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Abstract

Maji|32], firstly proposed neutrosophic soft sets can handle the indeter-
minate information and inconsistent information which exists commonly in
belief systems. In this paper, we have firstly redefined complement, union
and compared our definitions of neutrosophic soft with the definitions given
by Maji. Then, we have introduced the concept of neutrosophic soft matrix
and their operators which are more functional to make theoretical studies in
the neutrosophic soft set theory. The matrix is useful for storing an neutro-
sophic soft set in computer memory which are very useful and applicable.
Finally, based on some of these matrix operations a efficient methodology
named as NSM-decision making has been developed to solve neutrosophic
soft set based group decision making problems.

Keywords: Soft sets, Soft matrix, neutrosophic sets, neutrosophic soft sets,
neutrosophic soft matrix, decision making

1. Introduction

In recent years a number of theories have been proposed to deal with un-
certainty, imprecision, vagueness and indeterminacy. Theory of probability,
fuzzy set theory|54], intuitionistic fuzzy sets [4], interval valued intuitionistic
fuzzy sets [3], vague sets|26], rough set theory[41], neutrosophic theory[46],
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interval neutrosophic theory|52] etc. are consistently being utilized as effi-
cient tools for dealing with diverse types of uncertainties and imprecision
embedded in a system. However, each of these theories has its inherent diffi-
culties as pointed out by Molodtsov[39]. The reason for these difficulties is,
possibly, the inadequacy of the parameterization tool of the theories. Later
on, many interesting results of soft set theory have been obtained by em-
bedding the idea of fuzzy set, intuituionstic fuzzy set, vague set, rough set,
interval intuitionistic fuzzy set, intuitionistic neutrosophic set, interval neu-
trosophic set, neutrosophic set and so on. For example, fuzzy soft set]34],
intuitionistic fuzzy soft set|17, 31], rough soft set|24, 25], interval valued in-
tuitionistic fuzzy soft set[217, 153, 55], neutrosophic soft set[32,133], generalized
neutrosophic soft set|7], intuitionstic neutrosophic soft set|8], interval valued
neutrosophic soft set[20]. The theories has developed in many directions and
applied to wide variety of fields such as on soft decision making|12, 56|, fuzzy
soft decision making|[18, [19, 130, 45] ,on relation of fuzzy soft set[50, 51], on
relation on intuiotionstic fuzzy soft set[22, 140], on relation on neutrosophic
soft set[21], on relation on interval neutrosophic soft set[20] and so on.

Researchers published several papers on fuzzy soft matrices and intu-
itionistic fuzzy soft matrices, and it has been applying in many fields of real
life scenarios(see[28, 130, 29, 135]). Recently Cagman et al[13] introduced soft
matrices and applied it in decision making problem. They also introduced
introduced fuzzy soft matrices|15], Chetia and Das[11] defined intuitionistic
fuzzy soft matrices with different products and properties on these products.
Further Saikia et al[48] defined generalized fuzzy soft matrices with four dif-
ferent product of generalized intuitionstic fuzzy soft matrices and presented
an application in medical diagnosis. Next, Broumi et al|9] studied fuzzy
soft matrix based on reference function and defined some new operations
such fuzzy soft complement matrix, trace of fuzzy soft matrix based on ref-
erence function a new fuzzy soft matrix decision method based on reference
function is presented. Recently, Mondal et al|36, 137, 138] introduced fuzzy
and intuitionstic fuzzy soft matrix and multicrita in desion making based
on three basic t-norm operators. The matrices has differently developed in
many directions and applied to wide variety of fields in |5, 16, 44, 47].

Our objective is to introduce the concept of neutrosophic matrices and its
applications in decision making problem. The remaining part of this paper
is organized as follows. Section 2 contains basic definitions and notations
that are used in the remaining parts of the paper. we investigated redefined
neutrosophic soft set and some operations and compared our definitions of



neutrosophic soft with the definitions given Maji[32] in section 3. In section
4, we introduce the concept of neutrosophic matrices and presente some
of theirs basic properties. In section 5, we present two special products
of neutrosophic matrices. In section 6, we present a soft decision making
method based on and-product of neutrsophic matrice. Finally ,conclusion is
made in section 7.

2. Preliminary

In this section, we give the basic definitions and results of neutrosophic
set theory [46], soft set theory [39] and soft matrix theory [13] that are useful
for subsequent discussions.

Definition 1. (/6] Let U be a space of points (objects), with a generic element
in U denoted by u. A neutrosophic sets(N-sets) A in U is characterized by a
truth-membership function Ty, a indeterminacy-membership function I4 and
a falsity-membership function Fa. Ta(u); Ia(u) and Fa(u) are real standard
or nonstandard subsets of [0,1]. It can be written as

A={<u,(Ta(u), Ia(u), Fa(u)) >:u € U, Ta(u), La(u), Fa(u) € [0, 1]}.

There is no restriction on the sum of Ta(u); Ia(u) and Fa(u), so 0 <
supTa(u) + supla(u) + supFa(u) < 3.

Definition 2. [39] Let U be a universe, E be a set of parameters that are
describe the elements of U, and A C E. Then, a soft set Fy over U is a set
defined by a set valued function fa representing a mapping

fa: E— P(U) such that fa(zx) =0 ifr € E— A (1)

where fa is called approrimate function of the soft set F4. In other words,
the soft set is a parametrized family of subsets of the set U, and therefore it
can be written a set of ordered pairs

Fa={(z, fa(z)) :x € E, fa(x) =0 if v € E — A}

The subscript A in the f, indicates that f, is the approximate function
of Fa. The value fa(x) is a set called x-element of the soft set for every
r e k.



