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Abstract. Molodtsov introduced the concept of soft sets formed from fuzzy subsets in 1999. The soft set formed from
a fuzzy subset is a particular form of a soft set on its parameter set. On a soft set formed from a fuzzy subset, the
parameter used is the image of a fuzzy subset which is then mapped to the collection of all subsets of a universal set.
This research aimed to explain the construction of soft sets formed from fuzzy subsets. Then, to prove the validity of
the properties of subsets and complements on soft sets formed from a fuzzy subset based on the properties of subsets
and complements on soft sets.

Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets formed from
Sfuzzy subsets. This research showed that functions formed from a fuzzy subset met the requirements for forming soft
sets. Also, the sufficient condition obtained was that a soft set formed from a fuzzy subset is a subset of other sofi sets.
The complementary properties of a soft set formed from a fuzzy subset were also obtained. Furthermore, it was found
that the soft set formed from the intersection of two fuzzy subsets is a subset of the intersection of two soft sets formed
from the two fuzzy subsets. This case also applied to union operations. Furthermore, the result of the mapping of the
soft set formed from the union of the two fuzzy subsets was the subset of the mapping results of the soft set formed
from the OR operation of the two soft sets formed from each of these fuzzy subsets. Then, for the AND operation, the
reverse was true using the intersection operation.

Keywords: a fuzzy subset, soft sets, soft sets formed from fuzzy subsets.
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and
which are not members. Members of a set are objects that have certain similarities [1]. The level of similarity
of objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping
objects using varying degrees of similarity. The grouping process, which tends to show varying levels of
similarity, makes it difficult to group using concepts from classical set theory. Therefore, a more relevant
theory is needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

Several years after using the concept of fuzzy subsets, Molodtsov [2] described the weaknesses in the
fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterized subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. A soft set formed from a fuzzy subset is a special form of a soft set in
its parameter set. In a soft set formed from a fuzzy subset, the parameter used is the image of a fuzzy subset
which is then mapped to a collection of all subsets of a universal set.

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji et al. [7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy and soft sets and generalizes soft sets. Irfan Ali and Shabir [8] developed the theory. To address
decision-making problems based on fuzzy soft sets, Feng et al. introduced the concept of level soft sets of
fuzzy soft sets. They initiated an adjustable decision-making scheme using fuzzy soft sets [9], followed by a
generalized soft fuzzy set [10] and its application to the student ranking system [11].

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

1.1 Fuzzy Subsets

Definition 1. [3] Let non-empty set U. A fuzzy subset u of U is defined as a mapping
wU - [0,1]
The function u is called a fuzzy subset of U and can be expressed by u = {(u, ,u(u))lu ev } where pu(u) is

the membership degree of u € U for a fuzzy subset y. The collection of all fuzzy subsets of U denoted by
F), ie, F(U) ={ulu:U - [0,1]}.

Definition 2. [3] Let u,v € FU). If u(w) < v(w) forall u € U, then W is contained in v and can be written
USv(v2uwu.lfuSvandp 2V then p is equal to v and can be written yu = v.

Definition 3. [3] Let i be a fuzzy subset of U. The complement of U is the fuzzy subset uc, where
pew) = 1—uw)

Definition 4. [3] Let i, v € F(U). The intersection and union of u and v is the fuzzy subsets u Nv and L U v,
where

(unv)(w) = min{u(u),v(w)} = p() Av(u)
(wuv)(w) = max{u(w),v@w} = p(w) vv(w)
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1.2  a —Cut on Fuzzy Subsets

Definition 5. [3] Let p € F(U). For all « € [0,1] can be defined a —level subset (@ — cut) of u, which is
denoted g, i.e.
Ue = {ulu € U,u(u) = a}

Theorem 1. [12] Let y,v € F(U), for all a, B € [0,1] the following properties hold true
Du S v=au, Sv,

as<B>ug S pg

Ja=PB=>ug=q

DU=v S g = Vg

Theorem 2. [13] Let u,v € F(U), for all a € [0,1] the following properties hold true
D (@Uv)e =g Uvg
2)(uNV)g =g NV

1.3 Soft Sets

Definition 6. [2] Let U be a universal set and A be a set of parameters. A pair (F, A) is called a soft set over
U where F is a mapping given by

F:A > P(U)
For a € A, F(a) may be considered as the set a-approximate elements of the soft set (F,A). A soft set over
U can be expressed by (F,A) = {(a, F(a))|a € A}.

Definition 7. [14] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G, B), if

1) A<C Band

2) foralla € A, F(a) € G(a).

Definition 8. [14] Let (F, A) and (G, B) be two soft sets over U. Then (F,A) and (G, B) are said to be equal,
denoted by (F,A) = (G,B), if (F,A) € (G,B) and (G,B) € (F,A).

Definition 9. [15] Let A = {a,,a,,as, ..., a,} be a set of parameters. The complement of A denoted by
=4 = {~ay,1ay, 1az, ..., may} where =a; is “not a;” and =(=a;) = a;, foralli = 1,2, ...,n.

Definition 10. [16] The relative 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), for all a € A.

Definition 11. [17] Bi-intersection of two soft sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = AN B andforall x € C,H(x) = F(x) N G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A)N (G,B) = (H,0).

Definition 12. [15] Let (F, A) and (G, B) be two soft sets over U. The union of (F,A) and (G, B) is defined
to be a soft set (I,D), where D = AU B and for all x € D satisfying the following conditions

F(x), x€A-B
I(x) = G(x), XEB—-A
F(x) U G(x), x €ANB.

The union of (F,A) and (G, B) is denoted by (F,A) U (G,B) = (I, D).

Definition 13. [15] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A) and
(G, B), denoted by (F,A) V (G, B), is defined to be a soft set (H,A X B), where H(a,b) = F(a) U G(b), for
all (a,b) € A X B.

Definition 14. [15] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I,A X B), where I(a,b) = F(a) n G(b), for
all (a,b) € A X B.
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2 RESEARCH METHODS

In this research, the steps used are as follows.

1.  Explaining the definition of fuzzy subsets and @ —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.

4. Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.

3 RESULT AND DISCUSSION

3.1 The Construction of Soft Sets from Fuzzy Subsets

Soft sets can be formed from fuzzy subsets, i.c., a soft set with its parameters is the image of a fuzzy
subset stated in the following proposition.
Proposition 1. Let U be a universal set, p: U — [0,1] be a fuzzy set where A = Im(u) € [0,1]. 4 pair (E,, A)
is a soft set where F,: A — P(U) which is defined as F,(a) = piq, for all « € A. Furthermore, soft set (Fl'u A)

is called a soft set over U, formed from a fuzzy subset L.
Proof. Let a;, @, be any element of A where a; = @, so based on Theorem 1 and the definition of F,, it is

obtained that o, = Ug, & F,(a;) = F,(ay), thus F,;: A — P(U) is well defined. Therefore, FiA-
P(U) is a function. In other words, based on Definition 6, it was proved that (EL,A) is a soft set over the
universal set U. m
Example 1. Let u = {(u4, 0.4), (u,, 0.8), (u3,0.1), (uy, 0.4), (ug, 0.7)}.
Thus, the soft set (P/'u A) was obtained as follows.
(E, 4) = {(0-1' {uy, uz,us, Uy, us}), (04, {ul'quu4'u5})r}
w (07' {'U.Z, uS})l (08' {uz})

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

This section presents the properties of subsets and complements that apply to soft sets formed from
fuzzy subsets. These properties are presented in the following proposition.
Proposition 2. Let (F#, A) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (P;UA) is a subset of (G,,,B) if A S B and u S v.
Proof. It is known that A € B and based on Theorem 1, if 4 € v, then y, S v,. In other words, based on
Proposition 1, it is obtained that F, (a) € G, () for all « € A. Therefore, based on Definition 7, it is obtained
that (F,, A) € (G,,B). m
Example 2. Based on Example 1, a fuzzy subset u is obtained. Next, let the fuzzy subset v be given by
v = {(uy,0.7), (uy, 0.9), (us3,0.1), (uy, 0.4), (us, 0.8)}.
Therefore, it is obtained that A € B and p(u) < v(u) for all u € U. Furthermore, based on Definition 2, it
is obtained that u C v.
Next, it is obtained that (G, A) = {(0'1' (g g, 3, U us)), (04 (g, 1z, uy, us}),}

(07, {ulJ Uy, u5}), (08, {uZl uS})
Consequently, F,(a) € G, (a) forall « € A.

Thus, it was obtained that (F,, 4) € (G,, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F¢, A). Next,
in this research, it is defined that (F,'U A)C = (FMC,A) where F#C (a) = U — E,(a) for all « € A. The following

proposition states (Eu A)C as a soft set over a universal set U that is formed from a fuzzy subset u.

c
Proposition 3. If (F,'U A) is a soft set formed from a fuzzy subset i over a universal set U, then (F,'U A) isa
soft set formed from a fuzzy subset u over a universal set U, where (Fl'u A)C = (F,f, A).
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Proof. Let a;, @, be any element of A where a; = a;, so based on Theorem 1 and the definition of F, It is
obtained that 1o, = pe, & F,(a;) = F,(a3). Consequently, based on the definition of F,f, it is obtained that
U—F(a)) =U—F(a;) & Ff(a;) = Ef (ay). Therefore, Ff:A— P(U) is well-defined. Thus,
F,'f:A — P(U) is a function. In other words, based on Proposition 1, it is proved that (F#,A)C is a soft set
formed from a fuzzy subset y over universe U. m

Next, the soft set (F,'U A)Cis called the complement of a soft set (F,'U A).

It is known, based on Definition 3, that for any fuzzy subset u, there is always a complement of u that
is denoted by u¢. The complement of a soft set formed from a fuzzy subset is not equal to a soft set formed
from the complement of a fuzzy subset, which is shown in the following example and proposition.
Example 3. Based on Example 1, a fuzzy subset u is obtained.

0.1,0), (0.4, {us}),
Therefore, (ES,A) = { ( }
(55.4) (0.7, {uq, uz, us}), (0.8, {ug, uz, ug, us})
(0.1, {uq, up, uz, ug, us}), (0.4, {uy, us, u4}),}
(0.7,{us}), (0.8, {us}) .
It is obtained that (FC,A) * (F#c,A). In other words, (F,'UA) * (F#C,A).
Proposition 4. If (F#, A) is a soft set formed from a fuzzy subset u over a universal set U, then

(FuA) # (F e, A).

and (F#C,A) = {

It is known that based on Definition 9, for any parameter set A, there is always a complement of A
denoted by —A. Next, if a soft (EL,A) exists, then =F,: =A - P(U), defined by —F,(=a) = F,(1 — a) for
all @ € A, can be formed. It can be shown that (—|F , —|A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.
Proposition 5. If (P;UA) is a soft set formed from a fuzzy subset y over a universe U, then (—|F , —|A) is a
soft set formed from a fuzzy subset u over a universe U.
Proof. Let a4, a, be any element of A where a; = a,. Consequently, 1 — a; = 1 — a, so based on Theorem
1 and the definition of —=F,, It is obtained that f(1_q,) = U(1-a,) & F(may) = 2F,(may). Therefore,
—F,: =A - P(U) is well-defined. Thus, —F,: =A — P(U) is a function. In other words, based on Proposition
1, it is proved that (—|F , —|A) is a soft set formed from a fuzzy subset y over universe U. m

Hereafter, (—|F , —|A) is called the negation of a soft set (Fﬂ, A).

Proposition 6. Let (F#,A) be a soft set formed from a fuzzy subset u over a universe U. If u(u) # 1 — a for
allu € U then —|F,'f(—|oc) = Fuc(a)for all a € A.

Proof. Let @ be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
that

~EE(—a) = U = (=, (~a))
=U-F(-a)
=U—pa-o
=U—-{ueljuuw) =21-a}
={uelluu) <1-a}
on the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fo(a) = (u6)q
={ue U@ = a}
={uelUll—ul) =a}
={ueljuuw) <1-a}
Because u(u) # 1 — a for all u € U, it is obtained that
Fp(a)={uellpw) <1-a}
Thus, it is proven that if u(u) # 1 — « for all u € U then —|FMC (qa) = Fyc (a) foralla €A. m
Example 4. Let u = {(u4,0.5), (uy,0.7), (us, 0.2), (uy, 1), (us, 0.9), (us, 0)}.
=0, {uy, uy, us, ug, ug}), (40.2, {ug, uy, uz, ug}), (—0.5, {us, ug}),
Thf,—|FC,—|A={( 1, Uz, U3, Us, Ug 1, Uz, U3, Ug }
crefore, (i, 24) (=07, {u, u6}), (0.9, {ug)), (—1,0)
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on the other hand, because p(u) # 1 — a for all u € U, then it is obtained that
_ (0, {uy, uz, us, us, ug}), (0.2, {uy, up, uz, ue}), (0.5, {uz, ug}),
(Fc,A) =

(O'7l {u3’ u6})l (0'9; {u6})l (11 ®)
Consequently, —|F,f (~a) =F uC (a) forall a € A.

3.3  Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (FM,A) and (G, B) be two soft sets formed from fuzzy subsets L and v, respectively, over
a universal set U. The soft set (H;mv: C) c (P;UA) N (G, B) if Im(u) € Im(v) or Im(v) S Im(u) where
C =Im(unv).
Proof. Based on Definition 7, To prove that (H”m,, C ) c (EL,A) N (G,,B), it must be proven that
C S ANBand Hyn, () € (F,NG,)(y) forally € C.
(i) Let x be any element of Im(u N v) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(u), v(u)}.
1) Assuming that p(u) < v(w),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).
2) Assuming that v(u) < u(w),it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).
From 1) and 2), it is obtained that Im(u N v) S Im(u) N Im(v), so based on Proposition 1, it is proven
that C € AN B.
(ii)) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
H,um/(y) =@n V)y
= Hy DYy
= F;l(]/) NG, (]/)
= (F N Gv)(y)
It is obtained that Hyn, (¥) = (Fﬂ n Gv)(y). Thus, it is proven that Hyn, (¥) S (EL n Gv)(y) for all
y €C.
From (i) and (ii), it is obtained that (Hyny, C) € (F,, A) A (G, B).m
Example 5. Let u = {(u4, 0.8), (u,,0.1), (us,0.7), (uy, 0.4), (ug, 0.7)}
and v = {(uy,0.7), (uy, 0.9), (us3,0.1), (uy, 0.4), (us, 0.8)}.
Therefore, Im(u) € Im(v) and A n B = {0.1,0.4,0.7, 0.8}
On the other hand, based on Definition 4, it is obtained that C = {0.7,0.1, 0.4}

Thus, C € ANB.
.. . _(€0.1, {uq, up, uz, uy, us}), (0.4, {ug, uy, us}),}
Furthermore, it is obtained that (H,mv. C ) = { (0.7, {1y, ug))

_ (011 {u’lr Uz, U3z, Uy, u’S})i (04' {ulr Uy, us});}
and ((F“ nGy) C) B { (0.7, {uy,us}) '
It is obtained that H,n, (y) = (F;'z n Gv)(y). Consequently, H,n, (¥) € (F;'z n GV)()/) forally € C.
Thus, (Huny, C) € (F,, A) A (Gy, B).

Proposition 8. Let (F#, A) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (Iqu,D) c (FM,A) U (G,B) ifu, S v, wheny € B— A and v, S i, when
y € A— B where D = Im(u Uv).

Proof. Based on Definition 7, to prove that (I wuvs D) c (F,'U A) U (G,, B), it must be proven that D € AU B
and I, (¥) < (EL U Gv)(y) forally € D.

(i) Let x be any element of Im(u U v) so there exists u € U such that x = (u U v)(u), then based on

Definition 4, it is obtained that x = max{u(u),v(u)}.
1) Assuming that u(u) = v(u), it is obtained that x = u(u) which means x € Im(u).



BAREKENG: J. Il. Mat. & Ter., vol. xx(xx), pp. Xxx - xxx, month, year. 55

2) Assuming that v(u) = u(u), it is obtained that x = v(u) which means x € Im(v).
From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u Uv) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € A U B.

(il)) Based on Definition 12, for all y € D holds

E®), YEA—-B
(RUG)W) = G, (), yEB—A
EUG,®), Yy EANB.

1) IfyeAd—-B
Let y be any element of A — B and if y € A — B then v, € .. Then, based on Theorem 2 and
Proposition 1, it is obtained that

quv(y) =(uu V)y

= Uy Uy
= kW)
It is obtained that I,,,,, (y) = F,(y) wheny € A — B.
2) IfyeB—-A

Let y be any element of B — Aand if y € B — A then y,, & v,,. Then, based on Theorem 2 and
Proposition 1, it is obtained that
Ly ) =(@u V)y
=y Uy
=G, (y)
It is obtained that I,,,,(y) = G, (y) wheny € B — A.
3) IfyeAnB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
Lyoy ) =@u V)y
=Ky Uy
= F;l(]/) v G, (]/)
It is obtained that I,,,,(y) = F,(y) U G, (y) wheny € AN B.
From 1), 2), and 3), it is obtained that I,,,(y) = (Fﬂ n Gv)(y). Thus, it is proven that
Liw(@) € (F,nG,)(y) forally € D.
From (i) and (ii), it is obtained that (I, D) € (F,,A) U (G,,B). m
Example 6. Let 4 = {(uq, 0), (uy,0.2), (uz, 0.4), (uy, 0.9)}
and v = {(uq,0), (uy, 0.2), (u3,0.6), (uy,0.8)}.
Therefore, AU B = {0,0.2,0.4,0.6,0.8,0.9}
on the other hand, based on Definition 4, it is obtained that D = {0, 0.2, 0.6, 0.9}

Thus,D € AU B.

LR : (0, {ulr uZI u3) u4})) (02' {uZI u3' u4})l

Next, it is obtained that (I,,,,, D ={ }
ext, itis obtained that (T, D) (0.6, {us, us}), (0.9, {us})

_ (O, {ull Uy, Us, U4}), (02' {'U.Z, Uus, U4}),}
and ((FH' v GV)’ D) h { (06l {U,3, u4})r (Ogl {u4})
It is obtained that v, & u, wheny € A — B and i, € v, wheny € B — A.
Furthermore, it is obtained that I, (y) = (Fﬂ U Gv)(y). Consequently, I,,;, () < (Fﬂ U Gv)(y) for all
y €D.
Thus, it is obtained that (I, D) € (F,, A) U (G,, B).

Proposition 9. If (F#,A) and (G, B) are two soft sets formed from fuzzy subsets i and v, respectively, over
a universal set U then (H (wvy A % B) is a soft set formed from a fuzzy subset (1, V) over the universal set U,
where
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H(#’V):A X B - P(U)
is defined as H ) (a,B) = piq U vg foralla € Aand B € B.
Proof. Let (aq, B1), (a3, B2) be any element of (A X B) where (@, 81) = (a3, B2). Consequently, a; = a,
and B; = B, then based on Theorem 1, it is obtained that u,, = t4, and vg, = vg,. By using the properties
of the union on two sets and based on the definition of H(,, . it is obtained that
Ha, U Vg, = Ho, U Vg, SHyy) (a1, B1) = H(u,v)(aZr,BZ)-
Therefore, H(,,): A X B = P(U) is well-defined. Thus, H,,y: A X B = P(U) is a function. In other words,
based on Proposition 1, it is proven that (H (wvy A X B) is a soft set formed from a fuzzy subset (u,v) over
universe U. Furthermore, based on Definition 5, it is obtained that for any « € A and § € B, there is at least
one element in each of y, and vg, and thus p, U vg # @. In other words, H(,,) (@, ) # 0. m
Hence, it is obtained that the definition of OR operation of (F,'l, A) and (G,, B) is
(FA) Y (Gy,B) = (Hyuvy, A X B),

where H,.)(a, f) = (F,}(Of) U Gv(ﬂ)) = pg U vp forall (a,B) € AXB.
Example 7. Let u = {(u4, 0.2), (uy,0.8), (u3,0.5)} and v = {(u4, 0.8), (u,, 0.3), (usz,0.2)}.
It is obtained that
(1, v) = {(u1,(0.2,0.8)), (uz,(0.8,0.3)), (us3,(0.5,0.2))},
and based on Definition 4, for all « € A and f € B there is at least one element in each of p, and vg.
Consequently, g U vg # @. In other words, H, .y (a, B) # @.

[((0.2, 0.8), {uy,uy,u3}),((0.2,0.3), {uy, uy, u3}),]
((0.2,0.2), {uy, u,us}), ((0.8,0.8), {uy, u}),
Furthermore, it is obtained that (H(ﬂ,v),A X B) = ((0.8, 0.3), {uz,u3}), ((0.8, 0.2), {ul,uz,u3}),

((0.5,0.8), {uy, uy,u3}), ((0.5,0.3), {uz, us}),
((0.5,0.2), {ug, uz,uz})

Proposition 10. /f (Fl'u A) and (G, B) are two soft sets formed from fuzzy subsets 4 and v, respectively, over

a universal set U then (1 (uvy A X B) is a soft set formed from a fuzzy subset (u,v) over the universal set U,
where
I(M,v):A X B - P(U)

Is defined as 1) (a,B) = g Nvg for all a« € Aand B € B. Furthermore, 1, (a,B) # @ if one of the

following statements is satisfied.

(i) uSvandpf <aforalla € Aand € B

(ii) vEuanda < B foralla € Aand f € B

(iii) AN B # @ and there exists u € U such that u(u) =y and v(u) =y for somey € AN B.

Proof.

(1) Let(aq,p1), (a2, B,) be any element of (A X B) where (a4, 1) = (a3, ;). Consequently, @; = a, and
B1 = B, then based on Theorem 1, it is obtained that i, = fg, and vg, = vp . By using the properties
of intersection on two sets and based on the definition of /(,, ,), it is obtained that

Ha, NVg, = Ua, N Vg, = 1) (a1,B1) = I (az, B2)-
Therefore, I(,,):A X B > P(U) is well-defined. Thus, I(,,):A X B = P(U) is a function. In other
words, based on Proposition 1, it is proven that (I (wvy A % B) is a soft set formed from a fuzzy subset
(i, v) over universe U.

(ii) Let u, v be any element of F(U), a be any element of A, and § be any element of B

I(u,v) (@,B) = pa N Vg
={ueUluw) =atn{ueU|v(w) = p}
={ueU|ul) =aandv(u) = B}
(a) If 4 € v then based on Definition 2, it is obtained that u(u) < v(u) for all u € U and it is known
that § < a, so it is obtained that
Iuny(a, B) = ug Nvg
={uelU|lp <a< pul) <v(u) andv(u) = p}
={uellp) =a}
= Ua
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* 0
It is now proven that I, ,)(a, f) # @ foralla € A and B € B.
(b) If v € u then, based on Definition 2, it is obtained that v(u) < u(u) for all u € U and it is known
that @ < 3, so it is obtained that
I(u,v)(a' ,8) = Ug N Vg
={ueUlpw) zaanda < B < v(u) < u(w)}
={ueUlv(w) = p}
*0

It is now proven that I, . (a, f) # @ forall« € A and § € B.

(c) Because A N B # @ and there exists u € U such that u(u) =y and v(u) =y for somey € ANB
then u € u, and u € v, therefore u € u, Nv,. Consequently, u, N v, # @. In other words,
because for some y € A N B there exists u € u, Nv,, it is obtained that p, N vg # @. Thus, it is
proven that I(,,,y(a,B) # @ foralla € Aand § € B.

Hence, I(,+)(a, B) # @ forall @ € A and B € B if (a), (b), or (c) is satisfied.

From (i) and (ii), it is obtained that (I (uv) A X B) is a soft set formed from a fuzzy subset (i, v) over a
universal set U and [(,,,)(a, ) # @ foralla € Aand f € B. m

Thus, it is obtained that the definition of AND operation of (F,'U A) and (G,, B) is
(F A) K (Gy, B) = (I(yv), A X B),
where I(,,,)(@ ) = (F.(a) 1 G,(8)) = o N v forall (a, ) € A X B.

Example 8. Let 4 = {(uq, 0.4), (uy,0.8), (u3,0.1), (uy, 0.3), (us, 0)}

andv = {(ull 05)5 (uZI 09)1 (u’3r 01)1 (u’4r 1)7 (u’Sr 03)}

Consequently, u(u) < v(u) for allu € U, so based on Definition 2, it is obtained that u S v
and that

) {(ul, (0.4,0.5)), (u,,(0.8,0.9)), (us, (0.1, 0.1)),}
wv) =
(ug,(0.3,1)), (us, (0,0.3))
Also, Iy (a, ) # @ where f < a foralla € Aand § € B.
Furthermore, it is obtained that

((0.4,0.3), {uy,u,3), ((0.4,0.1), {uy, u5}), ((0.8,0.5), {u,}),
(Iquvy A x B) =<((0.8,0.1),{u,}),((0.8,0.3), {uz}), ((0.1,0.1), {uy, up, uz, us}),
(€0.3,0.1), {uy, up, us}), (€0.3,0.3), {uy, up, us})

4 CONCLUSIONS

Based on the discussion results, the following provisional results were obtained.
1. The pair (Fﬂ, A) is a soft set formed from a fuzzy subset u: U — [0,1] where F,: A » P(U) which satisfies
the formation of soft sets. Furthermore, it was obtained that

a. A soft set formed from a fuzzy subset u is a subset of the soft set that is formed from a fuzzy subset v
over the same universal set if Im(u) € Im(v) and u S v.

b. The complement of a soft set formed from a fuzzy subset p over a universal set U is a soft set formed
from the same fuzzy subset.

¢. The complement of a soft set formed from a fuzzy subset u is not equal to a soft set formed from the
complement of a fuzzy subset u over the same universal set.

d. The negation of a soft set formed from a fuzzy subset ¢ over a universal set U is a soft set formed from
the same fuzzy subset. Furthermore, equality was obtained in that the image of a soft set complement
is equal to the image of a soft set formed from its fuzzy subset complement.

2. The results of the intersection, union, OR, and AND operations of two soft sets formed from fuzzy subsets
are as follows.

a. The soft set formed from the intersection of two fuzzy subsets u and v is the subset of the intersection
of two soft sets formed from fuzzy subsets u and v, respectively, over the same universal set if
Im(u) € Im(v) or Im(v) € Im(u) where C = Im(u N v).
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b. The soft set formed from the union of two fuzzy subsets y and v is the subset of the intersection of two

soft sets formed from the fuzzy subsets p and v, respectively, over the same universal set if ©, S v,
wheny € B— Aandv, € u, wheny € A — B where D = Im(u U v).

The result of the OR operation of two soft sets formed from fuzzy subsets u and v, respectively, is the
soft set formed from the pair of two fuzzy subsets (i, v) over the same universal set.

The result of AND operation of two soft sets formed from fuzzy subsets u and v, respectively, is the
soft set formed from the pair of two fuzzy subsets (i, v) over the same universal set. If (I (wv)y A X B)
the result of the AND operation of soft sets (Fﬂ, A) and (G,,B) then the sufficient condition
Iuwy(a,B) # @ foralla € Aand B € B is

(i) uSvandp <a,

(i) vEpuanda < B, or

(iii) A N B # @ and there exists u € U such that u(u) = y and v(u) = y for somey € AN B.
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and
which are not members. Members of a set are objects that have certain similarities \[I]L The level of similarit

of objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping
objects using varying degrees of similarity. The grouping process, which tends to show varying levels of
similarity, makes it difficult to group using concepts from classical set theory. Therefore, a more relevant
\theory is needed to help solve the problem [2].

