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ABSTRACT: The concept of bitopological spaces was introduced by J.C.Kelly [11]. He studied some of
separation axioms properties in bitopological spaces. Many authors studied the relation between rough set
and topology[1, 3, 6, 10, 13, 15]. The relation between rough set and minimal structure was studied
in[20,9,23]. In this paper we used the right and the left neighborhood of any relation to introduce a biminimal
approximation space of uncertain sets as a mathematical tool to modify the approximations. we discussed
some definitions and properties of rough sets and applied them in two minimal structures generated by using
the right and left neighborhoods. Moreover, several important measures such as accuracy measure and
quality of approximation would be studied. We proved that biminimal structure is more efficient and accurate
in obtaining results than bitopology. Finally, we show the importance of our new approximations with
medical science by applying these approximations in corona virus problem.
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I. INTRODUCTION

V. Popa and T. Noiri [ 25] represented the concept of minimal structure (briefly M structure). They
introduced the notion of M-closure and M-interior. The concept of M-open set and M-closed set was
characterized . The notion of M-continuous functions on functions between minimal structures have been
introduced. In [5,9, 28,40] the properties and applications of minimal structure was studied.

The concept of bitopological spaces was introduced by J.C.Kelly [11]. He studied some of separation axioms
properties in bitopological spaces. In [10,12, 19, 17,22, 33, 24, 36, 29] many concepts and characterizations of
topological space have been studied in bitopological spaces. The notion of biminimal structure spaces was
introduced by C.Boonpok [ 3] He studied m'xmy2- closed sets and m'ymy2-open sets in biminimal structure
spaces. C.Boonpok et.al [32] introduced gm ) - closed sets, m™ - T ;,,-spaces and gm®™ -continuity for
biminimal structure spaces and investigated some of their properties . The concept of smg-closed sets and pair
wise smg-closed set in biminimal structure space were introduced by E. Subaha and N. Nagaveni [ 34] and some
of its properties were studied .

Rough set theory introduced by Pawalak [27, 28,29] has been considered as an extension of set theory. Rough
set theory has been applied in many fields such as machine learning and knowledge discovery [.7, 14, 39] data
mining [6, 18] decision-making support and analysis [ 8, 16, 17, 20, 34, 25] process control [ 26]expert system
[38] and pattern recognition [21].The concept of topological rough sets was introduced by Wi-weger[35]. Al-
Shami studied the relation between rough set and topology[1, 2, 3, 4]. The concept of Cj-neighborhoods were
used to improve rough set's accuracy measure[7,8]. Also Al-Shami and others used the concepts of j-adhesion
neighborhoods and ideals to generate topologies and defined a new rough set model derived from these
topologies. These models have been proved to be finer than other topologies [3].
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El-Sharkasy [9] represented the concept of minimal structure approximation spaces and near open sets and
studied some of its applications.

In this paper, we represented the concept of biminimal structure space and studied M,z Mg,- open sets and
M,rMgy«- closed sets in biminimal structure approximation spaces. We applied the new concepts in a very
critical problem (covid-19). The rest of this article is organized as follows: Section 2 is devoted to recalling
some basics and properties of minimal structure, some concepts in rough set theory and minimal structure
approximation space. In section 3 we introduced the concept of biminimal structure approximation space and
studied some of it's properties. Furthermore, we defined the minimal general lower(upper) approximation and
investigated some of it's properties. Section 4 we discussed the definability of any set in biminimal structure
approximation space and gave some examples. Section 5 applying the biminimal structure approximation space
in covid-19 problem.

1. PRELIMINARIES

In this section we reviewed some basic notions that helpful for our next sections.

Definition 2.1: [29] A family MSP(X) is said to be a minimal structure on X if ¢ , X € M, then the pair
(X,M) is said to be minimal space. A set AeP(X) is called M-open set if AeM, and is called M-closed set if A°
e M.

Definition 2.2: [29] Let (X,M) be a minimal space and A < X. Then the M-interior is defined as M-
int(A)=U{G:GeM,GCA}, and the M-closure is defined as M-cl(A) = N{F: F* eM, AcF}.

Definition 2.3: [29] Let R be an equivalence relation on U, and X<SU. The equivalence class of the element x
is defined as [x] = {y : yRx }. The family of all equivalence classes with respect to equivalence relation R is
defined as U/R={[x] : xeU}.

Definition2.4: [29] Let X cU and R be an equivalent relation on U. Then the lower and (upper)
approximation resp. is defined as RX =u{YeU/R: YSX} and RX=U{Y€U/R: YNX #o¢}.

