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Abstract — The quadripartitioned single valued neutrosophic set consisting of
the real-valued amplitude terms: truth-membership grade, contradiction-membership
grade, ignorance-membership grade and falsity-membership grade, cannot handle
complex-valued information. In this paper, the ranges of grades of truth-membership,
contradiction-membership, ignorance-membership and falsity-membership are ex-
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valued neutrosophic sets are studied. Secondly, the rough approximations of com-
plex quadripartitioned single valued neutrosophic sets are derived, and then their
related remarkable properties are discussed. Finally, a formulation is proposed to
measure rough degree of complex quadripartitioned single valued neutrosophic sets
in the approximate space.
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1. Introduction

To tackle real world issues, the techniques generally employed in classical mathematics are not always
beneficial due to uncertainties and ambiguities. In 1965, Zadeh [1] proposed the fuzzy set (FS) as an
effective mathematical tool to deal with such issues. In the following years, Atanassov [2] created an
intuitionistic fuzzy set (IFS) that offers both the truth-membership degree and the falsity-membership
degree of an object into the set. Many authors established several fuzzy models in the different aspects,
i.e., relations, aggregation operators, matrix representations [3-11]. Smarandache [12] developed the
neutrosophic logic sprouted from branch of philosophy neutrosophy which means the study of neutral-
ities, and then initiated the theory of neutrosophic sets (NSs), a generalization of the IFSs, in which
each element is characterized by a truth-membership function, indeterminate-membership function
and the falsity-membership function, each of which belongs to the the non-standard unit interval
J0,17[. In 2010, Wang et al. [13] said that the NS is difficult to truly apply to practical problems
in real world scenarios, and therefore enlivened the idea of single valued neutrosophic set (SVNS),
in which each element is characterized by a truth-membership function, indeterminate-membership
function and the falsity-membership function, each of which belongs to the the unit interval [0, 1]. For
more details, refer to [14-16]. Many authors studied the generalized types of NSs and SVNSs such as
interval-valued [17-19], bipolar-valued [20-22], cubic [23-26], and their practical applications [27-29).
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In 2017, Ali and Smarandache [30] introduced the framework of complex neutrosophic set (CNS) char-
acterized by complex-valued truth-membership function, complex-valued indeterminate-membership
function and complex-valued falsity-membership function. They put forward that the CNS is the
mainstream over all because it is not only the extension of all the current frameworks but also repre-
sents the information in a complete and comprehensive way. Al-Quran and Alkhazaleh [31] studied
the relations between the (single valued) CNSs with their applications in decision making.

In 1982, Pawlak [32] developed the notion of rough set which expresses vagueness in the concepts
of the lower and upper approximations of a set and it employs the boundary region of a set. In [33,34],
the authors established the models of rough FSs and rough IFSs. In 2014, Broumi et al. [35] introduced
a hybrid structure of rough NSs and discussed its basic operations in the approximation space. In [36],
the multi-attribute decision making method based on the rough accuracy score function with rough
neutrosophic attribute values was constructed. Samuel and Narmadhagnanam [37] studied the tangent
logarithmic distance measure and cosecant similarity measure between rough NSs. In 2018, Abdel-
Basset and Mohamed [38] proposed the combination of SVNS and rough set will deal with all aspects
of vagueness, incompleteness and inconsistency of data and information. Nowadays, many authors
have concerned with the rough approximations of NSs and SVNSs in crisp and neutrosophic spaces,
in which both constructive and axiomatic approaches are employed.

By splitting the indeterminacy in the structure of SVNSs into two parts as Unknown (or ignorance)
and Contradiction, Chatterjee et al. [39] proposed the notion of quadripartitioned single valued neutro-
sophic set (QSVNS) based on Belnap’s [40] four-valued logic. Mohan and Krishnaswamy [41] presented
the axiomatic characterizations of the combined structure of QSVNS and rough set. In [42,43], the
researchers discussed the bipolarity hybridizations of QSVNSs, and some basic set-theoretic terminolo-
gies of the emerging QSVNSs. Currently, QSVNS theory has become a very successful and flourishing
area of research in different aspects of both theory and practice.

In this study, we introduce the complex quadripartitioned single valued neutrosophic sets (CQSVNSs)
by extending the QSVNSs, whose complex-valued truth-membership function, complex-valued con-
tradiction-membership function, complex-valued ignorance-membership function and complex-valued
falsity-membership function are the combination of real-valued truth amplitude term in association
phase term, real-valued contradiction amplitude term in association phase term, real-valued ignorance
amplitude term in association phase term and real-valued falsity amplitude term in association phase
term, respectively. Moreover, their set-theoretic operations such as intersection, union, complement,
cartesian product, algebraic products are derived. We develop the rough approximations of CQSVNSs
and discuss their axiomatic characterizations. Further, we investigate the approximate precision degree
and the rough degree in the novel model.

The structure of the paper is organized as follows. In Section 2, some concepts required in our work
are briefly recalled. Section 3 is devoted to the construction, operations and relations of CQSVNSs.
Section 4 introduces the model of rough CQSVNS in the approximation space. In Section 5, the level
cut sets of lower and upper approximations and the rough degree of CQSVNS in the approximation
space are studied. Section 6 gives brief conclusion and future research directions.

2. Preliminaries

In this section, we give some preliminary information that will be useful in the following sections.

Definition 2.1. [13] Let A be a universe of discourse. A single valued nuetrosophic set (SVNS) N
in A is characterized in the following form

N = {(a, (tn(a), iy (a), fr(@)) : a € A} (1)

where ty, 1y, fv 1 A — [0, 1] are termed the functions of truth-membership, indeterminacy-membership
and falsity-membership, respectively. Also, tn(a), ty(a) and fy(a) denote the grades of truth-
membership, indeterminacy-membership and falsity-membership of a € A to the set N respectively
with the condition 0 < ty(ay + ¢y (a) + fn(a) < 3 for each a € A.
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Definition 2.2. [30] Let A be a universe of discourse. A complex single valued nuetrosophic set
(CSVNS) C in A is characterized in the following form

C = {(a,{tc(a),wc(a), fo(a))) - a € A} (2)

where tc(a) = T'o(a).e7¢@, 1o(a) = Ac(a).0@ and fo(a) = Qc(a).ec@ (for i = \/—1) denote
the complex truth-membership grade, complex indeterminacy-membership grade and complex falsity-
membership grade of a € A to the set C, respectively. In addition, the amplitude terms I'c(a),
Ac(a), Qc(a) and the phase terms vo(a), dc(a), we(a) satisfy the following conditions: 0 < T'c(a) +
Ac(a) + Qe(a) < 3 for T'e(a), Ac(a),Qc(a) € [0,1] and 0 < ve(a) + dc(a) + we(a) < 67 for
ve(a),dc(a),we(a) € [0, 27].

Chatterjee et al. [39] split the indeterminacy in structure of SVNS into two parts signifying contra-
diction and unknown (ignorance), and thereby initiated the theory of quadripartitioned single valued
neutrosophic set. The term quadripartitioned means something that is divided into the four charac-
teristic features.

Definition 2.3. [39] Let A be a universe of discourse. A quadripartitioned single valued nuetrosophic
set (QSVNS) @ in A is an object having the following form

Q = {(a, {tq(a), c(a),uqg(a), fo(a))) : a € A} 3)

where tg,cq,uqg, fg : A — [0,1] are termed the functions of truth-membership, contradiction-
membership, ignorance-membership and falsity-membership, respectively. Also, tg(a), cg(a), ug(a)
and fg(a) denote the grades of truth-membership, contradiction-membership, ignorance-membership
and falsity-membership of a € A to the set @ respectively with the condition 0 < tg(ay + cg(a) +
ug(a) + fo(a) < 4 for each a € A.