Definition 3. [13] Let F4 be a soft set over U. Then a subset of U x E is
uniquely defined by

Ra={((u,x)/(u,z)): (u,z) € U x E}

which is called a relation form of Fy. The characteristic function of Ry is
written by

1, if (u,z) € Ry,
0, if (u,x) ¢ Ra.

If U = {uy,ug, ...un }, B ={x1,29,...,2,} and A C E, then the Ry can
be presented by a table as in the following form

Xr, :UXE—[0,1], xg,(u,z)= {

R4 X1 ) Tp

Uy XRA(U17:1:1) XRA(ulvx2> XRA(ulvxn)
Uz XRA(U27:1:1) XRA(U‘27I2) XRA(U27:1:")
U | XRa(Um, 1) XRa(Um,T2) oo XRa(Ums Tn)

If a;; = xR, (u;, xj), we can define a matric

T11 T2 - Tin

To1 Tag - Ton
[aij]mxn

Tml Tm2 - Tmn

which 1s called an m X n s-matriz of the soft set Fy over U.

From now on we shall delete the subscripts m X n of [a;;]mxn, We use [a;;]
instead of [a;j|mxn for i =1,2,..mand j =1,2,..n.

Definition 4. [13] Let [a;;], [bir] € F'SMyxn. Then And-product of [a;;] and
[bir] is defined by

N : FSMan X FSMan — FSManQ, [aij] A [bzk] = [Cip]

where ¢;, = min{a;j, by} such that p=n(j — 1)+ k.



Definition 5. [15] Let [a;;], [bi] € F'SMpxn. Then Or-product of [a;;] and
[bir] is defined by

Vi FSMysn X FSMpxn — FSMysnz,  [aij] V [bik] = [cip)
where ¢;, = max{a;;, by} such that p=n(j — 1)+ k.

Definition 6. [13] Let [c;p] € SMyxn2, Iy = {p : Ji,cip # 0,(k — 1)n <
p < kn} forall k € I = {1,2,....,n}. Then fs-maz-min decision function,
denoted Mm, is defined as follows

Mm : FSMan2 — FSmel, Mm[cip] = [dzl] = [m]?X{tlk}]

where

to = minpelk{cip}7 Zf ]k # Q)v
*= 70, if I = 0.

The one column fs-matrizc Mm[c;,| is called maz-min decision fs-matriz.

Definition 7. Let U = {uy, ua, ..., Uy, } be an initial universe and Mmjc;,] =
[di]. Then a subset of U can be obtained by using [d;1] as in the following
way

Opt[dﬂ](U) = {dll/ul Tu; € U, d;1 7A O}

which is called an optimum fuzzy set on U.
Definition 8. [32] Let U be a universe, N(U) be the set of all neutrosophic
sets on U, E be a set of parameters that are describe the elements of U, and

A C E. Then, a neutrosophic soft set N over U is a set defined by a set
valued function fy representing a mapping

fv i A= N(U)

where fn is called approximate function of the neutrosophic soft set N. In
other words, the neutrosophic soft set is a parametrized family of some ele-
ments of the set P(U), and therefore it can be written a set of ordered pairs

N ={(z, fy(z)) : x € A}

Definition 9. [32] Let N1 and N be two neutrosophic soft sets over neutro-
sophic soft universes (U, A) and (U, B), respectively.



1. Ny is said to be neutrosophic soft subset of Na if A C B and Ty, . (u) <
TfNQ(x)(u)f Ile(x)(u) < [sz(x) (u) 7FfN1(ac) (u) > FfNQ(ac)(u)7 Ve € A, u €
U.

2. N1 and Ny are said to be equal if N1 neutrosophic soft subset of Ny and
Ny neutrosophic soft subset of Ns.

Definition 10. [32] Let E = {ey,ea,...} be a set of parameters. The NOT
set of E is denoted by —E is defined by ~FE = {—ey,—es, ...} where —e; =
not e;, Vi.

Definition 11. [34] Let Ny and Ny be two neutrosophic soft sets over soft
universes (U, A) and (U, B), respectively,

1. The complement of a neutrosophic soft set N1 denoted by N7 and is
defined by a set valued function fy, representing a mapping [y, : ~E —
N(U)

[y =Au, < Fpy (W), Ipy (W), Ty o (w) >) iz € B u € Ut
2. Then the union of Ni and Ny is denoted by N\UN,y and is defined by

N3(C = AUB), where the truth-membership, indeterminacy-membership
and falsity-membership of N3 are as follows: Yu € U,

Tle(x) (u)> Zf!L’ €cA—-B
TfNS(:r) (U) = Tsz(m) (U), Zfllf eB-A
max{TfNﬂw) (u>’ TfNQ(z) (u>}7 fo €ceANB
Ly ) (W), ifr € A—B
Iy (w) = 4 T (W), ifteB—A
) ( INy (@) u) ]fN2(;v)(u)) .
5 , ifte ANB
Fry, (W), ifr€ A-B
Fng(w)(u) = FfNQ(z)(u)v ’LfLL’ e B-—A

min{Ile(x)(u)’ [sz(x)(u)}a ifr€e ANB

3. Then the intersection of Ny and N, is denoted by N1(\Ny and is de-
fined by N3(C = AN B), where the truth-membership, indeterminacy-
membership and falsity-membership of N3 are as follows: Yu € U,
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Tng(x)(u) = mm{Tle(x)(u), Tsz(ac)(u)} ’ Ing(m) (u) = L 2 2
and Fng(cc) (u) = mam{Fle(z)(u), FfNQ(z)(u)}v vz e C.

