
Motivation First order us Second order methods

min if x
EQ

Unconstrained min Q IR Q Ax 63 Affineconstraint

Q complicated Axe 63 fix e x

Gradientmethods text fix

X yf x
d xt diet yf'cx mirror descent

Composite problems

arguin fix y palx g 415

y

Secondordermethods
Main assumption we can solve

Ax b linear algebra
LU QR Cholesky

first order methods

matrix vector products
Ah

Oracle fix f'a f IR



Netted
Idea

fly fkth kscy x x.to 11yxa2

Next point
argymiqpucfcx.gs

cf n x1 y x

Assume 10 f is strictly convex

fix f x xt x o
linear
system

xt x fcxi'fk Newton's step
N B Gradient Methods

w.it 11511 By y

Damped Newton step
xᵗ x 8B'fix

x fef pro

Regularization
x f SIT fix 820

Inexact Newftypemethods
flex H f ex

Loadaticonvergence y 1

8 0



A invariance

f x consider Ay f A is inventable

xᵗ x fffe
Define FCS f Ay b fex

yt y F lyj F y

Proposition Newton's step is affine invariant

Aytf
Then xt Ayth

Prof
y ATf Ay 67 Atf x

F y Atf As b A Atf x A

y y F y5 F y y A f x A tatfix

y A f i'fix

Therefore

Agt 6 Ay f fei'f'x x fcxi'flx

Remark Note for the gradient Method w.r.t.EU rom

xt X yf x

it's invariant under My 6 MUT I orthogonal

But not for an arbitrary A



Selfcatfucson
Consider f Q IR QEIR open convex set

f is strictly convex three times differentiable

didastructure
x f x fexitso

a Lf Beers taver

Euclidean norm I
it doesn't depend on a coordinate system

Lom
1411 Me Fahs her

EQ

Thirdpeciative
yup 1h when 478

let her be fixed

Define 6H 11h11 ne IR fixed direction
tso small parameter

01H Lf th theQ

41107 D f x h.hu ER

Dfe symmetric three linear form

Def we say that f is self ordant with M 30

Bfa h.hu M.HU1 Hullxth ueIR
EQ



Note U h I

IDECE.la1 M.cf'ch.h5 then
EQ

pfcxsch.hu Bfa n h h

let n be fixed then Dfe u h b A h h

a symmetric matrix Aner

fi x fffn f oxi
Examples

1 fix Ax x b x

fcx A f 1 0 MIT

2 fix lux Negative logarithm

fix

7
7 1 12 30 11 1 2 0

barrier for IR f x 2,3

1
3fexiChch.h31IM.cflxshile5hhelrlfk7

h31 m.ffw.kz
k Mf 43

171 71 M 71 7



1 31 m MET
Standard self concordant

function

3 let f have Lipschitz Hession

Ifcxi f call Hx yll Bfall

f is strongly convex

f x MI pillhip 11h11 h

Bfnfh.b.li 2114113 F 11411

If m Einheit


