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A study on new classes of binary soft sets in topological rough
approximation space

Soft binary relation is used to define new classes of soft sets, namely BR-soft simply open‘set @nd, BR-soft
simply* alpha open set, in topological rough approximation space over two different universesS)TI he‘defined
set provides information on the missing elements of a BR-soft set and can help in simplifying, decision
making. Approximation operators are defined and the characteristics of the proposed sets_aré'studied with
examples. The relationship between the defined sets and other soft sets is brought @ut.“An accuracy check
was done to compare the proposed method with other methods. It is identified that,the proposed method
is more accurate.
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Introduction

Decision making becomes complicated while handling preblems with inappropriate or uncertain
data. To deal with complex problems with uncertaintysdmany,researchers developed various mathematical
tools and theories. Soft set theory, one of théyprominent theories of uncertainty, is highly helpful in
decision making due to the presence of its parameters. This theory was developed by Molodtsov [1] in
1999. Further developments in soft set theory and its¥application were done by many researchers [2-6].
Though soft and rough set theories are different for handling problems with uncertainty, efforts have
been made to combine both for solvingaeomplex problems [7,8]. The relationship between soft sets,
soft rough sets and topologies wereginvestigated by Li [9]. Covering soft rough sets and their topologies
were also studied by many other researchers [10,11]. While dealing with soft rough sets, Feng [12] used
parametrized subsets to find 4pper<and”lower approximations of a subset. These soft rough sets, soft
B rough sets, soft rough appreximations, soft pre-rough approximations etc., are further studied by
many researchers in decisiopfmaking [13-17].

Soft set theory, was alseyextended over rough approximation space, nearness approximation spaces
and ideal rough topalogieakspaces in [18-20]. In recent years, theories of uncertainty have been extended
over two universalysetsjHowever, approximation operators between two different universal sets are less
explored. Zhang andyWu [21] were the first to study approximation operators between two different
universal sets bypth® constructive approach of a random approximation space. Following them, a few
otherpauthors|started working over two different universes using fuzzy rough set, intuitionistic fuzzy
rough set, nedtrosophic set, etc. [22-25]. In [26], the author constructed a topological space, using the
fuzzy b-q'meighbourhood of one fuzzy topology and fuzzy b-closure of another fuzzy topology.

The concepts of simply-open and its irresoluteness were studied by Dontchev et al. [27]. Continuous
functions, separation axioms of the e-1 set and many other concepts like a-local function are studied
in ideal topological spaces by Al-Omeri et al. [28-31]. El Sayed et al. [32] extended simply-open to soft
set theory. In addition, El Safty et al. [33] defined the concept of Simply* alpha open sets in rough set
theory which is a union of an alpha open set and nowhere dense set. This set is useful in the field of
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decision making as it contributes to attribute reduction. Though it is studied in the rough set, since the
soft set contains a parametrization tool, it is appropriate to study simply* alpha open set over soft set.
The choice of soft sets in decision making problems varies among different researchers. It is also seen
from the literature that every soft set may not include all elements of the universal set. In such cases,
information regarding the left-out elements of the universal sets is not emphasized. A decision-making
process is highly reliable only by considering every option (element) related to the problem. For this,
new classes of soft sets will have to be defined.

In this paper, BR soft simply* alpha open set and BR-soft simply open set are defined in BR-soft
topological rough approximation space. The complement of soft sets is taken as in [34]. Apart from this,
other classes of BR-soft near sets, namely BR-soft delta, BR-soft nowhere dense, BR-soft alpha open,
BR-soft beta open, etc., are also defined over different universes to obtain their relationshipybetween
the defined sets. The topological properties of defined sets are studied. In addition,"the"aceuracy of the
proposed method is demonstrated using example problems and compared with the ‘methods of‘Feng
[12] and Yao [35].

In the following section (section 2) of the paper, the required preliminary“definitions are given.
In section 3, the sets are defined and their properties are studied. Example problems illustrating
the application of the sets and their accuracy measures are given in gection 4)This is followed by a
conclusion and scope for future work.

1 Preliminaries

Definition 1.1. A soft set mk is a mapping from a subsetief a‘parameter set (A C E) to the power
set of a universal set U. The collection of soft setStm ki“aver USforms soft topology t, if the following
conditions are satisfied.

ioUet.

ii The arbitrary union of soft sets in t is in €.

iii The finite intersection of soft sets ing is in t.
Then, (U, E, t) is said to be a soft topological space.

Proposition 1.2. The following conditions hold in the soft topological space (U, E, t).

i 0, U are soft closed sets over U.

ii The arbitrary intersection®ofia soft closed set is soft closed.

iii A finite union of soft closed,set™is soft closed.

Proposition 1.3. [34] The following conditions hold in the soft topological space (U, E ,t).

i 0C,mC are soft glosed sets over U.

ii The arbitrary intersection of soft closed set is soft closed.

iii A finite union“of soft"Closed set is soft closed.

Definition 1.4 (U, R) denotes Pawlak’s approximation space, R is an equivalence relation and
X C Sgusing“R, following operators were defined.

R(X)={xeS:[x]IRCX}
R(X)={xeS:[xIRnX =0}

If R(X) = R(X), X is a rough set. Otherwise, X is definable.

2 Soft set over ‘h” different nonempty finite sets

Definition 2.1. Si,S2,...Sn be nonempty finite sets. K be the subset of a parameter set E. A pair
(m,K) or mK is called a soft binary relation over S1,...Sn, if (m,K) is a soft set (BR-soft set) over
S1xS2x ..x Sn.
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Throughout this paper, we consider n=2, i.e., two non-empty finite sets say, S and T.

