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Abstract

In this paper, we introduce neutrosophic soft metric ma-
trices and define some new operations on these matrices.
Moreover, we develop an algorithm using neutrosophic
soft metric matrices and apply it to a decision-making
problem.
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Fuzzy sets (FS) [32], complex fuzzy sets (CFS) [2]], intuitionistic fuzzy sets (IFSs), soft sets [d],
fuzzy soft sets (F'SS), and fuzzy parameterized fuzzy soft sets (FPFS-sets) [21], [22] have been used
to model real-life problems in various fields such as engineering, medical science, quantum physics,

environment, economics, and psychology, etc.

In 1965, Zadeh introduced the fuzzy set [32], which is used nowadays in almost all branches
of science. It is basically a suitable modeling method as the crisp models lack clarification when
dealing with issues in various scientific fields such as control engineering, artificial intelligence,
decision theory, computer science, expert system, operational analysis, logic management science,
robotics, and many others. In other words, this idea of the fuzzy set is used to resolve the
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unpredictable problems that exist in models that reflect the phenomena of real life. Maiers and
Sherif [I9], in their index of fuzzy applications, listed more than twelve subject areas, including
decision-making, engineering, economics, and operational analysis, based on the literature available
on the subject. The concept of IFSs, which are generalizations of FS, is given in [d]. An IFS has
both membership and membership degrees. Fuzzy parameterized fuzzy soft sets (FPFS-sets) [21],
[22] is the extension of an F'S and soft set. The FPFS set preserves both elements and parameters
to an appropriate membership degree. Ramot et, al., [28] introduced the notion of a complex CF'S,
the extension of the fuzzy set. A CFS membership function has all the values in the unit disk. A
complex fuzzy set is used to describe two-dimensional phenomena and plays a significant role in
periodic phenomena.

The notion of a neutrosophic set (NS) was given by Samarandache [30], [37]. An NS is the
generalization of a crisp set, FS and IFS. The membership of truth (TM) and falsehood (FM)
and indeterminacy (IM) are independent in NS. The role of indeterminacy is very important for
decision-making problems. In several areas, such as decision-making problems, medical diagnosis,
image processing, educational problems, and dispute resolution, an NS and its extensions play a
critical role.

Soft set theory has enhanced its potentiality since its introduction by Molodtsov [26]. On the
basis of several soft-set operations introduced in [2], [23], [24], some additional properties and
algebra can be found in [0]. The soft semirings [I3] were introduced by Feng et, al., an adjustable
approach to fuzzy soft sets-based decision making can be found in [12] by means of level soft sets.
We can found some new ideas combined with rough sets and fuzzy sets in [I4], [I5]. Aygunoglu
et, al., introduced the fuzzy soft groups [4].

By introducing a new idea called neutrosophic soft set, Maji [20] combined the notion of
soft set and neutrosophic set together and offered an application of neutrosophic soft set to the
problem of decision making. Recently, the properties and applications on the neutrosophic soft
sets have been studied increasingly [6], [7], [I0], [I1]. Karaaslan [I7] filled the gaps of the Maji’s
neutrosophic soft set [2] definition and operations redefining the concept of neutrosophic soft set
and operations between neutrosophic soft sets. Jha et, al., [I6] proposed a model for stock trend
prediction based on neutrosophic soft set (NSS). The bipolar neutrosophic soft sets notation, which
combines soft sets and bipolar neutrosophic sets, was developed by Ali in [3]. They introduced
a bipolar neutrosophic soft operator aggregation of a bipolar neutrosophic soft set and developed
a bipolar neutrosophic soft set decision-making algorithm. Qamar et, al., [27] gave the notion
of Q-neutrosophic-set aggregation operator and use it to develop an algorithm for using a Q-
neutrosophic soft set in decision-making issues. Saqlain et, al., [29] proposed an algorithm based
on accuracy function under a neutrosophic soft set environment and used this proposed technique
in decision-making problems. Moreover, Manna et, al., [25] offered a complex neutrosophic soft
VIKOR approach to get a compromise optimal solution for single as well as multiple decision-maker
based problems.

