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A NOTE ON SOFT MODULES

CANAN CELEP YUCEL AND UMMAHAN ACAR

ABSTRACT. In this paper, essential soft submodule and complement of a soft
submodule in a soft module are defined. The basic properties of such soft
submodules are obtained. The notion of complement of soft submodules on
soft modules is introduced. The relations between this and direct summand of
soft modules are investigated.

1. INTRODUCTION

Dealing with uncertainties is a main problem in many areas such as econom-
ics, engineering, environmental science, medical science and social sciences. These
kinds of problems cannot be dealt with classical methods. Because, these classical
methods have their inherent difficulties. To overcome these kinds of difficulties,
Molodtsov [1] proposed a completely new approach, which is called soft set theory,
for modeling uncertainty. Jun [2] and Park [3] pointed out several directions for the
applications of soft sets. Moreover, many related concept with soft sets, especially
soft set operations, have undergone tremendous studies. Maji et al. [4] studied
some operations on the theory of soft sets. Ali et al. [5] introduced several new
operations on soft sets. Sezgin and Atagiin [6] and Ali et al. [7] studied on soft
sets operations as well. Besides, Aktag and Cagman [8] defined soft groups and
obtained the main properties of these groups. Acar et al. [9] defined soft ring and
applied the notion of soft sets by Molodtsov [1] to the ring theory. Sun et al. [10]
defined the concept of soft modules and investigated their basic properties. This
concept was also discussed by many authors. Atagiin and Sezgin [11] introduced
soft subrings and soft ideals of a ring by using Molodtsov’s definition of the soft
sets. Moreover, they introduced soft subfields of a field and soft submodule of a
left R-module. Tiirkmen and Pancar [12] defined the notion of sum and direct sum
of soft submodules, small soft submodules and radical of a soft module. Moreover,
they showed that every finite sum of small soft submodules of a soft module is a
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small soft module and proved that the class of small soft submodules of a soft mod-
ule is closed under soft module homomorphisms. Furthermore, some interesting
results in the theory of modules are still being explored currently. But the theory
of essential and complement soft submodules have not yet been studied.

In this paper we first define essential soft submodule and complement soft sub-
module in a soft module. We then obtain the basic properties of these soft submod-
ules. The existence of closure of a soft submodule is proved. In addition we prove
that every direct summand of a soft module is a complement in the soft module
and show that the converse is not true, in general.

2. BASIC CONCEPTS OF SOFT SETS AND SOFT MODULES

In [1] Molodtsov defined the soft set in the following way: Let U be an initial
universe set and E be a set of parameters. Let P(U) denote the power set of U and
A be a subset of E.

Definition 2.1. [1] A pair (F, A) is called a soft set over U, where F' is a mapping
given by F: A — P(U).

In other words, a soft set over U is a parameterized family of subsets of the universe
U. For e € A, F(e) may be considered as the set of e-approximate elements of the
soft set (F, A). Clearly, a soft set is not a set. For illustration, Molodtsov considered
several examples in [1].

At present, works on the soft set theory are prosing rapidly. The algebraic
structure of this theory dealing with uncertainties has been studied by some authors
([4], [5]). We review some of the literature discussing the definitions of soft set,
intersection, union and restricted intersection in the following.

Definition 2.2. [4] For two soft sets (F, A) and (G, B) over a common universe
U, we say that (G, B) is called a soft subset of (F, A), denoted by (G, B)C(F, A),
if it satisfies the following:

(i) B C A.

(ii) G(z) C F(x) for every x € B.
Definition 2.3. [4] Let (F, A) and (G, B) be two soft sets over a common universe

U. The intersection of (F, A) and (G, B) is defined to be the soft set (H,C) satisfying
the following conditions:

(i) C=AnB.
(ii) For allz € C, H(z) = F(x) or G(x), (as both are same set).
In this case, we write (F, A) N (G, B) = (H,C).
Definition 2.4. [4] Let (F, A) and (G, B) be two soft sets over a common universe
U. The union of (F, A) and (G, B) is defined to be the soft set (H,C) satisfying the
following conditions:

(i) C=AUB.
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F(x) ifxe A\ B;
(ii) Forallz € C, H(z) = ¢ G(z) ifre B\ A;
Fz)UG(z) ifxe ANB.

