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Abstract. In this paper, we emerge the theme that village iif more advantages for
Human beings so as to lead a healthy life, beciiseningled with the beauty of nature
in all aspects. But at the same time modern lifeoins and cities will not have natural
embedded life. We create awareness to migrantsigedpiowns and cities to avoid
dense populations in the city and in spite of istay in the village itself by utilising the
available facilities and thereby we extend thedfiey using fuzzy soft matrices. Further
we also approach in the sector of addition and iplidation factors of fuzzy soft
matrices based on reference function.
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1. Introduction

In 1965, Zadeh [15] first introduced the concepffufzy set theory. In 1999, soft set
theory was firstly introduced by Molodtsov [5] ageneral mathematical tool for dealing
with uncertain, fuzzy, not clearly defined objedis.2001, Maiji, Biswas and Roy [3]
studied the theory of soft sets initiated by Mosmit [5] and developed several basic
notions of soft set theory. In 2009, Ahmad and WhEi] revised the result of Maji[3]. In
2011, Neog and Sut [13] have defined the additiperation for fuzzy soft matrices and
an attempt has been made to apply our notion wirgph decision making problem. In
2012, Cagman and Enginoglu [2] defined fuzzy sdditrines and constructed decision
making problem. In 2012, Rajarajeswari and Dharsdlak [6] introduced the application
of similarity between two fuzzy soft sets baseddistance. In 2012,Neog, Bora and Sut
[14] Combined fuzzy soft set based on referencetfan with soft matrices. In 2013,
Dhar [4] applied this concept to fuzzy square matmd developed some interesting
properties as determinant, trace and so on. In,Z8MR&imi et al. and Dhar [7] introduced
an application of fuzzy soft matrix based on reafieee function in decision making
problem is given. In 2014, Sarala and Rajkumariif®oduced intuitionistic fuzzy soft
matrices in agriculture and issued [9] intuitioitisfuzzy soft matrices in medical
diagnosis and also introduced [10] Role model servendered to orphans by using
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fuzzy soft matrices and also[11] established chara®f fuzzy soft matrices. Further, In
2015, Sarala and Rajkumari [12] introduced drugditch effect in medical diagnosis by
using fuzzy soft matrices. In this paper, we pregb$uzzy soft matrix theory and
extended its characteristic features of humarblfeising fuzzy soft matrices.

2. Preliminaries
In this section, We recall some basic importaniomobf fuzzy soft set and defined
different types of fuzzy soft set.

Soft set. [5] Let U be an initial universe set aritl be a set of parameters. LRfU)
denotes the power set Of Let ACE. A pair (F,, E) is called a soft set ovér, where
F,is a mapping given b¥,: E - P(U) Such thaF,(e) = ¢ if ellA.

HereF, is called approximate function of the soft €&t E). The setF,(e) is
called e-approximate value set which consist aiteel objects of the parametetke In
other words, a soft set ovaris a parameterized family of subsets of the use8t

Example 2.1. Let U = {uq,u,,u3u,} be a set of four types of ornaments and

E={Costly(e,),Medium,),Cheapé;)} be the set of parameters. 4={e,,es}SE. Let

Fy(e1)={uq,uz,uy} and Fy(es)={uq,uy us, u,}. Then we write the soft set
(Fq, E)={(e1.{uq,uz, uq}),(e3, {ug,uy, uz,u })} over U which describe the

“Quality of Ornaments” Which Mr.Z is going to buy.

We may represent the soft set in the following form

U | Costlyle,) | Medium(e,) | Cheapé;)

Uy 1 0 1

U, 1 0 1

Ug 0 0 1

Uy 1 0 1
Table2.1.1:

Fuzzy soft set [3] Let U be an initial universe set afidbe a set of parameters. I4CE.
A pair (F4,E) is called a fuzzy soft set (FSS)oWerwherd”, is a mapping given
by,F,:E — IV, where IV denotes the collection of all fuzzy subset# of

Example 2.2. Consider theexample 2.1., here we cannot express with only two real
numbers 0 and 1, we can characterized it by a mestipefunction instead of crisp
number 0 and 1, which associate with each elemeatl number in the interval [0,1].
Then ¢4, E)={F4(e1) ={(u4,0.7),2,0.6),014,0.5)},
F,(e3)={(u4,0.3),@,,0.4),(3,0.1),0,,0.8)}} is the fuzzy soft set representing the
“Quality of Ornaments” which Mr.Z is going to buy.

