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Introduction
What is the
objective?

In model-based RL, we need to
represent the environment

Modelling the entire world in not
feasible due to complexity

Want to reduce complexity whilst
preserving necessary information
for planning
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Equivalent
Class

M € M is a class of models and m is a model
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Bellman operator
Definition

The bellman operator 77, is defined as:

Tn[v] (S) = II3A~1t(-|s),S’~p(-|.<;,A) [r(sr A) + yv(sl)]

v € Vis any functionin thespace V= {f | f:5§ » R}.

The operator implicitly depends on one’s model (m) of the environment (e.g. via S’ ~ p(:| s,A))

4 )
Can be shown that lim,,_, . Thv = v,

starting from any v € V, repeated application of 7, will eventually converge to v;.
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Order-k value equivalent
class

Definition

An order-k value equivalent class is defined as:

mMk@mv)y={mem: Tkv=Tkv v men,vev}

An extension of order-1 value equivalent class: M*(ILV) = {meM: Tv=Tw V n€ll,veV}

.. denotes one application of the Bellman operator induced by model 111 and policy 7 to function v

T is the environment's Bellman operator for .




Order-k value equivalent class
lllustrative example

Original model Non-value equivalent model Value equivalent model



Value equivalence
Restricting to k=1

Grimm et al. [1] studied order-one VE classes of the form
M1, V).
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They have shown that M1 (I, V) either contains only the full environment or is empty.

As IT and V expand expand, the set of VE models shrinks, eventually collapsing to a single point

corresponding to a perfect model.
Would have to find trade-off between granular policies and functions vs simplistic permissible models
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The above is not always the case for k > 1.




Proper value equivalence
Limit as k—oo

: : o M
M, the class of Proper Value Equivalent (PVE) models, is the set of models fulfilling the below: (I

M°°(H)=ll(i_)12]\/l‘k(ﬂ'v)={ﬁ1€]\/[: V. =v, V€ ll}

Since repeatedly applying 7;; to a function #,; converges to the same fixed point regardless of the
function Uy, in an order-oo VE class the set Il uniquely determines the set V

M = is the “biggest” VE class. One can also define this special VE class in terms of any other:

) = [ M-, ()
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Proper value equivalence
Why M™ is useful

Unlike with VE, the class of Even if all value functions All of these models are Some of these are easier

PVE models does not are used, we generally end sufficient for planning,
collapse in the policy / up with multiple PVE meaning that they will yield
function limit. models. an optimal policy

to learn or represent
than others.




