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ABSTRACT

Neutrosophic set theory was introduced by Florentin Smarandache, which is used to

deal the problems under uncertainty. Neutrosophic soft matrix theory plays a vital role in

decision making problem with imprecise and inconsistent data. In this paper, min-max

product of neutrosophic soft matrices is defined. Also, an algorithm is developed using min-

max product to diagnose the diseases and how to control it. The associative property is

proved under min-max product.

Keywords: Neutrosophic set, Neutrosophic soft set, Neutrosophic soft matrix, Min-Max product, Associative law,
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INTRODUCTION

Neutrosophy is a mathematical tool
which helps to bring out the conclusions
the Such
uncertainties are usually handled with the

for uncertainty  problems.
help of the topics like probability, fuzzy

sets, intuitionistic fuzzy sets, interval
mathematics, rough sets etc. Then there is
a rising concept neutrosophic sets was
Smarandache
(2019) in the year 1998 and which came

into the existence in 2003. Zadeh (1965) is

discovered by Florentin
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the one who is well known for fuzzy
logics. Later, Maji (2001) worked and
showed up his ideas in the fuzzy soft set
theory and intuitionistic fuzzy set in 2001.
The soft set theory was also proposed by
Maji (2003). Matrices play a vital role in
the field of medicine, astronomy, machine
learning and other technology. Several
authors worked and brought out fuzzy
soft matrices and

matrices, fuzzy

intuitionistic fuzzy soft matrices. Also,
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where the emerging of neutrosophic soft
sets and neutrosophic soft matrices are
defined by Deli and Broumi (2015). The
neutrosophic soft matrices play a crucial
role in handling indeterminant and
inconsistent information during decision

making process.

In this paper, min-max product of
neutrosophic soft matrices is defined.
Also, an algorithm is developed using min-
max product to diagnose the diseases and
how to control it. The associative property
under min-max product is proved.

PREMILNARIES

In this section under preliminaries

some fundamental  definitions are
discussed.

Soft set 2.1 [7]: Let U be the initial
Universe of discourse and E is the set of
parameters. Let P(U) denote the power set
of U. A pair (E,F) is called a soft set over
U where F is a mapping given by F: E —
P(U). Clearly soft set is a mapping from
parameters to P(U).

Fuzzy soft set 2.2 [5(e)]: Let U be the
Universe of discourse and E is the set of
Let P(U) the

collections of all fuzzy subsets of U. Let A

parameters. denotes
cE. A pair (Fa, E) is called fuzzy soft set
over U where Fa iS a mapping given by
Fa: E —>P(U).

Neutrosophic sets 2.3 [8(b)]: Let U be the

Universe of discourse. The neutrosophic
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set A on the Universe of discourse U is
defined as A={T (x), 1 (X), F(X):xeU},
where the characteristic functions T, I, F:
U —[0, 1] and 0< T+I F<3*; T, I, F are
neutrosophic components which defines
the degree of membership, the degree of
indeterminancy and the degree of non-
membership respectively.

Neutrosophic soft sets 2.4 [5]: Let U be
the Universe of discourse and E is the set
Let P(U) denotes the
collections of all neutrosophic subsets of
U. Let A < E. A pair (Fa, E) is called a

neutrosophic soft set over U where Fa is a

of parameters.

mapping given by Fa: E ->P(U).
Neutrosophic soft matrix 2.5 [3]: Let U =
{us, Uz, -+, umpand E = {e1, €2, -+, en} be
the universal set of objects and the
parametric set, respectively. Suppose, N be
a neutrosophic soft set over (U, E) given
by N = {< (e, fn(e)) >: e € E} where fn(e)
={<u, (Ten @), I @), Finv @(u)) >1 u
€ U}.Thus, fn(e) corresponds a relation on
{e}x Ui.e, fn(e) = {(e, u):1 <i < m} for
each e € E. It is obviously a symmetric
relation.

