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I. INTRODUCTION

The fuzzy set was introduced by Zadeh [21] in 1965 , where each element had a degree of membership. The intuitionstic fuzzy
set ( IFS for short ) on a universe X was introduced by K.Atanassov [1] in 1986 as a generalization of fuzzy set , where besides
the degree of membership and the degree of non — membership of each element.In 1998 , Smarandache [14] developed a new
concept called neutrosophic set (NS) which is a generalization of fuzzy set and intuitionistic fuzzy set. In additionl to membership
and non-membership function neutrosophic set has one extra component called indeterminacy membership function.
Neutrosophic set theory deals with uncertainity factor i.e,indeterminacy factor which is independent of truth and falsity values .
Since neutrosophic set handles indeterminate and inconsistent effectively , it is applied in many fields like decision support
system , semantic web services , new economy ‘s growth , image processing , medical diagnosis etc.

Wang [18] (2010) introduced the concept of Single Valued Neutrosophic Set ( SVNS) which is-a generalization of classic
set, fuzzy set, intuitionistic fuzzy set etc. Later Quadripartitioned Single Valued Neutrosophic set was introduced by Chatterjee
[9] and it consist of four components namely truth,contradiction, unknown and falsity membership function in the real unit
interval [0,1].

The notion of multisets was formulated first in [20] by Yager as generalization of the concept of set theory and then the
multiset was developed by Blizard [2] and Calude et al [4] , as useful structures arising in many area of mathematics and computer
science such as data base queries .Several authors from time to time made a number of generalization of set theory. Since then ,
Several researches[5,7,10,11,12,16,17] discussed more properties on fuzzy multisets .Shinoj and John [13] made an extension
of the concept of fuzzy multisets by an intuitionstic fuzzy set , which called intuitionstic fuzzy multisets (IFMS).The cocept of
FMS and IFMS fail to deal with indeterminancy. Recently, Deli et al. [6] used the concept of neutrosophic refined sets and
studied some of their basic properties. The concept of neutrosophic refined set (NRS) is a generalization of fuzzy multisets and
intuitionistic fuzzy multisets.

The purpose of this paper to construct a quadripartitioned single valued neutrosophic refined set(QSVNR) and quadripartitioned
single valued neutrosophic refined topological space ( QSNNRTS) which is a generalization of neutrosophic refined sets. This
paper is arranged in the following manner. In section 2 contains basic definitions of quadripartitioned single valued neutrosophic
set and neutrosophic refined set .In section 3 we define the concept of quadripartitioned single valued neutrosophic refined sets
and its properties.In section 4 deals about the concept of quadripartitioned single valued neutrosophic refined topology, its
interior and closure with examples are discussed. Further we introduce the concept of quadripartitioned sigle valued neutrosophic
refined generalized closed sets and investigate their properties.

1. PRELIMINARIES

2.1 Definition [1]
Let E be a universe. An intuitionistic fuzzy set | on E can be defined as follows:

I={(% 14 (0,7, (X)) 1 x€E}
where, ,: E—>[0,1] and y, : E—>[0,1] such that 0= 4, (x) + y; (x) <1 forany x€E.
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2.2 Definition [14]
Let E be a space of points (objects),with a generic element in E denoted by x a neutrosophic set (N-set) AinE is
characterized by a truth membership function Ta, an indeterminacy membership function 1 and a falsity membership function
Fa. Ta(X), 1a(X) and Fa(x) are real standard or non-standard subsets of [0,1]. It can be written as
A={{u, (Ta(X), 1a(X), Fa(X)) ) : x€ E, Ta(X), la(X), Fa(x) € [0,1] }
There is no restriction on the sum of Ta(X), 1a(X) and Fa(x), S0 0 S Ta(X) + 1a(X) +Fa(X) < 3.

2.3 Definition [15,19]
Let E be a universe. A neutrosophic refined set (NRS) A on E can be defined as follows:

A=L (TR0, T2 00wy T 00), (1300 150y TE ), (FA (), FZ(®)......, F (X)) : x€E}

where, T (%), T2 ()....., Tx (9: E=>[0,1], 1509, 12(%)....., I} (:E—>[0,1] and F,(x), FZ(x)....., Fy ():E—>[0,1]
suchthat 0 < T, (x) + 13 () + FA() <3(i=1.2,...P)and TA() <T? () <..... <T;(x)for any xeE.
(T, T2, T O 1500, 1200, 15 () and (Fr (), F2 (%)......, F (x)) is the truth membership sequence,

indeterminacy membership sequence and falsity membership sequence of the element x respectively. Also P is called the
dimension of NRS A. We arrange the truth-membership sequence in decreasing order but the corresponding indeterminacy-
membership and falsity- membership sequence may not be in decreasing or increasing order.

2.4 Definition [9]

Let X be a non-empty set. A quadripartitioned single valued neutrosophic set (QSVNS) A over X characterizes each
element in X by a truth-membership function Ta(x), a contradiction membership function

Da(x), an unknown membership function Y a(x) and a falsity membership function Fa(x) such that for each xeX,

Ta (X), Da (X), YA (X), FA (X)€ [0,1] and O <Ta (X)+Da (X)+Ya (X)+Fa (X) < 4.

111. QUADRIPARTITIONED SINGLE VALUED NEUTROSOPHIC REFINED SETS
This section deals about the concept of quadripartitioned single valued neutrosophic refined sets and its properties.

