a) regular open[pre-open; semi-open; a-open; B-open] if A= int(cl(A)) [A cint(cl(A)); Ac cl(int(A));
Ac int(cl(int(A))); Ac cl(int(cl(A)))] and regular closed[pre-closed; semi-closed; o-closed; (-
closed] if A = cl(int(A))[cl(int(A)) < A; int(cl(A))c A; cl(int(cl(A)))< A, int(cl(int(A)))c Al

b) v-open if there exists a r-open set U such that U — A c cl(U).

c) g-closed[rg-closed] if cl(A)cU[rcl(A)cU] whenever AcU and U is open[r-open] in X.

d) sg-closed[gs-closed] if scl(A)cU whenever AcU and U is s-open[open] in X.

e) pg-closed[gp-closed] if pcl(A)cU whenever AcU and U is p-open[open] in X.

f) ag-closed[ga-closed; rga-closed] if acl(A)cU whenever AcU and U is a-open[open; ro-open] in
X.

g) Bg-closed[gp-closed] if Bcl(A)cU whenever AcU and U is B-open[open] in X.

h) vg-closed if vcl(A)cU whenever AcU and U is v-open in X.

i) g-open[rg-open; sg-open; gs-open; pg-open; gp-open; vg-open; a.g-open; ga-open; rgo.-open; Bg-
open; gB-open] if its complement X - A is g-closed[rg-closed; sg-closed; gs-closed; pg-closed; gp-
closed; vg-closed; ag-closed; go-closed; rga-closed; pg-closed; gp-closed].
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Remark 1: We have the following implication diagrams for closed sets.
g.closed gs.closed

rag.closed — rgoa.closed — rg.closed — vg.closed <« sg.closed < Bg.closed

T
— — rouclosed — —>— vclosed > —»> —» —
0 i1 )
rclosed — m.closed —» closed > oa.closed — s.closed — p.closed
{ \ \
ng.closed p.closed — w.closed go.closed
2 3
gp.closed « pg.closed ro.closed

Definition 2.2: A function f:X—Y is said to be

a) continuous [resp: semi-continuous, r-continuous, v-continuous] if the inverse image of every open
set is open [resp: semi open, regular open, v-open].

b) irresolute [resp: r-irresolute, v-irresolute] if the inverse image of every semi open [resp: regular
open, v-open] set is semi open [resp: regular open, v-open].

c) open[resp: r-open, semi-open, pre-open, a-open, B-open, ro-open] if the image of every open set is
open[resp: regular-open, semi-open, pre-open, a.-open, B-open, ra-open].

d) g-continuous [resp: rg-continuous] if the inverse image of every closed set is g-closed [resp: rg-
closed].

€) g-open[resp: rg-open, sg-open, pg-open, ag-open, Bg-open, rag-open, rgo-open, gs-open, gp-open,
go-open] if the image of every open set is g-open[resp: rg-open, sg-open, pg-open, ag-open, Bg-
open, rag-open, rgo-open, gs-open, gp-open, go-open].

Definition 2.3:X is said to be

(i) v-regular space (or v-T3 space) if for a open set F and a point xgF, there exists disjoint v-open sets G
and H such that F < G and xeH.

(ii) vg-regular space (or vg-Ts space) if for a open set F and a point x¢F, there exists disjoint v-open
sets G and H such that F < G and xeH.

Definition 2.4: X is said to be Ty,[r-Ty,,] if every (regular) generalized closed set is (regular) closed.
83. vg-CLOSED MAPPINGS:

Definition 3.1: A function f: X—Y is said to be vg-closed if the image of every closed set in X is vg-
closedinY.

Theorem 3.1: We have the following implication diagrams for closed mappings.
(i) g.closed gs.closed

{4

rag.closed — rgo.closed — rg.closed — vg.closed <« sg.closed « Bg.closed

— — roclosed —» — v.closed —

0 ) )
rclosed — m.closed — closed — a.closed — s.closed — B.closed
\ \ \
ng.closed p.closed — w.closed ga.closed
b 2
gp.closed « pg.closed ro.closed None is reversible

(ii) If vGO(Y) = RO(Y), then the reverse relations hold for all closed maps.
g.closed gs.closed

NN
rag.closed < rgo.closed <> rg.closed <> vg.closed <« sg.closed <> g.closed
N N N N N
© o roclosed & < << vclosed <>
N NN N
r.closed <« m.closed <> closed <> a.closed <> s.closed <« P.closed
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Example 1: Let X =Y = {a, b, c}; 1= {9, {a}, {a, b}, X}; 6 = {0, {a, c}, Y}. Let f:X—Y be defined f(a)
=¢, f(b) = b and f(c) = a. Then f is vg-closed.and v-closed but not v-closed.

Example 2: Let X =Y = {a, b, c}; 1= {9, {a}, {b, c}, X}; 6 = {0, {a, c}, Y}. Let f:X—Y be defined f(a)
=b, f(b) = c and f(c) = a. Then f is vg-closed but not v-closed.

