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Abstract

Generalized planning asks for a single controller that solves
all tasks of a domain family. Existing approaches are brit-
tle in characteristic ways. On one hand, symbolic program-
synthesis methods compile all training tasks into a single,
monolithic classical planning episode. This creates a massive
search space and leaves no mechanism for iterative refinement
when the planner fails. On the other hand, language models
used as one-shot plan or policy generators use broad world
knowledge but lack formal verification guarantees; when a
generated candidate fails, there is no principled way to isolate
the root cause or deduce missing state abstractions. We pro-
pose a neuro-symbolic framework that unifies the strengths
of both paradigms. A language model proposes policies over
an expressive description-logic feature grammar governed by
formal denotational semantics. A symbolic verifier then either
certifies the policy across training tasks or returns precise struc-
tural counterexamples: all unhandled open states and, when
present, an infinite loop. A feature generator analyzes these
failure states to algorithmically discover missing relational
features, allowing the language model to iteratively refine its
policy until it is formally proven. We evaluate this loop across
fifteen classical planning domains, including several entirely
beyond the reach of prior program-synthesis methods. In all
except one domain, our framework successfully synthesizes a
policy that is formally proven on training tasks and generalizes
perfectly to held-out test tasks under greedy execution. In the
remaining domain, we trace the failure to a feature-language
expressivity limitation and identify a concrete extension that
would address it.

1 Introduction

Generalized planning asks for a single controller that solves
all tasks of a domain family. A useful controller must not
depend on the names or number of objects in one task; it must
instead refer to abstract state properties such as whether some
package is in the wrong city, whether a vehicle is co-located
with it, or whether a hiker couple is ready to advance to the
next waypoint.

Several approaches have tackled this problem, each
with characteristic limitations. Program-synthesis methods
(Segovia-Aguas, Jiménez, and Jonsson 2019, 2021) compile
all training tasks into a single, monolithic classical planning
episode and search for imperative programs with conditionals
and loops. However, their expressivity is confined to flat rela-
tional features, such as bounded conjunctive queries, leaving

them unable to express the inductive or recursive relational
abstractions required for complex multi-object domains. Fur-
thermore, because synthesis relies on a monolithic combina-
torial search, it offers no mechanism for iterative refinement
when the planner fails due to inadequate bounds or dead-ends.
GNN-based learners (Stahlberg, Bonet, and Geffner 2022a,b,
2023) learn value functions or transition policies that gener-
alize across tasks but are bounded by C5 and systematically
fail on domains that require more expressivity. Alternatively,
language models have been applied to generate plans or pro-
grams directly (Huang et al. 2022; Silver et al. 2024), but
their outputs lack formal verification guarantees. When a can-
didate policy fails, empirical feedback is limited to a binary
pass/fail signal over the training tasks, providing no structural
indication of what abstraction is missing (Valmeekam et al.
2023).

We present a tool-mediated workflow for learning general
policies from example tasks that applies the methodology
around the symbolic verification loop (Yao et al. 2023b)
and tree of thoughts (Yao et al. 2023a) in the generalized
planning setting. A language model proposes a policy ex-
pressed over description-logic features, which are first-order
relational expressions whose denotations depend on pred-
icate structure, not on which objects populate a particular
task. This constrains the hypothesis class to policies that are
task-independent by construction, preventing the model from
overfitting to specific training environments. The system then
evaluates the policy over the grounded transition graphs of
the training tasks. Failed proofs return precise symbolic coun-
terexamples that isolate exactly why the candidate fails, such
as an unhandled open state or a policy-induced infinite loop.
A feature generator analyzes these failure states to algorithmi-
cally enumerate relational features that resolve the ambiguity,
guiding the language model as it iteratively refines the policy
until it is formally proven on the training set and checked by
execution on held-out tasks.

The main contribution of this work is a compact formal
account of this workflow. We define the feature language and
general policies, together with the four verification tools that
drive the refinement loop. We evaluate the loop across fifteen
classical planning domains and provide a detailed analysis of
four synthesized policies, illustrating how the refinement loop
constructs relational abstractions for complex domains. The
practical consequence is reach: earlier rule-based approaches



over description-logic features (Bonet and Geftner 2018;
Frances, Bonet, and Geffner 2021) first construct an explicit
pool of all features up to a fixed complexity bound, and that
pool grows exponentially with the bound, so the bound must
be kept low and high-complexity features stay out of scope.
Because our workflow proposes and generates candidates on
demand, it never materializes such a pool, and the synthesized
policies rely on description-logic features of a complexity
far beyond what an explicitly enumerated pool can afford,
yielding general policies that earlier methods could not reach.

2 Related Work

This work belongs to generalized planning that represents
controllers as rules over relational state features. Description-
logic concepts and roles were introduced as a feature lan-
guage for generalized policies (Martin and Geffner 2004),
and later developed into feature pools and rule-based gen-
eral policies whose denotation is independent of the objects
of any task (Bonet and Geffner 2018; Bonet, Frances, and
Geffner 2019; Frances, Bonet, and Geffner 2021; Bonet and
Geffner 2021); sketches extend this to policies that decom-
pose a problem into subproblems of bounded width (Drexler,
Seipp, and Geffner 2022, 2024). We inherit this feature lan-
guage and rule-based policy form. The same goal has also
been pursued with other representations (Srivastava, Immer-
man, and Zilberstein 2011; Hu and Giacomo 2011): program
synthesis searches for an imperative program over the train-
ing tasks (Segovia-Aguas, Jiménez, and Jonsson 2019, 2021),
and deep learning trains neural controllers that generalize
across task sizes, including action-schema networks (Toyer
et al. 2018, 2020), transferable policies for relational do-
mains (Garg, Bajpai, and Mausam 2019), deep reinforcement
learning (Rivlin, Hazan, and Karpas 2020), and graph neu-
ral networks (Stahlberg, Bonet, and Geffner 2022a,b, 2023).
All fix the representation, whether expert-supplied or pre-
enumerated features (de Graaff, Corréa, and Pommerening
2021), a program grammar, or a network. They then search
it monolithically, with no structural account of why a candi-
date fails. Recent LLM-based work also targets abstraction
generation for generalized planning in a relational language
(Cui et al. 2026). Like that work, we benefit from a language
whose denotation is object-independent: the language model
cannot violate generalized-planning invariance by referring
directly to object names from particular tasks. We are closest
to this work in representation, but differ in the role assigned
to the language model: here it proposes features and rules
incrementally inside a counterexample-guided loop, and a
generator extends the feature pool only as failures demand.
Language models have been used as generators of plans
or domain-general programs (Huang et al. 2022; Silver et al.
2024), including Python programs that operate over PDDL
domains while invoking planning machinery (Silver et al.
2024). Other planner-in-the-loop approaches include LLM+P,
which translates a task into PDDL for a planner (Liu et al.
2023), and LLM-Modulo frameworks, which pair a language-
model generator with external critics that vet its proposals
(Kambhampati et al. 2024). These systems differ from ours in
the artifact being generated: the language model emits a per-
task plan, model, or imperative program around a planning

system, whereas here its output is itself the formal object,
a general policy over relational features with denotational
semantics for every task. Its feedback, too, is a structural
counterexample, not a binary verdict. Finally, the loop relates
to counterexample-guided synthesis. Counterexample-guided
inductive synthesis searches a fixed grammar, querying a ver-
ification oracle for inputs on which a candidate fails (Solar-
Lezama et al. 2006); counterexample-guided abstraction re-
finement applies it in model checking and in abstraction
heuristics for classical planning (Clarke et al. 2000; Seipp
and Helmert 2013, 2018). Our loop shares this shape but
differs twice: the search operator is a language model rather
than a constraint solver, prompted iteratively in the style of
reasoning-and-acting methods (Yao et al. 2023b,a); and the
oracle returns symbolic counterexamples (an unhandled open
state or a policy-induced loop) and a generator that extends
the grammar itself rather than only searching it.

3 Background

This section sets up the formal background used throughout
the paper. We first recall classical planning and the state
models induced by planning tasks. We then introduce the
description-logic feature language in which our policies are
expressed, a relational vocabulary whose denotation is in-
dependent of the objects of any particular task. Finally, we
define generalized planning and the general policies that
solve a whole class of tasks at once.

3.1 Classical Planning

A classical planning task is a tuple 7 = (P, A, O, I,G). The
planning domain is D = (P, A), and the task information is
(O,1,G), namely:

Predicates and Literals. P is a set of predicate symbols.
Each predicate symbol P in P has an associated arity ar(P)
in N. An atom over a predicate P of arity ar(P) = k is an
expression P(xq,...,x;) where x; with ¢ = 1,... k are
variables or constants. A literal is either an atom p or its
negation —p.

Objects and Grounding. O is a set of objects (constants).
An atom, literal, or action that contains no variables is ground.

States. [ is the initial state. A state s consists of a set of
ground atoms P(s) that hold in s. Ground atoms not in P(s)
are false. A positive ground literal P holds in s iff p € P(s),
and a negative ground literal —p holds iff p ¢ P(s).

Goals. G is the goal, which is a set of ground literals.

Actions and Successors. A is a set of action schemas.
Each action schema a in A consists of two sets pre(a) and
eff (a), where pre(a) is a set of precondition literals and
eff (a) is a set of effect literals. We write pre™(a), pre™(a),
eff T(a), and eff ~(a) for the sets of atoms of positive and
negative literals in pre(a) and eff (a). A ground action @ is
applicable in a state s iff every ground literal ¢ in pre(a)
holds in s. Applying a ground action @ in a state s where
it is applicable yields the successor state s’ with P(s") =

(P(s)\ eff (@) U eff ¥ (@).



Plans. The objective for a given classical planning task is to
find a plan, which is a sequence of ground actions that, when
successively applied starting from the initial state, yields a
state in which all ground literals mentioned in the goal hold.

State Models and Paths. The state model of T is S(7) =
(S;, T, I.,G,). Here S; is the set of states reachable from
I by applying ground actions, T- C S, x S, contains (s, s’)
iff some applicable ground action maps s to s, and G, C S,
is the set of reachable states satisfying G. A path in S(1)
is either a finite sequence s, ..., Sx with (s;,8;4+1) € T
for all 0 < 7 < k, or an infinite sequence sg, S1, ... With
(84, 8i41) € Ty for all ¢ € N. A finite path is maximal if its
last state has no outgoing edge in 7T'-; every infinite path is
maximal. A cycle is a finite path s, .. ., sy with £ > 0 and
S0 = Sk.

3.2 Description-Logic Features

A controller that must work across every task of a domain
cannot refer to individual objects or to how many there are,
since these vary from task to task. It must instead act on ab-
stract, task-independent properties of a state, such as whether
some package is still in the wrong city or whether every ve-
hicle has reached its destination. We capture such properties
with features that are computed from a state-goal pair and
whose denotation depends only on the relational structure of
a task, not on which objects populate it.

Feature Interpretations. Features are evaluated over a re-
lational structure derived from a state-goal pair. For a pair
(s,G), let Z ¢ be the finite relational structure with domain
A = O. A state predicate denotes the tuples true in s, and a
goal predicate denotes the tuples required by G, with separate
positive and negative goal interpretations. A unary predicate
gives rise to a concept and a binary predicate to a role, where
concepts denote subsets of A and roles denote binary rela-
tions over A (Baader et al. 2003).

Syntax and Semantics. The feature grammar has concept
and role terms. These terms are combined to boolean and
numerical features, which are interpreted as described below.
Concept terms are defined by the grammar

C:::T|J_\AS|A;F|A;|ﬂC|C’FIC|C’LIC
| 3R.C |VR.C' | >nR.C' | <nR.C | =nR.C
|RCS|R=S|R:{i1,...,ix}
[ {i1,..., 9}
where A, is a state concept, A;f and A, are positive and
negative goal concepts, and 71, . . ., 7, are individual names;

{i1,...,1x} is a one-of concept, with nominals as the single-
ton case (reserved for domain constants). Role terms are

R:=U|P,| P} | P, |~-R|RNR|RUR|R"
|RoR| R | R* | RIC | id(C).

Writing 7 = 7, g, the grammar constructs are interpreted as
follows:

» TZ = Aand 1% = (. For each unary predicate symbol A, AZ
is the set of objects satisfying A in s, while (4;)" and (4, )"

are the sets of objects occurring in positive and negative goal
literals over A, respectively. For each binary predicate symbol
P, PZ is the set of pairs satisfying P in s, while (P;")* and
(Py )T are the sets of pairs occurring in positive and negative
goal literals over P, respectively. Each individual name ¢ denotes

an object i¥ € A.

» Boolean concept connectives are set operations: (=C)T = A \
¢t (cnD) =ctTnbt and (Cu D)t =Cc*fuDt

* Role quantifiers select objects by R-successors: (IR.C)* =
{o | 30'.(0,0') € R*,0' € C*}, and (VR.C)" = {o |
Yo'.(0,0') € RT = o € C7}.

* Number restrictions count restricted successors: (>nR.C)%,
(<nR.C)%, and (= nR.C)T contain objects o for which |{o’ |
(0,0') € RT 0’ € CT}|is at least, at most, or equal to n.

* Role comparisons used as concepts are row-wise tests: (R C
S)E = {o | Yp.(o,p) € RT = (o,p) € ST}, and (R =
SYE = {o | ¥p.(o,p) € RT & (0,p) € ST}. Role fillers
require all listed objects as successors: (R : {i1,...,ix})* =
{o| {it,...,iz} € {p| (0,p) € R*}}. One-of concepts are

interpreted as {i1, ..., ik}I = {zlr, e zf}

* Role constructors denote binary relations: U T = A x A,
(-R)T = (A xA)\R%, (RNS)T =RTNSE, (RUS)T =
RTUSE, (R ={(d,0) ]| (0,0') € R*},and (Ro S)* =

{(0,0") | 30’ .(0,0') € R, (d',0") € ST}.

* RT and R* are transitive and reflexive-transitive closure. For
n €N, (RH)® = {(0,0) | 0 € A} and (RH)" ™! = (RT)" o
R*.(R|IC)" = {(0,0') € R* | o' € C*}, and id(C)" =
{(0,0) | 0 € C*}.

* Boolean features are truth-valued: zero-arity state/goal tests,

C # 0, and R # 0, true exactly when the condition holds in Z.

Numerical features take values in N U {oo}: the cardinalities

|C| and |R|, and the role distance dr(C, D) = min{n | (C* x

DT) N (RT)™ # (0}, with value oo if no such 7 exists.

Example. Consider a Blocks task with objects a, b, and c.
In the state s, block ¢ sits on b, b sits on a, and a sits on the
table, and the goal G requires a to be on b. The interpretation
Zs.¢ then has domain A = {a, b, ¢} and maps the state role
ong to {(c,b), (b,a)}, the state concept clears to {c}, and
the positive goal role on} to {(a, b)}; the negative goal inter-
pretations are empty, since the goal has no negative literals.
Transitive closure turns this direct-support relation into the
above relation: on denotes {(c,b), (b, a), (c,a)}, where the
closure contributes the pair (¢, a), as block c¢ lies above a
without resting directly on it. Finally, the numerical feature
| on} M = on | counts the goal atoms still unsatisfied: the
role on - ong denotes the single pair (a, b), so the feature
evaluates to 1 in s, and a policy solves the task exactly when
it drives this feature to 0.

Expressivity. The description-logic feature languages used
in prior generalized-planning work are closely related to Cs,
first-order logic with counting and at most two variables, and
inherit its expressive limitations (Drexler et al. 2024). The
same bound applies to GNN-based policy learners, whose
expressivity does not exceed Cs either (Stahlberg, Bonet,
and Geffner 2022b; Drexler et al. 2024); distinctions that
lie outside C'; are therefore beyond the reach of both pre-
enumerated feature pools and GNN controllers. Our grammar



keeps the constructors of this standard, C'>-equivalent feature
language and adds two extensions that increase expressivity
beyond Cs: role composition and transitive closure. Role
composition stays within first-order logic but requires more
than two variables, so it already lies beyond Cs; transitive
closure is not first-order definable at all, and the distance
feature build on it."! The grammar’s remaining constructors,
such as role comparisons over C>-definable roles, stay within
Cy. The full grammar is captured by first-order logic ex-
tended with a transitive-closure operator. This expressivity
is needed in practice: the learned Logistics policy relies on
role composition to recognize whether a package or vehicle
is in the package’s destination city, while transitive closure
and distance features capture recursive structure such as the
above relation in Blocks, and multiple-source, multiple-target
shortest path distances in grid-navigation domains.

3.3 Generalized Planning

Problem Classes. A problem class Q over a common do-
main D is a set of tasks whose first two components are D
and whose objects, initial state, and goal may vary.

General Policies. Let ® = BUN be a finite set of Boolean
features B and numerical features V. For a feature f € ®
and a state s, f(s) denotes the value of f in s. A policy 7
for a problem class Q assigns to each task 7 € Q a relation
m(7) C T,. It is a relation, not a function: from a state, 7
may admit several outgoing transitions rather than prescribe
a unique next step. In our syntax, 7 is given by a finite set
of rules. A rule p = (pre, eff) pairs a set pre of fests with
a set eff of effects. A test constrains the source state: for a
Boolean feature b € B it is b or —b, and for a numerical
feature n € N itisn = 0 or n > 0. An effect constrains
how a feature changes from the source state s to the target
state s’: a Boolean feature is made true (b) or false (—b),
and a numerical feature must strictly increase (nt), strictly
decrease (nl), or keep its value (n=).2 A transition (s, s')
is compatible with a rule p if every test in pre holds in s
and every effect in eff holds for (s, s’). The policy selects
exactly the compatible transitions: (7) contains the edges
of T, compatible with at least one rule. Finally, 7 solves Q
if, for every 7 € Q, every maximal path from I in the graph
selected by 7(7) is finite and ends in a state in G,.

4 Policy Learning with Verification Tools

The language model never touches the planner internals. It
authors a single artifact, the policy, consisting of a feature set
® and a set of rules over those features. All learning happens
through four tools that check this artifact against finite sets
of planning tasks and report their results as operations over
finite transition graphs; the tools only inspect the policy and
never modify it.

'Unlike Francés, Bonet, and Geffner (2021), we allow arbitrary
source and target concepts in dr(C, D).

2Prior rule-based policies also define an effect 7 ? that permits
arbitrary change, and treat any feature absent from eff as unchanged;
we instead make arbitrary change the default, so eff records only
the features whose change is constrained.

The four tools split into two phases. One tool screens the
task data once, before learning begins. The other three drive
an iterative refinement loop: the model proposes a policy,
PROVEPOLICY checks it on the training tasks and on failure
returns a counterexample that pinpoints what to fix, GEN-
ERATEFEATURES turns counterexamples into candidate fea-
tures, and EXECUTEPOLICY provides a final held-out check.
Every counterexample is one of two kinds:

* an open state: a reachable non-goal state with no -
accepted outgoing transition, which the policy thus leaves
unhandled;

* acycle: a cycle in the policy-induced graph, on which the
policy can loop forever without reaching the goal.

The tools perform no solvability analysis, so a m-accepted
transition into a state from which no goal can be reached is
not flagged at that step; entering such a state surfaces later as
an open state or a cycle. The model uses these counterexam-
ples to introduce or revise features and rules, and repeats the
loop until the policy is proven on training tasks and succeeds
under held-out execution.

