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Abstract

In this paper we study soft rings and ideals. Firstly, we define a new
binary relation on soft sets using binary relations on the universe and
parameter sets. Then, we introduce the notion of soft ring and soft
ideal over a ring, and some examples are given. Also, we obtain some
new properties of soft rings and soft ideals. Lastly, we define extended
sum, restricted sum, extended product, and restricted product of soft
sets, and derive their basic properties.
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1. Introduction

Many complicated problems in economics, engineering, the environment, social sci-
ence, medical science and many other fields involve uncertain data. These problems which
one come face to face with in life cannot be solved using classical mathematic methods.
In classical mathematics, a mathematical model of an object is devised and the notion
of the exact solution of this model is determined. Because of that the mathematical
model is too complex, the exact solution cannot be found. There are several well-known
theories to describe uncertainty. For instance fuzzy set theory [31], rough set theory [26]
and other mathematical tools. But all of these theories have their inherit difficulties as
pointed out by Molodtsov [25]. To overcome these difficulties, Molodtsov introduced the
concept of soft set as a new mathematical tool for dealing with uncertainties that is free
from the difficulties affecting existing methods.

The theory of soft sets has rich potential for applications in several directions, few of
which had been demonstrated by Molodtsov in his pioneer work [25]. At present, works
on soft set theory are making progress rapidly. Maji et al. [22] described an application
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of soft set theory to solve a decision making problem and studied several operations on
the theory of soft sets. Pei and Miao [27] discussed the relationship between soft sets
and information systems. Maji et al. [21] studied several operations on soft sets. Ali et
al. [7] gave some new notions, such as restricted intersection, restricted union, restricted
difference and extended intersection of two soft sets. Majumdar and Samanta [23] gave
a notion of soft mappings, and some of their properties. Also they studied images and
inverse images of crisp sets and soft sets under soft mappings.

Some researches have studied algebraic properties of soft sets. Initially, Aktag and
Cagman [2] introduced the basic concepts of soft set theory, and compared soft sets to
the related concepts of fuzzy sets and rough sets. They also discussed the notion of soft
groups and derived their basic properties using Molodtsov’s definition of the soft sets.
Chen et al. [5] defined the parameterization reduction of soft sets, and improved an
application of a soft set in a decision making problem. Jun and Park [16] discussed the
applications of soft sets in the ideal theory of BCK/BCI-algebras. Jun [12] applied the
notion of soft sets to the theory of BCK/BCl-algebras. He introduced the notion of soft
BCK/BCl-algebras and soft subalgebras. Feng et al. [8] introduced the notions of soft
semirings, soft ideals and idealistic soft semirings, and then investigated several related
properties. Jin-liang et al. [11] defined operations on fuzzy soft groups, and proved
some results about them. Sun et al. [28] presented the definition of soft modules, and
constructed some basic properties using modules. Yang et al. [30] combined interval-
valued fuzzy sets and soft sets, and then introduced the concept of the interval-valued
fuzzy soft set. Jun et al. [15] introduced the notions of soft p-ideals and p-idealistic soft
BClI-algebras, and then gave characterizations of p-ideals in BCI-algebras. Aygiinoglu
and Aygilin [3] gave the concept of fuzzy soft group and defined fuzzy soft functions and
fuzzy soft homomorphisms. Jun et al. [13] defined the notions of soft d-algebras, soft
d*-algebras, soft d-ideals, soft d*-ideals, soft d* ideals, and d-idealistic soft d algebras, and
surveyed their properties. Jun and Song [17] introduced the notion of €-soft set and g-soft
set, based on a fuzzy set, and investigated conditions for €-soft sets and g-soft sets to be
idealistic soft BC'K/BCI-algebras. Cagman and Enginoglu [6] defined soft matrices and
their operations. They also constructed a soft max-min decision making method. Jun et
al. [14] derived the notion of fuzzy soft BCK/BCI algebras and investigated its properties.
Feng et al. [9] provided a framework to combine fuzzy sets, rough sets and soft sets all
together. Babitha and Sunil [4] introduced concepts of soft set relations, and discussed
many related concepts such as equivalent soft set relationss, partitions, composition,
function etc. Liu et al. [20] described some classes of soft rings and give the first, second
and third fuzzy isomorphism theorems for soft rings. Kazanci et al. [19] defined soft
BC H-algebras and gave the theorems of homomorphic image and homomorphic pre-
image of soft sets. Majumdar and Samanta [24] defined generalized fuzzy soft sets and
studied some of their properties. They also showed applications of generalized fuzzy soft
sets. Zhan and Jun [32] investigated soft BL-algebras based on fuzzy sets. Jun et al. [18]
investigated (€, € V q)-fuzzy p-ideals and fuzzy p-ideals with thresholds related to soft
set theory. Lastly, Acar et al. [1] defined soft rings and introduced basic notions of soft
rings.

From the beginning the majority of studies on soft sets for algebraic structures such
as, groups, rings, semirings, modules and BCK/BCl-algebras have concentrated on usual
binary operations [1, 2, 7, 8, 12, 16, 19, 28, 29]. However, this seems to restrict the
application of algebraic sets. To solve this problem, we define new binary relations and
soft functions on soft sets. From this point of view, in Section 2, we summarize some basic
concepts of soft sets which will be used throughout the paper. In Section 3, we recall
the concept of soft rings and soft ideals as introduced by Acar et al. [1], and its further



A new view on soft rings 275

properties are discussed. Also, we introduce the concept of soft ring homomorphism for
rings, and we examine some of its properties. Finally some new binary relations, named
extended sum, restricted sum, extended product, and restricted product are introduced
and some important results obtained for them.