Theorem 3.2:

(i) If (Y, o) is discrete, then f is closed of all types.

(i) If fis closed[r-closed] and g is vg-closed then gof is vg-closed.
(iii) If f and g are r-closed then gof is vg-closed.

Corollary 3.1: If f is closed[ r-closed] and g is g-[rg-; sg-; 9s-; Bg-; rag-; rgo-; ro-; a-; S-; p-; B-; V-;
ni-; r-] closed then gof is vg-closed.

Corollary 3.2: If f is almost closed[almost r-closed] and g is g-[rg-; sg-; gs-; fg-; rag-; rgo-; ra-; o-;
s-; p-; B3 v-; =-; r-] closed then gof is vg-closed.

Theorem 3.3: If f: X— Y is vg-closed, then vg(cl{f(A)}) = f(cl{A})

Proof: Let AcX be closed and f: X— Y is vg-closed gives f(cl{A}) is vg-closed in Y and f(A) —
f(cl{A}) which in turn gives vg(cl{f(A)}) < vgcl{(f(cl{A})}- - - - - (1)

Since f(cl{A}) is vg-closed in Y, vgcl{(f(cl{A}))} = f(c{A}) - - - - - - 2

From (1) and (2) we have vg(cl{f(A)}) < (f(cl{A})) for every subset A of X.

Remark 2: Converse is not true in general.

Corollary 3.3: If f: X— Y is g-[rg-; sg-; 9s-; fg-; rag-; rgo-; ra-; o-; S-; p-; f-; V-; n-; r-] closed, then
vg(cKf(A)}) = f(cHA})

Theorem 3.4: If f:X—Y is vg-closed and AcX is closed, f(A) is t,q.Closed in Y.

Proof: Let AcX be closed and f: X— Y is vg-closed implies vg(cl{f(A)}) < f(cl{A}) which in turn
implies vg(cl{f(A)}) < f(A), since f(A) =f(cl{A}). But f(A) < vg(cl{f(A)}). Combaining we get f(A) =
vg(c{f(A)}). Hence f(A) is t,q.Closed in Y.

Theorem 3.5: If f:X—Y is g-[rg-; sg-; 9s-; Ag-; rag-; rgo-; ra-; a-; s-; p-; F; v-; n-; r-]closed and
AcX is closed, f(A) is t,.Closed in Y.

Proof: For AcX is closed and f:X—Y is rg-closed, f(A) is tg.closed in Y and so f(A) is t,4.closed in Y.
[since g-closed set is vg-closed]. Similarly we can preove the remaining results.

Theorem 3.6: If vg(cl{A}) = r(cl{A}) for every AcY and X is discrete space, then the following are
equivalent:
a) f: X— Yisvg-closed map
b) vg(cKf(A)}) = f(cl{A})
Proof: (a) = (b) follows from theorem 3.3

(b) = (a) Let A be any closed set in X, then f(A) = f(cl{A})> vg(cl{f(A)}) by hypothesis. We
have f(A) < vg(cl{f(A)}). Combining we get f(A) = vg(cl{f(A)}) = r(cl{f(A)}[ by given condition]
which implies f(A) is r-closed and hence vg-closed. Thus f is vg-closed.

Theorem 3.7: If v(cl{A}) = r(cl{A}) for every AcY and X is discrete space, then the following are
equivalent:
c) f: X— Y isvg-closed map
d) vo(cKf(A)}) = f(cHA})
Proof: (a) = (b) follows from theorem 3.3

(b) = (a) Let A be any closed set in X, then f(A) = f(cl{A})> vg(cl{f(A)}) by hypothesis. We
have f(A) < vg(cl{f(A)}). Combining we get f(A) = vg(cl{f(A)}) = r(cl{f(A)}[ by given condition]
which implies f(A) is r-closed and hence vg-closed. Thus f is vg-closed.

Theorem 3.8: f:X—Y is vg-closed iff for each subset S of Y and each UeRO(X, f *(S)), there is an vg-
closed set V of Y such that ScV and f*(V) < U.
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Proof: Let ScY and UeRO(X, f*(S)). Then V = f(U) is vg-closed in Y as f is vg-closed. f *(S)cU =
Scf(U) =V and f (V) = f }(f(U)) = U

Conversely Let U be r-closed in X. Then by hypothesis there exists an vg-closed set V of Y,
such that f (V) cU and so V < f (U). Thus f(U) is vg-closed in Y. Hence f is vg-closed.

Remark 3: Composition of two vg-closed maps is not vg-closed in general.

Theorem 3.9: Let X, Y, Z be topological spaces and every vg-closed set is r-closed[closed] in Y. Then
the composition of two vg-closed maps is vg-closed.

Proof: (a) Let fand g be vg-closed maps. Let A be any closed set in X = f(A) is r-closed[closed] in Y
(by assumption) = g(f (A)) = g o f(A) is vg-closed in Z. Hence gof is vg-closed.

