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Abstract

Planning domains group tasks with shared properties and con-
straints. However, these constraints are typically not defined
explicitly, leaving standard domain formulations incomplete.
We formalize the task of automatically uncovering such con-
straints from positive examples alone and present an abstract
algorithmic framework unifying several existing invariant
learning methods. Any method fitting this framework inherits
the guarantees we establish, primarily probably approximately
correct convergence to the optimal estimate within the cho-
sen candidate language, the strongest attainable guarantee in
this setting. We identify three traversal strategies (exhaustive,
eager and lazy) with identical guarantees but increasing effi-
ciency. Notably, all prior methods are exhaustive or eager. To
evaluate our framework, we instantiate it with two novel con-
straint expression sources and demonstrate efficient learning
of interpretable constraints from small training sets.

1 Introduction

Automated planning finds a sequence of actions that trans-
forms an initial state into a goal state (Ghallab, Nau, and
Traverso 2004). A domain specifies shared properties of prob-
lem sets: types, predicates and actions. Each domain imposes
constraints on which problems can be encountered. For ex-
ample, in Blocksworld (Slaney and Thiébaux 2001), no block
may be on itself or on two others (Figure 1). Such constraints
exist in all domains but are typically only given implicitly
by experts carefully selecting valid input problems. Making
them explicit enables generating new legal problems (e.g.,
Grundke, Helmert, and Roger 2025), validating generalized
policies (e.g., Srivastava, Immerman, and Zilberstein 2011),
improving planner performance (e.g., FiSer et al. 2021) and
more. Recently, Shleyfman and Karpas (2018) and Grundke,
Roger, and Helmert (2024) manually augmented domains
with such explicit constraints.

Here, we go one step further and, for the first time, auto-
matically learn such constraints over initial and goal states
from positive examples. We show that many methods for
learning lifted invariants in planning (e.g., Rintanen 2000;
Lin 2004; Mukherji and Schubert 2005; Helmert 2009) can
be adapted to our setting. Once adapted, a common structure
emerges: iteratively evaluating and refining candidates from
a constraint language against example states, retaining those
consistent with all observations. Yet this shared skeleton has

(a) An initial state. (b) Another initial state.
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Figure 1: States (a)—(d) are all syntactically correct initial
states for Blocksworld. However, only (a)—(b) are commonly
accepted as legal. We use examples to automatically learn
constraints that differentiate between legal and illegal states.

not been recognized or formalized in planning, making it
hard to compare the properties of these methods.

We formalize this structure as an abstract framework for
uncovering domain constraints from positive examples, UDC.
The framework supports arbitrary first order (FO) formulas
as candidates and is parameterized by a candidate set C, an
implication DAG H over C and a reduction procedure. Many
existing methods, when adapted for constraint learning, are
instantiations of UDC and thereby inherit the guarantees
we establish: no misclassifications on the training set and
probably approximately correct (PAC) (Haussler and War-
muth 1993) convergence to the optimal estimate within C, the
strongest possible guarantee under positive-only supervision.
We further identify three DAG traversal strategies, exhaustive,
eager and lazy, yielding identical results but increasing effi-
ciency. No existing method is lazy, the most efficient variant.

Example 1. Given examples like States a and b in Figure 1
and absence of c and d, we can learn, among others:

p1=VY (on(:t, y)— - 3 onlz, z))
T,y z: 2y

2=V (On(ax y) = 3 on(z, y))
T,y z: zF#T

(1 says that a block is on at most one other; disallowing c. 2
says that a block has at most one block on it, disallowing d.



2 Classical Planning

We assume that the reader is familiar with first-order logic
(FO) (Priest 2001; Ebbinghaus, Flum, and Thomas 2021) and
grounding. Below, we briefly summarize notation and termi-
nology. Planning Domain Definition Language (PDDL) (Mc-
Dermott et al. 1998) is the predominant specification lan-
guage for deterministic planning problems and consists of
domains, which specify common properties among instances,
and problems, which give concrete instances.

A domain is a tuple D = (T,P, A) s.t. T is a rooted
directed acyclic graph (DAG) T = (T, E), where T is a set
of types and £ C T x T represents an order between the
types such that types can be used in place of their parents. An
arborescence (directed rooted tree) is most common. Let ¢
and £ € T, then we say that ¢; is a subtype of ¢, in symbols
t; <* ty, if there is a path from ¢, to ¢;. P is a finite set of
typed predicate symbols. A typed predicate symbol p = (n,t)
consists of a unique symbol name 7, a number m € Ny of
parameters (arity), and specified types ¢ on the parameters
witht = (t1,...,t,) andt; € T. By signature ¥p, we mean
the symbol names of P, ie.,Xp = {n | (n,) e P}. A
is a finite set of /ifted actions inducing state transitions. We
omit further details as they are not relevant for our purposes.

Each problem belongs to a domain and is defined as fol-
lows. A problem is a tuple R = (D,0,Z,G) s.t. D =
(T, P,-) is a domain with T = (T, E). O is a finite set
of objects. An object o = (n,t) consists of a unique symbol
name n and a type ¢t € T'. By abuse of notation we write X
for all object names. We define an auxiliary function type(o),
which returns the type of o. Z is the initial state, those atoms
(ground predicates) that hold initially. G is the goal, a typed
sentence over Youp. By typed formula, we mean a formula
where predicate symbols take only objects or variables ac-
cording to the types. A sentence is a formula without free
variables. The intent is to find an action sequence from Z to
a state where G holds. We omit the type if there is only one.

3 Legal Planning Tasks

In the classical PDDL domain definition, we cannot encode
limitations on the problems themselves, though newer PDDL
versions (PDDL 3) allow constraints on plan trajectories.
However, in practice, only a fraction of the possible problems
are intended by the domain designer. Previous works (Shleyf-
man and Karpas 2018; Grundke, Roger, and Helmert 2024)
define constructs to formalize such constraints. Similarly, we
introduce FO sentences over states to describe these restric-
tions. Since this in general might require derived predicates
which are not directly included in the domain, we also define
these. We focus on initial states before generalizing to goals.

Definition 1 (Derived Predicates). ¢[z1,..., x| is a for-
mula over symbols X with free variables x1, ..., xj. Let
Py == {PF | ar(PF) = k;k,i € N} be the set of all
derived predicates. Each PF € P, is defined by a derived
formula p¥[x1, ..., 2] over ¥ U Py and PF holds in a state
iff ¥ evaluates to true in that state.

Example 2 (Derived Predicate). Consider the Blocksworld
domain from Example 1. We might be interested in knowing

whether a block x is anywhere above a block y, but no such
predicate is provided. We then define the above predicate:
above(z,y) == on(z,y) V (3, above(z, z) A above(z, y)).

An invariant is a derived predicate that holds in all states
reachable from the initial state of a task. Finding these is
a well-studied problem in planning. In contrast, we define
constraints over arbitrary sets of states.

Definition 2 (State Constraints). A state constraint C is a set
of derived predicates which holds for a set of states.

We will use state constraints over initial states to define
legal problems. For ease of analysis, we present state con-
straints as sets of formulas, representing a conjunction.

Example 3 (State Constraints). Consider the Blocksworld

domain from Example 1. We design a state constraint C using

the derived predicate above from Example 2:

C= {V—' above(z, z), V (on(z,y) — = 37£ on(z,z)),
T z: 2#yY

b z,y

V( on-table(z) V Jon(z, y)) }

z Yy
C disallows circular towers, guarantees that each block is
on at most one other block and enforces that each block
is somewhere. Fully describing Blocksworld initial states
requires a larger constraint that also guarantees an empty
hand, that each block has at most one other block on it and
that the clear predicate is consistent with on.

Definition 3 (Legal Task). Let D = (-, P,-) be a domain,
Cp C Fp a state constraint, and R = (D,-,Z, ) a problem.
We say R is legal for Cp if T = A e, ¢

In line with Shleyfman and Karpas (2018) and Grundke,
Roger, and Helmert (2024), we assume the following:

Assumption 1 (Intended Constraints). For domain D, there
is a state constraint Cp intended by the modeler for deciding
what problems are legal, called the intended constraint.

When we state that a problem is legal, we mean that it is
legal for the intended constraint of its associated domain.

Intended constraints have unique properties compared to
invariants. For instance, a generalized policy may rely on
structural properties of initial states that are lost in later states,
for example they might always lift a block first (which re-
quires an empty hand), meaning that invariants may be in-
sufficient to prove their correctness. Similarly, generating
or validating new problem instances requires knowledge of
what legal initial states look like, which invariants over reach-
able states do not capture. If needed, state constraints can be
extended to invariants via action analysis, as discussed later.

We are now in position to specify what we mean by auto-
matically uncovering intended constraints.

Problem 1 (Uncover Intended Constraints). Given a do-
main D and a set E = {R1, ..., Ry} of legal problems from
D, find a “good approximation” of the intended constraint.

The notion of a “good approximation” depends on the in-
tended use of the learned constraint. In Section 4, we present
a broadly applicable definition and show that our framework
converges to the optimal approximation thereof.



Algorithm 1 Algorithm UDC(C,E,H, mode)
Data: State constraint C, set E of problems, DAG H
over state constraint, mode € {eager, lazy}
Result: State constraint C C C
C <+ roots(H)
for (-,Z,-) € Edo
forc € Cdo
if =(Z | ¢) then
if mode = eager then
detach c’s children from all parents
remove ¢ from H
C « roots(H)
C « reduce(C)
return C

3.1 Dealing with Goals

While the goals in PDDL tasks can be arbitrary FO sentences,
they are often conjunctions of atoms. In this case, we can
compile them into the initial state without loss of information
and re-use the same learning framework for both goals and
initial states. We do this by introducing a new goal variant p,
of each predicate p. Then, for each problem, we add p,(0)
to the initial state for each goal atom p(0) in the conjunction
G. Similar approaches are used by Shleyfman and Karpas
(2018) and Grundke, Roger, and Helmert (2024). Formally:

Definition 4. A goal-compiled domain D’ and problem R’
are constructed from a domain D and problem R via:

T =T, A=A 0:=0, ¢:=G

P =PU{py|peP}

I =T U{py(0) | per, s.t. p(0) A =G}
For a non-conjunctive goal, this compilation remains sound
but becomes incomplete. Every compiled atom py(0) still
encodes a necessary condition of the goal, but further such
conditions (for example disjunctions p(o) V p(d’)) may not be
captured. Below, we assume that all tasks are goal-compiled.

4 The UDC Framework

Verifying whether an arbitrary formula is an invariant is
PSPACE-hard, since it can be used to determine unsolvabil-
ity (Rintanen 2000). In contrast, verifying whether a state
constraint holds for a set of example states is polynomial,
one simply evaluates the formula on each state. However, the
space of possible constraints is infinite and so we restrict the
search to a candidate constraint set (or language) which de-
fines the formulas to be considered. Such restrictions are com-
mon, for example, in inductive logic programming (Cropper
and Dumanci¢ 2022) and constraint acquisition (O’Sullivan
2010). All existing methods discussed in Section 5.1 simi-
larly fix a candidate language. This language can be provided
as a fully enumerated set or defined implicitly through an
update function that generates new candidates during search
by weakening a failed candidate into implied variants.

The UDC framework (Algorithm 1) uses such candidate
sets to formalize the shared structure underlying several ex-
isting invariant learning methods. Given a set of candidate

constraints C, a set of example problems £, an implication
DAG H over C and a choice of traversal mode, UDC evalu-
ates candidates against the example initial states and retains
only those consistent with all observations. Since each eval-
uation checks a formula against a finite set of states, the
procedure is polynomial in |C| and |E|. Notably, UDC is
entirely independent of the action formalism: it operates only
on states, making it applicable regardless of how transitions
are specified. In Section 5.1, we show how existing meth-
ods can be cast as instantiations of this framework, thereby
inheriting the powerful guarantees established below.

The implication DAG H over C controls the search be-
havior: an edge from c to ¢’ indicates that ¢ implies ¢’. As
such, when c holds for an example, its descendants can be
skipped as they are guaranteed to hold. When c fails, its chil-
dren may be promoted to the active set C, depending on the
traversal mode as discussed below. At the end, a sound reduc-
tion step prunes the candidates, improving compactness and
interpretability without affecting correctness. A reduction is
sound if it only removes candidates actually implied by the
remaining ones, and any such reduction is acceptable. For
example, candidates ¢ and ¢’ together might imply a third
candidate ¢”” which cannot be captured in #, since H im-
plications must be between individual constraint pairs. The
reduction could then remove ¢”” for a more compact result.

The framework supports two primary traversal modes, ea-
ger and lazy, which differ in how children of a failed candi-
date are handled. In eager mode, when a candidate c fails,
its children are detached from all parents in H before c is
removed, immediately making them roots and actively con-
sidered candidates. Eager mode has the advantage of support-
ing a fully implicit candidate representation via a weakening
function, without requiring prior enumeration. In lazy mode,
c is simply removed, and a child becomes active only once
all its parents have been removed. A third mode, exhaus-
tive, is achievable by specifying a DAG without edges. In
essence, exhaustive mode always considers all candidates,
eager considers candidates as soon as one parent fails and
lazy considers candidates only when all parents fail. As we
show below, all modes produce identical outputs, but at dif-
ferent degrees of efficiency. Existing methods either operate
in exhaustive or eager mode, the two less efficient ones.

Next, we present a series of properties of UDC, proven in

the appendix. First, we show that while the selection of H
and traversal mode can significantly affect the efficiency of
UDC, they do not affect the final result.
Proposition 1. Let H and H' be two DAGs over C4ng where
children are implied by parents and let m, m' be traversal
modes. Then, for any set of problems E and candidates
Ccand) UDC(CCand7 E, Ha m) and UDC(CCanda Ea Hlv m/)
vield equivalent results.

While all modes yield identical results, they can differ mas-
sively in runtime. Let eval(Ceana, E, H, m) denote the number
of candidate evaluations, (Z |= ¢), by UDC(Ceang, E, H, m).
Proposition 2. For any candidate set C.nnq, examples E and
implication DAG H, we have

eval(ccand; Ev H? eager)
eval(Ceana, £, H, lazy)

< |Ccand| - 15



where the lower bound is attainable and |Cogng| — 1 is a limit
that can be approached arbitrarily closely.

Remark 1. Exhaustive mode is never more efficient than
either eager or lazy, as it always evaluates all candidates.

Remark 2. Since H and traversal mode only affect effi-
ciency (Proposition 2), not results (Proposition 1), we use
UDC(Ceana, E) as notation in further analysis for simplicity.

Next, if given sufficient examples UDC(Ceang, E) will be
a subset Cgfﬁfj C Ceang estimating Cp best, meaning that CE:;;
is a subset most likely to classify illegal problems as illegal,

while identifying all legal problems E as legal. Formally:

Definition 5. Let C.4q be a set of candidate constraints
and Cp be the intended constraint. Then, we define the best

approximation C2, as the subset of Cegna such that:

(1) Every problem legal for Cp is also legal for C*¢!,.

(2) Moreover; for any other subset C' C Ceunq Satisfying
the above, every problem illegal for C' is also illegal
for Chestie., CP! accepts no more intended illegal in-

stances than any other C' C Cegng with Property 1.

Since () satisfies Property 1 and Ccangq is finite, a subset
satisfying Property 1 that is maximal under Property 2 is
guaranteed to exist and C°, is well-defined. More precisely,
CPest s the largest subset of Ceang consistent with all legal
instances. To see this, recall that C°%’s discriminatory power
is the conjunction of its members. Property 1 thus rules out
precisely the candidates that reject some legal instance, and
Property 2 is maximized by retaining every candidate that
does not. Note that C&fg(‘j might not be unique, but all sets are
equally expressive, which we abbreviate by equalities. Next,

we show that UDC(Ceand, E) converges to C2% as E grows.

cand

Lemma 1. Let C' C C be state constraints. Then, the set of
problems legal in C is a subset of those legal in C'.

Theorem 1. Let E consist of unique legal problems randomly
sampled from D and let Ceong be a candidate constraint set.
Then, lim|g| o0 UDC(Ceana, E) = Chest

cand®

Given sufficient examples, UDC will yield the best possi-
ble approximation of the intended constraint from the candi-
dates. In practice, we may have Cl’;rfé C UDC(Ceana, E) but
we show that UDC is probably approximately correct (PAC)
(Haussler and Warmuth 1993) in relation to C2%.. This means

that the probability of UDC(Ceand, E) disagreeing with C2&5!
for a new randomly sampled problem is small.

Definition 6. Let D be a distribution over legal problems in
domain D. Let E be a set of problems independently sampled
from D. Then, an algorithm yielding a constraint C based on
E is probably approximately correct (PAC) with respect to
Chest if for any error rate € and confidence level § in (0,1),
there exists a sample size | E| such that: with probability at
least 1 — 6, the probability that C and C**!, disagree on a
randomly sampled problem from D is at most e.

Theorem 2. For any distribution D over legal problems,
UDC(Ceuna, E) is PAC with respect to Cb*!

cand®

Note that exhaustive UDC is a version of the CNF-learning
algorithm from the original PAC work of Valiant (1984) by

Algorithm 2 GreedyReduce(C)

Data: State constraint C
Result: State constraint C’ C C s.t. A¢r < Ac
C+C
for c € C' do

if UNSAT({—c}UC’\ {c}) thenC’' + C’'\ {c}
return C’

viewing Ccang as a Boolean space and legal problems as as-
signments. Both this and Shleyfman and Karpas (2018) show
that, under positive-only supervision, PAC guarantees with
respect to C2, are the strongest attainable in our setting.

Additionally, any sound reduction preserves all guarantees
and analysis above. We use a greedy procedure (Algorithm 2)
that iteratively removes a candidate whenever it is implied by
the others (i.e., its negation is impossible), which is simple to
implement and supports any candidate language. A reduction
is not necessary for correctness, but it substantially improves
interpretability and compactness. As empirically shown, re-
maining candidates can be reduced by orders of magnitude,
which helps even for machine-based downstream tasks.

Since pruning nothing is sound, the reduction can also be
omitted. Doing so makes UDC additive: results from one
candidate set can directly inform choices for another, and
examples can be processed incrementally without recomputa-
tion. We use this in Section 5 to compose instantiations. Any
sound reduction can safely be applied afterwards.

Proposition 3. Ler C and C' be constraints, and E and E’

be sets of problems. If we omit UDC’s reduction, then:
UDC(CUC',E)=UDC(C,E)UUDC(C',E)
UDC(C,E U E") =UDC(UDC(C,E), E")

5 Instantiating UDC

To apply UDC, one must choose a candidate constraint
set Ceand> an implication DAG H over Cgung and a traversal
mode. We first show how existing invariant learning methods
can be viewed as making these choices when adapted for ini-
tial state learning, inheriting the theoretical guarantees from
Section 4. We then introduce two novel candidate sets.

5.1 Existing Methods as UDC Instances

Many methods have been proposed for learning invariants
in planning. Most focus on learning ground invariants spe-
cific to a single problem instance unable to generalize across
problems. Since we are interested in learning constraints that
hold for entire domains, we focus instead on lifted invariants.
Below we describe some diverse lifted methods, showing
how each maps onto the UDC framework as an instantiation.

Rintanen (2000). Rintanen’s algorithm learns lifted invari-
ants for a single task in a two-phase process. Initialized with
the set of base predicates, Phase 1 iteratively weakens candi-
dates until all remaining candidates hold in the initial state.
Weakening is done by adding a new predicate, adding an
equality or identifying a variable pair. Phase 2 then keeps
weakening candidates which can be violated by any of the



actions. The algorithm is restricted to STRIPS (Fikes and
Nilsson 1971) and invariants are predicate disjunctions with
argument inequalities. Later works (e.g., Rintanen 2017) ex-
tend supported formalisms and improve efficiency without
affecting the connection to our framework. Phase 1 maps
directly onto UDC in eager mode with an implicit DAG in-
duced by the weakening procedure. Phase 2, extending state
constraints to invariants via action analysis, is orthogonal and
could serve as post-processing by extending the UDC loop,
as explored by Mukherji and Schubert (2005).

Lin (2004). Lin proposes four categories of invariants: func-
tional dependency, mutual exclusion, type information and
domain closure. To learn the invariants, they start with a set of
candidates and iteratively prove which are invariants across
all example problems and actions, while assuming those that
have already been proven. The four invariant categories form
finite explicit candidate sets with edgeless DAGs, i.e. ex-
haustive mode. The iterative proof structure, is not needed in
UDC: if candidates hold, they will be directly verified over
the examples. Their correctness results (that small “represen-
tative” problem examples suffice for verifying correctness
across all sizes) present another post-processing alternative
to convert learned UDC constraints into invariants.

Mukherji and Schubert (2005). Mukherji and Schubert
estimate the set of invariants for a task by sampling states and
checking which candidates hold across these. Like UDC, this
has the advantage of being applicable to any action formalism.
To find invariants, they iteratively transform poor-performing
candidates into better ones by forming a disjunction with an-
other, adding variable (or object) inequalities or quantifying
variables. To guide the search, they estimate how comple-
mentary two candidates are by storing for which assignments
they fail and computing vector operations on these. Since the
method relies on sampling, it does not come with guarantees
for invariance, but they empirically show that it performs well.
At first glance, this approach is the closest to UDC since it
evaluates candidates against provided states. However, their
method uses vector operations on failed invariants to guide
the weakening procedure which is not well represented by a
fixed, or even eagerly, induced candidate set. To map this to
UDC, the additivity property (Proposition 3) can be used to
let their heuristic guide candidate selection: run UDC on a
fixed batch, generate all children of failed candidates, score
them and select the next batch, then repeat. Each iteration can
use an edgeless DAG. The UDC PAC guarantee then holds
with respect to the candidates actually considered, though
their heuristics primarily prune candidates guaranteed to fail.

Helmert (2009). Helmert’s algorithm learns so-called
monotonicity invariants directly from the domain definition
without requiring example problems. These invariants con-
strain the number of true atoms within certain sets to be
non-increasing across transitions. In particular, if only one is
true in an initial state, this means that the atoms are mutually
exclusive, called mutexes. The algorithm iteratively refines
candidates by adding predicates until they are all provably
monotone, defining an implicit UDC DAG for eager mode. It
restricts the candidate space to invariants where all elements
either have no arguments or share at least one argument with

another. Since UDC operates on states, monotonicity cannot
be checked directly. However, the practical goal of deriving
mutexes is a state property and can be captured by UDC.

5.2 Novel Instantiations of UDC

Beyond viewing existing methods as UDC instances, we
introduce two novel candidate sets that can instantiate the
framework for any domain: Cry, based on typed implications,
and the LLM-generated Cpy. Each has examples in Figure 4.

Domain-Adapted Typed Implications (Cyy)

Crr is derived from domain types and predicates. It is ex-
pressive enough to capture many useful initial-state con-
straints while remaining enumerable in our domains. We
give expanded reasoning and the full formal definition in
Appendix B and summarize the key design choices here.

Candidate Language. Cp; consists of typed single-
predicate implications (with T allowed as antecedent), includ-
ing negated antecedents/consequents and quantifier restric-
tions tied to antecedent arguments. This compact language
captures common patterns such as always-true atoms, mu-
texes, and conditional existence constraints. We also permit
type-check formulas (type(o) = t) and (type(o) <! t),
which helps represent constraints over type hierarchies.
Expressivity vs. Size. Allowing arbitrary conjunc-
tions/disjunctions would make enumeration intractable, so
we keep the base language single-predicate. We include one
high-impact extension: transitive closures of arity-2 predi-
cates (e.g., above), which often encode planning-relevant
structure at modest additional cost.

Canonicalization and DAG. After generation, we canoni-
calize constraints by removing tautologies/unsatisfiable for-
mulas and keeping one representative per equivalence class.
We then build an implication DAG by one-step weakenings
(antecedent generalization and consequent weakening), with
root selection based on maximal quantifier domains. This en-
ables direct comparison of exhaustive, eager, and lazy traver-
sal in Section 6. Table 1 reports resulting Cry sizes.

LLM-Generated Candidates (Cym)

While Cry is systematic, it is inherently limited to single-
predicate implications. Constraints requiring conjunctive bod-
ies, counting, or domain-specific semantic knowledge fall
outside its scope. To address this, and to demonstrate the
generality of UDC as a framework, we introduce an LLM-
generated candidate set Crpy. LLMs can produce arbitrary
FO constraints without manual template design and while us-
ing semantic knowledge. Recently, they have shown success
in generating planning heuristics (e.g., Corréa, Pereira, and
Seipp 2025) and policies (e.g., Stein et al. 2026), suggesting
they can similarly produce meaningful state constraints. Our
prompts consist of

an expertise description to prime the LLM;

a description of constraints and their syntax;

the PDDL domain;

the smallest and largest example problem PDDL files; and

an instruction to generate up to 10 derived predicates and
exactly 100 constraint candidates.

M



Crr CLim

Domain T |P| Arities  |E|  Candidates Valid  Reduced  Candidates  Valid  Reduced
Blocksworld 1 5 0/10/2 35 8681 39.1% 36 100 84% 26
Logistics 9 3 2/2.0/2 32 19618 55.5% 36 100 70% 22
Transport 6 5 2/20/2 30 21358  53.0% 42 100 98% 32
Floortile 3 10 1/1.71712 20 106358  49.5% 364 100 85% 35
Grid 1 12 0/1.2/2 5 111976  49.2% 174 100 93% 43

Table 1: Results of UDC using Cry and Cppm on IPC domains. |T'|, |P|, and |E| denote the number of types, predicates, and
examples, respectively. Arities are given as min/avg/max. A constraint is valid if it holds for all examples, i.e., remains until the
UDC reduction step. Valid constraints are reported as a proportion of total candidates. The reduced set contains those constraints
remaining after reduction, which together imply all valid constraints. As the reduced set was found using a solver with a timeout,
the reduced set size is an upper bound on the minimal set. Both candidate sets yield high proportions of valid constraints with

compact reduced sets.

We include the full prompt in the appendix. Showing all
example problems to an LLM would be infeasible due to con-
text length limits, and so we choose the smallest and largest
ones, which was effective in prior work (e.g., Corréa, Pereira,
and Seipp 2025). We then query the LLM with structured
output settings to encourage valid constraints. As Crpy is
small, exhaustive UDC mode is sufficient.

While the LLM might make mistakes, the guarantees from
UDC still hold with respect to the candidates it produces and
any invalid candidates will be filtered out, ensuring empirical
validity and PAC properties of the final output constraint. We
primarily view Cp v as an exploratory proof of concept. Fully
evaluating LLMs’ candidate-generation capabilities would
require a paper of its own.

6 Experiments

In this section, we present the results of evaluating UDC using
Cry and Cp v on five domains from the International Planning
Competition (IPC). With Cr, we additionally evaluate all
UDC evaluation modes.

Experiment Design. We consider all domains from
Grundke, Roger, and Helmert (2024), together with Logistics,
which features more complex typing and was studied in Sh-
leyfman and Karpas (2018). For each domain, we use the first
typed IPC variant along with all example problems from that
year’s satisficing track. For Cp 1 v, we use GPT-5-2025-08-07.
Further LLM details, reduction solver configurations, hard-
ware and wall-clock timings are provided in Appendix D.

Measures and Restrictions. For each domain and candi-
date set, we evaluate each constraint across all examples E.
This enables us to simulate 1000 (or all) random permutations
of F to evaluate sample efficiency across all traversal modes.
Since positive examples alone are insufficient to compute
metrics such as precision or recall, we perform a qualitative
analysis of the learned constraints. Developing principled
protocols for generating or sourcing representative negative
examples is an interesting direction for future work.

6.1 Results

Table 1 summarizes our results, Figures 2—3 show sample
efficiency and Figure 4 highlights some learned constraints.

All reduced constraints are available in the appendix, along
with the entirety of Cppy for each domain.

Valid Constraints. While the number of Cy; candidates
varies significantly between domains, the proportion of valid
constraints is consistently high (between 39.1% and 55.5%),
indicating that Cyy contains constraints applicable to a wide
range of domains. This is particularly notable since roughly
half of the candidates are mutually exclusively negations of
the other half, though we can go over 50% valid constraints
if the antecedent never holds. 7.3% (Blocksworld) to 21.1%
(Logistics) of the candidate constraints fall into this cate-
gory, leaving 31.7% to 41.5% of candidates valid with an
antecedent that was true at some point (theoretical limit 50%).
Most constraints with inapplicable antecedents have exact
type matches for abstract types as their antecedents. Cpm
similarly has a high rate of valid constraints (between 70%
and 98%), indicating that LLMs are capable of generating
relevant candidate constraints.

Reduced Constraints. Despite the large number of valid
constraints, especially for Cty, the number of reduced con-
straints is comparatively low for both sets (between 22 and
364). This shows that UDC is able to identify compact repre-
sentations of the intended constraint. Additionally, it shows
that the LLM generates redundancy in Cy 1 v, which is suitable
since this lets UDC find the most general constraints.

LLM Tendencies. Across domains, GPT-5 in Cy v favors
implication-style constraints. Many are useful, but two failure
modes recur: tautologies under the model’s own derived pred-
icates (e.g., BLLm10), and over-general constraints that admit
states outside benchmark intent, such as Blocksworld with an
initially held block. UDC filters inconsistent candidates and
retains only those empirically supported by the examples.

Sample Efficiency. As can be seen in Figure 2, UDC
demonstrates high sample efficiency with both candidate
sets. The largest reduction occurs after the first example, with
candidates for some domains being valid for all examples
or none and reduction therefore happening only for the first
example (e.g., CLim Transport). However, we also see some
tasks being uniquely informative, the only ones to invalidate
certain candidates (e.g., C_pm Logistics at 31 examples).
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Figure 2: The proportion of candidate constraints remaining as
a function of seen examples. Lines show average across 1000
permutations and areas show the distribution. Each candidate
set converges quickly, though some tasks uniquely falsify
certain candidates.

Traversal Performance. As shown in Figure 3 and per
Proposition 2, eager traversal evaluates more candidates than
lazy traversal. Across most domains, eager converges to
roughly 1.92 times the lazy evaluation count. Logistics is
higher at about 3.47, likely due to its richer type structure.
Exhaustive traversal is another 2.74-4.33 times slower than
eager in the limit. Overall, these results reinforce lazy traver-
sal as a major efficiency opportunity.

Blocksworld. Using Cry, we fully capture the initial-state
restrictions from Grundke, Roger, and Helmert (2024), in-
cluding that each block has exactly one position, when blocks
are clear and that no tower is circular. Goal constraints are
captured only approximately since partial states are less infor-
mative, so the single-bottom property is missed, and since Cry
excludes transitive closures for goals, meaning that acyclic-
ity is only approximated. We also overfit some initial-state
constraints. For example, B30 disallows states whose only
stack has height exactly two, a pattern incidentally true in all
IPC examples. Under Cy |y, GPT-5 instead introduces a more
general representation that also permits the robot to initially
hold a block or goals to have multiple stacks. Aside from
these generalizations and spurious tautological constraints
like Byym10, Crpm likewise captures the intended domain.
For Cry we also reduce the constraints manually, finding that
22 constraints suffice to imply the 36 from our greedy reduc-
tion, showing that stronger reductions are possible.

Logistics. Cry captures the intended domain behavior nearly
perfectly. For example, L112 recovers mandatory initial truck
placement, while L1127 shows that airplanes only need a start-
ing location when more than one exists, in contrast to trucks.
This asymmetry is due to a single IPC problem containing
an airplane without a starting location, likely an oversight
by the original modelers. Such findings illustrate how UDC
together with the Cry structure can help debug domains and
surface possible flaws when a learned constraint differs from

Eager / Lazy Ratio after x Examples

— Grid
Logistics

—— Blocks
—— Floortile

Ratio of Cumulative Evaluations (Eager / Lazy)

— Transport

0 H 10 25 30 33

15 20
Encountered Examples

Figure 3: The cumulative constraint evaluations ratio,

%. Lines show average across 1000 permutations
and areas show the distribution. For most domains, eager eval-
uates approximately 1.92 times more in the limit. In Logistics,

this is higher at about 3.47.

expectation. CLpm, on the other hand, proposes the stronger
assumption that every vehicle must start somewhere, which
UDC then filters when the examples contradict it.

Transport. Constraint Try11 reveals that the Locatable
type is never directly instantiated and functions only as an
abstract supertype, while T1;12 shows the stronger property
that no Target subtype is ever instantiated, leaving the Target
hierarchy entirely unused. As with Logistics, learned con-
straints thus expose latent domain-encoding artifacts in addi-
tion to state-level exclusions, providing a diagnostic benefit
unavailable from hand-crafted constraints alone. Cyy does
not capture these abstractness properties and would permit
objects of type Locatable to be created directly.

