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Abstract: Covering rough set is a classical generalization of rough set. As covering rough set is
a mathematical tool to deal with incomplete and incomplete data, it has been widely used in various
fields. The aim of this paper is to extend the covering rough sets to interval neutrosophic sets, which can
make multi-attribute decision making problem more tractable. Interval neutrosophic covering rough
sets can be viewed as the bridge connecting Interval neutrosophic sets and covering rough sets. Firstly,
the paper introduces the definition of interval neutrosophic sets and covering rough sets, where the
covering rough set is defined by neighborhood. Secondly, Some basic properties and operation rules
of interval neutrosophic sets and covering rough sets are discussed. Thirdly, the definition of interval
neutrosophic covering rough sets are proposed. Then, some theorems are put forward and their proofs
of interval neutrosophic covering rough sets also be gived. Lastly, this paper gives a numerical example
to apply the interval neutrosophic covering rough sets.
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1. Introduction

Rough set theory was initially developed by Pawlak [1] as a new mathematical methodology to
deal with the vagueness and uncertainty in information systems. Covering rough set (CRS) theory is a
generalization of traditional rough set theory, which is characterized by coverings instead of
partitions. Degang Chen et al. [2] proposed belief and plausibility functions to characterize
neighborhood-covering rough sets. Essentially, they developed a numerical method for finding
reductions using belief functions. Liwen Ma [3] defined the complementary neighborhood of an
arbitrary element in the universe and discussed its properties. Based on the concepts of neighborhood
and complementary neighborhood, an equivalent definition of a class of CRS is defined or given. Bin
Yang and Bao Qing Hu [4] introduced some new definitions of fuzzy-covering approximation spaces
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and studied the properties of fuzzy-covering approximation spaces and Mas fuzzy covering-based
rough set models. On this basis, they proposed three rough set models based on fuzzy coverage as the
generalization of Ma model. Yan-Lan Zhang and Mao-Kang Luo [5] studied the relation between
relation-based rough sets and covering-based rough sets. In a rough set framework based on relation,
they unified five kinds of covering-based rough sets. The equivalence relations of covering-based
rough sets and the type of relation-based rough sets were established. Lynn Deer et al. [6] studied 24
such neighborhood operators, which can be derived from a single covering. They also verified the
equality between them, reducing the original set to 13 different neighborhood operators. For the latter,
they established a partial order showing which operators produce smaller or larger neighborhoods
than the others. Li Zhang et al. [7,8] combined the extended rough set theory with the mature MADM
problem solving methods and proposed several types of covering-based general multigranulation
intuitionistic fuzzy rough set models by using four types of intuitionistic fuzzy neighborhoods.
Sang-Eon Han [9, 10] set a starting point for establishing a CRS for an LFC-Space and developed the
notions of accuracy of rough set approximations. Further, he gave two kinds of rough membership
functions and two new rough concepts of digital topological rough set . Qingyuan Xu et al. [11]
proposed a rough set method to deal with a class of set covering problem, called unicost set covering
problem, which is a well-known problem in binary optimization. Liwen Ma [12] considered some
types of neighborhood-related covering rough sets by introducing a new notion of complementary
neighborhood. Smarandache [13] proposed the concept of neutrosophic sets in 1999, pointing out that
neutrosophic sets is a set composed of the truth-membership, indeterminacy-membership and
falsity-membership. Compared with previous models, it can better describe the support, neutrality and
opposition of fuzzy concepts. Because of the complexity of practical problems in real life, Wang
et al. [14] proposed interval neutrosophic sets(INS) and proved various properties of interval
neutrosophic sets, which are connected to operations and relations over interval neutrosophic sets.
Nguyen Tho Thong et al. [15] presented a new concept called dynamic interval-valued neutrosophic
sets for such the dynamic decision-making applications. Irfan Deli [16] defined the notion of the
interval valued neutrosophic soft sets, which is a combination of an interval valued neutrosophic sets
and a soft sets. And introduced some definition and properties of interval valued neutrosophic soft
sets. Hua Ma et al. [17, 18] utilized the INS theory to propose a time-aware trustworthiness ranking
prediction approach to selecting the highly trustworthy cloud service meeting the user-specific
requirements and a time-aware trustworthy service selection approach with tradeoffs between
performance costs and potential risks because of the deficiency of the traditional value prediction
approaches. Ye jun [19] defined the Hamming and Euclidean distances between INS and proposed the
similarity measures between INS based on the relationship between similarity measures and
distances. Hongyu Zhang et al. [20] Defined the operations for INS and put forward a comparison
approach based on the related research of interval valued intuitionistic fuzzy sets. Wei Yang et al. [21]
developed a new multiple attribute decision-making method based on the INS and linear assignment.
Meanwhile he considered the correlation of information by using the Choquet integral. Peide Liu and
Guolin Tang [22] combined power average and generalized weighted aggregation operators to INS,
and proposed some aggregation operators to apply in decision making problem.

In recent years, many scholars have studied the combined application of rough sets and
neutrosophic sets. In order to make a comprehensive overview for neutrosophic fusion of rough set
theory Xue Zhan-Ao et al. [23] defifined a new covering rough intuitionistic fuzzy set model in
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covering approximation space, which is combined by CRS and intuitionistic fuzzy sets. They
discussed the properties of lower and upper approximation operators and extended covering rough
intuitionistic fuzzy set in rough sets from single-granulation to multi-granulation. Hai-Long Yang
et al. [24] proposed single valued neutrosophic rough sets by combining single valued neutrosophic
sets and rough sets. They also studied the hybrid model by constructive and axiomatic approaches.
Hai-Long Yang et al. [25] combined INS with rough sets and proposed a generalized interval
neutrosophic rough sets based on interval neutrosophic relation.They explored the hybrid model
through the construction method and the axiomatic method. At the same time, the generalized interval
neutrosophic approximation lower and upper approximation operators were defined by the
construction method. In this paper we will study the interval neutrosophic covering rough set
(INCRS), which is combined by the CRS and INS, and discuss the properties of it. Further we will
give the complete proof of them. In order to do so, the remainder of this paper is shown as follows. In
Section 2, we briefly review the basic concepts and operational rules of INS and CRS. In Section 3,
we propose the definition and the properties of INCRS and give some easy cases to describe it. In
Section 4, we discuss some theorems for INCRS and prove them completely. In Section 5, we give a
simple application of Interval Neutrosophic Covering Rough Sets. In Section 6, we conclude the

paper.
2. Preliminaries

This section gives a brief overview of concepts and definitions of interval neutrosophic sets, and
covering rough sets.

