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1. Introduction

The foundational framework of fuzzy sets, introduced by Lofti A.Zadeh [20] in 1965, offers a
powerful mathematical framework to handle the complexities that arise from ambiguity in practical,
real world scenarios. This concept has been employed across various fields, including economics,
sociology and medical science, where researchers frequently encounter vague, imprecise and
occasionally incomplete information. These fields utilize fuzzy sets and fuzzy logic to model
uncertain data for a range of specialized purposes. Standard fuzzy sets are defined by their
membership value or degree of membership, although assigning this value can sometimes be
challenging. Chang [6] in 1968 introduced fuzzy sets into topology under the framework known as
fuzzy topological spaces.

Building on this foundational idea, in the 1986, K T. Atanassov [2] introduced intuitionstic

fuzzy sets, which build on fuzzy sets by including a non-membership degree in addition to degree of
membership. Coker [7] in 1997 introduced intuitionistic fuzzy sets into the realm of topology,
defining them as intuitionstic fuzzy topological spaces. Intuitionistic fuzzy sets are limited to
managing incomplete information by considering both membership and non-membership values.
However, they do not address uncertain and contradictory information often found in belief systems.
To tackle these issues, Florentin Smarandache [17] introduced the concept of neutrosophic set in
2005, which serves as a mathematical framework for dealing with imprecise, indeterminate, and
inconsistent data. In 2012, Salama and Alblowi [14] proposed the concept of neutrosophic
topological spaces. In 1999, Molodstov [12] initiated the soft set principle as a versatile
mathematical approach that addresses parameterization issues and surpasses the limitations of other
uncertainty theories. This theory is highly practical, efficient and widely applicable across different
disciplines. Molodstov's implementations of soft set principle include domains such as function
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analysis, decision making, operational research and integrative mathematics among others. As a
result, soft set theory has gained significant traction and continuous to advance rapidly in diverse
fields.

In 2011, Shabir and Naz [16] initiated the notion of soft topological spaces. Subsequently, in
2013 Maji [10] introduced the neutrosophic soft set concept, which inspired numerous
mathematicians to explore its applications in various mathematical frameworks. Modification by
Deli and Broumi [8] further refined this framework, while Bera and Mahapatra [3] explored its
algebric structures. In 2011, A. I. EI-Magharabi and A. M. Mubarki [9] introduced Z-open sets in
topological spaces. In 2020, A. Vadivel et al [18] proposed Z-open sets in neutrosophic topological
spaces.

This paper primarily aims to introduce and explore the concepts of contra Z-continuous maps,
contra Z-irresolute maps, contra Z-open maps, and contra Z-closed maps in neutrosophic soft
topological spaces, using neutrosophic soft Z-open sets. We analyze and discuss their fundamental
properties, along with the notions of contra Z homeomorphisms and Z-C homeomorphisms,
providing examples and theorems that contribute to further research in neutrosophic soft topology.

2. Preliminaries

This section offers a summary of essential definitions refers to neutrosophic sets, soft sets and
neutrosophic soft sets to ensure thorough understanding.

Definition 2.1 [15] Let W be an underlying universe. A neutrosophic set (in short, NS) D is an
object having the form D = {{w, up(w), op(w), vp(w)) : w € W} where u, — [0, 1] denote the
degree of membership function, o, — [0, 1] denote the degree of inderterminacy function and v, —
[0, 1] denote the degree of non-membership function respectively of each element w € W to the set
Dand0< pup(w)+ op(w) +vp(w) <3foreachw € W.

Definition 2.2 [12] Assume that W is the underlying universe & let g is a parameter set. Let P(W)
represent the collection of all neutrosophic sets within W. A pair (D, o) is known as the soft
set(shortly, SS) over W, where D is a mapping D : ¢ — P(W). In other terms, a soft set can be
viewed as a collection of subsets of the set W, each associated with a specific parameter.

Definition 2.3 [8] Assume that W is the underlying universe & let o is a parameter set. Let P(W)
represent the collection of all neutrosophic sets within W. Then a neutrosophic soft set
(S,0) over W (shortly, NSS) is characterized by (S,0) = {(@, (&, ts(p)(€), Ts(p)(€), Vs(p)(€))
e € W) : ¢ € o}, where pgp(€), gs(p)(€), vsip(e) € [0,1] are respectively called the degree
of membership function, the degree of indeterminacy function and the degree of non-membership
function of S(¢). As the maximum value for each of u,o,vis 1.

The inequality 0 < gy (&) + T5(4) (&) + Vs(y)(€) < 3 naturally holds.

Definition 2.4 [[10], [4]] Assume that W is an underlying universe & NS sets (S,0) & (D, o) are in
the form

(S,0) = {(0, (&, s (), Ts)(E), Vsp)(e) : ¢ € W) : p €0} &
(D,0) ={(o, (& up)(e), op)(), Vpi(e)) : € € W) : ¢ € o}, then
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Ow,o) = {(9,(£,0,0,1):e € W): ¢ € o} and 1(yy,0) = {(¢, (£,1,1,0) : e € W): 9 € p}.

. (5,0) € (D,0)iff ugp) (&) < pp(p)(€), Tsp)(€) < ap(y)(e) and vg(y)(e) = vp(y)(e) :
c e W: ¢e€oyp.

3. (S0 =(D,0)iff (S,0) =(D,0)and (D,0) S (S,0).

4. (5,0 = {(0, (& vs)(©), 1= d5((&), ksp)(€)) : ¢ EW) = ¢ € o).

5. (S,0) U(D,0) = {(¢, (& max(usi) (&), Up(p)(€)), max(as(y)(e), op(e)(e)),
min(Vs(y) (), Vpp)(€))): e EW) : ¢ € o}

6. (S,0) N (D,0) = {(¢,{ & min(usy) (&), Up(p)(€)), min(asy) (), gp(y)(E)),

max( Vs (&), Vp(p)(€))): e EW): ¢ € o}

N

Definition 2.5 [4] A neutrosophic soft topology (in short, NSt) on an underlying universe W is a
collection of t of NS subsets (S, o) of W where g be the parameters set, satisfying

1. O(W,Q), 1(w‘9) €ET.

2. [(S,0)n(D,p)] € tforany (S,0),(D,p) €.

3. Uxek (S,0) etforall (S,0,) :keKC T

Then (W, t,0) is known as a neutrosophic soft topological space (shortly, NSts) and the

elements of t elements are known as neutrosophic soft open sets (shortly, NSOS) in W. A NSS
(S, o) is called the neutrosophic soft closed set (in short, NSCS) if its complement (S, )€ is NSOS.

Definition 2.6 [4] Let (W, T, @) act as a NSts on W & let (S, @) is a NSS on W. The neutrosophic soft
interior of (S,@) (in brief, NSint(S,@)) and the neutrosophic soft closure of (S,e) (in brief,
NScl(S, @)) are represented as

(i) NSint(S,0) = U{(D,0): (D,0) < (S,0) and (D, o) is a NSOS in W}.

(ii) NScl(S,0) = N{(D,0) : (D,0) 2 (S,0) and (D, o) isa NSCS in W}.

Definition 2.7 [4] Suppose (W, T, @) act as a NSts on W & let (S, @) is a NSS on W. Then (S, o) is
called the NS

(i) regular-open set (in short, NSROS) if (S, ¢) = NSint(NScl(S, 0)).

(ii) pre-open set (briefly, NSPOS) if (S, ) € NSint(NScl(S, 0)).

(iii) semi-open set (briefly, NSSOS) if (S, 0) S NScl(NSint(S, 0)).

(iv) a-open set (shortly, NSaOS) if (S, 0) < NSint(NScl(NSint(S, g))).

(v) B —open set (shortly, NSBOS) if (S, 0) S NScl(NSint(NScl(S, 0))).

The complement of a NSROS(resp. NSPOS, NSSOS, NSaOS, NSBOS) is called a neutrosophic
soft regular (resp. pre, semi, a, B) closed set (shortly, NSRCS(resp. NSPCS, NSSCS, NSaCS,
NSBCS)) in W.

The family of all NSROS(resp. NSRCS, NSPOS, NSPCS, NSSOS, NSSCS, NSaOS, NSaCs,
NSBOS, NSBCS) of W is represented by NSROS(W) (resp. NSRCS(W), NSPOS(W) NSPCS(W),
NSSOS(W), NSSCS(W), NSaOS(W), NSaCS(W), NSBOS(W), NSBCS(W)).
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Definition 2.8 [1] Let (D, o) be a NSts. Then

(i) neutrosophic soft &-interior of (D, @) (in short, NS8int(D, @)) is defined by
NS&int(D, @) = U{(D, ) : (S,0) < (D,0) and (S, @) isaNSROS in W }

(ii) neutrosophic soft 8-closure of (D, @) (in short, NS&cl(D, @)) is defined by
NS&cl(D, @) = N{(S,0) : (S,0) 2 (D,0) &(S,0) isaNSRCSin W }

Definition 2.9 [1] A NSS (D, @) is referred as the neutrosophic soft 8-open set(shortly, NS80S) if
(D, @) =NS8int(D, g).
The complement of NS80S is called NSSCS.

