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This paper aims to propose the notion of Type-1 single-valued neutrosophic complementary -neighborhood (briefly, Type-1
SVN complementary f3-neighborhood) and use it to introduce a novel class of 1-single-valued neutrosophic -covering rough set
(briefly, 1-SVN B-CRS). Then, we will merge the 1-SVN f-neighborhood and 1-SVN complementary f3-neighborhood to create
new two models of 1-SVN -CRS. Furthermore, we will discuss the relationships between the present work and Wang and Zhang’s
work. For further study on Type-2 Wang and Zhang’s models, we will define the 2-SVN complementary -neighborhood and use
it to present a novel class of 2-SVN B-CRS. Also, we combine the 2-SVN fB-neighborhood and 2-SVN complementary
B-neighborhood to investigate the new two models of 2-SVN S-CRS. Lately, we will demonstrate two illustrative examples as real

problems to show the differences between two of our approaches and Wang and Zhang’s approach.

1. Introduction

In 1982, the world-known new notion called rough sets
(briefly, RSs) dealt with uncertain data on the hand of
Pawlak [1, 2]. This notion helped researchers in several areas
of research to develop these areas through RS, for instance,
there are many published papers (see [3-19]). The famed
generalization of RS is covering rough sets (briefly, CRSs).
The CRSs were studied by many specialists from different
views which made an evolution in many fields such as
computer science, mathematics, and chemistry. Some of the
relevant studies helped scholars to solve many life problems
[20-33]. Consequently, in 1990, the notions of fuzzy rough
sets (briefly, FRSs) and rough fuzzy sets (briefly, RFSs) are
defined by Dubois and Prade [34] from the merging between
the CRS and the fuzzy sets (briefly, FSs) which appeared by
Zadeh [35]. From this point of view, the new kinds of
covering fuzzy rough sets (briefly, CFRSs) through the fuzzy
p-neighborhoods were called fuzzy 8 covering rough sets
(briefly, FBCRSs) (see [36]). To complete this study, Yang

et al. [37, 38] defined several basic notions of fuzzy com-
plementary f-neighborhoods, fuzzy f-minimal description,
and fuzzy -maximal description to establish new classes of
FBCRS.

The notion of single-valued neutrosophic sets (briefly,
SVNS) was developed by Wang et al. [39]. SVNS is a natural
extension of the intuitionistic fuzzy set (briefly, IFS) [40].
Smarandache [41] investigated a new set called neu-
trosophic set as a generalization of mathematical tools
(i.e., fuzzy set [35], interval-valued fuzzy set [42], IFS [40],
and interval-valued intuitionistic fuzzy set [43]). In 2015,
Mondal and Pramanik [44] demonstrated a new termi-
nology called rough neutrosophic set. By using SVN re-
lation, Yang et al. [45] introduced the SVN rough set
model, and based on the notion of Type-1 SVN
B-neighborhoods, Wang and Zhange [46] proposed two
models of Type-1 SVNp-covering rough sets (briefly,
SVNB-CRS). Furthermore, they presented a new kind of
SVNp-CRS called Type-2 SVNB-CRS utilizing Type-2
SVN B-neighborhoods in [47]. The notions of
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neutrosophic soft rough sets and its generalizations are
presented in [48-53].

By the above discussion and extend the other work (see
[46, 47]) in SVNB-CRS. We will generalize these methods in
[46, 47] by boosting the lower approximation and mini-
mizing the upper approximation, which is a big challenge to
every author. Consequently, the motivation of this paper is
to improve this area is obtained by introducing the notion of
1-SVN complementary f-neighborhood (resp., 2-SVN
complementary f3-neighborhood) to build novel classes of 1-
SVNp-CRS (resp., 2-SVNB-CRS). And, by joining 1-SVN
p-neighborhoods (resp., 2-SVN B-neighborhoods) and 1-
SVN complementary f-neighborhood (resp., 2-SVN com-
plementary f-neighborhood), we obtain two new SVN
p-neighborhoods which establish two new models of 1-
SVNB-CRS (resp., 2-SVNB-CRS). Also, we discuss the
properties of the two proposed covering methods. Finally,
we apply our work (i.e., two proposed methods) to solve
decision-making problems.

The organization of this article is as follows. In Section 2,
we give a basic notion about the presented study. Section 3
establishes the definition of 1-SVN complementary
B-neighborhood, and hence, a new model of 1-SVN-CRS is
proposed. Also, by merging between the 1-SVN
p-neighborhoods and its complementary, we set up two
other models of 1-SVNf-CRS. Thus, the relevant char-
acteristics are also studied. Section 4 constructs the notion
of 2-SVN complementary f-neighborhood, and thus, a
new model of 2-SVNB-CRS is proposed. By merging
between the 2-SVN fB-neighborhoods and its comple-
mentary, we also set up two other models of 2-SVN
B-CRS. Then, the relevant properties are also discussed.
The decision-making approaches to the two methods are
mentioned in Sections 3 and 4 are investigated in Section
5. Also, in this section, we compare between our approach
and Wang and Zhang’s approach. Section 6 shows the
overall benefits of our study.

2. Preliminaries

In this section, we review some basic terminologies about the
subject of this study.

Definition 1 (Cf. [26]). Assume that Q is a universe and Tisa
family of subsets of Q. If no element in T is empty and
Q= UE&C’ then T is called a covering of ), and (Q, T) is
called a covering approximation space (briefly, CAS).

Definition 2 (Cf. [54, 55]). Assume that Q) is a universe. We
say [ ={C,,C,,...,C,}, with C, e F(Q) (i = 1,2,...,m),
a fuzzy covering (briefly, FC) of Q if (U2,C;)(x) = 1, for
each x € Q.

The notion of fuzzy f-covering was discovered by Ma
[36] (0 < B <1). This notion is considered as a generalization
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of FC. If r={C.C,....C,} with
C,eF()(i=12,...,m), then (Q,T) is called a fuzzy
B-covering approximation space (briefly, FSCAS).

Definition 3 (Cf. [54, 55]). Assume that Q is not an empty
set. For each x € (), define the SVN set &/ Q) as the fol-
lowing formula:

A ={{x, T (%), I 4 (x), F 4 (x))}. (1)

where 7 ;: O — [0, 1] is the degree of truth membership
of the element x to &, £ : QO — [0,1] is the degree of
indeterminacy membership of the element x to &, and
F 4. Q — [0, 1] is the degree of falsity membership. These
variables satisfy 0< 9, + I, + F, <3.

In 2018, Wang et al. [39] established the notion of SVN
p-covering approximation space, and then, Wang and
Zhang [46, 47] used this notion to create two types of the
covering method as in the following definition.

Definition 4 (Cf. [46, 47]). Let Q be a universe and SVN (Q)
be the SVN power set gf Q. Fora SVN number~[3 = (a,b,0),
we cll T[={C,C,....,C,}, with C,eSVN(Q)
(i=1,2,...,m), a Type-1 SVN B-covering (a Type-2 SVN
B-covering) of Q if C;(x)=p (C;(x)=p), for each x € Q.
Moreover, (,I) is called a Type-1 SVN p-covering ap-
proximation space (a Type-2 SVN f-covering approxima-
tion space) (briefly, 1-SVN 5 CAS (2-SVNBCAYS)).