3.1 Definition
Let X be a universe. A quadripartitioned single valued neutrosophic refined set (QSVNR) A on X can be
defined as follows:

A={{(x (TA0. T/ ®)...... T, (%), (D} (x), D2 (x)....., D} (x)),
(YA, Y. ooy Y 0, (Fr (0, F2®)....., FX (¥)) : xeX}
Where T,(0, T/ (®)...... T, (0: X—=[0,1], D3 (), D: (x)....., D (9: X—=>[0,1] ,YA(9), Y2 (). 5 Y, (¥): X—>[0,1]
and Fy(x), F2()....., F (): X—>[0,1] such that 0< T, ()+ D}, )+ YA (¥)+ F1(x) <4 (i=1,2......P) and
Ta00, T2 (..., T (%) for any xeX. (T (), T2 (%)......, T (%), (Dy (%), D5 9)-.... ;' D} (x)),

(Y,i(x),YA2 X)..... ) YAP (X)), (F,i (¥, FA2 x)..... , FAP (X)) is the truth membership sequence , a contradiction membership

sequence, an unknown membership sequence and a falsity membership sequence of the element x, respectively . Also P is called
the dimension of QSVNR (A).

3.2 Definition
Consider two QSVNR set A and B over X. Then,
1. Ads contained in B denoted by ACB if T,(x) < Ta(x), Dy () < DL (), Y.(0 >Ys(x)and Fi(x) = Fa(x)
YV xeX.
2. The Complement of A is denoted by A° and is defined by
AT = (X, (Fr 0. F2().os FY00) (YA Y2 () Y (),
(D3 (9, D2 (®)...... DY ), (TR0, T2 ()., TS (0) ) 1 xEXT
e, TA(0)= Fi(x), Dy9=Y 00, YA = D, (x), Fa(=T,(x) forallxeX andi=1,2,...P.
3.3 Definition
Let A, B € QSVNR(X). Then,
1L If T,(0=0, D, (x)=0,Y,(9=1and F,(x)=1 V X€X and i= 1,2,.....P then A is called null quadripartitioned
single valued neutrosophic refined set and denoted by 5 .
2. If T,=1, Di() =1, Y,=0and F,(x)=0 V xeX and i= 1,2,....P then A is called universal

quadripartitioned single valued neutrosophic refined set and denoted by )Z .
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3.4 Definition
Let A, B € QSVNR(X). Then,

1. The union of A and B is denoted by A UB = C; and is defined by
C1={(x (Tg, 09, TE ®)...... T (), (D, (9, DE (..., DE (), (Y, (0, YE (... YE (),
(Fe 0, FE (..., F () 1 xex }
where T¢ () = max{T,(x) T ()}, Dg, (x) = max{ D}, (x), Dy (x)} ,
Y& 09 =min{ YA (x),Yg (0}, FL (9 =min{ F, (), Fy ()} V¥ x€X and i=1.2,.....P
2. The intersection of A and B is denoted by A A B = D; and is defined by
D1 = {{x (Tp, (9, T, ®)..... Ty, (). (Dp, (), Dj, (x)...... DF (), (Yp, (0, Yp ().......Yp, (X)),
(Fp, 09, F3 (..., F§ () : xeX}
where T} () =min{ T, (x) T3 ()}, Dy, (x) =min{ D}, (), Dy, (x)} ,
Y5 () =max{ Y, (x) Y (0} Fp, (9 =max{F, (x), F3 (9} ¥ x€X and i= 1.2,.....P

3.5 Proposition
Let A, B, CEQSVNR set in X. Then,

1. AUB =B UAandANB =BNA
2. (AUB)UC= AUBUC)andANB)NC=AN(BNC)

Proof: The proofs can be easily made.

3.6 Proposition
Let A, B, CEQSVNR set in X. Then,

LAAG=¢ andAT ¢ =A
2.AN )z:AandAQ )Z: )Z
3.(AUB) NC=(ANC) U (BNC)
4. (ANB) UC=(AUC) N (BUC)

Proof: Itis clear to prove the result from definition 3.3-3.4.

3.7 Theorem
Let A, B, CEQSVNR set in X. Then,

1. (AOB) = A° A B°
2. (AAB) = A°UB°
Proof: Let A, B QSVNR(X) is given. From Definition 3.2 and Definition 3.4, we have

1. (ATB)® = {{x (max{T, (x), Ts0} max{TS (9, Tg (0} ..., max{ T (9, Ty (Tg (),
(max{ Dy (), Dg ()}, max{ D (), Dg (0)}....... max{ D (x), Dg ()},
min{Y, (¥ Yg (093 min{ Y (). YZ (30}....., min{ Y, (%), Y5 (¥},
(min{ F; 0, F3 003min{ FZ () Fg (0}......., min{ F, () Fa (03) ) : xex3°©
= {{x (min{ Fy () F3 0} min{ F; () FZ(0}....... min{ F, %), Fy (93),
min{ Y, (). Y5 003 min{ Y (). YZ (0}, min{ Y, (%), Y5 (X},
(max{ D3 (x) . Dg (0}, max{ DA (), DZ (},....., max{ Dy (x) D§ (),
max{T, (x), Ta (0} max{ T (x), To (0}, max{T, (), Ty (¥} ):xex}

