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Abstract. This paper introduces the concept of intuitionidtizzy dominance matrix
(IFDM) for solving multi attribute decision makingJADM) problems in intuitionistic
fuzzy soft sets. during decision making problerm@nihance of one expert over others
play an important role to find out the optimal afi@ives. We have proposed an
algorithm approach to solve MADM problems using MDFinally the proposed
algorithm is illustrated using a numerical example.
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1. Introduction

Most of our real life problems in medical sciencengineering, management,
environment and social science often involve dateckvare not always all crisp, precise
and deterministic in character because of variouedainties typical for these problems.
Such uncertainties are usually being handled vhi¢hhtelp of the topics like probability,
fuzzy sets, intuitionistic fuzzy sets, interval mmematics and rough sets etc.Many
researchers have applied fuzzy optimization tealesdn Decision making [7-12, 20-24]
based on the mathematical formulation of fuzzy sgteduced by Zadeh [27]. However,
Molodtsov [18] has shown that each of the abovectoguffers from some inherent
difficulties due to inadequacy of their parametatian tools and introduced a concept
called ‘Soft Set Theory’ having  parameterizatiools for successfully dealing with
various types of uncertainties. The absence of rasyrictions on the approximate
description in soft set theory makes this theomymnvenient and easily applicable in
practice. Research on soft sets has been very sytEad and many important results
have been achieved in the theoretical aspect. Btagl. introduced several algebraic
operations in soft set theory and published a lgetdheoretical study on soft sets [15].
The same authors also extended crisp soft setszity fsoft sets [14] and intuitionistic
fuzzy soft sets [15]. At the same time, there heenbsome progress concerning practical
applications of soft set theory, especially the w$esoft sets in decision making
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[1,2,5,6,13-17,25,26]. Recently, Cagman et al.][Bytoduced soft matrix and applied it
in decision making problems.

Decision making is the study of identifying and obkimg alternatives based on
the values and preferences of the decision maker.of our paper is to introduce a new
concept to represent a decision making system thiéh help of intuitionistic fuzzy
dominance matrix. We have used intuitionistic fuaiscision matrix to present the
options of individual decision makers. This mati&x formed with a finite set of
alternative and criteria, where opinion of a dexiginaker is presented using fuzzy value.
The rest of this paper organized as follows. SacBiaeviews some basic ideas related
with this paper. In section 3, we propose the fignistic fuzzy dominance matrix and
some operations on it. An algorithm approach isppsed in section 4 to present the
application of IFDM in decision making problemsIfoted by a numerical example.
Finally the key conclusions are given in section 5.

2. Preliminaries
This section, briefly reviews the basic charactiessof fuzzy set and intuitionstic fuzzy
soft sets.

Definition 2.1. (Soft set)

Let U be an initial universe, P (U) be the powerafeU, E be the set of all parameters
and Ac E. A soft setf,, E) on the universe U is defined by the set okomhirs f,, E)
={(e, f4 (e)): € E, f4€ P (U)} wheref, : E— P (U) such thaf; (e) =¢

if e ¢ A.Heref, is called an approximate function of the soft set.

Example 1. Let U = {u,,u,,u3,u,} be a set of four shirts and

E = {white(e,),redf,),blue @5)} be a set of parameters. If A ={,e,} € E.

Let fa(eq) = {uy, uy us, uy} and fy(ex)= {uy,u,,u3} then we write the soft set

(fa » BE)={(eq, {uq, uy Jusz, uq}), (e5{ uy,uy,us})} over U which describe the “colour of
the shirts” which Mr. X is going to buy. We may repent the soft set in the following
form:

U €1 | €2 | €3
Uy 1 1,0
U, 1 1,0
Us 1 1,0
Uy 1 0] O

Definition 2.2. (Fuzzy soft set) Let U be an initial universe, E be the set of aligmeters
and A E. A pair (F, A) is called a fuzzy soft set overvhere F: A— P(U) is a
mapping from A intd®(U), whereP(U) denotes the collection of all subsets of U.

