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Abstract: In 1999, Molodtsov introduced soft set theory which is a neathrematical tool for dealing with uncertainties and is free
from the difficulties affecting the existing methods. Reshavorks on soft set theory are progressing rapidly. Coingisoft sets with
fuzzy sets and intuitionistic fuzzy sets, Maji et al. , defiriezzy soft sets and intuitionistic fuzzy soft sets whict ech potentials for
solving decision making problems. It has been found thatsetf fuzzy set and rough set are closely related concepthid work,

we define intuitionistic fuzzy soft set aggregative oper#tat allows constructing more efficient decision makingtod. Finally, we
give an example which shows that the method can be sucdgssfplied to many problems that contain uncertainties.
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1 Introduction

In the fuzzy set theoryl] there were no scope to think about the hesitation in the neeshiip degree, which arise in
various real life situations. To overcome these situatidtanassov 1] introduced theory of intuitionistic fuzzy set in
1986 as a generalization of fuzzy set.

Most of the problems in engineering, medical science, egot® environments etc have various uncertainties.
Molodtsov[12] initiated the concept of soft set theory as athrematical tool for dealing with uncertainties. Research
works on soft set theory are progressing rapidly. Maji §Bhtefined several operations on soft set theory. Combining
soft sets with fuzzy sets and intuitionistic fuzzy sets, g~ al.[7] and Maji et al.[9,10] defined fuzzy soft sets and
intuitionistic fuzzy soft sets which are rich potentials mlving decision making problems.

Matrices play an important role in the broad area of sciemzkengineering. The classical matrix theory cannot solve
the problems involving various types of uncertainties.l4][Yang et al, initiated a matrix representation of a fuzaft s
set and applied it in certain decision making problems. Tdrecept of fuzzy soft matrix theory was studied by Borah et
al. in [2]. In [5], Chetia et al. and in [13] Rajarajeswari ¢t@efined intuitionistic fuzzy soft matrix.

Again it is well known that the matrices are important toasitodel/study different mathematical problems specially i
linear algebra. Due to huge applications of imprecise datag above mentioned areas, hence are motivated to study the
different matrices containing these data. Soft set is at@add the interesting and popular subject, where differgmts

of decision making problem can be solved. So attempt has bmeele to study the decision making problem by using
intuitionistic fuzzy soft aggregation operator. Das and K& proposed an algorithmic approach for group decision
making based on IF soft set. The authors [6] have used cditgiind IF soft set as a novel concept for assigning
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confident weight to the set of experts. Cagman and Enginoglp®neered the concept of soft matrix to represent a soft
set. Mao et al.[11] presented the concept of intuitioniftizzy soft matrix(IFSM) and applied it in group decision
making problem.

In this paper,we define intuitionistic fuzzy soft set ag@tge operator that allows constructing more efficient sieci
making method. Finally, we give an example which shows thentethod can be successfully applied to many problems
that contain uncertainties.

2 Preliminaries

In this section we briefly review some basic definitions edatio fuzzy set, intuitionistic fuzzy sets, soft sets andrthe
generalizations, which will be used in the rest of the paper.

Definition 1. [15] Let X be a non-empty collection of objects denoted byhenTa fuzzy set (FS for shod)in X is a set
of ordered pairs having the form = {(x, tg (X)) : X € X}.

Where the functiopy : X — [0, 1] is called the membership function or grade of membership @¢gree of compatibility
or degree of truth) of x inr. The interval M =[0, 1]is called membership space.

Definition 2. [1] Let X be a non empty set. Then an intuitionistic fuzzy #e$ for short) A is a set having the form
A= {(x, Ua(X), ya(X)) : x € X} where the functionga : X — [0, 1] andya : X — [0, 1] represents the degree ofmembership
and the degree of non-membership respectively of each BteraeX and0 < pa(x)+ya(x)< 1 for each x X.

Definition 3. [8, 12] Let U be an initial universe and E be a set of parameteet P(U) denotes the power set of U and
AC E. Then the pair (FA) is called a soft set over U, where F is @piag given by F:A> P(U).

Definition 4. [9] Let U be an initial universe and E be a set of parameters.Il'€ be the set of all fuzzy subsets of U and
AC E. Then the pair (F, A) is called fuzzy soft set over U, where F is a mapping given by F=Al Y.

For anye € A F(¢) is a fuzzy subset dfl. Let us denote the membership degree that objdutlds parametes by
Hr(¢)(X), wherex € U ande € A. ThenF (¢) can be written as a fuzzy set such that) = { (X, Ug ) (X)) 1 X €U }.

Definition 5. [10] Let U be an initial universe and E be a set of parameteet IEY be the set of all intuitionistic fuzzy
subsets of U and @ E. Then the pair (F, A) is called aimtuitionistic fuzzy soft set over U, where F is a mapping given
by F. A— IFY.