In this case, we write (F,A) U (G,B) =(H,C).

Definition 2.5. [5] Let (F, A) and (G, B) be two soft sets over M such that ANB #
(0. The restricted intersection of (F,A) and (G, B) is denoted by (F, A) m (G, B),
and is defined as

(F,A)m (G,B)=(H,ANB),
where H(z) = F(x) N G(z) for allz € AN B.

Now we will recall the definition of soft modules and their basic properties. Soft
modules were defined by Sun et. al. [10]. This concept was also discussed by many
authors (e.g. [6], [12]).

Throughout this paper, R is an associative ring with identity and all modules
are unital left R-modules, unless otherwise stated. Let M be an R-module. By
N < M, we mean that N is a submodule of M.

Definition 2.6. [10] Let (F, A) be soft set over a module M. (F,A) is said to be
a soft module over M if and only if F(x) < M for all x € A.

Definition 2.7. [10] Let (F,A) and (G, B) be two soft modules over M. Then
(G, B) is soft submodule of (F, A) if
(i) B C A.
(ii) G(z) < F(z) for all x € B.
This is denoted by (G, B)<(F, A).
If (G, B)<(F, A) and (F,A)<(G, B), two soft sets (F, A) and (G, B) over M are
called soft equal and is written (G, B) = (F, A).

Definition 2.8. [10] Let (G, B)<(F, A) be soft modules over a module M. (G, B)
is called mazimal soft submodule of (F, A) if G(x) is a mazimal submodule of F(x)
forallx € B.

Definition 2.9. [11] A soft module (F, A) over a module M is called whole (resp.,
trivial) if F(a) = M (resp., F(a) = {0}) for every a € A.

It is easy to show that every soft module has a trivial soft submodule.

Tiirkmen and Pancar [12] developed soft module theory, and introduced the sum
and direct sum of soft submodules. They also defined the direct summand of soft
modules. The following definitions and a theorem, which will be necessary for our
next discussions, are taken from them.

Let M be an R-module and N; (i € I) be a set of submodules N; of M. The
submodule, denoted by < U;crN; >, and defined by

<UierNi > = {ng +ni, + ... + 04, 10, € Ny,

for some r € N},
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is called the sum of the submodules which is denoted by ;. ; N;. Note that
<0 >={0}.

Definition 2.10. [12] Let (F, A) be a soft module over M and let {(F;, A;) }icr be
any collection of soft submodules (F;, A;)< (F, A), where I is a nonempty set. The
sum of the soft submodules (F;, A;) of (F, A) is defined as

> (Fi Ai) = (H,UerAy)

icl
such that, for all a € UierAi, H(a) = 3,1, Fila) where I(a) is the set of all
elements i € I such that a € A;.

Definition 2.11. [12] Let (F, A) be a soft module over a module M and (G, B)<(F, A).
If there exists a soft submodule (T, C) of (F,A) such that (G, B)+(T,C) = (F, A)
and (G, B)m (T, C) is trivial, then (G, B) is said to be a direct summand of (F, A)

and denoted by (G, B)®(T,C) = (F, A).

Theorem 2.12. [12] (The Soft Modular Law) Let (F,A), (G,B) and (T',C) be
soft modules of a soft module over a module M with (G, B)<(F,A) and ANC # (.
Then

(F,A)m[(T,C)+(G, B)] = [(F. 4) (T, C)]+(G, B).

3. ESSENTIAL AND COMPLEMENT OF SOFT SUBMODULES

In Dung et al. [13] essential submodules and complements are defined as follows,
respectively:

Let M be a module. A submodule N of M is called essential in M, denoted by
N <. M, if NN K # 0 for every non-zero submodule K of M.

