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Abstract: Soft set theory is a newly emerging tool to deal with uncertain problems and has been studied by
researchers in theory and practice. The concept of soft topological space is a very recently developed area
having many research scopes. Soft sets have been studied in proximity spaces, multi-criteria decision-making
problems, medical problems, mobile cloud computing networks, defense learning systems, and approximate

reasoning, etc. The objective of this paper is to use SgS..; * 5o -open sets and SgS. # g0 —closed sets to
introduce  the  concepts  of  S.S. . * o ~separated sets, S ¢Semi * g0 ~connected space,
S ¢Semi # qo. ~disconnected space, S ¢Semi *qu -component of a soft set, locally S;S_.. # 0. connected space,

and totally SgS_ . #goc —disconnected space. We investigate and study the properties and characterizations of

these spaces in soft topological spaces.
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1. Introduction

The real world is too complex for our immediate and direct understanding. We create ‘‘models’’ of reality that
are simplifications of aspects of the real world. Unfortunately, these mathematical models are too complicated,
and we cannot find the exact solutions. The uncertainty of data while modeling problems in engineering,
physics, computer sciences, economics, social sciences, medical sciences, and many other diverse fields makes
it unsuccessful to use the traditional classical methods. These may be due to the uncertainties of natural
environmental phenomena, of human knowledge about the real world, or to the limitations of the means used to
measure objects. For example, vagueness or uncertainty in the boundary between states or between urban and
rural areas, or the exact growth rate of population in a country’s rural area, or making decisions in a machine-
based environment using database information. Thus, classical set theory, which is based on the crisp and exact
case, may not be fully suitable for handling such problems of uncertainty. There are several theories, for
example, the theory of fuzzy sets, theory of intuitionistic fuzzy sets, theory of vague sets, theory of interval
mathematics, and the theory of rough sets. These can be considered as tools for dealing with uncertainties, but
all these theories have their own difficulties. The reason for these difficulties is, possibly, the inadequacy of the
parametrization tool of the theory as it was mentioned by Molodtsov. He initiated the concept of soft set theory
as a new mathematical tool that is free from the problems mentioned above. He presented the fundamental
results of the new theory and successfully applied it to several directions such as smoothness of functions, game
theory, operations research, Riemann-integration, Perron integration, theory of probability, etc. A soft set is a
collection of approximate descriptions of an object. He also showed how soft set theory is free from the
parametrization inadequacy syndrome of fuzzy set theory, rough set theory, probability theory, and game theory.
Soft systems provide a very general framework with the involvement of parameters. Soft set theory has been
applied in several directions. The researchers introduced the concept of soft sets to deal with uncertainty and to
solve complicated problems in economics, engineering, sociology, and environment because of unsuccessful use
of classical methods. The well-known theories that can be considered as mathematical tools for dealing with
uncertainties and imperfect knowledge are theory of fuzzy sets, theory of vague sets, theory of interval
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mathematics, theory of intuitionists fuzzy sets, theory of rough sets and theory of probability. During recent
years, soft set theory emerged as a best mathematical tool to deal with uncertainties, imprecision and vagueness.
Many engineering, medical science, economics, environment problems have various uncertainties, and the soft
set theory came up with the reasonable solutions to these problems. A soft set is a collection of approximate
descriptions of objects. Some researchers have presented a systematic survey of the literature and the
developments of Topological Spaces in soft set theory. They have also provided some applications of soft set
theory in software engineering, innovation, medical diagnosis, data analysis, decision making etc. All these
tools require the specification of some parameter to start with. The theory of soft sets gives a vital mathematical
tool for handling uncertainties and vague concepts. Recently several researchers introduced the notion of soft
topology and established that every soft topology induces a collection of topologies called the parametrized
family of topologies induced by the soft topology. They discussed soft set-theoretical operations and gave an
application of soft set theory to a decision-making problem. Several mathematicians published papers on
applications of soft sets and soft topology. Soft sets and soft topology have applications in data mining, image
processing, decision-making problems, spatial modeling, and neural patterns. Research works on soft set theory
and its applications in various fields are progressing rapidly. Decision-making and topology have a long joint
tradition since the modern statement of the classical Weierstrass extreme value theorem. It combines two
topological concepts called continuity of a real-valued function and compactness of the domain (both with
respect to a given topology). They represent a necessary and sufficient condition to guarantee the existence of
the maximum and minimum values of the function. The success of the Mathematical Problems in Engineering
technique was amplified by its adoption in fields like engineering sciences, computer sciences, and
mathematical economics. This matter can be adopted in the version of soft setting by replacing the classical
notions(compactness, function, and real numbers) by their soft counterparts (soft compactness, soft function,
and soft real numbers). Some practical experiments in civil engineering require classification of the materials
according to their characteristics (attribute set or parameter set E), which can be expressed using the concept of
soft sets. We study the separation of them concerning the group of soft sets, which are constructed from the
practical experiments. In this group of soft sets, we add the absolute and null soft sets to initiate a soft weak
structure. The researchers in the communication engineering endeavor to select the best protocol to solve the
noisy problems in wireless networks. They evaluate the performance of these protocols according to the
proposed scenarios. The researchers in Soft Theory may plan with some engineers to propose some protocols
using the appropriate soft structure to select the optimal protocol to solve the interference problems in wireless

networks. The objective of this paper is to use S;S. #goc -open sets and S;S #goc —closed sets to introduce
the concepts of S ;S . * 9o -separated  sets, S #Semi # o ~connected space, S #Semi # 9o ~disconnected space,
S #Semi g -componentof a  soft set, locally S;S.. *go—connected  space, and  totally

S S emi # go. -disconnected space. We investigate and study the properties and characterizations of these in soft
topological spaces.

II1. Preliminaries

Definition 2.1. Let X be an initial universe set and E be a collection of all possible parameters with respect
to X , where parameters are the characteristics or properties of objects in X . Let P(X) denote the power set of
X ,and let A be a non-empty subset of & . A pair (F,A) is called a soft set over X , where F is a mapping

givenby F :A — P (X). In other words, a soft set over X is a parameterized family of subsets of the universe
X .For e€A,F (e) may be considered as the set e-approximate elements of the soft set (F,A). Clearly, a
soft set is not a set. For two soft sets (F,A) and (G ,B) over the common universe X , we say that (F,A) is a
soft subset of (G ,B) if (1) AcCB and (ii) for all ee2, F(e) and G(e)are identical approximations. We
write (FA)<(GB). (GB) is said to be a soft superset of (F,2), if (F,A) is a soft subset of (G,B). Two
soft sets (F/A) and (G ,B)over a common universe X are said to be soft equal if (F/A) is a soft subset of

(G ,B) and (G ,B) is a soft subset of (F,A)
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Definition 2.2. The union of two soft sets of (FA) and (G,B)over the common universe X is soft set
(H,C)=(F,A)U(G B), where C=aUB, and H(e)=F(e) if eeA-B, H(e)=G(e) if eeB-A and
H(e)=F(e)UG(e) if eenNB.

