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ABSTRACT:
In this paper we introduced the concept of fuzzy s-normal and fuzzy s-normal
polynomial matricesand studied someof itsproperties.
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[.INTRODUCTION
Let F=[0,1] bethefuzzy algebrawith operations addition and multiplication defined as

atb=max{ a b} and ab =min{a b}, for every a, b = [0,1]. A fuzzy matrix A of order
nx nisdefinedas A =[x, ,u; |, wherew, isamembership value of the element x; in A.
For simplicity, wewrite A asA =[ e, |, ¢y € [0],i,j=1ton[3]. Forany matrix A €
F™" (set of all fuzzy matrices of order n), the secondary transpose of A is denoted by A® and
isdefinedas A®=[ayjs1niva],i,j =1ton. A € F*"issaid to be s- normal matrix if
AA®= A®A and is said to be s-unitary matrix if AA®= ASA =1, [1]. Here, we introduce
fuzzy s-norma and fuzzy s-norma polynomia matrices and studied some of its algebraic
properties. The results are analogous to that of the results studied in [2] for complex case.

II. Fuzzy s- normal matrices

In this section, we present the definition of fuzzy s-normal and fuzzy s-unitary
matrices and discuss some of its algebraic properties.

Definition: 2.1
Any matrix A € F*"issaid to be fuzzy s-normal if AAS = A®A.
Example: 2.2
A= 0(')4 82] € F?*?jsafuzzy s-norma matrix.
Theorem:2.3

Let A € F"*" then thefollowing conditions are equivalent.
(i) A isfuzzy s-normal matrix.
(i) ASisfuzzy s-normal matrix.
(iii) hA isfuzzy s-norma matrix where he F.
Proof:
(i) © (ii):
A isfuzzy s-normal & AAS = ASA
@ (AA%) = (ASAP
o (AS)S AS=AS(AS)S
& AS isfuzzy s-normal matrix.
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i & (iii):
A isfuzzy s-norma < AAS = ASA.
© PAAS = h?ASA,
< (hA) (hAP®= (hA)®(hA).
& hA isfuzzy s-normal matrix.
Theorem:2.4

If A,B€ F'*" grefuzzy s-norma matricesand A BS=B°A and B AS= ASB,
then A + B isfuzzy s-norma matrix.
Proof:

Since A and B arefuzzy s-norma matrices.
Wehave AA®= ASA and BB® = B®B.
(A +B) (A + B)°=AA®+ BB+ AB°+B A®

=ASA+B°B+B°A +A®B = (A +B)°(A +B).

Hence A + B isfuzzy s-normal matrix.

Theorem :2.5

If A,B€ F'*" ge snorma matricesand A BS=B°A and B AS= ASB, then
AB isasoafuzzy s-norma matrix.
Proof:

We haveto prove (AB)(AB)® = (AB)>(AB)

AB (AB)°=AB A°B® = AA®BB® = AA®B®B = (BA)(AB)

= (AB)3(AB).

Hence ABisasoafuzzy s-normal matrix.

Definition :2.6

A matrix A € F™"issaidto be s-unitary if AAS = ASA = |,.. If it satisfies the
condition then the possibility of A isakind of invertible matrix, in particular it will be a
permutation matrix.

Theorem:2.7
Let A € F"*" | then thefollowing conditions are equivalent.
(i) Aisfuzzy s-unitary matrix.
(i) ASisfuzzy s unitary matrix.
(iii) hA isfuzzy s-unitary matrix where he F.
Proof:
The proof is similar to that of theorem 2.3.

Theorem:2.8
Let A, B e F*"*" If A and B arefuzzy s-unitary matrices, then AB isafuzzy
S-unitary matrix.
Pr oof:
Aisfuzzy s unitary then AAS=ASA =1,
B isfuzzy s unitary then BBS=B>B = I,,.
(AB) (AB)°>=ABB>A°=ABB A=A A°= |,
(AB)*(AB) = BSASAB=B°ASAB= B°B= I,
Hence (AB) (AB)°= (AB)°(AB)=1, and AB isfuzzy s-unitary matrix.

