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e Value lteration



Discounting

[ Episodic ] [ Infinite horizon ]

12 minutes

S, of training

Source: Youtube Source: Youtube
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0* = argmaxE,, 1) [ E v (st at)]


http://www.youtube.com/watch?v=0I5kl4dns_Q
http://www.youtube.com/watch?v=jymFj7bNsKg
https://www.google.com/url?sa=i&url=https%3A%2F%2Fstock.adobe.com%2Fsearch%3Fk%3Dgroup%2Btyping&psig=AOvVaw1mofIYASLPzpbozVofEfcQ&ust=1719549120332000&source=images&cd=vfe&opi=89978449&ved=0CBUQ3YkBahcKEwiwrvLn-fqGAxUAAAAAHQAAAAAQBA
https://www.youtube.com/shorts/jymFj7bNsKg
https://www.youtube.com/watch?v=0I5kl4dns_Q

Bellman Equation

[ Discounting ]

Vr(s)=r (s, 77(8)) 7 Epsrpsims)) [Vﬂ(sq}

[ Deterministic policies ]




Optimality
e Goal: Finding a policy that achieves a lot of reward over the long run

e Notion of betterness: A policy is better than or equal to another policy if
its expected return is greater than or equal to that of the other policy
for all states

m>n ifand only if V7(s) > V™ (s) Vs €S

e There is always at least one policy that is better than or equal to all the
other policies. This is called an optimal policy



Optimality

e All the optimal policies share the same state value function as well as the
same state-action value function

V*(s) =maxV7"(s) Vs €S

Q*(s,a) =maxQ”(s,a) Vs € S and Va € A

J(0) =E V7 (s1)

p(81)
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Policy Iteration
C 1. Evaluate V7 (s)
2. Set ™ +— Tpew

1 if a = argmax, A™(s,a)
Thew — .
0 otherwise



Policy Evaluation

V(s) = r(5706) ) +7 By V7))
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Backup diagram for v,
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8 From Reinforcement Learning: An Introduction, Sutton & Barto



http://incompleteideas.net/book/RLbook2020.pdf

Iterative Policy Evaluation

Iterative Policy Evaluation, for estimating V =~ v,

Input 7, the policy to be evaluated
Algorithm parameter: a small threshold 8 > 0 determining accuracy of estimation
Initialize V (s), for all s € 8T, arbitrarily except that V (terminal) = 0

Loop:
A+0
Loop for each s € S:
v+ V(s)
V(s) = o m(als) T, p(ssrls,a) [r + 4V (5))]
A < max(A,|v—V(s)])
until A < 0

9 From Reinforcement Learning: An Introduction, Sutton & Barto



http://incompleteideas.net/book/RLbook2020.pdf

Demo: Iterative Policy Evaluation

GridWorld: Dynamic Programming Demo

‘ Policy Evaluation (one sweep) ‘ ‘

Policy Update

H Toggle Value Iteration H

Reset

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Prle ||| || e|*|*|4
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> + + + + + + + + 4
0.00 0.00 0.00
> + 4
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> + + + + + + + 4
R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> + + + + + + + 4
R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> + + + + + + + 4
R1.0 R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k2 + + + + + + + 4
R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> + + + + + + + 4
R-1.0 R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> + + + + + + + + 4
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From ReinforcedJS, Andrej Karpathy


https://cs.stanford.edu/people/karpathy/reinforcejs/gridworld_dp.html

Policy Iteration

c@ 1. V™(s) = r(s,w(s)) + ¥ = Bpfallemia [V”(S’)]

2. Set ™ +— Tpew

1 if a = argmax, A™(s,a)
Thew — .
0 otherwise
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0 otherwise

Finding the Policy - {1 if a = argmax, A”(s.a)

A™(s,a) = r(5,a) + Ep(yjs.g [V”<s’>] - V(s)

[ Goal: Find the argmax ]
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Finding the Policy

[ Goal: Find the argmax ]