Definition 12. /23] t-norms are associative, monotonic and commuta-
tive two valued functions t that map from [0, 1] x [0, 1] into [0,1]. These
properties are formulated with the following conditions: Va,b,c,d €
[0, 1],

i. t(0,0) =0 and t(a,1) =t(1,a) = a,

it. If a < c and b < d, then t(a,b) < t(c,d)
iii. t(a,b) = t(b,a)

iv. t(a,t(b,c)) =t(t(a,b,c))
Definition 13. [23] t-conorms (s-norm) are associative, monotonic

and commutative two placed functions s which map from [0, 1] x [0, 1]
into [0,1]. These properties are formulated with the following condi-

tions: Ya,b,c,d € [0,1],
i. s(1,1) =1 and s(a,0) = s(0,a) = a,
ii. if a < cand b <d, then s(a,b) < s(c,d)
iii. s(a,b) = s(b,a)
s(a,s(b,c)) = s(s(a, b, c)

'e.

1

t-norm and t-conorm are related in a sense of lojical duality. Typical
dual pairs of non parametrized t-norm and t-conorm are complied below:

1. Drastic product:

_f min{a,b}, maz{ab} =1
bu(a,b) = { 0, otherwise

11. Drastic sum:

sw(a,b) = { maz{a,b}, min{ab} =0

1, otherwise
111. Bounded product:

t1(a,b) = max{0,a +b— 1}



w. Bounded sum:
s1(a,b) = min{l,a + b}

v. Finstein product:

a.b
t b) =
15(a,0) 2—a+b—ald]
vi. Finstein sum:
a+b
s15(0,0) = 1+4+ab
vii. Algebraic product:
to(a,b) = a.b

viti. Algebraic sum:
so(a,b) =a+b—ab

1x. Hamacher product:

a.b
t b)) = ————
25(0, b) a+b—a.b
z. Hamacher sum:
5a5(a,b) = a+b—2.a.b
2T ab

zi. Minumum:
ts(a,b) = min{a, b}

xit. Maximum:
s3(a,b) = max{a,b}

3. Neutrosophic soft set and some operations redefined

Notion of the neutrosophic soft set theory is first given by Maji [32]. This
section, we has modified the definition of neutrosophic soft set and operations
as follows. Some of it is quoted from [1, 2, [14, 22,132, 46].

Definition 14. Let U be a universe, N(U) be the set of all neutrosophic sets
on U, E be a set of parameters that are describe the elements of U Then, a
neutrosophic soft set N over U is a set defined by a set valued function fx
representing a mapping

fv:E— N(U)
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where fn is called approximate function of the neutrosophic soft set N. For
x € E, the set fy(x) is called z-approzimation of the neutrosophic soft set N
which may be arbitrary, some of them may be empty and some may have
a nonempty intersection. In other words, the meutrosophic soft set is a
parametrized family of some elements of the set N(U), and therefore it can
be written a set of ordered pairs,

N = {(I, {< u,TfN(x)(u), ]fN(x)(u),FfN(x)(u) > c U} T c E}
where
TfN ()[fN ()FfN(x() [O 1]
Definition 15. Let Ny and Ny be two neutrosophic soft sets. Then, the
complement of a neutrosophic soft set Ny denoted by Ny and is defined by
Ny¢ = {(xv {< qule(z) (u>7[fN1(:v) (u>7TfN1(;v) (u> LT U} tTe E}
Definition 16. Let N; and Ny be two neutrosophic soft sets. Then, the
union of N1 and Ny is denoted by N3 = N{UNy and is defined by

N3 = {(z,{< u,TfNS(z)(u), IfNS(z)(u), Ffwg(z)(“) >xeU}:x €L}
where
TfN3(z)(u) = S(Tle(z)(u)7TfN2(z)(u))’ Ing(z)(u) = t([le(m)(u>7[fN2(z)(u>>
and F, ., (u) = U(Fpy, ) (w), Fry, ., (1))
Definition 17. Let N; and Ny be two neutrosophic soft sets. Then, the
intersection of N1 and N is denoted by Ny = N1(\Ny and is defined by

Ny = {(SL’, {< u7TfN4(z)(u)7 ]fN4(z)(u)7 FfN4(z)(u) >1xc U} MRS E}

where

TfN4(z)(u) = t(Tle(:v)(u>7TfNQ(:v)(u))7 IfN4(z)(u) = S([le(z)(u)7[fN2(:v)(u))
and FfN4(x) (u) = S(Fle(x)(u), Fsz(x)(u))
Example 1. Let U = {uy, us, us,us}, £ = {x1, 29, 23}. Ny and Ny be two
neutrosophic soft sets as

N; = {(:cl,{<u1,(04 0.5,0.8) >, < us, (0.2,0.5,0.1) >, < ug, (0.3,0.1,0.4) >,

< uy,(0.4,0.7,0.7) > 1), (z2, < uy, (0.5,0.7,0.7) >, < u, (0.3,0.6,0.3

)
)
)

