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I INTRODUCTION AND PRELIMINARIES

Nano topology (briefly, tT) was introduced by Thivagar
[7] intheyear 2013. Also heintroduced nano closed (i c) sets
& nano-interior (resp. closure (Mel)) (Mint) in a nano
topological spaces (briefly, Mits). Various forms of 9t s were
discussed in [1] -[15]. Nano regular open (briefly, 9trao) sets,
nano & (resp. nano & interior (resp. closure)) (briefly,
Mintg(A) (resp. Nclg(A), Nints(A), Nelz(4))) and
alsonano & (resp. & open (resp. closed)) (briefly, Mo (resp.
e, Tbo, Tbc)) sets were introduced in [4, 7, 11, 12].
Nano &-pre (resp. &-semi, e, M, & -pre &8 -semi) open
(briefly M&Po (resp. Modo , Weo , MMo |
NaPo&MES o)), nano d-pre (resp. &-semi, g, M &&-semi)
interior ( briefly, MFPintz(K) (resp. NSintz(K) ,
TMeint(K), MMint(K)&TSintg(K))), nano &-pre (resp.
g-semi, g, M &8-semi) closure ( briefly, MPclz{(K) (resp.
MSclz(K), Necl(K), MMcl(K)&NSEcla(K))) were
introduced in[10, 11, 12]. The collection of al ;&7 o (resp.
NdéSo, Meo, NMo and MESoe) sets is denoted by
MESO(U,7z(F))) and the collection of al nano &-pre
(resp. &-semi, &, nano M &&-semi) closed (briefly, Tt&Fc
(resp. MéSc, Nec, NMc&IASc)) sets is denoted by
NeC(U, 1r(F)), RMC(U, Tz (F))EROSC(U, T (P))).
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Nano generalized (resp. &, & semi, &, & semi, & pre,
e&M) closed (briefly, Mgc, Mgfc, Mgdsc, Mgdc,
MgdSc, MgdPc, Mgec&W gMc) were introduced in [1,
2,4,5,9]. A subset K of anano generalized (resp. &, & semi,
&, d semi &4& pre) open [1, 2, 4, 5] (briefly, Ttgo(resp.
Mglo , Mgbdo, Mglo , NglSo&MNgdPo)) if its
complement K € is nano generalized (resp. 8, 8 semi, &, &
semi and & pre) closed (briefly, Tige(resp. Nigbc, Nglsc,
Mgdc, NgdsckMgdPc)). The system of al nano
generalized (resp. &, & semi, & , & semi, & pre, fige and
MgM ) open sets of (U, 1x{P)) is denoted by
NGO, P) (resp. MGHOU,P) , MGASO(U,P)
Meeo(, Py , MEISO(U,P) , MGESPO(UP) |,
NGeC(U,PY&ENGMC(U,P) ). Nano continuous and
irresolute (briefly, Tt Cts and Y I+r) were introduced by [3,
8]. Nano dense, nano locally closed, (resp. continuous and
irresolute) (briefly, Mtlc (resp. MiCts and Fiilrr)), nano
submaximal (briefly, 9t submazx) and nano door space were
introduced [2, 13, 14].

. NANO M LOCALLY CLOSED SETS

In this section the three forms of 9tlc sets denoted by
MMLC(U, B) , MMLCH{U,P)&RMLCH(U,P) ae
introduced and obtained its properties.

Definition 2.1 A subset K of a®its(U,7z(P)) is caled
Nano M locally closed (resp. closed *& closed **)
(briefly, MMIc (resp. MMIc*&NMIc™ )) st if
E=GnF, Gis Mo (resp. MMo&To) and F is
NMc (resp. Me&NMc) in (U, Tg(P)).

The class of al TtMIc (resp. MMIc*&MMIc*) sets is
denoted by MMLC(U, P) (resp.
MMLCH{U, PY)ERMLC(U, BY).

Theorem 2.1 Let (I, 75(P)) and (V, o5 (Q)) be Mts’s.
Then every Ttlc (resp. MM Ic*&TMIc*) set is MMle
set, but converseis not.

