ON QUIZ # 5
Recall:

Let A€ Rm™xn

X = Ran(A) ==>

R™ =Xe XL ===>

R ™ = Ran(A) ® Null(AT)

R » = Ran(AT) @ Null(A)

rank = dim(Ran(A)) = dim(Ran(AT))

projector satisfies P2 = P
householder transf. satisfies P2 =1

| 1 06 0 -1 0 |
| @ 0 1 -3 0 |
R=|] 6 06 06 1 1 | rank(R)=2 ??
| @ 6 06 2 1 |
| @ 6 06 0 0 |
R=] xx x|
| © x x |
| ©0 0 |
| @0 0 |
I A llz = max || Ax |l2 7 || x|l

=max || U AX |2 7/ || x||2 = || U All2

|| AlIF = trace (AT A)%

= trace (ATUT U A)% = same
| UA ] =] AJi<== incorrect
| -1 |
| o |
| -2 |
x== | 2 | lIxll=3

(I-2 ww') Xx = a ez

I-Bv VT



o= x| ==>

vVv=XxX-ae =[-4, 0, -2, 2
a=-| x| ==
vVv=Xx-dae =][2, 0 -2, 2]

(c) take w = x/||x|| ==>
(I-wwT)x = x - (X/||x]|) xTx /||
y wl (I-wwT)
|
—0 X
wT y = projection of y ont

<=== me,

21 is r xr

V =[V1, V2]

Ur 31 VaT <== thin SVD

O1 ur vi' 4+ = Or Ur VT

Pseudo-inverse:

A* = Vi Z171 UaT same shap

= (1/01) vi ui" + = (1/0r

row dimension of A* = ? n
col. dimension of A* = ? m

If A is nxn and invertible t
A* = inverse of A
[A=UZV"T wherer =n ==

General solution of LS proble

A=UZ3XVT not necessari

]T ==> W =

T ==> w

x|l

e as AT

) Vr Ur?’

hen

U, V, Z are invertible]

m.

ly full rank



1) find all solutions

2) find solution (s) with smallest 2-norm.

AX - b=UZVT x -Db

express solution in V basis: x =V vy y has n components
AX -b=UZXZy -b=U[Zy - UTb]

lAx - b |l =l u[zy - U] || =l =y - Ub ||

| 21 @ | X1 isr xr
=10 0|

y =[y1, y2]"7 V = [Vi, V2], U =[U1, Uz]

| 21 y2
zy=|6 I
| U1T b |
UT b =] U2T b |
I 22 y1 - UsT b || 2
I Ax-b [[z = |l -U2" b I

Minimum achieved when 1st part is zero

Solution (s) with smallest 2-norm
[Ix[12 = 11 A bz + || w []?

smallest when w == i.e., when y2 =0

A =U1 21 V1T

Vi 171 U7 U1 31 VaT =
Vi V1T = Orthogonal Projector
[P= U UT where UTU=I ]
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