>

< u5,(0.2,0.6,0.5) >, < uy, (0.4,0.5.0.5) 1), (2, {< ur, (0.7,0.8,0.6) >,
< u,(0.5,0.6,0.7) >, < us, (0.7,0.5,0.8) >, < uy, (0.2,0.8,0.5) >})



and

Ny = {(:cl,{<u1,(0706 0.7) >, < us, (0.4,0.2,0.8) >, < ug, (0.9,0.1,0.5) >,

)
< Uy, (0.4,0.7,0.7) >}), (22, < u1,(0.5,0.7,0.8) >, < us, (0.5,0.9,0.3) >,
< ug,(0.5,0.6,0.8) >, < uy, (0.5,0.8 0.5) >1), (9:3,{< u1,(0.8,0.6,0.9) >,

< ug,(0.5,0.9,0.9) >, < ug, (0.7,0.5,0.4) >, < uy,(0.3,0.5,0.6) >})
here;

N¢ = {(:)51,{<u1,(08 0.5,0.4) >, < u, (0.1,0.5,0.2) >, < ug, (0.4,0.1,0.3) >,

)
< ug, (0.7,0.7,0.4) 1), (22, < ug, (0.7,0.7,0.5) >, < ug, (0.3,0.6,0.3) >,
< 3, (0.5,0.6,02) >, < ug, (0.5,0.5.0.4) >}), (x5, {< w1, (0.6,0.8,0.7) >,

< s, (0.7,0.6,0.5) >, < uz, (0.8,0.5,0.7) >, < u, (0.5,0.8,0.2) >})
Let us consider the t-norm min{a, b} and s-norm maz{a,b}. Then,

NloNQZ {(xl,{<u1,(0705 07)> <UQ,(O4 0.2 01)> <U3,(09 0.1, 0.4 >,

)
< ug,(0.4,0.7,0.7) > 1), (22, < us, (0.5,0.7,0.7) >, < ug, (0.5,0.6,0.3) >,
< 3, (0.5,0.6,05) >, < us, (0.5,0.8.0.5) >}), (x5, {< w1, (0.8,0.6,0.6) >,

< ug,(0.5,0.6,0.7) >, < uz, (0.7,0.5,0.4) >, < u4,(0.3,0.5,0.5) >})
and

NifN; = {(xl,{<u1,(04 0.6,0.8) >, < uy, (0.2,0.5,0.8) >, < us, (0.3,0.1,0.5) >,

)
< ug, (0.4,0.7,0.7) 1), (2, < ug, (0.5,0.7,0.8) >, < ug, (0.3,0.9,0.3) >,
< u3,(0.2,0.6,0.,8) >, < ug, (04,0.8.0.5) >}), (x5, {< w1, (0.7,0.8,0.9) >,

< Uy, (0.5,0.9,0.9) >, < ug, (0.7,0.5,0.8) >, < uy, (0.2,0.8,0.6) >})

Proposition 1. Let Ny, Ny and N3 be any three neutrosophic soft sets.
Then,

1. NleNg - NQONl
2. NiNNy = NoNN;
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8. N;O(N,UN3) = (N;UN,)UN5
4. Nlﬁ(NgﬁNg) == (NlﬁNg)ﬁNg

PrOOF. The proofs can be easily obtained since the t-norm function and
s-norm functions are commutative and associative.

3.1. Comparision of the Definitions

In this subsection, we compared our definitions of neutrosophic soft with
the definitions given Maji|32] by inspiring from [14].

Let us compare our definitions of neutrosophic soft with the definitions
given Maji[32] in Table 1.

In this paper our approach in Maji

N={(z,fx(x):xc B} N=A{(z,fn(r)): z €A}

where N ={(z, fy(z)) : x € A}
E parameter set and ACE
Table 1

Let us compare our complement definitions of neutrosophic soft with the
definitions given Maji[32] in Table 2.

In this paper our approach in Maji

NY N?

i E—= N(U) [, ~E — N(U)

Tfo(z)(u) - FfN1(w) (u) Tfo(x)(u) = Fle(x)(u)

Ifo(z)(u) =1- IfN1(x)(u) IfN‘f(ac)(u) = Ile(y:) (u)

Ffo(z)(u) - Tle(fv) (u) FfN‘f(z)(u) = Tle(z)(u)
Table 2
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Let us compare our union definitions of neutrosophic soft with the defi-
nitions given Maji[32] in Table 2

In this paper our approach in Maji

N3 = N1UN, N3 = Ni1UN,

Ny E— N(U) ng(w):A%N(U)

where
Tle(x)(u)’ r€A—B

TfNS(Z) (u) = S(Tle(Z) (u)’ Tsz(z) (u)) TfNS(:p) (u) = TfN2(x) (’LL), reB—-A
maw{Tle(z) (u),TfNQ(Z) (w)}, € ANB
Ile(x)(u)’ reA—B
1 u), reEB—A

Ly (W) =t gy 0y (W) Ly oy (W) gy () = J}NQ(Z)( ! I

l ( TNy () (u), sz(x)(u))
7 , reANB

Fle(:c)(u)7 reA—B

FfNB(%') (u) = t(Fle(w) (u)’ FfNQ(x) (’LL)) Fng(x) (’LL) = FfNQ(w) (u)a reEB—-A
mzn{[le(:r)(u)7IfNQ(z)(u)}7 reANB

Table 2

Let us compare our intersection definitions of neutrosophic soft with the
definitions given Maji[32] in Table 2

In this paper our approach in Maji

N3 = N1NNy N3 = N1"\N,

Ing : E— N(U) ng(w):A%N(U)
where

TfNam(”) t(Tlew)(“)’Tsz(x)(“)) Tinyy (@) = mm{TfNU( ) Tty (W)}

( Iy () W iy () (W)
FfN%(w) (u) = S(Fle(w) (u)v FfNQ(x) (’LL)) FfN.g(x) (’LL) = maa:{Fle(w) (u)v FfNQ(w) (u)}

Table 3

4. Neutrosophic Soft Matrices

In this section, we presented neutrosophic soft matrices which are repre-
sentative of the neutrosophic soft sets. The matrix is useful for storing an

12



neutrosophic soft set in computer memory which are very useful and appli-
cable. Some of it is quoted from [13, [15, 15].

