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ABSTRACT

The focus of this paper is to explore different types of matrix operations of fuzzy
neutrosophic soft sets and composition method to construct the decision making for
medical diagnosis.
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1. Introduction

In 1999[13], Molodtsov initiated the novel concept of soft set theory which is a completely new approach for modeling
vagueness and uncertainty. Soft set theory finds wide range of applications in complex medical sciences, engineering, management
economics and social sciences primarily due to flexibility without restrictions on approximate description of the situation. In [6] Maji
et al. initiated the concept of fuzzy soft sets with some properties regarding fuzzy soft union , intersection, complement of fuzzy soft
set. Moreover in [8,9] Maji et al extended soft sets to intuitionistic fuzzy soft sets and Neutrosophic soft sets.

The concept of Neutrosophic soft set was initiated by Smarandache [15] which a mathematical tool for handling problems
involving imprecise, indeterminant and inconsistent data. Neutrosophic logic was developed to represent mathematical model of
uncertainty, vagueness, ambiguity, imprecision undefined, incompleteness, redundancy and contradiction. The Neutrosophic logic is a
formal frame to measure truth, indeterminacy and falsehood. In Neutrosophic set, indeterminacy is quantified explicitly whereas the
truth membership, indeterminacy membership and falsity membership are independent. This assumption is very important in
information fusion when we try to combine the data from different sensors.

In this paper, a new approach is proposed to construct the decision method for medical diagnosis by using fuzzy Neutrosophic
soft matrices. The result is obtained on the maximum score value.

2. Preliminaries
Definition 2.1: [13]

Suppose U is an universal set and E is a set of parameters, Let P(U) denote the power set of U. A pair (F, E) is called a soft set
over U where F is a mapping given by F: E—>P(U). Clearly, a soft set is a mapping from parameters to P(U) and it is not a set, but a
parameterized family of subsets of the universe.

Definition 2.2:[1]
A Fuzzy Neutrosophic set A on the universe of discourse X is defined as

A= (x, T, (-’:jr{q (I],F_:l [:xj bx EX where

T ILF:X — [0,1] and

O<T,(X)+1,(X)+F,(x)<3

The set of all fuzzy Neutrosophic set over the universe U will be denoted by FNS(U)
Definition 2.3:[1]

Let U be the initial universe set and E be a set of parameters. Consider a non-empty set A, A c E. Let P (U) denote the set of all
Fuzzy Neutrosophic sets of U. The collection (F, A) is termed to be the Fuzzy Neutrosophic soft set over U, where F is a mapping
given by
F: A— P().

Throughout this paper Fuzzy Neutrosophic soft set is denoted by FNS set / FNSS. The set of all fuzzy Neutrosophic soft set over
U will be denoted by (F,A)(U)

Definition 2.4:[2]

LetU={cy,Co . evrvrnnnnn. cm} be the universal set and E be the set of parameters given by E = {eg, e, ....... ent- Let AcE.
A pair (F, A) be a Fuzzy Neutrosophic soft set over U. Then the subset of U x E is defined by Ra={ (u, €) ; eeA, u e fa(e)} which
is called a relation form of (f4 ,E). The membership function , indeterminacy membership function and non — membership function are
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:UxE—[0]] I;, :UxE—>[01 Fr, :UxE—[01 Tr, (u,€)€[01] Iy, (u,e)el0]
written by "A * [ ], Ry U E = [0] and  RA" —[od] where Ra (8) <[01] : Ra (-8) <[01]
Fr, (U.€) €[0]]

and

are the membership value, indeterminacy value and non membership value respectively of u € U for each e<E.

