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Abstract : The main aim of this paper is to introduce a new concept of N, — mapping namely
N,,gsa* — open maps and N,,gsa* — closed maps in N,, — topological spaces . Additionally we
relate the properties and characterizations of these mappings with the other mappings in N,, —
topological spaces .
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1. Introduction

Then the idea of N,, —set theory was introduced by F.Smarandache[7] . It includes three
components, truth , indeterminancy and false membership function . R.Dhavaseelan and S.Jafari[5]
has introduced the concept of N,,g — closed sets . A.A.Salama[l1] has very first discussed about
N, — continuous function and he also discussed about N, — open and closed mapping . The real
life application of N, — topology is applied in Information Systems, Applied Mathematics etc .

In this paper, we introduce some new concepts in N,,, — topological spaces such as N,,gsa” —
closed map and N,,gsa” —openmap .

2. Preliminaries

Definition 2.1:[12] Let P be a non-empty fixed set . A N, — set H on the universe PP is defined as H=
{p, (tr (@), iw (@), fir (@)} : p € P} where tyr(p), i (), fir(») represent the degree of membership
tir (), indeterminacy i, (p) and non-membership function fir(p) respectively for each element p € P
to the set H . Also, ty, iy, fir : P=]70,17[ and 0 < ti(p) + ix(p) + fir(p) < 3% . Set of all
Neutrosophic set over IP is denoted by Neu(P) .

Definition 2.2:[12] A neutrosophic topology (NeuT) on a non-empty set P is a family 7y, of N, —
sets in P satisfying the following axioms,

(ii) A, N A, E 1y, forany A, A, €1y, -
(iii) U A; € Ty, for every family {A; /i €EQt} STy, .

In this case , the ordered pair (]P’, TNeu) or simply PP is called a N,, — topological space (N,,TS) . The
elements of 7y, is neutrosophic open set (N,, — 0S) and 7y, is neutrosophic closed set (N,,, — CS) .

Definition 2.3:[1] A N,, — set A in a N,/ TS (P, TNeu) is called a neutrosophic generalized semi alpha
star closed set (Ny,gsa* —CS) if Neya — int(Nyya — cl(K)) € N,,, — int(G) , whenever A< G and G
is Nya*—0S.
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Definition 2.4:[2] A N,,TS (P, TNeu) is called a N,,gsa* —T1 /, Space if every Ng,gsa®—CS in
(P, ‘L'Neu) isa N, — CSin (P, ‘[Neu) .

Definition 2.5:[5] Let fv : (P, TNeu) - (@, O'Neu) be any N,,— function and A =

{( P, (tA(p), iA(p),fA(p)) Y:p€ ]P’} be any N,, — set in (IP,TNeu) , then the image of A under f is
denoted by fy(A) , is a N, — set in (Q, aNeu) and is defined by fy(4) =

{(a. (@) 1 (15@) (@) a € 0},

. -1
where fN(tA((,;)) = {SupﬁEfN_lw) ta(p), if fn (@) #0
0 ) otherwise

(@) = [P0 W), I i@ 20

, otherwise

(1 - i@ —fA))(%) = {in vern @ a@) ) if fu (@) =0
1

, otherwise
3. Neutrosophic gsa® — Open and Closed Maps

Definition 3.1: A N,, — function fy: (]P, ‘L'Neu) - (Q, GNeu) is Nggsa® — closed map if the image of
every N, —CS in (P,y,,) is a Nyugsa® —CS in (Q, oy,,) . (ie) fy(A) is a Nygsa®—CS in
(Q, aNeu) , for every N,, —CS A in (]P, ‘L'Neu) . The complement of N,,gsa”— closed map is
Ny gsa®™ — open map .

Theorem 3.2: Every N, — closed map[10] is N,, gsa” — closed map , but not conversely.

Example 3.3: Let P ={p} and Q ={g} . 7y, = {ONeu, 1Neu,A} and oy, = {ONeu ,1Neu,B} are N, TS on
(]P, ‘L'Neu) and (Q, Uzveu) , K= {(p,(0.4,0.6,0.8))} and B= {(g,(0.2,04,0.6))} . Define a map
fv: (Po1y,,) > (Q, oy, ) by fu(@) = g . Let A° ={{p,(0.8,0.4,04))} beaN,,—CS in (P,7y,, ). Then
fu (£ = {{g,(0.8,0.4,0.4))} is N, gsa* — CS in (Q, oy,,) = fy is Nyygsa® — closed map . But fy is
not N,,, — closed map , because fy (A°) isnot N,, — CSin (Q, o—Neu) .