Definition 2.3. The Intersection (H ) of two soft sets (F,A) and (G B ) over a common universe X denoted

(FA)N(GB) isdefinedas ¢ =aNB and H (¢)=F (¢)1G(e) forall eeC.

Definition 2.4. For a soft set (F,A) over the universe U, the relative complement of (FA) is denoted by

(F,2)" and is defined by (ra)° = (F C,A), where F©:A —P(X) is a mapping defined by ¥ (e)=x -F (e)

for all eeA.

Definition 2.5. A soft set (F,E) over X is said to be (i) A null soft set, denoted by ¢, if V
e cE, F(e)=¢. (ii) An absolute soft set, denoted by X, if v e€E, F(e)=X.

Definition 2.6. Let T be the collection of soft sets over X. Then T is said to be a soft Topology on X if
(i) ¢, X belong to T

(ii) The union of any number of soft sets in T belongs to T
(iii) The intersection of any two soft sets belongs to T.
The triplet (5(, T,E) is called a soft topological space over X. The complement of a soft open set is called soft

closed set over X.

Definition 2.7. Let (X, T, E) be a soft topological space over X and (F,E) be a soft set over X. Then

(i) Soft interior of a soft set (F,E) denoted by SftInt(F,E) is defined as the union of all soft open sets over
X contained in (F,E).
(ii) Soft closure of a soft set (F,E) denoted by S+C1(F,E) is defined as the intersection of all soft closed super

sets over X containing (F,E)

Definition 2.8. A S -subset (F,A) ofa S, ~Top -Space (X,%,E) is called a S0 -closed set if

SftCI[SftInt(sftCI(F,A))J c(F,A). The complement of a S0 —closed set is called S0 —open set.

Definition 2.9. A S, -subset (F,A) ofa S, -Top -Space (X,%,E) is called a Spg—closed set if

SftCl(A,E)g(U,E) whenever (F,A)Q(U,E) and (U,E) is soft open in (X,f,E)-

Definition 2.10. A S, -subset (F,A) ofa S, ~Top -Space (X,%,E) is called a S.S,,;, —closed set if

Sftlnt[SftCI(F,A)] c(F,A). The complement of a SS,; —closed set s calleda S S,,; —open set.

emi

Definition 2.11. A S, —subset (F,A) ofa S, ~Top -Space (X,%,E) is called a soft S, g*o ~closed
set if S,0CI(F,A)c(U,E), whenever (F,A)c(U.E) and (U,E) is Sig-openin (X.%E).The

complement ofa S ftg#a —closed setis called a S ftg”oc -open set.
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Definition 2.12. A S, -subset (F,A) ofa 5, -Top-Space (X,%,E) is called a soft S, *ga —closed
set if SL0CI(F,A)c(U,E), whenever (F,A)c(U,E) and (U,E) is S,g*o-openin (X ,1,E).The

complement of a S *go —closed set is called a S t * g0 —open set.

Definition 2.13. A S, —subset (F,A) of a S, -Top-Space (X,%,E) is called a soft
S¢Semi 'g0 —closed  set if 5.S.,Cl(F,A)c (U,E), whenever (F,A)c(U,E) and (U,E) is

Sft#g(x -open in (X TR ) The complement of a S S * g0 —closed set is called a S £S emi * 90 —open

emi

set in (X ST )

Definition 2.14. Let (X,%,E) be a soft topological space over X and (F,A) be a soft set over X. Then
(i) SzSemi # o -interior of a soft set (F,A) denoted by S :Sem fout -Int(F,A) is defined as the union of all

soft S5 #gOL -open sets over X contained in (F,A).

(ii) S S emi * o —closure of a soft set (F,A) denoted by S¢S i #got —Cl(F,A) is defined as the intersection

of all soft S S, # g0 —closed sets over X containing (F,A).

Theorem 2.15. ( ) Every S, —closed set in a soft topological space is S .S, "go —closed set.

emi

(ii) Every S -opensetina S -Top -Spaceis S..S * 0. —open set.

emi

Theorem 2.16. Let (F,A) and (G,B) be two S —subsets ofa S, —Top -Space (X,%,E). Then the
following statements are true.

) (F A) is S S,y 9o -open if and only if S..S_; * g —Int(F,A) = (F,A).

emi

ii) S Sem Foo -Int(F,A) is S,.S,,,; *go —open.

iV) S Semi g =CI(F,A) is S (S *ga —closed..

V) S S e T9ot <CI[(X,E) = (F,A) |- (X,E) S ¢S ey *

(i

(

(iii) (F, A) is S4Sem "o ~closed if and only if S S, *oo~CI(F,A) =(F,A).
(

( go. -Int (F,A).
(

Vi) S ¢S oy Tt ~Int[ (X,E) = (F,A) ] = (X,E) =5 .S s 'oou -CI(F,A).

(vii) 1f (F,A) is S .S *go —open in (i,%,E) and (G,B) is S,, -open in (i,%,E),then (F,A)N(G,B)

is S¢S

emi

#goc -open in (X,%,E).

(viii) A point X, €SS, 0 ~CI(F,A) if and only if every S .S ;g0 —open set in (X, T:,E) containing

emi

X intersects (F, A).

(ix) Arbitrary intersection of S S,y *go closed sets in (X,%,E) is Sp =Smi — oot —closed in (X,%,E).

emi

(X) An arbitrary union of S.S_ # 900 —open sets in (X,%,E) is S S ¥ -open in (X, ‘T?,E).

Definition 2.17. A S -Top -Space ()N( T.E ) is said to be soft connected if there does not exist a pair /7, and

G of nonempty, disjoint soft open subsets of ( T, ) such that X = F M U Gg.
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III. Softs_ . *go —Separated Sets

emi

In this section, we will introduce and investigate the basic properties of S .S, ga -separated sets.

Definition 3.1. Two non-null soft disjoint S ; —sets Fjand G,in a S -Top -Space (f( T E) are called
Soft Sem i*ga -separated (Sftsemi *qa —separated) sets if Gg N [Sftsemi *qa ~CI(Fp )] =

|:Sftsemi #ga _CZ(GE )Jh Fp = ¢;

Definition 3.2. A Soft Sem i*ga ~separation (S S 1ot —separation) of a Sy —Top -Space (5( T,E )

is a pair of S,S,,, *ga ~separated sets such that F; UG, = X

Definition 3.3.  Let (f( T.E ) be a Sz-Top-Space. =~ A  SoftSem i*ga —connected soft

connected(sftsemi *9a —connected) set over X is a S, -sef I € SﬁS(X)E which does not have a

S S omi *ga —separation in the soft relative topology induced on the soft subset F I
Proposition 3.4. Every S,S,,, *ga ~connected setina s, ~Top -Space ()? T.E ) isa S —connected set.

Proof. Let F, bea S.S,, *ga ~connected set in a S + ~Top =Space ()? T ,E ) Then there does not

exist a S;S,,,; fga —separation of Fy. Since every S -open setisa S;S fga -open set, there does

emi

not exista S —separation of Fy. Hence, Fyisa S, —connected set in the S . —Top -Space (X’ T.E )

Theorem 3.5. Let ()~( T,E ) bea S; —Top -Space and FybeaSS,,; *ga ~connected set. Let G ' and

Hy be S;S,,; *ga —separated sets. If F, Gy UHB. Then either . £ G, or F, & H,.

