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Abstract

Uncertainty is a big problem in our routine life. Many theories were developed to handle uncertain environments.
This paper approaches the concept of neutrosophic soft matrices (NSM) and multiple types of NSM to achieve
solutions to a possible problem and provide ideas to tackle other problems relating to uncertainties. Here, NSM
has been utilized to demonstrate the performance of different farmers, and further score function has been
implemented to solve a possible application of decision making in agriculture. It explains the selection of the best
farmer by scientific experts through an algorithm in this paper. The selection based upon the better production of
crop and nature, fertilizer, pesticides, etc. are used as attributes, which will contribute to the performance of each
farmer. Finally, combining the attributes, which will help us achieve a conclusion to determine the best farmer.

Keywords: Neutrosophic Soft Set, NSM, Agriculture, Decision Making, Score function.
1. Introduction

Many researchers use different tools to solve the uncertainties and problematic issues in different fields
like engineering, business administration, environment, medical sciences, etc., which are unable to
solve, by using standard mathematical tools. To overcome the difficulties of standard tools, researchers
work to apply different tools to deal with uncertain problems. Some of these are fuzzy sets, intuitionistic
fuzzy sets, neutrosophic sets, etc. In 1965 Lotfi. A. Zadeh [1] proposed a wonderful theory named the
fuzzy set theory to deal with uncertain issues. Further, in 1975, a more advanced interval-valued fuzzy
set (IVFS) was proposed by Yang [2], which has a wide range than a simple fuzzy set. In 1982, Pawalk
initiated another wonderful theory named rough set theory [3]. After that, the intuitionistic fuzzy set
theory was coined by Atanassov [4] in 1983. In 1995 neutrosophic fuzzy set was proposed by Florentine
Smarandache [5]. After that, in 1999, Molodtsov [6] developed the soft set theory, which is a major
mathematical operator when dealing with decision-making problems in a vague environment. It has
wide applications such as decision making in the medical field, economics, and social sciences. In 2001,
Maji et al. [7] extended the Molodtsov [6] theory and defined different basics of soft sets. Later in 2004,
Maji et al. [8] proposed the idea of intuitionistic fuzzy soft sets. Cagman [9] coined the idea of fuzzy
soft matrices in 2010. Fuzzy soft matrices have a wide range of applications in decision-making
problems. However, simple matrix theory fails when sometimes dealing with uncertainty problems.

