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1 Introduction

L. A. Zadeh introduced the idea of fuzzy sets in 1965[16] and later Atanassov [1] generalized it and offered the
concept of intuitionistic fuzzy sets. Intuitionistic fuzzy set theory has applications in many fields like medical
diagnosis, information technology, nanorobotics, etc. The idea of intutionistic L-fuzzy subring was introduced
by K. Meena and V. Thomas [9]. R. Narmada Devi et al. [10, 11, 12] introduced the concept of contra strong
precontinuity with respect to the intuitionistic fuzzy structure ring spaces and B. Krteska and E. Ekici [5, 7, 8]
introduced the idea of intuitionistic fuzzy contra continuity. The concept of « continuity in intuitionistic fuzzy
topological spaces was introduced by J. K. Jeon et al. [6]. F. Smarandache introduced the important and useful
concepts of neutrosophy and neutrosophic set [[14], [15]]. A. A. Salama and S. A. Alblowi were established
the concepts of neutrosophic crisp set and neutrosophic crisp topological space[13]. In this paper, the concept
of NS contra continuous function is introduced. Several types of contra-continuous functions in NS¥t spaces
are discussed. Some interesting properties of NS contra strongly precontinuous function is established.

2 Preliminiaries
Definition 2.1. [14, 15] Let T, I, F' be real standard or non standard subsets of |0, 17, with

(1) sSupr = tsupa anT = Zfznf
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(i) supr = isup, N f1 = lins
(iii) supp = foup,infr = fins
(iv) n — sup = tsup + isup + foup
V) n—inf = ting + ling + fins -
Observe that 7', I, F' are neutrosophic components.

Definition 2.2. [14, 15]Let S; be a non-empty fixed set. A neutrosophic set (briefly /V-set) A is an object
such that A = {(u, u, (u), o, (u),v,(u)) : w € S1} where i, (u), o, (u) and v, (u) which represents the degree
of membership function (namely p, (u)), the degree of indeterminacy (namely o, (u)) and the degree of non-
membership (namely ~, (u)) respectively of each element u € S to the set A.

Definition 2.3. [13] Let S; # () and the N-sets A and I be defined as
A={(u,p,(u),o,(u),l,(u):ueS}t T ={{up.(u),o.(u),.(u): we S} Then

(@) A CTiff pu, (u) < p,(u), o, (u) < op(u) and T, (u) > T, (u) forall u € Sy;
(b) A=Tiff ACTandT C A;
@© A={(u,T,(u),0,(u),p,(u): ue Si}; [Complement of Al
@ ANT = {(u, py (u) A pr(u), 0, (w) Ao (), Ty (u) VI (w) ru € St
@ AUT = {{u, p, (w) V pp (u), 0, () V o (u), T (u) Ay (u)) s w € Sils
0 DA = {(u, py (u), 0, (u), 1 = p (u)) s u € S}
@ OA={(u,1-T,(u),0,(u),T,(v):ue 5}
Definition 2.4. [13] Let {A; : i € J} be an arbitrary family of N-sets in S;. Then
@ NA = {(u, Ay, (), Aoy (u), VI, (u)) s u € S}
() UAi = {{u, v, (u), Vo, (u), AT (w)) :u € Si}.
Definition 2.5. [13] Oy = {(1,0,0,1) : uw € S}and 1y = {(u,1,1,0) : uw € S}.

Definition 2.6. [4] A neutrosophic topology (briefly N-topology) on S; # () is a family & of N-sets in S
satisfying the following axioms:

(1) 0,,1, €&,
(i) Hy N Hy € & forany Hy, Hy € &4,
(iii) UH; € & for arbitrary family {G; | i € A} C &;.

In this case the ordered pair (S, &) or simply Sy is called an NT'S and each N-setin ; is called a neutrosophic
open set (briefly N-open set) . The complement A of an N-open set A in 5] is called a neutrosophic closed set
(briefly N-closed set) in .5;.
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Definition 2.7. [13] Let D be any neutrosophic set in an neutrosophic topological space S. Then the neutro-
sophic interior and neutrosophic closure of D are defined and denoted by

(i) Nint(D) =J{H | H is an NS open set in Sand H C D}.
(ii) Ncl(D)=(\{H | H is a neutrosophic closed setin S and H O D}.

Proposition 2.1. [13] For any neutrosophic set D in (.5, 7) we have
Ncl(C(D)) = C(Nint(D)) and Nint(C(D)) = C(Ncl(D)).

