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Abstract. The concept of rough soft set is introduced to generalize soft
sets by using rough set theory, and then the soft topologies on soft sets
are introduced.
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1 Introduction

The soft set theory introduced by Molodtsov [18], which is assumed as a mathe-
matical tool for dealing with uncertainties, has been developed significantly with
a number of applications such as it can be applied in game theory, Riemann in-
tegration, probability theory, etc. (cf. [19]). It has also been seen that the math-
ematical objects such as topological spaces, fuzzy sets and rough sets can be
considered as a particular types of soft sets (cf., [16,18]). Recently, so many au-
thors have tried to develop the mathematical concepts based on soft set theory,
e.g., in [2,6,27,29], rough soft sets and fuzzy soft sets ; in [8], Soft rough fuzzy
sets and soft fuzzy rough sets; in [10], the algebraic structure of semi-rings by ap-
plying soft set theory; in [3], fuzzy soft group; in [13], soft BCK/BCl-algebras;
n [14], the applications of soft sets in ideal theory of BCK/BCl-algebras; in
[5,28,1], soft set relations and functions; in [4,7,12,25], soft topology, which itself
is showing the interest of researchers in this area.

Beside soft set theory, rough set theory, firstly proposed by Pawlak [20] has now
been developed significantly due to its importance for the study of intelligent
systems having insufficient and incomplete information. In rough set introduced
by Pawlak, the key role is played by equivalence relations. In literature (cf.,
[15,20,21,23], several generalizations of rough set have been made by replacing
the equivalence relation by an arbitrary relation. Simultaneously, the relation of
rough set with topology is also studied (cf., [15,24]).
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As both the theories approaches to vagueness, it will be interesting to see the
connection between both the theories. In this direction, an initiation has already
been made (cf., [11,26]), in which, soft set theory is utilized to generalize the
rough set model introduced by Pawlak (cf., [20]). Also, the resultant hybrid
model has been applied to multicriteria group decision making (cf., [9]). It is the
natural question that what will happen if rough set theory is used to generalize
soft sets. This paper is toward this study. Specifically, we try to introduce the
concept of rough soft set, and as topology is closely related to rough sets, we try
to introduce soft topologies on soft sets with the help of rough soft sets.

2 Preliminaries

In this section, we collect some concepts associated with soft sets, which we will
use in the next section. Throughout, U denotes an universal set and F, the set
of all possible parameters with respect to U. The family of all subsets of U is
denoted by P(U).

Definition 1. [18] A pair Fa = (F, A) is called a soft set over U, where A C E
and F: A — P(U) is a map.

In other words, a soft set Fiy over U is a parameterized family {F(a) : a € A}
of subsets of the universe U. For € € A, F(¢) may be considered as the set of e-
appximate elements of the soft set F.

For the universe U, S(U) will denote the class of all soft sets over U.

Definition 2. [22] Let A,B C E and Fa,Gp € S(U). Then F, is soft subset
of Gp, denoted by Fa C Gp, if

(i) AC B, and
(ii) Ya € A, F(a) C G(a).

Definition 3. [16] F4 and Gp are said to be soft equal if F4 C Gp and
Gp C Fy. For a soft set Fy € S(U), P(Fa) denotes the set of all soft subsets
Of FA.

Definition 4. [17] Let AC E and Fa € S(U). Then Fy is called soft empty,
denoted by Fy, if F(a) = ¢, Ya € A.

F(a) = ¢, Va € A means that there is no element in U related to the parameter
a € A. Therefore, there is no need to display such elements in the soft sets, as it
is meaningless to consider such parameters.

Definition 5. [17] Let A, B C E and Fa,Gp € S(U). Then the soft union of
Fa and Gp is a soft set Ho = (H,C), where C = AUB and H : C — P(U)
such that Va € C,

F(a) ifac A—B
H(a) =< G(a) ifae B—A
F(a)UG(a) ifac ANB
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Definition 6. [17] Let A,B C E and Fa,Gp € S(U). Then the soft inter-
section of Fy and Gp is a soft set Ho = (H,C), where C = AN B and
H :C — P(U) such that H(a) = F(a) N G(a), Ya € C.

Definition 7. [17] Let E = {ej,ez,¢€3,...e,} be a set of parameters. Then the
NOT set of E is |E is defined by |E = {]e1, ez, |es,...|en}, where Je = not e;,
Vi=1,2,...,n.