Proof. Let ()?f’E) be aS. —Top -Space and Fy €S;S(X), be a S;S,, *ga —connected set. Let
G,and H, be S.S,,; *ga ~separated sets such that F,. G, UHB. We have to prove either F, &G, or
Fy, & Hy. Suppose not. Then F, & G,and F, & H,.Then, K, =G,N\F; #¢ and L, =Hy(\F; #¢ and
Fp =K, UL,. Since K, &G, implies that S.S,,, *90 -CI(K;)E S¢S "gar -CI(G,). Since G, and
H, ae S.S,,; #ga —separated  sets, we have [Sﬁsm *9a -Cl (G 4 )]ﬁH B =¢. Therefore,
[S S emi P90 CU(G ) [N Hy =[5 S i P90 CUK ) [N Hp =[S 18 i Poa CU(K ) [N L = 6. Again
L, & H, implies S.S,, Tga —Cl(LE) 5.5, fga —CZ(HB ). Since G, and H, are
S.S,,. 'gor ~separted sets, ~ we  have G, ﬁ[s eni T =S, (H )] é. Therefore,
Gy N[5 sSem *oer <CU(Hp) |= G, N[ 8 S '@ <Cl(Lg) | = K N[ 84S ' CI(L) |= 6. But
Fp=Kj UH - Therefore, there exists a S.S,,; *ga —separation  of F,. Hence, F, is not a

S 4S emi *ga ~connected set. This is a contradiction. Therefore, cither F, G or F, CHy.

Theorem 3.6. If F, is S.S,,,; 'go connected set, then S S, *ga ~CI(F;) is S S, *ga ~connected set.
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Proof. Let F, be S,S,, *ga -connected set in a s, -Top-Space ()? T E) We have to prove that

emi
S &S omi 90 Cl (F E) is a 84S, #ga —connected  set. Suppose not. Then there exists a
S ¢S 90 ~separation of S S, *ga -CI(Fy ). Therefore there exists a pair of S ,S,,,; *ga ~separated

sets G, and H, such that [Sﬁsemi #ga—Cl(FE)]:GA UHy. But F, cS,s *9a CI(Fy) =G, UHy.

Since [ is S;S,,,; *ga ~connected set, then by Theorem 3.5 cither F. &G, or F, 2 H, If F; £ G, then
S ¢Som 9@ <CI(F ) E 84S, *ga CI(G,). Since Hy & S,S,,. *oa -CI(F;),then Hy=4. This is a
contradiction. Similarly, if F, & H,, we can prove G, =¢Z which is a contradiction. Thus, there is not any
S &S emi *ga ~separation of S .S, Tga -CI(Fy). Hence S #S omi *9a —CI(FE) is

S &S emi #ga —-connected set.

Theorem 3.7. If F,is S,S,,, 'ga —connected set and Fy &Gy &S S, *9a CI(F;), then G, is

S4S *ga —connected set.

emi

Proof. Let F; €s.5(X), bea S;S,, *ga —connected set such that F, &G, &5 .S, *ga -CI(F}).
We have to prove that G is S;S,,; *ga ~connected set. Suppose Gpisnota S.S,,. *ga —connected set.

Then there exists a pair of S;S *ga —separated sets K 4 and L, such that G, =K, ULB. Since

Fp &EGpand Fp EK,UL, We claim that either F,c K, or F, C L, For, FEﬁKA?&é and
FEﬁLB;«th. Then FE:(FEﬁKA)U(FEﬁLB). But FEﬁKA and FEﬁLB are SgS,,; *ga —separated

sets. This is a contradiction to that S .S #ga —connectivity of F,.Hence, our claim is proved that G is

emi

S +S o "9 ~separated set. Suppose Fy &K, then S;S,,; *ga -CI(F;)& S8, foa -CI(K,). Since

emi

K, and L, are 5SS #ga -separated  sets. [Sﬁsemi *9a —Cl(KA )} ﬁLB =¢.  Therefore,

£~ emi
[stsem,. *ga —CZ(FE )} ﬁLB =¢. But L, & Gy. Then by hypothesis Ly € G, £ S,S,,; *ga —CI(FE )-

Therefore, [sﬁsm *9a ~CI(F )J ﬁLB =L,. Thus, we have [stsem,, f9a ~CI(F )} ﬁLB =¢ and
[sﬁsemi *9a —CI(FE )] ﬁLB =Lg. Hence Ly = ¢?, which is a contradiction. Similarly, if F, & L,, then we
can prove K, =¢Z. This is a contradiction. Therefore, there does not exist a S.S,,; *go —separation of

Gy .Hence, Gyisa S;S,,,; *ga ~connected set.

Theorem 3.8. The soft union F,. of any family {FEj_ jed } of 5:5,,. *9a —connected sets having a

nonempty soft intersection is S .S *ga —connected set.

emi

Proof. Suppose that Fp =G, OHB where G, and Hjyform a S;S, *ga -separation  of F,.By
hypothesis, we may choose a soft point x, € ﬂ/’eJ FEj .Then x, €F, £, for all jeJ.If x, €Fy, then either
x, €G or x, € Hybut not both. Since G, and H, are disjoint soft sets, we must have F c G,, since
FE/ is StSemi#ga —connected and it is true for all jeJ, and so Fp & G,.From this, we obtain that

Hy =@, which is a contradiction. Thus, there does not exist a S;S,,,; * 9o —separation of F}.. Therefore,

F,is S;S,,, *ga ~connected.
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IV. Soft S_. *go. -C onnected Space

emi

In this section, we introduce the S S, ; #ga —connected space and discuss its properties in S ; ~Top -Space.

Definition 4.1.Let ()~( T,E ) bea S —Top -Space. If there does not exista S ;S,,; *ga —separation of

X, then it is said to be S,S,,, *9a —connected space.

Proposition 4.2. Every S.S,,,; *ga ~connected space ()~( T,E ) is S S, *ga ~connected space.

Proof. Let (f( T ,E) be a S,S *ga —connected  space. Then there does not exist a

emi
S 4S i fga —separation of X. Since every S —open setis a Sﬁ#ga —open set, there does not exist a

S ; —Separation of X. Therefore, ()~( T.E ) isa S, —connected space.

Theorem 4.3. Let (f( T.E ) bea S; —Top -Space. Then the following statements are equivalent:

(1)45 and X are the only S ¢S, Tga ~clopen sets in ()?f‘E)

emi

(ii) X is not the soft union of two soft disjoint non-empty S ;S #ga -open sets.

emi

(iii) X is not the soft union of two soft disjoint non-empty S &S omi * 9o ~closed sets.

(iv) X is not the soft union of two S £ *ga ~separated sets.

emi

Proof. (i) = (ii): Assume that gand X are the only S;S * 9o —clopen sets in (XfE) Suppose

emi

(ii)is false. Then )?=GA OHB,Where G, and H,are two soft disjoint, non-empty S .S g0 —-open

emi

sets. Clearly H g =G§is S £S emi *ga —closed and non-empty. Thus H z1s a mnon-empty proper

S £S emi *gor —clopen set in X, which shows that (i)1s false.