If o =<ay,by,¢;) and &B = {a,,b,,c,) are two SVN
numbers, then

(i) d<Bea <a,b 2by,c >,

(ii) 2B e a, 2a,,b, <b,,c, <c,

(iii) < Bea, <a,,b <b,,c,>c,

(iv) =B o a,>a,, b, >b,,c;<c,

Here, Vo/, 3 € SVN(Q), and we have the following
relation, union, and intersection operations.

For Type-1,

1) ACRBST y<T 3, Iz < Iy Fy<Fz¥x € Q)

B) AURB={{, T yNT 3, Ty NI 3 F g NF 5}

For Type-2,

(1) BT y<T 4, Ig< T Fy<Fz9x € O

Definition 5 (Cf. [46,47]). Let (Q,T)bea 1-SVN B CAS with
T= {61,62, e ,Cm} for some 8 = {a,b,c). Then, for each
x € (), define the Type-1 SVN S-neighborhood (the Type-2
SVN B-neighborhood) of x as follows:
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()26 Definition 6 (Cf. [46, 47]). Let (Q,T) be a 1-SVNBCAS
P (resp., 2-SVNBCAS) for some 3 = {a,b,c). For each x € Q
a, s <b, gagc}, and & € SVN(Q), define the first type of Type-1 SVN
' (2) lower approximation (1-1-SVNLA) 31 (&f) (resp., the first
type of Type-2 SVN lower approximation (1-2-SVNLA)
Z* () and the first type of Type-1 SVN upper ap-
S C}' proximation (1-1-SVNUA) %] () (resp., the first type of
Type-2 SVN upper approximation (1-2-SVNUA) % (<))

as follows:

Z1 @) =@ F 5 DVT oD ) Aea(1-7 5 D)VTu 0D Vsea(T 5 DAFL I D)

(3)

<x) /\yGQ

(= J2(
) (at) {5 Vyea 7 ]ﬁ(ymm(y)),vyeg( F DT Ao F 2 DIV,
CHEE (7 2 VTu ) Aea((1-7 5 D)V T Vyea T AT 0I P
| (=, )

Ui () = {<x, yea\ T g DIAT 4 (9) yeg(fﬁ/s(y)/\fﬂ(y)),/\ym(gﬁﬁ(y)vgd(y))>}.

If EZ} () (resp.,Z?(&i)) #%} () (resp., ‘Zlf (A)), Also, we can compute 1/175 u 1%5 as set in Table 5.
then ¢ is called the first type of Type-1 SVN f-covering
rough sets (resp., the first type of Type-2 SVN fS-covering  Proposition 1. Let (Q,T) be a 1-SVNBCAS, for some =
rough sets)  (briefly, 1-1-SVNBCRSs  (resp., ~1-2- {a,b,c) and for each x, y,z € Q. Then, the following state-

SVNpCRSs)). ments hold:
1) T, ()2
3. Type-1 SVN Complementary ) If, /% (y)=p and /% (z)>/3 then /% (2)=p
pB-Neighborhood and Three New Kinds of (3) 0< B, < By <P, then % c

Type-1 SVNB-CRS

We will propose the concept of a type-1 SVN comple-  proof
mentary f-neighborhood and three new kinds of Type-1
SVNp-CRS and introduce several definitions, propositions, (1) It follows d1rectly from Deﬁn1t1ons 5 and 7.

and examples as indicated below. (2) Since ﬂ (y)=pB, then ,/V (x)>ﬁ If C;(x)=>p,

Definition 7. Let (€, ) be a 1-SVNBCAS  with then C' (»)2p, and since /% (2)2p, then
Ir= {C1>C2> ... ,Cm}, for some f = {a,b,c). Then, for each 1’:/175 (y)=p. If C‘i (y)=p, then Ci (z) = B. Therefore,
x € (), define the type-1 SVN complementary 3-neighbor- a7 (2)> B
hood of x as follows: e ~
(3) For each xe€Q,0<f,<B,<B, then n {Ci €
T () = I;Vt; (x), VyeQ. (4) I: C,(x)2B,}2n{C; € T: C;(x) 2 B,}. Thus, by
Definition 7, we have ;7%5121%&2. O
Example 1. Let (Q,ii) be a 1-SVNBCAS, . _
Q = {x}, %y, %3, x,, x5} and T = {C1>C2»C3,C4}) where p=  Proposition 2. Let (Q,I) be a I-SVNBCAS, for some
€0.5,0.3,0.8) are summarized in Table 1. B B =<a.b,c). For each x,y €,
In Table 1, 7" =C,nC, lmﬁ -¢,nC, nC, T (y) 2 pes A AT (5)

A =CynCyp Wt =TT,y and (7. =T,nC4N0C,.
Table 2 contains the results of type-1 SVN —38 -
B-neighborhood. Proof. Let (M, (y)2p, T —s(y)=TNC;(y) =N T,
Thus, we can obtain the values of type-1 SVN com- (y)>a,5 = (y) =InC, (yl) ;Vfgl(y) <b, and F —;
plementary f3-neighborhood as in Table 3. o s
Hence, we can merge ./ and /lﬁ and compute ) = ﬂC ()’) VFz (y) <c. Then, {Ci el Tz (x)=a,

A0 T as Table 4. Tz (0)<b, Fp(0)<dc{C eT: T ()= aI5 ()<
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TasLe 1: (Q,T).

C, c, G, C,
x, <0.7,0.2,0.5) 0.6,0.2,0.4) {0.4,0.1,0.5) {0.1,0.5,0.6)
x, <0.5,0.3,0.2) {0.5,0.2,0.8) {0.4,0.5,0.4) 0.6,0.1,0.7)
X3 0.4,0.5,0.2) 0.2,0.3,0.6) {0.5,0.2,0.4) {0.6,0.3,0.4)
x, 0.6,0.1,0.7) 0.4,0.5,0.7) {0.3,0.6,0.5) 0.5,0.3,0.2)
X {0.3,0.2,0.6) 0.7,0.3,0.5) {0.6,0.3,0.5) 0.8,0.1,0.2)

TABLE 2: ffVi‘,Vi =12,...,5.

X1 X X3 Xy X5
17Vﬁ‘ 0.6,0.2,0.5) {0.5,0.3,0.8) 0.2,0.5,0.6) 0.4,0.5,0.7) {0.3,0.3,0.6)
171/@ 0.1,0.5,0.6) €0.5,0.3,0.8) 0.2,0.5,0.6) 0.4,0.5,0.7) 0.3,0.3,0.6)
17;/53 <0.1,0.5,0.6) 0.4,0.5,0.7) 0.5,0.3,0.4) (0.3,0.6,0.5) {0.6,0.3,0.5)
17qu 0.1,0.5,0.6) 0.5,0.3,0.7) 0.4,0.5,0.4) (0.5,0.3,0.7) (0.3,0.2,0.6)
17st 0.1,0.5,0.6) 0.4,0.5,0.8) 0.2,0.3,0.6) 0.3,0.6,0.7) {0.6,0.3,0.5)

TABLE 3: 1%5,,% =12,...,5.

