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Abstract: In this paper we define some new operations on fuzzy neutrosophic soft matrices and their
properties which are more functional to make theoretical studies. We finally construct a decision
making method which can be applied to the problems that contain uncertainties.
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1. Introduction:

In 1999, [9] Molodtsov initiated the novel concept of soft set theory which is a completely
new approach for modeling vagueness and uncertainty. In [4] Maji et al. initiated the concept
of fuzzy soft sets with some properties regarding fuzzy soft union , intersection, complement
of fuzzy soft set. Moreover in [5],[6] Maji et al extended soft sets to intuitionistic fuzzy soft
sets and Neutrosophic soft sets and the concept of Neutrosophic set was initiated by
Smarandache [11] which is a generalization of fuzzy logic and several related systems.
Neutrosophic sets and logic are the foundations for many theories which are more general

than their classical counterparts in fuzzy, intuitionistic fuzzy and interval valued frameworks.

One of the important theory of mathematics which has a vast application in science and
engineering is the theory of matrices. In [12] Yong et al. initiated a matrix representation of
fuzzy soft set and applied it in decision making problems. In [8] Manoj Bora et al introduced
the intuitionistic fuzzy soft matrices and applied in the application of medical diagnosis. In
this paper we have introduced some new operations on fuzzy neutrosophic soft matrices and

some related properties have been established.

2. Preliminaries:
Definition 2.1: [9]

Suppose U is an universal set and E is a set of parameters, Let P(U) denote the power set of
U. A pair (F, E) is called a soft set over U where F is a mapping given by F: E»>P(U).
Clearly, a soft set is a mapping from parameters to P(U) and it is not a set, but a

parameterized family of subsets of the universe.
Definition 2.2:[1]

A Fuzzy Neutrosophic set A on the universe of discourse X is defined as

A=(x, T, (x), I, (x), F, (X)), x € X where T, I, F: X — [0,1] and OSTa()+ 1,00 +F,(x)<3
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Definition 2.3:[1]

Let U be the initial universe set and E be a set of parameters. Consider a non-empty set A, A
c E. Let P (U) denote the set of all fuzzy neutrosophic sets of U. The collection  (F, A) is

termed to be the fuzzy neutrosophic soft set over U, where F is a mapping given by
F:A— P(U).
Definition 2.4:[2]

LetU={cCy,Co .crvvv..... cm} be the universal set and E be the set of parameters given by E
={e, €y ....... en}. Let A c E. A pair (F, A) be a Fuzzy Neutrosophic soft set over U. Then
the subset of U x E is defined by Ra={ (u, ) ; e€A, u e fa(e)} which is called a relation
form of (fa ,E). The membership function , indeterminacy membership function and non —

‘UxE —[0]] IRA:UXE—>[O,1]

T
membership function are written by A and

Frp (UXE—[0D] TRA(u,e)e[O,l]’IRA(u,e)e[O,l]a Fr, () €[00

here nd re the
membership value, indeterminacy value and non membership value respectively of u € U for

each ecE.

If [(Ti, B, Fil = (Tijui, &), lij(ui , &) , Fij(ui, &) we can define a matrix

(T A F ) (T N I J ................ (T A F )
11 11 11 12° 120 12 in 1n 1n
(. (e B) (TR (Tl For
TERTERET = 21 21 21 22 22 22 2N 2n° 2n
0y ) Amxn
T Y T )
mi mi mi m2 m2 m2 mn  mn mn

which is called an m x n Fuzzy Neutrosophic Soft Matrix of the FNSS (fa , E) over U.
Definition 2.5:[2]

LetU={cCy,Co .crvv.n... cm} be the universal set and E be the set of parameters given by E
={ey €y ....... en}. Let A < E. A pair (F, A) be a fuzzy neutrosophic soft set. Then fuzzy
neutrosophic soft set (F, A) in a matrix form as Amxn = [@jjlmxn OF A = [a;] , i=1,2,....m, j =

1,2, .....n where
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o (Tj(ci),lj(ci),Fj(ci)J e A

” (0,0,1) i e 2A

c.) l:(c.
( l) J( ') represent the indeterminacy of

Ti(c.) :
where J " 17 represent the membership of ,

) F.(c.)

and J 1" represent the non-membership of in the fuzzy neutrosophic set

F(ej).