Definition 2.2. Let (S, T, Rm(st)) be a rough approximation space and tbr be a soft topology
obtained from a soft binary relation over S,T. Thus, (S,T, Rm(st),TBR) is said to be BR-topological
rough approximation space where the elements of thr are BR-soft open and its complements are closed.

Example 2.3. Let S = {2,3,5}, T = {4,6}, E = [e\,e2} = K.Let SXT = {(2, 4), (2,6), (3, 4), (3,6),
(5,4), (5,6)}. Thus, the soft binary relation over SxT ismk = {(ei, {(3, 4), (5,4)}), (e2,{(2,4), (3,6)})}.
The soft relations induced from soft binary relation are as follows:

R@, 4) = {(ei, {5, H}H},
R(5,4) = {(ei, {G, H}H},
R(2,4) = {(e2,{(3,6)}H},
R@,6) = {(e2,{(2,H)}}.

Subbasis Sb = {{(ei, {(5, H}}, {(ei, {(3.4)}}. {(e*, {3, 6)})}, {(e* {(2.4)§)}}-

The topology obtained by taking the finite intersection of an arbitrary union.of€lements of a subbasis
is as follows:

tor ={0,mf {(ei, {(5.4)1)}, {(ei, {(5.4) 1)}, {(ei, {(5 91§, {(Cind(5.4)})}. {ei, {(5.4), (3.4)}},
{(ei, {(5.4)}), (=, {(3.6)}}, {(el, {(5.4)}), (e {(2)} Fad(ei, {(3.4)}), (e*, {(3.6)}}, {(el,
{ 4)}), (% {(2, 43} {(e*, {(2, 4), B, 6) N}, {(€L, {(5:4). B, H}), (* {2, H}N},
{(ei, {(5.4), B, )}, * {3, 6)H}, {(ei, {(5.4}). (€, {(2.4), B, )N}, {(ei, {(3.4)}), (e*,
{(2.4), 3, 6)}1)}}.

Then, (S, T, Rm(st), tbr) is BR-topological\rough approximation space.

Definition 2.4. Let (S, T, Rm(st)tb r)*he a BR-topological rough approximation space. For each
mki C mk, the BR-topological approximation operators are defined as follows:

TBR(mki) U{mkj £ TBR; mkj C mki},
TBR(mki) = n{mkj £ tbrC;TbI Cm j}

In other words, thyr tbr isTconsidered as interior and closure of the BR-topological approximation
space respectively.

3 BR-Soft simply open, BR-Soft simply* alpha open sets

Defifition)3.1. In a BR-topological rough approximation space, a BR-soft subset is called BR-soft
nowheretdense if t b r (tBR(mki)) = o.

Definition 3.2. In a BR-topological rough approximation space a BR-soft subset is called a BR-soft
simply* alpha open set if mki £ {O,mk, (mkj UmKD : mkj is BR-soft a open, mk is BR-soft nowhere
dense and mk is BR-soft set}.

The collection of BR-soft simply* alpha open set is denoted by BRSS*aO (mki), the complement
is BR-soft simply* alpha closed.

Definition 3.3. In a BR-topological rough approximation space, a BR-soft subset is called

i BR-soft simply open set if mk = (mki) U(mlj), where (mki) is BR-soft open and (mkj) is BR-soft

nowhere dense.
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ii BR-soft delta set if Tbr (tBk(TblI)) CTbhr(tek{Tbl)).

iii BR-soft semi locally closed set if mk equals the intersection of BR-soft semi open set and BR-soft
semi closed set.

iv BR-soft b open set if mki C (TBR(TBR(mki)) U tbr(tbr (mki))).

v BR-soft alpha open if mfd C b r(tbh r (tBR(m ki))).

vi BR-soft beta open if mki C Tb r(tbr (t BR(mki))).
BR-soft simply open set, BR-soft delta set, BR-soft nowhere dense, and BR-soft b open are denoted
as BRsSO (mki), BRs50(mki), BRsNO (mki), and BRsbO(mki) respectively.

Proposition 3.4. Every BR-soft open set is BR-soft alpha open.

Example 3.5. Considering the topology taken in Example 2.3, where
mk = {(ei, {(3,4), (5.4)}), (e2,{(2,4), (3,6)})}. Here, BRsNO (mk) = {0, |(eb {(5, &)} (2 4(2,6)})}}.
It is clear that the BR-soft set mkl = {(ei, {(3,4), (5.,6)}), (e2,{(2,4), (2,6)})} is BR.softysimply‘open,
mie = {(ei,{(3,4), (5 6)}), (€2,{(2, 4), (2,6), (3,6)})} is a BR-soft 5 set.

Theorem 3.6. Every BR-soft simply open is BR-soft simply* alpha open.

Proof. Let mk be a BR-soft simply open set. That is, mk is a union of BR#&oft"open’/set and BR-soft
nowhere dense set. Since every BR-soft open set is BR-soft alpha open, weidenote"mk as a union of
BR-soft alpha open set and BR-soft nowhere dense set. This proves thé theerem,

The converse of Theorem 3.6 need not be true and is explainedgintthe following example.

Example 3.7. Consider the topology taken in Example 2.3. Let the BR=soft subset be
mk = {(ei,{(3,4)}), (e2, {(2,4)})} which is a BR-soft alphaset.