Cagman and Enginoglu have implemented soft matrices and have investigated the different
properties of the matrices. They have developed a soft max-min decision-making algorithm that
can be used as a useful tool for uncertainty-related issues [8]. In addition, fuzzy soft matrices
have been introduced along with the fs-max-min decision-making method, which can be used
successfully in decision-making problems that contain ambiguity [9]. In fact, they gave a new
direction for fundamental work as well as applications in the theory of soft sets and fuzzy soft
sets. Madad et, al., [I8] introduced complex fuzzy soft matrices and defined some new operations
on these matrices. Moreover, they developed an algorithm using complex fuzzy soft matrices and
applied it to a decision-making problem in signal processing.
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In decision-making problems, the use of soft matrices approaches is ubiquitous. The pur-
pose of this article is two-fold. The first half aims to present the theoretical foundations of the
neutrosophic soft metric matrix. These theoretical foundations contain the operations such as
union, intersection, complement, difference, symmetric difference, etc on neutrosophic soft metric
matrices. The second half aims to present these theoretical foundations and key techniques in
decision-making problems and discuss the principle of the neutrosophic soft metric matrices in a
coherent manner. The purpose of these innovative concepts is, to provide a new approach with
useful mathematical tools to address the fundamental problem of decision-making. Neutrosophic
soft metric matrix is the generalization of the fuzzy soft matrix. Although the degree of truth,
false, and intermediate membership functions are implemented here, resulting in the better choice
in decision-making problems. The generality of the neutrosophic soft metric matrix is given spe-
cial importance, illustrating how many interesting optimization decision-making problems can be
formulated as a problem of the neutrosophic soft metric matrix. These applied contexts provide
solid evidence of the wide applications of the neutrosophic soft matrices approach to model and
research decision-making problems. This article will stimulate the interest in the neutrosophic soft
matrix and its application in decision-making problems.

In this paper, we introduce neutrosophic soft metric matrices and define some new operations
on these matrices. Moreover, we develop an algorithm using neutrosophic soft metric matrices and
apply it to a decision-making problem.

2 Preliminaries

We will discuss here the basic set-theoretic operations and laws of neutrosophic soft metric matrices
and also discuss particular examples of these operations and laws.

Definition 2.1. [26] Let U be an initial universe set and E be a set of parameters. Let P(U)
denotes the power set of U. Consider a nonempty set A, A C E. A pair (F, A) is called a soft set
over U, where F is a mapping given by F : A — P(U).

Definition 2.2. [30] A neutrosophic set N on the universe of discourse X is defined as N = {<
x, Tn(x), In(z), Fn(z) >, 2 € X} where T, I, F : X —]|70,17[ and ~0 < Tn(x)+ In(z)+ Fn(z) <
3.

From a philosophical point of view, the neutrosophic set takes the value from real standard or
non-standard subsets of |70, 1*[. But in real-life applications in scientific and engineering problems,
it is difficult to use a neutrosophic set with the value from a real standard or a non-standard subset
of ]70,17[. Hence we consider the neutrosophic set which takes the value from the subset of [0, 1].

Definition 2.3. [20] Let U be an initial universe set and E be a set of parameters. Consider
A CE. Let P(U) denotes the set of all neutrosophic sets of U. The collection (F, A) is termed to
be the soft neutrosophic set over U, where F' is a mapping given by F': A — P(U).

3 Neutrosophic soft metric matrix theory

In this section, we introduce a new concept of a neutrosophic soft metric matrix.
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3.1 Neutrosophic soft metric matrix

Let U = {hi,ho,...,h,} be a universal set. Let E = {ej,eq,...,e,} be the set of parameters. If
A C E, then (ey,;, A;) represents a neutrosophic soft set over U, where € is a mapping given by € :
A — P(\y), where P(\y) denote the power sets of neutrosophic soft sets. Define dj, : ey — CY,
where CU denotes the set of all fuzzy subsets and P(CY) denotes the power set of CU. Then the
neutrosophic soft set can be expressed in matrix form as [X,,xn/| = [dh;]mxn for i =1,2,3,...,n

where
dp.(ex(e;),ex(e;)) if e;,e; € A
dp;(ex(ei), ex(ej)) = { th( e eer) otherwise

The columns C1,Cy, ...,Cy, are labelled by the metrics dp,,, dp,, ..., d,

m*

3.2 Representation of neutrosophic soft metric matrix

The neutrosophic soft metric matrix is represented by the following:
[dn, (ex(e1), ex(er))  dny(ex(er), exler)) dh,, (ex(e1), ex(e1))
dp, (ex(e1),ex(e2))  dny(ex(er), ex(e)) dn,, (ex(e1), ex(e2))

[men] =

dhl(ﬁ)\(eQ‘% ex(er))

s (ex(er), ex(en)

th(GA(BQ‘)ye)\(el))

dp,y (6,\(61‘)7 ex(er))

dhm(q(e.z), exler))

dn, (ex(er), ex(en))

dp, (ex(er); ex(e2))  dn,(ex(er), ex(en)) dn,, (ex(er), €x(e2))

Ldn (ex(e)ex(en)  diy(en(er), ex(er) I (ex(er), ex(er))

The metric d is defined by
1
dn(exen), exten) = 5| T = Tt |+ | Ik = It |+ | Bt = B! [ for alli,j, k= 1,2, ..

Example 3.1. Suppose there are three houses under consideration, namely the universes U =
{hi,h2,h3} and E = {e1,e2,e3} be the set of parameters where ey stands for “near to town”, es
stands for ”beautiful”, es stands for "expensive”. Assume that A = {e1,es} be a subset of E.
Suppose that

(e1)

e1) = {{h1,0.5,0.6,0.9) , (hs,0.2,0.5,0.3) , (h3,0.8,0.4,0.9)},
(e3)

={
= {(h1,0.2,0.5,0.8) , (h2,0.3,0.9,0.5) , (hs,0.4,0.6,0.6)}.