(ii) = (iii) : Assume that,f( is not the soft union of two soft disjoint non-empty S;S,, . #ga -open sets.
Suppose (iii) is false. Then X =G g UH pwhere G, and Hpyare two soft disjoint non-empty
S4S i#ga —closed sets. Now G, and Hbeing respectively the soft complement of Hyand G,.

em

Therefore G, and H, are S.S,, *9a -open sets. This contradicts (ii).

(iii) = (iv): Assume that X is not the soft union of two soft disjoint non-empty S &S omi *ga ~closed sets. If
(iv)is false, then X=aG, UH g where G, and H, are S,S,,"ga -separated sets. Then
G, ﬁ[stsemi *9a —CZ(HB)]:gZ and this implies that  S,S,,. *ge -CI(H,)EH, But
H,&S.S,,, f'ga —CI(Hjy). Therefore, S,S,,, *9a Cl(Hz)=Hy and hence H, is a

S £S emi *ga —closed set. Similarly, G ', isa S48 *ga ~losed set, which is a contradiction to (iii).

emi

Therefor (iv) is true.

iv) = (i) : Assume that X is not the soft union of two S ,S .#ga -separated sets. Suppose (i)is false.
£~ emi
Then there exists a non-empty proper S;S,,. #ga —clopen subset H, of X. Then H g =H 5 is a non-

empty, SfﬁSemi#ga’ —clopen set and X =GAOH , where G, and H, are non-empty disjoint
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S &S omi *ga —clopen sets. Since G,and Hyzare S.S,,; *ga ~clopen sets, S £S emi f9a —CI(GA) =G, and
S 1Sem fga CI(H ) = H. Therefore, S ¢Sem toa <CI(G,)NH, =G, NH, =¢=
G, N [S S g ~CI(H, )} Thus X is a soft union of S,S,,, *ga -separated sets. This is a

contradiction to (iv). Therefore (1) must be true.

Theorem 4.4. Let ()~( T.E ) be a S —Top -Space such that any two soft points x,and y,; of X are

contained in some S,S,,. *ga ~connected subspace ¥ of X. Then X is S 4S emi *ga ~connected space.

£~ emi

Proof. Let ()~(7~"E) be a S, —Top -Space and (?fYE) bea S,S,, 'ga ~connected subspace of X.
Let x,, Vg be two disjoint soft points in X. Suppose that x, and Vs in X are contained in the
S ¢S omi *ga ~connected subspace Y of X, we have to prove, ()~( T.E ) is a S;S,,; *ga ~connected
space. Suppose ()~( T.E ) is not a S.S,, *go ~connected  space. Then there exists a

SﬁSemi#ga -separation  in X. Therefore, there exists a pair of non-empty, soft disjoint

S4S #ga —separated sets G, and Hp. Since G, and H, are non-empty soft sets, there exist x, and

emi

Yp such that x, €G, and Vs €Hy. Since (?,fy,E) isa S;S,, *ga ~connected soft subspace of
()Z'fE) which contains x, and g, therefore by Theorem 3.5, either ?QGA or YQHB. But

G, N Hy= é, which is a contradiction. Therefore (XTE) is S;S,u *ga ~connected space.

Corollary 4.5. Ifa S -Top -Space ()N( T,E ) containsa S;S,,; *9a ~connected subspace (17 T, v E )

* 9o ~connected space.

such that S .S 90 —Cl();)sz then X is SsS

emi emi

Proof. Let (f, fy,E) be a S.S,, *ga ~connected  subspace  of ()~(7~"E) such that
S .S, Tga —CZ(Y) =X. Since (ffYE) is a S,S,, 'ga-connected subspace, Yis a

S ;S Tga ~connected set. Then by Theorem 3.6, S £S emi *9a -CI (}7 ) is S,S,,; 'ga ~connected set.

emi

Therefore, X=Sﬁsemi#ga —Cl(f) is a S:S,.; *ga ~connected  set. Hence (f(fE) is a

S4S *ga —connected space.

emi

Theorem 4.6. If (}7 T v E ) and (Z T . E ) are S;S,,; * 9o ~connected subspaces of a S + ~Top =Space

()?fE) are such that Y Z # ¢Z, then fo 18 S5S,,, *ga ~connected subspace.

Proof. Suppose YUZ is not S S Tga —connected  subspace, then there exists a
S £S emi *ga —separation of Y UZ. Thus, there exists a pair of S;S,,,; *ga —separated sets G ', and Hp
such that G, UHB —YUZ. Since ?QYOZzGA OHB and Y is S,S,,, *ga ~connected, then by
Theorem 3.5, either ¥ &G, or ¥ & H,. Since Zzeyuz =G, OHB and Z is S,S,,, "ga ~connected,
then either Z & G jor Z & Hy,.

(i) If Y& G ,and Z &G, then YUz c G,. Hence Hy :q?. This is a contradiction.
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(ii) If f’é G, and 7 & H,, then YﬁZ cG, ﬁHB = ¢7, which is a contradiction to our assumption. In
the same way, we can get a contradiction if Y C Hj, and Z c G, orif Y C Hy and Z C H . Therefore
f’LNJZ~ is ;S #ga —connected subspace of ()? f,E).

emi

Corollary 4.7. Let (f(,fl,E) and ()?,fz,E) be S; —Top -Spaces such that fz Qi’l and ()N(,fl,E) is

S 4S i 'g0t ~connected space. Then ()N( T, ,E ) isa S,S,,; 'ga ~connected space.

Proof. Suppose ()~( T 2,E) is not SgS *go —connected  space. Then there exists a

emi

SS.S '#ga -separation G, and H,of S_S '#ga -separated sets in X with soft topology T,. Since
£~ emi P A B £~ emi 2

T 5 < 7:1, G,and Hyare S;S,.; #ga -separated set in X with soft topology f] This is a contradiction.

Hence, the result follows.

Proposition 4.8. Let (f( T.E ) be a S, —Top -Space over X. Then the following statements are

equivalent:

(1) ()~(7~"E) is S5 #ga —connected.

(2) There exists no F, G, € S;S,,, f9a —C()N(,f,E)—{é} such that F, NG, =¢ and F, UGE =X,
*9a -C(X.T.E) :{FEC &s,s,, toa —O(f(,f,E)}.

emi

where S ;S

(3) There exsts no Fp. G, &5,5(X), {4 such that
[ £ 1848 0 o <C1(Gy ) |U[ 8 45, *got CU(F, )G, | =4 and F,UG, = X.

(4) There exists no F, &5,8(X), -{¢. X} such that
F, & [stseml. *ga —0()?,f,E)] ﬁ[sﬁsemi ‘9o C(X,T.E ]

Proof. (1)=>(2). Assume there exist £y, Gy & S48, "9a -C(X,7,E)~{§} such that F, NG, =4
and FEUGEz)N(. Then V eckE, FE(e)ﬁGE(e)zqg and FE(e)LNJGE(e)z)?. Thus V eck,
FC(e)=X-F(e)=G(e) and G (e)=X-G(e)=F(e), which  implies that
Ff=G,&s,5,, '9aC(X.,T.E)-{¢} and Gf=F,&s,S,, *‘9a-C(X.,T,E)-{@}. Then there

emi emi

exist Fy, Gy € 5,8, 900 -O(X,T.E)~{g| such that F,NG,=¢ and F,UG,=X. However,
(X.7,E) is 5,5, *ga ~connected. This is a contradiction.