4.1 Preprocessing: Solvability Screening

Before the loop begins, a single tool screens the task data so
that policy learning starts from well-formed examples.

Tool 1: PROVESOLVABILITY. Let Q' C Q be a finite set
of planning tasks. PROVESOLVABILITY maps Q’ to a table
{(74,04,%;,¢;) | 7 € Q'}, where o; is the search status, ¢; is
the plan length, and c; is the plan cost. Operationally, the tool
constructs each lifted task and searches with greedy best-first
search using an FF-style relaxation heuristic. It runs once,
before policy learning begins, to reject degenerate examples,
i.e., unsolvable tasks or tasks that are overly complex.

4.2 Verification Tools

The remaining three tools form the refinement loop. We de-
scribe them as mathematical operations over finite task sets,
policies, transition graphs, and feature valuations.

Tool 2: PROVEPOLICY. Given a policy 7 and a finite task
set @' C Q, it decides whether 7 solves every task in Q’, and
when it does not, returns a precise reason. We call it a proof
rather than a test because it does not run the policy once
and observe the outcome; it checks every behavior the policy
permits. This is necessary because a policy is a relation,
not a function: 7(7) may accept several outgoing transitions
from the same state, so the policy does not prescribe a single
trajectory but a branching set of them. PROVEPOLICY must
therefore guarantee that a goal is reached no matter which
accepted transitions are taken; equivalently, it asks whether
an adversary, free to choose among the transitions that 7
accepts, could steer execution so that no goal is ever reached.
The policy is proven exactly when no such adversary exists.

For each 7 € Q' the tool grounds the task and constructs
its state model S(7) = (S., Ty, I-, G;). It then performs on-
policy exploration, keeping exactly the states reachable from
I by following transitions accepted by 7w and discarding
the rest of S(7). The result is the policy-induced reachable



graph ST = (ST, TT), built as a least fixed point: from
7o = {1}, each layer adds the accepted successors of the
states reached so far,

STiv1 =057, U{s'[3s€ 8], :(s,8) emn(r)},

and the construction stabilizes at ST = | J; ST, with edges
TT = 7(7) N (ST x ST). Because S(7) is finite, this graph
is finite and the exploration always terminates.

The policy is proven on 7 iff every maximal path from I,
in ST is finite and ends in a goal state. This is the same con-
dition that defines when a policy solves a problem class, here
decided for a single task on a finite graph. The condition can
fail in two ways, and the tool reports each as the correspond-
ing counterexample. An infinite maximal path shows up, on
a finite graph, as a cycle in ST along which the policy loops
without progress. A finite maximal path that stops short of the
goal ends in an open state, a reachable non-goal state from
which the policy accepts no further transition. PROVEPOL-
ICY works entirely on the policy-induced reachable graph
ST and does not analyze whether states of the underlying
task graph S(7) remain solvable; it therefore does not flag
a dead-end transition, an accepted transition (s, s’) whose
target s’ has no path to any goal, as a counterexample of its
own. Entering such an unsolvable state is not detected at that
step: it must later produce an open state or a cycle further
along ST, and PROVEPOLICY reports that downstream symp-
tom. PROVEPOLICY succeeds iff none of the two arises for
any task in Q’; otherwise it returns one such counterexample,
which the model inspects and repairs, often after passing it
to GENERATEFEATURES.

Tool 3: GENERATEFEATURES. Let C be the set of coun-
terexamples returned by PROVEPOLICY. Then GENERATE-
FEATURES extracts a set of conflicting state pairs from C": for
open states the state itself paired against a nearby goal state,
and for cycles the states involved. Given a complexity bound,
it enumerates Boolean and numerical description-logic fea-
tures and keeps those that assign different values to at least
one conflicting pair, after semantic pruning that discards a
candidate whose valuations coincide with an already-retained
feature.

The output presented to the model is a concrete table:
for each retained feature, its syntactic form together with
its value on each conflicting state. The model sees exactly
which low-complexity abstract properties currently separate
the states, and can use this as a scaffold for understanding
what kind of distinction the policy is missing.

Crucially, the model is not restricted to the generated can-
didates. It may add any description-logic expression it forms
to ®, independently of the table. In practice, the generated
pool is almost always set aside: the complexity bound keeps
the enumerated features simple, and simple features rarely
capture the relational structure the policy actually needs. The
model typically inspects the table to identify the nature of
the required distinction, then constructs a higher-complexity
expression that encodes it in a form that generalizes beyond
the extracted states.

Tool 4: EXECUTEPOLICY. A proof on the finite training
set does not guarantee that the policy generalizes to unseen

tasks; EXECUTEPOLICY provides an empirical check on a
separate validation set before the loop terminates. Whereas
PROVEPOLICY certifies a policy over the training tasks
that drive the loop by checking all maximal m-paths, EX-
ECUTEPOLICY executes the policy on a separate validation
set, committing to one resolution of nondeterminism at each
state rather than exploring all accepted transitions. Given a
policy 7 and a finite validation set @' C Q, it returns suc-
cess iff every 7 € Q' reaches a goal state under transitions
accepted by 7. On failure it returns a witness: either a cycle
in the policy-induced search graph or an unsolved reachable
state from which the guided search finds no goal-reaching
continuation. As with PROVEPOLICY, dead-end transitions
are not reported: neither tool performs a solvability analysis
of the underlying task graph, so an accepted transition into an
unsolvable state shows up instead as a downstream unsolved
state when the search cannot make further progress. Because
it only exercises the policy on the validation tasks, it is not a
certificate for all tasks of the domain.

4.3 The Refinement Loop

The prompt. The interaction is initialized by a single
prompt of fewer than 5000 characters that gives the model
its instructions, constraints, allowances, and goal, together
with file paths to the IZIEX sources defining the description-
logic syntax and semantics. To strengthen generalization,
analogous to previous work on learning general policies via
weighted Max-SAT (Frances, Bonet, and Geffner 2021), the
prompt steers the model toward syntactically simple solu-
tions. For example, it discourages feature families that enu-
merate fixed path lengths, such as one-step, two-step, and
three-step features, when a distance feature can express the
expected generalization to arbitrary lengths. No additional
domain-specific prompts are injected during the interaction.
Instead, the interaction proceeds within a single agent ses-
sion whose context accumulates the transcript of all tool calls,
failed candidates, counterexamples, generated features, and
successful checks; every subsequent model action is con-
ditioned on this growing transcript. The prompt does not
prescribe fixed resource bounds for the tools; instead, the
model chooses bounds during the interaction based on the
current task, failed attempts, and tool feedback.

The loop. The loop is a single ordered cycle. For each do-
main, the interaction runs as one continuous agent session: at
every iteration the model is conditioned on the full history of
prior iterations, not only on the latest counterexample. This
history includes proposed policies, tool calls, counterexam-
ples, and generated features. Each refinement step is therefore
a continuation of earlier reasoning rather than an indepen-
dent attempt. The model starts from the empty policy and
calls PROVEPOLICY on the training tasks. Each returned
counterexample is either inspected or passed to GENERATE-
FEATURES for candidate features; the model then revises
the policy, adding or editing features in ¢ and the rules over
them, and calls PROVEPOLICY again. The cycle repeats un-
til PROVEPOLICY succeeds on the training set and EXE-
CUTEPOLICY succeeds on the validation set, which is the
termination goal of the interaction.



Domain Params Train Valid Test

Barman (¢, 4, s,9) [1,3]x[2,5]x[2,6]xP,s > ¢ [4,6]x[6,9]x[7,10]x P, s > ¢ [7,10]x[10, 14] x [11, 15]x P, s > ¢

Blocks-3 b 4, 10] [11,15] (16, 24]

Blocks-4 b [4,10] [11,15] (16, 24]

Childsnack (c, t, g,r) [2,6]x[1,2]xQxR [7,10]x[1,3]xQ xR [11,16]x[2,4]xQ X R

Delivery  (n, p) [2,5]x[1, 4] [6,8]x[5,7] [9,13]x[8, 12]

Driverlog (I, d,t,p, gp, ga, g¢) [4, 71X [2,4]x[2, 4] x[2, 4] x G [9, 12]x[1, 2] x[1, 2] %[5, 7] x G* [13,18]x[2, 4] x [2, 4] x [8, 11]x G*

Ferry (c,1) [2, 7] x[3, 5] 8,11]%[6, 8] [12,17]x[9, 12]

Floortile (7, ¢, b) [2,4]x[3,5]x[1,2] [5,6]x[6, 7]x[2, 3] [7,9]x[8,10] % [3, 4]

Goldminer (r, c) 13,6]x[4, 7] [7,9]x[8, 10] [10,13]x[11, 14]

Grid (w, h,s,k,1,9) [2,4]x[2,4]x[1,2]x[1, 3] x[1,3]xB [5,6]%[5,6]x[2,3]x[3,4]x[3,4]xB [7,8]x[7,8]x[3,4]x[4,6]x[4,6]xB

Gripper b [1,5] [6,10] [11,20]

Hiking-Bin. (h, ¢, p) [1,3]x[2,4]x[2, 3] 4x5x%[4,5] 5x1[6, 7] %[5, 6]

Logistics (¢, 1, p, a, g) [1,2]x[2, 4] x[1, 3] x[1,2]x B 13, 4] %[5, 6] x [4, 6] x[1, 2] x B [5,7)x[7,9]x[7,10] x [2, 3] x B

Miconic (£, p) [1,6]x[1, 6] [7,10]x[7, 10] [11,16]x[11, 16]

Satellite  (s,4,m,t,0,9) [1,2]x[1, 3] x[2, 3] x[1, 2] X [1, 3] xQ [3, 4] x[4, 5] x[3, 4] x[3, 4] x[4, 5] xQ [5, 6]x[6, 8] x [4, 5] [5, 6] X [6, 8] x Q
Table 1: Generator parameter value sets. The interval [n, m| denotes the integer set {n, ..., m}; singleton values are written

without braces; P = {0,0.5,1.0}, B = {0.5,1.0}, G = {0.5,0.75,1.0}, Q = {0.25,0.5,0.75}, and R = {1.2,1.5}. Each split
contains 100 tasks except Gripper, which contains 5 train, 5 validation, and 10 test tasks. Parameters are abbreviated as follows:
Barman (¢, 4, s, g) cocktails, ingredients, shots, ingredient-goal probability; Blocks b blocks; Childsnack (c, t, g, r) children,
trays, gluten factor, sandwich ratio; Delivery (n, p) grid size, packages; Driverlog (I, d, t, p, gp, 94, 9¢) locations, drivers, trucks,
packages, package/driver/truck goal probabilities; Ferry (c, ) cars, locations; Floortile (7, ¢, b) rows, columns, robots; Goldminer
(r, ¢) rows, columns; Grid (w, h, s, k, [, g) width, height, shapes, keys, locks, goal probability; Gripper b balls; Hiking-Binary
(h, c,p) couples, cars, places; Logistics (¢, [, p, a, g) cities, city size, packages, airplanes, goal-package probability; Miconic
(f, p) floors, passengers; Satellite (s, i, m,t, 0, g) satellites, instruments, modes, targets, observations, pointing-goal probability.

S Experiments the most difficult instances are reserved for the test set. We
repeated this step for Hiking-Binary and Childsnack, where
the initial training ranges were too large for PROVEPOLICY
because of high branching factors and symmetries. Repeated
seeds are used only to sample multiple tasks from the same
structural space.

Our experiments address three questions: can the prompted
learning loop discover general policies for a diverse set of
classical planning domains; do the learned policies generalize
to instances far larger than those seen during learning; and
how do they compare to previously learned policies and to
state-of-the-art domain-independent planners? .
P P 5.2 Learning Setup
5.1 Data Generation The core learning framework is implemented in C++, and its

We generated training, validation, and test splits for 15 clas- four tools are exposed to the LLM through a Python inter-

sical planning domains, most of which have appeared in the iace. gor e acl; do'malg, (\;ve rapﬁhghproG?%tgdslegrEmg c1190p
International Planning Competition, using PDDL generators rom Section 4 using Codex wit at > With medium

(Seipp, Torralba, and Hoffmann 2022). When an IPC genera- Fhinking mode as.the proposal mpdel. The exact prompting
tor was available, we adapted it to sample initial states and ¥nst?uct}fons are glC\l/en mn Appp}l:dlx dA We. used thg same ob-
goals according to its IPC-style distribution. Hiking-Binary ch.tlve or everzlf ormain, Wlft.l out omalg —spegzl ¢ ;I)lromp ¢
(abbreviated Hiking-Bin.) is an equivalent reformulation of adjustments or domain-spectic resource bounds such as an
the original Hiking domain where we compiled a ternary rela- upper bound on fea}ture compl§x1ty. The only QOmam—spemﬁc
tion persons/3 into a single binary relation personof/2 that input was the training, yahdanon, anFi test splits, and the loop
links each person to a couple. We adopted this reformulation produced one final policy per domain.

because our grammar does not support ternary relations.

Table 1 shows the Cartesian parameter sets used for each 5.3 Learning Results

generated split. We asked ChatGPT 5.5 to propose initial Table 2 summarizes the final policy obtained for each domain
Cartesian parameter ranges after describing the tools used to during learning. The iteration count varies substantially, rang-
generate, prove, and execute policies. Crucially, we then man- ing from one or a few refinement steps in Delivery, Ferry, Mi-
ually validated and refined these bounds to enforce a strict conic, and Satellite to hundreds of steps in Floortile. In sim-
curriculum of increasing difficulty. While some individual ple domains such as Delivery, Miconic, and Gripper, general
parameter dimensions may overlap, the resulting Cartesian policies in the same language had already been learned with
parameter sets are strictly pairwise disjoint across the train, Weighted Max-SAT and presented in the literature (Frances,
validation, and test splits. Furthermore, we ensured that for Bonet, and Geffner 2021), which may explain the fast con-
every domain, at least one core scaling dimension strictly in- vergence. However, our general Delivery policy differs from

creases across the splits without any overlap. This means that previous ones, as we discuss in the analysis section. The most



Domain #1 #O Cmax CUm #R Proved Valid.

Barman 69 18 49 221 18 98/98  77/77
Blocks-3 11 11 53 198 9 100/100 100/100

Blocks-4 8 8 39 109 5 100/100 100/100
Childsnack 3 9 19 78 10 100/100 66/66
Delivery 1 6 18 74 4 100/100 100/100
Driverlog 8 28 31 462 22 100/100 100/100
Ferry 1 4 10 26 4 100/100 100/100
Floortile 329 12 100 465 11 97/100 100/100

Goldminer 10 9 9 27 7 100/100 88/88
Grid 18 12 28 141 14 100/100 100/100
Gripper 2 5 10 33 4 5/5 5/5

Hiking-Bin. 28 21 41 419 31 95/95 0/0

Logistics 9 16 29 335 14 100/100 100/100
Miconic 2 12 8 65 6 100/100 100/100
Satellite 3 9 24 125 7 100/100 100/100

Table 2: Final learned policies. #I is the iteration count, #® is
the number of features, C™** and C*"™ are the maximum and
sum of feature syntactic complexities, and #R is the number
of policy rules. In Hiking-Binary, no validation tasks could
be determined as solvable due to scaling.

interesting cases are Barman, Blocks-4, Driverlog, Floortile,
Hiking-Binary, Logistics, and Satellite: these domains are
significantly more complex, require more iterations, and, to
the best of our knowledge, do not have previously learned
policies in the same language.

The learned policies are compact in terms of rule count, but
their features can be structurally complex: several domains
require double-digit numbers of features and cumulative syn-
tactic complexity above 100. The closest existing features
in terms of syntactic complexity are the hand-crafted fea-
tures used to represent hand-crafted policy sketches (Drexler,
Seipp, and Geffner 2024) and generalized potential heuristics
(Frances et al. 2019). However, these features differ from ours
not only in syntactic complexity, but also in the grammars
that induce them.

The proof column reports how many training tasks were
solved by the policy proof, whereas the validation column
reports how many validation tasks were solved by greedy ex-
ecution. Most domains are fully proved on training tasks and
solved by execution on validation tasks. The main exceptions
are Floortile, which leaves a few training tasks unproved,
and Hiking-Binary, where the final policy proves the training
tasks but has no sufficiently small validation tasks under the
selected validation split.

5.4 Test Evaluation

After learning, we evaluated each policy by greedy execu-
tion on generated test tasks and on existing IPC benchmarks,
whose scaling is known to be challenging. We conducted this
evaluation with the Lab toolkit (Seipp et al. 2017). All evalua-
tion runs used an 8 GB memory limit and a 30-minute timeout.
As reference points, we also ran two well-known, state-of-
the-art domain-independent planners, LAMA (Richter and
Westphal 2010) and Dual-BFWS (Lipovetzky and Geffner

LAMA  BFWS Policy
s T S T S T

Barman (100) 98 1.11 100 0.04 100 0.64
Blocks-3 (100) 100 0.14 98 0.69 100 0.84
Blocks-4 (100) 100 0.04 100 0.07 100 0.14
Childsnack (100) 56 047 62 1.01 100 1.19
Delivery (100) 100 0.41 100 0.05 100 0.51
Driverlog (100) 100 0.20 100 0.03 60 0.22
Ferry (100) 100 0.02 100 0.00 100 0.10
Floortile (100) 0 - 0 - 100 -
Goldminer (100) 43 0.74 100 0.07 100 0.87
Grid (100) 100 0.03 100 0.01 100 0.25
Gripper (10) 10 0.01 10 0.00 10 0.10
Hiking-Bin. (100) 100 - 0 - 100 -
Logistics (100) 100 0.04 100 0.09 100 0.65
Miconic (100) 100 0.01 100 0.00 100 0.10
Satellite (100) 100 0.01 100 0.02 100 0.19

Total (1410) 1207 0.08 1170 0.03 1370 0.31

Domain

Table 3: Testing results on generated test tasks. S is the num-
ber of solved tasks and T is the geometric mean total time in
seconds over commonly solved tasks.

2017), on the same benchmarks.

Tables 3 and 4 show that, in all but two domains, a sin-
gle greedy execution reaches a goal state. The exceptions
are Driverlog and Satellite. In Satellite, performance scales
poorly because feature evaluation is costly: the hardest solved
tasks require close to 300 seconds. In Driverlog, the feature
language is not expressive enough; we return to this limita-
tion, and possible ways to address it, in the analysis.

5.5 Analysis

We inspect three domains in more detail and relate the learned
policies to previous results and analyses from the literature.

