
Wednesday Nov 6

• Homework 9 due today
° Midterm 2 on Monday
° Midterm 2 Review posted

Example from Monday

X
, t Xz = 5

2x , = 2 has no solution
.

- Xz = - I
system of equations

µ If -

- ft)
A × = b

Can we find an approximate solution ? A
"

good
"

one ?

Least Squares is one definition of good .

Language Assuming an mxn matrix A such
-

"

that men .
C So A has more

equations than variables .
)

. residualr = Ax - b t difference turn output
Ax and desired

Sol n b
.



° Least squares strategy chooses to minimize

It Ax - b 112
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HIAll fill

= µ (f)If = Ts better than x= %)

Can we do better ?

• I is a solution to the least squares
problem if HAI.

BIT E HA x -
BIT for all x

. I makes the residual as small as poss .ba

• I is a leastsquaresapproximation of
a solution to Ax=b



How to minimize It Ax - b112 and find I ?

Ithswer : Realize that Ktx- b42 is just a function

from IR
"

to IR and use Calculus HI
.

Return to our example :

µ
'

g ) flyIf = #, ]
axis . .! × - b

* HAx - bIT = ( x
, txz

- 5)
'

t ( 2x
,
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D= fcx , ,xz )

How to find the minimum ? Want Tfcx
, ,xz)=0 .

0¥
,

= 2 ( x
, txz - 5) t 4 ( 2x

,
- 2) = 10x

, +2×2-18=0

¥×z= 2 ( x , txz - 5) - 2 ( I - Xz ) = 2x
,

t 4×2-12 = o

Xi -
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Ha, . hi- - IHE ! .im
.

.

=
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• HAx - b IT ← the objective function .

• - take a column view of Ax
,

then

HA x - bell ! If④ A  tf xzt . .  . tf xn - b If
-

linear  combination  of

Column  vectors

So I would be tin
.  combo  closest to b

.

• Suppose A has linearly independent columns
,

the least squares approximation to Ax = b is

I = (ATAJ
'

Atb = Atb
( pseudo inverse

° on Monday
: A -

. Go's ] ,
At -

- CATa)
' '

AT = aIgIg )

soar .

"

÷÷H⇒÷÷÷H÷H¥!



component - wise

Why is I -

- Atb ? )
Now

,
fcx ) -

-
HA x -

BIT =€? !Aijxj
- bi )

"

"

-

work f
ith component  of the vector

A x - b

and Jfk ) = ZATC AI - b ) = O

So 2 AT AI - 2ATb = O

A TAI = Atb

t I = LATA)
"

Atb -

-

Atb V

ATA is

invertible