Let N be any submodule of M. A submodule H of M is called a complement
of N (in M) if H is maximal in the collection of submodules @ of M such that
QN N = 0p7 where 0j7 is an identity element of (M. +).

In this section we extend the above definitions to the soft module theory. We first
define essential soft submodules and complement of a submodule in a soft module.
Then we develop various properties of such soft submodules.

Definition 3.1. Let (F,A) be a soft module over M. A nontrivial soft sub-
module (G, B) of (F,A) is called essential soft submodule in (F,A), denoted by
(G, B)<.(F,A), if (G, BYn(T, C) is nontrivial for every nontrivial submodule (T, C')
of (F,A) such that BN C # .

Clearly, if (F, A) is a nontrivial soft module over a module M, then (F, A) is an
essential soft submodule of (F, A).

Example 3.2. Consider left Z- module M =y Z. Let (F,A) be a soft set over
the module M, where A =Z and F : A — P(M) is a set-valued function defined
by F(n) = M for all n € A. Thus, (F,A) is a whole soft module over M. Let
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B =27 and G : B — P(M) is a function defined by G(n) = 6Z. Then (G, B) is a
soft submodule of (F, A). For every nontrivial submodule (T, C) of (F, A) such that
BNnC #40, (G,B)n(T,C) is nontrivial since T(xz) N G(z) # 0 for allz € BN C.
Thus (G, B)<.(F, A).

Lemma 3.3. Let (F, A) be a soft module over M. If (K, B) and (L, C) are essential
soft submodules of (F, A) such that BN C # (), then

(K,B)M (L,C)<.(F,A).

Proof. Let (N, E) be a nontrivial soft submodule of (F, A) such that £ N (BN
C) # 0. Then, EN B # 0. Since (K, B) is an essential soft submodule of (F, A),
the soft submodule (N, E) m (K, B) is nontrivial. It follows from hypothesis that
[(N,E)m (K,B)] m(L,C) is nontrivial. Therefore, (N, E) m [(K,B) m (L,C)] =

[(N,E)m (K, B)]m(L,C). Hence, (K, B)m (L, C) is an essential soft submodule of
(F,A). O

Corollary 3.4. Let (F, A) be a soft module over M. If (K, B) is an essential soft
submodule and (T, C) is nontrivial soft submodule of (F, A) such that BN C # 0,
then K (x) is an essential submodule of F(x) for every x € BN C.

Lemma 3.5. Let (F, A) be a soft module over M and (G, B), (L,C), (X, E) and
(T, S) are soft submodules of (F, A) with BNE # 0 and CNS # 0. If (G, B)<.(L,C)
and (X, E)<.(T,S), then

(G,B) @ (X, E)<.(L,C)m (T, S

Proof. Let (K,D) be a nontrivial soft submodule of ( ) M (T,S) such that
DNBNE # (. Then, DN B # 0. Hence (K,D) m ( ) is nontrwlal since
(G, B)<.(L,C). Also DNBC DCCNSCS and (K,D)n (G, B)<(T,S). Since
(X, E)<.(T, S), the soft submodule [(K, D) M (G, B)] @ (X, E) is nontrivial. Hence
(G,B)m (X, E)<.(L,C) A (T, S). O

)
L.C
G.B

We now generalize the above result in the following corollary.

Corollary 3.6. Let (F,A) be a soft module over M and (G;, B;) and (X;, E;)

are soft submodules of (F,A) for every 1 < i < t with B; N E; # 0. If every

(Gi, Bi)<.(Xi, E;), then (G1, B1) @ (G2, B2) @ ..M (G, By)<.(X1, B1) M (X2, B2) M
m (X, Ey).

Lemma 3.7. Let (F, A) be a soft module over M and (L,C') be a nontrivial soft sub-
module of (F, A). If (K, B)<.(F,A) and BNC # 0, then (K,B)m (L,C)<.(L,C).
In particular, (K, B) is a nontrivial soft submodule of (L,C), then (K, B)<.(L,C).

