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ABSTRACT
In this paper, some properties of generalized fuzzy soft equivalence relation have been discussed and finally
applications of generalized fuzzy soft relation in decision making problem have been shown. Also we present the
definition of union and intersection between two generalized fuzzy soft relations.
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1. INTRODUCTION

In real world, the complexity generally arises from uncertainty in the form of ambiguity. Uncertainty may arise due to
partial information about the problem, or due to information which is not fully reliable, or due to receipt of information
from more than one source. Fuzzy set theory, Rough set theory, Vague set, theory of probability are a mathematical
tool to handle the uncertainty arising due to vagueness. In 1965, Zadeh [9] introduced the notion of fuzzy set theory.
Later in 1999, Moldstov [7] initiated the novel concept of soft set theory. Maji, Biswas and Roy [5] studied the theory
of soft sets initiated by Moldstov [7] in 2003 and put forward definitions of equality of two soft sets , subset and super
set of a soft set, complement of a soft set. In 2009 Majumder and Samanta [6] initiated another important part, known
as Generalized Fuzzy Soft Set Theory. While generalizing the concept of Fuzzy Soft Sets, Majumder and Samanta [6]
considered the same set of parameter. But in 2012, Borah et.al [3] considering generalized fuzzy soft sets different sets
of parameters. In 2014, Borah [4] introduced generalized fuzzy soft sets in new directions.

In this paper we give the proof of some propositions of soft relation and support them with examples. We also
discussed irreflexive, equivalence relation, complement, union, intersection, Identity and some algebraic properties of
fuzzy soft relation.

2. PRELIMINARIES

Definition 2.1[7]: A pair (F, E) is called a Soft set over U if and only if F is a mapping of E into the set of all subsets of
the set U.

In other words, the soft set is a parameterized family of subsets of the set U. Every set F (8) & € E, from this family
may be considered as the set of & -approximate elements of the soft set.

Definition 2.2[5]: 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) .

Definition 2.3 [8]: A binary operation =: [0,1] x [0,1] = [0, 1] is continuous t - norm if * satisfies the following
conditions.
(i) *is commutative and associative
(ii) *is continuous
(iia*1=a Va €][0,1]
(iv) a*b < ¢ *dwhenevera <c,b <danda,b,c,d €[0,1]
An example of continuous t - normisa*b = ab.
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Definition 2.4 [8]: A binary operation $: [0,1] x [0,1] - [0, 1] is continuous t-conorm if <$satisfies the following
conditions:
(i) ¢ is commutative and associative
(if) < is continuous
(iia¢0=a va €]0,1]
(iv)a$b<c<¢dwhenevera <c,b<danda,b,c,d €[0,1]
An example of continuous t - conormisa*hb=a+ b -ab.

Definition 2.5 [5]: For two fuzzy soft sets (F, A) and (G, B) in a fuzzy soft class (U, E), we say that (F, A) is a fuzzy
soft subset of (G, B) if

(i) AcB

(i) Forall & €A F(&)C G(&)and iswritten as (F, A) € (G, B)

Definition2. 6[5]: Union of two fuzzy soft sets (F, A) and (G, B) in a fuzzy soft class (U, E) is a fuzzy soft set (H, C)
where C=AuBandVeeC,

F(e), ifeeA-B
H(g) =1G(e), ifeeB-A
F(e) uG(e), ifee AnB
and is written as(F, A)CJ(G, B): (H ,C).
Definition 2.7 [5]: 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¢(c) = (F(—0)) forallg € -4
Definition 2.8 [6]: Let F, be a GFSS over (U, E). Then the complement of F,, denoted by F#C and is defined by
F,° =G, where 5(e) = u°(e)and G(e) =F°(e), Ve E.

Definition 2.9 [3]: Let X ={X;, X5, Xg,ecerererrus , X} be the universal set of elements and E ={e;,e,,e;,........ ,€mJbe the
set of parameters. Let AcEand F:A—1Yand Abe a fuzzy subset of A i.e. 1:A—1=[01], where 1Y is the
collection of all fuzzy subsets of U. Let F: A— 1Y x| be a function defined as follows:

FﬂA(e) = (F(e),/l(e)), where F(e) e 1V .Then F/lA is called a generalized fuzzy soft set (GFSS) over (U, E).

Here for each parameter e;, FXA(ei) indicates not only degree of belongingness of the elements of U in F(e;) but also
degree of preference of such belongingness which is represented by A(g;) .

