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1. Introduction

The complexity of problems in economics, enginagri environmental sciences and
social sciences which cannot be solved by the Wwabbwn methods of classical

Mathematics pose a great difficulty in today's pical world (as various types of

uncertainties are presented in these problems)handle situation like these, many tools
have been suggested. Some of them are probaliétyry, fuzzy set theory [18], rough

set theory [11], etc.

The traditional fuzzy set is characterized hwy membership value or the grade
of membership value. Sometimes it may be verydiffito assign the membership value
for fuzzy sets. Interval-valued fuzzy sets wereppsed as a natural extension of fuzzy
sets and the interval valued fuzzy sets were perpasdependently by Zadeh [19] to
ascertain the uncertainty of grade of membershipevdn current scenario of practical
problems in expert systems, belief system, infoimnafusion and so on, we must
consider the truth membership as well as the fatsiémbership for proper description of
an object in imprecise and doubtful environmentitidg the fuzzy sets nor the interval
valued fuzzy sets is appropriate for such a sitnati

Intuitionistic fuzzy set initiated by Atanass[3] is appropriate for such a
situation. The intuitionistic fuzzy sets can onlgnklle the incomplete information
considering both the truth membership (or simplymership) and falsity-membership
(or non membership) values. It does not handle itlieterminate and inconsistent
information which exist in belief system. The st theory, an utterly new theory for
modeling ambiguity and uncertainties was first edifby Molodstov [9] in the year 1999.
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Soft set theory research is carried out as a nemdtand it shows much appreciable
development well received by the users of the field

Fuzzy matrices play crucial role in Science dmghnology. Sometimes the
issues cannot be solved by classical matrix thedngn they occur in an uncertain
environment and this failure is inevitable. Thomagb4] initiated the fuzzy matrices to
represent fuzzy relation in a system based on fsetytheory and discussed about the
convergence of power of fuzzy matrix. In 1995, 8&mdache introduced the concept of
neutrosophy. In neutrosophic logic, each propasitis approximated to have the
percentage of truth in a subset T, the percenthgaleterminancy in a subset | and the
percentage of falsity in a subset F, so that teistnesophic logic is called an extension
of fuzzy logic. In fact this mathematical tool ised to handle problems like imprecision,
indeterminancy and inconsistency of data etc.

Maji et al. [5], initiated the concept of fuzzyfs®et with some properties
regarding fuzzy soft union, intersection, completrafrfuzzy soft set. Moreover Maji et
al. [6,10] extended soft sets to intuitionisticfyzoft sets and neutrosophic soft sets and
the concept of neutrosophic set was introduced mar8ndache [12] which is a
generalization of fuzzy logic and several relatgstesms.

Yang and Ji [17], introduced a matrix represimteof fuzzy soft set and applied
it in decision making problems. Bora et al. [Blroduced the intuitionistic fuzzy soft
matrices and applied in the application of a Meditagnosis.

Sumathi and Arokiarani [13] introduced new opemtion fuzzy neutrosophic soft
matrices. Dhar et al. [7] have also defined nessipbic fuzzy matrices and studied
square neutrosophic fuzzy matrices. Uma et al.1[]5,introduced two types of fuzzy
neutrosophic soft matrices and have discussed ndigtnt and adjoint of fuzzy
neutrosophic soft matrices. Kim et al. [4], intuodd the concept of determinant theory
for fuzzy matrices.

In this paper, some elementary properties of detemt theory for fuzzy
neutrosophic soft square matrices have been edtatliand some theorems including
det(A(adjA)) = det(A) = det(adj (A)A). where det(A) denotes the determinant ¢

and adj(A) denotes the adjoint matrix of A.

2. Preliminaries
Definition 2.1. [12] A neutrosophic sefA on the universe of discours¢ is defined as

A:{<X1TA(X)1 | A (X),F, (X)), x0O X} ,

whereT,I,F:X - T0,I[and O<T,(X)+1,(X)+F,(x)<3 1)
From philosophical point of view the neutrosophét takes the value from real standard
or non-standard subsets pf0,1'[ . But in real life application especially in sdiiic

and Engineering problems it is difficult to use wmesophic set with value from real
standard or non-standard subset]dd,1'[ . Hence we consider the neutrosophic set

which takes the value from the subset of [0,1] réfae we can rewrite the equation (1)
as0<sT,(x)+1,(X)+F,(x)< 3.
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In short an elementd in the neutrosophic set A, can be written as
a= (aT ,a ,aF>,Where a' denotes degree of truth! denotes degree of indeterminacy,
a" denotes degree of falsity such tilet a" +a' +a” < 3.