Proof. Let (K, B)<. (F, A) and (L, C)<(F, A). For every nontrivial (T, E)<(F, A)
with BNE # 0, (K, B)Ya(T, F) is nontrivial. Therefore, for every (X, I)<(L, C)<(F,
with TN B # 0, (K,B) m (X, ) is nontrivial. Hence (X,I) @ ((K,B)m (L,C)) =

4)
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(X, )m(K, B))M(L, C) is nontrivial, since IN(BNC) # §. Thus (K, B)m(L,C)<.
(L,C). 0

In the next lemma we consider the transitive property of essential soft submod-
ules.

Lemma 3.8. Let (F,A) be a soft module over M. (K, B)<.(F,A) if and only if
(K, B)<c(N, E)<.(F, A).

Proof. Assume that (K, B)<(N, E)<(F, A) and (K, B)<, (F,A). It follows from
Lemma 3.7 that (K, B)<.(N, E). Now, suppose that (T, L) is nontrivial soft sub-
module of (F, A) such that EN L # . Since (K, B) M (T, L) is nontrivial, the soft
submodule (N, E) @ (T, L) is nontrivial. Thus (N, E)<,(F, A).

Conversely, let (K, B)<.(N,E)<.(F,A), and (T,L) be a nontrivial soft sub-
module of (F, A) such that LN BN E # (). It can be seen that (K, B)m (T, L) =
(K,B) @ ((N,E) @ (T,L)). Since (N, E)<.(F,A), the soft submodule (K, B) M
((N,E)m (T, L)) is nontrivial. Thus (K, B) M (7T, L) is a nontrivial soft submodule
of (F, A). Hence, (K, B)<.(F,A). O

Definition 3.9. Let (F,A) be a soft module over M and (G,B) <(F,A). If
(T,CY<(F,A) with BNC # 0 is soft mazimal w.r.t. (G,B)m (T,C) is trivial,
then (T, C) is called complement of (G, B) in (F,A).

The soft submodule (T, C') given above does not have to be unique. The following
theorem states that every soft submodules of a soft module have a complement soft
submodule.

Theorem 3.10. Let (F, A) be a soft module over M. If (G, B) and (T,C) are soft
submodules of (F, A) with BNC # 0 such that (G, B)m (T, C) is trivial, then there
exists a complement (K, D) of (G, B) in (F, A) such that (T,C)<(K, D).

Proof. Let ENB # 0 and Z = {(X,E)<(F,A) : (T,C)<(X,E), and (X,E) m
(G, B) is trivial}. So Z # 0 since (T, C) € Z. Clearly (Z, C) is a complete ordered.

Now, assume that {(X;, E;) : ¢ € I} is a chain in Z. Let (S,V) = Ujer (X, E;)
such that V = UserE; and V N B # (. Then (S,V) <(F, A). So, (T,C)<(X;, E;)
is trivial for every i € I. Therefore, U;c;(X;, E;) M(G, B) is trivial and (S,V) € Z.
Hence (5,V) is an upper bound of {(X;, E;) : ¢ € I'} chain. So, by Zorn’s Lemma,
there exists a maximal element (K, D) of Z. It follows that (K, D) is a complement
of (G, B) in (F, A) such that (T, C)<(K, D). O

Definition 3.11. Let (F, A) be a soft module over M. A soft submodule (N, E) of
(F, A) is called a complement (in (F, A)) if there exists a soft submodule (T, C) of
(F, A) such that (N, E) is a complement of (T,C) in (F,A), denoted by

(N, E)<(F, A).
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Proposition 3.12. Let (F, A) be a soft module over M. If (G, B) is a soft sub-
module of (F,A), then there exists a soft submodule (K,C) of (F,A), containing
(G, B), such that (G, B)<, (K,C)<.(F,A).

