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ABSTRACT

Molodstov introduced the theory of soft sets, which can be seen as a new mathematical approach to vagueness. Maji
et al. have also introduced several basic concepts of soft set theory. They have also introduced the concept of fuzzy soft
set, a more generalized thought, which is a combination of fuzzy set and soft set. They introduced some properties
concerning fuzzy soft union, intersection, the complement of a fuzzy soft set, De Morgan Laws etc. These results were
also revised and improved by Ahmad and Kharal. They defined arbitrary fuzzy soft union and intersection and proved
De Morgan Inclusions and De Morgan Laws in Fuzzy Soft Set Theory. The fuzzy soft set is one of the current topics
incited for dealing with the doubtfulness present in most of our real-life circumstances. The parameterization tool of
soft set theory improves the flexibility of its application. The motive of this paper is to study the concept of the
disjunctive sum, difference and symmetric difference of fuzzy soft sets and their basic properties. Finally, we have
established forward a decision-making problem using the concept of the cardinality of fuzzy soft sets.

Keywords: Fuzzy Soft Set, Rough Set, Absolute Fuzzy Soft Set, Disjunctive Sum, Difference, Symmetric Difference,
Cardinality.

1. INTRODUCTION

In many complicated problems arising in the fields of engineering, social science, economics, environment, medical
science etc. have various uncertainties. Fuzzy soft sets are very necessary structures growing in many areas of
mathematics and computer science. Fuzzy sets have been proved to be an exactly suitable tool to handle doubtfulness.
Zadeh [14] introduced fuzzy set theory in 1965 and it was specifically designed to represent uncertainty and vagueness
with formalized logical tools in dealing with the imprecision inherent in many real-world problems. In 1999,
Molodtsov [8] pointed out that the significance of existing theories namely Probability Theory, Fuzzy Soft Set Theory,
Rough Set Theory etc. which are considered as mathematical tools in dealing with uncertainties, cannot be successfully
used to solve complicated problems in the fields of engineering, social science, economics, medical science etc. He
further pointed out that the reason for these difficulties is the inadequacy of the parameterization tool of the theory.
Accordingly, he put forward a noble concept known as soft set as a new mathematical tool for behavior with
doubtfulness. The soft set theory introduced by Molodstov is free of the difficulties present in these theories. The
absence of any restriction on the approximate description in soft set theory creates this theory extremely suitable and
easily applicable. Zadeh’s fuzzy sets are considered as a special case of the soft sets. Since its introduction, the concept
of the soft set has gained a considerable amount of attention including some successful applications in information
processing, decision, demand analysis, clustering, and forecasting.

In 2003, P.K. Maji et al. [6] created a theoretical study on the soft set theory in more details. Particularly, they founded
the concepts of subset, intersection, union, and complement of soft sets and discussed their properties. These operations
construct it possible to make new soft sets from given soft sets.
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In recent times, researchers have contributed a lot to fuzzification of soft set theory. Maji et al. [7] combined fuzzy sets
with soft sets and introduced the idea of fuzzy soft sets along with some properties regarding fuzzy soft sets union,
intersection, the complement of a fuzzy soft set, De Morgan Law etc. These results were also revised and developed by
Ahmad and Kharal [1]. In present times, works on the fuzzification of the soft set theory are going on and these works
have founded different new mathematical models such as intuitionistic fuzzy soft set, generalized fuzzy soft set,
possibility fuzzy soft set etc.

Neog and Sut have initiated some new operations of fuzzy soft sets in [4]. In case of fuzzy soft sets, this already has
been pointed out by Ge and Yang in [13] and consequently, they have studied some basic results regarding fuzzy soft
sets. In our work, we have put forward some more than concepts related to fuzzy soft sets. A decision problem solved
with the support of cardinality of fuzzy soft sets has been proposed in our work.

2. BASIC CONCEPT OF FUZZY SOFT SETS

In this section, we first observe the basic definitions related to fuzzy soft sets which would be applied in the sequel.

Definition 2.1 [8]: A pair (F, E) is called a soft set (over U) iff F is a mapping of E into the set of all subsets of the set
U.

In other hands, the soft set is a parameterized family of subsets of the set U. Every set F(e) € E, from this family may
be considered as the set of ¢ — elements of the soft set (F, E), or as the set of ¢ — approximate elements of the
soft set.

Example 2.1: Let U= {c, ,c,,c3 ,c,} be the set of four cars under regard and
E= {e; (Costly), e,(Beautiful), e;(Fuel Ef ficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand A = {e;, e;,es} € E.

