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ABSTRACT

An entirely new category of functions referred to as somewhat semi-open and nearly semi-open is defined and illustrated with a novel topological space
using linguistic neutrosophic numbers. Moreover semi-open set, semi-closed set and semi-sense set are defined in linguistic neutrosophic topological
space to carry over the work.
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1. Main text

Norman Levine[7] introduce the idea of semi-open sets and semi-continuity in topological spaces. Gentry and Hoyle[6] have introduce somewhat
continuous functions in 1971. Recently Caldas[2] have worked on hardly open functions and proved many results. A novel topological space namely
linguistic neutrosophic topological space which was invented by Helen and Gayathri[5] in 2021. Throughout the paper, LNCI, LNInt, LNSCI, LNSInt,
LNOS, LNCS, LNSOS, LNSCS and LNTS represents linguistic neutrosophic closure, linguistic neutrosophic interior, linguistic neutrosophic semi-
closure, linguistic neutrosophic semi-interior, linguistic neutrosophic open set, linguistic neutrosophic closed set, linguistic neutrosophic semi-open set,
linguistic neutrosophic semi-closed set and linguistic neutrosophic topological space respectively.

2. Preliminaries

Definition 2.1:"Assume that L = {ly, ly,....., L} is a linguistic term set with odd cardinality ¢t + 1. If e = (1,,,1,, L,.) is defined for L, 1,1, € L and
p,q,7 € [0,t], where [, [, and [, express independently the truth degree, indeterminacy degree and falsity degree by linguistic terms, respectively, then e
is called an LNN.

Definition 2.2:®JFor a LNTS 7, the collection of linguistic neutrosophic sets(LNSs in short) should satisfy the following:

1. Oy, 1 ET
2. KinK, etforanyK,, K, €1
3. UK, et V{K:i€J}ct.
We call, the pair (S,y, 7), a Linguistic Neutrosophic Topological Spaces(LNTS in short).
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Definition 2.3:PlLet (S, T) be a LNTS. Then,
* (S, 7)¢ isthe dual LNTS, whose elements are K¢,y for Ky, € (Spn, 7).
 Any open set in T is known as linguistic neutrosophic open set(LNOS in short).
* Any closed set in 7 is known as linguistic neutrosophic closed set(LNCS in short) if and only if it’s complement is LNOS.

Definition 2.4:®The LN closure and LN interior are given by,
1. LNInt(K;y) = U {Oyn/O0.y isaLNOS in S,y where O,y S K;y} and it is the largest LNO subset of K .
2. LNCI(Hiy) =N {n/JivisaLNCS in S,y where H;y € J;y}and it is the smallest LNCS containing Hy .
Linguistic Neutrosophic Somewhat Semi-Open Function

Definition 3.1: A function fy: (Sin, Tin) = (Ton, noy) i said to be LN somewhat semi open if there exists a non-void LNSO set Hy y
of Ty suchthat Hyy € fin(Kyn), Where K,y is a non-void LNOS in S;y.

Example 3.2: Let the universe of discourse be U = {a, b, c,d, e} and let S;y = {c,d,e}. The set of all LTS be L={no healing(ly),
deterioting(l4), chronic(l;), some what chronic(l3), extremely chronic(ly), very ill(ls5), ill(lg), no healing(l;), healing(lg), slowly
healing( lg ), fastly healing( lio )}. Let 7y ={0.n, 1oy, Kind and mpy = {Opn, 1oy, Ern, Fin} be two LNTS’s  with
Ky = ({b, (L, L, L), {c, (14, I3, 11)), (d, (Lo, lg, 1s))), Erny = ({b, (L5, L6, L1)), (¢, (Ly, U3, 1)), {d, (Lo, U5, I5))), Fry =

(b, 13,15, 1)), (c, (11, 13, 15)),(d, (17,15, Ig))). Let the mapping f.y be an identity mapping. Here the set Ky is LNO in (S.y, Try) and
the set Hyy = ((b, Iy, ls, 1), (c, (I3, 13, 11)),{(d, (Lo, Ig, 14))) is LNSO in (Ty, n.n)- Then the mapping fy is LN somewhat semi-open.