After that, in 2012, Das and Chetia [10] introduced intuitionistic fuzzy soft matrices (abbr. IFSMs) with
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different types of products and axioms on these products. Then, Mondal et al. [11, 12] introduced
different types of IFSMs. In some real-world problems, we need to go with different tools to solve the
uncertainty and abstruse problems, and furthermore, if we talk about intuitionistic fuzzy soft sets, we
just have to deal with truth and false-membership values for a proper description of an object. The
intuitionistic fuzzy sets can only handle the unclear info regarding both truth and false membership
values. The neutrosophic soft set is a complete family of all neutrosophic sets, which is the generalized
form of an intuitionistic fuzzy soft set with truth-value, indeterminate value, and false value. In 2013
P.K.Maji [13] defined different operators on neutrosophic fuzzy soft set and applied soft sets in
unpredictable problems. In 2014, Broumi, et al. [14] defined interval-valued NSS and its applications
in decision-making problems. In the same year, Broumi et al. [15] proposed different relations on
interval-valued neutrosophic soft sets. It leads to decision making in various fields of life. In 2014,
Broumi, et al. [16] applied different mappings on neutrosophic soft expert sets. In the same year, Irfan
Deli and Broumi[17] defined neutrosophic soft matrices and used soft matrices in decision-making.
Applications were requiring decision-making, having multiple selection criteria. Researchers applied
these techniques in decision making in different fields of life. In 2019, Jafar et al. [18] applied
intuitionistic soft set in medical diagnose. In 2019, Jafar et al. [19] worked on Sanchez’s identification
by trapezoidal fuzzy number. In 2020, Jafar et al. [20] discussed the application of soft-set relation and
soft matrix in medical diagnosis by Sanchez. In 2019, Riaz et al. [21] studied the hardness of the water
in laundry based on the fuzzy logic controller. The selection of smartphones in Pakistan decision making
by Saqglain et al. [22] in 2018. In 2019, Saqlain et al. [23] predicted about 2019 Cricket world cup by
TOPSIS Technique. Researchers [24-26] applied different strategies for problem solving and selection.
In 2009, Mustafa et al. [27] applied fuzzy logic on sorting and grading in agriculture. After in 2013,
Papageorgion et al. [28] proposed yield prediction using the fuzzy cognitive map. In 2014, Virgin and
Riganabanu [29] proposed an application of an interval-valued fuzzy soft matrix for the detection of
diseases in plants. In 2017, Neamatollah et al. [30] proposed an optimal cropping pattern of agriculture
on the fuzzy system. In 2018, Mota et al. [31] defined fuzzy validity measures and their applications of
decision making in agricultural engineering. In the same year, 2018, Loganathan and Pushpalatha [32]
proposed an application in agriculture using fuzzy matrices. In 2019, Savarimuthu and Mahalaksmi [33]
defined T-Conorm operators on IFSM and proposed its applications in agriculture. For more
information on neutrosophic theory and their application, we refer the readers to the following
references [34-37]. In this paper, the concept of neutrosophic fuzzy soft matrices, different types of
fuzzy neutrosophic soft matrices, and some operators on soft matrices and its application in agriculture
has been demonstrated. Several applications, studied under neutrosophic soft matrices, fuzzy
neutrosophic matrices and neutrosophic fuzzy matrices, have been worked on and are being worked on
as we speak. Conclusively, neutrosophic fuzzy soft matrices have been used in decision making to
approach the desired result. The goal is to display the usage of the said concepts and ideas in the possible

application of agriculture. In section 2, the discussion is about the soft set and its different types. In
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section 3, the discussion is about methodology, which is used in the application of neutrosophic soft

matrices. In section 4 and 5, we discussed the algorithm and real-life example of an NSM.

2 Preliminaries

In this section, some basics will be under discussion; to understand the concepts of paper, you must know the
following.

2.1 Soft Set [20]
Let K be a set of alternatives, and D is a set of attributes. Let P (K) denotes the set of all subsets of K and A is a

subset of D. Then (F , A) is called a soft set over K where F is a mapping given by F: A —» P(K).In fact soft set
(F ,A) is a family of subsets of K. For e € A, (F , A) is defined as

(F,A)={F(e) e P(K):e€D,F(e) =0Qif e ¢ A}
Example 2.1
Let K={fi,fo.fs.fa} be a set of houses of different colors (paints) and D =
{Yellow (e,),Green(e,), Sky blue(e;)} is a set of attributes. If A = {e;,e3} S D. Let F,(e;) = {f1, f>, fa} and
F.(e3) = {f1, fs, [} then the soft set(F, ,D) = {(ey, {f1, f>, fu}), (es, {f1, f5, [r})}, which describes the colors of

houses. We write the soft set as follows

K Yellow(e,) Green(e,) Sky blue(ez)
fi1 1 0 1
f2 1 0 0
f3 0 0 1
fa 1 0 1

2.2 Fuzzy Soft Set [21]

Let K be a universe, and D be a set of attributes and any set A € D. Let P(K) denotes the set of all fuzzy sets of
K. A set (F,, D) is said to be fuzzy soft set over K such that F, is a mapping given by F,: D = P(K) such that
F,(e) = ¢ ife & A where ¢ is a null fuzzy set.

Example 2.2

See example 2.1, we give membership value in 0 or 1, but in FSS we choose membership value from interval

[0,1] instead of crisp numbers 0 and 1.Then
(F4, D) = Fy(ey) = {(f1,0.5), (f2,0.3), (f3, 0.8)}
F,(e3) = {(f1,0.2),(f3,0.9), (f1, 0.6)} is the fuzzy soft sets describe the colors of houses.