Definition 8. [1] Let A C E and Fa € S(U). Then the soft complement of
Fu is (Fa)¢ and defined by (Fa)® = F§, where F¢: A — P(U) is a map such
that F¢(a) =U — F(a), Ya € A.

We call F°, the soft complement function of F. It is easy to see that (F¢)¢ = F
and (F§)° = Fa. Also, F{ = Fp and Ff, = Fy.

Proposition 1. [17] Let Fy € S(U). Then

(i) FAUFA=Fp, FANFy=Fy

(ii) FAUFy, =Fa, FANF, =Fy

(iii) FAUFp=Fg, FANFp =F4

(iv) FAUFS =Fg, FANF§ = Fy.

Definition 9. [5] Let A, B C E and Fa,Gp € S(U). Then the cartesian prod-
uct of Fa and G is the soft set Haxp = (H, A X B), where Haxp = Fa X Gp
and H: Ax B — P(U x U) such that H(a,b) = F(a) x G(b), ¥(a,b) € A x B,
i.e., H(a,b) = {(hs, h;) : h; € F(a) and h; € G(b)}.

Definition 10. [5] Let A,B C FE and Fa,Gp € S(U). Then a soft relation
from Fy to Gp is a soft subset of Fa X Gp.

In other words, a soft relation from F4 to G is of the form H{,, where C C AxB
and H'(a,b) = H(a,b), V(a,b) € C, and Haxp = Fa x G as defined in Defini-
tion 9. Any subset of F)q4 X Fj is called a soft relation on Fl4.

In an equivalent way, the soft relation R on the soft set F4 in the parame-
terized form is as follows:

If Fy = {F((h), F(ag), }, ai,as,... € A, then Fl(a )RF(aj) = F(ai) XF((I]‘) € R.

i

Definition 11. [5] A soft relation R on a soft set Fy € S(U) is called

(i) soft reflexive if H'(a,a) € R, Va € A,
(ii) soft symmetric if H (a,b) € R = H'(b,a) € R, ¥(a,b) € A X A, and
(iii) soft transitive if H'(a,b) € R, H'(b,c) € R = H'(a,c) € R, Va,b,c € A.

Above definition can be restated as follows:
Definition 12. [28] A soft relation R on a soft set Fa € S(U) is called
(i) soft reflexive if F(a) X F(a) € R, Va € A,
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(i) soft symmetric if F(a) x F(b) € R= F(b) X F(a) € R, ¥Y(a,b) € A x A,
and

(iii) soft transitive if F(a) x F(b) € R, F(b) x F(c) € R= F(a) x F(c) € R,
Ya,b,c € A.

Definition 13. [5] Let A C E and Fa € S(U). Then [F(a)] = {F(d) :
F(a) x F(d') € R, Va,d’ € A}.

Remark 1. For A C E and Fy € S(U), it can be seen that [F(a)] = (F, As),a €
A is a soft subset of Fl4, where A, ={a’ € A: F(a) x F(d') € R}.

Definition 14. [7] Let Fy € S(U) and 7 C P(F4). Then 7 is called a soft
topology on Fy if

(i) Fy, Fper,

(ii) for Fa, € P(Fa),i €1, if Fa, € T, then U;c1Fa, € T, and

(iii) for Fa,,Fa, € P(FA), if Fa,,Fa, € T, then Fa, N Fa, € T.

The pair (Fa,7) is called soft topological space and soft subsets of Fy4 in

7 are called soft open set. The compliment of a soft open set is called a soft
closed set.

3 Rough Soft Set and Soft Topology

In this section, we introduce the concept of rough soft set and introduce soft
topologies on soft sets. Throughout this section, F4 is a soft set over U.

Definition 15. A pair (Fa, R) is called a soft approximation space, where
Fy € S(U) and R is a soft relation on Fy.

Definition 16. Let (F4, R) be a soft approzimation space. Then soft lower
approximation and soft upper approximation of Gp C F4, are respectively,
defined as:

apr(GB) = Ugea{F(a) € F4 : [F(a)] C Gp}, and

apr(GB) = UaeA{F(a) € Fy: [F(a)] NGg # F¢}.
The pair (apr(Gp),apr(Gp)) is called a rough soft set.

Remark 2. From above definition, it is clear that apr(Gp) and apr(Gp) are soft
subsets of Fjy.