Theorem 3.3: The composition of any two LN somewhat semi open mappings is need not be a LN somewhat semi open mapping, which
can be given in the following example.

Example 3.4: Let S;y =T,y = Py = {u,v,w} and Let the set of all LTS be L={quite extremely weak(ly), extremely weak(l,),
slightly weak(l,), weak(l3), neither weak or nor strong(ly), strong(ls), slightly strong(lg), extremely strong(l;), quite extremely
strong(lg)}. The LNTSs Dbe (SpnTinv) = {Own, Lin, A} (Tonws Min) = {0y, 1oy, Bin}, (Pon, Vin) = {0y, 1oy, Cry}  With
Ay = (W, (L, 1, 1)), Biy = (w, (L, I3, 1)), Coy = ((w, (Ig, 13,1g))) . The LN  somewhat semi-continuous  mappings
fin:Swtin) = Tpwney) and  gpy: (Tpn, Men) = (Pry,vin) e defined by fiy(a)= b,fiy(b) = a and giy(a) =
c,gin(b) = a,g;n(c) = b respectively. The composite mapping is given by (giye° fin) = Sty Ton) = (Pry, vin)- Let
Ciy be LNOS in Py Let K;y = ({w,(l3,11,13))) be LNSO in (Siy Try). Then, the composite mapping is not LN
somewhat semi-continuous.

Theorem 3.5:A LN function fy: (Siy, Ten) = (Tin M) is LN somewhat semi-open if and only if the inverse image of a LNS
dense setin Ty is LND in S .

Proof: Necessity Part: Let us assume that the set E;y is LND in Ty and (f ) 1(ELy) is not LND in S, . Then, there exists a
LNCS K,y c S,y such that (f;5) Y (Ery) € Ky © Sn- Then, S;y\K;y is non-empty LNOS in S,y. By assumption,
there exists a non-empty set U,y € LNSO(T.y) such that U,y S fin(Sin\Kin) or Tin\(Fin(Sin\Kin))
Tn\Upy. Also, SiN\Kiy S Sin\(Fuw) 7 (Erw) = (Fin) "(Toin\Ew), then, fin(Sin\Kiy) S Tin\Epy. Thus, Epy
T n\fin(Siv\Kiny) S Tin\Upy. Thus, it is proved that there exists a LNCS T y\Uy in Ty such that E;y S T x\Uy S
Ty, Which is a contradiction to the definition of Ey as a LNS dense set in Ty. Thus, (fix) 1(ELy) iSLND in S, .

c
c

Sufficiency Part: Assume that the function f;y is not LN somewhat semi-open, then for every non-empty LNOS A,y
in Sy, there is no non-empty LNSO set B,y in T,y such that U,y S fin(Bry)- Then, no proper LNSCS T y\U.n
is such that T \fiv(By) S Tin\Uy S Tyy. Thus, Tin\ f(Bry) is LND in Tpy. By assumption, (fin) 2(Tpn\
finBr)) is LND in Syy or Sy \(fiw) " (fin(Brw)) is LND in Syy. Thus, LNCUS A \(fin) " (fin(Bin))) = Sin-

Also, Biy S (fun) '(fin(Buy)), which implies Syy(fin) ' (fin(Biv)) S Sin\Biy- Then, Sy = LNCI(Spn\
(fi) 2(f(By)) S LNCL(SN\B,y) S S,y\ LNInt(B,y) and therefore LNInt(B,y) = ¢, which is a contradiction

to the fact that By is non-empty in S;y.
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Theorem 3.6:1f the LN function fn: (Sin Ten) = (Toin, Miy) 1S LNO and gyn: (Ton, Min) = (Pry, Biy) S LN somewhat semi
open mapping,then the composition (g n © fin): (Sen Tin) = (P, Bry) is LN somewhat semi open.

Proof: Suppose if A,y is LNOS in S;y, then f; (A, y) is LNOS in Ty, since fy is LNO mapping. Then, as the mapping g,y is
LN somewhat semi open, there exists a non-empty set B;y € LNSO(Py, tyy) such that B,y S (gin © fin) (Ary)- Thus, the
composition is LN somewhat semi open mapping.

