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1. Introduction
Neutrosophic concepts have wide range of applications in the area of decision making

Artificial Intelligence, Information Systems, Computer Science, Medicine, Applied Mathematics,
Mechanics, Electrical & Electronic and, Management Science, etc,. In 1980s the international
movement called paradoxism based on contradictions in science and literature, was founded by
Smarandache[15,16], who then extended it to neutrosophy, based on contradictions and their
neutrals. The mapping is the one of the important concept in topology. Neutrosophic sets have three
kind like T Truth, F -Falsehood, I- Indeterminacy. Neutrosophic topological spaces (N-T-S)
introduced by Salama [27,28]etal., by using Smarandache neutrosophy set. In this Paper new type of
functions called as Neutrosophic Pre-a irresolute functions, Neutrosophic Pre-, Semi- a and Pre-f3
Irresolute Functions. Also the interrelationships of these functions with the other existing functions
are established. Several characterizations and some interesting properties of these classes of

functions are given

2. Preliminaries

In this section, we provide basic definition and operation of Neutrosophic sets and its Results
Definition 2.1 [15,16] Let X, be a non-empty fixed set. A Neutrosophic set €] is a object having
the form

1 = (< 11t (9,060, 74 (9 >ix € X,

Hez (x)- membership function
0¢: (x)- indeterminacy and then

Ye; (x)- non-membership function

T.Rajesh Kannan, S. Chandrasekar , Neutrosophic Pre-a, Semi- a & Pre- f§ Irresolute Functions



Neutrosophic Sets and Systems, Vol. 39, 2021 71

Definition 2.2 [15,16] Neutrosophic set & = {< x, Me: (%), Og: (x),yg; (%) >:x € Xy}, on Xy and
Vx € XN

6 = 1< 51, 055D, 500 5 € o)
L &n&g={<x He: x)n Hes (X):ng () n Og; (X)‘Yg;(x) Uy (x) >1x € Xy}
2. s UE =1{<x He: x)u Hes (X):ng (x)u Og; (X)‘Yg;(x) NYg (X) >1x € Xy}

3. €& e Her (X) = Hes (X):GE{ (X) < Og (X)&Yg’{ x) = Ye; (=)}

4. the complement of &) is 8IC ={< 2,7 (x), 1 = 0g: (%), per (%) >:1x € Xy}
Definition 2.3 [28].Let X, be non-empty set and Tty be the collection of Neutrosophic subsets of
Xy satisfying the following properties:
1.05, 1y € Ty
3T, NT, €ty forany Ty, T, € Ty
4. UT; € tyforevery {Ti:i €j} € 1y
Then the space (X, ty) is called a Neutrosophic topological spaces (N-T-S).
The element of ty are called Ne.OS (Neutrosophic open set)
and its complement is Ne.CS(Neutrosophic closed set)

Example 2.4.Let X, =[x} and Vx € X

6 5 7
A1 - (X’E’E’E)IAZ - (X’E’E’E
7 6
A3 - <X1515110) /A4 - (XJ_OIEIE)

Then the collection ty = {Oy, A1, A, A3, Ay 1y} is called a N-T-Son Xy
Definition 2.5.Let (X, ty)be aN-T-Sand €] = {< x, Me: (X),O‘S*i (X)’Ygi (x) >:x € X} bea

Neutrosophic set in X.. Then €] is named as

1. Neutrosophic b closed set [20] (Ne.bCS) if Ne.cl(Ne.int(€;))NNe.int(Ne.cl(€7))< &7,
3. Neutrosophic a-closed set [7] (Ne. aCS) if Ne.cl(Ne.int(Ne.cl(€7)))<S &7,

4. Neutrosophic pre-closed set [30] (Ne.Pre-CS) if Ne.cl(Ne.int(£7))S &7,

5. Neutrosophic regular closed set [7] (Ne.RCS) if Ne.cl(Ne.int(€7))=€3,

5. Neutrosophic semi closed set [17] (Ne.SCS) if Ne.int(Ne.cl(€7))< &5,

Definition 2.6.19] (X, ty)be aN-T-Sand £] = {< x, (x), og; (x),ygi (x) >:x € X} bea

Neutrosophic set in X..Then
Neutrosophic closure of & is Ne.Cl(1)=n{H:His a Ne.CSin X and &; SH}
Neutrosophic interior of &} is Ne.Int(€7)=U{M:M is a Ne.OS in X, and MC &;}.
Definition 2.7. Let (X5, 75y) be an NTS and be an NSin X.

The Neutrosophic -closure &f-interior of A are defined by
(i) NBcl(E))=n{&3: €5 isa BCS in X and & 2 &7}
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(ii) VBInt(E]) =U{Ey: €, isa NBOS in X, and &, < &}
Lemma 2.8.

