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Fuzzy parameterized vague soft set theory and its applications

Yaya Li', V. Inthumathi?, Chang Wang *

Abstract - A vague soft set is a combination of a vague set and a soft set. In this paper, we first define fuzzy parameterized
vague soft sets (fpvs-sets) and study their operations. We then introduce fpvs-aggregation operator to form fpvs-decision
making method that allows constructing more efficient decision processes. Finally, we give an example which shows that this

method successfully works.

Keywords vague set; soft set; vague soft set; fuzzy parameterized vague soft set; decision making.
2010 Subject classification: 03E72; 28E10

1 Introduction

Researchers in economics, engineering, environment science, the social science, medical science, busi-
ness, management, and many other fields deal daily with the complexities of modeling uncertain data.
Classical methods are not always successful, because the uncertainties appearing in these domains may
be of various types. Probability theory, fuzzy set theory [1], intuitionistic fuzzy set theory [2], vague set
theory [3], interval mathematics [4], and other mathematical tools are well know and often useful ap-
proaches to describing uncertainty. However, all of these theories have their own difficulties which have
been pointed out in [5]. Molodtsov suggested that one reason for these difficulties may be due to the
inadequacy of the parametrization tools of these theories. To overcome these difficulties, Molodtsov [5]
introduced the concept of soft sets as a new mathematical tool for dealing with uncertainties that is free
from the difficulties that have troubled the usual theoretical approaches. Since then, many researches have
investigated soft sets and have established some significant conclusions. For example, Maji et al. [6] first
introduced the concept of fuzzy soft sets by combining fuzzy sets and soft sets. Majumdar and Samanta [7]
further generalized the concept of fuzzy soft sets and some of their properties were studied, and relations
on generalized fuzzy soft sets were also discussed by them. Yang et al. [8] introduced the concept of
interval-valued fuzzy soft set, which is a combination of interval-valued fuzzy sets and soft sets. Xiao et al.
[9] introduced the notion of exclusive disjunctive soft sets and gave an application of these new sets. Maji
et al. [10, 11] initiated the notion of intuitionistic fuzzy soft sets by integrating the intuitionistic fuzzy sets
with soft sets. By combing the vague set and the soft set, Xu et al. [12] introduced the notion of vague soft
sets, derived its basic properties and illustrated its potential applications. Jiang et al. [13] constructed
a new soft set model called interval-valued intuitionistic fuzzy soft sets by integrating the interval-valued
intuitionistic fuzzy sets and soft sets.
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By combing the related works and the soft sets from parametrization point of view, fuzzy parameterized
soft set theory [14], fuzzy parameterized fuzzy soft set theory [15], fuzzy parameterized interval-valued fuzzy
soft set theory [16], intuitionistic fuzzy parameterized soft set theory [17], interval valued intuitionistic
fuzzy parameterized soft set theory [18], multi Q-fuzzy parameterized soft set theory [19] and the decision
making methods based on these theories have also been introduced by some scholars.

Since vague sets are equivalent to intuitionistic fuzzy sets [20], so vague soft sets are equivalent to
intuitionistic fuzzy soft sets. Some scholars have studied intuitionistic fuzzy soft sets from different aspects.
For example, Gunduz and Bayramov [21] introduced the concept of an intuitionistic fuzzy soft module and
some operations on intuitionistic fuzzy soft sets were given, they also studied some of its basic properties.
Jiang et al. [22] presented an adjustable approach to intuitionistic fuzzy soft sets based decision making
by using level soft sets of intuitionistic fuzzy soft sets and gave some illustrative examples, the weighted
intuitionistic fuzzy soft sets were introduced and its application to decision making was investigated.
Zhang [23] proposed a novel approach to intuitionistic fuzzy soft set based decision making problems using
rough set theory. Wang and Qu [24] introduced the definitions of entropy, similarity measure and distance
measure of vague soft sets, the relations between these measures were discussed in detail. However, there
has been rather little work completed for fuzzy parameterized vague soft set theory. The purpose of this
paper is to further extend the concept of vague soft set theory proposed by Xu et al. in [12]. In this
paper, we will present the definition of fuzzy parameterized vague soft set and introduce a decision making
method based on fpvs-sets. An example is provided illustrates the effectiveness of the method which is
more practical.

The rest of this paper is organized as follows. Section 2 recalls some basic concepts of vague sets, soft
sets and vague soft sets et al. In Section 3, we introduce the definition of fuzzy parameterized vague soft
sets and study some of their properties. In section 4, we define fpvs-aggregation operator to form fpvs-
decision making method and give an example which shows that the method can be successfully applied to
problems that contain uncertainties. Concluding remarks and open questions for further investigation are
provided in Section 5.

