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Ozet

Bu caligma kapsaminda Esnek Coklu Kiime, Esnek Topoloji ve bu topolojinin bazi temel 6zellikleri kullanilarak Esnek Coklu

Topoloji tanimlanmig ve bazi topolojik dzellikleri belirtilmistir.
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On the Soft Multi Topology and It’s Some Properties

Abstract

In this article, Soft Multi Topology and some basic properties of this topology is defined by using Soft Multi Set, Soft Topology and
some basic properties of this topology.
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1. Introduction

There are many uncertainties in most of the engineering, physics, computer sciences, economics,
social sciences and medical sciences problems. Soft set theory was introduced by Molodtsov [1] as a
mathematical tool for dealing with these uncertainties. He applied soft set theory in the first work
successfully in many fields, such as smoothness of a function, game theory, the Riemann integral, Perron
integral and measurement theory.

In addition to Molodtsov's works, soft set theory has applications in other areas, and the
problems encountered in real life. Maji et al. [2, 3] presented an application of soft sets in decision
making problems that are based on the reduction of parameters to keep the optimal choice objects. Chen
[4] presented a new definition of soft set parameterization reduction and a comparison of it with attribute
reduction in rough set theory. Pei and Miao [5] showed that soft sets are a class of special information
systems. The application of soft set theory in algebraic structures was introduced by Aktas and Cagman
[6]. They discussed the notion of soft groups and derived some basic properties. Shabir and Naz [7]
defined the soft topological space and studied the concepts of soft open set, soft interior point, soft
neighbourhood of a point, soft separation axioms and subspace of a soft topological space. Aygiinoglu
and Aygun [8] introduced the soft continuity of soft mapping, soft product topology and studied soft
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compactness and generalized Tychonoff theorem to the soft topological space. Min [9] gave some results
on soft topological spaces. Zorlutuna et al. [10] also investigated soft interior point and soft
neighbourhood.

In classical set theory, there is no repetition of the set members. However, in some cases,
repetition of element of set may be helpful. This set is called a multi set which is a collection of objects in
which repetition of elements is significant. It has found many applications in real life in various fields like
medicine, banking, engineering, information analysis, data analysis, data mining etc.

Multi set theory was introduced by Cerf et al. [11] in 1971. Peterson [12] and Yager [13] made
further contributions to it. Many conclusive results were established by these authors and further study
was carried on by Jena et al. [14]. Manjunath and John [15] have done some preliminary work on multi
set relations. Following this study, multi set relation and multi set function was introduced by Girish and
John [16]. In addition, these authors [17] using the multi sets relations gave multi set topology and some
of the definitions of topological structures of this topology. Combining the concepts of soft set and multi
set was given by Babitha and John [18].

In this article, we worked on how to construct soft multi topology, using properties of soft set,

multi set and soft multi set.

2. Preliminaries
In this section, we will give basic definitions of soft set and multi sets.
2.1. Soft Set

Definition 2.1.1. ([1]) Let U be an initial universe set and E be set of parameters. Let P(U) denotes the
power set of Uand A € U. A pair (F,A) is called a soft set over U, where F is a mapping given by
F:A - P(U).
Definition 2.1.2. ([3]) For two soft sets (F,A) and (G, B) over a common universe U, we say that (F,A)
is a soft subset of (G, B) if

i.ACB,and

ii. V& € A F(g) issubset of G(g).
We write (F,A) € (G,B).
Definition 2.1.3. ([3]) Soft sets (F, A) and (G, B) over a common universe U are said to be equal if (F,A)
is soft multi subset of (G, B) and (G, B) is soft multi subset of (F, A).
Definition 2.1.4. ([3]) Let A = {e4, e,,..., e,} be a set of parameters. The NOT set of A denoted by JA is
defined by JA = { "eq, ez,..., ey}, Where e; = note;,Vi=1,2,...,n.
Proposition 2.1.5. ([3]) If A and B are two sets of parameters then we have the following

L1(0A) = A

ii.|(AUB) =]AU]B

iii. (AN B) =]AN|B
Definition 2.1.6. ([3]) The complement of a soft set (F,A) is denoted by (F,A)¢ and is defined by
(F,A)¢ = (F¢,]A) where F¢:]A — P(U) is a mapping given by F¢(a) = U — F(a), Va € A.
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Let us call F€ to be the soft complement function of F. Clearly (F€)¢ is the same as F and ((F, A)€)¢ =
(F, A).
Definition 2.1.7. ([3]) A soft set (F,A) over U is said to be absolute soft set denoted by A if for all

a €A F(a) =U.
Definition 2.1.8. ([3]) A soft set (F,A) over U is said to be null soft set denoted by @ if for all a €
A F(a) = 0.

