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Abstract

In our day to day life we often faces some
problems due to uncertainties so that the decision
making is highly essential. In this paper, the
concept of Interval Valued Intuitionistic Fuzzy soft
Matrix is applied to solve the problem in medical
diagnosis. Here we extend Sanchez’s approach of
medical diagnosis through the Geometric mean and
Harmonic mean method of IVIFSM to obtain the
solution with an algorithm using various
parameters.
Keywords: Fuzzy soft set, Fuzzy soft matrix,
Interval Valued Intuitionistic Fuzzy, soft Matrix,
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1. Introduction:

The main concept of fuzzy is based on
uncertainties. In that case, they do not provide a
clear orientation for the decision-making. To
reduce this fuzziness, perhaps by applying fuzzy
logic or fuzzy set, would generate more certainty.
Zadeh’s[9] classical concept of fuzzy set is strong
to deal with such type of problems. Atanassov[7,8]
introduced theory of intuitionistic fuzzy set as a
generalization of fuzzy set. Soft set theory has
received much attention since its introduction by
Molodtsov[4]. Later Maji et al[12,13] extended
fuzzy soft sets to intuitionistic fuzzy soft sets which
is based on the combination of the intuitionistic
fuzzy set and soft set. Yang et al[17] presented the
concept of the interval valued fuzzy soft sets.

The concept of fuzzy matrix was studied
by Borah et al[11] which is used for dealing with
the uncertainties present in the most of our real life
situations. It is a list of values in rows and columns
that allows an analyst to systematically identify,
analyze and make decision between the set of

2.4 Fuzzy Matrix:
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values and information. By using this
representation we have discussed the consistency of
Interval valued fuzzy relational equation.
Thomason[10] published the first work on fuzzy
matrices and this work based on the max-min
operation. P.Rajarajeswari and
P.Dhanalakshmi[15] have introduced interval
valued fuzzy soft matrix, its types with examples
and some new operations on the basis of weights.
The concept of interval valued intuitionistic fuzzy
soft matrix is a generalization of intuitionistic fuzzy
soft matrix.

In this paper, we have extended sanchez’s
concept for the medical diagnosis approach. The
significance of introducing interval valued
geometric and harmonic mean method of
intuitionistic fuzzy soft matrix is to avoid tedious
representation by using simpler calculations.

2. Preliminaries:

2.1 Fuzzy set:

If X is a universal set and x is an element
of X, then a fuzzy set A defined on X may be
written as the collection of ordered pairs,
A={(x,upx)XeX}.Where pax IS the membership
function that contains 0 or 1 as its value.

2.2 Fuzzy Soft set:

A soft set over a universal set X and set of
parameters E is a pair (f, A) where A is a subset of
E, and f is a function from A to the power set of X.
For each e in A, the set f(e) is called the value set
ofein (f, A).

2.3 Interval valued fuzzy soft set:

Let X be an initial Universe set and E be the set of
parameters, let A € E. A pair (F,A) is called
Interval valued fuzzy soft set over X where F is a
mapping given by F: A—1”* where I* denotes the
collection of all Interval valued fuzzy subsets of X
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A fuzzy matrix A of order m x n is defined
A= [aj, aju/ mm, Where a;u is the membership
value and ap € [0, 1]. We write this matix as A=
[ai}u] mxn
2.5 Fuzzy Soft Matrices:

Let X= {a;,asas...an} be the Universal set
and E be the set of parameters given by
E={e;.e;€3...en}. Let A c E and (F,A) be a fuzzy
soft set in the fuzzy soft class (X,E). Then fuzzy
soft set (F,A) in a matrix form as Amxn =[aij] mxn,
i=1,2,...m, j=1,2,3,....n. Where ajj = {,uj(ai), €j €A and
0, g # A}, pj(a;) represents the membership of a; in
the fuzzy set F(g;).