For anye € A, F(¢) is an intuitionistic fuzzy subset &f. Let us denotgir ) (X) andy ) (x) by the membership degree
& non-membership degree respectively that objgublds parametes, wherex € U ande € A. ThenF (&) can be written
as an intuitionistic fuzzy set such thfate) = {(x, U (£)(X), ¥ (e)(X)) 1 Xx€ U }.

3 Intuitionistic Fuzzy soft aggregation operator

In this section we define an intuitionistic fuzzy soft (IF §efaggregation operator that produces an aggregate IF set
from an IF soft set and its cardinal set. The approximate tians of an IF Soft —set are IF set. An IF Soft-set
aggregation operator on the IF sets is an operation by wreghral approximate functions of an IF Soft —set are
combined to produce a single IF set which is the aggregateti&fshe IF Soft-set.

We restate an intuitionistic fuzzy soft set in the followiwgy- An intuitionistic fuzzy soft set(IF soft set) I', over U is
a set defined by the functiong, : E — IF (U)anduy, : E — IF (U),

(© 2016 BISKA Bilisim Technology



CMMA 1, No. 3, 16-21 (2016) htmsci.com/cmma BISKA 18

A= {(“’\ALXU”A(X)) X E E,)\A,TIA€|FS(U)}

IFS(U) is the set of all IF soft sets over. A4 is called intuitionistic fuzzy approximate function of tHesoft seta and
the valueAa(x) is a set called x-element of the IF soft set fonadt E. na is called non intuitionistic fuzzy approximate
function of the IF soft seffy and the valugja(X) is a set called non x-element of the IF soft set foxad! E.

Definition 6. Let/a € IFS(U). Assume that U= {ug, Uz, Us, ..., Um} and E= {Xq, X2, X3, ...,Xn } and AC E, then the IF soft
setl, is as follows.

I_A X1 X2 Xn

Us | (pa(xa)(un), Una (o) (Us)) | (Map(%2)(ua), U O2)(Us)) | - | (Han (%) (u1), Up, (Xn) (U1))
U [ (i, (%) (), Una (X1) (U2)) | (pa,(%2) (U2),Una (%2) (U2)) [ -+ | (a,(Xn)(U2), Una (Xn) (U2))
Um | (K, (1) (Um), Una (1) (Um)) | (ap (X2) (Um), Una (X2) (Um)) | - | (ap (X2) (Um), Uny (X2) (Um) )

Here

X

Fae {M X € B, Aa(X), Na(X) € IF(U)}.

Uy, (X)is the membership function dfxandup, (x) is the non-membership function gh. If &j = u,, (xj)(ui)andbjj =
Una(X)) (W), i=1,2,3,...,mand =1,2,3,...,nthen the IF soft seffs is given by the matrix

(a11,b11) ... (aan,bin)
@i by = (@21,b21) ... (a2n,b2n)

(a1, bma) -~ (@mn, bmn)
is called IF soft matrix of the IF soft s&k over U.

Heap (X):0crp ()

Definition 7. Let s € IFS(U) then the cardinal set dfa is denoted by G, where ¢a = { ( < IXE E} is an

IF set over E gy, : E — [0,1] and gy, (X) = Mﬁj"o‘, Uen, : E — [0,1] and ugn, (X) = ‘”"D(T)‘ , where|U| is the cardinality

of the universe U|Aa(X)| and|(nax)| are the scalar cardinality of the IF sefg (x)and na(x) respectively.

Note that the set of all cardinal sets of the IF soft sets ovetillbe denoted byclFSU).

Definition 8. Let 'y € IFS(U) and da € cIFSU). Assume that E= {Xy,X2,X3,...,%} and AC E then ¢4 can be
represented by the tabular form,

E X1 X2 Ce Xn
cla (“CAA (x1), Uan(Xl)) (IJC)\A(X2>; Ucna (Xn)) T (IJC)\A(XH); Ucna (Xn))

If (a1j,b1j) = Her, (X)) for j =1,2,3,...,nthen &, is represented by a matrix given by

ayj, bij = [(a11,b11) (A12,b12) . . . (@1n, b1n)]
1xn

Which is called the cardinal matrix of the cardinal séhover E.
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Definition 9. Let 'y € IFS(U) and d'a € clFS(U). Then the IF soft aggregation operator denoted by 4§ defined
by IFSygg: CIFSU) x IFS(U) — IF (U). So IFSgg(Cla,lA) = I'a*, where

NS {L*(S)(u) ‘ue U} = { (Ha25 (W, U, (W) ‘ue U}

u

is a IF set over Up*is called aggregate IF set of the IF soft $gt Then the membership and non-membership function
of M\* is defined as
I‘l)\/.\* U— [07 1]

b (4= T 3 (Hoaa 09, ,00)
Upy -U —[0,1] and

O (4 = g7 5 (Vena 09,03 )
where|E|is called cardinality of E.