X1 X2 X3 Xy X5
I%ﬁl <0.5,0.8,0.6) {0.8,0.7,0.5) {0.6,0.5,0.2) 0.7,0.5,0.4) 0.6,0.7,0.3)
17%?62 {0.6,0.5,0.1) {0.8,0.7,0.5) {0.6,0.5,0.2) €0.7,0.5,0.4) 0.6,0.7,0.3)
lf/ki {0.6,0.5,0.1) 0.7,0.5,0.4) 0.4,0.7,0.5) {0.5,0.4,0.3) 0.5,0.7,0.6)
17%2 {0.6,0.5,0.1) 0.7,0.7,0.5) 0.4,0.5,0.4) 0.7,0.7,0.5) 0.6,0.8,0.3)
17%i {0.6,0.5,0.1) 0.8,0.5,0.4) 0.6,0.7,0.2) <0.7,0.4,0.3) 0.5,0.7,0.6)

Tasie 4: | Vb 0 0 Vi=1,2,.. 5.

X1 X X3 Xy X5
171/? n 17%51 0.5,0.8,0.6) 0.5,0.7,0.8) {0.2,0.5,0.6) {0.4,0.5,0.7) €0.3,0.7,0.6)
1’7sz n 17%2 €0.1,0.5,0.6) €0.5,0.7,0.8) 0.2,0.5,0.6) 0.4,0.5,0.7) <0.3,0.7,0.6)
17,/i A 17%53 0.1,0.5,0.6) €0.4,0.5,0.7) {0.4,0.7,0.5) €0.3,0.6,0.5) 0.5,0.7,0.6)
1’/754 n lﬁi €0.1,0.5,0.6) €0.5,0.7,0.7) 0.4,0.5,0.4) 0.5,0.7,0.7) <0.3,0.8,0.6)
TP n AP 0.1,0.5,0.6) <0.4,0.5,0.8) 0.2,0.7,0.6) <0.3,0.6,0.7) 0.5,0.7,0.6)

17 x5 ' 11 xg

TaBLE 5: | U A" Vi=1,2,...,5.

X1 X X3 Xy X5
1’/751 U l%fl {0.6,0.2,0.5) {0.8,0.3,0.5) {0.6,0.5,0.2) {0.7,0.5,0.4) {0.6,0.3,0.3)
17;/&2 U 17%52 {0.6,0.5,0.1) 0.8,0.3,0.5) <0.6,0.5,0.2) 0.7,0.5,0.4) 0.6,0.3,0.3)
17Vi U 17%{1 {0.6,0.5,0.1) {0.7,0.5,0.4) {0.5,0.3,0.4) {0.5,0.4,0.3) {0.6,0.3,0.5)
l’fyi U 17%){4 {0.6,0.5,0.1) {0.7,0.3,0.5) {0.4,0.5,0.4) {0.7,0.3,0.5) {0.6,0.2,0.3)

vt (0.6,0.5,0.1) {0.8,0.5,0.4) {0.6,0.3,0.2) {0.7,0.4,0.3) {0.6,0.3,0.5)

Xs Xs
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b, Fg (y)<c}. Thus, ;/’lﬂglﬁﬁ. On the contrary, let
e T Then, T s ()2 T FWz et ~ﬁ(y><

Z’/”g(y)<b andgﬂg(y)<9%ﬁ(y)<c Hence, 1% (y)
>

Now, we present the three new types of 1-1-SVNSCRSs
based on Definitions 5 and 7 as indicated below.

Z(d) = {(x,/\ym<97 (VT

x

M(J’)>>/\yeg(<1—ff/()’))me()’)) yEQ( ﬂﬂy)/\.%ﬂy)))}

Definition 8. Consider (€, I is a 1-SVNBCAS
with T = {61,62, e ,Cm}, for some f = {a,b,c). For each
x€Q and & € SVN(Q), then we have the following
paradigms:

Paradigm 1: the second type of Type-1 SVN lower
approximation (2-1-SVNLA) ‘Sfé(eszi) and the second
type of Type-1 SVN upper approximation (2-1-
SVNUA) %% () are as follows:

(6)

Uy (o) = {<x,vym(9' S DIAT () ),vym(f - (y)Afw)),Aym(% = (y)V%<y>)>}.

If Sfé () + CZJ% (o), then o is called the second type of
Type-1 SVN p-covering rough sets (briefly, 2-1-
SVNPBCRSs).

L) = {(x,/\ym<9 S (y)wd(y)> yeg<<1 -

U () :{<x,vyeg<97 =

177 x 1

If 3; (o) + CZ[; (), then  is called the third type of
Type-1 SVN pB-covering rough sets (briefly, 3-1-
SVNpCRSs).

EACIE {<x, /\ym(g e, (y)vg‘ﬂ(y)>,/\ym<<1 4

Ul (o) = {<x vyeg< 7 AT <>>,vym<f =

If 5/”}1 () + %i (o), then ¢ is called the fourth type of
Type-1 SVN f-covering rough sets (briefly, 4-1-SVNBCRSs).

~/< /”/3 (y))VjM (y)> )/60(9 ;V/{m

1 x l

S DINT 4 (y)>,vyeg<e]l/~yinl}[i INT o (;v)>,/\yeg<9]/~yﬁ

i ~ﬁ(y)>VJg(y)> yeg<9‘ﬁiujzi(y)/\gd(y)>>},

1M x>

~p (}’)/\Jy ()’)))AyeQ(*G/7 ;ﬁ

1" x 71 E

Paradigm 2: the third type of Type-1 SVN lower ap-
proximation (3-1-SVNLA) 3; (&) and the third type
of Type-1 SVN upper approximation (3-1-SVNUA)
%; (&f) are introduced as follows:

~/s(y)/\?g(y)>>}

(7)
i (y)vg,d(y)>>}.

x 1%

Paradigm 3: the fourth type of Type-1 SVN lower
approximation (4-1-SVNLA) S}l(d) and the fourth
type of Type-1 SVN upper approximation (4-1-
SVNUA) ?Ji () are proposed as follows:

(8)
~/3()’)VJ'Q{()’)>>}

1" x 71 x

Example 2. Consider Example 1 if 8 =0.5,0.3,0.8) and
o = ((0.5,0.3,0.6)/x;) + ((0.4,0.5, 0.1)/x,) + ((0.3,0.2,



0.6)/x3) + ((0.5,0.3,0.4)/x,) + ((0.7,0.2,0.3)/x5); then, we

have the following results:

Z1 ()
%, ()
% ()

L)
U ()
L)

Next, we will present Proposition 3 for the 2-1-
SVNBCRS model; also, it satisfies in case of the 3-1-
SVNPBCRS and the 4-1-SVNBCRS models.

Proposition 3. Let (Q,T) be a 1-SVNBCAS, for some
B =<a,b,c). For each x,y,z € Q and 9,9 € SVN(Q).
Then, the following statements hold:
(1) (SVNLI) Z5 () = (U3 (A))".
(SVNUI) %} () = (Z5 ().
(2) If o < B, then
(SVNL2) &, () L) (B).

g; (dc) = {<X>Ayeg<g ‘7%/3 (J/)VF]M (y)>’/\yeﬂ((l

={<x,Aym(ff‘l 7 <y>v%<y>),Ay€Q((1 = (y))v(l Ty <y>)),vym(9l 7 <y>A%(y>)>}

=(%y())".