Now, consider a relation Re on U %
E given by Re = {(u,e) : e eE,uefy (e)}. It
is called a relation form of the NSS N over
(U, E). The characteristic function of Re is
Xrg : Ux E— 10, 1] x [0, 1] x [0, 1] and
is defined as:

Xrg (U, €) = (Ten @), v @), Fin @(U))
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The tabular representation of Re is given in
Table

€1 € . en
Us | Xrg(U,€1) | Xgrg(Us,€2) .| Xrg(U1,€n)
Uz | Xrg(U2:81) | Xrg(U2,:€2) .| Xrg(U2,En)
Un | Xrg(Um, €1) | Xrg(Um, €2) ---| ---| Xrg(Um,€n)

If ajj = xr, (Ui, &), then we can define a

QAin )
Amn

where aij = (Tnej)(Ui), Tngej)(Ui), Fin e )(Ui))

= (T35, )

DECISION MAKING PROBLEM USING
NEUTROSOPHIC SOFT MATRICES

matrix

a1
[aij]mxn= < :

am1

In this section, min-max product
rule in neutrosophic soft matrices and the
associative property is proved and the
example is verified. Also, we develop an
algorithm using min-max product to
diagnose the diseases and how to control
it.

Min-Max Product Rule 3.1:Two NSMs
A and B are said to be conformable for the
product A * B if the number of columns of
the NSM A be equal to the number of rows
of the NSM B and this product becomes
also an NSM. If A = [aij]mxn and B
[biklnxp ;then A * B = [cik]mxp Where ajj
(T%;, 1%, F), bjc = (T’ 1%k, F%j) andcix
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(minj max (T&j, TP, minj max (1%, 1%),
max; min (F%j, F%)). Clearly, B * A
cannot be defined here.

Theorem 3.2: Associative Property

Let A = [aijJmxn , B = [bjk]nxp @and C=[Ckn]pxn
then (A*B)*C= A*(B*C)

Where ajj = (T2, 1%, F%j), bk = (T, 1%k,
Fo) and ¢ = (T, Ik, Foi)

Proof:

A*B=

[min;(max(Ti?, TjkP)),minj(max(li2, 1j°)),
maxj(min(Fig,Fik?))]

A*B=abi=(Tu®, 1, Fi®)
(A*B)*C=[mink(max(T i, Tkn")),
mink(max(lik®, 1kr€)), maxw(min(Fi®,Frn®))]
(A*B)*C=(Tn@C ;4@ Fj(ab)c)
B*C=[mink(max (T, Tkr)),
mink(max(ljk?,1kn%)), maxi(min(Fj®,Fxn®))]
B*C=bckn=( Tjn®,1jn, Fjn™)
A*(B*C)=[minj(max(Ti,Tj)),
minj(max(li,1jx°%)), max;(min(Fi,Fjn°))]
A*(B*C)=(Tin00),1;,260), F;,2(0c))

(Tin@)C, [;,@0)e, ;@)

=(Tir2®9), 1,200, F;2000))

Hence, (A*B)*C= A*(B*C)

Example 3.2.1: Consider the following
matrices

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

(0.3,0.2,0.7) (0.9,0.1,0.2)
(0.8,0.2,0.1) (0.7,0.3,0.2)

oo ((080201) (0.80403)
~ 1(0.9,0.1,0.1) (0.8,0.3,0.2)

First evaluate A*B using the defined min-

A=

max product rule,
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Cu1= [min (0.8,0.8), min (0.2, 0.3), max
(0.1,0.1)]=(0.8,0.2,0.1)
Cio= [min (0.9,0.7), min (0.2,0.3), max
(0.1,0.2)]=(0.7,0.2,0.2)
C21= [min (0.5,0.8), min (0.2,0.4), max
(0.6,0.1)]= (0.5,0.2,0.6)
C2= [min (0.9,0.7), min (0.2,0.4),max
(0.2,0.2)]= (0.7,0.2,0.2)