Remark 2.4. A QSVNS @ can be decomposed to yield two SVNS, say Qr and Qp, where the
respective membership functions of both these are described as tg,(a) = tg(a) = tg,(a); tg,(a) =

cq(a); tgp(a) =ug(a); for(a) = fola) = fo.(a) for all a € A.

In this respect, it needs to be specified that while performing set-theoretic operations on these
SVNSs, the behavior of ¢, is treated similar to that of tg,. while the behavior of i, is modelled in
a way similar to that of fg,.

Assume A and B is any non-empty crisp sets. The subset of cartesian product of A and B is called
a relation from A to B. Especially, the subset of cartesian product of A x A is a relation on A. The
relation 3 on A is said to be

1. reflexive when (a;,a;) € R for all a; € A.

2. symmetric when (aj,ar) € R = (ar,a;) € R for all aj,a; € A.

3. transitive when (aj,ax) € ® and (ag,a;) € R= (a;,q;) € R for all a;, ax, a; € A.

If R is reflexive, symmetric and transitive then it is called an equivalence relation on A.

Definition 2.5. [32] Let A be any non-empty crisp set and R an equivalence relation on A. Then,
(A, R) is said to be (Pawlak) approximation space. If B is a subset of A, then the sets

appry(B) = {b: [b]z € B} (4)
and
apprp(B) = {b: [t]lr N B # 0} (5)

are called the lower and upper approximations of B , respectively, where [b]s stands for the equivalence
class of & containing the object b € B C A. The pair appry(B) = (appréR(B),Wm(B)) is said to be
rough set of B in the (Pawlak) approximation space (A, R). Especially, if appry,(B) = appry(B) then
B is called a definable. The positive region, negative region and boundary region of B are defined as
PBr(B) = appr,(B), Np(B) = A — appry(B) and By(B) = appry(B) — appr,(B), respectively.
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3. Complex Quadripartitioned Single Valued Neutrosophic Set Theory

In this section, we initiate the theory of complex quadripartitioned single valued neutrosophic set and
discuss some basic complex quadripartitioned single valued neutrosophic operations and relations.

3.1. Construction of Complex Quadripartitioned Single Valued Neutrosophic Set

It can be observed that QSVNSs are insufficient to describe the complex information based on the
four-valued logic. To eliminate this drawback, the framework of complex quadripartitioned single
valued neutrosophic set is constructed as follows.

Definition 3.1. Let A be a universe of discourse. A complex quadripartitioned single valued neu-
trosophic set (CQSVNS) € in A is characterized by a truth-membership function tg, a contradiction-
membership function c¢g, an ignorance-membership function ug and a falsity-membership function
fe that assign an element a € A a complex-valued degree of t¢(a), ce(a), ue(a) and fe(a) in €.
The values t¢(a), ce(a), ug(a), fe(a) and their sum may all within the unit circle in the complex
plane, and are of the form: t¢(a) = I'¢(a).”¢(a), ce(a) = Ag(a).e¢(a), ug(a) = Ve(a).e™¢(a) and
fe(a) = Q¢(a).€¢(a) (where i = /—1). In addition, the amplitude terms T'¢(a), A¢(a), e(a), Q¢(a)
and the phase terms yg¢(a), A¢(a), ¥e(a), we(a) satisfy the following conditions:

0 <T¢(a) + Ae¢(a) + ¥e(a) + Qe(a) < 4 for Te(a),Ae(a), Ye(a), Qe(a) € [0,1] (6)
and

0 < ve(a) + Ae(a) + ve(a) + we(a) < 8m for ~e(a), Ae(a), Ye(a),we(a) € [0, 27] (7)

Simply, a CQSVNS can be given in the following form:

¢ = {(a {tela). (o) uela), fela))) ra € A} |
= {(a, (T¢(a).e7¢(a), A¢(a).e (a), Ue(a).e™Ve (a), Qe(a).e¢(a))) : a € A} (8)

The complex membership value (T'¢(a).€¢(a), Ag(a).€*¢(a), Ue(a).eVe (a), Q¢ (a).e¢(a)) for a of € is
simply denoted ((I'e¢,ve), (Ae, A¢), (Pe, ¥e), (Q¢,we)) and named as complex quadripartitioned single
valued neutrosophic number (CQSVNN).

Example 3.2. Bronchitis is an inflammation of the lining of the bronchial tubes that carry air to
the lungs. The bronchitis can be acute or chronic. The symptoms of acute bronchitis are usually a
mild headache, cough and production of mucus. The sets of symptoms of acute bronchitis is A =
{a1 (a mild headache), ay (cough), as (production of mucus)}. While these symptoms usually
improve in about a week, they may take a few weeks. By using the data of many patients who survived
the disease, a doctor (expert) can create the following CQSVNS in A depends on the membership
“recovery time of symptoms”.

(a1, (0.4e27(V) 0.7¢127(3) 0.6¢i27(3) 0. ﬁeﬂ’f(%)»
¢ = ( <0 1€i27r(%) O.7€i2ﬂ(%) OeiZﬂ’( 0 66227r >)
( <0 46227‘—(%) 0.667;2”(%) 0. 262271'( 16227T(0)>)

Definition 3.3. Let € be a CQSVNS in A. For a1, a9, as, a4 € [0,1] and 1, B2, 53, B4 € [0, 27], the
(a1, B1), (a9, B2), (as, B3), (a4, B4))-level cut set of €, denoted by ¢lB1P283.84) i qefined as follows:

(01,a2,03,04)°

(B1,82,83,84) _ | Te(a) > aq, Ag(a) > ag, Ve(a) < as, Qela) < ay, ) }
Clarlazazas) = { aeA: ( vela) > B, Ae(a) > Bo, vela) < B3, wela) < B ©)

Example 3.4. Consider the CQSVNS € in Example 3.2. Then, ((0.3, ), (0.5, 5), (0.7, 4%), (1,7))-

(7:7 ) 77T
level cut set of € is (’1(0.3’20.5’70.7 1y = f{as}.
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Proposition 3.5. Let €; and € be two CQSVNSs in A. If € C €&, then (Ql)gflllyizg,isg%j) c
(€ )(51752,63,64)

(01,a2,03,04)"

PRrROOF. It can be proved easily according to the Definition 3.3, therefore omitted. O

Definition 3.6. A CQSVNS € in A is said to be a null CQSVNS, denoted by ®, if its complex
membership degrees are respectively tg(a) = 'p(a).e"®(a) = 0, co(a) = Ag(a).e?*(a) = 0, ug(a) =
Ug(a).e¥?(a) = €™ and fp(a) = Qg(a).c“*?(a) = ™ for all a € A.

Definition 3.7. A CQSVNS € in A is said to be a absolute CQSVNS, denoted by le\, if its complex
membership degrees are respectively ¢ z(a) = I 7 ( ).ei(a) = €7, czla) = Aﬁ(a).e”\ﬁ(a) = e,
uz(a) = \Ilj(a).ewﬁ(a) =0 and fz(a) = Q z(a). e“i(a) =0 for all a € A.

3.2. Operations of Complex Quadripartitioned Single Valued Neutrosophic Set

In this part, we study the set-theoretic operations on the CQSVNSs and the properties related to
them.