Example 2. Consider the above example, here we cannot exprigissonly two real
numbers 0 and 1, we can characterized it by a meshipefunction instead of crisp
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number 0 and 1, which associate with each elemergah number in the interval
[0,1].Then

(fA! E) = {fA(el) = {(u1! 07)1 (uZ! 05)1 (U.3, 04)1 (U4, 02)}1

fa (e2) ={(uq, 0.5), &,, 0.1), @3, 0.5)} is the fuzzy soft set representing the tewl of
the shirts” which Mr. X is going to buy. We may repent the fuzzy soft set in the
following

U |le | e | e
u, |07]05] O
u, |05[01] O
us |04]05] O
u, |02/ 0| O

Definition 2.3. (Intuitionistic fuzzy soft set)

Let U be an initial universal set and let E be agleparameters and A E. Let P (U)
denotes the set of all intuitionistic fuzzy setdJofA pair (F, A) is called an intuitionistic
fuzzy soft set over U if F is a mapping given byAR— P (U).

Example 3. Suppose that there are four people in the univgiven by,
U={u;,u,,u;,u,} and E = g, ,e,, e3} wheree, stands for younge, stands for
smart,e; stands for middle-aged. Suppose that

— Uz uz us Ug — Uz uz us Ug
Fe.) = {(0.5,0.2) ’(0.9,0.1) ’ (0.4,0.1) ’(0.0,0.5)}’ Fle2) = {(0.3,0.1) ’(0.8,0.2) ’ (0.0,0.4) ’(0.5,0.3)}’

—_ Ug Uy us Uy
Fles) = {(0.4,0.2) ’(0.7,0.3) ’ (0.4,0.3) ’ (0.6,0.0)

Thus intuitionistic fuzzy soft set iparameterized family of all Intuitionistic
fuzzy set ofU and gives us a approximate description of the obj#e may represent the
soft set in the following:

U el ez 63
Uy (0.5,0.2)| (0.3,0.1) (0.4,0.2
U, (0.9,0.1)| (0.8,0.2) (0.7,0.3

u, | 0401)[ (0.00.4] (04,03
(0.0,0.5)| (0.5,0.3] (0.6,0.0

Definition 2.4. (Row-intuitionistic fuzzy soft matrix)
An intuitionistic fuzzy soft matrix of orderdini.e., with a single row is called a row-
intuitionistic fuzzy soft matrix.

Example 4. Suppose the universe set U contains only one dreasd parameter set E =
{costly, beautiful, cheap, comfortable}={ ,e,, e3,e,}. Let A={e,, e3,e,} c Eand
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— dy _ dy _ d, e
F4(e,) = {—(0.8’0.1)},FA(e3) = {—(0.3'0'7)}, Fu(ey) = { (0'6’0.3)} .Hence the intuitionistic

fuzzy soft matrix(a;;) is written by, (a;;) =[(0,1) (0.8,0.1) (0.3,0.7) (0.6,0.3)]
which contains a single row and so it is a rowstianistic fuzzy soft matrix.

Definition 2.5. (Column-intuitionistic fuzzy soft matrix)
An intuitionistic fuzzy soft matrix of ordemx1 i.e., with a single column is called a
column -intuitionistic fuzzy soft matrix.

Example 5. Suppose the initial universe set U contains foesskes ¢,,d,, d3,d,} and
the parameter set E contains only one parametendjy E ={beautiful }=§,}. Let F: E

- ds da ds dy TSR
— P (U) such that lef) = { 0702 0206 ' 0801’ (0_4'0.5)}. Hence the intuitionistic

fuzzy soft matrix(a;;) is written by

(0.7,0.2)
(0.2,0.6)
(0.8,0.1)
(0.4,0.5)

(a;ij)=

which contains a single column and so it is a columtuitionistic fuzzy soft matrix.

