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Last Time LeastSquaw Problems
2 m n

minimize HeatToll aijxj bi
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Normal Equation

Solving the normal equation is bad idea numerivity

The condition number relative of ATA
is the square of that of A

Instead solve a consistent system

A I projb 3 If t Tru is an
colA

orthonormal basis for colA
then UUTI lie adf.int b

is the projection of 5 onto 01A
AT UVtb is consistent

The columns of V an orthonormal Su V is an orthogonal

matrix UTV I

Use Comm Schmidt pwns
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So when we are done by constructive
Q I oh 9in then QTQ I

And the projection of Tx onto the column space d A

ice Span di ian is jut projant QQtx

Furthermore this attly yield a factorization of
the matrix Ai

ColQ colA
So any of Gatt taran

and likewise of dig t dug



This gives us the QR factorization

A Q R
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The gutin is what are the Raj's

Vij's can be obtained from G S process
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With sufficient bookkeeping the G S prowess yields the
fudurizntrin A Q R

So now to solve last syvas
At QQ'T
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Show lateron
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9 HW or exam

uppertriangular system



Applicators L.ir 2eynssw

uGiindutnxI x2 yi fr i I n

Genentinimodel y a box t ch t E
CN lo t error or
measurementnoise

You observe yi at bx t CXI t Ei
9 9
independent variablesdependent

variable

Assumption is that noise only appears in Yi

Gain an estimate of a b c d b E then

the residuals are givin as

ri yi ta Tsx Ext
T dialedvalue givin
observed value estimates a ibid

Question How do we estimate a b c

One option minimize the squared residuals

main Mi avg.in lyi a bxi cxiT
This is a leastspurs problem dsgirmatrix
Form the least square system

L
min

a.nl l i Iy i.t lf iinxa s
l X w

ai e
X Y



Graphically

µq
iyi b Fit y

mxtb to data

minimizingthe vertical errorsbetween the
data yo and the line y mxtb

One additional method to solu least spurs problems

Using the SVD
Recall If A c 112mm m n rank A n

Then we can write A US UT
n r
I IIIhogonalman

diagonalorthogonal
nxn

Special case If A is invertible m n thru

A vs VT
t

VTS ut but UN are orthogou
VT U

VS ut

If A is not invertible m n

Def the pseudo in in of It to be
1
A VS UT

Even though It is not invertible
ATA vs ut us VT

S tutus T

I
VT I slice is square

HW Exan problem
show that the least squas solution to AI T i

I US Vtb