Proposition 2.1: [28] Let X €U and R be an equivalence relation on U. Then
(1) X is R- definable (R-exact) if and only if RX = RX.
(2) X'is rough (R-inexact) if and only ifRX #RX.
Proposition 2.2: [28] Let X,Y €U and R be an equivalence relation on U. Then
(1) RX XS RX.
(2)Ro=R¢ =¢,RU=RU=U.
(3)R(XNY)=RX NRY.
(4) R(XUY)=RX U RX.
(5) X €Y implies RX S RY.

(6) X €Y implies RX € RY.
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Definition 2.5: [29] Let (X,M) be a minimal space, and ACU. Then A has the following types of definability:
(1) A is totally definable (exact) if M-int(A)=A=M-cl(A).
(2) A is internally definable if M-int(A)=A and M-cl(A)ZA.
(3) Ais externally definable if M-int(A)£A and M-cl(A)=A.
(4) A'is undefinable (rough) If M-int(A)£A and M-cl(A)#A.

Definition 2.6: [9] Let (U, R) be a generalized approximation space, where U be a finite nonempty universe
set and R be an arbitrary binary relation on U. Let N(X)={y €U: xRy} is the right neighborhood of x for all x
€U. Then the class MS(U)={op, U, N(X)} is called a minimal structure on (U, R). The members of the minimal
structure MS(U) are called MS-open sets and (U,R,MS) is called minimal structure approximation space (
MSAS for short). The complement of an MS-open set is called MS-closed set. The class of all MS-closed sets is
denoted by MS¢(U).

Definition 2.7: [9] Let (U,R,MS) be MSAS, and ACU. The lower and upper approximation is defined resp.
as MS(A) = U{G:GEMS(U),GEA}, and MS(A) = N{F : FEMS‘(U),AcF}.

Definition 2.8: A subset A of a topological space (X,) is called:

(1) Pre-open [13] if A< int(cl(A)) and pre-closed if cl(int(A))SA.

(2) Semi-open [16] if A =cl(int(A)) and semi-closed if int(cl(A))SA.

(3) y-open [13] if A ccl(int(A))uint(cl(A)).

(4) Semi-preopen [1] (B-open [9]) if A <cl(int(cl(A))), and semi-pre-closed (B-closed) if int(cl(int(A)))SA.
(5) a-open [23] if ACint(cl(int(A))) and a-closed if cl(int(cl(A)))<SA.

Definition 2.9: let M; and M, are two minimal structure spaces, if M;EM,.Then M;<M,.

I11. Biminimal approximations
In this section, we defined two minimal structure generated by any binary relation R. The first minimal
structure denoted by (M,g) is generated by the right neighborhood xR={y€ X: xRy}. The second minimal
structure denoted by( Mg,) is generated by the left neighborhood Rx={y €X :yRx}. By using these
minimal structures we introduced the the minimal lower and upper approximation of a subset XCU as
Myr (X)=U{XR: xR SX} , Myr(X) = U{xR : xR NX #0}, and Mgy«(X) = {RX :Rx SX}, Mr«(X) =U{Rx: Rx NX
705

Definition 3.1: Let (U,R) be a generalized approximation space where U be a finite non empty universe set
and R an arbitrary relation on U. The classes Myz(U)={p, U, xR} and Mgr«(U)={p, U, Rx} are called the first
and the second minimal on (U,R) respectively. The triple (U ,M,g ,Mg,) is called biminimal structure
approximation space.

Definition 3.2: Let (U,M,g, Mgy) be a biminimal structure approximation space, and X<U. Then X is said to
be

(1) M-Semi-rough (M-Sy,-Rough) if XSMgy( Mur(X)).

(2) M-Pre-rough(M-P;,-Rough) If XS Mg(Mgy(X)).
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(3) M-Semi-Pre rough( M-By-rough) if XSMg((Mxr(Mr(X))).

(4) M-a-rough ( M-as2-rough) if XS Myg(Mg«(Myr(X)))-
(5) M-y-rough( M-y1,-rough) if X< (M_Rx(%(x))) U (Me(Mre(X))).

The family of all M-S;,-rough(Resp. M-P1,-rough, M-B1,-rough, M-a4,-rough and M-y;,-rough ) set in
(U,R) is denoted by M-S;,(U), M-P1,(U), M-B12(U), M-a,,(U) and M-y,,(U), and the complements of them is
called( M-S;,°-Rough, M-P;,°-Rough, M-B;,°-rough, M-as,°-rough and M-y;,°rough), and the family of
complements is M-S, ,°-rough, M-P4,°-rough, M-B1,°-rough, M-a,, °-rough and M-y4, “-rough.

Proposition 3.1: Let (U, Mg, Mg,) be a biminimal structures approximation spaces. Then
(1)M'Q12(U)< M-Slz(u) <M-’le(U)<M-Blz(U).
(2)M-012(U)<M-P1,(U) <M-y1,(U)<M-B12(U).

