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Monte Carlo Control

Monte Carlo methods are ways of solving the reinforcement learning problem based on averaging
sample returns.

» Monte carlo prediction of v, and ¢, values
» Policy improvement via monte carlo estimation of action values
» Monte carlo control via approximate policy and action-value functions
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First Visit Monte Carlo Prediction of State Values

First-visit MC prediction, for estimating V ~ v,

Input: a policy 7 to be evaluated

Initialize:
V(s) € R, arbitrarily, for all s € 8
Returns(s) < an empty list, for all s € §

Loop forever (for each episode):
Generate an episode following m: Sy, Ao, R1,51, A1, Re,...,Sr—1,Ar—1, Rr
G+0
Loop for each step of episode, t =T—-1,T7-2,...,0:
G+ vG+ Ry
Unless S; appears in So, S1,...,St—1:
Append G to Returns(St)
V(S:) < average(Returns(St))
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Example: Blackjack

{=late x } \begin{cards} \crdpair{\crdKs}{\crdtenh}), \end{cards}
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Monte Carlo Prediction of Action Values

Foo
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Monte Carlo Control
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Usable
ace

No
usable
ace

6/17



Value Backups

In dynamic programming MDP solution, values are backed

up from each possible successor states: /T\
s
Uﬂzzﬂ-(a’| S)Zp(S/,T | s,a) [T+’Y,U7T(s/)] A

a s',r

OOS

DP one—step, aII successors value backup

o——eo—

T

MC full single trajectory backup
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Monte Carlo Control
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Monte Carlo Control

evaluation
m
7T Q
7~ greedy(Q)

improvement
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Monte Carlo Control

Monte Carlo ES (Exploring Starts), for estimating 7 ~ 7,

Initialize:
m(s) € A(s) (arbitrarily), for all s € §
Q(s,a) € R (arbitrarily), for all s € §, a € A(s)
Returns(s,a) < empty list, for all s € 8, a € A(s)

Loop forever (for each episode):
Choose Sy € 8, Ag € A(Sp) randomly such that all pairs have probability > 0
Generate an episode from Sy, Ay, following 7: Sy, Ag, Ry,...,S7—1,Ar_1, Ry
G0
Loop for each step of episode, t =T—-1,T7-2,...,0:
G <+ vG + Ry
Unless the pair Sy, A; appears in Sg, Ag, S1,A41...,8:_1,A¢_1:
Append G to Returns(S, Ay)
Q(St, Ap) < average(Returns(St, At))
m(S¢) < argmax, Q(St, a)
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Monte Carlo Control
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Monte Carlo Control

On-policy first-visit MC control (for e-soft policies), estimates 7 ~ 7,

Algorithm parameter: small € > 0

Initialize:
7 < an arbitrary e-soft policy
Q(s,a) € R (arbitrarily), for all s € 8, a € A(s)
Returns(s,a) « empty list, for all s € §, a € A(s)

Repeat forever (for each episode):

Generate an episode following m: Sy, Ag, R1,...,57_1,Ar_1, Rp
G+ 0
Loop for each step of episode, t =T—-1,T7-2,...,0:

G+ vG+ Ryyq

Unless the pair St, At appears in SO, A(), Sl, A1 oy St—17 At_li
Append G to Returns(S, At)
Q(St, Ay) < average(Returns(Sy, At))
A* + argmax, Q(St, a) (with ties broken arbitrarily)
For all a € A(S;):
1—e+¢e/|A(Sy)] ifa= A*
m(alSe) < { e /JA(SY)] if o £ A*
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Monte Carlo Control
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Monte Carlo Control

Monte-Carlo
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Monte Carlo Control

Off-policy MC prediction (policy evaluation) for estimating Q =~ ¢,

Input: an arbitrary target policy m

Initialize, for all s € 8, a € A(s):
Q(s,a) € R (arbitrarily)
C(s,a) <0

Loop forever (for each episode):

b < any policy with coverage of 7

Generate an episode following b: Sy, Ag, Ry,...,S7_1,Ar_1, Rp

G0

W1

Loop for each step of episode, t = T—1,T7—2,...,0, while W # 0:
G+ vG + R
C(St, At) — C(St, At) + W
Q(St, Ar) < Q(Si, Ar) + % (G — Q(St, Ar)]

m(Ae|St)
Wew b(A¢[St)
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Monte Carlo Control

Off-policy MC control, for estimating 7 ~ 7,

Initialize, for all s € 8, a € A(s):
Q(s,a) € R (arbitrarily)
C(s,a) «+ 0
m(s) « argmax, Q(s,a) (with ties broken consistently)

Loop forever (for each episode):
b < any soft policy
Generate an episode using b: Sy, Ag, R1,...,S7_1,Ar_1, Rp
G+ 0
W<+1
Loop for each step of episode, t =T—-1,T—-2,...,0:
G+ ’YG + Rt+1
C(St, At) — C(St, At) + W
Q(St, Ar) = Q(St, At) + gy [G — Q(S, Av)]
7(S) < argmax, Q(S;,a)  (with ties broken consistently)
If A; # w(St) then exit inner Loop (proceed to next episode)

W~ Wiasy
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Monte Carlo Control
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