This section are an attempt to extend the concept of soft matrices[13],
fuzzy soft matrices|[15], intuitionistic fuzzy soft matrices|s].

Definition 18. Let N be an neutrosophic soft set over N(U). Then a subset
of N(U) x E is uniquely defined by
Ry ={(fn(x),x):x € E, fn(xz) € N(U)} which is called a relation form
of (N, E). The characteristic function of Ry is written by
Oy : N(U)xE — [0,1]x[0,1]x[0,1], Ory (u, ) = (TfN(m) (w), Tyy (@) (w), FfN(w)(u))

where Ty @y (w), Ly (@) (w) and Fyy ) (u) is the truth-membership, indeterminacy-
membership and falsity-membership of u € U, respectively.

Definition 19. Let U = {uy,ug, ..., up}, B ={x1,22,...,2,} and N be an
neutrosophic soft set over N(U). Then

Ry fn(21) fn(2) fn ()

(51 @RN (Uh xl) @RN (Uh $2) ce @RN (Uh xn)
Ug @RN (U2, xl) @RN (U2, $2) ce @RN (U27 xn)
Um, GRN(Um, 931) @RN (Um, 552) T @RN (Um, ZEn)

If a;; = Opr, (u;, z;), we can define a matrix

apx Aaiz - Q1p
A21 Q22 -+ Q2p
lai;] =
am1 Am2 - Amn
such that QAij = (TfN(Ij)(ui)’ [fN(l‘j)(ui)> FfN(xJ)(uz)) = (iric;'a [%7 F’i[;')> which

is called an m X n neutrosophic soft matrix (or namely NS-matrix) of the
neutrosophic soft set NV over N(U).

According to this definition, an a neutrosophic soft set NV is uniquely char-
acterized by matrix [@;j]mxn. Therefore, we shall identify any neutrosophic
soft set with its soft NS-matrix and use these two concepts as interchange-
able. The set of all m x n NS-matrix over N(U) will be denoted by N, wx.
From now on we shall delete th subscripts m x n of [a;j]mxn, We use [a;;] in-
stead of [a;;|mxn, since [a;;] € N,,.»,, means that la;;] is an m x n NS-matrix
fori=1,2,....mand j=1,2,...,n.
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Example 2. Let U = {uy,us,us}, £ = {1,292, 23}. Ny be a neutrosophic
soft sets over neutrosophic as
N = {(:cl, {< u1,(0.7,0.6,0.7) >, < ug, (0.4,0.2,0.8) >, < uz,(0.9,0.1,0.5) >}),
(x2, < uq,(0.5,0.7,0.8) >, < ug, (0.5,0.9,0.3) >, < ug, (0.5,0.6,0.,8) >}),
(3, {< u1,(0.8,0.6,0.9) >, < us,(0.5,0.9,0.9) >, < us, (0.7,0.5,0.4) >})}

Then, the NS-matriz [a;;] is written by

(0.7,0.6,0.7) (0.5,0.7,0.8) (0.8,0.6,0.9)
[a;] = (0.4,0.2,0.8) (0.5,0.9,0.3) (0.5,0.9,0.9)
(0.9,0.1,0.5) (0.5,0.6,0.8) (0.7,0.5,0.4)

Definition 20. A neutrosophic soft matrix of order 1 x n i.e., with a single
row is called a row-neutrosophic soft matrix. Physically, a row-neutrosophic
soft matrix formally corresponds to an neutrosophic soft set whose universal
set contains only one object.

Example 3. Let U = {u1}, E = {x1,z2,23}. Ny be a neutrosophic soft sets
over neutrosophic as

N = {(xl, (< 1, (0.7,0.6,0.7) >1), (22, < us, (0.5,0.7,0.8) >}),

(x5, {< w1, (0.8,0.6,0.9) >})}

Then, the NS-matriz [a;;] is written by
[a;;] = [(0.7,0.6,0.7) (0.5,0.7,0.8) (0.8,0.6,0.9)].

Definition 21. A neutrosophic soft matrix of order m x 1 i.e., with a single
column is called a column-neutrosophic soft matriz. Physically, a column-
neutrosophic soft matriz formally corresponds to an neutrosophic soft set
whose parameter set contains only one parameter.

Example 4. Let U = {uy, us, us,us}, £ = {x1}. Ny be a neutrosophic soft
sets over neutrosophic as

N = {(:);1, {< u1,(0.7,0.6,0.7) >, < us, (0.4,0.2,0.8) >, < ug, (0.9,0.1,0.5) >,

< ug,(0.4,0.7,0.7) >})}

14



Then, the NS-matriz [a;;] is written by

(0.7,0.6,0.7)

0] = |(0:4,02,08)
i1 7= 1(0.9,0.1,0.5)
(0.4,0.7,0.7)

Definition 22. A neutrosophic soft matriz of order m X n is said to be
a square neutrosophic soft matriz if m = n i.e., the number of rows and
the number of columns are equal. That means a square-neutrosophic soft
matriz is formally equal to an neutrosophic soft set having the same number
of objects and parameters.

Example 5. Consider the Example 2. Here since the NS-matrix contains
three rows and three columns, so it is a square-neutrosophic soft matriz.