2. Basic definitions on soft set theory

In this section, we will give some known and useful definitions and notations. The
definitions may be found in references [7, 8, 21, 25, 27].

Molodtsow [25] defined the notion of a soft set in the following way: Let U be an
initial universe set and E a set of parameters. The power set of U is denoted by P(U)
and A is a subset of E. A pair (F, A) is called a soft set over U, where F' is a mapping
F:A— P(U). In other words, a soft set over U is a parameterized family of subsets of
the universe U. For x € A, F(x) may be considered as the set of z-approximate elements
of the soft set (F, A).

2.1. Definition. [8] For a soft set (F, A), the set Supp(F,A) = {z € A | F(x) # 0} is
called the support of the soft set (F, A). If Supp(F, A) # (), then the soft set (F, A) is
called non-null.

2.2. Definition. [25] Let (F, A) and (G, B) be two soft sets over U. Then,

(i) (F, A) is said to be a soft subset of (G, B), denoted by (F, A) C (G,B),if AC B
and F(a) C G(a) for all a € A,

(ii) (F,A) and (G, B) are said to be soft equal, denoted by (F,A) = (G, B), if
(F,A) C (G,B) and (G, B) C (F, A).

2.3. Definition. [7, 8] Let (F, A) and (G, B) be two soft sets over U. Then,

(1) The extended intersection (H,C) of soft sets (F,A) and (G, B), denoted by
(F,A) N (G, B), is defined as C = AU B, and for all c € C

F(c) ifce A\ B,
H(c) =< G(e) if ce B\ A,
F(e)NnG(e) ifce ANB.

(2) The restricted intersection (H,C') of soft sets (F,A) and (G, B), denoted by
(F,A)N (G, B), is defined as C = AN B, and for all c € C, H(c) = F(c)NG(c).

(3) The extended union (H,C) of soft sets (F, A) and (G, B), denoted by (F, A) U
(G, B), is defined as C = AU B, and for all c € C

F(e) if ce A\ B,
H(c) =< G(c) if ce B\ A,
F(c)UG(c) ifce ANB.

(4) The restricted union (H,C) of soft sets (F, A) and (G, B), denoted by (F, A) Up
(G, B), is defined as C = AN B, and for all c € C, H(c) = F(c) UG(c).

Note that restricted intersection was also known as bi-intersection in Feng et al. [8],
and extended union was first introduced and called union by Maji et al. [21].

Now, we define a binary operation on soft sets in the following way: Suppose that &
is a binary operation on P(E), and ® is a binary operation on P(U). Then for any two
soft sets (F,A) and (G, B) over U, (F,A) ®g (G, B) is defined as the soft set (H,C),
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where C = A @ B and

F(c) ifce A\ B,
H(c) = G(c) ?fceB\A7
Fc)®G(c) if €e ANB
0 if otherwise.

for all ¢ € C. Here we describe a general binary operation. However, many researchers
gave more specific binary relations [7, 21, 25]. As an example, the following binary
operations given in Definition 2.3 can be obtained a special case of above binary relation
in the following way:

(i) If ® = U, and ® = N, then (F, A) g (G, B) is the extended intersection of
(F,A) and (G, B),
(ii) If & = N, and ® = N, then (F, A) &g (G, B) is the restricted intersection of
(F,A) and (G, B),
(iii)) If ® = U, and ® = U, then (F, A) ®g (G, B) is the extended union of (F, A) and
(G, B),
(iv) & =N, and ® = U, then (F, A) ®g (G, B) is the restricted union of (F, A) and
(G, B).

Molodtsov [25] also proposed a general way to define binary operations over soft sets.
Assume that we have a binary operation on P(U), which is denoted by @&. Let (F,A)
and (G, B) be soft sets over U. Then, the operation @ for soft sets in defined by
(F,A)® (G,B) = (H,A x B), where H(a,b) = F(a)® G(b), a € A, b € B. Maji et
al. [21] introduced the following operations over soft sets, which can be seen as the im-
plementations of Molodtsovs idea above.

2.4. Definition. [8, 21] Let (F, A) and (G, B) be two soft sets over U. Then,

(1) The A-intersection of two soft sets (F, A) and (G, B) is defined as the soft set
(H,C) = (F,A) A (G, B) over U, where C = A x B, and H(a,b) = F(a) N G(b)
for all (a,b) € A x B;

(2) The V-union of two soft sets (F, A) and (G, B) is defined as the soft set (H,C) =
(F,A) V (G, B) over U, where C = A x B, and H(a,b) = F(a) U G(b) for all
(a,b) € Ax B.

(3) Let (F, A) and (H, B) be two soft sets over G and K, respectively. The cartesian
product of the soft sets (F, A) and (H, B), denoted by (F, A)x(H, B), is defined as
(F,A)x(H,B) = (U, Ax B), where U(z,y) = F(z) x H(y) for all (z,y) € Ax B.