2 Preliminaries

In this section, we will recall several definitions and results which are necessary for our paper. They
are stated as follows:

Definition 2.1. [1] Let U = {u1, ug, ..., u, } be a universe. Then a fuzzy set X over U is a function defined
as follows:

X = {/LX(x) cxeU}
T
where pux : U — [0, 1]. Here, ux called membership function of X, and the value px(x) is called the grade
of membership of x € U. The value represents the degree of x belonging to the fuzzy set X.

Definition 2.2. [3] A vague set X in the universe U = {uy,us, ..., u,} can be expressed by the follow-
ing notion, X = {(u, [tx(w;),1 — fx(uw))|u; € U}, i.e X(w;) = [tx(uw;),1 — fx(u;)] and the condition
0 < tx(u;) < 1— fx(u;) should hold for any u; € U, where tx(u;) is called the membership degree
(true membership) of element u; to the vague set X, while fx(u;) is the degree of nonmembership (false
membership) of the element u; to the vague set X.
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Definition 2.3. [3] Let A, B be two vague sets in the universe U = {uy,us, ..., u,}, then the union,
intersection and complement of vague sets are defined as follows:

AU B = { (u;, [maz(ta(uw;), tp(u;)), max(l — fa(u;), 1 — fp(w))])|u; € U},

AN B = { (u, [min(ta(w;), tp(w;)), min(l — fa(u;), 1 — fp(w))])|u; € U},

A = { (ug, [faui), 1 —ta(ui)])|u; € U}.

Definition 2.4. [3] Let A, B be two vague sets in the universe U = {uy, ug, ..., un}. If Vu; € U ta(u;) <
tp(u;), 1 — fa(w;)) < 1— fp(u;), then A is called a vague subset of B, denoted by A C B, where i =
1,2,3,...n.

Definition 2.5. [5] Let U be an initial universe set, P(U) be the power set of U, E be the set of all
parameters and A C E. Then, a soft set F4 over U is a set defined by a function fa representing a
mapping fa : E — P(U) such that fa(z) = 0 if x ¢ A. Here, f4 is called approximate function of the soft
set F4 and the value fa(z) is a set called x-element of the soft set for all z € E. It is worth noting that the
sets fa(x) may be arbitrary. Some of them may be empty, some may have nonempty intersection. Thus,
a soft set Fy over U can be represented by the set of ordered pairs

Fa={(z, fa(x)),z € E, fa(x) € P(U)}.
Note that, the set of all soft sets over U will be denoted by S(U).

Definition 2.6. [12] Let U be an initial universe set, V' (U) be the set of all vague sets over U, E be the
set of all parameters and A C E. Then, a vague soft set(VS-set) I'4 over U is a set defined by a function
74 representing a mapping v4 : E — V(U) such that ya(x) = 0 if 2 ¢ A. Thus, a soft set 'y over U can
be represented by the set of ordered pairs

Fa=A{(z,74(2)), 2 € E,va(x) € V(U)}.

The value v4 () is a vague set over U. That is

va(@) = {(u, [fa@) (1), 1 = faw (W)]),z € E,u € U}

where t4(;)(u) and fa()(u) are the membership and non-membership degrees of u to the parameter z,
respectively. Note that, the set of all vague soft sets over U is denoted by V.S(U).

Definition 2.7. [12] Let I'4 and I's be two vague soft sets over a universe U. If A C B and Vz € A,ya(7)
is a vague subset of yg(z), then I'4 is called a vague soft subset of ' . This relation is denoted by I'yCI'p.

Definition 2.8. [12] Two vague soft sets I'y and I'g over a universe U are said to be vague soft equal, if
I'4 is a vague soft subset of ' and I'g is a vague soft subset of I'4. This relation is denoted by I'y = I'g.

Definition 2.9. [12] A vague soft set I'y over U is said to be a null vague soft set denoted by Ty, if
va(z) =0 for all x € E| that is ya(x) = {(u,[0,0]),2 € E,u € U}.

Definition 2.10. [12] A vague soft set I'y over U is said to be a A-universal vague soft set denoted by
Iy, if ya(z) ={(w,[1,1]),z € E,u € U}.

If A= F, then the A-universal vague soft set is called universal vague soft set and denoted by I'z.

Definition 2.11. [12] Let E = {ey,es,...,e,} be a parameter set. The not set of F denoted by —F is
defined by =F = {—ey, —es, ..., me, }, where —e; = not e;.

