
 ThesymmeterQRTteratian in brief

FACT Cymmetric Schur Decamp If AER is symmetric
then 7 a real orthogonal a st

QTAQ

F
thereaves for K l n AQ C K AKQGK

Orthogonalterate 4,51
RnEn AQ K I

GTAQ D diag ai end
Assume 1711717213 744 Q 4191.0 87
Fact If Mr 17 Arti

and if da dist Deca R Qr K O

if do 1 then the Qu's satisfy
ans tf e

IYIIE.EE
t.EAmggg

af Elza Hit
Al QAQ.figfigf8itfg catamaran

reflection



I

Implicit Q Theorem is clearly valid
upper ltesserberg
replaced by
tri diagonal

T QRPMyjgtinfp.fm ofra atTQ is also

symmetric tri diagonal

Shift A SEIR T S QR factorization
then I RQ SI QTTQ isutri diagonal

symmetrieshere

Hasttiochtopiffron n 1 Given rotation

Implicit Shift QR works more efficiently 431
flops without a 93 with Q

Recall the Asymmetric QR took con3 without

Q 2523 with Q

Specialbealthit Wilkinson shit

TY j
usual choice of shift an

hstead consider fan
i bn eigenvalues

Q an 1 a an bn
bn 1 An p Lan tan At an an bi

Xin ant Caniff tf
Choose the eight closer to an



shift M ant d sign d Rtb
Implicitshift we can implement the QR iteration

steps with shift implicitly
Normally QR T MI T RQtMI ÉTQ
Instead compute c s s t

1 11 17

Let
Gifs these taek

me

wt É I

Chase the bulge out with Givens rotations
62 i Gn 1

Then Z G Gr Gn i will satisfy
D Ze Ge Qe
and FTZ is tri diagonal

SymmeticQRAlge Given At Rn symmetric
we compute the Schue decomposition

D QTAD



steps Tri diagonalize A i e compute reflections
P Pn z s t

D PC Pn 2 TA P Pn z is

tri diagonal
while 9 En

ist n 1 set die i de it to zero

if I die i digit Stol Idiilt din i

Find largest q smallest p s t

D g JPp g
where 033
is diagonal
Da is unreduced

mfg 8339
if gon
apply Wilkinson shift implicitly on Da

and

Computingthesid A firm Cm n

Let S ATA SE AAT S Fa Af

A YEEGIEM fotmither
DUTA V JENG ETH EE GI

m

2 UTAH U Éjn mmne Rmm



I
3 H o El and Q fo Yo God
of a

FEE I X i It
Eentftmentm
ntm

In

Indirect Method not used in Practice

Th eigenvalues t eigenvector ofAAT ATA OR Eff
Lainatiathsoughcaring

Say A of Jut Fa uf Jut0

if should
be O

computable might
Hence indirect computation through be too low

explicit ATA And computation entered
avoided



Directcompof

athogenaffEquivalat if F orthogonal Perm'm
B P A Q

Mx n mum my n n x h

then A and B are orthogonally equivalent
H A U E UT ther
B PU E VQ A B have same

IET singular values

Slept Reduction to Bi diagonal form

Nin

B

Thy Let A EIR wilt my n Then F orthogonal
f e Rmm If pm s t

B FAT is bi diagonal
Moreover J J are products of find no of
reflectors

Proof Golub Kahan Algo Step 1

a Etf

mxn refleites am



2 Consider IT be a reflector s t

Eat ITI f o 07
nInxf i

dealt Vi

fF
airmen

THEFT
Then tautffitffgff

Recusing similarly

on o avivi.tn ftit gfg

ago.a
O o

B

resatt

ff.tgy.gg

fBtkupper bi diagonal

step Apply the implicit shift QR to the
tri diagonal matrix I BTB
Check BTB is tri diagonal Exercise



Naive way met done in practice
Ate T BTB

TG in n in

faith
do ifn

da fay dat fr

Compute wilkinson shift a Cosette
dn't f

2 Compute Gps sit

TIRQAIE IT
My

ÉÉÉ
set Gi

fig

Ge Qe

3 Compute Givens rotation to chase the
Ctu diagonal bulge in Gita
Result

G Gm TBTB G Gn it is

tri diagonal

steps Repeat step 2 until convergence
then deflate
then repeat on smaller matrices



To prevent loss of information through
squaring we do not explicitly compete
T B TB

Instead Practical Method Golub
Kayhan

1 Apply G to B directly

Baig f 7

tf
bi diagonal

2 Compute Me V2 M i y Un i On i to

ÉHÉ Ft

UF BA

iii

is



B font of BIG vz un i
I

OTB T
H QR AL
TI RQ AT

MEEEE
Te Gie Qe

Ge Qe

Also BITE ITBTO TTB T TTETBJT

Hence by implicit Q theorem V Q are

essentially same

If fi o
f

X x o B decouples into

oX two smaller subproblem

x xitem 8 4 9 00

of Givens
rotations to I

zero out the 1365
entire

offHEF



SVDAlgo Given A firm

step 1 Compute the bi diagonalization

PJ C bn TA v r un z

while 9h
For it n I set bi it o

if Ibiitlftol.lbi.lt biti itil
Find largest q and smallest p s t

P

B Ed Boaz 8 n p g

Q F a B33 9

then Bz is diagonal Bai's bi diagonal
with a non zero super diagonal

if an
if if any diagonal entry is zero in Baz
then zero the super diagonal entry in same

row

1 apply a gas Kahan step 2 to Baz

end
BIT UTBzzV

L


