Supplementary Material for Monte Carlo Value Iteration with Macro-Actions
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Proof.
Let b be an arbitrary belief and assume that HV (b) < HU(b) holds. Let a* be the optimal macro
action for HU (b). Then
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Since || - ||oo 18 symmetrical, the result is the same for the case of HU(b) < HV (b). By taking
| - ||oo Over all weighted belief, we get

[HU = HV[[oo <A[|U = V||oo.
Thus, H is a contractive mapping. [

Theorem 2 The value function for an m-step policy is piecewise linear and convex and can be
represented as
Vin(b) = max a(s)b(s) (1)
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where T, is a finite collection of a-vectors.

Proof.
We prove this property by induction. When m = 1, the intial value function V} is the best expected
reward and can be written as
Vl(b)—maxR maXZRs a)b
ses
This has the same form as V;,,(b) = maxq,, er,, D scg @m(5)b(s) where there is one linear a-vector
for each macro action. V4 (b) can therefore be represented as a finite collection of a-vectors.

Assummg the optimal value function for any b;_1 is represented using a finite set of a-vector I';_; =
{az 1 ’L 1 }and
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Substituting
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Substituting it into the backup equation gives
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The expression in the square bracket can evaluate to |A||T";_;|!®! different vectors. We can rewrite
Vi(bs) as:

a; el

Vi(b;) = max Zai(s)bi(s).
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Hence V;(b;) can be represented by a finite set of a-vector. [J



