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ABSTRACT. In this paper we have introduced the concept of intuition-
istic fuzzy soft matrix and defined different types of matrices along with
some new operations in the parlance of intuitionistic fuzzy soft set the-
ory. Then based on some of these new matrix operations a new efficient
methodology named as I FSM-Algorithm has been developed to solve in-
tuitionistic fuzzy soft set based group decision making problems and apply
it in medical science to the problems of diagnosis of a disease from the
myriad of symptoms as well as to evaluate the effectiveness of different
habits of human being responsible for a disease.
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1. INTRODUCTION

In real life scenario, we frequently deal with information which is sometimes
vague, sometimes inexact or imprecise and occasionally insufficient. Zadeh’s classical
concept of fuzzy sets [0] is a strong mathematical tool to deal with such type of prob-
lems. Since the initiation of fuzzy set theory, there are suggestions for non-classical
and higher order fuzzy sets for different specialized purposes. Among several higher
order fuzzy sets, intuitionistic fuzzy sets (IFS) introduced by Atanassov[5] have been
found to be very useful and applicable. In the year 1999, Molodtsov [1] presented soft
set as a completely generic mathematical tool for modeling uncertainties. Since there
is hardly any limitation in describing the objects, researchers simplify the decision
making process by selecting the form of parameters they require and subsequently
makes it more efficient in the absence of partial information. Maji et al.[2][3] have
done further research on soft set theory. Presence of vagueness demanded Fuzzy
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Soft Set (FSS) [4] to come into picture. But satisfactory evaluation of membership
values is not always possible because of the insufficiency in the available informa-
tion ( besides the presence of vagueness ) situation. Evaluation of non-membership
values is also not always possible for the same reason and as a result there exists
an indeterministic part upon which hesitation survives. Certainly fuzzy soft set the-
ory is not suitable to solve such problems. In those situations Intuitionistic Fuzzy
Soft Set theory (IFSS)[7] may be more applicable. In the year 2001, Maji et al.[7]
have introduced the concept of intuitionistic fuzzy soft set. Moreover they have
proposed an algorithm for solving intuitionistic fuzzy soft set based decision making
problem and introduced the concept of intuitionistic fuzzy soft relation.

In 2010, Cagman et al.[10] introduced a new soft set based decision making method
which selects a set of optimum elements from the alternatives. In the same year, the
same authors [9] have proposed the definition of soft matrix which is the represen-
tation of a soft set. This representation has several advantages. It is easy to store
and manipulate matrices and hence the soft sets represented by them in a computer.

In this paper we have introduced the concept of intuitionistic fuzzy soft matrix
and defined different types of matrices along with some new operations in the par-
lance of intuitionistic fuzzy soft set theory. Then based on some of these new matrix
operations a new efficient methodology named as I FSM-Algorithm has been de-
veloped to solve intuitionistic fuzzy soft set based group decision making problems
and apply it in medical science to the problems of diagnosis of a disease from the
myriad of symptoms as well as to evaluate the effectiveness of different habits of
human being responsible for a disease.

2. PRELIMINARIES

Definition 2.1. [I] Let U be an initial universe set and E be a set of parameters.
Let P(U) denotes the power set of U. Let A C E. A pair (Fy, F) is called a soft
set over U, where F4 is a mapping given by, F4 : E — P(U) such that Fs(e) = ¢
ifed A.

Here F, is called approximate function of the soft set (Fa, E). The set Fa(e) is
called e-approximate value set which consists of related objects of the parameter
e € E. In other words, a soft set over U is a parameterized family of subsets of the
universe U.

Example 2.2. Let U be the set of four dresses, given by, U = {d1, ds, d3,ds}. Let

FE be the set of parameters, given by,

E = { costly, cheap, comfortable, beautiful, gorgeous } = {ey, €2, €3, €4, €5}, where

ey stands for the parameter ‘costly’,

eo stands for the parameter ‘cheap’,

e3 stands for the parameter ‘comfortable’,

e4 stands for the parameter ‘beautiful’,

es stands for the parameter ‘gorgeous’.

Let A C E, given by, A = {ey, €2, e3, e4} Now suppose that, F4 is a mapping, defined

as “dresses(.)”and given by, Fia(e1) = {da,ds}, Fa(ea) = {d1,ds}, Fa(es) = {da,ds},
2
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Fa(eq) = {d4}. Then the soft set
(Fa,E) = { costly dresses = {da,d4}, cheap dresses = {d;,ds},
comfortable dresses = {da,ds}, beautiful dresses = {d4},

gorgeous dresses = ¢}

Definition 2.3. [1] Let U be an initial universe set and E be a set of parame-
ters(which are fuzzy words or sentences involving fuzzy words). Let FU denotes the
set of all fuzzy subsets of U. Let A C E. Then a pair (I:"A, E) is called a Fuzzy Soft
Set ( FSS ) over U, where F4 is a mapping given by, Fy : E — FU and Fa(e) = b
if e ¢ A where  is a null fuzzy set.

Example 2.4. Let U be the set of four ponds, say, U = { Py, P5, P3, P4}. Let E be
the set of parameters where each parameter is a fuzzy word, given by,
E = { huge, average, moderate, poor }.

Let A C E, given by, A = { huge, average, poor } = {e1, ea, e3} where
e stands for the parameter ‘huge’,

eo stands for the parameter ‘average’,

e3 stands for the parameter ‘poor’.

Now suppose that,

EA(el) = {P1/8,P2/2,P3/5,P4/4},

EA(GQ) = {1:)1/.3,P2/.2,P3/.9,P4/.7}7

FA(eg) = {P1/2,P2/7,P3/8,P4/5}

Then the fuzzy soft sets (FA, E) describing “the commercial benefit from the ponds”is
given by,

(F4,E) = { huge beneficial pond = {P,/.8, P,/.2, P3/.5, P,/ .4},
average beneficial pond = {Py/.3, P»/.2, P3/.9, P,/.7},
moderate beneficial pond = é,

poor beneficial pond = {Py/.2, P,/.7, P3/.8, P,/ .5}}

Definition 2.5. [7] Let U be an initial universe set and E be a set of parame-
ters which are intuitionistic fuzzy words or sentences involving intuitionistic fuzzy
words. Let IFU denotes the set of all intuitionistic fuzzy sets of U. Let A C E.
A pair (FA, E) is called an Intuitionistic Fuzzy Soft Set( IFSS ) over U, where
F4 is a mapping given by, F4 : E — IFV and FA(e) =g ife ¢ A where )
is null intuitionistic fuzzy set( i.e., the membership value of z, u(z) = 0; the non-
membership value of #, v(z) = 1 and the indeterministic part of z, 7(z) = 0Vz € ¢ ).

Example 2.6. Let U be the set of four cities, given by, U = {C4, Cs,C3,Cy}.
Let E be the set of parameters where each parameter is an intuitionistic fuzzy word,
given by, E = { immensely, highly, moderately, average, less }. Let A C E, given
by,
A = { immensely, highly, moderately, less } = {e1, e2, €3, e4} where
e1 stands for the parameter ‘immensely’,

3
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eo stands for the parameter ‘highly’,
e3 stands for the parameter ‘moderately’,
e4 stands for the parameter ‘less’.