(2)=(3). Assume there exist Fy, G, &5,5(X), - {;Z} such that
[ Fe 01848 i 9@ CU(Gy) |U[ 848 i '9a CU(F)NGy =4 and  F,UG,=X.  Obviously,
FNG, =9. Now S 4S o toa <CI(G, ) = S 4Sum fga <CI(G, )N X =
S sS o "90 <CU(G )N (F UGy ) = [ 8,8, 'oa UG, )N F; |U] 8,8, *oa <CI(G;)N G, | = G,

which implies that G, is a S,S,,; *gar ~closed set. By using the same methods, we can show that £, is also a

S £S emi *gor —closed  set. Hence there exist F., G, €SS, g0 —C()N(,f,E)—{&} such that

Fy ﬁ Gy =¢Z and Fy O G, = X. This is a contradiction. So (3) holds.
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(3)=(4). Assume there exists ¥, E[ 8,8, *ga -O(X.7,E)|N[ 5,8, *oa C(X.T.E) |- {4, X}.
If we take G, =FS then
Fy, Gy €[ 5,5, *0a-O(X.T.E) |0 8,8, 'ga C(X.TE) |-{g} (€5.8(X), ~{g}). Besides,
we have [ £, (18,8, '9a -C1(G,) [U| G, N8 8, e CI(F, ) | = F NG, =§ and F, UG, =X,
This is a contradiction, so (4) holds.

(4)=(1).Assume (X, 7,,E) is not 5,5

#ga —connected. Then there exist

F,, G, €SS, f9a —0( ~,7:,E)—{gz} such that [} ﬁGE =¢;and Fy OGE = X. It is easy to see that
FS =G, and GS =F,. Thus
F..G; € [sﬁsemi g0 —0()?,f,E)] ﬁ[SﬁSem[ fga —C()?,f,E)] - {¢?,)?}.This is a contradiction.
Theorem 4.9. A non-null proper subset F. ofa S.S,,; * 9o —connected space ()? T.E ) has a non-null

S &S i #ga -boundary points.

Proof. Suppose, by contrary, that S 45 omi *9a -Bd (F = ) = ¢Z Then
S &S omi 9o —CI(FE ) =S ¢S omi fga —Int(FE ) which means that F. is both S.S,, *gor ~open and
S .S, Tga —closed. But this contradicts the S .S

em em

i#ga —-connectedness of ()E'fE) Hence,

S &5 emi *9a —Bd(FE ) #* (5 as required.

Definition 4.10. A soft mapping f .'()N( ,f,E)—)(Y,&,K) is said to be S;S,,; * 9o —continuous
(resp.,S Som ToQ —irresolute) if f _I(H x)is a S ¢S "Gt —0pen  set where H,is a soft open

(S £ omi #ga —open) set.

Proposition 4.11. Let f bea S.S

em

(f(,f,E) onto a S —Top -Space (Y,&,K).Then f(f() is connected.

. *ga ~continuous mapping ofa S .S, *ga —connected space

Proof. Suppose that f ()~( ) =Y is disconnected. Then we get & contains two non-null disjoint soft open
sets Fy, and G,. By hypothesis, f - (F K) and [~ (GK) are disjoint S;S,.; fga -open sets in
(f(, f,E) Since f'is surjective, these S.S,, *9a -open  sets are non-null. Thus ()}',f,E) is

S £S omi *ga ~disconnected. But this is a contradiction. Hence, (17 ,0,K ) is 5;S *9a ~connected.

emi

Theorem 4.12. Let fbe a S.S,,; *ga - function from a S + ~Top =Space ()}' T.E ) onto a soft
space (?, o, K). Suppose ()N( T, E) is  S4S,u *ga ~connected.  Then ()7, o, K) is

S 4S i "9 —connected.

Proof. our assumption is that (17 ,6,K ) is not S;S,,,; * 9o —connected. Therefore, there exists a non-

*ga ~closed. Then the

em. em

empty proper subset H, of ()7,5',K ) which is both S.S_,; #ga -open and S ;S
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inverse image of H, under f is both S.S #ga -open and S .S #ga —closed in (f( ,f E) which

emi emi

contradicts our hypothesis.

Corollary 4.13.A S.S,,; *ga -irresolute  function  maps S &S emi *ga —connected  set  onto

S &S omi *ga ~connected set.

Theorem 4.14.Considera S.S,,, *ga ~continuous function f froma S + ~Top =Space ()N( T.E ) onto a

S, —Top -Space (f,&,K). If ()?fE) is S;S #ga —connected, then (?,&,K) is soft connected.

emi

Proof. Consider (17 o, K ) is not soft connected. Then there is a nonempty proper subset of (}7 o, K )Which

is both soft open and soft closed. Then the inverse image of H under f is both S.S,,; *9a -open and

S 4S i *ga ~closed in ()? T ,E),a contradiction. ~Though the concept of soft continuity,

S g**—continuity and S.S,,; *ga —irresolute are independent of each other, but they behave similarly in

the case of S.S,,; ”ga —connectedness, that is, these functions map a S;S,,, #ga —connected set onto a
soft connected set.
Definition 4.15. A soft function f - (/\7 T E ) - (17 ,0.K ) is called S,S,,, *ga ~homeomorphism if f

is both S ;S *9a —continuous and S4S *9a -open.

emi emi

Remark 4.16. A soft-homeomorphism preserves S ;S,,, *ga ~connectedness.

Theorem 4.17. If (f(fE) is SfESemi#ga —connected  space, then (f(,f,E)x{a} is also

S 4S i Tga —connected.

Proof. Obviously, ()? T.E )is soft homeomorphic to (f( T.E )X{a}. Then by the previous remark,

()?,f,E)X{a} is S.S,,; 'ga ~connected.

Theorem 4.18. If (f(,f,E) and (?,5‘,1{) are  two S.S #ga —-connected spaces, then

emi

()?,f,E)x(f,&,K) isalso S;S,,; #ga —connected.

Proof. For any soft point (xa Vg ) in the product ()?, f,E) X (f, 5,K), each of the subspaces
()E',f,E)X{yﬂ}O(Y,&,K)X{xa} is SgS,.u; *ga —connected since it is the union of two
S 45 emi #ga —connected subspaces with a point in common. Then by Theorem 4.6, ()?, f,E) X (}7, 5‘,K) is
also S;S,,.; *ga ~connected.

V. Softs_ *go-D isconnected Space

emi
In this section, we present a new concept of S;S_ . #ga —disconnected space and discuss some of its

properties.
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Definition 5.1. A S, -Top -Space (f( T.E ) is said to be a SoftSem i*ga ~disconnected

(S &S omi *ga —~disconnected ) space if there existsa S ;S,,; *9a -separation of X.