The following definitions are generalizations of the above.
2.4. Definition. [7, 8, 19] Let {(H;, A;) | ¢ € A} be a family of soft sets over U. Then,
(1) The estended intersection of the family (H;, A;), denoted by ([, )iea(H:, As), is
the soft set (H, A) defined as:
A=|JA, H@)= () Hi(a)VacA,
ieA i€A(a)
(2) The restricted intersection of the family (H;, A;), denoted by (;c, (Hi, Ai), is
the soft set (H, A) defined as:

A= (A, H(a)=[)Hila)VacA,

SN iEA
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(3) The extended union of the family (H;, A;), denoted by |
set (H, A) defined as:

A=JA, H= |J Hi)Vae A,
i€EA i€A(a)
(4) The restricted union of the family (H;, A;), denoted by (Ug)iea(Hi, As), is the
soft set (H, A) defined as:
A=A, H(a)=|JHia)VacA
ieA i
2.5. Definition. [8, 19, 21] Let {(H;, A;) | i € A} be a family of soft sets over U. Then,

(1) The A-intersection of the family (H;, A;), denoted by A._,(Hi, A;), is the soft
set (H, A) defined as:

A:HAi7 H az 1EA ﬂHl az az 1EA€A
i€EA €A

(2) The V-union of the family (H;, A;), denoted by \/, ., (Hi, A;), is the soft set
(H, A) defined as:

A:HAu H az 7.€A UH az az 1€A€A)
i€EA €A

(3) The cartesian product of the family (H;, A;), denoted by [],., (Hi, Ai), is the
soft set (H, A) defined as:

A=A, H((aiea) = [ Hi(a:) ¥ (as)ien € A.
i€EA i€EA

sen(Hi, Ai), is the soft

i€EA

2.6. Definition. [7] Let (F, A) be soft set over U. Then,
(i) (F,A) is said to be a relative null soft set, denoted by Na, if F(e) = @ for all
e€ A,
(if) (F,A) is said to be a relative whole soft set, denoted by W 4, if F(e) = U for all
e€ A

2.7. Definition. [29] Let (F, A) and (G, B) be two soft sets over U and U’ respectively,
f:U—U' g: A— B be two functions. Then we say that the pair (f,g) is a soft
function from (F,A) to (G, B), denoted by (f,g) : (F,A) — (G, B), if the following
condition is satisfied: f(F(z)) = G(g(z)) for all z € A. If f and g are injective (resp.
surjective, bijective), then (f, g) is said to be injective (resp. surjective, bijective).

The concept of soft homomorphism on groups was at first introduced by Aktas et al.
2].
2.8. Lemma. [29] Let (F, A), (G, B) and (H,C) be soft sets over U, U’ and U", respec-
tively. Let (f,g) : (F,A) — (G,B) and (f',¢') : (G, B) — (H,C) be two soft functions.
Then (f' o f, g’ og) : (F, A) — (H,C) is a soft function. O
2.9. Definition. [29] Let (F, A) and (G, B) be two soft sets over U and U’ respectively,
(f,9) a soft function from (F, A) to (G, B).

The image of (F, A) under the soft function (f, g), denoted by (£, g)(F, A) = (f(F), B),
is the soft set over U’ defined by

FF)w) = {;ng_y F(F@) ity e mg

for all y € B.

otherwise.
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The pre-image of (G, B) under the soft function (f,g), denoted by (f,¢)"*(G,B) =
(f~1(@), A), is the soft set over U defined by f~*(G)(z) = f~1(G(g(x))) for all x € A.

It is clear that (f,g)(F,A) is a soft subset of (G, B) and (F, A) is a soft subset of
(f,9)"'(G, B). In particular, if g is the identity function on A, the soft sets (f(F), A)
and (f~(@), A) are as given in [2, 19].

3. Soft rings and soft ideals

We begin by giving some known and useful definitions and notations of the theory of
rings from [10]. A ring R is a structure consisting of a non-empty set R together with two
binary operations on R, called addition and multiplication, denoted in the usual manner,
such that

e R together with addition is a commutative group,
e R together with multiplication is a semigroup, and
e a(b+c) =ab+ ac and (a+ b)c = ac+ be for all a,b,c € R.

If R contains an element 1r such that 1ra = alg for all a € R, then R is said to be a
ring with identity. A zero element of a ring R is an element 0 (necessarily unique) such
that 0+ =240 =z for all z € R. A non-empty subset I of a ring R is called a subring
if and only if a—b € I and ab € [ for all a,b € I. A non-empty subset I of R is called an
ideal, denoted by I < R, if and only if a — b € I and ra,ar € I for all a,b € I and r € R.
The subrings {0} and R are called trivial subrings of R.

Let R and S be rings. A mapping f : R — S is called a ring homomorphism if it
satisfies

fla+1b) = f(a) + f(b) and f(ab) = f(a)f(b)
for all a,b € R. That is, the mapping f preserves the ring operations. A ring homo-
morphism f : R — S is called a monomorphism [resp. epimorphism, isomorphism] if it
is an injective [resp. surjective, bijective] mapping. The kernel of a ring homomorphism
f: R — S is its kernel as a map of additive groups; that is, Kerf = {r € R | f(r) = 0}.
Similarly the image of f, denoted Im f, is {s € S| f(r) = s for some r € R}.