X
X
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For house h; we have

dp,(ex(e2),ex(e)) =0fori=1,2,3 and [ =1, 3.

dn, (ex(e1),ex(e1)) = 0, dp, (ex(er), exle2)) = 0, dp, (ex(e1), ex(es)) = 0.16,
dp, (ex(es),ex(er)) = 0.16, dp, (ex(es),ex(e2)) = 0, dp, (ex(e3),ex(es)) = 0.
For house hsy, we have

dhy(ex(er), ex(er)) = 0, dny(ex(er), ex(ez)) = 0, dny(ex(e1), exles)) = 0.23,
th(E)\(egg), 6)\(61)) = 0.23, th(E)\(eg,), 6)\<62)) = 0, dh2(€)\(63), 6)\(63)) = 0.
For house h3, we have

dns(ex(er), ex(er)) = 0, dng(ex(er), ex(e2)) = 0, dns(ex(er), ex(es)) = 0.3,
dns(ex(es), ex(er)) = 0.3, dpy(ex(es), ex(e2)) = 0, dny(ex(es), ex(es)) = 0.
We would represent this neutrosophic soft set in matrix form as:

0 0 0]
0 0 0
0.16 0.23 0.3
0 0 0
[Xoxs]=1]0 0 0
0 0 0
0.16 0.23 0.3
0 0 0
L0 0 0]

Definition 3.2. Let [X,,xn]| be a neutrosophic soft metric matriz. Then [X,xn| is called neu-
trosophic zero soft metric matriz if dp,(ex(e;),ex(ej)) = 0 for all dy, € [Xmxn] and denoted by
[men] = [0]

o O O

Example 3.3. The matriz [Xoyx4] = is a neutrosophic zero soft metric matriz.

o O o o

0
Definition 3.4. Let [X,,xn] and [Yixn] be two neutrosophic soft metric matrices. Then

(7). [Xmxn] is a neutrosophic soft metric submatrices of [Y;,,xn], is denoted by [X;nxn] € [Yinxnl,
if dp, < d/m- for all dp,, € [Xy,xn] and d/m € [Yinxnl-

(73). [Xmxn) is a proper neutrosophic soft metric submatrices of [Y,,x»], is denoted by [X,xn] C
[Yxnl, if dp, < d/m for all dp, € [Xmxn] and d/m € [Yiuxnl, and for at least one term dj, < d,m'

(91). [Xmxn) is an equal neutrosophic soft metric matrix of [V, ], is denoted by [X,,xn] =
Yixn] if dp, = d}” for all dp,, € [Xyxn] and d;ti € [Yinxn]-

Definition 3.5. Let [X,,xn] and [Yixn] be neutrosophic soft metric matrices. Then the neutro-
sophic soft metric matrices [Zyxn| are called:

(7). Union of [X,,xn] and [V, xn] is denoted by
[men] U [men] = I’IlaX{dh“ ;7,1}7

for all dp, € [Xmxn| and d/m € [Yinxnl-
(73). Intersection of [X,,xyn] and [Yi,xn] is denoted by

[men] N [men] — min{dhia d;h}a

for all dp, € [Xmxn| and d;“ € [Yinxnl-
(737). complement of [X,xn]| denoted by [Xpxn]® if [Ximxn]® =1 —dp, for all dp,, € [Xonxn]-
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Example 3.6. Assume that

0 0 0 0 0 0 0 O
06 09 1 04 03 1 0.8 05
[Ximocn] = 06 09 1 04  Yimsn] = 03 1 08 05 - The
0 0 0 0 0 0 0 O
0 00 O
06 1 1 05
[Ximscn] U [Ymscn] = 06 1 1 0.5
0 00 O
and
0O 0 0 0

[men] N [men] =

0O 0 0 o
Now, we have to find [X,,x,]®, that is,
1 1 1 1
. |04 01 0 06
[Kmn]® = 04 0.1 0 0.6
1 1 1 1

Definition 3.7. Let [X,,xn| and [Yiuxn] be neutrosophic soft metric matrices. Then [X,xn| and
[Yinxn] are disjoint if [Xpmsn] N [Yimxn] = [0] for all m and n.