(SVNL2): let of, B € SVN(Q) such that A<H (ie.,
T 4<T g Ig<Fyand FH3<F,) and x € Q. Then, we
get the following result:

Z5 () (x) = {(x, /\yeg(g S IVTy (y))»AyeQ<(1 -

={{x,,0.6,0.5,0.5, {x,,0.6,0.5,0.4), (x;,0.4,0.4,0.5), {x,,0.4,0.5,0.4), {x5,0.6,0.4,0.3)},
={(x,,0.6,0.3,0.5), {x,,0.4,0.3,0.6), {x3,0.6,0.5,0.5), (x,,0.5,0.3,0.6), {xs,0.6,0.5,0.5)},
={(x,,0.3,0.3,0.6), {x,,0.3,0.3,0.6, {x3,0.4,0.3,0.5), (x,,0.4,0.2,0.4), {xs,0.3,0.3,0.6)},
UL (o) ={(x,,0.6,0.5,0.3), {x,,0.6,0.5,0.3, {x3,0.6,0.5,0.4), {x,,0.6,0.5,0.3), (x5, 0.6,0.5, 0.4)
={(x,,0.6,0.3,0.5), {x,,0.6,0.3,0.4), {x3,0.5,0.3,0.4), {x,,0.4,0.2,0.3), {x5,0.6,0.3,0.3)
={(x,,0.5,0.5,0.6), {x,,0.4,0.5,0.6), {x3,0.5,0.5,0.5), {x,,0.5,0.5,0.6), {x3,0.5,0.5,0.6)},
={(x,,0.3,0.5,0.6), {x,,0.3,0.5,0.6), {x3,0.4,0.5,0.5), (x,,0.4,0.5,0.5), {xs5,0.3,0.5,0.6)},
Uy () ={(x,,0.6,0.3,0.3), {x,,0.6,0.3,0.3), {x3,0.6,0.5,0.4), {x,,0.6,0.3,0.3), {x5,0.6,0.5,0.4)}.
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}
}
}
b
} 9)
}
}
}

>

(SVNU2) %L (o) < UL (RB).
(3) (SVNL3) L (A N B) = L1 () L (B).
(SVNU3) Uy (A NB) Uy ()N U (B).
(4) (SVNL4) LN (AU B)2 L () U L) (RB).
(SVNU4) % (o4 0 B) = UL () N UL (RB).

Proof. We shall only prove (SVNLI1), (SVNL2), (SVNL3),
and (SVNLA4).
(SVNL1):

—F (y))vfdc (;v)),vyeg(?/”l% (DINF e (y)>>]>

1 x

(10)

Vi (y))vjd(y)),vym(gl% (}’)/\9@{()/))>})

954(%) = /\yeo<9 i (y)vggf(y)> S/\yeo<g 7 (NVT 4 (J’)> = 93;(@)>

1 x 1 x

T =tyeal (17 3D Ia) )2 rea (1= 2O Ta ) = Torcar

(11)

F o1 (a) :vyeo<9‘l/~%i (y)/\gd(y)>zvyeg<9l7ﬂi (y)/\.%@(y)) =F 9\ (@)

Therefore, 2; (o) 93% (AB).

(SVNL3): if x € Q, then we have
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L) (x) =1 (x, /\y60<g S OIVT g (y)),/\ym((l -5 5 (y)

1 1% %

s a7 I8 Fana 0

1% x

= {(x, /\yeo<9ﬁf V(T2 NNT 5 (y))>>/\yeo<<l -S = (y))V(f&f(y) VI (y))),vym(?% DINF o DIVF (y))>>}

(x,/\ym((?l%i (y)V?/”g,(y)>/\(F/7JZi NWVT 4 (y))),/\ym<<<l _Jj/i (y))VJM(y)>V<<1 _Jl/;/j (y))VJge(y)>>,

Vygg<<97 + (y)/\gd(y)>v<9” + (y)/\fig,g(y)>>>}

1% x 1%x

= L2 A)NZLL(B).

(SVNLA4): since o/ U B 2 ¢, then, by (SVNL2), we have
fZ; (dU%’)QﬁZi (). Similarly, /U%B>%RB; then, by
(SVNL2), we have ZL3(AURB)2L)(RB). Thus,
LA URB) 2L (A) UL (B). O

Now, we proceed to explain some relationships among
these models.

Proposition 4. Let (Q,I) be a I-SVNBCAS and
d € SVN (Q). Then, we have the following properties:

(1) Ly ()< Ly ()<L (A)

2) L) <L (A) <Ly ()

(3) U (A)<UN(A) < Ly (A)

(4) UN(A) <UL (A) <UL (A)

Proof. The proof is clear from Definition 8. O

Proposition 5. Let (Q,I) be a I-SVNBCAS and
g € SVN(Q). Then, we have the following properties:

(1) L) 2L (D) VLS (A)

) U )< U ()N UL (A)

(3) L) <L HA)NLY ()

(4) Uy ()2 U () VU (A)

Proof (straightforward) O

4. Type-2 SVN Complementary
pB-Neighborhood and Three New Kinds of
Type-2 SVNB-CRS

Definition 9. Let (Q,T) be a 2-SVNBCAS with
T= {61,62, e ,Cm}, for some f = {a,b,c). Then, for each
x € Q, define the type-2 SVN complementary f-neighbor-
hood of x as follows:

2%5 (y) = 2/17[; (x), VyeQ. (13)

(12)

Example 3. Consider Example 1, § = (0.5,0.1,0.8) and & =
((0.6,0.3, 0.5)/x;) + ((0.4,0.5, 0.1)/x,)+ ((0.3,0.2,0.6)/
x3) + ((0.5,0.3,0.4)/x,) + ((0.7,0.2,0.3)/x5). Then, the
values of type-2 SVN f-neighborhood are seen in Table 6:

~ﬁ ~
Wy, =CNG,

4 =Cng,ne,,

N, =CnCy, (14)
2 i =CinC,,
W =CnCne,.

Also, we compute type-2 SVN complementary

B-neighborhood as in Table 7.
Thus, we can merge ,./, and 2%5 and calculate
Zﬂf’il‘lzﬁi as Table 8. s g
Furthermore, we can calculate , 4" L, /4, as set in
Table 9.

Proposition 6. Let (Q,T) be a 2-SVNBCAS, for some =
{a,b,c) and for each x, y,z € Q. Then, the following state-
ments hold:

(1) 0y (x) > B

) If ;A0 () > B and 00" (2) > B, then , A" (2) > B

(3) 0<B, <y < B, then 0" c, 0"

Proof

(1) follows directly from Definitions 5 and 9.

(2) Since z%i () =B, then 2‘7fo ()=p If Ci (x) =P,
then C;(y)=p, and since ;/%5 (2) =B, then
;Vf (») =B. If C;(y) =, then C,(z) = B. Therefore,
- (2) % .