Note: Fuzzy Neutrosophic soft matrix is denoted by FNSM

3. Fuzzy Neutrosophic Soft Matrices:
Definition 3.1:

A=l 'AFA] B= [T-JB"HB’FBJ ENSMn . Then

ij oot
. . = ~ = TA TR A B
a) A is Fuzzy neutrosophic soft sub matrix of B denoted by AcB if i < i | i< i

A
and I:'J>Fi , Viandj.

b) A is Fuzzy neutrosophic soft super matrix of B denoted by :Z\ B if

A
and By F , Viandj.

C) A and B are said to be Fuzzy neutrosophic soft equal matrices denoted by
A B A B A B
Ty Ty : i =ty and F‘i:Fii,Viandj.

1

Definition 3.2:

~ (T.(ci),l .(ci),F.(ci)) ~c
If A = [aj] €FNSMp o, where [a;] = \ ] ] then A~ is called fuzzy

neutrosophic soft complement matrix if AC = [0ijIm xn Where
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Iby1=(Fj©)a-1,6).T; (e

Definition 3.3:

~ A & & -
Let A_h” i Fy ] € FNSMpxn. Then A is called

TA _ CTA 1A FA : :
d) a U -universal FNSM denoted by Ur=[1,0,0]if ' =1, ' =0and " =0,Viandj.

A A A
e) a 'i -universal FNSM denoted by U;=[0,1,0] if ' =0, i =1and "1 =0, v iand]

i ~ ~ ~

FA B I o FA FA . . :
f) a ' -universal FNSM denoted by Ug=[0,0,1] if ¥ =0, "% =0and 'Y =1,Viandj.

Definition 3.4:

Let 'z‘:[ru‘;’ IiiA’FiJ';\] 1 §:[Tij§, 'ijE'FiJEJ

called

< _ke e e
& FNSMp . Then FSNM © = hu‘ i Ry ] is

~ ~ ~ ~ TC TA T--B IE IZ\ |§
a) Unionof A and B denotedby A U B if i =max (1, 1), T =max (1, 1)

C A
and By :min(Fij : Fy )Viandj.

z = & TS TA T2
b) Intersection of A and B denotedby A A B if i =min (i, i),

c A |B c A
Iii :min(lii1 i) and Fii :max(Fij , Fij ) Viandj.

Definition 3.5:

Let '&:hiig’ Ii?’FiJA] , E~3=[Tij§, Iiié'FijéJ

called

S~ _|k¢ ¢ gc
€ FNSMp xn. Then FSNM €= h-ii i ] is

a) The “*” (product) operation of A and B denoted by C= A * B if Ty =Ty : Ty

T ¢ EA E8 EA ES
b=t N g P = F o F R Ry Viandj.
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C A B A B c A B A B c A B
Tty o Ty T T o0l Wy g B o R0 Ry wiang;,

¢) The “@” (Arithmetic mean) operation of A and B denoted by C=A @ B if

C C

! 2 ! 2  and

|
ny
e
Il

A B A B A B
~ _Tij +Tij s Iij +Iij ~ Fij +Fij
2

Viandj.
d) The “@"” (weighted Arithmetic mean) operation of A and B denoted by

A B A B
_ wlTij +w2Tij g Wllij +W, Iij
~ ~ ij = - ij = -

— A @W B |f Wl +W2 1 Wl +W2 and

¢
C

Iy 8

£C_ w R +w, Fy
ij

Wy +W, Viandj.

e) The “$” (Geometric mean) operation of A and B denoted by C= A $ B if
Tijc - “TijA .TijB ,Iijc - “I"A . Ii? and F”C B VF”A.F”B Viandj.

f) The “$"” (Weighted geometric mean) operation of A and B denoted by C=A $" B if

1 1 1

Tijé - {(Tijg )W1 '(Tijé )Wz }Wﬁwz 'ijé - [(' ijZ\ )Wi '(' uB )WZ }Wﬁwz Fijc~ = {(Fu/1 )Wl '(FijEg )Wz }Wﬁwz