Axge [(0802,01) (0.7,02,02)
~(0.5,0.2,0.6) (0.7,0.2,0.2)

Secondly, obtain (A*B)*C

Cu1= [min (0.8,0.9), min (0.2, 0.2), max
(0.1,0.1)]=(0.8,0.2,0.1)

Cio= [min (0.8,0.8), min (0.4,0.3), max
(0.1,0.2)]= (0.8,0.3,0.2)

C21= [min (0.8,0.9), min (0.2,0.2), max
(0.1,0.1)]= (0.8,0.2,0.1)

C2»= [min (0.8,0.8), min (0.4,0.3),max
(0.3,0.2)]=(0.8,0.3,0.3)

(0.802,01) (0.803,0.2)
* *—
(A*B) *C= [(0.8,0.2,0.1) (0.8,0.3,0.3)

Third evaluate for B*C,
C1u1= [min (0.8,0.9), min (0.2, 0.1), max
(0.1,0.1)]=(0.8,0.1,0.2)
Cio= [min (0.8,0.9), min (0.4,0.3), max
(0.3,0.2)]=(0.8,0.3,0.3)
C2:= [min (0.8,0.9), min (0.2,0.3), max
(0.1,0.1)]= (0.8,0.2,0.1)
C2»= [min (0.8,0.8), min (0.4,0.3),max
(0.1,0.2)] = (0.8,0.3,0.2)

axco[(080.1,0.1)  (0.8,03,03)
~1(0.8,0.2,0.1) (0.8,0.3,0.2)

Fourth evaluate A*(B*C),
C11= [min (0.8,0.8), min (0.2, 0.3), max
(0.1,0.1)]=(0.8,0.2,0.1)
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Ci2= [min (0.8,0.8), min (0.3,0.3), max
(0.1,0.2)]=(0.8,0.3,0.2)
C21= [min (0.8,0.8), min (0.2,0.4), max
(0.1,0.1)]=(0.8,0.2,0.1)
Cx»= [min (0.8,0.8), min (0.3,0.4),max
(0.3,0.2)]=(0.8,0.3,0.3)

(0.8020.1) (0.80.3,0.2)
* * _
A*B*C) = 0.8,0.201) (0.80.3,03)

Hence, (A*B) *C=A*(B*C)

We conclude that neutrosophic soft
matrix is associative under min-max
product.

Score matrix 3.3:

The score matrix A, B and C is
S[(A*B)] = W-’.
W=[w’ijl, wij = TA+ 1% FAj. And
S[(A*B)*C)] = V’. where V’=[v’jj], V’jj =
TAG 1A FA,

Algorithm 3.4:
Step 1: Input neutrosophic soft sets (F, E),
(G, D), and (H, O) and obtain neutrosophic

soft matrices A, B, C.

defined as where

Step 2: Evaluate A*B using the min-max
product rule.

Step 3: The resulted matrix A*B gives the
people diseased matrix due to unhealthy
food.

Step 4: Next compute for (A*B)*C.

Step 5: The evaluated matrix A*B*C gives
out the patient disease control matrix.

Step 6: Compute score matrix S(A*B) and
S ((A*B)*C).

Step 7: Identify maximum score for the

people Pi in such way that whose disease
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is able to control by consuming organic
food and exercise.
DECISION MAKING PROBLEM

The survey from five students
namely, Karpagam, Karthika, Uma, Guru,
Sureka from Il MSc., Mathematics class is
been collected based on their junk food
habits. Let the five students denoted as
follows S = {si, $2,53, S4, Ss} as the
Universal set. The junk foods consumed
by the students are fast-food, pasteries,
soft-drinks,
sweets/chocolates. Let the junk food set be
Un= {Uny, Unz, UnsUns;Uns} Let the
possible diseases caused on consuming
junk foods be Diabetics, Obesity, High-

processed meat,

Blood pressure, Cardiovascular disease,
Cholesterol and Ulcer. And the disease set
D= {D1, D2, D3, D4, Ds}.

