
Fri Nov 8
• Midterm 2 Monday

The review sheet  is helpful .

From Wednesday

• Given system Ax=b
,

columns  of A  are

linearly independent

the least squares approximation is § ,

where I = Att b and think of I as

° the vector that minimizes It Ax - BH
"

Or

• a
"

best
"

approximation of a solution to

A x=b

• Terminology FLA = It Ax -

BIP ← objective ten .

-

- I

& CAT #AT b = I ⇐ Atb -

- I

• To Solve Ax =

b.mu/t.byATonbolh.engYIIihs-ATAx=A*#



Example : Find the line of best fit for the points

( I
, D

,
L2

,
4)

,

( 4,11 )
.

We want y
-

- mxtb that  is close to points .
So . . .

we want m and b so that I = mtb

4--2 mtb

11=4 mtb
.

° "

µ,

'

g) (F) =µ) .

There is No solution b/c

¥1 is not constant

for our points .

Find a least squares approx .

solution -

If A- fz,;) ,
then At

-412411¥
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42,4,]
I I I
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How confident that this would work for 100 points ?

as a " a Kil
.
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There is another strategy for finding At :

using QR factorization
.

Quick Review Given A  an nxn  matrix  w/ linearly
-

Independent columns
,

① use Gram - Schmidt to find

orthonormal vectors of , qz . .  . qn

Which form the columns of matrix

Q ,
an orthogonal matrix .

Find R using Rij  = ajq.

for It is jen and

Zeros below diagonal

What if A is not square ? Say mxn .

Given A  an

men
 matrix  w/ linearly

-
well

,
then

independent columns
,

L m > n

imShnidtto find
µ we can still apply GS to

orthonormal vectors 9,92 .  - - qn get the qi 's

Which form the columns of matrix

Q ,
an

orthogonality
.

2- Q would also be mxh and

have orthonormal columns .

Find R using Rij -

- ajqi for IE is jen and

KWS below diagonal t This still works bk

we have n qjs and

mais !



ED QR - decomposition) factorization for

A-

&!) .

-
-

" ÷: in ÷,
•

C Check it 's correct !)

Your Use ( xx ) ! y and = I' I
'

to show

If A = QR
,

then A*= Rt
'
QT

.

itAnswer :

At = (ATA) A
"

, T

= RJTQR) ( QR )

= f
RTQTQRT'

C riot )
-

- fRt .Rj
'

C riot ) IQTQ -
- In

= pi
' RT QT f CRI

'

R -
- In

= R
- '

Q T



As a matter of  implementation i

G Find I the least squats approx of

Ax = b
.

( columns of A au Lin
.  ihdp . )

QR method .

① A = QR .

← find QR factory at :

② Solve Rx = ⑦ Tb by back sub
.

To be specific : Find Ifor

④
,!)X

=/! )
rag , urging

b
286 t

①
A -6

-

A =

"Iafl: Mr.;) .
So solve Rx -

.Eb or

•

R Qt b -

- (5%21)
Q

-

5¥

Fix , t Fez ×z
=

SHE,

56 - 556

J Xz = I
⇒  xz = Iz

Plug xz =

-

Ez into Fu x ,
t Ez ×

,

= 5¥,
to get X

,
= 4¥



How to find the point on the line L

closest to the point PC 1.3
, 5) if

L is the line through Co
,

'o
,

o ) in the dint

(b) want x so that

[

4)f= f
'

z)
no Sohn

.
Find I

.

number

I -

- Atf;) -

-fansan
= L65

'

[ I 2 , ] [
'

z) = the (1+6+5)=2

I -

- 2 or (g) is closest to (f)

* ears
"

TAT w -
- (g)¥1 =o ✓