Example 2.2. Assume that the universe of discou¥se{ X, X,, X3 , wherex;, X,, and
X, characterizes the quality, reliability, and thécerof the objects. It may be further

assumed that the values PX, x,, X3 are in [0,1] and they are obtained from some

investigations of some experts. The experts mayogaptheir opinion in three
components viz; the degree of goodness, the dedrieeleterminacy and the degree of
poorness to explain the characteristics of theathjeSupposeA is a Neutrosophic Set

(NS) of X, such that A={(x,0.4,0.5,0.3 (x, ,0.7,0.2,004x%, ,0.8,0.3,D.¢
where for X, the degree of goodness of quality is 0.4 , degféedeterminacy of quality
is 0.5 and degree of falsity of quality is 0.3;. et

Definition 2.3. [9] Let U be an initial universe set artfl be a set of parameters. Let P(U)
denotes the power set of U. Consider a nonemptysei [1 E . A pair (F,A) is called a
soft set over U, where F is a mapping given By A - P(U).

Definition 2.4. [1] Let U be an initial universe set anB be a set of parameters.
Consider a non empty set A [ E. Let P(U) denotes the set of all fuzzy neutrosophic

sets of U . The collection(F,A) is termed to be the Fuzzy Neutrosophic Soft Set
(FNSS) over U, Where F is a mapping givenFoyA — P(U). Hereafter we simply
considerA as FNSS oveU instead of(F, A).

Definition 2.5. [2] Let U ={c, C,...c,} be the universal set anf be the set of

parameters given b :{q,ez,..q} .Let AUE . Apair (F,A) be a FNSS oveU .

Then the subset dff X E is defined byR, ={(u ;elJ AullF,(e)} which is called
a relation form of(F,, E). The membership function, indeterminacy mersiier
function and non membership function are written bl (U XE - [0,1],

lg, 'UxE - [0,1] and F, :UXE - [0,1] where T, (u,e)UJ[0,1],1, (u,e)l}[0,]]

and F; (u,e)lJ[0,1] are the membership value, indeterminacy value aod
membership value respectively of1U for eacte E .

If[(T, 1y, BT =0T (U, €), 15, (ui, €,), F; (U, €;)] we define a matrix

ij?
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<T11’ |11’ I:11> <T121I 12F1% <Tr1’| ri’FnI.>
[T R, =| T Tolafd o Telefs
<Tml’|ml’Fm1> <Tm2’|m2’Fm2> <Trm’|mn’an>

This is called armxn FNSM of the FNSS (E E) over U.

Definition 2.6. [15] Let U ={c, C,..C,} be the universal set anE be the set of
parameters given byE :{el,ez,..gq}. Let AOE. A pair (F,A) be a fuzzy
neutrosophic soft set. Then fuzzy neutrosophic seft(F,A) in a matrix form as
Ao = (@) O A=(3;),1=12,.m,j = 1,2,.n where
(aﬂ):{(T(C"ei)’l c.¢)F@G.e)) i‘f e JA

(0,0,2 if e, A
where T, (c;) represent the membership gfl;(c) represent the indeterminacy of
and F, (c) represent the non-membershipmfin the FNSS (F, A). If we replace the

identity element0,0,2 by (0,1,2 in the above form we get FNSM of type-II.
Let F.., denotes FNSM of ordemxn and F,, denotes FNSM of ordemxn.

Definition 2.7. [15] [Type-1]

Let A:(<a§,a'j,af >),B: (<b”.T,lq} ,th>)D]-"mxn the component wise addition and
component wise multiplication is defined as

1.ADB= (sup{a] bj}, sup{aj b} .inf{a] hi})

2.A®B:(inf{a,.{, th}, inf{ a,.'r h}, sup a”F h?).

Definition 2.8.[15] Let AOF_ ,BOF

mxn? nxp?
A-s=( (el ChD), 3 oh). ] 608
k=1 k=1 =
equivalently we can write the same as
—_ 4 T T 4 | | . F F
= (Gtar 0B, D OB, 0) 6 )
The productAe B is defined if and only if the number of columns Afis same as

the number of rows d. A and B are said to be conformable for multiplication. We
shall use AB instead of\- B.

the composition ofA and B is defined as

Definition 2.9[15][Typell] Let A=((a],a;,a& )),B= (b b b ))OF,,, the
component wise addition and component wise muttipion is defined as
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ADB= (sup{a] b}, inf{a b} .inf{a] K[}))

AGOB=((inf{aj, b}, suf a, b}, sup a; bf )
Analogous to FNSM of type-I, we can define FNSMygfe -II in the following way

Definition 2.10. [15] Let A=((a],&;,8] )) = (8;) 0 ., and
B= (<h,»T,h} ,qD) = (b, )U A, the product ofA and B is defined as
ADBz(Z(aﬂk o). [ (@ o). [ {a Dh§>]
k=1 = =
equivalently we can write the same as

= (kng1<a11 Dhrj>’kln§1<ailk Dhli>’kn91<aii Dh:>j

The productALIB is defined if and only if the number of columrfsfois same as the
number of rows of B. A and B are said to be confasta for multiplication.