Definition 23. A square neutrosophic soft matrix of order m X n s said to
be a diagonal-neutrosophic soft matrix if all of its non-diagonal elements are

(0,0, 1).

Example 6. Let U = {uy, us, ug,us}, £ = {x1, 29, 23}. Ny be a neutrosophic
soft sets over neutrosophic as

N = {(1’1, {< uy,(0.7,0.6,0.7) >, < us, (0.0,1.0,1.0) >, < ug, (0.0,1.0, 1.0) >}),
(29, < w1, (0.0,1.0,1.0) >, < us, (0.0, 1.0, 1.0) >, < ug, (0.0, 1.0,1.0) >}),
(23, {< u1,(0.0,1.0,1.0) >, < us, (0.0,1.0,1.0) >, < us, (0.7,0.5,0.4) >})}

Then, the NS-matriz [a;;] is written by

(0.7,0.6,0.7) (0.0,1.0,1.0) (0.0,1.0,1.0)
[a;;] = |(0.0,1.0,1.0) (0.0,1.0,1.0) (0.0,1.0,1.0)
(0.0,1.0,1.0) (0.0,1.0,1.0) (0.7,0.5,0.4)

Definition 24. The transpose of a square neutrosophic soft matriz [a;;] of
order m X m is another square neutrosophic soft matriz of order n x m ob-
tained from [a;;] by interchanging its rows and columns. It is denoted by
[aj;]. Therefore the neutrosophic soft set associated with [af;] becomes a new
neutrosophic soft set over the same universe and over the same set of param-
eters.
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Example 7. Consider the Example 2. If the NS-matriz [a;;] is written by

[(0.7,0.6,0.7) (0.5,0.7,0.8) (0.8,0.6,0.9)]
[a;] = (0.4,0.2,0.8) (0.5,0.9,0.3) (0.5,0.9,0.9)
(0.9,0.1,0.5) (0.5,0.6,0.8) (0.7,0.5,0.4)

then, its transpose neutrosophic soft matrix as;

(0.7,0.6,0.7) (0.4,0.2,0.8) (0.9,0.1,0.5)
[a;] = |(0.5,0.7,0.8) (0.5,0.9,0.3) (0.5,0.6,0.8)
(0.8,0.6,0.9) (0.5,0.9,0.9) (0.7,0.5,0.4)

Definition 25. A square neutrosophic soft matriz [a;j| of order n xn is said

to be a symmetric neutrosophic soft matrix, if its transpose be equal to it,

i.e., if [a]}] = [a;]. Hence the neutrosophic soft matriz [a;]) is symmetric, if

[ai] = laji] Vi, j.

Example 8. Let U = {uy,uq,us}, E = {x1,22,23}. Ny be a neutrosophic

soft sets as

N = {(9:1, {<u1,(0.7,0.6,0.7) >, < us, (0.4,0.2,0.8) >, < us3,(0.9,0.1,0.5) >}),
(22, < u1,(0.4,0.2,0.8) >, < ug, (0.5,0.9,0.3) >, < uz,(0.5,0.9,0.9) >}),

(23, {< u1,(0.9,0.1,0.5) >, < us, (0.5,0.9,0.9) >, < us, (0.7,0.5,0.4) >})}

Then, the symmetric neutrosophic matriz [a;;] is written by

(0.7,0.6,0.7) (0.4,0.2,0.8) (0.9,0.1,0.5)
[a;] = (0.4,0.2,0.8) (0.5,0.9,0.3) (0.5,0.9,0.9)
(0.9,0.1,0.5) (0.5,0.9,0.9) (0.7,0.5,0.4)

Definition 26. Let [a;;] € Noxn. Then [ai;] is called
i. A zero NS-matriz, denoted by [0], if a;; = (0,1,1) for all i and j.
ii. A universal NS-matriz, denoted by [1], if a;; = (1,0,0) for all i and j.

Example 9. Let U = {uy,us,us}, £ = {x1,x9,23}. Then, a zero NS-matrix
la;;] is written by

(0,1,1) (0,1,1) (0,1,1)
la;;] = 1(0,1,1) (0,1,1) (0,1,1)
(0,1,1) (0,1,1) (0,1,1)
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and a universal NS-matriz [a;;] is written by

(1,0,0) (1,0,0) (1,0,0)
lai;] = |(1,0,0) (1,0,0) (1,0,0)
(1,0,0) (1,0,0) (1,0,0)

Definition 27. Let [a;], [bi;] € Npn. Then

i. [ai] is an NS-submatriz of [b;;], denoted, [ai;]|C[by], if TY > T, I& > 1),

ijs *ij
a b . .
and FZ] > Fw’ for alli and j.

ii. [a;] is a proper NS-submatriz of [by], denoted, [a;;]C[by], of T > T,

Ifj < Ifj and Fl‘; < FZI; for at least T“ > Tb and I“ < Ib and F“ < Fb
for alli and j.

iii. |a;j] and [b;;] are IFS equal matrices, denoted by [a;;| = [bi;], if a;; = bi;
for alli and j.

Definition 28. Let [a;;], [b;;] € Noysn. Then

i. Union of [a;;] and [b ] denoted, [a;;]U[by;], zf cij = (T5, If

oI5, ), where
T = max{T%,T5}, It = mm{[l‘z,lfj} and Ff; = min{F}, F};} for all i
cmdj

VK

. Intersection of [a;;] and [b;; ] denoted, [a;;]N[bi;], if Czy = (T3, I, F5),

150 Tigo
c __ : a b a Tb a b
where T = min{Ty, T}, If; = max{I, I};} and Ff; = max{F}j, F];}
for alli and j.

iii. Complement of [a;;], denoted by |ai;]°, if cij = (Ff5, 1 — I3, T5) for alli
and j.

