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Actions can move I unit left right down up

For It timesteps you want to collect as much money as possible

MDP is defined by tuple S A 4Pa rn H V

S state space 5 151 is finite

A action space A t is finite

Transition function Pn SXA Is Af time heh
if I play action ah is state Sh then

Puls Isn an is the probability that Sue s

Reward function Ph Sx A 0113 Af time heh
if I play action ah is state Sh then I
receive reward false ant Assumed knows
Horizon length HEIN



Initial state dist UES sit S V

A policy determines achie given state and time h

Deterministic policy it Tutti In S A aralsh
Randomized policy it Tutti In S At An Tulsa
To evaluate a policy we can roll it out

Draw s V An Tulsa for all he

She Pal I Sn an

Value of a policy for any s h

VIIs IELEIR lst.at it Sn s

where expectation is taken wit random transitions

and potentially randomized policy

V Es.no VYls 1 Goal ME V1
note Un s ELO it for all h since rutsa Eloi



Define state actin value function of it h

Q'IIs a E II Else.at it sn s.an a

start a time h in state s and play
action a but t h play Elst at

Also note QE sie e Lait

Theorew Bellman OptimalityEquations Define

QE sa SI QE sa

where sup over all randomized policies For some

function Qu SxA lR we have that Qu Qi
for all he fit if and only if for all heat

Qu 5 a Rls a Es
py.is a

at Qu Sid
where Qu S al O Furthermore

Hs argmaaxQuls a
is an optimal policy

Great how do we fit such a Qu

Value iteration



Set Q sa rats a

For h H l H Z I

Quls.atruls.at Esapa.is.a maYQu.lssa

Infinite horizon MDP w discounts

Fix Ve 10,1 the discounted value

V s Eir'risman it sis

Optimality equation

Is a res.at 8Esapcis.a nYQCssa't

Value iteration

Init Q Sia arbitrarily

Q'Ya reseal TIE m Q'Issa I TQ

By defn Of satisfies A

so TCO Q

Can show IT Q 071 1510 TCO

18 Q Q'I



I 8 Q 091

From now on Pa are unknowns

Contextual Bandits treating each context

individually as a bandit is

equal to MDP w H l

S 8 interpret s as context

playing action a in response to s achieves

reward hey Elrels at a sJ vls

Goal É Es ululs Icsi

Given Situ nt how can I estimate

Vt Es Wits



To construct estimator for one

idea is to collect data randomly
Regardless of what state I'm in

choose action uniformly at random

Worked for CB Ht Work for MPP
No
Consider a MDP as follows

A actions

Hel states
5 913

Pulsing min it it Spi an 1 I

Pulsnimall i 131s i anti I for is

rafitta 1 Rls a 0 otherwise

EA
I



Ita s I for all s h

V I Vt 0 Kit Is

If only I action among A has to

be taken It times in a row

What is the prob of random exploration

discovering its A

Claim There exists an algorithm

that can identify let in just

0 SAH episode w constant prob



UCB VI UCB value iteration

ers Q Satires.ca

as i

Qnls.at as.at Esapa.is L YQulsia's

Pals a Es pais Unt s

Pals a t Puls a Une

If satisfied then the s at Qu s a

Pulse e As

Balsa Pals sa

Note A nuts a x Ph 7Pa Fisk



Regret ELKV III raisins

Want to show Regrets Oct

Eoptimism III I Puls's.at Pitts's.at Vn.t s

Aten
For any Velo it

nites.at Pnlssls a PnMs'lsallVls

111ai a.si 53 4lsis.a 111stsii3vi

XiIElXolai.si30 Xi EH Sai a sis

By martingale bonds w predictable seq the

result follows Azuma Hoeffding



hemmed For any VECO.it we have for any sa h k

IP II Pais's.at Pils is.atvisiIEHTznga d

dophinism follows by a union bound over all SXAXCHXCK

temnd On event aphasia
which holds up Its

we have Itis V s and Q'his.at Q'nls.a

for all his a

Proof By induction Trivially we have Q Sea 20511s a

Ties ma Q's sa QAIS iscsi

Q Isaacs

Vitals
VIIs 2 V s

So assume In s IVE s and

shouthi pliesthessvils



Q is a rats.at Rcs'ls.a y1s'l

r.ls.a tpiis.a tvt Pacs.at pics VE

Cont

sruls.altpils.tv titfIn
induction

Erusiltiilsith titty
Qu sa

Oils.at QIls.a
By sane seq of steps for Qa it follows

that 2VÉcsl B

Use optimism to bound regret episode k



V V Es IV is V is

T s
M Q S.a

EE.LVkcs VTulsi
Qi S Ikea

Es I S Tulsi Rls ants Pils ones.itVI
SEP S this w 1P 52 5 P s seals s

and expected reward of VT S
so

IE Vitals P Isi cones Vt

Es.li ItHngtPils ctncsntv P.ls.ctuls.itvt

Es.fi Iesgt Piisctncsnl P.ls ctnes.ttVt
P.lsiiais.lt V Vita

Is.LI lsi.rasit V Vita Elvis Vitals
s
s P situla

fE.at ngsEi lpilsn.tnlsa Rls.msftn



Fix s a h h

sup
Velo it s Ph sa Puls a Vl

viiias Pics a Pacs.at tvl

I HMEH.at whee 2 comes from
union bound over all

VE O Ha

Hft
contextAMIA Eco.us li ls.al Rlsaltv1eHsME I

I

IP complexity 21 d

Conclude that

Vo v.tt F IEmlitftksEntlii ns Rls til

É Eat HfÉ D



Regret It V II to earn

É.IT LitTE T
HTEHrsaisiI IE Étasia

HAGIA É IE 1,21 4111scs.aist.am as.F

HAIFA É IE 1,3
1

21 t
EZ HAGIA É IE I Fisa

E ZHENHAI É IE
LATEEF

E HIALEAH



II a b La b EfÉ É
Turns out same algorithm but tighter analysis

yields H'TAK t 5A poly H