2.1. Interval neutrosophic sets

Definition 2.1. [13] Let X be a space of points (objects), with a class of elements in X denoted by
x. A neutrosophic set A in X is summarized by a truth-membership function 74, an indeterminacy-
membership function /4y, and a falsity-membership function F ). The functions Ty, Lacx), Fa are
real standard or non-standard subsets of J0~, 1*[. That is T4(x) : X —]07, 1" [I4(x) : X —»]07, 1" and
Fa(x): X —]07, 17

There is restriction on the sum of T4(x), I4(x) and F4(x), so 07 < sup Ta(x) + sup 14(x) + sup F4(x)
< 3*. As mentioned above, it is hard to apply the neutrosophic set to solve some real problems.
Hence, Wang et al presented interval neutrosophic set, which is a subclass of the neutrosophic set and
mentioned the definition as follows:
Definition 2.2. [13] Let X be a space of points (objects), with a class of elements in X denoted by
x. A single-valued neutrosophic set N in X is summarized by a truth-membership function 7y, an
indeterminacy-membership function /y,), and a falsity-membership function Fy,. Then an INS A can
be denoted as follows:

A = {(x, Ta(x), I5(x), Fa(x)) x € X} 2.1

where T4(x) = |T5(x), TY ()|, Ia(x) = |I5(x). I ()|, Fax) = [Fk(x), FS(x)| € [0,1] for Vx € X.
Meanwhile, the sum of T4 (x)I4(x), and F4(x) fulfills the condition 0 < T4(x) + I4(x) + Fa(x) < 3.

For convenience, we refer to A = (T4, 14, Fy) = <[T£, Tj’],[lj,lﬂ,[Ff;, Ff{]> as an interval
neutrosophic number (INN), which is a basic unit of INS. In addition, let X = ([1, 1], [0, 0], [0, 0]) be
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the biggest interval neutrosophic number, and 0 = ([0,0],[1,1],[1,1]) be the smallest interval
neutrosophic number.

Definition 2.3. [13] The complement of an INS A = (Tu, Iy, Fa) = (|75, TY|. 1%, 1Y].[FE FY)) is
denoted by A€ and which is defined as A¢ = <[fo, Fj’] , [1 -17,1- If;] , [T/ﬁ, Tj’]>. For any x,y € X,
an INS 1, and its complement 1x_y,, are defined as follows:

| [L1Lx=y B _ ] [0,0L,x=y
T,(x) —{ 0,0, x # y 1, (x) = Fi(x) —{ 1L x#y

[0,0],x =y [1,1],x=y
Tlx_(y)(x) = { [1,1], x # y ,le_ly(x) = F]X—(v)(-x) = { [0, 0], x # y

Definition 2.4. [16] A = {{(x, T4(x), I4(x), Fo(x))} and B = {{x, Tg(x), Ip(x), Fp(x))} are two interval
neutrosophic sets, where T(x) = [T4(x), TY (x)|. Ia(x) = [I5(x). IY(0)]. Fa(x) = [F£(x), F{(x)], and

Ts(x) = [TE), TY ()|, Ip(x) = [5(x), I ()], F(x) = [Fi(x), F§(x)]. then

A C B o Ta(x) < Tp(x), Io(x) = Ip(x), Fa(x) = Fp(x)
ADBo TA(X) > TB(X),IA(X) < IB(.X),FA(X) < FB(X)
A =B & Ty(x) = Tp(x), [5(x) = Ip(x), Fx(x) = Fp(x)

And it satisfies that:

Ts(x) < Tp(x) @ T5(x) < T5(x), T (x) < TY(x)

Ti(x) > Tp(x) & Tj(x) > Tg(x), Tf{(x) > Tg(x)

Ta(x) = Tp(x) & Ti(x) = T(x), T (x) = T (%)
If A and B do not satisfy the above relationship, then they are said to be incompatible.
Definition 2.5. A and B are two INNs , we have the following basic properties of INNs.

(DACAUBBCAUB
) ANBCAANBCB
(3) (AU B) = A€ 0 BC;
@ (A°) =4

2.2. Covering rough sets

Definition 2.6. [25] Let X be a finite set space of points (objects), and R be an equivalence relation on
X. Denote by X/R the family of all equivalence classes induced by R. Obviously X/R gives a partition
of X. (X,R) is called an interval neutrosophic approximation space. For x € X , the lower and upper
approximations of A are defined as below:

RW@:MGMUEQALFOD:beﬂhhfﬁi@L

where
[x]r = {y € X|(x,y) € R}. It follows that R"(A) C A C R"(A)

If R"(A) # R*(A), A is called a rough set.
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Definition 2.7. [3] Let X be a space of points (objects) and C = {Cy,C», - - - , C,,} be a family of subsets
of X. If none of the elements in C is empty and |Ji2, C; = X, then C is called a covering of X, and
(X, C) is called a covering approximation space.

Definition 2.8. [3] Let (X, C) be a covering approximation space. For any x € X, the neighborhood of
x is defined as (i, {C; € Cl|x € C;}, which is denoted by N,.

Definition 2.9. [24] Let (X, C) be a covering approximation space. For any x € X, the lower and upper
approximations of A are defined as below:

C (A)={xeX|N,CA},C(A) ={xe XIN,.NA # 0}
Based on the definition of neighborhood, the new covering rough models can be obtained.

3. The notion of interval neutrosophic covering rough sets

We will give the definition of interval neutrosophic covering rough sets in this section, meanwhile
we’ll also use some examples for the sake of intuition. In addition, we will given some properties and
their proofs of INCRS.

Definition 3.1. Let X be a space of points (objects). For any [s,7] € [0,1] and C = {C{,C5, - ,C,},
where C; = {T.;I.,,F.}and C; € INS(i = 1,2,--- ,m). For Yx € X, ACy € C, then Ci(x) > [s, t], where
Te,(x) > [s,t], I, (x) < [1=1¢1~-5s],Fc(x) <[1~-11~-s]. Then C is called a interval neutrosophic
[s, #] covering of X.