Definition 2.1.9. ([3]) If (F,A) and (G,B) over a common universe U are soft sets then
(F,A) AND (G,B) denoted by (F,A)A(G,B) is defined as (F,A)A(G,B)= (H AxB) where
H(a,b) = F(a) n G(b) . Here N denotes the intersection of two sets F(a) and G(b).

Definition 2.1.10. ([3]) If (F,A) and (G,B) over a common universe U are soft sets then
(F,A) OR (G, B) denoted by (F,A) V (G, B) is defined as (F,A) v (G,B) = (H,A x B) where H(a,b) =
F(a) U G(b) . Here U denotes the union of two sets F(a) and G(b).

Definition 2.1.11. ([3]) Intersection of two soft sets (F,A) and (G, B) over a common universe U is the
soft set (H,C), where C=AnB,andVe € C, H(e) = F(e) N G(e)

We write (F,A) A (G, B).

Definition 2.1.12. ([3]) Union of two soft sets (F, A) and (G, B) over a common universe U is the soft set
(H,C), whereC=AUB,andVe€C

F(e), ifee A—B
H(e) = G(e), ifeeB—A
F(e)uG(e), ife€eANB

We write (F,A) U (G, B).
Definition 2.1.13. ([7]) The difference(H,E) of two soft sets (F,E) and (G,E) over X, denoted by
(F,E)\ (G,E), is defined as H(e) = F (e) \ G(e) forall e € E.
Definition 2.1.14. ([7]) Let (F, E) be a soft set over X and x € X. We say that x € (F, E) read as x belongs
to the soft set (F, E)
whenever x € F(a) foralla € E.
Note that forany x € X,x & (F,E), ifx ¢ F(a) for some a € E.
Definition 2.1.15. ([7]) Let (F,E) be a soft set over X and Y be a non-empty subset of X. Then the sub
soft set of (F, E) over Y denoted by ( YF, E), is defined as follows YF(a) = Y n F(a), forall a € E.
In other words ( YF,E) = Y n (F, E).
Definition 2.1.16. ([7]) The relative complement of a soft set (F,A) is denoted by (F,A)" and is defined
by (F,A)’ = (F',A) whereF': A - P(U) isamapping givenby F'(a) = U — F(a) forall a € A.
Proposition 2.1.17. ([7]) Let (F,E) and (G, E) be the soft sets over X. Then

1) ((F,E) U (G E))" = (F,E)' n (GE)',

() (F,E)n (G E))" = (F,E)' U (GE) .
2.2. Multi Set
Definition 2.2.1. ([1]) An mset M drawn from the set X is represented by a function Count M or Cy
defined as Cy: X = N where N represented the set of non negative integers. The word "multi set" often

shortened to "mset".
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Definition 2.2.2. ([1]) Let M; and M, be two msets drawn from a set X. An mset M is a submset of M, if
Cm, (¥) = Cy, (%) forall x € X.

Definition 2.2.3. ([1]) The union of two msets M, and M, drawn from a set X is a mset M denoted by
M = M; U M; such that x € X, Cy(x) = max{Cy, (x), Cy, (X)}.

Definition 2.2.4. ([1]) The intersection of two msets M; and M, drawn from a set X is a mset M denoted
by M = M; N M; such that x € X, Cy(x) = min{Cy; (x), Cy, (X)}.

Definition 2.2.5. ([7]) A submset N of M is a whole submset of M with each element in N having full
multiplicity as in M. i.e., Cx(X) = Cy(x) for every x in N.

Definition 2.2.6. ([1]) Let [X]™denotes the set of all mset whose elements are in X such that no element in
mset occurs more than m times. Let M € [X]™ be an mset. The power whole mset of M denoted PW (M)
is defined as the set of all whole submset of M. i.e., for constructing power whole submset of M, every
element of M with its full multiplicity behaves like an element in a classical set. The cardinality of
PW(M) is 2m where n is the cardinality of the support set (root set) of M.

Notation 2.2.7. Let M be an mset from X with x appearing n times in M. It is denoted by x € M. M =

{k1/x1,k2/%>, .., ky /X, } Where M is an mset with x, appearing k; times, x, appearing k, times, and so on.