The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

Several years after using the concept of fuzzy subsets, Molodtsov [2] described the weaknesses in the
fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterized subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. A soft set formed from a fuzzy subset is a special form of a soft set in
its parameter set. In a soft set formed from a fuzzy subset, the parameter used is the image of a fuzzy subset
which is then mapped to a collection of all subsets of a universal set.

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji ef al. [7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy and soft sets and generalizes soft sets. Irfan Ali and Shabir [8] developed the theory. To address
decision-making problems based on fuzzy soft sets, Feng et al. introduced the concept of level soft sets of
fuzzy soft sets. They initiated an adjustable decision-making scheme using fuzzy soft sets [9], followed by a
generalized soft fuzzy set [10] and its application to the student ranking system [11].

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

1.1 | Fuzzy Subsets.

Definition 1. [3] Let non-empty set U. A fuzzy subset p of U is defined as a mapping

wU — [0,1]
The function y is called a fuzzy subset of U and can be expressed by p = {(u, u(w))|u € U}, where p(u) is
the membership degree of uw € U for a fuzzy subset . The collection of all fuzzy subsets of U denoted by
FU), ie, FU) = {u|u:U - [0,1]}.

Definition 2. [3] Let u,v € F(U). If p(u) < v(u) forall u € U, then p is contained in v and can be written
wWEv(v22p).If u Svandp v then | is equal to v and can be written u = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of | is the fuzzy subset u¢, where
p = 1-p@

Definition 4. [3] Let u, v € F(U). The intersection and union of p and v is the fuzzy subsets u N v and U v,
where

() Av(u)

pw) Vv(w)

(1N v)(w) = minfu(u),v(u)}
(1 VU v)(u) = max{u(u),v(u)}

1.2 a —Cut on Fuzzy Subsets
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Definition 5. [3] Let u € F(U). For all « € [0,1] can be defined a —level subset (a — cut) of u, which is
denoted g, i.e.
Ue = {ulu € U,u(u) = a}

Theorem 1. [12] Let p, v € F(U), for all a, f € [0,1] the following properties hold true
Du S vau, Sv,

Jasf=>u S g

Ja=p=us=pq

DU=vS Uy =v,

Theorem 2. [13] Let pu, v € F(U), for all a € [0,1] the following properties hold true
1) (MU V)q = g UVg
2) (UNV)g = fa NVq

1.3 Soft Sets

Definition 6. [2] Let U be a universal set and A be a set of parameters. A pair (F, A) is called a soft set over
U where F is a mapping given by

F:A - P(U)
For a € A, F(a) may be considered as the set a-approximate elements of the sofi set (F, A). A soft set over
U can be expressed by (F,A) = {(a,F(a))|a € 4}.

Definition 7. [14] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G,B), if

1) A S Band

2) foralla € A, F(a) € G(a).

Definition 8. [14] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) and (G, B) are said to be equal,
denoted by (F,A) = (G, B), if (F,A) € (G,B) and (G,B) € (F,A).

Definition 9. [15] Let A = {a,, a5, a3, ..., a,} be a set of parameters. The complement of A denoted by
—A = {—ay, a3, as, ..., nay} where —a; is “not a;” and —~(—a;) = a;, foralli = 1,2, ...,n.

Definition 10. [16] The relative complement of a sofi 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), for all a € A.

Definition 11. [17] Bi-intersection of two sofi sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = AN B andforallx € C,H(x) = F(x) N G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A)A (G,B) = (H,0).

Definition 12. [15] Let (F,A) and (G, B) be two sofi sets over U. The union of (F,A) and (G, B) is defined
to be a soft set (1,D), where D = AU B and for all x € D satisfying the following conditions

F(x), XEA—-B
I(x)= G(x), xXEB-A
F(x)uG(x), x €ANB.

The union of (F, A) and (G, B) is denoted by (F,A) U (G,B) = (I, D).

Definition 13. [15] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A)and
(G, B), denoted by (F,A) V (G, B), is defined to be a sofi set (H,A X B), where H(a, b) = F(a) U G(b), for
all (a,b) € AXB.

Definition 14. [15] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I, A X B), where I(a,b) = F(a) N G(b), for
all (a,b) € AXB.
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2 RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and @ —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.

4. Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.

3 |[RESULT AND DISCUSSION

31 \T he Construction [o[Softf.S'fetfs from Fuzzy Sufb.gefts{

Soft sets can be formed from fuzzy subsets, i.e., a soft set with its parameters is the image of a fuzzy
lsubset stated in the following proposition.

Proposition Il.Let U be a universal set, u: U — [0,1] be a fizzy set where A = Im(u) S [0,1].Apair(IthA)77 o

is a soft set where F,: A > P(U) which is defined as F,(a) = uq, for all @ € A. Furthermore, soft set (FM,A)
is called a soft set over U, formed from a fuzzy subset .
Proof. Let @y, a, be any element of A where a; = @5, so based on Theorem 1 and the definition of Fy, it is
obtained that yy, = pg, & F,(a1) = Fi(az), thus F;: A > P(U) is well defined. Therefore, E:A->
P(U) is a function. In other words, based on Definition 6, it was proved that (FM,A) is a soft set over the
universal set U. m
Example 1. Let u = {(u4, 0.4), (up,0.8), (u3, 0.1), (uy, 0.4), (us, 0.7)}.
Thus, the soft set (FM,A) was obtained as follows.
(F;UA) — {(0-1' {u1, up, us, ug, us}), (04, {ul,uz,u4,u5}),}
(0.7, {uz, us}), (0.8, {uz})

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

This section presents the properties of subsets and complements that apply to soft sets formed from
fuzzy subsets. These properties are presented in the following proposition.
Proposition 2. Let (Fw A) and (G, B) be two sofi sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The sofi set (F,, A) is a subset of (G, B) if AS B and pu S v.
Proof. It is known that A € B and based on Theorem 1, if u € v, then p, € v,. In other words, based on
Proposition 1, it is obtained that F, (a) € G, () for all @ € A. Therefore, based on Definition 7, it is obtained
that (F,,A) € (G,,B). =
Example 2. Based on Example 1, a fuzzy subset y is obtained. Next, let the fuzzy subset v be given by
v = {(u4,0.7), (uz,0.9), (u3, 0.1), (u4, 0.4), (us, 0.8)}.
Therefore, it is obtained that A & B and p(u) < v(u) for all u € U. Furthermore, based on Definition 2, it
is obtained that 4 € v.

0.1, {uy, up, uz, ug, us}), (0.4, {ug, Uz, Ug, uUs}),
Next, it is obtained that (GVIA) — {( {ul Uy, U3z, Uy us}) ( {ul Uz, Uy us})}
(0.7, {uy, 1, ug)), (0.8, {uz, u5))

Consequently, F,(a) € G, () forall a € A.

Thus, it was obtained that (F;UA) € (G, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F€, A). Next,
in this research, it is defined that (F, A)C = (Ff,A) where F{ (@) = U — F,(a) forall @ € A. The following
proposition states (Fw A)C as a soft set over a universal set U that is formed from a fuzzy subset p.
Proposition 3. If (Fy, A) is a soft set formed from a fuzzy subset p over a universal set U, then (F}UA)C isa

sofi set formed from a fuzzy subset y over a universal set U, where (F, A)C = (K, ¢, A).
Proof. Let @y, @, be any element of A where @; = @, so based on Theorem 1 and the definition of F,, It is
obtained that uy, = g, < F,(a;) = F(az). Consequently, based on the definition of FMC, it is obtained that
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U—Fy(ar) =U— Fy(az) © Ef (a1) = Ef (a;). Therefore, Ff:A— P(U) is well-defined. Thus,
Ff:A - P(U) is a function. In other words, based on Proposition 1, it is proved that (Fﬂ,A)C is a soft set
formed from a fuzzy subset u over universe U. m

Next, the soft set (Fﬂ, A)Cis called the complement of a soft set (Fh, A).

It is known, based on Definition 3, that for any fuzzy subset y, there is always a complement of u that
is denoted by €. The complement of a soft set formed from a fuzzy subset is not equal to a soft set formed
from the complement of a fuzzy subset, which is shown in the following example and proposition.
Example 3. Based on Example 1, a fuzzy subset u is obtained.

0.1,8), (0.4, {us}),
Therefore, (F¢,A) = { ( }
(Fic.4) (0.7, {us, us, uq}), (0.8, {uq, us, ug, us})
(0.1, {ug, uz, uz, uy, us}), (0.4, {ug, us, u4}),}
(0.7, {u3}), (0.8, {us}) )
It is obtained that (FC,A) * (FME,A). In other words, (Fw A) * (FME,A).
Proposition 4. If (Fﬂ,A) is a soft set formed from a fuzzy subset [ over a universal set U, then

(EuA)" # (Fc,A).

and (FME,A) ={

It is known that based on Definition 9, for any parameter set A4, there is always a complement of A
denoted by —A. Next, if a soft (F,, A) exists, then —F,: =4 - P(U), defined by =F,(=a) = F,(1 — a) for
all @ € A, can be formed. It can be shown that (—|F ,—|A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.
Proposition 5. If (F,, A) is a soft set formed from a fuzzy subset p over a universe U, then (—F,, —A) is a
soft set formed from a fuzzy subset i over a universe U.
Proof. Let a,, a, be any element of A where a; = a,. Consequently, 1 — @; = 1 — a, so based on Theorem
1 and the definition of —F,, It is obtained that p(1—q,) = H(1-a,) © Fu (1) = —F,(naz). Therefore,
—F,: =A — P(U) is well-defined. Thus, =F;: =A - P(U) is a function. In other words, based on Proposition
1, it is proved that (—|F , —|A) is a soft set formed from a fuzzy subset y over universe U. m

Hereafter, (—|F , —|A) is called the negation of a soft set (F;UA).

Proposition 6. Let (F;U A) be a soft set formed from a fuzzy subset p over a universe U. If u(u) # 1 — a for
all u € U then ~Ff (~@) = Fyc(a) for all a € A.
‘Prtaof. Let a be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
tha
—Ef(ma) =U — (—@(w))
=U-E(1-a
=U—la-q
=U—-{u€elluu)=1—a}
={u€eljupuw)<1l-—a}
on the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fue(@) = 1)a
= (u e U () = a)
={u€eUl|l—-pu(u)=a}
={ueljuw)<1-a}
Because p(u) # 1 — a for all u € U, it is obtained that
Fu(@)={ueluw) <1-aj}
Thus, it is proven that if u(u) # 1 — a for all u € U then ~Ff (-a) = Fyc(a)foralla e A. m
Example 4. Let u = {(u4,0.5), (u3,0.7), (u3, 0.2), (ug, 1), (us,0.9), (ug, 0)}.
0, {uq, uz, us, us,ug}), (10.2, {uy, uz, us, ug}), (—|0.5, {us, ug}),
Th i X FC, A) = {(_' 1 %2, 43 }
erefore, (F;, 24) (=0.7, {3, ug}), (=0.9, {ue}), (=1, 0)
on the other hand, because p(u) # 1 — «a for all u € U, then it is obtained that
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(Fc,4) = {(0, {1, up, uz, us, ue}), (0.2, {ug, uz, us, Us}), (0'5'{u3:u6})'}
v (0.7, {us, u}), (0.9, {uc}), (1, 8)
Consequently, =Ff (—a) = F uc(a) foralla € A.

3.3 Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (F#, A) and (Gy, B) be two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (Huny, C) € (E, A) N (Gy, B) if Im(p) € Im(v) or Im(v) € Im(u) where
C=Im(unv).
Proof. Based on Definition 7, To prove that (Hyny,C) c (FwA) A (G, B), it must be proven that
C < AnBand Hyny(y) € (F. N G,)(y) forally € C.
(i) Let x be any element of Im(u Nv) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(u), v(u)}.
1) Assuming that p(u) < v(u),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).
2) Assuming that v(u) < u(u),it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).
From 1) and 2), it is obtained that Im(u N v) € Im(x) N Im(v), so based on Proposition 1, it is proven
that C € AN B.
(ii) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hyny (V) = (uNv)y
=p,Nvy,
=EWM NG
= (E.NG)®)
It is obtained that Hyny (v) = (F, N G, )(¥)- Thus, it is proven that Hyny (v) S (F, N G,)(y) forall
Yy€eC.
From (i) and (ii), it is obtained that (Hyny, C) c (Fw4) 0 (G, B).m
Example 5. Let 4 = {(uy, 0.8), (uz,0.1), (u3, 0.7), (uy, 0.4), (us, 0.7)}
and v = {(u4,0.7), (uz,0.9), (u3, 0.1), (uy, 0.4), (us, 0.8)}.
Therefore, Im(u) € Im(v) and An B = {0.1,0.4,0.7,0.8}
On the other hand, based on Definition 4, it is obtained that C = {0.7,0.1, 0.4}
Thus,C €S ANB.
Furthermore, it is obtained that (H,mv, C) = {(0'1' U uz,u3,(;447, u;}),u(OA, W u4,u5}),}
(0.1, {uq, up, uz, U, us}), (0.4, {uq u4(u.5}’){ vp
and (.1 G,),C) = { 0 ey }
It is obtained that Hyny (v) = (F, N Gy)(¥). Consequently, Huny (¥) S (F. 0 Gy)(y) forally € C.
Thus, (Huny, €) € (F,, A) i (Gy, B).

Proposition 8. Let (Fw A) and (G, B) be two sofi sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The sofi set (Iyyy, D) c (FoA)U (G, B) if iy S vy wheny € B — A and vy, C p, when
Yy € A— B where D = Im(u U v).
Proof. Based on Definition 7, to prove that (I, D) c (F,A) U (G, B), it must be proven that D € AU B
and Iy, () € (F, U G))(y) forally € D.
(i) Let x be any element of Im(u U V) so there exists u € U such that x = (u U v)(u), then based on
Definition 4, it is obtained that x = max{u(u),v(u)}.
1) Assuming that y(u) = v(u), it is obtained that x = p(u) which means x € Im(u).
2) Assuming that v(u) = u(u), it is obtained that x = v(u) which means x € Im(v).
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From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € AU B.

(i) Based on Definition 12, for all y € D holds

E), yEA—-B
(RVG)») = Gy (), YEB-A
E) VG, y€EANB.

1) IfyeA-B
Let y be any element of A — B and if y € A — B then v, € p,.. Then, based on Theorem 2 and
Proposition 1, it is obtained that

Liw(¥) = (pUv),

=M Uy
=hE®)
It is obtained that Iy, (¥) = F,(y) wheny € A— B.
2) IfyeB-A

Let y be any element of B — A and if y € B — A then pu, € v,,. Then, based on Theorem 2 and
Proposition 1, it is obtained that
Luw @) = (U v),
=iy Uy
=Gy ()
It is obtained that Iy, (¥) = G, (y) wheny € B — A.
3) IfyeAnB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
Lo () = (LU V)y
=iy Uy
=EMVGaW
It is obtained that I,y (¥) = F.(¥) U Gy (y) wheny € AN B.
From 1), 2), and 3), it is obtained that I, (y) = (F, N G,)(¥). Thus, it is proven that
Luow () € (F. N G,)(y) forally € D.
From (i) and (ii), it is obtained that (I,yy, D) c (F,A)T (G, B). m
Example 6. Let 1 = {(uy,0), (up, 0.2), (us, 0.4), (ug, 0.9)}
and v = {(uy,0), (uz, 0.2), (us, 0.6), (uy, 0.8)}.
Therefore, AU B = {0,0.2,0.4,0.6,0.8,0.9}
on the other hand, based on Definition 4, it is obtained that D = {0, 0.2, 0.6, 0.9}

Thus,D € AU B.

.. . 0, {uq, Uz, uz, us}), (0.2, {uy, us, uy}),
Next, it is obtained that (1,,,D) = {( }

( g ) (0.6, {us, u4}), (0.9, {us})
_ (0, {ug,uz, uz, us}), (0.2, {Uuz, us, us}),

and ((Fu U Gv),D) = { (0.6, {uz, uy}), (0.9, {us}) }
It is obtained that v;, € u,, wheny € A— B and u, € v, wheny € B — A.
Furthermore, it is obtained that I,y (¥) = (F, U Gy)(¥). Consequently, Ly (¥) S (F, U Gy)(¥) for all
Y €D.
Thus, it is obtained that (I,yy, D) (= (Fud) U (G,,B).

Proposition 9. 1_/"(F#, A) and (G, B) are two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U then (H (uvy A% B) is a soft set formed from a fuzzy subset (1, V) over the universal set U,

where
HyyyiAX B - P(U)



56 Family name of first author, et. al. Write some words of the title’s in Arial Narrow, 8pt, italic ........

is defined as H (@, B) = pog U vg foralla € A and f € B.
Proof. Let (a1, B1), (a2, B2) be any element of (A X B) where (ay, 1) = (a3, ;). Consequently, a; = a,
and ; = f3,, then based on Theorem 1, it is obtained that 1o, = ug4, and vg, = vg,. By using the properties
of the union on two sets and based on the definition of H, ,y it is obtained that

Hay YU Vg, = ta, U Vg, &H (a1, B1) = Heyyy (a2, B2)-
Therefore, H,,,y: A X B - P(U) is well-defined. Thus, H,,y: A X B » P(U) is a function. In other words,
based on Proposition 1, it is proven that (H vy A % B) is a soft set formed from a fuzzy subset (u,v) over
universe U. Furthermore, based on Definition 5, it is obtained that for any @ € A and 8 € B, there is at least
one element in each of y1, and vg, and thus g, U vg # @. In other words, Hyyy(a, ) # @. m

Hence, it is obtained that the definition of OR operation of (Fh, A) and (G, B) is
(FM,A) V(G,,B) = (H(M_v),A X B),

where H ) (e, B) = (F#(a) U G,,(ﬁ)) = g Uvg forall (a,f) € A X B.
Example 7. Let u = {(u4,0.2), (up, 0.8), (u3, 0.5)} and v = {(u,, 0.8), (up, 0.3), (u3,0.2)}.
It is obtained that

mv) = {(ul, 0.2, 0.8)), (uz, (0.8, 0.3)), (u3, (0.5, 0.2))},
and based on Definition 4, for all @ € A and 8 € B there is at least one element in each of p, and vg.
Consequently, po Uvg # @. In other words, H(,,,y(a, B) # @.

/((0.2, 0.8), {uq, uz,u3}), ((0.2, 0.3), {uy, uy, u3}),\
(€0.2,0.2), {uy,uz, us}), ((0.8,0.8), {uy, uz}),
Furthermore, it is obtained that (H(#_V),A X B) = J ((0.8, 0.3), [uz,u3}), ((0.8, 0.2), {uy, uz,u3}),

1 ((0.5,08), {uy, uz,us}), ((0.5,03), {up, uz}), 1
L ((05,0.2), {uy, up, uz}) )

Proposition 10. If(FM, A) and (G, B) are two soft sets formed from fuzzy subsets . and v, respectively, over
a universal set U then (1 vy A X B) is a soft set formed from a fuzzy subset (u,v) over the universal set U,
where

Iuyy: AX B > P(U)

Is defined as 1y (a, B) = pg Nvg for all a € Aand B € B. Furthermore, 1,,,)(a, B) # @ if one of the

following statements is satisfied.

(i) wSvandB <aforalla € Aandp € B

(ii)) vEuanda < B foralla € Aand f € B

(iii) AN B # @ and there exists u € U such that u(w) =y and v(u) =y for somey € AN B.

Proof.

(i) Let(ay,pB1), (az, f2) be any element of (A X B) where (ay, 5;) = (@3, 7). Consequently, a; = a; and
B1 = B, then based on Theorem 1, it is obtained that o, = ug, and vg, = vg,. By using the properties
of intersection on two sets and based on the definition of I, ., it is obtained that

Bay, NVB, = Ha, NV, = [uvy(@1, B1) = Iy (@2, B2)-
Therefore, I(,,):A X B - P(U) is well-defined. Thus, I(,,):A X B > P(U) is a function. In other
words, based on Proposition 1, it is proven that (1 vy A X B) is a soft set formed from a fuzzy subset
(u,v) over universe U.

(ii) Let u, v be any element of F(U), a be any element of A, and f be any element of B

I(,u,v)(a' ﬁ) =l N 173
=fuellp@)=za}n{uellvu) =L}
={u€elU|u)=aandv(u) = B}
(a) If u € v then based on Definition 2, it is obtained that u(u) < v(u) for all u € U and it is known
that § < a, so it is obtained that
I(M,v)(a' B) =HUg N Vg
={uellf<a< pu(u)<v)andv(u) = B}
= (u e Ul p(w) > a}
= Ha
*0
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It is now proven that I,y (a, B) # @ foralla € Aand § € B.
(b) If v € pu then, based on Definition 2, it is obtained that v(u) < u(u) for all u € U and it is known
that @ < B, so it is obtained that
lwy (@ B) = pa Vg
={uelju(w)zaanda < < v(u) < u(u)}
= (€ Ulv(u) 2 B}
+0

It is now proven that [,y (a, B) # @ forall« € Aand § € B.

(c) Because AN B # @ and there exists u € U such that y(u) =y and v(u) = y for somey € ANB
then u € u, and u € v,, therefore u € u, Nv,. Consequently, u, Nv, # @. In other words,
because for some y € AN B there exists u € y, N, it is obtained that u, Nvg # @. Thus, it is
proven that [, ,y(a, ) # @ foralla € Aand B € B.

Hence, Iy (a0, B) # @ forall a € A and B € B if (a), (b), or (¢) is satisfied.

From (i) and (ii), it is obtained that (I vy A% B) is a soft set formed from a fuzzy subset (u,Vv) over a
universal set U and /() (a, ) # @ foralla € Aand S €EB. m

Thus, it is obtained that the definition of AND operation of (Fh, A) and (G, B) is

(Fﬂ,A) A (Gy,B) = (1(#_,,),14 X B),

where I,y (a, B) = (Fu(a) n Gv(ﬁ)) = pg Nvp forall (a,f) € AXB.
Example 8. Let 4 = {(uy,0.4), (uy, 0.8), (u3, 0.1), (ug, 0.3), (us, 0)}
and v = {(u4,0.5), (uz,0.9), (u3, 0.1), (uy, 1), (us, 0.3)}.
Consequently, p(u) < v(u) for allu € U, so based on Definition 2, it is obtained that 4 € v
and that

wv) {(ul, 0.4, 0.5)), (uz, 0.8, 0.9)), (u3, 0.1, 0.1)),}
wv) =
(14 (03,1)), (us, (0,0.3))
Also, I(yvy(a, B) # @ where B < a foralla € Aand € B.
Furthermore, it is obtained that

((0.4,0.3), fu1,uz}), ((0.4,0.1), {ug, u5}), ((0.8,0.5), {u,}),
(I(u_v),A X B) = ((0.8, 0.1), [uz}), ((0.8, 0.3), [uz}), ((0.1, 0.1), [ul,uz,u3,u4}),
((0.3,0.1),{u1,u2,u4}), ((0.3, 0.3), [ul,uz,u4})

4 CONCLUSIONS

IBased on the discussion results, the following provisional results were obtained.
1. The pair (F,, A) is a soft set formed from a fuzzy subset u: U — [0,1] where F,: A — P(U) which satisfies
the formation of soft sets. Furthermore, it was obtained that

a. A soft set formed from a fuzzy subset y is a subset of the soft set that is formed from a fuzzy subset v
over the same universal set if Im(#) € Im(v) and p S v.

b. The complement of a soft set formed from a fuzzy subset  over a universal set U is a soft set formed
from the same fuzzy subset.

c. The complement of a soft set formed from a fuzzy subset u is not equal to a soft set formed from the
complement of a fuzzy subset p over the same universal set.

d. The negation of a soft set formed from a fuzzy subset y over a universal set U is a soft set formed from
the same fuzzy subset. Furthermore, equality was obtained in that the image of a soft set complement
is equal to the image of a soft set formed from its fuzzy subset complement.

2. The results of the intersection, union, OR, and AND operations of two soft sets formed from fuzzy subsets
are as follows.

a. The soft set formed from the intersection of two fuzzy subsets u and v is the subset of the intersection
of two soft sets formed from fuzzy subsets u and v, respectively, over the same universal set if
Im(p) € Im(v) or Im(v) € Im(u) where C = Im(u N v).
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b. The soft set formed from the union of two fuzzy subsets y and v is the subset of the intersection of two

soft sets formed from the fuzzy subsets u and v, respectively, over the same universal set if @, < v,
wheny € B — Aand v, € u, wheny € A — B where D = Im(u U v).

The result of the OR operation of two soft sets formed from fuzzy subsets u and v, respectively, is the
soft set formed from the pair of two fuzzy subsets (i, v) over the same universal set.

. The result of AND operation of two soft sets formed from fuzzy subsets u and v, respectively, is the

soft set formed from the pair of two fuzzy subsets (i, v) over the same universal set. If (I, .y, A X B)
the result of the AND operation of soft sets (F,,A) and (G,,B) then the sufficient condition
Iuvy(a,B) # @ forall € Aand § € B is

(i) pSvandf < a,

(i) vEpanda < B, or

(iii) A N B # @ and there exists u € U such that y(u) = y and v(u) = y forsomey € AN B. L -
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and

which are not members. Members of a set are objects that have certain similarities \[I]L The level of similarity _ - | Commented [A2]: For citation, use reference tools such as

of objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping Mendeley

objects using varying degrees of similarity. The grouping process, which tends to show varying levels of
similarity, makes it difficult to group using concepts from classical set theory. Therefore, a more relevant
theory is needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

Several years after using the concept of fuzzy subsets, Molodtsov [2] described the weaknesses in the
fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterization subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. A soft set formed from a fuzzy subset is a special form of a soft set in
its parameter set. In a soft set formed from a fuzzy subset, the parameter used is the image of a fuzzy subset
which is then mapped to a collection of all subsets of a universal set.

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji ef al. [7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy and soft sets and generalized soft sets. Irfan Ali and Shabir [8] developed the theory. To address
decision-making problems based on fuzzy soft sets, Feng et al. introduced the concept of level soft sets of
fuzzy soft sets. They initiated an adjustable decision-making scheme using fuzzy soft sets [9], followed by a
generalized soft fuzzy set [10] and its application to the student ranking system [11].

Research on soft sets has also been developed by integrating other fields, including algebra, and its
applications in the real world. In the field of algebra, they include soft matrices introduced by Cagman and
Enginoglu [12], soft groups introduced by Aktag and Cagman [6], soft semiring by Feng ez al. [13], soft
rings by Acar et al. [14], and soft modules by Sun et a/.[15], which until now continue to develop, can see in
[16], [17], [18], [19], [20], [21], [22], and [23]. Some applications of soft sets in the real world can see in
[24], [25], [26], [27], [28], [29], [30], [31], [32] and much more.

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

2 RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and a —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.

4. Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.

2.1 Fuzzy Subsetst Commented [A3]: The int_roduction should onlu b_e in naration.
You may add fzzy subset, etc in Research method as literature
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Definition 1. [3] Let non-empty set U. A fuzzy subset p of U is defined as a mapping
w:U - [0,1].
The function w is called a fuzzy subset of U and can be expressed by p = {(u, p(w))[u € U}, where p(w) is

the membership degree of uw € U for a fuzzy subset p. The collection of all fuzzy subsets of U denoted by
FU), ie., FU) = {u|u: U - [0,1]}.