AY = L(x, (FE ) F20s FY00) (YA Y20 Y (),
(D} (%), D% (®)......., Df 0, (TA00, T2 (®)...... T, (0) ) 1 xeX3
B = {(x, (Fa (9, FZ(®)...... Fa (), (Yo (.Y ®)...... Yo (X)),
(Di (%), DZ (®)......., D 0), (T (0, T2 (®)...... Ta () ) : xEX}
A" A B = {{x, (min{ Ff () Fa ()}, min{ F2(x) FZ®}.......min{ F} (%) Fa (693,
ming Y, (%) Yo 003, mind Y2 (9 Yo (9} ......, min{ Y, () Yy (X},
(max{ D} (x)  Dg ()}, max{ D5 (), DZ ()},....., max{ D (x) D§ (),
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(max{T, (x), Ta ()} max{ T (x), To ()}, max{ T, (), Ty (Q}) ):xex}
= (AUB) = A° A B®.
2. Now consider,
(AAB)° = {(x min{Ty (), g} min{ TS (9, T G} ..., min{ T (9, Ty (Tg (),
(min{ D, ¥ , Di ()} min{ D5 (x) D (x)},....., min{ D} (x) D& (0}),
max{ Y, (%), Y5 (0} max{ Y7 (x) Y& (}......, max{ Y, (x) Yg (9}),
(max{ F; (), Fa 00}.max{ F2 (<) FZ()}........ max{ F[ () Fa (03) ):xex}®
={(x, (max{ Fr (0 F5 00} max{ F/(x) FZ)}....... max{ F. (x) Fg (O}
(max{ Y, (%) Yo (093 max{ Y7 () Yg (}......, max{ Y, () Ys (¥},
(min{ D, %) , Dj (0} min{ D% (x) D (®)},....., min{ Dy (x) D§ (¥),
min{ T, (), Ta ()3, min{T? (x), TZ ()3, min{T, ), Ta (O}) ) : xeX}
A= (X, (Fr(0, F2 )., FLOO) (YR00. Y2 (0., Y (),
(D} (9, D2 (). DL (0, (TA), T2 (), TY (X)) ) XEXD
B = {(x,(Fi().FZ()..... Fg ), (Yo (), YZ (®)...... Yp (%)),
(Di (%), DZ(®)....... D§ (9), (Ta (0. TZ (¥)....., T (x)) ) : x€X}
A* OB ={(x (max{Fi() Fa(} max{F20) FZ}....... max{ F{ () F& 0D,
(max{ Y, (%), Y5 (00} max{ Y7 (), Yg (0}......, max{ Y, (x) Ya (9}),
(min{ D, ) , Dj (0} min{ D% (x) D (®)},......, min{ D (x) D§ (),
Min{ Ty (9, Ta 093, min{T? (), TZ 9}, min{T, ), Ta (03}) ):xeX}
= (A~NB) = A° UB°®
Hence the proof.

IV. QUADRIPARTITIONED SINGLE VALUED NEUTROSOPHIC REFINED TOPOLOGY

In this section we define a topology quadripartitioned single valued neutrosophic refined set which is known as QSVNRT and also
discuss its properties.

4.1 Definition
A quadripartitioned single valued neutrosophic refined topology(QSVNRT) on a non-empty set X is a family 7
of QSVNR sets in X which satisfy the following conditions.

1. ¢, X er
2. HiNHz€ 7 for any Hy, Hoe T
3. OUHie 7 forevery {Hii€lJ} C 7
Here the pair (X,7) is called a quadripartitioned single valued neutrosophic refined topological space
(QSVNRTS). All the elements of 7 are called quadripartitioned single valued neutrosophic refined open set

(QNROS) in X. A QSVNR set K is quadripartitioned single valued neutrosophic refined closed set (QNRCS) if
and only if its complement of K is QNROS.

4.2 Example
Let X = {x,y} and G1,G2,G3,Gs € QSVNR(X)
G1={(x,{0.6,0.5,0.3,0.2},{0.5,0.4,0.2,0.4},{0.6,0.2,0.1,0.7} ),

(y,{0.6,0.5,0.6,0.2},{0.5,0.6,0.7,0.1},{0.4,0.5,0.2,0.3} ) }
Go={(x,{0.3,0.8,0.2,0.7},{0.2,0.7,0.1,0.6},{0.1,0.6,0.2,0.5} ) ,
(y,{0.4,0.5,0.5,0.7},{0.3,0.4,0.6,0.4},{0.4,0.5,0.2,0.1} ) }
Gs={ ( x,{0.6,0.8,0.2,0.2},{0.5,0.7,0.1,0.4},{0.6,0.6,0.1,0.5} ),
(y,{0.6,0.5,0.5,0.2},{0.5,0.6,0.6,0.1},{0.4,0.5,0.2,0.1} ) }
G4 ={(x,{0.3,0.5,0.3,0.7},{0.2,0.4,0.2,0.6},{0.1,0.2,0.2,0.7} ),
(y,{0.4,0.5,0.6,0.7},{0.3,0.4,0.7,0.4},{0.4,0.5,0.2,0.3} ) }