Corollary 2.1. [4]Let D, D;(i € J)and U, U;(j € K) IFSsinbe Sy and Sy and ¢ : S; — S5 a function. Then
(i) D C ¢~ Y(o(D)) (If ¢ is injective,then D = ¢~ (¢(D))),
(i) ¢(¢~H(U)) C U (If ¢ is surjective,then (¢~ (D)) = D),
(i) ¢~ (UU;) =U o™ (U)) and 6~ (V) = N~ (U)),
(iv) ¢7'(1.) =1.and ¢~ 1(0.) = 0.,
V) ¢7'(U) = o1 (U).
Definition 2.8. [5]
An [F'S D of an I F'T'S is called an intuitionistic fuzzy a-open set (IFaOS) if D C int(cl(int(D))). The
complement of an IFaOSis called an intuitionistic fuzzy a-closed set(IFaCS).

Definition 2.9. [3] A ¢ : X — Y be a function.

() If B ={(v, up(v),vs(v)) : v E Y} is an IFS in Y, then the preimage of B under ¢ (denoted by ¢ (B))
is defined by ¢~ (B ):{( “Hup)(w), 07 (v) () s u € X}

(i) If A= {(u,Aa(u),4(u)) : w € X} is an IFS in X, then the image of A under ¢ (denoted by ¢(A)) is
defined by ¢(A) = {(v, 9(Aa(v)), (1 = (1 = Ja))(v)) s v € Y.

Definition 2.10. [3] Let (X, 7) and (Y, o) be two [ FT'Ss and ¢ : X — Y be a function. Then ¢ is said to be
intuitionistic fuzzy continuous if the preimage of each IFS in ¢ is an IFS in 7.

Definition 2.11. [8,9] Let R be aring. An intuitionistic fuzzy set A = (u, pa,v4) in R is called an intuitionistic
fuzzy ring on R if it satisfies the following conditions:

(i) pa(u+v) = pa(u) A pa(v) and pa(uv) = pa(u) A pa(v).
(i) ya(u+v) < va(u) Vva(v) and ya(uv) < pa(u) V ya(v).

for all u,v € R.
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3 Neutrosophic structure ring contra strong precontinuous function

In this section, the concepts of neutrosophic ring, neutrosophic structure ring space are introduced. Also some
interesting properties of neutrosophic structure ring contra strong precontinuous function and their characteri-
zations are studied.

Definition 3.1. Let } be a ring. A neutrosophic set A = {(u, fau), Oa(u), Va@)) © @ € R} in R is called a
neutrosophic ring[briefly X] on R if it satisfies the following conditions:

(1) fA(uro) = HA N Haw) and A ) = ) AN BAw)-
(1) OA(utv) = OA@) N OAw) AN OA(uw) = Ta@) N OA(w)-
(1) YA(uto) < Va@) V YA() a0 Ya(ur) < Y)Y VAy)-

for all u,v € R.

Definition 3.2. Let }t be a ring. A family .7 of a XR’s in R is said to be neutrosophic structure ring on ¥ if it
satisfies the following axioms:

(1) On, 1y € .
(il) Hy N Hy € . forany Hy, Hy € .¥.
(iii) UH), € .7 for arbitrary family {Hy, | k € J} C .7.

The ordered pair (R, ) is called a neutrosophic structure ring(RSR) space. Every member of . is called
a N open ring (briefly ROR) in (R,.”). The complement of a ROR in (R,.7) is a W closed ring (RCR)in
(R, 7).

Definition 3.3. Let D be a N ring in XSR space (R,.7). Then NSR interior and RSR closure of D are defined
and denoted by

(i) Nintg(D) =J{H | HisaXORin R and H C D}.
(ii) Nelp(D) = ({H | H isa RCR in R and H D D}.
Proposition 3.1. For any X} D in (R, .7) we have
(i) Nelp(C(D)) = C(Nintp(D))
(i) Wintp(C(D)) = C(Xclp(D))
Definition 3.4. A XR D of a RSR space (R,.7) is said be a
(i) N regular open structure ring (RRegOSR), if D = Nintp(Rclg(D))
(ii) Na-open structure ring (RaQSR), if D C Nintg(Rclg(Ninty(D)))
(iii) N semiopen structure ring (RSemiOSR), if D C Relp(Nintp(D))

(iv) N preopen structure ring (RPreOSR), if D C Nintg(Rclp(D))
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(v) NS5-open structure ring (RBOSRK), if D C Nelg(Nintp(RNelp(D)))

Note 3.1. Let (R, .7) be a NSR space. Then the complement of a XRegOSR (resp. RaOSR, RSemiOSR,
NPreOSR and RFOSR) is a X regular closed structure ring(RRegCSR) (resp. Ra-closed structure ring(RaCSR),
N semiclosed structure ring(XSemiCSR), N preclosed structure ring(X PreCSR), X 5-closed structure ring(RSGCSR)).