Definition 3.2. Let C = {Cy,(C5,---,C,} be an interval neutrosophic [s,?] covering of X. If 0 <
[s’,#] < [s, 1], C is an interval neutrosophic [s’, #"]Jcovering of X.

Proof. C = {C,,C,,---,C,} is a interval neutrosophic [s, #] covering of X. ThusC(x) > [s,¢], and
satisfy T, (x) > [s,t], Ic,(x) < [1 =2, 1 = sL.F¢,(x) < [1 =1t 1~-s]. when 0 < [s',#] < [s, 7], we can get
O0<I[s, '] <[s,t] <T¢c,(x)and 0 < I, (x) <[l =5, 1-t]<[1 =5, 1-F],O< Fe(x)<[l-5,1-1]<
[1 —s',1—1].So C is a interval neutrosophic left[s’, '] covering of X.

Definition 3.3. [26] Suppose C = {Cy,C5,---,C,} is an interval neutrosophic [s, ¢] covering of X.
Ifs =t = 3, then C is called a interval neutrosophic 8 covering of X.

Definition 3.4. Suppose C = {C,,C>,--- ,C,} is an interval neutrosophic [s, ] covering of X, where
C; = {T.l.,,F.} and C; € INS(G = 1,2,---,m). For Yx € X, the interval neutrosophic [s,?]
neighborhood of x is defined as follows:

N () = (€€ CITe(x) > [5, 1] Ie, () < T1 = 1,1 = s, Fe,(0) < [1 = 1,1 = 51},

Definition 3.5. [26] Let C = {Cy,C5, - ,C,} be an interval neutrosophic [s, #] covering of X, where
Ci={T.il.,F.,}and C; € INS(i = 1,2,--- ,m). If s = t = (3, then the interval neutrosophic [s, 7]
neighborhood of x is degraded as the interval neutrosophic S neighborhood of x.
Theorem 3.6. Let C = {Cy,C,,---,C,} be an interval neutrosophic [s, ] covering of X, where C; =
{T..l..,F.,}and C; € INS(i = 1,2,--- ,m). Yx,y,z € X, some propositions are shown as follows:

(1) N (20 2 [s,1];

(2) if N (y) > [s, 1] and N} (2) > [s, ], then N*(2) > [s,1];

(3) Ci 2 Usex (NEICi(x) 2 [s,11) i € 1,2, m);

(4) if [s1,11] < [52, 2] < [, 1], then NPV ¢ N2
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Proof. (1)
N (x) = w=| (] ¢|w
Tci(x)z[s,l],lcl.(x)ﬁ[l—t,l—s],Fcl.(x)S[]—t,l—s] Ci(x)=[s,1]
= /\ Ci(x) > [s,1].
Ci(x)=[s.1]
(2)

IENS () 2 [, 11, then NY0) = (Nrg oztsrnieysii-i-st e st 1-1CO0) = (NewztsnC)
= AcwzsnCi(y) = [s,t], thus Ci(x) > [s,t] = Ci(y) > [s,¢],similarly, it can be obtained that
Cy) = I[st] = Cio = I[s1t] So Ci(x) > [s,t] = Ciz) > [s,t], thus
N@) = (N wptaie wsti—i-stre,<1-1-1CD@) = (NewpenC@) = AciwzisnCi@) 2 [5,1]

(3)
N = N(Ci € CITe, (1) 2 [s.1]. I, (x) < [1 = 1,1 = 5], Fe, () < [1 = 1,1 = 51} = (N, wystsn €) € Cin
hence for any x € X, it can be obtained that C; 2 |,cx (N (1) |Ci(x) = [s,1]}, i = 1,2, -+ ,m)

C))
{Cie CITc,(x) 2 [s1,11], Ic,(x) < [1 =11, 1 = s1], Fe,(x) < [1 =11, 1 = 511} = {C; € CICi(x) = [s1, 1]}
When [s1,#1] < [$2,%], it is obvious that {C; € C|Ci(x) > [s1,t1]} € {C; € C|Ci(x) > [s2,12]}, then
NAC; € CICi(x) = [s1,11]} € N{C; € CICix) = [5, 121}, that is N > N2,
Example 1. Let X be a space of a points(objects), with a class of elements in X denoted by x,
C = {C,(C,,C5,C4} is a interval neutrosophic covering of X, which is shown in Table 1. Set
[s, 7] = [0.4,0.5], and it can be gotten that C is a interval neutrosophic [0.4, 0.5] covering of X.

Table 1. The interval neutrosophic [0.4,0.5] covering of X.

Ci

Cy

C3

Cy

X1
X2
X3

x4

([0.4,0.5],{0.2,0.3],[0.3,0.4])
([0.6,0.7],[0.1,0.2],[0.2,0.3])
([0.3,0.6],[0.3,0.5],[0.8,0.9])
([0.7,0.8],[0.0,0.1],[0.1,0.2])

([0.4,0.6],[0.1,0.3],[0.2,0.4])
([0.6,0.7],[0.1,0.2],[0.2,0.3])
([0.5,0.6],[0.2,0.3],[0.3,0.4])
([0.6,0.7],[0.1,0.2],[0.1,0.3])

([0.7,0.91,10.2,0.3],[0.4,0.5])
([0.3,0.6],[0.2,0.3],[0.3,0.4])
([0.4,0.5],[0.2,0.4],[0.7,0.9])
([0.6,0.7],[0.3,0.4],[0.8,0.9])

([0.4,0.5],0.3,0.4],[0.5,0.7])
([0.5,0.7],0.2,0.3],[0.1,0.3])
([0.3,0.5],[0.0,0.2],[0.2,0.4])
([0.4,0.5],[0.5,0.6],[0.3,0.4])

NO = ¢ nCy N G5, NP4 = € N Cy N Cy, NI = €, 0 €y, NP = € n .

The interval neutrosophic [0.4, 0.5] neighborhood of x;(i = 1,2, 3,4) is shown in Table 2. Obviously,
the interval neutrosophic [0.4, 0.5] neighborhood of x;(i = 1,2, 3,4) is covering of X.

Table 2. The interval neutrosophic [0.4, 0.5] neighborhood of x;(i = 1,2,3,4).

