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Abstract. The problem of reducts is an interesting issue in all rough set models. In this paper,
we propose the concept of the reduct in a single valued neutrosophic f-covering approximation
space (SVN-B-CAS). Moreover, reducts in SVN-B-CASs are investigated while adding and
removing some objects of the universe, respectively. Firstly, the notion of the reduct in a SVN-
B-CAS is presented. It can be seen as the generalization of the reduct in covering and fuzzy p-
covering approximation spaces. Then, two new SVN-B-CASs are presented while adding and
removing some objects of the original universe. Finally, some properties of reducts of SVN B-
coverings are investigated while adding and removing some objects, respectively.

1. Introduction

Ma [4] generalized fuzzy covering approximation spaces [1, 2, 3] to fuzzy B-covering approximation
spaces by through replacing the value 1 with a parameter B. Inspired by Ma’s work, D’eer et al. [5, 6]
studied fuzzy neighborhood operators and other work [7, 8]. Especially, Yang and Hu [9], [10], [11]
established some fuzzy covering-based rough set models and presented the notion of reduct in fuzzy -
covering approximation space. Then, Huang et al. [12] proposed a matrix approach for computing the
reduct of a fuzzy B-covering.

After extending fuzzy B-covering approximation spaces to SVN sets [13], [14], Wang and Zhang.
[15], [16] presented SVN-B-CASs. Inspired by the work of Yang and Hu [9], [10], [11] and Huang et
al. [12], we study the problem of reduct in SVN-B-CASs in this paper. On one hand, the notion of the
reduct in a SVN-B-CAS, as the generalization of the reduct in covering and fuzzy B-covering
approximation spaces, is presented. Some properties of the reduct are proposed. On the one hand, two
new SVN-B-CASs are presented while adding and removing some objects of the original universe.
Some properties of reducts of SVN B-coverings are investigated while adding and removing some
objects, respectively. Moreover, some relationships between the original SVN-B-CAS and two new
SVN-B-CASs are investigated, respectively.

The rest of this paper is organized as follows. Section II reviews some fundamental definitions
about SVN sets and SVN-B-CASs. In Section III, the notion of the reduct in a SVN--CAS is
presented, as well as its properties. In Section IV, we present some definitions and properties for
updating the reduct in the SVN-B-CAS while adding and removing objects. Section V is the
conclusion and the further work.

2. Basic definitions
This section recalls some fundamental definitions related to SVN sets and SVN covering-based rough
sets. We call U is a universe which is a nonempty and finite set.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



CISAI 2020 IOP Publishing
Journal of Physics: Conference Series 1693 (2020) 012024  doi:10.1088/1742-6596/1693/1/012024

Definition 1. (SVN set [14]) Let U be a nonempty fixed set. A SVN set 4 in U is defined as an
object of the following form:

A:{<x,TA(x),IA(x),FA(x)>:er}, (1)

where T4: U — [0, 1], Is: U — [0, 1] and Fu(x): U — [0, 1] are called the degree of truth,
indeterminacy, and falsity memberships of the element x € U to 4, respectively. They satisfy 0 <
Ta(x)+4(x)+F4(x) <3 for all x € U. SVN(U) is the family of all SVN sets in U.

Specially, for two SVN numbers a = <a, b, ¢c> and f=<d, e, f>,a<f S a<d,b>eand c > f.
Some operations on SVN(U) are listed as follows [14]: for any 4, B € SVN(U),

(1). A € B < Tu(x) < Ts(x), In(x) < Li(x) and Fg(x) < Fu(x) forallx € U;

(2).A=B < A< Band B C 4;

(3). AN B={{x, Tu(x) /\ Ts(x), Li(x) V Ip(x), Fa(x) V Fp(x)): x € U};

(4). A U B={(x, Tu(x) V Tp(x), Ls(x) N\ Ig(x), Fa(x) /\ Fp(x)): x € U};

Then, Wang and Zhang [15] presented the definition of SVN-B-CAS.

Definition 2. ([15]) Let U be a universe and SVN(U) be the SVN power set of U. For a SVN
number f§ = <d, e, f>, we call C= {C, C,, - - -, Cn}, with C; € SVNU)(i =1, 2, ..., m), a SVN B-
covering of U, if for all x € U, C; € C exists such that Ci(x) >; . We also call (U, C) a SVN-B-CAS.

3. Reducts in SVN-B-CASs
To solve the problem of under which conditions two coverings (or fuzzy B-coverings) generate the
same rough upper and lower approximation operators, Zhu et al. [21] and Yang et al. [10] present the
concept of reducible elements in different covering models. Inspired by their work, we propose the
concept of the reduct in a SVN-B-CAS. Firstly, we present the concept of reducible elements in a SVN
B-covering.