Delivery. Delivery tasks require delivering packages to tar-
get locations within a grid using a single truck. The learned
policy follows a simple decomposition: it unloads when pos-
sible, otherwise uses trucks for delivery. The set of features
®p is {r,c,ru,pt,dp,dg} where r counts the number of
packages not at their goal location, ¢ counts the number of
packages currently carried by the truck, ru counts the number
of carried packages whose truck is at the package goal loca-
tion, pt counts the number of undelivered uncarried packages
at the truck location, dp is the truck grid distance to an unde-
livered package location, and dg is the truck grid distance to
the goal location of the carried package. The policy rules are:

{ru>0} — {rl, cl,rul} ; deliver pkg
{>0,ru=0} — {dgl,r=} ; go to target
{c=0,pt >0} — {ct,r=} ; pick it up

{c=0,pt=0,7>0} — {dpl,c=,r=}

In contrast to previously learned general policies for Delivery
(Frances, Bonet, and Geffner 2021), our learned policy gen-
eralizes to a more interesting class of Delivery tasks, where

; go to nearest pkg



LAMA BFWS Policy
s T S T S T

Barman-11 (20) 20 090 20 0.05 20 0.55
Barman-14 20) 20 2.07 20 0.10 20 0.81
Blocks (35) 35 0.01 35 0.01 35 0.11
Childsnack 20) 6 0.21 9 0.83 20 1.01
Driverlog (20) 20 0.03 20 0.00 15 0.16
Floortile-11 (200 7 41.84 4 0.07 20 0.16
Floortile-14 20) 2 3.54 2 0.03 20 0.17
Grid (5) 5 008 5 0.03 5 0.61
Gripper (20) 20 0.01 20 0.00 20 0.12
Hiking-Bin. (20) 20 0.88 14 0.05 20 0.93
Logistics-00 (28) 28 0.01 28 0.01 28 0.17
Logistics-98 35) 35 0.18 34 1.74 35 4.34
Miconic (150) 150 0.02 150 0.01 150 0.23
Satellite (36) 36 0.14 33 047 32 3.28

Total (449) 404 0.19 394 0.04 440 0.43

Domain

Table 4: Testing results on IPC tasks. S is the number of
solved tasks and T is the geometric mean total time in seconds
over commonly solved tasks.

package target locations are not restricted to a single loca-
tion but may be arbitrary grid locations. The key new feature
is dg, which has syntactic complexity 18, compared to the
complexity 15 feature sufficient for the single-target setting.

Logistics. Logistics tasks require delivering packages be-
tween locations in different cities, using trucks within cities
and airplanes between airports. The learned controller follows
this decomposition: it unloads when possible, otherwise uses
trucks for same-city delivery, routes different-city packages
to airports, flies them to the destination city, and finishes de-
livery with a destination-city truck. Its guards prevent loaded
vehicles from being diverted and avoid truck-airplane cycles
at airports.

The policy depends on recognizing whether packages and
vehicles are in the package destination city. This matches
the observation by Stahlberg, Bonet, and Geffner (2023) that
such relations are important for Logistics, and requires role
composition. Although bottom-up approaches often exclude
role composition because it makes the feature pool grow
too quickly (Frances, Bonet, and Geffner 2021), our learned
policy uses it, supporting its importance in this domain.

Driverlog. Driverlog tasks require satisfying goals for pack-
ages, trucks, and drivers. Packages are delivered by trucks,
but trucks can only move when a driver is inside them. Drivers
can walk between locations, board trucks, and drive them
along roads, so a solution must coordinate package delivery
with the target locations of both trucks and drivers.

We do not learn a generalizing Driverlog policy because
the feature language is not expressive enough for one part of
the domain. Consider states where all packages and trucks
are at their goals, so only driver goals remain. The available
distance features express shortest distances between sets of
source and target objects, but cannot bind each driver to its

own target. If one driver is at another driver’s goal location,
such a set-distance feature can be zero although the driver
assignment is wrong. This issue was also observed by Drexler,
Seipp, and Geffner (2024) in a hand-crafted width-1 policy
sketch and solved with a feature that sums each driver’s
distance to its own goal. Indexical policies (Bonet, Drexler,
and Geffner 2024) would offer another remedy by fixing an
object from a concept denotation, such as a driver not at its
target, and then measuring distance relative to that object.

Hiking-Binary. Hiking-Binary is a binary-relation refor-
mulation of IPC Hiking in which couples advance along a lin-
ear trail, requiring both partners and a tent at each next place
while cars transport people and tents forward. The domain
is difficult because progress depends on preserving enough
local resources: moving a person, tent, or car at the wrong
time can leave a couple unable to re-establish the conditions
needed for the next walk. The learned policy is complex, with
21 features of complexity up to 41 and 31 rules. It proves
all solvable training tasks and solves all generated and IPC
test tasks by greedy execution, although no sufficiently small
validation tasks could be established as solvable. The policy
relies on >nR.C features to express multiplicity conditions,
such as whether both partners are co-located at a relevant
place and whether two cars are available nearby, showing
another constructor that is hard for explicit enumeration to
manage.

6 Conclusions

We have shown that language models can synthesize rule-
based general policies over a rich description-logic feature
grammar when every proposal is embedded in a symbolic ver-
ification loop. This is a substantially stronger target than one-
shot plan generation: the output is a compact policy with a
denotational semantics, and its candidate failures are exposed
as graph-theoretic counterexamples. The resulting policies
solve domains that have been difficult for prior generalized-
planning approaches because they jointly stress scalability
and feature expressivity.

The learned policies also show that language models can
construct and use complex relational abstractions, not only
select among hand-designed ones. In our case studies, useful
features arise from description-logic expressions with syn-
tactic complexity well above 30 and up to 100 in the final
policies. The hard part of the workflow remains delegated
to symbolic tools: grounding, graph search, policy proof,
counterexample extraction, feature generation, and valida-
tion. The language model supplies the structured hypotheses
that connect these tools.

Taken together, these results mark a milestone toward prac-
tical generalized planning: complex symbolic policies, previ-
ously out of reach for enumerative synthesis methods, can be
discovered by combining language-model proposals with for-
mal counterexample-guided verification. Future work should
replace validation-only test evidence with proof obligations
over parameterized task families, automate more of the repair
loop, compare against systematic policy-synthesis baselines,
and use obfuscated or encrypted PDDL to isolate name cues
from relational structure.
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A Input Format for the Language Model

This section contains the input prompt used for the language model in our experiments. It is included here for reproducibility and
to provide insight into how we structured the problem for the model. The prompt includes a description of the task, the format of
the input and output, and examples of valid policies.

A.1 Objective

The objective is stated equally for every domain and stored as a file in objective .md. The input is:

# Experimentation

This file describes the general task. An additional markdown file grounds the placeholder
into a concrete experiment. The input is ‘<domain_name>‘, the name of the domain.

**The goal is simple:xx Find a policy for which
1) generality can be proven on the solvable training tasks, and
2) plans can be found on the solvable validation tasks.

*xAvailable Tools:x*x

1) ‘generate_features'‘: for generating features exhaustively up to a given complexity.

2) ‘prove_policy'‘: prove the policy on the grounded training tasks. It returns
counterexamples and the constructed policy graph.

3) ‘execute_policy‘': greedily follow the policy on a given task.

4) ‘prove_solvability': run lifted GBFS lazy with hFF on a task to prove solvability.

+**xAvailable Documentation:*x*
1) ‘grammar.tex‘: the syntax, abstract syntax, and semantic of implemented description logics
constructors.

**What you CAN do:*x*

- Create helper code files in ‘workspace_<domain_name>/"‘.

- You can create feature manually as well through semantic reasoning on what features may be
useful.

— You can build specialized tools based on the existing tools by combining existing tools or
writing small domain-specific scripts.

— Prefer using the in-memory policy graph returned by ‘prove_policy' when deriving features
or inspecting counterexamples.

**What you CANNOT do:xx*

- You are not allowed to modify ‘src/lpg/core/‘ or ‘src/lpg/tools/*‘.

- Do not run ‘prove_policy' on validation tasks because the exhaustive policy graph can be
too large there; use ‘execute_policy' instead.

- You cannot use width > 0 in the ‘execute_policy"' tool. Always use width 0 to execute the
general policy and not a sketch.

*+*Initial steps:xx

1. Filter train and validation tasks for solvability using the ‘prove_solvability‘ tool.
Discard unsolvable tasks for subsequent steps. Use time limit 30 seconds per task.
Report which tasks were solvable and unsolvable within that limit.

2. Write the empty policy to ‘output_<domain_name>/policy_0.txt" .

3. Use the empty policy to find counterexamples on the training tasks with
‘prove_policy'. This establishes the baseline failure mode and should guide
the first real policy.

**Core loop:*x*

1. Propose or refine a policy based on the previous counterexamples.

2. Write every considered policy to ‘output_<domain_name>/policy_<i>.txt'.
Do not overwrite earlier policy attempts; the sequence of files is the
experiment history.

3. Use ‘prove_policy" only on the training tasks. Use its counterexamples and
policy graph to understand which states are open, or which cycles remain.

4. Use ‘execute_policy' on the validation tasks only after the current policy
proves the training tasks.

5. If execution on validation tasks fails, refine the policy from the failure and
prove the refined policy again on the training tasks before executing it again.



5. If execution on validation tasks succeeds, assume that the goal was achieved.

*xConstraints:*x
- You should start by using the empty policy.
- You are required to report each candidate policy in ‘output_<domain_name>/policy_<i>.txt®
where '<i>' is the iteration.
- You should avoid trying to overfit. For example, you are not allowed to use l-step, 2-step,
3-step-features and so on,
if generalization toward arbitrary number can be expected. Instead, you should use distance
features for example.
- You are only allowed to stop if you are sure that no policy that satisfies the goal can be
found.
- You are required to write a log file ‘output_<domain_name>/run.log' that
explains every tool invocation, why that tool was used, what was learned from
the result, and the reasoning behind each change from one policy attempt to
the next.
— When a policy attempt fails, record the failure category that motivated the
next change: open state, transition into a deadend, cycle, validation failure,
parser error, or another concrete blocker.
- When a policy attempt succeeds, copy it to ‘output_<domain_name>/policy.txt’
and keep the numbered policy file that produced the success.
For the final policy also report the maximum syntactic complexity of a feature
and the syntactic complexity of the policy itself.

*xInputs:xx*

- ‘data/planning-benchmarks/learning/classical/<domain_name>/domain.pddl' is the PDDL
planning domain.

- ‘data/planning-benchmarks/learning/classical/<domain_name>/train‘: contains the training
PDDL planning tasks.

- ‘data/planning-benchmarks/learning/classical/<domain_name>/valid‘: contains the validation
PDDL planning tasks.

A.2 Domain Specific Input
Per domain, we give the language model the following prompt:

# Experimentation: Learning a general policy for the <domain_name> domain

Arguments:
- ‘domain_name‘: ‘<domain name>‘

**Goal:xx Learn a general policy for ‘<domain_name>' and the workflow specified in ‘objective.
md .

«*+xImportant:+x Do not stop until finding a general policy!

B Learned General Policies

This section contains the learned general policies for all four domains, which were used in the experiments. The policies are
presented in two sections, the features and the rules.

B.1 Barman

(policy
(:features

(numerical g "g" "unsatisfied contains-goals" (n_count (r_and (r_atomic_goal "contains"

true) (r_complement (r_atomic_state "contains")))))

(numerical gc "gc" "unsatisfied cocktail contains-goals" (n_count (r_restriction (r_and

(r_atomic_goal "contains" true) (r_complement (r_atomic_state "contains"))) (
c_atomic_state "cocktail"))))

(numerical gi "gi" "unsatisfied ingredient contains-goals" (n_count (r_restriction (
r_and (r_atomic_goal "contains" true) (r_complement (r_atomic_state "contains"))) (
c_atomic_state "ingredient"))))

(numerical hs "hs" "held shots count" (n_count (c_and (c_atomic_state "shot") (c_some (

r_inverse (r_atomic_state "holding")) (c_top)))))



(numerical hk "hk" "held shakers count" (n_count (c_and (c_atomic_state "shaker") (

c_some (r_inverse (r_atomic_state "holding")) (c_top)))))

(numerical hf "hf" "held shots containing a beverage" (n_count (c_and (c_and (
c_atomic_state "shot") (c_some (r_inverse (r_atomic_state "holding")) (c_top))) (
c_some (r_atomic_state "contains") (c_top)))))

(numerical 1v "1v" "shaker level distance" (n_distance (c_some (r_inverse (
r_atomic_state "shaker-empty-level")) (c_top)) (r_atomic_state "next") (c_some (
r_inverse (r_atomic_state "shaker-level")) (c_top))))

(boolean skc "skc" "shaker clean" (b_nonempty (c_and (c_atomic_state "shaker") (
c_atomic_state "clean"))))

(boolean ske "ske" "shaker empty" (b_nonempty (c_and (c_atomic_state "shaker") (
c_atomic_state "empty"))))

(boolean sks "sks" "shaker shaked" (b_nonempty (c_atomic_state "shaked")))

(boolean sku "sku" "shaker unshaked" (b_nonempty (c_atomic_state "unshaked")))

(boolean skr "skr" "shaker has both parts of a needed cocktail" (b_nonempty (c_and (
c_and (c_atomic_state "cocktail") (c_some (r_inverse (r_and (r_atomic_goal "
contains" true) (r_complement (r_atomic_state "contains")))) (c_top))) (c_and (
c_some (r_atomic_state "cocktail-partl") (c_some (r_inverse (r_atomic_state "
contains")) (c_atomic_state "shaker"))) (c_some (r_atomic_state "cocktail-part2") (
c_some (r_inverse (r_atomic_state "contains")) (c_atomic_state "shaker™)))))))

(numerical po "po" "needed cocktails shaked in shaker" (n_count (c_and (c_and (

c_atomic_state "cocktail") (c_some (r_inverse (r_and (r_atomic_goal "contains" true)
(r_complement (r_atomic_state "contains")))) (c_top))) (c_and (c_and (
c_atomic_state "cocktail") (c_some (r_inverse (r_atomic_state "contains")) (
)

c_atomic_state "shaker"))) (c_some (r_inverse (r_atomic_state "contains") (c_and (
c_atomic_state "shaker") (c_atomic_state "shaked")))))))

(boolean hsu "hsu" "held shot has ingredient useful for some needed cocktail" (
b_nonempty (c_and (c_some (r_inverse (r_atomic_state "contains")) (c_and (
c_atomic_state "shot") (c_some (r_inverse (r_atomic_state "holding")) (c_top)))) (
c_or (c_some (r_inverse (r_atomic_state "cocktail-partl")) (c_and (c_atomic_state "
cocktail") (c_some (r_inverse (r_and (r_atomic_goal "contains" true) (r_complement
(r_atomic_state "contains")))) (c_top)))) (c_some (r_inverse (r_atomic_state "
cocktail-part2")) (c_and (c_atomic_state "cocktail") (c_some (r_inverse (r_and (
r_atomic_goal "contains" true) (r_complement (r_atomic_state "contains")))) (c_top))

))))))

(numerical hsig "hsig" "held shots that are goal shots for unsatisfied ingredient goal"

(n_count (c_and (c_and (c_atomic_state "shot") (c_some (r_inverse (r_atomic_state "
holding")) (c_top))) (c_some (r_and (r_atomic_goal "contains" true) (r_complement (
r_atomic_state "contains"))) (c_atomic_state "ingredient")))))

(numerical hng "hng" "held shots that are non-goal shots" (n_count (c_and (c_and (
c_atomic_state "shot") (c_some (r_inverse (r_atomic_state "holding")) (c_top))) (
c_and (c_atomic_state "shot") (c_not (c_some (r_atomic_goal "contains" true) (c_top)

))))))
(boolean hcomp "hcomp" "held shot contains ing that completes a needed cocktail with
shaker contents" (b_nonempty (c_and (c_some (r_inverse (r_atomic_state "contains"))
(c_and (c_atomic_state "shot") (c_some (r_inverse (r_atomic_state "holding")) (
c_top)))) (c_or (c_some (r_inverse (r_atomic_state "cocktail-part2")) (c_and (c_and

(c_atomic_state "cocktail") (c_some (r_inverse (r_and (r_atomic_goal "contains"
true) (r_complement (r_atomic_state "contains")))) (c_top))) (c_some (
r_atomic_state "cocktail-partl") (c_some (r_inverse (r_atomic_state "contains")) (
c_atomic_state "shaker"))))) (c_some (r_inverse (r_atomic_state "cocktail-partl"))
(c_and (c_and (c_atomic_state "cocktail") (c_some (r_inverse (r_and (r_atomic_goal "
contains" true) (r_complement (r_atomic_state "contains")))) (c_top))) (c_some (
r_atomic_state "cocktail-part2") (c_some (r_inverse (r_atomic_state "contains")) (
c_atomic_state "shaker")))))))))

(boolean hsd "hsd" "held shot is dirty (has used flag)" (b_nonempty (c_and (c_and (
c_atomic_state "shot") (c_some (r_inverse (r_atomic_state "holding")) (c_top))) (
c_some (r_atomic_state "used") (c_top)))))

)
(:rules

((:conditions (greater_zero gi) (equal_zero hs) (equal_zero hk)) (:effects (increases
hs) (increases hsig) (unchanged g) (unchanged gi) (unchanged gc) (unchanged hk) (
unchanged hf) (unchanged 1lv) (positive skc) (positive ske) (negative sks) (negative

sku) (negative skr) (unchanged po) (negative hsu) (unchanged hng) (negative hsd)))



:conditions (greater_zero gi) (greater_zero hs) (greater_zero hsig) (equal_zero hk) (

equal_zero hf) (positive skc) (positive ske) (negative hsd)) (:effects (decreases g)

(decreases gi) (unchanged gc) (unchanged hs) (unchanged hk) (increases hf) (
decreases hsig) (unchanged 1lv) (positive skc) (positive ske) (negative sks) (
negative sku) (negative skr) (unchanged po) (unchanged hng) (negative hcomp) (
positive hsd)))

:conditions (greater_zero hs) (greater_zero hf) (equal_zero hk) (equal_zero hsig) (

positive skc) (positive ske)) (:effects (unchanged g) (unchanged gi) (unchanged gc)
(decreases hs) (unchanged hk) (decreases hf) (unchanged 1lv) (unchanged hsig) (

unchanged hng) (positive skc) (positive ske) (negative sks) (negative sku) (

negative skr) (unchanged po) (negative hsu) (negative hcomp) (negative hsd)))

:conditions (greater_zero gc) (equal_zero hs) (equal_zero hk) (equal_zero gi) (
positive skc) (positive ske)) (:effects (increases hs) (increases hng) (unchanged g)

(unchanged gc) (unchanged gi) (unchanged hk) (unchanged hf) (unchanged 1lv) (
positive skc) (positive ske) (negative sks) (negative sku) (negative skr) (
unchanged po) (negative hsu) (unchanged hsig) (negative hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (
equal_zero hf) (positive skc) (positive ske) (negative hsd)) (:effects (unchanged g)

(unchanged gc) (unchanged gi) (unchanged hs) (unchanged hk) (increases hf) (
unchanged 1lv) (unchanged hsig) (unchanged hng) (positive skc) (positive ske) (
negative sks) (negative sku) (negative skr) (unchanged po) (positive hsu) (positive

hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (
greater_zero hf) (positive skc) (positive ske) (positive hsu) (positive hsd)) (:
effects (unchanged g) (unchanged gc) (unchanged gi) (unchanged hs) (unchanged hk) (
decreases hf) (increases lv) (unchanged hsig) (unchanged hng) (negative skc) (
negative ske) (negative sks) (positive sku) (negative skr) (unchanged po) (negative

hsu) (positive hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (

equal_zero hf) (negative skc) (negative ske) (positive sku) (negative skr) (
positive hsd)) (:effects (unchanged g) (unchanged gc) (unchanged gi) (unchanged hs)