Definition 2.10 [13] ANSS (D, o) is called the neutrosophic soft
(i) 8-semiopen set (in short, NS8SOS) if (D, o) < NScl(NS8int(D, @)).
(ii) e-open set (briefly, NSeOS) if (D, @) © NScl(NS8int(D, @)) U NSint(NSé&cl(D, )).

The complement of NS6SOS and NSeOS is called NS6SCS and NSeCS.

Throughout this paper, Let (W, 7, o) be any NSts. Let (S, ¢) & (D, ) be a neutrosophic soft sets in
NSts.

3. Neutrosophic soft contra Z - continuous maps

Definition 3.1 A mapping G : (W,1,0) — (T,o,0) is said to be a neutrosophic soft contra Z-
continuous (shortly, NSContraZCts) if the inverse image of each NSOS of (T, o, ) is NSZCS in
(W, 7,0).

Example 3.1 Let W = {wyw, ws} = {t;,t;, t3} = T, g={ey e;} and NS sets
(51,0), (S2,0) and (S3,0) in W and (V;, @) in T are defined as

Pwy, 0wy le Hw, Ow, Vw, Hws Ows Vwg
(Slel)_(( ) ) ) "\ o4’ 107>

04’05’ 0.5 04" 08 0.5

_ uw1 UW1 VWl) (m ws Vﬂ) (% w "ﬂ)

(S1,€2) = ( '\o02’05’07/’\ 02’05 )
U Oy, V

(52,81) — ((ﬂ _1 _1

u Ow, V
(52782) = <(_1"ﬂ)ﬂ

(Ss,e1) = ((ﬂ'm’m

(531 82) = <

u o %
(Spe1) = (( Wl’, e

0
u 0 v
Gued = (T 5558)
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ey = (42,20 1) (B2 T Vo) (i 7 Vo),

06’05’05 05’05’05 0605’06

Htly atl vtl ”tz Utz vtz Ht3 0'1_-3 vtg
(le eZ) = (( )] )] )] )] ) ) )] ] )

0.6 04 04 0.7° 0.5 0.3 04 0303

Then, we have 1= {O(W,Q), 1(W,g)' (51,0),(S52,0),(53,0)} and o = {O(']l‘,g), 1('11',9), (V1,0)}. LetG :
(W, 1, 0) » (T, 6, o) beanidentity mapping, then

1) G isa NSContraZCts function.
2) G is a NSContraCts but not NSContradCts, because the set G~1(Vy, 0) = (S4, 0) is a NSCS but
not NS3CS.

Preposition 3.1 The statements hold true but not the converse.

a) Each NSContra8Cts is a NSContraCits.

b) Each NSContraCts is a NSContradSCts.
c) Each NSContraCts is a NSContraPCts .
d) Each NSContradSCts is a NSContraZCts.
e) Each NSContraPCts is a NSContraZCts.
f) Each NSContraZCts is a NSContraeCts.

Proof. Considerthemap G : (W, 1, 0) —» (T, o, 0).

(a) Let (S,0) be aNSOS in T. As G is NSContradCts, G~1(S, 0) is a NS3CS in W. Since all NS5CS
are NSCS, G~1(S,0) is NSCS in W. Thus, G is a NSContraCts.

(b) Let (S,0) be aNSOS in T. As G is NSContraCts, G ~1(S, 0) isa NSCS in W. Since all NSCS are
NSSCS, G71(S, 0) isa NS3SCS in W. Thus, G is a NSContradSCts.

(c) Let (S, 0) be aNSOS in T. As G is NSContraCts, G ~1(S, ) isa NSCS in W. Since all NSCSis a
NSPCS, G1(S, 0) isa NSPCS in W. Thus, G is a NSContraPCts.

(d) Let (S,0) be a NSOS in T. As G is NSContradSCts, G1(S,0) is a NS§SCS in W. Since all
NS3SCS is a NSZCS, G1(S,0) isa NSZCS in W. Thus, G is a NSContraZCts.

(e) Let (S, 0) be aNSOS in T. As G is NSContraPCts, G~1(S, o) is a NSPCS in W. Since all NSPCS
isa NSZCS, G~1(S,0) isa NSZCS in W. Thus, G is a NSContraZCts.

(f) Let (S,0) be aNSOS in T. As G is NSContraZCts, G~1(S, o) is a NSZCS in W. Since all NSZCS
isa NSeCS, G71(S, 0) isa NSeCS in W. Thus, G is a NSContraeCts.

Example 32 Let W = {wyw, wz} = {t;,t5,t3} = T, o= {el, ez} and NS sets
(51,0), (52,0) and (S3,0) in W and (V,0) in T are defined as

MWL O.WI VW1 HWZ UWZ 1/Wz HW3 UW3 vW3
(Sllel) = (( y ) y )] )] )

04’05’06 05’04’08 04’05’07
_ Hwy Owy Vwy Hwy, Ow, Vw, Hwsz Ows Vwg

(51162) - ( ) ) ] ] ) ] ] ) )
0.2 " 04 0.6 0.2 " 05" 0.7 0.2 " 05 0.8
_ H'W1, UW1 VW1 HWZ UWZ VWZ HW3 UW3 14 3

(52, el) - ( ) ) ) ’ ) ) ) ) )
0.5 " 05 ° 0.6 0.5 05 0.5 6 057 0.6
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I’LW1_ O-W1 VW1 y'Wg JW3 vW3
(52; 82) <( ) ’ ) ’ ) ) ) )
04 " 0.6 0.6 0.5 " 0.7 0.3 77 0.4
Hw,q, le Vwq Hwy, Owy Vw, Hwsz Owz Vwg
(531 el) = (( )] )] )] )] )] ) ) )
0.3’ 0.4 7 1 3 .8 2703708
Hwy O, Vw Hwy, Owy Vw, Hwsz Ows Vwgy
Sy = (B B Y (P Ty V) (i ey
(S3,€2) = ( 01’03’07/’\01"05"08/’\01’05" 09 )
‘uW1 o.Wl VW]_ #Wz O-WZ VWZ :u'W3 O.W3 VW3
(541 el) - ( ] )] ) ] ) ) /] )] )
0.7 ° 0.5 2 .8 6 0.4 708" 03
w1, Owq VYwyq Hwy, Owy, Vw, Hwsz Ows Vwgy
Siwe) = (T, 2,2 (Rz Pz Py Twg Tws
(S4,€2) = { 07’06’ 02/"\07’05"02/"\09"’ 06’02 )

Vie) = ((52,22,20) (B % tu) (R % 2o

2 08’06’04 0.7’ 08’03
Hty, Oty Viy Ui, Ot, Vi, Uiz Otz Vig

(Vlr 82) = (( ) ) ] ) ) ) ) ) )
0.7 ~ 0.6 0.2 0.7 0.5 0.2 0.9 0.6 0.2

Here, we have t = {0w,), Lw,0) (51,0), (52,0),(S3,0)} and o = {O¢t0), 1(1,0), (V1,0)}. Let G :
(W, 1, 0) » (T, 6, o) bean identity mapping, then G is a NSContraPCts but not NSContraCts,
because the set G™1(Vy, @) = (S4, @) is a NSPCS but not NSCS.

Remark 3.1 From the results discussed above, the following diagram is obtained.

NSContradCts
\ 4
NSContraCts
NSContradSCts NSContraPCts
NSContraZCts ™ NSContraeCts

Diagram.1 Neutrosophic soft contra Z — continuous maps

Example 33 Let W = {wyw, wi} = {t;,t;, t3} = T, g={e; e;} and NS sets
(51,0), (S2,0) and (S3,0) in W and (V;,0) inT are defined as

MWL O.WI VW1 HWZ UWZ 1/Wz HW3 UW3 vW3
(Sllel) = ((_I_)_ N a1’ na )\ e A )
0.6 0.4 0.7

04’05 05’04’08 0.5
“W1 O'wl le Hwy, Ow, Vw, Hwz Ows Vwg
(51’62) - ( ) ) ) ) ) ) )
04’ 06 0.2 " 057 0.7 0.2 " 05 0.8
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Hwq O v
(Spen) = (G2, 52.52).

Hw O'W Vw
(S2,€2) = (( o, L 1

0.3 4

)z
)
)
X
)

Spe) = (L, 1 V) (g G Yua) (b S oy
(S, €1) (05’05’05' 06’05’06/’ 04’0.5’05>
(S e <(H. 1, o-Wl W (uWZ O-Wz sz HW3 0-W3 vW3 )
+€2) 0.2 ’03/’\ 06’05’04/’ 04’05 03
Ky, Oty Viy Hiy, Oty Viy Utz Otz Vig
(Vlrel) = (( P P R )
05’05’05 06’05’06 0. 5705
#tl, Utl vtl th Utz vtz Ht3 Ufg vtg
(VlieZ) = <( PP R P . )
0.2 0.5 0.3 06’05’04 0.4° 0.5 0.3

Here, we have t = {O(W,Q), 1(W'Q), (51, Q), (SZ,Q), (S3,Q)} and o = {O(']I‘,Q), 1('11-’9)' (Vl,Q)}. Let g :
(W, 1, 0) = (T, o, @) be an identity mapping, then

(i) G is a NSContraZSCts but not NSContrasCts, because the set G~1(Vy, @) = (S4, @) is a NS§ZCS
but not NSCS.