Theorem 5.2. A S —Top -Space ()? T.E ) is S,S,,; 'ga ~disconnected if and only if there exists a

non-empty proper soft subset of X which is both S ,S,,, *ga —open and S_S,,, *ga ~closed.

Proof. Let ()}' T,E ) be a S, —Top -Space and F,be a non-empty proper soft subset which is both

S4Sem Tge open  and  S,S,, *ga —closed  set. Since F, is S,S,, 'ga —~closed,
£S omi *9a —CZ(F )= FE...(*). Also, F, is S;S,,. *ga —open  implies FEC =Gp (say) s
S4S *ga ~closed. Therefore, S S

emi

*9a —CZ(G ) Gy...(**). Since G, is the soft complement of F},

emi

in X, therefore F, UG, =X and ,=¢. Now F,NG.=¢ implies that
(84S foa CU(F,) NG, =g by (*)  and ﬁ[ i 900 C1(G) | =g by (**).  Since
X=G,UG, and [Sisem, ga CI(F, )]ﬂG =9, F, ﬁ[ omi "9t CI(G )] @, therefore X is
S 4S i Tg@ ~disconnected. Therefore, we conclude that (X T,E ) is S,.S,, 'ga ~disconnected.
Conversely, suppose that S —Top -Space ()~( T ,E ) is S4S,m *ga ~disconnected space. Therefore, there

exists a pair of non-empty proper soft subsets of X such that
)2=GA OHB, S .S gt —Cl(GA)ﬁHB =4,G, N S .S gt fl(HB)=5. Hence, we conclude that
the S, —Top -Space ()~(7~"E) is S,S,,; 'ga ~disconnected space. Now G, &S.S,,. tga ~CI(G,).
Therefore, [Sﬁsemi *9a -CI(G, )] ﬁHB =¢ implies that G, ﬁHB =¢. Also X = G, OHB. Therefore,
G, zHg. Thus, G, is a proper soft subset of X which is non-empty. Again, therefore G P UH 3 =X
implies GAU[SiSemi#ga—Cl(HB)] X and H CI: omi ga—Cl( )] We have GAﬁHBZgg
implies G ﬁ[SﬁSemi (o3 —CZ(HB )] =@. We conclude that G, = X —[StSemi *ga —CI(HB )] But as
H, is S,S,, "ga -closed set. Therefore G, =)~(—[Sisem[ *9a -CI(H, )] is S,S,,; 'ga -open

emi emi

set...(***). Similarly, we can prove Hy =)~(—[Sﬁsemi *9a -CI(G, )] is S,.S,,; "'ga -open set. Now
G, =H§, where Hyis S;S,,,; *ga —open set. Therefore, G 18 S¢S, *ga —closed and we have already
shown in (* **) that G,is S;S,,. *ga -open. Hence, G ', is a non-empty proper soft subset which is both

S ¢S i *9a -openand S;S,,; *ga ~closed set.

Theorem 5.3. A S -Top -Space ()~( T.E ) is S;S * gor ~disconnected space if and only if any one of

the following statements holds good.

(i) X is the soft union of two non-empty disjoint S ;S #ga —-open sets.

emi

(ii) X is the soft union of two non-empty disjoint S S, *ga ~closed sets.

Proof. Let ()~( T,E ) bea S,S,,,; 'ga ~disconnected space. We have to prove X is the soft union of two
non-empty disjoint S.S,,; *go —open (Sisemi (el —closed) subsets of X. Since ()?,T,E) is a
S &S omi * 9o ~disconnected space, then by Theorem 5.2, there exists a non-empty proper soft subset F, e of
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X which is both S &S omi *ga —open and S 4S emi *ga ~closed. Consequently, FEC is non-empty, which is
both S,S,,, *ga —~losed and S .S, *ga -open. Also, F, LNJFEC =X and F, N Ff = @. From above, we
conclude that X is the soft union of two disjoint non-empty S S omi *ga —open (S Som Tga ~closed ) sets.
As Fjand F{ are both S ¢S Tga —open as well as S,S,,, *ga —closed. Conversely suppose, X is the
soft union of two non-empty disjoint S,S,,. *ga —open sets. That is X =G, UH gzand G, NH 5= $. We
need to prove (1\7 T ,E ) isa SgS,,; *9a ~disconnected space. Since G, = H § is S;S,,, *ga —open so that
G,is S;S,.; *ga ~closed set. Also, H  is non-empty. Therefore G, =H § is a proper soft subset of

X which is non-empty and is both S .S *5a —open and S &S emi *ga ~closed set. Hence, by Theorem 5.2,

emi

the S —Top -Space X is S,S,,, *ga ~disconnected space. In the second case, if both G, and H are

both non-empty S .S, *ga ~closed sets, then G, = H g and Hyis S;S,,; *ga ~closed set. Therefore,
G,is S:S,,. #ga —open set. As above G, will be a proper non-empty soft subset that is both
S ¢S i *ga —open and s &S omi *gor —closed set. Hence, by Theorem 5.2, the S + ~Top -Space (f( T.E ) is

S 4S emi *ga ~disconnected space.

VL. Soft S, *go. -C om ponentof aSoftSetand Soft Topological Space
In this section, we introduce the concept of S.S,.; *go —component of a soft subset as well

as S .S, *ga ~component ofa S + ~Top -Space and discuss their properties and characterizations.

Definition 6.1. Let F, be a soft subset of a S; —Top -Space ()~(7~"E) and x,be any soft point of [,

then the soft union of all S.S,, . *ga ~connected subsets of Fy, containing x, is defined as the
S &S omi * 9o ~component of F with  respect  to X, and is  denoted by
S ¢S '@ -C(Fy,x,).

S ¢S i ToX ~C(Fy.x,)= U{PE EF,:x,eP,,P,isS,S,, 'ga connected set}.
Proposition 6.2. S .S, *ga -C(F;.x,) isa S.S,,, *ga ~connected set.

Proof. The S.S,,; *ga ~component  of F, with respect to the soft point x, is the soft union of all
S 4S i #ga —connected subsets of F, which have a nonempty soft intersection (as each contains the soft

point x,). Then by Theorem 3.8, S.S, *9a —C(FE ,xe) isa S45,,; *ga ~connected set.
Remark 6.3. S5;S,,; *9a C (F X, ) is the largest S S, *ga ~connected subset of F, » containing x,.

Theorem 6.4. Let (j( T,E ) bea S —Top -Space. Then the following statements are true.
(i ) Each soft point in X is contained in exactly one S.S,,; “ga —-component of X.