(unchanged hk) (unchanged hf) (unchanged 1lv) (unchanged hsig) (unchanged hng) (
negative skc) (negative ske) (negative sks) (positive sku) (negative skr) (
unchanged po) (negative hsu) (negative hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (
equal_zero hf) (negative skc) (negative ske) (positive sku) (negative skr) (
negative hcomp) (negative hsd)) (:effects (unchanged g) (unchanged gc) (unchanged
gi) (unchanged hs) (unchanged hk) (increases hf) (unchanged lv) (unchanged hsig) (
unchanged hng) (negative skc) (negative ske) (negative sks) (positive sku) (
negative skr) (unchanged po) (positive hsu) (positive hcomp) (positive hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (
greater_zero hf) (negative skc) (negative ske) (positive sku) (negative skr) (
positive hsu) (positive hcomp) (positive hsd)) (:effects (unchanged g) (unchanged
gc) (unchanged gi) (unchanged hs) (unchanged hk) (decreases hf) (increases 1lv) (

unchanged hsig) (unchanged hng) (negative skc) (negative ske) (negative sks) (
positive sku) (positive skr) (unchanged po) (negative hsu) (negative hcomp) (
positive hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (

equal_zero hf) (negative skc) (negative ske) (positive sku) (positive skr) (
positive hsd)) (:effects (unchanged g) (unchanged gc) (unchanged gi) (unchanged hs)

(unchanged hk) (unchanged hf) (unchanged 1lv) (unchanged hsig) (unchanged hng) (
negative skc) (negative ske) (negative sks) (positive sku) (positive skr) (
unchanged po) (negative hsu) (negative hsd)))

:conditions (greater_zero gc) (greater_zero hs) (greater_zero hng) (equal_zero hk) (

equal_zero hf) (negative skc) (negative ske) (positive sku) (positive skr) (
negative hsd)) (:effects (unchanged g) (unchanged gc) (unchanged gi) (decreases hs)

(unchanged hk) (unchanged hf) (unchanged 1lv) (unchanged hsig) (decreases hng) (
negative skc) (negative ske) (negative sks) (positive sku) (positive skr) (
unchanged po) (negative hsu) (negative hsd)))

:conditions (greater_zero gc) (equal_zero hs) (equal_zero hk) (negative skc) (
negative ske) (positive sku) (positive skr)) (:effects (unchanged g) (unchanged gc)
(unchanged gi) (unchanged hs) (increases hk) (unchanged hf) (unchanged 1lv) (

unchanged hsig) (unchanged hng) (negative skc) (negative ske) (negative sks) (
positive sku) (positive skr) (unchanged po) (negative hsu)))



((:conditions (greater_zero gc) (equal_zero hs) (greater_zero hk) (negative sks) (
positive sku) (positive skr)) (:effects (unchanged g) (unchanged gc) (unchanged gi)
(unchanged hs) (unchanged hk) (unchanged hf) (unchanged 1lv) (unchanged hsig) (
unchanged hng) (negative skc) (negative ske) (positive sks) (negative sku) (

negative skr) (increases po) (negative hsu)))

((:conditions (greater_zero gc) (equal_zero hs) (greater_zero hk) (positive sks) (
greater_zero 1lv) (greater_zero po)) (:effects (decreases g) (decreases gc) (
unchanged gi) (unchanged hs) (unchanged hk) (unchanged hf) (decreases 1lv) (

unchanged hsig) (unchanged hng) (negative skc) (negative ske) (positive sks) (
negative sku) (negative skr) (negative hsu) (negative hcomp)))

((:conditions (equal_zero hs) (greater_zero hk) (positive sks) (equal_zero po)) (:
effects (unchanged g) (unchanged gc) (unchanged gi) (unchanged hs) (unchanged hk) (
unchanged hf) (unchanged hsig) (unchanged hng) (negative skc) (positive ske) (

negative sks) (negative sku) (negative skr) (unchanged po) (negative hsu) (negative
hcomp) ))
((:conditions (equal_zero hs) (greater_zero hk) (positive sks) (greater_zero po) (
equal_zero 1lv)) (:effects (unchanged g) (unchanged gc) (unchanged gi) (unchanged hs)
(unchanged hk) (unchanged hf) (unchanged hsig) (unchanged hng) (unchanged 1lv) (
negative skc) (positive ske) (negative sks) (negative sku) (negative skr) (
decreases po) (negative hsu) (negative hcomp)))
((:conditions (equal_zero hs) (greater_zero hk) (negative skc) (positive ske) (negative
sks) (negative sku)) (:effects (unchanged g) (unchanged gc) (unchanged gi) (
unchanged hs) (unchanged hk) (unchanged hf) (unchanged 1lv) (unchanged hsig) (
unchanged hng) (positive skc) (positive ske) (negative sks) (negative sku) (
negative skr) (unchanged po) (negative hsu)))
((:conditions (equal_zero hs) (greater_zero hk) (positive skc) (positive ske) (negative
sks) (negative sku)) (:effects (unchanged g) (unchanged gc) (unchanged gi) (
unchanged hs) (decreases hk) (unchanged hf) (unchanged 1lv) (unchanged hsig) (
unchanged hng) (positive skc) (positive ske) (negative sks) (negative sku) (

negative skr) (unchanged po) (negative hsu)))

B.2 Blocks-3

(policy
(: features

(numerical missing "m" "blocks with a goal support that are not currently on it" (n_count

(c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (c_same_as (r_atomic_state "on")
(r_atomic_goal "on" true))))))

(numerical stackable_ready "sr" "ready blocks whose goal support is clear and safe to use

now" (n_count (c_and (c_atomic_state "clear") (c_and (c_some (r_atomic_goal "on" true)
c_top) (c_and (c_not (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))) (
c_some (r_atomic_goal "on" true) (c_and (c_atomic_state "clear") (c_and (c_not (c_and
(c_some (r_atomic_goal "on" true) c_top) (c_not (c_same_as (r_atomic_state "on") (
r_atomic_goal "on" true))))) (c_and (c_not (c_some (r_transitive_closure (
r_atomic_state "on")) (c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)))))) (c_not (c_some (
r_transitive_closure (r_atomic_state "on")) (c_some (r_inverse (r_atomic_goal "on"
true)) (c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (c_same_as (
r_atomic_state "on") (r_atomic_goal "on" true))))))))))))))))

(numerical inv_mis "im" "satisfied goal links whose support is itself misplaced" (n_count
(c_and (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)) (c_some (
r_atomic_goal "on" true) (c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))))))))

(numerical inv_src "is" "satisfied goal links whose support is above a missing source" (

n_count (c_and (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)) (c_some (
r_atomic_goal "on" true) (c_some (r_transitive_closure (r_atomic_state "on")) (c_and (

c_some (r_atomic_goal "on" true) c_top) (c_not (c_same_as (r_atomic_state "on") (
r_atomic_goal "on" true)))))))))

(numerical inv_tgt "it" "satisfied goal links whose support is above a missing target" (
n_count (c_and (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)) (c_some (
r_atomic_goal "on" true) (c_some (r_transitive_closure (r_atomic_state "on")) (c_some
(r_inverse (r_atomic_goal "on" true)) (c_and (c_some (r_atomic_goal "on" true) c_top)

(c_not (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))))))))))



(numerical inv_mis_above "ima" "blocks above satisfied links whose support is misplaced" (

n_count (c_some (r_transitive_closure (r_atomic_state "on")) (c_and (c_same_as (

r_atomic_state "on") (r_atomic_goal "on" true)) (c_some (r_atomic_goal "on" true) (

c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (c_same_as (r_atomic_state "on")
(r_atomic_goal "on" true)))))))))

(numerical inv_src_above "isa" "blocks above satisfied links whose support is above a
missing source" (n_count (c_some (r_transitive_closure (r_atomic_state "on")) (c_and (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)) (c_some (r_atomic_goal "on"

true) (c_some (r_transitive_closure (r_atomic_state "on")) (c_and (c_some (
r_atomic_goal "on" true) c_top) (c_not (c_same_as (r_atomic_state "on") (r_atomic_goal
"on" true))))))))))

(numerical inv_tgt_above "ita" "blocks above satisfied links whose support is above a
missing target" (n_count (c_some (r_transitive_closure (r_atomic_state "on")) (c_and (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)) (c_some (r_atomic_goal "on"

true) (c_some (r_transitive_closure (r_atomic_state "on")) (c_some (r_inverse (
r_atomic_goal "on" true)) (c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)))))))))))

(numerical src_above "sa" "blocks above misplaced source blocks" (n_count (c_some (
r_transitive_closure (r_atomic_state "on")) (c_and (c_some (r_atomic_goal "on" true)
c_top) (c_not (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)))))))

(numerical tgt_above "ta" "blocks above goal supports of misplaced source blocks" (n_count

(c_some (r_transitive_closure (r_atomic_state "on")) (c_some (r_inverse (
r_atomic_goal "on" true)) (c_and (c_some (r_atomic_goal "on" true) c_top) (c_not (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))))))))

(numerical tabled "t" "blocks on the table" (n_count (c_atomic_state "on-table")))

)
(:rules

((:conditions (greater_zero inv_mis_above)) (:effects (decreases inv_mis_above) (increases

tabled)))

((:conditions (equal_zero inv_mis_above) (greater_zero inv_mis)) (:effects (decreases
inv_mis) (increases tabled)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (greater_zero inv_src_above)
) (:effects (decreases inv_src_above) (increases tabled)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (equal_zero inv_src_above) (
greater_zero inv_src)) (:effects (decreases inv_src) (increases tabled)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (equal_zero inv_src_above) (
equal_zero inv_src) (greater_zero inv_tgt_above)) (:effects (decreases inv_tgt_above)
(increases tabled)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (equal_zero inv_src_above) (
equal_zero inv_src) (equal_zero inv_tgt_above) (greater_zero inv_tgt)) (:effects (
decreases 1inv_tgt) (increases tabled)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (equal_zero inv_src_above) (
equal_zero inv_src) (equal_zero inv_tgt_above) (equal_zero inv_tgt) (greater_zero
stackable_ready)) (:effects (decreases missing) (unchanged inv_mis) (unchanged inv_src)

(unchanged inv_tgt)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (equal_zero inv_src_above) (
equal_zero inv_src) (equal_zero inv_tgt_above) (equal_zero inv_tgt) (equal_zero
stackable_ready) (greater_zero src_above)) (:effects (decreases src_above) (increases
tabled)))

((:conditions (equal_zero inv_mis_above) (equal_zero inv_mis) (equal_zero inv_src_above) (
equal_zero inv_src) (equal_zero inv_tgt_above) (equal_zero inv_tgt) (equal_zero
stackable_ready) (equal_zero src_above) (greater_zero tgt_above)) (:effects (decreases

tgt_above) (increases tabled)))

B.3 Blocks-4

(policy
(:features
(numerical remaining "r" "goal on-relations not currently true" (n_count (r_and (
r_atomic_goal "on" true) (r_complement (r_atomic_state "on")))))
(numerical holding "h" "blocks currently held" (n_count (c_atomic_state "holding")))
(numerical on_count "oc" "current on-relations" (n_count (r_atomic_state "on")))



(numerical ready_stack "rs" "held blocks whose goal support is clear and stable" (n_count

(c_and (c_atomic_state "holding") (c_some (r_atomic_goal "on" true) (c_and (
c_atomic_state "clear") (c_and (c_or (c_and (c_atomic_state "on-table") (c_not (c_some
(r_atomic_goal "on" true) c_top))) (c_same_as (r_atomic_state "on") (r_atomic_goal "
on" true))) (c_not (c_some (r_transitive_closure (r_atomic_state "on")) (c_not (c_or (
c_and (c_atomic_state "on-table") (c_not (c_some (r_atomic_goal "on" true) c_top))) (

c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))))))))))))

(numerical wrong_clear_on "wco" "clear blocks on another block but not correctly on their
goal support" (n_count (c_and (c_atomic_state "clear") (c_and (c_some (r_atomic_state "
on") c_top) (c_not (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)))))))

(numerical bad_depth "bd" "transitive on-pairs above blocks that are not in place" (
n_count (r_restriction (r_transitive_closure (r_atomic_state "on")) (c_not (c_or (
c_and (c_atomic_state "on-table") (c_not (c_some (r_atomic_goal "on" true) c_top))) (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true)))))))

(numerical ready_table "rt" "clear table blocks ready to be picked up for correct stacking
" (n_count (c_and (c_atomic_state "clear") (c_and (c_atomic_state "on-table") (c_and (
c_not (c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))) (c_some (
r_atomic_goal "on" true) (c_and (c_atomic_state "clear") (c_and (c_or (c_and (
c_atomic_state "on-table") (c_not (c_some (r_atomic_goal "on" true) c_top))) (
c_same_as (r_atomic_state "on") (r_atomic_goal "on" true))) (c_not (c_some (
r_transitive_closure (r_atomic_state "on")) (c_not (c_or (c_and (c_atomic_state "on-
table") (c_not (c_some (r_atomic_goal "on" true) c_top))) (c_same_as (r_atomic_state "
on") (r_atomic_goal "on" true))))))))))))))

(numerical bottom_ready "br" "clear table blocks with no goal support" (n_count (c_and (
c_atomic_state "clear") (c_and (c_atomic_state "on-table") (c_not (c_some (
r_atomic_goal "on" true) c_top))))))

)
(:rules

((:conditions (greater_zero holding) (greater_zero ready_stack)) (:effects (decreases
remaining) (decreases holding) (decreases ready_stack) (increases on_count)))

((:conditions (greater_zero holding) (equal_zero ready_stack)) (:effects (decreases

holding) (unchanged on_count) (unchanged remaining)))

((:conditions (equal_zero holding) (greater_zero wrong_clear_on)) (:effects (decreases
on_count) (increases holding) (unchanged remaining)))

((:conditions (equal_zero holding) (equal_zero wrong_clear_on) (greater_zero bad_depth)) (:
effects (decreases on_count) (increases holding) (increases remaining) (decreases
bad_depth)))

((:conditions (equal_zero holding) (equal_zero wrong_clear_on) (equal_zero bad_depth) (
greater_zero ready_table)) (:effects (increases holding) (decreases ready_table) (
unchanged bottom_ready) (unchanged remaining)))

B.4 Childsnack

(policy
(: features

(numerical allergic_unserved "au" "allergic children not yet served" (n_count (c_and (
c_atomic_state "child") (c_and (c_atomic_state "allergic_gluten") (c_not (
c_atomic_state "served"))))))

(numerical nonallergic_unserved "nu" "non-allergic children not yet served" (n_count (
c_and (c_atomic_state "child") (c_and (c_atomic_state "not_allergic_gluten") (c_not (
c_atomic_state "served"))))))

(numerical tray_at_kitchen "tk" "trays at the kitchen" (n_count (c_and (c_atomic_state "
tray") (c_some (r_atomic_state "at") (c_one_of "kitchen")))))

(numerical ng_unplaced "ngu" "gluten-free sandwiches at the kitchen" (n_count (c_and (
c_atomic_state "sandwich") (c_and (c_atomic_state "at_kitchen_sandwich") (
c_atomic_state "no_gluten_sandwich")))))

(numerical regular_unplaced "ru" "regular sandwiches at the kitchen" (n_count (c_and (
c_atomic_state "sandwich") (c_and (c_atomic_state "at_kitchen_sandwich") (c_not (
c_atomic_state "no_gluten_sandwich"))))))

(numerical ng_ontray "ngo" "gluten-free sandwiches on trays" (n_count (c_and (
c_atomic_state "sandwich") (c_and (c_atomic_state "no_gluten_sandwich") (c_some (

r_atomic_state "ontray") (c_atomic_state "tray"))))))



(numerical regular_ontray "ro" "regular sandwiches on trays" (n_count (c_and (

c_atomic_state "sandwich") (c_and (c_not (c_atomic_state "no_gluten_sandwich")) (
c_some (r_atomic_state "ontray") (c_atomic_state "tray"))))))

(numerical ready_allergic "ra" "allergic children at a tray carrying a gluten-free
sandwich" (n_count (c_and (c_atomic_state "child") (c_and (c_atomic_state "
allergic_gluten") (c_and (c_not (c_atomic_state "served")) (c_some (r_atomic_state "
waiting") (c_some (r_inverse (r_atomic_state "at")) (c_some (r_inverse (r_atomic_state

"ontray")) (c_atomic_state "no_gluten_sandwich")))))))))

(numerical ready_nonallergic "rn" "non-allergic children at a tray carrying a regular
sandwich" (n_count (c_and (c_atomic_state "child") (c_and (c_atomic_state "
not_allergic_gluten") (c_and (c_not (c_atomic_state "served")) (c_some (r_atomic_state

"waiting") (c_some (r_inverse (r_atomic_state "at")) (c_some (r_inverse (
r_atomic_state "ontray")) (c_and (c_atomic_state "sandwich") (c_not (c_atomic_state "

no_gluten_sandwich™)))))))))))

(:rules
((:conditions (greater_zero ready_allergic)) (:effects (decreases allergic_unserved) (
decreases ng_ontray)))
((:conditions (greater_zero allergic_unserved) (equal_zero ready_allergic) (greater_zero
ng_ontray)) (:effects (increases ready_allergic) (unchanged allergic_unserved) (

unchanged ng_ontray)))
((:conditions (greater_zero allergic_unserved) (equal_zero ready_allergic) (equal_zero

ng_ontray) (greater_zero ng_unplaced) (greater_zero tray_at_kitchen)) (:effects (
decreases ng_unplaced) (increases ng_ontray) (unchanged allergic_unserved)))

((:conditions (greater_zero allergic_unserved) (equal_zero ready_allergic) (equal_zero
ng_ontray) (greater_zero ng_unplaced) (equal_zero tray_at_kitchen)) (:effects (
increases tray_at_kitchen) (unchanged ng_unplaced) (unchanged allergic_unserved)))

((:conditions (greater_zero allergic_unserved) (equal_zero ready_allergic) (equal_zero
ng_ontray) (equal_zero ng_unplaced)) (:effects (increases ng_unplaced) (unchanged
allergic_unserved)))

((:conditions (equal_zero allergic_unserved) (greater_zero ready_nonallergic)) (:effects (
decreases nonallergic_unserved) (decreases regular_ontray)))

((:conditions (equal_zero allergic_unserved) (greater_zero nonallergic_unserved) (
equal_zero ready_nonallergic) (greater_zero regular_ontray)) (:effects (increases
ready_nonallergic) (unchanged nonallergic_unserved) (unchanged regular_ontray)))

((:conditions (equal_zero allergic_unserved) (greater_zero nonallergic_unserved) (
equal_zero ready_nonallergic) (equal_zero regular_ontray) (greater_zero
regular_unplaced) (greater_zero tray_at_kitchen)) (:effects (decreases

regular_unplaced) (increases regular_ontray) (unchanged nonallergic_unserved)))

((:conditions (equal_zero allergic_unserved) (greater_zero nonallergic_unserved) (
equal_zero ready_nonallergic) (equal_zero regular_ontray) (greater_zero
reqgular_unplaced) (equal_zero tray_at_kitchen)) (:effects (increases tray_at_kitchen)
(unchanged regular_unplaced) (unchanged nonallergic_unserved)))

((:conditions (equal_zero allergic_unserved) (greater_zero nonallergic_unserved) (
equal_zero ready_nonallergic) (equal_zero regular_ontray) (equal_zero regular_unplaced)
) (:effects (increases regular_unplaced) (unchanged nonallergic_unserved)))

B.5 Delivery

(policy
(:features

(numerical remaining "r" "packages not at their goal location" (n_count (c_and (
c_atomic_state "package") (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at"
true))))))

(numerical carried "c" "packages currently carried by the truck" (n_count (c_and (
c_atomic_state "package") (c_some (r_inverse (r_atomic_state "carrying")) (
c_atomic_state "truck")))))