Proof :(1)Since_Mr(Mre(Mrx(X))) € Max(Mr (X)), then M-04,(U) < M-Si,(U) and Mgy (Myr(X))

(Max(Me(X))U(Me(Mri(X))). SO M-S12(U)  <M-y12(U). “AIS0,  (Mry(Mxe(X)))U(Mir(Mrx(X)))
Mred((Msa(Mry (X))). Then M-y;5(U)<M-B1(U). Therefore, M-a12(U)< M-S;2(U) <M-y12(U)<M-B1(U).

N N

(2) Since: Mg,(X) €X, then Myg (Mey(Mgr(X))) S Mg (Mpy(X)). Thus M-a12(U)<M-P1,(U), and Mg (Mgy
(X)) € Mrx (Myg (X))) U (Myg (My(X))). S0 M-P12(U) <M-y12(U). And (Mrx (Myr(X))) U_(M,r(Mry(X))) €
Mix (Mg (Mrx(X))). Thus M-y12(U)<M-B1,(U). S0 M-0,12(U)<M-P12(U) <M-y1,(U)<M-B12(U).

The following example illustrated that the reverse inclusion in Proposition 3.1 was not satisfied.

Example3.1: Let R be a binary relation defined on a non empty set U={a,b,c,d} defined by R={(a,a), (a,b),
(ac), (d,d), (d,c)}. Then

Mz ={{a,b,c}.{c.d}, U, ¢}.

M ={{d}, {a,b}, U, o}.

Mr={{a}, {d}, {a.d}, U, ¢}.

Merx'={{b.c.d}, {a.b.c}, {bc}, U, ¢}.

M-S, ,-rough ={{b,c,d}, {a,b,c}, {c,d}, U, ¢}.

M-a4,-rough={U, ¢, {c,d}, {a,b,c}}.

M-B1.-rough={¢, U, {a}, {d}, {a,b}, {a,c}, {a,d}, {b,d}, {c.d}, {a,b,c}, {a,b,d}, {b,c.,d}, {a,c.d}}.

M-P12-Rough={o, U, {a}, {d}, {a,b}, {ac}, {ad}, {c.d}, {abc}, {ab,d}, {ac,d}}.

M-y12-rough={o, U, {a}, {d}, {a,b}, {a,c}, {a,d}, {b,d}, {c.d}, {a,b,c}, {a,b.d}, {b,c.d}, {a,c.d}}.
S0 M-S;,-rough < M-a4,-rough, M-y;,-rough < M-S;,-rough, and M-B;,-rough < M-y,,-rough.

Definition3.3: Let (U,M,g, Mg,) be a biminimal structure approximation space, and X<U. Then the general
lower(briefly M-A;,(X)) of X where M-Aix(U)E{M-0412(U), M-S;2(U), M-y12(U), M-P1,(U), M-B12(U)} is
defined by M-L:,(X)=U{G:GEM-L,,(U),GSX}, then the minimal general lower approximation is denoted by
M,..(X) for any subset XCU is defined as M,,,(X)=M-A;,(X), and the general upper(briefly M-A,,(X)) of X is
defined by M-LA,,(X)=N{H:HEM-L,,°(U),H2X}, then the minimal general upper approximation is denoted by
M,.,(X) for any subset X<U is defined as M;,,,(X)=M-1,,(X).
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Proposition3.2: Let (U, M,g, Mg,) be a biminimal structure approximation space, and X<U. Then

(1) M@g(X) € My,(X) € Ms,.(X) € M,,,(X) € Mg, (X) € X € Mp,(X) € M,,,(X) € Ms,,(X) € My,(X) €
Mig(X).

(2)Mge(X) € Myuo(X) € Mp,,(X)EM,,(X) € My, (X) € X € My, (X) € M,,(X) € M, (X) € My, (X) E Mgy
(X).

Proof: (1) Myr(X)=U{G: G eM,z(U), GEX} € U{G: GEM-a,,(U), GEX} € U{G: GEM-S;,(U), GEX} <
U{G: GEM-y1,(U), GEX} S U{G: GEM-B1,(U), GEX} S X SN{H: HEM-B1,°(U), H2X} € N{H: HEM-
v1.°(U), H2X} € N{H: HEM-S,,°(U), H2X} € N{H: HEM-0,,°(U), H2X} SN {H: H € My*(U), H2X}. So
Myr(X) € My, (X) € Ms,,(X) € M,,,(X) € Mp,,(X) € X & M;,,(X) € M,,(X) € Mg, (X) € M.(X) © M_XR(X).

(2)Mey(X)=U{G:GEMg,(U),GEXICU{G:GEM-ay,(U), GEXICU{G:GEM-P,(U), GEXICU{G:GEM-
v12(U),GEXISU{G:GEM-B1,(U),GEXIEX SN {H:HEM-B1,(U),H2X}SN {H:HEM-
v125(U),H2X}SN {H:HEM-P,,%(U), H2X} SN {H:HEM-0,1,5(U), HRX}CSN {H:HEMp,S(U), H2X}. Thus
May(X)EM,(X)EMp, (X)EM,,(X)E My, (X)E X EM,(X)EM(X) SV, (X) EM,(X) EMi(X).