K Yellow(e,) Green(e,) Sky blue(ez)

f1 0.5 0.0 0.2

DOI:10.5281/ZENODO.3742406 80
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fa 0.3 0.0 0.0
fs 0.0 0.0 0.9
fa 0.8 0.0 0.6

2.3 Fuzzy Soft Matrices (FSM) [18]

Let (F4, D) be a fuzzy soft set and K X D is defined by a relation G, = {(f ,e): e € A, f € F,(e)}.The function

of G, is written by a;4: K X D = [0,1] where a;4(f ,e) € [0,1] is the membership value.

If [ai]-] = (ﬁ , ej) then, the matrix is

a;; Qi 0 Qgp

[a- ] _ | Q21 Q2 dop
) mxn : : : :

An1 Am2  *° Qmn

Which is soft matrix of soft set (F, D) over K called the fuzzy soft matrix (FSS).

Example 2.3

Let K = {f}, f>, fs, fa, f5} is a universal set and D = {e;, e,, €3, €,} is a set of all attributes then
A ={e;,e,,e,} S D Then the soft set (Fy ,A) = {Fp(e;1), Fp(e,), Fp(e,)} where

Fp(er) = {(f1,0.5), (f2,0.3), (f3,0.1), (£, 0.2), (f5, 0.8)}

Fp(e;) = {(f1,0.3), (f2,0.6), (f3,0.4), (f2, 0.9), (f5, 0.2)}

Fp(ey) = {(£1,0.2), (f2,0.7), (f3,0.1), (£, 0.3), (f5, 0.5) }.

Then, the soft matrix [ai J-] is

0.5 03 0.0 02
03 06 0.0 0.7
[a;j]=[01 04 00 01
02 09 00 03
08 02 0.0 05

2.4 Neutrosophic Soft Set (NSS) [17]

Suppose K be a universe with an element in K denoted by f and D be a set of attributes. A neutrosophic set N over
K is characterized by a truthiness T, , indeterminacy I,, and a falsity value F, where T,, I, and F, are real

standard subsets of [0, 1]. And  fy:D - N(K)

A={(e{< £, (Ta(O (). Fs())} >): f € U,e € D, Tu(), 1o (), Fa(f) € [0,1]}

There is no restriction on the sum of Ty (f), Ly (f), F4(f) . 0 < T, (f) + Li(f) + F,(f) < 3.
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Example 2.4

Let K={fi,fo.fs.fa} be a set of houses of different colors (paints) and D =
{Yellow (e,), Green(e,), Sky blue(e;3)} is a set of attributes. IfB = {e;,e;} € D.

Let (Fy, D) = Fy(ey) = {(f,,0.5,0.2,0.3), (f,, 0.3,0.4,0.2), (f,, 0.4,0.1,0.3)}

Fg(e3) = {(f1,0.2,0.4,0.3), (f5,0.5,0.1,0.4), (4, 0.6,0.3,0.1)} Which describes the colors of houses. We write

the neutrosophic soft set as follows

K Yellow(e,) Green(e,) Sky blue(ez)
f1 0.5,0.2,0.3 0.0,0.0,0.0 0.2,0.4,0.3
f2 0.3,0.4,0.2 0.0,0.0,0.0 0.0,0.0,0.0
f3 0.0,0.0,0.0 0.0,0.0,0.0 0.5,0.1,0.4
fa 0.4,0.1,0.3 0.0,0.0,0.0 0.6,0.3,0.1

2.5 Neutrosophic Soft Matrix (NSM)

Suppose K = {fl,fz,f3, } be the universe and D = {e;, e,, €3, ..... } be a set of attributes and4 € D. A set
(F ,A) be an NFSS over K. Then the subset of K X D

Is defined as Ry = {( f, e) ;e €A f €EF, (e)} which is the relation form of(F, , D). The truthiness, indeterminacy

and falsity values are:
Tg,:KxD—10,1], Ig,:KxD—[0,1], Fr,:KxD —[0,1]

Tr,(f,e) €[0,1] , I, (f,e) € [0,1] ,Fg,(f,e) € [0,1] are the truthiness, indeterminacy, and falsity of f € K

for eache € D?