Definition 2.10[4]: The union of two GFSS FﬂAand G#B over (U, E) is denoted by F/1A V) G#B and defined by GFSS
H;s*®:AUB— 1Y x| such that for each e AUB and A, BC E

(F(e), A(e)), ifec A-B
where H ;"% (e) =4 (G(e), u(e)), ifeeB-A

(F(e)0G(e),A(e) * u(e)),ifeec AnB

Definition 2.11[4]: The intersection of two GFSS FlAand GﬂB over (U, E) is denoted by F,lA ﬁGﬂB and defined by

GFSS K;s*™®:AnB— 1Y x 1 such that for each ee AnB and A B E K;""®(e) =(K(e), 5(e)),
Wh e K(e)=F(e)*G(e),o(e) = 1(e)Ou(e) . In order to avoid degenerate case, we assume here that AN B = ¢ .

3. MAIN RESULTS

Definition 3.1: Let F;LA,GHB be a GFSS over (U, E). Then generalized fuzzy soft relation (in short GFSR) R from
F,* to G, isafunction R: AxB — 1" x| defined by

R(ea €)= F1*(62) NG, 2 (&), V(es €5) € AxB.
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Definition 3.2: If R is a GFSR from F,* to G#B then RLis defined as R (e,,e,) = R(€p,€,), V(e,,8,) € Ax B

Definition 3.3: Let R and S be two generalized fuzzy soft relations from FlA to GﬂB and G#B to H(sC respectively.
Then the composition o of R and S is defined by
(Ro S)(ea1ec) = R(eaveb)ns(ebvec)

Definition 3.4: A generalized fuzzy soft relation R on F/IA is said to be generalized fuzzy soft reflexive relation if
R(e,,e,) = R(e,,e,) and R(e,,e,) = R(e,,e,),Ve,,e, € A

Definition 3.5: A generalized fuzzy soft relation R on F/lA is said to be generalized fuzzy soft symmetric relation if
R(e,.e,) =R(e,,e,), Ve,,e, € A

Definition 3.6: A generalized fuzzy soft relation R on FﬂA is said to be generalized fuzzy soft transitive relation if
ReRcR

Definition 3.7: A generalized fuzzy soft relation R on FlA is said to be generalized fuzzy soft irraflexive relation if
R(e,.e,) z R(e,,e,) and R(e,,e,) « R(e,,e,),Ve,,e, € A

Definition 3.8: A generalized fuzzy soft relation R on FlA is said to be generalized fuzzy soft equivalence relation if
it is reflexive, symmetric and transitive.

Proposition 3.1: If a generalized fuzzy soft relation R is reflexive then R™ is also reflexive.

Proof: R™'(e,,e,) = R(e,,e,) = R(e,.e,) =R (e,,e,)
And R(e,,e,) =R(e,,e,) = R(e,.e,) =R™(e,,e,)

-1 . .
Hence R™ is reflexive.

Proposition 3.2: A generalized fuzzy soft relation R is Symmetric if and only if R = R™

Proof: Let R is symmetric, then
Ril(eaveb) = R(eb’ea) = R(ea7eb)
So, R=R™

Conversely, let R = R~ then
R(ea’eb) = Ril(ea’eb) = R(eb’ea)

So R is Symmetric.

Proposition 3.3: A generalized fuzzy soft relation R is Symmetric if and only if the R™is symmetric.

Proof: Let R is symmetric, then

R™(e,.e,) =R(e,,e,) =R(e,,e,) =R'(e,,&,)
So R is Symmetric.

Conversely, let R™is symmetric. Then

R(e,.e,)=(R™)(e,.e,) =R*(e,,e,) =R7'(e,.e,) = R(e,,&,)
So R is Symmetric.
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Proposition: 3.4. If a generalized fuzzy soft relation R is transitive then R is also transitive.

Proof:
R_l(ea’eb) = R(eb’ea) = (R ° R)(eb’ea) = R(eb’ec) M R(ec’ea) = R(ec’ea)ﬂ R(eb'ec)

= Ril(eavec) ﬂ Ril(ec’eb) = (R71 ° Ril)(ea’eb)
Therefore R*o R c R,
Proposition 3.5: If a generalized fuzzy soft relation R is transitive then R o R is also transitive.
(R ° R)(ea1eb) = R(eavec)m R(ec1eb) = (R °e R)(ea’ec) M (R ° R)(ec’eb) = (R ° R ° R ° R)(ea’ec)

(ReR)(e,,e,) =R(e,,e.)NR(e.,e,) 2 (RoR)(e,,e.) " (ReR)(e,,e,) = (RoRoRoR)(e,,e.)
Therefore RocRoRoRc RoR.

Proposition 3.6: If R and S are on symmetric generalized fuzzy soft relation FlAthen R o S is symmetric on FlAand
thenifand onlyif RoS =SoR.

Proof: Since R and S are symmetric. Therefore R™* =R,S™* =S .