We may represent the fuzzy soft set in the follgniorm:

U | Costlyle;) | Mediume,) | Cheapé;)

Uy 0.7 0.C 0.2

U, 0.€ 0.C 0.4

Us 0.C 0.C 0.1

Uy 0.t 0.C 0.¢
Table2.2.2:
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Fuzzy soft class [6] Let U be an initial universe set atlbe the set of attributes. Then
the pair(U, E) denotes the collection of all fuzzy soft setslbnvith attributes fromg
and is called a fuzzy soft class.

Fuzzy soft subset [6] For two fuzzy soft set§F,,E) and (Gg, E) over a common
universelU, we have £,, E) U (Gg,E) if ALIB and [J e € A,F,(e) is a fuzzy subset of
Gg(e). i.e, F4, Eis a fuzzy soft subset o, E).

Fuzzy Soft Complement set [13] The complement of fuzzy soft séf,(E) is denoted by
(F4, E)° is defined by £y, E)° = (F,, E), whereF,: E — IV is a mapping given bi, (e)
=[F,(e)]°, e €E.

3. Feature of fuzzy soft matrices
In this section, we put forward the notion of fuznft matrices with several types based
on reference function.

Matrix representation of a fuzzy soft set: Let U = {uy,uy, us, -+, uy} be the universal
set andE' be the set of parameters given by {e;, e, e3,::+, e,}. Then the fuzzy soft
se(F,,E) can be expressed in matrix form As= [a{}]anor simply by [a{}], i=
1,2,3,+,m;j = 1,2,3,,n and [afl] = [(ufl,y/)]; where ufi andy/ represent the
fuzzy membership function and fuzzy reference fiamctespectively oiy; in the fuzzy
set Fy(e;) so thats/ = uft —y# gives the fuzzy membership value wf We shall
identify a fuzzy soft set with its fuzzy soft matriand use these two concepts
interchangeable. The set of all x n fuzzy soft matrices ovet/ will be denoted by
FSM,,..,. For usual fuzzy sets with fuzzy reference funct it is obvious to see that

al = (ufk, 0)vi,j.

Example 3.1. LetU = {u;,u,,u3} be the universal set aritibe the set of parameters
given byE = {e;,e;,e3}.we consider a fuzzy soft set
(Fa, E) = {Fa(e1) = {(u1,0.5,0), (uz,0.3,0), (u3,0.2,0)},
I:"A(ez) = {(u4,0.7,0), (u,0.1,0), (u3,0.9,0)},
F,(e3) = {(uq,0.4,0), (uy,0.6,0), (u3,0.8,0)}}
We would represent this fuzzy soft set in matrisofas

050) (070) (040)
[af]s: = | (030) (010) (060)
(020) (090) (080)]

M ember ship value matrix: The membership value matrix corresponding to ta&imA
as MV (A) = [6/jlmxnWheresfj = ufj —y/ivi = 1,2,3,--,mandj = 1,2,3,--,n, where
,uf} and y{}- represent the fuzzy membership function and fuefgrence function

respectively of; in the fuzzy sef, (e)).
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Zero fuzzy soft matrix: Let A = [au] € FSMan,whereaU = (#U.VU) Then 4 is
called a fuzzy soft zero (or Null) matrix denoteg[B],,x,, or simply byp], if 6{}- =0
for alli and. For usual fuzzy set8/l = pfi vi,j.

I dentify fuzzy soft matrix: Let 4 = [a\] € FSMyyxn, wherea?t = (ufl,v/). Then 4 is
called a fuzzy soft unit or identity matrix dendtey [[] if m = n, a{} = (u{},y{‘}) for all
i i]anda” = (1,0) i. e§A =1,Vi=]j.