Thus, {(ei, {(3,4), (5.6)}), (e2,{(2, 4), (2,6), (3.6)})}, m" = {(e&i, {(3.4), (5.6)}), (e2,{(2,4), (2, 6)})}
are both BR-soft simply* alpha open and BR-soft simply open, The BR-soft nowhere dense set mie =
{(ei,{(5,6)}), (e2,{(2,6)})} is BR-soft simply opentbut et BR=soft simply* alpha open.

Theorem 3.8. Every BR-soft open set is BR-soft simply“open and BR-soft simply* alpha open set.

Proof. The proof is obvious for BR-soft simply openiand by Theorem 3.6, the BR-soft open set is
BR-soft simply* alpha open.

Remark 3.9. Though the union of the BR-soft alpha open set and the BR-soft nowhere dense set
is BR-soft simply* alpha open, a BR-s@ft simply* alpha open set need not be BR-soft alpha open.

The following example explains Remarks3.9.

Example 3.10. The BR-spft seét mkiN= {(ei, {(3,4), (5,6)}), (e2,{(2,4), (2, 6)})} taken in example
3.7 is BR-soft simply* alpha gpentbut not BR-soft alpha open. Since tbr is obtained by considering
mk,tBR is also taken with_kespeet,ta mk. Let us consider mk2 = {(ei, {(5,6)}), (e2,{(2,6)})}.

Then, we have BRS(BRS(mk2)) = 0, and BRS(BRS(BRS(mk2))) = 0 which implies
BRs(BRs(mk2)), C mk2,"BRs(BR (BRs(mkz2))) C mkz.

Theorem 3.11°9For,a BR-soft subset mki in a BR-topological rough approximation space, the
following conditi@ns ‘are equivalent:

i mki is BR-softysimply open.

i akiCis BR:soft semi locally closed.

il mkidis"BR-soft delta.

iv mki is BR-soft nowhere dense.

Proof:() (ii) is obvious.
(i) (iii) Let mki be BR-soft semi locally closed.
Then,

Thr(tb r(mki)) C (T br(tBR(mki)) MTBR(T br(mki)))

and

TBR(TBR(mki)) C TBR(TBR(mKi)).
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Thus, mki is a BR-soft delta set.
(iii) (iv) Let mki be a BR-soft delta set. Then,

Thr(tbr(mki)) = Tor (tBR(mKi)) ntbr(tbr(S x T\ mki)
Tor (tBR(mki)) n (S x T\ Thr(thr (mki)))

TBR(tBR(mki)) \ TBR(T br(mki))
= 0.

Theorem 3.12. Consider the BR-topological rough approximation space, then
i The arbitrary union of a BR-soft simply open set is BR-soft simply open.

ii The finite intersection of BR-soft simply open set is BR-soft simply open.
Proof.

i Let mki,mk2 be two BR-soft simply open sets. Then

TBR(TBR(mki)) C TBR(TBR(mki))

and

TBR(tBR(mk2)) C TBR(TBR(MK2)).

By taking union we get,

TBR(tBR(mki)) UTBR(tBR(mk2)) GWTBRETBR(Mki)) UTBR(Tb r (Mk2))
=~ TBR(tBR(mki UMk2)) C tBr(tBR(mki Umkz)).

Let mki Umk2 be mks. Then, tbr(thir(m k3)) C tbr(tBR (mk3)).
ii mki be the collection of BR-soft simply open sets where i = 1,2,...
Then,

TBRETBR(Mh=i(mki))) C TBR(TBR(ni=i(mki))).

Hence, n™=i(mki) isgBResoftisimply open.

Remark 3.13. In the BR#top@logical rough approximation space,

i BR-soft siMiply gpenjaBR=soft simply* alpha open and BR-soft beta open are not comparable.
ii BR-soft simply,opengpBR-soft simply* alpha open and BR-soft b open are not comparable.
iii BR-soft simply open, BR-soft simply* alpha open and BR-soft preopen are not comparable.
Propesitioh, 3.14.3n the BR-topological rough approximation space,

ifThe junion‘effthe BR-soft simply* alpha open set is BR-soft simply* alpha open.

iKJEhe finite intersection of the BR-soft simply* alpha open set is BR-soft simply* alpha open.
Remark 8.15. Every BR-soft delta set is BR-soft nowhere dense.

Theorem 3.16. In a BR-topological rough approximation space, every BR-soft simply* alpha open
set is BR-soft alpha closed.

Proof. The proof is obvious from Definition 3.2.

Theorem 3.17. In a BR-topological rough approximation space, every BR-soft simply* alpha open
set is BR-soft pre closed (resp. BR-soft beta closed).
Proof. Let mki be BR-soft simply* alpha open. From Theorem 3.16,

Tor(tbr(Tor(mki)) C mki.
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Since,
Tbr (tBR(mki)) C TBR(TBR(TBR(mki)) C mki.
Thus,
Tbr(tbr(mki)) C mki.

The proof is similar for BR-soft beta closed.
Theorem 3.18. For a BR-topological rough approximation space, the following conditions are

equivalent:
i Every BR-soft simply* alpha open set is a BR-soft 5 set. ¢ \
ii Every BR-soft simply* alpha open set is BR-soft beta closed.
iii Every BR-soft simply* alpha open set is BR-soft pre closed. \
iv Every BR-soft simply* alpha open set is BR-soft b closed.