Then the family 7= {5 , G1, G2, G3, Gy, )Z } is called a QSVNRT on X.
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4.3 Definition
Let (X, 7) be a QSVNRTS and A ={ (x, TA(x), D} (%), YA (x), Fx () ) :xeX3for i=1,2,.....,P be
QSVNR set in X.Then quadripartitioned single valued neutrosophic refined closure (QNRCI(A)) and
quadripartitioned single valued neutrosophic refined interior (QNRInt(A)) of A are defined by,
QNRCI(A) =N { K: K is a QNRCS in X and AC K}
QNRINt(A) =U{ L: L isa QNROS in X and LC A}
Here QNRCI(A), QNRInt(A) are QNRCS and QNROS respectively in X. Further,
A is QNRCS if and only if A=QNRCI(A)
A is QNROS if and onlyif A=QNRInt(A)

4.4 Example
Consider an Example 4.2 and its QSVNRT 7 and if

N ={(u,{0.6,0.9,0.2,0.1},{0.6,0.8,0.1,0.2},{0.4,0.8,0.1,0.2} )
(v,{0.7,0.5,0.3,0.1},{0.7,0.8,0.4,0.1},{0.6,0.7,0.1,0.1} ) }
QNRINt(N) = {{ u,{0.6,0.8,0.2,0.2},{0.5,0.7,0.1,0.4},{0.6,0.6,0.1,0.5} ) ,
(v,{0.6,0.5,0.5,0.2},{0.5,0.6,0.6,0.1},{0.4,0.5,0.2,0.1} ) }

QNRCI(N) = X

4.5 Proposition
For any QSVNR set A in (X, 7) we have,

a) QNRCI( A°)= (QNRInt(A))*

b) QNRInt( A®) = (QNRCI(A))°

Proof: Consider a QSVNR set A denoted by
A =L T, DL, YA, FA(¥) ):xeX3 fori=1,2,......P
and denote the family of QSVNR subsets contained in S are indexed by the family,
A = {(x, TL‘J_ x), D[J_ x), YL‘J_ (x), FL‘J_ (x) )1 xeX} fori= 1,2,.....,P
Then we get,
QNRINt(A) = { (x, maxTLij (X), max DiL]_ (x), minYLij (%), min FLiJ_ (x) ) :xeX} fori=1.2,......P

and hence (QNRINt(A)) ‘. {(x, min FLiJ_ (X), minYLij (X),max DiLj (X),max TLiJ_ (x) ) xeX} fori=1,2,......P

Since, TLiJ_ <T,, DiLJ_ <D, , YLij >Y, and FLiJ_ <F, for each jeJ and the complement of family of QSVNR
sets A denoted by
A° = {(x,, FL‘J, x) YL‘J_ ), D‘Lj (x), TL‘j (x) Y XEX} for i= 1,2,.....P
we find that,
QNRCI( A®)={(x, min FL‘j (x) ,min YL‘J_ (x),max D‘Lj (x),maxT,_ij ) ): xeX} for i=1,2,.....,P
Therefore we get,
QNRCI( A)= (QNRInt(A)) ¢

b) It is similar to the proof of (a).

4.6 Definition
A QSVNR set A in a QSVNRTS (X, 7) is called,
i) Quadripartitioned single valued neutrosophic refined semi open set (QNRSQOS) if
A C QNRCI(QNRINt(S))
ii) Quadripartitioned single valued neutrosophic refined semi closed set (QNRSCS) if
QNRINt(QNRCI(A)) < A
iii) Quadripartitioned single valued neutrosophic refined pre-open set (QNRPOS) if
A C QNRINt(QNRCI(A))
iv) Quadripartitioned single valued neutrosophic refined pre-closed set (QNRPCS) if
QNRCI(QNRINt(A)) < A
V) Quadripartitioned single valued neutrosophic refined a-open set (QNRaOS) if
A C ONRINt(QNRCI(QNRInt(A)))
vi) Quadripartitioned single valued neutrosophic refined a-closed set (QNRaCS) if
QNRCI(QNRINt(QNRCI(A))) € A
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vii) Quadripartitioned single valued neutrosophic refined p-open set (QNRBOS) if
A C QNRCI(QNRINt(QNRCI(A)))

viii) Quadripartitioned single valued neutrosophic refined B-closed set (QNRBCS) if
QNRINt(QNRCI(QNRINtA))) € A

iX) Quadripartitioned single valued neutrosophic refined regular open if and only if
A =QNRINt(QNRCI(A))

X) Quadripartitioned single valued neutrosophic refined regular closed if and only if
A = QNRCI(QNRINt(A))

4.7 Definition
Let (X, 7) be a QSVNRT and A= {(x, T,(x), D, (x), Yo(), F5 (X)) : x€X} for i= 1,2,.....,P  be QSVNR set in
X. Then quadripartitioned single valued neutrosophic refined semi closure(QNRSCI) and quadripartitioned single
valued neutrosophic refined semi interior(QNRSInt) of A are defined by,

QNRSCI(A) = N {K : K is a QNRSCS in X and AS K}
QNRSInt(A) = U{L : L is a QNRSOS in X and LC A}

4.8 Result
Let A be a QSVNRS in (X, 7 ), then

1) QNRSCI(A) = AU QNRINt(QNRCI(A))
2) QNRSInt(A) = AN QNRCI(QNRInt(A))

4.9 Definition
Let (X, 7) be a QSVNRT and A={(x, T, (x), D} (), Y, (x), Fi (X)) : xeX} for i=1,2,......P be QSVNR set in X.
Then quadripartitioned single valued neutrosophic refined ¢ closure(QNR ¢ Cl) and quadripartitioned single valued
neutrosophic refined ¢ interior(QNR ¢ Int) of A are defined by,

