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Abstract

This study presents and investigates fuzzy rough utra TM connected spaces, a novel
type of fuzzy rough algebraic TM system. It is established that fuzzy rough algebraic TM
systems’ hypo connectedness and fuzzy rough utra TM connected spaces are distinct
concepts, and that fuzzy rough algebraic open hereditarily irresolvable system are fuzzy
rough utra TM connected but not hypo connected. Examples are provided to prove the
concept of inter relations.
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Introduction exists no fuzzy closed set u in (X, T) such that
A valuable notion in Mathematics and A< u< 1.Thatis,clA= 1,in (X, T).

Computer Science, Fuzzy Connectedness Definition 1.2.2 [2]

offers a number of intriguing characteristics. It A fuzzy set A in a fuzzy topological

can be used, for instance, to define fuzzy space (X, T) is called fuzzy nowhere dense if

connected components, the maximal fuzzy there exists no non-zero fuzzy open set u in

connected subsets of a given fuzzy space. It (X, T) such that u < cl (1). That is int(cl(1))

can also be used to segment images based on =0,in (X, ).

fuzzy connectivity in image processing and Definition 1.2.3 [4]

computer vision. The concept of fuzzy ultra- A fuzzy set a in a fuzzy topological

connected spaces and the relation between space (X,7) is called a fuzzy somewhere

topological spaces and other connected spaces dense set if there exists a non-zero fuzzy open

were discussed by Thangaraj G and set B in (X,7) such that B < cl(a). That is,

Ponnusamy M [5]. This paper deals with the intcl(a) # 0 in (X, 7).

relation between different connected spaces in Definition 1.2.4 [5]

fuzzy rough algebraic TM system. A fuzzy topological space is said to be

1.2 PRELIMINARIES a fuzzy hyper connected space if every non-

Definition 1.2.1 [2] zero fuzzy open subset of (X, 1) is fuzzy dense
A fuzzy set A in a fuzzy topological in (X, 7).

space (X, T) is called fuzzy dense if there
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Definition 1.2.5 [6]

A fuzzy fuzzy topological space is
said to be a fuzzy Brown space if for any two
non-zero fuzzy open sets « and B in (X, 1),
cl(a) £1—=cl(B) in (X, 7).

1.3 Fuzzy Rough Utra TM Connected
System
Definition 1.3.1

Let X be a rough set. Then X is said to
be a rough algebraic system, if X; and X are
TM algebras with X; c X,.

Definition 1.3.2

Let L be a lattice. For any rough
algebraic TM system X and any fuzzy rough
set, A is said to be fuzzy rough algebraic if 4;
is a mapping from X; -1 and Ay is a
mapping from X; — I with 4;(x) < Ay(x)
for every x € Xy. The collection of all such
sets in X is denoted by FR(X7xr)-

Definition 1.3.3

A fuzzy rough TM algebra A in a
fuzzy rough algebraic TM system (X,TM) is
said to be a fuzzy rough TM dense if there
exists no fuzzy rough closed algebraic B in
(X,TM) such that AcSBc1. That is
Frraccl(A) = 1in (X, TM).

Definition 1.3.4

A fuzzy rough algebraic A in a fuzzy
rough algebraic TM system (X, TM) is called a
fuzzy rough nowhere TM dense algebra if
there exists a non-zero fuzzy rough open
algebraic D in (X,TM) such that D <
T:RT]V[CI(A)' That iS, T:RTMintCl(A) = 6 in
(X, TM).

Definition 1.3.5

A fuzzy rough algebraic 4 in a fuzzy
rough algebraic TM system (X, TM) is called a
fuzzy rough somewhere TM dense algebra if
there exists a non-zero fuzzy rough open
algebraic B in (X,TM) such that B <
Frraccl(A). That is, Frracintcl(A) # 0 in
(X,TM).

Definition 1.3.6

Let (X,TM) be a fuzzy rough
algebraic TM system. Then (X, TM) is said to
be the fuzzy rough utra TM connected system
if whenever A’,B' are two non-zero fuzzy
rough closed algebraic in (X,TM), A" € B, in
(X,TM).

Example 1.3.1

Let U = {a,b,c} and let X; = {a} and

Xy ={a,c}with X; c Xy.
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Then the Boolean algebra is B =

{0,1a), (6, (b, ¢}, {a, ¢}, {a, b, {a, b, c}}.