Proof. (i) (i) mki be BR-soft simply* alpha open, BR-soft delta s

Thus, we have
TBR(TBR(mki)) C TBR(TBR(mki)). @

Tor (eBR(mki)) C Tbr(tbr B

C TBR(TBR(nki
C mki.
Therefore, tbr (tBR(TBR(mki))) C mki.
(i) (iii) It is obvious from the above @roof thattb r(tBR(mki)) C mki.
(iii) (iv) Since mkKi is preclosed and tbri(tbr (mki)) C Tbr (tBR(mki)).
We have,
Tb r (t BR(mki (tBR(mki)) = Tbr(tbr(mki))
C mki.
A diagrammatic represe N e above-mentioned concepts is given below (Fig)
R soft 5 set a0O(mh) — »BR soft b closed

Figure. Diagrammatic representation

Proposition 3.19. Every BR-soft simply* alpha open is BR-soft semi open (resp. BR-soft beta open)
based on Proposition 1.3.
Proof. For every BR-soft simply* alpha open mki,
BRs(mki) C mki C BRs (mki)
=/~ BRs(BRs(mki)) C BRs(mki)
=~ mki C BRs(BRs(mki)).
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Hence, BR-soft simply* alpha open is BR-soft semi open.

The proof is similar for BR-soft beta open.

Example 3.20. Consider the topology taken in Example 2.3.
Let mk = {(ei,{(3,4), (5,4)}), (e2,{(2, 4), (3,6)})} be the BR-soft simply* alpha open set. Then, by
taking interior and closure with respect to Proposition 1.3, we have
BRS(BRs(mk)) = mE,BRS(BRs(BRs(mk))) = mE. That is, mk is BR-soft semi open, BR-soft beta
open.

Definition 3.21. Let (S, T, Rm(st), tbr) be a BR-topological rough approximation space. For each
BR-soft simply* alpha open sets mki C mk, the BR-topological approximation operators aré, defined
as follows:

BRs(mki) = U{mkj e tbr;mkj C mki},
BRs(mki) = n{mkj e tBR; mki C mkj},

where mlj is the BR-soft set, BRS(mki), BRS(mki) are the interior and clesure“6f BR soft simply*
alpha open sets in BR-topological rough approximation space respectively:

Theorem 3.22. The collection of all BR soft simply* alpha opengsets©btained from BR-topological
rough approximation space forms a BR-soft topology tBr .

Proof. It is obvious from Definition 3.2 and Proposition 3:12:

Definition 3.23. Let tBr be the BR-soft topology obtained “from the collection of BR soft simply*
alpha open sets. For each BR-soft simply* alpha open,/sets“mki “C mk and mkj, the approximation
operators are defined as follows:

BRs(mki) = U{mkj, e tBr;mkj C mki},
BRs(mki) =¢n{mkj e trrC;mki C mkj }.

Here, BRS(mki) and BR S(mki) are_lower<approximation (interior) and upper approximation (closure)
of BR soft simply* alpha open sets in"the BR-soft topology obtained from the collection of BR soft
simply* alpha open sets.

The boundary region is_the difference between the upper and lower approximation operators.

Concerning the quality offthe approximation, accuracy is defined as the ratio of cardinality of the
lower approximation (interior) and cardinality of the upper approximation (closure).

Proposition 3.24. Let tBr be a BR-soft topology and mki,mkj be two BR-soft simply* alpha open
subsets of a BR-Soft simply* alpha open set mk, then the BR-topological operators satisfy the following
properties:

ilBRS(0) =4BMR's(0) = o,

IKBRs(mKi) = BRs(mki) = mki,

iii IT'mkidC mkj, then BRs(mki) C BRs(mkj),
iv If mki C mkj, then BRs(mki) C BRs(mkj),

v BRs(mki n mkj) = BRs(mki) n BRs(mkj),
vi BRs(mki) UBRs(mkj) C BRs(mki) U (mkj)),
vii BRs (mki Umkj) = BRs(mki) UBRs(mkj),

viii. BRs(mki n mkj) C BRs(mki) n BRs(mkj).

Example 3.25. Let S = {2,3,5}, T = {4,6},and E = {ei,e2} = K.LetSXT = {(2, 4), (2,6), (3, 4), (3, 6),

(5,4), (5,6)}. Thus, the soft binary relation over SxT ismk = {(ei, {(3, 4), (5,4)}), (e2,{(2,4), (3,6)})}.
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The soft relations induced from soft binary relation are as follows:

R@3,4) = {(ei, {5, H}H},
R(5,4) = {(ei, {B, H}H},
R(2,4) = {(e2,{(3, )N},
R@,6) = {(e2,{(2,H)}}.
Subbasis Sb = {{(ei, {(5, H}}, {(ei, {(3.4) )}, {(e*, {3, 6)})}, {(e* {(2.4)}}.

The topology obtained by taking the finite intersection of an arbitrary union of elements ofgsubbasis
is as follows:

tbr = {0, mk, {(ei, {(5.4) 1}, {(ei, {5, HN} {(ei, {(5. )1} {(ei. {(5, 41}, {e¥ {(5:4), (3.4)}},
{(ei, {(5.4)}), (% {(3,6)}}, {(ei, {(5.4)}), (e* {(2.4)}}, {(ei, {(3,4)}), (e%, {(8,6)¥} {(®1,
{B, 9}, (% {2 D} ™ {2 4), B, 6)N} {(ei, {5, 4), B 4)}), = {(2HD}.
{(ei, {(5,4), 3,4)}), (e*, {(3.,6) 1}, {(ei, {(5.4)}), (e* {(2,4), (3,694)}, {(eig{(3, 4)}). (e*,
{2, 4), 3,6)}1}}.
Let {(ei, {(5,6)}), (e*, {(2,6)})} be BR-soft nowhere dense set. (Fhen, t*4 is the BR-soft topology
obtained by taking the union of BR-soft alpha open sets¢@ndgBR-Soft nowhere dense set. Consider

BR-soft simply* alpha open sets mki = {(ei, {(5,6)})} and mk* ="f(ei, {(5,6)}), (e*, {(2,6)})} where
mki C mk*. Therefore, we have,

BRs(mki) = mkipB R§(mki) = mki.
B Rs (mk*)%= mk*, BR s (mk*) = mk*.
=~ BRs(mki) CBRs@mk*) and
BRs (mki) C BRs(mk*).
Now, let mki = {(ei, {(5,6)})} and mk*=nf(e*, {(2,6)})}. Then,
BRs(mKki) = mki,BRs(mki) = mki.
BRs{mk*) = mkbBRs (mk*) = mk*.

