
Tuesday, April 14 If second midterm grade is higher,
· Midterm next Thursday (4/23)

- I will replace first midterm grade .

· No class next Tuesday (4/21)

· Office hours :

↳ Canceled next Thursday (4/23)
↳ Virtual Monday (4/20)

& Extra tomorrow (4/15)

Plan
-

Reinforcement learning !



up to now
,
we assumed => Reinforcement learning

data is static and (AlphaGo
,
DOTAC Al

, ChatGPT)
-

learning is off line but...

Motivation : Natural intelligence
- playing games e infant
↳ autonomous movement ↳ 2-year old

& middle School
↳ self-driving ↳ college
↳ trading
↳ chatting

Challenge : Predictions
influence
future data



In state
,
take action

, get reward, update state

Temple Run Stock Market Chat
-
- -

State Pixels

Action Left/right/jump/slide

Reward Alve +coins

Update Next pixels



Thursday , April 16 Project-
Proposal due April 27

Midterm Thursday , April 23 ↳ explore topic/algorithm
↳ virtual OH Monday of your choice from class

↳ no class Tuesday
↳no OH Thursday



#[X]
Pr(X
=)

ProbabilityReview -Fa(X)
X random variable

Pr(X=x) ="Probability
,

takes
Var(X) = El(X- #(x]]]valueI

#(x] = [xPr(X=x) = E(X-2xk[X] + k[X]]
= E(x2) - 2 E(X][(X] + E[X]

?

Linearity of Expectation : X,Y rv.
-

= #(X
*] - E[X]2[(X+Y)=& [(x+y) Pr(X = y and Y=y)

nearityof Variance : If X,Y
=&X & Pr(X=and Y:y)

i

.e., for all,yindependent
+&y [ Pr(X

=x and Y=y)
Pr(X =x and Y=y) =Pr(X=x) Pr(y=y),

= [xPr(X = x) + 2 y Pr(Y=y)
var(X+Y) = Var(X) + Var(Y)Y

= E(X]+E(Y]



Mathematical Formulation Model

Time steps t: l
,
2, ..., T dicy To State -> actiondist.

At time t, &(St)
· State St

· Take action At 3 canalhastic . Less
· Get Reward(St,9) & (0)=R
· Update Str = f(St, a+) O

= 2π(i) R(T)
&

T &
prof.
ofY

Trajectory &= S19,52,92, ..., St,T
In practice, sample T

R(z) ==(,at)y+ *

and approximate La-
* discount If deterministic

,
could memorize

future reward e-g. Atari-style games04



estimate
mGradien = ET)R(T) OCTRL

% 210 = 2 R(T) Vo TTO(T) back prop
but

T - using
can compute
where's the expectation

?

Goal : We want VoR(t) to be expectation so we can estimateor

Hint : Compute Vo log(i) =...

in VotinToR(T) =...



REINFORCE Algorithm

For h=1 , ... m :

Sample E=CS,9, ...St,at) from to

Compute R(t)=r(tal)u
OO-LR(5) Volog(i)

T = (S,,9 1, ...,St,
a
+)

SNote that: ↑2= (S2
, 92, ..., St, ar)

& reward can be non-differentiable ↓ !

-We can extract more trajectories
R Right in expectation but variance can be high ... subtract baseline
(Also view as "centering" neutral reward)