Define A, (x): X;, » I = A;(a) = 0.3
Au(.x):XU - I = Au(a) = 05 and

Ay(c) =03

and define B, (x): X, - I = B,(a) = 0.2
By(x): Xy » 1 = By(a) =0.2

and By (c) = 0.3

Then 4 ={(:%). (35 55)} B =
{( y )(a L)} the fuzzy rough algebraic of

0.2/’\0.2"03
(X, TM). Therefore, the fuzzy rough algebraic
TM system is {0,1,4,B}. The fuzzy rough
algebraic closed A’ and B’ is given by A’ =

a a c ' a a c
{Gs) G} and B ={(5). G5}
Then by computation it is found that A" € B.
Hence (X,TM) is a fuzzy utra connected
space.

Example 1.3.2

Let U = {a,b,c} and let X; = {a} and
Xy ={a,c}with X; c X.
Then the Boolean algebra is B =

{0.{a}, {0}, (b, c}.{a, ¢}, {a, b}, {a, b, c}}.

Let 4 ={(55). (3553)) B =
{( . )( == )} be the fuzzy rough algebraic

03/’ \04’03
of (X,TM). Therefore, the fuzzy rough
algebraic TM system is {0, 1, 4, B}. The fuzzy

rough algebraic closed A" and B’ is given by

A ={(5).Goy))  and B =

{(%)(%%)} By computation it is found
that A" € B. Hence (X, TM) is not a fuzzy utra
connected space.
Proposition 1.3.1

If D and E are non — zero fuzzy rough
algebraic open in a fuzzy rough utra TM
connected system (X, TM), then
Frraccl(D) € 1 — Frraccl(E) in (X, TM).
Proof

Let DandE be non — zero fuzzy
rough algebraic open in(X,TM). Then,
Frraccl(D) and Fepraccl(E) are fuzzy rough
regular A fuzzy rough algebraic closed in
(X, TM) and thus fuzzy rough algebraic closed
in (X,TM). Since (X,TM) is a fuzzy rough
utra TM connected system,

:FRTMCI(D) o i -

TRT]V[Cl(E) in (X, TM)
Proposition 1.3.2

If Band G are non — zero fuzzy rough
TM regular closed in a fuzzy rough utra TM

and

and
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connected system (X,TM), then B¢ 1—G in
(X, TM).
Proof

Let BandG are non — zero fuzzy
rough TM regular closed. Since fuzzy rough
regular A fuzzy rough algebraic closed are
fuzzy rough closed algebraic in fuzzy rough
algebraic TM system, B and G are fuzzy rough
regular A fuzzy rough algebraic closed in the
fuzzy rough utra TM connected system
(X,TM),BZ1— Gin(X,TM).

Remark 1.3.1

The following result can be obtained
from the Proposition 1.3.1. In a fuzzy rough
utra TM connected system, there are no
disjoint fuzzy rough regular A fuzzy rough
algebraic closed.

For if Band G are any two disjoint
fuzzy rough regular A fuzzy rough algebraic
closed in a fuzzy rough utra TM connected
system (X,TM), then BN G =0 and this
implies that B € 1 — G in (X, TM), which is
contradiction by Proposition 1.3.1. Thus, there
are no disjoint fuzzy rough regular TM closed
in fuzzy rough utra TM connected system.
Proposition 1.3.3

If a fuzzy rough algebraic TM system
is a fuzzy rough utra TM connected system,
then there are no disjoint fuzzy rough
algebraic TM closed in (X, TM).

Proof

Suppose that D and E are fuzzy rough
algebraic TM closed in (X, TM) such that D N
E=0. This implies that Dc1— E in
(X,TM). But this is a contradiction to being a
fuzzy rough utra TM connected system in
which D ¢ 1 — E, for any two fuzzy rough
algebraic closed Dand E in (X,TM). Hence
there are no disjoint fuzzy rough A fuzzy
rough algebraic closed in (X, TM).
Proposition 1.3.4

If B and D are fuzzy rough somewhere
TM dense in a fuzzy rough utra TM connected
system (X,TM), then Fpypcint(B) €1 —
TRTMint(D), in (X, TM)

Proof

Let B and D be any two fuzzy rough
somewhere TM dense algebras in (X,TM).
Then, Frracintcl(B) # 0 and
Frracintcl(D) # 0, in (X, TM).