Now suppose that,

FA(el) ={C1/(1,.7),C2/(.7,.1),C5/(.3, .6),Ca/ (4, .6)},
Fa(ez) ={C1/(:2,.7),C2/(8,.1),C3/(4,.2),Cy/(.6, .3)},

FA(e?)) {Cl/( 3, 5),03/(.8,.1),04/(.7,.2)},

FA(64) = { /( 9,. 1)7 02/('17 S)a 03/(55 '4)a 4/('3’ 5)}

Then the intuitionistic fuzzy soft set

(Fs, E) = {immensely polluted city = {C/(.1,.7),C2/(.7,.1),C3/(.3,.6),Cs/(4,.6)},
highly polluted city = {C1/(.2,.7),C5/(.8,.1),Cs/(.4,.2),C4/(.6,.3)},
moderately polluted city = {C1/(.3,.5),C5/(.8,.1),Cs/(.7,.2)},
average polluted city = (5,
less polluted city = {C41/(.9,.1),C/(.1,.8),C5/(.5,.4),Cs/(.3,.5)}}

Definition 2.7. [9] Let (Fa, E) be a soft set over universal set of objects U and
universal set of parameters E. Then a subset of U x E is uniquely defined by

Ra={(u,e):e€ Au€ Fyle)}

which is called a relation form of (F4, E). Now the characteristic function of R4
is written by,

] _ 1,(u,e) € Ra
A U X E — {0’ l}a XRA - { 07 (u’ e) ¢ RA
Let U = {uy, ug, ... Jumt, B ={e1, e, .. ,€n}, then Ry can be presented by a

table as in the following form

Table-1: Tabular representation of R A

€1 €y €n

ul XRa (Ul, 61) XRa (Uh 62) --------- XRa (Ul, €n)

U2 XRa(u2,€1)  Xra(u2,€2) oo XRa(Uu2,€n)

Um | XBa(Ums€1)  XRa(Um,€2) e XRa (Ums€n)

For simplicity, if xr, (ui,€;) is denoted by a;;, then we can define a matrix
ail 12 ceveriiiiiiiiiie, A1n
_ a21 (075 Qagn
[aij]nLXn -

Al Q)2 ceeeeeereneneneneeens Amn

which is called a soft matrix of order m x n corresponding to the soft set (Fs, F)

over U. A soft set (Fy, E) is uniquely characterized by the matrix [a;;]mxn. There-

fore we shall identify any soft set with its soft matrix and use these two concepts as
4
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interchangeable.

Example 2.8. Assume that U = {uy,us,us, ug, us} be a universal set and E =
{e1,e2,e3,¢e4,e5} be a set of all parameters. If A = {es,e3,e4} and Fa(ez) =
{uz,us}, Fa(es) = ¢, Fa(eqs) = U, then we write a soft set

(FA7 E) = {(627 {UQ» U4}), (647 U)}

and then the relation form of (Fy4, F) is written by,

Ra = {(u2, €), (s, e2), (w1, €4), (1, 1), (3, €4), (1, ex), (5, e5)}.

Hence the soft matrix (a;;) is written by,

0 0 01
01 01
(aij) = 0 0 0 1
01 01
00 01

3. SOME NEw CONCEPTS OF MATRICES IN INTUITIONISTIC FUzZzY SOFT SET
THEORY:

Definition 3.1. Intuitionistic Fuzzy Soft Matrix: Let (F4, E) be an intu-
itionistic fuzzy soft set over U. Then a subset of U x E is uniquely defined by

Ra={(u,e):ec Auc Fale)}

which is called a relation form of (Fs, E). Now the relation R4 is characterized by
the membership function p4 : U x E — [0,1] and the non-membership function
va:Ux E—[0,1]

[ where pa(u,e) is the membership value and v4(u, e) is the non-membership value
of the object u associated with the parameter e. |

Now if the set of universe U = {ui,ug,..cccec..... ,um} and the set of parameters
E ={e1,eq,........ ,€n}, then R4 can be presented by a tabular form as in the Table-2

Table-2: Tabular representation of R A

€1 €y (%
Uy (MAU, VA11) (/iA12, VA12) ~~~~~~~~~ (MAln» VAln)
Uz (MA21, VA21) (MA22, VA22) --------- (MA2n, VAzn)
Um (,U’Am17 VAml) (ﬂAmZ, VAmQ) --------- (,uAmna VAmn)

where (ftamn, Vamn) = (A (Um, €n), VA (Um; €n))
For simplicity, if (p4i;,4i;) is denoted by a;;, we can define a matrix

a1 [0 A1n

~ dgl dQQ ....................... dgn
(aij)mxn =

Am1 (07 Amn

which is called an intuitionistic fuzzy soft matrix of order m x n correspond-
ing to the intuitionistic fuzzy soft set (F4, E) over U. An intuitionistic fuzzy soft
5
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set (F’A,E) is uniquely characterized by the matrix (@;j)mxn. Therefore we shall
identify any intuitionistic fuzzy soft set with its intuitionistic fuzzy soft matrix and
use these two concepts as interchangeable.

Example 3.2. Let U be the set of four cities, given by, U = {C4,Cs, C3,C4,C5}.

Let E be the set of parameters ( each parameter is an intuitionistic fuzzy word ),

given by, E = { highly, immensely, moderately, average, less } = {e1, ea, €3, €4, 5} (say)

Let A C E, given by, = {e1,e2,e3,65} (say)

Now suppose that, Faisa mapping, defined as “polluted cities(.)”and given by,

}:—‘A(el) = {Cl/(27 7)7 02/(87 1)7 03/(45 2)a 04/(67 3)7 CS/( )}7

}TA(€2) = {Cl/(07 1)7 CQ/(ga 1)) 03/(3a 6)7 04/(4a 6)a 05/( )}?

Fa(es) ={C1/(3,.5),C2/(4,.6),C3/(.8,.1),C4/(.1, .8),C5/(.3,.7)},

Fa(es) ={C1/(.9,.1),C2/(.1,.8),C3/(.5,.4),C4/(.3,.5),C5/(.1,.8)}

Then the intuitionistic fuzzy soft set

(FA’E)
= { highly polluted city = {Cl/(Q, 7)7 C’g/(87 1), 03/(4, 2), 04/(6, 3), 05/(7, 2)},

immensely polluted city = {Cl/(O, .9), CQ/(.9, .1), Cg/(.?), .6), C’4/(.47 .6), C5/<.6, 3)},
moderately polluted city = {Cl/(37 5)7 CQ/(47 6), 03/(8, 1), C4/(1, 8), 05/(3, 7)}7
less polluted city = {Cl/(g, 1), CQ/(l, 8), Cg/(5, 4), 04/(3, 5), 615/(17 8)}}

Therefore the relation form of (F 'a, E) is written by,

Ry = {({Ol/(2a 7)v 02/(8a 1)7 03/(47 2)7 C’4/(67 3)7 05/(77 2)}a 61)7 ({{Ol/(07 9)7

C2/(.9,.1),C3/(.3,.6),C4/(4,.6),C5/(.6,.3)}, ea),

({C1/(.3,.5),C2/(4,.6),C3/(.8,.1),C4/(.1,.8),C5/(.3,.7)}, e3),

({Cl/(g, 1), Cg/(l, 8), 6'3/(57 4), 04/(3, 5), 05/(17 8)}, 65)}

Hence the intuitionistic fuzzy soft matrix (a;;) is written by,
(.2,.7) (0,.9) (.3,.5) (0,1) (.9,.1)
(.8,.1) (.9,.1) (4,.6) (O, 1) (.1,.8)
(&ij) = ('47 2) ( 3a 6) ( 8,. 1) (07 1) (57 4)
(.6,.3) (4,.6) (.1,.8) (0,1) (.3,.5)
(.7,.2) (.6,.3) (.3,.7) (0,1) (.1,.8)

Definition 3.3. Row-Intuitionistic Fuzzy Soft Matrix: An intuitionistic fuzzy
soft matrix of order 1 x n i.e., with a single row is called a row-intuitionistic fuzzy
soft matrix. Physically, a row-intuitionistic fuzzy soft matrix formally corresponds
to an intuitionistic fuzzy soft set whose universal set contains only one object.