If A and B are non-empty subsets of R, A+ B denote the set of all sums {a+b]|a €
A,b € B} and A- B denote the set of all finite sums of products {a1b1 +az2b2+- - -+ anby |
neN, a; € A, b; € B}.

Let {S; | i € I'} be a family of subrings (ideals) of R, then their intersection ;¢ ; S:
is a subring (ideal) of R.

Let S; be a subring (ideal) of R; (i € I), then their cartesian product [],.; S: is
subring (ideal) of [],., R:.

3.1. Definition. Let (F, A) be a non-null soft set over a ring R. Then (F, A) is called
a soft ring over R if F(x) is a subring of R for all x € Supp(F, A).

In Definition 3.1., F(x) is always a non-empty set for all x € Supp(F,A). If F is
chosen such that F': A — P(R) \ {0} or Supp(F, A) = A, then Definition 3.1. coincides
with [1, Definition 3.1].

3.2. Definition. Let (F, A) be a non-null soft set over a ring R. Then (F, A) is called a
soft ideal over R if F'(x) is an ideal of R for all © € Supp(F, A). This definition is similar
to that of idealistic soft ring [1, Definition 5.1].

It is clear that every soft ideal is a soft ring.

Let us illustrate these definitions using the following examples.
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3.3. Example. Let R be a ring and I a subring (ideal) of R. Let F : A — P(R) be a
mapping such that F(z) = I for all z € A. Then (F, A) is a soft ring (ideal) over R.

In Example 3.3., If I = {Or}, then (F, A) is said to be a relative null soft ring (ideal)
over R. If I = R, then (F, A) is said to be a relative whole soft ring (ideal) over R.

3.4. Example. Let R be a ring and F': R — P(R) a mapping such that F(r) =<1 >,
where < r > is the ideal generated by r € R for all » € R. Then (F, R) is a soft ideal
over R.

3.5. Example. Let (F, A) be a soft set over Zg, where A = {0,1,2} and F': A — P(Z)
is a set-valued function defined by

F(z)={y €Z¢ | z-y =0}

for all x € A. Since F(z) is an ideal of Zg for all x € Supp(F, A), then (F, A) is a soft
ideal over Zg.

3.6. Example. Let (F, A) be a soft set over Z, where A =Z and F : A — P(Z) is the
function defined by

Fz) = {:CZ if 2 | x,

0 otherwise,

for all € A. The support set of the soft set (F, A) is Supp(F, A) = {2n | n € Z}. Since
F(z) is an ideal of Z for all x € Supp(F, A), then (F, A) is a soft ideal over Z.

3.7. Example. Let R be a ring with identity element and F : R — P(R) a mapping
such that F(z) = {r | re = zr} for all x € R. Then (F, R) is a soft ring over R. On the
other hand, (F, R) is a soft ideal if and only if R is a commutative ring.

3.8. Example. Let My,xn(R) be the set of all n X n matrices over R and (F, A) a soft
set over R, where R = A = Muxn(R) and F : A — P(R) is the function defined by
F(B)={C-B|C € Mpxn(R)} for all B € A. Then (F,A) is a soft ring over R, but
(F, A) is not a soft ideal over R.

3.9. Theorem. [1] Let {(Fi, A;) | i € A} be a non-empty family of soft rings over R.
Then,
(1) The restricted intersection of the family {(F;, As) | © € A} is a soft ring over R
if it is non-null.
(2) If AinA; =0 for all i,5 € A, i # j, then the extended union of the family
{(Fi, As) | i € A} is a soft ring over R. O

3.10. Theorem. Let {(F;, As) | i € A} be a non-empty family of soft ideals over R.
Then,

(1) The restricted intersection of the family {(F;, A;) | i € A} is a soft ideal over R
if it is non-null.

(2) If AinA; =0 for all i,5 € A, i # j, then the extended union of the family
{(Fi, As) | i € A} is a soft ideal over R.

Proof. (1) The result is obvious since the intersection of an arbitrary non-empty family
of ideals of a ring is an ideal.
(2) Similar to the proof of Theorem 3.9 (2). O

3.11. Theorem. Let {(F;, A;) | i € A} be a non-empty family of soft rings (ideals) over
R. Then,
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(1) If Fi(z) C Fj(x) or Fj(z) C Fi(z) for all i,j € A(z), © € U;cp Ai, then the
extended union of the family {(Fi, As) | i € A} is a soft ring (ideal) over R.

(2) The extended intersection of the family {(Fi, A;) | i € A} is a soft ring (ideal)
over R if it is non-null.

(3) If Fi(x) C Fj(z) or Fj(z) C Fi(z) for all i,j € A, © € [\;cp Ai, then the
restricted union of the family {(Fi, A;) | i € A} is a soft ring (ideal) over R.

Proof. (1) We can write |, (Fi, A;) = (F, B). Then B = |J,., A: and for all x € B,
F(z) = U;caq) Fi(@). Note first that (F, B) is non-null since

Supp(F, B) = | J Supp(F;, A;) # 0.
€A

Let € Supp(F, B). Then F(z) = U;cp(,) Fi(z) # 0, and so we have Fj,(z) # 0 for
some ig € A(z). By the hypothesis, we know that Fj(z) C Fj(z) or Fj(z) C Fi(z) for
all 4,5 € A(z), x € J;cp Ai- Hence | J,c, Fi(x) is a subring (ideal) of R. Moreover the
extended union J,., (F3, A;) is a soft ring (ideal) over R.