The following example illustrated the previous proposition.

Example3.2: From Exmaple 3.1 if X={a,b,d}, then M,,,(X) = ¢, M;,,(X) ={a,b,d}. So, M,,,(X)=M;,.(X). If
Y={a,b,c}, then Mg,,(Y)=U, M;,.(Y) ={a,b,c}. So, M (Y) € Mg, (Y).

Proposition 3.3: Let (U,M,r, Mg,) be a biminimal structure approximation space, and X , Y<EU. Then for all
M-L12€{M-a12, M-S15, M-y12, M-P12, M-B,}

(1) My, (9)= ¢ =My,(9), My, (U)= U =M, (V).
(2) If XY then My, (X) € My, (Y).

(3) If XSY then M,,(X) € M,.(Y).

(4) My, (XUY) 2 My, (X)U My, (Y).

(5) M.(XUY) 2 M, (X)U My,(Y).

(6) Ms,, (XNY) € My, ()N Myu(Y).

(7) My.(XNY) € My, (ON M., (Y).

(8) My, (X) = (M, (X))".

(9) My,..(X%) =( My, (X))".

Proof: (1) M,(¢)=U{XR:XR So}=¢=U{xR:xRNp # ¢}= My, ( 9). M,,,(U) = U{XR:XxREUF=U=M,,,(V)
=U {xR:xRNU#p}.

(2)Since XY, then M, ,(X)=U{XR:XREXICU{XR:XREXCSY}CU{XR:XxREY}< M, ,(Y).
(3)Since XY, then M,,{X)=U {xR:xRNX#p} SU{xR:xRNY#£p} S M, ,(Y).

(4) Since X eX U YandY €X U Y, then M, ,(X) = U{XR:XREX}S U{XR:XREXUY}EM, ,(XUY). Also,
M,..(Y) = UXR:XREY}ICS U{XR:XREXUY}CE M,,,(XUY). So, M;,,(XUY) 2 M,,,(X)UM,,(Y).

(5) Since X X U Yand Y X U Y, then M, ,(X) = U{xR:xRNX#p} CU {xR:xRN(XUY) #£¢} S M,_,(XUY).
Also, M,(Y) = U{xR:xRNY#p} SU{XR:xRN(XUY)#0} S M, (XUY). So, My,(XUY) 2 M,.(X)U M,(Y).
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(6) Since XNYEX and XNYEY, then M,,(XNY) € My,(X), and M, ,(XNY) S M,,(Y). S0, M;,,(XNY) S
Ma, (XN My (Y).

(7) Similar to the proof of (6).

(8) My, (X9)=U[{H: HE M-11,%(U)H SXH=U{(H): (H%)° € M-A125(U), H° 2 X}]= [N{H®: H® € M-3,,°
(U), H3}2 XIT=(M,,.(X)) ©.

(9) My, (X9)=(N{H": H® € M-A1,°(U), H° € X3)° = [U{F : F € M-A12(U), F € X3 = (My,,(X))".
The inverse of Property (4) is not generally true, as shown in the following example.

Example 3.4: From Example 3.2 : if M-A;2=M-0;, and X={c}, Y={d}. Then M, (XuY)={c,d}. And
Ma,(X)=0 , Moy, (Y)=0.Then My,,(XUY)E My, (X)UMy (Y).

The inverse of Property (5) is not generally true, as shown in the following example.

Example 3.5: From Example 3.2 : If M-A;; = M-By; and X={a}, Y={d}. Then M,,,(XUY)=U, and
M;..(X)={a}, M..(Y)={d}.Then M,,,(XUY) & M;_,(X)u M, (Y).

The inverse of Property (6) is not generally true, as shown in the following example.

Example 3.6: From Example 3.2 : If M-A,,=M-S;; and X={a,b,c}, Y={b,c,d}, then Mg (XNY)=0p ,
Ms,,(X)={a.b.c}, Ms,,(Y)={b,c.d}. So, Ms,,(XNY) 2 Ms,,(X) N Ms,,(Y).

Proposition 3.4: Let (U,M,r, Mg,) be a biminimal structure approximation space, and X<U. Then for all
M-A126{M-012, M-S12, M-y12, M-P13, M-B15} .

(1) My (OAM (M, (X)) # My (M o(X)).
QM3 (X) # My (M (X)EM,(M3,.(X).
The following example illustrated this idea.

Example 3.7: From Example 3.2.

1) If M-A1z=M-o1, and X={c,d}, then My, (X)={c,d} M., (Mq,.(X)) = {¢.d}.BUE Myu(M,.(X)) = U. So,

M;,(Mao(X)) # M, (Ma(X)).