Example 3.4. Suppose the universe set U contains only one dress d; and parameter
set E = { costly, beautiful, cheap, comfortable }= {e1, ea, e3,€4}.

Iiet A= {627 €3, 64} CcCFE and FA(BQ) = {dl/(87 1)}, FA(63) = {dl/(3, 7)},

Fa(eq) = {d1/(.6,.3)}. Then we have an intuitionistic fuzzy soft set as

(Fa, B) = {(e2, {d1/(:8,.1)}), ez, {er /(:3,.T)}), (ea, {dr /(:6,-3)})}

and then the relation form of (Fy, F) is written by,

RA = {({dl/('& -1)}762% ({dl/(-3a -7)}763)67 ({dl/(-6a -3)}764)}
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Hence the intuitionistic fuzzy soft matrix (a;;) is written by,
(aij) = ( (0,1) (.8,.1) (.3,.7) (.6,.3) ) which contains a single row and so it is
a row-intuitionistic fuzzy soft matrix.

Definition 3.5. Column-Intuitionistic Fuzzy Soft Matrix: An intuitionistic
fuzzy soft matrix of order m x 1 i.e., with a single column is called a column-
intuitionistic fuzzy soft matrix. Physically, a column-intuitionistic fuzzy soft
matrix formally corresponds to an intuitionistic fuzzy soft set whose parameter set
contains only one parameter.

Example 3.6. Suppose the initial universe set U contains four dresses di, ds, d3, d4
and the parameter set E contains only one parameter given by, E = { beautiful } =

{ex}.
F:E—IFY
st,  F(er) = {d1/(0.7,0.2),d2/(0.2,0.6), d3/(0.8,0.1), ds /(0.4,0.6)}.
_Then we have an intuitionistic fuzzy soft set
(F,E) ={(ey, {dl/(0.7,0.2),d2/A(0.2,0.6),d3/(0.8,0.1),d4/(0.4,0.6)})}
and then the relation form of (F, E) is written by,
Rg ={({d1/(0.7,0.2),d3/(0.2,0.6),d3/(0.8,0.1),ds/(0.4,0.6) },e1)}
Hence the intuitionistic fuzzy soft matrix (a;;) is written by,
(0.7,0.2)
.| (0:2,06)
(@) = | (0.8,0.1)
(0.4,0.6)
which contains a single column and so it is an example of column-intuitionistic fuzzy
soft matrix.

Definition 3.7. Square Intuitionistic Fuzzy Soft Matrix: An intuitionistic
fuzzy soft matrix of order m x n is said to be a square intuitionistic fuzzy soft
matrix if m = n i.e., the number of rows and the number of columns are equal.
That means a square-intuitionistic fuzzy soft matrix is formally equal to an intu-
itionistic fuzzy soft set having the same number of objects and parameters.

Example 3.8. Consider the Example 3.2. Here since the intuitionistic fuzzy soft
matrix (G;;) contains five rows and five columns, so it is a square-intuitionistic fuzzy
soft matrix.

Definition 3.9. Complement of an Intuitionistic Fuzzy Soft Matrix: Let
(Gi;) be an m x n intuitionistic fuzzy soft matrix, where a;; = (pij, v45)Vi, j. Then
the complement of (G;;) is denoted by (&;;)° and is defined by,

(Gi;)° = (¢i5), where (¢&;;) is also an intuitionistic fuzzy soft matrix of order m x n
and éij = (Vij, ,uij)Vi,j.
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Example 3.10. Consider the Example 3.2, the complement of (a;;) is,

(7,2) (9,0) (5,.3) (1,0) (.1,.9)
(1, 8) (.1,.9) (.6,.4) (1,0) (.8,.1)
(a)° = | (2,4) (6,3) (1,.8) (1,0) (4,.5)
(3,.6) (6,4) (9,.1) (1,0) (5,.3)
(2,7) (3,6) (7,.3) (1,0) (8,.1)

Definition 3.11. Null Intuitionistic Fuzzy Soft Matrix: An intuitionistic fuzzy
soft matrix of order m x n is said to be a null intuitionistic fuzzy soft matrix
or zero intuitionistic fuzzy soft matrix if all of its elements are (0,1). A null
intuitionistic fuzzy soft matrix is denoted by, ®. Now the intuitionistic fuzzy soft set
associated with a null intuitionistic fuzzy soft matrix must be a null intuitionistic
fuzzy soft set.

Example 3.12. Let there are four dresses in the universe set U given by, U =
{di1,d2,d3,ds} and the parameter set E = { beautiful, cheap, comfortable, gorgeous
}={e1,ea,e3,e4}. Let A= {e1,ez,e3} C E. Now let F)y : E — IFY s,
Fa(er) ={d1/(0,1),d2/(0,1),d3/(0,1),ds/(0,1)} = ¢, Fa(ez) = ¢, Fa(es) = ¢.
Tpen the intuitionistic guzzy sqft set
(FAa E) = {(617 ¢)a (627 (Z))a £€37 ¢)}
and the relation form of (F4, F) is written by,
RA = {(¢7 61)7 (¢7 eZ)a (¢7 63)}
Hence the intuitionistic fuzzy soft matrix (a;;) is written by,

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

oy ey ey o) | g
@) =1 (01) 1) 01 ©O1) |~
(0,1) (O,l) (0,1) (0,1)

Definition 3.13. Complete or Absolute Intuitionistic Fuzzy Soft Matrix:
An intuitionistic fuzzy soft matrix of order m x n is said to be a complete or abso-
lute intuitionistic fuzzy soft matrix if all of its elements are (1,0). A complete
or absolute intuitionistic fuzzy soft matrix is denoted by, Cy4. Now the intuitionistic
fuzzy soft set associated with an absolute intuitionistic fuzzy soft matrix must be
an absolute intuitionistic fuzzy soft set.

Example 3.14. Let there are four dresses in the universe set U given by,

U = {di,ds,ds,ds} and the parameter set E = {beautiful, cheap, comfortable,
gorgeous} = {e1,e9,e3,e4}. Let A = {e1,eq,e3,e4} C E and Fy:E— IFY s,
f?A(ﬁ) = {d1/(1,0),d2/(1,0),ds/(1,0),d4/(1,0)},
}:—‘A(€2) = {dl/(170),d2/(170)7d3/(1 O) d4/( 70)}a
Fa(es) ={d1/(1,0),d2/(1,0),d3/(1,0),ds/(1,0)},
Fa(es) ={d1/(1,0),d2/(1,0),ds/(1,0),ds/(1,0)}.
Tben the intuitionistic fuzzy soft set
(Fa, B) = {(ex, {d1 /(1,0), do/(1,0), ds/(1,0),ds/(1,0)}),

(e2,{d1/(1,0),d2/(1,0),d3/(1,0), da/(1, 555})

9
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(e3,{d1/(1,0),d2/(1,0),d3/(1,0),ds/(1,0)}),

(ex, {1 /(1,0),da/(1.0),ds/(1,0), dy/(1,0)})}

and the relation form of (Fa, E) is written by,
Ra={({d1/(1,0),d2/(1,0),d3/(1,0),ds/(1,0)}, e1)
({d1/(1.0),d2/(1,0),d3/(1,0),da/ (1,0}, c2),
({d1/(1,0),d2/(1,0),d3/(1,0),ds/(1,0)}, e3),
({d1/(1,0),d2/(1,0),d3/(1,0),da/(1,0)}, €4)}

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

(1,0) (1,0) (1,0) (1,
(@) =1 ’ : 1 = Ca
1

Definition 3.15. Diagonal Intuitionistic Fuzzy Soft Matrix: A square intu-
itionistic fuzzy soft matrix of order m x n is said to be a diagonal-intuitionistic
fuzzy soft matrix if all of its non-diagonal elements are (0,1).

