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Abstract

This article presents a new kind of class of all after composed set and fore
composed set using the arbitrary binary relation based on nano topological
space. We express the notion of nano equality, and nano inclusion and nano
power set regarding binary relation based on nano topology. Also, we discuss

their properties. Finally, the real life application of network topology is stu-
died.
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1. Introduction

Thivagar and Richard [1] introduced a nano topological space with respect to a
subset X of an universe, which is defined in terms of lower and upper
approximations and boundary region of X. This paper introduces and defines a
new type of class of all after-composed set and the class of all fore composed set
denoted by 7; and ;7 and used in nano topological space induced by any
binary relation. Some of their properties are studied and investigated. We define
new operators such as nano equality, nano inclusion and nano power set
concerning any binary relation in nano topology. Then, we show the differences
and relationships between the notions of ordinary set theory and nano
topological space. Finally, we present the application of network topology [2] in

nano topology.

2. Preliminaries

Definition 2.1. [3] [4] [5] [6] For the pair of approximation space (Z/{,R)
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where U is the non-empty finite set of objects called the universe, R be an
binary relation on /. Then the set xR is defined as xR = {y el | XRy} is called
as the right neighborhood of an element xe /.

Definition 2.2. [5] [7] Let (Z/I, R) be approximation space and X < U/ . The
subset X is called an after (resp.,fore) composed set if X contains all after
(resp..fore) sets for all elements of its points that is for all xe X,xR< X (resp.,
Rx < X ). The class of all after composed sets and fore composed set in (Z/{, R)
is 74 :{X gZ/I|VXe X: xR c X} and Rr:{X gZ/I|VXe X;Rx c X}.

Definition 2.3. [1] [8] Let U be a non-empty finite set of objects called the
universe R be an equivalence relation on !/ named as the indiscerniblity
relation. Elements belonging to the same equivalence class are said to be
indiscernible with one another. The pair (Z/I , R) is said to be the approximation
space. Let X c U .

(i) The Lower approximation of X with respect to R is the set of all objects,
which can be for certain classified as X with respect to R and it is denoted by
Ly (X) . That is, Le(X)={J{R(X):R(X)c= X}, where R(x) denotes the
equivalence class determined bx}EIMX.

(ii) The Upper approximation of X with respect to R is the set of all objects,
which can be possibly classified as X with respect to R and it is denoted by
Ue (X)= U {R(X):R(x)NX = T}.

(iii) Thé ﬁoundary region of X with respect to R is the set of all objects which
can be classified neither as X nor as not X with respect to R and it is denoted by
B (X)=Uq (X) - Ly (X).

Definition 2.4. [1] Let U/ be the universe, R be an indiscernibility relation
on U and 7y (X)={L{,®, L, (X),UR(X), BR(X)} where X c U , then
7z (X) satisfies the following axioms:

(i) U and @erR(X).

(ii) The union of elements of any sub collection of 7p(X) isin 75 (X).

(iii) The intersection of the elements of any finite sub collection of 7, (X) is
in 7 (X).

That is, 7 (X) forms a topology on U/ called as the nano topology on U
with respect to X. We call {U Tr (X )} as the nano topological space.

Throughout this paper a binary relation is called as a relation and also after

composed set,fore composed set are called as relational topology.

3. Relational Topology Based on Nano Topological Space

In this section, we define the after and fore-composed sets based on nano
topological space are investigated.

Definition 3.1. Let I/ be a non empty finite set of objects called the universe
R be any binary relation on /. The class of all after- (resp., fore-) composed
setsin (U, R) is an ordered pair of approximation space and
a(X) ={U,®, Le (X),Ug(X),Bg (X)} where X ciU/ and if lower and
upper approximations and boundary region of X is given by
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() Le(X)={J{Gerz:GcX}.

(i) Ug(X)=(){H err:X cH}.

(i) B, (X)=Ug (X)- Ly (X).
where 7;(X) forms a topology on U called as the nano topology induced by
relational topology on U{ with respect to any relation. We call (U (X )) as
the nano topology induced by relational topology.