2) If M-A12=M-Sy, and X={b}, thén Ms,,(X)={a,bF, Ms.(Ms.(X))={a ,b}. But Ms.( Ms.(X)) = ¢. So,
Ms..(Ms,.(X)) # Ms..( Ms,.(X)).

Proposition 3.5: Let (U,R) be a generalized approximation space generated by any binary relation R then for
any two subsets X and YSU we have M;,,(X-Y)S M,,,(X)- My,,(Y) for all M-L126{M-012, M-S12, M-y12, M-
PlZy M'Bn}-

Proof: As X-Y=XN Y, then M,,(X-Y)=M, (XN Y°). From the Proposition (3.3) M, (XNY")<
My (X)NM,(Y)E My, (ONM3,(Y)) FEM, (X)- My, (Y). S0, My (X-Y)E MAy2(X)- My, (Y).

The following example showed that the inverse of Proposition 3.5 is not generally true.

Example3.8: From Example (3.1) If M-A,=M-S;; and X={b,c,d}, Y={c,d}, then Mg, (X)={b,c,d},
Ms,,(Y)={c,d}, and Ms,,(X-Y)=Ms,,({b}) = ¢. But Ms,,(X)-Ms,,(Y) ={b}, then My,,(X) - Mu,,(Y) & My, (X-Y).
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Lemma3.1: Let (U, Mg, Mg,) be a biminimal structure approximation space, and X<U. Then (cl,_,(X))* =
Inty,,(X%) for all A1 € {012, S12, Y12, P12, B12}-

Proof: For all M-A;26{M-a13, M-S13, M-y12, M-P15, M-B1,}, let X € U. Then (cI(X))° = [N{H : H € M-
A25(U), H 2 X3 = [U{H® : H® € M-A1,(U), H® € X°}] = Int,,(H®) = Int,,(XO).

IV —Minimal generalization of rough concepts

In this section we introduced the definition of definability of approximation space in biminimal structure
approximation space, and proved some of its properties. Also, we defined the accuracy measure of
biminimal structure approximation space.

Definition 4.1: Let (U, M,g, Mg,) be a biminimal structure approximation space, and X<U .Then for all M-
L126{M-012, M-S12, M-y15, M-P1;, M-B1,}.

(1) X is totally minimal A;,_definable (M-X,,_exact) if ﬁz(X):XIM_Xu(X).

(2) X is internally minimal A;,_definable if M,,,(X)=X and M, .(X)#X.

(3) X is externally minimal A,,_definable if M,_,(X) #X and M, (X)=X.

(4) X is minimally A;,-undefinable (M-A;2-rough) If M, ,(X) #X and M,_,(X) #X.
Example 4.1: From Example 3.1, then

(1) If M-A42=M-y;, and X={a}, M,,,(X)={a}, and M,,,(X)={a}. So, M,,,(X) = X = M,,,(X). Thus, X is M-
Y12-€xact set.

(2) If M-11,=M-S;, and X={c,d}, then Ms,,(X)={c,d} and M,,(X) = U. So, M,,,(X)=X . But M,,,(X)#X.
Therefore, X is internally minimal y,,_definable.

(3) If M-A;2=M-ay, and X={a,b}, then M, (X)=¢ #X, M,,,(X)={a, b}=X. So, X is externally minimalo;,-
definable.

(4) If M-11,=M-S;, and X={b}, then_Ms,,(X) = @, Ms,,(X) = {a,b}, Ms,,(X) # X and Ms,,(X) # X. So, X is
M-S;,-rough set.

Definition 4.2: Let (U, M,r, Mg,) be a biminimal structure approximation space, then we can introduce the
generalized accuracy measure for any set X<U (denoted by ACC,,,) as the following

ACC,,, :((lM_MZ(X)l)/(lI\TH(X)l)),I\Tu(X);é(p, where M-A1,€E{M-012, M-S15, M-y12, M-P1,, M-B1,} and IX|
denoted the cardinality of the set X. The number of generalized accuracy measure for any set XU is the
measure of the degree of exactness. So, by this action we will figure out which is the best of our definition for
M-L1,- lower and M-\;,-upper approximations. So,

1) 0 < ACCy,, < ACC,,, < ACCs,, < ACC,,, < ACCp,, <1
2) 0< ACCy,, < ACC,,, < ACCp,, < ACC,,,< ACCy, <1

The following example illustrated the comparison between ACCs,, and ACCg,, in Table(1)
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Example 4.2: From Example 3.

X ACCs,, | ACC,,

{cdy |12 1

{a,cd} | 1/2 Y

{a,b,c} | 3/4 1

{bc,d} | 3/4 1

Table(1:The comparison between ACCs,, and ACCg,,.

