1. T/F: SVD of a matrix always exists

2. T/F: Number of nonzero singular values of A = rank of A

3. Terminology: Left singular vectors, right singular vectors
u \Y%
A=UZXVT

A Vi
AT ui

Oi Ui
Ooi Vi ==> ui' A = 0i Vi

4. Computing sing. values & vectors
- nonzero sing. values of a 2x5 matrix A?

A (AT ui) = A (0i Vi) = 0i2 ui ==> can get U
To get V: Use relation A =U Z1 ViT - ViT =311 U7 A
5. If you have a pair oi Vi how would you compute ui?
If you have a pair o1, u1 how would you compute vi?
ui™ A /o1 = vaT

AT ui = 0i vi => vi = (AT ui)/0oi

6. A with nonzero singular values ci=~ Or [r = rank]
B a matrix of rank = 1

what can you say about | A - B |2 = o2
What about min | A - B |2 = o2
rank(B)=1

|1 2 -4 |
e 1 2
o o 2 |
| 1-t 2 -4 |
det(A -t I) = | 0 1-t2 | = (1-t)2 (2-t)
0 0 2-t]

A={1, 1, 2} 1 = double eigenvalue

1 with alg. multiplicity of 2 [double] and
2 with alg. multiplicity of 1 [simple]

Geometric multiplicities

For A = 1. eigenvectors?



| © 2 -4 | x1

| © 0] 2 | x2 =0

| © 0] 1 | Xs

X3 = 0, X3 = 0;, 2 X2=0=>Xx2=20

eigenvector = [1 0 0]T
Only one eigenvector == geom. mult. = 1 [- not semi-simple]

For A = 2: simple eigenvalue
alg. mult. = 1, geom. mult. = 1

One eigenvalue A=1 of alg. mult. = 3.

eigenvectors:

| © 2 -4 | x1

| @ 0 2 | x2 =0
| ® o 0 | xs

| 1
det(A -t I) = | @
| 0

One eigenvalue A=1 of alg. mult. = 3.

I
| = (1-t)®
-t

eigenvectors:

| @ 0 -4 | x1

| @ 0 2 | x2 =0
| @ 0 0 | xs3

X3 = @ is the only condition.

x =[1, 0, 0]T and x

(e, 1, e]T

also
x =11, 1, 0] and x = [1, -1 0]T

Alg. mult. = 3, geom. mult = 2.

Theorem A diagonalizable < A has n 1lin. independent eigenvectors



A diagonalizable < A = U A U-1
A diagonalizable < AU =UA
e A [ui, ..., un] =[uz, ... , un] Diag(Az1, ..., An)
e A [ui, ..., un] =[Az1 Ui, ..., An Un]
e [ Auz, ... , Aun] =[A1 U1, ..., An Un]
o A Ui = Ai Ui for i=1, ..., n
and the ui's are lin. independent [columns of an invertible
matrix. ]

Schur form theorem

ex. 6 show
PAPH = | A * |
| 0 Az

PAP'e1 =PAX=PAX=MAPXx =\ e1 Done
== X

If A is hermitian:
QRQ"=QR"Q" -~ R=R