Floortile. Floortile is the most challenging domain for
both candidate sets. The formulation of Grundke, Roger, and
Helmert (2024) requires the grid to be square and the goal to
be a checkered pattern, both of which involve interactions too
complex for Cyy and rely on domain knowledge beyond Cy  v.
From7 illustrates that even GPT-5 can overfit to the provided
examples: its accompanying description explicitly qualifies
the constraint as holding “in the provided instances”.

Grid. Although Grid is untyped in PDDL, the domain en-
codes type information by grounding exactly one “type pred-
icate” per object, such as key. UDC recovers this latent type
system for both candidate sets, identifying the types from
predicate usage and inferring that every object has exactly
one type, such as Gy v5 for the at / key relationship.

7 Related Work

We discussed related work focusing on invariant learning in
Section 5.1. Here, we discuss other related research.

PDDL Constraints. PDDL 3.0 (Gerevini and Long 2005)
allows for constraints over plans in temporal logic, however
this is largely unsupported and seldom used. Some planners
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Figure 4: The selection of learned constraints discussed in
the text. Subscript indicates the candidate set of origin and
letter indicates the domain (B: Blocksworld, L: Logistics, T:
Transport, F: Floortile, G: Grid). All learned constraints are
available in the appendix.

also support user-provided or learned expressions to speed
up search (e.g., Bacchus and Kabanza 2000; Kvarnstrom and
Doherty 2000; Lequen 2024). However, none of these ap-
proaches can restrict initial and goal states, and as such they
are orthogonal to our work. Shleyfman and Karpas (2018)
suggest extending PDDL 3.0 constraints to allow such restric-
tions and evaluate how well mutexes from Helmert (2009)
hold across initial states, finding that they usually either hold
across all or none. Grundke, Roger, and Helmert (2024) in-
stead introduce a formal framework using PDDL axioms,
which are more expressive and broadly supported. They show
that stratified Datalog™ with a successor relation can fully
capture the semantics of any PDDL domain in which the
underlying constraints can be verified in polynomial time.
Our work follows this approach, but focuses on learning
constraints from examples rather than hand-crafting them.

LLMs for Constraints. To our knowledge, LLMs have not
been used for constraint learning in planning. Nevertheless,
they have shown promise in generating constraints for soft-
ware validation. Pirzada et al. (2024) use LLMs to generate
candidate loop invariants, which are then validated by a logic
solver and used to replace the original loop with assertions.
This uses the fact that the entire state space of the loop is
available to guarantee correctness, which is not the case in
our setting. Sun et al. (2025) instead use LLMs to generate
class invariants, which are validated by LLM-written test
cases. In our setting, a test case is a legal problem instance,
and LLM-generated ones cannot be verified without knowing
the intended constraints we aim to learn. Our results exem-
plify the associated risks, for example GPT-5 incorrectly
accepts Blocksworld states where the robot starts holding a
block. This illustrates both the difficulties and the value of

our filtering method with PAC guarantees when using LLMs.

Learning Logic. Many other fields similarly learn logical
expressions from examples. For example, inductive logic
programming (ILP) (Cropper and Dumanci¢ 2022) learns po-
tentially complex expressions which might include auxiliary
predicates. However, most ILP methods would result in ex-
pressions that only classify a single initial state per task size
as legal, making them inapplicable to our setting. Concept
learning (Lehmann and Hitzler 2010) aims to learn logical
expressions that classify objects as belonging to a concept
or not. This is similar to our setting, with the key difference
that we learn constraints that classify entire states as legal
or not, rather than individual objects. While most concept
learning, ILP and similar approaches require both positive
and negative examples, the field of one-class classification
(OCC) (Perera, Oza, and Patel 2021) learns without negative
examples, and our UDC falls into this.

8 Applications of Intended Constraints

Intended constraints have several direct downstream uses in
planning pipelines.

Task generation. They can enable sampling of legal tasks
and generation of training data, as shown by Grundke,
Helmert, and Roger (2025).

Invariant and mutex synthesis. They can be expanded
into domain-wide invariants or mutexes, as described above.
Additionally, they can be used in existing methods such as
FiSer (2020). Said work learns a form of lifted mutexes and
includes a check that the initial weight is 1 for the current
task. In principle, it is simple to generalize this into using
intended constraints instead and, as such, generate mutexes
that hold for all legal tasks.

Policy validation. They can lift policy evaluation beyond
the usual fixed benchmark checks to instead validate across
the full space of legal tasks via e.g. searching for falsifying
(but legal) counter examples.

9 Conclusions & Future Work

We tackled the challenge of automatically making automated
planning domain formulations more complete. To this end,
we formalized the problem of learning intended constraints
from positive examples and introduced UDC as a unifying
framework, showing that suitable adaptations of existing in-
variant learning methods are special cases. Furthermore, our
identification of lazy traversal as a strictly more efficient,
yet previously unexploited, strategy opens a concrete avenue
for future work on memory and evaluation-efficient instan-
tiations. Our two new instantiations, Cty and Cppy, demon-
strate that the framework is both systematic and flexible:
Cm provides principled, domain-adaptive coverage, while
CLLm demonstrates the viability of LLM-generated candi-
dates within a formally grounded learning pipeline. The re-
sulting constraints are compact, interpretable, and directly
applicable to downstream tasks such as problem generation,
invariant synthesis and policy validation.

In the future, we will quantitatively evaluate the learned
constraints, transfer existing works and show how to interpo-
late between eager and lazy evaluation modes.
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A Proofs

Proposition 1.

Let H and H' be two DAGs over Ceanq Where children
are implied by parents and let m,m’ be traversal modes.
Then, for any set of problems E and candidates Ccynd,
UDC(Ceands B, H,m) and UDC(Ceong, E,H',m’) yield
equivalent results.

Proof. Let C and C’ be the sets before reduction when using
H with m and H’ with m/ respectively. For every ¢ € C \ C',
some ¢’ € C’ must imply c. This follows since ¢ held on all
examples (by its inclusion in C) and as such could never have
left C'. Thus, an ancestor ¢’ of ¢ was considered under ' with
m/ instead and remained in C’. However, conversely, since
¢ held, either it or an H-ancestor thereof must appear in C.
This can be traced upward until finding a ¢ appearing in both
sets that implies both ¢ and ¢, or is one of them, such that
¢ is implied by no other candidate in either set. Regardless
of sound reduction used, ¢ (or a candidate subset implying
¢) will be kept in both sets. Irrespective of which of these
options remains in each set, it will imply both ¢ and ¢’ and
as such neither will contribute to the discriminative power of
their set and any potential reduction-dependent inclusion or
exclusion thereof is as such inconsequential. Repeating this
for all candidates in C\C’ and C’\ C yields equivalent resulting
sets. O

Proposition 2.
For any candidate set C.yq, examples F and implication
DAG H:
evaleager (Ccand7 E, H)
eVallazy (Ccand7 B, H)

< |Ccand‘ -1

where the lower bound is attainable and |Ceang| — 1 is a limit
that can be approached arbitrarily closely.

Proof. We prove the lower and upper bounds separately.

Lower bound. In lazy mode, a candidate c is evaluated
if and only if it is a root of H initially or all its parents
have been removed. In eager mode, a candidate c is instead
evaluated if and only if it is a root initially or at least one
parent has been removed. As such, if c is a root, then it is
evaluated in both modes. If ¢ is not a root and it is evaluated
in lazy mode, then all its parents have been removed,
and as such at least one parent has been removed, so c is
also evaluated in eager mode. Therefore every candidate
evaluated in lazy mode is also evaluated in eager mode, giving
eValeager (Ceand; E, 1) > evaliyzy (Ceand, £, H) and a ratio of at
least 1. Equality holds, e.g., for an edgeless DAG.

Upper bound. Let a and 31, .. ., By be formulas such that
« holds on all initial states and (1, ..., 8y hold on none.
Let 5 =081 A--- A By and ¢; = aV S; for each i. Define
Ceand = {0, B}U{p; : 1 <i < N}. Let H have a and 3 as
roots, with each ¢; as a child of both.

In lazy mode: o« holds, so it is never removed, while the
conjunction [ fails on the first example and is removed
immediately. However, each ¢, remains unconsidered since
a parent holds. For each subsequent example, only « is
evaluated. Total: 1 + |E/| evaluations.

In eager mode: As in lazy mode, « holds and 3 is removed on
the first example. However, since a parent is removed, each
; is added to the considered set and are also evaluated on the
first example, holding since their o« component holds. From
then on, every example evaluates o and all N children. Total:
1+ |E|(N + 1) evaluations.

1+|E|(N+1)

1+|E|

as | F| — oo. This is the supremum: any difference between
eager and lazy mode requires at least one candidate to fail,
and the above construction maximizes the resulting difference
in evaluated candidates after that first failure. ]

The ratio is , which approaches N+1 = |Ceana| — 1



Lemma 1.
Let C' C C be state constraints. Then, the set of problems
legal in C is a subset of those legal in C’.

Proof. Since C' C C, we have that A\,.. C — Apicer C'.
Therefore, any initial state satisfying all constraints in C must
also satisfy all constraints in C’. O

Theorem 2.
For any distribution ID over legal problems, UDC(Ceang, E) is
PAC with respect to C2!

cand*

Proof. Let E; denote the first ¢ examples and let P; be
the probability under D that UDC(Ceuna, F;) and Cffsfj
disagree on a randomly sampled legal problem. Since
UDC(Ceand; Fi+1) € UDC(Ceand, Fi) (candidates are only
removed), Lemma 1 gives P,; < IP,, so IP; is non-increasing
in 7.

Let B(p,c,S) denote the smallest number of independent
Bernoulli trials with success probability at least p needed
to push the probability of fewer than S successes below c;
B(p,c,S) is finite forall 0 < p,c < 1 and S € N.

The (i+1)-th example has conditional probability exactly
P; (given E;) of being a legal problem falsely rejected by
UDC(Ceand, ;). If this happens, at least one candidate is
removed. Call this a hit.

After |E| examples, one of two cases holds:

(1) P; < e for some j < |E|. Since P; is non-increasing,
P|g| < e, satisfying the PAC condition.

(2) P; > ¢ for all i < |FE|, meaning fewer than AC =
|Ceana \ C?a"’;d| hits occurred: each hit removes at least one
candidate, so after AC hits UDC(Ceang, E;) has reached

Chstand P; = 0 < e.

can

The probability of case (2) is at most the probability of
fewer than AC successes in | F/| i.i.d. Bernoulli(e) trials: each
conditional hit probability is at least e regardless of prior
outcomes (since IP; > ¢ in case (2)), and the comparison to
i.i.d. trials holds by stochastic dominance. By definition of B,
choosing |E| = B(e, §, AC) makes this probability at most
d.

Since AC is unknown but bounded above by |Ccana|, we may
instead choose |E| = B(¢, 0, |Ceand|) > B(e, 0, AC), which
only decreases the probability of case (2). Hence with prob-
ability at least 1 — ¢ we are in case (1) and P < e. This
proof closely follows Valiant’s (1984) proof of PAC learnabil-
ity of bounded CNF expressions, with each problem inducing
a Boolean vector over Ceand. O]

Theorem 1.
Let E consist of unique legal problems randomly sampled
from Cp and let C.,ng be any candidate constraint. Then,
hm\E\ﬁoo UDC(Ccanch ) chest.

cand*

Proof. By construction, UDC(Ccna, E') has no false nega-
tives. By Lemma 1, removing any ¢ € C,nq €ither preserves
or decreases illegal problems identified as such. Since we
removed the minimum set of candidates to eliminate false
negatives, no other subset identifies more illegal problems
without introducing false negatives. O

Proposition 3.

Let C and C’ be constraints, and F and E’ be sets of problems.

If we omit UDC'’s reduction, then:
UDC(CUC',E)=UDC(C,E)UUDC(C', E)
UDC(C, E U E’) =UDC(UDC(C, E), E')

E)= " 7z
) {CECUC <_’IY>€E |:c}

Proof. UDC(CUC/,
= eC: V 7z el : v T
eees y grefuloees x i)

= UDC(C,E) U UDC(C', E)
UDC(C,EUE'){ce(Z': N Ihc}
(-,Z,)eEUE'
= : I = : I/
{c < {C €c <-,I,v->eE | c} (T, EE’ = c}

— UDC(UDC(C, E), E') O
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B Informal Reasoning and Formal Definition of Cyy

The main paper (Section 5.2) gave a compact overview of Cr;. Here we expand the informal rationale behind each design choice
and then provide the full formal definition. Cry is derived for a domain from its types and predicates, and is designed as a middle
ground between expressivity and tractability: expressive enough to capture many interesting constraints across diverse domains,
while still being enumerable so that eager, lazy, and exhaustive traversal modes can be compared directly.

Informal Reasoning

Simple implications. Implications can express many useful constraints, especially if we allow T as an antecedent. They
form the basis of our Typed Implications (Cty) candidate set. In their base form, Cty constraints are closed implications whose
antecedent and consequent each consist of a single predicate under typed quantifiers. Typical patterns they capture include:

* “A certain predicate is always true.” E.g. that the hand starts empty in Blocksworld: T — hand-empty ().

* “A predicate disallows another, possibly for some of the same arguments.” E.g. if z is on the table, it cannot be on any y:
Vv, ontable(x) — -3, on(x, y).

* “A predicate enforces another, possibly for some of the same arguments.” E.g. if z is not clear, some other block y must be on
it: Yy clear(x) — 3y y2q0 on(y, x).

* “Each object of a certain type has a certain property.” E.g. no block is held: V,. (type(z) = block) — —holding(z).

Additionally, consequent quantifiers can restrict themselves to (or exclude) the antecedent arguments, which is what enables the
y # « condition in the third pattern above. We also enforce that goal-compiled predicates may appear as antecedents only if the
consequent is also a goal-compiled predicate, since mixing is semantically meaningless: it would relate the initial and goal state,
whereas both must hold independently.

Negations. Many interesting constraints involve negations in the antecedent or consequent, so Cty admits negated antecedents
and consequents. Consequently, about half of the resulting constraints are mutually exclusive with the other half (being their
negations). This redundancy is unavoidable: any domain can be equivalently described using either the positive or negative form
of each predicate, and ahead of time we cannot know which convention a given PDDL author used. For example, in Blocksworld,
using hand-full instead of hand—empty results in the same semantics and constraints, only with this predicate’s polarity
inverted. Including both polarities is what keeps Cr; encoding-agnostic.

Types. Domains often contain “abstract” types that exist only to organize other types, without being directly instantiated. In a
Logistics-style domain, for instance, there might be a Vehicle type with Truck and Airplane as subtypes. To support reasoning
over such hierarchies, we allow Cty antecedents and consequents to be of the form (type(o) = t) or (type(o) <* t), where o is a
parameter and ¢ is any type in the domain. This lets us express constraints such as T — —3,(type(z) = Vehicle), forbidding
the direct instantiation of abstract types. More generally, type checks let us represent: (i) that some types must be instantiated, (ii)
consequents that hold for all objects of a certain type, and (iii) the same with object reuse. The last case warrants elaboration.
By our definition of Cty, consequent quantifiers cannot be restricted based on one another, only by antecedent arguments. A
type-check antecedent introduces a single quantified variable that the consequent can then refer to repeatedly. For example, to
forbid blocks from being on themselves, we write ¥V, (type(z) = block) — (V. (y=2)V.: (z=2)0n(y, 2)), which is equivalent
to the more readable V, (type(x) = block) — —on(x, z). Throughout, we use the simplified form for clarity.

Interactions. Restricting Cry to single-predicate antecedents and consequents keeps the resulting set meaningful yet small
enough for enumeration. Extending to conjunctive antecedents or disjunctive consequents would more than square the number of
possible antecedents or consequents, leading to combinatorial blow-up. There is, however, one common PDDL interaction we do
accommodate: transitive closure. The transitive closure of a binary predicate p is p;.(z,y) = p(x,y) V3. (p(z, 2) Apte(2,9)). A
natural example is the above predicate in Blocksworld, which is the transitive closure of on. Including transitive closures only
doubles the number of arity-2 predicates under consideration, while capturing useful planning-relevant structure (e.g. acyclicity
of stacks). We therefore allow transitive closures of arity-2 predicates to appear in both antecedents and consequents of Cry.

Canonical forms. Constraints in Cry are not syntactically unique. For example, T — V,V,p(z,y) and T — V,V,p(z,y) are
equivalent, and some constraints are tautological or unsatisfiable. To keep Cyy small, we choose a single representative from each
equivalence class and remove tautologies and unsatisfiable constraints. The resulting set is small enough to fully enumerate,
which is what enables direct comparison of eager, lazy, and exhaustive traversal modes in our experiments. We note that eager
traversal with dynamically generated candidates, without pre-enumeration, is also possible.



Implication DAG. To support efficient traversal modes, we induce a weakening DAG H over Cry: the children of a candidate ¢
are all constraints obtained by applying exactly one of the following transformations to c:

1. Replace T in the antecedent with any other antecedent, with its quantifiers made maximally inclusive and each existential
restricted to the antecedent arguments.

2. Convert one universal quantifier in the consequent into an existential quantifier.
3. Restrict a universal consequent quantifier by replacing its type with a direct subtype.

4. Restrict a universal consequent quantifier by removing one object from its domain (via adding or removing a reference to an
antecedent argument), or the inverse for an existential quantifier.

The asymmetric handling of existential quantifiers in steps 1 and 2 is needed to avoid vacuous-truth pathologies. The roots of the
DAG are:

* candidates with T as antecedent and maximally inclusive consequent quantification; and

 candidates with a non-T antecedent and at least one existential consequent quantifier with exclusion, where each quantifier is
maximally inclusive.

If the consequent is negated, the roles of universal and existential quantifiers above are swapped. Moving down the DAG
corresponds to progressively weaker (more permissive) constraints, which matches the eager/lazy traversal interpretation used in
the experiments.

Formal Definition

We now give the precise definition of Cry. Let D = (7, P, A) be a domain and let par(P) = (¢1,...,t,,) denote the parameter
types of predicate or type-check P.

Definition 7 (Typed Implications). Let X and Y be predicates or type-checks with typed parameters. The set of typed implications
TI(X,Y) consists of all constraints of the form:

!
X'(z1,...,2N) —
z1: type(z1)<'type(par(X)1)  zn:type(zn)<‘type(par(X)n)

Q1 Qum Y'(y1,- - ym)

g1: type(§1) <ty A (F10151)  Gars type(Giar) < tar A (Garom Sar)
where the following conditions hold:

X' e {X,-X},

¥' e {¥,-v},

{90, ot =y, -y}

t; = type(par(Y);) s.t. y; = g; forallie [M],
Q; € {¥,3} foralli € [M],

o; € {€,¢} foralli € [M],

S; C{xy,...,xN}forallic [M].

To interpret this definition, note:
e X’ and Y” control the negation of the antecedent and consequent, respectively.
e §j; is a reordering of the arguments of Y, ensuring that every quantification order is considered.
* t; is the type that 7; must belong to for it to be a valid argument for Y.
¢ (Q; decides whether the quantification for g; is universal or existential.
* o; decides whether said quantification restricts to some (€) or excludes some (¢) of the arguments of X’.

o S, is any subset of arguments to X, choosing which arguments o; restricts over.

Note that |S;| = 0 (with o; as ¢) incurs no restriction, while |.S;| = 1 (with o; as €) forces the i-th argument of Y to equal the
chosen argument of X, resulting in assignment-like constraints.

Next, Cry is constructed by applying TT across relevant pairs of predicates and type-checks. Let Py = {p, | p € P} denote the
goal-compiled predicates (Definition 3) and let Py, = {p:. | p € P, arity(p) = 2} denote the transitive closures of all arity-2
predicates, defined as py. (z, ) = p(2,4) V 3. (p(z, 2) A pre (2, 9)).



Definition 8 (Typed Implication Candidate Set). For a domain D = (T, P, A) with type set T', let PT =P U P, U Py, be the
extended predicate set. Define the helper sets:

ant, =P U{T} U con,

con, =P+

ant; ={T}

cony ={Xo. (type(o) =t):t € T} U

{Xo. (type(o) <" t): t € T}

Then Cyy is defined as:

cnP)=  |J  Tizy)u
xeanty, yecony:
(x€Py)—=(y€Py)

U Ty

xeanty, yecony

where (v € Py) — (y € Py), ensures that goal predicates may appear as antecedent only if the consequent also is a goal
predicate.

After construction, Cyy is reduced to canonical forms by choosing one representative from each equivalence class of logically
equivalent constraints and removing tautologies and unsatisfiable constraints.
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Appendix

C LLM Prompt for Cyym

You are a highly-skilled professor in AI planning and the PDDL
(Planning Domain Definition Language) language. Your task is to
analyze a planning domain and generate state constraints that hold
for valid problems.

While constraints do need to hold across all valid problems in a
domain, yours will be passed through a tool to verify this. As such,
you can take risks and propose constraints that may not hold in all
cases, though you should aim for high accuracy and generality.

The generated constraints should consider both the initial state and
the goal conditions. However, they do not need to hold throughout the
execution of a plan. Also, note that the goal is only a partial
assignment of predicates and that goal predicates are only those
directly involved in a goal conjunction.

# State Constraints

State constraints are arbitrary first-order logic formulas that
restrict which problems are valid in a planning domain. Unlike
traditional planning invariants that must hold throughout execution,
these constraints only need to be satisfied by the initial problem
formulation.

Constraints can be any logical formula combining predicates,
quantifiers, and logical operators.

Constraints should be expressed such that they are true for all valid
problems, i.e. if P or Q should hold for all objects in all valid
problems, you can express this as forall x: T -> (P(x) or Q(x)).

## Syntax

- Predicates: P1l(x, y), P2(x), etc.
- Logical operators:

- and: conjunction

- or: disjunction

- not: negation of a formula

- —>: implication

- !=: inequality between VARIABLES ONLY (x !=vy)
— Quantifiers:
- forall x: T - universal quantification over type T
- exists x: T - existential quantification over type T

## Examples

1. Generic mutual exclusion (using negation) :
forall x: Tl -> not(Pl(x) and P2 (x))

2. Generic implication with quantifiers:
forall x: Tl —-> (P1l(x) —> exists y: T2 -> P2(x, Vy))

3. Generic disjunction constraint:
forall x: Tl -> (P1l(x) or P2 (x))

4. Generic constraint without free variables:
(exists x: Tl -> P1l(x)) —-> (exists y: T2 -> P2(y))



5. Generic uniqueness constraint (using variable inequality):
forall x: Tl —-> forall y: T2 -> forall z: T2 —>
((Pl(x, y) and Pl(x, z)) —> vy != z)

# Derived Predicates

You may also define derived predicates, which are predicates computed
from base predicates using logical formulas. These are useful for
expressing transitive closures, reachability, or complex conditions
that simplify constraint expression.

## Derived Predicate Syntax

Derived predicates are defined with a name, typed arguments, and a

formula:

- Name: D1, D2, etc.

- Arguments: (x: T1l, y: T2, ...)

- Formula: any first-order logic formula using the same syntax as
constraints

## Derived Predicate Examples

1. Generic transitive closure:
Dl(x: T1, y: Tl) := Pl(x, y) or
(exists z: Tl -> (Pl(x, z) and D1l(z, y)))

2. Generic shared property:
D2(x: Tl, y: Tl) := exists z: T2 -> (P2(x, z) and P2(y, z))

3. Generic reachability:
D3(x: Tl) := exists y: T2 -> P3(x, V)

# Task
Given the domain PDDL below, along with the smallest and largest example problems, generate:

1. Up to 10 derived predicates that capture useful relationships in the domain (transitive
closures, shared properties, reachability, etc.). These are for your own use in writing
constraints.

2. Exactly 100 state constraint candidates that are likely to hold for wvalid problems in this
domain. Focus on constraints that are semantically meaningful and likely to hold in
valid problems initially (not necessarily throughout execution).

Consider:

— Physical constraints (objects can’t be in multiple places)

— Causal relationships (certain predicates imply others)

- Mutex relationships (predicates that cannot hold simultaneously)

— Resource constraints (limited capacities, unique assignments)

- Transitive properties (connectivity, containment hierarchies)

- Existential requirements (every object must satisfy some property)
— Universal properties (all objects of a type share a characteristic)
# Domain PDDL

{domain_pddl}

# Smallest Problem PDDL

{smallest_problem_pddl}

# Largest Problem PDDL

{largest_problem_pddl}



# Instructions

Generate derived predicates and constraint candidates. Focus on constraints that:
1. Are semantically meaningful and capture domain-specific knowledge
2. Are likely to hold in valid problems initially
3. Express important properties such as:
Mutual exclusions: forall x —-> not (Pl (x) and P2(x))
- Implications: forall x -> (Pl(x) -> P2(x))
- Disjunctions: forall x -> (P1l(x) or P2(x))
- Existential requirements: forall x —-> exists y -> Pl (x, V)
— Universal properties: exists x -> forall y -> Pl(x, V)
- Uniqueness with variable inequality: forall x -> forall y -> forall z -> ((P(x,y) and

P(x,2)) —> vy != z)

4. Use derived predicates where they simplify constraint expression

5. Use ’'not’ for formula negation (notP(x)) and ’"different_objs’ ONLY for variable inequality
(x !'=y)

Ensure your constraints follow the correct syntax and use only predicates and types defined in
the domain or derived predicates you create.

## Available Predicates

The following predicates are available for use in constraints:
{predicates_1list}

Note: Goal-compiled predicates (ending in ’'_g’) represent atoms from the problem goals and
can be used to express constraints about goal relations. Recall that these are only a
partial assignment, those from the ‘:goal' section of the problem PDDL.
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D Experimental Setup and Runtime Details

Domains. The domains are: Grid (IPC 1998) (McDermott 2000), Blocksworld (IPC 2000) (Bacchus 2001), Logistics (IPC
2000) (Bacchus 2001), Transport (IPC 2008) (Helmert 2009) and Floortile (IPC 2011) (Coles et al. 2012). Grid is untyped, as it
was never typed in the IPC, and allows us to evaluate Cr; on a domain without types.

LLM Configuration. For Cp; ), we use GPT-5-2025-08-07 with temperature 1.0, the only option. We generate Cp 1 for each
domain only once, each using on average 9.8k input tokens and 55.7k output tokens ($0.57 USD).

Reduction and Hardware. For the reduction algorithm (Algorithm 2), we use Z3 (De Moura and Bjgrner 2008) with a timeout
of 30 seconds per constraint. This timeout and the algorithm’s greedy nature cause our set of reduced constraints to be a superset
of the minimal one. We run experiments on a Ryzen 7 7800X3D processor with 32 GiB RAM.

Runtimes. Since we do not focus on runtime optimization in this paper, we report single-run wall-clock timings for transparency.
Table 2 reports per-stage times (in minutes) for the Cyy pipeline on the hardware above. The largest contributors are evaluating all
constraint-task pairs and the final reduction step.

Domain Generate Evaluate Sim. Exhaustive Sim. Eager Sim. Lazy Reduce Total
Blocksworld 2.86 0.67 0.15 0.20 0.16 22.57 26.61
Logistics 1.91 2.08 0.37 0.56 0.28 30.55 35.75
Transport 4.72 63.67 0.36 0.42 0.32 32.25 101.74
Floortile 29.57 332.85 1.19 3.94 262 26284  633.01
Grid 63.68 803.25 0.04 0.31 029 18935 1056.92

Table 2: Runtime decomposition for Cty in minutes, measured from one full run per domain. ”Sim.”columns denote simulated
traversal runs over the same evaluated constraint-task outcomes.
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E Learned Domain Constraints — Cyy

Blocksworld

ong.(x: block, y: block) = on(z,y) V B b?ock(on(x, z) Aonge(z,y))
T — handempty() B
T — —handempty,/() (B2)
T— —EI clearg(a) (B3)
T— ﬁzl holding(a) (B4)
T = ~3holding, (a) (B5)
T— —EI ontableg (a) (B6)
T— 3 %Iong(a7 b) (B7)
T— —|‘Z Elong(a, b) (B3)
T— —Y %Iong(a, b) (B9)
T— —Y zlontc(a, b) (B10)
T— ﬁV Hontc(a,b) (B11)
Yﬁ clear(a) — ﬂontc(b a) (B12)
V—| ontable(a) — Elontc(a c) (B13)
on(a,b) — - EI on(a, d) (B14)
a,b on(a,b) — a CHﬁlon(c ,b) (B15)
a’b on(a,b) — . Ceﬂ{a . gong(c d) (B16)
aV)b on(a,b) — . deﬂ{a . gong(c d) (B17)
aVJ) on(a,b) — i dg’{a’b} . ceﬂ{ayb} ong(c, d) (B13)
jb ong(a,b) — -, gl;éb ong(a, d) (B19)
GVJJ ong(a,b) — a iﬁa ong(c, b) (B20)
j,/b ong(a,b) — - dél{(}ﬁ} ong (b, d) (B21)
aVJ] ong.(a,b) = —clear(b) (B22)
aYb ong.(a,b) — —ontable(a) (B23)
aV7 onge(a,b) — (Eilon(a, d) (B24)
vV ong(a,b) - Jon(c,b) (B25)



Valid Blocksworld constraints after automatic pruning.
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Manual interpretation of the learned constraints:

e Bl
* B2:
* B3:
e B4:
* BS:
e B6:
* B7:
e BS:
* BO:

: The hand starts empty.

The goal is never to have the hand empty.
The goal is never to have a clear block.

No block is being held at the start.

The goal is never to be holding a block.

The goal is never to have a block on the table.

Some block is on a block in the goal state.

\4 3
d: de{a,b} c: c€{a,b}

W |
: c€{a,b} d: def{a,b}
) 3 o gontc(c, d)

v 1 o
: c€{a,b} d: de{a,b}

3
d: de{a,b}

3 Jong(e,d)

: c€{a,b} d

3 Fong(c,d)

s de{a,b} ¢

ong(c, d)

ong(c, d)

3 ong.(b,d)

d: de{a,b}

3 onge(e,d)

: defa,b} c: c€{a,b}

3 ong(e,d)

v
d: de{a,b} c: c€{a,b}

1, (c, d)
ong.(a,d)

3 ongele,d)

d: de{a,b} c: c€{a,b}

Some block does not have a block on it in the goal state.

Some block does not have a block below it in the goal state.

(B26)
(B27)
(B28)
(B29)
(B30)
(B31)
(B32)
(B33)
(B34)
(B35)
(B36)

* B10: Some block does not have a block above it. Implied by B31, since a cycle is required to have all blocks above one

If a is on b, then either a or b is on some block d in the goal state. Implied by B26.
If a is on b, then either a or b has some block ¢ on it in the goal state. Implied by B27.

another.
e B11: Some block is not above any block. Implied by B31.
¢ B12: If a block is not clear, some block is above it.
e B13: If a block is not on the table, it is above some block.
e Bl4: If a is on b, a is not on any other block.
e B15: If a is on b, no other block is on b.
e Bl6:
e BI7:
* B18:

¢ BI19:
* B20:
* B21:

If a is above b, b is not clear.

e B23: If a is above b, a is not on the table.

* B24: If a is above b, a is on some block d. A totality not caught by our totality check.
* B25: If a is above b, some block c is on b. A totality not caught by our totality check.

If a is on b, either a or b have neither a or b on them in the goal state. Implied by B28.
If a is on b in the goal state, a is not on any other block in the goal state.
If a is on b in the goal state, no other block is on b in the goal state.

If a is on b in the goal state,b is not on either a nor b. This prevents cycles of height 2 in the goal state, the best possible
estimate without transitive closure of goal predicates.

* B22:



B26: If a is above b, then either @ or b is on some block d in the goal state. Means that at most one block per stack could form
the bottom of a goal stack. An estimate of the fact that there is exactly one goal stack, the best possible without transitive
closure of goal predicates.

B27: If a is above b, then either a or b has some block c on it in the goal state. Means that at most one block per stack could
form the top of a stack. An estimate of the fact that there is exactly one goal stack, the best possible without transitive closure
of goal predicates.

B28: If a is above b, either a or b is on neither a nor b in the goal states. Prevents goal cycles of height 2. Implied by B21.
B29: If a is above b, either a or b is under neither a nor b in the goal state. Prevents goal cycles of height 2. Implied by B21.

B30: If a is above b, some block other than b is above some block. Dissallows a state with a single stack of height 2 and all
other blocks on the table.