Ezample 1. Let U = {u1,ug,us}, E = {x1, 22,23}, A = {x1,22},

Fa = {(x1,{u1,u2}), (x2, {uz,us})} and Gp C F4, where Gg = {(z2, {uz2,us})}.
Also, consider a soft relation R = {F(z1) X F'(x1), F(x1)x F(x2), F(z2) X F(z2)}.
Then [F(x1)] = {F(z1), F(z2)} and [F(x2)] = {F(z2)}. It can be easily seen
that apr(Gp) = Gp and apr(Gp) = Fa.

Proposition 2. For a soft approximation space (Fa,R) and¥ Gp,Hc C Fja,
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(i) apr(Fy) = Fy = apr(Fy);

(ii) apr(Fa) = Fa = apr(Fa);

(iii) If Gg C He, then apr(Gp) C apr(He) and apr(Gp) C apr(Hce);
(iv) apr(G) = (apr(G))°;

(v) apr(Gp) = (apr(G))";

(vi) apr(Gp N He) = apr(Gg) Napr(He);

(vii) apr(Gp)Uapr(Hc) C apr(Gp U He);

(viii) apr(GpU H¢) = apr(Gp) Uapr(He);

(ix) apr(Gp N He) C apr(Gg) Napr(He)

Proof (i) and (i¢) are obvious.

(7i1) Let Gp € He and F(a) € apr(Gp), a € A. Then [F(a)] C Gp, and so
[F(a)] € He. Thus F(a) € apr(He), whereby apr(Gg) C apr(He). Similarly,
we can show that apr(Gp) C apr(Hc).

(iv) F(a) € (apr(G3))° & F(a) ¢ (apr(Gy)) & [F(a)]NGp = Fy & [F(a)] C
G(B) & F(a) € G(B). Thus apr(Gp) = (apr(G%))°.

(v) Similar to that of (iv).

(vi) F(a) € apr(Gp N He) < [F(a)] CGpNHe < [F(a)] € Gp and [F(a)] C
He < F(a) € apr(Gp) and F(a) € apr(Hc) < F(a) € apr(Gp) Napr(He).
Thus apr(Gg N He) = apr(Gp) Napr(He).

(vii) Follows as above.

(vili) F(a) € apr(Gp UH¢e) < [F(a)]N(Gp U He) # Fy < [F(a)] NG # Fy
or [F(a)) N He # Fy & F(a) € apr(Gg) or F(a) € apr(He) & F(a) €
apr(Gp) U apr(He). Thus apr(Gp U He) = apr(Gp) U apr(He).

(ix) Follows as above.

Following example support each of proposition (i) to (ix).

Ezample 2. Let U = {uy,u2}, F = {x1, 22,23}, A = {x1,22}. Also, let Fy =
{(z1, {u1,us2}), (z2, {u1,us})} and FY,i € I denotes soft subsets of Fiy. Then all
soft subsets of I'4 are
FA = {(z1, {w1, u2}), (w2, {ua})}
FA = {(z1, {u1, u2}), (w2, {ua})},
FA - {(1‘1, {ul})v (va {u1, UQ})}v
FA = {(z1, {u2}), (z2, {u1,u2})}
FA = {(1‘1, {ul})v (va {ul})}v
= {(z1, {u2}), (w2, {u2})},
(z1,{w1}), (w2, {uz})},
(z1,{u2}), (w2, {ur })},

b

)



44 V. Gautam et al.

F3 = {(z1, {u1,u2})},
Fi° = {(z2, {u1,u2})},
Fil = Exu{ul})}

(22

Fi? = {(z1, {u2})},
FP = S{uih)l,
Fit= {(x2,{u2})},
FI}X5 = F(Z)a
F16 = Fy.

Let R={F(z1) x F(x1), F(x2) x F(x2), F(x1) x F(x2)}.
By definition 13 and 16 it follows that

[F(x1)] = {F(21), F(22)}, [F(22)] = {F(z2)} and

apr(FY 11 =3,4,10) = {F(x2)},apr(Fa) = Fa,

apr(Fi :i=1,2,5,6,7,8,9,11,12,13,14,15) = Fy, also
apr(Fi :i=1,2,3,4,5,6,7,8,10,13,14,16) = Fjy,
apr(Fi :i=9,11,12) = {F(x1)} and apr(F®) = Fp.

Proposition 3. Let (Fa, R) be a soft approzimation space and R be soft reflex-
we. Then VGg C Fjy,

(i) G Capr(Gp), and
(i) apr(Gg) € Gp.

Proof Follows easily from the fact that R is reflexive.