Definition 2. [3] Let u,v € F(U). If u(w) < v(u) forall u € U, then y is contained in v and can be written
HWEv(w22u).IfuSvandp 2V then p is equal to v and can be written u = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of | is the fuzzy subset u¢, where
pw = 1-p@

Definition 4. [3] Let u, v € F(U). The intersection and union of p and v is the fuzzy subsets u N v and L U v,
where

(N V)(w) = minfu(u), v} = w@w) Av(w)
(1 UV)(w) = max{u(u), v(w)} = u(w) v v(w)

2.2 a —Cut on Fuzzy Subsets
Definition 5. [3] Let p € F(U). For all a € [0,1] can be defined a-level subset (@ — cut) of @, which is
denoted g, i.e.

Ha = (ulu € U,pn(u) = a}

Theorem 1. [33] Let u,v € F(U), for all a, B € [0,1] the following properties hold true
Du S vau, Sv,

as<f=>ug S o

Ja=p=us=pq

DU=V S Uy =V,

Theorem 2. [34] Let u,v € F(U), for all a € [0,1], the following properties hold true
1) (U Ve = e U Ve

2 (N Vg = Ha N Vg

2.3 Soft Sets
Definition 6. [2] Let U be a universal set and A be a set of parameters. A pair (F, A) is called a soft set over
U where F is a mapping given by

F:A - PU)
For a € A, F(a) may be considered as the set a-approximate elements of the sofi set (F, A). A soft set over
U can be expressed by (F,A) = {(a,F(a))|a € A}.
Definition 7. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G,B), if
1) A S Band
2) foralla € A, F(a) € G(a).

Definition 8. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) and (G, B) are said to be equal,
denoted by (F,A) = (G, B), if (F,A) € (G,B) and (G,B) € (F,A).
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Definition 9. [36] Let A = {a,,a5, a3, ..., a,} be a set of parameters. The complement of A denoted by
—A = {=ay,10a;, a3, ..., 1a,} where —a; is “not a;” and —~(=a;) = a;, foralli = 1,2,...,n.

Definition 10. [37] The relative complement of a sofi 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), for all a € A.
Definition 11. [13] Bi-intersection of two sofi sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = AN B andforall x € C,H(x) = F(x) N G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A)0 (G,B) = (H,0).

Definition 12. [36] Let (F,A) and (G, B) be two sofi sets over U. The union of (F,A) and (G, B) is defined
to be a soft set (1,D), where D = AU B and for all x € D satisfying the following conditions

F(x), X€A-B
I(x)= G(x), xXEB-A
F(x)uG(x), x€ANB.

The union of (F, A) and (G, B) is denoted by (F,A) U (G,B) = (I, D).

Definition 13. [36] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A)and
(G, B), denoted by (F,A) V (G, B), is defined to be a soft set (H, A X B), where H(a, b) = F(a) U G(b), for
all (a,b) € AX B.

Definition 14. [36] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I, A X B), where I(a,b) = F(a) n G(b), for
all (a,b) € AXB.

3 ‘RESULT AND DISCUSSION

This section explains that a soft set can be formed from the fuzzy subsets, with the parameter
being the level subset obtained from the fuzzy subset. This section also provides the properties of
soft sets formed by fuzzy sets related to subsets and operations concepts in the soft sets.

31 \The Construction \of Soft Sets from Fuzzy SubsetsL

Soft sets can be formed from fuzzy subsets, i.e., a soft set with its parameters is the image of a fuzzy
lsubset stated in the following proposition.

is a soft set where F,: A > P(U) which is defined as F,(a) = uq, for all @ € A. Furthermore, soft set (Fw A)
is called a soft set over U, formed from a fuzzy subset .

Proof. Let a, a, be any element of A where a; = @5, so based on Theorem 1 and the definition of Fy, it is
obtained that pi,, = pg, & Fi(a1) = F,(az), thus F,: A > P(U) is well defined. Therefore, F,: A - P(U)
is a function. In other words, based on Definition 6, it was proved that (Fw A) is a soft set over the universal
setU.m

Example 1. Let 4 = {(uy, 0.4), (uz, 0.8), (u3, 0.1), (uy, 0.4), (us, 0.7)}.
Thus, the soft set (FM,A) was obtained as follows.

_ ((0.1, {uy, up, ug, us, us}), (0.4, {uy, up, uy, us}),
() ={ (07, {11, 13)), (08, 1)) }

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

This section presents the properties of subsets and complements that apply to soft sets formed from
fuzzy subsets. These properties are presented in the following proposition.
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Proposition 2. Let (FL,A) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (F,, A) is a subset of (G, B) if AS B and p S v.

Proof. It is known that A € B and based on Theorem 1, if u € v, then p, S v,. In other words, based on
Proposition 1, it is obtained that F, (@) S G, («) for all @ € A. Therefore, based on Definition 7, it is obtained

that (F,, A) €(G,,B). nu
Example 2. Based on Example 1, a fuzzy subset p is obtained. Next, let the fuzzy subset v be given by
v = {(uy,0.7), (uz,0.9), (us, 0.1), (uy, 0.4), (us, 0.8)}.

Therefore, it is obtained that A & B and p(u) < v(u) for all u € U. Furthermore, based on Definition 2, it
is obtained that 4 € v.

0.1, {uy, up, us, Uy, Us}), (0.4, {ug, Uy, Uy, Us}),
Next, it is obtained that Gy, A) = {( {u1, Uz, Uz, Uy, Us}), ( {ug,up,uy us})}

(0.7, fuy, up, us}), (0.8, {uz, us})
Consequently, F,(a) € G, (@) forall @ € A. Thus, it was obtained that (F, 4) € (G,, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F€, A). Next,
in this research, it is defined that (F,, A)C = (Ff,A) where F{ (@) = U — F,(a) forall @ € A. The following

proposition states (Fw A) as a soft set over a universal set U that is formed from a fuzzy subset p.

Proposition 3. [f (F,, A) is a soft set formed from a fuzzy subset y over a universal set U, then (Fh,A)C isa
soft set formed from a fuzzy subset p over a universal set U, where (F;t, A)C = (F;f, A).

Proof. Let a;, a, be any element of A where @y = a;, so based on Theorem 1 and the definition of F,, It is
obtained that uy, = g, < F,(a;) = F(az). Consequently, based on the definition of FMC, it is obtained that
U—Fy(ar) =U—Ey(az) © Ff (a1) = Ef (az). Therefore, Ff:A- PU) is well—detc'med. Thus,
Ff:A - P(U) is a function. In other words, based on Proposition 1, it is proved that (FwA) is a soft set

formed from a fuzzy subset u over universe U. m

Next, the soft set (Fﬂ, A)Cis called the complement of a soft set (Fh, A).

It is known, based on Definition 3, that for any fuzzy subset y, there is always a complement of u that
is denoted by u€. The complement of a soft set formed from a fuzzy subset is not equal to a soft set formed
from the complement of a fuzzy subset, which is shown in the following example and proposition.

Example 3. Based on Example 1, a fuzzy subset u is obtained.

B (0.1, ), (0.4, {u3)),
Therefore, (F#C,A ) = {(0.7_ {u1,u3,us}), (0.8, {u13. Uz, Uy, Us}) }

(0.1, {uy, up, uz, uy, us}), (0.4, {uy, us, u4}),}
(0.7, {us}), (0.8, {u3}) '

It is obtained that (FMC,A) +* (FME,A). In other words, (Fw A)C +* (FME,A).

and (FME,A) ={

Proposition 4. If (Fu,A) is a soft set formed from a fuzzy subset @ over a universal set U, then

c
(FuA) # (Fue 4).

It is known that based on Definition 9, for any parameter set A4, there is always a complement of A
denoted by —A. Next, if a soft (Fy, A) exists, then =1F;: =A - P(U), defined by =F,(na) = F,(1 — a) for
all @ € A, can be formed. It can be shown that (—|F ,—|A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.

Proposition 5. If (F,, A) is a soft set formed from a fuzzy subset p over a universe U, then (—F,,—A) is a
soft set formed from a fuzzy subset i over a universe U.

Proof. Let a,, a, be any element of A where a; = a,. Consequently, 1 — @; = 1 — a, so based on Theorem
1 and the definition of —F,, It is obtained that f; 4,y = f(1-q,) & Fu () = —F,(az). Therefore,
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—F,: =A — P(U) is well-defined. Thus, =F;: =A —» P(U) is a function. In other words, based on Proposition
1, it is proved that (—|F , —|A) is a soft set formed from a fuzzy subset y over universe U. m

Hereafter, (—|F , —|A) is called the negation of a soft set (Fw A).

Proposition 6. Let (F;t,A) be a sofi set formed from a fuzzy subset p over a universe U. If uy(u) # 1 — a for
all u € U then ~Ff (=) = Fc(a) forall @ € A,

Proof. Let @ be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained

[thad 77777777777777777777777777777777777777777777777777777777777 _ — -| Commented [A7]: Set in the middle. Continue to the rest
[~ equations
c — h
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=U-F(l-a)
=U—fu-a)

=U—-{uelluw)=1-a}
={u€elUjuw)<1l—a}
On the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fuc(a) = (Hc)a
= {u € Ulu‘ () = a}
={u€eU|l—uu)=a}
={u€ellu(m)<1-a}l

Because p(u) # 1 — a for all u € U, it is obtained that

Fyu@={ellupw) <1l-a}
Thus, it is proven that if u(u) # 1 — a for all u € U then ~Ff (-a) = Fyc(a)foralla e A. m
Example 4. Let u = {(u4,0.5), (u3,0.7), (u3, 0.2), (ug, 1), (us,0.9), (ug, 0)}.

(=0, {uy, uz, u3, us, ug}), (10.2, {Ug, Uz, U3z, Ug}), (00.5, {u3, us}),}
(=0.7, {uz, ug}), (0.9, fug}), (=1, 0) '

On the other hand, because u(u) # 1 — a for all u € U, then it is obtained that

(F c A) _ {(0,{u1,u2,u3,u5,u6}), (0'2'{u1'u2ru3'u6})'(0'5'{u3ru6})'}
w (0.7, {uz, ue}), (0.9, {ue}), (1, 9) '

Consequently, =Ff (—a) = F uc(a) forall a € A.

Therefore, (—@f, —|A) = {

3.3  Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (FL,A) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over

a universal set U. The soft set (Huny, C) g (FwA) 0 (Gy, B) if Im(p) € Im(v) or Im(v) S Im(p) where
C=Im(unv).

Proof. Based on Definition 7, To prove that (Hpuny,C) g (FuA) 0 (Gy, B), it must be proven that
C < ANnBand Hyny(¥) S (F. N Gy)(y) forally € C.

(i) Let x be any element of Im(u Nv) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(u), v(u)}.
1) Assuming that u(u) < v(u),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(u) and x € Im(V) in other words
x € Im(u) N Im(v). Consequently, Im(u Nv) € Im(u) N Im(v).
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2) Assuming that v(u) < u(u),it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).

From 1) and 2), it is obtained that Im(u N v) € Im(u) N Im(v), so based on Proposition 1, it is proven
that C € AN B.

(ii) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hyny () = (N v),
=y Ny
=EM NG
=(F.NnG)M

It is obtained that Hyny (v) = (F, N G, )(¥)- Thus, it is proven that Hyny (v) S (F, N G,)(y) forall
y€eC.

From (i) and (ii), it is obtained that (Hyny, C) g (Fw4) 0 (G, B).m
Example S. Let u = {(u4, 0.8), (up,0.1), (u3, 0.7), (us, 0.4), (us, 0.7)}
and v = {(u4,0.7), (uz,0.9), (u3, 0.1), (ug, 0.4), (us, 0.8)}.

Therefore, Im(u) € Im(v) and AN B = {0.1,0.4,0.7,0.8}. On the other hand, based on Definition 4, it is
obtained that C = {0.7,0.1,0.4}. Thus, C S ANB.

(0.1, {u, up, uz, ug, us}), (0.4, {us, uy, us}),}
(0.7, {uy, us})

(0.1, {uq, up, uz, ug, us}), (0.4, {uq, uy, us}),
and ((FMnGv),C)—{ v 3(0.47'{u1’u5}) vl }

It is obtained that Hyn, (v) = (F, N G,)(¥). Consequently, Huny, (¥) S (F, 0 G,)(y) forally € C.
Thus, (Hunw, C) € (Fu A) 0 (G, B).

Furthermore, it is obtained that (Hyny, C) = {

Proposition 8. Let (FL,A) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over

a universal set U. The soft set (Iuy, D) g (FA)U (Gy, B) ifuy, S vy wheny € B— Aand v, S, when

y € A— B where D = Im(u U v).

Proof. Based on Definition 7, to prove that (1,yy, D) c (FwA) U (G, B), it must be proven that D € AU B

and I, (¥) € (F, U G,)(v) forally € D.

(1) Let x be any element of Im(u U V) so there exists u € U such that x = (u U v)(u), then based on
Definition 4, it is obtained that x = max{u(u), v(u)}.

1) Assuming that y(u) = v(u), it is obtained that x = u(u) which means x € Im(u).
2) Assuming that v(u) = u(u), it is obtained that x = v(u) which means x € Im(v).

From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € AU B.

(ii) Based on Definition 12, for all y € D holds

E)s y€EA—-B
(RVG) = Gy (1), YEB-A
FEM VG, yEANB.

1) IfyeA—B
Let y be any element of A — B and if y € A — B then v, € . Then, based on Theorem 2 and
Proposition 1, it is obtained that
Liw (@) = (uUv),
=y Uy
=R
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It is obtained that Iy, (¥) = F,(y) wheny € A— B.

2) IfyeB—A
Let y be any element of B — Aand if y € B — A then p, € v, Then, based on Theorem 2 and
Proposition 1, it is obtained that

L (@) = U v),
=y Uy
=Gy (¥)
It is obtained that Iy, (¥) = G,(y) wheny € B — A.
3) Ify€ANB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
L (@) = (U v),
=Wy Uy
=EMVG&»
It is obtained that I,y (¥) = F.(¥) U Gy (y) wheny € AN B.
From 1), 2), and 3), it is obtained that I,,,(y) = (F, N G,)(¥). Thus, it is proven that
Luow () € (F. N G,)(y) forally € D.
From (i) and (ii), it is obtained that (I,,yy, D) c (FuA)U (G, B). m
Example 6. Let 4 = {(uy,0), (up, 0.2), (u3, 0.4), (ug, 0.9)} and v = {(uy, 0), (uy, 0.2), (u3, 0.6), (u4,0.8)}.
Therefore, AU B = {0,0.2,0.4,0.6, 0.8, 0.9}. On the other hand, based on Definition 4, it is obtained that
D ={0,0.2,0.6,0.9}. Thus, D € AU B.
(0, {uq,uz,uz, us}), (0.2, {uy, us, u4}),}
(06, {it3,u4}), (0.9, {14})
(00, {uqg, uz, uz, us}), (0.2, {uy, us, us}),
nd (B 6).0) = 08 ey, 08wy
It is obtained that vj, € u, wheny € A — B and y,, € v}, wheny € B — A. Furthermore, it is obtained that
Lo () = (B, Y G,)(¥). Consequently, Iy (v) S (F, VU G,)(y) forall y € D. Thus, it is obtained
that (quva) g (F#A) U (G, B).

Next, it is obtained that (I, D) = {

Proposition 9. If’ (Fﬂ, A) and (G, B) are two soft set respectively formed from fuzzy subsets p and v over the
universal set U then (H, C) is a soft set formed from the OR operation of (Fh,A) and (Gy, B) defined as
H:C - P(U)

where C = A X B and H(a, B) = F,(a) U G, (B) for all (a,B) € A X B. Furthermore, if (I uuyy, D) is a soft

set formed from the union operation on fuzzy subsets i dan v then I,y (V) S (Fh (@)u Gv(ﬁ)) with the

sufficient condition y = max{a, f} for all« € A, € B,andy € D.

Proof. Let u be any element of (14 U v),, it means u € {u € U|(u U v) = y}, then based on the definition of

(1 Uv)(u)itis obtained that u € {u € U| max{u(u),v(u)} =y}

a) Assuming that u(u) = v(u), it is obtained that u € {u € U|u(u) =y}, so that y(u) = y. In other words,
U € .

b) Assuming that v(u) = u(u), it is obtained that u € {u € U|v(u) = y}, so that v(u) = y. In other words,
U Ev,.

From a) and b), it is obtained that u € p, or u € vy, so that u € i, U v,. Furthermore, because y =

max{a, f} then y = a and y = B, so that u € y, U vg. In other words, (uUV), S pg Uvg. Thus, it is

proven that I,y (¥) S (Fu(a) Y Gv(ﬁ))‘
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Hence, it is obtained that the definition of OR operation of (Fh, A) and (G, B) is
(FwA) Y (G, B) = (H,AX B),
where H(a, B) = F,(a) U G, (B) forall (a, ) € AX B.
Example 7. Let u = {(u4,0.2), (u,0.8), (u3, 0.5)} and v = {(u4,0.8), (u,, 0.3), (u3,0.2)}.
It is obtained that
(FurA) = {(02, {wq, uz, u3}), (0.5, {u2,u3}), (0.8, {u2 )},
(Gv, B) = {(0.2, {uy, uz, u3}), (0.3, {ug, u2}), (0.8, {u1 )},
D =1Im (uUv) ={0.50.8}, and (I(Wv),D) = {(0.5, {uy,uy,u3}), (0.8, {uy, uz})}
Thus, when y = max{a, }, obtained that I,y (¥) S (F#(a) u Gv(ﬁ)) foralla € A, f € B,andy € D.

Proposition 10. If (Fh, A) and (G, B) are two soft sets respectively formed from fuzzy subsets p and v over
the universal set U then (], C) is a soft set formed from the AND operation of(F;l, A) and (G, B) defined
as

J:C - P
where C = A X B and ] (a, B) = F,(a) N G, (B) for all (a,B) € A X B. Furthermore, if (K unvy, D) is a soft

set formed from the intersection operation on fuzzy subsets |1 dan v then (Fu (@)N G, (ﬁ)) S Kunw) (v) with
the sufficient condition y < min{a, §} for all« € A, € B,andy € D.

Proof. Let u be any element of pi, N Vg, it means u € p, and u € vg. Furthermore, because y < min{a, 3,
it is obtained that y < @ and y < f8, so that u € y,, and u € v,. Then based on Definition 5, () = y and
v(u) = y are obtained, thus u € {u € U| max{u(u),v(u)} = y}, based on the definition of (u N v)(w), it is
obtained thatu € {u € U|(u N v)(u) = v}, so thatu € (u N v),. In other words, u, N vg S (1 Nv),. Thus,

it is proven that (Fu(a) n Gv(ﬁ)) c K(Mm,)(}/).l
Hence, it is obtained that the definition of AND operation of (Fw A) and (G, B) is
(FuA)R (G, B) = (,AXB),
where J (a, B) = F,(a) N G, (B) forall (a, ) € AXB.
Example 8. Based on Example 7, It is obtained
(FwA), (Gy,B), D = Im (unv) = {0.2,0.3}, and (K unvy D) = {(0.2, {uy, Uz, us}), (0.3, {u2})}
Thus, when ¥ < min{a, £}, obtained that (FM(a') n Gv(ﬁ)) S Kunny(y) foralla € A, f € B,andy € D.

4 CONCLUSIONS

Based on the result and discussion, it is obtained that every fuzzy subset can be formed as a soft set,
with the parameter being the subset level of that fuzzy subset. The sufficient condition for a soft set formed
from the fuzzy subset u is a subset of the soft set formed from the fuzzy subset v over the same universal set
if p is a fuzzy subset of v. Furthermore, the complement of a soft set formed from a fuzzy subset is also a
soft set formed from a fuzzy subset. If (K (uny), Im(p N v)) and (I uuyy, Im(p U v)) are soft sets formed from
the intersection and union operations on fuzzy subsets u and v, respectively, then (F;t (@) NnG,(B )) <
K (unv) (v) with the sufficient condition y < min{a, B} for all « € Im(p), B € Im(v), andy € Im(u Nv). If

Y = max{a, B} forall @ € Im(w), f € Im(v), andy € Im(u U V) then I,y (¥) S (F,t(a) u Gv(ﬁ)).
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and
which are not members. Members of a set are objects that have certain similarities [[I]L The level of similarit

of objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping
objects using varying degrees of similarity. The grouping process, which tends to show varying levels of
similarity, makes it difficult to group using concepts from classical set theory. Therefore, a more relevant
theory is needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterization subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. A soft set formed from a fuzzy subset is a special form of a soft set in
its parameter set. In a soft set formed from a fuzzy subset, the parameter used is the image of a fuzzy subset
which is then mapped to a collection of all subsets of a universal set,

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji ef al. [7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy and soft sets and generalized soft sets. Irfan Ali and Shabir [8] developed the theory. To address
decision-making problems based on fuzzy soft sets, Feng et al. introduced the concept of level soft sets of
fuzzy soft sets. They initiated an adjustable decision-making scheme using fuzzy soft sets [9], followed by a
generalized soft fuzzy set [10] and its application to the student ranking system [11].

Research on soft sets has also been developed by integrating other fields, including algebra, and its
applications in the real world. In the field of algebra, they include soft matrices introduced by Cagman and
Enginoglu [12], soft groups introduced by Aktag and Cagman [6], soft semiring by Feng ez al. [13], soft
rings by Acar et al. [14], and soft modules by Sun et a/.[15], which until now continue to develop, can see in
[16], [17], [18], [19], [20], [21], [22], and [23]. Some applications of soft sets in the real world can see in
[24], [25], [26], [27], [28], [29], [30], [31], [32] and much more.

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

2 RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and a —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.

4. Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.

2.1 Fuzzy Si ubset.sL

Definition 1. [3] Let non-empty set U. A fuzzy subset p of U is defined as a mapping
wU - [0,1].
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The function y is called a fuzzy subset of U and can be expressed by p = {(u, u(w))|u € U}, where p(u) is
the membership degree of uw € U for a fuzzy subset . The collection of all fuzzy subsets of U denoted by
FU), ie, FU) = {u|u: U - [0,1]}.

Definition 2. [3] Let p,v € F(U). If u(uw) < v(u) forall u € U, then y is contained in v and can be written
wSv@2aw.lfuSvandp 2 then pis equal to v and can be written u = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of | is the fuzzy subset u¢, where
pw =1-p@

Definition 4. [3] Let u, v € F(U). The intersection and union of p and v is the fuzzy subsets u N v and L U v,
where

p) Av(w
p@)vv(w)

(N V)W) = minfu(u), v(w)
(1 Uv)(u) = max{u(u), v(w)}

2.2 a —Cut on Fuzzy Subsets

Definition 5. [3] Let u € F(U). For all a € [0,1] can be defined a-level subset (a — cut) of u, which is
‘denoted Uq, i.e.

Mo = {ulu € U,p(u) 2 a}

d [A7]: Please, use space 1. Do not use enter button ]

Du S vau, Sv,

asf=>up S Ug

Ja=B=us=pq

DU=V S g =V

Theorem 2. [34] Let u,v € F(U), for all a € [0,1], the following properties hold true
D @UV) = g UV

2) (N V)e = e NVa

2.3 [Soft Sets

d [A8]: Add explanation befofe defintion 6 ]

U where F is a mapping given by

F:A—- PU)
Fora € A, F(a) may be considered as the set a-approximate elements of the soft set (F, A). A soft set over
U can be expressed by (F,A) = {(a,F(a))|a € 4}.
Definition 7. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G, B), if
1) AS Band
2) foralla € A, F(a) € G(a).
Definition 8. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) and (G, B) are said to be equal,
denoted by (F,A) = (G, B), if (F,A) € (G,B) and (G,B) € (F,A).

Definition 9. [36] Let A = {a,,a;,a3, ..., a,} be a set of parameters. The complement of A denoted by
—A = {=a,,10a;, a3, ..., 1a,} where —a; is “not a;” and —~(=a;) = a;, foralli = 1,2,...,n.
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Definition 10. [37] The relative complement of a sofi 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), for all a € A.

Definition 11. [13] Bi-intersection of two sofi sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = AN B andforallx € C,H(x) = F(x) N G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A)A (G,B) = (H,0).

Definition 12. [36] Let (F, A) and (G, B) be two sofi sets over U. The union of (F,A) and (G, B) is defined
to be a soft set (I,D), where D = AU B and for all x € D satisfying the following conditions

F(x), x€A—-B
I(x) = G(x), x€EB—-A
F(x)UG(x), x €ANB.

The union of (F, A) and (G, B) is denoted by (F,A) U (G,B) = (I,D).

Definition 13. [36] Let (F,A) and (G,B) be two soft sets over U. Operation OR fiom (F,A)and
(G, B), denoted by (F,A) V (G, B), is defined to be a sofi set (H, A X B), where H(a, b) = F(a) U G(b), for
all (a,b) € A X B.

Definition 14. [36] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I, A x B), where I(a,b) = F(a) N G(b), for
all (a,b) € AXB.

3 |[RESULT AND DISCUSSION

This section explains that a soft set can be formed from the fuzzy subsets, with the parameter
being the level subset obtained from the fuzzy subset. This section also provides the properties of
soft sets formed by fuzzy sets related to subsets and operations concepts in the soft sets.

3.1 \The Construction \of Soft Sets from Fuzzy Subsets\ _ — -| Commented [A9]: Please, use space 1. Do not use enter button

Commented [A10]: The title of subsection do not have to be in

italic

Soft sets can be formed from fuzzy subsets, i.c., a soft set with its parameters is the image of a fuzzy =~ ~
lsubset stated in the following proposition. T

Proposition ‘1. Let U be a universal set, p: U — [0,1] be a fuzzy set where A = Im(u) € [0,1]. 4 pair (@,ﬁAﬁ)g - { C d [A11]: Line spacing option : Before 6 pt

is a soft set where F,: A > P(U) which is defined as F,(a) = Uq, for all @ € A. Furthermore, soft set (FL,A)
is called a soft set over U, formed from a fuzzy subset .

Proof. Let a;, a, be any element of A where a; = @;, so based on Theorem 1 and the definition of F,, it is
obtained that pig, = pg, & Fi(ay) = F,(az), thus F,: A > P(U) is well defined. Therefore, F,:A - P(U)
is a function. In other words, based on Definition 6, it was proved that (F#, A) is a soft set over the universal
setU.m

Example 1. Let 4 = {(u4, 0.4), (uy, 0.8), (u3, 0.1), (uy, 0.4), (us, 0.7)}.
Thus, the soft set (F;UA) was obtained as follows.

_ (0.1, {uy,up, uz, uy, us}), (0.4, {ug, up, Uy, us}),
(Fud) = (0.7, (2, u5}), (0.8, (1)) }

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

This section presents the properties of subsets and complements that apply to soft sets formed from
fuzzy subsets. These properties are presented in the following proposition.