QONRa CI(A) = "{K: KisaQNRa CS in X and ACK}
QONRa Int(A) = OU{L : L isa QNRa OS in X and LC A}

4.10 Definition
Let (X, ) be a QSVNRTS and A = { (x, T,(x), D} (), YA(x), Fi(x) ) :xeX} for i= 1,2,.....P be

QSVNR set in X. Then quadripartitioned single valued neutrosophic refined pre closure (QNRPCI) and
quadripartitioned single valued neutrosophic refined pre interior (QNRPInt) of A are defined by,

QNRPCI(A) = "{K : Kisa QNRPCS in X and AC K}
QNRPINt(A) = Q{L : L isa QNRPOS in X and LC A}

4.11 Result
Let A be a QSVNR set in (X, 7) then

1) QNRaCI(S) = AUQNRCI(QNRINt(QNRCI(A)))
2) QNRaInt(S) = AN QNRINt(QNRCI(QNRInt(A)))

4.12 Proposition
Let (X, 7) be a QSVNRTS and B, C be a QSVNR sets in X. Then the following properties hold:

a) QNRInt(B)C B

b) BZ QNRCI(B)

c) BCC = QNRInt(B) < QNRInt(C)

d) BCC = QNRCI(B) € QNRCI(C)

e) QNRINt(QNRINt(B)) = QNRInt(B)

f) QNRCI(QNRCI(B)) = QNRCI(B)

g) QNRInt(BNC) = QNRInt(B) N QNRInt(C)
h) QNRCI(BUC) = QNRCI(B) U QNRCI(C)
i) ONRInt(X ) =X

i) QNRCI(¢)=¢

Proof: The proof of (a), (b) and (i) are straightforward. It is easy to prove the result (d) from (a) and Definition 3.3
(g) From QNRInt(BAC) C QNRInt(B)and QNRInt(B ™ C) C QNRINt(C) we get,

QNRINt(BC) < QNRINt(B) MQNRInt(C) by the result of BC C,BC A = BCCNA
whereA,B,C are QSVNR sets in E. Now from the fact of QNRInt(B) CB and

QNRINt(C) € C we see that, QNRInt(B) N QNRInt(C) & B M C and also
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QNRINt(B) N QNRINnt(C)e 7 we get, QNRINt(B) N QNRInt(C) S QNRInt(B N C) which shows the
required proof.
The rest can be proved easily from the previous results and the Proposition 4.6.

4.13 Definition

Let (X, 7 ) be a quadripartitioned single valued neutrosophic refined topological space. A subset A of a
space (X, 7)) is called

i) generalized closed set (QNRg-closed) if QNRCI(S) = L whenever A C L and L is a quadripartitioned
single valued neutrosophic refined open set in X.

ii) generalized pre-closed (QNRgP-closed) set if QNRPCI(A) S L whenever ACL andL is a
quadripartitioned single valued neutrosophic open set in X.

iii) generalized semi closed(QNRgS-closed) set if QNRSCI(A)C L whenever ACL and L is a
quadripartitioned single valued neutrosophic refined open set in X .

iv) a generalized closed set (QNag-closed) if QNRaCI(A)CL whenever ACL and Lis a
quadripartitioned single valued neutrosophic refined open set in X.

4.14 Example
Let X ={x,y}and 7={ ¢7 , G1, G2, G3, G, X Fwhere
G:1={(x,{0.6,0.5,0.3,0.2},{0.5,0.4,0.2,0.4},{0.6,0.2,0.1,0.7} ),
(y,{0.6,0.5,0.6,0.2},{0.5,0.6,0.7,0.1},{0.4,0.5,0.2,0.3} ) }
G.={(x,{0.3,0.8,0.2,0.7},{0.2,0.7,0.1,0.6},{0.1,0.6,0.2,0.5} ) ,
(y,{0.4,0.5,0.5,0.7},{0.3,0.4,0.6,0.4},{0.4,0.5,0.2,0.1} ) }
Gs={(x,{0.6,0.8,0.2,0.2},{0.5,0.7,0.1,0.4},{0.6,0.6,0.1,0.5} ) ,
(y,{0.6,0.5,0.5,0.2},{0.5,0.6,0.6,0.1},{0.4,0.5,0.2,0.1} ) }
G, ={(x,{0.3,0.5,0.3,0.7},{0.2,0.4,0.2,0.6},{0.1,0.2,0.2,0.7} ) ,
(y,{0.4,0.5,0.6,0.7},{0.3,0.4,0.7,0.4},{0.4,0.5,0.2,0.3} ) }
Then (X, 7) is a QSVNRTS. Consider a QSVNR set are
S ={(u,{0.1,0.2,0.8,0.7},{0.2,0.1,0.8,0.7},{0.1,0.1,0.7,0.6} ) ,
(v,{0.2,0.3,0.6,0.6},{0.1,0.4,0.7,0.6},{0.1,0.1,0.7,0.6} ) }is a QNRg-closed in X.

4.15 Theorem
Every QNRCS is a QNRg-closed set in (X, 7).

Proof: Let A be a QNRCS and A C L where L be QNROS in (X, 7). Since A is QNRCS,

QNRCI(A) < A[since A= QNRCI(A)]. Therefore QNRCI(A) C A C L. Hence A is a QNRg-closed
setin (X, 7).