X1

X2

A3

x4

NS0T ([0.4,0.5],[0.2,0.31,[0.4,05])  ([0.3,0.6),[0.3,0.51,[0.8,09])  ([0.3,05],[0.2,0.4],[0.7,0.9)  ([0.6,0.7],[0.3,0.4],[0.8,0.9])
NDAST T (10.4,051,[0.3,041,[05,0.7))  ([0.5,0.71,[0.2,03],[02,0.3))  ([0.3,0.51,[0.2,04],[03,04])  ([0.4,0.5,[0.5,0.6],[0.3,0.4])
N3 (10.4,051,10.3,041,[05.0.7)  ([0.5.0.71,[0.2,031,[02.0.3))  ([0.3,0.51.[0.2,03],[03,04])  ([0.4,0.51.[0.5,0.6],[0.3,0.4])
NOHT([0.4,051,10.2,031,[03,04])  ([0.6,0.71,[0.1,021,[02,0.3))  ([0.3,0.6].[0.2,03],[03,04])  ([0.6,0.71,[0.1,0.2],[0.1.0.3])

The interval neutrosophic [s, t] covering was presented in the previous section. Based on this, the
coverage approximation space can be obtained.

Definition 3.7. [26] Let C = {C;,C,, - -+
C ={T.l.,F.,} and C; € INS(i

covering approximation space.

AIMS Mathematics

,C,,} be an interval neutrosophic [s, t] covering of X, where
1,2,---,m). Then (X, C) is called a interval neutrosophic [s, ]
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Definition 3.8. Let (X, C) be an interval neutrosophic [s,?] covering approximation space, for any
A € INS, the lower approximation operator C**I(A) and the upper approximation operator f[s’t](A)
of interval neutrosophic A are defined as follows: C N {Tg[s,t](A),Ig[s,t](A),FQ[S,)‘](A)} ,C (A =

{ T*[.V,IJ I*[.V,IJ FE[,V,IJ

Ty 10 ay } where

4)
Teisagay = A {TA(y) V Fysa(y)ly € X} Actsagy =V {IA(Y) A ([, 1] = Lyisa(y)ly € X},

Fgl.v,tJ(A) =V {FA(y) A TN)[(,V,IJ (y)ly S X} , Téls,/J(A) =V {TA(y) A TN)[Cs,tJ (y)|y € X} ,
Loy = MIO) V Ly ONTly € X}, Faon ) = AMFa0) V Fyialy € X}

For any x € X, then A is called an interval neutrosophic [s, ] covering rough set, if C*"1(A) # M,
Example 2. Let A be a interval neutrosophic set, where

A(x;) =([0.4,0.6],[0.2,0.4],[0.3,0.4]) , A(x,) = ([0.4,0.5],[0.1,0.3],[0.2,0.4]),

A(x3) =([0.4,0.5],[0.2,0.5],[0.3,0.6]) , A(xs) = ([0.3,0.5],[0.2,0.4], [0.4, 0.6]) .

—[0.4,05
Then the lower approximation operator C'**%31(A) and the upper approximation operator C : ](A)

of interval neutrosophic A can be calculated by Definition 3.8.

ClO41(A)(xy) = ([0.4,0.6],[0.2,0.5],[0.4,0.6]) , C***)(A)(x) = ([0.3,0.5],[0.2,0.5],[0.4,0.5]),
ClO4031(A)(x3) = ([0.3,0.5],[0.2,0.51,[0.4,0.5]), C**3)(A)(xy) = ([0.3,0.5],[0.2,0.5],[0.4,0.6]) .

M A = ([0.4,0.51,[0.2,0.41,[0.4,0.51) . C " A)(x,) = ([0.4,0.5],[0.2,0.3],[0.2,0.4]) ,

—[0.4,0.5] 0.4,0.5]

C (A)(x1) =([0.4,0.5],[0.2,0.3], [0.2,0.4]),6[ (A)(x) = ([0.4,0.5],[0.1,0.3],[0.2,0.4]) .
4. Some theorems and their proofs of interval neutrosophic covering rough sets

In this section we’ll give you some theorems about INCRS and a complete proof of them.
—ls.1]

Theorem 1. (1) C¥(X) = X,C " (0) = 0;

2) Ca) = @y, TA) = (€A

(3) AN B) = Ay N C(B),C AU B) =T UT ™ B);
(4) If A C B, then C*(4) c c*V(B), C""(4) c T (B):

(5) C*IAUB) 2 iy U ), AanB < T aynT®);
6)IF0 < [s, 7] < [s. 7], then C¥ < 1(4) 2 C1(4), T (4) c T(a).
proof. (1) Tun = ATx() V Fyma@ly € X} = [1,1],

Ievag =V {Ix() A ([1, 1] = LysaG))ly € X} = [0, 0],

Feinxy =V {FX(Y) A Tysa(ly € X} = [0, 0],

C(X) = (T ety It Fetag) = ([1,11,10,01, [0, 01) = X;

Tang, = V{To0) A Tyealy € X} = 10,01,
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Fongy = MRV Lya@ly € X} = [1,1],
Fang = MFo®) V Fyealy € X} = [1,1],

[s J
! (0) <TE[”] I [\t](o), FE[SJ](Q))> = <[0’ 0]9 [17 1]’ [1’ 1]> = @ .

(2) A€ = (Fy, [1, 1]~ [, Ty)
Tevnue) = AMFAO) V Fypa®ly € X} = Foa,,
Ly, = VUL 1= L) A (1,11 = Ly 0)ly € X]
= [L 1= ML) V Lyl € X} = [1, 1] = Tt
Feisnpaey =V {TA()’) ATyl € X} = Tg[m(A)
ChA9) = {TQ[“’”(ACP ey F C[UJ(AC)} - {F gy L AT = Lo g, Tegton (A)}

oy = IF 1.1 T = Cls] AC
@A _{ ! 1= (A)’ C[”(A)}_— (A4%).