Then, (F,A) = {F(e;) = {c1,c3},F(ey) = {c1,c5,¢.}, F(es) = {c3}}is the soft set showing the “attraction of the
car’ which Mr. A is going to buy. We can represent this soft set in a tabular form as shown below [7].

This style of representation will be essential for storing a soft set in a computer memory.

Ule |e|e;
cg|1]1]0
;| 0] 1]0
;| 0101
¢, |1]1]0

Definition 2.2 [10]: A pair (F, A) is called a fuzzy soft set over U where, F: A — P(U) is a mapping from A into P (U)
. Here P (U) denotes the fuzzy subsets of U.

Example 2.2: Let U= {c;,C;,C3 ,c4} be the set of four cars under regard and
E= {e; (Costly),e,(Beautiful), es(Fuel Efficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand A = {e;,e,,e3} € E. Then

c ¢ c c c c c c
F A ={Fle)={"o7. /o1 o2 "loehFe)=1"og. /06 /01 */o5h
F(es) ={ 01/0.1 ,62/0_2, C3/0.7, 64/0_3}} is the fuzzy soft set showing the “attraction of the car” which Mr.
Ais going to buy.

Definition 2.3 [1]: Let U be a universe and E a set of attributes. Then the pair (U, E) denotes the collection of all fuzzy
soft sets on U with attributes from E and is called a fuzzy soft class.

Definition 2.4 [8]: A soft set (F, A) over U is said to be null fuzzy soft set denoted by ® if V ¢ € A, F(¢) is a null fuzzy
set 0 of U, where 0(x) = 0V x € U.We would denoted (®, A) to represent the fuzzy soft null set with respect to the
set of parameters A.

Definition 2.5 [8]: A soft set (F,A) over U is said to be absolute fuzzy soft set denoted by A if V ¢ € 4,

F(¢) is a absolute fuzzy soft set 1 of U, where 1(x) = 1V x € U.We would denoted (U, A) to represent the absolute
fuzzy soft set with respect to the set of parameters A.
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Definition 2.6 [8]: For two fuzzy soft sets (F,, 4,) and (F,, A,) in a fuzzy soft class (U, E), we say that (F;,4,) is a
fuzzy soft subset of (F,, 4,), if

(i) AL S A,

(ii) for all e € A; and written as (Fy,A,) € (F,,A,).€ € A, Fi(¢) < F,.

Example-2.6. Let U= {c, ,c,,c3 ,c4} be the set of four cars under regard and
E= {e; (Costly),e,(Beautiful), es(Fuel Efficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand A; = {e;,e;,e3} S Eand A, = {eq,e,,e3,65} € E. Then

(F1,Ay) ={Fy(e;) = { C1/0.7Cfcz/o.1cf “/ 0.2 “/o.6h
Fe)={"/0g, /0.6 /0.1 /0.5
Fy(es) = {61/0.1 ,CZ/O_Z, 63/0_7, C4/0_3}} is the fuzzy soft set showing the “attraction of the car” which
Mr. A'is going to buy.
(FpA5) ={Fi(e;) = £61/0.7C1C2/0.2é C3/0.28C4/0.7}'
Fl (eZ): { 1C/09 ’ 2C/06/ 36‘/05/ 4;‘/1}/
Fies)={"/03: /02 *log */03b
Fy(es) = {61/0.1 ,62/0_2, 63/0_7, C4/0_3}} is the fuzzy soft set showing the “attraction of the car” which
Mr. B is going to buy.

Here, A; € A,, and forall € A, F, () < F,(¢).Thus (F;,A,) € (F,, Ay).
Pei and Miao [10] modified this definition of soft subset in the following way —

Definition 2.7 Soft Subset Redefined [12]: For two fuzzy soft sets (F;, 4;) and (F,, 4,) in a fuzzy soft class (U, E),
we say that (F, A,)is a fuzzy soft subset of (F,, 4,), if

(i) A; € A,,

(i) Ve € Ay, Fi(g) € F,(¢) and written as (F;, 4,) € (F,, 4,).
(Fy, A,) is said to be soft superset of (F,, 4,) if (F,, A,) is a soft sub set of (F;, A;) and written as (F;, 4;) 3 (F,, 4,).

Definition 2.8 [7]: For two fuzzy soft sets (F;,A;) and (F,, A,) over the common universe U is the fuzzy soft set
(F5,A3),where A; = A; U A, and Ve € A3,
F(e), ifeed, —A,
F3(e) = | Fz(e), ife€d; -4
Fi(g) UF,(¢), ifee A, N A,
And is written as (F;,4,) U (F,, 4,) = (F3,43).

