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Abstract

In this study, various closed algebras on fuzzy rough algebraic TM systems are defined. The relationships
between closed algebras and between algebraic boundaries and other boundaries are also provided. In
order to emphasize the results, examples are provided.
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1. Introduction

In 1965, Zadeh I presented the concept of Fuzzy Set Theory. He presented a mathematical
technique to create some imprecise explanations. A fuzzy set is one that has components of a
particular degree but no clearly defined boundaries. The range of a fuzzy set is 0 to 1. Due to
its flexibility with varying data, fuzzy logic has been shown to have applications in several
aspects of our daily lives, particularly in the medical area. Some features of fuzzy rough sets in
TM boundary algebra, initially established by K. Manimegalai and A. Tamilarasi !, are
discussed in this study. In this study, various closed algebras on fuzzy rough algebraic TM
systems are defined. The relationships between closed algebras and between algebraic
boundaries and other boundaries are also provided. In order to emphasize the results, examples
are provided.

2. Preliminaries

2.1 Definition > 71

Let X be the fuzzy topological space, and let A be a fuzzy set. The boundary Bd of 4, is then
determined as Bd(1) = cl (1) n ¢l (1)'. Obviously, Bd(A) is a fuzzy closed set.

2.2 Definition
A fuzzy set A in a fuzzy topological system (X,7) is called fuzzy a open if A <

int (cl(int(A))). The compliment of fuzzy a open is fuzzy a closed.

2.3 Definition 6
A fuzzy set A in a fuzzy topological system (X,7) is called fuzzy 8 open if A <

cl (int(cl(A))). The compliment of fuzzy £ open is fuzzy 8 closed.

2.4 Definition [']
A fuzzy set A in a fuzzy topological system (X,t) is called fuzzy pre open if A <
int(cl(A)). The compliment of fuzzy pre open is fuzzy pre closed.

2.5 Definition 1,
A fuzzy subset A of fuzzy topological space (X,t) is said to be fuzzy yopen set if A <

(cl(int(A))) u (int(cl(A))). The compliment of fuzzy y open set is fuzzy Dclosed set.
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2.6 Definition &
A fuzzy subset A of fuzzy topological space (X, 7) is said to be fuzzy § closed if A = cl(A).

3. Inter relations between algebraic boundary and other Boundary

3.1 Definition

A non-empty set A is a family of fuzzy rough algebraic in X satisfies the following conditions:
e 01eTM

o IfA,BETMthenA N BETM

e If Aje TM for each i € ] then U;c; Ai € TM where ] is an indexed set.

Then A is said to be a fuzzy rough algebraic TM system. Any member of fuzzy rough algebraic TM system is called fuzzy rough
algebraic TM open. The complement of fuzzy rough open algebraic is fuzzy rough algebraic TM closed.

3.2 Definition

Let (X, TM) be a fuzzy rough algebraic TM system and A be any fuzzy rough algebraic. Then the fuzzy rough algebraic boundary
of A, is denoted and defined as FgyaBd (A) = Frraccl(A) N Fryaccl(A"). Obviously FrrarBd (A) is fuzzy rough algebraic
TM closed.

3.3 Definition
Let (X, TM) be a fuzzy rough algebraic TM system. A fuzzy rough algebraic A in X is said to be fuzzy rough algebraic pre closed

(FrraepC shortly) if A 2 (TRTMCI(TRTMint(A))). The complement of every fuzzy rough algebraic pre closed is fuzzy rough
algebraic pre open (FgrpO shortly).

3.4 Definition
Let (X,TM) be a fuzzy rough TM system and A be any fuzzy rough algebraic. Then A is said to be a fuzzy rough algebraic

a closed (FgracaC shortly) if A 2 Fpyrprcl (TRTMint(TRTMcl(A))). The complement of fuzzy rough algebraic a closed is
fuzzy rough algebraic a open (FgracaO shortly).

3.5 Definition
Let (X,TM) be a fuzzy rough TM system and A be any fuzzy rough algebraic. Then A is said to be a fuzzy rough algebraic g

closed (FryacBC shortly) if A 2 Fprpcint (TRTMCZ(TRTMint(A))). The complement of fuzzy rough algebraic g closed is fuzzy
rough algebraic B open (Frrar B0 shortly) .

3.6 Definition

Let (X,TM) be a fuzzy rough TM system and A be any fuzzy rough algebraic. Then A is said to be a fuzzy rough
algebraic y closed (FzracyC shortly) if A 2 (TRTMint(TmMcl(A))) n (TRTMCZ(TRTMiTlt(A))). The complement of fuzzy
rough algebraic y closed is fuzzy rough algebraic 0 0open (Fxs,¥0 shortly).