Let €] be an NS in NTS (X, Ty ).Then
(i) Nint(€]) € NP int(€]) € &] < NPcl(€]) € Ncl(&7)
(i) Nint(€]) € Naint(€]) € €] SNacl(€]) € Ncl(€])
(iii) Nint(€7)ENSint(E7)SE SNScl(E€])SNcl(£])
(iv) Nint(E])ENBInt(E])ES €] < NBcl(E])ENCI(ET).
Proof: It is easy to prove.
3.Neutrosophic Pre-a, Semi- a & Pre- f Irresolute Functions
In this section Neutrosophic pre-a-irresolute, semi-a-irresolute, Neutrosophic pre-B-irresolute
functions are defined. Also, the relationships of these functions with the other existing functions are
studied.
Definition 3.1.
A function #: (X, Ty) — (Yn,Gy) from an NTS (X, Ty) to another NTS (Yp,Gy) is named
as Neutrosophic -irresolute if F71(EYisa NBOS in (X, Ty) foreach NBOS & in (Yn,Gn)-
Definition 3.2 A functionf: (Xx,Ty) — (Yr.Gy) from an NTS (X5, Ty) to another NTS (Y, G is
named as Neutrosophic pre-a-irresolute if #71(E3) is an NPOS in (Xy,Ty) for each NaOS &) in
(Yn/Gw)-
Definition 3.3 A function #: (X»,Ty) — (Un,Gy) from an NTS (X ,T») to another NTS
(Yn,Gx) is named as Neutrosophic a-irresolute if F71(E)) is a NaOS in (X, Ty) for each NaOS
& in (Yn,Gw)-
Definition 3.4 A function #: (X»,Ty) — (Un,Gx) from an NTS (X ,T») to another NTS
(Yn,Gx) is named as Neutrosophic semi-a-irresolute if F71(ES) is an NSOS in (X, Ty) for each
NaOS & in (Yn,Gn)-
Definition 3.5 A function #: (X5, 7yv) — (UYn,Gy) from an NTS (Xj,Ty) to another NTS
(Yn,Gx) is named as Neutrosophic pre-p-irresolute if F71(ED) is a NPOS in (X, Ty) for each
NBOS € iXnn (YnGa).
Proposition 3.6 Every Na-irresolute function is Npre-a (NSemi-a,resp.)-irresolute function.
Proof: Let #: (X5, Ty) — (Y. Gy) be Na-irresolute function from NTS(X ., Ty) to
another NTS (UYy,Gy)- Let €, be NaOS in Y, Since # is Na-irresolute function,#~1(€3)) is NaOS
in X Every NaOS is NPOS (NSOS, resp.). So F71(E3)) is NPOS (NSOS, resp.) in X,. Hence # is
Npre-a (NSemi-a, resp.)-irresolute function.
Proposition 3.7 Every Npre-{-irresolute function is Npre-a-(Npre, resp.) irresolute function.
Proof: Let #: (X, Tx) — (Y, Gn) be Npre-f3 irresolute function from NTS (X, Ty) to another NTS
(Un,Gyx)- Let & be NaOS (NPOS resp.) in Y, Every NaOS (NPOS, resp.) is NBOS. Since # is
Npre-p-irresolute function,#~1(&3)) is NPOS in X - Hence 15‘ is Npre-a-(Npre, resp.) irresolute
function.
Proposition 3.8 Every Npre-{-irresolute function is V' §-irresolute function.
Proof: Let #: (X3, Ty) — (Yn,Gx) be Npre-p irresolute function from NTS (Xj,73) to another
NTS(Yy,Gn)- Let €, be BOS . Since 75‘ is Npre-3- irresolute function, F71(€3)) is NPOS in Xy As
every NPOS is N[0S, F71(ED)is NBOS in X - Hence # is VB -irresolute function.

Proposition 3.9 Every Nirresolute function is NS-a-irresolute function.
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Proof: Let #: (X, Tx) — (Yn,Gr) be Nirresolute function from NTS(X).,Ty) to another NTS
(Un,Gn)- Let & be NaOS in Y - Every NaOS is NSOS. Since # is Nirresolute function, #-1(&3)) is
NSOSin X, .Hence # is NS-a- irresolute function.

Example 3.10 Let X,={a,b} ‘yN={C,d} and T=1{0, &7, 1}, [={0, &;, 1},are NTS on X, and Yy

respectively where
6 5 4\ (5 5 5
i e ) ()
1= &\ wn) 0w

2 5 6 4 5 5
&=0(51570) (70 10'10)
Define an Neutrosophic functionf: (X, T) — (Yn,Gx)- By # (a)=d, # (b)=c &, isa NOS in
(Yn,Gv)- So &; is NaOS, NPOS, and NBOS in Y, .

, sincef ~1(€3) = (x, (i > 5),(2 > i)) is an NPOS in X,

10’10’ 10 10’10’10

F7(63) < Nine(Nel (F7(63)) = 1y

Also §71(€3) € Nel(Nint(Nel (§7(65)))) = 1n

So #71(&)is a NBOS in X, . Thus # is Npre-B-irresolute, Npre irresolute function,
Npre-a-irresolute function and N -irresolute function.Also $isa N precontinuous and N

-continuous. As Nint(Ncl(Nint (15“1(85))) = 0y, #72(E;) € Ncl(Nint(Ncl (15‘_1(85))))

#71(€3) is not NaOS in X, Also §71(&3) & Nel(Nint (§7(€3))=0y.implies §71(€5) is not NSOS

in Xy Thus # is not Na-irresolute function, not NSemi-a-irresolute function, not Na-continuous,

not NSemi continuous, and not Nirresolute function.

Example 3.11
Let X,={a,b} ‘yN={c,d} and T=1{0, &1, 1}, T=1{0, &5, 1},are NTS on X, and Y, respectively
isaNSin Y,,.
* 2 5 3) (A5 4
&i=& (10’10’10)'(10’10’10)>'
4 5 4 2 5 3
& = (551570) (1-70°10)
4 5 4 3 5 2
& =(557570) (1-70°10)
isaNSin Y,,.

Define a Neutrosophic function #: (X, Ty) — (Un,Gx) by # (a)=d, § (b)=c &, isa
NOS in (Yp,Gy) - Also &; is NaOS, NPOS and NSOS in Y.
.. 2 5 3 4 5 4
-1 ¥ [, -
£ &) = <X’(10’ 10’ 10)’(10'10’ 10>)

and #-1(E2) € Nint(Nel (#-1(35))) = &= . So §71(€Y) € Nint(Ncl(Nint (#-1(55))) This implies

F71(E)is a NaOS in X, Also £71(€;) is NPOS and NSOS in X,. Hence # is a Na-irresolute
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function, NS-a-irresolute function, Npre-a-irresolute function, Na-continuous, NSemicontinuous,
and Nprecontinuous.£; € Ncl(Nint(€3) = &, . So &; is a NSOS in Y,