If [(Tyj, 1y Fij)] = [Ty (f €)1 (fio €), Fij (fi ;)] then

(T11'111'F11) (T12’112'F12) (TlnlllntFi1n>

_ | To, 121, Fo1) (Taz o2, Faz) o Tan, Lon, Fop)
[(Tij'lij'F'j>]mxn— 21 21 21 22 22 22 5 2n 2n 2n
(Tmlt Iml' le) (TmZI Im2' Fm2) (Tmnﬁ Imn' an)

That is called m X n order neutrosophic soft matrix over K.

Example 2.5

LetK = {fl, for oo for fs} is a universal set and D = {e,, e,, €3, e,} is a set of all attributes then
A ={e;,e,,e,} S D Then the soft set (Fy ,A) = {Fp(e1), Fp(e,), Fp(e,)} where

Fy(e)) = {(f,,0.5,0.2,0.2), (f,0.3,0.4,0.1), (fs,0.1,0.6,0.3), (f,, 0.2,0.3,0.5), (fs, 0.2,0.1,0.4)}
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Fy(ey) = {(f,,0.3,0.5,0.1), (f;, 0.6,0.2,0.2), (5, 0.4,0.3,0.3), (f,, 0.3,0.1,0.5), (fs, 0.2,0.5,0.1)}

Fy(e,) = {(f,,0.2,0.3,0.5), (f,,0.7,0.1,0.1), (fs,0.1,0.6,0.3), (f;, 0.3,0.4,0.1), (fs, 0.5,0.2,0.2)}.

Then, the neutrosophic soft matrix is

(0.5,0.2,0.2)
(0.3,0.4,0.1)
F;;)] ={(0.1,0.6,0.3)
(0.2,0.3,0.5)
(0.2,0.1,0.4)

[( ijr l]!

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

(0.0,0.0,0.0)
(0.0,0.0,0.0)
(0.0,0.0,0.0)
(0.0,0.0,0.0)
(0.0,0.0,0.0)

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

2.6 Complement of Neutrosophic Soft Matrices

Suppose A= [Ty, I,
[( l]l l.]' )] for allland_]

Example 2.6

See example 2.5

F;j)] € NSM,,»,.Then the complement of A is doted by A” and is defined as A" =

(0.2,0.8,0.5) (0.1,0.5,0.3) (0.0,0.0,0.0) (0.5,0.7,0.2)
(0.1,0.6,0.3) (0.2,0.8,0.6) (0.0,0.0,0.0) (0.1,0.9,0.7)
A" =[(F;,1-1;,T;)] =((03,04,0.1) (0.3,0.7,04) (0.0,0.0,0.0) (0.3,0.4,0.1)
(0.5,0.7,0.2) (0.5,0.9,0.3) (0.0,0.0,0.0) (0.1,0.6,0.3)
(0.4,0.9,0.2) (0.1,0.5,0.2) (0.0,0.0,0.0) (0.2,0.8,0.5)
2.7 Addition of Neutrosophic Soft Matrices
If A=[(T4 14, F})] € NSMpyy , B = [(T5,15,FE)| € NSM,,s, thenC = [(T5, 15, Ff;)] € NSMpyyy. Then

the addition of A and B as

l] ll A B
ijr 2 n(Fl],F

A+B=C= (max(TA TE),

2.8 Subtraction of Neutrosophic Soft Matrices

If A=|[(T4 14

ijr L]'FA)] € NSmen 5

= (75,15,

subtraction of AandBasA— B =C = (T ij

- TE IA—IB FA

) for all i and j.

Ly’

3 Neutrosophic Soft Matrix Application in Agriculture

3.1 Value Matrix

Suppose A = [(T/4, I,

V() = (T4 + 14
3.2 Score Matrix

If A=[(T4,14

4,14, F)] € NSMy B = [(TE, 15

ijrtijr

by S(a 5y and is defined as 5S¢4 5y = V(4) — V(B).