Definition 3.5. The RSR preinterior and NS preclosure of R D of a XSR space are defined and denoted by
(i) Npintn(D) = J{H : HisaXPreOSRin (R,.¥) and H C D}.
(ii) Npclp(D) =({H : HisaXPreCSRin (R,.”)and D C H}.
Remark 3.1. For any RR D of a RSR space (R, .7), then
(i) Npinty(D) = D if and only if D is a RPreOSR.
(ii) Npclp(D) = D if and only if D is a RPreCSR.
(iii) Nintp(D) C Npintgp(D) € D C Rpelgp(D) C RNelg(D)

Definition 3.6. A XR D of a NSR space (R, .7) is called a N strongly preopen structure ring (NXstrongly PreOSH),
if D C Nintg(Xpclp(D)). The complement of a NstronglyPreOSR is a N strongly preclosed structure
ring(briefly Nstrongly PreCSR).

Definition 3.7. The RSR strongly preinterior and XSR strongly preclosure of of Xt D of a NS} space are
defined and denoted by

(i) Nspintg(D) = |J{H : H is a XstronglyPreOSR in (R,.) and H C D}.
(i) Nspclp(D) = ({H : H is a XstronglyPreCSR in (R,.) and D C H}.
Remark 3.2. For any XR D of a XS space (R, .#), then
(i) Nspinty(D) = D if and only if D is a Nstrongly PreOSR.
(ii) Nspclp(D) = D if and only if D is a Nstrongly PreCSR.
(iii) Nintp(D) C Nspintg(D) C D C Rspclp(D) C Relgp(D)

Proposition 3.2. A RR of a XSR space (R,.”) is a RaOSR if and only if it is both RSemiOSR and
Nstrongly PreOSR.

Definition 3.8. Let (R;,.7]) and (Ry,.75) be any two XS spaces. A function ¢ : (Ry,.7) — (R, H) is
called a NSt

(i) contra continuous function(RSR — €CF) if ¢! (U) is a ROR in (R, ), for each RCR U in (R, .S).

(ii) contra a-continuous function (RSR — €aC.F) if ¢~1(U) is a RaOR in (N1, .7 ), for each RCR U in
(Ra, A).

(iii) contra precontinuous function(RSR — €preCF) if p~1(U) is a RPreQSR in (R, ), for each RCR U
in (%2, yg)
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(iv) contra strongly precontinuous function (NSR — €StrpreCF) if ¢p—1(U) is a NstronglyPreOSR in
(R1,-7), for each RCR U in (R, .75).

Proposition 3.3. Let (R;,.7)) and (Ry,.7) be any two NSR spaces. Let ¢ : (R,.71) — (Ry,.72) be a
function. If ¢ is a NSR — €CF, then ¢ is a NS — €alF.
Proof:

Let U be a RCR in (Ry, .%%). Since ¢ is NSR — €CF, ¢~ (U) is a ROR in (Ry, .77 ), for each RCR U in
(Ry, ). By Remark 3.1(iii), ¢~ (U) C Relg, (¢~ (U)).

Since ¢~ 1(U) is a ROR in (Ry, ), ¢~ (U) C Relg, (Nintg, (¢71(U))). Hence, ¢~ 1(U) is a RSemiOSH
in (R, .77). By Remark 3.1 (iii), 71 (U) C Rpclg, (¢~ (U)). Taking interior on both sides, Nintg, (¢~ (U)) C
Nint ge, (Rpclgp, (071 (U))). Since ¢~ H(U) is a ROR in (R, 7), ¢ (U) C Nintg, (Rpclgp, (971 (U))). Hence,
o1 (U) is a Nstrongly PreOSR in (R, ). Therefore, ¢! (U) is both RSemiOSR and Nstrongly PreOSH
in (Ry,.71). By Proposition 3.1, ¢~ 1(¢) is a RaQOSR in (R, ), for each RCR U in (Ry, %). Hence, ¢ is a
NSR — CalF.

Proposition 3.4. Let (R;,.7)) and (Ry,.7) be any two NSR spaces. Let ¢ : (Ry,.71) — (Ry,.7%) be a
function. If ¢ is a NSR — €aC.F, then ¢ is a NSR — CStrpreCF.
Proof:

Let U be any XCR in (R, .#3). Since ¢ is a RSR — CaCF, ¢~ 1(U) is a RaOSR in (R4, .77 ), for each RCR
U in (R, .%). By Proposition 3.1, 1 (U) is both RSemiOSR and Rstrongly PreOSR in (Ry, .#1), for each
NCR U in (Ry,.%). Therefore, p~1(U) is a Nstrongly PreOSR in (Ry,.77), for each RCR U in (Ry, .7).
Hence ¢ is a XSR — €StrpreCF.