(2) We can write (,)iea(Fi, Ai) = (F,B). Then B = |J
F(z) = N;enq) Fi(z). Note first that (F, B) is non-null since

Supp(F, B) = | J Supp(F;, A;) # 0.
ieA
Let z € Supp(F,B). Then F(z) = (\;ca(,) Fi(z) # 0, and so we have Fi(z) # 0 for
all ¢ € A(xz). By the hypothesis, we know that Fji(x) is subring (ideal) of R for all
i € Ax), © € U;cp Air Hence ;o Fi(x) is a subring (ideal) of R. Moreover the
extended intersection ([, )ica (Fi, Ai) is a soft ring (ideal) over R.

(3) Similar to (1). O

i€EA

sea Ai, and for all z € B,

We obtain following corollaries from Theorem 3.10 and Theorem 3.11.

3.12. Corollary. Let (F, A) and (G, B) be two soft ideals over R. Then the restricted
intersection of (F, A) and (G, B) is a soft ideal over R if it is non-null. O

3.13. Corollary. Let (F,A) and (G, B) be two soft rings (ideals) over R. Then,
(1) If F(z) € G(z) or G(z) C F(x) for all x € AN B, then the extended union of
(F, A) and (G, B) is a soft ring (ideal) over R.
(2) The extended intersection of (F, A) and (G, B) is a soft ring (ideal) over R if it
15 non-null.
(3) If F(z) C G(z) or G(z) C F(z) for all x € AN B, then the restricted union of

(F, A) and (G, B) is a soft ring (ideal) over R. a
3.14. Theorem. [1] Let {(F;, A;) | i € A} be a non-empty family of soft rings over R.
Then the N-intersection N\, (Fi, A;) is a soft ring over R if it is non-null. a

3.15. Theorem. Let {(F;, As) | i € A} be a non-empty family of soft ideals over R.
Then the N-intersection N\, (Fi, Ai) is a soft ideal over R if it is non-null.

Proof. By Definition 2.6. (1), we can write A\, (F3, A;) = (F, B). Let (2:)ica € Supp(F, B).
Then F((xi)ica) = ;en Fi(xi) # 0. By the hypothesis, we know that Fj(z;) ideal of
R, we obtain ;. Fi(z:) is a ideal of R. Hence the A-intersection A, (Fi, A;) is a soft
ideal over R. d

3.16. Theorem. Let {(F;, A;) | i € A} be a non-empty family of soft rings (ideals) over
R. If Fi(a:) C Fj(aj) or Fj(aj) C Fi(a:) for alli,j € A, a; € A;, then the V-union
Viea(Fi, Ai) is a soft ring (ideal) over R.
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Proof. We can write \/,_, (Fi, A;) = (F, B). Let (z:)iea € Supp(F, B). Then F((x;:)ica) =
Uiea Fi(zi) # 0, and so we have Fy, (:czo) # ( for some ip € A. By the hypothesis, we

know that F;(x;) C Fj(z;) or Fj(x;) C Fi(z;) for all 4,5 € A, x; € A;, and Fi(z;) is a
subring (ideal) of R, we obtain J,., Fi(z:) is a subring (ideal) of R. Hence the V-union
Viea(Fi, Ai) is a soft ring (ideal) over R. O

We obtain following corollaries from Theorem 3.15 and Theorem 3.16.

3.17. Corollary. Let (F, A) and (G, B) be two soft ideals over R. Then the A-intersection
of the two soft set (F, A) and (G, B) 1is a soft ideal over R if it is non-null. a

3.18. Corollary. Let (F, A) and (G, B) be two soft rings (ideals) over R. If F(xz) C G(y)
or G(y) C F(z) for all (x,y) € A x B, then the V-union of the two soft set (F, A) and
(G, B) is a soft ring (ideal) over R. O

3.19. Theorem. Let (F;, A;) be soft ring (ideal) over R;, (i € A). Then the cartesian
product of the family {(F;, A;) | i € A} is a soft ring (ideal) over [T,c, R

Proof. We can write [, (Fi, Ai) = (F, B). Let (zi)ica € Supp(F, B). Then F((x:)ica)
=I1I;ca Ri(x:) # 0, and so we have Fi(z;) # 0 for all i € A. Since Fi(x;) subring (ideal)
of R;, we obtain [],., Ri(z:) is a subring (ideal) of [],., R:. Hence J],.,(Ri, As) is a
soft ring (ideal) over [];., Ri. O

3.20. Corollary. Let (F,A) and (G, B) be two soft rings (ideals) over Ri and Rz,
respectively. Then the cartesian product of the soft sets (F, A) and (G, B) is a soft ring
(ideal) over Ri X Ra. O

3.21. Definition. Let (F, A) and (G, B) be two soft rings over R; and Ra, respectively.
Let (f,g) be a soft function from (F, A) to (G, B). If f is a ring homomorphism from
Ri1 to Ra, then (f,g) is said to be a soft ring homomorphism, and that (F, A) is soft
homomorphic to (G, B). The latter is denoted by (F, A) ~ (G, B).

If f is an epimorphism and g is surjective, then this definition is coincides with [1,
Definition 5.13].