Definition 2.11. [16] The determinantAl of nxn FNSM A= ((&,a; &/ )) is defined
as follows

— T T | | F F
|Al - <0’D|:|31 aia(l) |:|"'|:|ana(n)’[TDD% aﬂa(l) D "'Dana(n) ’JDDSh a‘lf(l)D "Danah}>

where §, denotes the symmetric group of all permutatiorthefindices(l, 2,..n ).

Definition 2.12. [16] The adjoint of annxn FNSM A denoted by adj A, is defined as
follows b, :‘Aji‘ is the determinant of thén—1)x (n—1) FNSM formed by deleting

row j and column from A and B = adjA.

Remark 2.13. We can write the elemetyf, of adjA=B =(b,) as follows:
b= > |_|<atTﬂ(t),at'ﬂ(t),a;(t)> Where n; ={1,2,3...n} \{i} and S, is the set of

nDSm t0n;

all permutation of sen; over the set, .

3. Properties of the fuzzy neutr osophic soft square matrices (FNSSM)
1. The value of the determinant remains unchandgsehvany two rows or columns are
interchanged.
2. The values of the determinant of FNSSM remaichanged when rows and columns
are interchanged.
3. If A andB be two FNSSMs then the following property will dol

det(AB) # detA detB.
4. If the elements of any row (or column) of a detieant are added to the corresponding
elements of another row (or column), the valuehefdeterminant thus obtained is equal
to the value of the original determinant.

89



R.Uma, P. Murugadas and S. Sriram
Theorem 3.1. Let A=(a,a;,a; ) FNSSM,

Let A =((a], 8,8 ).(a 33y, &, A, A, ) be thek-th row of A. We
assume thag, =(ay,a,,8,) forall idL,2,..n anda, 24 forall p,q012,...n
Thendet(A) = a,.

Theorem 3.2. Let AOFNSSM , then

(i) det(A) =|A=> (&, a,a0)A i 0{L2,..n}.
t=1

(. ap.a,)  (ay.ay.ay)

(851 850,85)  (By 8y ,a5)
taken over all e and fin {1,2,...,n} such thex f.

(i) det(A)=>"

e<f

1 2
A( fj' where the summation is
e

Definition 3.3. Let A=(a],a;,a; ), JFNSSM_, and letB be a matrix fromA by

striking outg, rowe,,..., row g, and columng,, columng,,..., columng,. we define

A(el % "'e‘j:det(H).

9 9 -9

Theorem 3.4.
(8 9, @,0,,a; 9) .{a}g, 210G, A10,)
(8)09,,2,9,,a59 ) .{a%g, a'g, a9,

det(A)= > det

01<G5<.-<0k

(3 0,80,80)  -{& A0 A9

1 2 .k
A( ] where the summation is taken over gl 9,,...,0, U{1,2,..n},
g 9, -0

such thatg, < g, <...<gQ,.
Proof: Let $(g,,9,,....0, )= {0:{L.2,...k} - {9, 9,....0,} O is a bijection}. Then

det(A) = Z <a1Ta(1)’ aia(l)’a':b (1)>---<QIU 0 )’arlw h)’a:a n)>
ols,

—_ T | F T | F
= Z (20{1,2 ..... S0 0r--04 )8 1 B (19 B 1L  1Bho ¢ yPro 6 ))

91<0,<-<g
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T | F | F

— T
- Z (Za‘{l,z ..... KYOS(9;,02,---+ gk))«aja' @’ ah’ (1)’8‘17‘ (1?"<ana' 0 )’ana‘ 0 )’ana- 0 ?)
G1<92<..<0

A(l 2 . kj
= ) det
% % - O <0<

@gd0,80) @g.dgdg) - @gdgag)

@09,80,89) (@0,40,49) - (@ ag &) A(l 2 . kj
. % 9 - O

39,4049 @9%a40:d09) -~ @&%.49.49)

Hence the pooof.