By using the definition of rough concepts at we can tends to exactness of many sets ,this will lead to accurate
results.

Definition4.3: Let (U, Myg, Mg,) be a biminimal structure approximation space, and X,Y<U. Then for all M-
L126{M-012, M-S12, M-y13, M-P1;, M-B12}.

(1) XS Y if My, (X) © My, ().
(2) X&,Y it My (X) M (Y).

Example 4.3: From Example 3.1:

(1) If M-A12=M-S,, and X={d}, Y={a,b}, then Ms,, (X) = ¢, Ms,,(Y) = ¢, and M,,,(X) Ms,(Y). Thus
XSs,,Y.

(2) If M-A1,=M-B,, and X={a,b}, Y={a,d}, then My, (X) ={a,b}, Mg,, (Y)=U, and M;,, (X) S Mg,,(Y). So
XE;.Y.

Definition4.4: Let (U, M,g, Mg,) be a biminimal structure approximation space, and X<SU and any element
XEU Then fOI‘ a.” M')\.lze{M'alz, M'Slz, M"Y]_z, M'Plz, M'Blz}.

(1) I XE,,X if and only if x € My, (X).
(2) If € ,,, X ifand only if x € M,,,(X).

Proposition4.1: Let (U,M,gr, Mg,) be a biminimal structure approximation space, and X<U. Then for any
xeU, and M-L1,€{M-a1,, M-S1,, M-y1,, M-P1,, M-B1,}, the following properties hold:

(1) If x€,,,X, then x€ X.
(2) If x &,,,X, then x &X.
Proof: (1) Let x €,,,X then x€ M,,,(X) and M,,,(X)EX. So, xeX.
(2) Let x ¢X then x €M,,(X) and X S M,,(X). Therefore, x X
The inverse of Definition 4.4 is not generally true.
Example 4.4: From Example 3.1 if M-A1,=M-S;, and X={a,c,d},x=a, then Mg, (X)={c,d}. But x &s,,X.

Also, if M-1;,=M-S;, and X={b}x=a, Ms_,(X)={a,b}, then x¢&s,,X. But x &X.

V-Application of the biminimal structure approximation space on Covid-19.

In this section we applied the concept of biminimal approximation space in a very critical problem and
we tried to get more accurate results by reducing the condition.
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The sort of pneumonia brought about by the 2019 novel Covid disease(covid-19) is profoundly irresistible
infection and the continuous flare-up has been proclaimed by WHO as a worldwide general wellbeing crisis.
Coronavirus pneumonia was first announced in Wuhan then it Spread universally. This is clinical highlights of
four pregnant ladies with affirmed COVID-19 pneumonia and inspect the upward transmission capability of
COVID-19. Every one of the four patients had a cesarean segment in their third trimester. Let U={P1,P,,P3,P.}
be a set of patients and H = {H,,H,,Hs,H4,Hs,H¢} be a set of symptoms represented as (H, is fever in admission
,H2 is cough ,H; is dyspnea, H, is sore throat ,Hs is diarrhea , Hg is chest pain ) , D represented the decision of
the covid-19 in which y means the patient has the virus and n means the patient has no virus as shown in Table

).

Py P, Ps Pa
H, y y y y
H, y y n y
Hs y N n y
H, n N n y
Hs n N n n
He y N n n
D y Y n y
Table (2: Represented the relation between the symptoms of the patients and the decision of the covid-19).

Table (3) represented similarities between patient's symptoms where the degree of similarity w(x,y) is defined
as ux,y)=(Q._{i=1}»a_{i}(x)=a_{i}(y)))/n) where n is the number of symptoms. We defined the relationship
in each issue according to the expert's requirement. The first minimal strucutre M_{xR} was defined by the
relation aR b if p(a,b)>0.8 and the second minimal structure M_{Rx} was defined by the relation a®R b if
u(a,b)>0.6. The patients had covid-19 were denoted by B, while the patients had not covid-19 were denoted by
B..

P, P, Ps P,
P, 1 416 3/6 416
P, 416 1 5/6 416
Ps 3/6 5/6 1 1/6
P, 416 416 1/6 1

Table (3: Represented the degree of similarities between patient's symptoms

Myr=19, P, {P1}, {P2,P3}, {P4}} and M_{Rx}={g, P, {P_{1,}P;,Ps}, {Ps}}, then Mch}:{(Pa P, {P2,P3,P.},
{P1,Ps}, {P1,P2,P3}}. M_{Rx}*{C}={o, P, {P3}, {P1,P2,P3}}. Now we calculate

M-012(P)={¢, p, {P1}, {Ps} . {P1.Ps}, {P2,Ps}, {P1,P2,Ps}, {P2,Ps,p4}}.
M'Slz(P):{(py p, {pl}l {p4}: {pl!pZ}! {p11p4}l {prpB}! {p21p4}! {p11p21p3}! {p11p21p4}l {p21p31p4}}'
M'PIZ(P):{(py p, {pl}l {p4}: {p11p3}! {p11p4} ' {p21p3}! {p3lp4}! {p11p21p3}! {p11p31p4}l {p21p31p4}}'