ETIST 2021 3
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Definition 2.12. [12] The complement of vague soft set T'4 is denoted by T'Y and is defined by T'y =
{(z,74c(x)),x € EY}, where yac(x) = 75(2) is the complement of vague set y4(x), defined by
Ya(®) = {(u, [fa@(u), 1 = taw (W)]),z € B,u € U}
Clearly (I'9)¢ =T"4.

Definition 2.13. [12] Let I'y and 'y be two vague soft sets over a universe U, the union of two I'4 and
I's, denoted by I'4UI's, and is defined by

LAUL = {(z,74(7) U7yp(2)), = € E}

where y4(2) Uyp(z) = {(u, max(tam)(u), tpe)(u), mar(l — faq)(w), 1 = fp@)(u), v € E,u e U}.

Definition 2.14. [12] Let I'y and I'p be two vague soft sets over a universe U, the intersection of two I'4
and T'p, denoted by I' 4Nz, and is defined by

LaNT = {(z,74(z) Ny5(2)), @ € E}

where VA(:E) N ’YB(I) = {(uv min(tA(x)(u)a tB(oc) (u))v min(l - fA(oc) (u)v 1- fB(x)(u))ax €Lb,ue U}

Definition 2.15. [14] Let U be an initial universe, P(U) be the power set of U, E be a set of all parameters
and X be a fuzzy set over E. Then a FP-soft set (fx, E) on the universe U is defined as follows:

(fx; B) = {(ux(z)/z, fx(x)),z € E}

where uy : E — [0,1] and fx : E — P(U) such that fx(z) =0 if ux(z) = 0.
Here fx called approximate function and uy called membership function of FP-soft sets.

Definition 2.16. [15] Let U be an initial universe, F'(U) be the set of all fuzzy sets over U, E be a set of
all parameters and X be a fuzzy set over E with the membership function ux : E — [0, 1] and yx(z) be a
fuzzy set over U for all x € E. Then, a fpfs—set I'x over U is a set defined by a function yx representing
a mapping vy : E — F(U) such that yx(z) = 0 if ux(x) = 0.

Here, vx is called fuzzy approximate function of the fpfs—set for all z € E. Thus, a fpfs—set I'x
over U can be represented by the set of ordered pairs

Iy = {(ux(z)/2,7x (7)), v € E,7x(z) € F(U),ux(z) € [0, 1]}.
It must be noted that the sets of all fpfs—sets over U will be denoted by FPFS(U).

Definition 2.17. [17] Let U be an initial universe, P(U) be the power set of U, E be a set of all parameters
and X be an intuitionistic fuzzy set over E. An intuitionistic FP-soft sets I'x over U is defined as follows:

Iy ={((z,ax(2), Bx(2)), fx(x)),x € E}
where ax : E — [0,1],8x : E — [0,1] and fx : E — P(U) with the property fx(z) = 0 if ax(z) =
0, 6}( (l’) = 1.
Here the function ax and [x called membership function and non-membership of intuitionistic FP-
soft set, respectively. The value ax(z) and Sx(x) is the degree of importance and unimportance of the
parameter .
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3 Fuzzy parameterized vague soft sets

In this section, we define fuzzy parameterized vague soft sets (fpvs-sets)and their operations.

Definition 3.1. Let U be an initial universe, FE be the set of all parameters and X be a fuzzy set over £
with membership function px : £ — [0, 1], let vx(z) be a vague set over U for all x € E. Then, a fuzzy
parameterized vague soft set I'x over U is a set defined by a function yx representing a mapping

’yxE—)V(U)

such that vx(z) = 0 if pux(x) = 0. Here, vx is called vague approximate function of the fpvs-set I'x, and
vx(x) is a vague set called x-element of the fpvs-set for all z € E. Thus, a fpvs-set I'x over U can be
represented by the set of ordered pairs

D = () @) o € Bxla) e V).

It must be noted that the set of all fpvs-sets over U will be denoted by FPVS(U).

Definition 3.2. Let I'x € FPVS(U). If yx(z) = 0 for all z € E, then I'x is called a X-empty fpvs-set,
denoted by T'y,.. If X = (), then the X-empty fpvs-set I'y, is called an empty fpvs-set, denoted by T'y.

Definition 3.3. Let 'y € FPVS(U). If ux(z) = 1 and vyx(x) = U for all x € E, then I'x is called
a X-universal fpvs-set, denoted by I'y. If X = E, then the X-universal fpvs-set I'; is called a universal
fpvs-set, denoted by I'z.