(i) G is a NSContraZCts but not NSContrPCts, because the set G™1(Vy, @) = (S4, @) is a NSZCS but
not NSPCS.

Examp|e 34 Let W = {Wl, Wz’ W3} = {tl ,tz, tg} = T, 0= {el, 32} and NS sets
(51,0), (S2,0) and (S3,0) in W and (V;, o) in T are defined as

05’ 0. 5’0 8 04’05’07
_ /(Hwy, 9wy Vwy Hwy 9wy Vw, Hws ws Vws
(511 eZ) - ( ) ) ) ) ) ) ) ) )
0.2 0.4 0.6 0.2 " 05" 0.7 02" 05" 0.8
_ “’WL UW1 v 1 HWZ UWZ VWZ HW3 UW3 VW3
(SZI el) - ( ) ) ) ) ) ) )] ) )
0.5 " 05°0. 0.5 05 .5 0.6 05 0.6
Hwy, Ow; Vw Hw, Ow, Vw Hwg O v
S e :(__1_1)(_2_2_2)(_3_3_3)
(S2.€2) = ( 04’06’06/'\03”05”07/’\03"07" 04 )
_ Hwy Owy; Vwy Hwy Owy, Vw, Hws Owz Vwg
(531 el) - ( ) ) ) ) ) ) ) ) )
0.3 0.4 0.7 0.1 " 0.3 0.8 0.2 " 0.3 0.8
_ u 1, O-Wl VW1 H’Wz O-WZ VWZ H'Wg O-W3 vW3
(531 eZ) - < ’ ) ’ ’ ) /] ) ) )
0.1 " 03" 0.7 0.1 0.5 0.8 0.1 " 05" 0.
_ Hwy Owy; Vwy Hwy Owy, Vw, Hwsz Owz Vwgy
(54) el) - ( ) ) ) ) ) ) ) ) )
0.7 0.7 " 0.1 8 05 0.1 0.8 0.7 0.2
u'Wl a-Wl VW]_ HWZ O-WZ VWZ .uW3 UW3 VW3
(Sa€2) = (( — —=,=2,—=2))
7 0.1 0.8’ 05 ’0.11 09 0.5 0.1
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Hty, Oty Viq Uty Oty Vi, Uty Oty Vig
(Vllel) = ((_I_)_ I WP R R P N R R )

0.7 “ 0.6 0.3 08°0.7° 0.1 0.8°0.7°0.2

H’tL Otq vtl Ht, Ot, vtz Ht3 O't-3 Vt3
(VlieZ) = (( AP A I RN R R N A R R )

0.7 " 0.7 0.1 08°0.5" 0.1 09705701

Here, we have t = {Ow,), Lw,0) (51,0), (S2,0),(S3,0)} and o = {O¢ro), 1(1,0), (V1,0)}. Let G :
(W, 1, @) » (T, o, @) be an identity mapping, the G is a NSContraZCts but not NSContradSCts,
because the set G~ 1(V4, @) = (S4, @) is a NSZCS but not NS§SCS.

Example 35 Let W = {wyw, wi} = {t;,t;, t3} = T, g={e; e;} and NS sets
(P1,0), (P,,0) and (P5,0) in W and (Q4, 0) inT are defined as

u O, vV O, vV O, vV
(P, e;) = ((ﬂ 9wy ﬂ) (m 9wy Vwy (“WSJﬂ’ﬂ))

03’05"07/’\04’03"’ 09) 02’04’08
HW1 O-Wl le H’Wz O-WZ VWZ MW3 O-W3 VW3
(P1i62): (( P PR N YA A YRS )
0. 03’04’08 0.1 03" 0.8
I“LW1 Gwl le Hwy, Owy Vw, Hws Owz Vwgy
(PZI el < ) ) ) ) ) ) ) >
’ 0.6 0.6 0.3 0.6 03 05" 05
Bwy, Owy Vwg Bwy 9wy Vw, Kws 9wz Vws
(PZl eZ) = <( ) ) ) ) ) ) ) ) )
0.5 05" 05 0. 0.5 0.7 0.2 04" 0.6
Hwy Ow, Vwy Hwy, Owy, Vw, Hws Owz Vwgy
(P3I e]_) - < )] ) )] )] ) ] )] ) >
04 " 05" 04 0.5 05" 05 0.3 ° 05" 0.7
:qu O-Wl v 1 ”WZ JWZ VWZ uW3 O-W3 vW3
(P3' eZ) = < ] ] ) ) ) )
0.6 05 0.6 04" 05 0.8 04’ 03"’0.
_ Htlj o.tl vtl H’tz o-tz vtz I‘Lt3 o.tg vtg
(Ql’el)_ < oy v o\ S o o )
04’05’04 0.5 0.5 05 03705707
Q1 e,) = (("fl 9t th) (”tz 9ty Z) (& 9tz Vﬁ))
1, =2 0.605’0.6 04’05’08/"\04’03’0.7

Here, we have T = {0w o), 1ew,o) (P1,0),(P2,0)} and o = {0t 1(re), (Q1,0)} Let G:
(W, 1, 0) » (T, o, o) bean identity mapping, then G is a NSContraeCts but not
NSContraZCts, because the set G ~1(Q4, @) = (P, 0) is a NSeCS but not NSZCS.

Theorem 3.1 Amap G: (W, 1, 0) = (T, o, o) is NSContraZCts iff the inverse image of every
NSCS in T is NSZOS in W.

Proof. Consider a NSCS (S,0) in T. Then (S,0)¢ is NSOS in T. As G is NSContraZCts, G~!
((S,0)°) is NSZCSin W. As G71((S,0)¢) = (G (S,0))¢, G~1(S,0) is a NSZOS in W.

Conversely, consider a NSCS (S,p)in T. So (S,0)¢ is a NSOS in T. By hypothesis,
G7H(S,0)°) iSNSZCS in W. As G71((5,09=(G71(S,0)°¢, (G71(S,0))¢isaNSZCSin W.
Hence, G71(S, 0) is a NSZOS in W. Hence G is NSContraZCts.

Theorem 3.2 Let G: (W,1,0) » (T,0,0) be a NSContraZCts where every NSZOS in W is a
NSOS in W, then G is a NSContraCts.

Proof. Let (S,0) be a NSOS in T. Then G~ (S, 0) is a NSZCS in W. By hypothesis, G~1(S,0) isa
NSOS in W, then G is a NSContraZCts.
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Theorem 3.3 Let G: (W, 1, 0) = (T,o, o) be a NSContraZCts map and ¥ : (T,c,0) — (U, p,
0) be an NSContraCts, then H o G: (W, 1,0) — (U, p, o) is a NSContraZCts map.

Proof. Let (S,0) be a NSOS in U. Then H ~1(S,0) is a NSZCS in T, by hypothesis, Since G is a
NSContraZCts maps, G~ (£ ~1(S,0)) isa NSZCS in W. Hence # o G is a NSContraZCts map.

Theorem 3.4 Let G: (W, 1, ) = (T,o, 0¢) be a NSContraZCts map. Then the following
conditions are hold.

(1) G(NSZcI(S, 0)) 2 NSint(G(S, 0)), for all NSS (S,0) in W.
(ii) NSZcl(G~* (D, 0)) 2 G~1(NSint(D, o)), for all NSS in T.

Proof. (i) As NSZcl(G(S, 0)) is a NSZCS in T and G is NSContraZCts, then G~1(NSZcl(G(S, 0)) is
NSZOS in W. Now, as (S,0) 2 G L(NSint(G(S,0))). NSZcl(S,0) 2 G L(NSInt(G(S,0))).
Therefore, G(NSZcl(S, 0)) 2 NSint(G(S, 0)).

(i) By replacing (S, 0) by (D, o) in (i), we obtain G(NSZcl(G~*(D, 0))) 2 NSint(G (G~1(D,0))) 2
NSint(D, o). Hence NSZcl(G~1(D, 0)) 2 G~ (NSint(D, 0)).

4. Neutrosophic soft contra Z — irresolute maps

Definition 4.1 Amap G: (W, 1, ¢) = (T, o, @) is known as a neutrosophic soft contra Z-irresolute
(briefly, NSContrazZ-irr) map if G71(S,0) is a NSZCS in (W,1,0) for each NSZOS (S, o) in
(T, 0, 0).

Theorem 4.1 Let G: (W, 1, 0) = (T, o, o) be a NSContraZ-irr. Then G is a NSContraZCts map.
But not conversely.

Proof. Assume G is a NSContraZ-irr map. Consider a NSOS (S, @) in T. As each NSOS is a NSZOS,
(S,0) is a NSZOS in T. By hypothesis, G1(S,0) is a NSZCS in W. Hence G is a NSContraZCts
map.