Definition 2.6. (Complement of an intuitionistic fuzzy soft matrix)
Let (a;;) be anm X n intuitionistic fuzzy soft matrix, where;; = (u;;, v;;) for all

i,j.Then the complement ¢f;;;) is denoted bya;;) ° and defined by(a;;) ° = (c;;) is
also an intuitionistic fuzzy soft matrix of ordem X n andc;; = (v;}, ;) for all i, j.

Example 6.

(0.2,0.7)

( (0.8.0.1)

Let (a;;)=| (0.4,0.1)
(0.6,0.3)

(0.7,0.2)

(0.0,0.9)
(0.9,0.1)
(0.3,0.6)
(0.4,0.6)
(0.6,0.3)

The complement ofa;;) is

(0.7,0.2)

( (0.1,0.8)

(a;) °=| (0.1,0.4)
(0.3,0.6)

(0.2,0.7)

(0.9,0.0)
(0.1,0.9)
(0.6,0.3)
(0.6,0.4)
(0.3,0.6)

(0.3,0.5)
(0.4,0.6)
(0.8,0.1)
(0.8,0.1)
(0.3,0.7)

(0.5,0.3)
(0.6,0.4)
(0.1,0.8)
(0.1,0.8)
(0.7,0.3)

()
0,1
0,1
0,1
01

(1,0)
(1,0)
(1,0)
(1,0)
(1,0)

(0.9,0.1)
(0.1,0.8)w
(0.5,0.4) |.
(0.3,0.5)

(0.1,0.8)

(0.1,0.9)
(0.8,0.1)w
(0.4,0.5) |.
(0.5,0.3)

(0.8,0.1)

Definition 2.7. (Sum of theintuitionistic fuzzy soft matrices)

Two intuitionistic fuzzy soft matrices A and B a&id to be conformable for addition, if
they be of the same order. The addition of twoifiuistic fuzzy soft matricesa(; ) and
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(bi; ) of ordermxn is defined by, d;; )®(b;; ) = (c;; ) is also amxn intuitionistic fuzzy
soft matrix andt;; = ( max{ual.j, Mbi,-}, min{ Vay; ”bz,-}) forall i,j.

Example 7. Let U be the set of four cities, given by, U g {, u, ,us ,usus}. Let E be
the set of parameters given by, E = { highly, imsely, moderately, average, léss
{ e 2, €3,€4, €5} (Say). LetAcC E, given by,A={ e; ,e,, e3,es} and

Uy uz
Faleq)= {(0207) ’(0.8,0.1) ’ (0.4,0.1) ’ (0603) (0702)

Uz usz
Fa(ez)= {(0009) ’(0.9,0.1) ’ (0.3,0.6) ’ (0406) (0603)}’

Uy Uz
FA(e3) {(0305) ’ (0.4,0.6) ’ (0.8,0.1) ’ (0801) (0307)

u, Uz Uy
Fa(es)= {(0901) ’ (0.1,0.8) ’ (0.5,0.4) ’ (0.3,0.5)’ (0108)}

Hence the intuitionistic fuzzy soft matrix,() is written by,

(0.8.0.1) (0.9,0.1) (0.40.6) (0,1) (0.1,0.8)
=| (0.40.1) (0.3,0.6) (0.80.1) (0,1) (0.50.4)
(0.6,0.3) (0.4,0.6) (0.8,0.1) (0,1) (0.3,0.5)
0.7,02) (0.6,0.3) (03,07) (0,1) (0.1,0.8)

(0.2,0.7) (0.0,09) (0.3,0.5) (0,1) (0.9,0.1)
(al]) ( \

Now consider another intuitionistic fuzzy soft niafib;; ) associated with the
intuitionistic fuzzy soft set over the same unieeks LetB = {e,,e,, es}c Eand

u, ug Ug Us
Fp(e1)= {(0307) ’(0.9,0.1) ’ (0.4,0.5) ' (0.7,0.2)" (0602)}

u; us Uy Us
Fp(eq)= {(0207) ’(0.3,0.7) ’ (0.7,0.1) ’ (0.2,0.8)" (0306)}

uz us Uy Us
Fp(es)= {(0801) 7(0.2,0.7) ’ (0.6,0.4) ’ (0.3,0.5)’ (0206)}
Hence the intuitionistic fuzzy soft matrik;( ) is written by