Proposition 2. Let (Fw A) and (G,, B) be two sofi sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (F,, A) is a subset of (G, B) if AS B and p S v.
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Proof. It is known that A € B and based on Theorem 1, if 4 € v, then y, S v,. In other words, based on
Proposition 1, it is obtained that F, (@) S G, () for all @ € A. Therefore, based on Definition 7, it is obtained

that (F,,A) € (G,,B). =
Example 2. Based on Example 1, a fuzzy subset p is obtained. Next, let the fuzzy subset v be given by
v = {(u4,0.7), (up,0.9), (u3, 0.1), (uy, 0.4), (us, 0.8)}.

Therefore, it is obtained that A & B and pu(u) < v(u) for all u € U. Furthermore, based on Definition 2, it
is obtained that 4 S v.

0.1, {uy, up, us, Uy, Us}), (0.4, {uq, Uy, Uy, Us}),
Next, it is obtained that Gy, A) = {( {uq, Uz, u3, Uy, Us}), ( {ug, uz, uy us})}

(0.7, {uy, up, us}), (0.8, {uz, us})
Consequently, F,(a) € G, (@) forall @ € A. Thus, it was obtained that (F, 4) € (G,, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F€, A). Next,
in this research, it is defined that (FM,A)C = (Ff,A) where F{ (@) = U — F,(a) forall @ € A. The following

.- c . .
proposition states (F;u A) as a soft set over a universal set U that is formed from a fuzzy subset p.

Proposition 3. [f (F,, A) is a soft set formed from a fuzzy subset y over a universal set U, then (Fh,A)C isa
soft set formed from a fuzzy subset p over a universal set U, where (F;t, A)C = (F;f, A).

Proof. Let a;, a, be any element of A where @y = a;, so based on Theorem 1 and the definition of F,, It is
obtained that uy, = o, < F,(a1) = F(az). Consequently, based on the definition of Fuc, it is obtained that
U—Fy(ay) =U—Fy(ay) © Ef (a;) = Ef (a;). Therefore, Ff:A - PU) is well-defc'med. Thus,
Ff:A - P(U) is a function. In other words, based on Proposition 1, it is proved that (FwA) ™ is a soft set
formed from a fuzzy subset u over universe U. m

Next, the soft set (Fﬂ, A)Cis called the complement of a soft set (Fh, A).

It is known, based on Definition 3, that for any fuzzy subset y, there is always a complement of u that
is denoted by u€. The complement of a soft set formed from a fuzzy subset is not equal to a soft set formed
from the complement of a fuzzy subset, which is shown in the following example and proposition.

Example 3. Based on Example 1, a fuzzy subset u is obtained.
0.1,9), (04, {u3}),

Therefore, (F£,A) = { ( }

( # ) (0.7, {ug, us, uq}), (0.8, {uq, Uz, Uy, us})

0.1, {uy, up, uz, Us, us}), (0.4, {uy, uz, us}),
and (F,c,A) = {( }
(Fuer) (07, (3} (08, {us})

It is obtained that (F;lC,A) * (F#c,A). In other words, (F;t,A)C * (F#c,A).

Proposition 4. If (FM,A) is a soft set formed from a fuzzy subset [ over a universal set U, then

c
(FM,A) * (F#c,A).

It is known that based on Definition 9, for any parameter set A4, there is always a complement of A
denoted by —A. Next, if a soft (Fy, A) exists, then =1F: =A - P(U), defined by =F,(-a) = F,(1 — a) for
all @ € A, can be formed. It can be shown that (—|F ,—|A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.

Proposition 5. If (F,, A) is a soft set formed from a fuzzy subset p over a universe U, then (—F,, —A) is a
soft set formed from a fuzzy subset p over a universe U.

Proof. Let a,, a, be any element of A where a; = ;. Consequently, 1 — @; = 1 — a, so based on Theorem
1 and the definition of —F,, It is obtained that f; 4,y = f(1-q,) & Fu () = 2F,(ay). Therefore,
—F,: =A — P(U) is well-defined. Thus, =F;: =A —» P(U) is a function. In other words, based on Proposition
1, it is proved that (—|F , —|A) is a soft set formed from a fuzzy subset  over universe U. m
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Hereafter, (—|F ) —|A) is called the negation of a soft set (FL,A).

Proposition 6. Let (F;UA) be a sofi set formed from a fuzzy subset pu over a universe U. If p(u) # 1 — a for
all u € U then ~Ff (ma) = Fc(a) forall @ € A,

Proof. Let @ be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
that
—|FI:¢C(—|0!) =U-— (—|F#(—|a'))
=U-F(l-a)
=U—a-a
=U—-{uelluw)=1-a}
={ueljuu)<l-al
On the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fue(@) = (1)
= (€ U ) = a)
={u€eU|l—-pu) =a}
={u€ellu(m)<1-a}l

Because p(u) # 1 — a for all u € U, it is obtained that

Fu(@={ueluw) <1l-a}
Thus, it is proven that if g (u) # 1 — a for all u € U then —Ff (~a) = Fyc(a)foralla € A. m
Example 4. Let u = {(u4,0.5), (u2,0.7), (u3, 0.2), (ug, 1), (us, 0.9), (ug, 0)}.

(=0, {uy, uz, uz, us, ug}), (10.2, {ug, Uz, U3z, Ug}), (00.5, {u3, us}),}
(=0.7, {uz, ue}), (=09, {u}), (=1, 0) .

On the other hand, because u(u) # 1 — a for all u € U, then it is obtained that

(F c A) _ {(0, {u1, Uy, uz, Us, ug}), (0'2'[ullquu3:u6})'(0'5'{u3vu6})'}
w (0.7, {us, ue}), (0.9, {us}), (1, 9) -

Consequently, =Ff (=a) = Fc(a) forall a € A.

Therefore, (—|pr, —A) = {

3.3 Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (Fw A) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (Huny, C) € (E, A) N (G, B) if Im(p) € Im(v) or Im(v) € Im(u) where
C=Im(unv).

Proof. Based on Definition 7, To prove that (H,mv, C) c (Fu,A) N (G,,B), it must be proven that
C < AnBand Hyny(y) € (F. N G,)(y) forally € C.

(i) Let x be any element of Im(u Nv) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(u), v(u)}.
1) Assuming that p(u) < v(u),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(u) and x € Im(V) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) S Im(u) N Im(v).
2) Assuming that v(u) < u(u),it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(V) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).
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From 1) and 2), it is obtained that Im(u N v) € Im(x) N Im(v), so based on Proposition 1, it is proven
that C € ANB.

(ii) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hyw () = (HOV),
=y Ny
=EMnGa®»
=R NG)¥)

It is obtained that Hyny (v) = (F, N G,)(¥)- Thus, it is proven that Hyny (¥) S (F, N Gy )(¥) for all
y€eC.

From (i) and (ii), it is obtained that (Hyny, C) g (Fw4) 0 (G, B).m
Example S. Let u = {(u4, 0.8), (up,0.1), (us, 0.7), (us, 0.4), (us, 0.7)}
and v = {(uy,0.7), (uz, 0.9), (us, 0.1), (s, 0.4), (us, 0.8)}.

Therefore, Im(u) € Im(v) and AN B = {0.1,0.4,0.7,0.8}. On the other hand, based on Definition 4, it is
obtained that C = {0.7,0.1,0.4}. Thus, C € AN B.

(0.1, {u, up, uz, ug, us}), (0.4, {us, uy, us}),}
(0.7, {uy, us})

(0.1, {uq, up, uz, ug, us}), (0.4, {uq, uy, us}),
and ((FMnGv),C)—{ 1 3(0.47'{u1’u5}) L s }

It is obtained that Hyn, (v) = (F, N G,)(¥). Consequently, Huny, (¥) S (F, 0 G,)(y) forally € C.
Thus, (Hun, C) € (Fu A) 0 (G, B).

Furthermore, it is obtained that (Hyny, C) = {

Proposition 8. Let (F;UA) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (Iuuy, D) g (FuA)U (Gy, B) if iy, S vy wheny € B— Aand v, S p, when
y € A— B where D = Im(u U v).
Proof. Based on Definition 7, to prove that (I,uy, D) c (Fi,A) U (G, B), it must be proven that D € AU B
and I, (¥) € (F, U G)(y) forally € D.
(1) Let x be any element of Im(u U V) so there exists u € U such that x = (u U v)(u), then based on
Definition 4, it is obtained that x = max{u(u), v(u)}.
1) Assuming that y(u) = v(u), it is obtained that x = u(u) which means x € Im(u).
2) Assuming that v(u) = u(u), it is obtained that x = v(u) which means x € Im(v).

From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € AU B.

(ii) Based on Definition 12, for all y € D holds

E), yEA-B
(FVG)) = Gy YEB—A
F,(n) VG, ¥), YEANB.

1) IfyeA—B
Let y be any element of A — B and if y € A — B then v, € . Then, based on Theorem 2 and
Proposition 1, it is obtained that
Lo (¥) = (UV),
=My Uy
=R
It is obtained that Iy, (¥) = F.(y) wheny € A — B.

2) IfyeB—A
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Let y be any element of B — Aand if y € B — A then u, € v),.. Then, based on Theorem 2 and
Proposition 1, it is obtained that

L) = (U v)y
=W Uy
=G6,(¥)
It is obtained that Iy, (¥) = G,(y) wheny € B — A.
3) Ify€ANnB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
L) = (U V),
=y Uy
=RMVG )
It is obtained that I,y (¥) = F.(¥) U Gy (y) wheny € AN B.
From 1), 2), and 3), it is obtained that Iy, (y) = (F NG,)(y). Thus, it is proven that
Lav(®@) € (F, N G,)(y) forally € D.
From (i) and (ii), it is obtained that (I, D) (= (FuA)U (G, B). m
Example 6. Let u = {(u4,0), (uz, 0.2), (us, 0.4), (us, 0.9)} and v = {(uy, 0), (uz, 0.2), (usz, 0.6), (ug, 0.8)}.

Therefore, AU B = {0,0.2,0.4,0.6, 0.8, 0.9}. On the other hand, based on Definition 4, it is obtained that
D =1{0,0.2,0.6,0.9}. Thus, D € AU B.

i ; 0, {ug, uz, uz, Us}), (0.2, {Uz, uz, Us}),
Next, it is obtained that (1,,,D) = {( 1 }
(v D) (0.6, (i3, 112}), (09, )
(0, {ur, uz, u3, ua}), (0.2, {u2, uz, us}),
and ((F, UG,),D) = { }
(B va)) (0.6, s, us), (09, ()
It is obtained that v;, € u,, wheny € A — B and y,, € v}, wheny € B — A. Furthermore, it is obtained that
Lo () = (B Y Gy)(¥). Consequently, Iyuy () S (F U Gy)(y) forall y € D. Thus, it is obtained
that (I, D) € (F, A) U (Gy, B).
Proposition 9. If(FM, A) and (G, B) are two soft set respectively formed from fuzzy subsets p and v over the
universal set U then (H, C) is a soft set formed from the OR operation of (F;UA) and (G, B) defined as

H:C - P(U)
where C = A X B and H(a, B) = F,(a) U G, (B) for all (a, ) € A X B. Furthermore, if (I uuyy, D) is a soft
set formed from the union operation on fuzzy subsets p dan v then I,y (v) S (Fh () v Gv(ﬁ)) with the
sufficient condition y = max{a, f} for alla € A,f € B,andy € D.

Proof. Let u be any element of (4 U v),, it means u € {u € U|(u U v) = y}, then based on the definition of
(4 Uv)(u) itis obtained that u € {u € U| max{u(u),v(u)} =y}
a) Assuming that u(u) = v(u), it is obtained that u € {u € U|u(u) = y}, so that u(u) = y. In other words,
u€Ep,.
b) Assuming that v(u) = p(u), it is obtained that u € {u € U|v(u) = v}, so that v(u) = y. In other words,
uUE€EvV,.
Y
From a) and b), it is obtained that u € u, or u € v, so that u € u, Uv,. Furthermore, because y =
max{a, B} then y = a and y = f3, so that u € p, U vg. In other words, (U V), S pg Uvp. Thus, it is

proven that ], (¥) S (Fu(a) u Gv(ﬁ)).-
Hence, it is obtained that the definition of OR operation of (Fw A) and (G,, B) is
(Fﬂ,A) V (G,,B) = (H,AXB),
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where H(a, B) = F,(a) U G, (B) forall (a, ) € AXB.
Example 7. Let u = {(u4,0.2), (up, 0.8), (u3, 0.5)} and v = {(u,, 0.8), (up, 0.3), (u3,0.2)}.
It is obtained that
(FurA) = {(02, {wq, up, u3}), (0.5, {u2,u3}), (0.8, {u2 )},
(Gv, B) = {(0.2, {uy, uz, u3}), (0.3, {ug, u2}), (0.8, {u1 )},
D =1Im (uuv)={0.5,0.8}, and (I(MW),D) = {(0.5, {uq,uz,u3}), (0.8, {us, u )}
Thus, when y = max{a, f}, obtained that I,y (¥) S (P;t(a) U Gv(ﬁ)) foralla € A, f € B,andy € D.
Proposition 10. Ij(F;U A) and (Gy, B) are two soft sets respectively formed from fuzzy subsets . and v over

the universal set U then (], C) is a soft set formed from the AND operation of(F;l, A) and (Gy, B) defined
as

J:C - P
where C = A X B and ] (a, B) = F,(a) N G, (B) for all (a,B) € A X B. Furthermore, if (K unyy, D) is a soft

set formed from the intersection operation on fuzzy subsets u dan v then (Fu(a) n G, (,B)) S Kunw)(y) with
the sufficient condition y < min{a, f} for all« € A, € B,andy € D.

Proof. Let u be any element of y, N vg, it means u € u, and u € vg. Furthermore, because y < min{a, £},
it is obtained that y < @ and y < f8, so that u € u,, and u € v,.. Then based on Definition 5, u(u) = y and
v(u) = y are obtained, thus u € {u € U| max{u(u),v(u)} = v}, based on the definition of (u N v)(w), it is
obtained thatu € {u € U|(u N v)(u) =y}, so thatu € (u N v),. In other words, g N Vg S (1 NV),. Thus,

it is proven that (Fu(a) n Gv(ﬁ)) S Kpunny()-m
Hence, it is obtained that the definition of AND operation of (F#, A) and (G, B) is
(Fu4) A(G,,B)= (J,AXB),
where J(a, ) = F,(a) N G, (B) forall (o, f) € A X B.
Example 8. Based on Example 7, It is obtained
E,,A),(Gy,B), D =Im (unv) ={0.2,0.3}, and (K ynyy, D) = {(0.2, {ug,uz,u3}), (0.3, {uz})}
(Fu (uw)

Thus, when y < min{a, £}, obtained that (F#(a') n Gv(ﬁ)) S Kunw(y) foralla € 4, f € B,andy € D.

4 CONCLUSIONS

Based on the result and discussion, it is obtained that every fuzzy subset can be formed as a soft set,
with the parameter being the subset level of that fuzzy subset. The sufficient condition for a soft set formed
from the fuzzy subset u is a subset of the soft set formed from the fuzzy subset v over the same universal set
if p is a fuzzy subset of v. Furthermore, the complement of a soft set formed from a fuzzy subset is also a
soft set formed from a fuzzy subset. If (K (), Im(¢t N v)) and (Iuuy), Im(p U v)) are soft sets formed from
the intersection and union operations on fuzzy subsets u and v, respectively, then (F;t (@) NnG,(B )) <

K (unv) (¥) with the sufficient condition y < min{a, B} for all « € Im(p), B € Im(v), andy € Im(u Nv). If
y = max{a, B} forall @ € Im(u), B € Im(v),andy € Im(u U V) then I, (¥) S (P;t(a) U Gv(ﬁ)).
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and
which are not members. Members of a set are objects that have certain similarities [1]. The level of similarity
of objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping
objects using varying degrees of similarity. The grouping process, which tends to show varying levels of
similarity, makes it difficult to group using concepts from classical set theory. Therefore, a more relevant
theory is needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

Several years after using the concept of fuzzy subsets, Molodtsov [2] described the weaknesses in the
fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterization subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. A soft set formed from a fuzzy subset is a special form of a soft set in
its parameter set. In a soft set formed from a fuzzy subset, the parameter used is the image of a fuzzy subset
which is then mapped to a collection of all subsets of a universal set.

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji et al. [7] defelled a hybrid model called fuzzy soft sets. This new model combines
fuzzy and soft sets and generalized soft sets. Irfan Ali and Shabir [8] developed the theory. To address
decision-making problems based on fuzzy soft sets, Feng ef al. introduced the concept of level soft sets of
fuzzy soft sets. They initiated an adjustable decision-making scheme using fuzzy soft sets [9], followed by a
generalized soft fuzzy set [10] and its application to the student ranking system [11].

Research on soft sets has also been developed by integrating other fields, including algebra, and its
applications in the real world. In the field of algebra, they include soft matrices introduced by Cagman and
Enginoglu [12], soft groups introduced by Aktas and Cagman [6], soft semiring by Feng er al. [13], soft
rings by Acar ef al. [14], and soft modules by Sun ef al.[15], which until now continue to develop, can see in
[16], [17], [18], [19], [20], [21], [22], and [23]. Some applications of soft sets in the real world can see in
[24].[25].[26]. [27]. [28]. [29]. [30]. [31], [32] and much more.

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

2 RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and « —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.

4. Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection,union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.

2.1 Fuzzy Subsets
Definition 1. [3] Let non-empty set U. A fuzzy subset y of U is defined as a mapping

w:U - [0,1].




BAREKENG: J. Il. Mat. & Ter., vol. xx(xx), pp. xxx - xxx, month, year. 51

The function pt is called a fuzzy subset of U and can be expressed by p = [(u y(u))lu € U}, where p(u) is
the membership degree of w € U for a fuzzy subset u. The collection of all fuzzy subsets of U denoted by
F(,ie, F(U) = {u|w:U - [0,1]3.

Definition 2. [3] Let yr, v € F(U). If u(w) < v(u) forall w € U, then p is contained in v and can be written
LEVv(v2u)IfucSvand p 2 v then pis equal to v and can be written [t = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of p is the fuzzy subset u©, where

pfw) = 1—p(w)
Definition 4. [3] Let u, v € F(U). The intersection and union of p and v is the fuzzy subsets u N v and U v,
where
(unv)() = min{p(uw),v@w)} = p) Av(u)

(e U v) (@) = max{u@),v@w)} = p(w) vv(u)

2.2 a —Cut on Fuzzy Subsets
Definition 5. [3] Let u € F(U). For all a € [0,1] can be defined a-level subset («x — cut) of w, which is
denoted g, i.e.

Ue = {ulu € U,u(u) 2 a}

Theorem 1. [33] Let y, v € F(U), for all a, B € [0,1] the following properties hold true
HNpu € v, Sy,

Jasf=>ug S Uq

Ja=B=>ug=fiy

DU=V S g =V,

Theorem 2. [34] Let y, v € F(U), for all « € [0,1], the following properties hold true
D @UV)g=pa Vv

2)(uNV)g =g NVg

23  Soft Sets
Definition 6. [2] Let U be a universal set and A be a set of parameters. A pair (F,A) is called a soft set over
U where F is a mapping given by

F:A- P(U)

For a € A, F(a) may be considered as the set a-approximate elements of the soft set (F,A). A soft set over
U can be expressegaby (F,A) = [(a, F(a))la € A}.

Definition 7. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G,B), if

1) AS B and

2) foralla€ A, F(a) € G(a).

Definition 8. [35] Let (F, A) and (G, B) be two soft sets over U.Then (F,A) and (G, B) are said to be equal,
denoted by (F,A) = (G,B),if (F,A) € (G, B) and (G,B) € (F,A).

Definition 9. [36] Letr A = {a,,a,, a,...,a,} be a set of parameters. The complement of A denoted by
=4 = {ay,ay, —as, .., "ap} where ma; is “nota;” and = (=a;) = a;, foralli =1,2,..,n.
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Definition 10. [37] The relative complement of a soft set (F,A) is denoted by (F, A)¢ and is defined by
(F, A = (F¢ AQ), whge FC: A = P(U) is a mapping given by F€(a) = U — F(a), foralla € A.

Definition 11.[13] Bi-intersection of two soft sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = ANB andﬂ’ allx € C,H(x) = F(x) N G(x). The bi-intersection of (F,A) and (G, B) is denoted
by (F,A) " (G, B) = (H,C).

Definition 12. [36] Let (F,A) and (G, B) be two soft sets over U. The union of (F,A) and (G, B) is defined
to be a soft set (I, D), where D = AU B and for all x € D satisfying the following conditions

F(x), XxEA-B
I(x) = G (x), XeEB-A
F(x)uG(x), xE€EANB.

The union of (F, A) ala (G, B) is denoted by (F,A) U (G,B) = (1,D).

Definition 13. [36] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A)and
(G, B), denoted by (F,A) V (G, B), is defined to be a soft set (H, A x B), where H(a,b) = F(a) U G(b), for
all (a,b) € A X B.

Definition 14. [36] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined 10 be a soft set (I, A X B), where 1(a,b) = F(a) n G(b), for
all (a,b) € A X B.

3 RESULT AND DISCUSSION

This section explains that a soft set can be formed from the fuzzy subsets, with the parameter
being the level subset obtained from the fuzzy subset. This section also provides the properties of
soft sets formed by fuzzy sets related to subsets and operations concepts in the soft sets.

3.1 The Construction of Soft Sets from Fuzzy Subsets
Soft sets can be formed from fuzzy subsets, i.e., a soft set with its parameters is the image of a fuzzy

subset stated in the following proposition.

Proposition 1. Let U be a universal set, u:U — [0,1] be a fuzzy set where A = Im(p) € [0,1]. A pair (HJA)
is a soft set where Fy: A — P(U) which is defined as F, (&) = pg, for all « € A. Furthermore, soft set (H,A)
is called a soft set over U, formed from a fuzzy subset u.

Proof. Let @y, a; be any element of A where @y = a3, so based on Theorem 1 and the definition of Fj,, it is
obtained that u,, = pq, = F,(ay) = F,(a3), thus F,: A - P(U) is well defined. Therefore, F,:A - P(U)
is a function. In other words, based on Definition 6, it was proved that (FLA) is a soft set over the universal
setU.m

Example 1. Let ¢ = {(u;, 0.4), (u,, 0.8), (us,0.1), (u,, 0.4), (us, 0.7)}.
Thus, the soft set (F;‘A) was obtained as follows.

_ (0.1, {uq, up, uz, ug, us}), (04, {uy, up, uy, us}),
(B 4) = { (0.7, (. us}), (08, () |

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

This section presents the properties of subsets and complements that apply to soft sets formed from
fuzzy subsets. These properties are presented in the following proposition.

Proposition 2. Let (FH,A) and (G, B) be two soft sets formed from fuzzy subsets g and v, respectively, over
a universal set U. The soft set (Fp, A) is a subset of (G,,B) if AS B and p S v.
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Proof. It is known that A € B and based on Theorem 1, if 4 € v, then y, € v,. In other words, based on
Proposition 1, it is obtained that F, () € G, («) for all« € A. Therefore, based on Definition 7, it is obtained
that (F,,A) € (G,,B). m

Example 2. Based on Example 1, a fuzzy subset yu is obtained. Next, let the fuzzy subset v be given by
v = {(uy,0.7), (uz,0.9), (ug, 0.1), (uy, 0.4), (us, 0.8)}.

Therefore, it is obtained that A € B and u(u) < v(u) for all u € U. Furthermore, based on Definition 2, it

is obtained that it € v.

0.1, ) Us, Usg, Uy, (0.4, {uy, uy, uy, ,
Next, it is obtained that (G,, A) = {( ity g gy ush), (04 {1y, 2 us})}

(0.7, {uy,uz us}), (0.8, {uy, us})
Consequently, F,(«) € G, (a) forall a € A. Thus, it was obtained that (FFA) € (G,,B).

Based on Definition 10, itis known that the complement of a soft set (F, A) is defined as (F€,A). Next,
in this research, it is defined that (Fp, A)C = (F;f A) where ch(a) =U - F,(a) forall @ € A. The following

proposition states (.‘;A) as a soft set over a universal set U that is formed from a fuzzy subset p.

Proposition 3. If (.‘LA) is a soft set formed from a fuzzy subset y over a universal set U, then (Fil,A)c isa
soft set formed from a fuzzy subset p over a universal set U, where (ﬁ,,A)C = (Fif,x‘-l).
Proof. Let @y, a3 be any element of A where @y = «;, so based on Theorem | and the definition of F,, It is

obtained that yt,, = pe, < F,(a;) = F,(a3). Consequently, based on the definition of E, it is obtained that
U-E(a)=U~-FE(a,) & E(a)) = Ef(a;). Therefore, F{:A— P(U) is well-defined. Thus,

F#C:A — P(U) is a function. In other words, based on Proposition 1, it is proved that (J‘;A) Is a soft set
formed from a fuzzy subset u over universe U/. m
Next, the soft set (F;,A)Cis called the complement of a soft set (Fp, A).

It is known, based on Definition 3, that for any fuzzy subset . there is always a complement of u that
is denoted by u€. The complement of a soft set formed from a fuzzy subset is not equal to a soft set formed
from the complement of a fuzzy subset, which is shown in the following example and proposition.

Example 3. Based on Example 1, a fuzzy subset y is obtained.

(0.1,0), (0.4, {uz}), }
(0.7, {uy, uz, uy ), (0.8, {uy, uz, uy, us})

(0.1, {uy, up, us, uy, us}), (0.4, {uy, u3,u4}),}
(0.7, {u3}), (0-8-{'“3 b ’

It is obtained that (Ef,A) # (F ¢, A). In other words, (F,A)" + (F,c.A).

Therefore, (F#C, A ) = {

and (Fc,4) = {

Proposition 4. If (F;lA) is a soft set formed from a fuzzy subset p over a universal set U, then

c
(FuA) # (FycA).

It is known that based on Definition 9, for any parameter set A, there is always a complement of A
denoted by —A. Next, if a soft (Fp. A) exists, then —F;: =4 — P(U), defined by —F,(—a) = F,(1 — a) for
all « € A, can be formed. It can be shown that (—|Fp. —u‘-l) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.

Proposition 5. [f (Fp, A) is a soft set formed from a fuzzy subset y over a universe U, then (—n‘i,.—uﬁl) isa
soft set formed from a fuzzy subset u over a universe U.

Proof. Let a, a, be any element of A where a; = @, .Consequently, 1 — a; = 1 — «, so based on Theorem
1 and the definition of —F,, It is obtained that f(1_¢ ) = H(1-a, < —F,(=a;) = =F,(=a,). Therefore,
—E;:=A = P(U) is well-defined. Thus, —F,: =A — P (U) is a function. In other words, based on Proposition
1, it is proved that (—u‘i, —|A) is a soft set formed from a fuzzy subset ¢ over universe U. m
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Hereafter, (—|Fp, _!A) is called the negation of a soft set (FLA)

Proposition 6. Let (FLA) be a soft set formed from a fuzzy subset jt over a universe U. If p(u) = 1 — a for
allu € U then ﬂFpC(—\a) = ch(a)for all a € A.

Proof. Let @ be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
that

—|F;_F(—|a) =U- (—|Fp(—|a))

=U-EF(1-a)

=U—-pu-g

=U-{uellugw)=1—a}

={uelUluu) <1-al.
On the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that

Fe(@ = (1),

={u€eUp‘ @) =a}
fueU|l-pw = a}
={ueljuw)<1-al

Because p(u) # 1 — a forall u € U, it is obtained that

Fye(a) = {u € Ulu(u) < 1 —al
Thus, it is proven that if u(u) # 1 — « for all u € U then —u‘f(—m) = ch(r:r) forallc €EA. m
Example 4. Let g = {(u,0.5), (uz,0.7), (uz, 0.2), (14, 1), (ug, 0.9), (ug, 0)3.