Definition 3.8. Let [X,,xn] and [Yixn] be neutrosophic soft metric matrices. Then the difference
of these two neutrosophic soft metric matrices is defined by

[men]/[ymxn] = dhi - d/ i
for all dy, € [Xpmxn] and d;” € [Yinxn]-

Definition 3.9. Let [X,,xn] and [Yixn] be two neutrosophic soft metric matrices. Then the
symmetric difference of these two neutrosophic soft metric matrices denoted by [Xpmxn]A[Ymxn]
and is defined as:

[Ximxn] AlYimsxn] = {[Xmxn] U [Ymxnl} = {[Xmxn] O [Yimxn]}
= max{dy,, d},,} — min{dy,,dj, },

for all dp, € [Xmxn] and d;” € [Yinxn)-

4 Main results

Proposition 4.1. Let [X,,xn] be a neutrosophic soft metric matriz. Then

(i) (Kmxal®)® = Komsn]
(i0). [0]* = [L]

Proof. Tt can be proved easily. O
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Proposition 4.2. Let [X,,xn] and [Yiuxn| be neutrosophic soft metric matrices. Then De-Margon
Law are valid.

(1) ([men] U [men]). = [men]. N [men].-
(i). ([Xmxn] N [Yixn])® = [Xnxn]® U [Yinxn)®-

Proof. (i). For all m, n
([Xmsn] U [Ymxn])® = (max{d,, d},, })* = 1 — max{dp,, dj, }
=min{l —dp,;, 1 — dj. } = [Xonxn]® 0 [Yinxn]®.
(7i). It can be proved similarly. O

Proposition 4.3. If [X;xnl, [Yimxn] and [Zpyxn] are neutrosophic soft metric matrices, then
(“) [men] C [men] and [men] C [men] — [men] = [men]-

Proof. (i). Assume that [Xxn] = [Yixn) and [Yixn] = [Zmxn]. Then

dhi = d;w (1)
and
Ihi = d”ﬁ (2)
for dy, € [men],d;” € [Yinxn] and d;{i € [Zmxn). By transitive property, we have
dy, = .. (3)
From (3), we have
[men] = [men]

(73). Assume that [X,xn] C [Yinxn] and [Yiuxn] C [Xmxn]. Then
and
for dp; € [Ximxn] and dj,. € [Yixn]. From (3) and (4), we have
dp, = dﬂli. (6)
From (3), we have
[men] - [men]
Conversely assume that [X,,xn] = [Yinxn]. Then for all dy, € [X,,xp] and d;li € [Yinxn], we have

dp, = dj,.

This implies that djp,, < d’hi and d/m < dp, and hence [Xpxn] C [YVinxn] and [Yixn] C [Xxn). O

Proposition 4.4. If [X,,xn], [Yimxn] and [Znxn] are neutrosophic soft metric matrices, then
(). [Xmxn] € Vimcn] @2 Von] € [Zmscn] = Xmcn] € [Zomscn)-
(“Z) [men] - [men] < [men] U [men] = [men]-



70 M. Khan, M. Zeeshan, S. Igbal

Proof. (i). Assume that [X,,xn] C [Yinxn] and [Yixn] € [Zimxn]- Then

dy, < dj,, (1)
and

dj, < dj, (2)

for all dp, € [Xmxnl, d;u € [Yinxn] and d%i € [Zmxn]. From (1) and (2), we have dj, < d%i and
hence [Xpmxn] € [Zmxn)-
(i7). Assume that [X,,xn] C [Yinxn]. Then for all dp,, € [Xinxn], d;” € [Yinxn], we have

dn, < d}. . (3)
Now,

Thus we have
[men] N [men] = [men]

Conversely assume that
[men] N [men] = [men] (4)

From (4), we have dj, < d;” for all dj, € [Xmxn] and d;” € [Yinxn] and hence [ X xn] C [YVixn]-

(i47). Assume that [X,,xpn] C [Yixn]. Then for all dy,, € [Xyxnl, d;” € [Yinxn], we have

dp, < dj,. (5)
Now,
[Xomxn] U [Yinxn] = max{dy,, d;u} = d;L,"

Thus
[men] U [men] == [men]-

Conversely assume that
[men] U [Yan] = [Yan]- (6)

From (6), we have dj,, < d%i for all dp,, € [Xpxn] and d;Li € [Yinxn] and so [Xpnxn] C [Yinxn]. O
Proposition 4.5. If [X,,xn] and [Yixn] are neutrosophic soft metric matrices, then

Proof. To prove (i), two cases arise here. O

Case 1. For all dj,, € [X,xn] and dﬁli € [Yixn| such that dp, < d;”. Then
[Ximxn] U [Yinxn] = max{dp,, d;zl} = d?z,-' (1)

Also,
[Yinxn] U [Xmxn] = max{dﬁw dp,} = d?u‘ (2)

From (1) and (2), we have

[men] U [men] - [men] U [men]
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Case 2. For all dj,, € [X,xn) and dﬁli € [Yinxn] such that d;” < dp,. Then
[Xmxn] U [Yinxn] = max{dy,,d, } = dp,. (3)

Also,
[Yonxn) U [Ximxn] = max{d}, ,dp, } = dp,. (4)

From (3) and (4), we have
[men] U [men] - [men] U [men]
(7i). It can be proved similarly.

