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ABSTRACT

Application of fuzzy soft sets in decision making problems is one of the most recent topics developed while trying to
solve real life problems in an imprecise environment. It has been accepted that for the complement of a fuzzy soft set as
initiated by Maji, the set theoretic axioms of contradiction and exclusion are not valid. In this context, Neog and Sut put
forward a new definition of complement of a fuzzy soft set and showed that all the properties of complement of a set in
classical sense are satisfied by fuzzy soft sets also according to the proposed definition of complement. In this paper,
we have applied our new notion of complement of a fuzzy soft set to obtain the solution of a decision problem in an
imprecise environment. Our work is an attempt to apply our notions of fuzzy soft complement and fuzzy soft matrix
together with a new fuzzy matrix operation “addition” in a decision making problem.
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1. INTRODUCTION:

In the Zadehian theory of fuzzy sets [11], the classical set theoretic axioms of contradiction and exclusion are not
satisfied. H. K. Baruah [1] reintroduced the notion of fuzzy sets in a different way and put forward an extended
definition of fuzzy sets. According to him, two functions, namely fuzzy membership function and fuzzy reference
function are necessary to represent a fuzzy set completely. The fuzzy membership value is the difference between the
fuzzy membership function and the fuzzy reference function. Accordingly, the definitions of union and intersection of
fuzzy sets have been proposed. The notion of complement of a fuzzy set has been given a new look and using this new
definition of complement, the classical set theoretic axioms of contradiction and exclusion are found to be valid for
fuzzy sets also [1]. Neog and Sut [6,7] further modified the notions initiated by Baruah [1] to avoid degenerate cases
and generalized the notion of union and intersection of fuzzy sets taken over different universes [10].

In 1999, Molodstov [5] initiated the notion of soft sets and later in 2003, Maji [3] put forward a hybrid model known as
fuzzy soft set, which is a combination of soft set and fuzzy set. Neog and Sut [7,8] showed with counter examples that
the axioms of contradiction and exclusion are not valid in case of soft sets and fuzzy soft sets if we use the notion of
complement initiated by Maji [3,4]. Accordingly, in [7,8], Neog and Sut put forward new definitions of complement of
soft sets and fuzzy soft sets and showed that all the properties of complement of a set are satisfied by soft sets and fuzzy
soft sets according to the proposed definition of complement.

Matrices play an important role in the broad area of science and engineering. However, the classical matrix theory
sometimes fail to solve the problems involving uncertainties, occurring in an imprecise environment. In [9], Neog and
Sut proposed a matrix representation of a fuzzy soft set and successfully applied the proposed notion of fuzzy soft
matrix in medical diagnosis using fuzzy soft complement initiated in [7]. In this paper, we have defined the “addition
operation” for fuzzy matrices and an attempt has been made to apply our notion in solving a decision problem.

2. PRELIMINARIES:

In this section we furnish below some earlier works on soft sets, fuzzy soft sets and fuzzy soft matrices in brief.
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Definition: 2.1[5] 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(€),£€ 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.

Definition: 2.2[3] A pair (F, A) is called a fuzzy soft set over U where F : A — 13(U ) is a mapping from A into P ) .

Definition: 2.3[7] A fuzzy soft set (F, A) over U is said to be null fuzzy soft set (with respect to the parameter set A),
denoted by @ if Vee A, F(¢€) is the null fuzzy set .

Definition: 2.4[7] A fuzzy soft set (F, A) over U is said to be absolute fuzzy soft set (with respect to the parameter set
A), denoted by A if Vee A, F (&) is the absolute fuzzy set U.

Definition: 2.5[7] 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 (@) =[F(a)|", Vae A.

Definition: 2.6[9] (Matrix Representation of a Fuzzy Soft Set) Let U ={c;,¢5,C3,cvivirinnnee. c,,} be the universal set
and E be the set of parameters given by E={e;,e,,€5,cccceerrnrnucnnn e,}. Then the fuzzy soft set (F , E) can be

expressed in matrix form as A = [a or simply by [aij] Li=123 m;j=123............. n and

i1
ij dmxn
a; = (,u (e, ,ujz(c,-)) ; where 4 (c;) and p;,(c;) represent the fuzzy membership function and fuzzy reference
function respectively of ¢; in the fuzzy set F(e;) so that 5,-]- (c;)=#j(c;)—Hj(c;) gives the fuzzy membership
value of ¢; . We shall identify a fuzzy soft set with its fuzzy soft matrix and use these two concepts interchangeable.