Definition 10. Let I'a € IFS(U)and I'y* be its aggregate IF set. Assume that=t{uj,up,....... ,Um}thenIpy* can be
presented as

I_A IJI_/_{‘

Uy Hry (U1) = (s, (U1), Up+, (Un)
up Py (U2) = (Ha+a(U2),0ns 5 (U2))
Um Hr; (Um) = (Ur=p (Um), U+, (Um))

If [&1,pi1] = u,—A*(ui) forl =1,2,3,...,mthenla* is uniquely characterized by the matrix

(ar1,b11)
(a21,b21)

[@1 bit]mx1 =
(am1, bm)

which is called the aggregate matrix B{* over U.

Theorem 1.Letlp € IFS(U) and AC E. If Mr,, Mcr,, MFA* are representative matrices 0f, claand 'y respectively
then|E| x Mr: = M, x M[,, where M;, is the transpose of M, and|E| is the cardinality of E

Proof. It is sufficient to considéE| x [(ai1, bi1)] = [(aij,bij)]myn % [ (B2, 01))] 1.

4 Algorithm

We have an aggregate IF set, now it is necessary to chooseshalternative form of this set. We can make a decision
by the following algorithm.
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(1) Construct an IF soft séj overU.

(2) Find the cardinal sefla of s i.e.cp),andcup, .

(3) Find the aggregate IF sEf of I'a.

(4) Find the best alternative form of the set that has theelstrmmembership grade by max;(u) and the smallest non

membership grade by miny: (u).

4.1 Case study

Suppose a farm or institution wants to fill a position of fagulThere are eight candidates who form the set of
alternatives U {u,Up, Us,Us,Us,Ug,U7,Ug}. SO|U| = 8. The expert committee consider a set paraméters{xy, X, X3,

X4, X5 }, |E| = 5. Fori = 1,2,3,4,5 the parameters stands for “experience”, “computer knowledge”, “young 'age
“good speaking” and “friendly” respectively.

After a discussion and interview each candidate is evaiufatem the goals and constraint point of view according to a
chosen subseét = {x2,x3,X4} Of E. Finally the expert committee applies the following steps.

(1) The committee construct an IF soft §gtoverU.

. {<X2,<(0.3,o.5) (0.5,0.4) (0.1,0.7) (0.8,0.2) (0.7,0.2))>,

) ) ) 3

Uz us Ug Us Uz

<X3,((0.4,0.6) (0.4,0.5) (0.9,0.1) (O.3,0.6)>)7

) ) )

uy u2 u3 Ug

(M((o.z,o.a) (0.5,0.4) (0.1,0.4) (0.7,0.3) (0.1,0.6)))}

) ) ) )

Uz u2 Us uz Us

(2) Compute cardinality

) )

. {(0.3,0.25) (0.25,0.225) (0.2,0.2875}
A X2 Xa X4

(3) The aggregate IF set is obtained by using theorem 1.

[0 0 04 02 0 [0 O 06 06 0 0.028 0.0615
00304050 0 00505040 0 0.058 0.0705
00509 0O 03 0040100 0.95 0.075 0.0245
My — 100103 00 0.25 11007 06 0 O 0295 _ 0.021 0.0620
A 5/008 001 O 0.2 "15/002 004 O 0.2875 0.052 | | 0.0330
00 0O DO 0 11 1 1 1 0 0.000 0.9625
007 007 O 002 003 O 0.070 0.0272
00 00Q1 O 00 006 O | \0.041/ \0.0345/ |
So
. {(0.02&0.0615 (0.0580.0705 (0.075,0.0245 (0.021,0.062)
I-A = ’ ) s ’
Uy Uz us Ug
(0.052,0.033 (0,0.9625 (0.070,0.0272 (0.040,0.0345
Us ’ Us ’ uz ’ Ug }

(4) The candidategihas the largest membership grade i.e. 0.075 and smalleshemership grade i.e. 0.0245. Hence
candidate gmay be selected for the job.
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5 Conclusion

In this work we define intuitionistic fuzzy soft aggregatioperator for intuitionistic fuzzy soft set and construct an
algorithm using intuitionistic fuzzy soft aggregation ogr for the decision making problem. Finally we apply the
algorithm to solve a group decision making problem. Here wiebgtter result by using intuitionistic fuzzy soft matrix
than fuzzy soft matrix ( as there are largest membershipeggad smallest non membership grade)
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