Definition 3.8. Let €, €; and €5 be three CQSVNSs in A. Then,

(a) €; is said to be a CQSVN subset of €, denoted by €; C &, if the following conditions are
satisfied:

e, (a) < le, (a’)v Le., F€1 (a) < F¢2 (a) and Ve, (a) < Ve, (a)
Cey (CL) < cg, (CL), Le., A€1 (a) < A¢2 (a) and )‘(’:1 (a) < )‘Q'z (a)
Ug, (a) > Ug, (a)7 Le., \IIQ (CL) > \IJQ:Q (a) and ¢€1 (CL) > ¢€2 (a)
fﬂ:l (a) > f¢2 (a>7 ie., Q¢1 (a) = Q€2 (a) and we,y (a) = We, (a)

(10)

(b) €; and €3 are said to be a CQSVN equal, denoted by €; = €, if the following conditions are

satisfied:
t€1( ) =te ( )7 i F€1 (CL) = ]-—‘¢2 (a‘) and ey (CL) = Ye, (CL)
061( ) Ce (CL) Le., A¢1 (CL) - A¢2 (CL) and /\¢1 (a) - /\¢2 (CL) (11)
Ugy (CL) Ug, ((J,) Le., U, ((L) = Vg, (CL) and ¢¢1 (a) = ¢¢2 (CL)
fe,(a) = fe,(a), ie., Qe (a) =Qe,(a) and we, (a) = we,(a)

(c) the complement of €, denoted by ~ €, is defined as

~ €= {(a, (tue(a), cne(a), u~e(a), frel(a))) s a € A}, (12)
where t.¢(a) = fe(a), coe(a) = ue(a), ue(a) = ce(a), and foe(a) = te(a) for all a € A.

(d) the intersection of €; and €, denoted by €; N €q, is defined as

CiNC = {(a,{te,ne,(a), ce,ne, (@), ue,ne, (@), fe,ne,(a))) :a € A},
Le,ne, (a).e7€0e2(@) Ap (o (a).ererne: (@)

= . y 2 o ) : 1
{ < a,< \Ilelm@(a).ew“‘lmz(a),Q@lm@(a).em’@l”%(a) > ) ac A }7 ( 3)

where

Leine, (a) =T¢, (a) NTl¢, (a)7 A€1ﬁ¢2 ((L) = A€1 (a’) A A€2 (CL),
Ve ne, (CL) = WV¢, (a) V Ve, (CL), Qe,ne, (a) = Qg, (a) V Qe, (a)7
Yeine, (a) =T (a’) ATlg, (a’)v Aeine; (CL) = Ag, (a) A Ag, (a)7

Yeine; (a) = g, (a’) Ve, (a)7 Weine, (a) = Wwe, (a) V we, (a’)
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(e) the union of €; and €9, denoted by €; U €5, is defined as

CUC = {(a,(te,ue,(a), ce,ue, (@), ue,ue, (@), fe,ue,(a))) a € A},
Te,ue, (a).676192(@ Ag e, (a).ePerve (@)

e . . ! N 14
{ < a7< \I’¢1U¢2(a)‘ew}¢1u¢2(a)vQ€1U¢2(a)'ezwelu%(a) > > aeA }7 ( )

where
Leyue,(a) =Ty (a) Ve, (a), Ague(a) = Ag (a) V Ag,(a),
Veiue,(a) = Ve (a) AV¥e,(a), Qeue,(a) = Qe (a) AQg,(a),
Yeue, (@) = e, (a) Vg, (@), Acyues(a) = Ae, (a) V A, (a),
Yeue, (@) = e, (@) A e, (a),  weyue, (@) = we, (a) A we, (a).
Example 3.9. Let A = {a1, a2} be a universal set. Assume that two CQSVNS are
¢, = {(ay, (0.5¢27(2) 0.7¢27(55) 12270 .12 (DY) (ay, (0.4627(3) | 0.5¢727(D) | 0.4627(3) | 0.7¢727(10)))}
and
¢ = {(a1, (0.6”27(3) 0.2¢727(3) 0.9¢727(35) 0.1e27(8))), (as, (0.7e27(3) 0.4¢27(D) 0.2¢27(5) (.8¢727(2)))}
The complement of € is
~ € = {(a1, (0.127M) 1£27(0) 0.7¢27(5) 0.5¢727(2))), (ay, (0.7¢"27(10) 0.4e27(3) | 0.56727(1) 0.4e/27(2)))}
The intersection of €; and €5 is
¢ N ¢y = {(ar, (0.5¢27(5),0.2¢27(30) 16727(35) 0,127 (D)) (ag, (0.4627(3) 0.4 0.4¢727(3) (.8¢27(2)))}
The union of €; and €5 is
C1UC = {(a1, (0.6"2™(2) 0.7¢27(3) 0.9¢27(0) 0.16727(8))), (s, (0.7627(3),0.5¢27() 0.2¢27(5) 0.7¢127(16)))}

Proposition 3.10. For three CQSVNSs €, €; and €5 in A, ~ €, €;NE&; and €1 UC, are also CQSVNSs
in A.

PROOF. By considering the concepts in Definition 3.8, these results can be proved easily. O
Proposition 3.11. Let €, €3 and €3 be three CQSVNSs in A. Then, the following are hold.
(i) € x €9 and €y % €3 = € x €3 for each x € {C, =}
(il) €;0€, = €,0¢; for each O € {N,U}
(iif) €;0(C20¢3) = (€10C2)0C3 for each O € {N,U}
(iv) €;0(€0¢3) = (€,0€)(€;0€3) for each ¢,0 € {N,U}
(v) (€10€2)0¢3 = (€,0¢3)0(C20¢3) for each ¢,0 € {N,U}
(vi) ~ (€10€) =~ €10 ~ &, for each ¢,0 € {N,U} and ¢ # O

PrRoOF. We will prove (vi), others can be demonstrated by similar techniques.
(vi): Assume that ¢ = N and O = U. According to the operations of complement and intersection in
Definition 3.8, we can write

~ ((’:1 N ¢2) = {(av <f€1 (a) V fe, (a’)vu€1 (a) V ug, (a)7 Cey (CL) A C€2(G)7t€1 (CL) Nteg, (CL))) rac A} (15)
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Likewise, we obtain for d = 1, 2,

~ ;= {(a7 <t~¢d (a/)7c~¢d(a/)?u~€d (a)a f~€d(a)>) HUAS -A} = {(aa <f¢d(a)’u¢d(a)7 CCd(a)’th (a)>) ‘a € A}

and so

~GU~C = {(a7 <f¢1 (a) v f€2(a)7u€1 (a) v uQQ(a)7C€1 (a) N cg, (a)7t€1 (a) N tQ:Q(a’)>) RS A} (16)

From Egs. (15) and (16), we have ~ (&€ N €2) =~ €U ~ €. It is shown in a similar way that
~ (Cl U 62) =~ N~ &. OJ

Definition 3.12. Let €, ¢; and €, be three CQSVNSs in A and n > 0 be a real number. Then, the
following operational laws are hold.