Example-2.8: Let U= {c;,c,,c5 ,c4}be the set of four cars under regard and
E= {e; (Costly),e,(Beautiful), es(Fuel Efficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand A; = {ey,e,,e3} € Eand A, = { e, e, e3,e5} € E. We consider the fuzzy soft sets

(Fr, A7) ={Fi(e)) = { Y 901 %o o 6h

Fi(e2)=1{"91. %o %09 “/o5h
Fi(es)={ o802 %07 /o6 and

(Fy,4;) ={Fy(e;) = {21/0.7 riz/oz' 23/0_2, 24/0.7}' Fy(e;)= {616/0.9 '61/0.6' 036/0.5' Ci/l}'
Fa(es)={"/o3 /02 /o */o3b F2les) = (/o1 %02 /o7 */03
Then, (Fl' Al) U (Fz, Az) = (F3, A3), Where A3 = Al U AZ = { 61, 82, 63, 85} and
(F3,A3) ={ F3 (el) = {C1/09 /C2/0'2/ C3/0'4/ C4-/0.7}' F3 (eZ): {Cl/l IC2/0'6I C3/O'9I C4/1}/
Fs(es) ={ o802 “log “/0.6h Fs(es) = { V0.1, /0.2 “/o.7 “/o.30
Definition 2.9 [1]: For two fuzzy soft sets (F;, 4;) and (F,, A,) over the common universe U with A; N A, # @ is the

fuzzy soft set (F;, A3), where A; = A; N A, and Ve € A5, F5(e) = Fi(e) N F,(¢) (as both are same set) and is written
as (F, Ay) N (F,, Ay) = (F3,A3), where n is the operations intersection of two fuzzy soft sets.
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Example-2.9: Let U= {c;,c,,c5 ,c,}be the set of four cars under regard and
E= {e; (Costly),e,(Beautiful), es(Fuel Efficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand A; = {ey,e,,e3} € Eand A, = {e;,e,,e3,e5} S E. We consider the fuzzy soft sets

(F1, Ay ={Fi(e;) ={ Cl/0.9 ’62/0.1' 63/0.4' 64/0_6}' F,(ez)= {61/0_1 'CZ/O' 63/0.9’ 64/0.5}’
Fi(es) = {08 %02 o7 “oeh and

(Foy ) ={Fo(en) = {Y0.7.%/0.2 %02 o7 Faled)= {0,906 “los “/1b
Fales) = {0302 “og “o3h Fles) ={ o102 o7 “/o 3

Then, (Fl' Al) ﬁ (Fz, Az) = (Fg, A3), Where A3 = A1 N AZ = {ell 62' 63} and
(Fs, A3) =(Fa(e) = { /7. % /0.1 /o2 “o.6h Fa )= (91,0 /o5 “/o.5h
Fs(es) = {03 /0.2 /0.7 /03"

Definition 2.10 [9]: The complement of a fuzzy 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)=[F (a)]¢, V a € A.

Example 2.10: Let U= {c;,c,,c5 ,c,}be the set of four cars under regard and
E= {e; (Costly),e,(Beautiful), e;(Fuel Efficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand A = {e;,e,,e3} € E. Then

(F,4) =(F(e)) = {0701 %02 “/o.6)
Fle2)=1"08.%/0.6 /0.1 /05
F(es) = { C1/0.1 'CZ/O.Z' C3/0.7, C4/0'3}} is the fuzzy soft set showing the “attraction of the car” which Mr.
A is going to buy. Here,
(F,A)° = (F(e) = {Vo3.%0.9 “/og “/o.4h
Fee=1{"0.2.%o.4 /0.9 “/0 5}
Fé(es) = {9908 /03 “/o7M

Definition 2.10[7]: If (F;,A;) and (F,, A,) be two fuzzy soft sets, then “(F;,A;) AND (F,,A,)" is a fuzzy soft set
denoted by (F;, A)A (F;, Ay)and is defined by (F,A4,) A (F,,A4;) = (F,, A, X A,), where F; (a,8) =F (@) N
F,(B),V a € A; and B € A,, where N is the operation intersection of two fuzzy sets.

Definition 2.11[7]: If (F;,A,) and (F,, A,) be two fuzzy soft sets, then “(F;,A;) OR (F,, A,)" is a fuzzy soft set
denoted by (F;,A;) V (F,, Ay)and is defined by (F;,4;) V (F,, A4;) = (F,, Ay X A,), where F,(a,8) = F, (@)U
F,(B),Ya € A and B € A,, where U is the operation union of two fuzzy sets.