Example 3.16. Suppose the initial universe set U = {di,ds,ds,ds,ds} and the
parameter set
E= {e1,e,e3,e4,e5}. Let F: E— TFU sit,

F(er) = {d1/(0.8,0.1),da/(0,1),d3/(0,1),ds/(0,1),d5/(0, 1)},
F(€2) = {dl/(ov 1)v d2/(037 07)7 dS/(Ov 1)3 d4/(07 1)7 d5/(03 1)}v
F(€3) = {dl/(ov 1)a d2/(07 1)7 dS/(la O)’ d4/(07 1)a d5/(0’ 1)}7
Fled) = {d1/(0, 1), d2/(0,1),ds /0, 1), ds/(0.7,0.2), d5 /(0, 1)},
Fles) = {da/(0,1),da/(0,1), ds /0, 1), d4/(0,1), ds /(0.6,0.3)}.
Then the intuitionistic fuzzy soft set

(F, E) = {(e1,{d1/(0.8,0.1),d2/(0,1),d3/(0,1),ds/(0,1),d5/(0,1)}), (€2, {d1/(0, 1),
d2/(0.3,0.7),ds/(0,1),ds/(0,1),d5/(0,1)}), (e3,{d1/(0,1),d2/(0,1),ds/(1,0),
ds/(0,1),d5/(0,1)}), (ea, {d1/(0,1),d2/(0,1),ds/(0,1),ds/(0.7,0.2),d5/(0,1)}),
(657 {dl/(oa 1)7d2/(0’ 1); d3/(07 1)’ d4/(0a 1)7d5/(0'6a 03)})}

and the relation form of (F', E) is written by,

Ry ={({({d1/(0:8,0.1), dz/(O 1), d3/(0,1),d4/(0,1),d5/(0,1)}, 1),
({d1/(0,1),d2/(0.3,0.7), d3/(0,1),ds/(0,1),d5/(0, 1)}, ea),
({d1/(0,1),d2/(0,1),ds3/(1,0),ds/(0,1),d5/(0,1)}, e3),
({d1/(0,1),d2/(0,1),d3/(0,1),da/(0.7,0.2), d5 /(0,1)}, ea),
({d1/(0,1),d2/(0,1),d3/(0,1),ds/(0,1),d5/(0.6,0.3)}, e5)}
Hence the intuitionistic fuzzy soft matrix (a,;) is written by,
(0.8,0.1) (0,1) (0,1) (0,1) (0,1)
(0,1) (0.3,0.7) (0,1) (0,1) 0,1)
(dij) - (07 1) (07 1) (17 O) (07 1) (0’ 1)
(0,1) (0,1) (0,1) (0.7,0.2) (0,1)
(0,1) (0,1) (0,1) (0,1) (0.6,0.3)
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whose all non-diagonal elements are (0, 1) and so it is a diagonal-intuitionistic fuzzy
soft matrix.

Definition 3.17. Transpose of a Square Intuitionistic Fuzzy Soft Matrix:
The transpose of a square intuitionistic fuzzy soft matrix (G;;) of order m x n is
another square intuitionistic fuzzy soft matrix of order n x m obtained from (d;;)
by interchanging its rows and columns. It is denoted by (@;;)T. Therefore the in-
tuitionistic fuzzy soft set associated with (a;;)7 becomes a new intuitionistic fuzzy
soft set over the same universe and over the same set of parameters.

Example 3.18. Consider the Example 3.2. Here (}3',47 E) be an intuitionistic fuzzy
soft set over the universe U and over the set of parameters E, given by,

(Fa, E)
= { highly polluted city = {C1/(.2,.7),C2/(.8,.1),C3/(.4,.2),C4/(.6,.3),C5/(.7,.2)},
immensely polluted city = {C1/(0,.9),C5/(.9,.1),C3/(.3,.6),Cys/(.4,.6),C5/(.6,.3)},
moderately polluted city = {C1/(.3,.5),C2/(.4,.6),C3/(.8,.1),C4/(.1,.8),C5/(.3,.7)},
less polluted city = {C1/(.9,.1),Ca/(.1,.8),C3/(.5,.4),C4/(.3,.5),C5/(.1,.8)}}

whose associated intuitionistic fuzzy soft matrix is,

(2,.7) (0,.9) (.3,.5) (0,1) (.9,.1)
(.8,.1) (.9,.1) (.4,.6) (0,1) (.1,.8)
(a;ij) =1 (4,.2) (.3,.6) (.8,.1) (0,1) (.5,.4)
(.6,.3) (.4,.6) (.1,.8) (0,1) (.3,.5)
(.7,.2) (.6,.3) (.3,.7) (0,1) (.1,.8)
Now its transpose intuitionistic fuzzy soft matrix is,
(.2,.7) (.8,.1) (4,.2) (.6,.3) (.7,.2)
0,.9) (.9,.1) (.3,.6) (.4,.6) (.6,.3)
(ai)T =1 (.3,.5) (4,.6) (.8,.1) (.1,.8) (.3,.7)
01) (0,1) (01 (01 (01

(.9,.1) (.1,.8) (.5,.4) (.3,.5) (.1,.8)
Therefore the intuitionistic fuzzy soft set associated with (a;;)7 is,
(G, E)
= { highly polluted city = {C1/(.2,.7),C2/(0,.9),C5/(.3,.5),C4/(0,1),C5/(.9,.1)},

immensely polluted city = {C1/(.8,.1),C5/(.9,.1),C3/(.4,.6),C4/(0,1),C5/(.1,.8)},
moderately polluted city = {C} /(.4,.2),C%/(.3,.6),C5/(.8,.1),C4/(0,1),C5/(.3,.7)},
average polluted city = {C1/(.6,.3),C2/(4,.6),C5/(.1,.8),C4/(0,1),C5/(.3,.5)},
less polluted city = {C1/(.7,.2),C2/(.6,.3),C3/(.3,.7),C4/(0,1),C5/(.1,.8)} }

where B= { highly, immensely, moderately, average, less }C E and G is a mapping
from B to IFY.

Definition 3.19. Choice Matrix: It is a square matrix whose rows and columns
both indicate parameters(which are intuitionistic fuzzy words or sentences involving
10
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intuitionistic fuzzy words). If é is a choice matrix, then its element fij is defined as
follows:

é . { (1, 0) when ith and jth parameters are both choice parameters of the decision makers
)

(0, 1) otherwise, i.e. when atleast one of the ith or jth parameters be not under choice

There are different types of choice matrices according to the number of decision
makers. We may realize this by the following example.

Example 3.20. Suppose that U be a set of four factories, say, U = {f1, f2, f3, f4}
Let F be a set of parameters, given by,
E = { costly, excellent work culture, assured production, good location, cheap}

= {61762763764765}(88’}]) N

Now let the intuitionistic fuzzy soft set (F', A) describing “the quality of the facto-

ries”, is given by,

(F,E)
= { costly factories = {fl/(09, 0.1), f2/(0.2, 07), f3/(0.4, 0.5), f4/(0.8, 0.1)},

factories with excellent work culture = {fl/(OS, 01), f2/(037 05), f:;/(o’i.)7 04), f4/(04:7 05)},
factories with assured production = {fl/(09, 01), fg/(OZ, 07), fg/(04, 05), f4/(08, 01)},
factories with good location = {fl/(077 03), fg/(09, 01), f3/(04, 05), f4/(08, 02)},

cheap factories = {fl/(O.l, 0.8), fg/(O?, 0.1), f3/(0.5, 0.3), f4/(0.2, 07)}}

Suppose Mr.X wants to buy a factory on the basis of his choice parameters excellent
work culture, assured production and cheap which form a subset P of the parameter
set E.