B31: If a is above b, b is not above either a or b. Prevents cycles.
B32: If a is above b, a is not above either a or b (d = a is irrelevant since ¢ = a always satisfies it). Implied by B31.
B33: If a is not above b, either a or b is on neither a nor b in the goal states. Prevents goal cycles of height 2. Implied by B21.

B34: If a is not above b, either a or b is under neither a nor b in the goal state. Prevents goal cycles of height 2. Implied by
B21.

B35: If a is not above b, a is not above itself. Implied by B31.
B36: If a is not above b, either a is not above itself or b is not above a nor itself. Implied by B31.

By manually pruning the above constraints, we end up with the following set of 22 dominant constraints that imply all others:

e A A o e

— e e

17.
18.
19.

20.

21.

22.

B1: The hand starts empty.

B2: The goal is never to have the hand empty.

B3: The goal is never to have a clear block.

B4: No block is being held at the start.

BS5: The goal is never to be holding a block.

B6: The goal is never to have a block on the table.

B7: Some block is on a block in the goal state.

B8: Some block does not have a block on it in the goal state.
B9: Some block does not have a block below it in the goal state.
B12: If a block is not clear, some block is above it.

. B13: If a block is not on the table, it is above some block.

. Bl4: If a is on b, a is not on any other block.

. B15:If a is on b, no other block is on b.

. B19: If a is on b in the goal state, a is not on any other block in the goal state.

. B20: If a is on b in the goal state, no other block is on b in the goal state.

. B21: If a is on b in the goal state, b is not on either a nor b. This prevents cycles of height 2 in the goal state, the best possible

estimate without transitive closure of goal predicates.
B22: If a is above b, b is not clear.
B23: If a is above b, a is not on the table.

B26: If a is above b, then either a or b is on some block d in the goal state. Means that at most one block per stack could form
the bottom of a goal stack. An estimate of the fact that there is exactly one goal stack, the best possible without transitive
closure of goal predicates.

B27: If a is above b, then either a or b has some block ¢ on it in the goal state. Means that at most one block per stack could
form the top of a stack. An estimate of the fact that there is exactly one goal stack, the best possible without transitive closure
of goal predicates.

B30: If a is above b, some block other than b is above some block. Dissallows a state with a single stack of height 2 and all
other blocks on the table.

B31: If a is above b, b is not above either a or b. Prevents cycles.



Logistics

T— v 3 at(a,b)
a: (type(a)<'Package) b: (type(b)<*Place)
T— v 3 at(a, b)
a: (type(a)<!Truck) b: (type(b)<*Place)
T— 3 3 at(a,b)
a: (type(a)<!Vehicle) b: (type(b)<*Location)
T~ 3 v at(a, b)
b: (type(b)<'Place) a: (type(a)<*Package)
T—- 3 v at(a,b)
b: (type(b)<'Place) a: (type(a)<’Truck)
T—- N 3 at(a,b)
b: (type(b)<tAirport) a: (type(a)<*Physobj)
T—=- v 3 at(a, b)
a: (type(a)<'Package) b: (type(b)<tAirport)
T—- 3 at(a,b)
a: (type(a)<'Truck) b: (type(b)<'Airport)
T v 3 at(a, b)
a: (type(a)<'Vehicle) b: (type(b)<*Location)
T 3 3 atg(a,b)
a: (type(a)<'Physobj) b: (type(b)<*Airport)
T— 3 3 atg(a,b)
a: (type(a)<*Physobj) b: (type(b)<*Location)
T—- v 3 atg(a,b)
a: (type(a)<'Physobj) b: (type(b)<*Place)
T— v 3 in-city(a, b)
b: (type(b)<‘City) a: (type(a)<*Airport)
T = v 3 in-city(a, b)
b: (type(b)<'City) a: (type(a)<*Location)
T v 3 in-city(a, b)
a: (type(a)<'Place) b: (type(b)<’City)
T—- 3 v in-city(a, b)
a: (type(a)<'Place) b: (type(b)<'City)
T—=- 3 (type(a) = Physobj)
a: (type(a)<'Physobj)
T— 3 (type(a) <" Airplane)
a: (type(a)<*Airplane)
T 3 (type(a) = Place)
a: (type(a)<'Place)
T 3 (type(a) = Vehicle)
a: (type(a)<*Vehicle)
v at(a,b) = - 3 at(a,d)
a,b: d: (type(d)<*Place)A
(type(a)<*Physobj)A(type(b) < Place) d#b
v aty(a,b) — | aty(a,d
a,b: g( ) d: (type(d)<*Place)A g( )
(type(a)<*Physobj)A(type(b)<*Place) d#b
v atg(a,b) — - v 3 atg(c,d
. aA,b: . g( ) c: (type(c)<'Package) d: (type(d)<‘Place)A g( )
(type(a)<*Physobj)A(type(b)<*Place) d#b
N in-city(a,b) — — 3 in-city(a, d)
a,b: d: (type(d)<'City)A
(type(a)<*Place)A(type(b) <'City) d#b
v —ing(a,b) = - N 3 atg(c, d)
a,b: d: (type(d)<*Airport) c: (type(c)<*Physobj)A
(type(a)<*Package) A (type(b)<*Vehicle) ce{a,b}
N —ing(a,b) = - N4 3 atg(c, d)
a,b: & d: (type(d)<'Location) c: (type(c)<'Physobj)A &

(type(a)<"Package)A(type(b)<*Vehicle)

ce{a,b}

(L1)
(L2)
(L3)
4
(L5)
(L6)
L7
(L8)
L9)
(L10)
(L11)
(L12)
(L13)
(L14)
(L15)
(L16)
(L17)
(L18)
(L19)
(L20)

(L21)

(L22)

(L23)

(L24)

(L25)

(L26)



v (type(a) <" Airplane) —
: (type(a)<*Airplane)

v (type(a) <" Airplane) —
: (type(a)<*Airplane)

v (type(a) <' Airport) — —
a: (type(a)<'Airport)

v (type(a) <' City) — -
a: (type(a)<*City)
v (type(a) <' Place) — —
a: (type(a)<'Place)

(type(a) <' Location) — —
: (type(a)<*Location)

v (type(a) <' Location) — —
: (type(a)<*Location)

<C

(type(a) <' Vehicle) — —
<*Vehicle)

g

a: (type(a
(type(a) <' Vehicle) — —

2 <

<"Vehicle)

v (type(a) <" Truck) — =
a: (type(a)<'Truck)

a: (type(

b:

b:

C:

b:

b:

b:

b:

b:

b:

C:

3 at(b, c)
(type(b)<*Airplane) A c: (type(c)<*Airport)
b#a
3 at(b, c)
(typc(bb)gtPhysobj)/\ c: (type(c)<*Place)

N 3

in-city (b, ¢)
(type(c)<*City) b: (type(b)<*Airport) A
b#a

3 in-city (b, a
(type(b)<*Place) ve(ba)

3 aty (b, a
(type(b)<*Vehicle) g( )

3 at(b, a)
(type(b) <*Airplane)

v 3
(type(b)<*Package) c: (type(c)<*Location)A
c#a
in(b, a)
Package)
ing (b, a)
Package)

at(b, c)

(type(b

(type(b

< ARy

3 at(b, ¢)
"Location) b: (type(b)<’Vehicle) A
b#a

IN

(type(c)

All reduced Logistics constraints. Note that airports are not locations, however both airports and locations are places.

(L27)

(L28)

(L29)

(L30)
(L31)
(L32)

(L33)

(L34)
(L35)

(L36)



Transport

cap-pre,,.(x: Cap — Num, y: Cap — Num) :=

roads.(x: location, y: location) =

T—=
T
T
T —
T =
T—=
T
T
T —
T =
T—=
T
v at(a,b) —
a,b:
(type(a)<*Locatable) A(type(b)<*Location)
v at(a,b) —
a,b:
(type(a)<*Locatable) A(type(b)<’Location)
N at(a,b) —
a,b:
(type(a)<*Locatable) A (type(b)<*Location)
Vb atg(a,b) —
a,b:
(type(a)<*Locatable) A(type(b) <*Location)
‘%’ atg(a,b) —
a,b:
(type(a)<*Locatable) A(type(b)<*Location)
‘z capacity(a, b) —
a,b:
(type(a)<"Vehicle) A(type(b)<’Cap-Num)
‘Z capacity(a, b) —
a,b:
(type(a)<*Vehicle) A(type(b) <*Cap-Num)
Vb cap-pre(a, b) —
a,b:
(type(a)<*Cap-Num)A (type(b) <*Cap-Num)
Vb cap-pre(a, b) —
a,b:
(type(a)<*Cap-Num)A (type(b)<*Cap-Num)
v cap-pre(a, b) —

a,b:
(type(a)<*Cap-Num)A (type(b) <*Cap-Num)

- ,Y) V |
cap pre(x y) z: Cap—Num

road(z,y)V 3 (road(z,z) Aroadi(z,y))

z: location

3 at(a,b)
a: (type(a)<'Locatable) b: (type(b)<‘Location)
- N4 3 at(a,b)
b: (type(b)<*Location) a: (type(a)<‘Locatable)
atg(a, b)
a: (type(a)<*Package) b: (type(b)<‘Location)
- \ 3 atg(a,b)
a: (type(a)<'Locatable) b: (type(b)<’Location)
- N4 3 atg(a,b)
b: (type(b)<’Location) a: (type(a)<*Locatable)
N 3 capacity(a, b)
a: (type(a)<'Vehicle) b: (type(b)<'Cap-Num)
Cap'pretc(aa b)
a: (type(a)<*Cap-Num) b: (type(b)<*Cap-Num)
- N 3 cap-pre,.(a, b)
b: (type(b)<*Cap-Num) a: (type(a)<*Cap-Num)
- \ 3 cap-pre,.(a, b)
a: (type(a)<!Cap-Num) b: (type(b)<*Cap-Num)
3 road(a, b)
a: (type(a)<'Location) b: (type(b)<"Location)
- 3 (type(a) = Locatable)
a: (type(a)<*Locatable)
- 3 (type(a) <" Target)
a: (type(a)<'Target)
- 3 at(a,d)
d: (type(d)<*Location) A
d£b
—atg(a,b)
- N atg(c, b)
¢: (type(c)<'Package)
- 3 atg(a,d)
d: (type(d)<*Location) A
d#b
- v 3 atg(c, d)
c: (type(c)<'Package) d: (type(d)<*Location)A
db
= 3 capacity(a, d)
d: (type(d)<*Cap-Num)A
db
cap-prey (¢, b)
c: (type(c)<*Cap-Num)
- v v capacity(c, d)
d: (type(d)<*Cap-Num)A c: (type(c)<*Vehicle)
de{a,b}
- 3 cap-pre(a, d)
d: (type(d)<'Cap-Num)A
db
- 3 cap-pre(c, b)

c: (type(c)<*Cap-Num)A
CcCFa

(cap-pre(w, z) A cap-pre;.(2,))

(T1)
(T2)
(T3)
(T4)
(T5)
(T6)
(T7)
(T8)
(T9)
(T10)
(T11)
(T12)

(T13)

(T14)

(T15)

(T16)

(T17)

(T18)

(T19)

(T20)

(T21)

(T22)



N cap-pre(a, b) — - N
a,b: d: (type(d)<*Cap-Num)A c: (type(c)<*Cap-Num)A
(type(a)<*Cap-Num)A (type(b) <*Cap-Num) de{a,b} ce{a,b}
v - cap-pre(a, b) — — v 3
a,b: d: (type(d)<'Cap-Num)A c: (type(c)<*Cap-Num)A
(type(a)<*Cap-Num)A (type(b) <*Cap-Num) de{a,b} ce{a,b}
v cap-pre,.(a,b) — — v v capacity(c, d)

a,b:
(type(a)<*Cap-Num)A (type(b) <*Cap-Num)

v cap-pre;,.(a, b) —

a,b:
(type(a)<*Cap-Num)A (type(b) <*Cap-Num)

v cap-pre,.(a, b) —

a,b:
(type(a)<*Cap-Num)A (type(b) <*Cap-Num)

d: (type(d)<*Cap-Num)A c: (type(c)<*Vehicle)
de{a,b}

cap-pre(a, d)
d: (type(d)<'Cap-Num)

cap-pre(c, b)
c: (type(c)<*Cap-Num)

v cap-pre,.(a,b) — — 3 cap-pre,. (b, d)
a,b: d: (type(d)<*Cap-Num)A
(type(a)<*Cap-Num)A (type(b) <*Cap-Num) de{a,b}
v — cap-pre,,(a, b) — = 3 cap-pre,.(a, d)
a,b: } d: (type(d)<'Cap-Num)A
(type(a) <" Cap-Num) A (type (b) <' Cap-Num) d{ab}
v road(a,b) — - v v atg(c, d)
a,b: d: (type(d)<*Location)A ¢: (type(c)<*Package)
(type(a)<*Location) A(type(b) < *Location) de{a,b}
v road(a,b) — road(c, d)
a,b: d: (type(d)<'Location)A c: (type(c)<’Location)A
(type(a)<*Location) A(type(b)<*Location) de{a,b} ce{a,b}
v road(a,b) — road(c, d)
a,b: c: (type(c)<'Location)A d: (type(d)<*Location)A
(type(a)<*Location) A(type(b) < *Location) ce{a,b} de{a,b}
v —road(a,b) — - at(c, d)
a,b: c: (type(c)<'Locatable) d: (type(d)<*Location)A
(type(a)<*Location) A (type(b)<'Location) de{a,b}
v —road(a,b) — - 3 3 road(c, d)
a,b: ¢: (type(c)<*Location)A d: (type(d)<*Location)A
(type(a)<*Location)A(type(b)<*Location) ce{a,b} de{a,b}
(type(a) <' Cap-Num) — — 3 cap-preg (b, a)

a: (type(a)<*Cap-Num)

a: (type(a)<*Cap-Num)

a: (type(a)<*Location)

a: (type(a)<'Location)

b: (type(b)<*Cap-Num)

N (type(a) <' Cap-Num) — — 3 capacity, (b, a)
b: (type(b)<*Vehicle)
v (type(a) <" Location) — — 3 atg (b, a)
b: (type(b)<*Vehicle)
v (type(a) <' Location) — —road(a, a)
v (type(a) <' Location) — — 3 roadg (b, a)

a: (type(a)<'Location)

v (type(a) <' Location) — v

a: (type(a)<*Location)

v (type(a) <" Vehicle) — — 3

a: (type(a)<*Vehicle)

v (type(a) <' Vehicle) — — 3

a: (type(a)<*Vehicle)

b: (type(b)<*Location)

road.(b, a)

b: (type(b)<*Location)

in(b, a)
b: (type(b)<*Package)

ing (b, a
b: (type(b)<'Package) g( )

cap-pre,.(c,d) (T23)

cap-pre,.(c,d) (T24)

(T25)

(T26)

(T27)

(T28)

(T29)

(T30)

(T31)

(T32)

(T33)

(T34)

(T35)
(T36)
(T37)
(T38)
(T39)
(T40)
(T41)

(T42)

All reduced Transport constraints. For brevity, capacity-predecessor is shortened to cap-pre and Capacity-Number
to Cap-Num. The numerical fluent road-1ength was discarded before learning.



Floortile

downg.(x: tile, y: tile) ==

( )
left,.(x: tile, y: tile) ==
right, . (x: tile, y: tile) :
( )=

up,.(z: tile, y: tile

T —
T —
T—=
T
T—
T =
T =
T—=
T
T—
T—
T =
T—=
T
T—
—clear(a) —

a: (type(a)<'Tile)

= clear(a) —
a: (type(a)<'Tile)

= clear(a) —

a: (type(a)<'Tile)

aVb_ down(a, b) —
(type(a) <'Tile)A(type(b) <*Tile)

az’. down(a,b) —
(type(a)<'Tile) A(type(b) <“Tile)

aVb_ down(a, b) —
(type(a)<'Tile)A(type(b) <*Tile)

ai down(a,b) —

(type(a)<*Tile)A(type(b)<’Tile)

down(z,y) \/ El (down(z, z) A downg.(z,y))
left(x, y) \/ 3 (left(ac, 2) Aleftee(2,9))
right(z, y) v 3 (right(a?, z) Aright,.(z,y))

up(z,y) V. ;lile(up(w, z) Aupy.(2,9))

- 3 paintedg(a, b)
a: (type(a)<'Tile) b: (type(b)<*Color)
- v E paintedg(a, b)
a: (type(a)<'Tile) b: (type(b)<*Color)
3 right,.(a, b)
a: (type(a)<'Tile) b: (type(b)<’Tile)
- v 3 right,.(a, b)
b: (type(b)<'Tile) a: (type(a)<’Tile)
- v 3 right,.(a, b)
a: (type(a)<'Tile) b: (type(b)<'Tile)
v 3 robot-at(a, b)
a: (type(a)<'Robot) b: (type(b)<'Tile)
- 3 robot-at(a, b)
b: (type(b)<'Tile) a: (type(a)<*Robot)
- v 3 robot-at(a, b)

b: (type(b)<'Tile) a: (type(a)<*Robot)

v 3
a: (type(a)<*Robot) b: (type(b)<*Color)

robot-has(a, b)

b: (type(b)<'Color) a: (type(a)<*Robot)

- 3 v robot-has(a, b)

b: (type(b)<'Color) a: (type(a)<*Robot)

- 3 robot-has(a, b)
a: (type(a)<'Robot) b: (type(b)<*Color)
3 3 upy.(a,b)
a: (type(a)<'Tile) b: (type(b)<’Tile)
- v 3 up;.(a,d)
b: (type(b)<'Tile) a: (type(a)<’Tile)
B v = uptc(a’ b)
a: (type(a)<'Tile) b: (type(b)<'Tile)
3 right(b, a)
b: (type(b)<'Tile)
3 robot-at(b, a)
b: (type(b)<'Robot)
- v 3 robot-at(b, ¢)
b: (type(b)<'Robot) c: (type(c)<'Tile)A
c#a
- 3 downy (b, d)
d: (type(d)<*Tile)A
de{a,b}
- 3 3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
- 3 v left(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
- 3 v left(c, d)

c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}

robot-has(a, b)

(F1)
(F2)
(F3)
(F4)
(F5)
(F6)
(F7)
(F8)
(F9)
(F10)
(F11)
(F12)
(F13)
(F14)
(F15)
(F16)
(F17)

(F18)

(F19)

(F20)

(F21)

(F22)



v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

y
(type(a) StTile)y/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v
(type(a) StTile)y/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

y
(type(a) StTile)y/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<’Tile)

v
(type(a)< tTile)’/\ (type(b)<*Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<’Tile)

v
(type(a)< tTile)’/\ (type(b)<'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <’Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <’Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<’Tile)

N
a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<’Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

y
(type(a) StTilc)y/\.(type(b) <'Tile)

v
(type(a) StTile))/\'(type(b) <'Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)

down(a,b) — — v E

left(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A

de{a,b} ce{a,b}
down(a,b) — = 3 3 lefts(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
down(a,b) — — 3 v lefty.(c, d)
d: (type(d)<*Tile) ¢: (type(c)<'Tile)A
ce{a,b}
down(a,b) — = 3 v lefts.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
down(a,b) — = v 3 lefti(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
down(a,b) — paintedg (b, d)
d: (type(d)<*Color)
down(a,b) — — 3 painted,(c, d)
d: (type(d)<*Color) c: (type(c)< Tile)A
ce{a,b}
down(a,b) — — 3 3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
down(a,b) — — 3 v right(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
down(a,b) — — 3 v right(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
down(a,b) — — right(c, d)

d: (type(d)<*Tile)A c¢: (type(c)<’Tile)A

de{a,b} ce{a,b}
down(a,b) — — E 3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
down(a,b) — — 3 right,.(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
down(a,b) — — 3 v right,.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
down(a,b) — — v 3 right,.(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}

down(a,b) — - robot-at(c, d)
c: (type(c)<*Robot) d: (type(d)<’Tile)A
de{a,b}

down(a,b) — — robot-at(c, d)
d: (type(d)<'Tile)A c: (type(c)<*Robot)
de{a,b}

down(a,b) — up(c, a)
c: (type(c)<'Tile)A

ce{a,b}
down(a,b) — — 3 up(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
down(a,b) — — 3 v up(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
down(a,b) — — 3 up,,(a,d)

d: (type(d)<'Tile)A
de{a,b}

(F23)

(F24)

(F25)

(F26)

(F27)

(F28)

(F29)

(F30)

(F31)

(F32)

(F33)

(F34)

(F35)

(F36)

(F37)

(F38)

(F39)

(F40)

(F41)

(F42)

(F43)



v —down(a,b) — —

a,b:
(type(a)<'Tile) A(type(b) < Tile)

v —down(a,b) — =

a,b:
(type(a)<*Tile)A(type(b) < Tile)

v —down(a,b) — —

a,b:
(type(a)<*Tile) A(type(b) < Tile)

v —down(a,b) — —

a,b:
(type(a)<*Tile)A(type(b) < Tile)

v —down(a,b) — -

a,b:
(type(a)<'Tile) A(type(b) < Tile)

N —down(a,b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v —down(a,b) — =

a,b:
(type(a)<'Tile) A(type(b) < Tile)

v —down(a,b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v —down(a,b) — =

a,b:
(type(a)<*Tile) A(type(b) < Tile)

N —down(a,b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v —down(a,b) — =

a,b:
(type(a)<’Tile) A(type(b) < Tile)

N —down(a,b) — —

a,b:
(type(a)<'Tile) A(type(b)<'Tile)

aVb. —down(a,b) — =
(type(a)<’Tile) A(type(b) < Tile)
aVb. —down(a,b) — —
(type(a)<"Tile) A(type(b) <'Tile)
aVb. —down(a,b) — -
(type(a)<’Tile) A(type(b) < Tile)
ai. downy.(a,b) — —
(type(a)<"Tile) A(type(b) <"Tile)
aVb. downy.(a,b) — —
(type(a)<*Tile) A(type(b) < Tile)
aVb. downy.(a,b) — —
(type(a)<"Tile) A(type(b) <"Tile)
aY)’. downy.(a,b) — —
(type(a)<*Tile) A(type(b) < Tile)
aVb. downy.(a,b) — —
(type(a)<"Tile) A(type(b) <'Tile)
N downy.(a,b) — —
ab

(type(a)<*Tile) A(type(b) < Tile)

3 down(a, d)
d: (type(d)<*Tile)A

de{a,b}
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
v 3 downy,(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 downy.(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
E left(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 lefti(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 leftye(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
v E right (e, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 right,.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 up(b, d)
d: (type(d)<*Tile)A
de{a,b}
3 uptc(ca d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
v 3 upy.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v down(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
down(e, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 downy (b, d)
d: (type(d)<*Tile)A
de{a,b}
3 3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
3 v left(c, d)

d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}

(F44)

(F45)

(F46)

(F47)

(F48)

(F49)

(F50)

(F51)

(F52)

(F53)

(F54)

(F55)

(F56)

(F57)

(F58)

(F59)

(F60)

(F61)

(F62)

(F63)

(F64)



;
a,b:
(type(a)<*Tile)A(type(b) < Tile)

v
(type(a) §tTile)7Aktype(b) <*Tile)

v
a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
(type(a) §tTile)7/\.(type(b) <*Tile)

v
a,b:
(type(a)<*Tile)A(type(b) < Tile)

v
(type(a) §tTile)7/\.(type(b) <*Tile)

v
a,b:
(type(a)<*Tile)A(type(b) < Tile)

v
(type(a) gtTile)’/\‘(typc(b) <'Tile)

v
a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v
a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
a,b:
(type(a)<'Tile)A(type(b) < Tile)

v
a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
a,b:
(type(a)<'Tile) A(type(b) < Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <'Tile)

v
(type(a) §”Tile)7/\.(type(b) <'Tile)

v

a,b:
(type(a)<’Tile)A(type(b) < Tile)

v

a,b:
(type(a)<'Tile)A(type(b) < Tile)

v

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v

a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
(type(a) StTile)y/\(type(b) <'Tile)

downy.(a,b) — = 3 v left(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
downy.(a,b) — = v 3 left(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
downy.(a,b) — — 3 3 lefts(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
downy.(a,b) — = 3 v lefts.(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
downy.(a,b) — — 3 v lefty.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
downy.(a,b) — = v 3 lefts.(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} c€f{a,b}
downy.(a,b) — 3 paintedg (b, d)
d: (type(d)<*Color)
downy.(a,b) — — 3 3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
c€{a,b} de{a,b}
downy.(a,b) — = 3 N right(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
downy.(a,b) — — 3 v right(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
downy.(a,b) — = right(c, d)

d: (type(d)<*Tile)A c¢: (type(c)<’Tile)A

de{a,b} ce{a,b}
downy.(a,b) — — 3 3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
downy.(a,b) — — 3 right,.(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
downy.(a,b) — — 3 v right,.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
downy.(a,b) — — v 3 right,.(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}

downy.(a,b) — — robot-at(c, d)
c: (type(c)<*Robot) d: (type(d)<’Tile)A
de{a,b}

downy.(a,b) — — robot-at(c, d)
d: (type(d)<'Tile)A ¢: (type(c)<*Robot)

de{a,b}
down,.(a,b) — 3 up(b, d)
d: (type(d)<*Tile)
downy.(a,b) — — 3 up(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
downy.(a,b) — = 3 N up(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
downy.(a, b) — 3 up,.(c, a)

c: (type(c)<'Tile) A
ce{a,b}

(F65)

(Fo66)

(F67)

(F68)

(F69)

(F70)

(F71)

(F72)

(F73)

(F74)

(F75)

(F76)

(F77)

(F78)

(F79)

(F80)

(F81)

(F82)

(F83)

(F84)

(F85)



aVbA downy.(a,b) — —
(type(a)<*Tile)A(type(b) < Tile)
aVb_ —downg.(a,b) — —
(type(a)<'Tile)A(type(b)<*Tile)
aVb_ —downy.(a,b) — -
(type(a)<'Tile)A(type(b) <*Tile)
aVb_ —downg.(a,b) — —
(type(a)<'Tile)A(type(b)<*Tile)
aVb_ - downg.(a,b) — -
(type(a)<'Tile)A(type(b) <*Tile)
aVb. —downg.(a,b) — —
(type(a)<'Tile)A(type(b)<*Tile)
aVb_ —downg.(a,b) — =
(type(a)<'Tile)A(type(b) <*Tile)
aVb. - downg.(a,b) — —
(type(a)<'Tile)A(type(b)<*Tile)
aVb_ —downg.(a,b) — =
(type(a)<'Tile)A(type(b) <*Tile)
az. —downg.(a,b) — —
(type(a)<'Tile)A(type(b) <"Tile)
aVb_ —downg.(a,b) — =
(type(a)<'Tile)A(type(b) <*Tile)
az’. —downg.(a,b) — —
(type(a)<'Tile)A(type(b) <'Tile)
aVb_ —downg.(a,b) = =
(type(a)<'Tile)A(type(b) <*Tile)
a\z left(a,b) — —
(type(a)<'Tile)A(type(b)<"Tile)
avb_ left(a, b) — —
(type(a) <'Tile)A(type(b) <*Tile)
avb. left(a,b) — —
(type(a)<'Tile)A(type(b) < "Tile)
avb_ left(a, b) — —
(type(a) <'Tile) A(type(b) <'Tile)
az. left(a, b) — —
(type(a)<'Tile)A(type(b)<"Tile)
a\z left(a,b) — —
(type(a) <'Tile) A(type(b) <*Tile)
az’. left(a,b) — —
(type(a)<'Tile)A(type(b)<"Tile)
az’: left(a,b) — —

(type(a)<*Tile)A(type(b) <’Tile)

3 up,.(a,d)
d: (type(d)<*Tile)A

de{a,b}
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 downy(a, d)
d: (type(d)<*Tile)A
de{a,b}
3 downy.(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
E left(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 left:.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 leftye(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
v 3 right (e, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 right,.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 up,. (b, d)
d: (type(d)<*Tile)A
de{a,b}
3 3 down(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
c€{a,b} de{a,b}
3 v down(e, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v down(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 down(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 down,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 N downy.(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
3 v downy(c, d)
c: (type(c)<'Tile) d: (type(d)<‘Tile)A
de{a,b}
v 3 downy.(c, d)

d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}

(F86)

(F87)

(F88)

(F89)

(F90)

(Fo1)

(F92)

(F93)

(F94)

(F95)

(F96)
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(F98)

(F99)

(F100)
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(F104)
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(F106)



‘%’_ left(a,b) — —
(type(a) gtTile)thype(b)gtTile)

v left(a, b) — —
(type(a) StTile)y/\.(type(b) <'Tile)

Vb_ left(a, b) —
(type(a) gtTile))/\'(type(b)gtTile)

v left(a, b) — —
(type(a) StTile)y/\.(type(b) <'Tile)

Vb’_ left(a,b) — —
(type(a) gtTile))/\.(type(b)gtTile)

v left(a, b) — —
(type(a) StTile)y/\.(type(b) <'Tile)

Vb’_ left(a, b) — —
(type(a) StTile))/\.(type(b) <*Tile)

v left(a, b) — —
(type(a) StTile)y/\.(type(b) <'Tile)

Vb_ left(a, b) — —
(type(a) gtTile))/\.(type(b) <*Tile)

v left(a, b) — —
(type(a) StTile)7/\.(type(b) <'Tile)

Vb_ left(a, b) — —
(type(a) StTile),/\.(type(b) <*Tile)

Y)’ left(a,b) — —
(type(a) S"Tile)’/\.(type(b) <'Tile)

Vb_ left(a, b) — —
(type(a) StTile),/\.(type(b) <*Tile)

Y)’ left(a,b) — —
(type(a) Sf’Tile)’/\.(type(b)gtTile)

avb_ left(a, b) — =
(type(a)<'Tile)A(type(b) <*Tile)

avb. left(a, b) — —
(type(a)<"Tile) A(type(b) <"Tile)

aVb. = left(a,b) — —
(type(a)<’Tile) A(type(b) < Tile)

a\z. —left(a,b) — —
(type(a)<"Tile) A (type(b) <'Tile)

a\% =left(a,b) — —
(type(a)<*Tile) A(type(b) < Tile)

a\z. —left(a,b) — —
(type(a)<'Tile) A(type(b)<'Tile)

a‘z. = left(a,b) — —
(type(a)<*Tile) A(type(b) < Tile)

3 lefty. (b, d)
d: (type(d)<*Tile)A

de{a,b}
3 v paintedg (c, d)
d: (type(d)<'Color) c: (type(c)<’Tile)A
ce{a,b}
3 right(c, a)
c: (type(c)<'Tile)A
ce{a,b}
3 v right(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
v right (e, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 right,.(a, d)
d: (type(d)<*Tile)A
de{a,b}
3 v robot-at(c, d)
c: (type(c)<Robot) d: (type(d)<’Tile)A
de{a,b}
= robot-at(c, d)
c: (type(c)<'Robot) d: (type(d)<’Tile)A
de{a,b}
3 3 up(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v up(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
v up(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 3 up,.(c,d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
= v uptc(C> d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
3 v up,.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 uptc(ca d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 down(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 down(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 downy,(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} c€{a,b}
3 down,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
3 left(a, d)

d: (type(d)<*Tile)A
de{a,b}

(F107)

(F108)

(F109)

(F110)

(F111)

(F112)

(F113)

(F114)

(F115)

(F116)

(F117)

(F118)

(F119)

(F120)

(F121)

(F122)

(F123)
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(F125)

(F126)

(F127)



v
(type(a)StTile)’/\.(type(b)StTile)
Y
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile) A(type(b) < Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile) A(type(b) < Tile)
Y
a,b:
(type(a)<'Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile) A(type(b) < Tile)
Y
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<'Tile) A(type(b) < Tile)
Y
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<’Tile) A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<’Tile) A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<’Tile) A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<’Tile) A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile) A(type(b) < Tile)
v
a,b:
(type(a)<'Tile) A(type(b)<'Tile)
v
a,b:
(type(a)<’Tile) A(type(b) < Tile)

= left(a,b) — —
—left(a,b) — -
= left(a,b) — —
—left(a,b) — -
= left(a,b) — -
—left(a,b) — -
—left(a, b) — -
—left(a,b) — -
—left(a,b) — -

