[Matrix Auxiliar ]

MAux (A)’:l[ng‘ :=eval (rows (A)) n¢ :=eval(cols(A)) [1..nr][1..n¢] A]

[QR Decomposition ]

for ¢ € [1..n]

[QR]

R ::nor‘me[col(Q, C]] R

MR (A):= [[n nc r ¢ Ql=mMux (A) g::matrix(n,n)]

for ki=c+1,k<n,k:=k+1
ﬁck’:zwl[g’k]Qrk::Qr.k_'Q..

MRound (A):=

M :=eval
rc

MEigen (A):=

for k € NR

kout (X ):=

rc

trace| —M B

else

round

4 :=str2num [concat ( " MEIGENV#
NR - -

M :=str2num

1 kout [A-Vo—Ak~Vo]

k

A :=polyroots (stack (— reverse (v), 1))

[R=0w=matrix(n -1, 1)]

for r € NR
if r#£k

W =X
R:=R+1 r
else
continue
W

[r‘=:[1..(n—1]] C=:r-]

Ek :=if |M|=0
check :=0
matrix (n, 1)

[ a

concat "diff(",nusttr‘[eq ], s
r

RIn (X):=

", num2str (NR ]]]

E =
NR R

[[n nc r ¢ Q|:=Maux (A) N::trunc(—e.s-logle(TOL))]

Re[Mrg],N]+i‘r°”“d[Im[Mr§]’N]]

[n :=rows (A) C:=A I:=identity(n) V:=matrix(n, 1) S:=V Vl::tr‘(A)]
[ £ :=matrix(n, n) M:=matrix(n -1, n —1) NR:=[1..n] check :=1|

for k:=2,k<n,k:=k +1

—=A - — . ’_tr‘(C)
C:=/ [c Vi, 1 I]Vk._

[R:=0w=matrix(n, 1)]
for r € AR
if r#k

W =X
r R:=R +1

else

W =1
r

W
norme (W)

Vo ::matr‘ix(n, 1) VOk::]. Vk::]. eq := ROuUt [A-V—/\k-V] VO:IkOUt(V)]

, numZStr‘[VO c]’ ") ]

= A - — .
Ek Sk norme (A - ER /\k Ek]

NR

[ nrng ¢ M]:=MAux (A)

@

MG



l RIn

—m - kout [A-VO—/\k-VOJ

[check-[max(S)<«/ﬁ]/\ E]

—10
TOL:=10
[sc A m]|=MEigen (A) returns the sanity check sc, the eigenvalues A,
and the columns of M are the eigenvectors of A
1-33 -2 0.4082 0.2673 0.4082
A=|3-53 [sc A M]:=MEigen (A)=|1| -2|| —0.4082 0.8018 0.4082
6 —64 4 —0.8165 0.5345 0.8165

1 0.4082 0.2673 0.4082
MRound [M A -M] =| —0.4082 0.8018 0.4082
—0.8165 0.5345 0.8165

B is the matrix for change basis

B:=A-M B 0.4082 0.2673 0.4082
MRound [B -diag(A)-B J= —0.4082 0.8018 0.4082
—0.8165 0.5345 0.8165

k=1 n:=3 Id :=identity (n) Z :==matrix(n, 1)
dn_
S::augment[A—)\k-Id,Z
1000 1000
MRREF (S)=|@ 10 0 MREF (S)=|e 100
0010 010
dn_
3 -3 3 0
-8
MGaussELim (S) =] @ © ~3.0966-10 9

[

-8 -8,
6.1931-10 ~ —9.2897-10

0.1474 —0.1426 0.8136 |[6.7823 —14 10
MQR (A)=||©.4423 ©.1817 —0.5377 © 6.5626 —4.7442
0.8847 ©.973 —0.221 ) @  1.0435
0 1-1 ~1][ e.8165 @ —0.5774
A=11 0 [sc A m]=MEigen (A)=|1| 1 || —0.40820.7071 —0.5774
-10 1 2 0.4082 ©.7071 ©.5774
. 0.8165 © —0.5774 sc=1
MRound [M -A-M]= —0.4082 ©.7071 —0.5774

0.4082 0.7071 0.5774

B is the matrix for change basis

B:=A-M ( _q) 0.8165 (<] —0.5774



MRound |B -diag(A)-B )J=| —©.4082 0.7071 —0.5774
0.4082 0.7071 0.5774

1 2 2
A:=| 4 —-53
-6 2 4
3.3107 +3.1435-1 0.5277 0.5053 +0.152-1 0.1753
[sc A m]:=MEigen (A)=|1|3.3107-3.1435-i | | 6.3801 +0.1143-i 0.3969 —0.9448
—6.6213 0.2296+0.715-i ©.4258—-0.6186-1 ©.2769
. 0.5277 9.5053+0.152-i ©0.1753 sc=1
MRound [M A -M]= 0.3801+0.1143-1 0.3969 —0.9448
0.2296+0.715-i 0.4258—0.6186-1 ©.2769
1-33 -2 0.4082 0.2673 0.4082
A=|3-53 [sc A m]:=MEigen (A)=|1|-2|| —0.4082 0.8018 0.4082 d
6 —-64 4 —0.8165 0.5345 0.8165
. 0.4082 0.2673 0.4082 sc=1
MRound {M -A ~M]= —0.4082 0.8018 0.4082
—0.8165 0.5345 0.8165
d
Numerical Issues
0 1 00 u:=5 s:=2 t:=3 Wi u
2 5. / 2
Al —u 2-u 00 14u
—u-s S u o9 _5
—u-t t ou 4.9989 0.1602 9 1601 —3.3628-10 -i 9© dn
. 5+0.0011-i| | ©.8006 0.8006 00 -
[sc A m]:=MEigen (A)= 5——F9 0011 . 1 .
) ©.3203 9 3293 -6.7256-10 i 1©
5.0011 .
0.4804 0.4804 —0.0001 - i 01
0.1602 0.1601 00 . dn.
0.8006 0.8006 LX) S

-1
MRound [M -A -MJ= .
0.3203 0.3203—-0.0001-1 10

0.4804 0.4804—-0.0001-1 0 1

Exact solution have only

3 indep eigenvectors 00 ©.1961 0.1961 @ ©

0.9806 0.9806 0 ©

-
Il

S © © <
Il

vi vl vl un
=
[l

® ® £ <

® ® £ <=

00 |=

(4 (<] 10
1o (4] (%] 01
01

0.1961 0.1961 0 ©
-1 . )
MRound [M ‘A -M]: ©.9806 0.9806 0 ©
0 @ 10
1

(4 0 0

Non invertible matrix

A,:[;il [sc A m]:=MEigen (A)=m



0.1961 0.1961 0 © [Al=1

_1 . .
MRound [M -A-M]: 0.9806 0.9806 0 0
0 e 1@

© e o1 sc(A)=n

Alvaro



