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Off-policy semigradient methods @—*@

Stability of semigradient methods depends on on-policy distribution of updates. VWhy!?

Imagine only updating one state S over and over again (i.e. off-policy):

» In tabular case, updating one state’s value leaves all others changed

« With function approx + MC, multiple state values are updated, but
V(S) Is estimated independently of them via rewards only

* With function approx + 1D (semigradient), multiple values are updated,
which are then used to help estimate V(S) via bootstrapping, which are
then updated again, which are then used to help estimates V(S)...

On-policy distribution forces state values to be “grounded” to something real



Proof of Convergence of Linear TD(0)

What properties assure convergence of the linear TD(0) algorithm (9.9)7 Some
insight can be gained by rewriting (9.10) as

Elw;iq1|w:] = (I — aA)w, + ab. (9.13)

Note that the matrix A multiplies the weight vector w; and not b; only A is
important to convergence. To develop intuition, consider the special case in which
A is a diagonal matrix. If any of the diagonal elements are negative, then the
corresponding diagonal element of I — aA will be greater than one, and the
corresponding component of w; will be amplified, which will lead to divergence if
continued. On the other hand, if the diagonal elements of A are all positive, then
a can be chosen smaller than one over the largest of them, such that I — aA is
diagonal with all diagonal elements between 0 and 1. In this case the first term
of the update tends to shrink w;, and stability is assured. In general, w; will be
reduced toward zero whenever A is positive definite, meaning y' Ay > 0 for any
real vector y # 0. Positive definiteness also ensures that the inverse A~! exists.

For linear TD(0), in the continuing case with v < 1, the A matrix (9.11) can be
written

A:Z# Zwa| Zp'rs|sa ()(x(s)—*yx(s'))T

R

=" u(s Zp |5)x(s) (x(s) = 7x(s")) "
T
=Zu<s>x<s>( (e 19t )

=X"'D(I-~P)X,

where p(s) is the stationary distribution under 7, p(s’|s) is the probability of
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The value function polytope (Dadashi et.al 2019)

Most expressible value functions don't belong to any policy iIn an MDP!

Question: Do all possible value functions (from real policies) have any structure!

Question: Is there a good VF representation that takes advantage of this structure?



The value function polytope (Dadashi et.al 2019)
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Figure 2. Space of value functions for various two-state MDPs.



The value function polytope (Dadashi et.al 2019)
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Figure 3. Illustration of Theorem 1. The orange points are the

value functions of mixtures of policies that agree everywhere but
one state.



The value function polytope (Dadashi et.al 2019)
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Figure 5. Visual representation of Corollary 1. The space of value

functions 1s included in the convex hull of value functions of
deterministic policies (red dots).



The value function polytope (Dadashi et.al 2019)
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Figure 6. Visual representation of Corollary 3. The orange points
are the value functions of semi-deterministic policies.



The value function polytope (Dadashi et. al 2019)
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Figure 7. Value iteration dynamics for three initialization points.



The value function polytope (Dadashi et.al 2019)
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Figure 8. Policy iteration. The red arrows show the sequence of
value functions (blue) generated by the algorithm.



The value function polytope (Dadashi et. al 2019)
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Adversarial value functions (Bellemare et. al 2019)
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