2.6 Interval valued fuzzy soft matrix:

Let X={a;,a,,a3...am} be an Universal set
and E be the set of parameters given by
E={e;,e,€3...€,}.Let Ac E and (F,A) be a interval
valued fuzzy soft set over X, where F is a mapping
given by F: A—1%, where I denotes the collection
of all interval valued fuzzy subsets of X. Then the
interval valued fuzzy soft set can be expressed in
matrix form as Amn [aj]mxn, =1,2,...m,
7=1,2,3,...n. Where gj; ={[yj|_(ai), ,uju(ai)] if gj €A and
[0,0] if &; «A}

2.7 Intuitionistic fuzzy soft matrix:

Let X={a;,a,,a3...am} be an Universal set
and E be the set of parameters given by
E={e;,e;.635...cn}.Let Ac E and (F,A) be a
intuitionistic fuzzy soft set over X, where F is a
mapping given by F: A—1%, This can be expressed
in matrix form as Ame = [&j] mxn =1,2,...m,
=1,2,3,...n. Where a;; ={/uj(a), vi(@;)] if & €A and
[0,1] if & «A}. (&) is the membership value and
vj(@;) is the non-membership value.

2.8 Interval valued Intuitionistic fuzzy

soft matrix:

Let X={a;,a,a3...an} be an Universal set
and E be the set of parameters given by
E={e;,e;e3...cn}.Let Ac E and (F,A) be a interval
valued intuitionistic fuzzy soft set over X, where F
is a mapping given by F: A—I*. This can be
expressed in matrix form as Amxn = [a3]
ma 1=1,2,...m, j=1,2,3,..n. Where a;; = {/y(a),
/lju(ai)] [ij(ai), Vju(ai)] if € €A and [0,0] [1,1] if €
¢ A} In this [ (&), pju(a)] represents the
membership values and [vj (&), vju(a)] represents
the non-membership values.

2.9 Interval valued intuitionistic fuzzy

soft complement matrix:
If Anxn=[8;j] mxn be IVIFSM where [a;] =
{[L(@), wu@)] [vi(a, vju(a)]} Then A% is called
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interval-valued intuitionistic fuzzy soft complement
matrix if A® = [by] mxn, Where [bi]=
{viL@), viu(@)] (@), wu(@)1}
2.10 Addition of IVIFSM:

If Amxn:[aij] mxn be IVIFSM: Bmxn:[bij] mxny
then the sum of A and B denoted by A+B = [cj]
= {[max(ua psl), max(uau, peu)l, [min(va,
veu), min(vay, veu)1}

2.11 Subtraction of IVIFSM:

If Amxn:[aij] mxn be IVIFSM, Bmxn:[bij] mxns
then the subtraction of A and B denoted by A-B =
[Ci] mn = {/min(uaL, usl), min(upu, peu)], [max(va,
veL), max(vay, veu)l}

2.12 Product of IVIFSM:

If Amxn:[aij] mxn be IVIFSM, Bmxn:[bij] mxns
then the product of A and B denoted by A*B =
[Cilwn = {[maxmin(up,us), maxmin(upy,usu)],
[minmax(va_ve), minmax(vay,veu)l}

2.13 Max Min Composition of IVIFSM:

If Amxn:[aij] mxn be IVIFSM, Bmxn:[bij] mxns
then the maxmin composition of A and B denoted
by A$B = [Cilmn = {[max(min(ua,peL)),
max(min(uau,peu)) ], [Min(max(var veu)).
min(max(vau,veu))1}

2.14 Geometric Mean of IVIFSM:

If Amxn:[aij] mxn be IVIFSM, Bmxn:[bij] mxns
then the interval valued geometric mean is denoted
by A@B = [Cj] ma = V{/(iarttav),
(vaLvauw)ls [(usL-1eu), (veL-veu)l}

2.15 Harmonic Mean of IVIFSM:

If Amxn:[aij] mxn be IVIFSM, Bmxn= [bij]mxna
then the interval valued harmonic mean is denoted
by A$B = [Cij]mxn =
{[C.par-tpw)/(act1a0)s (2. vaL-vau)!

(VaLtvau) 1/ (2.usL-su)/ (BLF 1tBU),

(2.veLveu)/(veL tveu)l}

3. Interval Valued Intuitionistic Fuzzy
Soft Matrix:

3.1 Working Rule:

Step 1: Give the input of the Interval Valued
Intuitionistic Fuzzy Soft Sets (F,A) and (F,A)° over
the sets of symptoms in relation matrices A; and A-

2

mxn

Al = {[(All_ui, AlRul)L( AlLVE, AlRVl)] [(All_uz,
3 ) A1R~H2),( AlI:VZ, A1R~V2)]} ~
Ay = {[(AgLty, AcrHa),( Aovi, Arve)]  [(AoLMz,