4.16 Remark
The converse of the above theorem need not be true. In Example 4.14 S is
QNRg-closed set but not QNRCS.

4.17 Theorem
Let B and C be QNRg-closed sets in (X, 7) then B U Cis also QNRg- closed set in (X, 7).

Proof: Since P and R are QNRg-closed sets in (X, 7) we get QNRCI(B)C L and QNRCI(C) C L
whenever B,C C L where L is QNROS in (X, 7). This implies BUC is also a subset ofL where L is
QNROS in X. Then QNRCI(BLUC) = QNRCI(B) U QNRCI(C). i.e., QNRCI(BUC) < L.
Therefore B U C is QNRg-closed set in (X, 7).

4.18 Theorem
Let B and C are QNRg-closed sets in (X,t) then, QNRCI(B N C) © QNRCI(B) M QNRCI(C).

Proof: Since B and C are QNRg-closed sets in (X, t) we get QNRCI(B) =L and QNRCI(C) C L
whenever B,C C L where L is QNROS in (X, ). This implies that B C is also a subset of L where L is
QNROS. Since BACCB and BAC <C and also we know thatif B & C then QNRCI(B) <
QNRCI(C).Therefore QNRCI(B N\ C) < QNRCI(B) and QNRCI(BC) & QNRCI(C) which implies
that QNRCI(B N C) C QNRCI(B) M QNRCI(C).Hence proved.
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4.19 Remark
The intersection of two QNRg-closed sets need not be a QNRg-closed set which is shown in the following
example.

4.20 Example
Let X={xy}and 7={ @ , G1, Gz, Gs, Gs, X }where
G:1={(x,{0.6,0.5,0.3,0.2},{0.5,0.4,0.2,0.4},{0.6,0.2,0.1,0.7} ) ,
(y,{0.6,0.5,0.6,0.2},{0.5,0.6,0.7,0.1},{0.4,0.5,0.2,0.3} ) }
G2={(x,{0.3,0.8,0.2,0.7},{0.2,0.7,0.1,0.6},{0.1,0.6,0.2,0.5} ) ,
(y,{0.4,0.5,0.5,0.7},{0.3,0.4,0.6,0.4},{0.4,0.5,0.2,0.1} ) }
Gs={(x,{0.6,0.8,0.2,0.2},{0.5,0.7,0.1,0.4},{0.6,0.6,0.1,0.5} ) ,
(y,{0.6,0.5,0.5,0.2},{0.5,0.6,0.6,0.1},{0.4,0.5,0.2,0.1} ) }
G4 ={(x,{0.3,0.5,0.3,0.7},{0.2,0.4,0.2,0.6},{0.1,0.2,0.2,0.7} ) ,
(y,{0.4,0.5,0.6,0.7},{0.3,0.4,0.7,0.4},{0.4,0.5,0.2,0.3} ) }
Then (X, 7) is a QSVNRTS.Consider a QNRg-closed sets
S ={(x,{0.1,0.2,0.8,0.7},{0.2,0.1,0.8,0.7},{0.1,0.1,0.7,0.6} ) ,
(y,{0.2,0.3,0.6,0.6},{0.1,0.4,0.7,0.6},{0.1,0.1,0.7,0.6} ) }
T ={(x,{0.1,0.1,0.9,0.8},{0.2,0.1,0.8,0.7},{0.1,0.1,0.6,0.7} ) ,
(y,{0.1,0.2,0.6,0.7},{0.1,0.3,0.7,0.6},{0.1,0.2,0.6,0.7} ) }
SAT ={(x,{0.1,0.1,0.9,0.8},{0.2,0.1,0.8,0.7},{0.1,0.1,0.7,0.7} ),
(y,{0.1,0.2,0.6,0.7},{0.1,0.3,0.7,0.6},{0.1,0.1,0.7,0.7} ) }is not a QNRg-closed set.

4.21 Theorem
Let S be QNRg-closed set in (X, 7 ) and SC T QNRCI(S) then T is QNRg-closed set in (X, 7).

Proof: Let T C L where L is QNROS in (X, 7). Then SC T implies SC F. Since S is QNRg-closed,
we get QNRCI(S) L whenever SC L. And also SC QNRCI(T) implies QNRCI(T) € QNRCI(S). Thus
QNRCI(T) CL and so T is QNRg-closed set in (X, 7).

4.22 Theorem
A QNRg-closed set S is ONRCS if and only if QNRCI(S)-S is QNRCS.

Proof: First assume that S is QNRCS then we get QNRCI(S) = S and so QNRCI(S) —'S = ¢ which is

QNRCS. Conversely assume that QNRCI(S)-Sis QNRCS. Then QNRCI(S)-S = 5 that is QNRCI(S) = S.
This implies that S is QNRCS. Hence proved.