3.7 Definition

Let (X,TM) be a fuzzy rough TM system and A be any fuzzy rough algebraic. Then A is said to be a fuzzy rough algebraic §
closed (FrrardC shortly) if A = Frraccl(A). The complement of fuzzy rough algebraic § closed is fuzzy rough algebraic § open
(Frrac60 shortly).

3.8 Definition

Let (X,TM) be a fuzzy rough algebraic TM system and A be a fuzzy rough algebraic in X. Then the fuzzy rough algebraic pre
interior (Frrcpint shortly), fuzzy rough algebraic pre closure (Fgracpcl shortly), fuzzy rough algebraic « interior (Frrpcaint
shortly), fuzzy rough algebraic a closure (Frspcacl shortly), fuzzy rough algebraic g interior (FgracBint shortly) , fuzzy rough
algebraic g closure (FeracBcl shortly), fuzzy rough algebraic y interior (Fgrsracyint shortly), fuzzy rough algebraic y closure
(Frracycl shortly), fuzzy rough algebraic & interior (FgracSint shortly) and fuzzy rough algebraic § closure (Fgracdcl shortly)

of A are defined by
1. Fgpracpcl(4) = N{B: B is a fuzzy rough algebraic pre closed in X and A < B}

2. Frrapint(A) = U{K:K is a fuzzy rough algebraic pre open in X and K € A}.
3. Fprmacl(A) = N{B:B is a fuzzy rough algebraic « closed in X and A € B}

4. Fapraeaint(A) = U{K:K is a fuzzy rough algebraic @ open in X and K S A}.
5. FaracBcl(A) = N{G: G is a fuzzy rough algebraic B closed in X and A € G}

6. FrraBint(4) = U{S:S is a fuzzy rough algebraic 8 openin X and S € A}.
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7. Faraycl(4) = N{N:N is a fuzzy rough algebraic y closed in X and A € N}

8. Frrayint(A) = U{M: M is a fuzzy rough algebraic y open in X and M < A}.
9. Frraocl(A) = N{P:P is a fuzzy rough algebraic § closed in X and A € P
10. Fpracdint(4A) = U{C:C is a fuzzy rough algebraic § open in X and C < A}.
3.9 Definition
Let A be any fuzzy rough algebraic of fuzzy rough algebraic TM system(X, TM). Then A is said to be
1. Algebraic a boundary (@, Bd(A) shortly) if

aryBd(A) = Frracacl(A) 0 Frrapracl(A').
2. Algebraic g boundary (87 Bd(A) shortly) if

BruBd(A) = FrracBcl(A) N Frracfcl(A).
3. Algebraic y boundary (yr4Bd(A) shortly) if

YruBd(A) = Fryacycl(A) N Frracycl(A).
4. Algebraic § boundary (674, Bd(A) shortly) if

SrmBd(A) = Frracdcl(A) N Frpacbel(Ah).

4.1 Proposition
Fuzzy rough TM closure of a fuzzy rough algebraic pre open is a fuzzy rough algebraic regular closed.

Proof
Let A be a fuzzy rough algebraic pre open. Therefore, by Definition 2.9, A € (TRTMint(TRTMcl(A))). Hence, Frraccl(A) S

(Fﬁfmint(TRTMCl(A))) andTRT]\,l‘int(TRTMCl(A)) c TRTMCI(A). SO, TRTMCI (TRTMlnt(TMMCl(A))) =
Hence, Frraccl(A) is a fuzzy rough algebraic regular closed?

3. Results

1. Any union (resp. intersection) of fuzzy rough algebraic a open (resp. fuzzy rough algebraic « closed) is a fuzzy rough
algebraic a open (resp. fuzzy rough algebraic o closed)

2. Any finite intersection (resp. union) of fuzzy rough algebraic @ open (resp. fuzzy rough algebraic « closed) is a fuzzy rough
algebraic a open (resp. fuzzy rough algebraic a closed)

Proposition 3.1
The collection of all fuzzy rough algebraic a open is a fuzzy rough algebraic TM system on X.

Proof
By the Result (3.1) and since 0 and 1 is also fuzzy rough algebraic a open in X. Hence the proof.

Result 3.2
Every fuzzy rough algebraic a closed is fuzzy rough algebraic S closed.