(3) For each x € Q,0<B,<pB,<p, then I‘I{Ci el:
C; (x)=,}an{C; € T: C;(x)>B,}. Thus, by Defini-
tion 9, we have ;7%/3 'C %ﬁz. O

x =2
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TABLE 6: ;/IJ/i,Vi =12,...,5.
X1 X, X3 Xy X5
27;/5 0.6,0.2,0.5) <0.5,0.2,0.8) 0.2,0.3,0.6) €0.4,0.1,0.7) 0.3,0.2,0.6)
27@ 0.1,0.2,0.6) <0.5,0.1,0.8) 0.2,0.3,0.6) €0.4,0.1,0.7) 0.3,0.1,0.6)
27Vf <0.1,0.1,0.6) 0.4,0.1,0.7) 0.5,0.2,0.4) 0.3,0.3,0.5) 0.6,0.1,0.5)
27Vi <0.1,0.2,0.6) €0.5,0.1,0.7) €0.4,0.3,0.4) 0.5,0.1,0.7) 0.3,0.1,0.6)
z’fyﬁ €0.1,0.1,0.6) €0.4,0.1,0.8) 0.2,0.2,0.6) 0.3,0.3,0.7) 0.6,0.1,0.5)
TABLE 7: zpfﬂi,Vi =12,...,5.
X1 X, X3 Xy X5
27@1 <0.5,0.8,0.6) 0.8,0.8,0.5) 0.6,0.7,0.2) 0.7,0.9,0.4) 0.6,0.8,0.3)
27%§2 0.6,0.8,0.1) 0.8,0.9,0.5) 0.6,0.7,0.2) 0.7,0.9,0.4) 0.6,0.9,0.3)
27%1 0.6,0.9,0.1) 0.7,0.9,0.4) 0.4,0.8,0.5) <0.5,0.7,0.3) <0.5,0.9,0.6)
27%’; 0.6,0.8,0.1) €0.7,0.9,0.5) 0.4,0.7,0.4) 0.7,0.9,0.5) 0.6,0.9,0.3)
27%&5 0.6,0.9,0.1) 0.8,0.9,0.4) 0.6,0.8,0.2) 0.7,0.7,0.3) (0.5,0.9,0.6)
TP P
TaBLE 8: , /' T, ,Vi=1,2,...,5.

X1 X3 X3 Xy X5
;Vflnz“j[fl {0.5,0.2,0.6) 0.5,0.2,0.8) 0.2,0.3,0.6) €0.4,0.1,0.7) 0.3,0.2,0.6)
;‘szﬂz’jﬁiz 0.1,0.2,0.6) €0.5,0.1,0.8) 0.2,0.3,0.6) 0.4,0.1,0.7) 0.3,0.1,0.6)
z’fyim;fﬂi 0.1,0.1,0.6) 0.4,0.1,0.7) 0.4,0.2,0.5) 0.3,0.3,0.5) <0.5,0.1,0.6)
2’7@4“2%54 0.1,0.2,0.6) 0.5,0.1,0.7) {0.4,0.3,0.4) 0.5,0.1,0.7) {0.3,0.1,0.6)
z’fyin;/%i {0.1,0.1,0.6) {0.4,0.1,0.8) {0.2,0.2,0.6) €0.3,0.3,0.7) {0.5,0.1,0.6)

B B .
TaBLE 9: , N/ LM ,Ni=1,2,...,5.

X1 X, X3 Xy Xs
27@1%7%51 0.6,0.8,0.5) 0.8,0.8,0.5) 0.6,0.7,0.2) {0.7,0.9,0.4) {0.6,0.8,0.3)
z’fyﬁzuzﬁi 0.6,0.8,0.1) (0.8,0.9,0.5) 0.6,0.7,0.2) 0.7,0.9,0.4) 0.6,0.9,0.3)
27Vi'-'27%£3 {0.6,0.9,0.1) 0.7,0.9,0.4) 0.5,0.8,0.4) 0.5,0.7,0.3) 0.6,0.9,0.5)
27&4”27[2 0.6,0.8,0.1) 0.7,0.9,0.5) 0.4,0.7,0.4) 0.7,0.9,0.5) 0.6,0.9,0.3)
;stuz’fﬂi €0.6,0.9,0.1) 0.8,0.9,0.4) 0.6,0.8,0.2) 0.7,0.7,0.3) 0.6,0.9,0.5)

Proposition 7. Let (Q,T) be a 1-SVNBCAS, for some
B =<a,b,c). For each x,y € Q, z%ﬁ (y)%ﬁ(:»;]{[ygng%i.

T (3)2P,
Agai(y)za,J;%ﬁ(y):Jﬂéi(y):vfa(y)zb, and

Proof. Let T = (y) =9NC;(y) =
F i (») = F/Tl‘léix(y) =VFg (»)<c.  Then, {C,- eT:
27 x ~ ~
Te(x)2a, 5 (x)2b,Fe (x)<c} c{C eT: T¢ ()2
a, I¢ () 2b, F¢ (y) <c} Thus, 27/%?;2’/%5 On the con-

trary, let 2%’;22%5. Then, 9'2/ﬂ~£ (y)= 972/% () =a,

I (M2 FI—(y)zb, and F ~5 ()< F—s () <c.
2 —g 2, 2, M,
Hence, 2/%5 (»)=p. O
Here, we construct three new types of 2-1-SVNBCRSs
based on Definitions 5 and 9 as seen below.

Definition 10. Consider (€, T) be a 2-SVNBCAS with T =
{CI,CZ, . ,Cmi for some f3 = {a, b, c). For each x € Q) and
9 € SVN(Q), then we have the following paradigms.

Paradigm 1: The second type of Type-2 SVN lower
approximation (2-2-SVNLA) Z%(ﬂ) and the second
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type of Type-2 SVN upper approximation (2-2-
SVNUA) %% () are found as follows:

L) = {(x, /\yeﬂ(g = (WIVT (y)), /\yeo(<1

—F (y))vfd(y)>>vyeo<92/~”i (y)/\e%/(y))>},

2 x

(15)

%5 () ={<x,\/yeg(9'%(y)Agg(y)),Vyeg(f i (y)/\fd(y)),/\ygg(%‘ i (}’)Vgg()/)>>]"

If 35 () + %% (o), then o is called the second type of
Type-2 SVN p-covering rough sets (briefly, 2-2-
SVNSCRSs)

gi(ﬂ):{<x>/\yeﬂ<g 7%13 ()/)V!G]g[()’))/\yea((l

U (oA) = {(x, vym(g . (y)/\gd(y)>,vym<f

2¥" x 2 x

~p
2y

If .ng () + °Z{§ (o), then ¢ is called the third type of
Type-2 SVN f-covering rough sets (briefly, 3-2-
SVNPCRSs).