St ) [
(4)
Similarly, it can be gotten that c AC) = (C1(A))°

B)ANB={Ta\Tp,1aUIp, FaU F},
Teraanmn = MTaO) NTa0N V FypaOly € X|
= MTa0) V Fypn ) N(T50) V FyisnODly € X} = Tesagay N T ooy
Ievagnm = V{0 UTs0) A (1 1] = Tyes <y>)|y € X}
= V{(a) A (11,11 = ypa O UUE0) A (1, 11 = Lysa DY € X} = Tetngy U Tesagay
Founapng = V{(Fa0) U Fs0)) A Tyra(y)ly € X}
=V {(FA()’) A (TN[;.:] ) UFR() A (TN(Q&IJ Oy € X} = Feisay U Feisaay,
CYAN B) = {Tevnarygyr Lewnar sy Founan )
= {TQM(A) N TQ[”](B)’ Ig[m(A) U IC L] (A)’ F Clsfl(a) UF Cl ”](A)} = C[S’t](A) N g[m(B)-

Similarly, it can be gotten that C (AU B) = C (AU T (B

(4)TfA C B, then Ty C Tg, Iy 2 I, F4 2 Fp.
When T C T, then {TA(y) V Fyaly € X} € {T5(0) V Fyun)ly € X},

thus A {T4() V Fyly € X} C{T5() V Fyly € X},

hence {T5() V Fyualy € X}, € A{T5() V Fpua(3)ly € X}, that is TC“ iy € Teisig)-
When I, 2 Iy, then {I4(3y) A (1 = Lysa )y € X} 2 {I5() A ([1, 1] = Lypa))ly € X},

Thus vV {IA(y) A(1,1] - Nm(y))ly exjav {IB(y) A(1,1] - Nm(y))ly e X},
hence Icina) 2 Ictaa).-

When F 2 Fp, then {FA(y) A Tyua(ly € X} 2 {F5() A Tyua(ly € X},
thus \Y {FA(y) A TNL”] (y)'y € X} 2V {FB()’) A TN,[(SJ] (y)ly S X}, SO FQ[S*’](A) 2 Fg[s,tl(A), g[s,t](A) c g[s’t](B)
Similarly, it can be gotten that ™ (A) C E[M](B).

(5) It is obvious that A CA|JB,BCA|JB,A(\BCA,A(\BCB.
So C1*I(4) € C*I(A U B), C™(B) c (AU B), T anB) < T @), T anp c ™).
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Hence C1*1(4) | C*(B) c c*(a U B), C"an B c T aync s

6) If 0 < [s',£] < [s,1], then N1 ¢ N Thus Twin € Ty Loy 2 Dy Foe sy 2 Fypo,
hence A {TA(y) VE 0l e X} > MTA0) V Fsa(ly € X},

VALY A ML 1T = Ty 0D € X €V {1a0) A (111 = TGy € X).
VR A TN[_;.,'](y)Iy - X} €V {FA0) A Tyaly € X}

That is CI* ¥ 1(A) 2 C*(A). Similarly, it can be gotten that C~ " (4) € C""(A).

Theorem 2. Let (X,C) be an interval neutrosophic [s,¢] covering approximation space, then the
following statements are equivalent:

() C*@) =0

@M x) =x

(3) For anyx € X.,{y € X|VC; € C((Ci(x) = [s,1]) = (C;(y) = X))} # 0.

Proof. {y e X|VC; € C((Ci(x) = [s5,t]) = (Ci(y) = X))} # O means for each x € X and
C; (x) > [s,1], dy € X such that C; (y) = X, satisfying N (y) = X

(1) = (3) If C*'/(0) = 0, then

C(0) = {AF (), VIL 1] = Lya(3)), VT ysaly € X} = 0 = Iy € X,

AF s (y) = [0, 0], Alyia(y) = [0,0], VT yia(y) = [1, 1], that is Ny™(y) = X

(3) = (2) If Ni*(y) = X, then

CX) = VT (), ALy (), AF s W)l € X) = {[1, 11,10, 01, [0, 01} =

(2) = (1) It is proved by the rotation of C and C. So they are equivalent.

Theorem 3. Let (X, C) be an interval neutrosophic [s, ] Covering approximation space Ais an INS
and B is an constant interval neutrosophic set, where B = ([a~, a" [B ﬁ* v*]). It satisfies that

forany x € X, ([a~,a",[B7.87 ), [y, v D (x) =", L [B7.8 L[y .y D.
If {y € X|VC; € C((Ci(x) = [s,t]) = (Ci(y) = X))} # 0, then

(h C*'(B)=B,C""(B) = B
@ AUB = W UB,C ' AanB =C"WNB.
Proof. (1) {y € X|VC; € C((Ci(x) = [s,t]) = (Ci(y) = X))} # 0 means for each x € X and Ci(x) >
[s,1],3y € X,such that C;(y) = X, then N"(y) = X
Ty = Mo, a" ]V Fyu@ly € X} = [o7,a"],
Iyea = VBB A (L1 = L)y € X} = [B7.8°1,
Fyon = V{[y", v 1A Tyea Oy € X} = [y, y*1.
So that C!*'\(B) = B. Similarly, it can be gotten that Y (B) =B

@) Ternays = AMTa0) Ule™, e ) V Fyealy € X}
= AMTa) V Fyuly € X} Ule™, ],
Iy = {<1A(y>uw B A QLT = L)y € X}
= V{LO) A1 1 = Lysa Oy € XFUIB 871,
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Fevnpays = V{FL0) U™y D A Ty @ly € X} = V{Fa0) A Ty ly € X} ULy~ "],
Thus C*(A | B) = C*(A) | B. Similarly, it can be proofed that C" (A B) = C""(4) N B.
Corollary. Whena™ =a* =, =8 =8,y =y" =7y, B ={(a,8,7) It can be gotten that
(1) C (@, B,7) = (@B, 7). C " (@, By) = (@, 8.7)3

@) A U@, B.7) = C* A U@ By . C AN @By) = C A N (@, 8.7

The proof is omitted.

Theorem 4. Let (X, C) be an interval neutrosophic [s, f] covering approximation space. Ais an INS
and A € X, for any x € X, there are
—ls.1] s
) C 1)) = N0k
(2) C*(1x-p() = V)
Proof. Tgsa, (¥) = V{T1,(2) A Tyea(2)lz € X
= (T1,() A Tya ) V (Vaex—p(T1, (@) A Ty (2)))
= ([L 1] A Tyisa(y) V ([0,0] A Tyisa(2)) = Tyisa(y),
1,0 = A {Ily(z) V L (@lz € X}
= (1, () V Iysa ) A (Acexi (1, @) V Lysa(2))
= ([0,0] V Lyia () A ([1, 11V Tyisa(2) = Lyiea(y),
Fﬁ[“’] ( 1y)(x) =A {F 1, VF s @DIze X }
= (F1,0) V Fyia() A (Azex—(F1,(2) V Fyisn(2))
= ([0,0] vV Fyua()) A ([1, 11V Fisn(z)) = Fysa(y).
—Ls.1] s
So C T (1)(x) = Ny™(). )
Similarly, it can be gotten that C' 11 (q x-p(x) = (N )[f’t] (v)) , and the proof process is omitted.