~left(a, b) — —

lefts.(a,b) — —
left;c(a,b) — —
lefts.(a,b) — =
left;c(a, b) — —
lefts.(a,b) — =
left;c(a,b) — —
left;.(a, b) — —
left;c(a,b) — —
left;.(a, b) — —
left;c(a,b) — —

lefttc(a, b) —

E left(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 leftc.(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} cef{a,b}
v 3 lefts(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 right(b, d)
d: (type(d)<'Tile)A
de{a,b}
3 right,.(c, d)

d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}

3 right,.(c, d)

c: (type(c)<'Tile)A d: (type(d)<’Tile)A

ce{a,b} de{a,b}
3 up(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 up(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
v 3 upy.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 uptc(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 down(e, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
down(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
3 v down(e, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 3 downy.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v downy(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
downy.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 down,.(c, d)

d: (type(d)<'Tile)A c: (type(c)<*Tile)A

de{a,b} ce{a,b}
3 N left(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
3 v left(c, d)
c: (type(c)<'Tile) d: (type(d)<‘Tile)A
de{a,b}
v 3 left(c, d)

d: (type(d)<*Tile)A c¢: (type(c)<’Tile)A
de{a,b} ce{a,b}

(F128)
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(F130)

(F131)

(F132)
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(F134)

(F135)
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(F139)

(F140)

(F141)
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;
a,b:
(type(a)<'Tile) A(type(b) < Tile)

v
(type(a) §tTile)7/\.(type(b) <*Tile)

v

a,b:
(type(a)<’Tile) A(type(b) < Tile)

v
a,b:
(type(a)<'Tile) A(type(b) < Tile)

v
(type(a) §tTile)7/\.(type(b) <*Tile)

v
(type(a)g‘Tile)7Aktype(b)gtTi1e)

v
(type(a) §tTile)7/\.(type(b) <*Tile)

v
a,b:
(type(a)<'Tile) A(type(b) < Tile)

v
(type(a) §tTile)7/\.(type(b) <*Tile)

v
a,b:
(type(a)<'Tile) A(type(b) < Tile)

v
(type(a) §tTile)7Aktype(b) <*Tile)

v
a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
(type(a) §‘Tile)>\ktype(b) <*Tile)

v
a,b:
(type(a)<*Tile) A(type(b) < Tile)

v
(type(a) StTile)y/\ (type(b)<*Tile)

v
a,b:
(type(a)<’Tile) A(type(b) < Tile)

v
(type(a) StTile)y/\ (type(b)<*Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <'Tile)

v
(type(a)< tTile)’/\ (type(b)<'Tile)

4
(type(a) StTile),/\.(type(b) <*Tile)

v
(type(a)< tTile)’/\ (type(b)<'Tile)

left;.(a,b) — —
left;c(a, b) —
left;c(a, b) —
left;.(a,b) — —
left;c(a, b) — —
left;.(a, b) —
leftsc(a, b) — —
left;c(a,b) — —
leftsc(a, b) — —
lefts.(a,b) — =
leftsc(a,b) — —
lefts.(a,b) — =
leftc(a,b) — —
leftsc(a,b) — =
left;c(a,b) — —
lefts.(a,b) — =
left;.(a,b) — —
= leftyc(a, b) — =
= lefts.(a, b) — —
—leftyc(a, b) — =

= lefts.(a, b) — —

3 lefty. (b, d)
d: (type(d)<*Tile)A

de{a,b}
3 right(b, d)
d: (type(d)<'Tile)
3 right(c, a)
c: (type(c)<'Tile)
3 N right(e, d)
d: (type(d)<*Tile) ¢: (type(c)<'Tile)A
ce{a,b}
right(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 right,.(c, a)
c: (type(c)<'Tile)A
ce{a,b}
3 right,.(a, d)
d: (type(d)<'Tile)A }
de{a,b}
3 v robot-at(c, d)
c: (type(c)<*Robot) d: (type(d)<’Tile)A
de{a,b}
= robot-at(c, d)

c: (type(c)<’Robot) d: (type(d)<’Tile)A

de{a,b}
3 up(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
up(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
3 v up(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 up(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} c€{a,b}
3 3 upy.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
= v uptc(C> d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
. o upe(cd)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 uptc(ca d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} c€{a,b}
3 down(e, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 down(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
v 3 downy,(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 down,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}

(F149)

(F150)

(F151)

(F152)

(F153)

(F154)

(F155)

(F156)

(F157)

(F158)

(F159)

(F160)

(F161)

(F162)

(F163)

(F164)

(F165)

(F166)

(F167)

(F168)

(F169)



v = lefts.(a, b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v —left;e(a, b) — —

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v = lefts.(a, b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v —left;e(a, b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v - lefts.(a, b) — -

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

% ~leftye(a, b) — —

a,b:
(type(a)<'Tile)A(type(b) < Tile)

v - lefttc<a7 b) — T

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

% —leftye(a, b) — —

a,b:
(type(a)<'Tile)A(type(b) < Tile)

Vb_ — painted(a, b) —
(type(a)<*Tile) A(type(b)<*Color)

Z’ — painted(a, b) —
(type(a) StTile)/’\(type(b) <*Color)

v — painted(a, b) — —

a,b:
(type(a)<'Tile)A(type(b)<'Color)

v paintedg (a, b) — -

a,b:
(type(a)<*Tile) A(type(b) <*Color)

Vb_ —paintedg(a,b) —
(type(a)<*Tile) A(type(b) <" Color)

v right(a, b) — —

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v right(a,b) — =

a,b:
(type(a)<*Tile)A(type(b) <’Tile)

v right(a, b) — —

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v right(a,b) — —

a,b:
(type(a)<*Tile)A(type(b) <’Tile)

N right(a, b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v right(a,b) — —

a,b:
(type(a)<*Tile)A(type(b) <’Tile)

v right(a, b) — —

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v right(a,b) — —

a,b:
(type(a)<*Tile)A(type(b) <’Tile)

E left(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 left;.(a, d)
d: (type(d)<'Tile)A
de{a,b}
v 3 lefts(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right,, (b, d)
d: (type(d)<'Tile)A }
de{a,b}
up(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
up(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 upy.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 uptc(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v paintedg (¢, d)

c: (type(c)<'Tile) d: (type(d)<*Color)A
d#b

v robot-has(c, d)

c: (type(c)<'Robot) d: (type(d)<tColor)A
d#b

robot-has(c, d)
c: (type(c)<’Robot) d: (type(d)<’Color)A
d£b
3 paintedg(a, d)
d: (type(d)<*Color)A
d4b
3 v paintedg (¢, d)
c: (type(c)<'Tile) d: (type(d)<*Color)A
d£b
3 down(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
cel{ab} def{ab}
down(e, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v down(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 down(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 3 down,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v downy.(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v downy.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}

downy.(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}

(F170)

(F171)

(F172)

(F173)

(F174)

(F175)

(F176)

(F177)

(F178)

(F179)

(F180)

(F181)

(F182)

(F183)

(F184)

(F185)

(F186)

(F187)

(F188)

(F189)

(F190)



v
a,b:
(type(a)<*Tile)A(type(b)<*Tile)

y
(type(a) StTi]e),/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v
(type(a) StTi]e),/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<*Tile)

y
(type(a) StTi]e),/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
(type(a)< tTi]e),/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

y
(type(a)< tTile)X(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

y
(type(a)< tTile)>\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
(type(a)< tTile)>\ (type(b)<*Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
(type(a)< tTile)>\ (type(b)<*Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
(type(a)< tTile)>\ (type(b)<'Tile)

vy
(type(a) gtTile),/\‘(type(b) <'Tile)

v
(type(a)< tTile)’/\ (type(b)<'Tile)

right(a, b) —

right(a, b) — -
right(a,b) — =
right(a, b) — —
right(a, b) — -
right(a, b) — =
right(a, b) — —
right(a, b) — =
right(a, b) — —
right(a, b) — -
right(a, b) — —
right(a, b) — -
right(a, b) — —
right(a, b) — -
right(a, b) — —
right(a, b) — -
right(a, b) — —
right(a, b) — -
right(a, b) — —
right(a, b) — -

right(a, b) — —

3 left(c, a)
c: (type(c)<'Tile)A
ce{a,b}
3 left (b, d)
d: (type(d)<'Tile)A
d#a

3 left(c, a)
c: (type(c)<'Tile) A

E left(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 left;.(a, d)
d: (type(d)<'Tile)A
de{a,b}
3 lefts(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 v paintedy (c, d)

d: (type(d)<'Color) c: (type(c)<’Tile)A

ce{a,b}
3 v right(e, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v right(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 right(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right,, (b, d)
d: (type(d)<*Tile)A
de{a,b}
3 v robot-at(c, d)

c: (type(c)<Robot) d: (type(d)<’Tile)A
de{a,b}

3 robot-at(c, d)

c: (type(c)<’Robot) d: (type(d)<’Tile)A

de{a,b}
3 3 up(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v up(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
up(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} c€{a,b}
3 3 upy.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
= v uptc(C> d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
3 v up,.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 uptc(ca d)

d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} c€{a,b}

(F191)

(F192)

(F193)

(F194)

(F195)

(F196)

(F197)

(F198)

(F199)

(F200)

(F201)

(F202)

(F203)

(F204)

(F205)

(F206)

(F207)

(F208)

(F209)

(F210)

(F211)



v
a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<*Tile)A(type(b)<'Tile)

N

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<*Tile)A(type(b)<'Tile)

v

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<*Tile)A(type(b)<'Tile)

N

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<*Tile)A(type(b)<'Tile)

N

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<'Tile)A(type(b)<'Tile)

N

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<'Tile)A(type(b)<'Tile)

v

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<'Tile)A(type(b)<'Tile)

v

a,b:

(type(a)<*Tile)A(type(b) < Tile)

v

a,b:

(type(a)<'Tile)A(type(b)<'Tile)

v

a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)

—right(a,b) — —
—right(a, b) — -
—right(a,b) — —
—right(a,b) — —
—right(a,b) — -
—right(a,b) — —
—right(a, b) — -
—right(a,b) — —
—right(a, b) — -
—right(a,b) — —
—right(a, b) — -
—right(a,b) — —
—right(a,b) — -
—right(a,b) — —
—right(a,b) — -

—right(a,b) — —

right,.(a,b) — -
right,.(a,b) — —
right,.(a,b) — -
right,.(a,b) — —

right, (a,b) — -

3
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
v 3
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
3 left(b, d)
d: (type(d)<*Tile)A
de{a,b}
3
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} cef{a,b}
4
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 right(a, d)
d: (type(d)<*Tile)A
de{a,b}
3
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
4
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
c€{a,b} de{a,b}
v 3
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}

c: (type(c)<'Tile)A d: (type(d)<’Tile)A

down(c, d)
down(c, d)
downy,(c, d)

downy.(c, d)

left(c, d)
lefttc (C7 d)

lefty.(c, d)

right(c, d)

righttc (C, d)

righttc(ca d)

up(c, d)

up(c, d)

upy(¢, d)

UPy¢. (Ca d)

ce{a,b} de{a,b}
3 down(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v down(c, d)
d: (type(d)<'Tile) c: (type(c)< Tile)A
ce{a,b}
3 v down(e, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 3 downy(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}

(F212)

(F213)

(F214)

(F215)

(F216)

(F217)

(F218)

(F219)

(F220)

(F221)

(F222)

(F223)

(F224)

(F225)

(F226)

(F227)

(F228)

(F229)

(F230)

(F231)

(F232)



v
(type(a)StTile)’/\.(type(b)S”Tile)
v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v

a,b:
(type(a)<*Tile)A(type(b) < Tile)

v

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v

a,b:
(type(a)<*Tile)A(type(b) < Tile)

v

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v
(type(a)gtTile)7Aktype(b)ngile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)
v
a,b:
(type(a)<*Tile)A(type(b) < Tile)
v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v

a,b:
(type(a)<*Tile)A(type(b) < Tile)

v
(type(a) §tTile)’/\(type(b) <'Tile)

right,.(a,b) — —
right,.(a,b) — —
right,.(a,b) — —
right,.(a,b) —

right,.(a,b) —

right,.(a,b) — —
right,.(a,b) — -
right,.(a,b) — —
right,.(a,b) —

right,.(a,b) = -
right,.(a,b) — —
right,.(a,b) = -
right,.(a,b) — —
right,.(a,b) — -
right,.(a,b) — —
right,.(a,b) — -
right,.(a,b) — —
right,.(a,b) = -
right,.(a,b) — —
right,.(a,b) — -

right,.(a,b) — —

d:

c:

d:

d:

c:

d:

c:

d:

C:

d:

d:

d:

C:

d:

d:

d:

C:

c:

c:

d:

Cc:

3 v downy.(c, d)
(type(d)<'Tile) c: (type(c)<*Tile)A
ce{a,b}
3 v downy(c, d)
(type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
v 3 downyg(c, d)
(type(d)<'Tile)A c: (type(c) < Tile)A
de{a,b} ce{a,b}
3 left (b, d)
(type(d)<*Tile)
3 left(c, a)
(type(c)<"Tile)
3 v left(c, d)
(type(d)<'Tile) ¢: (type(c)<*Tile)A
ce{a,b}
3 v left(c, d)
(type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
v E left(c, d)
(type(d)<'Tile)A c: (type(c) < Tile)A
de{a,b} ce{a,b}
3 left;.(c, a)
(type(c)<*Tile)A
ce{a,b}
3 left;.(a, d)
(type(d)<'Tile) A
de{a,b}
3 leftye (¢, d)
(type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 v right(e, d)
(type(d)<'Tile) c: (type(c)<*Tile)A
ce{a,b}
3 v right(c, d)
(type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
v 3 right (e, d)
(type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 right, . (b, d)
(type(d)<'Tile)A
de{a,b}
3 right,.(c, d)
(type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
v robot-at(c, d)
(type(c)<*Robot) d: (type(d)<‘Tile)A
de{a,b}
3 robot-at(c, d)
(type(c)<*Robot) d: (type(d)<*Tile)A
de{a,b}
3 3 up(c, d)
(type(c)<*Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
3 v up(c, d)
(type(d)<'Tile) c: (type(c)<*Tile)A
ce{a,b}
v up(c, d)

(type(c)<*Tile) d: (type(d)<*Tile)A
de{a,b}

(F233)

(F234)

(F235)

(F236)

(F237)

(F238)

(F239)

(F240)

(F241)

(F242)

(F243)

(F244)

(F245)

(F246)

(F247)

(F248)

(F249)

(F250)

(F251)

(F252)

(F253)



Vb_ right,.(a,b) — —
(type(a)StTile)’/\.(type(b)S”Tile)

Vb’ right,.(a,b) — —
(type(a)§tTile)7/\.(type(b)§tTile)

Vb_ right,.(a,b) — —
(type(a)StTile)’/\.(type(b)StTile)

Vb’ right,.(a,b) — —
(type(a)§tTile)’/\.(type(b)§tTile)

Vbi right,.(a,b) — —
(type(a)gtTile)7Aktype(b)ngile)

Vb —right,.(a,b) — —
(type(a)gtTi]e),/\.(type(b)gtTile)

Vb_ —right,.(a,b) = -
(type(a)gtTile)kktype(b)gtTile)

Vb —right,.(a,b) — -
(type(a)gtTile)ﬁ/\.(type(b)gtTile)

‘Z_ —right,.(a,b) = -
(type(a)gtTile)kktype(b)gtTile)

Vb —right,.(a,b) — -
(type(a)StTile)ﬁ/\.(type(b)StTile)

‘v;’_ —right,.(a,b) = -
(type(a)gtTile)kktype(b)gtTile)

Vb —right,.(a,b) — -
(type(a)StTile)ﬁ/\.(type(b)StTile)

‘vl_ —right,.(a,b) = -
(type(a)StTi]e),/\‘(type(b)gtTile)

Vb —right,.(a,b) — -
(type(a)StTile)ﬁ/\.(type(b)StTile)

‘vl_ —right,.(a,b) = =
(type(a)StTi]e),/\‘(type(b)gtTile)

Vb —right,.(a,b) — -
(type(a)StTile)ﬁl\.(type(b)StTile)

aVb_ —right,.(a,b) = =
(type(a)<"Tile) A(type(b) <'Tile)
avb. —right,.(a,b) — -
(type(a)<'Tile) A(type(b) <'Tile)
avb —right,.(a,b) = =
(type(a)<"Tile) A(type(b) <'Tile)
avb. robot-at(a, b) — —
(type(a)<!Robot) A(type(b) < *Tile)
(L,Vb: robot-at(a, b) —

(type(a)<*Robot) A(type(b)<*Tile)

d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A

up(c, d)

de{a,b} ce{a,b}
3 d uptc(ca d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
3 v up,.(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v uptc(c7 d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 upy.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
down(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} cef{a,b}
3 down(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 down,.(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} c€{a,b}
v 3 downy,(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 left(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} c€{a,b}
3 lefttc(b, d)
d: (type(d)<*Tile)A
de{a,b}
3 left.(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} c€{a,b}
3 right (e, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right,.(a, d)
d: (type(d)<*Tile)A
de{a,b}
v 3 right,.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
up(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 up(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 uptc(ca d)
d: (type(d)<'Tile)A c: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 uptc(ca d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
clear(b)
3 leftyo (b, d)

d: (type(d)<'Tile)
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a‘%’. robot-at(a, b) — —
(type(a)<*Robot) A(type(b)<*Tile)
avb. robot-at(a, b) — —
(type(a)<*Robol) A(type(b) <'Tile)
az’: robot-has(a,b) — —
(type(a)<*Robot)A(type(b)<*Color)
aVb_ —robot-has(a,b) —
(type(a)<*Robot) A(type(b)<*Color)
a‘%’. —robot-has(a, b) —
(type(a)<*Robot) A(type(b)<*Color)
avb. —robot-has(a, b) — —
(type(a)<‘Robot) A(type(b) <*Color)
a’vb: —robot-hasg(a,b) —
(type(a)<*Robot) A(type(b)<*Color)
aVbA up(a, b) —
(type(a)<*Tile)A(type(b) < Tile)
az’. up(a,b) —
(type(a)<"Tile) A(type(b) <"Tile)
aVb. up(a,b) = =
(type(a)<*Tile)A(type(b) < Tile)
aVbA up(a,b) — =
(type(a)<*Tile)A(type(b) < Tile)
az’. up(a,b) — —
(type(a)<"Tile) A(type(b) <'Tile)
aVbA up(a,b) = =
(type(a)<*Tile)A(type(b) < Tile)
az’. up(a,b) = —
(type(a)<"Tile) A(type(b) <"Tile)
az’. up(a,b) = =
(type(a)<*Tile)A(type(b) < Tile)
az’. up(a,b) — =
(type(a)<"Tile) A(type(b) <"Tile)
N up(a,b) = =
a,b:
(type(a)<*Tile) A(type(b) < Tile)
az" up(a,b) — —
(type(a)<'Tile) A(type(b)<'Tile)
N up(a,b) = =
a,b:
(type(a)<’Tile)A(type(b) <*Tile)
aVb‘ up(a,b) — =
(typc(a)ngile)’Akcypc(b)ngile)
N up(a,b) = =
a,b:

(type(a)<*Tile)A(type(b) < Tile)

robot-at(c, b)
c: (type(c)<*Robot) A

c#a
3 robot-at(a, d)
d: (type(d)<*Tile)A
d#£b
3 robot-has(a, d)

d: (type(d)<'Color)A
d£b

3 v paintedg (¢, d)
c: (type(c)<'Tile) d: (type(d)<*Color)A
d4b

v robot-has(a, d)
d: (type(d)<*Color)A
d#b

3 robot-has(c, d)
c: (type(c)<'Robot) d: (type(d)<’Color)A
d£b

3 v paintedy(c, d)
c: (type(c)<'Tile) d: (type(d)<'Color)A
d£b
3 clear(c)
c: (type(c)<'Tile)A
ce{a,b}
3 down(c, a)
c: (type(c)<'Tile)A
c€{a,b}
3 down(b, d)
d: (type(d)<*Tile)A
d#a
E down(c, a)
c: (type(c)<'Tile) A
c#b
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 downy(a, d)
d: (type(d)<*Tile)A
de{a,b}
3 down,.(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v left(c, d)
d: (type(d)<'Tile) e: (type(c)<'Tile)A
ce{a,b}
3 v left(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 left(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 lefti(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 v leftsc(c, d)
d: (type(d)<'Tile) e: (type(c)<'Tile)A
ce{a,b}
3 N left;c.(c, d)

c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
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Vbi up(a,b) — =
(type(a)StTile)7/\‘(type(b)§”Tile)

V{; up(a, b) —
(type(a) §tTile))/\.(type(b) <*Tile)

2’ up(a,b) = =
a,b:
(type(a)<*Tile)A(type(b) < Tile)

Vz; up(a,b) — —
(type(a) StTile)y/\.(typc(b) <'Tile)

Y)’ up(a,b) = =
a,b:
(type(a)<*Tile)A(type(b) < Tile)

Vl)" up(a,b) — —
(type(a) gtTile)’/\‘(typc(b) <!Tile)

2’ up(a,b) = —
a,b:
(type(a)<*Tile)A(type(b) < Tile)

Vb‘ up(a,b) — =
(type(a) gtTile)7Aktypc(b) <'Tile)

2’ up(a,b) = =
a,b:
(type(a)<’Tile)A(type(b) < Tile)

Vb‘ up(a,b) — =
(type(a) gtTile)7Aktype(b) <!Tile)

Y)’ up(a,b) = =
a,b:
(type(a)<*Tile) A(type(b) < Tile)

Vb‘ up(a,b) — =
(type(a) gtTile);\.(type(b) <'Tile)

Y)’ up(a,b) = =
a,b:
(type(a)<*Tile)A(type(b) <'Tile)

Vb‘ up(a,b) — =
(type(a) §”Tile)7/\.(type(b) <'Tile)

2’ up(a,b) = =
a,b:
(type(a)<*Tile)A(type(b) <'Tile)

Vbi up(a,b) — =
(type(a) gtTile)}\.(type(b) <'Tile)

2’ up(a,b) = —
a,b:
(type(a)<’Tile)A(type(b)<'Tile)

Vb" —up(a,b) — -
(type(a)StTile)’/\'(type(b)StTile)

Vb_ —up(a,b) — =
(type(a)gtTilc),/\.(type(b)gtTile)

Vb’_ —up(a,b) — -
(type(a)StTile))/\'(type(b)StTile)

Vb_ —up(a,b) — =
(type(a)gtTile),/\.(type(b)gtTile)

3 lefts(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A

de{a,b} ce{a,b}
3 paintedg(a, d)
d: (type(d)<*Color)
3 v painted,(c, d)
d: (type(d)<*Color) c: (type(c)< Tile)A
ce{a,b}
3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
right(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v right(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
3 right (e, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
cel{ab} de{ab}
3 v right,.(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v right,.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
right,.(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<’Tile)A
de{a,b} ce{a,b}

robot-at(c, d)
c: (type(c)<'Robot) d: (type(d)<’Tile)A
de{a,b}
3 robot-at(c, d)
d: (type(d)<*Tile)A c: (type(c)<*Robot)
de{a,b}
3 v up(c, d)
d: (type(d)<*Tile) e: (type(c)<'Tile)A
ce{a,b}
3 N up(e, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 . up,. (b, d)
d: (type(d)<'Tile)A
de{a,b}
3 down(b, d)
d: (type(d)<*Tile)A
de{a,b}
3 down(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
v 3 downy,(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<’Tile)A
de{a,b} ce{a,b}
v 3 downy.(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
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v —up(a,b) — -

a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v —up(a,b) — =

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v —up(a,b) — -

a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v —up(a,b) — =

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v —up(a,b) — -

a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v —up(a,b) = -

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v —up(a,b) = =

a,b:
(type(a)<*Tile)A(type(b)<*Tile)

v —up(a,b) = -

a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v —up(a,b) = =

a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v —up(a,b) — =

a,b:
(type(a)<*Tile)A(type(b)<’Tile)

v —up(a,b) = =

a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v —up(a,b) — =

a,b:
(type(a)<*Tile)A(type(b)<'Tile)

Vb_ up,.(a,b) —
(type(a) gtTile),/\‘(type(b) <'Tile)

vb~ uptc(aa b) -
(type(a)< tTile),/\ (type(b)<*Tile)

v up,,(a,b) — =

a,b:
(type(a)<'Tile) A(type(b) <'Tile)

v uptc(av b) -7

a,b:
(type(a)<'Tile)A(type(b) < Tile)

v up,,(a,b) — =

a,b:
(type(a)<'Tile) A(type(b) < Tile)

bl)" up,.(a,b) —
(type(a)< tTile)’/\'(type(b) <'Tile)

v up,,(a,b) — =

a,b:
(type(a)<'Tile)A(type(b) < Tile)

v up,.(a,b) — -

a,b:
(type(a)<'Tile) A(type(b) < Tile)

v upt(:(av b) — 7

a,b:
(type(a)<'Tile)A(type(b) < Tile)

E left(c, d)
d: (type(d)<*Tile)A c¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
v 3 lefts(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 loftye (¢, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
3 right (e, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 right,.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 up(a, d)
d: (type(d)<*Tile)A
de{a,b}
up(c, d)
d: (type(d)<'Tile)A c: (type(c)<’Tile)A
de{a,b} ce{a,b}
3 upy.(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
A _upye(e,d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
3 clear(c)
c: (type(c) < Tile)A
ce{a,b}
3 down(b, d)
d: (type(d)<'Tile)
3 v down(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
v down(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
down(c, d)
d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
3 downy.(c, a)
c: (type(c)<'Tile)A
ce{a,b}
3 downy.(a, d)
d: (type(d)<'Tile)A
de{a,b}
v 3 downyg(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<’Tile)A
de{a,b} c€{a,b}
3 3 left(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
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v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

y
(type(a) StTi]e);\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
(type(a)< tTi]e)7/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

y
(type(a)< tTile)7/\.(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b) <*Tile)

v
(type(a)< tTile),/\.(type(b) <'Tile)

v
a,b:
(type(a)<'Tile) A(type(b) <'Tile)

v
a,b:
(type(a)<'Tile)A(type(b)<'Tile)

v
a,b:
(type(a)<'Tile) A(type(b) < Tile)

v
a,b:
(type(a)<'Tile)A(type(b) <'Tile)

v
a,b:
(type(a)<'Tile) A(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v
a,b:
(type(a)<'Tile) A(type(b) <'Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v
a,b:
(type(a)<'Tile)A(type(b) < Tile)

v
a,b:
(type(a)<*Tile)A(type(b)<'Tile)

v
(type(a) StTilc)7/\.(type(b) <'Tile)

v
(type(a)< tTile)’/\'(type(b) <'Tile)
v
a,b:
(type(a)<'Tile)A(type(b) < Tile)

up,.(a,b) = = 3 v left(c, d)
d: (type(d)<*Tile) c: (type(c)<'Tile)A
ce{a,b}
up,,(a,b) — = 3 v left(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up,.(a,b) = = v E left(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<’Tile)A
de{a,b} ce{a,b}
up,.(a,b) = - 3 3 leftc.(c, d)
c: (type(c)<'Tile)A d: (type(d)<'Tile)A
ce{a,b} de{a,b}
up,.(a,b) = - 3 v left.(c, d)
d: (type(d)<*Tile) ¢: (type(c)< Tile)A
ce{a,b}
up,.(a,b) = - 3 v left.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up,.(a,b) = = v 3 left:(c, d)
d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
de{a,b} ce{a,b}
up,.(a,b) — 3 paintedg(a, d)
d: (type(d)<*Color)
up,.(a,b) = = 3 3 right(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
upy(a,b) — = 3 v right(c, d)
d: (type(d)<*Tile) e: (type(c)<'Tile)A
ce{a,b}
up,,(a,b) — = right(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up,.(a,b) = - v E right(c, d)
d: (type(d)<*Tile)A c: (type(c)<'Tile)A
de{a,b} cefa,b}
up,,(a,b) — = 3 3 right,.(c, d)
c: (type(c)<'Tile)A d: (type(d)<’Tile)A
ce{a,b} de{a,b}
upy.(a,b) = = 3 v right,.(c, d
ptC( ) d: (type(d)<*Tile) e: (type(c)<'Tile)A B ( )
ce{a,b}
up,,(a,b) — = 3 N right,.(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
upy.(a,b) = v 3 right,.(c, d
ptC( ) d: (type(d)<*Tile)A c¢: (type(c)<'Tile)A s ( )
de{a,b} c€fa,b}

up,,(a,b) — = robot-at(c, d)
c: (type(c)<*Robot) d: (type(d)< Tile)A
de{a,b}

up,.(a,b) — - robot-at(c, d)
d: (type(d)<*Tile)A c: (type(c)<*Robot)

de{a,b}
uptc(av b) — 7 = up(c, d)
d: (type(d)<'Tile) c: (type(c)<'Tile)A
ce{a,b}
up,.(a,b) — - 3 N up(c, d)
c: (type(c)<'Tile) d: (type(d)<'Tile)A
de{a,b}
up,.(a,b) = - v 3 up(c, d)

d: (type(d)<'Tile)A c: (type(c)<'Tile)A
de{a,b} ce{a,b}
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v up,.(a,b) = = 3 up,.(b,d) (F359)

a,b: d: (type(d)<*Tile)A
(type(a)<'Tile) A(type(b) < Tile) de{a,b}
v upy, (@, b) = — v 5 upy, (¢, d) (F360)
a,b: } d: (type(d)<'Tile)A c: (type(c)<’Tile)A
(type(a)<*Tile)A(type(b) <*Tile) defa,b} c€{a,b}
v —up,.(a,b) = - v E down(c, d) (F361)
a,b: d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
(type(a)<*Tile)A(type(b) < Tile) de{a,b} ce{a,b}
v —up,(a,b) = = 3 downy, (b, d) (F362)
a,b: } d: (type(d)<'Tile)A
(type(a)<’Tile)A(type(b)<'Tile) de{a,b}
v —up,.(a,b) = = v 3 downy,(c, d) (F363)
a,b: d: (type(d)<*Tile)A ¢: (type(c)<*Tile)A
(type(a)<*Tile)A(type(b) < Tile) de{a,b} ce{a,b}
v —up,(a,b) = - v 3 left(c, d) (F364)
a,b: c: (type(c)<'Tile)A d: (type(d)<’Tile)A
(type(a)<"Tile)A(type(b) <*Tile) c€f{a,b} defa,b}

All reduced Floortile constraints.