3. ASTUDY ON SOME NEW OPERATIONS ON FUZZY SOFT SETS

In this section, we have put forward some more concepts related to fuzzy soft sets. A decision problem solved with the
help of cardinality of fuzzy soft sets has been proposed in our work.

Definition 3.1 [11]: Let (F;,A;) and (F,, 4,) be two fuzzy soft sets over (U, E) . We define the disjunctive sum of
(F,,Ay) and (F,, A,)as the fuzzy soft set (F;, A3) over (U, E), written as
(Fl'Al) @ (Fz,Az) = (Fg,A3), Where A3 = Al ﬂAz * @ and Ve € A3,x € U,

UEy(e) () = max (min (.uFl(s) (), 1 = tipy o) (x)),min (1 — Ur, () (%), Ry (6) (X)))-

Example 3.1: Let U= {c; ,c;,c5 ,c,}be the set of four cars under regard and

E= {e; (Costly),e,(Beautiful), e;(Fuel Efficient), e,(Modern Techonology), es(Luxurious)} be the set of
parametersand 4; = {e;, e, e3} € FE and A, = {e3,e,}< E. Then

(F, A) =(F(e)) = (o 7.%/0.1. “/o.2 “/o.6% Fleal= {93,/ 0.8 /o4 “/o5h

F(es3)= {Cl/o.1 'CZ/O.Z' C3/O'7, C4/0_3}} is the fuzzy soft set showing the “attraction of the car” which Mr. A is
going to buy. and

(Fy, 42) =(Fa(e0) = { /g 2. %05 %01 “o.74 F2(e2)=1/0 8. /0.4 /0.1 /0.6 be the fuzzy soft set be
showing a ‘best car’ according to the same person Mr. A.

Then, (Fl' Al) @ (Fz, Az) = (F3; A3)y Where A3 = Al n Az = {63} and
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(F3,43) = {F3 (e3) = {(¢; / max (min (#Fl(e3)(cl)' 1- :uFZ(e3)(C1)) , min (1 - MF1(83)(C1)':uFZ(e3)(C1))))'

(¢ / max (min (:uFl(e3)(C2)' 1- #Fz(e3)(C2)) , min (1 - #Fi(e3)(c2)'#Fz(e3)(C2))))'

(ca / max (min (K, (ey) (€3), T = ey (€3) ), min (1 =ty (o) (€3, ey (€2) ))),
(cs / max (min (ie, (eg) (€4, 1 = e (€a) ), min (1 = fp, ey (€D, e (€4) D)
={ F;(e3;) = {(¢; / max (min(0.1,0.8),min(0.9, 0.2))), (¢, / max (min( 0.2,0.5),min(0.8,0.5))), (c5 /
max (min(0.7,0.9),min(0.3,0.1))), (¢,/max(min(0.3,0.3) , min(0.7,0.7)))}.
={ F;(e3) = {(¢;/max(0.1,0.2)), (¢, /max(0.2,0.5)), (c3 /max(0.7,0.1)), (¢, /max(0.3,0.7))}.

= { F3(e3) = {(c1/0.2), (c2/0.5),(c3/0.7), (c4/0.7)}.

Proposition 3.1: Let (F;, 4;) and (F,, A,) and (F3, A3) be three fuzzy soft sets over (U, E). Then the following results
holds.

(i) (U,E) is closed with respect to the operation disjunctive sum of fuzzy soft sets.

(i) (F,A)®(F,, A,) = (Fp, A))®(Fy, Ay), (Commutative law).

(i) (F1, AD®((F2, A)®(F3,43)) = ((F1, A)®(F,, A))®(F3, A3), (Associative Law).
(iv) (F, A)®(p, A,) = (Fy, A;), (Law of Identity element, (¢, A,) is identity of @).

() (F,AD®(F,A,) = (Fi,Ay), (Idempotent Law).

(vi) (F,,A)®U,A,) = (F;,A)C, (Law of Complement)