(a)

Gl = {(a{lgee(a) o (@), uean (@), oo () a e Al
Fcl@g (a) ein@Cg( a) A¢ BCs ( ) Mcl@tz( a)

= 2 ’ : 1
{ ( a’< qj@l@CQ(a)'ezwcléB%( ) 961@62( ) chl@CQ(a) > ) aeA } ( 7)

where Leioe, (a) =T¢, (a) + e, (a) —Tle, (a)FQ (a)7 A€1 o2 (a’) = A¢1 (a) + A€2 (a) - A€1 (a)A¢2 (a)7
Ve ge, (a) = Vg, (a)\IICQ (CL), Q¢1 D2 (a) = Q¢1 (a)Q¢2 (a)a ittt (a) = T, (a)+7€2 (a) —e (a)’7¢2 (CL),
)\¢1€(9¢§ (CL) (:) )\¢1 (CL) + A€2 (CL) - )‘Cl (Q)A€2 (a’>7 1/}6169@2 (CL) = 1/}61 (CLW@Q (a)7 and We ¢, (a’) =
We (a)We, (@)

(b)

& = {(a’ <t€1®¢2( ) C¢1®¢2( ) u¢1®¢2(a)7f€1®¢2(a)>) HAS A}v
e oe,(a).67018%@ Ay o, (a).ePeroe: (@)

= a, ; “ i o cae A », (18
{ ( < \Ij€1®€2( ) ey pes ) Q¢1®¢2< ) e1oe; (@) > ) } ( )

where FC1®¢2 (a) = F¢1 (a)F& (a>7 A¢1®€2 (a) - A€1 (a'>A€2 (a)7 \II€1®€2 (a) - \Ile:l( ) + \P& (a) -
\Ilcl (a)\IIQQ (a’)7 Q¢1®¢2 (a) = Q¢1 (a)+Q€2 (CL)—Q¢1 (a)Q¢2 (a)’ Ve ®¢, (a) = JYe @ ( ) () (a) )‘€1®¢2 (a) =
)‘¢1 Ea;)‘cz ((a))v ¢¢1®¢2 (a) = ¢¢1 ((Z) + 77/)@2 (a) - wﬁl (a)¢¢2 ((Z), and w¢1®62( ) = We, (a) + we, (a) -
we, (a)we, (a).

(c)
nt = {(a’7 <tn€(a)7cn€< ) unQ( ) fnﬁ(a») a € _A}7
Lre(a).ene ne(a).ePnel@ .
{<a’<@n€¢()w"¢ Qe(a). anca)>>'a€"4}’ (19)
where T'ye(a) =1 — (1 — Te(a))™, Apecla) =1 — (1 — Ag(a)™), ¥pe(a) = (Ye(a))™, Q

(@)™ me(@) = 1 — (1 — 1e(@)", Ane(@) = 1 — (1 - Ae(@)", tnela) = (Yela))
wpe(a) = (we(a))™.

(d)

c(a) =
" and

¢ = {(CL, <t€”(a’)vC@"(a)7u€”(a)vf¢"( )>) ac -’4}’
Len(a).ee (@) Aen(a).ePen (@)
- { < a,< ‘I’in(((l)).eid}ﬁn( ) Qi (( )) chn(a) > ) ra €A }’ (20)
where I'en(a) = (I'e(a))”, Aen(a) = (Ae(a))”, Yen(a) =1 — (1 = Ye(a))”, Qen(a) =1 (1 -

Qe(a))”, Ven(_) = (7@(0)) ; Aen(a) = (Ae(a))?, ten(a) = 1 — (1 — e(a))”?, and wen(a) =
1—(1—we(a))™.
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Example 3.13. Consider the CQSVNSs €; and €5 in Example 3.9 and n = 2. Then we have

(CL <08612W(§) 0766127(275) 0. 96127T(0) 0. Olez27r % >)
Qtl @ Qtl = b ; 5’ . 1 )
(a2, (0.82¢77(a), 0.7¢727 (1 0.08627(), 0.56627() )

e e 4 (@ <0.3€i2ﬂ(%)1,0.14€i27r(%), 1ei2ﬂ(%>170.19@1'27“1)))1,1
(a2, (0.28¢27(5) 0.2¢127(1) (0.52¢727(35) 0.94¢27 () [~

Bl Bl

oe, — (a1, (0.75¢27(D) 0. 91¢27(555)_ 1£727(0) .01¢727(1 ",
1 (a2, (0.64¢ ) )

),0.756227r( 0. 166227T(2o) 0.49¢27(100)))
and

o (a1, (0.25¢27(2)0.49¢™27(150) | 1¢:27(0)_(.19¢:27(1))),
! (a2, (0.16¢27(1) 0.25¢127 (1), 0646’2”(25) 0.91¢27(100)))

Proposition 3.14. If ¢, ¢; and €5 are three CQSVNSs in A and n > 0 is a real number then €; @ &,
€1 ® €y, n€ and €" are also CQSVNSs in A.

PROOF. By considering Definition 3.12, these results can be proved easily. O
Proposition 3.15. Let €; and €5 be two CQSVNSs in A and n,m > 0 be two real numbers. Then,
(1) C14C; = ¢2,4¢; for each ¢ € {®,®}
(ii) n(¢; ® €2) = n€; ® ny
(iii) n€ &me€; = (n+m)¢;
(iv) (€1 @ )" =} ® €Y
(v) ¢t @ep =eptm
(vi) ~ (C14C) =~ C B ~ & for each ¢, B {D,®} and ¢ # N
PROOF. It can be proved similar to calculations in the proof of Proposition 3.11. O
Proposition 3.16. Let €, €3 and €3 be three CQSVNSs in A. Then,
(1) (€10€2)0C3 = (€1 4C5)0(C24C3) for each O € {N,U} and ¢ € {B,®}
(i) (€10€2)4(¢10C,) = (€, 4C2) for each ¢ € {®,®}, 0,0 € {N,U} and ¢ # O
PROOF. From Definitions 3.8 and 3.12, they can be proved easily. O

Definition 3.17. Let ¢; and €5 be two CQSVNSs in A. Then, the cartesian product of €; and €,,
denoted by €; x €5, is defined as

te, e, (aj, ax), ce,xe, (aj, ag),
Gt = ¢ e e Y c(a;,a,) € Ax A
1 2 { < ( 7o k)7< u¢1><¢2(aj’ak)’f€1><€2(aj7ak;) ( K k) R
L, xe, (aj7 ar).e ey xeg (aj,ak),
A¢, xe,(aj, ax).e Aey xey “J"lk)
Ve, xe, (), ar).
QC1 X Co (a/jaak;) ’ngl 3> aJ7ak)

= (aj’ak)’ z¢¢lx¢2(a3,ak) : ((lj, ak) = A X A <21)

where F¢1><€2(ajvak) = I (aj) A FGQ(ak)’ A¢1><¢2(aj’ak) = ACl(aj) A ACz(ak)v \IJ€1X¢2(aj7ak) =
Ve, (aj)V¥e,(ar), Qe xe,(aj, ar) = Qe (a;)VQe, (ar), Ve xes (@), ar) = ve, (aj)A\Te, (ar), Aeyxe,(aj, ax) =
Aey(@5)) A Aey(ak), Yoy e, (ag, ak)) = e, (a5) V e, (ar), and we, xe, (aj, ax)) = we, (aj) V we, (ag)-
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Example 3.18. Consider the CQSVNSs €; and €5 in Example 3.9. Then, the cartesian product of
¢ and €5 is

((a1,ay), (0.5¢27(3) | 0.2¢27(55) 1¢i27(15) 01127 (DY),
((a1,a2), (0. 5ei2m () ,0. 4612W(T7()), 1612”(%), 0.8e2m(1)))
€ x & = 127r( ) i2m(2) i2m (%) 2m(%)
((az,a1),(0.4e ,0.2e"™47) 0.9¢™ 10/ 0.7 6 /) ),
((az,a2), (0. 4ei27(3) ,0.4e727(1) 0, 4ei27(3) 0.86i2”(%)))