, and

Viandj.

g) The “&” (Harmonic mean) operation of A and B denoted by C= A & B if

A TB A B A B
T S N F

T6=2~ ii'ii Cc _

, _ | =p. 0 U E. 0 v
ij A B 1 A B 1 A B
Tij +Tij 1 Iij +Iij and Fij +Fij viandj.

h) The “&"* (Weighted Harmonic mean) operation of A and B denoted by C= A&V B
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— — 1 —
ij = ij = ij =
Wl WZ Wl WZ Wl WZ
TA TR R FA RS
if i : iU and i I Viand]

Proposition 3.6:

Let A= [T'JA’I:’FA] |-T“ ’I”B’FBJ FNSM xn , then

i) (AnB)T(AUB)=AT B
(i) (AnB)*(AUB)=AxB
(i)(AnB)@(AuB)=A@B
(i) (AnB)s(AuB)=AgB
W(AnB)&(AuUB)=AgB
(vi)(ATB)@(A*B)=A@B

Proof:
O(AnB)T(AUB)=tming"n, 1y ming"", 0y mac (™ P p3

max {5, 15 3, max {5, 1y, min g5, iy

B A B A B

= {[min {TijA' Tij }+ max {Tij , Tij }_ min {Tij , Tij } max {TijA’ TijB }] |

[mm{llf' If}+max{l'f7 "} mln{l'f, I'?} max{l'f, iy,

A B A B
tmax {0, i 3. min {75, T 33
A B A B A B A B A B
:{(Tij w0 Ty .T” bty e Ry Ry )} [since min (a,b) + max(a,b) = a+ b

& min(a,b) . max(a,b) = a.b]

>
w
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Similarly we can prove the other results.

Example 3.7:

Let 'E‘:[rif’ |U?\’ FijA] , 'B':h'ijé, 'i?' Fiﬂe FNSMp x n Where

i {(0.3,0.4,0.2) (0.4,0.6,0.5)

B 5 (0.4,0.5,0.3) (0.6,0.5,0.2)
(050.7,0.3) (0.7.0402),, . »

71(0.7,060.2) (0.30.5,0.4)

~ {(0.3,0.4,0.3) (0.4,0.5,0.5)

- ~ 1(0.4,050.2) (0.6,0.6,0.2)
ANB=
(0.5,0.6,0.3) (0.3,0.4,0.4) 2 and oy

Z\u B =
(0.7,0.7,0.2) (0.7,0.5,0.2)

EnB)(RUB) (0.58,0.7,0.06)  (0.76,0.8,0.1)
m ) =
(0.85,0.88,0.06) (0.79,0.7,008)|,, _ % T &

Definition 3.8:

~ kA A A
Let A_[Tij ’IiJ' ’Fii ]e FNSMp xn

a) The necessity operation of A denoted by [ A and is defined as

A_frA A _TA
I T )

b) The possibility operation of A denoted by o A and is defined as

~ LA, A gA
A= R

a) The falsity operation of A denoted by ¢ A and is defined as

A_h_ A (A A
R IV,

Proposition 3.9:
y A VA A

ot € FNSMy, xn , then

() [I(A%)IC =0 A
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(ii) [o(A)I° = A
(iii) [O(A°)]® =0 A

(V) 10A= 0A

(V) 0D A= A
(vi)o 1A= oA
(ii) 0 0A= 00 A
(viii) 1A= A
(ix) 0 0A= 0A

(X)OOA: A

Proof:

~ A A TA A A A A A A ~
G)EKACHCZ[Dﬁ1,L—M,T”hc:[ﬁji—npl—F”r::h—Fu,M,Fn]: oA
Similarly we can prove the other results.

Example 3.10:

~ ki (A &
Let A_[T‘i i By ] e FNSM, x n Where

i [(0.3,0.4,0.2) (0.4,0.7,0.5)

— i (0.2,0.6,0.3) (0.5,0.3,0.4)
(0.5,0.30.3) (0.7,090.2) ], , then .