‘7/3 ‘/%ﬁ ()’)/\fd (y)>>/\ye(z<97

2¥" x 2 x

Paradigm 2: the third type of Type-2 SVN lower ap-
proximation (3-2-SVNLA) 3% (&) and the third type
of Type-2 SVN upper approximation (3-2-SVNUA)
°Zl§ (&f) are introduced as follows:

-7 7Vﬁ|‘| '/'/1 (y))Vny ()/)>, Vygg)(gr;‘l/ﬁn ‘%ﬁ (}’)/\9794 (y)>>]’>

2% x 1 x x 2% x

2/~Vﬁ|‘| ‘}/‘ (}’)Vggy(y)>>}

x' 2 x

(16)

Paradigm 3: the fourth type of Type-2 SVN lower
approximation (4-2-SVNLA) ffi(.d) and the fourth
type of Type-2 SVN wupper approximation (4-2-
SVNUA) ‘Zli (o) are proposed as follows:

L) ={ Ao F 50T VT () Agea((1- 7 3580 DTy () Ve T 5280 (90T 5 D).

Ui = {0 V,ea( T PG DINT D) Vo T 50T DINT 4D ) Ao F 3550, (v ()

If Qi (o) + %i (), then o is called the fourth type of
Type-2 SVN f-covering rough sets (briefly, 4-2-
SVNBCRSs).

(17)

Example 4. Consider Example 1 if = 0.5,0.1,0.8) and
o =((0.6,0.3,0.5)/x,) + ((0.4,0.5,0.1)/x,)+ ((0.3,0.2,0.6)/
x3) + ((0.5,0.3,0.4)/x4) + ((0.7,0.2,0.3)/ x5); then, we have
the following results:

Sff (o) ={{x,,0.6,0.7,0.5), {x5,0.6,0.7,0.4), {x3,0.4,0.7,0.5), {x4,0.4,0.7,0.4), {x5,0.6,0.7,0.3) },
%f (o) ={{x,0.6,0.2,0.5), {x5,0.4,0.2,0.6), {(x3,0.6,0.3,0.5), {x4,0.5,0.2,0.6), (x5, 0.6,0.3,0.5) },

(x,,0.3,0.2,0.6), (x,,0.3,0.2,0.6), {x3,0.4,0.2,0.5, {x,,0.4,0.2,0.4), (x5,0.3,0.2,0.6)},
(x,,0.6,0.5,0.3), {x,,0.6,0.5,0.3), {x3,0.6,0.5,0.4), {x,,0.6,0.5,0.3), (x5,0.6,0.5,0.4},

(18)

Z2(d) ={{x,,0.6,0.7,0.5), {x,,0.6,0.7,0.4), {x3,0.5,0.7,0.4), {x,, 0.4,0.7,0.3), {x5,0.6,0.7,0.3)},
U5 (o) ={<x,,0.5,0.2,0.6), {x,,0.4,0.2,0.6), {x3,0.5,0.3,0.5), {x,,0.5,0.2,0.6), {xs5,0.5,0.3,0.6)},
zi (o) ={<x1,0.3,0.2,0.6), {x,,0.3,0.2,0.6), {x3,0.4,0.2,0.5), (x,,0.4,0.2,0.5), {x5,0.3,0.2,0.6) },
U (o) ={{x,,0.6,0.5,0.3), {x,,0.6,0.5,0.3, {x3,0.6,0.5,0.4), {x,,0.6,0.5,0.3), {xs,0.6,0.5,0.4) }.

{
{
{
{
{
{
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In the following, we will propose Proposition 8 for the 2-
2-SVNBCRS model; also, it fulfills in case of the 3-2-
SVNPBCRS and the 4-2-SVNBCRS models.

Proposition 8. Let (Q,T) be a 1-SVNBCAS, for some
B =<a,b,c). Foreach x, y,z € Qand o/, B € SVN (Q), then
the following statements hold:
(1) (SVNL1): Z3(A°) = (U3 ())".
(SVNUL): %5 (A°) = (L5(A))".
(2) If A<, then
(SVNL2): () L3 (B).
(SVNU2): U5 (A)U5(B).

L) = {(x, /\y60<972% (YIVT e (y)>,/\ym<<l -7

=(%5(a))".

(SVNL2): let o/, %B € SVN(Q) such that S CAH (ie.,
T 4<T g Tg<Fyand FH3<F ) and x € Q. Then, we
get the following result:

Mathematical Problems in Engineering

(3) (SVNL3): £5(ANB) = L5(A)N L5 (RB).
(SVNU3): %5 (4 N B)CU; ()N U5 (B).
(4) (SVNL4): L3 ( U B)2L5 () U L3 (B).
(SVNU4): U3 (ANRB) = U3 ()N U} (B).
(5) (SVNL5): £3(Q) = Q.
(SVNU5): %3(2) = @.

Proof. We shall only prove (SVNLI1), (SVNL2), (SVNL3),
and (SVNLA4).
(SVNLI1):

s ()’)>Vfw (y)>»VyeQ<92% (VINF e ()’)>>]’

L (y)>v(1 - fdu))),vym(gz% (y)m%(y)>>}

(19)

Z5(dl) (x) = {(x,/\ym(?;”i (y)vgd(y))/\ym((l - Jﬂ;{ﬁ (y))vef&y(y)>,vym<9‘2% INF (y)>>},

T 22 (a) = /\yea<97 i (y)Vgﬂ(y)> 5/\ye9<9" Vi (y)Vgﬁ(y)> =T 22 (@)

I = /\y50<<1 I (J’)>Vj&f()’)> S/\yeﬂ(<1

27 x

(20)
- (}’))Vfgs ()’)) =J @)

2 x

F ) = Vyea<=o7 i ()’)/\gd()’)> 2VyeQ<‘o7 i (DNF 5 ()’)> =F g2

Therefore, .ng (d);gg (AB).

(SVNL3): If x € ), then we have

éZé(&f)(x) = {(x, AyeQ(‘O; i VT yna ()’)>’/\yeo<(1 -J i (y)>VJMnsg(y)>»VyeQ<Lc7 7 (y)/\gm‘l%(y)>>}

= {<x>/\yeﬂ<9—2‘/‘;[i (}’)V(gp/(}’)/\g@ (y))>a/\yeg<<l - jzj/i ()’))V(Jm(}’)Ajsa (y))>’vyeﬂ<‘7zz/; (y)/\(gd (}’)Vg@ (J’))>>}

= {(x, /\ym((?z}g WVT 4 (y))/\(?/"ﬂ;li (WIVT & (y))),/\ym(((l - jz/;fi (y))VJM (y))/\((l - jz-}’i (y))VJ% (y))),

Vyeﬂ<<92;[i (J’)A(gﬂ()’)>v<92}{i (WINF 5 ()’)>>>>}
= L2(ANL2(B).

(SVNL4): since /LI, then by SVNL2 we have
LHAUVB)2L5 (A). Similarly, SUB2RB; then, by SVNL2,

(21)

we have gg(du%)ggg(%). Thus,

LIAWL (B).

L2 (AURB) 2
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(SVNL5): since SVN universe is Q = {x,1,1,0) and
SVN empty set is & = {x,0,0,1), then we have

Z3(Q) = {<x,/\yeﬂ<9 VT (y)),/\ym((l -
= {(x, Ayeﬂ(g j/g (y)VI)’/\yeQ<<1 - ~ﬁ ()’))Vl) yeQ( "/5 (y)/\o)>}

={(x,1,1,0)}
=Q.

In the following, we give some relationships among these
models.