Also, the cartesian product of &€; x €4 is

a1, a1), (0.5¢27(1) 0.7¢127(55) | 1£127(0) (. 1¢i27(1) >),

,<O.4ei2”(i),0.5ei2w(%) lei2m(3 ) ,0.7¢27(1))
(0.46™7(1) 0.5¢27(10) 1727(3) 0. 7¢i2m(1))
( 3),0.5¢27(1

0
), 0.4¢i27(5 ), 0.7¢2 (15

=

=

);
);
b))
Proposition 3.19. For two CQSVNSs ¢ and €5 in A, €; x €3 is a CQSVNS in 4 x A.
PRrROOF. By considering Definition 3.17, this result can be demonstrated easily. O
Proposition 3.20. Let €, €3 and €3 be three CQSVNSs in A. Then,

(i) €1 %€y = (€1 x €3) % (Cg x €3) for each x € {C,=}

(i) €1 X (€ x €3) = (€ x €y) X €3
(iii) €1 x (€20€3) = (€1 x €2)O(€; x €3) for each ¢ € {N,U}

(iv) (€10€2) x €3) = (€1 X €3)O(C2 x €3) for each ¢ € {N,U}
PROOF. We will prove the assertion (i), the other can be demonstrated in a similar way.

(i): Assume that ¢; C €;. By considering Eq. (10), for truth-membership grades, we have t¢, (a;) <
te,(aj), ie. Te,(aj) <Te,(a;) and ve, (@) < ve,(aj). There are three cases.

Case 1: If te,(ar) < te, (aj) < te,(aj) then te,(ar) Ate, (aj) = te,(ar) and te,(a;) Ate,(ag) =
te, (ar). It follows t¢, (aj) NAtg, (ar) = te, (aj) Nteg, (ag)-

Case 2: If te, (aj) < tg, (ak) < g, (aj) then te, (CLJ‘) Atg, (ak) = tg, (aj) and te, (aj) Atg, (ak) =
tey(ag). Since te, (aj) < te,(ar), it is obtained that te, (aj) Ate,(ag) < te,(aj) Ate,(ak).

Case 3: If te, (aj) < te,(aj) < tey(ar) then te, (aj) Ate,(ar) = te, (aj) and te,(a;) Atey(ag) =
te, (aj). It follows t¢, (aj) Alg, (ar) < te, (aj) Nteg, (ag)-

As a result of these three cases, te, (a;) A tes(ar) < te,(aj) A tey(ag) for every aj,ar € A.
By making similar calculations, it can be shown that c¢, (a;) A ces(ar) < ce,(aj) A cey(ar),

ug, (aj) V uey(ar) > ue,(aj) V ue(ar) and fe,(a;) V fes(ar) > fe,(aj) V fes(ay) for every
aj,ar € A. So we have €; x €3 C €y x €3 if €; C €. This is obvious for situation of equality.

O]

3.3. Relations on Complex Quadripartitioned Single Valued Neutrosophic Set

In this part, we discuss the complex quadripartitioned single valued neutrosophic relation and equiv-
alence complex quadripartitioned single valued neutrosophic relation with desired properties.
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Definition 3.21. Let €; and €3 be two CQSVNSs in A. Then, a complex quadripartitioned single
valued neutrosophic relation (CQSVN relation) from €; to €3 is a (non-null) CQSVN subset of €; x €.
Thus, a CQSVN relation from €; to €, is denoted by (€1, €2), where I(€1, ) C € x €. (€, E,)
can be represented as the set

123} (aj,ar), cs(e, e0)(aj, ax),
3(€,¢) = a;i,ay), (€1,€2) V% (€1,€) % c(aj,ar) e Ax A 3,
(€1, €2) { ( (aj, ax) < u%(@l,&)(ajaak)vf%(@l,Gg)(ajvak) (a5, ax)
(ajrak)
(

s (e ez) aj,ar)
)

(@1 ¢ g (eq,¢9)

(1,82
(617&)
€2)
Especially, a CQSVN subset of €; x €; is called a CQSVN relation on €; and denoted by (€4).

(a‘Jv ak:)
aj, ak)-

)
)(
(aj, ). %(%%)(%ak)’
(

: (aj,ak) ceAx A (22)

= (aj7ak)v

CL],ak) eWs(e,ey)(@),ak)

Example 3.22. We consider €; x €, given in Example 3.18. If

((a1,a1), <0'3€i27r(%)70‘2€i27r(%)’ 1ei27r(1) 0.9¢i2m(1 )>)
o ((a1,a2), (0.2ei2”(%),0.1ei2“(i), 1ei2ﬂ(§) 0.9¢727()Y),
(¢, &) = i2m(L) i2m(3) i2m i2m(2) ’
((az, a1), (0.17(5),0.2¢™7(5) 0.9¢27(1) 0.8¢727(0))),
((a27a2)7 <0'3€i2ﬂ'(%)70‘1ei2ﬂ'(%) 0. 7612#(3) 0. 96127r(%)>)

then (€, ) C €; x € and so (€, ) is a CQSVN relation from €; to Ca.

Definition 3.23. If S is a CQSVN relation from €; to €5 then the inverse ! is a CQSVN relation
from &5 to €; and is defined as follows:

3¢y, @) :{ < (ak,aj)’< ba= (@0 (8 45), 51 (@, Gl)(ak’aj))’ > ) s (ak,a5) € Ax A }, (23)

u§71(¢2,¢1 (ak?a]) f 1 @2,@1 (ak?a’j

where tg—l(cmcl)(ak, aj) = tg(ﬁﬁ?)(a]’, ak), 6g_1(¢27€1)(ak, a]’) = 03&17@2)(%,%), u§_1(¢27¢1)(ak, aj) =
Ug(e,,¢) (a5, ak) and fo-1(¢,.¢,)(ak; a5) = fy(e,e0) (@, ar)-

Example 3.24. We consider the CQSVN relation (€1, ;) from €; to € in Example 3.22. Then,

((a1,a1), <O.36i2”(%) 0.2¢i27(3) | 1¢i2m(l ),0.9¢27()Y),
e e)) = ((al,aQ),<o.1ef2”<%> 0.2¢27(5), 0.9¢27(1)| 0.8¢727(8)Y),
’ ((ag,a1), (0.2¢27(2) 0. 1e/27(1) 1¢727(3) (. 9¢i2m(1 )>) ’
((az,ag),<0.36i2ﬂ—(%) ei2m(3) 0.7€Z2W( ),0.9612”( )

is the inverse of (€1, €3), and further is a CQSVN relation from €5 to €;.

Definition 3.25. If & is a CQSVN relation from €; to € and Sisa CQSVN relation from €5 to €3
then the composition o S, is a CQSVN relation from € to €3, is defined as follows:

~ ta s 3 j 9 ; 3 j ) )
(S 09)(¢y, &) :{ ( (aj7al),< e o3(€1,¢) (%> U1): CooF(e e (9 al)) > ) :(aj,a1) € Ax A }7(24)

o5(e ) (%> W) F3o3(e, e5) (0> 01

i(V{rs(e),¢9)(@5:08) M5 (¢, 0q) (@h501)})
where t§o§(€17€3)(aj, al) = (\/{Fg@h@)(a]‘, ak) AF§(€2,€3)(CL1€7 al)}) e % ,
ag
(\/{A $(¢1.€2)(45,08)AAS ¢y ¢4) (@K51) 1)
Caod(er,es) (@ A1) = (\i{AS‘s(Ql,Q)(ajaak) NS (g, 05 (R, a1)}) € :
(/\{w\r(il @2)(a9,ak)\/¢g(¢ ¢ )(akval)})
UgoF(ey,e) (4> ) = (({Z{\Pg(%,&)(%ak) VU5, 0 @k a)}) € ™ o ,

i(AMws(e).e9)(25:0) VW5 (0, eq)(@8:01)})

f%o\s(ﬁl Q)(a], al) = (/:{Qo thg)(aj, ak) V Qg(&’%)(ak, al)}) ay
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Proposition 3.26. Let & and S be two CQSVN relations from €; to €5 and from €5 to €3, respec-
tively. Then, the following assertions are true.