Ezample 3. In Example 2, let R = {F(x1) x F(z1), F(z2) X F(x2)}. Then
[F(z1)] = {F(z1)},[F(z2)] = {F(x2)}. Thus apr(Fy : i = 1,2,9) =
{F(z1)}, apr(Fy : i = 3, 4 10) = {F(x2)}, apr = Fa, apr(Fy : i =
5,6,7,8,11,12,13,14,15) = Fy, apr(F : i = 1,2,3,4,5,6,7,8,16) = Fy,
apr(Fi : i = 9,11,12) = { ( 1)}, apr(FY : i = 10,13,14) = {F(x2)},
apr(FY) = Fy. Clearly, Fiy C apr(F})Vi = 1,...16, and apr(FYy) C Fi,Vi =
1,...16.

Proposition 4. Let (F4,R) be a soft approximation space and R be soft sym-
metric. Then ¥ Gp, Ho C Fy,

(i) apr(apr(Gp)) € Gg, and
(ii) Gp C apr(apr(Gp)).

Proof (i) Let F(a) € apr(apr(Gg)), a € A. Then [F(a)] Napr(Gp) # Fy, or
that, there exists F(a’) € [F(a)],a’ € A such that F(a') € apr(Gg). F(d') €
apr(Gp), implying that [F'(a')] € Gp. Since R is symmetric and F(a) x F(a’) €
R, so F(a') x F(a) € R. Thus F(a) € [F(d')], and so F(a) € Gp. Hence
apr(apr(Gg)) C Gp.

(ii) Follows as above.

Proposition 5. Let (Fa, R) be a soft approximation space and R be soft tran-
sitive. Then ¥V Gg C Fau,
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(i) apr(apr(Gg)) C apr(Gg), and
(ii) apr(Gp) C apr(apr(Gp)).

Proof (i) Let F'(a) € apr(apr(Gg)), a € A. Then [F(a)] Napr(Gg) # Fy, ie.,
there exists F(a') € [F(a)],a’ € A such that F(a') € apr(Gp). Now, F(da') €
apr(Gg) = [F(a')|NGp # Fy, i.e., there exists F'(a”) € [F(a’)],a” € Asuch that
F(a"”) € Gp. But R being soft transitive, F(a') € [F(a)] and F(a") € [F(a')]
implying that F'(a”) € [F(a)]. Thus [F(a)]NGp # Fy, whereby F'(a) € apr(Gp).
Hence apr(apr(Gg)) C apr(Gp).

(ii) Follows as above.

Proposition 6. If a soft relation R on F4 is soft reflexive. Then 7 = {Gp C
Fa:apr(Gg) = Gg} is a soft topology on Fj.

Proof In view of Proposition 2, we only need to show that if Gp, € 7, then
UierGB, € T, where Gp, € JB(FA), 1 € I. For which, it is sufficient to show that
Uie1GpB, C apr(UicrGp,). Let F(a) € U;erGp,,a € A. Then their exists some
j € J such that F'(a) € Gp;, = apr(Gp,), i.e., [F(a)] € Gp, € Uie1Gp,, or
that F(a) € apr(U;erGp;). Thus U;e1Gp, C apr(U;c1Gp,), whereby U;c1Gp, C
apr(U;erGp,). Hence 7 is a soft topology on Fjy.

Proposition 7. Let R be soft reflexive and soft symmetric. Then
apr(Gg) = Gp if and only if G = apr(G%).

Proof Let apr(Gg) = Gp. As, apr(G%) C G%, we only need to show that
G% C apr(Gg). For this, let F(a) ¢ apr(G%), a € A. Then 3F(b) € Fy4 such
that F\(b) € [F(a)] and F(b) ¢ ((Gg)°), or that, F(b) € Gp = apr(Gp) and
F(b) € [F(a)]. Now, R being soft symmetric and F(b) € [F(a)] so F(a) € [F(b)].
Also, F(b) € apr(Gp) = [F(b)] € Gp. Thus F(a) € Gp, or that F(a) ¢ ((Gg)°),
whereby G% = apr(G%). The converse part can be proved similarly.

Following is an easy consequence of the above proposition.

Proposition 8. Let R be soft reflexive and soft symmetric relation on Fa. Then
(Fa,T) is the soft topological space having the property that Gp is soft open if
and only if Gp is soft closed.

Proof As R is soft reflexive, from Proposition 6, 7 is a topology on a F4. Also,
G p is soft open if and only if G € 7 if and only if apr(Gp) = Gp if and only if
apr(Ggp))® = (Gp)° if and only if (Gp)° € 7 if and only if (Gp)° is open if and
only if G is soft closed.