Now let Un= {Un1, Uny, Unz, Uns, Uns}
where Ung, Unz, Uns, Uns, Uns represents
the soft-drinks,

Processed meat, sweets/chocolates be the

fast-food,  pastries,

universal set. Let the possible diseases
caused on consuming junk foods D= {D1,
D2, D3, D4, Ds, D¢} be Diabetics, Obesity,
High-Blood
disease, Cholesterol and Ulcer. Suppose

that NSS (F,Un) over S, where F:Un— FS

pressure,  Cardiovascular

gives the collection of an approximation of
people consuming the junk food.
(F,Un)={F(Un1)={(51,0.8,0.2,0.1),(52,0.5,
0.2,0.6),(S3,0.6,0.4,0.2),(S4,0.9,0.1,0.1),
(S5,0.9,0.1,0.2)},(F(Un2)={(S1,0.5,0.3,0.5),
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(S2,0.7,0.4,0.2),(S3,0.8,0.1,0.1),(S4,0.6,0.4,
0.3),(S5,0.4,0.1,0.6)},(F(Un3)={(51,0.2,0.1,
0.9),(S2,0.3,0.1,0.8),(S3,0.1,0.1,0.7),(S4,0.7
,0.3,0.2),(S5,0.1,0.1,0.9),(F(Ung)={(S1,0.1,
0.2,0.9), (S2,0.1,0.1,0.9), (S3,0.5,0.3,0.5),
(S4,0.3,0.1,0.7),(S5,0.2,0.2,0.8)},
(F(Uns)={(S1,0.9,0.2,0.1),(S»,0.8,0.1,0.2),
(S3,0.8,0.2,0.2),(S4,0.9,0.1,0.1),
(S5,0.1,0.2,0.8)}}

The set (F, E)

represented by the following neutrosophic

neutrosophic  soft

soft matrix A to describe the people

consuming junk food relationship.

Un: Unz Unz Ung Uns
A=S1 ((080201) (D50305) (20409) (140209) (030200)
So |(080208) (070400 030108) (110109) (080102)
So | (06402) (180300) 050207 (050305) (08020
o, (3001 060403 070300 (030197 030501
o (90102 0106 (0109 (020208) (040208

Let Un= {Uni, Uny, Uns, Ung,
Uns} where Uni, Unz, Uns, Uns, Uns
represents the fast-food, pastries, soft-
drinks, processed meat, sweets/chocolates
be the universal set. Let the possible
diseases caused on consuming junk foods
D= {D1, D2, D3, D4, Ds, Dg} be Diabetics,
Obesity, High-Blood
Cardiovascular disease, Cholesterol and
Suppose that NSS(G, D) over Un,

pressure,

Ulcer.
where G:D—FY" gives the collection of an
approximation of people consuming the
junk food.

(G,D)={G(D1)={(Un1,0.3,0.2,0.7),(Un2,0.8,
0.2,0.1),(Un3,0.7,0.1,0.3),(Un4,0.3,0.1,0.7),
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(Uns,0.9,0.1,0.1)},(G(D2)={(Un1,0.9,0.1,0.
2),(Un2,0.7,0.3,0.2), (Un3,0.8,0.2,0.1),
(Uny,0.5,0.2,0.6),(Uns,0.9,0.2,0.1)},(G(Ds)

={(Un,0.6,0.3,0.2), (Un2,0.2,0.1,0.6),
(Un3,0.4,0.3,0.4),(Un4,0.9,0.1,0.2),(Uns,0.1,
0.1,0.9)}, (G(D4)=(Uny,0.7,0.3,0.1),
(Uny,0.2,0.2,0.7),(Uns,0.4,0.3,0.7),(Uns,0.8,
0.1,0.1), (Uns,0.1,0.2,0.7)},
(G(Ds)={(Un1,0.9,0.1,0.2),(Un2,0.8,0.2,0.3)
,(Un3,0.9,0.1,0.2), (Uny,0.9,0.1,0.3),
(Uns,0.8,0.1,0.2)},(G(Dg)={(Un1,0.8,0.2,0.