3. Soft Topology

Definition 3.1. ([7]) Let T be the collection of soft sets over X, then T is said to be a soft topology on X if
(1) ®,X belongto T

(2) the union of any number of soft sets in T belongs to T

(3) the intersection of any two soft sets in T belongsto T .

The triple (X, T, E) is called a soft topological space over X.

Definition 3.2. ([19]) Let (X, Ty, E) and (X, T,, E) be soft topological spaces. Then, the following hold.

If T,2 Ty, then T, is soft finer than T;.

If T,D Ty, then T, is soft strictly finer than T;.

If either T,2 T, or T,< T,, then T, is comparable with T,.

Definition 3.3. ([7]) Let (X, T,E) be a soft space over X, then the members of T are said to be soft open
sets in X.

Definition 3.4. ([7]) Let (X, T,E) be a soft space over X. A soft set (F,E) over X is said to be a soft
closed setin X, if its relative complement (F,E)’" belongsto T .

Definition 3.5. ([7]) Let X be an initial universe set, E be the set of parameters and T = {®,X }. Then T is
called the soft indiscrete topology on X and (X, T, E) is said to be a soft indiscrete space over X.

Definition 3.6. ([7]) Let X be an initial universe set, E be the set of parameters and let T be the collection
of all soft sets which can be defined over X. Then T is called the soft discrete topology on X and (X, T, E)
is said to be a soft discrete space over X.

Proposition 3.7. ([7]) Let (X, T, E)be a soft space over X. Then the collection T, = {F(a) | (F,E) € T}
for each a € E, defines a topology on X.

Example 3.8. Let X = {a,b,c,d}, E = {e;,e,} and T = {®, X, (F;,E), (F,, E), (F3, E)} where

(F1, E), (F4, E), (F5,E), (F4, E) are soft sets over X, defined as follows
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Fi(ey) = {a}, Fi(ep) = {d}
Fo(e;) ={a,b},  Fi(ez) = {b,d}
Fs(e;) ={ac,d}, Fs(er) ={acd}
Then T defines a soft topology on X and hence (X, T,E) is a soft topological space over X. It can be
easily seen that
T, = {0,X,{a},{a,b},{a,b,c}}
and
Te, = {0,X,{d},{b,d},{a,c,d}}
are topologies on X.
Proposition 3.9. ([7]) Let (X, Ty, E) and (X, T,, E) be two soft topological spaces over the same universe
X,
then (X, T; N T,, E) is a soft topological space over X.
Definition 3.10. ([7]) Let (X, T,E) be a soft topological space over X and (F,E) be a soft set over X.

Then the soft closure of (F, E), denoted by (F, E) is the intersection of all soft closed super sets of (F,E).
Clearly (F,E) is the smallest soft closed set over X which contains (F, E).
Definition 3.11. ([7]) Let (X, T,E) be a soft topological space over X, x € X be a soft set over X and
x € X. Then x is said to be a soft interior point of (G, E) if there exists a soft open set (F, E) such that
x € (F,E) € (G,E).
Definition 3.12. ([7]) Let (X, T,E) be a soft topological space over X, (G, E) be a soft set over X and
x € X. Then (G, E) is said to be a soft neighbourhood of x if there exists a soft open set (F, E) such that
x € (F,E) € (G,E).
Definition 3.13. ([19]) Let (X, T,E) be a soft topological space, (F,A) € X, and a € X If every soft
neighborhood of « intersects (F, A) in some points other than a itself, then a is called a soft limit point of
(F,A).
In other words, if (X, T, E) is a soft topological space, (F,A), (F,B) € X, and a € X, then a is a soft limit
point of (F, A) (F,B) A ((F,A)\{a}) # @ for every soft neighbourhood of a.
Definition 3.14. ([7]) Let (X, T, E) be a soft topological space over X and Y be a non-empty subset of X.
Then

Ty = {(YEE) | (F.E) € T}
is said to be the soft relative topology on Y and (Y, Ty, E) is called a soft subspace of (X, T,E).
We can easily verify that Ty is, in fact, a soft topology on Y.
Example 3.15. Any soft subspace of a soft discrete topological space is a soft discrete topological space.
Example 3.16. Any soft subspace of a soft indiscrete topological space is a soft indiscrete topological

space.