Theorem 4.6. If (X, xn], [Yimxn] and [Zyxn] are neutrosophic soft metric matrices, then
(@). ([Xmxn) U [Yimxa]) U [Zmxn] = [Xmxn] U ([Yixa] U [Zmxa))-
(@) ([Xmxn] N [Yiuxcn]) 0 [Zmxn] = [Xmxa] O ([Yiscn] N [Zisxn])-

Proof. To prove (i), four cases arise here. O

Case 3. If d, < d;li < d;{i for all dp, € [Ximxnl, d}” € [Yinxn] and d%i € [Zmxn], then

([Xmxn] U [Ymxn]) U [Zmxn] = max{max{dhi, ;7,2}’ d%l} = maX{d%y %1}

([men] U [men]) U [men] - d?{i- (1)

[Xmsxn] U ([Yixn] U [Zmxn]) = max{dy,, max{d} 5 %Z}} = max{dp,, %Z}

[men] U ([men] U [men]) = d;{i- (2)
From (1) and (2), we have

([men] U [YanD U [men] - [men] U ([men] U [men])
Case 4. If d%i < d;“ < dp, for all dy, € [Xpmxnls d;%_ € [Yinxn] and d%i € [Zmxn], then

([Xmxn] U [Ymxn]) U [Zmxn] = max{max{dhi, /hl}7 dlfil} = max{dhi, /él}

([men] U [men]) U [men] - dhi‘ (3)

[(Xinsxcn] U ([Ymxn] U [Zmxn]) = max{dp,, max{d%i, ’};Z}} = max{dp,, dﬁll}

[men] U ([men] U [men]) == dhi- (4)
From (3) and (4), we have

([Xmxn] U [Ymxn]) U [Zmxn] = [Xmxa] U (Ymxn] U [Zmxnl)-
Case 5. If d%i < d’éi < dp, for all dy, € [Xpmxnl, dﬁli € [Yinxn] and d%i € [Zimxn), then

([Xmxcn] U [Yimxnl) U [Zmxn] = max{max{dp,, d;”}, d;;} = max{dp,, /,:l}
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([men] U {men]) U [men] = dhi‘ (5)

[ Xmxn] U ([Yixn] U [Zmxn]) = max{dy,, max{d} > %1}} = max{dp,, ’,{1}

[men] U ([men] U [men]) — dhi- (6)
From (5) and (6), we have

([Xmxn] U [Yinxn]) U [Zmxn] = [Xmxn] U ([Yimxn] U [Zmxa))-

Case 6. If dj, < d;«ii < d;Li for all dp, € [Ximxn), d}” € [Yinxn] and d%i € [Zmxn), then

([Xmxn] U [Ymxn]) U [Zmxn] = max{max{dp,, ;h}’ ZZ} = max{d;w %1}

([men] U [men]) U [men] - d;zi' (7)

[(Xmnsxcn] U ([Ymxn] U [Zmxn]) = max{dp,, max{d%i, ’};Z}} = max{dp,, dﬁll}

[men] U ([men] U [men]) = d;zi' (8)
From (7) and (8), we have

([men] U [YanD U [men] - [men] U ([men] U [men])-
(7i). It can be proved similarly.
Theorem 4.7. If [ X, xnl, [Yimxn] and [Zyxn] are neutrosophic soft metric matrices then

(1) [Xmxn] U ([Ymxn] N [Zmxnl) = ((Xmxn] U [Ymxn]) O ([Xmscn] U [Zmxn])-
(#2). [Xmxn] O (Yimxn] U [Zmxn]) = ([Xmxn] 0 (Ymxn]) U ([Xmsxn] 0 [Zmxn])-

Proof. To prove (i), four cases arise here. O

Case 7. If dj, < dﬁli < dZZ_ for all dp, € [Ximxn)s d;zi € [Yinxn] and d’éi € [Zmxn]. Then
[Xomscn] U (Vmxn] O [Zmxn]) = max{dn,, min{dy, , di; }} = max{dy, dy, }.
[men] U ([men] N [Zan]) = d;“. (1)

([Xinxn] U [Yimxn]) N ([Xmxn] U [Zmxn]) = min{max{dj,, d;li},max{dhi, ;1/,,}} = min{d' i Zz}

([ Xmxn] U [Yuscn]) N ([ Xmxn] U [Zimxan]) = d;zi' (2)
From (1) and (2), we have

[Xinxn] U (Ymxa] N [Zimxa]) = ([Xmxa] U Ymxa]) N ((Xmxn] U [Zmxa))-
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Case 8. If d%i < d;” < dpy, for all dp, € [Xpmxnl, d;” € [Yinxn] and d%i € [Zmxn). Then

[(Xmxn] U ([Yixn] N [Zmxn]) = max{dj,, min{d; 5 ZZ}} = max{dp,, d%l}

[men] U ([men] N [men]) — dhi (3)