Grid

atec(z: obj, y: obj) = at(x,y) V . EIO ](at(am z) A ate(2,y))
conng.(x: obj, y: obj) = conn(x,y) \/ EI (conn(a: z) A conng.(z,y))
key-shape,.(z: obj, y: obj) := key-shape(z, y) \/ EI (key—shape(;v z) A key-shape,.(z,v))
lock-shape,.(x: obj, y: obj) = lock-shape(z, y) v EI (1ock shape(z, z) A lock-shape,.(z,y))
T — arm-empty() (G1)
T — —arm-empty,() (G2)
T— glat robot(a) (G3)
T— ﬁgl at-robotg(a) (G4)
T — ~3holding(a) (G5)
T— —EI holdingg(a) (G6)
T— ﬁgl keyg(a) (G7)
T—-3 locked (a) (G8)
T— —EI openg(a) (G9)
T — —\gl placeg (a) (G10)
T— —%I shapeg(a) (G11)
T— g %Ikey—shapetc(a, b) (G12)
T— El %Ilock—shapetc(a, b) (G13)
Y at-robot(a) — a El at—robot(b) (G14)
Z’ at-robot(a) — —EI at (b, a) (G15)
V key(a) — ery—shapetc(a c) (G16)
V—| key(a) — —EI atg(a, c) (G17)
V locked(a) — EI lock-shape,.(a, ¢) (G18)
V—\ open(a) — —at-robot(a) (G19)
V place(a) — —EI atg(a, c) (G20)
V place(a) — Hconn(b a) (G21)
Vﬁ place(a) — ﬁﬂ atg (b, a) (G22)
v vV shape(a) — —EI atg(a, c) (G23)
v vV shape(a) — —EI atg(b, a) (G24)
v vV shape(a) — Elkey—shapetc(b a) (G25)
a’b at(a,b) — . Ceﬂ{a“ shape(c) (G26)
a,b at(a, b) = c c€E~|{a b} d: isb at(c, d) G27)
at(a,b) — —EI atg (b, d) (G28)

a,b



Vb at(a,b) — ﬁﬂ atg(c, a)
av,b at(a,b) — o c€E~|{a b} d: 3;&&; atie(c, )
vV at(a,b) — 3 3 conn(c,d)
a,b c: ce{a,b} d: de{a,b}
AA at(a,b) — ﬁil B dev{a " conny.(c, d)
at(a,b 3 ,d
(a ) d de{a b} c: cefa, b} (C )
Vﬁ t(a,b 3 ,d
at(a,b) = T de{a b} ¢ c€{a,b} atg(c, d)
Vﬁ t(a,b \ 3 d
a,b & (a7 ) c: ce{a b} d: de{a,b} g(c> )
Vﬂ t(a,b atec(a, d
at(a,b) = = dde{ab} te(a, d)
; atg(a,b) - 3 . 3 atg(c,d)
aVJ) atg(a,b) — . iﬁb gatg(c, d)
:’b atg(a,b) — . CEI;ea Ellatg(c, d)
Vb atg(a,b) — —\3 atg(c, a)
a,
av,b atg(a,b) — o ce;I{a b} d: 37% ta(c,d)
-
aVJ) atg(a,b) — 3 Cev{a . atg(c, d)
Yoateh) o 3 aty(ad
Vb at¢c(a,b) — —open(a)
‘v’b atye(a,b) — place(d)
Vo atg(a,b 3 h
a,b ake ((l ) c: ce{a,b }S ape(C)
V. atg(a,b 3 b
a,b ate ((l ) c: cefa, b} (C )
3 3
(Yb atie(a,b) = e: c€{a,b} d: i at(e, d)
Vb atec(a,b) — —EI atg(c, a)
YV atg(a,b 3 3 atie(e,d
a,b ate (CL ) c: c€{a,b} d: d#b ¢ (C )
vV at b 3 3 d
a,b & tC(a’ ) c: ce{a,b} d: de{a,b} COHH(Q )
vV aty(a,b) > -3V conng(c,d)
a,b d c: c€{a,b}
vV atg(a,b -3 Vv (e, d
v, at (a,b) — E A conng(c, d)
Vb atyc(a,b) — Elkey shape,.(a, d)
Vﬁ tec(a, b ,d
A ((l ) d dE{a b} c: cE{a b} (C )
Vﬂ tec(a, b \ 3 ,d
a,b Ak (a ) c: c€{a b} d: de{a,b} g(C )
\Vilﬁatt(‘(a, b) d de{a b} attc(a, d)
—aty(a,b tee(c, d
V at(a ) ddE{ab}c cE{ab}at(C )
V—\ tec(a, b 3 key-sh ,d
atte(a,b) = Ca de{a b} c: ce{a,b} ey-shape(c, d)

(G29)
(G30)
(G31)
(G32)
(G33)
(G34)
(G35)
(G36)
(G37)
(G38)
(G39)
(G40)
(G41)
(G42)
(G43)
(G44)
(G45)
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(G47)
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(G49)
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(G51)
(G52)
(G53)
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(G59)



j’ —aty(a,b) — - Cev{%b} . deﬂ{&b} key-shape(c, d)
b - 3 k
hA conn(a, b) — o ectan) ey(c)
\ ,b) — N 1
A conn(a, b) o eclan place(c)
v b) - 3 h
A conn(a, b) . Ce{mb}s ape(c)
vV  conn(a,b) = - 3 Fat(e,d)
a,b c: c€{a,b} d
vV conn(a,b) - -3 ¥V at(cd)
a,b d c: c€{a,b}
vV conn(a,b) -3 V at(cd)
a,b ¢ d: de{a,b}
vV  conn(a,b) -V 3 at(e,d)
a,b d: de{a,b} c: c€{a,b}
:i’b conn(a,b) — - Ceﬂ{a’b} [Eilatg(c, d)
QVJ) conn(a, b) — —%I . Cev{a,b} atg(c, d)
v b -3 Vv te (e, d
A conn(a, b) — = de{mb}a g(c,d)
v b - Y 3 te(c, d
a,b CODD(CL, ) - d: de{a,b} c: c€{a,b} & g(C7 )
vV conn(a,b) -3 V  ate(c,d)
a,b ¢ d: de{a,b}
vV  conn(a,b) - V 3 ate(e,d)
a,b d: de{a,b} c: c€{a,b}
‘v’b conn(a,b) — conn(b,a)
vV conn(a,b) — YV Jconn(c,d)
a,b c: c€{a,b} d
vV conn(a,b) — vV Fconn(c,d)
a,b d: def{a,b} ¢
YV conn(a,b) — 3 conn(c,d)
a,b d: def{a,b} c: c€{a,b}
vV conn(a,b) — \ 3 conn(c,d)
a,b c: ce{a,b} d: def{a,b}
vV  conn(a,b) - -3 V  conn(c,d)
a,b d c: ce{a,b}
vV conn(a,b) - -4 V  conn(e,d)
a,b ¢ d: de{a,b}
vV conn(a,b) — \ vV conn(c,d)
a,b c: ce{a,b} d: def{a,b}
v b) — N 3 c vd
A conn(a, b) G s 3 conng.(c, d)
vV  conn(a,b) — \4 3 conngc(c,d)
a,b d: de{a,b} c: c€{a,b}
aVJ) conn(a,b) — (Eil . ceyga,b} conng.(c, d)
vV conn(a,b) — 3 YV conng(c,d)
a,b d: def{a,b} c: ce{a,b}
vV =conn(a,b) - -V 3 at(e,d)
a, d: def{a,b} c: c€{a,b}
Y = conn(a,b) — — 3 at(c,d)
a,b c: ce{a,b} d: de{a,b}
V= b -V 3 te(c, d
a,b CODH(G, ) - c: c€{a,b} d: de{a,b} & g(C )
V = conn(a,b) — = 3 ate(e,d)

a,b d: de{a,b} c:

ce{a,b}

(G60)
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(G67)
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V¥ = conn(a, b) —
a,b

V —conn(a, b
a,b

V = conn(a, b
a,b

V = conn(a, b
a,b

conng.(a,b

< <

conng.(a,b

5]
k=

<

conng.(a, b

Q
< %

conng.(a, b)

Q
<

conng.(a,b

5]
k=

<

conng.(a, b

S
<"@

conng.(a,b

Q
<

conng.(a,b

Q
<

conng.(a, b

Q
<"c~

conng.(a,b

8
o>

<
Q
>

i e s e s e N s e s s s e e s s s e o e N

N A A A A N e A A

_I

]
<

a,b

conng.la,

Q
<o

<

conng.(a, b

Q
< %

conng.(a,b

8
o

V  conng.(a,b
a,b

VY = conng.(a, b

a,b

YV = conng.(a, b
a’7

VY = conng.(a,b
a,b

Y = conng.(a, b
a,b

Y = conng.(a,b

a,b
V¥ = conng.(a,b
a,b
VY = conng.(a,b
a,b
YV —conng.(a,b

a’?

V¥ = conng.(a,b
a’7

(
(
(
(
(
(
(
(
(
(
(
(
(
(
connye(
(
(
(
(
(
(
(
(
(
(
(
(
(
¥, = connye(a b
V = connye(a, b

0‘7

3
c: ce{a,b} d: de{a,b}
3 conn(c,d)

3
d dE{a b} c: cefa, b}

J
Q

J
Q

_I

J
Q

J

J

Q

_I

_I

J
o

J
Q

N 3 atie(e,d)

c: ce{a,b} d: de{a,b}

v
d: de{a,b} c: c€{a,b}

3 lock-shape,.(c, d)

\4
d: de{a,b} c: c€{a,b}
3 key(e)

c: c€{a,b}

M 1
c: ce{a,b} P aCG(C)

3 shape(c)

c: ce{a,b}

3 Fat(e,d)

c: c€{a,b} d
3V at(ed)

d c: ce{a b}
at(c, d)

3 Jatg(c,d)

c: cef{a,b} d
3V atg(ed)

d c: c€{a,b}

v 3 d
.dE{a b} c: ce{a,b} g(C )

v 3 conn(c, d)
c: ce{a,b} d

vV Jconn(c,d)
d: def{a,b} ¢

M v
c: ce{a,b} d: de{a,b}

A = (e, d
i defapy o O (c,d)

3 conngc(c,d)

v
d: de{a,b} c: c€{a,b}

YV conng(c,d)

<8

: de{a,b} c: c€{a,b}

vV locked(c)
: ce{a,b}

N
: ce{a,b} Open(C)

v Jat(e,d)
d: def{a,b} ¢

M 3 at(c,d)
: ce{a,b} d: d€{a,b}

dat d
de{ab}ca s(ed)

M 3 ,d
: ce{a,b} d: de{a,b} g(C )

N | attc(c d)
d: de{a,b} ¢
M tec(c, d)
c: c€{a,b} d: dE{a b}
3 3 conn(c, d)
: ce{a,b} d: de{a,b}

vV Jconn(e,d)
: ce{a,b} d

V¥ Jconn(c,d)
d: defa,b} ¢

conn(c, d)

conng(c,d)

(G90)
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V —conlg.(a, b

a,b

YV = conng.(a, b
a7

V —conng.(a,b

<

key—shape a,b

Q
< %

key-shape(a, b

Q
< <

key-shape(a, b) — —

5]
=

<

key-shape(a, b) — —

2
o

<

key-shape(a, b

IS)
< =

key-shape(a, b

Q
<"c~

key-shape(a, b

Q
< <

key-shape(a, b

£
o

— 7
—
— 7

<

key-shape(a, b

Q
k=

<

key-shape(a, b

2
o>

Vb key-shape(a, b

V key-shape(a, b
V key-shape(a, b
V key bhape a, b

V key-shape(a, b

<C

key-shape,.(a,b) —

C

<z

key-shape,.(a, b

C

<z

key-shape,.(a, b

C

<z

key-shape,(a,b

C

<z

key-shape,.(a,b) —

C

8
S

<

key-Shapet a, b) = =

C

£
o

a,b

)

=<C

s)
S

key-shape,

C

<

key-shape,.(a, b

C

<z

key-shape,(a,b

C

£
o

key-shape,.(a, b

=<C

i)
S

(a,b) —
(a,b) =
(a,b) =
(a,b) =
(a,b) —
(a,b)
(a,b)
(a,b) =
(a,b) =
(a,b)
(a,b)
(a,b)
(a,b) =
(a,b) —
¥, ~key-shape(a,b) —
(a,b) —
(a,b) —
(a,b) =
(a,b) —
(a,b)
(a,b) =
(a,b) =
(a,b) —
(a,b)
(a,b)
(a,b) =
(a,b) =
(a,b) —
(a,b) =
(a,b) =

key-shape,.(a,b

e
U‘

A H (e, d
c: ce{a b} d conny (C )

3
d dG{a b} (.Conntc(c d)

3 keysh d
e e ectany TS apey.(c, d)

|
c: c€{a,b} Open( )

E place(c
.3, place(c)
3 v at(cd)
¢ d: defa, b}

Elat s(b,d)
3
d dG{a b} ¢ atg(c d)

3 3 d
c: ce{a,b} d: def{a,b} atg(c, d)

= Y d

c d: dE{ b} g(C, )
3 V  conn(ed)
d c: c€{a,b}

3 YV  conn(c,d)
¢ d: de{a,b}

B 3 key-sh d
o octap) didgb D ape(c, d)

3 3  key-sh d
c: c€{a,b} d: d#£b ey-shape,.(c, d)

Y 3 at(c,d)
d: de{a,b} c: c€fa, b}

V 3 a’ttc(c7 d)
d: de{a,b} c: ce{a b}

v atye(c, d
e cefab} d dE{ab} te(c,d)

3 kev-sh ,d
d: de{a,b} c: c€{a,b} ey-s ape(c )

3 kev-sh. ,d
I ey-shape,,.(a, d)

key(a)
3
o chay open(c)

B 1
o cctas) place(c)

shape(b)
Elat(a d)
3, at(ed)
cd de{a b}
Jat (c, d)

d dE{a b} ¢

3 3 d
c: c€{a,b} d: de{a,b} atg(c, )

3 3  key-sh d
¢ cefab} di dotb ey-shape(c, d)

c: ce%l{a b} d: gl;ﬁb key_Shapetc(ca d)

v 3 attc(c, d)
d: de{a,b} c: c€{a,b}

(G120)
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V key_Shapetc a, b
a,b
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V —key-shape,
a,b

vV  lock-shape(a, b

a,b

V —lock-shape(a, b

a,b

V = lock-shape(a, b

a‘7

V —lock-shape(a, b

a7

V —lock-shape(a, b
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V = lock-shape(a, b

a,b

V = lock-shape(a, b
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V —lock-shape(a, b
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)
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)

lock-shape,

C

Q
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lock-shape,.(a,b
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Q
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lock-shape,

C

Q
<

lock-shape,

C

e
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lock-shape,.(a, b

C

5]
=

)

lock-shape,

c
a,b

V —lock-shape,.(a, b
a,b

a,b

C

Vb—\ lock-shape,
V = lock-shape, . (a, b

a’?

C

V —lock-shape,.(a, b

c
a,b

(a,b) =
(a,b) =
(a,b) =
(a,b) =
(a,b) =
(a,b) =
(a,b) =
(a,0) =
(a,b) =
(a,b) =
lock-shape;(a, b) —
(a,b) =
(a,b) =
(a,b)
(a,b)
(a,b) =
(a,b)
(a,b) =
(a,b) =
(a,b) =
(a,b) =
(a,b) =

V = lock-shape,.(a, b

a,b

v tee(c,d)
c: c€{a,b} d: dE{a b}

3 key-sh. d
-dG{a b} c: ce{a,b} eys apetc(cv )

3 Fatg(c,d)
c: c€{a,b} d

v 3 at(e,d)
d: defa,b} c: ce{a,b}

3 at(c, d)
c: c€{a,b} d: de{a,b}

v 3 t ,d
d: de{a,b} c: c€{a,b} & tc(C )

3 ate(e,d)
c: c€{a,b} d: de{a,b}

v 3  key-sh .d
-de{a b} c: ce{a,b} ey-shape,.(c, d)

3 keysh d
c: c€f{a,b} d: de{a,b} ey-shape,.(c, d)

3 lock-sh d
s defay O Shapec(a; d)

locked(a)
3
c: ce{a,b} Open(c)

3 Fatg(c,d)
c: ce{a,b} d

a,b) — Hconn(c a)

a,b) — Elkey shape(c, b)

3 lock-shape,,(c, b)

c: c#a

a,b —>—EI EI lock—shapetc(c,d)

= tie(c, d
d dG{a b} c: ce{a,b} ate (C )
v El a’ttc(c, d)

¢ ce{a b} d: de{a,b}

3 key-shape(c, d
d de{a b} c: c€{a,b} €y-s ape(c7 )

3 key-sh d
d de{a b} c: c€{a,b} ey=s apetc(c7 )

v 3 key-sh .d
o cefab) d defap) Y0 apey.(c,d)

(tYPe(a) St Obj) — —|Eb| (jonng(b7 (L)

v
Y (type(a) <' Obj) — —Ebl key-shapeg (b, a)
v
a

(type(a) <' Obj) — ﬁEbllock—shapeg(b7 a)

All reduced Grid constraints.
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Automatically Uncovering Intended Domain Constraints in Automated Planning

Appendix

F Candidate and Learned Constraints — Crim
For each constraint in Cp 1y, free variables are universally quantified.

Blocksworld
Candidate constraints:

above(z: block, y: block) = on(z,y)V 3 (on(z,z) A above(z,

z: block

aboveg (z: block, y: block) == ong(z,y) V b%l k(ong (x,2) A abovey(z,y

has,n_above (2: block) = (on

x
block Y

y: block

y)
y)
)
)
supported (a: block) := ontable(z) V3 (on(z,y))
)
)
)

(

(

(
hason_aboveg (2 block) = ong(y,
y: block (
(

supported,, (x: block) = ontabley(z) V ; k(onq x,y
y: bloc

top(z: block) := clear(x) A —( bEll k(on(y, x)
y: bloc
x)

top, (z: block) := clearg(z) A=( 3 (ong(y,
y: block

( bEll k(holding(m)) — —(handempty(

(3 (holding,(z)) — —(handempty(

x: block

(—(handempty()) — bEII k(holdmg(aj
Loc
| |
T block(y: block(on(aj’ y

3 3 (on4(z
xz: block 'y: block( g( Y

3 (—(holdi
x: block( ( © dlng(a:

3 k(supported(x) V holding

x: bloc

3 (ontable
x: block

3 ted
x: block(suppor ¢

A/\/é\/—\/\

3 (to
m:block( P

. }Yock((ﬁ(holding(x)) A —'(y: b%ock(on(y, x))) — clear(x

YV ((—(holding(x)) — ontable(z) vV 3 (on(x,y)
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T gock((ontable(x) v y: block( (LE,

vV ((ontabley(x) \/ . 3

x: block

) — supported(z

ock

Y)
)

N gock . lyock((above(:z: y) A above(y, z) — —(x # y)
(

V (Y ((abovegy(z,y) Aabovey(y,x) = —(x # y)
x: block y: block

vV (VY ((holding(z) Az # y — —(holding(y))

)
)
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(ong(z,y)) — supported, (z)
)
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x: block y: block )
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(B-LLM-C4)
(B-LLM-C5)
(B-LLM-C6)
(B-LLM-C7)
(B-LLM-C8)
(B-LLM-C9)

(B-LLM-C10)

(B-LLM-C11)

(B-LLM-C12)

(B-LLM-C13)

(B-LLM-C14)

(B-LLM-C15)

(B-LLM-C16)

(B-LLM-C17)

(B-LLM-C18)
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v ((on(z,y) Non(z,2) = =(y # 2)
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(= (holding(z) A on(z,y

(—(holding(z) A on(y, =

(=(on(z,y) Aon(y,x

clear(x

)
)

((above(z,y) — —(ontable(x)

vV ((abovey(z,y) — —(clear,(y)

T block(y: block

vV ((abovey(z,y)

x: block "y: block

vV o( VY
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N
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x: block y: block
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x: block y: block
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N
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x: block y: block
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((holding(x) — —(on(z,y
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N
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(
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)
)
)
)
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)
)
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)
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(B-LLM-C24)
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N
x: block

\

x: block

N

x: block

vo( Y
x: block y: block
YV (—(holding(x) A clear(x

x: block

x:

\
A

vVo( v
x: block "y: block

x: block

Y (—(holding(z) A ontable(x

x: block

x: block

V  (=(holding,(x) A ontable,(z
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((ong(z,y) = = #y

N

x: block
(—(abovey(x, x

v

((ong(z,y) — abovey(z,y)

(
vV  (—(holding,(x) A clear,(x
(

x: block

((clear(x) — —(

xz: block

x: block

((clear(z) — ” bYO
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YV ((clear(z) — —(holding(z

((clear(z) — ontable(x) Vv

\

x: block

x:

\

x: block
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vV ((cleary(z) — top,(x
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v ((hason,above( ) — ﬂ(clear(x)

x: block

\

((hason,above( ) — ﬁ(hOldlng(l‘)

x: block
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YV ((holding(z) — —(clear(z)

N

x: block
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x: block

A

v
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\
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block

((holding(x) — —(supported(z)
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\
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\
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y: block
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3
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((clear(x) — top(z

3
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)
)
)
)
)
)
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)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
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)
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)
)
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)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(B-LLM-C50)
(B-LLM-C51)
(B-LLM-C52)
(B-LLM-C53)
(B-LLM-C54)
(B-LLM-C55)
(B-LLM-C56)
(B-LLM-C57)
(B-LLM-C58)
(B-LLM-C59)
(B-LLM-C60)
(B-LLM-C61)
(B-LLM-C62)
(B-LLM-C63)
(B-LLM-C64)
(B-LLM-C65)
(B-LLM-C66)
(B-LLM-C67)
(B-LLM-C68)
(B-LLM-C69)
(B-LLM-C70)
(B-LLM-C71)
(B-LLM-C72)
(B-LLM-C73)
(B-LLM-C74)
(B-LLM-C75)
(B-LLM-C76)
(B-LLM-C77)
(B-LLM-C78)
(B-LLM-C79)
(B-LLM-C80)
(B-LLM-C81)
(B-LLM-C82)



YV ((supported(z) — ontable(z) V

x: block

V ((supported,(z) — ﬂ(holdlngg(z )

x: block

V  ((supported, () — ontable,(z) v

x: block

v ((tOp( ) — _'(hason above(m

x: block

N

xz: blo

ck

YV ((top(z) — —(holding(z

x: block

YV ((top(z) — clear(x

x: block

x: block

x: block

y: block

((topg( x) — —(has,n_aboveg (T
vV ((top,(z) — —(holding, (=

((top, (x) — clear,(z

vV ((on(z,y) Aon(z,y

v (v (
y: block "x: block "z: block
v o( Y

y: block(r: block z: block

vV (=(holding,(x) A ong(y, =

\
y: block "x: block

v (v (=

y: block x: block

N

vV (—(ong(z,y) A cleary(y)

y: block "x: block

(handempty() — —(

(handempty, () — ﬁ(x; b%o

With LLM-generated descriptions:

B-LLM-C1:
B-LLM-C2:
B-LLM-C3:
B-LLM-C4:
B-LLM-C5
B-LLM-Cé6:
B-LLM-CT7:
B-LLM-C8:
B-LLM-C9:

B-LLM-C10:
B-LLM-Cl11:
B-LLM-C12:
B-LLM-C13:
B-LLM-C14:
B-LLM-C15:

B-LLM-C16

B-LLM-C17:
B-LLM-C18:
B-LLM-C19:

If any block is held, then the hand is not empty (initially).

handempty() V
(handempty() —
3
block

) =
((ong(x,y) Aong(z,y) —
(

n(z

)
)
3 (ony(z,y)
)
)

—(x # 2))
—(x # 2))
)

x,y) A clear(y)

)
)
)
)
)
)
)
)
)
)
)
)

3 (holding(x

x: block

T bzllock (Clear( )

(holdlng( )
(holding (x))

If any block is held in the goal, then handempty-goal is false.
If the hand is not empty initially, then some block is being held.

There is at least one on relation initially.

At least one block is not held initially.

: At least one on relation appears in the goal (common in benchmark tasks).

There exists at least one block that is supported or held initially.

There is at least one clear block initially.

There is at least one block on the table initially.

At least one block is supported initially.
There exists at least one top block initially.
If x is not held and nothing is on X, then x is clear (initially).
If a block is not held, it is either on the table or on some other block (initially).
Definition direction: ontable or on implies supported (initially).
Definition direction: ontable-goal or on-goal implies supported-goal.

: Above is antisymmetric initially (no two-way above unless same block).

At most one block can be held initially.

above-goal is antisymmetric (no mutual-above cycles in goal).

Uniqueness of support: a block cannot be on two different blocks initially.

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
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(B-LLM-C88)
(B-LLM-C89)
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(B-LLM-C92)
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(B-LLM-C94)
(B-LLM-C95)
(B-LLM-C96)
(B-LLM-C97)
(B-LLM-C98)
(B-LLM-C99)
(B-LLM-C100)



B-LLM-C20: Transitivity helper: if x on y and y on z initially, then x is above z.
B-LLM-C21: Goal uniqueness of support: a block cannot be on two different blocks in the goal.
B-LLM-C22: No block is both held and simultaneously on another block initially.
B-LLM-C23: No block is held while another block is on it (initially).
B-LLM-C24: No block is both held and on another block in the goal.
B-LLM-C25: No mutual on relation initially (no two-cycle).

B-LLM-C26: No block is clear while another block is on it (initially).
B-LLM-C27: No mutual on-goal relation in the goal.

B-LLM-C28: If x is above y initially, then y is not clear initially.

B-LLM-C29: If x is above y initially, then y is not being held.

B-LLM-C30: If x is above y initially, x is not on the table.

B-LLM-C31: above implies distinct blocks initially.

B-LLM-C32: If x is above y initially, X is supported initially.

B-LLM-C33: If x is above y in the goal, then y is not clear in the goal.
B-LLM-C34: above-goal implies distinct blocks in the goal.

B-LLM-C35: A held block cannot be on any support (initially).

B-LLM-C36: Nothing can be on a block while it is held (initially).
B-LLM-C37: If a block is held in the goal, it is not on any block in the goal.
B-LLM-C38: If a block is held in the goal, nothing is on it in the goal.
B-LLM-C39: If x is on y initially, y is not clear.

B-LLM-C40: A block on something cannot be held at the same time.
B-LLM-C41: A block on another block is not on the table.

B-LLM-C42: No block can be on itself initially.

B-LLM-C43: Direct on implies transitive above (initially).

B-LLM-C44: If something is on X, then X is not clear.

B-LLM-C45: If some y is on x initially, then x is not held.

B-LLM-C46: If x is on y in the goal, then y is not clear in the goal.
B-LLM-C47: If x is on y in the goal, x is not held in the goal.

B-LLM-C48: No 2-cycles in goal on-goal relation.

B-LLM-C49: If x is on y in the goal, x is not on the table in the goal.
B-LLM-C50: No block can be on itself in the goal.

B-LLM-C51: Direct on-goal implies transitive above-goal.

B-LLM-C52: No block is both held and clear initially.

B-LLM-C53: No block is both held and on the table initially.

B-LLM-C54: No block is both held and clear in the goal.

B-LLM-C55: No block is both held and on the table in the goal.

B-LLM-C56: The above relation is irreflexive initially (no cycles).
B-LLM-C57: above-goal is irreflexive (goal towers are acyclic).

B-LLM-CS58: If x is clear initially, then no y is on X.

B-LLM-C509: If a block is clear initially, nothing is on it.

B-LLM-C60: Clear blocks are not held (initially).

B-LLM-C61: If x is clear initially, then x is either on the table or on another block.
B-LLM-C62: Clear implies top (given no block is on a clear block initially).
B-LLM-C63: Clear-goal implies nothing is on x in the goal.

B-LLM-C64: If x is clear in the goal, then x is not held in the goal.
B-LLM-C65: Clear-goal implies top-goal (given no block is on a clear-goal block).
B-LLM-C66: If something is on x, then some block is above x initially.
B-LLM-C67: If something is on x initially, x is not clear.

B-LLM-C68: If something is on x initially, x is not held.



B-LLM-C69: If something is on x, then x is not a top block (initially).

B-LLM-C70: If something is on x in the goal, then some block is above x in the goal.
B-LLM-CT71: If something is on x in the goal, x is not clear in the goal.

B-LLM-C72: If something is on x in the goal, x is not held in the goal.

B-LLM-C73: A held block is not clear (initially).

B-LLM-C74: If some block is held, the hand is not empty (initially).

B-LLM-C75: A held block is not on the table (initially).

B-LLM-C76: Held blocks are not supported (initially).

B-LLM-C77: If any block is held in the goal, the hand is not empty in the goal.
B-LLM-C78: A held block in the goal is not on the table in the goal.

B-LLM-C79: Exhaustive placement initially: every block is on the table, on another block, or held.
B-LLM-CB80: A block on the table is not being held (initially).

B-LLM-C81: If x is on the table in the goal, then x is not held in the goal.
B-LLM-C82: Every block is either supported or held initially.

B-LLM-C83: Definition direction: supported implies ontable or on (initially).
B-LLM-C84: If x is supported in the goal, it is not held in the goal.

B-LLM-C85: Definition direction: supported-goal implies ontable-goal or on-goal.
B-LLM-C86: Top blocks have nothing on them (initially).

B-LLM-C87: Top blocks are not held (initially).

B-LLM-C88: Top blocks are clear (initially).

B-LLM-C89: Top-goal blocks have nothing on them in the goal.

B-LLM-C90: Top-goal blocks are not held in the goal.

B-LLM-C91: Top-goal blocks are clear in the goal.

B-LLM-C92: Uniqueness of occupant: at most one block can be on a given block initially.
B-LLM-C93: Goal uniqueness of occupant: at most one block can be on a given block in the goal.
B-LLM-C94: No block is held while another block is on it in the goal.

B-LLM-C95: A block cannot be on a clear block initially.

B-LLM-C96: A block cannot be on a clear block in the goal.

B-LLM-C97: Initially, either the hand is empty or some block is held.

B-LLM-C98: If the hand is empty initially, then some block is clear.

B-LLM-C99: If the hand is empty, then no block is held (initially).

B-LLM-C100: If the goal specifies handempty, then no block is held in the goal.



Which gives the reduced set:

N

xz: bloc

\

(v (
x: block y: block z: block

vVo( v
x: block "y: block z: block

v

v (
y: block x: block z: block

Vo( v
y: block x: block z: block

With LLM-generated descriptions:

k

N N
x: block y: block

(

vV o( Y
x: block y: block
x: block y: block

v (
x: block y: block

v (Vv
x: block y: block

(

((—=(holding(z)) A —\(y: bEllock(on(y, x))) — clear(x

3 (top(x

((holding(z) A x # y — —(holding(y)
YV ((on(z,y) Aon(z, z) = —(y # 2)
vV ((ong(z,y) Nong(z,z) = —(y # 2)

)
)
)
)
v Dhock s phoei (00T Y) Aon(y, 7))
((above(z,y) — —(holding(y)))

v ((above(z,y) — supported(z))
v  ((abovey(z,y) — —(cleary(y)))
oy ((on(ay) = ~(ontable(a))
)

)

)

x: bYock(y: lyock((ong(x’ y) - _‘(ODg(y7 z

((ong(z,y) — —(ontable, (z
‘ bY k((hOIding(x) — —(supported (z
Y k(supported(a:) V holding(x

x: bloc

_ bY k((supportedg(ac) — = (holding (z)
' bY k((top(x) — =(holding(x)
N ljock((topg(x) — —(holding, ()

vV ((on(z,y) Aon(z,y) = —(z # 2))
v ((ong(z,y) Aong(z,y) = ~(z # z))
Y- b\?/ock x: b\'?ock(_‘(h()ldingg (x) A Ong (y’ :E)

B 1
y: lYock x: Z)Yock( (On(x’ y) ne ear(y)

handempty() V. 3 (holding(z

xz: block

(handempty() — =( bEll k(

(handempty () — —|(Z: bEllock(holdingg(x

e B-LLM-1: At least one on relation appears in the goal (common in benchmark tasks).
e B-LLM-2: There is at least one block on the table initially.

(B-LLM-1)
(B-LLM-2)
(B-LLM-3)
(B-LLM-4)
(B-LLM-5)
(B-LLM-6)
(B-LLM-7)
(B-LLM-8)
(B-LLM-9)

(B-LLM-10)

(B-LLM-11)

(B-LLM-12)

(B-LLM-13)

(B-LLM-14)

(B-LLM-15)

(B-LLM-16)

(B-LLM-17)

(B-LLM-18)

(B-LLM-19)

(B-LLM-20)

(B-LLM-21)

(B-LLM-22)

(B-LLM-23)

(B-LLM-24)

(B-LLM-25)

(B-LLM-26)



B-LLM-3: There exists at least one top block initially.

B-LLM-4: If x is not held and nothing is on x, then x is clear (initially).

B-LLM-5: At most one block can be held initially.

B-LLM-6: Uniqueness of support: a block cannot be on two different blocks initially.
B-LLM-7: Goal uniqueness of support: a block cannot be on two different blocks in the goal.
B-LLM-8: No mutual on relation initially (no two-cycle).

B-LLM-9: If x is above y initially, then y is not being held.

B-LLM-10: If x is above y initially, x is supported initially.

B-LLM-11: If x is above y in the goal, then y is not clear in the goal.

B-LLM-12: A block on another block is not on the table.

B-LLM-13: No 2-cycles in goal on-goal relation.

B-LLM-14: If x is on y in the goal, x is not on the table in the goal.

B-LLM-15: Held blocks are not supported (initially).

B-LLM-16: Every block is either supported or held initially.

B-LLM-17: If x is supported in the goal, it is not held in the goal.

B-LLM-18: Top blocks are not held (initially).

B-LLM-19: Top-goal blocks are not held in the goal.

B-LLM-20: Uniqueness of occupant: at most one block can be on a given block initially.
B-LLM-21: Goal uniqueness of occupant: at most one block can be on a given block in the goal.
B-LLM-22: No block is held while another block is on it in the goal.

B-LLM-23: A block cannot be on a clear block initially.

B-LLM-24: Initially, either the hand is empty or some block is held.

B-LLM-25: If the hand is empty, then no block is held (initially).

B-LLM-26: If the goal specifies handempty, then no block is held in the goal.