Lemma 3.5.
T | F T | F
Let A= (@.a.,a) (bbb be a FNSSM.
(c',c',c’) (d',d".d")

Then det(<a a.a’) (bbb >J de{<C ,c,c) (d,dd >]

<aT’al’aF> <bT,b| ,bF> <CT,CI,CF> <dT,d|,dF>
<CT,C|,CF> <dT,d|,dF>
<CT,C|,CF> <dT,d|,dF>

(@",a',a”) (b',b",b")
(@',a',a”) (b",b'b")
Pr oof:

< det(A)

We see that det£<aT’al’aF> (b".b ’bF>] det£<CT’Cl’CF> <dT,d|,dF>J

<aT’a|’aF> <bT,b| ,bF> <CT,C|,CF> <dT,d|,dF>
:<aT’a| ,aF><bT ,bl ,bF><CT ,CI ,CF><dT ,dl ,dF>

<(a",a',a"}d",d",d")+d" b bT)c ¢ )

= det(A).

Notation: Let ALDFNSSM | .Let A(e= f ) be the matrix obtained from A by replacing
row f of A by row e of A.

Theorem 3.6. Let ALDFNSSM .. Then
(det(A(2= 1))det (A(l= 2))<det (A).
(i) det(A(2= 1))det (A(3= 2))<det (A).
(iii)det(A(g= p)))det(A(p = Kk)) < det(A).
Proof: To prove
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() det(A(2= 1))det (A(1= 2))
T | F T | F 1 2
- <a11’a11’a11> <a12’a12‘al; A 1 2 Tt
<air1’ ail’ ail> <a‘-22’ aIlZ aFlé
2
n-1 n
1 2
A +...+
o )

1 2
A +...+
e f
1 2
A
n-1 n

<a1nla1n1 h1> <a a am>
2
Ao 1)z

<a1n l’ain 1 :h l> <ah’ ﬂ]>
1 2
+...t
L2
<a-2re’a|2e’a§e> <a12—f ’alzf 'aF2f>
(aaal) (@) a8

(B 81859 (@5,875,87%)

(1 2] (1 2]
A A (by Lemma 3.5)
e f g h

We now introduce symbolﬁl,jz,A(Z ;jand J. Define
j(e f}z CORETREYS <a11,a;f,a;>A(1 Z}A(l z]
g h) [aj.ay.a, (a.a5.a3) \e f) (g h
e f
2= 2000 oS3l 1)
ehH=ah \9 e<f
e f
T= Y J( ]andJ=Jl+J2.Thenweseethat
efren (g h
<all’a11’ 11> <a12’a12al%

(8108 1,859 (@7,85,a5)

j(l 2} (1 2}
1 2) [egapa5) (8,852, 1 2)

T,

(A, a,an) (ay,ay,ay)
(A, a,an)  (ay,ay ,ay)

e<f

T | F T | F
<a21’a21’a21> <a22’a22a 2%
T | F T | F
<a21’a21'a21> <a22’a22a 22

(83,85, 85) (8, 85.85)
(85,85, 85)  (@,85,85)

1 2
g h
(g, By, 8y) (@184 ,85)
Sz T | F T | F
Z<<l;1 <a29’a29’a2g> <a2h'a2n’a2h>

_yof ) @ ay a)
(e A, ay)  (ay.ay ay)
=det(A) by Theorem 3.2(ii) and
det(A(2=))det(Al= 2))<J =J,+J, =det (A)+T,.
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We show that7, < det(A).
There are two cases to be considered.

1 2
Case 1. We considera = j(l 3) , aterm of 7.

Let &, =(a;,a;, a0 (a%a a3 A L2t 2 an
111 237 23 2 1 2 1 3

1 2) (1 2
a = (<a1T21allzializxaTzralzzanR A (1 ZJA(l 3)

A13<detA
1 3 SetA),

1 2
A(l 2Jsdet(A),

Thena=a, +a,,

<ajTl’ aill.l’ afl> <a1;.3 all3 aFlg
<a;1’ aIZl’ a;1> <aT23’ al23 ang
<a;.-l' aﬂl.l’ ail> <a-g.2’ allZ aFl;
(B2 81,83 (258 208%)