([Xmxn] U [Yimxn]) 0 ([Xmxn] U [Zmxn]) = min{max{dhi, dﬁli},max{dhi, ZZ}} = min{dhi, dhi}-

([Xmxn] U [Yimxn]) N ((Xmxn] U [Zmxn]) = dh,- (4)
From (3) and (4), we have

[Xmxn] U ([Yixn] N [Zmxn]) = ([Xmxn] U [Yimxn]) 0O ((Xmxa] U [Zmxal)-
Case 9. If d;” < d’éi < dp, for all dy, € [Xpxnl, d;u € [Yinxn] and d%i € [Zmxn). Then

[(Xmxn] U ([Yixn] N [Zmxn]) = max{d},, min{d; > Zz}} = max{dp,, d;%}

[men] U ([men] N [men]) — dhi- (5)

([Xmxn] U Ymxn]) N ([Xmxn] U [Zimxn]) = min{max{dp,, ;Li}7max{dhi’ Z,}} = min{dp,, dp, }.

([men] U [men]) N ([men] U [men]) = dhi' (6)
From (5) and (6), we have

[Xmxn] U ([Yixn] N [Zmxn]) = (Xmxn] U [Ymxnl]) 0 ([Xmxa] U [Zmxal)-
Case 10. If dj,, < dzi < d/hi for all d, € [Ximxnl, d’hi € [Yinxn] and d%i € [Zmxn]. Then

[Xonxn] U ([Ymxn] 0 [Zmxnl) = Inax{dhi, min{d%ﬂ Zl}} = Inax{dhi, /}:Z}

[Xinxn] U ([Yimxn] N [Zimxn]) = d%i (7)

([Ximxn] U [Yimxn]) N ([Xmxn] U [Zmxn]) = min{max{dy,, d;li},max{dhi,d;;}} = min{d’m, %Z}

([Xmxn] U [Yinxn]) N ([Ximxn] U [Zmxa]) = d%i- (8)
From (7) and (8), we have
[Xinxn] U (Ymxa] 0 [Zimxa]) = ([Xmxa] U [Ymxa]) N ([(Xmxn] U [Zimxa))-
(7i). It can be proved similarly.

Theorem 4.8. Let x be any collection of neutrosophic soft metric matrices of the same order
and "~ 7 be a relation defined as "[Ximxn| ~ [Ymxn] if dn, < d},” for all dp, € [Xmxn] and
d;li € [Yinxn]. Then the relation "~ 7 is an order relation.
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Theorem 4.9. For any three neutrosophic soft metric matrices [Xmxnl], [Ymxn] and [Zyxn], the
union is not distributive over symmetric difference A.

Proof. For any three neutrosophic soft metric matrices [Xyxn], [Ymxn] and [Znxn], we have to
show that

[Xomxn] U{[Yimxn] AlZmxnl} 7 {1 Xmxn] U Yisn] FA{[Xinsn] U [Zmxn] }-
To prove the above we assume that
dp, < dp,, < dp,,
for all dp, € [Xmxnl, d'hi € [Yinxn] and d%i € [Zmxn).- Now
Yonsn| Al Zmxn] = max{dy,,,d} } —min{dj, ,dy } = dy —dj,..

Also

[Xonxn] U{[Ymxn] Al Zmxn]} = max{dy,, dy;, — dj,,}-

If max{dy,,d;, —dj,.} = dp,, then
[men] U {[men]A[men]} = dhi? (1)

which is the right hand side. Now we have to find the left hand side:

[Ximxn] U Ymxn] = max{dn,,dj, } = dj, = [YVinxnl-

Similarly
[men] U [men] — [men]
Thus

{Xmxn] U [Yisen FA{[Xmxn] U [Zimxn]} = [Yinxn] AlZmxn] = max{d?w ZZ} - min{d;”, %1}

{[Xmxn] U Yonsn FA{[Xinsn] U [Zimxnl} = dy, = dj,- (2)

Hence form (1) and (2), we have proved that

[(Xomsxn] U Ymxn] AlZmxn]} # {[Xmsxn] U [Yimxn]} A{[Xmsxn] U [Zmsnl }-

The proof of other cases is similar. O

Theorem 4.10. For any three neutrosophic soft metric matrices [Xmxnl, [Ymxn) and [Zmxn], the
intersection is not distributive over symmetric difference A.