(numerical ready_unload "ru" "carried packages whose truck is at the package goal location
" (n_count (c_and (c_atomic_state "package") (c_and (c_some (r_inverse (r_atomic_state

"carrying")) (c_atomic_state "truck")) (c_same_as (r_composition (r_inverse (
r_atomic_state "carrying")) (r_atomic_state "at")) (r_atomic_goal "at" true))))))

(numerical pkg_at_truck "pt" "undelivered uncarried packages at the truck location" (
n_count (c_and (c_atomic_state "package") (c_and (c_some (r_atomic_state "at") (



c_atomic_state "cell")) (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "

at" true))) (c_some (r_atomic_state "at") (c_some (r_inverse (r_atomic_state "at")) (
c_atomic_state "truck"))))))))

(numerical dist_to_pkg "dp" "truck grid distance to an undelivered package location" (
n_distance (c_some (r_inverse (r_atomic_state "at")) (c_atomic_state "truck")) (
r_atomic_state "adjacent") (c_some (r_inverse (r_atomic_state "at")) (c_and (
c_atomic_state "package") (c_and (c_some (r_atomic_state "at") (c_atomic_state "cell"))

(c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))))

(numerical dist_to_goal "dg" "truck grid distance to the goal location of the carried
package" (n_distance (c_some (r_inverse (r_atomic_state "at")) (c_atomic_state "truck")
) (r_atomic_state "adjacent") (c_some (r_inverse (r_atomic_goal "at" true)) (c_and (
c_atomic_state "package") (c_some (r_inverse (r_atomic_state "carrying")) (

c_atomic_state "truck"))))))

(:rules

((:conditions (greater_zero ready_unload)) (:effects (decreases remaining) (decreases
carried) (decreases ready_unload)))

((:conditions (greater_zero carried) (equal_zero ready_unload)) (:effects (decreases
dist_to_goal) (unchanged carried) (unchanged remaining)))

((:conditions (equal_zero carried) (greater_zero pkg_at_truck)) (:effects (increases
carried) (unchanged remaining)))

((:conditions (equal_zero carried) (equal_zero pkg_at_truck) (greater_zero remaining)) (:
effects (decreases dist_to_pkg) (unchanged carried) (unchanged remaining)))

B.6 Driverlog

(policy
(: features
(numerical pkg_remaining "pr" "packages not at their goal location" (n_count (c_and (c_and
(c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "location")))
(c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))

(numerical pkg_carried "pc" "packages in trucks" (n_count (c_and (c_atomic_state "obj") (
c_some (r_atomic_state "in") (c_atomic_state "truck")))))

(numerical pkg_ready_unload "pu" "carried packages whose truck is at the package goal" (
n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_state "in") (
c_atomic_state "truck"))) (c_same_as (r_composition (r_atomic_state "in") (
r_atomic_state "at")) (r_atomic_goal "at" true)))))

(numerical pkg_at_truck "pt" "undelivered packages at a truck location" (n_count (c_and (
c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location”))) (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))

(c_some (r_atomic_state "at") (c_some (r_inverse (r_atomic_state "at")) (
c_atomic_state "truck")))))))

(numerical pkg_truck_distance "pd" "link distance from a driven truck to an undelivered
package location" (n_distance (c_some (r_inverse (r_atomic_state "at")) (c_some (
r_inverse (r_atomic_state "driving")) (c_atomic_state "driver"))) (r_atomic_state "link
") (c_some (r_inverse (r_atomic_state "at")) (c_and (c_atomic_state "obj") (c_and (
c_some (r_atomic_goal "at" true) (c_atomic_state "location")) (c_not (c_same_as (
r_atomic_state "at") (r_atomic_goal "at" true)))))) ))

(numerical pkg_goal_distance "pgd" "link distance from a truck carrying a package to a
carried package goal" (n_distance (c_some (r_inverse (r_atomic_state "at")) (c_some (
r_inverse (r_atomic_state "in")) (c_atomic_state "obij"))) (r_atomic_state "link") (
c_some (r_inverse (r_atomic_goal "at" true)) (c_some (r_atomic_state "in") (
c_atomic_state "truck")))))

(numerical driving "dr" "drivers currently driving" (n_count (c_and (c_atomic_state "
driver") (c_some (r_atomic_state "driving") (c_atomic_state "truck")))))

(numerical driver_at_empty_truck "det" "drivers colocated with an empty truck" (n_count (
c_and (c_atomic_state "driver") (c_some (r_atomic_state "at") (c_some (r_inverse (
r_atomic_state "at")) (c_and (c_atomic_state "truck") (c_atomic_state "empty")))))))

(numerical driver_to_empty_truck_distance "ded" "path distance from a driver to an empty
truck" (n_distance (c_some (r_inverse (r_atomic_state "at")) (c_atomic_state "driver"))

(r_atomic_state "path") (c_some (r_inverse (r_atomic_state "at")) (c_and (

c_atomic_state "truck") (c_atomic_state "empty")))))



(numerical truck_remaining "tr" "trucks not at their goal location" (n_count (c_and (c_and
(c_atomic_state "truck") (c_some (r_atomic_goal "at" true) (c_atomic_state "location")
)) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))
(numerical goal_truck_driven "gtd" "unsatisfied goal trucks currently being driven" (
n_count (c_and (c_and (c_atomic_state "truck") (c_some (r_atomic_goal "at" true) (

c_atomic_state "location"))) (c_and (c_not (c_same_as (r_atomic_state "at") (
r_atomic_goal "at" true))) (c_some (r_inverse (r_atomic_state "driving")) (
c_atomic_state "driver"))))))

(numerical driver_at_goal_truck "dgt" "drivers colocated with an unsatisfied goal truck" (
n_count (c_and (c_atomic_state "driver") (c_some (r_atomic_state "at") (c_some (
r_inverse (r_atomic_state "at")) (c_and (c_and (c_atomic_state "truck") (c_some (
r_atomic_goal "at" true) (c_atomic_state "location"))) (c_not (c_same_as (
r_atomic_state "at") (r_atomic_goal "at" true)))))))))

(numerical driver_to_goal_truck_distance "dgd" "path distance from a driver to an
unsatisfied goal truck" (n_distance (c_some (r_inverse (r_atomic_state "at")) (
c_atomic_state "driver")) (r_atomic_state "path") (c_some (r_inverse (r_atomic_state "
at")) (c_and (c_and (c_atomic_state "truck") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "
at" true)))))))

(numerical goal_truck_distance "gtdist" "link distance from driven unsatisfied goal trucks

to their goals" (n_distance (c_some (r_inverse (r_atomic_state "at")) (c_and (c_and (
c_atomic_state "truck") (c_some (r_atomic_goal "at" true) (c_atomic_state "location")))

(c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))) (c_some (
r_inverse (r_atomic_state "driving")) (c_atomic_state "driver"))))) (r_atomic_state "
link") (c_some (r_inverse (r_atomic_goal "at" true)) (c_and (c_atomic_state "truck") (
c_some (r_inverse (r_atomic_state "driving")) (c_atomic_state "driver"))))))

(numerical driver_remaining "der" "drivers not at their goal location" (n_count (c_and (
c_and (c_atomic_state "driver") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location"))) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))

(numerical driver_ready_exit "dre" "driving drivers whose truck is at their goal" (n_count

(c_and (c_and (c_atomic_state "driver") (c_some (r_atomic_state "driving") (
c_atomic_state "truck"))) (c_same_as (r_composition (r_atomic_state "driving") (
r_atomic_state "at")) (r_atomic_goal "at" true)))))

(numerical driver_goal_distance "dgd2" "path distance from an unsatisfied on-foot driver
to a driver goal" (n_distance (c_some (r_inverse (r_atomic_state "at")) (c_and (c_and
(c_atomic_state "driver") (c_some (r_atomic_goal "at" true) (c_atomic_state "location")
)) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))) (
r_atomic_state "path") (c_some (r_inverse (r_atomic_goal "at" true)) (c_atomic_state "
driver™))))

(numerical driver_unsat_goal_distance "dugd" "path distance from unsatisfied on-foot
drivers to unsatisfied driver goals" (n_distance (c_some (r_inverse (r_atomic_state "
at")) (c_and (c_and (c_atomic_state "driver") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "
at" true))))) (r_atomic_state "path") (c_some (r_inverse (r_atomic_goal "at" true)) (
c_and (c_and (c_atomic_state "driver") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "
at" true)))))))

(numerical pkg_carrier_driven "pcd" "carried packages in a truck with a driver" (n_count (
c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_state "in") (c_atomic_state "
truck"))) (c_some (r_composition (r_atomic_state "in") (r_inverse (r_atomic_state "
driving"))) (c_atomic_state "driver")))))

(numerical driver_at_carried_truck "dct" "drivers colocated with a truck carrying an
undelivered package" (n_count (c_and (c_atomic_state "driver") (c_some (r_atomic_state

"at") (c_some (r_inverse (r_atomic_state "at")) (c_and (c_atomic_state "truck") (
c_some (r_inverse (r_atomic_state "in")) (c_and (c_atomic_state "obj") (c_and (c_some
(r_atomic_goal "at" true) (c_atomic_state "location")) (c_not (c_same_as (
r_composition (r_atomic_state "in") (r_atomic_state "at")) (r_atomic_goal "at" true))))

))))))))

(numerical driver_to_carried_truck_distance "dctd" "path distance from a driver to a truck
carrying an undelivered package" (n_distance (c_some (r_inverse (r_atomic_state "at"))
(c_atomic_state "driver")) (r_atomic_state "path") (c_some (r_inverse (r_atomic_state
"at")) (c_and (c_atomic_state "truck") (c_some (r_inverse (r_atomic_state "in")) (

c_and (c_atomic_state "obj") (c_and (c_some (r_atomic_goal "at" true) (c_atomic_state "
location”)) (c_not (c_same_as (r_composition (r_atomic_state "in") (r_atomic_state "at
")) (r_atomic_goal "at" true))))))))))



(numerical driver_at_free_truck "dft" "drivers colocated with an empty truck that has no

goal" (n_count (c_and (c_atomic_state "driver") (c_some (r_atomic_state "at") (c_some
(r_inverse (r_atomic_state "at")) (c_and (c_and (c_atomic_state "truck") (
c_atomic_state "empty")) (c_not (c_some (r_atomic_goal "at" true) (c_atomic_state "
location™)))))))))

(numerical driver_to_free_truck_distance "dftd" "path distance from a driver to an empty
truck that has no goal" (n_distance (c_some (r_inverse (r_atomic_state "at")) (
c_atomic_state "driver")) (r_atomic_state "path") (c_some (r_inverse (r_atomic_state "
at")) (c_and (c_and (c_atomic_state "truck") (c_atomic_state "empty")) (c_not (c_some
(r_atomic_goal "at" true) (c_atomic_state "location")))))))

(numerical driven_driver_goal_distance "ddgd" "link distance from a driven unsatisfied
driver’s truck to that driver’s goal" (n_distance (c_some (r_inverse (r_atomic_state "

at")) (c_some (r_inverse (r_atomic_state "driving")) (c_and (c_and (c_atomic_state "
driver") (c_some (r_atomic_goal "at" true) (c_atomic_state "location"))) (c_not (
c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))))) (r_atomic_state "link")

(c_some (r_inverse (r_atomic_goal "at" true)) (c_some (r_atomic_state "driving") (
c_atomic_state "truck")))))

(numerical wrong_driver_goal_occupant "wdg" "unsatisfied drivers currently at some driver
goal location" (n_count (c_and (c_and (c_and (c_atomic_state "driver") (c_some (
r_atomic_goal "at" true) (c_atomic_state "location"))) (c_not (c_same_as (
r_atomic_state "at") (r_atomic_goal "at" true)))) (c_some (r_atomic_state "at") (
c_some (r_inverse (r_atomic_goal "at" true)) (c_atomic_state "driver"))))))

(numerical swapped_driver_goal_pair "sdg" "unsatisfied drivers mutually occupying each
others goal locations" (n_count (c_and (c_and (c_and (c_atomic_state "driver") (c_some

(r_atomic_goal "at" true) (c_atomic_state "location"))) (c_not (c_same_as (
r_atomic_state "at") (r_atomic_goal "at" true)))) (c_some (r_and (r_composition (
r_atomic_state "at") (r_inverse (r_atomic_goal "at" true))) (r_composition (

r_atomic_goal "at" true) (r_inverse (r_atomic_state "at")))) (c_and (c_and (
c_atomic_state "driver") (c_some (r_atomic_goal "at" true) (c_atomic_state "location"))
) (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))))

(numerical driver_one_step "dos" "unsatisfied drivers one path step from their own goal" (
n_count (r_and (r_identity (c_and (c_and (c_atomic_state "driver") (c_some (
r_atomic_goal "at" true) (c_atomic_state "location"))) (c_not (c_same_as (
r_atomic_state "at") (r_atomic_goal "at" true))))) (r_composition (r_composition (
r_atomic_state "at") (r_atomic_state "path")) (r_inverse (r_atomic_goal "at" true))))))

(numerical driven_goal_truck_one_step "t-os" "driven unsatisfied goal trucks one link step
from their own goal" (n_count (r_and (r_identity (c_and (c_and (c_and (c_atomic_state
"truck") (c_some (r_atomic_goal "at" true) (c_atomic_state "location"))) (c_not (

c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))) (c_some (r_inverse (
r_atomic_state "driving")) (c_atomic_state "driver")))) (r_composition (r_composition
(r_atomic_state "at") (r_atomic_state "1link")) (r_inverse (r_atomic_goal "at" true)))))

)

:rules

((:conditions (greater_zero pkg_ready_unload)) (:effects (decreases pkg_remaining) (
decreases pkg_carried) (decreases pkg_ready_unload)))

((:conditions (greater_zero pkg_carried) (equal_zero pkg_ready_unload) (greater_zero
pkg_carrier_driven)) (:effects (decreases pkg_goal_distance) (unchanged pkg_carried) (
unchanged pkg_remaining)))

((:conditions (greater_zero pkg_carried) (equal_zero pkg_ready_unload) (equal_zero
pkg_carrier_driven) (greater_zero driver_at_carried_truck)) (:effects (increases
pkg_carrier_driven) (unchanged pkg_carried) (unchanged pkg_remaining)))

((:conditions (greater_zero pkg_carried) (equal_zero pkg_ready_unload) (equal_zero

pkg_carrier_driven) (equal_zero driver_at_carried_truck)) (:effects (decreases
driver_to_carried_truck_distance) (unchanged pkg_carried) (unchanged pkg_remaining)))
((:conditions (equal_zero pkg_carried) (greater_zero pkg_at_truck)) (:effects (increases

pkg_carried) (decreases pkg_at_truck) (unchanged pkg_remaining)))
((:conditions (equal_zero pkg_carried) (equal_zero pkg_at_truck) (greater_zero

pkg_remaining) (greater_zero driving)) (:effects (decreases pkg_truck_distance) (
unchanged pkg_remaining)))

((:conditions (equal_zero pkg_carried) (equal_zero pkg_at_truck) (greater_zero
pkg_remaining) (equal_zero driving) (greater_zero driver_at_empty_truck)) (:effects (
increases driving) (unchanged pkg_remaining)))

((:conditions (equal_zero pkg_carried) (equal_zero pkg_at_truck) (greater_zero



pkg_remaining) (equal_zero driving) (equal_zero driver_at_empty_truck)) (:effects (
decreases driver_to_empty_truck_distance) (unchanged pkg_remaining)))

((:conditions (equal_zero pkg_remaining) (greater_zero goal_truck_driven) (greater_zero
driven_goal_truck_one_step)) (:effects (decreases truck_remaining) (decreases
driven_goal_truck_one_step)))

((:conditions (equal_zero pkg_remaining) (greater_zero goal_truck_driven) (equal_zero
driven_goal_truck_one_step)) (:effects (decreases goal_truck_distance) (unchanged
goal_truck_driven) (unchanged truck_remaining)))

((:conditions (equal_zero pkg_remaining) (greater_zero goal_truck_driven) (equal_zero
driven_goal_truck_one_step)) (:effects (increases driven_goal_truck_one_step) (
unchanged goal_truck_driven) (unchanged truck_remaining)))

((:conditions (equal_zero pkg_remaining) (equal_zero goal_truck_driven) (greater_zero

truck_remaining) (greater_zero driver_at_goal_truck)) (:effects (increases
goal_truck_driven) (unchanged truck_remaining)))

((:conditions (equal_zero pkg_remaining) (equal_zero goal_truck_driven) (greater_zero
truck_remaining) (equal_zero driver_at_goal_truck)) (:effects (decreases
driver_to_goal_truck_distance) (unchanged truck_remaining)))

((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (greater_zero
driver_ready_exit)) (:effects (decreases driver_remaining) (decreases
driver_ready_exit)))

((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (greater_zero
driver_ready_exit)) (:effects (decreases driver_remaining) (decreases
driver_ready_exit)))

((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero
driver_ready_exit) (greater_zero driving)) (:effects (decreases
driven_driver_goal_distance) (unchanged driving) (unchanged driver_remaining) (
unchanged truck_remaining)))

((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero driving)

(greater_zero driver_remaining) (greater_zero driver_at_free_truck)) (:effects (
increases driving) (unchanged driver_remaining) (unchanged truck_remaining)))

((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero driving)

(greater_zero driver_remaining) (equal_zero driver_at_free_truck)) (:effects (

decreases driver_to_free_truck_distance) (unchanged driver_remaining) (unchanged
truck_remaining)))
((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero

driver_ready_exit) (greater_zero driving)) (:effects (decreases driving) (unchanged
driver_remaining)))
((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero driving)
(greater_zero driver_remaining) (greater_zero swapped_driver_goal_pair) (equal_zero
driver_one_step)) (:effects (decreases swapped_driver_goal_pair) (unchanged
driver_remaining) (unchanged driving)))
((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero driving)
(greater_zero driver_remaining) (greater_zero driver_one_step)) (:effects (decreases

driver_remaining) (decreases driver_one_step)))
((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero driving)

(greater_zero driver_remaining) (equal_zero driver_one_step)) (:effects (decreases
driver_unsat_goal_distance) (unchanged driver_remaining)))
((:conditions (equal_zero pkg_remaining) (equal_zero truck_remaining) (equal_zero driving)
(greater_zero driver_remaining) (equal_zero driver_one_step)) (:effects (increases

driver_one_step) (unchanged driver_remaining)))

B.7 Ferry
(policy
(: features
(numerical remaining "r" "cars not at their goal location" (n_count (c_and (c_atomic_state
"car") (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))

(numerical carried "c" "cars currently on the ferry" (n_count (c_and (c_atomic_state "car
") (c_atomic_state "on"))))

(numerical ready_unload "ru" "carried cars whose goal is the ferry location" (n_count (
c_and (c_atomic_state "car") (c_and (c_atomic_state "on") (c_some (r_atomic_goal "at"
true) (c_atomic_state "at-ferry"))))))