In this definition, if f is an isomorphism from R; to Rz and g is a bijective mapping
from A onto B, then we say that (f,g) is a soft ring isomorphism and that (F, A) is soft
isomorphic to (G, B). The latter is denoted by (F, A) ~ (G, B).

3.22. Theorem. Let (F,A) and (G, B) be soft sets over Ry and Ra. Let (f,g) be a soft
ring homomorphism from (F, A) to (G, B).
(1) If g is bijective mapping and (F, A) is a soft ring over Ri, then (f(F),B) is a
soft ring over Ry.
(ii) If (G, B) is a soft ring over Re, then (f~'(G), A) is a soft ring over Ry if it is
non-null.

Proof. (i) Since (F, A) is a soft ring over Ry, it is clear that (f(F’), B) is a non-null soft
set over Ry. Let y € Supp(f(F),B). Then U, _, f(F(z)) # 0. Since g is bijective,
then there exist a unit z € A such that g(z) = y and f(F(x)) # 0. Because F(x) is

a subring of Ri, and f is ring homomorphism, then f(F(x)) is a subring of R. Since
g is injective mapping, then f(F)(y) = f(F(x)) is a subring over Rz. Consequently,
(f(F),B) is a soft ring over Ra.

(i) Let 2 € Supp(f~*(G), A). Then f~*(G)(z) # 0. We know that f~*(G)(z) =
fH(G(g(=))). Since g(x) € B and (G, B) is a soft ring over Rs, then G(g(z)) is subring
of Ry. Moreover the non-empty set G(g(x)) is a subring of Rz and its homomorphic
inverse image f~'(G(g(z))) is also a subring of Ri. Hence (f~*(G), A) is a soft ring over
Ry. g
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3.23. Theorem. Let (F,A) and (G, B) be soft sets over Ry and Ra. Let (f,g) be a soft
ring homomorphism from (F, A) to (G, B).
(1) If g is bijective, f is a surjective mapping and (F, A) is a soft ideal over R1,
then (f(F), B) is a soft ideal over Ra.
(i) If (G, B) is a soft ideal over Ra, then (f~*(G), A) is a soft ideal over Ry if it is
non-null.

Proof. Similar to the proof of Theorem 3.22. O

In Theorem 3.22., If g = 14, then the following corollary is obtained.

3.24. Corollary.

(i) Let (F,A) be a soft ring over R1 and the function f : R1 — Rz be a ring
homomorphism. If F(a) = Kerf for all a € A, then (f(F),A) is a relative null
soft ring over Ro.

(ii) Let (F,A) be a relative whole soft ring over Ri, and the function f : Ri — Ra
be an epimorphism of rings. Then (f(F),A) is a relative whole soft ring over
Ro. g

3.25. Theorem. Let (F,A), (G,B) and (H,C) be soft sets over Ri, Ry and Rs, re-
spectively. Let (f,g) : (F,A) — (G,B) and (f',¢') : (G,B) — (H,C) be two soft ring
homomorphisms. Then (f' o f,g’' og): (F,A) — (H,C) is a soft ring homomorphism.

Proof. Straightforward. g
We introduce the following new definitions for soft sets on a ring R.

3.26. Definition. Let (F, A) and (G, B) be two soft sets over aring R. The extended sum
of (F, A) and (G, B) is denoted by (F, A) ®u (G, B), and is defined as (F, A) ®u (G, B) =
(H,C), where C = AU B and
F(c) if ce A\ B,
H(c) =< G(e) ifce B\ A,
F(c)+G(c) ifce ANB,
for all ce C.
3.27. Definition. Let (F, A) and (G, B) be two soft sets over a ring R such that ANB #

(. The restricted sum of (F, A) and (G, B) is denoted by (F, A) ®&n (G, B), and is defined
as (F,A) &n (G,B) = (H,C), where C = AN B and H(c) = F(c) + G(c) for all c € C.
3.28. Definition. Let (F, A) and (G, B) be two soft sets over a ring R. The extended
product of (F, A) and (G, B) is denoted by (F, A) Gu (G, B), and is defined as (F, A) Gu
(G,B) = (H,C), where C = AU B and

F(e) if ce A\ B,
H(c) =< G(c) if ce B\ A,
F(c)-G(c) ifce ANB,

for all c€ C.

3.29. Definition. Let (F, A) and (G, B) be two soft sets over a ring R such that ANB #
(. The restricted product of (F,A) and (G, B) is denoted by (F,A) ®n (G, B), and is
defined as (F, A) ©n (G,B) = (H,C), where C = AN B and H(c) = F(c) - G(c) for all
ceC.

3.30. Theorem. Let (F,A) and (G, B) be two soft ideals over R. Then the extended
sum of two soft set (F,A) and (G, B) is a soft ideal over R.
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Proof. From Definition 3.26 we can write (F, A) @y (G,B) = (H,AUB). If c€ A\ B or
c€ B\ Afor all c € AU B, then it is obvious H(c) is an ideal of R. If ¢ € AN B, then
H(c) = F(c)+G(c) is an ideal of R since the sum of two ideal is an ideal. Hence, we find
that the extended sum of two soft ideals (F, A) and (G, B) is a soft ideal over R. O

3.31. Theorem. Let (F,A) and (G, B) be two soft ideals over R. Then the restricted
sum of two soft set (F,A) and (G, B) is a soft ideal over R.

