Learning to Do



Supervised Learning: given data,
predict labels

Unsupervised Learning: given data,
learn about that data

Reinforcement Learning: given data,
choose action to maximize expected
long-term reward
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reward action

state Agent




Episode: sequence of states and actions
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Transition function:

P(s¢i1,7t | sty ar)







We want to find a policyw(s) — p(aw\yﬂch maximizes
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Policy Learning Value Learning
Find 7(s) Find Q(s, a)

(1 ~ W(S) a = argmz}xQ(s,a’)

a



T

Q*(st,a;) = max B Z ~or;

7-[- .
_z:t

maximum expected future rewards starting at state s,
choosing action a_, and then following an optimal policy m*









Q" (st,at) = F

oy max Q (5141,

a

The max future reward for taking action a is the
current reward plus the next step’s max future
reward from taking the best next action a’
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Qj+1(st,at) = E |re + ymax Q(si41, @)
- a B
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Qj— Q1= Qjpa— = Q"

But... how large is Q)(-) ?




# states: ~2°°-60+-60
# actions: 3
# Q values: ~2111
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Fuilly cgnnem&d

Fully cgnnect&d

Ganv‘glurinn

Convalution
w

3 . e (@] (=) L@ (&) (a] (o)

Al A | Bl B il e [

g A B >lafdiE
% ..”.”.”.”..“..... .f.f.:.

T

C B e R B B R R R R B R E BB

SRR L e B e ek Bl Ben SRR R U e oann ee e e Bl B B S

'_-._l_...l..l_l.l.lllIll_-...l.l_l.-“.i_l_-_:

-

a0cano

o b
S £ o .:.r....
e =y

a

m § =

" -

- ., A
poooop | Ohodsl™ ocooooon

s 8 @

W

onooacno

e

2

At o o

T

B
&

&
2e
=

[ ]
=

Mnih et al, 2013



Features for
Estimating Q

« Whether the paddle can reach
the ball

* # remaining blocks

* How are the blocks spatially

arranged?
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Define approximate Q* function
Qy(s,alf) ~ Q" (s, a)

and choose 6 to minimize

T
HIIH S: S:
cFE t=0

(st, at|0) — (H + deQ(StHa \@) H

(1




. function Q-LEARNING
Initialize 6
S = 50
while not bored yet do
Choose a from some policy 7(s), and store results 7, Speqw

Compute VgEg = Vg H@(s, alf) — (fr + v maxy Q(s, a.’|630,;d)) H
S = Spew (O Sq 1f episode ended)
Gold — 9



by

Choose a from some policy 7(s), and store results 7, Speqw



ALL THE BEST
WORK HAS BEEN
ODONE Over-
HERS./

We need to balance

exploration and exploitation

e-greedy exploration

With probability 1 —e:
Pick a4 1 ~ soft max Q(s¢41,d)
a
With probability € :
Pick a4 at random






Video Pinball |
Boxing-
Breakout |

Star Gunner |
Robotank |5
Atlantis |

Crazy Climber |
Gopher_

Demon Attack-
Name This Game-
Krull

Assault |

Road Runner_
Kangaroo-
James Bond |
Tennisq

Pong_

Space Invaders |
Beam Rider-
Tutankham |
Kung-Fu Master |
Freeway-

Time Pilot |

% improvement over professional player
Mnih et al, 2013




n Try it out!
' é 6 http://selfdrivingcars.mit.edu/deeptraffic/
U B ( Kudos to Lex Fridman & the 6.5094 team! )
=i

Road Overlay:


http://selfdrivingcars.mit.edu/deeptraffic/
http://selfdrivingcars.mit.edu/deeptraffic/

The problems with Q-learning

« Restrictive Assumptions



LSTM RNNS!

Image Q-value of




The problems with Q-learning

« Handles long horizons poorly
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The problems with Q-learning

* Requires a simulator
























function e-GREEDY-Q-LEARNING
Initialize 6
€ = some tiny number

1
2
3
4: while not bored yet do

5: (  p =randf(0,1) N
&

2

8

9

if p < € then
Choose random action a and store results 7, s,,.,,

else
L\ Choose a = arg max,, (s, a’), and store results 7, Spco,
10: Compute VQEQ — Vg HQ(S, CL|9) — (?ﬂ e Y IMaXg/ Q(Sg {I.;|90Ed)) H
1T 0 =0-—nVeEqg
12: S = Spew (OF Sg 1f episode ended)

13: B = 0