Therefore P = {ez,e3,¢e5}

Now the choice matrix of Mr.X is,

(0,1)
eV — (0,1)
(Elj)P =E€p (07 1)
(0,1)

0,1) (1,0) (1,0) (0,1) (1,0)
Now suppose Mr.X and Mr.Y together wants to buy a factory according to their

choice parameters. Let the choice parameter set of Mr.Y be, Q = {e1,e2,€3,e4}
Then the combined choice matrix of Mr.X and Mr.Y is

€Q
(0,1) (0,1) (0,1) (0,1) (0,1)
@) . (1,0) (1,0) (1,0) (1,0) (0,1)
WPR) =P (1,0) (1,0) (1,0) (1,0) (0,1)
(0,1) (0,1) (0,1) (0,1) (0,1)
(1,0) (1,0) (1,0) (1,0) (0,1)

[Here the entries é;; = (1,0) indicates that e; is a choice parameter of Mr.X and

e; is a choice parameter of Mr.Y. Now é;; = (0, 1) indicates either e; fails to be a

choice parameter of Mr.X or e; fails to be a choice parameter of Mr.Y ]

Again the above combined choice matrix of Mr.X and Mr.Y may be also presented
11
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in its transpose form as,

ep
(0,1) (1,0) (1,0) (0,1) (1,0)
. B (0,1) (1,0) (1,0) (0,1) (1,0)
(&ij)@.r) = €q (0,1) (1,0) (1,0) (0,1) (1,0)
(0,1) (1,0) (1,0) (0,1) (1,0)
(0,1) (0,1) (0,1) (0,1) (0,1)

Now let us see the form of the combined choice matrix associated with three decision
makers. Suppose that Mr.Z is willing to buy a factory together with Mr.X and Mr.Y
on the basis of his choice parameters excellent work culture, assured production and
good location which form a subset R of the parameter set E.

Therefore R = {ez,e3,e4}

Then the combined choice matrix of Mr.X, Mr.Y and Mr.Z will be of three
different types which are as follows,

€(PAQ)
0.1 01 01 01 ©1
R . (0,1) (1,0) (1,0) (0,1) (0,1)
(1) (gij)(R,P/\Q) = €Rr (0, 1) (1’ 0) (17 O) (0’ 1) (O7 1)
(0,1) (1,0) (1,0) (0,1) (0,1)
0,1) (0,1) (0,1) (0,1) (0,1)

[ Since the set of common choice parameters of Mr.X and Mr.Y is;, PAQ = {ez,e3}.
Here the entries é;; = (1,0) indicates that e; is a choice parameter of Mr.Z and e; is
a common choice parameter of Mr.X and Mr.Y. Now é;; = (0, 1) indicates either e;

fails to be a choice parameter of Mr.Z or e; fails to be a common choice parameter
of Mr.X and Mr.Y.]

00 01 01 ©01 01
ey 2 . (0,1) (1,0) (1,0) (1,0) (o, 1) . .
(i) (&j)poar) = ep 0.1) (L0) (10) (L0) (0.1) [ Since Q A R =
(0,1) (0,1) (0,1) (0,1) (0,1)
(0,1) (1,0) (1,0) (1,0) (0,1)
{62,63,64}]
€(RAP)
(0,1) (1,0) (1,00 (0,1) (0,1)
cen 2 . (0,1) (1,0) (170) (0,1) (0,1) . .
(iii) (&ij)(Q.rAP) = €@ 0.1) (Lo) (1L0) (0.1) (0.1) [ Since RA P =
(0,1) (1,0) (1,0) (0,1) (0,1)
(0,1) (0,1) (0,1) (0,1) (0,1)

{e2, es}]

Definition 3.21. Symmetric Intuitionistic Fuzzy Soft Matrix: A square
intuitionistic fuzzy soft matrix A of order n x n is said to be a symmetric Intu-
itionistic fuzzy soft matrix, if its transpose be equal to it, i.e., if AT = A. Hence
the Intuitionistic fuzzy soft matrix (d;;) is symmetric, if a;; = a,;, Vi, j.

12
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Therefore if (d;;) be a symmetric Intuitionistic fuzzy soft matrix then the Intuition-
istic fuzzy soft sets associated with (a;;) and (a;;)7 both be the same.

Example 3.22. Let the set of universe U = {uj,us2,us,us} and the set of pa-
rameters E = {ej,ea,e3,e4}. Now suppose that, A = {e1,es,e3,e4} C E and
Fy:A— IFY s, (Fa, E) forms an intuitionistic fuzzy soft set given by,

(Fa, E) = {(e1,{u1/(0.2,0.8),u2/(0.3,0.7),u3/(0.8,0.1)us/(0.5,0.4)}), (e2, {u1/(0.3,0.7),
u2/(0.6,0.2),u3/(0.1,0.7),u4/(0.7,0.2)}), (e3, {u1/(0.8,0.1),u2/(0.1,0.7), u3/(0.7,0.2),
u4/(0.2,0.7)}), (€4, {u1/(0.5,0.4),u2/(0.7,0.2),u3/(0.2,0.7),us/(0.4,0.6) })}

The intuitionistic fuzzy soft matrix associated with this intuitionistic fuzzy soft set

(Fy, E) is,

(0.2,0.8) (0.3,0.7) (0.8,0.1) (0.5,0.4)
| (03,07) (0.6,0.2) (0.1,0.7) (0.7,0.2)
(@5) =1 (08.01) (0.1.07) (0.7.02) (0.2.0.7)

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

Since here a;; = a;;, Vi, j; (a;5) is a symmetric intuitionistic fuzzy soft matrix.

Definition 3.23. Addition of Intuitionistic Fuzzy Soft Matrices: Two in-
tuitionistic fuzzy soft matrices A and B are said to be conformable for addition, if
they be of the same order. The addition of two intuitionistic fuzzy soft matrices

(as;) and (b;;) of order m x n is defined by,

(Gi5) @ (bij) = (&), where (¢;;) is also an m X n intuitionistic fuzzy soft matrix and
éij = (max{:u‘?lij ) lul},ij }7 min{ydij y Vf,ij })VZ, J-

Example 3.24. Consider the intuitionistic fuzzy soft matrix of example 3.1,
(.2,.7) (0,.9) (.3,.5) (0,1) (.9,.1
(.8,.1) (.9,.1) (4,.6) (0,1)
(dij) = (4,.2) (.3,.6) (8,.1) (0,1)
(.6,.3) (4,.6) (.1,.8) (0,1)
(7,.2) (.6,.3) (.3,.7) (0,1) (.1,.8)
Now consider another intuitionistic fuzzy soft matrix (b;;) associated with the intu-
itionistic fuzzy soft set (G, E) ( also describing “the pollution of the cities”) over
the same universe U.
Let B = {ej,eq,e5} C E and

o — N —

(.1,.8
(.5,.4
(3,5

(G, B) { highly polluted city = {C1/(.3,.7),C2/(.9,.1),C5/(.4,.5),C4/(.7,.2),C5s/(.6,.2)},
average polluted city = {C1/(.2,.7),C2/(.3,.7),C5/(.7,.1),C4/(.2,.8),C5/(.3,.6)},

less polluted city = {C1/(.8,.1),C/(.2,.7),C5/(.6,.4),C4/(.3,.5),C5s/(.2,.6)} }

aAnd then the relation form of (GB, E) is written by,
Rp ={({C1/(.3,.7),C3/(.9,.1),C3/(4,.5),Cs/(.7,.2),C5/(.6,.2) },e1), {C1/(.2,.7),C2/(.3,.7),
C’3/(.77 .1), 04/(.2, .8), 05/(.3, 6)}, 62), ({d1/037 d2/0.7, d3/0.67 d4/0.2}, 64),
({C1/(8,.1),C2/(.2,.7),C5/(.6,.4),C4/(.3,.5),C5/(.2,.6)},e5)}