Theorem 3.4: Every N,,a — closed map[10] is N,,gsa* — closed map , but not conversely.

Example 3.5: Let P ={p} and Q ={g} . 7y, = {ONeu, 1Neu,A} and oy, = {ONeu ,1Neu,B} are N, TS on
(P,7y,,) and (Q, oy, ), A={(»,(03,080.6))} and B= {(3,(0.3,02,08))} . Define a map
fv: (Poty,,) > (Q, oy, ) by fu(@) = g . Let A° = {{p,(0.6,0.2,03))} beaN,, —CS in (P,7y,_,) . Then
fu(K9) ={(q,(0.6,0.2,0.3))} is Nygsa® — CS in (Q, oy,,) = fy is Npygsa® — closed map . But fy is
not N,, & — closed map , because fy( A°) isnot N, — CS in (Q, UNeu) .

Theorem 3.6: Every N,,,S — closed map[6] is N, gsa” — closed map , but not conversely.

Example 3.7: Let P ={p} and Q ={g} . 7y, = {ONeu’ 1Neu,A} and oy, = {ONeu s Iy B} are N,, TS on
(P,7y,,) and (Q, oy,,) , A={(»,(0.2,0.7,08))} and B= {(g,(0.4,0.3,06))} . Define a map
fu: (P,7y,,) = (Q, oy,,) by fu(®) = g . Let A°={{»,(0.8,0.3,0.2))} beaN,, — CS in (P,7y,,) . Then
fu (&) = {{g,(0.8,0.3,0.2))} is N, gsa* — CS in (Q, GNeu) = fy is Nggsa® — closed map . But fy is
not N, S — closed map , because fy (A°) isnot N,, S — CSin (Q, O'Neu) .

Theorem 3.8: Every N,,gsa* — closed map is N,,, 8 — closed map[10] , but not conversely.

Example 3.9: Let P = {p} and Q = {g} . 7y, = {ONeu, 1Neu,A} and oy, = {ONeu , 1Neu’B} are N,, TS on
(]P, ‘L'Neu) and (Q, UNeu) , A= {{(p,(0.50.6,04))} and B= {{(g,(0.6,0.8,0.4))} . Define a map
fu: (P, ‘L'Neu) - (@, O'Neu) by fu(p) = g . Let A° = {(p,(0.4,0.4,0.5))} be a N, — CS in (P, TNeu) . Then
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fu#) ={(q,(04, 0.4, 0.5))}is N8 — CSin (Q, UNeu) = fy is N,,f - closed map . But fy is not
N, gsa* — closed map , because fy, (A°) is not N, gsa* — CSin (Q, oNeu) .

Theorem 3.10: Every N, gsa* — closed map is N, mgf — closed map[9], but not conversely.

Example 3.11: Let P ={p} and Q ={g} . ty,, = {Oy,,, 1v,, A} and oy, = {0y .1y, B} are N, TS on
(P,7y,,) and (Q,0y,) , A={p (02,0503))} and B= {(g,(0.40602))} . Define a map
fu: (P,7y,,) = (Q, oy,,) by fu(®) = g . Let A° = {{p,(0.3,0.5,0.2))} beaN,, —CS in (P,ty,,) . Then
fu(£9) = {{g,(0.3,0.5, 0.2))} is N,mgB —CS in(Q, oy,,) = fyis Np,mgh — closed map . But fy is
not N, gsa* — closed map , because fy (A°) is not N,,gsa* — CSin (Q, aNeu) .

Remark 3.12: The concept of N,,G* — closed map[4] and N,,gsa” — closed map are independent .