C
(0.30.7,05) (0.2,0.10.7)

N:[@zp@a& w5p&a&}

. ~1(0.30.7,0.7)  (0.2,0.1,0.8)

~ 0.8,0.4,0.2) (0.5,0.7,0.5
[AC]]C — |:( ) ( )i| _
=0 A,

[ (0.7,0.30.3) (0.8,0.9,0.2)
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Proposition 3.11:

[TAIA FA] B hBIB FB

Let ij oo LA B J FNSMp xn , then

() [A~B]=An~B
(i) )[A U B]=AUB

(i) [L[A° ¥ B°]I°=0A *0B
(iv) [I[A°* B°]I=0A ¥ 0B
(v) [0 [A°F B°JI°=o(A * B)
(vi) [o [A* BEJI°=o(A * B)
Wii) [0 [AT B®J°=A *1B
(viii) [0 [A* B°]I°=0A ¥ B
(x) [A@B]=A@uB
x)0[A @ B]=0A@0B
(x)o[A@B]=0A@oB

Proof:

(i) D['z‘ N I:3;]=][min {TU'A, TiiB},min{lij , IuB 1, maX{FijA’ FijB}]
F s TA T [A |B A T8
=[min{", IJ } min{ 7, 1} 1-min{ u 1 IJ Y [ — (1)
[TAIAl TA] DBZI_TB|B]. TBJ

[ | I ij o1 lij oy

B

~ ~ A TB A A B
JAANB =[min {Tij ,T” },min{Iij : ly }, max {1—Tij ,1—Tij 1

=[ min {T”A, T”B} , min { I‘JA, I"B }, 1—min {T”A, T”B }] - (2)
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From (1) & (2) we have (][ A N I53‘] =0 :Z\m 7B, Similarly we can prove the other results.

Definition 3.12:

N_ A A A B |B B
Let A_hJ i By ] B = lT‘ i Ry J FNSMp, xn . Then the operation ‘—’(Implication)

denoted by A B is defined as

AB = [max (0, T max N W min (P

Proposition 3.13:

[TIJA’IIf’FA] B - huB’IuB’FuBJ C= [-I-'JC’I'T’F”C]GFNSmen.Then

(||) /Z\_)/Z\C:Z\C
(ii)) [A A B]5>C 5 [A>C]n[BC]

(V) [AUB]5C ¢ [A5Clu[B-C)

W [AFB]-C c [A5CI+ [B5C)
Wi)[A*B]C 5 [A5C1*[BC]
wi) AL[BFClc [A5B]F [ALC]
(iii) A> [B*C]5 [AB]*[ACH

Proof:

B A

(A B1=fming™, Ty ming" vy max g, Py

[’Z‘ N é]—>6 = [mﬁlX((maX(Fij : By )),Tij ),max((l_min(lii , Iu ), Iu ),

min(Gmin (", 1) ). (@)
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ALC = max (5, Ty max " Wy min (7o, Fi g

55C = fmax (0T max 15, min (0, Py

[R50 B €= fmaxgmax (. 0 ) max (T
max{max(l_ "J’Z\, Ii(":), maX(l_ I”E,I‘("S )}
min g (0, 5, min (%55

A

= [max((max (Fij 1- min(lif’ |2

Ry Ty max(( i),

min((min (TijA

TPl @
From (1) & (2) [A ~ B]>C =[ACu[BC]

Similarly we can prove the other results.

Example 3.14:

Let 'Z\:[rij;, IijA’FijZ\] , ézhijé’ |i;§'Fij§J 16:hijé’li?":iié]e FNSMp xn Where

/3_‘(0.3,0.4,0.2) (0.4,0.6,0.5) ] E~;_{(0.4,0.5,0.3) (0.6,0.5,0.2)}
(0507,0.3) (0.7.0402)],,, (0.7,0.602) (0.30.504)],,
c_ [(0.3,0.4,0.6) (0.4,0.5,0.6)]
- 1(0.6,0.7,0.3) (0.50.4,04)], ,

(0.3,0.4,0.58) (0.4,0.5,0.6)
(ATB]C - (060703 (050404)],,

[ (051080.12) (0.7,0.750.24)
" 1(0.84,0.910.09) (0.75,0.80.12) | _

[AC]F [B5C]
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From (1)and ) [AT B] »C < [AC]T [BC]

AW
4. Application Of Weighted Arithmetic Mean (AAM ) Of Fuzzy Neutrosophic Soft

Matrix In Decision Making:

N AW
In this section we define arithmetic mean(AAM) and weighted arithmetic mean(AAM) of

fuzzy neutrosophic soft matrix.