Now
(RoS)™" =S™"oR™. S0 RoS issymmetric.

Conversely,
(RoS)_1 =S7oR'=SoR=RoS.

Hence R o S is symmetric.
Proposition 3.7: If R is symmetric and transitive generalized fuzzy soft relation then R is reflexive.

Proof:
R(e,,e,) 2 (RoR)(e,,e,), Since R is transitive.

= R(ea’eb)ﬂ R(eb’ea) = R(ea’eb)m R(ea’eb) = R(ea’eb)

Similarly, R(e,,e,) 2 R(e,,e,)
Hence the proof.

Proposition: 3.8: If S be a generalized fuzzy soft equivalence relation on FlAthen S o S is also equivalence relation.

Proof: Since S is a generalized fuzzy soft equivalence relation therefore S is reflexive, symmetric and transitive.

Now
(S ° S)(ea’eb) - S(ea’ea)

~ S o Sisreflexive.

Again
(S OS)(ea’eb) = S(ea’ec)ﬁs(ec’eb) = S(ec'eb)ﬁs(ea’ec)

= S(eb7ec)ﬁs(ec’ea) :(S OS)(eb’ea)

since S is symmetric

~ S o Sis symmetric.
(SoS)(e, &) =S(e,.&)NS (e, &) 2 (SS)(e, ) A (S S)(e, )

=(S°SoS°S)(e,.8,)

~S0S0505cSoS
~ SoSis transitive.
Hence So S is equivalent relation.
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Proposition: 3.9: If S be a generalized fuzzy soft equivalence relation on FlA then S *is also equivalence relation.

Proof:

S(e,.e,)=S(e,.e,) = S(e,.e,) =S "(e,,e,), since S is reflexive

Sil(eb’ea) = S(ea7eb) - S(ea’ea) = Sil(ea’ea)1

S s reflexive

S7(e,,e,) =S(e,,e,) =S(e,,&,) =S '(e,,€,), since S is symmetric

S is symmetric.

S™(e,,&,)=S(e,.e,) 2(S°S)(e,.e,)=S(e,,e ) S(e,.e,)
=S(e,,e,)NS(e,.e.)=5"(e, &) S (e, e)
=(S"oS™)(e,,8,)

sTosT es™

= §7" is transitive

Thus S~ is equivalence relation.

Definition 3.9: Let R and S be two generalized fuzzy soft relations from A to B. Then R < S is defined as follows
R(ea’eb) < S(ea’eb) N (FR (ea7eb) < GS (ea’eb)!ﬁ’R (ea’eb) 2 /uS (ea’eb)) 1v(ealeb) € AX B

Definition 3.10: Let R be a generalized fuzzy soft relation from A to B. Then complement of R is denoted by R® and it

is defined as follows
R® (,.8,) = (FRC (ea7eb)’ﬂ“RC(ea’eb)) ,V(e,,e,) € AxB

Definition 3.11: Let R and S be two generalized fuzzy soft relations from A to B. Then RUS,RNS are defined as

follol/vs
(RUS)(e,.8,) = (Fr(e,,6,)0Gs (e,,8,), Ar (€4,8,) * 115 (€,,€,))
(R A S)(ea’eb) = (FR (eaveb) *Gg (ea’eb)’ﬂ'R (ea’eb)oﬂs (ea’eb)) 7v(ea’eb) € AxB

Proposition 3.10: Let R and S be two elements of GFSR (A x B)
(i) R<RUS,P<RUS
(i) R=RNS,P>RNS
(i) R<S=R*'<S™*
(iv) (RNS)*'=R*NS™
(v) (RUS)'=R*US™

Proof:
(i) We have
(RUS)(e,,8,) = (Fr(e,,8,)0Gs (€,,8,), Az (€4, 8,) * 145 (€,,€,))
By definition of t-norm and t-co norm
Fr(€a,€,)0Gs (e5,€,) = Fr(€,,€p)

ﬂ“R(ea'eb)*:uS (ea'eb) Sj’R(ea’eb)

Therefore, by definition of <
(R U S)(ea’eb) 2 R(eaveb)

Hence

R<RUS
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(i) similar to (i)
(iii) R(e,,ep) <S(e,,6y) = (Fr(ey.ep) <Gg(e,,6p) Ar(€4.8p) = s (e,,€,))
= (Fra(ey.8,) <Gguley.€,) Aga(8h.€5) = 1 (e, €,))

= R™(e,.e,)<S'(e,,6,) >R <S™

HENCER<S—=R*'<S*

(iv) (RAS)(es.0,) =(RNS)(ey.e,) = (Fr(ey.€,) *Gg (€. €4), Ar (€, 84)0us (€5, €,))
= (FRfl (eq.8p) * Gsfl (€a.€p), /1Rfl (€48 )O/usfl CN=Y)

=(RTNS™)(e,.8)

Hence

RNAS)*=RTNS™

(v) Similar to (iv).

