
So
,
if ATA has an inverses

then the columns of A we lively independent,

Ax =0

2
X =C

A
,
calumsarelively independent

At = (ATA)
"

AT Moore-Penrose inverse

Pseudo inverse

Claim : At is a left invest of A.



AtA = ((ATA)+AT)A At= (AA) AT

= (ATA) (ATA) (AT)"= (A )T

= I I I = A
-+Y

What isAt if A is squar?
CATA)ATA CATAT

= AI

At is a left Most of A. =A
- 1

So At had better be At



If

Ax = b At = (ATA) AT

Ax = Ath
We can compute Ab

usus The QR factorization

Ix = A +b of A

x = At b-statan
A = QR

At = (QR)T
= RTR

= RTQT
(ATA) " = (RTR)



= R" (RT)

At= (ATA)+ AT = R (RT)" (QR7T
= R" (RT)"RTQT
= R" IQT

= RQ Atb

RGT



z= A
+b mens z = RQb

Rz = RRQ b

E

Rz = QTb

z = At b > Rz = Q Tb

So : to compute Ab 1) form QTb

2) solve R = Qb

using back substit



Then z = Atb.

--

If A is sque and I give you A= QR

and want year to sole Ax= b for x

What do
you dot

QRx = b

Q QRx = Q5b
-
F

Rx = Q b



Now solve for x by back substitution,

-

A u xu QTQ = I

& cols at Q

A= [a ,
... an] One onthomal

a
.... on > 9... - qu

*

M [2 .
. . . qn] ...ro]



a
, = 9

, 9
,
= /pl)

2 = an - ( , az)qa= =

/1)I
2 = el . az

az = 112 1192 + (q, an)q

R = [Hill (a) (apas)
0 Kell (an)

I i 1131)



What about wide matrices?
N

m < 4

n[] & right inverse
.

We will build a left inese for AT

We'll assue that A has liverly independent

rais.

Them At has linerly independent coluns,



So (A)AT = AAT is investible.

Now we
define

At = ACAAT)

-AT-AAT(AAT = I

Ax= b x = A
+
b

Then Ax = Aftb = Ib =b
.



&I
more then one solution,

-

Next class : Hear to compute At using QR

factorization for mide natures,