The set of all mxn fuzzy soft matrices over U will be denoted by FSM .., .

Example: 2.1[9] Let U ={c,,c,,c5,c,} be the universal set and E be the set of parameters given by E={e,,e,,e;}.
We consider a fuzzy soft set

(F.E) ={F(e;)={(¢,.0.7.0).(c;,0.1,0).(¢3.0.2,0).(c,.0.6,0)},
F(ey)={(c;.0.8,0).(c,,0.6,0),(c;.0.1,0).(c, .0.5,0)},
F(e3)=1(¢;,0.1,0),(c;,0.2,0),(c5.,0.7,0),(c,,0.3,0)}}

We would represent this fuzzy soft set in matrix form as

(0.7,0) (0.8,0) (0.1,0)
_1(0.1.0) (0.60) (0.2,0)
95163 =1 (02.0) (0.10) (0.7.0)
(0.6,0) (0.50) (0.3,0)

4x3

Definition: 2.7[9] We define the membership value matrix corresponding to the matrix A as MV(A)= [S(a)ij Jmxcn »
where 5(A),~j = ,ujl(c,.)—ujz(c,.) Vi=123.....m and j=1,2,3......,n , where Hj (c;) and Ui (c;) represent the fuzzy

membership function and fuzzy reference function respectively of ¢; in the fuzzy set F(e;).

3. FUZZY SOFT SETS IN DECISION MAKING:

Definition: 3.1 Let U ={c;,¢5,C3,cveviiinnnnee. c,,} be the universal set and E be the set of parameters given by
E={ej,ey,€5 e,} . Let the set of all mxn fuzzy soft matrices over U be FSM ., . Let A, Be FSM
where A= la,-j] La; = (/tjl(ci)’/ujZ(ci)) and B= [b:jJ

mxn MXn

assume that min(/1 (e X (c,-))Z max(,ujz(ci), ij(c,-)) for all 7 and j. We define the operation ‘addition (+)’ between
A and B as

mxXn °

by =(Zj1(ci),;(j2(ci)). To avoid degenerate cases we
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A+ B=C,where C= lc,-j men,cl-j = (max(,ujl(cl«),)(ﬂ(c,-)lmin(/tjz(c,-),)(jz(ci)))
If p£;,(c;)=X2(c;)=0 Vi, j , then our definition reduces to

A+ B=C, where C = [cl:/-J

mxn

¢ = max(g; (), 71 (c;)) min(0,0))
= (max(/“ljl () Xjn (c))o)
= max(;l (e, X (c,-)), which is the definition of addition (max) of

two fuzzy matrices [2] in the usual sense where fuzzy reference function is 0.

Example: 3.1 Let U ={c,c,,c3,c,} be the universal set and E be the set of parameters given by E ={e, ,ez,e3}. We
consider the fuzzy soft sets

(F.E) ={F(e;) ={(c,.0.3.0.0).(c,.0.5,0.1),(c;.0.6.0.3).(c,.0.5,0.0)},
F(ey) =1(¢;,0.7,0.1),(¢,,0.9,0.5),(c5,0.7,0.1),(c,.,0.8,0.2)},
F(e3) ={(¢,:0.6,0.2).(c,.0.7,0.0).(¢5.0.7,0.2). (c,.,0.3,0.0)}}

(G.E) ={G(¢)) ={(¢,.0.8,0.1).(c,.0.7.0.2).(c;.0.5.0.2).(c,.0.4,0.1)},
G(ey) ={(¢;,0.9,0.0).(c,,0.9.0.0).(c;,0.8,0.0),(c,.0.7,0.0)},
G(es) ={(¢,,0.5.0.3),(c,,0.9.0.1),(c;.0.6,0.1), (c,,0.8,0.3)}}

The fuzzy soft matrices representing these two fuzzy soft sets are respectively

(0.3,0.0) (0.7,0.1) (0.6,0.2) (0.8,0.1) (0.9,0.0) (0.5,0.3)
_050.1) (0.9.0.5) (0.7,0.0) _1(0.7,02) (0.9,0.0) (0.9.0.1)
4=10603) (07.00) 0702)] ™ F=(0502) 0.800) (0.60.1)
(050.0) (0.802) (0.30.0)],, (0.40.1) (0.7.00) (0.80.3)],
(0.8,0.0) (0.9,0.0) (0.6,0.2)
(0.7,0.1) (0.9,0.0) (0.9,0.0)
Here A+B=10602) (080.0) (07.0.1)
(0500) (0.8,0.0) (0.80.0)],

Proposition: 3.1 Let A,B,Ce FSM,,,,, . Then the following results hold.