Proof. Similar to the proof of Theorem 3.30. O

3.32. Theorem. Let (F,A) and (G, B) be two soft ideals over R. Then the extended
product of two soft set (F, A) and (G, B) is a soft ideal over R.

Proof. From Definition 3.28, we can write (F, A) Ou (G,B) = (H,AUB). If c€ A\ B
or c € B\ A for all c € AU B, then it is obvious that H(c) is an ideal of R. If c € AN B,
then H(c) = F(c)-G(c) is an ideal of R since the product of two ideal is an ideal. Hence,
we find that the extended product of two soft ideals (F, A) and (G, B) is a soft ideal over
R. g

3.33. Theorem. Let (F,A) and (G, B) be two soft ideals over R. Then the restricted
product of two soft set (F, A) and (G, B) is a soft ideal over R.

Proof. Similar to the proof of Theorem 3.32. g

3.34. Example. Let R =Z, A ={2n | n € Z}, B = {3n | n € Z}. Consider the
functions F': A — P(Z) and G : B — P(Z) defined by

(0} ifz=o0,
F =
() {kZ it z € 267\ 2517,
and
{0} ifz=o0,
G =
@) {2% if z € 2¥Z.\ 2¢+17,

which are ideals of R. Thus (F, A) and (G, B) are soft ideals over R. Let (F,A) @®u
(G,B) = (H,C), where C = AU B. Then, for all z € C, we have

F(x) if 2|z, 3fz,
H(z) = G(x) if3|xz, 2fx,
F(z)+G(z) if 6]z,
kZ if x €22\ 2" Z, k> 1, 31z,
Y/ if2tz, 3|z,
C\kZ+2F7Z ifx e 2\ 2"z, k> 1, 3|,
{0} ifz=0.

Let (F, A) ®n (G,B) = (K, D), where D = AN B = {6n | n € Z}. Then, for all z € D,
we have
kZ 4 2F7 ifx € 2FZ\ 2" 7, k> 1, 3| «,

K(SC)_F(SC)‘FG(x)_{{()} ifx =0.

It is clear that the extended sum and restricted sum of two soft ideal (F, A) and (G, B)
is a soft ideal over R.
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Let (F,A) ©u (G, B) = (H,C), where C = AU B. Then, for all x € C, we have
F(x) if 2|z, 31z,
H(z) =< G(z) if3|z, 2t

F(z)-G(z) if6]z,
kZ if £ €282\ 28772, k> 1, 3{x,

_Jz if2¢+z,3]x,

k27 ifx e 282\ 22, k> 1, 3«
{0} if z =0.

Let (F,A) ©n (G, B) = (K, D), where D = AN B = {6n | n € Z}. Then, for all z € D,
we have
k22 ifxe2"Z\2"'Z, k>1, 3
K(:C):F(:C)G(x):{ itxrec \ ) = |$C7

{0} ifx=0.

It is clear that the extended product and restricted product of two soft ideal (F, A)
and (G, B) is a soft ideal over R.

3.35. Definition. [1] Let (F, A) and (G, B) be soft rings over R. Then the soft ring
(F, A) is called a soft subring of (G, B), denoted by (F, A) <y (G, B), if it satisfies the
following conditions:

() ACB,

(ii) F(zx) is a subring of G(zx) for all x € Supp(F, A).

3.36. Theorem. Let (F,A) be a soft ring over R and {(Fi, A;) | i € A} a non-empty
family of soft subrings of (F, A). Then,
(1) The restricted intersection of the family {(F;, A;) | i € A} is a soft subring of
(F, A) if it is non-null.
(2) If Fi(z) C Fj(x) or Fj(z) C Fi(z) for all i,j € A(x), © € U;cp Ai, then the
extended union of the family {(F;, A;) | i € A} is a soft subring of (F, A).
(3) The extended intersection of the family {(F;, As) | i« € A}is a soft subring of
(F, A) if it is non-null.
(4) If Fi(z) C Fj(z) or Fj(z) C Fi(z) for all i,j € A, x € [\;cp Ai, then the
restricted union of the family {(F;, Ai) | i € A} is a soft subring of (F,A).

Proof. Similar to the proofs of Theorem 3.10. and Theorem 3.11. g

3.37. Theorem. Let {(F;, A;) | i € A} be a non-empty family of soft rings over R. Let
(Gi, Bi) be a soft subring of (Fi, Ai), (i € A). Then:
(1) The A-intersection ;. (Gi, Bi) is a soft subring of \,c,(Fi, A:) if it is non-
null.
(2) IfGi(ai) € Gj(ay) or Gj(az) C Gi(as) foralli,j € A, a; € B, then the V-union
\/ieA(Gi, B;) is a soft subring of VieA(Fi7Ai)

Proof. Similar to the proofs of Theorem 3.15. and Theorem 3.16. g

4. Conclusion

The concept of soft set was first introduced by Molodtsov [25]. Following Molodtsov’s
approach, some basic algebraic structures on soft set were introduced in [1, 2, 7, 8, 12,
16, 19, 28, 29]. Acar et al. [1] applied the theory of soft sets to a ring. In this paper,
some new properties of soft rings are investigated. Also the extended sum, restricted
sum, extended product, restricted product of soft sets are established and their some
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basic properties are given. To extend this work, one could study the properties of soft
sets in other algebraic structures such as modules.