Theorem 3.10: Let X, Y, Z be topological spaces and every v-closed set is closed [r-closed] in Y. Then
the composition of two v-closed[r-closed] maps is vg-closed.

Proof: (a) Let f, g be v-closed maps. Let A be closed in X = f(A) is v-closed and so closed in Y (by
assumption) = g(f (A)) = gof(A) is v-closed in Z. Hence gof is vg-closed [since every v-closed set is
vg-closed].

Theorem 3.11: Let X, Y, Z be topological spaces and every g-[rg-; sg-; gs-; B9-; rag-; rgo-; ra-; a-; -
; p-; S~ n-]closed set is closed [r-closed] in Y. Then the composition of two g-[rg-; sg-; gs-; Ag-; rag-;
rgo-; ra-; a-; s-; p-; f-; V-; n-; r-Jclosed maps is vg-closed.

Proof: Let A be closed set in X, then f(A) is sg-closed in Y and so closed in Y (by assumption) = g(f
(A)) = gof(A) is sg-closed in Z. Hence gof is vg-closed [since every sg-closed set is vg-closed].

Corollary 3.4: Let X, Y, Z be topological spaces and every g-[rg-; sg-; gs-; Bg-; rag-; rgo-; ra-; o-; S-;
p-; ; n-]closed set is r-closed in Y. Then the composition of two al-g-[al-rg-; al-sg-; al-gs-; al-gg-; al-
rag-; al-rgo-; al-r-; al-ro-; al-o-; al-s-; al-p-; al--; al-v-; al-n-]closed maps is vg-closed.

Proof: Let A be r-closed set in X, then f(A) is sg-closed in Y and so r-closed in Y (by assumption) =
g(f (A)) = gof(A) is sg-closed in Z. Hence gof is vg-closed [since every sg-closed set is vg-closed].

Example 3: Let X=Y=Z= {a, b, c}; 1= {0, {a}, {a, b}, X}; 6= {0, {a, c}, Y} and n = {o, {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) = ¢, then g, fand g o f are vg-closed.

Theorem 3.12: If f:X—Y is g-closed[rg-closed], g:Y—Z is vg-closed and Y is T, [r-T+,] then gof is vg-
closed.

Proof: Let A be closed in X. Then f(A) is g-closed and so closed in Y as Y is Ty, = g(f (A)) = gof (A) is
vg-closed in Z (since g is vg-closed). Hence gof is vg-closed.

Theorem 3.13: If f:X—Y is g-closed[rg-closed], g:Y—Z is g-[rg-; sg-; gs-; Bo-; rag-; rgo-; ro-; a-; S-;
p-; B; n-]closed and Y is Ty[r-Ty,], then gof is vg-closed.

Proof: Let A be closed set in X, then f(A) is g-closed in Y and so closed in Y (by assumption) = g(f
(A)) = gof(A) is gs-closed in Z. Hence gof is vg-closed [since every gs-closed set is vg-closed].

Corollary 3.5: If f:X—Y is g-closed[ rg-closed], g:Y—Z is g-[rg-; s@-; gs-; B9-; rag-; rgo-; ra-; o-; S-;
p-; B; V-; n-; r-]closed and Y is Ty, [r-T,] then gof is vg-closed.

Proof: Let A be closed in X. Then f(A) is g-closed and so closed in Y as Y is Ty, = g(f (A)) = gof (A) is
v-closed in Z (since g is v-closed). Hence gof is vg-closed[since every v-closed set is vg-closed].

Theorem 3.14: If f:X—Y, g:Y—Z be two mappings such that gof is vg-closed [ r-closed] then the
following statements are true.

a) If fis continuous [r-continuous] and surjective then g is vg-closed.

b) If f is g-continuous[resp: rg-continuous], surjective and X is Ty, [resp: r-T.,] then g is vg-closed.
Proof: (a) For A closed in Y, f*(A) closed in X = (g o )(f*(A)) = g(A) vg-closed in Z. Hence g is vg-
closed.Similarly one can prove the remaining parts and hence omitted.

Corollary 3.6: If f:X—Y, g:Y—Z be two mappings such that gof is -[rg-; sg-; gs-; Bg-; rag-; rgo-; ro-;
a-; s-; p-; B-; v-; n-; r-]closed then the following statements are true.
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a) If fis continuous [r-continuous] and surjective then g is vg-closed.
b) If f is g-continuous[rg-continuous], surjective and X is Ty, [r-T.,] then g is vg-closed.

Theorem 3.15: If X is vg-regular, f: X— Y is r-closed, nearly-continuous, vg-closed surjection and A
= A for every vg-closed set in Y, then Y is vg-regular.

Proof: Let peUevGO(Y). Then there exists a point xe X such that f(x) = p as f is surjective. Since X is
vg-regular and f is r-continuous there exists VeRO(X) such that xeV<Ve f1(U) which implies pef(V)
f(V) < f(f (W) =U — (1)

Since f is vg-closed, f(V) < U, By hypothesis f(V) = £(V) and f(V) = f(V) —(2)

By (1) & (2) we have pef(V) c f(V) < U and f(V) is vg-open. Hence Y is vg-regular.