4. Soft Multi Sets and Soft Multi Topology

4.1. Soft Multi Sets

Definition 4.1.1. ([18]) Let U be universal mset and E be set of parameters. Then an ordered pair (F, E)
is called a soft multi set where F is a mapping given by F: A - PW(U)
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Example 4.1.2. Let U be universal mset consist of balls under consideration.
U = {Kk4/b1, kz/bs, Ks3/bs,ks/bs, ks/bs, ke/bs} Where k; denotes the multiplicity of ball b;. Let A =
{black, red, blue}. Then the soft multi set (F,A) defined below gives different colors of balls under
consideration.

F(black) = {k,/b,, ks/bs}

F(red) = {ki/b1,Ka/bs}

F(blue) = {ks/bs, ke/bs}
Note that for the approximations "blackballs" = {k,/b,, ks/bs} the multiplicity of element is same as
those of the universal mset. Here the approximation set is a multiset.
Definition 4.1.3. ([18]) For two soft multi sets (F,A) and (G, B) over a common universe U, we say that
(F, A) is a soft multi subset of (G, B) if

i. A C B, and

ii. V¢ € A F(e) is multi subset of G(e).
We write (F,A) € (G, B).
Definition 4.1.4. ([18]) Soft multi sets (F,A) and (G, B) over a common universe U are said to be equal
if (F,A) is soft multi subset of (G,B) and (G, B) is soft multi subset of (F, A).
Definition 4.1.5. ([18]) Let M be a multi set. Then the relative compliment of a whole submset M; of M is
given by M = m;/x; where Cy(x;) = 0 for every x; in M; and m; is the count of x; in M.
Example 4.1.6. Let

M = {ki/X1,K2/X2,Ks/X3,Ka/X4, Ks5/Xs5}

M; = {Kkz/Xz, Ka/X4, Ks/Xs}
Then the relative complement of M, is given by M = {k; /x4, ks/x3}
In the following definition the complement of soft multi set is taken as relative complement.
Definition 4.1.7. ([18]) The complement of a soft multi set F, A) (is denoted by (F, A)¢ and is defined by
(F,A)¢ = (F¢,]A) where F¢( "o) = F'(a) for every "o €]A.
Definition 4.1.8. ([18]) A soft multi set (F, A) over universe U is said to be absolute soft multiset denoted
by A if for all o € A, F(a) = U.
Definition 4.1.9. ([18]) A soft multi set (F, A) over universe U is said to be null soft multiset denoted by
@ ifforall a € A, F(a) = 0.
Definition 4.1.10. ([18]) If (F,A) and (G,B) over a common universe U are soft multi sets then
(F,A) AND (G,B) denoted by (F,A)A(G,B) is defined as (F,A)A(G,B) = (H,AxB) where
H(a,b) = F(a) n G(b) . Here n denotes the intersection of two multi sets F(a) and G(b).
Definition 4.1.11. ([18]) If (F,A) and (G,B) over a common universe U are soft multisets then
(F,A) OR (G, B) denoted by (F,A) V (G, B) is defined as (F,A) vV (G,B) = (H,A x B) where H(a,b) =
F(a) U G(b) . Here n denotes the union of two multisets F(a) and G(b).
Definition 4.1.12. ([18]) Intersection of two soft multi sets (F,A) and (G, B) over a common universe U

is the soft multi set (H,C), where C=AUB,andVe €C

F(e), ifeec A—B
H(e) = G(e), ifeeB—A
F(e)nG(e), ifee ANnB
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We write (F,A) A (G, B).
Definition 4.1.13. ([18]) Union of two soft multi sets (F,A) and (G, B) over a common universe U is the
soft multi set (H,C), where C=AUB,andVe € C

