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Schur form

Show: Every matrix is orthonormally similar to an upper triangular matrix,
ie. A= QUQT. This is called the Schur form or Schur factorization.

A = >\\l \J¢{Pn( 3)

<N




Schur Form: Comments, Eigenvalues, Eigenvectors

A= QUQT. For complex \:
» Either complex matrices, or
> 2 x 2 blocks on diag.

If we had a Schur form of A, how can we find the eigenvalues?

o e of lem\c&

And the eigenvectors?

o ‘ﬂ_)\ ) =
(lu ) D . (U‘L,u\
(A @* u 3 (@)
- i\ N
U-Av = ") @bt
O\l\ WA x
S Yz Qv Agsh
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Computing Multiple Eigenvalues

All Power lteration Methods compute one eigenvalue at a time.

What if | want all eigenvalues?

4

T Swllocame {lewhon

),

| " OeShlinn - Sty Honsfore i

Eivd cigec 1B ey
,ew d

139



Simultaneous lteration

What happens if we carry out power iteration on multiple vectors
simultaneously?

Xo = Smg Vo dova ving [q(

X“, L

Onlilonss:
— neak by hownellite

X (j'/\"’ ‘“ &\\/\M QQ_ (Q\uws@
C oy lo dow ot w»w\ol
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Orthogonal lteration

X, €R"P pen)

ﬁ_ﬁv k'-'-'- 0. --+-.
P, oovw!/rge..(.
- QF.RK = Xk
N = i & liewr oanv,

- Yew = ARy LexfonLVe

141



Toward the QR Algorithm

Qo R = Xo
X, =A@,
QR = X1=pQ, -’>QEQ.-—A

Once G X &n |, Q*E Q*T"A

) Shwy fac !
bower of QTA Qn 4 desived  ontgpon

Demo: Orthogonal lteration [cleared]
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QR Iteration/QR Algorithm

Orohe - Fey, QR iter

Xo = A 20 =

QKRK = XF &KEK: Z‘:

Kt :é;ak S—(—K-l-\ = Tzk &g
T - el

(X F Qe ARy = Yy )
- Q.= Q: ~ _ Shw— {mm

G\< > ao Q, - Q‘(
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QR lteration: Incorporating a Shift

How can we accelerate convergence of QR iteration using shifts?

Ko A
61“& =% -0l
QAH: 7‘6‘( + 0‘([

-~

Biton i ok 2t G,
— Gu\dm r\q\\\r (Z.Y/L P\)Q\Q&NV&\M (mo\\

S

‘ prdic ree
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QR Iteration: Computational Expense

A full QR factorization at each iteration costs O(n3)—can we make that
cheaper?

Demo: Householder Similarity Transforms [cleared]
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