
A Proofs

Denition A.1 (Transition Graph of a Policy). Given an SSP P and a policy π, the transition graph
Gπ for π is dened as a tuple ⟨V,E, L⟩ where V ≡ S and for every transition (s, a, s′) ∈ S×A×S,
(s, s′) ∈ E and L(s, s′) = a if and only if π(s) = a.

Given a policy π, the transition graph Gπ for an SSP P can be easily constructed by starting at s0
and using the transition function to add all nodes and edges that are reachable from s0 using π. The
cost of an edge (s, s′) is c(s, L(s, s′), s′) and it can be easily extracted using the cost function of P .

A.1 Proof for Theorem 1

Theorem 1. When Alg. 1 returns a constrained policy π∗

P ′ (line 12) for an SSP P given a GPA G

then π∗

P ′ is hierarchically optimal.

Proof. We will prove that when Alg. 1 uses G to set costs of concrete transitions to innity (lines

1-8) it effectively prunes out any transitions that are not consistent with G. We prove this by proving
that, (a) any policy returned by Alg. 1 cannot use an innity transition, and (b) every policy that is

consistent with G will be considered by Alg. 1.

We rst show that any policy returned by Alg. 1 cannot use an transition whose cost is innity.
When Alg. 1 returns a policy π∗

P ′ at line 12 it is a partial proper policy since line 11 checks if
π∗

P ′ is a partial proper policy. As a result, we can argue that π∗

P ′ cannot have any innity edges
in the transition graph. Suppose that there was an innity edge (s, s′) in the transition graph
of π∗

P ′ . Since the action a ≡ L(s, s′) has been included in the policy, the value of the state s
where π(s) = a is innity, i.e., V ∗

P ′(s) = ∞. Since Alg. 1 uses the Bellman optimality equation:
V ∗(s0) = mina∈A


s′∈S t(s0, a, s

′)[c(s0, a, s
′) + V ∗(s′)] (Sec. 2) for computing a policy for P ′

(line 10) and since s is reachable from s0, V (s0) would also be ∞. However, this is a contradiction
since π∗

P ′ is a partial proper policy and therefore V ∗

P ′(s0) < ∞. This shows that policies considered

by Alg. 1 are GPA consistent policies w.r.t. G.

We now show that every policy that is consistent with G is considered by Alg. 1. Suppose that there

was an optimal policy π′

P ′ ̸= π∗

P ′ that was also consistent with G and was better than π∗

P ′ , i.e.,

V π
′

P ′ (s0) < V ∗

P ′(s0). Now, consider every action choice made by π′ in the transition graphGπ′ rooted

at s0. All of these edges are consistent with G and thus are not set as innite cost by Alg. 1. Thus, the

expected cost V π
′

P ′ (s0) will be the true expected cost. This is minimal since Alg. 1 uses the Bellman
optimality equation that is guaranteed to converge to the minimal value. This means that it must

converge to a minimal value that is at most the expected value of V π
′

P ′ and thus return π′

P ′ which is a

contradiction. This shows that Alg. 1 cannot miss a “good” policy that is GPA consistent w.r.t. G.

Thus, the policy π∗

P ′ returned by Alg. 1 is hierarchically optimal w.r.t. all policies π that are consistent

with the GPA G.

B Extended Experiments and Results

Training and Test Setup Descriptions of the training problems used by us and their parameters can
be found in Table 1. Test problems and parameters along with complete information for the solution
times, costs, and their standard deviations for 10 runs are available in tabular format in Tables 2, 3, 4,
5, and 6. Note that for the Keva domain, the standard deviations for the costs incurred are 0. This is
accurate since the only source of stochasticity in Keva is a human place action that determines where
the human places a plank which is one of two locations. As a result, Keva policies are deterministic
in execution since the human always places a plank and all other actions are deterministic. It is
interesting that despite this simplistic domain, the baselines are unable to reasonably converge within
the timeout. We also present an extended version of Fig. 3 of the main paper that includes results for
a larger suite a test problems for a better view of our overall results. These results are reported in
Fig. 4. Note that the solution times on the left y-axis of these plots are shown in log scale. For better
visualization, we omitted the problems with smaller IDs, mainly whose solutions times (in log scale)
were not visible for both our as well as baseline approaches.
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Hyperparameters We used ϵ = 10−5 as the value for determining whether an algorithm has
converged to an ϵ-consistent policy. We set the total number of trials/iterations for all algorithms
to ∞. As a result, each algorithm would only return once it has converged or if the time limit has
been exceeded. For Soft-FLARES, we used t = 4 which controls the horizon of the sub-tree that is
checked for being ϵ-consistent during the labeling procedure. Our distance metric is the step function
which simply counts the depth until the horizon is exceeded. For the selective sampling procedure,
we used the logistic sampler congured with α = 0.1 and β = 0.9.
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Figure 4: Impact of learned GPAs on solver performance of test problems (lower values better). Left y-axes and
bars show solution times (in log scale), and right y-axes and points show cost incurred by the policy computed
by our approach and baseline SOA solvers (LRTDP and Soft-FLARES). We use the same SSP solver as the
corresponding baseline in our approach. Error bars for solution times indicate 1 standard deviation (SD) averaged
across 10 runs.
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