M'le(P) = {(Ps p; {pl}! {p4}! {pllpZ}! {p11p3}l {p11p4}l {p21p3}: {p21p4}! {p31p4—}l {p11p21p3}! {p11p21p4}1
{P1,p3.pa}, {P2,P3.P4}}

M-B12(P)={@.p,{p1}.{P2}{Pa}, {P1.P2}{P1.Ps}, {P1.Ps}, {P2.03}, {P2.pa}, {P3.Pa}, {P1.P2.P3s} {P1,P2,P4},
{P1,p3,p4}, {P2,P3,Pa}}-

M-a12°(P) = {@, P, {p2,P3,Ps}, {P1.P2,p3}, {P2.Ps}, {P1.ps}, {Ps}, {Ps}}-

M-S12(P) = {¢, P, {p2,p3.Pa}, {P1.P2.Pz} {P1.Ps}, {P3.pa} {P1.P3s}, {P2.ps} {Pa}. {P3}, {p:}}-
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M-P12°(P) = {@, p, {p2/P3.Ps}, {P1.P2.,Ps}, {P2.pz}, {P2.P4}, {P1.pa} {P1.P3}, {4}, {P1}, {Ps}}-

M-y12°(P) = {9, p, {P2,P3.Pa}, {P1.P2P3}, {P3.pa}, {Pr.P2} {P2:Ps} {P2.pa} {P1.pa} {P1.ps} {Pa}, {P2}.
{p1}, {p:}}-

M-B12°(P) = {@, P, {P2.P3.Pa}, {P1.P3.Pa}, {P1.P2:Ps}, {P3.Pa}, {P1.P2}, {P2.Ps}, {P2.Pa}, {P1.Pa}, {P1.Ps},
{ps}, {p2} {p:}. {ps}}-

B1={p1.p2.ps} Mir(B1)={P1.ps}, Mir(B1)= P, ACCuwr (B1)=(1/2), Ms,,(B1) ={p1.P2:ps} Ms,, (B1)=P,
ACCs,,(B1) = (3/4).

We show that M-a4,(U) < M-S;12(U) < M-y1,(U) < M-B1,(U) is satisfied.

The accuracy of B through the lower and upper approximation of Myg (ACCwxr(B1)=(1/2)) and the accuracy
of B; through the lower and upper of M-S;,(ACCs,,(B1)=(3/4) ). So we found that the accuracy of M-S, is
greater than the accuracy of Myg.

VI-REFERENCES

1. Abu-Gdairi, R. , El-Gayar, M.A., Al-Shami, T.M. , Nawar, A.S. and EIl-Bably, M.K. : Some
Topological Approaches For Generalized Rough set and Decision-Making Applications.symmetry
14(2022).

2. Al-Shami, T. M.: An improvement of rough sets' accuracy measure using containment neighborhoods
with a medical application. information sciences 569,110-124((2021).

3. Al-Shami,T. M. :Improvement of the approximations and accuracy measure of a rough set using
somewhere dense sets. Sofe computing.25(1),14449-14449.( 2020).

4. Al-Shami, T. M. and Ciucci, D. :Subset neighborhood rough sets.knowledge-based systems,
237,(2022).

5. Boonpok C. Biminimal structure spaces. International Mathematical Forum 2010; 5(15): 703-707.

6. Chan CC . A rough set approach to attribute generalization in data mining. Journal of Information
Sciences 1998; 107:169-176.

7. Chmielewshi M R, Grzymala-Busse J.W. Global discretization of continuous attributes as
preprocessing for machinelearning. International Journal of Approximate Reasoning 1966; 15(4): 319--
331.d0i:10.1016/S0888-613X(96)00074-6.

8. Dadas H. Advanced Decision-Making Techniques with Generalized Close Sets in Neutrosophic Soft
Bitopological Spaces2023. Journal of mathematics and application.10(01);08-16.

9. El-Sharkasy M M .Minimal structure approximation space and some of its application.Journal of
Intelligent and Fuzzy Systems2021; 40(1):73-982.

10. Oudetallah J., Alharbi R. , Batiha I. .On r-compactness on topological and bitopological spaces,
Axioms2023;12(2).doi.10.3390/axioms12020210

11. Kelly J C. Bitopological spaces. Proceeding London Mathematical Society1969; 3 (13) : 71--
79.doi:10.1112/plms/s3-13.1.71

12. Kim Y W. Pairwise compactness. Publicationes Mathematicae1968;15 :87-90.

13. Lane E P. Bitopological spaces and quasi-uniform spaces. Proceedings of the London Mathematical
Society1967; 17: 241-256

14. Lingras PJ, Yao YY. Data mining using extensions of the rough set model. Journal of the American
Society  for Information Science1998; 49(5): 415--422. doi.10.1002/(SICI1)1097-
4571(19980415)49:53.0.CO;2-Z.