Proof. Let (G', B') be a complement of (G, B) in (F, A). By Theorem 3.10, there
exists a complement (K, C) of (G’,B’) in (F, A) with (G, B) C (K,C). Let (L,T)
be a nontrivial essential soft submodule of (K, C). Then (G', B") C (L, T)+(G', B).
Hence ((L,T) + (G',B’)) m (G, B) is nontrivial. Therefore (G,B) m ((L,T) +
(G',B")) = (H, BN (T U B’)) is nontrivial, where

G(a)NL(a) ifaeBN(T\B)
H(@)={ 0 ifa e BN (B\T)
L(a) ifae BN(T'NB).

Then (G, B)m (L, T) is nontrivial since 0 # H(a) € (G, B)A(L,T). Thus (G, B)<,
(K,C). O

The soft submodule (K, C), the existence was proved in the above proposition,
is called the closure of (G, B) in (F, A).

Proposition 3.13. Let (F, A) be a soft module over M and (G, B) be a soft sub-
module of (F,A). (G,B)<.(F,A) if and only if (G, B) = (N, C) whenever (G, B)
Se(N,CO)<(F, A).

Proof. Let (G, B)<.(F, A) and (G, B)<.(N,C)<(F, A). Then there exists (X, E)
(F, A) where (G, B) is complement of (X, E) in (F, A). By Lemma 3.5, (G, B)
(X,E) <.(N,C)m (X,E). So (N,C) m(X,E) is trivial since (G, B) @ (X, E) is
trivial. Therefore (G, B) is maximal with respect to the property (G, B) m (X, E)

is trivial. Hence (G, B) = (N, C).
Conversely, let (G, B)<(F, A). By Proposition 3.13, there exists (N, C)<(F, A)
such that (G, B)<.(N,C)<.(F,A). Hence (G, B)<.(F,A) since (G,B) = (N,C).
O

<
m

In the next proposition we consider the transitive property of complement soft
submodules.

Proposition 3.14. Let (F, A) be a soft module over M and (K,C), (N, E) be soft
submodules of (F, A). If (K,C)<.(N,E) and (N, E)<.(F, A), then (K,C)<.(F,A).

Proof. Let (K,C) be a complement of (K',C’) in (N, E) and (N, E) be a com-
plement of (N’,E’) in (F,A). Suppose that (K,C)<.(L,I)<(F,A) such that
CNINE # 0. Therefore (K,C)m[(K',C") + (N',E")] = (H,C N (C'"UE")
where

ifae CnN(C'\F)

ifae CnN(E\C)

0
Hl(CL) = 0
K(a)N (K'(a) + N'(a)) ifacCn(C'NE.
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Assume that x € K(a) N (K'(a) + N'(a)). Then z = k' + n/ where ¥’ € K'(a) and
n' € N'(a). Therefore x—k' =n’ € N(a)NN'(a) =0andz =k’ € K(a)NK'(a) =0
since C'N (C'NE") C CNC". Hence (K,C)m[(K',C") + (N', E')] is trivial. By
Lemma 3.5, (K,C) m [(K',C") + (N, E")|<(L,I) m [(K',C") + (N', E")]. Then
(L, )M [(K',C") + (N', E")] is trivial. By Theorem 2.12,
(N, E)m (L, I) + (N, E))| @ (K',C") =

(N, E)m (K", ) m (L, I) + (N', E)] =

(K", ) m[(L, 1) + (N, E")]. (1)
As above, (K',C")m[(L,I) + (N', E")] is trivial. Since (K, C) is a complement of
(K',C")in (N, E), (K',C") is soft maximal w.r.t (K,C)m (K’',C") is trivial. Since
(K,C) C (N, E)YA((L, D)+ (N', E")) and by (1) (N, E)a[(L, )+ (N', E')] = (K, C).
Similarly, (N', E’) m [(N, E) + (L,I)] is trivial. Hence (N, FE) + (L,I) = (N, E)
since (N, E) is a complement of (N, E’) in (F,A). So (L,I)%(N, E). Therefore
(L,1) = (LD) M [(L,I) + (N, E)S(N,E) @ [(L,I) + (N, B')] = (K,C). Thus
(K,C)<.(F,A) by Proposition 3.13. O

In light of the above information, we now prove that every direct summand is a
complement in soft modules.