Result 3.3
From the Definition 3.8 the following conclusions are made.
Fuzzy rough — Fuzzy rough
algebraic & closed algebraic T™ closed
Fuzzy rough Fuzzy rough Fuzzy rough
algebraic y closed algebraic a closed ] algebraic f# closed

Fig A: Algebraic closed Inter-relation
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Converse need not be true as shown in the following examples.
Example 3.3

LetU = {a,b,c} and let X; = {a} and X, = {a, c} with X; c X;,.
Then the Boolean algebra is

= {0,{a}, (b}, {b,c}. {a,c}, {a, b}, {a, b, c}}.
Define A, (x): X, » 1= A, (a) =0.3

and define B, (x): X, » I = B,(a) = 0.2

By(x): Xy » 1 = By(a) =0.2and By(c) =0.3

Then A = {(0 3) (Oas 03)} and B = {(0 2) (Oaz 5 3)} the sub-Boolean algebra of B. The complement A" and B is given by A’ =

{(i) (i 5)} B' = {(i) (08 1)} Therefore, the fuzzy rough algebraic TM system is {0, 1, 4, B}.

05/’\0.7"1 0.8

Now let us define a fuzzy rough algebraic € = {(i) ( e )} The complementC' = {(i) (i 5)}

0.6 0.7’ 0.8 0.3 0471
a

The closure of € and C’ is obtained as Fzraccl(C) = {(@) (0a8 i)} and Fpyaccl(C) = {(E) (07 1)} Since € € Frraccl(C),

C is fuzzy rough algebraic TM closed but not fuzzy rough algebraic § closed as C # Fgrarcl(C).

Example 3.2
Consider the fuzzy rough algebraic A and B as defined in Example 2.1.2.

Define a fuzzy rough algebraic D = {(ﬁ) ) (&O—E)}

Then Frraccl(D) = {(E) (:7 i)} and Frrpcint(D) = {(i) (ﬁé)}
S0, Frgacint (Frraccl(D)) = {(2), (2, )} and Faraeel (Fapacint(0)) = {(2), (,5))

Hence Fryacint(Frraccl(D)) N Frraccl(Frracint(D)) = {(0 3) (oasé)}

Therefore, D 2 Frracint(Frraccl(D)) N Frraccl(Frracint(D)) and so D is fuzzy rough algebraic y closed. But D is not fuzzy
rough algebraic TM closed as D # Fxraccl(D).

Example 3.3
Consider the fuzzy rough algebraic A and B as defined in Example 2.1.2.

= (). (50

T Pl = (). (5.}

= Frpaeint(Faraecl®) = {(2), (&, )}

Now e (Farwine(Fanel29) = ((2). (25

Hence, E 2 Fryaccl (IFRTMint(TRTMcl(E))) which implies that E is fuzzy rough algebraic a closed and not fuzzy rough
algebraic TM closed since E # Fpraccl(E).

Example 3.4
Define the fuzzy rough algebraic A and B as defined in Example 2.1.2. Let § = {(0 2) (Oas ;)}

Then TRTMlTLt(S) = 6 and TRT]\/[CZ(?RT]\,[int(S)) = 6

Hence Fryacint (TRTMCI(TRTMint(S))) =0
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which implies S 2 Fprprint (TRTMCI(?WMint(S))). So S is a fuzzy rough g closed. But S # FxraclL(S). Hence S is not fuzzy
rough TM closed.

Example 3.5

Let A = {( ) (i Oi) and B = {( ) (Oas = )} the sub-Boolean algebra of B. The complement A’ and B’ is given by A’ =
{(0‘_16) (0 -, 1)} = {( 5) ) (%%)} Therefore, the fuzzy rough algebraic TM system is {0, 1, 4, B}. Now let us define a fuzzy
rough algebraic ¢ = {( a) (0“5 02)} The complement of C is defined as ¢’ = {(%) (:6 i)} Then by computation one can

find that C2TRTMmt(TRTMCI(TRTMint(C))). Hence C is fuzzy rough algebraic B closed. But C 2

Faraccl (.’FRTMint(TmMcl(C))). Hence C is not fuzzy rough algebraic « closed.

Result 3.4
From the Definition 3.2 and 3.9 the following conclusions are made.
Fuzzy rough .| Fuzzy rough algebraic
algebraic 6 boundary - TM boundary
Fuzzy rough Fuzzy rough Fuzzy rough
algebraic algebraic —> algebraic
y boundary a boundary S boundary

Fig 2: Inter relations between boundary
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