3 5 2 4 5

Also 715 = (x,(2,2,2), (2,2, 1)) Thenf ~1(€3) & Nint(Nel(Nint (§7(£3)))) = €]

10’10’ 10 10’10’10
Hencef 1 (€}) is not NaOS in X .. Thus # is not Nstrongly a-continuous.
Example 3.12 Let X,={a,b} yN={c,d} and T,=1{0, &, 1}, T={0, &;, 1},are NTS on X, and Y,

respectively, where
6 5 4 5 5 5
1= 10’10’10/’ 10’10’10>

2 5 6 4 5 5
& =4.(151070) (501010
Define a Neutrosophic functionf: (Xn, Tw) — (YnGw)- By ﬁ (a)=c1,%52 (b)=c. &, isa NOS in Gy
Hence &, is NaOS, NPOS, NSOS and NB0S in (Yy,Gy)-
.. 5 5 5 4 5 5
-1 *) - -
FE) = <X’(10’ 10’ 10)‘(10'10‘ 10>)

F71(E)S N(Nint(£71(E3)) = & impliesf ~1(E;) isaNSOSin X, . Also £71(E;)isa NBOS in

Xy, since #71(&3) € Ncl(Nint (15“1(85)) = &; Hence ﬁ is Nirresolute function, NS-a-irresolute

function, NSemi continuous and N -continuous. Nint( Ncl (Nint(§1(£3)) = £;.So #71(€3) ¢
Nint( Ncl (Nint(£71(€3)). Hence #71(E;) isnot NaOSin X, Also #71(&;) ENint(Ncl(£1(E)).
Hence #71(€3) is not NPOS in X, Thus # is not Na- irresolute function, not Npre-a-irresolute
function, not Npre irresolute function, not Npre-B-irresolute function, not Na-continuous and not
Npre continuous.
Example 3.13

Let X; ={ab,c}= Yy and Ty ={0n, In, E], & U &, & N ELTy ={0n, In, 5} are NTS on Xy,

and Y, where

& =151 10
isaNSin Y,,. Define an identity Neutrosophic function £ (e, Tn) = (YUnsGv)- &5 isaNOS in
Yyand £ =60 (3. 5.2). (5.5 (5. 50) “ _.
Nint(Ncl(Nint(# "*(€3)) = &;UE;.Thus #71(&3). € Nint(Ncl(Nint(#1(€3))Hence #71(E3)is a NaOS
in (X, ). Also $£71(€3) is NPOS, NSOS and NBOS in X, Therefore §# is Na-continuous, Npre
continuous, NSemicontinuous and NMf -continuous. €, isaNSin Y, and
&, < Nint(Ncl(Nint(€;) = 1y. Hence & isaNaOSin Y, . Also &, is NPOS, NSOS and Np0S

inY,.
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5 5 4 4 5 5 6 5 4
1 — —_ - —
# () ={x (10 10’ 10) (10'10'10)'(10'10'10))
And §71(€;) € Nel(Nint (§7(€;)) = &.Hencef "(€;) . Hence (€} )is NSOS and also N50S

in X, So # is Nirresolute function, NS-a-irresolute function and VB —irresolute function. Since
F71(&;) ¢Nint( Nl Nint(£~1(€5)) = & U &, $71(&;) isnot NaOS in X, and #71(E;) ¢ Nint(
Ncl(F~1(&) = € U &, §71(E;) isnot NPOS in X . Thus # is not Na-irresolute function, not
Npre-a-irresolute function and not Npre-f3-irresolute function.

Example 3.14

Let X ,={a,b} Y, ={c,d} and TH={0, &7, 1}, T=1{0, &5, 1},are NTSon X, and Y, respectively

where
* 3 5 6\ (425 5
&= (10’10'10)‘ (10'10‘10))
—¢ (4 5 5)(5 5 3))
= Y\10'10°10/’\10° 10’ 10

And &3 =y, (10 150 150) (160'%‘110))

is a inY efine a Neutrosophic function #: X Tne) — (Yn,Gwr)- # (a)= , # =c &, is
isa NS i NDf' N phic f ion # By # d, # (b 2

aNOS in (Y, Gn)- And F72(E) = (y, (— 3) (140 0’ 1O)> and

10’10’ 10

Ncl(Nint((£71(£3)))) = & . Thus $71(€;) S Nc(Nint((£71(E3)))). Hence $71(&3) is
an NSOS in X, which implies # is NSemi continuous and also # is VB -continuous. & isa NS
in Y,.. Also &;SNint(Ncl(Nint(€3)= 1ywhich implies €3 is a NaOS in Y, . Hence £; is NPOS,

NSOS and MB0S in Y, 7€) = (v, (2,2, 2),(2,2,2)) So #71(€2)is a NPOS and NBOS in

10’ 10 10 10’ 10 10

X Thus # is Npre-a-irresolute function, Npre-B-irresolute function and NS -irresolute function.
Since #71(£3) ¢ Nint( Ncl (Nint(£71(E5)= &, $71(&3) is not NaOS in X,. Also §71(&) ¢
Ncl(Nint(£71(€3) =E;. So #71(€3)is not NSOS in X,.. Hence # is not Na-irresolute function, not
Nirresolute function,and not NS-a-irresolute function.