Example 3.13: Let P ={p} and Q ={q} . 7y, = {ONeu' 1Neu'A} and oy, = {ONeu 1 Neu,B} are N,,, TS on
(P,7y,,) and (Q, 0y, ) , A={(»,(0.8,09,0.7))} and B= {(3,(0.503,08))} . Define a map
fv: (Po1y,,) = (Q, oy, ) by fu(@) = g . Let A° = {{p,(0.7,0.1,08))} be aN,,, — CS in (P,7y,,) . Then
fu&) ={(g,(0.7, 0.1,0.8))} is N, gsa* — CS in (Q, GNeu) = fy is Ngygsa® — closed map . But fy is
not N, G* — closed map , because fy (A°) isnot N,,G*—CSin(Q, o*Neu) .

Example 3.14: Let P ={p} and Q ={q} . 7y, = {ONeu’ 1Neu,A} and oy, = {ONeu , 1Neu,B} are N, TS on
(P,7y,,) and (Q,0y,,) , A={(»,(0.403,09)} and B= {(g,(0.7,04,0.6))} . Define a map
fv: (P1y,,) = (Q, on,,) by fu(@) = g . Let A° = {(p,(0.9,0.7,04))} be a N, — CS in (P,7y,, ) . Then
fu(#&9) = {g ,(0.9,0.7,04))} is N,,G*—CS in (Q, aNeu) = fy is N, G* —closed map . But fy is not
N,,gsa* — closed map , because fy (A°) is not Ny, gsa* — €S in (Q, o*Neu).

Remark 3.15: The concept of N,,g — closed map[10] and N,,gsa” — closed map are independent .

Example 3.16: Let P ={p} and Q ={q} . 7y, = {ONeu, 1Neu,A} and oy, = {ONeu ’1Neu’B} are N,,, TS on
(]P, ‘L'Neu) and (Q, Uzveu) , A={(p,(0.7,0.7,0.2))} and B= {{(4,(0.4,0.3,0.6))} . Define a map
fv: (Po1y,,) > (Q, oy, ) by fu(@) =g . Let A° = {{p,(0.2,03,0.7))} beaN,, —CS in (P,7y,,) . Then
fu@#&) = {(g,(0.2,0.3,0.7))} is Ny, gsa* —CS in (Q, GNeu) = fy is Njgsa® — closed map . But fy is
not N, g — closed map , because fy (A°) isnot N,,g— CSin (Q, o*Neu) .

Example 3.17: Let P = {p} and Q = {gq} . 1y, = {ONeu, 1Neu,A} and oy, = {ONeu ,1Neu,B} are N, TS on
(IP’, ‘L'Neu) and (Q, Uzveu) , A={(p,(0.9,0.8,08))} and B= {{(4,(0.6,0.8,04))} . Define a map
fv: (Po1y,,) > (Q, on,,) by fu(@) = a . Let A°={(p,(0.8,0.2,09))} beaN,, — CS in (P,7y,, ). Then
fu(K9) = {(g ,(0.8,0.2,0.9))} is N, g — CS in (Q, oy,,) = fy is Ng —closed map . But fy is not
N,y gsa* —closed map , because fy (A°) is not N, gsa* —CS in (Q, o*Neu) .

Remark 3.18: The concept of N, P — closed map[10] and N,,gsa” — closed map are independent .

Example 3.19: Let P = {p} and Q = {g} . 1y, = {ONeu’ 1Neu,A} and oy, = {ONeu , 1Neu’B} are N, TS on
([P, TNeu) and (Q, UNeu) , K={{(p,(0.40.4,05))} and B= {{4,(0.3,02,0.8))} . Define a map
fu: (P, ‘L'Neu) - (@, aNeu) by fu(p) = g . Let A° = {{p,(0.5,0.6,0.4))} be a N, — CS in (P, TNeu) . Then
fu(k) ={(4,(05, 0.6, 0.4))} is N, gsa* — CSin (Q, oy,,) = fy is Ne,gsa® —closed map . But fy is
not N, P — closed map , because fy (A°)is not NP —CS in (Q, O-Neu) .