Proof. Let K = & N F be 9ilc set where {7 is No&F is
Tecin 7. Because each Mo set isT Mo set &Tic isTMe
set. Hence K is Wi MIc in U. The other results can be proved
in the similar manner

Example 2.1 Lee U={ed,cb,al with
U/R = {{b,a},{c}.{e d}}&P = {c,al. The
mtTR{:P} = {U, Q.'}, {C}, {b, ﬂ}; {CJ bi ﬂ}}
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The fis{e d, b,al (resp. {e, d, ¢, a}) isNMlc set but not
Milcand MM Ic* (resp. MMIc*) set.

Theorem 2.2 For K < [J, the conditions

1. K e MLCH(U,P).

2. K =GN Mecl(K)for some NMo set .

3. Nel(K) — KisNMc.

4, KU(U —Ncl(K))isNMo are equivaent.
Proof. (i) = (ii): Let K € MMLC*(U,P). Then 3N Mo
set G&Mc set FaKE=GaGnF Since
K S G&K = Mcl(K) we have K S GnNMcl(K) .
Conversdly, since K CF , Wcl(K) < McliF) ,
F 2 Mcl(K) ) McllK)NGEFNG=K ,
GNMcl(K)S K. ThusK = G N Nel(K).

(i) = (i): Let K = G N Necl(K) for some MMo

st G . Clealy Ncl(K) is Mc& hence
K=G6nNcl(K)ERMLCHU,F) ,
K e MMLCH*(U,P).

(i) = (iv): Let P =Ncl(K)—K. Then P is
M Me by assumption

& —P=Un(U - (Ncl(K) —
. But f — P is fiMo. Therefore K U (U — Mcl(K)) is
MMo.

(iv) = (iii): Let @ = K U (U — Mcl(K)). ThenQ
is NMo . So Ur—-ag
RMc&lU—Q =U—(UUK — (Ncl(K))) = E]'tci{h’}
.Thus Ncl(K) — K isN.Mc.

(iv) = (ii): Let G = K U (U — Ncl(K)). Then G
is TNMo

G NNel(K) = [K U (U — Nel(K)] N Nel(K) = mc.z{h’f’h" k?‘f@?o

=K
. Therefore, K = & N Mcl(K).

(i) = (iv): Let K = G N 9cl(K) for some N Mo
set G Then

K)) =K U{U — Recl(K)

h:l’heorem 2.8

where P N Q is Mo&Ncl(K) N Necl(l) is Nec. Thus
K nLENMLC*(U,P).

Theorem 2.6 Le K&L be subsets of
(U, T(P)&NMO(U,P) and IMC(U,P) is closed
under f.i. If K,L € MMLC{UP) then
K NLeNMLCU,P).

Proof. Let K,L € MMLC{U,P) . Then 3MMo sets
P&Q 3 K = PN Mcl(K)&L = Q N Rel(L) . Therefore
KnL=PaRc(K)nQnNel(l) =P nQnRclK)n Nel(L)
where P N Q is Mo&Tcl(K) N Tcl(L) is Ne. Since
every Tc is MMe, Mcl(K)NMcl(l) is MMec . So
K NLeNMLCU,P).

Theorem 2.7 Let K&L be subsets of a
Mts(U, 15(P))&NRMC(U,P) is closed under finite
intersection. If K € MLC* (U, P)&L is 9o or e then
K N L€ RMLC*(U,P).
Proof. Let K € MMLC(U,P) .
GEMMe st F such thata K=G6nNnF . So
‘nL=GNFnNL Consider L is #ie , then
'NL=(GnL)N FwhereG N LisJto. Thisshows that
KnLegNMLC*™(U,P). Consder Lis%ic, then FnLis
N Mec. Clearly K n L € MMLCH(U,P).

