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Brubeck ! notes
-
Lattimore 4 Szepesvari

Introduced by Walliams Thompson - medical trials.
- was against running a trial blindly , without
adapting treatment on the ftp.drpwr.mg upon
the effigy of the drug .

• Suitable in the context
of
decision making

with uncertainty .

• Tech companies use such algorithms
for configuring web interfaces for
recommendation , pricing .

Classical dilemma .
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• Left arm seems better - wing payoff
b- 4 .

. If your
hair 10 more pulls , what do you

do ?

1¥10 :

Game b/w learner & environment
- played out n rounds , called horizon

lhn hack round t leather chooses an action

At and gets a reward XTEIR ;

• [ Actions celled arms

;
he- around bandits

,

there k actions ]

At depends upon hostage
Htc , - (Ai,XyA→K, - , Ah ,

Xt- i )



Poling it :@xx)"→ A .

•Envj Et :(AM, - - , Ah, ,Xt -1,4 )
→ IR

mapping from histones p
ending in a ton '

t
reward onaiton At -

reward .

Obj . maximize I Xt

¢ENGE : learner has no idea of

environment except that it belongs to an
environment class .

•qw ? Regret;



Akin the regent of the team relate

to a poling it is the difference btw the

total expertise reward using poky it form
rounds and the total expected reward
collected by the leather one ~ rounds;

Regret relate to a set
of policies IT ,

is hfffyy fight relate
hot)

• IT← lowpetrtrr class .
Usually IT is large enough to include the optmet
fooling for all environments in 8 .

EXapo Suppose 1=44 . - ,kf ; -ANenvironment
is called stodvast.io Bernoulli *
Jerwood Xt tho , is , 6 binary valued and
3- pie Conte, ttprfxt-IIAE-if.pe

-

-



If you
knew the mean vector pea , associated to

the environment, the optimal policy is the fixed
action , a

"
=

mgmaxpa.net#.Hidwaso.IT=fiTh--siTkI,Ti-- play
i all the

tune;

zds :

Rn : mango pea
- ef '' t ) .
-

• Suppose the theme fixes a poling ; If the
competitor class 5 also fixed, the regret
depends upon the tnvironment .
Ideal ← → WORST case .

Regret 6 small tennis arrests more regret one allenvironments .



.TN#ni

Growth rate of regent as a function on
n -

God t.gg RI → 0
;

free questions. Is Ron 0 fat
, 06051ns)

lower bounds;

• Large environment class -
Large competitor classes- regret can be
demanding ;
Care needed including these sets so

that
a) Right guarantees are meaningful .

b) 7 policies whuw make regret small .

•



twORk :

General enough to model anything using a
wit environment class :

But then difficult to say
much .

So restrict attention to certain kinds
of

environment classes and competitor classes .

£ STOCHAITIL STATIONAR BANDITS .
-

Environment is restated to generate rewards
in response to each actor from a
distribution that is specific to that action
(and independent of forenoons action

choicest

rewards)
stochastic Gaussian banditry

• Of the action set is AE5R
'd
,
the mean

reward for holding atA could follow a



female model . d

Xt : La, E) try ,

FE1R

4 f-
standard Gaussian . .

In the above couple , ① is unknown
,
and

{ = ipod .
I

[ Assuming rewards are stochastic - is it

reasonable ? Too restrictive ?
- Insist the world deterministic ?
- what if strrhastcasswpt.sn does not

hold?
In such a scenario how will algorithms
perform ?

• DROP ALL Assumptions on how rewards are

generated , except that they be in -bounded set and are chosen without

knowledge of the learners' actions .



ADVERSARIALBEND ITS ?

-
Needle in a haystack ?

-RkK RESTRICT COMPETITOR CLADES.

NATI0Nt :

⑧MB testing :

-

Placing the
" '

Buy it now
"
button . - top right

or bottom left ?

Previously - www.H-toatnialg each
✓lhsion by splitting him into 2 grip .
Each group sees one Version;
statistics collected & decision made .

" Problems NOT ADAPTIVE . Maybe better
to stop the trial earlier

,

•
Can pose

as - bandit problem



I.teach the a user enters, a bandit

algorithm telerts an action At C- A =

{TOP RIGHT ,
BOTTOM LEFT } and Xf = 1

if the user purchases the product .

②ADVERT PLACEMENT :

-

• Each round - when a wee visits the
website

;
A- set

of
adverts,

Chook AtGt , if wee chicks Xt = I

• May work for some websites,
But this will not be able to

target advertisements . - Rock climberSH0E#ARNEB



bmi incorporate this -information about a user -

"

context
"

,

Can cluster was and use a separate bandit

algorithm for each cluster,
• The need to tailor the solution to your needs .

4T clicks may not be the wreck metric .

③ Re¥remo :

- www movies to place in
"
Boowre

"

?

• Reward measured as a function of
whether or not you watched (Rating was
good;

• Actions - Movies - set
of actions

6

combinatorialy large .

• Each bee watches few films .
Low rank



matrix factorization .

thob. Not offline , the learning
algorithm has to choose what was see and
this in their affects data .

• If few users are recommended
"

Pathe

Pancholi "
,
few will watch it and data on

this ftw will be scarce .

.

④ NETWYTNG :

- Leave learns to desert internet traffic .

- Action - set of paths from source to

destination ;
- Reward - - town taken for packet to

teach '



THEORETICAL ANALYSIS :
-

• Rn .
.

E. " t -

a

Competitor class = {b- i. K3 ; lemme /forecaster;

Motive is stochasticly :

if:[← Exist - II. ke.tl
PsEEGkET:

RT If.EE/tIkit-EXa..t)
T

Compares with the optimal actorimputation;

In E E Rn
.

-



ST0 ASTL BANDIT PROBLEM :

-

1¥ : K # arms ; Honjonn
Yow" K distribution, 9 , - - Yeon Lo , ')

µ÷nd t=i
,
- . n

④ Learner chores GE LI , - K)

(2) Grew It ,
environment draws reward

to
U and reveals to
It learner;

• ftp..IE/viJ ;
t;?%pi , i*=aymp:i-I

,
- . ,K

for fixed i :

ETFIK,
t - II e) =



= npi-E.LI he,t )
=

Let Pa be the hotshot .- of
the ith

•wi
µ. . Ind' henry

'et aah . µ,
£C⇒

path .

µ
Suboptimal } gap of actiona.

t

let Ta Itt = I
,

1fAs=a3
In

4 action in tan v= a

* times a chooser
in the fwut t

rounds,

Chang Tak ) is at
- v.



Ima : Regent dropoutson lemma :

for
any policy I & environment r, with

µ fate or aoutable and horizon new

Ini Ia Oactfa I.
,

(e) to keep pseudo - regret down, the kami
should try to minimize the weighted sum

of expected
action country weights being(a)

⇐a - the snboptmahb gap .

Pf For a fixed t, aIa1{At⇒f- L .

i.sn . I Xt = [EXA=a3
i. In = npE - E Gif

= nip # II , E Xt
b LA -- at



= I. II EL4H-4LA. --as]

The expected reward in round t conditioned÷:*:÷÷: it:*.= 1 {At = at *
- flat )

= 1.LAt=a3(F- tea )
= 4 fat - al Oa .

Efx f- ELENI
E4
-

i Eea ④ f E4H-4IB the fat ))
=

E I, Q I 1 LAt=a3oa]
= I G- III. k↳=a3oa]



= I Oa E ( I,dLAE=a) )-
= I da Efta (a) ) .

-