Proposition 9. Let (Q,I) be a 2-SVNBCAS and

g € SVN(Q). Then, we have the following properties:
(1) L)< L5 (A) < ZL5(A)
(2) Li(d) < L)< L5 ()
(3) Ui(A) < US ()< U5 (A)
(4) U5 (D)< U () <UL (A)

Proof. 'The proof is clear from Definition 10. O

Proposition 10. Let (Q,I) be a 2-SVNBCAS and
d € SVN (Q). Then, we have the following properties:

(1) LE(A)>ZL2 ()WL (A)
(2) U ()< U ()NU5 (A)
(3) L3 () =L (A)NZL5(A)
(4) U3 ()< U (AU (A)

Proof (clear). O

5. Decision-Making Approach to DM
Based on SVNBCRSs

5.1. Description and Process

5.1.1. Method I. Assume that Q = {x,: r = 1,...,k} is the set
of alternatives (patients), m is main attributes (symptoms)
(e.g., cough and fever) V = {y;: i = 1,2,...,m} of A disease,
?5 (x,) = (9 (x,), I = (x,), 9 (x,.)) indicates  the
symptom valué for eacﬁ patient which is known by a doctor
D, for some B = {a,b,c), and (Q,T)isa Type-1 SVN f-CRS,
where I~ (x,) € [0,1] (ie, the degree that doctor D
confirms ﬁ’re patient x, has symptom y;), Sz (x,) € [0,1]
(i.e., the degree that doctor D is not sure if the } patient x, has
symptom y;), Jf (x,) € [0,1] (i.e., the degree that doctorD
confirms the patlent x, does not have any symptom y;), and
09~ (x ) +J (x, )+9 (x,)<3. According to the
presented coverrng methods, we propose a decision-making
algorithm to obtain the result by the following steps:

11

i (y))vfg (y)) y69<9“2/~”i ()’)/\gg()’))>}

2 x

(22)

O

Step 1: consider, for each x, € Q, there is at least one
y; € V such that the symptom value G, for patient x, is
not less than 3, where f3 is a critical value.

Step 2: consider & (x,) = {d, e, f) is the evaluation by a
decision maker D, where d is a possible degree, e is an
indeterminacy degree, and f is an impossible degree of
A disease.

Step 3: based on this information, use Definition 8 and
3-1-SVNBCRSs model to calculate the lower and upper
approximation of <.

Step 4: calculate R, by the following equation:

R, =U ()L (A), (23)

where  d0B ={{x,T 4, (xX)+ T 5(x)-T 4(x)"

T 3 (%), F (%) F 5 (%), F o (x)*F 5 (x)): x € QL.

Step 5: calculate the decision method by the following
formula:

gmy[ (X)

V(Tw, @) +(Tn, ) +(Fx, ()’
(24)

S(x) =

hence, ranking the alternatives.

Based on these steps, we give an algorithm to solve the
decision-making problems based on Definition 8. The steps
corresponding to it are summarized in Algorithm 1.

5.1.2. Method II. Suppose that Q = {x,: r = 1,...,k} is the
set of alternatives (papers), m is main attributes (symptoms)
(e.g., spot and steak) V ={y;:i=1,2,...,m} of A paper
trouble, % (x,) = (97 (x,), J (x,), 9 (x,)) indicates
the symptom value for each paper which known by an
investigator I, for some 5 = {a, b, c), and (€, Disa Type-2
SVN j3-CRS, where = (x ) € [0,1] (i.e., the degree that the
investigator I asserts ' the paper x, has symptom y,),
J (x,) € [0,1] (i.e., the degree that the investigator I is not
sure whether the paper x, has symptom y;), J' (x,) € [0,1]
(i.e., the degree that investigator I affirms paper x, does not
have any symptom y,;), and 0<J (x,)+ J% (x,)+
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Output: Decision-making.
(1) Enter &,f and Q.

(5) Compute R_,.

(7)  Obtain the decision.

Input: SVN decision information system ((, T, B, ).

(2)  From Definition 5, compute the 1-SVN S-neighborhood ,./" i —
(3) From Step 2 and by Definition 7, compute 1-SVN complementary f-neighborhood | /.
(4) From Steps 2 and 3 and by Definition 8, compute 3-1-SVNSCRSs 3; (&f) and ?Z; ()

(6) Compute the cosine similarity measure & (x).

ALGORITHM 1: Algorithm for a 1-SVNBCRSs to make a decision.

Output: Decision-making.
(1) Enter &,f, and Q.

(5) Compute R_,.

(7)  Obtain the decision.

Input: SVN decision information system (Q,T, B, ).

(2)  From Definition 5, compute the 2-SVN f-neighborhood ,./" i —3
(3) From Step 2 and by Definition 9, compute the 2-SVN complementary f-neighborhood ,.Z’,.
(4) From Steps 2 and 3 and by Definition 10, compute 3-2-SVNSCRSs $§ (&f) and %§ ()

(6) Compute the cosine similarity measure & (x).

ALGORITHM 2: Algorithm for 2-SVNBCRSs to make a decision.

F (x,)<3. According to the presented covering methods,
we propose a decision-making algorithm to obtain the result
by the following steps:

Step 1: consider, for each x, € Q, there is at least one
¥; € V such that the symptom value €, for paper x, is
not less than f (i.e., C; (x)*f3), where fis a critical value.

Step 2: consider & (x,) = {d, e, f is the evaluation by a
decision maker I, where d is a possible degree, e is an
indeterminacy degree, and f is an impossible degree of
A disease.

Step 3: based on this information, use Definition 10 and
3-2-SVNBCRSs model to calculate the lower and upper
approximation of <.

Step 4: calculate R, by the following equation:

R, = U (A) e L2 (A), (25)

where AR = {6, T o (x) + T 5(x) = T o (x)"
T (%), Ty ()" TG (x), F 4 (x)"Fgp(x))y: x Q).

Step 5: calculate the decision method by the following
formula.

99{§](X)

\/(9‘%(36))2 +(de (x))2 +(Fx, (x))z’
(26)

S (x) =

hence, ranking the alternatives.

Based on these steps, we give an algorithm to solve the
decision-making problems based on Definition 10. The steps
corresponding to it are summarized in Algorithm 2.

5.2. Numerical Example

Example 5. Diseased people form a set Q=
{x1,%,,x3,x4, x5} and their relevant symptoms are col-
lected by the attribute set V = {cough(y,),fever(y,),
sore (y5), headache(y,)} for A disease. Here, the following
steps of the algorithm described are implemented.

Step 1: under the attribute set, doctor D estimates each
patient and presents its decisions with suitable values
which are summarized in Table 1.

Step 2: consider B = {0.5,0.3,0.8) is a critical and T =
{6’1,62,63,64} is a Type-1 SVNPCRS. ~T/£lel‘1, we
compute the Type-1 SVN f-neighborhood | /", and the
Type-1 SVN complementary -neighborhood I%i, as
shown in Tables 2 and 3.

Consider o = ((0.6,0.3,0.5)/x,) + ((0.4,0.5,0.1)/
x,) + ((0.3,0.2,0.6)/x3) + ((0.5,0.3,0.4)/x,) + ((0.7,
0.2, 0.3)/x5).