13
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Hence the intuitionistic fuzzy soft matrix (b; ;) is written by,
(.3,.7) (0,1) (0,1) (.2,.7) (.8,.1)

R (.9,.1) (0,1) (0,1) (3,.7) (.2,.7)

(bij) = | (4,.5) (0,1) (0,1) (. 7 1) (.6,.4)
(.7,:2) (0,1) (0,1) (.2,.8) (3,.5)

(6,.2) (0.1) (0.1) (3..6) (2, .6)

Therefore the sum of the intuitionistic fuzzy soft matrices (G;;) and (b;;) is,
(.3,.7) (0,09 (3,.5) (0.2,0.7) (.9,.1)
R (. 9, 1) (.9,0.1) (.4,0.6) (0.3,.7) (.2,.7)
(Gij) ® (bi;) = | (4,.2) (.3,0.6) (.8,0.1) (0.7,.1) (.6,.4)
(7,.2) (4,0.6) (.1,0.8) (0.2,.8) (.3,.5)
(.7,.2) (.6,0.3) (.3,0.7) (0.3,.6) (.2,.6)

Definition 3.25. Subtraction of Intuitionistic Fuzzy Soft Matrices: Two in-
tuitionistic fuzzy soft matrices A and B are said to be conformable for subtraction,
if they be of the same order. For any two intuitionistic fuzzy soft matrices (G;;) and
(bi;) of order m x n, the subtraction of (ZA)”) from (a;;) is defined as,

(Gi5) © (b”) (¢i;), where (&) is also an m x n intuitionistic fuzzy soft matrix and
Cij = (mln{,uaij,ub?j}max{u@ij,ug?j})Vi,j where (l;f]) is the complement of (b;;)

Example 3.26. Consider the intuitionistic fuzzy soft matrices (a;;) and (b;;) of
Example 3.24. Now,

(2,.7) (0,.9) (.3,5) (0,1) (.9,.1)
(8,.1) (.9,.1) (4,6) (0,1) (.1,.8)
(Gi5) = (4,2) (3,6) (8,.1) (0,1) (5,.4)
(.6,.3) (4,.6) (.1,.8) (0,1) (.3,.5)
(7,.2) (6,.3) (.3,.7) (0,1) (.1,.8)
(.7,.3) (1,0) (1,0) (.7,.2) (.1,.8)
(.1,.9) (1,0) (1,0) (.7,.3) (.7,.2)
and (b;j)°=| (.5,.4) (1,0) (1,0) (.1,.7) (.4,.6)
(2,.7) (1,0) (1,0) (.8,.2) (.5,.3)
(2,.6) (1,0) (1,0) (.6,.3) (.6,.2)

Therefore the subtraction of the intuitionistic fuzzy soft matrix (b; ;) from the intu-
itionistic fuzzy soft matrix (a;) is,

(2,.7)  (0,.9) (0.3,.5) (0,0.2) (.1,.8)

A (.1,.9) (0.9,.1) (0.4,.6) (0,0.3) (.1,.8)
(ai;) © (bij) = | (2,.7) (0.3,.6) (0.8,.1) (0,0.7) (.4,.6)
(2,.7) (04,.6) (0.1,.8) (0,0.2) (.3,.5)

(2,.6) (0.6,.3) (0.3,.7) (0,0.3) (.1,.8)

Properties: Let A and B be two intuitionistic fuzzy soft matrices of order m x n.
Then

14
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Definition 3.27. Product of an Intuitionistic Fuzzy Soft Matrix with a
Choice Matrix: Let U be the set of universe and E be the set of parameters.
Suppose that A be any intuitionistic fuzzy soft matrix and B be any choice matrix
of a decision maker concerned with the same universe U and E. Now if the number
of columns of the intuitionistic fuzzy soft matrix A be equal to the number of rows
of the choice matrix B, then A and B are said to be conformable for the product
(A® f3) and the product (A ® ) becomes an intuitionistic fuzzy soft matrix. We
may denote the product byA/Al ® B or simply by AB .

Ifi4 = (&ij)mxn and 3 = (ﬁjk)nxp; then

AB = (Cir)

where &, = (max?zlmin{,u@ij,,ugjk},min;-l:lmax{z/@ij, V[;,jk})

It is to be noted that, B/l cannot be defined here.

Example 3.28. Let U be the set of four dresses, given by, U = {dy,d2,ds,ds}. Let E
be the set of parameters, given by, E' = { cheap, beautiful, comfortable, gorgeous } =
{e1,ea,e3,e4}(say). Suppose that the set of choice parameters of Mr.X be, A =
{e1,e3}. Now let according to the choice parameters of Mr.X, we have the intuition-
istic fuzzy soft set (F, A) which describes “the attractiveness of the dresses”and the
intuitionistic fuzzy soft matrix of the intuitionistic fuzzy soft set (F ,A) be,
(0.8,0.1) (0.2,0.7) (0.7,0.2) (0.3,0.5)

(a5;) = (0.3,0.6) (0.7,0.1) (0.4,0.6) (0.8,0.1)

I (0.7,0.2) (0.4,0.5) (0.5,0.3) (0.6,0.2)
(0.5,0.4) (0.1,0.8) (0.9,0.1) (0.2,0.7)
Again the choice matrix of Mr.X is,

ea
1,0) (o, (1, 0,1
0,1) (o, (0, 0,1
1,0) (o, (1, 0,1
0,1) (0.1) (0,1) (0,1)

Since the number of columns of the intuitionistic fuzzy soft matrix (a;;) is equal to
the number of rows of the choice matrix (éw) A, they are conformable for the product.

(&ij)a =ea

—~
= —
_ = =
~— — —
o = O
Z— =
A~~~
— — —

(0.8,0.1) (0.2,0.7) (0.7,0.2) (0.3,0.5) (1,0) (0,1) (1,0)
Theref (0.3,0.6) (0.7,0.1) (0.4,0.6) (0.8,0.1) 0,1) (0,1) (0,1)
erefore | 97 0.2) (0.4,0.5) (0.5,03) (0.6,0.2) [“| (1,00 (0,1) (1,0)
(0.5,0.4) (0.1,0.8) (0.9,0.1) (0.2,0.7) 0,1) (0,1) (0,1)
(0.8,0.1) (0,1) (0.8,0.1) (0,1)
[ (0.4,06) (0,1) (0.4,0.6) (0,1)
| 07,02 (1) (07,02 (0,1)
(0.9,0.1) (0,1) (0.9,0.1) (0,1)

15
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4. A GENERALIZED INTUITIONISTIC Fuzzy SOFT SET BASED GROUP DECISION
MAKING PROBLEM

Let N number of decision makers want to select an object jointly from the m
number of objects which have n number of features i.e., parameters(F). Suppose
that each decision maker has freedom to take his decision of inclusion and evaluation
of parameters associated with the selected object, i.e., each decision maker has his
own choice parameters belonging to the parameter set £ and has his own view of
evaluation. Here it is assumed that the parameter evaluation of the objects
by the decision makers must be intuitionistic fuzzy and may be presented
in linguistic form or intuitionistic fuzzy soft set format, alternatively, in the form of
intuitionistic fuzzy soft matrix. Now the problem is to find out the object out
of these m objects which satisfies all the choice parameters of all decision
makers jointly as much as possible.