Since (X,TM) is a fuzzy rough utra
TM connected system, for the fuzzy rough TM
open algebras Frraintcl(B) and
szfml'ntCl(D) in (X, TM)
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By Proposition 1.3.1,

TRTMCI[TRTMintCl(B)] .¢_
1 — Frraccl[Frracintcl(D)], in (X, TM).
Now

TRT]\/[int(B) c
TRTMl.ntCl(B)

c

TRTMCZ[:FRTM,:ntCl(B)] and

:FRT]V[int(D) c

TRTMl.ntCl(D)

-
TRTMcl[TRTMiTltCl(D)]
Then

TRT]\/[int(B) c

TRTMcl[?mmlntCl(B)]

¢1-
TRTMcl[?mmlntCl(D)]

c1-

TRTMint(D) in (X, TM)
Hence it follows that Frracint(B) € 1—
TRTMint(D), in (X, TM)
Proposition 1.3.5

If NandM are fuzzy rough
somewhere TM dense in fuzzy rough utra TM
connected system, then Fgracint(N) # 0 and
Frracint(M) # 0, in (X, TM).
Proof

Let N and M be any two fuzzy rough
somewhere TM dense in (X,TM). Then

TRT]V[l.TLt(N) gz i - TRT_M‘iTlt(M), In
(X, TM).
Suppose  that  Fpypcint(N) =0
and Fryacint(M) =0, in (X,TM). Then 0 =
0

TRT]\/[int(N) ¢_ i — TRT]\/[lnt(M) = i - =
1.

Then 0 ¢ 1, a contradiction. Thus,
TRT]\/[int(N) * 6 and TRT]\/[lnt(M) * 6, in
(X,TM).

Definition 1.3.7

A fuzzy rough algebraic TM system is
said to be a fuzzy rough hypo TM connected
system if every non- zero fuzzy rough open
sub algebraic of (X,TM) is fuzzy rough TM
dense in (X, TM).

Proposition 1.3.6

If A is a fuzzy rough somewhere TM
dense in a fuzzy rough utra TM connected [but
not fuzzy rough hypo TM connected] system
(X, TM), then Frracint(A) = 0
and Frraccl(A) € 1in (X, TM).

Proof
Let A be a fuzzy rough somewhere

™ dense in (X, TM). Then,
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Frracintcl(A) # 0 in (X, TM).

Now :FRTMl'ntCl[i — ?RTMcl(A)] =
1 — Fapracclint] Frraccl(A)]. By hypothesis,
(X, TM) is not a fuzzy rough hypo TM
connected system and thus for the fuzzy rough
algebraic open Frpracintcl(A) in (X, TM).
TRTMCI[TRTMthl(A)] * i ImplleS that
TRTMintcli * 6 Thus i— TRTMcl(A) is a
fuzzy rough somewhere TM dense in (X, TM).

Then by Proposition 5.3.3, for the
fuzzy rough somewhere TM dense algebra
A and 1 - TRT]V[CZ(A)’ TRTMlnt(A) #0
and TRTMint[i - :FRT]V[CI(A)] * 6 in
(X,TM). Then, Frracint(4) =0 and 1 -
TRT]V[CI(A) * 6 and '[hUS ?RT]V[lnt(A) * 6
and Frraccl(4) # 1in (X, TM).
Proposition 1.3.7

If a fuzzy rough algebraic TM system
(X,TM) is a fuzzy rough utra TM connected
system, then there is no fuzzy rough algebraic
D(# 0,1) which is both fuzzy rough algebraic
open and fuzzy rough algebraic closed in
(X,TM).
Proof

Suppose that there exists a fuzzy
rough TM algebra D which is both fuzzy
rough algebraic open and fuzzy rough
algebraic closed in (X,TM). Now D is a fuzzy
rough TM closed in (X, TM) implies that T —
D is a fuzzy rough algebraic open in (X, TM).

Since (X,TM) is a fuzzy rough utra
TM connected system, By Proposition 5.3.1,
for the fuzzy rough algebraic open algebra
Dand1—D in (X,TM), Frrpccl(D) & [1—
Frraccl(1—D)], in (X, TM).

Then TRT]V[CZ(D) .¢_ [i -

(i — TRTMmt(D))] = .(Fggg"]v[l.nt(D). This
implies that D = Fpypcl(D) &
Frraint(D) = D, in (X, TM). Hence there is
no fuzzy rough algebraic D which is both
fuzzy rough algebraic open and fuzzy rough
algebraic closed.
Proposition 1.3.8

If :(X,TM) - (Y,TM) is a fuzzy
rough TM continuous function from a fuzzy
rough utra TM connected system (X, TM) into
a fuzzy rough algebraic TM system (Y, TM),
then (Y,TM) is a fuzzy rough utra TM
connected system.
Proof

Let S and G be any two non-zero fuzzy
rough algebraic closed in (Y,TM). It is
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claimed that S ¢ 1 — G, in (Y, TM). Suppose
that S€1—G, in (Y,TM). Then, ¢~ 1(S) €
e (1-6)=1-¢7(0).