Corollary 3.7: If X is vg-regular, f: X— Y is r-closed, nearly-continuous, vg-closed surjection and A =
A for every r-closed set in Y then Y is vg-regular.

Theorem 3.16: If f:X—Y is vg-closed and A eRO(X), then fa:(X,1(A))—(Y,0) is vg-closed.
Proof: Let F be an closed set in A. Then F = ANE for some closed set E of X and so F is closed in X =
f(A) is vg-closed in Y. But f(F) = fa(F). Hence f4 is vg-closed.

Theorem 3.17: If f:X—Y is vg-closed, X is rTy, and A is rg-closed set of X then fa:(X,t(A))—(Y,0) is
vg-closed.

Proof: Let F be r-closed set in A. Then F = ANE for some r-closed set E of X and so F is r-closed in X
= f(A) is vg-closed in Y. But f(F) = fo(F). Hence fa is vg-closed.

Corollary 3.8: If f:X—>Y is g-[rg-; sg-; gs-; fo-; rag-; rgo-; r-; ro-; o-; s-; p-; f-; v-; n-] closed and
A eRO(X), then fa:(X,1(A))—(Y,0) is vg-closed.

Proof: Let F be closed in A. Then F = ANE for some closed set E of X and so F is closed in X = f(A) is
rag-closed in Y. But f(F) = fa(F). Hence fa is vg-closed[since every rag-closed set is vg-closed].

Corollary 3.9: If f:X—Y is al-g-[ al-rg-; al-sg-; al-gs-; al-Ag-; al-rag-; al-rge-; al-r-; al-ro-; al-o-; al-
s-; al-p-; al-p-; al-v-; al-n-] closed and A eRO(X), then fa:(X,1(A))—(Y,o) is vg-closed.

Proof: Let F be r-closed in A. Then F = ANE for some r-closed set E of X and so F is r-closed in X =
f(A) is rge-closed in Y. But f(F) = fa(F). Hence fa is vg-closed[since every rga-closed set is vg-closed].

Theorem 3.18: If fi:X;—Y; be vg-closed for i =1, 2. Let f: X;xX,—YXY, be defined as f(x;,X5) = (fi(Xo),
f2(X2)). Then f:X;xX,—Y1xY, is vg-closed.

Proof: Let U;xU, < X;xX, where U; is closed in X; for i = 1,2. Then f(U;xU,) = f1(U;) x f5(Uy) is vg-
closed set in Y;xY,. Hence f is vg-closed.

Corollary 3.10: If f;:X;—Y; be al-g-[ al-rg-; al-sg-; al-gs-; al-gg-; al-rag-; al-rge-; al-r-; al-ro-; al-o-;
al-s-; al-p-; al-g-; al-v-; al-n-]closed for i =1, 2. Let f:X;xX,—YXY, be defined as f(xy,x2) = (fi(Xo),
f2(x2)), then f:X;xX,—Y;XY, is vg-closed.

Proof: Let U;xU, < X1xX, where Uj is r-closed in X; for i = 1,2. Then f(UxU,) = f;(Uy) x fo(Uy) is vg-
closed set in Y1xY; [since every a-closed set is vg-closed]. Hence f is vg-closed.

Corollary 3.11: If f:Xi—Y; be g-[rg-; s9-; 9s-; B9-; reg-; rgo-; r-; ro-; a-; S-; p-; B-; V-; n-]closed for i
=1, 2. Let f:X;xXo—Y XY, be defined as f(xy,%2) = (fi(X1), f2(X,)), then f: X xX,—Y XY, is vg-closed.
Proof: Let U;xU, < X;xX, where Uj; is closed in X; for i = 1,2. Then f(U;xU,) = fi(Uy) x f,(Uy) is vg-
closed set in Y xY; [since every a-closed set is vg-closed]. Hence f is vg-closed.

Theorem 3.19: Let h:X—X;xX, be vg-closed. Let f:X—X; be defined as h(x) = (x1,Xz) and fi(x) = x;.
Then f;: X—X;is vg-closed for i =1, 2.

Proof: Let U; be closed in X;, then U;xX; is closed in X;x X,, and h(Ujx X3) is vg-closed in X. But
fi(Uy) = h(Uyx X;), Hence f; is vg-closed. Similarly we can show that f, is also vg-closed and thus
fi:X—X; is vg-closed fori =1, 2.

R S. Publication, rspublicationhouse@gmail.com Page 705



International Journal of Advanced Scientific and Technical Research Issue 4 volume 4, July-August 2014
Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954

Corollary 3.12: Let h: X—X;xX; be al-g-[ al-rg-; al-sg-; al-gs-; al-8g-; al-rag-; al-rge-; al-r-; al-ro-;
al-a-; al-s-; al-p-; al-p-; al-v-; al-n-] closed. Let fi: X—X; be defined as h(x) = (x;, X) and fi(X) = x;.
Then f;: X—X;is vg-closed for i =1,2.

