
Week 12
-

↳ Research talk tomorrow 4 : 15 in Kravis 62

↳ Office Hours Monday + Thursday 12: 30-2 : 00

↳ Midterm on 11125
,
practice exams next week:

↳ Project Proposal due 12/2



Reinforcement Learning

State
,
action

,
reward,...

Question
can we say about

draws from these distributions?

Key : Exploration us . Exploitation

This Week : theoretical understanding-

Simple model : multi-armed bandits
-

Hidden distribution--- ward

**** "Slot machines"

Cal " Pull arms to maximize reward

↳ clinical trials
↳ recommendation systems



*dom Variables(X= x) =prob X takes value

#(x) = [xPr(X =x)

var(X) = E((X- ((x])) = ((xz] - E(x)2= 02
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Goal : Bound probability of extreme values



Makov'sInequality
Proof :

Consider non-negative X &(x] = [Pr(X = x)x
For >o

, Pr(X = ek(X))-
= 2 Pr(X=x) x +2Pr(X=

X : x2 E

· - [ Pr(X=x)t + [P(X=
X: XIE

=- [Pr(X =x)
X: XIE

I

x = - Pr(X = t)
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Q : Fixe .
Build a n where Pr(XEt)=



Chebyshev's Inequality Proof : z = (X- #[X])
?

-

Idea :Useinformation for fighter bound By Markovs
,

· = Var(X)
.

For ECO
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Hoeffding's Inequality-

Idea: Formalize central limit theorem

Consider acX<X, . . ., Xn where
- -

Let X =Xi .

For E20,

Pr(/X-(*]) =e) = 2exp()

↳ ↓ Print--A I

#[X]
I

EI



UnBound
... v fm) = Pr(f) + Pr(fz) +.. - + Pr(tm)

⑱ ① ⑳
G ⑮



Logistics
↳Midterm

is Project



Concentrationnequalities Bou Pr(f) +Pr(fz)+...+Pr(tm)
- It

Markov's#
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Multi-armedBandits Goal : Minimize average regret

-a a R+= max Ma-I Malt
GEEl , .., k3

I 2 3...

Exploration vs. exploitation

T time steps
Strategy : "Optimism in the face

Choose action alt El , . . ., 13 at time + of uncertainty"
carm)

Receive reward ract E1 , 1)

Expected reward of arm a : Ma=#(ra]



Upper Confidence Bound (UCB) Algorithm

t = 1
,
2

, ...,
K

,
RH, . . . ,

T

-

Try each arm choose optimistically best arm
-

At time +,
· Eat = empirical average of arm a sofar =na Val

·Elt = uncertainty of estimate far

Informally , IMa-/- Ea with high prob .

e .g: up 18

Choose alt =

argmax Malt+



Lemma #all t = k+1
, ...,

T and a = 1.y K with probability 1S

(Ma-a
n(t)

Proof : Hoefding's : up ,
Pr)IM-15

Pr(I(X)-X12 for us t and a

union bound

6 -a = 1-H) = 2 ,
n = n(t),(t)= Pic
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Theorem : With prob IS,

Rt = maxNa-0)
a

= OF) Since 1 KT

2) log (anything) = small

log (#atums) = 62

Intuition :

· Increase #arms by 100x, only 10x increase in regret

· Increase steps by 100x
, only 10x decrease in regret