Theorem 3.15. Let (F, A) be a soft module over M. Then every direct summand
of (F,A) is a complement in (F, A).

Proof. Let (G, B) be a direct summand of (F, A). Then there exist a soft submodule
(T,C) of (F,A) such that (G,B)m (T,C) is trivial and (G, B) &(T,C) = (F, A).
Suppose (K, D)<(F, A) such that (G, B) C (K, D) C (F, A) and (K, D) (G, B) is
trivial. Using Theorem 2.12, it can be shown that (K, D) = (T, C). Hence (K, D)
is a maximal soft submodule of (F, A). Thus (K, D) is complement of (G, B) in
(F,A). O

In general, the converse of the above theorem is not true.

Example 3.16. Let R be a ring, K be a field, and V be a vector space with
dimension 2. Assume Rp ={[k?]: ke K,v €V = (K ®v:K)} is a R-module,
and I ={[5"F] ke K} and J ={[3"3"] : k € K} are submodules of Rp.

We now define a soft set (F,A) over U = Rp where A = {e1,e2} such that
F(e;) = Rgr, i=1,2. Given B = {e1,ea} = A, and a soft set (G, B) over U where
G(el) = G(62> = I,

and C = {ez}, soft set (T, C) over U where

T(eg) =J.
Then one can easily show that (G, B)<(F, A) and (T, C)< (F, A). Therefore G(e;)N
T(e2) =INJ =A{0}, fori =1,2. So (G,B)m(T,C) is trivial. Hence (G, B) is
a complement of (T,C) in (F,A). Similarly (T,C) is a complement of (G, B) in
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(F,A). But (G, B)®(T,C) # (F, A). It follows that (G, B) is not a direct summand

of

(F, A).

REFERENCES

Molodtsov, D., Soft Set Theory-First Results, Comput. Math. Appl. 37 (1999), 19-31.

Jun, Y.B., Soft BCK/BClI-algebra, Comput. Math. Appl. 56 (2008), 1408-1413.

Jun, Y.B. and Park, C.H., Application of soft sets in ideal theory of BCK-algebra, Information
Sciences, 178 (2008), 2466-2475.

Mayji, P.K., Biswas, R. and Roy, A.R., Soft Set Theory, Comput. Math. Appl. 45 (2003),
555-562.

Ali, M.I., Feng, F., Liu, X., Min, W.K. and Shabir, M., On some new operations in soft set
theory, Comput. Math. Appl. 57 (2009), 1547-1553.

Sezgin, A. and Atagiin, A.O., On operations of soft sets, Comput. Math. Appl. 61 (2011),
1457-1467.

Ali, M.I., Shabir, M. and Naz, M., Algebraic structures of soft sets associated with new
operations, Comput. Math. Appl. 61 (2011), 2647-2654.

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

Acar, U., Koyuncu, F. and Tanay, B., Soft sets and soft rings. Comput. Math. Appl. 59
(2010), 3458-3463.

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

Atagiin, A.O. and Sezgin, A., Soft substructures of rings, fields and modules, Comput. Math.
Appl. 61 (3)(2011), 592-601.

Tiirkmen, E. and Pancar, A., On some new operations in soft module theory, Neural Comput.
and Appl. 22 (2013), 1233-1237.

Dung, N.V., Huynh, D.V., Smith, P.F. and Wisbauer, R., Extending Modules, Longman
Scientific and Technical, New York, 1994.

Current address: Canan CELEP YUCEL: Department of Mathematics, Faculty of Arts and

Sciences, Pamukkale University, 20070, Denizli, Turkey

Mu,

E-mail address: ccyucel@pau.edu.tr

Current address: Ummahan ACAR: Department of Mathematics, Faculty of Arts and Sciences,
gla Sitki Kogman University, 48170, Mugla, Turkey

E-mail address: vacar@mu.edu.tr



