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1. Introduction
Cech [1] introduced the concept of closure spaceb developed some properties of
connected spaces in closure spaces. Accordingrtpehsubset A of a closure space X is
said to be connected in X is said to be connecteXl if A is not the union of two non-
empty Semi-Separated Subsets of X.

Plastria studied [2] connectedness and local aiadeess of simple extensions.

Rao and Gowri [3] studied pairwise connectednessiCech closure spaces.
Gowri and Jegadeesan [7,8,9,10] introduced separatkioms in softCech closure
spaces, soft biech closure spaces and studied the concept of cteamess in fuzzy and
soft Cech closure spaces.

In 1999, Molodtsov [4] introduced the notion oftsset to deal with problems of
incomplete information. Later, he applied this tlyeto several directions [5] and [6].

In this paper, we introduced and exhibit someltesf pairwise connectedness
in soft biCech closure spaces.

2. Preliminaries 5
In this section, we recall the basic definitionssoft biCech closure space.

Definition 2.1. [9] Let X be an initial universe set, A be a set ofapaeters. Then the
functionky: P(Xg,) - P(Xr,) andk,: P(Xg,) » P(Xg,) defined from a soft power set
P(Xp,) to itself over X is called”ech Closure operators if it satisfies the following
axioms:

(C1) k1(D4) = 04 andk;(D4) = Dy -

(C2QY U, € ky(Upand U,y S k,(Uy).

(C3) ki Uy UVy) = ky(Ug) U ky (V) andk, (Ug U V) = ko (Uy) U kp (V).
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Then(X, kq, ky,A) or (Fu, kq, k») is called a soft Biech closure space.

Definition 2.2. [9] A soft subsel, of a soft b'ech closure spacé( k,, k) is said to
be softk;_, ,-closed ifk;(Uy) = Uy, i = 1,2. Clearly,U, is a soft closed subset of a soft
biCech closure spad@y, k4, k) if and only ifU, is both soft closed subset @, k;)
and(Fy, k5).
Let U, be a soft closed subset of a soffdih closure spad@,, k4, k,). The following
conditions are equivalent.

1. kyki(Uy) = Uy.

2. kq(Uy) = Uy andk,(Uy) = Uy.

Definition 2.3. [9] A soft subsel/, of a soft bech closure spacé€K,, k,, k,)) is said to
be softk;_, ,-open ifk; (U,¢) = U,¢,i = 1,2.

Definition 2.4. [9] A soft setinty,(Uy,), i = 1,2 with respect to the closure operakgris
defined asinty,(Uy) = Fy — ki(Fy — Uy) = [ki(UAC)]C,i =1,2. Here Uf = F, — U,.

Definition 2.5. [9] A soft subset/, in a soft bech closure spad@,, ky, k,) is called
softk;-, , neighbourhood ofy if ep € Inty,_, ,(Uy).

Definition 2.6. [9] If (F,, kq,k,) be a soft diech closure space, then the associate soft
bitopology onF, is 7; = {U,“:k;(Uy) = Uy, i = 1,2}.

Definition 2.7. [9] Let (F,, k4, k,) be a soft Wech closure space. A sofi(lgich closure
space (G4, ki, k3) is called a soft subspace dfF, kq,k,) if G4 € F, and
ki (Uy) = k;i(Uy) NGy, i = 1,2, for each soft subsél, € G,.

3. Pairwise connectedness
In this section, we introduce pairwise soft sematasets and discuss the pairwise
connectedness in softttéch closure space

Definition 3.1. Two non-empty soft subsetd, and V, of a soft bech closure
space(F,, k4, k,) are said to be pairwise soft separated if and ibrillg N k{[Va] = @4
andkz [UA] N VA = Q)A'

Remark 3.2. In other words, two non-emptyU,and V4, of a soft biech
closure space(F,, kq,k,) are said to be pairwise soft separated if and dhly
(Ua Nky[VAD U (k2 [Up] N'V,) = Da.