4.23 Result
Let Abe a QSVNR setin (X, 7), then

1)QNRPCI(A) = AU QNRCI(QNRInt(A))

4.24 Example
Let X ={uv}and 7={ ¢7 , G1, G2, Gz, Ga, X Jwhere
G:={({x,{0.2,0.3,0.4,0.5},{0.4,0.3,0.6,0.7},{0.6,0.4,0.6,0.7} ),
(y,{0.4,0.2,0.1,0.3},{0.2,0.4,0.1,0.5},{0.4,0.3,0.2,0.6} ) }
G2 = {({x,{0.1,0.2,0.5,0.3},{0.6,0.5,0.4,0.2},{0.4,0.5,0.3,0.2} ) ,
(y,{0.3,0.1,0.4,0.5},{0.3,0.2,0.7,0.5},0.5,0.6,0.5,0.4} ) }
Gs = {({x,{0.2,0.3,0.4,0.3},{0.6,0.5,0.4,0.2},{0.6,0.5,0.3,0.2} ),
(y,{0.4,0.2,0.1,0.3},{0.3,0.4,0.1,0.5},{0.5,0.6,0.2,0.4} ) }
Ga = {{x,{0.1,0.2,0.5,0.5},{0.4,0.3,0.6,0.7},{0.4,0.5,0.6,0.7} ) ,
(y,{0.3,0.1,0.4,0.5},{0.2,0.2,0.7,0.5},{0.4,0.3,0.5,0.6} ) }
Then a QSVNR set,
A ={(x,{0.2,0.3,0.5,0.4},{0.5,0.4,0.3,0.6},{0.6,0.7,0.5,0.3} ),
(y,{0.5,0.1,0.3,0.4},{0.4,0.2,0.6,0.3},{0.5,0.4,0.3,0.2} ) }is a
QNRgP-closed in X.
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4.25 Theorem
Every QNRCS is a QNRgP-closed but not conversely.

Proof: Let A be a QNRCS in X and AC L where L be QNROS in (X, 7).Since QNRPCI(A)
QNRCI(A) and A is a QNRCS in X , QNRPCI(A) & QNRCI(A) = AC L . Hence A is a QNRgP-
closed set in (X, 7).

4.26 Example
In Example 4.24 A is QNRgP-closed set but not QNRCS.

4.27 Theorem
Every QNRaCSis a QNRgP-closed set but not conversely.

Proof: Let A be a QNRaCS in X and ACL where L be QNROS in (X, t). By hypothesis,
ONRCI(QNRINt(QNRCI(A))) © A and since ACQNRCI(A), QNRCI(QNRINnt(A))

QNRCI(QNRINt(QNRCI(A))) C A. Here QNRCI(A) € AC L. Therefore A is a QNRgP-closed set
in X.

4.28 Example
In Example 4.24 A is QNRgP-closed set but not QNR & CS.

4.29 Theorem
Every QNRg-closed set is a QNRgP-closed set but not conversely.

Proof: Let A be a QNRg-closed set in X and AC L where L be QNROS in (X, 7). Since

QNRPCI(A) € QNRCI(A) and by hypothesis, QNRPCI(A) C L. Therefore A is a QNRgP-closed set
in X.

4.30 Example

Let X={xy}and 7={ @ ,G1, Gz, Gs, Ga, X Jwhere

G: = {(x,{0.2,0.3,0.4,0.5}.{0.4,0.3,0.6,0.73.£0.6,0.4,0.6,0.7} ) ,
(y.£0.4,0.2,0.1,0.3}.{0.2,0.4,0.1,0.5}.{0.4,0.3,0.2,0.6} ) }

G, ={(x{0.1,0.2,0.5,0.3}.{0.6,0.5,0.4,0.2}.{0.4,0.5,0.3,0.2} ),
(y,£0.3,0.1,0.4,0.5},{0.3,0.2,0.7,0.5},0.5,0.6,0.5,0.4} ) }

Gs = {(x,{0.2,0.3,0.4,0.3}.0.6,0.5,0.4,0.23.{0.6,0.5,0.3,0.2} ),

(y.£0.4,0.2,0.1,0.3}.{0.3,0.4,0.1,0.5}.{0.5,0.6,0.2,0.4} ) }

Gs ={(x{0.1,0.2,0.5,0.5},{0.4,0.3,0.6,0.7}.{0.4,0.5,0.6,0.7} ),

(y,{0.3,0.1,0.4,0.5},{0.2,0.2,0.7,0.5},{0.4,0.3,0.5,0.6} ) }

Then a QSVNR set,
A ={(x,{0.1,0.2,0.5,0.6},{0.3,0.1,0.7,0.6},{0.2,0.3,0.7,0.8} ),
(y,{0.2,0.1,0.6,0.5},{0.1,0.2,0.8,0.6},{0.4,0.3,0.6,0.7} ) }is a
QNRgP-closed in X. But it is not a QNRg-closed in X.

4.31 Theorem

Every QNRRCS set is a QNRgP-closed set but not conversely.

Proof: Let A be a QNRRCS in X and hence by Definition 4.6, A = QNRCI(QNRInt(A)) which implies
QNRCI(A)=QNRCI(QNRInt(A)). Therefore QNRCI(A) = A i.e., A is a QNRCS in X.By
Theorem4.26, A is a QNRgP-closed in X.

4.32 Example
In Example 4.30 A is QNRgP-closed set but not QNRRCS.

4.33 Theorem
Every QNRPCS set is a QNRgP-closed set but not conversely.

Proof: Let A be a QNRPCS in X and AC L where L be a QNROS in (X, 7). By Definition 4.6,
QNRCI(QNRInt(A)) < A which implies QNRPCI(A) = AC)QNRCI(QNRInt(A)) C A. Therefore
QNRPCI(A) C L. Hence A is a QNRgP-closed set in X.

4.34 Example
In Example 4.24 A is QNRgP-closed set but not QNRPCS.
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4.35 Theorem
Every QNRag-closed set is a QNRgP-closed set but not conversely.