15. Lal S. Pairwise concepts in bitopological spaces. Journal of the Australian Mathematical Society1978.
26(2):241-250. doi.10.1017/S1446788700011733.

16. Mcsherry D. Knowledge discovery by inspection. Decision support system 1997; 21(1), (1997), 43--
47.doi.10.1016/S0167-9236(97)00012-2

https://bfszu.journals.ekb.eg/journal Page 26




Bulletin of Faculty of Science ,Zagazig University (BFSZU) 2025

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mustafa H 1., Sleim F. M., Abdoh Y. T.:Topological generalizationof minimal structure with medical
application.Filomat2024;38(7):2545-2561.

MengXin L I, Cheng-Dong W U, XingHua X, Yue Y. Rough set theory and its application. Journal of
Shenyang Architectural and Civil Engineering University2001; 17: 296--299

Murdeshwar M G, NaimpallyS A. Quasi-uniform Topological Spaces. Monograph, Noordhoof,
Groningen, 1966.

Nowak K. J. . TAME TOPOLOGYIN HENSEL MINIMAL STRUCTURES.arXiv2024;10:1-
26d0i.10.48550/arXiv.2103.01836.

Pomerol J C. Atrtificial intelligence and human decision making. European Journal of Operational
Research 1997; 99(1): 3--25 .d0i.10.1016/S0377-2217(96)00378-5.

Peters J F, Ziaei K, Ramanna S. Approximate time rough control: concepts and application to satellite
attitude control. In RSCTC. conferenceproceedings; (1998).pp. 491--498.

Parimala M, Arivuoli D, Krithika S, Separation axioms in ideal minimal spaces. international journal of
recent technology and engineering 2018; 7.

Parimala M, Karthika M, Smarandache F. Introduction to neutro-sophic minimal structure.
international journal of recent technology and engineering 2020; 36(1):

Popa V, Noiri T. On M-continuous functions. Real Analysis Exchange 2000; 18(23): 31--41.

Pervin W J. Connectedness in bitopological spaces. Indagationes Mathematicae 1967; 29: 369-372.
Pawlak Z. Rough sets. International Journal of Computer and Information Sciences 1982; 11: 341--
356.

Pawlak Z. Rough sets: theoretical aspects of reasoning about data. Kluwer Academic Publishers,
Boston ,1991.

Pawlak Z. Rough set approach to knowledge-based decision support. European Journal of Operational
Research 1997; 99(1): 48--57.

Reilly I L. On bitopological separation properties. Nanta mathematical972; 5: 14-25.

Subha E, Nagaveni N. Strongly Minimal Generalized Closed Set in Biminimal Structure Spaces.
Procedia Computer Science2015; 47: 394-399.

Smarandache, F. :NeutroAlgebra & AtniAlgebra are Generalizations of classical
Algebras.Neutrosophic sets and system. 36, (2022).

Singal M K, Singal A R. Some more separation axioms in bitopological spaces. Ann.Soc. Sci.
Bruxelles, 84, (1970), 207-230.

Viriyapong C, Tunapan M,Rattanametawee W, Boonpok C. Generalized m-closed sets in Biminimal
structure spaces. International Journal of Mathematical Analysis 2011; 5(7): 333-346.

Wiweger A. On topological rough sets. Bulletin of the Polish Academy of Sciences Mathematics1989;
37: 89--93.

Wang C, Huang Y, Shao M and Fan X. Fuzzy rough set-based attribute reduction using distance
measures. Knowl. Based Syst 2019;164: 205-212, 2019.

Wang C, Huag Y, Shao M, Hu Q, Chen D. Feature Selection Based on Nighborhood Self-
Information.|IEEE Transaction on cybernetics 2020;50(9):4031--
4042.d0i.10.1109/TCYB.2019.2923430.

Wang C, Qian Y, Ding W, Fan X. Feature Selection With Fuzzy-Rough Minimum Classification Error
Criterion 2022;30(8):2930-- 2942. doi.10.1109/TFUZZ.2021.3097811.

Zakari A H. Some Generalizations on Generalized Topology and Minimal Structure Spaces.
International Journal of Mathematical Analysis2013; 7(55): 2697- 2708.
doi.10.12988/ijma.2013.39223.

Ziarko W. The discovery, analysis, and representation of data dependencies in databases. In: Piatetsky-
Shapiro, G.,Frawley, W.G. (eds.) Knowledge Discovery in Databases, 1990, pp. 213--228.

https://bfszu.journals.ekb.eg/journal Page 27