F(e), ifee A—B
H(e) = G(e), ifeeB—A
F(e)uG(e), ifeeANnB

We write (F,A) U (G, B).
4.2. Soft Multi Topology
Definition 4.2.1. Let T be the collection of soft multi sets over X, then T is said to be a soft multi
topology on X if
(1) ®,X belongto T
(2) the union of any number of soft multi sets in T belongs to T
(3) the intersection of any two soft multi sets in T belongsto T .
The triple (X, T, E) is called a soft multi topological space over X.
Definition 4.2.2. Let (X, Ty, E) and (X, T,, E) be soft multi topological spaces. Then, the following hold.
If T,2 T, then T, is soft finer than T;.
If T,o Ty, then T, is soft strictly finer than T;.
If either T,2 T, or T,< T,, then T, is comparable with T,.
Definition 4.2.3. Let (X, T,E) be a soft multi space over X, then the members of T are said to be soft
multi open sets in X.
Definition 4.2.4. Let (X, T, E) be a soft multi space over X. A soft set (F,E) over X is said to be a soft
multi closed set in X, if its relative complement (F,E)’" belongsto T .
Definition 4.2.5. Let X be an initial universe multi set, E be the set of parameters and T = {®,X}. Then T
is called the soft multi indiscrete topology on X and (X, T, E) is said to be a soft indiscrete space over X.
Definition 4.2.6. Let X be an initial universe multi set, E be the set of parameters and let T be the
collection of all soft multi sets which can be defined over X. Then T is called the soft multi discrete
topology on X and (X, T, E) is said to be a soft multi discrete space over X.
Proposition 4.2.7. Let (X, T, E) be a soft multi space over X. Then the collection T, = {F(a) | (F,E) € T}
for each a € E, defines a topology on X.
Proof. By definition, forany o € E, we have T, = {F(a) | (F,E) € T }. Now,
(1) ®,X € T implies that @, X € T,.
(2) Let {F;(o) | i € I} be a collection of sets in T,. Since (F;,E) € T, foralli € I so that U;¢; (F;,E) €T
thus Ui Fi(a) € T,.
(3) Let F(a), G(a) € T, for some (F,E), (G, E) € T. Since (F,E) n (G,E) € T so
F(a) N G(a) € T,.
Thus T, defines a topology on X for each a € E.
Example4.2.8.Let X = {2/a,1/b,3/c,2/dLE = {e;,e;}and T = {®,X, (Fy, E), (F,, E), (F3,E), (F4, E)}
where (Fy, E), (F,,E), (F5, E), (F4, E) are soft multi sets over X, defined as follows

Fi(er) = {2/a}, Fi(e;) = {1/b},

F,(e;) = {1/b}, F,(e;) ={2/a,3/c,2/d},
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Fz(e1) = {2/a,1/b}, Fi(ez) =X

Fy(e;) = {1/b,3/c,2/d}, Fu(e) ={2/a,3/c,2/d}.
Then T defines a soft multi topology on X and hence (X, T, E) is a soft multi topological space over X. It
can be easily seen that

Te, = {0,X,{2/a},{1/b},{2/a,1/b},{1/b,3/c,2/d}}
and

Te, = {0,X,{1/b},{2/a},{2/a,3/c,,2/d}}
are topologies on X.
Proposition 4.2.9. Let (X, T;,E) and (X, T,,E) be two soft multi topological spaces over the same
universe X,
then (X, T; N T,, E) is a soft multi topological space over X.
Proof. (1) ®,X belong to T, N T,.
(2) Let {(F;,E) |i € I} be a family of soft multi sets in T, N T,. Then (F;,E) € T; and (F;,E) € T, for
alliel, so Ui (F,E) €T, and Ui (Fi,E) €T,. Thus Uiep (FL,E) ET, N'T,.
(3) Let (F,E), (G,E) € T, N T,. Then (F,E), (G,E) € Ty and (F,E), (G,E) €T,. (F,E)n (G,E) € T, and
(F,E)n (G,E) € T,,s0 (F,E) n (GE) € T,NT,.
Thus T; N T,defines a soft multi topology on X and (X, T, N T,, E) is a soft multi topological space over
X.
Definition 4.2.10. Let (X, T, E) be a soft multi topological space over X and (F,E) be a soft multi set
over X. Then the soft multi closure of (F, E), denoted by (F, E) is the intersection of all soft multi closed

super sets of (F,E).

Clearly (F,E) is the smallest soft multi closed set over X which contains (F, E).
Definition 4.2.11. Let (X, T, E) be a soft multi topological space over X, x € X be a soft multi set over X
and x € X. Then x is said to be a soft interior point of (G, E) if there exists a soft multi open set (F, E) such
that x € (F,E) € (G, E). Set of all soft multi interior point of (G, E) is called the soft multi interior of
(G, E) and denoted by (G, E)".
Definition 4.2.12. Let (X, T, E) be a soft multi topological space over X, (G, E) be a soft multi set over X
and x € X. Then (G, E) is said to be a soft multi neighborhood of x if there exists a soft multi open set
(F,E) such that x € (F,E) & (G, E). The set of all soft neighborhoods of a, denoted N(a), is called the
family of soft multi neighborhoods of «; that is,