Fuzzy soft square matrix: Let A = [au] € FSmen,whereaU = (ufy ,y{}). If m=n,
thend is called a fuzzy soft square matrix.

Complement of Fuzzy Soft Matrix: Let A = [(u{‘},O)] € FSM,,«,,, according to the
definition in [4], thend is called fuzzy soft complement matrixAf = [(1,;1;‘;- N mxnfor

all uf € [0.1].

(060) (050)

Example 3.6. Let A = [
040) (030)

} be fuzzy soft matrix based on reference

function, then the complement of this matrixdis= {

(1L06) (10-5)}
(L04) (103]

Addition of fuzzy soft matrices. LetU = {uy,u,,us3, -, u,,} be the universal set aritl
be the set of parameters givenmy= {e,,e,,e3,:*,e,}. Let the set of alin x n fuzzy soft

matrices overJ be FSmen Let A, BLIFSM,,y,,, WhereA = [a ”]mxn, a” = (uU,yU)
and B—[bg]mxn, _(“u'Vu) To avoid degenerate cases we assume that

mm(yu,yu) >max(yu,yu) for all i and j. We define the operation ‘addition(+)’
betweerdandB asA + B = C, where

C=[C51mxn €& = (max(uf,ub), min(y2,v2)).

Product of fuzzy soft matrices Let A = [afilmsn af; = (uf,vi}); where pf; and
yl-j‘-represent the fuzzy membership function and fuetgrence function respectively of
u;, SO thatdﬁ = u£ — y# gives the fuzzy membership value of. Also let B =
[b] k]nxp, (y]k,y]k) whereu]k and y]k represent the fuzzy membershlp function

and fuzzy reference function respectivelywgf so thats? ik = Mjk yjkglves the fuzzy
membership value of;. We now define 4 = B, the product of Aand B asA * B =
[diA ]mxp [maxmln(ﬂl]#]k) mlnmax(yU)/]k)]mXp' l<isml<k< pfOI‘
j=123,.
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Transpose of fuzzy soft matrix: Let 4 =[a Mmscnr @l = ufl,v8); where uf and
yl-jrepresent the fuzzy membership function and fuetgrence function respectively of
w;, so thatéf = uft —y# gives the fuzzy membership value ©f. Then we define
AT = [au]

€ FSMyxmwhere[all]™ = [af].

nxm ji

Symmetric fuzzy soft matrix:~Let A~= [a{}]mxn, aé = (uf},y{‘}-). ThenA is said to be a
fuzzy soft symmetric matrix il” = A
4. Essential properties of fuzzy soft matrices

In this section, we see the properties of additionltiplication, Transpose of fuzzy soft
matrices with some examples.

Proposition: Let A=[a/}], B = [bE],C = [cf]] LFSM,,,,, Where

[a{}] = [(“U'VU)] [b ]_ [(“U'VU)] [CU] = (l‘u'Vz;')]- Then the following results
hold.

(i) A+ B =B + A(commutative  law) (i) (A+B)+ C=A+ @B+
C)(Assomatwe law)
i) A+[0] =4
Proof: o o
() et A= [(ufvi)) B = [(w5vi)]
NowA + B = [(max (ufi, ), min (m,.yfj))] .
_ _ [(max (.uul #U) min (YUI )/l]))]
= B + A.
Hencel + B=B+ A
i) Let A= [(ufjv)].B = [ v C = 1(GrEN
Now (4 + B) + € = [(max (uf}, ufy), min (v}, v + [, v))]
(max(.u”uul]) #U) min ()/l]l)/lj2l)/icz))]
o = [(max(uf}, (uF, 15)), min (v}, (VB v5N]
=A+@B+0).
HencdA+B)+ C= A+ (B+0C)
(iiLet 4 = [(u{},y{]‘-)],Al§o [0] = [(u;,vi})] so thas); = 0V, ).
Itis clear thaty; = y{} < uf}, Vi, j.
NowA + 0 = [(max (ufj, uip), min (v, vi))]
= [(max (uf}, y{}), min (V{,‘,V{}))]

= [(u i) =

Henced + [0] = A.

