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Abstract

The concepts of fuzzy rough algebraic border and fuzzy rough algebraic exterior sets are
introduced in this paper. The properties of fuzzy rough algebraic border and fuzzy rough
algebraic exterior are discussed. There are some intriguing characterizations and attributes
studied.

1. Introduction

Authors [14], [8], [9], and [3] discussed fuzzy topological spaces, fuzzy
sets, and their applications. Soft set theory, intuitionistic fuzzy set theory,
soft fuzzy set theory, and other approaches are used to address a variety of
additional uncertainties that crop up in real-world situations. In [12] and
[13], a few of such theories' characteristics are covered. The idea of rough set
was first presented by Pawlak [7]. R. Biswas and S. Nanda investigated the
rough group and rough subgroup [1]. The rough topological space was
researched by B.P. Mathew and S. J. John [5]. S. Majmudar and S. Nanda [6]
examined the idea of a fuzzy rough set. The fuzzy rough topological group and
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fuzzy rough group were examined and discussed by the author [11]. Calda,
Jafari, and Noiri [2] researched the ideas of G-exterior and G-border. The
concepts of fuzzy rough algebraic border and fuzzy rough algebraic exterior
sets are introduced in this paper. The properties of fuzzy rough algebraic
border and fuzzy rough algebraic exterior are discussed. There are some

intriguing characterizations and attributes studied.
2. Preliminaries

Definition 2.1 [11]. Let X be the fuzzy topological space, and let be a
fuzzy set. The boundary Bd of A, is then determined as Bd())

=cl(A)N Cl()u),. Obviously, Bd()) is a fuzzy closed set.

Definition 2.2 [2]. The fuzzy rough border of any fuzzy rough set in
(X, T) is defined as the intersection of the fuzzy rough set with the closure of

its compliment.

Definition 2.3 [2]. The fuzzy rough exterior of any fuzzy rough set in

(X, T) is defined as the interior of the compliment of the fuzzy rough set.

3. Fuzzy Rough Algebraic Border and Exterior

Definition 3.1. Let (X, TM) be a fuzzy rough algebraic TM system and

be any fuzzy rough algebraic. Then the fuzzy rough algebraic boundary of A,
is denoted and defined as

FrymBd(A) = Fryycl(A) N Fryycl(A).

Definition 3.2. Let A be a fuzzy rough algebraic in a fuzzy rough
algebraic TM system (X, TM). Then the fuzzy rough algebraic border of A is

defined and denoted by
.FR‘J'MBY’(A) =A ﬂ ferJ-MCl(A)’.

Proposition 3.1. Let A be any fuzzy rough algebraic in a fuzzy rough
algebraic TM system (X, TM ). Then
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(©) FrraBr(A) ¢ FroaclA).
(1) Fryy int(FrgyBr(4)) c A.
(il)) FrypBr(FrynBr(A)) c FrynBr(A).
Proof.
) FroacBr(4) = AN Fygyel(A)
< Frymcl(A')
Hence FgpyynBr(A) ¢ Foyycl(A).
i) Fryye int(FryyBd(A)) = Fray int(A N Fracl(A))
c AN Fryncl(A')

=A
Hence Fgqy int(FryyBr(4)) c A.

ill) FrynBr(FrynBr(A)) = FrynBr(A N Fryycl(A'))
< (A N Froael AN N (Froael(A N Froael(A'))
c AN Fryycl(4)
Hence ffR-J'MBT(f:R‘TJ\,[BT(A)) c fg{ijr(A).

Proposition 3.2. If A is any fuzzy rough algebraic open in (X, TM) then
ferJ‘MBr(A) - A.

Proof. Since A is a fuzzy rough algebraic open then A’ is a fuzzy rough

algebraic closed. Then

FrymBr(A) = AN Fryycl(A')
cANA

c A.
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Hence FgqyBr(A) c A.

Proposition 3.3. Let C and D be any two fuzzy rough algebraic in
(X, TM) then fgzg'mBr(C) U fgzijr(D).

Proof.
FagnBr(C U D) = (C U D) N Fryyel(C U D)
= (CUD)N (Fryycl(C' N D))
c (CUD)N (Frynel(C') N Fryyel(D))
= (FroaBr(C) N Frgpel(D')
U (FrgnBr(D) N Francl(C))
= FrynBr(C) U FrynBr(D)
Hence FgqyBr(C U D) < FrenBr(C')U FogyBr(D').

Proposition 3.4. Let S and T be any two fuzzy rough algebraic in fuzzy
rough TM system (X, TM). Then

FranBr(S N T) o FrynBr(S) N FryyBr(T).
Proof.
FagaBr(SNT) = (SNT)N Frgyel S NT)
=(SNT)N(Frgypcl(S'UT))
= (SN T)N (Frynel(S) U Fryyel(T"))
2 (S N Franel(S) N (T N Francl(T"))
= FramBr(S) N FryyBr(T).