Example 3.15

Let X, ={ab}= Yy and

Ty ={0n, 1IN, E], & U &, E N &3}

[y ={0n, In, £} are NTSon X, and Y, where

2 5 5 2 5 4
=2 G
1= 10”10’ 10 10’10’10>

(4 5 6))
10’10’10

10°10°10/°\10°10°10
€= (3 5 3)(4 5 5))
+ =Y \10'10'10)’\10° 10" 10/"
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isaNSin Y, . Define an identity Neutrosophic function £ (X T) = (YnGw)- & isa NOS in

Y,y & isaNOS, NaOS, NPOS in (Y G). §7(€) = (3, (5, 2,2),(£,2,2))

10’ 10 10 10710 10

So #71(&3) SNint(Ncl(Nint(£71(E3) = E;UE,. Thus £71(E3)is a NaOS in X,.. Hence #71(€})is
NPOS and NSOS in X,-. Thus 75‘ is Na-irresolute, Nsemi-a-irresolute and Npre-a-irresolute
function, Na-continuous, Nprecontinuous and NSemi continuous. €, is a NS in Yy and
Ncl(Nint(£71(€;)) = €5.Hence &€, <Ncl (Nint(£}). Thus &, isa NSOS in Y,

i€ = (551510557070
and NcI(Nint(£~1(E;) =& U E;
.So #71(&;) ¢ N(Nint(F£71(€;)). Thus #-1(€; )is not NSOS in X ,.Hence # is not Nirresolute
function.
Example 3.16
Let Xy ={ab,c}= Y, and T ={0n, In, E LTy ={0n, In, &} are NTS on X, and Y, where

_<( 1)(554)(352))
10’10’10 10’10’10/’ \10’ 10’ 10/""

— 2 3 5 4\ (r 5 6
= (x, (10 10’ 10) (10’10’10)’(10’10’10))'
Define a Neutrosophic function # X Tx) = (Yn.Gy) by ﬁ (a) =b,%5i (b)=c, 15‘ (c)=
&, isaNOSin (Yy,Gx ). Also &; is NaOS, NPOS, NSOS and NV BOS in Y, and

NGRS (130 150 140> (140'120'1%)'(110'110'110)>
Nint(Ncl( #71(E3)) = 1y. Since £71(€3) € Nint(Ncl( £71(E3)) £71(E3),is a NPOS in (X, Ty ) and
also #71(&3) is NBOS in X,.. Thus 15" is a Npre irresolute function, Npre-a-irresolute function,
Npre continuous and N -continuous. Now #71(€3) € Ncl(Nint(#7(E3))) = Oy.So $71(E;) is not
NSOSin X . Also #71(&;) ¢ Nint(Ncl(Ncl((£~1(E3))))= Oy. Hence #71(E3) is not NaOS in
X-Thus # is not Na-irresolute function, not NS-a-irresolute function and not Na-continuous and

not NSemi continuous.
Example 3.17 Let X ) ={a,b} ‘yN={c,d} and T=1{0, &7, 1}, Iy=1{0, &3, 1},are NTS on X, and Yy

respectively where

5 4 5 5 2
= (x, (10 10’ 10) (10’5’5»
((4 5 5)(5 5 5))
Y'\10’10°10/’\10’ 10" 10

((2 5 2) 4 5 5)
Y'\10°10°10 (10'10'10)

isaNSin Y, . Define an Neutrosophic function F: 00 Tn) = (Un,G)- by %f"(a) =c, %ﬁi(b)=d. & isa
NOS in (Yp, G )- Also &; is NaOS, NPOSin Y, .

4 5 2 3 5 5
FHED =, (10 10° 10) (10'E‘E>)
and#1(€3) € Nint(Ncl(F1(£3))= 1u.
Thus $71(€;) < Nint(Ncl (§71(€3)) Hence #71(E;) is a NPOSin X .

T.Rajesh Kannan, S. Chandrasekar , Neutrosophic Pre-a, Semi- a & Pre- f§ Irresolute Functions



Neutrosophic Sets and Systems, Vol. 39, 2021 77

Now &; S Nint(Ncl(&;) = 1yTherefore &5 isan NPOSin Y, . Also &; isan NFOSin Y,

" 4 5 6 4 5 5
-1 ¥\ - -
FE) = (X‘(10‘ 10’ 10)‘(10'10‘ 10))
Nint(Ncl(F£71(€5))= 0y.Thus #71(€3) € Nint(Ncl(F~1(ED)).
Hence #71(€%) is notan NPOSin X,.So # is not Npre-g-irresolute function and # isnot Npre
irresolute function. Since #~1(&3) & Ncl (Nint(Ncl(Sg))) = 0y.

#71(E3)is not NBOS in X . So # is not N-irresolute function.
Example 3.18 Let X ={a,b} yN={c,d} and Ty= {0, &7, 1}, Ty= {0, &, 1},are NTS on X, and Y,

respectively where
* 4 5 4\ (5 5 2
&= (10’10'10)‘ (10'10‘10))
. 4 5 5\,5 5 5
& =0.(55-1515) (16 10°10)

. (25 4\ (2 55
& =4.(551070) (510 70)
isa NS in Y, . Define an Neutrosophic function F: X Tor) — (Yn G by # (a) =c, # (b)=d. &,
isa NOSin (Yy, Gy ). Also &, is NaOS, NPOSin Y.

. 4 5 5\ /5 5 5
-1 *\ —_— —_— e ——
)= <X'(10' 10’ 10)'(10'10' 10>)
and Nint( Ncl#71(&;))=1y .Thus $#71(£;) SNint( Ncl$£71(&3)). Hence #71(&;) is a NPOS in

X -Therefore # is a Npre irresolute, Npre-a-irresolute and Npre continuous.

& isaNSin Y, and & SNcl(Nint(£~1(E3)=E;. Hence &} isa NBOS in Y\

) 2 5 4\ /2 5 5
-1 Y — - -
F7E) = (X’(10’ 10’ 10)’(10'10’ 10>)
and Nint( Ncl(£71(&3)) = 0y.Thus £71(E3) ¢ Nint( Ncl(#71(€3)). So £71(&3) is not an NPOS in
X, Hence # is not Npre-B-irresolute function.

Diagram: I
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N- irresolute N- a —imresolute

N- pre Irresolute N -pre- a -irresolute

N pre continmons

e B I fi-irresolute

4.PROPERTIES

Theorem 4.1 If a function #: (X, Ty) — (Yn,Gx) is Npre-a-irresolute (Na-irresolute and
NS-a-irresolute, resp.) thenf ~1(&;) is NPCS (Na-closed and NSemiclosed, resp.)in X for any N
nowhere dense set £ of Y, .