Then 3o sets

Le K&L be subsets of a
Nts(U, 1o (PNE&NRMOU,P)&NMC(U, F) is closed
under arbitrary intersection. If K € |AMLC(U, PI&L is
MMoor Tethen K N L € MMLC(U,P).
,})ﬁ{%ﬁf%g{@ﬁ% Tlglen IMMo sets
&N L=GnFnL.If
L |si‘(ﬁMu, then KNL={GNL)NF where GN L is
MMo. This impliessK N L = MMLC(I,P). If L isTe,
(FnL) isMMec, Since every Tic is fiMc. Therefore

K U (U — Rel(K)) = (6 N Rel(K)) U (U — Rel(K)) = A F£ FMLEW.P).

,WhichisTMo. Thus K U (U7 — Ncl(K))isTMMo.

Theorem 23 Let K  URK € MLC*(U,F), then
K =G nNMcl{K)for someNo st G.

Proof. Let K € MMLC*({U,P). Then 3o set GENMMc
st F3K=GNF . Since K S G&K € MMcl(K)&
hence K S GnM{M(K) . Conversdly, if
x € G N NMcl(K) then x € G&x € RMcl(K) C F.So
XEGNF =K. Hence G NMM<cl(K) € K. Therefore
K = G nRNM(EK).

Theorem 24 Let K = U& if K is Ytlc set then K is
MMlc* set or MM IcH set.

Theorem 25 Let K&L be subsets of U&TM O(U, B} is
closed under finite intersection (briefly, f.i. ). |If
K,LE MMLCYU,P)thenK NL € |MLCH*(U,P).
Proof. Let K,L € MMLC*(U,P).

Then by Theorem 2.2, INMMo sets
PRQ 2 K =Pn Ncl(K)&L = Q n Necl(L) . Therefore
EnL=PnRc(K)nQnRclL)=PnQnRecl(K)n Nel(L)
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Theorem 29 Let K&L be subsets of a
Nts(U, 7x(P)ENMO(U, P)&RMC(U, P) is closed
under arbitrary intersection. If K € i MLC* (U, P)&L is
MMoor Tethen K N L € MMLC*(ULF).

Proof. Let K € MMLC*(U,P) . Then IMMo sets
GEMMcsst Fa KR =0nNnF. SOKnNnL=GnFnLIf
LisfNiMo, then KNL={(GNL)NF where GNLis
MMo. ThisimpliessK N L € MMLCH{U,P). If LisTie,
(FnL)isTe. Therefore K N L € MMLC* (U, P).

Definition 2.2 A Msof a¥itsllis caled nano M dense if
MMcl(K)=U

Definition 2.3 A Tts{l,75(F)) is said to be NM
submaximal (briefly, 9t M submax) if every Nano M dense
subset of (7, Tz (P)) isTiMo in (U, Tz(F)).

Theorem 2.10 Every Tisubmax space is MM submax
but not conversely.
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Proof. Let Il be a M submax&K be Nano dense subset of
[I. Then by assumption K is9to in I7. But every Jto set is

MMo and so K is Mo in . Theefore I is
MM submax.
Example 2.2 In Example 2.1, the Mis{e,c, b,a} is

MM submazx but not Msubmax.
Theorem 211 A Mts(U,tx(P)) is MM submax iff
MMLCH{U, Py = P(U).
Proof. Suppose K € P(U)&let G = K U (U — MNcl(K)).
Then  RNel(G) =R(KU (U - Nel(K)))=U
Mecl(G)=U,  is Nano dense subset of IJ. Since I/ is
NMsubmax, G isNMoinl. ie, KU (U —Ncl(K))
is tMo. By Theorem 2.2, K € MLC*(U, P)& hence
MMLCH{U, Py = P(U).

Conversely, consider K be Nano dense subset of
U& let RMLC*(U,P) = P(U). Then by hypothesis
KU(U—Nel(K))=KUD=K.By Theorem 2.2, K is
NMo in USK e MMLCHU,P) . Hence U is
MM submax.

(. NANO M CONTINUOUSMAPS

Definition 3.1 A map f: (U, 75(P)) = (V,ex'(Q)) is
caled TMlc (resp. MMLC*ENMMLC* )-continuous
(briefly, MMllc-Cts (resp. MM IcH-Cis&MMIcH-Cts))
function if the inverse image of every Mo set in 17 is Tt Mle
(resp. MM Ic* EMMIcH) set.