Proof:
Q) It is obvious that the disjunctive sum of two fuzzy soft sets over the fuzzy soft class(U, E) is again a fuzzy
soft set over (U, E).
(i) Let, (F;, A))®(F,, A,) = (F3,A3), where A; = A; N A, #+ @ and Ve € A3, x € U, we have
Hry(e)(X) = max((min (,uFl(S) (), 1 = tpy o) (x))) , min (1 = U, ) (), Bpy (o) (x))). Now consider
(F, A)®(Fy, Ay) = (Fy, As), Where A; = A, N A, # @ and Ve € A;,x € U, Then
Ur,(e)(X) = max((min (#pz(s) (), 1 — g, ) (x))) ,min (1 = Upy(e)(X), U () (x))).
It follows that (Fy, A))®(F,, Ay) = (F,, A,)®(Fy, A,).
(iii) Associativity of the disjunctive sum of fuzzy soft sets is straightforward.
(iv) Let (F,,A))®(¢, A1) = (F3,43), Where A3 = A;NA; = A, and Ve € Az, x €U, We have pp)(x) =
max((min(uFl(E)(x), 1-0)),min(1 - Hry (o) (%), 0)).
= max((min(uFl(S) (x),1)), min(1 — Hry (e)(X), 0)).
= max(/,tFl(S) (), 0).
= ”Fl(s)(x)- _
It follows that, (F;, 4,)® (¢, 4,) = (F;, A7).
(v) Let (Fy,A))®(Fy,Ay) = (F3,A3),Where Az = A; NA; = A, and Ve € Az, x € U,we have, pip,)(x) =
max( (min (e, 5 (), 1 = i () ) ), min (1 = ey (), by 9y ().
= ”Fl(s)(x)- _
It follows that, (F;, A;)®(Fy, A;) = (F, Ay).
(vi) Let (F,A))®(U,A,) = (F;,A3),Where  A; = A; N A; = A, and Ve € As, x € U, we have
Mo () = max((min(ug, o (%), 1 — 1)), min(1 = pg, 5 (x), 1))
= max((min(pp, ) (), 0)), min(1 — pp, &) (%), 1))
= max (0, g, (&) (%))
=1- #Fl(s)(x)-
It follows that, (F;, 4;) @ (U,A;) = (Fy, A,)°.
Definition 3.2 [4]: Let (F,, A,) and (F,, A,) be two fuzzy soft sets over (U, E). We define the difference of (F;,A4;)

and

(F,, A,) as the Fuzzy soft set (Fs, A3) over (U, E), written as (F;, 4;) © (F,, A,) = (F3, A3), where A3 = 4; N

Ay # @and Ve € Az, x € U and pp, ) (x) = min (,uFl(g)(x), 1- ,uFZ(g)(x)).

Example 3.2: We consider the fuzzy soft sets (F;,A4,) and (F,, A,) given in Example 3.1. Then the fuzzy soft set
(Fy,A;) © (F,, A,) would represent the fuzzy soft set representing attractive but not good cars.

Let,

(Fl’Al) é (Fz,Az) = (F3, A3), Where A3 = Al n AZ = {63} and
(F3, A3) = {Fy(es) = {(cy / max (min (jig,ce;) (€0), T = ipy(eg(er) ), min (1 = f ey (€0, e (€)))),
(cz / max (min (ig, (ey) (€2), 1 =l e (€2) ), min (1 = fg, (e (€2), e (€2) ),
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(c3 / max (min (#Fl(e3)(c3)v 1- :uFZ(e3)(C3)) , min (1 - :uFl(e3)(C3)':uFZ(e3)(C3)))):

(ca / max (min (K eg) (€)1 = fryegy(€a) ) min (1 = Ky o) (€8s iy ey (€D ))}
={ F;(e3) = {(c;/max(min(0.1,0.8) , min(0.9,0.2))), (¢, / max(min( 0.2,0.5), min(0.8,0.5))),
(¢3 / max (min(0.7,0.9),min(0.3,0.1))), (¢, /max(min(0.3,0.3),min(0.7,0.7)))}
={ F;(e3) = {(¢; /max(0.1,0.2)), (c; /max(0.2,0.5)), (¢;3 /max(0.7,0.1)), (c, /max(0.3,0.7))}
= { F3(e3) = {(¢1/0.2),(c,/0.5), (c5/0.7), (c4/0.7)}

Proposition 3.2: Let (F;, A,) and (F,, 4,) be two fuzzy soft sets over (U, E). Then the following results holds.
(i) (U,E) is closed with respect to the operation difference of fuzzy soft sets.
(i) (F1, A1) Q(FZ'AZ) * (F2,43) © (F, Ay).
(iii) (FlﬁAl) Q (4"141) = (F1'A1)-
(V) (FuA) © (U,Ay) = (9, 4).
(V) (Fi, A1) © (F,Ay) = (Fi, Ay) B (Fy, A)C.

Proof: -

(i) It is obvious that the difference between two fuzzy soft sets over the fuzzy soft class (U, E) is again a fuzzy
soft set over (U, E).

(if) The proof follows from the definition.

(iii) Let (Fy, 4;) © (9,A) = (F3,A3), where A; =A; NA; = A, and Ve € A3, x €U, We have pp,(x) =
min(pg (o) (x), 1 = 0) = min(pg, o) (%), 1) = g, ) ()
It follows that (F;, 4;) © (¢, A;) = (Fy, Ay).