I E[s,t]

Theorem 5. Let (X, C) be an interval neutrosophic [s, f] covering approximation space. Ais an INS
and A € X, for any x € X, if (V)" < A < N/, then CII(C1)(4)) € C*(4) c 4 < Ca) ¢
@y,
Proof. (N = (Fysa, (11, 1] = Iy, Typen)
When (V) < Ajthus Fypn < Ta, [1,1] = Tysn > Iy, Tyon = Fa,
50 Tetigay = ATa0) V Fyualy € X} = AMTa@)ly € X} < T,
Ity = VIO A ([ 1] = Ly OD)ly € X} = VLl € X} > I,
Fevagy =V {FA()’) A TNEMJ()’)D’ € X} = V{FAQ)ly € X} > Fy.
That is C*(A) C A. Similarly,A € C""(A).
According to theorem 1(4),C5(C*(A)) € C5(4) c A c T "(Aa) c T (a)).
Theorem 5 gives a sufficient condition for C1*/(A) € A C ¢ (A) , and then theorem 6 will give
the necessary condition.

[s,¢

Theorem 6. Let (X,C) be an interval neutrosophic [s, ] covering approximation space. A € X, if
Vx e X, Ci(x) > [s,t] = Ci(x) = X(i ={1,2,---m}), and then

CI+1(A) C A € CB(A).

Proof. ¥x € X,Ci(x) > [s,f] = Ci(x) = X(i = {1,2,---m)}), which means Yx € X,N* = X =
([1,11,10,01, 10,01 .

AIMS Mathematics Volume 6, Issue 4, 3772-3787.



3782

Tevngay = AMTa®) V Fyma@ly € X} = ATA() V [0,0lly € X} = AMTA()ly € X} < T,

Ieiagy =V {IA(Y) A ([, 1] = Tya )y € X} = VAL A [L 1y € X} = V{LODly € X} = 14,

Feagy = V{Fa0) A Ty ly € X} = V{F40) AT 1ly € X} = V{FA0)ly € X} > F.

So CI*(A) C A.

Toten gy = VATAG) A Ty Wly € X} = VATA0ly € X) = T,

Ioa g = MIAG) V Ly Oly € X} = ALy € XY < I,

Fain = A {Fa@) V Fyun)ly € X} = AM{FA)ly € X} < Fa.

SoA cC(A).

Hence CI*(4) c A  T(A).

Theorem 7. Let C = {Cy,C,, - ,C,} be an interval neutrosophic [s, t] covering of X.A € INS ,C and

C are the upper and lower approximation operator, which are defined in defination 3.8. Then we can

get that:
(1) Cis serial & Cl*Na,B, 1) = (a,B, ), Ya,B,1 € [0, 1],

e ) =0,
e CNa, B, 1) = (a,B, 1), Va,B, 1 € [0, 1],
e CH(X) = X;
(2) Cis reflexive & CH1(A) C A,
e A c CP(A);
(3) Cis symmetric &CU (1y_)) (1) = C™ (1y_19) (¢). Yx,y € X,
& C (1) (x) = C1 (1) (), V. y € X;
(4) C s transitive &C(4) ¢ C*(C1(4)),
& Cl1(Cl4)) ¢ C(A).
Proof. (1) When C is serial, then it satisfies dy € X and N1*(y) = X. So it can be proved by Theorem
3, Theorem 4 and Deduction.
(2) = When C is reflexive, then N\*(x) = X = ([1, 1],[0, 0], [0, 0])
Tetaon(®) = ATa0) V Fya@)ly € X} < Ta@) V Fypua(x) = Ta(x),
Teisa() = VIO A (L1 1] = TGy € X} = L0 A [1, 1] = L),
Fetuna(x) = V{F4(0) A TyuaO)ly € X} 2 Fo(x) A[1,1] = Fa(x).
That is C*1(A) C A.

< If CI(A) C A, let A = 1x_(,), and Yx,y € X, then
Tyisa(x) = (Tysn(x) A [1, 1) V [0, 0]
= (Tyia(x) A Fay (y(0) V (Vyex—(Tyisa () A Fay )

=V {TNE,H DA Fay Oy e X }
= Faaqy ) (0) 2 Fay () = [1,1],

[1, 1] = Tysa(x) = {([1, 1] = Typa(x)) A L1, 17} V [0,0]
= {([1, 11 = L) A Ly OV {Vyex- (1 11 = Lysa0)) A Ty O))]
=V {I, (@) A (11,11 = Ly )y € X
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= IQ[S’”(lx—(x;)(x) 2 I(lx—m)(x) =[1,1],
50 Iyisn(x) = [0, 0].

Fysa(x) = {Fypea(x)) V [0,01} A [1, 1]

= {Fya(0) V T,y @) A {Ayex-(Fria0) V Tty 0)))

= MTa, () V Fya@)ly € X|

= Tg[s,l](]xi(x))()(:) < T(lxi(x))(X) = [0, O]

That is N)[f’”(x) =([1,1],[0,0],[0,0]) = X. So C is reflexive. Meanwhile, it is easy to prove the other
part by the same way.