Definition 3.2 A map f: (U, 1g(P)) = (Va5 (Q)) is
caled M MIc (resp. MM Ic* &M Ic*)-irresolute (briefly,
MM lc-irr (resp. MM Ic*-irr&W Mlc*-irr)) function if
the inverse image of every WMMlic (resp.
MMIc*EMMIc™ ) st in V is TMlc (resp.
MM Ic*EMMIc™) set.

Theorem 3.1  Let f: (U, 7z(P)) and (Vo (Q)) be
Mis s Then  every Wle - Cits  (resp.
MMic*- Cts&NMIc™-Cts) is NMlic-Cts. But not
conversely.

Proof. Assume that f isTtlc-Cts. Let K be o in V. Then
FYK) is Micin U. But each Ttlc set is MMlc set.
Therefore f~1(K) is MMlc set in IJ. Hence f is
MMlc-Cts. The others arein asimilar manner

Example 3.1 Lt U=V ={vwxvz} with
U,:’R = {{X}J {'_:JJ W}J {}’J Z}} )
P = {L”, .'X.'}J TR{.P} = {UJ ¢'J {.’XT}J {Lﬂi W}J {-Lﬂi WJ.'X.'}} ,
V.I'JRi = {{}"}, {E'J '.-'.-’}J {:X.'JZ}} and Q = {}’JZ} )
(@) = {U, ¢, {v,wh {x,z},{v,w,x,2}} Then, the

mapping  f: (U.Tg(P)) = (V,7e(Q)) defined by
flwy=w,fliw) =z flx)=»fy)=v and
flzy=x is MMicCts but not WNlcCis

MMIc*Cts&MMIc* Cts the set {w, x,z} isTio in ¥ but
F({w,x, z}) = {v,w, x} isnot Nic, Mic*&Nic* in U.

Theorem 3.2 Let f be a function & if fistlc-Cts then f
isMMIct-Cts&MMIc-Cts.
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Proof. Let K be a®oin V. Then by definition, f~1(K)is
MlcinV.By Theorem2.4, f~1H{K)isMMIc*&fFHK)is
TMMIlc™ set. Hence f is T Mic*-Cis&NMIc™-Cts.

Theorem 3.3 Let f be a function & if f is
MMIle-irr (MMIc-irr or MMIc™-irr) then [ is
MMle-Cts (MMIe*-Cts&NMIc™-Cts).

Proof. Let (z be Mo set in ¥, Because every to set isTtic
set [2] & by Theorem 2.1(i), every Ttlc set isWiMlc set, &
isMMlc. Because f is MM lc-irr, f~HG) isMMlcin
U (MMlc*-irr or MMIc™-irr). Hence f isMMle-Cts
(MMIlc*-Cts&MMIc™-Cts).

Definition 3.3 A Mts(U, 1z(P)) iscaled MM door space
if each subset of IJ iseither Mt Mo or MM cin L.

Theorem 3.4 Any function defined from a Nano M door
spaceinto aMtsis MM lc-irr.

Proof. Let Il be Nano M door space &V be Mits. Let
f: (U, tg(P)) = (V,05(Q)) be a function. Let K be
MMlcinV. Then f~1(K) is either Mo or a M. Since
every io set or Ticset isTle set [2] & by Theorem 2.1(i),
every Tilc set is MMic set. In both cases, f1(K) is
T Mle set. Hence [ is MM lc-irr.

Theorem 35  If f:(U,7z(P)) = (V.o (Q)) is
MMlc - irr (resp. MMIct - irr ( MMIc™ - irr))
&g: (V, o' (Q)) = (W, ug(R)) is Rlc - Cts , then
geo f:(U,tg(P)) = (W, ug(R)) is MMlc-Cts (resp.
MMlc*-Cts (MMIc*™-Cts)).

V. CONCLUSION

In our paper, the concepts of MMic sets, MMic
continuous &t M Ic irresolute functions are introduced and
some of its characteristics are discussed.
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