Hence fgquBr(S m T) . fg{rijr(S) ﬂ fng'MBr(T).
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Proposition 3.5. For any fuzzy rough algebraic A in (X, TM),

FrymBr(A) ¢ FryyBd(A).

Proof.
FrynBr(A) = AN Fryycl(A')

< Frymcl(A) N Frycl(A')
= FaynBd(A).
Therefore, fg{g’mBr(A) [ ffRKJ’MBd(A)

Remark 3.1. If A is any fuzzy rough algebraic closed in (X, TM) then
FrymBr(A) € FrynBd(A).

Proof. Since A is a fuzzy rough algebraic closed, Fggycl(A) = A.
Now, FpynBr(A) = AN Fyyycl(A')

= Frgmcl(A) N Frgycl(A').

= FagyBd(A).
Therefore, FpyyBr(A) = FagvBd(A).

Definition 3.3. A fuzzy rough algebraic D in (X, TM) is said to be fuzzy

rough algebraic exterior of D is denoted and defined by

fgwMEr(D) = ffR‘TM int(D'),

Proposition 3.6. Let D be a fuzzy rough algebraic in fuzzy rough
algebraic TM system (X, TM ). Then

(i) FrroaEr(D) < (FyyyelD)).
() FrynEr(FrgpEr(D)) = Fryy int(Fraycl(D)).
(iil) FgopEr(1) = 0.

(IV) }"RTMEr(a) = I
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V) Froy int(D) ¢ FrynEr(Fryncl(D)).
Proof.
(1) The proof follows directly from the Definition 2.17.
(1) FramEr(FrevEr(D)) = FaavEr(FaeyEr(D')) [By Definition 2.17]
= Fag e nt(Fggae int(D'))
= Fryn int(Fgrgael(D)).
Hence, FpgyiEr(FrynEr(D)) = Fayy int(Fgrgyecl(D)).
(i11) By (i1),
FronEr(1) = FronEr(l) = 0.
(iv) By (i),
FronEr(0) = FropEr(0) = 1.
(v) Since A < Fygpcl(A).
= Froy Int(A)  Frap int(Francl(A))
= Fpgyn int(A) € FrovEr(FryyEr(A)) by (iii).

Proposition 3.7. Let R and S be any two fuzzy rough algebraic in a fuzzy
rough algebraic TM system (X, TM ). Then the following conditions hold.

(1) If R c S then fmijr(R) ) ‘/fth‘TmEl"(S).
(11) .FJQTMET(R U S) = fng'MEr(R) ﬂ ffR‘TME’"(S)
(111) ]:gngEr(R ﬂ S) = fRTMEr(R) U fRTMEr(S).

Proof.
(i) Since R < S, FrynEr(R) < FgynEr(S). Hence the proof is obvious

by Definition 2.17.
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(i) FroyEr(RU S) = Fpoy int(R U S).
= Fago int(R U S')
= Frya int(R') N Frga int(S)
= Faay Int(R) N Fraye int(S).
Hence, FpyyEr(RU S) = FrynEr(R) N FravEr(S).

(1i1) The proof is similar to (ii).

Proposition 3.8. Let A be a fuzzy rough algebraic in a fuzzy rough
algebraic TM system (X, TM). Then FyyyEr(A)= A" if and only if A is

fuzzy rough algebraic closed.
Proof. If A is any fuzzy rough algebraic TM closed then,

A = fRTMCl(A).
By Definition 217, ferJ‘MEl"(A) = ffRTM 1Ilt(A')
= (Frone(4))

= A’
Hence, FpyyEr(A) = A'.

Conversely, FpyyEr(A) = A’
= fR‘IM 1nt(A’) =A'

Hence A' is a fuzzy rough algebraic open. Therefore, A is a fuzzy rough

algebraic closed.

Proposition 3.9. Let A be any fuzzy rough algebraic in a fuzzy rough
algebraic TM system (X, TM ). Then

(ffRTMBd(A))I = Frgy int(A) U FryyEr(A).
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Proof.

Since, FpyyBd(A) = Fryncl(A) N Fryyvcl(A').

Then, (FrgyBd(A)) = (Fryacl(A) N Fryycl(A))
= ffRTM 1nt(A’) U ffR‘IM 1nt(A)
= TfR‘TM 1nt(A) U ]:fR'TM int(A’)

= fR(IM 1nt(A) U ngqMEr(A).

Therefore, (ffRfJ-MBd(A))’ = "TfR‘IM 1nt(A) U szijr(A).

Proposition 3.10. Let A be a fuzzy rough algebraic in a fuzzy rough
algebraic TM system (X, TM ). Then FyyyBr(A) = (ng‘TMEr(A’))'.

Proof.
Since, FpgyBr(A) = AN Fryncl(A)

Then FyyyBr(A) c A

c Fryyncl(A)
— (FaraEr(A)).

Hence FgpqyBr(A) = (meEr(A))'.

Remark 3.2. From Propositions 3.5 to 3.10,

FrymBr(A) ¢ FrynBr(A) ¢ FrynBd(A).
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