12
d < A
an j(l 3j<det( ),

acs

a, <

(1 Zj
Case2. We take 7
n-1 n

—/aT 4l 4F T 4l F 12 1 2
Let b =(aj),ay,a1)(a),@5.85) A L|A| ~ fand

b, = (al, al ety 4ay A ) AL S|al T2
B B i 1 2 n-1 n

TherJ(n:El Ej:bl +b,. To show thath, < det(A) andb, = det(A), we

12 1 2
observe all coordinates of the elemegsinvolved in A(l 2] and A( 1 j
n-1 n

The coordinates of the elemerds involved in these determinants are all coordinafes
the elements of thek-th row A of A, for k=>3. Therefore, if we let
b=a,,_,8,_ 5 &, 5B . then we see that

b < ((a),a;,a0(a},a',,a5) e < det(A). For b, let c=a,,8,, 85 58182 1
then we see thath, <((a),a,a,a), ,a'y ,a5 ))c<det(A). For any

e f
j( ] ,we apply either the case 1 or the case 2 amthweleduce that
9 (e)%(g.h)
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e f
J( h] < det(A).
9 (e.f)%(g.h)

Thus (i) holds.
(ii). First we consider

(b1,bipbly  (bl,b,b")
<a;—1’ a|31’ a§1> <a-|;’;27 al32 aF32
<b;—l’ b|21’ b;1> <b22'bl32bF3%

<a;—l’ a|31’ a§l> <a22’ a|32 aF32

We introduce a symbol

W[9 N)_(&gaz,as)  (35,a5,85)
e f) [(a.aa,) (ay,ay.ay)

Then we can see that
det(A(2= 1))det (A(3= 2))

(8l a,8;)  (ay,ay ,ay)
Sl el (el a)

2 3

g h
o [ ) (el
S @aah) (@l ah ah)

240 1)
g<h € f
e<f

h h
when & T) @meen & f

h
Next we prove thaK (g ; J < det(A).
(9.n#(e.f)

(05, b1, 059 (Dh,b'5b%
(b1, 0,050 (D3,b507)

<

Ao whle o)
27
o pe )

T 4l F T 4l F
<azg1azgaa29> <a2hla-2]1a21>
(854, 85y,85,) (y,ay,a%)

For this we consider two cases.

1 2
Case 1. We takeK (1 3} We see that

1 2 5 3
K (1 Sj :(<a;1’ a|21’ a;1><aT33; alssaF:«;% + <3-Tzzal 22aFZ}Z(aT 3@' :@F YA (1 2] A

+3
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3
j+<<a;2,a'zz,azz><azl.a'31,azz>A

3
2 3
A
iz

2 3 2
= (<ale1 a|211 a;1><aT33: alsaang A (1 2) A (1

2 3 2 3
A
(I
A(Z 3j+<a§1,a'21,a21> (%p@5a )
1 3) [aamas) (@5a5ay

(81, 85,,85) (855875
<a’:?,r1’ a;l’ a§1> <aT33 a|33 ang
< det(A) +det(A)

=det(A).

Case 2. We consider

n-1 n - | F T ol AF 2 3 2 3
K 1 2 =<a2n—11aZn—llazh—1><a32’a32aBQA 1 2 A n-1 n ¥

2 3 2 3
<a-2rn’a|2n!a;><a-gl’al31’az>A(l ZJA(n_l nj.

<

2 3 2 3
Considering the coordinates of the elemeigsts'nvolved in A(l ]A( j we

2 n-1 n
claim that
2 3 2 3
e i A PSP Y
and
T | F T | F 2 3 2 3
(<a2n’aZn’a2n><a31’a31’a3% A 1 2 A n_l n Sdet(A)

Similarly we can prove (iii).

Theorem 3.7. Let A=(a],&;,a/ ),,.B= (] .b § ),.C G & ) OFNSSM, .Then

1. If <aj,a,a )=(a;,a,a,)k=12,..n for al 1<i<n, then
det(A) = (ay, a5, 81(85 8528 2 {8y By B -

2. det(é Ej det(A)det(B) whereO =((0,0,2 ), IFNSSM

3. det(AA") = det(A).
4.1f (a;,a;,a] ) 2(b b ,b7) foralli, j, thendet(A) = det(B).