Example 41 Let W = {w;w, ws} ={t;,t5, t5} = T, o={e; e,} and NS sets
(51,0), (52,0), (S3,0), and (S, 0) in W and (V;,0) and (V,,0) in T are defined as

Hwy Owy Vw Hw, Ow, Vw Hwsz Owz Vw
S e — ( , 1 1) ( 2 2 _w2 ( 3 3 3)
(Sueq) = ( 04’05’06 )
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o= (2532) (2322

0.5 05 0.5 0.5 0.5 0.6 ° 05" 0.6
Hwy, 0'w1 le ﬂwz O'Wz sz Hwsz Owz Vwg
(54’ eZ) = (( ] ] ) )
06’04’ 04 05’03 04 " 03 03
Hty Oty Viq Uty Oty Viy Uty Otz Vig
(Vlr 81) (( , » o ’ Pl )
0.4 0.5 0.6 05’04’08 0. .5 .7
Hty Oty Vi U, Ot, Vi Ut Ot Vi
V € = ( ’ " _1) ( ) 5 2) ( ; _3)
(1, €2) <0.2’0.’ 6/’\02’05"07/"\02’05’ 8>
Htq Ve Ui, Oty Vi, Uiz Otz Vig
(Va,e1) =« 06 0.5’0 ’\0.5’05’05/"\0.6’ 0.5’ 0.6 )
H'tL Utl vtl Ht’z Gtz vtz ﬂt’3 Utg Vt3
(V. e2) = <( —2, =2 =21))
06’04’04 07’05’03 0. 3 3

Here, we have © = {Ow 0),1w,0) (51,0), (52,0), (S3,0)}and o = {0(t), 1(r0), (V1,0)}. Let G:
(W,1,0) = (T,5,0) bean identity mapping, then G is a NSContraZCts but not NSContraZ-irr,
because the set (V,,0) isa NSZCSin T but G=/(V,,0) = (S, 0) is not NSZOS in W.

Theorem 4.2 Let G : (W,1,0) - (T, c,0) be a NSContraZ-irr. If W is a NSZU1 — space, then G is
2

a NSContraCts map.
Proof. Consider a NSOS (S, @) in T. Then (S, @) is a NSZOS in T. Hence G (S, ) is a NSZCS in
W. As Wisa NSZU. —space, G~1(S, ) isa NSCS in W. Thus G is a NSContraCts map.

2
Theorem 4. 3 Let G : (W,1,0) = (T,0,0) be a NSContraZ-irr and H : (T,o,0) = (U, p, o) be a
NSZCts maps. Then H o G: (W,t,0) — (U, p, o) is a NSContraZCts map.

Proof. Consider a NSOS (S, ) in U. Then H ~1(S,0) is a NSZOS in T. As G is a NSContraZ-irr,
G™1 (H ~1(S,0)) isa NSZCS in W. Hence 7 o G is a NSContraZCts map.

Theorem 4.4 Let G : (W,1,0) = (T,0,0) and H : (T,o,0) = (U, p, ) be mappings. Then H o G:
(W,1,0) = (U, p, @) is

(i) NSContraZCts if G is NSZirr and H is NSContraZCts.
(if) NSContraZ-irr if G is NSContraZirr (resp. NSZirr) and H is NSZ-irr (resp NSContraZ-irr).

Proof. (i) Let (S,0) be a NSOS in U. Then H ~1(S, ) is a NSZCS in T. As H is a NSZ-irr map,
GYH ~1(S,0)) isa NSZCS in W. Hence H o G is a NSContraZCts map.

The other cases are similar.

Theorem 4.5 Let G: (W,1,0) — (T, o, 0) be a mapping.

(i) If (W,1,0) is NSZU1 — space, then the concepts of NSContraCts and NSContraZCts are
equivalent. ’

(i) If (T,o,0) is NSZU: — space, then the concepts of NSContraZCts and NSContraZ-irr are
2

equivalent.
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(iii) If (W, 1, 0) and (T, 5, 0) are NSZU: — space, then the concepts of NSContraCts, NSContraZCts
2

and NSContraZ-irr are equivalent.

Proof. (i) Let (S,0) be a NSCS in T. Then H ~1(S,0) is a NSZOS in W if G is NSContraZCts. As
(W, 1,0) isa NSZU:1 — space, H ~1(S,0) isa NSOS in W. Hence G is also NSContraCts map.
2

The other cases are similar.

Theorem 4.6 Let G: (W,1,0) » (T,0,0)and H : (T,c,0) — (U, p, o) be NSContraZCts
mappings and (T, c,0) be a NSZU: —space. ThenH o G : (W, 1,0) — (T, c,0) isa NSZCts map.
2

Proof. Let (S,0) be a NSCS in U. Then H ~1(S, 0) isa NSZOS in T. Since H is NSContraZCts. As

(T,o,0) is a NSZU1 — space, H ~1(S,0) is a NSOS in T. Then, G(H ~1(S,0)) is a NSZCS in W
2

because G is NSContraZCts. Hence, H o G is a NSZCts map.

Theorem 4.7 Let G : (W, 1,0) - (T, o, 0) be a map from a NSts W into a NSts T. If W and T are
NSZU1 — space, then the following are equivalent.

(i) G is a NSContraZ-irr map.
(ii) G71(S,0) is a NSZOS in W for every NSZCS (S,0) in T.
(iii) NScl(G71(S,0)) 2 G~ (NSint(S, 0)) for each (S, o) of T.

Proof. (i) — (ii): Consider a NSZCS (S,0) inT. Then (S,9)¢ isa NSZOS in T. As G is NSContraZ-
irr, G711 ((S, 0)€) isa NSZCS in W. We know that, G1((S,0)¢) = (G~ (S,0))¢. Thus G71(S,0) isa
NSZOS in W.

(ii) — (iii) : Consider a NSS (S,0) in T and NSint(S,0) € (S,0). Then G 1(NSint(S,0)) <

G71(S, 0). As NSint(S, @) is a NSOS in T, NSint(S, o) is a NSZOS in T. Therefore (NSint(S, 0))¢ is

a NSZCS in T. By presumption, G~1(NSint(S,0))¢ is a NSZOS in W. As G~ (NSint(S,0))¢) =

(G Y(NSIint(S,0)))¢, G 1(NSInt(S,0)) is a NSZOS in W. As Wis a NSZU: — space, G1
2

(NSint(S,0)) is a NSOS in W. Thus, NScl(G~1(S,0)) 2 NScl(G~1(NSint(S,0))) = ¢!
(NSint(S, 0)). That is, NScl(G~1(S, 0)) 2 G~1(NSint(S, 0)).

(iii) — (i): Consider a NSZCS (S,0) in T. As T is NSZU: — space, (S,0) is a NSCS in T and

NScl(S,0) = (S, 0). Hence G71(S,0) = G 1(NScl(S, 0)) 2 Néint(g‘l(s, 0)). But clearly G71(S,0) 2
NSint(G (S, 0)).

Therefore NSint(G1(S,0)) = G7(S,0). So, G71(S,0) is a NSOS and hence it is a NSZOS in W.
Thus G is a NSContraZ-irr map.

5. Neutrosophic soft contra Z - open mapping

Definition 5.1 A mapping G : (W, 1,0) — (T, 0, 0) is neutrosophic soft contra Z — open (in short,
NSContraZO) if the image of each NSOS of (W, 1,0) isa NSZCS in (T, o, ).

Theorem 5.1 The statements are hold but the converse does not true.
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a) Each NSContradO is a NSContraO.

b) Each NSContraO is a NSContrasSO.
c) Each NSContraO isa NSContraPO.
d) Each NSContradSO is a NSContraZO.
e) Each NSContraPO is a NSContraZO.
f) Each NSContraZO is a NSContraeO.

Proof.

(@) Let (S,0) be a NSOS in W. As G is NSContradO, G(S,0) isa NSSCS in T. Since all NS3CS are
NSCS, G(S,0) isNSCSin T. Thus, G is a NSContraO.

(b) Let (S,0) be a NSOS in W. As G is NSContraO, G(S,0) is a NSCS in T. Since all NSCS are
NSS3SCS, G(S, ) isa NSSSCS in T. Thus, G is a NSContradSO.

(c) Let (S,0) be a NSOS in W. As G is NSContraO, G(S,0) is a NSCS in T. Since all NSCS are
NSPCS, G(S,0) isa NSPCS in T. Hence, G is a NSContraPO.

(d) Let (S,0) be a NSOS in W. As G is NSContradSO, G(S, ) isa NSSSCS in T. Since all NS6SCS
iIsa NSZCS, G(S,0) isaNSZCS in T. Hence, G is a NSContraZO.

(e) Let (S, @) be a NSOS in W. As G is NSContraPO, G(S, ) is a NSPCS in T. Since all NSPCS are
NSZCS, G(S,0) isa NSZCS in T. Hence, G is a NSContraZO.

(F) Let (S,0) be a NSOS in W. As G is NSContraZO, G(S, ) isa NSZCS in T. Since all NSZCS is a
NSeCS, G(S,0) isaNSeCS in T. Hence, G is a NSContraeO.