Example 3.2. Let U/ ={a,b,c,d} and X ={b} with
R={(a,a),(b,b).(c,b),(c,c),(c.d),(d,a)}. Then we have aR={a}, bR={b},

cR={b,c,d}, dR={a} and Ra={ad}, Rb={bc}, Rc={c}, Rd={c}.
Here 7, ={U,J,{a},{b} {a,b}.{a,d} {b,d}.{ab,d}} and

r={U,@,{c},{b.c} {c.d} {bcd}.{acd}}. Then Ly(X)={b},
Ug(X)={b,c} and By(X)={c}.Hence 75(X)={U.@,{b}.{b,c} {c}}.

Proposition 3.3. The class 7;/;7 in approximation space (U,R) in a
topologyon U .

Proof: We shall prove that 7, is a topology on { and similarly for .z.
Clearly & and & are after composed sets,then U,Jery. Let A Bergy,
and let xe ANB.Then xe A and xeB, which implies that xRc A and
XRc B.Thus xRc ANB, and then A1Ber,. Now,let A ez,Viel .Then
xe|JA imply that there exist iy el such that xe A, €(JA, and hence
xR E'AO c|JA  thatis |JA ery.Thus 7,/,7 isatopologyon U .

iel iel

4. New Operators in Nano Topology

In this section we will give the basic deviations for equality (=, =,~), inclusion
(g,c,g) and power set is an ordinary set theoretical operation approach to
approximation space in nano topology equipped with relation. The relation
represents the basic and necessary concept to define the after and fore composed
sets induced by relation over nano topological space.

Definition 4.1. Let (Z/{ T (X )) be nano topological space induced by
relational topology. Then the two subsets X,Y c U/ are called as follows:

(i) Nano Lower-equalin (U, R), written X ~Y ,if Lo(X)=Lg(Y).

(i) Nano Upper-equalin (U, R),written X =Y ,if Ug(X)=Ug(Y).

(iii) Nano almost equal in (U, R) wwritten,if X =Y ,if X ~Y and X <Y.

Example 4.2. Let U/ ={a,b,c,d,e} and

R={(a,a),(b.c),(b,d),(c.e).(c.a),(d,d).(d,a),(e.e)} , where aR={a} ,

bR={c,d}, cR={e,a}, dR={d,a}, eR={e} and Ra={ac,d}, Rb=0,
Rc={b}, Rd={b,d}, Re={c,e}.Then

. ={U.D.{a}.{e}.{a.d} ,{a,e}.{a,c.e},{a,d e} .{ac,de}} and

7 ={U,2,{b},{b,c},{b,c.d} {b,c.e}, {abc d}.{b,c.de}}. Let X ={a,c,d}
and Y ={abd}. Then Ly(X)={a,d}=Ls(Y) ie, X ~Y and Uy (X)=

{abc,d}=U.(Y) ie, X=Y.Thus X ~Y isequalto X ~Y and X =Y.
Definition 4.3. Let (7/{, a (X )) be nano topological space induced by
relational topology and X,Y < U/ . We say that:
(i) Xis nano lower-included in ¥; written X Y ,if Lg (X ) c Ly (Y ) .
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(i) Xis nano upper-included in ¥; written X &Y ,if Ug(X)cUg(Y).

(iii) X'is nano included in ¥; written X &Y ,if X &Y and X &Y.

Example 4.4. Consider U/ ={a,b,c,d} and
R={(a,a),(b,b).(c,b),(c,c).(d,a)} ,where aR={a}, bR={b}, cR={b,c},
dR={a}. Then 7, ={U/,@,{a} {b}.{a,b},{a,d} {bc} {ab,c}.{abd}} and
rp ={U,D,{c}.{d}.{a,d} ,{b.c} {c.d} {ac,d} {bcd}} . Let X ={bc} and
Y ={a,b,d}, clearly X ZY and we have L(X)={bc}, L(Y)={ab,d},
Ug(X)={b,c} and Ug(Y)=U. Then X &Y and X cY which implies
that X &Y .

Definition 4.5. Let (U , R) be approximation space and X in I . Then the
family of all 7y (X)={UD, Ly (X).Upie) (X),Byp) (X)] forms a nano
topology on U , which can be defined by

(1) LP(R)(X)z{VY cU:Y EXY.

(ii) UP(R)(X):{VY cU:Y EX}.