Theorem 3.3. In a soft bech closure spadg,, k,, k,), every soft subsets of pairwise
soft separated sets are also pairwise soft segarate

Proof. Let (Fy,k,,k,) be a soft iech closure space. L8t and V, are pairwise soft
separated sets. LetG,cU,and HycV,. Therefore, Uy Nk [V,] =0, and
kZ[UA] nVA == (Z)A (1)
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Since,Gyc Uy = ky[Gyl < kz[Uy] = ko[Ga] N Hac ky[Uy] N Hy
= ky[Gal N Hpac ky[Ug] NV,
= ky[Ga] NHac @4 by (1)
= kZ[GA] n HA = Q)A'
Since,HycVy = ki[Hyl € kq[V4] = kq[Ha]l 0 Gac k1 [V4] N Gy
= ki[Hy] N Gac kq[V4] N U,
= ki [Hy] NGy @y ... by (D)
= ki[Hy] NGy = Dp.
Hence,U, and V, are also pairwise soft separated.

Theorem 3.4. Let (Gu,k;,k3) be a soft subspace of a sofiCeeth closure space
(F4,kq,ky) andlet Uy, Vi < Gu, thenUy, and V, are pairwise soft separatedAp if and
only if U, and V, are pairwise soft separateddp.
Proof. Let (F4, ky, k) be a soft ech closure space af@,, ki, k;) be a soft subspace
of (Fy,kq,k,). LetU,, V4 < G4 Assume thatlJ, and V, are pairwise soft separated in
F, implies thatUy N k,[Va] = @4 and k,[Up] NV = @4. That is, (Uy N kq[Va]) U
(k2[Ua] N'Va) = Da.
Now,(Us N k5 [VAD) U (k3[UA] N Va) = (Ua N (k1[Va] N Go)) U ((k2[Ual N Ga) N'V,)

= (Ua N Ga Nky[VAD U (k2[Ua] N Ga N VR)

= éUA Nk1[VAD U (k2[Ua]l N'Va)

= P,
Therefore, U, and V, are pairwise soft separated iy if and only if Uy and V, are
pairwise soft separated @y

Definition 3.5. A soft biCech closure spacéF, k,,k,) is said to be pairwise
disconnected if it can be written as two disjoinhfempty soft subsets, and V, such
thatkz [UA] n kl[VA] = (Z)A andk2 [UA] U kl[VA] = FA'

Definition 3.6. A soft biCech closure spatg,, k,, k,) is said to be pairwise connected if
it is not pairwise disconnected.

Example 3.7. Let the initial universe setX = {u;,u,} and E = {x,x,, x5}
be the parameters. Let = {x;,x,} € Eand F; = {(xq, {uq,uz}), (xo, {ug, uz)}. Then
P(Xg,) are,

Fia = {Cc, {u D}, Foa = {Cer, {uaD} Fa = {(en, {ug, u2 D3 Faa = {2, {w D}

Fsa = {(x2,{u2} Foa = {(x2, {ur, uz D}, Fra = {Cer, {wa ), ez, {wa P}

Fgq = {(x1, {ur}), (x2, {u2])} Fou = {(xq, {uz}), (2, {us D3,

Fioa = {(x1, {u2}), (62, {u2 D} Fria = {Cer, {wa ), (o2, {ug, w2},

Fiza = {(x1, {u2}), (2, {ur, u2 )}, Fiza = {(x1, {ug, u2}), (x2, {us D},

Fiaa = {(xq, {ug, u2}), (x2, {uz D}, Fisa = Fa, Fiea = Da-

An operatork,: P(Xp,) — P(Xp,) is defined from soft power sé(Xy,) to itself over X
as follows.

ki(Fia) = Fia, k1 (F24) = Fou,k1(F34) = F34,k1(Fya) = Fau k1 (Fs4) = Fsa,

k1(Fea) = Fea k1(F74) = Fya,k1(Fga) = Fga, k1 (Foa) = Fop, k1 (F104) = Fioas
k1(Fi14) = Fi1a, k1(F124) = Fi24, k1(Fi34) = Fi34,k1(F144) = Fraa,
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ki(Fa) = Fp, k1(@4) = D4