(iv) Let (F;,A;) © (U,A) = (F5,A3), where A; = A; N A; = A, and Ve € A3, x € U, we have
My (%) = min(pg, ) (%), 1 — 1) = min(pp, ) (x),0) = 0
It follows that, (F;, 4,) © (U, A,) = (8, A).

(v) Let (F;,A;) © (F,,Ay) = (Fs,A3), where A; = A, N A, # @ and Ve € A; = Ay, x € U, we have, Uy ) (X) =

min (”Fl(s) (), 1 = Upye) (x)) = min (ﬂFl(s) (), Mg (o (X))-
Thus the proof follows the result.

Definition 3.3. Let (F;, A;) and (F,, A,) be two fuzzy soft sets over (U, E). We define the symmetric difference of
(F1,A;) and (F,, A,) as the fuzzy soft set (F3, A3) over (U, E), written as (Fj, A;) & (F,,A,) = (Fs,A3), where A; =
A NA, #Qand Ve € A3, x €U

HEy(e)(x) = max (min (”Fl(s) (), 1 — e (X))) , min (.qu(s) (), 1 = pp, o) (X)))-

We can write, ((Fy, 4;) © (F,,4,)) U ((FZ.AZ) E) (FlﬁAl)) = (F, A1) & (Fp, Ap).

Example 3.3: We consider the fuzzy soft sets (F;, A;) and (F,, A,) given in Example 3.1.

Let (Fy,A4;) © (F,, A,) = (F3,A3), where A; = A; N A, = {e;} and

(F5,A3) ={ F5(e3) = {(c;/min(0.1,0.8)), (¢, /min(0.2,0.5)), (¢c3/min(0.7,0.9)), (¢,/min(0.3,0.3))}}
= { F3(e3) = {(c1/0.1),(c2/0.2),(c3/0.7), (c4/0.3)}}.

Let (F,, A,) © (Fy, Ay) = (F,, As), where A; = A; N A, = {e;} and
(F,, A3) ={ Fy(e3) = {(c;/min(0.2,0.9)), (¢, /min(0.5,0.8)), (c3/min(0.1,0.3)), (c,/min(0.7,0.7)) }}
= {F4(e3) = {(c1/0.2),(c2/0.5),(c3/0.1), (c4/0.7)}}.

It follows that, (Fy, 4;) & (F,, Ay) = (F, A3) U (Fy As)= (Fs, As).
(Fs,43) = {Fs(e3) = {(c1/0.2),(c,/0.5),(c3/0.7), (cs/0.7)}.

3.4. APPLICATION OF FUZZY SOFT SETS IN A DECISION-MAKING PROBLEM

In this section, we take in a hypothetical case study to apply the concept of fuzzy soft sets in a decision-making
problem. Our study is based on the cardinality of fuzzy soft sets introduce by Cagman et al. in [2].

Let (F,A) be a fuzzy soft set over (U, E) , where U is the universe and E is the set of attributes. Then the cardinal set of
(F,A) is a fuzzy set over E, denoted by CS(F, A) and is defined as

CS(F, A) = {x, ucsr.a)(x), x € E}. The membership function pescra) of CS(F,A) is defined by pcsray: E = [0,1],

lya()l
Ueser,a)(X) = A

|U|
Ya(x).
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Suppose, the authority of an institution wants to give the award to the performing group of students in a Mathematics
project competition. Every group structure of three student members. Let

U= {m,, m,, ms, my, ms, Mg, m,, Mg, Mg, M4, Myq, My, } b our universal set containing 12 students. Herein the set of
parameters E is the set of certain attributes determined by the authority.

Let E ={e;, e, e3 €4 65, €4 e, €g, }, Where e; = Originality of idea and concept, e, = Relevance of the project to the

theme, e; = Understanding of the issue, e,=Data collection and analysis,es = Experimentation and validation, e, =

Interpretation and problem solving attempt, e, = Group work, eg = Oral Presentation. We construct the fuzzy soft sets

(F,E), (Fy,E), (F5,E)and (F,, E)for the 12 students under consideration as given below. The membership of the

students except m,, m, and ms in each F(e) is zero indicating that this fuzzy soft set is corresponding to the group

containing the students m;, m, and ms. In the same way, the fuzzy soft set (F,, E) is corresponding to the group

containing the students m,, ms and mg, the fuzzy soft set (F, E) is corresponding to the group containing the students
m,, mg and mq and the fuzzy soft set (F,, E) is corresponding to the group containing the students m,,, m,; and m,,.

