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Batch Reinforcement Learning (RL)

* Episodic Markov decision process MDP(S,A,H, P, r).
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At the ht! step, collect Aim to maximize

ni.i.d. samples with (s,a) ~ up. Vi(sy) = E|XH_1 7 | sy 7.

* Goal: Control the value suboptimality V;(s;) — V{¥(s;) .



Value-Based Method

1. Approximate optimal Q-function Q;, by fh € Fy.
2. Output the greedy policy 7T associated with f
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* Goal: V;(sy) —V™(s;) < complexity of F.



Bellman Error

* Goal: V;(sy) —VZ(s;) < complexity of F.

Bellman error of f = (fy, f5, ..., fy):
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Bellman Error

* Goal: V;(sy) —VZ(s;) < complexity of F.

Bellman error of f = (fy, f5, ..., fy):

E(f) = %Zﬁq”fh — T fraallz,-

Key reduction: Vi(sy) —ViE(sy) S /8(f)



Framework of Analysis

Value suboptimality
Vi(sy) — Vi*(s1)

[ Bellman error E(f) ]
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(Local) Rademacher complexity
of F i= F1 XFpX - XFy

finite classes,

linear spaces,

[ Concrete bounds for specific F ] kernel spaces,

sparse linear features,
etc.




Recall * Goal: 8(f) < complexity of F.

curse of dim!

Minimax lower bound :
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Completeness assumptions help get rid of this.



Remedy: Completeness Assumption

* Empirical loss

lH=— Y (ful®) - maxfr(sa))

(s,a,r,s" h)ED

E(f) = E L(f) — variance |~ need to learn 7" f

* Define e-completeness: approximate 7" f using F,

sup inf |lg —T*flI%2, <e.
fEFns1 IEF w



Upper Bounds with Rademacher Complexities

* When e-complete:

E (f ) < aneljr-"l E(f) + € + Rademacher complexity.

1
e Acceleration by localization (fromn 2 ton™1):

€(f) < scneljr:l E(f) + € + critical radius of local Rad. comp.



Recap: Framework of Analysis

Value suboptimality
Vi(s1) — Vi (s1)

4

[ Bellman error E(f) ]
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(Local) Rademacher complexity
of F := F{XFr,X - XFy

finite classes,
‘ linear spaces,
[ Concrete bounds for specific F ] kernel spaces,
sparse linear features,
etc.




Thanks!