Logistics
Candidate constraints:

Cityhas,airport (C: CZty) = 3 (ln'CItY( )

a: airport

goal (0: physobj, c: city) = . p?ace(atg(o, 1) ANlochas_city (1, €)

_in_city

iSloaded(p: paCkage) = 3 . (Hl(p, )

v: vehicle

loChas city (I: place, c: city) = in-city(l, ¢) V in-city (I, c
Objat,some,place(oz phySObj) = L 3 ( ( N/

place

0bji city (01 Physobj, c: city) = ; p?ace(at( 0,1) A in-city(l, ¢

pkgin,city(p: package, & C’Lty) = Objin,city (p7 C) \ 3 ( 3 (in(p7 ) A at(v l) A in- Clty(l C)

v: vehicle l: place

city c: city

SaMeEcity places({1: place, 12: place) = El't (in-city (1, ¢) A in-city (12, ¢
c: city

)
)
)
)
)
)
)
PlaCe, g some.city (i place) = 3 (in-city(l,) vV 3 (in-city, (L))
)
)

vehicley, city (v: vehicle, c: city) == 3 (at(v,l) Alin-city(l, c

l: place

3 (at(a,ap)) — 3 (at(a,ap2

a: airplane ap2: airport

3 (at(a7 (lp)) - 3 (CitYhas,airport(C
c: city

a: airplane

3 (in-city(l,¢)) = 3 (in-city(l, 2

l: place c2: city

3 (aty(p,1))) v 3 (3 (ing(p,v

p: package l: place p: package v: vehicle

( 3 (at(p,l)— 3T (at(p,12)V 3 (in(p,v2

p: package 12: place v2: vehicle

)
)
)
)
)
3 (PK8in_city (P €)) = (PK8in_city (P: €2)))
)
)
)
)

p: package c2: city

(3 (3 (at(t,D)— I ( 3 (in-city(a,c) Ain-city(l, ¢

t: truck 'l: place a: airport c: city

)
(3 (at(t, ) — I ( Hl (in-city (I, ¢) A in-city (12, c)

t: truck c: city 12: pla

(3 (at(t,)— 3 (at(t,12

t: truck 12: place
3 (at(v,0))— I (3T (at(v,12) Ain-city(I2, c2)

v: vehicle 12: place c2: city

3 (3 ( 3 (at(a,ap) Ain-city(ap,c))))

a: airplane ap: airport c: city

3 (3 (inity(ap, )))

ap: airport c: city

3 (in-city(l,¢c)))

l: place(c: city

3 (at(o,1)))

o: physobj 'I: place

3 (3 (vehiclejn city(t, ¢)))

s truck c: city

~+

v ( 3 (at(a,ap)))

a: airplane ap: airport

(L-LLM-C1)
(L-LLM-C2)
(L-LLM-C3)
(L-LLM-C4)
(L-LLM-C5)
(L-LLM-C6)
(L-LLM-C7)
(L-LLM-C8)

(L-LLM-C9)

(L-LLM-C10)

(L-LLM-C11)

(L-LLM-C12)

(L-LLM-C13)

(L-LLM-C14)

(L-LLM-C15)

(L-LLM-C16)



v o (3 (at(a,ap)))
a: airplane ap: airport
(L-LLM-C17)
v (o d  (at(a,ap)))
a: airplane ap: airport
(L-LLM-C18)
v (Vv vV ((at(a,apl) A at(a,ap2) — apl # ap2))))

a: airplane apl: airport ap2: airport
(L-LLM-C19)

/ vV ((at(a,apl) A at(a, ap2) — apl # ap2))))
a: airplane apl: airport ap2: airport

(L-LLM-C20)

vV ((at(a,11) Ain-city (11, ¢) A in-city (12, ¢) — same ity piaces(11,12)))))

a: airplane 11: place 12: place

(L-LLM-C21)

Vo ((aty(a,11) Aaty(a,12) — U1 £ 12))))

a: airplane 11: place '12: place

(L-LLM-C22)

o Y ((at(a, 1))

a: airplane l: location

(L-LLM-C23)

v ((at(a,l) = —( 3 (at(a,loc))))))

a: airplane l: place loc: location

(L-LLM-C24)

_ v ((at(a,l) = —=( 3 (at(a,loc))))))

a: airplane I: place loc: location

(L-LLM-C25)

v (3 (in-city(ap,c)))

ap: airport c: city

(L-LLM-C26)

v oo( VY vV ((in-city(ap, c1) A in-city(ap, ¢2) — ¢l # ¢2))))

ap: airport cl: city c2: city

(L-LLM-C27)

o Zty((a: a;port(in'CitY(av C)) — City}zas,airport (C)))
(L-LLM-C28)

v (3 (in-city(p,c)))

c: city p: place

(L-LLM-C29)

(€ pigore(©) > 3 (inecity(a,)))
(L-LLM-C30)

N Zty(Cityhas,airport(C))
(L-LLM-C31)

vV ((in-city (11, ¢) A in-city (12, ¢) — same ity piaces(11,12)))))
11: place '12: place c: city
(L-LLM-C32)
Vo ((sameciy places(11,12) — 3 (in-city(I1, ¢) A in-city(12,¢)))))
11: place 12: place c: city
(L-LLM-C33)
v (( 3 (in—CitY(l7C)) \ 3 (iH—City (170)) - placehas,some,cit (l)))
l: place " “c: city c: city g v
(L-LLM-C34)
N V (V. ((in-city(l, cl) Ain-city (I, ¢2) — cl # ¢2))))
l: place cl: city c2: city
(L-LLM-C35)
N Vo (¥ ((in-city, (I, cl) Ain-city, (I, c2) — cl # c2))))
l: place cl: city c2: city
(L-LLM-C36)



l: place(cz cvity((in_Citya’ C) v in_Cityg(l7 C) - lochanCit’y(l? C))))
(L-LLM-C37)

V (V. ((lochas_city(l, c) = in-city(l, c) \/in—cityg(l,c))))
l: place c: city

(L-LLM-C38)
I v ((placehas,some,city(l) - El (in—city(l,c)) \4 EI (in_Cith(lac))))
: place c: city c: city
(L-LLM-C39)
I pYace<placehas,some,city(Z))
(L-LLM-C40)

3 (in-city(loc, ¢)))
loc: location c: city
(L-LLM-C41)
_ vV ((in-city(loc, c1) A in-city(loc, ¢2) — ¢l # ¢2))))
loc: location cl: city c2: city
(L-LLM-C42)
o: physobj  \I: plaace(at<07 l)) — Ob.]at,some,place(o)))
(L-LLM-C43)
((goalat,in,city(07 C]') A goa‘lat,in,city (0’ 02) —cl 7& 62))))
(L-LLM-C44)
((Objin,city(ov C]-) A Objin,city (0? 62) —cl 7é 02))))
(L-LLM-C45)
v ( V ((goalat,in,cit (0’ C) - = (atg (07 l) A 10Chas,city (la C)))))
o: physobj c: city v l: place
(L-LLM-C46)
V(Y ((0bjinciy(0:¢) = 3 (at(o,1) Aln-city(l, ¢)))))
o: physobj c: city l: place
(L-LLM-C47)
o: physobj '11: place(l2: Zace((at(o’ ll) A at(O, 12) — i 7& 12))))
(L-LLM-C48)
o: physobj 11: place 12: Zacc((atg(o’ ll) A atg(O, 12) -1 ;é 12))))
(L-LLM-C49)
( V. ((at(o,11) An-city(I1, ¢) A in-city (12, ¢) — sameciy_places(11,12))))))
o: physobj 11: place '12: place c: city
(L-LLM-C50)
( V ((atg (07 l) A in_CitY(l’ C) - goalat,in,city (O’ C)))))
o: physobj l: place c: city
(L-LLM-C51)
o: physobj \I: place(c: Yity((a’tg (07 l) A ln_CItYQ (la C) - goalat,in,city (03 C)))))
(L-LLM-C52)
) ( . V ((atg (07 l) A 10Chas,city (lv C) - goalat,in,city (Ov C)))))
o: physobj 'l: place c: city
(L-LLM-C53)
v ((at(o,l) = 3 (in-city(l,c)))))
o: physobj I: place c: city
(L-LLM-C54)
o: physobj \I: pyace((a’t(ov l) - placehas,some,city (l))))
(L-LLM-C55)
vV ((aty(o,l) = 3 (in-city(l,c)) v 3 (in-city,(l,¢c)))))
o: physobj 'l: place c: city c: city
(L-LLM-C56)

4 4
o: physobj cl: city c2: city

v
o: physobj cl: city c2: city



. hv b((Objat,some,place(O) - L ? (at(o, l))))
0. physobj : place
(L-LLM-C57)
p: package l: p%lace(at(p’ l)) v v: veEll'Licle(ln(p7 ’U)))
(L-LLM-C58)
. v (( . = (at(pal)) - El (pkgin,city(p7 C))))
p: package 'l place c: city
(L-LLM-C59)
P paYkage(c: glity(pkgin,city (p’ C)))
(L-LLM-C60)
Y (Y (Y ((at(p,ap) Aat(p, 1) = ap # 1))))
p: package ap: airport l: place
(L-LLM-C61)
. v ( v ( v ((pkgin,city(pv 61) A pkgin,eity(pa 62) —cl 7é 62))))
p: package cl: city c2: city
(L-LLM-C62)
_ _ vV ((at(p,ap) A at(p,12) — ap # 12))))
p: package 11: place 12: place
(L-LLM-C63)
v ((at(p,11) Aat(p,12) — 11 #12))))
p: package 11: place '12: place
(L-LLM-C64)
. V(v (Satg(p 1) Ang(p,v)))))
p: package l: place v: vehicle
(L-LLM-C65)
v ((at(p, 1) = 3 (in-city(l,c)))))
p: package 'l: place c: city
(L-LLM-C66)
. . v ((at(p, Z) — placehas,some,city (l))))
p: package l: place
(L-LLM-C67)
V(Y ((at(p ) > =( 3 (ing(p,v)))
p: package l: place v: vehicle
(L-LLM-C68)
p: package vl: vehicle v2: vehicle((ln(p’ Ul) A Hl(p, UQ) — vl 7é 02))))
(L-LLM-C69)
((ing(p, v1) Aing(p, v2) — vl # v2))))

p: package vl: vehicle v2: vehicle
(L-LLM-C70)
((ing(p, v1) Aing(p, v2) = vl # v2))))

p: package vl: vehicle v2: vehicle
(L-LLM-C71)
v (v (Y (=(in(p,v) Aat(p, 1))
p: package v: vehicle l: place
(L-LLM-C72)
vV o ( V ((in(p,v) — 3 (vehiclej, city(v,c)))))
p: package v: vehicle c: city
(L-LLM-C73)
v (v ((in(pv) > 3 (at(v,1)))))
p: package v: vehicle l: place
(L-LLM-C74)
V(Y (o) (3 (at(p, 1))
p: package v: vehicle : place
(L-LLM-C75)
. v ( . V ((Hl(p, ’U) - Objat,some,place(v))))
p: package v: vehicle
(L-LLM-C76)



} Vk ( Vh . ((ing(p,v) — ﬁ(l, ? (atg(p,1))))))
p: package v: vehicle : place
(L-LLM-C77)
v (= 3 (at(p,))A T (in(p,v))))
p: package l: place v: vehicle
(L-LLM-C78)
) vV ((iS10aded(p) — ) | (pkgz’n,city (p;c))))
p: package c: city
(L-LLM-C79)
¥ ((isioadea(p) = 3 (in(p,v))))
p: package v: vehicle
(L-LLM-C80)
. v ((isloaded(p) - _'(Objat,some,place(p))))
p: package
(L-LLM-C81)
. v (Objat,somc,place (p) v ileﬂdEd(p))
p: package
(L-LLM-C82)
. v ((Objat,some,place (p) — _‘(isloaded(p))))
p: package
(L-LLM-C83)
. v (atg(p7 ll))
p: package
(L-LLM-C84)
vV (3 (in-city(pl,c)))
pl: place c: city
(L-LLM-C85)
t: truck I: p?ace(at(t’ l)))
(L-LLM-C86)
1 2 1 2
t: truck '11: place '12: pvlace((at(t’l ) A at(t)l ) =1 # ! ))))
(L-LLM-C87)
t: truck 11: place 12: ;IYl/ace((atg(t7 ll) A atg(t’ l2) — 1 # 12))))
(L-LLM-C88)
t: truck 11: place 12: Zace((atg(t, ll) A atg(t, 12) -1 ?é ZQ))))
(L-LLM-C89)
DR UZLiCle(Ci cEIity(Ob']m’City(U7 C)))
(L-LLM-C90)
V(3 (vehiclej city (v, ¢)))
v: vehicle c: city
(L-LLM-C91)
v: vgzicle(l: p%lace(at(v’ l)))
(L-LLM-C92)
v V. (V. ((vehiclejn_city (v, €l) A vehicleiy city (v, €2) — ¢l # ¢2))))
v: vehicle cl: city c2: city
(L-LLM-C93)
1 2 1 2
v: vehicle 11: place '12: pvlace((at(UJ ) A at(?},l ) —1 # ! ))))
(L-LLM-C94)
vV ((at(v, 1) Ain-city(I1, ¢) A in-city(ap, ¢) — samecity piaces({1,ap))))))
v: vehicle 11: place 12: place ap: airport
(L-LLM-C95)
(V. ((at(v,11) Ain-city (11, ¢) A in-city(I12, ¢) — samecity piaces(11,12))))))
v: vehicle 11: place '12: place c: city
(L-LLM-C96)



vV ((at(v,l) = 3 (in-city(l,¢)))))
v: vehicle 'I: place c: city
(L-LLM-C97)
v: vehicle \I: pYace((at(v’ l) - placehas,some,city (l))))
(L-LLM-C98)
v: vehicle \I: p%ce((atg(v, l) - placehas,some,city (l))))
(L-LLM-C99)

v: Uevhicle (ObJ at_some_place (U))
(L-LLM-C100)

With LLM-generated descriptions:

L-LLM-C1:
L-LLM-C2:
L-LLM-C3:
L-LLM-C4:
L-LLM-C5:
L-LLM-Cé6:
L-LLM-C7:
L-LLM-CS8:

If there is any airplane, there exists an airport where some airplane is located (restating existence).

If there is any airplane, there is some city with an airport (typical setup).

If there exists any place-city fact, then there exists a city participating in such a fact (trivial existence form).
Goal specifies at least one package goal (either at some place or inside some vehicle).

If there exists a package, then either it is at some place or in some vehicle (existential form).

If there exists a package, then there exists some city that (by definition) contains it initially.

If some truck exists at a place, its city has at least one airport (typical property of the domain instances).

If a truck exists at some place, then some city with at least one place exists (restates city-place existence via the

truck’s location).

L-LLM-C9:

L-LLM-C10:

L-LLM-CI11

L-LLM-C12:

L-LLM-C13

L-LLM-C14:

L-LLM-C15

L-LLM-CI16:

L-LLM-C17

L-LLM-C18:
L-LLM-C19:
L-LLM-C20:

L-LLM-C21

L-LLM-C22:
L-LLM-C23:
L-LLM-C24:
L-LLM-C25:
L-LLM-C26:
L-LLM-C27:
L-LLM-C28:
L-LLM-C29:
L-LLM-C30:
L-LLM-C31:
L-LLM-C32:
L-LLM-C33:
L-LLM-C34:
L-LLM-C35:

If there is any truck, there exists some place where a truck is located (restating existence).

If there exists any vehicle, then some vehicle-place pairing is associated with a city (some place has a city).
: There exists an airplane at an airport that belongs to some city (applicable when airplanes exist).
There exists an airport in some city (typical of the instances).

: There exists at least one place-city association in the initial state.

There exists at least one at fact initially.

: There exists a truck that is in some city initially (applicable when trucks exist).

Every airplane is at some airport initially.

: Each airplane’s at-fact references an airport (existentially specialized).

Each airplane has at least one at-fact to an airport (restated).

Airplane is at at most one airport initially (airport-specialized uniqueness).

Airplane is at most one airport initially (duplicate specialization for robustness).

: Airplane location shares a city with any place in that city (uses same-city-places).

Airplane goal locations are unique if specified.

Airplanes are not initially at non-airport locations.

Airplanes are never at typed locations initially (restates airplane-location restriction).

Airplanes are only at airports initially (no at-fact to typed locations).

Every airport belongs to some city initially.

Each airport has at most one city association initially.

If there exists an airport in a city, then city-has-airport holds for that city (derived definition direction).
Every city has at least one place initially.

Derived predicate city-has-airport implies there is some airport place in that city.

Every city has at least one airport (typical of logistics benchmarks).

If two places share a city in the initial facts, they are marked as same-city-places.
same-city-places implies there exists a city they both belong to.

Definition check: if a place has a city via init/goal facts, then place-has-some-city holds.

Each place is associated with at most one city in the initial facts.



L-LLM-C36

L-LLM-C42

: Each place has at most one city association in the goal facts.
L-LLM-C37:
L-LLM-C38:
L-LLM-C39:
L-LLM-C40:
L-LLM-C41:

Definition check: if a location-city relation holds in init or goal, then loc-has-city holds.
Definition check: loc-has-city implies the location-city relation comes from init or goal facts.
Definition check: place-has-some-city implies there exists a city via init or goal facts.

Every place is associated with some city, via init or goal facts (derived).

Every location belongs to some city initially.

: Each location has at most one city association initially.
L-LLM-C43:
L-LLM-C44:
L-LLM-C45:
L-LLM-C46:
L-LLM-C47:
L-LLM-C48:
L-LLM-C49:
L-LLM-C50:
L-LLM-C51:
L-LLM-C52:
L-LLM-C53:
L-LLM-C54:
L-LLM-C55:
L-LLM-C56:
L-LLM-C57:
L-LLM-C58:
L-LLM-C59:
L-LLM-C60:
L-LLM-C61:
L-LLM-C62:

Definition check: if an object has an at-fact then obj-at-some-place holds.

Each object is required by the goal to be in at most one city (via its goal at-location).

Any object is counted in at most one city initially (because it has at most one location).

Definition check: goal-at-in-city implies an at-goal at some place whose city is that city.

Definition check: obj-in-city implies object at a place whose city matches.

No physobj can be at two different places simultaneously in the initial state.

No object is required to be at two different places in the goal specification.

If an object is at 11 in city ¢ and 12 is also in c, then 11 and 12 are same-city-places.

If a goal requires an object at 1 and 1 is known in init to be in city c, then the goal implies the object is in city c.
If a goal requires an object at a place with a goal city assignment, then the goal implies the object is in that city.
Definition check: at-goal at a place with a known city implies goal-at-in-city.

Every place that holds an object is associated with some city initially.

Any place with an at-fact has some city association (via init or goal facts, derived).

Any place appearing in a goal at-fact is associated with a city (from init or goal facts).

Definition check: obj-at-some-place implies there exists an at-fact.

Each package is either at some place or inside some vehicle initially.

Packages that are at some place are in some city (via pkg-in-city).

Every package is located in some city initially (either at a place or inside a vehicle at a place).

A package cannot be at two different places when one of them is an airport (redundant specialization).

Each package is associated with at most one city initially (derived).

L-LLM-C63: If a package is at an airport and at another place, those places must be different (restates at-uniqueness with
airport specialization).

L-LLM-C64:
L-LLM-C65:
L-LLM-C66:
L-LLM-C67:
L-LLM-C68:
L-LLM-C69:
L-LLM-C70:
L-LLM-C71:
L-LLM-C72:
L-LLM-C73:
L-LLM-C74:
L-LLM-C75:
L-LLM-C76:

L-LLM-C77

Any package has at most one location initially.

A package goal cannot require being at a place and inside a vehicle at the same time.
Any place that holds a package is linked to a city initially.

Any place holding a package has some city association (derived).

If a package is required at a place in the goal, it is not simultaneously required to be in any vehicle.
A package cannot simultaneously be inside two different vehicles initially.

No package is required to be in two different vehicles in the goal specification.

Goal in-facts for a package do not specify two different vehicles (redundant check).
Packages cannot be both at a place and inside a vehicle initially.

If a package is inside a vehicle, then that vehicle is in some city initially.

If a package is inside a vehicle initially, that vehicle is at some place initially.

If a package is inside a vehicle initially, it is not at any place initially (implication form).
If a package is inside a vehicle initially, that vehicle has an at fact (derived form).

: If a package is required to be in a vehicle in the goal, it is not simultaneously required to be at any place (goal

exclusivity as implication).

L-LLM-C78: No package is simultaneously specified as both at some place and inside some vehicle initially (global

exclusivity).

L-LLM-C79:
L-LLM-C80:
L-LLM-C81:

Loaded packages belong to some city via the carrying vehicle’s location (derived).
Derived predicate is-loaded implies there exists a corresponding in-fact.
If a package is loaded, then it is not at any place (derived consistency).



L-LLM-C82: Each package either has an at fact or is loaded (derived version of the disjunction).
L-LLM-C83: Packages that are at some place are not loaded (derived exclusivity).

L-LLM-C84: Packages that appear in at-goal are goal-positioned at some place (tautological existence via quantifier).
L-LLM-CS85: Every place belongs to some city initially.

L-LLM-C86: Every truck is at some place initially.

L-LLM-C87: Truck is at at most one place initially (restates uniqueness for trucks).

L-LLM-C88: Truck goal locations are unique if specified.

L-LLM-C89: Truck goal locations are unique (redundant specialization).

L-LLM-C90: Every vehicle belongs to some city via obj-in-city as well (redundant direction).

L-LLM-CO91: Every vehicle is in some city initially (via its location).

L-LLM-C92: Every vehicle is placed at some place in the initial state.

L-LLM-C93: Vehicles have at most one city in which they are located initially (via their single location).
L-LLM-C94: Any vehicle has at most one location initially.

L-LLM-C95: Any vehicle’s location 11 shares a city with any airport in the same city (uses same-city-places).
L-LLM-C96: If a vehicle is at 11 in city ¢ and 12 is also in c, then 11 and 12 are same-city-places.
L-LLM-C97: Any place that holds a vehicle is linked to a city initially.

L-LLM-C98: Any place holding a vehicle has some city association (derived).

L-LLM-C99: Any place appearing in a vehicle at-goal also has some city association.

L-LLM-C100: Every vehicle has some at fact initially (derived).

Which gives the reduced set:

3 (at(a,ap)) — 3 (at(a, ap2 (L-LLM-1)
a: airplane ap2: airport
l %I (in-city (I, ¢)) — ) El_t (in-city(I, c2 (L-LLM-2)
: place c2: city
3 (atgoar(p,1))) V 3 (3 (ingea(p,v (L-LLM-3)
p: package l: place p: package v: vehicle

( 3 f(atlpl)— 3 (at(p2))v 3 (in(p,v2

p: package : place v2: vehicle

3 kg, i 3 K, cit: 2
P package(p gzn,czty (p’ C)) - c2: city(p gm,wty(pv C

)

)

)

))) (L-LLM-4)

)
(3 (D)~ 3 (3 (incity(l,c) An-city(i2,c))

)

)

)

)

)

)

(L-LLM-5)

(L-LLM-6)

t: truc c: city 12: place

(3 (@)~ 3 (@t(t12) L-LLM-T)

2: place

3 (at(v,0)) = 3 (I (at(v,12) Aln-city (12, c2)

v: vehicle 12: place c2: city

(L-LLM-8)

3 (3 (vehiclej, city(t, c

t: truck c: city

vV ((at(a,11) Ain-city (11, ¢) A in-city (12, ¢) — samecity piaces(11,12) (L-LLM-10)

a: airplane '11: place '12: place

((atgoar (@, 11) A atgoar(a,12) — 11 # 12)))) (L-LLM-11)

a: airplane 11: place '12: place

vV ((at(a,l) = =( 3 (at(a,loc))

a: airplane l: place loc: location
v (CltYhas,airport

c: city

)
)
)))) (L-LLM-12)
(

v ((in—citygoal(l, cl) A in—citygoal(l, c2) = cl # ¢2)
)
)
)

(L-LLM-13)
(L-LLM-14)

l: place cl: city c2: city
vV ((at(p,ap) A at(p,12) — ap # 12 (L-LLM-15)
p: package l1: place 12: place
v \ vV ((in(p,v1) Ain(p, v2) — vl # v2

p: package vl: vehicle v2: vehicle

)

)

)

)

)

)

)

)

)) (L-LLM-9)
)

)

)

)

)

)

)) (L-LLM-16)
)

)
)
)
)

((ingoai (p, v1) A ingeai(p, v2) — vl # v2 (L-LLM-17)

p: package vl: vehicle v2: vehicle



v (ObJ at-some_place (p) \ isloaded (p (L-LLM-18)

p: package

vV (3 (in-city(pl,c
pl: place c: city

(L-LLM-19)
3 (at(t,1)

t: truck I: place

)
(atgoar (£, 11) A atgoq(t,12) — 11 # 12))

t: truck 11: place 12: place
vV ((at(v,11) Ain-city(I1, ¢) A in-city(ap, ¢) — samecity piaces(l1, ap))))

v: vehicle 'l1: place '12: place ap: airport

)

)

)) (L-LLM-20)
)) (L-LLM-21)
)

(L-LLM-22)

With LLM-generated descriptions:

L-LLM-1: If there is any airplane, there exists an airport where some airplane is located (restating existence).
L-LLM-2: If there exists any place-city fact, then there exists a city participating in such a fact (trivial existence form).
L-LLM-3: Goal specifies at least one package goal (either at some place or inside some vehicle).

L-LLM-4: If there exists a package, then either it is at some place or in some vehicle (existential form).

L-LLM-5: If there exists a package, then there exists some city that (by definition) contains it initially.

L-LLM-6: If a truck exists at some place, then some city with at least one place exists (restates city-place existence via the
truck’s location).

L-LLM-7: If there is any truck, there exists some place where a truck is located (restating existence).

L-LLM-8: If there exists any vehicle, then some vehicle-place pairing is associated with a city (some place has a city).
L-LLM-9: There exists a truck that is in some city initially (applicable when trucks exist).

L-LLM-10: Airplane location shares a city with any place in that city (uses same-city-places).

L-LLM-11: Airplane goal locations are unique if specified.

L-LLM-12: Airplanes are only at airports initially (no at-fact to typed locations).

L-LLM-13: Every city has at least one airport (typical of logistics benchmarks).

L-LLM-14: Each place has at most one city association in the goal facts.

L-LLM-15: If a package is at an airport and at another place, those places must be different (restates at-uniqueness with
airport specialization).

L-LLM-16: A package cannot simultaneously be inside two different vehicles initially.

L-LLM-17: Goal in-facts for a package do not specify two different vehicles (redundant check).

L-LLM-18: Each package either has an at fact or is loaded (derived version of the disjunction).

L-LLM-19: Every place belongs to some city initially.

L-LLM-20: Every truck is at some place initially.

L-LLM-21: Truck goal locations are unique (redundant specialization).

L-LLM-22: Any vehicle’s location 11 shares a city with any airport in the same city (uses same-city-places).



Transport
Candidate constraints:

CaD, equeh ($1: Cap-Num, s2: Cap-Num)

= (sl # s2) V cap-pre(sl, s2) V 3 (cap-pre(sl,m) A cap,qen (1M, 52

pkg;, 4(p: package) == 3 (aty(p,!

l: location

m: Cap-Num )

goal,,.(I: location) = N paélkage( +(0,1)

hasincoming (I: location) = - loglation(road(m, 1)
haseutgoing (I location) = o loglation(roa (I,m)
MaXcgpacity (0 Cap-Num) = ﬁ(t: CaEI_I\Ium(cap pre(s,t))
MiNcgpacity (s: Cap-Num) = —\(t C;JIIE)I_I\Ium(cap -pre(t, s))
)

)

~(11 #12) Vroad(11,12) v 3

m: location
SaMecomp (a: location, b: location) = reach(a, b) A reach(b, a
(at(v, lv) A reach(lv, 1)

lv: location

reach(l1: location, 12: location) = (road (11, m) A reach(m,[2

—_ e —  — O O O —

vehean reach_g (V2 vehicle, 1: location) ==

11: location \12: loglation(road(ll,l2))) ey loc%tion(haSOUthing(l)))

(l: lOCE(IZtion(p: pailkage(at(p’ 1) — » viicle(vehcanmeach,g(v, 1))

(l: loczclztion(goallocu)) g pa%kage(pkgis’g (»)))

p: package l: location(at(p’ Hyv v: veahicle(in(p’ V) = v: vezllu'cle(st Cag-Num(CapaCitY(”’ 5))))
(p: pagkage(pkgis’g () = a: locaation(b: locz(lltion(road(a’ o))

p: paélkaye(pkgis’g ®) = P2 ;Dazlckage(l: tocation SPEY D #2:))))
P pa%kage(pkgis’g(p)) T veahicle(l: loc%tion(at(v’ ) Areach(l, 1))

(Pi Pljkage(pkgis’g () = v: vehicle I location(vehcanjea‘:h’g(U7 1))

(p: p(jkage(Pkgis,g (p)) — N vezlhicle(s: Cail_Num(capacity(v, 5))))

(v: vebicte\s: Ca%l— um(capaCitY(v’ D)= @: locatable ‘I location at(z, 1))

(z: tocasabie mcaation(at(x’l))) ™ s locution\b: locstion road(a, b))))

a: locatable I: locztlztion(atg(x’ ) = a: Cag-Num(maXC“p“C“y(a)))

(w: loc%table(l: location(atg(m7 D)= l: loc%tion(goall“(l)))

@: locatable lg: loglation(atg(x’ 19))) — 1g2: loacation(goall(m(lg2)))

a: Ca%)l-Num(b: Ca%I-Num(Cap_pre(a’ b))

a: locaation b loczclbtion road(a, b))

I zoc%tion(goalloca»

I loc%tion(hasincoming 1)

1 loc%lztion(has"“tg"i”Q 1)

] 3 (at(p,))v 3 (in(p,v)))

p: package l: location v: vehicle

(T-LLM-C1)
(T-LLM-C2)
(T-LLM-C3)
(T-LLM-C4)
(T-LLM-C5)
(T-LLM-C6)
(T-LLM-C7)
(T-LLM-C8)
(T-LLM-C9)
(T-LLM-C10)
(T-LLM-C11)
(T-LLM-C12)
(T-LLM-C13)
(T-LLM-C14)
(T-LLM-C15)
(T-LLM-C16)
(T-LLM-C17)
(T-LLM-C18)
(T-LLM-C19)
(T-LLM-C20)



N
a: Cap—Num(b: Cap-Num(c: Cap-Num

3 (pkgis,g (p

p: package
3 (maxcapacity (5
s: Cap-Num

3 min ity (S
s: Cap—Num( capactty

= (goalloc(l) A Vehcan,reach,g (Ua l

v: vehicle l: location

. . (Vehcan reach_, g(vv l
v: vehicle l: location

| capacity(v, s
v: vehicle s: Cap-Num ( P Y( ’

at(x,!

x: locatable 'l: location

(atg(,l
b

x: locatable 'l: location

a: Cap-Num ‘b: CaY—Num((CapreaCh ((1 b) A CaPreqch (b a) - _‘(a

”]
V o ((maXcapacity (@) A MaXcqpacity (b) = —(a # b
”

a: Cap-Num b: Cap-Num

b

a: Cap-Num b: Cap- Num((mincapacity(a) A mincapacity( ) ((l

v ((Capreach(a b) A Ca‘preach(b C) - CapTeach(a C)

v v
a: Cap-Num "b: Cap-Num (= (cap- pre, (a,

Vv ( V  ((cap-pre(a,b) — cap,oqen (@, b

a: Cap-Num b: Cap-Num
vV ((road(a,b) Aroad(b,a) — samecomp(a,

a: location "b: location

)
)
)
)
b)
)
b)
v ((reach(a,b) A reach(b, ¢) — reach(a, c))
)
)
)
)
)
)
)

a: location "b: location c: location

YV ((road(a,b) Aroad(b,c) — reach(a,c)

a: location b: location c: location

vV ((road(a,b) — reach(a,b

a: location 'b: location

YV ((road(a,b) — road(b,a

a: location 'b: location

((reach(l1,12) A reach(i2,11) — reach(I1,11

11: location '12: location

vV ((reach(I1,12) A reach(i2,11) — reach((2,12

11: location '12: location

vV ((reach(I1,12) Areach(I2,11) — samecomyp (11,12

11: location '12: location

v ((road(11,12) A hasoutgoing({1) = hasincoming (12

l1: location 12: location

vV o (—(road(l,!

l: location

7 o (808l () = 3 (aty (P,

l: location : package )
)

v ((goal,e(l) = 3

veh l
I: location vt vehicle( can-reach.. 9( v,

V ((goalloc(l) — haSincoming (l

l: location

. Vt_ ((goaly,. (1) — hasoutgoing (!
((hasincoming(l) — 3 (road(m, l)
l: loition“hasoutgmng(l) - m: lo?ation(road(h m)

m: location
vV (reach(l,
l: location
(in(p, v

R Uehzcle )
(atg(p,lg)) — Pkgis 4(p)

l: location

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
!