Example 3.1. Assume that U = {uy, us, ug, us} is a universe set and E = {x1, 2,23} is a set of param-
eters. If X = {23 95 LV ond nx(x) is defined as follows:

x1? x2 ) X3

nX(xl) {[0405}, [0309]7 0207} nX($2) —(Z) nX(xlS) U

0), (% U)}.

then a fpus- set ['x s written by
then the fpus-set I'y is a Y-empty fuzzy parameterized

. [0.4,0.5] [0.3,0.9 0.2,0.7
FX:{((;_?{ }7[ s ]’[ ]}) (23_

ul )

IfYy = {2117 2T} and vy (21) = @ Yy (3)
vague soft set, i.e. I'y =T, .

If L = }, then the fpus-set 'y is an empty fuzzy parameterized vague soft set.

If Z = {I Voo LY and yz(x3) = U,yz(x3) = U, then the fpus-set T'y is a Z-universal fpuvs-set, i.e.
Iy, =T5.

[fM {E’ ot g} and vy (x1) = U, yp(xe) = U,y (x3) = U, then the fpus-set Iy is a universal fuzzy
parameterized vague soft set, i.e. Iy = I'f.

{a:1’a:2’m3

Definition 3.4. Let I'x,T'y € FPVS(U). Then I'y is a fuzzy parameterized vague soft subset of I'y,
denoted by I'yCT'y, if and only if py(z) < py(x) and vx(z) C vy (z) for all x € E.

Remark 3.1. I'xCI'y does not imply that every element of I'x is an element of I'y as in the definition
of classical subset.

Example 3.2. Assume that U = {uy, us, us, us} is a universal set of objects and E = {x1, 19,23} is a set
of all parameters. If X = {03} and Y = {22 98 and

r1’ T3

e {(%7{[0.2,0.6]’ [0.4,0.7]})}’

U2 Uy
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Iy = {( {[03 0.5] [0.3,0.8]’ [0.6,0.9]}) ( {[O 2,0. 5] [0.4,0.7]

Uy U2 Uy Uy Uus

)}

then for all x € E, ux (x) < py(z) and vx(z) C 7y(x) is valid. Hence ['vCIy. It is clear that
(02, {0208 0407y €1 gy (23, (02081 04071y g,
Proposition 3.1. Let I'y,I'y,I'z € FPVS(U). Then,
(1) TxClg
(2) Do CI'x
(3) F(Z)QNFX
(4) IxCl'x N N
(5) I'sxCI'y and I'yvCTl'y, = I'xCl'y,
Proof. The above properties of C trivally follow from the above definitions. n

Definition 3.5. Let I'y,I'y € FPVS(U). Then I'y and I'y are fuzzy parameterized vague soft equal,
written by I'x = I'y, if and only if uy(x) = py(z) and vx(z) = vy (x) for all z € E.

Proposition 3.2. Let I'x,I'y, 'y € FPVS(U). Then,
(1) FXN:FY cmdljy~: I'y=I'x=1Iy4
(2) I'x<Tl'y and IvYCl'x =T'y =Ty

Proof. The above properties of = and C trivially follow from the above definitions 3.4 and 3.5. ]

Definition 3.6. Let 'y € FPV.S(U). Then complement of I'y, denoted by I'§, is a fuzzy parameterized
vague soft set defined by

where % () is complement of the vague set vx (), that is 7% (z) = yx<(z) for every z € E.

Proposition 3.3. Let 'y € FPVS(U). Then,

(1)T% =T,
(2) (I%)° =Ty
(3) T =T5

Proof. Let T'y = {(1,U),Vz € E}.
Then, from Definition 3.6, we have:
re ={(2,0),vz € E} =Ty
Similarity (2) and (3) easily can be made. O

Definition 3.7. Let I'y,I'y € FPVS(U). Then union of I'y and I'y, denoted by I'xUl'y, is a fpvs-set
defined by

(mal’(ux(fv), py (2))

[xUly = { "

xoy () s @ € B}

where yxpy (2) = yx(2) Uy (2).
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Proposition 3.4. Let I'x,I'y,I'y € FPVS(U). Then,
(1) FXGFX = FX
(2) TxUly =Ty
(3) TxUl'g =Tz
(4) F)(G’Fy :~FyOFX _ _
(5) (xUl'y)Ul'y = I'xU(TyUl'y)

Proof. The proofs can be easily obtained from Definition 3.7. m

Definition 3.8. Let I'x,I'y € FPVS(U). Then intersection of I'y and I'y, denoted by I'xMl'y, is a
fpvs-set defined by

(mm(,ux(m),MY(f))

LxNly = { "

xay (@) T o € B}

where yxmy (2) = yx(2) N9y (2).