Proposition 3.5. Let (R;,.7)) and (Ry,.7) be any two NSR spaces. Let ¢ : (Ry,.71) — (Ry,.7%) be a
function. If ¢ is a NSR — EStrpreCF, then ¢ is a NS — EpreC.F.
Proof:

Let U be any RCR in (Ry, ). Since ¢ is a NSR — €StrpreCF, ¢~ *(U) is a NstronglyPreOSR in
(R1, A1), for each RCR U in (Ry, S), that is,

¢ (U) C Ninty, Rpely, (¢~ (U))) 3.1

By Remark 3.1(iii),

Rpely, (¢~ (U)) € Relw, (¢~ (U)) (3.2)
Substitute (3.2) in (3.1), we get ¢~ (U) C Nintg, (Relg, (071 (U))). Therefore, ¢~1(U) is a RPreOSR in
(R1,-7), for each RCR U in (Ry,.75). Hence, ¢ is a NSR — EpreCF.

Proposition 3.6. Let (R;,.7]) and (Ry,.75) be any two NS spaces. Let ¢ : (R,.71) — (Ry,.7%) be a
function. If ¢ is a NSR — €CF, then ¢ is a NSR — EStrpreCF.
Proof:

Let U be any RCR in (Ry,.7%). Since ¢ is a NSR — €CF, ¢~ 1(U) is a ROR in (Ry,.77), for each RCR U
in (Ry, #), that is, o~ (U) = Nintg, (¢~ (U)). By Remark 3.1(iii),

¢~ (U) S Rpely, (9~ 1(U)) (3.3)

Taking interior on both sides in (3.3),

¢~ (U) = Nintx, (¢~ (U)) C Nintx, (Rpelg, (¢~ (V)))-
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Hence, ¢~ 1(U) is a NstronglyPreOSR in (R, .7), for each RCR U in (Ry, .#). Thus, ¢ is a NSR —
EStrpreCF.

Proposition 3.7. Let (R;,.71) and (Ry,.7%) be any two NSR spaces. Let ¢ : (Ry,.71) — (Ry,.%%) be a
function. If ¢ is a NS — €CF, then ¢ is a NSk — EpreC.F.
Proof:

Let U be any RCR in (Ry, 7). Since ¢ is a RSR — €CF, ¢~ (U) is a ROR in (Ry,.#), for each RCR U
in (Ry, S), that is, ¢~ (U) = Nintg, (¢~ (U)). By Remark 3.1(ii),

¢~ (B) C Relw, (¢ () (3.4)
Taking interior on both sides in (3.4),
¢~ (U) = Nintg, (¢~ (U)) S Nintg,(Relp, (¢~ (V))).
Hence, ¢~ 1(U) is a RPreQSR in (Ry,.77), for each RCR U in (Ry, .#%). Thus, ¢ is a NSR — CpreCF.

Remark 3.3. The converses of the Proposition 3.2, Proposition 3.3, Proposition 3.4, Proposition 3.5 and
Proposition 3.6 need not be true as it is shown in the following example.

Example 3.1. Let R = {a, b, c} be a nonempty set with two binary operations as follows:

*

and

<|e|=|=
<|g|e|=

v
u
v
W

cle|e|les

uj|v
u v
vV | W
Wi u

Sl<le|+
Sl<|e

Then (R, +, %) is a ring. Define N}’s L, M and P as follows:

op(u) =05 P(U) =0.7, O'P( )=10.3
(u) = 0. m(v) = 0.1, 7, (w) = 0.1;
ym(uw) = 0.1,y (v) = 0.1,y (w) = 0.1; and

vp(u) =0.1,yp(v) = 0.1,v7p(w) = 0.1.
Then yl = {ON,lN,L,M}, yg = {ON,lN,P}, yg = {ON, 1N,C(L>} and 5@ = {ON, 1N,P} are the
NS¥’s on R.

Then the identity function ¢ : (R, %) — (R,.73) is a NSR — EpreCF, but ¢ is neither NSK — €CF nor
NSR — EStrpreCF.
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Similarly the identity function ¢ : (R, 1) — (R, .7,) is a NSR — EStrpreCF but ¢ is neither NSR — ECF
nor NS — CaCF

Remark 3.4. Clearly the following diagram holds.