Proof. For any three neutrosophic soft metric matrices [Xpxn], [Yimxn] and [Zpnxn], we have to
show that

[(Ximscn] O {Ymsxn] AlZmxn]} 7 {[Xmxn] 0 [Yinsnl FA{[Xmsn] O [Zmxn] }-

To prove the above we assume that

dp, < dj, y
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for all dp, € [Xmxn)s d;u € [Yinxn] and d%i € [Zmxn).- Now

[YViscn] Al Zmsxn] = max{d} . %1} — min{d) > } d// dy,

l

Also
[Xnsn] VW {{Ymxa] AlZmxn]} = min{dhi, dlf;i - d;l,i}7
if min{dp,, d%i — dﬁll} = dp, # 0, then

which is the left hand side. Now we have to find the right hand side:
[men] N [men] = min{dhia d;l,,} = dhi = [men]

Similarly
[men] N [men] - [men]-
Thus

{Xomxn] O Yonsen JA{[Ximsn] 0 [Zimxcn]} = [Xmsn] AlXmxn] = max{dp,, dn,} — min{dp,, d,}-

{[men] U [men]}A{[men] U [men]} = dhi - dhi =0. (4)

Hence from (3) and (4), we have proved that

[Xinxn] 0 {Ymxn] AlZmxn]} # {[Xmxn] O Yinxn] FA{[Xmsxcn] O [Zmoxn] }-
The proof of other cases is similar. O

Note. It is worth mentioning to add here that neutrosophic soft metric matrix is more general
than a fuzzy soft matrix since the degree of truth membership function, intermediate membership
function, and falsity membership function are added here yielding better choice in decision-making
problems.

5 Decision making algorithm

In this section, we will discuss a real-life application of a neutrosophic soft metric matrix. Specifi-
cally, the neutrosophic soft metric matrix explains how to get a better and clear choice in decision-
making problems.

We consider the problem of choosing the most appropriate house that a person will choose
on the basis of his n number of parameters out of m number of houses. Let the n number of
choice parameters are ey, eo, ..., e, and the m numbers of houses are hy, ho, ..., h,,,. We also assume
that the performance value of the houses corresponding to the parameters is represented by a
neutrosophic soft set. The performance values may be arranged in the form of a matrix using the
metric function dp, called the "neutrosophic soft metric matrix”.

We propose the following definitions for choice matrix and weighted choice matrix in view of
a general decision-making problems and taking the idea of a neutrosophic soft metric matrix into
account:
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Definition 5.1. If [X,xn] = [di;]mxns s a neutrosophic soft metric matriz, then the choice
matriz of a neutrosophic soft metric matriz [ X, xn/] is given by

l
[CmmA::<3;W“ﬂ@&q@»f) 7
n(R) 1xn

when weights are equal. n(R) denotes the number of rows.

Definition 5.2. If [X,xn/] = [dn,lmxn 5 a neutrosophic soft metric matriz, then the weight
matriz of a neutrosophic soft metric matriz [ X, x| is given by

,imw@h@“@w
[men’] - ==

1

1xn

where w; > 0 are weights.

Now, we have the following algorithm to give the better choice of house.

Algorithm

Step 1.

Consider the neutrosophic soft metric matrix for the houses h1, ho, ..., hy, corresponding to the
parameters eq, €2, ..., €7, that is;

[dp, (ex(e1),ex(er)) dny(en(er),en(er)) - - . dp,(ex(er), exler))]
dn, (ex(er),exe2)) dny(en(en),exe2)) . . . dn,(ex(en), ex(er))
dp, (ex(e1), ex(er)) dh2(6x(€i)76A(el)) dp,, (ex(e1), ex(er))
dp, (ex(€2),€x(e1))  dny(en(e2), ex(er)) dh,, (€x(e2), ex(e1))
dp, (ex(ez2),€x(e2))  dny(ex(e2), ex(ez)) dp,, (€x(€2), ex(e2))

[men’]: . . [ .
dn, (ex(e2),ex(er))  dny(ex(e2),ex(er)) . . . dn,(ex(e2),exler))
dnlex(esen(en))  di(er(@)enle) . . . dunler(@)enlen)
dp, (ex(er), ex(e2))  dny(ex(er),ex(e2)) - . . dp,(ex(er), ex(ez))
| dny(ex(e)sen(e@))  dm(er(e)sex(e)) - . . dn(erler),ex(en)

where the columns C1,Cy,...,Cy, are labelled by dj,,dn,,dn,, ..., dn
houses hi, ho, ..., by, respectively.
Step 2.

corresponding to the

m



Neutrosophic soft metric matrices with applications in decision-making 77

Find the choice matrix of a neutrosphic soft metric matrix [X,, ], that is,

!
[Can’] = <i’jzl(dh(e/\(ei)ﬁk(ej)))Q) )
n(£) 1xn

Step 3.
Find the weighted choice matrix of a neutrosphic soft metric matrix [X,,x»], that is,

5 wows (dnleei) er(e)?
[men’] = | @&

T T
Do Wiy wy
i=1 J=1 1xn

Step 4.

If the weights are equal, it means that we give an equal preference for all the parameters then
the highest membership value from [C);,x,] shows the most suitable choice for the costomer.

If the weights are unequal, it means that the customer gives preference for the para- meter over
the other parameters, then the highest membership value from [W,,«,/| shows the most suitable
choice for the customer.