Example 5.1 Let W = {wy,w, ,w3} = {t;,t,, t3} =T, 0 ={e; e,} and NS sets (V;,0) in W
and (51,0), (5,,0), (53,0) and (S4,0) in T are defined as

_ Hwy, o'wl le Hw, Ow, Vw, Hwz Ows Vwg
(Vll el) - ( ’ ) y ) ) )
0.6 " 05’05 0.5 05" 05 0.6 05 0.6

Hwq, Uw Vw Hwy Owy, Vw Hwz Owz Vw
(leez)— (( W1 1) ( 2' 2’ 2)’( 3' 3’ 3))

" 0.4 0.7 05" 03 04 03" 03

_ Htl_ Utl vtl H’tz Gtz vfz #t3 Ut3 vt3
(Suen) = (b, 22,21 b %
0.4 0.5 0.6 05’04’08 04’05’07

143 (o] v
(Sse2) = <(£,A,ﬂ

#tl O-tl

(Ss,€1) = ((06 0.5’ 0
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Hty oOpy Vi Ut
S o) = (_ Ity _1) (_2
(S, €2) = { 06’04’04/’ \0.7

0.5 0.3

&‘ﬁ) (&&”ﬁ))
’05’03/’\04’03’0.3

Then, we have t = {Ow,), Lw,0)» (V1,@)} and o = {O(r), 1(T,0), (S1,0),(52,0),(S3,0)}. LetG :
(W, 1, 0) » (T, o, @) bean identity mapping, then G is a NSContraO but not NSContradO,
because the set G (V4, 0) = (S4, 0) is a NSCS but not NS6CS.

Example 5.2 Let W = {wy,w, ,w3} = {t;,t,, t3} =T, 0 ={e; e,} and NS sets (V;,0) in W
and (51,0), (5,,0), (53,0) and (S4,0) in T are defined as

Hwy Owq Vw Hw, Ow, Vw, Hws Ows Vwg
(Vllel) = (( — 1) ( ) ’ ) ) ) )

07’05’

08 " 0.6 0.4

0.7 " 08" 0.3

Hwy Owy; Vwy Hwy Owy, Vw, Hwz Owsz Vwg
(Vll eZ) = (( ’ ’ ’ ) ) ’ ) ’ )

0.7 " 06 0.2

Guen = (G13532) (i
e = ((G335432) (5
e = (e 2d) G
e = (G5 G
Sven = (o533 G
e = (G 22). G
Gwen) = (57 53.52) (G
e = (57 552) (63

Then, we

0.7 05" 0.2

O'tz Vtz) (
04’08

0'1;2 vtz)
)

A

0.5’0.7

2
)
558

tz)
05’08/’
O'tz Vtz
0.6’ 0.4

O'tz vtz)
0.5’ 0.2
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~~

04’05’07

UJ

~

t3
02’0.5’0.

©

)
<

w
Py
w
Sl
o |w

~

o
-P|w
~

~-
~-

6

o
t

w
<
o~

) )

3

w
)
S
w
<
o
w

~-
-

2

<)
w
e
o

t
t
t
t

w
|5
|<

o~
~

Ne)

N

Ot
ad7o0.
t

o
(=]

0,

<
~

t

w
w

J
)

~

5)
8’

o
w

oa, 7))

T= {O(W,Q), 1(W'9), (Vl,Q)} and g =

{Oro), 1(To), (51,0),(52,0),(S3,0)} LetG: (W, 1, o) » (T, o, 0) be anidentity mapping,
then G is a NSContraPO but not NSContraO, because the set G (V;, 0) = (S4, 0) is @ NSPCS but not

NSCS.

Example 5.3 Let W = {wy,w, ,w3} = {t;,t,, t3} =T, 0 ={e; e,} and NS sets (V;,Q) in W
and (51,0), (52,0), (S3,0) and (S4,0) in T are defined as

_ “’WL UW1 VW]_ MWZ UWZ VWZ HW3 UW3 vW3
(Vll el) - ( ) ) ) ) ) ) ) ) )
05 " 05" 05 06 05 0.6 04 05" 05

Hwq, O'Wl le Hwy, Ow, Vw, Hwsz Ows Vwg
(V1782):(( 06’ 05’09/’ ) ) )

S = (2,22 (—

Grea) = (555350) (65
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th Gtz sz

(S2.€1) = ((% % %) (05 05’ 05) (_6’_5’5))
(Sze2) = (G252 02) (5252 02) (2 2 02)
(Saen) = ((52.52.02) (52.52.32) (5222 52)
(Sae2) = (5250 02) (5252 02) (222 02)
Gued = (G232 33) (525852 (G2 5252)
GSwea) = (53 5252). (52 32.52) (252 32

Then, we have 1= {0w,o), lw,o (V1,0)}
{Ore), 1me), (51.0),(52,0),(S3,0)} LetG: (W, 1, @) -

Then

g =

be an identity mapping.

(1) G is a NSContradSO but not NSContraO, because the set G (V4, @) = (S4, 0) is a NS8SCS but not

NSCS.

(if) G is a NSContraZO but not NSContraPO, because the set G (V;, 0) = (S4, 0) is a NSZCS but not

NSPCS.

Example 5.4 Let W = {wy,w, ,w3} = {t;,t,, t3} =T, 0 ={e; e,} and NS sets (V;,0) in W

and (51,0), (52,0), (53,0) and (S4,0) in T are defined as

Hwy Ow; Vwyg Hw, Owy, Vw, Hwsz Owsz Vwy
(V]J el) = (( ) ) ) ) ) )

07’06’03 08’07’01 08’ 07

ﬂwl le le Uwy Owy Vw, Hwz Ows Vwg
(V1,82)= ( ) 081 ’01 ) )

0.5 0.9’ 05
Ht t1, t1 th .utz O-tz sz #t3 0t3 1/t3
(Slael) = (( ) o I3 UV PN PP B P R )
0.4 0.5 0.6 0.5 0.4 0.8 04 0.5 0.7
:u'tL Otq vtl Ht, Ot, vtz ”tg Ufg Vt
(Slan) = (( y v )\ o A S\ S A o )
0.2 °04° 0.6 0.2° 0.5 .7 0.2° 0.5 0.8
t1, Ot Yiq Ht, Ot, Vi Htz Otz Vig
Spen) = (52,52, (B Zu Mu) (M % M
(S2 1) = { 05’05’06/’\05’05’05/’\06’05’"0 )
Mty Oty Viq Uty Ot, Vi, Utz Otz Vis
(SZJeZ) <( y o ) y oo o\ T )
0.4 0.6 0.6 0.3° 0.5 0.7 0.3 7 0.
Hty Oty Vi Ht, O, Vi Utz Ot3 Vi
S o) = (__1_1) ( 2_2_2) (__3_3)
(S3,e1) = ( 03’04’07/’\01’03’08/’\02’03"08 )
I’Ltl' Utl v 1 y’tz Ufz v 2 Ut atg Vi
(53182) = <( y v ) y oo oI\ T oo )
17037 0.7 0.1° 0.5 0.8 0.1 5709
Hty Oty Vi Ht, O, Vi Utz Ot Vi
o= (222 (2.2 (2.3
(See1) = { 0.7’06’03/’\08’07’01/’\08’0.7’0.2 )
Hty Oty Viq Hty Tty Vi, Hez Otz Vi
(54,82) <( PP PP A R )
0.7 0.7 0.1 0.8’05’0.1 0.9 .5 1
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Then, we have 1= {0w,o), lw,0p (V1,@} and o=
{O(T,Q), 1(T,Q), (SlJ Q)J (SZ' Q)' (53' Q)} Letg: (WI T, Q) - (T, O, Q)

be an identity mapping, then G is a NSContraZO but not NSContradSO, because the set G (V4, 0) =
(S4, 0) isa NSZCS but not NS8SCS.

Remark 5.1 From the results discussed above, the following diagram is obtained.

NSContradO
A
NSContraO
NSContradSO NSContraPO
NSContraZzO » NSContraeO

Diagram.2 Neutrosophic soft contra Z — open maps

Example 55 Let W ={w; w, ws}= {t;,t,, t3}=T, 0= {e, e,}and NS sets (Q,, @) in W and
(P1,0), (P5,0) and (P3,0) in T are defined as

Hwi, Owy Vwy U o v u o v

05’ 05’05’05 0.5

Q1 e2) = ( MWI'GWI VW1) (MWZ o sz) (Eﬂé o Zﬂ;))
G

04’03’07
H , Ot tq 1 ,Ll. 0‘1.'2 vtz ”t3 0’1’3 vtg
(Pllel): ((_ e _) v o )
0.3°0.570.7 04’03’09 0.2 04 038

'utl Ut1 VW1 O'tz vtz

_ h__
(P1,ez) = ( 03’

04’08

I'l O-L‘z vtz

(52 52.52).(
(Pre) = Ao Zf; o). (52
(52.52.52),
(or 52 52)

) Bz Ots m)>
06’03’06/’\03’05"05
Hty Tt; Vip Ktz Ot3 Vi
Py e,) = (B2 Zu T ( By It3 Vi

(P2, €2) = ( 05’05’ 0.5 04’05’07 0.2’ 0. 06)
I’Ltl Utl le Mtz O-tz vtz l‘lt3 0t3 vt3

(Ps3,e1) = —2,—==,= )
04’05’ 0.4 05’05’05 03’05’07
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(P e)_<(ﬂ&h) (@&Vﬁ) (h”ﬁvﬁ))
3 =2 06’05’06/’ \04’05"08/"\04’03’0.7

Then, we have T ={0w,), 1w, (@10} and o ={0(rg), (1), (P1,0),(P2,0)} Let G:
(W, 1, @) » (T, o, 0) beanidentity mapping, then G is a NSContraeO but not NSContraZO,
because the set G(Q4, 0) = (Ps, @) is a NSeCS but not NSZCS.