Thus,
mki Mmk* = o, (1)
BRs(mki Mmk*) = o, (2)
BRs(mki) MBRs(mk*) = 0. (3)

From (1) (2)fand (3) we have, BRS(mki Mmk*) = BRS(mki) NMBRS(mk*).
Similarly, BRs (mki Mmk*) = BRs(mki) M BRs(mk*).

Theorem 3.26. Let mki and mk be two BR-soft subsets of BR-topological rough approximation
space. If mki is BR-soft simply* alpha closed, then BRS(mki Mmkj) C mki MBRS(mkj).

Proof. Let mki be BR-soft simply* alpha closed, such that BRS(mki) = mki. From Proposition
3.24 we have,

BRs (mki M mkj) C BRs(mki) MBRs (mkj)
C mki MBRs (mkj).
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Example 3.27. Consider the topology taken in Example 2.3. Let mki = {(ei, {(3, 4), (5, 4)})} be a
BR-soft simply* alpha closed and mk* = {(ei, {(3,4)})} be BR-soft subset. Then,

mki M mk* = mk*, (4)
BRs (mki M mk*) = mk*, 5)
BRs(mk*) = {(ei, {(3,4), (5,6)}, (e*, {(2,6)})}- (6)

From (4),(5),(6) we have, BRs(mki n mk*) = mki n BRs(mk¥*).

Theorem 3.28. Let mki be a BR-soft subset of BR-topological rough approximationspace; then
BRSS*ad(mki) = 0.

Proof. Let (s,t) £ (S, T, Rm(st),tbr) and BR-topological rough approximatien, space be discrete,
then every BR-soft subset is BR-soft open and BR-soft simply* alpha open.(Thusmevery (si,tj) is
BR-soft simply* alpha open. Let mkj = (s,t). Then, mkin mkj = mkin (s;t) C (s,t)

Hence, (s,t) is not a BR-soft simply* alpha limit point of mki whichgimplies BR SS*ad(mki) = 0.

Theorem 3.29. For any BR-soft simply* alpha subsets mki of (S, T, Rm5t)3tbr), BR(mki) = mkiU
BRSS*ad(mki).

Proof. Let (s,t) £ BR(mki). Assume (s,t) £ mki and mkj "E%Br\with (s,t) £ mkj. Then, (mkin
mkj) —(s,t) = 0 implies (s,t) £ BRSS*ad(mki). Hence, BR(mki) C mki UBRSS*ad(mKki).

Let (s,t) £ mki UBRSS*ad(mki) implies mki C BR(mKi)y Since, all BR-soft simply* alpha limit
points of mki are soft preclosure of mki. mki UBRSS*ad(mki) C BR(mKki).

Hence, BR(mki) = mki U BRSS *ad (m ki).

4 Application

To observe the accuracy of the propesed method, two examples have been demonstrated in this
section.

Example 4.1. Decision makingyon the infections of COVID-19 in humans is taken as an application
of our approach. Since we usgssoft binary relation, this method helps to find people affected by COVID
and the reasons for gettingtaffected at the same time.

Let S = {Si,S% Ss3S4} be four people considered and T = {Ti,T* T3,T4} be the reasons for
getting affected Where,

Ti = stay at¢home.

T* =400 out andycontact infected people.
T3 =jlowfimmunity; rarely go out.
T4 = Stay atdhome but any one in family go out.

Let E = {ei (fever), e* (fatigue), e3 (loss of smell/taste), e4 (Cough)} be the parameter set and
A = {ei,e3} subset of E.

S x T = {(Si, Ti), (Si,T*), (Si, T3), (Si,T4), (5*,Ti), (S*,T*), (S*,T3), (5*,T4), (S3,Ti), (S3,T*), (S3,T3),
(S3,T4), (S4,Ti), (S4,T*), (S4,T3), (S4,T4)}.

The following table (Table 1) represents the BR-soft set over S x T with respect to E.
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Table 1

Soft matrix

SxT ei e2 e3 e4 Yes/No

(Si,Ti) 1 0 0 1 0

(Si,T2) 1 1 1 0 1

(Si, T3) o0 1 0 1 0

(Si,T4) 1 0o 1 1 1

(S2,Ti) o 1 0 0 0

(S2,T2) o 1 1 1 1

(S2,73) 1 1 0 0O 0

(S2,T4) o0 1 0 1 0

(53Ti) 1 0 0 o0 0 * \
(3,72 0 0 1 0 1

($3,T3) 0o o0 o0 © 0 \
(3,749 1 0 1 0 1

(S4,Ti) o o0 o0 1 0 6
(54, T2) 1 1 1 1 1

(4T3) 0o 0 o0 O 0

(S4,T4) 1 0 o0 © 0

Let the soft set over the parameter set A be

®

F(ei) = {(Si, Ti), (Si,T2), (Si,T4), (S
F(e3) = {(Si,T2),(Si,T4),(S2,T2), (S3,

(55,T4), (S4,Tj), (S")},
4),(S4,T2)}

in which the BR-soft set represents the people in ith COVID and their reason.