5. A NEW APPROACH TO SOLVE INTUITIONISTIC FuUzzY SOFT SET BASED
GROUP DECISION MAKING PROBLEMS

This new approach is specially based on choice matrices. These choice matrices
represent the choice parameters of the decision makers and also help us to solve
the intuitionistic fuzzy soft set (or intuitionistic fuzzy soft matrix) based decision
making problems with least computational complexity.

The Stepwise Solving Procedure: To solve such type of intuitionistic fuzzy
soft set (or intuitionistic fuzzy soft matrix) based decision making problems, we are
presenting the following stepwise procedure which comprises of the newly proposed
choice matrices, intuitionistic fuzzy soft matrices and the operations on them.

IFSM-Algorithm

Step 1: If the parameter evaluation of the objects by the decision makers are not

given in intuitionistic fuzzy soft matrix form, then first construct the intuitionistic

fuzzy soft matrices according to the given evaluations.

Step 2: Construct the combined choice matrix with respect to the choice parame-

ters of the decision makers.

Step 3: Compute the product intuitionistic fuzzy soft matrices by multiplying each

given intuitionistic fuzzy soft matrix with the combined choice matrix as per the

rule of multiplication of intuitionistic fuzzy soft matrices.

Step 4: Compute the sum of these product intuitionistic fuzzy soft matrices to have

the resultant intuitionistic fuzzy soft matrix(R[FS).

Step 5: Then compute the weight of each object(O;) by adding the membership

values of the entries of its concerned row(i-th row) of R;rs and denote it as W(0O;).

Step 6: The object having the highest weight becomes the optimal choice object.

If more than one object have the highest weight then go to the next step.

Step 7: Now we have to consider the “sum of the non-membership values” (0) of the

entries of the rows associated with those equal weighted objects. The object with

the minimum O-value will be the optimal choice object. Now if the ©-values of those
16
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objects also be the same, any one of them may be chosen as the optimal choice object.

To illustrate the basic idea of the I F'SM-algorithm, now we apply it to the follow-
ing intuitionistic fuzzy soft set (or intuitionistic fuzzy soft matrix) based decision
making problems.

Example 5.1. Let U be the set of four dresses, given by, U = {d1, ds, d3,ds}. Let
FE be the set of parameters, given by,

E = { cheap, beautiful, comfortable, gorgeous } = {e1, ez, 3, e4}(say).

Suppose that, three friends Mr.X, Mr.Y and Mr.Z together want to buy a dress
among these four dresses for their common friend Mr.D according to their choice
parameters, A = {ej,e3}, B = {ea,e3},C = {e1, e4} respectively. Now let according
to the choice parameter evaluation of the dresses by Mr.X, Mr.Y and Mr.Z, we
have the intuitionistic fuzzy soft sets (Fa, E), (G, E), (He, E) which describe “the
attractiveness of the dresses "according to Mr.X, Mr.Y and Mr.Z respectively and
given by,

(Fa,E) = { cheap dresses = {d1/(0.9,0.1),d5/(0.3,0.5),ds/(0.7,0.1),ds/(0.2,0.7)},
comfortable dresses = {d;/(1,0),d2/(0.6,0.3),ds/(0.3,0.5),d4/(0.2,0.7)}}

(Gp,E) = {beautiful dresses = {d;/(0.4,0.6),ds/(0.8,0.1),ds/(0.5,0.2),d4/(0.3,0.5)},
comfortable dresses = {d;/(0.8,0.1),d2/(0.6,0.2),d35/(0.4,0.5),d4/(0.2,0.8) } }
(He,E) = { cheap dresses = {d;/(0.9,0.1),ds/(0.4,0.5),ds/(0.6,0.3),ds/(0.3,0.5)},

gorgeous dresses = {d1/(0.2,0.7),d2/(0.3,0.5),d5/(0.6,0.2),d4/(0.9,0)} }

The problem is to select the dress among the four dresses which satisfies
the choice parameters of Mr.X, Mr.Y and Mr.Z as much as possible.

Now let us apply our newly proposed I FSM-algorithm to solve this problem.
(1) The intuitionistic fuzzy soft matrices of the intuitionistic fuzzy soft sets (Fa, E), (Gp, E)
and (Hc, F) are respectively,

(0.9,0.1) (0,1) (1,0) (0,1) (0,1) (0.4,0.6) (0.8,0.1) (0,1)
.+ _ | (03,0.5) (0,1) (0.6,0.3) (0,1) by — (0,1) (0.8,0.1) (0.6,0.2) (0,1)
@) =1 (07.01) (0.1) (0305 ©.1 ["®)=| 01 (0502 (0405 (01)
(0.2,0.7) (0,1) (0.2,0.7) (0,1) (0,1) (0.3,0.5) (0.2,0.8) (0,1)
(0.9,0.1) (0,1) (0,1) (0.2,0.7)
. _ | (0.4,05) (0,1) (0,1) (0.3,0.5)
(Cu) = (0.6,0.3) (0,1) (0,1) (0.6,0.2)
(0.3,0.5) (0,1) (0,1) (0.9,0)
(2) The combined choice matrices of Mr.X, Mr.Y, Mr.Z in different forms are,
€BAC
0,1 1) 0,1 (1)
ea | (0,1) (0,1) (0,1) (0,1) | [Since BAC = ¢, A= {e1,es}]
(0,1) (0,1) (0,1) (0,1)
(0,1) (0,1) (0,1) (0,1)
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0,1) (0,1) (0.9,0.1) (0,1) (0.8,0.1) (0,1) (0.9,0.1) (0,1)

0,1) (0,1) (04,05 (0,1) | [ (0.8,01) (0,1) (04,05 (0,1) |
“1 (0,1 (0,1) (06,02 0,1) || 0502 (0,1) (06,02 (0.1) |~

0,1) (0,1) (0.9,0) (0,1) (0.3,0.5) (0,1) (0.9,0) (0,1)
RIFS

(5) Now the weights of the dresses are,
(i) W(d1)=08+0+09+0=1.7

(ii) W(da) =0.8+0+0.4+0=12
(iii) W(d3) =0.5+0+0.6+0=1.1
(iv) W(ds) =0.3+0409+0=1.2

(6) The dress associated with the first row of the resultant intuitionistic fuzzy soft
matrix(R;pg) has the highest weight(W (d;) = 1.7), therefore d; be the optimal
choice dress. Hence Mr.X, Mr.Y and Mr.Z will buy the dress d; according
to their choice parameters.

6. APPLICATION IN MEDICAL SCIENCE

Generally in medical science a patient suffering from a disease may have multiple
symptoms. Again it is also observed that there are certain symptoms which may be
common to more than one diseases leading to diagnostic dilemma.