(=0, {uy, uz,u3,us, ug}), (=0.2, {uy, up, us, ug}), (0.5, {us, Hs})-}
(=0.7,{uz, ug 1, (=0.9,{ugh), (=1,0) ’

On the other hand, because () # 1 — « for all uw € U, then it is obtained that

Therefore, (—|FMC. -A4) = {

_ (0, {ul- Uz, Uz, Us, ue}). (0.2, {ul- uz,u3,u6}), (0.5, {u3, ue})-
(F,c,A) = { }
w (0.7, {uz, ug}), (0.9, {ug}), (1,0) '

Consequently, ﬁF#C(_!a) = ch(a) foralla € A.

3.3 Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (F#,A) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (H#nv,C) c (FLA) N (G, B) if Im(i) € Im(v) or Im(v) € Im(u) where
C=Im(unv).

Proof. Based on Definition 7, To prove that (H'u,-,v, C) c (ﬁ,A) n (G,,B), it must be proven that
C S ANBandHyn(y) € (E,NG,)(y) forally € C.

(i) Let x be any element of Im(u Nv) so there exists u € U such that x = (u N v)(uw), then based on
Definition 4, it is obtained that x = min{u(uw), v(u)}.
1) Assuming that u(u) <v(u),it is obtained that x = u(w) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v) . Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(w) N Im(v). Consequently, Im(x N v) € Im(u) N Im(v).
2) Assuming that v(u) < u(w),it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im() N Im(v). Consequently, Im(u N v) € Im(w) N Im(v).
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From 1) and 2), it is obtained that Im(u nv) € Im(u) NIm(v), so based on Proposition 1, it is proven
that C € AnB.

(i) Let ¥ be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hpnv(}') = (1” n V)y
= Hy Ny
=E)InG,(¥)
=(F.nG,)»
It is obtained that Hyn, (¥) = (Fu N G,)(y). Thus, it is proven that Hyny(¥) € (Fi‘ N G,)(y) forall
Yy €C.
From (i) and (ii), it is obtained that{ Hy,, C) € (FF,A) N (G,B)m
Example 5. Let gt = {(14,0.8), (u3,0.1), (13, 0.7), (uy, 0.4), (g, 0.7)}
and v = {(uy, 0.7), (uy, 0.9), (us, 0.1), (uy, 0.4), (us, 0.8) 3.

Therefore, Im(u) € Im(v) and A N B = {0.1, 0.4,0.7, 0.8}. On the other hand, based on Definition 4, it is
obtained that € = {0.7,0.1,0.4}. Thus,C S AN B.

(0.1, {uy, up, ug, uy, us}), (0.4, {uq, uy, us })-}
(0.7, {uy,us})

0.1, {tq, wy, Us, Uy, (0.4, {uy, ug, '
and ((,‘1l n GV).C) _ {( {u,up u3(§;'?;i?ui}) {uy, ug,us}) }

It is obtained that Hyn,, (¥) = (ﬁ, N G, )(y). Consequently, Hyn(¥) € (ﬁ, N G,)(y) forally € C.

Furthermore, it is obtained that (H'mv, C') = {

Thus, (Huny, C) € (F, A) A (Gy, B).

Proposition 8. Let (FH,A) and (G, B) be two soft sets formed from fuzzy subsets p and v, respectively, over
a universal set U. The soft set (!#U,,, D) (= (@A) U (G,, B) if iy € vy, wheny € B — A and v, € p,, when
Yy €A — B where D =1m(u Uv).

Proof. Based on Definition 7, to prove that (I#UV, D) c (F;‘ A) v} (G,, B), it must be proven that D € AUB
and I, (¥) € (F, U G,)(y) forall y € D.

(i) Let x be any element of Im(i Uv) so there exists u € U such that x = (¢t U v)(w), then based on
Definition 4, it is obtained that x = max{u(u),v(u)}.
1) Assuming that g(u) = v(u), it is obtained that x = p(u) which means x € Im(u).
2) Assuming that v(u) = p(u), it is obtained that x = v(u) which means x € Im(v).

From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im () U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € AU B.

(ii) Based on Definition 12, forall y € D holds
E.), YyEA-B
(R UG = Gy (), y€B-A
E,(n) v G, (), Yy €EANB.
1) fyed—B

Let ¥ be any element of A— B and if y € A — B then v, € .. Then, based on Theorem 2 and
Proposition 1, it is obtained that
I,qu () =@u ’lr')},
=1 Uy
=FE )
It is obtained that [, (¥) = F,(y) wheny € A—B.

2) fyeB—A
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Let ¥ be any element of B —Aand if y € B — A then g, € v,. Then, based on Theorem 2 and
Proposition 1, it is obtained that
‘rpuv(}') = (Ju u V)y
=y Uvy
(EN62)
It is obtained that I, (y) = G, (y) wheny € B — A.

3) fy€ANB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
"uuv(}') = (Ju u V)y
e e
=FR®VG6 ()
It is obtained that I, (¥) = F,(y) U G,(y) wheny € AN B.
From 1), 2), and 3). it is obtained that I, (y) = (Fp n Gv)(y). Thus, it is proven that
L) € (B, N G,)(y) forally € D.
From (i) and (ii), it is ofgained that (I,y,,D) € (F, 4) U (G,,B). m

Example 6. Let H= {(uly 0); (UZJ 02)- (u3y 04)- (u!lu 09)} and v = {(uly 0); (u2! 02)- (u3! 06); (u!lr! 08)}
Therefore, AU B = {0,0.2,0.4, 0.6,0.8, 0.9}. On the other hand, based on Definition 4, it is obtained that
D ={0,0.2,0.6,0.9}. Thus, D € AU B.
(0, {ueq, ug, us, uy}), (0.2, {uz,u3,u4}),}
(0.6, {u3,14}), (0.9, {uy})

(0, {uy, uz,uz,u,}), (0.2, {1y, us, ud),}
and ((F,V G, ), D)= .
nd (7,06,).0) = (0.6, {us,ua}), (09, fua)
It is obtained that v, € u,, wheny € A — B and y,, < v, when y € B — A. Furthermore, it is obtained that
Linw(@) = (F# U G,,)(y). Consequently, {,,,,(¥) € (ﬁ, u GV)(}') for all ¥ € D. Thus, it is obtained
that (I, D) € (F, 4) U (G,,B).

Next, it is obtained that (.’#UV.D) = {

Proposition 9. If (Fi‘ , A) and (G, B) are two soft set respectively formed from fuzzy subsets p and v over the
universal set U then (H, C) is a soft set formed from the OR operation of (ﬁlA) and (G,, B) defined as
H:C - P(U)

where C = A x B and H(ea, B) = F,(a) U G, (B) for all (a, B) € A x B. Furthermore, if (I ), D) is a soft

set formed from the union operation on fuzzy subsets p dan v then I ,;,,(y) S (,‘L (UG, [,8)) with the

sufficient condition y = max{e,B}foralla € A,B € B,andy € D.

Proof. Let u be any element of (i U v),. it means u € {u € U|(u U v) = y}. then based on the definition of

(1 Uv)(u) it is obtained that u € {u € U] max{u(w), v(u)} = y}.

a) Assuming that u(u) > v(u), it is obtained that u € {u € U|u(w) = y}, so that u(u) = y.In other words,
U E [hy.

b) Assuming that v(u) = (), it is obtained that u € {u € U|v(u) = y}, so that v(u) = y. In other words,
UE V.

From a) and b), it is obtained that u € u, or u € v, so that u € u, Uv,. Furthermore, because y =

max{a, B} then y = a and y = 8, so that u € p1, U vg. In other words, (¢ U V), € p1; Uvg. Thus, it is

proven that I,u,)(¥) (ﬁ‘ (w)u G,,(B)).I
Hence, it is obtained that the definition of OR operation of (Fp, A) and (G, B) is

(FA) Y (G,,B) = (H,Ax B),
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where H(a, ) = F,(a) U G, () forall (a,f) € AX B.
Example 7. Let it = {(uy,0.2), (u,0.8), (u3,0.5)} and v = {(14, 0.8), (uz, 0.3), (uz, 0.2)}.
It is obtained that
(Fu A) = {(0.2, {ug, uz,u3}), (0.5, {uz,u3}), (0.8, {u )},
(Gy,B) = {(0.2, {uy, uz,u3}), (0.3, {uy, uz}), (0.8, {w, P},
D =1Im (uUv) ={0.5,0.8},and (/1) D) = {(0.5,{uy, u u3}), (0.8, {u;, u,})}

Thus, when y = max{a, £}, obtained that I, (¥) € (Fp (a) v GV(,S)) foralla €A, B € B,andy € D.

Proposition 10. If (Fp, A) and (G, B) are two soft sets respectively formed from fizzy subsets p and v over
the universal set U then (J,C) is a soft set formed from the AND operation of (ﬁ,A) and (G,,B) defined

as

J:C = P(U)
where C = A X B and J(a, B) = F,(a) N G, (B) for all (a,B) € A X B. Furthermore, if (K(,ny) D) is a soft
set formed from the intersection operation on fuzzy subsets [t dan v then (ﬁ, ()N G, (,B)) € Ky (¥) with
the sufficient condition y < min{a, 8} foralla € A, € B,andy € D.

Proof. Let u be any element of g, N Vg, it means u € 1, and u € vg. Furthermore, because y < min{a, £},
it is obtained that y < a and y < J3, so that u € p, and u € v,,. Then based on Definition 5, u(u) = y and
v(u) = y are obtained, thus u € {u € U| max{u(u),v(u)} = ¥}, based on the definition of (u N v)(w), it is
obtained that u € {u € U|(u N v) (w) = y},s0thatu € (u N v),,. In other words, pte N Vg € (u N v),. Thus,

it is proven that (F;‘ (@) n Gv(ﬁ)) € Kpmy(y) m
Hence, it is obtained that the definition of AND operation of (F;lA) and (G, B) is
(F,A) R (G,,B) = (J,Ax B),
where J(a, §) = F,(a) N G, (B) forall (e, f) €A % B.
Example 8. Based on Example 7, It is obtained
(F,,A),(G,,B).D =Im(unv) ={0.2,0.3}, and (K ), D) = {(0.2, {ug, uz,u33), (0.3, {u2})}

Thus, when y < min{a, 8}, obtained that (Fp ()N G,,(,S)) € Kuawy(y) foralla € A, § € B,andy € D.

4 CONCLUSIONS

Based on the result and discussion, it is obtained that every fuzzy subset can be formed as a soft set,
with the parameter being the subset level of that fuzzy subset. The sufficient condition for a soft set formed
from the fuzzy subset u is a subset of the soft set formed from the fuzzy subset v over the same universal set
if 1t is a fuzzy subset of v. Furthermore, the complement of a soft set formed from a fuzzy subset is also a
soft set formed from a fuzzy subset. If (K (,;ny, fm(p N v)) and (1,00, Im(u U v)) are soft sets formed from
the intersection and union operations on fuzzy subsets g and v, respectively, then (ﬁ, () N G,,[,B)) c
K (e (¥) with the sufficient condition y < min{a, 8} for all « € Im(p), f € Im(v), andy € Im(u N v).If

y = max{a, B} for all @ € Im(u),f € Im(v),andy € Im(uUv) then I, (¥) S (Fp(a) U G,,(B)).
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and
which are not members. Members of a set are objects that have certain similarities [l 1 ]L The level of similarity

of objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping * .

objects using varying degrees of similarity. The grouping process, which tends to show varying levels of
similarity, makes it difficult to group using concepts from classical set theory. Therefore, a more relevant
theory is needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterization subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. Let u: U — [0,1] be a fuzzy set over a set U and p, be an a-level
subset. We can defined a soft set (F,, A) with F;: A > P(U), @ & pg and A = Im(p). ‘seﬂ.

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji et al. |7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy and soft sets and generalized soft sets. Irfan Ali and Shabir [8] developed the theory. To address
decision-making problems based on fuzzy soft sets, Feng et al. introduced the concept of level soft sets of
fuzzy soft sets. They initiated an adjustable decision-making scheme using fuzzy soft sets [9], followed by a
generalized soft fuzzy set [10] and its application to the student ranking system [11].

Research on soft sets has also been developed by integrating other fields, including algebra, and its
applications in the real world. In the field of algebra, they include soft matrices introduced by Cagman and
Enginoglu [12], soft groups introduced by Aktag and Cagman [6], soft semiring by Feng ez al. [13], soft
rings by Acar et al. [14], and soft modules by Sun ef al.|15], which until now continue to develop, can see in
[16], [17], [18], [19], [20], [21], |22], and [23]. Some applications of soft sets in the real world can see in
|24], [25], [26], [27], [28], |29], [30], [31], [32] and much more.

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

2 RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and @ —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.

4.  Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.

2.1 Fuzzy Subseté[
A function from an empty set U to interval [0,1] is called a subset fuzzy of U that defined as follows.

Definition 1. [3] Let U be a non-empty set. A fuzzy subset u of U is defined as a mapping
wU - [01].
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The function y is called a fuzzy subset of U and can be expressed by u = {(u, u(w))|u € U}, where pu(u) is
the membership degree of u € U for a fuzzy subset u. The collection of all fuzzy subsets of U denoted by
FU), ie., FU) = {u|u:U - [0,1]}.

Analog with the concept of set, in the concept of fuzzy subset there are the concepts of fuzzy
subsubset and fuzzy complement, and the concept of intersection and union operations that given as follows.

Definition 2. [3] Letu,v € F(U). If p(u) < v(u) forall u € U, then u is contained in v and can be written
wEv(v2u).Ifu €Svandp 2 v then u is equal to v and can be written u = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of u is the fuzzy subset u€, where
pe) =1-p@
Definition 4. [3] Let u, v € F(U). The intersection and union of y and v is the fuzzy subsets y N vand u U v,
where
(u N V) (w) = minfu(w),v(u)}
(1 Uv)(w) = max{u(u), v(w)}

u(w) Av(u)
p) v v(w)

2.2 a —Cut on Fuzzy Subsets

Let p be any fuzzy subset of U. The subset of U, that the mambership degree is more or equal to any
a € [0.1] is called a-level subset, defined as following.

Definition 5. [3] Let u € F(U). For all a € [0,1] can be defined a-level subset (@ — cut) of u, which is
‘denoted Ug, Le.
e = {ulu €U, u(u) = a}.
There is some properties about a-level subset connecting with properties of subset fuzzy, given as
following theorem.

Du S vau, Sv,

as<f=>ug S o

Ja=p=ug=pq

DU=vo Uy =v,

Theorem 2. [34] Let u, v € F(U), for all @ € [0,1], the following properties hold true
1) HUV)g =Ug Vv,

2) (UNV)g = pg NV

2.3 [Soft Sets

In 1999, Molodsov introduced the concept of a soft set which is a pair consisting of a function from a
set of parameters A to the power set of a universal set U and A. The formal definition of a soft set is provided
below

U where F is a mapping given by
F:A—- PU)

For a € A, F(a) may be considered as the set a-approximate elements of the soft set (F, A). A soft set over
U can be expressed by (F,4) = {(a,F(a))|a € A}.

The connection between two soft sets is given by this following definition.
Definition 7. [35] Let (F,A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G, B), if
1) A S B and
2) foralla € A, F(a) € G(a).
Definition 8. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) and (G, B) are said to be equal,
denoted by (F,A4) = (G, B),if (F,A) € (G,B) and (G, B) € (F,A).
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The concept of soft sets includes definitions for complement and relative complement and operations
such as intersection, union, OR and AND between two soft sets. These definitions are presented in a specific
order.

Definition 9. [36] Let A = {ay,ay,as, ...,a,} be a set of parameters. The complement of A denoted by
=4 = {=~ay,ay,as, ..., ~a,} where —a; is “not @; ” and —(—a;) = q;, foralli =1,2,...,n.

Definition 10. [37] The relative complement of a soft set (F, A) is denoted by (F,A)¢ and is defined by
(F,A)¢ = (FC,A), where F¢: A - P(U) is a mapping given by F€(a) = U — F(a), foralla € A.

Definition 11. [13] Bi-intersection of two soft sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = AN B andforall x € C, H(x) = F(x) N G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A) N (G,B) = (H,0).

Definition 12. [36] Let (F, A) and (G, B) be two soft sets over U. The union of (F, A) and (G, B) is defined
to be a soft set (1, D), where D = AU B and for all x € D satisfying the following conditions

F(x), x€A—-B
I(x) = G(x), x€EB—-A
F(x) U G(x), x €EANB.

The union of (F, A) and (G, B) is denoted by (F,A) U (G, B) = (I, D).

Definition 13. [36] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A) and
(G, B), denoted by (F,A) V (G, B), is defined to be a soft set (H, A X B), where H(a, b) = F(a) U G(b), for
all (a,b) € A X B.

Definition 14. [36] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I, A X B), where I(a, b) = F(a) N G(b), for
all (a,h) €A XB.

3 |[RESULT AND DISCUSSION

This section explains that a soft set can be formed from the fuzzy subsets, with the parameter
set being the level subset obtained from the fuzzy subset. This section also provides the properties
of soft sets formed by fuzzy sets related to subsets and operations concepts in the soft sets.

3.1 \The Construction \of Soft Sets from Fuzzy SubsetsL

According to the following proposition, a soft set can be created from a fuzzy subset, where a parameter
of the soft set represents the image of the fuzzy subsetl

is a soft set where F,: A - P(U) which is defined as F, (@) = g, for all @ € A. Furthermore, soft set (F;JA)
is called a soft set over U, formed from a fuzzy subset u.
Proof. Let ay, a; be any element of A where a; = @5, so based on Theorem 1 and the definition of F, it is
obtained that pi,, = gy, & Fi(ay) = F,(az), thus F,: A > P(U) is well defined. Therefore, F,: A - P(U)
is a function. In other words, based on Definition 6, it was proved that (Fh, A) is a soft set over the universal
setU.m
Example 1. Let u = {(uq, 0.4), (up,0.8), (u3, 0.1), (uy, 0.4), (us, 0.7)}.
Thus, the soft set (F;l,A) was obtained as follows.
(FoA) = {(O-L {u1, Uz, U3, Uy, Us}), (0.4, {ul,uz,u4,u5}),}
w (0.7, {uz, us}), (0.8, {uz})

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

In this section, we will talk about the properties of subsets and complements that are applicable to soft
sets made from fuzzy subsets. These properties are presented in the following proposition.
Proposition 2. Let (F;u A) and (G, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (FM,A) is a subset of (G,,B) if A € Band u S v.

~
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Proof. It is known that A € B and based on Theorem 1, if 4 € v, then u, S v,. In other words, based on
Proposition 1,itis obtained that F, (@) € G, () for all @ € A. Therefore, based on Definition 7, it is obtained

that (F,,A) € (G,,B). =
Example 2. Based on Example 1, a fuzzy subset u is obtained. Next, let the fuzzy subset v be given by
v = {(u4,0.7), (up,0.9), (u3, 0.1), (uy, 0.4), (us, 0.8)}.
Therefore, it is obtained that A € B and p(u) < v(u) for all u € U. Furthermore, based on Definition 2, it
is obtained that 4 S v.

o : 0.1, {ug, up, Uz, Ug, Us}), (0.4, {ug, Uz, Uy, us}),
Next, it is obtained that (G, A) = {( }

(@ (07, (s, up us}), (08, us))

Consequently, F, (@) S G,(a) for all @ € A. Thus, it was obtained that (F,, 4) € (G,, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F€, 4).
Next, in this research, it is defined that (F;UA)C = (Ff,A) where Ef (@) = U — F, () for all a € A. The

following proposition states (F#, A) as a soft set over a universal set U that is formed from a fuzzy subset p.

Proposition 3. If (F;l,A) is a soft set formed from a fuzzy subset u over a universal set U, then (Fh,A)C isa
soft set formed from a fuzzy subset u over a universal set U, where (F;l, A)C = (F;f, A).

Proof. Let ay, a;, be any element of A where @y = a;, so based on Theorem 1 and the definition of F,, It is
obtained that uy, = o, < F,(a1) = Fi(az). Consequently, based on the definition of Fuc, it is obtained that
U—Fy(ay) =U—F,(ay) © Ef (1) = Ef (a;). Therefore, Ff:A - P(U) is well-def;med. Thus,
Ff:A - P(U) is a function. In other words, based on Proposition 1, it is proved that (FuA)" is a soft set
formed from a fuzzy subset u over universe U. m

Next, the soft set (Fﬂ,A)Cis called the complement of a soft set (Fﬂ,A). Based on Definition 3, It is

knownthat for any fuzzy subset y, there is always a complement of u that is denoted by u¢. The complement
of a soft set formed from a fuzzy subset is not equal to a soft set formed from the complement of a fuzzy
subset. The example and proposition below illustrate this concept..

Example 3. Based on Example 1, a fuzzy subset g is obtained.

_ (01, (D), (04'1 {u })’
Therefore, (Ff,4) = {(0.7_ (U, us3,u4)), (0.8, {u13. U3, Ug, Us}) }

0.1, {uq, Uz, U3, Uy, Us}), (0-4’1 {u1, U3, Us}),
and (F,c,A) = {( }
(Fue4) (07, {u3}), (0.8, {us}) J
It is obtained that (F;f,A) * (F#c,A). In other words, (Fw A) * (F#c,A).

Proposition 4. If (FL,A) is a soft set formed from a fuzzy subset u over a universal set U, then
c
(FM,A) * (FMC,A).

It is known that based on Definition 9, for any parameter set A4, there is always a complement of A
denoted by —A. Next, if a soft (Fy, A) exists, then =1F,: =A - P(U), defined by =F,(na) = F,(1 — a) for
all @ € A, can be formed. It can be shown that (—|F ,—|A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.

Proposition 5. If (F;l,A) is a soft set formed from a fuzzy subset u over a universe U, then (—|F , —|A) isa
soft set formed from a fuzzy subset y over a universe U.

Proof. Let a4, a, be any element of A where a; = a,. Consequently, 1 — a@; = 1 — a, so based on Theorem
1 and the definition of —F, It is obtained that p(1—q,) = H(1-a,) © Fu(ma1) = —F,(naz). Therefore,
—F,: =A — P(U) is well-defined. Thus, =F,;: =4 — P(U) is a function. In other words, based on Proposition
1, it is proved that (—|F , —|A) is a soft set formed from a fuzzy subset p over universe U. m

Hereafter, (—|F , —|A) is called the negation of a soft set (Fw A).
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Proposition 6. Let (F;l,A) be a soft set formed from a fuzzy subset p over a universe U. If u(u) # 1 — a for
all w € U then ~Ff (=a) = Fc(a) for all a € A.

Proof. Let a be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
that
~Ef (~a) = U = (<E,(~)
=U-E(1-a)
=U- Ha-a)
=U—-{uelluw)=21-a}
={u€eljuw)<1l—a}
On the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fuc(a) = (iuc)a
= (e Ul @) 2 a)
={u€eU|l—-puu) =a}
={ueljuw) <1-a}l
Because p(u) # 1 — a for all u € U, it is obtained that
Fyu@={ellpw) <1l-a}
Thus, it is proven that if p(u) # 1 — a for all u € U then =Ff (-a) = Fyc(a)foralla €A. m

Example 4. Let u = {(uy,0.5), (u,0.7), (us, 0.2), (s, 1), (us, 0.9), (u, 0)}.
c _ (20, {ug, uz, us, us, ue}), (70.2, {ug, Uz, us, ue}), (=0.5, {uz, us}),
Theretos, () = (207, 1t ue}), (209, (s}, (11, ) }
On the other hand, because u(u) # 1 — a for all u € U, then it is obtained that
(Fue,4) = {(0.{u1,u2,u3,u5,u5}). (O-Zv{ul'uz'uz’us})'(0-5'{u3'u6})v}_
.- (0.7, {us, ue}), (0.9, {ue}), (1, )
Consequently, =Ff (—a) = F uc(a) foralla € A.

3.3 Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (Fw A) and (G,, B) be two soft sets formed from fuzzy subsets y and v, respectively, over
a universal set U. The soft set (Hyny, C) c (FwA) 0 (G, B) if Im(w) € Im(v) or Im(v) S Im(y) where
C=Im(unv).

Proof. Based on Definition 7, To prove that (Hpny,C) g (FuwA) 0 (Gy, B), it must be proven that
C < ANnBandHyny(¥) S (F. N Gy)(y) forally € C.
(i) Let x be any element of Im(u Nv) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(u), v(u)}.
1) Assuming that p(u) < v(u),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u Nv) € Im(u) N Im(V).
2) Assuming that v(u) < u(u), it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(V) in other words
x € Im(u) N Im(v). Consequently, Im(u Nv) € Im(u) N Im(v).
From 1) and 2), it is obtained that Im(u N v) € Im(u) N Im(v), so based on Proposition 1, it is proven
that C € AN B.
(ii) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hyny () = (N V)y
=py, NV,
=EMnG®)
= (F;t n Gv)(y)
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It is obtained that Hyny (v) = (F, N G, )(¥)- Thus, it is proven that Hyny (v) S (F, N G,)(y) forall
y€eC.
From (i) and (ii), it is obtained that (Hyny, C) c (Fw4) N (G, B).m

Example 5. Let 4 = {(uy, 0.8), (uy,0.1), (u3,0.7), (uy, 0.4), (us, 0.7)}
and v = {(u4,0.7), (uz,0.9), (u3, 0.1), (ug, 0.4), (us, 0.8)}.
Therefore, Im(u) € Im(v) and AN B = {0.1,0.4,0.7,0.8}. On the other hand, based on Definition 4, it is
obtained that C = {0.7,0.1,0.4}. Thus, C S AN B.
(0.1, {uy, up, us, uy, us}), (0.4, {ug, uy, us}),}
o1 D04, Gty
1, {ug, Uy, ug, Uy, us)), (0.4, {uq, uy, us}),
and (.1 G,),C) = { 0 ey }
It is obtained that Hyn, (v) = (F, N G,)(¥). Consequently, Huny, (¥) S (F, 0 G,)(y) forally € C.
Thus, (Hunw, C) € (Fu A) 0 (G, B).

Furthermore, it is obtained that (Hyny, C) = {

Proposition 8. Let (Fﬂ, A) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (I”W,D) c (FM,A) U (G,,B) ifu, € v, wheny € B— A and v, € u, when
y € A— B where D = Im(u U v).

Proof. Based on Definition 7, to prove that (I, D) c (Fw4) U (Gy, B), it must be proven that D € AU B
and Iy (¥) € (F U Gy)(v) forally € D.
(i) Let x be any element of Im(x U v) so there exists u € U such that x = (u U v)(u), then based on
Definition 4, it is obtained that x = max{u(u),v(u)}.
1) Assuming that y(u) = v(u), it is obtained that x = u(w) which means x € Im(u).
2) Assuming that v(u) = u(u), it is obtained that x = v(u) which means x € Im(v).
From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € AU B.
(ii) Based on Definition 12, for all y € D holds

E), yE€EA-B
(VG = Gy(¥), YEB—A
E®) VG, y€EANB.