Definition 4.1;

t 'Z‘:[T"/K I Fijg]

Le o € FNSMp, « n, then the weighted arithmetic mean of fuzzy
~ AW
neutrosophic ~ soft matrix A denoted by As is defined as,
n ; n ,& n ,&
WIS D Wil 2w
AW | j=1 j=1
AM n ' on ! n
ij ij ij
= = = and w; forj=1,2,...n
Definition 4.2:

,&:[rf\,ﬁ,p?‘] . . :
Let bt l e FNSMy, « n, then the arithmetic mean of fuzzy neutrosophic soft

Zn:Tif Zlf Zn:Fif‘

;& _ j=1 ’ j=1 , j=1
A n n n
matrix A denoted by A is defined as : when weights are
equal.
Definition 4.3:
S, =T, -I,.F,

The score value of S; for ujeU is defined as
Algorithm:

1. Construct an FNSS (F,A) over U

2. Construct the Fuzzy Neutrosophic soft matrix of (F,A)

A A

3. Compute arithmetic mean “av and weighted arithmetic mean
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A AV
4. Compute the score value of S; for “'av and "am

5. Find S; = max(S;), then we conclude that u; is suitable.
Example:

Suppose there are five suppliers U={u, Uy, U3, U4, Us} Whose core competencies are evaluated
by means of parameters E = A = {es, e, es} where e; = level of technology innovation, e, =
the ability of the management and e; = level of service. Suppose a manufacturing company
which wants to select the best supplier according to the core competencies. A fuzzy

neutrosophic soft set is given by

(FA) =
{{F(e1) = {(u1,0.5,0.6,0.4), (u,0.9,0.4,0.1), (u3,0.6,0.4,0.2), (u4,0.6,0.4,0.2), (us,0.4,0.5,0.3)}
{F(e,) = {(u1,0.6,0.7,0.2), (u2,0.5,0.7,0.1), (u3,0.5,0.4,0.4), (Us,0.8,0.6,0.2), (Us,0.6,0.4,0.2)}
{F(es) = {(u1,0.5,0.6,0.2), (u2,0.4,0.8,0.3), (Us,0.7,0.6,0.2), (Us,0.6,0.4,0.4), (us,0.5,0.5,0.1)}}

The matrix representation for the above is given as

[(0.50.6,0.4) (0.60.7,0.2) (0.50.6,0.2)]
(0.9,04,0.1) (0.5,0.7,0.1) (0.4,0.8,0.3)
(0.6,0.4,0.2) (0.5,0.4,0.4) (0.7,0.6,0.2)
(0.6,0.4,0.2) (0.8,0.6,0.2) (0.6,0.4,0.4)
(0.4050.3) (0.60.4,02) (0.5050.1)

b
I

[(0.5333,0.6333,0.2667) |
(0.6,0.6333,0.1667)
A =| (0.6,0.4667,0.2667)
(0.6667,0.4667,0.2667)
(0.5,0.4667,0.2)

If we prefer to give weights 0.8, 0.1 and 0.1 on the parameters e;, €, and ez respectively then

the weighted arithmetic mean is given by
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(0.51,0.61,0.36) |
(0.81,0.47,0.12)
Al = (0.6,0.42,0.22)
(0.62,0.42,0.22)
| (0.43,0.49,0.27 |
0.3664 | 0.2904 |
0.4944 0.7536
Ay =|0.4755 A" =] 05076
0.5422 0.5276
The score of 104067 ] ang the score of 0.2977

Form the above results , it is clear that if we give equal preference for the parameters , we
have u, is the best alternative and when we give more preference on level of technology

innovation, then we have same u, is the best alternative.

5. Conclusion:

Soft set theory is a general method for solving problems of uncertainty. In this paper, we
define Fuzzy Neutrosophic soft matrices and their operations which are more functional to
improve several new results. Finally we have given one application for decision making

based on arithmetic mean.
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