Pr oof:
1. We have

<aiTl’ air a§1><aT22' alzzaFﬁ <ar:n !arlm ranFn> 2 <aT¢ (1)’a|¢2 (2yanFa n(>) foreveryoJS,,
since(a; ,a,,a; y <(a,,a,,a)(k=12,..n foral1<i<n.
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Hencedet(A) = D (al, )8,y 8% 0(@% 28 8% (B 1 1o Yo 1 }
ols,

=<a1Tl’ ail’ ailxaTzz’ alzz ané <a;|1—n !awlm ’a:n>
A C
2. Let(o BJ (dy ,di,df ).
Then
det[ J Z <dla(1)'di:a(l)’d;(1)> d} 20 (2 )’ Za (2 )’dFﬁa (ﬁ}
= Z <dlc7(l)' dlla(l)'d;(l)> (d} 20 (B )! 'nza @ )’d Faa @ 3 +
o(3S,,,,0(i)sn(if i<n)

| F F
<dla(l)' dla(l)’dkr(l)> '<d 2o (h )’ ha (2 )’d Bo (@ 3
olS,,,tk>n,if g(k)sn

= Z <d10(1)’ w(l)’d;(1)> -<d 20 (D )’ ha (2 )!dFao— (ﬁ} 0

oS, ,o(i)sn(ifi<n)

= Z <dla(l)’dlla (1)7d; (1)> na(n)’ na(n)’ na(n)>det(B)
o'ds,

_(Z<dw(1)’ w(l)’d;(1>> *<dnth)’ no 6)’ nahpﬁet(B)
—det(A)det(B).
3. Let AA" =((gy, 05, 8j ), where(g], g;, ) = > (a8 @, {8 8 ;).
k=1
We have, for everg 1S
(911 911919529529 2 - { G G I
= (Z(alk’ajl’aji>)(z<a;k ’arl1k 'aan>)
k=1 k=1
><a1TJ(l) aﬂla(l)’ ;7(1)> (3\;0) alem aﬁFUﬁ)>
Hencedet(AA") 2(gy;, 011, 91(9 % f b T 50 (G0 Gon Gin)
2 Y (@) 80 8 @)+ {8 )8 1) B 1)

ols,
= det(A).

Theorem 3.8. Let A=(g;) be a FNSSM. Then we have the following
det(Aadj(A)) = det(A) = det(adj(A)A).

Proof: We prove thatdet(Aadj(A)) = det(A) .

We first consider n=2.
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Let A= <a:31' a::.l' af1> <aT12’allzaF1§
e - T Al F T Al Fy |
<a21’ a21’a21> <a22’a22a 22
Then we see that
ad] (A) - (<a-2rZ’ a'I22' a';2> <a1;.2' allz aFlé] .
<a;1’ a|217 a';1> <aT1r alll’aFﬁ

det(Aadj(A)) = det(A) <a:31’ a::.l’ ailxale’ allz aFﬁ
<a;17 alzr a;1><aT22’ alzzv aFﬁ det (A)

=det(A) +(( a1Tl! a’ili ailxale’ allZ aleaTmal 21aF i a' 2é3| 2@-F )

< det(A).

Next considem > 2. We can see that
D(aa,anA, Y(apaanA, . D (ayayapA,
Aadj(A)= Z<a2t’a2t’a2t>A] Z<az’a2'az>A2 z<a2’a2’a2>pht
dlanananA, Y (anananA, . Y (an A anA,
=(Ytar.a.a)A).
det(Aadi(A) = > O (ay, a8 A )Q (85,85 ,8DA, )0 @y ay A)A 4, )
S,

Clearly any diagonal entry of the matrixadj(A) is equal todet(A).

We prove the result in the following way.
(1) Let us define

T = (@ a0 A, )Q(85,85 . 85)A () O (@ By A0A ¢y ),

for 70OS,. Let e be the identity of the grou§,. If 7=e, thenT_=det(A). Suppose
that there exist& [1{1, 2,....,n} such thatrr(k) = k. Then we see that

D @B A = 2 (BB A

=det(A) and

Ty = (X008l 2 A )X @)y A, ).l (). D a2l B Ay,
< det(A).

(2) Let 77 be a permutation ir§,. Assume thavzr(k) # k for all k 01, 2,...n}.
We know that every permutationr can be written as a product of disjoint cyclgsand
let 77=737T,.. 77, . We further assume thag, = (1 2), a transposition.

Then J,, has two factors()_(ay,ay,ay YA, ) and
(O (ay.ay.a5)A, ), and from these we see that
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(O (a8 8 A )X (@G 8 A, )= (e} 8 Al A, alp d DA,

=det(A(2= 1))det (A(l1= 2))

< det(A) (by theorem3. 2(i))

(3) If m=rmm,.m, and 7;(s,t), then we can prove thaf,, < det(A) by an argument
used in(2). Considey/,, for 1= 17 7,...77 . If

7 =(k,e f,...), then we see that

Tr= (z<a:t’all<t’ak':t>p‘n(k)t))(z<a; ’azlet ’a;>A/7(e)t) ).