Proposition 3.5. Let I'x, 'y, T’y € FPVS(U). Then,
(1) TxNT'x =Ty
(2) TxMNly =Ty
(3) TxNT'z =Ty
(4) Dx(ly =TyTx
(5) (TxNI'y)Nl'z =TxN(CyNl'y)

Proof. The proofs can be easily obtained from Definition 3.8. O]
Remark 3.2. Let I'x € FPVS(U), If I'x # Ty or I'x #T'z, then [xUlS # I'z and Ly # Tp.

Example 3.3. Assume that U = {uy, ug, us, us} is a universal set of objects and E = {x1, x5} is a set of
all parameters. If X = {23 %21 and

r1 ' T2

r,— {(%’{[052105]’ [0.51,620.5]7 [0.61;40.9]}) 25 {[O 4,0.6] [0.31,630.8]}”’
then X¢ = {%17, %25}, and
re, {( {[O 5,0.7] [0.51;20.5]7 [011;4()4]}) &5 {[04 0.6] [0.21;;).7]})}’
Therefore,
I Ore — {((;;177{[0.51;10.7]’ [0.57;20.5]’ [0.61;:).9]})7 ((;;25,{[0.41;10.6]7 (0.3, 0. 8]})} .
and
I A — {(%?7{[0.31;10.5], [0.’5;;20.5], [0.11;40.4]}> 25 {[O 4,0.6] [0.2110.7]})} £ T,

Proposition 3.6. Let I'x, 'y € FPVS(U). Then, the following De Morgan’s types of results are true:
(1) (xUI'y)® = TNl
(2) (DxNI'y)¢ =TS UL
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Proof. (1) For all z € E,

Yoy (2) = Vsgy () = (vx (@) Uy (2))° = (yx ()70 (9 (2))° = 7% (2) 095 (2) = yxe(2) Nye(2) =
Vxemye ().

and [y Uly = {(2elx@a@) o o (1)) 2 € B}

— (et oy (2) 1 v € B

T

(Dx Uy )¢ = {(Fetls @i @) o oy (2)) : o € B}

xT

— (ol ) oy (2)) 0 € B

= (D yxe(2)) @ € B} (A yye(2) s € B} = TEATY
The proof of (2) can be made similarly. O

Proposition 3.7. Let I'x,I'y, 'y € FPVS(U). Then,
(1) Fxg(FyQFZ) = (Fngy)Q(FXQFZ)
(2) TxN(T'yUl'z) = (I'xNCy)U(T xNz)

Proof. (1) For all z € E,
fixtyaz)(T) = maz(px (x), pyaz(x)) = maz(px (x), min(py (x), pz(z)))
= min(max(pux (), py (), maz(px (), pz(z))) = min(pxoy (), MXUz( )) = Wxoy)Fxoz) ()
and vxgyvaz) (T) = 1x(2) U yyrz () = vx () U (vv (2) N yz(T))
= (x(z) Uy () N (x (2) Uz(7)) = vxoy (2) N yxoz(T) = Yxov)axoz) (2)-
The proof of (2) can be made similarly. O

Definition 3.9. Let I'y,I'y € FPVS(U). Then OR-product of I'x and I'y, denoted by I'x V 'y, is
defined by

(Cx VIy)(z,y) = {(max(”x(x)vﬂY(y))

(z,y) x(x)Vay(y) :x € B,y € B}
where vx (2) Vy (y) = {(u, [maz(tae)(w), tag)(w)), max(l— fa@)(u), 1= fay(w))]),z € E,y € E,u € U}.

Definition 3.10. Let I'y,I'y € FPV.S(U). Then AND-product of I'y and I'y, denoted by I'y ATy, is
defined by

(Dx ATy)(zy) = {(mm(“){f;’)”(y”mﬂw Ay()) € By € B}

where vx (2) Ay (y) = {(u, [min(taw) (), tag) (w)), min(l — fae)(u),1 = fa(u))]),z € E;y € E,u e U},

Example 3.4. Assume that U = {uq,us, us, us} is a universal set of objects and E = {x1, x5} is a set of
all parameters. If X = {(;—15 U8 Y = {% 963 and

71»2 ) 7y2 )

- {( {[03 ,0.6] [0.6,0.8]7 [0.5,0.5]}) (28 {[0 1 05] [0.4,0.5]7 [0.3,0.8]})}7

Uz Uyq U2 us

and

- {( {[02 ,0.7] [0.5,0.6]7 [0.4,0.8]}> ( {[05 ,0.6] [0.3,0.5]7 [0.2,0.7]7 [0.5,0.9]})}'