I [(T5, By Fi)l = (Tiui s &), Biui, &), Fig(ui, €)) we can define a matrix
(Tn’ |11’F11) (le’ Ilz’Flz) """""""" (Tln' I1n":1n)
[(Tij,lij,Fij )]mxn = (T21'|21’F21) (Tzz’lzz":zz] """""""" (Tzn’lzn’an)
(Tml’ Iml’le) (Tmz’ Imz":mz) """"""" [Tmn' Imn'an)

which is called an m x n Fuzzy Neutrosophic Soft Matrix of the FNSS (fa , E) over U.
We denote m x n Fuzzy Neutrosophic Soft Matrix as FNSM .
Definition 2.5:[2]

LetU={cpCovevrvrnnnnn. cm}y be the universal set and E be the set of parameters given by E = {e;, ey, ....... en}- Let AcE A
pair (F, A) be a fuzzy neutrosophic soft set. Then fuzzy neutrosophic soft set (F, A) in a matrix form as Amxn = [jj]mxn OF A = [a5] ,
i=1,2,...m,j=1,2, ..... n where

(Tj(ci),lj(ci), Fj(ci)) if ej eA

a” =
0,0, if ej e A
T.(c.) _ (c.) 1:(c.) _ _ (c.) F'(Ci)
where J 1 represent the membership of " I represent the indeterminacy of " and represent the non-
(c.) F(e j )
membership of 1" inthe Fuzzy Neutrosophic set
Definition 2.6:[2]
A |:-I- A ' I A ’ F A] ~
Let ot FNSMp, . then A s called
= TA A FA
a) A zero or null FNSM denoted by 0- [0,0,1]if Y =0, " =0and Y =1, Viandj. Itisdenoted by ?.
~ TA | A FA
b) A universal FNSM denoted by 1 =[1,1,0]if | =1, " =1and " =0, Viandj.Itisdenoted by U.

Definition 2.7: [[2]

A A IA FA] B |:|-B,IB,FBJ
Let ” LI e € FNSMpxn. Then
~ ~ ~ =~ TA TB A B A B
a) A is Fuzzy neutrosophic soft sub matrix of B denotedby AcB if i < i i< i ogng U > T
Viandj.
~ ~ ~ =~ TA TB |A |B FA EB
b) A is Fuzzy neutrosophic soft super matrix of B denoted by Ao B if "1 > i N> Tiogng T <7 Vi
and j.
~ ~ ~ o~ T;& Tg I A I B F/& FE
¢) A and B are said to be Fuzzy neutrosophic soft equal matrices denoted by A=B jf i = i i =i ang =1,
Viandj.
3. Operations on fuzzy neutrosophic soft matrix theory
Definition 3.1:
If A = [a;] eFNSMpxn, B - [bi] eFNSMp,«n, then we define A O B, union A and B as
A “ B :[Cij]mxn
=(max(T/3’T§), max('f\’ Ig),min(':/i’Fé))Vianolj.
Definition 3.2:
If A = [aij] €FNSMpxn, B - [bij] EFNSMy, 4, then we define AN B, intersection of A and B as
A M B = [Cij]mxn

=(min(Tﬂ’T§), min('f\’ Ig),max('zf\’ Fé))viandj.
Proposition 3.3:

~

Let A = [aij] EFNSmen' B = [b”] EFNSmenthen
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i) (AOB)" = A" AB°
iy (ANB) =A° OB

Proposition 3.4:

Let A =[a;] EFNSMpyn, B = [by] €FNSMpy, and C = [c;] €FNSMy,, then

(AAB)OC =(ATC)A(BTC)
4. Product of fuzzy neutrosophic soft matrices
In this section we define seven types of products of fuzzy neutrosophic soft matrices.
Definition 4.1:

I A A A | S B (B B
Az[Tij ij s Fij }vB = [Tik'lik":ik]
Let €
then And-product Aand B is defined by
A T FNSM g X FNSM jn = FNSM

FNSMpxn,

mxn? gych that

A A §=[T.6,I.6,F.6} ¢ 1A 7B
8 PP 1P yhere P = min ( ik ),
C A B fC A _B

I FANES ! =AY
P = min( Y ,I'k)and P = max ( ,F'k) suchthat p=n(j—1) +k.