References

[1]

[10]
(11]

(12]
13]
14]
[15]
[16]
(17)

(18]

(19]
20]
(21]
(22]
23]
[24]
25]

[26]

Acar, U., Koyuncu, F. and Tanay, B. Soft sets and soft rings, Computers and Mathematics
with Applications 59, 3458-3463, 2010.

Aktas, H. and Cagman, N. Soft sets and soft groups, Information Sciences 177, 2726-2735,
2007.

Aygtinoglu A. and Aygiin, H. Introduction to fuzzy soft groups, Computers and Mathematics
with Applications 58, 1279-1286, 2009.

Babitha, K. V. and Sunil, J. J. Soft set relations and functions, Computers and Mathematics
with Applications 60, 1840-1849, 2010.

Chen, D., Tsang E. C. C., Yeung, D.S. and Wang, X. The parametrization reduction of soft
sets and its applications, Computers and Mathematics with Applications 49, 757-763, 2005.
Cagman, N. and Enginoglu, S. Soft matrixz theory and its decision making, Computers and
Mathematics with Applications 59, 3308-3314, 2010.

Irfan Ali, M., Feng, F., Liu, X., Min, W. K. and Shabir, M. On some new operations in soft
set theory, Computers and Mathematics with Applications 57, 1547-1553, 2009.

Feng, F., Jun, Y.B. and Zhao, X. Soft semirings, Computers and Mathematics with Appli-
cations 56, 2621-2628, 2008.

Feng, F., Li, C., Davvaz, B. and Irfan Ali, M. Soft sets combined with fuzzy sets and rough
sets: a tentative approach, Soft Comput. 14, 899-911, 2010.

Jacobson, N. Basic Algebra I (W.H Freeman & Co., San Francisco, 1974).

Jin-liang, L., Rui-xia, Y. and Bing-xue, Y. Fuzzy Soft Sets and Fuzzy Soft Groups (Chinese
Control and Decision Conference, 2626-2629, 2008).

Jun, Y.B. Soft BCK/BCI-algebras, Computers and Mathematics with Applications 56,
1408-1413, 2008.

Jun, Y.B., Lee, K. J. and Park, C.H. Soft set theory applied to ideals in d-algebras, Com-
puters and Mathematics with Applications 57, 367-378, 2009.

Jun, Y.B., Lee, K.J. and Park, C.H. Fuzzy soft set theory applied to BCK/BCI-algebras,
Computers and Mathematics with Applications 59, 3180-3192, 2010.

Jun, Y.B., Lee K. J. and Zhan J. Soft p-ideals of soft BCI-algebras, Computers and Math-
ematics with Applications 58, 2060—-2068, 2009.

Jun, Y.B. and Park, C.H. Applications of soft sets in ideal theory of BCK/BCI-algebras,
Information Sciences 178, 24662475, 2008.

Jun, Y.B. and Song, S.Z. Soft subalgebras and soft ideals of BCK/BCI-algebras related to
fuzzy set theory, Math Commun. 14, 271-282; 2009.

Jun, Y.B., Song, S.Z. and So, K.S. Soft set theory applied to p-ideals of BCI-algebras
related to fuzzy points, Neural Comput. and Applications, DOI 10.1007/s00521-010-0460-y,
2010.

Kazanci, O., Yilmaz, S. and Yamak, S. Soft sets and soft BCH-algebras, Hacettepe J. Math.
Stat. 39 (2), 205-217, 2010.

Liu, X., Xiang, D. and Zhan, J. Fuzzy isomorphism theorems of soft rings, Neural Comput.
and Applications, DOI 10.1007/s00521-010-0439-8, 2010.

Mayji, P. K., Biswas, R. and Roy, A.R. Soft set theory, Computers and Mathematics with
Applications 45, 555-562, 2003.

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

Majumdar, P. and Samanta, S.K. On soft mappings, Computers and Mathematics with
Applications 60, 26662672, 2010.

Majumdar, P. and Samanta, S. K. Generalised fuzzy soft sets, Computers and Mathematics
with Applications 59, 1425-1432, 2010.

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

Pawlak, Z. Rough sets, Int. J. Comput. Inf. Sci. 11, 342—-356, 1982.



286

27]
(28]
(29]
(30]

31]
(32]

Y. Celik, C. Ekiz, S. Yamak

Pei, D. W. and Miao, D. From soft sets to information systems, in: Granular Computing,
IEEE International Conference 2, 617621, 2005.

Sun, Q.-M., Zhang, Z.-L. and Liu, J. Soft sets and soft modules, Lecture Notes in Comput.
Sci. 5009, 403-409, 2008.

Yamak, S., Kazanci, O. and Davvaz, B. Soft hyperstructure, Computers and Mathematics
with Applications, submitted.

Yang, X., Lin, T.Y., Yang, J., Li, Y. and Yu, D. Combination of interval-valued fuzzy set
and soft set, Computers and Mathematics with Applications 58, 521-527, 2009.

Zadeh, L. A. Fuzzy sets, Inform. Control 8, 338-353, 1965.

Zhan, J. and Jun, Y.B. Soft BL-algebras based on fuzzy sets, Computers and Mathematics
with Applications 59, 2037-2046, 2010.



