



































































































































STOCHASTIC OPTIMIZATION

AN EP VIEWPOINT

SP 23 STUDY GR






































































































































EXAMPLE I NILE

Y Po n Rex

Po
is a density w.at

a 5 finite measure

O E Q is unknown

Available data Y Ya Yniid






































































































































EXAMPLE I MLE contd

Notice that HOED

Elogpo.LY

Eloy Poly

Why






































































































































EXAMPLE I ML E contd

I implies that

O eangmin E log Pol'd






































































































































EXAMPLE I ML E contd

How to estimate 0

Suppose Y Y Yn dPo

Solve

One angmin.IE log polyi
OE Q

max likelihood estimator






































































































































EXAMPLE I MLE contd

The alternate EP Viewpoint

log Poly IF OY

Where F Oxy IR






































































































































EXAMPLE I ML E contd

The alternate EP Viewpoint

Dearg mine FCO Y

One
anymint FLO Yi

is






































































































































EXAMPLE I ML E contd

Main Questions

Qi Does En O in some

sense

8 2 Is there a cut on in

10.3 What if On can be solved

only approximately






































































































































EXAMPLE I ML E contd

Food for thought

a Construct an example
where O is finite dimensional

b Construct an example where

is infinite dimensional






































































































































EXAMPLE Least squares

Fa

4,2
Z

L
t

response
coveniate

YER Ze L

Model Error

Y O.CZ W

tmereg.fr






































































































































Least Squares
i

Observe data z

Yi Zi I 1,2 n

Yi Zi iid

Wi Wa independent with

E Wi o Vas Wi so so

Oo L IR O E Q

x

regression class






































































































































Ya
Least Squares

Y
Z

R
z

on e angmint Oki Y
O E Q in

least squares estimator






































































































































EXAMPLE I ML E contd

The alternate EP Viewpoint

OC Y FCO Y

where F Oxy IR

Dearg mine FLO Y

One angmin I.E FLO Yi






































































































































Least Squares

Qi Does En O in some

sense

8 2 Is there a cut on in

10.3 What if On can be solved

only approximately






































































































































Least Squares

Food for thought

Linear regression logistic

regression isotonic regression

deep learning fall in this

framework Convince yourself






































































































































EXAMPLE IT Limit Order Book

X t
Oct
teeny

z T
o to

Xlt te o o asset price
process

O execution boundary
o e horizon






































































































































L O B

T if t OH XU

Purchase price

OCT T E E
C o

M E T E

market price






































































































































LO B

min E c I
s t Van C o 8

O E O
notation

n t
En e angmint CHO Yj

j l

s.tt c coYj o

O E O






































































































































LO B

a Does En O in some

sense

8 2 Is there a cut on in

10.3 What if On can be solved

only approximately






































































































































Stochastic Optimization
unconstrained

min f E FLOYI
sit O E O

fo O R F Oxy R

F and possibly some of its

derivatives are observable






































































































































Function Class F

This is the class of random

variables labeled by O

muhammffy
Fog

Fl y
Oo

O E IR

F FCO Y O E O






































































































































We will see that the

richness of F will
play

a
very important

role






































































































































Recall StochasticOptimization
unconstrained

min fo E FLOYI
sit O E 0

f Q R F Oxy R

F and possibly some of its

derivatives are observable






































































































































M Estimation

min h F O Yj min ELFLOd
j l

s t Oe 0 Sit OEO

Z Estimation

solve solve

12910 81 0 EGO o

j l






































































































































A solution On to the

M Estimation problem is

an M Estimator

Many many
statistical

estimators are M Estimators

Let's look at examples






































































































































M Estimation EXAMPLE I

Recall MLE

X X X rid pet

n

min 4,4 loggyOE O

FTO Yj






































































































































M Estimation EXAMPLE I
In

Regression
Z

Data Xi Ri i 1,2 in

n

min O Xi Rif
OEO j i

F 8 Yi
spaceof neg
functions






































































































































M Estimation EXAMPLE II

Deep Learning






































































































































Z Estimation EXAMPLE I

Mean Estimation

set G O Y Y O

solve
n

II Yj O o

On Y

Ot






































































































































Z Estimation EXAMPLE I

Mean variance estimation

set G o 4 Y Q

Y 0.5 a
solve

Yj O

h
É

4 0,5 0
0

On In OE






































































































































2 Estimation EXAMPLE

Ratio Estimation

set
G O Y E Y 042

solve

I Yj 04,7 0

ja

On I

O EEE






































































































































2 Estimation EXAMPLE

Robust Estimation Huber 1964

set a

helm 1 n takes e

v

G OY h Y O

solve n

I G O Yj 0

Ot satisfies E n Y of o






































































































































So What Heuristic Preview






































































































































So What What
V FLIY Floyd

EP formalizes and vastly

generalizes by looking
at

Flo Y OEO

or G 0,4 0 03






































































































































Let's begin our formal

study






































































































































NOTATION

Suppose Y Ya are

independent copies of Y

having distribution P

on X A






































































































































Pn empirical distlon

Pn A InÉIaYj
n

Pn Fo P FLO FLOYj
ja

Y L SFodPn

expectation of FCO under

the empirical measure






































































































































Similarly

PF PF Q

E FLO YI






































































































































F Flo Y OEO

class of measurable functions

labeled by O






































































































































Uniform Norm

R P
F

sup P Fa P Fo
O E 0






































































































































Uniform Law of Large Numbers

UL LN W r t F

lim R P
no

O Pas

F

F will be called the Glivenko

Cantelli class






































































































































We will write

J Fo d Pn P

to mean

P Fo P Fo
n

IE FLOYj E Flo






































































































































rn P Fa PFa OEO

v

empirical process

FC y

mutumnhth EEed
Fl D