= (X (an a0 A2 al ) Ay )...= det (A= k))Xet (A (f = e))...
From Theorem 3.6(iii), we obtain thadet(A(e= k))det(A(f = e)) < det(A) and
consequently that7, < det(A). This proves thatdet(Aadj(A)) = det(A). Similarly,
we can prove thatlet(adj (A)A) = det(A). Hence the proof.

Theorem 3.9. Let A/ BLOFNSSM . Then

(1) det(AB) = det (A)det (B).

(2)det(AB) < det (A+ B),

where A+ B = (sup{a;, by}, suf a b}, inf a, bf)

Pr oof.

det(AB) =det((Zr1:aTk Dbg,ia'k Dby, H a; 0b))
:%ﬁ ;ai-rk Dbl:—a(l)’kz:lallk Db&la(l)’ El a1i Dbfa(l)] T

[Z a';:k Dd—a(nwza‘;k Dhia(n) ’ H (a:k |:lhfa(n)]}
k=1 k=1 =
= Z( Z (‘5‘1Tk1 Da-lz-kz"'lja;:kn Db:lcr(l) Dhrp(z)“'ljb:na(n))

o0S, ki kykq

( z (ailkl Da‘leZI:Ia[:kn Dhilﬂ(l)mhlm(z)"'ljhi

ke Ky .k

F F E E E E
k1|<'|k (ay, Dag, ..y Oh  Ob 0.k )

> Z <a;_rk1’a::_k11aj'.:kl>'<a1:kn ’qllkn ’aT'I:kn>

(ko Ko} IS,

no )
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Z <t1<Tla(1) , hlp(lwapa)f'mza(n) ’blw(n) h:a(n)> )=
=

(D (a.ay,.ap).-{ay A, ay ) Xet®))
(KiK. Ky YOS,
= det(A)det(B)

(2) We know thatdet(AB) = det((zn: a, Dhg,zn:a,-'k Oy, lj a, +hy))

= Z [Zalk Dbka(l)’Za’.lk Dbka(l)’ H a1< Dbka(l)

o0s, k=1

; (a':k Dd—a(n)%;- (ar:k Dhla(n))i H (ar::k Dhjg(n) )]
= z ( \| (alTs DhTa(l))’( \| (als Dha(l)) (a Obl (1))

oS, t<sit<n t<s,t<n
( \I (a:;s Ijtfa(n))’( \I |jb[a(n)) e ( DbF (n))
t<st<n tss,t<n t<stsn
< Z (aiTa(l) Dtﬂa(l)) D(alh (1)Db|17 (1) D(a'; (1)Db';r (])
ols,

. ‘I (a:a(n) |:|br.1rc7(n)) |:|(ar|1a(n) |:|brl1c7(n)) |:|(ar'1:a(n) Db:a(n))

=det(((a],a),a} )+l o a0)),)
=det(A+ B)

Corollary 3.10. Let A be a FNSSMA =(a;) DFNSSM, (=1, 2, 3,...,m}. Then

(1) det(A)det(A,)..det (A, )< det (an“ A) wherei A = (i a;), OFNSSM,..
(2) det(A") = det(A), where A=(a;), JFNSSM_ andrON.

Example 3.11. Consider thed x 4 matrix
<a:;.r1’ a'.:.l’ a1Fl> <a1—2’a;.2’a';.2> <aT13’aI13aFlg <a-rl4aI 14a1F4>
(B, 851,85)  (835,80:85)  (Apa@p58s) (B8 859
<a’:’>r1’ \lﬂ’afs":l> <a1i;2’al32’a';2> <aT3 'aé3’ §3> <a24'a|34’a':31>

<a4l’ a'41’ a'41> <a42 ' a42’a42> <a43’a 43’a 4% <a 44a 44a‘ 44>
We find the determinant of the above matrix infiblowing method

T Al oF T ol AF T Al oF T ol AoF

— (a,a,8) (a8 (833,835,839  (B3583,3 3
T Al oF T o 4F T o1 oF T ol AF
(B, 85,85 (@pn8,8 (g Byz 89 (Bup@ a4