Now, we introduce the following concept of soft closure and soft interior op-
erator on a soft set.

Definition 17. A mapping ¢ : P(Fa) — P(Fy) is called a soft closure oper-
ator if VGp,Gp,,Gp, € P(Fa),

(i) c(Fy) = Fo,
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(if) Gp Cc(Gp),

(iii) c(Gp, UGB,) = c(Gp,) Uc(GB,),

(iv) ¢(¢(Gg)) = ¢(Gp).

Remark 3. Let T = {Gp C Fa : ¢(G%) = G%}. Then it can be seen that T is a
soft topology on Fa.

Definition 18. A mapping i : IS(FA) — JB(FA) is called a soft interior op-
erator if, VGp,Gp,,Gp, € P(F4) ,

(i) i(Fa) = Fa,

(i) i(Gr) € G,

(111) (GBI n GBz) = Z(GBI) n Z(GBz)
(iv) i(i(Gp)) = i(Gp).

Remark 4. Let 7 = {Gp C Fa :g(GB) = Gp}. Then it can be seen that 7 is a
soft topology on Fla.

Proposition 9. If a soft relation R on Fy is soft reflexive and soft transitive,
then apr and apr are saturated soft interior and saturated soft closure operators
respectively.

Proof Follows from Propositions 2, 3 and 5.

Finally, we show that each saturated soft closure operator on a soft set also
induces a soft reflexive and soft transitive relation as:

Proposition 10. Let ¢ be a saturated soft closure operator on Fa. Then there
exists an unique soft reflexive and soft transitive relation R on Fa such that
E(GB) = apr(GB),VGB C Fy.

Proof Let ¢ be a saturated soft closure operator and R be a soft relation on
F4 given by F(a) x F(a') € R & F(a) € c({F(d')}),a,a’ € A. As, {F(a)} C
c({F(a)}), F(a) € ¢c({F(a)}), or that, F'(a) x F(a) € R. Thus R is a soft reflexive
relation on Fy4. Also, let F(a) x F(a') € R and F(a') x F(a") € R;a,d,a" € A.
Then F(a) € ¢({F(a')}) and F(a’') € ¢({F(a")}). Thus F(a) € ¢({F(a')})
and &({F(a')}) € G@{F(a")})) = &({F(a")}), or that, F(a) € &({F(a")}), i.e.
F(a)x F(a") € R. Therefore R is a soft transitive relation on Fl4. Now, let Gp C
F4 and F(a) € apr(Gg),a € A. Then [F'(a)] N Gp # Fy, or that, EIF( 'Y € Fy
such that F(a’) € [F(a)]NGp, showing that F(a) € ¢({F(a’)}) and F(a') € Gp.
Thus F(a) € ¢(Gg), whereby apr(Gp) C ¢(Gp). Conversely, let F(a) € ¢(Gp).
Then F(a) € c(U{F(a’) : F(d') € Gp}) = U{c({F(d')}) : F(d') € Gp} (asCis a
saturated closure operator). Now, F'(a) € U{c({F'(a’)}) : F(a') € Gp} = F(a) €
c({F(a')}), for some F(a') € Gp, or that F(a') € [F(a)], for some F(a') € Gp,
ie., [F(a)]NGp # Fy, showing that F(a) € apr(Gg). Thus ¢(Gg) C apr(Gp).
Therefore ¢(Gp) = apr(Gp). The uniqueness of soft relation R can be seen
easily.
! A soft, closure operator ¢ : P(Fa) — P(Fa) on Fa is being called here saturated if the
(usual) requirement ¢(Gp, U GB,) = ¢(Gp,) Uc(Gn,) is replaced by ¢(Uie1GB;) =
Uicré(Gg,), where Gp, € P(Fa),i € I.
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Conclusion

In this paper, we tried to introduce the concept of rough soft sets by combining
the theory of rough sets and that of soft sets, as well as introduce soft topologies
on a soft set induced by soft lower approximation operator. As rough soft sets
are generalization of soft sets with the help of rough set theory and the rough
set theory has already been established much more; so this paper opens some
new directions.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ali, M.1., Feng, F., Xiaoyan, L., Min Won, K., Sabir, M.: On some new operations
in soft set theory. Computers and Mathematics with Applications 57, 1547-1553
(2009)