(numerical car_at_ferry "cf" "undelivered cars at the ferry location" (n_count (c_and (

c_atomic_state "car") (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "
at" true))) (c_some (r_atomic_state "at") (c_atomic_state "at-ferry"))))))
)
(:rules
((:conditions (greater_zero ready_unload)) (:effects (decreases remaining) (decreases
carried) (decreases ready_unload)))
((:conditions (greater_zero carried) (equal_zero ready_unload)) (:effects (increases
ready_unload) (unchanged carried) (unchanged remaining)))
((:conditions (equal_zero carried) (greater_zero car_at_ferry)) (:effects (increases
carried) (unchanged remaining)))
((:conditions (equal_zero carried) (equal_zero car_at_ferry) (greater_zero remaining)) (:

effects (increases car_at_ferry) (unchanged remaining)))

B.8 Floortile

(policy
(: features

(numerical remaining "r" "goal tiles not yet painted with their goal color" (n_count (
c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (
c_not (c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true))))))

(numerical frontier "f" "clear unpainted goal tiles with no unpainted goal tile below" (
n_count (c_and (c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted"
true) c_top)) (c_and (c_atomic_state "clear") (c_not (c_same_as (r_atomic_state "
painted") (r_atomic_goal "painted" true))))) (c_not (c_some (r_or (r_inverse (
r_atomic_state "up")) (r_composition (r_transitive_closure (r_or (r_or (r_atomic_state

"left") (r_inverse (r_atomic_state "left"))) (r_or (r_atomic_state "right") (
r_inverse (r_atomic_state "right"))))) (r_inverse (r_atomic_state "up")))) (c_and (
c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (c_not (
c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true)))))))))

(numerical paintable "p" "frontier tiles vertically adjacent to a robot" (n_count (c_and (
c_and (c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true)
c_top)) (c_and (c_atomic_state "clear") (c_not (c_same_as (r_atomic_state "painted") (
r_atomic_goal "painted" true))))) (c_not (c_some (r_or (r_inverse (r_atomic_state "up")
) (r_composition (r_transitive_closure (r_or (r_or (r_atomic_state "left") (r_inverse
(r_atomic_state "left"))) (r_or (r_atomic_state "right") (r_inverse (r_atomic_state "
right"))))) (r_inverse (r_atomic_state "up")))) (c_and (c_and (c_atomic_state "tile")
(c_some (r_atomic_goal "painted" true) c_top)) (c_not (c_same_as (r_atomic_state "
painted") (r_atomic_goal "painted" true))))))) (c_some (r_atomic_state "up") (c_some (
r_inverse (r_atomic_state "robot—-at")) (c_atomic_state "robot"))))))

(numerical ready_paint "rp" "paintable frontier tiles whose adjacent robot has the goal
color" (n_count (c_and (c_and (c_and (c_and (c_atomic_state "tile") (c_some (
r_atomic_goal "painted" true) c_top)) (c_and (c_atomic_state "clear") (c_not (
c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true))))) (c_not (c_some

(r_or (r_inverse (r_atomic_state "up")) (r_composition (r_transitive_closure (r_or (
r_or (r_atomic_state "left") (r_inverse (r_atomic_state "left"))) (r_or (
r_atomic_state "right") (r_inverse (r_atomic_state "right"))))) (r_inverse (
r_atomic_state "up")))) (c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "
painted" true) c_top)) (c_not (c_same_as (r_atomic_state "painted") (r_atomic_goal "
painted" true))))))) (c_same_as (r_atomic_goal "painted" true) (r_composition (
r_atomic_state "up") (r_composition (r_inverse (r_atomic_state "robot-at")) (
r_atomic_state "robot-has")))))))

(numerical dist_to_frontier_support "dfs" "clear-grid distance from a robot to a clear
vertical support tile for the frontier" (n_distance (c_some (r_inverse (r_atomic_state

"robot-at")) (c_atomic_state "robot")) (r_restriction (r_or (r_or (r_or (
r_atomic_state "up") (r_inverse (r_atomic_state "up"))) (r_or (r_inverse (
r_atomic_state "up")) (r_inverse (r_inverse (r_atomic_state "up"))))) (r_or (r_or (
r_atomic_state "left") (r_inverse (r_atomic_state "left"))) (r_or (r_atomic_state "
right") (r_inverse (r_atomic_state "right"))))) (c_atomic_state "clear")) (c_and (c_or

(c_atomic_state "clear") (c_some (r_inverse (r_atomic_state "robot-at")) (
c_atomic_state "robot"))) (c_some (r_inverse (r_atomic_state "up")) (c_and (c_and (
c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (c_and (



c_atomic_state "clear") (c_not (c_same_as (r_atomic_state "painted") r_atomic_goal "
painted" true))))) (c_not (c_some (r_or (r_inverse (r_atomic_state "up")) (
r_composition (r_transitive_closure (r_or (r_or (r_atomic_state "left") (r_inverse (
r_atomic_state "left"))) (r_or (r_atomic_state "right") (r_inverse (r_atomic_state "
right"))))) (r_inverse (r_atomic_state "up")))) (c_and (c_and (c_atomic_state "tile")
(c_some (r_atomic_goal "painted" true) c_top)) (c_not (c_same_as (r_atomic_state "
painted") (r_atomic_goal "painted" true)))))))))))

(numerical four_or_more_robots "fr" "objects seeing at least four robots" (n_count (
c_at_least 4 (r_universal) (c_atomic_state "robot"))))

(numerical edge_blocked_frontier_goal "ebfg" "occupied active goals at a horizontal row
edge" (n_count (c_and (c_and (c_and (c_and (c_and (c_atomic_state "tile") (c_some (
r_atomic_goal "painted" true) c_top)) (c_not (c_same_as (r_atomic_state "painted") (
r_atomic_goal "painted" true)))) (c_some (r_inverse (r_atomic_state "robot-at")) (
c_atomic_state "robot"))) (c_not (c_some (r_or (r_inverse (r_atomic_state "up")) (
r_composition (r_transitive_closure (r_or (r_or (r_atomic_state "left") (r_inverse (
r_atomic_state "left"))) (r_or (r_atomic_state "right") (r_inverse (r_atomic_state "
right"))))) (r_inverse (r_atomic_state "up")))) (c_and (c_and (c_atomic_state "tile")
(c_some (r_atomic_goal "painted" true) c_top)) (c_not (c_same_as (r_atomic_state "
painted") (r_atomic_goal "painted" true))))))) (c_or (c_not (c_some (r_atomic_state "
left") (c_atomic_state "tile"))) (c_not (c_some (r_atomic_state "right") (
c_atomic_state "tile")))))))

(numerical crowded_blocked_frontier_goal "cbfg" "occupied active goals with another

occupied active goal in the same row" (n_count (c_and (c_and (c_and (c_and (c_and (
c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (c_not (
c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true)))) (c_some (

r_inverse (r_atomic_state "robot—-at")) (c_atomic_state "robot"))) (c_not (c_some (r_or
(r_inverse (r_atomic_state "up")) (r_composition (r_transitive_closure (r_or (r_or (

r_atomic_state "left") (r_inverse (r_atomic_state "left"))) (r_or (r_atomic_state "
right") (r_inverse (r_atomic_state "right"))))) (r_inverse (r_atomic_state "up")))) (
c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (
c_not (c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true))))))) (
c_some (r_transitive_closure (r_or (r_or (r_atomic_state "left") (r_inverse (
r_atomic_state "left"))) (r_or (r_atomic_state "right") (r_inverse (r_atomic_state "
right"))))) (c_and (c_and (c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal
"painted" true) c_top)) (c_not (c_same_as (r_atomic_state "painted") (r_atomic_goal "

painted" true)))) (c_some (r_inverse (r_atomic_state "robot-at")) (c_atomic_state "
robot"))) (c_not (c_some (r_or (r_inverse (r_atomic_state "up")) (r_composition (
r_transitive_closure (r_or (r_or (r_atomic_state "left") (r_inverse (r_atomic_state "
left"))) (r_or (r_atomic_state "right") (r_inverse (r_atomic_state "right"))))) (
r_inverse (r_atomic_state "up")))) (c_and (c_and (c_atomic_state "tile") (c_some (
r_atomic_goal "painted" true) c_top)) (c_not (c_same_as (r_atomic_state "painted") (
r_atomic_goal "painted" true)))))))))))

(numerical clear_tiles "ct" "currently clear tiles" (n_count (c_atomic_state "clear")))

(numerical blocked_goal "bg" "missing goal tiles currently occupied by a robot" (n_count (
c_and (c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true)

c_top)) (c_not (c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true))))
(c_some (r_inverse (r_atomic_state "robot-at")) (c_atomic_state "robot")))))
(numerical blocked_frontier_goal "bfg" "missing goal tiles in the active deepest row
currently occupied by a robot" (n_count (c_and (c_and (c_and (c_and (c_atomic_state "
tile") (c_some (r_atomic_goal "painted" true) c_top)) (c_not (c_same_as (
r_atomic_state "painted") (r_atomic_goal "painted" true)))) (c_some (r_inverse (
r_atomic_state "robot—-at")) (c_atomic_state "robot"))) (c_not (c_some (r_or (r_inverse
(r_atomic_state "up")) (r_composition (r_transitive_closure (r_or (r_or (
r_atomic_state "left") (r_inverse (r_atomic_state "left"))) (r_or (r_atomic_state "
right") (r_inverse (r_atomic_state "right"))))) (r_inverse (r_atomic_state "up")))) (
c_and (c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (
c_not (c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true)))))))))
(numerical blocked_support "bs" "support tiles for occupied missing goal tiles that are
occupied by a robot" (n_count (c_and (c_some (r_inverse (r_atomic_state "robot-at")) (
c_atomic_state "robot")) (c_some (r_inverse (r_atomic_state "up")) (c_and (c_and (
c_and (c_atomic_state "tile") (c_some (r_atomic_goal "painted" true) c_top)) (c_not (
c_same_as (r_atomic_state "painted") (r_atomic_goal "painted" true)))) (c_some (
r_inverse (r_atomic_state "robot—-at")) (c_atomic_state "robot™)))))))

)

(:rules



((:conditions (greater_zero blocked_frontier_goal)) (:effects (decreases
blocked_frontier_goal) (unchanged frontier) (unchanged remaining) (unchanged
clear_tiles)))

((:conditions (greater_zero blocked_frontier_goal)) (:effects (decreases
blocked_frontier_goal) (increases frontier) (unchanged remaining) (unchanged
clear_tiles)))

((:conditions (greater_zero blocked_support)) (:effects (decreases blocked_support) (
unchanged remaining) (unchanged clear_tiles) (unchanged blocked_frontier_goal)))

((:conditions (equal_zero frontier) (equal_zero blocked_support) (greater_zero
blocked_goal)) (:effects (decreases blocked_goal) (unchanged remaining) (unchanged
clear_tiles)))

((:conditions (greater_zero ready_paint)) (:effects (decreases remaining) (decreases
frontier) (decreases clear_tiles)))

((:conditions (greater_zero ready_paint)) (:effects (decreases remaining) (increases
frontier) (decreases clear_tiles)))

((:conditions (greater_zero ready_paint)) (:effects (decreases remaining) (unchanged
frontier) (decreases paintable) (decreases clear_tiles)))

((:conditions (equal_zero ready_paint) (greater_zero paintable)) (:effects (increases

ready_paint) (unchanged remaining) (unchanged clear_tiles) (unchanged blocked_support))
)

((:conditions (greater_zero blocked_frontier_goal) (greater_zero
edge_blocked_frontier_goal) (equal_zero four_or_more_robots) (equal_zero
blocked_support) (equal_zero ready_paint) (greater_zero remaining)) (:effects (
decreases dist_to_frontier_support) (unchanged remaining) (unchanged clear_tiles) (
unchanged blocked_support)))

((:conditions (greater_zero blocked_frontier_goal) (greater_zero

crowded_blocked_frontier_goal) (greater_zero blocked_support) (equal_zero ready_paint)
(greater_zero remaining)) (:effects (decreases dist_to_frontier_ support) (unchanged
remaining) (unchanged clear_tiles) (unchanged blocked_support)))
((:conditions (equal_zero ready_paint) (equal_zero blocked_frontier_goal) (greater_zero
remaining)) (:effects (decreases dist_to_frontier_support) (unchanged remaining) (
unchanged clear_tiles) (unchanged blocked_support)))

B.9 Goldminer

(policy
(: features
(boolean arm_empty "ae" "robot arm is empty" (b_atomic_state "arm-empty" true))
(boolean holds_bomb "hb" "robot holds a bomb" (b_atomic_state "holds-bomb" true))
(numerical soft "s" "soft rocks remaining" (n_count (c_atomic_state "soft-rock-at")))
(numerical gold_soft "gs" "gold cell still has soft rock" (n_count (c_and (c_atomic_state

"gold-at") (c_atomic_state "soft-rock-at"))))
(numerical gold_clear "gc" "gold cell is clear" (n_count (c_and (c_atomic_state "gold-at")
(c_atomic_state "clear"))))

(numerical clear "c" "clear cells" (n_count (c_atomic_state "clear")))

(numerical dist_bomb "db" "clear-path distance from robot to bomb supply" (n_distance (
c_atomic_state "robot—-at") (r_restriction (r_atomic_state "connected") (c_atomic_state

"clear")) (c_atomic_state "bomb-at")))

(numerical dist_frontier "df" "clear-path distance from robot to a clear cell adjacent to
soft rock" (n_distance (c_atomic_state "robot-at") (r_restriction (r_atomic_state "
connected") (c_atomic_state "clear")) (c_and (c_atomic_state "clear") (c_some (
r_atomic_state "connected") (c_atomic_state "soft-rock-at")))))

(numerical dist_gold "dg" "clear-path distance from robot to gold" (n_distance (
c_atomic_state "robot-at") (r_restriction (r_atomic_state "connected") (c_atomic_state

"clear")) (c_atomic_state "gold-at")))
)
(:rules

((:conditions (positive arm_empty) (greater_zero gold_clear)) (:effects (negative
arm_empty)))

((:conditions (positive arm_empty) (greater_zero gold_clear) (greater_zero dist_gold)) (:
effects (decreases dist_gold) (unchanged soft) (unchanged gold_soft) (unchanged

gold_clear) (unchanged clear)))



((:conditions (positive arm_empty) (equal_zero gold_clear) (greater_zero soft) (equal_zero
dist_bomb)) (:effects (positive holds_bomb) (negative arm_empty) (unchanged gold_soft)
(unchanged gold_clear) (unchanged clear)))

((:conditions (positive arm_empty) (equal_zero gold_clear) (greater_zero soft) (
greater_zero dist_bomb)) (:effects (decreases dist_bomb) (unchanged soft) (unchanged
gold_soft) (unchanged gold_clear) (unchanged clear)))

((:conditions (positive holds_bomb) (equal_zero gold_clear) (equal_zero dist_frontier)) (:
effects (negative holds_bomb) (positive arm_empty) (decreases soft) (increases clear)
(unchanged gold_soft) (unchanged gold_clear)))

((:conditions (positive holds_bomb) (equal_zero gold_clear) (equal_zero dist_frontier) (
greater_zero gold_soft)) (:effects (negative holds_bomb) (positive arm_empty) (
decreases soft) (increases clear) (decreases gold_soft) (increases gold_clear)))

((:conditions (positive holds_bomb) (equal_zero gold_clear) (greater_zero dist_frontier))
(:effects (decreases dist_frontier) (unchanged soft) (unchanged gold_soft) (unchanged

gold_clear) (unchanged clear)))
)
)
B.10 Grid
(policy
(: features
(numerical remaining "r" "goal keys not at their goal place" (n_count (c_and (
c_atomic_state "key") (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)

)))))

(numerical held "h" "keys currently held" (n_count (c_and (c_atomic_state "key") (
c_atomic_state "holding"))))

(numerical locked "1" "locked places" (n_count (c_and (c_atomic_state "place") (
c_atomic_state "locked"))))

(numerical ready_put "rp" "held goal keys whose goal is the robot place" (n_count (c_and (
c_and (c_atomic_state "key") (c_atomic_state "holding")) (c_some (r_atomic_goal "at"
true) (c_atomic_state "at-robot")))))

(numerical unlockable "u" "adjacent locked places matching the held key shape" (n_count (

c_and (c_and (c_atomic_state "place") (c_atomic_state "locked")) (c_and (c_some (
r_inverse (r_atomic_state "conn")) (c_atomic_state "at-robot")) (c_some (
r_atomic_state "lock-shape") (c_some (r_inverse (r_atomic_state "key-shape")) (c_and (
c_atomic_state "key") (c_atomic_state "holding"))))))))

(numerical held_matching_locks "ml" "locked places matching the held key shape" (n_count (
c_and (c_and (c_atomic_state "place") (c_atomic_state "locked")) (c_some (
r_atomic_state "lock-shape") (c_some (r_inverse (r_atomic_state "key-shape")) (c_and (
c_atomic_state "key") (c_atomic_state "holding")))))))

(numerical dist_to_lock_frontier "dlf" "open-grid distance to a place adjacent to a
matching held-key lock" (n_distance (c_atomic_state "at-robot") (r_restriction (
r_atomic_state "conn") (c_atomic_state "open")) (c_and (c_atomic_state "open") (c_some

(r_atomic_state "conn") (c_and (c_and (c_atomic_state "place") (c_atomic_state "
locked")) (c_some (r_atomic_state "lock-shape") (c_some (r_inverse (r_atomic_state "key
—-shape")) (c_and (c_atomic_state "key") (c_atomic_state "holding")))))))))

(numerical held_open_goal "hog" "held goal keys whose goal place is currently open" (

n_count (c_and (c_and (c_atomic_state "key") (c_atomic_state "holding")) (c_some (

r_atomic_goal "at" true) (c_atomic_state "open")))))
(numerical dist_to_held _goal "dhg" "open-grid distance to the held key goal place" (

n_distance (c_atomic_state "at-robot") (r_restriction (r_atomic_state "conn") (
c_atomic_state "open")) (c_some (r_inverse (r_atomic_goal "at" true)) (c_and (
c_atomic_state "key") (c_atomic_state "holding")))))

(numerical lock_key_here "1lkh" "keys at robot whose shape opens some locked place" (
n_count (c_and (c_and (c_atomic_state "key") (c_some (r_atomic_state "at") (
c_atomic_state "at-robot"))) (c_some (r_atomic_state "key-shape") (c_some (r_inverse (
r_atomic_state "lock-shape")) (c_and (c_atomic_state "place") (c_atomic_state "locked")

))))))

(numerical open_goal_key_here "ogh" "undelivered keys at robot with an open goal place" (
n_count (c_and (c_and (c_atomic_state "key") (c_some (r_atomic_state "at") (
c_atomic_state "at-robot"))) (c_and (c_not (c_same_as (r_atomic_state "at") (
r_atomic_goal "at" true))) (c_some (r_atomic_goal "at" true) (c_atomic_state "open"))))

))