U2 us U2 us Uy
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Therefore,
0.5 [0.3,0.7] [0.6,0.8] [0.4,0.8] [0.5,0.5]
F v F ',’U7 = J ? ) Y )
B e )
0.6 [0.5,0.6] [0.6,0.8] [0.2,0.7] [0.5,0.9] 0.8 [0.2,0.7] [0.5,0.6] [0.4,0.8] 1
($17y2)7 Uy 7 uy ug Uy 7 ($2,y1)’ Uy 7 uy us ’
0.8 [0.5,0.6] [0.4,0.6] [0.3,0.8] [0.5,0.9]})}
(5E2vyz)7 up uy o oug ’
and
0.3 [0.2,0.6] [0.5,0.6] 0.5 [0.3,0.6] [0.3,0.5] [0.5,0.5]
F /\ F x’ = Y ) ) 7 ) ) )
(Fx v)e) {((xla Y1) { Uy %) (71,92) Uy Uz Uy )
0.3 [0.1,0.5] [0.4,0.5] [0.3,0.8] 0.6 [0.1,0.5] [0.3,0.5] [0.2,0.7] )
(ﬂiz,yﬂ’ up uy U3 ’ (2, yz)’ up uy us3 '
Proposition 3.8. Let I'yx,I'y,I'y € FPVS(U). Then,
(1) Tx ATy =Ty
(2) Tx ATy =Ty ATx
(3) I'svIy=TyVIx
(4) Cx ATy)ATz=Tx A(Ty ATy)
(5) CxVIy)vIz=TxV ([yVvIy)
Proof. The proofs can be easily obtained from Definition 3.9 and Definition 3.10. O

Proposition 3.9. Let I'x, 'y € FPVS(U). Then, the following De Morgan’s types of results are true:
(1) Tx vIy) =T% ATS
(2) (Tx ANTy) =T% VI

Proof. (1) For allz € E,y € E,

(P v Ty = (e e ()

(i (@) Voy (9))) s w € Evy € B}

o oman(l = px(x), 1 — py(y))
= (z,y)

([maa(tage) (), g (), maz(l = fag (), 1 = fagy@)))) :z € By € E}

o omin(l — px(x),1 — py (y))
= (z,y)

([maz(tag (), tag) (W), 1 = min(fag (W), fagy @)))°) : 7 € B,y € B}
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= (LI (i o). (1), 1 = man(tay () (W))) 2 € By € E)

N {(min(l - M}(ff;)l - MY(y))a (Imin(fag)(w), fag)(w), min(l = tag)(u),1 —tay(w))])) 1z € E,y € E}

1 — px(x) 1 — py(y)
A awW = tap @] v € By € B} A(—— == [fag) (W), 1 —tag(u)] 1w € By € B}
— % A TS
The proof of (2) can be made similarly. O

Proposition 3.10. Let I'y,I'y, 'y € FPVS(U). Then,
(1) TxV(IyATz)=TxVIy)ATxVIy)
(2)Tx NIy VvIz)=(TxAly)Vv(I'xATyz)

Proof. (1) Forallz € B,y e E,z € E,
txvyaz)(@,y, 2) = maz(px (), pyaz(y, 2)) = maa:(ux(x) min(py (y), pz(z
= min(maz(px (x), py (), maz(px (), pz(2))) = min(pxvy (z,y), usz(fE,
Since txvyaz)(2,y,2) = max(tx(z), tYAZ(y, 2)) = max(tx(z), min(ty (y),t
= min(maz(tx(r), ty (y)), max(tx (), tz(2))) = min (txvy(x y), thZ( z,
Fryan(,,2) = min( F (@), fraz(, 2)) = minl fx(x), moa( fr(v), f2(z
= mazx(min(fx (), fv(y)), min(fx(x), f2(2))) = maz(fxvy (€, y), [xvz(e
50 Yxv(yaz) (T, Y; 2) = x(2) V yvaz(y, 2) = 1x(2) V (v () Avz(2))
= (1x (@) V(1)) A (vx (@) V 92(2)) = vxvy (2, 9) Ayxvz(, 2) = Yxoravz) (€, 9, 2).
Hence Fx\/(ry/\rz):<rx\/ry) (Fx\/rz)
The proof of (2) can be made similarly. O

)
2)) = H(xVvY) (XVZ)(xvyaz)'
2(2)))
)) thY A(XVZ)(xayaZ)a
)

,2)) = X\/Y)/\(XVZ)(%%Z),

4 fpvs-aggregation operator

In this section, we define an aggregate vague set of a fuzzy parameterized vague soft set, we also define
fpvs-aggregation operator that produced an aggregate vague set from a fpvs-set and its fuzzy parameter
set. Also we give an application of this operator in decision making problem.