1) IfyeA-B
Let y be any element of A — B and if y € A — B then v, < .. Then, based on Theorem 2 and
Proposition 1, it is obtained that
Liw (@) = (uUv),
=My Uy
=E®)
It is obtained that Iy, (¥) = F,(y) wheny € A— B.
2) IfyeB—-4A
Let y be any element of B — A and if y € B — A then w, € v),.. Then, based on Theorem 2 and
Proposition 1, it is obtained that
L (@) = (U v),
=iy Uy
=G,(¥)
It is obtained that Iy, (¥) = G,(y) wheny € B — A.
3) IfyeAnB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
Ly () = (U V),
=Wy Uy
=EM UG )
It is obtained that I,y (¥) = F,(¥) U G, (y) wheny € AN B.
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From 1), 2), and 3), it is obtained that Iy, (y) = (F, NG,)(y). Thus, it is proven that

Lav(@) € (F, N G,)(y) forally € D.
From (i) and (ii), it is obtained that (I,yy, D) g (Fw4) U (G, B). m
Example 6. Let u = {(u4,0), (uz,0.2), (u3, 0.4), (ug, 0.9)} and v = {(u,, 0), (uy,0.2), (uz, 0.6), (uy, 0.8)}.
Therefore, AU B = {0,0.2,0.4,0.6,0.8,0.9}. On the other hand, based on Definition 4, it is obtained that
D =1{0,0.2,0.6,0.9}. Thus,D € AU B.
i : 0, {ug, uz, uz, Us}), (0.2, {Uz, uz, Us}),
Next, it is obtained that (1, D) = {( 1 }
(v D) (0.6, (3, 112}), (09, (3
and ((Fu U Gv),D) _ {(0, {u1,uz,u3,u4}), (0.2, [uz,u3,u4}).}.

(0.6, {it3,u4}), (0.9, {14})
It is obtained that vj, < u,, wheny € A — B and i, < v, wheny € B — A. Furthermore, it is obtained that

Lo () = (B Y Gy)(¥). Consequently, Iyuy (v) S (Fu U Gy)(y) forall y € D. Thus, it is obtained that
(Iuw D) € (F, A) T (Gy, B).

Proposition 9. If (FM,A) and (G,, B) are two soft set respectively formed from fuzzy subsets p and v over
the universal set U then (H, C) is a soft set formed from the OR operation of (F,,, A) and (G,, B) defined as
H:C - P(U)
where C = A X B and H(a, B) = F,(a) U G,(B) for all (@, B) € A X B. Furthermore, if (I ,uyy, D) is a soft
set formed from the union operation on fuzzy subsets 4 and v then I, (V) S (Fh (a)u GV(/?)) with the

sufficient condition y > max{a, B} foralla € A, € B,andy € D.

Proof. Let u be any element of (1 U v),, it means u € {u € U|(u U v) = y}, then based on the definition of
(u U V) (u) itis obtained that u € {u € U| max{u(u),v(u)} = v}
a) Assuming that u(u) = v(u), it is obtained that u € {u € U|u(u) =y}, so that y(u) = y. In other words,
u € p,.
b) Assuming that v(u) = p(u), it is obtained that u € {u € U|v(u) = v}, so that v(u) = y. In other words,
UuUE€EvV,.
Y
From a) and b), it is obtained that u € u, or u € v, so that u € u, Uv,. Furthermore, because y =
max{a, B} then y = a and y = f3, so that u € p, U vg. In other words, (U V), S pg Uvp. Thus, it is

proven that I,y (¥) S (Fh(a) U Gv(ﬁ))-'

Hence, it is obtained that the definition of OR operation of (Fw A) and (G,, B) is
(Fw4) V (G,,B) = (H,AXB),
where H(a, B) = F,(a) U G, (B) forall (a, ) € AXB.
Example 7. Let u = {(u4, 0.2), (uz, 0.8), (u3,0.5)} and v = {(uy, 0.8), (uz,0.3), (u3,0.2)}.
It is obtained that
(FwA) = {(0.2, {ug, uz,u3}), (0.5, {uz, us}), (0.8, {uz )},
(Gv, B) = {(0.2, {u1, up, us}), (0.3, {u1, u2}), (0.8, {us )},
D =1Im (uUv) = {0.5,0.8}, and (Iuuy), D) = {(0.5, {ug, Uz, us}), (0.8, {uy, uz})}
Thus, when y = max{a, f}, obtained that I,y (¥) S (ﬁt(a) U Gv(ﬁ)) foralla € A, f € B,andy € D.

Proposition 10. If (Fw A) and (G,, B) are two soft sets respectively formed from fuzzy subsets u and v over
the universal set U then (J, C) is a soft set formed from the AND operation of (F,, A) and (G, B) defined as
J:C - P(U)
where € = A X B and J(a, B) = F,(a) N G,(B) for all (a, B) € A X B. Furthermore, if (K (,ny), D) is a soft
set formed from the intersection operation on fuzzy subsets y and v then (Fu (©) NG, (ﬁ)) S K(unvy (¥) with

the sufficient condition y < min{a, f} foralla € A,f € B,andy € D.
Proof. Let u be any element of pi, N Vg, it means u € p, and u € vg. Furthermore, because y < min{a, £},

it is obtained that y < a and y < B, so that u € y,, and u € v,,. Then based on Definition 5, u(u) = y and
v(u) = y are obtained, thus u € {u € U| max{u(u),v(u)} = y}, based on the definition of (u N v)(w), it is
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obtained thatu € {u € U|(u N v)(u) = v}, so thatu € (u N v),,. In other words, u, N vg S (1 NV),. Thus,
it is proven that (Fu(a) n Gv(ﬁ)) S Ky (y)-m

Hence, it is obtained that the definition of AND operation of (FM,A) and (G,, B) is

(FuA)R (G, B) = (,AX B),

where J(a, B) = F,(a) N G, (B) forall (a, ) € AXB.
Example 8. Based on Example 7, It is obtained (F,,4),(Gy,B), D =1Im (unv)={0.2,03} and
(K(#m,),D) = {(0.2, {uq, up, u3}), (0.3, {u2})}
Thus, when ¥ < min{a, 8}, obtained that (F#(a) n Gv(ﬁ)) S Kunv)(y) foralla €A, p € B,andy € D.

4 CONCLUSIONS

Based on the result and discussion, it is obtained that every fuzzy subset can be formed as a soft set,
with the parameter set being the image of that fuzzy subset. The sufficient condition for a soft set formed
from the fuzzy subset u is a subset of the soft set formed from the fuzzy subset v over the same universal set
if u is a fuzzy subsubset of v. Furthermore, the complement of a soft set formed from a fuzzy subset is also
a soft set formed from a fuzzy subset. If (K unyy, Im(p Nv)) and (I uuy), Im(p U v)) are soft sets formed
from the intersection and union operations on fuzzy subsets u and v, respectively, then (Fu (@)n Gv(ﬁ)) c
K (unvy (¥) with the sufficient condition y < min{a, B} for all & € Im(w), B € Im(v), andy € Im(unv). If

y = max{a, B} forall @ € Im(w), € Im(v), andy € Im(u U V) then I,y (¥) S (F#(a) u Gv(ﬁ)).

ACKNOWLEDGEMENT
This work is supported by grant Hibah Penelitian Dosen Wajib Meneliti 2022 from Universitas
Lambung Mangkurat.

IREFERENCES

(11 B. Bede, Mathematics of Fuzzy Sets and Fuzzy Logic. Springer Berlin Heidelberg, 2013.

[2] D. Molodtsov, “Soft Set Theory-First Results,” Comput. Math. with Appl., vol. 37, pp. 19-31, 1999.

[3] L. A. Zadeh, “Fuzzy Sets*,” Inf. Control, vol. 8, pp. 338-353, 1965.

[4] B. Davvaz, 1. Mukhlash, and S. Soleha, “Himpunan Fuzzy dan Rough Sets,” Limits J. Math. Its Appl., vol. 18, no. 1, p. 79,

2021.
[5] S. J. John, “Soft Sets BT - Soft Sets: Theory and Applications,” S. J. John, Ed. Cham: Springer International Publishing,
2021, pp. 3-36.

[6] H. Aktas and N. Cagman, “Soft sets and soft groups,” Inf. Sci. (Ny)., vol. 177, no. 13, pp. 27262735, Jul. 2007.

[7] P. K. Maji, R. Biswas, and A. R. Roy, “Fuzzy soft sets,” J. Fuzzy Math., vol. 9, pp. 589-602, Jan. 2001.

[8] M. Ali and M. Shabir, “Comments on De Morgan’s law in fuzzy soft sets,” J. Fuzzy Math, vol. 18, no. 3, pp. 679-686,
2010.

[9] F. Feng, Y. B. Jun, X. Liu, and L. Li, “An adjustable approach to fuzzy soft set based decision making,” J. Comput. Appl.
Math., vol. 234, no. 1, pp. 10-20, 2010.

[10] P. Majumdar and S. K. Samanta, “Generalised fuzzy soft sets,” Comput. Math. with Appl., vol. 59, pp. 1425-1432, 2010.

[11] P. Majumdar and S. K. Samanta, “A generalised fuzzy soft set based student ranking system,” Int. J. Adv. Soft Comput. its
Appl., vol. 3, pp. 42-51,2011.

[12] N. Cagman and S. Enginoglu, “Soft matrix theory and its decision making,” Comput. Math. with Appl., vol. 59, no. 10, pp.
3308-3314, 2010.

[13] F. Feng, Y. B. Jun, and X. Zhao, “Soft semirings,” Comput. Math. with Appl., vol. 56, no. 10, pp. 2621-2628, 2008.

[14] U. Acar, F. Koyuncu, and B. Tanay, “Soft sets and soft rings,” Comput. Math. with Appl., vol. 59, no. 11, pp. 34583463,
2010.

[15] Q. M. Sun, Z. L. Zhang, and J. Liu, “Soft sets and soft modules,” Lect. Notes Comput. Sci. (including Subser. Lect. Notes
Artif. Intell. Lect. Notes Bioinformatics), vol. 5009 LNAL pp. 403-409, 2008.

[16] A. Sezgin and A. O. Atagiin, “Soft groups and normalistic soft groups,” Comput. Math. with Appl., vol. 62, no. 2, pp. 685—
698,2011.

[17] Y. Celik, C. Ekiz, and S. Yamak, “A new view on soft rings,” Hacettepe J. Math. Stat., vol. 40, no. 2, pp. 273-286, 2011.

[18] X. Yin and Z. Liao, “Study on soft groups,” J. Comput., vol. 8, no. 4, pp. 960967, 2013.

[19] D. Xiang, “Soft module theory,” Proc. - 2013 10th Int. Conf. Fuzzy Syst. Knowl. Discov. FSKD 2013, pp. 103-107, 2013.

[20] 0. Oztekin, M. Sahin, N. Olgun, A. Kargin, and V. Ulucay, “Soft representation of soft groups,” New Trends Math. Sci.,
vol. 4, no. 2, pp. 23-23,2016.

[21] C. Yiicel, C. Acar, and U. Ummahan, “A note on soft modules,” Commun. Fac. Sci. Univ. Ankara Ser. A1Mathematics
Stat., vol. 66, no. 1, p. 66,2017.

[22] A. Taouti, A. Salami, S. Karkain, I. Abdelwahed, and S. Alhosany, “Note on soft modules,” Appl. Math. Sci., vol. 13, no.
19, pp. 907-910, 2019.

T

Commented [A13]: For every separated sections, use the enter
button once




58 Family name of first author, et. al. Write some words of the title’s in Arial Narrow, 8pt, italic ........

[23] S. M. Khalil and N. M. A. Abbas, “Applications on new category of the symmetric groups,” AIP Conf. Proc., vol. 2290,
no. December, 2020.

[24] S. Yuksel, T. Dizman, G. Yildizdan, and U. Sert, “Application of soft sets to diagnose the prostate cancer risk,” J.
Inequalities Appl., vol. 2013, pp. 1-11, 2013.

[25] G. Sai Sundara Krishnan, R. Anitha, R. S. Lekshmi, M. Senthil Kumar, A. Bonato, and M. Graiia, “Improved Bijective-
Soft-Set-Based Classification for Gene Expression Data,” Adv. Intell. Syst. Comput., vol. 246, pp. 127-132, 2014.

[26] E. A. Elnashar, “Soft set theory and its application in decision making for textiles and apparel marketing,” Appl. Res. Tech.
Technol. Educ., vol. 3, no. 1, pp. 32-39, 2015.

[27] A. Ben-Israel and T. N. E. Greville, “Generalized Inverses: Theory and Applications,” Int. Stat. Rev. / Rev. Int. Stat., vol.
44, no. 2, p. 301, 1976.

[28] A. H. Zakri, H. M. Hossen, L. Y. Erwi, and E. Al-Sharif, “Application of soft sets to diagnose the educational obstacles for
students,” J. Innov. Technol. Educ., vol. 3, no. 1, pp. 61-70, 2016.

[29] F. Iftikhar, “A distinct approach to diagnose dengue fever with the help of soft set theory,” J. Mech. Contin. Math. Sci.,
vol. 14, no. 5, pp. 453-475, 2019.

[30] M. Kirisci, “Q-Soft Sets and Medical Decision-Making Application,” Int. J. Comput. Math., vol. 98, no. 4, pp. 690-704,
2021.

[31] M. G. Voskoglou, “Use of Soft Sets and the Blooms Taxonomy for Assessing Learning Skills,” Trans. Fuzzy Sets Syst.,
vol. 1, no. 1, pp. 106-113, 2022.

[32] R. Mamat, A. S. M. Noor, and M. M. Deris, Nasheed Song Classification by Fuzzy Soft-Set Approach, vol. 724, no.
February 2022. Springer Singapore, 2021.

[33] J. N. Mordeson, K. R. Bhutani, and A. Rosenfels, Fuzzy Group Theory, vol. 182. Springer Berlin Heidelberg, 2005.

[34] P. A. Ejegwa, “Some Properties of Alpha-cuts of Fuzzy Multigroups,” Fuzzy Math., vol. 28, pp. 201-222, 2020.

[35] F. Feng, C. Li, B. Davvaz, and M. 1. Ali, “Soft Sets Combined with Fuzzy Sets and Rough Sets: A Tentative Approach,”
Soft Comput., vol. 14, pp. 899-911, 2010.

[36] P. K. Maji, R. Biswas, and A. R. Roy, “Soft set theory,” Comput. Math. with Appl., vol. 45, no. 4-5, pp. 555-562, 2003.

[37] M. L. Alj, F. Feng, X. Liu, W. K. Min, and M. Shabir, “On some new operations in soft set theory,” Comput. Math. with
Appl., vol. 57, pp. 1547-1553, 2009.

_ — -| Commented [A14]: Set this reference i.e. size, font, etc
according to Barekeng template




7. Bukti konfirmasi untuk melakukan
pembayaran artikel
(4 Juni 2023)



11/21/24, 1:51 PM Hijriati, THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS

Participants

Journal Editor (journaleditor)
Na'imah Hijriati (naimah)

Financial Editor Dyana Patty (editor7)

Section editor Novita Dahoklory (editor9)

Messages
Note From
Dear Author (s) editor7
Jun 04
Regards,

Here we submit an invoice letter for publication fee to
BAREKENG: Journal of Applied and Mathematical Sciences
for articles that have met the pre-review step and prepare
to the next process. This article planned to be published in
the September 2023 edition (volume 17 number 3). To
speed up the publishing process for your article, please
pay off the publication fee and confirm payment by
sending proof of transfer to OJS account or email or
WhatsApp number (085243358669). If you are challenge
or not willing to pay the publication fee, please confirm to
the editorial team of BAREKENG Journal.

Thank you for your kind cooperation.

Best Regards,

https://ojs3.unpatti.ac.id/index.php/barekeng/authorDashboard/submission/8318 1/2


https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/modals/document-library/document-library/document-library?submissionId=8318
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/modals/submission-metadata/author-submission-metadata/fetch?submissionId=8318
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=3
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=4
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=5
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=39900&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=39900&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51103&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51103&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51105&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51105&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51106&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51106&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-all-files?submissionId=8318&stageId=1&filesIdsAndRevisions=39900-1%3B51103-1%3B51105-1%3B51106-1%3B
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/add-query?submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12237
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12238
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12238
https://ojs3.unpatti.ac.id/index.php/index
https://ojs3.unpatti.ac.id/index.php/barekeng/submissions
https://ojs3.unpatti.ac.id/index.php/barekeng/index

11/21/24, 1:51 PM Hijriati, THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS

Participants

Journal Editor (journaleditor)
Na'imah Hijriati (naimah)

Financial Editor Dyana Patty (editor7)

Section editor Novita Dahoklory (editor9)

Messages
Note From
Dear Author (s) editor7
Jun 04
Regards,

Here we submit an invoice letter for publication fee to
BAREKENG: Journal of Applied and Mathematical Sciences
for articles that have met the pre-review step and prepare
to the next process. This article planned to be published in
the September 2023 edition (volume 17 number 3). To
speed up the publishing process for your article, please
pay off the publication fee and confirm payment by
sending proof of transfer to OJS account or email or
WhatsApp number (085243358669). If you are challenge
or not willing to pay the publication fee, please confirm to
the editorial team of BAREKENG Journal.

Thank you for your kind cooperation.

Best Regards,

https://ojs3.unpatti.ac.id/index.php/barekeng/authorDashboard/submission/8318 2/2


https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12556
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12556
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12556
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13220
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13220
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13728
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13728
http://pkp.sfu.ca/ojs
http://pkp.sfu.ca/ojs
https://ojs3.unpatti.ac.id/index.php/barekeng/index

! ; are@ng
jurnal ilmu matematika dan terapan
p-ISSN 1978-7227 e-ISSN2bL15-3017

BAREKENG: Journal of Mathematics and Its Application

Publisher by Pattimura University

Website. https://njs3.unpatti.ac.id/index php/barekeng/
e-maif barekeng.math@yahoo.com; barekeng journal@mail.unpatti.ac.id;

Mobile Phonme. +67 8574 335 8663

Journal Address:

Ir. M. Putuhena St., Kampus Unpatti,

National Accredited in SINTA 2 by Direktur Jenderal Pendidikan Tinggi. Riset dan Teknologi, Republic of Indonesia, No.: 158/E/KPT/2021

Poka-Amban City, 37233,

Maluku Province, Indonesia.

INVOICE

Invoice number : 121/BRKNG/INV /VI1/2023
Invoice date : 4th June 2023

Bill To : Na’imah Hijriati
Article ID : 8318
Author Address:

Universitas Lambung Mangkurat

Dear Author(s), regarding the acceptance of your articles at BAREKENG: Journal of Mathematics and Its
Applications, Volume 17 issue 3 September 2023 Edition. Therefore, we give the details of publication fee (this
fee cover DOI cost, layout, editing, plagiarism checks, etc.), as follows:

Quantity

Item Price

Total Price

No. Item Description

1. ?ef;en Access Charge of Publication larticle | (IDR)1.400.000- | (IDR)1.400.000,-
2. Translation Fee 0 sheet (IDR) 0,- (IDR) 0,-
3. Charge for Extra Pages 0 sheet (IDR) 0,- (IDR) 0,-

Amount Total (IDR) 1.400.000,-

Payment can be made via transfer to:

Bank Account:
Name of Bank : Bank MANDIRI
Branch office : Ambon, Indonesia

Account name : BAREKENG JURNAL ILMU MATEMATIKA DAN TERAPAN

Account number : 186-00-0376342-8

Payment is expected as soon to speed up the process of the manuscript. Authors who are interested in ordering
a printed version of the journal (hardcopy) can notify the editor. Please put an article ID and name of
corresponding author in transaction note or transfer proof. (Note: Proof of transfer sent to email and

WhatsApp: 085243358669)

Thank you for your attention and cooperation.

)

Editor in Chief

“Yopi Andty Lesnussa, S.Si., M.Si.

r \1 1 r - 1 T h 1N . ni AN 1


mailto:barekeng.math@yahoo.com
mailto:barekeng.journal@mail.unpatti.ac.id

8. Bukti konfirmasi telah membayar
Pembayaran
(7 Juni 2023)



11/21/24, 1:55 PM

Hijriati, THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS

Here we submit an invoice letter for publication fee to
BAREKENG: Journal of Applied and Mathematical Sciences
for articles that have met the pre-review step and prepare
to the next process. This article planned to be published in
the September 2023 edition (volume 17 number 3). To
speed up the publishing process for your article, please
pay off the publication fee and confirm payment by
sending proof of transfer to OJS account or email or
WhatsApp number (085243358669). If you are challenge
or not willing to pay the publication fee, please confirm to
the editorial team of BAREKENG Journal.

Thank you for your kind cooperation.

Best Regards,
Yopi Andry Lesnussa,

Editor in Chief of BAREKENG: Journal of Mathematics and
Its Application

Email.: barekeng.journal@mail.unpattiac.id;
barekeng.math@yahoo.com

WhatsApp (WA): +62 85243358669
[ editor7, 8318 Na'imah Hijriati.pdf

First, thank you for accepting our article to be published in
Barekeng: Journal of Mathematics and Its Application.

In the following, we sent proof of payment.

Thank you for your attention and favor

Best regards
Na'imah Hijriati

O

https://ojs3.unpatti.ac.id/index.php/barekeng/authorDashboard/submission/8318

naimah
Jun 07

12


https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/modals/document-library/document-library/document-library?submissionId=8318
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/modals/submission-metadata/author-submission-metadata/fetch?submissionId=8318
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=3
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=4
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=5
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=39900&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=39900&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51103&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51103&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51105&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51105&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51106&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=51106&revision=1&submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-all-files?submissionId=8318&stageId=1&filesIdsAndRevisions=39900-1%3B51103-1%3B51105-1%3B51106-1%3B
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/add-query?submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12237
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12238
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12238
https://ojs3.unpatti.ac.id/index.php/index
https://ojs3.unpatti.ac.id/index.php/barekeng/submissions
https://ojs3.unpatti.ac.id/index.php/barekeng/index
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=45905&revision=1&submissionId=8318&stageId=1

11/21/24, 1:55 PM

Hijriati, THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS

Here we submit an invoice letter for publication fee to
BAREKENG: Journal of Applied and Mathematical Sciences
for articles that have met the pre-review step and prepare
to the next process. This article planned to be published in
the September 2023 edition (volume 17 number 3). To
speed up the publishing process for your article, please
pay off the publication fee and confirm payment by
sending proof of transfer to OJS account or email or
WhatsApp number (085243358669). If you are challenge
or not willing to pay the publication fee, please confirm to
the editorial team of BAREKENG Journal.

Thank you for your kind cooperation.

Best Regards,
Yopi Andry Lesnussa,

Editor in Chief of BAREKENG: Journal of Mathematics and
Its Application

Email.: barekeng.journal@mail.unpattiac.id;
barekeng.math@yahoo.com

WhatsApp (WA): +62 85243358669
[ editor7, 8318 Na'imah Hijriati.pdf

First, thank you for accepting our article to be published in
Barekeng: Journal of Mathematics and Its Application.

In the following, we sent proof of payment.

Thank you for your attention and favor

Best regards
Na'imah Hijriati

O

https://ojs3.unpatti.ac.id/index.php/barekeng/authorDashboard/submission/8318

naimah
Jun 07

212


https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12556
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12556
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=12556
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13220
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13220
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13728
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/read-query?submissionId=8318&stageId=1&queryId=13728
http://pkp.sfu.ca/ojs
http://pkp.sfu.ca/ojs
https://ojs3.unpatti.ac.id/index.php/barekeng/index
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=45905&revision=1&submissionId=8318&stageId=1

Transfer Berhasil

Rpl1.400.000

Nomor Referensi

Tanggal Transaksi

Waktu Transaksi

Layanan Transfer
Bank Tujuan
Nomor Rekening

Nama Penerima

BIZ 1D

Nama Pengirim
Rekening Debet
Tujuan Transaksi

Berita

Nominal

Biaya Admin

15933630
7-Juni-2023
14:00:25 WIB

BI-FAST

BANK MANDIRI
1860003763428
BAREKENG JURNAL ILMU

20230607BNINIDJAO100021593
3630

NAIMAH HIJRIATI
Lainnya

corres author Naimah Hijriati
Article |ID 8318

Rp1.400.000
Rp2.500

otal Rp1.402.500



9. Bukti konfirmasi Proofreading
(29 September 2023)



11/21/24, 2:01 PM Hijriati, THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS

Participants
Journal Editor (journaleditor)
Na'imah Hijriati (naimah)

Proofreader Norisca Lewaherilla (editor5)

Messages
Note From
Dear Author(s), editor5
Sep 29
Here we send the Galley proof file of your article, so you can
have a final check of your article. Please check it carefully
and give the response for us. If there is any further revision,
please send your message to reply in OJS system, email or
our WhatsApp number (085243358669).
Thank you in advance.
Best regards,
Editor (Proofreader)
[ editor5, 1473-1482 8318-Proofreading.pdf
» Thank you so much for the proofreading of our article. naimah
There is no revision on the gallery proof file Sep 30

Best regards,

Na'imah Hijriati

Add Message

https://ojs3.unpatti.ac.id/index.php/barekeng/authorDashboard/submission/8318 17


https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/modals/document-library/document-library/document-library?submissionId=8318
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/modals/submission-metadata/author-submission-metadata/fetch?submissionId=8318
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=1
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=3
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=4
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/tab/author-dashboard/author-dashboard-tab/fetch-tab?submissionId=8318&stageId=5
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/grid/queries/queries-grid/add-query?submissionId=8318&stageId=5
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=54511&revision=1&submissionId=8318&stageId=5
http://pkp.sfu.ca/ojs
http://pkp.sfu.ca/ojs
https://ojs3.unpatti.ac.id/index.php/index
https://ojs3.unpatti.ac.id/index.php/barekeng/submissions
https://ojs3.unpatti.ac.id/index.php/barekeng/index
https://ojs3.unpatti.ac.id/index.php/barekeng/$$$call$$$/api/file/file-api/download-file?fileId=54392&revision=1&submissionId=8318&stageId=5

11/21/24, 2:05 PM

Mail

Chat

Meet

Galley Proof - nh_hijriati@ulm.ac.id - Universitas Lambung Mangkurat Mail

M Gmail Q_ barekeng X = . ® @&
= 25 of many
Compose
Ga”ey Proof External  Inbox x
Inbox 2,544
Starred barekeng barekeng <barekeng.math@yahoo.com> Fri, Sep 29, 2023, 4:14PM
to me
Snoozed
Sent Dear Author(s),
Drafts 12 Here we send the Galley proof file of your article, so you can have a final check of your article. Please check it carefully and ¢
response for us. If there is any further revision, please send your message to reply in OJS system, email or our WhatsApp nt
More (085243358669).
Thank you in advance.
Labels Best regards,
Moved 2019-01-30 05:13 Editor BAREKENG: Journal of Mathematics and Its Applications

nh_hijriati@unlam.ac.id

One attachment « Scanned by Gmail

https://mail.google.com/mail/u/1/?ogbl#search/barekeng/FMfcgzGtxSrShVTZwGWfpjVJrVrxgFdC 17


https://mail.google.com/mail/u/1/?ogbl#inbox
https://mail.google.com/mail/u/1/?ogbl#starred
https://mail.google.com/mail/u/1/?ogbl#snoozed
https://mail.google.com/mail/u/1/?ogbl#sent
https://mail.google.com/mail/u/1/?ogbl#drafts
https://mail.google.com/mail/u/1/?ogbl#label/Moved+2019-01-30+05:13
https://mail.google.com/mail/u/1/?ogbl#label/nh_hijriati@unlam.ac.id
https://mail.google.com/mail/u/1?ui=2&ik=7cc6118ab0&attid=0.1&permmsgid=msg-f:1778358939760391661&th=18ae0008978ef5ed&view=att&zw&disp=inline
https://www.google.co.id/intl/en/about/products?tab=mh

BAREKENG: Journal of Mathematics and Its Applications
September 2023  Volume 17 Issue 3 Page 1473-1482

B are&e ng P-ISSN: 1978-7227 E-ISSN: 2615-3017

jurnal ilmu matematika dan terapan d https://doi.org/10.30598/barekeng

THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS

Na’imah Hijriati'”, Irma Sari Yulianti?, Dewi Sri Susanti®, Dewi Anggraini*

12Department of Mathematics, Faculty of Mathematics and Natural Sciences, Lambung Mangkurat University
34Department of Statistics, Faculty of Mathematics and Natural Sciences, Lambung Mangkurat University
A. Yani Street, Km 36, Banjarbaru, 70714, South Kalimantan, Indonesia

Corresponding author e-mail: * nh_hijriati@ulm.ac.id

ABSTRACT

Article History:

Received: date, month year
Revised: date, month year
Accepted: date, month year

Keywords:

Fuzzy subset;

Soft sets;

Soft sets formed from fuzzy
subsets

Molodtsov introduced the concept of soft sets formed from fuzzy subsets in 1999. The soft set
formed from a fuzzy subset is a particular form of a soft set on its parameter set. On a soft set
formed from a fuzzy subset, the parameter used is the image of a fuzzy subset which is then
mapped to the collection of all subsets of a universal set. This research explains the
construction of soft sets formed from fuzzy subsets. We provide the sufficient condition that
a soft set formed from a fuzzy subset is a subset of another soft set. Also, give some properties
of the soft sets formed from a fuzzy subset related to complement and operations concepts in
soft sets

This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution-ShareAlike 4.0 International License.