Proof:

Let €] be an N nowhere dense set in Y, . Then Nint(Ncl(€]))= Oy. Now, Nint(Ncl(€;)) = 1=
NcI(Ncl(€;)) = 1y which implies Ncl(Nint(€;)) = 1y . Since Nint 1y = 1y .Hence & <
Nint(Ncl(Nint(€;) Then &fis a NaOS in Y, Since # is Npre-a-irresolute (Na-irresolute and N
semi-a-irresolute, resp.), F71(ED) is a NPOS (NaOS and NSOS, resp.) in X,-.Hence F7UED) is a
NPCS (NaCS and NSCS, resp.) in X,

Theorem 4.2 If a function #: (X, Ty) — (Yn,Gx) is Npre-B-irresolute, then F71(ED) is NPCS in
Xy for any Nnowheredense set €7 of Y, .

Proof: Let €] be an Nnowhere dense set in Y, . Then Nint(Ncl(£7)) = Oy. Now,Nint(Ncl(€7)) = 1y.
= Ncl(NcI(E})) = 1y which implies NcI(Nint(€;)) = 1y Since Nintly = 1yand Necl(Nint(E;) <
Ncl(Nint(Nint(€5 )). Hence €€ 1y =Nc(Nint(E;) SNcl(Nint(Ncl()). Then & is a NBOS in
Y, Since 15‘ is Npre-p-irresolute, F71(ED)is aNPOS in X .. Hence #71(€;) isaNPCSin X,.
Theorem 4.3 A function #: (Xy,Ty) — (Yn,Gy) from an NTS X, into an NTS Y, is
Npre-a-irresolute if and only if for each NP p(a,B)) in X, and NaOS &) in Y - such that

# (p(a,B)) &, there exists an NPOS € in X, such that p(a,B))E & and § (€})) S &;.

Proof: Let 15‘ be any Npre-a-irresolute function. p(a,8)) be an NP in X, and &, be any NaOS in
Y, such that # (p(a,B)) € E. Then £71(E;). Let E=F"1(€;).Then &; is a NPOS in X, which
containing NP p(a,8)) and £ (€;))=F"1(E;) €&, .Conversely, let & be a NaOS in Y, and
2(a,B)) be an NP in X, such that p(a,pB) € (&) . According to an assumption, there exists an
NPOS &; in X, such that p(a,B))E & and $(&}))SE;. Hence p(a,B)) € € S F71(E). Also
2(a, ) € E;SNint((Ncl(€}) € Nint( Nclf~1(E;). Therefore, £~ (£;)SNint(Ncl($#(£3))is NPOS in

Xy Thus, # is a Npre-a-irresolute function.
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Theorem 4.4.A function #: (Xy,Ty) — (Yn,Gy) from an NTS X, into an NTS Y, is
-a-irresolute if and only if for each NP p(, ) in X, and NaOS &, in Y, such that (p(a,B)) &,
there exists an NaOS & in X, such that p(a,B))E & and § (£})) € &;.

Proof: Let # be any Na-irresolute function. p(a, )) be an NP in X and &, be any NaOS in Yy
such that § (p(a, B))E &;. Then p(a,B) € § 1(E;) =Naint §~1(E;).Let € =Naint #71(&;).Then &;
is a NaOS in X, which containing NP p(a, §)) and #(&}) = $(Naint§ (&) = f¢ (&) € &
.Conversely, let & be an NaOS in Y, and p(a,B)) be an NP in X such that p(a, B))€ F71ED.
According to an assumption, there exists an NaOS € &] in X such that p(a,pB)) € & and #
(E)S &, Hence p(a,B))E E S #71(E)) and p(a,B))E & =F"1(E;)= NaintA € Naintf ~1(&3).
Since p(a,B)) be an arbitrary NP and #7'(&;) is union of all NPs containing in #~*(£;),which
gives that F71(EE Nintf 1 (€3)is NaOS in X - Hence # is a Na-irresolute function.

Theorem 4.5 &, function #: (X»,Ty) — (Yn,Gx) fromanNTS X, into an NTS Y, isN
semi-a-irresolute if and only if for each NP p(a, B)) in X, and NaOS &; in Y, such that #

(p(a, B))E E;, there exists an NSOS &} in X, such that p(a, B))E & and # (£})) € &.

Proof: Let # be any NS-a-irresolute function, p(a,))be an NP in X, and &; be any NaOS in Y
such that # (p(a,B))€ E. Then p(a,B) € (E). Let E=F1(E5).Then &; is a NSOS in X, which
containing NP p(a, ) and $ (£))=F(§*(E))< &;

Conversely, let &, be an NaOS in Y, and p(a, ) be an NP in X, such that p(a, B)€ F7UED.
According to an assumption, there exists an NSOS &; in X,

such that p(a, B)) € and # (£})) S &;.Hence p(a,B))EE; € F1(E). Also p(a,B) €E; <
Ncl(Nint(€}) € Nel(Nint(§~1(€5)) Therefore, #-1(€3)<S Nel(Nint(£~1(£5))is NSOS in X .. Hence #
is a NS-a-irresolute function

Theorem 4.6 A function #: (X, Ty) — (Yn,Gy) froman NTS X, into an NTS Y, isN
pre-p-irresolute if and only if for each NP p(a,B) in X and NBOS &, in Y,, such that #

(p(a, B))EE;, there exists an NPOS &} in X, such that p(a,B))E E; and § (£})) € &;.