3 (at(p, )V

p: package l: location

\ 3

p: package 'lg: location

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(T-LLM-C21)
(T-LLM-C22)
(T-LLM-C23)
(T-LLM-C24)
(T-LLM-C25)
(T-LLM-C26)
(T-LLM-C27)
(T-LLM-C28)
(T-LLM-C29)
(T-LLM-C30)
(T-LLM-C31)
(T-LLM-C32)
(T-LLM-C33)
(T-LLM-C34)
(T-LLM-C35)
(T-LLM-C36)
(T-LLM-C37)
(T-LLM-C38)
(T-LLM-C39)
(T-LLM-C40)
(T-LLM-C41)
(T-LLM-C42)
(T-LLM-C43)
(T-LLM-C44)
(T-LLM-C45)
(T-LLM-C46)
(T-LLM-C47)
(T-LLM-C48)
(T-LLM-C49)
(T-LLM-C50)
(T-LLM-C51)
(T-LLM-C52)

(T-LLM-C53)



vV ((at(p,10) A aty(p,lg) — reach(l0,1g))

p: package 10: location lg: location

vV ((at(p,10) A atgy(p,lg) — samecomp(10,19))

)

p: package 10: location lg: location )
p: package 'l: location v: vevhicle(ﬁ(at(p7 ) A ln(p7 7}))
)

v o( v ( v ((atp,]) = =(in(p,v)))

p: package l: location v: vehicle
((at(p,1) — reach(l,1)
p: package l: location

p: package lg: location((atg (p’ lg) - a: locztlztion(b' locztlztion(road(a b) )
v v

)
p: package vl: vehicle v2: ’UYhiCl ((ln(p’ Ul) A ln(p7 ’U2) - ﬂ(’Ul # U2))
v (v (¥ ((inpv)—=-(at(p,1)))
)

p: package v: vehicle l: location

p: pa\zkage v: vgn'cle lg: loYation((at (p’ lg) — —\(m(p, ) )
p: pa\zkage(v: WZILicle( ( ( ’U)
v v (=(ing(p,

p: package v: vehicle

v)
(at(v,1))
)

P paYk:age('u: vjncle((in(p’ v) = I locEIation
: pavkage s vopiare WP 0 7 o I (capacity (v, o)
p: paYkage((pkgis’g (p) = 10: lo?ation(at(p’ )V v vezillicle( n(p, v)
P paYkage((pkg“*-q (p) = I: locaation )

(atg (pa l) A haszncomznq<l
(

(k) 3, 600 A DS (1)

" CX)_Num((mincapacity(So) — . Cﬂap Num(maxcapamy(sM) A €ap,.eqch (80, M)
el Y ((cappre(s1,) A capepre(s1, ) — 0 £ B)

o1 07 oz o am(CaPPIE(s1, 52) = =(cap-pre(s2, 1))

52: CZ)-Num(a: CaY—Num(b: CHY.Num((CaP'Pfe(av 52) A cap-pre(b, s2) — —(a # b))

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
Vv (=(cap-pre(s, s)
)
)

s: Cap-Num
e (M canciey (5) = | ¥ ((cap-pre(s. )
o e (@iDcapciny (5) = V(= (cap-pref(, )

o CagNum(CaPreach( S

\ ((maxcapacity (SM) - 3

sM: Cap-Num s0: Cap—Num(mlncapaCZty(SO) A “@Preach (SO SM))

vV (VY

vy (. lomtion((samecomp(m v) — reach(u, v) A reach(v,u))

) v . ((Samea)mp(uyv) — Samecomp( ))
u: location v: location

Vo (samecomp(u, u
u: location

v 3 (at(v,!

v: vehicle I: location

)

3 it
v: vehicle s: Cap-Num CapaCI y(u S)
)
)

((at(v, 11) A at(v, 12) — ~(I1 # 12))
vV o (=(atg(v,1)

v: vehicle I: location

v: vehicle I1: location 12: location

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(T-LLM-C54)
(T-LLM-C55)
(T-LLM-C56)
(T-LLM-C57)
(T-LLM-C58)
(T-LLM-C59)
(T-LLM-C60)
(T-LLM-C61)
(T-LLM-C62)
(T-LLM-C63)
(T-LLM-C64)
(T-LLM-C65)
(T-LLM-C66)
(T-LLM-C67)
(T-LLM-C68)
(T-LLM-C69)
(T-LLM-C70)
(T-LLM-C71)
(T-LLM-C72)
(T-LLM-C73)
(T-LLM-C74)
(T-LLM-C75)
(T-LLM-C76)
(T-LLM-C77)
(T-LLM-C78)
(T-LLM-C79)
(T-LLM-C80)
(T-LLM-C81)
(T-LLM-C82)
(T-LLM-C83)
(T-LLM-C84)
(T-LLM-C85)



L]

v

v: vehicle I: location

at(v,l) » 3

v: vehicle I: location
v: vehicle l: location

\4
v: vehicle sl: Cap-Num s2: Cap-Num
v

v: vehicle s: Cap-Num

3
s0: Cap-Num

3
sM: Cap-Num

((capacity (v, s) —
v \4

v: vehicle s: Cap-Num

v v

v: vehicle s: Cap-Num

((capacity (v, s) —
((capacity (v, s) —
v

vv: vehicle s: Cap-Num

x: locatable 11: location 12: location

(, v ((at

x: locatable 'l1: location 12: location

v

x: locatable 'l: location

((aty(z,1) =

xz: locatable 'l: location

x: locatable 'lg: location

~(

l: location

3

(capacity (v, s)

s: Cap-Num

((at(v l) — haSzncomznq(l

3

((Vehcan reach., g(U l) — reaCh(l l

((capacity (v, s1) A capacity (v, s2) — —(s1 # s2

3

(Mincapacity (50) A €apyeqen (0,
(maXeapacity ($M) A CaPy.cqen (s, sM
(= (capacity (v, s
((at(z,11) A at(z,12) — (11 #12)

g(x, 1) Natg(z,12) — —(11 #12)
((at(z,1) = hasoutgoing (!

p: package
((at (x lg) — goalloc(lg

11: location

)
at(v, 1)
)
)

)
)
)
)
)
)
)
)
)
)
)
(=(z # )
)

(roady(11,11

)
)
)
)
)
)
)
)
)
)
)
)
)
)

CaPreqch (SdUMmy sy Sdummy

With LLM-generated descriptions:

T-LLM-C1:
T-LLM-C2:
T-LLM-C3:
T-LLM-C4:
T-LLM-C5:
T-LLM-C6:
T-LLM-C7:
T-LLM-CS8:
T-LLM-C9:

T-LLM-C10:
T-LLM-C11:
T-LLM-C12:
T-LLM-C13:
T-LLM-C14:
T-LLM-C15:
T-LLM-C16:
T-LLM-C17:
T-LLM-C18:
T-LLM-C19:
T-LLM-C20:
T-LLM-C21:
T-LLM-C22:
T-LLM-C23:

If any road exists, then some location has-outgoing (consistency between predicates).

Every location with an initial package is reachable by some vehicle (candidate).

If there exists a goal location, then at least one package is in the goals.

If there is at least one package initially, then there is at least one vehicle (as in datasets).
Goals imply there is at least one road (redundant but safe for these instances).
If there are goal packages, there is at least one package present initially (candidate).

If there are goal packages, there exists a vehicle at some location (trivial reach to itself).

If there are goal packages, then some vehicle can reach some location (trivially true).

If there are goal packages, then there is at least one vehicle available.

If there are at-goal facts, there exists at least one goal-loc.
Presence of at-goal implies there exists a goal-loc (consistency).
There is at least one link in the capacity chain.

There is at least one directed road in the map.

There exists a location that is a goal destination.

At least one location has an incoming road.

At least one location has an outgoing road.

There is at least one package mentioned in the goals.
A maximal capacity value exists in the problem instance.
A minimal capacity value exists in the problem instance.

There is at least one package initially present (either placed or loaded).

If there are at-goal facts, a max capacity exists (as in provided instances).

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

If there is any vehicle, then some object is placed at a location initially (vehicles are placed).
If any object is placed, the instance contains at least one road (as in provided datasets).

(T-LLM-C86)
(T-LLM-C87)
(T-LLM-C88)
(T-LLM-C89)
(T-LLM-C90)
(T-LLM-C91)
(T-LLM-C92)
(T-LLM-C93)
(T-LLM-C94)
(T-LLM-C95)
(T-LLM-C96)
(T-LLM-C97)
(T-LLM-C98)
(T-LLM-C99)
(T-LLM-C100)



T-LLM-C24:
T-LLM-C25:
T-LLM-C26:
T-LLM-C27:
T-LLM-C28:
T-LLM-C29:
T-LLM-C30:
T-LLM-C31:
T-LLM-C32:
T-LLM-C33:
T-LLM-C34:

T-LLM-C35

T-LLM-C37

Some vehicle can reach at least one goal location initially (candidate).
Each vehicle can reach at least one location (e.g., its own start) via reach.
There is at least one vehicle (has a capacity fact).

There is at least one object placed at some location initially.

There is at least one goal location specified.

Capacity reachability is antisymmetric (no distinct values reach each other both ways).
There is a unique maximal capacity (up to equality).

There is a unique minimal capacity (up to equality).

Capacity reachability is transitive.

No cap-pre-goal facts are used in these problems.

cap-pre implies capacity reachability.

: Mutual road connections imply being in the same component.
T-LLM-C36:
: Two-step road connectivity implies reachability along that path.
T-LLM-C38:
T-LLM-C39:
T-LLM-C40:
T-LLM-C41:
T-LLM-C42:
T-LLM-C43:
T-LLM-C44:
T-LLM-C45:

Reachability is transitive.

Any direct road implies reachability along that road.

Roads are typically bidirectional (candidate symmetry constraint).

Mutual reachability implies reflexivity (sanity check for reach).

Mutual reachability also implies reflexivity at the other endpoint.

Mutual reachability implies being in the same component (consistency with definition).
Road endpoints have corresponding outgoing/incoming properties.

The road relation has no self-loops in valid instances.

Definition

consistency: goal-loc implies some at-goal to that location.

T-LLM-C46:

T-LLM-C47

T-LLM-C49

T-LLM-C60

Every goal location is reachable by at least one vehicle initially (candidate).

: Every goal location has at least one incoming road.
T-LLM-C48:

Every goal location has at least one outgoing road.

: has-incoming implies there exists a road into the location (definition sanity).
T-LLM-C50:
T-LLM-C51:
T-LLM-C52:
T-LLM-C53:
T-LLM-C54:
T-LLM-C55:
T-LLM-C56:
T-LLM-CS57:
T-LLM-C58:
T-LLM-C59:

has-outgoing implies there exists a road out of the location (definition sanity).

Reachability is reflexive (every location reaches itself).

Every package is either at some location or inside some vehicle initially.

If a package appears in at-goal, then pkg-is-goal holds for it (definition alignment).

Each goal package’s destination is reachable from its initial location.

Each goal package’s start and destination lie in the same strongly connected component (candidate).
A package cannot be simultaneously at a location and inside a vehicle initially.

If a package is at some location initially, it is not inside any vehicle initially.

Each package’s initial location is trivially reachable from itself (sanity of reach).

Presence of goals implies the instance has at least one road (candidate).

: Each package is in at most one vehicle initially.
T-LLM-C61:
T-LLM-C62:
T-LLM-C63:
T-LLM-C64:
T-LLM-C65:
T-LLM-C66:
T-LLM-C67:
T-LLM-C68:
T-LLM-C69:
T-LLM-C70:
T-LLM-C71:

If a package is in a vehicle initially, it is not at any location initially.
Goal packages are not initially inside vehicles (as in provided instances).
Initially, no package is inside any vehicle (typical for these problems).
No in-goal facts are used in these problems.

If a package is initially in a vehicle, that vehicle has a location initially.
Any vehicle that carries a package has a capacity fact initially.

Every goal package exists initially either at a location or in a vehicle.
Every goal package’s destination has at least one incoming road.

Every goal package’s destination has at least one outgoing road.

From the min capacity you can reach some max capacity along the chain (candidate).
A capacity level has at most one distinct successor (right-unique).



L]

T-LLM-C72

T-LLM-C81

: The cap-pre relation is antisymmetric (no immediate two-cycles).
T-LLM-C73:
T-LLM-C74:
T-LLM-C75:
T-LLM-C76:
T-LLM-C77:
T-LLM-C78:
T-LLM-C79:
T-LLM-C80:

A capacity level has at most one distinct predecessor (left-unique).
The cap-pre relation is irreflexive.

Max capacity has no outgoing cap-pre edge.

Min capacity has no incoming cap-pre edge.

Capacity reachability is reflexive.

Every max capacity is reachable from some min capacity (candidate).
same-comp implies mutual reachability.

same-comp is symmetric.

: Every location is in the same component as itself.
T-LLM-C82:
T-LLM-C83:
T-LLM-C84:
T-LLM-CS85:
T-LLM-C86:
T-LLM-C87:
T-LLM-C88:
T-LLM-C89:
T-LLM-C90:
T-LLM-C91:
T-LLM-C92:
T-LLM-C93:
T-LLM-C94:
T-LLM-C95:
T-LLM-C96:
T-LLM-C97:
T-LLM-C98:
T-LLM-C99:

Every vehicle has some initial location (is placed somewhere).

Every vehicle has some initial capacity level fact.

Each vehicle is at most at one location initially.

Vehicles do not appear in at-goal facts.

Any placed vehicle has a capacity fact initially (as in provided instances).

Any location that initially hosts a vehicle has at least one incoming road.

Any location reachable by a vehicle is trivially reachable from itself (sanity of reach).
Each vehicle has at most one capacity fact initially.

Any vehicle with a capacity fact is placed at some location initially (as in provided instances).

Any vehicle capacity is above or equal to some min capacity along the chain.
Any vehicle capacity is below or equal to some max capacity along the chain.
No capacity-goal facts are used in these problems.

Each locatable is at most at one location initially.

Each locatable appears at most at one goal location.

Any location that initially hosts an object has at least one outgoing road.
Only packages appear in at-goal facts.

Any location appearing in at-goal is a goal-loc (definition sanity).

No road-goal facts are used (none appear in goals).

T-LLM-C100: Placeholder removed by next constraints (not used).

Which gives the reduced set:

3 (pkgi ) — 3 (3 (at(p2,)))v 3 (in(p2,v

p: package p2: package l: location v: vehicle

)
a: Cap—Num(b: Cag_N (Cap pre(a, b

t(p, 1
p: package I: location(a (p, )) v v: vehlcle( (p’ v
atg(z,1

x: locatable 'l: locatzon

a: Cap-Num 'b: Cag_Num((Capreach(a’ b) A Capreach(b a) — ﬁ(a’ 7é b)

a: Cap-Num(b' CaY-Num((maXC“” acity () /\ MaXeapacity (b) = ~(a 7 b

a: CaY—Num(b: Cag-Num((mincap acity (@) A MiNcapacity (0) = =(a # b

a: Cap-Num ‘b: Cap-Num ‘c: Cag/_Num((Capreach ((Z b) A Ca’preach(b C) — CaPpreqeh (a c

)
b
a: Cap-Num b: CaY—Num( (Cap pre (a7

vV ((reach(a,b) A reach(b, c) — reach(a,c)

a: location b: location c: location
VvV ((road(a,b) — road(b,a
a: location "b: location

)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
)
)

(T-LLM-1)
(T-LLM-2)
(T-LLM-3)
(T-LLM-4)
(T-LLM-5)
(T-LLM-6)
(T-LLM-7)
(T-LLM-8)
(T-LLM-9)

(T-LLM-10)

(T-LLM-11)



ey (—(road(l,1))) (T-LLM-12)
. Vt‘ ((goaly. (1) = Elh l (vehean reachg(v,1)))) (T-LLM-13)
v o (3 (at(pl))V (in(p, v))) (T-LLM-14)
p: package l: location v: vehzcle

vV ((at(p,10) A aty(p,lg) — samecomy(10,19))))) (T-LLM-15)

p: package 10: location lg: location
Vo (v  (=(in(p,0)))) (T-LLM-16)

p: package v: vehicle
Vo (v ((ing(p,v)))) (T-LLM-17)
p: package v: vehicle
p: ;Da\gkage((pkgis’g (p) - l: locEzlztion(atg (p7 l) A haSoutgozng(l)))) (T-LLM-lS)
. Cz—Num(a: C;X_Num(b: CaZNu ((cap-pre(sl,a) A cap-pre(sl,b) — —(a #1))))) (T-LLM-19)
s2: Cpum Cap»Num(b: Cag’_Nu ((cap-pre(a, s2) A cap-pre(b, s2) — —(a # b))))) (T-LLM-20)
vV (—(cap-pre(s, s))) (T-LLM-21)
s: Cap-Num
v 3 (capacity(v, s))) (T-LLM-22)
v: vehicle s: Cap-Num
N vehide(sl: CZ)_Num(SZ C:;_Num((capamty(v s1) A capacity (v, s2) — —(sl # s2))))) (T-LLM-23)
v: vgbicle st Cazl—Num((CapaCItY(v’ S) - l: locE(lztwn( ( ’l))))) (T-LLM-24)
o CaXNum((capaaty(v, s) = o CiiNum(mlncapamu (s0) A cap,.cqen (80, 9))))) (T-LLM-25)
v ( V  ((capacity(v,s) — 3 (maXcapacity (SM) A cap,eqen (s, sM))))) (T-LLM-26)
v: vehicle 's: Cap-Num sM: Cap-Num
VU U\Zhicle(s' CaglNum( (Capa(ntyg(vv, S)))) (T-LLM-27)
x: locatable 'I1: location 12: loYation((at(x ll) A at(fl? l2) - ﬁ(ll 7& 12))))) (T-LLM-ZS)
x: locatable '11: location 12: location((at (:E ll) /at (:C l2) ~ ﬁ(ll 7& ZQ))))) (T-LLM-ZQ)
LY (Y ((ab(, 1) > haseutgoing (1)) (T-LLM-30)
v o ((atg(z, ) = 3 (=(z#p))))) (T-LLM-31)
x: locatable 'I: location p: package

(3 (roady(I1,11))) (T-LLM-32)

11: location

With LLM-generated descriptions:
* T-LLM-1: If there are goal packages, there is at least one package present initially (candidate).
e T-LLM-2: There is at least one link in the capacity chain.
* T-LLM-3: There is at least one package initially present (either placed or loaded).
e T-LLM-4: There is at least one goal location specified.
» T-LLM-5: Capacity reachability is antisymmetric (no distinct values reach each other both ways).

T-LLM-6: There is a unique maximal capacity (up to equality).
e T-LLM-7: There is a unique minimal capacity (up to equality).
e T-LLM-8: Capacity reachability is transitive.

T-LLM-9: No cap-pre-goal facts are used in these problems.
T-LLM-10: Reachability is transitive.
T-LLM-11: Roads are typically bidirectional (candidate symmetry constraint).

e T-LLM-12: The road relation has no self-loops in valid instances.

T-LLM-13: Every goal location is reachable by at least one vehicle initially (candidate).



L]

T-LLM-14

: Every package is either at some location or inside some vehicle initially.
T-LLM-15:
T-LLM-16:
T-LLM-17:
T-LLM-18:
T-LLM-19:
T-LLM-20:
T-LLM-21:
T-LLM-22:
T-LLM-23:
T-LLM-24:
T-LLM-25:
T-LLM-26:
T-LLM-27:
T-LLM-28:
T-LLM-29:
T-LLM-30:
T-LLM-31:
T-LLM-32:

Each goal package’s start and destination lie in the same strongly connected component (candidate).

Initially, no package is inside any vehicle (typical for these problems).

No in-goal facts are used in these problems.

Every goal package’s destination has at least one outgoing road.

A capacity level has at most one distinct successor (right-unique).

A capacity level has at most one distinct predecessor (left-unique).

The cap-pre relation is irreflexive.

Every vehicle has some initial capacity level fact.

Each vehicle has at most one capacity fact initially.

Any vehicle with a capacity fact is placed at some location initially (as in provided instances).
Any vehicle capacity is above or equal to some min capacity along the chain.
Any vehicle capacity is below or equal to some max capacity along the chain.
No capacity-goal facts are used in these problems.

Each locatable is at most at one location initially.

Each locatable appears at most at one goal location.

Any location that initially hosts an object has at least one outgoing road.
Only packages appear in at-goal facts.

No road-goal facts are used (none appear in goals).



Floortile

Candidate constraints:

adjacent(x: tile, y: tile) = up(z,y) V down(z,y) V left(z,y) V right(z, y)
connected(x: tile, y: tile) .= adjacent(z, y) V ;I_l (adjacent(z, z) A connected(z, y))
freegiie (x: tile) == clear(x) A —(occupied(x))
goal_;,,. (c: color) = EI (pamted (z,¢))
goaly,;, (z: tile) == EI (painted, (7, c))

c: color
has,ecighbor (: tile) == % (adjacent(z,y))

hreach(x: tile, y: tile) .=
right(y, z) V left(y, z) V ;I_l (right(z, z) A hreach(z,y)) v 3 (left(z, x) A hreach(z,y))

z: tile

occupied(z: tile) == 3 (robot-at(r,z))

r: robot .
r0bOtyeachapie(: tile) == 3 (3 (robot-at(r,y) A connected(y, z)))
r: robot y: tile
vreach(x: tile, y: tile) ==

up(y,z) V down(y, z) V ;I.l (up(z,z) A vreach(z,y)) vV 3 (down(z,x) A vreach(z,y))

z: tile

. Cﬂolor(available—color(c))

v raborz: 11 TOPOV AL 2)))

ac: %lile(c: caolor(palnted (@,¢)))

. cYlor((avauilable-color(c) — . T%bot(robot has(r, c))))

. C‘Zlor((available—colorg( ¢) — available-color(c)))

Y ((80alior(c) >3 (painted, (x.6))))

. CZ’Z ((goal,.;,,.(c ) — available-color(c)))

A Yobot ac:Yz’l ((robot-at(rl,z) A robot-at(r2,z) — rl # r2))))
r1: robot r2: yobot(w:Yize((rObOt_atg(Tl’ z) Arobot-aty(r2, z) — 71 # 72))))
r: robot ‘c: CHOZOT(robot-has( r:c)))

S G A O cVo’lor((robot has(r, ¢) A robot-has(r,d) — ¢ # d))))

v ibores tara: r(FOPOE1A85(7 ) A robot-has, (r,d) = ¢ # d))))
il C*z’lor((robot—has(r, ¢) — available-color(c))))

N TVo’bot(c: C‘Zlo ((robot-has, (r, ¢) — available-color(c))))

e ot o ((rODOt-has, (1, €) — robot-has(r, ¢))))

vt ite\e czlor((rObOt_atg(T’ @) A\ painted (z, ¢) — available-color(c)))))
N Tibot(wz\tfile(y:Yile((robot—at(r, x) A adjacent(y, x) — clear(y)))))

v pors: ey Y (FoPOYaL(r, 2) A down(y, @) — clear(y))))

N Tvobot(x:Yile(y;Yile((rObOt_at(r7 x) Aleft(y, ) — clear(y)))))

Y (V ((robot-at(r,z) Aright(y, z) — clear(y)))))

r: robot x: tile y: tile

(F-LLM-C1)
(F-LLM-C2)
(F-LLM-C3)
(F-LLM-C4)
(F-LLM-C5)
(F-LLM-C6)
(F-LLM-C7)
(F-LLM-C8)
(F-LLM-C9)
(F-LLM-C10)
(F-LLM-C11)
(F-LLM-C12)
(F-LLM-C13)
(F-LLM-C14)
(F-LLM-C15)
(F-LLM-C16)
(F-LLM-C17)
(F-LLM-C18)
(F-LLM-C19)

(F-LLM-C20)



LYY (Y (robot-at(r,2) A robot-at(r.y) — = # 1)) (F-LLM-C21)
LYY (Y (vobot-at(r,2) A up(y, ) — clear(y)))) (F-LLM-C22)
LYY (obotaty (r,2) A robot-aty(r,g) — 2 #)))) (F-LLM-C23)
¥ (Y (~(robot-at(r, z) A clear(x))) (F-LLM-C24)

Y (Y (s(robot-aty(r, z) A clear, (x)))) (F-LLM-C25)

Y (Y (vobot-at(r, @) > hasueighbor(7)))) (F-LLM-C26)

Y (Y ((robot-aty(r, x) — robot-at(r, 2))) (F-LLM-C27)

V. ((free-color(r) = ¥ (=(robot-has(r, c))))) (F-LLM-C28)

Y. ((free-color, (r) — free-color(r)) (F-LLM-C29)

¥ ((~(clear(x)) » 3 _(robot-at(r, z)))) (F-LLM-C30)

Y ((~(clear(x)) — occupied(z))) (F-LLM-C31)

¥ ((clear(z) A ~(occupied(z)) — freeyire(2))) (F-LLM-C32)

¥ (Y (Y ((painted, (v, ¢) A painted, (,d) > ¢ £ d)) (F-LLM-C33)
Y (Y (~(painted,(,¢) Acleary(2)))) (F-LLM-C34)

¥ (Y ((painted(z, ¢) — ~(clear(x)))) (F-LLM-C35)

¥ (Y ((painted, (. ) > ~(painted(z, )))) (F-LLM-C36)

Y (Y ((painted,(x, ¢) > available-color(c)))) (F-LLM-C37)

¥ (Y (Y (~(painted(z, c) A robot-at(r, )))) (F-LLM-C38)

Y, 0¥ ((adjacent (. y) A adjacent(y, x) — hasucignsor (r)))) (F-LLM-C39)
L7 (up(a.y) v down(a, ) V left(r. ) V right(z, ) — adjacent(r.y)))) (F-LLM-C40)
LYY (Y, (down(a,y) A down(z,2) >y # 2)))) (F-LLM-C41)

L7 (Y, (down(y,2) A down(z,2) =y # 2)))) (F-LLM-C42)
LYY Y (et y) Alef(n, 2) = y # 2)))) (F-LLM-C43)
LYY (Ceft(y,2) Alefi(z,2) =y # 2)))) (F-LLM-C44)

o 7Y O Y ((right(a, y) Arvight(z, 2) = y # 2)))) (F-LLM-C45)

o T (Y Y ((right(y, 2) Aright(z, 2) =y # 2)))) (F-LLM-C46)

o T Y Y ((up(,y) Aup(a,2) =y # 2))) (F-LLM-C47)

o T Y, (up(y, @) Aup(z,2) =y # 2))) (F-LLM-C48)
L7 (—(down(z,y) A down(y, 2)))) (F-LLM-C49)

LYY (Seft(a, ) A down(z,y)) (F-LLM-C50)

L7 (Hlefi(e,y) Aledt(y, 2))) (F-LLM-C51)

V(Y (=(left(z,y) Aup(e, ) (F-LLM-C52)

x: tile y: tile



x: tile y: tile

x: tile y: tile

v

x: tile 'y tile

YV (—(right(z,y) A down(z,y

x: tile y: tile

vV (V (—(right(z,y) Aleft(z,y

v A

x: til

x: tile
v

x: ti

v

x: til

x:

v

e y: tile

v (

(Y (=(lefty(z,y) Aright,(z,y

YV (—(right(z,y) A right(y, «

y: tile

V(= (right(z,y) Aup(z,y

le y: tile

( ¥ (=(up(z,y) A down(z,y

e y: tile

V (VY (=(up(z,y) Aup(y,z

tile y: tile

x: tile y: tile
vV (V ((adjacent(z,y) — up(z,y) V down(z,y) V left(z,y) V right(z, y

( ¥V (=(upy(z,y) A downgy(z,y

vV (V ((adjacent(z,y) — adjacent(y, x

x: tile y: tile

vV (V ((adjacent(z,y) — connected(z,y

x: tile y: tile

Y ( V ((adjacent(z,y) — connected(y, x

xz: tile y: tile

YV ( V ((connected(x,y) — connected(y, z

wtz

v

x: tile y:

N

x: tile y:

v

((down(z,y) — up(y,x

le 'y: tzl

tile

tile

( V ((down(zx,y) — vreach(x,y

(v ((downg(z,y) = up(y,=
x: tile y: tile

vV (V ((hreach(z,y) — connected(z,y

x: tile y: tile

v A

x: tile

v (

vV ((left(z,

y: tile

x: tile y: tile

v (

vV ((lefty(z,

x: tile y: tile

y) — hreach(z,y

vV ((left(z,y) — right(y, =

y) = left(z,y

Vo (V ((lefty(x,y) — right(y,z

x: tile y: tile

v

x: tile y:

v (

(v ((right(z,

tile

x: tile y: tile

v

(v ((right(z,

x: tile y: tile

y) — hreach(z,y

YV ((right(z,y) — left(y, =

y) — left(y,

V(Y ((right,(z,y) — right(z,y

x: tile y: tile

VY (¥ ((up(z,y) — down(y,

x: ti

le y: tile

vV (V ((up(z,y) — vreach(z,y

x: tile y: tile

v

x:

v —d
@ tile(y: tile((ng(x Y) own(y, x

vV (Y ((upy(z,y) — up(z,y

tile y: tile

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
( ¥V ((downg(z,y) — down(z,y
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

VvV (V ((vreach(z,y) — connected(x,y

x: tile y: tile

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(F-LLM-C53)
(F-LLM-C54)
(F-LLM-C55)
(F-LLM-C56)
(F-LLM-C57)
(F-LLM-C58)
(F-LLM-C59)
(F-LLM-C60)
(F-LLM-C61)
(F-LLM-C62)
(F-LLM-C63)
(F-LLM-C64)
(F-LLM-C65)
(F-LLM-C66)
(F-LLM-C67)
(F-LLM-C68)
(F-LLM-C69)
(F-LLM-C70)
(F-LLM-C71)
(F-LLM-C72)
(F-LLM-C73)
(F-LLM-C74)
(F-LLM-C75)
(F-LLM-C76)
(F-LLM-C77)
(F-LLM-C78)
(F-LLM-C79)
(F-LLM-C80)
(F-LLM-C81)
(F-LLM-C82)
(F-LLM-C83)



vV (—(adjacent(z, z

x: tile

x: tile

x: tile

vV (—=(down(z,z

x: tile

(

(

vV (—(left(z, x

YV (—(right(z, x
p(

(=(u

p(x, x

x: lee

vV ((cleary(x) — clear(z

x: tile

YV ((freegize(z) — —(occupied(x)

x: tile

YV ((freegie(z) — clear(x

x: tile

x: tile

v ((goalye(x) = 3

x: tile r: robot y: tile

Y ((goalye ()

3

color

(3 (robot-at(r,y) A connected(y, x)

(painted, (z, c

)
)

vV ((goalyy.(x) — haspeighbor (@

x: tile

vV ((goaly;.(z) — 10bOtyreachabie (T

x: tile

x: tile

-Y‘l ((occupied(x) — —(clear

Yz ((occupied(z) — —(freege

vV ((haspeighbor(z) = %I‘l (adjacent(z,y
y: tile

)
x)
)

T

(
(

A ((occupied(x) — I'ObOtreachable(m
x: tile

A ((rObOtreachable (LL') —

x: tile

With LLM-generated descriptions:

F-LLM-C1:
F-LLM-C2:
F-LLM-C3:
F-LLM-C4:
F-LLM-CS:
F-LLM-C6:
F-LLM-C7:
F-LLM-C8:
F-LLM-C9:

F-LLM-C10:

F-LLM-C11
F-LLM-C12
F-LLM-C13
F-LLM-C14
F-LLM-C15
F-LLM-C16
F-LLM-C17
F-LLM-C18

F-LLM-C19:
F-LLM-C20:

There is at least one available color.

There exists at least one robot-at fact initially.

There is at least one goal-painted tile.

Each available color is initially held by some robot.

Any available-color-goal, if present, implies available-color.
Definition sanity: goal-color implies it colors some goal tile.
Any color that appears in the painting goal is available.

No two distinct robots share a tile initially.

Distinctness for multiple robots at the same goal tile.

Every robot initially holds some color.

( 3 (robot-at(r,y))

r: robot y: tile

: If a robot has two colors listed, they are different (functional-like constraint).

: Distinctness for multiple robot-has-goal colors.
: Any color held by a robot is available.
: Any goal-assigned robot color should be an available color.

: Any robot-has-goal atom, if present, corresponds to initial robot-has (vacuous here).

: If goals mention a robot at a goal-painted tile, that goal color is available (vacuous here).

: Any adjacent neighbor of a robot’s tile is clear initially (derived version).

: Any down neighbor of a robot’s tile is clear initially (as in provided instances).

Any left neighbor of a robot’s tile is clear initially (as in provided instances).
Any right neighbor of a robot’s tile is clear initially (as in provided instances).