How to cite this article:

N. Hijriati, I. S. Yulianti, D. S. Susanti and D. Anggraini., “THE CONSTRUCTION OF SOFT SETS FROM FUZZY SUBSETS,” BAREKENG: J.
Math. & App., vol. 17, iss. 3, pp. 1473-1482, September, 2023.

Copyright © 2023 Author(s)

Journal homepage: https://ojs3.unpatti.ac.id/index.php/barekeng/
Journal e-mail: barekeng.math@yahoo.com; barekeng.journal@mail.unpatti.ac.id

Research Article ¢ Open Access

1473



mailto:nh_hijriati@ulm.ac.id
http://creativecommons.org/licenses/by-sa/4.0/
https://ojs3.unpatti.ac.id/index.php/barekeng/
mailto:barekeng.math@yahoo.com
mailto:barekeng.journal@mail.unpatti.ac.id

1474 Hijriati, et. al. THE CONSTRUCTION OF SOFT SETS FROM FUZZY ...

1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and which
are not members. Members of a set are objects that have certain similarities [1]. The level of similarity of
objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping objects
using varying degrees of similarity. The grouping process, which tends to show varying levels of similarity,
makes it difficult to group using concepts from classical set theory. Therefore, a more relevant theory is
needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

Several years after using the concept of fuzzy subsets, Molodtsov [2] described the weaknesses in the
fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterization subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. Let u: U — [0,1] be a fuzzy set over a set U and u, be an a-level
subset. We can defined a soft set (F,, A) with F,: A - P(U), & = p, and A = Im(p).

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji et al. [7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy with soft sets and generalized soft sets. Irfan Ali and Shabir [8] developed the theory. They give De
Morgan-type laws, as given in the Maji et al. paper, which are generally untrue. They also provide some new
definitions and operations for fuzzy soft sets, making it very easy to prove the existence of De Morgan type
laws in fuzzy soft sets. To address decision-making problems based on fuzzy soft sets, Feng et al. introduced
the concept of level soft sets of fuzzy soft sets. They initiated an adjustable decision-making scheme using
fuzzy soft sets [9], followed by a generalized soft fuzzy set [10] and its application to the student ranking
system [11].

Research on soft sets has also been developed by integrating other fields, including algebra, and its
applications in the real world. In the field of algebra, they include soft matrices introduced by Cagman and
Enginoglu [12], soft groups introduced by Aktas and Cagman [6], soft semiring by Feng et al. [13], soft
rings by Acar et al. [14], and soft modules by Sun et al.[15], which until now continue to develop, can see in
[16], [17], [18], [19], [20], [21], [22], and [23]. Some applications of soft sets in the real world can see in
[24], [25], [26], [27], [28], [29], [30], [31], [32] and much more.

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

2. RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and @ —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.
4

Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.
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2.1 Fuzzy Subsets

A function from an empty set U to interval [0,1] is called a subset fuzzy of U that defined as follows.

Definition 1. [3] Let U be a non-empty set. A fuzzy subset u of U is defined as a mapping
wU = [01].

The function y is called a fuzzy subset of U and can be expressed by u = {(u, u(w))|u € U}, where
u(w) is the membership degree of u € U for a fuzzy subset . The collection of all fuzzy subsets of U denoted
by F(U), i.e., F(U) = {ulu: U - [0,1]}.

Analog with the concept of set, in the concept of fuzzy subset there are the concepts of fuzzy
subsubset and fuzzy complement, and the concept of intersection and union operations that given as follows.

Definition 2. [3] Letw,v € FU). If u(w) < v(u) forall u € U, then u is contained in v and can be written
Uucvv2uw.lfucvandu 2 vthen uisequal to v and can be written u = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of u is the fuzzy subset u¢, where
pew) = 1-pw
Definition 4. [3] Let u,v € F(U). The intersection and union of x and v is the fuzzy subsets u N vand u U v,
where
(1 N v)(w) = min{u(u), v(w))
(nUv)(W) = max{u(w),v(u)}

nw) Av(w)
p)vv(u)

2.2 a —Cut on Fuzzy Subsets

Let u be any fuzzy subset of U. The subset of U, that the membership degree is more or equal to any
a € [0.1] is called a-level subset, defined as following.

Definition 5. [3] Let u € F(U). For all « € [0,1] can be defined a-level subset (a — cut) of u, which is
denoted by g, i.e.
Ue = {ulu € U, u(w) = a}.
There is some properties about a-level subset connecting with properties of subset fuzzy, given as
following theorem.

Theorem 1. [33] Letu,v € F(U), for all a, B € [0,1] the following properties hold true
Du S v=au, S,

as<p=>us S U

Na=pF=pug=Hq

HuU=ve g =vy,

Theorem 2. [34] Let u, v € F(U), for all « € [0,1], the following properties hold true
D (@Uv)e=ugUvg
2) (L NV)g = phg N Vg

2.3 Soft Sets

In 1999, Molodsov introduced the concept of a soft set which is a pair consisting of a function from a
set of parameters A to the power set of a universal set U and A. The formal definition of a soft set is provided
below

Definition 6. [2] Let U be a universal set and A be a set of parameters. A pair (F, A) is called a soft set over
U where F is a mapping given by

F:A - P(U)
Fora € A, F(a) may be considered as the set a-approximate elements of the soft set (F, A). A soft set over
U can be expressed by (F,A) = {(a,F(a))|a € 4}.

The connection between two soft sets is given by this following definition.

Definition 7. [35] Let (F,A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G, B), if
1) A € Band
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2) foralla € A, F(a) € G(a).

Definition 8. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) and (G, B) are said to be equal,
denoted by (F,A) = (G,B),if (F,A) € (G,B) and (G,B) € (F,A).

The concept of soft sets includes definitions for complement and relative complement and operations
such as intersection, union, OR and AND between two soft sets. These definitions are presented in a specific
order.

Definition 9. [36] Let A = {a,,a,,as, ...,a,} be a set of parameters. The complement of A denoted by
-4 = {—a4,1ay, nas, ..., 7ay} where —a; is “not a; ” and —(—q;) = a;, foralli =1,2,...,n

Definition 10. [37] The relative 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), for all a € A.

Definition 11. [13] Bi-intersection of two soft sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = An Bandforallx € C,H(x) = F(x) n G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A) 1 (G,B) = (H,0).

Definition 12. [36] Let (F,A) and (G, B) be two soft sets over U. The union of (F,A) and (G, B) is defined
to be a soft set (1, D), where D = A U B and for all x € D satisfying the following conditions

F(x), x€A-B
I(x) = G(x), x€EB—A
F(x) U G(x), x EANB.

The union of (F, A) and (G, B) is denoted by (F,A) U (G,B) = (I, D).
Definition 13. [36] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A) and

(G, B), denoted by (F,A) V (G, B), is defined to be a soft set (H, A x B), where H(a,b) = F(a) U G(b), for
all (a,b) € A x B.

Definition 14. [36] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and

(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I,A x B), where I(a, b) = F(a) n G(b), for
all (a,b) € A X B.

3. RESULT AND DISCUSSION

This section explains that a soft set can be formed from the fuzzy subsets, with the parameter
set being the level subset obtained from the fuzzy subset. This section also provides the properties
of soft sets formed by fuzzy sets related to subsets and operations concepts in the soft sets.

3.1 The Construction of Soft Sets from Fuzzy Subsets

According to the following proposition, a soft set can be created from a fuzzy subset, where a parameter
of the soft set represents the image of the fuzzy subset.

Proposition 1. Let U be a universal set, u: U — [0,1] be a fuzzy set where A = Im(u) < [0,1]. A pair (F,, A)
is a soft set where F,;: A — P(U) which is defined as F, (a) = u,, for all a € A. Furthermore, soft set ( , )
is called a soft set over U, formed from a fuzzy subset U.

Proof. Let aq, a, be any element of A where a; = a,, so based on Theorem 1 and the definition of F,, it is
obtained that u,, = ue, < F,(a1) = F,(a3),thus F;: A > P(U) is well defined. Therefore, F,;: A — P(U)
is a function. In other words, based on Definition 6, it was proved that (F,, A) is a soft set over the universal
setU.m

Example 1. Let u = {(u,0.4), (uz,0.8), (u3,0.1), (uy, 0.4), (us,0.7)}. Thus, the soft set (F,,A) was
obtained as follows.
(F A) — {(011 {u1'u21u3'u41 uS})' (04' {u1'u2iu4-' uS})'}
w (0.7,{uz,us}), (0.8, {uy})
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3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

In this section, we will talk about the properties of subsets and complements that are applicable to soft
sets made from fuzzy subsets. These properties are presented in the following proposition.

Proposition 2. Let (F,, 4) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (F,, A) is a subset of (G,,,B) if AS Band u S v.

Proof. It is known that A € B and based on Theorem 1, if u € v, then u, < v,. In other words, based on
Proposition 1, itis obtained that F, (a) € G, (a) forall a € A. Therefore, based on Definition 7, itis obtained

that (F,, 4) € (G,,B). m

Example 2. Based on Example 1, a fuzzy subset u is obtained. Next, let the fuzzy subset v be givenby v =
{(uy,0.7), (uy, 0.9), (u3,0.1), (uy, 0.4), (us,0.8)}. From Example 1 we have A=Im(u) =
{0.1,0.4,0.7,0.8}. Since B = Im(v) ={0.1,0.4,0.7,0.8,0.9}, it is obtained that A € B and pu(u) <
v(u) for all u € U. Furthermore, based on Definition 2, it is obtained that u < v.

. . (0-1;{111'“2;113'“4;715}), (0.4,{u1,u2,u4,u5}),
Next, it is obtained that (G, A :{ }
(G 4) (0.7, {uty, w3, us}), (0.8, {115, us))

Consequently, F, (a) S G, (a) forall a € A. Thus, it was obtained that (F,, A) E (G,, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F¢, A).
Next, in this research, it is defined that (FM,A)C = (Ef,A) where ES(a) = U — E,(a) for all a € A. The
following proposition states (EU A)C as a soft set over a universal set U that is formed from a fuzzy subset u.

Proposition 3. If (E,, A) is a soft set formed from a fuzzy subset u over a universal set U, then (F,, A)" is a
soft set formed from a fuzzy subset u over a universal set U, where (F#,A)C = (Ef,A).

Proof. Let ay, a, be any element of A where a; = a;, so based on Theorem 1 and the definition of £, It is
obtained that o, = e, < F,(a;) = F,(a3). Consequently, based on the definition of FMC, it is obtained that
U—-FE(a) =U—-FE(ay) © Ef(a;) = Ff (az). Therefore, Ef:A - PU) is well-defcined. Thus,
FuC:A — P(U) is a function. In other words, based on Proposition 1, it is proved that (F#,A) is a soft set
formed from a fuzzy subset y over universe U. m

Next, the soft set (F,, 4)“is called the complement of a soft set (F,, A). Based on Definition 3, It is
knownthat for any fuzzy subset u, there is always a complement of u that is denoted by u¢. The complement
of a soft set formed from a fuzzy subset is not equal to a soft set formed from the complement of a fuzzy
subset. The example and proposition below illustrate this concept..

Example 3. Based on Example 1, a fuzzy subset u is obtained. Therefore, (FC,A =
{ (01' ¢); (04' {u3})) }and (F c A ) — {(01! {ul;uz'uS'uzhuS}): (041 {ull u3lu4})l} It
(07; {ul, u3) u4}), (08, {ull u3J u4l uS}) w c (071 {u3})i (08, {u3}) .

is obtained that (F¢, 4) # (F,c, A). In other words, (F,, A)" # (Fc, A).

Proposition 4. If (E,A) is a soft set formed from a fuzzy subset u over a universal set U, then
C
(F,A)" # (Fyc, A).
It is known that based on Definition 9, for any parameter set A, there is always a complement of A
denoted by —A. Next, if a soft (F,, A) exists, then —F,: =4 - P(U), defined by =F,(=a) = F,(1 — a) for

all a € A, can be formed. It can be shown that (—F,, ~A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.

Proposition 5. If (F,, A) is a soft set formed from a fuzzy subset u over a universe U, then (=F,, ~4) is a
soft set formed from a fuzzy subset u over a universe U.

Proof. Let a4, a, be any element of A where a; = a,. Consequently, 1 — @; = 1 — a, so based on Theorem
1 and the definition of —F,, It is obtained that e _q,) = U(1-a,) & F(may) = —F,(~ay). Therefore,
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—F,: =A - P(U) is well-defined. Thus, —F,: =4 — P(U) is afunction. In other words, based on Proposition
1, it is proved that (—.F ,—|A) is a soft set formed from a fuzzy subset y over universe U. m

Hereafter, (—~F,, —A) is called the negation of a soft set (F,, 4).

Proposition 6. Let (FH,A) be a soft set formed from a fuzzy subset x over a universe U. If u(u) # 1 — « for
all u € U then —Ff (=a) = Fc(a)foralla € A.

Proof. Let a be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
that

—|F#C(—|a) =U - (ﬂFﬂ(ﬂa))
=U-F(0-a)
=U - pa-a)
=U—-{uellu(uw)=1—-a}
={uellu(w) <1-a}l
On the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fe(@ =,
={ueUuw = a}
={ueU|l—-ulu) =a}
={ueljuw) <1-a}.
Because u(u) # 1 — a forall u € U, it is obtained that
Fuc(a) ={uellu(u) <1-a}
Thus, it is proven that if u(u) # 1 — a for all u € U then =Ff (=a) = F(a)foralla e A. m

Example 4. Let u= {(ull 05)' (uZI 07)' (u3; 02); (u4; 1)! (qu 09); (u6l 0)}
_|0;{u ,yUp, U3, Us, U }),(—|02,{u ,Ug, U3, U })F(ﬂosﬂ{u yu }):
Therefore, (=EC,—4) = {( prm TS ve A 36 }
( # ) (=0.7,{us, ue}), (=0.9,{ug}), (=1, 0)
On the other hand, because u(u) # 1 — a for all u € U, then it is obtained that

(F c, A) — {(O' {ulJ uZ' U3, u5' u6})J (021 {uli u2ﬁ u3' uG})' (05' {u3: u6})'}.
H (07' {u'3' u6})! (09' {uG})' (1' ®)
Consequently, =Ff (—a) = F,c(a)foralla € A.

3.3 Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (FM,A) and (G,,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (H,n,, C) € (F,, A) 0 (G, B) if Im(u) S Im(v) or Im(v) S Im(u) where
C=Im(unv).

Proof. Based on Definition 7, To prove that (Huny,C) € (E,A) A (G, B), it must be proven that
C < AnBand Hyn(y) S (E,NG,)(y) forally € C.

(i) Let x be any element of Im(u N v) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(w), v(u)}.

1) Assuming that u(u) <v(u),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(w) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).

2) Assuming that v(u) < u(u), it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(w) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(w) N Im(v).

From 1) and 2), it is obtained that Im(u N v) € Im(u) N Im(v), so based on Proposition 1, it is proven
that C < AN B.
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(i) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hyny ¥)=@n V)y
= Hy NV
= Fu(]/) n Gv(y)
= (Pi'z n Gv)(y)
It is obtained that H,,n, (¥) = (E, N G,)(¥)- Thus, it is proven that H,, (y) < (F, n G, )(y) for all
y €C.
From (i) and (ii), it is obtained that (H,n,,C) € (F,, A) A (G,,B).=

Example 5. Let u = {(uq,0.8), (uy,0.1), (usz, 0.7), (uy, 0.4), (us, 0.7)} and V=
{(uy,0.7), (uy, 0.9), (us3,0.1), (uy, 0.4), (us, 0.8)}. Therefore, Im(n) € Im(v) and ANB =
{0.1,0.4,0.7,0.8}. On the other hand, based on Definition 4, it is obtained that unv =
{(uq,0.7), (uy,0.1), (us, 0.1), (uy, 0.4), (us, 0.7)} such that C = Im(unv) = {0.1,0.4,0.7}. Thus,C S AN

B. Furthermore, it is obtained that (H‘mwc)={(0.1,{u1,u2,u3(;(;lz;,7€;});l(o}-)4,{u1,u4,u5}).} and
=1y 1, 45

_ (01' {ul' U, U3, Uy, uS}); (04'; {ul' u4ﬂu5})l}
((Ene).c) "{ (0.7, (g, ug)) '
It is obtained that H,n, () = (F, N G,)(¥). Consequently, H,n,(v) < (F, N G,)(y) forall'y € C.

Thus, (H,ny, C) € (F, A) 0 (G,, B).

Proposition 8. Let (F,, 4) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (I,,,D) € (E,,A) U (G, B) ifu, < v, wheny € B — A and v, € p,, when
y € A—Bwhere D = Im(uUv).

Proof. Based on Definition 7, to prove that (I, D) € (F,, A) U (G, B), it must be proventhat D € AU B
and 1,4, (¥) € (E, U G,)(y) forally € D.

(i) Let x be any element of Im(u U v) so there exists u € U such that x = (u U v)(u), then based on
Definition 4, it is obtained that x = max{u(u), v(u)}.

1) Assuming that u(u) = v(u), itis obtained that x = p(u) which means x € Im(u).
2) Assuming that v(u) = u(u), it is obtained that x = v(u) which means x € Im(v).

From 1) and 2), it is obtained that x € Im(x) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proven that D € A U B.

(if) Based on Definition 12, for all y € D holds

E,(), YyEA—-B
(Fu U GV)(V) = Gy (¥), yeEB—-A
EMUG®), Yy EANB.

1) fyed—-B
Let y be any element of A— B and if y € A — B then v, € u,.. Then, based on Theorem 2 and
Proposition 1, it is obtained that
quv(y) =y V)y
= Uy Uvy
=F.®)
It is obtained that 1, (y) = F,(y) wheny € A — B.

2) IfyeB—-A
Let y be any element of B — Aand if y € B — A then u, € v,. Then, based on Theorem 2 and
Proposition 1, it is obtained that
quv(y) =y V)‘y
=My Uy
=G, (y)
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It is obtained that 1, (y) = G, (y) wheny € B — A.
3) fyedAnB
Let y be any element of A N B. Based on Theorem 2 and Proposition 1, it is obtained that
quv(y) =(uu V)y
=Hy Uvy
=E( VG, ®Y)
It is obtained that I, () = F,(y) U G,(y) wheny € AN B.
From 1), 2), and 3), it is obtained that I,,,(y) = (F,NnG,)(y). Thus, it is proven that
Liow(®) € (F,nG,)(y) forally € D.
From (i) and (ii), it is obtained that (1,,,, D) € (F,,4) U (G,,B). m
Example 6. Let u = {(u4,0), (uy,0.2), (us,0.4), (uy,0.9)} and v = {(u4, 0), (uy, 0.2), (us, 0.6), (14, 0.8)}.

Therefore, AU B = {0,0.2,0.4,0.6,0.8,0.9}. On the other hand, based on Definition 4, it is obtained that
uUv = {(uy,0),(uy0.2), (usz, 0.6), (uy,0.9)} such that D = Im(u U v) = {0,0.2,0.6,0.9}. Thus, D €

AU B. Next, it is obtained that (I, D) = {(O, {ug, up, us, uy}), (0.2,{u2,u3,u4}),} and ((Fu J GV),D) _

(06, {u3, u4}), (09, {u4-})

{(0; {ur, uz,u3,u4}), (0.2, {uy, us, u4}),}
(06r {u3, u4})r (09' {u4}) .

It is obtained that v, < u,, wheny € A — B and p, < v, when y € B — A. Furthermore, it is obtained that

Liw(@) = (E, U G,)(y). Consequently, I,,,(y) € (F,UG,)(y) forall y € D. Thus, it is obtained that

(Iuuv, D) € (E,,A) T (G,, B).

Proposition 9. If (F#,A) and (G,, B) are two soft set respectively formed from fuzzy subsets x and v over the

universal set U then (H, C) is a soft set formed from the OR operation of (F“,A) and (G,, B) defined as
H:C - P(U)

where C = A X B and H(a, B) = F,(a) U G, (B) for all (a, ) € A x B. Furthermore, if (I,uy), D) is a soft

set formed from the union operation on fuzzy subsets u and v then I(,y,)(y) < (Fy(a) U Gv(,b’)) with the

sufficient condition y > max{a, B} foralla € A, € B,andy € D.

Proof. Let u be any element of (1 U v),,, itmeans u € {u € U|(u U v) = v}, then based on the definition of

(u U v)(u) it is obtained that u € {u € U| max{u(w),v(u)} = y}.

a) Assuming that u(u) = v(w), itis obtained that u € {u € U|u(u) = y}, so that u(u) = y. In other words,
UuE W,.

b) Assur;ing that v(u) = u(w), itis obtained that u € {u € U|v(u) = y}, so that v(u) = y. In other words,
u€v,.

From a) and b), it is obtained that u € u,, or u € v, so that u € u, Uv,. Furthermore, because y =

max{a, B} then y = a and y = f3, so that u € p, U vg. In other words, (uU V), S u, Uvg. Thus, it is

proven that Iy, () S (Fu(a) U Gv(ﬂ)).-

Hence, it is obtained that the definition of OR operation of (F,, A) and (G,, B) is
(F”,A) v (GVIB) = (HIA X B):
where H(a, ) = F,(a) U G, (B) forall (a,5) € A X B.
Example 7. Let u = {(u4,0.2), (u,,0.8), (u3,0.5)} and v = {(u,, 0.8), (u,, 0.3), (u3,0.2)}.
It is obtained that
(Pl',u A) = {(02: {ul, Uy, u’3})l (05: {uZJ u3})l (081 {uz})},
(GVJ B) = {(021 {u1; uZl U3}), (03' {ull uZ})r (08' {ul})}r
D =1Im (uuv) ={0.5,0.8}, and (I(,uy), D) = {(0.5,{uy, uz,u3}), (0.8, {us, u, N}
Thus, when y > max{a, $}, obtained that I(,,,,)(y) S (@(a) U Gv(ﬁ)) foralla € A, B € B,andy € D.

Proposition 10. If (F”,A) and (G,, B) are two soft sets respectively formed from fuzzy subsets u and v over
the universal set U then (J, C) is a soft set formed from the AND operation of (F#,A) and (G,, B) defined as
J:C - P(U)
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where C = A X B and J(a, B) = F,(a) N G,(B) for all (a, B) € A x B. Furthermore, if (K(,n), D) is a soft
set formed from the intersection operation on fuzzy subsets u and v then (F#(a) naG, (ﬁ)) € K(unv)(y) with
the sufficient condition y < min{a, g} foralla € A, € B,andy € D.

Proof. Let u be any element of u, N vg, it means u € u, and u € vg. Furthermore, because y < min{a, £},
it is obtained that y < a and y < f3, so that u € u,, and u € v,,. Then based on Definition 5, u(u) =y and

v(u) = y are obtained, thus u € {u € U| max{u(u),v(u)} = y}, based on the definition of (u N v)(w), itis
obtained that u € {u € U|(u N v)(u) =y}, sothatu € (u Nv),. In other words, u, Nvg S (uNv),. Thus,

itis proven that (£, (@) N G, (8)) € K(um)().m

Hence, it is obtained that the definition of AND operation of (F,, A) and (G,, B) is
(FuA) R (Gy,B) = (J,A X B),
where J(a, B) = F,(a) N G, (B) forall (a,B) € A X B.

Example 8. Based on Example 7, It is obtained (E,A),(G,,B), D =Im (unv) = {0.2,0.3},and
(K(unv); D) = {(02: {ull Uy, u3})l (03; {uZ})}
Thus, when y < min{a, £}, obtained that (E, (@) N G, (8)) € K(um)(v) for all a € 4, § € B, andy € D.

4. CONCLUSIONS

Based on the result and discussion, it is obtained that every fuzzy subset can be formed as a soft set,
with the parameter set being the image of that fuzzy subset. The sufficient condition for a soft set formed
from the fuzzy subset u is a subset of the soft set formed from the fuzzy subset v over the same universal set
if u is a fuzzy subsubset of v. Furthermore, the complement of a soft set formed from a fuzzy subset is also
a soft set formed from a fuzzy subset. If (K(,nyy, Im(u 0v)) and (I(,uy), Im(u U v)) are soft sets formed

from the intersection and union operations on fuzzy subsets u and v, respectively, then (@ (@) NG, (,8)) c
K (unv) (¥) with the sufficient condition y < min{a, 8} forall « € Im(u), B € Im(v),andy € Im(u N v). If

y = max{a, f} forall « € Im(u), B € Im(v),andy € Im(u U v) then I,,)(¥) € (F#(a) U Gv(ﬂ)).
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Molodtsov introduced the concept of soft sets formed from fuzzy subsets in 1999. The soft set formed from
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1. INTRODUCTION

A set is a well-defined collection of objects that can be distinguished as which are members and which
are not members. Members of a set are objects that have certain similarities [1]. The level of similarity of
objects is relative, so there is uncertainty in grouping these objects. This case is the basis for grouping objects
using varying degrees of similarity. The grouping process, which tends to show varying levels of similarity,
makes it difficult to group using concepts from classical set theory. Therefore, a more relevant theory is
needed to help solve the problem [2].