Proof: Let U;xU, < X;xX, where U; is r-closed in X; for i = 1,2. Then f(U;xU,) = f;(Uy) x fo(U,) is vg-
closed set in Y xY, [since every p-closed set is vg-closed]. Hence f is vg-closed.

Corollary 3.13: Let h: X—X;xX, be g-[rg-; sg-; 9s-; fo-; rag-; rgo-; r-; ra-; o-; S-; p-; f; V-; n-]
closed. Let fi: X—X; be defined as h(x) = (1, X,) and fi(x) = x;. Then f;: X—X;is vg-closed for i =1,2.
Proof: Let U;xU, < X;xX, where Uj; is closed in X; for i = 1,2. Then f(U;xU,) = fi(Uy) x f(Uy) is vg-
closed set in Y;XY, [since every s-closed set is vg-closed]. Hence f is vg-closed.

84. ALMOST vg-CLOSED MAPPINGS:

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

Theorem 4.1: Every vg-closed map is almost vg-closed but not conversely.

Example 1: Let X =Y = {a, b, c}; 1= {0, {a}, {a, b}, X}; 6= {0, {a, c}, Y}. Let f:X—Y be defined f(a)
=c, f(b) = b and f(c) = a. Then f is almost vg-closed.and almost v-closed but not v-closed.

Example 2: Let X =Y = {a, b, c}; 1= {0, {a}, {b, c}, X}; 6= {0, {a, c}, Y}. Let f:X—Y be defined f(a)
= b, f(b) = c and f(c) = a. Then f is almost vg-closed but not almost v-closed.

Theorem 4.2:

(i) [If(Y, o) isdiscrete, then f is almost closed of all types.

(if) If fis almost closed[almost r-closed] and g is vg-closed then gof is almost vg-closed.
(iii) If fand g are almost r-closed then gof is almost vg-closed.

Note 1: We have the following implication diagrams for almost closed mappings.
(i) al.g.closed  al.gs.closed

al.rag.closed — al.rga..closed — al.rg.closed — al.vg.closed <« al.sg.closed < al.pg.closed

T T T ) )
— — alro.closed —» —  alv.closed —»
T I 1 )
al.r.closed — al.m.closed — al.closed — al.a.closed — al.s.closed — al.p.closed
2 \ 2
al.ng.closed al.p.closed — al.oo.closed al.go.closed
) \
al.gp.closed <« al.pg.closed al.rm.closed None is reversible
(i) g.closed gs.closed

rag.closed — rgo.closed — rg.closed — al.vg.closed <« sg.closed < Bg.closed

— — roclosed —» — v.closed —
0 J T 0

rclosed — mclosed — closed — a.closed >  s.closed — B.closed None is reversible

(iii) If vGO(Y) = RO(Y), then the reverse relations hold for all almost closed maps.
al.g.closed al.gs.closed

N N
al.rag.closed < al.rgo.closed <> al.rg.closed <> al.vg.closed <« al.sg.closed <> al.Bg.closed
N N N N N
< o alraclosed <& < <« alvclosed &
™ NN N
al.rclosed < al.m.closed <> al.closed <> al.a..closed < al.s.closed <« al.p.closed
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Corollary 4.1: If f is almost closed[almost r-closed] and g is g-[rg-; sg-; gs-; fg-; rag-; rgo-; ra-; o-;
S-; p-; -; v-; m-; r-] closed then gof is almost vg-closed.

Corollary 4.2: If f is closed[r-closed] and g is g-[rg-; sg-; gs-; fg-; rag-; rgo-; ra-; a-; S-; p-; f-in-]
closed then gof is almost vg-closed.

Theorem 4.3: If f: X— Y is almost vg-closed, then vg(cl{f(A)}) c f(cl{A})

Proof: Let AcX be r-closed and f: X— Y is vg-closed gives f(cl{A}) is vg-closed in Y and f(A) c
f(cl{A}) which in turn gives vg(cl{f(A)}) < vgcl{(f(cl{A})}- - - - - (1)

Since f(cl{A}) is vg-closed in Y, vgcl{(f(cHA})} = f(cl{A}) - - - - - - (2)

From (1) and (2) we have vg(cl{f(A)}) — (f(cl{A})) for every subset A of X.

Remark 2: Converse is not true in general.

Corollary 4.3: If f: X— Y is al-g-[ al-rg-; al-sg-; al-gs-; al-gg-; al-rag-; al-rgo-; al-r-; al-ro-; al-o-;
al-s-; al-p-; al-4-; al-v-; al-n-] closed, then vg(cl{f(A)}) < f(cl{A})

Theorem 4.4: If f:X—Y is almost vg-closed and AcX is r-closed, f(A) is t,q.Closed in Y.

Proof: Let AcX be r-closed and f: X— Y is vg-closed implies vg(cl{f(A)}) < f(cl{A}) which in turn
implies vg(cl{f(A)}) < f(A), since f(A) =f(cl{A}). But f(A) < vg(cl{f(A)}). Combaining we get f(A) =
vg(cl{f(A)}). Hence f(A) is t,4-Closed in Y.