Ari),(Aarva, Asrvo)]}
Where A is the set of diseases, [ is the Membership
values and v is the Non-Membership values.
Step 2: Input the IVIFSS (F(,S) over the set of
patients and write its relation matrix R.
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R ={[(Rks, Rrba),( Rivy, Rrvi)]  [(RiMz, RrHz),(
Riva, Rev2)1}
Step 3: By using the definition, find the Geometric
Mean for the matrix A; and A,,
gm(A) = V{I(Aspy Arp), (Auvs - Agrvr)]
(At - Asria), (Arrvz - Arvo)[}
am(Ar) = V{I(Aaks Arity), (Aavi - Agrvi)]
[(AoLtz - Aoridy), (AoLvz - Agrv2)[}
gm(R) = V{[(Rubs Repy), (Ruve - Revy)] [(Rupz -
RrH2), (RLv2 - Rrv2)]} ~
Step 4: Combining the relation matrices gm(A,)
and gm(A,) separately with gm(R) under the
max.min composition we get,
Ty=gm(R) - gm (Ay)
T,=gm(R) - gm (A,)
Ts=gm(R) - [J-gm (A)]
Ts=gmR) - [J-gm (Ay)]
Where J is the matrix with all entries 1.
Step 5: Compute the scores of diagnosis St; and
Sto,
Sti= [ max(py, Ka), min(vy, vo) ] for (T1,T4)
St2= [ max(py, Ka), min(vy, v7) ] for (T2,T3)
Step 6: Find the total score using,
S=[(HtH2)/2, (vi- v2)/2 ]
Step 7: The same algorithm is used for the
Harmonic Mean for the matrix A; and A, by using
the definition,
hm(A)={[(2-As by Asrpn)/(Ag py+Agriy) ((2-A-

wrArv)(Ayvi+Asgyy)] [(2-Aq prA-
1RM2)/(Aq Ho+Agrly), @-AyvrArvy)l (A-
lLVZ'AlRVZ) 1}
hm(A2)={[(2- Aoy Aorita) (Bor Hi+Agrity) (2-A-
21 Arv) (Bovi+Agrvi)] [(2-A-
202 Agri) (Ao Lo+ Agrly), (2-Agva-Borvo)/
(AZLVZ'AZRVZ) 1}

hm(R)={[(2-R_M1'Rr1)/(RLH1+RRHY),
(2'Rv1'Rrv1)/(RLvi+Rgv1)]
[(2'Ri M2 Rr2)/(RLM2+RRH?), (2-Rivo'Rrvy)/
(RuvzRev2) I} .
Step 8: Combining the relation matrices hm(A,)
and hm(A,) separately with hm(R) under the
max.min composition we get,
T, =hm(R) - hm (A,)
T, =hm(R) - hm (Ay)
Ts=hm(R) - [J-hm (Ay) ]
Ts=hm(R) - [J-hm (A;) ]
Where J is the matrix with all entries 1.
Step 9: Determine the total score as given in the
step 5 and step 6.
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3.2 Example:

Consider [1],
F(d;)={(e1,[0.5,0.6],[0.3,0.4]),(e,,[0.4,0.5],[0.2,0.3]
),(€,[0.7,0.81,[0.1,0.2]), (e4,[0.3,0.4],[0.4,0.5])}
F(d;)={(e,[0.4,0.5],[0.3,0.4]),(e,,[0.7,0.8],[0.1,0.2]
),(e3,[0.6,0.71,[0.2,0.3]),

(e4,[0.1,0.2],[0.5,0.6])}

Alz

d1
|[ el [0.5,0.6][0.3,0.4] [0.4,0. 5][0 3,0.4] ]|
| e2 [0.4,0.5][0.2,0.3] [0.7,0.8][0.1,0.2] |
| e3 [0.7,0.8][0.1,0.2]  [0.6,0.7][0.2,0.3] |
ll e4 [03.04][040.5]  [0.1.0.2][0.5.0.6] Jl
A= (Ay)°
Azz

d1l
|[ el [0.3,0.4][0.5,0.6] [0.3,0. 4] [0 4,0.5] ]|
| e2 [0.2,0.3][0.4,0.5] [0.1,0.2][0.7,0.8] |
| e3 [0.1,0.2][0.7,0.8] [0.2,0.3][0.6,0.7] |
| e4 [0.4,0.5][0.3,0.4] [0.5,0.6][0.1,0.2] |