1 if @ = argmas, Q" (s; a)
Thew — ’
0 otherwise

Qﬂ-(s’ (J,) - 7‘(‘6‘7 (l) ny V.Ep(s’|8,a.) [VW(S/)Zl

[ Extract the policy using Q-function (table in case of tabular setting) ]
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Policy Iteration: Using Q-values

c@ 1. V™(s) = r(s,w(s)) + 7 = Bpgalietal [VW(S')]

2. Set ™ +— Tpew

1 if a= argmax, )" (s;a)
TThew — y
0 otherwise
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Workflow

)

Start with some policy ]

From the converged V, Find
corresponding Q-values for each

Find corresponding value
(iterative policy evaluation until
convergence)

[ action J

[ Construct policy through argmax ]

15

Pseudocode?




Policy Iteration Demo

GridWorld: Dynamic Programming Demo

‘ Policy Evaluation (one sweep) ‘ ‘ Policy Update H Toggle Value Iteration ’ ‘ Reset
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
rle |l ¢ | ||| * | |9 |1
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + + 4
0.00 0.00 0.00
» + 4
0.00 |0.00 ]0.00 [0.00 0.00 (0.00 ]0.00 |0.00 ]0.00
b2 + + + + + + + 4
R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + 4
R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + 4
R 1.0 R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P+ |+ |+ + [+ |+ |+ |4
R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pl e |+ |+ + |+ |+ |+ |4
R-1.0 R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + + 4
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From ReinforcedJS, Andrej Karpathy


https://cs.stanford.edu/people/karpathy/reinforcejs/gridworld_dp.html

Value lteration
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V(s,) Q(s,.a,) Q(s,a,) | Q(s,.a,)

194 1
V(s,) Q(s,a,) | Qs,a,) | Q(s,a,)
V(s,) Q(s;a,) | Qfsza,) | Q(sy.a,)
V(s,) Q(s,a,) | Qs,a,) | Q(s,.a,)
V(s;) Q(sga,) | Qfsga,) | Q(s;,a,)
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V(s,)
V(s,)
V(s,)
V(s,)

V(s,)

V(s,)
V(s,)
V(s,)
V(s,)

V(s;)

Q(s,,a,)

1771

Q(s.,a,)

2’71

Q(s,,a,)

371

Q(s,,a,)

4’71

Q(s.,a,)

51

Q(s,,a,)

1771

Q(s.,a,)

2’71

Q(s,,a,)

371

Q(s,,a,)

4’71

Q(s.,a,)

51

Q(s,,a,)
Q(s,.a,)
Q(s,.a,)
Q(s,.a,)
Q(s..a,)
Q(s,,a,)
Q(s,.a,)
Q(s,.a,)
Q(s,.a,)
Q(s..a,)
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Q(s,,a,)
Q(s,,a,)
Q(s,,a,)
Q(s,,a,)
Q(s,.a,)

Q(s,,a,)
Q(s,,a,)
Q(s,,a,)
Q(s,,a,)
Q(s,,a,)
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V(s,)
V(s,)
V(s,)
V(s,)

V(s;)



Value lteration

Start with a random value function V (s)

1. Set Q(s,a) «— r(s,a) +v.Ey(ss,a) [VW(S,)]

2. Set V(s) +— max, Q(s,a)

Pseudocode?

How do we find the policy?
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Value lteration Demo

GridWorld: Dynamic Programming Demo

‘ Policy Evaluation (one sweep) ‘ ‘ Policy Update H Toggle Value Iteration ’ ‘ Reset
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
rle |l ¢ | ||| * | |9 |1
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + + 4
0.00 0.00 0.00
» + 4
0.00 |0.00 ]0.00 [0.00 0.00 (0.00 ]0.00 |0.00 ]0.00
b2 + + + + + + + 4
R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + 4
R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + 4
R 1.0 R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P+ |+ |+ + [+ |+ |+ |4
R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pl e |+ |+ + |+ |+ |+ |4
R-1.0 R-1.0 R-1.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b2 + + + + + + + + 4
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From ReinforcedJS, Andrej Karpathy


https://cs.stanford.edu/people/karpathy/reinforcejs/gridworld_dp.html