5.1 Application

We consider the problem to select the most suitable house which Mr. Aslam is going to choose on
the basis of the parameters e; = cheap, ea = beautiful, e3 = in good repairing. Let us assume
that the set of three houses are U = {hy, ho, h3}. We also assume that the performance values of
the houses corresponding to the parameters are:

ex(cheap) = ex(e1) = {(h1,0.5,0.6,0.9) , (hg,0.2,0.5,0.3) , (h3,0.8,0.4, 1)},
ex(beautiful) = ex(e2) = {(h1,0.8,0.2,0.6) , (hs,0.8,0.5,0.7), (h3,0.4,0.9,0.1)},
ex(in good repairing) = €y (e3) = {(h1,0.2,0.5,0.8) , (h2,1,0.9,0.1) , (h3,0.4,0.6,0.8) }.

Now, on the basis of algorithm defined above we have the following steps:

Step 1.

Find the neutrosophic soft metric matrix for the houses h1, ho, h3 corresponding to the param-
eters eq, eo, e3, that is; for house hi we have

dhy (ex(er), ex(er)) = 0, dp, (ex(e1), ex(en)) =

dn, (ex(e2), €x(e1)) = 0.3, dp, (€x(e2), ex(e2))

dn, (ex(es), ex(e1)) = 0.2, dp, (€x(es), ex(e2))

For house hy we have

dhy (ex(er), ex(er)) = 0, dn,(ex(er), exlen)) =

dpsy(€x(e2), €x(e1)) = 0.3, dn, (ex(e2), ex(e2))

dny (ex(es), ex(er)) = 0.5, dp, (€x(es), ex(e2))

For house h3 we have

dns(ex(er), ex(er)) = 0, dn;(ex(er), exlen)) =

dhy (ex(e2), ex(e1)) = 0.6, dp,y (€x(e2), ex(e2))

dhs(ex(es), ex(er)) = 0.3, dny(ex(es), ex(ez))

3, dn, (ex(e1),exr(es)) = 0.2,
0, dhl (6/\(62>7 6)\(63)) =0.4,
0.4, dp, (ex(es), ex(es)) = 0.

0.

.3, dp,(ex(er),ex(es)) = 0.5,
0, dp,(€x(e2), ex(es)) = 0.4,
0.4, dp,(ex(es), ex(es)) = 0.

[

6 dh3(6>\(61) 6)\(63)) = 0.3,
0, dhs(ex(e2), ex(es)) = 0.3,
0 dh3 (6)\(63) 6,\(63)) = 0.

I =
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The neutrosophic soft metric matrix is

0 0 0]
0.3 0.3 0.6
02 05 0.3
0.3 0.3 0.6
[Xaxol=10 0 0
04 04 0.3
02 05 0.3
04 04 0.3
L0 0 0]

Step 2.
Find the choice matrix of a neutrosphic soft metric matrix [X,,xn|, that is,

[Cixs] = [0.06 0.11 0.12].

Step 3.
If the weights 0.2,0.6,0.2 are given for the parameters cheap, beautiful, in good repairing,
respectively, then the weighted choice matrix for [Xoyxs] is as:

[Wixs] = [0.04 0.08 0.1152].

Step 4.

If the weights are equal, then the choice matrix [Cx3] obtained in Step 2, we have the highest
membership value 0.12 from [C}x3] shows that the most suitable choice for the customer is hgs. If
the weights are unequal, it means that the customer gives preference for the parameter ”beautiful”
over the other parameters, then the highest membership value is 0.1152 from [W7x3] shows that
the most suitable choice for the costumer is again hs.

6 Comparison

The soft set, fuzzy soft set, complex fuzzy soft set, fuzzy soft matrix, complex fuzzy soft matrix,
neutrosophic soft set, etc has many applications, particularly in decision-making problems. Here
we presented the application of neutrosophic soft metric matrix. In this practical application, how
to choose a suitable model is the main issue. We studied this approach in depth and introduced an
algorithm using the matrix called the neutrosophic soft metric matrix. It is important to note here
that the neutrosophic soft metric matrix is more general than the fuzzy soft matrix since the degree
of true membership function, the intermediate membership function, and the falsity membership
function are added here, giving better choice in decision-making problems. The model presented in
this paper for identifying a suitable choice is a more effective method in decision-making problems.
Through this model, we compared clearly the max value of each choice with the max value of a
suitable choice. However our designed model is not a perfect one, it stuck with a deficiency of
theoretical support. The concept of a neutrosophic soft metric matrix for a neutrosophic soft set
may be useful for applications. Therefore, it will be significant for future work.

7  Conclusion

In this paper, we introduced the concept of a neutrosophic soft metric matrix and defined different
types of matrices in neutrosophic soft set theory along with examples. We have presented some
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basic results and examples of these matrices. Moreover, we have discussed the application of
neutrosophic soft metric matrices in decision-making problems. Moreover, this work and further
study of neutrosophic soft metric matrices will give a new direction of applications in different
fields of science and engineering.
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