Definition 4.2:
= A A CA|S B B B
A:[Tij ij s Fij }B :[Tik'lik":ik]

Let
then Or-product A and B is defined by
v I FNSMmun % FNSM pcn = FNSM

€ FNSM«n,

mxn? gych that
Av B=|TC1C FC ¢ A _B
Tik),

R P o . T
. P10 1P \here P = max ( -
1€ A B FC A B
i lij 1 i Fij F
p:max( U ik ) and p:min( I ik)  suchthat p=n(j—1) +k.
Definition 4.3:

= A A A|gG B B B
A:[Tij i Fij JvB = [Tik'lik":ik]
Let
then And-Not product A and B is defined by
A T FNSMmun % FNSM pcn = FNSM

€ FNSMxn,

mxn? g ch that
AR I§=l:T.C,I.C,F.C} ¢ TA B
. PP 1P \here Ip=min( 1 ik ),

|.C |.A 1_|_§ F.C F.A T-g
Ip:min( - ik and Ip:max( - ik such that p=n(j—1) +k.

Definition 4.4:

A A A |3 B ,B B
:[Tij’lij’FiJ}B:[Tik'lik’Fik]

>

Let € FNSMnxn,
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then Or-Not product A and B is defined by

v :FNSM x FNSM — FNSM
x el mn mxn? gych that

Cc A B

AY E?:[T.C,I.C,F.C} T TA B
. PP ] here P =max( ', k),
I.C |.'.& 1_|_|§ F.C F-A TE
P-max (" ,” 'ikyand "P=min( Y, ik) such that p = n(j — 1) + k.
Definition 4.5:

~ (L& & _als [6 8 8
A:[Tij’lij’FijJ'B:[Tik'lik’Fik]
Let

then *1- product A and B is defined by
X FNSM e x FNSM ey — FNSM

A% |§:|:T.C,I.C,F.C:|

1 PP P where
|_C |.A |§ |.;\ |§ F-C F';\ Fg
o ik ik gng P = Y Tk sych that p=n(-1)+k

€ FNSMpxn,

mxn? 5 ch that

T.C T.{Z‘ B A Ig

Definition 4.6:

~ [ & i ils [6,6 .8
AI[Tij"ij!Fij}BZ[Tikv'ik’Fik]
Let

then *2- product Aand B is defined by

X FNSM i x FNSM .y — FNSM

A X §:[T.C,IC,F.C:| .
2 ip PP here 1P =

c iz 6 i & i &

1~ A B F- gA _B pA _B

Ip:IIJ Ilk and Y :FIJ +Fik,FIJ Flk such that

p=n(-1)+k

€ FNSM«n,

mxn? gych that

Definition 4.7:

~ [ & A _ils [8 .6 5
Az[Tij’lij’Fij}'Bz[Tik'lik’Fik]
Let €

then 3- product A and B is defined by

X 2 FNSMmn x FNSM ey —> FNSM
A% §:[T.C,I.C,F.C} .

3 PP where P =
|.'.E‘ |-§ F.C F-;& F-g
W= Tik ang P ="Y Tik such that p=n(-1)+k

FNSMpxn,

mxn? g ch that

6 ~ -~
T A _B
Tij i

He)

Example 4.8 :

Assume that A = [a;j] eFNSM,y 3. B = [bi] eFNSM, 3 are given as follows.

(0.1,0.4,0.2) (0.5,0.4,0.4) (0.3,0.5,0.6)
(0.4,05,0.4) (0.2,0.4,0.3) (0.5,0.6,0.1)
(0.5,05,0.2) (0.30.1,0.4) (0.6,0.6,0.2)
(07,0502) (0.6050.0) (050403)], o

A=
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(0.5,0.3,0.7) (0.1,0.5,0.6) (0.7,0.8,0.1)
(0.8,0.7,0.1) (0.4,0.5,0.3) (0.5,0.4,0.2)
(0.2,05,0.5) (0.3,0.4,0.6) (0.4,0.5,0.6)
(0.1050.7) (020506) (050401)], ,

§:

Then the And-product of AandBis given below

(0.1,03,0.7) (0.1,04,06) (0.1,04,0.2) (0.50.3,04) (0.1,0.4,06) (0.504,04) (0.3030.7) (0.10506) (0.3050.6)

i §_|(040504) (040504) (0.40404) (020403) (020403) (020403) (050601 (040503) (050402
A =

x (0.2,0.5,0.5) (0.3,0.4,0.6) (0.4,0.5,0.6) (0.2,0.1,0.5) (0.3,0.1,0.6) (0.3,0.1,0.6) (0.2,0.5,0.5) (0.3,0.4,0.6) (0.4,0.5,0.6)

(010507) (0.20506) (0504,0.2) (010507) (020506) (0504,0.0) (0.104,0.7) (0204,06) (050403)], o

Similarly we can find the other products also.