Example 3.20: Let P ={p} and Q ={g} . 7, = {ONeu’ 1Neu,A} and oy, = {ONeu , 1Neu’B} are N,,,TS on
([P, TNeu) and (Q, UNeu) , K={(»,(08,04,0.3))} and B= {{(g,(0.7,0.6,0.5))} . Define a map
fu: (P, ‘L'Neu) - (@, O'Neu) by fyv(») = g. Let A° = {(p,(0.3,0.6,0.8))} be a N,, —CS in (P, TNeu) . Then
fy(#) ={(g,(03, 0.6, 0.8))}is N,,P—CSin (Q, O'Neu) = fy is N, P —closed map. But fy is not
N,y gsa* —closed map , because fy (A°) is not N,,gsa* — CS in (Q, aNeu).
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Remark 3.21: The concept of N,,bg — closed map[8] and N,,gsa” — closed map are independent .

Example 3.22: Let P = {p} and Q ={g} . 7y, = {ONeu' 1Neu,A} and oy, = {ONeu s Iy B} are N,, TS on
(P,7y,,) and (Q, oy,,) , A= {(,(0.60.1,07))} and B= {(g,(0.5,0.3,08))} . Define a map
fu: (P,7y,,) = (Q, oy,,) by fu(®) = g . Let £° = {{p,(0.7,0.9,0.6))} be aN,, — CS in (P,7y,,) . Then
fu(&) ={{g,(0.7, 0.9, 0.6))} is N,,gsa* — CS in (Q, GNeu) = fy is Ng,gsa* —closed map . But fy is
not N, bg — closed map , because fy (A°) is not N,,,bg — CS in (Q, oy, ).

Example 3.23: Let P ={p} and Q ={g} . ty,, = {Oy,,, 1v,, A} and oy, = {0y .1y, B} are N, TS on
(P,7y,,) and (Q,ay,,) , A={(»,(08,0.6,06))} and B= {(3,(0.7,0.80.3))} . Define a map
fv: (P1y,,) = (Q, on,,) by fu(@) = g . Let A° ={(p,(0.6,0.4,0.8))} be aN,, — CS in (P,7y,, ) . Then
) ={(q , (0.6, 0.4, 0.8))}is N,bg — CS in (Q, oy,,) = fy is Npbg — closed map . But fy is not
N,y gsa* —closed map , because fy (A°) is not N,,gsa* — CS in (Q, GNeu) .

Remark 3.24: Let f: (P, ’[Neu) - (Q, UNeu) and g: (Q,aNeu) - (R, VNeu) be N, gsa* — closed map,
then gof : (P, ’L'Neu) - (R, yNeu) need not be N,,gsa” — closed map .

Example 3.25: Let P = {p} and Q ={g} . 7y, = {ONeu’ 1Neu,A} and oy, = {ONeu Ay, B} are N, TS on
(P,7y,,) and (Q, 0y,,) , A={(#,(0.603,09)} and B= {{(g,(0.4,05,0.7))} . Define a map
fv: (Poty,,) = (Q, 0y,,) by fu(@) =a . Let A°={{(p,(0.9,0.7,06))} be a N, —CS in (P,7y,,) -
Then fy(A°) = {(g,(0.9,0.7,0.6))} is N, gsa* — CS in (Q, aNeu) = fy is Ngyugsa* — closed map . Let R
={r} . Also, ¢= {{r,(0.2,0.7,0.8))} is N, (R) and yy,, = {O,, 1., €} is Ny, IS on (R, yy,, ). Define
amap gy :(Q, oy,,) > (R, vy,,) by gv(@—02)=r .Let B°= {{g, (0.7,0.50.4))} be a N, — CS
in (Qoy,,)- Then gy(B°) = {{r,(0.5,0.3,0.2))} is Ny gsa* —CS in (R,yy,,) = gy is Neygsa® —
closed map . Define a map gyofy : (P, TNeu) - (R, VNeu) by gyofu(p —0.2) = # . But gyofy is
not N, gsa* — closed map , because gyofy (A°)is not N, gsa* — CS in (]R, VNeu) .

Theorem 3.26: Let fy: (IP’, TNeu) - (Q, GNeu) and gy : (Q,a,veu) - (R'VNeu) be N,,gsa* — closed map
. Also, (Q, aNeu) is N gsa™ — T1/2 space, then gyofy : (IP’, ‘L'Neu) - (]R, VNeu) is Ngsa* — closed

map .