PROOF. (i): The proof is straightforward. N

(ii): If the composition § o ¥ is a CQSVN relation from €; to €3 then the inverse (o )7 is a
CQSVN relation from €3 to €;. By the definitions of inverse and composition of CQSVN relations,
we can write

-1

biso3)-1(e5,00) (0 05) = L5 (e, 0y (@5 A1)
iV {rs(er.e0)(45:86)M5 0y 0q) (@F@)})

= (\/{Pg(@hgﬂ(a]‘, CLk) A F§(€2,¢3)(ak, al)}).e ag

ag,
i((V{rs—1(ey,e0) (@) AM5-1 (0, ¢, (@0,0K)})
= (V{Ts-1(ep.e0) (ar: a5) A P51 (g5 (@ k) ) € e e

ak
Z(\/{'Yc» 1 (al,ak)/\»y(\ 1 (akﬂ )})
\/{ 1 (€5.00) (@ 0k) ATg-1(e5,00) (ar, a5)}) € (€.€2) (e3,¢1) (k1%

= t(@—log—l)(gggl)(alv a;) (25)

By using the similar techniques, we can demonstrate the equalities:
C(%%)fl(a‘g,el)(%“J‘):C(&losfl)(eg,el)(alvaj)v u(%o%)*l(Cg,Q‘l)(al’aﬂ) UG-103-1)(e ,el)(“la@j) and
1

f(%og),l(€37¢1)(al,aj) = f(@—log—l)(¢37¢1)(alaaj)- So, we have (S o \s) 1 _ G log 1, O

Definition 3.27. A CQSVN relation § on € is said to be

(a) reflexive if tg(e)(ay, a;) = €7, cqe)(aj, a;) = €27, uge)(aj,a;) = 0 and fye)(aj,a;) = 0 for all

a; € A.

(b) symmetric if tg(q) (aj, ar) = tg(e) (@, a5), cx(e) (), ar) = cge)(ar, az), ug(e) (aj, ax) = ug(e) (ak, a;)
and fg(@) (aj, ak) = fg(@)(dk,aj) for all aj,ar € A.

(c) transitive if Jo < C .
(e.g., for amplitude term and phase term of truth-membership, it is characterized as follows:
Cge)(aj, ar) > V{Tg(e)(aj, ar) A g (ar, an)}s vse)(as, ar) = V{vse) (@), ax) A vse) (ar, ar)}
ag ag

for all aj,ar,a; € A. Likewise, it can be interpreted in accordance with the concept of com-
position of CQSVN relations for contradiction-membership, ignorance-membership and falsity-
membership.)

Example 3.28. For the CQSVNS ¢; x€; in Example 3.18, J(€;) = €; x€; is a CQSVN relation on ;.

3(€y) is not reflexive (e.g., toe,)(aj, aj) # €27). Since tge,)(a1, az) = tg(e,)(az, a1), cy(e,) (a1, az) =
cg(ey) (@2, 1) ug(ey)(ar, az2) = ug(e,)(az,a1) and fye,)(a1,a2) = foe)(az, ar), (1) is symmetric.
Since J(€1) o F(C1) C I(€y), I(Cy) is transitive.

Proposition 3.29. Let & be a CQSVN relations on €. Then,

(i) if S is a reflexive CQSVN relation, then 37! is also reflexive.

(ii) if $ is a symmetric CQSVN relation, then 31 is also symmetric.
(iii) if 3 is a transitive CQSVN relation, then S~! is also transitive.

PRrROOF. The proofs are straightforward. O



Journal of New Theory 34 (2021) 45-63 / Rough Approximations of CQSVNSs 56

Definition 3.30. A CQSVN relation S on € is said to be equivalence CQSVN relation if S is reflexive,
symmetric and transitive.

o1

Proposition 3.31. If & &

CQSVN relation on €.

is an equivalence CQSVN relation on € then is also an equivalence

PROOF. The proof is obvious from Definition 3.30 and Proposition 3.29. O

4. Rough Sets Combined Complex Quadripartitioned Single Valued Neutrosophic
Sets

In this section, we introduce the concept of rough complex quadripartitioned single valued neutrosophic
set by combining both rough set and CQSVNS. Also, we investigate the axiomatic characterizations.

Definition 4.1. Let A be a non-empty set and R be a an equivalence relation on 4. Assume that €
is a CQSVNS in A.
The lower approximation of € in the approximation space (A, R), denoted by appr%(C), is defined as

iy (© fl])
appr (@ (a;).e =

apprg(€) =

aj,<

appr

where, for all a; € A,

)(
appry (€) (a]
appr () (a;
(

@)\

e'L)‘app'r (¢) (a3)7
(aJ) : aj G ./4 9 (26)

K3
e wappr

elwappr% () (a] )

)-
)-
)-
)-

Fappr%(@( ) = /\ Fﬁ(ak)7 AappTR(C)(aj) = /\ Aﬁ(ak)>
ar€laj]ln o ak€lazln
\PMR(G) (aj) = \/ \PQ(ak)7 QM%(@ (aj) = \/ Q€<ak)v
ar€lasln ap€lasln
Yappr (@ (@) = A velar),  Aappry@(@) = A Aelar),
ar€laj]n ak€laz]ln
wapprm(ﬁ) (aj) = \/ wC(ak)v wappr%(ﬁ) (aj) = \/ WC(ak)
T ar€lajln o ak€lazln

The upper approximation of € in the approximation space (A, R), denoted by appry(€), is defined as

/L’yapprm(C) (a] )

apprm )(a]) o @ )
7/ appry (€) (&
apprR(€) = (Ao leg)e caje Ay 27
app?“%( ) a; app’l“gR @ (CL]) Zwappﬂn(@(a]) a; ( )
apprm )(aj) ZWappra?(Q)(a])
where, for all a; € A,
Fappr%(C) (aj) = \/ FC(ak)> Aappr%(ﬁ)(aj) = \/ AC(ak)a
- ar€lajln - ak€lazln
Voppro @ (a5) = A Welar) Qappr ((aj) = A Qelar),
akE[a]‘]m ake[aj]ER
appry(€)(az) =V yelar), Aappry@(a) =V Aelar),
ak€lazln ak€lazln
wapprm(C) (aj) = /\ wﬁ(ak’)a WappréR(C) (aj) = /\ wﬁ(ak)
o ap€lajlp o ar€laz]ln
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It is easy to see that appry(€) and appry (<) are two CQSVNSs in A. appry(€) = (appry (), appry(€))
is called the rough complex quadripartitioned single valued neutrosophic set (rough CQSVNS) in the
approximation space (A, ). Furthermore, the positive region, negative region and boundary region
of CQSVNS € are defined as Pg(€) = appr,(€), Np(€) =~ appry(¢) and Byp(€) = appry(E)N ~
appr,(€), respectively. If appr,(€) = appry(€) then the CQSVNS € is called a definable CQSVNS
in (A,R), otherwise € is a rough. It can be easily demonstrated that null CQSVNS and absolute
CQSVNS are definable.