(iif) BP(R)(X)zuP(R)(X)ﬂLP(R)(X)'

Then LP(R)(X),UP(R)(X), BP(R)(X) which is known as power set of lower
approximation, power set of upper approximation and power set of boundary
region of X.

Example 4.6. Consider the approximation space ( ) in Example 4.4 and
let X ={a,c} and P(X) {X.2.{a }{c}}. Then L(x) {a}, Ug(X)=
{a,c,d} andhence L, (R) ={Z/I a,{ }

Upey (X) ={U.2.{a } {c}.{d } {adj, { } {a c d}} nd
Boge (X) =1{U, { {e}.{d}.{c.d}}.
Clearly, P(X)c (( ):P(X)€Upp) (X),P(X) < Bpgy (X))

Proposition 4.7. If U,tn( ) be nano topological space induced by

relational topology and X,Y,X',Y'cU . Then the following conditions are
hold:

(i) If X ~Y,then (X UY)Z X ~Y.

(i) If X =Y,then (XUY)=X=Y

(iii) If X ~X' and Y ~Y’,then (XUY)=~(X'UY’).

(ivVIf X=X’ and Y=Y',then (XNY)=X=Y'.

Proof:

(i) Let X =Y, then Lg(X)=Lg(Y).But Ly(XUY)=Lg(X)ULg(Y), then
Le (XUY) =Ly (X)ULg (X)=Lg(X) and Ly(XUY)=Lg(Y)ULg(Y)=
Le(Y).Hence (XUY)~X~Y.

(ii) By the proof(ii) is similar way as in proof (i).

(iif) Let X ~ X' and Y ~Y’, then Ly(X)=Lg(X’') and Ug(Y)=Ug(Y').
Thus Ly (X)ULg(Y)=Lg (X" )ULg(Y'), which implies that Lg(XUY)=
LR(X')U L, (Y').Thus (X UY):(X'UY').

iv) By the proof is similar way as in (iii).

Proposition 4.8. Let (U , R) be approximation space and 75 (X) be nano
topological space induced by relational topology and X,Y < ¢/ . Then

() X =Y ifandonlyif (X°)=(Y°).

DOI: 10.4236/am.2017.88089 1189 Applied Mathematics


https://doi.org/10.4236/am.2017.88089

L. T. M. Antony, P. S. P. Rajendran

G)If X< or Y=~OT,then XNY=<J.

(i) If X ~U or Y ~U,then (XUY)EZ/{

Proof:

(i) By the proof is directly from the definition 4.0.

(i) Let X <@ or Y=, then Uy (X)=Uy(D)=D or U (Y)=U. (D)
=@ .Then Ug(XNY)=Uy(X)NU(Y)=D=Ug (D), thatis (X NY)~S

(iii) By the similar way as in (ii).

Proposition 4.9. Let (Z/I, T;(X)) be relational topology based on nano
topological space and X,Y < U/ . Then

()If X cY,then X cY,XEY and X &Y.

(ii) XcY,and Yc X ifandonlyif X =Y.

(ili) X &Y and Y& X ifandonlyif X ~Y.

(ivy X&Y and Y& X ifandonlyif X =Y.

Proof:

(i) The proof is directly from the definition obvious.

(i) XcY and YcX iff Li(X)cLl(Y) and Lg(Y)cLg(X) iff
Le(Y)=Le(X) iff X =Y.

(iii) and (iv) by similar way as in (ii).

Proposition 4.10. If (U,R) be approximation space and 7;(X) be nano
topological space induced by relational topology, and X,Y, X" Y'< U .Then

(i) XY ifand onlyif (XﬂY)ZX

(ii) X &Y ifand onlyif (XUY)EY

(i) (XNY)c X &(XUY).

(iv)If XY, X=<X'" and Y=Y',then X'cY'.

WMIf XY, X~X" and Y~Y' and Y ~Y',then X'CY'.

(vi)If XY, X~X" and Y =~Y',then X'CY’.

(vii) If X'&X and Y'&Y,then (X'UY')&(XUY).

(viii) X'c X and Y Y, then (X'NY)c(XNY).