NSR — CaCF NSR — CpreCF

NSR — €StrpreCF

Proposition 3.8. Let (R;,.7)) and (Rs,.7%) be any two NSR spaces. Let ¢ : (Ry,.71) — (Ra,.%%2) be a
function. Then the following are equivalent.

(1) ¢ is NSR — €StrpreCF.
(i) ¢~ H(U) is a NstronglyPreCSR in (Ry,.71), for each ROR U in (R, 7).

Proof:
(i)=(ii)

Let U be any ROR in (Ry, H%), then C(U) is a RCR in (Ro,.7%). Since ¢ is a NSR — CStrpreCF,
¢~ H(C(U))is aRstronglyPreOSR in (Ry, 7 ), foreach RCR C(U) in (R, #2). By Remark 3.2(1), o1 (C(U)) =
C(p1(U)) C Nintg, (Npclg, (C(¢~1(U)))). Therefore, o1 (U) is a Rstrongly PreCSR in (R, . ), for each
ROR U in (R, %)
(i=(@)

Let C(U) be any ROR in (R, .%%). Then U is a RCR in (Ry, .7%). Since ¢~ (C(U)) is a Rstrongly PreCSR
in (N1, ), for each ROR C(U) in (Ry, 7). We have, ¢~ (U) is a Rstrongly PreOSRin (Ry, .77 ), for each
RCR U in (Ry, .%). Hence, ¢ is a NSR — €StrpreCF.

Proposition 3.9. Let (R;,.7)) and (Ry,.7) be any two NSR spaces. Let ¢ : (R,.71) — (Ry,.7%) be a
function. Suppose if one of the following statement hold.

(i) ¢~ Y(Rely, (V) C Nintg, (Rpclg, (071(V))), for each RR V in (Ry, 7).
(ii) Nelg, (Npintg, (67(V))) C ¢~ (Rintg,(V)), for each RR V in (Ry,.75).
(iii) ¢(Nely, (Rpinty, (V))) C Rintg, (¢(V)), for each RR V in (Ry,.7).
(iv) ¢(Relg, (V) C Rintg,(¢V)), for each RPreQOSR V in (Ry,.7).

Then, ¢ is a NSR — CStrpreCF.
Proof:
(i)=(ii)
Let U be any R in (Ry, .#). Then, ¢~ (Relg, (U)) C Nintg, (Rpclg, (¢ (U))) By taking complement
on both sides,
C(Ninty, (Rpelg, (671(U)))) € C(6 (Rel, (1))
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Relg, (C(Rpelg, (071 (U)))) € ¢~ HC(Nelg, (U)))
Relg, (Rpints, (C(¢7H(U)))) C ¢~ (Ninty, (C(U)))

Therefore, Ncly, (Rpintg, (¢~ H(V))) C ¢~ (Nintx,(V)), foreach RR V = C(U) in (Ry, ).
(if)=-(iii)

Let U be any R in (Ry, #%). Let V be any XR in (R, .#]) such that U = ¢(V). Then V C ¢! (U). By
(i), Nelg, (Rpintg, (¢~ 1(U))) C ¢~ (Nintg,(U)). We have

Rel, (Rpintw, (V) S Relw, Rpintr, (97" (U))) € ¢~ Ninty, (6(V)))

Therefore, ¢(Relg, (Rpintg, (V))) C Rintg, (¢(V)), for each RR V in (R, .77).
(>iii)=(iv)
Let V be any RPreOSR in (R, .77). Then Npintg, (V') = V. By (iii),

Therefore, ¢p(Relg, (V) C Nintg,(¢(V)), for each RPreOSR V in (Ry,.7).

Suppose that (iv) holds. Let U be any ROR in (Ry, #3). Then Npintg, (¢~ (U)) is a RPreOSR in
(%1, yl) By (iV),
Q Rintg,(¢(¢~"(U))) S Nintg,(U) = U.
We have, ¢ (¢(Relp, (Rpint, (¢~ HU))) € o HU).
Then Relg, (Npintg, (01 (U))) € ¢~ (U). This implies that gzﬁ Y(U) is a RPreCSR in (Ry,.#1). Taking
complement on both sides, C'(¢~1(U)) C C(Rclg, (Rpintg, (¢~*(U)))). This implies that ¢~ (C(B)) C
Nintg, (Rpclg, (¢~ (C(U)))). Therefore ¢~ (C'(U)) is a Rstrongly PreOSR in (R1, %), for each RCR C'(V)

in (o, #). Hence, ¢ is a NSR — EStrpreCF.
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