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ABSTRACT

In this paper, a new approach for solving a multi-criteria decision making problem that
uses neutrosophic soft matrix is introduced. A solving procedure has been developed by
constructing choice matrix, max-min product and comparison matrix. Furthermore, a numerical

example is provided to illustrate the feasibility of the proposed method.
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comparison matrix.

1. INTRODUCTION

Decision making theory is the process of selecting a right and effective choices from two
or more alternatives for the purpose of achieving desired result. Many real life problems have
been solved in decision making method. Fuzzy set theory was proposed by Lotfi A. Zadeh [1] in

1965. Fuzzy set thoery has been applied to many fields of operations research. Fuzzy decision making

environments provide several methods to solve multi criteria decision making problems.

Neutrosophic set (NS) was introduced by Florentin Smarandache [3] in 1998. It is a
mathematical tool for handling problems involving imprecise, indeterminacy, and inconsistent
data. Soft set theory was introduced by Molodtsov in 1999 [4]. Maji [5] combined the concept of
soft set and neutrosophic set together by introducing a new concept called Neutrosophic soft set
(NSS). Recently, Sujit Das, Samarjit kar(2017) [7] used the concept of choice matrix and Max-
min product of Intuitionistic fuzzy soft set and Neutrosophic soft set [8] to solve decision making
problems. Murat, Necip(2019) [9] introduced the comparison matrix for neutrosophic soft matrix

and he applied the same in medical diagnosis.

This paper presents a new modified method to solve multi criteria decision making

problem by integrating the methods given in [8] and [9]. The final results are obtained from the
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comparison matrix based on the maximum score value. This paper consists the following sections:

Section 2 contains basic definitions related to neutrosophic soft set. The proposed method and its

application are discussed in section 3. Conclusion appear in section 4.
2. PRELIMINARIES
Definition 2.1 (Neutrosophic Set)

Let U be an universe of discourse. The neutrosophic set A in U is expressed by A=
{(x: Tay, Iago), Faexy), x € U}, where the characteristic functions T,I,F: U — ]—0,1*[ respectively
define the degree of membership, the degree of indeterminacy and the degree of non-membership

of the element x € U to the set A with the condition, —0 < Tyx) + Iax) + Fay < 3%
Definition 2.2 (Neutrosophic Soft Set)

Let U be a universe of discourse and E be a set of parameters. Let NS (U) denotes the set of
all neutrosophic subsets of Uand A c E. A pair (N4, E) is called a neutrosophic soft set over U,

where N,y is a mapping given by Ny4y: E - NS(U).
Definition 2.3 (Neutrosophic Soft Matrix: NSM)

Let (N(4), E) be a NSS over the universe U. Let E be a set of parameters and A € E. Then a
subset of UxE uniquely defined by the relation {(x,e):e € A4,x € Niy(e)} and denoted by
M,=(N4y, E). The relation characterized by the truth function T,:U x E - [0,1], indeterminacy
I, : UXE—-J0,1] , and the falsity function F, : UXE—[0,1] . M, is represented as
M,={(T4(x,e),14(x,e),Fa(x,e)) : 0 <Ty+14+Fs <3,(xe) €UxE} Now if the set of universe
U = {Xq,X5,... X} and the set of parameters E = (e, e,,...,€,), then M, can be represented by a

matrix as follows,

all a12 e aln

M _( ) _|G21 Gz ... Q2p
A=\%ij) o = | : . :

Am1 Amz - Amn

Whel‘e al-j = (TA(xl-, ej), IA(xl-, ej), FA(.XL', e]))
Definition 2.4 (Neutrosophic Choice Matrix:NCM)

Neutrosophic choice matrix is a square matrix whose rows and columns both indicates
parameters. If pis a NCM, then its element p(i, j) is defined as, u(i,j) = (1,0.5,0) when i*" and
jt" both parameters are the choice parameters of decision maker. p(i,j) = (0,0.5,1) when at

least one of the i*" or jt" parameters be not under choice of the decision maker.

In combined NCM, denoted by u¢, rows indicate choice parameters of single decision

maker and columns indicate combined choice parameters of the remaining decision maker.
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Definition 2.5 (Max-min product of NSM)

Two NSMs, (N, A),xn = [aij]mxn and (N, B) jyxn = [bij]mxn are said to conformable for
product, if the number of columns of (N, A) is equal to the number of rows of (N, B). The product

of NSM is defined by (N,P)=(N,A)® (N,B) = (Cix)mxp » Where, ¢y =

<r1n=alxn min {Tai,-'Tb,-k}'r]r-ljlxn min {Iaij,lbjk},r}l:l{ln max {Faij,Fbjk}).