Definition 4.1. Let I'x € FPV S(U). Then a fpvs-aggregation operator, denoted by F PV S, is defined
by

FPV Sy V(E)x FPVS(U) = V(U), FPV S.5(X,I'x) =T%

where

S R S X0 B
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which is a vague set over U. The value I' is called aggregate vague set of the I'x. Here, the membership
degree tr+ (u) and nonmembership degree frs (u) of u is defined as follows:

() = g @)

zel

and

% u |E| Z'U’X fWX(z) )

zelR

where |E| is the cardinality of £ and t,, () (u) is membership degree and f, (,)(u) is nonmembership
degree of u € U in the vague set vx(z).

Now, we construct a fuzzy parameterized vague soft set decision making method by the following
algorithm:

Step 1. Constructs a feasible fuzzy subset X over the parameters set E based on a decision maker
(DM) which is expert.

Step 2. Constructs a fuzzy parameterized vague soft set I'x over the alternatives set U based on a DM.

Step 3. Computes the aggregate vague set I'y, of fuzzy parameterized vague soft set I'y.

Step 4. Find max(t) = maz{trs (v) : v € U} and max(1 — f) = mazr{l — fr (v) 1 v € U}.

Step 5. Find a € [0, 1] such that [max(t)’o‘] e I'\ and 8 € [0, 1] such that W)M e I'y.

mazx(t) B !
Step 6. Computes m Oé and Br(i- mam(l f)) 6 .

Step 7. If &' > A, the optimal decision is u, if & < 8, the optimal decision is v.

Example 4.1. Suppose that a workplace wants to fill a position. There are five candidates who fill in
a form in order to apply formally for the position. There is a decision maker(DM), that is from the
department of human resources.

He wants to interview the candidates, but it is very difficult to make it all of them. Therefore, by using
the fpus-set decision making method, the number of candidates are reduced to a suitable one. Assume
that the set of candidates U = {uy,us, us,ug, us} which may be characterized by a set of parameters
E = {ZE1,$2,I’3,1’4} which is "1 = experience ", "xy = technical information ", "x
"x4 = young age”. Now, we can apply the method as follows:

Step 1. Assume that DM constructs a feasible vague subset X over the parameters set E as follows:

= good speaking "

Step 2. DM constructs a vague parameterized vague soft set I'x over the alternatives set U as follows:

[y = {( {[O .6,0.7] [0.5,0.8]7 [0.7,0.8]’ [0.4,0.6]7 [0.6,0.8]})7

U9 us Uy Us

( {[0 4,06 [0.3,0.6] [0.6,0.8] [0.4,0.7]})’

Uy U2 us Uy

ETIST 2021 11



Yaya Li, Velusamy Inthumathi,Chang Wang

( {[o 6,0.7) [0.5,0.9] [0.6,0.8]})’

U Uus Us

( {[0 5,08 [0.6,0.9] [0.4,0.6] [0.7,0.8]})}

Uz Uy Us

Step 3. DM computes the aggregate vague set I'y of vague parameterized vague soft set I'x as:

e {[0.36,0.7825] (0.2575,0.855] [0.3375,0.9025] [0.23,0.7925] [0.3,0.905]}
X — ’ ) ’ )

Uy U2 Uus Uy Us

Step 4. max(t) = 0.36 and max(l — f) = 0.905.
Step 5. [0.36,0.7825] c I‘* [030905] c F*

ul

_ 0.36 _ _ 0.3 —

Step 7. Smce a < B , the optzmal deczswn 1S Us.

Note that, although membership degree of u; is bigger than us, opportune element of U is us. This
example show how the effect on decision making of non-membership degrees of elements.

5 Conclusion

In this paper, we first defined fuzzy parameterized vague soft set and their various operations. Then,
we introduced the method of decision making on the fpvs-set theory. We also gave an example that
demonstrated that the decision making method can successfully work. These conclusions can be extensively
applied in many fields such as pattern recognition, image processing, approximate reasoning, and fuzzy
control. For further study, we will study algebraic structure of fpvs-sets and extend our work to other
decision models and applications for modeling vagueness and uncertainty.

Conflict of Interests

The authors declare that there is no conflict of interests regarding the publication of this paper.