F(e1)={(p,[0.6,0.7],[0.2,0.3]),(p2,[0-4,0.5],[0.3,0.4]
),(p3,[0.5,0.6],[0.1,0.2])}
F(e2)={(p1,[0.5,0.6],[0.1,0.2]),(p,,[0.3,0.4],[0.4,0.5]
),(p3,[0.6,0.7],[0.2,0.3])}
F(e3)={(p,[0.3,0.4],[0.4,0.5]),(p,,[0.6,0.71,[0.2,0.3]
),(p3,[0.2,0.3],[0.5,0.6])}
F(e4)={(p1,[0.4,0.5],[0.2,0.3]),(p,,[0.7,0.8],[0.1,0.2]
),(p3,[0.3,0.4],[0.4,0.5])}

R=
[ el e2 e3 1
| P1[0.6,0.7][0.2,0.3] [0.5,0.6][0.1,0.2] [0.3,0.4][0.4,0.5] [0.4,0. 5][0 2,0.3]|
|P2 [0.4,0.5][0.3,0.4] [0.3,0.4][0.4,0.5] [0.6,0.7][0.2,0.3] [0.7,0.8][0.1,0.2]
P3[0.5,0.6][0.1,0.2] [0.6,0.7][0.2,0.3] [0.2,0.3][0.5,0.6] [0.3,0.4][0.4,0.5]

)

dl d2 ]
|e1[0.503]  [0.4,03] |
A = |ezl0402] [0701]| &z _
L= le310701  [060.2] | 1R
le4— [0.3,0.4] [0.1,0.5]J
d1 d2
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[ dl 1 dl d2
| e1 [0.3,0.5] [03 04] | P1[0.55,0.55] [0.55,0.45]
A, = | e2 [0.2,0.4] [0.1,0.7] | A= Ts=| P2[0.65,0.55] [0.75,0.45] Ta=
2L | e3 [0.1,07]  [0.2,0.6] | 2R P3[0.55,0.55] [0.55,0.45]
[e4 (0403]  [050. 1]J
dl dz2
[ 1 P1[0.65,0.45] [0.65,0.25]
| el [0406] [0.4,0.5] | P2 [0.65,0.25] [0.65,0.35]
| e2 [0.3,0.5] [0.2,0.8] | P3[0.65,0.45] [0.65,0.25]
| e3 [02,08]  [03,0.7] | | ]
lle4 [0.5,0.4] [0.6,0.2] Jl The Scores of diagnosis St; and St, are determined
using Step5,
el e2 e3 e4 di d2
[Pl [0.6,0.2] [0.5,0.1] [0.3,0.4] [0.4,0.2]] [
R.= | P2 [0403] [0304] [0.602] [0.7,0.1]| | P1[0.650.24] [0.65,0.14]
lp3 [0501] [0.602] [0.2,0.5] [0.3,0.4]J Sti=| P2 [0.65,0.24] [0.65,0.24]
[ P3 [0.65,0.24] [0.65,0.24]
el e2 e3 e4
[Pl [0.7,03] [0.6,02] [0.4,0.5] [0.5,0.3]
Rre= | P2 [0504] [0405] [0.7,03] [0.80.2]] [ d1 az
|[ P3 [0.6,0.2] [0.7,03] [0.3,0.6] [0.4,0.5]J | P1[0.55,0.35] [0.55,0.24]
| P2 [0.65,0.35] [0.75,0.14]
| P3 [0.55,0.45] [0.55,0.45]
Now, we calculate the Geometric Mean for the l ]
above matrices using Step3 in the algorithm, The Total Score is calculated using the Step6,
i dl dz2 1 [ dl dz2 ]
el [0.55,0.35] [0.45,0.35] | P1 [0.60,—0.05] [0.60,—0.05]
gm(A1)= e2 [0.45,0.24] [0.75,0.14] s=| p 2 [0.65,—0.05] [0.70,0.05]
e3 [0.75,0.14] [0.65,0.24] | P3[0.60,—0.105] [0.60,—0.105]
e4 [035,045] [0.14055] | |
Result:
dl dz From this, it has been observed that
e; [833332] [833‘7}2] patient P, is surely suffering from the disease d,
gm(A,)= e2 [0.24,0.45] [0.14,075] since it has maximum membership and non-
e3 [0.14,0.75] [0.24,0.65] . . .
e4 [0.45035] [0.55.0.14] membership values. By comparing the values, P, is
] ’ ’ ] more affected by the disease d; than P, and P5.
gm(R) = _
el e2 e3 e4 Now, we calculate the Harmonic Mean for the