Example 4.2. Suppose that A = {ay, a9, a3, a4, as,as} is a universal set and

(as, (0.7¢127(5) 0.2¢i27(3) | 0.4¢i27(3) 0561‘“(1))) (a4, (0. 161%( ) 04em< ), 0. 16’2”( ),0.1e27 (1)),

{ (ah<0.5ei27r(%)70_7€i27r(2) ei2m(1) 1ei27r(1%)>) (az, (0. 461‘%(2) 096i27r(1) 0.7¢27(3) Oei27r(0)>) }
Q: =
(as, (0.2¢27(3)  0.5e127(5 >,0.6e127f< >,o.7el27f< "), (a ,(0.2612”(1),0.7612”(1),0.4612”( 02612” 1))

is a CQSVNS in A. Also, let  be an equivalence relation on A such that the equivalence classes are
la1]p = {a1, a3}, [a2]p = {a2}, and [a4]n = {a4, aq,a6}. Then, the lower and upper approximations of
¢, ie. appr%(ﬁ) and appry(€), respectively, in the approximation space (A, R) are as follows:

(ah <0.56i27r(é)’ 0.2ei271'(%)7 161’27r(1)7 ]_61'27r(1)>)7 (a2’ <0 461271'( ) ,0. 961271'( ) 0. 761271'( ) 06i27r(0)>)’
(Cl3, <O.5ei2ﬂ(%)’ 0'281'271'(%)7 1€i277(1) 1ei27r(1)>) ( aa, <0 167.271'( )7 0.462271-( )70 661271( ) 0. 7ei27r(3 >)
(a5, (0.1727(3) 0.4¢727(2) | 0.6€727(3) | 0.7¢127(2))), (ag, (0.1727(3), 0.4¢727(3) 0. 6eizm(3) ,0.7¢127(3)))

and

(a1,<0.7ei2’*<1> 0.7¢27(3) 0.4¢27(2) 0.5¢27(30))), (as, (0.4¢27(3) | 0.9¢727(3) 0, 7e12ﬂ(%>,0e12ﬂ<0>>)

(az, (0.7¢727(2)0.7¢727(3) | 0.4¢727(3) 05612”(i)>),(a47<0.2ei2”(1),0.7ei2”(1),0.1el2”(%) 0.2¢27 (1)),

(as, (O.Qem”(l),0.7612”(1)70.16’2”( ),O.QBZQW( o)), (ag, <0.26i2”(1),0.762'2”(1),0.1612”( ),0.2 ¢i27(55) ))
So, it is a rough CQSVNS.

Proposition 4.3. For the lower and upper approximations of CQSVNSs €, €; and €, the following
properties are hold.

(i) appry,(€) C € C appry(€)
(ii) & C & = appry(€1) C appr(€2) and appry(€i) C appry(€2)

(iil) appry(apprg(€)) = appry,(€) and appry(appry(€)) = appry(€)

(iv) appry,(appry(€)) = appry(€) and appry(appry,(€)) = appry(€)

(
(
(v) apprg(~ €) =~ appry(€) and appry(~ €) =~ appry(€)
(vi) appry (€1 N &) = appry(€1) Nappry(€2) and appry (€ U €2) = appry(€1) U appry(€2)
PRrOOF.

(i): Let € be a CQSVNS in A, and appr%(ﬁ) and appry(€) be lower and upper approximations of
¢, respectively. For every a; € A, we calculate (by considering Definitions 3.8 (a) and 4.1), for
the amplitude term of complex truth-membership,

Lappr@(aj) = A Telar) <Tela;) <V Telar) = Tagpry(e)(a5)

ai€lajln ar€laj]n

and for the phase term of complex falsity-membership,

Wappr,(@)(aj) =V welar) Zwelag) = A welar) = Wagpry(e)(a5)-
ai€lajln ai€lajln
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(ii):
(iii):

(iv):
(v):

(vi):

o8

Proceeding with similar calculations, we obtain that

Aappr () (a5) < Aeaj) < Aagpry)(a7), Yappr, (©)(a7) = Yelaj) = Vapprp(e) (a5),

Qappr,,(2)(@5) = Qe(a;) = Qappry ) (@5), Vappr () (@5) < velaz) < Yapprg(e)(a);

Aappr,(€)(05) < Ae(a5) < Aapprp(e)(@5); Vappr, (©)(a5) = Ye(aj) = Vapprp(e) (@5)-

Therefore, we have apprm(ﬁ) C € C appry(€)
It is obvious from the definitions of lower and upper approximations of CQSVNS.

According to the definition of lower approximation of CQSVNS, we can write, for ever a; € A,
Lappry (©)(a7) = /\  Telar) = Le(ar,)
ak€laz]ln
where a, € [a;]n. It follows
Lappr,,(appr,(e)) (a5) = A AN Telaw)) =Telar.)
ar€laslp ar€lajln

So, Fappr%(appr%(e))(aj) = Fappr%(C)(aj) for ever a; € A. It can be shown similarly for other
amplitude terms and phase terms. These demonstrate that appr%(appr%(ei)) = appr%(Qﬁ). The
property apprm(apprm(ef)) = appr%(C) can be proved similarly.

The proof is similar to the proof of (iii).

According to the Definitions 3.8 (c) and 4.1, we can obtain

i A v~elar)) )
(A Teelag)e om0
ak€lajln
i A Aecelar))
( /\ A~¢(ak)).e ap€lajly ,
appry(~€) = a; ak€lagle ta; €A
appr g - J> iV tYelar)) ©
( \/ ‘Pwe(ak))-e ap€lajlp ,
ar€lajln
o iV wmelan)
(V  Quelap)).e el
L ar€la;ln )
( iV welar)) )
( \/ Qﬁ(ak))ﬁ ap€lajln ,
ak€la;ln
iV velar)
(V  Telag)).e »teln ,
_ a;, < ai€lajln (A Aelan) > S A
(A Aca)e i
ak€la;ln
i A velar))
(A Telag)).e “sleln ;
L ar€lajln )

= ~appry(Q). (28)
The property of apprs(~ €) =~ apprs(€) can be demonstrated similarly.

Based on the Definition 3.8 (¢) and (d) and Definition 4.1, it can be proved similar to the proof
of (v).

O]
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5. Level Cut Set-based Rough Degree of Complex Quadripartitioned Single Valued
Neutrosophic Set

In this section, we introduce the approximate precision and rough degree of CQSVNS and give some
theoretical results.

For the CQSVNS ¢ in A, we know that apprﬂ(@ and appryp(€) are two CQSVNSs. Thus, the

(a1, 1), (a2, B2), (as, B3), (a4, B1))-level cut sets of appr%(ﬁ) and appry(€) can be described as fol-
lows.