Proof: Let # be any Npre-p-irresolute mapping. p(a,)) bean NPin X, and &, be any NBOS in
Y, such that # (p(a,B))E E;. Then (p(a, B))E £71(E3). Let E=F"1(;).Then & is a NPOS in X,
which containing NP p(a, 8)) and # (£}))) fF(F 1(ED)E &

Conversely, let £ be an NB0S in Y, and p(a,p)) be an NP in X, such that p(a,B))€ FUED.
According to an assumption, there exists an NPOS &} in X, such that p(a,B))e & and # (&))<
&,. Hence p(a,B) €& S #71(E).Also p(a,Bf) €E; < Nint(Ncl(&})) € Nint( Ncl§1(E)).
Therefore, $~1(€;) < Nint( Nclf~(E3)). is NPOS in X .. Hence $isa Npre-p-irresolute function.
Theorem 4.7 A function #: (X, Ty) — (Yn,Gy) froman NTS X, into an NTS Y, isN
pre-a-irresolute if and only if for each NP p(a,B)) in X, and NaOS &; in Y, such that 75‘
(p(a, B))E € Ncl($71(€3))is a NN of NP p(a,B))in Xy,.

Proof: Let # be any Npre-a-irresolute function. p(a,)) be an NP in X, and &, be any NaOS in
Y,, such that § (p(a, B))€ &;. Then p(a, B))€ #~(£;)SNint( Nel (71(€3))). Hence Ncl(F71(€3)) is
IFN of p(a,B))in Xy

Conversely, let &, be a NaOS in Y, and p(a, B)) be an NP in X such that # (p(a, B))E E;. Then
2(a,B))E $71(E3) According to an assumption,Ncl(#71(€3))is NN of NP p(a,8)) in X, So
2(a, B))ENint( Ncl( #£71(&3)). Thus #71(E;)S Nint( Nl £71(E3)). Hence $71(E3)is a NPOS in Xy,

Therefore # is a Npre-a-irresolute function.
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Theorem 4.8:
A function #: (Xn,Ty) — (Yp,Gy) fromanNTS X, into an NTS Y, is N pre-p-irresolute if and
only if for each NP p(a,B))in X; and NBOS &, in Y, such that # p(a,B))E & N(F1(E)),
isaNN of NP p(a,B))in Xy
Proof: Let # be any Npre-p-irresolute function. p(a, )) be an NP in X, and &, be any NB0S in
Y, suchthat § (p(a,B))€ &. Then p(a, B))E §1(€3)SNint(Nel(§ ~1(€3)S Nel(Nint( §71(E3)).
Hence Ncl(Nintf ~(&3)) is IEN of p(a, B))in X,
Conversely, let & be an NB0S in Y, and p(a,f))bean NP in X, such that Fp(a,B)EE;.
Then p(a,B))E $ 1(E;) According to an assumption,Ncl(Nint §~1(E3)) is nN of NPp(a, £)) in Xy
Thus p(a, B))€ Nint( Ncl(£71(£3)), so #1(E3)SNint( Ncl( #71(E3)). Hence #71(E3)is a NPOS in
Xy Therefore # is a Npre--irresolute function.
Theorem 4.9
The following hold for functions £ Xy =Yy and § : Yy — Dy
i) If # is Npre irresolute and g is Npre-a-irresolute (Npre-p-irresolute, resp.), then g o § is N
pre-a-irresolute (Npre-p-irresolute, resp.) function.
ii) If # is Npre-a- irresolute (Npre-p-irresolute, resp.), and g is Na-continuous (N —
continuous, resp.), then § o # is N pre continuous.
iii) If # is Npre-a-irresolute (Npre-B-irresolute, resp.) and g is Na-irresolute (Vg —
irresolute, resp.), then § o # is Npre-a-irresolute (Npre-B-irresolute, resp.).
iv) If # is NS-a-irresolute (Na-irresolute, resp.) and g is [Fa-continuous, then § o # is
N Semi continuous (Na-continuous, resp.).
v) If # is NS-a-irresolute (Na-irresolute, resp.) and g is [Fa-irresolute, then g o § is NS-a-
irresolute (Na-irresolute, resp.).
vi) If # is Nirresolute and g is NS-a-irresolute, then g o # is NS-a-irresolute.
vii) If # is Na-irresolute and g is Nstrongly a-continuous, then & o # is Nstrongly a-
continuous.
Proof:
i) Let & be an NaOS (NBO0S, resp.) in Z. Since g is Npre-a-irresolute (Npre-B-irresolute, resp.) §*
&)isaNPOSin Y, Now (§ o )71 (€;) = #7 (371 (£})). Since # is Npre irresolute,§ (4
&5))isa NPOSin X, Hence § o § is Npre-a-irresolute (Npre-p-irresolute, resp.).

(
(
(
(ii) Let &, be an NOS in Z. Since g is Na-continuous (N -continuous, resp.), ¢! (€3) is a NaOS
(VBOS, resp.)in Y, .Now (G o £)7(E)=F71 (37 (£2)). Since # is Npre-a-irresolute
(Npre-B-irresolute, resp.), F71(G7" (&))isaNPOS in X, Hence § o § is Npre continuous.

(iii) Let &; be an NaOS (N BOS, resp.) in Z. Since g is Na-irresolute (Nf -irresolute, resp.), g~* (&3)
is a NaOS (VBOS resp.) in Y, .. Now (g o ) UE)=F1 (G (&)). Since £ is Npre-a-
irresolute (Npre-p-irresolute, resp.), #71(4~! (£}))is a NPOS in X .. Hence g o f is
Npre-a-irresolute (Npre-B-irresolute, resp.).