- Fi‘?)] for all i and j, respectively. Where i = 1,2,3 ... ...

FE)] € NSMyy,, thenC = [(T, If;

-]-) for all i and j.

Ly’

F5)| € NSM,,y,. Then

F; A)] € NSM,, ., then, A is called the value of NSM denoted by VV(A4) and is defined by

.mandj=123.....n

FB )] € NSM,, ... Then, the score matrix of A and B is denoted



International Journal of Neutrosophic Science (IINS) Vol 3, No. 2, PP. 78-88, 2020

3.3 Total Score

If A= (T4 14, F4)| € NSMyyy, B = [(TE,IE, F5)] € NSMy5,. Then, their corresponding value matrix be

V(A),V(B) and their score matrix beS, zy. Then the total score for each u; in U as

si=), (VW -ve)

Methodology

Let K is a set of farmers who produces a quality of wheat for better health of human beings to be chosen as the
best farmer. This whole process and selection of the farmers will be made by agriculture experts, use of natural
resources, fertilizers and pesticides will be taken into account. Suppose D is a set, which consists of parameters
relative to the harvested products by farmers. First of all, compute NFSS(F,, D) over K show the farmers’
selection by agricultural experts T, Where F, is a mapping F,: D = N(K) , is the collection of all neutrosophic
subsets of K. Now, computation of another NFSS(G, D) over K demonstrate farmers’ selection by the agriculture
experts from another field Z, Where Gy is a mappingGg: D — N(K), is the assortment of all neutrosophic subsets
of K. Now develop the matrices A and B relative to the neutrosophic soft sets (F,, D) and(Gg, D). Also, compute
the complement matrices A" and B° from the complements of neutrosophic soft set (F4, D)’ and set(Gg, D),
respectively. After this, calculate A + B, the greater membership value of farmers that will be judged by the
experts. Also, calculate A’ + B°, the maximum membership value of non-selected farmers. Now calculate value

matrices V(A + B) and V(4" + B") and score matrix S (A+B)(4°+B)) and the total score S; for each farmer in K. At

last Sy = max(S;) determines that the farmer f;, is selected as the best farmer by the experts.

4. Algorithm

Step 1: Compute the neutrosophic soft set (F,, D), (Gg, D) and then find the NSMs A and B corresponding to the
(F,, D)and(Gg, D) respectively.

Step 2: Compute the neutrosophic soft complement sets (F,,D)°, (Gz, D)" and compute the NSMs A’andB’
corresponding to the (F,, D)’and(Gg, D)’ respectively.

Step 3: Calculate(4 + B), (A" + B"),V(A+ B), V(4" + B") and S((A+B) (45°))

Step 4: Calculate the total score S; for each f; in K.

Step 5: FindS;, = max (S;), and then conclude the best farmer f; has the maximum value.

Step 6: If S; has more than one value, then repeat the step 1 and so repeat the complete process.
S Application in Decision Making

As traditional mathematical methods are limited for solving problems, so researchers use different techniques
for problems involving decision-making. Neutrosophic soft matrix (NSM) is one of those techniques that is used
in this paper as this tool is used by many researchers to solve their MCDM (Multi-Criteria Decision Making)
problems. Let us try to solve an MCDM problem by using NSM. Suppose (F,, D) and (Gg, D) are two NSS

showing the set of four farmers who are selected from the universal set K = {f}, f5, f5, f} by the experts T and
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Z. Suppose D = {e,, e,, e5} be the set of attributes representing the different manures like nature, fertilizer,
pesticides, etc. will be considered to choose the best farmer by examining wheat that is better for human health.