Definition 3. Let (U, C) be a SVN-B-CAS and C € C. If C can be expressed as a union of some
SVN sets in C—{C}, Cis called a SVN reducible element (SVNRE) in C; otherwise C is called a SVN

irreducible element (SVNIE) in C.

Example 1. Let U = 5% x0x0x} - 0=1CL GGGl g o 050,304, where
_ (0.6,0.2,0.2) N (0.3,0.2,0.6) N (0.2,0.3,0.4) N (0.4,0.5,0.3) c - (0.6,0.3,0.2) N (0.3,0.4,0.6) + (0.1,0.3,0.4) N (0.4,0.5,0.3)

CI xl x: x} x4 xl xl x3 x4
0.1,0.5,0. 0.60.1,03) (0.6,0.302) (050304
¢ _(040207) (030208 (020304) (030605 _( 5 ( ) ( ) ( )
» xl x2 x3 x4 'le x2 x3 x4
We can see that C is a SVN B-covering of U. Then C; = C, U Cs. Hence Ci is a SVNRE in C, and
: .5,0.3,0.4 .
C— {C,} is also a SVN <O 5,0.3,0 >—covermg of U.

Then Properties 1 and 2 give some characterizations about removing several SVNRESs in an SVN-
B-CAS.

Proposition 1. Let (U,C) be a SVN-B-CAS and C € C. If Cis a SVNRE in C, then C— {C} is also
a SVN B-covering of U.

Proof. Suppose = {a-b.c) and € =16 G, GG , where C, C; € SVN(U) (i=1, 2, ..., m). Since

. m -y T =T,  (®za 1, (x)=1,  (x)<b
C is a SVNRE of C, UL GUC=ULC. Hence v Vi aiie , Uma U GUC and
Fp )=F,  (0)<c . .
Vi Vi for any x € U. Therefore, C— {C} is also a SVN B-covering of U.

Proposition 2. Let (U,C) be a SVN-B-CAS, C be a SVNRE in Cand C; € C- {C}. Then C; is a
SVNRE in C SVN < SVN () is a SVNRE in C— {C}.
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c={C¢(,qC,,..,C.}

Proof. Suppose , where C, C; ESVNU) (i = 1, 2, ..., m). Since C is a

SVNRE in C, 3 Ci, Ca, ..., Ci € C— {C} (1 <t<m) such that € =Y Cu |

(=): Since C, is a SVNRE in C, 3 C1, Cp, ..., Cis € C—{C1} (1 <s < m) such that & =Y Cr
Consider the following two cases:

« Case 1: SVN € 1€ Crorn by o € is a SVNRE in €= {C):

e Case 2: Otherwise CellnCprn Gyl then 3 refi=12,..,s},
c =U c uc=u c U

((p=Dn(p#r)) ~ jp (p=Dn(p#r)) ~ jp

such that C = Cj. Hence

G- Therefore, C; is a SVNRE in C— {C}.

(<) It is immediate.

Inspired by Properties 1 and 2, we present the notion of the reduct in a SVN-B-CAS.

Definition 4. Let (U, C) be a SVN-B-CAS and DS C. SVN D is the set of all SVNIEs, then D is
called the reduct of C and denoted by /(C).

Example 2. (Continued from Example 1) /(C) = {C;, C3, Cs}.

4. Reducts in SVN-B-CASs while adding and deleting some objects

This section presents two new SVN-B-CASs while adding and removing some objects of the original
universe. Moreover, some properties of reducts of SVN B-coverings are studies while adding and
removing some objects. In this section, ¢ denotes an integer which is more than 1.

4.1 Reducts in SVN-B-CASs while adding some objects
Firstly, we propose some new properties about reducts of SVN -coverings while adding some objects
of a universe. The notion of the increasing SVN-B-CAS is presented as follows.