P1[0.65,0.24] [0.55,0.14] [0.35,0.45] [0.45,0.24]
| P2 [0.45,0.35] [0.35,0.45] [0.65,0.24] [0.75,0.14]
P3[0.55,0.14] [0.65,0.24] [0.24,0.55] [0.35,0.45]

above matrices using Step7 in the algorithm,
[ dl d2 1

L | | e1 [0.55,0.34] [0.44,0.34] |
By using Step4, the above geometric matrices are hm(A,) _| e2 [0.44,0.24] [0.75,0.13] |
combined using maxmin composition, V7l e3 [0.75,0.13] [0.65,0.24] |
le4 [0.34,0.44] [0.13,0.55] J
dl dz2
1[0.55,0.24] [0.55,0.14] [ dl 1
T,=| P2[0.65024] [0.65024] | T,= I Z; {8 ;i 8 ii} {8 i‘; 8 ‘7“5‘} I
3 [0.55,0.24] [0.65,0.24] hm(Ao) = | %5 10130751 [0240.65] |
d1 d2 lle4 [0.44,0.34] [o. 55013]JI
P1[0.45,0.35] [0.45,0.24]
P2 [0.45,0.35] [0.55,0.14] hm(R) = L . Y
P3[0.35,0.45] [0.35,0.45] P1[0.65,0.24] [0.55,0.13] [0.34,0.44] [0.44,0.24]

129

P2[0.44,0.34] [0.34,0.44] [0.65,0.24] [0.75,0.13]
P3[0.55,0.13] [0.65,0.24] [0.24,0.55] [0.34,0.44]

| |

By using Step8, the above harmonic matrices are
combined using maxmin composition,
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[ dl d2 1
| P1 [0.55,0.24] [0.55,0.13] | References:
Tl:I I;; Igggg;ﬂ Iglgg'géﬂ ITZ: [1] Anjan Mukherjee, Somen Debnath, Mithun
| R D ] Datta, An application of interval valued
[ dil d2 1 |rItU|t|orI|st|c fuzzy soft matrix in medical
| P1[0.44,034] [0.44,024] | diagnosis, 2016
| P2 [0.44,034] [0.55,0.13] | [2] A.R.Meenakshi and M.Kaliraja, An Application
I P3 [0.34,0.44] [0.34,0.44] I of Interval Valued Fuzzy Matrices in Medical
I I Diagnosis, 2011, 1791-1802
dl d2 [3] B.K.Saikia, P.K.Das and A.K.Borkakati, An
P1[0.55,0.56] [0.56,0.45] application of intuitionistic fuzzy soft sets in
Ts=1 P2 [066,056] [0.75,0.45] Ta= medical diagnosis, 2003, 121-127.
P3 [0.56,0.56] [0.55045] [4] D.Molodtsov, Soft set theory, Computers and
di d2 Mathematics with Applications, 1999, 19-31.
P1[0.65,0.44] [0.65,0.25] [5] E.Sanchez, Resolution of composite fuzzy
P2 [0.65,0.25] [0.65,0.35] relation equations, Information and control, 1976,
P3 [0.65,0.45] [0.65,0.25] 38 - 48.
E.Sanchez, Inverse of fuzzy relations,

The Scores of diagnosis St; and S+, are determined
using Step5,

d1
P1[0.65,0.24]
2 [0.65,0.24]
3 [0.65,0.24]

d2
[0.65,0.13]
[0.65,0.24]
[0.65,0.24]

)

P1[0.55,0.34] [0.56,0.24]
P2 [0.66,0.34] [0.75,0.13]
P3 [0.56,0.44] [0.55,0.44]

| _

The Total Score is calculated using the Step6,

[ dl d2 ]

| P1[0.60,—0.05] [0.60,—0.05]
S=| P2[0.65,—0.05] [0.70,0.05]

I P3[0.60,—0.10] [0.60,—0.10]

Result:

From this, it has been observed that
patient P, is surely suffering from the disease d,
since it has maximum membership and non-
membership values. Comparing the values, P, is
more affected by the disease d; than P, and Pj.

[ dl d2
I
I
I

4. Conclusion:

In this paper, we introduce an algorithm
for solving medical diagnosis problem by using
Interval valued intuitionistic Geometric and
Harmonic Mean method. The results obtained here
is nearly similar to the results in [1]. Further the
work can be extended to other basic operations.
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