2),(Un2,0.1,0.1,0.8), (Un3,0.1,0.1,0.9),
(Uny,0.1,0.1,0.8), (Uns,0.1,0.2,0.7)}}.

The (G, D)

represented by the following neutrosophic

neutrosophic  soft set

soft matrix B to describe the people

consuming junk food diseased

relationship.
D1 Dy D3 Das Ds Des

B=UNs 030007 090102 08030 070301) 050102) (80209
Unz  [(00201) (70302 020108) (020207) (080203 (10309
Uns | (070409) (080200 (40309 (140307) (08010) (040009
Une  |(030007) 050206) (130102) (080301) (090403) (10108
Une 0SRAD)(030200) (D109 (011207 08010 (0207

Let O= {O1, Oz, O3z, Os, Os, O}
where O3, O2, 03,04,05,0¢ represents the
organic foods such as Vegetables,
Millets/cereals, Exercise, Oil free-foods,
saltless foods, fruits thebe the Universal
set. Let the possible diseases caused on
consuming junk foods D= {D1, D2, D3, Da,
Ds, D} be Diabetics, Obesity, High-Blood
Cardiovascular

pressure, disease,

Cholesterol and Ulcer.  Suppose that

39

IMIRJ-VII (2) ISSN: 2456 — 4613

NSS(H, O) over O, where H:O— FP Hives
the collection of an approximation of
Disease caused on consuming the
unhealthy food can be controlled on
organic food and exercise.

(H,0)={H(01)={(01,0.8,0.2,0.1),(02,0.9,0.
1,0.1),(05,0.7,0.3,0.2),  (04,0.8,0.2,0.1),

(05,0.8,0.2,0.3), (06,0.9,0.1,0.1)}, (H(O2)=

{(01,0.8,0.4,0.3), (0,,0.8,0.3,0.2),
(05,0.8,0.3,0.1), (04,0.9,0.2,0.1),
(05,0.7,0.4,0.2), (06,0.6,0.3,0.4)},

(H(03)={(01,0.9,0.1,0.1), (0.,0.9,0.1,0.1),

(03,0.7,0.3,0.4), (04,0.8,0.2,0.1),
(05,0.9,0.1,0.1), (06,0.2,0.1,0.8)},

(H(O4) = {(01,0.7,0.2,0.3),
(02,0.9,0.2,0.3), (03,0.9,0.1,0.1),
(04,0.8,0.1,0.2), (05,0.9,0.1,0.1),
(06,0.3,0.2,0.7)},

(H(0s)={(01,0.6,0.4,0.3), (00.7,0.2,0.3),
(03,0.9,0.2,0.3), (04,0.8,0.1,0.1),
(05,0.9,0.2,0.1), (06,0.4,0.2,0.5)}, (H(O¢)=
{(01,0.2,0.1,0.7), (0,,0.5,0.3,0.5),
(03,0.4,0.3,0.5), (04,0.6,0.4,0.3),
(05,0.7,0.3,0.2), (06,0.3,0.3,0.7)}}.

The neutrosophic soft set (H, O)
represented by the following neutrosophic
soft matrix C to describe the diseased

control relationship.