Definition 5. Let (U, C) be a SVN-B-CAS of U, where U = X000 %, ) 00 q =165 Conns G W,
(") is called an increasing SVN-B-CAS from (U, C), where U' = {xi, x2, =", Xn, Xnt1, " Xntt}, C' =
{C\",C, -+, Cy'},and forany 1 <j<m,

C} (x)=Cj(x}),1<i<n;

(U’J’.’:1 C ()2 B n+l<i<n+t. o
The following proposition shows that an increasing SVN-B-CAS from the original SVN-B-CAS is
also a SVN-B-CAS.
Proposition 3. Let (U, C) be a SVN-B-CAS of U, where U = {x1, x2, ***, xa} and C = {C,, C2, ",
Cu}. Then (U', C") is also a SVN-B-CAS of U".

m + m
U €6 = U €)=

B
Proof. According to Definition 5, for each i € {1, 2, ---, n}, and

m +
Uy Cae) 2 p

foranyi € {n+1, -, n+1t}. Hence, (U', C") is also a SVN-B-CAS of U" by Definition
2.
Example 3. (Continued from Example 1) From Example 1, C is a SVN B-covering of U (B <

<05’03’04> ), where U= {X1, X2, X3, X4} and C= {C1, Cz, C3, C4}. Suppose U+ = {X1, X2, X3, X4, X5}
and C= {C\", o', C5', C4"}, where
_(060202) (030206) (020304 (040503 (070302) . _(060302) (030406) (010304) (040503 (05060

< X X, X, x, X, ’ X X, % X, X
o (040207) , (030208) (020304 | (030605 +(0.&o.3;0.2)’ o (010509 (060103 (060302 (050304 (090108)
% % % X X X X X X %
(0.5,0.3,0.4)

According to Definitions 2 and 5, we know C" is a SVN -covering of U".
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The following proposition indicates the containing relation between a SVN-B-CAS and its
increasing SVN-B-CAS.

Proposition 4. Let (U, C) and (U', C") be two SVN-B-CASs, where C= {Ci, C2, -*-, Cy} and C* =
(G, G, +, Cy'}.SYN G/ €C forany i,j € {1,2, -, m}, then C; € C,.

Proof. Forany i,j € {1, 2, ---, m},

CFcC'=2C (X)<C x),Vx EU=>C(x)<Cx),Vx E U= Ci < C.

We find a relationship about SVNREs between a SVN-B-CAS and its increasing SVN-B-CAS.

Proposition 5. Let (U, C) and (U', C") be two SVN-B-CASs, where C = {Ci, C, -*-, Cy} and C* =
(G, G, -+, Cy'}. SYN Ci" is a SVNRE in C', then C;is a SVNRE in C for any i € {1,2, ---, m}.

Proof. It is immediate according to Definitions 3 and 5.

By Proposition 4, we find that the converse of it does not hold, i.e., “If C; is a SVNRE in C, then
C/"is a SVNRE in C' for any i € {1, 2, ---, m}.” is not true. For example, since C; = C, U C;in
Example 3, C; is a SVNRE in C. However, C;" is not a SVNRE in C". Then, we give the following
corollary by Proposition 4.

Corollary 1. Let (U, C) and (U", C") be two SVN-B-CASs, where C = {Cy, C3, -+, C,} and C" =
{C", Gy, -+, Cy' ) If Ciis an SVNIE in C, then C;" is an SVNIE in C* forany i € {1,2, -, m}.

Proof. It is immediate by Proposition 4.

Example 4. (Continued from Example 3) C,, C; and Cy are SVNIEs in C. 5", Cs"and C," are
SVNIEs in C".

By Corollary 1, the converse of it does not hold, i.e., “If C;" is an SVNIE in C", then C; is an
SVNIE in C forany i € {1, 2, --, m}.” is not true. For example, C;"is an SVNIE in C"in Example 3.
However, C is a SVNRE in C. Based on Corollary 1, we propose Theorem 1.

Theorem 1. Let (U, C) and (U, C") be two SVN-B-CASs. Then

NEGENERTE 3

Proof. By Definition 5, I'(C) and I'(C*") are families of all SVNIEs of C and C*, respectively.
Hence, it is immediate by Corollary 1.

Note that |I'(C)| and |T'(C")| denote the cardinality of I'(C) and T'(C") , respectively.

Example 5. (Continued from Example 3) I'(C) = {C,, Cs3, Cs}, I(CY) = {C\", CoF, G5, C4'}.
Hence, [I'(C)| =3 and |['(C)| =4, i.e., |T'(C)| < [T(CY)|.

4.2 Reducts in SVN-B-CASs while removing some objects
We present the concept of declining SVN-B-CAS in the following definition.

Definition 6. Let (U, C) be a SVN-B-CAS of U, where U = XX} g 0= 1€ Corn Gk e
call (U, €) a declining SVN-B-CAS from (U, C), where U = {x1, x2, ", Xn-t}, C = {C1,C2, ", Cn},
and C;(x;)=Ci(x;) forany 1 <i<n-t, 1 <j<m.

The following proposition shows that the removing SVN-B-CAS is also a SVN-B-CAS.