(iv) Let &; be an NOS in Z. Since g is Na-continuous, ¢~ (€3) is an NaOS in Y, Now (g °

£ UE) £ (G (&) Since # isNS-a-irresolute (Na-irresolute, resp.), £-1(3~" (£3)) is a
NSOS (NaOS, resp.) in X-. Hence g o # is NSemi continuous (Na-continuous, resp.).
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(v) Let & be an NaOS in Z. Since g is Na-irresolute, g~ *(€3) is an NaOS in Y,,- Now Since #is
NS-a-irresolute (Na- irresolute, resp.), F71(G7" (&) is a NSOS (NaOS, resp.) in X, Hence g o #
is NS-a-irresolute (Na-irresolute, resp.).
(vi) Let & be an NaOS in Z. Since g is NS-a-irresolute, §~(€;) is aNSOS in Y, . Now (g o $ 1
(&)= 4G 1(E)). Since # is Nirresolute, #-1(471(E}))is a NSOS in X .. Hence g o # is
NS-a-irresolute.
(vii) Let &, be an NSOS in Z. Since g is Nstrongly a-continuous ¢! (€5) is a NaOS in Y, Now
G o $) "HE) F7UGYUES)). Since # is Na-irresolute, #-1(31 (£3)) is a NaOS in X .. Hence § o
# is Nstrongly a-continuous.
5. CHARACTERIZATIONS
In this section, several characterizations of Neutrosophic pre-a-irresolute functions, Neutrosophic
a-irresolute functions, Neutrosophic semi-a-irresolute functions and Neutrosophic pre-p-irresolute
functions are established
Theorem 5.1 If 15‘ is a function from an NTS (X, T5) to another NTS (U, G ),
then the following are equivalent.
(a) 15‘ is a Npre-a-irresolute.
(b) $71(&3) < int (cl (F71(Ey))) for every NaOS &; in Y.
(c) £71(&3)is NPCS in X, for every NaCS &; in Y\
(d) Nel (Nint (§7(€3)))SF " (Nacl(&}) for every NS €, of Y, .
(e) # (NcI (Nint &;)) SNaclf (£z) for every NS € of X
Proof:

(a)= (b): Let & be an NaOSin Y, . By (a), #7*(€;) is NPOS in Xy. §71(E5)C
Nint(Ncl(£1(3))). Hence (a)= (b) is proved.
(b)= (c): Let €5 be any NaCSin Y, . Then &5 is NaOS in Y, . By (b),(§~*(€3) €5) SNint(Ncl
F71(€3)). But F-1(E5)S Nint( Ncl(F-1(€5))))= Nint( Nint(F~1(E))))= Ncl(Nint(F-1(£3))
This implies #-1(E;)S Ncl(Nint($71(E3)) = Ncl(Nint($71(E3) € £71(E) = $71(&)
is WPCS in X .. Hence(b) = (c) is proved.
(c) = (d): Let & bean NS in Y, . Then Nacl(&})) is Na-closed in Y, . = F1(Nacl(£))) is
NPCS in X, Then Ncl(Nint(§~*(Nacl(&} )))S(Nacl(E}))) Hence (c)= (d) is proved.
(d)= (e): Let & be an NSin X, Then Ncl(Nint(€2) S Ncl(Nintf~(£(£3))
< Ncl(Nint(#~*(Naclf (€;)))S Naclf(€3)S Then Nel(Nint((€5)) SF~H(Naclf(E2))).

Thus #(Ncl(Nint((€2))SNaclf(E:)). Hence (d) = (e) isproved.

(€)= (a): Let & be an NaOSin Y, . Then §7(€;) = £71(€3) = Nint(Ncl(§(€3)))is a NSin Xy
By (e),

F(Ncl(Nint(£71(£2))) € Nacl(f (15“1(8;)) C Nacl(&) = Nant(&}) = &

Thus, F(Nel(Nint(§(€3))) € Nacl(f (§7(€3))< & (1)

Consider

Nunt(Nel(f~(€3)) = Nel(Nel(F~(€3)) =NcI(Nint(F~(£)) € §~ (Nl (Nint(§71(€3))) )—(2)
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By (1) and (2), Nint(Ncl(F-1(E3)) € (Nl (Nint(f—l(e_;)))) SNint(Ncl(F~1(&3)) = $71(E;) =

F71(E) = £71(&3) € Nint(N(F~1(£)= §71(€3)isNPOS in X Thus

# is Npre-a-irresolute. Hence (e)= (a) is proved.

Theorem 5.2 If #: (X5, Ty) — (Yn,Gy) bea mapping from NTS X into NTS Y, .

Then the following are equivalent.

(a) # is Norirresolute.

(b) £71(&;) is NaCSin X, for each NaCS &, in Y\

(c) # (NaclA) SNaclf (€}))) for each NS & in Xy

(d) Nacl (7 (£3)) € #7*(Nacl(€;)for each NS & in Y, .

(e) #*(Naint &) ENaint #7(€;) foreach NS & in Y, .

Proof:

(a)=(b): Let &; be NaCS in Y, Then &; is NaOS in Y, Since # is Na-irresolute, #71(€2) =
$71(&3)is NaOS in X .. Hence £71(€3) is NaCS in X,..Thus (a)=(b) is proved.

(b)=(c): Let & be NSin X, Then & < $71(§(&])) € F ' (Nacl(F(£])) -As Nacl(§(&)) is

NaCSin Y, by(b), # ' (Nacl(§(&7)) isaNaCSin Xy. Nacl(€;) € Nacl((Nacl (15'5(5;)) =
Nacl (f(EI))Hence (b)=(c) is proved.

(=(d): Forany NS & in Y, let §7'(£3) = & By (o), f(Nacl (§71(€3) )< Naclf (§7(&9) <

Nacl(3).and acl (§71(&3)) € (f(zvacz (#‘1(85))) c §1 (ﬁ'(zvacl (#-1(55))) c 1 (Nacl(€)

Thus Naclf~1(€3) € $~*(Nacl(€;)) Hence (c)=(d) is proved.

(d)=(e): For any NS &; in Y,, Naint(&;) = Nacl(€3).Nowf "t (Naint(E3)) = f‘l(Nacl(E_;)) =

#‘1(Nacl(8_§))= Naclf‘l(g_;) = Namtﬁz‘l(é';) C Naintf (&)

(e)=>(a): Let & be NaOSin Y, . Then &, = Naint(€;) and F71(E) = $71(E) S Naint(E;). By

definition #~1(&}) 2 Naint (§71(E3)).So # 1(E3)=Naint (§1(&3)).Thus $#1(€3) is a NaOS in
X which implies # is Na-irresolute. Thus (e)=(a) is proved.