Proof: Let A be any N, —CS in (]P, TNeu) . Given fy is Nygsa®— closed map , then fy(4A) is
Ng,gsa® —CS in (Q,aNeu) . Given (Q,GNW) is Neygsa® —Ti space, then fy(4A) is N —CS in

(Q’aNeu) . Given gy is N,gsa* — closed map , then gy(fy(#)) = gyofy(K) is Ngsa* —CS in
(IRl,yNeu) = gnOofy is Ngygsa™ — closed map .

4. Properties of Neutrosophic gsa” —Open and Closed Maps

Theorem 4.1: Let fy: ([P),TNW) - (@, UNeu) be Ny a — closed map and gy : (Q,O'Neu) - (R'yNeu)
be Ny gsa® — closed map . Also , (Q, UNeu) is N, gsa” —T1/2 space , then gyofy : (]P’, TNeu) -
(]R, VNeu) is Nyygsa™ — closed map .

Proof: Let A be any N,, —CS in (P, ‘[Neu) . Given fy is N a — closed map , then fy (&) is No,a —CS
in (Q,aNeu) = fy(A) is N,,gsa*—CS in (Q,o*Neu) . Given (Q,O‘Neu) is Nggsa* — T1/, space, then
fu(K) is N, —CS in(Q,oy,,) . Given gy is Ny,gsa® — closed map , then gy (fy(K)) = gnofy (A) is
N, gsa* —CS in (R’yNeu) = gnOofy is Ng,gsa® — closed map .

Remark 4.1(a): The above theorem is true if we replace fy: (P, TNeu) - (Q, O'Neu) as N,,S — closed
map, N, a* — closed map , N,,R — closed map , N,,,Sa — closed map and N,,ga — closed map .

Theorem 4.2: Let fy: (]P, ‘[Neu) - (Q, GNeu) be N, — closed map and gy : (Q,O‘Neu) - (R'VNeu) be
N gsa® — closed map, then gyofy : (]P, ‘[Neu) - (IR{, yNeu) is Ngygsa® — closed map .

P. Anbarasi Rodrigo and S. Maheswari, Neutrosophic gsa*-open and closed maps in neutrosophic topological
spaces



Neutrosophic Systems with Applications, Vol. 8, 2023 46
An International Journal on Informatics, Decision Science, Intelligent Systems Applications

Proof: Let A be any N,, — CS in (P, TNeu) . Given fy is N,, — closed map, then fy(4) is N, — CS in
(Q,GNeu) . Given gy is Nggsa* — closed map , then gy(fy(A)) = gyofy(K) is N,,gsa* —CS in
(]R,yNeu) = gnOfy is Neygsa™ — closed map .

Theorem 4.3: Let fy: (]P’,TNeu) - (@, oNeu) be N,,a— continuous , surjective and (P, TNeu) be
N, gsa”™ — T1/2 space. Also, gyofy : (]P’, ’L'Neu) - (]R, yNeu) be N.gsa*— closed map , then gy :

(Q,on,,) - (R,yy,,) is Nygsa® — closed map .

Proof: Let Abe any N,, —CS in (Q, oNeu) . Given fy is N,,a — continuous, then f, ' (4) is N,,a —
¢S in (P,7y,,) = fu ' (K) is Neygsa® = CS in (P,ty,,). Given (P, ty,,) be Npgsa® —T1y, space,
then fy, '(A) is N,, —CS in (IP’,TNeu) . Given gyofy : (P, ’[Neu) - (R, VNeu) is N,,gsa* — closed
map , then gyofy (fN_l(A)) is N,gsa* —CS in (R, VNeu) . Given fy 1is surjective , then gy(4) is
Ngugsa*—CS in (R, VNeu) = gy is N,,gsa® — closed map .

Remark 4.3(a): The above theorem is true if we replace fy as N,, S —continuous , N,,a* — continuous,
N,,R — continuous, N,,Sa — continuous and N,,ga — continuous .

Theorem 4.4: Let fy: (P,‘L’Neu) - (Q, GNeu) be N, — continuous and surjective . Also, gyofy :

(P, ‘L'Neu) - (R, VNeu) be N.gsa® — closed map , then gy : (Q,aNeu) - (R,yNeu) is Ng,gsa™ —
closed map .