(numerical dist_to_useful_key "duk" "open-grid distance to an open place containing a lock

key or open-goal key" (n_distance (c_atomic_state "at-robot") (r_restriction (
r_atomic_state "conn") (c_atomic_state "open")) (c_and (c_atomic_state "open") (c_some
(r_inverse (r_atomic_state "at")) (c_and (c_atomic_state "key") (c_or (c_some (
r_atomic_state "key-shape") (c_some (r_inverse (r_atomic_state "lock-shape")) (c_and (
c_atomic_state "place") (c_atomic_state "locked")))) (c_and (c_not (c_same_as (
r_atomic_state "at") (r_atomic_goal "at" true))) (c_some (r_atomic_goal "at" true) (
c_atomic_state "open")))))))))
)
(:rules
((:conditions (greater_zero unlockable)) (:effects (decreases locked) (decreases
unlockable) (unchanged held) (unchanged remaining)))
((:conditions (equal_zero unlockable) (equal_zero held_matching locks) (greater_zero
ready_put)) (:effects (decreases remaining) (decreases held) (decreases ready_put)))
((:conditions (greater_zero held) (equal_zero unlockable) (greater_zero
held_matching_locks) (greater_zero dist_to_lock_frontier)) (:effects (decreases
dist_to_lock_frontier) (unchanged held) (unchanged remaining) (unchanged locked)))
((:conditions (greater_zero held) (equal_zero unlockable) (equal_zero held_matching_ locks)
(greater_zero held_open_goal) (greater_zero dist_to_held_goal)) (:effects (decreases
dist_to_held_goal) (unchanged held) (unchanged remaining)))
((:conditions (greater_zero held) (equal_zero unlockable) (equal_zero held_matching_locks)
(equal_zero held_open_goal) (greater_zero dist_to_useful_key)) (:effects (decreases
dist_to_useful_key) (unchanged held) (unchanged remaining)))
((:conditions (greater_zero held) (equal_zero unlockable) (equal_zero held_matching_ locks)
(equal_zero held_open_goal) (greater_zero locked)) (:effects (unchanged held) (
increases held_matching_locks) (increases remaining)))
((:conditions (greater_zero held) (equal_zero unlockable) (equal_zero held_matching_locks)
(equal_zero held_open_goal)) (:effects (unchanged held) (increases

held_matching_locks)))
((:conditions (greater_zero held) (equal_zero unlockable) (equal_zero held_matching_ locks)
(equal_zero held_open_goal)) (:effects (unchanged held) (increases held_open_goal)))
((:conditions (equal_zero held) (greater_zero lock_key_here) (greater_zero locked)) (:
effects (increases held) (decreases lock_key_here) (increases remaining)))

((:conditions (equal_zero held) (greater_zero lock_key_here)) (:effects (increases held) (
decreases lock_key_here) (decreases remaining)))
((:conditions (equal_zero held) (greater_zero lock_key_here)) (:effects (increases held) (

decreases lock_key_here) (unchanged remaining)))

((:conditions (equal_zero held) (equal_zero lock_key_here) (greater_zero
open_goal_key_here)) (:effects (increases held) (decreases open_goal_key_here) (
decreases remaining)))

((:conditions (equal_zero held) (equal_zero lock_key_here) (greater_zero
open_goal_key_here)) (:effects (increases held) (decreases open_goal_key_here) (
unchanged remaining)))

((:conditions (equal_zero held) (equal_zero lock_key_here) (equal_zero open_goal_key_here)

(greater_zero dist_to_useful_key)) (:effects (decreases dist_to_useful_key) (
unchanged held) (unchanged remaining)))

B.11 Gripper

(policy
(:features

(numerical remaining "r" "balls not at their goal room" (n_count (c_and (c_atomic_state "
ball") (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))

(numerical carried "c" "balls currently carried by a gripper" (n_count (c_and (
c_atomic_state "ball") (c_some (r_atomic_state "carry") (c_atomic_state "gripper")))))

(numerical free_grippers "f" "free grippers" (n_count (c_and (c_atomic_state "gripper") (
c_atomic_state "free"))))

(numerical ready_drop "rd" "carried balls whose goal is the robot room" (n_count (c_and (
c_atomic_state "ball") (c_and (c_some (r_atomic_state "carry") (c_atomic_state "gripper
")) (c_some (r_atomic_goal "at" true) (c_atomic_state "at-robby"))))))

(numerical ball_at_robot "br" "undelivered balls at the robot room" (n_count (c_and (
c_atomic_state "ball") (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "

at" true))) (c_some (r_atomic_state "at") (c_atomic_state "at-robby"))))))



)

(:rules

((:conditions (greater_zero ready_drop)) (:effects (decreases remaining) (decreases
carried) (increases free_grippers) (decreases ready_drop)))

((:conditions (greater_zero carried) (equal_zero ready_drop)) (:effects (increases
ready_drop) (unchanged carried) (unchanged remaining)))

((:conditions (equal_zero ready_drop) (greater_zero ball_at_robot) (greater_zero
free_grippers)) (:effects (increases carried) (decreases free_grippers) (unchanged

remaining)))
((:conditions (equal_zero ready_drop) (equal_zero carried) (greater_zero remaining) (
equal_zero ball_at_robot)) (:effects (increases ball_at_robot) (unchanged remaining)))

B.12 Hiking-Bin.

(policy
(: features
(numerical r "r" "remaining next-chain distance over unfinished couples" (n_count (
r_composition (r_atomic_state "walked") (r_transitive_closure (r_atomic_state "next")))

))

(numerical a "a" "partners away from their couple source" (n_count (c_and (c_atomic_state

"person") (c_and (c_some (r_inverse (r_atomic_state "partner_of")) (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true))))) (c_not (c_same_as (r_atomic_state "at_person") (r_composition (
r_inverse (r_atomic_state "partner_of")) (r_atomic_state "walked"))))))))

(numerical an "an" "away partners at next place" (n_count (c_and (c_and (c_atomic_state "
person") (c_and (c_some (r_inverse (r_atomic_state "partner_of")) (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true))))) (c_not (c_same_as (r_atomic_state "at_person") (r_composition (
r_inverse (r_atomic_state "partner_of")) (r_atomic_state "walked")))))) (c_same_as (
r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "partner_of")) (
r_composition (r_atomic_state "walked") (r_atomic_state "next")))))))

(numerical ap "ap" "away partners at previous place" (n_count (c_and (c_and (
c_atomic_state "person") (c_and (c_some (r_inverse (r_atomic_state "partner_of")) (
c_and (c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (
r_atomic_goal "walked" true))))) (c_not (c_same_as (r_atomic_state "at_person") (
r_composition (r_inverse (r_atomic_state "partner_of")) (r_atomic_state "walked"))))))

(c_same_as (r_composition (r_atomic_state "at_person") (r_atomic_state "next")) (
r_composition (r_inverse (r_atomic_state "partner_of")) (r_atomic_state "walked"))))))

(boolean ab "ab" "some away partner remains" (b_nonempty (c_and (c_atomic_state "person")
(c_and (c_some (r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "
couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true)))))

(c_not (c_same_as (r_atomic_state "at_person") (r_composition (r_inverse (
r_atomic_state "partner_of")) (r_atomic_state "walked"))))))))

(boolean s "s" "some source partner present" (b_nonempty (c_and (c_and (c_atomic_state "
couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))
(c_some (r_atomic_state "partner_of") (c_and (c_atomic_state "person") (c_and (c_some
(r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "couple") (c_not (
c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))) (c_same_as (
r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "partner_of")) (

r_atomic_state "walked")))))))))
(boolean st "st" "both source partners present" (b_nonempty (c_and (c_and (c_atomic_state

"couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))
(c_all (r_atomic_state "partner_of") (c_and (c_atomic_state "person") (c_and (c_some
(r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "couple") (c_not (
c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))) (c_same_as (
r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "partner_of")) (
r_atomic_state "walked")))))))))
(boolean at "at" "both partners at next" (b_nonempty (c_and (c_and (c_atomic_state "couple
") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true)))) (c_all
(r_atomic_state "partner_of") (c_and (c_and (c_atomic_state "person") (c_and (c_some
(r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "couple") (c_not (

c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))) (c_not (



c_same_as (r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "

partner_of")) (r_atomic_state "walked")))))) (c_same_as (r_atomic_state "at_person") (
r_composition (r_inverse (r_atomic_state "partner_of")) (r_composition (r_atomic_state
"walked") (r_atomic_state "next™)))))))))

(boolean apt "apt" "two away partners at one place" (b_nonempty (c_and (c_atomic_state "
place") (c_at_least 2 (r_inverse (r_atomic_state "at_person")) (c_and (c_atomic_state "
person") (c_and (c_some (r_inverse (r_atomic_state "partner_of")) (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true))))) (c_not (c_same_as (r_atomic_state "at_person") (r_composition (
r_inverse (r_atomic_state "partner_of")) (r_atomic_state "walked"))))))))))

(numerical f1 "f1" "final-leg couples" (n_count (c_and (c_and (c_atomic_state "couple") (
c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true)))) (c_same_as

(r_composition (r_atomic_state "walked") (r_atomic_state "next")) (r_atomic_goal "
walked" true)))))

(numerical ch "ch" "cars at current walked places" (n_count (c_and (c_atomic_state "car")
(c_some (r_atomic_state "at_car") (c_some (r_inverse (r_atomic_state "walked")) (c_and

(c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true)))))))))

(boolean ch2 "ch2" "two cars at current walked place" (b_nonempty (c_and (c_some (
r_inverse (r_atomic_state "walked")) (c_and (c_atomic_state "couple") (c_not (
c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))) (c_at_least 2 (
r_inverse (r_atomic_state "at_car")) (c_atomic_state "car")))))

(numerical cn "cn" "cars at next walked places" (n_count (c_and (c_atomic_state "car") (
c_some (r_atomic_state "at_car") (c_some (r_inverse (r_atomic_state "next")) (c_some (
r_inverse (r_atomic_state "walked")) (c_and (c_atomic_state "couple") (c_not (
c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))))))))

(boolean cn2 "cn2" "two cars at next walked place" (b_nonempty (c_and (c_some (r_inverse (
r_atomic_state "next")) (c_some (r_inverse (r_atomic_state "walked")) (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true)))))) (c_at_least 2 (r_inverse (r_atomic_state "at_car")) (c_atomic_state

"car")))))

(numerical spc "spc" "complete source couples count" (n_count (c_and (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true)))) (c_all (r_atomic_state "partner_of") (c_and (c_atomic_state "person")

(c_and (c_some (r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "
couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true)))))
(c_same_as (r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "

partner_of")) (r_atomic_state "walked")))))))))

(boolean sct "sct" "some complete source couple present" (b_nonempty (c_and (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true)))) (c_all (r_atomic_state "partner_of") (c_and (c_atomic_state "person")

(c_and (c_some (r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "
couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true)))))
(c_same_as (r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "

partner_of")) (r_atomic_state "walked")))))))))

(numerical au "au" "up tents at active current places" (n_count (c_and (c_atomic_state "
tent") (c_and (c_atomic_state "up") (c_some (r_atomic_state "at_tent") (c_some (
r_inverse (r_atomic_state "walked")) (c_and (c_atomic_state "couple") (c_not (
c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))))))))

(numerical ad "ad" "down tents at active current places" (n_count (c_and (c_atomic_state "
tent") (c_and (c_atomic_state "down") (c_some (r_atomic_state "at_tent") (c_some (
r_inverse (r_atomic_state "walked")) (c_and (c_atomic_state "couple") (c_not (

c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))))))))
(numerical ndp "ndp" "down tents at next places with an away person" (n_count (c_and (

c_atomic_state "tent") (c_and (c_atomic_state "down") (c_some (r_atomic_state "at_tent
") (c_and (c_some (r_inverse (r_atomic_state "next")) (c_some (r_inverse (
r_atomic_state "walked")) (c_and (c_atomic_state "couple") (c_not (c_same_as (
r_atomic_state "walked") (r_atomic_goal "walked" true)))))) (c_some (r_inverse (
r_atomic_state "at_person")) (c_and (c_atomic_state "person") (c_and (c_some (
r_inverse (r_atomic_state "partner_of")) (c_and (c_atomic_state "couple") (c_not (
c_same_as (r_atomic_state "walked") (r_atomic_goal "walked" true))))) (c_not (
c_same_as (r_atomic_state "at_person") (r_composition (r_inverse (r_atomic_state "
partner_of")) (r_atomic_state "walked")))))))))))))

(numerical nu "nu" "up tents at next places" (n_count (c_and (c_atomic_state "tent") (

c_and (c_atomic_state "up") (c_some (r_atomic_state "at_tent") (c_some (r_inverse (



r _atomic_state "next")) (c_some (r_inverse (r_atomic_state "walked")) (c_and (

c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true)))))))))))

(numerical nd "nd" "down tents at next places" (n_count (c_and (c_atomic_state "tent") (
c_and (c_atomic_state "down") (c_some (r_atomic_state "at_tent") (c_some (r_inverse (
r_atomic_state "next")) (c_some (r_inverse (r_atomic_state "walked")) (c_and (
c_atomic_state "couple") (c_not (c_same_as (r_atomic_state "walked") (r_atomic_goal "
walked" true)))))))))))

:rules

((:conditions (greater_zero r) (greater_zero fl) (equal_zero a) (positive st) (
greater_zero nu)) (:effects (decreases r)))

((:conditions (greater_zero r) (equal_zero fl) (equal_zero a) (positive st) (greater_zero
nu) (greater_zero cn)) (:effects (decreases r)))

((:conditions (greater_zero r) (greater_zero ch) (greater_zero a) (greater_zero nu) (
positive s) (negative st) (equal_zero fl) (negative at)) (:effects (increases a) (
increases an) (positive at) (decreases ch) (increases cn) (negative s) (unchanged spc)

(unchanged nu)))

((:conditions (greater_zero r) (greater_zero ch) (greater_zero a) (greater_zero nu) (
positive s) (positive st) (equal_zero fl) (negative at)) (:effects (increases a) (
increases an) (positive at) (decreases ch) (increases cn) (positive st) (unchanged spc)

(unchanged nu)))

((:conditions (greater_zero r) (equal_zero ch) (greater_zero a) (greater_zero nu) (
positive s) (equal_zero fl) (positive cn2) (negative at)) (:effects (decreases a) (
decreases an) (positive s) (positive st) (decreases cn) (unchanged nu)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero nu) (positive s) (
greater_zero fl) (positive apt) (equal_zero cn)) (:effects (decreases a) (decreases an)

(positive s) (positive sct) (increases spc) (negative at) (unchanged nu)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero nu) (positive s) (
greater_zero fl) (positive apt) (greater_zero cn)) (:effects (decreases a) (decreases
an) (decreases cn) (increases ch) (positive s) (positive sct) (increases spc) (
negative at) (unchanged nu)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero nu) (positive s) (
greater_zero fl) (negative apt) (equal_zero cn)) (:effects (decreases a) (decreases an)

(negative at) (positive s) (positive st) (unchanged nu)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero nu) (positive s) (
greater_zero fl) (negative apt) (greater_zero cn)) (:effects (decreases a) (decreases
an) (decreases cn) (increases ch) (negative at) (positive s) (positive st) (unchanged
nu)))

((:conditions (greater_zero r) (equal_zero fl) (greater_zero a) (greater_zero nu) (
positive s) (positive st) (positive at) (positive cn2)) (:effects (decreases a) (

decreases an) (positive s) (positive st) (positive sct) (increases spc) (negative at)
(decreases cn) (increases ch) (unchanged nu)))
((:conditions (greater_zero r) (greater_zero a) (greater_zero nu) (negative s) (positive

at)) (:effects (decreases a) (decreases an) (negative at) (positive s) (positive st) (
unchanged nu)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero nd) (equal_zero nu) (
equal_zero fl) (greater_zero ch) (equal_zero cn)) (:effects (decreases nd) (increases
nu) (unchanged a) (unchanged an) (unchanged ap) (unchanged ab) (unchanged s) (
unchanged st) (unchanged sct) (unchanged spc) (unchanged ch)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero ndp) (equal_zero nu) (
equal_zero fl) (greater_zero cn)) (:effects (decreases ndp) (decreases nd) (increases
nu) (unchanged a) (unchanged an) (unchanged ap) (unchanged ab) (unchanged s) (
unchanged st) (unchanged sct) (unchanged spc) (unchanged cn)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero nd) (equal_zero nu) (
greater_zero fl) (equal_zero cn)) (:effects (decreases nd) (increases nu) (unchanged a)

(unchanged an) (unchanged ap) (unchanged ab) (unchanged s) (unchanged st) (unchanged
sct) (unchanged spc)))

((:conditions (greater_zero r) (greater_zero a) (greater_zero ndp) (equal_zero nu) (
greater_zero fl) (greater_zero cn)) (:effects (decreases ndp) (decreases nd) (
increases nu) (unchanged a) (unchanged an) (unchanged ap) (unchanged ab) (unchanged s)

(unchanged st) (unchanged sct) (unchanged spc) (unchanged cn)))

((:conditions (greater_zero r) (greater_zero ch) (positive ch2) (equal_zero fl) (

equal_zero a) (equal_zero nd) (equal_zero nu) (greater_zero ad) (positive s)) (:

effects (decreases ad) (increases nd) (increases a) (increases an) (decreases ch) (



B.13

increases cn) (negative apt) (negative at) (unchanged s)))

:conditions (greater_zero r) (greater_zero ch) (greater_zero fl) (equal_zero a) (
equal_zero nd) (equal_zero nu) (greater_zero ad) (positive s)) (:effects (decreases ad)
(increases nd) (increases a) (increases an) (increases cn) (negative apt) (negative

at) (unchanged s)))

:conditions (greater_zero r) (equal_zero fl) (equal_zero a) (equal_zero nd) (equal_zero
nu) (greater_zero au) (greater_zero ch) (negative ch2) (positive st) (negative sct)) (:
effects (increases a) (increases ap) (decreases ch) (negative s) (negative st) (

unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (equal_zero a) (equal_zero nd) (equal_zero

nu) (greater_zero au) (greater_zero ch) (negative ch2) (positive st) (positive sct)) (:
effects (increases a) (increases ap) (decreases ch) (negative s) (negative st) (
positive apt) (decreases spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (equal_zero a) (equal_zero nd) (equal_zero
nu) (greater_zero au) (greater_zero ch) (negative ch2) (positive st) (positive sct)) (:
effects (increases a) (increases ap) (decreases ch) (positive s) (positive st) (
positive apt) (decreases spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (
greater_zero ap) (equal_zero ch) (negative s)) (:effects (decreases a) (decreases ap)
(increases ch) (positive s) (negative st) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (
greater_zero ap) (equal_zero ch) (positive s) (positive st) (positive sct) (positive
apt)) (:effects (decreases a) (decreases ap) (increases ch) (positive s) (positive st)

(positive sct) (negative apt) (positive ab) (unchanged spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (
greater_zero ap) (equal_zero ch) (positive s) (positive st) (positive sct) (positive
apt)) (:effects (decreases a) (decreases ap) (increases ch) (positive s) (positive st)

(positive sct) (negative apt) (positive ab) (increases spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (
greater_zero ap) (equal_zero ch) (positive s) (positive st) (positive sct) (negative
apt)) (:effects (decreases a) (decreases ap) (increases ch) (positive s) (positive st)

(positive sct) (increases spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (

greater_zero ap) (greater_zero ch) (positive s) (positive st) (positive sct) (negative
ch2)) (:effects (decreases a) (decreases ap) (increases ch) (positive s) (positive st)
(positive sct) (positive ch2) (increases spc) (negative apt) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (
greater_zero ap) (equal_zero ch) (positive s) (positive st) (negative sct) (positive
apt)) (:effects (decreases a) (decreases ap) (increases ch) (positive s) (positive st)

(negative sct) (negative apt) (positive ab) (unchanged spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (
greater_zero ap) (equal_zero ch) (positive s) (positive st) (negative sct) (positive
apt)) (:effects (decreases a) (decreases ap) (increases ch) (positive s) (positive st)