Ali, M.I.: A note on soft sets, rough soft sets and fuzzy soft sets. Applied Soft
Computing 11, 3329-3332 (2011)

Aygunoglu, A., Aygun, H.: Introduction to fuzzy soft groups. Computers and Math-
ematics with Applications 58, 1279-1286 (2009)

Aygunoglu, A., Aygun, H.: Some notes on soft topological spaces. Neural comput-
ing and Applications 21, 113-119 (2012)

Babitha, K.V., Sunil, J.J.: Soft set relations and functions. Computers and Math-
ematics with Applications 60, 1840-1849 (2010)

Broumi, S., Majumdar, P., Smarandache, F.: New operations on intuitionistic fuzzy
soft sets based on second Zadeh’s logical operators. International Journal of Infor-
mation Engineering and Electronic business 1, 25-31 (2014)

Cagman, N., Karatas, S., Enginoglu, S.: Soft topology. Computers and Mathemat-
ics with Applications 62, 351-358 (2011)

Dan, M., Zhang, X., Qin, K.: Soft rough fuzy sets and soft fuzy rough sets. Com-
puters and Mathematics with Applications 62, 4635-4645 (2011)

Feng, F.: Soft rough sets applied to multicriteria group decision making. Annals of
Fuzzy Mathematics and Informatics 2, 69-80 (2011)

Feng, F., Jun, Y.B., Zhao, X.Z.: Soft semirings. Computers and Mathematics with
Applications 56, 2621-2628 (2008)

Feng, F., Liu, X., Fotea, V.L., Jun, Y.B.: Soft sets and soft rough sets. Information
Sciences 181, 1125-1137 (2011)

Georgiou, D.N.; Megaritis, A.C.: Soft set theory and topology. Applied General
Topology 15, 93-109 (2014)

Jun, Y.B.: Soft BCK/BCI-algebras. Computers and Mathematics with Applica-
tions 56, 1408-1413 (2008)

Jun, Y.B., Park, C.H.: Applications of soft sets in ideal theory of BCK/BCI-
algebras. Information Sciences 178, 2466-2475 (2008)

Kondo, M.: On the structure of generalized rough sets. Information Sciences 176,
586-600 (2006)

Maji, P.K., Roy, A.R.: An application of soft sets in decision making problem.
Computers and Mathematics with Applications 44, 1077-1083 (2002)

Maji, P.K., Biswas, R., Roy, A.R.: Soft set theory. Computers and Mathematics
with Applications 45, 552-562 (2003)

Molodtsov, D.A.: Soft set theory-first results. Computers and Mathematics with
Applications 37, 19-31 (1999)



48

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

V. Gautam et al.

Molodtsov, D.A., Leonov, V.Y., Kovkov, D.V.: Soft sets technique and its applica-
tion. Nechetkie Sistemy i Myagkie Vychisleniya 1, 8-39 (2006)

Pawlak, Z.: Rough sets. International Journal of Computer and Information Sci-
ences 11, 341-356 (1982)

Pawlak, Z., Skowron, A.: Rudiments of rough sets. Information Sciences 177, 7-27
(2007)

Pei, D., Miao, D.: From soft set to information systems. In: Proceedings of the IEEE
International Conference on Granular Computing, vol. 2, pp. 617-621 (2005)
Polkowaski, L.: Rough sets. Mathematical Foundations. Springer, Berlin (2002)
Qin, K., Yang, J., Pei, Z.: Generalized rough sets based on reflexive and transitive
relations. Information Sciences 178, 4138-4141 (2008)

Shabir, M., Naz, M.: On soft topological spaces. Computers and Mathematics with
Applications 61, 1786-1799 (2011)

Shabir, M., Ali, M.I., Shaheen, T.: Another approach to soft rough sets. Knowledge-
Based Systems 40, 72-80 (2013)

Sun, B., Ma, W.: Soft fuzzy rough sets and its application in decision making.
Artificial Intelligence Review 41, 67-80 (2014)

Yang, H.L., Guo, Z.L.: Kernels and Closures of soft set relations and soft set relation
mappings. Computers and Mathematics with Applications 61, 651-662 (2011)
Zhang, 7., Wang, C., Tian, D., Li, K.: A novel approach to interval-valued intu-
itionistic fuzzy soft set based decision making. Applied Mathematical Modeling 38,
1255-1270 (2014)



	On the Topological Structure of Rough Soft Sets
	1 Introduction
	2 Preliminaries
	3 Rough Soft Set and Soft Topology
	4 Conclusion
	References