Proof: Let A be any N, —CS in (Q, GNeu) . Given fy is N,, — continuous, then fy " (A) is N,, — CS

in (P, ‘L'Neu) . Given gyofy : (P, TNeu) - (R, VNeu) is Ng,gsa* — closed map , then gyofy(f~*(4)) is
Ngsa* —CS in (R, yNeu) = gy(K) is Ny gsa* — €S in (R, VNeu) = gy is Ngygsa™ — closed map .

Theorem 4.5: Let fy: (]P, TNeu) - (Q, GNeu) and gy: (Q,aNeu) - (R'VNeu) be two N, — mappings,
such that their composition gyofy : (IP, TNeu) - (]R, VNeu) be N,,gsa*— closed map . Then the
following statements are true .

(1)If gy is Noygsa™ — irresolute[2] and injective, then fy is N, gsa* — closed map .
(2)If gy is strongly N, gsa™ — continuous[3] and injective, then fy is N,,gsa* — closed map .
(3) If gy is perfectly N,,gsa* — continuous[3] and injective, then fy is N,,gsa” — closed map .

Proof: (1) , Let A be any N,, —CS in (]P, TNeu) . Given gyofy : (]P’, ‘L'Neu) - (]R, VNeu) is N,,gsa* —
closed map , then gyofy(4) is Noygsa® —CS in (R, VNeu) . Given gy is N ,gsa* — irresolute , then

v (gnofy () is Npygsa* — €S in (Q, UNeu) . Given gy is injective , then gy~ (gyofy () = fy (A) is
Ngygsa®—CS in (Q, aNeu) = fy is Ngygsa™ — closed map .

(2), Let Abe any N, —CS in (IP’, ‘L'Neu) . Given gyofy : (IP’, TNeu) - (]R{, VNeu) is Nggsa™ — closed
map, then gyofy(4) is Neygsa® — €S in (R, yNeu) . Given gy is strongly N,, gsa” — continuous , then
v Hgnofy() is N, —CS in (Q, oy,,) . Given g is injective , then gy~*(gyofy(K)) = fy(A) is
N, — €S in(Q, O-Neu) = fy(A) is Nygsa® —CS in (Q, GNeu) = fy is Ngygsa™ — closed map .

(3), Let Abe any N, —CS in (]P, ‘[Neu) . Given gyofy : (IP’, TNeu) - (]R{, VNeu) is Ngugsa™ — closed
map, then gyofy(4) is Ny gsa* — CS in (IR{, yNeu) . Given gy is perfectly N,,gsa” — continuous , then
v gyofy(#)) is both N, —0S and N, —CS in (Q, O-Neu) .Given gy is injective , then
g (gnofy(K)) = fy(K) is both N, — 0S and N, = CS in (Q, oy,,) = fy(h) is Neygsa® —CS in
(Q, on,,)= fy is Nygsa® — closed map .
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Theorem 4.6: Let fy: ([P’, TNeu) - (Q, oNeu) be N,,gsa” — closed map and gy : (Q , O'Neu) - (R, yNeu)

be N, — closed map , then gyofy : (]P’, ‘L'Neu) - (]R, y”eu) is Noygsa™ — closed map , if ((@, aNeu) is
N, gsa* — T1/2 space.

Proof: Let A be any N, —CS in (]P’, ’L'Neu) . Given fy is N,,gsa* — closed map , then fy(4) is
Npgsa® —CS in (Q, oy,,) . Given (Q, oy, )is Nygsa®—T1 s, space , then fy(A) is Ne = CS in

(Q, oNeu) . Given gy is N,, — closed map , then gy(fy(4)) is N,,, — CS in (R, yNeu) = gyofy(A) is
N, gsa” — CS in (]R, yNeu) = gyofy is Ny gsa® — closed map .

Theorem 4.7: Let fy: (]P’, ‘L'Neu) - (Q, O'Neu) and gy (Q,a,veu) - (]R,yNeu) be two N,, — mappings.
Then the following statements are true .

(1) If gyofy : (P, TNeu) - (R, VNeu) is Ngygsa® — open map and fy is N, — continuous , then gy
is Ny, gsa™ — openmap .

) If gyofy : (P, TNeu) - (R, VNeu) is N, — closed map and gy is N, gsa” — continuous, then fy
is N, gsa™ — closed map .