Let the BR-soft subset be

mki = {(ei, {(Si, Ti), (S®Z,TA), (S4,T2)}), (e3,{(Si, T2), (S3,T2), (S4, TN}

According to Feng’s meth

1) e SxT:forevery ke K, (s,t) em(kl) CSxT}
(s,t) e S xT: forevery ke K, (s,t) e m(k)nS xT = 0},

wh Ki)"Sapr(m, ki) are lower and upper approximation operators. Thus we have,

Sapr(mki) = 0,
Sapr (mki) = {(Si,Ti), (Si,T2),(Si,T4),(S2,T2),(S2,T3),(S3,Ti),
(S3,T2), (S3,T4),(S4,T2), (S4,T4) }.

Accuracy = cardinality of Sapr(m,ki)/ cardinality of Sapr(m,ki) = o/120 = o which implies that no
patient is infected with COVID which contradicts the data given in Table 1

To find the approximation operators of the proposed method, the subbase are obtained from Soft
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relations as follows:

R(Si,Ta) = R(S*,Ti) = R(S*,T4) = R(Ss,Ts) = R(S4,7i) = R(S4,Ts) = 0,

R(Si,Ti) = {(ei, {(Si,7*), (Si,T4), (5*,Ta), (Ss,Ti), (S3,7*), (S4,7%),7,70})},

R(Si, T*) = {(ei, {(Si,Ti), (Si,T4), (S*,Ta), (Ss,Ti), (S3,7*), (S4,7%*), (S4,7 1)},
(€3, {(Si,T4), (5*,7*), (S3,7%), (S3,T4), (S4,7)}P},

R(Si,T4) = {(ei, {(Si,Ti), (Si, 7*), (S*,Ta), (Sa,Ti), (Sa,T4), (S4,7%*), (S4,7 1)},
(ea, {(Si, 7%), (S*,7*), (S3,7%), (Sa,T4), (S4,7%)P},

R(S*,7*) = {(ea, {(Si,7*), (Si, 70, (S3,7*), (S3,T4), (S4,7)P},

R(S*,Ta) = {(ei, {(Si,Ti), (Si, 7*), (Si, 74), (Sa,Ti), (S3,7*), (S4,7%*), No,,74)})},

R(Sa,Ti) = {(ei, {(Si,7i), (Si, 7*), (Si,74), (§*,Ta), (S3,7*%), (S4,7%), (S4,724) )%

R(Sa,T*) = {(ea, {(Si,7*), (Si, 74), (S*,7*), (S3,T4), (S4,7*)P}.

R(Sa,T4) = {(ei, {(Si,7i), (Si, 7*), (Si, 74), (S*"), (S3,71), (S4,77), (S4,21D},
(€3, {(Si, 7%), (§*,7%), (S3,7*), (S4,7")})},

R(S4,7*) = {(ei, {(Si,7i), (Si, 7*), (Si, 74), (S*"), (S3,71), (83,74), (S4,7 1)},
(es3, {(Si, 7%), (Si, 74), (S*,7%), (S3,7*), (S3,74) P},

R(S4,74) = {(ei, {(Si,7i), (Si, 7*), (Si, 74), (S * ") (S3yz)), (S3,74), (54,7%)D}.

Thus, topological rough approximation space tbr with soft bimary relation over S, 7 as subbase is
obtained by taking an arbitrary union of finite intersection of efements of a subbasis.
According to proposed method,

Thr(mki) = {(ei, 0), (e3, {(Sigd*), (S3,7*), (S4,7*)}},
tb r (mki) = mk.

Accuracy = cardinality of TBR(mkij#meardinality of TBR(mki) = 3/5=0.6.
If the people infected with COVID and their reasons be

mkj = {(ei, {(Sighi)s, (SH.Z), (Si, 74), (S*"), (S3,71), (S3,74), (54,7%), (S4,7 1)},
(€3, {(Si,7%),(Si, 74), (S*,7*), (S3,7*), (S3,74), (S4,7*)PH}.

Then, according totkengss;method,

(mkj) S X7,
Sapr(mkj) = S X7.

AccuracyisOne.
Similarly, according to the proposed method,

TBR(mk]) = mkj,
TBR(mkj) = mkj.

Accuracy is one.

From the above two cases, it is obvious that, in the case of soft topological approximation space,
accuracy of the proposed method is higher than Feng’s method.
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Example 4.2. Consider Example 2.3 where S is the set of all prime numbers less than or equal to
6, T is the set of all composite numbers less than or equal to 6. The soft relation induced from soft
binary relation are as follows:

R(3.4) = {(ei, {(5.4)1)},
R(5,4) = {(ei, {G, H}H},
R(2,4) = {(e2,{(3, 6)}},
R@3, 6) = {(e2, {2, H}}.