(ii ) The S;S,,; #ga —components with respect to two different soft points of X are either identical or soft
disjoint.
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Proof. (1) Let x, be an arbitrary soft point of X and {PEl .'/1€A} be the collection of all

SﬁSemi#ga ~connected subsets of X which contain x,. Since the soft singleton {xe} is

S4S *ga —connected, the collection {PEI Ae A} of all soft S.S *ga ~connected subsets containing

emi emi

the soft point x,is non-empty. Then ﬂ{PE; ,'ﬂ,eA};t¢, as x, is contained in each PEA_. Now,

S S #ga -C ()~( ,xe)is the soft union of {PEA e A} having a non-empty soft intersection. Then by

Theorem 3.8, S .S, *9a —C(f(,xe) is also S;S,,, *ga —connected. Again S £S5 emi *9a —C(f(,xe) is the

maximal S ,S,,, *ga ~connected subset of X containing x,. Therefore, S,S,,. *ga-C ()~( ,xe) is

emi
S &S i #ga -component of X with respect to x,. Now we have to prove that there is no other

S &S i (el —component of X containing x,. Now, suppose S.S *ga -C *(f( ,xe) be another

emi

S 4S, 'ga ~component of X containing X,. Then S .S *9a -C *()~( ,xe) isa S,S,,, "'ga ~connected

emi

subset of X containing x,. But S.S #ga -C ()Z' ,xe) being a S .S #ga —component is the maximal

emi emi

&S omi *ga ~connected subset of X containing X,. Consequently

S
S 4S omi #ga—C*()?,xe)Q S .S, Tga —C()?,xe). Similarly S .S, ga —C(f(,xe)é
S &S emi t9a C *(X’,xe) and hence S;S,,,; *9a —C(f(,xe) =SS, *9a C *(X,xe). This implies x, is

contained in exactly one S ;S #ga —-component of X.

emi

~

l'i) S &S omi *9a —C(X’ xa) and S.S,,; *9a —C(f( yﬂ) be respectively the S;S,,; *9a ~components of
X  with respect to two different soft points x, and y 5 of X with X, #yg. If
S .S, Tga —C()?,xa ) NS,.S,, g —C(;(,yﬂ ) =4, then the proof is  over.  Suppose
S S omi *ga —C()?,xa ) NS &S i *ga —C()?,yﬂ ) = 0. We may choose a soft point
z, €5,8,,, '9a C(X.x,)NS,S,, foa C(X,y;).  Then  z,&s,8,, '5a-C(Xx,) and
Z, €S5S fga —C()~( Vg ) Since S.S,,, fga —C(f(,zy ) is the maximal S.S,,; *ga ~component of

X with respect to  z,. Therefore  S.S,,; #ga —C()?,xa ) C S4S,m #ga —C(Xzy)(l) Since

xaéSﬁSemi“ga—C(f(,xa)gstsemi“ga—C(f(,zy),we have xaésﬁsemi#ga—C(f(,zy). Also

S ¢S i g0 —C(f(,z}, ) isa SgS,,; *ga ~connected set containing x,. But, S;S_ . fga —C(f(,xa) is the

maximal S ¢S i *9a ~component set containing X, Therefore
SySumi f900 C(X 2,) 8,8, *o0 C(X ,x,)...(2).  From (1) and (2. we have
S Som t90 C(X,x,)=5,8,,, '9a -C(X,z,). Similarly 7z, &€S,g%¥*-C(X,y,) implies that
Sﬁ:Semi#ga _C(X’yﬂ)zsﬁ:semi fga ‘C()?,Zy). Thus we have
8 S '90 <C(X %, )= 5,8, 'ga -C(X,y,

Definition 6.5. The S.S *go ~component of a space X of a S, ~Top =Space (f( T ,E)is the

emi

maximal S.S #ga —connected  subspace of ()?,f E) The S,S #ga -component of a

emi emi

S —Top =Space ()~(7~"E) is denoted as S,S,,, fga —C(f()
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Theorem 6.6. Each S4S #ga -component of a Sy ~Top =Space (f( , T JE ) is a

emi

S ;S Tga ~closed set.

Proof. Let S;S,,, *9a —C()?) bea S;S,,; *ga ~component of X. Then, S S i *9a —C()?) is the

maximal S ;S *ga ~connected subset of X. By Theorem 3.6, S.S *ga —Cl[SﬁS *9a —C()?)J is

emi emi emi

also  S,S,, 'ga —connected and S.S,, *ga —CI[S S ga —C()?)] CS,S,, T —C()?) But
S 4Sun '9a (X )< 8,8, *9a Cl 5,8, '9a C(X) . Hence, S 45 oy P90 -C (X ) =

S .S, gt —Cl|:S Somi Toat —C(f()] Therefore, S,S,,, 'ga —C(X') isa S,S,,, "'ga ~closed set.

Theorem 6.7. Ina S ~Top -Space (1\7 T.E ) , the set of all disjoint S .S, * g0 ~components of soft

points of X forma partition of X.

Proof. Let S.S fga —C(f(,yﬂ) be two S,S,,,; "ga -components of

emi emi

f9a —C()?,xa) and S.S
distinct soft points x,and y, in X. Now for any soft point x, € )~(, X, €S 4S i #ga —C()?,xa) and
hence X = D{{xa} iX, € )?} c U{S &S omi *9a —C()?,xa ) iX, € )?}, by considering only the disjoint
S 2S omi *ga ~components  with  respect to the soft point X. This implies that

x, €
)?QO{SﬁSemi#ga —C()?,xa): X, EX}QX. Therefore O{Sisemi fga —C(f(,xa):xa e)?}z)?.

VILI. Locally Soft S__. *qo. -C onnected Space

emi

In this section, we introduce the concept locally S .S #ga —connected space and discuss its properties.

emi
Also, we analyse locally SftSemi#ga —connected space  with other soft connectedness like

S &S omi #ga —connected space, soft connected space and locally soft connected space.

Definition 7.1. A S, -Top -Space ()?fE) is called locally S;S,,, * g —connected at X, € X if and

only if for every S;S #ga —open set Py containing x,, there exista S;S,,; #ga —connected soft open

emi
set [, suchthat x, € F, CZ P;.
Definition 7.2. A S -Top -Space (f( T,E ) is said to be locally S .S, *ga —connected if and only if it

is locally S .S #ga —connected at each of its soft points.

emi

Theorem 7.3. Every S;S,, *9a -component  of a locally S 25 omi *go —connected  space is

S4S #ga -open set.

emi

Proof. Let S.S,,, *ga C ()~( ) bea S,S,,, 'ga ~component of a locally S .S,,, *go —connected space
()~(7~"E) and let x, €SS, fga —C(f(,xe ) Now X is locally S &S omi * 9o —connected. Therefore, it is

locally S;S,,,; *ga ~connected at each soft point X, € X. This implies that each S ¢S emi *go —open set
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containing x, contains a S;S #ga —connected open set P, containing the soft point x,. Since the

emi

“ga —component S ;S #ga —connected set containing

emi emi emi

S ;S #ga —C()?,xe) is the maximal S.S

x,, Xx,&P,&S,S,, 'gaC ()~( ,X, ) where P, is  S,S,, 'ga-open  set.  Therefore,

S S omi *9a —C(f(,xe)zl]{PE :x,eP, 5SS, f9a —C()?,xe)}. Thus, S,S,,, 'ga —C(f(,xe) is the

soft union of all S;S,, *ga -open  sets containing x,. Therefore, S.;S,,; *9a -C ()~( ,xe) is

S S #ga —open set.

emi

Theorem 7.4. A S, Top-Space (X,T,E) is locally S,S,,, *go —connected if and only if the

#ga —-open sets are soft open.

emi

S S i#ga —components of S ;S

em

omi *ga ~connected. Let P.bea S;S,, *ga —open set and

Proof. Suppose that ()? T E ) is locally S .S

F, be a S,S *9a —component of P,. If x,&F,, then x, EF,. Since ()N(TE) is locally

emi

S 3S omi 190 ~connected space, there is a S S, *ga —connected open set O, such that x, €O, & P,

Since F; is the S.S #ga —connected, we have

X, € Op C Fy.. This shows that F}. is soft open.