5. Fuzzy Neutrosophic soft matrix composite operators
Definition 5.1:

'Z‘:[T"A 1 FijZ\]

Let U e FNSM,,,, and

B:hE"E’FEJ
Jer Tik Tk e ENSM,, o , then the max-min
A*B=|C,]

composition for fuzzy Neutrosophic soft matrix relation of A and B is defined as M > Pwhere

S = {278 {15
m‘”{m?x[ﬂﬁ’ﬁék}}

e FNSM,» and

Definition 5.2:
A_frA A A
Let A—[Tij i By ]
B=[r2,15,F?|
Jer ik gk e ENSM, ., then the max-min average
composition for fuzzy Neutrosophic soft matrix relation of A and B is defined as

TATB 1A B A FB
~ =~ ij ' jk ij ' jk . ij jk
A v B ={max , max ,ming ————

2 2
Example 5.3:
Consider

~ [(0.8,0.4,0.1) (0.4,050.5)
(07,060.3) (040506)] _ .

(0.7,0.5,0.3) (0.5,0.5,0.5)} bé the two fuzzy

Neutrosophic soft matrices, then the max min composition and max — min average composition of fuzzy Neutrosophic soft matrix
relation are

~ {(0.6,0.4,0.3) (0.8,0.4,0.2)

e5_[©70403) 040405
~1(0.7,05,0.3) (0.4,0.5,0.5)

5.5 _[©0705502) (080550.5)

V" =1 (0.650503) (0.75,0.5,0.25)

Definition 5.4:
A _HA A A
¢ A —h | Fij ]e

Le et FNSM x then the scores of the fuzzy Neutrosophic soft matrix A is given by
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S =Tj—1jFj

52 =Tj +[1—|j]—|:j

(i)

(ii)
Application of composite operators:

Let P = {P,, P,,...P,,} be the set of m patients and S = {Sy, S,.....S,} be the set of n symptoms and D = {D;,D,,.....D,} be the set
of k diseases.

Construct an FNSS relation matrix A is called patient symptom matrix(F,S) over P where F is a mapping F:S—FNS(P) where
FNS(P) is the collection of all fuzzy Neutrosophic subsets of P and another FNSS relation matrix B called symptom disease- matrix,
which is a collection of an approximate description of patient symptoms (G,D) over S, where G is a mapping G:D—>FNS(S), FNS(S)
is the collection of all fuzzy Neutrosophic subsets of S.

Algorithm:
Step 1: The fuzzy Neutrosophic soft sets (F,S) and (G,D) are given and their corresponding matrices A and B respectively are

obtained.
Step 2: Using the definition 3.1 land [1[1[][1[1[/compute

AxB and AvyB

Step 3: Obtain the score matrix S for A *B ad A vB
using the definition 3.4.

Step 4: Identify the maximum score S;;, for each patient P;. Then we conclude that the patient P; is suffering from disease D;.

Suppose the four patients P = {P,P,,P5,P,} as the universal sets with symptoms S={ S;,S,,S;} where as the set of symptoms
where S;,S,,S; represents vomiting , pain in abdomen and temperature respectively .Let the possible disease let into the above
symptoms D={D,,D,,Ds,D,} be Intestinal Obstruction, Inguinal Hernia , Appendicitis and Ureteric Colic respectively.

Suppose that FNSS (F,S) over P, where F is a mapping F:S—FNS(P) gives a collection of an approximate description of patient
symptoms.