Subbasis Sb = {{(ei, {(5, N} {(ei, {(3.4)N}. {(e* {B, )1}, {(e*, {(2.4)})}}-
The topology obtained by taking the finite intersection of an arbitrary union of glements ofisubbasis
is as follows:

tbr = {0, mk, {(ei, {(5.4)1)}, {(ei, {3, HH}, {(e*, {(3.6)}, {(e* {(2, 4)})}{{eigd(> 4. (3.4)}},
{(ei, {(5.49)}). (%, {(3.6)}}, {(ei, {(5.4)}), (¢* {(2.4)}}, {(ei, {(3.4)}). (X {(3.6)}},
{(ei, {(3:4)}), (™, {(2.4)}}, {(e* {(2,4), 3.6)N}. {(ei, {(5, 4)u3:d) Py, (6%, {(2,4) 1)},
{(ei, {(5.4), (3.4)}), (e* {(3,6)1}, {(ei, {(5.4)}), (e*, {(2,4)1(36) )},
{(ei, {(3.4)}). (%, {(2.4), (3.6)})}},

where

mk = {(ei, {(3, 4), (5.4)}). (e%,{(24). (3'6)}}.
me = {(ei, {(3,4), (5.4), (5,6)})(e*4(2,4), (2,6), (3,6)}}.

Then, (S, T, Rm(st), tb r) is BR-topological roughyappreximation space.

Br = {me, {(ei, {(5.6)}), (e*, {(2,6)}, {(ei, {(3.4), (5.6)}), (e*, {(2, 4), (2,6), (3.6)})},
{(ei, {(5,4), 5, 6)}). (e*, {(2,4).425), (3. 6)})}, {(ei, {3, 4). (5, 4). (5 6)}), (e*,
{@2.4), 2,6)1)}. {(ei, {(374), 5p4). (5. 6)}). (%, {(2. 6), (3, 6)})}, {(ei, {(5, 6)}),
(€* {(2, 4), (2,6), Q.8 el {(3, 4), (5, 6)}), (e* {(2,4), (2, 6)}}, {(ei, {(5, 4),
3, 4)1), (%, {((2B)n3. )}, {(ei, {(5, 4), (5 6)}), (e*,{(2, 4), (2. 6)}}. {(ei, {(5, 4),
(5.6)}), (%, {(26)#(38) 1)}, {(ei.{(3.4), (5.4), (5.6)}). (e*, {(2, 6)})}, {(ei, {(5.6)}),
(e* {(2,4), (2,6)})FH(ei, {(5.6)}). (e*, {(2, 6). (3.6)})}, {(ei, {(3.4), (5, 6)}), (e*, {(2, 6)})},
{(ei, {6,4)565, 6)}). (e*, {(2, 6)})}}-

The BR=sgft nowhere“dense sets are 0, {(ei, {(5,6)}), (e*, {(2,6)})}, {(ei,{(5,6)})} and {(e*, {(2,6)})}.
Then, the/callection of BR-soft simply* alpha open sets are as follows:

tbr =htbr, when 0 is the BR-soft nowhere dense set (Since all BR-soft open sets are BR-soft alpha
open sets),

thr = thr U {(ei, {(5, 6)}), (*, {(2, 6)})}.
Br = tbr U {(ei, {(5, 6)})}.
tBr = tbR U{(e*, {(2, 6)})}.

TBR = U{trr } where i ="," .
The accuracy of BR-soft subsets of S x T is obtained by the Pawlak accuracy measure as follows:
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Table 2 describes the accuracy of BR-soft subsets in containing BR-soft open sets based on Yao’s
method where accuracy = cardinality of mt(mk)/ cardinality of cl(mk).
Table 3 describes the accuracy of BR-soft subsets in containing BR-soft simply* alpha open sets.
Accuracy = cardinality of / cardinality of and are lower and upper approximation
operators.

Table 2

Accuracy of BR-soft subsets

BR-soft subsets Yao’s method Accuracy
int cl

A = {(ei, {(5.6)N} 0 {(ei, {(5.6)}).(e2, {(2,8)1)¥ 0

B = {(e2,{(2.6)1} 0 {(ei,{(5.6)}).(¢2, {(2,6)})} 0

C = {(ei, {(2.4)1} c {(ei, {(5,6)}).(e2, {(Z4),(Z78)})} 0.3

D = {(ei, {(3,4)}).(e2,{(2.4)1N} D {(ei, {(3.4), (5, 6)})4(€2 {(24), (2, 6)})} 0.5

E = {(ei, {(3.4)}).(e2,{(2,6)}1)} {(ei, {341} {(ei, {(3.4).(5,6) })a(e2{ (2, 6)})} 0.3
F = {(ei, {(3.4),(5,4)}).(e2,{(2,.4)1N} F {(ei, {(3.4), (5,4), (5.6)}).4e2,{(2, 6)})} 0.75
G= {(ei,{(3,4), (5.4)}), (e2,{(2,4), 3, &)} G mE 0.7
H = {(ei, {B. 9)}). (e2,{(2.4), B3, 6)}1} H {(ei, {(3,4) 456)}), (€2, {(2.4), (3.6), (2,6)}} 06
I'= {(ei,{(54), 5,6)}).(e2,{(3.6)N} {(ei, {(5.4)}). (2, {(B, 6)P} {(ei, {(5:4)(5. 6)}). (e2,{(3, 6), (2, 6)})} 0.5
J = {(ei, {3, 4), 5.6)}), (e2,{(2, 6)}1)} {(ei, {341} J 03
K=mE mk mE 0.7

Table 3

Accuracy of BR-soft subsets

BR-soft subsets Proposed method  Accuracy
BRS BRs

A = {(ei, {(5,6)})} A A 1
B = {(e2,{(2,6)})} B B 1
C = {(ei, {(2,)})} C C 1
D = {(ei, {(3.4)}), (e2, {(2.4)})} D D 1
E = {(ei, {(3.4)}), (e23{(2,6)})} E E 1
F = {(ei, {3.4)458%), e24{(2.4)})} F F 1
G = {(ei, {(3,4), (5:4)}). (e2,{(2,4), (2, 6)})} G G 1
H = {(ei, £B.4)Py(e2¢{(2.4). (3, 6)}} H H 1
I'= {(ei, {(5:4), (5.6)}).(e2, {(3.6)})} ! l 1
J = {ei, £(8,4)7(5,6)}).(e2, {(2,6)}1)} J J 1
K =mE mE mE 1

From the above tables (Wable 2 and 3), it is obvious that the accuracy of the proposed method is higher
than that of Yao'model.