Proposition 6. Let (U, C) be a SVN-B-CAS of U, where U = {xi1, x2, -, xn} and C = {C;, C3, -,
Cn}. Then (U, C) is also a SVN-B-CAS of U'.

m

. (u.zlc)(x.):(Utlc.)(xqz,g _
Proof. Suppose U = {Ci, C3, ‘-, Cpi}. By Definition 6, /= /' ;= for any i € {I,
2, -+, n-t}. Hence, (U, C) is also a SVN-B-CAS of U by Definition 2.
Example 6. Let U= {x1, x2, X3, X4, x5}, C = {C1, Ca, Cs, C4}and p = <0'6’0'3 ’0'4> ), where

o (070302 (03020, (020304, (040503 , (070.302) - (07,030.2  (03040.6  (0.1030.4 (04050.3  (0.50.60.7)
oy x 0x % ox % x o ox o ox o ox

¢ (040207 (030209 (020304 (030605 (080303 . (010509 (060103 (060307 (080304 (0.60108)
X x, x, x, x Yoy x, x, x, x o

According to Definition 2, we know C is a SVN B-covering of U. Let U = {xi, x2, x3, x4} and C =
{Cr, Cy, Gy, Cq}, where
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0.7,02,02) (0.3,02,0.6) (0.2,0.3,04) (0.4,0.50.3
C = (0.7,0.2,0.2) + (0.3,0.2,0.6) + (0.2,0.3,0.4) + (0.4,0.5,0.3) C- (07.0302) , (030406) , (0.10304) , (0.4,0_5,0.3)9
X, X, X, X, X, X, X, X,
C = (04.0207)  (03.0.208) , (0.2.0304) (0.3,0.6,0.5), C= (0.10505) , (0.60.103) , (0.60302)  (0.80.304)
X Xy X3 Xy X X, X3 Xy
(0.6,0.3,0.4)

According to Definitions 2 and 6, we know C is a SVN -covering of U

Then, Proposition 7 shows the containing relation between a SVN-B-CAS and its declining SVN-f3-
CAS.

Proposition 7. Let (U, C) and (U, C) be two SVN-B-CASs, where C = {Ci, C3, -+, Cy} and C =
{Cr,Cy, -, Cy}. IfCcCiforany i, j € {1,2, -, m}, then C;i € C;.

Proof. Forany i,j € {1,2, ---, m},

CGCC=2CSC,YxeU>CC x),vxe U=>Ci (.

Proposition 8 shows a relationship about SVNREs between a SVN-B-CAS and it’s declining SVN-
B-CAS as follows.

Proposition 8. Let (U, C) and (U, C) be two SVN-B-CASs, where C = {Ci, (3, -+, Cy} and C =
{Cr,Cy, -, Cy}. If CiisaSVNRE in C, then Gy isa SVNRE in C forany i € {1, 2, ---, m}.

Proof. It is immediate by Definitions 3 and 6.

Inspired by Proposition 8, we find that the converse of it does not hold, i.e., “SVN C; is a SVNRE
in C, then C;is a SVNRE in C for any i € {1, 2, ---, m}.” is not true. For example, since C;" = C;” U
Csy in Example 6, Ci" is a SVNRE in C. However, C; is not a SVNRE in C. Based on Proposition 8,
we present the following corollary.

Corollary 2. Let (U, C) and (U, C) be two SVN-B-CASs, where C = {C, (5, -, Cy} and C =
{Cr,Cy, -, Cy}. If Ciisan SVNIE in C, then C;is an SVNIE in C forany i € {1, 2, ---, m}.

Proof. It is immediate by Proposition 8.

Example 7. (Continued from Example 6) C>, C5” and C4 are SVNIEs in C. C;, Czand C; are
SVNIEs in C.

Based on Corollary 2, we give the following theorem.

Theorem 2. Let (U, C) and (U, C) be two SVN-B-CASs. Then

TCHETE)], 3

Proof. By Definition 5, I'(C) and I'(C") are families of all SVNIEs of C and C, respectively. Hence,
it is immediate by Corollary 2.

Example 8. (Continued from Example 6) I'(C) = {C,, C,, C;, C4}, I'(C) = {Cy, C5, Cs'}. Hence,
[T(C)| =4 and |T'(C)| = 3. That is to say, |[['(C)| < [T(C)|.

5. Conclusion

In this paper, we propose the concept of the reduct in a SVN-B-CAS. It will be helpful to solve other
problems in SVN covering-based rough set models. Moreover, reducts in SVN-B-CASs are
investigated while adding and removing some objects of the universe. In future, updating the reduct
while adding and deleting objects at the same time will be done.
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