(Fy, E)={ F1(e,) ={ (m; /0.8), (m, /0.4), (m3 /0.3), (m, /0), (ms /0), (m /0), (m; /0), (mg /0), (my /0),

(myo /0), (my4 /0), (M4, /0)},

Fy(ez) ={ (my /0.5),(m; /0.3),(m3 /0.4),(m, /0),(ms /0),(ms /0),(m; /0),(mg /0), (Mg /0), (M1, /0),(my, /0),

(my, /0)},

Fi(e3) = { (m; /0.3),(m, /0.1), (m3 /0.6),(m, /0),(ms /0),(m¢ /0),(m, /0),(mg /0), (Mg /0), (M1, /0),(my4 /0),

(my2 /0)},

Fi(e4) ={ (m /0.5),(m, /0.4),(m3 /0.6), (m, /0),(ms /0),(m¢ /0),(m; /0),(mg /0), (Mg /0), (M1, /0),(my4 /0),

(my, /0)},

Fi(es) ={ (my /0.4),(m; /0.7),(m3 /0.8),(m, /0),(ms /0), (m¢ /0),(m; /0),(mg /0), (mg /0), (M1, /0),(m1; /0),

(my, /0)},

Fi(es) ={ (my /0.7),(m, /0.8),(m3 /0.7),(m, /0),(ms /0), (mg /0),(m; /0),(mg /0), (Mg /0), (M1, /0),(my4 /0),

(my, /0)},

Fi(e7) ={ (my /0.3),(m;, /0.3),(m3 /0.3),(m, /0),(ms /0),(m¢ /0),(m; /0), (mg /0), (Mg /0), (M4, /0),(my4 /0),

(my, /0)},

Fy(es) = { (my /0.2),(m; /0.3),(m3 /0.8),(m, /0),(ms /0),(ms /0),(m; /0),(mg /0), (Mg /0) ,

(myo /0),(my1 /0), (my, /0)}.

(FZ'E) = { FZ(el) = { (ml /0)! (mZ /0)1 (m3 /0)! (m4- /03)’ (mS /07)1 (m6 /06)! (m7 /0)! (m8 /0)1 (m9 /0)1
(Mo /0), (myq /0), (my, /0)},
F,(e3) = { (my /0),(m; /0),(m5 /0),(m, /0.7),(ms /0.5),(m¢ /0.4),(m; /0),(mg /0), (nq /0), (M1, /0),(my, /0),

Fy(es) = { (my /0),(m, /0).(ms /0),(ms /0.6),(ms /0.5)(mq /0.2)(tmy /0),(ms /0), (m /0), (g /O)ij%}i
Fae) = /00 /9 /00 /05 /0 /0475 /01 /0 (/O i 0} /0
Faer) = /01 /0 /00 /081 /0.9 /0 /01 /0, (i /0 i 0} /0
Faee) = s /00 /01 /0, (1 /03) s /0:4) (e /00,07 /0 /0 /O 1 0} O
Faer) = s /0 /000, (1 /03 023 /011 /07 0 (1 /0 00
Faen) = s /0 /01 /0, (1 /03) . /03 /0.9 /07 /0 /O 0 0

(F3,E) = { F3(e;) ={ (my /0), (m; /0), (m3 /0), (m, /0), (ms /0), (ms /0), (m; /0.6), (mg /0.3), (g /0.8),
(my0 /0), (myy /0), (M2 /0)},

Fs3(ez) ={ (my /0),(m; /0),(m5 /0),(m, /0),(ms /0),(m¢ /0),(m; /0.6),(mg /0.2), (mq /0.9), (M4 /0)(:(m11/6;);:
m )

F3(e3) = { (my /0),(m; /0),(m3 /0),(m, /0),(ms /0),(m¢ /0),(m, /0.7),(mg /0.6), (Mg /0.9), (M4, /0)(1(”11211/6());:
miz )

Fs3(e4) = { (my /0),(m; /0),(m3 /0),(m, /0),(ms /0),(m¢ /0),(m, /0.9),(mg /0.7), (mq /0.8), (M4 /O)(,(mll/é());,
miz )

Fs(es) = { (my /0),(m; /0),(m3 /0),(m, /0),(ms /0),(m¢ /0),(m; /0.5),(mg /0.9), (mq /0.7), (M40 /0)(:(m11/6;);:
m )

Fs(eg) = { (my /0),(m; /0),(m5 /0),(m, /0),(ms /0),(m¢ /0),(m; /0.8),(mg /0.7), (mq /0.5), (M40 /0)(:("11211/6());:
miz )