Step 3: by Definition 8 and 3-1-SVNSRSs model, we
have the following results:
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Li(dl) ={<x,,0.6,0.3,0.5), {x,,0.6,0.3,0.4), (x3,0.5,0.3,0.4), {x,,0.4,0.2,0.3), {x5,0.6,0.3,0.3)}, )
27
U (o) ={{x,,0.5,0.5,0.6), {x,,0.4,0.5,0.6), {x3,0.5,0.5,0.5), {x,,0.5,0.5,0.6), {xs,0.5,0.5,0.6) }.

Step 4: compute R, as follows:

R, = Li(d)eUs () ={(x,,0.8,0.15,0.3), {x,,0.76,0.15,0.24), {x;,0.75,0.15,0.2, {x,,0.7,0.1,0.18), {x5,0.8,0.15,0.18)}.
(28)

Step 5: according to the above information, we get 8 (x) V= {spot(y,), steak(y,), crater (y;), fracture(y,)} for A

as follows: paper error. Here, the following steps of the algorithm
S (x;) =0.923, described are implemented.
S (x,) = 0.938, Step 1: under the attribute set, investigator I estimates
_ each paper and presents its decisions with suitable
S (x3) = 0.949, (29) values which are summarized in Table 1.
S (x4) = 0.959, Step 2: consider B = {0.5,0.1,0.8) is a critical and T =
S (x5) = 0.964, {CI,CZ,C3,C4} is a 2-SVNpCRS. Then we compute
the Type-2 SVN f-neighborhood , /V and the Type-2
and hence, we get the ranking order as SVN complementary S- ne1ghborhood LA, as shown
in Tables 6 and 7. Consider & = ((0.6,0.3,0.5)/x,) +
S(x5)> 8 (x4)> S (x3)> S (x3) > S (x1). (30) ((0.4,0.5,0.1)/x,)+ ((0.3,0.2,0.6)/x3)+ ((0.5,0.3,0.4)
/x4) + ((0.7,0.2,0.3)/x5).
So, by the above computation, the verdict of the decision Step 3: by Definition 10 and 3-2-SVNRSs model, we

maker D is x;. have the following results:
Example 6. Let Q = {x;, x,, X3, x4, x5} be the set of papers,
and their relevant symptoms are collected by the attribute set

L(d) ={{x,,0.6,0.7,0.5), {x,,0.6,0.7,0.4), {x3,0.5,0.7, 0.4, {x,,0.4,0.7,0.3), {x5,0.6,0.7,0.3)}, G
31
U (o) ={(x,,0.5,0.2,0.6), {x,,0.4,0.2,0.6), {x3,0.5,0.3,0.5, {x,,0.5,0.2,0.6), (xs5,0.5,0.3,0.6)}.

Step 4: compute R, as follows:

R, = L2 (A)eU: () ={{x,,0.8,0.14,0.3), {x,,0.76,0.14,0.24), (x;,0.75,0.21,0.2), {x,,0.7,0.14,0.18, {x5,0.8,0.21,0.18)}.
(32)

S(x,)>8(x5)>8(x,) > (x3)> S (x;). (34)
Step 5: according to above information, we get § (x) as (x4) (xs) (x2) (x3) ()

follows: So, by the above calculations, the verdict of the decision

maker [ is x,.

S (x;) = 0.924,

§(x,) = 0.939, 5.3. Comparative Analysis. The major purpose of our pre-

S8 (x3) = 0.933, (33) sented work is eligible to raise the lower approximation and
reduce the upper approximation of the previous study by

S (x,) = 0.951, Wang and Zhang’s methods [46, 47], as visible in Examples 2

8 (x5) = 0.945, and 4. To clarify the comparisons between Wang and

Zhang’s methods [46, 47] and our methods, the sorting
outcomes of these decision-making models are listed in
and hence, we get the ranking order as Table 10 for 1-SVNBCAS and Table 11 for 2-SVNSCAS.
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TaBLE 10: Sorting outcomes for 1-SVNBCAS.

Different methods Obtain a decision

Wang and Zhang’s model [46]
Our model

X5>X1>Xy>X3>Xy
Xg>X4>X3>Xy> X

TaBLE 11: Sorting outcomes for 2-SVNBCAS.

Different methods Obtain a decision

Wang and Zhang’s model [47]
Our model

Xg>X1>Xy>X 4> X3
X4 >X5>X)>X3> X1

0.8 4
0.7 4
0.6 +
0.5 4
0.4 4
0.3 4

0.2

0.1 T T T T 1
x_1 x_2 x_3 x_4 x_5

—=— Our method
—— Wang method

FIGURE 1: The representations of the results by using our model and
Wang and Zhang’s model [46].

0.8
0.7 4
0.6
0.5 4
0.4
0.3

0.2 4

0.1 T T T T 1
x_1 x 2 x_3 x_4 x5

—4— Wang method
—#— Our method

FIGURE 2: The representations of the results by using our model and
Wang and Zhang’s model [47].

Mathematical Problems in Engineering

An easy way to explain these outcomes, see Figures 1
and 2 which simplify the comparisons between our pre-
sented method and the previous one.

Figure 1 explained the differences between the outcomes
using our model (3-1-SVNBCAS) and the last one (1-1-
SVNPBCRSs). Furthermore, Figure 2 illustrated the com-
parisons between the values through our model (3-2-
SVNPBCAS) and the previous one (1-2-SVNBCRSs). Thus,
there are slight differences among these distinct methods,
and these variations made our model better than others.

6. Conclusion

This work is extended to Wang and Zhang’s studies in
[46, 47]. We presented the definitions of 1-SVN comple-
mentary f-neighborhoods and 2-SVN complementary
B-neighborhoods. We use them to set up new models of
1-SVN 3-CRS and 2-SVN f3-CRS, respectively. Moreover, by
merging the Type-1 neighborhoods (resp., Type-2 neigh-
borhoods) and Type-1 complementary neighborhoods
(resp., Type-2 complementary neighborhoods), we obtain
two new types of Type-1 neighborhoods and Type-2
neighborhoods, respectively. Thus, two new classes of 1-SVN
B-CRS and 2-SVN B-CRS are investigated. To explain the
differences between these new and older types of covering
methods, see Examples 2 and 4. For more clarification about
them, see Figures 1 and 2. There are some issues in these two
covering methods:

(1) If B = (0.5,0.1,0.8) in Example 2, then T is not 1-
SVNPCRSs, but it is applicable in 2-SVNSCRSs

(2) If = (0.5,0.3,0.8) in Example 4, then T is not 2-
SVNBCRSs, but it is applicable in 1-SVNBCRSs

In short, the two methods are considered complemen-
tary to each other, which means if there are some failures in
1-SVNBCRSs, the 2-SVNBCRSs is working instead and vice
versa.

In the future, we can extend the results of this study as a
combination between 1-SVN (or 2-SVN) complementary
B-neighborhoods and published papers (see [50-55]). In
addition, one may investigate further based on 1-SVN (or
2-SVN) complementary 3-neighborhoods with some links
to topology as in [26, 48]. Finally, there are many areas
(for example, several comparative of this proposed
method) which can be presented by researchers in the next

paper.
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