Example 10. Consider the Example[d. Then,

[(0.7,0.5,0.7) (0.5,0.7,0.7) (0.8,0.6,0.6)]
MWDWJ—'(040201)(050603)(0&0&07)
il 1(0.9,0.1,0.4)  (0.5,0.6,0.5) (0.7,0.5,0.4)
1(0.4,0.7,0.7) (0.5,0.8,0.5) (0.3,0.5,0.5)
[(0.4,0.6,0.8) (0.5,0.7,0.8) (0.7,0.8,0.9)]
MJﬁWJ—'(020508)(030903)(0a09ﬁ9)
9l Pl 1(0.3,0.1,0.5)  (0.2,0.6,0.8) (0.7,0.5,0.8)
(0.4,0.7,0.7) (0.4,0.8,0.5) (0.2,0.8,0.6) ]




and

(0.8,0.5,0.4) (0.7,0.3,0.5) (0.6,0.2,0.7)
0] = (0.1,0.5,0.2) (0.3,0.4,0.3) (0.7,0.4,0.5)
i (0.4,0.9,0.3) (0.5,0.4,0.2) (0.8,0.5,0.7)
(0.7,0.3,0.4) (0.5,0.5,0.4) (0.5,0.2,0.2)

Definition 29. Let [a;j], [bij] € Nosn- Then [aij] and [by;) are disjoint, if
[aw]ﬁ[bw] = [O] fOT’ all 1 CLTLdj

Proposition 2. Let [a;;] € Nown. Then

i ([ayg]?)" = laiy)

0.
Proposition 4. Let [a;;], [bi;], [cis] € Nyusxn. Then
i [ai] = [byy] and [by;] = [c;5] < lay] = [ey]
ii. [ay|Clby] and [by]Clai) & [ay] = [bij]
Proposition 5. Let [a;;], [bi;], [cis] € Nysxn. Then

i. ai;]0lay;] = lay)



Proposition 6. Let [a;;], [bi;], [¢ij] € Npxn. Then

S
—~

Proposition 7. Let [a;;], [bi;] € Nyxn. Then De Morgan’s laws are valid

~—~
8

o,
(@

=

<

-

|

= (T, I, FyI0NT3, I, Fy)))°

(max{T, T}, min{If, I}, min{ F, F;})]°
(min{F, F;}, max{1 — I{;, 1 — I}, max{T%, Tj;}))]
(F5, 15, T3 I0(Fy, I Tb)]

a;)° [b 1

[
[
[
[

(o) = (T2 12, FIAITS, 15 FO))Y

(min{T%, T3}, max{I{;, I};}, max{F, F},})]°
(max{F%, F%}, min{1 — 12,1 — [%}, min {72, T2}))]
(Fg 1, TION L, 15, 73]

aij) Ulbg]°

Proposition 8. Let [a;;], [bi;], [¢ij] € Nuxn. Then

[
[
[
[



5. Products of NS-Matrices

In this section, we define two special products of NS-matrices to construct
soft decision making methods.

Definition 30. Let [a;;], [bir] € Npxn. Then And-product of |as;] and [b;;]
is defined by

N Nan X men — Nanz [aij] VAN [bzk] = [Cip] = (Tc I FC)

Zp’ ’lp’
where

Te = H(T8,Th), I, = s(I&, 1Y) and Ff, = s(Fg, FYh) such that p =

) ijy ~jk/» Tip ij> *jk ijo + gk
n(j—1)+k
Definition 31. Let [a;;], [bir] € Npxn. Then And-product of |as;] and [b;;]
is defined by

Vo Nan X men — Nanz [aij] V [bzk] = [Cip] = (Tc I FC)

ip) Lip)
where

T = s(TE,Th), IS, = t(I%, 1Y) and FS, = t(F%, FY) such that p =

ij> ~jk/7 “ip iy~ jk i) = gk

n(j—1)+k
Example 11. Assume that [a;;], [bik] € Nng are given as follows

(1.0,0.1,0.1) (1.0,0.4,0.1)
[a;;] = |(1.0,0.2,0.1) (1.0,0.1,0.1)
(1.0,0.8,0.1) (1.0,0.7,0.1)

(1.0,0.7,0.1) (1.0,0.1,0.1)

bi;] = [(1.0,0.5,0.1) (1.0,0.2,0.1)

(1.0,0.5,0.1) (1.0,0.5,0.1)
[(1.0,0.7,0.1) (1.0,0.1,0.1) (1.0,0.7,0.1) (1.0,0.4,0.1)]
[as;] A [bi;] = | (1.0,0.5,0.1) (1.0,0.2,0.1) (1.0,0.5,0.1) (1.0,0.2,0.1)
(1.0,0.8,0.1) (1.0,0.8,0.1) (1.0,0.7,0.1) (1.0,0.7,0.1)]
[(1.0,0.1,0.1) (1.0,0.1,0.1) (1.0,0.4,0.1) (1.0,0.1,0.1)]
[as;] V [b;] = | (1.0,0.2,0.1) (1.0,0.2,0.1) (1.0,0.1,0.1) (1.0,0.1,0.1)
(1.0,0.8,0.1) (1.0,0.8,0.1) (1.0,0.5,0.1) (1.0,0.5,0.1)]