@) A+B=B+A ( Commutative Law)
(ii) A+B)+C=A+ B+ C) (Associative Law)

Proof: The proof is straight forward and follows from definition.

Definition: 3.2 Let A,Be FSM,,,, . Let the corresponding membership value matrices be MV(A):lé'( A>UJm><n and
MV(B)=|8.4;]

’
mxn

Sam = oy Imxn where p; =64y = () -

=123 m;j=123 i n. Then the score matrix S(a.p) would be defined as

Definition: 3.3 LetA,Be FSM . Let the corresponding membership value matrices be MV(A):lé'( A)ii]an’
MV(B) =84 ]

e respectively and the score matrix be S = Ip,] Jan , 0= 1,230 m ; j =
n
1230 n. Then the total score for each ¢; in U would be calculated by the formula S; = Z Pij
j=1
Suppose U is a set of certain number of cities, E is a set of parameters related to healthy environment of a city which
vary with time. We construct a fuzzy soft set (F, E) over U representing the healthy environment of the cities at an

instant #, where F'is a mapping F:E — F ), F (U) is the set of all fuzzy subsets of U. We further construct another
© 2011, IUIMA. All Rights Reserved 2260
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fuzzy soft set (G, E) over U representing the healthy environment of the cities at an instant 7 /. The matrices A and B
corresponding to the fuzzy soft sets (F, E) and (G, E) are constructed. We compute the complements (F,E) and
(G,E) and write the matrices A and B corresponding to (F,E) and (G,E)" respectively. Using definition 3.1 we
compute A + B, which represents the maximum membership of healthy environment of the cities between the time
instances 7 and ¢/ and then compute A+ B which represents the maximum membership of non - healthy environment
of the cities between the time instances 7 and ¢ . Using definition 2.7, we compute MV(A+B) and MV (Z +E) The

score matrix S ( is constructed using definition 3.2 and the total score S; for each c; in U is calculated using

A+B),(4+B))
definition 3.3. Finally we would find S, =max(Si) , then we conclude that the city ¢, has the maximum healthy
1

environment between the time instances ¢ and 7’ respectively. If S, has more than one value, the process is repeated by
reassessing the parameters for healthy environment.

4. ALGORITHM:

1. Input the fuzzy soft matrices (F LE ) and (G, E ) Also write the fuzzy soft matrices A and B corresponding to (F JE )

and (G,E) respectively.

2. Write the fuzzy soft matrices (F,E) and (G,E) . Also write the fuzzy soft matrices A and B corresponding to

(F,E) and (G.E) respectively.

3. Compute A + Band MV (A + B).

4. Compute A+ B and MV (A+B).

5. Compute the score matrix S, ((a+8),(3+5)"

6. Compute the total score S; for each ¢; in U.

7. Find S, Zmax(S,-) , then we conclude that the city ¢; has the maximum healthy environment between the time
l

instances ¢ and ¢/ respectively.

8. If S; has more than one value, then go to step (1) and repeat the process by reassessing the parameters for healthy
environment.

5. APPLICATION IN A DECISION MAKING PROBLEM:

Let(F,E) and (G,E)be two fuzzy soft sets representing the healthy environment of four cities U ={c,,¢,,c3.¢,} at

instants 7 and 7/ respectively. Let E = {e] (less — Crowdness), e,(Noise — free),e,(non— POllutiOI’l)} be the

set of parameters which would vary with time.

(F,E) ={F(e;) ={(¢,.0.7.0).(¢,,0.5.0).(¢3,0.1,0), (¢,.0.6,0)},
F(ey) ={(¢,,0.9,0).(c,.0.6,0).(c5,0.5,0).(c,,0.7,0)}
F(e3) ={(¢;,0.5,0),(c,,0.4,0),(c3,0.4,0), (c,,0.9,0)}}

(G,E) ={G(e;) = {(c;.,0.6.0).(c,.0.4.0).(c3,0.3,0).(c,,0.5.0)}
G(ey) ={(;,0.8,0).(c,.,0.9,0),(c5,0.7,0).(c,.,0.3,0)}
G(e3) ={(¢;,0.5,0),(c,,0.9,0), (¢5,0.1,0), (c,,0.6,0)}}

These two fuzzy soft sets are represented by the following fuzzy matrices respectively.