(F,S) = {F(S1)={(P,0.7,0.4,0.1), (P,,0.6,0.5,0.3),
(P3,0.8,0.4,0.2),(P4,0.4,0.6,0.3)}
{F(S2)={(P.,0.8,0.6,0.7), (P,,0.6,0.5,0.2),
(P3,0.5,0.1,0.5),(P4,0.5,0.4,0.8)}
{F(S3)={(P1,0.4,0.8,0.5), (P,,0.7,0.9,0.0),
(P3,1.0,0.5,1.0),(P4,0.5,0.6,0.9)}
This Fuzzy Neutrosophic Soft sets is represented by the following Fuzzy Neutrosophic Soft matrix.

S1 S2 S3

P | (0.7,04,0.1) (0.80.6,03) (0.4,0.80.5)

P,1(0.6,0.5,0.3) (0.6,0.5,0.2) (0.7,0.9,0.0)

P31(0.8,0.4,0.2) (0.5,0.1,0.5) (1.0,0.51.0)

P4](0.4,0.6,0.3) (0.5,0.4,0.8) (0.5,0.6,0.9)

Suppose that FNSS (G,D) over S, where G is a mapping G:D—FNS(S) gives a collection of an approximate description of the disease
and their symptoms.
(G,D) = {G(D1)={(S1,0.9,0.6,0.7), (S,,0.5,0.3,0.3),

(S;,0.8,0.8,0.9)}

{G(D;,)={(54,0.9,1.0,0.5), (S,,0.4,0.6,0.6),
(S;,0.7,0.8,0.3)}

{G(D3)={(54,0.9,0.2,0.8), (S,,0.4,0.5,0.3),
(S;,0.8,0.1,0.8)}

{G(D,)={(S1,0.6,0.2,0.3), (S,,0.9,0.5,0.8),
(S;,0.3,0.4,0.5)}

This Fuzzy Neutrosophic Soft sets is represented by the following Fuzzy Neutrosophic Soft matrix.
D1 D2 D3 D4

5:1(09,06,07) (091.0,05) (0.9,0208) (0.6020.3)

B=S,|(050303) (0.40606) (040503 (09,0508)
s |(080809) (07,0803) (0.80.108) (0.304,0.5)
3

Then the max-min composition method matrix is given by
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D D D D
1 2 3 4

P [(0.7,0807) (0.7,0805) (07,0507 (0.8,0.50.3)
P,1(07,0803) (0.7,080.3) (0.7,0503) (0.6,050.3)
P,| (080505) (080505) (080105 (050403)
P,[(050607) (050605 (050408) (05040.3)

A*B =

Then the max-min average composition method matrix is given by

D D D D
! 2 3 4 b Db, by B,
il (080804) (080803 (08055045 (0.850.550.2) ffo2 04 05 1
/L,/E:PZ (0.750.850.25) (0.750.850.15) (0.7505025) (0.750.650.25) | ¢ (A*B) = P,]06 06 0.9 08
P.| (0906504) (08507035  (09,0304)  (0.7.0450.25) 1 P,|08 08 12 08
3 (0.650.7,05)  (0.650.8,04) (0.650.45055)  (0.7,0.5,0.3) P, 02 04 03 08
b Db, D D,
P[014 03 035 065
~ ~ P,1046 046 055 045
S_(A*B)=
2 P,| 055 055 0.75 0.38
P, 0.08 02 018 0.38

D D D D
1 2 3 4

Alos 07 08 11
P,|065 075 1 0.85
1 P,{085 08 12 1
P, 045 045 065 009

D D D D
1 2 3 4

[ 048 056 05525 0.74

~ ~ P,105375 06225 0.625 0.5875
S_(A yB)=

2 P,| 0.64 0605 078 0.5875

pL 03 033 04025 055

. _ S.(A*B) S,(A*B) S,(AwB) S,(AyB
It is clear from the above matrices 1 ), 2 ), 1AV ), 2(AvB)
the disease Dy, D3, D3 and D, respectively.

, that patients Py, P,, P; and P, are suffering from

7. Conclusion

It is seen that the max min composition method and max min average composition method gives the same maximum score in the
score matrix of the patients and the diseases. Thus the proposed method of diagnosis allows the decision maker to assign the degree of
association, non-association and indeterminacy of the symptoms of the alternative with the respective criteria to a vague concept and
the above method gives the solution to the decision maker.
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