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Warm-up . Borax

• Let A > O and B = UAUT where Un's orthogonal.

Hoo are KCA) and KCB) related ?
.

assume Casa) is eigen pairs of
A teen

C X. Usc) is on eigen pair of
B .

KCA)= Xanax I>min
r

• condition number and solving linear system
.

Assume y = Ax
how does Cytby)

-Ake

relate to solution of y - Ax .

Assume @ +Dy) = A cxtbx
) - ⇒ By = Aase

⇒ Ax = At by .

"Y% z BRCA) Hdi ⇒ nasal EMAIL '
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Scale gradient;y!÷f!odfI⇒ f. E'→R .

° Make a linear change of variable with

nan intertitle matrix S . i.e.

x- Sy ⇒ y
⇒ Stx .

nyienpn fd
' - Psealed

* gas) Pscded '

• Apply gradient descent
to -vgag=5Tfcsy) .

Yu = Yes - 2K SF fcsyie)

• Multiply on the left by S :

⇒
sew , = Kee - de SSTTf i



• Scaled gradient method with D= SST.

⇒ xx = Xk - die D Tffxk) .

• Scaled gradient - DV-fc.ae) is a descent direction .

f-
'

(x; - DTfGD)
= - TfGc5'D TfCx)

= - Tf ex))T (STTfu)
C O .

because S is non - singular .
Scaled gradient method .
-

for K= O, I, 2, r . . .

• choose a scaling matrix . Die .

• compute the sealed gradient die- D,Tfw .



• compete step length die by line search on
01kcal- fcxietad) -

•

Nay, = Xk - AgedK .

° stop . if it -VfCx*,THE toe

or 11 DieTf ex SHE tol .

119kt, -2*11 E ( kµ÷) Hock
-x.I



Choosing the scaling matrix .

gCy2= f
CD"2y ) # fox)

° Scaled gradient is just gradient
descent acting on

YG" -vgcgz=µ"zjqfcijizy)
-= DEFCx) '

TIC'D = D
" Ffc play)@kj-Dh-v2fcx3CDh5ioChooseDksothetDiiV-2fCx.e)

''II is wedconditioned
. Let the Ff Cock) .

D. = {
the
'

do
- Newtons method . DKK-vfcx.es#2j--

I .

After)
⇒

- diagonal scaling .

( the +215170 end (the-17155 Hk 7→o .



Gauss - Newton and scaled gradient .

•

ngjn tzllrcxsllz
r: IR

"
-SIR?

• Gauss Newton .

given starting point
do

repeat
① linear.ge

n near
current guess xk

② solve linear least squares
.



Linearization of roses around a- EIR
"

re = ACE) x- bee) AGT - [n÷,]:=I→

Jaeobionofr .
-

b CE) -_ AGE) I - rest) .

b

we solved :

seat,
= argqmin

HAIR - b- 11,2

= #TA A' TD .

[
scaling matrix

= xx - ( A-TAJ
't

tan gradient
-

gear tureens then Tg = AIR



Newton's Method .

Zeke, = xx
- 2K (T

>flock) Tf Cock)
.

gradient
Motivation :
-

•
"best conditioned

"

gradient step : scaled
Newton

with SIS = TFCx) .
SST

• 2nd order Taylor approximation of fonetion
.

od't' = argermin fcxk
) t Tf Code)Cx-x'e) + IGE

-71kJPY Ge)
ex-xD

⇒ see - Eff Gets Tf ex) . ← pure Newton's

method .

° usually we dampen witha stepsize Heseltine search)