F3(e7) = { (my /0),(m; /0),(m3 /0),(m, /0),(ms /0),(m¢ /0),(m, /0.8),(mg /0.8), (Mg /0.2), (M4 /O)(,(mll/é());,
miz )
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F3(eg) = { (my /0),(m; /0),(m; /0),(m, /0),(ms /0),(m¢ /0),(m; /0.7),(mg /0.3), (mg /0.5), (M /0),(my; /0),
y (mq2 /0)}.
an

(F4, E) = { F4(e1) = {(my /0), (m; /0), (m3 /0), (my4 /0), (ms /0), (me /0), (m; /0), (mg /0), (ng /0), (my4 /0.4),
(my4 /0.9), (my, /0.8)},
Fy(e) = { (my /0), (m; /0), (m3 /0), (m, /0), (ms /0), (mg /0), (m; /0), (mg /0), (ng /0), (my, /0.7), (ny, /0.8),

Foes) = L1 /0), 1 /0, s /0, (1 /0, (s /). (o /O, oty /O i1 /O (11 /O e /050 /05
Fu(e) = { (my /0), (my /0), (s /0), (my /0), (s /0), (s /0), (my /0), (g /0), (rmo /O), (s /gg(lr(nm/o/f/zli
Fu(es) = { (m /0), (my /0), (s /0), (s /0), (s /0), (g /0), (s /0), (s /0), (mo /0), (mso /0.7),(mss /O5),
Fyee) ={ (my /0), (my /0), (ms /0), (my /0), (s /0), (ms /0), (my /0), (g /0), (o /0), (s /OS)ij Zo:é
Foer) = s /0 (. /0, s /0 1 /0 /0, 1 0. (1 /0. /0, /0 1 /03)m3 /0
Faen) = s /0, /0, i /0, /0 1./, (0 0. (1 /0, (0, /0 s /2) s /00

CS (Fi,E) = {(e1,1.5/9), (e3,1.2/9), (e3,1.0/9), (e4,1.5/9), (es,1.9/9), (e¢, 2.2/9), (e7,0.9/9), (eg, 1.3/9).
= {(e1,0.167), (e5,0.133), (e3,0.111), (e4,0.167), (es,0.211), (e4, 0.244), (e, 0.1), (eg, 0.144).

It follows that, | CS (Fy, E)| = 0.167 + 0.133 + 0.111 + 0.167 + 0.211 + 0.244 + 0.1 + 0.144 = 1.277
CS (F, E) = {(e1,1.6/9), (e5,1.6/9), (es,1.3/9), (e4, 1.7/9), (es, 2.4/9), (es, 1.1/9), (€5, 1.2/9), (eg, 1.3/9).
= {(ey,0.178), (e,,0.178), (e, 0.144), (e,, 0.189), (e, 0.267), (e, 0.122), (e, 0.133), (eg, 0.144).

In the same way, | CS (F,, E)| = 0.178 + 0.178 + 0.144 + 0.189 + 0.267 + 0.122 + 0.133 + 0.144 = 1.355
CS (F5, E) = {(ey,1.7/9), (e, 1.7/9), (€3, 2.2/9), (€4, 2.4/9), (es, 2.1/9), (e, 2.0/9), (e, 1.8/9), (eg, 1.5/9).
= {(e;,0.189), (e,,0.189), (es, 0.244), (e,, 0.267), (e, 0.233), (es, 0.222), (&5, 0.2), (eg, 0.167).

In the same process, | CS (Fs, E)| = 0.189 + 0.189 + 0.244 + 0.267 + 0.233 + 0.222 + 0.2 + 0.167 = 1.711
CS (Fy E) = {(ey,2.1/9), (g4, 2.4/9), (es,2.1/9), (e4, 1.2/9), (es, 2.1/9), (eq, 1.5/9), (e, 1.2/9), (eg, 2.2/9).
= {(ey,0.233), (e5, 0.267), (€3, 0.233), (e4, 0.133), (e, 0.233), (eq, 0.167), (e5,0.133), (eg, 0.244).

And | CS (Fy, E)| =0.233 + 0.267 + 0.233 + 0.133 + 0.233 + 0.167 + 0.133 + 0.244 = 1.643

It is seen that the scalar cardinality corresponding to the fuzzy soft set (F;, E) is the highest. It follows that the group
consisting of the students m., mg and my is in the first rank.

4. CONCLUSION

In our work, we have put forward few new concepts of fuzzy soft sets. Some related properties have been established
with proof and examples. A decision-making problem has been considered to get the optimal solution with the help of
cardinality of fuzzy soft sets. Future work in this regard would be required to study whether the concepts put forward in
this paper yield a fruitful result.
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