Acknowledgements

The works described in this paper are supported by the Natural Science Foundation of Shaanxi
pvovince of China(Grant No.2021JQ-763); the Foundation of Shaanxi Educational Committee of China(Grant
No.19JK0317)

12 ETIST 2021



Fuzzy parameterized vague soft set theory and its applications

References
[1] L.A.Zadeh, Fuzzy sets, Information and control 8(3)(1965)338-353.
[2] K.Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems 20(1) (1986)87-96.
[3] W.L.Gau, D.J.Buehrer, Vague sets, IEEE Transactions on Systems, Man and Cybernetics
23(2)(1993)610-614.
4] K.Atanassov, Operators over interval valued intuitionistic fuzzy sets, Fuzzy Sets and Systems
[4] , Op y sets, y y
64(2)(1994)159-174.
[5] D.Molodtsov, Soft set theory-First results, Computers and Mathematics with Applications 37(4-
5)(1999)19-31.
[6] P.K.Maji, R.Biswas, A.R.Roy, Fuzzy soft sets, Journal of Fuzzy Mathematics 9(3)(2001) 589-602.
[7] P.Majumdar, S.K.Samanta, Generalised fuzzy soft sets, Computers and Mathematics with Applica-
tions 59(4)(2010)1425-1432.
[8] X.Yang, T.Y.Lin, J.Yang, Y.L.A.Dongjun, Combination of interval-valued fuzzy set and soft set,
Computers and Mathematics with Applications 58(3)(2009)521-527.
9] Z.Xiao, K.Gong, S.Xia, Y.Zou, Exclusive disjunctive soft sets, Computers and Mathematics with
Applications 59(6)(2010)2128-2137.
[10] P.K.Maji, R.Biswas, A.R.Roy, Intuitionistic fuzzy soft sets, The Journal of Fuzzy Mathematics
9(3)(2001)677-692.
[11] P.K.Maji, R.Biswas, A.R.Roy, On intuitionistic fuzzy soft sets, The Journal of Fuzzy Mathematics
12(3)(2004)669-683.
[12] W.Xu, J.Ma, S.Wang, G.Hao, Vague soft sets and their properties, Computers and Mathematics with
Applications 59(2)(2010)787-794.
[13] Y.Jiang, Y.Tang, Q.Chen, H.Liu, J.C.Tang, Interval-valued intuitionistic fuzzy soft sets and their
properties, Computers and Mathematics with Applications 60(3)(2010)906-918.
[14] N.Cagman, F.Erdogan, S.Enginoglu, FP-soft set theory and its applications, Annals of Fuzzy Math-
ematics and Informatics 2(2)(2011)219-226.
[15] N.Cagman, F.Citak, S.Enginoglu, Fuzzy parameterized fuzzy soft set theory and its applications,
Turkish Journal of Fuzzy Systems 1(1)(2010)21-35.
[16] S.Alkhazaleh, A.R.Salleh, N.Hassan, Fuzzy parameterized interval-valued fuzzy soft set, Applied
Mathematical Sciences 5(67)(2011)3335-3346.
[17] L.Deli, N.Cagman, Intuitionistic fuzzy parameterized soft set theory and its decision making, Applied

Soft Computing 28(2015)109-113.

ETIST 2021 13



Yaya Li, Velusamy Inthumathi,Chang Wang

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[.Deli, S.Karatas, Interval valued intuitionistic fuzzy parameterized soft set theory and its decision
making, Journal of Intelligent and Fuzzy Systems 30(4)(2016)2073-2082.

F.Adam, N.Hassan, Multi Q-fuzzy parameterized soft set and its application, Journal of Intelligent
and Fuzzy Systems 27(1)(2014)419-424.

H.Bustince, P.Burillo, Vague sets are intuitionistic fuzzy sets, Fuzzy Sets and Systems 79(3)(1996)403-
405.

C.Gunduz, S.Bayramov, Intuitionistic fuzzy soft modules, Computers and Mathematics with Appli-
cations 62(6)(2011)2480-2486.

Y.Jiang, Y.Tang, Q.Chen, An adjustable approach to intuitionistic fuzzy soft sets based decision
making, Applied Mathematical Modelling 35(2)(2011)824-836.

Z.7Zhang, A rough set approach to intuitionistic fuzzy soft set based decision making, Applied Math-
ematical Modelling 36(10)(2012)4605-4633.

C.Wang, A.Qu, Entropy, similarity measure and distance measure of vague soft sets and their relations,
Information Sciences 244(2013)92-106.

BIOGRAPHY

14

Dr. V. Inthumathi received Doctoral degree in the field of Ideal topological spaces from
Bharathiar University in 2012. She is working as an Associate Professor in Depart-
ment of Mathematics in Nallamuthu Gounder Mahalingam college, Pollachi, India. She
has 24 years of teaching experience. she has published about 45 research articles in re-
puted journals. She guided 23 M.Phil scholars and guiding 4 Ph.D. scholars. Currently
she is doing research in the area of soft topological spaces and Nano ideal topological
spaces.

ETIST 2021