3. SOLUTION PROCEDURE

In this section, we develop an approach based on max-min product and comparison matrix
to deal with multi-criteria decision making problem with neutrosophic information. Let us
consider this MCDM procedure adapted from Das S and Kar S [8].

Step 1: Neutrosophic choice matrix p, (i, j) and combined NCM u§ (i, j) are computed for each of

the decision makers d,,, n = 1,2,...,k based on their parameters.

Step 2: Max-min product of neutrosophic soft matrix M} and combined choice matrix ps (i, j) are

calculated for each decision makers.
Step 3: Find the aggregation of the product neutrosophic soft matrices B,V n.
Step 4: Formulate the comparison matrix C, of the resultant neutrosophic soft matrix Mygy,.

Step 5: Obtain the score g;0f NSM, the maximum score is the preferable choice of decision

makers.
3.1 Numerical Example

Let us consider,U = {uy, u,,...uy} be the set of alternatives, E = {e;, e,,...e,} be the set
of parameters, D = {d,,d,,...d,} be the set of decision makers. Then the neutrosophic soft
matrix M} denotes the information provided by decision maker dy, k=1,2,...,n. The

assessment is represented in the form of neutrosophic number. Assume that, M} = (aif)mxn =

(Tij, 1i;, F;;) is the decision matrix (a;; is a netrosophic number) for alternative u;, i = 1,2,...,m
associated with the parameter e;, j = 1,2,...,p given by decision maker di.,k = 1,2,...,n. The

steps of neutrosophic multi-criteria decision making method can be presented as follows.

Let three investors D = {d;, d,, d3} jointly want to select a best investment portfolio. Let

U be the universal set, U = {u,, u,, us} be the set of alternatives, where,

u, - Mutual funds
u,- Bonds

us- Stocks
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Let E = {e;, e,, €3, €4, €5} be the set of common criteria or parameters, where

e,- Expected Return
e,- Cost of investment
es;- Market Conditions
e,- Liquidity

es- Risk Tolerance

Among three experts, d,; interested to evaluate the parameters (e, es, e,). d, interested to
evaluate the parameters (eq, e,, es) and d5 evaluate the parameters (e, e3, e4, es). Opinions of

three experts represented in three different neutrosophic soft matrices given below,

(0,0,00 (0.2,0.5,0.7) (0.8,0.7,0.6) (0.3,0.6,0.7) (0,0,0)]
M} =1(0,0,0) (0.4,0.7,0.8) (0.3,0.6,0.1) (0.7,0.2,0.3) (0,0,0)
(0,000 (0.6,0.8,0.2) (0.4,0.2,0.8) (0.80.1,04) (0,0,0)

(0.5,0.7,0.8) (0.2,0.5,0.7) (0,0,0) (0,0,0) (0.6,0.4,0.1)]
M? =1(0.3,0.5,0.1) (0.4,0.7,0.8) (0,0,0) (0,0,0) (0.7,0.8,0.1)
(0.6,0.8,0.1) (0.6,0.8,0.2) (0,0,0) (0,0,0) (0.8,0.50.3)]

(0.5,0.7,0.8) (0,0,0) (0.8,0.7,0.6) (0.3,0.6,0.7) (0.6,0.4,0.1)
M3 =1(0.3,0.50.1) (0,0,0) (0.3,0.6,0.1) (0.7,0.2,0.3) (0.7,0.8,0.1)
(0.6,0.8,0.1) (0,0,0) (0.4,0.2,0.8) (0.8,0.1,0.4) (0.8,0.5,0.3)

Step 1: From the definition 2.4, neutrosophic choice matrices given below,

-(0,0.51) (0,051) (0,0.51) (0,0.51) (0,0.51)]
(0,0.51) (1,0.50) (1,0.50) (1,0.50) (0,0.51)
w (i, ) =[(0,051) (1,050) (1,050) (1,0.50) (0,0.51)
(0,0.51) (1,0.50) (1,0.50) (1,0.50) (0,0.51)
(0,0.51) (0,051) (0,0.51) (0,0.51) (0,0.51)

1(1,0.50) (1,050) (0,0.51) (0,0.51) (1,0.50)]
(1,0.5,0) (1,0.50) (0,0.51) (0,0.51) (1,0.50)
w,(i,/) =100,0.51) (0,0.51) (0,051) (0,051) (0,0.5,1)
(0,051) (0,0.51) (0,0.51) (0,051 (0,0.5,1)
(1,0.50) (1,050) (0,0.51) (0,0.51) (1,0.5,0)

"(1,0.5,0) (0,0.51) (1,0.50) (1,0.50) (1,0.5,0)]
(0,051 (0,051) (0,0.51) (0,0.51) (0,0.51)
us(i, /) =1(1,050) (0,0.51) (1,050) (1,0.50) (1,0.50)
(1,0.50) (0,0.51) (1,0.50) (1,0.50) (1,0.50)
[(1,0.5,0) (0,0.51) (1,0.50) (1,0.50) (1,0.5,0)