N(a) = {(GE): (GE)€ET,a € (GE)}.
Definition 4.2.12. Let (X, T,E) be a soft multi topological space, (F,A) € X, and o € X If every soft
multi neighborhood of a intersects (F, A) in some points other than a itself, then o is called a soft multi
limit point of (F, A).
In other words, if (X, T, E) is a soft multi topological space, (F,A), (F,B) € X, and a € X, then « is a soft
multi limit point of (F, A) < (F,B) 1 ((F, A)\{a}) # & for every (F,A) € N(a).
Example 4.2.13. Let us consider T = {®,X, (F, E), (F,, E), (F3, E), (F4, E)} soft multi topology given in
Example 4.2.8. we obtain respectively;

(Fl' E) = (FZ' E)c n (F4, E)C = (Fli E)!
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N(@) = {(F3, E)},

N(b) = {(F5, E)},

(F3,E)" = {2/a,1/b}.
Definition 4.2.14. Let (X, T, E) be a soft multi topological space over X and Y be a non-empty subset of
X. Then

Ty = {(("FE) | (FE) €T}
is said to be the soft multi relative topology on Y and (Y, Ty, E) is called a soft multi subspace of (X, T, E).
We can easily verify that Ty is, in fact, a soft multi topology on Y.
Example 4.2.15. Any soft multi subspace of a soft discrete topological space is a soft multi discrete
topological space.
Example 4.2.16. Any soft multi subspace of a soft indiscrete topological space is a soft multi indiscrete

topological space.

5. Conclusion

In this paper, we introduced the notion of soft multi topological space and defined basic concepts
such as soft multi open set, soft multi closed set, soft multi closure, soft multi interior, soft multi
neighborhood and limit point of a soft multi set. Moreover, soft multi subspace and soft multi discrete and
soft multi indiscrete topologies are given. This paper may be the starting point for the soft multi topology

and its application to dealing with decision making problems.

6. References

[1] Molodtsov, D., Soft set theory first results, Comput. Math. Appl., 37, 19-31, 1999.

[2] Maji, P.K., Biswas, R., Roy, R., An application of soft sets in a decision making problem,
Comput. Math. Appl., 44, 1077-1083, 2002.

[3] Maji, P.K., Biswas, R., Roy, R., Soft set theory, Comput. Math. Appl., 45, 555-562, 2003.

[4] Chen, D., The parametrization reduction of soft sets and its applications, Computers and Math.
with Appl., 49, 757-763, 2005.
[5] Pie, D., Miao, D., From soft sets to information systems, Granular computing, IEEE Inter. Conf.

2, 617-621, 2005.

[6] Aktas, H., Cagman, N., Soft sets and soft groups, Inf. Sci., 177, 27262735, 2007.

[7] Shabir, M., Naz, M., On soft topological spaces, Computers and Mathematics with Applications,
61, 1786-1799, 2011.

[8] Aygiinoglu, A. and Aygiin, H., Some notes on soft topological spaces, Neural Comput & Appl.,
DOl 10.1007/ s00521-011-0722-3.

[9] Min, W. K., A note on soft topological spaces, Comput. Math. Appl., 62, 3524-3528, 2011.

[10] Zorlutuna, 1., Akdag, M., Min, W.K. and Atmaca S., Remarks on soft topological spaces, Ann.
Fuzzy Math. Inform., 3(2), 171-185, 2012.

[11] Cerf, V., Fernandez, E., Gostelow, K., Volausky, S., Formal control and low properties of a
model of computation, Report ENG 7178, Computer Science Department, University of
California, Los Angeles, CA, December, 1971, p. 81.

117



[12]

[13]
[14]

[15]

[16]

[17]

(18]
[19]

Tokat D., Osmanoglu i.

Peterson, J., Computation sequence sets, Journal of Computer System Science 13 (1), 1-24,
1976.

Yager, R.R., On the theory of bags, International Journal General System 13, 23-37, 1986.

Jena, S.P., Ghosh, S.K., Tripathy, B.K., On the theory of bags and lists, Information Sciences
132, 241-254, 2001.

Manjunath, A.S., John, S.J., On bag relations, Bulletin of Kerala Mathematics Association 3 (2),
15-22, 2006.

Girish, K. P, John, S. J., Relations and functions in multiset context, Information Sciences
179,758-768, 2009.

Girish, K. P., John, S. J., Multiset topologies induced by multiset relations, Information Sciences
188, 298-313, 2012.

Babitha, K.V., John, S.J., On soft multi sets, Ann. Fuzzy Math. Inform., 5 (1), 35-44, 2013.
Cagman, N., Karatas, S. and Enginoglu, S., Soft topology, Computers and Mathematics with
applications, 62, 351-358, 2011.

118