Theorem 5.2 A mapping G : (W, 1, o) » (T, o, o) is NSContraZO iff for every NSS (S, ) of
(W, 1, @), G(NSint(S,0)) 2 NSZcl(G(S, @)

Proof. Necessity: Assume G is a NSContraZO mapping and (S,e) is a NSOS (W, 1, @). Now,
G(NSint(S,0)) € (S,0) implies G(NSint(S,0)) S G(S,0). Since G is a NSContraZO mapping,
G(NSint(S,0)) is a NSZCS in (T, 6, @) such thatG(NSint(S,0)) 2 G(S,0). Therefore,
G(NSint(S, @) 2 NSZcl(G(S,0)).

Sufficiency: Assume  (S,@) is a NSOS (W, 1, @). Then G(S,0) = G(NSint(S,0)) 2

NSZcl(G(S, 0)). But NSZcl(G(S,0)) 2 G(S,0). S0, G(S,0) = NSZcl(G(S, 0)) which implies G(S, 0)
isa NSZCS of (T, o, @) and hence G is a NSContraZO.

Theorem 5.3 If G: (W, 1, 0) » (T, o, o) is NSContraZO mapping, then NSint (G 1 (S,0) S
G ~“L(NSZcI(S, 0)) for every NSS (S, ) of (T, o, o).

Proof. Consider a NSS (S,0) in (T, o, @). Then, NSint (G ~1(S,0) is a NSOS in (W, r,
0). Since G is NSContrazO, G(NSint (G ~1(S,0)) is a NSZCS in (T, o, o) and hence
G(NSint (G 71 (S,0)) € NSZcl (G (G ~1(S,0)))E NSZcI(S, 0). Thus,NSint (G ~* (S,0) S

G ~1(NSZc(S, ).

Theorem 5.4 A mapping G : (W, 1, 0) » (T, o, o) is NSContraZO iff for every NSS (S, ) of
(T, o, 0), and for each NSOS (B,p) of (W, 1, o) containing G ~* (S,0), there is a NSZOS
(K,0) of (T, o, ) suchthat (S,0) S (B,e)and G ~* (K,0) € (B,0).

Proof. Necessity: Assume G be a NSContraZO mapping. Let a NSCS (S, ) in (T, o, @) and a
NSOS (B, o) in (W, 1, o) such that G =1 (S,0) € (B,0). Then, (K,0) = (G(B,0)°)¢ is NSZOS of
(T, 5, 003G " (K0 € (B,0.

Sufficiency: Assume (B,p) is a NSOS (W, 1, 0). So, G 1(G(B,0)°) € (B,0)¢and (B,0)¢ is
NSCS in (W, 1, 0). By presumption, there is a NSZOS (K, o) of (T, o, o) such that (G(B,p))¢ <
(K,0) and G (K,0) < (B, Therefore, (B,o) € (G ' (K,)". Hence (K,0)° < G(B,0) €
6((6 1 (K0)") € (K, )¢ which implies G(B,0) = (K,0)¢. As (K,0)¢ is NSZCS of (T, o, o).
Hence G(B, @) is NSZCS in (T, o, o) and thus G is NSContraZO mapping.

Theorem 5.5 A mapping G: (W, t, @) » (T, o, @) is NSContraZO iff G ~1(NScI(S,0)) 2
NSint(G ~1(S, @)) for every NSS (S, ) of (T, o, o).

Proof. Necessity: Let G be a NSContraZO mapping. For any NSS (S,0) of (T, o, 0), G ~1(S,0) €
NScl(G ~1(S, 0)). Therefore, by Theorem 5.4 there exists a NSZOS (B, o) in (T, o, ) 3 (S,0) 2
(B,0) &G ~1(B,@) 2 NSint(G ~1(S,0)). Hence G ~*(NSZcl(S,0)) 2 G ~'(B,0) 2

NSint(G ~1(S, 0)).
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Sufficiency: Let (S,0) be a NSS in (T, o, ¢) and (B,@) be a NSCS of (W, 1, @) containing
G 71(S,0). Put (K,@) = NSclI(S,0),then (S,0) € (K,0) and (K,0)isNSZCand G ~1(S,0) &
NSint(G ~1(S,@)) € (B, ). Thus by Theorem 5.4, G is NSZO mapping.

Theorem 56 If G: (W, 1, @) = (T, o, ¢) and H : (T,0,0) = (U, p, @) be two neutrosophic
soft mappings and H o G: (W, 1, @) = (U, p, @) is NSContraZO. If #: (T,o,0) — (U, p, 0) is
NSContraZ-irr then G : (W, 1, 0) » (T, o, @) is NSZO mapping.

Proof. Let (S, @) be a NSOS in (W, 1, ). Then H o G(S, @) is NSZCS of (U, p, ) because H o G
is NSContraZO mapping. As  is NSContraZ-irr and H o G(S, @) is NSZCS of (U, p, @) therefore
H ~Y(H 2 G(S,0)) = G(S,0) is NSZOS in (T, 6, 0). Hence G is NSZO mapping.

Theorem 5.7 If G: (W, 1, 0) » (T, o, @) is NSO and H : (T, 0,0) = (U, p, @) is NSContraZO
mappings, then H o G: (W, 1, 0) = (U, p, @) is NSContraZO.

Proof. Let (S,0) be a NSOS in (W, T, 0). ThenG(S,0) is a NSOS of (T, o,
0) because G is a NSO mapping. Since H is NSContraZO, (G (S, ) = (# ° §)(S, ) is NSZCS of
(U, p, 0)- Hence H o G is NSContraZO mapping.

6. Neutrosophic soft contra Z - closed mapping

Definition 6.1 A mapping G : (W, t,0) — (T, o, @) is neutrosophic soft contra Z — closed (briefly,
NSContraZC) if image of every NSCS of (W, t, @) isa NSZOS in (T, o, 0).

Theorem 6.1 The statements are hold but the converse does not true. Every
a) NSContradC is a NSContraC.
b) NSContraC is a NSContrasdSC.
c) NSContraC is a NSContraPC.
d) NSContradSC is a NSContraZC.
e) NSContraPC isa NSContraZC.
f) NSContraZC is a NSContraeC.

Proof. Consider the map G : (W, t, @) — (T, 0, 0)

(@) Let (S,0) be a NSCS in W. As G is NSContradC, G(S,0) is a NS30S in T. Since all NS60S are
NSOS, G(S,0) isNSOSin T. Then, G is a NSContraC.

(b) Let (S,0) be a NSCS in W. As G is NSContraC, G(S, ) is a NSOS in T. Since all NSOS are
NS3SOS, G(S,0) isa NS3SOS in T. Then, G is a NSContrass.

(c) Let (S,0) be a NSCS in W. As G is NSContraC, G(S,0) is a NSOS in T. Since all NSOS are
NSPOS, G(S, ) isa NSPOS in T. Hence, G is a NSContraPC.

(d) Let (S,0) be a NSCS in W. As G is NSContradSC, G(S,0) is a NS6SOS in T. Since all NS6S0S
isa NSZOS, G(S,0) isaNSZOS in T. Hence, G isa NSContraZC.

(e) Let (S,0) be aNSCS in W. As G is NSContraPC, G (S, ¢) is a NSPOS in T. Since all NSPOS are
NSZOS, G(S,0) isaNSZOS in T. Hence, G is a NSContraZC.
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(f) Let (S,0) be aNSCS in W. As G is NSContraZC, G(S, ) isa NSZOS in T. Since all NSZOS is a
NSeOS, G(S,0) isa NSeOS in T. Hence, G is a NSContraeC

Example 6.1 In example 5.1, G is a NSContraC but not NSContradC mapping because the set
(V1,0)€isNSCS in Wand G(V4,0)¢ = (S, 0)€is NSOS but not NS60S in T.

Example 6.2 In example 5.2, G is a NSContraPC but not NSContraC mapping because the set
(V1,0)€isNSCS in W and G(V4,0)¢ = (S4 0)€is NSPOS but not NSOS in T.

Example 6.3 In example 5.3,

(i) G is a NSContradSC but not NSContraC mapping because the set (V;,0)¢ is NSCS in
W and G(V3,0)¢ = (S,, 0)¢ is NS3SOS but not NSOS in T.

(ii) G is a NSContraZC but not NSContraPC mapping because the set (V;,0)¢ is NSCS in
W and G(V,0)¢ = (S, 0)€ is NSZOS but not NSPOS in T.

Example 6.4 In example 5.4, G is a NSContraZC but not NSContradSC mapping because the set
(V1,0)€isNSCS in Wand G(V4,0)¢ = (S, 0)€is NSZOS but not NS3SOS in T.

Example 6.5 In example 5.5, G is a NSContraeC but not NSContraZC mapping because the set
(Q1,0)°ISNSCSin Wand G(Q4,0)¢ = (P3,0)°is NSeOS but not NSZOS in T.