[11. Fuzzy s-normal polynomial matrices

In this section we define and discuss the fuzzy s-normal and s-unitary polynomial
matrices.
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Definition:3.1
A fuzzy snorma polynomia matrix is a polynomial matrix whose coefficient
matrices are fuzzy s-normal matrices.

Example:3.2
A(X) be afuzzy s-normal polynomial matrices.
A(X)=l0.1 x*+02x+0.1 0.2x%+0.3x ]

01 0 2] 0.2 003'*]1 x +[%'21x +00]1
. . X2 + . . X + .
0

0,01 0 0.2 0.1 _
= Ao x“+ A1 X+ Ap ,whereAg, A1, A, arefuzzy s-normal matrices.

Theorem:3.3
If A(N) € F(O)™*", then the following conditions are equivalent:
(1) A(A) is fuzzy s-normal polynomial matrix.
(ii) AS(\) is fuzzy s-normal polynomia matrix.
(iii) hA(A) is fuzzy s-normal polynomia matrix, whereh € F.
Proof:
The proof issimilar lines to that of theorem 2.3, for polynomials.

Theorem :3.4

If AQ) , B(A) € F(AN)"*" (set of al fuzzy polynomia matrices of order n) are
s-normal polynomia matrices and A(A)B(A) = B(A)A(A), then A(A)B(A) is aso a fuzzy
s-normal polynomia matrix.

Proof :

Let AQA) = Ag+ AN + ... + AA" and B(A) = Bo+ BiA + ... + B\A" be fuzzy
polynomial s-normal matrices, Ao, A1 .. Ay and By, By .. B, are fuzzy s-normal matrices.
Also given,

AMN)B(A) = BMA(N)
A()\)B()\) =AgBg + (AoBl+AlBo))\+...+( Aan+Aan_1+...+AnBo))\n
B()\)AO\) = Bvo+(BoAl‘FBle))\‘F...+(BoAn+B]_An.1+...+BnAo))\n

Here each coefficient of A and constants terms are equal.
(i.e) AoBo = BoAo
AoB1+ A1Bo = BoA1+B1Ag => A¢B1 = BoA1r and A1Bo=B1Ag ..
AoBrtA1Bnit...+ABo = BoAr+B1A1T...+BrAg
=>  ApBo=BoAn A1Bni1=BiAn1 ,..., AcBh=BrAg
Now we have to prove A(A)B(A) is s-normal.
ANBM) [AMBMI= AMNBM) AMBA) = AWASNBMNB M)
= AMASN) BSWBM) = [BOAMWITAN BW]I = [AQ) BWITAM) BM)].
Hence A(A) B(A) is dso afuzzy s-norma polynomia matrix.

Theorem:3.5

If AN , B(A) € F(O**"  are fuzzy snormal polynomial matrices and
A\ BSA) = BSA) A(A) and B(M\) AS(A) = A3(A) B(A), then A(A) + B(A) isfuzzy s
normal polynomial matrix.
Proof:

The proof issimilar lines to that of theorem 2.4, for polynomials.
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Definition :3.6
A fuzzy s-unitary polynomial matrix is apolynomia matrix whose coefficient
matrices are fuzzy s-unitary matrices.

Theorem:3.7
If AA) € FQO)™ ™ | then the following conditions are equivalent
(i) A(A) is fuzzy s-unitary polynomia matrix.
(i) ASQ\) is fuzzy s unitary polynomial matrix.
(iii) hA(A) is fuzzy s-unitary polynomia matrix, whereh € F.
Proof:
The proof issimilar lines to that of theorem 2.3, for polynomials.

Theorem:3.8
Let A(A), BA) € FQO)™ ™™ . If A(A) and B(A) are fuzzy s-unitary polynomial
matrices, then A(A)B(A) is fuzzy s-unitary polynomia matrices.

Proof:
The proof issimilar lines to that of theorem 2.8, for polynomials.
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