An operatork,: P(Xg,) — P(Xf,) is defined from soft power sé(Xy),) to itself over X
as follows.

ky(Fia) = ka(F2a) = k2 (F34) = F3p,ko(Fun) = ko (Fea) = Fea k2 (Fs4) = Fsy,
ky(Fra) = ky(Fop) = ky(Fi14) = ky(Fi24) = ky(Fi34) = ko(Fp) = Fy, k2 (D4) = @y,
ky(Fga) = ko(Froa) = ko (Fiaa) = Fraa-

Tak'ng,UA = F4-A and VA = F3A 1k2[UA] n kl[VA] = (DA a.nd kZ[UA] V) kl[VA] = FA'
Therefore, the soft Biech closure spadé,, k4, k,) is pairwise disconnected.

Example 3.8. Let us consider the soft subsets Kf that are given inexample 3.7.
An operatork,: P(Xf,) = P(Xg,) is defined from soft power s€(Xy,) to itself over X
as follows.

ky(Fia) = k1(F34) = k1(F4a) = k1 (F74) = k1(Fon) = kq(Fy34) = Fi34,

kyi(Fon) = k1(Fga) = k1(F114) = k1(F124) = k1 (F1a4) = k1(Fy) = Fa, k1(@4) = 4.
ky (FZA) = Foa, kl(F10A) = Fiza kl(FSA) = Fsy.

An operatork,: P(Xp,) = P(Xg,) is defined from soft power se(Xy,) to itself over X
as follows.

ky(Fia) = ka(F7a) = k2(Fga) = ky(F114) = Fi14,

ky(Faa) = ka(Fsa) = ky(Fsa) = Fon, k2(F24) = Fioa,

ky(Fop) = ka(Fioa) = ka2 (Fi24) = Fi2a, k2(B4) = @4,

ky(F34) = kZ(F1V3A) = ka(F144) = k2(F) = Fy.

Here, the soft lalech closure spadé, k4, k,) is pairwise connected.

Remark 3.9. The following example shows that pairwise conngéss in soft iilech
closure space does not preserves hereditary pyopert

Example 3.10. In example 3.8., the soft bi’ech closure spac€Fy, k,,k,) is pairwise
connected. Consider (G,, ki, k3) be the soft subspace df, such thati, =
{Cq, {ug, up P} Taking,Uy = {(x1, {u1 D} and Vs = {(x1, {u D}, kz[Ua] N k1[Va] = 04
and k;[U,4] U ki[V4] = G4. Therefore, the soft Biech closure subspad€,, ki, k3) is
pairwise disconnected.

Theorem 3.11. Pairwise connectedness in soft bitopological sffger,, 7,) need not
imply that the soft lilech closure spadé,, k,, k) is pairwise connected.
Proof. Let us consider the soft subsetgpthat are given iexample 3.7. An operator
k1(Fia) = Fra, k1(F2a) = k1(Fop) = Fiaa, k1(Faa) = Fau, k1(Fsa) = k1(Fga) = Fiaa,
k1(F74) = F7a,k1(F34) = k1(Foa) = k1(F104) = k1(F114) = k1(Fi24) = k1 (F134)
= k1 (F14a) = k1 (Fp) = Fy, k1(0,4) = D4

An operatork,: P(Xg,) > P(Xp,) is defined from soft power sét(Xy,) to
itself over X as follows.
ky(Fia) = ka(Fsa) = Fga ko (F24) = Faa k2 (Faa) = Fyn ka(F7a) = Fa,
ky(Fon) = ko(Fga) = k2(Fi14) = Fi14, k2 (F34) = ka(Foa) = ky(F134) = Fi3a,
ka(Fio0a) = Fiaa k2(Fi24) = ka(Fiaa) = k2 (Fa) = Fa, k2(04) = D 4.
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Here, the two non empty disjoint soft subdéts= {(x,, {u:})},

and Vy = {(x,,{uy})},  satisfies ky[Uy]l Nkq[Vy] = @4 andk,[Ux] U kq[V4] = Fy.
Therefore, the soft Biech closure spacgy, kq, k,) is pairwise disconnected. But, it's
associated soft bitopological spddg,t,,7,) iS Ty = {D4, Fioa Fi24, F1a4, F4} and
Ty = {Da Fan, Fsa, Fi0a, Fian Fa}-

Now,[Uy N7y — cl(V)] U [t3 — cl(Ua) N V4] = [{ (2, {ua DI N F4 1 U [{(x2, {us DI N
{Oc, {u DY = {0, fu DYV B4 # @ 4. Therefore(F,, 11, T,) iS pairwise connected.