Step 1: Construction of Neutrosophic Soft Sets

(F4, D) = {F4(ey1), F4(ey), F4(e3)}

Fy(e)) = {(f,,0.5,0.2,0.2), (f,,0.4,0.3,0.1), (f3,0.3,0.5,0.2), (f,, 0.6,0.2,0.1 )}

F,(e,) = {(f,,0.2,0.4,0.3), (f,, 0.7,0.2,0.1), (s, 0.2,0.5,0.3), (f,, 0.4,0.5,0.1)}

F,(es) = {(f,,0.6,0.1,0.2), (f,, 0.5,0.3,0.2), (3, 0.3,0.5,0.2), (f,, 0.7,0.1,0.2)}.

(Gp, D) = {Gp(ey), Gp(ey), Gp(es)}

Gs(ey) = {(f1,0.6,0.3,0,1), (f3,0.4,0.3,0.2), (f3,0.2,0.6,0.1), (f;,0.6,0.2,0.1)}

Gs(ey) = {(£,,0.5,0.3,0.2), (f,,0.7,0.2,0.1), (f3, 0.4,0.3,0.2 ), (f,, 0.6,0.2,0.1 )}

Gy(es) = {(f,,0.4,0.2,0.3), (f,, 0.2,0.5,0.3), (f3, 0.6,0.2,0.2), (f,, 0.7,0.2,0.1)}.

These are neutrosophic soft matrices of above soft sets:

Step 2

1(0.5,0.2,0.2)

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

[(0.6,0.2,0.1)

1(0.6,0.3,0.1)
(0.4,0.3,0.2)
(0.2,0.6,0.1)
(0.1,0.5,0.2)

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

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

Then, the neutrosophic soft complement matrices are

7(0.2,0.8,0.5)

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

(0.1,0.8,0.6)
1(0.1,0.7,0.6)

(0.2,0.7,0.4)
(0.1,0.4,0.2)

[(0.2,0.5,0.1)

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

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

(0.6,0.1,0.2)]
(0.5,0.3,0.2)
(0.3,0.5,0.2)
(0.7,0.1,0.2)

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

(0.2,0.9,0.6)]
(0.2,0.7,0.5)
(0.2,0.5,0.3)
(0.2,0.9,0.7)

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

Step 3: Construction of Value Matrix.

7(0.6,0.25,0.1)
(0.4,0.3,0.1)
(0.3,0.55,0.1)
(0.6,0.35,0.1)

(0.5,0.35,0.2)
(0.7,0.2,0.1)
(0.4,0.4,0.2)

(0.6,0.35,0.1)

(0.6,0.15,0.2)
(0.5,0.4,0.2)
(0.6,0.35,0.2)
(0.7,0.15,0.1)

(A+B) =

1(0.2,0.75,0.5)
(0.2,0.7,0.4)
(0.2,0.6,0.2)
(0.2,0.65,0.1)

(0.3,0.65,0.2)
(0.1,0.8,0.7)
(0.3,0.6,0.2)

(0.1,0.65,0.4)

(0.3,0.85,0.4)
(0.3,0.6,0.2)
(0.2,0.65,0.3)

(0.2,0.85,0.71)

4 +B)=
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0.75 0.65 0.55
0.6 08 0.7

VA+B)=1075 06 075
085 0.85 0.75
045 075 0.75
v+ By = |05 02 07

0.6 0.7 055
0.75 035 0.35

Now calculate score matrix as

03 -01 -0.2
_|o1 06 0
@+B)(4+8")) ~ [0.15 —0.1 0.2
01 05 04

5

Step 4: To find the Total Score

0.0
0.7
0.25
1.0

Total Score :

Step 5: Best Selection using highest score
S, =10

As we can see above the last value is maximum so the farmer h, has gain more score so the farmer h, is selected

as best farmer by the experts.

6. Conclusion

In this paper, the concept of neutrosophic soft matrices has been described, and the application of some new
operations has been tested through neutrosophic soft matrices. A possible application has been tackled through
the usage of NSM, which will not only prove useful by itself but will help researchers to solve other problems of
uncertainties through similar procedures. The following paper demonstrated a new solution procedure to solve
neutrosophic soft sets based on real-life decision-making problems. This procedure proves quite feasible in many

real-life scenarios where ease of decision-making is the goal in mind.
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