Proof: (1), Let A be any N,, —CS in (Q, GNeu) . Given fy is N,, — continuous , then fy, " (A) is
N, —0S in (IP, TNeu) . Given gyofy is N,,gsa” — open map , then gyofy (fN_l(A)) =gy(A) is
Ng,gsa* — 0S in (IR, VNeu) = gy is Ny, gsa™ — open map .

(2), Let Abe any N,, —CS in (IP’, ‘L'Neu) . Given gyofy is N, — closed map, then gyofy(4) is N,, —
¢S in (R, VNeu) . Given gy is N,,gsa* —continuous , then gy~*(gyofy(K)) = fy(K) is N,,gsa* —
CS in (Q, aNeu) = fy is Ny, gsa® — closed map .

Theorem 4.8: Let fy: (IP’, TNeu) - (Q, GNeu) be a bijective N,, — mapping . Then the following are
equivalent.

1) fy is N, gsa* — open map , (2) fy is Ny gsa* — closed map, (3 N_l is N, gsa* —continuous|2] .
p p p

Proof: (1)= (2), Let A be any N,, —CS in (]P, ‘L'Neu) = A€ is N,y — 0S in (]P, TNeu) . Given fy is
N, gsa* — open map , then fy (&%) = (fy(A))¢ is N, gsa* — 0S in (Q, o*Neu) = fy(Q)is N,,gsa* —
CS in (Q, aNeu) = fy is Ny gsa® — closed map .

(2) = (3), Let A be any N, —CS in (]P, TNeu) . Given fy is Ny gsa™ — closed map , then fy(4) is
Ngsa®—CS in (Q, oy, ) . Given fy is bijective , then (fN'l)_l(A) = fy(K) is N,,gsa® —CS in
(Q, aNeu) = fy " is N,u,gsa* —continuous .

(3) > (1) , Let A be any N,,—0S in (IP, TNeu) . Given fy~'is N,,gsa* —continuous , then
(fN‘l)_l(A) = fy(&) is N, gsa* —0S in (Q, UNeu) = fy is Noygsa™ — open map .

Theorem 4.9: Let fy: (P, TNeu) - (@, UNeu) be N, gsa® — closed map and (Q,O’Neu) be N, gsa* —
T1 /, space, then fy is N, — closed map .

Proof: Let A be any N,, —CS in (P, ‘[Neu) . Given fy is N,,gsa”— closed map , then fy(4) is
Ngugsa*—CS in (Q, aNeu) . Given (Q, UNeu) is Neygsa® —Ti space, then fy(A) is N,, —CS in

(Q, O-Neu) = fy is N,, — closed map .

Theorem 4.10: Let fy: (]P, ‘[Neu) - (Q, GNeu) be N, gsa* — closed map and (Q , O'Neu) be N,,gsa” —
T1/2 space, then fy is N,a — closed map .
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Proof: Let A be any N,, —CS in (]P, ‘L'Neu) . Given fy is N,,gsa* — closed map , then fy(4) is
Ngugsa*—CS in (Q, aNeu) . Given (Q, oNeu) is N, gsa* — T1/, space then fy(A) is N,, —CS in
(Q, aNeu) = fy(K) is Nyya — €S in (Q, oNeu) = fy is Ng,a — closed map .

Remark 4.10(a): The above theorem is true if we replace f as N,, S —closed map , N, a* — closed map,
N,,R — closed map , N,,Sa — closed map and N,,ga — closed map .

Theorem 4.11: Let fy: (IP’,TNeu) - (Q, GNeu) be a bijective N,, — mapping and fy ™" is N,,gsa* —
irresolute, then fy is N.,gsa* — closed map .

Proof: Let Abe any N, —CS in P, 7y, \ =Ais N, gsa® —CSin [P, 7y, . Given fy 1 is Ny gsa™ —
irresolute , then (fN_l)_l(A) is Npygsa® = CS in (Q, oy,,) . Given fy is bijective , then (fN_l)_l(A) =
fu(A)is N, gsa* — CS in (Q, UNeu) = fy is Ngygsa™ —closed map .

Theorem 4.12: Let fy: (IP’,TNeu) - (@, UNeu) be N,gsa* — open map iff fy(N., —int(4)) <
N, gsa* — int(fN(A)) , for each N, —set A in (]P’, ’[Neu) .