Remark 6.1 The diagram shows NSConraZO mappings in NSts.

NSContrasC

NSContraC \
NSContraPC

\‘ NSContrazZC NSContraeC

Diagram.3 Neutrosophic soft contra Z — closed maps

NSContradSC

Theorem 6.2 A mapping G: (W,t,0) — (T,0,0) is NSContraZC iff for each NSS (S, o) of
(T, 0,0) and for each NSCS (B, o) of (W, t,0) containing G ~*(S, @) there is a NSZCS (K, o) of
(T,0,0) suchthat (S, ) € (K, 0) and G ' (K, @) € (B, 0).

Proof. Necessity: Assume G be a NSContraZC mapping. Let a NSOS (S, ) in (T, 0, @) and a NSCS
(B, 0) in (W, T,0)such that G 71(S,0) € (B, o). Then (K, @) = T — G ((B, o) ©)¢ is NSZCS of
(T, 0, 0) such that G ~1(K,0) € (B, o).

Suffciency: Assume (B, o) is a NSCS of (W, t, ). Then, ((G(B,0))¢ is a NSS of (T,o0,0) and
(B,0) ¢ is NSOS in (W, T,0) such that G ~*((G(B,0))¢ € (B,0) €. By presumption, there is a
NSZCS (K, ) of (T,o,@) such that (G(B,0))° € (K, @) and G (K, @) € (B,0) . Therefore,
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(B, @) S (G7'(K,0)). Hence (K,0) ¢ € G(B,0) < G ((g (K 0))) which implies G(B,o) =
(K,0)¢. As (K,p)°€ is NSZOS of (T,0,0), G (B, o) is NSZOS in (T,c,0) and hence G is
NSContraZC mapping.

Theorem 6.3 If G : (W, t,0) = (T,0,0) is NSC and H : (T,0,0) — (U,p,0) is NSContraZC.
ThenH o G: (W, 1,0) » (U, p,0) is NSContraZC.

Proof. Let (S, o) be a NSCS in (W, T, 0). As G is NSC mapping, G (S, @) is NSCS in (T, 0, 0). As H
is NSContraZC mapping (F o G) (S, 0) = H(G S, 0)) is NSZOS in (U,p, ). Hence H o G is
NSContraZC mapping.

Theorem 6.4 If G : (W,t,0) - (T,0,0) is NSContraZCmap, then NSZint(G (S,0)) 2 §
(NSint(S, 0)).

Proof. The proof is obvious from Defnition 6.1 and Defnition neutrosophic soft Z-interior.

Theorem 6.5 Let G : (W, t,0) = (T, 0,0) and H : (T,0,0) — (U, p, 0) be NSContraZC mappings.
If every NSZOS of (T, 0,0) is NSOS, then I o G: (W, T,0) — (U, p, @) is NSZC.

Proof. Let (S, @) be a NSCS in (W, t,0). As, G is NSContraZC mapping, G(S, 0) is NSZOS in
(T, 0, @). By presumption, G(S, o) is NSOS of (T, o, 0). As H is NSContraZC mapping, 7€ (G (S, 0))
=(H o G) (S, 0)isNSZCSin (U, p, ). Hence H o G is NSZC mapping.

Theorem 6.6 Let G : (W, 1,0) = (T, 0,0) be a bijective mapping. Then, the following statements
are equivalent.

(i) G is a NSContraZO mapping.
(i) G is a NSContraZC mapping.
(iii) G 1 is NSZCts mapping.

Proof. (i) = (ii) : Assume G is a NSContraZO mapping. If NSOS (S, o) in (W,t,0), by
presumption G(S, ) is a NSZCS in (T, o, ). But now, (S, @) is NSCS in (W, 1, @). S0, 1w, — (S,
0) isa NSOS in (W, 1, @). By assumption, G(1(t,0) — (S, ) is a NSZCS in (T, 0, @). Hence 1y ) —
G(1(1,0)) — (S, @) isa NSZOS in (T, o, @). Thus, G is a NSContraZC mapping.

(if) = (iii) : Consider a NSCS in (W, T, 0). By assumption, G(S, ) is a NSZOS in (T, o, @). Hence,
G@S,0) =G ™H1(S,0).59,G ! isaNSzZOS in (T,o,0). Thus, G 71 is NSZCts.

(iii) = (i) : Consider a NSOS (S, o) in (W, T, 0). By assumption, (G ™) 71 (S, 0) = G (S, 0) isa
NSContraZO mapping.

7 Neutrosophic soft contra Z-homeomorphism

Defnition7.1 A bijection G : (W,t,0) — (T,0,0) is called a neutrosophic soft contra Z-
homeomorphism (briefly, NSContraZHom) if G and G ~* are NSContraZCts mappings.
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Theorem7.1 Each NSContraHom is a NSContraZHom. But the converse not true.

Proof.: Assume G is NSContraHom. Then G and G ~! are NSContraCts. We know that each
NSContraCts function is NSContraZCts. So, G and G~ are NSContraZCts. Thus, G is a
NSContraZHom.

Example7.l Let W = {w,w, ws} = {t;,t5t5} = T, o={e; e;} and NS sets
(51, 0), (52, 0) (53, 0) and (54, 0) in W and (V;,0) in T are defined as

ﬂwz o-Wz VWZ #W3 0W3 VW3
) ) ) ) )

’04’ 08 0.5

Hw,, UW1 VW1

(S1.e1) = (( ) )
(S1e2) = <(m S b)

#Wz O‘Wz sz) #Wg GW3 vW3))

_ (Hwy, Owy Vwy Hwy, Ow, Vw, Hws Owz Vwg

(52) 82) - ( ) ) ) ) ) ) )] ) )
0.4 0.6 0.3 " 0.5 0.7 0.3 ° 0.7 04
_ MW1 O.WI VW1 #Wz UWZ VWZ uW3 UW3 VW3

(S3,€1) _(0 ’0.7)’\01’03"08/"\02"03"0 )
Hw w1 Yw Hwy Ow, Vw Hwsz Owsz Vw

- (2 52 (5.5 2. (2 323

(S3,€2) = ¢ 01’03’07 01’05’08/"\01’ 05" 09 )
MW1 UW1 VW1 Aqu UWZ sz HW3 UW3 VW3

(54-1 el ( ) /] )] ) ) )
0.6 0.5 0.6 0.4 " 05" 05

(S e — (( w1, O-W1 VW]_) (:U'WZ O-WZ sz) (H'W_g O-W3 VW3)>
»€2) 06’ 05’04/"\04’ 05”03

Bty, Oty Viy Hey, Oty Vi, Utz Otz Vig
(Vll el) - (( ) ) ) ) )
05’05’05 06’05’06 0.4° 0.5 0.5
y“tl, atl vtl ﬂtz Utz vtz ”t3 0't3 vtg
(VZJ eZ) = (( )] )] )] )] )] )] )] )] )
0.2 0.5°0.3 0.6 0.5 04 04 0.5 0.3

Here, we have T = {Ow o), 1w ,0) (51,0), (S2,0), (S3,0) } and o = {O¢r), 1(re), (V1,0)}. Letg
: (W, t,0) » (T,0,0) be an identity mapping. Then G is a NSContraZHom because
(51,0),(S,,0) and (S3,0) are NSOS in W and G (S1,0), G(S,, 0) and G(S5,0) are NSZCS in T and
G 1 (V1,0) = (54 0)is NSZCS in W. But G is not NSContraHom because G(S;,0), G(S,,0) and
G(S3,0) are not NSCSin T and G ~1(Vy, @) = (S4, @) isa NSCS in W.

Theorem7.2 Consider a bijective mapping G : (W, t, o) — (T, 0, ). The following statements are
equivalent if G is NSContraZCts.

(i) G is a NSContraZC mapping.
(if) G is a NSContraZO mapping.
(iii) G ~1 is a NSContraZHom.

Proof.: (i) = (ii): Let G be a bijective mapping and a NSContraZC mapping. Therefore, G =1 is a
NSContraZCts mapping. As each NSOS in (W, T, @) is a NSZCS in (T, o, @), G is a NSContraZO

mapping.
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(i) = (iii): Assume G is a bijective and NSConraO mapping. Also, G ~1 is a NSContraZCts
mapping. Therefore, G and G ~! are NSContraZCts. Thus, G is a NSContraZHom.

(iii) = (i): Assume G is a NSContraZHom. So, G and G 1 are NSContraZCts. As every NSCS in
(W, 1,0) isaNSZOS in (T, o, @), G is a NSContraZC mapping.

Theorem 7.3 Let G : (W,t,0) — (T, 0,0) be a NSContraZHom. If (W, t,0) and (T,o,0) are
NSZT: - spaces, then G is a NSContraHom.

Proof. Consider a NSCS (S, o) in (T, 5, 0). S0, G 71 (S, 0) is a NSZOS in (W, 1, 0). As, (W, 1,0) is
a NSZT: -space, G ~1 (S, o) is a NSOS in (W, t, ). Therefore, G is NSContraCts. By hypothesis,

2
G ™1 is NSContraZCts. Let (B, o) be a NSCS in (W, T, 0). Then G(B, o) isa NSZOS in (T, o, ), by
presumption. Since (T, o, @) is @ NSZT: - space, G(B, @) is a NSOS in (T, o, ). Therefore, G 71 is
2

NSContraCts. Thus G is a NSContraHom.