Corollary 4.4: If f:X—Y is al-g-[al-rg-; al-sg-; al-gs-; al-gg-; al-rag-; al-rgo-; al-r-; al-ro-; al-o-; al-s-
; al-p-; al-p-; al-v-; al-n-Jclosed, then f(A) is 7,4 closed in Y if A is r-closed set in X.

Theorem 4.5: If f:X—Y is g-[rg-; sg-; 9s-; fo-; rag-; rgo-; ra-; a-; s-; p-; B; v-; n-; r-]closed and
AcX is r-closed, f(A) is tyq.Closed in Y.

Proof: For AcX is r-closed and f:X—Y is rg-closed, f(A) is tr4.closed in Y and so f(A) is t,q.closed in
Y. [since rg-closed set is vg-closed]. Similarly we can preove the remaining results.

Theorem 4.6: If vg(cl{A}) = r(cl{A}) for every AcY and X is discrete space, then the following are
equivalent:
a) f: X— Y is almost vg-closed map
b) va(cf(A)}) — fc{A})
Proof: (a) = (b) follows from theorem 3.3

(b) = (a) Let A be any r-closed set in X, then f(A) = f(cl{A})> vg(cl{f(A)}) by hypothesis.
We have f(A) < vg(cl{f(A)}). Combining we get f(A) = vg(cl{f(A)}) = r(cl{f(A)})[ by given condition]
which implies f(A) is r-closed and hence vg-closed. Thus f is almost vg-closed.

Theorem 4.7: If v(cl{A}) = r(cl{A}) for every AcY and X is discrete space, then the following are
equivalent:
a) f: X— Y isalmost vg-closed map
b) va(cKf(A)}) = fc{A})
Proof: (a) = (b) follows from theorem 3.3

(b) = (a) Let A be any r-closed set in X, then f(A) = f(cl{A})> vg(cl{f(A)}) by hypothesis.
We have f(A) < vg(cl{f(A)}). Combining we get f(A) = vg(cl{f(A)}) = r(cl{f(A)})[ by given condition]
which implies f(A) is r-closed and hence vg-closed. Thus f is almost vg-closed.

Theorem 4.8: f:X—Y is almost vg-closed iff for each subset S of Y and each UeRO(X, f™(S)), there is
an vg-closed set V of Y such that ScV and f*(V) < U.
Proof: Let ScY and UeRO(X, f*(S)). Then V = f(U) is vg-closed in Y as f is almost vg-closed. f -
Y(S)cU = Scf(U) = V and f (V) = f1(f(U)) = U

Conversely Let U be r-closed in X. Then by hypothesis there exists a vg-closed set V of Y,
such that f *(V) U and so V < f (U). Thus f(U) is vg-closed in Y. Hence f is almost vg-closed.

Remark 3: Composition of two almost vg-closed maps is not almost vg-closed in general.
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Theorem 4.9: Let X, Y, Z be topological spaces and every vg-closed set is r-closed in Y. Then the
composition of two almost vg-closed maps is almost vg-closed.

Proof: (a) Let f and g be almost vg-closed maps. Let A be any r-closed set in X = f(A) is r-closed in Y
(by assumption) = g(f (A)) = g o f(A) is vg-closed in Z. Hence gof is almost vg-closed.

Theorem 4.10: Let X, Y, Z be topological spaces and every v-closed set is closed [r-closed] in Y. Then
the composition of two v-closed[r-closed] maps is almost vg-closed.

Proof: (a) Let f, g be v-closed maps. Let A be r-closed in X = f(A) is v-closed and so closed in Y (by
assumption) = g(f (A)) = gof(A) is v-closed in Z. Hence gof is almost vg-closed [since every v-closed
set is vg-closed].

Theorem 4.11: Let X, Y, Z be topological spaces and every g-[rg-; sg-; gs-; A9-; rag-; rgo-; ro-; a-; s-
; p-; f-; mn-]closed set is r-closed in Y. Then the composition of two al-g-[al-rg-; al-sg-; al-gs-; al-Ag-;
al-rag-; al-rga-; al-r-; al-ro-; al-o-; al-s-; al-p-; al-4; al-v-; al-n-]Jclosed maps is almost vg-closed.
Proof: Let A be r-closed in X, then f(A) is sg-closed in Y and so r-closed in Y(by assumption) =
g(f(A)) = gof(A) is sg-closed in Z. Hence gof is almost vg-closed [since every sg-closed set is vg-
closed].

Corollary 4.5: Let X, Y, Z be topological spaces and every g-[rg-; sg-; gs-; Bg-; rag-; rgo-; ra-; a-; S-;
p-; B; n-]closed set is closed [r-closed] in Y. Then the composition of two g-[rg-; sg-; gs-; Bg-; rag-;
rgo-; ra-; o-; s-; p-; f-; V-; n-; r-Jclosed maps is almost vg-closed.