(3) Tewsnry,p») = A {T(lem)(z) v FN)[;”] (@lz € X}

= {Fysa () V Ty @) A A0 (Fypa @ V Tay ()

= {Fya(0) v [0, 01} A [1,1]

= FNy[;,:] (x),

Tg[.v,l](]xi(y})(.X) = A {T(1X—(y))(z) \Y FN)[ts,l] (Z)|Z (S X}

= {Frn () V Tit O} A Acexen(Fia @) V Tary (@)

= {Fya(3) V 10,00} A [1, 1]

= FN)[CSJ] (y),

Teoaqry O = V{Tig @ A (1 1] = Lya@)lz € X

= {01 11 = Ly () A Loty (O V {Vaexo (L1, 1] = Lysa(@) A iy ) ()
= {11, 11 = Iypa(x) A [1,11} v [0,0]

= [1’ 1] - IN}[;T”](-X)’

Tty )@ = VT, )@ A (1111 = Tysa@)l € X)

= {([1, 11 = LypaO) A i,y Y {Veexon (A1 1] = Ly (@) ATy (@)
= {([1, 11 = Ly (3)) A 11,17} V [0, 0]

= [1 1] = Ly ),

Feony @ = V{Fay @ A Ty@lz € X|

_ {TN}D,,] (x) A F(lx_m)(x)} Y, {vzex_{x}(TN}[x,ﬂ (2) A F(lx_m)(z))}

= {T () A 11,11} V [0,0]

= N{,;’t] (X),

Fety @ = V{Fu,.,)@ A Tyl € X

= {TN)[(“] (y) A\ F(lx—(y))(y)} \Y4 {V2€X—{y}(TN£F”] (Z) A F(lx—(y))(z))}

= (T A [1, 11} V [0,0]

= N)[(s,t] (y).

So when is symmetric, it satisfies TNE;J] (y) = TN)[;J] (x),1 s ) =1 Nl x), F N o) =F sl (x), that is
NP(y) = N*(x), then

Tg[x,t](lxi(x))())) = Tg[s,r](lxi(y))(x),

Ig[s,r](lx_‘x))(y) = Ig[s,r](lx_(y’)(x),

Feiay )0 = Fesaq, ()

That is C*(1x_11)(y) = C*(1x_,)) ().
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It is similar to get E“’”(l D(x) = E[S’[](lx)(y), and the proof is omitted.

(4) = If C is transitive, then Vv {TN)[CS,,] ) A TN)ES,,] @lyeX } < TN[xs,t] (2),

AMIysa ) V Lysn@ly € X} 2 Lyen (@), AMF a3 V Fyin(@ly € X} 2 F ().

Tetactsay®) = MT e () V Fyun)ly € X} = { {Ta) v Fua(@)k € X}V Fyua@)ly € X}
= NexNeex(Ta(@) V Fya(2) V Fyia(y)) = /\zex(/\yex(FNh 1(2) V FN[S n() V Ta(2))

> Aex(Fy1 Nl 1(2) V Ta(2)) = Tg” (A)(x)

Ig[s,t](g[s,t](A))(X) =V {Ig[s,t](A)(Z) A= IN)[(S”] (y))|y € X}

=vivin@aa- L@z € X} A (1= Ly )y € X

= vyEXVZEX(IA(Z) A= IN‘L”J(Z)) A= IN)[(S"J () = Veex((1 - /\yeX(lN‘l;‘v’J @)V INEWJ(Y)) A 14(2)

< VzeX(l — IN,[CS’ﬂ (Z)) A\ IA(Z) = Ig[s,t](A)(X),

FC[NJ(C[HJ(A))(.X) - {FC[HJ(A)(y) /\ [V’J(y)ly S X} { {FA(Z) /\ [“J(Z)lz S X} N&Ml(}’)ly € X}
= VyexVeex(Fa(@) A Tyisa(@) AT M(Y)) = Veex(Vyex(Ty M(Z) AT m(y))) A Fa(z)

< VzeX(T L1 (@ A FA(Z)) = FC”(A)(X)

so Cl* ’](A) c c+(cls(Ay).

Similarly, it can be gotten that C(C""'(4)) € € (4). &= 1f C1I(4) € €11 (C1I(A)), let A = Ly
and VYx,y,z € X,

from the proving process of (3), we have

TN'[(s,rJ (Z) = FQ['Y"J(lx—gz))(x) > FQ[UJ(Q[”J(1x—¢z))(x) =V {Fg[x,xj(]x_m)(y) AN TN)[:JJ (y)b} S X}
=V {T 01(2) A Ty )y € X},
[1 1] N[st](Z) = IC[st](]X @ )(.x) > Ic[st](C[st](IX @ )(.x) \/ {Ic[st](]x @ )(y) /\ ([1 1] N[Stl()/))ly S X}
= V{1 11 = Ly (@) A ([0, 1] = Ly 0)ly € X
Thus /ya(z) < /\{ i (2) V IN;,, (y)|y € X}.
FN)[C.v,zJ (Z) = Tg['wj(lx,(z))(‘x) < Tg[.&,/](g[m](lxi(z))(.X) =A {TQ“’”(le(z;)(y) \Y FNL.\‘JJ (y)ly € X}
= MFypn(@) V Fymaly € X},
Therefore C is transitive. When C- (6[”] (A)) C c! (A), it can be proved C is transitive by the same
way.

5. Application of interval neutrosophic covering rough sets

In medicine, a combination of drugs is usually used to cure a disease. Suppose,
X = {xj,j =1,2,--- n} is a collection of n drugs,V = {y;,i = 1,2,--- ,m} are m important symptom
(such as fever, cough, fatigue, phlegm, etc.) of diseases (such as: 2019-NCOV, etc.), and C;(x;)
represents the effective value of medication for the treatment of symptoms.

Let [s, ] be the evaluation range. For each drugx; € X, if there is at least one symptom y; € V
that causes the effective value of drug x; for the treatment of symptom y; to be in the [s, 7] interval,
thenC = {C; : i = 1,2,--- ,m} is the interval neutrosophic [s, ] covering on X. Thus, for each drug x;,
we consider the set of symptoms {yi 1 Ci(xj) > [s, t]}

The interval neutrosophic [s, 7] neighborhood of x; is Ny; s — = (C; € C|Tg, (x.,-) > [s,t],I¢, (xj) <
[1-£1-51.Fc(x;) < [1=t.1=s1}x0) = (Newson cl.) C Ci(xi,k = 1,2,...,n. This represents
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the effective value interval for each drugx; for all symptoms in the symptom set {yi s Cixj) = [, t]}.
We consider as the upper and lower thresholds of effective values of s and 7. If they are lower than
the lower threshold, there will be no therapeutic effect; if they are higher than the upper threshold,
the therapeutic effect will be too strong, and it is easy to cause other side effects to the body during
the treatment (regardless of the situation of reducing the usage). Let an interval neutrosophic set of
A represent the therapeutic ability of all drugs in X that can cure disease X. Since Ais imprecise,
we consider the approximation of A, that is, the lower approximation and the upper approximation of
interval neutrosophic covering rough .