Definition 5.1. The ((a1, 1), (a2, 82), (a3, B3), (4, f1))-level cut sets of appr%(Q:) and appryp(C),
denoted by (appr%(C))(Bl’ﬁQ’ﬁ&ﬁ“)) and (appr%((ﬁ))(ﬂl’ﬁQ’ﬁ3’f84)), are defined as follows, respectively:

(a1,a2,03,04 (a1,a2,03,04

appr (a’]) > Q, AMR(Q) (CL]') > a2,

(B1,62,83,84) app?“ (aJ) < as, Qap;m‘ (Q)(aj) < ay,

appr (€ =< a; €A: R 29

(7]7]9 §R( ))(a1,a27a3,a4) J Yappr,( (a]) > 01, )‘apprw(@ (aj) > (9, (29)
wapp’/‘%(Q (CLJ) < ﬁ37 wappr%(@ (aj) < 54

and

apan C)(aj) > o, AWW(G) (aj) > g,
—— (B1,82,83,84) _ ) . app’r () (CL]) < ag, Qappr (©) (aj) < oy,
appry(C =< a;€A: » ® 30
(appry( >)(a1,a2,a3,a4) J Vapprg (€ )(a]) > By, A a7 Q)(aj) > [y, (30)
wapprm )(a]) < B3, Wapprs (€) (CL]') < B4

Definition 5.2. Let (A, R) be an approximation space and € be a CQSVNS in A. Also, let the
(a2, 82), (a2, 82), (a3, B2), (a2, B2))-level cut set of appry(€) be not null. The level cut set-based
approximate precision of CQSVNS € can be defined as

(/B 7/3 9ﬁ ’/Bl)
o) (L2 B g gty [(appr (@) (ol ot abab| a1
(7( )( (12), (1 2), (1 2. (1 2)) — (B2,62,62.52) ( )
Kappr%(e:))(al,awag,az)’
where the notation | - | denotes the cardinality of set and 0 < a% < 04% <10« a% < a% <1,
0<a3<a3<1L,0<o<aj<LO0<f<p<1,0<B <P <1,0<p]<ps<],
0<pl<pi<L
The level cut set-based rough degree of CQSVNS € is denoted and defined by
( %172)7ﬁ§172)7ﬁél,2) 765{1’2)) P . ( 5172)7/8§1,2)’5:‘(;1,2) 7184&1’2))
p(e)(a§1,2)7a(21,2)7ag1,2)7a‘(11,2)) =1 U(Q:)(a§1,2)’a(21,2)’a§1,2)7a£11,2)) (32)

Note 5.3. From now on, the ((a?, 87), (a3, 83), (a3, B2), (a3, B3))-level cut set of appry(€) is not null.

Theorem 5.4. Let (A, R) be an approximation space and € be a CQSVNS in A. Then, the approxi-
. (5(1 2)’ (1, 2), (1, 2)7 §1,2) ( (1, 2), él,Q)’ él 2)7 41 2))

mate precision O'(Q:)( (12) (1 ) (1 2) (1) and the rough degree p(Qﬁ)( 12,12 1) .2) of CQSVNS

&g sy

¢ provide the followmg propertles
; (B2 ) b b))
(i) 0 < U<Q:)( (1.2) (1,2) 0521,2) 4(1 2)
thnti ] 13 I’

o)

(1 2) 5(1,2) 5(1,2) ﬁ(l 2))
P9 sP3 Py < 1

(1, 2) (172) (1 2) (1 2))

<1

(i) 0 < p<¢>§
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PROOF.

(i): By Proposition 4.3 (i), we know that appry(€) € apprp(€). Since 0 < a?, < oz]l, <1,0< ﬁf, <
ﬁ;glforpzl,Q and0<aé§a3§1,0<ﬁ; §B2§1forp:3,4, we can say that
‘(M%(Qz))(ai,ai,az 6;111)| < ‘(appr%(e:))(al%,az,az,ai)‘

(1,2) 5(1,2) 5(1,2) 5(1,2)
M2 M3

( Bi)
So, we have 0 < J(@)(a}m) (1) 2 4(1 ) <1
1 Qy

(ii): It is obvious from (i) and Eq. (32).
U

Example 5.5. Consider the lower approximation appry(€) and upper approximation appry(€) of €
in Example 4.2. We can find that the ((0.3, %), (0.7, ) (0.7,45),(0.3,0))-level cut set of appr(€) is

4

(£7£7 7
(apprm(e))(g’. 20 7,0. 7 0.3) = {az}
and ((0.2,%),(0.7,2F), (0.7, 4%), (0.5, T))-level cut set of appryp(€) is

(7r 27 4w Tr)

@PT5(©)) 5355 4500 = (02,04, a5, a5)

Hence, we calculate the approximation precision and rough degree as

2 ar 4
(5:3h(5,5):(55),(0,3))

1
U(Q)((0.3,0.2),(0.7,0.2),(0.7,0.7),(0.3,0.5)) =1

and
((E E) (W72gr)7 47r747r),(0’E)) 3
/’(Q:)((S Y )2(0 7,0. 2)3 (037,0.7),?0.3,0.5)) =1

Proposition 5.6. Let (A, R) be an approximation space, and €; and €3 be two CQSVNSs in A.
(i) If ¢; C &5 and (appréR(Cl))( Z’ﬁ%’ﬂd’ﬁ“) (apprs (€2 ))(ﬁl "321’53’ﬁ4) then

(of, a2,a3 a4) (a a2,a3,a )

. ( 51,2) ;1,2) §1,2) 54(11,2)) &, (5(1 2) (1 2) 5(1 12) 5(1 2)
O_ b b b < 0_ b 9.
( 1)(a§1,2)7a§1,2)’aél,2)’ai1,2)) > ( )( a, 2)’ (1 2)7 (, 2)’ (1,2)y

and

(1,2) §1,2)7 él 2)7 41 2)) (B(l 2)7 (1, 2)’5(1 2),,3(1 2))

( k2
(Qtl) (1, 2) (1,2) (1,2) (1,2)y = p(Q:Q) (1, 2) (1 2) (1 2) (1 2)
( ,CM3 ) 4 ) ( 7 7 )

(i) If € C € and (appryy(€1)) 552 — (appr (€2)) 1% %%) then

(a17a27a57a4) ( 17052704370‘4)

e N N S (812,850 ) (12
¢ 2 3 4 Q: 2 3 4
( 1)( (1.2), (1,2)@&1,2) (1, 2)) ( 2)( (11 2)’(1;1,2)70[&1,2)7&511,2))
and
( (12), (1 2>,,8<1 2)75(1,2)) (/3(1 2)7 a, 2),5(1 12) 75(1 2>)
C 1 4 < €
P( 1)(ag1 2)7 <1 2)7 (, 2)’%(11,2)) > p( )( 51 2)7 (1 2)’ a, 2)7 a, 2))
PROOF.
. . 82,83, B3:85.8 iy
(i): Since €; C &y, we have (appr (Ql))ggl 01225% i“l)) C (appr. (Qﬁg))gil a22 a3 4)) by Propositions 3.5
and 4.3 (i). From the assumption, we have (appr (61))(51 ’62’ﬂ3’54) = (appr (CQ))(B%’B%’Bé’ﬂi).
R (a?,02,02,02) — R (al,al,0d.al)

Therefore, the proof is clear from Egs. (31) and (32).

(ii): It can be proved similar to proof of (i).
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6. Conclusion

The QSVNS based on the four-valued logic is an effective mathematical tool for managing ambiguity.
In this study based on extension of these sets, we introduced the concept of CQSVNSs and carried out
theoretical study of various set-theoretic operations on them. Then, we described the lower and upper
approximations of CQSVNSs in the approximation space and discussed their properties. Meanwhile,
we gave the definitions of rough CQSVN cut sets and then presented how to measure the rough degree
of CQSVN in the approximation space. It is worth mentioning that the CQSVNs and rough CQSVNs
can be used for dealing with many problems in real life. Future works may involve the different types
of distance measures between two CQSVNs (or rough CQSVNSs) and their applications in the medical
diagnosis, pattern recognition and clustering analysis.
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