Since ¢: (X,TM) — (Y,TM) is a fuzzy rough
TM continuous function, ¢~1(S) and ¢~1(G)
are fuzzy rough algebraic closed in (X,TM).
Thus, ¢~ 1(S) €1 — ¢ 1(G) for the fuzzy
rough algebraic closed ¢~1(S) and ¢~ 1(G) in
(X,TM), a contradiction to (X,TM) being a
fuzzy rough utra TM connected system.

Thus, S € 1 — G, for the fuzzy rough
algebraic closed Sand G in (Y,TM). Hence
(Y, TM) is a fuzzy rough utra TM connected
system.

14 Some Relationships Between Fuzzy
Rough Utra TM Connected System and
Other Fuzzy Rough Algebraic TM System
Definition 1.4.1

A fuzzy rough algebraic TM system is
said to be a fuzzy rough algebraic TM Brown
system if for any two non-zero fuzzy rough
algebraic open A and B in (X, TM),
Frraccl(A) € 1 — Frraccl(B) in (X, TM).
Proposition 1.4.1

If a fuzzy rough algebraic TM system
(X,TM) is a fuzzy rough utra TM connected
system, then (X,TM) is a fuzzy rough
algebraic TM Brown system.

Proof

Let DandE be any two non-zero
fuzzy rough TM closed algebra in (X,TM).
Since (X,TM) is a fuzzy rough utra TM
connected system, by Proposition 5.3.1,
Frracl(D) € 1 — Frraccl(E), in (X,TM).
This proves that (X,TM) is a fuzzy rough
algebraic TM Brown system.

Remark 1.4.1

The fuzzy rough algebraic TM Brown
system need not be fuzzy utra TM connected
system.

Example 1.4.1

Let U = {a,b,c} and let X; = {a} and

Xy ={a,c}withX; c Xy.

Then the Boolean algebra is B =
{0,4a}, (b}, (b, ¢}, {a, ¢}, {a, b, {a, b, c}};
Au(x):XU -1 > Au(a) =0.9 and

Ay(c) =03

and define B, (x): X, » I = B, (a) = 0.3
By(x): Xy » 1 = By(a) = 0.4

and By(c) = 0.2
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Then  4={(55). (35.33)} B =
{(%) (0a4 04)} the fuzzy rough algebraic of

(X, TM). Therefore, the fuzzy rough algebraic
TM system is {0, 1, 4, B}. The complement of

Aand B are A' = {(i) (a C)} and B' =

(@9

Let us define the fuzzy rough algebraic closed

o= ((2).(5)) ;-
{G5) Ges)} hen by
Fanel9) = (). (5.9)
FrraeclB) ={(s5),(5.5)}  Then 1-

Frracl(E) = {(ﬁ) (0a4 1)} which implies,
TRTMCI(D) < 1 — TRTMCI(E). Hence,
(X,TM) is a brown system but not a utra
connected systemas D' € E.
Remark 1.4.2

It is to be noted that fuzzy rough utra
TM connected system is independent of fuzzy
rough hypo TM connected system. For,
Example 5.3.1. (X,TM) is a fuzzy rough utra
TM connected system but not a fuzzy rough
hypo TM connected system. Also, a fuzzy
rough hypo TM connected system need not be
a fuzzy utra TM connected system. For,
consider the following example.
Example 1.4.2

Let U = {a,b,c} and let X; = {a} and
Xy ={a,c}with X; c Xy.
Then the Boolean algebra is B =
{0.{a}, (b}, (b, ¢}, {a, ), {a, b}, {a b, c}}.
Define A, (x): X, » 1 = A, (a) = 0.8

Ay(x): Xy - 1= Ay(a) =09
Ay(c) =103
and define B, (x): X, » I = B, (a) = 0.7

By(x): Xy » 1= By(a) =0.8
and By(c) = 0.3
a a Cc

then 4 ={(:5). (5555}
{(&) (Oas 03)} the fuzzy rough algebraic of
(X, TM). Therefore, the fuzzy rough algebraic
TM system is {0, 1, 4, B}. The complement of

P (5] we w-
(625} oetme 5= ({2,

and D = {(&)(%é)} be fuzzy rough
algebraic opeh. Then the corresponding fuzzy
rough algebraic closed S’ = {(i)(i 5)}

0.4 03’1

and

computation

and

and

and B =
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and D' = {(:‘-3)(%%)} By computation
Frraccl(S) = 1. Hence, (X,TM) is a fuzzy
rough hypo connected system but not a fuzzy
rough utra connected system as S’ € D.
Proposition 1.4.2

If a fuzzy rough TM system (X,TM)

is a fuzzy rough utra TM connected
system, then (X,TM) is a fuzzy rough TM
connected system.
Proof