Proof: Let A be a QNRog-closed in X and AC L where L be a QNROS in (X, 7). By Definition 4.13,
SUQNRCI(QNRINt(QNRCI(S))) S L which implies QNRCI(QNRINt(QNRCI(A))) S L and

QNRCI(QNRInt(A)) CF . Therefore QNRPCI(A) = ST QNRCI(QNRInt(A)) CL . Hence A is a
QNRgP-closed in X.

4.36 Example
In Example 4.30 A is QNRgP-closed set but not QNR & g-closed.

4.37 Example
Let X={x,y}and 7={ 5 , G1, )Z Ywhere
Gi1= {(x,{0.5,0.3,0.7,0.6},{0.4,0.2,0.3,0.5},{0.3,0.1,0.5,0.4} ),
(y,{0.4,0.2,0.6,0.5},{0.3,0.1,0.5,0.4},{0.2,0.1,0.4,0.3} ) }
G'l: {(x,{0.6,0.7,0.3,0.5},{0.5,0.3,0.2,0.4},{0.4,0.5,0.1,0.3} ) ,

(y,{0.5,0.6,0.2,0.4},{0.4,0.5,0.1,0.3},{0.3,0.4,0.1,0.2} ) }
Then a QSVNR set G;=A is a QNRSCS but not a QNRgP-closed set in X.

4.38 Example
In Example 4.24 A is a QNRgP-closed set but not QNRSCS.

4.39 Proposition

1. QNRgS-closed set and QNRgP-closed sets are independent to each other.

2. QNRSCS and QNRgP-closed set are independent to each other.

4.40 Example

Let X={x,y}and 7={ ¢ , G1, X }where

Gi1= {(x,{0.5,0.4,0.7,0.6},{0.4,0.3,0.6,0.5},{0.3,0.2,0.5,0.4} ) ,
(y,{0.3,0.2,0.5,0.4},{0.2,0.1,0.5,0.3},{0.1,0.2,0.3,0.4} ) }

G 1 = {(x,{0.6,0.7,0.4,0.5},{0.5,0.6,0.3,0.4},{0.4,0.5,0.2,0.3} ),

(y,{0.4,0.5,0.2,0.3},{0.3,0.5,0.1,0.2},{0.4,0.3,0.2,0.1} ) }
Then a QSVNR set G1=A is a QNRgS-closed set but not a QNRgP-closed set in X.

4.41 Example

Let X={x,y}and 7 = { 5 , G1, X Ywhere

G:= {(x,{0.6,0.7,0.2,0.3},{0.7,0.8,0.4,0.5},{0.9,0.8,0.3,0.5} ) ,
(y,{0.8,0.6,0.3,0.2},{0.6,0.7,0.1,0.2},{0.5,0.6,0.2,0.3} ) }

G, = {(x{0.3,0.2,0.7,0.6},{0.5,0.4,0.8,0.7},{0.5,0.3,0.8,0.9} ),
(y,{0.2,0.3,0.6,0.8},{0.2,0.1,0.7,0.6},{0.3,0.2,0.6,0.5} ) }

Then a QSVNR set

A ={(u,{0.5,0.6,0.3,0.4},{0.6,0.7,0.5,0.6},{0.8,0.7,0.4,0.6} ) ,
(v,{0.7,0.5,0.4,0.3},{0.5,0.6,0.2,0.3},{0.6,0.5,0.3,0.4} ) }is QNRgP-closed

set but not a QNRgS-closed set in X.
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The following implications are true.

1.QNRg-closed set 2.QNRCS 3.QNRg-closed set 4.QNRPCS 5.QNRRCS
6. QNRa CS 7.QNR « g-closed set 8.QNRgS-closed set 9.QNRSCS

-\ [T

gl
- eN

Here A—B denotes A implles B but not conversely and A<pB means A and B
are independent of each other and none of them is reversible.

4.42 Remark
The union of any two QNRgP-closed sets is not a QNRgP-closed setwhich is shown in the following
example.

4.43 Example
Let X={x,y}and 7={ ¢ , G1, X }where
Gi= {(x,{0.5,0.3,0.7,0.6},{0.4,0.2,0.3,0.5},{0.3,0.1,0.5,0.4} ) ,

(y,{0.4,0.2,0.6,0.5},{0.3,0.1,0.5,0.4},{0.3,0.2,0.4,0.3} ) }
Considser two QSVNR sets
A;={(x,{05,0.2,0.7,0.6},{0.4,0.1,0.4,0.6},{0.3,0.1,0.6,0.5} ),

(y,{0.4,0.1,0.7,0.6},{0.3,0.2,0.6,0.5},{0.2,0.1,0.5,0.4} ) }
A; ={(x,{0.4,0.3,0.7,0.5},{0.3,0.1,0.7,0.5},{0.2,0.1,0.6,0.7} ),
(y,{0.3,0.2,0.7,0.8},{0.2,0.1,0.7,0.6},{0.1,0.2,0.5,0.4} ) }
which are QNRgP-closed sets but A; U A is not a QNRgP-closed set in X.

V. CONCLUSION

In this paper, we defined on quadripartitioned single valued neutrosophic refined sets and its properties.Further we
introduced the concept of quadripartitioned single valued neutrosophic refined topological space and studied the
basic concepts with examples in detail.
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