Proposition 4.11: Let P, R and S be three elements of GFSR (A x B)
(i) f R<Sthen RoP<SoP
(i) f R<Sthen RoR<SoS

Proof:
(I) R(ea7eb) S S(ea7eb) = (FR(ea’eb) SCBS (ea’eb)’j’R(eaUeb) 2 ,us (ea'eb))
= (Fr(e,.6,)*Hp(ey,6.) <Gg(e,,8,) * Hp(ey,8,.), Az (6,,€,)055 (8, €.) 2 15 (8,,€,)055 (€, €,))
= R(e,.&,) N P(e,.,) <S(e,.&) NP(e, €,)
= (RoP)(e,,e.)<(S-P)e,,e,) >RoP<SoP

Hence R < S then RoP<SoP
(if) Similar to (i).

Definition 3.12: A generalized fuzzy soft relation is said to be a generalized Identity fuzzy soft relation, denoted by A ,
if
A, (e) =(F(e),1(e)) Where F(e) =11(e)=0,vee ACE

It is clear from our definition that the generalized fuzzy soft absolute set is also not unique in our way, it would depend
upon the set of parameters under consideration.

Proposition 3.12:
M) A =A"
(i) ReA, =A, oR=R

Proof:
(i) Itisobvious.

(i) (RoA))(e, )
= R(ea’eb)ﬁAl(ebvec)
=(FR(ea7eb)*1’/1R(ea’eb)<>0)
=(FR(ea’eb)'2’R(ea1eb))
= R(e,.e.)
RoA, =R

Similarly we prove that
RoA, =A, oR=R_
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4. AN APPLICATION OF GENERALIZED FUZZY SOFT RELATION IN A DECISION MAKING
PROBLEM

In this section, we present an application of generalized fuzzy soft relation in a candidate’s selection of an interview.
4.1: Algorithm:

Step-1: Construct the generalized fuzzy soft sets for each set of parameters.

Step-2: Construct the generalized fuzzy soft relation.

Step-3: Compute F(e)* A(e)

Step-4: Compute the total Score of each Candidate.

Step-5: Find the lowest Score.

Suppose U ={c,,¢C,,C3,C,,Cs5} be the five candidates appearing in an interview and E ={g, (enterprising), e, (confident),

e, (wiling to take risk)} be the set of parameters. Suppose two experts X and Y take interview of the five

candidates and they consider different set of parameters and the following generalized fuzzy soft sets are constructed
accordingly,

F,”(e)=({c,/0.3,C,/0.7,C5/0.5,C, /0.2,C5 /0.1},0.6),

FlA(ez) = ({Cl /0.8,C,/0.3,C;/0.1,C,/0.9,C, /0.6},0.2)
And

G,%(e)=(c,/0.4,C,/0.2,C5/0.3,C,/0.7,C5/0.3},0.4),
G,"(e5)=({C,/0.6,C,/0.4,C,/0.3,C,/0.4,C5/0.6},0.7)

Now, the foIIowing generalized fuzzy soft relations are constructing
R‘A“B( ({C /012C/014C/015C/014C/003 ,0.76

R; AmB(el,e) ({c,/0.18,C,/0.28,C,/0.15,C, /0.08,C, /0.06},0.88).
R, (e,.¢) =({C,/0.32,C, /0.06,C,/0.03,C,/0.63,C, /0.18},0.52)
R,*"®(e,.e,) =({C,/0.48,C,/0.12,C,/0.03,C,/0.36,C; /0.36},0.76)

C c, Cs Cy Cs
(e,,8,) |0.0912 | 0.1064 | 0.114 | 0.1064 | 0.0228
(6;,€3) | 0.1584 | 0.2464 | 0.132 | 0.0704 | 0.0528
(e,,8,) | 0.1664 | 0.0312 | 0.0156 | 0.3276 | 0.0936
(e,,€5) | 0.3648 | 0.0912 | 0.0228 | 0.2736 | 0.2736

Table-1
Candidates | Total Score
C; 0.7808
C, 0.4752
Cs 0.2844
(o 0.778
Cs 0.4428
Table-2

It is clear that the lowest score 0.2844, scored by C5and the decision is in favor of selecting C5
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5. CONCLUSION

In this paper we discussed the fuzzy soft set and extend the concept of relation in fuzzy soft set theory. We also
establish some properties of fuzzy soft relation such as symmetric, transitive, reflexive, irreflexive, equivalence etc.
Also we present the definition of union and intersection between two fuzzy soft sets with a new approach.
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