Example 6.1. Now we consider from medical science[3][12][13] four symptoms such
as abdominal pain, fever, nausea vomiting, diarrhea which have more or less con-
tribution in four diseases such as typhoid, peptic ulcer, food poisoning, acute vi-
ral hepatitis. Now, from medical statistics, the degree of availability of these four
symptoms in these four diseases are observed as follows. The degree of belong-
ingness of all the symptoms abdominal pain, fever, nausea vomiting and diarrhea
for the diseases typhoid, peptic ulcer, food poisoning and acute viral hepatitis are
{(0.3,0.6), (0.8,0.1), (0.1,0.7), (0.2,0.7) }, {(0.9,0.1), (0.2,0.6), (0.1,0.8), (0.1,0.7) },
{(0.6,0.2), (0.3,0.6), (0.6,0.3), (0.7,0.2)} and {(0.2,0.6), (0.6,0.2), (0.5,0.4), (0.1,0.7)}
respectively.
Suppose a patient who is suffering from a disease, have the symptoms P ( abdom-
inal pain, fever and diarrhea). Now the problem is how a doctor detects the
actual disease among these four diseases for that patient. Now we will solve
this problem by applying I F'SM-Algorithm.
Here U = {typhoid, peptic ulcer, food poisoning, acute viral hepatitis} = {d1, da, ds, d4s},
E = {abdominal pain, fever, nausea vomiting, diarrhea} = {ej,eq,e3,e4} and P =
{e1,e2,e4} CE
(1) The intuitionistic fuzzy soft matrix obtained from the given data is,

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

.+ | 09,01) (0.2,06) (0.1,0.8) (0.1,0.7)
(a:5) = (0.6,0.2) (0.3,0.6) (0.6,0.3) (0.7,0.2)
(0.2,0.6) (0.6,0.2) (0.5,0.4) (0.1,0.7)
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(2) The choice matrix of the patient is,

ep
(1,0) (1,00 (0,1) (1,0)
ep | (1,0) (1,0) (0,1) (1,0) [ Since P = {ey, ez, e4}]
(0,1) (0.1) (0,1) (0,1)
(L0) (1L0) (0.1) (1,0)
(3) and (4) Corresponding product intuitionistic fuzzy soft matrix is,
ep Ep
(0.3,0.6) (0.8,0.1) (0.1,0.7) (0.2,0.7) (1,0) (1,0) (0,1)
Us| (09,0.1) (0.2,0.6) (0.1,0.8) (0.1,0.7) ®ep| (1,0) (1,0) (0,1)
(0.6,0.2) (0.3,0.6) (0.6,0.3) (0.7,0.2) (0,1) (0,1) (0,1)
(0.2,0.6) (0.6,0.2) (0.5,0.4) (0.1,0.7) (1,0) (1,0) (0,1)
(0.8,0.1) (0.8,0.1) (0,1) (0.8,0.1)
_ | (0.9,0.1) (0.9,0.1) (0,1) (0.9,0.1) _ B
(0.7,0.2) (0.7,0.2) (0,1) (0.7,0.2) | — "MFS
(0.6,0.2) (0.6,0.2) (0,1) (0.6,0.2)

[ As per the rule of multiplication of fuzzy soft matrices. |

(5) Now the weights of the diseases are,

(i) W(d1) =08+08+0+08=24
(i) W(d2) =0.94+0.9+0+0.9=2.7
(iii) W(ds) =0.74+0.7+0+0.7=2.1
(iv) W(ds) =0.64+0.64+0+0.6=1.8
(6) The disease associated with the second row of the resultant intuitionistic fuzzy
soft matrix(R;pg) has the highest weight(W (dy) = 2.7), therefore dy be the opti-

mal choice disease. Hence the patient is suffering from the disease peptic
ulcer(ds).

Example 6.2. In medical science[l1] there are different types of diseases and vari-
ous types of reasons are responsible for them. Now suppose that according to Dr.X.
personal habits are responsible for dental caries (0.7,0.2), for gum disease (0.8,0.1),
for oral ulcer (0.8,0.2); food habits are responsible for dental caries (0.8,0.1), for
gum disease (0.7,0.3), for oral ulcer (0.4,0.5). Again let according to Dr.Y personal
habits are responsible for dental caries (0.6,0.3), for gum disease (0.8,0.2), for oral
ulcer (0.9,0.1); food habits are responsible for dental caries (0.8,0.1), for gum dis-
ease (0.7,0.2), for oral ulcer (0.5,0.4) and hereditary factor is also responsible for
dental caries (0.2,0.7), for gum disease (0.4,0.3), for oral ulcer (0.6,0.3). Now the
problem is to find out the disease which is mostly affected by the personal
habits, food habits and hereditary factors of a human being according to
both Dr.X and Dr.Y simultaneously.

Now we will solve this problem by applying I F'SM-Algorithm.

Here U = {dental caries, gum disease, oral ulcer} = {d;,ds,ds},

E = {personal habits, food habits, hereditary factors} = {e1, 2, e3}. The choice pa-

rameter set of Dr.X is, A = {ej,ea} C E and the choice parameter set of Dr.Y is,
20
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A={ei,es,e3} CFE

(1) The intuitionistic fuzzy soft matrices according to Dr.X and Dr.Y are respec-
tively,

(aij) =

9

cooco
> 0 0 N
cocoo
CADN))—‘M

(0.7,0.2)
(0.8,0.1)
(0.8,0.2)
(0.6,0.3) 2,0.7)
(i) = | (08.0.2) (0.7,0.2) (0.4,0.3)
(0.9,0.1) (0.5,0.4) (0.6,0.3)

(2) The combined choice matrices of Mr.X and Mr.Y in different forms are,

(1,0) (16,30) (1,0)
“A 1 (1,00 (1,00 (1,0)
(0,1) (0,1) (0,1)

€A
. (1,0) (1,0) (0,1)
7l @0y (1,0) (0.1)
(1,0) (1,0) (0,1)
(3) Corresponding product intuitionistic fuzzy soft matrices are,

€A eB
v, | (07,02) (08,01) (0,1) (1,0) (1,0) (1,0)
41 08,01) (07,03 (0,1 | © | (1Lo) (1,0) (1,0
(0.8,0.2) (0.4,0.5) (0,1) (0,1) (0,1) (0,1)
(0.8,0.1) (0.8,0.1) (0.8,0.1)
(0.8,0.1) (0.8,0.1) (0.8,0.1)
(0.8,0.2) (0.8,0.2) (0.8,0.2)
€B €A
.| (0.6,0.3) (08,01) (0.2,0.7) (1,0) (1,0) (0,1)
5| (08,02 (0.7,02) (04,03) | © | (1,00 (1,00 (0,1)
(0.9,0.1) (0.5,0.4) (0.6,0.3) (1,0) (1,0) (0,1)
(0.8,0.1) (0.8,0.1) (0,1)
=| (0.8,02) (0.8,02) (0,1)
(0.9,0.1) (0.9,0.1) (0,1)

(4) The sum of these product intuitionistic fuzzy soft matrices is,
(0.8,0.1) (0.8,0.1) (0.8,0.1) (0.8,0.1) (0.8,0.1) (0,1)
0 8,0.1) (0.8,0.1) (0.8,01) | & | (0.8,02) (0.8,02) (0,1)
(0.8,0. 2 (0.8,0.2) (0.8,0.2) (0.9,0.1) (0.9,0.1) (0,1)

(0.8,0.1) (0.8,0.1) (0.8,0.1)
= | (0.8,01) (0.8,0.1) (0.8,0.1) | = Rsps
(() 9,0.1) (0.9,0.1) (0.8,0.2)
(5) Now the weights of the diseases are,
(i) W(d1)=08+08+08=24
(ii) W(dy) = 0.8+ 0.8+ 0.8 =24

(iii) W(dz) = 0.9+0.9+0.8 =2.6
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(6) The disease associated with the third row of the resultant intuitionistic fuzzy
soft matrix(R;pg) has the highest weight(W (ds) = 2.6), therefore ds be the opti-
mal choice disease. Hence oral ulcer(ds) is mostly affected by the personal
habits, food habits and hereditary factor according to the both doctors.

7. CONCLUSION:

In this paper we have proposed the concept of intuitionistic fuzzy soft ma-
trix and after that different types of matrices in intuitionistic fuzzy soft
set theory have been defined. Then we have introduced here some new operations
and properties on these matrices. Furthermore an efficient solution procedure
named as [FSM-Algorithm has been developed to solve intuitionistic
fuzzy soft set(or intuitionistic fuzzy soft matrix) based group decision
making problems and it has been applied in medical science to the prob-
lems of diagnosis of a disease from the myriad of symptoms as well as to
evaluate the effectiveness of different habits of human being responsible
for a disease.
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