Example 3. LetX be a space of a points (objects), with a class of elements in X denoted by x, being
a interval neutrosophic covering of X, which is shown in Table 3. Set [s,¢] = [0.4,0.5], and it can
be gotten that C is a interval neutrosophic [s, f] covering of X. N)[C?A’O'S] =CiNGCN C3,N,[£’4’0'5] =
CiN C4,N,[g'4’°'5] =GN C4,N)£‘j-4’°-5] = (C, () C5. The interval neutrosophic [s, flneighborhood of
x;(i = 1,2,3,4) is shown in Table 4. Obviously, the interval neutrosophicls, t[neighborhood of x;(i =
1,2,3,4) is covering of X.

Table 3. The interval neutrosophic [0.4, 0.5] neighborhood of x;(i = 1,2, 3,4).

Cy

Cy

C3

Cy

X1
X2
X3

x4

[0.4,0.5],[0.2,0.3],[0.4,0.5])
([0.6,0.7],10.1,0.2],[0.2,0.3])
([0.3,0.5],[0.2,0.3],[0.4,0.5])
([0.7,0.8],[0.6,0.7],[0.1,0.2])

([0.4,0.6],[0.1,0.3],[0.3,0.5])
([0.2,0.4],[0.1,0.2],[0.2,0.3])
([0.5,0.6],[0.2,0.3],[0.3,0.4])
([0.6,0.7],[0.1,0.2],[0.1,0.3])

([0.7,0.9],[0.2,0.3],[0.4,0.5])
([0.3,0.6],[0.3,0.5],[0.8,0.9])
([0.3,0.5],[0.2,0.4],[0.3,0.4])
([0.6,0.7],[0.3,0.4],[0.3,0.5])

([0.4,0.5],0.3,0.4],[0.6,0.7])
([0.5,0.7],[0.2,0.3],[0.4,0.6])
([0.5,0.6],[0.0,0.2],[0.3,0.4])
([0.3,0.5],[0.5,0.6],[0.6,0.7])

Table 4. The interval neutrosophic [0.4, 0.5] covering of X.

Cy

C

C3

Cy

X1
X2
X3

x4

([0.4,0.5],10.2,0.3],[0.4,0.5])
([0.4,0.5],[0.3,0.4],[0.6,0.7])
[0.4,0.5],[0.3,0.4],[0.6,0.7])
([0.4,0.6],[0.2,0.3],[0.4,0.5])

([0.2,0.4],[0.3,0.5],[0.8,0.9])
([0.5,0.7],{0.2,0.3],[0.4,0.6])
([0.2,0.4],{0.2,0.3],[0.4,0.6])
([0.2,0.4],0.3,0.5],[0.8,0.91)

([0.3,0.5],[0.2,0.4],[0.4,0.5])
([0.3,0.5],{0.2,0.3],[0.4,0.5])
([0.5,0.6],[0.2,0.3],[0.3,0.5])
([0.3,0.5],[0.2,0.4],[0.3,0.5])

([0.6,0.7],0.6,0.71,[0.3,0.5])
([0.3,0.5],[0.6,0.7],[0.6,0.7])
([0.3,0.5],[0.5,0.6],[0.6,0.7])
([0.6,0.7],[0.3,0.4],[0.3,0.5])

Let A be an interval neutrosophic set, and
A(xy) =¢[0.2,0.4],[0.2,0.4],[0.3,0.4]) , A(x») = ([0.5,0.7],[0.1,0.3],[0.2,0.4]),
A(x3) =¢[0.3,0.4],[0.2,0.5],[0.3,0.5]) , A(x4) = ([0.5,0.6],[0.2,0.4], [0.4,0.6]) .

The lower approximation operator C'**+%>/(A) and the upper approximation operator 6[0'4’0'5](A) of the

intelligent set A in the interval can be obtained by definition 3.9.

Cl04931(A)(x)) = ([0.4,0.5],[0.2,0.5],[0.4,0.6]), CI*431(A)(x,) = ([0.4,0.5],[0.2,0.5],[0.3,0.5
CIO031(A)(x3) = ([0.3,0.5],[0.2,0.5],[0.3,0.5]) , CI**31(A)(x,) = ([0.3,0.5],[0.2,0.5],[0.4,0.6

—[0.4,0.5]

M A)(x) = ([0.5,0.61,[0.2,0.41,[0.4,0.51) ., C " (A)(x2) = ([0.5,0.71,[0.2,0.31,[0.4,0.5

—[0.4,0
C

Then A is the interval neutrosophic [s, f] covering of X.
And we can get that

(1) A(x2) > [0.4.0.5], C1***3N(A)(x,) > [0-4~0-5],6[0'4’0'5](A)(x2) > [0.4.0.5]. Therefore, drug x,plays

an important role in the treatment of diseaseA.

(2) A(x3) < [0.4.0.5], C1**93(A)(x3) < [0.4.0.5],C

on the treatment of diseaseA.

(3) A(x)) < [0.4.0.5], C1**931(A)(x;) > [0.4.0.5],

AIMS Mathematics

—[0.4,0.5]

(A)(x3) < [0.4.0.5]. So drug x3 has no effect

—[0.4,0.5]

C (A)(x;) > [0.4.0.5]. Therefore, drug x; has

O A)(xs) = ([0.3,0.5],[0.2,0.31,[0.3,0.51) . C "V (A)(xs) = ([0.5,0.6],[0.2,0.4],[0.3.0.5

Volume 6, Issue 4, 3772-3787.
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less effect on the treatment of disease A than drug x, and drug x;.
6. Conclusions

In this paper, we propose the interval neutrosophic covering rough sets by combining the CRS and
INS. Firstly, the paper introduces the definition of interval neutrosophic sets and covering rough sets,
where the covering rough set is defined by neighborhood. Secondly, Some basic properties and
operation rules of interval neutrosophic sets and covering rough sets are discussed. Thirdly, the
definition of interval neutrosophic covering rough sets are proposed. Then, this paper put forward
some theorems and give their proofs of interval neutrosophic covering rough sets. Lastly, we give the
numerical example to apply the interval neutrosophic covering rough sets in the real life.
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