Using Definition 2.4, combined choice matrices are given below,
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(0,0.5,1) (0,0.5,1) (0,0.51) (0,0.5,1) (0,0.5,1)
(1,0.5,0) (0,0.5,1) (0,0.5,1) (0,0.5,1) (1,0.5,0)
us(i,j) =1(1,05,0) (0,051) (0,0.51) (0,0.51) (1,0.50)
(1,0.5,0) (0,0.5,1) (0,0.5,1) (0,0.5,1) (1,0.5,0)
1(0,0.5,1) (0,0.5,1) (0,0.5,1) (0,0.5,1) (0,0.5,1).

7(0,0.5,1) (0,0.51) (1,0.50) (1,0.50) (0,0.51)]
(0,051) (0,051) (1,0.50) (1,0.50) (0,0.51)
uS(, ) =100,051) (0,051) (0,051) (0,051) (0,0.5,1)
(0,0.51) (0,051) (0,0.51) (0,0.51) (0,0.51)
[(0,0.5,1) (0,0.51) (1,0.50) (1,0.50) (0,0.51)]

7(0,0.5,1) (1,0.50) (0,0.51) (0,0.51) (0,0.51)]
(0,0.51) (0,051) (0,0.51) (0,0.51) (0,0.51)
uS(, ) =100,051) (1,050) (0,051) (0,051) (0,0.5,1)
(0,0.51) (1,0.50) (0,0.51) (0,0.51) (0,0.51)
[(0,0.5,1) (1,0.50) (0,0.51) (0,0.51) (0,0.51)]

Step 2: Now calculate the product of NSM M} and combined choice matrix uf (i, j) for each
decision makers d,,,n = 1,2,3 are,

Py = M; ® pi(i.j)

(0.8,0.5,0.6) (0,0.5,1) (0,0.51) (0,0.51) (0.8,0.5,0.6)
=1(0.7,0.5,0.1) (0,0.51) (0,0.51) (0,0.51) (0.7,0.5,0.1)
(0.8,0.5,0.2) (0,0.5,1) (0,0.51) (0,0.51) (0.8,0.5,0.2)

P, = Mj ® u3(i, )

(0,051) (0,0.51) (0.6,0.50.1) (0.6,0.5,0.1) (0,0.5,1)
=((0,051) (0,051 (0.7,0.50.1) (0.7,0.50.1) (0,0.51)
(0,0.51) (0,0.51) (0.8,0.50.1) (0.8,0.50.1) (0,0.5,1)

Ps = Mi @ ui(i, )

(0,0.5,1) (0.8,0.5,0.1) (0,0.51) (0,0.51) (0,0.51)
=[(0,051) (0.7,050.1) (0,051 (0,0.51) (0,0.51)
(0,0.51) (0.8,0.5,0.1) (0,0.51) (0,0.51) (0,0.51)

Step 3: Aggregation of the product NSMs given below,

Mysy = Pi@OP,©DP;

(0.8,0.5,0.6) (0.8,0.50.1) (0.6,0.50.1) (0.6,0.5,0.1) (0.8,0.5,0.6)
= ((0.7,0.5,0.1) (0.7,0.5,0.1) (0.7,0.5,0.1) (0.7,0.50.1) (0.7,0.5,0.1)
(0.8,0.5,0.2) (0.8,0.50.1) (0.8,0.5,0.1) (0.8,0.5,0.1) (0.8,0.5,0.2)

Step 4: Now formulate the comparison matrix,



48 JNAO Vol. 15, Issue. 2, No.3 : 2024
€1 € €3 €4 €5

U 12 2 0 0 2
Cp =U2 (2 0 1 1 2
us 13 2 2 2 3

Step 5: Using score value, ;=3 j c;; on the above matrix we get,

Table 1: Score value of each alternative

Score o;
Uy 6
U, 6
Us 12

The maximum score value is 12 (u3), Clearly, the alternative u; is selected as the
collective decision of all the three decision makers.

Interpretation and Suggestion

According to the results above, Stocks (u3) are the best option of all other altenative.
Investments with less risk are best made in stocks. For investors who can afford less risk and
expect more return , stocks are the ideal investment. This solving method helps the decision
makers to take better decision for their combined opinions. This approach provides precise

solutions to MCDM problems and applicable to problems arising in real life situations.
4.CONCLUSION

In this study, a new multi-criteria decision making method based on neutrosophic soft
matrix is proposed and it is applied to develop a model and to evaluate the investment portfolio
selection. Here, the concept of comparison matrix and score value are used to obtain the optimum
solution. This MCDM procedure will be applied to further extensions of neutrosophic soft sets in

future.
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