Theorem 3.7:Let LN function fyn: (Sin, Trn) = (Trn, Miy) 1S One to one and onto, then f; y is LN somewhat semi open if and
only if every LNCS A,y in S,y such that f;x(Ay) # Ty, there exists a LNSCS Ky such that f;y(A;x) S K -

Proof: Necessity Part: Let A,y € LNC(S,y) such that f;y(A;x) # Ty Then, S;y\A.y is non-empty LNOS in S; 5. By
assumption, there exists Uy y € LNSO(Ty) suchthat Upy S fin(Sin\ALn) of Tin\fin(Sin\Ary) € Tin\Uy. As the mapping fiy
is one to one and onto, fin(Ain) © Tin\Uy. If Ky = T y\Upy, then K,y = ¢, Ky € LNC(T ) such that f y(A;n) S Kpn.
Sufficiency Part: If Vy is any non-empty set in Sy, then S x\V,.n is a proper LNCS in S;y. If fin(Sin\Vin) = Tin,
then it is clear that, V;y = ¢, which is a contradiction. Thus, fixy(Six\Vin) # Tyn. From the assumption, there
exists @ LNCS Dyy in Tyy such that fiy(Sin\Vin) S Dy, (i) Tia\Diy S Tin\fin(Sin\Vin) = fin(Vin), where
T, N\Diy # @, (T x\Dry) Which is LNSO set. Therefore, f;y is LN somewhat semi-open mapping. A LN subset A,y
of (Syn, Tyy) is called LNS dense if S,y = LNSCL(Ay).

Definition 3.8: A LN function fyn: (Sin, Tin) = (Tn, my) is LN hardly semi-open if for each LNSDS A,y in Ty Which is
contained in a proper LNSOS in Ty, (fx) "2 (ALy) is LN semi-dense in S, .

Example 3.9: Let the universe be U = {a, b, ¢, d, e} and let the LTS be L={ very salty, salty, very sour, sour, bitter, sweety, very sweety
Ywhere, L = {ly, 1y, 13,13, 14,15, l6}. And let the set Iy = {{a, (L4, Is, 12)), (b, (I3, le, 11)).{c, (Lo, L, Ig))} . LetSyy, Tpy) =

{0y, 1n, Apy} With Ay y = {{a, (Is, l6, 11)), (b, (L4, I3, 11)), {c, (o, g, I5))} and the set

BLN = {(a, (lz, l4, ls)), (b, (ll, ll, lz)), <C, (16' 15, 18))} is LNSOS in SLN' NOW, ILN is LNSDS in (TLN' nLN) where

Ny = {Opn, 1w, Jind, with J iy = {{a, (I3, 15, 1)), (b, (11, 11, 13)), {c, (I6, Is, Ig))}. The LNSO set in Tpy is

KLN = {(a, (14, lﬁ, lz)), (b, (14, l7, ll))r (C, (lg, 16' ls))} Then the mapplng fLN is LN hardly Semi-open.

Remark 3.10:The composition of any two LN hardly semi open mappings is need not be a LN hardly semi open mapping, which
can be given in the following example.

Example 3.11: Let the universe and LTS are as in example (3.9). Let the topologies and the composite mapping be defined as
(S Tin) = 0w, 1w, Apn} (Tow Men) = {Ouw, 1on, Bind, (Prw, Vin) = {Opn, 1oy, €y} and (gow © fin): (Pry, Vin) =

(Son Ton) respectively with Ay = ((¢, (6, L2, 1)), Biy = ({€, (L, s, Us))), Cow = ({c, (L4, 13, 13))). The function fy and g,y
are LN hardly semi open. The sets K,y = ({c, (17,1, 1)) and Hyy = ({c, (Ig, l5, I3))) are LNSO in (Spn, Ton) and (Ppy, Vi)
respectively. Here the composite mapping is not LN hardly semi open as (gyy © fin) 1(Hpy) is not LNSDS in (Spy, Toy)-

Theorem 3.12:The LN function fy: (Spa Tin) = (Ton, ry) is LN hardly semi open if and only if LNInt((f10) 1 (Ay)) = ¢,
for every LN subset A,y of T,y such that LNSInt(A;y) = ¢ contains a non-empty LNCS.