0.3,07) (0,1) (0,1) (0.2,0.7) (0.80.1)
(0.9,01) (0,1) (0,1) (03,0.7) (0.2,0.7)
(b;;)=| (0405) (01) (01) (0.7,0.1) (0.604) |
0.7,02) (0,1) (0,1) (0.2,0.8) (0.3,0.5)
0.6,02) (0,1) (0,1) (0.3,0.6) (0.2,0.6)

Therefore the sum of the intuitionistic fuzzy sofatrices ¢;;) and 6;; ) is,
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(a;j )®(b;j ) (

(0.3,0.7)
(0.9,0.1)
(0.4,0.1)
(0.7,0.2)
(0.7,0.2)

(0.0,0.9)
(0.9,0.1)
(0.3,0.6)
(0.4,0.6)
(0.6,0.3)

(0.3,0.5)
(0.4,0.6)
(0.8,0.1)
(0.8,0.1)
(0.3,0.7)

(0.2,0.7)
(0.3,0.7)
(0.7,0.1)
(0.2,0.8)
(0.3,0.6)

(0.9,0.1)
(0.2,0.7)
(0.6,0.4)
(0.3,0.5)
(0.2,0.6)

Definition 2.8. (Subtraction of the intuitionistic fuzzy soft matrices)
Two intuitionistic fuzzy soft matrices A and B a&id to be conformable for subtraction,

if they be of the same order. For any two intuitstio fuzzy soft matricesag; ) and 6;; )
of ordermxn, the subtraction of;;) from (a;;) is defined as «;; ) © (b;; ) = (c;; ) is
also armxn intuitionistic fuzzy soft matrix and;; = (max {Ilal-]-, [lbioj}, min{ Vayj» Ubioj})
for all i, j, where bl-oj) is the complement oby;).

Example 8. Consider the intuitionistic fuzzy soft matrices;() and ;; ) in the previous

example,
(0.2,0.7)
((0.8.0.1)
(aij)=

(0.4,0.1)
(0.6,0.3)
(0.7,0.2)

(0.3,0.7)
( (0.9,0.1)
(bij) =

NOW (bU) 0=

(0.4,0.5)
(0.7,0.2)
(0.6,0.2)

(0.0,0.9)
(0.9,0.1)
(0.3,0.6)
(0.4,0.6)
(0.6,0.3)

0.1
0,1
0,1)
01
0,1

(0.3,0.5)
(0.4,0.6)
(0.8,0.1)
(0.8,0.1)
(0.3,0.7)

0,1
0,1
0,1
0,1
0,1

0.1
0,1
0,1
0,1)
0,1

(0.2,0.7)
(0.3,0.7)
(0.7,0.1)
(0.2,0.8)
(0.3,0.6)

(0.9,0.1)
(0.1,0.8)\
(0.5,0.4) |,
(0.3,0.5)

(0.1,0.8)

(0.8,0.1)
(0.2,0.7)w
(0.6,0.4) |.
(0.3,0.5)

(0.2,0.6)

(0.7,0.3)

( (0.1,0.9)
=1 (0.5,0.4)
(0.2,0.7)

(0.2,0.6)

(1,0)
(1,0)
(1,0)
(1,0)
(1,0)

(1,0)
(1,0)
(1,0)
(1,0)
(1,0)

(0.7,0.2)
(0.7,0.3)
(0.1,0.7)
(0.8,0.2)
(0.6,0.3)

(0.1,0.8)
(0.7,0.2)\
(0.4,0.6)
(0.5,0.3)