Theorem 7.4 Let G : (W, 1,0) — (T,0,0) be a NSCts. If (T,o,0) are NSZT: - space, then the
following are equivalent. 2

1. G is NSContraZC mapping.

2. 1f (B, @) isaNSOS in (W, t,0), then G (B, @) is NSZCS in (T, o, 0).

3. G (NSint(B, @)) < NScl(NSint(G (B, ©))) for every NSS (B, o) in (W, T, 0).

Proof. (i) = (ii) : Obvious.

(if) = (iii) Consider a NSS (B, @) in (W, T, 0). We know that, NSint(B, ¢) isa NSOS in (W, T, 0).
Then, G(NSint((B, @)) is a NSZCS in (T, o, @). Since (T, o, ) is a NSZT: -space G(NSint(B, o)) is a

NSCS in (T, o, ). Therefore, G(NSint(B, @)) = NScl(G(NSint((B, Q)))2 € NScl(NSint(G((B, 0))).
NScl(NSint(G(B ))).

(iii) = (i) Let (B, @) be a NSCS in (W, t,0). Then, (B,o) € is a NSOS in (W,t,0). As, G

(NSInt((B, ) €) < NScl(NSInt(G(B, o) ©)), we get G((B, ) ©) S NScl(NSIint(G(B, o) ©)). Therefore,

G((B,0) €) isNSZCS in (T, 0, 0). Thus, G(B, @) isa NSZOS in (W, T, 0). Hence, G is a NSContraZC

mapping.

Theorem 75 Let G : (W,t,0) » (T,0,0) and H : (T,0,0) — (U, p,0) be a NSContraZC, where

(W, 1,0) and (U, p,@) are two NSts’s and (T, 0, @) a NSZT: - space, then the composition 7 o G is
2

NSZC.

Proof. Consider a NSCS(B, o) in (W, t,0). As G is NSContraZC and G(B,@) is a NSZOS in
(T, 0, @), by assumption, G(B, o) is a NSOS in (T, o, 0). Since H is NSContraZC, then  (G(B, 0))
is NSZCSin (U, p,0) and H (G(B, 0)) = (H o G) (B, @). Thus, H o G is NSZC.

Theorem 7.6 Let G : (W, 1,0) = (T,0,0) and H : (T,o0,0) — (U, p,0) be two NSts’s, then the
following hold.

1. IfH o GisNSContraZO and G is NSCts, then 7 is NSContraZO.
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2. 1fH o Gis NSO and # is NSContraZCts, then ' is NSContraZO.

Proof. The proof is obvious from Definition 5.1, Definitions of neutrosophic soft Z continuous
function, Definition of neutrosophic soft Z open mapping and Definitions 3.1.

8 NeutrosophicsoftcontraZ-Chomeomorphism

Definition 8.1 A bijection G : (W, 1,0) = (T,0,0) is called a neutrosophic soft contraZ-
Chomeomorphism (briefly, NSContraZCHom) if G and G ~1 are NSContraZ-irr mappings.

Theorem 8.1 Each NSContraZCHom is a NSContraZHom. But the converse not true.

Proof.: Consider a NSOS(S, o) in (T, o, 0). Then, (S, ) is a NSZOS in (T, o, ). By presumption,
G 1 (S, o) is a NSZCS in (W, 1, @). Therefore, G is a NSContraZCts mapping. So G and G ~1
NSContraZCts mapping. Thus, G is a NSContraZHom.

Example 81 Let W = {wyw, ws} = {t;,t;, t3} = T, o={e; e;} and NS sets
(51, 0), (5,2, 0) (53, 0) and (54, 0) in W and (V,0) in T are defined as

Hwyq, o'wl YVwq Hw, Uwz YVw, Hwsz Owz Vwy
(Sl’el)_ (( ) ) ( ) ) 04F ;07 )

04’ 08 0.5
u O, vV O, vV
(51,82) _ (( W1 w1 w Hwz dwsz Vwsz )

’(02 0.5’ 0.8

‘uW1 o.Wl le #WZ O-WZ VWZ :u'W3 O.W3 VW3

(521 el ( ) ] ] ) ) 1] )
0. 5 .5 5 0.6 0.5 0.6
w1, 9wy VYwy Bwy 9wy Vw, Bws 9wz Vws

(52; 82) - < ) ) ) ) ) ) ) ) )
04 " 0.6 0.6 03 ° 057 0.7 037 07" 04
MWl %1 VW]_ #WZ O.WZ v 2 MW3 0W3 VW3

(53) el) = (( ] ] ] ] ] ] ] ] )
03 " 0.4 7 01" 03 0.8 0.2 . 0.8

_ w1, O-Wl v 1 :LLWZ O-Wz VWZ I’LW3 O-W3 VW3

Sspe) =—> > 7. ) == A= ===2)

06 04 04 07’05’ 04 03 0.3

Mt]_ O-tl vtl Mtz Jtz vtz Mt3 6t3 vt3
(Vl,el) = (( PO A R )

04’05’06 05’04’08 0.4°0.5" 0.7

#tl o-tl th #tz Jtz vtz #t3 O't3 vt3
(V1,82)=(( [P )

02’04’06 02’05’07 0.2 05708

Kty, Oty Vg Hey, Oty Vi, Hiz Otz Vig
(Vz,el)—(( PO A R )

0.6 05’05 05’05’05 0.6 0.5° 0.6

_ Htly o.t]_ vtl ”tz atz vtz ”t3 Ut3 vt3
(VZJ eZ) - ( )] )] )] )] ) ) )] ] )
0.6 04 04 0.7°0.5°0.3 04 03 0.3

Here, we have T = {Ow o), 1w 0 (S1,0), (52,0), (S3,0) } and 0 = {O(rg) 1(rg) (V1. @)} Letg
:(W,1,0) » (T,0,0) be an identity mapping. Then G is a NSContraZHom because
(51,0), (S5, 0) and (S3,0) are NSOS in W and G (S1,0), G(S,,0) and G(S3,0) are NSZCS in T.
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Also(Vy,0) is NSOS in T and G ~* (V4,0) = (S1,0) is NSZCS in W. But G is not NSContraHom
because G(V,, 0) is NSZCS in T but (V,, o) is not NSZOS in W.

Theorem 8.2 If G : (W, 1,0) — (T,0,0) is a NSContraZCHom, then NSint(G 1 (S, o)) € G 1
(NScl(B, @)) for every NSS(S, o) in (T, o, 0).

Proof.: Consider a NSS(S, o) in (T, o, @). Since NScl(S, o) is a NSCS in (T, o0,0) and every NSCS
is a NSZCS in (T,0,0). As G is NSContraZ-irr, G ~1(NScl(S, o)) is a NSZOS in (W, 1, ). Then,
NSint(G ~* (NScl(S, 0))) = G ~* (NScl(S, 0)). Here, NSZint(G ~* (S, 0)) € NSZint(G ~* (NScl(S, 0)))
= G 1 (NScl(S, o)). Therefore NSZint(G (S, 0)) € G =1 (NScl(S, o)) for every NSS(S, o) in
(T, 0,0).

Theorem 8.3 Let G : (W, 1, 0) — (T,0,0) be a NSContraZCHom. Then NSZint(G =1 (S, 0)) € G 7?1
(NSZcI(S, o)) for every NSS(S, o) in (T, o, @).

Proof.: As G is a NSContraZCHom, G is a NSContraZ-irr mapping. Consider a NSS(S, o). It is
obvious that, NSZcl(S, o) is a NSZCS in (T,0,0). As G ~1(S, 0) € G ~"}(NSZcl(S, o)), we have
NSZint(G (S, @)) € NSZint(Gg ~* (NSZcI(S, o)) € G ~* (NSZcI(S, )). Thus, NSZint(G ~* (S, 0))
G ~1 (NSZcI(S, o)).

Theorem 8.4 Let G : (W, 1,0) = (T,0,0) and H : (T,0,0) — (U,p,0) be a NSContraZCHom’s.
Then H o G isa NSZCHom.

Proof.: Assume that G and H are two NSContraZCHom’s. Let (S, @) be a NSZCS in (U, p, ). Then,
H~L(S, o) is a NSZOS in (T, o, @). By presumption, G~1((H ~1((S, o)) is a NSZCS in (W, T, 0).
Therefore,(H o G )™ is a NSZ-irr mapping. Assume (B, o) is NSZCS in (W, 1, ). Then, by
hypothesis, G (H) is a NSZOS in (T, o, ). Hence, 7 (G (B, @)) isa NSZCS in (U, p, 0). This implies
that ' o G is NSZ-irr mapping. Thus, H o G isa NSZCHom.

9. Conclusion

In this paper, we have introduced and explored contra Z-continuous, contra Z-irresolute, contra Z-
open, and contra Z-closed maps in neutrosophic soft topological spaces. Additionally, we have
investigated contra Z and Z-C homeomorphisms, with relevant theorems and examples, thereby
contributing to the expansion of neutrosophic soft topology. These results pave the way for future
research and potential applications in this emerging field.
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