Proof: Let A be r-closed set in X, then f(A) is sg-closed in Y and so closed in Y (by assumption) = g(f
(A)) = gof(A) is sg-closed in Z. Hence gof is almost vg-closed [since every sg-closed set is vg-closed].

Example 3: Let X = Y =Z = {a, b, c}; T= {9, {a}, {a, b}, X}; 0= {0, {a, c}, Y}and 1 = {o, {a}, {b,
c}, Z}. f:X—Y be defined f(a) = ¢, f(b) = b and f(c) = a and g:Y—Z be defined g(a) = b, g(b) = a and
g(c)=c,theng,fand g o f are almost vg-closed.

Theorem 4.12: If f:X—Y is almost g-closed[almost rg-closed], g:Y—Z is vg-closed and Y is Ty, [r-Ty]
then gof is almost vg-closed.

Proof: (a) Let A be r-closed in X. Then f(A) is g-closed and so closed in Y as Y is Ty, = g(f (A)) = gof
(A) is vg-closed in Z (since g is vg-closed). Hence gof is almost vg-closed.

Theorem 4.13: If f:X—Y is g-closed[rg-closed], g:Y—Z is g-[rg-; sg-; gs-; Bo-; rag-; rgo-; ro-; a-; S-;
p-; 5-; n-]closed and Y is Ty,[r-Ty,], then gof is almost vg-closed.

Proof: Let A be r-closed set in X, then f(A) is g-closed in Y and so closed in Y (by assumption) = g(f
(A)) = gof(A) is gs-closed in Z. Hence gof is almost vg-closed [since every gs-closed set is vg-closed].

Corollary 4.6: If f:X—=Y is almost g-closed[almost rg-closed], g:-Y—Z is g-[rg-; Sg-; 9s-; Sg-; rag-;
rgo-; ro-; a-; s-; p-; f-; v-; n-; r-]closed and Y is T, [r-Ty,] then gof is almost vg-closed.

Proof: (a) Let A be r-closed in X. Then f(A) is g-closed and so closed in Y as Y is Ty, = g(f (A)) = gof
(A) is v-closed in Z (since g is v-closed). Hence gof is almost vg-closed[since every v-closed set is vg-
closed].

Theorem 4.14: If f:X—Y, g:Y—Z be two mappings such that gof is almost vg-closed [almost r-closed]
then the following statements are true.

a) If fis continuous [r-continuous] and surjective then g is almost vg-closed.

b) If f is g-continuous[resp: rg-continuous], surjective and X is Ty, [resp: r-Ty] then g is almost vg-
closed.

Proof: (a) For A r-closed in Y, f*(A) closed in X = (g o f)(f*(A)) = g(A) vg-closed in Z. Hence g is
almost vg-closed. Similarly one can prove the remaining parts and hence omitted.

Corollary 4.7: If f:X—Y, g:Y—Z be two mappings such that gof is -[rg-; sg-; gs-; fo-; rag-; rga-; ro-
; a-; S-; p-; f-; v-; m-; r-]closed then the following statements are true.

a) If fis continuous [r-continuous] and surjective then g is almost vg-closed.

b) If f is g-continuous[rg-continuous], surjective and X is Ty, [r-Ty] then g is almost vg-closed.
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Theorem 4.15: If X is vg-regular, f: X— Y is r-closed, nearly-continuous, almost vg-closed surjection
and A = A for every vg-closed set in Y, then Y is vg-regular.

Proof: Let peUevGO(Y). Then there exists a point xe X such that f(x) = p as f is surjective. Since X is
vg-regular and f is r-continuous there exists VeRO(X) such that xeV<Ve f1(U) which implies pef(V)
f(V) < f(f'(U) = U — (1)

Since f is vg-closed, f(V) < U, By hypothesis f(V) = #(V) and f(V) = f(V) —(2)

By (1) & (2) we have pef(V) < f(V) < U and f(V) is vg-open. Hence Y is vg-regular.

Corollary 4.8: If X is vg-regular, f: X— Y is r-closed, nearly-continuous, almost vg-closed surjection
and A = A for every r-closed set in Y then Y is vg-regular.

Theorem 4.16: If f:X—Y is almost vg-closed and AeRO(X), then fa:(X,7(A))—(Y,o) is almost vg-
closed.

Proof: Let F be an r-closed set in A. Then F = ANE for some r-closed set E of X and so F is r-closed in
X = f(A) is vg-closed in Y. But f(F) = fo(F). Hence f, is almost vg-closed.

Theorem 4.17: If f:X—Y is almost vg-closed, X is rT,, and A is rg-closed set of X then
fa:(X,1(A))—(Y,0) is almost vg-closed.

Proof: Let F be a r-closed set in A. Then F = ANE for some r-closed set E of X and so F is r-closed in X
= f(A) is vg-closed in Y. But f(F) = fa(F). Hence f4 is almost vg-closed.