Property 4.2. Let A=[a{j],B [bB]DFSMan, where [af}] = [(“u'yu)] [bf ]—

[(“U' Vl])]
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Then () A*B #BxA
Proof: Let the following example may be taken into accdoniproof.

Example 4.2.
050) (0300 (040 (020) (0500 (030
LetA=| (060) (020) (0.10) |, andB=| (040) (060) (0.7,0)
(070 (050 (080) (090) (0100 (030

are two fuzzy soft matrices, then the product esthtwo matrices is

040) (050) (0.30) (050) (030) (0.30)
A«B=|(020) (050) (030)|:B+4A=| (010) (050) (070)
(080) (050) (050) (050) (030) (040)

HenceA*B =B+ A

Property 4.3. LetA—[a 1,B = [bZ]UFSMypxn,
Where[a{}] = [(”U'Vu)] [b [(/"U'yu)] _ ~ _ o
Then the following results hold: ((A)" = (A")", (i)(AT)T = 4, (i) A+ B)" =
AT + BT, (iv) (A" + BT = (A")" + (BTY’
Proof: i
(i) Let A=[a{] A OFSM,5n, where[au] = [(u{j,yu)] then
[(1 ,ul])] (A" = (1 Hj )
ForAT = (u,u)/ﬂ)
We havgA™)’ = [(1,u4)]
HenceA = (ATy
(ii) Let A=[af ] I FSMppsyn, where[a”] = [(udv)],

Here AT = [(,u”,)/l,)] = (fi]u)/ﬂ)]

(AT)T (#]ll)/]l) (:ul] )/l];)] =
Hence{AT)T =
Similarly, we can prove for other results.

5. New techniques adopted for fuzzy soft matrices
Score matrix: Let A, BLIFSM,,.,.Let the corresponding membership value matrices be

MV(A) = [68mxn and MV(B) = [68]mxn, i = 1,23, ..., m; j = 1,2,3, .., n. Then the
score matrix§ 5, would be defined aSz 5, = [pu]mxnv wherep;; = 6/ — 65.

Total score matrix: Let A,BOFSM,,,.Let the corresponding membership value
matrices beMV(4) = 6{} mxn and MV(B) = [65]mxn respectively and the score
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matrix be Sz5) = 6 65,1‘ =123,..,m;j=123,..,n. Then the total score for
eachy; in U would be calculated by the formula

Si = 7:1[511}1~ - 65] = }l=i[(#l]']/l]) (l’ll]l)/l])

Methodology: SupposeU is a set of four types of living condition of tipeople in
different areas like village, Town, City and Metalip. Let E is a set of parameters
related to mankind which lead to healthy harmonidfes We construct a fuzzy soft set
(F4, E) overU represent the selection of area by the field ex}¥eanalyse the situation,
whereF, is a mapping,:E — IV, where IY is the collection of all fuzzy subsets Bf
We further construct another fuzzy soft $6%,E) over U represent the selection of
healthy people among the four types of areas byfithd expert Y, whereGy is a
mappingGg:E — 1V, where IV is the collection of all fuzzy subsetsidf The matriced
and B corresponding to the fuzzy soft sei&,, E)and (Gg,E) are constructed. We
compute the complementsf,(E)° and Gg, E)° and their matricesA” and B’
corresponding to Ay, E)° and (g, E)° respectively. Computel + B, which is the
maximum membership of selection of candidates djvim the four different areas as
mentioned above have been considered by the judymsputed’ + B°, which is the
maximum membership of non selection of candidgtesscribed in four different areas
by the judges. Usingefinition 3.2, computeMV (4 + B), MV (A" + B"),S (4154 +5")
and the total scoré; for each candidate V. Finally find S, = max (S;), then we
conclude that the people living in the atgahas been selected by the judgesSjfhas
more than one value the process is repeated bsessing the parameters.

Algorithm
Step 1: Input the fuzzy soft matrice€F,, E)and (G, E). Also write the fuzzy soft
matrices4d andB corresponding t¢F,, E)and(Gg, E) respectively.