Theorem 3.12. If soft biCech closure space is pairwise disconnected such tha
Fy = k,[U4]/k1[V4] and letG, be a pairwise connected soft subsef,pthenG, need

not to be holds the following conditiol®)G, < k,[Us] (ii)G4 < kq[V4].

Proof. Let us consider the soft subsetsFgfthat are given irexample 3.7. An operator
ky:P(Xg,) = P(Xg,) is defined from soft power sé(Xy,) to itself over X as follows.
ki(F1a) = ki(Fsa) = Fga, k1 (Fya) = F3a, k1 (Fya) = Fou, k1 (F74) = Fr4,

ki(Foa) = ky(Fga) = ki (Fi14) = Fi14 k1 (F54) = k1(Foa) = k1 (F134) = Fi34,

ki(Fioa) = Fiaa k1 (Fi24) = ky(Fi44) = ky(Fp) = Fy, k1(04) = 04.

An operatork,: P(Xg,) = P(Xp,) is defined from soft power sé(Xy),) to itself over X
as follows.

ky(Fia) = ka(F3a) = k2 (Fyn) = ko(F74) = k2(Fou) = ko (Fi3a) = Fi3a,

ky(Fon) = ko(Fga) = ka(F114) = ka(Fi24) = k2(Fi44) = k2(Fa) = Fy, k2(@4) = D4
ky(Fan) = Foa, k2(Fi04) = Fi2a, k2(Fs4) = Fsa.

Taking,U, = F,, and V, = Fs, then we getF, = k,[Uy]/kq[Vy].

Here, the soft ltlech closure spadd,, kq,k,) is pairwise disconnected. L6} = F,,
be the pairwise connected soft subsetofClearly,G, does not lie entirely within either
k2[Uy] or k1 [V4].

Theorem 3.13. If the soft bitopological spacg,, 74, 7,) is pairwise disconnected then
the soft bech closure spadé,, k,, k,) is also pairwise disconnected.

Proof. Let the soft bitopological spac«F,,t,,7,)is pairwise disconnected,
implies that it is the union of two non empty disjosoft subset¥, and V, such that

[Ua N1y —cl(VA)] U [ty — cl(Up) NVa] = @p. Since, k=1 2[Up] C1i=1, — cl(U,) for
everyUpc Fp andt, — cl(Up) Nty — cl(Vy) = @4 then ky[Up] N ky[Va] = @4 . Since,
UA U VA = FA, UAg kZ [UA] and VAg kl[VA] ImpIIeS that UA U VAg kZ [UA] U kl[VA]'
Fack, [UA] Uk, [VA] But, k, [UA] Uk, [VA]Q Fy. Therefore, k, [UA] Uk, [VA] = Fj,.
Hence,(F,, k4, k,) is also pairwise disconnected.

Definition 3.14. A soft biCech closure spac@y, k;,k,) is said to be pairwise feebly
disconnected if it can be written as two non-engigjoint soft subsetdand V, such

Result 3.15. Every pairwise disconnected softCech closure spacé€F,, kq,k,) is
pairwise feebly disconnected but the following epéamshows that the converse is not
true.
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Example 3.16. In example 3.8 Consider, Uy = Fgy = {(xq, {u1}), (x5, {u})} and
Va4 = Fou = {(x1, {u2})}. Which satisfies the conditidiyy N k1 [V4] = k;[Up]l NV = Dy

Uy U ky[V4] = k,[Us] UV, = F,. Therefore, the soft Biech closure spadé,, ky, k,) is
pairwise feebly disconnected. But, the soffdxh closure spac@,, k,, k,) is pairwise

connected.
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