One of the theories that can assist in solving problems regarding uncertainty is the fuzzy subset theory.
The fuzzy subset theory written by Zadeh [3], [4] solves uncertainty caused by a set's unclear properties and
character. In the fuzzy subset theory, there is a value of membership or degree of membership indicating an
object's membership level to a particular group.

Several years after using the concept of fuzzy subsets, Molodtsov [2] described the weaknesses in the
fuzzy subset theory. According to Molodtsov, fuzzy subset theory still has difficulties determining the
membership function in each case caused by the inadequacy of the parameterization tools in theory.
Therefore, to overcome this, Molodtsov (1999) [5] introduced a new theory known as the soft set theory.
Molodtsov explained that a soft set is a collection of parameterization subsets in a universe set.

In 1999 Molodtsov also introduced the concept of a soft set formed from a fuzzy subset which was
later clarified by Aktas & Cagman [6]. Let u: U — [0,1] be a fuzzy set over a set U and u, be an a-level
subset. We can defined a soft set (F,, A) with F,: A > P(U), a = p, and A = Im(p).

As science progressed, fuzzy subsets and soft sets developed into new concepts and applications in
decision problems. Maji et al. [7] defined a hybrid model called fuzzy soft sets. This new model combines
fuzzy with soft sets and generalized soft sets. Irfan Ali and Shabir [8] developed the theory. They give De
Morgan-type laws, as given in the Maiji et al. paper, which are generally untrue. They also provide some new
definitions and operations for fuzzy soft sets, making it very easy to prove the existence of De Morgan type
laws in fuzzy soft sets. To address decision-making problems based on fuzzy soft sets, Feng et al. introduced
the concept of level soft sets of fuzzy soft sets. They initiated an adjustable decision-making scheme using
fuzzy soft sets [9], followed by a generalized soft fuzzy set [10] and its application to the student ranking
system [11].

Research on soft sets has also been developed by integrating other fields, including algebra, and its
applications in the real world. In the field of algebra, they include soft matrices introduced by Cagman and
Enginoglu [12], soft groups introduced by Aktas and Cagman [6], soft semiring by Feng et al. [13], soft
rings by Acar et al. [14], and soft modules by Sun et al.[15], which until now continue to develop, can see in
[16], [17], [18], [19], [20], [21], [22], and [23]. Some applications of soft sets in the real world can see in
[24], [25], [26], [27], [28], [29], [30], [31], [32] and much more.

Based on the explanation of the concept of fuzzy subsets, soft sets, and soft sets formed from fuzzy
subsets, several questions were raised, how is the construction of a soft set formed from a fuzzy subset? Then,
the subset and complement properties that apply to soft sets also apply to soft sets formed from fuzzy subsets.
Furthermore, to prove the properties of the intersection, union, OR, and AND operations of two soft sets
formed from fuzzy subsets.

2. RESEARCH METHODS

In this research, the steps used are as follows.

1. Explaining the definition of fuzzy subsets and a —cut on fuzzy subsets.

2. Explaining the definition of soft sets.

3. Proving and giving examples to the propositions regarding soft sets formed from fuzzy subsets.
4

Proving and giving examples to the propositions related to the properties of subsets, complements, and
the operations of intersection, union, OR, and AND on soft sets formed from fuzzy subsets.

5. Writing a conclusion.
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2.1 Fuzzy Subsets

A function from an empty set U to interval [0,1] is called a subset fuzzy of U that defined as follows.

Definition 1. [3] Let U be a non-empty set. A fuzzy subset u of U is defined as a mapping
w:U - [0,1].

The function g is called a fuzzy subset of U and can be expressed by u = {(u, p(w))|u € U}, where
u(w) is the membership degree of u € U for a fuzzy subset u. The collection of all fuzzy subsets of U denoted
by F(U), i.e., F(U) = {u|u: U - [0,1]3.

Analog with the concept of set, in the concept of fuzzy subset there are the concepts of fuzzy
subsubset and fuzzy complement, and the concept of intersection and union operations that given as follows.

Definition 2. [3] Letw,v € FU). If u(u) < v(u) forall u € U, then u is contained in v and can be written
ucv@vauw.lfucvandyu 2 vthen uisequal to v and can be written u = v.

Definition 3. [3] Let u be a fuzzy subset of U. The complement of u is the fuzzy subset u¢, where
o) = 1—pu(w
Definition 4. [3] Let u, v € F(U). The intersection and union of x and v is the fuzzy subsets u N vand u U v,
where
(unv)(w) = min{u(u),v(w)} = pu) Av(w)
(U v)(w) = max{u(w),v(w} = p(u) vv(u)

2.2 a —Cut on Fuzzy Subsets

Let u be any fuzzy subset of U. The subset of U, that the membership degree is more or equal to any
a € [0.1] is called a-level subset, defined as following.

Definition 5. [3] Let u € F(U). For all « € [0,1] can be defined a-level subset (a — cut) of u, which is
denoted by ug,, i.e.
ta = {ulu € U, u(u) = a}.

There is some properties about a-level subset connecting with properties of subset fuzzy, given as
following theorem.

Theorem 1. [33] Letu,v € F(U),for all a, B € [0,1] the following properties hold true
Du S voau, S,

as<pB=>ug S Uy

Na=p= Hp = Ua

Dp=veug =,

Theorem 2. [34] Let u,v € F(U), for all @ € [0,1], the following properties hold true
1) (HUV)g =g Uvg

2) (UNV)g = pg NV,

2.3 Soft Sets

In 1999, Molodsov introduced the concept of a soft set which is a pair consisting of a function from a
set of parameters A to the power set of a universal set U and A. The formal definition of a soft set is provided
below

Definition 6. [2] Let U be a universal set and A be a set of parameters. A pair (F, A) is called a soft set over
U where F is a mapping given by

F:A - P(U)
For a € A, F(a) may be considered as the set a-approximate elements of the soft set (F, A). A soft set over
U can be expressed by (F,A) = {(a,F(a))|a € 4}.

The connection between two soft sets is given by this following definition.

Definition 7. [35] Let (F,A) and (G, B) be two soft sets over U. Then (F, A) is called a soft subset of (G, B)
denoted by (F,A) € (G, B), if
1) A € B and
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2) foralla € A, F(a) € G(a).

Definition 8. [35] Let (F, A) and (G, B) be two soft sets over U. Then (F, A) and (G, B) are said to be equal,
denoted by (F,A) = (G,B),if (F,A) € (G,B) and (G,B) € (F, A).

The concept of soft sets includes definitions for complement and relative complement and operations
such as intersection, union, OR and AND between two soft sets. These definitions are presented in a specific
order.

Definition 9. [36] Let A = {a4,a,, as, ...,a,} be a set of parameters. The complement of A denoted by
-4 = {=ay,1a,, 1as, ..., ~a,} where —a; is “nota; ” and —(—a;) = a;, foralli = 1,2, ..., n.

Definition 10. [37] The relative 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), for all a € A.

Definition 11. [13] Bi-intersection of two soft sets (F, A) and (G, B) over U is defined to be the soft set (H, C)
where C = An Bandforall x € C,H(x) = F(x) n G(x). The bi-intersection of (F, A) and (G, B) is denoted
by (F,A) 0 (G,B) = (H,C).

Definition 12. [36] Let (F, A) and (G, B) be two soft sets over U. The union of (F, A) and (G, B) is defined
to be a soft set (1, D), where D = A U B and for all x € D satisfying the following conditions

F(x), x€A—-B
I(x) = G(x), xEB—-A
F(x) U G(x), x €ANB.

The union of (F,A) and (G, B) is denoted by (F,A) U (G,B) = (I,D).

Definition 13. [36] Let (F,A) and (G,B) be two soft sets over U. Operation OR from (F,A) and
(G, B), denoted by (F,A) V (G, B), is defined to be a soft set (H, A X B), where H(a, b) = F(a) U G(b), for
all (a,b) € AXB.

Definition 14. [36] Let (F,A) and (G,B) be two soft sets over U. Operation AND from (F,A) and
(G, B), denoted by (F,A) A (G, B), is defined to be a soft set (I,A x B), where I(a, b) = F(a) n G(b), for
all (a,b) € A X B.

3. RESULT AND DISCUSSION

This section explains that a soft set can be formed from the fuzzy subsets, with the parameter
set being the level subset obtained from the fuzzy subset. This section also provides the properties
of soft sets formed by fuzzy sets related to subsets and operations concepts in the soft sets.

3.1 The Construction of Soft Sets from Fuzzy Subsets

According to the following proposition, a soft set can be created from a fuzzy subset, where a parameter
of the soft set represents the image of the fuzzy subset.

Proposition 1. Let U be a universal set, u: U — [0,1] be a fuzzy set where A = Im(u) < [0,1]. A pair (F,, A)
is a soft set where F,: A — P(U) which is defined as F, () = u,, for all « € A. Furthermore, soft set (FM,A)
is called a soft set over U, formed from a fuzzy subset u.

Proof. Let aq, a, be any element of A where a; = a,, so based on Theorem 1 and the definition of F, it is
obtained that p,, = ue, © F,(a;) = F,(a3),thus F,: A —» P(U) is well defined. Therefore, F,:A — P(U)
is a function. In other words, based on Definition 6, it was proved that (F,,, A) is a soft set over the universal
setU.m

Example 1. Let u = {(u;,0.4), (uz,0.8), (us,0.1), (uy,0.4), (us,0.7)}. Thus, the soft set (F,4) was
obtained as follows.
(F A) — {(01' {ullUZJu3'u4' uS})' (04' {ul,uz,u4,u5}),}
w (07' {uZ' uS})l (08' {uZ})



BAREKENG: J. Math. & App., vol. 17(3), pp. 1473- 1482, September, 2023, 1477

3.2 Properties of Subsets and Complements of Soft Sets Formed from Fuzzy Subsets

In this section, we will talk about the properties of subsets and complements that are applicable to soft
sets made from fuzzy subsets. These properties are presented in the following proposition.

Proposition 2. Let (@,A) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (F,, A) is a subset of (G, B) if A< Band u S v.

Proof. It is known that A € B and based on Theorem 1, if u € v, then u, S v,. In other words, based on
Proposition 1, itis obtained that £, (a) € G, (a) forall a € A. Therefore, based on Definition 7, it is obtained

that (F,, 4) € (G,,B). m
Example 2. Based on Example 1, a fuzzy subset u is obtained. Next, let the fuzzy subset v be givenby v =
{(uq,0.7), (uy, 0.9), (u3,0.1), (uy, 0.4), (us,0.8)}. From Example 1 we have A=Im(u) =
{0.1,0.4,0.7,0.8}. Since B = Im(v) ={0.1,0.4,0.7,0.8,0.9}, it is obtained that A € B and u(u) <
v(u) for all u € U. Furthermore, based on Definition 2, it is obtained that u € v.

s - (01' {ull Uy, U,3, Uy, us})l (04, {ulp Up, Uy, u,s}),
Next, it is obtained that (G, 4) = { }

(G 4) (0.7, uty wp,us), (0.8, . us)

Consequently, F, (a) € G, () for all a € A. Thus, it was obtained that (F,, A) € (G,, B).

Based on Definition 10, it is known that the complement of a soft set (F, A) is defined as (F¢, A).
Next, in this research, it is defined that (F,, A)" = (ES,A) where ES(a) = U — F,(a) for all a € A. The
following proposition states (Fﬂ, A)C as a soft set over a universal set U that is formed from a fuzzy subset p.

Proposition 3. If (E,, A) is a soft set formed from a fuzzy subset u over a universal set U, then (F,, 4)* is a
soft set formed from a fuzzy subset u over a universal set U, where (F,, A)° = (ES, A).

Proof. Let ay, a, be any element of A where a; = a5, so based on Theorem 1 and the definition of F,, It is
obtained that g, = pe, & F,(a;) = F,(a3). Consequently, based on the definition of Flf, it is obtained that
U—F(a) =U—F,(ay) © Ef (a;) = Ff (ap). Therefore, FEf:A— PU) is well-defined. Thus,
F,f:A — P(U) is a function. In other words, based on Proposition 1, it is proved that (Fﬂ,A)C is a soft set
formed from a fuzzy subset y over universe U. m

Next, the soft set (F,, 4)"is called the complement of a soft set (F,, 4). Based on Definition 3, It is

knownthat for any fuzzy subset u, there is always a complement of u that is denoted by u¢. The complement
of a soft set formed from a fuzzy subset is not equal to a soft set formed from the complement of a fuzzy
subset. The example and proposition below illustrate this concept..

Example 3. Based on Example 1, a fuzzy subset u is obtained. Therefore, (FC,A =
{ (0.1,0), (0.4, {us}), }and (F c A) _ {(0-1: {uy, uz, uz, uy, us}), (0.4, {ul,ug,u4}),} It
(0.7, {uq, us, uq}), (0.8, {uy, uz, uy, us}) w (0.7,{us}), (0.8,{us}) '

is obtained that (Ff,4) # (F,c,A). In other words, (F,A) # (F,c A).

Proposition 4. If (F,A) is a soft set formed from a fuzzy subset u over a universal set U, then

C
(F,A)" # (Fye,A).

It is known that based on Definition 9, for any parameter set A, there is always a complement of A
denoted by —A. Next, if a soft (F,, A) exists, then —F,: =4 - P(U), defined by =F, (=a) = F,(1 — a) for
all « € A, can be formed. It can be shown that (—F,, ~A) is a soft set formed from a fuzzy subset u over
universe U, stated in the following proposition.

Proposition 5. If (E,, A) is a soft set formed from a fuzzy subset p over a universe U, then (=F,, —4) is a
soft set formed from a fuzzy subset u over a universe U.

Proof. Let a4, a, be any element of A where @; = a,. Consequently, 1 — a; = 1 — a, so based on Theorem
1 and the definition of —F,, It is obtained that u(;_4,) = U(1-qa,) & F.(ma1) = =F,(maz). Therefore,
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—F,: =A - P(U) is well-defined. Thus, —F,: =4 — P(U) is a function. In other words, based on Proposition
1, it is proved that (—F,, —A) is a soft set formed from a fuzzy subset u over universe U. m

Hereafter, (—F,, —A) is called the negation of a soft set (F,, A).

Proposition 6. Let (F,, A) be a soft set formed from a fuzzy subset u over a universe U. If u(u) # 1 — a for
all u € U then =Ff (ma) = Fc(a) foralla € A.

Proof. Let a be any element of A. Based on Proposition 1, Proposition 3, and Proposition 5, it is obtained
that
—|F“C(—|a) =U - (—|Fﬂ(—|a))
=U-F(l-a)
=U—-la-o
=U—-{uelUlu(u)=>1—-a}
={ueluuw) <1-a}.
On the other hand, based on Definition 3, Proposition 1, and Proposition 4, it is obtained that
Fe(@) = (1),
={u€eUu‘(w) 2 a}
={ueU|l—ul)=a}
={ueluyuw) <1-al
Because u(u) # 1 — a forall u € U, it is obtained that
F#c((l) ={uelluu) <1-al
Thus, it is proven that if u(u) # 1 — a for all u € U then = (~a) = Fc(a) foralla € A. m

EXampIe 4. Let u= {(ull 05)» (uZI 07)1 (u31 02): (u4l 1)' (uSI 09)' (u6l 0)}
Therefore, (_IF“C, —lA) — {(—10, {ul, Uy, Uz, Us, uG}), (_|02, {ul, Uy, us, ué}), (_|05, {U3, ue}),}.

(=0.7,{uz, ue}), (0.9, {ue}), (=1, 0)
On the other hand, because u(u) # 1 — « for all u € U, then it is obtained that

(F c A) — {(0' {ul,uz,u3,u5,u6}), (0.2,{u1,u2,u3,u6}), (05, {u3:u6})'}
uC .

(071 {u3l u6})l (091 {uﬁ})» (11 @)
Consequently, —=Ff (=a) = Fc(a) forall a € A.

3.3 Operations on Soft Sets Formed from Fuzzy Subsets

The operations presented in this section consisted of intersection, union, OR, and AND operations,
which apply to soft sets formed from fuzzy subsets. These operations are presented in the following
proposition.

Proposition 7. Let (FH,A) and (G, B) be two soft sets formed from fuzzy subsets u and v, respectively, over

a universal set U. The soft set (Huny, C) € (F,, A) A (Gy, B) if Im(u) € Im(v) or Im(v) S Im(u) where
C=Im(unv).

Proof. Based on Definition 7, To prove that (Hyny,C) € (F,,A) A (G, B), it must be proven that
C S AnBand Hyn () € (F,NG,)(y) forally € C.

(i) Let x be any element of Im(u N v) so there exists u € U such that x = (u N v)(u), then based on
Definition 4, it is obtained that x = min{u(u), v(u)}.

1) Assuming that u(u) < v(u),it is obtained that x = u(u) which means x € Im(u). Next, as
Im(u) € Im(v) then x € Im(v). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).

2) Assuming that v(u) < u(uw),it is obtained that x = v(u) which means x € Im(v). Next, as
Im(v) € Im(u) then x € Im(u). Hence, it is obtained that x € Im(u) and x € Im(v) in other words
x € Im(u) N Im(v). Consequently, Im(u N v) € Im(u) N Im(v).

From 1) and 2), it is obtained that Im(u N v) € Im(u) N Im(v), so based on Proposition 1, it is proven
that C € AnB.
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(ii) Lety be any element of C. Based on Theorem 2, Definition 11, and Proposition 1, it is obtained that
Hunv(y) =@un V)y
=y NV
= Fu(y) NG, (y)
= (Fu n Gv)(y)
It is obtained that H,n, (¥) = (E, N G,)(¥). Thus, it is proven that Hyn, (v) < (F, n G, )(y) for all
y €C.
From (i) and (ii), it is obtained that (H,n,, C) € (F,, A) A (G,,B).m
Example 5. Let u = {(uy,0.8), (uy,0.1), (usz, 0.7), (uy, 0.4), (us, 0.7)} and v=
{(uq4,0.7), (uy,0.9), (usz, 0.1), (uy, 0.4), (us, 0.8)3. Therefore, Im(u) € Im(v) and ANB=
{0.1,0.4,0.7,0.8}. On the other hand, based on Definition 4, it is obtained that unv =
{(uq,0.7), (uy, 0.1), (u3,0.1), (uy, 0.4), (us, 0.7)} such that C = Im(u nv) ={0.1,0.4,0.7}. Thus,C € AN

- - - '1’ ) ) ) ) ) '41 ) ) )
B. Furthermore, it is obtained that (H,n,,C) = {(0 tur, w2 u%“; ?Z})u(%) (g us})} and
oy 1, U5

_ (011 {ull Uz, U3, Uy, uS})l (04' {ull Uy, uS})l}
((anaiyc) = (0.7, {ur, us)) |
It is obtained that Hy,n, (¥) = (E, N G,)(y). Consequently, H,n, (¥) € (F, N G,)(y) forally € C.

Thus, (Huny, €) € (F,, A) 0 (G, B).

Proposition 8. Let (FM,A) and (G,, B) be two soft sets formed from fuzzy subsets u and v, respectively, over
a universal set U. The soft set (1,4, D) € (F,,4) U (G, B) if u, S v, wheny € B — A and v, S p,, when
y € A—Bwhere D = Im(uUv).

Proof. Based on Definition 7, to prove that (I,y,, D) € (F,, A) U (G,, B), it must be proventhat D € A U B
and I, (¥) € (Fu U Gv)(y) forall y € D.

(i) Let x be any element of Im(u U v) so there exists u € U such that x = (u U v)(u), then based on
Definition 4, it is obtained that x = max{u(u),v(u)}.

1) Assuming that u(u) = v(u), it is obtained that x = p(u) which means x € Im(u).
2) Assuming that v(u) = u(uw), it is obtained that x = v(u) which means x € Im(v).

From 1) and 2), it is obtained that x € Im(u) or x € Im(v) in other words x € Im(u) U Im(v).
Consequently, Im(u U v) € Im(u) U Im(v), so based on Proposition 1, it is proventhat D € A U B.

(ii) Based on Definition 12, for all y € D holds

E®), YyEA-B
(F,UG,)H) = Gy (), yEB—A
E,()uG,(y), Yy EANB.

1) Ifyed—B
Let y be any element of A— B and if y € A — B then v, € p,,. Then, based on Theorem 2 and
Proposition 1, it is obtained that
I,uuv(y) =y V)y
= Uy Uvy
=FE®)
It is obtained that I, (y) = F,(y) wheny € A — B.

2) IfyeB-A
Let y be any element of B — Aand if y € B — A then u, € v,,. Then, based on Theorem 2 and
Proposition 1, it is obtained that
quv(y) =y V)y
= Uy Uvy
=Gy (¥)
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It is obtained that I, (¥) = G, (y) wheny € B — A.
3) fyedAnB
Let y be any element of A n B. Based on Theorem 2 and Proposition 1, it is obtained that
quv(y) =y V)y
=y Uy
= Fu()’) UG, ()
It is obtained that I, (y) = F,(y) U G,(y) wheny € AN B.
From 1), 2), and 3), it is obtained that I,,,(y) = (F,nG,)(y). Thus, it is proven that
Liw @) € (F,nG,)(y) forally € D.
From (i) and (ii), it is obtained that (1,,,, D) € (F,,4) U (G,,B). m
Example 6. Let 1 = {(u4, 0), (uy, 0.2), (usz, 0.4), (uy, 0.9)} and v = {(uy, 0), (uy, 0.2), (us, 0.6), (uy, 0.8)}.

Therefore, AU B = {0,0.2,0.4, 0.6, 0.8, 0.9}. On the other hand, based on Definition 4, it is obtained that
uUv = {(uy,0), (uy,0.2), (us, 0.6), (uy, 0.9)} such that D = Im(u U v) = {0,0.2,0.6,0.9}. Thus, D <

A U B. Next, it is obtained that (quv:D) = {(0, {ug, uz,us,u4}), (0.2, {uz,u3,u4}),} and ((F# U Gv),D) _

(061 {u3' U4}), (09' {u4—})
{(0, {ulﬁ u21 'U.3, U,4_}), (02, {'U.Z, u31 U.4_}),}.

(06' {U.3, 'LL4,}), (091 {U4})
It is obtained that v, € u, wheny € A — B and p,, € v, when y € B — A. Furthermore, it is obtained that

L () = N(F” U G, )(y). Consequently, 1,4, (y) S (F, UG,)(y) for all y € D. Thus, it is obtained that
(Iuwv, D) € (F,, A) T (G, B).

Proposition 9. If (F,UA) and (G,, B) are two soft set respectively formed from fuzzy subsets u and v over the

universal set U then (H, C) is a soft set formed from the OR operation of (F,, A) and (G,, B) defined as
H:C - P(U)

where C = A X B and H(a, B) = F,(a) U G, (B) for all (a, ) € A x B. Furthermore, if (I,uy), D) is a soft

set formed from the union operation on fuzzy subsets u and v then I(,u,)(y) S (Fu(“) U Gv(ﬁ)) with the

sufficient condition y > max{a, B} foralla € A, € B,andy € D.

Proof. Let u be any element of (1 U v),,, itmeans u € {u € U|(u U v) = v}, then based on the definition of

(u U v)(u) itis obtained that u € {u € U] max{u(uw),v(u)} = y}.

a) Assuming that pu(u) = v(u), it is obtained that u € {u € U|u(u) = y}, so that u(u) = y. In other words,
u € pu,.

b) Assuming that v(u) = u(w), it is obtained that u € {u € U|v(u) = y}, so that v(u) = y. In other words,
ue Vy.

From a) and b), it is obtained that u € u,, or u € v, so that u € u, Uv,. Furthermore, because y >

max{a, f} then y = a and y = 3, so that u € u, U vg. In other words, (uUv), € gy Uvg. Thus, it is

proven that I(,,)(¥) € (Fﬂ(a) U Gv(ﬁ)).-

Hence, it is obtained that the definition of OR operation of (FM,A) and (G,, B) is
(FuA)V (G,,B) = (H,AXB),
where H(a, f) = F,(a) U G, () forall (a, ) € A X B.
Example 7. Let u = {(u4, 0.2), (uy, 0.8), (u3,0.5)} and v = {(u4, 0.8), (u,,0.3), (usz,0.2)}.
It is obtained that
(Fy:A) = {(02) {ulﬁ uZI u3})l (05' {u’Zl u’3})J (08, {uz})}'
(Gw B) = {(02, {ull uZ) u3})l (03' {u1: uZ})i (081 {ul})}'
D =1Im ([,{ V) V) = {05, 08}, and (I(qu), D) = {(05, {ul, uz,ug}), (08, {ul,uz})}
Thus, when y = max{a, £}, obtained that I(,,,)(y) € (Fﬂ(a) U Gv(ﬁ)) foralla € A, B € B,andy € D.

Proposition 10. If (F#,A) and (G,, B) are two soft sets respectively formed from fuzzy subsets u and v over
the universal set U then (J, C) is a soft set formed from the AND operation of (F#,A) and (G,, B) defined as
J:C - P(U)
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where C = A X B and J(a, B) = F,(a) N G,(B) for all (a, B) € A x B. Furthermore, if (K(,ny), D) is a soft
set formed from the intersection operation on fuzzy subsets u and v then (F# (&) NG, (ﬁ)) € K(unv) () with
the sufficient condition y < min{a, §} foralla € A, € B,andy € D.

Proof. Let u be any element of u, N vg, it means u € u, and u € vg. Furthermore, because y < min{a, },
it is obtained that y < a and y < f8, so that u € p,, and u € v,,. Then based on Definition 5, u(u) = y and

v(u) = y are obtained, thus u € {u € U| max{u(u),v(u)} = y}, based on the definition of (u N v)(u), itis
obtained that u € {u € U|(u N v)(u) =y}, sothatu € (u Nv),. In other words, u, Nvg € (1 Nv),. Thus,

it is proven that (F# (@) NG, (ﬁ)) S Koy (v).m

Hence, it is obtained that the definition of AND operation of (F,, 4) and (G,, B) is
(FuA) X (Gy,B) = (J,AX B),
where J(a, B) = F,(a) N G, (B) forall (a,B) € A X B.

Example 8. Based on Example 7, It is obtained (F,,A4),(G,,B), D =1Im (unv)={0.2,0.3},and
(K(;mv); D) = {(0.2, {uy,up, u3}), (0.3,{uz )}
Thus, when y < min{a, 8}, obtained that (Fu(“) n Gv(ﬁ)) S Kuny(y) foralla € A, p € B,andy € D.

4. CONCLUSIONS

Based on the result and discussion, it is obtained that every fuzzy subset can be formed as a soft set,
with the parameter set being the image of that fuzzy subset. The sufficient condition for a soft set formed
from the fuzzy subset u is a subset of the soft set formed from the fuzzy subset v over the same universal set
if u is a fuzzy subsubset of v. Furthermore, the complement of a soft set formed from a fuzzy subset is also
a soft set formed from a fuzzy subset. If (K(,nyy, Im(u nv)) and (I .y, Im(u U v)) are soft sets formed

from the intersection and union operations on fuzzy subsets u and v, respectively, then (@ ()G, (,8)) c
K (uov) (¥) with the sufficient condition y < min{a, £} for all @ € Im(u), f € Im(v), andy € Im(u nv). If

y = max{a, B} forall « € Im(u), f € Im(v),andy € Im(u U v) then I,y () € (Fh (@)U Gv(ﬂ)).
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