# .
ga —component of x, and O is S;S

emi emi

Conversely, let x, EX be arbitrary and let P, be a S;S #ga -open set containing x,. Let Fy be the

emi

SeS #ga —component of P such that x, € ;. Now [} isa S;S #ga —connected open set such that

™~ emi £~ emi

x, el C B

Theorem 7.5. A S -Top -Space (X' T.E ) is locally S;S *ga ~connected if and only if, given any

emi

soft point x, EX anda S48 #ga —open set P, containing x,, there is a soft open set O, containing x,

emi

such that Oy, is contained in a single S ;S #ga —component of P..

emi

Proof.Let X be locally S ;S *ga ~connected, X, X and P, bea S;S *ga -open set containing

emi emi

x,. Let Fp be a 5SS #ga —component of P, that contains X, Since X s locally

e emi

S 4S i Tga —connected and P, is S,S,,; 'ga —open, there is a S,S,,,; *ga —connected open set O,

such that x, € O, £ F;. By Remark 6.3, F}; is the maximal S .S, ; *ga ~connected set containing x, and
so x,E0, CF, ZP,. Since S;S,,; #ga —components are disjoint soft sets, it follows that O, is not

contained in any other soft S .S #ga —component of P, .Conversely , we suppose that given any soft point

emi

X, & X and any S;S #ga -open set P, containing x,, there is a soft open set O, containing x, which is

emi

contained in a soft singleton S .S *ga ~component Fy of F;. Then, x, €0y S F; C F;. Let yy eFy,

emi

then y; € B;. Thus, there is a soft open set O, such that y; €0, and O, is contained in a single

S.S #ga —-component of PF,. Since the S;S #ga —components are disjoint soft sets and

£~ emi £ emi

Vg eFy, Vg € Gy C Fy. Thus F is soft open. Thus, for every X, & X and for every S,S *ga —open set

emi

P, containing x,, thereisa S.S,,;

* 9o —connected open set Fy such that x, € F, £ P,. Thus ()?fE)
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is locally S.S *ga ~connected  at x,. Since xeéf( is arbitrary, ()? T E) is locally

emi

S 4S omi *ga ~connected space.

VIII. Totally Soft S_. *go. -D isconnected Space

emi

In this section, we introduce the concept of totally S.S,,. *ga ~disconnected space in a S + ~Top -Space

and discuss its properties and characterizations.

Definition 8.1. S .S i#ga —disconnected means X is the soft union of two nonempty disjoint

em

S &5 emi #ga -open setsor S;S, #ga —closed setsin X.

Definition 8.2. A S —Top -Space ()~( T.E ) is said to be totally S .S, *ga ~disconnected space if and
only if for each pair of distinct soft points x,,y, € X, there exists a S &S omi * 9ot ~disconnection F, » UG,
of X such that x, € Fy and y; € Gy, where [, G are both either S S, *ga ~connected open sets or

S 4S omi "9 —connected closed sets.

Example 8.3. Every discrete S ~Top —Space X is totally S S omi * 9o ~disconnected space. Indeed, let

Xy Vg € X and X, # Y. Then {xa}O(f(—{xa}) is S4S,,.; *ga ~disconnection of X.

Proposition 8.4. A soft subspace of a totally S.S,,; *ga ~disconnected  space is totally
S 4S o #ga —disconnected  space. Each totally soft disconnected space is a totally
S £S emi *9a ~disconnected space. The S ¢S emi *9a ~components of a  totally

S 4S i Tg@ ~disconnected space (1\7 T.E ) are soft singleton subsets of X

Proof. Let ()N( T,E ) be a totally S;S,,; *9a ~disconnected space and Y be a soft subset of X consisting
of two or more than two soft points. Let x, and y, be two distinct soft points of Y. Then x, and y, are also
distinct soft points of X. Now ()~( T,E ) is totally S;S,,; *ga ~disconnected. Therefore, there exists a
S &S omi *ga ~disconnection F, U Gy of X such that x,EF, and y; €Gy.Let F.=F, NY and
O, =Gy ﬁ Y. We claim that P U Opis a S;S,,.; *ga ~disconnection of Y. For, since x, € Y,
X, EF,, v € Y, Vs €Gp. Both P. and o, are non-empty. Also,
F ﬁQD =(FA ﬁ);)ﬁ(GB ﬁf)z(FA ﬁGB)ﬁfzéﬁfzq‘;. That is P.and (), are soft disjoint. Thus,
Y is S ¢S i *9a ~disconnected and hence Y a soft subset containing two or more than two soft points

cannot be a S;S fga —component of X. Therefore, the SﬁSemi#ga —components of X are soft

emi

singleton subsets of X which are the only S;S,,; * 9o —connected subsets of X.

Conclusions

Connectedness is an important and major area of topology, and it can give many relationships between other
scientific areas and mathematical models. The notion of connectedness captures the idea of the hanging-
togetherness of image elements in an object by giving a firmness of connectedness to every feasible path
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between every possible pair of image elements. It is an essential tool for designing algorithms for image

segmentation. We have used the notions of S.S_ . *go. -open sets and S &S *go. —closed sets to introduce

emi

S.S... *go —separated  sets, S.S... *go —connected  space, S4S * 5o —disconnected  space,

£~ emi f£~ emi emi

S.S #goc —component of a soft set and soft topological space, locally S ;S #ga -connected space and

£~ emi emi

totally S;S #ga —disconnected space in soft topological spaces. We have investigated properties and

emi
characterizations of these new spaces in soft topological spaces. We hope that the concepts initiated herein will
be beneficial for researchers and scholars to promote and progress the study of soft topology and decision-
making problems with applications in many fields soon.

Recommendations

In the future, it is recommended to utilize soft semi #generalized a-open sets to initiate new kinds of soft semi
#generalized a-compactness, namely soft semi #generalized a-Lindelofness, almost (approximately, mildly) soft
semi #generalized a-compactness, and almost (approximately, mildly) soft semi #generalized a-Lindelofness.
The equivalent conditions of each one of them can be investigated. Also, the behavior of these spaces under soft
semi #generalized a-irresolute maps can be investigated. Furthermore, the enough conditions for the
equivalence among the four sorts of soft semi #generalized a- compact spaces and for the equivalence among
the four sorts of soft semi #generalized a-Lindelof spaces can be explored. The relationships between enriched
soft topological spaces and the initiated spaces can be investigated in different cases. Some properties which
connect some of these spaces with some soft topological notions, such as soft semi #generalized a-T»-spaces and
soft subspaces, can be obtained.
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