
Sequential Learning
General setting
at each ound t= 1....:

I agent chooses an action tit - depending on

available information (histry of observations , experts recommendationn
antext

2) agent receive some freward r (ar) ERR and
fa (ar

observes come feedback (e.

g irlan
an extra information o

Gal: maximise cumulated reward ,
or knowledge of theenvironment-Immmmie· cumulated loss

=>ï applications in online recommendation
,
advntisementplacement

medical kials dynamic pricing ,
etc

.



Lecture #1 : learning with expects

Expect setting 1
At each round F

=
1
.... : Mater

fesports

· experts autput foreca fir jo 1
.....N

N

· agat aggregates exports fancust: Yo= EPjr fir
where pr /per -.... PNr) GA= standard Naciples
· agent observes tie value yo and suffes loss flig , you

No stochastic model : the sequence yo
is chosen obitianty .

↳

Goal
:
minimise cumulative loss -f(y)-

equivalently
minimise the regut

Ro = fly -yr) -pit jpjfje ya
p fond for every b.

:saulots Cet artCette (we,
wil assumeet en



elyrgm-it Epifir ·ya) Per
-

- - we willget thismoff
cumulati leading taum (afodet second ader Ferm
lott

xput setting 2
At each round # 1.....Ti

· agent picks pri (N-simple
· tre loss function frict- is revealed
and agent auffers loss I(puf

Regret R= fr(pr) - if Estr(p)

cover setting 1 :. C(g) = 1) fje-ya
· fir are motobserved beforehand have Chande

In the following , consider setting 2 with linen loss :

fr(g) = jgj ljr wath lit= frltj) es



exponentially weighted aveage predictor (ENA)

Algorithm :

Pr
= ( ...

lanning rate yso

Fa E 2 :

e- y li

↑
e

E on een e

aum : fo any sequence of lineon loss functions
Car .... en E ( WAG ratifies :

R = faNt y (a

Roof: Hoeffding's femme: for andom variables Etdo.
L

-
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faje tr ou pirle + t
e

Epjolj = -

1 h (petit tot
I yar

Ehet en by duf of pil

samning aver A gives a felescopic sumfor the In :
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So
. finally :
Es pjrljes min .Egljs + +*
corollay of the bound ( :

takingy-N -

estions :

1 why notjust choose the best expert up to b ?

consider "Follow the Leader" (4) Strategy :

Pl
=(Fr

S

pjr
= 0 ifj 5 smin les -

Equivalent to ENA with
y

= 1 .

-> - WA is a
smouthed rember of #FL (Meanthig



claim : There exist
sequences

Cer .... r such that

570
.
AT FE3,

Example with N= 2 :

-

b =

1 r = 2 r= 3 r
=
e r

=
5

let 0 1 0 1 ⑧

IzA 1/2 ① 1 0 1

agat gets loss = + - 314

min (thr)= E- I E

2) Canwebe mor ambitions and hope to get
sin fer ?

claim : Vostrategy satisfies for all sequences-

Clar... laert -(701Ni

Pjrljr-E imkA= off
-> exercise of home



3) The corollary fines y
= EN

what if we don't know I ? -> doubling kick
Le exercice section#2

4 What if the losses are not in Tor1 Bate . I

-> we an just rearcale the obsired basses as
-

for = Am ocequivalently sun IWA with j=
But what ifm and Mare unknown !

En that ass we can chooseadoptive yo as :

N

yr= E when 5 = apjoljotyh je te faA

- more on
that in exercise session #1



Casymptottic

Optimality of the t'bound Gard

rem : inf et the sefr-in
Le

the order of the quantific (and imparticular inf andsupsher
is important !

Proof:. we have already shown with EwA that
-

thei linit is 11

Now , we lowen bound
p by come I with

andom ju

Let eje indBu(t)

obviously . * pjeljn1=I for any prardt
Candrofor my algo



But we can show :

-

I +o)rI ⑪instar - It
so that

Stepprljolht. s Fijorbu pjrlje-minisup

T to().

Proof of (t
Denate Zat-fam

Ch yiads : =( ze alo
.In)

for fr (= aux Ma me want an asympotic



of INCE :

Wate that INCEEs FrZf=N . no that:

⑪fault= / in bounded in Knoman
· indepenbly fromT- #

2) 7- z

loc exercise
these two conditions imply that ession #11
free faz

thus ling N= Edfr acheter

Reminde : we want to show

inst tit tel 1 .

ine list Matte 31 .



a that. define Mm = Le e

Since 02
,
I (matelas Sta

9 - Azzzic

= 1E

we
have

lief = bisif IMe

By Fator's lemma:
tig Ma 3 II hof Mm

Fa Et /o
.1 we have !
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1 -N(1-F(if)

Aure"1 e



-

w

(paiedwithnikegetreetAs 1. F(m) by parts

- (1-BlaN

enwe hase N(1-weir
+(1-eN

·

NI-E(
is
sammablethus : e

- PIMTES to
-

N

Bovel Cantelli implies that hif Mr,
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this holds for any 150 so that
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