Proposition 9. Let [a;;], [bij], [ci;] € Noscn. Then the De morgan’s types of
results are true.

i (laij] V [big]) = [ai]® A [big]®
it ([ag] A [bij])e = [ai]®V [bi]¢
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6. Decision making problem using and-product of neutrosophic
soft matrices

Definition 32. [15] Let [(ip, Vip, Wip)| € NSMsnz, I = {0 0 (lip, Vip, wip) #
0, for some 1 <i<m, (k—1)n<p<kn foralkel={1,2,...,n}. Then
N S-maz-min decision function, denoted D, is defined as follows

DmMM : NSMan2 — NSMle,

Diains = [(Hips Vips wip)] = |din] = [(max{pipe }, {viph }, min{wipe })]

where |
, ) MaXper, {ip}, if I # 0,

,uzpk O, if ]k ~ @

Ul = minper, {Vipr}, if I, # 0,

ipk O, if ]k z @

Wi = minper {wipr}, if I, # 0,

ipk O, Zf ]k ~ @

The one column fs-matric Mm[c;,| is called maz-min decision fs-matriz.

Definition 33. Let U = {uy, ug, us, un, } be the universe and D, nrn (fip, Vip, Wip) =
[di1]. Then the set defined by

optiy|(U) = {w;/d; : u; € U, d; = mazx{s;}},
where 8; = [Lip — Vip, Wip, din 7 0 which is called an optimum fuzzy set on U.

Algorithm

The algorithm for the solution is given below

Step 1: Choose feasible subset of the set of parameters.

Step 2: Construct the neutrosophic matrices for each parameter.
Step 3: Choose a product of the neutrosophic matrices ,

Step 4: Find the method min-max-max decision N-matrices.
Step 5: Find an optimum fuzzy set on U.

Remark 1. We can also define NS-matrices maz-min-min decision making
methods. One of them may be more useful than the others according to the
type of problem.
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Case study: Assume that , a car dealer stores three different types of
cars U = {uj,us,us} which may be characterize by the set of parameters
E = {e1,e3} where e; stands for costly , ey stands for fuel effciency. Then
we consider the following example. Suppose a couple Mr. X and Mrs. X
come to the dealer to buy a car before Dugra Puja. If each partner has to
consider his/her own set of parameters, then we select the car on the basis
of partner’s parameters by using NS-matrices min-max-max decision making
as follow.

Step 1: First Mr.X and Mrs.X have to chose the sets of their parameters
A = {e1,e3} and B = {eq, ea}, respectively.

Step 2:Then we construct the NS-matrices [a;;] and [b;;] according to
their set of parameters A and B, respectively, as follow:

(1.0,0.1,0.1) (1.0,0.4,0.1)
[a;;] = |(1.0,0.2,0.1) (1.0,0.1,0.1)
(1.0,0.8,0.1) (1.0,0.7,0.1)

and
(1.0,0.7,0.1) (1.0,0.1,0.1)

bi;] = [(1.0,0.5,0.1) (1.0,0.2,0.1)
(1.0,0.5,0.1) (1.0,0.5,0.1)

Step 3:Now ,we can find the And-product of the NS-matrices [a;;] and
[b;;] as follow:

(1.0,0.7,0.1) (1.0,0.1,0.1) (1.0,0.7,0.1) (1.0,0.4,0.1)
[ai;] A [bi;] = |(1.0,0.5,0.1) (1.0,0.2,0.1) (1.0,0.5,0.1) (1.0,0.2,0.1)
(1.0,0.8,0.1) (1.0,0.8,0.1) (1.0,0.7,0.1) (1.0,0.7,0.1)

Step 4: Now,we calculate; for i = {1,2,3}

(Mn, i, wn)
[dil] = (,u217 Vo1, w21)
(,U31> V31, w31)

To demonstrate, let us find dgy for i = 2. Since i = 2 and k € {1,2} so
do1 = (,LL21, V21,w21)-

Let tgk = {tgl, tQQ}, where tgk = (,u2p, Vop, U)Qp) then,

we have to find o for all & € {1,2}. First to find to;, [; = {p: 0 <p < 2}
for k=1and n = 2.
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We have to; = (min{ o, }, max{vs,}, max{ws,}),
here p = 1,2 (mz’n{ugl, M22}, maﬂf{Vm, V22}, ma:)s{wgl, w22})
= (min{1, 1}, max{0.5,0.2}, max{0.1,0.1}) = (1,0.5,0.1) and
ton = (min{puzy b, max{vy }, maz{wy}),
here p = 3,4 (min{pas, foa }, max{vas, vos }, maz{was, was})
= (min{1,1}, maz{0.5,0.5}, maz{0.1,0.1}) = (1,0.5,0.1)
Similarly ;we can find dy; and d3; as dj; = (1,0.7,0.1), d3; = (1,0.8,0.1),

(1,0.7,0.1)

[din] = [(1,0.5,0.1)
(1,0.8,0.1)

0.95

max[s;] = [0.93
0.92

where s; = p111 — vi.wi
Step 5:Finally , we can find an optimum fuzzy set on U as:

Optfdm(U) = {u1/0.95,u5/0.93, u3/0.92}
Thus u; has the maximum value. Therefore the couple may decide to
buy the car wu;.
7. Conclusion

In this paper we have redefine the notion of neutrosophic set in a new way
and proposed the concept of neutrosophic soft matrix and after that different
types of matrices in neutrosophic soft theory have been defiend.then we have
introduced some new operations and properties on these matrices.
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