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

(F-LLM-C84)
(F-LLM-C85)
(F-LLM-C86)
(F-LLM-C87)
(F-LLM-C88)
(F-LLM-C89)
(F-LLM-C90)
(F-LLM-C91)
(F-LLM-C92)
(F-LLM-C93)
(F-LLM-C94)
(F-LLM-C95)
(F-LLM-C96)
(F-LLM-C97)
(F-LLM-C98)
(F-LLM-C99)

(F-LLM-C100)



F-LLM-C21: Each robot is at most at one tile.

F-LLM-C22: Any up neighbor of a robot’s tile is clear initially (as in provided instances).
F-LLM-C23: Distinctness for multiple robot-at-goal positions per robot.

F-LLM-C24: A robot cannot be on a clear tile initially.

F-LLM-C25: No robot-at-goal tile is also clear-goal (if both present).

F-LLM-C26: Every robot stands on a tile that has at least one neighbor (always true in grids).
F-LLM-C27: Any robot-at-goal atom, if present, corresponds to initial robot-at (vacuous in instances).
F-LLM-C28: If a robot is flagged with free-color, it holds no color initially.

F-LLM-C29: Any free-color-goal implies free-color.

F-LLM-C30: Every non-clear tile is initially occupied by some robot.

F-LLM-C31: Every non-clear tile is occupied (derived restatement).

F-LLM-C32: If a tile is clear and unoccupied, it is a free-tile (derived).

F-LLM-C33: Distinctness for multiple painted-goal colors on the same tile.

F-LLM-C34: No tile is both painted-goal and clear-goal (if both are present in goal).
F-LLM-C35: Painted tiles are not clear.

F-LLM-C36: Goal-painted tiles are not already painted initially (holds in provided instances).
F-LLM-C37: Goal uses only available colors.

F-LLM-C38: No tile is both painted and occupied initially.

F-LLM-C39: If x is adjacent to y and vice versa, x has a neighbor (tautology).

F-LLM-C40: Primitive adjacencies imply derived adjacent.

F-LLM-C41: Distinct down predecessors to the same target must be different (distinctness).
F-LLM-C42: Distinct down targets from the same source must be different (distinctness).
F-LLM-C43: Distinct left predecessors to the same target must be different (distinctness).
F-LLM-C44: Distinct left targets from the same source must be different (distinctness).
F-LLM-C45: Distinct right predecessors to the same target must be different (distinctness).
F-LLM-C46: Distinct right targets from the same source must be different (functional-like uniqueness).
F-LLM-C47: Distinct up predecessors to the same target must be different (distinctness).
F-LLM-C48: Distinct up targets from the same source must be different (distinctness).
F-LLM-C49: down is antisymmetric (no two-way down).

F-LLM-C50: A pair cannot be both left and down relations simultaneously.

F-LLM-CS51: left is antisymmetric (no two-way left).

F-LLM-C52: A pair cannot be both left and up relations simultaneously.

F-LLM-C53: No pair is both left-goal and right-goal simultaneously (if such atoms exist).
F-LLM-C54: A pair cannot be both right and down relations simultaneously.

F-LLM-C55: No pair of tiles is both right and left in the same direction ordering.
F-LLM-C56: right is antisymmetric (no two-way right).

F-LLM-C57: A pair cannot be both right and up relations simultaneously.

F-LLM-C58: No pair is simultaneously up and down in the same ordering.

F-LLM-C59: up is antisymmetric (no two-way up).

F-LLM-C60: No pair is both up-goal and down-goal simultaneously (if such atoms exist).
F-LLM-C61: Derived adjacent implies one of the primitive adjacencies.

F-LLM-C62: Adjacency is symmetric in these grids (holds in provided instances).
F-LLM-C63: Adjacency implies connectivity.

F-LLM-C64: Adjacency in one direction implies connectivity in the reverse direction as well.
F-LLM-C65: Connectivity is symmetric (given undirected adjacency in instances).
F-LLM-C66: down is the inverse of up (other direction).

F-LLM-C67: down implies vertical reachability (derived).

F-LLM-C68: Any down-goal atom, if present, corresponds to a down relation.

F-LLM-C609: If a down-goal edge were present, the inverse up edge should hold initially.



F-LLM-C70

F-LLM-C71:

F-LLM-C72

F-LLM-C73:

F-LLM-C74:

F-LLM-C75:

F-LLM-C76:

F-LLM-C77:

F-LLM-C78:

F-LLM-C79:

F-LLM-C80:

F-LLM-C81:

F-LLM-C82:

F-LLM-C83

F-LLM-C&84:

F-LLM-C85

F-LLM-C86:

F-LLM-C87:

F-LLM-C88:

F-LLM-C&89:

F-LLM-C90:

F-LLM-C91:

F-LLM-C92:

F-LLM-C93:

F-LLM-C9%4:

F-LLM-C95:

F-LLM-C96:

F-LLM-C97:

F-LLM-C98:

F-LLM-C99:

: Horizontal reachability implies connectivity.

left implies horizontal reachability (derived).

: left is the inverse of right (other direction).

Any left-goal atom, if present, corresponds to a left relation.

If a left-goal edge were present, the inverse right edge should hold initially.
right implies horizontal reachability (derived).

right is the inverse of left (one direction).

If a right-goal edge were present, the inverse left edge should hold initially.
Any right-goal atom, if present, corresponds to a right relation.

up is the inverse of down (one direction).

up implies vertical reachability (derived).

If an up-goal edge were present, the inverse down edge should hold initially.

Any up-goal atom, if present, corresponds to an up relation.

: Vertical reachability implies connectivity.

No self-adjacency in derived adjacent.

: No self-loop for down.

No self-loop for left.

No self-loop for right.

No self-loop for up.

Any clear-goal atom, if present, corresponds to clear.

Derived free-tile excludes occupancy.

Derived free-tile implies clear.

Definition sanity: goal-tile implies it has some painted-goal color.
Every goal tile is connected to some initial robot location (explicit form).
Every goal tile has at least one neighbor (true in provided grids).
Every goal tile is connected to some robot initially.

Sanity: has-neighbor implies existence of some adjacent tile.
Occupied tiles are not clear (using derived occupied).

Occupied implies not free-tile (derived).

Any occupied tile is trivially robot-reachable.

F-LLM-C100: Robot reachability implies at least one robot exists (trivial sanity).



Which gives the reduced set:

z:%Iile(C: Cﬂolor(painted (z,0))) (F-LLM-1)

. CZ’lor((a\/ailable—color(c) - r%bot(robot has(r, ¢)))) (F-LLM-2)

. Czlor((awailable—colorg( ¢) — available-color(c))) (F-LLM-3)

r: robot ‘c: EZOr(rObOt_hab( ) (F-LLM-4)

S G A O CVolor((robot -hasy(r, ¢) A robot-hasy(r,d) — ¢ # d)))) (F-LLM-5)
A Czlor((robot—has(n ¢) — available-color(c)))) (F-LLM-6)

. Tibot(m:Yile(yizle((robot—at(r, x) Aup(y,x) — clear(y))))) (F-LLM-7)
. X)bot(x:zle(y:Yile((robot—atg(r, x) Arobot-at,(r,y) = = #y)))) (F-LLM-8)
e x:Yﬂe((TObOt‘at(ﬂ z) = haspeighbor ()))) (F-LLM-9)

. szot((free—color(r) - izor(_'(mbOt_haS( r,¢))))) (F-LLM-10)

N Tibot((free—colorg( r) — free-color(r))) (F-LLM-11)

r:Y’ile((ﬂ(clear(x)) — occupied(x))) (F-LLM-12)

LY (Y (H(painted (7, ) A cleary (x)))) (F-LLM-13)

a: tile e cvolor«painted(x’ ¢) = ~(clear(x))))) (F-LLM-14)

w:Yile(C: Czlor((painted (z, ¢) — available-color(c)))) (F-LLM-15)
LV L czlor( —(painted(z, ¢) A robot-at(r,z))))) (F-LLM-16)

o: Ve 7 (S (right(2, y) A down(z, 7)) (F-LLM-17)

¥ (S(right(r,y) Aright(y, ) (FLLM-18)

zjﬂe(y:\jﬂ (—(right(z, y) A up(z,y)))) (F-LLM-19)

o 00 (S(up(e, y) Aup(y, ) (F-LLM-20)
x:zle(yzzle((connected(:ﬂ y) — connected(y, x)))) (F-LLM-21)

Y0 (down(e,y) > uply, ) (FLLM-22)

o viey v, ((downy(z,y) = up(y,z)))) (F-LLM-23)

vty m(,«hfeach(xa y) = comnected(,4)))) (F-LLM-24)

LY ((eft(e,y) — right(y. 2)))) (F-LLM-25)

YO (1ot () — right(y, 7)) (F-LLM-26)

o Tl Y ((right(2, ) = left(y, 2)))) (F-LLM-27)

o T, 7 ((righty (2, y) — right(z, ) (F-LLM-28)

x:\tfile(y: Yﬂe((up(aﬁ, y) — down(y, )))) (F-LLM-29)

vV (Y ((upy(z,y) = up(z,y)))) (F-LLM-30)

x: tile y: tile



m:Yile(y: Zle((vreach(x, y) — connected(zx,y)))) (F-LLM-31)
mzzle((clearg(:z:) — clear(z))) (F-LLM-32)
x;Yue((goalt“E(I) — haspeighbor ())) (F-LLM-33)
x;y;ze((goalt“e(x) — 10bOtreachable(T))) (F-LLM-34)

vV ((occupied(z) — —(clear(x)))) (F-LLM-35)

x: tile

With LLM-generated descriptions:

F-LLM-1: There is at least one goal-painted tile.

F-LLM-2: Each available color is initially held by some robot.

F-LLM-3: Any available-color-goal, if present, implies available-color.

F-LLM-4: Every robot initially holds some color.

F-LLM-5: Distinctness for multiple robot-has-goal colors.

F-LLM-6: Any color held by a robot is available.

F-LLM-7: Any up neighbor of a robot’s tile is clear initially (as in provided instances).
F-LLM-8: Distinctness for multiple robot-at-goal positions per robot.

F-LLM-9: Every robot stands on a tile that has at least one neighbor (always true in grids).
F-LLM-10: If a robot is flagged with free-color, it holds no color initially.

F-LLM-11: Any free-color-goal implies free-color.

F-LLM-12: Every non-clear tile is occupied (derived restatement).

F-LLM-13: No tile is both painted-goal and clear-goal (if both are present in goal).
F-LLM-14: Painted tiles are not clear.

F-LLM-15: Goal uses only available colors.

F-LLM-16: No tile is both painted and occupied initially.

F-LLM-17: A pair cannot be both right and down relations simultaneously.
F-LLM-18: right is antisymmetric (no two-way right).

F-LLM-19: A pair cannot be both right and up relations simultaneously.

F-LLM-20: up is antisymmetric (no two-way up).

F-LLM-21: Connectivity is symmetric (given undirected adjacency in instances).
F-LLM-22: down is the inverse of up (other direction).

F-LLM-23: If a down-goal edge were present, the inverse up edge should hold initially.
F-LLM-24: Horizontal reachability implies connectivity.

F-LLM-25: left is the inverse of right (other direction).

F-LLM-26: If a left-goal edge were present, the inverse right edge should hold initially.
F-LLM-27: right is the inverse of left (one direction).

F-LLM-28: Any right-goal atom, if present, corresponds to a right relation.
F-LLM-29: up is the inverse of down (one direction).

F-LLM-30: Any up-goal atom, if present, corresponds to an up relation.

F-LLM-31: Vertical reachability implies connectivity.

F-LLM-32: Any clear-goal atom, if present, corresponds to clear.

F-LLM-33: Every goal tile has at least one neighbor (true in provided grids).
F-LLM-34: Every goal tile is connected to some robot initially.

F-LLM-35: Occupied tiles are not clear (using derived occupied).



Grid

Candidate constraints:
connectedndirected (Z: 0bj, y: 0bj) == conn(z,y) V conn(y, x)
haskey_shape(k: 0bj) = _3 (key shape(k, s))
hasjocr (x: 0bj) == _EI (lock shape(z, s))
keyor,held(k: Ob]) = Hb(a't(kap» v hOIdlng(k)

p: obj
located(k: obj) == (at(k,p))
p: ob]

match(k: obj, x: obj) = ‘3 (key—shape(k: s) A lock-shape(z, s))

3 (place(p)

p: obj
3 (at-robot(x)
b

x: obj

Vb(conng (a,b) > a#

av’b(connectedund"ected(a b) — place(a)
av’b(connectedundwected(a b) — place(b)

Yd(conng(c7 d) — conny(d, c)

Cl\ii&(conn(cl, ¢2) — connected,ndirected(cl, c2)

mVCy(conng(cx, cy) — conn(cz, cy)
dleQ(connectedund”ecm(dl d2) — connectedyndirected(d2, d1)
;]Vl_(openg(gw) — —(lockedy(gx))

}‘zc(haskeyfshape(hk) — key(hk)

hV (hasjoek (ha) — place(hx)

kV,p(at(k: p) — —(holding(k))

kV (at(k,p) — k #

A v (at(k, p) — key(k

P

kV (at(k,p) — place(p
v (holding(k) — —(at(k, p)

k,p
YV (at(k,pl) Aat(k,p2) — —(pl # p2
k,pl,p2
V (key-shape(k, s) — key(k

k,s

)
)
)
)
)
¥ (key-shape(k, 5) — shape(s)
)
)
)
)

vV (key-shape(k, s1) A key shape(k, s2) — —(s1 # s2

k,sl,s2

)
)
)
)
)
)
)
)
)
)
)
)
)
# D)
)
)
)
)
)
)
)
V(key(k) A arm-empty() — ~(holding(k))
V.3, (key(k) - shape(s) A key-shape(k. )))
)

z Vb_((key(k) — —(lock-shape(k, s))
s: obj

(G-LLM-C1)
(G-LLM-C2)
(G-LLM-C3)
(G-LLM-C4)
(G-LLM-C5)
(G-LLM-C6)
(G-LLM-C7)
(G-LLM-C8)
(G-LLM-C9)

(G-LLM-C10)

(G-LLM-C11)

(G-LLM-C12)

(G-LLM-C13)

(G-LLM-C14)

(G-LLM-C15)

(G-LLM-C16)

(G-LLM-C17)

(G-LLM-C18)

(G-LLM-C19)

(G-LLM-C20)

(G-LLM-C21)

(G-LLM-C22)

(G-LLM-C23)

(G-LLM-C24)



Y(holding(k) — —(arm-empty/()
V(holding( ) = key(k
V(key(k;) —> EI (at(k p)) V holding(k

k1,k2
MV (shape(sl) — —(at(k1,s1)

V. (atg(kg, pl) Aaty(kg,p2) — =(pl # p2

)

)

)

N (holdmg(k‘l) A hold1ng(k2) — (k1 # k2)
)

kg,p1,p2 )
)

kV (aty(kg,pg) — —(holding, (kg)
9,09

Y (aty(kg,pg) = kg # pg

9.p9
LV (aty(kg, pg) — key(kg)

9,09
vV (atg(kg,pg) — place(pg)

kg,pg

V (keyg(kgk) — key(kgk)
V (holdlngq(k'h) — key(kh)
kkv (key—shape(k‘k‘, ss) — kk # ss
]y]’c(key(kk) — hasSkey_shape (kk
gg(kengk) - keyor,held(kk
V (keyor,held(k‘k) — key(kk
. v (key(k:a:) — —(conn(kx, yl)
kV(key(k:z) — —(lockedy (k2)
V(key(kz) — —(open,, (kz)
V (locked (lgx) — place(lgx
v 3 ((lock—shape(lx s) — key-shape(k, s)

lx,sk: obj
lV (lock-shape(lz, s) — locked(lx
x

k: obj

ZS: %bj((locked(lm) — shape(s) A lock-shape(lz, s)
V(haslock(lx) — —(open(lzx)

X(haslock (lz) — locked(lz

V(locked(lx) — hasjoer (I

OV (open, (ogx) — place(ogz

Y (place, (pgp) — place(pgp

V (place(px) — —(shape(pz)
5)

v (open( — —(lock-shape(q,

q,8

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
)
)
)
)
)
¥ 3 ((locked(lz) — match(k, 1))
)
)
)
)
)
)
)
)
)

q)
V= (open(q) A locked(gq
q

(G-LLM-C25)
(G-LLM-C26)
(G-LLM-C27)
(G-LLM-C28)
(G-LLM-C29)
(G-LLM-C30)
(G-LLM-C31)
(G-LLM-C32)
(G-LLM-C33)
(G-LLM-C34)
(G-LLM-C35)
(G-LLM-C36)
(G-LLM-C37)
(G-LLM-C38)
(G-LLM-C39)
(G-LLM-C40)
(G-LLM-C41)
(G-LLM-C42)
(G-LLM-C43)
(G-LLM-C44)
(G-LLM-C45)
(G-LLM-C46)
(G-LLM-C47)
(G-LLM-C48)
(G-LLM-C49)
(G-LLM-C50)
(G-LLM-C51)
(G-LLM-C52)
(G-LLM-C53)
(G-LLM-C54)
(G-LLM-C55)
(G-LLM-C56)



V (at-robot(r) A shape(s) = r # s

T,8

V (at-robot(r) A key(y) — r #

' Y(at—robot( r) — open(r
TVg(at—robotg(rg) — open(rg
Z’l(at—robotg(rg) — place(rg
rglﬁf’rﬁ(at-robotg(rgl) A at-roboty(rg2) — —(rgl # rg2
gY’I(Shape( s) — —(conn(s, x

slVyp(shape(sl) — —(at(sl,p

82?; (shape(s2) — —(lock-shape(s2, 22

)
)
)
7 (shape(s3) — ~(key-shape(s3, 3)
)
)
)

V(shape(sg) — —(at-robot,(sg

V(bhape(sg) — —(open, (sg
59

)
)
)
)
)
)
)
)
)
)
)
)

(
V(shape(sg) — —(lockedy(sg

(

(

V (shape,(sgs) — shape(sgs
sgs

V (conn(u,v) = u # v

IV (lock- shape(:z: s) — place(z

TVg(lock—shape(x, s) — shape(s

| IVS(shape(s) — —(conn(z, )
szY’SQ(lock—shape(x, s1) A loclé—shape(x, §2) — (sl # s2

Y (at-robot(x) A at-robot(y) — —(z #y
z,Yy

Y (conn(z,y) — conn(y,x
€y

V (conn — place(z

¥ (conn(z, y)
wVU(conn(x y) — place(y
xVy(COnng x,y) — place(x
z’Vy(conng(x y)
Ys:vobj((place(;c) — —(key-shape(z, s))
v(at-robot(x) — place(z
¥(key(z) — ~(at-robot ()
¥(key (z) — —(locked ()
x)
\Z(keY(af) — —(place(x)
Y(locked(z) — place

V(key(z) — —(open

)
y)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
(x)))
()
(x)))
(x)))
)
)

A~ o~

V(open(x) — place

(G-LLM-C57)
(G-LLM-C58)
(G-LLM-C59)
(G-LLM-C60)
(G-LLM-C61)
(G-LLM-C62)
(G-LLM-C63)
(G-LLM-C64)
(G-LLM-C65)
(G-LLM-C66)
(G-LLM-C67)
(G-LLM-C68)
(G-LLM-C69)
(G-LLM-C70)
(G-LLM-C71)
(G-LLM-C72)
(G-LLM-C73)
(G-LLM-C74)
(G-LLM-C75)
(G-LLM-C76)
(G-LLM-C77)
(G-LLM-C78)
(G-LLM-C79)
(G-LLM-C80)
(G-LLM-C81)
(G-LLM-C82)
(G-LLM-C83)
(G-LLM-C84)
(G-LLM-C85)
(G-LLM-C86)
(G-LLM-C87)
(G-LLM-C88)
(G-LLM-C89)



Y(plaee( x) = —(key(z

V(shape(x) — —(at-robot(x

V(shape(z) — —(key

)

)

z)

¥(shape(r) — —(locked(z)
)

)

(
(
Y(shape( x) — —(open(x

V(shape(z) — —(place(x

V (lock-shape,(zg,sg) — place(zg
rg,8g

V (lock-shape (g, sg) — shape(sg

©g,s9
vV (lock-shape(zz, ss) — xx # ss
TT,88

)
)
)
)
)
)
)
)

vV (key(kx) — —(conn(y2, kx))

y2,kx

With LLM-generated descriptions:

G-LLM-C1:
G-LLM-C2:
G-LLM-C3:
G-LLM-C4:
G-LLM-CS:
G-LLM-Cé6:
G-LLM-C7:
G-LLM-CS8:
G-LLM-C9:

G-LLM-C10:
G-LLM-C11:
G-LLM-C12:
G-LLM-C13:
G-LLM-C14:

G-LLM-C15

G-LLM-CI16:
G-LLM-C17:
G-LLM-C18:
G-LLM-C19:
G-LLM-C20:
G-LLM-C21:

G-LLM-C22

G-LLM-C23:
G-LLM-C24:
G-LLM-C25:
G-LLM-C26:
G-LLM-C27:
G-LLM-C28:
G-LLM-C29:

There exists at least one place.

There exists a robot location.

Goal connections are between distinct places.
Undirected connection implies first arg is a place.
Undirected connection implies second arg is a place.
Goal connectivity is symmetric if present.

conn(x,y) implies connected-undirected(x,y).

If a connection appears in the goal, it is a base connection.

connected-undirected is symmetric.

Derived: has-key-shape(k) implies k is a key.
Derived: has-lock(x) implies x is a place.

A key cannot be at a place and held simultaneously.
Keys and places are distinct in at(k,p).

: Typing: at(k,p) implies k is a key.

Typing: at(k,p) implies p is a place.

If a key is held then it is not at any place.

Each key is at most at one place initially.

Typing: key-shape(k,s) implies k is a key.

Typing: key-shape(k,s) implies s is a shape.
Key-shape is functionally unique per key.

: If arm is empty then no key is held.

Each key has some associated shape.

No key appears as the place argument of lock-shape.
If holding some key then the arm is not empty.
Holding implies the object is a key.

Every key is either at some place or held.

At most one key is held initially.

Shapes are not used as the second argument of at.

V= (conn(z, z)

Goal-open and goal-locked are mutex for the same place.

(G-LLM-C90)
(G-LLM-C91)
(G-LLM-C92)
(G-LLM-C93)
(G-LLM-C94)
(G-LLM-C95)
(G-LLM-C96)
(G-LLM-C97)
(G-LLM-C98)
(G-LLM-C99)
(G-LLM-C100)



G-LLM-C30: Goal assigns at most one target place per key.
G-LLM-C31: If a key must end at a place in the goal, it is not required to be held in the goal.
G-LLM-C32: Goal at(k,p) uses distinct objects.

G-LLM-C33: Goal at(k,p) uses a key as first argument.

G-LLM-C34: Goal at(k,p) uses a place as second argument.
G-LLM-C35: key-goal implies the object is a key.

G-LLM-C36: Goal holding(k) refers to keys.

G-LLM-C37: Key-shape uses distinct key and shape objects.
G-LLM-C38: Derived: keys have some key-shape.

G-LLM-C39: Derived: keys are located somewhere or held.
G-LLM-C40: Derived: only keys can be located or held.

G-LLM-C41: Keys do not participate in connections as first argument.
G-LLM-C42: Keys are not marked locked in the goal.

G-LLM-C43: Keys are not marked open in the goal.

G-LLM-C44: locked-goal(x) applies to places.

G-LLM-C45: For each lock-shape, there exists some key of the same shape.
G-LLM-C46: Any place with a lock-shape is initially locked.
G-LLM-C47: Derived: every locked place has some matching key.
G-LLM-C48: Every locked place has some lock-shape and that shape object exists.
G-LLM-C49: Derived: has-lock places are not open initially.
G-LLM-C50: Derived: if an object has a lock, it is locked initially.
G-LLM-C51: Derived: every locked place has a lock.

G-LLM-C52: open-goal(x) applies to places.

G-LLM-C53: place-goal implies the object is a place.

G-LLM-C54: Places are not shapes (disjoint types).

G-LLM-C55: Open places do not carry lock-shape initially.
G-LLM-C56: No place is both open and locked initially.
G-LLM-C57: Robot location differs from any shape object.
G-LLM-C58: Robot location differs from any key object.
G-LLM-C59: Robot starts on an open place.

G-LLM-C60: If a goal specifies robot at x, that x is open initially (likely in this domain).
G-LLM-C61: Goal robot location (if any) is a place.

G-LLM-C62: At most one goal robot location.

G-LLM-C63: Shapes do not participate in outgoing connections.
G-LLM-C64: Shapes are not used as the first argument of at.
G-LLM-C65: Shapes are not used as the first argument of lock-shape.
G-LLM-C66: Shapes are not used as the first argument of key-shape.
G-LLM-C67: Shapes are not goal robot locations.

G-LLM-C68: Shapes are not marked locked in the goal.

G-LLM-C69: Shapes are not marked open in the goal.

G-LLM-C70: shape-goal implies the object is a shape.

G-LLM-C71: Connected nodes are distinct.

G-LLM-C72: Typing: lock-shape(x,s) implies x is a place.
G-LLM-C73: Typing: lock-shape(x,s) implies s is a shape.
G-LLM-C74: Shapes do not participate in incoming connections.
G-LLM-C75: Lock-shape is functionally unique per place.
G-LLM-C76: Robot is at most at one place initially.

G-LLM-C77: Connectivity is symmetric.

G-LLM-C78: Typing: conn(x,y) implies x is a place.



G-LLM-C79: Typing: conn(x,y) implies y is a place.
G-LLM-C80: Goal conn(x,y) uses place objects (x).
G-LLM-C81: Goal conn(x,y) uses place objects (y).
G-LLM-C82: No place appears as the key argument of key-shape.

G-LLM-C83: Typing: robot location must be a place.
G-LLM-C84: Keys are not robot locations.

G-LLM-C85: Keys cannot be locked.

G-LLM-C86: Keys cannot be open.

G-LLM-C87: Keys are not places.

G-LLM-C88: Only places can be locked.

G-LLM-C89: Only places can be open.

G-LLM-C90: Places are not keys.

G-LLM-C91: Shapes are not robot locations.

G-LLM-C92: Shapes are not keys.

G-LLM-C93: Shapes cannot be locked.

G-LLM-C94: Shapes cannot be open.

G-LLM-C95: Shapes are not places.

G-LLM-C96: lock-shape-goal(x,s) uses a place x.
G-LLM-C97: lock-shape-goal(x,s) uses a shape s.
G-LLM-C98: Lock-shape uses distinct place and shape objects.
G-LLM-C99: Keys do not participate in connections as second argument.
G-LLM-C100: No self-connections.

Which gives the reduced set:

3 (at-robot(x

x: obj

V (conng(c, d) — conng(d, ¢

c,d

vV (conngy(cz, cy) — conn(cz, cy
cz,cy

V (open, (gz) — —(locked, (gz)
gr
V (at(k,p) — key(k
k,p
kV (at(k, p) — place(p
P

)

V (holding(k) — —(at(k, p)

)

)

)

)

)

)

k,p ))

el o8t p1) Aat(k,p2) = =(pl # p2))
¥ (key-shape(k, 5) = key(k))

.Y (key-shape(k, s1) A key-shape(k, s2) — =(s1 # 52))
)

)

)

)

)

Y ﬂb.((key(k) — shape(s) A key-shape(k, s)
s: obj

X(holding(k) — —(arm-empty()
V(holding( ) — key(k
le (holding(k1) A holding(k2) — —(k1 # k2

7

o latg(kg, pl) Aaty(kg, p2) — —=(pl # p2
g,pl,p2

(G-LLM-1)
(G-LLM-2)
(G-LLM-3)
(G-LLM-4)
(G-LLM-5)
(G-LLM-6)
(G-LLM-7)
(G-LLM-8)
(G-LLM-9)
(G-LLM-10)
(G-LLM-11)
(G-LLM-12)
(G-LLM-13)
(G-LLM-14)

(G-LLM-15)



i v g(atg(kg,pg) — —(holding, (kg)

)

Y (atg(kg, pg) — key(kg
°g,Pg

s

¥ (aty(kg, pg) — place(pg
g9,P9

kgk(keyg (kgk) — key(kgk

Zl(holdingg(kh) — key(kh

&(k%’(kk) — key o pera(kk

lV (lockedy(lgx) — place(lgz
gz

V (lock-shape(lx, s) — locked(lz

x,s

lvk Elb ((locked(lz) — match(k, lx)
xk: obj

V (open,(ogz) — place(ogx

ogx

p\gfp(placeg (pgp) — place(pgp

V—(open(q) A locked(q
q
(

V(at-robot(r) — open(r

r

1V 2(a‘c—robotg(rgl) A at-robot,(rg2) — =(rgl # rg2
rgl,rg

V (shape,(sgs) — shape(sgs

sgs

mst’SQ(lock—shape(x, s1) Alock-shape(z, s2) — (sl # s2
xvy(at-robot(m) A at-robot(y) = —(z # y

| gEVU(conn(x, y) — conn(y, x

“zvy(conn(:z:7 y) — place(y

V(locked(z) — place(z

x

V(open(z) — place(z

V(place(z) — —(key(x

€T

)
V(shape(z) — —(key(z)
V(shape(z) — —(place(x)

V (lock-shape,(zg, sg) — place(zg
©g,s9

)

)

)

)

)

)

)

)

)

)

)

)

)

¥ (at-roboty (rg) — open(rg))
)

)

)

)

)

)

)

)

)

)

)

)

V. (lock-shape, (g, sg) — shape(sg))
V=(conn(z, 2))

With LLM-generated descriptions:

G-LLM-1: There exists a robot location.

G-LLM-2: Goal connectivity is symmetric if present.

G-LLM-3: If a connection appears in the goal, it is a base connection.
G-LLM-4: Goal-open and goal-locked are mutex for the same place.

(G-LLM-16)
(G-LLM-17)
(G-LLM-18)
(G-LLM-19)
(G-LLM-20)
(G-LLM-21)
(G-LLM-22)
(G-LLM-23)
(G-LLM-24)
(G-LLM-25)
(G-LLM-26)
(G-LLM-27)
(G-LLM-28)
(G-LLM-29)
(G-LLM-30)
(G-LLM-31)
(G-LLM-32)
(G-LLM-33)
(G-LLM-34)
(G-LLM-35)
(G-LLM-36)
(G-LLM-37)
(G-LLM-38)
(G-LLM-39)
(G-LLM-40)
(G-LLM-41)
(G-LLM-42)
(G-LLM-43)



G-LLM-5: Typing: at(k,p) implies k is a key.
G-LLM-6: Typing: at(k,p) implies p is a place.
G-LLM-7: If a key is held then it is not at any place.
G-LLM-8: Each key is at most at one place initially.
G-LLM-9: Typing: key-shape(k,s) implies k is a key.

G-LLM-10:
G-LLM-11:
G-LLM-12:
G-LLM-13:
G-LLM-14:
G-LLM-15:
G-LLM-16:
G-LLM-17:
G-LLM-18:
G-LLM-19:
G-LLM-20:
G-LLM-21:
G-LLM-22:
G-LLM-23:
G-LLM-24:
G-LLM-25:
G-LLM-26:
G-LLM-27:
G-LLM-28:
G-LLM-29:
G-LLM-30:
G-LLM-31:
G-LLM-32:
G-LLM-33:
G-LLM-34:
G-LLM-35:
G-LLM-36:
G-LLM-37:
G-LLM-38:
G-LLM-39:
G-LLM-40:
G-LLM-41:
G-LLM-42:
G-LLM-43:

Key-shape is functionally unique per key.
Each key has some associated shape.

If holding some key then the arm is not empty.
Holding implies the object is a key.

At most one key is held initially.

Goal assigns at most one target place per key.
If a key must end at a place in the goal, it is not required to be held in the goal.
Goal at(k,p) uses a key as first argument.

Goal at(k,p) uses a place as second argument.
key-goal implies the object is a key.

Goal holding(k) refers to keys.

Derived: keys are located somewhere or held.
locked-goal(x) applies to places.

Any place with a lock-shape is initially locked.
Derived: every locked place has some matching key.
open-goal(x) applies to places.

place-goal implies the object is a place.

No place is both open and locked initially.
Robot starts on an open place.

If a goal specifies robot at x, that x is open initially (likely in this domain).
At most one goal robot location.

shape-goal implies the object is a shape.
Lock-shape is functionally unique per place.
Robot is at most at one place initially.
Connectivity is symmetric.

Typing: conn(x,y) implies y is a place.

Only places can be locked.

Only places can be open.

Places are not keys.

Shapes are not keys.

Shapes are not places.

lock-shape-goal(x,s) uses a place x.
lock-shape-goal(x,s) uses a shape s.

No self-connections.