Proof: Let A be any N,, — set in (P, TNeu) = N, — int(A) is N, — 0S in (P, TNeu) . Given fy is
N,gsa* — open map , then fy(N,, — int(4)) is N,,gsa* — 0S in (Q, aNeu) = N,,gsa* —int (fN(Neu -
int(8)) = fy(New — int(®)) . Given fy(Ney, — int(®) € fy (&) , then fy (Noy, — int(®)) = N gsa® —
int (fN(Neu - int(A))) C N,gsa* — int(fy(K)) . Conversely , Suppose A is N, — 0S in (P, TNeu)

. Then by hypothesis , fy (&) = fy(N,, — int(K)) € N,,gsa* — int(fy(K)) » @ . Given N,,gsa* —
int(fy(A)) is the largest N,,gsa* — 0S which is contained in fy(A) , then N,,gsa* — int(fy(K)) S
fu@®) - @ .From M and @), fy (&) = Nygsa™ — int(fy (K) = fy &) is Noygsa® — 0S in (Q, gy, ) =

fv is Ng,gsa® — open map .

Theorem 4.13: Let fy : (IP’,TNeu) - (@, GNeu) be N,gsa*— closed map iff fy(Ng, — cl(A)) 2
Ngsa* —cl(fy(K)), for each N,,, — set A in (P, TNeu) .

Proof: Let A be any N, — set in (]P’,TNeu) = N,y — cl(A) is N, —CS in (P, rNeu) . Given fy is
N, gsa* — closed map , then fy(N,, — cl(K)) is N,,gsa* — CS in (Q, oNeu) = N, gsa* —cl (fN(Neu -
A®)) = fy(New = cl(&)) . Given fy(&) € fy(Neyw — cl(K)) , then fy(Ney — cl(K)) = Ny gsa® -
cl (fN (N, — cl(A))) 2 N,,gsa* —cl(fy(4)) . Conversely , Suppose A is Ny, — CS in (P, TNeu) . Then
by hypothesis , fyy (&) = fy(New — L)) 2 Npygsa™ = cl(fy(K)) » @ . Given Neygsa® — cl(fy () is
the smallest N,,gsa* — CS containing fy(A) , then fy (&) € Nyygsa* — cl(fy(A)) » @) . From (1) and
@, ful) = Neygsa® = cl(fy(B) = fy ) is Neygsa® —CS in (Q, oy,,) = fy is Neygsa® — closed
map .

Theorem 4.14: Let fy: (P, TNeu) - (@, GNeu) be N, gsa* — closed map, then N, —cl (fN_l(A)) 2
fu (Newgsa® — cl(A)) for every N,,, — set & of (Q, GNeu) .

Proof: Let A be a N,, — set in (Q, oy,,) = Ney — cl (fy (&) is Npy, — €S in (P, 1y,,,). Given fy is

N, gsa* — closed map , then fy (Neu —cl (fN_l(A))) is Ny, gsa* — CS in (Q, UNeu)' By theorem 4.13,
i (New = €t (fu ")) 2 Newgsa® = et (i (fu ")) 2 Newgsa = cl®) = Ney— et (/i ")) 2
fu " (Newgsa® = cl(B) .

Theorem 4.15: Let fy : (P, ‘[Neu) - (@, UNeu) be N,y gsa® — open map , then N, —int (fN_l(A)) c
fN_l(Neugsa* - int(A)) for every N,, — set A of (Q, O'Neu) .

Proof: Let Abe a N,, — setin (Q, GNeu) = N,, — int (fN_l(A)) is N, — 0S in (P, TNeu) . Given fy is
N, gsa* — open map , then fy (Neu —int (fN_l(A))> is N,ugsa* —0S in (Q, UNeu)- Now , fy <Neu -
int (fN_l(A))) C N, gsa* — int (fN (fN_l(A))> C Nggsa® —int(A) (by theorem 4.12) = N, —
int (fu " ®) € fu” (Neugsa® — int ().
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5.Conclusions : In this paper we have discussed about the N,,gsa” — open and closed map . We had
an idea to extend this paper to the next level about N.,gsa®— homeomorphism and also the
application of this paper . In future work , we will discussed and find out the results of this paper
application.
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