(positive sct) (negative apt) (positive ab) (increases spc) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (

greater_zero ap) (greater_zero ch) (positive s) (positive st) (negative sct) (negative
ch2)) (:effects (decreases a) (decreases ap) (increases ch) (positive st) (positive
sct) (positive ch2) (increases spc) (negative apt) (unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero au) (greater_zero a) (

greater_zero ap) (greater_zero ch) (positive s) (negative st) (negative ch2)) (:
effects (decreases a) (decreases ap) (increases ch) (positive st) (positive ch2) (
unchanged au)))

:conditions (greater_zero r) (equal_zero fl) (greater_zero ch) (positive ch2) (

equal_zero a) (equal_zero nd) (equal_zero nu) (equal_zero ad) (greater_zero au)) (:

effects (decreases au) (increases ad) (unchanged ch)))

:conditions (greater_zero r) (greater_zero fl) (greater_zero ch) (equal_zero a) (
equal_zero nd) (equal_zero nu) (equal_zero ad) (greater_zero au)) (:effects (decreases
au) (increases ad)))

Logistics

(policy



(:features
(numerical remaining "r" "packages not at their goal location" (n_count (c_and (c_and (

c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "location")))
(c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true))))))

(numerical carried "c" "packages in any carrier" (n_count (c_and (c_and (c_atomic_state "
obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "location"))) (c_some (
r_atomic_state "in") (c_or (c_atomic_state "truck") (c_atomic_state "airplane"))))))

(numerical ready_unload "ru" "carried packages whose carrier is at their goal location" (
n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_and (c_some (r_atomic_state "in") (c_or (
c_atomic_state "truck") (c_atomic_state "airplane"))) (c_same_as (r_composition (
r_atomic_state "in") (r_atomic_state "at")) (r_atomic_goal "at" true))))))

(numerical pkg_same_city "psc" "unshipped packages at a location in their goal city" (
n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (c_atomic_state "
location")) (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))

(c_same_as (r_composition (r_atomic_state "at") (r_atomic_state "in-city")) (
r_composition (r_atomic_goal "at" true) (r_atomic_state "in-city"))))))))

(numerical pkg_diff_city "pdc" "unshipped packages at a location outside their goal city"
(n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (c_atomic_state "
location")) (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))

(c_not (c_same_as (r_composition (r_atomic_state "at") (r_atomic_state "in-city")) (
r_composition (r_atomic_goal "at" true) (r_atomic_state "in-city")))))))))

(numerical truck_at_pkg_same "tps" "same-city packages with a truck at package location" (
n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (c_atomic_state "
location")) (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))

(c_and (c_same_as (r_composition (r_atomic_state "at") (r_atomic_state "in-city")) (
r_composition (r_atomic_goal "at" true) (r_atomic_state "in-city"))) (c_some (
r_atomic_state "at") (c_some (r_inverse (r_atomic_state "at")) (c_atomic_state "truck")

))))))))

(numerical truck_at_pkg diff "tpd" "different-city packages with a truck at package
location" (n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at"
true) (c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (
c_atomic_state "location")) (c_and (c_not (c_same_as (r_composition (r_atomic_state "
at") (r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (
r_atomic_state "in-city")))) (c_some (r_atomic_state "at") (c_some (r_inverse (
r_atomic_state "at")) (c_atomic_state "truck"))))))))

(numerical in_truck_same "its" "packages in trucks in their goal city" (n_count (c_and (
c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location"))) (c_and (c_some (r_atomic_state "in") (c_atomic_state "truck")) (c_same_as

(r_composition (r_composition (r_atomic_state "in") (r_atomic_state "at")) (
r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (r_atomic_state "
in-city")))))))

(numerical in_truck_diff "itd" "packages in trucks outside their goal city" (n_count (
c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location"))) (c_and (c_some (r_atomic_state "in") (c_atomic_state "truck")) (c_not (
c_same_as (r_composition (r_composition (r_atomic_state "in") (r_atomic_state "at")) (
r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (r_atomic_state "
in-city"))))))))

(numerical truck_airport_diff "tad" "different-city packages in trucks at airports" (
n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (
c_atomic_state "location"))) (c_and (c_some (r_atomic_state "in") (c_atomic_state "
truck")) (c_and (c_not (c_same_as (r_composition (r_composition (r_atomic_state "in")
(r_atomic_state "at")) (r_atomic_state "in-city")) (r_composition (r_atomic_goal "at"
true) (r_atomic_state "in-city")))) (c_some (r_composition (r_atomic_state "in") (
r_atomic_state "at")) (c_atomic_state "airport")))))))

(numerical pkg_airport_diff "pad" "different-city packages at airports" (n_count (c_and (
c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location"))) (c_and (c_some (r_atomic_state "at") (c_atomic_state "airport")) (c_not (
c_same_as (r_composition (r_atomic_state "at") (r_atomic_state "in-city")) (
r_composition (r_atomic_goal "at" true) (r_atomic_state "in-city"))))))))

(numerical plane_at_pkg_airport "ppa" "different-city airport packages with airplane at
same airport" (n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at"



true) (c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (

c_atomic_state "airport")) (c_and (c_not (c_same_as (r_composition (r_atomic_state "at
") (r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (
r_atomic_state "in-city")))) (c_some (r_atomic_state "at") (c_some (r_inverse (
r_atomic_state "at")) (c_atomic_state "airplane"))))))))

(numerical in_plane_notdest "ipn" "packages in airplanes outside goal city" (n_count (
c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location"))) (c_and (c_some (r_atomic_state "in") (c_atomic_state "airplane")) (c_not
(c_same_as (r_composition (r_composition (r_atomic_state "in") (r_atomic_state "at"))
(r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (r_atomic_state "
in-city"))))))))

(numerical in_plane_dest "ipd" "packages in airplanes in their goal city" (n_count (c_and
(c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (c_atomic_state "
location"))) (c_and (c_some (r_atomic_state "in") (c_atomic_state "airplane")) (
c_same_as (r_composition (r_composition (r_atomic_state "in") (r_atomic_state "at")) (
r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (r_atomic_state "

in-city")))))))
(numerical pkg_dest_airport "pda" "packages at airport in their goal city but not at goal"
(n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at" true) (

c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (c_atomic_state "
airport")) (c_and (c_not (c_same_as (r_atomic_state "at") (r_atomic_goal "at" true)))
(c_same_as (r_composition (r_atomic_state "at") (r_atomic_state "in-city")) (
r_composition (r_atomic_goal "at" true) (r_atomic_state "in-city"))))))))

(numerical truck_at_dest_airport "tda" "destination-city airport packages with truck at
same airport" (n_count (c_and (c_and (c_atomic_state "obj") (c_some (r_atomic_goal "at"
true) (c_atomic_state "location"))) (c_and (c_some (r_atomic_state "at") (
c_atomic_state "airport")) (c_and (c_not (c_same_as (r_atomic_state "at") (
r_atomic_goal "at" true))) (c_and (c_same_as (r_composition (r_atomic_state "at") (
r_atomic_state "in-city")) (r_composition (r_atomic_goal "at" true) (r_atomic_state "
in-city"))) (c_some (r_atomic_state "at") (c_some (r_inverse (r_atomic_state "at")) (
c_atomic_state "truck")))))))))

:rules

((:conditions (greater_zero ready_unload)) (:effects (decreases remaining) (decreases

ready_unload) (decreases carried)))

((:conditions (equal_zero carried) (equal_zero truck_at_pkg_same) (equal_zero
truck_at_pkg_diff) (equal_zero truck_at_dest_airport) (equal_zero pkg_airport_diff) (
equal_zero pkg_dest_airport) (greater_zero pkg_same_city)) (:effects (increases
truck_at_pkg_same) (unchanged pkg_same_city)))

((:conditions (equal_zero carried) (equal_zero truck_at_pkg_same) (equal_zero
truck_at_pkg_diff) (equal_zero truck_at_dest_airport) (equal_zero pkg_airport_diff) (
greater_zero pkg_diff_city)) (:effects (increases truck_at_pkg_diff) (unchanged
pkg_diff_city)))

((:conditions (equal_zero carried) (greater_zero pkg_airport_diff) (equal_zero
plane_at_pkg_airport)) (:effects (increases plane_at_pkg_airport) (unchanged
pkg_airport_diff)))

((:conditions (equal_zero carried) (equal_zero truck_at_pkg_same) (equal_zero
truck_at_pkg_diff) (equal_zero truck_at_dest_airport) (greater_zero pkg_dest_airport))

(:effects (increases truck_at_dest_airport) (unchanged pkg_dest_airport)))
((:conditions (equal_zero carried) (equal_zero pkg_airport_diff) (greater_zero
pkg_same_city) (greater_zero truck_at_pkg_same)) (:effects (decreases pkg_same_city) (
increases carried) (increases in_truck_same) (unchanged remaining)))
((:conditions (greater_zero in_truck_same) (equal_zero ready_unload)) (:effects (increases

ready_unload) (unchanged carried) (unchanged in_truck_same)))
((:conditions (equal_zero carried) (equal_zero pkg_airport_diff) (greater_zero
pkg_diff_ city) (greater_zero truck_at_pkg_diff)) (:effects (decreases pkg diff_city) (

increases carried) (increases in_truck_diff) (unchanged remaining)))

((:conditions (greater_zero in_truck_diff) (equal_zero truck_airport_diff)) (:effects (
increases truck_airport_diff) (unchanged carried) (unchanged in_truck_diff)))

((:conditions (greater_zero truck_airport_diff)) (:effects (decreases carried) (decreases
in_truck_diff) (increases pkg_airport_diff) (unchanged remaining)))

((:conditions (equal_zero carried) (greater_zero pkg_airport_diff) (greater_zero
plane_at_pkg_airport)) (:effects (decreases pkg_airport_diff) (increases carried) (
increases in_plane_notdest) (unchanged remaining)))

((:conditions (greater_zero in_plane_notdest)) (:effects (decreases in_plane_notdest) (



increases in_plane_dest) (unchanged carried)))

((:conditions (greater_zero in_plane_dest) (equal_zero ready_unload)) (:effects (decreases
carried) (decreases in_plane_dest) (increases pkg_dest_airport) (unchanged remaining))
)
((:conditions (equal_zero carried) (greater_zero pkg_dest_airport) (greater_zero
truck_at_dest_airport)) (:effects (decreases pkg_dest_airport) (increases carried) (

increases in_truck_same) (unchanged remaining)))

B.14 Miconic

(policy
(:features

(numerical remaining "r" "passengers not yet served" (n_count (c_and (c_atomic_state "
passenger") (c_not (c_atomic_state "served")))))

(numerical boarded "b" "passengers currently in the 1ift" (n_count (c_atomic_state "
boarded")))

(numerical ready_depart "rd" "boarded passengers whose destination is the current lift
floor" (n_count (c_and (c_atomic_state "boarded") (c_some (r_atomic_state "destin") (
c_atomic_state "lift-at")))))

(numerical ready_board "rb" "waiting passengers whose origin is the current 1ift floor" (
n_count (c_some (r_atomic_state "origin") (c_atomic_state "lift-at"))))

(numerical boarded_dest_above "bda" "boarded passengers with destination above the current

lift floor" (n_count (c_and (c_atomic_state "boarded") (c_some (r_atomic_state "
destin") (c_some (r_inverse (r_atomic_state "above")) (c_atomic_state "lift-at™))))))

(numerical boarded_dest_below "bdb" "boarded passengers with destination below the current

lift floor" (n_count (c_and (c_atomic_state "boarded") (c_some (r_atomic_state "
destin") (c_some (r_atomic_state "above") (c_atomic_state "lift-at"))))))

(numerical origin_above "oa" "waiting passengers whose origin is above the current 1lift
floor" (n_count (c_some (r_atomic_state "origin") (c_some (r_inverse (r_atomic_state "
above")) (c_atomic_state "lift-at")))))

(numerical origin_below "ob" "waiting passengers whose origin is below the current 1lift
floor" (n_count (c_some (r_atomic_state "origin") (c_some (r_atomic_state "above") (
c_atomic_state "lift-at")))))

(numerical dist_boarded_dest_above "dbda" "upward distance from lift to a boarded
passenger destination" (n_distance (c_atomic_state "lift-at") (r_atomic_state "above")

(c_some (r_inverse (r_atomic_state "destin")) (c_atomic_state "boarded"))))

(numerical dist_boarded_dest_below "dbdb" "downward distance from lift to a boarded
passenger destination" (n_distance (c_atomic_state "lift-at") (r_inverse (
r_atomic_state "above")) (c_some (r_inverse (r_atomic_state "destin")) (c_atomic_state

"boarded"))))

(numerical dist_origin_above "doa" "upward distance from 1lift to a waiting passenger
origin" (n_distance (c_atomic_state "lift-at") (r_atomic_state "above") (c_some (
r_inverse (r_atomic_state "origin")) (c_atomic_state "passenger"))))

(numerical dist_origin_below "dob" "downward distance from lift to a waiting passenger

origin" (n_distance (c_atomic_state "lift-at") (r_inverse (r_atomic_state "above")) (
c_some (r_inverse (r_atomic_state "origin")) (c_atomic_state "passenger"))))
)
(:rules
((:conditions (greater_zero ready_depart)) (:effects (decreases remaining) (decreases
boarded) (decreases ready_depart)))
((:conditions (greater_zero ready_board)) (:effects (increases boarded) (decreases

ready_board) (unchanged remaining)))

((:conditions (greater_zero boarded) (equal_zero ready_depart) (greater_zero

boarded_dest_above)) (:effects (decreases dist_boarded_dest_above) (unchanged boarded)
(unchanged remaining)))

((:conditions (greater_zero boarded) (equal_zero ready_depart) (equal_zero
boarded_dest_above) (greater_zero boarded_dest_below)) (:effects (decreases
dist_boarded_dest_below) (unchanged boarded) (unchanged remaining)))

((:conditions (equal_zero boarded) (equal_zero ready_board) (greater_zero origin_above)) (:
effects (decreases dist_origin_above) (unchanged remaining)))

((:conditions (equal_zero boarded) (equal_zero ready_board) (equal_zero origin_above) (
greater_zero origin_below)) (:effects (decreases dist_origin_below) (unchanged
remaining)))



B.15 Satellite

(policy
(:features

(numerical remaining "r" "missing goal image pairs" (n_count (r_and (r_atomic_goal "
have_image" true) (r_complement (r_atomic_state "have_image")))))

(numerical useful_off "uo" "off instruments on powered satellites supporting a remaining
goal mode" (n_count (c_and (c_atomic_state "instrument") (c_and (c_not (c_atomic_state

"power_on")) (c_and (c_some (r_atomic_state "on_board") (c_atomic_state "power_avail")
) (c_some (r_atomic_state "supports") (c_some (r_inverse (r_atomic_goal "have_image"
true)) (c_and (c_atomic_state "direction") (c_not (c_same_as (r_atomic_state "
have_image") (r_atomic_goal "have_image" true)))))))))))

(numerical powered_uncalibrated "pu" "powered uncalibrated instruments supporting a
remaining goal mode" (n_count (c_and (c_atomic_state "instrument") (c_and (
c_atomic_state "power_on") (c_and (c_not (c_atomic_state "calibrated")) (c_some (
r_atomic_state "supports") (c_some (r_inverse (r_atomic_goal "have_image" true)) (
c_and (c_atomic_state "direction") (c_not (c_same_as (r_atomic_state "have_image") (
r_atomic_goal "have_image" true)))))))))))

(numerical calibration_ready "cr" "powered uncalibrated useful instruments whose satellite

points at their calibration target" (n_count (c_and (c_atomic_state "instrument") (
c_and (c_atomic_state "power_on") (c_and (c_not (c_atomic_state "calibrated")) (c_and
(c_same_as (r_atomic_state "calibration_target") (r_composition (r_atomic_state "
on_board") (r_atomic_state "pointing"))) (c_some (r_atomic_state "supports") (c_some (
r_inverse (r_atomic_goal "have_image" true)) (c_and (c_atomic_state "direction") (
c_not (c_same_as (r_atomic_state "have_image") (r_atomic_goal "have_image" true))))))))
))))

(numerical useful_calibrated "uc" "powered calibrated instruments supporting a remaining
goal mode" (n_count (c_and (c_atomic_state "instrument") (c_and (c_atomic_state "
power_on") (c_and (c_atomic_state "calibrated") (c_some (r_atomic_state "supports") (
c_some (r_inverse (r_atomic_goal "have_image" true)) (c_and (c_atomic_state "direction
") (c_not (c_same_as (r_atomic_state "have_image") (r_atomic_goal "have_image" true))))
)))))))

(numerical image_ready "ir" "missing image pairs supported by a powered calibrated
instrument on a satellite pointing at the direction" (n_count (r_and (r_and (
r_atomic_goal "have_image" true) (r_complement (r_atomic_state "have_image"))) (
r_composition (r_restriction (r_composition (r_inverse (r_atomic_state "pointing")) (
r_inverse (r_atomic_state "on_board"))) (c_and (c_atomic_state "instrument") (c_and (
c_atomic_state "power_on") (c_atomic_state "calibrated")))) (r_atomic_state "supports")
))))

(numerical powered_irrelevant "pi" "powered instruments that do not support any remaining
goal mode" (n_count (c_and (c_atomic_state "instrument") (c_and (c_atomic_state "
power_on") (c_not (c_some (r_atomic_state "supports") (c_some (r_inverse (
r_atomic_goal "have_image" true)) (c_and (c_atomic_state "direction") (c_not (
c_same_as (r_atomic_state "have_image") (r_atomic_goal "have_image" true)))))))))))

(numerical bad_images "bi" "acquired image pairs that are not goals" (n_count (r_and (
r_atomic_state "have_image") (r_complement (r_atomic_goal "have_image" true)))))

(numerical remaining pointing "rp" "missing goal pointing pairs" (n_count (r_and (
r_atomic_goal "pointing" true) (r_complement (r_atomic_state "pointing")))))

(:rules

((:conditions (greater_zero image_ready)) (:effects (decreases remaining) (unchanged
bad_images)))

((:conditions (greater_zero calibration_ready) (equal_zero image_ready)) (:effects (
decreases powered_uncalibrated) (increases useful_calibrated) (unchanged remaining) (
unchanged bad_images)))

((:conditions (greater_zero powered_uncalibrated) (equal_zero calibration_ready) (

equal_zero image_ready)) (:effects (increases calibration_ready) (unchanged
powered_uncalibrated) (unchanged remaining) (unchanged bad_images)))
((:conditions (greater_zero useful_calibrated) (equal_zero image_ready)) (:effects (

increases image_ready) (unchanged useful_calibrated) (unchanged remaining) (unchanged
bad_images)))



((:conditions (greater_zero useful_off) (equal_zero useful_calibrated) (equal_zero
powered_uncalibrated) (equal_zero image_ready)) (:effects (decreases useful_off) (
increases powered_uncalibrated) (unchanged remaining) (unchanged bad_images)))

((:conditions (greater_zero powered_irrelevant) (greater_zero remaining) (equal_zero
useful_off) (equal_zero useful_calibrated) (equal_zero powered_uncalibrated) (
equal_zero image_ready)) (:effects (decreases powered_irrelevant) (unchanged remaining)

(unchanged bad_images)))

((:conditions (equal_zero remaining) (greater_zero remaining pointing)) (:effects (

decreases remaining_pointing) (unchanged remaining) (unchanged bad_images)))