Theorem 5.3 If # is a function from an N'TS (X, Ty) to another NTS (Yp,Gn),

then the following are equivalent.

(a) #isa NS-a-irresolute.

(b) $7*(€3) € Nc (Nint (§7* (£3))) for every NaOS &, in Y.

(c) $71 (&3) is NSemiclosed in X, for every Na-closed set &£ in Y,

(d) Nint (Nl (§7(€3))) € # ' (Nadl &) for every NS €, of Y.

(e) # (Nint (NCIE)) SNaclf (£2)for every NS € of Xy

Proof: (a)= (b):

Let & bean NaOSin Y, . By (a), #7(€5) is NSOS in Xy = §7(€;) € Nc(Nint #7*(€3). Hence

(a)= (b) is proved.
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(b)= (c): Let & be any NaCSin Y, . Then & isaNaOSin U,. By (b), # (&) <
Nel(Nint(§~(&5) . But #-1(€3) < Ncl(Nint(F~(£3)) =Ncl(Ncl(F~1(E3)) = Nint(Ncl(F1(€3)) €
$71(&3) = $71(E3) is NSemiclosed in X Hence (b)= (c) is proved.

(c)= (d): Let & beanNSin Y, . Then Na-cl(£}) is Na-closed in Y, . By (c) F1(Nacl(E;))) is
NSemiclosed in X . Then Nint(Nclf ~!(Nacl(€; ))) SF " (Nacl(&}))). Hence ()= (d) is proved.
(d)= (e): Let & be an NSin X . Then Nint(Ncl(£;) € Nint(Nclf ~(F(E2)))€
Nint(Nclf " (Naclf (€2 )))Therefore Nint(Ncl(E5)S £~ H(Naclf(EL))).

Consequently #(Nint(Ncl(E2) € Naclf(E:) . Hence (d) =(e) is proved.

()= (a): Let & bean NaOSin Y, .. Then £7(€5)= #71(£3)))is aNSin X,

By (e), #(Nint(Ncl(§7*(€3)) € Naclf(§7*(€3)) € Nacl(€;) = Nant(€3) = &

Thus, §(Nint(Ncl(§71(E})) € &. - 1)

Consider Ncl(Nint (§71(€3)) = Nint(Nint (§7(£3)) = Nint(Nel (§7(£3))

Nint(Ncl($71(&5)) € 1 (F(Nint(Ncl(F71(£3)))) )-—-(2)
By (1) and (2),

Nel(Nint (§1(€9)) < §7*F(Nint(Nel(F 2 (€9))) )

c $71(E) = §1(&)=F"1(&3) € Nel(Nint(F71(€3)) =F 1 (€3) isN'SOS in Xy.

Thus # is NS-a-irresolute. Hence (€)= (a) is proved.

Theorem 5.4 If # is a function from an NTS (X, Ty) to another NTS (Yp,Gn),

then the following are equivalent.

(a) # is a Npre-B-irresolute.

(b) £71(&3) Sint (cl (£ (E3))) for every NBOS € in Y, ..

(c) £7 (&) is NPCS in X, for every N -closed set £ in Y\

(d) cl (int (F7*(E5))) € #~* (NBcID)for every NS €, of Y.

(e) # (cl (int &)) € NBclf (€5)for every NS €5 of X

Proof: (a)= (b): Let & be an NBOS in Y, . By (a), F71(E) is NPOS in Xy = F71(ENC
Nint(Ncl($71(E3)). Hence (a)= (b) is proved.

(b)= (c): Let & beany NBCS in Y. Then & is NBOS in Y, . By (b), §*(&5)<
Nint(Ncl(£71(€3)) . But #-1(£3)< Nint(N(cl(F~1(€3)) = Nint(N(int(£ -1 (£3))
=NcI(Nint(§~1(€3))) = #~1(E)ENI(Nint(§~1(€3))) .

This implies Ncl(Nint(£71(£3))) € #71(3) = $71(E3)is NPCS in X

Hence (b) = (c) is proved.

(0)= (d): Let €&, bean NS in Y, Then NBcl(€;) is NB -closedin Y, . By (c),Wcl(E}) )is
NPCS in X,. Then (£ Y(NBcl(E;))S FH(NBCL(ES))

Thus Ncl(Nint( #=2(NBcl(E5))S $~1(NBCl(EL))

Hence (c) = (d) is proved.

(d)=> (e):

Let & be an NS in X, Then Ncl(Nint(E5)) € Ncl(Nintf "1 (£(£2))) S Nel(Nint(£ -1 (NBcl(F(E2))))
c F 1 (NBcl($(£2)))) then Ncl(Nint(£5)) SF " INBcl(F(E:)))).This implies F(Ncl(Nint(E;))) S
NBcl($(£2)))). Hence (d)= (e) is proved.

()= (a): Let & bean NBOS in Y, . Then #7* (€)= £~ (E;)isaNSin Xy.
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By (e), #(Ncl(Nint (§* (€3))) € NBclf(F7((83))) € E--—-(1)Consider Nt(Ncl(F~1(€3))

= Nel(Nel(F~1(€5))= Nint(Nel (= (€3)) € Nel(Nint (£ (€5)) € § F (Nl WNint (G (E3))~(2)

By (1) and (2),Nint(Ncl(#~2(E3)) € £ F(Ncl(Nint(F7(E3)) € 71 (§;)= $71 (€;) This implies

71 (&)= < Nint(Ncl(f~1(€3)) which proves #71(€3)isNPOS in X . Thus # is pre-B-irresolute.

Hence (e)= (a) is proved.
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