Proof:

(i) Let Xcv iff Ly(X)cLg(Y) iff Ly(X)NLg(Y) iff Ly(XNY)=
Le (X) iff (XNY)= X

(ii) By the proof is similar way as in (i).

(it) Since Lg(XNY)=Lg(X)NLe(Y) and Ly (XUY)=La(X)ULg(Y
Then Lg(XNY)cLz(X) and Ug(X)c(XUY) and hence (XNY)
X &(XUY).

(iv) Let X<Y, X=X’ and Y~Y',then Ly(X)cLe(Y), Ly(X)=
Le(X') and Lg(Y)=Lg(Y').Thus Lg(X')cLgz(Y') andthen X'cY'.

(v) and (vi) By the proof is similar way as in(iv).

(vi) Let X'cX and Y'&Y , then UR(X) UR(X) and U (Y)
Uz (Y) and hence Uy (X' )UUg(Y)cUg(X)UUg(Y) and Ug(X'UY’)
Ug (XUY). Thatis (X'UY")&(XUY).

(vii) By the proof is similar way as in (vii).

)-

<
-

Proposition 4.11. Let (U,T;(X)) be nano topological space induced by
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relational topology on U/ and (U , R) be approximation space. Let X,Y,Z c U .
Then

(If XY and X <Z,then ZcY.

() If X&Y and X ~Z,then Z&Y.

(iii) If XC&Y and X=Z,then ZCYVY.

Proof: The proof is similar way as in proposition 4.10

Proposition 4.12. Let (U,T; (X )) be nano topological space induced by
relational topology on U . Then P(X)c LP(R)(X) , P(X)gUP(R)(X) ,
P(X) < Bogr (X))

Proof: Let YeP(X), then Y<=X and hence Li(Y)cLg(X) and
UR(Y)gUR(X) . Thus Y c X,Y & X, which implies that Y e LP(R)(X),
Y eUP(R)(X) and Y e BP(R)(X). Thus P(X)g LP(R)(X),
P(X)‘;UP(R)(X)'BP(R)(X)'

Proposition 4.13. Let (Z/l Tr(X )) be nano topological space induced by
relational topology on U and (Z/I , R) be approximation space. Let X,Y c U/ .
Then

(M) If XY then Lyq, (X)c L) (Y

(i) If X &Y then Ugpg (X)SUpp(

(i) If X &Y then Byg (X)< By (Y

().
1 (Y).
(iv)If X =Y ifandonlyif L,g (X)= Lo (Y)
(v) If X ~Y ifandonlyif UP(R)(X):UP(R)(Y)
() If X ~Y ifand onlyif By (X)= By (¥)

Proof:

() Let X Y, then Lg(X)cLg(Y). Nowlet Z €Ly (X), then Z¢ X,
that is Ly (Z)< Ly(X). Thus by Lg(Z)cLg(Y) and then Z Y . Hence
Ze LP(R) (Y) and then LP(R) (X ) c LP(R) (Y) .

(ii) and (iii) by the proof is same way as in (i).

(i) If X=Y if Xcg¥ and YeX iff Ly (X)cSLlyg(Y) and
LP(R) (Y ) & LP(R) (X ) iff LP(R) (X ) = LP(R) (Y) :

(iv) and (vi) by the proof is same way as in (iv).

Proposition 4.14. If (u, r (X )) be relational topology based on nano
topological space and (U , R) be approximation space. Let X,Y < ¢/ . Then

(i) Xe LP(R)(X), X eUP(R)(X) and X e BP(R)(X).

(i) If XcVY , then LP(R)(X)Q LP(R)(Y) R UP(R)(X)QUP(R)(Y) and
Bor) (X) < Bgey (¥ )

Proof:

(i) Since <,&,& are ordering relations. Then X < X, X & X and X & X
and hence X e LP(R)(X), X eUP(R)(X) and X e BP(R)(X).