Let (X, TM) be a fuzzy rough utra TM
connected system. Then, by Proposition 5.3.4,
there is no fuzzy rough algebraic A which is
both fuzzy rough algebraic open and fuzzy
rough algebraic closed in (X,TM) and hence
(X, TM) is a fuzzy rough TM connected
system.
The inter relation between fuzzy rough utra
TM connected system, fuzzy rough hypo TM
connected system, fuzzy rough TM brown
system and fuzzy rough TM connected system
can be stated as follows in Fig. a:

Utra TM
connected system
) A TM brown system
Hygo TM connected
system
Utra TM
connected system

Definition 1.4.2

A fuzzy rough algebraic TM system is
said to be a fuzzy rough algebraic open
hereditarily irresolvable system if
Frracintcl(A) # 0, for any non-zero fuzzy
rough algebraic A defined on X, then
Frracint(4) # 0, in (X, TM).
Proposition 1.4.3

If a fuzzy rough algebraic TM system
(X,TM) is a fuzzy rough utra TM connected
system but not fuzzy rough hypo TM
connected system, then (X,TM) is a fuzzy
rough algebraic open hereditarily irresolvable
system.
Proof

Let H be a fuzzy rough somewhere
TM dense algebraic in (X, TM). Since (X,TM)
is a fuzzy rough utra TM connected system but
not a fuzzy rough hypo TM connected system,
ngg"]v[int(H) * 6 and ngg"]\/[Cl(H) * i in
(X, TM). Thus, for the fuzzy rough somewhere
TM dense algebraic H, Frracint(H) # 0
implies that (X, TM) is a fuzzy rough algebraic
open hereditarily irresolvable system.
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Remark 1.4.3

Fuzzy  rough  algebraic  open
hereditarily irresolvable system need not be
fuzzy rough utra TM connected system.
Example 1.4.3

Let U = {a,b,c} and let X; = {a} and
Xy ={a,c}with X; c Xy.

Then the Boolean algebra is B =
{5, {a},{b},{b, c},{a,c},{a,b},{abD, c}}-
Deflne AL(x): XL d I = AL(a) = 03

Au(x): XU d I = Au(a) = 05 and

Ay(c) =03

and define B, (x): X, » I = B,(a) = 0.2
By(x): Xy » 1 = By(a) =0.2

and By (c) = 0.3

Then 4 ={(z5) (55-53)} B =
{( y ) ( ; L)} the fuzzy rough algebraic of

and

0.2/’ \02’03
(X, TM). Therefore, the fuzzy rough algebraic

TM system is {0, 1, 4, B}. The complement of

(@) E) w0

{(&) (&9} Define fuzzy rough algebraic

= {Ge) (5552)) R=
{(&)(&é)} Then the complement of
Eand R is E' ={(£)(i 5)} and R' =

and

04’1
(G () Thn Fninie) =
() () =0 0 Tt =
(65).59)

Frrseint(Frraccl(B) = {(55). (5 5)} #
0. Hence (X,TM) is a fuzzy rough TM open
hereditarily irresolvable system need not be
fuzzy rough utra TM connected system as
E' CR.
Proposition 1.4.4

If S ¢ 1 — K, for any two fuzzy rough
nowhere TM dense algebra in a fuzzy rough
hypo TM connected system (X,TM), then

(X, TM) is not a fuzzy rough utra TM
connected system.
Proof

Suppose thatSand K are any two
fuzzy rough algebraic closed in (X,TM).
Then, TRTMCI(S) =S+ i and TRTMCI(K) =
K # 1 in (X,TM). This implies that S and K

Research Explorer

90

ISSN: 2250-1940 (P), 2349-1647(0)

are not fuzzy rough TM dense algebraic and

Sand K are fuzzy rough nowhere TM dense

algebraic in (X,TM).

By hypothesis S € 1 — K. Thus, for
the fuzzy rough closed algebraic Sand K, S <
1—K, implies that (X,TM) is not a fuzzy
rough utra TM connected system.

Proposition 1.4.5

If D is a fuzzy rough algebraic closed
in a fuzzy rough utra TM connected system
but not a fuzzy rough hypo TM connected
system (X,TM), then D is a fuzzy rough
somewhere TM dense algebraic in (X, TM)
Proof

Let D be a fuzzy rough algebraic TM
closed in (X,TM). Since (X,TM) is a fuzzy
rough utra TM connected system but not fuzzy
rough hypo TM connected system, (X, TM) is
a fuzzy rough algebraic open hereditarily
irresolvable system. Then, D is a fuzzy rough
somewhere TM dense algebra in (X, TM).
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