Corollary 4.9: If f:X—Y is g-[rg-; Sg-; 0S-; f9-; rag-; rgo-; r-; ro-; o-; s-; p-; p-; v-; n-] closed and
A eRO(X), then fa:(X,1(A))—(Y,o0) is almost vg-closed.

Proof: Let F be an r-closed set in A. Then F = ANE for some r-closed set E of X and so F is r-closed in
X = f(A) is rag-closed in Y. But f(F) = fa(F). Hence f, is almost vg-closed[since every rag-closed set
is vg-closed].

Corollary 4.10: If f:X—Y is al-g-[ al-rg-; al-sg-; al-gs-; al-4g-; al-rag-; al-rga-; al-r-; al-ro-; al-o-; al-
s-; al-p-; al--; al-v-; al-n-] closed and A eRO(X), then fa:(X,7(A))—(Y,o) is almost vg-closed.

Proof: Let F be an r-closed set in A. Then F = ANE for some r-closed set E of X and so F is r-closed in
X = f(A) is rga-closed in Y. But f(F) = fa(F). Hence f, is almost vg-closed[since every rga-closed set
is vg-closed].

Theorem 4.18: If f;:X;—Y; be almost vg-closed for i =1, 2. Let f: X;xX,—YXY, be defined as f(x;,x,) =
(f1(x1), f2(x2)). Then f:X;xX,—Y1xY, is almost vg-closed.

Proof: Let U;xU, < X1xX, where U; is r-closed in X; for i = 1,2. Then f(UxU,) = f1(Uy) X fo(Uy,) is vg-
closed set in Y;xY,. Hence f is almost vg-closed.

Corollary 4.11: If f:X;—Y; be al-g-[ al-rg-; al-sg-; al-gs-; al-Bg-; al-rag-; al-rge-; al-r-; al-ro-; al-o-;
al-s-; al-p-; al-p-; al-v-; al-rn-]closed for i =1, 2.

Let f:X;xX;—Y1XY; be defined as f(x1,x2) = (f1(Xy), f2(X2)), then f:X;xX,—Y:XY, is almost vg-closed.
Proof: Let U;xU, < X1xX, where U is r-closed in X; for i = 1,2. Then f(UxU,) = f1(Uy) x fo(Uy) is vg-
closed set in Y;XY, [since every a-closed set is vg-closed]. Hence f is almost vg-closed.

Corollary 4.12: If f:X;—Y; be g-[rg-; sg-; 9s-; Bo-; Fag-; rgo-; r-; ro-; o-; S-; p-; F; v-; n-]closed for i
=1, 2. Let f:X;xX;—Y1xY, be defined as f(x3,x2) = (fi(Xy), f2(X2)), then f:X;xX,—Y;XxY, is almost vg-
closed.

Proof: Let U;xU, < XyxX, where U; is r-closed in X; for i = 1,2. Then f(U;xU,) = fi(Uy) x f(Uy) is vg-
closed set in Y;XY, [since every a-closed set is vg-closed]. Hence f is almost vg-closed.

Theorem 4.19: Let h:X—X;xX, be almost vg-closed. Let fi:X—X; be defined as h(x) = (x1,xz) and fi(x)
= X;. Then f;: X—X;is almost vg-closed for i =1, 2.

Proof: Let U; be r-closed in X;, then U;xX; is r-closed in X;x X,, and h(Ux X5) is vg-closed in X. But
f1(U1) = h(Ux X5), Hence f; is almost vg-closed. Similarly we can show that f, is also almost vg-closed
and thus f;:X—X; is almost vg-closed for i =1, 2.

Corollary 4.13: Let h: X—XxX, be al-g-[ al-rg-; al-sg-; al-gs-; al-Bg-; al-rag-; al-rgo-; al-r-; al-ro-;
al-o-; al-s-; al-p-; al-3-; al-v-; al-n-] closed.
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Let f;; X—X; be defined as h(x) = (X, X,) and fi(x) = x;. Then f;: X—X;is almost vg-closed for i =1,2.
Proof: Let U;xU, < X;xX, where U; is r-closed in X; for i = 1,2. Then f(U;xU,) = f;(Uy) x fo(Uy,) is vg-
closed set in Y;XY, [since every p-closed set is vg-closed]. Hence f is almost vg-closed.

Corollary 4.14: Let h:X—X;xX, be g-[rg-; sg-; 9s-; po-; reg-; rge-; r-; ro-; o-; S-; p-; B V-; n-]
closed. Let f;; X—X; be defined as h(x) = (x4, X») and fi(x) = x;. Then f;; X—X; is almost vg-closed for i
=1,2.

Proof: Let U;xU, < X1xX, where U; is r-closed in X; for i = 1,2. Then f(UxU,) = f;(Uy) x fo(Uy,) is vg-
closed set in Y;XY, [since every s-closed set is vg-closed]. Hence f is almost vg-closed.

CONCLUSION:
In this paper Author introduced the concept of vg-closed mappings and almost vg-closed mappings,
studied their basic properties and the interrelationship between other closed maps.
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