(i) Let X Y ,then X Y, X &Y and X &Y. Hence Lyg (X)S Lyg(Y),
Upir) (X) SUpr)(Y) and By (X) < Bye (Y).-

5. Application

In this section, we discuss the application of computer networking topology
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refers to the layout or design of the connected devices to applied in nano
topological space. It is well known that the computation of lower and upper
approximations and boundary region is an approximation space (Z/I , R). The
network topologies [2] can be physical (or) logical. The physical topology of a
network refers to the configuration (or) the layout of cables, computers and
others.The physical topology means that the physical design of a network
including the devices,location and cable installation. Logical topology means
that pass the information between the computers. Logical Topology refers to the
fact that how data actually transfers in a network as opposed to its design. The
main types of physical topologies are bus topology, ring topology, star topology
and mesh topology. An applied example of new operators in nano topology in
the main types of physical topologies are presented. We will show the above
discussion by the following example.

Example 5.1. Let Z/{z{Xl,XZ,X3,X4} be a set of four different network
topology, where X is a bus topology, X, is a ring topology, X, is a star
topology, X, is a mesh topology and A:{Ai,AZ,A3} be the attributes of
network topology, where A = The method of transfer data = {Broadcast, Mul-
ticast, Unicast} = {al,bl,cl} , A, = Cable Type = {Twistedpaircable, Thin
Coaxialcable, Thick Coaxialcable, Fiber opticcable} ={a,,b,,c,,d,} and A, =
Bandwidth Capacity, {10 Mbit/s, 10 - 100 Mbit/s, 10 Mbit/s - 40 Gbit/s} =

{a5,by,¢,} .

Data for Network Topology

Ula A A A
X {a} {b..c.} {a}
X, {a} {c..d.} {b:}
X, {aub.c} {ab,,c,.d;} {c.}
X, {c.} {a.b,.¢,,d. {c.}
If

R = {000,061 3656, 060 5., 556 (3. (356). (0 )
with xR={x, xz,xs}; XR={X, %%} ; %R={x}; XR={x,x,} and
Rx, ={X,%} 5 Rx={x,%} 5 Rx;=U ; Rx,={X} and we get
7o ={UD S X0 X0 X s T ={UD X X% (X X X, . Now we
have to calculate the nano approximate equal, nano inclusion, nano power set as
the following example: Let X ={X,X,%} and Y =U . Then L,(X)=
(X, %%} and Lg(Y)={X,%,%} and Ug(X)=U=U,(Y) . Hence
Le(X)=Lg(Y) that is X =Y and Ug(X)=U(Y) that is X ~Y. Thus
X =Y although X #Y.

Next, we show that the nano inclusion. Let X ={X;,X,} and Y ={X,X,, X}
cU. Clearly, X¢ZY we have Lg(X)={x} and Ly(Y)={X,%, X} and
Ug(X)=U=Ug(Y).Hence Ly(X)cLg(Y) thatis X cY and
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Ug (X)cUg(Y) that is X &Y .Thus X &Y although X Y . Then we
have to prove that nano power setLet X ={X,X} Then L;(X)={X} and
U ( )—u and P(X)—{X,@,{Xl},{x3}}.Weobtainthat

{ CRESREA RS RER RN A N A
<{x2,x3},{x2,x4}~,{x1 Xou X {0 X X b0 X X,
)={UD xS ) ) X D% DX 6 X % s
X} X X 0 X X 00 X X b X X X 00 X0 X
AR TR RES REA RN R AN A
{XZ'Xs}'{Xz’XA}'{XvXz’XA}'{szXS'XA}v{Xs’XA}} '

Then the observations are follows:

and

(i) If two different set Xand Y which are not equal thatis X #Y in ordinary
set theory can be approximate equal in nano topological space that is
Le(X)=Lg(Y) ie, XY, Ug(X)=Ug(Y) ie, X=Y thus X~Y.

(ii) If the nano inclusion of sets does not imply the inclusion of sets.

(iii) If the concept of power set P(X) in ordinary set theory differs from the
concept of nano power set in nano topological space and it is clear that
Loy (X) 2 P(X), U (X) £ P(X), Byg (X) e P(X).

6. Conclusion

This paper systematically studied that any kind of binary relation can be used to
relational topology induced by nano topological space. The main aspect of this
paper is to introduce nano topology by using the class of all after-composed set
and the class of all fore-composed set. Now, we define the new operators in nano
equality, nano inclusion and nano power set are now clear with respect to any
relation in nano topology. We have proved that there exist similar properties.
We will investigate the application of network topology.
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