Step 2: Write the fuzzy soft matricesFf, E)° and (g, E)°. Also write the fuzzy soft
matricesd” andB’ corresponding toff;, E)° and (g, E)° respectively.

Step 3: Compute(4 + B), (4" + B"), MV(A + B), MV (A" + B")andS 4, 5) 4"+ 5%):

Step 4: Compute the total sco for eachu;in U.

Step 5: Find S, = max(S;), then we conclude that the man kind living in thiedent
areau; has maximum healthy livelihood.

Step 6: IfS, has more than one value, then gostepl andrepeat the process by
reassessing the parameters with regard to theenatliving condition.

Case study: Let (F,,E) and (Gg, E) be two fuzzy soft sets representing the selectiono
four category of areas from the universallet {u,, u,,us, u,} by the experts X and Y.
Let E = {e1,e,,e3} be the set of parameters which stands for lidogdition of the
people having proximity with nature because they faee from pollution, meaningful
relationship have more depth, blessed with hedlifleyfor they are free from dense
population.
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(Fa, E) ={ Fa(e1)= {(u1,0.7,0),{,,0.5,0),6:3,0.4,0),.4,0.2,0)}

Fy(ez) ={(1,0.9,0),6:2,0.7,0),63,0.6,0),{14,0.3,0)}

F4(e3) ={(u1,0.8,0),(,0.6,0),{:3,0.5,0),64,0.4,0)}}

(Gp, E) ={Gp(e1)={(u1,0.6,0),{2,0.4,0),{13,0.3,0),4,0.1,0)}

Gp(ez) ={(u1,0.8,0),{2,0.9,0),6:3,0.7,0),¢,,0.6,0)}

Gg(e3) ={(u4,0.7,0),&,,0.5,0),{:5,0.4,0),6,,0.3,0)}}

These two fuzzy soft sets are represented by tlviog fuzzy matrices respectively.

(S €2 (S<} (S} €2 (S<}
wl (070) (090) (080) w[ (060) (080) (0.7,0)
A=us) (050) (070) (060)|and = us| (040) (090) (050)
us| (040) (060) (050) us| (030) (070) (040)
us (020) (030) (040) us (010) (060) (030)

Then the fuzzy soft complement matrices are

e e e e e e
w| 07) (@09 (108 u| 1,06) @08) (10.7)
A = u2| (1L05) (@107) (L06)|andB’ = uz| (1,04) (109) (1,05
us| (L04) (106) (L05) us| 1L03) (@0.7) (104
us| (L02) (@03) (104 us| 1,01 (@106) (103
Then the addition matrices are
e e e e e es
w| (0.70) (090) (080 wl 06) @08) (@10.7)
A+B=uz| (050) (090) (060)|; A’ +B = uz2| 104) (10.7) (@05
us| (040 (0700 (050 us| (1L0.3) (L06) (1L04)
us| (020) (060) (04,0 us; 1,01 (@103 (103
a e e a e &
w07 09 08 w04 02 03
MV(A+§) =Uuz/ 05 09 06|; MV(A° +1§°) =uz 06 03 05
usf 04 07 05 us| 0.7 04 06
usf 02 06 04 usf 09 07 07

Calculate the score matrix and the total scoresdtection
€ © €
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us| 03 0.7 05 Si| 15
u2l -01 06 01 _Sz 0.6
S(( AB),(A+5)) = wLl-03 03 -o1 and Total score _83 o1
usl -07 -01 -03 S4 —-11

We see that the first criteria people has the mari value and thus from both
the experts opinion, that a sound mind in a sowdytand blessed healthy life exist in
villages only and s&; is selected for mankind healthy and harmoniousifef

6. Conclusion

In this paper, we evaluate the concept of fuzzy w@itrices and enhance some essential
properties of fuzzy soft matrices of different tgpsith new techniques adopted in the

field. We create awareness among the village petpe all type of developmental
activities should be turned to villages so as toidvnigrants to cities. We put forward

that our work would enrich the scope and charatterfeatures of human life by using

fuzzy soft matrices.
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