€ € €3 4 23 es
¢ |(0.7,0) (0.9,0) (0.5,0) ¢;1(0.6,0) (0.8,0) (0.5,0)
A:CZ (0.5,0) (0.6,0) (0.4,0) and B:c2 0.4,0) (0.9,0) (0.9,0)
c;1(0.1,0) (0.5,0) (0.4,0) c31(0.3,0) (0.7,0) (0.1,0)
¢, ](0.6,0) (0.7,0) (0.9,0) c4](0.5,0) (0.3,00 (0.6,0)

The fuzzy soft sets representing the non-healthy environment of the four cities U ={c,,¢,,¢3.¢,} at instants  and ¢’
respectively are given by
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(F.E) ={F<(e;) = {(c,.1.0.7).(c2.1,0.5).(c5.1,0.1). (c;.1.0.6)},
F¢(ey) ={(¢;,1,0.9).(c;.1,0.6).(c3.1,0.5).(c,.1,0.7)}
F¢(e3) =1{(c;.1,0.5).(c,.1,0.4),(c5.,1,0.4), (c4,1,0.9)}}

(G.E) =16°(e) = {(c,.1.0.6)(¢5.10.4).(¢3,1,0.3). (c,10.5)}
G (ey) =1{(¢;.1,0.8).(c,.1,0.9).(¢3,1,0.7). (c,,1,0.3)}
G“(e3) =1{(c;,1,0.5),(c,.1,0.9), (c5.1,0.1). (c, ,1,0.6)}}

These two fuzzy soft sets are represented by the following fuzzy matrices in order.

€ € €3 € € €3
1 (1,0.7) (1,09 (1,0.5) ¢ | (1,0.6) (1,0.8) (1,0.5)
chz (1,0.5) @1,0.6) (1,0.4) and Ezcz (L,0.4) (1,0.9) (1,0.9)
3| (L0.1) (L,0.5) (1,0.4) c;| (1,0.3) (L,0.7) (1,0.1)
cy| 1,0.6) (1,0.7) (1,0.9) ¢y | (1,0.5) (1,0.3) (1,0.6)

Then the fuzzy soft matrix A + B represents the maximum membership function of healthy environment of the cities
between the time instances 7 and 7.

The membership value matrix MV (A + B) gives the respective membership values for healthy environment of the
cities.

e e, e; e e e
¢ [(07,0) (09.0) (0.50) 07 09 0.5
510500 (09.0) (09,0 5105 09 09

A+ p =2 020 OO O30 (a4 p)=©
o030 070 040 ;103 07 04
] (060) (0.7,0) (0.9.0) |06 07 09

Again the fuzzy soft matrix A+B represents the maximum membership function of non - healthy environment of the
cities between the time instances 7 and 7.

The membership value matrix MV (A+B) gives the respective membership values for non - healthy environment of
the cities between the time instances ¢ and ¢,

€ € €3 e e e

o [106) (108) (10.5) o[04 02 05

—— 6|(104) (10.6) (104 ) |06 04 06
A+ HOD AOOAODT (a4 B)=

| (L0 (1L0.5) (1L0.1) ¢[09 05 09

¢ (10.5) (10.3) (10.6) ¢,[05 07 04

We now calculate the score matrix S(( ) and total score for healthy environment of each city.

A+B),(a+B

e e €3
o[ 03 07 04
6|01 05 03

(a+mrla+B) = .| —06 02 -05
01 0 05

N

S |14
S,10.7
S, |-0.9
S,]0.6

Total score for healthy environment:
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We see that S; has the maximum value and thus conclude that the city c¢; has got the highest total score and hence the

city having the most healthy environment among all the cities between the instances ¢ and ¢ .

6. CONCLUSION:

We have applied the notion fuzzy soft matrices and complement of fuzzy soft sets in a decision making problem. We
hope that our work would enhance this study on fuzzy soft sets as well as matrices.
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