Proof: Necessity Part: Let f;y be LN hardly semi open and LNSInt(A,y) = ¢ for every LN subset 4;y, where A,y < T,y and
anon-empty LNCS E, in Ty such that E;y S A;y. Then, LNSCU(T y\Ay) = T y\LNSInt(Ayy) = Tyn. ASE y S

Ay, Tin\Ary € T N\Ey # Tyy. Thus, T;y\ALN is LNS dense in T which is contained in a proper LNOS T y\Ey. By
assumption, (f )~ (Tux\Ayx) is LNS dense in Spy. Thus, Sy = LNSCU(f1n) ' (Tin\ALn)) = Sin\LNInt((f1n) 7 (ALn)-
Therefore, S,y \LNSInt((f.x) "1 (ALy)) = S.y and thus LNSInt((fn) "2 (4Ly)) = ¢.

Sufficiency Part:If D;y is any LNS dense in Ty such that D;y < LNO(T.y), let it be U;y. As Uy # @, T xy\Upy i
LNCS contained in T y\D,y and it is non-empty. From the assumption, LNSInt((fin) (T x\Dix)) = ¢. Then,

SIN((FLn) 2 (Dy)) = ¢ and LNSCI((fin) *(Diw)) = Sin (i-8) (Fw) 2 (Dyrw) is LNS dense set in S;y.

Theorem 3.13:Let fin: (Sin, Tin) = (Ton, my) be any LN function. Let A,y be a LN subset of S,y having the property that
LNSInt(A.y) #+ ¢ and LNSInt(fy(ALy)) # ¢. Also, there exists LNCS By (# ¢) in S,y such that (f5) 1 (By) € AL,
then £,y is LN hardly semi open.

Proof: Let D;y c Uy, where D,y is any LNS dense setin Ty and U,y € LNO(Ty). As Uy # @, T x\Uy # ¢ and hence
T, x\Uyy is anon-empty LNCS contained in T y\Dyy. If Ay = (fin) " (Tin\Din), Biny = Ton\Uypy, then (f1n) " (Bow) €
Apy. Also, LNSInt(f y(ALy)) = LNSInt(f iy ((fin) " (Tin\Dyx))) € LNSInt(T 5 \Dyy) = ¢. From the
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assumption, LNSInt(Ayy) = ¢, (i.€) LNSInt((f .x) ' ((fin) " (Tn\Diy))) = . Thus, iy \LNSCL((f 1) "' (Dya)) = ¢ and
therefore, (Fin)"2(Dyy) = Sin- Hence (Fin) 1 (DLy) is LNS dense set in S, and hence fy is LN hardly semi open.

Theorem 3.14:1If the function fx: (Sin, Tin) = (T, Mon) 1S LN hardly semi open, then LNSInt(f;y(ALy)) # ¢ for each LN
subset A,y of Sy with LNSInt(A,y) # ¢ and fy(ALy) contains a non-void LNCS.

Proof: If A;y is any LNS such that LNSInt(A;y) # ¢ and By be any LNCS in Ty such that B,y € fix(4ry)- If
LNSInt(f ny(Ary)) # ¢, then T p\fin(ALy) is LNSdense in Tpy. Then, Tyx\fin(Ary) € Tin\By- As the mapping fn is LN

hardly semi open, (f x) " (T \fin(ALw)) is LNSdense in Sy, (i.e) LNSCL((f 1x) " (T n\fin(Arn))) = Sin OF Spn\
LNSInt((f i) 2 (Fin(Ay))) = Sin. Thus, INSInt((f 1) 2 (fin(Ay))) = ¢ and it implies LNSInt(A.y) = ¢, which is a

contradiction to the assumption. Hence, LNSInt(A.y) # ¢.
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