1<2
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+ <31T1’ aiv a'j'fl> <aT13; a|13 aFﬁ <ag2 ] alsz’ a§2> <aT34: a|34: ank
<a;1’ a|21’ a";]> <aT23’ alza ang 1<3 <a121 a|42’ aiz> <aT44: a|44: aF4}
+ <a1T1’ ail’ aD <aT14x alm aFﬁ <asT21 a|321 a§2> <aT33’ alsa aF3%
<a;1’ a|21’ a;1> <aT24J al24: aFZ} 1<4 alz’ ailZ’ a'z:12> <aT43 al43 aF4§
+ <a1T2’ aizi afz> <aT13a all3 aFl% <a;1’ a|317 a§]> <aT34: a|34: aF3}
<a;2’ alzz’ a';z> <aT23; alzs ang 2<3 <a111 aiu! a'¢:11> <aT441 alw aF42
+ <aiT2 J aizi afz> <aT14x alm aFﬁ <asT1’ a|317 a§]> <aT337 alss ang
<a;2’ alzz! a';z) <aT24: a|24’ ank 2<4 <a11' aiu! a':ll> <aT43 al43 aF42
+ <a:331 a|131 a53> <aT14! al14’ a‘Fl} <asT‘11 a|311 a'::1> <aT32 alsz ang
<a;3’ a|231 a23> <aT24: a'24, ank 3<4 <a11! aiw a'¢:11> <aT42 a|42 aF4%

R.Uma, P. Murugadas and S. Sriram

using this method we can find the determimdithe given matrix

(0.4,0.2,0.1 ¢ 0.6,0.7,08¢ 0.7,0.3,0.4 0.6,0.%
(0.4,0.6,0.y ( 0.3,0.2,01( 0.5,0.6,p.4 0.4,0.3
(0.6,0.7,0.8 ( 0.8,0.9,0.3( 0.5,0.6,p. 4 0.6,0.%
(0.9,0.5,0.3 ( 0.503,002¢( 0.5,0.6,0.74 08,0.9

Solution.

(0.4,0.6,0.% 0.3,0.2,0

(0.4,0.2,0.X 0.6,0.7,0:£/<0.5,0.6,0.% 0.6,0.7,0.
(0.5,0.6,0.% 0.8,0.3,0;

t+

(0.4,0.2,0.X 0.7,0.3,0
‘(0.4,0.6,0.7( 0.5,0.6,0)F
(0.4,0.2,0.X 0.6,0.7,0
‘(0.4,0.6,0.7( 0.4,0.3,0)E

+‘(0.6,0.7,0.8( o.7,o.3,o>'f
/

(0.3,0.2,0.% 0.5,0.6,0)
(0.6,0.7,0.% 0.6,0.7,0)
‘(0.3,0.2,0.3( o.4,o.3,o>t
(0.7,0.3,0.% 0.6,0.7,0)
‘(O.5,0.6,0.7< o.4,o.3,o>t
=[(0.3,0.2,0.10)( 0.4,0.6

[(0.4,0.2,0.70( 0.4,0.3,0)7 ([ 0.8,0.3,019¢
[(0.4,0.2,0.20¢ 0.4,0.6,0:8 [ 0.5,0.6,0.02¢
[(0.5,0.6,0.801¢ 0.3,0.2,004 ([ 0.6,0.3,09¢

(0.8,0.9,0.% 0.6,0.7,0>.t+
(0.5,0.3,0.% 0.8,0.3,0)
(0.8,0.9,0.% 0.5,0.6,0)f
(0.5,0.3,0.% 0.5,0.6,0>L
(0.6,0.7,0.% 0.6,0.7,o>t+
(0.9,0.5,0.% 0.8,0.3,0
‘(O.G,O.?,O.&( 0.5,0.6,0>F+
(0.9,0.5,0.% 0.5,0.6,0)
(0.6,0.7,0.8 0.8,0.9,0
‘(0.9,0.5,0.3( 0.5,0.3,0>L
,0y8([ 0.5,0.3,019(

0%,0.9 [+
(053,0.8 1+
(053,0.% H
(065.0.8 I+
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[(0.4,0.3,0.800¢ 0.3,0.2,0:8][ 0.5,0.6,08( 0.5M.7 ]+
[(0.4,0.3,0.40( 0.5,0.6,0:8][ 0.5,0.3,08( 0.50.3 ]
=[(0.4,0.6,0.10¢ 0.5,0.6,0)8 ([ 0.4,0.3,0.7( (D83,0.8 }+
[(0.4,0.6,0.%( 0.5,0.6,0)74] ([ 0.5,0.6,0(4 (065,0.8 +

[(0.4,0.3,0.8 0.5,0.6,074] ([ 0.5,0.6,((4 0085,0.3 ]
=(0.4,0.6,0.8+( 0.4,0.3,008( 0.4,0.6,p+
(0.5,0.5,0.8+( 0.4,0.3,0:8( 0.5,0.5,p

det(A) =(0.5,0.6,0.4

4. Conclusion
In this paper, we have studied properties of datexnt and adjoint of fuzzy neutrosophic
soft square matrices.
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