(0.6,0.2)

Therefore, the subtraction of the intuitionistiog£y soft matrix §;; ) from (a;; ) is

(0.2,0.7)
(0.1,0.9)

(a;;)©(b;)=| (0.4,0.4)

(0.2,0.7)
(0.2,0.6)

(0.0,0.9)
(0.9,0.1)
(0.3,0.6)
(0.4,0.6)
(0.6,0.3)

(0.3,0.5)
(0.4,0.6)
(0.8,0.1)
(0.8,0.1)
(0.3,0.7)
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3. Intuitionistic fuzzy dominance matrix

The problem we deal with is the choosing of betwrahtive(s) among a finite set of
alternativesX = {xy,x,,x3, .., x,},m =2, depending on a finite set of attributes
C ={cy,¢c3 3, ...,cp},n = 2 the alternatives will be classified from best torst, using
the information known (attributes) according toed af experts E=;, e,, ..., ex}, k = 2.
Intuitionistic fuzzy dominance degree represents dominance of expert over other
expert on an alternative attribute pair.

An Intuitionistic fuzzy dominance matrix R on at & alternatives X is a
Intuitionistic fuzzy set on the product seE. It is characterized by a membership
function ui:EXE - [0,1], y:EXE - [0,1] when cardinality of X is small, the
dominance matrix may be conveniently representgdnxn matrix, R=f;;), r;; = u
(e;,ej) for alli,j € {1,2,...,k}, i # j interpreted as the dominance degree or intensity o
the expere; over ¢; on the set ofx, ¢;), i € {1,2,....m},j € {1,2,...,n} where r;; = 0
indicates thag; is prefered to e;; ;; < 0 indicates thag; is prefered to e;. Dominance
degree of expe#; over e; on the set of X, ¢;), i € {1,2,...m},j € {1,2,...,n} can
be calculated asi?'B =dfi—df ,1<i<m,1<j<n,ABEE, where
dg‘} and df’]- are intuitionistic fuzzy decision matrices of exgeA and B respectively.

4. Algorithm appr oach

Step 1:  Intuitionistic fuzzy decision matrices of two expey, e,are constructed and
taken as input for a MADM problem with altetives
X = {x1,%2,%3, ..., Xp}, m = 2 andn attributesC = {c;, ¢y, ¢c3, ..., cp 1, n = 2
a fuzzy decision matix(d;;) can be represented below.

dip diz o dig
D= [@imen=| 1 P2l ) g€ o)
dmi Amz - dpn

Step 2: Intuitionistic fuzzy dominance matrix R is constiet based on the subtraction
of fuzzy decision matof individual experts.

™y T2 - Tn

_ | T21 T2 .« T2
R=(7ij)mxn = Tij € [-1,1]

Tmi Tmz - Typ

rif=dfi—d}  1si<m,1<sj<n,ABEE.

Step 3: Choice valueh! of theit" alternative is calculated by adding all dominance
value corresponding to that altéweach’ =¥7_,(r;;) , i € [1,2,...,m].

Step 4: If ch! =Y,;Max ch,Vi€[1,2,..,m], alternativex,, is selected.

Step 5: If k has more than one value, then any one,ahay be chosen.
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Example 9. Let U= {C;, C;, C5,C,} be the set ofour cities and E = {High population
density, Destruction of government property, Pre @ost attack hiding, Maximum
media coverage} be the set of parameters (attshugiven by E= §,,e;,e3,e,4}. A set
of three terrorist M={X, Y, Z} be planned to attaekcity in bit worn the above four. The
problem is to find the city which is most danger@among these four cities for having
attack from all of the terrorists X, Y and Z.