01 0O 03 O4 05 06
(080201) (080403) (090101) (070203) (D60403) (020207
(030101) (080302) (090101) (190203) (170203) (050305)
(w.,.} (080301) (070304) (030101) (090203) (040305)
(080201) (090200) (080202) (080102) (080101) (060403)
) (070402) (190100) (090101) (190204) (070302
1) (160304) (020108) (030207) (040305) (030307)

C=D:
D2 0
0
Da (8020
Ds| (080203 )
Ds | 5010 )
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Compute A*B, Min-Max compositions of

two neutrosophic soft matrices will

produce the following results,

Let us suppose A* B=[Cij] mx n
C1u1=[min (0.8,0.8,0.7,0-3,0.9), min (0.2,
0.3,0.1,0.2,0.2), max (0.1,0.1,0.3,0.7,0.1)]
C11=(0.3,0.1,0.7)

Cw=[min  (0.9,0.7,0.8,0.50.9),  min
(0.2,0.3,0.2,0.2,0.2), max
(0.1,0.2,0.1,0.6,0.1)]

C12=(0.5,0.2,0.6)

Cis=[min (0.8,0.5,0.4,0.9,0.9),
min(0.3,0.3,0.1,0.2,0.2), max (0.1,0.5,
0.4,0.2,0.1)]

C15=(0.4,0.1,0.5)

Ci=[min (0.8, 0.5,0.4,0.8,0.9),
min(0.3,0.3,0.2,0.2,0.2), max (0.1, 0.5,
0.2,0.1,0.6)]

C14=(0.4, 0.2,0.6)
Cis=[min (0.9,0.8,0 .9, 0-9, 0.9), min (0.2,
0.3,0.1,0.2,0.2) max (0.1,0.3,0.2.0.3,0.1)]
C15=(0.8,0.1,0.3)
Cw=[min (0.8, 05, 0.2,0.1,0.9),
(0.2.0.3, 0.1, 0.2,0.2), max (0.1,0.5,0
9,0.8,0.7)]

C1=(0.1,0.1,0.9)

Proceeding the min-max product until the

min

last element of the matrix A*B is obtained.
The obtained matrix A*B is
D1 Dz D3 D4 D5 D6

Sy /(I30107) (050206) 040205) (040206) (080403) (010109
Sz [ (130107) (050206) 040804) (040107) (080403) (040109
S |(050105) (050205) (L40104) (040207) (080403) (040107
Sa | (030107) (050506) (060203) (060103) (180403) (030107
Ss | (030107)050106) (060403) (040403) (08003) (030507)
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Similarly calculate the for A*(B*C), the

resultant matrix is given as
01 Oz 03 04 Os 06

Evaluate the score matrix for A*B,
D1 D, Dz Ds Ds Ds

W’ =S,

) 0301 0 0 06 =07
? 03 01 01 -02 06 -06
S3 01 02 01 =01 06 -05
S4 03 0 04 04 06 -03
Ss 03 0 -06 -04 06 -07

People P;i on taking unhealthy food caused
disease Dj is P1, P2, P3, P, Pshby De and P4
by D1
The score matrix of (A*B)*C

O; O2 O3 Os Os Os
V' =S

09 04 -05 -03 01 -03

52 09 04 -05 =03 0 -03
S3 09 04 -04 -03 02 -03
Sy 09 04 <03  -03 0 ~-03
Ss 09 04 -04  -03 01 -03
It is advisable to consume more

vegetables. Obtaining the minimum value
in W’ so that disease is found for each
student by using min-max product rule.
Next obtaining the maximum value in V’
to control the disease by intake of organic
food. It is suggested that only minimum

score of disease can always be controlled
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in an organic way. We are dealing about

controlling not about the prevention.

CONCLUSION

In this paper, the min-max product
rule is defined and the associative property
is proved and verified with the suitable
example. An algorithm is developed using
min-max product rule to diagnose the
disease and how to control it. All these
decision-making problems are widely
solved by neutrosophic soft matrices. It is
suggested that this method of finding the
students suffering from various disease
due to the consumption of junk foods is
controlled by the intake of organic food
from the case study, where the system of
inconsistent data is handled. We look
forward that our step will be applied to
various other situations that carry
uncertain parameters.

This paper will enhance the
essence towards the study of neutrosophy
under various sectors and handle the real-
time applications.
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