Conclusion

In theycdrrent research, new classes of BR-soft open sets are introduced in BR-topological rough
approximation space and their properties are studied. The accuracy measure of BR-soft subsets in
BR-soft topology obtained from the collection of BR-soft simply* alpha open sets is evaluated. It is
shown that the accuracy of the proposed method is high in comparison with the methods proposed by
Feng and Yao. From Example 4.2, it is observed that, by using the proposed method, properties of the
missing elements can also be studied. This gives a new view on solving decision making problems for
a reliable solution.

Further to this work, efforts are being taken to study other topological properties like continuity,
compactness, filters etc. Statistical properties of the defined set are being studied and attempts are made
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to develop new methods for attribute reduction. In addition, the proposed method can be extended to
other areas like fuzzy, intuitionistic fuzzy, hesitant fuzzy etc., and their properties can be studied in
advanced topological areas. The proposed method can also be implemented for problems with missing
information.
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Y.P. Mapsatun, A. Codus
PSGR KpuwHamman K'vizgap konnegp>ks, Tamun Hagy, NHans
AI'II'IpOKCI/IMaLI,I/IFleI waMaMeH aJiblHIFraH TOMOMOInNANbIK KeLLI,CTlFLIJ,EI,e
6I/1Hapf|bl XKXyMCaK XUblHAapAblL >Xala K/acTapblH 3EPTTEY

XKyMcak 6MHapNbl KaTbIHAC XYMCAK XWUblHAAPAbIL Xala KnacTapbiH aHblTay YU KpAAaHbinadbl, atan
aiiTkaHga, el Typnl yHWBEPCYMHbIL, annpoKCUMAaLMUAChl LWaMaMeH afblHraH TOMOMOTrUsANbIK KEeLKTTHAE
BR-XyMcak KapanaiblM awWblK XUbIHAbI X3He BR-XyMcaK KapanaibiM anbda allblK XWbIHbIH aHbIKTay
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ylWww KpngaHbinagbl. AHbIKTanraH XunblH BR 6argapnamansik K¥pan XXUHarblHbIH XEeTICNenTiH 3eMeHT-
Tepi Typanbl aknapaTTbl 6epeAi X3He wWewiMm Kabbingayabl xewngetyre kOmektecegi. Annpokcumanms
onepaTopfiapbl aHblIKTanbiM, ¥CbIHbIITAH XWblHAAPAbIH cunaTTaMmanapbl MbiCcanjap apKbiibl 3epTTe/NreH.
AHbIKTanaTblH XUblHAap MeH 6acka X¥McaK XMWblHAap apacbiHAa 6ainaHbic Tabbingbl. Y CblHbINTAH 3A4icCTi
6acka aficTepMeH canbiCTbipy YWiH A3N4iK CbiHarbl XY Pri3ingi. YcblHbliraH agKTW, A37ipeK eKeHi aHblK-
Tangbl.

KwT cB3gep: X¥McakK XUblH, WWaMaMeH anblHraH XWblH, KapanaiblM alblK, XYblKTay KeLW,cTT, TONO/O0-
TMSANbIK KEHICTIK.

Y.P. Mapsatu, A. Cous

L 4
XeHckuit konneg>k PSGR Kpuwxamman, Tamun Hagy, NHauns

NccnegoBaHnMe HOBbLIX KJ/lacCoB 6I/IHaprIX MAT KA @\\ETB B
cn nn

TOMO/IOrMYECKOM MPOCTPAHCTBE rpy6oit ann

M#Arkoe 6MHapHOe OTHOLEHWE NCNOMNb3YeTCA ANA ONpPeAeNneHUs HOBbIX Knac(
HO BR-MATKOro npocto OTKPbLITOr0o MHOXecTBa U BR-mArkoro npocrto
TONOMOrMYECKOM MPOCTPaAHCTBe rpyboil annpokcumaunm ABYX PasHbiX
60p npepgocTaBnfeT MHHOPMALMIO O HEAOCTAKOLWMX 3eMeHTax * Habopa BR 1 MOXeT NoOMoYb
YNPOCTUTb NPUHATUE peweHnit. OnpeaeneHbl onepaTopbl annpoKc umu a npumepax M3y4deHbl Xapak-
TEPUCTUKW NpPefnoXKeHHbIX MHOXECTB. BbifiB/ieHa CBA3b Me p UMbIMW MHOXECTBAMU U APYTUMU
MATKUMUN MHOXecTBamu. NMpoBefeHa NpoBepKa TOYH cpa HUA NPeAioXKeHHOro Metoja ¢ Apyru-
MU METOAAMWU. Y CTaHOB/MEHO, YTO MPEANOXEHHbIA MeT cs 60n1ee TOYHbIM.

TKWX MHOXECTB, a UMEH-
a OTKPbITOFO MHOXECTBa, B
BepeymMoB. OnpefeneHHbIl Ha-

Kniouesble CnoBa: MArkoe MHOXECTBO, rpy6oe
CTPaHCTBO, TOMOMOrMYECKOe NMPOCTPAHCTEBO.

NPOCTO OTKpPbLITOE, annpoKCMMaUuMOHHOE Mpo-
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