The Intuitionistic fuzzy soft decision matricestbé terrorists X, Y and Z are

ey ey es ey
¢, /(0.8,0.1) (0.7,0.1) (0.0,1.0) (0.9,0.1)
¢, [ (0.4,0.5) (0.3,0.7) (0.0,1.0) (0.4,0.5)
C; | (0.6,0.3) (0.4,0.3) (0.0,1.0) (0.6,0.2) |
C, \(0.7,0.1) (0.5,0.2) (0.0,1.0) (0.7,0.2)

e, e, e ey
¢, /(0.7,02) (0.6,0.1) (0.0,1.0) (0.8,0.1)
¢, [ (03,05) (0.3,0.7) (0.0,1.0) (0.4,0.5)
¢; | (0.5,0.3) (0.5,0.3) (0.0,1.0) (0.6,0.4) |’
Cy \(0.6,0.2) (0.4,0.2) (0.0,1.0) (0.6,0.2)

e; ey e ey
¢, /(0.0,1.0) (0.8,0.1) (0.2,0.7) (0.9,0.1)
¢, [ (0.0,1.0) (0.3,0.7) (0.9,0.1) (0.4,0.5)
¢; | (0.0,1.0) (0.5,02) (0.6,0.3) (0.7,0.1)
Cs \(0.0,1.0) (0.6,0.2) (0.4,0.5) (0.6,0.2)

The solution is shown below.
Step 1: Thelntuitionistic fuzzy dominance soft matrices of KdaY are calculated as

e1 e e; ey
¢, 7(0.7,02) (0.6,0.1) (0.0,1.0) (0.8,0.1)
¢, [ (0.3,05) (0.3,0.7) (0.0,1.0) (0.4,0.5)
C; | (0.5,0.3) (0.4,0.3) (0.0,1.0) (0.6,0.4)
Cs \(0.6,0.2) (0.4,0.2) (0.0,1.0) (0.6,0.2)

Thelntuitionistic fuzzy dominance soft matrices of MdaZ are calculated as

e e, e; ey
¢, /(0.0,1.0) (0.6,0.1) (0.0,1.0) (0.8,0.1)
¢, [ (0.0,1.0) (0.3,0.7) (0.0,1.0) (0.4,0.5)
C; | (0.0,1.0) (0.5,0.3) (0.0,1.0) (0.7,0.4)
Cy \(0.0,1.0) (0.6,0.2) (0.0,1.0) (0.6,0.2)
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The Intuitionistic fuzzy dominance soft matrices of ZdaX are calculated as

e; ey e3 ey
¢, /(0.0,1.0) (0.7,0.1) (0.0,1.0) (0.9,0.1)
¢, [ (0.0,1.0) (0.3,0.7) (0.0,1.0) (0.4,0.5)
C; | (0.0,1.0) (0.4,0.3) (0.0,1.0) (0.6,0.2) |
Cs \(0.0,1.0) (0.5,0.2) (0.0,1.0) (0.6,0.2)

Step 2: Aggregated IFDM

Choice Choice
ey ey e3 ey Parameter| value
Cy (0.7,2.0)| (0.7,0.1)|] (0.0,2.0) (0.9,0.1) (0.9,01) 1.0
C, (0.3,1.0)| (0.3,0.7)] (0.0,2.0) (0.4,0.3) (04,03 .70
Cs (0.5,1.0)| (0.4,0.3)] (0.0,1.0) (0.7,0.4) (0.7,0.3) 1.0
Cy (0.6,1.0)| (0.6,0.2)] (0.0,2.0) (0.6,0.2) (0.6,02) .80

In this study, since the maximum choice value.@ 4o cities’;and C5 will be
selected.

5. Conclusion

IFDM is mainly useful in such situations where démi makers are able to express their
opinions about all the attributes in terms of fuxajue. In simple way, when there is no
missing or unknown information, IFDM is proved te more effective. This study has
introduced intuitionistic fuzzy dominance matrixrf@olving MADM problems in
uncertain environment. Researchers can develop neffieient decision making
algorithm using IFDM. Intuitionistic rough set amdgue soft set based real life decision
making problems which may contain more than onesdet maker and to realize this
procedure we also apply it to more relevant.
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